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INTRODUCTION 

Zilog is an innovator in the development, design and 
manufacture of Application Specific Standard Products 
(ASSPs) for the datacommunications, intelligent periph­
eral controllers and consumer-product controllers market. 

ASSPs are very large-scale integrated circuits designed 
for a particular market application rather than a single 
customer. Zilog supplies ASSPs utilizing its 
Superintegration~ design technology to combine cores 
and cells from the Company's extensive library of cus­
tomer familiar microprocessors, microcontrollers, memory 
and logic circuits to meet the design, cost and time-to­
market requirements of its customers. 

Zilog was an innovator in the addition of intelligence to 
computer peripheral chips using its popular line of Z808 8-
bit and Z2808 16-bit microprocessors and peripheral 
circuits. Adding intelligence to computer peripherals 
frees the central processor from micromanagement tasks 
and upgrades the performance of the system. Based on 
the powerful Z88 8-bit microcontroller, Zilog's family of 
controllers is used in such diverse products as cellular 
phones, answering machines, televisions, educational 
products, and a wide range of computer-related products 
such as mice, keyboards and mass storage products. 

VOLUME I DATABOOK 
DISCRETE Z80® FAMILY 
EMBEDDED CONTROLLERS 
SERIAL COMMUNICATIONS CONTROLLERS 

Zilog is rapidly expanding its product offering with more 
than 19 new products announced in the first three quarters 
of 1991, yielding more than 40 variations. Zilog's extensive 
library of cores and cells includes serial communications 
controllers, 8-bitmicrocontrollers, 8-, 16- and 32-bit micro­
processors and peripheral circuits. The Superintegration 
library and diverse product portfolio of over 850 items 
serve three distinct markets. In datacommunications, 
Zilog holds a leadership pOSition in general purpose, 
multiprotocol controllers for the local area network mar­
kets. The Company offers a range of controllers from the 
industry standard, medium-speed SCC to the high-perfor­
mance USC~. Complete families of products are based on 
these cores. 

Included in these introductions is the Z86C94, the industry's 
first 8-bit microcontroller to add a digital signal processor 
on Chip. The device is used for efficient digital control of 
servo functions in disk drives. In the consumer area, Zilog 
introduced a new single-chip closed-caption controller 
which will position the Company to capture a significant 
share of the television market. 
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~ ZiLlJl3 Product Specification 

FEATURES 

The extensive instruction set contains 158 instructions, 
including the 8080A instruction set as a subset. 

• NMOS version for low cost high performance solutions, 
CMOS version for high performance low power de­
signs. 

• NMOS Z0840004 - 4 MHz, Z0840006 - 6.17 MHz, 
Z0840008 - 8 MHz. 

• CMOS Z84C0006 - DC to 6.17 MHz, Z84C008 - DC to 
8 MHz, Z84C0010 - DC to 10 MHz, Z84C0020 - DC-
20 MHz 

• 6 MHz version can be operated at 6.144 MHz clock. 
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• The Z80 microprocessors and associated family of 
peripherals can be linked by a vectored interrupt sys­
tem. This system can be daisy-chained to allow implem­
entation of a priority interrupt scheme. 

• Duplicate set of both general·purpose and flag registers. 

• Two sixteen-bit index registers. 

• Three modes of maskable interrupts: 
Mode 0-8080A similar; 
Mode 1-Non·Z80 environment, location 38H; 
Mode 2-Z80 family peripherals, vectored interrupts. 

• On·chip dynamic memory refresh counter. 
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GENERAL DESCRIPTION 

The. CPUs are fourth-generation enhanced microproc­
essors with exceptional computational power. They offer 
higher system throughput and more efficient memory 
utilization than comparable second- and third-generation 
microprocessors. The internal registers contain 208 bits of 
readlwrite memory that are accessible to the programmer. 
These registers include two sets of six general-purpose 
registers which may be used individually as either 8-bit 
registers or as 16-bit register pairs. In addition, there are two 
sets of accumulator and flag registers. A group of 
"Exchange" instructions makes either set of main or 
alternate registers accessible to the programmer. The 
alternate set allows operation in foreground-background 
mode or it may be reserved for very fast interrupt response .. 
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Fiaure 2b. 44-Pin ChiD Carrier Pin Assianments 

The CPU also contains a Stack Pointer, Program Counter, 
two index registers, a Refresh register (counter), and an 
Interrupt register. The CPU is easy to incorporate into a 
system since it requires only a single + 5V power source. All 
output signals are fully decoded and timed to control 
standard memory or peripheral circuits; the' CPU is 
supported by an extensive family of peripheral controllers. 
The internal block diagram (Figure 3) shows the primary 
functions of the processors. Subsequent text provides more 
detail on the ilo controller family, registers, instruction set, 
interrupts and daisy chaining, and CPU timing. 

Figure 3. Z80C CPU Block Diagram 
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zso 
Table 1. zaoc CPU Registers 

Register Size (Bits) 

A,A' Accumulator 8 

F, F' Flags 8 

B, B' General Purpose 8 

C,C' General Purpose 8 

0,0' General Purpose 8 

E, E' General Purpose 8 

H,H' General Purpose 8 

L, L' General Purpose 8 

Interrupt Register 8 

R Refresh Register 8 

IX Index Register 16 

IY Index Register 16 

SP Stack Pointer 16 

PC Program Counter 16 

IFF1-IFF2 Interrupt Enable Flip-Flops 

IMFa-IMFb Interrupt Mode Flip-Flops 

failure has been detected. After recognition of the NMI 
signal (providing BUSREO is not active), the CPU jumps to 
restart location 0066H. Normally, software starting at this 
address contains the interrupt service routine. 

Maskable Interrupt (INT). Regardless of the interrupt 
mode set by the user, the CPU response to a maskable 
interrupt input follows a common timing cycle. After the 
interrupt has been detected by the CPU (provided that 
interrupts are enabled and BUSREO is not active) a special 
interrupt processing cycle begins. This is a special fetch 
(M1) cycle in which IORO becomes active rather than 
MREO, as in a normal M1 cycle. In addition, this special M1 
cycle is automatically extended by two WAIT states, to allow 
for the time required to acknowledge the interrupt request. 

Mode 0 Interrupt Operation. This mode is similar to the 
SO SO microprocessor interrupt service procedures. The 
interrupting device places an instruction on the data bus. 
This is normally a Restart instruction, which will initiate a call 

Remarks 

Stores an operand or the results of an operation. 

See Instruction Set. 

Can be used separately or as a 16·bit register with C. 

Can be used separately or as a 16-bit register with C. 

Can be used separately or as a 16-bit register with E. 

Can be used separately or as a 16-bit register with E. 

Can be used separately or as a 16-bit register with L. 

Can be used separately or as a 16-bit register with L. 

Note: The (B,C), (O,E), and (H,L) sets are combined as follows: 

B - High byte C - Low byte 
0- High byte E - Low byte 

H - High byte L - Low byte 

Stores upper eight bits of memory address for vectored interrupt 
processing. 

Provides user-transparent dynamic memory refresh. Automatically 

incremented and placed on the address bus during each 
instruction fetch cycle. 

Used for indexed addressing. 

Used for indexed addressing 

Holds address of the top of the stack. See Push or Pop in instruction 

set. 

Holds address of next instruction. 

Set or reset to indicate interrupt status (see Figure 4). 

Reflect Interrupt mode (see Figure 4). 

to the selected one of eight restart locations in page zero of 
memory. Unlike the 80S0, the Z80 CPU responds to the 
Call instruction with only one interrupt acknowledge cycle 
followed by two memory read cycles. 

Mode 1 Interrupt Operation. Mode 1 operation is very 
similar to that for the NMI. The principal difference is that the 
Mode 1 interrupt has only one restart location, 003SH. 

Mode 2 Interrupt Operation: This interrupt mode has been 
designed to most effectively utilize the capabilities of the 
Z80 microprocessor and its associated peripheral family.The 
interrupting peripheral device selects the starting address 
of the interrupt service routine. It does this by placing an 8-
bit vector on the data bus during the interrupt acknowledge 
cycle. The CPU forms a pOinter using this byte as the lower 
8 bits and the contents of the I register as the upper 8 bits. 
This points to an entry in a table of addresses for interrupt 
service routines. The CPU then jumps to the routine at that 
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address. This flexibility in selecting the interrupt service 
routine address allows the peripheral device to use several 
different types of service routines. These routines may be 
located at any available location in memory. Since the 
interrupting device supplies the low-order byte of the 2-byte 
vector, bit 0 (Aol must be a zero. 

I Interrupt Enable/Disable Operation. Two flip·flops, IFF1 
and IFF2, referred to in the register description, are used to 
signal the CPU interrupt status. Operation of the two 
flip·flops is described in Table 2. For more details, refer to 
the Z80 CPU Technical Manual (03-0029·01) and Z80 
Assembly Language Programming Manual (03·0002-01). 

Table 2. State of Flip·Flops 

Action 

CPU Reset 

01 instruction execution 

EI instruction execution 

LO A, I instruction execution 

LO A,R instruction execution 
Accept NMI 

RETN instruction execution 

INSTRUCTION SET 

The microprocessor has one of the most powerful and 
versatile instruction sets available in any S·bit micro· 
processor. It includes such unique operations as a block 
move for fast, efficient data transfers within memory, or 
between memory and 110. It also allows operations on any 
bit in any location in memory. 

The following is a summary of the instruction set which 
shows the assembly language mnemonic, the operation, 
the flag status, and gives comments on each instruction. For 
an explanation of flag notations and symbols for mnemonic 
tables, see the Symbolic Notations section which follows 
these tables. The Z80 CPU Technical Manual (03-0029·01), 
the Programmer's Reference Guide (03·0012·03), and 
Assembly Language Programming Manual (03·0002·01) 
contain significantly more details for programming use. 

The instructions are divided into the following categories: 

o S·bit loads 

o 16·bit loads 

o Exchanges, block transfers, and searches 

o S·bit arithmetic and logic operations 

o General·purpose arithmetic and CPU control 

o 16·bit arithmetic operations 

o Rotates and shifts 

8 

IFF1 IFF2 Comments 

0 0 Maskable interrupt 
. INT disabled 

0 0 Maskable interrupt 
INT disabled 

Maskable interrupt 
INT enabled 

I FF2 -+ Parity flag 

I FF2 -+ Parity flag 

0 Maskable interrupt 
INT disabled 

IFF2 IFF2 -+ IFF1 at 
completion of an 
NMI service 
routil)e. 

o Bit set, reset, and test operations 

o Jumps 

o Calls, returns, and restarts 

o Input and output operations 

A variety of addressing modes are implemented to permit 
efficient and fast data transfer between various registers, 
memory locations, and input/output devices. These 
addressing modes include: 

o Immediate 

o Immediate extended 

o Modified page zero 

o Relative 

o Extended 

o Indexed 

o Register 

o Register indirect 

o Implied 

oBit 



8-BIT LOAD GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cyclea States Comments 

LOr. r' r-r' · · X · X · 01 r' 4 r, (' Reg. 
LOr, n r .... n · · X · X · 00 110 2 2 7 000 B 

.... n-+ 001 C 
LOr, (HL) r .... (HL) · · X · X · 01 110 1 2 7 010 0 
LOr, (IX+d) r .... (IX+d) · · X · X · · · 11 011 101 DO 3 5 19 011 E 

01 110 100 H 
.... d-+ 101 L 

LO r, (IY +d) r .... (IY+d) · · X · X · · · 11 111 101 FO 3 5 19 111 A 
01 110 

.... d-+ 

LO(HL), r (HL) .... r · · X · X · 01 110 2 7 

LO(IX+d), r (IX+d) .... r · · X · X · 11 011 101 DO 3 5 19 
01 110 

.... d-+ 

LO (IY +d), r (IY+d) .... r · · X • . X · · · 11 111 101 FD 3 5 19 

01 110 
.... d-+ 

LO(HL), n (HL) .... n • · X · X • · • 00 110 110 36 2 3 10 
.... n-+ 

LO(IX+d), n (IX+d) .... n · · X · X · 11 011 101 DO 4 5 19 

00 110 110 36 
.... d-+ 

.... n-+ 
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8·BIT LOAD GROUP (Continued) 

Symbolic Flags Opcode No.ot No.ofM No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

LO(IY+d), n (IY+d)-n • • X • X • • • 11 111 101 FD 4 5 19 

00 110 110 36 
-d-
-n-

LOA, (BC) A-(BC) • • ,X · X · • • 00 001 010 OA 2 7 

LDA, (DE) A+-(DE) • · X • X • • • 00 011 010 lA 1 2 7 

LD A. (nn) A-(nn) • • X • X • • · 00 111 010 3A 3 4 13 
-n-
-n-

LO(BC),A (BC)+-A • · X · X · 00 000 010 02 2 7 

LD(DE),A (DE)-A • · X • X · • • 00 010 010 12 2 7 

LD(nn),A (nn)-A · • X • X • • • 00 110 010 32 3 4 13 
-n-
-n-

LDA,I A-I X 0 X IFF 0 · 11 101 101 ED .2 2 9 

01 010 111 57 

LDA,R A-R X 0 X IFF 0 • 11 101 101 ED 2 2 9 

01 011 111 5F 

LDI,A I-A • · X • X • • • 11 101 101 ED 2 2 9 

01 000 111 47 
LDR,A R-A • · X · X · • · 11 101 101 ED 2 2 9 

01 001 111 4F 

NOTE: IFF, the content of the interrupt enable flip·flop, (IFF2l, is copied into the PN flag. 

16·BIT LOAD GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

LDdd, nn dd +- nn • • X • X • • • 00 ddO 001 3 3 10 dd Pair 
+-n- 00 BC 
+-n- 01 DE 

LD IX, nn IX+-nn • • X • X • • • 11 011 101 DD 4 4 14 10 HL 

00 100 001 21 11 SP 
-n-
.... n;+ 

LD IY, nn IY +- nn • • X • X · • • 11 111 101 FD 4 4 14 

00 100 001 21 
-n-
+-n-

LD HL, (nn) H +-(nn+ 1) · · X • X • • · 00 101 010 2A 3 5 16 

L +-(nn) +-n-
+-n-

LDdd, (nn) ddH +-(nn+ 1) • • X • X • · • 11 101 101 ED 4 6 20 

ddl +- (nn) 01 ddl 011 
+-n-

+-n-

NOTE: (PAIR)H, (PAIR)l refer to high order and low order eight bits ofthe register pair respectively. e.g., BCl = C, AFH = A. 
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16-BIT LOAD GROUP (Continued) 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

LD IX, (nn) IXH -(nn+l) • · X · X • • • 11 011 101 DO 4 6 20 

IXL -(nn) 00 101 010 2A 

-n-

-n-

LD IY,(nn) IYH -(nn+l) · · X • X · • • 11 111 101 FD 4 6 20 

IYL -(nn) 00 101 010 2A 

-n-

-n-

LD(nn), HL (nn+l)-H • • X • X • • • 00 100 010 22 3 5 16 

(nn)-L -n-

-n-

LD(nn), dd (nn+l)-ddH · • X • X • • • 11 101 101 ED 4 6 20 

(nn)-ddL 01 ddO 011 

-n-

-n-

LD(nn), IX (nn+l)-IXH · · X • X • • · 11 011 101 DO 4 6 20 

(nn)-IXL 00 100 010 22 

.... n-+ 
-n-

LD(nn),IY (nn+l)-IYH · • X • X • • • 11 111 101 FD 4 6 20 

(nn)-IYL 00 100 010 22 

-n-

-n-

LDSP, HL SP-HL • • X • X • · • 11 111 001 F9 6 

LDSP,IX ,SP-IX • • X • X • • • 11 011 101 DO 2 2 10 

11 111 001 F9 

LDSP,IY SP-IY • • X • X • • • 11 111 101 FD 2 2 10 

11 111 001 F9 qq Pair 

PUSHqq (SP-2)-qqL • • X • X • • • 11 qqO 101 3 11 00 Be 
(SP-l)-qqH 01 DE 

SP-SP -2 10 HL 

PUSH IX (SP-2)-IXL • • X • X • • • 11 011 101 DO 2 4 15 11 AF 

(SP-l)-IXH 11 100 101 E5 

SP-SP -2 

PUSH IY (SP-2)-IYL · • X • X • • • 11 111 101 FD 2 4 15 

(SP-l)-IYH 11 100 101 E5 

SP-SP -2 

POPqq qqH-(SP+l) • • X • X • · • 11 qqO 001 3 10 

qqL-(SP) 

SP-SP +2 

POP IX IXH-(SP+l) • • X • X • • • 11 011 101 DO 2 4 14 

IXL -(SP) 11 100 001 El 

SP-SP +2 

POPIY IYH-(SP+l) · • X • X·· • • 11 111 101 FD 2 4 14 

IYL -(SP) 11 100 001 El 

SP-SP +2 

NOTE: {PAIR)H' {PAIR)L reterto high order and low order eight bitsotthe register pair respectively, e.g., BCL = C, AFH = A. 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS 

Symbolic Flags Opcocle No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

EX DE, HL DE-HL • • X • X • • • 11 101 011 EB 4 
EXAF,AF' AF-AF' • • X • X • • • 00 001 000 08 4 
EXX BC-BC' • • X • X • • • 11 011 001 D9 4 Register bank 

DE-DE' and auxiliary 

HL-HL' register bank 

exchange 
EX (SP), HL H-(SP+l) • • X • X • • • 11 100 011 E3 5 19 

L-(SP) 
EX (SP), IX IXH-(SP+l) • • X • X • • • 11 011 101 DD 2 6 23 

IXL -(SP) 11 100 011 E3 
EX (SP), IY IYH-(SP+l) • · X • X • • • 11 111 101 FD 2 6 23 

IYL-(SP) 11 100 011 E3 

<D 
LDI (DE)-(HL) • • X 0 X 

* 
0 • 11 101 101 ED 2 4 16 Load (HL) into 

DE -DE+l 10 100 000 AO (DE), increment 
HL-HL+l the pointers and 
BC-BC-l decrement the 

byte counter 

® (BC) 

LDIR (DE)-(HL) • • X 0 X 0 0 • 11 101 101 ED 2 5 21 IfBC""O 
DE -DE+l 10 110 000 BO 2 4 16 IfBC = 0 
HL-HL+l 
BC-BC-l 

Repeat until 

BC = 0 

<D 
LDD (DE)-(HL) • • X 0 X 

* 
0 • 11 101 101 ED 2 4 16 

DE-DE-l 10 101 000 A8 

HL-HL-l 
BC-BC-l 

® 
LDDR (DE)-(HL) • • X 0 X 0 0 • 11 101 101 ED 2 5 21 IfBC;&O 

DE-DE-l 10 111 000 B8 2 4 16 IfBC = 0 
HL-HL-l 
BC-BC-l 

Repeat until 

BC = 0 

® <D 
CPI A - (HL) 

* * 
X X 

* 
1 • 11 101 101 ED 2 4 16 

HL-HL+l 10 100 001 Al 
BC-BC-l 

NOTE: CD PN flag is 0 if the result of Be -1 = 0, otherwise PN =. 1. 
(2) PN flag is 0 only at completion of instruction. 
CID Z flag is 1 if A = HL , otherwise Z = o. 
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued) 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation S Z H PIV N C 76 543 210 Hex Bytes Cycles States Comments 

® <D 
CPIR A - (HL) t t X X t 1 · 11 101 101 ED 2 5 21 IfBC*Oand 

A*(HL) 
HL+-HL+1 10 110 001 B1 2 4 16 IfBC =Oor 

BC+-BC-1 A = (HL) 

Repeat until 

A = (HL) or 

BC = 0 

® <D 
CPD A - (HL) t X X t 1 · 11 101 101 ED 2 4 16 

HL +- HL-1 10 101 001 A9 

BC+-BC-1 

® <D 
CPDR A - (HL) t X X t 1 · 11 101 101 ED 2 5 21 IfBCi'Oand 

A*(HL) 
HL+-HL-1 10 111 001 B9 2 4 16 If BC = Oor 
BC+- BC-1 'A = (HL) 

Repeat until 

A = (HL) or 

BC = 0 

NOTE: (j) PIV flag is 0 if the result of Be - 1 = 0, otherwise PIV = 1. 
® PIV flag is 0 only at completion of instruction. 
@ Z flag is 1 if A = (HL), otherwise Z = o. 

8-BIT ARITHMETIC AND LOGICAL GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PIV N C 76 543 210 Hex Bytes Cycles States Comments 

ADD A, r A+-A+r X X V 0 10 10001 r 1 1 4 Reg. 

ADD A, n A+-A+n X X V 0 11 10001 110 2 2 7 000 B 

+-n- 001 C 

010 D 

ADDA,(HL) A+-A+(HL) X X V 0 10 10001 110 2 7 011 E 

ADD A, (IX + d) A+-A + (IX + d) X X V 0 11 011 101 DD 3 5 19 100 H 

10 10001 110 101 L 

+-d- 111 A 

ADD A, (IY + d)A+-A+ (IY +d) t ; X ; X V 0 ; 11 111 101 FD 3 5 19 

10 10001 110 
+-d-

ADCA, s A+-A+s+CY t X X V 0 )0011 s is any of r, n, 

SUBs A+-A-s t X X V 10101 (HL),(IX+d), 

SBCA, s A+-A-s-CY t X X V 1 lQTI] (IY+d)as 

ANDs A+-A>s ; X 1 X P 0 0 11001 shown for ADD 

ORs A+-A>s ; X 0 X P 0 0 [D]J instruction. The 

XORs A +-Aes X 0 X P 0 0 ITQD indicated bits 

CPs A-s X ; X V 1 ; [lli] replace the 

10001 inthe 

ADD set above. 
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8-BIT ARITHMETIC AND LOGICAL GROUP (Continued) 

Symbolic Flags Opcode No. of No.ofM No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

INCr r-r+1 X X V 0 • 00 r 11001 4 
INC (HL) (HL)-

(HL) + 1 X X V 0 • 00 110 11001 3 11 
INC (IX + d) (IX+d)- X X V 0 • 11 011 101 DD 3 6 23 

(IX+d)+1 00 110 11001 
-d-

INC (IY+d) (IY+d)- t t X t X V 0 • 11 111 101 FD 3 6 23 
(IY+d)+1 00 110 11001 

-d-
DECm m-m-1 t t X t X V 1 • IIQD 

I NOfE: m is any of r. (HL), (IX + d), (IY + d) as shown for INC. DEC same format and states as INC. Replace []]Q] w~h DQ!] in opcode. 

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 9 
Symbolic Flags Opcode No. of No.ofM No.ofT 

Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

DAA @ X X P • 00 100 111 27 4 Decimal adjust 
accumulator. 

CPL A-A • • X X • 1 • 00 101 111 2F 4 Complement 
accumulator 
(one's 
complement). 

NEG A-O-A t t X t X V 1 t 11 101 101 ED 2 2 8 Negateacc. 
01 000 100 44 (two's 

complement). 
CCF CY-CY • • X X X • 0 00 111 111 3F • 1 4 Complement 

carry flag. 
SCF CY-1 • • X 0 X • 0 00 110 111 37 4 Set carry flag. 
NOP No operation • • X • X • • • 00 000 000 00 4 
HALT CPU halted • • X • X • • • 01 110 110 76 4 

DI* IFF-O • • X • X • • • 11 110 011 F3 4 

EI* IFF-1 • • X • X • · • 11 111 011 FB 1 4 
IMO Set interrupt • • X • X • • • 11 101 101 ED 2 2 8 

mode 0 01 000 110 46 
IM1 Set interrupt • • X • X • • • 11 101 101 ED 2 2 8 

mode 1 01 010 110 56 
1M2 Set interru pt • • X • X • • • 11 101 101 ED 2 2 8 

mode 2 01 011 110 5E 

NOfES: @ converts accumUlator content into packed BCD following add or subtract with packed BCD operands. 
IFF indicates the interrupt enable flip-flop. 
eY indicates the carry flip-flop. 
* indicates interrupts are not sampled at the end of EI or 01. 
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16-BIT ARITHMETIC GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Opemtion S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

ADDHL, ss HL - HL+ss · · X X X · 0 00 ssl 001 3 11 ss Reg. 

00 BC 
ADC HL, ss HL- 01 DE 

HL+ss+CY : : X X X V 0 : 11 101 101 ED 2 4 15 10 HL 

01 ss1 010 11 SP 

SBC HL, ss HL-

HL-ss-CY X X X V 11 101 101 ED 2 4 15 

01 ssO 010 

ADD IX, pp IX-IX+pp · · X X X · 0 11 011 101 DD 2 4 15 pp Reg. 

01 pp1 001 00 BC 

01 DE 

10 IX 

11 SP 

ADD IY, rr IY -IY+rr X X X · 0 11 111 101 FD 2 4 15 rr Reg. 

00 rr1 001 00 BC 
INCss ss-ss+1 · · X · X · 00 ssO 011 1 6 01 DE 

INCIX IX-IX+1 · · X · X · 11 011 101 DO 2 2 10 10 IY 

00 100 011 23 11 SP 

INCIY IY-IY+1 · · X · X · 11 111 101 FD 2 2 10 

00 100 011 23 

DECss ss-ss-1 · · X · X · 00 ss1 011 1 6 
DEC IX IX-IX-1 · · X · X · 11 011 101 DD 2 2 10 

00 101 011 2B 

DECIY IY-IY-1 · · X · X · 11 111 101 FD 2 2 10 

00 101 011 2B 

ROTATE AND SHIFT GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Opemtion S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

RLCA §]~J · · X 0 X · 0 : 00 000 111 07 4 Rotate left 
A 

circular 

accumulator. 

RLA L§]=EJ=J · · X 0 X · 0 : 00 010 111 17 4 Rotate left 
A 

accumulator. 

RRCA ~~ · · X 0 X · 0 : 00 001 111 OF 4 Rotate right 
A 

circular 

accumulator. 

RRA L~@ · · X 0 X • 0 : 00 011 111 1F 4 Rotate right 
A 

accumulator. 
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ROTATE AND SHIFT GROUP (Continued) 

Symbolic Flags Opcode No. of No.ofM No.ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Commenta 

RLCr ; ; X 0 X P O· ; 11 001 011 CB 2 2 8 Rotate left 
00 10001 circular 

register r. 
RLC(HL) ; X 0 X P 0 * 11 001 011 CB 2 4 15 Reg. 

00 000 110 000 B 
Cill~:J 001 C 

RLC(IX+d) ; ; X 0 X P 0 ; 11 011 101 DD 4 6 23 010 D 
r,(HL),(IX + d),(IY + d) 11 001 011 CB 011 E 

-d- 001 H 
00 10001 110 101 L 

111 A 
RLC(IY+d) ; ; X 0 X p 0 ; 11 111 101 FD 4 6 23 

11 001 011 CB 
-d- Instruction 

00 10001 110 format and 
RLm ~t X 0 X P 0 ; 10101 states are as 

m = r,(HL,(IX + d),(IY + d) shown for 
RLCs. To form 

RRCm LE:i}lCill ; ; X 0 X P 0 ; 10011 newopcode 
m = r,(HL),(IX + d),(lY + d) replace I 0001, 

orRLCswith 
shown code. 

RRm LED=[§J ; ; X 0 X p 0 ; [QIT] 
m = r,(HL),(IX + d),(IY + d) 

SLAm ~ ..... o* ; X 0 X p 0 ; 11001 
m = r,(HL),(IX + d),(IY + d) 

SRAm ~ ; ; X 0 X p 0 ; IlQI] 
m = r,(HL),(IX + d),(IY + d) 

SRLm o+~Cill ; ; X 0 X p 0 ; ITill 
m = r,(HL),(IX + d),(IY + d) 

RLD I 7~4 I 3;0 I I ~-[lio I ; ; X 0 X p 0 • 11 101 101 ED 2 5 18 Rotate digit 
(HlJ 01 101 111 6F left and 

right between 
theaccumu-
latorand 

~ 
location (HL). 

RRD ; ; X 0 X P 0 • 11 101 101 ED 2 5 18 The content 
(HL) 01 100 111 67 of the upper 

half of the 
accumulator 
is unaffected. 
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BIT SET, RESET AND TEST GROUP 

Symbolic Flag. Opcode No. of No. of M No. ofT 
Mnemonic Opel'8tloll S Z H PNN C 78 543 210 Hex Byte. Cycle. State. eommenta 

BITb,r Z-rb X X X X 0 • 11 001 011 CB 2 2 8 Reg. 

01 b r 000 B 

BIT b, (HL) Z-(HL)b X X X X 0 • 11 001 011 CB 2 3 12 001 C 
01 b 110 010 0 

BITb,(IX+d)b Z-(IX+d)b X X X X 0 • 11 011 101 DO 4 5 20 011 E 

11 001 011 CB 100 H 

-d- 101 L 

01 b 110 111 A 
b Bit Tested 

BIT b, (IY + d)b Z - (IY + d)b X 
* 

X 1 X X 0 · 11 111 101 FO 4 5 20 000 0 

11 001 011 CB 001 

-d- 010 2 

01 b 110 011 3 

SETb,r rb- 1 • • X • X • · .. 11 001 011 CB 2 2 8 100 4 

!ITI b r 101 5 
SETb,(HL) (HL)b- 1 • • X • X • • • 11 001 011 CB 2 4 15 110 6 

!ITI b 110 111 7 
SET b, (IX + d) (IX + d)b -1 • • X • X • • • 11 011 101 DO 4 6 23 

11 001 011 CB 

-d-

!ITI b 110 

SETb, (IY+d) (IY+d)b-1 • • X • X • • • 11 111 101 FO 4 6 23 

11 001 011 CB 

-d-

!ITI b 110 

RESb,m mb- O • • X • X • • • [lQ] To form new 

m=r,(HL), opcode replace 

(IX + d), (IY + d) !TIl of SET b, s 

withlIID Flags 

and time 

states for SET 

instruction. 

NOTE: The notation mb indicates location m. bit b (0 107). 
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JUMP GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes ,Cycles States Comments 

JP nn PC-nn • • X • X • • · 11 000 011 C3 3 3 10 cc Condition 

-n- 000 NZ (non-zero) 

-n- 001 Z(zero) 

JPcc, nn II condition cc • • X • X • • • 11 cc 010 3 3 10 010 NC (non-carry) 

is true PC-nn, -n- 011 C(carry) 

otherwise -n- 100 PO (parity odd) 

continue 101 PE (parity even) 

JRe PC-PC+e • • X • X • • • 00 011 000 18 2 3 12 110 P (sign positive) 

-e-2- 111 M (sign negative) 

JRC,e IIC=O, • • X • X • • • 00 111 000 38 2 2 7 II condition not met. 

continue -e-2-

IIC=1, 2 3 12 II condition is met. 

PC":PC+e 

JRNC, e IFC=1, • • X • X • • • 00 110 000 30 2 2 7 II condition not met. 

continue -e-2-

IIC=O, 2 3 12 II condition is met. 

PC-PC+e 

JPZ,e IIZ=O • • X • X • • • 00 101 000 28 2 2 7 II condition not met. 

continue -e-2-

IIZ=1, 2 3 12 II condition is met. 

PC-PC+e 
JRNZ,e IIZ=1, • • X • X • • • 00 100 000 20 2 2 7 II condition not met. 

continue -e-2-

IIZ=O, 2 3 12 II condition is met. 

PC-PC+e 

JP(HL) PC-HL • • X • X • • • 11 101 001 E9 4 
JP(IX) PC-IX • • X • X • • • 11 011 101 DD 2 2 8 

11 101 001 E9 

JP(IY) PC-IV • • X • X • • • 11 111 101 FD 2 2 8 

11 101 001 E9 

DJNZ,e 8-8-1 • • X • X • • • 00 010 000 10 2 2 8 118=0 

118=0, -e-2-

continue 
118;60, 2 3 13 118;60. 

PC-PC+e 

NOTES: e represents the extension in the relative addressing mode, 
e is a signal two's complement number inthe range < -126,129>, 
e - 2 in the opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e, 
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CALL AND RETURN GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

CALLnn (SP-1) .... PCH • • X • X • • · 11 001 101 CD 3 5 17 
(SP-2) .... PCl .... n .... 

PC .... nn, .... n .... 

CALL cC,nn If condition · · X · X · · · 11 cc 100 3 3 10 II cc is false. 
cc is false .... n .... 

continue, .... n .... 3 5 17 IIcc is true. 
otherwise 
same as 
CALLnn 

RET PCl .... (SP) · • X · X · 11 001 001 C9 3 10 
PCH .... (SP+1) 

RETcc II condition • • X • X • • • 11 cc 000 5 II cc is false. 
cc is false 
continue, 3 11 IIcc is true. 
otherwise 
same as RET cc Condition 

000 NZ (non·zero) 
001 Z(zero) 
010 NC (non·carry) 

RETI Return from • • X • X • • · 11 101 101 ED 2 4 14 011 C(carry) 
interrupt 01 001 101 4D 100 PO (parity odd) 

RETNl Return from • • X · X • • • 11 101 101 ED 2 4 14 101 PE (parity even) 
non·maskable 01 000 101 45 110 P (sign positive) 
interrupt 111 M (sign negative) 

RSTp (SP-1)-PCH • • X • X • • • 11 111 3 11 t P 
(SP-2) .... PCl 000 OOH 
PCH .... O 001 OBH 
PCl .... p 010 10H 

011 1BH 
100 20H 
101 2BH 
110 30H 
111 3BH 

NOTE: 1 RETN loads IFF2 .... IFFl 
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INPUT AND OUTPUT GROUP 

Symbolic Flags Opcode No. of No. of M No. ofT 
Mnemonic Operation S Z H PNN C 76 543 210 Hex Bytes Cycles States Comments 

INA,(n) A-(n) • • X • X • • • 11 011 01 DB 2 3 11 ntoAo"'A7 
-n- flee;to,Ae"'AI5 

IN r, (e) r-(C) X X P o • 11 101 101 ED 2 3 12 etoAo"'A7 
il r= 1100nly 01 000 BtoAs"'A15 
thellagswill 
be affected 

<D 
INI (HL)-(C) X * X X X X 1 X 11 101 101 ED 2 4 16 etoAo"'A7 

B-B-1 10 100 010 A2 BtoAs"'AI5 
HL-HL+1 ® 

INIR (HL)-(C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 eto,Ao"'A7 
B-B-1 10 110 010 B2 (IIB;'O) BtoAe"'A15 
HL-HL+1 2 4 16 
Repeat until (IIB=O) 

B=O 

<D 
IND (HL)-(C) X * X X X X 1 X 11 101 101 ED 2 4 16 etoAo"'A7 

B-B-1 10 101 010 AA BtoAs"'A15 
HL-HL-1 ® 

INDR (HL)-(C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 etoAo"'A7 
B-B-1 10 111 010 BA ,IIB;'O) BtoAe"'A15 
HL-HL-1 2 4 16 
Rapeatuntil (IIB=O) 

B=O 
OUT (n), A (n) - A • • X • X • • • 11 010 011 D3 2 3 11 ntoAo"'A7 

-n- flee. to As '" A15 
OUT (e), r (C) - r • • X • X • • • 11 101 101 ED 2 3 12 etoAo"'A7 

01 001 BtoAe"'A15 

<D 
OUTI (C)-(HL) X t X X X X 1 X 11 101 101 ED 2 4 16 etoAo"'A7 

8-B-1 10 100 011 A3 BtoAe"'A15 
HL-HL+1 ® 

anR (C)-(HL) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAo"'A7 
B-B-1 10 110 011 B3 (IIB;'O) BtoAa"'A15 
HL-HL+.1 2 4 16 
Rapaatuntil (IIB=O) 

8=0 

CD 
aUTO (C)-(HL) X * X X X X 1 X 11 101 101 ED 2 4 16 CtoAo"'A7 

B-B-1 10 101 011 AB BtoAa"'A15 
HL-HL-l 

® 
OTDR (C)-(HL) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAo"'A7 

B-B-l 10 111 011 (IIB;'O) BtoAs"'AI5 
HL-HL-1 2 4 16 
Repeat until (IIB=O) 
8=0 

NOTES: CD II the result of B-1 is zero, the'Z flag is set; otherwise it is reset. 
<?J Z flag is set upon instruction completion only. 
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SUMMARY OF FLAG OPERATION 

0-, Do 
Instructions S Z H PN N C 

ADD A, s; AOC A, s t t X t X V 0 t 
SUB s; SBC A, s; CP s; NEG t t X t X V 1 t 

ANDs X 1 X P 0 0 
ORs, XORs X 0 X P 0 0 
INCs X t X V 0 
OECs X t X V 1 
ADD DO, ss X X X 0 
AOCHL, ss X X X V 0 
SBC HL, ss X X X V 1 
RLA;RLCA;RRA;RRCA X 0 X 0 
RL m; RLC m; RR m; X 0 X P 0 

RRCm;SLAm; 
SRAm;SRLm 

RLO; RRD X 0 X P 0 
OM X t X P 
CPL X 1 X 1 
SCF X 0 X 0 
CCF X X X 0 
IN r(C) t t X 0 X P 0 
INI; INO; OUTI; OUTO X t X X X X 1 
INIR; INOR; OTIR; OTOR X 1 X X X X 1 
LOI; LOO X X X 0 X t 0 
LOIR; LODR X X X 0 X 0 0 
CPI; CPIR; CPO; CPDR X t X X X t 1 

LOA;I,LOA,R X 0 X IFF 0 

BITb,s X X X X 0 

SYMBOLIC NOTATION 

Symbol 

S 
Z 
PN 

H* 

N* 

C 

Operation 

Sign flag. S = 1 if the MSB of the resultis 1. 
Zero flag. Z = 1 if the result of the operation is 0. 
Parity or overflow flag. Parity (P) and overflow (V) 
share the same flag. Logical operations affect 
this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overflow of the result. If PN holds parity: PN = 1 
if the result of the operation is even; PN = ° if 
result is odd. If PN holds overflow, PN = 1 if the 
result of the operation produced an overflow. If 
PN does not hold overflow, PN = 0. 
Half·carry flag. H = 1 if the add or subtract 
operation produced a carry into, or borrow from, 
bit 4 of the accumulator. 
Add/Subtract flag. N = 1 if the previous 
operation was a subtract 
Carry/Link flag. C = 1 if the operation produced 
a carry from the MSB of the operand or result 

Comments 

B·bit add or add with carry. 
B·bit subtract, subtract with carry, compare and negate 

accumulator. 
Logical operation. 
Logical operation. 
B·bit increment. 
B·bit decrement. 
16·bitadd. 
16·bit add with carry. 
16·bit subtract with carry. 
Rotate accumulator. 
Rotate and shift locations. 

Rotate digit left and right. 
Decimal adjust accumulator. 
Complement accumulator. 
Set carry. 
Complement carry. 
Input register indirect. 
Block input and output. Z ; 1 if B '" 0, otherwise Z ; O. 
Block input and output. Z ; 1 if B '" 0, otherwise Z ; O. 
Block transfer instructions. PIV ; 1 if BC '" 0, otherwise PIV ; O. 
Block transfer instructions. PIV ; 1 if BC '" 0, otherwise PIV ; O. 
Block search instructions. Z ; 1 if A ; (HL), otherwise Z ; O. 

PIV ; 1 if BC '" 0, otherwise PIV ; O. 
IFF, the content of the interrupt enable flip·flop, (IFF2), is copied 

into the PIV flag. 
The state of bit b of location s is copied into the Z flag. 

Symbol 

* 
• 

° 1 
X 
V 

P 

s 

ss 

ii 
R 
n 
nn 

Operation 

The flag is affected according to the result of the 
operation. 
The flag is unchanged by the operation. 
The flag is reset by the operation. 
The flag is set by the operation. 
The flag is indeterminate. 
PN flag affected according to the overflow result 
of the operation. 
PN flag affected according to the parity result of 
the operation. 
Anyone 0 the CPU registers A, B, C, 0, E, H, l. 
Any 8·bit location for all the addressing modes 
allowed for the particular instruction. 
Any 16·bit location for all the addressing modes 
allowed for that instruction. 
Anyone of the two index registers IX or IY. 
Refresh counter. 
8·bit value in range < 0,255 >. 
16·bit value in range < 0, 65535 >. 

* Hand N flags are used in conjunction with the decimal adiust instruction (DAA) to properly correct the result into packed BCD format following addition or 
subtraction usic oe 1nds with packed BCD format. 
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CPU REGISTERS 

Figure 4 shows three groups of registers within the CPU. 
The first group consists of duplicate sets of 8-bit registers: a 
principal set and an alternate set [designated by I (prime), 
e.g., A']. Both sets consist of the Accumulator register, the 
Flag register, and six general-purpose registers. Transfer of 
data between these duplicate sets of registers is 
accomplished by use of, "Exchange" instructions. The 
result is faster response to interrupts and easy, efficient 
implementation of such versatile programming techniques 

MAIN REGISTER SET 

A ACCUMULATOR F FLAG REGISTER 

B GENERAL PURPOSE C GENERAL PURPOSE 

D GENERAL PURPOSE E GENERAL PURPOSE 

H GENERAL PURPOSE L GENERAL PURPOSE 

...---- BBITS ----.. 

...--------16 BITS ----------., .. ~ 

IX INDEX REGISTER 

IV INDEX REGISTER 

SP STACK POINTER 

PC PROGRAM COUNTER 

I INTERRUPT VECTOR I R MEMORY REFRESH 

...---- B BITS ---... 

A' 

B' 

D' 

H' 

as background-foreground data processing, The second 
set of registers consists of six registers with assigned 
functions. These are the I (Interrupt register), the R (Refresh 
register), the IX and IY (Index registers), the SP (Stack 
Pointer), and the PC (Program Counter). The third group 
consists of two interrupt status flip-flops, plus an additional 
pair of flip-flops which assists in identifying the interrupt 
mode at any particular time. Table 1 provides further 
information on these registers. 

ALTERNATE REGISTER SET 

ACCUMULATOR F' FLAG REGISTER 

GENERAL PURPOSE C' GENERAL PURPOSE 

GENERAL PURPOSE E' GENERAL PURPOSE 

GENERAL PURPOSE L' GENERAL PURPOSE 

INTERRUPT FLIP-FLOPS STATUS 

G 
~ INTERRUPTS DISABLED 4 ~ : INTERRUPTS ENABLED 

STORES IFF1 

DURING NMI 

SERVICE 

INTERRUPT MODE FlIP·FLOPS 

1MFa 1MFb 

INTERRUPT MODE 0 
NOT USED 
INTERRUPT MODE 1 
INTERRUPT MODE 2 

Figure 4. CPU Registers 

INTERRUPTS: GENERAL OPERATION 

The CPU accepts two interrupt input signals: NMI and INT. 
The NMI is a non-maskable interrupt and has the highest 
priority. INT is a lower priority Interrupt and it requires that 
interrupts be enabled in software in order to operate. INT 
can be connected to multiple peripheral devices in a 
wired-OR configuration. 

The Z8D has a single response mode for interrupt service 
on the non-maskable interrupt. The maskable interrupt. 
INT, has three programmable response modes available. 
These are: 

• Mode 0 - similar to the 8080 microprocessor. 

• Mode 1 - Peripheral Interrupt service, for use with 
non-8080/Z80 systems. 
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• Mode 2 - a vectored interrupt scheme, usually daisy­
chained, for use with the ZaD Family and compatible 
peripheral devices. 

The CPU services interrupts by sampling the NMI and INT 
signals at the rising edge of the last clock of an instruction. 
Further interrupt service processing depends upon the type 
of interrupt that was detected. Details on interrupt 
responses are shown in the CPU Timing Section. 

Non·Maskable Interrupt (NMI). The nonmaskable 
interrupt cannot be disabled by program control and 
therefore will be accepted at all times by the CPU. NMI is 
usually reserved for servicing only the highest priority type 
interrupts: such as that for orderly shutdown after power 



PIN DESCRIPTIONS 

Ao-A1S. Address Bus (output, active High, 3-state). Ao-A15 
form a 16-bit address bus. The Address Bus provides the 
address for memory data bus exchanges (up to 64K bytes) 
and for 110 device exchanges. 

BUSACK. Bus Acknowledge (output, active Low). Bus 
Acknowledge indicates to the requesting device that the 
CPU address bus, data bus, and control signals MREO, 
10RO, RD, and WR have entered their high-impedance 
states. The external circuitry can now control these lines. 

BUSREO. Bus Request (input, active Low). Bus Request 
has a higher priority than NMI and is always recognized at 
the end of the current machine cycle. BUSREO forces the 
CPU address bus, data bus, and control signals MREO, 
10RO, RD, and WR to go to a high-impedance state so that 
other devices can control these lines. BUSREO is normally 
wired-OR and requires an external pullup for these 
applications. Extended BUSREO periods due to extensive 
DMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 

00-07. Data Bus (input/output, active High, 3-state). 0 0-07 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and 110. 

HALT. Halt State (output, active Low). HALT indicates that 
the CPU has executed a Halt instruction and is awaitin~ 
either a nonmaskable or a maskable interrupt (with the mask 
enabled) before operation can resume. While halted, the 
CPU executes NOPs to maintain memory refresh. 

INT. Interrupt Request(input, active Low). Interrupt Request 
is generated by 110 devices. The CPU honors a request at 
the end- of the current instruction if the internal 
software-controlled interrupt enable flip-flop (IFF) is 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 

IORO. Input/Output Request (output, active Low, 3-state). 
10RO indicates that the lower half of the address bus holds a 
valid 110 address for an 110 read or write operation. IORO is 
also generated concurrently with M1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. 

M1. Machine Cycle One (output, active Low). M1, together 
with MREO, indicates that the current machine cycle is the 
opcode fetch cycle of an instruction execution. M 1, together 
with 10RO, indicates an interrupt acknowledge cycle. 

MREO. Memory Request (output, active Low, 3-state). 
MREO indicates that the address bus holds a valid address 
for a memory read or memory write operation. 

NMI. Non-Maskable Interrupt (input,~~e edge­
triggered). NMI has a higher priority than INT. NMI is always 
recognized at the end of the current instruction, 
independent of the status of the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
0066H. 

RD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an 110 device. The 
addressed 110 device or memory should use this signal to 
gate data onto the CPU data bus. 

RESET. Reset (input, active Low). RESET initializes the CPU 
as follows: it resets the interrupt enable flip-flop, clears the 
PC and Registers I and R, and sets the interrupt status to 
Mode O. During reset time, the address and data bus go to a 
high-impedance state, and all control output signals go to 
the inactive state. Note that RESET must be active for a 
minimum of three full clock cycles before the reset operation 
is complete. 

RFSH. Refresh (output, active Low). RFSH, together with 
MREO, indicates that the lower seven bits of the system's 
address bus can be used as a refresh address to the 
system's dynamic memories. 

WAIT. Wait (input, active Low). WAIT indicates to the CPU 
that the addressed memory or 110 devices are not ready for 
a data transfer. The CPU continues to enter a Wait state as 
long as this signal is active. Extended WAIT periods can 
prevent the CPU from properly refreshing dynamic 
memory. 

WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data to be stored at the addressed 
memory or 110 location. 
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CPU TIMING 

The Z8D CPU executes instructions by proceeding through 
a specific sequence of operations: 

• Memory read or write 

• 110 device read or write 

• Interrupt acknowledge 

The basic clock period is referred to as a T time or cycle, and 
three or more T cycles make up a machine cycle (M 1, M2 or 
M3 for instance). Machine cycles can be extended either by 
the CPU automatically inserting one or more Wait states or 
by the insertion of one or more Wait states by the user. 

Instruction Opcode Fetch. The CPU places the contents 
of the Program Counter (PC) on the address bus at the start 
of the cycle (Figure 5). Approximately one-half clock cycle 
later, MREQ goes active. When active, RD indicates that the 
memory data can be enabled onto the CPU data bus. 

The CPU samples the WAIT input with the falling edge of 
clock state T 2. During clock states T 3 and T 4 of an M 1 cycle, 
dynamic RAM refresh can occur while the CPU starts 
decoding and executing the instruction. When the Refresh 
Control signal becomes active, refreshing of dynamic 
memory can take place. 

____ ~£~c ___ ~r21 -I~~ 
RFSH r--------' 

Figure 5. Instruction Opcode Fetch 
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Memory Read or Write Cycles. Figure 6 shows the timing 
of memory read or write cycles other than an opcode fetch 
(iiifi) cycle. The MREQ and RD signals function exactly as in 
the fetch cycle. In a memory write cycle, MREQ also 

becomes active when the address bus is stable. The WR line 
is active when the data bus is stable, so that it can be used 
directly as an Riw pulse to most semiconductor memories. 

CLOCK 

® .... 

{ 

RD 

OPERA~~~~ 
00- 0 7 

- 1 .... ------~GDr--------~' 
-------r--------~ ~+_-----

~1~~29----~~------------~ ~ ~ DATA OUT 

Figure 6. Memory Read or Write Cycles 
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Input or Output Cycles. Figure 7 shows the timing for an 
1/0 read or 1/0 write operation. During 1/0 operations, the 
CPU automatically inserts a single Wait state (T WN. This 

extra Wait state allows sufficient time for an 1/0 port to 
decode the address from the port address lines. 

TWA Tw 

CLOCK 

AO-A7 --+--"~--~--------------H-~~--~+--------H~--+--{~-

{ 

RD 

OPERA~~~E 
00-07 

-I®--

{

ViR 

WRI~~ 
OPERATION ___________ ~------------------~~------~~~~----~ 

00-07 ~ DATA OUT 

.Jr-~--

11\---------------fJ---------------"I- ®..­
~ 

TWA = One wait cycle automatically inserted by CPu. 

Figure 7. Input or Output Cycles 
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Interrupt Request/Acknowledge Cycle. The CPU 
samples the interrupt signal with the rising edge of the last 
clock cycle at the end of any instruction (Figure 8). When an 
interrupt is accepted, a special M1 cycle is generated. 

During this M1 cycle, IORO becomes active (instead 01 
MREO) to indicate that the interrupting device can place an 
8-bit vector on the data bus. The CPU automatically adds 
two Wait states to this cycle. 

AO-A15 ____________ ~-Jl--------------PC--_+------_H-{J~--_+~_+~Ji----

I~.~------~@r--------~ 

WAIT ____________ ~------------------------~~--~-J 
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Non-Maskable Interrupt Request Cycle. NMI is sampled 
at the same time as the maskable interrupt input INT but has 
higher priority and cannot be disabled under software 
control. The subsequent timing is similar to that of a normal 

memory read operation except that data put on the bus by 
the memory is ignored. The CPU instead executes a restart 
(RST) operation and jumps to the NMI service routine 
located at address 0066H (Figure 9). 

----LAST M CYCLE -----oo.·I ... --------------M"------------1 
TLl T5 

CLOCK 

Ao-A15 

• Although NMI is an asynchronous Input, to guarantee Its being recognized on the following machine cycle, NMl's failing edge must occur no later than the rising edge 
of Ihe clock cycle preceding Ihe la.' slale of any Inslructlon cycle (Tu). 

Figure 9. Non-Maskable Interrupt Request Operation 
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Bus Request/Acknowledge Cycle. The CPU samples 
BUSREO with the rising edge of the last clock period of any 
machine cycle (Figure 10). If BUSREO is active, the CPU 
sets its address, data, and MREO, 10RO, RD, and WR lines 

TLM TX 

CLOCK 

BUSACK 

- -® 

AD-A,. 

- -@ 

Do-D7 

- -@ 
MREQ 

RD,WR 
IORQ 

M1 

- ® -
RFSH 

NOTES: 1) TLM = Last slate of any M cycle. 
2) Tx = An arbitrary clock cycle used by requesting device. 

to a high-impedance state with the rising edge of the next 
clock pulse. At that time, any external device can take 
control of these lines, usually to transfer data between 
memory and I/O devices. 

Tx TX 

-- -® 
FLOAT 

--
FLOAT 

--
FLOAT 

-- ® -

UNCHANGED 

Figure 10. BUS Request/Acknowledge Cycle 
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Halt Acknowledge Cy~le. When the CPU receives a HALT 
instruction, it executes Nap states until either an INT or NMI 
input is received. When in the Halt state, the HALT output is 

activ~nd remains so until an interrupt is received (Figure 
11). INTwili also force a Halt exit. 

Ml---_~ / ... f----------Ml-------_~ / ... >------- Ml 
T4 T1 T2 T3 T4 T1 T2 

CLOCK 

---------------------- I-'~· NMI ~------------------------------

• Although NMlls an asynchronous Input, to guarantee Its being recognized on the following machine cycle, NMI's falling edge must occur no 
later than the rising edge of the clock cycle preceding the last state of any Instruction cycle (T u). 

Figure 11. Halt Acknowledge 

Reset Cycle. RESET must be active for at least three clock 
cycles for the CPU to properly accept it. As long as RESET 
remains active, the address and data buses float, and the 
control outputs are inactive. Once RESET goes inactive, two' 

internal T cycles are consumed before the CPU resumes 
normal processing operation. RESET clears the PC register, 
so the first opcode fetch will be to location OOOOH 
(Figure 12). 

I-----Ml------

T, 

CLOCK 

AD-A,. ____________________________ -+-1~--7~------------------------~~~---------------

DO-D7 
-@J--.~ _____________________ ~------------------~...----- FLOAT 

-@-

M1 / 
------------------------~ 

;' 

MREQ, 

~~~------------~tr7rZrZr7~/~7~------~fiJ~---~----------------~\-..... ===~~~~~~~ 
BUSACK 

HALT 

Figure 12. Reset Cycle 
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Power-Down mode of operation (Only applies to CMOS 
zao CPU). 

CMOS zao CPU supports Power-Down mode of operation. 

Power· Down Acknowledge Cycle. When the clock Input 
to the CPU IS stopped at either a High or Low level, the CPU 
stops Its operation and maintains all registers and control 
signals. However. Icc2 (standby supply current) is 
guaranteed only when the system clock is stopped at a Low 

T, T, T3 T, 

elK 

MI \ I 
HALT \ 

T, 

This mode is also referred to as the "standby mode", and 
supply current for the CPU goes down as low as 10 uA 
(Where specified as Icc2). 

level dUring 1,1 of the machine cycle follOWing the execution 
of the HALT Instruction. The timing diagram for the 
power-down function, when Implemented with the HALT 
instruction, is shown in Rgure 13. 

T, T3 T, 

\ I 
{} 

j J 

Figure 13. Power-Down Acknowledge 

31 



Power· Down Release Cycle. The system clock must be 
supplied to the CPU to release the power-down state. When 
the system clock is supplied to the ClK input, the CPU 
restarts operations from the point at which the power-down 
state was implemented. 
The timing diagrams for the release from power-down mode 
are shown in Figure 14. 

T, T, T, 

CLK 
r , 

NMI -\J , 

,'J' 
Mi \ I 

HALT I 
)) 

NOTES: 
1) When the external OSCillator has been stopped to enter the power-down 

state, some warm·up time may be required to obtain a stable clock for 
the release, 

2) When the HALT instruction is executed to enter the power·down state. 
the CPU will also enter the Halt state, An interrupt signal (either NMI or 
INT) or a RESET signal must be applied to the CPU after the system 
clock is supplied in order to release the power·down state. 

T, T, 

\ 

Figure 14a. 

T, T, T, T, 

CLK 
" 7) 

r~ RESET 
) I , 

; 

Mi 
(' J) " S) \ I 

HALT I (' " )) y, 

Figure 14b. 

T, T, T, T, T, T, TWA TWA 

CLK 
j'/ 

, 
) 

(~ INT 
, 

I , 
; 

(' /\ )) I \ Mi 

HALT I (' " ») ») 

Figure 14c. 

Figure 13. Power-Down Release 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on Vee with respect to Vss ........ - 0.3V to + 7V 
Voltages on all inputs with respect 

to Vss .................. ' .... - 0.3V to Vee + 0.3V 
Operating Ambient 

Temperature .............. See Ordering Information 
Storage Temperature .............. - 65 °C to + 150 °C 

STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are; 

• S = (}OCto +7(}oC 
Voltage Supply Range: 

NMOS: +4.75V ~ VCC ~ +5.25V 
CMOS: +4.50V ~ VCC ~ +5.50V 

• E= -40°C to 100°C, +4.50V ~ VCC ~ +5.50V 

All ac parameters assume a load capacitance of 100 pf. Add 
10 ns delay for each 50 pf increase in load up to a maximum 
of 200 pf for the data bus and 100 pf for address and control 
lines. AC timing measurements are referenced to 1.5 volts 
(except for clock, which is referenced to the 10% and 90% 
points). ' 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 

+5V 

2.1K 
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DC CHARACTERISTICS (Z84COO/CMOS Z80 CPU) 

Symbol 

VILe 

VIHe 

VIL 

VIH 

VOL 

VOH1 

Parameter 

Clock Input low Voltage 

Clock Input High Voltage 

Input low Voltage 

Input High Voltage 

Output low Voltage 

Output High Voltage 

Output High Voltage 

Power Supply Current 4 MHz 
6 MHz 
8 MHz 

10 MHz 
20 MHz 

Standby Supply Current 

Input leakage Current 

3-State Output leakage Current in Float 

1. Measurements made with outputs floating. 
2. A1s-Ao, DrDo, MREQ, IORO, RD, andWR. 

Min 

-0.3 

Vee-·6 

-0.3 

2.2 

2.4-

Vee- 0.8 

-10 

-10 

Max 

0.45 

Vee+·3 

0.8 

Vee 

0.4 

20 
30 
40 
50 

100 
10 

Unit 

V 

V 

V 

V 

V 

V 

V 

mA 
mA 
mA 
mA 
mA 
I1A 

I1A 

I1A 

Condition 

IOL = 2.0mA 

IOH = -1.6mA 

IOH = - 250 I1A 

Vee = 5V 

VIH = Vee - 0.2V 

VIL = 0.2V 

Vee = 5V 
Vee = 5V 
ClK - (0) 

VIH = Vee - 0.2V 

VIL = 0.2V 

VIN = 0.4 to Vee 

VOUT = 0.4 to Vee 

3. ICC2 standby supply current is guaranteed only when the supplied clock is stopped at a low level during T 4 of the machine cycle immediately following 
the execution of a HALT instruction. 

CAPACITANCE 

Symbol 

CeLoeK 

CIN 

COUT 

TA = 25°e, f = 1 MHz. 
Unmeasured pins returned to ground. 
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Parameter 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

Min Max 

10 

5 

15 

Unit 

pI 

pI 

pI 



AC CHARACTERISTICSt (Z84COO/CMOS Z80 CPU) 

Vcc=5.0V ± 10%, unless otherwise specified .. 
Z84C0004 Z84C0006 Z84C0008 Z84C0010 Z84C0020(1) Unit Note 

No Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

1 TcC 
2 TwCh 
3 TwCI 
4 TfC 
5 TrC 

Clock Cycle time 
Clock Pulse width (high) 
Clock Pulse width (low) 
Clock Fall time 
Clock Rise time 

250' DC 
110 DC 
110 DC 

30 
30 

162' DC 
65 DC 
65 DC 

20 
20 

125' DC 
55 DC 
55 DC 

10 
10 

6 T dCr(A) Address vaild from Clock Rise 110 90 80 
7 TdA(MREOf) Address valid to /MREQ Fall 65* 35* 20' 
8 TdCf(MREOf) Clock Fall to /MREO Fall delay 85 70 60 
9 T dCr(MREOr) Clock Rise to /MREO Rise delay 85 70 60 
10 TwMREOh /MREO pulse width (High) 110* 65' 45** 

11 TwMREOI 
12 TdCf(MEROr) 
13 TdCf(RDf) 
14 TdCr(RDr) 
15 TsD(Cr) 

16 ThD(RDr) 
17 TsWAIT(Cf) 
18 ThWAIT(Cf) 
19 TdCr(M1f) 
20 TdCr(M1r) 

21 TdCr(RFSHf) 
22 T dCr(RFSHr) 
23 TdCf(RDr) 
24 TdCr(RDf) 
25 TsD(Cf) 

/MREO pulse width (low) 
Clock Fall to /MREO Rise delay 
Clock Fall to fRD Fall delay 
Clock Rise to /RD Rise delay 
Data setup time to Clock Rise 

Data hold time after /AD Rise 
/WAIT setup time to Clock Fall 
/WAIT hold time after Clock Fall 
Clock Rise to /M1 Fall delay 
Clock Rise to /M1 Rise delay 

Clock Rise to /RFSH Fall delay 
Clock Rise to /RFSH Rise delay 
Clock Fall to /RD Rise delay 
Clock Rise to /RD Fall delay 
Data setup to Clock Fall during 
M2, M3, M4 or M5 cycles 

26 TdA(IOROf) Address stable prior to 
/IORO Fall 

220* 

35 

o 
70 
10 

50 

180' 

85 
95 
85 

100 
100 

130 
120 
85 
85 

132' 

30 

o 
60 
10 

40 

107* 

70 
80 
70 

80 
80 

110 
100 
70 
70 

100' 

30 

o 
50 
10 

30 

75* 

60 
70 
60 

70 
70 

95 
85 
60 
60 

27 TdCr(IOROf) Clock Rise to/IORO Fall delay 75 65 55 
28 TdCf(IOROr) Clock Fall to /IORO Rise delay 85 70 60 
29 T dD(WRf)Mw Data stable prior to /WR Fall 80' 22' 5' 

30 T dCf(WRf) 
31 TwWR 
32 TdCf(WRr) 
33 T dD(WRf)IO 
34 T dCr(WRf) 

35 TdWRr(D) 
36 T dCf(HAL T) 
37 TwNMI 
38 TsBUSREO 

(Cr) 

Clock Fall to /WR Fall delay 
/WR pulse width 
Clock Fall to /WR Rise delay 
Data stable prior to /WR Fall 
Clock Rise to /WR Fall delay 

Data stable from /WR Rise 
Clock Fall to /HAL T 'L' or 'H' 
/NMI pulse width 
/BUSREO setup time 
to Clock Rise 

80 
220* 

80 
-10* 

65 

70 
132' 

70 
-55* 

60 

100* 

-55* 

60* 30* 15* 

60 

60 

60 

300 260 225 
80 60 60 
50 50 40 

100' DC 
40 DC 
40 DC 

50* DC 
20 DC 
20 DC 

10 
10 

10 
10 

65 57 
5* -15* 

55 40 
55 40 

30* 10* 

75' 

25 

o 
20 
10 

25 

50' 

55 
65 
55 

65 
65 

80 
80 
55 
55 

25' 

12 

o 
7.5 
10 

12 

0' 

40 
40 
40 

45 
45 

60 
60 
40 
40 

50 40 
55 40 

40' -10' 

75' 

-10* 

10* 

60 
30 

55 

55 

50 

90 

25* 

-30' 

0' 

60 
15 

40 

40 

40 

70 

'For ciock periods other than the minimums shown. calculate parameters using the table on the following page. 
Calculated values above assumed TrC ~ TIC ~ 20 ns 

tUnlts in nanoseconds (ns) 
tt For loading ~ 50 pl. Decrease width by 10 ns lor each addnional50 pl .. 

"4 MHz CMOS Z80 is obsoleted and replaced by 6 MHz 

nS 
nS 
nS 
nS 
nS 

nS (2) 
nS 
nS 
nS 
nS (3) 

nS 
nS 
nS 
nS 
nS 

nS 
nS 
nS 
nS 
nS 

nS 
nS 
nS 
nS 

nS 

nS 

nS 
nS 
nS 

nS 
nS 
nS 
nS 
nS 

nS 
nS 
nS 
nS 

[3) 
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AC CHARACTERisTICSt (Z84COo!CMOS Z80 CPU; Continued) 
V cc=5.0V ± 10%, unless otherwise specified 

,. 
Z84COOO4 Z84COOO6 Z84COOO8 Z84COO10 Z84COO20(1) Unit Note 

No Symbol Parameter Min Max Min Max Min Mall( Min Max Min Max 

39 ThBUSREO /BUSREO hold time 10 10 10 10 10 nS 
(Cr) after Clock Rise 

40 TdCr Clock Rise to /BASACK 100 90 80 75 40 nS 
(BUSACKf) Fall delay 

41 TdCf Clock Fall to /BASACK 100 90 80 75 40 nS 
(BUSACKr) Rise delay 

42 TdCr(Dz) Clock Rise to Data float delay 90 80 70 65 40 nS 
43 TdCr(CTz) Clock Rise to Control Outputs 

Float Delay (!MREO, !IORO, 
/RD andfWR) 80 70 60 65 40 nS 

44 TdCr(Az) Clock Rise to Address 90 80 70 75 40 nS 
float delay 

45 TdCTr(A) Address Hold time from /MREO, 80' 35' 20' 20' O' nS 

!IORO, /RD or fWR 
46 TsRESET(Cr) /RESET to Clock Rise setup time 60 60 45 40 15 nS 

47 ThRESET(Cr) /RESET to Clock Rise Hold time 10 10 10 10 10 nS 

48 TsINTf(Cr) !INT Fall to Clock Rise 80 70 55 50 15 nS 

Setup Time 
49 ThINTr(Cr) !INT Rise to Clock Rise 10 10 10 10 10 nS 

Hold Time 

50 TdM1f /M1 Fall to !IORO Fall delay 565' 359' 270' 220' 100' nS 
(IOROf) 

51 TdCf(IOROf) !Clock Fall to !IORO Fall delay 85 70 60 55 45 nS 
52 TdCf(IOROr) Clock Rise to !IORO Rise delay 85 70 60 55 45 nS 
53 TdCf(D) Clock Fall to Data Valid delay 150 130 115 110 75 nS 

Noles: 
, For Clock periods other than the minimum shown, calculate parameters using the following table. 

Calculated values above assumed TrC = TfC = maximum . 
•• 4 MHz CMOS ZOO is obsoleted and replaced by 6 MHz 
[1] ZB4C0020 parameters are guuaranteed with 50pF load Capacitance. 
[2] If Capacitive Load is other than 50pF, please use Figure 1. to calculate the value. 
[3] Increasing delay by 10nS for each 50pF increase in loading, 200pF max for data lines, and 100pF for control lines. 

FOOTNOTES TO AC CHARACTERISTICS 

No Symbol Parameter Z84COO04" Z84C0006 Z84C0008 Z84C0010 Z84COO20 

1 TcC TwCh + TwCI + TrC + TfC 
7 TdA(MREQf) TwCh + TfC -65 -50 -45 -45 -45 
10 TwMREQh TwCh + TfC -20 -20 -20 -20 -20 
11 TwMREQI TcC -30 -30 -25 -25 -25 

26 TdA(IORQf) TeC -70 -55 -50 -50 -50 
29 TdD(WRf) TcC -170 -140 -120 -60 -60 
31 TwWR TeC -30 -30 -25 -25 -25 
33 TdD(WRf) TwCI + TrC -140 -140 -120 -60 -60 

35 TdWRr(O) TwCI + TrC -70 -55 -50 -40 -25 
45 TdCTr(A) TwCI + TrC -50 -50 -45 -30 -30 
50 TdM1f(IORQf) 2TeC + TwCh + TfC -65 -50 -45 -30 -30 

AC Test Conditions: VIH = 2.0 V VOH = 1.5V VIHC = VCC -0.6 V FLOAT = ±0.5 V 
VIL = O.B V VOL = 1.5 V VILC = 0.45 V 
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70 
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Load Capacitance (pf) 

Figure 1. Address Delay Characteristics 
(Parameter 6) 

DC CHARACTERISTICS (Z8400/NMOS Z80 CPU) 
All parameters are tested unless otherwise noted. 

Symbol 

VILC 

VIHC 

VIL 

VIH 

VOL 

VOH 

Icc 

III 

ILO 

Parameter 

Clock Input Low Voltage 

Clock Input High Voltage 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

Power Supply Current 

Input Leakage Current 

3-State Output Leakage Current in Float 

1. For military grade parts, refer to the Z80 Military Electrical Specification. 
2. A15-AO' DrDo, MREQ, RJIm. RD, andWR. 
3. Measurements made with outputs floating. 

CAPACITANCE 
Guaranteed by design and characterization. 

Symbol 

CCLOCK 

CIN 

COUT 

NOTES: 
TA = 25°C, f = 1 MHz. 

Parameter 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

Unmeasured pins returned to ground. 

Min 

-0.3 

VCC-·6 

-0.3 

2.01 

-10 

Max 

0.45 

vcc+·3 

O.B 

Vcc 

0.4 

200 

10 

102 

Min 

140 

Unit 

V 

V 

V 

V 

V 

V 

mA 

iJ.A 

iJ.A 

Max 

35 

5 

15 

Test Condition 

IOL =2.0mA 

IOH= -250fJA 

Note 3 

VIN=OtoVCC 

VOUT = 0.4 to VCC 

Unit 

pf 

pf 

pf 
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AC CHARACTERISTICSt (Z8400INMOS Z80 CPU) 

Z0840004 Z0840006 Z0840008 
Number Symbol Parameter Min Max Min Max Min Max 

1 TcC Clock Cycle Time 250' 162' 125' 

2 TwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000 

3 TwCI Clock Pulse Width (Low) 110 2000 65 2000 55 2000 

4 TfC Clock Fall Time 30 20 10 

5 TrC Clock Rise Time 30 20 10 

6 TdCr(A) Clock t to Address Valid Delay 110 90 80 

7 TdA(MREOf) Address Valid to MREO ~ Delay 65' 35' 20' 

8 TdCf(MREOf) Clock ~ to MREO ~ Delay 85 70 60 

9 TdCr(MREOr) Clock t to MREO t Delay 85 70 60 

10 TwMREOh MREQ Pulse Width (High) 110'it 65'tt 45' tt 
11 TwMREOI MRt:Q Pulse Width (Low) 220' it 135'tt" 100'iT 

12 TdCf(MREOr) Clock ~ to MREO t Delay 85 70 60 

13 TdCf(RDf) Clock ~ to RD ~ Delay 95 80 70 

14 TdCr(RDr) Clock t to RD t Delay 85 70 60 

15 TsD(Cr) Data Setup Time to Clock t 35 30 30 

16 ThD(RDr) Data Hold Time to RD t 0 0 0 

17 TsWAIT(Cf) WAIT Setup Time to Clock ~ 70 60 50 

18 ThWAIT(Cf) WAIT Hold Time after Clock ~ 0 0 0 

19 TdCr(M1f) Clock t to M1 ~ Delay 100 80 70 

20 TdCr(M1r) Clock t to M1 t Delay 100 80 70 

21 TdCr(RFSHf) Clock t to RFSH ~ Delay 130 110 95 

22 TdCr(RFSHr) Clock t to RFSH t Delay 120 100 85 

23 TdCf(RDr) Clock ~ to RD t Delay 85 70 60 

24 TdCr(RDf) Clock t to RD ~ Delay 85 70 60 

25 TsD(Cf) Data Setup to Clock ~ during M2, M3, 50 40 30 

M4, or MS Cycles 

26 TdA(lOROf) Address Stable prior to IORO ~ 180' 110' 75' 

27 TdCr(IOROf) Clock t to IORO ~ Delay 75 65 55 

28 TdCf(IOROr) Clock ~ to IORO t Delay 85 70 60 

29 TdD(WRf) Data Stable prior to WR ~ 80' 25' 5' 

30 TdCf(WRf) Clock ~ to WR ~ Delay 80 70 60 

31 TwWR WR Pulse Width 220' 135' 100' 

32 TdCf(WRr) Clock ~ to WR t Delay 80 70 60 

33 TdD(WRf) Data Stable prior to WR ~ -10' -55' 55' 

34 TdCr(WRf) Clock t to WR ~ Delay 65 60 55 

35 TdWRr(D) Data Stable from WR t 60' 30' 15' 

36 TdCf(HALT) Clock ~ to HALT t or ~ 300 260 225 

37 TwNMI NMI Pulse Width 80 70 60' 

38 TsBUSREO(Cr) BUSREO Setup Time to Clock t 50 50 40 

, For clock periods other than the minimums shown, calculate parameters using the table on the following page. Calculated values above 
assumed TrC = TIC = 20 ns. 

tUnits in nanoseconds (ns). 

itFor loading ~ 50 pf .• Decrease width by 10 ns for each addHIonal50 pf. 
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AC CHARACTERISTICSt (Za400/NMOS zao CPU; Continued) 

Z0840004 Z0840006 
Number Symbol Parameter Min Max Min Max 

39 ThBUSREO(Cr) BUSREO Hold Time after Clock t 0 0 

40 T dCr(BUSACKf) Clock t to BUSACK ~ Delay 100 90 

41 T dCI(BUSACKr) Clock ~ to BUSACK t Delay 100 90 

42 TdCr(Dz) Clock t to Data Float Delay 90 80 

43 TdCr(CTz) Clock t to Control Outputs Float Delay 80 70 

(MREO, IORO, RD, and WR) 

44 TdCr(Az) Clock t to Address Float Delay 90 80 

45 TdCTr(A) MREO t, IORO t, RD t, and WR t to 80' 35' 

Address Hold Time 

46 TsRESET(Cr) RESET to Clock t Setup Time 60 60 

47 ThRESET(Cr) RESET to Clock t Hold Time 0 0 

48 TsINTf(Cr) INTto Clock t Setup Time 80 70 

49 ThINTr(Cr) INT to Clock t Hold Time 0 0 

50 TdM1f(IOROI) M1 ~ to IORO,j, Delay 565' 365' 

51 TdCI(IOROf) Clock,j, to IORO ,j, Delay 85 70 

52 TdCf(IOROr) Clock t IORO t Delay 85 70 

53 TdCf(D) Clock,j, to Data Valid Delay 150 130 

*For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above 
assumed TrC ~ TfC ~ 20 ns. 

tUnits in nanoseconds (ns). 

FOOTNOTES TO AC CHARACTERISTICS 

Number Symbol General Parameter 

TeC TwCh + TwCI + TrC + TIC 

7 TdA(MREOf) TwCh + TIC 

10 TwMREOh TwCh + TIC 

11 TwMREOI TcC 

26 TdA(lOROf) TcC 

29 TdD(WRf) TcC 

31 TwWR TcC 

33 TdD(WRf) TwCI + TrC 

35 TdWRr(D) TwCI + TrC 

45 TdCTr(A) TwCI + TrC 

50 TdM11(IOROf) 2TcC + TwCh + TIC 

AC Test Conditions: 
VIH ~ 2.0V 
VIL ~ 0.8 V 
VIHC ~ VCC - 0.6 V 
VILC ~ 0.45 V 

VOH ~ 1.5V 
VOL ~ 1.5V 
FLOAT ~ ± 0.5 V 

Z0840004 Z0840006 

- 65 -50 

- 20 -20 

- 30 -30 

- 70 -55 

- 170 -140 

- 30 -30 

- 140 -140 

- 70 -55 

- 50 -50 

- 65 -50 

Z0840008 
Min Max 

0 

80 

80 

70 

60 

70 

20' 

45 

0 

55 

0 

270' 

60 

60 

115 

Z0840008 

-45 

-20 

-25 

-50 

-120 

-25 

-120 

-50 

-45 

-45 
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~. ZiLtE . p'roduct Specification 

FEATURES 

• Transfers, searches, and searchltransfers in Byte-at-a­
Time, Burst, or Continuous modes. Cycle length and 
edge timing can be programmed to match the speed of 
any port. 

• Dual port addresses (source and destination) generated 
for memory-to-I/O, memory-to-memory, or I/O-to-I/O 
operations. Addresses may be fixed or automatically 
incremented/decremented. 

• Next-operation loading without disturbing current 
operations via buffered starting-address registers. An 
entire previous sequence can be repeated automatically. 

• Extensive programmability of functions. CPU can read 
complete channel status. 

• NMOS version for cost sensitive performance solutions 

GENERAL DESCRIPTION 

The Z80 DMA (Direct Memory Access), hereafter referred 
to as Z80 DMA or DMA, is a powerful and versatile device for 
controlling and processing transfers of diilta. Its basic 
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Figure 1. Pin Functions 

Z8410/Z84C10 NMOS/CMOS 
Z80® DMA Direct Memory 
Access Controller 

• CMOS version for the designs requiring low power 
consumption 

• NMOS Z0841 004 - 4MHz 

• CMOS Z84C1006 - DC to 6.17 MHz, 
Z84C1008 - DC to 8 MHz 

• 6 MHz version supports 6.144 MHz CPU clock opera­
tion clock. 

• Standard Z80 Family bus-request and prioritized 
interrupt-request daisy chains implemented without 
external logic. Sophisticated, internally modifiable 
interrupt vectoring. 

• Direct interfacing to system buses without external logic. 

function of managing CPU-independent transfers between 
two ports is augmented by an array of features that optimize 
transfer speed and control with little or no external logic in 
systems using an 8- or 16-bit data bus and a 16-bit address 
bus. 
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Transfers can be done between any two ports (source and 
destination), including memory-to-I/O, memory-to-memory, 
and I/O-to-I/O. Dual port addresses are automatically 
generated for each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit-maskable byte 
searches can be performed either concurrently with 
transfers or as an operation in itself. 

The Z80 DMA contains direct interfacing to, and 
independent control of, system buses, as well as 

FUNCTIONAL DESCRIPTION 

Classes of Operation. The Z80 DMA has three basic 
classes of operation: 

• Transfers of data between two ports (memory or I/O 
peripheral) 

• Searches for a particular 8-bit maskable byte at a single 
port in memory or an I/O peripheral 

• Combined transfers with simultaneous search between 
two ports 

Figure 4 illustrates the basic functions served by these 
classes of operation. 
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sophisticated bus and interrupt controls. Many 
programmable features, including variable cycle timing and 
auto-restart, minimize CPU software overhead. They are 
especially useful in adapting this special-purpose transfer 
processor to a broad variety of memory, I/O and CPU 
environments. 

The zao DMA is packaged in a 40-pin plastic or Cerdip DIP, 
or 44-pin PCC. It uses a single +5V power supply and the 
standard zao Family single-phase clock. 

During a transfer, the DMA assumes control of the system 
address and data buses. Byte by byte, data is read from one 
addressable port and written to the other addressable port. 
The ports may be programmed to be either system main 
memory or peripheral I/O devices. Thus, a block of data 
may be written from one peripheral to another, from one 
area of main memory to another, or from a peripheral to main 
memory and vice versa. 

During a search-only operation, data is read from the source 
port and compared byte by byte with a DMA-internal register 
containing a programmable match byte. This match byte 
may optionally be masked so that only certain bits within the 
match byte are compared. Search rates up to 2M bytes per 
second can be obtained with the 4 MHz Z80 DMA. 

In combined searches and transfers, data is transferred 
between two ports while simultaneously searching for a 
bit-maskable byte match. 

Data transfers or searches can be programmed to stop, or 
interrupt, under various conditions. In addition, CPU­
readable status bits can be programmed to reflect the 
condition. 

Modes of Operation. The Z80 DMA can be programmed 
to operate in one of three transfer and/or search modes: 

• Byle-al-a-Time: data operations are performed one byte 
at a time. Between each byte operation the system buses 
are released to the CPU. The buses are requested again 
for each succeeding byte operation. 

Z80DMA 
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RxeB PERIPHERAL 
TxCB 

WIRDYA 

WIRDYB 

SIO 

A...-

\I 

. ROY 

DMA 

t-. 

r 

Figure 3. Typical zao Environment 

1. Search memory 
2. Transfer memory-la-memory (optional search) 
3. Transfer memory-la-liD (optional search) 
4. Search I/O 
5. Transfer 1/0·10-1/0 (optional search) 

Figure 4. Basic Functions of the zao DMA 
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• Burst: data operations continue until a port's Ready line 
to the DMA goes inactive. The DMA then stops and 
releases the system buses after completing its current 
byte operation. 

• Continuous: data operations continue until the end of the 
programmed block of data is reached before the system 
buses are released. If a port's Ready line goes inactive 
before this occurs, the DMA simply pauses until the 
Ready line comes active again. 

In all modes, once a byte of data is read into the DMA, the 
operation on the byte will be completed in an orderly 
fashion, regardless of the state of other signals (including a 
port's Ready line). 

Due to the DMA's high-speed buffered method of reading 
data, operations on one byte are not completed until the 
next byte is read in. This means that total transfer or search 
block lengths must be two or more bytes, and that block 
lengths programmed into the DMA must be one byte less 
than the desired block length (count is N-1 where N is the 
block length). 

Commands and Status. The zao DMA has several 
writable control registers and readable status registers 
available to the CPU. Control bytes can be written to the 
DMA whenever the DMA is not controlling the system 
buses, but the act of writing a control byte to the DMA 
disables the DMA until it is again enabled by a specific 
command. Status bytes can also be read at any such time, 
but writing the Read Status Byte command or the Initiate 
Read Sequence command disables the DMA. 

Control bytes to the DMA include those which affect 
immediate command actions such as enable, disable, 
reset, load starting-address buffers, continue, clear 
counters, and clear status bits. In addition, many 
mode-setting control bytes can be written, including mode 
and class of operation, port configuration, starting 
addresses, block length, address counting rule, match and 
match-mask byte, interrupt conditions, interrupt vector, 
status-affects-vector condition, pulse counting, auto restart, 
Ready-line and Wait-line rules, and read mask. 

Readable status registers include a general status byte 
reflecting Ready-line, end-of-block, byte-match, and 
interrupt conditions, as well as 2-byte registers for the 
current byte count, Port A address, and Port B address. 

Variable Cycle. The zao DMA has the unique feature of 
programmable operation-cycle length. This is valuable in 
tailoring the DMA to the particular requirements of other 
system components (fast or slow) and maximizes the 
data-transfer rate. It also eliminates external logic for signal 
conditioning. 

There are two aspects to the variable cycle feature. First, the 
entire read and write cycles (periods) associated with the 
source and destination ports can be independently 
programmed as 2, 3, or 4 T-cycles long (more if Wait cycles 
are used), thereby increasing or decreasing the speed with. 
which all DMA signals change (Figure 5). 
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Second, the four signals in each port specifically associated 
with transfers of data (1/0 Request, Memory Request, Read 
and Write) can each have its active trailing edge terminated 
one-half T-cycle early. This adds a further dimension of 
flexibility and speed, allowing such things as 
shorter-than-normal Read or Write signals that go inactive 
before data starts to change. 

Address Generation. Two 16-bit addresses are generated 
by the zao DMA for every transfer operation, one address 
for the source port and another for the destination port. 
Each address can be either variable or fixed. Variable 
addresses can increment or decrement from the 
programmed starting address. The fixed-address capability 
eliminates the need for separate enabling wires to 1/0 ports. 

Port addresses are multiplexed onto the system address 
bus, depending on whether the DMA is reading the source 
port or writing to the destination port. Two readable address 
counters (2 bytes each) keep the current address of each 
port. 

Auto Restart. The starting addresses of either port can be 
reloaded automatically at the end of a block. This option is 
selected by the Auto Restart control bit. The byte counter is 
cleared when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of software 
overhead for repetitive operations such as CRT refresh and 
many others. Moreover, when the CPU has access to the 
buses during byte-at-a-time or burst transfers, different 
starting addresses can be written into buffer registers during 
transfers, causing the Auto Restart to begin at a new 
location. 

Interrupts. The zao DMA can be programmed to interrupt 
the CPU on four conditions: 

• Interrupt on Ready (before requesting bus) 

• Interrupt on Match 

• Interrupt on End of Block 

• Interrupt on Match and End of Block 

Any of these interrupts causes an interrupt-pending status 
bit to be set, and each of them can optionally alter the DMA's 
interrupt vector. Due to the buffered constraint mentioned 
under "Modes of Operation," interrupts on Match at End of 
Block are caused by matches to the byte just prior to the last 
byte in the block. 
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1

..--3.CYCLE -l~.·1 (. FOR CONTROL SIGNALS 

.-4·CYCLE i "I 

Figure 5. Variable Cycle Length 



The DMA shares the Z80 Family's elaborate interrupt 
scheme, which provides fast interrupt service in real-time 
applications. In a Z80 CPU environment, the DMA passes 
its internally modifiable 8-bit interrupt vector to the CPU, 
which adds an additional eight bits to form the memory 
address of the interrupt-routine table. This table contains the 
address of the beginning of the interrupt routine itself. In this 
process, CPU control is transferred directly to the interrupt 
routine, so that the next instruction executed after an 
interrupt acknowledge is the first instruction of the interrupt 
routine itself. 

PIN DESCRIPTION 

Ao-A15' System Address Bus (output, 3-state). Addresses 
generated by the DMA are sent to both source and 
destination ports (main memory or 1/0 peripherals) on these 
lines. 

BAl. Bus Acknowledge In (input, active Low). Signals that 
the system buses have been released for DMA control. In 
multiple-DMA configurations, the SAl pin of the highest 
priority DMA is normally connected to the Bus Acknowledge 
pin of the CPU. Lower-priority DMAs have their BAI connec­
ted to the BAO of a higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active Low). In a 
multiple-DMA configuration, this pin signals that no other 
higher-priority DMA has requested the system buses. BAI 
and BAO form a daisy chain for multiple-DMA priority 
resolution over bus control. 

BUSREa. Bus Request (bidirectional, active Low, open­
drain). As an output, it sends requests for control of the 
system address bus, data bus, and control bus to the CPU. 
As an input when multiple DMAs are strung together in a 
priority daisy chain via SAl and BAO, it senses when another 
DMA has requested the buses and causes this DMA to 
refrain from bus requesting until the other DMA is finished. 
Because it is a bidirectional pin, there cannot be any buffers 
between this DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because it is 
unidirectional into the CPU. A pull-up resistor is connected 
to this pin. 

CE/WAIT. Chip Enable and Wait (input, active Low). 
Normally this functions only as a CE line, but it can also be 
programmed to serve a WAIT function. As a CE line from the 
CPU, it becomes active when WR or RD and 10RO are ac­
tive and the 1/0 port address on the system address bus is 
the DMA's address, thereby allowing a transfer of control, 
command bytes from the CPU to the DMA, or status bytes 
from the DMA to the CPU. As a WAIT line from memory or 
I/O devices, after the DMA has received a bus-request 
acknowledge from the CPU, it causes wait states to be 
inserted in the DMA's operation cycles thereby slowing the 
DMA to a speed that matches the memory or I/O device. 

ClK. System Clock (input). Standard Z80 single-phase 
clock. 

00-07. System Data Bus (bidirectional, 3-state). Commands 
from the CPU, DMA status, and data from memory or I/O 

Pulse Generation. External devices can keep track of how 
many bytes have been transferred by using the DMA's pulse 
output, which provides a signal at 256-byte intervals. The 
interval sequence may be offset at the beginning by 1 to 255 
bytes. 

The Interrupt line outputs the pulse signal in a manner that 
prevents misinterpretation by the CPU as an interrupt 
request, since it only appears when the Bus Request and 
Bus Acknowledge lines are both active. 

peripherals are transferred on these lines. 

lEI. Interrupt Enable In (input, active High). This is used with 
lEO to form a priority daisy chain when there is more than 
one interrupt-driven device. A High on this line indicates that 
no other device of higher priority is being serviced by a CPU 
interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). lEO is High 
only if lEI is High and the CPU is not servicing an interrupt 
from this DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher-priority device is 
being serviced by its CPU interrupt service routine. 

INT/PUlSE. Interrupt Request (output, active Low, open­
drain). While the CPU is the bus master, this output requests 
a CPU interrupt. The CPU acknowledges the interrupt by 
pulling its 10RO output Low during an M1 cycle. It is typically 
connected to the INT pin of the CPU with a pullup resistor 
and tied to all other INT pins in the system. This pin can also 
be used to generate periodic pulses to an external device 
when the DMA is bus master (i.e., the CPU's BUSREO and 
BUSACK lines are both Low and the CPU cannot see 
interrupts). While the DMA is the bus master, this output can 
be programmed to pulse each time 256 transfers have 
occurred .. 

lORa. Input/Output Request (bidirectional, active Low, 
3-state). As an input, this indicates that the lower half of the 
address bus holds a valid 1/0 port address for transfer of 
control or status bytes from or to the CPU, respectively; this 
DMA is the addressed port if its CE pin and its WR or RD pins 
are simultaneously active. As an output, after the DMA has 
taken control of the system buses, it indicates that the lower 
half of the address bus holds a valid port address for another 
1/0 device involved in a DMA transfer of data. When 10RO 
and M1 are both active simultaneously, an interrupt 
acknowledge is indicated. 

M1. Machine Cycle One (input, active Low). Indicates that 
the current CPU machine cycle is an instruction fetch. It is 
used by the DMA to decode the return-from-interrupt 
instruction (RETI, ED-4D) sent by the CPU. During two-byte 
instruction fetches, M1 is active as each opcode byte is 
fetched. An interrupt acknowledge is indicated when both 

M1 and IORO are active. On CMOS DMA, M1 signal has 
another function. When M 1 occurs without an active RD or 
10RO for at least two clock cycles, the DMA is reset. 
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MREQ. Memory Request (output, active Low, 3-state). This 
indicates that the address bus holds a valid address for a 
memory read or write operation. After the DMA has taken 
control of the system buses, it indicates a DMA transfer 
request from or to memory. 

RD. Read (bidirectional, active Low, 3-state). As an input, 
this indicates that the CPU wants to read status bytes from 
the DMA's read registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O port address. 

RESET. Reset (CMOS PLCC version only: input. active 
Low)_ A low on this line resets the DMA. 

INTERNAL STRUCTURE 

The internal structure of the Z80 DMA includes driver and 
receiver circuitry for interfacing with an 8-bit system data 
bus, a 16-bit system address bus, and system control lines 
(Figure 6). In a Z80 CPU environment, the DMA can be tied 
directly to the analogous pins on the CPU (Figure 7) with no 
additional buffering, except for the CE/WAIT line. 

The DMA's internal data bus interfaces with the system data 
bus and services all internal logic and registers. Addresses 
generated from this logic for Ports A and B (source and 
destination) of the DMA's single transfer channel are 
multiplexed onto the system address bus. 

Specialized logic circuits in the DMA are dedicated to the 
various functions of external bus interfacing, internal bus 
control, byte matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests, and address 
generation. A set of 21 writable control registers and seven 
readable status registers provides the means by which the 
CPU governs and monitors the activities of these logic 
circuits. All registers are eight bits wide, with double-byte 
information stored in adjacent registers. The two address 
counters (two bytes each) for Ports A and B are buffered by 
the two starting addresses. 

The 21 writable control registers are organized into seven 
base-register groups, most of which have multiple registers. 
The base registers in each writable group contain both 

SYSTEM 
DATA 1'--'--'--,\ 

(8-:~T~ \r---r-.-~ 

CONTROL \r----,/ 

ROY. Ready (input, programmable active Low or High). This 
is monitored by the DMA to determine when a peripheral 
device associated with a DMA port is ready' for a read or 
write operation. Depending on the mode of DMA operation 
(Byte, Burst, or Continuous), the RDY line indirectly controls 
DMA activity by causing the BUSREQ line to go· Low or 
High. 

WR. Write (bidirectional, active Low, 3-state). As an input, 
this indicates that the CPU wants to write control or 
command bytes to the DMA write registers. As an output, 
after the DMA has taken control of the system buses, it 
indicates a 'DMA-controlled write to a memory or I/O port 
address. 

control/command bits and pointer bits that can be set to 
address other registers within the group. The seven 
readable status registers have no analogous second-level 
registers. 

The registers are designated as follows, according to their 
base-register groups: 

WRO-WR6-Write Register groups 0 through 6 
(7 base registers plus 14 associated registers) 

RRO-RR6-Read Registers 0 through 6 

Writing to a register within a write-register group involves first 
writing to the base register, with the appropriate pointer bits 
set, then writing to one or more of the other registers within 
the group. All seven of the readable status registers are 
accessed sequentially according to a programmable mask 
contained in one of the writable registers. The section 
entitled Programming explains this in more detail. 

A pipelining scheme is used for reading data in. The 
programmed block length is the number of bytes compared 
to the byte counter, which increments at the end of each 
cycle. In searches, data byte comparisons with the match 
byte are made during the read cycle of the next byte. 
Matches are, therefore, discovered only after the next byte is 
read in. 

SYSTEM 
ADDRESS 
BUS 
(16-BITI 

Figure 6. Block Diagram 
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Figure 7_ Multiple-DMA Interconnection to the Z80 CPU 

In multiple-OMA configurations, interrupt-request daisy 
chains are prioritized by the order in which their lEI and lEO 
lines are connected. The system bus, however, may not be 
pre-empted. Any OMA that gains access to the system 
buses keeps them until it is finished. 

Read Registers 

RRO Status byte 

RR1 Byte counter (low byte) 

RR2 By1e counter (high byte) 

RR3 Port A address counter (low byte) 

RR4 Port A address counter (high byte) 

RR5 Port B address counter (low byte) 

RR6 Port B address counter (high byte) 

WRO 

Write Registers 

Base register byte 

Port A starting address (low byte) 

Port A starting address (high byte) 

Block length (low byte) 

Block length (high byte) 

WR1 Base register byte 

Port A variable-timing byte 

WR2 Base register byte 

Port B variable-timing byte 

WR3 Base register byte 

Mask byte 

Match byte 

WR4 Base register byte 

Port B starting address (low byte) 

Port B starting address (high byte) 

I nterrupt control byte 

Pulse control byte 

Interrupt vector 

WR5 Base register byte 

WR6 Base register byte 

Read mask 

47 



PROGRAMMING 

The Z80 DMA has two programmable fundamental states: 
(1) an enabled state, in which it can gain control of the 
system buses and direct the transfer of data between ports, 
and (2) a disabled state, in which it can initiate neither bus 
requests nor data transfers. When the DMA is powered up 
or reset by any' means, it is automatically placed into the 
disabled state. Program commands can be written to it by 
the CPU in either state, but this automatically puts the DMA 
in the disabled state, which is maintained until an enable 
command is issued by the CPU. The CPU must program the 
DMA in advance of any data search or transfer by 
addressing it as an 1/0 port and sending a sequence of 
control bytes using an Output instruction (such as OTIR for 
the Z80 CPU). 

Reading. (Figure 8a) The Read Registers (RRO·RR6) are 
read by the CPU by addressing the DMA as an 1/0 port 
using an Input instruction (such as INIR for the Z80 CPU). 
The readable bytes contain DMA status, byte-counter 
values, and port addresses since the last DMA reset. The 
registers are always read in a fixed sequence beginning with 
RRO and ending with RR6. However, the register read in this 
sequence is determined by programming the Read Mask in 
WR6. The sequence of reading is initialized by writing an 
Initiate Read Sequence or Set Read Status command to 
WR6. After a Reset DMA, the sequence must be initialized 
with the I nitiate Read Sequence command or a Read Status 
command. The sequence of reading all registers that are not 
excluded by the Read Mask register must be completed 
before a new Initiate Read Sequence or Read Status 
command. 

Writing. Control or command bytes are written into one or 
more of the Write Register groups (WRO-WR6) by first writing 
to the base register byte in that group. All groups have base 
registers and most groups have additionai associated 
registers. The associated registers in a group are 
sequentially accessed by first writing a byte to the base 
register containing register-group identification and pointer 
bits (1 's) to one or more of that base register's associated 
registers. 

READ REGISTER 0 

0 7 06 0 5 0 4 0 3 D2 0 1 Do 

1 x 1 xliii xiii STATUS BYTE 

III I I 1 = DMA TRANSFER HAS OCCURRED o = READY ACTIVE 

o = INTERRUPT PENDING 
o = MATCH FOUND 
o = END OF BLOCK 

READ REGISTER 1 

'--"--'-..J.I--I.I ....... --,_,--,I BYTE COUNTER (HIGH BYTE) 

This is illustrated in Figure 8b. In this figure, the sequence in 
which associated registers within a group can be written to is 
shown by the vertical position of the associated registers. 
For example, if a byte written to the DMA contains the bits 
that identify WRO (bits DO, D1 and D7), and also contains 1 's 
in the bit positions that point to the associated "Port A 
Starting Address (low byte)" and "Port A Starting Address 
(high byte)," then the next two bytes written to the DMA will 
be stored in that order in these two registers. 

Fixed-Address Programming. A special circumstance 
arises when programming a destination port to have a fixed 
address. The load command in WR6 only loads a fixed 
address to a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed destination 
address must be loaded by temporarily declaring it a 
fixed-source address and subsequently declaring the true 
source as such, thereby implicitly making the other a 
destination. 

The following example illustrates the steps in this procedure, 
assuming that transfers are to occur from a variable-address 
source (Port A) to a fixed-address destination (Port B): 

1. Temporarily declare Port B as source in WRO. 

2. Load Port B address with LOAD command to WR6. 

3. Declare Port A as a source in WRO. 

4. Load Port A address with LOAD command to WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer data from memory 
(Port A) to a peripheral device (Port B). In this example, the 
Port A memory starting address is 10S0H and the Port B 
peripheral fixed address is OSH. Note that the data flow is 
1001 H bytes-one more than specified by the block length. 
The table of DMA commands may be stored in consecutive 
memory locations and transferred to the DMA with an 
output instruction such as the Z80 CPU's OTIR instruction. 

READ REGISTER 2 

.. I -.1..1 ...J.....J..-l.I--I.I--I.--'~1 BYTE COUNTER (LOW BYTE) 

READ REGISTER 3 

L.I -1....1 -l.....J..I...J..I-l.--I. .............. 1 PORT A ADDRESS COUNTER (LOW BYTE) 

READ REGISTER 4 

.. I -1....1 ...J.....J..I...J..I_'..J.I--I.--'--II PORT A ADDRESS COUNTER (HIGH BYTE) 

READ REGISTER 5 

L.I -1....1 -l.....J..I...J..I-l.I--I.--'--I1 PORT B ADDRESS COUNTER (LOW BYTE) 

READ REGISTER 6 

11--.1..1 -l..1-I..1-I..1--"1 ................... 1 PORT B ADDRESS COUNTER (HIGH BYTE) 

Figure Sa. Read Registers 
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WRITE REGISTER 0 GROUP 
0 1 0 6 0 5 D. 0 3 02 0, Do 

I ° 1 I BASE REGISTER BYTE 

I I 
° 0 0 , , 0 -, , 

a :::: PORr 
1 :::: PORr 

l I I I I I I I I 
~ 

I I I I I I I : I 

I I I I I I I I I 
~ 

DO NOT USE 
:::: TRANSFER 
=- SEARCH 
= SEARCH/TRANSFER 

B --PORT A 
A --PORT B 

PORr A STARTING ADDRESS 
(lOW BYTE) 

PORT A STARTING ADDRESS 
(HIGH BYTE) 

BLOCK LENGTH 
(LOW BYTE) 

WRITE REGISTER 4 GROUP 

0 , 0 6 0 5 0 4 0 3 02 0, Do 

I, I I 0 I, I BASE REGISTER BYTE 

I 
TE = 0 BY 

CONTINUO 
BUR 

DO NOT PROGRA 

us = 0 
5T == 1 
M = 1 

I 
0 , 
0 , 

l I I I I I I I I 
~ 

I I I I I ! I I I 
+ 

1 0 1 I I I I It J 

I I I , = 

PORT B STARTING ADDRESS 
(lOW BYTE) 

PORT B STARTING ADDRESS 
(HIGH BYTE) 

INTERRUPT CONTROL BYTE 

INTERRUPT ON R 
STATUS AFFECTS V 

DY = 1 I 
ECTOR = 1 

I 1 = IN 
INTERRUPT ON MATCH 

TERRUPT AT END OF BLOCK 
GENERATED 1 = PULSE 

WRITE REGISTER 1 GROUP 
0/ 0 6 Os 0 4 OJ 02 0 , Do 

I ° I I, I ° : ° I BASE REGISTER BYTE 

I I t 0 PORTAlS MEMORY 
1 :::: PORT A IS 110 

a a = PORT A ADDRESS DECREMENTS 
a 1 = PORr A ADORESS INCREMENTS 

1 ~!:::: PORT A ADDRESS FIXED 

L-'-...L:....L..::...l_L....-'-:...L_ PORr A VARIABLE TIMING BYTE 

WR ~DS y, CYCLE EARLY o! I I I ! ! 0 CYCLE LENGTH 0 4 
RD ENOS '12 CYCLE EARLY = 0 a 1 = CYCLE LENGTH = 3 

MREO ENDS 'h CYCLE EARLY = a 1 a = CYCLE LENGTH = 2 
1 1 = DO NOT USE 

0= lORa ENDS 'Ii CYCLE EARLY 

WRITE REGISTER 2 GROUP 
D7 Os Os 0 4 0 3 O2 0, Do 

I 0 I I ° I ° I 0 I BASE REGISTER BYTE 

I I ! = PORT B IS MEMORY 
1 = PORT B IS 110 

a 0 = PORT B ADDRESS DECREMENTS 
o 1 = PORT B ADDRESS INCREMENTS 

~ ~ I = PORr B ADDRESS FIXED 

L-L...l--1----'---'-......J..-.J...-I 
PORT B VARIABLE TIMING BYTE 

I I WR ENDS 1h CYCLE EARLY = 0 
AD ENDS Vz CYCLE EARLY = 0 

I I 
o 0 = CYCLE LENGTH = 4 
o 1 = CYCLE LENGTH = 3 

MREQ ENDS 1fz CYCLE EARLY = 0 1 0 = CYCLE LENGTH = 2 
1 1 00 NOT USE 

o = lORa ENDS Yz CYCLE EARLY 

WRITE REGISTER 3 GROUP 
0 7 0 6 Os D~ 0 3 O2 0 1 00 

I, I I ° I 0 I BASE REGISTER BYTE 

I I j 1 = STOP ON MATCH DMA ENABLE = 1 
INTERRUPT ENABLE = 1 

L..L-L-L-,-J_L....-l-...L-J MASK BYTE (0 = COMPARE) 

I MATCH BYTE L-.L.......L......L...l--1----'---'--' 

I I I I I I L1J PULSE CONTROL BYTE 

~ 
1--'--'---'----'_'-"-1---'1--'1' NTERR U PT VECTOR 

I I 
VECTOR IS AUTOMATICALLY {O 0 = INTERRUPT ON ROY 

MODIFIED AS SHOWN 0 1 = INTERRUPT ON MATCH 
ONLY IF "STATUS 1 0 = INTERRUPT ON END OF BLOCK 

AFFECTS VECTOR" BIT IS SET 1 1 = INTERRUPT ON MATCH 
AND END OF BLOCK 

WRITE REGISTER 5 GROUP 
0 7 0 6 0 5 0 4 0 3 O2 0, DC 

I, I ° I I 0 I, I 0 I BASE REGISTER BYTE 

1
1 = READY ACTIVE LOW 
~ READY ACTIVE HIGH 

0= CEONLY 
1 = CE/WAIT MULTIPLEXED 

o = STOP ON END OF BLOCK 
1 =- AUTO RESTART ON END OF BLOCK 

WRITE REGISTER 6 GROUP 
0, 0 6 Os 0, 0 3 02 0 1 Do 

I, I I I I I I, I ' I BASE REGISTER BYTE 

I I I I I HEX COMMAND NAME 

o = C3 = RESET 

, 0 0 
, 0 , 

o , 
o 
o 
o 

1 = C7 = RESET PORT A TIMING 
o = CB = RESET PORT B TIMING 

1 = CF = LOAD 
o = 03 = CONTINUE 

1 = AF = DISABLE INTERRUPTS 
o = AB = ENABLE INTERRUPTS 
o =- A3 = RESET AND DISABLE INTERRUPTS 
1 = B7 = ENABLE AFTER RETI 

1 1 = BF = READ STATUS BYTE 
o .' 0 = 8B = REINITIAUZE STATUS BYTE 

o 1 0 0 1 = A7 = INITIATE READ SEQUENCE 

o 1 1 0 0 = B3 = FORCE READY 

1 = 87 = ENABLE DMA 
o = 83 = DISABLE DMA 

r--- 0 1 1 1 0 = BB =- READ MASK FOLLOWS 

LInTLI..:.0..lI_IL-.L..L...L-L----'----'1 READ MASK (' 0 ENABLE) 

II ~~LSTATUSBYTE ~ BYTE COUNTER (lOW BYTE) 
BYTE COUNTER (HIGH BYTE) 
PORT A ADDRESS (lOW BYTE) 
PORT A ADDRESS (HIGH BYTE) 
PORT B ADDRESS (lOW BYTE) 
PORT B ADDRESS (HIGH BYTE) 

Figure ab. Write Registers 
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~ 
Comments 07 06 05 04 

WRO sets DMA to receive a 1 1 1 
block length, Port A start· Block Length Block Length Port A 
Ing address and temporarily Upper Lower Upper 
sets Port B as source. Follows Follows Address 

Follows 

Port A address (lower) a 1 0 1 

Port A address (upper) 0 0 0 1 

Block length (lower) 0 0 0 0 

Block length (upper) a a a 1 

WR1 defines Port A as a 0 0 1 
memory with fixed No Timing Address Address 
incrementrng address. Follows Changes Increments 

WR2 defines Port B as 0 0 1 0 
peripheral with fixed No Timing Fixed 
address. Follows Address 

WR4 sets mode to Burst, 1 1 0 0 
sets DMA to expect Port B 

Burs' Mode 
No Interrupt 

address. Control Byte 
Follows 

Port B address (lower) 0 a a a 

WR5 sets Ready active High. , a a a 
No Auto No Wait 
Restart States 

WR6 loads Port B address , , a a 
and resets block counter. * 

WRO sets Port A as source.' a a a a 
No Address or Block 

Length Bytes 

WR6 loads Port A address , , a a 
and resets block counter. 

WR6 enables DMA to start 1 a 0 a 
operation 

NOTE The actual number of bytes transferred IS one more than specified by the block length. 
"These entries are necessary only in the case of a fixed destination address. 

03 

1 
Port A 
Lower 

Address 
Follows 

0 

0 

0 

a 

a 
Port is 

Memory 

1 
Port is 

I/O 

0 
No Upper 
Address 

a 
, 

RDY 
Active High 

, 

a 

, 

a 

Figure 9. Sample DMA Program 

02 01 00 HEX 

a a I 1 79 
B----..A 
Temporary 

Transfer, No Search for 
Loading B 
Address' 

0 0 0 50 

a a a 10 

a 0 a 00 

0 a a 10 

1 a a 14 

a a a 28 

, 0 , C5 
Port BLower 

Address 
Follows 

1 a 1 05 

a , a 8A 

, 1 , CF 

, a 1 05 
A ----..B Transfer, No Search 

, 1 1 CF 

, , , 87 



INACTIVE STATE TIMING 
(DMA as CPU Peripheral) 

In its disabled or inactive state, the DMA is addressed by the 
CPU as an 1/0 peripheral for write and read (control and 
status) operations. Write timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte counter, or port 
address counters is illustrated in Figure 11. These 

c:~~1-----IO;~ ____ _ 
Do-D. --+--t-- . 

Figure 10. CPU-to-DMA Write Cycle 

ACTIVE STATE TIMING 
(DMA as Bus Controller) 

Default Read and Write Cycles. By default, and after 
reset, the DMA's timing of read and write operations is 
exactlY the same as the Z80 CPU's timing of read and write 
cycles for memory and 1/0 peripherals, with one exception: 
during a read cycle, data is latched on the falling edge of T 3 

and held on the data bus across the boundary between 
read and write cycles, through the end of the following write 
cycle. 

Figure 12 illustrates the timing for memory-to·I/O port 
transfers and Figure 13 illustrates I/O-to-memory transfers. 

operations require less than three T-cycles. The CE, 10RO, 
and RD lines are made active over two rising edges of ClK, 
and data appears on the bus approximately one T-cycle 
after they become active. 

CLK~ 

Figure 11. CPU-to-DMA Read Cycle 

Memory-to-memory and I/O-to-I/O transfer timings are 
simply permutations of these diagrams. 

The default timing uses three T-cycles for memory 
transactions and four T-cycles for 1/0 transactions, which 
include one automatically inserted wait cycle (TWA) between 
T 2 and T 3. If the CE/WAIT line is programmed to act as a 
WAIT line during the DMA's active state, it is sampled on the 
falling edge of T 2 for memory transactions and the falling 
edge of TWA for 1/0 transactions. If CEIWAIT is low during 
this time, another T-cycle is added, during which the 

1..-- MEMORY READ -----.I~·----'IO WRITE ----··1 
n I ~ I ~ n ~ ~ ~ 

eLK 

WRITE { IORQ -i----+--+-i----+---Ih 
WR 

'----+--11--+---' 

-=l===)-~~M~EM~O~R~V~-c=l==~~~~~~~~=====l== 00-07 _ DATA BUS DRIVEN BY DMA 

";fl::: eE/WAIT 

Figure 12. Memory-to-I/O Transfer 
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CE/WAIT line will again be sampled. The duration of 
transactions can thus be indefinitely extended. 

Variable Cycle and Edge Timing. The zao DMA's default 
operation·cycle length for the source (read) port and 
destination (write) port can be independently programmed. 
This variable-cycle feature allows read or write cycles 
consisting of two, three, or four ~cycles (more if Wait cycles 
are inserted), thereby increasing or decreasing the speed of 
all signals generated by the DMA. In addition, the trailing 
edges of the 10RO, MREO, RD, and WR signals can be 
independently terminated one-half cycle early. Figure 14 
illustrates this. 

In the variable-cycle mode, unlike default timing, 10RO 
comes active one-half cycle before MREO, RD, and WR. 
CE/WAIT can be used to extend only the 3 or 4 ~cycle 
variable memory cycles and only the 4-cycle variable I/O 
cycle. The CE/WAIT line is sampled at the falling edge of T 2 
for 3- or 4-cycle memory cycles, and at the falling edge of T 3 

for 4-cycle I/O cycles. 

During transfers, data is latched on the clock edge causing 
the rising edge of RD and held until the end of the write 
cycle. 

Bus Requests. Figure 15 illustrates the bus request and 
acceptance timing. The ROY line, which may be 
programmed active High or low, is sampled on every rising 
edge of ClK. If it is found to be active and if the bus is not in 
use by any other device, the following rising edge of ClK 
drives BUSREO low. After receiving BUSREO, the CPU 
acknowledges on the BAI input either directly or through a 
multiple-DMA daisy chain. When a low is detected on BAI 
for two consecutive rising edges of ClK, the DMA will begin 
transferring data on the next rising edge of ClK. 

Bus Release Byte-at-a-Time. In Byte-at-a-Time mode, 
BUSREO is brought High on the rising edge of ClK prior to 
the end of each read cycle (search-only) or write cycle 
(transfer and transfer/search) as illustrated in Figure 16. This 
is done regardless of the state of ROY. There is no possibility 
of confusion when aZaO CPU is used since the CPU cannot 

110 READ ------1..-- MEMORY WRITE ----'1 
~ ~ ~ ~ I ~ I ~ 
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CLK 

CLK 

READ { IORQ 

RD 

DO-D7 

WRITE { MREQ 

WR 

_x 

- 1---

II 

\ I 

\ I 

110 DRIVES DATA 
DMA DRIVES DATA BUS 

J 

\ ,-
'---1 

1--- --- ---:1 rc ---
1---Ij \. --- ---

Figure 13. I/O-to-Memory Transfer 

I T, T, I T, I T. 

CLK 

BUSREQ ___ ---I 

- - - - - - - r+----.r~\J 
BAI ______ -' 

EARLY END EARLY END EARLY END 

X 

I--

I--

--

DMA DMA 
INACTIVE -- ACTIVE 

Figure 14. Variable-Cycle and Edge Timing Figure 15. Bus Request and Acceptance 



begin an operation until the following T-cycle. Most other 
CPUs are not bothered by this either, although note should 
be taken of it. The next bus request for the next byte will 
come after both BUSREO and BAI have returned High. 

Bus Release at End of Block. In Burst and Continuous 
modes, an end of block causes BUSREO to go High, usu­
ally on the same rising edge of ClK in which the DMA 
completes the transfer of the data block (Figure 17). The last 
byte in the block is transferred even if RDY goes inactive 
before completion of the last byte transfer. 

Bus Release on Not Ready. In Burst mode, when RDY 
goes inactive it causes BUSREO to go High on the next 
rising edge of ClK after the completion of its current byte 
operation (Figure 18). The action on BUSREO is thus 
somewhat delayed from action on the RDY line. The DMA 
always completes its current byte operation in an orderly 
fashion before releasing the bus. 

By contrast, BUSREO is not released in Continuous mode 
when RDY goes inactive. Instead, the DMA idles after 
completing the current byte operation, awaiting an active 
RDYagain. 

Bus Release on Match. If the DMA is programmed to stop 
on match in Burst or Continuous modes, a match causes 

BUSREO to go inactive on the next OMA operation, i.e., at 
the end of the next read in a search or at the end of the 
following write in a transfer (Figure 19). Due to the pipelining 
scheme, matches are determined while the next DMA read 
or write is being performed. 

The ROY line can go inactive after the matching operation 
begins without affecting this bus-release timing. 

Interrupts. Timings for interrupt acknowledge and return 
from interrupt are the same as for the other Z80 peripherals. 

Interrupt on RDY (interrupt before requesting bus) does not 
directly affect the BUSREO line. Instead, the interrupt 
service routine must handle this by issuing the following 
commands to WR6: 

1. Enable after Return From Interrupt (RETI) 
Command-Hex B7 

2. Enable OMA-Hex 87 

3. An RETI instruction that resets the Interrupt Under 
Service latch in the Z80 DMA. 

CLK~ 

BUSREQ~~(--------------------------
I 

BAI I ~ ____ --foil ( 
I ; 

RDY 

DMA ACTIVE ----'1..- DMA INACTIVE 

Figure 16. Bus Release (Byte-at. a-Time Mode) 

ACTIVE -------IfJ'--r - --

INACTIVE 

l 

I LAST BYTE I DMA 
-4---0PERATION-------. ""--INACTIVE 

IN BLOCK 

Figure 17. Bus Release at End of Block 
(Burst and Continuous Modes) 
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CLK~ 

RDY 

RDY 

ACTIVE 

INACTIVE ~~--~--------
( 

) 

I ~ CURRENT BYTe I DMA 
~ OPERATION ----. ""'-INACTIVE 

Figure 18. Bus Release When Not Ready 
(Burst Mode) 

~A~CT~I~V~E __________ -'/i_~ ____________ \r--

INACTIVE 
L.--~.fo---

----------~h~-------------~)~--~J 
I BYTEn I BYTEn+1 OMA 
· ... ·----READ IN---.... ·~I.....-- READ IN AND ---'''''-INACTIVE 

MATCH FOUND 
ON BYTe n 

Figure 19. Bus Release on Match 
(Burst and Continuous Modes) 



ABSOLUTE MAXIMUM RATINGS 

Voltages on Vcc with respect to Vss ..... - 0.3V to + 7.0V 
Voltages on ali inputs with respect 

to Vss ...................... - 0.3V to Vcc + 0.3V 
Storage Temperature .............. -65°Cto +150°C 

STANDARD TEST CONDITIONS 

The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (OV). Positive current flows into the 
referenced pin. Available operating temperature range is: 

• S = O"C to +70"C, V cc Range 
NMOS: +4.75V:O:;;Vcc :O:;;+5.25V 
CMOS: +4.50V :0:;; V cc:O:;;+5.50V 

• E = -40"C to 1 OO"C; +4.50V :0:;; V cc :0:;; +5.50V 

DC CHARACTERISTICS (Z84C1D 1 CMOS Z8D DMA) 

Symbol Parameter 

VllC Clock Input low Voltage 

VIHC Clock Input High Voltage 

Vil Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH1 Output High Voltage 

VOH2 Output High Voltage 

III Input Leakage Current 

ILO 3-State Output Leakage Current in 
Float 

ICC1 Power Supply Current 

ICC2 Standby Supply Current 

Over specified temperature and voltage range. 

CAPACITANCE 

Symbol Parameter 

Clock Capacitance 

Input Capacitance 
Output Capacitance 

NOTES: Over specified temperature range; f ~ MHz. 
Unmeasured pins returned to ground. 

Min 

-0.3 

Vcc- 0.6 

-0.3 

+2.2 

+2.4 

VCC- O.S 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Max Typ 

+0.45 

VCC+ 0 .3 

+O.S 

Vcc 

+0.4 

±10 

±10 

25/35 

10 0.5 

Min 

Unit 

V 

V 

V 

V 

V 

V 

V 

flA 

flA 

mA 

flA 

Max 

5 
5 

10 

+5V 

2.1K 

Test Condition 

IOl = 2.0mA 

IOH = -1.6mA 

IOH = -250flA 

VIN = 0.4 to VCC 

VOUT = 0.4 to Vee 

Vce = 5V 

elK= 6/8MHz 
VIHC = VIH = Vce - 0.2V 
VllC = 0.2V 

Vee = 5V 
ClK = (0) 

VIHe = VIH = Vec - 0.2V 
VllC = Vil = 0.2V 

Unit 

pf 

pf 
pf 
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AC CHARACTERISTICS (Z84C10 I CMOS zao DMA) 
(Inactive State) 

ClK 

INTERRUPT 
CONDITION 

ACTIVE 
RDY ________________________________________________________ -' 

INACTIVE 

NOTE: Signals in this diagram bear no relation to one another unless specifically noted 8S a numbered item. 
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AC CHARACTERISTICS (Z841 0 I NMOS Z80 DMA) 
(Inactive State) 

Z0841 004 
Number Symbol Parameter Min Max Unit 

TcC Clock Cycle Time 250 4000 ns 

2 TwCh Clock Width (High) 110 2000 ns 

3 TwCI Clock Width (Low) 110 2000 ns 

4 TrC Clock Rise Time 30 ns 

5 TfC Clock Fall Time 30 ns 

6 Th Hold Time for Any Specified Setup Time 0 ns 

7 TsC(Cr) lORa, WR, CE +to Clock t Setup 145 ns 

8 TdDO(RDf) RD ~ to Data Output Delay 380 ·ns 

9 TsDI(Cr) Data In to Clock t Setup (WR or iVIT) 50 ns 
10 TdDO(IOf) lORa ~ to Data Out Delay (INTA Cycle) 160 ns 

11 TdRDr(Dz) RD t to Data Float Delay (output buffer disable) 110 ns 

12 TsIEI(IOROf) lEI to lORa ~ Setup (INTA Cycle) 140 ns 

13 TdIEOr(IElr) lEI t to lEO t Delay 160 ns 

14 TdIEOf(IEIf) lEI ~ to lEO ~ Delay 130 ns 

15 TdM1f(IEOf) M1 +to lEO ~ Delay (interrupt just prior to M1 ~) 190 ns 

16 TsM1f(Cr) M1 +to Clock t Setup 90 ns 

17 TsM1r(Cf) M1 t to Clock Setup -10 ns 

18 TsRqf(Cr) RD ~ to Clock t Setup (M 1 Cycle) 115 ns 

19 Tdl(INTf) Interrupt Cause to INT ~ Delay (INT generated 
only when DMA is inactive) 500 ns 

20 T dBAI r(BAOr) BAI t to BAO t Delay 150 ns 

21 TdBAlf(BAOf) BAI ~ to BAO ~ Delay 150 ns 
22 TsRDY(Cr) ROY Active to Clock t Setup 1.00 ns 

NOTE: Negative minimum setup values mean that the first·mentioned event can come after the second·mentioned event. 
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AC CHARACTERISTICS (Z84C10 I CMOS Z80 DMA) 
(Active State) 

CLK 

AO-A15 

f INPUT 

DO-D'lOUTPUT --t--+t----+t-------++-----t----+-h. Jt-I----t--t-+-+--, 

--~~~--~--------~------~--~_H~ 

RD 

NOTE: Signals in this diagram bear no relation to one another unless speCifically noted as a numbered item. 

Z84C1 006°* t Z84C1 008°;t 
Number Symbol Parameter Min(ns) Max(ns) 

TcC Clock Cycle Time 162 
2 TwCh Clock Width (High) 65 
3 TwCI Clock Width (Low) 65 
4 TrC Clock Rise Time 

5 TIC Clock Fall Time 

NOTES: 
o FDr clock periods other than the minimums shown, calculate parameters using the following table. 
:j: Calculated values above assumed TrC =TfC =_20ns (6 MHz version) or 10ns (8 MHz version). 
t Data must be enabled onto data bus when RD is active . 
• Parameter is not illustrated .in the AC Timing Diagrams. 

DC 125 DC 
DC 55 DC 
DC 55 DC 
20 10 
20 10 



AC CHARACTERISTICS (Z84C10 / CMOS Z80 DMA) 
(Active State) 

Z84C1006 Z84C100a 
Number Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns) 

6 TdA Add ress Output Delay 90 70 

7 TdC(Az) Clock t to Address Float Delay 80 70 

8 TsA(MREQ) Address to MREO t Setup (Memory Cycle) 35t 35; 

9 TsA(IRW) Address Stable to IORO, RD, WR. Setup 110* 70* 
(I/OCyele) 

'10 TdRW(A) RD, WR t to Addr. Stable Delay 35* 15* 

'11 TdRW(Az) RD, WR t to Addr. Float 60* 45* 
12 TdCf(DO) Clock I to Data Out Delay 130 110 

'13 TdCr(Dz) Clock t to Data Float Delay (Write Cycle) 70 65 

14 TsDI(Cr) Data In to Clock t Setup (Read cycle when 30 25 
rising edge ends read) 

15 TsDI(Cf) Data In to Clock t Setup (Read cycle when 40 
falling edge ends read) 30 

'16 TsDO(WfM) Data Out to WR t Setup (Memory Cycle) 45~1. 40~1. 

17 TsDO(Wfl) Data Out to WR t Setup (110 cycle) 55 40 

'18 TdWr(DO) WR t to Data Out Delay 30* 10* 
19 Th Hold Time for Any Specified Setup Time 0 1) 

20 TdCr(MD Clock t to MREO I Delay 70 60 

21 TdCf(Mn Clock I to M REO t Delay 70 60 

22 TdCr(Mr) Clock t to MREO t Delay 70 60 

23 TdCf(Mr) Clock I to M REO t Delay 70 60 

24 TwMl MREO Low Pulse Width 135* 95* 
'25 TwMh MREO High Pulse Width 65* 45* 

26 TdCf(ID Clock I to IORO t Delay 70 60 

27 TdCr(lD Clock t to IORO t Delay 65 55 

28 TdCr(lr) Clock t to IORO t Delay 70 60 

'29 TdCf(lr) Clock I to IORO t Delay 70 60 

30 TdCr(RD Clock t to RD t Delay 70 60 

31 TdCf(Rf) Clock I to RD t Delay 80 70 

32 TdCr(Rr) Clock t to RD t Delay 70 60 

33 TdCf(Rr) Clock I to RD t Delay 70 60 

34 TdCr(WD Clock t to WR t Delay 60 55 

35 TdCf(WD Clock I to WR t Delay 70 60 

36 TdCr(Wr) Clock t to WR t Delay 70 60 

37 TdCf(Wr) Clock t to WR t Delay 70 60 

38 TwWI WR Low Pulse Width 135* 95* 

39 TsWA(Cn WAIT to Clock t Setup 60 50 

40 TdCr(B) Clock t to BUSREQ Delay 90 80 

41 TdCr(lz) Clock t to IORO, MREO, RD, WR Float Delay 70 70 

NOTES: 
'*' An AC equations imply DMA delauH (standard) timing. 1. From Figure 13, data is latched onto the bus by the rising edge of R5 
t Data must be enabled onto data bus when RD is active. signal. These values are the characterized minimum data out 
• Parameter is not illustrated in the AC nming Diagrams. set-up time with respect to WR .L. 
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FOOTNOTES TO AC CHARACTERISTICS 

Number Symbol General Parameter Z84C1006 Z84C1008 

8 TsA(MREQ) TwCh - TfC -35 -30 

9 TsA(IRW) TeC -55 -55 

10 TdRW(A) TwCI- TrC -50 -50 

11 TdRW(Z) TwCI- TrC -25 -20 

16 TsDO(WfM) TeC -140 -120 

18 TdWr(DO) TwCI- TrC -55 -55 

24 TwM1 TeC -30 -30 

25 TwMh TwCh - TfC -20 -20 

38 TwWI TeC -30 -30 
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DC CHARACTERISTICS (Z841 0 NMOS Z80 DMA) 
Vcc=5.0V ± 10%, unless otherwise specified 

Sym Parameter Min 

VILC Clock Input Low Voltage -0.3 

VIf'C Clock Input High Voltage Vcc-·6 
VIL Input Low Voltage -0.3 
VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 
lee Power Supply Current 

Z-80 DMA 
Z-80A DMA 

III Input Leakage Current 
ILO 3-State Ouput Leakage Current in Float 
I LD Data Bus Leakage Current in Input Mode 

Nole: 
Vcc=5V ±5% unless othelWise specified, over specified temperature range. 

CAPACITANCE 

Symbol 

Note: 

Parameter 

Clock Capacitance 
Input Capacitance 
Output Capacitance 

Over specified temperature range; f =1 MHz 

Min Max 

35 
10 
10 

Max 

0.45 
5.5 
0.8 
5.5 
0.4 

150 
200 
10 

±10 
±10 

Unit 

V 
V 
V 
V 
V 

V 

mA 
mA 

J.IA 
J.IA 
J.IA 

Unit 

pF 
pF 
pF 

Test Condition 

IOL=3.2 mA for /BUSREQ 
IOL =2.0 mA for all others 

I OH= 250 J.IA 

VIN=O to Vee 
VoUT=0.4V to Vee 
~ VIN~ Vee 

Test Condition 

Unmeasured pins 
returned to ground. 
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AC CHARACTERISTICS (Z841 0 I NMOS Z80 DMA) 
(Inactive State) 

CLK 

INTERRUPT CONDITION _____________________ " 

ACTIVE RDY ______________________________________________________ -' 

INACTIVE 

NOTE: Signals In this diagram bear no relation to ona another unless specifically noted as 8 numbered Item. 
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AC CHARACTERISTICS (Z841 0 I NMOS zao DMA) 
(Active State) 

eLK 

AO-Ai! 

{

INPUT 

Do-D. OUTPUT --+--++----1H--------HI-------1r----++' Jrf-----f---1I-+-i--'\ __ _ 

NOTE: Signals In this diagram bear no relation to one another unless specifically noted as B numbered Item. 

Number Symbol Parameter 

1 TcC Clock Cycle Time 

2 TwCh Clock Width (High) 

3 TwCI Clock Width (Low) 

4 TrC Clock Rise Time 

5 TIC Clock Fall Time 

NOTES: 
o Numbers in parentheses are other parameter-numbers in this table; their values should be substituted in equations. 
:j: All equations imply DMA default (standard) timing. 
t Data must be enabled onto data bus when RD is active . 
• Parameter is not illustrated in the AC Timing Diagrams. 

zoa41 004 °:j:t 
Min(ns) Max(ns) 

250 

110 2000 

110 2000 

30 

30 
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AC CHARACTERISTICS (Z841 0 I NMOS Z80 DMA) 
(Active State) 

Z0841004 o*t 
Number Symbol Parameter Mln(n.) Max(na) 

6 TdA Address Output Delay 110 

7 TdC(Az) Clock t to Address Float Delay 90 

8 TsA(MREQ) Address to MREO ~ Setup (Memory Cycle) (2)+(5)-75 

9 TsA(lRW) Address Stable to 10RO, RD, WR ~ Setup 
(110 Cycle) (1)-70 

'10 TdRW(A) RD, WR t to Addr. Stable Delay (3)+(4)-50 

'11 TdRW(Az) RD, WR t to Addr. Float (3)+(4)-45 

12 TdCf(DO) Clock ~ to Data Out Delay 150 

'13 TdCr(Dz) Clock t tf Data Float Delay (Write Cycle) 90 
14 TsDI(Cr) Data In to Clock t Setup (Read cycle when 

rising edge ends read) 35 
15 TsDI(Cf) Data In to Clock ~ Setup (Read cycle when 

falling edge ends read) 50 

'16 TsDO(WfM) Data Out to WR ~ Setup (Memory Cycle) (1)-170 

17 TsDO(WfI) Data Out to WR ~ Setup (110 cycle) 100 

'18 TdWr(DO) WR t to Data Out Delay (3)+(4)-70 

19 Th Hold Time for Any Specified Setup Time 0 
20 TdCr(Mf) Clock t to M REO ~ Delay 85 

21 TdCf(Mf) Clock ~ to MREO ~ Delay 85 

22 TdCr(Mr) Clock t to MREO t Delay 85 

23 TdCf(Mr) Clock ~ to MREO t Delay 85 

24 TwM1 MREO Low Pulse Width (1)-30 

'25 TwMh MREO High Pulse Width (2)+(5)-20 

26 TdCf(lf) Clock ~ to 10RO ~ Delay 85 

27 TdCr(lf) Clock t to 10RO ~ Delay 75 

28 TdCr(lr) Clock t to 10RO t Delay 85 

'29 TdCf(lr) Clock ~ to 10RO t Delay 85 

30 TdCr(Rf) Clock t to RD ~ Delay 85 

31 TdCf(Rf) Clock ~ to RD ~ Delay 95 

32 TdCr(Rr) Clock t to RD t Delay 85 

·33 TdCf(Rr) Clock ~ to RD t Delay 85 

34 TdCr(Wf) Clock t to WR ~ Delay 65 

35 TdCf(Wf) Clock ~ to WR ~ Delay 80 

36 TdCr(Wr) Clock t to WR t Delay 80 

37 TdCf(Wr) Clock ~ to WR t Delay 80 

38 TwWI WR Low Pulse Width (1)-30 

39 TsWA(Cf) WAIT to Clock ~ Setup 70 

40 TdCr(B) Clock t to BUSREO Delay 100 

41 TdCr(lz) Clock t to 10RO, MREO, RD, WR Float Delay 80 

NOTES: 

~ All AC equations Imply DMA defauft (standan:l) timing. • Numbers In parentheses are other parameter - numbers in this table; 
their values should be substituted In equations. 
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AC CHARACTERISTICS (Z84C10 I CMOS Z80 DMA) 
(Inactive State) 

Z84Cl006 Z84Cl008 

Number Symbol Parameter Min Max Min Max Unit 

TcC Clock Cycle Time 162 DC 125 DC 

2. TwCh Clock Width (High) 65 DC 55 DC 
3 TwCI Clock Width (Low) 65 DC 55 DC 
4 TrC Clock Rise Time 20 10 

5 TIC Clock Fall Time 20 10 

6 Th Hold Time for Any Specified Setup Time 0 0 ns 

7 TsC(Cr) IORO, WR, CE • to Clock t Setup 60 45 ns 

8 TdDO(RDD RD. to Data Output Delay 300 220 ns 

9 TsDI(Cr) Data In to Clock t Setup (WR or liiIT) 30 20 ns 

10 TdDO(lOD IORO • to Data Out Delay (I NTA Cycle) 110 85 ns 

11 TdRDr(Dz) RD t to Data Float Delay (output buffer disable) 70 50 ns 

12 TsIEI(IOROD lEI to IORO. Setup (INTA Cycle) 100 80 ns 

13 TdIEOr(IElr) lEI t to lEO t Delay 100 70 ns 

14 TdIEOf(IEID IEI.to lEO. Delay 100 70 ns 

15 TdM1f(IEOD liiIT • to lEO. Delay (interrupt just prior to liiIT.) 100 80 ns 

16 TsM1f(Cr) liiIT • to Clock t Setup 70 45 ns 

17 TsM1 r(CD liiIT t to Clock Setup -15 -15 ns 

18 TsRDf(Cr) RD Ho Clock t Setup (M1 Cycle) 60 45 ns 

19 Tdl(INTf) Interrupt Cause to INT. Delay (INT generated 

only when DMA is inactive) 450 400 ns 

20 TdBAlr(BAOr) BAI t to BAa t Delay 100 70 ns 

21 TdBAIf(BAOf) BAI • to BAa. Delay 100 70 ns 

22 TsR DY(C r) ROY Active to Clock t Setup 50 50 ns 

NOTE: Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event. 

Ml must be active for a minimum of two clock cycles to 
reset the DMA (ThIs feature Is only w~h C-MOS zao 
DMA)_ 
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~ 2iLlE Product Specification 

FEATURES 

• Provides a direct interface between Z80 microcomputer 
systems and peripheral devices. 

• Two ports with interrupt-driven handshake for fast 
response. 

• Four programmable operating modes: Output, Input, 
Bidirectional (Port A only), and Bit Control 

• Programmable interrupts on peripheral status 
conditions. (1.5 mV@ 1.5V) 

Z8420/Z84C20 NMOS/CMOS 
Z80®p10 
Parallel Input/Output 

• NMOS Z0842004 - 4 MHz, Z0842006 - 6.17 MHz_ 

• CMOS Z8"C2006 - DC to 6.17 MHz, 
Z84C2008 - DC to 8 MHz 

• Standard Z80 Family bus-request and prioritized 
interrupt-request daisy chains implemented without 
external logic. 

• The eight Port B outputs can drive Darlington transistors 
(1.5 mA at 1.5V). 

• NMOS version for cost sensitive performance solutions. • 6 MHz version supports 6.144 MHz CPU clock opera­

• CMOS version for the designs requiring high speed and 
low power consumption 

GENERAL DESCRIPTION 

The Z80 PIO Parallel 1/0 Circuit (hereinafter referred to as 
the Z80 PIO or PIO) is a programmable. dual-port device 
that provides a TTL-compatible interface between periph­
eral devices and the Z80 CPU (Figures 1 and 2 ). Note the 
QFP package is only available in CMOS version. The CPU 
configures the Z80 PIO to interface with a wide range of 

{

_ BIASEL 

--. CfDSEL 

PIO -=--- CE zao PIO 
CONTROL _ . 

_M1 

--.i'O"RQ 
---. AD 

INTERRUPT { 
CONTROL 

----.. +5V 

lEO 

Figure 1. Pin Functions 

PORT A 

PORTB 

tion. 

peripheral devices that are compatible with the Z80 PIO 
include most keyboards, paper tape readers and punches, 
printers, and PROM programmers. 

One characteristic of the Z80 peripheral controllers that 
separates them from other interface controllers is that all 

D, 

D, 

D, 

CE 
CID 

BfA 

PA, 

PAs 

PA, 

PA, PB, 

GND PB, 

PA, 

PA, 

PA, PB, 

PA, +.v 
ASTB 

BSTB 

Figure 2a. 40-pin Dual-In-Line Package (DIP). 
Pin Assignments 
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BfA 

PA, 

PAs 

PAs 

PA, 

Ne 

GNO 

I +5V 
PBO 
PBl 
PB2 
PB3 

NC 

PB4 
PBS 
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PB7 
AD 
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PA, 

PA, 
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7 

8 

9 

lD 

11 

12 
Z80PIO 

13 

1. 

15 

16 

17 

18 19 20 21 22 23 24 25 26 27 28 

i,'" 4,.'" 1')"" <:P Q' 1')"" ~v ~v 1<-0 4:- ~ {~"""-,G:J""'l-q;: <l)q;: -.;: -.;: 

Figure 2b. 44-pin Chip Carrier, 
Pin Assignments 

10°1 ..... on ..... (') C'II "" "'lwlC QZ::::Ecoaaaaoo 

11 

39 

38 

37 

36 

35 

3. 

33 

32 

31 

3D 

29 

jjj'j 

PB, 

PBs 

PBs 

PB, 

PB, 

PB, 

PB, 

PB. 

+'sv 
ClK 

PAD 
PAl 
PA2 

PA3 

GNO 

NC 
PA' 
PAS 
PA6 

PA7 
aiA' 

Figure 2c. 44-pln Quad Flat Pack Pin 
Assignments. 

data transfer between the peripheral device and the CPU is 
accomplished under interrupt control. Thus, the interrupt 
logic of the PIO permits full use of the efficient interrupt 
capabilities of the lSO .CPU during I/O transfers. All logic 
necessary to implement a fully nested interrupt structure is 
included in the PIO (Figure 3). 

Another feature of the PIO is the ability to interrupt the CPU 
upon occurrence of specified status conditions in the 
peripheral device. For example, the PIO can be 
programmed to interrupt if any specified peripheral alarm 
conditions should occur. This interrupt capability reduces 
the time the processor must spend in polling peripheral 
status. 

The lSO PIO interfaces to peripherals via two independent 
general-purpose I/O ports, designated Port A and Port B. 
Each port has eight data bits and two handshake signals, 
Ready and Strobe, which control data transfer. The Ready 
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BUSES 
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cpu _ I 
INT-L 

+5V 

T 
lEI 

ZC/TO, 

CTC 
ZCITO, INT 

lEO 

lEI 
RxCA INT 

TxCA lEO 

RxCB 

TxCB 

SID 

~ 

-

• 

• 

A h 

'I v 

PIO 

-

INT 

lEI 

lEO -
INT 

lEI 

ROY 

DMA 

Figure 3. PIO in a Typical zao Family Environment 

output indicates to the. peripheral that the port is ready for a 
data transfer. Strobe is an input from the peripheral that 
indicates when a data transfer has occurred. 

Operating Modes. The lSO PIO ports can be programmed 
to operate in four modes: Output (Mode 0), Input (Mode 1), 
Bidirectional (Mode 2) and Bit Control (Mode 3). 

Either Port A or Port B can be programmed to output data in 
Mode o. Both ports have output registers that are 
individually addressed by the CPU; data can be written to 
either port at any time. When data is written to a port, an 
active Ready output indicates to the external device that 
data is available at the associated port. and is ready for 
transfer to the external device. After the data transfer, the 
external device responds with an active Strobe input, which 
generates an interrupt, if enabled. 

Either Port A or Port B can be programmed to input data in 
Mode 1. Each port has an input register addressed by the 



CPU. When the CPU reads data from a port, the PIO sets the 
Ready signal, which is detected by the external device. The 
external device then places data on the 1/0 lines and strobes 
the 1/0 port, which latches the data into the Port Input 
Register, resets Ready, and triggers the Interrupt Request, if 
enabled. The CPU can read the input data at any time, 
which again sets Ready. 

Mode 2 is bidirectional and uses only Port A, plus the 
interrupts and handshake signals from both ports. Port B 
must be set to Mode 3 and masked off from generating 
interrupts. In operation, Port A is used for both data input 
and output. Output operation is similar to Mode 0 except 
that data is allowed out onto the Port A bus only when ASTB 
is Low. For input, operation is similar to Mode 1, except that 
the data input uses the Port B handshake signals and the 
Port B interrupt, if enabled. 

Both ports can be used in Mode 3. In this mode, the 
individual bits are defined as either input or output bits. This 
provides up to eight separate, individually defined bits for 

INTERNAL STRUCTURE 

The internal structure of the Z80 PIO consists of a Z80 CPU 
bus interface, internal control logic, Port A 1/0 logic, Port B 
1/0 logic, and interrupt control logic (Figure 4). The CPU bus 
interface logic allows the Z80 PIO to interface directly to the 
Z80 CPU with no other external logic. The internal control 
logic synchronizes the CPU data bus to the peripheral 
device interfaces (Port A and Port B). The two 1/0 ports (A 
and B) are virtually identical and are used to interface 
directly to peripheral devices. 

Port Logic. Each port contains separate input and output 
registers, handshake control logic, and the control registers 
shown in Figure 5. All data transfers between the peripheral 
unit and the CPU use the data input and output registers. 
The handshake logic associated with each port controls the 
data transfers through the input and the output registers. 
The mode control register (two bits) selects one of the four 
programmable operating modes. 

INTERRUPT CONTROL LINES 

. each port. During operation, Ready and Strobe are not 
used. Instead, an interrupt is generated if the condition of 
one input changes, or if all inputs change. The requirements 
for generating an interrupt are defined during the 
programming operation; the active level is specified as 
either High or Low, and the logic condition is specified as 
either one input active (OR) or all inputs active (AND). For 
example, ifthe port is programmed for active Low inputs and 

the logic function is AND, then all inputs at the specified port 
must go Low to generate an interrupt. 

Data outputs are controlled by the CPU and can be written 
or changed at any time. 

• Individual bits can be masked off. 

• The handshake signals are not used in Mode 3; Ready is 
held Low, and Strobe is disabled. 

• When using the Z80 PIO interrupts, the Z80 CPU 
interrupt mode must be set to Mode 2. 

The Bit Control mode (Mode 3) uses the remaining registers. 
The input/output control register specifies which of the eight 
data bits in the port are to be outputs and enables these bits; 
the remaining bits are inputs. The mask register and the 
mask control register govern Mode 3 interrupt conditions. 
The mask register specifies which of the bits in the port are 
active and which are masked or inactive. 

The mask control register specifies two conditions: first, 
whether the active state of the input bits is High or Low, and 
second, whether an interrupt is generated when anyone 
unmasked input bit is active (OR condition) or if the interrupt 
is generated when all unmasked input bits are active (AND 
condition). 

Interrupt Control LogiC. The interrupt control logic section 
handles all CPU interrupt protocol for nested-priority 
interrupt structures. Any device's physical location in a 

DATA 
OR CONTROL 

}HANDSHAKE 

DATA 
OR CONTROL 

}HANDSHAKE 

PERIPHERAL 
INTERFACE 

Figure 4. Block Diagram 
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daisy-chain configuration determines its priority. Two lines 
(lEI and lEO) are provided in each Pia to form this daisy 
chain. The device closest to the CPU has the highest priority. 
Within a PIO, Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, or bidirectional 
modes, an interrupt can be generated whenever the 
peripheral requests a new byte transfer. In the bit control 
mode, an interrupt can be generated when the peripheral 
status matches a programmed value. The PIO provides for 
complete control of nested interrupts. That is, lower priority 
devices may not interrupt higher priority devices that have 
not had their interrupt service routines completed by the 
CPU. Higher priority devices may interrupt the servicing of 
lower priority devices. 

If the CPU (in Interrupt Mode 2) accepts an interrupt, the 
interrupting device must provide an 8-bit interrupt vector for 
the CPU. This vector forms a pointer to a location in memory 
where the address of the interrupt service routine is located. 
The 8-bit vector from the interrupting device forms the least 
significant eight bits of the indirect pointer while the I 
Register in the CPU provides the most significant eight bits 
of the pointer. Each port (A and B) has an independent 
interrupt vector. The least significant bit of the vector is 
automatically set to 0 within the PIO because the pointer 
must point to two adjacent memory locations for a complete 
16-bit address. 

MODE 
.CONTROL 
REGISTER 

(2 BITS) 

Unlike the other Z80 peripherals, the PIO does not enable 
interrupts immediately after programming. It waits until M1 
goes Low (e.g., during an opcode fetch). This condition is 
unimportant in the Z80 environment but might not be if 
another type of CPU is used. 

The PIO decodes the RETI (Return From Interrupt) 
instruction directly from the CPU data bus so that each PIO 
in the system knows at all times whether it is being serviced 
by the CPU interrupt service routine. No other 
communication with the CPU is required. 

CPU Bus I/O Logic. The CPU bus interface logic interfaces 
the Z80 PIO directly to the Z80 CPU, so no external logic is 
necessary. For large systems, however, address decoders 
and/or buffers may be necessary. 

Internal Control Logic. This logic receives the control 
. words for each port during programming and, in turn, 

controls the operating functions of the Z80 PIO. The control 
logic synchronizes the port operations, controls the port 
mode, port addressing, selects the read/write function, and 
issues appropriate commands to the ports and the interrupt 
logic. The Z80 PIO does not receive a write input from the 
CPU; instead, the RD, CE, C/O and IORO signals internally 
generate the write input. 

DATA 
INPUT 

8·BIT 1/0 BUS 

MASK 
CONTROL 
REGISTER 

(2 BITS) 
\.--____ ~ R~G~f;~R 
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PROGRAMMING 

Mode 0, 1, or 2. (Input, Output, or Bidirectional). 
Programming a port for Mode 0, 1. or 2 requires at least one, 
and up to three, control words per port. These words are: 

Mode Control Word (Figure 6). Selects the port operating 
mode. This word is required and may be written at any time. 

Interrupt Vector Word (Figure 7). The zao PIO is designed 
for use with the zao CPU in interrupt Mode 2. This word 
must be programmed if interrupts are to be used. 

Interrupt Control Word (Figure 9) or Interrupt Disable 
Word (Figure 11). Controls the enable or disable of the PIO 
interrupt function. 

Mode 3 (Bit Control). Programming a port for Mode 3 
requires at least two, and up to four, control words. 

Mode Control Word (Figure 6). Selects the port operating 
mode. This word is required and may be written at any time. 

1/0 Register Control Word (Figure a). When Mode 3 is 
selected, the Mode Control Word must be followed by the 
1/0 Control Word. This word configures the 1/0 control 
register, which defines which port lines are inputs or outputs. 
This word is required. 

I L IDENTIFIES MODE CONTROL WORD 

~ON'T CARE 

MODE SELECT 

MOOEO 
MODE 1 
MOOE2 
MOOE3 

Figure 6. Mode Control Word 

I~I~I~I~I~I~I~IOI 

L IDENTIFIES INTERRUPT 
VECTOR 

'--____ ~~~~;~PPLIEO INTERRUPT 

Figure 7. Interrupt Vector Word 

Figure 8. 1/0 Register Control Word 

Interrupt Vector Word (Figure 7). The zao PIO is designed 
for use with the zao CPU in interrupt Mode 2. This word 
must be programmed if interrupts are to be used. 

Interrupt Control Word. In Mode 3, handshake is not 
used. Interrupts are generated as a logic function of the 
input signal levels. The interrupt control word sets the logic 
conditions and the logic levels required for generating an 
interrupt. Two logic conditions or functions are available: 
AND (if all input bits change to the active level, an interrupt is 
triggered). and OR (if anyone of the input bits changes to the 
active level, an interrupt is triggered). Bit 0 5 sets the logic 
function, as shown in Figure 9. The active level of the input 
bits can be set either High or Low. The active level is 
controlled by Bit 05. 

Mask Control Word. This word sets the mask control 
register, allowing any unused bits to be masked off. If any bits 
are to be masked, then D4 must be set. When D4 is set, the 
next word written to the port must be a mask control word 
(Figure 10). 

Interrupt Disable Word. This control word can be used to 
enable or disable a port interrupt. It can be used without 
changing the rest of the interrupt control word (Figure 11). 

07..... rMS~ .... DO 

II I IH/LI I 0 I, I, I, I 

1III L '"~""'""""""""_cw'"o . , = MASK FOLLOWS (1) 

1 = ACTIVE HIGH 

, = AND FUNCTION 

, = INTERRUPT FUNCTION ENABLE (2) 

'NOTE: 

1. Regardless of the operating mode, setting Bit 04 = 1 
causes any pending interrupts to be cleared. 

2. The port interrupt is not enabled until thglnterrupt 
function enable is followed by an active M1. 

Figure 9. Interrupt Control Word 

MBo-MB7 MASK BITS. A 
BIT IS MONITORED FOR AN 

'----- INTERRUPT IF IT IS 
DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO O. 

Figure 10. Mask Control Word 

lodo.10.1 041 0 I 011111 1L L IDENTIFIES INTERRUPT 
DISABLE WORD 

DON'T CARE 

07 = 0 INTERRUPT DISABLE 
07 = 1 INTERRUPT ENABLE 

Figure 11. Interrupt Disable Word 
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PIN DESCRIPTION 

PAo·PA7. Port A Bus (bidirectional, 3-state). This a-bit bus 
transfers data, status, or control information between Port A 
of the PIO and a peripheral device. PAo is the least 
significant bit of the Port A data bus. 

AROY. Register A Ready (output, active High). The 
meaning of this signal depends on the mode of operation 
selected for Port A as follows: 

Output Mode. This signal goes active to indicate that the 
Port A output register has been loaded and the peripheral 
data bus is stable and ready for transfer to the peripheral 
device. 

Input Mode. This signal is active when the Port A input 
register is empty and ready to accept data from the 
peripheral device. 

Bidirectional Mode. This signal is active when data is 
available in the Port A output register for transfer to the 
peripheral device. In this mode, data is not placeq on the 
Port A data bus, unless ASTB is active. 

Control Mode. This signal is disabled and forced to a Low 
state. 

ASTB. Port A Strobe Pulse From Peripheral Device (input, 
active Low). The meaning of this signal depends on the 
mode of operation selected for Port A as follows: 

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input register. Data is 
loaded into the PIO when this signal is active. 

Bidirectional Mode. When this signal is active, datafrom 
the Port A output register is gated onto the Port A 
bidirectional data bus. The positive edge of the strobe 
acknowledges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 

PBo·PB7. Port B Bus (bidirectional, 3-state). This a-bit bus 
transfers data, status, or control information between Port B 
and a peripheral device. The Port B data bus can supply 1 .5 
mA at 1.5V to drive Darlingtontransistors. PBo is the least 
significant bit of the bus. 

B/A. Port B or A Select (input, High = B). This pin defines 
which port is accessed during a data transfer bet~een the 
CPU and the PIO. A Low on this pin selects Port A a High 
selects Port B. Often address bit Ao from the CPU is used for 
this selection function. 

BROY. Register B Ready (output, active High). This signal is 
similar to ARDY, except that in the Port A bidirectional mode 
this signal.is High when the Port A input register is empty 
and ready to accept data from the peripheral device. 
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BSTB. Port B Strobe Pulse From Peripheral Device (input, 
active Low). This signal is similar to ASTB, except that in the 
Port A bidirectional mode this signal strobes data from the 
peripheral device into the Port A input register. 

C/O. Control or Data Select (input, High' = C). This pin 
defines the type of data transfer to be performed between 
the CPU and the PIO. A High on this pin during a CPU write 
to the PIO causes the zao data bus to be interpreted as a 
command for the port selected by the B/A Select line. A Low 
on this pin means that the zao data bus is being used to 
transfer data between the CPU and the PIO. Often address 
bit A1 from the CPU is used for this function. 

CEo Chip Enable (input, active Low). A Low on this pin 
enables the PIO to accept command or data inputs from the 
CPU during a write cycle or to transmit data to the CPU 
during a read cycle. This signal is generally decoded from 
four 1/0 port numbers for Ports A and B, data, and control. 

ClK. System Clock (input). The zao PIO uses the standard 
single-phase zao system clock. 

00.07. zao CPU Data Bus (bidirectional, 3-state). This bus is 
used to transfer all data and commands between the zao 
CPU and the zao PIO. Do is the least significant bit. 

lEI. Interrupt Enable In (input, active High). This signal is 
used to form a priority-interrupt daisy chain when more than 
one interrupt driven device is being used. A High level on 
this pin indicates that no other devices of higher priority are 
being serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). The lEO 
signal is the other signal required to form a daisy chain 
priority scheme. It is High only if lEI is High and the CPU is 
not servicing an interrupt from this PIO. Thus this signal 
blocks lower priority devices from interrupting while a higher 
priority device is being serviced by its CPU interrupt service 
routine. 

INT. Interrupt Request (output, open drain, active Low). 
When INT is active the zao PIO is requesting an interrupt 
from the zao cpu. 
IORQ. Input/Output Request (input from zao CPU, active 
Low). 10RO is used in conjunction with B/A, C/O, CE, and 
RD to transfer commands and data between the zao CPU 
and the zao PIO. When CE, RD, and 10RO are active, the 
port addressed by 'PIA transfers data to the CPU (a read 
operation). Conversely, when CE and 10RO are active but 
RD is not, the port addressed by B/A is written into from the 
CPU with either data or control information, as specified by 
C/O. Also, if 10RO and M1 are active simultaneously, the 
CPU is acknowledging an interrupt; the interrupting port 
automatically places its interrupt vector on the CPU data bus 
if it is the highest priority device requestlng an interrupt. 



M1. Machine Cycle (input from CPU, active low). This signal 
is used as a sync pulse to control several internal PIO 
operations. When both the M1 and RD signals are active, 
the Z80 CPU is fetching an instruction from memory. 
Conversely, when both M 1 and 10RO are active, the CPU is 
acknowledging an interrupt. In addition, M1 has two other 
functions within the Z80 PIO: it synchronizes the PIO 

TIMING 

The following timing diagrams show typical timing in a Z80 
CPU environment. For more precise specifications refer to 
the composite ac timing diagram. 

Write Cycle. Figure 12 illustrates the timing for 
programming the Z80 PIO or for writing data to one of its 
ports. The PIO does not receive a specific write signal; it 
internally generates its own from the lack of an active RD 
signal. 

Read Cycle. Figure 13 illustrates the timing for reading the 
data input from an external device to one of the Z80 PIO 
ports. 

CLK 

C/O, B/A 

Ci 

IORQ 

DATA 

WR* 

T, T, TWA 

=x 

\ 

X IN 

\ 
*WR = RD 0 CE 0 IORQ 0 M1 

Figure 12. Write Cycle Timing 
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PORT 
OUTPUT 

READY 

T3 T, 

x== 

r-
x= 
r-

*WR = RD * CE * IORQ 0 M1 

interrupt logic; when M1 occurs without an active RD or 
10RO signal, the PIO is reset. 

RD. Read Cycle Status (input from Z80 CPU, active low). If 
RD is active, or an 1/0 operation is in progress, RD is used 
with BfA. C/O, CE, and 10RO to transfer data from the Z80 
PIO to the Z80 CPU. 

Output Mode (Mode 0). An output cycle (Figure 14) is 
always started by the execution of an output instruction by 
the CPU. The WR' pulse from the CPU latches the data from 
the CPU data bus into the selected port's output register. The 
WR' pulse sets the Ready flag after a low-going edge of 
ClK, indicating data is available. Ready stays active until the 
positive edge of the strobe line is received, indicating that 
data was taken by the peripheral. The positive edge of the 
strobe pulse generates an INT if the interrupt enable flip-flop 
has been set and if this device has the highest priority. 

T, T. TWA T3 T, 

eLK 

C/D,B/A =x x::= 
Ci \ I 

IORQ \ I 
RD \ I 

DATA ( OUT >-
RD* \ I 

*RD = RDoCi o lORQoM1 

Figure 13. Read Cycle Timing 

Figure 14, Mode 0 Output Timing 
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Input Mode (Mode 1). When STROBE goes from low to 
High, data is latched into the selected port input register 
(Figure 15). While STROBE is low, the input data latches are 
transparent. The next rising edge of STROBE activates INT, if 
Interrupt Enable is set and this is the highest-priority 
requesting device. The following falling edge of ClK resets 
Ready to an inactive state, indicating that the input register is 
full and cannot accept any more data until the CPU 
completes a read. When a read is complete, the positive 
edge of RD sets Ready at the next low-going transition of 
ClK. At this time new data can be loaded into the PIO. 

* AD = AD 0 CE 0 IOAQ 0 M1 

Bidirectional Mode (Mode 2). This is a combination of 
Modes 0 and 1 using all four handshake lines and the eight 
Port A I/O lines (Figure 16). Port B must be set to the bit 
mode and its inputs must be masked. The Port A handshake 
lines are used for output control and the Port B lines are 
used for input control. If interrupts occur, Port A's vector will 
be used during port output and Port B's will be used during 
port input. Data is allowed out onto the Port A bus only when 
ASTB is low. The rising edge of this strobe can be used to 
latch the data into the peripheral. 

Figure 15. Mode 1 Input Timing 
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Bit Control Mode (Mode 3). The bit mode does not utilize 
the handshake signals, and a normal port write or port read 
can be executed at any time. When writing, the data is 
latched into the output registers with the same timing as the 
output mode. 

When reading (Figure 17) the PIO, the data returned to the 
CPU is composed of output register data from those port 
data lines assigned as outputs and input register data from 
those port data lines assigned as inputs. The input register 
contains data that was present immediately prior to the 
falling edge of RD. An interrupt is generated if interrupts 
from the port are enabled and the data on the port data lines 
satisfy the logical equation defined by the 8-bit mask and 
2-bit mask control registers. However, if Port A is 
programmed in bidirectional mode, Port B does not issue an 
interrupt in bit mode and must therefore be polled. 

Interrupt Acknowledge Timing. During M1 time, 
peripheral controllers are inhibited from changing their 
interrupt enable status, permitting the Interrupt Enable 
signal to ripple through the daisy chain. The peripheral with 
lEI High and lEO Low during INTACK places a 
preprogrammed 8-bit interrupt vector on the data bus at this 
time (Figure 18). lEO is held Low until a Return From 

eLK 

Interrupt (RETI) instruction is executed by the CPU while lEI 
is High. The 2-byte RETI instruction is decoded internally by 
the PIO for this purpose. 

Return From Interrupt Cycle. If a Z80 peripheral has no 
interrupt pending and is not under service, then its lEO = 

lEI. If it has an interrupt under service (i.e., it has already 
interrupted and received an interrupt acknowledge) then its 
lEO is always Low, inhibiting lower priority devices from 
interrupting. If it has an interrupt pending which has not yet 
been acknowledged, lEO is Low unless an "ED" is decoded 
as the first byte of a 2-byte opcode (Figure 19). In this case, 
lEO goes High until the next opcode byte is decoded, 
whereupon it goes Low again. If the second byte of the 
opcode was a "40," then the opcode was an RETI 
instruction. 

After an "ED" opcode is decoded, only the peripheral 
device which has interrupted and is currently under service 
has its lEI High and its lEO Low. This device is the 
highest-priority device in the daisy chain that has received 
an interrupt acknowledge. All other peripherals have lEI = 

lEO. If the next opcode byte decoded is "40," this peripheral 
device resets its "interrupt under service" condition. 

DAT:~~~ X DATA WORD 1 X'-_D_A_TA_W_O_RD_'---'Xl.. _________ _ 

,:::~~~~~~-g-~-~~U-~-~-~>-L------------~1+L~)_( ____ ~;r--------------------
DATA IN ) 

LOAlA WORD 1 PLACED ON BUS 

Figure 17. Mode 3 Bit Control Mode Timing, Bit Mode Read 
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INTERRUPT 
ACKNOWLEDGe 

0 0 INTACK Do-D7 

lEI 
lEO ------------------~/ 

Figure 18. Interrupt Acknowledge Timing Figure 19. Return From Interrupt 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on Vee with respect to Vss ..... - O.3V to + 7.0V 
Voltages on all inputs with respect 

toVss...... . ............ -O.3VtoVee+O.3V 
Storage Temperature .............. - 65°C to + 150°C 

STANDARD TEST CONDITIONS 

The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (OV). Positive current flows into the 
referenced pin. Available operating temperature range is: 

• S = O"C to +70"C, V cc Range 
NMOS: +4.75V~Vcc ~ +5.25V 
CMOS: +4.50V ~ Vcc ~ +5.50V 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 

CAPACITANCE 

Symbol Parameter 

Clock Capacitance 
Input Capacitance 
Output Capacitance 

Over specified temperature range; f ~ 1 MHz. 
Unmeasured pins returned to ground. 
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Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Min 

'""" I 

Max 

10 
5 

15 

+5V 

2.1K 

Unit 

pi 
pi 
pi 



DC CHARACTERISTICS (Z84C20/CMOS zao PIO) 
Vee=5.0V ± 10%, unless otherwise specified 

Symbol Parameter Min Max Typ Unit Condition 

V'Le Clock Input L.ow Voltage -0.3 +0.45 V 
V,HC Clock Inputlligh Voltage Vec-0.6 Vcc+0.3 V 
V,L Input High Voltage 2.2 Vee V 

Viii Input Low Voltage -0.3 O.B V 
VOL Output Low Voltage 0.4 V ILO=2.0mA 

VOHI Output High Voltage 2.4 V 10I~=-1.6mA 

VOI~2 Output High Voltage Vee-0.8 V 10I ,=-250J.IA 
III Input Leakage Current -10 10 J.IA V,N=0.4V to Vee 
ILO 3-state Output Leakage -10 10 J.IA Vour=O.4V to Vec 

Current in Float 

Icci Power Supply Current - 4MHz 5 2 rnA Vcc=5V 
-6MHz 6 rnA CLK=4,6,B,10Mflz 
- 8MHz 7 rnA V'H=VCC-0.2V 
- 10MHz 12 rnA V,L=0.2V 

Icc2 Standby Supply Current 10 0.5 J.IA Vcc=5V 
CLK=(O) 

V'H=VCC-0.2V 
V,L=O.2V 

10110 Darlington Drive Current -1.5 -5.0 rnA VOII= 1.5V 
(Port B Only) REXT =1.1K otlm 

Note: 
[1) Measurements made with outputs floating. 
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AC CHARACTERISTICS (Z84C20/CMOS zao Pia) 

za4C2004' Z84C2006 Z84C2008 Z84C2010 Note 
No Symbol Parameter Min Max Min Max Min Max Min Max 

1 TcC Clock Cycle Time 250 [ 1] 162 [ 1] 125 [ 1] 100 [1] 
2 TwCh Clock Pulse Width (Higll) 110 DC 65 DC 55 DC 42 DC 
3 TwCI Clock Pulse Width (Low) 110 DC 65 DC 55 DC 42 DC 
4 TIC Clock Fall Time 30 20 10 10 
5 TrC Clock Rise Time 30 20 10 10 

6 TsCS(111) /CE,B//A,CIID to /RD, /IORO Fall 50 50 40 35 [6] 
Selup Time 

7 Til Any Hold Times for Specified 40 35 15 15 
Setup Time 

8 TsFll(C) IRD, /IORO to Clock Rise Setup Time 115 70 60 40 

9 TdRI(DO) /RD, /IORO Fall to Data Out Delay 380 300 200 120 [21 
10 TdFll(DOs) IRD, /Ior-m Rise to Data Out 110 70 60 50 

Float Delay 
11 TsDI(C) Data tn to Clock Rise Setup Time 50 40 30 20 CL=50pF 
12 TdIO(DOI) /IORO Falling to Data Out Delay 160 120 80 80 [3J 

(INTACK Cycle) 

13 TsMl(Cr) /Ml Falling to Clock Rising 90 70 50 40 
Setup Time 

14 TsMl(Cf) /Ml Fall to Clock Rise Setup Time 0 0 0 -20 
(lMl cycle) 

15 TdMl(IEO) /Ml Fall to lEO Fall Delay 
(Interrupt Immediately Preceding 190 100 70 70 [5,7] 
/Ml Fall) 

16 TsIEI(IO) lEI to IIORO Falling Setup Time 140 100 80 60 [7J 
(lINTACK Cycle) 

17 TdIEI(IEOf) lEI Fall to lEO Fall Delay 130 120 70 70 [5J 
18 TdIEI(IEOr) lEI Rise to lEO Flise Delay 160 150 70 70 CL=50pF 
19 TcIO(C) /IORO Rise to Clock Fall Setup Time 

(To Activate ROY on Next Clock Cycle) 200 170 140 120 
20 TdC(I1DYr) Clock Fall to ROY Rise Delay 190 170 150 130 [5], 

CL=50pF 
~----

21 TdC(RDYf) Clock Fall to ROY Fall Delay 140 120 100 85 (5) 
22 TwSTB /STB Pulse Width 150 120 100 80 [4) 
23 TsSTB(C) ISTB l1ise to Clock Fall Setup Time 

(To Activate ROY on Next Clock Cycle) 220 150 120 100 [5) 

24 TdIO(PD) /10110 Rise to Port Data Stable Delay 180 160 140 120 [5) 
(Mode 0) 

25 TsPD(STB) Port Data to /STB Rise Setup Time 230 190 140 75 
(Mode 1) 

26 TdSTB(PD) ISTB Fall to Port Data Stable (Mode 2) 210 180 150 120 [5] 

'4 MHz CMOS 84C20 is obsoleted and replaced by 6 MHz. 
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Z84C20 AC CHARACTERISTICS (Continued) 

Z84C2004'Z84C2006 Z84C2008 
No Symbol Parameter 

27 TdSTB(PDr) ISTB Rise to Port Data Float Delay 
(Mode 2) 

28 fdPD(INT) Port Data Match to liNT Fall Delay 
(Mode 3) 

29 TdSTB(INT) ISTB Rise to liNT Fall Delay 

• All parameters in nanosecond, unless otherwise specified. 
, 4 MHz Z84C30 is obsoleted and replaced by 6 MHz 
NOles: 
[1] TcC = TwCh + TwCI + TrC + TfC. 

Min Max 

180 

490 

440 

[2] Increase TdRI(DO) by IOnS for each 50pF increasing in load up to 200pF max. 
[3] Increase TdIO(DOI) by lOnS for each 50pF increasing in load up 10 200pF max. 
[4] For Mode 2: TwSlB> TsPD(SlB). 
[5] Increase these values by 2nS for 10pF increase in loading up to l00pF Max. 

Min Max Min 

160 

430 

350 

[6] TsCS(RI) may be reduced. However, the time subtracted from TsCS(RI) will be added to TdRI(DO). 
[7] 2.5TcT > (N-2)TdIEI(IEOf) + TdMl(IEO) + TsIEI(IO) + TTL Buffer Delay, if any. 
[8] Ml must be active for a minumum of two clock cycles to reset the PIO. 

DC CHARACTERISTICS (Z8420/NMOS Z80 PIO) 

Symbol Parameter Min Max 

VllC Clock Input Low Voltage -0.3 +0.45 

VIHC Clock Input High Voltage Vcc-0.6 Vee+ 0.3 

Vil Input Low Voltage -0.3 +0.8 

VIH Input High Voltage +2.0 Vee 

VOL Output Low Voltage +0.4 

VOH Output High Voltage +2.4 

III Input Leakage Current ±10 

ILO 3-State Output,Leakage Current in Float ±10 

IcC Power Supply Current 100 

IOHD Darlington Drive Current -1.5 

Port B Only 

Over specified temperature and voltage range. 

Max 

140 

360 

29 

Unit 

V 

V 

V 

V 

V 

V 

f'A 

f'A 
mA 

mA 

Z84C2010 Note 
Min Max 

120 CL=50pF 

200 

220 

Test Condition 

IOl = 2.0 mA 

IOH = -250 f'A 

VIN = OtoVee 

VOUT = O.4V to Vee 

VOH=I.5V 

REXT = 390Q 
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AC CHARACTERISTICSt (Z8420/NMOS Z80 PIO) 

Z0842004 Z0842006 
Number Symbol Parameter Min Max Min Max Notes 

1 TcC Clock Cycle Time 250 [1] 162 [1] 

2 TwCh Clock Width (High) 105 2000 65 2000 

3 TwC1 Clock Width (Low) 105 2000 65 2000 

4 TfC Clock Fall Time 30 20 

5 TrC Clock Rise Time 30 20 

6 TsCS(RI) CE, BfA, CfD to RD, IORO. Setup Time 50 50 [6] 

7 Th Any Hold Times for Specified Setup Time 0 0 0 

8 TsRI(C) RD, IORO to Clock t Setup Time 115 70 

9 TdRI(DO) RD, IORO • to Data Out Delay 380 300 [2] 

10 TdRI(DOs) RD, IORO t to Data Out Float Delay 110 70 

11 TsDI(C) Data In to Clock t Setup Time 50 40 CL = 50 pf 

12 TdIO(DOI) IORO. to Data Out Delay (INTACK Cycle) 200 120 [3] 

13 TsM1(Cr) M1 Ho Clock t Setup Time 90 70 

14 TsM1(Cf) M1 ttoClock.SetupTime(M1 Cycle) 0 0 [8] 

15 TdM1(IEO) M1 • to lEO. Delay (Interrupt Immediately 

Preceding M1.) 190 100 [5,7] 

16 TslEl(lO) lEI to IORO. Setup Time (INTACK Cycle) 140 100 [7] 

17 TdIEI(IEOf) lEI. to lEO. Delay 130 120 [5] 
CL = 50pf 

18 TdlEl(lEOr) lEI t to lEO t Delay (after ED Decode) 160 150 [5] 

19 TclO(C) IORO t to Clock. Setup Time (To Activate 

READY on Next Clock Cycle) 200 170 

20 TdC(RDYr) Clock. to READY t Delay 190 170 [5] 

CL = 50 pf 

21 TdC(RDYf) Clock. to READY. Delay 140 120 [5] 

22 TwSTB STROBE Pulse Width 150 120 [4] 

23 TsSTB(C) STROBE t to Clock. Setup Time (To Activate 

READY on Next Clock Cycle) 220 150 [5] 

24 TdlO(PD) IORO t to PORT DATA Stable Delay (Mode 0) 180 160 [5] 

25 TsPD(STB) PORT DATA to STROBE t Setup Time (Mode 1) 230 190 

26 TdSTB(PD) STROBE. to PORT DATA Stable (Mode 2) 210 180 [5] 

27 TdSTB(PDr) STROBE t to PORT DATA Float Delay (Mode 2) 180 160 CL = 50pf 

28 TdPD(lNT) PORT DATA Match to INT. Delay (Mode 3) 490 430 

29 TdSTB(lNT) STROBE t to INT. Delay 440 350 

NOTES: 
[1) TcC = TwCh + TwCI + TrC + TfC. [5) Increase these values by 2 ns for each 10 pf increase in loading up to 
[2) Increase TdRI(DO) by 10 ns for each 50 pf increase in load up to 100 pfmax. 

200 pf max. [6) TsCS(RI) may be reduced. However, the time subtracted from TsCS(RI) 
[3) Increase TdIO(DOI) by IOns for each 50 pf, increase in loading up to will be added to TdRI(DO) . 

200 pfmax. • M1 must be active for a minimum of two clock cycles to reset the PIO. 
[4) For Mode 2: TwSTB > TsPD(STB). t Units in nanoseconds (ns). 
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AC TIMING DIAGRAM 
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~ 2iL(][; Product Specification 

FEATURES 

• Four independently programmable counter/timer 
channels, each with a readable downcounter and a 
selectable 16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

• Selectable positive or negative trigger initiates timer 
operation. 

• Three channels have Zero CountlTimeout outputs 
capable of driving Darlington transistors. (1.5 mV @ 1.5V) 

• NMOS version for cost sensilive performance solutions. 

• CMOS version for the designs requiring low power 
consumption 

GENERAL DESCRIPTION 

The Z80 CTC, hereinafter referred to as Z80 CTC or CTC, 
four-channel counter/timer can be programmed by system 
software for a broad range of counting and timing applica­
tions. The four independently programmable channels of 
the Z80 CTC satisfy common microcomputer system re­
quirements for event counting, interrupt and interval timing, 
and general clock rate generation. 

System design is simplified because the CTC connects 
directly to both the ZSO CPU and the ZSO SIO with no 
additional logic. In larger systems, address decoders and 
buffers may be required. 

~ Do eLK/TRGa 

~ 0, ze/TOo 

~ 0, 

CPU - 03 elK/TRG1 
DATA 
~ 0, ZeITD, 

BUS CHANNEL 
~ 05 SIGNALS 

~ 06 

-0, 

CTC {= ~o 
CONTROL - es, 

FROM _ M1 RESET __ 

CPU _ lORa 

- AD Z80CTC 

elK/TRG3 --
DAISY {_ lEI 

INTE~::~~ lEO 

CONTROL rnT 

t t t 
elK +5V GND 

Figure 1. Pin Functions 

Z8430/Z84C30 NMOS/CMOS 
Z80®CTC 
CounterfTimer Circuit 

• NMOS Z0843004 - 4 MHz, Z0843006 - 6.17 MHz. 

• CMOS Z84C3006 - DC to 6.17 MHz, Z84C3008 - DC to 
8 MHz, Z84C3010 - DC to 10 MHz 

• Interfaces directly to the ZSO CPU or-for baud rate 
generation-to the ZSO SIO. 

• Standard Z80 Family daisy·chain interrupt structure 
provides fully vectored, prioritized interrupts without 
external logic. The CTC may also be used as an interrupt 
controller. 

• 6 MHz version supports 6.144 MHz CPU clock opera­
tion. 

Programming the CTC is straightforward: each channel is 
programmed with two bytes; a third is necessary when 
interrupts are enabled. Once started, the CTC counts down, 
automatically reloads its time constant, and resumes 
counting. Software timing loops are completely eliminated. 
Interrupt processing is simplified because only one vector 
need be specified; the CTC internally generates a unique 
vector for each channel. 

The Z80 CTC requires a single +5% V power supply and the 
standard Z80 single-phase system clock. It is packaged in 
28-pin DIPs, a44-pin plastic chip carrier, and a44-pin Quad 
Flat Pack. (Figures 2a, 2b, and 2c). Note that the QFP 
package is only available for CMOS versions. 

0, 03 

05 0, 

06 0, 

0, Do 

GND +5V 

AD CLKITRGo 

zeIT On elK/TRG1 

zelTO, CLKITRG2 

ZC/T02 CLKITRG3 

lORa es, 

lEO eso 

INT RESET 

lEI CE 
M1 eLK 

Figure 22a. Pin Assignments 
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GNO 7 

NC 8 

AD 9 

ZC/TOO 10 
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lORa 14 

NC 15 

lEO 16 
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37 +5V 

36 NC 

35 ClKfTRGo 

34 NC 

33 ClKfTRGl 

32 ClKfTRG2 

31 ClK/TRG3 

30 NC 

29 CS, 

Figure 2b. 44-pin Chip Carrier, Pin Assignments 

FUNCTIONAL DESCRIPTION 

The zao CTC has four independent counter/timer channels. 
Each channel is individually programmed with two words: a 
control word and a time-constant word. The control word 
selects the operating mode (counter or timer), enables or 
disables the channel interrupt, and selects certain other 
operating parameters. If the timing mode is selected, the 
control word also sets a prescaler, which divides the system 
clock by either 16 or 256. The time-constant word is a value 
from 1 to 256. 

During operation, the individual counter channel counts 
down from the preset time constant value. In counter mode 
operation the counter decrements on each of the ClKlTRG 
input pulses until zero count is reached. Each decrement is 
synchronized by the system clock. For counts greater than 
256, more than one counter can be cascaded. At zero 
count, the down-counter is automatically reset with the time 
constant value. 

The timer mode determines time intervals as small as 2 
ps(8 MHz), 3)..1S (6 MHz), or 4IJs (4MHz) without additional 
logic or software timing loops. Time intervals are generated 
by dividing the system clock with a prescaler that decre­
ments a preset down-counter. 

INTERNAL STRUCTURE 

The CTC has four major elements, as shown in Figure 3. 

• CPU bus I/O 

• Channel control logic 

• Interrupt logic 

• Counter/timer circuits 

CPU Bus I/O. The CPU bus I/O circuit decodes the address 
inputs, and interfaces the CPU data and control signals to 
the CTC for distribution on the internal bus. 
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Figure 2C. 44-Pln Quad Flat Pack 
Pin Assignments 

Thus, the time interval is an integral multiple of the clock 
period, the prescaler value (16 or 256), and the time 
constant that is preset -in the down-counter. A timer i!) 
triggered automatically when its time constant value is 
programmed, or by an external ClK/TAG input. 

Three channels have two outputs that occur at zero count. 
The first output is a zero-count/timeout pulse at the ZC/TO 
output. The fourth channel (Channel 3) does not have a 
ZC/TO output; interrupt request is the only output available 
from Channel 3. 

The second output is Interrupt Request (INl), which occurs 
ifthe channel has its interrupt enabled during programming. 
When the zao CPU acknowledges Interrupt Request, the 
zao CTC places an interrupt vector on the data bus. 

The four channels of the zao CTC are fully prioritized and fit 
into four contiguous slots in a standard zao daisy-chain 
interrupt structure. Channel 0 is the highest priority and 
Channel 3 the lowest. Interrupts can be individually enabled 
(or disabled) for each of the four channels. 

Internal Control Logic. The CTC internal control logic 
controls overall chip operating functions such as the chip 
enable, reset, and read/write logic. 

Interrupt Logic. The interrupt control logic ensures that the 
CTC interrupts interface properly with the zao CPU interrupt 
system. The logic controls the interrupt priority of the CTC as 
a function of the lEI signal. If lEI is High, the CTC has priority. 
During interrupt processing, the interrupt logic holds lEO 
Low, which inhibits the interrupt operation on lower priority 
devices. If the lEI input goes low, priority is relinquished 
and the interrupt logic drives lEO low. 
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Figure 3. Functional Block Diagram 

If a channel is programmed to request an interrupt, the 
interrupt logic drives lEO Low at the zero count, and 
generates an INT signal to the Z80 CPU. When the Z80 CPU 
responds with interrupt acknowledge (M1 and IORO), then 
the interrupt logic arbitrates the CTC internal priorities, and 
the interrupt control logic places a unique interrupt vector on 
the data bus. 

If an interrupt is pending, the interrupt logic holds lEO Low. 
When the Z80 CPU issues a Return From Interrupt (RETI) 
instruction, each peripheral device decodes the first byte 
(ED16). If the device has a pending interrupt, it raises lEO 
(High) for one M1 cycle. This ensures that all lower priority 
devices can decode the entire RETI instruction and reset 
properly. 

INTERNAL BUS 

8·BIT 
DOWN· 

COUNTER 
ClKIlRG -----1 

ClK _I PRESCAlER ~ 

ZCIlO 

Figure 4. Counter/Timer Block Diagram 

Counter/Timer Circuits. The CTC has four independent 
counter/timer circuits, each containing the logic shown in 
Figure 4. 

Channel Control Logic. The channel control logic 
receives the 8-bit channel control word when the 
counter/timer channel is programmed. The channel control 
logic decodes the control word and sets the following 
operating conditions: 

• Interrupt enable (or disable) 

• Operating mode (timer or counter) 

• Timer mode prescaler factor (16 or 256) 

• Active slope for CLKITRG input 

• Timer mode trigger (automatic or CLK/TRG input) 

• Time constant data word to follow 

• Software reset 

Time Constant Register. When the counter/timer channel 
is programmed, the time constant register receives and 
stores an 8·bit time constant value, which can be anywhere 
from 1 to 256 (0 = 256). This constant is automatically 
loaded into the down-counter when the counter/timer 
channel is initialized, and subsequently after each zero 
count. 

Prescaler. The prescaler, which is used only in timer mode, 
divides the system clock frequency by a factor"of either 16 or 
256. The prescaler output clocks the down·counter during 
timer operation. The effect of the prescaler on the 
down·counter is a multiplication of the system clock period 
by 16 or 256. The prescaler factor is programmed by bit 5 of 
the channel control word. 
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Down-Counter. Prior to each count cycle, the 
down-counter is loaded with the time constant register 
contents. The counter is then decremented one of two ways, 
depending on operating mode: 

• By the prescaler output (timer mode) 

• By the trigger pulses into the CLKITRG input (counter 
mode) 

PROGRAMMING 

Each Z80 CTC channel must be programmed prior to 
operation. Programming consists of writing two words to the 
1/0 port that corresponds to the desired channel. The first 
word is a control word that selects the operating mode and 
other parameters; the second word is a time constant, which 
is a binary data word with a value from 1 to 256. A time 
constant word must be preceded by a channel control word. 

After initialization, channels may be reprogrammed at any 
time. If updated control and time constant words are written 
to a channel during the count operation, the count 
continues to zero before the new time constant is loaded into 
the counter. 

If the interrupt on any Z80 CTC channel is enabled, the 
programming procedure should also include an interrupt 
vector. Only one vector is required for all four channels, 
because the interrupt logic automatically modifies the vector 
for the channel requesting service. 

A control word is identified by a 1 in bit O. A 1 in bit 2 indicates 
a time constant word is to follow. Interrupt vectors are always 
addressed to Channel 0, and identified by a 0 in bit o. 
Addressing. During programming, channels are 
addressed with the channel select pins CS1 and CS2. A 2-bit 
binary code selects the appropriate channel as shown in the 
following table. 

Channel 

o 
1 

2 
3 

o 
o 

CSo 

o 

o 

Without disturbing the down-count, the Z80 CPU can read 
the count remaining at any time by performing an 110 read 
operation at the port address assigned to the CTC channel. 
When the down-counter reaches the zero count, the ZCITO 
output generates a positive-going pulse. When the interrupt 
is enabled, zero count also triggers an interrupt request 
signal (INT) from the Interrupt logic . 

Reset. The CTC has both hardware and software resets. 
The hardware reset terminates all down-counts and disables 
all CTC interrupts by resetting the interrupt bits in the control 
registers. In addition, the ZCITO and Interrupt outputs go 
inactive, lEO reflects lEI, and 0 0-07 go to the 
high-impedance state. All channels must be completely 
reprogrammed after a hardware reset. 

The software reset is controlled by bit 1 in the channel 
control word. When a channel receives a software reset, it 
stops counting. When a software reset is used, the other bits 
in the control word also change the contents of the channel 
control register. After a software reset a new time constant 
word must be written to the same channel. 

If the channel control word has both bits 01 and 02 set to 1 , 
the addressed channel stops operating, pending a new time 
constant word. The channel is ready to resume after the new 
constant is programmed. In timer mode, if 03 = 0, 
operation is triggered automatically when the time constant 
word is loaded. 

Channel Control Word Programming. The channel 
control word is shown in Figure 5. It sets the modes and 
parameters described below. 

Interrupt Enable. 0 7 enables the interrupt, so that an 
interrupt output (INT) is generated at zero count. Interrupts 
may be programmed in either mode and may be enabled or 
disabled at any time. 

Mode. 06 selects either timer or counter operating mode. 

Prescaler Factor (Timer Mode Only). 0 5 selects 
factor-either 16 or 256. 

10 , I 0, I 0, 10 .1 OJ I 0 2 1 0, i Do I 
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INTERRUPT J~ 
1 ENABLES INTERRUPT 
o DISABLES INTERRUPT 

MODE 
o SELECTS TIMER MODE 

1 SELECTS COUNTER MODE 

PRESCALER VALUE' 
1 = VALUE OF 256 
o = VALUE OF 16 

CLKITRG EDGE SELECTION ----' 
o SELECTS FALLING EOGE 

1 SELECTS RISING EDGE 

~
L CONTROL O~ VECTOR 

o = VECTOR 
1 = CONTROL WORD 

RESET 
o = CONTINUED OPERATION 
1 = SOFTWARE RESET 

TIME CONSTANT 
o = NO TIME CONSTANT FOLLOWS 
1 = TIME CONSTANT FOLLOWS 

'----- TIMER TRIGGER" 
o = AUTOMATIC TRIGGER WHEN 

TIME CONSTANT IS LOADED 
1 = CLKfTRG PULSE STARTS TIMER 

'TIMER MODE ONLY 

Figure 5. Channel Control Word 



Clock/Trigger Edge Selector. 04 selects the active edge or 
slope of the ClKITRG input pulses. Note that 
reprogramming the. ClKITRG slope during operation is 
equivalent to issuing an active edge. If the trigger slope is 
changed by a control word update while a channel is 
pending operation in timer mode, the result is the same as a 
ClK/TRG pulse and the timer starts. Similarly, if the channel 
is in counter mode, the counter decrements. 

Timer Trigger (Timer Mode Only). 03 selects the trigger 
mode for timer operation. When 03 is reset to 0, the timer is 
triggered automatically. The time constant word is 
programmed during an 1/0 write operation, which takes one 
machine cycle. At the end of the write operation there is a 
setup delay of one clock period. The timer starts 
automatically (decrements) on the rising edge of the second 
clock pulse (T2) of the machine cycle following the write 
operation. Once started, the timer runs continuously. At zero 
count the timer reloads automatically and continues 
counting without interruption or delay, until stopped by a 
reset. 

When 03 is set to 1, the timer is triggered externally through 
the ClKlTRG input. The time constant word is programmed 
during an 1/0 write operation, which takes one machine 
cycle. The timer is ready for operation on the rising edge of 
the second clock pulse (T 2) of the following machine cycle. 
Note that the first timer decrement follows the active edge of 
the ClKITRG pulse by a delay time of one clock cycle if a 
minimum setup time to the rising edge of clock is met. If this 
minimum is not met, the delay is extended by another clock 
period. Consequently, for immediate triggering, the 
ClK/TRG input must precede T2 by one clock cycle plus its 
minimum setup time. If the minimum time is not met, the 
timer will start on the third clock cycle (T 3)' 

Once started the timer operates continuously, without 
interruption or delay, until stopped by a reset. 

Time Constant. A 1 in 02 indicates that the next word 
addressed to the selected channel is a time constant data 
word for the time constant register. The time constant word 
may be written at any time. 

A 0 in 02 indicates no time constant word is to follow. This is 
ordinarily used when the channel is already in operation and 
the new channel control word is an update. A channel will 

I~I~I~I~I~I~I~I~I 

:~:~~ ~~:~: TC5~ ~TC2 
TC4 Te3 

Figure 6. Time Constant Word 

not operate without a time constant value. The only way to 
write a time constant value is to write a control word with 02 
set. 

Software Reset. Setting 01 to 1 causes a software reset, 
which is described in the Reset section. 

Control Word. Setting Do to 0 identifies the word as a control 
word. 

Time Constant Programming. Before a channel can start 
counting it must receive a time constant word from the CPU. 
During programming or reprogramming, a channel control 
word in which bit 2 is set must precede the time constant 
word to indicate that the next word is a time constant. The 
time constant word can be any value from 1 to 256 (Figure 
6). Note that 0016 is interpreted as 256. 

In timer mode, the time interval is controlled by three factors: 

• The system clock period (ClK) 

• The prescaler factor (P), which multiplies the interval by 
either 16 or 256 

• The time constant (T), which is programmed into the time 
constant register 

Consequently, the time interval is the product of ClK x P x T. 
The minimum timer resolution is 16 x ClK (4J.1s with a 4MHz 
clock). The maximum timer interval is 256 x ClK x 256 
(16.4 ms with a 4MHz clock). For longer intervals timers may 
be cascaded. 

Interrupt Vector Programming. If the Z80 CTC has one or 
more interrupts enabled, it can supply interrupt vectors to 
the Z80 CPU. To do so, the Z80 CTC must be 
pre· programmed with the most'significant five bits of the 
interrupt vector. Programming consists of writing a vector 
word to the I/O port corresponding to the Z80 CTC Channel 
O. Note that Do of the vector word is always zero, to 
distinguish the vector from a channel control word. 01 and 
02 are not used in programming the vector word. These bits 
are supplied by the interrupt logic to identify the channel 
requesting interrupt service with a unique interrupt vector 
(Figure 7). Channel 0 has the highest priority. 

V7'V3~ 
SUPPLIED 

BY USER 
L 0 = INTERRUPT VECTOR WORD 

1 = CONTROL WORD 

CHANNEL IDENTIFIER 
(AUTOMATICALLY INSERTED 
BY CTC) 
o 0 = CHANNEL a 
o 1 = CHANNEL 1 
1 0 = CHANNEL 2 
1 1 = CHANNEL 3 

Figure 7. Interrupt Vector Word 
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PIN DESCRIPTION 

CEo Chip Enable (input, active Low). When enabled the CTC 
accepts control words, interrupt vectors, or time constant 
data words from the data bus during an 1/0 write cycle; or 
transmits the contents of the downcounter to the CPU during 
an 1/0 read cycle. In most applications this signal is 
decoded from the eight least significant bits of the address 
bus for any of the four 1/0 port addresses that are mapped to 
the four counter-timer channels. 

ClK. System Clock (input). Standard single-phase Z80 
system clock. 

ClK/TRGo-ClK/TRG3. External Clock/Timer Trigger 
(input, user-selectable active High or Low). Four pins 
corresponding to the four Z80 CTC channels. In counter 
mode, every active edge on this pin decr.ements the 
downcounter. In timer mode, an active edge starts the timer. 

CSO-CS1. Channel Select (inputs active High). Two-bit 
binary address code selects one of the four CTC channels 
for an 1/0 write or read (usually connected to Ao and A1)' 
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Figure S. A Typical ZSO Environment 

0 0-07. System Data Bus (bidirectional, 3-state). Transfers all 
data and commands between the Z80 CPU and the Z80 
CTC. 

lEI. Interrupt Enable In (input, active High). A High indicates 
that no other interrupting devices of higher priority in the 
daisy chain are being serviced by the Z80 CPU. 

lEO. Interrupt Enable Out (output, active High). High only if 
lEI is High and the Z80 CPU is not servicing an interrupt 
from any Z80 CTC channel. lEO blocks lower priority 
devices from interrupting while a higher priority interrupting 
device is being serviced. 

INT. Interrupt Request (output, open drain, active Low). Low 
when any Z80 CTC channel that has been programmed to 
enable interrupts as a zero-count condition in its 
downcounter. 

IORQ. Input/Output Request (input from CPU, active Low). 
Used with CE and RD to transfer data and channel control 
words between the Z80 CPU and the Z80 CTC. During a 
write cycle, 10RO and CE are active and RD inactive. The 
Z80 CTC does not receive a specific write signal; rather, it 
internally generates is own from the inverse of an active RD 
signal. In a read cycle, 10RO, CE, and RD are active; the 
contents of the downcounter are read by the Z80 CPU. If 
10RO and M1 are both true, the CPU is acknowledging an 
interrupt request, and the highest priority interrupting 
channel places its interrupt vector on the Z80 data bus. 

M1. Machine Cycle One (input from CPU, active Low). 
When M 1 and 10RO are active, the Z80 CPU is 
acknowledging an interrupt. The Z80 CTC then places an 
interupt vector on the data bus if it has highest priority, and if 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (input, active Low). Used in 
conjunction with 10RO and CE to transfer data and channel 
control words between the Z80 CPU and the Z80 CTC. 

RESET. Reset (input active Low). Terminates all 
down-counts and disables all interrupts by resetting the 
interrupt bits in all control registers; the ZC/TO and the 
interrupt outputs g6 inactive; lEO reflects lEI; 0 0-07 gotothe 
high-impedance state. 

ZC/TOo-ZC/T02. Zero CountlTimeout (output, active 
High). Three ZC/TO pins corresponding to Z80 CTC 
channels 2 through 0 (Channel 3 has no ZC/TO pin). In both 
counter and timer modes the output is an active High pulse 
when the downcounter decrements to zero. 



TIMING 

Read Cycle Timing. Figure 9 shows read cycle timing. This 
cycle reads the contents of a down-counter without 
disturbing the count. During clock cycle T2 , the Z80 CPU 
initiates a read cycle by driving the following inputs low: RD, 
IORO, and CEo A 2-bit binary code at inputs CS1 and CSa 
selects the channel to be read. M 1 must be High to 
distinguish this cycle from an interrupt acknowledge. 

eLK 

X CHANNEL ADDRESS X 
\ / 
\ / 

_ --r--------------
M1 I 

_oJ 

DATA--------------------( 

Figure 9. Read Cycle Timing 

Write Cycle Timing. Figure 10 shows write cycle timing for 
loading control, time constant, or vector words. 

The CTC does not have a write signal input, so it generates 
one internally when the read (RD) input is High during T1. 

During T2 10RO and CE inputs are low. M1 must be High to 
distinguish a write cycle from an interrupt acknowledge. A 
2-bit binary code at inputs CS1 and CSa selects the channel 
to be addressed, and the word being written is placed on the 
Z80 data bus. The data word is latched into the appropriate 
register with the rising edge of clock cycle T3 . 

CLK 

cSc. CS,. CE ______ .JX'-___ C_H_AN_N_E_L _AD_D_RE_S_S __ ..JX .... ____ _ 

\'--__ -..1/ 
_ - - or ----------------------------
RD , 

.J 

_ - -"T ---------------------------
M1 , 

DATA ________ ~X~ __ IN_..JX~ ___ __ 
Figure 10. Write Cycle Timing 

Timer Operation. In the timer mode, a ClK/TRG pulse 
input starts the timer (Figure 11) on the second succeeding 
rising edge of ClK. The trigger pulse is asynchronous, and 
it must have a minimum width. A minimum lead time (21 0 ns) 
is required between the active edge of the ClKITRG and the 
next rising edge of ClK to enable the prescaler on the 
following clock edge. If the ClK/TRG edge occurs closer 
than this, the initiation of the timer function is delayed one 
clock cycle. This corresponds to the start-up timing 
discussed in the programming section. The timer can also 
be started automatically if so programmed by the channel 
control word. 

CLK/TRQ 

INTaRNAL TIMaR _______ J START TIMING 

Figure 11. Timer Mode Timing 

Counter Operation. In the counter mode, the ClK/TRG 
pulse input decrements the downcounter. The trigger is 
asynchronous, but the count is synchronized with ClK. For 
the decrement to occur on the next rising edge of ClK, the 
trigger edge must precede ClK by a minimum lead time as 
shown in Figure 12. lithe lead time is less than specified, the 
count is delayed by one clock cycle. The trigger pulse must 
have a minimum width, and the trigger period must be at 
least twice the clock period. If the trigger repetition rate is 
faster than '/3 the clock frequency, then TsCTR(Cs), AC 
Characteristics Specification 26, must be met. 

The ZCITO output occurs immediately after zero count, and 
follows the rising ClK edge. 

CLK/TRQ 

INTERNAL 
COUNTER --------'T' 

ZC/TO __________ J 

Figure 12. Counter Mode Timing 
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INTERRUPT OPERATION 

The zao CTC follows the zao system interrupt protocol for 
nested priority interrupts and return from interrupt, wherein 
the interrupt priority of a peripheral is determined by its 
location in a daisy chain. Two lines-lEI and lEO-in the CTC 
connect it to the system daisy chain. The device closest to 
the + 5V supply has the highest priority (Figure 13). For 
additional information on the zao interrupt structure, refer to 
the zao CPU Product Specification and the zao CPU 
Technical Manual. 

HIGHEST PRIORITY 
DEVICE 

LOWEST PRIORITY 
DEVICE 

Figure 13. Daisy-Chain Interrupt Priorities 

Within the zao CTC, interrupt priority is predetermined by 
channel number: Channel 0 has the highest priority, and 
Channel 3 the lowest. If a device or channel is being 
serviced with an interrupt routine, it cannot be interrupted by 
a device or channel with lower priority until service is 
complete. Higher priority devices or channels may interrupt 
the servicing of lower priority devices or channels. 

A zao CTC channel may be programmed to request an 
interrupt every time its downcounter reaches zero. Note that 
the CPU must be programmed for interrupt mode 2. Some 
time after the interrupt request, the CPU sends an interrupt 
acknowledge. The CTC interrupt control logic determines 
the highest priority channel that is requesting an interrupt. 
Then, if the CTC lEI input is High (indicating that it has 
priority within the system daisy chain) it places an a-bit 

T, 

CLK 

,'-_____ -Jl 

\I.-_-Jl 

\:.==== 
OATA--------------------~~(~V;.EC;T~OR~--------

Figure 14. Interrupt Acknowledge Timing 
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interrupt vector on the system data bus. The high-order five 
bits of this vector were written to the CTC during the 
programming process; the next two bits are provided by the 
CTC interrupt control logic as a binary code that identifies 
the highest priority channel requesting an interrupt; the 
low-order bit is always zero. 

Interrupt Acknowledge Timing. Figure 14 shows 
interrupt acknowledge timing. After an interrupt request, the 
zao CPU sends an interrupt acknowledge (M1 and IORO). 
All channels are inhibited from changing their interrupt 
request status when M 1 is active-about two clock cycles 
earlier than IORO. RO is High to distinguish this cycle from 
an instruction fetch. 

The CTC interrupt logic determines the highest priority 
channel requesting an interrupt. If the CTC interrupt enable 
input (lEI) is High, the highest priority interrupting channel 
within the CTC places its interrupt vector on the data bus 
when IORO goes Low. Two wait states (TWA) are 
automatically inserted at this time to allow the daisy chain to 
stabilize. Additional wait states may be added. 

Return from Interrupt Timing. At the end of an interrupt 
service routine the RETI (Return From Interrupt) instruction 
initializes the daisy chain enable lines for proper control of 
nested priority interrupt handling. The CTC decodes the 
2-byte RETI code internally and determines whether it is 
intended for a channel being serviced. Figure 15 shows 
RETI timing. 

If several zao peripherals are in the daisy chain, lEI settles 
active (High) on the chip currently being serviced when the 
opcode E016 is decoded. If the following opcode is 4016, 
the peripheral being serviced is released and its lEO 
becomes active. Additional wait states are allowed. 

T, T, T, T, T, T, T, T, 

CLK 

M1\ I \ I 
liD \ I \ I 

Do-D7 ED 

lEI -- -- -- -- -- -- -, ___________ J 

lEO ~ ___________ --J' 
Figure 15 .. Return From Interrupt Timing 



ABSOLUTE MAXIMUM RATINGS 

Voltages on Vee with respect to Vss ..... - 0.3V to + 7.0V 
Voltages on all inputs with respect 

to VSS . - 0.3V to Vee + 0.3V 
Storage Tem peratu re .............. - 65 °C to + 150 °C 

STANDARD TEST CONDITIONS 
The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (OV). Positive current flows into the 
referenced pin. Available operating temperature range is: 

• S = OOC to +700C, V cc Range 
NMOS: +/j.75V ~ Vee ~ +5.25V 
CMOS: +4.50V ~ Vee ~ +5.50V 

• E= -40°C to 100°C, +4.50V ~ Vee ~ +5.50V 

The Ordering Information section lists package temperature 
ranges and product numbers. Refer to the Literature List for 
additional documentation. Package drawings are in the 
Package Information section. 

DC CHARACTERISTICS (Z84C30/CMOS Z80 eTC) 
v ee=50V ± 10%, unless otllerwise specified 

Symbol Parameter 

Vile Clock Input Low Voltage 
V'He Clock Input High Voltage 
V'L Input High Voltage 
VII' Input Low Voltage 
VOL Output Low Voltage 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above these Indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

+5V 

2.1K 

Min Max Unit Condition 

-0.3 +0.45 V 
Vee-0.6 Vee+0.3 V 
2.2 Vee V 
-0.3 O.B V 

0.4 V ILO=2.0mA 
----- ------_._---_._----- --_._._------
VOH' Output Higll Voltage 
V"'12 Output High Voltage 
III Input Leakage Current 
ILO 3-state Output Leakage Current in Float 

Power Supply Current - 4MHz 
- 6Mllz 
- BMHz 
- 10MHz 

2.4 
Vee-O.B 
-10 
-10 

10 
10 

7 [1] 
8 [1] 
10 [1] 
12 [1] 

V 
V 

IJA 
J.IA 
mA 
mA 
mA 
mA 

IOH=-1.6mA 
IOH=-250(.lA 
V'N=O.4V to Vee 
Vovr=O.4V to Vee 

Vee=5V 
CLK=4,6,B,lOMHz 

V'H=Vee·0.2V 
V'L=0.2V 

---- .--.•. ~-------

Standby Supply Current 10 IJA Vee=5V 
CLK=(O) 

V'H=Vee·0.2V 
V'L=0.2V 

------------------------~------

Darlington Drive Current -1.5 -5.0 mA V OH= 1.5V 
REXT= 1.1 K ollm 

Note: [1] Measurements made with outputs floating. 

CAPACITANCE 

Symbol 

ClK 
CIN 

COUT 

TA ~ 25 °e, f ~ 1 MHz 
Unmeasured pins returned to ground. 

Parameter 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

Max 

10 
10 
15 

Unit 

pf 
pi 
pi 
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AC CHARACTERISTICS (Z84C30/CMOS Z80 CTC) 
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AC CHARACTERISTICS (Z84C30/CMOS Z80 CTC Continued) 

Z84C3004 ' Z84C3006 Z84C3008 Z84C3010 Note 
No Symbol Parameter Min Max Min Max Min Max Min Max 

1 lcC Clocl< Cycle Time 250 l1] 162 [1] 125 [1] 100 [1] 
2 TwCh Clock pulse Width (Higtl) 110 DC 65 DC 55 DC 42 DC 
3 TwCI Clock pulse Width (low) 110 DC 65 DC 55 DC 42 DC 
4 TIC Clock Fall Time 30 20 10 10 
5 TrC Clock Rise Time 30 20 10 10 

6 Ttl All Hold Times 0 0 0 0 
7 TsCS(C) /CS to Clock Rise Setup Time 160 100 50 35 
8 TsCE(C) ICE to Clock Rise Setup Time 150 100 50 35 
9 TsIO(C) /IORO to Clock Rise Setup Time 115 70 40 35 
10 TsRD(C) /RD Fall to Clock Rise Setup Time 115 70 40 35 

11 TdC(DO) Clock Rise to Data Out 200 130 90 90 [2] 
Float Delay 

12 TdRlr (DOz) /RD, /IORO rising to Data Outime 50 40 40 40 
Float Delay 

13 TsDI (C) Data In to Clock rising set-up 50 40 30 30 

14 TsM1(C) /M1 to Clock Rise Setup lime 90 70 50 40 
15 ldM1(IEO) /M1 Fall to lEO Fall Delay 

(Interrupt Immediately Preceding 190 130 90 70 [3] 
/M1 Fall) 

16 TdIO(DIO) /IOF10 Fall to Data Out Delay 160 110 80 80 [2,6] 
(lINTACK Cycle) 

17 TdIEI(IEOf) lEI Fall to lEO Fall Delay 130 100 70 70 [3] 
18 TdIEI(IEOr) lEI Rise to lEO Rise Delay 160 110 70 70 [3] 

(After ED Decode) 

19 TdC(INT) Clock Rise to /INT Fall Delay (TcC+140) (TcC+120) (TcC+100) (TcC+80) [4] 
20 TdClK(INT) ClK(fT1G Rise to /INT Fall Delay 

TsCTR(C) Satisfied (19)+(26) (19)+(26) (19)+(26) (19)+(26) [5] 
TsCTR(C) Not Satisfied (1)+(19)+(26) (1)+(19)+(26) (1)+(19)+(26) (1)+(19)+(26) [5] 

21 TcCTA ClK/TRG Cycle 1 ime (2TcC) (2TcC) (2TcC) (2TcC) [5] 

22 TrCTA ClK/TRG Rise Time 50 40 30 30 
23 Tlcm ClK/TRG Fall Time 50 40 30 30 
24 TwCTRh ClK/TRG Width (low) 200 120 90 90 
25 TwCTRI ClK/TRG Width (Higtl) 200 120 90 90 

26 TsCTf'1(Cs) CLK/TRG Rise to Clock Rise 210 150 110 90 [5] 
Setup Time for Immediate Count 

27 TsCTR(Ct) CLK/TRG Rise to Clock Rise 210 150 110 90 [4] 
Setup Time for Enabling of 
Prescaler On Following Clock Rise 

, 4 MHz Z84C30 is obsoleted and replaced by 6 MHz 
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Z84C30 AC CHARACTERISTICS (Contirwed) 

No Symbol Parameter 
Z84C3004' 
Min Max 

28 TdC(ZC/TOr) Clock Rise to ZC/TO Rise Delay 190 
29 TdC(ZC/TOf) Clock Fall to ZC/TO Fall Delay 190 
30 ThRlr(D) ICE, /IORQ Rise to Data Hold 20 
31 ThC(CS) Clock Rise to /CS Hold 20 

• RESET must be active for a minimum of 3 clock cycles. 
Units in Nanosecond s 

Noles: 
[1] Tce = TwCh + TwCI + TrC + TIC. 

Z84C3006 Z84C3008 
Min Max Min Max 

140 100 
140 100 

20 10 
20 10 

[2] Increasing delay by IOnS for each 50pF increase in loading, 200pF max for data lines, and l00pF for control lines. 
[3] Increase delay by 2nS for each 10pF increase in loading, 100pF max. 
[4] Timer mode. 
[5] Counter mode. 
[6] 2.5TcT> (N-2)TdIEI(IEOf) + TdMl(IEO) + TsIEI(IO) + TIL Buffer Delay, if any . 

.• 4 MHz Z84C30 is obsoleted and replaced by 6 MHz 
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Z84C3010 Note 
Min Max 

80 
80 

10 
10 



DC CHARACTERISTICS (Z843D/NMOS zeD CTC) 

Symbol Parameter Min 

VllC Clock Input low Voltage -0.3C 

VIHC Clock Input High Voltage Vce- 0.6a 

Vil Input low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

Ice Power Supply Current: 

III Input leakage Current 

ILO 3-State Output leakage Current in Float 

IOHD Darlington Drive Current 

CAPACITANCE 

Symbol 

ClK 

CIN 

COUT 

TA = 25°C, 1= 1 MHz 
Unmeasured pins returned to ground. 

Parameter Test Status: 

a Tested 
b Guaranteed 
c Guaranteed by characterization/design 

Parameter 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

-0.3C 

+2.2a 

+2.4a 

-1.5a 

Max 

+0.45a 

Vec+0.3b 

+O.Ba 

Vceb 

+O.4a 

+ 120a 

± loa 

± loa 

Unit 

V 

V 

V 

V 

V 

V 

mA 

IJA 

IJA 

mA 

Max 

20c 

5c 

15C 

Condition 

IOl = 2.OmA 

IOH = - 250 IJA 

VIN = 0.4 to Vce 

VOUT = 0.4 to Vee 

VOH = 1.5V 

REXT = 390Q 

Unit 

pi 

pi 

pi 
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AC CHARACTERISTICS (Z8430/NMOS Z80 CTC Continued) 
-----<D----
r---1 i..-0-

:~~~nL.i~ CLOCK .J 
-0-~ 

CSo.CSt IX 1<. 
.!- '~ 

Ci \. ./ 
j---C!)---- ~I 

READ IORQ \. , 
1-0- (i)-~I 

!iii \. --' I-®- ~I 

DATA 

'Ii' i---{iz f--I - -
eaG, CSt X X 

1--0- ~I 
Ci \ -" 

WRITE ~ ~I 
10RQ \. --' 1-0-- ~I 

DATA X X 
-!!- ~I 

iii \ 
~ -<D--I 

" 
INTERRUPT 

10RQ 
, 

ACKNOWLEDGE 

-<D--I 
DATA ~ 

~I I-@-I 

lEI \. ~ 
I----<.!.')- ~ 

lEO , 
~ 

I----@--
INT \. 

®-I " 'i? 
~ 

CLKITROo_3 i ll- J. ~} (COUNTER 
MODE) 

Hr- ®-II-®----~ 
CLKITRQo_3 

I (TIMER 
MODE) 

~ 
ZCITDO_J -?f \. 

-®--I 
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AC CHARACTERISTICS (Z8430/NMOS zao CTC) 

Z0843004 Z0843006 
Number Symbol Parameter Min Max Min Max Notest 

1 TcC Clock Cycle Time 250 [1J 162 [1 J 

2 TwCh Clock Width (High) 105 2000 65 2000 

3 TwCI Clock Width (low) 105 2000 65 2000 

4 TfC Clock Fall Time 30 20 

5 TrC Clock Rise Time 30 20 

6 Th All Hold Times 0 0 

7 TsCS(C) CS to Clock t Setup Time 160 100 

8 TsCE(C) CE to Clock t Setup Time 150 100 

9 TsIO(C) IORO + to Clock t Setup 

Time 115 70 

10 TsRD(C) RD + to Clock t Setup Time 115 70 

11 TdC(DO) Clock t to Data Out Delay 200 130 [2J 

12 TdC(DOz) Clock + to Data Out Float 

Delay 110 90 

13 TsDI(C) Data In to Clock t Setup 

Time 50 40 

14 TsM1(C) M1 to Clock t Setup Time 90 70 

15 TdM1(IEO) M1 +to lEO + Delay 

(Interrupt immediately 

preceding M1) 190 130 [3] 

16 TdIO(DOI) IORO + to Data Out Delay 

(INTA Cycle) 160 110 [2J 

17 TdIEI(IEOf) lEI + to lEO + Delay 130 100 [3J 

18 TdIEI(IEOr) lEI t to lEO t Delay 

(After ED Decode) 160 110 [3J 

19 TdC(INT) Clock t to INT + Delay (1)+ 140 (1)+ 120 [4,6J 

20 TdClK(lNT) ClK/TRG t to INT + 
tsCTR(C) satisfied (19)+ (26) (19) + (26) [5,6J 

tsCTR(C) not satisfied (1)+ (19) + (26) (1) + (19) + (26) [5,6J 

21 TcCTR ClK/TRG Cycle Time 2TcC 2TcC [5J 

22 TrCTR ClKITRG Rise Time 50 40 

23 TfCTR ClK/TRG Fall Time 50 40 

24 TwCTRI ClKITRG Width (low) 200 120 

25 TwCTRh ClKITRG Width (High) 200 120 

NOTES 
[1] TcC = TwCh + TwCI + TrC + TfC. [6] Parenthetical numbers reference the table number of a parameter. 
[2] Increase delay by 10 ns for each 50 pf increase in loading, 200 pf e.g., (1) refers to TcC. 

maximum for data lines, and 100 pf for control lines. t 2.5 TcC > (n-2) TDIEI(IEOf) + TDM1(IEO) + TsIEI(IO) + TIL buffer 
[3] Increase delay by 2 ns for each 10 pf increase in loading, 100 pf delay, if any. RESET must be active for a minimum of 3 clock cycles. 

maximum. Units are nanoseconds unless otherwise specified. 
[4] Timer mode 
[5] Counter mode. 
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AC CHARACTERISTICS (Z8430/NMOS Z80 CTC Continued) 

Number Symbol Parameter 

26 TsCTR(Cs) CLKfTRG t to Clock t Setup 
Time for Immediate 
Count 

27 TsCTR(Ct) CLKITRG t to Clock t Setup 

Time for enabling of 
Prescaler on following 
clock t 

28 TdC(ZCITOr) Clock t to ZCITO t Delay 

29 TdC(ZCITOD Clock ~ to ZCITO ~ Delay 

NOTES: 
[1] TcC = TwCh + lwCI + TrC + TfC. 
[2]' Increase delay by 10 ns for each 50 pf increase in loading, 200 pf 

maximum for data lines, and 100 pf for control lines. 
[3] Increase delay by 2 ns for each 10 pf increase in loading, 100 pf 

maximum. 
[4] Timer mode 
[5] Counter mode. 
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Z0843004 
Min 

210 

210 

Max 

190 

190 

Z0843006 
Min 

150 

150 

Max 

140 

140 

Notest 

[5] 

[4] 

[6] Parenthetical numbers reference the table number of a parameter. 
e.g., (1) refers to TcC. 

t 2.5 TcC >(n-2)TDIEI(IEOD + TDM1(!EO) + TsIEI(IO) + TIL buffer 
delay, if any. RESET must be active for a minimum of 3 clock cycles. 
Units are nanoseconds unless otherwise specified. 



FEATURES 
• Two independent full-duplex channels, with separate 

control and status lines for modems or other devices. 

• Data rate in the xl clock mode of 0 to 2.0M bits/ 
second with a 10 MHz clock. 

• NMOS version for cost sensitive performance solutions, 
CMOS version for the designs requiring low power 
consumption 

• NMOSZOa44x04-4 MHzZ0844x06-6.17 MHz (Where 
x is the designator for the bonding option; 0, 1, 2 or 4) 

• CMOS Za4C4x06 - DC to 6.7 MHz, Za4C4xOa - Dc to 

PRODUCT SPECIFICATION 

Z8440/1/2/4, 
Z84C40/1/2/3/4 
SERIAL INPUT/OUTPUT CONTROLLER 

• Asynchronous protocols: everything necessary for 
complete messages in 5, 6, 7, or 8 bits/character. 
Includes variable stop bits and several clock-rate 
multipliers; break generation and detection; parity; 
overrun and framing error detection. 

• Synchronous protocols: everything necessary for 
complete bit- or byte-oriented messages in 5, 6, 7, or 8 
bits/character, including IBM Bisync, SDLC, HDLC, 
CCITT-X.25 and others. Automatic CRC generation/ 
checking, sync character and zero insertion/deletion, 
abort generation/detection, and flag insertion. 

a MHz, Za4C4x10 - DC to 10 MHz (Where x is the • 
designator for the bonding option; 0, 1, 2 , 30r 4) 

Receiver data registers quadruply buffered, transmitter 
registers doubly buffered. 

• 6 MHz version supports 6.144 MHz CPU clock opera­
tion. 

GENERAL DESCRIPTION 

The zao SIO (here in after referred to as the zao SIO or, 
SIO). SeriallnpuVOutput Controller is a dual-channel data 
communication interface with extraordinary versatility and 
capability. Its basic functions as a serial-to-parallel, paral­
lel-to-serial converterlcontroller can be programmed by a 
CPU for a broad range of serial communication applica­
tions. 

The device supports all common asynchronous and 
synchronous protocols, byte- or bit-oriented, and performs 
all of the functions traditionally done by UARTs, USARTs, 
and synchronous communication controllers combined, 
plus additional functions traditionally performed by the 
CPU. Moreover, it does this on two fully-independent 

PIN DESCRIPTION 

Figures 1 through 6 illustrate the three 40-pin configurations 
(bonding options) available in the Z80C SIO (hereafter 
referred to as SIO or Z80 SIO). The constraints of a 40-pin 
package make it impossible to bring out the Receive 
Clock (RxC), Transmit Clock (TxC), Data Terminal Ready 
(DTR) and Sync (SYNC) signals for both channels. There­
fore, either Channel B lacks a signal or two signals are 
bonded together: 

• Z80 S10/2 lacks SYNCB 

• Z80 S10/1 lacks DTRB 

• Highly sophisticated and flexible daisy-chain interrupt 
vectoring for interrupts without external logic. 

channels, with an exceptionally sophisticated interrupt 
structure that allows very fast transfers. 

Full interfacing is provided for CPU or DMA control. In 
addition to data communication, the circuit can handle 
virtually all types of serial I/O with fast, or slow, peripheral 
devices. While designed primarily as a member of the Z80 
family, its versatility makes it well suited to many other CPUs. 

The zao SIO uses a single +5V power supply and the 
standard zao family Single-phase clock. The SIO/O, SIOll, 
and SI0/2 are packaged in a 40-pin DIP, the SI0/4 is 
packaged in a 44-pin PCC and the SI0/3 is packaged in a 
44-pin OFP. Note that SI0/3 is only available in CMOS and 
in OFP package_ 

• Z80 SIO/O has all four signals, but TxCB and RxCB are 
bonded together 

The 44-pin package, the zao SI0/4 for PLCC package, and 
zao SI0/3 for OFP, has all options (Figure 7a and 7b). 

The first bonding option above (SI0/2) is the preferred 
version for most applications. The pin descriptions are as 
follows: 

BfA. Channel A or B Select (input, High selects Channel B). 
This input defines which channel is accessed during a data 
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-- DO RxDA 

D, RxCA 

D, TxDA 
CPU D3 TxCA --DATA 
BUS -- D, SYNCA -- D5 W/RDYA CHANNEL A -- D, 

D, ATSA 

elSA -}.oo" Z80 DTAA __ CONTROL 

CE 510/2 DeCA 

RESET 

Mi 
CONTROL lORa RxDB --FROM 

CPU - AD AxeB 

TxDB 

CID 
TxCB --

Bill 
W/RDYB - CHANNEL B 

Rlsa 

0.", i INT else -}.oo,. CHAIN _ 
lEI DTAB __ CONTROL 

INTERRUPT 
CONTROL lEO DeDa 

1 1 1 
+5V GND ClK 

Figure 1. Pin Functions 

00 RxDA - 0 , RxCA 

0, TxOA 

CPU - D3 TxCA 
DATA 

BUS -- D, SYNCA --- 0 5 W/RDYA CHANNEL A - 0, - D, RISA 

CTSA -}.oo,. 
DTRA __ CONTROL - CE 

Z80 
DeOA 

510/1 - AESET 

Mi AxDB 

CONTROL lORa Rxes --FROM AD TxDB 
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== CONTROL 
INTERRUPT 

CONTROL lEO 
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Note: Power connections follow 
Figure 3. Pin Functions conventional descriptions below: 

Connection Circuit Device 

Power Vee Voo 

Ground GND Vss 
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RxDA AxDS 
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elSA else 
DeCA Deoe 
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Figure 2. 40-pin Dual-In-Line Package (DIP), 
Pin ASSignments 
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Figure 4. 40-pin Dual-In-Line Package (DIP), 
Pin Assignments 



--- 00 RxDA 
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Figure 5. Pin Functions 
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Figure 7a. 44-pin Chip Carrier, 
Pin Assignments 
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transfer between the CPU and the SIO. Address bit Ao from 
the CPU is often used for the selection function. 

C/O. Control or Data Select (input, High selects Control). 
This input defines the type of information transfer performed 
between the CPU and the SIO. A High at this input during a 
CPU write to the SIO causes the information on the data bus 
to be interpreted as a command for the channel selected by 
BiA.A Low at cio means that the information on the data 
bus is data, Address bit A1 is often used for this function. 

CHANNEL A 

CHANNEL B 

lEI 
lEO 

iii 
+5V 

WIRDYA 
NC 

SYFICJ\ 
RxDA 
RxCA 
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0, Do 
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Figure 6. 40-pin Dual-In-Line Package (DIP), 
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Figure 7b. 44-pin Quad, Flat Pack 
Pin Assignments 

C£; 

BIA 
CID 
llli 
GND 
NC 

CEo Chip Enable (Input, active Low). A Low level at this input 
enables the SIO to accept command or data input from the 
CPU during a write cycle, or to transmit data to the CPU 
during a read cycle. 

ClK. System Clock (input). The SIO uses the standard Z8C 
System Clock to synchronize internal signals. This is 
single-phase clock. 
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CTSA, CTSB. Clear To Send (inputs, active Low). When 
programmed as Auto Enables, a Low on these inputs 
enables the respective transmitter. If not programmed as 
Auto Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow-risetime signals. The SID 
detects pulses on these inputs and interrupts the CPU on 
both logic level transitions. The Schmitt-trigger buffering 
does not guarantee a specified noise-level margin. 

Do-D7' System Data Bus (bidirectional, 3-state). The system 
data bus transfers data and commands between the CPU 
and the Z80 SID. Do is the least significant bit. 

DCDA, DCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if the SID is 
programmed for Auto Enables; otherwise they may be used 
as general-purpose input pins. Both pins are Schmitt-trigger 
buffered to accommodate slow-risetime signals. The SID 
detects pulses on these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffering does not 
guarantee a specific noise-level margin. 

DTRA, DTRB. Data Terminal Ready (outputs, active Low). 
These outputs follow the state programmed into the Z80 
SIO. They can also be programmed as general-purpose 
outputs. 

In the Z80 S10/1 bonding option, DTRB is omitted. 

lEI. Interrupt Enable In (input, active High). This signal is 
used with lEO to form a priority daisy chain when there is 
more than one interrupt-driven device. A High on this line 
indicates that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). lEO is High 
only if lEI is High and the CPU is not servicing an interrupt 
from this SID. Thus, this signal blocks lower priority devices 
from interrupting while a higher priority device is being 
serviced by its CPU interrupt service routine. 

INT. Interrupt Request (output, open drain, active Low). 
When the SID is requesting an interrupt, it pulls INT Low. 

lORa. Input/Output Request (inpu!..!rom S;PU, active Low). 
10RO is used in conjunction with BIA, CID, CE, and RD to 
transfer commands and data between the CPU and the SID. 
When CE, RD, and 10RO are all active, the channel selected 
by BfA transfers data to the CPU (a read operation). When 
CE and 10RO are active, but RD is inactive, the channel 
selected by BIA is written to by the CPU :,,:ith either data or 
control information as specified by C/D. As mentioned 
previously, if 10RO and M1 are active simultaneously, the 
CPU is acknowledging an interrupt and the SID 
automatically places its interrupt vector on the CPU data bus 
if it is the highest priority device requesting an interrupt. 

M1. Machine Cycle One(input from Z80 CPU, active Low). 
When M1 is active and RD is also active, the Z80 CPU is 
fetching an instruction from memory; when M1 is active 
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while 10RO is active, the SID accepts M 1 and 10RO as an 
interrupt acknowledge if the SID is the highest priority 
device that has interrupted the Z80 CPU. 

RxCA RxCB. Receiver Clocks (inputs). Receive data is 
sampl~d on the rising edge of RxC. The Receive Clocks 
may be 1 , 16, 32, or 64 times the data rate in asynchronous 
modes. These clocks may be driven by the Z80 CTC 
Counter Timer Circuit for programmable baud rate 
generation. Both inputs are Schmitt-trigger buffered; no 
noise level margin is specified. 

In the Z80 SIO/O bonding option, RxCB is bonded together 
with TxCB. 

RD. Read Cycle Status (input from CPU, active Low). If RD is 
active, a memory or 110 read operation is in progress. RD is 
used with BIA, CE, and 10RO to transfer data from the SID 
tothe CPU. 

RxDA, RxDB. Receive Data (inputs, active High). Serial 
data at TTL levels. 

RESET. Reset (input, active Low). A Low RESET disables 
both receivers and transmitters, forces TxOA and TxDB 
marking, -forces the modem controls High, and disables all 
interrupts. The control registers must be rewritten after the 
SID is reset and before data is transmitted or received. 

RTSA, RTSB. Request To Send (outputs, active Low). 
When the RTS bit in Write Register 5 (Figure 14) is set, the 
RTS output goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High after the 
transmitter is empty. In Synchronous modes, the RTS pin 
strictly follows the state of the RTS bit. Both pins can be used 
as general-purpose outputs. 

SYNCA, SYNCB. Synchronization (bidirectional, active 
Low). These pins can act either as inputs or outputs. I n the 
asynchronous receive mode, they are inputs similar to CTS 
and OCD. In this mode, the transitions on these lines affect 
the state of the Sync/Hunt status bits in Read Register 0 
(Figure 13), but have no other function. In the External Sync 
mode, these lines also act as inputs. When external 
synchronizatjon is achieved, SYNC must be driven Low on 
the second rising edge of RxC after that rising edge of RxC 
on which the last bit of the sync character was received. In 
other words, after the sync pattern is detected, the external 
logic must wait for two full Receive Clock cycles to activate 
the SYNC input. Once SYNC is forced Low, it should be kept 
Low until the CPU informs the external synchronization 
detect logic that synchronization has been lost or a new 
message is about to start. Character assembly begins on 
the rising edge of RxC that immediately precedes the falling 
edge of SYNC in the External Sync mode. 

In the internal synchronization mode (Monosync and 
Bisync), these pins act as outputs that are active during the 
part of the receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition is not 
latched, so these outputs are active each time a sync pattern 



is recognized, regardless of character boundaries. 

In the Z80 SI0/2 bonding option, SYNCB is omitted. 

TxCA, TxCB. 7i'ansmitter Clocks (inputs). In asynchronous 
modes, the Transmitter Clocks may be 1, 16,32, or 64 times 
the data rate; however, the clock multiplier must be the same 
for the transmitter and the receiver. The Transmit Clock 
inputs are Schmitt-trigger buffered for relaxed rise- and 
fall-time requirements; no noise level margin is specified. 
Transmitter Clocks may be driven by the Z80 CTC Counter 
Timer Circuit for programmable baud rate generation. 

In the Z80 SIOIO bonding option, TxCB is bonded together 
with RxCB. 

TxDA, TxDB. 7i'ansmit Data (outputs, active High). Serial 
data at TTL levels. TxD changes from the falling edge of TxC. 

W/RDYA, W/RDYB. Wait/Ready (outputs, open drain when 
programmed for Wait function; driven High and Low when 
programmed for Ready function). These dual-purpose 
outputs may be programmed as Ready lines for a DMA 
controller or as Wait lines that synchronize the CPU to the 
SIO data rate. The reset state is open drain. 
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FUNCTIONAL DESCRIPTION 

The functional capabilities of the Z80 SIO can be described 
from two different points of view: as a data communications 
device, it transmits and receives serial data in a wide variety 
of data-communication protocols; as a Z80 family 
peripheral, it interacts with the Z80 CPU and other 
peripheral circuits, sharing the data, address and control 
buses, as well as being a part of the Z80 interrupt structure. 
As a peripheral to other microprocessors, the SIO offers 
valuable features such as non-vectored interrupts, polling, 
and simple handshake capability. Figure 8 is a block 
diagram. 

Figure 9 illustrates the conventional devices that the SIO 
replaces. 

The first part of the following discussion covers SIO 
data-communication capabilities; the second part 
describes interactions between the CPU and the SIO. 

DATA 

CONTROL 

Figure 8. Block Diagram 
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DATA COMMUNICATION CAPABILITIES 

The SIO provides two independent full-duplex channels that 
can be programmed for use in any common asynchronous, 
or synchronous data-communication protocol. Figure 10a 
illustrates some of these protocols. The following is a short 
description of them. A more detailed explanation of these 
modes can be found in the zao SIO Technical Manual 
(03-3033-01 ). 

Asynchronous Modes. Transmission and reception can 
be done independently on each channel with five to eight 
bits per character, plus optional even or odd parity. The 
transmitters can supply one, one-and-a-half, or two stop bits 
per character and can provide a break output at any time. 
The receiver break-detection logic interrupts the CPU both 
at the start and end of a received break. Reception is 
protected from spikes by a transient spike-rejection 
mechanism that checks the signal one-half a bit time after a 
Low level is detected on the receive data input (RxDA or 
RxDB in Figure 5). If the Low does not persist, as in the case 
of a transient, the character assembly process is not started. 

Framing errors and overrun errors are detected and 
buffered together with the partial character on which they 
occurred. Vectored interrupts allow fast servicing of error 
conditions using dedicated routines. Furthermore, a built-in 
checking process avoids interpreting a framing error as a 
new start bit: a framing error results in the addition of 
one-half a bit time to the point at which the search for the 
next start bit is begun. 

The SIO does not require symmetric transmit and receive 
clock signals, a feature that allows it to be used with a Z80 
CTC or many other clock sources. The transmitter and 
receiver can handle data at a rate of 1, 1/16, 1/32, or 1/64 of 
the clock rate supplied to the receive and transmit clock 
inputs. 

In asynchronous modes, the SYNC pin may be 
programmed as an input that can be used for functions such 
as monitoring a ring indicator. 

Synchronous Modes. The SIO supports both byte­
oriented and bit-oriented sync,;hronous communication. 

Synchronous byte-oriented protocols can be handled in 
several modes that allow character synchronization with an 
8-bit sync character (Monosync), any 16-bit sync pattern 
(Bisync), or with an external sync signal. Leading sync 
characters can be removed without interrupting the CPU. 

Five-, six-, or seven-bit sync characters are detected with 8-
or 16-bit patterns in the SIO by overlapping the larger 
pattern across multiple incoming sync characters, as shown 
in Figure 10b. 

CRC checking for synchronous byte-oriented modes is 
delayed by one character time so the CPU may disable CRC 
checking on specific characters. This permits implemen­
tation of protocols such as IBM Bisync. 

Figure 10a. Some zao SIO Protocols 
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Both CRC-16 (X16 + X15 + X2 + 1)andCCITI(X16 + )(12 
+ X5 + 1) error checking polynomials are supported. In all 
non-SDLC modes, the CRC generator is initialized to Os; in 
SDLC modes, it is initialized to 1 s. The SIO can be used for 
interfacing to peripherals such as hard-sectored floppy 
disks, but it cannot generate or check CRC for 
IBM-compatible soft-sectored disks. The SIO also provides 
a feature that automatically transmits CRC data when no 
other data is available for transmission. This allows very 
high-speed transmissions under DMA control with no need 
for CPU intervention at the end of a message. When there is 
no data or CRC to send in synchronous modes, the 
transmitter inserts 8- or 16-bit sync characters regardless of 
the programmed character length. 

The SIO supports synchronous bit-oriented protocols such 
as SDLC and HDLC by performing automatic flag sending, 
zero insertion, and CRC generation. A special command 
can be used to abort a frame in transmission. At the end of a 
message the SIO automatically transmits the CRC and 
trailing flag when the transmit buffer becomes empty. If a 
transmit underrunoccurs in the middle of a message, an 
external/status interrupt warns the CPU of this status change 
so that an abort may be issued. One to eight bits per 
character can be sent, which allows reception of a message 
with no prior information about the character structure in the 
information field of a frame. 

1/0 INTERFACE CAPABILITIES 

The SIO offers the choice of polling, vectored or 
non-vectored interrupts and block-transfer modes to 
transfer data, status, and control information to, and from, 
the CPU. The block-transfer mode can also be implemented 
under DMA control. 

Polling. Two status registers are updated at appropriate 
times for each function being performed (for example, CRC 
error-status valid at the end of a message). When the CPU is 
operated in a polling fashion, one of the SIO's two status 
registers is used to indicate whether the SIO has some data 
or needs some data. Depending on the contents of this 
register, the CPU will either write data, read data, or just go 
on. Two bits in the register indicate that a data transfer is 
needed. In addition, error and other conditions are 
indicated. The second status register (special receive 
conditions) does not have to be read in a polling sequence, 
until a character has been received. All interrupt modes are 
disabled when operating the device in a polled 
environment. 

Interrupts. The SIO has an elaborate interrupt scheme to 
provide fast interrupt service in real-time applications. A 
control register and a status register in Channel B contain 
the interrupt vector. When programmed to do so, the SIO 
can modify three bits of the interrupt vector in the status 
register so that it points directly to one of eight interrupt 
service routines in memory, thereby servicing conditions in 
both channels and eliminating most of the needs for a 
status-analysis routine. 

Transmit interrupts, receive interrupts, and external/status 
interrupts are the main sources of interrupts. Each interrupt 
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The receiver automatically synchronizes on the leading flag 
of a frame in SDLC or HDLC, and provides a 
synchronization signal on the SYNC pin; an interrupt can 
also be programmed. The receiver can be programmed to 
search for frames addressed by a single byte to only a 
specified user-selected address or to a global broadcast 
address. In this mode, frames that do not match either the 
user-selected or broadcast address are ignored. The 
number of address bytes can be extended under software 
control. For transmitting data, an interrupt on the first 
received character or on every character can be selected. 
The receiver automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also calculates and 
automatically checks the CRC to validate frame 
transmission. At the end of transmissi'On, the status of a 
received frame is available in the status registers. 

The SIO can be conveniently used under DMA control to 
provide high-speed reception or transmission. In reception, 
for example, the SIO can interrupt the CPU when the first 
character of a message is received. The CPU then enables 
the DMA to transfer the message to memory. The SIO then 
issues an end-of-frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU is freed for 
other service while the message is being received. 

source is enabled under program control, with Channel A 
having a higher priority than Channel B, and with receive, 
transmit, and external/status interrupts prioritized in that 
order within each channel. When the transmit interrupt is 
enabled, the CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the transmitter must 
have had a data character written into it so it can become 
empty.) The receiver can interrupt the CPU in one of two 
ways: 

• Interrupt on first received character 

• Interrupt on all received characters 

Interrupt-on-first-received-character is typically used with 
the block-transfer mode. Interrupt-on-all-received­
characters has the option of modifying the interrupt vector in 
the event of a parity error. Both of these interrupt modes will 
also interrupt under special receive conditions on a 
character or message basis (end-of-frame interrupt in 
SDLC, for example). This means that the special-receive 
condition can cause an interrupt only if the 
interrupt-on-first-received-character or interrupt-on-all­
received-characters mode is selected. In interrupt-on-first­
received-character, an interrupt can occur from 
special-receive conditions (except parity error) after the 
first-received-character interrupt (example: receive-overrun 
interrupt)." 

The main function of the external/status interrupt is to 
monitor the signal transitions of the Clear To Send (CTS), 
Data Carrier Detect (DCD), and Synchronization (SYNC) 
pins (Figures 1 through 7). In addition, an external/status 



interrupt is also caused by a CRC-sending condition, or by 
the detection of a break sequence (asynchronous mode) or 
abort sequence (SDLC mode) in the data stream. The 
interrupt caused by the break/abort sequence allows the 
SID to interrupt when the break/abort sequence is detected 
or terminated. This feature facilitates the proper termination 
of the current message, correct initialization of the next 
message, and the accurate timing of the break/abort 
condition in external logic. 

In a Z80 CPU environment (Figure 11), SID interrupt 
vectoring is "automatic": the SID passes its internally­
modifiable 8-bit interrupt vector to the CPU, which adds an 
additional 8 bits from its interrupt-vector (I) register to form 
the memory address of the interrupt-routine table. This table 
contains the address of the beginning of the interrupt routine 
itself. The process entails an indirect transfer of CPU control 
to the interrupt routine, so that the next instruction executed 
after an interrupt acknowledge by the CPU is the first 
instruction of the interrupt routine itself. 

CPUlDMA Block Transfer. The SID's block-transfer mode 
accommodates both CPU block transfers and DMA 
controllers (Z80 DMA or other designs). The block-transfer 
mode uses the Wait/Ready output signal, which is selected 
with three bits in an internal control register. The Wait/Ready 
output signal can be programmed as a WAIT line in the CPU 
block-transfer mode or as a READY line in the DMA 
block-transfer mode. 

To a DMA controller, the SID READY output indicates that 
the SID is ready to transfer data to, or from, memory. To the 
CPU, the WAIT output indicates that the SID is not ready to 
transfer data, thereby requesting the CPU to extend the I/O 
cycle. 

INTERNAL STRUCTURE 

The internal structure of the device includes a Z80 CPU 
interface, internal control and interrupt logic, and two 
full-duplex channels. Each channel contains its own set of 
control and status (write and read) registers, and control and 
status logic that provides the interface to modems or other 
external devices. 

The registers for each channel are designated as follows: 

WRO-WR7 - Write Registers 0 through 7 
RRO-RR2 - Read Registers 0 through 2 

The register group includes five 8-bit control registers, two 
sync-character registers and two status registers. The 
interrupt vector is written into an additional 8-bit register 
(Write Register 2) in Channel B that may be read through 
another 8-bit register (Read Register 2) in Channel B. The bit 
assignment and functional grouping of each register is 
configured to simplify and organize the programming 
process. Table 1 lists the functions assigned to each read or 
write register. 

The logic for both channels provides formats, 
synchronization, and validation for data transferred to and 
from the channel interface. The modem control inputs, Clear 
To Send (CTS) and Data Carrier Detect (DC D), are 
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Figure 11. Typical zao Environment 

Table 1. Register Functions 

Read Register Functions 

RRO Transmit/Receive buffer status, interrupt status and 
external status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector (Channel B only) 

Write Register Functions 

WRO Register pOinters, CRC initialize, and initialization 
commands for the various modes. 

WR1 Transmit/Receive interrupt and data transfer mode 
definition. 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

WR4 Transmit/Receive miscellaneous parameters and modes 

WR5 Transmit parameters and controls 

WR6 Sync character or SOLC address field 

WR7 Sync character or SOLC flag 
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monitored by the external control and status logic under 
program control. All external control-and-status-Iogic 
signals are general-purpose in nature and can be used for 
functions other than modem control. 

Data Path. The transmit and receive data path illustrated for 
Channel A in Figure 12 is identical for both channels. The 
receiver has three 8-bit buffer registers in a FIFO 
arrangement, in addition to the 8-bit receive shift register. 
This scheme creates additional time for the CPU to service 
an interrupt at the beginning of a block of high-speed data. 

Incoming data is routed through one of several paths (data 
or CRC) dependirig on the selected mode and-in 
asynchronous modes-the character length. 

The transmitter has an 8-bit transmit data buffer register that 
is loaded from the internal data bus, and a 20-bit transmit 
shift register tliat can be loaded from the sync-character 
buffers or from the transmit data register. Depending on the 
operational mode, outgoing data is routed through one of 
four main paths before it is transmitted from the Transmit 
Data output (TxD). 

CPU 110 

I "fi~ I 
TO CHANNEL B, -----------------':::..:::--'---------------
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EXTERNAL STATUS LOGIC, 
CONTROL lOGIC _______ ?::: ____ ---:;,.,_-------, 

HUNT MODE (BISYNC) r---------, 

Figure 12. Transmit and Receive Data Path (Channel A) 
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PROGRAMMING 

The system program first issues a series of commands that 
initialize the basic mode of operation and then issues other 
commands that qualify conditions within the selected mode. 
For example, the asynchronous mode, character length, 
clock rate, number of stop bits, even or odd parity might be 
set first; then the interrupt mode; and finally, receiver or 
transmitter enable. 

Both channels contain registers that must be programmed 
via the system program prior to operation. The channel­
select input (B/A) and the control/data (C/O) are the 
command-structure addressing controls, and are normally 
controlled by the CPU address bus. Figures 15 and 16 
illustrate the timing relationships for programming the write 
registers and transferring data and status. 

Read Registers. The SIO contains three read registers for 
Channel B and two read registers for Channel A (RRO-RR2 
in Figure 13) that can be read to obtain the status 
information; RR2 contains the internally-modifiable interrupt 
vector and is only in the Channel B register set. The status 
information includes error conditions, interrupt vector, and 
standard communications-interface signals. 

To read the contents of a selected read register other than 
RRO, the system program must first write the pointer byte to 
WRO in exactly the same way as a write register operation. 
Then, by executing a read instruction, the contents of the 
addressed read register can be read by the CPU. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring. For example, when the interrupt 
vector indicates that a Special Receive Condition interrupt 
has occurred, all the appropriate error bits can be read from 
a single register (RR1). 

Write Registers. The SIO contains eight write registers for 
Channel B and seven write registers for Channel A 
(WRO-WR7 in Figure 14) that are programmed separately to 
configure the functional personality of the channels; WR2 
contains the interrupt vector for both channels and is only in 
the Channel B register set. With the exception of WRO, 
programming the write registers requires two bytes. The first 
byte is to WRO and contains three bits (00-02) that point to 
the selected register; the second byte is the actual control 
word that is written into the register to configure the SIO. 

WRO is a special case in that all of the basic commands can 
be written to it with a single byte. Reset (internal or external) 
initializes the pointer bits 0 0-02 to point to WRO. This implies 
that a channel reset must not be combined with the pointing 
to any register. 

READ REGISTER 0 

L....:== INT PENDING (CH. A ONLY) 

SYNC/HUNT 

III ~I I l-Rx CHARACTER AVAILABLE 

6'~gUFFER EMPTY } 

CTS * 
Tx UNDERRUN/EOM 
BREAK/ABORT 

*Used With "External/Status Interrupt" Modes 

READ REGISTER 1 t 

I~I~I~I~I~I~I~I~I 

L-ALLSENT 

IN PREVIOUS SECOND PREVIOUS 
BYTE BYTE 

1 0 a 0 3 
1 0 0 4 
1 0 0 5 * 

I FIELD BITS I FIELD BITS IN ) 

o 1 0 6 
o 1 0 7 
1 1 0 8 
1 1 1 8 
o 0 2 8 

PARITY ERROR 
Rx OVERRUN ERROR 

L--==== CRC/FRAMING ERROR 
END OF FRAME (SDLC) 

* Residue data for eight Ax bits/character programmed 
tUsed with special receive condition mode 

READ REGISTER 2 (Channel 8 only) 

I~I~I~I~I~I~I~I~I 

III ~I ~~~t} ~~: INTERRUPT 
V4 VECTOR 
V5 
VB 
V7 

tVariable if "Status Affects Vector" is programmed 

Figure 13. Read Register Bit Functions 
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WRITE REGISTER 0 

I~I~I~I~I~I~I~I~I 
I I I 

NULL CODE 

REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 

SEND ABORT (SDLC) 
RESET EXT/STATUS INTERRUPTS 
CHANNEL RESET 
ENABLE INT ON NEXT Rx CHARACTER 
RESET TxlNT PENDING 
ERROR RESET 
RETURN FROM INT (CH·A ONLY) 

NULL CODE 
RESET Rx CRe CHECKER 
RESET Tx CRe GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 

WRITE REGISTER 1 

I~I~I~I~I~I~I~I~I 

III I I EXT INT ENABLE 
Tx INT ENABLE 

'----- STATUS AFFECTS VECTOR 
(CH. B ONLY) 

Rx INT DISABLE } 
Rx INT ON FIRST CHARACTER 
INT ON ALL R. CHARACTERS (PARITY AFFECTS VECTOR) • 
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 
VECTOR) 

WAITIREADY ON RIT 
WAITIREADY FUNCTION 

'------WAITIREADY ENABLE 

*Or on special condition 

WRITE REGISTER 2 (Channel B only) 

I~I~I~I~I~I~I~I~I 

II11I1 ~~~} ~~ INTERRUPT 
. V4 VECTOR 

V5 
V6 
V7 

WRITE REGISTER 3 

IIII r L-."."" ~!YNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 
Rx CRe ENABLE 
ENTER HUNT PHASE 
AUTO ENABLES 

Rx 5 BITSICHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 

WRITE REGISTER 4 

I~I~I~I~!~I~I~I~I 

I I I I PARITY ENABLE 
PARITY EVENIODD 

SYNC MODES ENABLE 
1 STOP BITfCHARACTER 
1 'I; STOP BITS/CHARACTER 
2 STOP BITS/CHARACTER 

8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 

Xl CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 

WRITE REGISTER 5 

I~I~I~I~I~I~I~I~I 

DTR 

I. I I I I ~~iRC ENABLE 

. SDLC/CRC·16 
Tx ENABLE 

L--------------SENDBREAK 

Tx 5 BITS (OR LESS)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx 8 BITSfCHARACTER 

WRITE REGISTER 6 

* Also SDLC address field 

WRITE REGISTER 7 

I~I~I~I~I~I~I~I~I 

~1111~~!~~gii~tl SYNC BIT 11 • 
SYNC BIT 12 
SYNC BIT 13 
SYNC BIT 14 

'------------- SYNC BIT 15 

*For SDLC it must be programmed to "01111110" for flag recognition 

Figure 14. Write Register Bit Functions 
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TIMING 

The 810 must have the same clock as the CPU (same phase 
and frequency relationship, not necessarily the same 
driver). 

Read Cycle. The timing signals generated by a Z80 CPU 
input instruction to read a data or status byte from the 810 
are illustrated in Figure 15. 

Write Cycle. Figure 16 illustrates the timing and data 
signals generated by a Z80 CPU output instruction to write a 
data or control byte into the 810. 

Interrupt-Acknowledge Cycle. After receiving an 
interrupt-request signal from an 810 (INT pulled Low), the 
Z80 CPU sends an interrupt-acknowledge sequence, M1 
Low and 10RQ Low, a few cycles later (Figure 17). 

The 810 contains an internal daisy-chained interrupt 
structure for prioritizing nested interrupts for the various 
functions of its two channels, and this structure can be used 
within an external user-defined daisy chain that prioritizes 
several peripheral circuits. 

The lEI of the highest-priority device is terminated High. A 
device that has an interrupt pending or under service forces 
its lEO Low. For devices with no interrupt pending or under 
service, lEO = lEI. 

To insure stable conditions in the daisy chain, all interrupt 
status signals are prevented from changing while M1 is Low. 
When 10RQ is Low, the highest priority interrupt requestor 

T, T, Tw T3 T, 

CLOCK 

CE, C/D, B/A 

IORQ 

RD 

M1 

DATA ~ 
Figure 15. Read Cycle 

T, T, Tw T3 T, 

CLOCK 

CE, C/D, B/A ---
RD --------------------~-----------

M1 --------------------~I------------
DATA _________________ X5:X ........ ______ _ 

Figure 16. Write Cycle 

(the one with lEI High) places its interrupt vector on the data 
bus and sets its internal interrupt-under-service latch. 

Return From Interrupt Cycle. Figure 18 illustrates the 
return from interrupt cycle. Normally, the Z80 CPU issues a 
Return From Interrupt (RETI) instruction at the end of an 
interrupt service routine. RETI is a 2-byte opcode (EO-40) 
that resets the interrupt-under-service latch in the 810 to 
terminate the interrupt that has just been processed. This is 
accomplished by manipulating the daisy chain in the 
following way. 

The normal daisy-chain operation can be used to detect a 
pending interrupt; however, it cannot distinguish between 
an interrupt under service and a pending unacknowledged 
interrupt of a higher priority. Whenever ED is decoded, the 
daisy chain is modified by forcing High the lEO of any 
interrupt that has not yet been acknowledged. Thus the 
daisy chain identifies the device presently under service as 
the only one with an lEI High and an lEO Low. If the next 
opcode byte is 40, the interrupt-under-service latch is reset. 

The ripple time of the interrupt daisy chain (both the 
High-to-Low and the Low-to-High transitions) limits the 
number of devices that can be placed in the daisy chain. 
Ripple time can be improved with carry-look-ahead, or by 
extending the interrupt-acknowledge cycle. For further 
information about techniques for increasing the number of 
daisy-chained devices, refer to the Z8400 Z80 CPU Product 
Specification (00-2001-04). 

CLOCK 

M1 ,'--_____ --<:-'/ 
I 

''--1-'1/ - I 

AD --------------------~I----------
I 

lEI ========_7 :\===== 
DATA------------------~~~------

Figure 17. Interrupt Acknowledge Cycle 

CLOCK 

IEI------ 7 
------.1 

lEO ,----- _____ ,.,.........,1 

Figure 18. Return from Interrupt Cycle 

111 



ABSOLUTE MAXIMUM RATINGS 

Voltages in Vee with respect to Vss ...... - 0.3V to + O. 7V 
Voltages on all inputs with respect 

toVss· ... 
Storage Temperature. 

. . - 0.3V to Vee + 0.3V 
. ... - 65°C to + 150°C 

STANDARD TEST CONDITIONS 

The characteristics below apply for the following test 
conditions, unless otherwise noted. All voltages are 
referenced to GND (OV). Positive current flows into the 
referenced pin. Available operating temperature range is: 

• S = O°C to + 700C, Vee Range 
NMOS: +4.75V 5 Vee ~ +5.25V 
CMOS: +4.50V s Vee S +5.50V 

• E = -400C to 1000C, =4.50V .:S Vee ~ +5.50V 
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Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This IS a stress rating only; 
operation of the device at any condition above these indicated in the 
operational sections of these specifications IS not Implied. Exposure to 
absolute maximum rating conditions for extended peflods may affect 
device reliability. 
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DC CHARACTERISTICS 

ZB4C40 CMOS ZBO SIO, ZB4C40/41/42/43/44 DC CHARACTERISTICS 
Vee=5.0V ± 10%, unless otherwise specified 

Symbol Parameter Min Max Typ Unit Condition 

VILe Clock Input Low Voltage -0.3 +0.45 V 
VIHe Clock Input High Voltage Vee-O.S Vee+0.3 V 
VIH Input High Voltage 2.2 Vee V 
VIL Input Low Voltage -0.3 O.B V 
Va.. Output Low Voltage 0.4 V ILO=2.0mA 

VQHl Output High Voltage 2.4 V IQH=-1.SmA 
VQH2 Output High Voltage Vee-O.B V IQH=-250j.tA 
III Input Leakage Current -10 10 j.tA VIN=O.4V to Vee 
ILO 3-state Output Leakage Current in Float -10 10 j.tA Vour=O.4V to Vee 
IL(SY) SYNC Pin Leakage Current -40 10 j.tA 

leel Power Supply Current - 4MHz 10 [1] 7 rnA Vee=5V 
-SMHz 10 [1] 7 rnA CLK=4,S,B,10MHz 
-BMHz 12 [1] B rnA VIH=VCC-0.2V 
- 10MHz 15 [1] B rnA VIL=0.2V 

Icc2 Standby Supply Current 10 j.tA Vcc=5V 
CLK=(O) 
VIH=Vce-0.2V 
VIL=0.2V 

Note: 
[1) Measurements made with outputs floating. 

CAPACITANCE 

Symbol Parameter Min Max Unit 

C Clock Capacitance 7 pi 

CIN Input Capacitance 5 pi 

COUT Output Capacitance 10 pi 

Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 
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AC CHARACTERISTICS * 

Z84C40/41/42/43/44 AC CHARACTERISTICS 

Z84C4X04* Z84C4X06 Z84C4X08 Z84C4X10 Note 
No Symbol Parameter Min Max Min Max Min Max Min Max 

1 TcC Clock Cycle Time 250 DC 162 DC 125 DC 100 DC 
2 TwCh Clock Pulse Width (High) 105 DC 65 DC 55 DC 42 DC 
3 TfC Clock Fall Time 30 20 10 10 
4 TrC Clock Rise Time 30 20 10 10 
5 TwCI Clock Pulse Width (Low) 105 DC 65 DC 55 DC 42 DC 

6 TsAD ICE,BI/A,CI/D to Clock 145 60 40 35 
Rise Setup Time 

7 TsCS(C) IIORO, IRD to Clock Rise 115 60 40 35 
8 TdC(DO) Clock Rise to Data Out 220 150 100 85 

Delay 

9 TsDI(C) Data In to Clock Rise 50 30· 20 20 
Setup Time 
(Write or IM1 Cycle) 

10 TdRD(DOz) IRD Rise to Data Out 110 90 75 65 
Float Delay 

11 TdIO(DOI) IIORO Fall to Data Out 160 120 90 80 
Delay (/INTACK Cycle) 

12 TsM1(C) IM1 to Clock Rise Setup 90 75 55 40 
Time 

13 TsIEI(IO) lEI to IIORO Fall Setup 140 120 80 60 
Time (lINTACK Cycle) 

14 TdM1(IEO) M1 Fall to lEO Fall Delay 190 160 130 100 
(Interrupt Before IM1) 

15 TdIEI(IEOr) lEI Rise to lEO Rise Delay 100 70 60 50 
(After ED Decode) 

16 TdIEI(IEOf) IM1 Fall to lEO Fall Delay 100 70 60 50 
17 TdC(INT) Clock Rise to liNT 200 150 120 100 

Fall Delay 

18 TdIO(W/RWf) IIORO or ICE Fall to 210 175 130 110 
!WI/RDY Delay (Wait Mode) 

19 TdC(W/RR) Clock Rise to !WI/RDY 120 100 90 85 
Delay (Ready Mode) 

20 TdC(W/RWz) Clock Fall to /WI/RDY 130 110 90 80 
Float Delay (Wait Mode) 
When Setup is Specified 

21 Th Any Unspecified Hold 0 0 0 0 

Nole: 
• Units in nanoseconds (nS). 

* 4 MHz 84C4x is obsoleted and replaced by 6 MHz. 
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AC CHARACTERISTICS TIMING (Z84C4X CMOS Z80 SIO) 

eLK 

lEI 

lEO 
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AC CHARACTERISTICS TIMING (Z84C4X CMOS Z8D SIO; Continued) 

0~--~~~ ____________ _ 

TKD 

RKD 

1 __ ----{14)---~ 

1 __ ------(15}---~ 

11-------®~--~1 
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AC CHARACTERISTICS (Z84C4X CMOS Z80 SIO; Continued) 

Z84C40/41/42/43/44 AC CHARACTERISTICS 

Z84C4X04* Z84C4X06 Z84C4X08 Z84C4Xl0 Note 
No Symbol Parameter Min Max Min Max Min Max Min Max 

1 TwPh Pulse Width (High) 200 200 150 150 [2] 
2 TwPI Pulse Width (Low) 200 200 150 150 [2] 
3 TcTxC ITxC Cycle Time 400 330 250 200 [2] 
4 TwTxCI /TxC Width (Low) 180 100 85 80 [2] 
5 TwTxCh ITxC Width (High) 180 100 85 80 [2] 

6 TdTxC(TxD) /TxC Fall to TxD Delay 300 220 160 120 [2] 
7 TdTxC(W/RRf) /TxC Fall to /WI/RDY 5 9 5 9 5 9 5 9 [1] 

Fall Delay (Ready Mode) 
8 TdTxC(INT) /TxC Fall to liNT Fall Delay 5 ·9 5 9 5 9 5 9 [1] 
9 TcRxC IRxC Cycle Time 400 330 250 200 [2] 

10 TwRxCI IRxC Width (Low) 180 100 85 80 [2] 
11 TwRxCh IRxC Width (High) 180 100 85 80 [2] 
12 TsRxD(RxC) RxD to IRxC Setup Time 0 0 0 0 [2] 

(Xl Mode) 
13 ThRxD(RxC) IRxC Rise to RxD Hold 140 100 80 60 [2] 

Time (Xl Mode) 

14 TdRxC(W/RRf) IRxC Rise to /WI/RDY Fall 10 13 10 13 10 13 10 13 [1] 
Delay (Ready Mode) 

15 TdRxC(INT) IRxC Rise to liNT Fall Delay 10 13 10 13 10 13 10 13 [1] 
16 TdRxC(SYNC) IRxC Rise to ISYNC Fall 4 7 4 7 4 7 4 7 [1] 

Delay (Output Modes) 

17 TsSYNC(RxC) ISYNC Fall to IRxC -100 -100 -100 -100 [2] 
Rise Setup 
(External Sync Modes) 

• In All Modes, the System Clock rate must be at least five times the maximum data rate. 
/RESET must be active a minimum of one complete clock cycle. 

Notes: 
[1] Units equal to System Clock Periods. 
[2] Units in nanoseconds (nS) . 

• 4 MHz 84C4x is obsoleted and replaced by 6 MHz. 
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DC CHARACTERISTICS (Z844X I NMOS Z80 SIO) 

Symbol 

VILe 

VI He 

VIL 

VIH 

VOL 

VOHl 

VOH2 

III 
ILO 

IL(SY) 

ICCl 

Parameter 

Clock Input Low Voltage 

Clock Input High Voltage 

Input Low Voltage 

Input High Voltage 

Output Lew Voltage 

Output High Voltage 

Output High Voltage 

Input Leakage Current 

3-State Output Leakage Current in Float 

SYNC Pin Leakage Current 

Power Supply Current 

Over specified temperature and voltage range. 

CAPACITANCE 

Symbol Parameter 

C Clock Capacita'nce 

CIN Input Capacitance 

COUT Output Capacitance 

Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 
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Min 

-0.3 

Vee- O.S 

-0.3 

+2.0 

+2.4 

Max 

+0.45 

Vee + 0.3 

+0.8 

Vee 

+0.4 

±10 

±10 

+10/-40 

100 

Min Max 

40 
5 

15 

Unit 

V 
V 

V 
V 

V 
V 

V 

IJA 
!-,A 

!-IA 
mA 

Test Condition 

IOL = 2.0mA 

IOH = -250!-'A 

VIN = 0.4 to Vee 

VOUT = 0.4 to Vee 

O<VIN<Vee 

Unit 

pI 

pI 

pI 



AC CHARACTERISTICS * (Z844X I NMOS zao 510) 

Z0844X04 Z0844X06 
Number Symbol Parameter Min Max Min Max 

1 TcC Clock Cycle Time 250 4000 162 4000 
2 TwCh Clock Widlh (High) 105 2000 70 2000 
3 TfC Clock Fall Time 30 15 
4 TrC Clock Rise Time 30 15 

5 TwCI Clock Widlh (Low) 105 2000 70 2000 

6 TsAD(C) CE, cfo, BfA 10 Clock t Selup Time 145 60 

7 TsCS(C) lORa, RD 10 Clock t Selup Time 115 60 
8 TdC(DO) Clock t 10 Dala Oul Delay 220 150 

9 TsDI(C) Dala In 10 Clock t Selup (Wrile or Ml Cycle) 50 30 

10 TdRD(DOz) RD t 10 Dala Oul Floal Delay 110 90 

11 TdIO(DOI) lORa ~ 10 Data Oul Delay (INTACK Cycle) 160 120 

12 TsMl(C) mlo Clock t Selup Time 90 75 

13 TsIEI(IO) lEila lORa ~ Selup Time (INTACK Cycle) 140 120 

14 TdMl(IEO) Ml ~ to lEO ~ Delay (interrupt before m) 190 160 

15 TdIEI(IEOr) lEI t to lEO t Delay (after ED decode) 100 70 

16 TdIEI(IEOQ lEI ~ to lEO ~ Delay 100 cO 
17 TdC(INT) Clock t 10 INT ~ Delay 200 150 

18 TdlO(W/RWQ lORa ~ or CE ~ 10 W/RDY ~ Delay (Wail Mode) 210 175 

19 TdC(W/RRQ Clock t 10 W/RDY ~ Delay (Ready Mode) 120 100 

20 TdC(W/RWz) Clock ~ 10 W/RDY Floal Delay (Wail Mode) 130 110 

21 Th Any unspecified Hold when Setup is specified 0 0 

• Unils in nanoseconds (ns). 

119 



AC CHARACTERISTICS TIMING (Z844X I NMOS zao SIO; Continued) 

'1--1 0~--~~~ ____________ __ 

TxD 

INT 

RxC 

RxD 

® 
W/RDY 

® 
INT 

SYNC 

® 
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AC CHARACTERISTICS TIMING (Z844X I NMOS zao SIO) 

eLK 

eE, C/D, ali 

lEI 
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AC CHARACTERISTICS (Z844X I NMOS zao SIO; Continued) 

Z0844X04 Z0844X06 
No. Symbol Parameter Min Max Min Max Notes· 

TwPh Pulse Width (High) 200 200 2 

2 TwPI Pulse Width (low) 200 200 2 

3 TcTxC TXC Cycle Time 400 co 330 co 2 

4 TwTxCI TxC Width (low) .180 co 100 co 2 

5 TwTxCh TXC Width (High) 180 co 100 co 2 

6 TdTxC(TxD) TXC J. to TxD Delay 300 220 2 

7 T dT xC(W/RRf) TxC J. to WiR[i? J. Delay (Ready Mode) 5 9 5 9 

8 TdTxC(INT) TxC J. to INT J. Delay 5 9 5 9 1 

9 TcRxC l1xC Cycle Time 400 co 330 co 2 

10 TwRxCI Axe Width (low) 180 co 100 co 2 

11 TwRxCh RxC Width (High) 180 co 100 co 2 

12 TsRxD(RxC) RxD to RxCiSetup Time (xl 'Mode) 0 0 2 

13 ThRxD(RxC) l1xC t RxD Hold Time (xl Mode) 140 100 2 

14 TdRxC(W/RRf) l1xC t to W/JmY J. Delay (Ready Mode) 10 13 10 13 

15 TdRxC(INT) RxC i to lIiIT J. Delay 10 13 10 13 

16 TdRxC(SYNC) RxC ito SYNC J. Delay (Output Modes) 4 7 4 7 1 

17 TsSYNC(RxC) SYI'JC J. to Axe t Setup (External Sync Modes) -100 -100 2 

·In all modes. the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock eyele. 

1. Units equal to System Clock Periods. 

2. Units in nanoseconds (ns). 
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EMBEDDED CONTROLLERS 
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~ 2.iLCQ3 Product Specification 

FEATURES: 

• Commands compatible with the Zilog Z80 MPU 

• Low power consumption 

40mA Typ (5V, 10 MHz under RUN mode) 
2mA Typ (5V, 10 MHz under IDLE1 mode) 
10mA Typ (5V, 10 MHz under IDLE2 mode) 
5 J.lA' Typ (5V under STOP mode) 

• DC to 10 MHz operation (at 5V±10%) 

• Single 5V power supply (at 5V± 10%) 

• Operating temperature (00 C to 700 C) 

• On-chip clock generator 

In the HALT state, the following 4 modes are 
selectable: 

RUN mode 
IDLE 1 mode 
IDLE 2 mode 
STOP mode 

GENERAL DESCRIPTION: 

The Z84C01 is an 8-bit microprocessor (hereinafter re­
ferred to as MPU) with a built-in clock generator/control­
ler, which provides low power operation and high perform­
ance. 

Bui" into the Z84C01 is a control function and clock 
generatorforthe standby function in addition to: six paired 
general purpose registers, accumulator, flag registers, an 
arithmetic-and-Iogic unit, bus control, memory control 
and timing control circuits. 

Z84C01 Z80® CPU with 
Clock Generator/Controller 

• Powerful set of 158 instructions 

• Powerful interrupt function 
Non-maskable interrupt terminal (NMI) 
Maskable interrrupt tenninal (INT) 

The following three modes are selectable: 

8080 compatible interrupt mode (interrupt 
by Non-Z80 family peripheral LSI) (Mode 0) 
Restart interrupt (Mode 1) 
Daisy-chain structure interrupt using Z80 
family peripheral LSI (Mode 2) 

• An auxiliary register provided to each of 
general purpose registers. 

• 2 index registers 

10 addressing modes 

• Built-in re!resh circuit for dynamic memory 

• 44-Pin PLCC or QFP Package . 

The Z84C01 is fabricated with Zilog CMOS technology 
and molded in a 44-pin PLCC or QFP packages. 

Further, in the following text and explanations for charts 
and tables, hexadecimal numbers are directly used with­
out giving an identification to explanation of address, etc. 
so as not to cause confusions. 
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PIN CONNECTIONS AND PIN FUNCTIONS: 

The pin connections and I/O pin names and brief func­
tions of the Z84C01 are shown below. 

Pin Connections. The pin connections of the Z84C01 
are as shown in Fig. 1. 

RESET 
Ml 

ClK 
V .. 
AO 

Vee (1) 
Al 

A2 
A3 

A4 

A5 

Pin Names and Functions. I/O pin names and functions 
are as shown in Table 1. 

4443424140 

39 INT 

07 

06 
05 

04 
Vee (2) 
03 
02 

31 01 

00 
MS2 

Figure 1. Pin Connections (Top View) 

Table 1 Pin Names and Functions 

Pin Name 

AO - A15 

MS1, MS2 

00- 07 

126 

Number 
of Pin 

16 

2 

8 

Input/Output 
3-state 

Output 
3-state 

Input 

I/O 
3-state 

Input 

Function 

16-bit address bus. 
Specify addresses of memories and I/O to be 
accessed. During the refresh period, addresses 
for refreshing are output. 

Mode selection input. 
One of 4 modes (Run, IDLE1/2, STOP) is 
selected according to the state of these 2 pins. 

8-bit bidirectional data bus. 

Maskable interrupt request signal. 
Interrupt is generated by peripheral LSI. This signal is 
accepted if the interrupt enable flip-flop (IFF) is set at "1". 
INT is normally wired-OR and requires an external pull up 
for these applications. -



Table 1 Pin Names and Functions (continued) 

Pin Name 

MREO 

IORO 

BUSACK 

BUSREO 

Number 
of Pin 

InpullOutput' 
3-state 

Input 

Output 

Output 
3-state 

Output 
3-state 

Output 
3-state 

Output 
3-state 

Output 

Input 

Input 

Function 

Non-maskable interrupt request signal. This interrupt 
request has the higher priority than the maskable interrupt 
request and does not rely upon the state of the interrupt 
enable flip-flop (IFF). 

Halt signal. 
Indicates that the CPU has executed a Halt instruction. 

Memory request signal. 
When an effective address for memory access is on the 
address bus, "0" is output. 

I/O request signal. 
When addres!,!es for 1/0 are on lower 8 bits (AD - A7) of 
the address bus in the 1/0 operation, "0" is output. In 
addition, 10RO signal is output together with M1 signal at 
time of interrupt acknowledge cycle to inform peripheral 
LSI of the state that the interrupt response vector may be 
put on the data bus. 

Read signal. 
"0" signal is output for a period when MPU can receive 
data from a memory or peripheral LSI. It is possible to put 
data from a specified peripheral LSI or mamory on the 
MPU data bus after gating by this signal. 

Write signal. 
This signal is output when data to be stored in a specified 
memory or peripheral LSI is on the MPU data bus. 

Bus acknowledge signal. 
In response to BUS REO signal, this signal informs a 
peripheral LSI of the fact that the address bus, data bus, 
MREO, 10RO, RD and WR signals have been placed in 
the high impedance state. 

Wait signal. 
WAIT signal is a signal to inform MPU of specified 
memory or peripheral LSI which is not ready for 
data transfer. As long as WAIT signal as at 
"0" level, MPU is continuously kept in the wait state. 

Bus request signal. 
BUSREO signal is a signal requesting placement of 
the address bus, data bus, MREO, 10RO, AD and 
WR signals in the high impedance state. BUSREO 
signal is normally wired-OR. In this case, a pull-up 
resistor is externally connected. 
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Table 1 Pin Names and Functions (continued) 

Pin Name Number Input/Output Function 
of Pin 3-state 

RESET Input Reset signal. 
RESET signal is used for initializing MPU and 
must be kept in active state ("0") for a period of at 
least 3 clocks. 

M1 Output Signal showing machine cycle 1. "0" is output 
together with MREO signal in the operation code 
fetch cycle. This Signal is output for every opcode 
fetch when 2 byte opcode is executed. In the 
maskable interrupt acknowledge cycle, this signal 
is output together with IORO signal. 

XTAl1 
(XIN) 2 Input Crystal oscillator connecting terminal. 

XTAl2 Output 
(XOUT) 

ClK Output Single-phase clock output. Clock polarity is in-
phase with OSC-IN (XTAl 1) so that Z80 users 
could use OSC-IN as clock input without needing 
extra inverter on the board. When the HALT in 
struction in STOP Mode is executed, MPU stops its 
operation and holds clock output at "0" level. 

VCC (1), 2 Power supply +5V 
(2) Connect pin 34 and pin 12 externally. 

VSS Power supply OV 
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FUNCTIONAL DESCRIPTION: 

The system configuration, functions and basic operation 
of the Z84C01 are described here" 

MSl MS2 ClK 

mE 
c: '" 

XTAl2 213 
c: "' -0 

XTAll 

00-07 '" hl 
't: 

§ 
"' => 
aJ 

'" 1ii 
0 

Block Diagram" The block diagram of the internal con­
figuration is shown in Fig" 2" 

AO-A15 

Address Bus Output Circuit 

Accumulator (A) Accumulator (A") 
Flag (F) Flag (F") 
B Register B" Register 
C Register C" Register 
o Register 0" Register 
E Register E" Register 
H Register H" Register 
l Register l" Register 

IX Register 

Instruction 
Decoder 

eglster 
Stack Pointer (SP) 

Pro ram Counter PC 

Vss 

IRESET 

IMl 

INMI liNT IIORO IHAl T /WAIT IMREO IRO /wR IBUSREO IBUSACK 

Figure 2" Block Diagram 
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System Configuration. The Z84C01 has a built-in sys­
tem clock generator for CMOS Z80 in addition to the 
standard functions of the Z84COO MPU. The explanation 
is provided here with emphasis placed on the halt function 
relative to the clock generator, which is an additional 
function. The internal register group, reset and interrupt 
function are identical to those of the Z84COO. For details, 
please refer to the data sheet for the Z84COO. 

In this section, the following principal components and 
functions will be described: 

(1) Generation of clock 
(2) Operation mode 
(3) Start-up time at time of restart 

Generating the System Clock.The Z84C01 has a built­
in oscillation circuit and required clock can be easily 
generated by connecting an oscillator to the external 
terminals (XT AL 1, XT AL2). Clock in the same frequency 
as input oscillation frequency is generated. 
Examples of oscillator connection are shown in Figures 

3a, 3b. XTAL1 XTAL2 
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Figure 3a Example of Oscillator Connection 
and Constant 

COUT 

Figure 3b Example of Oscillator Connection 
and Constant 

Operation Modes. There are four kinds of operation 
modes available for the Z84C01 in connection with gen­
eration of clock; RUN Mode, IDLE1/2 Modes and STOP 
Mode. One of these modes is selected by the mode select 
inputs (MS1, MS2). 

The operation mode is effective when the halt instruction 
is executed. Restart of MPU from the stopped state under 
IDLE1/2 Mode or STOP Mode is effected by inputting 
either RESET signal or interrupt signal (INT or NMI). 

Operations of these modes in the halt state are shown in 
Table 2. 



Table 2 Clock Generating Operation Mode 

Operation 
Mode 

RUN Mode 

MS1 

IDLE 1 Mode 0 

IDLE 2 Mode 0 

MS2 

o 

STOP Mode 0 

Description at HALT State 

MPU continues the operation and supplies clock to the 
outside continuously. 

The internal oscillator's operation is continued. Clock 
(ClK) output as well as internal operations are stopped at 
'0' level of T 4 state in the halt instruction operation code 
fetch cycle. 

The internal oscillator's operation and clock (ClK) output are 
continued but the internal operations are stopped at '0' level 
of T4 state in the halt instruction operation code fetch cycle. 

All operations of the internal oscillator, clock (ClK) output, 
and internal operation are stopped at '0' level of T 4 state in 
the halt instruction operation code fetch cycle. 

Start-up Time at Time of Restart (STOP Mode). 
When MPU is released from the halt state by accepting an 
interrupt request, MPU, then will execute an interrupt 
service routine. Therefore, when an interrupt request is 
accepted, MPU starts generation of internal system clock 
and clock output after a start-up time by the internal 
counter (2'4+2.5) TcC (TeC: Clock Cycle) to obtain a 
stabilized oscillation for MPU operation. 

Further, in ease of the restart by RESET signal, the 
internal counter does not operate for a quick operation at 
time of power ON. 

Status Change Flowchart and Basic Timing. In this 
section, the status change and basic timing when the 
Z84C01 is operating are explained. 
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YES 

YES 

HaltS1art 
T4 

YES 

N::> 

YES 

}1X 

YES 

Figure 4 (a) Status Change Flowchart 
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Run Mode 

IDLE1 Mode 

Clock Output Stop 

Internal Operation Stop 

No 

Stop Mode 

IDLE2 Mode 

Internal 

Operation Stop 

Yes (Stop Mode) 

Internal Oscillation Stop 

(Clock Output Stop) 

Internal Operation Stop 

No (IDLE1/2 Mode) Internal Oscillation Start 

Internal System Clock Restart 
Clock Output Restart Only Stop, IDLE1 

End 

Figure 4 (b) Status Change Flowchart 

Start Up 
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Basic Timing. The basic timing is explained here with 
emphasis placed on the halt function relative to the clock 
generator. Except RFSH signal output, the following 
items are identical to those for the Z84COO. Refer to the 
data sheet for the Z84COO. 

Operation code fetch cycle 

Memory read/write operation 

Input/output operation 

Bus request/acknowledge operation 

Maskable interrupt request operation 

Non-maskable interrupt request operation 

Reset operation 

Note that the Z84C01 does not have the refresh terminal 
(RFSH), but refresh address is output on the address bus 
in the operation code fetch cycle (M1) as in the Z84COO 
since the on-chip refresh control circuit is available. 

M1 CYCLE 

"I"T1 

M1 CYCLE 

'4l 

CLK 

HAi:i' 

M1 

HALTOPCODE 
FETCH CYCLE NOP EXECUTION 

(1) Operation When HALT Instruction is Executed 
When MPU fetches a halt instruction in the operation 
code fetch cycle, HALT signal goes active (low level) in 
synchronous with falling edge of T 4 state for the periph­
eral lSI and MPU stops the operation. The system clock 
generating operation after this differs depending upon 
the operation mode (RUN Mode, IDlE1/2 Mode or STOP 
Mode). If the internal system clock is running, MPU con­
tinues to execute NOP instruction even in the halt state. 

Ca) RUN Mode (MS1:1 , MS2=1) 
Shown in Fig. 5 is the basic timing wilen the halt instruction 
is executed in RUN Mode. 

In RUN Mode, system clock ~ in MPU and clock output 
(ClK) are not stopped, even after the halt instruction is 
executed. Therefore, until the halt state is released by the 
interrupt signal (NMI or INT) or RESET signal, MPU 
continues to execute NOP instruction. 

"I'T1 

M1 CYCLE 

T4 T2 T3 

NOP EXECUTION 

Figure 5 Timing of RUN Mode 
(at Halt Command Execution) 
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(b) JDlE1 Mode (MS1=O, MS2=O) 
Shown in Fig. 6 is the basic timing when the halt instruc­
tion is executed in IDlE1 Mode. 

In IDlE1 Mode, system clock (.0') in MPU and clock output 
(ClK) are stopped and MPU stops its operation after the 
halt instruction is executed. However, the internal oscilla­
tor continues to operate. 

CLK 

1/1 (INTERNAL 
SYSTEM CLOCK) 

HALT 

T4 
--'l~ ________________ *g ____ __ 

~~ _______ M_P_U_O_P_E_R_A_TI_O_N_S_TO_P _____________ :~ __________ __ 

"1" 
M1 --~-------------------------------------------------

HALT INSTRUCTION OPERATION ., 
CODE FETCH CYCLE -----------1 

Figure 6 IDlE1 Mode Timing 
(at Halt Instruction Execution) 

(c) IDlE2 Mode (MS1=O, MS2=1) 
Shown in Fig. 7 is the basic timing when the halt instruc­
tion is executed in IDlE2 Mode. 

In IDlE2 Mode, system clock (0) in MPU is stopped and 
MPU stops its operation after the halt instruction is exe­
cuted. However, the internal oscillator and clock output 
(ClK) to the outside of MPU continues to operate. 

CLK 

o (INTERNAL ~ 

SYSTEMCL::~~ ~L ________________________________ ~:~ ____ ___ 

MPU OPERATION STOP 

"1" 

M1 --~-------------------------------------------

HALT INSTRUCTION OPERAT..:.;IO:..;.N"'-______ -1., 
CODE FETCH CYCLE -

Figure 7 IDlE2 Mode Timing 
(at Halt Instruction Execution) 
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(d) STOP Mode (MS1=1, MS2=O) 
Shown in Fig. 8 is the basic timing when the halt instruc­
tion is executed in STOP Mode. 

T1 T2 

ClK 

In STOP Mode, internal operation and internal oscillator 
are stopped after the halt instruction is executed. There­
fore, system clock (.$) in MPU and clock output (elK) to 
the outside of MPU are stopped. 

T3 T4 

ClK OUTPUT STOP 

~L-__ M_P_U_O_P_ER_A_T_IO_N_S_TO_P __ _ 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

HALT INSTRUCTION OPERATION 
CODE FETCH CYCLE 

Figure 8 STOP Mode Timing 
(at Halt Instruction Execution) 

(2) Release from Halt State 
The halt state of MPU is released when "0" is input to 
RESET signal and MPU is reset or an interrupt request is 
accepted. An interrupt request signal is sampled at the 
leading edge of the last clock cycle (T4 state) of NOP 
instruction. In case of the maskable interrupt, interrupt will 
be accepted by an active INT signal ("0" level). Also the 
interrupt enable flip-flop must have been set to "1". The 
accepted interrupt process is started from next cycle. 

Further, when the internal system clock is stopped 
(lDlE1/2 Mode, STOP Mode), it is necessary first to 
restart the internal system clock. The internal system 
clock is restarted when RESET or interrupt signal 
(NMI or INT) is input. 
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(a) RUN Mode (MS1, MS2=1) 
The halt release operation by acceptance of interrupt 
request in RUN Mode is shown in Fig. 9. 

In RUN Mode the internal system clock is not stopped, 
and therefore, if the interrupt signal is recognized at the 
rise of T 4 state of the continued NOP instruction, MPU will 
execute the interrupt process from next cycle. 

The halt release operation by resetting MPU in RUN Mode 
is shown in Fig. 10. After reset, MPU will execute an in­
struction starting from address OOOOH. However, in order 
to reset MPU it is necessary to keep RESET signal at "0" 
for at least 3 clocks. In addition, if RESET signal becomes 
"1", after the dummy cycle for at least two T states, MPU 
executes an instruction from address OOOOH. 



CLK 

qJ (INTERNAL 

HALT INSTRUCTION 
EXECUTION 

T4 T1 

NOP INSTRUCTION EXECUTION INTERRUPT PROCESS 

M1 

T2 T1 T2 T3 T4 T1 

SYSTEM CLOCK) 

q, (INTERNAL 

HALT 

NMI 

INT 

I 

r--- MPU INTERNAL 
LATCH FOR NMI 

Figure 9 Halt Release Operation Timing by interrupt 
Request Signal in RUN Mode 

HALT INSTRUCTION 
EXECUTION .1 

CLK 

I EXECUTE INSTRUCTION 
ADDRESS OOOOH .. .. 

T1 T2 

SYSTEM CLOCK) 

HALT 

M1 

RESET 

I---§-SS __ --Irs 
is is 

Figure 10 Halt Release Operation Timing by Reset 
in RUN Mode 

(b) IDLE1 Mode (MS1=0, MS2=0), IDLE2 Mode 
(MS1=0, MS2=1) 
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The halt release operation by interrupt signal in IDLE1 
Mode is shown in Fig. 11 (a) and in IDLE2 Mode in Fig. 11 
(b). 

When receiving NMI or INT signal, MPU starts the internal 
system clock operation. In IDLE1 Mode, MPU starts clock 
output to the outside at the same time. 

ClK 

~(INTERNAl 
SYSTEM CLOCK) 

HALT 

M1 

NMI 

INT 

T4 

The operation stop of MPU in IDLE1/2 Mode is taking 
place at "0" level during T 4 state in the halt instruction 
operation code fetch cycle. Therefore, after being re­
started by the interruption signal, MPU executes one NOP 
instruction and samples an interrupt signal at the rise of 
T 4 state during the execution of this NOP instruction, and 
executes the interrupt process from next cycle. 

T ,"8m"""," meT 
T1 T2 T3 T4 T1 

_________ I.. __ ~ MPU INTERNAL 

I LATCH FOR NMI 

INTERRUPT SAMPLING TIMING 

I Figure 11 (a) IDLE1 Mode 
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ClK 

do (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

NMI 

INT 

NOP INSTRUCTION EXECUTION 

r 'I 

_________ I.. __ ~ MPU INTERNAL 

I LATCH FOR NMI 

INTERRUPT SAMPLING TIMING 

Figure 11 (b) IDLE2 Mode 

Figure 11 Halt Release Operation Timing by Interrupt 
Request Signal in IDLE1/2 Mode 



If no interrupt signal is accepted during the execution of 
the first NOP instruction after the internal system clock is 
restarted, MPU is not released from the halt state and is 
placed in IDLE1/2 Mode again at "0" level during T 4 state 
ofthe NOP instruction, stopping the internal system clock. 
If INT signal is not at "0" level at the rise of T4 state, no 
interrupt request is accepted. 

The halt release operation by resetting MPU in IDLE1 
Mode is shown in Rg. 12 (a) and that in IDLE2 Mode in 
Fig. 12 (b). 

CLK 

,(INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

RESET 

When RESET signal at "0" level is input into MPU, the 
internal system clock is restarted and MPU will execute an 
instruction stored in address OOOOH. 

At time of RESET signal input, it is necessary to take the 
same care as that in resetting MPU in RUN Mode. 

EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 

T1 T2 T3 

Figure 12 (a) IDLE1 Mode 

CLK 

~ (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

RESET 

Figure 12 (b) IDLE2 Mode 

Figure 12 Halt Release Operation Timing by 
Reset in IDLE1I2 Mode 

EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 
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(c) STOP Mode (MS1=1, MS2=O) 
The halt release operation by interrupt signal in STOP 
Mode is shown in Fig. 13. 

When MPU received an interrupt signal, the internal 
oscillator is restarted. In order to obtain stabilized oscilla­
tion, the internal system clock and clock output to the 
outside are started after a start-up time of (214+2.5) TcC 
(TeG: Clock Cycle) by the internal counter. 

MPU executes one NOP instruction after the internal 
system clock is restarted and at the same time, sampling 
an interrupt signal at the rise of T 4 state during the 
execution of this NOP instruction. If the interrupt signal is 
accepted, MPU executes the interrupt process operation 
from next cycle. 

ClK 

q, (INTERNAL 
SYSTEM CLOCK) 

HALT 

NMI 

At time of interrupt signal input, it is necessary to take the 
same care as that in the interrupt signal input in IDLE1/2 
Mode. The halt release operation by MPU resetting in 
STOP Mode is shown in Fig. 14. 

When RESET signal at "0" level is input into MPU, the 
internal oscillator is restarted. However, since it performs 
a quick operation at time of power ON, the internal 
counter does not operate. Therefore, the operation may 
not be carried out properly due to unstable clock immedi­
ately after the signal in STOP Mode, it is necessary to hold 
RESET signal at "0" level for sufficient time. When RESET 
signal becomes "1 ", after the dummy cycle for at least 2T 
states, MPU starts to execute an execution from address 
OOOOH. 

NOP COMMAND EXECUTION 

,- ~, 

T1 T2 T3 T4 T1 

I I 

_ - - -5S- - - - - - - - - - - - - - - - .!. - - - .--MPU INTERNAL 
I lATCH FOR NMI 

INT 
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Figure 13 Halt Release Operation Timing by Interrupt 
Request Signal in STOP Mode 



ClK 

()(INTERNAl 
SYSTEM CLOCK) 

HALT 

M1 

RESET 

EXECUTE INSTRUCTION FROM 
ADDRESS OOOOH 

T1 T2 T3 

Figure 14 Halt Release Operation Timing by Reset 
in STOP Mode 

Instruction Set. Instruction set of the Z84C01 is the 
same as thatfor the Z84COO. For details refer to the data 
sheet for the Z84COO. 

Method of Use. An example of the Z84C01 with the zao 
family peripheral lSI's is shown in Fig. 15. 
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CPU TIMING 

Timing Diagrams. The Z84C01 CPU executes instruc­
tions by proceeding through a specific sequence of op­
erations: 

• Memory read or write 
• I/O device read or write 
• Interrupt acknowledge 

The basic clock period is referred to as a Time or Cycle, 
and three or more T cycles make up a machine cycle (M1 , 
M2 or M3 for instance). Machine cycles can be extended 
either by the CPU automatically inserting one or more 
Wait states or by the insertion of one or more Wait states 
by the user. 

CLOCK 

Instruction Opcode Fetch. The CPU places the con­
tents of the Program Counter (PC) on the address bus as 
the start of the cycle (Figure 16). Approximately one-half 
clock cycle later, MREQ goes active. When active, RD in­
dicates that the memory data can be enabled onto the 
CPU data bus. 

The CPU samples the WAIT input with the falling edge of 
clock state T2. During clock states T3 and T4 of an M1 
cycle, dynamic RAM refresh can occur while the CPU 
starts decoding and executing the instruction. 

15 - ... --16 ~1"-;40 

00-07 =:)f-~(~( (~(--::(~,.. _~~~'-___ +--_ 

Figure 16 Instruction Opcode Fetch 
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Memory Read or Write Cycles. Figure 17 shows the 
timing of memory read or write cycles other than an 
opcode fetch (M1) cycle. The MREQ and RD signals 
function exactly as in the fetch cycle. 

In a memory write cycle, MREQ also becomes active 
when the address bus is stable. The WR line is active 
when the data bus is stable, so that it can be used directly 
as an RtW pulse to most semiconductor memories. 

T, T, Tw 

CLOCK 

12 

WAIT 
--+_---r------~~---7)~ 

-13 

1 
RD 

OPERA~~~~ 
00- 0 , 

-40 

1--------29~------·1 
-------r--------~ ~+_-----

{ 

WR ~~I_ 
OPER~~:6~ -51~--27- -33-

00-0, -----;..~--____I~I-: _D_AT_A O_UT ____ ~>__ 

Figure 17 Memory Read or Write Cycles 

144 



Input or Output Cycles. Fig. 18 shows the timing for an 
1/0 read or 110 write operation. During 110 operations. the 
CPU automatically inserts a single Wait state (TWA)' 

This extra Wait state allows sufficient time for an 110 port 
to decode the address from the port address lines. 

CLOCK 

{

iii) 

OPERA~~~E 
DO-D7 

23_llp161t 
)-t--+--"':EK::::~~::::= 

1 
WR 11I-:32 ____ -I~------1~3'Jr-:-+!4-0---

WRI~~ r 1"33.: 
OPERATION ! 

Do·D7 ----t====::::~I_: __ DA_TA....;..OU_T _~)-

TWA = One wait cycle automatically inserted by CPU. 

Figure 18 Input or Output Cycles 

145 



Interrupt Request/Acknowledge Cycle. The CPU 
samples the interrupt signal with the rising edge of the last 
clock cycle at the end of any instruction (Fig. 19). When an 
interrupt is accepted, a special M1 cycle is generated. 

During this M1 cycle, IORO becomes active (instead of 
MREO) to indicate that the interrupting device can place 
an 8-bit vector on the data bus. The CPU automatically 
adds two Wait states to this cycle. 

CLOCK 

-6 

AO-A15 ____________ -+ __ ,~--------------p-C--~------_H_f.~--~+_--H_-J~---
- 19 

1~·~-------48--------~ 

WAIT 

-----------r----------------------~--~-J 

1-40 

DO-D7=====})---------E(E«B(=:;=~~8C 
NOTES: 1) Tu = Last state of any instruction cycle, 

2) TWA = Wait cycle automatically inserted by CPU. 

Figure 19 Interrupt Request/Acknowledge Cycle 
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Non-Maskable Interrupt Request Cycle. NMl is 
sampled at the same time as the maskable interrupt input 
INT, but has higher priority and cannot be disabled under 
software control. The subsequent timing is similar to that 

of a normal memory read operation except that data put 
on the bus by the memory is ignored. The CPU instead 
executes a restart (RST) operation and jumps to the NMI 
service routine located at address 0066H (Fig. 20). 

---------LASTMCYCLE-------4~I~~---------------------------Mll-------------------------1 

Tu T, T, 

CLOCK 

---- - - tt-i 35* --- - - -- , NMI ________ ; ____ _ 

Ao-A15 

--------------------~ 

-Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMl's falling edge must occur no later than the rising edge 
of the clock cycle preceding the last state of any instruction cycle (TLI). 

Figure 20 Non-Maskable Interrupt 
Request Operation 
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Bus Request/Acknowledge Cycle. The CPU samples 
BUSREQ with the rising edge of the last clock period of 
any machine cycle (Fig. 21 ).11 BUSREQ is active, the CPU 
sets its address, data, and MREQ, 10RQ, RD, and 

T'M TX 

CLOCK 

NOTES: 1) T LM = Last slate of any M cycle. 
2) TI( = An arbitrary clock cycle used by requesting device. 

WR lines to a high-impedance state with the rising edge of 
the next clock pulse. Althat time, any external device can 
take control of these lines, usually to transfer data be­
tween memory and 110 devices. 

Tx Tx 

UNCHANGED 

Figure 21 BUS Request/Acknowledge Cycle 
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Halt Acknowledge Cycle. 

Ml----.I .... ---------Ml---------.-, ... I .... ------ Ml 
T4 T, T2 T3 T4 T1 T2 

CLOCK 

______________________ ~.~13-5-"----------------------__ 
iiMi \Lf 

"Although NMlls an asynchronous Input, to guarantee Its being recognized on the following machine cycle, NMI's failing edge must occur no 
later than the rising edge of the clock cycle preceding the last state of any Instruction cycle (T LI)' 

Figure 22 Halt Acknowledge 

Reset Cycle. RESET must be active for at least three 
clock cycles for the CPU to properly accept it. As long as 
RESET remains active, the address and data buses float, 
and the control outputs are inactive. 

Once RESET goes inactive, two internal T cycles are 
consumed before the CPU resumes normal processing 
operation. RESET clears the PC register, so the first 
opcode fetch will be location OOOOH (Fig. 23). 

I-----Ml-----

CLOCK 

AO-A15 

Do-D7 

-,40.1-.<---____ -+--__ _ 
~.,------ FLOAT 

MRE: ===--=--=--=--=---=--------------,--Ir--/U Tt---
~%~--------t~2~7/~7~/~7--~£~'------------~\~'--_-_-_-_-_-_-

BUSACK 
HALT 

Figure 23 Reset Cycle 

149 



150 

elK 

INT 

NMI 

ClK 
(IDLE 1 MODE) 

ClK 
(IDLE 2 MODE) 

INT 

NMI 

T4 T1 

Figure 24 Clock Restart Timing 
(STOP Mode) 

Figure " 25" Clock Restart Timing 
(IDLE1/2 Mode) 
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PRECAUTIONS: 

(1 ) 

(2) 

To reset MPU, it is necessary to hold RESET 
signal input at "0" level for at least three clocks. 

In particular, to release the HALT state by RESET 
signal in STOP Mode, hold RESET signal at "0" 
level for sufficient time in order to stabilize output 
from the internal oscillator. 

In releasing MPU from the HALT state by inter 
rupt signal in IDLE1/2 Mode and STOP Mode, 
MPU will not be released from the HALT state and 

the internal system clock will stop again unless an 
interrupt signal is accepted during the execution 
of NOP instruction even when the internal system 
clock is restarted by the interrupt signal input. In 
particular, care must be taken when INT is used. 

Other precautions are identical to those for the 
Z84COO, except those for RFSH terminal. Refer 

to the data sheet for the Z84COO. 
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AC CHARACTERISTICS: 

Z84C0106 Z84C0110 Unit Note 
No Symbol Parameter Min Max Min Max 

1 TcC Clock Cycle Time 162' DC 100' DC nS 
2 TwCh Clock Pulse Width (High) 65 DC 40 DC nS 
3 TwCI Clock Pulse Width (Low) 65 DC 40 DC nS 
4 TIC Clock Fall Time 20 10 nS 
5 TrC Clock Rise Time 20 10 nS 

~---~--

6 TdCr(A) Address Valid from Clock Rise 90 60 nS 
7 TdA(MIlEOf) Address valid to /MREO Fall 35' 5' nS 
8 TdCf(MREOf) Clock Fall to /MREO Fall Delay 70 40 nS 
9 TdCr(MREQr) Clock Rise to /MREO Rise Delay 70 40 nS 
10 TwMREOh /MREO Pulse Width (High) 60' 25' nS [1] 

----
11 TwMREOI /MREO I"ulse Width (Low) 132' 70' nS [1] 
12 1 dCf(MEROr) Clock Fall to /MREO Rise Delay 70 40 nS 
13 TdCf(RDf) Clock Fall to /RD Fall Delay 80 40 nS 
14 TdCr(fiDr) Clock Rise to /RD Rise Delay 70 40 nS 
15 TsD(Cr) Data Setup Time to Clock Rise 30 25 nS 

16 TtlD(RDr) Data Hold Time after /RD Rise 0 0 nS 
17 TsWAIT(Cf) /WAIT Setup Time to Clock Fall 60 30 nS 
18 ThWAIT(Cf) /WAIT I-laid Time after Clock Fall 10 0 nS 
19 TdCr(M1f) Clock Rise to /Ml Fall Delay 80 tlO nS 
20 TdCr(M Ir) Clock Rise to /Ml Rise Delay 80 40 nS 

21 TdCf(RDr) Clock Fall to /RD Rise Delay 70 40 nS 
22 TdCr(RDf) Clock Rise to /RD Fall Delay 70 40 nS 
23 TsD(Cf) Data Setup to Clock Fall During 

M2, M3, M4 or M5 Cycles 40 25 nS 
24 TdA(IOflOf) Address Stable Prior to /IOflO Fall 107' 50' nS 

25 TdCr(IOflOf) Clock Rise to /IORO Fall Delay 65 40 nS 
26 TdCf(IOROr) Clock Fall to /IORO Flise Delay 70 40 nS 
27 TdD(WRf)Mw Data Stable Prior to /Wfl Fall 22' 0' nS 
28 TdCf(Wflf) Clock Fall to /WR Fall Delay 70 40 nS 
29 TwWfl /Wfl Pulse Width 132' 75' nS 

30 ~ldCf(WRr) Clock Fall to /WR Hise Delay 70 40 nS 
31 TdD(Wflf)IO Data Stable Prior to /WR Fall -55' -50' nS 
32 TdCr(Wflf) Clock l'lise to /WR Fall Delay 60 40 nS 
33 TdWRr(D) Data Stable from /WR Fall 30' 0' nS 
34 TdCf(HALT) Clock Fall to /HALT 'L' or 'H' 260 100 nS 

35 TwNMI /NMI Pulse Widtll 70 60 nS 
36 TsBUSflEO(Cr) /BUSfiEO Setup Time to Clock Rise 50 35 nS 
37 ThBUSREO(Cr) /BUSREO Hold Time After Clock Rise 10 0 nS 
38 TdCr(BUSACKf) Clock Rise to /BASACK Fall Delay 90 40 nS 
39 TdCf(BUSACKr) Clock Fall to /BASACK Rise Delay 90 40 nS 
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Z84C01 AC CHARACTERISTICS (Continued) 

Z84C0106 Z84C0110 Unit Note 
No Symbol Parameter Min Max Min Max 

40 TdCr([)z) Clock Rise to Data Float Delay 80 40 nS 
41 TdCr(CTz) Clock Rise to Control Outputs Float 

Delay (lMREQ, ItORO, IRD and twR) 70 40 nS 
42 TdCr(Az) Clock Rise to Address Float Delay 80 50 nS 

43 TdCTr(A) Address Hold Time From 
IMREO, IIORO, IRD or twR 35' 5' nS 

44 TsRESET(Cr) IRESET to Clock Rise Setup Time 60 30 nS 
45 ThRESET(Cr) IRE SET to Clock Rise Hold Time 10 0 nS 

46 TsINTf(Cr) liNT Fall to Clock Rise Setup Time 70 50 nS 
47 ThINlr(Cr) liNT Rise to Clock Rise Hold Time 10 0 nS 
48 TdM1f(IOROI) IM1 Fall to IIORO Fall Delay 359' 205' nS 
49 TdCI(IOROI) IClock Fall to IIORO Fall Delay 70 40 nS 

50 TdCI(IOROr) Clock Rise to IIORO Rise Delay 70 40 nS 
51 TdCI(D) Clock Fall to Data Valid Delay 150 80 nS 
52 TRST1S CLK Restart Time by liNT (typ) (typ) 

(STOP Mode) (214+2.5)TcC (214+2.5)TcC 

53 TRST2S CLK Restart Time by INMI (typ) (typ) 
(STOP Mode) (2'4+2.5)TcC (2'4+2.5)TcC 

54 TRSTll CLK Restart Time by liNT (typ)2.5TcC (typ)2.5TcC 
(IDLE1/2 Mode) 

55 TRST21 CLK Restart Time by INMI (typ)2.5TcC (typ)2.5TcC 
(IDLE1/2 Mode) 

Noles: . For clock peiiods other tl;1an minimum shown, calculate parameters using following 'Nole' . 
Calculated values above assumed TrC = TIC = maximum. 

[1] Increasing delay by lOnS for each 50pF increase in loading, 200pF max for data lines, and 100pF for conlrollines. 

Z84C01 AC CHARACTERISTICS 
Footnotes 

No Symbol Parameter Z84C0106 Z84C0110 

1 TcC TwCh + TwCI + TrC + TIC 
7 TdA(MREOI) TwCh + TIC -50 -45 
10 TwMREOh TwCh + TIC -25 -25 
11 TwMREOI TcC -30 -30 

24 TdA(IOROI) TcC -55 -50 
27 TdD(WRI) TcC -140 -100 
29 TwWR TcC -30 -25 
31 TdO(WRI) TwCI + TrC -140 -100 

33 TdWRr(O) TwCI + TrC -55 -50 
43 TdCTr(A) TwCI + TrC -50 -45 
48 TdM1f(IOROI) 2TcC + TwCh + TIC -50 -45 
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DC CHARACTERISTICS VCC = 5.0 V +-10% 

Symbol Parameter Min Max Unit Condition 

Vexe Clock Output High Voltage Vee-D' 6 V -2.0rnA 
VOHe Clock Output Low Voltage 0.4 V +2.0rnA 

V'H Input Low Voltage -0.3 0.8 V 

V'L Input High Voltage 2.2 Vee V 
Vex Output Low Voltage 0.4 V ILO=2.0rnA 
VOHI Output High Voltage 2.4 V IOH=-1.6rnA 

VOH2 Output High Voltage Vee-D' 8 V IOH=-25Or.tA 
leel Power Supply Current - 10MHz 50 rnA Vee=5V 

-6MHz 30 rnA V'H= Vee-0.2V 
V'L=O.2V 

lee2 Power Supply Current (STOP Mode) 10 r.tA Vee=5V 
lee3 POW8' Supply Current (IDLE1 Mode) Vee=5V 

- 10MHz 4 rnA V'H=Vee-0.2V 
-6MHz 4 rnA V'L=0.2V 

leC4 Power Supply Current (IDLE2 Mode) Vee=5V 
- 10MHz 15 rnA V'H=Vee-0.2V 
- 6MHz 13 rnA V'L=0.2V 

III Input Leakage Current -10 10 r.tA V'N=O.4V to Vee 
ILO 3-state Output Leakage Current 

in Float -10 10 r.tA Vour=0.4V to Vee 

Noles: 
[1] Measurements made with outputs floating. 
[2] A 15-AO, 07-00, fMREQ, flORa, fRO and {WR. 
[3] Icc, Standby Current is guaranteed when the halt pin is low in STOP mode. 
[4] All Pins except XTALI, where 1,,= ± 25f1A. 
[5] A 15-AO, 07-00, /MREQ, flORa, fRO, {WR, fHALT, /M1 and /BUSACK. 

I"., 
40 (mAl 

Icc. 

30 

20 

10 

5 
_~ __ ------~----------'Ic~ 

__ (IDLE 2) 
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10 FREQ 
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CONDITIONS: V'HC=VIH=VCC·O.2V Vcc = 5V, TEMP=·O'e to 7'O'e V'LC=V'L = O.2V 

Figure 26 Z84C01 Typical Icc vs Freq 

Note 

[5] 
[4] 

[5] 
[1] 
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ELECTRICAL CHARACTERISTICS: 

ABSOLUTE MAXIMUM RATINGS 

Voltage on Vcc with respect to Vss .......... -0.3V to + 7V 
Voltages on all inputs with respect to Vss .. -0.3V to Vee + 
0.3V 
Operating Ambient 
Temperature ....................... See Ordering Information 
Storage Temperature ............... -65°C to + 150°C 

Standard Test Conditions 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

E = -40°C 10 + 100°C 
Voltage Supply Range: +4.50V ~ Vee $; +5.50V 

All AC parameters assume a load capacitance of 100 pI. 
Add 10 ns delay for each 50 pf increase in load up to a 
maximum of 150 pf for the data bus and 100 pf for address 
and control lines. AC timing measurements are refer­
enced to 1.5 volts (exceptfor clock, which is referenced to 
the 10% and 90% points). Maximum capacitive load for 
ClK is 125 pI. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

The Ordering Information section lists temperature 
ranges and product numbers. Package drawings are in 
the Package Information section. Refer to the Literature 
List for additional documentation. 

+5V 

2.1K 
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JUNE 1989 

FEATURES 

• l80 CPU 2K Static RAM 

• Wait State Generator for external memory 

• Low power consumption 
(TBD) Typ (5V, 10 MHz under RUN mode) 
(TBD) Typ (5V, 10 MHz under IDLE1 mode) 
(TBD) Typ (5V, 10 MHz under IDLE2 mode) 
(TBD) Typ (5V under STOP mode) 

• DC to 10 MHz operation (at 5V ± 10%) 

• Single 5V power supply (at 5V ± 10%) 

• Operating Temperature (0" C to 70" C) 

• On-chip clock generator 

• Inthe HALT state, the following 4modes are selectable: 
RUN mode 
IDLE 1 mode 
IDLE 2 mode 
STOP mode 

GENERAL DESCRIPTION 

The l84C50 is an 8-bit microprocessor integrated with 2K 
bytes of static memory and a clock generator/controller. 
The l84C50 is targeted for a broad range of applications 
requiring a small amount of RAM. Additionally, the on-chip 
RAM can be accessed at a much higher rate than the 
external memory. This will significantly enhance perform­
ance, as the most commonly used and time critical soft­
ware can be placed in on-chip memory. 

Built into the l84C50 is a control function and clock 
generator for the standby function in addition to: six paired 
general purpose registers, accumulator, flag registers, an 
arithmetic-and-Iogic unit, bus control, memory control and 

PRELIMINARY PRODUCT SPECIFICATION 

Z84C50 
zao RAM aD 
zao CPU/2K SRAM 

• Powerful set of 158 instructions 

• Power Interrupt function 
Non-Maskable Interrupt terminal (NMI) 
Maskable Interrupt terminal (INT) 

• The following three modes are selectable: 

8080 compatible interrupt mode (interrupt by Non­
l80 family peripheral LSI-Mode 0) 
Restart Interrupt (Mode 1) 
Daisy-chain structure interrupt using l80 family 
peripheral LSI (Mode 2) 

• Built-in refresh circuit for dynamic memory 

• Available in 40-pin DIP, 44-pin PLCC, and 44-pin QFP 
packages 

timing control circuits. Also, an on-chip wait state genera­
tor can be used for automatically inserting wait states for 
external memory accesses. 

The l84C50 is fabricated with lilog CMOS technology and 
molded in 40-pin DIP, 44-pin PLCC, and 44-pin QFP 
packages. 
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PIN CONNECTIONS AND PIN FUNCTIONS 

The pin connections and I/O pin names and brief functions 
of the Z84C50 are shown below. 

Pin Connections. The pin connections of the Z84C50 are 
as show in Figures 1 to 3. 

Pin Names and Functions.l/O pin names and functions 
are as shown in Table 1. 

1S8 

A A10 11 
A12 Ag 
A13 As 
A14 A7 
A1S A6 

ClK As 
°4 A4 
°3 

Z84C50 
A3 

Os A2 
°6 A1 

+5V AO 
°2 GNO 

~ RFSH 

°0 M1 

°1 RESET 
INT BUSREO 
NMI WAIT 

HALT BUSACK 
MREQ WR 
IORO RO 

Figure 1. Pin Connections (top view) - DIP 
Package 
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GND 
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BUSREQ 

Figure 2. Pin Connections (top view) - PlCC 
Package 
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23 

Figure 3. Pin Connections (top view) - QFP 
Package 



Pin # of Pins 

AO-A15 16 

00-07 8 

MREO 

BUSACK 

TABLE 1. PIN NAMES AND FUNCTIONS 

I/O 3-state 

I/O 3-state 

I/O 3-state 

Input 

Input 

I/O 3-state 

I/O 3-state 

I/O 3-state 

I/O 3-state 

I/O 3-state 

Output 

I/O 
Wired-OR 

Function 

16-bit address bus. Specifies addresses of memories 
and I/O to be accessed. During the refresh period, 
addresses (Ao-A6) for refreshing are output. The bus is an 
input when the external master is accessing the on-chip 
RAM. 

8-bit bidirectional data bus. 

Maskable Interrupt request signal. INT is normally 
wired-OR and requires an external pull up resistor for 
these applications. 

Non-Maskable Interrupt request signal. This interrupt 
request has the higher priority than the maskable 
interrupt request. 

Halt signal. Indicates that the CPU has executed a Halt 
instruction. Input during evaluation mode & BUSACK. 

Memory Request signal. When an effective address for 
external memory access is on the address bus, '0' is output. 
When an external master is accessing the on-chip RAM, 
it is an input signal. 

Indicating an I/O operation with I/O address on lower 8-bits 
(AO-A7) of the address bus. 10RO signal is output together 
with M1 signal at time of interrupt acknowledge cycle to 
inform peripheral devices that the interrupt response 
vector may be put on the bus. Input during register accesses 
by external masters and also to initiate the evaluation mode 
during reset. 

Read signal. Asserted for a period when MPU can receive 
data from a memory of peripheral LSI. When an external 
master is accessing the on-chip RAM, it is an input signal. 

Write signal. This signal is output when data to be stored 
in a specified memory or peripheral LSI is on the MPU 
data bus. When an external master is accessing the on-chip 
RAM, it is an input signal. 

Bus Acknowledge signal. In response to BUSREO signal, t11is 
signal informs a peripheral LSI that the address bus, data 
bus, MREO, 10RO, RD, and WR signals have been placed in 
the high impedence state. 

Wait signal. WAIT signal is asserted by memory or 
peripheral LSI that is not ready for data transfer. As long 
as WAIT signal is active, MPU is continuously kept in the 
wait state. Driven out when the wait states are inserted by 
on-chip wait state generator. 
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Pin 

BUSREO 

XTALI 
XTAlO 

ClK 

C50ADDR 

VCC 
VSS 
RFSH 

#of Pins 

. 1 

1 
2 
1 

TABLE 1. PIN NAMES AND FUNCTIONS (Continued) 

I/O 3·state 

Input 

I/O 3-state 

Input 
Output 

I/O 
3-state 

I/O 

Output 

Power 
GND 
I/O 3-state 

Function 

Bus Request signal. BUSREO signal is a signal asserled by 
external masters to request placement of Ml, HALT, 
address bus, data bus, MREO, 10RO, RD, RFSR, and WR 
signals in the high impedence state. BUSREQ signal is 
normally wired-OR. In this case, a pull-up resistor 
is externally connected. 

Reset signal. RESET signal is used for initializing MPU and 
other devices in the system. If it is an input, it must be kept 
in active state for a period of a least 3 clocks. During tile 
power-up sequence, this input is sampled for 50 to 150 
micro-seconds after the power supply passes through 
approx. 2.2V. If it is not active during this window, 
Z84C50 will drive the power on reset for 25 to 75 msec. 

Signal indicating an op code fetcll. Also asserted during the 
RETI cycle and interrupt acknowledge cycle (along with the 
10RO signal). Input during the on-chip accesses by external 
masters and during evaluation mode. Input during 
evaluation and bus acknowledge modes. 

Crystal Oscillator connecting terminals. A parallel 
resonant crystal is recommended. A crystal presence is 
automatically detected by the Z84C50. Tile input signal is 
divided by 1 or 2, depending upon bit 4 of the Control 
Register. The oscillator is used in either case. Also, all the 
power down modes are available in the 'halt' state. Those 
pins are not available on 40-pin DIP version. 

The single-phase clock generated by the internal oscillator 
is output on the ClK pin. When this crystal is not installed the 
pin becomes an input for connecting the external clock. This 
is always the case for the 40-pin DIP device. The oscillator and 
clock divider are bypassed. Only the IDlE2 and RUN halt 
modes are applicable in this case. 

This signal is asserted by the Z84C50 when the on-chip 
2K static RAM and the I/O registers are accessed by the 
on-chip CPU or the external master. This Signal is not 
available on 40-pin DIP version. 

+5V 
OV 
RFSH together with the MREQ, indicates that the lower seven 
bits of system's address bus can be used as a refresh 
address to the system's dynamic memories. Input signal wilen 
the wait-state generator is to be used by external BUS master. 

Note: Please make sure that in BUS-acknowledge modes, M1, RFSH and HALT become input 
while on Z84COO these are output pins. 
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FUNCTIONAL DESCRIPTION 

The system configuration, functions and basic operation of 
the Z84C50 are described here. 

Vcc 

XTAlO 

XTALI 

DO-D7 

ClK 

Clock Generator 
Control Circuit 

Block Diagram. The block diagram of the internal configu­
ration is shown in Figure 4. 

AO-A15 

Address Bus 10 Circuit 

Accumulator (A) Accumulator (A') 
Fla F Flag (F) 
B Register B' Register 
C Register C' Register 
D Register D'Register 
E Register E' Register 
H Register H' Register 
l Register l' Register 

IX Register 
IY Register 
Stack Pointer (SP) 
Program Counter (PC) 

Instruction 
Decoder 

2KRAM 

Control 
Signal to 

L-__ -.-__ ---I Intemal 

Vss 

50Addr 

-- RESET 

Control Circuit for Control Bus -- M1 

NMI INT 10RQ 

Figure 4. Block Diagram 
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On-Chip Memory 
The Z84C50 has 2K bytes of on-chip memory. This mem­
ory is mappable to any 2K boundary of the Z80 memory 
space by software control. The memory is accessible from 
the local CPU or the external masters via the Z80 bus 
request/bus grant handshake. When this memory is ac­
cessed. the C50ADDR output signal is asserted. This 
signal may be used by external logic to control external 
memory. The on-chip memory is normally disabled on 
power-up. On power-up reset. if BUSREQ precedes the 
de-assertion of RESET (rising edge). the RAM is enabled 
and one NOP instruction is automatically executed. This 
allows power-up loading of this RAM from external mas­
ters. The automatic execution of one NOP instruction 
prevents any possibility of executing instructions from 
external memory. For this case. it is recommended that a 
NOP instruction be at location OOOOH of the program. 

The on-chip memory is always accessed with no wait 
states. When the external master is accessing RAM. the 
address lines are inputtothe chip. while the direction of the 
data lines is reversed from normal external memory ac­
cesses by the local CPU. Thus. both the address and data 
lines are bi-directional. 

The base address of this on-chip memory is selectable to 
any 2K boundary of the Z80 memory space. This is done 
by programming bits 0-4 of the Memory Page Address 
Register. If the on-chip RAM is enabled by setting bit5 of 
this register. these 5 bits provide the address lines A 11-
A 15 for the on-chip memory accesses. 

Wait State Generator 
The Z84C50 has a Wait State Generator for inserting wait 
states for extemal memory accesses. The on-chip memory 
does not require any wait states. The wait state generation 
is handled separately for the op-code fetches as the trans­
action timing for the Z80 op-code fetch is tighter. The user 
can set the "op-code fetch extension" bit (bit 5) of the 
Control Register (CR) thereby causing the Wait State 
Generator to insert one additional wait state. The bits 0-1 
of the Control Register are set to specify the wait states for 
the normal external memory accesses. The following table 
shows the wait states for various cycles: 
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Table 2. Wait States (Memory) 

CR (5) CR(1) CR(O) Op code Fetch Data 

0 0 0 0 0 
0 0 1 1 1 
0 1 0 2 2 
0 1 1 3 3 
1 0 0 1 0 
1 0 1 2 1 
1 1 0 3 2 
1 1 1 4 3 

Oscillation Detection Circuit 
The PlCC or QFP versions of Z84C50 allows crystal input 
(XTALI. XTAlO) or system clock input. If crystal input is 
provided. an internal oscillator is used to generate clocks 
for the Z80 as well as external devices. On power-up. it 
comes up in divide by 2 mode. If external clock (system 
clock) is provided on the ClK pin (or on 40-pin DIP 
version). the oscillator and the divide by 2 circuitry are 
bypassed. If the external clock or crystal input is provided 
on the XT Al pins. the internal oscillator is used and ttle 
divide-by-2 circuit is activated depending upon bit 4 of the 
Control Register. Also. the power-down modes of the 
84C50 vary based on whether the clock is crystal derived 
or is the system clock (ClK) Pin. If the clock is crystal 
derived all of the modes in "halt" state are available. If the 
external system clock is provided on the ClK pin (and 40-
pin DIP version). only thelDlE1 mode is applicable and 
the internal CPU is stopped if this mode is selected. 

Power-on Reset 
The Z84C50 has a power-up reset circuit. If RESET input is 
asserted within 150 microseconds of power-up (power 
supply above 2.2V). it is considered an input signal. 
Otherwise. an internal RESET signal is generated after the 
power is stabilized and output on the RESET pin for 
external use. The RESET signal is asserted for 25 to 75 
msec. After termination of the "power-on reset" cycle the 
pin will revert back to an input. It can also become an output 
again should the next extension operation not be disabled. 
If not enabled. it will continue as an input. 

The 84C50 registers are initialized on power-up reset as 
follows: Control Register :x010 1111 and Memory Page 
Register: xxOO 0000. The "x" represents unused bits and 
thus the values should be masked off. Other bits in the 
Control Register indicate that on reset the chip comes up 
with: 3 memory wait states. run mode. divide by two clock. 
op code extension bit enabled. and reset output enabled. 
The Memory Page Address Register is initialized to: zero 
page base address. and RAM disabled. 



Evaluation Mode 
The Z84CSO has a built-in evaluation mode feature which 
allows the users to utilize standard Z80 development 
systems very conveniently. During the power-up reset 
sequence, if the 10RO Signal is asserted by the user 
(input), the Z84CSO enters into an evaluation (or develop­
ment) mode. The 10RO signal must meet the setup and 
hold times with respect to the rising edge of RESET. In this 
mode, the internal CPU is immediately disconnected from 
the internal bus and all3-state signals are tri-stated. The tri­
stated are: AO-A 1S, 00-07, HALT, MREO, 10RO, RO, WR, 
M1, and RFSH. This allows the development system CPU 
to take over and use the internal RAM and I/O registers of 
the 84CSO like the CPU was on-chip. The wait state 
generator is utilized as before for external memory ac-

o cesses only. The 84CSO behaves similarly to the situation 
where during regular operation, the BUSREO signal is 
asserted by an external master causing all 3-state signals 
to be tri-stated by the 84CSO after one clock delay. The 
BUSREO approach was not used for the evaluation mode 
to avoid significant external circuitry, in order to work 
around the one clock delay before the external CPU can 
use the bus for 84CSO accesses. 

Clock Generator/Oscillator 
The PlCC and OFP versions of the Z84CSO has a built-in 
system clock generator for CMOS Z80 in addition to the 
standard functions of the Z84COO MPU. The explanation is 
provided in the following section with emphasis placed on 
the halt function relative to the clock generator, which is an 
additional function. The internal register group, reset and 
interrupt function are identical to those of the Z84COO. For 
details, please refer to the data sheet for the Z84COO. 

PROGRAMMING 

The Z84CSO has two internal 8-bit registers to support its 
functions. These two registers are called the Control 
Register and the Memory Page Address register. I/O ports 
"EE" and "EF" of the Z80 I/O space are allocated for the two 
registers. The following is a brief description of the soft­
ware model: 

Control Register ("EE") 
Bits 1-0. Memory Wait States. 

00 - No Wait State 
01 - 1 Wait State 
1 0 - 2 Wait States 
11 - 3 Wait States 

On power-on reset, these bits are "11" causing 3 wait 
states until changed by software. 

Generating the System Clock 
The PlCC and OFP versions of the Z84CSO have a built-in 
oscillation circuit and the required clock can be easily 
generated by connecting a crystal to the external terminals 
(XTAU, XTAlO). Clock output is the same frequency or 
half the frequency of the external frequency. Examples of 
oscillator connections are shown in Figure S. The values 
will change with crystal frequency. 

XTALI XTALO 

+---101-------. 

Figure Sa. Example of Oscillator Connection 
and Constant 

Cour 

33PF 

Figure 5b. Example of Oscillator Connection 
and Constant 

Bits 3-2. MS2/MS1 Halt Mode Selection inputs. One of 
4 halt modes is selected as follows: 

00 -IOlE1 Mode: Oscillator running, ClK and CPU 
operations are stopped. 

01 -STOP Mode:Osciliator, ClK, and CPU operations 
are stopped. 

10 -IOlE2 Mode: Oscillator and ClK running, CPU 
operations are stopped. 

11 - RUN Mode: CPU continues the operation and 
supplies clock to the outside. 

The detailed operations and timing diagrams for these 
modes are given elsewhere in this document. 

On-power-on reset these bits are "11". 
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Bit 4. Clock Divide-by-One Option. When set to 1, the 
external clock input on the XTAl pins is divided by 1 as 
the divided by 2 circuitry is bypassed. 

When cleared to 0, the input clock on the XTAl pins is 
divided by two. The oscillator is used in either case. 

When the external system clock is input on the ClK pin, 
this bit is ignored. Also the on-chip oscillator and divide 
by two circuits are bypassed. 

On Power-on reset, this bit is "0". 

Bit 5. Op Code Fetch Extension Enable. When set to 1, 
this bit causes the generation of an additional wait state 
for extemal op code fetches. This wait state is in 
addition to the wait states specified by bits 1-0 for other 
external memory accesses. On power-on reset, this bit 
is 1. 

Bit 6. Reset Output Disable. This bit controls whether 
the RESET signal is driven out when reset input is used 
to take the 84C50 out of the "halt" state. RESET pulse is 
driven out unless this bit is set. 

OPERATION MODES 

There are four kinds of operation modes available for the 
Z84C50 in connection with clock generation; RUN Mode, 
IDlE1/2 Modes and STOP Mode. 

Bit 7. Unused. This bit should be set to "0" when writing 
into this register. When the register is read, this bit is 
read as "0". 

Memory Page Address Register ("EF") 
Bits 4-0. Page Base Address.These 5 bits select the 2K 
boundary where the base address of the on-chip 2K 
RAM is located. This essentially provides the address 
A 15-A 11 for the on-chip memory accesses. There are 
no wait states generated for the on-chip memory ac­
cesses. These bits are cleared on reset. 

Bit 5. RAM Enable 

When this bit is set to 1, the on-chip RAM is enabled. 
This bit is normally "0" on power-up reset except when 
the BUSREQ precedes the de-assertion of RESET. 

Bits 6-7. Unused. 

These bits should be set to "0" when writing to this 
register. When the register is read, these bits are read 
as "0", 

The operation mode is effective when the halt instruction is 
executed. Restart of MPU from the stopped state under 
IDlE1/2 Mode or STOP Mode is effected by inputting 
either RESET or interrupt(INT or NMI). 

Table 3. Clock Generating Operation Modes 

Operation Mode CR(3) 

Run Mode 

IDLE 1 Mode o 

IDLE 2 Mode 

STOP Mode o 
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CR(2) 

o 

o 

Description at HALT State 

MPU continues the operation and supplies clock to 
the outside continuously. 

The internal oscillator's operation is continued. 
Clock (ClK) output are as well as internal operations 
stopped at "0" level of T 4 state in the halt 
instruction operation code fetch cycle. 

The internal oscillator's operation and clock (ClK) 
output are continued but the internal operations are 
stopped at "0" level of T 4 state in the halt 
instruction operation code fetch cycle. 

All operations of the internal oscillator, clock (ClK) 
output, and internal operation are stopped at "0" 
level of T 4 state in the halt instruction operation 
code fetch cycle, 



All of the operating modes listed above are valid with 
crystal input. For the external clock input on the ClK pin 
(and 40-pin DIP version): only the IDlE2 and RUN modes 
are applicable. 

Start-up Time at Time of Restart (STOP Mode) 
When the MPU is released from the halt state by accepting 
an interrupt request, it executes an interrupt service 
routine. Therefore, when an interrupt request is accepted, 
the MPU starts generating an internal system clock and 
clock output after a start-up time by the internal counter 
[(214 +2.5) TcC (TcC: Clock Cycle)] to obtain a stabilized 
oscillation for MPU operation. 

Further, in case of the restart by RESET signal, the internal 
counter does not operate for a quick operation at time of 
power-on. 

Basic Timing 
The basic timing is explained here with emphasis placed 
on the halt function relative to the clock generator. The 
following items are identical to those for the Z84COO. Refer 
to the data sheet for the Z84COO. 

Operation code fetch cycle 

Memory read/write operation 

M1 CYCLE 

l 111 T1 

ClK 

HALT 

M1 

HALT OP CODE 
FETCH CYCLE 

M1 CYCLE 

T3 

NOP EXECUTION 

Input/output operation 

Bus request/acknowledge operation 

Maskable interrupt request operation 
Non-maskable interrupt request operation 

Reset operation 

Operation When HALT Instruction is Executed 
When the MPU fetches a halt instruction in the operation 
code fetch cycle, the HALT signal goes active (low) in 
synchronous with the falling edge of T 4 before the periph­
eral lSI and MPU stops the operation. After this the system 
clock generating operation after this differs depending 
upon the operation mode (RUN Mode, IDlE1/2 Mode or 
STOP Mode). If the internal system clock is running, the 
MPU continues to execute NOP instructions even in the 
halt state. 

RUN Mode (MS1=1, MS2=1). Shown in Figure 6 is the 
basic timing when the halt instruction is executed in RUN 
Mode. 

In RUN Mode, system clock (0) in MPU and clock output 
(ClK) are not stopped, even after the halt instruction is 
executed. Therefore, until the halt state is released by the 
interrupt signal (NMI or INT) or RESET signal. MPU contjn­
ues to execute NOP instructions. 

l 
M1 CYCLE 

T4 T1 T2 T3 

NOP EXECUTION 

Figure 6. Timing of RUN Mode 
(at Halt Command Execution) 
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IDLE1 Mode (MS1 =0, MS2=0). Shown in Figure 7 is the 
basic timing when the halt instruction is executed in IDlE1 
Mode. 

T4 

In IDlE1 Mode, system clock (0) in the MPU and clock 
output (ClK) are stopped, and MPU stops its operation 
after the halt instruCtion is executed. However, the internal 
oscillator continues to operate. 

ClK ~~----------------~~~-------
o (INTERNAL 
SYSTEM CLOCK) 

HALT 
~~ _______ M_P_U_O_P_E_RA __ T_IO_N_S_T_O_P ______________ :~ ____________ _ 

"1" 
M1 

HALT INSTRUCTION OPERATION .1 
CODE FETCH CYCLE ----------"""1 

Figure 7. IDLE1 Mode Timing 
(at Halt Instruction Execution) 

IDEL2 Mode (MS1 =0, MS2= 1). Shown in Figure 8 is the 
basic timing when the halt instruction is executed in IDlE2 
Mode. 

ClK 

In IDlE2 Mode, system clock (0) in MPU is stopped and 
MPU stops its operation after the halt instruction is exe­
cuted. However, the internal oscillator and clock output 
(ClK) to the outside of MPU continues to operate. 

12) (INTERNAL 
SYSTEM CLOCK) 

HALT 
~~ _______ M __ P_U_O_P_E_RA __ TI_O_N_S_T_O_P ______________ ~:~ ______ _ 

"1" 

HALT INSTRUCTION OPERATION _I 
CODE FETCH CYCLE ---------... 
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Figure 8. IDLE2 Mode Timing 
(at Halt Instruction Execution) 



STOP Mode (MS1=1, MS2=0). Shown in Figure 9 is the 
basic timing when the halt instruction is executed in STOP 
Mode. 

T1 T2 

ClK 

T3 

In STOP Mode, internal operation and the internal oscillator 
are stopped after the halt instruction is executed. There­
fore, system clock (0) in the MPU and clock output (elK) 
external to the MPU, are stopped. 

T4 

ClK OUTPUT STOP 

o (INTERNAL 
SYSTEM CLOCK) 

HALT ~L-___ M_PU_O_P_E_R_A_T_IO_N_S_T_O_P ___ _ 

M1 

HALT INSTRUCTION OPERATION 
CODE FETCH CYCLE 

Figure 9. Stop Mode Timing 
(at Halt Instruction Execution) 

Release from Halt State 
The halt state of MPU is released when "0" is input to 
RESET signal and MPU is reset or an interrupt request is 
accepted. An interrupt request signal is sampled at the 
leading edge of the last clock cycle (T 4 state) of NOP 
instruction. In case of the maskable interrupt, interrupt will 
be accepted by an active INT signal ("0" level). Also the 
interrupt enable flip-flop must have been set to "1". The 
accepted interrupt process is started from the next cycle. 

Further, when the internal system clock is stopped (IDlE1/ 
2 Mode, STOP Mode), it is necessary to first restart the 
internal system clock. The internal system clock is re­
started when RESET or the interrupt Signal (NMI or INT) is 
asserted. 

RUN Mode (MS 1, MS2= 1). The halt release operation by 
acceptance of interrupt request in RUN Mode is shown in 
Figure 10. 

In RUN Mode the internal system clock is not stopped, and 
therefore, if the interrupt signal is recognized at the rise of 
T 4 state of the continued NOP instruction, MPU will exe­
cute the interrupt process from the next cycle. 

The halt release operation , by resetting MPU in RUN Mode, 
is shown in Figure 11. After reset. MPU will execute an 
instruction starting from address OOOOH. However, in order 
to reset MPU, it is necessary to keep RESET signal at "0" 
for a least 3 clocks. In addition, if RESET signal becomes 
"1 ", after the dummy cycle for at least two T states, MPU 
executes an instruction from address OOOOH. 
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HALT INSTRUCTION NOP INSTRUCTION EXECUTION INTERRUPT PROCESS 
EXECUTION 

CLK 

'" (INTERNAL 
SYSTEM CLOCK) 

HALT 

NMI 

INT 

l .. 

T4 Tl T2 Tl 

Ml l 
T2 T3 T4 Tl T2 

'---_--Ir 
U L ~ MPU INTERNAL 

- - - - -. - - LATCH FOR NMI 

INTERRUPT SAMPLE TIMING 

Figure 10. Halt Release Operation Timing by Interrupt Request Signal in RUN Mode 

HALT INSTRUCTION 

EXECUTION "I 

CLK 

o (INTERNAL 
SYSTEM CLOCK) 

T4 

I EXECUTE INSTRUCTION 
ADDRESS OOOOH • • 

T1 T2 

HALT 

M1 

L----il-SS-----Ir 
55 

RESET 

Figure 11. Halt Release Operation Timing by reset in RUN Mode 

IDLE1 Mode (MS1 =0, MS2=0), IDLE2 Mode (MS1 =0, 
MS2= 1). The halt release operation by interrupt signal in 
IDLE1 Mode is shown in Figure 12 (a) and in IDLE2 Mode 
in Figure 12 (b). 
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When receiving NMI or INT signal, MPU starts the internal 
system clock operation. In IDLE1 Mode, MPU starts clock 
output to the outside at the same time. 



The operation stop of MPU in IDLE/2 Mode is taking place 
at "0" level during T 4 state in the halt instruction operation 
code fetch cycle. Therefore, after being restarted by the 

ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

NMI 

INT 

T4 

interruption signal, MPU executes one NOP instruction 
and samples an interrupt signal at the rise of T 4 state 
during the execution of this NOP instruction, and executes 
the interrupt process from next cycle. 

NOP INSTRUCTION EXECUTION 

I- -I 
T1 T2 T3 T4 T1 

_________ L __ ;-MPU INTERNAL 
LATCH FOR NMI 

INTERRUPT SAMPLING TIMING 

Figure 12. (a) IDLE1 Mode 

ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

NMI 

INT 

NOP INSTRUCTION EXECUTION 

I- -I 

_________ L __ ;-MPU INTERNAL 

LATCH FOR NMI 

INTERRUPT SAMPLING TIMING 

Figure 12. (b) IDLE2 Mode' 

Figure 12. Halt Release Operation Timing by Interrupt Request Signal in IDLE1/2 Mode 
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If no interrupt signal is accepted during the execution of 
the first NOP instruction after the internal system clock is 
restarted, MPU is not released from the halt state and is 
placed in IDLE1/2 Mode again at "0" level during T 4 state 
of the NOP instruction, stopping the internal system clock. 
If INT signal is not at "0" level at the rise of T 4 state, no 
interrupt request is accepted. 

The halt release operation, by resetting MPU in IDLE1 
Mode, is shown in Figure 13 (a) and that in IDLE2 Mode in 
Figure 13 (b). 

ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

RESET 

When the RESET signal at "0" level is input into MPU, the 
internal system clock is restarted and MPU will execute an 
instruction stored in address OOOOH. 

Atthe time of RESET signal input, it is necessary to take the 
same care as that in resetting MPU in RUN Mode. 

EXECUTIVE INSTRUCTION FROM 
ADDRESS OOOOH 

Figure 13. (a) IDLE1 Mode 

ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

M1 

RESET 
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Figure 13. (b) IDLE2 Mode 

EXECUTIVE INSTRUCTION FROM 
ADDRESS OOOOH 

Figure 13. Halt Release Operation Timing by Reset in IDLE1/2 Mode 



STOP Mode (MS1 = 1, MS2=O). The halt release operation 
by interrupt signal in STOP Mode is shown in Figure 14. 

When MPU receives an interrupt signal, the internal oscil­
lator is restarted. In order to obtain stabilized oscillation, 
the internal system clock and clock output to the outside 
are started after a start-up time of [(2'4 +2.5) TcC (TcC: 
Clock Cycle)] by the internal counter. 

MPU executes one NOP instruction after the internal sys­
tem clock is restarted and at the same time, sampling an 
interrupt signal at the rise of T 4 state during the execution 
of this NOP instruction. If the interrupt signal is accepted, 
MPU executes the interrupt process operation from next 
cycle. 

ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

NMI 

T4 

At time of interrupt signal input, it is necessary to take the 
same care as that in the interrupt Signal input in IDLE1/2 
Mode. The halt release operation by MPU resetting in 
STOP Mode is shown in Figure 15. 

When the RESET signal at "0" level is input into MPU, the 
internal oscillator is restarted. However, since it performs 
a quick operation at time of power-on, the internal counter 
does not operate. Therefore, the operation may not be 
carried out properly due to an unstable clock immediately 
after the signal in STOP Mode. Thus, it is necessary to hold 
the RESET Signal at "0" level for sufficient time. In the 
84C50, the external RESET signal requirements are the 
same as in the power-up reset. Internally, the reset pulse 
is stretched by 2'4 + 16 cycles to allow the oscillator to 
settle down. This elongated reset signal is driven out of the 
84C500n the reset pin if bit 6 01 the control register has not 
been set. Setting bit 6 disables the driving out of reset. 

NOP COMMAND EXECUTION 

T1 T2 T3 T4 T1 

1 I 
___ ...IL _______________ 1 ___ r-- MPU INTERNAL 

7r 1 LATCH FOR NMI 

INT 

1...-____ _ 

INTERRUPT SAMPLING TIMING 

Figure 14. Halt Release Operation Timing by Interrupt Request Signal in STOP Mode 
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ClK 

o (INTERNAL 
SYSTEM CLOCK) 

HALT 

Ml 

RESET 

EXECUTIVE INSTRUCTION FROM 
ADDRESS OOOOH 

T1 T2 T3 

Figure 15. Halt Release Operation Timing by reset in STOP Mode 

Instruction Set 
Instruction set of the Z84C50 is the same as that for the Z84COO. For details refer to the data sheet for the Z84COO. 

CPU TIMING 

Timing Diagrams. The Z84C50 CPU executes instructions 
by proceeding through a specific sequence of operations: 

• Memory read or write 

• I/O device read or write 

• Interrupt acknowledge 

The basic clock period is referred to as a Time or Cycle, 
and three or more T cycles make up a machine cycle (M1, 
M2 or M3 for instance). Machine cycles can be extended 
either by the CPU automatically inserting one or more Wait 
states or by the insertion of one or more Wait states by the 
user. 
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Instruction Opcode Fetch. The CPU places the contents of 
the Program counter (PC) on the address bus at ttle start 
of the cycle (Figure 16). Approximately one-half clock 
cycle later, MREQ goes active. When active, RD indicates 
that the memory data can be enabled onto the CPU data 
bus. 

The CPU samples the WAIT input with the falling edge of 
clock state T2. During clock states T3 and T 4 of an M 1 
cycle, dynamic RAM refresh can occur while the CPU 
starts decoding and executing the instruction. 
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Data in 

Internal 
Memory 
Access, 
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C50ADDR 
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DO- D7 Floating 1,.---+----------------
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________ r 
Figure 16. Instruction Op code Fetch 
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Memory Read or Write Cycles. Figure 17 shows the timing 
of memory read or write cycles other than an opcode fetch 
(M1) cycle. The MREQ and RD signals function exactly as 
in the fetch cycle. 

In a memory write cycle, MERQ also becomes active when 
the address bus is stable. The WR line is active when the 
data bus is stable, so that it can be used directly as an 
R/W pulse to most semiconductor memories. 
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Input or Output Cycles. Figure 18 shows the timing for an 
I/O read or I/O write operation. During I/O operation, the 
CPU automatically inserts a single Wait state (TwA)' This 

extra Wait state allows sufficient time for an I/O port to 
decode the address from the port address lines. 

-I 
®~ Extemal 

VORead 
Operation - ® i- " @--

Extemal 
VOWrite 
Operation 

Do· 07 

Data In 

C50ADDR 

Internal {D . 0 
Read 0 7 

Operation Data Out 
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Operation Data Out 
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'\.'\.'\.'\. rr " H®-J-!-__ ~..1o.----J JIJ.I------' -l@) __ 'i-o---

------~------~--~ 

r-I __ -l--C33 

JJ Data Out ~ 
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,~---------------------~\ 
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Note: TWA = One wait cycle automatically inserted by CPU. 

Figure 18. Input or Output Cycles 
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Interrupt RequesVAcknowledge Cycle. The CPU samples 
the interrupt signal with the rising edge of the last clock 
cycle at the end of any instruction (Figure 19). When an 
interrupt is accepted, a special M1 cycle is generated. 

NOTE: 1) T LI = Lasl ._ of any Insbuction cycle. 

2) TWA = Wall cycle automatically Insarted by CPU. 

During this M1 cycle, IORO becomes active (instead of 
MREO) to indicate that the interrupting device can place 
an 8-bit vector on the data bus. The CPU automatically 
adds two Wait states to this cycle. 

Figure 19. Interrupt Request/Acknowledge Cycle 
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Non-Maskable Interrupt Request Cycle. NMI is sampled at 
the same time as the maskable interrupt input I NT, but has 
higher priority and cannot be disabled under software 
control. The subsequent timing is similar to that of a normal 

memory read operation except thatdata put on tile bus by 
the memory is ignored. The CPU instead executes a restart 
(RST) operation and jumps to the NMI service routine 
located at address 0066H (Figure 20). 

Clock 

-- LastMCycle - __ I--------------Ml-------------~ 

* 
- -----------------------------------n'S 

--- -------------------------------------

PC 

* Afthough NMI is an asynchronous input. to guarantee its being recognized on the following machine cycle. NMI's lalling edge 
must occur no later than the rising edge 01 the clock cycle preceding the last state of any instruction cycle (T u ). 

Figure 20. Non-Maskable Interrupt Request Operation 
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Bus Request/Acknowledge cycle. The CPU samples 
BUSREQ with the rising edge of the last clock period of any 
machine cycle (Figure 21). If BUSREQ is active, the CPU 
sets its address, data, and MREQ, 10RQ, RD, and WR lines 

Clock 

MREO 

RD,WR 

lORa, Ml 

HALT,RFSH 

Notes: 1) T LM = Last state 01 any M cycle. 

to a high-impedance state with the rising edge of the next 
clock pulse. At that time, any external device can take 
control of these lines, usually to transfer data between 
memory and I/O devices. 

2) TX = An arbitrary clock cycle used by requesting device. 

Figure 21. BUS Request/Acknowledge Cycle 

178 



Read 
Operation 

Write 
Operation 

-@ -@-

) Valid Address K 
71 7B 

\ !-@-
J \ 

I\..-

72 

L \ 

" 
Previous Data 

Roaling 
Output Valid 

- ® -@ 
C50ADDR t ______ _ 

Figure 22(a). Bus Acknowledge Timing for Internal Memory Read or Write Cycles 

179 



110 
Read 

Operation 

1/0 
Write 

Operation 

180 

C50ADDR 

---®--

=>- Valid Port Address K 
60 

\ I 
--@-

59 

\ i 

'\. Floating 

/ 
Output Valid 

- @i=. kv--

\ 

~ 
~ 
-®-

//// ) Valid Data Input ( '\.'\.'\.'\. 

\ / 

Figure 22(b). Bus Acknowledge Timing for Internal 110 Cycles 



Halt Acknowledge Cycle. 

--- Ml ----*1-o----------- Ml ----------_ .. --11 .. _---- Ml ----

~ ~ ~ ~ ~ 

Clock 

Halt instruction Received " M ~ 

----------~~----------
• Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling 
edge must occur no later than the rising edge of the clock cycle preceding the last state of any instruction cycle (TLI ). 

Figure 23. Halt Acknowledge 

Reset Cycle. RESET must be active for at least three clock 
cycles for the CPU to properly accept it. As long as RESET 
remains active, the address and data buses float. and the 
control outputs are inactive. 

Clock 

Once RESET goes inactive, two internal T cycles are 
consumed before the CPU resumes normal precessing 
operation. RESET clears the PC register, so the first op­
code fetch will be location OOOOH (Figure 24). 

1----- M1 ----

----------------------~~~£r!------------------~~ ~~ ________ __ ______ -JI ~ 
MREO 

Ro,WR 

IORO 

BUSACK 
HALT 

I/lft! 
Figure 24. Reset Cycle 

\'------
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PRECAUTIONS 

To reset the MPU, is is necessary to hold the RESET signal 
input at "0" level for at least three clocks. 

In particular, to release the HAL Tstate by the RESET signal 
in STOP Mode, hold RESET signal at "0" level for sufficient 
time in order to stabilize output from the internal oscillator. 

In releasing the MPU from the HALT state by interrupt 
signal in IDLE1/2 Mode and STOP Mode, the MPU will not 
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be released from the HALT state. Also, the internal system 
clock will stop again unless an interrupt signal is accepted 
during the execution of an NOP instruction ,even when the 
internal system clock is restarted by the interrupt signal 
input. Care must be taken when INT is used. 

Other precautions are identical to those for the Z84COO. 
Refer to the data sheet for the Z84COO. 



AC CHARCTERISTICS 

AC CHARACTERISTICS TA = O°C to 700C, VCC = 5V +/-10%, VSS = OV. 

No Symbol Parameter Min Max Unit 

1 TcC Clock cycle time 100 DC ns 
2 TwCh High clock pulse width 40 DC ns 
3 TwCI Low clock pulse widtll 40 DC ns 
4 TIC Clock falling time 10 ns 
5 TrC Clock rising time 10 ns 

6 TdCr(A) Effective address output delay from clock rise 60 ns 
7 TdA (MREQf) Address output definite time prior to MREO ns 
8 TdCf (MREOf) Delay from clock fall to MREO = 'L' 55 ns 
9 TdCf (MREQr) Delay from clock rise to MREO = 'H' 55 ns 
10 TwMREOh MREO high level pulse width ns 

11 TwMREOI MREO low level pulse width ns 
12 TdCf (MREOr) Delay from clock fall to MREO = 'H' 55 ns 
13 TdCf (RDf) Delay from clock fall to RD = 'L' 65 ns 
14 TdCr (RDr) Delay from clock rise to RD = 'H' 55 ns 
15 TsD (Cr) Data set-up time for Clock rise 25 ns 

16 ThO (RDr) Data hold time for RD rise 0 ns 
17 TsWAIT (Cf) Wait signal set-up time for clock fall 20 ns 
18* ThWAIT(Cf) Wait hold time after clock fall 10 ns 
19 TdCr (Mif) Delay from clock rise to MT = 'L' 65 ns 
20 TdCr(Mir) Delay from clock rise to M1 = H' 65 ns 

21 TdCf(RDr) Delay from clock fall to RD = 'H' 55 ns 
22 TdCr (RDF) Delay from clock rise to RD = 'L' 55 ns 
23 TsD (Cf) Data set-up time for clock fall 40 ns 
24 TdA(IOROf) Address definite time prior to IORO fall ns 
25 TdCr (IOROf) Delay from clock rise to IORO = 'L' 50 ns 

26 TdCf (IOROr) Delay from clock fall to IORO = 'H' 55 ns 
27 TdD(WRF) Data definite time prior to WR fall ns 
28 TdCf(WRF) Delay from clock fall to WR = 'L' 55 ns 
29 TwWR WR pulse width ns 
30 TdCf (WRr) Delay from clock fall to WR = 'H' 55 ns 

31 TdD (WRf) Data definite time prior to WR fall ns 
32 TdCr (WRf) Delay from clock rise to WR = 'L' 50 ns 
33 TdWRr (D) Output data holding after WR = 'H' ns 
34 TdCf (HALT) Delay from clock fall to HALT = 'L' or 'H' 100 ns 
35 TwNMI NMI pulse width 60 ns 

36 TsBUSREQ (Cr) Set-up time for clock rise 35 ns 
37* ThBUSREO (Cr) BUSREO hold time after clock rise 15 ns 
38 TdCr (BUSACKf) Time from clock rise to BUSACK = 'L' 75 ns 
39 TdCf (BUSACKr) Time from clock fall to BUSACK = 'H' 75 ns 
40 TdCr (Dz) Delay from clock rise to data bus float state 65 ns 
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AC CHARACTERISTICS (Continued) 

No Symbol Parameter Min Max Unit 

41 TdCr(CTz) Delay from clock rise to control output float state 60 ns 
(MREQ, IORO, RD, WD) 

42 TdCr(Az) Delay from clock rise to address bus float state 75 ns 
43 TdCTr (A) ~s hold time from MREO, IORO, RD, or WR ns 
44 TsRESET (Cr) RESET set-up time for clock rise 40 ns 
45' ThRESET (Cr) RESET hold time for clock rise 15 ns 

46 TslNTf (Cr) INT set-up time for clock rise 50 ns 
47* ThlNTr (Cr) INT hold time after clock rise 15 ns 
49 TdCf (IOROf) Delay from clock fall to IORO = 'l' 55 ns 
50 TdCr (IOROr) Delay from clock rise to IORO = 'H' 55 ns 
51 TdCf (D) Delay from clock fall to data output 110 ns 

52 TRST1S Clock (ClK) restart time by INT (STOP mode) (typ )(214+ 2.5 )xT cC ns 
53 TRST2S Clock (ClK restart time by NMI (STOP mode) (typ )(214+2.5)xTcC ns 
54 TRST11 Clock (ClK) restart time by INT (IDlE1/2 mode) (typ) 2.5 TcC ns 
55 TRST21 Clock (ClK) restart time by NMI (IDlE1/2 mode) (typ) 2.5 TcC ns 
56 TdMIf (C50ADDRy) Delay from MREO or IORO falling to C50ADDR = 'H' 35 ns 

57 TdMlr (C50ADDRf) Delay from MREO or IORO rising to C50ADDR = 'l' 30 ns 
58 TRESETi RESET input test range 50 150 J1S 
59 TRDf (D) RD falling to output data valid 60 ns 
60 TMI(D) IORO or MREO falling to output data valid 70 ns 
61 TsD(WRr) Data set-up time prior to WR rising 30 ns 

62 ThO (WRr) Data hold time after WR rising 5 ns 
63 Td RESET RESETIN falling to RESETOUT delay 50 ns 
64 Tw RESET Automatic Power-up pulse width 25 75 ms 
65 Td IOROf (RESETr) IORO set-up time before RESET rising to set EV mode 15 ns 
66 ThRESETr (IOROf) IORO hold time from RESET rising to EV mode 10 ns 

67 Tc IOROr (RESETr) IORO set-up time before RESET rising to clear EV mode 15 ns 
68 TcRESETr (IOROf) IORO hold time from RESET rising to clear EV mode 10 ns 
69 Ts XTALIN XT ALIN sampling start time 15 45 ms 
70 TwXTALlN XT ALIN sampling window duration 10 30 ms 
71 TCr (ClK) Clock rising to 84C50 ClK out delay 30 ns 

72 TeRD! (D) RD falling to output data valid for external access 70 ns 
of on-chip memory 

73 TeMREQf(D) MREO falling to output data valid for external access 80 ns 
of on-chip memory 

74 ThWRr Address hold time from WR rising 15 ns 
75 Ts MREOf Address set-up time to MREO/IORO falling for BUSACK cycle 20 ns 
76 Th MREQf Address hold time from MREO falling for BUSACK cycle 20 ns 

77 TI MREQ MREO low pulse width for BUSACK cycle 40 ns 
78 Th MREQ MREO high pulse width for BUSACK cycle 30 ns 
79 Th RDf Address hold time from RD falling for BUSACK cycle 20 ns 
80 Td RDr (Of) RD rising to output data floating for BUSACK cycle 10 ns 
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AC CHARACTERISTICS (Continued) 

* Test conditions are: CL = 100 pI 
** NOTES: AC Characteristics (per line item number). 

Number Symbol General Parameter 

1 TcC TwCh + TwCI + TrC + TIC 
7 TdA (MEREOI) TwCh + TIC - 45 
10 TwMREOh TwCh + TIC - 25 
11 TwMREOI TcC - 30 
24 TdA(IOROI) TcC - 50 
27 TdO (WRI) TcC - 100 

29 TwWR TcC - 25 
31 TdO(WRI) TwCI + TrC - 100 
33 TdWRr (0) TwCI + TrC - 50 
43 TdCTr(A) TwCI + TrC - 45 
48 TdM1f (IOROI) 2TcC + TwCh + TIC - 45 

AC Test Conditions: 

V,H = 3V VOH = 2V V,HC = Vcc -0.6V FLOAT = + -0.5V 
V,L = .5V VOl = .8V V'LC = .5V V cc = 4.5 TO 5.5V 
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DC CHARACTERISTICS 

DC CHARACTERISTICS VCC = 5.0 V +/- 10% unless otherwise specified 

Symbol Parameter Min Max 

VOHC Clock output high voltage VCC-0.6 

VOLC Clock output low voltage 0.4 
VIH Input high voltage 2.2 VCC 
VIL Input low voltage -0.3 0.8 

VOL Output low voltage 0.45 

VOHI Output high voltage 2.45 

VOH2 Output high voltage VCC-0.81.5 

ICCI Power supply current 10 MHz 50 

Icc2 Power supply current (STOP mode) 101.3 

ICC3 Power supply current (IDLEl mode) 41 

IcC4 Power supply current (IDLE2 mode) 151 

III Input leakage current -10 lQ4 
ILO 3-state output leakage -10 102 

Current in float 

1. Measurements made with outputs floating 

Unit 

V 
V 
V 
V 

V 
V 
V 

mA 

J.IA 
mA 

mA 

J.IA 
J.IA 

Condition 

-2mA 
+2mA 

IOL = 2.0mA 
IOH =-1.6mA 
IOH = -250J.IA 

Vcc = 5V 
V"H = Vcc -0.2V 

V"L = 0.2V 
XTALIN = 10 MHz 

Vcc = 5V 
VIH = Vcc -O.2V 

VIL = 0.2V 
XTALIN = 10 MHz 

VIH - Vcc -0.2V 
VIL = O.2V 

XT ALiN = 10 MHz 
VIN = 0.4 to V cc 

Vour = 0.4 to Vcc 

2. A15 -Ao' D7-Do' MREO, IORO, RD, and WR. Except on RD pin of 40-pin DIP Version, where I LO = ± 25 J.IA. 
3. Icc2 standby current is guaranteed when the halt pin is low in STOP mode. 
4. All pins except XTALI , wher~1 = ± 25 J.IA. 
5. A 15-AO' D7-Do' MREO, IORO, RD, WR, HALT, Ml, and BUSACK. 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 
Voltage on Vcc with respect to Vss ........ -0.3V to + 7V 
Voltages on all inputs with respect to Vss .... -0.3V to Vcc 
+0.3V 
Operating Ambient 
Temperature .......... See Ordering Information 
Storage Temperature ............. -65° C to 1500 C 

Standard Test Conditions 
The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

E = -40°C TO + 100°C 
S=O°C to 70°C 
Voltage Supply Range: +4.50V.$. Vcc .$. + 5.50V 

All AC parameters assume a load capacitance of 100 pI. 
Add 10 ns delay for each 50 pf increase in load up to a 
maximum of 150 pf for the data bus and 100 pf for address 
and control lines. AC timing measurements are referenced 
to 1.5 volts (except for clock, which is referenced to the 
10% and 90% points). Maximum capacitive load for ClK 
is 125 pI. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to tile de­
vice. This is a stress rating only; operation of the device at 
any condition above tllose indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in tile Pack­
age Information section. Refer to the Literature List for 
additional documentation. 
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FEATURES 

• Two independent full-duplex channels with separate 
modem controls. Modem status can be monitored. 

• In x1 clock mode, data rates are 0 to SOOK bits/second 
with a 4.0 MHz clock, or 0 to 1.2 M bits/second with a 6.0 
MHz clock. 

• Receiver data registers are quadruply buffered; the 
transmitter is doubly buffered. 

• Programmable options include 1, 1'/2, or 2 stop bits; 
even, odd, or no parity; and x1, x16, x32, and x64 clock 
modes. 

GENERAL DESCRIPTION 

The zao DART (Dual-Channel Asynchronous Receiver/ 
Transmitter) is a dual-channel multifunction peripheral 
component that satisfies a wide variety of asynchronous 
serial data communications requirements in microcomputer 
systems. The zao DART is used as a serial-to-parallel, 
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Figure 1. Pin Functions 

Z8470 Z80® DART 
Dual Asynchronous 
Receiver/Transmitter 

Product 
Specification 

• Break generation and detection as well as parity-, 
overrun-, and framing-error detection are available. 

• Interrupt features include a programmable interrupt 
vector, a "status affects vector" mode for fast interrupt 
processing, and the standard zao peripheral daisy­
chain interrupt structure that provides automatic interrupt 
vectoring with no external logic. 

• On-chip logic for ring indication and carrier-detect status. 

parallel-to-serial converter/controller in . asynchronous 
applications. In addition, the device also provides modem 
controls for both channels. In applications where modem 
controls are not needed, these lines can be used for 
general-purpose I/O. 
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Zilog also offers the Z80 SIO, a more versatile device that 
provides synchronous (Bisync, HDLC, and SDLC) as well 
as asynchronous operation. 

PIN DESCRIPTION 

B/A. Channel A or B Select (input, High selects Channel B). 
This input defines which channel is accessed during a data 
transfer between the CPU and the Z80 DART. 

C/O. Control or Data Select (input, High selects Control). 
This input specifies the type of information (control or data) 
transferred on the data bus between the CPU and the Z80 
DART. 

CEo Chip Enable (input, active Low). A Low at this input 
enables the Z80 DART 'to accept command or data input 
from the CPU during a write cycle, or to transmit data to the 
CPU during a read cycle. 

ClK. System Clock (input). The Z80 DART uses the 
standard Z80 single-phase system clock to synchronize 
internal signals, 

CTSA, CTSB. Clear To Send (inputs, active Low). When 
programmed as Auto Enables, a Low on these inputs 
enables the respective transmitter. If not programmed as 
Auto Enables, these inputs may be programmed as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow-risetime signals, 

Do·D7' System Data Bus (bidirectional, 3-state), This bus 
transfers data and commands between the CPU and the 
Z80 DART. 

DCDA, DCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if the Z80 DART is 
programmed for Auto Enables; otherwise they may be used 
as general-purpose input pins, Both pins are Schmitt-trigger 
buffered. 

DTRA, DTRB. Data Terminal Ready (outputs, active Low). 
These outputs follow the state programmed into the DTR bit. 
They can also be programmed as general-purpose outputs. 

lEI. Interrupt Enable In (input, acti"e High). This signal is 
used with lEO to form a priority, daisy chain when there is 
more than one interrupt-driven device. A High on this line 
indicates that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High). lEO is High 
only if lEI is High and the CPU is not servicing an interrupt 
from this Z80 DART. Thus, this signal blocks lower priority 
devices from interrupting while a higher priority device is 
being serviced by its CPU interrupt service routine. 

INT. Interrupt Request (output, open drain, active Low). 
When the Z80 DART is requesting an interrupt, it pulls INT 
Low. 

M1. Machine Cycle One (input from Z80 CPU, active Low). 
When M1 and RD are both active, the Z80 CPU is fetching 
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The Z80 DART is fabricated with n-channel silicon-gate 
depletion-load technology, and is packaged in a 40-pin 
plastic or ceramic DIP (Figures 1 and 2). 

an instruction from memory; when M1 is active while lORa 
is active, the Z80 DART accepts M1 and lORa as an 
interrupt acknowledge if the Z80 DART is the highest priority 
device that has interrupted the Z80 CPU, 

IORQ. Input/Output Request (input from CPU, active Low). 
lORa is used in conjunction with B/A, C/O, CE, and RD to 
transfer commands and data between the CPU and the Z80 
DART. When CE, RD, and lORa are all active, the channel 
selected by B/Atransfers data to the CPU (a read operation). 
When CE and lORa are active, but RD is inactive, the 
channel selected by BIA is written to by the CPU with either 
data or control information as specified by C/O. 

RxCA, RxCB. Receiver Clocks (inputs). Receive data is 
sampled on the rising edge of RxC. The Receive Clocks 
may be 1, 16, 32, or 64 times the data rate. 

RD. Read Cycle Status (input from CPU, active Low). If RD is 
active, a memory or I/O read operation is in progress. 

RxDA, RxDB. Receive Data (inputs, active High). 

RESET. Reset (input, active Low). Disables both receivers 
and transmitters, forces TxDA and TxDB marking, forces the 
modem controls High, and disables all interrupts. 

RIA, RIB. Ring Indicator (inputs, active Low). These inputs 
are similar to CTS and DCD. The Z80 DART detects both 
logic level transitions and interrupts the CPU. When not used 
in switched-line applications, these inputs can be used as 
general-purpose inputs. 

RTSA, RTSB. Request to Send (outputs, active Low). When 
the RTS bit is set, the RTS output goes Low. When the RTS bit 
is reset, the output goes High after the transmitter empties. 

TXCA; TXCB. 7i'ansmitter Clocks (inputs). TxD changes on 
, the falling edge of TxC. The Transmitter Clocks may be 1, 16, 

32, or 64 times the data rate; however, the clock multiplier for 
the transmitter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buffered. Both the 
Receiver and Transmitter Clocks may be driven by the Z80 
CTC Counter Time Circuit for programmable baud rate 
generation. 

TXDA, TXDB. 7i'ansmit Data (outputs, active High). 

'ii/RDYA, W/RDYB. Wait/Ready (outputs, open drain when 
programmed for Wait function, driven High and Low when 
programmed for Ready function). These dual-purpose 
outputs may be programmed as Ready lines for a DMA 
controller or as Wait lines that synchronize the CPU to the 
Z80 DART data rate. The reset state is open drain. 



FUNCTIONAL DESCRIPTION 

The functional capabilities of the 280 DART can be 
described from two different points of view: as a data 
communications device, it transmits and receives serial 
data, and meets the requirements of asynchronous data 
communications protocols; as a 280 family peripheral, it 
interacts with the 280 CPU and other 280 peripheral 
circuits, and shares the data, address, and control buses, as 
well as being a part of the 280 interrupt structure. As a 
peripheral to other microprocessors, the 280 DART offers 
valuable features such as nonvectored interrupts, polling, 
and simple handshake capability. 

The first part of the following functional description 
introduces 280 DART data communications capabilities; 
the second part describes the interaction between the CPU 
and the 280 DART. 

The 280 DART offers RS-232 serial communications 
support by providing device signals for external modem 
control. In addition to dual-channel Request To Send, Clear 
To Send, and Data Carrier Detect ports, the 280 DART also 
features a dual channel Ring Indicator (RIA, RIB) input to 
facilitate local/remote or station-to-station communication 
capability. Figure 3 is a block diagram. 

Communications Capabilities. The 280 DART provides 
two independent full-duplex channels for use as an 
asynchronous receiver/transmitter. The following is a short 
description of receiver/transmitter capabilities. For more 
details, refer to the Asynchronous Mode section of the Z80 
SIO Technical Manual (03-3033-01). 

The 280 DART offers transmission and reception of five to 
eight bits per character, plus optional even or odd parity. The 
transmitter can supply one, one and a half, or two stop bits 
per character and can provide a break output at any time. 
The receiver break detection logic interrupts the CPU both 
at the start and end of a received break. Reception is 
protected from spikes by a transient spike rejection 
mechanism that checks the signal one-half a bit time after a 
Low level is detected on the Receive Data input. If the Low 
does not persist-as in the case of a transient-the 
character assembly process is not started. 

Framing errors and overrun errors are detected and 
buffered together with the character on which they 
occurred. Vectored interrupts allow fast servicing of 
interrupting conditions using· dedicated routines. 
Furthermore, a built-in checking process avoids interpreting 
a framing error as a new start bit: a framing error results in 
the addition of one-half a bit time to the point at which the 
search for the next start bit is begun. 

The Z80 DART does not require symmetric Transmit and 
Receive Clock signals, a feature that allows it to be used with 
a 280 CTC or any other clock source. The transmitter and 
receiver can handle data at a rate of 1, 1/16, 1/32, or 1/64 of 
the clock rate supplied to the Receive and Transmit Clock 
inputs. When using Channel B, the bit rates for transmit and 
receive operations must be the same because RxC and TxC 
are bonded together (RxTxCB). 

DATA 

CONTROL 7 

INTERRUPT ( 
CONTROL 

LINES 

I SERIAL DATA 

""'-1 CHANNEL CLOCKS 

WAIT/READY 

~ I SERIAL DATA 

CHANNEL CLOCK 
WAIT/READY 

Figure 3. Block Diagram 

110 Interface Capabilities, The 280 DART offers the 
choice of Polling, Interrupt (vectored or non-vectored) and 
Block Transfer modes to transfer data, status, and control 
information to and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA control. 

Polling. There are no interrupts in the Polled mode. Status 
registers RRO and RR1 are updated at appropriate times for 
each function being performed. All the interrupt modes of 
the 280 DART must be disabled to operate the device in a 
Polled environment. 

While in its Polling sequence, the CPU examines the status 
contained in RRO for each channel; the RRO status bits serve 
as an acknowledge to the Poll inquiry. The two RRO status 
bits Do and 02 indicate that a data transfer is needed. The 
status also indicates Error or other special status conditions. 
The 280 DART Programming section contains more 
information. The Special Receive Condition status 
contained in RR1 does not have to be read in a Polling 
sequence because the status bits in RR1 are accompanied 
by a Receive Character Available status in RRO. 

Interrupts. The 280 DART offers an elaborate interrupt 
scheme that provides fast interrupt response in real-time 
applications. As a member of the 280 family, the 280 DART 
can be daisy-chained along with other 280 peripherals for 
peripheral interrupt-priority resolution. In addition, the 
internal interrupts of the 280 DART are nested to prioritize 
the various interrupts generated by Channels A and B. 
Channel B registers WR2 and RR2 contain the interrupt 
vector that points to an interrupt service routine in the 
memory. To eliminate the necessity of writing a status 
analysis routine, the 280 DART can modify the interrupt 
vector in RR2 so it points directly to one of eight interrupt 
service routines. This is done under program control by 
setting a program bit (WR1, 02) in Channel B called "Status 
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Affects Vector." When this bit is set, the interrupt vector in 
RR2 is modified according to the assigned priority of the 
various interrupting conditions. 

Transmit interrupts, Receive interrupts, and External/Status 
interrupts are the main sources of interrupts. Each interrupt 
source is enabled under program control with Channel A 
having a higher priority than Channel B, and with Receiver, 
Transmit, and External/Status interrupts prioritized in that 
order within each channel. When the Transmit interrupt is 
enabled, the CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the transmitter must 
have had a data character written into it so it can become 
empty.) When enabled, the receiver can interruptthe CPU in 
one of three ways: 

• Interrupt on the first received character 

• Interrupt on all received characters 

• Interrupt on a Special receive condition 

Interrupt On First Character is typically used with the Block 
Transfer mode. Interrupt On All Received Characters can 
optionally modify the interrupt vector in the event of a parity 
error. The Special Receive Condition interrupt can occur on 
a character basis. The Special Receive Condition can cause 
an interrupt can occur on a character basis. The Special 
Receive condition can cause an interrupt only ifthe Interrupt 
On First Received Character or Interrupt On All Received 
Characters mode is selected. In Interrupt On First Receive 

INTERNAL ARCHITECTURE 

The device internal structure includes a Z80 CPU interface, 
internal control and interrupt logic, and two full-duplex 
channels. Each channel contains read and write registers, 
and discrete control and status logic that provides the 
interface to modems or other external devices. 

The read and write register group includes five 8-bit control 
registers and two status registers. The interrupt vector is 
written into an additional 8-bit register (Write Register 2) in 
Channel B, that may be read through Read Register 2 in 
Channel B. The registers for both channels are designated 
as follows: 

WRO-WRS Write Registers 0 through S 
RRO-RR2 Read Registers 0 through 2 

The bit assignment and functional grouping of each register 
is configured to simplify and organize the programming 
process. 

The logic for both channels provides formats, bit 
synchronization, and validation for data transferred to and 
from the channel interface. The modem control inputs Clear 
to Send (CTS) , Data Carrier Detect (DCD), and Ring 
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Character, an interrupt can occur from Special Receive 
conditions (except Parity Error) after the first Received 
character interrupt (example: Receive Overrun interrupt). 

The main function of the External/Status interrupt is to 
monitor the signal transitions of the CTS, DCD, and Ai pins; 
however, an External/Status interrupt is also caused by the 
detection of a Break sequence in the data stream. The 
interrupt caused by the Break sequence has a special 
feature that allows the Z80 DART to interrupt when the Break 
sequence is detected or terminated. This feature facilitates 
the proper termination of the current message, correct 
initialization of the next message, and the accurate timing of 
the Break condition. 

CPUIDMA Block Transfer. The Z80 DART provides a Block 
Transfer mode to accommodate CPU block transfer 
functions and DMA block transfers (Z80 DMA or other 
designs). The Block Transfer mode uses the W/RDY output 
in conjunction with the Wait/Ready bits of Write Register 1. 
The W/RDY output can be defined under software control as 
a Wait line in the CPU Block Transfer mode or as a Ready line 
in the DMA Block Transfer mode. 

To a DMA controller, the Z80 DART Ready output indicates 
that the Z80 DART is ready to transfer data to or from 
memory. To the CPU, the Wait output indicates that the Z80 
DART is not ready to transfer data, thereby requesting the 
CPU to extend the I/O cycle. 

Indicator (Ai) are monitored by the control logic under 
program control. All the modem control signals are general 
purpose in nature and can be used for functions other than 
modem control. 

For automatic interrupt vectoring, the interrupt control logic 
determines which channel and which device within the 
channel has the highest priority. Priority is fixed with 
Channel A assigned a higher priority than Channel B; 
Receive, Transmit, and External/Status interrupts are 
prioritized in that order within each channel. 

Data Path. The transmit and receive data path illustrated for 
Channel A in Figure 4 is identical for both channels. The 
receiver has three 8-bit buffer registers in a FIFO 
arrangement in addition to the 8-bit receive shift register. 
This scheme creates additional time for the CPU to service a 
Receive Character Available interrupt in a high-speed data 
transfer. 

The transmitter has an 8-bit transmit data register that is 
loaded from the internal data bus, and a 9-bit transmit shift 
register that is loaded from the transmit data register. 



RECEIVE 
RxCA --.. CLOCK 

LOGIC 

RECEIVE 

DATA 

FIFO 

RECEIVE 

ERROR 

FIFO 

TRANSMIT 
2·81T DELAY TxOA 

Figure 4. Data Path 

READ, WRITE AND INTERRUPT TIMING 

Read Cycle. The timing signals generated by a Z80 CPU 
input instruction to read a Data or Status byte from the Z80 
DART are illustrated in Figure 5. 

Write Cycle. Figure 6 illustrates the timing and data signals 
generated by aZ80 CPU output instruction to write a Data or 
Control byte into the Z80 DART. 

Interrupt Acknowledge Cycle. (Figure 7) After receiving 
an Interrupt Request signal (INT pulled Low). the Z80 CPU 
sends an Interrupt Acknowledge signal (M1 and IORO both 
Low). The daisy-chained interrupt circuits determine the 
highest priority interrupt requestor. The lEI of the highest 
priority peripheral is terminated High. For any peripheral 

T, T, Tw T3 T, 

CLOCK 

CE 

IORQ 

RD 

Mi 

DATA ~ 
Figure 5. Read Cycle 

that has no interrupt pending or under service. lEO = lEI. 
Any peripheral that does have an interrupt pending or under 
service forces its lEO Low. 

To insure stable conditions in the daisy chain. all interrupt 
status signals are prevented from changing while M 1 is Low. 
When IOROis Low. the highest priority interrupt requestor 
(the one with lEI High) places its interrupt vector on the data 
bus and sets its internal interrupt-under-service latch. 

Refer to the Technical Manual (03-3033-01) for additional 
details on the interrupt daisy chain and interrupt nesting. 

T, T, Tw T3 T, 

CLOCK 

CE 

IORQ 

AD 

M1 

DATA ________ ~X~ ____ IN __ _Jx:---
Figure 6. Write Cycle 
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CLOCK 

M1 ~'-___ """'_---I/ 

'\-----..J/ 
RD----------------------------------
lEI :::::::::7 

DATA --------------------(~)----

Figure 7. Interrupt Acknowledge Cycle 

Return From Interrupt Cycle. (Figure 8) Normally, the Z80 
CPU issues an RETI (Return From Interrupt) instruction at 
the end of an interrupt service routine. RETI is a 2·byte 
opcode (ED-4D) that resets the interrupt·under·service latch 
to terminate the interrupt that has just been processed. 

zao DART PROGRAMMING 

To program the Z80 DART, the system program first issues a 
series of commands that initialize the basic mode and then 
other commands that qualify conditions within the selected 
mode. For example, the character length, clock rate, 
number of stop bits, even or odd parity are first set, then the 
Interrupt mode and, finally, receiver or transmitter enable. 

Write Registers. The Z80 DART contains six registers 
(WRO-WRS) in each channel that are programmed 
separately by the system program to configure the 
functional personality of the channels (Figure 4). With the 
exception of WRO, programming the write registers requires 
two bytes. The first byte contains three bits (00-02) that point 
to the selected register; the second byte is the actual control 
word that is written into the register to configure the Z80 
DART. 

WRO is a special case in that all the basic commands 
(CMOo-CMD2) can be accessed with a single byte. Reset 
(internal or external) initializes the pointer bits 0 0-02 to point 
to WRO. This means that a register cannot be pointed to in 
the same operation as a channel reset. 

Write Register Functions 

WRO Register pOinters, initialization commands for the various 
modes 

WR1 Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 
WR4 Transmit/Receive miscellaneous parameters and modes 
WR5 Transmit parameters and controls 
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I 

lEO __________ ...JJ: r-
Figure 8. Return from Interrupt Cycle 

When used with other CPUs, the Z80 DART allows the user 
to return from the interrupt cycle with a special command 
called "Return From Interrupt" in Write Register 0 of 
Channel A. This command is interpreted by the Z80 DART in 
exactly the same way it would interpret an RETI command 
on the data bus. 

Both channels contain command registers that must be 
programmed via the system program prior to operation. The 
Channel Select input (B/A) and the Control/Data input (C/O) 
are the command structure addressing controls, and are 
normally controlled by the CPU address bus. 

Read Registers. The Z80 DART contains three registers 
(RRO-RR2) that can be read to obtain the status information 
for each channel (except for RR2, which applies to Channel 
B only). The status information includes error conditions, 
interrupt vector, and standard communications-interface 
signals. 

To read the contents of a selected read register other than 
RRO, the system program must first write the pointer byte to 
WRO in exactly the same way as a write register operation. 
Then, by executing an input instruction, the contents of the 
addressed read register can be read by the CPU. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring. For example, when the interrupt 
vector indicates that a Special Receive Condition interrupt 
has occurred, all the appropriate error bits can be read from 
a single register (RR1). 

RRO 

RR1 

RR2 

Read Register Functions 

Transmit/Receive buffer status, interrupt status and 
external status 

Special Receive Condition status 

Modified interrupt vector (Channel B only) 



zao DART READ AND WRITE REGISTERS 

READ REGISTER 0 

READ REGISTER 1 • 

I~I~I~I~I~I~I~I~I 

L-NOTUSED 

PARITY ERROR ~~
~ LALLSENT 

Rx OVERRUN ERROR 

FRAMING ERROR 

NOT USED 

• U!led With Special Receive Condition Mode. 

WRITE REGISTER 0 

I~I~I~I~I~I~I~I~I 

T~! 
o 0 NULL CODE 
o 0 NOT USED 

REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 

o 1 RESET EXT/STATUS INTERRUPTS 
o 1 CHANNEL RESeT 
1 0 ENABLE INT ON NEXT Rx CHARACTER 
1 0 RESETTxlNT PENDING 
1 1 ERROR RESET 
1 1 RETURN FROM INT (CH·A ONLy) 

'-------NOT USED 

WRITE REGISTER 2 (Channel B only) 

I~I~I~I~I~I~I~I~I 

~~ 
'--------V7 

WRITE REGISTER 4 

I~I~I~I~I~I~I~I~I 

INTERRUPT 
VECTOR 

UTI' L PARITY ENABLE 
L PARITY EVEN/ODJj 

o 0 NOT USED 
o 1 1 STOP BIT/CHARACTER 
1 0 1Y. STOP BITS/CHARACTER 
1 1 2 STOP BITS/CHARACTER 

NOT USED 

o 0 X1 CLOCK MODE 
o 1 X1S CLOCK MODE 
1 0 X32 CLOCK MODE 
1 1 X64 CLOCK MODE 

READ REGISTER 2 

'-------- V7 
• ·Varlable If "Slalus Affects Vector" 

Is Programmed. 

WRITE REGISTER 1 

I~I~I~I~I~I~I~I~I 

INTERRUPT 
VECTOR 

T I ' L EXT INT ENABLE 
L Tx INT ENABLE 

STATUS AFFECTS VECTOR 
(CH. B ONLY) 

o 1 RxlNT ON FIRST CHARACTER OR ON 
1 OINT ON ALL Rx CHARACTERS (PARITY SPECIAL 

o 0 Rx INT DISABLE } 

AFFECTS VECTOR) RECEIVE 
INT ON ALL Rx CHARACTERS (PARITY CONDITION 

DOES NOT AFFECT VECTOR) 
'---- WAIT/READY ON RIT 

...... ----- WAIT/READY FUNCTION 

...... ------ WAIT/READY ENABLE 

WRITE REGISTER 3 

I~I~I~I~I~I~I~I~I T I I L RxENABLE 

~ ___ L--___ NOT USED (MUST BE PROGRAMMED 0) 

• AUTO ENABLES 

Rx 5 BITS/CHARACTER 
Rx 7 BITs/CHARACTER 

WRITE REGISTER 5 

~NOTUSED 

Ax 8 BITS/CHARACTER 
Rx 8 BITs/CHARACTER 

T~' L::~:USED 
Tx ENABLE 

SEND BREAK 

o 0 T. 5 BITS (OR LESS~CHARACTER 
o 1 T. 7 BITs/CHARACTER 
1 0 T. 6 BITS/CHARACTER 
1 1 Tx 8 BITSICHARACTER 

'-----DTR 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with respect 
toGND .......................... -0.3Vto+7V 

Operating Ambient 
Temperature .............. See Ordering Information 

Storage Temperature .............. - 65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC characteristics and capacitance sections listed 
below apply for the following standard test conditions, 
unless otherwise noted. All voltages are referenced to GND 
(OV). Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

• S = O°Cto +70°C, +4.75V"Vcc" +5.25V 

The Ordering Information section lists package temperature 
ranges and product numbers. Package drawings are in the 
Package Information section. Refer to the Literature List for 
additional documentation. 

DC CHARACTERISTICS 

Symbol Parameter 

VILC Clock Input Low Voltage 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

+5V 

2.1K 

Min Max Unit Test Condition 

-0.3 +0.45 V 

VIHC Clock Input High Voltage Vcc-0.6 V Vee +O.3V 
VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

IL InpuV3-State Output Leakage Current 

IL(RI) RI Pin Leakage Current 

ICC Power Supply Current 

TA = O°Cto70°C. Vcc = +5V, ±5%. 

CAPACITANCE 

Symbol 

C 

CIN 

COUT 

Parameter 

Clock Capacitance 

Input Capacitance 

Output Capacitance 

Over specified temperature range; f = 1 MHz. 
Unmeasured pins returned to ground. 
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-0.3 +0.8 

+2.0 +5.5 

+0.4 

+2.4 

-10 +10 

-40 +10 

100 

Min 

V 

V 

V 

V 

"A 
IIA 
rnA 

Max 

40 

5 
15 

iOL = 2.0 rnA 

iOH = - 250 IIA 
0.4 < VIN < 2.4V 

0.4 < VIN < 2.4V 

Unit 

pi 

pi 

pi 



AC CHARACTERISTICS TIMING 

eLK 

CE, CID, Bli 

-------------------+~ 

lORa, no 
-------------------+~ 

lEI 

lEO 

--~ 
.'ROY ~ 
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AC CHARACTERISTICS 

Z0847004 i0847006 
Number Symbol Parameter Min Max Min Max 

TcC Clock Cycle Time 250 4000 165 4000 

2 TwCh Clock Width (High) 105 2000 70 2000 

3 TIC Clock Fall Time 30 15 

·4 TrC Clock Rise Time 30 15 

5 TwCl Clock Width (Low) 105 2000 70 2000 

6 TsAD(C) CE, C/O, BfA to Clock t Setup Time 145 60 

7 TsCS(C) lORa, RD to Clock t Setup Time 115 60 

8 TdC(DO) Clock t to Data Out Delay 220 150 

9 TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 30 

10 TdRD(DOz) RD t to Data Out Float Delay 110 90 

11 TdIO(DOI) lORa ~ to Data Out Delay (INTACK Cycle) 160 100 

12 TsM1(C) M 1 to Clock t Setup Time 90 75 

13 TsIEI(IO) lEI to lORa ~ Setup Time (INTACK Cycle) 140 120 

14 TdM1(IEO) M 1 ~ to lEO ~ Delay (interrupt before M 1) 190 160 

15 TdIEI(IEOr) lEI t to lEO t Delay (after ED decode) 100 70 

16 TdIEI(IEOf) lEI ~ to lEO ~ Delay 100 70 

17 TdC(INT) Clock t to INT ~ Delay 200 150 

18 TdIO(W/RWf) lORa ~ or CE ~ to W/RDY ~Delay (Wait Mode) 210 175 

19 TdC(W/RR) Clock t to W/RDY ~ Delay (Ready Mode) 120 100 

20 TdC(W/RWz) Clock ~ to W/RiSY Float Delay (Wait Mode) 130 110 

• Units in nanoseconds (ns). 

204 



AC CHARACTERISTICS (Continued) 

t:=:=0::=1 
'" J!i ,'-____ _ 
~ 

~--------~I'r-------~~ 

TxD 

W/RDY 

iiii 

iiiC 

RxD 

.. 
W/iiiiY 

iiii 

ZOB47004 ZOB47006 
Number Symbol Parameter Min Max Min Max Notes' 

TwPh Pulse Width (High) 200 200 2 

2 TwPI Pulse Width (Low) 200 200 2 

3 TcTxC TxC Cycle Time 400 00 330 00 2 

4 TwTxCI TxC Width (Low) 180 100 2 

5 TwTxCh TxC Width (High) 180 00 100 00 2 

6 TdTxC(TxD) TxC ~ to TxD Delay 300 220 2 

7 TdTxC(W/RRf) TxC ~ to W/RDY ~ Delay (Ready Mode) 5 9 5 9 1 

8 TdTxC(INT) TxC Ho INT ~ Delay 5 9 5 9 

9 TcRxC RxC Cycle Time 400 00 330 00 2 

10 TwRxCI RxC Width (Low) 180 00 100 00 2 

11 TwRxCh RxC Width (High) 180 00 100 00 2 

12 TsRxD(RxC) RxD to RxC t Setup Time (x1 Mode) 0 0 2 

13 ThRxD(RxC) RxD Hold Time (x1 Mode) 140 100 2 

14 TdRxC(W/RRf) RxC t to iii/RDY ~ Delay (Ready Mode) 10 13 10 13 

15 TdRxC(INT) RxC t to INT ~ Delay 10 13 10 13 

• In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle. 
1. Units equal to System Clock Periods. 
2. Units in nanoseconds (ns). 
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~ 2iL'E Product Specification 

FEATURES: 

• Two independent synchronous/asynchronous serial 
channels. 

• Three 8-bit parallel ports. 
• Four independent counterltimer channels. 
• On-chip clock oscillator/driver. 
• Software/Hardware Resets. 

GENERAL DESCRIPTION: 

Zilog's Z84C90 Serial/Parallel I/O /Countermmer (Kia) is 
a multi-channel, mUlti-purpose flO device designed to pro­
vide the end-user with a cost effective and powerful solution 
to meet his peropheral needs. The Z84C90 combines the 
features of one Z84C30 CTC, one Z84C4xSIO, one 
Z84C20 Pia, a byte-wide bit-programmable I/O port, and 
a crystal oscillator into a single 84-pin PLCC package. The . 
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Z84C90 CMOS Z80®KIO 
Serial/Parallel/Counter/Timer 

• Designed in CMOS for low power operations. 
• Supports Z80 Family interrupt daisy chain. 
• Programmable interrupt priorities. 
• 8,10 and 12.5 MHz bus clock frequency. 
• Single +5 Volt Power Supply. 

block diagram for the Z84C90 is shown in Figure 1 while the 
pinout is shown in Figure 2. Utilizing fifteen internal regis­
ters for data and programming information, the Kia can 
easily be configured to any given system environment. 
Although the optimum performance is obtained with a 
Z84COO CPU, the Kia can just as ·easily be used with any 
other CPU. 

PIO 

e 
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E 
CI) 

'8 
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eTC 

PCO~PC7 

""D' 
""c. 
TilDA. 
fiCA 
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""DB 
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CLKlTRG2 
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Figure 1: KIO Block Diagram 
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Figure 2: PLCC Pinout 
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Z84C20 Parallel Input/Output Logic Unit: This logic unit 
provides both TTL- and CMOS-compatible interfaces be­
tween peripheral devices and a CPU through the use of 
two 8-bit parallel ports. The CPU configures the logic to in­
terface to a wide range of peripheral devices with no ex­
ternallogic. Typical devices that are compatible with this 
interface are keyboards, printers, and EPROM/PAL 
programmers. 

The parallel ports (designated Port A and Port B) are byte­
wide and completely compatible with the Z84C20 PIO (see 
Figure 3.). These two ports have several modes of opera-

INTERRUPT CONTROL LINES 

tion; input, output, bidirectional, or bit control mode. Each 
port has two handshake signals (RDY and STB) which can 
be used to control data transfers. The RDY (ready) indi­
cates that the port is ready for data transfer while STB 
(strobe) is an input to the port that indicates when data 
transfer has occurred. Each of the ports can also be 
programmed to interrupt the CPU upon the occurrence of 
specified status conditions and generate unique interrupt 
vectors when the CPU responds. (For more information on 
the operation of this portion of the logic, please refer to the 
Z84C20 PIO Product Specification and Technical Manual.) 

DATA 
OR CONTROL 

}HANDSHAKE 

DATA 
OR CONTROL 

}HANDSHAKE 

PERIPHERAL 
INTERFACE 

Figure 3: PIO Block Diagram 

Parallel Interface Adapter (PIA) Logic Unit: This logic 
also offers an additional 8-bits of I/O, referred to as the PIA 
port (see Figure 4), to the user. This port, deSignated as 
Port C, is bit-programmable for data transfers; each bit can 
be individually programmed as either an input or an output. 
Bit direction control is accomplished through the program­
ming of the PIA Control Register. When programmed as 
outputs, the output data latches are programmed with an 1/ 
o write cycle and their state can be read with an I/O read 
cycle. When programmed as inputs, the state of the 
external pin is read with the 110 read cycle. This port does 
not have handshake capabilities and offers no interrupt 
capabilities. This port is multiplexed to provide, when 
desired, the additional modem and CPU control signals for 
the serial I/O logic unit. 

Figure 4: PIA Block Diagram 

When a read from the PIA port is done, input data will be 
latched when lORa, CS, and RD are all detected active. 
The data bus will display this data as a result of the rising 
edge of the CLOCK input after this occurrence. When a 
write to the PIA port is done, data will be written as a result 
of the rising edge of the CLOCK input after lORa and CS 
have been detected active and RD has been detected in­
active. 

CounterlTimer Logic Unit: This logic unit provides the 
user with four individual 8-bit counter/timer channels that 
are compatible with the Z84C30 CTC (see Figure 5). The 
counter/timers can be programmed by the CPU for a broad 
range of counting and timing applications. Typical applica­
tions include event counting, interrupt and interval timing, 
and serial baud rate clock generation. 

Each of the counter/timer channels, designated Channels 
o through 3, have an 8-bit prescaler (when used in timer 
mode) as well as its own 8-bit counter to provide a wide 
range of count resolution. Each of the channels also have 
their own clock/trigger input to quantify the counting 
process and an output to indicate zero crossingltimeout 
conditions. With only one interrupt vector programmed into 
this logic unit, each channel can generate a unique inter­
rupt vector in response to the interrupt acknowledge cycle. 
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DATA 
CPU 
BUS 
110 

CONTROL 

INT 
'NI~~~gPT .......-- lEI 

lEO 

RESET 

COUNTERI 
TIMER 
LOGIC 

Figure 5: CTC Block Diagram 

ZCITO 

elK! 
TAG 

Serial I/O Logic Unit: This logic unit provides the user with 
two separate serial I/O channels that are completely com­
patible with the Z84C4x SIO(see Figure 6). Their basic 
functions as serial-to-parallel and parallel-to-serial con­
verters can be programmed by a CPU for a broad range of 
serial communications applications. Each channel, desig-

DATA 

CONTROL 

Figure 6: 510 Block Diagram 

I SERIAL 
DATA 

15~~!AL 

I g~~~~:L 
SYNC 
WAITIREADY 

nated Channel A and Channel B, is capable of supporting 
all common asynchronous and synchronous protocols 
(Monosync, Bisync, and SDLC/HDLC), byte- or bit­
oriented. 
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In the default state of the KIO, each serial channel supports 
full duplex communication with seperate transmit and re­
ceive data lines, two modem control signals (CTS and 
DCD), and seprate transmit and receive clock inputs. Op­
tionally, additional modem and CPUlDMA control signals 
can be obtained through the PIA port. (For more informa­
tion on the operation of this portion of the logic, please refer 
to the Z84C40 SIO Product Specification and Technical 
Manual). 

Clock Oscillator/Driver Logic Unit: A clock oscil­
lator/driver is also available that will allow the user to 
eliminate that cirCUitry within his new design, or for use as 
another oscillator within the system. This logic will accept 
either a crystal, ceramic resonator, or TTL-compatible 

clock input and generate a MOS-compatible clock output 
and also an oscillator reference output. A fundamental 
parallel resonant crystal (Figure 7) is recommended. The 
preferred value of the two capacitors - C1 and C2 is 33 pf 
each. 

C1 

XTAL1 ... -----,l--l'~ 

Crystal 
Inputs ~ 

T C2 
XTALO •• ----'---11~ 

Figure 7: Crystal Connection 

Command Logic Unit: This logic unit provides for much 
more than just controlling the interface between the KIO 
and the CPU. The main function provided by this unit is to 
allow the user to configure the internal interrupt daisy chain 
of the KIO into the order in which he would like the 
peripherals to interrupt. Anyone of the three devices (SIO, 
CTC, PIO) can be the highest priority while another can be 
secon(r~md the remaining one -fhird. The user can even 
configure the daisy chain such that no internal peripherals 
are involved in the chain. Programming of the. daisy chain 
configuration is done by programming the Command Reg­
ister with the appropriate 3-bit pattern in 
Do-D2 and D3 set to "1". 

A second function of this logic unit is to provide software 
controllable "hardware" resets to each of the individual 
devices. This allows an individual peripheral to be reset 
without having to reset the entire KIO. Requiring bit D3to be 
setto a"1" in order to program the daisy chain configuration 
allows the user to reset the individual devices without 
changing the daisy chain. The software reset commands 
for the individual devices still remain available to the user. 

A third function of the Command Register allows the user 
to obtain use of the additional control signals of the SIO 
logic instead of the PIA Port. This is done by programming 
bit D7 of the Command Register with "1". 



PIN DESCRIPTIONS: 

Ao·~. Address Bus (inputs, active high, 3-state). Use to 
select which port/register the current transaction cycle is 
for. 

ARD, BRDV; Port Ready (outputs, active high). these 
signals indicate that the port is ready for a data transfer. 
Inmode 0, it indicates thatthe port has data available for the 
peripheral device. In mode 1, it indicates that the port is 
ready to accept data from the peripheral device. In mode2, 
ARDY indicates that Port A has available for the peripheral 
device, but that it will not be placed onto PAo -P A., until the 
ASTB signal is active, while BRDY indicates that Port A is 
able to accept data from a peripheral device. Note that Port 
B does not support mode 2 operation and can only be used 
in mode 3 operation when Port A is programmed for mode 
2. These signals are not used in mode 3 operation. 

ASTB, BSTB. Port Strobe (inputs, active low). These sig­
nals indicate that the peripheral device has performed a 
transfer. In mode 0, it indicates that the peripheral device 
has accepted the data present on the port pins. In mode 1, 
it causes the data on the port pins to be latched into Port A. 
In mode 2, the ASTB signal causes the data in the output 
data latch of Port A to be placed onto the Port A pins while 
the BSTB signal will cause the data present on the Port A 
pins to be latched into the Port A input data latch. The end 
of the current transaction is noted by the rising edge of 
these signals. Note that Port B does not support mode 2 
operation and can only be used in mode 3 operation when 
Port A is programmed for mode 2. These signals are not 
used in mode 3 operation. 

CLKfTRGo-CLKITRG3 • Extemal ClocklTimer Trigger (in­
puts, user selectable active high or low). These four pins 
correspond to the four counterltimer channels of the KIO. 
In counter mode, each active edge will cause the 
downcounter to decrement. In timer mode, an active edge 
will start the timer. 

CLKOUT.Clock Out (output, active high). This output is a 
divide-by-two of the oscillator (XT AL) input. 

CLOCK. System Clock (input, active high). This clock 
should be the same as (or a derivative of) the CPU clock. 
If the CLKOUT is to be used as the system clock, then 
these two pins should be connected together. 

CS. Chip Select (input, active low). Used to activate the 
intemal register decoding mechanism and allow the KIO to 
perform a data transfer to/from the CPU. 

CTSA, CTSB. Clear to Send (inputs, active lOW). These 
signals are modem control signals to their serial channels. 
When programmed for Auto Enables, a low on these pins 
will enable their respective transmitters. If not programmed 
as Auto Enables, these pins may be used as general-pur­
pose input signals. 

00.07• Data Bus (bidirectional, active high, 3-state). Used 
for data exchanges between the CPU and the KIO for 
programming and data transfer. The KIO also monitors the 
data bus during the RETI instruction cycle to resolve its 

DCDA,DCDB. Data Carrier Detect (inputs, active low). 
These signals are modem control signals to their serial 
channels. When programmed for Auto Enables, a low on 
these pins will enable their respective receivers. If not 
programmed as Auto Enables, these pins may be used as 
general-purpose input signals. 

DTRA, DTRB. Data Terminal Ready (outputs, active lOW). 
These signals are modem control signals for their serial 
channels. They will follow the state programmed into their 
respective serial channels. They are multiplexed with Port 
C, bits 5 and 2 respectively. 

lEI. Interrupt Enable In (input, active high). This signal is 
used with lEO to form a priority daisy chain when there is 
more than one interrupt-driven device. A high on this line 
indicates that no higher priority device is requesting an in­
terrupt. 

lEO. Interrupt Enable Out (output, active high). This signal 
is used with lEI to form a priority daisy chain when there is 
more than one interrupt-driven device. A high on this line 
indicates that this device and no higher priority device is 
requesting an interrupt. A low will block any lower priority 
devices from requesting an interrupt. 

INT. Interrupt Request (output, active low, open-drain). 
When any of the devices within the KIO requests interrupt 
servicing, this line will be active. 

1I0RO.I/O Request (input, active low). lORa is used with 
RD, AO-A3, and CS to transfer data between the KIO and 
the CPU. When lORa, RD, and CS are all active, the 
device selected by AO-A3 transfers data to the CPU. When 
lORa and CS are active, but RD is inactive, the device 
selected by AO-A3 is written into by the CPU, When lORa 
and M1 are both active the KIO will respond with an 
interrupt vector from the highest priority interrupting device. 

M1. Machine Cycle 1 (input, active low). When M1 is active 
and RD is active, the zao CPU is fetching an instruction 
from memory; the KIO decodes this cycle to determine if the 
RETI instruction sequence is being executed. When M1 
and lORa are both active, the KIO decodes the cycle to be 
an interrupt acknowledge and will respond with a vector 
from the highest priority interrupting device. 

OSC. Oscillator (output, active high). This output is a 
reference clock for the oscillator. 
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PAo·PA7• Port A Bus (bidirectional, active high, 3·state). 
This 8-bit bus transfers data between the peripheral device 
and the port. PAD is the least significant bit of the bus. 

PBo·PB7• Port B Bus (bidirectional, active high, 3·state). 
This 8·bit bus transfers data between the peripheral device 
and the port. PBo is the least significant bit of the bus. This 
port can also supply 1.5 rnA at 1.5 volts to drive Darlington 
transistors. 

PCO·PC7• Port C Bus (bidirectional, active high, 3·state). 
This 8·bit bus transfers data between the peripheral device 
and the port. pca is the least significant bit of the bus. 
These pins are multiplexed to provide either an 8-bit paral­
lel port or additional modem control signals for the serial 
channels. 

RD. Read (input, active low). when RD is active, a memory 
or I/O read operation is in progress. RD is used with AO-A3, 
CS and 10RO to transfer data between the KIO and CPU. 

RESET. Reset (input, active low). A low on this pin will force 
the KIO into a reset condition. This signal must be active for 
a minimum of three CLOCK cycles. The reset state of the 
KIO is with the PIO ports in Mode 1 operation and hand­
shakes inactive and interrupts disabled; PIA port in input 
mode and active; CTC channel counting terminated and 
interrupts disabled; SIO channels disabled and marking 
with interrupts disabled. A" control registers should be 
rewritten after a hardware reset. 

RTSA, RTSB. Request to Send (outputs, active low). 
These signals are modem control signals for their serial 
channels. They will follow the inverse state programmed 
into their respective serial channels. They are muHiplexed 
with Port C, bits 4 and 3 respectively. 

RxCA, RxCB. Receive Clock (inputs, active lOW). These 
clock are used to assemble data in the receiver shift 
register for their serial channels. Data is sampled on the 
rising edge of the clock. 

IRd IRd 
A3,A2, CPU CPU 

Address Al,AO /lORa ICS Read Write 

Register 0: PIO Port A Data 0000 0 0 0 
Register 1: PIO Port A 0001 0 0 0 

Command 
Register 2: PIO Port B Data 0010 0 0 0 
Register 3: PIO Port B 0011 0 0 0 

Command 

Register 4: CTC Channel 0 0100 0 0 0 
Register 5: CTC Channell 0101 0 0 0 
Register B: SID Port A Data 1000 0 0 0 
Register 9: SID Port A 1001 0 0 0 

Command/Status 
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RxDA, RxDB. Receive Data (inputs, active high). These 
are the input data pins to the receive shift register for their 
serial channels. 

SYNCA,SYNCB. Synchronization (bidirectional, active 
low). In the asynchronous mode of operation, these pins 
act much like the CTS and DCD pins. Transitions affect the 
Sync/Hunt status bit for their respective serial channel but 
serve no other purpose. They are multiplexed with Port C, 
bits 6 and 1 respectively. 

TxCA, TXCA. Transmit Clock (inputs, active low). These 
clocks are used to transmit data from the transmit shift 
register for their serial channels. Data is transmitted on the 
falling edge of the clock. 

TxDA, TxDB.Transmit Data (outputs, active high). These 
are the output data pins from the transmitter for their serial 
channels. 

WT/RDYA, WT/RDYB. Wait/Ready (outputs, open-drain 
when programmed as Wait, active high when programmed 
as Ready). These pins may be programmed as Ready 
lines for a DMA controller or Wait lines for interface to a 
CPU. As a Ready line, it indicates (when active) that trans­
mitter or receiver is able to perform a transfer between the 
serial channel and the DMA. As a Wait line, in dictates 
(when active), that the CPU should wait until the transmit­
ter or receiver can complete the requested transaction. 
They are multiplexed with Port C, bits 7 and 0 respective­
ly. 

XTALI. Crystal/Clock Connection (input, active high). 

XTALO. Crystal Connection (output, active high). 

ZC/TOo·ZC/T03 • Zero CountlTimeout (outputs, active 
high). These four pins correspond to the four counter/timer 
channels of the KIO. Each pin will become active when its 
corresponding down counter reaches a zero count. 

IRd IRd 
A3,A2, CPU CPU 

Address Al,AO /lORa ICS Read Write 

Register 10: SID Channel B 1010 0 0 0 
Data 

Register 11 : SID Channel B 1011 0 0 0 
Command Status 

Register 12: PIA Port C Data 1100 0 0 0 
Register13: PIA Port C 1101 0 0 0 

Command 
Register 14: KID Command 1110 0 0 0 
Register 15: Reserved 1111 ·0 0 0 



REGISTER ADDRESS DECODING FOR THE KIO 

AD 

A1 

A2 

A3 

-
-
-
-

4-16 
Decoder 

10 

12 

13 

14 

00 

01 
I 

02 

03 
I 

04 

05 

06 

07 

08 

09 

OA 

08 

OC 

00 >----

OE -
OF >-

'---- Reserved 

l' 00-07 

PIO Pori A Data Register 

PIO Pori A Command Registers 

PIO Pori 8 Data Register 

PIO Pori 8 Command Registers 

PIO 

l'~ 
l/PIOCS 

l' 00-07 

CTC Channel 0 Registers 

CTC Channell Registers 

CTC Channel 2 Registers 

CTC Channel 3 Registers 

CTC 

[I~ 
1/cTces 

l' 00-07 

SIO Channel A Data Register 

SIO Channel A CommandiStatus Registers 

SIO Channel 8 Data Register 

SIO Channel B CommandiStatus Registers 

SIO 

-, 1 iSlOes 

- l' 00-07 

PIA Port C Data Register 

PIA Port C Command Register 

PIA 

I 
IIPIACS 

;( 00-07 

KIO Command Register 
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REGISTER PROGRAMMING: 

Pia Registers: For more detailed information, please con­
sult the Pia Technical Manual. These registers apply to 
channels A and B (see register address decoding). 

Interrupt Vector Word (Figure 8). The Pia logic unit is 
designed to work with the Z80 CPU in interrupt Mode 2. 
This word must be programmed if interrupts are to be used 
and bit Do must be a zero. 

I~I~I~I~I~I~I~I~I 

L IDENTIFIES INTERRUPT 
VECTOR 

'--____ ~~~~~~PPLIED INTERRUPT 

Figure 8: PIO Interrupt Vector Word 

Mode Control Word (Figure 9). Selects the port operating 
mode. This word is required and may be written at any time. 

jo,!D.ID,ID.11 11 1111 I 

I L IDENTIFIES MODE CONTROL WORD 

DON'T CARE 

MODE SELECT 

MODEa 
MODE 1 
MODE2 
MODE3 

Figure 9: PIO Mode Control Word 

1/0 Register Control Word (Figure 10). When Mode 3 is 
selected, the Mode Control Word must be followed by the 
1/0 Register Control Word. This word configures the 1/0 
register, which defines which port lines are inputs or out­
puts. A "1" indicates input while a "0" indicates output. This 
word is required when in Mode 3. 

L-___ a SETS BIT TO OUTPUT 
1 SETS BIT TO INPUT 

Figure 10: PIO 1/0 Register Control Word 

Interrupt Control Word (Figure 11). In Mode 3 operation, 
handshake signals are not used. Interrupts are generated 
as a logic function of the input signal levels. The Interrupt 
Control Word sets the logic conditions and the logic levels 
required for generating an interrupt. Two logic conditions 
or functions are available: AND (if all input bits change to 
the active level, an interrupt is triggered), and OR (if any 
one of the input bits change to the active logic level, an in­
t~rrupt is triggered). The user can also program which input 
bits are to be considered as part of this logic function. Bit 
D6 sets the logic function, bit Ds sets the logic level, and 
bit D4 specifies a mask control word to follow. 
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01..... rMS~ .... DO 

II I IH/LI I a 11 11 11 I 
IIII . L ,"~'.IFIESINTERRUPTCONTROLWORO 

1 = MASK FOLLOWS (1) 

1 = ACTIVE HIGH 

1 = AND FUNCTION 

1 = INTERRUPT FUNCTION ENABLE (2) 

"NOTE: 

1. Regardless of the operating mode, setting Bit 04 = 1 
causes any pending Interrupts to be cleared. 

2. The port interrupt is not enabled untillh.!...!nterrupl 
function enable is followed by an active M1. 

Figure 11: Pia Interrupt Control Word 

Mask Control Word (Figure 12). This word sets the mask 
control register, thus allowing any unused bits to be masked 
off. If any bits are to be masked, then bit 04 of the interrupt 
Control Word must be set. When bit D4 of the Interrupt 
Control Word is set, then the next word programmed must 
be the. Mask Control Word. To mask an input bit, the corre­
spondmg Mask Control Word bit must be a "1". 

MBo-MB, MASK BITS. A 
BIT IS MONITORED FOR AN 

'----- INTERRUPT IF IT IS 
DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO O. 

Figure 12: PIO Mask Control Word 

Interrupt Disable Word (Figure 13). This word can be 
~sed to enable or disable a port's interrupts without chang­
Ing the rest of the port's interrupt conditions. 

10,10.10,10.1 a 1 a 11111 1T L. IDENTIFIES INTERRUPT 
_ DISABLE WORD 

DON'T CARE 

0, = a INTERRUPT DISABLE 
0, = 1 INTERRUPT ENABLE 

Figure 13: PIO Interrupt Disable Word 

CTC Registers: For more detailed information, please 
consult the GTC Technical Manual. These registers apply 
to ch.annels 0, 1, 2 and 3 (see register address decoding). 

Channel Control Word (Figure 14). This word sets the 
operating modes and parameters as described below. Bit 
Do must be a "1" to indicate that this is a Control Word. 

Int~rrupt Enable. Bit 07 enables the interrupt logic so that 
an Interrupt output (INT) can be generated at zero count. 
Interrupts can be programmed in either mode and may be 
enabled or disabled at any time. 



Mode. Bit D6 selects either Timer Mode or Counter Mode. 

Prescale Factor. Bit D5 selects the prescale factor for use 
in the timer mode. Either divide-by-16 or divide-by-256 is 
available. 

ClockfTrigger Edge Selector. Bit D4 selects the active edge 
of the CLKlTRG input pulses. 

Timer Trigger. Bit D3 selects the trigger mode for timer 
operation. Either automatic or external trigger may be 
selected. 

Time Constant. Bit D2 indicates that the next word 
programmed is time constant data for the down counter. 

Software Reset. Setting bit D1 indicates a software reset 
operation. 

,NTERRUPT JJ~ 1 ENABLES INTERRUPT 
o OISABLES INTERRUPT 

MODE 
o SELECTS TIMER MODE 

1 SELECTS COUNTER MODE 

PRESCALER VALUEo 
1 '" VALue OF 256 
o '" VALUE OF 16 

elK/TRO EDGE SELECTION 
I) SELECTS FAlliNG EDGe 

1 SELECTS RISING EDGE 

'~~ CONTROCORVECTOR o '" VECTOR 
1 '" CONTROL WORD 

RESII!;T 
o '" CONTINUEO OPERATION 
1 '" SOFTWARE RESET 

TUlle: CONSTANT 
0= NO TIME CONSTANT FOLLOWS 
I '" TIME CONSTANT fOllOWS 

TIMER TRIOQER" 
o '" AUTOMATIC TRIGGER WHEN 

TIME CONSTANT IS LOADED 
1 '" ClKiTRG PULSE STARTS TIMER 

'TIMER MODE ONLY 

Figure 14: CTC Channel Control Word 

Time Constant Word (Figure 15). Before a channel can 
start counting, it must receive a time constant word. The 
time constant value may be anywhere between 1 and 256, 
with "0' being accepted as a count of 256. 

10,1 0, I 05 1 0.1 03 1 0, I 0, 10, I 

:::~~ ~~::: TC5~ LTC, 

TC4 Te3 

Figure 15: CTC Time Constant Word 

Interrupt Vector Word (Figure 16). If one or more of the 
CTC channels have interrupts enabled, then the Interrupt 
Vector Word must be programmed. Only the five most 
significant bits of this word are programmed, and bit Do 
must be '0". Bits D2-D1 are automatically modified by the 
CTC channel when it responds with an interrupt vector. 

10,1 0, I 05 1 0,1 OJ I 0, I 0, 10, I 

SUPPLIED =--oJ 
BY USER L 0 = INTERRUPT VECTOR WORD 

1 = CONTROL WORD 

CHANNEL IDENTIFIER 
(AUTOMATICALLY INSERTED 
BY CTC) 
o 0 = CHANNEL 0 
o 1 = CHANNEll 
1 0 = CHANNEL 2 
1 1 = CHANNEL 3 

Figure 16: CTC Interrupt Vector Word 

SIO Reg islers: For more detailed information, please con­
sult the PIO Technical Manual. These registers apply to 
channels A and B (see register address decoding). 

Read Registers (Figure 17). The SIO channel B contains 
three read registers while channel A contains only two that 
can be read to obtain status information. To read the con­
tents of a register (other than RRo), the program must first 
write a pointer to WRo in exactly the same manner as a 
write register operation. The next 1/0 read cycle will place 
the contents of the selected read register onto the data bus. 

READ REGISTER 0 

III ~I I L- Rx CHARACTER AVAILABLE ~'NT PENDING (CH. A ONLY) 

~gUFFER EMPTY } 

SYNC/HUNT 
CTS * 
Tx UNDERRUN/EOM 
BREAK/ABORT 

*Used With "External/Status Interrupt" Modes 

READ REGISTER 1 t 

I~I~I~I~I~I~I~I~I 

L-ALLSENT 

I FIELD BITS I FIELD BITS IN ) 
IN PREVIOUS SECOND PREVIOUS • 

BYTE BYTE 
o 3 
o 4 
o 5 
o 6 
o 7 
o 8 
1 8 
2 8 

PARITY ERROR 
Rx OVERRUN ERROR 

L~===: CRC/FRAMING ERROR 
END OF FRAME (SDLC) 

*Aesidue data for eight Rx bits/character programmed 
tUsed with special receive condition mode 

READ REGISTER 2 (Channel B only) 

l~i~I~I~I~I~I~I~1 

III111 ~~~t} ~~l INTERRUPT 
. V4 VECTOR 

V5 
V6 
V7 

tVariable If "Status Affects Vector" is programmed 

Figure 17: SIO Read Registers 
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Write Registers (Figure 18). The SIO channel B contains 
eight write registers while channel A contains only seven 
that are programmed to configure the operating modes and 
characteristics of each channel. With the exception of 
WRo. programming the write registers is a two step opera-

WRITE REGISTER 0 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

I I 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

I 
0 
1 
0 
1 
0 
1 
0 
1 

REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 6 
REGISTER 7 

NULL CODE 
SEND ABOR T (SDLC) 
RESET EXT/ STATUS INTERRUPTS 

ESET CHANNEL R 
ENABLE IN T ON NEXT R. CHARACTER 

T PENDING RESET TxlN 
ERROR RES ET 
RETURN FR OM INT (CH·A ONLY) 

NULL CODE 
RESET R. CRC CHECKER 
RESET T. CRC GENERATOR 
RESET T. UNDERRUN/EOM LATCH 

WRITE REGISTER 1 

1~1~I~i~:~I~I~I~1 

III I I EXT INT ENABLE 
T. INT ENABLE 

'-----STATUS AFFECTS VECTOR 
(CH. B ONLy) 

Rx INT DISABLE } 
Rx INT ON FIRST CHARACTER 
INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) • 
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 

. VECTOR) 

'----)NAIT/READY ON R/T 
'-----)NAIT/READY FUNCTION 

'-----WAIT/READY ENABLE 

* Or on special condition 

WRITE REGISTER 2 (Channel B only) 

1~:~I~I~I~I~I~i~1 

I t 1III ~g } INTERRUPT 
. V4 VECTOR 

V5 
V6 
V7 

WRITE REGISTER 3 

1III I L-~ ,-" t-...::=SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 
Rx CRC ENABLE 
ENTER HUNT PHASE 
AUTO ENABLES 

Rx 5 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
R. 6 BITS/CHARACTER 
Rx 6 BITSICHARACTER 

tion. The first operation is a pointer written to WRo that point 
to the selected register. The second operation is the actual 
control word that is written into the register to configure the 
SIO channel. 

WRITE REGISTER 4 

SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 
1'/J STOP BITS/CHARACTER 
2 STOP BITS/CHARACTER 

8 BIT SYNC CHARACTER 
16 BIT SYNC CHARACTER 
SDLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 

Xl CLOCK MODE 
X16 CLOCK MODE 
X32 CLOCK MODE 
X64 CLOCK MODE 

WRITE REGISTER 5 

II I I I ~~;RC ENABL~ 

LJ~' ====SDLC/CRC.,6 Tx ENABLE 
SEND BREAK 

T. 5 BITS (OR LESSVCHARACTER 
T. 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
T. 8 BITSJCHARACTER 

DTR 

WRITE REGISTER 6 

I~I~I~:~I~I~I~I~I 

ili§11' ~I ~i~~~iiH}. . SYNC BIT4 
SYNC BIT 5 
SYNC BIT6 
SYNC BIT 7 

• Also SOLe address field 

WRITE REGISTER 7 

1~1~:~i~:~:~[~:~1 

~1111~Lt::=:i~~gii~~o} . SYNC BIT 11 • 
SYNC BIT 12 
SYNC BIT 13 
SYNC BIT 14 

'-----------SYNC BIT 15 

*For SOLe it must be programmed to "01111110" for Ilag recognition 

Figure 18: SIO Write Registers 
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PIA Registers: 

The PIA port can be configured for any combination of input 
and output bits. The direction is controlled by writing to the 
PIA Control Register. A "1" written to a bit position will 
indicate that the respective bit should be an input (Figure 
19). All bits are inputs on reset. 

Figure 19: PIA Control Register 

KIO Command Register: 

The KIO Command Register is used to program software 
resets and to configure the internal interrupt daisy chain 
priority (Figure 20). This register should be programmed 
before all others. The reset control bits are momentary, 
writing a "1" will pulse an internal reset signal to the 
appropriate device. 

Z84C90 KIO - ENHANCED VERSION 

The new revision of tile lS4C90 Ilas a enhancement 
which allows you to 'simulate' tile Fleturn From Interrupt 
sequence, by software. This feature allows interfacing tile 
CPU to Otil8f devices in addition to tile lSO CPU (or, l1S0/ 
l2S0). 

Enhancement - Software RETI. 

Writing" 1" to a particular command bit location of tile KIO, 
generates a "F1ETI sequence" internally. Every time RETI is 
needed, a "1" is written to tllis bit. 

Programming of this feature 

Illis revision has one newly assigned register at Register 
address 15 (this location is "Reserved" on current rev.). 

Bit assignment for tllis register is shown in Figure 21. 

Writing "1" toBit 00 location Oltllis register enables tile KIO 
to simulate a RETI sequence. Writing "0" to this bit Ilas no 
effect. Tile upper 7 bits of this register (07-01) are re­
served and Sllould be programmed as "0". If this register 
is read, unpredictable data is returned. 

Note: 

I ~I 'or r rl(I(IO! oa;ggt;~,~~~~~:,~auan 
010 SID.PIO.CTC 
011 CTC,SIO,PIO 
100 CTC.PIQ,SIO 
101 PIO.SIO,eTC 
11 0 PIO.CTC.SID 
111 None 

Daisy Chain Write Enable 
Reset PIO 
Reset eTC 

L... _______ Reset SIO 
L... ___ ~ ____ SIO/PIA Mux 

o =- PIA 
1 = SID 

Figure 20: KIO Command Register 

[1] After writing" 1" to tllis bit, S clock cycles 01 access 
recovery time is required belore making anotiler access to 
tile KIO. If accessing the KIO within tllis access recovery 
time, the KIO ignores tl18 transaction on tile bus. 

[21 Wilen simulating "RET I", the status of tile lEI pin is 
ignored with an internally lorced "1-1". II tilere are oti18r 
peripllerals on tile upper interrupt daisy cllain, care must 
be taken. 

Register 15 

Imlool~IMlool~lrnlool 

I L Software RETI 
(Write Only) 

Reserved 

Figure 21. KIO Register 15 - KIO Command 
Register B 

217 



ABSOLUTE MAXIMUM RATINGS: 

Voltage on Vcc with respect to Vss 
· ........... -0.3V to +7.0V 

Voltages on all inputs with respect to Vss 
· . . . . . . . . . . . -0.3V to Vcc+0.3V 

Operating Ambient Temperature 
· . . . . . . . . . . . See Ordering Information 

Storage Temperature 
. -65 C to + 150 C 

STANDARD TEST CONDITIONS: 

The DC Characteristics and Capacitance sections below 
apply to the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 
• S = 0 C to +70 C 
• E = -40 C to + 100 C 

Voltage Supply Range: +5.0V ± 10% 

All AC parameters assume a load capaitance of 100 pF. 
Add 10 ns delay for each 50 pF increase in load up to a 
maximum of 200pF for the data bus. AC timing 
measurements are referenced to 1.5 volts (except for 

CLOCK, which is referenced to the 10% and 90% points). 

DC CHARACTERISTICS 
Z84C90 Z80 KIO 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may af­
fect device reliability. 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the Pack­
age Information section. Refer to the Literature List for ad­
ditional documentation. 

+5V 

2.1K 

Note: TIle AC parameters # 18, 19, 20, 21, 32, 40, 48 for 8 MHz have been changed. 

Symbol Parameter Min Max Typ Unit Condition 

V'Le Clock Input Low Voltage -0.3 

V"-IC Clock Input Higll Voltage Vee-0 .6 
V,L Input High Voltage 2.2 
V,H Input Low Voltage -0.3 

VOL Output Low Voltage 

VOH1 Output High Voltage 2.4 
VOH2 Output Higll Voltage Vee-0 .8 
III Input Leakage Current -10 
ILO 3-slate Output Leakage -10 

Current in Float 

IL(SY) SYNC Pin Leakage Current -40 

IODH Darlington Drive Current 
(Port Band ZCfTOO-3) -1.5 

lee1 Power Supply Current - 8 MHz 
- 10 MHz 
- 12.5 MHz 

Note: 
[1] Measurements made with outputs floating. and XTALI at av. 
v cc~5.0V ± 10%, unless otherwise specified 
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+0.45 
Vee+0 .3 

Vee 
0.8 
0.4 

10 
10 

10 

15 [1] 7 
15 [1] 7 
15 7 

V 
V 
V 
V 
V ILO=2.0 mA 

V IOH=-1.6mA 
V IOH=-250 f.IA 

f.IA V,N=0.4V to Vee 
f.IA Vom=0.4V to Vec 

f.IA Vom=0.4V to Vee 
VoH=I.5V 
REXT = 390 Ohms 

mA Vee=5V 
mA V,L =02V 
mA V,H=Vee - 0.2V 



CLOCK 

AO-A3 
CS 

RD 

00-07 

RO 

OO-D7 

WT/ROY 
Wait Mc.de 

WT/ROY 
Ready Mode 

ClOCK 

!NT 

M1 

IORQ 

00-07 

lEI 

lEO 

-l-_~==~6 ===;1---7 

-l-_k===~6~==tt-7 

v-1~2~~ ____ ~ _____________ ~~11 

47 49Y--
1----

4 
I/O Read/Write Timing (M1 = 1) 

T1 T2 Twa Twa T3 

16 

19 

18~ 

Interrupt Acknowledge Cycle 
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CLOCK 

CLK/TRG 
Counter 

CLK/TRG 
Timer 

ZC/TO 

INT 

~ 46\l~ ________ __ 
-----+-----3-9

r 36=\l~ ______________________ ___ 

Counter/Timer Timing 



ED 4D 
Opcode Fetch 1 Opcode Fetch 2 

> 

T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 

CLOCK 

M1 

RD 

DATA 

lEI ® 

lEO ~®f 

RETI Timing Standard Function 

~ 



~ 
ED 4D 

Opcode Fetch 1 Opcode Fetch 2 

T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 

CLOCK 

M1 

RD 

DATA 

lEI 
®~ 

lEO 

RETI Timing Interrupt Pending 



CLOCK 

1QB9 
RO 

PORT C 
INPUT 

PORT C 
OUTPUT 

ROY 

S1B 

MODE 0 

MODE 1 

MODE 2 

MODE 3 

INT 

\ 

11- 34 .., 

)t 
~35_--=--I 

K 

26 

\ 

~30 
-- .A' 

"l 

)l 
l 32 

Port I/O Read/Write Timing 

-

/ 

~23~ .24~ 25 

27! 

28 H 
1/1' 
1 't. 

~J9 r 8_--'1 

J< 
r31~ 

"" ¥ 

33 
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h-51===-iL 50 J~-
-----' r----t-\::---5-7--54!£ 53 =h.. 55~ \ 

TxD ------------~r-~~~-----------------------
I-- 58 

1-
591 

~---------------------

INT 

RxD 

SYNC 

Serial I/O Timing 
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CAPACITANCE: 

Symbol Parameter min max unit 

CCLOCK Clock Capactiance 10 pF 
CIN Input Capacitance 10 pF 
COUT Output Capacitance 15 pF 

TA=2SoC, f=1 MHz 

Z84C90 AC CHARACTERISTICS 
BUS Interface Timing 

Z84C9008 Z84C9010(5) Z84C9012[5J(6) 
No Symbol Parameter Min Max Min Max Min Max Note 

1 TcC Clock Cycle Time 125 DC 100 DC 80 DC 
2 TwCh Clock Pulse Width (High) 55 DC 42 DC 32 DC 
3 TwCI Clock Pulse Width (Low) 55 DC 42 DC 32 DC 
4 TIC Clock Fall Time 10 10 10 
5 TrC Clock Rise Time 10 10 10 

6 TsA(RIf) Address, fCS Setup Time to fRO, 50 40 30 
flORO Fall 

7 TsRI(Cr) flORO, fRD to clock rise setup time 60 50 40 
8 Th Hold Time for Specified Setup 15 15 15 
9 TdCr(DO) Clock Rising to Data Out Delay 100 80 65 

10 TdRlr(DOz) fRD, flORO Rise to Data Out 75 60 55 
Float Delay 

11 ThRDr(D) fM1, fRD, flORO Rise to Data M1 cycle 15 15 15 
12 TsD(Cr) Data In to Clock Rise Setup Time 30 25 22 
13 TdIOf(DOI) flORO Fall to Data Out Delay 95 95 95 [1] 

(INTACK Cycle) 
14 ThIOr(D) flORO Rise to Data Ftoat 15 15 15 

15 ThIOr(A) flORO Rise to Address Hold 15 15 15 
16 TsM1f(Cr) fM1 Fall to Clock Rise Setup Time 40 40 40 
17 TsM1r(Cf) fM1 Rise to pock Fall Setup Time -15 -15 -15 

(M1 Cycle) 

18 TdM1f(IEOf) fM1 Fall to lEO Fall Delay 
(Interrupt Immediately Preceding 14] 
M1 Fall) 

19 TsIEI(IOI) lEI to flORO Fall Setup Time [4] 
(INTACK Cycle) 

20 TdIElf(IEOf) lEI Fall to lEO Fall Delay 160 150 125 [4] 

21 TdlEf (lEar) lEI Rise to lEO Rise Delay 160 150 125 [4] 
(After ED Decode) 

22 TsIEI(Cf) lEI to Clock Fall Setup 50 40 30 
(For 4D Decode) 

23 TsIOr(Cf) flORO Rise to Clock Fall Setup Time 
(To Activate RDY on Next Clock Cycle) 100 100 100 

225 



AC CHARACTERISTICS: 

PIOTiming 

Z84C9008 Z84C9010[5) Z84C9012[5)[6] 
No Symbol Parameter Min Max Min Max Min Max Note 

24 TdCf(RDYr) Clock Fall to RDY Rise Delay 100 100 100 
25 TdCf(RDYQ Clock Fall to RDY Fall Delay 100 100 100 
26 TwSTB ISTB Pulse Width 100 80 60 
27 TsSTBr(Cf) ISTB Rise 10 Clock Fall Setup Time 

(To Activate RDY On Next Clock Cycle) 100 100 100 

28 TdIOf(PD) IIORO Fall to Port Data Stable Delay 140 120 110 
(Mode 0) 

29 TsPD(STBr) Port Data to ISTB Rise Setup Time 140 75 75 
(Mode 1) 

30 TdSTBf(PD) ISTB Fall to Port Data Stable 150 120 110 
(Mode 2) 

31 TdSTBr(PDz) ISTB Rise to Port Data Float Delay 140 120 110 
(Mode 2) 

32 TdPD(INTf) Port Data Match to liNT Fall Delay 250 200 160 
(Mode 3) 

33 TdSTBr(INTf) ISTB Rise to /lNT Fall Delay 290 220 190 
34 TsPD(RIf) PIA Port Data to /RD./IORO Fall Setup TBD TBD TBD 
35 TdCr(PD) Clock Rise to PIA Port Data Valid Delay 80 80 80 
35 TdlO (PO) lORa Fall to PIA Port Data Valid 

CTC Timing 

Z84C9008 Z84C9010[5] Z84C9012[5) [6] 
No Symbol Parameter Min Max Min Max Min Max Note 

36 TdCr(INTf) Clock Ris~ to liNT Fall Delay (TcC+100) (TcC+80) (TcC+75) 
37 TsCTR.,(Cr)1 CLK/TRG to Clock Rise Selup 

Time for immediate Count 90 90 75 

38 TsCTR(Ct) CLK/TRG to Clock Rise Setup . 
Time for Enabling of Prescaler on 90 90 75 
Following Clock Rise 

39 TdCTR (INTQ CLK/TRG to liNT Fall Delay 
TsCTR(C) Satisfied (36)+(38) (36)+(38) (36)+(38) 
TsCTR(C) Not Satisfied (1 )+(36)+(38) (1 )+(36)+(38) (1 )+(36)+(38) 

40 TcCTR CLK/TRG Cycle Time (2TcC) DC (2TcC) DC (2TcC) DC [2) 
41 TwCTRh CLK/TRG Width (High) 90 DC 90 DC 75 DC 
42 TwCTRI CLK/TRG Width (Low) 90 DC 90 DC 75 DC 
43 TrCTR CLK/TRG Rise Time 30 30 30 
44 TfCTR CLK/TRG Fall Time 30 30 30 
45 TdCr(lCr) Clock Rise to lCIlO Rise Delay 80 80 80 
46 TdCf(lCf) Clock Fall to lCIlO Fall Delay 80 80 80 
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Z84C90 AC CHARACTERISTICS 
SIOTiming 

Z84C9008 Z84C9010[5) Z84C9012[5)[6] 
No Symbol Parameter Min Max Min Max Min Max Nole 

47 TdIOf(W/Rf) /IORO or ICE Fall tolWlfRDY Delay 130 110 110 
(Wait Mode) 

48 TdCr(W/Rf) Clock Rise to /vv/IRDY Delay 85 85 85 
(Ready Mode) 

[71 49 TdGf(W/Rz) Clock Failla /WI/ROY Float Delay 90+RC 80+RC 75+RC 
(Wait Mode) 

50 TwPh Pulse Widlh (High) 150 120 100 
51 TwPI Pulse Width (Low) 150 120 100 
52 TcTxC /TxC Cycle Time 250 200 160 
53 TwTxCI /TxC Width (Low) 85 80 70 
54 TwTxCh /TxC Width (High) 85 80 70 
55 TrTxG /TxC Rise Time 60 60 60 

56 TfTxC /TxC FallTime 60 60 60 
57 TdTxCf(TxD) /T xC Fall to T xO Delay 160 120 115 
58 TdTxCf(WIRRf) /TxC Fall to /wIIROY Fall Delay 5 9 5 9 5 9 [3J 

(Ready Mode) 
59 TdTxCf(INTf) /TxC Fall to IINTFall Delay 5 9 5 9 5 9 [3J 
60 TcRxC /RxG Cycle Time 250 200 160 

61 TwRxCh /RxC Width (High) 85 80 70 
62 TwRxCI /RxC Width (Low) 85 80 70 
63 TrRxC /RxC Rise Time 60 60 60 
64 TfRxG /RxG Fall Time 60 60 60 
--'---, 

65 Ts~xO(RxC~) RxD to /RxC Rise Setup Time 0 0 0 
(Xl Mode) 

66 ThRxCr(RxD) /RxG Rise to RxO Hold Time 80 60 50 
(Xl Mode) 

67 TdRxCr(WIRRf} IRxC Rise to /WI/ROY Fall Delay 10 13 10 13 10 13 [3] 

(Ready Mode) 
68 TdRxGr(INTf) /RxC Rise to /INT Fall Delay 10 13 10 13 10 13 [3] 
69 TdRxCr(SYNGf) /RxC Rise to ISYNC Fall Delay 4 7 4 7 4 7 [3] 

(Output Modes) 
70 TsSYNCf(RxCr) /SYNC Fall to /RxC Rise Setup -100 -100 -100 

(Extemal Sync Modes) 
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Z84C90 AC CHARACTERISTICS 
810 Timing (Continued) 

Z84C9008 Z84C9010 [5] 
No Symbol 

71 T dCf(IEOr) 
72 TdCf(IEOf) 
73 ThDI(M1 r,RDr) 
74 TsM1/RD(C) 

Notes: 

Parameter 

Clock Fall to lEO Rise Delay 
Clock Fall to lEO Rise Delay 
Dala Hold Time to JM1 Rise or /RD Rise 
Setup Time For M1 and RD to Clock 
Rising (with Dala Valid) 

Min Max Min 

90 
110 

0 0 
20 20 

[1] If the CPU is Z80 and Clock speed is above 8 MHz, one wait state is required to meet this parameter. 
[2] Counter Mode only; when using a cycle time less than 3TcC, parameter #37 must be mel. 
[3] Units equal to System Clock Cycles. 

Max 

75 
90 

Z84C9012 [5,6] 
Min Max Note 

60 
75 

0 
20 

[4] Parameters #18, 19,20 and 21. These parameters are daisy-chain timing and calculated value and vary depending on the inside daisy-chain 
configuration which is specified in the Kia command register. Inside the Z80 Kia, the daisy-chain is figured below. 

[5] If the CPU is a Z80CPU; and if it is required to have multiple Z80 peripherals in the system. Forthis case, only one Z80 peripheral other than Z84C90 
is the maximum number of peripherals unless the time period between '1M 1 active to flORa active' is extended. 

[5] * In All Modes, the System Clock rate must be at least five times the maximum data rate. 
[6] Timings for 12.5 MHz are preliminary. 
[7] Open drain output add register capacitor time constraint (RC) to spec. value. 

228 

Input 
Buff 

Device 
#1 

Device 
#2 

Device 
#3 

Internal Daisy Chain Configuration 

Output 
Buff 

lEO 



Z84C90 AC CHARACTERISTICS (Continued) 
Table for Note [4] parameters 

8MHz 
No Parameter Min 

18 TdM1 (lEO) (PIO at #1) 
(CTC at #1) 
(SIO at #1) 

19 TsIEI(IO) (PIO at #3) 170 ns 
(CTC at #3) 170 ns 
(SIO at #3) 180 ns 

20 TdIEI(IEOf) 
21 TdIEI(IEOr) 

To calculate Z80 KIO daisy-chain timing, use the Z80 PIO, 
CTC and SIO with I/O buffers on the chain. The following 
are calculation formulas: 

Parameter #18 
M1 falling to lEO delay TsM1(IEO) = TdM1(10)#1 + 
TdIEI(IEO)#2 + TdIEI(IEO)#3 + (Output Buffer Delay) 

Parameter #19 
lEI to 10RQ falling setup time TsIEI(IO) = TdIEI(IEO)#1 + 
TdIEI(IEO)#2 + TsIEI(10)#3 + (Input Buffer delay) 

10 MHz 12.5 MHz 
Max Min Max Min Max 

160 ns 150 ns 125 ns 
180 ns 150 ns 125 ns 
230 ns 200 ns 160 ns 

140 ns 115 ns 
160 ns 135 ns 
160 ns 130 ns 

160 ns 150 ns 125 ns 
160 ns 150 ns 125 ns 

Parameter #20 
lEI falling to lEO falling delay- TdIEI(IEOf) - TdIEI(IEOf)PIO 
+ TdIEI(IEOf)CTC + TdIEI(IEOf)SIO + (Input Buffer delay) 
+ (output Buffer Delay) 

Parameter #21 
lEI rising to lEO rising delay (After ED decode)- T dIEI(IEOr) 
= TdIEI(IEOr)PIO+ TdIEI(IEOr)CTC + TdIEI(IEOr)SIO + 
(Input Buffer delay) + (output Buffer Delay) 

• Where TdIEI(IEO) is the worst number between TdIEI(IEOr) 
and TdIEI(IEOf). 
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The following are numbers for the above calculations: 

Inpui Buller delay 
Output Buller delay 

8 MHz 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(IEOr) 

10 MHz 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(lEOr) 

12.5 MHz 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(IEOr) 

Nole (4) (Continued) 

8 MHz 
Min Max 

10 ns 
10 ns 

PIO part 
Min Max 

60 ns 
70 ns 

50 ns 
50 ns 

PIO part 
Min Max 

60 ns 
50ns 

50 ns 
50 ns 

PIO part 
Min Max 

50 ns 
40 ns 

40ns 
40 ns 

When using an interruptfrom only a portion of the zao KIO, these numbers 
are smaller than the values shown above. 

For more details about the "zao daisy-chain structure" , please refer to the 
application note "zao Family Interrupt Structure," which is included in the 
zao Data Book. 
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10 MHz 
Min Max 

10 ns 
10 ns 

CTC part 
Min Max 

80 ns 
70 ns 

50ns 
50ns 

CTCpart 
Min Max 

60 ns 
70ns 

50 ns. 
50 ns 

CTCpart 
Min Max 

50 ns 
60 ns 

40 ns 
40 ns 

12.5 MHz 
Min Max 

10ns 
10ns 

SIO part 
Min 

120 ns 
70 ns 

SIOpart 
Min 

90ns 
50 ns 

SIOpart 
Min 

70 ns 
40 ns 

Max 

40ns 
40ns 

Max 

30ns 
30ns 

Max 

25 ns 
25 ns 



FEATURES 

• Z84COO Z80 CPU with CGC, Z84C30 Z80 CTC, five 
8-bit parallel ports. 

• High speed operation (6/10 MHz). 

• Low power consumption in four operation modes: 
45 mA Typ. (Run mode) 
6 mA Typ. (ldle1 mode) 
9 mA Typ. (ldle2 mode; not applicable to Z84011) 
1 Jl.A Typ. (Stop mode) 

• Wide operational voltage range (5V ±10%). 

• TTL/CMOS compatible. 

GENERAL DESCRIPTION 

The Z84011 and Z84C11 Parallel I/O Controllers (PIC) are 
CMOS 8-bit microprocessors. They are integrated with the 
CTC and five 8-bit parallel ports into a single 100-pin QFP 
(Quad Flat Pack) package. The Z84C11 is an upward 
compatible version of the Z84011. Figure 1(a) shows the 
block diagram of Z84011, and Figure 1 (b) shows the block 
diagram of the Z84C11. Figure 2 has pin aSSignments for 
both versions. These high end superintegrated Parallel 
I/O Controllers are targeted for a broad range of applica-

PRODUCT SPECIFICA TlON 

Z84011/C11 
PARALLEL I/O 
CONTROLLER 

• Z84011 features: 
Z84COO Z80 CPU. 
On-chip four channel Counter Timer Controller(Z80 
CTC). 
Built-in Clock Generator Controller(CGC). 
Five 8-bit parallel ports. 
1OO-pin QFP Package. 
Noise filter to CLKrrRG inputs of tile Z80 CTC. 

• Z84C11 features: 
All Z84011 features. 
Support of Idle 2 Mode. 
Built-in Watch Dog Timer (WDT). 
Power-on Reset and Reset Extension. 
Wait State Generator. 
Simplified EV Mode Selection. 
Crystal Divide-by-One Option 
External Clock Input Option. 

tions ranging from embedded controller to enhancement} 
cost reductions of existing hardware using Z80 based 
discrete peripherals. 

Hereinafter, the word PIC on the description covering both 
versions (Z84C11 and Z84011 lis used. UseZ84C11 on tile 
description whicll applies only to ttle Z84C11, and use 
Z84011 which applies only to the Z84011. 
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(a) Z84011 Functional Block Diagram 

Figure 1. PIC Functional Block Diagram 
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Figure 1. PIC Functional Block Diagram (Continued) 
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~~~~~~~~~~~~~~~~~~~~ 

100 95 90 85 81 

lEI 10 80 PE5 
ClKfTRG3 PE6 
ClKfTRG2 PE7!WOTOUT* 
ClKfTRGl Vss 
ClKfTRGO 5 POO 

07 75 PBl 
06 PB2 
05 PB3 

D4 PB4 

03 10 PB5 

02 70 PB6 

01 
Z84011 

PB7 

00 
Z84C11 

PAO 

liNT PAl 

EV 15 100-PIN QFP PA2 

IHALT 65 PA3 

IMREO PM 

IIORO PA5 

IRO PA6 

!WR 20 PA7 

IBUSACK 60 PCO 

!WAIT PCl 

IBUSREO PC2 

IRESET PC3 

IMl 25 PC4 

IRFSH 55 PC5 

Vee PC6 

Vss PC7 

AO ClK 

Al 30 51 Vee 

31 35 40 45 50 

* PE7 for Z84011 

Figure 2. PIC Pin Assignment 
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PIN DESCRIPTION 

The pin assignment is shown in Figure 2. Following is the 
description on each pin. For the description and the pin 

CPU SIGNALS 

Signal Name #of Pins Pin # I/O,3-State 

A15-AO 16 (44-29) I/O 

07-00 8 (6-13) I/O 

/RD (19) I/O 

twR (20) I/O 

/MREQ (17) Output. 3-State 

/IORO (18) I/O 

/M1 (25) I/O 

number, if stated as "X11 ", it applies to both the Z84C11/ 
Z84011. Otherwise, C11 for Z84C11 and 011 for Z84011. 

Description 

16-bit address bus. Specifies I/O and memory 
addresses to be accessed. During tile refresh 
period, addresses for refreshing are output. The bus 
is an input when tile external bus is accessing the 
on-chip peripherals. 

8-bit bidirectional data bus. When the on-chip CPU 
is accessing on-chip peripherals, these lines are set 
to output and hold the data to/from on-chip periph-
erals. 

Read signal. CPU read signal for accepting data 
from a memory or I/O device. Wilen an external 
master is accessing the on-chip peripherals, it is an 
input signal. 

Write Signal. This signal is output when data, to be 
stored in a speCified memory or peripheral LSI, is on 
the MPU data bus. Wilen an external master is 
accessing the on-chip peripherals, it is an input 
signal. 

Memory request signal. When an effective address 
for memory access is on the address bus, "0" is 
output. When an external master controls the bus, 
this signal is tri-stated. 

I/O request signal.When addresses for I/O are 
on the lower 8 bits (A7-AO) of the address bus in the 
I/O operation, "0" is output. In addition, the /IORO 
signal is output with the /M1 signal at the time of the 
interrupt acknowledge cycle. This informs peripheral 
LSI of the interrupt response vector state when on 
the data bus. When an external master controls the 
bus, it is an input signal. 

Machine Cycle "1"./MREO and "0" are output 
together in the operation code fetch cycle. /M1 is 
output for every op-code fetch when a two byte op-
code is executed. In the maskable interrupt 
acknowledge cycle, this signal is output together 
with /IORO. When an external master controls the 
bus, it is an input signal. 
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CPU SIGNALS 

Signal Name #01 Pins 

/RFSH 

Note: 

Pin# 

(26) 

1/0,3-State 

Output(011), 
OutpuV3-State 
(C11) 

For the Z84011 the /RFSH is not tri-stated during EV mode. 

Note: 
For the Z84C 11 the /RFSH is tri-stated during EV mode. 

/INT (14) I/O (Open Drain) 

/NMI (45) Input 

/HALT (16) Output, 3-State 

/BUSREO (23) Input 

/BUSACK (21) Output(011 ), 
Output, 3-State 
(C11) 

Note: 

Description 

The refresh signal. When the dynamic memory re­
fresh address is on the low order byte on the 
address bus, this pin goes active along with /MREO 
signal. 

Maskable interrupt request signal. Interrupt is 
generated by peripheral LSI. This signal is accepted 
if the Interrupt enable Flip-Flop (IFF) is set to "1 ". 
The /INT signal of the CTC is internally wired-OR 
without pull-up resistors and requires external pull-
up. The interrupts from on-chip CTC go out from this 
pin. 

Non-maskable interrupt request signal. This 
interrupt request has a higher priority than the 
maskable interrupt request and does not rely upon 
the state of the Interrupt enable Flip-Flop (IFF). 

Halt signal. Indicates that the CPU has executed a 
HALT instruction. This signal is tri-stated in EV 
mode. 

Bus request signal. /BUSREO requests placement 
of the address bus, data bus, /MREO, /IORO, /RD 
and /WR signals into the high impedance state. 
/BUSREO is normally wired-OR and a pull-up 
resistor is externally connected. 

Bus acknowledge signal. In response to /BUSREO 
signal, /BUSACK informs a peripheral LSI that the 
address bus, data bus, /MREO, /IORO, /RD, and 
/WR signals have been placed in the high imped-
ance state. 

For the Z84011 the /BUSACK will not be tri-stated during EV mode. For the Z84C 11 the /BUSACK will be tri-stated during EV mode. 

/WAIT (22) 

Note: 

Input(011 ), 
1/0(C11) 

Wait signal. /WAIT informs the CPU that specified 
memory or peripheral is not ready for data transfer. 
As long as /WAIT signal is active, MPU is continu­
ously kept in the wait state. 

For the Z84C11, the {'NAIT pin becomes an output to bring out on-chip Wait State Generator during EV mode. 
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CTCSIGNAlS 

Signal Name # of Pins Pin# 

ClK/TRGO- 4 (2-5) 
ClK/TRG3 

ZC/TOO - ZC/T02 3 (97-99) 

GENERAL PURPOSE I/O PORT 

Signal Name # of Pins 

PA7-PAO 8 

PB7-PBO 8 

PC7-PCO 8 

PD7-PDO 8 

PE6-PEO 7 

PE7 (011 Only) 

PE7//WDTOUT 
(C11 Only) 

Pin# 

(61-68) 

(69-76) 

(53-60) 

(88,89, 
91-96) 

(85-79) 

(78) 

(78) 

I/O, 3-State 

Input. 

Output. 

I/O, 3-State 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 
(Open-drain 
I/O when 
/WDTOUT) 

Description 

External Clock/Trigger input. These four ClK/ 
TRG pins correspond to four Counter/Timer Chan­
nels. In the counter mode, each active edge 
causes the downcounter to decrement by one. In 
timer mode, an active edge starts tile timer. It is 
program selectable whether the active edge is 
rising or falling. 

Zero counVtimer out signal. In either timer or counter 
mode, pulses are output when the down counter 
has reached zero. The Counter/Timer Channel 3 
does not have this output. 

Description 

General purpose I/O port (Port A). These lines are 
configured as an input or an output, bit by bit. On 
Reset. set as "all input." 

General purpose I/O port (Port B). These lines are 
configured as an input or an output, bit by bit. On 
Reset. set as "all Input." 

General purpose I/O port (Port C). These lines are 
configured as an input or an output, bit by bit. On 
Reset. set as "all Input." 

General purpose I/O port (Port D). These lines are 
configured as an input or an output, bit by bit. On 
Reset. set as "all Input." 

General purpose I/O port (Port E) These lines are 
configured as an input or an output, bit by bit. On 
Reset, set as "all Input." 

General purpose I/O port (Port E 7). This pin is 
configured as an input or an output. On Reset, set 
as "Input." 

Port E 7/Watchdog Timer Output (Multiplexed). This 
pin is configured as a Watch Dog output pin, or as a 
general purpose input or an output pin. When Watch 
Dog Timer is enabled, this pin becomes /WDTOUT 
regardless of the programming as an I/O port, and 
also becomes an Open-drain output. If /WDTOUT is 
connected other than a /RESET pin, an external pull­
up resistor may be required. On Power-on Reset, 
this pin is set as PE7 and "Input." 
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SYSTEM CONTROL SIGNALS 

Signal Name # of Pins Pin # 

lEI (1 ) 

lEO (S7) 

/RESET (24) 

Note: 

110, 3-State 

Input 

Output 

Input (011), 
I/O (Open Drain) 
on Cll 

Description 

ZSO CTC Interrupt enable input signal. This signal is 
used with the lEO to form an interrupt priority daisy 
chain when there is more than one interrupt-driven 
peripheral. 

ZSO CTC interrupt enable output signal. In the daisy 
chain interrupt control, lEO controls the interrupt of 
external peripherals. lEO is active when lEI is "1" 
and the CPU is not servicing an interrupt from the 
on-chip peripherals. 

Reset signal. /RESET signal is used for initializing 
MPU and other devices in the system. Also used to 
return from the steady state in the STOP or IDLE 
modes. 

For the Z84011 the /RESET is kept in active state lor a period 01 at least three system clock cycles. 

Note: 
For the Z84C11, during the power-up sequence, the /RESET becomes Open-drain output and the Z84C11 will drive this pin to "0" lor 25 to 75 msec 
after the power supply passes through approx. 2.2V and then reverts to input. If it receives the IRESET signal after power-on sequence, it will drive the 
/RESET pin lor 16-processor clock cycles depending on the status 01 the Reset Output Disable bit in the Watch Dog limer Master Register. II this Reset 
output is disabled, it must be kept in an active state lor a period 01 at least three system clock cycles. Note, that il using Z84C11 in the Z84011 socket, 
modification may be required on the Reset circuit since this pin is a "pure input pin" on the Z84011. The /RESET pin does not have internal pull-up 
resistors and requires external pull-up. For more details of the function, refer to "Functional Description." 

Signal Name #of Pins 

XTAL1 

Note: 

Pin # 

(49) 

I/O,3-State 

Input 

Description 

Crystal oscillator connecting terminal. A parallel 
resonant crystal is recommended. If an external 
clock source is used as an input to the CGC unit, 
supply clock goes into this terminal. 

For the Z84C11, a crystal presence is automatically detected by the Z84C 11; oscillator and divide-by-two circuits are activated. The single phase clock 
generated is output on the ClK pin if the external clock is not applied on ClK pin. 

Signal Name #of Pins Pin # 

XTAl2 (4S) 

ClK (52) 

Note: 

I/O, 3-State 

Output 

Output (011), 
1/0(Cll) 

Description 

Crystal oscillator connecting terminal. 

System Clock 

For the Z84011, ClK provides Single Phase system clock generated by CGC. For the Z84C 11, if the clock is applied on this pin, the internal oscillator 
and divide-by-two circuits are bypassed. Otherwise, ClK provides System Clock to the system. 
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SYSTEM CONTROL SIGNALS 

Signal Name #of Pins Pin# 

MS1, MS2 2 (47,46) 

EV (15) 

Nole: 

1/0,3-State 

Input 

Description 

Mode select 1 and 2. The mode select input pins. 
The status on these pins determine one of four 
power save modes.(Run, Idle1, Idle2 or STOP). 

Evaluator signal. When "1" is applied to this pin, PIC 
is put in Evaluation mode. For details, refer to 
"Functional Description" on EV mode. 

For the Z84011, together with /BUSREO, the EV signal puts the Z84011 into the evaluation mode. When this signal becomes active, the status of 
IMI , /HALT and fRFSH change to input. When using Z84011 as an evaluator chip, the CPU is electrically disconnected after one machine cycle is 
executed with the EV signal "1" and the fBUSREO signal "0". It follows the instructions from the other CPU (of ICE). Upon receiving fBUSREO; A 15-
AO, IMREO, IIORO, /RO and /WR are changed to input and 07-00 changes its direction. /BUSACK is NOT tri-stated so it should be disconnected by 
an externally connected circuit. 

Note: 
For the Z84Cll, to access on-chip resources from the CPU (e.g., ICE CPU), the CPU is electrically disconnected; A 15-AO, IMREO, IIORO, fRD and 
/WR are changed to input; 07-00 changes its direction; IM1, IHAL Tand IRFSH are put into the high impedance state when the EV pin is setto "1." Also, 
IBUSACK is tri-stated. 

Signal Name # of Pins Pin# 1/0,3-State Description 

Vcc 3 (27,51,90) Power +5 Volts 

Vss 4 (28,50, GND OVolls 
77,100) 

TEST (86) Input Test pin. This pin should be tied to "0". 

Nole: 
The following pins have different functions between Z84011 and Z84Cll: 

Pin Name 

/RESET 
/WAIT 
EV 
PE7 
/BUSACK 

Pin# 

24 
22 
15 
78 
21 

Function 

Functionality is different. 
Functionality is different in EV mode. 
Functionality is different. 
(Port E 7) on Z84011; PE7//WOTOUTon Z84Cll. 
In EV mode, tri-stated on Z84C11; remains active on Z84011. 
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FUNCTIONAL DESCRIPTION 

As shown in Figure 1 (a), the Z84011 has a Z80 CPU, CTC, 
Clock Generator/Controller and Five 8-bit General Pur­
pose IIOs. In addition to these, the Z84C11 has a Watch­
Dog Timer, Wait State Generator, and Power-on Reset 
circuit (Figure 1 b). 

Functionally, the on-chip Z80 CPU and the Z80 CTC are the 
same as the discrete devices. Therefore, for detailed 
description of each individual unit, refer to the Product 
Specification/Technical Manual of each discrete product. 

The following subsections describe each individual func­
tional unit of the PIC. 

Z84COOI01 Logic Unit 

The CPU unit provides all the capabilities and pins of the 
Zilog Z80 CPU. This allows 100% software compatibility 
with existing Z80 software. Refer to "Z84C01 Z80 CPU with 
CGC" Product Specification. 

Data CPU 
BUS 
liD 

Control 

Z84C30 CounterlTimer Logic Unit 

This logic unit provides the user with four individual 8-bit 
Counter/Timer Channels that are compatible with the 
Z84C30 CTC (Figure 3). The Counter/Timers are pro­
grammed by the CPU for a broad range of counting and 
timing applications. Typical applications include event 
counting, interrupt and interval counting, and serial baud 
rate clock generation. 

Each of the Counter/Timer Channels, designated Chan­
nels 0-3, have an 8-bit prescaler (when used in timer 
mode) and its own 8-bit counter to provide a wide range of 
count resolution. Each of the channels have their own 
Clock/Trigger input to quantify the counting process and 
an output to indicate zero crossing/timeout conditions. 
Note that Channel 3 doesn't have its output pin. With only 
one interrupt vector programmed into the logic unit, each 
channel can generate a unique interrupt vector in re­
sponse to the interrupt acknowledge cycle. 

Internal 
Control 
Logic 

Interrupt 
Logic 

Counterl 
Timer 
Logic 

liNT 
lEI 

lEO 

ZC/TO 

CLKlTRG 
,...---

IRESET 

Figure 3. CTC Block Diagram 
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General Purpose I/O Ports 

The PIC has five 8-bit General Purpose I/O ports (a total of 
40 I/O lines). Each bit is configured as input or output 
individually. Figure 4 tlas ttle block diagram [or General 
Purpose I/O ports. Each port has 2 associated registers. 
One is the Port Data Port, which latches tile data to the port, 
and the other is the Data Direction Register, which defines 
the direction of data flow for the individual bits of its port. 
While the port bit is assigned as output, the contents of Port 
Data register can be read back tllroUgtl I/O instructions. 
For the addresses of these registers, refer to Table 1. 

07-00 

Data 
Direction 
Register 

Note: For Z84C11, Port 7 bit 7 is multiplexed with Watch 
Dog Timer Output (WDTOUT). When enabling the Watch 
Dog Timer, tile /WDTOUT is overriding the function as an 
I/O port. When used as /WDTOUT, a write to Port Data 
Register has no effect on the PE7//WDTOUT pin, but 
changes the contents of the Port E data register. A read to 
this bit returns the status of the /WDTOUT. For more details 
about Watch Dog Timer, refer to the "Watch Dog Timer" 
Section. 

Data Bus 

Register 

Output Buffer 

Input Control Logic 

I/O 
PIN 

Figure 4. I/O Port Block Diagram 
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Watch Dog Timer (WDT) Logic Unit (Z84C11 Only) 

This logic unit is being superintegrated into the Z84C11 as 
an enhanced feature tothe Z84011. It detects an operation 
error, caused by the program runaway, and returns to 
normal operation. Figure 5, shows the block diagram of the 

WDT. While WDT is enabled, the signal PE7//WDTOUT 
acts as /WDTOUT. During power down mode of operation 
(either IDLE1 /2 or Stop), Watch Dog Timer is halted. Upon 
Power-on Reset, it is disabled. 

PE7-.--.-r---.., 

#FO _--. ... 
WDTP 

(Bits 6 and 5) _--.~ 
~r---~---r--~~ 

o 22-Stage Binary Counter 
(WDTCLK) ---.... for Watch Dog Timer 

RESET 

Enable 

MUX 

Q 
F/F 

~-..... PE7//wDTOUT 

RESET - ____ --' 
4EHWRITE 

JL 

'---.-- RESET 
~--~----~-WDTE 

B1HWRITE 

Watch Dog Timer Command 
Register #F1 (WDTCR) 

Watch DogTimer 
Master Register #FO (WDTMR) 

Internal Data Bus 

Figure 5, Watch Dog Timer Block Diagram 

WDT Output (PE7/IWDTOUT) 

Since the ZB4C11 doesn't have a dedicated WDT output 
pin, the WDT output is multiplexed with Port E bit 7. When 
enabling the Watch Dog Timer, the WDTOUT function 
overrides PE7 function. 

When the WDT is used, the "0" level signal is output from 
the PE7//WDTOUT pin after a duration of time specified in 
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the WDTP in the WDTMR. The output pulse width is one of 
the following, depending on the PE7/IWDTOUT pin con­
nection. 

The PE7//WDTOUT is connected to the /RESET pin: The "0" 
level is pulsed for 5TcC (System Clock cycles). 



The PE7//WDTOUT is connected to a pin other than the 
/RESET pin: The "O"level is kept until the Watch Dog timer 
is cleared by software, or reset by /RESET pin. 

CGC Logic Unit 

The PIC has a CGC (Clock Generator/Controller) unit. The 
PIC allows crystal input (XT Al 1, XT Al2) or System Clock 
I nput on the XTAl1 pin. It has clock divide-by-two circuits 
and generates half-speed clock to the input. 

Z84011 Only. The CGC unitis not supporting" Id Ie 2" mode 
of operation. 

Z84C11 Only. Extemal clock can be also applied from ClK 
pin. If external clock is provided on the ClK pin, the 
oscillator and the divide-by-two circuit are bypassed. On 
Power-on Reset, it comes up in divide-by-two mode. If the 
external clock or crystal input is provided on the XTAl pins, 
the internal oscillator is used and the divide-by-two circuit 
is activated depending upon bit 04 of the WDTMR (See 
"Programm ing" section). Power Down modes olthe Z84C 11 
vary based on whether the clock is input on the XTAl1 pin 
or the ClK pin. If the clock is input on the crystal pin, all of 
the modes in "halt" state are available. If the system clock 
is provided from the ClK pin, only the IDlE2 mode is 
applicable (CTC is kept on running but the internal CPU 
and Watch Dog Timer are stopped). 

Generating the System Clock 
The PIC has a built-in oscillator circuit and the required 
clock is easily generated by connecting a crystal to the 
external terminals (XTAl 1, XTAl2). Clock output is the half 
speed of the clock source. Example of an oscillator con­
nection is shown in Figure 6. 

Z84C11/011 

XTAL1 

C fN = 33pf 

XTAL2 

T 
COUT = 33pf 

Figure 6. Circuit Configuration for Crystal 

Z84C11. Clockspeed is the same, or half, the frequency of 
the clock source. 

Recommended characteristics of the crystal and the values 
for the capacitor are as follows, (the values will change with 
crystal frequency). 

• Type of crystal: Fundamental, parallel type crystal 
(AT cut is recommended). 

• Frequency tolerance: Application dependent. 

• Cl, load capacitance: Approximately 22pf. 
(Acceptable range is 20-30pf.) 

• Rs, equivalent-series resistance: :s; 60 ohms 

• Drive level:10mW (for:s; 10MHz crystal) 
5mW (for ~ 10MHz crystal) 

• CIN = COUT = 33pf. 

Power-on Reset Logic Unit (Z84C11 Only) 

The Z84C11 has the enhanced feature of a Power-on 
Reset circuit. During the power-up sequence, the Open­
drain gate of the on-chip Power-on Reset circuit drives 
/RESET pin to "0" for 25 to 75 msec after the power supply 
passes through approx. 2.2V. After the termination of the 
"Power-on Reset" cycle, the Open-drain gate of the on­
chip Power-on Reset circuit stops to drive the /RESET pin. 
It is required to have external pull-up resistor on the /RESET 
pin. 

If it receives /RESET input from outside after the power-on 
sequence, and while Reset Output Disable bit in Watch 
Dog Master Register is cleared to "0", it drives the /RESET 
pin for 16 processor clock cycles from the falling edge of 
external/RESET input. Otherwise, /RESET pin must be 
kept in active state for a period of at least 3 system clock 
cycles. 

If there are power-on reset circuits outside of this device, 
drive this pin with OPEN-DRAIN type gates and pull-up 
resistors because the /RESET signal is driven low for the 
period mentioned above during the Power-on sequence. 
If the external Power-on Reset circuit has push-pull type 
drivers and they drive the /RESET pin to "1" during that 
period, it may cause damage. In particular, when using 
Z84C11 in the Z84011 socket, modification may be re­
quired on the external reset circuit. 
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Wait State Generator Unit (Z84C11 Only) 

The Z84C11 has the enhanced feature of a Wait State 
Generator circuit. It is capable of generating /WAIT signals 
to the CPU internally_ The status of the External /WAIT input 
line is sampled after the insertion of software wait states. 
except the wait states insertion for Interrupt Daisy Chain 
Wait (for this cycle. insertion of a wait state is complex). The 
Wait State Control Register can be programmed to gener­
ate multiple Wait states during different CPU cycles as 
listed as follows. 

Memory Wait and Op-code Wait 
The Wait State Generator can put 0 to 3 wait states in 
memory accesses. Additionally. one added wait state can 
be inserted during an/M1 (Op-code fetch) cycle. because 
/M1 cycles' timing requirement is tighter than memory 
Read/Write cycles. It generates wait states to the Memory 
Access in a specified address range. which is programmed 
in Memory Wait Boundary Register. 

I/O Wait 
The Wait State Generator can put 0.2. 4 or 6 wait states to 
I/O accesses. Regardless ofthe programming of this field. 
no I/O wait states are inserted for accesses to on-chip 
peripherals. 

Interrupt Vector Wait 
During Interrupt acknowledge cycle. the Wait State Gen­
erator can insert one wait state after /IORO goes active. to 
extend the time between /IORO fall to vector fetch by CPU. 
It allows a slow vector response device. 

Interrupt Daisy Chain Wait 
and RETI Sequence Extension 
During Interrupt acknowledge cycle. the Wait State Gen­
erator can insertO. 2. 4 or 6 wait states between/M1 falling 
to the /IORO falling edge. Tilis extends the time required to 
settle the daisy chain. This also allows a longer daisy chain. 
Further. this field controls the number of wait states in­
serted during RETI (Return From Interrupt) cycle. If speci­
fied to insert 4 or 6 wait states during Interrupt Acknowl­
edge cycle. the Wait State Generator also inserts wait 
states during the RETI fetch sequence. This sequence is 
generated with two op-code fetch cycles (Op-code is EDh 
followed by 4Dh). It inserts 2 or 4 wait states. respectively. 
if op-code followed by EDh is 4Dh. One wait state if the 
following op-code is not 4Dh. 

Other Functional Features (Z84C11 Only) 

For more system design flexibility. the Z84C11 has the 
following unique features. These features are controlled by 
WDTMR (Watch Dog Master Register; Address:FOh) For 
more details. refer to "Programming section." 
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• Clock Divide-By-One option 

• Reset Output Disable 

• Control Register Initialize Option 

Clock Divide-by-One Option 
This feature is programmed through Bit 04 of WDTMR. 
Upon Power-on Reset. the Clock from on-chip CGC is 
passed through a divide-by-two circuit. By setting this bit 
to one. the divide-by-two circuit is bypassed so that the 
system clock is equal to XT Al input. If the clock is applied 
to the ClK pin from external clock source. the status of this 
bit is ignored. Upon power-on reset, it is cleared to O. For 
details. refer to "Programming" section. 

Reset Output Disable 
This feature is programmed by Bit 03 of WDTMR. If this bit 
is cleared to "0". the /RESET pin is driven to "0" for 16 clock 
cycles from the falling edge of /RESET input. This feature 
is for the cases where /RESET is used to get out from the 
"HALT" state. If this bit has been set to one. the on~chip 
reset circuit will not drive the /RESET pin except during 
power-on sequence. 

Control Register Initialize Option 
This feature is programmed by Bit 02 of WDTMR. This bit 
determines whether or not to initialize system control 
registers to initial value on /RESET. An ideal application for 
using the Watch Dog Timer. 

Evaluation Mode 

The PIC has a built-in evaluation (or development) mode 
feature which allows the users to utilize standard Z80 
development systems conveniently. This mode virtually 
replaces the on-chip Z80 CPU with the external CPU. In 
this mode. the on-chip CPU is electrically disconnected 
from the internal bus and all tri-state signals 15-AO. 07-00. 
/MREO. /IORO. /RD. /WR. /HAlT./M1. (forC11. /RFSH and 
/BUSREO as well) as they are tri-stated. or changed to 
input. This allows the development system CPU to take 
over and use the internal I/O registers of the PIC (like the 
CPU was on-chip). 

Z84011 Only. When the EVpin is active.the /M1 and/HAlT 
pins are put in the high-impedance state. In using the 
Z84011 as an evaluator chip. the CPU is electrically 
disconnected (put in high-impedance state) after one 
machine cycle is executed with the EV signal being "1" and 
the /BUSREO signal being "0". Then. on-chip resources 
are accessed from outside. /BUSACK and /RFSH are 
disconnected by an externally connected circuit. 



Z84Cll Only. If the EV pin is tied to Vcc on power-up, Itle 
Z84Cl1 enters Into an evaluation mode. In this mode, the 
internal CPU is immediately disconnected from the internal 
bus and all tri-state signals listed above, and /BUSACK 
and /RFSH signals are tri-stated, or changed to input. Note 
that the NJAIT pin became Ihe OUTPUT pin in EV mode, 
and Wait State Generator generates wait states only as 
programmed. If the target application board has a sepa­
rate wait state generator, modification of the target may be 
required. 

PROGRAMMING 

I/O Address Assignment 

The PIC's on-chip peripherals' I/O addresses are listed in 
Table 1. They are fully decoded from A7-AO and have no 
image. The registers with Z84C11 located at I/O Address 

The Z84C 11 acts like regular operation where llle /BUSREO 
signal is asserted by an external master. This causes all 
tri-state signals to be tri-stated by the Z84C11 after one 
clock delay. For this case, /RFSH, /M 1, /HALT and 
/BUSREO remain active. The /BUSREO approach was not 
used for the evaluation mode.This avoided significant 
external circuitry to work around the time period before the 
external CPU uses the bus for tile Z84C11 accesses. 

EEh, EFh, FOh and F1 h control entlanced features to the 
Z84C11, and are not assigned on Z84011. 

Table 1. 1/0 Control Register Address 

Address Device Channel Register 

10h CTC ChO Control Register 
1111 CTC Ch 1 Control Register 
12h CTC Ch 2 Control Register 
13h CTC Ch 3 Control Register 

50h PIA Port A Port A Data Port (PADP) 
54h PIA PortA Port A Data Direction Register (PADR) 
51h PIA Port B Port B Data Port (PBDP) 
55h PIA PortB Port B Data Direction Register (PBDR) 

52h PIA Port C Port C Data Port (PCDP) 
56h PIA Port C Port C Data Direction Register (PCDR) 
30h PIA Port 0 Port 0 Data Port (POOP) 
3411 PIA Port 0 Port 0 Data Direction Register (POOR) 

40h PIA Port E Port E Data Port (PEDP) 
44h PIA Port E Port E Data Direction Register (PEDR) 
FOh WDT Watch Dog Timer Master Register 

(WDTMR; Not with Z84011) 

F1h WDT Watch Dog Timer Control Register 
(WDTCR; Not with Z84011) 

EEh Misc System Control Register Pointer 
(SCRP; Not with Z84011) 

EFh Misc System Control Data Port 
(SCDP; Not with Z84011) 
Through SCRP and SCDP 

Control Register 00 - Wait State 
Control register (WCR) 
Control Register 01 - Memory Wait state 
Boundary Register (MWBR) 
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CTC Control Registers 

For more detailed information, refer to the CTC Technical 
Manual. 

Channel Control Word 
This word sets the operating modes and parameters as 
described below. Bit 00 is a "1" to indicate that this is a 
Control Word (Figure 7). 

• Timer Mode Only 

Control or Vector 
0= Vector 
1 = Control Word 

Reset 
o = Continued Operation 
1 = Software Reset 

Time Constant 
o = No Time Constant Follows 
1 = Tlme Constant Follows 

Time Trigger' 
o = Automatic Trigger When 

T1me Constant Is loaded 
1 = CLKfTRG Pulse Starts llmer 

CLKfTRG Edge Selection 
o Selects Failing Edge 
1 Selects Rising Edge 

Prescaler Value fI 

1 = Value of 256 
0= Value of 16 

Mode 
o Selects Timer Mode 
1 Selects Counter Mode 

Interrupt 
1 Enables Interrupt 
o Disables Interrupt 

Figure 7. eTC Channel Control Word 

Bit 07. Interrupt Enable.This bit enables the interrupt logic 
so that an intemal INT can be generated at zero count. 
Interrupts are programmed in either mode and may be 
enabled or disabled at any time. 

Bit 06. Mode Bit Ttlis bit selects either Timer Mode or 
Counter Mode. 

Bit 05. Prescaler Factor. This bit selects the prescaler 
factor for use in the timer mode. Either divide-by-16 or 
divide-by-256 is available. 

Bit 04. Clock/Trigger Edge Selector. This bit selects the 
active edge of the CLK/TRG input pulses. 
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Bit 03. Timer Trigger. This bit selects the trigger mode for 
timer operation. Either automatic or exiernal trigger is 
selected. 

Bit 02. Time Constant. This bit indicates that tile next word 
programmed is time constant data for the downcounter. 

Bit 01. Software Reset. Writing 1 to this bit indicates a 
software reset operation, which stops counting activities 
until another time constant word is written. 

Time Constant Word 
Before. a channel starts counting, it must receive a time 
constant word. The time constant value is anywhere 
between 1 and 256, with "0" being accepted as a count of 
256 (Figure 8). 

~§ 
TC4 

TC5 

TC6 

TC7 

Figure B. eTC Time Constant Word 

Interrupt Vector Word 
If one or more of the CTC channels have interrupt enabled, 
then the I nterrupt Vector Word must be programmed. Only 
the five most significant bits of this word are programmed, 
and bit 00 must be "0". Bits 02-01 are automatically 
modified by the CTC channels when it responds willl an 
interrupt vector (Figure 9). 

o = Interrupt Vector Word 
1 = Control Word 

Channel Identifier 
(Automatically Inserted 
byCTC) 
o 0 = Channel 0 
o 1 = Channel 1 
1 0 = Channel 2 
1 1 = Channel 3 

Supplied By User 

Figure 9. CTC Interrupt Vector Word 



PIA Registers 

Port Direction Registers 
The PIA ports can be configured for any combination of 
input and output bits, The direction is controlled by writing 
to the Port Direction Registers (PADR, PBDR, PCDR, 

PAOR (Address:54h) 
PBOR (Address:55h) 
PCOR (Address:56h) 
POOR (Address:34h) 
PEOR (Address:44h) 

07 

PDDR, PEDR), A "1" written to a bit position indicates that 
the respective bit is an Output. All bits are inputs on reset 
This register is write only (Figure 10), 

DO 

o : Sets Bit to Input 
1 : Sets Bit to Output 

Figure 10. Port Direction Register 

Port Data Port 
This register holds the data to the port bit assigned as 
output It holds the data until modified by the CPU, If the bit 
is assigned as an output, a read to this register gives the 

PAOP (Address:50h) 
PBOP (Address:51 h) 
PCOP (Address:52h) 
POOP (Address:30h) 
PEOP (C11 only:Address:40h) 

PEOP (C11 only:Address:40h) 

1 INI~I~I~I~I~I~I 

current value on tile port pin, or reads back the contents of 
this register (Figure 11), 

PJW 

I 11----_ PJW 

When Watchdog Timer is Oisabled:PE7 
When Watchdog Timer is Enabled:WOTOUT 

(Read Only) 

Figure 11. Port Data Port 

Writing a Port Data Port. If the bit location is assigned as an 
input, A write to the bit location, assigned as an input, 
changes the contents ofthe Port Data Port Register without 
affecting the port's operation, 

If the bit location is assigned as an output A write to the bit 
location, assigned as an output, latches the data into the 

Port Data Port register, and the content of the register is 
output on the pin, 

Z84C11 Only, If Port E bit 7 has been assigned as Watch 
Dog Timer Output (lWDTOUT), a write to PE7 location will 
not change the status of the PE7, but changes the bit 7 of 
PEDR. 
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Reading a Port Data Port. If the bit location is assigned as 
an input, a read to the bit location, assigned as an input 
reads the data on the port directly. The contents of the Port 
Data Port Register are not changed. 

Iflhe bit is assigned as an output. A read to the bitlocation, 
assigned as an output, reads back the contents of the Port 
Data Port Register. 

Z84C11 Only. If Port E bit7 has been assigned as Watch 
Dog Timer Output (/WDTOUT), a read to PE7 location 
returns the status of WDTOUT. 

As mentioned above, a write to the bit location assigned as 
input, will not affect the port's operation. When changing its 
mode to output from input, write datato be output into port 
data port before programming Data Direction Register to 
Output, or there may be a glitch in the port pin. 

Watch Dog Timer Control Registers (Z84C11 Only) 

There are two registers to control Watch Dog Timer opera­
tions; Watch Dog Timer Master Register (WDTMR; I/O 
Address FOh) and the WDT Command Register (WDTCR; 

ReadWrite 

7 o 

I/O Address F1 h). Watch Dog Timer Logic has a "double 
key" structure to prevent the WDT disabling error which 
could lead to WDT operation stop page due to program 
runaway. Also, these registers program the power-down 
mode of operation. The "Second Key" is needed when 
turning off the Watch Dog Timer. 

Enabling the WDT. The WDT is enabled by selling the WDT 
Enable Bit (D7:WDTE) to "1" and the WDT Periodic field 
(D5,D6:WDTP) to the desired time period. These com­
mand bits are in the Watch Dog Timer Master Register 
(WDTMR; I/O Address FOh). 

Disabling the WDT. The WDT is disabled by clearing WDT 
Enable bit (WDTE) ill the WDTMR to "0" followed by writing 
"B1h" to the WDT Command Register (WDTCR; I/O Ad­
dress F1h). 

Clearing the WDT. The WDT can be cleared by writing 
"4Eh" into the WDTCR. 

Watch Dog Timer Master Register 
(WDTMR; I/O address FOh) 
This register controls the activities of the Watch Dog Timer 
and system functions (Figure 12). 

I 0 II II I 0 I 0 I 0 II II I (Value on Power-on Reset) 
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~~ .Shouldbe"11" 

Control Register Initialize Option 
1 : Initialize only on Power-on Reset 
o : Inftialize on Reset Also 

Reset Output Disable 
1 : Reset Output is Disabled 
o : Reset Output is Enabled 

Clock Dlvid.,.by-One 
1 : Clock is Dlvid~y·One 
o : Clock Is DIvid~y-Two 

Watchdog romer Period (WOTP) 
D6 OS 
o 0 
o 1 
1 0 
1 1 

TcCx2 16 

TCCx2~ 
TcCx2 22 
TcCx2 

Watchdog Timer Enable 
1 : Enables WOT 
0: Disable WOT (Followed by B1h 

toWOTCM) 

Figure 1Z. Watch Dog Timer Master Register 



Bit 07. Watch Dog Timer Enable (WDTE). Tilis bit controls 
the activities of Watch Dog Timer. The WDT is enabled by 
setting this bit to "1 ". To disable WDT, write "0" to this bit 
followed by writing "B 1 h" in the WDT Command Register. 
Watch Dog Timer logic has a "double key" structure to 
prevent the WDT disabling error which may lead to WDT 
operation stop page, due to program runaway. Upon 
Power-On Reset. this bit is cleared to "0" and the WDT is 
disabled. 

Bit 06-05. WDT Periodic field (WDTP). This two bit field 
determines the desired time period. Upon Power-on reset, 
this field is set to "11" and the time period is (T cC x 222). 

00 - Period is (TcC x 2'6 ) 

01 - Period is (TcC x 2'8) 
10 - Period is (TcC x 220 ) 

11 - Period is (TcC x 222) 

Bit 04. Clock Divide-by-one aptian. "O"-Disable ,''1''-en­
able. On-chip CGC unit has a divide-by-two circuit. By 
setting this bit toone, this circuit is bypassed and clockon 
ClK pin is equal to XTAl oscillation frequency (or external 
clock input on the XTAl1 pin). This bit has no effect when 
the on-chip CGC unit is not in use and external system 
clock is fed from ClK pin. Upon Power-on reset, this bit is 
cleared to "0" and the clock is divided by two. 

Bit 03. Reset Output Disable. "O"-Reset output is enabled, 
"1 "-Reset output is disabled. This bit controls the /RESET 
signal and is driven out when /RESET input is used to take 
the Z84C11 outof the "Halt" state. The reset pulse is driven 
out for 16-clock cycles from the falling edge of /RESET 
input, unless this bit is set. Upon Power-on reset. this bit is 
cleared to "0". 

Bit 02. Control Register Initialize Option. "0"- Initialize 
control registers on Reset; "1 "- Initialize control registers 
only on Power-on Reset. 02 determines whether to initial­
ize system control registers to initial values on /RESET. If 
this bit is cleared to 0, contents of control registers are 
initialized at/RESET. I f this bit is set to 1 , contents of control 
registers are initialized ONLY on Power-on Reset (IRESET 
will not initialize the control registers). Upon Power-on 
Reset. this bit is cleared to "0". 

Bit 01-00. Reserved. These two bits are reserved and are 
programmed as "11 ". A read to these bits returns" 11". 

Watch Oog Timer Command Register 
(WDTCR; I/O address F1 h) 
In conjunction with the WDTMR. this register works as a 

"Second Key" for tile Watch Dog Timer. This register is 
write only (Figure 13). 

Write B1h after clearing WDTE to "0" - Disable WDT. 
Write 4Eh - Clear WDT. 

WDTCR (Write Only) 

o 0 0 0 1 (Blh)· Disable WDT 
(After Clearing WDTE) 

o 0 0 0 (4Eh) • Clear WDT 

Figure 13. Watch Oog Timer Command Register 

Registers for the Wait State Generator 

(The following registers are not available on Z84011). 

There are two indirectly accessible registers to program 
wait states; Wait State Control Register (WCR. Control 
RegisterOOh) and Memory Wait Boundary Register (MWBR, 
Control Register 01 h). To access these registers, Z84C11 
writes "register number to be accessed" to the System 
Control Register Pointer (SCRP, I/O address EEh), and 
then accesses the target register through System Control 
Data Port (SCDP, I/O address EFh). The painter which 
writes into SCRP is kept until modified. 

System Control Register Pointer 
(SCRP, I/O address EEh) 
This register stores the pointer to access WCR and MWBR. 
This register is Read/Write and it holds the pointer value 
until modified. Upon Power-on reset, all bits are cleared to 
zero. The pointer value other than OOh and 01 h, is reserved 
and not written. Upon Power-on reset, this register is set to 
"OOh" and points to WCR (Figure 14). 

SCRP (ReildlWrite) 
D7 DO 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I (Value on Power-on Reset) 

o 0 0 0 0 0 0 0 (OOh) Point to WCR 
o 0 0 0 0 0 0 1 (Olh) Point to MWBR 

Figure 14. System Control Register Pointer 
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System Control Data Port 
. (SCDP, I/O address EFh) 

Wait State Control Register 
(WCR, register number OOh) 

This register accesses WCR and MWBR (Figure 15). This register accessed through SCDP with the pointer 
value OOh in SCRP (Figure 16). To maintain compatibility 
with the Z84011, theZ84C11 inserts the maximum number 
of wait states (set all bits of this register to one) for sixteen/ 
M1 cycles after Power-on Reset. It automqtically clears the 
contents of this register (move to no-wait state insertion) on 
the trailing edge of the 16th /M1 signal unless software has 
programmed a value. If automatic wait state insertion is 
needed, the wait state is programmed within this time 
period. A read to WCR during this period will return FFh, 
unless programmed. 

SCOP (ReadlWrile) 

07 DO 

ReadlWrile the Reglsler 
Polnled by SCPR 

Figure 15_ System Control Data Port 
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WCR (ReadlWrile) 

07 

11 11111 

I 0 o I 0 I 0 

--

DO 

1111111 I 
16 -IMI Cycles After Power-on Reset Unless Programmed 

o I 0 I 0 I 0 I 

L 110 Wail 
o 0 No Wa. Stale 
o 1 Two Wail Slales 
1 0 Four Wail Stales 
1 1 Six Wail Stales 

Memory Wail 
o 0 No Wail Stale 
o lOne Wa. Stale 
1 0 Two Wait Stales 
1 1 Three Wail Stales 

Op-code Fetch Extension 
0: No Add.lonal Wait On 

Op-Code Fetch Cycle 
1: Add 1 More Wa. to 

Op-Code Fetch Cycle 

Interrupt Vector Wait 
0: No Wait 
1 : One Wan Stale 

Interrupt Daisy Chain Wait 

IntelTupt REll 
Acknowledge Cycle Cycle 

o 0 0 Waft State 0 Wail State 
o 1 2 Wait Stales 0 Wa. State 
1 0 4 Wait Stales 2 Waft States 
1 1 6 Wail Stales 4 Wail States 

Figure 16. Wait State Control Register 



The Wait State Control register has the following fields: 

Bit 7-6. Interrupt Daisy Chain Wait. This 2-bit field specifies 
the number of wait states to be inserted during an Interrupt 
Daisy Chain settle period of the Interrupt Acknowledge 
cycle. Which means /IORO goes low after the settling 
period from /M1 going active. Also, this field controls the 
number of wait states inserted during the RETI (Return 
From Interrupt) cycle. If specified to insert four or six wait 
states during Interrupt Acknowledge cycle, the Wait State 
Generator also inserts wait states during the RETI fetch 
sequence. This sequence is formed with two op-code 
fetch cycles (Op-code is EOh followed by 40h). It inserts 
one wait state if op-code followed by EOh is NOT 40h, and 
inserts two or four wait states, respectively, if the following 
op-code is 40h. 

Interrupt Acknowledge 

00 - No Wait states 
01 - 2 Wait states 
10 - 4 Wait states 
11 - 6 Wait states 

RETI cycle 

No wait states 
No wait states 
2 Wait states 
4 Wait states 

For sixteen /M1 cycles from Power-on Reset, bits 7-6 are 
set to "11". They clear to "00" on the trailing edge of the 
16th /M1 signal unless programmed. 

Bit 5. Interrupt Vector Wait. While this bit is set to one, the 
wait state generator inserts one wait state after the /IORO 
signal goes active during the Interrupt Acknowledge cycle. 
This gives more time for the vector read cycle. While this bit 
is clear to zero, no wait state is inserted (Standard timing). 
For sixteen /M 1 cycles from Power-on Reset, this bit is set 
to "1." It then clears to "0" on the trailing edge of the 16th 
/M1 signal, unless programmed. 

Bit 4. Op-code fetch Extension. If this bit is set to "1 ", one 
additional wait state is inserted during the Op-code fetch 
cycle in addition to the number of wait states programmed 
in the Memory Wait field. For sixteen /M1 cycles from 
Power-on Reset, this bit is set to" 1 ", then clear to "0" on the 
trailing edge of the 16th /M1 signal, unless programmed. 

Bit 3-2. Memory Wait states. This 2-bit field specifies the 
number of wait states inserted during I/O transactions. 

00 - No Wait states 
01 - 1 Wait states 
10 - 2 Wait states 
11 - 3 Wait states 

For sixteen /M1 cycles from Power-on Reset, these bits are 
set to "11", then cleared to "00" on tile trailing edge of the 
16th /M1 signal, unless programmed. 

Bit 1-0. I/O Wait states. This 2-bit field specifies the number 
of wait states inserted during I/O transactions. 

00 - No Wail states 
01 - 2 Wait states 
10 - 4 Wait states 
11 - 6 Wait states 

For sixteen /M1 cycles from Power-on Reset, these bits are 
set to "11 ", then cleared to "00" on the trailing edge of tile 
16th /M1 Signal, unless programmed. For the accesses to 
the on-chip I/O registers, no Wait states are inserted 
regardless of the programming of this field. 

Memory Wait Boundary Register 
(MWBR, register number 01 h) 
This register speCifies the address range to insert memory 
wait states. When accessed memory addresses are within 
this range, tile Wait State Generator inserts Memory Wait 
States specified in the Memory Wait field in WCR 
(Figure 17). 

MWBR (ReadlWrite) 

07 DO 

11 11 11 11 I 0 I 0 I 0 I 0 I (Value on Power-on Resel) 

Memory Wail Low Boundary 
Specifies Lower Boundary 
Address (A15-A12) for 
Memory Wait Insertion 

Memory Wail High Boundary 
Specifies High Boundary 
Address (A 15-A 12) for 
Memory Wait Insertion 

Figure 17. Memory Wait Boundary Register 

Bit 07-04. Memory Wait High Boundary. Tilis field speci­
fies A 15-A 12 of the upper address boundary for Memory 
wait. 

Bit 03-00. Memory Wait Low Boundary. This field specifies 
A 15-A 12 of tile lower address boundary for Memory wait. 

Memory wait states are inserted for the address range: 

(07-04 of MWBR) ~ A 15-A 12 ~ (03-00 of MWBR) 

Tilis register is set to "FOil" on Power-on Reset, which 
specifies the address range for Memory wait as "OOOOh to 
FFFFh". 
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OPERATION MODES 

There are four kinds of operation modes available for the 
PIC in connection with clock generation; RUN Mode, 
IDlE1/2 Modes and STOP Mode. 

The Operation mode is effective when the halt instruction 
executes. Restart of MPU from the stopped state under 
IDlE1/2 Mode or STOP mode is effected by inputting 

Operation Mode 

RUN Mode 

IDlE1 Mode 

IDlE2 Mode 
(C11 Only) 

STOP Mode 
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MS1 MS2 

o o 

o 

o 

either IRESET or interrupt (lNMI or liNT). The mode selec­
tion of these power-down modes is made by two external 
pins (MS1/MS2). 

Note: Z84011 is not supporting IDLE 2 mode of operation. 
Do not use the MS1/MS2 combination of 0 1 with Z84011. 

Description at HALT State 

The PIC continues the operation. If ClK is an output, 
it supplies clocks to the outSide, continuously. 

The internal oscillator's operation is continued and 
supplies clocks to the outside, continuously. Clock 
output (ClK) (and internal clock to the CTC and the 
Watch Dog Timer) is stopped at "0" level of T 4 state 
in the halt instruction operation code fetch cycle. 
This mode is not supported with Z84C11 when 
external clock is applied to the ClK pin. 

The internal oscillator and the CTC's operation 
continues. If the ClK pin has been selected as 
output, it supplies clock to the outside continuously. 
But the internal clock to the CPU and the Watch Dog 
Timer is stopped at "0" level of the T4 state. This is 
in the cycle immediately after the halt instruction op­
code fetch cycle. This mode is also valid when 
external clock is applied to the ClK pin. 

All operations of the internal oscillator, clock (ClK) 
output, internal clock to the CTC, and the Watch 
Dog Timer are stopped at the "0" level of the T 4 
state. This is in the cycle immediately after the halt 
instruction op-code fetch cycle. 



Table 2. Device Status in Halt State 
(When clock is supplied by on-chip CGC unit) 

Mode CGC 

IDLE1 0 
IDLE2 0 
STOP X 
RUN 0 

0: Operating 
X: Stop 

Note: 

CPU 

X 
X 
X 
0 

[1] Not supported on 011. 

TIMING 

Basic Timing 

CTC WDT ClK 

X X X 
0 X 0 
X X X 
0 0 0 

Note 

[1] 

The basic timing is explained here with emphasis placed 
on the halt function relative to the on-chip Clock Generator. 
The following items are identical to those for the Z84COO. 
For details, refer to the data sheet of the Z84COO. 

• Operation Code Fetch Cycle 

• Memory Read/Write Operation 

• Input/Output Operation 

• Bus Request/Acknowledge Operation 

• Maskable Interrupt Request Operation 

• Non-Maskable Interrupt Request Operation 

• Reset Operation 

011 Only. All operating modes, except IDLE 2 (Table 2), 
are valid with Crystal Input (Crystal connected between 
XTAL 1/2 or external Clock input on XTAL 1). 

C11 Only. All the operating modes in Table 3 are valid with 
crystal input (Crystal connected between XT AL 1/2 or ex-
ternal clock input on XT AL 1). For the external clock on the 
CLK pin, only the IDLE2 and RUN modes are applicable. 

Operation When HALT Instruction Is Executed 

When the CPU fetches a halt instruction in the op-code 
fetch cycle, /HAL T goes active (Low). This is in synchro­
nization with the falling edge of T 4 state before the periph­
eral LSI and CPU stops the operation. After this, the system 
clock generation differs, depending upon the operation 
mode (RUN Mode, IDLE1/2 Mode or STOP Mode). If the 
internal system clock is running, the CPU continues to 
execute NOP instructions even in the halt state. 

RUN Mode (MS1=1, MS2=1) 
Shown in Figure 18 is the basic timing when the halt 
instruction is executed in RUN Mode. 
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o 
ClKOUT 

IHAlT 

IM1 

M1 Cycle 

T4 

HALT OP-Code 
Fetch Cycle 

M1 Cycle M1 Cycle 

T2 T3 T4 T2 T3 

NOP Execution NOP Execution 

FigurE[! 18. Timing of RUN Mode 
(At Halt Instruction Command Execution) 

IDLE1 Mode (MS1 =0, MS2=O) In RUN Mode, internal system clock (0) and clock output 
(ClK) continues even after the halt instruction is executed. 
Therefore, until the halt state is released by the interrupt 
signal (lNMI or liNT) or /RESET signal, MPU continues to 
execute HALT instruction (internally executing NOP in­
structions). 

Shown in Figure 19 is the basic timing when the halt 
instruction is executed in IDLE1 Mode. 
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T4 

ClKOUT Jlioo------------------J.nJ----
o 

(Internal 
System 
Clock) 

IHAlT 

~~ ______ M_P_U_o_~_r_~_.on_S_T_O_P ______ ~:~-----
IM1 

"1 n 

Code Fetch Cycle 
HALT Instruction O~ration ... 1 

------~ 

Figure 19. IDLEl Mode Timing 
(At Halt Instruction Execution) 



In IDLE 1 Mode, the internal oscillator continues tooperate, 
but system clock (0) in MPU and clock output (ClK) is 
stopped at T 4 low state of HALT instruction execution. 
Then all components in the MPU stop their operation. This 
mode is not supported when the CGC unit is inactive and 
the external clock is fed from ClK pin. 

T4 

ClKOUT 

0 
(Internal 

IDlE2 Mode (C11 Only; MS1=O, MS2=1) 
Shown in Figure 20 is ttle basic timing when the halt 
instruction is executed in IDlE2 Mode. This mode is not 
supported on 011, and not with C 11 when external clock is 
applied onto the ClK pin. 

~ 
System 
Clock) 

IHAlT 

~ ____________ c_p_u_o_p_e_ra_tio_n_S_T_O_P ______________ ~::~ ______ __ 

IM1 
"1 " 

HALT Instruction Operation ... \ 
Code Fetch Cycle ----------

Figure 20. IDlE2 Mode Timing 
(At Halt Instruction Execution) 
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In IDlE2 Mode, the internal oscillator, clock to CTC and 
. clock output (ClK) to the outside of Z84C11 , continues to 
operate. System Clock (0) in the Z84C11 is stopped at the 
T 4 low state of HALT instruction execution. Then the CPU 
and Watch Dog Timer stop their operation. 

T1 T2 T3 

CLKOUT 

STOP Mode (MS1=1, MS2=O) 
Shown in Figure 21 is the basic timing when the halt 
instruction is executed in STOP Mode. 

T4 

CLK Output STOP 

o 
(Internal 
System 
Clock) 

IHALT 

~L _______ M_P_u_o_p_e_ra_t_io_n_S_T_O_P ______ __ 

IM1 

256 

HALT Instruction Operation 
Code Fetch Cycle 

Figure 21. STOP Mode Timing 
(At Halt Instruction Execution) 



In STOP Mode, the on-chip CGC unit is stopped at T 4 low 
state of HALT instruction execution. Therelore, System 
Clock (0) in the IPC, operation of Watch Dog timer, CPU, 
CTC and clock output (elK) to the outside of the IPC are 
stopped. 

Release From Halt State 

The halt state of the CPU is released when "0" is input to the 
IRESET signal and the MPU is reset or an interrupt request 
is accepted. An interrupt request signal is sampled at the 
leading edge of the last clock cycle (T4 state) of NOP 
instruction. In the case of maskable interrupt, interrupt is 

HALT Instruction 

accepted by an active liNT signal ("0" level). Also, tile 
interrupt enable flip-flop is set to "1". Tile accepted inter­
rupt process is started from tile next cycle. 

Further, when the internal system clock is stopped (IDlE1 I 
2 Mode, STOP Mode), it is necessary first to restart the 
internal system clock. Tile internal system clock is re­
started when IRESET or interrupt signal (lNMI or liNT) is 
asserted. 

RUN Mode (MS1, MS2=1) 
The halt release operation by acceptance of interrupt 
request in RUN Mode is shown in Figure 22. 

Execution 

l 
Nap Instruction Execution 

:I~ 
Interrupt Process 

CLKOUT 

o 
(Internal 
System 
Clock) 

IHALT 

IM1 

IM1 

IM1 

I~ 
M1 

T4 T1 T2 T1 T2 T3 T4 T1 T2 

T4 T1 T2 T1 T2 T3 T4 T1 T2 

JI 

I..--_ ...... r 
If u ------J --- -: ..... ----- CPU Internal 

Latch for NMI 

--------------~If~--------~ 

Interrupt Sample Timing 

Figure 22. Halt Release Operation Timing 
By Interrupt Request Signal in RUN Mode 
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In RUN Mode the internal system clock is not stopped. If 
the interrupt signal is recognized on the rising clock edge 
of T 4 of the continued NOP instruction, the CPU will 
execute the interrupt process from the next cycle. 

The halt release operation by resetting the CPU in RUN 
Mode is shown in Figure 23. After Reset, the CPU executes 

CLKOUT 

o 
(Internal 
System 
Clock) 

IHALT 

IM1 

IRESET 

HALT Instruction 

Ex,,",," _I 

an instruction starting from address OOOOH. However, in 
order to reset CPU, it is necessary to keep IRESET signal 
at "0" for at least three system clock cycles (For Z84C 11: 
three clock cycles if Reset output is disabled,). In addition, 
if the IRESET signal becomes" 1", after the dummy cycle 
for at least two T states, the CPU executes an instruction 
from address OOOOH. 

Sf 

I~ 
Execute Instruction 

Address OOOOH 

T1 T2 

Figure 23. Halt Release Operation Timing 
By Reset in RUN Mode 
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IDLE1 Mode (MS1 =0, MS2=0) 
IDLE2 Mode (MS1=O, MS2=1) 
The halt release operation by interrupt signal in IDLE1 
Mode is shown in Figure 24(a)and in IDLE2 Mode in Figure 
24(b). 

CLKOUT 

o 
(Internal n . 
System ---I L-----.f~----T-J 
Clock) 

IHALT 

IM1 ----------~fr------+~ 

J 

NOP Instruction Execution 

~I 
T2 T3 T4 T1 

INMI I ______________ ~ ____ ...r--- MPU Internal 
Latch for NMI 

liNT 

Interrupt Sampling Timing 

(a) IDLE1 Mode 

Figure 24. Halt Release Operation Timing 
By Interrupt Request Signal in IDLE1/2 Mode 
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I~ 
NOP Command Execution 

CLKOUT 

12) 

(Internal 
System 
Clock) 

IHALT 

IM1 f J 

INMI 

liNT 

Interrupt Sampling Timing 

(b) IDLE2 Mode 

Figure 24. Halt Release Operation Timing 
By Interrupt Request Signal in IDLE1/2 Mode (Continued) 
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When receiving INMI or liNT signal. the stopped internal 
system clock starts to feed. In IDLE1 Mode. the PIC starts 
clock output to the outside at the same time. 

The operation stop of CPU in IDLE2 mode is taking place 
at "0" level during T 4 state in the halt instruction op-code 
fetch cycle. Therefore. after being restarted by the inter­
ruptsignal. CPU executes one NOP instruction and samples 
an interrupt signal at the rise of T 4 state during the 
execution of this NOP instruction. It then executes the 
interrupt process from the next cycle. 

If no interrupt signal is accepted during the execution of 
the first NOP instruction after the internal system clock is 
restarted. CPU is not released from the halt state. It is 

CLKOUT 

0 
(Internal 
System 
Clock) 

IHALT 

IM1 

IRESET 

placed in IDLE1/2 Mode again at"O"level during T4 state 
of the NOP instruction. stopping the internal system clock. 
If liNT signal is not at "0" level at the rise of T4 state. no 
interrupt request is accepted. 

The Halt Release Operation 
By RESET in IDLE1/2 Modes 
When IRESET signal at "0" level is input into the PIC. the 
internal system clock is restarted and the PIC will execute 
an instruction stored in address OOOOH. 

At time of IRESET signal input, it is necessary to take the 
same care as that in resetting the PIC in RUN Mode 
(Figures 25a and 25b). 

$ 

Execution Instruction from 
Address OOOOH 

(a) IDLE1 Mode 

Figure 25. Halt Release Operation Timing 
By Reset in IDLE1/2 Mode 
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CLKOUT fLJi 
o 

(Internal 
System 
Clock) 

{HALT 

{M1 

{RESET 

262 

(b) IDLE2 Mode 

Figure 25. Halt Release Operation Timing 
By Reset in IDLE1{2 Mode (Continued) 

Execution Instruction from 
Address OOOOH 



Halt Release in STOP Mode 
(MS1=1 , MS2=O) By Interrupt 
The halt release operation by interrupt signal in STOP 
Mode is shown in Figure 26. 

CLKOUT 

o 
(Internal 
System 
Clock) 

IHALT 

IM1 

INMI 

liNT 

I~ 
NOP Command Execution 

J 

I 
I 

: I 
I 

Interrupt Sampling Timing 

Figure 26. Halt Release Operation Timing 
By Interrupt Request Signal in STOP Mode 
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When the PIC receives an interrupt signal, the internal 
oscillator is restarted. To obtain stabilized oscillation, the 
internal system clock and clock output (ClK) to the outside 
are started after a start-up time of (2'4+2.5) TcC (TcC: 
Clock Cycle) by the internal counter. 

CPU executes one NOP instruction after the internal sys­
tem clock is restarted. At tile same time, it samples an 
interrupt signal at the rise of T 4 state during the execution 
of this NOP instruction. If the interrupt signal is accepted, 
CPU executes the interrupt process operation from the 
next cycle. 

Note: During interrupt signal input, care should be taken 
like the care of the interrupt signal input in IDlE1/2 Mode. 

The halt release operation by the Z84C11 resetting in 
STOP Mode is shown in Figure 27. 

ClKOUT ~I--~-i 

o 
(Internal 
System 
Clock) 

Hall Release in STOP Mode 
(MS2=O, MS1=1) By IRESET 
When /RESET at "0" level is input into the PIC, the internal 
oscillator is restarted. However, the internal clock counter 
for warm-up does not operate. Therefore, the operation is 
not carried out properly due to unstable clock oscillation. 
It is necessary to hold the /RESET signal at "0" level for 
sufficient time. The halt release operation by the PIC 
resetting in STOP Mode is shown in Figure 27. 

Z84C1·1 Only. The /RESET pulse is stretched to a minimum 
of 16 cycles and driven out of the Z84C11 on the /RESET 
pin if Reset output is enabled (bit 03 of WDTMR is cleared 
to "0"). Setting bit 02 disables the driving out of /RESET. If 
the Control Initialization Option has not been selected 
(cleared bit 02 of WDTMR), the values programmed in the 
control registers (WDTMR, SCRP, WCR and MWBR) are 
not initialized on /RESET. Otherwise, contents of these 
registers are initialized to the default value. 

Executive Instruction from 
Address OOOOH 

T1 T2 T3 

IHALT ~~H~--------------------

IM1 

IRESET 
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Figure 27. Halt Release Operation Timing 
By Reset in STOP Mode 



Start-up Time At Time of Restart (STOP Mode). Wilen tile 
MPU is released from the halt state by accepting an 
interrupt request, it executes an interrupt service routine. 
Therefore, when an interrupt request is accepted, it starts 
the generating clockon the ClK pin (after a start-up time), 
by the internal counter [(2'4+2.5) TcC (TcC:Clock Cycle)). 
This obtains a stabilized oscillation for operation. 
Further, in case of restart by the /RESET signal, the internal 
counter does not operate. 

ACTIMING 

The following section describes the timing of the PIC. The 
numbers appearing in the figures refer to the parameters 
on the Table A-F. 

CPU Timing 

Tile PIC's CPU executes instructions by proceeding througil 
the following specific sequence of operations: 

• Memory read or write 

• I/O device read or write 

• Interrupt Acknowledge 

The basic clock period is referred to as a Time or Cycle and 
three or more T cycles make up amachine cycle (e.g., Ml, 

Evaluation Operation 

Each of the CPU signals (15-AO, 7-00, /MREO, /IORO, /RD, 
/WR, /HAl T, /M 1) can be tri-stated by activating tile EV pin. 
The Z84C 11 enhances tile counter part by eliminating the 
requirement of activating /BUSREO. 

Instruction set. The Instruction set of tile PIC is tile same for 
the Z84COO. For details, refer to the Data Sheet/Tecilnical 
Manual of tile Z84COO. 

M20r M3). Machine cycles are extended eitiler by the CPU 
automatically inserting one or more wait states or by the 
insertion of one or more wait states by tile user. 

Instruction Op-code Fetch 

Tile CPU places the contents of the Program Counter (PC) 
on the address bus at tile start of tile cycle (Figure 28). 
Approximately one-ilalf clock cycle later, /MREO goes 
active. When active, /RD indicates that the memory data 
can be enabled onto the CPU data bus. 

Tile CPU samples the /WAIT input witil the falling edge of 
clock state T2. During clock states T3 and T 4 of an M 1 
cycle, dynamic RAM refresh can occur while the CPU 
starts decoding and executing the instruction. 
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IClock 
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1M1 
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Access, 
Data In 

IRFSH 
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r--.H19 

______ r-
Figure 28. Instruction Op-code Fetch 

(See Table A) 



Memory Read or Write Cycles 

Figure 29 shows the timing of memory read or write cycles 
other than an Op-code fetch (1M 1) cycle. The /MREO and 
lRD signals function like the Op-code fetch cycle. 

Read 
Operation 

Write 
Operation 

Clock 

A15-AO 

fMREQ 

!WAIT 

fRO 

07-00 
Data In 

!WR 

07-00 
Data Out 

@ 

In a memory write cycle, /MREO also becomes active 
when the Address Bus is stable. The twR line is active 
when the Data Bus is stable, so that it is used directly as an 
Rtw pulse to most semiconductor memories. 

Valid Address 

1.-------{31}----_t ... 

Figure 29. Memory Read or Write Cycle 
(See Table A) 
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Input or Output Cycles 

Figure 30 shows the timing for an I/O read or I/O write 
operation. During I/O operations, the CPU automatically 
inserts a single wait state (TWA). This extra wait state 
allows sufficient time for an I/O port to decode the address 
from the port address lines. 

When the CPU is accessing the on-chip I/O registers (CTC, 
PIA and system control registers), the data from/to these 
registers also appears on the data bus, or data bus is 

External 
VO Read 

Operation 

VOWrite 
Operation 

Clock 

A7-AO 

/lORO 

!WAIT 

fRO 

07-00 
Data In 

IWR 

07-00 
Data In 

Read 07-00 
Internal { 

Operation Data Out 
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output during an I/O cycle. . 
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.J ~J ~ 4F 'U 'U 
6 -rr 

) Valid Port Address 
u 

rr 
" ~ ~ 

~ ,J 'r 
jr. 
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®-~~r-

\ r;/ 
HV- @-I- I-

rr 1:1 , '1 
.® 

-@ l- ®- ~r-
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~ 
, 

~ rr 
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Note: TWA = One watt cycle automatically Inserted by CPU 

Figure 30. Input or Output Cycle 
(See Table A) 
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Interrupt Request/Acknowledge Cycle 

The CPU samples the interrupt signal with the rising edge 
of the last clock cycle at the end of any instruction (Figure 
31). When an interrupt is accepted, a specialfM1 cycle is 
generated. 

TU 

Clock 

ANT 

A15-AO PC 

1M1 

AORO 

During this special fM1 cycle, flORO becomes active 
(instead of fMREO) to indicate 1I1at the interrupting device 
can place an 8-bit vector on the data bus. Tile CPU 
automatically adds two wail states to this cycle. 

~---------{'WI}---------~ 

!WAIT 

------@r-
07-00 )-------t:~-tfl:«< 

NOTE: 1) T U ~ Last state of any instruction cycle 

2) TWA ~ Wait cycle automatically inserted by CPU 

Figure 31. Interrupt Request/Acknowledge Cycle 
(See Table A) 
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Non-Maskable Interrupt Request Cycle 

INMI is sampled at the same time as the maskable interrupt 
input liNT, but has higher priority and cannot be disabled 
under software control. The subsequent timing is similar to 
thaI of a normal memory read operation except IIlat data 

put on the bus by the memory is ignored. Instead tile CPU 
executes a restart (RST) operation and jumps to the INMI 
service routine located at address 0066H (Figure 32). 

Clock 

fNMI 

A15·AO 

fMl 

fMREQ 

fRD 
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__ last M Cycle -_ ..... ---------'------ Ml ---------------1 

* n 
PC 

* Although fNMI is an asynchronous input. to guarantee its being recognized on the following machine cycle, fNMI's falling edge 
must occur no later than the rising edge of the clock cycle preceding the last state of any instruction cycle (T LI ). 

Figure 32. Non-Maskable Interrupt Request Operation 
(See Table A) 



Bus Request/Acknowledge Cycle 

The CPU samples /BUSREO with the rising edge of the last 
,clock period of any machine cycle (Figure 33), If /BUSREO 
is active, the CPU sets its address, data, and /MREO to a 
high-impedance state, The /IORO, /RO and /WR lines are 
set to an input for on-chip peripheral access from external 

Clock 

IBUSREO 

IBUSACK 

A1S-AO 

07-00 

IMREO 

IRO,IWR 

1I0RO,1M1 

IHALT,/RFSH 

Notes: 1) T LM = Last state of any M cycle 

bus master with the rising edge of the next clock pulse, At 
that time, any external device can take control of tl18se 
lines, usually to transfer data between memory and I/O 
devices, 

2) T X = An arbitrary clock cycle used by requesting device 

Figure 33. BUS Request/Acknowledge Cycle 
(See Table A) 
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Halt Acknowledge Cycle 

Figure 34 shows the timing for the Halt acknowledge cycle. 

Clock 

IHALT 

INMI 

Z72 

-------M1------~.~I~.~-------------------M1------------------------•• ~I~.~-------M1--------

~ ~ ~ ~ ~ 

Halt instruction Received .. M ~ 

-----------~~----------
* Although INMI is an asynchronous input, to guarantee its being recognized on the following nnachine cycle, INMI's falling 

edge must occur no later than the rising edge of the clock preceding the last slale of any instruction cycle (T LI ). 

Figure 34. Halt Acknowledge 
(See Table A) 



Reset Cycle 

IRESET must be active for at least three clock cycles for the 
CPU to properly accept it. As long as IRESET remains 
active, the address and data buses float, and the control 
outputs are inactive. 

Once IRESET goes inactive, two internal T cycles are 
consumed before the CPU resume_s normal processing 
operation. IRESET clears the PC register, so the first op­
code fetch location is OOOOf-l (Figure 35). 

Clock 

IRESET 

* External 
IRESET 

Input 

* IRESET - ..... ""'If""'r"'_ 

OUlput 
(Open drain) 

A15-AO 

07-00 

I------~~I~----~ 

Z84C11 Only. If Reset output is disabled, IRESET must be 
active for at least three clock cycles for the CPU to properly 
accept it. Otherwise, IRESET must be active for at least two 
clock cycles and the on-chip reset circuit extends IRESET 
signal to at least a minimum of 16 clock cycles. 

1----- M1---

Floating 

----------------------~~~L~'-------------------®t 
IM1 / 

--------------~ --------
IMREO 

IRO,IWR, 
nORO 

IBUSACK 
IHAlT 

U///I 
* 84C11 Only Reset Oulput is Enabled 

Figure 35. Reset Cycle 
(See Table A) 

\_---
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CGC Timing 

Figures 36-39 show the timing related CGC and Power-on 
Reset circuits. Idle 2 mode of operation is not supported on 
the Z84011. 

Parameters referenced in Figures 36-39appear in Table B. 

Vee 

IRESET 

Clock 

liNT 

INMI 
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2.2V±0.4V 

~--------~59r---------~ 

Figure 36. Reset On Power-up 
(Applies Only for Z84C11) 

Figure 37. Clock Restart Timing (STOP Mode) 
(See Table B) 



Clock 
(IDLE1 Mode) 

Clock 
(IDLE2 Mode) 

liNT 

INMI 

CLKOUT 

!RESET 

(a) Clock Restart Timing By liNT, INMI (IDLE1/2 Mode) 

(b) Clock Restart Timing By IRESET (IDLE1/2 Mode) 

Figure 38. Clock Restart Timing (IDLE1/2 Mode) 
(See Table B) 
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IXTAL1 
(For External 
Clock Input) 

(a) XTAL1 Timing for External Clock Input 

(b) ClK Timing (011 and C11 ClK Pin as Output) 

Figure 39. Clock Timing 
(See Table 8) 



On-chip Peripheral Access 
From External Bus Master 

The timing for the on-chip I/O device access from the 
external bus master is shown in Figure 40. This timing also 
applies to the timing during EV mode of operation. 

Clock 

Address 

IIORQ 

IRO 

07-00 

IRO 
"H" 

07-00 

!WR, 
IIORQ 

07-00 

Valid Data 

Valid Data 

Valid Data 

(a) On-chip Peripheral 1/0 Access From External 
Bus Master (See Table C) 

Figure 40. On-Chip Peripheral Timing From External Bus Master 

}".~ Cycle 

} .. ,," CTC 

}.~. System 
Control 
Register 
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Clock 

fM1 

flORa 

D7-DO 

lEI 

lEO 
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(b) Interrupt Acknowledge Cycle Timing 
For On-chip peripheral From External Bus Master 

(See Table C) 

Figure 40. On-chip Peripheral Timing From External Bus Master (Continued) 



Clock 

fM1 

fRO 

07-00 

lEI 

lEO 

T 1 T2 T3 T4 

(c) Op-code Fetch Cycle Timing for On-chip Peripheral 
From External Bus Master (See Table C) 

Figure 40. On-chip Peripheral Timing From External Bus Master (Continued) 
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CTCTiming 

Figure 41 shows the timing for on-chip CTC. 

280 

Clock 

CLKfTRG 
. Counter 

CLKfTRG 
Timer 

ZCtTO 

liNT 

Figure 41. CounterlTimer Timing 
(See Table 0) 



General I/O Port Timing 

Figure 42(a) has the Output timing for General I/O port 
timing while Figure 42(b) has ttle Input timing. 

Clock 

Output 
Port Data 

elK 

flORQ 

fRO 

Input 
Port Data 

T1 

T 1 T2 

(a) 1/0 Port Output Timing 
(See Table E) 

T2 TW 

(b) 1/0 Port Input Timing 
(See Table E) 

Figure 42. 1/0 Port Timing 

TW T3 

T3 
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Watch Dog Timer Timing (Z84C11 Only) 

Figure 43 shows the timing for Watch Dog Timer. 

ClKIN 

IWDTOUT 

Figure 43. Watch Dog Timer Timing 
(See Table F) 

Precautions 

(1) To release the HALT state by IRESET signal in STOP 
Mode, hold the IRESET signal at "0" until the output from 
the internal oscillator stabilizes. 

Z84011 Only. To reset MPU, it is necessary to hold IRESET 
signal input at "0" level for at least tllree clocks. 

Z84C11 Only. If Reset output is disabled, IRESET must be 
active for at least three clock cycles for the CPU to properly 
accept it. Otherwise, the on-chip Reset circuit extends 
IRE SET signal to at least a minimum of 16 clock cycles. 
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(2) Releasing the MPU from the HALT state by an interrupt 
signal in IDLE1/2 Mode and STOP Mode, does not release 
the MPU from the HALT state. The internal system clock will 
stop again unless an interrupt signal is accepted during 
the execution of a NOP instruction (even when the internal 
system clock is restarted by the interrupt signal input). Be 
careful when using liNT. 

Other precautions are identical to tllose for the Z84COO. 
Refer to the data sheet for the Z84COO. 



ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage on Vcc with respect to Vss .......... -0.3V to + 7.0V 
Voltages on all inputs 
with respect to Vss ............................. -0.3V to Vcc +0.3V 

Operating Ambient 

Temperature ... .. ............ See Ordering Information 
Storage Temperature ......................... -65°C to + 150 °C 

STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature range is: 

E = -40°C to 100°C 
Voltage Supply Range; 
+4.50V ~ Vcc ~ + 5.50V 

All AC parameters assume a load capacitance of 100 pI. 
Add 10 ns delay for each 50 pf increase in load up to a 
maximum of 150 pf for the data bus and 100 pf for address 
and control lines. AC timing measurements are referenced 
to 1.5 volts (except for clock, which is referenced to the 
10% and 90% points) Maximum capacitive load for ClK 
is 125pf. 

CAPACITANCE 

Guaranteed by design and characterization. 

Symbol Parameter 

Clock Capacitance 
Input Capacitance 
Output Capacitance 

Min Max 

35 pi 
5 pi 
15 pi 

Unit 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in ttle operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the Pack­
age Inlormation section. Reier to tile Literature List lor 
additional documentation. 

+5V 

2.1 K 

From Output G-----1'---t---n--+ 
Under Test 

100pf 

Figure 44. Standard Test Load 
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DC CHARACTERISTICS 
Z840 11 /Z84C 11 
Vcc=5.0V ±10% unless otherwise specified 

Symbol Parameter Min Max Unit Condition 

VOLC Clock Output High Voltage Vee-0.6 V -2.0rnA 
VOf'C Clock Output Low Voltage 0.4 V +2.0rnA 
V1L Input High Voltage 2.2 Vee V 

V1H Input Low Voltage -0.3 0.8 V 
VOL Output Low Voltage 0.4 [5] V ILo =2.0rnA 
VOHl Output High Voltage 2.4 [4] V IOH=-1.6rnA 

VOH2 Output High Voltage Vee-0.8 [5] V IOH =-250J.IA 
leel Power Supply Current Vee =5V 

XTALlN=10MHz TBD rnA V1H =Vee-0.2V 
XTALlN= 6MHz 30 rnA V1L =0.2V 

Icc2 Power Supply Current (STOP Mode) 50 J.IA Vcc =5V 
Icc3 Power Supply Current (IDLE1 Mode) Vcc =5V 

XTALlN=10MHz TBD rnA V1H =Vcc-0.2V 
XTALlN= 6MHz 4 rnA V1L =0.2V 

Icc4 Power Supply Current (IDLE2 Mode; C11 only) Vee=5V 
XTALlN= 1 OMHz TBD [1] rnA VIH=Vee-0.2V 
XT ALlN= 6MHz TBD [1] rnA V1L =0.2V 

lu Input Leakage Current -10 10 [4] J.IA V1N =0.4V to Vee 
ILO Tri-state Output Leakage Current in Float -10 10 [2] J.IA VOUT =0.4V to Vee 
IOHD CTC ZC/TO Darlington Drive Current -1.5 -5.0 rnA VOH = 1.5 V 

REXT = 1.1 K Q 

Notes: 
[1) Measurements made with outputs floating 
[2) A 1S-AO, 07-00, /MREO, !IORO, /RD and /WR. 
[3) Icc, Standby Current is guaranteed when the halt pin is low in STOP mode 
[4) All Pins except XTAL 1, where III = ±2SJ.IA 
[5) A1S-AO, 07-00, /MREO, !IORO, /RD, /VVR, /HALT, /M1 and /BUSACK. 
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AC CHARACTERISTICS 
Z84011/Z84C11 

Table A. CPU Timing (Figure 28 to 36) 

Z84x1106 Z84x1110 
No Symbol Parameter Min Max Min Max Unit Note 

1 TcC Clock Cycle Time 162" DC 100'* DC ns [A1] 
2 TwCh Clock Pulse Width (high) 65 DC 40 DC ns [A1] 
3 TwCI Clock Pulse Width (low) 65 DC 40 DC ns [A1] 
4 TIC Clock Fall Time 20 10 ns [A1] 
5 TrC Clock Rise Time 20 10 ns [A1] 

6 TdCr(A) Address Valid From Clock Rise 90 65 ns 
7 TdA(MREOf) Address Valid To fMREO Fall 35" 5" ns 
8 TdCf(MREOf) Clock Fall To fMREO Fall Delay 70 55 ns 
9 TdCr(MREOr) Clock Rise To fMREO Rise Delay 70 55 ns 
10 TwMREOh fMREO Pulse Width (high) 65'* 30'* ns [A2] 

11 TwMREOI fMREO Pulse Width (low) 132" 75" ns [A2] 
12 TdCf(MEROr) Clock Fall To fMREO Rise Delay 70 55 ns 
13 TdCf(RDf) Clock Fall To fRO Fall Delay 80 65 ns 
14 TdCr(RDr) Clock Rise To fRO Rise Delay 70 55 ns 
15 TsD(Cr) Data Setup Time To Clock Rise 30 25 ns 

16 ThD(RDr) Data Hold Time After fRO Rise 0 0 ns 
17 TsWAIT(Cf) /WAIT Setup Time To Clock Fall 60 20 ns 
18 ThWAIT(Cf) fWAIT Hold Time After Clock Fall 10 10 ns 
19 TdCr(M1f) Clock Rise To fM1 Fall Delay 80 65 ns 
20 TdCr(M1r) Clock Rise To fM1 Rise Delay 80 65 ns 

21 TdCr(RFSHf) Clock Rise To fRFSH Fall Delay 110 80 ns 
22 TdCr(RFSHr) Clock Rise To fRFSH Rise Delay 100 80 ns 
23 TdCf(RDr) Clock Fall To fRO Rise Delay 70 55 ns 
24 TdCr(RDf) Clock Rise To fRO Fall Delay 70 55 ns 
25 TsD(Cf) Data Setup To Clock Fall During 40 25 ns 

M2, M3, M4 Or M5 Cycles 

26 TdA(IOROf) Address Stable Prior To flORO Fall 101'* 50** ns 
27 TdCr(IOROf) Clock Rise To flORO Fall Delay 65 50 ns 
28 TdCf(IOROr) Clock Fall To flORO Rise Delay 70 55 ns 
29 TdD(WRf)Mw Data Stable Prior To /WR Fall 22** 40** ns 
30 TdCf(WRf) Clock Fall To /WR Fall Delay 70 55 ns 

31 TwWR fWR Pulse Width 132** 75'* ns 
32 TdCf(WRr) Clock Fall To fWR Rise Delay 70 55 ns 
33 TdD(WRf)IO Data Stable Prior To fWR Fall -55** -10** ns 
34 TdCr(WRf) Clock Rise To /WR Fall Delay 60 50 ns 
35 TdWRr(D) Data Stable From /WR Rise 30** 10** ns 

36 TdCf(HALT) Clock Fall to fHALT '0' or '1' 260 90 ns 
37 TwNMI fMNI Pulse Width 60 60 ns 
38 TsBUSREO fBUSREO Setup Time To Clock Rise 50 30 ns 

(Cr) 
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AC CHARACTERISTICS (Continued) 
Z840 11 /Z84C 11 

Table A. CPU Timing (Figure 28 to 36) (Continued) 

Z84x1106 Z84x1110 
No Symbol Parameter Min Max Min Max Unit Note 

39 ThBUSREO fBUSREO Hold Time After Clock Rise 10 10 ns 
(Cr) 

40 TdCr Clock Rise To fBASACK Fall Delay 90 75 ns 
(BUSACKI) 

41 TdCI Clock Fall To fBASACK Rise Delay 90 75 ns 
(BUSACKr) 

42 TdCr(Dz) Clock Rise To Data Float Delay 80 65 ns 
43 TdCr(CTz) Clock Rise To Control Outputs Float Delay 70 65 ns 

(fMREQ, flORO, fRD And /WR) 

44 TdCr(Az) Clock Rise To Address Float Delay 80 75 ns 
45 TdCTr(A) Address Hold Time From fMREO, 35** 20** ns 

flORO, fRD Or /WR 
46 TsRESET(Cr) fRESET To Clock Rise Setup Time 60 40 ns 
47 ThRESET(Cr) fRESET To Clock Rise Hold Time 10 10 ns 

48 TsINTf(Cr) flNT Fall To Clock Rise Setup Time 70 50 ns 
49 ThINTr(Cr) flNT Rise To Clock Rise Hold Time 10 10 ns 
50 TdM1f fM1 Fall To flORO Fall Delay 359** 220** ns 

(IOROI) 

51 TdCI(IOROI) Clock Fall To flORO Fall Delay 70 55 ns 
52 TdCI(IOROr) Clock Rise To flORO Rise Delay 70 55 ns 
53 TdCI(D) Clock Fall To Data Valid Delay 130 110 ns 
54 TRDI(D) fRO Fall To Output Data Valid TBD 60 ns 

55 TMI(D) flORO Fall To Output Data Valid TBD 70 ns 
56 TwRESET fRESET Pulse Width 3TcC 3TcC ns [A3) 

011, Or C 11 With RESET Output Disabled 
57 TwRESEToe fRESET Pulse Width 2TcC 2TcC ns [A3) 

C11 Only; RESET Output Enabled 

58 TwRESETdo fRESET Drive Duration 16TcC 16TcC ns [A3) 
C11 Only; RESET Output Enabled 

59 TwRESETpor fRESET Drive Duration On Power-On 25 75 25· 75 ms [A3) 
Sequence (C11 Only) 

Nole for Table A . 
•• For clock period other than the minimum shown, calculate parameters using the formula on Footnotes to Table A. 

[A 1] These parameters apply to C11 and the extemal Clock input on CLK pin. 
For cases where external Clock is fed from XTAL 1, please refer to Table B. 

[A2] For loading ~ SOp!. Decrease width by 10nS for each additionalSOpf. 
[A3] Apply to Z84C11 only. 
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Footnotes to Table A 

Number Symbol General Parameter Z84x1106 Z84x1110 

TeC TwCh + TwCI + TrC + TfC 
7 TdA(MREQf) TwCh + TfC -50 -45 
10 TwMREQh TwCh + TfC -20 -20 
11 TwMREQI TeC -30 -25 

26 TdA(IORQf) TeC -55 -50 
29 TdO(WRf) TeC -140 -60 
31 TwWR TeC -30 -25 

33 TdO(WRf) TwCI + TrC -140 -60 
35 TdWRr(O) TwCI + TrC -55 -40 
45 TdCTr(A) TwCI + TrC -50 -30 
50 TdM1 f(IORQf) 2TeC + TwCh + TfC -50 -30 
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AC CHARACTERISTICS (Continued) 
Z84011/Z84C11 

Table B. CGC Timing (Figure 36 to 39) 

Z84x1106 Z84X1110 
No Symbol Parameter Min Max Min Max Unit Note 

TRST(INT)S Clock Restart Time By liNT (Typ) (Typ) ns 
(STOP Mode) (214+2.5) (214+2.5) 

TcC TcC 
2 TRST(MNI)S Clock Restart Time By INMI (Typ) (Typ) ns 

(STOP Mode) (214+2.5) (214+2.5) 
TcC TcC 

3 TRST(INT)I Clock Restart Time By liNT (Typ) (Typ) ns 
(IDLE Mode) 2.5TcT 2.5TcT 

4 TRST(MNI)I Clock Restart Time By INMI (Typ) (Typ) ns 
(IDLE Mode) 2.5TcT 2.5TcT 

5 TRST Clock Restart Time By IRESET (Typ)1TcC (Typ)1TcC ns 
(RESET)I (IDl::.E Mode) 

6 TfCLKOUT CLK Rise Time 15 10 ns [B1] 
7 TrCLKOUT CLK Fall Time 15 10 ns [B1] 

8 TcX1 XT AL 1 Cycle Time 
(For External Clock Input On XTAL 1) 
Divide-By-Two Mode 81 50 ns 
Divide-By-One Mode (C11 Only) 162 100 ns [B2] 

9 TwlX1 XT AL 1 Low Pulse Width 
(For External Clock Input On XTAL 1) 
Divide-By-Two Mode 35 20 ns 
Divide-By-One Mode (C11 Only) 65 40 ns [B2] 

10 TwhX1 XT AL 1 High Pulse Width 
(For External Clock Input On XT AL 1) 
Divide-By-Two Mode 35 20 ns 
Divide-By-One Mode (C11 Only) 65 40 ns 

11 TrX1 XT AL 1 Rise Time 25 25 ns [B3] 
(For External Clock Input On XT AL 1) 

12 TfX1 XTAL 1 Fall Time 25 25 ns [B3] 
(For External Clock Input On Xl AL 1) 

Note for Table B. 
[Bl) These parameters apply for 011 CLK pin (as System Clock Output), and Cll when the CLK pin outputs the system clock. 
[B2) Not appliable to Z84011 
[B3) If the parameters B8 and B9 are not met, adjust parameters Bll and B12 to satisfy parameters 8 and 9. 
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Table C. Timing for On-chip Peripheral Access from External Bus Master 
and Daisy Chain Timing (See Figure 40) 

Z84x1106 Z84X1110 
No Symbol Parameter Min Max Min Max Unit Note 

1 TsA(Rlf) Address Setup Time To /RD, flORO Fall 50 40 ns 
2 TsRI(Cr) fRD, flORO Rise To Clock Rise Setup 60 50 ns 
3 Th Hold Time For Specified Setup 15 15 ns 
4 TdCr(DO) Clock Rise To Data Out Delay 100 80 ns 
5 TdRlr(DOz) fRD, flORO Rise To Data Out Float Delay 75 60 ns 

6 ThRDr(D) fM1, fRD, flORO Rise To Data Hold 15 40 15 30 ns [C1] 
7 TsD(Cr) Data In to Clock Rise Setup Time 30 25 ns 
8 TdIOf(DOI) flORO Fall To Data Out Delay 95 95 ns 

(INTACK Cycle) 
9 ThIOr(D) /lORO Rise To Data Hold 15 15 ns 

10 ThIOr(A) flORO Rise To Address Hold 15 15 ns 
11 ThWIf(Cr) /lORO, fWR Setup Time To Clock Rise 20 20 ns [C2] 
12 ThWRr(Cr) Clock Rise To flORO, /WR Rise Hold Time 0 0 ns [C2] 
13 TsM1f(Cr) fM1 Fall To Clock Rise Setup Time 40 40 ns 
14 TsM1r(Cf) fM1 Rise To Clock Rise Setup Time -15 -15 ns 

(lM1 Cycle) 

15 TdM1f(IEOf) fM1 Fall To lEO Fall Delay (Interrupt 130 70 ns 
Immediately Preceding fM1 Fall) 

16 TsIEI(IOI) lEI To flORO Fall Setup Time 100 70 nS 
(INTACK Cycle) 

17 TdIElf(IEOf) lEI Fall To lEO Fall Delay 100 70 ns 

18 TdIElr(IEOr) lEI Rise To lEO Rise Delay 110 70 ns 
(After ED Decode) 

19 TsIEI(Cr) lEI to Clock Fall Setup (For 4D Decode) 160 150 ns 
20 TdCf(IEOr) Clock Fall To lEO Rise Delay 50 40 ns 
21 TdCf(IEOf) Clock Fall To lEO Rise Delay 90 75 ns 

Note to Table C. 
[C1] For I/O write to CTC. 
[C2] For I/O Write to system control registers. 
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AC CHARACTERISTICS (Continued) 
Z840 11 /Z84C 11 

Table D. eTC Timing (Figure 42) 

Z84xll06 Z84Xl110 
No Symbol Parameter Min Max Min Max Unit Note 

1 TdCr(INTf) Clock Rise To liNT Fall Delay (TcC+l00) (TcC+80) ns [01] 
2 TsCTRr ClK/TRG Rise To Clock Rise Setup Time 

(Cr)c For Immediate Count 90 90 ns [02] 

3 TsCTR(Ct) ClK/TRG Rise To Clock Rise Setup Time 90 90 ns [01] 
For Enabling Of Prescaler On Following 
Clock Rise 

4 TdCTRr ClK/TRG Rise To /INT Fall Delay 
(INTI) TsCTR(C) Satisfied (1)+(2) (1)+(2) ns [02] 

TsCTR(C) Not Satisfied TcC + TcC + ns [02] 
(1 )+(2) (1)+(2) 

5 TcCTR ClK/TRG Cycle Time (2TcC) DC (2TcC) DC ns [03] 
6 TwCTRh ClK/TRG Width (low) 90 DC 90 DC ns 
7 TwCTRI ClK/TRG Width (high) 90 DC 90 DC ns 

8 TrCTR ClK/TRG Rise Time 30 30 ns 
9 TlCTR ClK/TRG Fall Time 30 30 ns 
10 TdCr(ZCr) Clock Rise To ZC/TO Rise Delay 80 80 ns 
11 TdCf(ZCf) Clock Fall To ZC/TO Fall Delay 80 80 ns 

Noles for Table D. 
[01] Timer Mode 
[02] Counter Mode 
[03] Counter Mode Only; When using a cycle time less than 3TcC, parameter 02 must be met. 

Table E. General Purpose 110 Port Timing (Figure 43) 

Z84xll06 Z84Xl110 
No Symbol Parameter Min Max Min Max Unit Note 

1 TdC!(Pout) Clock Fall to Port Data Valid Delay 300 300 ns 
2 TsPin Port Data to !lORO and IRD 0 0 ns 

(lORD!) Fall Setup Time 
3 ThPin Port Input to /IORO and IRD 0 0 ns 

Fall Hold Time 
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Table F. Watchdog Timer Timing (C11 Only; Figure 44) 

Z84x1106 Z84X1110 
No Symbol Parameter Min Max Min Max Unit Note 

1 TdC(WDTf) Clock Rise To /WDTOUT Fall Delay 160 160 ns 
2 TwPI Clock Rise To /WDTOUT Rise Delay 165 165 ns 
3 TcWDT /WDTOUT Cycle Time 

WDTP = 00 (Typ) (Typ) ns 
2'6TcC 2'6TcC 

WDTP = 01 (Typ) (Typ) ns 
2'8TcC 2'8TcC 

WDTP = 10 (Typ) (Typ) ns 
220TcC 220TcC 

WDTP = 11 (Typ) (Typ) ns 
222TcC 2?2TcC 
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FEATURES 

• Z84COO Z80 CPU with Z84C30 CTC, Z84C4X SIO, 
CGC, Watch Dog Timer(WDT). In addition, Z84C15 
and Z84015 have Z84C20 PIO. 

• High speed operation 6, 10 MHz 

• 16 MHz operation for Z84C15 only. 

• Low power consumption in four operation modes: 
41 mA Typ. (Run mode) 
6 mA Typ. (ldle1 mode) 
60 J.lA Typ. (ldle2 mode) 
0.5 J.lA Typ. (Stop mode) 

• Wide operational voltage range (5V ±10%). 

• TTL/CMOS compatible. 

• Z84013 features: 
- Z84COO Z80 CPU 
- On-chip two channel SIO (Z80 SIO). 
- On-chip four channel Counter Timer Controller 

(Z80 CTC) 
- Built-in Clock Generator Controller (CGC). 

GENERAL DESCRIPTION 

Trw Intelligent Peripheral Controller (IPC) is a series of 
highly superintegrated devices with four versions. The 
Z84C13 and the Z84C 15 are upward compatible versions 
of the Z84013 and the Z84015. The Z84015 is a CMOS 
8-bit microprocessor integrated with the CTC, SIO, CGC, 
WDT and the PIO intoa single 100-pin Ouad Flat Pack(OFP) 
package. The Z84013 is the Z84015 without PIO, and is 
housed in a 84-pin PLCC package. The Z84C13 is the 
Z84013 with enhancements and the Z84C15 is the Z84015 
with enhancements. These high-end superintegrated in­
telligent peripheral controllers are targeted for a broad 

PRODUCT SPECIFICATION 

Z84013/015 
Z84C13/Z84C15 
IPC INTELLIGENT PERIPHERAL CONTROLLER 

Built-in Watch Dog Timer (WDT). 
- Noise filter to CLK(fRG inputs of the CTC. 
- 84-pin PLCC package. 

Z84015 features: 
• - All Z84013 features, plus on-cllip two 8-bit ports 

(Z80 PIO) and 100-pin OFP package. 

Z84C13/Z84C15 entlancements to Z84013/Z84015: 
• - Power-on reset. 

- Addition of two chip select pins. 
32-bit CRC for Channel A of SIO. 

- Wait state generator. 
- Simplified EV mode selection. 
- Scllmitt-trigger inputs to transmit and receive clocks 

of the SIO. 
- Crystal divide-by-one mode. 
- 100-pin VOFP (Z84C15 only) 

range of applications ranging from error correcting mo­
dems to enhancement/cost reductions of existing hard­
ware using Z80-based discrete peripherals. Figures 1 and 
2 show the difference between the Z84013/015 and tile 
Z84C13/Z84C15. 

Hereinafter, use the word IPC on the description covering 
all versions (Z84C13/Z84C15 and Z84013/Z84015). Use 
Z84C13/C15 on the description IIlat applies only to the 
Z84C13 and Z84C15, and use Z84013/015 on the descrip­
tion that applies only to the Z84013 and Z84015. 
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Z84013 
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Figure 1. Z84013/015 Version 

Z84C13 
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SIO 
CTC 
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Enhancement 
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CPU 
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CGC 
WDT 

Enhancement 

Figure 2. Z84C13/C15 Version 

Z84013 
Z84C13 

84-PIN PLCC 
(Top View) 

• ICT for the Z84013 

Figure 3. Z84013/Z84C13 Pin-out Assignments 

ClKITRG 1-

ClKITRG 2 

ClKITRG 3 

ZCIT03 

lCITO 2 
lCITO 1 
lCITO 0 

ClKIN 

ClKOUT 
NC 

XTAL2 
XTAL1 
VSS 
IWDTOUT 
lEI 

lEO 

EV 

NC 
INMI 

A7RF 
IWIIRDYB 

Note: Power connections follow 
Conventional descriptions below 

Connection Circuit Device 

Power Vee Voo 
Ground GND VSS 



CLKlTRG2 76 50 PBO 
CLKlTRG1 IWIIRDYB 
CLKlTRGO ISYNCB 

D7 RXDB 
D6 80 IRXCB 
D5 ITXCB 
D4 TXDB 
D3 IDTRB 
D2 IRTSB 
D1 85 ICTSB 
DO 40 IOCDB 

VCC 100-Pin VQFP ICSI 
A15 Z84C15 VCC 
A14 (Only) ICSO 
A13 90 IDCDA 
A12 35 ICTSA 
A11 IRTSA 
A10 IDTRA 

A9 TXDA 
A8 95 ITXCA 
A7 IRXCA 
A6 RXDA 
A5 ISYNCA 
A4 

100 0 IWIIRDYA 
A3 PAO 

Z84C15 Pin-out Assignments 

295 



AS 

M 

A3 

A2 

Al 

AD 

IRFSH 

1M1 

IRESET 

IBUSREO 

IWAIT 

IBUSACK 

IWR 

IRD 

fIORO 

VSS 

IMREO 

!HALT 

liNT 

ARDY 

IASTB 

PA7 

PA6 

PAS 

PM 

PA3 

PA2 

PAl 

PAD 

IWIIRDYA 

PIN DEFINITIONS 

5 

10 

15 

20 

25 

30 

C> 
(!) 

or-C\l(")'VL()8o...-C\l('t)'VI.l)(O ...... ~ 
~~«««>ccooooooo 

95 90 85 
80 

75 

70 

Z84015 
Z84C15 

100-PIN QFP 
65 

60 

55 

35 40 45 50 

««««<oor-mmmmmm~~ 

~~g~§~~~~~~~~~~~§~~~ 
* leT for the Z84015 

Figure 4. Z84015/Z84C15 Pin-out Assignments 

ClKfTRGl 

ClKfTRG2 

ClKfTRG3 

ZCrr03 

zcrr02 

ZCrrOl 

zcrroo 
IWDTOIJT 

lEI 

lEO 

A7RF 
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XTAL1 

VSS 

INMI 

BRDY 

IBSTB 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PBl 

PBO 

IWIIRDYB 

ISYNCB 

The pin assignment for each device is shown in Figures 3 
and 4. Following is the description on each pin. For the 
description and the pin number, if stated as "x13" or "x15", 

that applies to both Z84C13/Z84013 or Z84C15/Z84015. 
Otherwise, C13 for Z84C13, C15 for Z84C15, 013 for 
Z84013 and 015 for Z84015. 
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CPU SIGNALS 

Pin Name Pin Number InpuUOutput, 3-State Function 

AO-A15 16-1(x13), I/O 16-bit address bus. Specifies I/O and memory 
6-1,100-91(x15) addresses to be accessed. During the refresh 

period, addresses for refreslling are output. The 
bus is an input when the external master is 
accessing the on-chip peripherals. 

00-07 83-76(x 13), I/O 8-bit bidirectional data bus. Wilen the on-chip 
89-82(x15) CPU is accessing on-chip peripherals, these 

lines are set to output and hold the data to/from 
on-cllip peripherals. 

/RO 30(x13), 14(x15) I/O Read signal. CPU read signal for accepting 
data from memory or I/O devices. Wilen an 
external master is accessing the on-cllip 
peripherals, it is an input signal. 

/WR 20(x13),13(x15) I/O Write Signal. This signal is output when data, to 
be stored in a specified memory or peripheral 
LSI, is on the MPU data bus. When an external 
master is accessing the on-chip peripherals, it is 
an input signal. 

/MREQ 23(x13), 17(x15) I/O, 3-State Memory request signal. When an effective ad-
dress for memory access is on the address bus, 
"0" is output. When an external master is 
accessing the on-cllip peripherals, it is an tri-
state signal. 

/IORQ 21(x13),15(x15) I/O I/O request signal. When addresses for I/O are 
on the lower 8 bits (A7-AO) of the address bus in 
the I/O operation, "0" is output. In addition, the 
/IORQ signal is output with the /M1 signal at the 
time of interrupt acknowledge cycle to inform 
peripheral LSI of the state of the interrupt 
response vector is when put on the data bus. 
When an external master is accessing the on-
chip peripherals, it is an input Signal. 

/M1 17(x13),8(x15) I/O Machine cycle "1 ". /MREQ and "0" are output 
together in the operation code fetch cycle. /M1 
is output for every opcode fetch when a two 
byte opcode is executed. In the maskable 
interrupt acknowledge cycle, this signal is 
output together with /IORQ. It is 3-stated in EV 
mode. 
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CPU SIGNALS (Continued) 

Pin Name Pin Number 

/RFSH 26(x13), 7(x15) 

/INT 25(x13),19(x15) 

/NMI 56(x13), 63(x15) 

/HALT 31 (x 13), 81 (x15) 

/BUSREO 18(x 13), 10(x15) 

/BUSACK 29(x13),12(x15) 

Input/Output, 3-State 

Out, 3-State 

Open drain 

In 

Out, 3-State 

In 

Out (013/015), 
OUl/3-State 
(C13/C15) 

Function 

The refresh signal. When the dynamic memory 
refresh address is on the low order byte of the 
address bus, /RFSH is active along with /MREO 
signal. This pin is 3-stated in EV mode. 

Maskable interrupt request signal. I nterrupt is 
generated by peripheral LSI. This signal is 
accepted if the interrupt enable Flip-Flop (IFF) is 
set to "1". The /INT signal of on-chip peripherals 
is internally wired - OR without pull-up, resistors 
and requires external pull-up. Also, interrupts 
from on-chip peripherals go out from this pin. 

Non-maskable interrupt request signal. This 
interrupt request has a higher priority than the 
maskable interrupt request and does not rely 
upon the state of the interrupt enable Flip-Flop 
(IFF). 

Halt signal. Indicates that the CPU has executed 
a HALT instruction. This signal is 3-stated in EV 
mode. 

BUS request signal. /BUSREO requests place­
ment of the address bus, data bus, /MREO, 
/IORO, /RO and /WR signals into the high 
impedance state. /BUSREO is normally wired­
OR and a pull-up resistor is externally 
connected. 

Bus Acknowledge signal. In response to 
/BUSREO signal, /BUSACK informs a peript1eral 
LSI that the address bus, data bus, /MREO, 
/IORO, /RO and /WR signals have been placed 
in the high impedance state. 

Note: For the Z84013/015 the /BUSACK signal will not be 3-stated during EVmode. For the Z84C13/C15 the /BUSACK will be 3-stated during EV mode. 

/WAIT 19(x13),11(x15) In(013/015), 
I/O(C13/C15) 

Wait signal. /WAIT informs the CPU that 
specified memory or peripheral is not ready for 
data transfer. As long as /WAIT signal is active, 
MPU is continuously kept in the wait state. 

Nole: For the Z84C13/C15, the /WAIT pin becomes an output to bring out on-chip wait state generator during the EV mode. 
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CPU SIGNALS (Continued) 

Pin Name Pin Number InpuVOutput, 3-State 

A7RF 55(x13),70(x15) Out 

CTCSIGNALS 

Pin Name Pin Number InpuVOutput, 3-State 

ClK/TRGO - 75-72(x13), 81-78(x15) In 
ClK/TRG3 

ZC/TOO- 68-71(x13), 74-77(x15) Out 
ZC/T03 

SIOSIGNALS 

Pin Name Pin Number InpuVOutput, 3-State 

/W//RDYA, 32,54(x13),30,52(x15) Out 
/W//RDYB 

/SYNCA, 33,53(x13), 31,51(x15) I/O 
/SYNCB 

RxDA, RxDB 34,52(x13), 32,50(x15) In 

Function 

1-bit auxiliary address bus. Output is ttle same 
as bit-7 (A7) of the address bus. However, 
during a refresh cycle, this pin outputs the 
address which is the most significant bit of the 
8-bit refresh address signal linked to ttle low 
order 7 bits of the address bus. 

Function 

External clock/trigger input. Tllese four ClK/ 
TRG pins correspond to four Counter/Timer 
Channels. In the counter mode, each active 
edge will cause the downcounter to decrement 
by one. In timer mode, an active edge will start 
the timer. It is program selectable whether the 
active edge is rising or falling. 

Zero count/timer out signal. In either timer or 
counter mode, pulses are output when the 
down-counter has reached zero. 

Function 

Wait/Ready signal A and Wait/Ready signal 
B. Used as /WAIT or /READY depending upon 
SIO programming. When programmed as /WAIT 
they go active at "0", alerting the CPU that 
addressed memory or I/O devices are not ready 
by requesting the CPU to wail. When 
programmed as /READY, they are active at "0" 
which determines when a peripheral device 
associated with a DMA port is for read/write 
data. 

Synchronous signals.ln asynchronous 
receive mode, they act as /CTS and /CDC. In 
external sync mode, these signals act as inputs. 
In internal sync mode, they act as outputs. 

Serial receive data signal. 
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SIO SIGNALS (Continued) 

Pin Name Pin Number Input/Output, 3-8tate 

/RxCA, /RxCB 35,51(x13), 33,49(x15) In 

/TxCA, /TxCB 36,50(x13), 34,48(x15) In 

TxDA, TxDB 37,49(x13), 35,47(x15) Out 

/DTRA, /DTRB 38,48(x13), 36,46(x15) Out 

/RTSA, /RTSB 39,47(x13),37,45(x15) Out 

/CTSA, /CTSB 40,46(x13), 38,44(x15) In 

/DCDA, 
/DCDB 

41 ,45(x13), 39,43(x15) In 

SYSTEM CONTROL SIGNALS 

Pin Name Pin Number Input/Output. 3-State 

lEI 60(x13). 72(x15) In 

lEO 59(x13),71(x15) Out 

/CSO 42(C13),40(C15) Out 
(C13/C15 only) 
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Function. 

Receive clock signal. In the asynchronous 
mode, the receive clocks can be 1, 16, 32, or 64 
times the data transfer rate .. 

Transmitter clock signal. In the asynchronous 
mode, the transmitter clocks can be 1, 16, 32, or 
64 times the data transfer rate. 

Serial transmit data signal. 

Data terminal ready signal. When ready, 
these signals go active to enable the terminal 
transmitter. When not ready they go inactive to 
disable the transfer from the terminal. 

Request to send signal. "0" when 
transmitting serial data. They are active when 
enabling their receivers to transmit data. 

Clear to send signal. When "0", after transmit­
ting these signals the modem is ready to receive 
serial data. When ready, these signals go active 
to enable terminal transmitter. When not ready, 
these signals go inactive to disable transfer from 
the terminal. 

Data carrier detect Signal. When "0", serial 
data can be received. These signals are active 
to enable receivers to transmit. 

Function 

Interrupt enable input signal. lEI is used with the 
lEO to form a priority daisy chain when there is 
more than one interrupt-driven peripheral. 

The interrupt enable output signal. In the daisy 
chain interrupt control, lEO controls the interrupt 
of external peripherals. lEO is active when lEI is 
"1" and the CPU is not servicing an interrupt 
from the on-chip peripherals. 

Chip Select O. Used to access external 
memory or I/O devices. This pin has been 
assigned to "ICT" pin on Z84013/015. This 
signal is decoded only from A 15-A 12 without 
control signals. Refer to "Functional Description" 
on-chip select signals for further explanation. 



SYSTEM CONTROL SIGNALS (Continued) 

Pin Name Pin Number 

/CS1 40(x13),42(x15) 
(C13/C15 only) 

/WDTOUT 61(x13),73(x15) 

/RESET 28(x13),9(x15) 

Input/Output, 3-State 

Out 

Out(013/015 ), 
Open Drain(C13/C15) 

Input(013/015), 
I/O (Open Drain) 
(C13/C15) 

Function 

Chip Select 1. Used to access external 
memory or I/O devices. This pin has been 
assigned to "ICT" pin on Z84013/0 15. This 
signal is decoded only from A 15-A 12 without 
control signals. Refer to "Functional Description" 
on-chip select signals for further explanation. 

Watch Dog Timer Output signal. Output pulse 
width depends on the externally connected pin. 

Reset signal. /RESET signal is used for 
initializing MPU and other devices in the system. 
Also used to return from the steady state in tile 
STOP or IDLE modes. 

Note: For the Z84013/Z84015 the /RESET must be kept in active state for a period of at least three system clock cycles. 

Note: For the Z84C13/Z84C15, during the power-up sequence, the IRESET becomes an Open drain output and the Z84Cl3/C15 will drive this pin to 
·0" for 25 to 75 msec after the power supply passes through approx. 2.2V and then reverts to input. If it receives the IRESET signal after power-on 
sequence, it will drive /RESET pin for 16-processor clock cycles depending on the status of Reset Output Disable bit in Misc Control Register. If this 
Reset output is disabled, it must be kept in active state for a period of at least three systemciock cycles. Note, that if using Z84C13/C15 in a Z840131 
015 socket, modification may be required on the reset circuit since this pin is "pure input pin" on the Z84013/015. Also, the /RESET pin doesn't have 
internal pull-up resistors and therefore requires external pull-ups. For more details on the device, please refer to "Functional Description." 

XTAl1 63(x 13), 65(x15) 

XTAl2 63(x13),66(x15) 

ClKIN 67(x13),69(x15) 

ClKOUT 66(x13),68(x15) 

EV 58(x13),67(x15) 

In 

Out 

In 

Out 

In 

Crystal oscillator connecting terminal. A parallel 
resonant crystal is recommended. If external 
clock source is used as an input to the CGC 
unit, supply clock goes into this terminal. If 
external clock is supply to ClKIN pin (without 
CGC unit), this terminal must be connected to 
"0" or "1". 

Crystal oscillator connecting terminal. 

Single-phase System Clock Input. 

Single-phase clock output from on-chip Clock 
Generator/Controller. 

Evaluator signal. When "1" is applied to this 
pin, IPC is put in Evaluation mode. 

Note: For the Z84013/015, togetherwith/BUSREO, the EV signal puts the IPC into the evaluation mode. When this signal becomes active, the status 
of /M1,/HALT and /RFSH change to input. When using Z84013/015 as an evaluator chip, the CPU is electrically disconnected after one machine cycle 
is executed with the EV signal "1" and the /BUSREO signal "0". It follows the instructions from the other CPU (of ICE). Upon receiving /BUSREO; A 15-
AO, /MREO, /lORO, /RD and /WR are changed to input and 07-00 changes its direction. /BUSACK is NOT 3-stated so it should be disconnected by 
an externally connected circuit. For details, please refer to "Functional Description" on EV mode. 
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SYSTEM CONTROL SIGNALS (Continued) 

Note: For the Z84C13/C15, to access on-chip resources from the CPU (e.g., ICE CPU), the CPU is electrically disconnected; A 15-AO, /MREQ, /IORO, 
/RD and /WR are changed to input; D7 -DO changes its direction; /M1 , /HALT and /RFSH are put into the high impedance state when the EV pin is set 
to ''1''. Also, /BUSACK is 3-stated. For details, please refer to "Functional Description" on EV mode. 

Pin Name Pin Number InpUt/Output, 3-State Function 

ICT 42,44(013), 40,42(015), Out Test,pins. Used in the open state. 
Not with C13/C15 

NC 24,27,57,65(x13), Not connected. 
Not with x15 

VCC 43,84(x13), 41 ,90(x15) Power Supply +5 Volts 

VSS 22, 62(x13), 16,64(x15) Power Supply o Valls 

PIO SIGNALS (for the Z84x15 only) 

Pin Nall,le Pin Number Input/Output, 3-State Function 

IASTB 21(x15) In Port A strobe pulse from a peripheral device. 
The signal is used as the handshake between Port 
A and external circuits. The meaning of this signal 
depends on the mode of operation selected for 
Port A (see "PIO Basic Timing"). 

IBSTB 61(x15) In Port B strobe pulse from a peripheral device. 
This signal is used as the handshake between Port 
B and external circuits. The meaning of this signal 
is the same as IASTB, except when Port A is in 
mode 2 (see "Pia Basic Timing"). 

ARDY 20(x15) Out Register A ready signal. Used as the handshake 
between Port A and external circuitS. The meaning 
of this signal depends on the mode of operation 
selected for Port A (see "Pia Basic Timing"). 

BRDY 62(x15) Out Register B ready signal. Used as the handshake 
between Port B and external circuits. The meaning 
of this signal is the same as ARDY except when 
Port A is in mode 2 (see "Pia Basic Timing"). 

PA7-PAO 22-29(x15) 1/0, 3-State Port A data signals. Used for data transfer 
between Port A and external circuits. 

PB7-PBO 53-60(x15) 1/0, 3-State Port B data signals. Used for transfer between 
Port B and external circuits. 
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The following pins have different functions between 013/015 and C13/C15 

Pin Name Pin#X13 Pin II XI5 Function 

/RESET 28 9 Functionality is different. 
/WAIT 19 15 Functionality is different. 
EV 58 67 Functionality is different. 
/WOTOUT 61 73 Push-pull output on Z84013/015, Open drain on Z84 C13/C15 

ICT 40, 42 42, 40 (Test pin) on Z84013/015; /CSO and /CS1 on Z84C13/15. 
TxCA, TxCB, 35,36,50,51 33, 34, 48, 49 On Z84C13/15; these signals have Schmitt-triggered inputs. 
RxCA and RxCB 
/BUSACK 29 12 In EV mode, 3-stated on Z84C13/15; remains active on 

Z84013/015. 

FUNCTIONAL DESCRIPTION 

Figure 5(a) shows the functional block diagram of the 
Z84013/015 and Figure 5(b) shows the functional block 
diagram of the Z84C13/C15. As described earlier, tile only 
difference between the Z84x13 and the Z84x15 is the PIO 
not being available on the Z84x13. 

Functionally, theon-chip SIO, PIO (not available on Z84x13), 
CTC, and the Z80 CPU are the same as the discrete 
devices. Therefore, for detailed description of each indi­
vidual unit, refer to the Product Specification/Technical 
Manual of each discrete product. 

The following subsections describe each individual func­
tional unit of the IPC. 

Z84COO/01 Logic Unit 
The CPU provides all the capabilities and pins of the Zilog 
Z80 CPU. This allows 100% software compatibility with 
existing Z80 software. In addition, it has the pin called 
"A7RF" to extend ORAM refresh address to 8-bits. Refer to 
"Z84COl Z80 CPU with CGG" Product Specification. 

Z84C20 Parallel InpuUOutput Logic Unit (Z84x15 Only) 
This logic unit provides both TTL- and CMOS- compatible 
interfaces between peripheral devices and a CPU through 
the use of two 8-bit parallel ports (Figure 6). The CPU 
configures the logic to interface to a wide range of periph­
eral devices with no external logic. Typical devices that are 
compatible with this interface are keyboards, printers, and 
EPROM/PAL programmers. 

The parallel ports (designated Port A and Port B) are byte 
wide and completely compatible with the Z84C20 PIO. 

These two ports have several modes of operation; input, 
output, bi-directional, or bit control mode. Each port has 
two handshake signals (ROY and /STB) which are used to 
control data transfers. The ROY (ready) indicates that the 
port is ready for data transfer while /STB (strobe) is an input 
to the port that indicates when data transfer has occurred. 
Each of the ports can be programmed to interrupt the CPU 
upon the occurrence of specified status conditions, and 
generate unique interrupt vectors when the CPU responds 
(for more information on the operation of this portion of the 
logic, please refer to the Z84C20 PIO Product Specifica­
tion and Technical Manual). 

Z84C30 CounterfTimer Logic Unit 
This logic unit provides the user with four individual 8-bit 
Counter/Timer Channels that are compatible with the 
Z84C30 CTC (Figure 7). The Counter/Timers can be pro­
grammed by the CPU for a broad range of counting and 
timing applications. Typical applications include event 
counting, interrupt and interval counting, and serial baud 
rate clock generation. 

Each of the Counter/Timer Channels, designated Chan­
nels 0-3, have an 8-bit prescaler (when used in timer 
mode) and its own 8-bit counter to provide a wide range of 
count resolution. Each of the channels have their own 
Clock/Trigger input to quantify the counting process and 
an output to indicate zero crossing/timeout conditions. 
With only one interrupt vector programmed into the logic 
unit, each channel can generate a unique interrupt vector 
in response to the interrupt acknowledge cycle. 
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Z84C4x Serial 1/0 Logic Unit 
This logic unit provides the user with two separate multi­
protocol serial I/O channels that are completely compat­
ible with the Z84C4x SIO. Their basic functions as serial-to­
parallel and parallel-to-serial converters can be pro­
grammed by a CPU for a broad range of serial communi­
cations applications. Each channel, designated Channel 
A and Channel B. is capable of supporting all common 
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asynchronous and synchronous protocols (Monosync. 
Bisync. and SOLC/HOLC. byte or bit oriented - Figure 8). 

Z84C13/C150nly. As an enhancementto the Z84013/015. 
the Z84C13/C15 can handle a 32-bit CRC on Channel A 
and Schmitt-trigger inputs on the /TxC and /RxC pins of 
both channels. 
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Figure 8. SIO Block Diagram 

Watch Dog Timer (WDT) logic Unit 
This logic unit has been superintegrated into the IPC. It 
detects an operation error, caused by tile program run­
away, and returns to normal operation. Figure 9, shows the 
block diagram of the WDT. Upon Power-On Reset, this unit 
is enabled. If WDT is not required, but /WDTOUT is con­
nected to /RESET or any olller circuit, it has to be disabled. 
During the power-down mode of operation (either IDlEl/ 
2 or Stop), the Watch Dog Timer is halted. 

WDT Output (/wDTOUT pin). When the WDT is used, the 
"0" level signal is output from the /WDTOUT pin after a 
duration of time specified in the WDTP or in the WDTMR. 
The output pulse width is one of the following, depending 
on the /WDTOUT pin connection. 

• The /WDTOUT is connected to the /RESET pin: The "0" 
level is pulsed for 5TcC (System clock cycles). 

• The /WDTOUT is connected to a pin other than the 
/RESET pin: The "0" level is kept until the Watch Dog 
timer is cleared by software, or reset by /RESET pin. 

CGC logic Unit. The IPC has CGC (Clock Generator/ 
Controller) unit. This unit is identical to the one with the 
Z84COI and the Z84C50, and supports power-down modes 
of operation. The output from this unit is on the pin called 
ClKOUT, and is not connected to the system clock inter­
nally. The ClKIN pin is the system clock input. The user 
can connect ClKOUT to ClKIN to utilize this CGC unit, or 
supply external clock from ClKIN pin. 

The CGC unit allows crystal input (XTAll, XTAl2) or 
External Clock input on the XTAll pin. It has clock divide­
by-two circuits and generates a half-speed clock to the 
input. 

Z84C13/C15. The power-down modes of the IPC vary 
depending upon whether the system clock is fed from 1118 
CGC unit (tie ClKOUT to ClKIN) or the external clock 
source on the ClKIN pin. They also have divide-by-one 
Mode. If the clock is supplied by this CGC unit. all of the 
modes in "halt" state are available. When external clock is 
provided on the ClKIN pin, XTAll is not left open (tied to 
"0" or "1 ") to avoid meta-stable conditions to minimize 
power consumption. 
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Z84013/015 Only. If the system clock is provided on the 
ClKIN pin, none of the power-down mode (except RUN 
mode) is supported. 

Z84C13/C15 Only. If the system clock is provided on the 
ClKIN pin, only the IDlE2 mode is applicable. In this 
mode, if the HALT instruction is executed, internal clock to 
the CTC is kept on "Continue", but the clock to the other 
components (CPU, PIO,- SIO and Watch Dog Timer) are 
stopped. The divide-by-two circuit of the CGC unit can be 
skipped by programming bit 04 of the WDTMR (see 
"Programming" section). Upon Power-on Reset. it comes 
up in divide by two mode. 

System Clock Generation 
The IPC has a built-in oscillator Circuit and the required 
clock can be easily generated by connecting a crystal to 
the external terminals (XT Al 1, XT Al2). Clock output is the 
same frequency as half the speed of the crystal fre­
quency. Example of oscillator connections are shown in 
Figure 10. 
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Z84C13/C15. Clock output is the same, or half, of the 
external frequency. 

Z84X13/X15 

XTAL1 

CIN = 33pF 

XTAL2 

T 
COUT=33pF 

Figure 10. Circuit Configuration For Crystal 



Recommended characteristics of the crystal and the val­
ues for the capacitor are as follows (the values will change 
with crystal frequency). 

• Type of crystal: Fundamental, parallel type crystal 
(AT cut is recommended). 

• Frequency tolerance: Application dependent. 

• CL, Load capacitance: Approximately 22pf 
(acceptable range is 20-30pf). 

• Rs, equivalent-series resistance: s 150 ohms. 

• Drive level:10mW (for s 10MHz crystal): 5mW 
(for ~ 10MHz crystal). 

• CIN = COUT = 33pF. 

Power-On Reset Logic Unit (Z84C13/C15 Only) 
The Z84C13/C15 has the enhanced feature of a Power-on 
Reset Circuit. During the power-up sequence, the open­
drain gate of the on-chip power-on Reset circuit drives 
IRESET pin to "0" for 25 to 75 msec after the power supply 
passes through approx. 2.2V. After the termination of the 
"Power-on Reset" cycle, the open-drain gate of the on-chip 
Power-on Reset circuit stops to drive the IRESET pin. It is 
required to have external pull-up register on the IRESET 
pin. 

If it receives IRESET input from outside after the power-on 
sequence and while the Reset Output Disable bit in Misc 
Control Register is cleared to "0", it will drive the IRESET 
pin for 16-processor clock cycles from the falling edge of 
the externallRESET input. Otherwise, the IRESET pin must 
be kept in the active state for a period of at least 3 system 
clock cycles. 

If there are power-on reset circuits outside of this device, 
drive this pin with OPEN-DRAIN type gates with pull-up 
resisters because IRESET signal is driven low for the 
period mentioned above during the Power-on sequence. 
If the external Power-on Reset circuit has push-pull type 
drivers and they drive the IRESET pin to "1" during that 
period, it may cause damage. In particular, when using 
Z84C13/C15 in the Z84013/015 socket, modification may 
be required on the external reset circuit. 

Wait State Generator Unit (Z84C13/C15 Only) 
The Z84C13/C15 has the enhanced feature of a Wait State 
Generator circuit. It is capable of generating /WAIT signals 
to the CPU internally. The status oHhe External /WAIT input 
line is sampled after the insertion of software wait states, 
except for the wait state's insertion of Interrupt Daisy Chain 
Wait (for this cycle, insertion of a wait state is not simple). 

The Wait State Control Register can be programmed to 
generate multiple Wait states during different CPU cycles 
listed as follows. 

Memory Wait and Opcode wait. The Wait State Generator 
can put 0 to 3 wait states in memory accesses. Addition­
ally, one added wait state can be inserted during an IM1 
(Opcode fetCh) cycle, because /M1 cycle's timing require­
ment is tighter than memory Read/Write cycles. It gener­
ates wait states to the Memory Access in a specified 
address range, which is programmed in the Memory Wait 
Boundary Register. 

I/O Wait. The Wait State generator can put 0, 2, 4 or 6 wait 
states in 1/0 accesses. Regardless of the programming of 
this field, no 1/0 wait states are inserted for accesses to on­
chip peripherals. 

Interrupt Vector Wait. During Interrupt acknowledge cycle, 
the Wail State Generator can insert one wait state after 
IIORO goes active, to extend the time between IIORO fall 
to vector fetch by CPU. It allows a slow vector response 
device. 

Interrupt Daisy Chain Wait and RETI sequence extension. 
During Interrupt acknowledge cycle, the Wait State Gen­
erator can insert 0, 2, 4 or 6 wait states between 1M 1 falling 
to IIORO falling edge, to extend the time required to seUle 
daisy chain. This allows a longer daisy chain. Also, this 
field controls the number of wait states inserted during 
RETI (Return From Interrupt) cycle. If specified to insert 4 
or 6 wait states during Interrupt Acknowledge cycle, Wait 
State Generator also inserts wait states during RETI fetch 
sequence. This sequence is generated with two op-code 
fetch cycles (Op-code is EOh followed by 4Dh). It inserts 
2 or 4 wait states, respectively, if op-code followed by EDh 
is 4Dh. One wait state if the following op-code is not 4Dh. 

Chip Select Signals (Z84C13/C15 Only) 
The Z84C13/C15 has an enhanced feature of adding two 
chip select (/CSO, ICS1) pins. Both signals are originally IC 
test pins (ICT) on the Z84013/015. The boundary value for 
each Chip Select Signal is 4 bits wide, and compare with 
A 15-A 12 of the address. Each Chip Select Signal goes 
active when: 

ICSO: (03-00 of CSBR) :::: A 15-A 12 ~ 0 
ICS1: (07-04 of CSBR) ~ A 15-A 12> (03-00 of CSBR) 

(Where CSBR is the contents of Chip Select Boundary 
Register.) 

There is also a separate ICS enable bit.ICSO is enabled on 
power-up with a boundary value of "F" causing ICSO to go 
active for all memory accesses. ICS1 is disabled on 
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power-up, and boundary address is undefined. These 
features are controlled via the I/O control registers located 
at I/O address EEh and EFh. Note that a glitch may be 
observed on these pins because address decode logic is 
decoding only A15-A12, without any control signals. For 
more detail, please refer to the "Programming section." 

Other functional features (Z84C13/C15 Only) 
For more system design flexibility, the Z84C 13/C 15 has the 
following unique features. These features are controlled by 
MCR (Misc. Control Register) which is indirectly accessed 
via the System Control Register Pointer (SCRP, I/O ad­
dress EE(1), and System Control Data Port (SCDP, I/O 
address EFh). For more details, please refer to the "Pro­
gramming" section. 

• Clock Divide-by-one option 

• Reset Output Disable 

• 32-bit CRC Generation/Checking 

Clock Divide-by-One Option. This feature is programmed 
through Bit D4 of MCR. Upon Power-On reset, the Clock 
from on-chip CGC is passed through a divide-by-two 
circuit. By setting this bit to one, the divide-by-two circuit 
is bypassed so the clock on the ClKOUT pin is equal to 
X'tal input. If tile clock is applied to the ClKIN pin from 
external clock source, the status of this bit is ignored. Upon 
Power-on Reset, it is cleared to O. For details, please refer 
to "Programming" section. 

Reset Output Disable. This feature is programmed by Bit 
D3 of MCR. If this bit is cleared to "0", The /RESET pin 
becomes "Open-drain output" and is driven to "0" for 16-
clock cycles from the falling edge of /RESET input. This 
feature is for the cases where /RESET is used to get out 
from the "HALT" state. If this bit is set to one, the on-cllip 
reset circuit will not drive /RESET pin. 

32-bit CRC Generation/Checking. This feature is pro­
grammed, by Bit 02 of MCR. By setting this bit to one, 
Channel A of SIO is set to use the 32-bit CRC generator/ 
checker instead of the original 16-bit CRC generator/ 
checker in synchronous communication modes. The poly­
nomial to be used in this mode is the one for the protocols 

PROGRAMMING 

I/O address assignment 
Tile IPC 's on-Chip peripherals' I/O addresses are listed in 
1 able 1. They are fully decoded from Al-AO and have no 
image.The registers with Z84C13/C15 located at I/O Ad-
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such as V.42, and is (X32 + X26 + X23+ X22 + X16 + X12 
+X11+X10+X8+X7+X5+X4+X2+X+1).UponPowe~ 
on Reset, this bit is cleared to O. 

Evaluation Mode 
The IPC has a built evaluation (or development) mode 
feature which allows the users to utilize standard Z80 
development systems conveniently. This mode virtually 
replaces the on-chip Z80 CPU with the external CPU. In 
this mode, the on-chip CPU is electrically disconnected 
from internal bus and all 3-state signals (A 15-0, 07-0, 
/MREO, !lORO, /RD, /WR, /HAlT, /M1 and /RFSH; for C13/ 
C15, /BUSREO as well) are tri-stated, or cllanged to input. 
This allows the development system CPU to take over and 
use the internal I/O registersofthe IPC exactly as if the CPU 
was on-chip. 

Z84013/015 Only. When IIlis signal is active,the /M1, 
/HAl T and /RFSH pins are put in the high-impedance 
state. In using the Z84013/015 as an evaluator chip, the 
CPU is electrically disconnected (put in higll-impedance 
state) after one machine cycle is executed with the EV 
signal being" 1 " and the /BUSREO signal being "0". Then, 
on-chip resources can be accessed from the outside. 
/BUSACK is disconnected by an externally connected 
circuit. 

Z84C13/C15 Only. If the EV pin is tied to Vcc on Power-up, 
the Z84C13/C15 enters into an evaluation mode. In this 
mode, the internal CPU is immediately disconnected from 
the internal bus and all 3-state signals mentioned above 
are tri-stated, or changed to input. Note that the /WAIT pin 
became the OUTPUT pin in EV mode, and the Wait State 
Generator generates wait states only as programmed. If 
the target application board has a separate wait state 
generator, modification of the target may be required. 
/BUSACK is 3-stated in this mode 

The Z84C13/C15 behaves similarly to the situation where 
in regular operation, the /BUSREO signal is asserted by an 
external master causing all 3-state signals to be tri-stated 
by the Z84C13/C15 during T1 of the following machine 
cycle. The /BUSREO approach was not used for the 
evaluation mode to avoid significant external circuitry to 
work around the time period before the external CPU uses 
the bus for Z84C13/C15 accesses. 

dress EEh and EFh are the registers to control enllanced 
features to Z84013/015, and not assigned on Z84C013/ 
015. 



Table 1. 1/0 Control Register Address 

Address Device Channel 

10h CTC Ch 0 
11 h CTC Ch 1 
12h CTC Ch 2 
13h CTC Ch 3 

18h SIO Ch.A 
19h SIO Ch. A 
1Ah SIO Ch. B 
1Bh SIO Ch. B 

1Ch PIO Port A 
1Dh PIO PortA 
1Eh PIO Port B 
1Fh PIO Port B 

FOh Watch-Dog Timer 
F1h Watch-Dog Timer 
F4h I nterrupt Priority Register 

EEh 

EFh 

TllroUgh SCRP and SCDP 

PIO REGISTERS 

For more detailed information, please refer to the PIO 
Technical Manual. These registers are not in the Z84x13. 

Interrupt Vector Word 
The PIO logic unit is designed to work with the Z80 CPU in 
interrupt Mode 2. The interrupt word must be programmed 
if interrupts are used. Bit DO must be a zero (Figure 11). 

Register 

Control Register 
Control Register 
Control Register 
Control Register 

Data Register 
Controt Register 
Data Register 
Control Register 

Data Register (Not with Z84x13) 
Command Register (Not with Z84x13) 
Data Register (Not with Z84x13) 
Command Register (Not with Z84x13) 

Master Register (WDTMR) 
Control Register (WDTCR) 

System Control Register Pointer (SCRP) 
(Not with Z84013/015) 
System Control Data Port (SCDP) (Not 
with Z840 13/0 15) 

Control Register 00 - Wait State Control 
register (WCR) 
Control Register 01 - Memory Wait state 
Boundary Register (MWBR) 

Control Register 02 -Chip Select Boundary 
Register (CSBR) 
Control Register03 - Misc. Control Register 
(MCR) 

Iwlwlwl~I~lwl~lwl 

I L Identifies Interrupt 
Vector 

User Supplied Interrupt 
Vector 

Figure 11. PIO Interrupt Vector Word 
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Mode Control Word 
Selects the port operating mode. This word is required and 
is written at any time (Figure 12). 

Identifies MODE 
Control Word 

Don't Care 

Mode Select 

00 MODE 0 
01 MODEl 
1 0 MODE 2 
1 1 MODE 3 

Figure 12. PIO Mode Control Word 

I/O Register Control Word 
When Mode 3 is selected, the Mode Control Word is 
followed by the I/O Register Control Word. This word 
configures the I/O register, which defines which port lines 
are inputs or outputs. A "1" indicates input while a "0" 
indicates output. This word is required when in Mode 3 
(Figure 13). 

I/fO 

17161514131211101 

1 o Sets Bit to Output 
1 Sets Bit to Input 

Figure 13. 1/0 Register Control Word 

Interrupt Control Word 
In Mode 3 operation, handsllake signals are not used. 
Interrupts are generated as a logic function of the input 
signal levels. The Interrupt Control Word sets the logic 
conditions and the logic levels required for generating an 
interrupt. Two logic conditions or functions are available: 
AND (if all input bits change to the active level, an interrupt 
is triggered), OR (if anyone of the input bits change to the 
active logic level, an interrupt is triggered). The user can 
program which input bits are to be considered as part of 
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this logic function. Bit 06 sets the logic function, bit 05 sets 
the logic level, and bit 04 specifies a mask control word to 
follow (Figure 14). 

07 ~MSK DO 

IWLI ~ll11111 

II I 

Note: 

Identifies Interrupt Control Word 

1 ~ Mask Follows [1 J 

1 = Active High 

1 = And Function 

1 = Interrupt Function Enable [2] 

[1] Regardless of the operating mode, setting Bit D4 = 1 causes any 
pending interrupts to be cleared. 

[2] The port interrupt is not enabled until the interrupt function enable 
is followed by an active 1M1. 

Figure 14. Interrupt Control Word 

Mask Control Word 
This word sets the mask control register, thus allowing any 
unused bits to be masked off. If any bits are to be masked, 
then bit 04 of the interrupt Control Word is set. When bit 04 
of the interrupt Control Word is set, then the next word 
programmed is the Mask Control Word. To mask an input 
bit, the corresponding Mask Control Word bit is a "1" 
(Figure 15) 

MBO-MB? Mask Bits. A Bit is 
Monitored for an Interrupt if it 
is Defined as an Input and the 
Mask Bit is Set to O. 

Figure 15. Mask Control Word 

Interrupt Disable Word 
This word can be used to enable or disable a port's 
interrupts without changing the rest of the port's interrupt 
conditions (Figure 16). 



Identifies Interrupt 
Disable Word 

Don'teare 

07 = 0 Interrupt Disable 
07 = 1 Interrupt Enable 

Figure 16. Interrupt Disable Word 

CTC CONTROL REGISTERS 

For more detailed information, refer to the CTC Technical 
Manual. 

Channel Control Word 
This word sets the operating modes and parameters as 
described below. Bit DO is a "1" to indicate that this is a 
Control Word (Figure 17). 

• Timer Mode Only 

Control or Vector 
O=Veclor 
1 = Control Word 

Reset 
o = Continued Operation 
1 = Software Reset 

Time Constant 
o = No llme Constant Follows 
1 = llme Constant Follows 

Time Trigger' 
o = Automatic Trigger When 

llme Constant Is Loaded 
1 = CLKfTRG Pulse Starts llmer 

CLKfTRG Edge Selection 
o Selects Failing Edge 
1 Selects Rising Edge 

Prescaler Value .. 
1 = Value 01 256 
0= Value of 16 

Mode 
o Selects Timer Mode 
1 Selects Counter Mode 

Interrupt 
1 Enables Interrupt 
o Disables Interrupt 

Figure 17. CTC Channel Control Word 

Bit 07. Interrupt Enable. This bit enables the interrupt logic 
so that an internal INT can be generated at zero count. 
Interrupts are programmed in either mode and may be 
enabled or disabled at any time. . 

Bit 06. Mode Bit. This bit selects either Tirner Mode or 
Counter Mode. 

Bit 05. Prescalor Factor. This bit selects the prescalor 
factor for use in the timer mode. Either divide-by-16 or 
divide-by-256 is available. 

Bit 04. Clock/Trigger Edge Selector. This bit selects the 
active edge of the ClK/TAG input pulses. 

Bit 03. Timer Trigger. This bit selects the trigger mode for 
timer operation. Either automatic or external trigger may be 
selected. 

Bit 02. Time Constant. This bit indicates that tile next word 
programmed is time constant data for the down counter. 

Bit 01. Software Reset. Writing 1 to this bit indicates a 
software reset operation, which stops counting activities 
until another time constant word is written. 

Time Constant Word 
Before a channel starts counting, it must receive a time 
constant word. The time constant value is anywhere be­
tween 1 and 256, with "0" being accepted as a countof 256 
(Figure 18). 

TCO 

TC1 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

Figure 18. CTC Time Constant Word 

Interrupt Vector Word 
If one or more of the CTC channels have interrupt enabled, 
then the Interrupt Vector Word must be programmed. Only 
the five most significant bits of this word are programmed. 
and bit DO must be "0". Bits 02-01 are automatically 
modified by the CTC channels when it responds with an 
interrupt vector (Figure 19). 
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107 1061 OSI 041 031 021 011 DO I 

L:= 0= Inlerrupt Vector Word 
1 = Conlrol Word 

Channelldentilier 
(Automatically Inserted 
byCTC) 
o 0 = Channel 0 
o 1 = Channell. 
1 0 = Channel 2 
1 1 = Channel 3 

Supplied By User 

Figure 19. CTC Interrupt Vector Word 

SIO REGISTERS 

For more detailed information, refer to the SIO Technical 
Manual. 

Read Registers. The SIO channel B contains three read 
registers while channel A contains only two that are read to 
obtain status information. To read the contents of a register 
(rather than RRO), the program must first write a pointer to 
WRO in exactly the same manner as a write operation. The 
next I/O read cycle will place the contents of the selected 
read registers onto the data bus (Figure 20a, b, c). 

Read Register 0 
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Rx Character Available 

INT Pending (Ch. A Only) 

Tx Buffer Empty 

OCO } 

;~::~~n~OM • 

Break/Abort 

• Used With ·ExternaVStatus Interrupt" Mode. 

Figure 20a. SIO Read Register 0 

Read Register 1 t 

L All Sent 

1 Field Bit 1 Field Bn In 
in Previa us Second Previous 

Byte Byte 
1 0 0 0 3 
0 1 0 0 4 
1 1 0 0 5 
0 0 1 0 6 
1 0 1 0 7 
0 1 1 0 B 
1 1 1 1 B 
0 0 0 2 B 

Parity Error 

Rx Overrun Error 

CRClFraming Error 

End of Frame (SOle) 

• Residue data lor eight Rx bits/character programmed 

t Used with special receive condnion mode 

Figure 20b. SIO Read Register 1 

Read Register 2 (Channel B Only) 

V4 

VS 

V6 

V7 

t Variable H "Statu. Affects Vector" I. programmed 

Figure 20c. SIO Read Register 2 

Interrupt 
Vector 

Write Registers. The SIO Channel B contains eight write 
registers while Channel A contains only seven that are 
programmed to configure the operating mode character­
istics of each channel. With the exception of WRO, pro­
gramming the write registers is a two step operation. The 
first operation is a pointer written to WRO which points to the 
selected register. The second operation is the actual 
control word that is written into the register to configure the 
SIOchannel (Figure 21). 



o 
o 
1 
1 

o 
o 
1 
1 
o 
o 
1 
1 

Null Code 

o 
1 
o 
1 
o 
1 
o 
1 

Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
RegisterS 
RegisterS 
Register 7 

Send Abort (S 
Reset EXT OLC) 
Channel R:!tTUS Interrupts 

Enable INT ~eset TXI~~:n~1 Rx Character 
rror Reset n9 

Return from INT 

o Null Code 
1 Reset Rx CR o Reset Tx CR C Checker 
1 Reset Tx un~ Genemtor rrunlEOM Latch 

(Ch. A Only) 

V3 

V4 

VS 

VS 

V7 

Interrupt 
Vector 

Write Register 1 

Imlool~I~lool~lmlool 

II I ~""~-
Tx INT Enable 

Status Aft o (Ch Beets Vector 

o 0 Rx INT Disable . only) 

1 Rx INTOn F 
OINT On All Rlrst Character } 
liNT On All R x Characters (Pari Vector) x Characters (pari~ ~ffects Vector) , oes Not Affect 

" 'Or on s peel a! condition 

Wrne Register 3 

I 07 1 Osl Osl 041 031 021 01 I DO I 

/Wait/Ready on RfT 

/Walt/Ready FUnction 

/Walt/Ready Enable 

III L :==-~'"'" Address Search Mod e (SOLC) 

Ax CRC Enable 

o 
o 
1 
1 

o Ax S BitsiCh 
1 Rx 7 BitS/Ch aracter 
o Ax S BitslCh aracter 
1 Ax 8 Bitsl aracter 

Character 

Enter Hunt Phase 

Auto Enables 

Figure 21. 510 W . rite Registers 
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Write Register 4 

Parity Enable 

Parity Event/Odd 

o 0 Sync Modes Enable 
o 1 1 Stop BIt/Character 
1 0 1 1/2 Stop Bits/Character 
1 1 2 Stop BIts/Character 

o 0 S B. Sync Character 
o 1 16 B~ Sync Character 
1 0 SOlC Mode (01111110 Rag) 
1 1 External Sync Mode 

o 0 Xt Clock Mode 
o 1 Xt6 Clock Mode 
1 0 X32 Clock Mode 
1 1 X64 Clock Mode 

Write Register 6 

* Also SOLC Address Reid 

SyncBkO 

Sync Bit 1 

SyncBk2 

SyncBk3 

SyncBk4 

SyncBk5 

SyncBk6 

Sync Bit 7 

Write Register 5 

o 0 Tx 5 Bits (Or less)/Character 
o 1 Tx 7 BRs/Character 
1 0 Tx 6 BitS/Character 
1 1 Tx 8 BitS/Character 

Write Register 7 

Tx CRC Enable 

RTS 

/SOlC/CRC 16 

Tx Enable 

Send Break 

OTR 

Sync BitS 

Sync Bit 9 

Sync Bit 10 

Sync Bit 11 

Sync Bit 12 

Sync Bit 13 

Sync Bit 14 

Sync Bit 15 

* For SOlC It must be programmed to ·01111110· for flag recognition 

Figure 21. 510 Write Registers (Continued) 

WATCH DOG CONTROL REGISTERS 

There are two registers to control Watch Dog Timer opera­
tions. These are Watch Dog Timer Master Register (WDTMR; 
1/0 Address FOh) and the WDT Command Register 
(WDTCR; 1/0 Address F1 h). Watch Dog Timer Logic has a 
"double key" structure to prevent the WDT disabling error, 
which may lead to the WDT operation to stop due to 
program runaway. Programming the WDT follows this 
procedure. Also, these registers program the power-down 
mode of operation. The "Second key" is needed when 
turning off the Watch Dog Timer. 
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Enabling the WDT. The WDT is enabled by setting the WDT 
Enable Bit (D7:WDTE) to "1" and the WDT Periodic field 
(D5,D6:WDTP) to the desired time period. These com­
mand bits are in the Watch Dog Timer Master Register 
(WDTMR; 1/0 Address FOh). 

Disabling the WDT. The WDT is disabled by clearing WDT 
Enable bit (WDTE) in the WDTMR to "0" followed by writing 
"B1h" to the WDT Command Register (WDTCR; 1/0 Ad­
dress F1 h). 



Clearing the WOT. The WDT can be cleared by writing 
"4Eh" into the WDTCR. 

Watch Oog Timer Master Register (WOTMR;I/O address 
FOh). This register controls the activities of the Watch Dog 
Timer and selects power-down mode of operation 
(Figure 22). 

WDTMR (ReadlWrite) 

11 11 I 1 11 I 1 I 0 I 1 11 I (Value on Power·on Resel) 

T -rL--- Should be '011' 

HALT Mode (HAL TM) 
o o· IDLEI Mode 
o 1· IDLE2 Mode 
1 o· STOP Mode 
1 1· RUN Mode 

WDT Periodic Reid (WDTPI 
o o· Period is (TcC x21G ) 
o 1· Period is (TcC x 218 ) 
1 o· Period is (TcC x 220) 
1 1· Period is (TcC x 222) 

Watch Dog limer Enable (WDTE) 
1 ... Enable 
0= Disable 

Figure 22. Watch Oog Timer Master Register 

Bit 07. Watch Dog Timer Enable (WDTE). This bit controls 
the activities of Watch Dog Timer. The WDT can be 
enabled by setting this bit to "1". To disable WDT. write "0" 
to this bit followed by writing "S 1 h" in the WDT Command 
Register. Watch Dog Timer Logic 11as a "double key" 
structure to prevent the WDT disabling error. Wllich may 
lead to the WDT operation to stop. due to program run­
away. Upon Power-on reset. this bit is set to ''1'' and the 
WDT is enabled. 

Bit 06-05. WDT Periodic field (WDTP). This two bit field 
determines the desired time period. Upon Power-on reset. 
this field sets to "11". 

00 - Period is (TcC * 2 '6) 
01 - Period is (TcC * 2 '8 ) 

10 - Period is (T cC * 220 ) 

11 - Period is (TcC * 222) 

Bit 04-03. HAL T mode (HAL TM). Tilis two bit field speci­
fies one of four power-down modes. To change this field. 
write "DSh" to tile WDT command register. followed by a 
write to this register. For detailed descriptions of this lield. 
please refer to the section "Mode of operations." Upon 
Power-on Reset. this field is set to 11. which specilies 
"RUN mode." 

00 - IDLE 1 Mode 
01 - IDLE 2 Mode 
10 - STOP Mode 
11 - RUN Mode 

Bit 02-00. Reserved. These three bits are reserved and 
should always be programmed as "011". A read to these 
bit returns "011". 

Watch Oog Timer Command Register (WOTCR; I/O ad­
dress Flh). In conjunction Witll tile WDTMR. Ulis register 
works as a "Second key" for the Watch Dog Timer. This 
register is write only (Figure 23). 

Write Sl h after clearing WDTE to "0" - Disable WDT. 
Write 4Eh - Clear WDT. 
Write DSh followed by a write to HALTM - Cllange 
Power-down mode. 

WDTCR (Write Only) 

000 

o o 

o 

o 

(Bl h) . Disable WDT 
(After Clearing WDTE) 

(4Eh) • Clear WDT 

(DBh) • Change HALT Mode 
(Followed by setting HAL 1M) 

Figure 23. Watch Oog Timer Command Register 
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INTERRUPT PRIORITY REGISTER 
(INTPR; I/O address F4h) 

This register (write only) is provided to determine the 
interrupt priority for the CTC, SIO and the PIO (Figure 24). 

IPR (Wrfte Only) 

07 DO 

I X I X I X I X I X I 0 I 0 I 0 I (ValueonPower.onReseI) 

I I I Z84X15 Z84X13 
o 01 0 Hlgh·low High-low 

0 2 0 00 CTC-8IO-PIO CTC·SIO 
o 0 1 SIO-CTC-PIO SIO·CTC 
o 1 0 CTC·PIO·SIO Reserved Interrupt 
o 1 1 PIO-SIO·CTC Reserved Priority 
1 0 0 PIO·CTC-810 Reserved 
1 0 1 SIO-PIO-CTC Reserved 
1 1 0 Reserved Reserved 
1 1 1 Reserved Reserved 

Unused 

Figure 24. Interrupt Priority Register 

Bit 07-03. Unused 

Bit 02-00. This field specifies the order of the interrupt 
daisy chain. Upon Power-on Reset, this field is setto "000". 

Z84C15 
High - Low 

000 CTC-SIO-PIO 
001 SIO-CTC-PIO 
010 CTC-PIO-SIO 
011 PIO-SIO-CTC 
100 PIO-CTC-SIO 
101 SIO-PIO-CTC 
110 Reserved 
111 Reserved 

REGISTERS FOR SYSTEM 
CONFIGURATION 

Z84C13 
High - Low 

CTC-SIO 
SIO-CTC 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

(The following registers are not available on Z84013/015.) 
There are four indirectly accessible registers to determine 
System configuration with the Z84C13/C15. These indi­
rectly accessible registers are: Wait State Control Register 
(WCR, Control Register OOh), Memory Wait Boundary 
Register(MWBR, Control Register01 h), Chip Select Bound­
ary Register (CSBR, Control Register 02h) and Misc. 
Control Register (MCR, Control Register 03h). To access 
these registers, Z84C13/C15 writes "register number to be 
accessed" to the System Control Register Pointer (SCRP, 
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I/O address EEh), and then accesses the target register 
through the System Control Data Port (SCDP, I/O address 
EFh). The pointer which writes into SCRP is kept until 
modified. 

System Control Register Pointer (SCRP, I/O address EEh) 
This register stores the pointer to access System Control 
Registers (WCR, MWBR, CSBR and MCR). This register is 
Read/Write and it holds the painter value until modified. 
Upon Power-on Reset. a" bits are cleared to zero. The 
pointer value, other than OOh to 03h is reserved and is not 
written. Upon Power-on Reset. this register is set to "OOh" 
(Figure 25). 

SCRP (ReadlWrfte) 
07 DO 

[ 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I (Value on Power-on Reset) 

o 0 0 0 0 0 0 0 (OOh) Point to WCR 
o 0 0 0 0 0 0 1 (01 h) Point to MWBR 
o 0 0 0 0 0 1 0 (02h) Point to CSBR 
o 0 0 0 0 0 1 1 (03h) Polntlo MCR 

Figure 25. System Control Register Pointer 

System Control Data Port (SCOP, I/O address EFh) 
This register is to access WCR, MWBR, CSBR and MCR 
(Figure 26). 

SCOP (ReadIWrite) 
07 DO 

ReadlWrfte the Register 
Pointed by SCPR 

Figure 26. System Control Data Port 

Wait State Control Register (WCR, Control Register OOh) 
This register can be accessed through SCDP with the 
pointer value OOh in SCRP (Figure 27). To maintain com­
patibilitywith the Z84013/015, theZ84C13/C15 inserts the 
maximum number of wait states (set a" bits of this register 
to one) for fifteen /M1 cycles after Power-on Reset. It 
automatically clears the contents of this register (move to 
no-wait state insertion) on the trailing edge of the 16th /M1 
signal unless software has programmed a value. If auto­
matic wait state insertion is needed, the wait state is 
programmed within this time period. A read to WCR during 
this period wi" retum FFh, unless programmed. 



WCR (ReadlWrite) 
D7 

11 11111 
DO 

11d11d 
16 -1M1 Cycles After Power-on Reset Unless Programmed 

1 0 01 01 0 o 1 01 01 01 
-r--

e IIOWa~ 

o 0 NoWaitStale 
o 1 TwoWaitStales 
1 0 Four Wait States 
1 1 Six Wait States 

MerroryWM 
o 0 No Wa~ Stale 
o 1 One Wa~ Stale 
1 0 Two Wa~ Stales 
1 1 Three Wa~ Stales 

Op-code Fetch extension 
0: No Additional Wait On 

Op-code Fetch Cycle 
1: Add 1 More Wait to 

Op-Code Fetch Cycle 

Interrupt Vector Wa~ 
O:NoWa~ 
1: One Wa~ Stale 

Inlerrupt Daisy Chain Wait 

Interrupt 
Acknowledge Cycle 
o 0 0 Wait Stale 
o 1 2 Wa~ Stales 
1 0 4 Wa~ Stales 
1 1 6Wa~Stales 

RETI 
Cycle 
o WaitStale 
o WaitStale 
2 Wait States 
4 Wait States 

Figure 27. Wait State Control Register 

This register has the following fields: 

Bit 7-6. Interrupt Daisy Chain Wait. This 2-bit field specifies 
the number of wait states to be inserted during an Interrupt 
Daisy Chain settle period of the Interrupt Acknowledge 
cycle, which is/IORO falls after the settling period from /M1 
going active "0". Also. this field controls the number of wait 
states inserted during the RETI (Return From Interrupt) 
cycle. If specified to insert 4 or 6 wait states during 
I nterrupt Acknowledge cycle, the Wait state generator also 
inserts wait states during RETI fetch sequence. This se­
quence is formed with two op-code fetch cycles (Op-code 
is EOh followed by 40h): It inserts 1 wait state if op-code 
followed by EOh is NOT 40h. and inserts 2 or 4 wait states, 
respectively, if the following op-code is 40h. 

Interrupt Ackrowledge 

00 - No Wait states 
01 - 2 Wait states 
10 - 4 Wait states 
11 - 6 Wait states 

RETI cycle 

No Wait states 
No Wait states 
2 Wait states 
4 Wait states 

Forfifteen/M1 cycles from Power-on Reset, bits 7-6 are set 
to "11" . They clear to "00" on the trailing edge of the 16th 
/M1 Signal unless programmed. 

Bit 5. Interrupt Vector Wait. While this bit is set to one, the 
wait state generator inserts one wait state after the /IORO 
signal goes active during the Interrupt acknowledge cycle. 
This gives more time for the vector read cycle. While this bit 
is cleared to zero, no wait state is inserted (standard 
timing). For fifteen /M 1 cycles from Power-on Reset, this bit 
is set to "1", then cleared to "0" on the trailing edge of the 
16th /M1 signal, unless programmed. 

Bit 4. Opcode Fetch Extension. If this bit is set to "1", one 
additional wait state is inserted during the Op-code fetch 
cycle in addition to the number of wait states programmed 
in the Memory Wait field. For fifteen~'M1 cycles from Power­
on Reset, this bit is set to "1 ", then cleared to "0" on the 
trailing edge of the 16th /M1 signal, unless programmed. 

Bit 3-2. Memory Wait States. This 2-bit field specifies the 
number of wait states to be inserted during memory Read/ 
Write transactions. 

00 - No Wait states 
01 - 1 Wait states 
10 - 2 Wait states 
11 - 3 Wait states 

For fifteen /M1 cycles from Power-on Reset, these bits are 
set to "11 ", then cleared to "00" on the trailing edge of 
the16th /M1 signal, unless programmed. 

Bit 1-0. I/O Wait states. This 2-bit field specifies the number 
of wait states to be inserted during I/O transactions. 

00 - No Wait states 
01 - 2 Wait states 
10 - 4 Wait states 
11 - 6 Wait states 

For fifteen /M1 cycles from Power-on Reset, these bits are 
set to "11", then cleared to "00" on the trailing edge of 
the16th /M1 signal, unless programmed. For the accesses 
to the on-chip I/O registers, no Wait states are inserted 
regardless of the programming of this field. 

Memory Wait Boundary Register 
(MWBR, Control Register 01 h) 
This register specifies the address range to insert memory 
wait states. When accessed memory addresses are within 
this range, the Memory Wait State generator inserts Memory 
Wait States specified in the Memory Wait field of WCR 
(Figure 28). 
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MWBR (Read/Write) 

07 DO 

11 11 11 11 I 0 I 0 I 0 I 0 I (Value on Power-on Reset) 

Memooy Wait low Boundaoy 
Specifies lower Boundaoy 
Address (AI5-AI2) for 
Memooy Wait Insertion 

Memooy Wait High Boundaoy 
Specifies High Boundaoy 
Address (AI5-AI2) for 
Memooy Wait Insertion 

Figure 28. Memory Wait Boundary Register 

Bit 07-04. Memory Wait High Boundary. This field speci­
fies A 15-A 12 of the upper address boundary for Memory 
Wait. 

Bit 03-00. Memory Wait Low Boundary. This field specifies 
A 15-12 of the lower address boundary for Memory Wait. 

Memory Wait states are inserted for the address range: 

(07-04 of MWBR) ;::: A 15-A 12 ;::: (03-00 of MWBR) 

This register is set to "FOh" on Power-on Reset, which 
specifies the address range for Memory Wait as "OOOOh to 
FFFFh". 

Chip Select Boundary Register 
(CSBR, Control Register 02h) 
This register specifies the address range for each chip 
select signal. When accessed memory addresses are 
within this range, chip select signals are active (Figure 29). 

CSBR (ReadlWrite) 

07 DO 

I x I x I x I x I 1 11 11 11 I (Value on Power-on Reset) 

'"===*1 ===-""=~I~- ICSO Boundaoy (AI5-AI2';) 

ICSI Boundaoy 
(AI5-AI2'; and > ICSO 
Boundaoy) 

Figure 29. Chip Select Boundary Register 

07-04. ICSt Boundary Address. These bits specify the 
boundary address range for ICSI. The bit values are 
ignored on power-up as the ICSI enable bit is off. The ICS 1 
is asserted if the address lines A 15-12 have an address 
value greater than the programmed value for ICSO, and 
less than or equal to the programmed value in these bits. 
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03-00. ICSO Boundary Address. These bits specify the 
boundary address range for ICSO. ICSO is asserted if the 
address lines A 15-12 have an address value less than or 
equal to the programmed boundary value. The ICSO en­
able bit in the MCR must be set to 1. Upon Power-up reset, 
these bits come up as all 1 's so that ICSO is asserted for 
all addresses. 

Chip Select signals are active for the address range: 

ICSO: (03-00 of CSBR) ;::: A 15-A 12 ;::: 0 
ICS1: (07-04 of CSBR) ;::: A 15-A 12 > 
(03-00 of CSBR) 

This register is set to "xxxxllll b" on Power-on Reset, 
which specifies the address range of ICSO for "000011 to 
FFFFh" (all Memory location) and ICSI "undefined." 

Mise Control Register (MCR, Control Register 03h) 
This register specifies miscellaneous options on this de­
vice (Figure 30). 

MeR (ReadlWr~e) 
07 DO 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 1 I (Value on Power-on Reset) 

ICSO Enable 
0= Disable 
1 = Enable 

ICSI Enable 
0= Disable 
1 = Enable 

32-81t CRC Enable 
0= Disable 
1 = Enable 

Reset Output Disable 
o = Reset Output Is Enabled 
1 = Reset Output Is Disabled 

Clock Olvlde-by-one Option 
0= Olvlde-by-two 
1 = Dlvlde-by-one 

Should Program as "OOO~ 

Figure 30. Mise Control Register 

Bit 07-05. Reserved. These three bits are reserved and 
are always programmed as "000". 

Bit 04. Clock Oivide-by-one option. "O>Oisable, ''1''-en­
able. On-chip CGC unit has divide-by-two circuit. By 
setting this bit toone, III is circuit is bypassed and ClKOUT 
is equal to X'tal oscillator frequency (or external clock input 
on the XTAll pin). This bit has no effect when the on-chip 
CGC unit is not in use and the external system clock is fed 
from ClKIN pin. Upon Power-on Reset, this bit is cleared 
to 0 and the clock is divided by two. 



Bit 03. Reset Output Disable. "O"-Reset output is enabled, 
''1''-Reset output is disabled. This bit controls the /RESET 
signal and is driven out when reset input is used to take the 
Z84C13/C15 out of the "Halt" state. The reset pulse is 
driven out for 16-clock cycles from the falling edge 01 
/RESET input, unless this bit is set. Upon Power-on reset, 
this bit is cleared to O. 

Bit 02. 32-8it CRC enable. "O"-Normal mode (16-bit CRC) 
"1"-32-bit CRC generation/Checking is enabled on SIO 
Channel A. This bit determines if the 32-bit CRC feature is 
enabled on Channel A of the SIO. If this bit is 0, the SIO is 
in a normal mode of operation. If this bit is setto 1, a normal 
CRC generator/ct1ecker is replaced with a 32-bit CRC 
generator/checker. Upon Power-on Reset, this bit is clear 
to "0". 

Bit 01. ICSt Enable. "O"-Disable, ''1''-Enable. This bit 
enables /CS1 output. While this bit is "0", /CSI is forced to 
"1". While this bit is "1", /CS1 carries the address range 
specified in the CSBR. Upon Power-on Reset, this bit is 
cleared to "0". 

Bit 00. ICSO Enable. 'V "-Disable, ''1''-Enable. This bit en­
ables /CSO output. Wtli1e this bit is "0", /CS1 pin is forced 

to "I ". While Ihis bit is "1 ", the /CSO carries address range 
specified in the CSBR. Upon Power-on Reset. this bit is set 
to"1". 

Operation modes 
Tilere are four kinds of operation modes available for ttle 
IPC in connection with clock generation; RUN Mode, 
IDLE1/2 Modes and STOP Mode. 

The Operation mode is effective when the HALT instruction 
is executed. Restart of the MPU from ttle stopped state 
under IDLE1/2 Mode or STOP mode is affected by input­
ting either /RESET or interrupt (lNMI or /INT). The mode 
selection of these power-down modes is made by pro­
gramming the HAL TM field (Bit D4-3) of WDTMR. 

Setting Halt Mode 
Duplicate control is provided to prevent the stopping of the 
WDT operation caused by the halt mode setting an error 
due to program runaway. As described in the program­
ming section, changing the Halt Mode field of WDTMR is 
in two steps. First, write "DBh" to WDTCR followed by a 
write to the WDTMR with the value in HAL TM. Table 2 has 
descriptions of each mode, and Table 3 has device status 
in the Halt state. 

Table 2. Power-down Modes 

Operation Mode 

RUN Mode 

IDLE1 Mode 

IDLE2 Mode 

STOP Mode 

(When using on-chip CGC unit; CLKOUT and CLKIN are tied together) 

WOTMR 
Bit 04 

o 

o 

Bit 03 

o 

o 

Oescription at HALT State 

The IPC continues the operation and continuously supplies a clock to 
the outside. 

The internal oscillator's operation is continued. Clock output (CLKOUT) 
as well as internal clock to the CPU, PIO, SIO, CTC and the Watch Dog 
Timer is stopped at "0" level of T 4 state in the halt instruction operation 
code fetch cycle. 

The internal oscillator and the CTC's operation continues and supplies 
clock to the outside on the CLKOUT pin continuously. But the internal 
clock to the CPU, PIO, SIO and the Watch Dog Timer is stopped at "0" 
level of T 4 state in the halt instruction operation code fetch cycle. 

All operations of the internal oscillator, clock (CLK) output, internal 
clock to the CPU, PIO, CTC, SIO and the Watch Dog Timer are stopped 
at "0" level of T 4 state in the halt instruction operation code fetch cycle. 
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Table 3. Device status in Halt state 
(When using on-chip CGC unit; CLKOUT and CLKIN are 

tied together) 

Mode CGC CPU CTC PIO SIO WDT CLKOUT 

IDLE1 0 X X X X X X 
IDLE2 0 X 0 X X X 0 
STOP X X X X X X X 
RUN 0 0 0 0 0 0 0 

0: Operating 
X: Stop 

TIMING 

Basic Timing 
The basic timing is explained here with emphasis placed 
on the halt function relative to the clock generator. The 
following items are identical to those for the Z84COO. Refer 
to the data sheet for the Z84COO. 

• Operation code fetch cycle 

• Memory Read/Write operation 

• Input/Output operation 

• Bus request/acknowledge operation 

• Maskable interrupt request operation 

• Non-Maskable interrupt request operation 

• Reset Operation 

121 
CLKOUT 

IHALT 

1M1 

M1 Cycle "'1'" 
T4 T1 

M1 Cycle 

T2 T3 

All of the operating modes listed here are valid with crystal 
input (Crystal connected between XTAL 1/2 or external 
clock inputon XTAL 1). For the external clock on theCLKIN 
pin, only the IDLE2 and RUN modes are applicable. 

Operation When HALT Instruction is Executed. When the 
CPU fetches a halt instruction in the operation code fetch 
cycle, /HAL T goes active (Low) in synch with the falling 
edge of T 4 state before the peripheral LSI and CPU stops 
the operation. After this, the system clock generation 
differs depending upon the operation mode (RUN Mode, 
IDLE1/2 Mode or STOP Mode). If the internal system clock 
is running, the CPU continues to execute NOP instruction 
even in the halt state. 

RUN Mode (HAL TM = 11). Shown in Figure 31 is the basic 
timing when the halt instruction is executed in RUN Mode. 

M1 Cycle 

T4 T2 T3 

HALT OP-Code 
Fetch Cycle NOP Execution NOP Execution 

Figure 31. Timing of RUN Mode 
(at Halt Instruction Command Execution) 
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In RUN Mode. output from the CGC unit (CLKOUT) is not 
stopped and the internal system clock (0) continues even 
after the halt instruction is executed. Therefore. until the 
Ilalt state is released by the interrupt signal (lNMI or liNT) 

T4 

CLKOUT JI 
0 

(Internal 

or IRESET signal. MPU continues to execute HALT instruc­
tions (internally executing NOP instructions). 

IDLE1 Mode (HAL TM=OO). Shown in Figure 32 is the basic 
timing when the halt instruction isexecuted in IDLE1 Mode. 

II 

System 

~ 
MPU Operation STOP 

: CloCk) 

IHALT 

IM1 
"1" 

Code Fetch Cycle 
---=------1 

HALT Instruction Operation ... 1 

Figure 32. IDLE1 Mode Timing 
(At Halt Instruction Execution) 

In IDLE 1 Mode. the internal oscillator continues to operate. 
but clock output (ClKOUT) is stopped at T 4 low state of 
HALT instruction execution. Then all components in the 
MPU stop ttleir operation. This mode is not supported 

when the CGC unit is inactive and the external clock is fed 
from ClKIN pin; ClKOUT stlould be connected to ClKIN. 

CLKOUT 

0 
(Internal 

T4 

IDLE2 Mode (HALTM=01). Shown in Figure 33 is the basic 
timing when the halt instruction is executed in IDlE2 Mode. 

~ 
CPU Operation STOP System 

Clock) 

IHALT ~--------------------~:~----
IM1 

"1" 

Code Fetch Cycle 
HALT Instruction Operation .. I 

-------J 

Figure 33. IDLE2 Mode Timing 
(At Halt Instruction Execution) 
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In IDlE2 Mode, tile internal oscillator and clock output 
(ClKOUT) continue to operate. Tile internal system clock, 
fed from ClKIN to tile components otller til an CTC is 
stopped at tile T 4 low state of HALT instruction execution. 

T1 T2 T3 

ClKOUT 

STOP Mode (HALTM=10). Silown in Figure 34 is tile basic 
timing wilen tile Ilaft instruction is executed in STOP Mode. 

T4 

ClK output STOP 

12) 

(Internal 
System 

Clock) 

IHAlT 

~L ____ M_P_u_o_p_e_ra_tiO_n_S_T_O_P ___ _ 

·/M1 

HALT Instruction Operation 
Code Fetch Cycle 

--I 
Figure 34. STOP Mode Timing 

(At Halt Instruction Execution) 

In STOP Mode, tile on-cllip CGC unit is stopped at T 4 low 
state of HALT instruction execution. Tilerefore, clock out­
put (ClKOUT), operation of Watch Dog Timer, CPU, PIO, 
CTC, SIO are stopped. 

Release from Halt State. Tile Ilalt state of tile CPU is 
released wilen "0" is input to tile IRESET signal and tile 
MPU is reset or an interrupt request is accepted. An 
interrupt request signal is sampled at tile leading edge of 
tile last clock cycle (T4 state) of NOP instruction. In case 
of tile maskable interrupt, interrupt will be accepted by an 
active liNT signal ("0" level). Also, tile interrupt enable flip-
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flop is set to "1". Tile accepted interrupt process is started 
from tile next cycle. 

Furtller, wilen tile internal system clock is stopped (IDLE11 
2 Mode, STOP Mode), it is necessary first to restart tile 
internal system clock. Tile internal system clock is re­
started wilen IRESET or interrupt signal (lNMI or liNT) is 
asserted. 

RUN Mode (HALTM=11). Tile Ilalt release operation is 
enabled by interrupt request in RUN Mode (Figure 35). 



HALT Instruction 
NOP Instruction Execution 

:1" 
Interrupt Process 

CLKOUT 

o 
(Internal 
System 
Clock) 

IHALT 

T4 T2 

T4 T1 T2 

~ 

I" 
T1 

T1 

M1 

T2 T3 T4 T1 T2 

T2 T3 T4 T1 T2 

~------~H~----------~~ 

IM1 

IM1 If 

IM1 If 

1.--_ ...... 1 

Ll _____ ~---~ CPU Internal 
Latch for NMI I 

I 

I 

Interrupt Sample Timing 

Figure 35. Halt Release Operation Timing 
By Interrupt Request Signal in RUN Mode 

In RUN Mode the internal system clock is not stopped. If 
the interrupt signal is recognized on the rising clock edge 
of T 4 of the continued NOP instruction, CPU will execute 
the interrupt process from the next cycle. 

The halt release resets CPU in RUN Mode (Figure 36). After 
reset, CPU will execute an instruction starting from ad­
dress OOOOH. However, in order to reset the CPU it is 

necessary to keep /RESET signal at "0" for at least 3 system 
clock cycles. (For Z84C13/C15: 3 clock cycles if Reset 
output is disabled.) In addition, if /RESET signal becomes 
"1 ", after the dummy cycle for at least two T states, CPU 
executes an instruction from address OOOOH. 
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HALT Instruction 
Execution ... 

CLKOUT 

0 
(Internal 
System 
Clock) 

IHALT 

15 

IM1 15 15 

IRESET 

Figure 36. Halt Release Operation Timing 
By Reset in RUN Mode 

IDLE1 Mode (HALTM=OO). IDLE2 Mode (HALTM=01). The 
halt release operation by interrupt signal in IDLE1 Mode is 
shown in Figure 37 (a) and in IDLE2 Mode in Figure 37 (b). 
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Execute Instruction 
Address OOOOH 



CLKOUT 

o 
(Internal 
System 
Clock) 

IHALT 

IMl 

INMI 

liNT 

CLKOUT 

0 
(Internal 
System 
Clock) 

IHALT 

IMl 

INMI 

liNT 

NOP Instruction ExecuUon 

~I 
T2 T3 T4 Tl 

f 

f 
___________ 1 ___ ....r- MPU Internal 

I Latch lor NMI 
t 

f I 
I 

(a) IDLE1 Mode Interrupt SaJIllling Timing 

I~ 
NOP Command Execution 

~I 

~ 

~ 
i J 

i J i 
- -lJ- - - - - - - - - - - - - - ...! - - -~ MPU Internal 

I Latch for NMI 
I 

1. 
I 

: I J 
Interrupt Sampling Timing 

(b) IDLE2 Mode 

Figure 37. Halt Release Operation Timing By Interrupt 
Request Signal in IDLE1/2 Mode 
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When receiving INMI or liNT signals. the stopped internal 
system clock starts to feed. In IDLE1 Mode. the IPC starts 
clock output on CLKOUT at the same time. 

The operation stop of CPU in IDLE2 mode is taking place 
at "0" level during T 4 state in the halt instruction op-code 
fetch cycle. Therefore. after being restarted by the inter­
ruptsignal. CPU executes one NOP instruction and samples 
an interrupt signal at the rise of T4 state during the 
execution of this NOP instruction. and executes the inter­
rupt process from next cycle. 

CLKOUT 

I2l 
(Internal 
System 
Clock) 

!HALT 

1M1 

IRESET 

If no interrupt signal is accepted during the execution of 
the first NOP instruction after the internal systemclock is 
restarted. CPU is not released from the halt state. It is 
placed in IDLE1/2 Mode again at "O"level during T4 state 
of the NOP instruction. stopping the internal system clock. 
If liNT signal is not at "0" level at the rise of T4 state. no 
interrupt request is accepted. 

The halt release operation resets the IPC in IDLE1 Mode 
(Figure 38a) and in IDLE2 Mode (Figure 38b). 

r 

r 

Execution Instruction from 
Address OOOOH 

L.-__ ..JI 

(a) IDLE1 Mode 
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CLKOUT 

I2l 
(Internal 
System 

Clock) 

IHALT 

IM1 

!RESET 

r 

(b) IDLE2 Mode 

Execution Instruction from 
Address OOOOH 

Figure 38. Halt Release Operation Timing . 
By Reset in IDLE1/2 Mode 



When /RESET signal at "0" level is input into tile IPC, the 
internal system clock is restarted and the IPC will execute 
an instruction stored in address OOOOH. 

At lime of /RESET signal input, it is necessary to take the 
same care as that in resetting the IPC in RUN Mode. 

T4 
CLKOUT ~ 

'" (Internal 

~ System 
Clock) 

IHALT 

IM1 f J 

INMI 

I~ 
T1 

Halt release in STOP Mode (HALTM=10) by interrupt. Tile 
halt release operation by interrupt signal in STOP Mode is 
shown in Figure 39. 

Nap Command Execution 

T2 T3 T4 T1 

1 1 
- - If- - - - - - - - - - - - - - - - .I- - - - _r-- MPU Internal 

1 Latch for NM I 
1 
1 

liNT : I 
1 

Interrupt Sampling Timing 

Figure 39. Halt Release Operation Timing By Interrupt 
Request Signal in STOP Mode 

When the IPC receives an interrupt signal, the internal 
oscillator is restarted. To obtain stabilized oscillation, 
CLKOUT (and ti,e internal system clock) are started after 
a start-up time of (214+2.5) TcC (TcC: Clock Cycle) by the 
internal counter. 

CPU executes one NOP instruction after the internal sys­
tem clock is restarted. At the same time, it samples an 
interrupt signal at the rise of T 4 state during the execution 
of this NOP instruction. If the interrupt signal is accepted, 
CPU executes the interrupt process operation from the 
next cycle. 

During interrupt signal input, it is necessary to take the 
same care as the interrupt signal input in IDLE1/2 Mode. 

Halt release in STOP Mode (HALTM=10) by IRESET. 
When /RESET at "0" level is input into the IPC, the internal 
oscillator is restarted. However, the internal clock counter 
for warm-up does not operate. Therefore, the operation is 
not carried out properly due to unstable clock oscillation. 
It is necessary to hold /RESET at "0" level for sufficient time. 
The halt release operation by the IPC resetting in STOP 
Mode is shown in Figure 40. 
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Z84C13/C15 Only. The /RESET pulse is stretched to a 
minimum of 16 cycles and driven outof the Z84C13/C15 on 
the /RESET pin if Reset output is enabled (bit 03 of MCR is 
cleared to "0"). Setting bit 03 disables the driving out of 

CLKOUT 

o 
(Internal 
System 
Clock) 

/RESET. The values in the control registers (WOTMR, 
SCRP, WCR, MWBR, CSBR and MCR) are initialized to the 
default value on /RESET. 

Executive Instruction from 
Address OOOOH 

Tl T2 T3 

IHALT ----, .-----tllt------------
~r-+---;li-----' 

IMl 

IRESET J. 

Figure 40. Halt Release Operation Timing 
By Reset in STOP Mode 

Start-up Time at Time of Restart (STOP Mode). When the 
MPU is released from the 11alt state by accepting an 
interrupt request, it executes an interrupt service routine. 
Therefore, when an interrupt request is accepted, it starts 
generating clock on the CLKOUT pin, after a start-up time, 
by the internal counter [(214+2.5) TcC (TcC:Clock Cycle)]. 
This obtains a stabilized oscillation for operaiion. 

Further, in case of restart by the /RESET signal, the internal 
counter does not operate. 

ACTIMING 

The following section describes the timing of the IPC. The 
numbers appearing in the figures refer to the parameters 
on Table A-F. 

CPU Timing 
Parameters referenced in Figure 41 through Figure 48 
appear in Table A. 

The IPC'sCPU executes instructions by proceeding through 
the following specific sequence of operations: 
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Evaluation operation. Each of the CPU signals (A 15-0, 
07-0, /MREQ, flORO, fRO, /WR, /HAL T, fM1, fRFSH) can 
be 3-stated by activating the EV pin The Z84C 13fC 15 
enhances the counter part by eliminating the requirement 
of /BUSREO to go active. 

Instruction set. The instruction setol the IPC is the same for 
the Z84COO. For details, refer to the data sheet of the 
Z84COO Technical Manual. 

Memory read or write 
I/O device read or write 
Interrupt acknowledge 

The basic clock period is referred to as a Time or Cycle and 
three or more T cycles make up a machine cycle (e.g., M1, 
M20r M3) Machine cycles are extended either by the CPU 
automatically inserting one or more Wait states or by the 
insertion of one or more Wait states by the user. 



Instruction Op-code Fetch. Tile CPU places the contents of 
the Program Counter (PC) on the address bus at the start 
of the cycle (Figure 41). Approximately one-half clock 
cycle later, IMREO goes active. When active, IRD indi­
cates tllat the memory data can be enabled onto the CPU 
data bus. 

IClock 

A15·AO 

IMREQ 

IRD 

/WAIT 

IMl 

Tile CPU samples tile IWAIT input with the falling edge of 
clock state T2. During clock states T3 and T4 of an M1 
cycle, dynamic RAM refresh can occur while tile CPU 
starts decoding and executing the instruction. 

External 
Memory 
Access, 
Data in 

:=5=40 

« « ~f----I 1'-+---'1 '-----I---

IRFSH r---------' 

Figure 41. Instruction Op-code Fetch 
(See Table A) 
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Memory Read or Write Cycles. Figure 42 shows the timing 
of memory read or write cycles other than an Op-code 
fetch (/Ml) cycle. The fMREQ and fRD signals function like 
the Op-code fetch cycle. 

In a memory write cycle, fMREQ also becomes active 
when the Address Bus is stable. The /WR line is active 
when the Data Bus is stable, so that it can be used directly 
as an R/W pulse to most semiconductor memories. 
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Read 
Operation 

Write 
Operadon 

Clock 

AI5·AO 

IMREQ 

/WAIT 

IRD 

07-00 
Data In 

/wR 

07-00 
Data Out 

-----+------_ .-------(31)----..-! !.-+----

_----cl_1r--_----f--f~'F--D-ataOut-
Figure 42. Memory Read or Write Cycle 

(See Table A) 



Input or Output Cycles. Figure 43 shows the timing for an 
I/O read or I/O write operation. During I/O operations, the 
CPU automatically inserts a single Wait state (TwA)' This 
extra Wait state allows sufficient time for an I/O port to 
decode the address from tlle port address lines. 

External 
VO Read 

Operation 

VOWrite 
Operation 

Clock 

A7-AO 

/lORO 

/WAIT 

fRO 

07-00 
Oata In 

/wR 

07-00 
Oata In 

When the CPU is accessing the on-chip I/O registers (PIO, 
CTC, SIO and system control registers), tile data from/to 
these registers also appears on tile data bus, or data bus 
is output during I/O cycle. 

i---..... -{:35 

OataOut 

54)----1 

Internal { ~--~~r_--~~---------------------------
Read 07-00 

Operation Oata Out Floating 

Note: TWA = One watt cycle automatically inserted by CPU 

Figure 43_ Input or Output Cycle 
(See Table A) 

Output Valid 
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Interrupt Request/Acknowledge Cycle. The CPU samples 
the interrupt signal with the rising edge of the last clock 
cycle at the .end of any instruction (Figure 44). When an 
interrupt is accepted, a special /M1 cycle is generated. 

Clock 

liNT 

A15-AO 

1M1 

1I0RO 

/WAIT 

During this /M1 cycle, /IORO becomes active (instead of 
/MREO) to indicate that the interrupting device can place 
an 8-bit vector on the data bus. The CPU automatically 
adds two Wait states to this cycle. 

TWA TW Ta 

______ @r-
07-00 )----~E:-t-fl~«<'--;{~F----I 

334 

NOTE: 1) T LI = Last stale 01 any instruction cycle 

2) TWA = Walt cycle automatically Inserted by cpu 

Figure 44. Interrupt Request/Acknowledge Cycle 
(See Table A) 



Non-Maskable Interrupt Request Cycle. /NMI is sampled at 
the same time as the maskable interrupt input/I NT, but has 
higher priority and cannot be disabled under software 
control. The subsequent timing is similar to that of a normal 

memory read operation except that data put on the bus by 
tile memory is ignored. Tile CPU instead executes a restart 
(RST) operation and jumps to the /NMI service routine 
located at the address 0066H (Figure 45). 

Clock 

INMI 

A15·AO 

IMl 

IMREO 

IRD 

-- LastMCycle --t-------------Ml--------------J 

* 
~®I-
--~- -----------------------------------
--- -------------------------------------

pc 

* Although INMlls an asynch!~nous input, to guarantee its being recognized on the following machine cycle, INMI's falling edge 
must occur no later than the "SIng edge of the dock cycle preceding the last state of any instruction cycfe (T u ). 

Figure 45. Non-Maskable Interrupt Request Operation 
(See Table A) 
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Bus Request/Acknowledge Cycle. The CPU samples 
/BUSREO with tt18 rising edge of the last clock period of 
any machine cycle (Figure 46). If /BUSREO is active, the 
CPU sets its address, data, and /MREO to Inputs, and 
/IORO, /RD and /WR lines set to an input for on-chip 

Clock 

IBUSREQ 

IBUSACK 

A15-AO 

07-00 

IMREQ 

IRO,IWR 

IIORO,/M1 

IHAL T, fRFSH 

Notes: 1) TLM = Last state of any M cycle 

peripheral access from an external bus master Witll the 
rising edge of the next clock pulse. At that time, any 
external device can take control of these lines, usually to 
transfer data between memory and I/O devices. 

2) TX = An arbitrary clock cycle used by requesting device 

336 

Figure 46. BUS Request/Acknowledge Cycle 
(See Table A) 



Halt acknowledge cycle. Figure 47 shows the timing for 
Halt acknowledge cycle. 

--- M1---"~lfoo.---------M1-----------.. *I.---- M1----

T1 T2 T3 T4 T1 

Clock 

!HALT 

Haillnsiruclion Received " M ~ 
-----------{y~----------INMI 

• Allhough INMI is an asynchronous inpul. 10 guarantee its being recognized on the following machine cycle,/NMl's falling 
edge must occur no later than the rising edge of the clock preceding the last stale of any instrucllon cycle (T LI ). 

Figure 47. Halt Acknowledge 
(See Table A) 

Reset Cycle.fRESET must be active for at least three clock 
cycles for the CPU to properly accept it. As long as /RESET 
remains active, the address and data buses float. and the 
control outputs are inactive. 

Once fRESET goes inactive, two internal T cycles are 
consumed before the CPU resumes normal processing 
operation. fRESET clears the PC register, so the first 
op-code fetch location is OOOOH (Figure 48). 

Z84C13/C15 Only. If Reset output is disabled, fRESET 
must be active for at least three clock cycles for the CPU 
to properly accept it. Otherwise,fRESET must be active for 
at least two clock cycles and the on-chip reset circuit 
extends fRESET signal to at least a minimum of 16-clock 
cycles. 
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Clock 

IRESET 

* External 
!RESET 

Input 

* IRESET 
Output 

(Open drain) 

A15-AO 

07-00 

IMl 

IMREO 
IRO,IWR, 

IIORO 

IBUSACK 
IHAlT 
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1----- Ml----

I------{!~I}-----~~ 

Floating 

---------------------r~L~{----------------~~~ ______________ ~7 ~~ ____ __ 

1///// 
* 84C13/15 Only Reset Output is Enabled 

Figure 48. Reset Cycle 
(See Table A) 
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CGCTIMING 

Figure 49 to Figure 52 shows the timing related CGC and 
Power-On Reset circuit. 

Parameters referenced in Figure 49 tllru Figure 52 appear 
in Table B. 

Clock 

liNT 

INMI 

Vee 

!RESET 

Figure 49. Reset on Power-up (Applies only for Z84C13/C15) 
(See Table B) 

Figure 50. Clock Restart Timing by liNT, INMI (STOP Mode) 
(See Table B) 
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Clock 
(IDLE1 Mode) 

Clock 
(IDLE2 Mode) 

liNT 

INMI 

CLKOUT 

!RESET 
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(a) Clock Restart Timing by liNT, INMI (IDLE1/2 Mode) 

(b) Clock Restart Timing by IRESET (IDLE 1/2 Mode) 

Figure 51. Clock Restart Timing (IDLE1/2 Mode) 
(See Table B) 



IXTAL1 
(For External 
Clock Input) 

(a) XTAL 1 Timing for External Clock Input 

Figure 52. Clock Timing 
(See Table 8) 

(b) CLKOUT Timing 

On-chip periplleral access from External Bus master. The 
timing for the on-chip I/O device access from the external 

bus master is shown in Figure 53. This liming also applies 
to tile timing during EV mode of operation. 

Clock 

Address 

flORO 

fRO 

07-00 

fRO 

07-00 

IWR, 
flORO 

07-00 

SIO 
lWRIiROY 

(WAIT 
Mode) 

SIO 
lWR/iROY 

(Ready 
Mode) 

T 1 T2 TWA T3 

-+-__ -+----1--+---rr--r------,JI)--__ }~ 
"H" 

_--t _________ -KlIr--+--+---!---------...J~-------- }~'" 

---t---------~--~---+-----~---------------}~, 

(a) On-chip peripheral 1/0 access from External Bus master 
(See Tables C and F) 

Figure 53. On-chip Peripheral Timing from External Bus master 
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Clock 

1M1 

IIORO 

07-00 

lEI 

lEO 
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(b) Interrupt Acknowledge Cycle Timing for On-chip peripheral from External Bus master 
(See Table C) 

Clock 

fMl 

fRO 

07-00 

lEI 

lEO 

T 1 T2 T3 T4 

(c) Op-code fetch Cycle Timing for On-Chip peripheral from External Bus master 
(See Table C) 

Figure 53. On-chip Peripheral Timing from External Bus master (Continued) 



PIOtiming 
(Not applicable on Z84x13) Figure 54 shows the timing for 
on-chip PIO. 

Clock 

flORa, 
fRO 

ROY 

fSTB 

Mode 0 

Mode 1 

Mode 2 

Mode 3 

liNT 

Figure 54. PIO Timing 
(See Table D) 
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CTCTiming 
Figure 55 shows the timing for on-chip CTC. 
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Clock 

CLKlTRG 
Counter 

CLKlTRG 
Timer 

ZCfTO 

liNT 

Figure 55. CounterlTimer Timing 
(See Table E) 



SIOTiming 
Figure 56 shows the timing for on-chip SIO. 

ICTS, lOCO, 
ISYNC 

iTxC 

iTxD 

iWTllRDY 

liNT 

IRxC 

RxD 

iWTllRDY 

liNT 

ISYNC 
(External 

Sync Mode) 

ISYNC 
(Output 

Mode) 

__ -II 

Figure 56. SIO Timing 
(See Table F) 
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Watch-Dog Timer Timing 
Figure 57 shows the timing for Watch-dog Timer. 

elKIN 

IWDTOUT 

Figure 57. Watch-dog Timer Timing 
(See Table H) 

PRECAUTIONS 

(1) To release the HALT state by IRESET signal in STOP 
Mode, hold the IRESET signal at "0" until the output from 
the internal oscillator stabilizes. 

Z84013/015 Only. To reset MPU, it is necessary to hold 
IRESET signal input at "0" level for at least three clocks. 

Z84C13/C15 Only. If Reset output is disabled, IRESET 
must be active for at least three clock cycles for the CPU 
to properly accept it. Otherwise, the on-chip reset circuit 
extends IRESET signal to at least a minimum of 16-clock 
cycles. 

ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage on Vcc with respect to Vss ........... -0.3V to + 7.0V 
Voltages on all inputs 
with respect to Vss .............................. -0.3V to Vcc+0.3V 
Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature .......................... -65°C to + 150 °C 
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(2) Releasing the MPU from the HALT st?te by the interrupt 
signal in IDLE1/2 Mode and STOP Mode, depends upon 
the HALT state and the internal system clock. They will stop 
unless an interrupt Signal is accepted during the execution 
of NOP instruction, even when the internal system clock is 
restarted by the interrupt signal input. In particular, care 
must be taken when liNT is used. 

Other precautions are identical to those for the Z84COO. 
Refer to the data sheet for the Z84COO. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 



STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature range is: 
E = -40°C to 100°C 

Voltage Supply Range: 
+4.50V :5 Vcc :5 + 5.50V 

All AC parameters assume a load capacitance of 100 pf. 
Add 10 ns delay lor each 50 pf increase in load up to a 
maximum of 150 pf for the data bus and 100 pf lor address 
and control lines. AC timing measurements are referenced 
to 1.5 volts (except for clock, which is referenced to the 
10% and 90% points). Maximum capacitive load lor CLK 
is 125 pl. 

The Ordering Information section lists temperature ranges 
and product numbers. Package drawings are in the Pack­
age Information section. Refer to the Literature List lor 
additional documentation. 

CAPACITANCE 

Guaranteed by design and characterization 

Symbol Parameter Min Max Unit 

Clock Capacitance 35 
Input Capacitance 5 
Output Capacitance 15 

pF 
pF 
pF 

+5V 

2.1 K 

From Output 
Under Test 

100pF 

I I ':' 

Figure 58. Standard Test Load 
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DC CHARACTERISTICS 
Vcc=5.0V ± 10%, unless otherwise specified 

Symbol Parameter Min Max Unit Condition 

VOLC Clock Output High Voltage Vee-0.6 V -2.0mA 
VOl¥:; Clock Output Low Voltage 0.4 V +2.0mA 
VII¥:; Clock Input High Voltage Vee-0.6 V 
VILC Clock Input Low Voltage 0.4 V 

VIH Input High Voltage 2.2 Vee V 
VIL Input Low Voltage -0.3 0.8 V 
VOL Output Low Voltage 0.4 [5] V ILO=2.0mA 
VOHl Output High Voltage 2.4 V IOH=-1.6mA 

VOH2 Output High Voltage Vee-0.8 [5] V IOH=-250J.IA 
Iccl Power Supply Current Vee=5V 

XTALIN =10MHz 50 mA VIH=Vee-0.2V 
XT ALiN = 6MHz 30 mA VIL=0.2V 

Icc2 Power Supply Current (STOP Mode) 50 J.IA Vee=5V 
lee3 Power Supply Current (IDLEl Mode) Vee=5V 

XTALIN =10MHz 6 mA VIH=VCC-0.2V 
XT ALiN = 6MHz 4 mA VIL=0.2V 

Icco Power Supply Current (IDLE2 Mode) Vcc=5V 
XTALIN =10MHz TBD [1] mA VIH=Vee-0.2V 
XT ALiN = 6MHz TBD [1] mA VIL=0.2V 

III Input Leakage Current -10 10 [4] J.IA VIN=O.4V to Vee 

IL(SY) ,SYNC pin Leakage Current -40 10 J.IA Vour=OAV to Vee 
ILO 3-state Output Leakage Current in Float -10 10 [2] J.IA Vour=OAV to Vee 
IOHD Darlington Drive Current VoH=1.5V 

(Port Band CTC ZCrrO) -1.5 mA REXT = 390 Ohms 

Notes: 
[1] Measurements made with outputs floating. 
[2] A1S-AO, D7-DO, /MREO, flORO, /AD and!WA. 
[3] 1= Standby Current is guaranteed when the /HALT pin is low in STOP mode. 
[4] All Pins except XTALI, where ILI=±2SIIA. 
[S] A1S·AO, D7·DO, /MREO, flORO, /AD, /WR, /HALT, /M1" and JBUSACK. 
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AC CHARACTERISTICS 

Table A. CPU Timing (See Figure 41 to 48) 

Z84X130S Z84X1310 Z84C131S' 
Z84X150S Z84X1510 Z84C151S 

No Symbol Parameter Min Max Min Max Min Max Unit Note 

1 TcC Clock Cycle time 162** DC 1()()** DC 61 DC nS [Al] 
2 TwCh Clock Pulse Width (High) 65 DC 40 DC 20 DC nS [Al] 
3 TwCI Clock Pulse Width (Low) 65 DC 40 DC 20 DC ns [Al] 
4 TfC Clock Fall lime 20 10 6 ns [Al] 
5 TrC Clock Rise time 20 10 6 ns [Al] 

6 TdCr(A) Address Valid from Clock Rise 90 65 55 ns 
7 TdA(MREOf) Address Valid to /MREO Fall 35*' 0" -15 ns 
8 TdCf(MREOf) Clock Fall to IMREO Fall Delay 70 55 40 ns 
9 TdCr(MREOr) Clock Rise to IMREO Rise Delay 70 55 40 ns 
10 TwMREOh 1M REO Pulse Width (High) 65** 30** 10 ns [A2] 

11 TwMREOI IMREO Pulse Width (Low) 132** 75** 25 ns [A2] 
12 TdCf(MEROr) Clock Fall to IMREO Rise Delay 70 55 40 ns 
13 TdCf(RDf) Clock Fall to IRD Fall Delay 80 65 40 ns 
14 TdCr(RDr) Clock Rise to IRD Rise Delay 70 55 40 ns 
15 TsD(Cr) Data Setup Time to Clock Rise 30 25 10 ns 

16 ThD(RDr) Data Hold Time After IRD Rise 0 0 0 ns 
17 TsWAIT(Cf) /WAIT Setup Time to Clock Fall 60 20 75 ns 
18 ThWAIT(Cf) /WAIT Hold Time After Clock Fall 10 10 10 ns 
19 TdCr(Mlf) Clock Rise to IMl Fall Delay 80 65 40 ns 
20 TdCr(Ml r) Clock Rise to IMl Rise Delay 80 65 40 ns 

21 TdCr(RFSHf) Clock Rise to IRFSH Fall Delay 110 80 60 ns 
22 TdCr(RFSHr) Clock Rise to IRFSH Rise Delay 100 80 60 ns 
23 TdCf(RDr) Clock Fall to IRD Rise Delay 70 55 40 ns 
24 TdCr(RDf) Clock Rise to IRD Fall Delay 70 55 40 ns 
25 TsD(Cf) Data Setup to Clock Fall During 

M2, M3, M4 or M5 Cycles 40 25 12 ns 

26 TdA(IOROf) Address Stable Prior to IIORO Fall 107** 50** 0 ns 
27 TdCr(IOROf) Clock Rise to IIORO Fall Delay 65 50 40 ns 
28 T dCf(IOROr) Clock Fall to IIORO Rise Delay 70 55 40 ns 
29 TdD(WRf) Data Stable Prior to /WR Fall 22** 40" -10 ns 
30 TdCf(WRf) Clock Fall to /WR Fall Delay 70 55 40 ns 

31 TwWR /WR Pulse Width 132** 75" 25 ns 
32 TdCf(WRr) Clock Fall to /WR Rise Delay 70 55 40 ns 
33 TdD(WRf)IO Data Stable Prior to /WR Fall -55** -10" -30 ns 
34 TdCr(WRf) Clock Rise to /WR Fall Delay 60 50 40 ns 
35 TdWRr(D) Data Stable from /WR Fall 30** 10** 0 0 ns 

36 TdCf(HALT) Clock Fall to IHALT 0 or 1 260 90 70 ns 
37 TwNMI IMNI pulse Width 60 60 60 ns 
38 TsBUSREO(Cr) IBUSREO Setup Time to Clock Rise 50 30 15 ns 
39 ThBUSREO(Cr) IBUSREO Hold Time after Clock Rise 10 10 10 ns 
40 TdCr(BUSACKf) Clock Rise to IBASACK Fall Delay 90 75 40 ns 
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AC CHARACTERISTICS (Continued) 

Table A. CPU Timing (Continued) 

Z84X13D6 Z84X131D Z84C1316* 
Z84X15D6 Z84X1510 Z84C1516 

No Symbol Parameter Min Max Min Max Min Max Unit Note 

41 T dCf(BUSACKr) Clock Fall to IBASACK Rise Delay 90 75 40 ns 
42 TdCr(Dz) Clock Rise to Data Float Delay 80 65 40 ns 
43 TdCr(CTz) Clock Rise to Control Outputs Float Delay 

(/MREQ, Ii0RQ, IRD and /WR) 70 65 40 ns 
44 TdCr(Az) Clock Rise to Address Float Delay 80 75 40 ns 

45 TdCTr(A) Address Hold Time from 35-- 20-- 0 ns 
IMREQ, Ii0RQ, IRD or /WR 

46 TsRESET(Cr) IRESET to Clock Rise Setup Time 60 40 15 ns 
47 ThRESET(Cr) IRESET to Clock Rise Hold Time 10 10 10 ns 
48 TsINTf(Cr) liNT Fall to Clock Rise Setup Time 70 50 15 ns 

49 ThINTr(Cr) liNT Rise to Clock Rise Hold Time 10 10 10 ns 
50 TdM1f(IORQf) IMl Fall to IIORQ Fall Delay 359-- 220-- 100 ns 
51 TdCf(IORQf) Clock Fall to IIORQ Fall Delay 70 55 45 ns 
52 TdCf(IORQr) Clock Rise to IIORQ Rise Delay 70 55 45 ns 
53 TdCf(D) Clock Fall to Data Valid Delay 130 110 75 ns 

54 TRDf(D) IRD Fall to Output Data Valid TBD 60 40 ns 
55 TdIORQ(D) IIORQ Fall to Output Data Valid TBD 70 45 ns 
56 TwRESET IRESET Pulse Width 

013/015, or C13/C15 with RESET 3TcC 3TcC 3TcC ns 
Output Disabled 

57 TwRESEToe /RESET Pulse Width 
RESET Output Enabled 2TcC 2TcC 2TcC ns 

58 TwRESETdo /RESET Drive Duration 
RESET Output Enabled 16TcC 16TcC 16TcC ns 

59 TwRESETpor /RESET drive duration on 
Power-On Sequence 10 75 10 75 10 75 ms 

Notes: 
* 16 MHz Timings are preliminary and subject to change. Only C version 
.. For clock period other than the minimum shown, calculate parameters using the formula on Table H. 
[A 1] These parameters apply to the external Clock input on ClKIN pin. For the cases where external Clock 

is fed from XTAl1, please refer to Table B. 
[A2] For loading >= 50 pF, decrease width by 10 ns for each additional 50 pF. 
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Table H. Footnote to Table A. 

Z84X130S Z84X1310 Z84C131S* 
No Symbol Parameter Z84X150S Z84X1510 Z84C1516 

1 TeC TwCh + TwCI + TrC + TIC 
7 TdA(MREOf) TwCh + TIC -50 -50 -45 
10 TwMREOIl TwCIl + TIC -20 -20 -20 
11 lwMREOI TeC -30 -25 -25 

26 TdA(IOROf) TeC -55 -50 -50 
29 TdO(WRf) TeC -140 -60 -60 
31 TwWR TeC -30 -25 -25 
33 TdO(Wnt) TwCI + TrC -140 -60 -60 

35 TdWRr(O) TwCI + TrC -55 -tlO -25 
45 TdCTr(A) TwCI + TrC -50 -30 -30 
50 TdMlf(IOROf) 2T eC + TwCIl + TIC -50 -30 -30 
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AC CHARACTERISTICS (Continued) 

Table B. CGC Timing (See Figure 49 to 52) 

Z84C130S Z84C1310 Z84C131S' 
Z84C150S Z84C1510 Z84C151S 

No Symbol Parameter Min Max Min Max Min Max Unit Note 

TRST(INT)S Clock Restart Time by liNT (T yp )214+2.5TcC (Typ)214+2.5TcC (T yp )214+2.5TcC ns 
(STOP Mode) 

2 TRST(MNI)S Clock Restart Time by INMI (Typ)214+2.5TcC (T yp )214+2.5TcC (Typ)214+2.5TcC ns 
(STOP Mode) 

3 TRST(INT)I Clock Restart Time by liNT 2.5TcT 2.5TcT 2.5TcT ns 
(IDLE Mode) 

4 TRST(Nmi)1 Clock Reslart Time by INMI 2.5TcT 2.5TcT 2.5TcT ns 
(IDLE Mode) 

5 TRST(RESET)I Clock Restart Time by IRESET • ncc ncc ncc ns 
(IDLE Mode) 

6 TfCLKOUT CLKOUT Rise Time 15 10 6 ns 
7 TrCLKOUT CLKOUT Fall lime 15 10 6 ns 

8 TcXl XTALl Cycle Time (for Extemal 
Clock Input on XT All) 
Divide-by-Two Mode 81 50 31 ns 
Divide-by-One Mode 162 100 61 ns 

9 TwlXl XTAL1Low Pulse Width 
(for External Clock Input 
on XTAl1) 
Divide-by-Two Mode 35 15 10 ns 
Divide-by-One Mode 65 40 25 ns 

10 TwhXl XTAl1 High Pulse Width 
(for External Clock input 
on XTAl1) 
Divide-by-Two mode 35 15 10 ns 

. Divide-by-One mode 65 40 25 ns 

11 TrXl XTAl1 Rise Time 25 25 15 ns [Bl] 
(for Extemal Clock Input 
onXTAll) 

12 TfXl XTALl Fall Time 25 25 15 ns [Bl] 
(for External Clock Input 
onXTAll) 

Nole: 
[81] If parameters 8 and 9 are not met. adjust parameters 11 and 12to satisfy parameters 8 and 9. 
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Table C. Timing for on-chip peripheral access from external bus master 
and daisy chain timing (See Figure 53(a)) 

Z84C13D6 Z84C1310 Z84C1316* 
Z84C15D6 Z84C1510 Z84C1516 

No Symbol Parameter Min Max Min Max Min Max Unit Note 

1 TsA(RIQ Address Setup Time to /RD, IIORO Fall 50 40 30 ns 
2 TsRI(Cr) IRD, IIORO Rise 10 Clock Rise Setup 60 50 40 ns 
3 Th Hold time for Specified Setup 15 15 10 ns 
4 TdCr(DO) Clock Rise to Data out delay 100 80 60 ns 
5 TdRlr(DOz) IRD, IIORO Rise to Data Out Float Delay 75 60 50 ns 

6 ThRDr(D) IM1, /RD, IIORO Rise to Data Hold 15 40 15 30 20 ns [Cl] 
7 TsD(Cr) Data In to Clock Rise Setup Time 30 25 15 ns 
8 TdIOf(DOI) IIORO Fall to Data Out Delay 95 95 70 ns 

(INTACK cycle) 
9 ThIOr(D) IIORO Rise to Data Hold 15 15 10 ns 

10 ThIOr(A) IIORO Rise to Address Hold 15 15 10 ns 
11 TsWIf(Cr) IIORO, twR setup time to Clock Rise 20 20 15 ns [C2] 

New parameter 
12 ThWRr(Cr) Clock Rise to II ORO, twR Rise hold time 0 0 0 ns [C2] 

13 TsM1f(Cr) IMl Fall to Clock Rise Setup Time 40 40 15 ns 
14 TsMlr(CQ IMl Rise to Clock Rise Setup Time -15 -15 -10 ns 

(lMl cycle) 
15 TdM1f(IEOf) IMl Fall to lEO Fall delay 

(Interrupt Immediately Preceding 140 80 60 ns 
IMl Fall) 

20 TdCf(IEOr} Clock Fall to lEO Rise Delay 50 40 30 ns 

21 TdCf(IEOQ Clock Fall to lEO Rise Delay 90 75 50 ns 

Notes: 
[C 1] For I/O write to PIO, CTC and SIO. 
[C2] For I/O Write to system control registers. 
[C3] For daisy-chain timing, please refer to the note on Page 356. 
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AC CHARACTERISTICS (Continued) 

Table D. PIO Timing (Z64x15 only) (See Figure 54) 

Z84C1506 Z84C1510 Z84C1516* 
No Symbol Parameter Min Max Min Max Min Max Unit Note 

TsIOr(Cr) IIORO Rise to Clock Fall Setup Time 
(To Activate ROY on Next Clock Cycle) 100 100 100 ns 

2 TdCf(RDYr) Clock Fall to ROY Rise Delay 100 115 30 ns [02] 
3 TdCf(RDYQ Clock Fall to ROY Fall Delay 100 115 30 ns [02] 
4 TwSTB IST8 Pulse Width 100 80 50 ns [01] 

5 TsSTBr(Cr) ISTB Rise to Clock Fall Setup Time 
(To Activate ROY on Next Clock Cycle) 100 100 70 ns [02] 

6 TdIOr(PD) IIORO Rise to Port Data Stable Delay (Mode 0) 140 120 100 ns [02] 
7 TsPD(STBr) Port Data to IST8 Rise Setup Time (Mode 1) 140 75 30 ns 
8 ThPD(STBr) Port Data to ISTB Rise Hold Time (Mode 1) 15 15 15 ns 

9 TdSTBf(PD) ISTB Fall to Port Data Stable (Mode 2) 150 120 30 ns [02] 
10 T dSTBr(PDz) ISTB Rise to Port Data Float Delay (Mode 2) 140 120 50 ns 
11 TdPD(INTf) Port Data Match to liNT Fall Delay (Mode 3) 250 200 40 ns 
12 T dSTBr(INTf) ISTB Rise to liNT Fall Delay 290 220 75 ns 

Noles: 
[OlJ For Mode 2: TwSTB > TsPO(STB). 
[02J Increase these values by 2 ns for 10 pF increase in loading up to 100 pF Max. 

Table E. CTC Timing (Figure 55) 

Z84C1306 Z84C1310 Z84C1316' 
Z84C1506 Z84C1510 Z84C1516 

No Symbol Parameter Min Max Min Max Min Max Unit Note 

1 TdCr(INTf) Clock Rise to liNT Fall Delay (TcC+ 100) (TcC+80) (TcC+30) [El] 
2 TsCTR(Cc) CLK/TRG to Clock Rise 

Setup Time for Immediate Count 90 90 40 ns [E2] 

3 TsCTR(Ct) CLK/TRG to Clock Rise 
Setup Time for Enabling of 90 90 40 ns [El] 
Prescalor on Following Clock Rise 

4 TdCTR(INTf) CLK/TRG to liNT Fall Delay 
TsCTR(C) Satisfied (1)+(3) (1)+(3) (1)+(3) ns [E2] 
TsCTR(C) not Satisfied TcC+(l )+(3) TCC+(1)t(3) TcC+(l )+(3) ns [E2] 

5 TcCTR CLK/TRG Cycle time (2TcC) DC (2TcC) DC (2TcC) DC ns [E3] 
6 TwCTRh CLK/TRG Width (Low) 90 DC 90 DC 25 DC ns 
7 TwCTRI CLK/TRG Width (High) 90 DC 90 DC 25 DC ns 

8 TrCTR CLK/TRG Rise Time 30 30 15 ns 
9 TfCTR CLK/TRG Fall Time 30 30 15 ns 
10 TdCr(ZCr) Clock Rise to ZC/TO Rise Delay 80 80 25 ns 
11 TdCf(ZCf) Clock Fall to ZC/TO Fall Delay 80 80 25 ns 

Noles: 
[E1J TImer Mode. 
[E2J Counter Mode. 
[E3J Counter Mode only; when using a cycle time less than 3TcC, parameter #2 must be met. 
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Table F. SIO Timing (See Figures 53(a) and 56) 

Z84C1306 Z84C1310 Z84C1316* 
Z84C1506 Z84C1510 Z84C1516 

No Symbol Parameter Min Max Min Max Min Max Unit Note 
-

1 TwPh Pulse Width (High) 150 120 80 ns 
2 TwPI Pulse Width (Low) 150 120 80 . ns 
3 TeTxC {TxC Cyele Time 250 200 120 ns [Fl] 
4 TwTxCH {TxC Width (High) 85 80 55 ns 
5 TwTxCL {TxC Width (Low) 85 80 55 ns 

6 TrTxC {TxC Rise Time 60 60 60 ns 
7 TfTxC (TxC Fall Time 60 60 60 ns 
8 TdTxCf(TxD) {TxC Fall to TxD Delay 160 120 40 ns 
9 TdTxCf(W/RRn {T xC Fall to /WI/RDY Fall Delay 5 9 5 9 5 8 TeC 

(Ready Mode) 

10 T dT xCf(INTf) (T xC Fall to liNT Fall Delay 5 9 5 9 5 9 TeC 
11 TeRxC IRxC Cyele Time 250 200 120 ns [Fl] 
12 TwRxCh IRxC Width (High) 85 80 55 ns 
13 TwRxCI IRxC Width (Low) 85 80 55 ns 
14 TrRxC IRxC Rise Time 60 60 60 ns 

15 TfRxC IRxC Fall Time 60 60 60 ns 
16 TsRxD(RxCr) RxD to IRxC Rise Setup Time 0 0 0 ns 

(Xl Mode) 
17 ThRxCr(RxD) IRxC Rise to RxD Hold Time 80 60 40 ns 

(Xl Mode) 

18 TdRxCr(W/RRf) IRxC Rise to /WI/RDY Fall Delay 10 13 10 13 10 13 TeC 
(Ready Mode) 

19 TdRxCr(INTf) IRxC Rise to liNT Fall Delay 10 13 10 13 10 13 TeC 
20 T dRxCr(SYNCf) IRxC Rise to ISYNC Fall Delay 4 7 4 7 4 7 TeC 

(Output Modes) 

21 TsSYNCf(RxCr) /SYNC Fall to IRxC Rise Setup -100 -100 -100 ns [F2] 
(External Sync Modes) 

22 T dIOf(W/RRf) IIORO Fall or Valid Address to 130 110 40 ns [F2] 
/WI/RDY Delay (Wait Mode) 

23 TdCr(W/RRf) Clock Rise to /w//RDY Delay 85 85 40 ns [F2] 
(Ready Mode) 

24 TdCf(W/Rz) Clock Fall to /WI/RDY Float Delay 90 80 40 ns [F2] 
(Wait Mode) 

Noles: 
[F1] In all modes, the System Clock rate must be at least five times the maximum data rate. 
[F2] Parameters 22 to 24 are on Figure 53a. 
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AC CHARACTERISTICS (Continued) 

Table G. Watch Dog Timer Timing (See Figure 57) 

Z84C13DS Z84C131D Z84C131S* 
Z84C15DS Z84C151D Z84C151S 

No Symbol Parameter Min Max Min Max Min Max Units 

1 TdC(WDTij Clock Rise to /WDTOUT Fall Delay 160 160 160 ns 
2 TdCr(WbTc) Clock Rise to /WDTOUT Rise Delay 165 165 160 ns 
3 TcWDT /WDTOUT Cycle Time 

WDTP=OO (Typ)2'6fcC (Typ)2'6fcC (T yp )2'6f cC ns 
WDTP=Ol (Typ)2"ITcC (Typ )2'8f cC (Typ)2"'TcC ns 
WDTP=10 (Typ)22OfcC (T yp )22Of cC (Typ )22Of cC ns 
WDTP=ll (T yp )2221 cC (Typ)2221cC (T yp )2221 cC ns 

Noles: 
• In all modes, the System Clock rate must be at least five times the maximum data rate. 

RESET must be active a minimum of one complete clock cycle. 
[11 Units equal to System Clock Periods. 
[21 Units in nanoseconds (ns). 

Additional information for note [C3] 

Parameter #15, 16, 17 and 18 of Table C. These parame­
ters are daisy-chain timing and calculated values, and 
vary depending on the inside daisy-chain configuration, 
which is specified in the Interrupt Priority Register. Inside 
the IPC, the daisy chain can be figured as follows: 

6MHz 
No Parameter Min Max 

15 TdMl(IEO) 160 
16 TsIEI(IO) (PIO at #3) 160 

(CTC at #3) 160 
(SIO at #3) 160 

17 TdIEI(IEOf) 120 
18 TdIEI(IEOr) 120 

To calculate IPC daisy-chain timing, it can be treated as if 
there are Z80 PIO, CTC and SIO with Input buffer and look 
ahead circuit on the chain. Following are the calculation 
formulas: 

Parameter Table C, #15, fMl falling to lEO delay 
TsMl(IEO)= Max[TdMl(IO)#l, TdMl(10)#2, TdMl(10)#3] 
+ (look-ahead gate Delay) 

Parameter Table C, #16, lEI to flORQ falling setup time 
TsIEI(IO) = TdIEI(IEO)#l + TdIEI(IEO)#2 + TsIEI(10)#3 + 
(Input Buffer delay) 
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Internal Daisy Chain Configuration 

10 MHz 16 MHz' 
Min Max Min Max Units 

100 100 ns 
100 100 ns 
'100 100 ns 
100 100 ns 

70 100 ns 
70 100 ns 

Parameter Table C, #17, lEI falling to lEO falling delay 
TdIEI(IEOf) = Max[TdIEI(IEOf)PIO, TdIEI(IEOf)CTC, 
TdIEI(IEOf)SIO] + (Input Buffer delay) + (look-ahead gate 
Delay) 

Parameter Table C, #18, lEI riSing to lEO rising delay (After 
EDdecode)TdIEI(IEOr)= TdIEI(IEOr)PIO+ TdIEI(IEOr)CTC 
+ TdIEI(IEOr)SIO + (Input Buffer delay) + (look-ahead gate 
Delay) 

* Where TdIEI(IEO) is worse number between TdIEI(IEOr) 
and TdIEI(IEOf) 



Input Buffer Delay 
Look ahead gate delay 

6MHz 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(IEOr) 

10MHz 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(IEOr) 

16MHz' 

TdM1(IEO) 
TsIEI(IO) 
TdIEI(IEOf) 
TdIEI(IEOr) 

• NOle: 
16MHz is for C15 only. 

6MHz 
Min 

10nS 
10nS 

PIO part 
Min 

PIO part 
Min 

PIO part 
Min 

Max 

Max 

90nS 
90nS 
100nS 
130nS 

Max 

60nS 
50nS 
50nS 
50nS 

10MHz 
Min 

10nS 
10nS 

CTC part 
Min 

CTC part 
Min 

Preliminary 

Max 

55nS 
45nS 
45nS 
45nS 

CTCpart 
Min 

Max 

Max 

130nS 
100nS 
90nS 
90nS 

Max 

60nS 
70nS 
50nS 
50nS 

Max 

55nS 
65nS 
45nS 
45nS 

16MHz 
Min 

10 nS 
10 nS 

SIO part 
Min 

SIO part 
Min 

SIO part 
Min 

Max 

Max 

150nS 
70nS 
50nS 
50nS 

Max 

90nS 
50nS 
30nS 
30nS 

Max 

90nS 
45nS 
30nS 
30nS 

If using an interrupt from only a portion of the IPC, these numbers are smaller than the values shown above. For more 
details about the "Z80 Daisy Chain Structure," please refer to the Application Note "Z80 Family Interrupt Structure" 
included in the Z80 Data book. 

357 



358 



FEATURES 

• Z80180 Supports Operating Frequency to 10 MHz 

• Z8S180 Supports Operating Frequency to 20 MHz 

• On-Chip MMU Supports Extended Address Space 

• Two DMA Channels 

• On-Chip Wait State Generators 

• Two UART Channels 

!!l Two 16-Bit Timer Channels 

• On-Chip Interrupt Controller 

GENERAL DESCRIPTION 

Based on a microcoded execution unit and an advanced 
CMOS manufacturing technology, the Z80180 is an 8-bit 
MPU which provides the benefits of reduced system costs 
and low power operation while offering higher perfor­
mance and maintaining compatibility with a large base of 
industry standard software written around the Zilog Z80" 
CPU. 

The Z8S180 is a fully static version of Z80180 which 
provides complete software and hardware compatibility to 
the Z80180 as well as enhancements for doubling execu­
tion speeds, power savings and EMI noise reduction. 

Higher performance is obtained by virtue of higher operat­
ing frequencies, reduced instruction execution times, an 
enhanced instruction set, and an on-chip memory man­
agement unit (MMU) with the capability of addressing up 
to 1 Mbyte of memory. 

Reduced system costs are obtained by incorporating 
several key system functions on-cllip with the CPU. These 
key functions include I/O devices such as DMA, UART, 
and timer channels. Also included on-chip are several 
"glue" functions such as dynamic RAM refresh control, wait 
state generators, clock oscillator, and interrupt controller. 

PRODUCT SPECIFICATION 

Z80180/Z8S180 * 
Z180® MICROPROCESSOR 
(*Z8S180 - PRELIMINARY) 

• On-Chip Clock Oscillator/Generator 

• Clocked Serial I/O Port 

1'1 CPU Control Register (Z8S180 only) provides: 
- Programmable execution speed (to 20 MHz) 
- Programmable EMI noise reduction 
- Reduced operating current (to 20% of Z80180) 
- Fully static operation - low STANDBY current 

(10 ~ max.) 

.. Code Compatible with Zilog Z80 CPU Extended 
Instructions 

iii 6 MHz Version Supports 6.144 MHz CPU Clock 
Operation. 

Not only does the Z80180 consume a low amount of power 
during normal operation, but it also provides two operating 
modes that are designed to drastically reduce the power 
consumption even further. The SLEEP mode reduces 
power by placing tile CPU into a "stopped" state, thereby 
consuming less current, while the on-chip I/O device is still 
operating. The SYSTEM STOP mode places bolll the CPU 
and theon-chip peripllerals into a "stopped" mode, thereby 
reducing power consumption even furtiler. 

In addition to the two operating modes offered by the 
Z80180, U18 Z8S180 provides a STANDBY mode. The 
STANDBY mode consumes less tllan 10 ~ by stopping 
the external oscillators and internal clock. 

When combined with other CMOS VLSI devices and memo­
ries, the Z80180 provides an excellent solution to system 
applications requiring high performance, and low power 
operation. 

For the rest of this document, descriptions of Z180 opera­
tion applies to both Z80180 and Z8S180. 
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GENERAL DESCRIPTION (Continued) 
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Figure 1a. Z80180 54-Pin DIP 
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GENERAL DESCRIPTION (Continued) 
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PIN DESCRIPTION: 

Ao-A19. Address Bus (Output, active High, 3-state). Ao-A19 
form a 20-bit address bus. The Address Bus provides the 
address for memory data bus exchanges, up to 1 Mbyte, 
and I/O data bus exchanges, up to 64K. The address bus 
enters a high impedance state during reset and external 
bus acknowledge cycles. Address line AlB is multiplexed 
with the output of PRT channell (TOUT, selected as ad­
dress output on reset) and address line A19 is not available 
in DIP versions of the Z80180. 

BUSACK. Bus Acknowledge (Output, active Low). 
BUSACK indicates the requesting device, the MPU ad­
dress and data bus, and some control signals, have 
entered their high impedance state. 

BUSREQ. Bus Request (Input, active Low). This input is 
used by external devices (such as DMA controllers) to re­
quest access to the system bus. This request has a higher 
priority than NMI and is always recognized at the end of 
the current machine cycle. This signal will stop the CPU 
from executing further instructions and places the address 
and data buses, and other control signals, into the high im­
pedance state. 

CKAo, CKA1. Asynchronous Clock 0 and 1 (Bidirectional, 
active High). These pins are the transmit and receive 
clocks for the synchronous channels. CKAo is multiplexed 
with DREQo and CKAj is multiplexed with TENDo. 

CKS. Serial Clock (Bidirectional, active High). This line is 
clock for the CSIO channel. 

CLOCK. System Clock (Output, active High). The output is 
used as a reference clock for the MPU and the external 
system. The frequency of this output is equal to one-half 
that of the crystal or input clock frequency. 

CTSo-CTS1. Clear to Send 0 and 1 (Inputs, active Low). 
These lines are modem control signals for the ASCI chan­
nels. C.TSI is multiplexed with RXS. 

00-07. Data Bus (Bidirectional, active High, 3-state). 00-
07 constitute an 8-bit bidirectional data bus, used for the 
transfer of information to and from I/O and memory 
devices. The data bus enters the high impedance state 
during reset and external bus acknowledge cycles. 

OCDo. Data Carrier Detect 0 (Input, active Low). This is a 
programmable modem control Signal for ASCI channel O. 

DREQo, OREQ1. DMA Request 0 and 1 (Input, active 
Low). DREQ is used to request a DMA transfer from one 
of the on-Chip DMA channels. The DMA channels monitor 
these inputs to determine when an external device is ready 
for a read or write operation. These inputs can be 
programmed to be either level or edge sensed. OREQo is 
multiplexed with CKAo. 

E. Enable Clock (Output, active High). Synchronous 
machine cycle clock output during bus transactions. 

EXTAL. External Clock/Crystal (Input, active High). Crys­
tal oscillator connection. An external clock can be input to 
the Z801800n this pin when a crystal is not used. This input 
is Schmitt triggered. 

HALT. Halt/Sleep Status (Output, active Low). This output 
is asserted after the CPU has executed either the HALT or 
SLP instruction, and is waiting for either non-maskable or 
maskable interrupt before operation can resume. It is also 
used with the Ml and ST signals to decode status of the 
CPU machine cycle. 

INTo. Maskable Interrupt Request 0 (Input, active Low). 
This signal is generated by external I/O devices. The CPU 
will honor this request at the end of the current instruction 
cycle as long as the NMI and BUSREQ signals are inac­
tive. The CPU acknowledges this interrupt request with an 
interrupt acknowledge cycle. During this cycle, both the M 1 
and 10RQ signals will become active. 

INT 1, INT 2. Maskable Interrupt Requests 1 and 2 (Inputs, 
active Low). This signal is generated by external I/O 
devices. The CPU will honor these requests at the end of 
the current instruction cycle as long as the NMI, BUSREQ, 
and INTo signals are inactive. The CPU will acknowledge 
these interrupt requests with an interrupt acknowledge 
cycle. Unlike the acknowledgement for INTo, during this 
cycle neither the Ml or 10RQ signals will become active. 

10RQ. 110 Request (Output, active Low, 3-state). 10RQ in­
dicates that the address bus contains a valid I/O address 
for an I/O read or I/O write operation. 10RQ is also 
generated, along with M I, during the acknowledgement of 
the INTo input Signal to indicate that an interrupt response 
vector can be placed onto the data bus. This signal is 
analogous to the 10E signal of the Z64180. 

M1. Machine Cycle 1 (Output, active Low). Together with 
MREQ, Ml indicates that the current cycle is the opcode 
fetch cycle of an instruction execution. Together with 
10RQ, Ml indicates that the current cycle is for an inter­
rupt acknowledge. It is also used with the HALT and ST 
signal to decode status of the CPU machine cycle. This 
signal is analogous to the LlR signal of the Z64180. 

MREQ. Memory Request (Output, active Low, 3-state). 
MREQ indicates that the address bus holds a valid address 
for a memory read or memory write operation. This signal 
is analogous to the ME signal ofthe Z64180. 

NMI. Non-maskable Interrupt (Input, negative edge trig­
gered). NMI has a higher priority than INT and is always 
recognized at the end of an instruction, regardless of the 
state of the interrupt enable flip-flops. This signal forces 
CPU execution to continue at location 0066H. 
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RD. Read (Output, active Low, 3-state). RD indicates that 
the CPU wants to read data from memory or an 1/0 device. 
The addressed 1/0 or memory device should use this sig­
nal to gate data onto the CPU data bus. 

RFSH. Refresh (Output, active Low). Together with 
MREQ, RFSH indicates that the current CPU machine 
cycle and the contents of the address bus should be used 
for refresh of dynamic memories. The low order 8 bits of 
the address bus (A7-Ao) contain the refresh address. 

This signal is analogous to the REF signal of the Z64180. 

RTSo. Request to Send 0 (Output, active Low). This is a 
programmable modem control signal for ASCI channel O. 

RXAo, RXA,. Receive Data 0 and 1 (Inputs, active High). 
These signals are the receive data to the ASCI channels. 

RXS. Clocked Serial Receive Data (Input, active High). 
This line is the receiver data for the CSIO channel. RXS is 
multiplexed with the CTS1 signal for ASCI channel 1. 

ST. Status (Output, active High). This signal is used with 
the M 1 and HALT output to decode the status of the CPU 

TXS. Clocked Serial Transmit Data (Output, active High). 
This line is the transmitted data from the CSIO channel. 

WAIT. Wait (Input, active Low). WAIT indicates to the MPU 
that the addressed memory or 110 devices are not ready 
for a data transfer. This input is used to induce additional 
clock cycles into the current machine cycle. The WAIT 
input is sampled on the falling edge of T 2 (and subsequent 
wait states). If the input is sampled low, then additional wait 
states are inserted until the WAIT input is sampled high, at 
which time execution will continue. 

WR. Write (Output, active Low, 3-state). WR indicates that 
the CPU data bus holds valid data to be stored at the ad­
dressed 110 or memory location. 

XTAL Crystal (Input, active High). Crystal oscillator con­
nection. This pin should be left open if an external clock is 
used instead of a crystal. The oscillator input is not a TTL 
level (reference DC characteristics). 

Multiplexed pin descriptions 

machine cycle. A,alTOUT During RESET, this pin is initialized 
as A'8 pin. If either TOC1 or TOCO 
bit of the Timer Control Register 
(TCR) is set to 1, TOUT function is 
selected. If TOC1 and TOCO bits are 
cleared to 0, An function is selected. 

Note thatthe outputfrom M1 is affected by the status ofthe 
M 1 E bit in OMCR register. Table 1 shows the status while 
M1E = 1. 

ST HALT M1 Operation 

0 1 0 CPU operation 
(, 5t op-code fetch) 

1 1 0 CPU operation 
(2nd op-code and 
3rd op-code fetch) , 1 1 CPU operation 
(MC except for op-code fetch) 

0 X , DMA operation 

0 0 0 HALT mode , 0 , SLEEP mode (including 
SYSTEM STOP mode) 

NOTE X: Don't care 
MC: Machine cvcle 

Table 1. Status Summary RXS/CTS, 

TENDo, TEND,. Transfer End 0 and 1 (Outputs, active 
Low). This output is asserted active during the last write 
cycle of a DMA operation. It is used to indicate the end of 
the block transfer. TENDo in multiplexed with CKA,. 

TEST (Output): This pin is for test and is left open. 

TOUT. Timer Out (Output, active High). TOUT is the pulse 
output from PRT channel 1. This line is multiplexed with 
A'B of the address bus. 

TXAo, TXA,. Transmit Data 0 and 1 (Outputs, active High). 
These signals are the transmitted data from the ASCI 
channels. Transmitted data changes are with respect to 
the falling edge of the transmit clock. 
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During RESET, this pin is initialized 
as CKAo pin. If either DM1 or SM1 in 
DMA Mode Register (DMODE) is set 
to 1, DREQo function is always selec­
ted. 

During RESET, this pin is initialized 
as CKA, pin. If CKAtD bit in ASCI 
control register ch 1 (CNTLA 1) is set 
to 1, TENDo function is selected. If 
CKA to bit is set to 0, CKA, function 
is selected. 

During RESET, this pin is initialized 
as RXS pin. If CTS1 E bit in ASCI 
status register ch1 (STA T1) is set 
to 1, CTS, function is selected. 
If CTS 1 E bit is set to 0, RXS function 
is selected. 



ARCHITECTURE: 

The Z180 combines a high performance CPU core with 
a variety of system and I/O resources useful in a broad 
range of applications. The CPU core consists of five func­
tional blocks: clock generator, bus state controller (includ­
ing dynamic memory refresh), interrupt controller, memory 
management unit (MMU), and the central processing unit 
(CPU). The integrated 1/0 resources make up the remain­
ing four functional blocks: direct memory access (DMA) 
control (2 channels), asynchronous serial communications 
interface (ASCI, 2 channels), programmable reload timers 
(PRT, 2 channels), and a clock serial 1/0 (CSIO) channel. 

Clock Generator. This logic generates the system clock 
from either an external crystal or clock input. The extemal 
clock is divided by two and provided to both internal and 
external devices. 

Bus State Controller. This logic performs all of the status 
and bus control activity associated with both the CPU and 
some on-chip peripherals. This includes wait state timing, 
reset cycles, DRAM refresh, and DMA bus exchanges. 

Interrupt Controller. This block monitors and prioritizes 
the variety of internal and external interrupts and traps to 
provide the correct responses from the CPU. To remain 
compatible with the Z80 CPU, three different interrupt 
modes are supported. 

Memory Management Unit. The MMU allows the user to 
"map" the memory used by the CPU (logically only 64K) 
into the 1 M Byte addressing range supported by the 
Z180. The organization of the MMU object code com­
patibility with the Z80 CPU while offerring access to an ex­
tended memory space. This is accomplished by using an 
effective "common area - banked area" scheme. 

OPERATION MODES: 

The Z180 can be configured to operate like the 64180. 
This is accomplished by allowing the user to have control 
over the M1, lORa, WR, and RD Signals. The Operation 
Mode Control Register (OMCR) determines the M1 op­
tions; the timing of the lORa, RD, and WR signals; and the 
RETI operation. 

'-------- M1E (RIW) 

Figure 4. Operation Mode Control Register 
(I/O Address = 3 EH) 

M1E (00 Enable): This bit controls the M1 output and is set 
to a 1 during reset. 

Central Processing Unit. The CPU is microcoded to 
provide a core that is object code compatible with the Z80 
CPU. It also provides a superset of the Z80 instruction set, 
including 8-bit multiply and divide. This core has been en­
hanced to allow many of the instructions to execute in 
fewer clock cycles. 

DMA Controller. The DMA controller provides high speed 
transfers between memory and 1/0 devices. Transfer 
operations supported are memory to memory, memory 
tolfrom 1/0, and 1/0 to 1/0. Transfer modes supported are 
request, burst, and cycle steal. DMA transfers can access 
the full 1 Mbyte addressing range with a block length up to 
64K bytes, and can cross over 64K boundaries. 

Asynchronous Serial Communications Interface 
(ASCI). The ASCI logic provides two individual full-duplex 
UARTs. Each channel includes a programmable baud rate 
generator and modem control signals. The ASCI channels 
can also support a multiprocessor communications format. 

Programmable Reload Timer (PRT).This logic consists 
of two separate channels, each containig a 16-bit counter 
(timer) and count reload register. The time base for the 
counters is derived from the system clock (divided by 20) 
before reaching the counter. PRT channel 1 provides an 
optional output to allow for waveform generation. 

Clocked Serial 1/0 (CSIO). The CSIO channel provides a 
half-duplex serial transmitter and receiver. This channel 
can be used for simple high-speed data connection to 
another microprocessor or microcomputer. 

When M 1 E= 1 , the MT output is asserted LOW during the 
opcode fetch cycle, the INTo acknowledge cycle, and the 
first machine cycle of the NMI acknowledge. This will also 
cause the M1 signal to be active during both fetches of the 
RETI instruction sequence, which may cause corruption of 
the external interrupt daisy chain. Hence, this bit should be 
set to 0 for the Z180. When M1E=O, the Mroutput is 
normally inactive and asserted LOW only during the 
refetch of the RETI instruction sequence and during the 
INTo acknowledge cycle. 

~----------------~ 
: 1-1 --=-...,...,.o==,---Jr--

w,ne into OMCR Opcode Fetch 

Figure 5. M1 Temporary Enable Timing 
MITE (M1 Temporary Enable): This bit controls the tem­
porary assertion of the M 1 signal. It is always read back as 

365 



a ,. and is set to 1 during reset. This function is used to 
"arm" the internal interrupt structure of the zaoPlo. When 
a control word is written to the zaop 10 to enable interrupts, 
no enable actually takes place until the PIO sees an active 
M 1 signal. When M tTE= 1 , there is no change in the opera­
tion of the M 1 signal and M1 E controls its function. When 
MtTE=O, the M1 output will be asserted during the next 
opcode fetch cycle regardless of the state programmed 
into the M 1 E bit. This is only momentary (one time) and the 
user need not reprogram a 1 to disable the function (See 
Figure 5). 

lac: this bit controls the timing of the lORa and RD sig­
nals. It is set to 1· by reset. 

When 10C= 1, the lORa and RD Signals function the same 
as the Z641 SO. 

: 1'---7"-____ ----'r--
i I~ ___ ___'r--

Figure 6. I/O Read and Write Cycles with 10C =1 

TIMING: 

This section explains the Z1aO CPU timing for the fol­
lowing operations: 

Instruction (op-code) fetch timing. 
Operand and data read/write timing. 
I/O read/write timing. 
Basic instruction (fetch and execute) timing. 
RESET timing. 
BUSREQ/BUSACK bus exchange timing. 

The basic CPU operation consists of one or more "Machine 
Cycles" (MC). A machine cycle consists of three system 
clocks, T1, T2, and T3 while accessing memory or I/O, or 
it consists of one system clock (T1) during CPU internal 
operations. The system clock is half the frequency of the 
Crystal oscillator (e.g., an S MHz crystal produces4 MHz 
or 250 nsec). For interfacing to slow memory or 
peripherals, optional wait states (Tw) may be inserted be­
tween T2 and T3. 

Instruction (op-code) Fetch Timing. Fig. S shows the in­
struction (op-code) fetch timing with no wait states. An op­
code fetch cyde is externally indicated when the M 1 output 
pin is LOW. 

In the first half of T 1, the address bus (Ao-A19) is driven 
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When IOC=O, the timing of the lORa and RD signals match 
the timing required by the zao family of peripherals. The 
lORa and RD signals will go active as a result of the riSing 
edge of T2. This allows the Z1S0 to satisfy the setup 
times required by the ZSO peripherals on those two Signals. 

T, T2 Tw T3 

e 
lORa 

i I r--
AD 

, 

:' 
r--

WR 

i ' 
r--

Figure 7. I/O Read and Write Cycles with 10C = 0 

For the rest of this manual, it is assumed that M 1 E=O and 
IOC=O. The user must program the Operation Mode Con­
trol Register before the first I/O instruction is executed. 

from the contents of the Program Counter (PC). Note that 
this is the translated address output of the Z1S0 on-chip 
MMU. 

Inthe second half ofT1, the MREO (Memory Request) and 
RD (Read) signals are asserted LOW, enabling the 
memory. 

The op-code on the data bus is latched at the rising edge 
of T3 and the bus cyde terminates at the end of T3. 

I' 
Op-code fetch cycle _I 

, I 
I , 

I ' 

Ao-A,9 ===:x i PC 1 X,---,-P.=.C-,+'---'.'_ 

00-07 -----..... ;'-<~>-------

:=::==::::~:::::::::::::::: 
: I . 

~ ': Ir -------__ ::::~---+-7': 
\'-_~_+-~r---\'---_ 

Figure a. Opcode Fetch timing (Without Wait State) 



Fig. 9 illustrates the insertion of wail states (Tw) into the 
op-code fetch cycle. Wail states (Tw) are controlled by the 
extemal WAIT input combined with an on-chip program­
mable wail state generator. 

At the falling edge of T2 the combined WAIT input is 
sampled. If WAIT input is asserted LOW, a wail state (Tw) 
is inserted. The address bus, MREO, RD and M1 are held 
stable during wait states. When the WAIT is sampled inac­
tive HIGH at the falling edge of Tw, the bus cycle enters 
T 3 and completes at the end of T3. 

Op·code fetch cycle 

, 
Figure 9. Opcode Fetch Timing (With Walt State) 

Operand and Data ReadfWrlte Timing. The instruction 
operand and data readlwrite timing differs from op-code 
fetch timing in two ways. First, the M1 output is held inac­
tive. Second, the read cycle timing is relaxed by one-half 
clock cycle since data is latched at the falling edge of T 3. 

Instruction operands include immediate data, displace­
ment, and ex1ended addresses, and have the same timing 
as memory data reads. 

During memory write cycles the MREO signal goes active 
In the second half of T 1. At the end of T 1, the data bus is 
driven with the write data. 

At the start of T 2, the WR signal is asserted LOW enabling 
the memory. MREO and WR go inactive in the second half 
of T3 followed by disabling of the write data on the data 
bus. 

Wail states (Tw) are inserted as previously described for 
op-code fetch cycles. Fig. 10 illustrates the read/write 
timing without wait states (Tw), while Fig. 11 illustrates 
read/write timing with wail states (Tw). 

Read cycle Wnte cycle 

" , , , 
Ao-A19 =:x Memo~ address! X 1 MemOry~ address x== 

I I i 
, , ' , , 

----~: -<E5>---+-< Write data >--
= =-:. = -:.~ = ~ = =0-:'-:' -:.-:.t-_-_-:.-_-_-;_-::--A = == = = == === = = = == 

, , , 

00-01 

~~ __ +-__ _ri/r-~-~i----~~ 

"-+--J 
Figure 10. Memory ReadfWrlte Timing (Without Wait· 

State) 

Ao-A~ =:X~--T----;"'--~-'X~-:-----T----+---
, ' 

00-01 -----i---+---<~ Write da~ I I~-:" ; 
WAIT ::::::..-------::~-----:h:.:-:----+--:::::-:~--------~----Tk.::--:----:: 
__ ': I I : : 

MREO~ : ' :~ : : / 
iii I 
i I I I 
~ : /,--;-----+:--+---

-------:---~--~--+--'\~~: --~--_~I 

Figure 11. Memory ReadfWrite Timing (With Wait 
State) 

I/O Read/Write Timing. I/O instructions cause data 
read/write transfers which differ from memory data trans­
fers in the following three ways: 

1. The 10RO (I/O Request) signal is asserted LOW in­
stead of the MREO signal. 

2. The 16-bill/0 address is not translated by the MMU. 
3. A16-A19 are held LOW. 

At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except intemall/O cycles). 

Fig. 12 shows I/O readlwrite timing with the automatically 
inserted wait state (Tw). 

liD ~ 

WR _-==t====t.--.J___ f 

NOTE: Ale-A19 = 0 for LlO cycles 

Figure 12. I/O ReadfWrlte Timing 
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Basic Instruction Timing. An instruction may consist of a 
number of machine cycles including op-code fetch, 
operand fetch, and data read/write cycles. An instruction 
may also include cycles for internal processes which make 
the bus idle. 

CPU internal 

lit op...codll 2nd op-code OispltJeement operebon 

I '"," "'" I , .. ," "", I ,""'" "de lIT I MemoI'y Next instJ\lctlon 
write cycle I fetch cycle 

Ao-A19 PC 

00-0, 

lJf 

MRED 

liD 

WR 

M8chine Cycle 

MC' MC2 

NOTE: d = displacement 
g = ntgister contents 

Figure 13. Instruction Timing 

The example in Fig. 13 illustrates the bus timing for the 
data transfer instruction LD (IX+d),g. This instruction 
moves the contents of a CPU register (g) to the memory 
location with address computed by adding a signed 8-bit 
displacement (d) to the contents of an index register (IX). 

The instruction cycle starts with the two machine cycles to 
read the two byte instruction op-code as indicated by M1 
LOW. Next, the instruction operand (d) is fetched. 

The external bus is idle while the CPU computes the effec­
tive address. Finally, the computed memory location is 
written with the contents of the CPU register (g). 

RESET Timing. Fig. 14 shows the Z180 hardware 
RESET timing. If the RESET pin is LOW for six or more 
than six clock cycles, processing is terminated and the 
Z180 restarts execution from (logical and physical) ad­

dress OOOOOH. 

I RESET Start 

I RESET I OP·code fetch cycle 

T, 12 

--u-u-L..JL,~ 

6 or more than 6 clocks , mrr "'C-~- - - -----~~..,;--: --------

'--_ "I High impedance 
Ao-A'8-'-, _____ ~.~. (Restart address(OOOOOtj 

Figure 14. Reset Timing 

BUSREQ/BUSACK Bus Exchange Timing. The Z180 
can coordinate the exchange of control, address and data 
bus ownership with another bus master. The alternate bus 
master can request the bus release by asserting the BUS-
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REQ (Bus Request) input LOW. After the Z180 releases 
the bus, it relinquishes control to the alternate bus master 
by asserting the BUSACK (Bus Acknowledge) output 
LOW. 

The bus may be released by the Z180 at the end of each 
machine cycle. In this context, a machine cycle consists of 
a minimum of 3 clock cycles (more if wait states are in­
serted) for op-code fetch, memory read/write, and I/O 
read/write cycles. Except for these cases, a machine cycle 
corresponds to one clock cycle. 

When the bus is released, the address (Ao-A19), data (00-
07), and control (MREQ, 10RQ, RD, and WR) signals are 
placed in the high impedance state. 

Note that dynamic RAM refresh is not performed when the 
Z180 has released the bus. The alternate bus master 

must provide dynamic memory refreshing if the bus is 
released for long periods of time. 

Fig. 15 illustrates BUSREQ/BUSACK bus exchange 
during a memory read cycle. Fig. 16 illustrates bus ex­
change when the bus release is requested during a 
Z180 CPU internal operation. BUSREQ is sampled at 

the falling edge of the system clock prior to T3, Ti and Tx 
(BUS RELEASE state). If BUSREQ is asserted LOW at the 
falling edge of the clock state prior to Tx, another Tx is ex­
ecuted. 

CPU memory read cycle ! Bus release cvcte I CPU cycle 

Ao-A19 

------------~CJ~------------~ 

----------~------~c= 

BUS REO ----~\~ _______ ~! 

BUSACK ---------~\ _____ ...J;_ 

Ao-AI9 

DO-01 

MREO. 
lORD 
lID. WR 

Figure 15. Bus Exchange Timing 

CPU inlemal operal:lon Bus release cycle I CPU cycle 

11 Ti T, Tx 1x T· 

=========r------~c= 

BUSREO -------\L ___________ ! 

BUSACK ----------~\L _____ r___ 

Figure 16. Bus Exchange Timing 



WAIT State Generator 

To ease interfacing with slow memory and 110 devices, the 
Z180 uses wait states (Tw) to extend bus cycle timing. 

A wait state(s) is inserted based on the combined (logical 
OR) state of the extemal WAIT input and an intemal 
programmable wait state (Tw) generator. Wait states (Tw) 
can be inserted in both CPU execution and DMA transfer 
cydes. 

When the extemal WAIT input is asserted LOW, wait 
state(s) (Tw) are inserted between T2 and Ta to extend the 
bus cycle duration. The WAIT input is sampled at the faIl­
ing edge of the system clock in T2 orTw. If the WAIT input 
is asserted LOW at the falling edge of the system clock in 
Tw, another Tw is inserted into the bus cycle. Note that 
WAIT input transitions must meet specified set-up and hold 
times. This can easily be accomplished by extemally 
synchronizing WAIT input transitions with the rising edge 
of the system dock. 

Dynamic RAM refresh is not performed during wait states 
(Tw) and thus system designs which use the automatic 

HALT and Low Power Operation Modes 

The Z180 can operate in 4 different modes. HALT mode, 
10STOP mode and 2 low power operation modes - SLEEP 
and SYSTEM STOP. Note that in all operating modes, the 
basic CPU clock (XTAL, EXTAL) must remain active. 

HALT mode. HALT mode is entered by execution of the 
HALT instruction (op-code = 76H) and has the following 
characteristics. 

(1) The intemal CPU clock remains active. 

(2) All internal and external interrupts can be received. 

(3) Bus exchange (BUSREQ and BUSACK) can occur. 

(4) Dynamic RAM refresh cycle (RFSH) insertion con­
tinues at the programmed interval. 

(5) VO operations (ASCI, CSI/O and PRT) continue. 

(6) The DMAC can operate. 

(7) The HALT output pin is asserted LOW. 

(8) The external bus activity consists of repeated "dummy" 
fetches of the op-code following the HALT instruction. 

refresh function must consider the affects of the occur­
rence and duration of wait states (Tw). Figure 17 
shows WAIT timing. 

T, Tw Tw T, 

\ C\ I 7 ,'--____ _ 

Figure 17. WAIT Timing 

Programmable Wait State Insertion. In addition to the 
WAIT input, wait states (Tw) can also be inserted by 
program using the Z180 on-Chip wait state generator. 
Wait state (Tw) timing applies for both CPU execution and 
on-Chip DMAC cycles. 

By programming the four significant bits of the DMAIWAIT 
Control Register (DCNTL) the number of wait states, (Tw) 
automatically inserted in memory and I/O cycles, can be 
separately specified. 

serted LOW for at least 6 clock cydes, HALT mode is ex­
ited and the normal RESET sequence (restart at address 
OOOOOH) is initiated. 

Interrupt Exit from HALT mode. When an internal or ex­
ternal interrupt is generated, HALT mode is exited and the 
normal interrupt response sequence is initiated. 

If the interrupt source is masked (individually by enable bit, 
or globally by IEF1 state), the Z180 remains in HALT 
mode. However, NMI interrupt will initiate the normal iiiMl 
interrupt response sequence independent of the state of 
IEF1. 

HALT timing is shown in Fig 18. 

HAL T opo-code fetch CV,CIe I HALT mode 

T, T, T, 

Intenupt 
...-...eyclo 

T, T, 

IN'F;. NMi --------,\......J,....-----~-

Ao-As HALT op-code address X'-_~HAL=:..T"'op-code:...::::;:.;add=I1ISS=_+_', ___ _ 

Essentially, the Z180 operates normally in HALT mode, lIll 

except that instruction execution is stopped. 
Figure 18. HALT Timing 

HALT mode can be exited in the following two ways. 

RESET Exit from HALT mode. If the RESET input is as-

SLEEP mode. SLEEP mode is entered by execution of the 
2 byte SLP instruction. SLEEP mode has the following 
characteristics. 
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(1) The internal CPU clock stops, reducing power con­
sumption. 

(2) The internal crystal oscillator does not stop. 

(3) Intemal and external interrupt inputs can be received. 

(4) DRAM refresh cycles stop. 

(5) 110 operations using on-chip peripherals continue. 

(6) The internal DMAC stop. 

(7) BUSREQ can be received and acknowledged. 

(8) Address outputs go HIGH and all other control signal 
output become inactive HIGH. 

(9) Data Bus, 3-state. 

SLEEP mode is exited in one of two ways as shown below. 

RESET Exit from SLEEP mode. If the RESET input is 
held LOW for at least 6 clock cycles, it will exit SLEEP 
mode and begin the normal RESET sequence with execu­
tion starting at address (logical and physical) OOOOOH. 

Interrupt Exit from SLEEP mode. The SLEEP mode. is 
exited by detection of an extemal (NMI, INTo-INT2) or in­
ternal (ASCI, CSIIO, PRT) interrupt. 

In case of NMI, SLEEP Mode is exited and the CPU begins 
the normal NMI interrupt response sequence. 

(IEFl = 1) and an individually enabled interrupt occurs, 
SLEEP mode is exited and the appropriate normal inter­
rupt response sequence is executed. 

If interrupts are globally disabled (IEF1=0) and an in­
dividually enabled interrupt occurs, SLEEP mode is exited 
and instruction execution begins with the instruction follow­
ing the SLP instruction. Note that this provides a technique 
for synchronization with high speed external events 
without incurring the latency imposed by an interrupt 
response sequence. 

Figure 19 shows SLEEP timing. 

10STOP mode. 10STOP mode is entered by setting the 
10STOP bit of the 110 Control Register (ICR) to 1. In this 
case, on-Chip 110 (ASCI, CSIIO, PRT) stops operating. 
However, the CPU continues to operate. Recovery from 
10STOP mode is by resetting the 10STOP bit in ICR to O. 

SYSTEM STOP mode. SYSTEM STOP mode is the com­
bination of SLEEP and 10STOP modes. SYSTEM STOP 
mode is entered by setting the 10STOP bit in ICR to 1 fol­
lowed by execution of the SLP instruction. In this mode, 
on-Chip 110 and CPU stop operating, reducing power con­
sumption. Recovery from SYSTEM STOP mode is the 
same as recovery from SLEEP mode, noting that internal 
110 sources (disabled by 10STOP) cannot generate a 
recovery interrupt. 

r/I 

SLP 2nd opocode 
fetch cycle SLEEP mode 

I Op-code fetch", inlomJpt 
acknow*1ge cycle 

In the case of all other interrupts, the interrupt response W'i'i: NMI ________ ...... 

depends on the state of the global interrupt enable flag • U 
(IEF1) and the individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the cor­
responding enable bit, occurrence of that interrupt is ig­
nored and the CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the 
response to that interrupt depends on the global interrupt 
enable flag (IEF1). If interrupts are globally enabled 

Trap and Interrupts 

The Z180 CPU has twelve interrupt sources, 4 extemal 
and 8 internal, with fixed priority. (Reference Figure 20). 
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"'rAm SLP 2nd opocode add .... s X'------!F!:!FF:!:!FF~HC-.,;-...JX\.. ___ _ 

HALT _____ ---. , _______ -JI 

Figure 19. SLEEP Timing 

Highior (1) TRAP IU_finad Opocode Trapl ............. Intemallnterrupt 
Priority 121 l'lW INon Maskeble Interrupti 

131 iNTo lMaskabie Interrupt Level 01 Extemallnterrupt 
141 1liI'r. lMaskable Interrupt Level 1! 
151 1m2 lMaskabie Interrupt Level 21 
161 Timer 0 
171 Timer 1 
181 OMA channel 0 
191 OMA channel 1 Intomal InlomJpt 

11 01 Clockad Sarial VO Port 
Lower 1111 Asynchronous SCI channal 0 
Prionty 1121 Asynchronous SCI channal 1 

Figure 20. Interrupt Sources 



TRAP Interrupt. The Z180 generates a non-maskaable 
TRAP interrupt when an undefined op-code fetch occurs. 
This feature can be used to increase software reliability, 
implement an "extended" instruction set, or both. TRAP 
may occur during op-code fetch cycles and also if an 
undefined op-code is fetched during the interrupt acknowl­
edge cycle for INTo when Mode 0 is used. 

When a TRAP interrupt occurs the Z180 operates as fol­
lows. 

(1) The TRAP bit in the Interrupt TRAP/Control (ITC) 
register is set to 1. 

(2) The current PC (Program Counter) value, reflecting 
location of the undefined op-code, is saved on the stack. 

(3) The Z180 vectors to logical address O. Note that if 

INTo - Maskable Interrupt Level 0 
The next highest priority external interrupt after NMI is 
INTo. INTo is sampled at the falling edge of the clock state 
prior to T3 or Tl in the last machine cycle. If INTo is as­
serted LOW at the falling edge of the clock state prior to T 3 
or Tl in the last machine cycle, INTo is accepted. The in­
terrupt is masked if either the IEFl flag or the ITEO (Inter­
rupt Enable 0) bit in ITC are reset to O. 

The INTo interrupt is unique in that 3 programmable inter­
rupt response modes are available - Mode 0, Mode 1 and 
Mode 2. The specific mode is selected with the 1M 0, 1M 1 
and 1M 2 (Set Interrupt Mode) instructions. Ouring RESET, 
the Z180 is initialized to use Mode 0 for INTO. The 3 in­
terrupt response modes for INTo are: 

(1) Mode 0 - Instruction fetch from data bus. 

logical address OOOOH is mapped to physical address (2) Mode 1 - Restart at logical address 0038H. 
OOOOOH, the vector is the same as for RESET. In this case, 
testing the TRAP bit in ITC will reveal whether the restart (3) Mode 2 _ Low byte vector table address fetch from data 
at physical address OOOOOH was caused by RESET or bus. 
TRAP. 

External Interrupts. The Z180 has four external 
hardware interrupt inputs. 

(1) NMI- Non-maskable Interrupt 
(2) INTo - Maskable Interrupt Level 0 
(3) INTI - Maskable Interrupt Levell 
(4) INT2 - Maskable Interrupt Level 2 

NMI, INTI and INT2 have fixed interrupt response modes. 

INTo Mode 0. 
Ouring the interrupt acknowledge cycle, an instruction is 
fetched from the data bus (00-07) at the rising edge of T3. 
Often, this instruction is one of the eight single byte RST 
(RESTART) instructions which stack the PC and restart ex­
ecution at a fixed logical address. However, multibyte in­
structions can be processed if the interrupt acknowledging 
device can provide a multibyte response. Unlike all other 
interrupts, the PC is not automatically stacked. 

INTo has 3 different software programmable interrupt Note that TRAP interrupt will occur if an invalid instruction 
response modes - Mode 0, Mode 1 and Mode 2. is fetched during Mode 0 interrupt acknowledge. 

NMI- Non-Maskable Interrupt. The NMI interrupt input is 
edge sensitive and cannot be masked by software. When 
NMI is detected, the Z180 operates as follows. 

(1) OMAC operation is suspended by the clearing of the 
OME (OMA Main Enable) bit in OCNTL. 

(2) The PC is pushed onto the stack. 

(3) The contents of IEFI are copied to IEF2. This saves 
the interrupt reception state that existed prior to NMI. 

(4) IEFI is cleared to O. This disables all external and in­
ternal maskable interrupts (Le. all interrupts except NMI 
and TRAP). 

(5) Execution commences at logical address 0066H. 

The last instruction of an NMI service routine should be 
RETN (Return from Non-maskable Interrupt). This restores 
the stacked PC, allowing the interrupted program to con­
tinue. 

INTo Mode 1 
When INTo is received, the PC is stacked and instruction 
execution restarts at logical address 0038H. Both IEFl and 
IEF2 flags are reset to 0, disabling all maskable interrupts. 
The interrupt service routine should normally terminate 
with the EI (Enable Interrupts) instruction followed by the 
RETI (Return from Interrupt) instruction, to reenable the in­
terrupts. 

INTo Mode 2 
This method determines the restart address by reading the 
contents of a table residing in memory. The vector table 
consists of up to 128 two-byte restart addresses stored in 
low byte, high byte order. 

The vector table address is located on 256 byte boundaries 
in the 64K byte logical address space programmed in the 
8-bit Interrupt Vector Register (I). 

Ouring the INTo Mode 2 acknowledge cycle, the low-order 
8 bits of the vector is fetched from the data bus at the rising 
edge of T3 and the CPU acquires the 16-bit vector. 
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Next, the PC is stacked. Finally, the 16-bit restart address 
is fetched from the vector table and execution begins at 
that address. 

Note that external vector acquisition is indicated by both 
M 1 and 10RQ LOW. Two wait states (Tw) are automatical­
ly inserted for external vector fetch cycles. 

INTh INT2 
The operation of external interrupts INT 1 and INT 2 is a vec­
tor mode similar to INTo Mode 2. The difference is that INT 1 
and INT2 generate the low-order byte of vector table ad­
dress using the IL (Interrupt Vector Low) register rather 
than fetching it from the data bus. This is also the interrupt 
response sequence used for all internal interrupts (except 
TRAP). 

Internal Interrupts. Internal interrupts (except TRAP) ise 
the same vectored response mode as INn and INT2. 
Internal interrupts are globally masked by IEF1 = O. Individ­
ual internal interrupts are enabled/disabled by program­
ming each individual I/O (PRT, DMAC, CSI/O, ASCI) 
control register. The lower vector of INT1, INT 2 and internal 
interrupt are summarized in Table 2. 

Interrupt Source Priority 
b, 

IL 

b. b, 

INT, Highest 

INT2 

PAT channel 0 

PRT channel 1 

OMA channel 0 

OMA channel 1 

CSI/O 

ASCI channel 0 

ASCI channel 1 lowest 

• Programmable 

Table 2. Vector Table 

RETllnstruction Sequence: 

Fixed Code 

b. b3 b, b, bo 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 0 

0 1 0 0 0 

0 1 0 1 0 

0 1 1 0 0 

0 1 1 1 0 

1 0 0 0 0 

When the EDH/4DH sequence is fetched by the ZlaO, 
it is recognized as the RETI instruction sequence. The 
ZlaO will then refetch the RETI instruction with 4 T­

states in the EDH cycle to allow the zao peripherals time 
to decode that cycle (See Figure 21). This allows the inter­
nal interrupt structure of the peripheral to properly decode 
the instruction and behave accordingly. 

The M1 E bit of the Operation Mode Control Register 
(OMCR) should be set to' 0 so that M1 signal is active 
only during the refetch of the RETI instruction sequence. 
This is the desired operation when zao peripherals are 
connected to the ZlaO. 
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Ml (M1E='1 

MlIM'E=QI 

MREQ 

ST 

Figure 21. RETllnstruction Sequence 

The RETI instruction takes 22 T-states and 10 machine 
cycles. 

Interrupt Control Registers and Flags. The ZlaO has 
three registers and two flags which are associated with in­
terrupt processing. 

Eum;tiQn Name 
(1) Interrupt Vector High I 

(2) Interrupt Vector Low IL 

(3) InterruptlTrap Control ITC 

(4) Interrupt Enable Flag IEF1,IEF2 
1,2 

Interrupt Enable/Disable Operation 

Access Method 
LD A,I and LD I, 

A instructions 
I/O instruction 
(addr=33H) 
I/O instruction 
(addr=34H) 
EI and DI 

Two flags, IEFl and IEF2, are used to signal the ZlaO 
CPU interrupt status. IEF, controls the overall enabling and 
disabling of all internal and external maskable interrupts 
(i.e. all interrupts except NMI and TRAP) . 

If IEFl = 0, all maskable interrupts are disabled. IEFl can 
be reset to 0 by the 01 (Disable Interrupts) instruction and 
set to 1 by the EI (Enable Interrupts) instruction. 

The purpose of IEF2 is to correctly manage the occurrence 
of NMI. During NMI, the prior interrupt reception state is 
saved and all maskable interrupts are automatically dis­
abled (IEFl copied to IEF2 and then IEFl cleared to 0). At 
the end of the NMI interrupt service routine, execution of 
the RETN (Return from Non-rnaskable Interrupt) will 
automatically restore the interrupt receiving state (by copy­
ing IEF2 to IEF1) prior to the occurrence of NM I. 

IEF2 state can be reflected in the PN bit of the CPU Status 
Register by executing LD A, I or LD A, R instructions. 



CPU Operallon 

RESET 

NMI 

RETN 

Interrupt 81O:cept 
NMI and TRAP 

RETI 

TRAP 

EI 

01 

LOA. I 

LD A. R 

IEF, IEF~ REMARKS 

Inhibits the interrupt ellcep! NMI and 
TRAP. 

IEF, COPtuS the contents of IEF, to IEF ~ 

IEF ~ nol affected Returns from the NMI seNlce routine 

Inhibits the Interrupt allcepl m and 
TRAP 

F\Ot affected not affected 

not affected nol aHected 

nOl affected not affected Transfers the contents of IEF2 to PN 
flag 

not affected not affected Transfers the conlents of IEF2 to P/V 
flag 

Table 3. State of IEFl and IEF2 

Internal 110 Registers 

The Z180 internal I/O Registers occupy 64 I/O addres­
ses (including reserved addresses). These registers ac­
cess the internal I/O modules (ASCI, CSI/O, PRT) and 
control functions (DMAC, DRAM refresh, interrupts, wait 
state generator, MMU and I/O relocation). 

To avoid address conflicts with external I/O, the Z180 
internal I/O addresses can be relocated on 64 byte boun­
daries within the bottom 256 bytes of the 64K byte I/O ad­
dress space. 
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ADDITIONAL FEATURES ON Z8S180'" 

STANDBY Mode 
The Z8S180 MPU has been designed to be fully static. A 
very low power programmable standby mode has been 
added. To enter STANDBY mode: 

1. Set the standby enable bit (D6 of the CPU Control 
Register, I/O Address = 1FH) 

2. Execute the SLP instruction 

When the part is in STANDBY mode, it behaves similar to 
the SYSTEM STOP mode which currently exists on the 
Z180 MPU, except the STANDBY mode stops the external 
oscillator, internal clocks and reduce power consumption 
to less than 10!lA. 

Since the external oscillator has been stopped, a restart of 
the oscillator requires a period of time for stabilization. A 
20-bit counter has been added in the Z8S180 to allow for 

o 

Resel 

Al9-AO 

!HALT 

1M1 

T2 

SLP Second OP-CODE 
Felch Cycle 

T3 

-------'/ 

.. .. 
T1 

oscillator stabilization. When the part receives an external 
IRQ or BUSREQ during STANDBY mode, the oscillator is 
restarted and the timer counts down 2'9 counts before 
acknowledgement is sent to the interrupt source. 

The following is a description of how the part exits STANDBY 
for diff~rent interrupts and modes of operation. 

STANDBY Mode Exit With RESET 
The /RESET input is to be asserted for a duration long 
enough for the crystal oscillator to stabilize (10 ms MAX) to 
exit from the STANDBY mode. When /RESET is de-as­
serted, it goes through the normal reset timing to start 
instruction execution at address (logical and physical) 
OOOOH. 

The clocking is resumed within the Z8S180 and at the 
system clock output after /RESET is asserted, when the 
crystal oscillator is restarted but not yet stabilized. 

SIandby Mode Resel .. 
T2 TST TR TR 

\ / 
---\ 

X FFF!~H~:J OOOOOH 

\ / 

Figure A. Z8S180 Standby Mode Timing With Reset Exit 
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STANDBY Mode Exit With BUS REQUEST 
Optionally, if tile BREXT bit (D5 of CPU Control Register) is 
set to 1, tile Z8S 180 exits STANDBY mode wilen tile 
/BUSREO input is asserted. Tile crystal oscillator is then 
restarted. An internal counter automatically provides time 
for the oscillator to stabilize, before tile internal clocking 
and tile system clock output of the Z8S 180 are resumed. 

The Z8S 180 relinquislles tile system bus after the clocking 
is resumed by: 

- Tri-Stating the address outputs A 19 througll AO 

- Tri-Stating tile bus Control outputs/MREO, /IORO, /RD 
and /WR 

- Asserting /BUSACK 

Standby Mode 

-----------------o 
-4- _______ ..... 

219 Cycle delay after IBUSREO asserted 

Tile Z8S 180 will regain tile system bus wilen /BUSREO is 
deactivated. The address outputs and tile bus control 
outputs will then be driven Higll. Tile ST ANDBY mode is 
then resumed. 

If the BREXT bit of tile CPU Control Register (CCR) is 
cleared, asserting tile /BUSREO would not cause tile 
Z8S180 to exit STANDBY mode. 

If STANDBY mode is exited, due to a reset or an external 
interrupt, the Z8S180 will keep relinquislled from tile sys­
tem bus as long as the /BUSREQ is active. 

Bus Release Mode Standby Mode 

TX TX 

IBUSREO '-----------_____ -'1 
IBUSACK --------,,"-----_____ -'1 

A19·AO ________ = = !~~H= = -________ ...... X'-______________ ---'X FFFFH 
IHALT 

High 
~------- -------
Low 

1M1 -----------------------------------------------------------------

Figure B. Z8S180 Standby Mode Exit With Bus Request 
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STANDBY Mode Exit With EXTERNAL INTERRUPTS 
ST ANDBY mode can be exited by asserting input /NMI. 
The STANDBY mode may also exit by asserting /INTO, 
/INT1 or /lNT2, depending on the conditions specified in 
the following paragraphs. If exit conditions are met, the 
internal counter provides time for the crystal oscillator to 
stabilize, before the internal clocking and the system clock 
output within the Z8S180 are resumed. 

a. Exit with Non-Maskable Interrupts 

If /NMI is asserted, the CPU begins a normal NMI interrupt 
acknowledge sequence after clocking resumes. 

b. Exit with External Maskable Interrupts 

If an external maskable interrupt input is asserted, the CPU 
responds according to the status of the Global Interrupt 
Enable Flag IEF1 (determined by the ITE1 bit) and the 
settings of the corresponding interrupt enable bit in the 
Interrupt/Trap Control Register (ITC: I/O Address = 34H): 

1. If an interrupt source is disabled in the lTC, asserting 
the corresponding interrupt input would not cause the 
Z8S180 toexit STANDBY mode. This is true regardless 
of the state of the Global Interrupt Enable Flag IEF1. 

2. If the Global Interrupt Flag IEF1 is set to 1, and if an 
interrupt source is enabled in the lTC, asserting the 
corresponding interrupt input causes the Z8S180 to 
exit STANDBY mode. 

Standby Mode 

o '------....04.-. __ ~ 

219 Cycle delay from IINTi asserted 

INMI~---

or 

The CPU will perform an interrupt acknowledge se­
quence appropriate to the input being asserted when 
clocking is resumed if: 

- the interrupt input follows the normal 
interrupt daisy-chain protocol 

- the interrupt source is active until the 
acknowledge cycle is completed 

3. If the Global Interrupt Flag IEF1 is disabled, i.e., reset to 
0, and if an interrupt source is enabled in the lTC, 
asserting the corresponding interrupt input still causes 
the Z8S180 to exit STANDBY mode. 

The CPU proceeds to fetch and execute instructions 
that follows the SLP instruction when clocking is re­
sumed. 

If the external maskable interrupt input is not active until 
clocking resumes, the Z8S180 will not exit STANDBY 
mode. 

If the Non-Maskable Interrupt (lNMI) is not active until 
clocking resumes, the Z8S180 still exits the STANDBY 
mode even if the interrupt sources go away before the 
timer times out. It is because /NMI is edge-triggered. The 
condition is latched internally once /NMI is asserted Low. 

OP-CODE Fetch or Interrupt Acknowledge Cycle 

T1 T2 T3 T4 

IINTi ~ I "--------- _ ~ _ ___________ -J 

A19-AO FFFFH ______ ~X'__ _________________ _ 

IHALT ___ --'I 
1M1 \~-----------

Figure C_ Z8S180 Standby Mode Exit With External Interrupts 
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CPU Control Register 
The l8S180 has an additional register that allows the 
programmer to select options. Tilis directly affects tile 
CPU performance as well as controlling the STANDBY 
operating mode of the chip. The CPU CONTROL REGIS­
TER (CCR) allows the programmer to cllange the divide-by 
-two internal clocks to divide-by-one. In addition, applica­
tions where EMI noise is a problem, the l8S 180 can 
reduce tile output drivers on selected groups of pins to 
20% of normal pad driver capability which reduces the EMI 
noise generated by the part to minimal. 

CPU Control Register (CCR) 
07 06 05 04 03 02 01 DO 

10101010101010101 
r-rL LNAO/OATA 

o = Standard Drive 
1 = 25% Drive On 

Al9-AO, 07-00 

LNCPUCTL 
o = Standard Drive 
1 = 25% Drive On CPU 

Control Signals 

'----- LNIO 
o = Standard Drive 
1 = 25% Drive On 

ASCI Signals 1.--____ Bit 3 (Reserved) 

'-------- LNPHI 
o = Standard Drive 
1 = 25% Drive On 

EXT.PHI Clock 

BREXT 
0= Ignore BUSREO In Standby 
1 = Standby Exft On BUSREO 

Standby Enable 
o = No Standby 
1 = Standby After Sleep 

Clock Divide 
0=XTAU2 
1 =XTAU1 

Figure D. Z8S180 Only CPU Control Register (CCR) 
Address $1 F (Reset Values Shown) 

Bit 7. Clock Divide Select. Bit 7 of the CCR allows the 
programmer to set the internal clock to divide the external 
clock by 2 if the bit is 0, and divide by 1 if the bit is 1. 

Upon reset this bit is set to 0 and the part is in divide-by-
2 mode. Since the on-board oscillator is not guaranteed to 
operate above 20 MHz, an external source must be used 
to achieve the maximum 20 MHz operation of the part, i.e., 
an external clock at 40 MHz with 50% duty cycle. 

If the external oscillator is used in divide-by-1 mode, the 
duty cycle of the external oscillator should be as close to 
50% as possible. A maximum 60%/40% or 40%/60% duty 
cycle is permissible at 10 MHz. 

Bit 6. STANDBY Enable. This bit is used for enabling/ 
disabling tile STANDBY mode. Setting this bit to 1 enables 
the STANDBY mode. The l8S180wili enter STANDBY after 
fetching the second opcode of a SLP instruction if tile 
10STOP bit is set. 

Bit 5. BREXT. This bit controls tile ability of tile l8S 180 to 
honor a bus request during STANDBY mode. If tilis bit is 
set to 1 and the part is in STANDBY mode, a BUSREO is 
honored after tile clock stabilization timer is timed out. 

Bit 4. LNPI-fl. Hlis bit controls nle drive capability on tile 
PHI Clock output. If this bit is set 10 1, the PHI Clock oulput 
is reduced to 25% of its drive capability. 

Bit 3. Reserved. 

CPU Control Register (Continued) 

Bit 2. LN/Q. This bit controls tile drive capability of tile 
external I/O pinsofthe l8S180. When tllis bit is set to 1, the 
output driving capability of the following pins is reduced to 
25% of the original drive capability: 

- CKS 
- RXS/CTS1 
- TXS 
- CKA 1(TENDO 
- TXA1 
- CKAO/DREOO 
- TXAO 

Bit 1. LNCPUCTL. This bit controls tile drive capability of 
the CPU Control pins. When this bit is set to 1, the output 
driving capability of tile following pins is reduced to 25% 
of the original drive capability: 

- /BUSACK 
- /RD 
- /WR 
- /M1 
- E 
- /MREQ 
- /IORO 
- /RFSH 
- /HALT 
- /TEND1 

Bit O. LNAD/DATA. This bit controls the drive capability of 
the Address/Data bus output drivers If this bit is set to 1, 
the output driving capability of the Address and Data bus 
output is reduced to 25% of its original drive capability. 
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Internal I/O Registers 

378 

By programming lOA 7 and IOA6 in the I/O control register, internal I/O regis­
ter addresses are relocatable within ranges from OOOOH to OOFFH in the I/O address 
space. 

REGISTER I MNEMONICS AOORESS REMARKS 

ASCI Control Register A Channel 0 o 0 
MPBRI 

: CNTLAO bit MPE RE TE l'i'rn> EFR MOD2 MOD' MOOO 

during RESET 0 0 0 , invalid 0 0 0 

RIW RIW RIW RIW RIW R/W RIW RIW R'W 

II L MODE Selection 
Multi Processor Bit Receive! 
Errnr Flag R_ 

Request To Send 
Transm~ Enable 

- Receive Enable 
'-Multi Processor Enable 

ASCI Control Register A Channel , 0 , 
: CNTLA' 

MPE RE TE CKA1D 
MPBRI 

MOD2 bit 
EFR 

MODl MODO 

during RESET 0 0 0 , invalid 0 0 0 

RIW RIW RIW RIW RIW RIW RIW RIW RIW 

II L MODE Selection 
Mutti Processor Bit Receive! 
ErT'Q( Flag Reset 

'-- CKA, Disable 
"-Transmit Enat»e 

'- Receive Enable • 
_ Multi Processor Enable 

MOD2. 1. 0 
000 Start + 7 bit Data + , Stop 

00' Start + 7 brt Data + 2 Slop 
o , 0 Start + 7 bit Data + Pamy + , Stop 

0' , Start + 7 bit Data + Pamy + 2 Stop 
, 00 Start + B bit Data + , Stop 
1 0 , Start + B brt Data + 2 Slop 
, , 0 Start + B bit Data + Pamy + , Slop , , , Start + B brt Data + Pamy + 2 Stop 

ASCI Control Register B Channel 0 o 2 
MPBT MP 

ml 
PEO DR SS2 SS, SSO 

: CNTLBO brt PS 

during RESET invalid 0 0 0 , , 1 

RIW RIW RIW RIW RIW RIW R,W RIW RIW L LClock Source and 
Speed Select 

Divide Ratio 
-Parity Even or Odd 

Clear To SendiPrescale 
'-Multi Processor 

Multi Processor Bit Transmit 

• CTS : Oaponding on the condrtion of CTS Pin . 
PS : Cleared 10 O. 

Ito be contirnJodl 



REGISTER I MNEMONICS ADDRESS REMARKS 

ASCI Control Register 8 Channel 1 0 3 US! 
: CNTLBl bit MPBT MP 

PS 
PEO DR SS2 SS1 SSO 

dunng RESET Invalid 0 0 0 0 1 1 1 

R:W R:W R,W R:W ftW RW RW RW R:W 

II L Clock Source and 
Speed Select 

Divide Ratio 
L- Parity Even or Odd 

~ Clear To Send/P""cale 
~ Multi Processor 

L...- Multi Processor Bit Transmit 

General PS=O PS= 1 
divide ratio (divide raoo= 101 Idivide raoo= 301 

SS2,1,0 DR-O (X 161 DR- 1 (X 641 DR-0(X161 DR- 1 IX 641 

000 ¢+ 160 ¢+ 640 ¢+ 480 ¢+ 1920 
001 + 320 1280 + 960 ~ 3840 
010 640 7 2560 + 1920 7680 
011 1280 5120 ~ 3840 15360 
100 + 2560 + 10240 7680 + 30720 
101 + 5120 + 20480 + 15360 + 61440 
110 -+- 10240 +40960 + 30720 + 122880 

111 External dock (f,equency < ¢ : 401 

ASCI Status Regist ... Channel 0 0 4 
brt RDRF OVRN PE FE RIE DCDQ TORE TIE 

: STATO duMng RESET 0 0 0 0 0 .. 0 

RW R R R R RW R R RW 

I . 
Transmrt 
Interrupt 
Enable 

Transmrt Data 
Register Empty 

Data Carrier Detect 
_ Recerve Interrupt Enabk! 

- Framing Emx 
'-Parity Error .. CTSo Pin I TORE 

- Over Run Error L 

I 
1 

• DCDo 
'-Receive Data Registe~ 

H 0 : Depending on the condition of DCDo Pin. 

ASCI Status Register Channell 0 5 brt RDRF OVRN PE FE RIE CTSIE TORE TIE 

: STATl during RESET 0 0 0 0 0 0 1 0 

RIW R R R R RIW AW R RW 

J 
Transmit 
Interrupt 
Enable 

Transmit Data 
RegISter Empty 

'- CTS 1 Enable 
L..... Receive Interrupt Enab*! 

Framing Error 
'-Parity Error 

~ Over Run ElTor 
Receive Data Register FuM 
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REGISTER 1 MNEMONICS ADDRESS 

ASCI Transm~ Data Regis1llr Chennel 0 8 
o 

:TDRO 

ASCI Transmit D8ta Regis1llr Channel 0 7 
1 

: TORI 

ASCI Receive Data Regis1llr Channel 0 8 
o 

:TSRO 

ASCI Receive Data Regis1llr Channel 0 9 
1 

CSVO Control Register 

CSVO TransmitlRec:aiwI Data 
Register 

: TSRI 

o A 
: CNTR 

o B 

: TRDR 

Tomer Data Regis1llr Channel 01. 0 C 
: TMDROI. 

Tomer Data Regis1llr Channel OH 0 D 
: TMDROH 

Timer Reload Register Channel 01. 0 E 
: RLDROI. 

Timer Reload Register Channel OH 0 F 
: RLDROH 

Timer Control Register 1 0 
: TCR 

REMARKS 

bit EF EE RE SS2 SSI SSO 

w~RES~ ~0~+-=0~~0~+-~0~~1 __ ~1~~~1~~1~ 
RIW R RIW RIW RIW RIW RIW RIW 

bit 

during RES~ 

RIW 

l l Transm~ Enable L Speed Select 

Receive Enable 
End Inlllmlpl Enable 

End Flag 

552.1.0 Baud Rata SS2.1.0 Baud Rata 

000 .p+ 20 100 .p+ 320 
001 +40 101 + 640 
010 +80 110 +1280 
011 +160 111 EX18ma1 

(frequency < + 20) 

Tlfl TFO TEl nEO TOCI TOCO TOE 1 TOEO 

0 0 0 0 0 0 0 0 

R R RIW RIW RIW RIW RIW RIW 

l LTmerDown 
Count Enable 1.0 

Timer Output Control 1.0 
Tmer Intlmlpl Enable 1.0 

Timer InI8nupl Flog 1.0 

TOC1.0 

00 
01 
10 
11 

A,e/TOUT 

Inhi>il8d 
Toggle 

o 
1 

Ito be continuod) 



REGISTER I MNEMONICS ADDRESS REMARKS 

Timer Data Register Channel I L I 4 
: TMDRIL 

Timer Data Register Channel I H I 5 
: TMDRIH 

Timer Relo&t Register Channel I L I 6 
: RLDRIL 

Timer Reload Register Channel I H I 7 
: RLDRIH 

Free Running Counter I 8 read only 
: FRC 

DMA Source Address Register 2 0 
Channel OL 

: SAROL 

DMA Source Address Register 2 1 
Channel OH 

: SAROH 

DMA Source Addl8ll Register 2 2 Bits 0-2 13) are usad for SAROB. 
Channel 08 AI9·, A.~ AlT. A" OMA Transfer Request 

: SAROB 
X X 0 0 DREaD lextemall 
X X 0 I RDRO IASCIO) 
X X I 0 RDRI IASCI1) 

OMA Destination Addl8ll Reg.ter 2 3 X X I 1 Not Used 
Channel OL 

: DAROL 

DMA Destination Add ...... Register 2 4 
Channel OH 

: OAROH 

DMA Destination Address Register 2 5 Bits 0-2 13) are used for OAROB. 
Channel DB A,g-, A ... Au, A" OMA Transfer Request 

: OAROB X X 0 0 DREaD lextemall 
X X 0 I TDRO IASCIO) 
X X I 0 TOR I IASCII) 

DMA By1s Count Register Channel 2 6 X X I I Not Used 
OL 

: BCROL 

DMA Byte Count Register Channel 2 7 
OH 

: BCROH 

DMA Memo<y Address Register 2 8 
Channel I L 

: MARIL 

DMA Memo<y Address Register 2 9 
Channel lH 

: MARIH 

DMA Memory Address Register 2 A Bits 0-2 13) are used for MARl B. 
Channel lB 

: MARIB 

DMAVOA~RegisterChannei 2 8 
lL 

: IAR1L 

DMA va Address Register Channel 2 C 
lH 

: IAR1H 

• In the Rl and Z Mask. these DMAC registers are expanded from 4 bits to 3 bits in the package version of CP-68 
and FP-80. 

ito be """'*"-I) 
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REGISTER 1 MNEMONICS ADDRESS REMARKS 

DMA Byte Coon, Register Channel 2 E 
lL 

: BCR1L 

DMA Byte Count Register Channel 2 F 
lH 

: BCR1H 

DMA Status Registar 3 0 bit DEl DEO DWEl DWEO DIEl DEO - DME 
: DSTAT 

during RESET 0 0 1 1 0 0 1 0 

RIW RIW RIW W W RIW RIW R 

loMA 
Ma.tar 
Enable 

leMA Intenupt Enable 1.0 
'-DMA Enable B~ Write Enable 1.0 

L--DMA Enable ch 1.0 
DMA Mode Register 3 1 

: DMODE bit - - DMl DMO SMl SMO MMOD -
during RESET 1 1 0 0 0 0 0 1 

RIW RIW RIW RIW RIW RIW 

LMemOry 
MODE 
Select 

L- Ch 0 Sou"", 
Mode 1.0 

'- Ch 0 Destination 

Mode 1.0 

DM1. 0 Destination Addrass SM1.0 Source Add"",s 

00 M DARO+ 1 00 M SARO+ 1 
01 M DARO-l 01 M SARO-l 
10 M DARO lixad 1 0 M SARO lixad 
11 VO DARO lixad 11 VO SARO lixad 

MMODl Mode 

0 I Cycle Steal Mode 
1 Burst Mode 

~o be continued) 
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REGISTER I MNEMONICS ADDRESS REMARKS 

DMA,WAIT Control Register 3 2 bit MWll MWIO MIll IWIO DMSl DMSO DlMl DIMO 
: DCNTl dumg RESET 1 I 1 1 I 1 0 0 0 0 

R/W RIW RIW RIW RIW R/W R/W R;W R/W 

lDMA Ch 1 
VO Memo<y 
Mode Salect 

~ DRWi SaJecL i = 1,0 
L VO Wait ~sertion 

'-- MemoI)' Wait ~sertion 

The number of The nurnbet' of 
MWll,O wart states IWll,O wait states 

00 0 00 0 
01 1 01 2 
10 2 10 3 
11 3 11 4 

DMSi I Sense 

1 I Edge sansa 
o Level sense 

DIM 1 ,0 Transfer Mode Address Increment/Decrement 

00 M-IiO MAR1+ 1 JARl f,xed 
01 M-VO MAR1-l IARl fixed 
10 VD--M tARl fixed MAR1+l 
11 VD--M JARl fixed MAR1-l 

Interrupt Vector low Register 3 3 bit Il7 IL6 1L5 - - - - -
: IL 

during RESET 0 0 0 0 0 0 0 0 

R/W RlW RIW RIW 

L'ntemJPt Vector Low 

!NT !TRAP Control Register 3 4 bit TRAP UFO - - - ITE2 ITEl [TEO 
: ITC 

during RESET 0 0 1 1 1 0 0 1 

R/W R/W R R/W RIW R;W 

l. l Undefined Fetch Object 

LiNT Enable 2,1,0 

TRAP 

Refresh Control Register 3 6 bit REFE REFW - - - - CYCl CYCO 
: RCR 

during RESET 1 1 1 1 1 1 o I 0 

R/W R/W RIW R/W R/W 

II lRafresh Wait State 

ICycle Select 

Refresh Enable 

CYC1,O Interval of Refresh Cyclo 

00 10 States 
01 20 
10 40 

" 
80 

(to be contJnued) 
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REGISTER I MNEMONICS ADDRESS REMARKS 

MMU Common Base Registllr 3 8 bit CBl" CBS CBS CB4 CB3 CB2 CB' CBO 
: CBR 

dumg RESET 0 0 0 0 0 0 0 0 

R/W R/W R/W R/W R/W R/W R/W R/W R/W 

MMU Common Base Registllr 

MMU Bank Base Registllr 3 9 
bit BB7· BB6 BSS BB4 BB3 BB2 BB' BBO : BBR 

during RESET 0 0 0 0 0 0 0 0 

R/W R/W R/W R/W R/W R/W R/W RfW R/W 

~ MMU Bank Base Regislef 

MMU Common/Bank Area Registllr 3 A 
bit CA3 CA2 CA' CAO BA3 BA2 BA' BAO 

: CBAR 
during RESET , , 1 , 0 0 0 0 

RiW R/W RiW R/W R/W R;W RiW RiW R/W 

L MMU Bank 

MMU Common 
Area AeglSlef 

A .... Regislef 

Opera~on Mode Control Register 3 E bit M1E M1TE IOC - - - - -
: aMCR 

during RESET , , , , , , , , 
RiW R,W W R,W L L - L va Coinpatoblhty 

MlTernporary Enable 

Ml Enable 

va Control Registllr 3 F 
: ICR bit IOA7 IOA6 IOSTP - - -

during RESET 0 0 0 , 1 , , , 
R/W R/W AiW R/W 

L, Lva Stop 
va AddnlSS 

These MMU registers are exparded from 7 bits to 8 bits In the PLeC package 
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Memory Management Unit (MMU) 

The Z180 has an on-chip MMU which performs the 
translation of the CPU 64K byte (16-bit addresses OOOOH 
to FFFFH) logical memory address space into a 1024K 
byte (20-bit addresses OOOOOH to FFFFFH) physical 
memory address space. Address translation occurs inter­
nally in parallel with other CPU operation. 

Logical Address Spaces. The 64K byte CPU logical ad­
dress space is interpreted by the MMU as consisting of up 
to three separate logical address areas, Common Area 0, 
Bank Area, and Common Area 1. 

Asshown in Fig.22, a variety of logical memory configura­
tions are possible. The boundaries between the Common 
and Bank Areas can be programmed with 4K byte resolu­
tion. 

Common Area 1 Common Area 1 Common Area 1 

Common Area 1 

Bank Area 

Bank Area Common Area 0 

Common Area 0 

Figure 22. Logical Address Mapping Examples 

Whether address translation takes place depends on the 
type of CPU cycle as follows. 

(1) Memory Cycles 
Address Translation occurs for all memory access cycles 
including instruction and operand fetches, memory data 
reads and writes, hardware interrupt vector fetch, and 
software interrupt restarts. 

(2) 110 Cycles 
The MMU is logically bypassed for 110 cycles. The 16-bit 
logical 1/0 address space corresponds directly with the 16-
bit physical 110 address space. The four high-order bits 
(A 16-A 19) of the physical address are always 0 during 110 
cycles. 

LA" LAo 

;." ,;, logical Address 
"0000" 

PA19 I PAle 

I I PhYSical Address 

Figure 23. 110 Address Translation 

(3) DMA Cycles 
When the Z180 on-chip DMAC is using the external bus, 
the MMU is physically bypassed. The 20-bit source and 
destination registers in the DMAC are directly output on the 
physical address bus (AO-A 19). 

Physical address translation. Fig. 24 shows the way in 
which physical addresses are generated based on the con­
tents of CBAR, CBR and BBR. MMU comparators classify 
an access by logical area as defined by CBAR. Depend­
ing on which of the three potential logical areas (Common 
Area 1 , Bank Area, or Common Area 0) is being accessed, 
the appropriate 8-bit base address is added to the high­
order 4 bits of the logical address, yielding a 20-bit physi­
cal address. CBR is associated with Common Area 1 
accesses. Common Area 0, if defined, is always based at 
physical address OOOOOH. 
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MMU Common Base Reg 

Logical 
Address 
164 III 

4 

181 

15 12 11 o 
r------,--------------, logICal 

Address 

L...--"T""-.....J---------....,..---~ 164kl 

I 
I 
I 

4 

12 '1 

+ I I 

o 
Phv51c.al 
Address" 
1512K 0' 'M' 

~::,R.9'S1.' 'Lf_' ..Ji'-6 ____ 4.J.i3 _____ 0~i 
I 
I 

I I I 
I I I 

Phvs,ca,'119 ;'" '6
1

1
" 12

1
'" 

~d~7SS.; . . 
~----~------~--------------~ 

Figure 24. Physical Address Generation 

(*Z80180 in DIP package is addressable to 512K All other Z180 can address up to 1M,) 



Dynamic RAM Refresh Control 

The Z180 incorporates a dynamic RAM refresh control 
circuit including 8-bit refresh address generation and 
programmable refresh timing. This circuit generates 
asynchronous refresh cycles inserted at the programmable 
interval independent of CPU program execution. For sys­
tems which do not use dynamic RAM, the refresh function 
can be disabled. 

When the internal refresh controller determines that a 
refresh cycle should occur, the current instruction is inter­
rupted at the first breakpoint between machine cycles. The 
refresh cycle is inserted by placing the refresh address on 
Ao-A7 and the RFSH output is driven LOW. 

Refresh cycles may be programmed to be either 2 or 3 
clock cycles in duration by programming the REFW 
(Refresh Wait) bit in the Refresh Control Register (RCR). 
Note that the external WAIT input and the internal wait 
state generator are not effective during refresh. 

DMA Controller (DMAC) 

The Z180 contains a two-channel DMA (Direct Memory 
Access) controller which supports high speed data trans­
fer. Both channels (channel 0 and channel 1) have the fol­
lowing capabilities. 

Memory Address Space. Memory source and destination 
addresses can be directly specified anywhere within the 
1024K byte physical address space using 20-bit source 
and destination memory addresses. In addition, memory 
transfers can arbitrarily cross 64K byte physical address 
boundaries without CPU intervention. 

110 Address Space. 110 source and destination addresses 
can be directly specified anywhere within the 64K byte 110 
address space (16-bit source and destination 110 addres­
ses). 

Transfer Length. Up to 64K bytes are transferred based 
on a 16-bit byte count register. 

DREQ Input. Level and edge sense DREQ input detection 
are selectable.' 

TEND Output. Used to indicate DMA completion to exter­
nal devices. 

Transfer Rate. Each byte transfer can occur every 6 clock 
cycles. Wait states can be inserted in DMA cycles for slow 
memory or 110 devices. At the system clock (£I) = 6 MHz, 
the DMA transfer rate is as high as 1.0 megabytes/second 
(no wait states). 

There is an additional feature disc for DMA interrupt re­
quest by DMA END. Each channel has the following addi­
tional specific capabilities. 

Fig. 25 shows the timing of a refresh cycle with a refresh 
wait (TRW) cycle. 

Mei I Refresh cycle I 

Refresh stenal ~r------,--___ _ 
(Intemal stgnall 

Refresh address====:::::xlC=~A~o-::!A~'=X=== 

MREO ___________ L ___ ) c ______ _ 
RFSH ------,1... ____ /,---

NOTE: • If three refresh cycles are specified. TRW. is inserted. 

Channel 0 

Otherwise. TRW is not inserted. 
Me: Machine Cycte 

Figure 25. Refresh Cycle Timing 

Memory H memory, memory H lID, memory H memory 
mapped 110 transfers. 

-Memory address increment, decrement, no-change. 
-Burst or cycle steal memory to/from memory transfers. 
-DMA tolfrom both ASCI channels. 
-Higher priority than DMAC channel 1. 

Channel 1 
Memory H 110 transfer. 
Memory address increment, decrement 

DMAC Registers 
Each channel of the DMAC (channel 0, 1) has three 
registers specifically associated with that channel. 

Channel 0 
SARO - Source Address Register 
DARO - Destination Address Register 
BCRO - Byte Count Register 

Channel 1 
MAR 1 - Memory Address Register 
IAR1 - I/O Address Register 
BCR1 - Byte Count Register 

The two channels share the following three additional 
registers in common. 

DSTAT - DMA Status Register 
DMODE - DMA Mode Register 
DCNTL - DMA Control Register 
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DMAC Block Diagram. Fig.26 shows the Z180 DMAC 
Block Diagram. 

Internal Address/Data Bus 

U D 
OMA Source Address DMA Status 

Register chO SARO 1201 Register DSTAT tSI 
Priority & -- DREOo 

DMA Destination Address DMA Mode Request 
Register chO : DARO (20) Register OMODE 18) Control - 0FiE0t 

DMA Byte Count DMA/WAIT Control 
Register chO BCRO 116 Register DCNTL (S) 

I DMA Memory Address 

I Register chl : MARl (20) I DMA 1/0 Address 
Register chl IAR, (16) I 
DMA Byte Count DMA Control Bus & CPU 

Register chl BCR1 116 
Control 

D j jt= "TEN!)"; 
Ilncrementer/Decrementer (19) I ........... Interrupt Request 

Figure 26. DMAC Block Diagram 

Asynchronous Serial Communication Interface (ASCI) 

The Z180 on-Chip ASCI has two independent full-duplex 
channels. Based on full programmability of the following 
functions, the ASCI directly communicates with a wide 
variety of standard UARTs (Universal Asynchronous 
Receiverrrransmitter) including the Z8440 SIO, the Z8530 
SCC and the Z85230 ESCC. 

The key functions for ASCI are shown below. Each chan­
nel is independently programmable. 

-Full-duplex communication. 
-7-"or 8-bit data length. 
-Program controlled 9th data bit for multiprocessor 
com munication. 

-1 or 2 stop bits. 
-Odd, even, no parity. 
-Parity, overrun, framing error detection. 
-Programmable baud rate generator, 116 and 164 modes. 
-Speed to 38.4K bits per second (CPU fc = 6.144 MHz). 
-Modem control signals - Channel ° has DCDO, CTSO and 

RTSO Channell has CTSI. 
-Programmable interrupt condition enable and disable. 
-Operation with on-chip DMAC. 
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ASCI Block Diagram. Fig. 27 shows the ASCI Block 
Diagram. 

Internal Address/Data Bus 

j tnterrupt Request I 
ASCI Transmit Data Aeglsterl_ ASCI Transmit Data Register 

ch a TORO chl:TDRl 

XAo !ASCI Transmit Shift Register· ASCI Transmit Shift Register' -TXA 

ch a TSRO chl:TSRl 

ASCI Receive Data Register 
ch 0 RDRD ~ 

ASCI Receive Data Register 
t- ch 1 : RDRl 

XAo ASCI ReceIve ShIft RegIster' ASCI ASCI ReceIve Shift Register" RXA 

oh 0 RSRO (8) Control oh •• RSR. 181 

ASCI Control Register A I- r- ASCI Control Register A 

TSo oh 0 CNTLAO (8) ch 1 CNTLA 1 (8) -R-

-C-TSo ASCI Control Register 8 -- ASCI Control Register B CTS 

oh 0 CNTlBO (8) ch 1 : CNTlB 1 (8) 

CDo-- ASCI Status Register l r ASCI Status Register 
oh 0 STATO (8) ch 1 : STAll (8) 

-0-

CKAo_ Baud Rate 
Generator 0 -¢ 

CKA,- Baud Rate 
°Not program Accessible 

Generator 1 

Figure 27. ASCI Block Diagram 



Clocked Serial 1/0 Port (CSI/O) 

The Z180 includes a simple, high speed clock, 
synchronous serial I/O port. The CSI/O includes trans­
mit/receive (half-duplex), fixed 8-bit data, and internal or 
extemal data clock selection. High speed operation (baud 
rate 200K bits/second at fC = 4 MHz) is provided. The 
CSI/O is ideal for implementing a multiprocessor com­
munication link between mulitple Zl 80s. These secon­
dary devices may typically perform a portion of the system 
I/O processing, i.e. keyboard scan/decode, LDC interface, 
etc. 

CSI/O Block Diagram. The CSI/O block diagram is shown 
in Fig. 28. The CSI/O consists of two registers - the Trans­
mit/Receive Data Register (TRDR) and Control Register 
(CNTR). 

CSI/O Transmit/Receive Data Register (TRDR: I/O Ad­
dress = OBH). TRDR is used for both CSI/O transmission 
and reception. Thus, the system design must insure that 
the constraints of half-duplex operation are met (Transmit 
and receive operation cannot occur simultaneously). For 
example, if a CSI/O transmission is attempted while the 
CSI/O is receiving data, a CSI/O will not work. Also note 
that TRDR is not buffered. Therefore, attempting to per­
form a CSI/O transmit while the previous transmit data is 
still being shifted out causes the shift data to be immediate­
ly updated, thereby corrupting the transmit operation in 

Programmable Reload Timer (PRT) 

The Z180 contains a two channel 16-bit Programmable 
Reload Timer. Each PRT channel contains a 16-bit down 
counter and a 16-bit reload register. The down counter is 
directly read and written and a down counter overflow in­
terrupt can be programmably enabled or disabled. Also, 
PRT channell has a TOUT output pin (pin 31 - multiplexed 
with A18) which can be set HIGH, LOW, or toggled. Thus, 
PRTl can perform programmable output waveform 
generation. 

PRT block diagram. The PRT block diagram is shown in 
Fig. 29. The two channels have seperate timer data and 
reload registers and a common status/control register. The 
PRT input clock for both channels is equal to the system 
clock divided by 20. 

Secondary Bus Interface 

E clock Output Timing. The Z180 also has a secon­
dary bus interface that allows it to easily interface with other 
peripheral families. 

These devices require connection with the Z180 

progress. Similarly, reading TRDR while a transmit or 
receive is in progress should be avoided. 

Internal Address/Data Bus 

TXS - CSI/O Transmit/Receive 
Data Register: 

CKS 

RXS TRDR (81 

CSI/O Control Register: 
CNTR (81 f--------' 

Interrupt Request 

Figure 28. CSI/O Block Diagram 

CSI/O Register Description 

CSI/O Control/Status Register (CNTR: I/O Address = 
OAH). CNTR is used to monitor CSI/O status, enable and 
disable the CSI/O, enable and disable interrupt generation, 
and select the data clock speed and source. 

Intemal Address/Data Bus 

q, + 20 z; Z} q, + 20 
I I 

Timer Data imer Data Timer Data Timer Data 

Register Ol Register OH T _mer Control Register lL Register 1 H ~T 
: TMOROL IBI TMDROH IBI - Register 

,..- : TMDRIL IB TMDRIH IBI 

Timer Reload Timer Reload 
: TCR IBI 

Timer Reload Timer Reload 

Register Ol Register OH Register II Register lH 

: RLDROL IBI : RLDROH IBI : TLDRIL IBI TLDRIH IBI 

L Interrupt Request 

Figure 29. PRT Block Diagram 

synchronous E clock output. The speed (access time) re­
quired for the peripheral devices are determined by the 
Z180 clock rate. Table 19, and Figures 80-82 define E 

clock output timing. 
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On-Chip Clock Generator 

The Z180 contains a crystal oscillator and system clock 
generator. A crystal can be directly connected or an exter­
nal clock input can be provided. In either case, the system 
clock is equal to one-half the input clock. For example, a 
crystal or external clock input of 8 MHz corresponds with 
a system clock rate of 4 MHz. 

The following table shows the AT cut crystal characteris­
tics (Co, Rs) and the load capacitance (CL 1, CL2) required 
for various frequencies of Z801 80 operation. 

~ 4MHz 4MHz < f ~ 12MHz 12MHz< f$. 16MHz 

Item 

Co < 7 pF < 7 pF <7 pF 

Rs <60n <son <60n 
CL I, CL~ 10 to 22 pF ±10% 10t022 pF ±1O% 10 to 22 pF ±10% 

·Table 4. 

Miscellaneous 

Free Running Counter (1/0 Address = 18H) 

Read only 8-bit free running counter without control 
registers and status registers. The contents of the 8-bit free 
running counter is counted down by one with an interval of 
10 dock cycles. The free running counter continues count­
ing down without being affected by the read operation. 
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If an external clock input is used instead of a crystal, the 
waveform (twice the clock rate) should exhibita 50%± 1 0% 
duty cycle. Note that the minimum clock input HIGH volt­
age level is Vcc-0.6V. The external dock input is con­
nected to the EXTAL pin, while the XTAL pin is left open. 
Fiq. 30 shows external clock interface. 

EXTAL 3 
mlJl·Extemal Clock Input 

XTAL 2 Open 

Figure 30. External Clock Interface 

If data is written into the free running counter, the interval 
of DRAM refresh cycle and baud rates for the ASCI and 
CSIIO are not guaranteed. 

In 10STOP mode, the free running counter continues 
counting down. It is initialized to FFH during RESET. 



SOFTWARE ARCHITECTURE 

Instruction Set. The Z180 is object code compatible 
with the Z80 CPU, refer to the Z80 CPU Technical Manual 
or the Z80 Assembly Language Programming Manual for 
further details. 

New Instructions Operation 

SLP Enter SLEEP mode 

MLT 8-bit multiply with 16-bit result 

INO g, (m) Input contents of immediate I/O 
address 

OUTO (m), g 

OTIM 

OTIMR 

OTOM 

OTDMR 

TSTIOm 

TSTg 

TSTm 

TST (HL) 

Output register contents to immediate 
I/O address 

Block output - increment 

Block output - increment and repeat 

Block output - decrement 

Block output - decrement and repeat 

Non-destructive AND, I/O port, and 
accumulator . 

Non-destructive AND, register, and 
accumulator 

Non-destructive AND, immediate data 
and accumulator. 

Non-destructive AND, memory data, 
and accumulator. 

SLP - Sleep. The SLP instruction causes the Z180 to 
enter the SLEEP low power consumption mode. See sec­
tion 2.4 for a complete description of the SLEEP state. 

ML T - Multiply. The MLT perlorms unsigned multiplication 
on two 8-bit numbers yielding a 16-bit result. ML T may 
specify BC, DE, HL or SP registers. In all cases, the 8-bit 

operands are loaded into each half of the 16-bit register 
and the 16-bit result is retumed in that register. 

OTIM, OTIMR, OTDM, OTDMR - Block I/O. The contents 
of memory pointed to by HL is output to the I/O address in 
(C). The memory address (HL) and 1/0 address (C) are in­
cremented in OTIM and OTIMR and decremented in 
OTDM and OTDMR, respectively. The B register is decre­
mented. The OTIMR and OTDMR variants repeat the 
above sequence until register B is decremented to O. Since 
the 1/0 address (C) is automatically incremented or decre­
mented, these instructions are useful for block 1/0 (such 
as Z180 on-chip 1/0) initialization. When 1/0 is ac­
cessed, OOH is output in high-order bits of address 
automatically. 

TSTIO m - Test 1/0 Port. The contents of the 1/0 port ad­
dressed by Care ANDed with immediately specified 8-bit 
data and the status flags are updated. The 1/0 port con­
tents are not written (non-destructive AND). When 1/0 is 
accessed, OOH is output in higher bits of address automati­
cally. 

TST g - Test Register. The contents of the specified 
register are ANDed with the accumulator (A) and the status 
flags are updated. The accumulator and specified register 
are not changed (non-destructive AND). 

TST m - Test Immediate. The contents of the immediate­
ly specified 8-bit data are ANDed with the accumulator (A) 
and the status flags are updated. The accumulator is not 
changed (non-destructive AND). 

TST (HL) - Test Memory. The contents of memory pointed 
to by HL are ANDed with the accumulator (A) and the 
status flags are updated. The memory contents and ac­
cumulator are not changed (non-destructive AND). 

INO g, (m) - Input, Immediate 110 address. The contents 
of immediately specified 8-bit 1/0 address are input into the 
specified register. When 1/0 is accessed, OOH is output in 
high-order bits of the address automatically. 

OUTO (m), g - Output, immediate 1/0 address. The con­
tents of the specified register are output to the immediate­
ly specified 8-bit 1/0 address. When 1/0 is accessed, OOH 
is output in high-order bits of the address automatically. 
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CPU Registers 
The Z180 CPU registers consist of Register Set GR, 

Register Set GR' and Special Registers. 
The Register Set GR consists of 8-bit Accumulator (A), 

8-bit Flag Register (F), and three General Purpose 
Registers (BC, DE, and HL) which may be treated as 16-
bit registers (BC, DE, and HL) or as individual 8-bit 
registers (B, C, D, E, H, and L) depending on the instruc­
tion to be executed. The Register Set GR' is altemate 
register set of Register Set GR and also contains Ac­
cumulator (A'), Flag Register (F') and three General Pur­
pose Registers (BC', DE', and HL'). While the altemate 
Register Set GR' contents are not directly accessible, the 
contents can be programmably exchanged at high speed 
with those of Register Set GR. 

The Special Registers consist of 8-bit Interrupt Vector 
Register (I), 8-bit R Counter (R), two 16-bit Index Registers 
(IX and IY), 16-bit Stack Pointer (SP), and 16-bit Program 
Counter (PC). 

Fig. 31 shows CPU registers configuration. 

Register Set GR 

Accumulator Flag Register 
A F 

B Register C Register 

o Register E Register 

H Register L Register 
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} 

General 
Purpose 
Registers 

Register Set GR' 

Accumulator Flag Register 
A' F' 

B' Register C' Register 

0' Register E' Register 

H' Register L' Register 

Special Registers 

Interrupt R Counter 
Vector Register 

I R 

Index Register IX 

Index Register IY 

Stack Pointer SP 

Program Counter PC 

} 

General 
Purpose 
Registers 

Figure 31 . CPU Registers 



za0180 ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage Vee 

Input Voltage V'" 
Operating Temperature Standard I Topr 

Extended I Topr 

Storage Temperature TI,g 

Value Unit 

-0.3 - +7.0 V 

- 0.3 - Vee+ 0.3 V 

0-70 DC 
-40- 85 DC 

55 - +150 ·C 

(NOTE) Permanent LSI damage may occur if maximum ratings are IIxCaeded. Normal operation 
ahould be under recommandad Op8rating conditions. H these conditioos Ire IIxC8eded. it 
cDlJId affect reliability of LSI. 

ST ANDARD TEST CONDITIONS 

The DC CharacteristiCS and Capacitance sections below 
apply to the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin (Test Load 
Configuration). 

All AC parameters assume a load capacitance of 100 pF. 
Add 10 ns delay for each 50 pF increase in load up to a 
maximum of 200 pF for the data bus and 100 pF for the 
address and control lines. AC timing measurements are 
referenced to 1.5 volts (except for CLOCK, which is refer­
enced to the 10% and 90% points). 

From Output 
Under Test 

200 f1A 

= = 
Test Load Configuration 
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Z80180 DC CHARACTERISTICS 
Vcc=5V ±10%, Vss=OV, over specified temperature range unless otherwise noted. 

Sym Item Condition Min Typ Max Unit 

VIH1 Input "H" Voltage Vee -0.6 Vee +0.3 V 
/RESET, EXTAL/NMI 

VIH2 Input "H" Voltage except 2.0 Vee +0.3 V 
/RESET, EXTAL /NMI 

VIL1 Input "L" Voltage -0.3 0.6 V 
/RESET, EXTAL /NMI 

VI12. Input "L" Voltqge except -0.3 0.8 V 
/RESET, EXTAL/NMI 

VOH Output "H" Voltage 10H = -200 J1A 2.4 V 
All outputs 

10H = -20 J1A Vee -1.2 V 

VOL Output "L" Voltage 10l = 2.2mA 0.45 V 
All outputs 

Vll Input Leakage Current VIN = 0.5, Vee -0.5 1.0 J1A 
All inputs except 
XTAL, ETAL 

ITL Tri-state Leakage Current VIN = 0.5, Vee -0.5 1.0 J1A 
I • ee Power Dissipation' f = 6 MHz 15 40 mA 

(Normal Operation) f = 8 MHz 20 50 mA 
f = 10 MHz 25 60 mA 

Power Dissipation' f= 6 MHz 3.8 12.5 mA 
(SYSTEM STOP mode) f = 8 MHz 5 15.0 mA 

f = 10 MHz 6.3 17.5 mA 

Cp Pin Capacitance VIN = OV, f = 1 MHz 12 pF 
TA = 25°C 

Notes: 
'VHmin = Vee -1.0V, VlLmax = O.8V(AII output terminals are at no load.) 
Vee = 5.0V 
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Z80180 AC CHARACTERISTICS 
(Vcc=5V ± 10%, Vss=OV, over specified temperature range, unless otherwise noted.) 

Z8018006 Z8018008 Z8018010 Unit Note 
No Sym Parameter Min Max Min Max Min Max 

1 tcyc Clock Cycle Time 162 2000 125 2000 100 2000 ns [1] 
2 tCHW Clock Pulse Width (High) 65 55 40 ns [1] 
3 tCLW Clock Pulse Width (Low) 65 55 40 ns [1] 
4 tcl Clock Fall Time 15 15 10 ns [1] 

5 tcr Clock Rise Time 15 15 10 ns [1] 
6 lAD Address Vaild From Clock Rise 90 80 70 ns 
7 lAS Address Valid To IMREQ, IIORO Fall 30 20 10 ns 
8 tMEDl Clock Fall To IMREO Fall Delay 60 50 50 ns 
9 tRDDl Clock Fall To/RD Fall (lIOC=l) 60 50 50 ns 

Clock Rise To /RD Fall (lIOC=O) 65 60 55 ns 

10 tM1Dl Clock Rise To /Ml Fall Delay 80 70 60 ns 
11 IAH Address Hold Time (lMREO, IIORO, /RD, /WR) 35 20 10 ns 
12 tMED2 Clock Fall To /MREO Rise Delay 60 50 50 ns 
13 tRDD2 Clock Fall To IRD Rise Delay 60 50 50 ns 
14 tM1D2 Clock Rise To /Ml Rise Delay 80 70 60 ns 

15 tORS Data Read Setup Time 40 30 25 ns 
16 tDRH Data Read Hold lime 0 0 0 ns 
17 tS10l Clock Edge To ST Fall 90 70 60 ns 
18 tS102 Clock Edge To ST Rise 90 70 60 ns 
19 tWS /WAIT Setup Time To Clock Fall 40 40 30 ns 

20 tWH /WAIT Hold Time From Clock Fall 40 40 30 ns 
21 tWDZ Clock Rise To Data Float Delay 95 70 . 60 ns 
22 tWRDl Clock Rise To /WR Fall Delay 65 60 50 ns 
23 tWDD Clock Fall To Write Data Delay 90 80 60 ns 
24 tWDS Write Data Setup Time To /WR 40 20 15 ns 

25 tWRD2 Clock Fall To /WR Rise 80 60 50 ns 
26 tWRP /WR Pulse Width (Memory Write Cycles) 170 130 110 ns 
26a /WR Pulse Width (1/0 Write Cycles) 332 225 210 ns 
27 tWDH Write Data Hold Time From /WR Rise 40 15 10 ns 
28 1I0Dl Clock Fall To IIORO Fall Delay (lIOC=l) 60 50 50 ns 

Clock Rise To IIORO Fall Delay (lIOC=O) 65 60 55 ns 
29 1I0D2 Clock Fali/lOOR Rise Delay 60 50 50 ns 

30 1I0D3 IMl Fall To IIORO Fall Delay 340 250 200 ns 
31 liNTS liNT Setup Time To Clock Fall 40 40 30 ns 
32 IINTH liNT Hold Time From Clock Fall 40 40 30 ns 
33 tNMIW INMI Pulse Width 120 100 80 ns 
34 !BRS IBUSREO Setup Time To Clock Fall 40 40 30 ns 

35 tBRH IBUSREO Hold Time From Clock Fall 40 40 30 ns 
36 tBADl Clock Rise To /BUSACK Fall Delay 95 70 60 ns 
37 tBAD2 Clock Fall To IBUSACK Rise Delay 95 70 60 ns 
38 tBZD Clock Rise To Bus Floating Delay Time 125 90 80 ns 
39 tMEWH IMREO Pulse Width (High) 110 90 70 ns 
40 tMEWL IMREO Pulse Width (Low) 125 100 80 ns 
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Z80180 AC CHARACTERISTICS (Continued) 
(Vcc=5V ± 10%, Vss=OV, over specified temperature range, unless otherwise noted.) 

Z8018006 Z8018008 Z8018010 Unit Note 
No Sym Parameter Min Max Min Max Min Max 

41 tRFDl Clock Rise To /RFSH Fall Delay 90 80 60 ns 
42 tRFD2 Clock Rise To /RFSH Rise Delay 90 80 60 ns 
43 tHAD 1 Clock Rise To /HALT Fall Delay 90 80 50 ns 
44 tHAD2 Clock Rise To /HALT Rise Delay 90 80 50 ns 
45 toRQS /DREQi Setup Time To Clock Rise 40 40 30 ns 

46 toRQH IDREQi Hold Time From Clock Rise 40 40 30 ns 
47 tTEDl Clock Fall To /TENDi Fall Delay 70 60 50 ns 
48 tTED2 Clock Fall To /TENDi Rise Delay 70 60 50 ns 
49 tEDl Clock Rise To E Rise Delay 95 70 60 ns 
50 tED2 Clock Edge To E Fall Delay 95 70 60 ns 

51 PWEH E Pulse Width (High) 75 65 55 ns 
52 PWEl E Pulse Width (low) 180 130 110 ns 
53 tEr Enable Rise Tirne 20 20 20 ns 
54 tEl Enable Fall Time 20 20 20 ns 
55 nOD Clock Fall To Timer Output Delay 300 200 150 ns 

56 tSTDI CSI/O Tx Data Delay Time 200 200 150 ns 
(Internal Clock Operation) 

57 tSTDE CSI/O Tx Data Delay Time 7.5tcyc+300 7.5tcyc+200 7.5tcyc+ 150 ns 
(External Clock Operation) 

58 tSRSI CSI/O Rx Data Setup Time tcyc 
(Internal Clock Operation) 

59 tSRHI CSI/O Rx Data Hold Time tcyc 
(Internal Clock Operation) 

60 tSRSE CSI/O Rx Data Setup Time tcyc 
(External Clock Operation) 

61 tSRHE CSI/O Rx Data Hold Time teyc 
(External Clock Operation) 

62 tRES /RESET Setup Time To Clock Fall 120 100 80 ns 
63 tREH IRESET Hold Time From Clock Fall 80 70 50 ns 
64 tOSC Oscillator Stabilization Time 20 20 20 ms 
65 tEXr External Clock Rise Time (EXTAl) 25 25 15 ns 

66 tEXt External Clock Fall Time (EXTAl) 25 25 15 ns 
67 tRr IRESET Rise Time 50 50 50 ms [2] 
68 tRt IRESET Fall Time 50 50 50 ms [2] 
69 tlr Input Rise Time (Except EXTAl,/RESET) 100 100 100 ns [2] 
70 til Input Fall Time (Except EXTAl, IRESET) 100 100 100 ns [2] 

Notes: 
[1] tcyc=tCHW+tCLW+tcf+tcr 
[2] This parameter has to be modified if other 

specification( s) cannot be met. 
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Z8S180 ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Symbol Description Min Max Unit 

Vee Supply Voltage * -0.3 +7.0 V 
V1N Input Voltage -0.3 Vcc+0.3 V 
TOPA Operating Temp -40 +100 C 
TSTG Storage Temp -55 +150 C 

STANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance sections below 
apply to the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin (Test Load 
Configuration). 

All AC parameters assume a load capacitance of 100 pF. 
Add 10 ns delay for each 50 pF increase in load up to a 
maximum of 200 pF for the data bus and 100 pF for the 
address and control lines. AC timing measurements are 
referenced to 1.5 volts (except for CLOCK, which is refer­
enced to the 10% and 90% pOints). 

Permanent LSI damage may occur if maximum ratings are 
exceeded. Normal operation should be under recom-
mended operating conditions. If these conditions are 
exceeded, it could affect reliability of LSI. 

From Output 
Under Test 

200 f1A 

+5V 

= = 

Test Load Configuration 

2.1 kn 
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Z8S180 DC ELECTRICAL CHARACTERISTICS 
(Vee = 5V ± 1 0%, V ss=OV, over specificied temperature range, unless otherwise noted.) 

Symbol Item Condition Min Typ Max Unit 

VIH1 Input "H" Voltage Vee-0.6 Vee+0.3 V 
Reset, EXTAL, NMI 

VIH2 Input "H" Voltage 2.0 Vee+0.3 V 
Except Reset, EXTAL, NMI 

Vll1 Input "L" Voltage -0.3 0.6 V 
Reset, EXTAL, NMI 

VI12 Input "L" Voltage -0.3 0.8 V 
Except Reset, EXT AL, NMI 

VOH1 Output "H" Voltage IOH = -200 JIA 2.4 V 
All Outputs IOH = -20 JIA Vee-1.2 V 

V0H2 Output "H" PHI IOH = -200 JIA Vee-0.6 V 

VOL1 Output "L" Voltage IOL= 2.2 mA 0.45 V 
All Outputs 

V012 Output "L" PHI IOL=2.2 mA 0.45 V 

IlL Input Leakage VIN=0.5 to Vee-0.5 1.0 JIA 
Current All Inputs 
ExceptXTAL,EXTAL 

ITL Tri-state Leakage Current VIN=0.5 to Vee-0.5 1.0 JIA 

lee * Power Dissipation f = 16 MHz 45 100 mA 
(Normal Operation) f = 20 MHz 50 120 mA 

Power Dissipation f = 16 MHz 10 30 mA 
(System STOP mode) f = 20 MHz 15 40 mA 

Power Dissipation External Oscillator, 10 JIA 
(STANDBY Mode) Internal Clock Stops 

Cp Pin Capacitance VIN=OV, 12 pF 
f = 1 MHz 
TA = 25°C 

Notes: 
• V.,min = V",,-1.0V, VLmax = O.SV (all outputtermianls are at no load). 
Vcc=5.0V 
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Z8S180 AC CHARACTERISTICS 
(Vcc=5V ± 10%, Vss=OV, over specified temperature range, unless otherwise noted.) 

ZBS1B016 ZBS1B020 Unit Note 
No Sym Parameter Min Max Min Max 

1 tcyc Clock Cycle time 62 2000 50 2000 ns [1] 
2 tCHW Clock Pulse width (high) 25 20 ns [1] 
3 tCLW Clock Pulse width (low) 25 20 ns [1] 
4 tcf Clock Fall time 6 5 ns [1] 

5 tcr Clock Rise time 6 5 ns [1] 
6 tAD Address vaild from Clock Rise 35 30 ns 
7 tAS Address valid to IMREO, IIDRO Fall 5 5 ns 
8 tMEDl Clock Fall to IMREQ Fall delay 25 25 ns 
9 tRDDl Clock Fall to IRD Fall (lIOC= 1) 25 25 ns 

Clock Rise to IRD Fall (lIOC=O) 25 25 ns 

10 tM1Dl Clock Rise to IMl Fall delay 45 35 ns 
11 tAH Address Hold time (lMREQ, IIORO, IRD, /WR) 5 5 ns 
12 tMED2 Clock Fall to IMREQ Rise Delay 30 25 ns 
13 tRDD2 Clock Fall to IRD Rise delay 30 25 ns 
14 tM1D2 Clock Rise to IMl Rise delay 45 40 ns 

15 toRS Data Read Setup Time 15 10 ns 
16 tDRH Data Read Hold time 0 0 ns 
17 tSTDl Clock Edge to ST Fall 35 30 ns 
18 tSTD2 Clock Edge to ST Rise 35 30 ns 
19 tWS /WAIT setup time to Clock Fall 15 15 ns [2] 

20 tWH /WAIT Hold time from Clock Fall 10 10 ns 
21 tWDZ Clock Rise to Data Float Delay 40 35 ns 
22 tWRDl Clock Rise to /WR Fall delay 25 25 ns 
23 tWDD Clock Fall to Write Data Delay 30 25 ns 
24 tWOS Write Data Setup time to /WR 10 10 ns 

25 tWRD2 Clock Fall to /WR Rise 30 25 ns 
26 tWRP /WR Pulse Width (Memory Write Cycles) 80 80 ns 
26a /WR Pulse Width (1/0 Write Cycles) 150 150 ns 
27 tWDH Write Data Hold time from /WR Rise 10 10 ns 
28 11001 Clock Fall to IIORO Fall delay (lIOC= 1) 30 25 ns 

Clock Rise to IIORO Fall delay (lIOC=O) 30 25 ns 
29 11002 Clock Fall IIOOR Rise Delay 30 25 ns 

30 11003 IMl Fall to IIORO Fall delay 120 100 ns 
31 liNTS liNT Setup Time to Clock Fall 20 20 ns 
32 II NTH liNT Hold Time from Clock Fall 10 10 ns 
33 tNMIW INMI Pulse width 40 35 ns 
34 tBRS IBUSREQ Setup Time to Clock Fall 10 10 ns 

35 tBRH IBUSREQ Hold Time from Clock Fall 10 10 ns 
36 tBADl Clock Rise to IBUSACK Fall delay 30 25 ns 
37 tBAD2 Clock Fall to IBUSACK Rise delay 30 25 ns 
38 tBZD Clock Rise to Bus Floating Delay Time 45 40 ns 
39 tMEWH IMREQ Pulse Width (High) 45 35 ns 
40 tMEWL IMREQ Pulse Width (LOW) 45 35 ns 
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Z8S180 AC CHARACTERISTICS (Continued) 
(Vcc=5V ± 10%, Vss=OV, over specified temperature range, unless otherwise noted.) 

Z8S18016 Z8S18020 Unit Note 
No Sym Parameter Min Max Min Max 

41 tRFD1 Glock Rise 10 IRFSH Fall Delay 25 20 ns 
42 IRFD2 Glock Rise 10 IRFSH Rise Delay 25 20 ns 
43 tHAD1 Glock Rise 10 IHAL T Fall Delay 20 15 ns 
44 tHAD2 Glock Rise to IHAL T Rise Delay 20 15 ns 
45 tDRQS IDREQi Setup Time 10 Glock Rise 20 20 ns 

46 tDRQH IDREQi Hold Time from Glock Rise .20 20 ns 
47 tTED1 Glock Fall to /TENDi Fall Delay 30 25 ns 
48 tTED2 Glock Fall 10 /TENDi Rise Delay 30 25 ns 
49 tED1 Glock Rise 10 E Rise Delay 35 30 ns 
50 IED2 Glock Edge 10 E Fall Delay 35 30 ns 

51 PWEH E Pulse Width (High) 30 25 ns 
52 PWEL E Pulse Widlh (Low) 60 50 ns 
53 IEr Enable Rise Time 10 10 ns 
54 lEI Enable Fall Time 10 10 ns 
55 ITOD Glock Fall 10 TImer Oulpul Delay 100 75 ns 

56 tSTDI GSI/O Tx Data Delay Time 100 75 ns 
(Internal Glock Operation) 

57 ISTDE GSI/O T x Data Delay Time 7.5lcyc +100 7.5Icyc+75 ns 
(External Glock Operation) 

58 ISRSI GSI/O Rx Data Setup Time leyc 
(Internal Glock Operation) 

59 ISRHI GSI/O Rx Dala Hold Time Tcyc 
(Internal Glock Operation) 

60 tSRSE GSI/O Rx Dala Setup Time Tcyc 
(External Glock Operation) 

61 ISRHE GSI/O Rx Data Hold Time Tcyc 
(External Glock Operation) 

62 IRES IRESET Setup time 10 Glock Fall 45 40 ns 
63 IREH IRESET Hold lime from Glock Fall 30 25 ns 
64 IOSG Oscillator Stabilization Time 20 20 ms 
65 tEXr External Glock Rise Time (EXT AL) 6 5 ns 

66 tEX! Exlernal Glock Fall Time (EXTAL) 6 5 ns 
67 IRr IRESET Rise Ti me 50 50 ms [2] 
68 IRf IRESET Fall Time 50 50 ms [2] 
69 tlr Inpul Rise Time (Excepl EXTAL, IRESET) 50 50 ns [2] 
70 til Input Fall Time (Except EXTAL, IRESET) 50 50 ns [2] 

Noles: 
[1] tcyc=tcHW+tcLW+tcf+tcr 
[2] This parameter has to be modified if other specification(s) can not 

be met. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (Continued) 
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FEATURES 

• Z80180Compatibie MPU Core with 1 channelofZ85C30 
SCC, Z80 CTC, two 8-bit general purpose parallel 
ports, and two Cllip select signals. 

• High speed operation (10/12.5 MHz) 

• Low power consumption in two operating modes: 
55 mA Typ. (Run mode) 
30 mA Typ. (STOP mode) 

• Wide operational voltage range (5V ±10%) 

• TTL/CMOS compatible 

• Clock Generator 

II One channel of Z85C30 Serial Communication Controller 
(SCC) 

GENERAL DESCRIPTION 

The Z80181 I/O Controller (Ilereinafter, referred to as 
Z181) is a CMOS 8-bit microprocessor. It is integrated with 
the Z180 compatible MPU (Z181 MPU), one channel of 
Z85C30 Serial Communication Controller (SCC), Z80 CTC, 
two 8-bit general purpose parallel ports, and two chip 
select signals, all into a single 100-pin QFP (Quad Flat 
Pack) package. This high-end superintegrated intelligent 
peripheral controller is targeted for a broad range of 
intelligent communication control applications, i.e., termi­
nals, printers, modems, and slave communication proces-

PRELIMINARY PRODUCT SPECIFICATION 

Z80181 
ZIOTI.I CONTROLLER 

ZILOG I/O CONTROLLER 

• Z180 Compatible MPU core, whicll has: 
Enllanced Z80 CPU core 
Memory Management Unit (MMU) enables access 

to 1 Mbyte of memory 
Two Asynchronous cllannels 
Two DMA channels 
Two 16-bit Timers 
Clocked serial I/O Port 

• Z84C30 CTC 

• Two 8-bit general purpose parallel ports 

• Memory configurable RAM and ROM chip select pins 

• 100-pin QFP Package 

sors for 8-, 16- and 32- bit MPU based systems. Also 
included are enhancement/cost reductions of existing 
hardware using Z80/Z180 with Z8530/Z85C30 applica­
tions. Figure 1 shows the block diagram of tile Z80181. 

Note: All Signals with a preceding front slash, "r, are active 
Lowe.g.; BIIW (WORD is active Low); IBIW (BYTE is active 
Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 
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Figure 1. Z80181 Block Diagram 
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PIN DEFINITIONS 

The pin assignment is shown on Figure 2. Following is ttle 
description on each pin. 
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CPU SIGNALS 

Pin Name Pin Number Input/Output, 3-State Function 

A19 - AO 4-17,19-21, I/O, Active 1 Address Bus. A 19 - AO form a 20-bit address bus which 
64,65,91 specifies I/O and memory addresses to be accessed. 

During the refresh period, addresses for refreshing are 
output. The address bus enters a high-impedance state 
during Reset and external bus acknowledge cycles. The 
bus is an input when the external bus master is accessing 
the on-chip peripherals. Address line A 18 is multiplexed 
with the output of PRT Channel 1 (TOUT, selected as 
address output on Reset). 

07-00 22-29 I/O, Active 1 a-bit bidirectional data bus. When the on-chip CPU is 
accessing on-chip peripherals, these lines are outputs 
and hold the data to/from the on-chip peripherals. 

/RO 89 I/O, Active 0 Read signal. CPU read signal for accepting data from 
memory or I/O devices. When an external master is ac-
cessing the on-chip peripherals, it is an input signal. 

/WR 88 I/O, Active 0 Write Signal. Ttlis signal is active when data to be stored 
in a specified memory or peripheral device is on the MPU 
data bus. When an external master is accessing the on-
chip peripherals, it is an input signal. 

/MREO 85 I/O, 3-State, Active a Memory request signal. When an effective address for 
memory access is on the address bus, /MREO is active. 
This signal is analogous to the /ME signal of the Z64180. 

/IORO 84 I/O, 3-State, Active 0 I/O request signal. When addresses for I/O are on the lower 
8 bits (A7-AO) of tile address bus in the I/O operation, "0" 
is output. In addition, the /IORO signal is output wittl the 
/M1 signal during the interrupt acknowledge cycle to 
inform peripheral devices thatthe interrupt response vector 
is on the data bus. This signal is analogous to the /IOE 
signal of the Z64180. 

/M1 87 Out, 3-State, Active 0 Machine cycle "1". /MREO and /M1 are active together 
during the operation code fetell cycle. /M1 is output for 
every opcode fetch when a two byte opcode is executed. 
In the maskable interrupt acknowledge cycle, this signal is 
output together with /IORO. It is also used with /HAL T and 
ST signal to decode the status of the CPU Machine cycle. 
This signal is analogous to the /LiR signal of the Z64180. 

/RFSH 83 Out, 3-state, Active 0 The Refresh signal. When the dynamic memory refresh 
address is on the low order 8-bits of the address bus (A7 
- AO), /RFSH is active along with the /MREO signal. This 
signal is analogous to the /REF signal of the Z64180. 
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CPU SIGNALS (Continued) 

Pin Name Pin Number Input/Output, 3-State 

/INTO 100 Wired-OR I/O, Active 0 

/INn, 1, 2, In, Active 0 
/INT2 

/NMI 99 In, Active 0 

/HALT 81 Out, 3-State, Active 0 

/BUSREO 97 In, Active 0 

/BUSACK 96 Out, Active 0 

/WAIT 95 Wired-OR I/O, Active 0 

Function 

Maskable Interrupt Request O. Interrupt is generated by 
peripheral devices. This signal is accepted if the interrupt 
enable Flip-Flop (IFF) is set to "1". Internally, the SCC and 
CTC's interrupt signals are connected to this line, and 
require an external pull-up resistor. 

Maskable Interrupt Request 1 and 2. Tilis signal is gener­
ated by external peripheral devices. The CPU honors 
1I1ese requests at the end of current instruction cycle as 
long as the /NMI, /BUSREO and /INTO signals are inactive. 
The CPU will acknowledge these interrupt requests with an 
interrupt acknowledge cycle. Unlike the acknowledge­
ment for /INTO, during this cycle, neitiler /M1 or /lORO will 
become active. 

Non-maskable interrupt request signal. This interrupt re­
quest has a Iligher priority than the maskable interrupt 
request and does not rely upon the state of the interrupt 
enable Flip-Flop (IFF). 

Halt signal. This signal is asserted after the CPU has 
executed either the HALT or SLP instruction, and is waiting 
for eitiler non-maskable interrupt maskable interrupt be­
fore operation can resume. It is also used with the /M 1 and 
ST signals to decode the status of the CPU machine cycle. 

BUS request signal. This signal is used by external devices 
(such as a OMA controller) to request access tothe systern 
bus. This request has higher priority than /NMI and is 
always recognized at the end of the current machine cycle. 
This signal will stop the CPU frorn executing further instruc­
tions and place the address bus, data bus, /MREO, /IORO, 
/RO and /WR signals into the high impedance state. 
/BUSREO is normally wired-OR and a pull-up resistor is 
externally connected. 

Bus Acknowledge signal. In response to /BUSREO signal, 
/BUSACK informs a peripheral device III at the address 
bus, data bus, /MREO, /IORO, /RO and /WR signals have 
been placed in the high irnpedance state. 

Wait signal. /WAIT inforrns the CPU that the specified 
rnemoryor peripheral is not ready for a data transfer. As 
long as/WAIT signal is active, the MPU is continuously kept 
in the wait state. Internally, the /WAIT signal from tile SCC 
interface logic is connected to this line, and requires an 
external pull-up resistor. 
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PERIPHERAL SIGNALS 

Pin Name Pin Number Input/Output, 3-State Function 

RXAO,RXA1 70, 74 In, Active 1 ASCI Receive data 0 and 1. These signals are the receive 
data to the ASCI channels. 

TXAO, TXA1 69, 72 Out, Active 1 ASCI Transmit data 0 and 1. Tilese signals are the receive 
data to the ASCI channels. Transmit data changes are with 
respect to the falling edge of the transmit clock. 

/RTSO 66 Out, Active 0 Requestto send O. This is a programmable modem control 
signal for ASCI cllannel O. 

/DCDO 68 In, Active 0 Data Carrier Detect O. This is a programmable modem 
control signal for ASCI channel O. 

/CTSO 67 In, Active 0 Clear To Send O. This is a programmable modem control 
signal for ASCI channel O. 

/CTS1/RXS 77 In, Active 0 Clear To Send O/Clocked Serial Receive Data. Tilis is a 
programmable modem control signal for ASCI cllannel O. 
Also, this signal becomes receive data for ttle CSIO 
channel under program control. On power-on Reset, this 
pin is set as RxS. 

CKAO//DREOO 71 I/O, Active 1 Asynchronous ClockO/DMACO request. This pin is the 
transmit and receive clock for the Asynchronous channel 
O. Also, under program control, this pin is used to request 
a DMA transfer from DMA channel O. DMAO monitors this 
input to determine wilen an external device is ready for a 
read or write operation. On power-on Reset, this pin is 
initialized as CKAO. 

CKA 1//TENDO 75 I/O, Active 1 Asynchronous Clock1/DMACO Transfer end. This pin is ttle 
transmit and receive clock for the Asyncllronous cllannel 
1. Also, under program control, this pin becomes 
/TENDO and is asserted during the last write cycle of the 
DMAO operation and is used to indicate the end of the 
block transfer. On power-on Reset, this pin initializes 
as CKA1. 

/TEND1 80 Out, Active 0 DMAC1 Transfer end. This pin is asserted during the last 
write cycle of the DMA 1 operation and is used to indicate 
the end of the block transfer. 

CKS 78 I/O, Active 1 CSIO clock This line is the clock for the CSIO channel. 

TXS 76 Out, Active 1 CSI/O Tx Data. This line carries the transmit data from the 
CSIO channel. 

/DRE01 79 In, Active 0 DMAC1 reque,st. This pin is used to request a DMA transfer 
from DMA chimnel 1. DMA 1 monitors tllis input to deter-
mine when an external device is ready for a read or write 
operation. 
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see SIGNALS 

Pin Name Pin Number 

/W//REO 51 

/SYNC 50 

RxO 52 

/RTxC 49 

Input/Output, 3-State 

Active 0 

I/O, Active 0 

In, Active 1 

In, Active 0 

Function 

Wait/Request. Open-drain wilen programmed for a Wait 
function, driven" 1" or "0" wilen programming for a Request 
function. Used as /WAIT or /REQUEST depending upon 
SCC programming. When programmed as /WAIT, this 
signal is asserted to alert the CPU that addressed memory 
or I/O devices are not ready and that tile CPU should wait. 
Wilen programmed as /REQUEST, this signal is asserted 
wilen a peripheral device associated with a DMA port is 
ready to read/write data. After reset, this pin becomes 
"/WAIT". 

Synchronization. This pin can act either as input, output, or 
part of the crystal oscillator circuit. In asynchronous re­
ceive mode (crystal oscillator option not selected), tllis pin 
is an input similar to /CTS and lOCO. In this mode, transi­
tions on this line affect the state of tile Sync/Hunt status bit 
in Read Register 0 but has no other function. 

In external sync mode with crystal oscillator option not 
setected, this line also acts as an input. In ttlis mode, 
/SYNC must be driven "0" two receive clock cycles after 
the last bit in the synchronous character is received. 
Character assembly begins on the rising edge of the 
receive clock immediately preceding the activation 
of /SYNC. 

In internal sync mode (Monosync and Bisync) witll the 
crystal oscillator option not setected, this line acts as 
output and is active only during the part of the receive clock 
cycle in which a synchronous character is recognized 
(regardless of character boundaries). In SOLC mode, this 
pin acts as an output and is valid on receipt of a flag. 

Receive Data. Ttlis input signal receives serial data at 
standard TTL levels. 

ReceivelTransmit clock. Tl1is pin can be programmed in 
several different modes of operation. /RTxC may supply 
the receive clock, the transmit clock, the clock for ttle Baud 
Rate Generator, or the clock for the Digital Phase-Locked 
Loop. This pin can also be programmed for use with the 
/SYNC pin.as a crystal oscillator. The receive clocks can be 
1, 16,32, or 64 times the data transfer rate in Asynchronous 
mode. 
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see SIGNALS (Continued) 

Pin Name Pin Number 

{fRxC 53 

TxD 54 

/DTR//REQ 55 

/RTS 56 

/CTS 

/DCD 58 
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Input/Output, 3-State 

I/O, Active 0 

Out, Active 1 

Out, Active 0 

Oul, Active 0 

In, Active 0 

In, Active 0 

Function 

Transmit/Receive Clock. This pin can be programmed in 
several different modes of operation. {fRxC can supply the 
receive clock or the transmit clock in the input mode. Also, 
it can supply the outputof the Digital Phase-Locked Loop, 
the crystal oscillator, the Baud Rate Generator, or the 
transmit clock in the output mode. 

Transmit Data. This Output signal transmits serial data at 
standard TTL level. 

Data Terminal Ready/Request. This output follows the state 
programmed into the DTR bit. It can also be used as 
general purpose output or as Request line for a DMA 
controller. 

Request To Send. When the RTS bit in Write Register 5 is 
set, the /RTS signal goes low. When the RTS bit is reset in 
Asynchronous mode and auto enable is on, the signal 
goes Iligh after IIle transmitter is empty. In synchronous 
mode or in Asynchronous mode, with Auto Enable off, the 
/RTS pin follows the state of the RTS bit. This pin can be 
used as a general purpose output. 

Clear To Send. If this pin is programmed as auto enable, 
a "0" on the input enables the transmitter. II not pro­
grammed as Auto Enable, it may be used as a general 
purpose input. This input is Schmitt-trigger buffered to 
accommodate inputs with slow rise times. The SCC de­
tects pulses on this input and can interrupt the CPU on bolll 
logic level transitions. 

Data Carrier Detect. This pin functions as receiver enable 
if it is programmed for auto enable. Otherwise, it may be 
used as a general purpose input. This input is Schmitt­
trigger buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on this input and can interrupt the 
CPU on bolll logic level transitions. 



PIA/CTC SIGNALS 

Pin Name Pin Number Input/Output, 3-State 

PIA17-PIA14 35-38 I/O 

PIA 13~PIA 1 0 31-34 I/O 

PIA27-20 41-48 I/O 

SYSTEM CONTROL SIGNALS 

Pin Name Pin Number Input/Output, 3-State 

ST 3 Out, Active 1 

Function 

Port 1 Data 7-Port 1 Data 4 or CTC ZCfT03 - ZCfTOO. 
These lines can be configured as inputs or outputs on a 
bit -by-bit basis. Also, under program control, tllese bits 
become Z80 CTC's ZC{r03 - ZC/TOO, and in either timer 
or counter mode, pulses are output when tile down counter 
has reached zero. On reset, these signals function as 
PIA17-14 and are inputs. 

Port 1 Data 3-Port 1 Data 0 or CTC CLKlTRG3-0. These lines 
can be configured as inputs or outputs on a bit by bit basis. 
Also. under program control, these bits become Z80 
CTC's CLK{rRG3-CLK/TRGO, and correspond to four 
Counter/Timer Channels. In the counter mode, each active 
edge causes the downcounter to decrement by one. In 
timer mode, an active edge starls the timer. It is program 
selectable whether the active edge is rising or falling. On 
reset, these signals are set to PIA13-10 as inputs. 

Port 2 Data. These lines are configured as inputs or out­
puts on a bit-by-bit basis. On reset, they are inputs. 

Function 

Status. This signal is used with the /M1 and IHAL T output 
to decode the status of the CPU machine cycle. Note that 
the IM1 output is affected by the status of the M1 E bit in tile 
OMCR register. The following table shows the status while 
.M1E=1. 

ST IHALT IM1 Operation 

0 0 CPU Operation 
(1st Op-code fetch) 

0 CPU Operation 
(2nd and 3rd Op-code fetch) 
CPU Operation 
(MC other than Op-code fetch) 

0 X 1 DMA operation 
0 0 0 HALT mode 
1 0 1 SLEEP mode 

(Incl. System STOP mode) 
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SYSTEM CONTROL SIGNALS (Continued) 

Pin Name Pin Number Input/Output, 3-State Function 

lEI 62 In, Active 1 Interrupt enable input signal. lEI is used with the lEO to form 
a priority daisy chain when there is more than one interrupt-
driven peripheral. 

lEO 60 Out. Active 1 The interrupt enable output signal. In the daisy-chain 
interrupt control, lEO controls the interrupt of external 
peripherals. lEO is active wilen lEI is "1" and the CPU is not 
servicing an interrupt from the on-chip peripherals. 

fROMCS 61 Out. Active 0 ROM Chip select. Used to access ROM. Refer to "Func-
tional Description" on chip select signals for further expla-
nation. 

fRAMCS 30 Out. Active 0 RAM Chip Select. Used to access RAM. Refer to "Func-
tional Description" on chip select signals for further expla-
nation. 

fRESET 98 In, Active 0 Reset signal. fRESET signal is used for initializing the MPU 
and other devices in the system. It must be kept in the 
active state for a period of at least 3 system clock cycles. 

EXTAL 94 In, Active 1 Crystal oscillator connecting terminal. A parallel resonant 
crystal is recommended. If an external clock source is 
used as the input to the Z180 Clock Oscillator unit, supply 
the clock into this terminal. 

XTAL 93 Out Crystal oscillator connecting terminal. 

PHI 90 Out. Active 1 System Clock. Single-phase clock output from Z181 MPU. 

E 86 Out. Active 1 Enable Clock. Synchronous Machine cycle clock output 
during a bus transaction. 

TEST 73 Out Test pin. Used in the open state. 

Vee 39, 82 Power Supply. +5 Volts 

Vss 18,40,59, Power Supply. 0 Volts 
63, 92 

420 



FUNCTIONAL DESCRIPTION 

Functionally, the on-chip Z181 MPU, SCC, and CTC are 
the same as the discrete devices (Figure 1). Therefore, for 
a detailed description of each individual unit. refer to the 

Z181 MPU 

This unit provides all the capabilities and pins of the Zilog 
Z180 MPU. Figure 3 shows the Z181 MPU block diagram. 
This allows 100% software compatibility with existing Z180 
(and Z80) software. Note that the on-chip I/O address 
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Generator 

16-Bit 

A18/TOUT 
Programmable 
Reload Timers 

(2) 

TxS Clocked 
RxSIICTS Serial 110 

CKS 
Port 

MMU 

A19-AO 

Product Specification/Technical Manual of each discrete 
product. The following subsections describe eacll individ­
ual functional unit of the Z181. 

should not be relocated 10 the I/O address (from OCOh to 
OFFh) to avoid address conflicts. The following is an 
overview of tile major functional units of the Z181. 

CPU 
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Figure 3. Z181 MPU Block Diagram 
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FUNCTIONAL DESCRIPTION (Continued) 

Z181 CPU 
The Z181 CPU has 100% software compatibility with the 
Z80 CPU. In addition, the Z181 CPU has the following 
features: 

Faster execution speed. The Z181 CPU is "fine tuned" 
making execution speed, on average, 10% to 20% faster 
than the Z80 CPU. 

Enhanced DRAM Refresh Circuit. Z181 CPU's DRAM re­
fresh circuit does periodic refresh and generates an 8-bit 
refresh address. It can be disabled or the refresh period 
adjusted, via software control. 

Enhanced Instruction Set. The Z181 CPU has seven addi­
tional instructions to ttlose of the Z80 CPU which include 
the ML T (Multiply) instruction. 

HALT and Low Power Modes of Operation. The Z181 CPU 
has HALT and low power modes of operation, which are 
ideal for the applications requiring low power consumption 
like battery operated portable terminals. 

System Stop Mode. When the Z181 is in SYSTEM STOP 
mode, it is only the Z181 MPU wtlich is in STOP mode. The 
on-chip CTC and SCC continue their normal operation. 

Instruction Set. The instruction set of the Z181 CPU is 
identical to the Z180. For more details about each transac­
tion, please refer to the Data Sheetffechnical Manual for 
the Z180/Z80 CPU. 

Z181 CPU Basic Operation 
Z181 CPU's basic operation consists of the following 
events. These are identical to the Z180 MPU. For more 
details about each operation, please refer to the Data 
Sheetffechnical manual for the Z180. 

• Operation code fetch cycle. 

• Memory Read/Write operation. 

• Input/Output operation. 

• Bus request/acknowledge operation. 

• Maskable interrupt request operation. 

• Trap and Non-Maskable interrupt request operation. 

• HALT and low power modes of operation. 

• Reset Operation. 
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Memory Management Unit (MMU) 
The Memory Management Unit (MMU) allows tile user to 
"map" the memory used by the CPU (64 Kbytes of logical 
addressing space) into 1 Mbyte of physical addressing 
space. The organization of the MMU allows object code 
compatibility with the Z80 CPU while offering access to an 
extended memory space. This is accomplished by using 
an effective "common area-banked area" scheme. 

DMA Controller 
The Z181 MPU has two DMA controllers. Each DMA 
controller provides high-speed data transfers between 
memory and I/O devices. Transfer operations supported 
are memory to memory, memory to/from I/O, and I/O to 
I/O. Transfer modes supported are request, burst, and 
cycle steal. The DMA can access the full 1 M bytes ad­
dressing range with a block length up to 64K bytes and can 
cross over 64K boundaries. 

Asynchronous Serial Communication Interface (ASCI) 
This unit provides two individual full-duplex UARTs. Each 
channel includes a programmable baud rate generator 
and modem control signals. The ASCI channels also 
support a multiprocessor communication formal. 

Programmable Reload Timer (PRT) 
The Z181 MPU has two separate programmable Reload 
Timers, each containing a 16-bit counter (timer) and count 
reload register. The time base for the counters is system 
clock divided by 20. PRT channel 1 provides an optional 
output to allow for waveform generation. 

Clocked Serial 1/0 (CSI/O) 
The CSI/O channel provides a half-duplex serial transmit­
ter and receiver. This channel can be used for simple high­
speed data connection to another CPU or MPU. 

Programmable Wait State Generator 
To ease interfacing with slow memory and I/O devices, the 
Z181 MPU unit has a programmable wait state generator. 
By programming the DMA/WAIT Control Register(DCNTL), 
up to three wait states are automatically inserted in mem­
oryand I/O cycles. This unit also inserts wait states during 
on-chip DMA transactions. 

Z85C30 Serial Communication Controller Logic Unit 

This logic unit provides the user with a multi-protocol serial 
I/O channel that is completely compatible with tile two 
channel Z85C30 SCC with the following exceptions: 



Their basic functions as serial-to-parallel and parallel-to­
serial converters can be programmed by tile CPU for a 

broad range of serial communications applications. [Ilis 
logic unit is capable of supporting all common asynchro­
nous and synchronous protocols (Monosync, Bisync, and 
SOLC/HOLC, byte or bit oriented - Figure 4). 

Baud Rate 1/'---------, 
Generator 

} Serial Data 

} Channel Clocks 

ISYNC 

Internal 
Control 

10 X 19 '--___ ..... -~ IWait 

Interrupt { 
Control 

Lines 

Interrupt 
Control 
Logic 

Channel 
Registers 

} 
Modem. DMA. 
or Other 
Controls 

Figure 4. SCC Block Diagram 

On tile discrete version of tile SCC (dual cllanllel version), 
tilere are two registers silared between channels A and B, 
and two registers wilose functions are different by chan­
nel. Tilese are: WR2, WR9(shared registers), and RR2 and 
RR3 (different functionality). 

Following are tile differences in functionality: 

• RR2 - Returns unmodified vector or modified vector 
Wllicil depends on tile status of VIS (Vector Include 
Status) bit in WR9. 

• RR3 - Returns IP status (Cil.A side). 

• WR9 - Ch.B Software Reset command Ilas no effect 

Tile PCLK for tile SCC is connected to PHI (System clock), 
tile /INT signal is connected to /INTO signal internally 
(requires external pull-up resistor) and SCC is reset wilen 
/RESET input becomes active. Interrupt from tt18 SCC is 
handled via Mode 2 interrupt During tile interrupt ac­
knowledge cycle, tile on-cilip SCC interface circuit inserts 
two wait states automatically. 

Z84C30 Countermmer Logic Unit 

This logic unit provides tile user willl four individual 8-bit 
Counter/Timer Channels 1I1at are compatible wi III tile 
Z84C30 CTC (Figure 5). The Counter/Timers are pro­
grammed by tile CPU for a broad range of counting and 
timing applications. Typical applications include event 
counting, interrupt and interval counting, and serial baud 
rate clock generation. 

Eacil of the Counter/Timer Cilannels, designated Cilan­
nels 0-3, Ilave an 8-bit prescaler (wilen used in timer 
mode) and its own 8-bit counter to provide a wide range of 
count resolution. Each of tile channels have their own 
Clock/Trigger input to quantify the counting process and 
an output to indicate zero crossing/timeout conditions. 
These signals are multiplexed willl the Parallel Interface 
Adapter 1 (PIA 1). With only one interrupt vector pro­
grammed into tile logic unit, each channel can generate a 
unique interrupt vector in response to the interrupt ac­
knowledge cycle. 
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FUNCTIONAL DESCRIPTION (Continued) 
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IRESET 
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liNT 
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lEO 

Mutiplexed ZCITO } 

CLKlTRG with PIA1 

Figure 5. CTC Block Diagram 

Parallel Interface Adapter (PIA) 

The Z181 has two 8-bit Parallel Interface Adapter (PIA) 
Ports. The ports are referred to as PIA 1 and PIA2. Each port 
has two associated control registers; a Data Register and 
a register to determine each bit's direction (input or out­
put). PIA 1 is multiplexed with the CTC I/O pins. When the 
CTC I/O feature is selected, the eTC I/O functions override 
the PIA 1 feature. Mode Selection is made through the 
System Configuration Register (Address: EDh; Bit DO). 
PIA 1 has Schmitt-trigger inputs to have a beller noise 
margin. These ports are inputs after rese\. 

Clock Generator 

The Z181 Controller uses the Z181 MPU's on-chip clock 
generator to supply system clock. The required clock is 
easily generated by connecting a crystal to the extemal 
terminals (XTAL, EXTAL). The clock output runs at half the 
crystal frequency. The system clock inputs of the SCC and 
the CTC are internally connected to the PHI output 0,1 the 
Z181 MPU. 
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Recommended characteristics of the crystal and ttle val­
ues for the capacitor are as follows (the values will change 
with crystal frequency). 

Type of crystal: Fundamental, parallel type crystal 
(AT cut is recommended). 

Frequency tolerance: Application dependent. 
CL, Load capacitance: Approximately 22 pF 
(acceptable range is 20-30 pF) 

Rs, equivalent-series resistance: ::; 30 Ohms 
Drive level:10mW (for::; 10 MHz crystal) 5 mW 
(for ~ 10 MHz crystal) 

C1N = COUT = 15 - 22 pF. 

Chip Select Signals 

The Z181 has two chip select (fRAMCS, /ROMCS) pins. 
/ROMCS is the chip select signal for ROM and /RAMCS is 
the chip select signal for RAM. The boundary value for 
each chip select signal is 8 bits wide allowing all memory 
accesses with addresses less than or equal to this bound­
ary value. This causes assertion of the corresponding /CS 
pin. These features are controlled via the RAM upper 
boundary address register (I/O address EAH), RAM lower 
boundary address register (I/O address EBH) and ROM 
upper boundary address register (I/O address ECH). 

PROGRAMMING 

The following subsections explain and define the parame­
ters for I/O Address assignments, I/O Control Register 
Addresses and all pertinent Timing parameters. 

I/O Address Assignment 

The ZI81 has 78 internal 8-bit registers to control on-chip 
peripherals and features. Sixty-four registers out of 78 
registers are occupied by the Z181 MPU control registers; 

These two signals are generated by decoding address 
lines A 19-A 12. Note that glitches may be observed on the 
/RAMCS and /ROMCS Signals because the address de­
coding logic decodes only A 19-A 12, without any control 
signals. 

Bit 05 of the System Configuration Register allows the 
option of disabling the /ROMCS signal. This feature is used 
in systems which, for example, have a shadow RAM. 
However, prior todisabling the /ROMCS signal, the ROMBR 
and RAMLBR registers must be re-initialized from their 
default values. 

For more details, please refer to "Programming section". 

ROM Emulator Mode 

To ease development, the Z181 has a mode to support 
"ROM emulator" development systems. In this mode, a 
read data from on-chip registers (except Z181 MPU on­
chip registers) are available (data bus direction set to 
output) to make data visible from the outside, so that a 
ROM Emulator/Logic Analyzer can monitor internal trans­
actions. Otherwise, a read from an internal transaction is 
not available to the outside (data bus direction set to Hi-Z 
status). Mode selection is made througll the 01 bit in the 
System Configuration Register (I/O Address: EOH). 

two for SCC control registers, four for PIA control registers, 
four for the Counter/Timer, three for RAM/ROM configura­
tion (memory address boundaries) and one for Z181's 
system control. The Z181 controller's I/O addresses are 
listed in Table 1. These registers are assigned in the Z181 
controller's I/O addreSSing space and the I/O addresses 
are fully decoded from A7-AO and have no image. 
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PROGRAMMING (Continued) 

Table 1. 1/0 Control Register Address 

Address' 

00 
t03F 
EO 
E1 

E2 
E3 
E4 
E5 

E6 
E7 
E8 
E9 

Register 

Z181 MPU Control Registers 
(Relocatable to 040H-07FH, or 080H-OBFH) 
PIA 1 Data Direction Register (P1 DDR) 
PIA 1 Data Port (P1 DP) 

PIA2 Data Direction Register (P2DDR) 
PIA2 Data Register (P2DP) 
CTC Channel 0 Control Register (CTCO) 
CTC Channel 1 Control Register (CTC1) 

CTC Channel 2 Control Register (CTC2) 
CTC Channel 3 Control Register (CTC3) 
SCC Control Register (SCCCR) 
SCC Data Register (SCCDR) 

EA RAM Upper Boundary Address Register 
(RAMUBR) 

EB RAM Lower Boundary Address Register 
(RAMLBR) 

EC ROM Address Boundary Register (ROMBR) 
ED System Configuration Register (SCR) 
EE Reserved 
EF Reserved 

* All addresses in Hexadecimal 
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Z181 MPU Control Registers 

The I/O address for these registers can be relocated in 64 
byte boundaries by programming of the I/O Control Reg­
ister (Address xx111111 b). 

Do not relocate these registers to address from OCOH 
since this will cause an overlap of the Z180 registers and 
the 16 registers of the Z181 (address OEOH to OEFH). 

Also, the OMCR register (Address: xx1111 01 b) has to be 
programmed as OxOxxxxxb (x: don't care) as a part of the 
initialization procedure. The M1 E bit (Bit 07) of this register 
must be prografT]med as 0 or the interrupt daisy chain is 
corrupted. The /IOC bit (Bit 05) of this register is pro­
grammed as 0 so that the timing of the /RD and /IORQ 
signals are compatible with Z80 peripherals. 

For detailed information, refertothe Z180 Technical Manual. 



ASCI CHANNELS CONTROL REGISTERS 

Bit 

Upon RESET 

RIW 

Bit 

Upon RESET 

RIW 

CNTLAO 

MPE RE TE IRTSO 
MPBRI 

MOD2 EFR 

0 0 0 1 x 0 

RIW RIW RIW RIW RIW RIW 
-.--- -.--- - r-- - r-- - r--

I 
0 
0 
0 
0 
1 
1 
1 
1 

AddrOOH 

MOD1 MODO 

0 0 

RIW RIW 

I I MOD 
0 0 Start 
0 1 Start 
1 0 Start 
1 1 Start 
0 0 Start 
0 1 Start 
1 0 Start 
1 1 Start 

E Selection 
+ 7-Bit Data + 1 Stop 
+ 7-Bit Data + 2 Stop 
+ 7-Bit Data + Parity + 1 Stop 
+ 7-Bit Data + Parity + 2 Stop 
+ 8-Bit Data + 1 Stop 
+ 8-Bit Data + 2 Stop 
+ 8-Bit Data + Parity + 1 Stop 
+ 8-Bit Data + Pa~ity + 2 Stop 

Read - Multiprocessor Bit Receive 
Write - Error Flag Reset 

Request To Send 

Transmit Enable 

Receive Enable 

Multiprocessor Enable 

Figure 7_ ASCI Control Register A (Ch. 0) 

CNTLA1 

MPE RE TE CKA1D MPBRI MOD2 
EFR 

0 0 0 1 x 0 

RIW RIW RIW RIW RIW RIW 
-.--- - r-- - r-- -r-- - r--

I 
0 
0 
0 
0 
1 
1 
1 
1 

Addr01H 

MOD1 MODO 

0 0 

RIW RIW 

I I MOD 
0 0 Start 
0 1 Start 
1 0 Start 

.1 1 Start 
0 0 Start 
0 1 Start 
1 0 Start 
1 1 Start 

E Selection 

+ 7-Bit Data + 1 Stop 
+ 7-Bit Data + 2 Stop 
+ 7-Bit Data + Parity + 1 Stop 
+ 7-Bit Data + Parity + 2 Stop 
+ 8-Bit Data + 1 Stop 
+ 8-Bit Data + 2 Stop 
+ 8-Bit Data + Parity + 1 Stop 
+ 8-Bit Data + Parity + 2 Stop 

Read - MuHiprocessor Bit Receive 
Write - Error Flag Reset 

CKA 1 Disable 

Transmit Enable 

Receive Enable 

Multiprocessor Enable 

Figure 8. ASCI Control Register A (Ch. 1) 
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ASCI CHANNELS CONTROL REGISTERS (Continued) 

Bit 

Upon Reset 

RIW 

General 
Divide Ratio 

SS, 2,1,0 

000 
001 
010 
011 
100 
101 
110 

111 
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CNTLBO 

MPBT MP leTS! PEO DR SS2 SS1 
PS 

Invalid 0 t 0 0 1 1 

RIW RIW RIW RIW RIW RIW RIW 

---~-~TT I 

t ICTS - Depending on the condition of ICTS pin. 
PS - Cleared to O. 

PS=O 
(Divide Ratio = 10) 

'DR =0 (x16) 

0+ 160 
0+ 320 
0+ 640 
0+ 1280 
0+2560 
0+5120 
0+10240 

DR = 1 (x64) 

0+ 640 
0+ 1280 
0+ 2580 
0+ 5120 
0+ 10240 
0+ 20480 
0+ 40960 

External Clock (Frequency < 0 + 40) 

Addr02H 

SSO 

1 

RIW 

Figure 9. ASCI Control Register B (Cil. 0) 

Clock Source and Speed Select 

Divide Ratio 

Parity Even or Odd 

Clear To Send/Prescale 

Multiprocessor 

Multiprocessor Bit Transmit 

PS = 1 
(Divide Ratio = 30) 

DR = 0 (x16) 

0+ 480 
0+ 960 
0+1920 
0+ 3840 
0+ 7680 
0+15360 
0+ 30720 

DR = 1 (x64) 

0+1920 
0+3840 
0+ 7680 
0+ 15360 
0+ 30720 
0+ 61440 
0+122880 



Bit 

Upon Reset 

RIW 

General 
Divide Ratio 

88,2,1,0 

000 
001 
010 
011 
100 
101 
110 

111 

CNTLB1 

MPBT MP leTSI PEO DR SS2 SS1 
PS 

Invalid 0 0 0 0 1 1 

RIW RIW RIW RIW RIW RIW RIW 

-~--TTT I 

P8=0 
(Divide Ratio = 10) 

DR = 0 (x16) DR = 1 (x64) 

0+ 160 0+ 640 
0+ 320 0+ 1280 
0+ 640 0+ 2580 
0+ 1280 0+5120 
0+ 2560 0+ 10240 
0+ 5120 0+20480 
0+ 10240 0+ 40960 

External Clock (Frequency < 0 + 40) 

Addr03H 

SSO 

1 

RIW 

Clock Source and Speed Select 

Divide Ratio 

Parity Even or Odd 

Read - Status of ICTS pin 
Write - Select PS 

Multiprocessor 

Multiprocessor Bit Transmit 

P8 = 1 
(Divide Ratio = 30) 

DR = 0 (x16) 

0+ 480 
0+ 960 
0+1920 
0+3840 
0+7680 
0+15360 
0+30720 

DR = 1 (x64) 

0+1920 
0+3840 
0+7680 
0+ 15360 
0+ 30720 
0+ 61440 
0+ 122880 

Figure 10. ASCI Control Register B (Ch. 1) 
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ASCI CHANNELS CONTROL REGISTERS (Continued) 

t 

Bit 
Upon Rese 

RIW 

t 

Bit 
Upon Rese 

RIW 

STATO Addr04H 

RDRI OVR~ PE FE RIE IDce TDRE TIE 
0 0 0 0 0 f tt 0 

R R R R RIW R R RIW 

t IDCDO - Depending on the condition of IDCDO Pin. 

tt ICTSO P'! TORE 
L 1 
H 0 

Figure 11. ASCI Status Register 

STAT1 Addr05H 

RDRI OVRII PE FE RIE CTS1I TDRE TIE 

0 0 0 0 0 0 1 0 

R R R R RIW RIW R RIW 

-~-~-~-~-~-~ I I 

Transmit Interrupt Enable 

Transmit Data Register 
Empty 

Data Carrier Detect 

Receive Interrupt Enable 

Framing Error 

Parity Error 

Over Run Error 

Receive Data Register Full 

Transmit Interrupt Enable 

Transmit Data Register 
Empty 

ICTS1 Enable 

Receive Interrupt Enable 

Framing' Error 

Parity Error 

Over Run Error 

Receive Data Register Full 

Figure 12. ASCI Status Register (Ch, 1) 
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TDRO 
Write Only Addr 06H 

17161514131211101 

I Transmit Data 

Figure 13. ASCI Transmit Data Register (Ch. 0) 

TDR1 
Write Only Addr 07H 

17161514131211101 

I Transmit Data 

Figure 14. ASCI Transmit Data Register (Ch. 1) 

CSI/O REGISTERS 

SS2, 1, 0 

000 
001 
010 
011 

Bit 

Upon Rese 

RfW 

t 

CNTR 

EF EIE RE TE 

0 0 0 0 
R RIW RfW RIW 

-~-~-~T 

Baud Rate 

0+ 20 
0+ 40 
0+ 80 
0+ 100 

-

1 

TSRO 
Read Only Addr OSH 

Ixlxlxlxlxlxlxlxl 

I Received Data 

Figure 15. ASCI Receive Data Register (Ch. 0) 

TSR1 
Read Only Addr 09H 

Ix Ix Ix Ix Ix Ix Ix Ixl 

I Received Data 

Figure 16. ASCI Receive Data Register (CIL 1) 

AddrOAH 
SS2 SS1 SSO 

1 1 1 
RIW RfW RIW 

I 

SS2, 1,0 

100 
101 
110 
111 

Speed Select 

Transmit Enable 

Receive Enable 

End Interrupt Enable 

End Flag 

Baud Rate 

0+ 320 
0+ 640 
0+1280 
External Clock 
(Frequency < 0 + 20) 

Figure 17. CSI/O Control Register 
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CSI/O REGISTERS (Continued) 

TRDR 
ReadIWrite Addr OBH 

17161514131211101 

1 Read - Received Data 
Write - Transmit Data 

Figure 18. CSIIO Transmit/Receive Data Register 

TIMER REGISTERS 

Timer Data Registers 

TMDROL 
ReadIWrite Addr OCH 

17161514131211101 

Figure 19. Timer 0 Data Register L 

TMDR1L 
ReadIWrite Addr 14H 

17161514131211101 

Figure 20. Timer 1 Data Register L 

TIMER RELOAD REGISTERS 

RLDROL 
ReadIWrite Addr OEH 

17161514131211101 

Figure 23. Timer 0 Reload Register L 
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TMDROH 
ReadIWrite Addr ODH 

11511411311211111019181 

When Read, read Data Register L 
before reading Data Register H. 

Figure 21. Timer 0 Data Register H 

TMDR1H 
ReadIWrite Addr 15H 

115114113112111110 1 91 81 

When Read, read Data Register L 
before reading Data Register H. 

Figure 22. Timer 1 Data Register H 

RLDR1L 
ReadIWrite Addr 16H 

17161514131211101 

Figure 24. Timer 1 Reload Register L 



RLDROH RLDR1H 
ReadlWrite Addr OFH ReadlWrite Addr 17H 

115114113112111110 1 91 81 115114113112111110 1 9 1 81 

Figure 25. Timer 0 Reload Register H Figure 26. Timer 1 Reload Register H 

TIMER CONTROL REGISTER 

Bit 
Upon Reset 

RIW 

TCR Addr10H 

TIF1 TIFO TIE1 TIEO TOC1 TOCO TDE1 TDEO 
0 0 0 0 0 0 0 0 

R R RIW RIW RIW RIW RIW RIW 

I 

I 
I 

TOC1,0 A15fTOUT 
00 Inhibited 
01 Toggle 
10 0 
11 1 

Figure 27. Timer Control Register 

FREE RUNNING COUNTER 

FRC 
Read Only Addr 18H 

1716151413121 1 101 

Figure 28. Free Running Counter 

Timer Down Count Enable 1,0 

Timer Oulput Control 1,0 

Timer Interrupt Enable 1,0 

Timer Interrupt Flag 1,0 
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DMA REGISTERS 

SAROL 
ReadlWrite 
SA7 

I I I I 

SAROH 
ReadlWrite 
SA15 

I I I 

SAROB 

Addr20H 
SAO 

I I II 

Addr21H 
SA8 

I I I I 

ReadlWrite Addr 22H 
SA19 SA16 

1-1-1-1-1 1 1 1 I 

Bits 0-2 (3) are used for SAROB 

A19, A18, A17, A16 DMA Transfer Request 

x x 0 0 IDREQO (external) 
x x 0 1 RDRO (ASCIO) 
x x 1 0 TORO (ASCI1) 
x x 1 1 Not Used 

Figure 29. DMA 0 Source Address Registers 
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DAROL 
ReadlWrite 
DA7 

I 1 I I 

DAROH 
ReadlWrite 
DA15 

I 1 1 

DAROB 

Addr23H 
DAO 

I I I I 

Addr24H 
DA8 

1 1 I I 

ReadlWrite Addr 25H 
DA19 DA16 

1-1-1-1-1 1 1 II 

Bits 0-2 (3) are used for DAROB 

A19, A18, A17, A16 DMA Transfer Request 

x x 0 0 IDREQO (external) 
x x 0 1 RDRO (ASCIO) 
x x 1 0 TDRO (ASCI1) 
x x. 1 1 Not Used 

Figure 30. DMA 0 Destination Address Registers 



BCROl 
Read/Write 
BC? 

BCROH 
Read/Write 
BC15 

I I 

Addr 26H 
BCO 

I I 

Addr2?H 
BCB 

I I 

Figure 31. DMA 0 Byte Counter Registers 

MARll 
Read/Write 
MA? 

I I 
MAR1H 
Read/Write 
MA15 

I I 
MAR1B 

Addr2BH 
MAO 

I I 

Addr 29H 
MAB 

I I 

Read/Write Addr 2AH 
MA19 MA16 

I -I -I -I -I I I I 
Figure 32. DMA 1 Memory Address Registers 

IARll 
Read/Write Addr2BH 
IA? lAO 

I I I 
IAR1H 
Read/Write Addr2CH 
IA15 lAB 

I I I I 

Figure 33. DMA 1 1/0 Address Registers 

BCRll 
Read/Write 
BC? 

I I 
BCR1H 
Read/Write 

BC15 

I I 

Addr2EH 
BCO 

I I 

Addr2FH 
BCB 

I I 
Figure 34. DMA 1 Byte Count Registers 
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DMA REGISTERS (Continued) 

436 

Bit 

Upon Rese 

RIW 

t 

Bit 

Upon Reset 

RIW 

DSTAT Addr30H 
DEl DED IDWEl IDWEO DIEl DIEO DIME 

0 0 1 1 0 0 1 0 
RIW RIW W W RIW RIW R 

I 

I L 

Figure 35. DMA Status Register 

DMODE Addr31H 
DMI DMO SMI SMO MMOD 

1 1 0 0 0 0 0 1 

RIW RIW RIW RIW RIW 

T 

DM1,0 Destination Address SM1,0 Source 
00 ~ UAHO+1 
01 DARO·1 ~~ M 

M 
10 M DARO Rxed 10 M 
11 1/0 DARO Rxed 11 VO 

MMOD Mode 

0 Cycle Steal Mode 
1 Burst Mode 

Figure 36. DMA Mode Registers 

DMA Master Enable 

DMA Interrupt Enable 1, 0 

DMA Enable Bit Write Enable 1, 0 

DMA Enable Ch 1, 0 

Memory MODE Select 

Ch 0 Source Mode 1, 0 

Ch 0 Destination Mode 1, 0 

Address 
SARO+1 
SARO·1 

SARO Fixed 
SARO Fixed 



Bit 

Upon Reset 

RIW 

DCNTL Addr32H 

MWI1 MWIO IWI1 IWIO DMS1 DMSO DIM1 DIMO 

1 1 1 1 0 0 0 0 

RIW RIW RIW RIW RlW RIW RIW RIW 

I I 
I 

MWI1,O No. of Wait States IWI1,O No. of Wait States 

00 0 00 0 
01 1 01 2 
10 2 10 3 
11 3 11 4 

DMSi Sense 

1 Edge Sense 
0 Level Sense 

DM1,O Transfer Mode Address IncremenVDecrement 

00 M-I/O MAR1+1 IAR1 Fixed 
01 M-I/O MAR1-1 IAR1 Fixed 
10 I/O-M IAR1 Fixed MAR1+1 
11 1I0-M IAR1 Fixed MAR1-1 

Figure 37. DMAIWAIT Control Register 

DMA Ch 1 I/O Memory 
Mode Select 

/DREQi Select, i = 1, 0 

I/O Wait Insertion 

Memory Wait Insertion 
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MMU REGISTERS 

438 

Bit 

Upon Reset 

RIW 

Bit 

Upon Reset 

RIW 

Bit 

Upon Reset 

RIW 

CBR 

CB? 

0 

RIW 

BBR 

BB? 

0 

RIW 

CBAR 

CA3 

1 

RIW 

Addr38H 

CBS CB5 CB4 CB3 CB2 CBl CBO 

0 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

Figure 38. MMU Common Base Register 

Addr39H 

BB6 BB5 BB4 BB3 BB2 BBl BBO 

0 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

Figure 39. MMU Bank Base Register 

Addr3AH 

CA2 CAl CAO BA3 BA2 BAl BAO 

1 1 1 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

Figure 40. MMU Common/Bank Area Register 

MMU Common Base 
Register 

MMU Bank Base Register 

MMU Bank Area Register 

MMU Common Area Register 



SYSTEM CONTROL REGISTERS 

Bit 

Upon Reset 

RlW 

Bit 

Upon Reset 

RlW 

Bit 

Upon Reset 

RlW 

IL Addr 33H 

IL7 IL6 IL5 - -
0 0 0 0 0 0 0 0 

RlW RlW RlW 

Figure 41_ Interrupt Vector Low Register 

ITC Addr34H 

TRAP UFO - ITE2 ITEl ITEO 

0 0 1 1 1 0 0 1 
RlW R RlW RlW RlW 

Figure 42. INTITRAP Control Register 

RCR Addr36H 

REFE REFW - - - CYCl CYC( 

1 1 1 1 1 1 0 0 
RlW RlW RlW RlW 

1T'-----
CYC1,0 Interval of Refresh Cycle 

00 10 stales 
01 20 states 
10 40 states 
11 80 states 

Figure 43. Refresh Control Register 

Interrupt Vector Low 

liNT Enable 2, 1, 0 

Undefined Fetch Object 

TRAP 

Cycle Select 

Refresh Wait State 

Refresh Enable 
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SYSTEM CONTROL REGISTERS (Continued) 

440 

Bit 

Upon Rese 

R/W 

OMCR 

M1E 

1 

RIW 

IMHE 1I0C 

1 1 

W RIW 

- - -
1 1 1 

Addr3EH 
- -
1 1 

110 Compatibility 

IM1 Temporary Enable 

IM1 Enable 

Note: This register has to be programmed as OxOxxxxxb(x:don't care) as a part of Initialization. 

Bit 

Upon Reset 

R/W 

ICR 

lOA? 

0 

RIW 

IOAG 

0 

RIW 

Figure 44. Operation Mode Control Register 

IOSTF 

0 

RIW 

T 

Addr3FH 

- - - - -

1 1 1 1 1 

Figure 45. 110 Control Register 

110 Stop 

110 Address 
Combination of 11 
is reserved 



CTC CONTROL REGISTERS 

Channel Control Word 
This word sets the operating modes and parameters as 
described below. Bit DO must be a 1 to indicate that this is 
a Control Word (Figure 46). 

For more detailed information, refer to the CTC Technical 
Manual. 

Addr: E4H (Ch 0) 
E5H (Ch 1) 
E6H (Ch 2) 
E7H (Ch3) 

• TImer Mode Only 

Control or Vector 
o Vector 
1 Control Word 

Reset 
o Continued Operation 
1 Soltware Reset 

TIme Constant 
o No TIme Constant Follows 
1 Time Constant Follows 

TIme Trigger' 
o Automatic Trigger When 

TIme Constant is Loaded 
1 CLKlTRG Pulse Starts TImer 

CLKlTRG Edge Selection 
o Selects Falling Edge 
1 Selects Rising Edge 

Prescaler Value * 
1 Value 01 256 
o Valueol16 

Mode 
o Selects TImer Mode 
1 Selects Counter Mode 

Interrupt 
1 Enables Interrupt 
o Disables Interrupt 

Figure 46. CTC Channel Control Word 

This register has the following fields: 

Bit D7. Interrupt Enable. This bit enables the interrupt logic 
sothat an internallNT is generated atzero count. Interrupts 
are programmed in either mode and may be enabled or 
disabled at any time. 

Bit 06. Mode Bit. This bit selects either Timer Mode or 
Counter Mode. 

Bit 05. Prescaler Factor. This bit selects the prescaler 
factor for use in the timer mode. Either divide-by-16 or 
divide-by-256 is available. 

Bit 04. Clock/Trigger Edge Selector. This bit selects the 
active edge of the ClK/TRG input pulses. 

Bit 03. Timer Trigger. This bit selects the trigger mode for 
timer operation. Either automatic or external trigger may be 
selected. 

Bit 02. Time Constant. This bit indicates that the next word 
programmed is time constant data for the downcounter. 

Bit D1. Software Reset. Writing a 1 to this bit indicates a 
software reset operation, which stops counting activities 
until another time constant word is written. 
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CTC CONTROL REGISTERS (Continued) 

Time Constant Word 
Before a channel can start counting. it must receive a time 
constant word. The time constant value may be anywhere 
between 1 and 256. with 0 being accepted as a count of 
256 (Figure 47). 

TCO 

TCl 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

Figure 47. CTC Time Constant Word 

SCC REGISTERS 

For more detailed information. please refer to the Z8030/ 
Z8530 SCC Technical Manual. 

Note: 
The Address for the Control/Status Register is E8H. The 
Address for the Oata Register is E9H. 

Interrupt Vector Word 
If one or more of the CTC channels have interrupt enabled. 
then the Interrupt Vector Word is programmed. Only the 
five most significant bits of this word are programmed. and 
bit 00 must be O. Bits 02-01 are automatically modified by 
the CTC channels after responding with an interrupt vector 
(Figure 48). 

Addr:E4H 

o Interrupt Vector Word 
1 Control Word 

Channel Identifier 
(Automatically Inserted 
byCTC) 
o 0 Channel 0 
o 1 Channell 
1 0 Channel2 
1 1 Channel3 

Supplied By User 

Figure 48. CTC Interrupt Vector Word 

Read Registers 
The SCC contains 'eight read registers. To read the con­
tents of a register (rather than RRO). the program must first 
initialize a pOinter to WRO in exactly the same manner as a 
write operation. The next I/O read cycle will place the 
contents of the selected read registers onto the data bus 
(Figure 49), 

Table 2. SCC Read Registers 

Bit 

RRO 

RR1 
RR2 
RR3 
RR6. 
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Description 

Transmit and Receive buffer status 
and external status. 
Special Receive Condition status. 
Interrupt vector (modified if VIS Bit in WR9 is set). 
Interrupt pending bits. 
SOLC FIFO byte counter lower byte 
(only when enabled). 

Bit 

RR7 

RR8 
RR10 
RR12 
RR13 
RR15 

Description 

SOLC FIFO byte count and status 
(only when enabled). 
Receive buffer. 
Miscellanous status bits. 
Lower byte of baud rate. 
Upper byte of baud rate generator time constant. 
External Status interrupt information. 



Read Register 0 

a) 

Read Register 1 

c) 

Rx Character Available 

Zero Count 

Tx Buffer Empty 

OCO 

Sync/Hunt 

CTS 

Tx Undernm/EOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRC/Framing Error 

End of Frame (SOLC) 

Read Register 2 

Imloolool~loolool~lool 

-"-"-"-"T~ ~ 

~V3 

Modified if VIS bit in Write register 9 is sel. 

b) 

Read Register 3 

d) 

V4 

V5 

V6 

V7 

Tx IP 

Rx IP 

o 
o 

Figure 49. see Read Register Bit Functions 

Interrupt 

Vector * 
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see REGISTERS (Continued) 

Read Register 6 * 

BCO 

BCl 

BC2 

BC3 

BC4 

BC5 

BC6 

BC7 

* Can only be accessed if the SDLC FIFO enhancement 
is enabled (WR15 bit 02 set to 1) , 

e) SOLC FIFO Status and Byte Count (LSB) 

Read Register 7 * 

- .... - .... -
--~ BCB 

BC9 

BC10 

BCll 

BC12 

BC13 

FDA: FIFO Available Status 
1 Status Reads from FIFO 

FOS: FIFO Overflow Status 
1 FIFO Overflowed 
o Normal 

* Can only be accessed if the SOLC FIFO enhancement 
is enabled (WR15 bit 02 set to 1) 

f) SOLC FIFO Status and Byte Count (MSB) 

Read Register 10 

g) 

Read Register 12 

h) 

Figure 49. see Read Register Bit Functions (Continued) 

444 

Loop Sending 

o 
Two Clocks Missing 

One Clock Missing 

TCO 

TCl 

TC2 

TC3 

TC4 

TCS 

TC6 

Te7 

Lower Byte 
of TIme Constant 



Read Register 13 

j) 

TCB 

TC9 

TC10 

TC11 

TC12 

TC13 

TC14 

TC15 

Upper Byte 
of Time Constant 

Read Register 15 

Iwloolool~lool~lrnlool 

-r- - r-~T L 00 

~ ZeroCountlE 

DCDtE 

k) 

SyncIHunt IE 

CTStE 

Tx UnderrunlEOM IE 

Break/Abort tE 

Figure 49. see Read Register Bit Functions (Continued) 

Write Registers 
The SCC contains fifteen write registers that are pro­
grammed to configure the operating modes of the chan­
nel. With the exception of WRO, programming the write 
registers is a two step operation. The first operation is a 

pointer written to WRO that points to the selected register. 
The second operation is the actual control word IIlat is 
written into the register to configure the SCC channel 
(Figure 50). 

Table 2. see Write Registers 

Bit Description Bit Description 

WRO Register Pointers, various initialization commands WR8 Transmit buffer 
WR1 Transmit and Receive interrupt enables, WR9 Master Interrupt control and reset commands 

WAIT/OMA commands WR10 Miscellaneous transmit and receive control bits 
WR2 Interrupt Vector WR11 Clock mode controls for receive and transmit 

WR3 Receive parameters and control modes WR12 Lower byte of baud rate generator 
WR4 Transmit and Receive modes and parameters WR13 Upper byte of baud rate generator 
WR5 Transmit parameters and control modes WR14 Miscellaneous control bits 
WR6 Sync Character or SOLC address WR15 External status interrupt enable control 
WR7 Sync Character or SOLC flag 
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see REGISTERS (Continued) 

Write Register 0 (non-mui!ipleXed bus mode) 

1~1~1~1~lool~I~lool 
-,.- - -"--"--"-TTT 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

o 0 NuilCode 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Null Code 
Point High 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 

=:::!:~~ } Register 9 
Register 10 
Register 11 * 
Register 12 
Register 13 
Register 14 
Register 15 

Reset ExtiSta IUs Interrupts 
DLC) Send Abort(S 

Enable Int on Next Rx Character 
ending Reset Tx Int P 

Error Reset 
Reset Highest IUS 

o 1 Reset Rx CRC Checker 
1 0 Reset Tx CRC Generator 
1 1 Reset Tx UnderrunlEOM Latch 

* With Point High Command 

a) 

Write Register 1 

o 0 Rx Int Disable 

Ext Int Enable 

Tx Int Enable 

Parity is Special 
Condition 

o 1 Rx Int On First Character or 
Special Condition 

Oint On All Rx Characters or 
Special Condition 
Rx Int On Special Condition Only 

b) 

WAIT/DMA Request 
On Receive/IT ransmit 

IWAITIDMA Request 
Function 

WAIT/DMA Request 
Enable 

Write Register 2 

c) 

V4· 

V5 

V6 

V7 

Interrupt 
Vector 

Figure 50. Write Register Bit Functions 
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Write Register 3 

Write Register 4 

o 0 Rx 5 Bits/Character 
o 1 Rx 7 BitS/Character 
1 0 Rx 6 Bits/Character 
1 1 Rx 8 Bits/Character 

Parity Enable 

Parity EVENI/ODD 

o 0 Sync Modes Enable 
o 1 1 Stop BiVCharacter 
1 0 1 1/2 Stop Bits/Character 
1 1 2 Stop Bits/Character 

o 0 8-Bit Sync Character 
o 1 l6-Bit Sync Character 
1 0 SDLC Mode (Olllll10Flag) 
1 1 External Sync Mode 

o 0 Xl Clock Mode 
o 1 X16 Clock Mode 
1 0 X32 Clock Mode 
1 1 X64 Clock Mode 

e) 

d) 

Rx Enable 

Sync Character Load Inhibit 

Address Search Mode (SDLC) 

Rx CRC Enable 

Enter Hunt Mode 

Auto Enables 

Write Register 5 

o 0 Tx 5 Bits(Or Less)/Character 
o 1 Tx 7 Bits/Character 
1 0 Tx 6 Bits/Character 
1 1 Tx 8 Bits/Character 

f) 

Figure 50_ Write Register Bit Functions (Continued) 

Tx CRC Enable 

RTS 

/SDLC/CRC-16 

Tx Enable 

Send Break 

DTR 
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see REGISTERS (Continued) 

Sync7 Sync6 SyncS Sync4 Sync3 Sync2 Sync1 SyncO Monosync, 8 Bits 
Sync1 SyncO SyncS Sync4 Sync3 Sync2 Sync1 SyncO Monosync, 6 Bits 
Sync7 Sync6 SyncS Sync4 Sync3 Sync2 Sync1 SyncO Bisync, 16 Bits 
Sync3 Sync2 Sync1 SyncO 1 1 1 1 Bisync, 12 B~s 
ADR7 ADR6 ADRS ADR4 ADR3 ADR2 ADR1 ADRO SOLe 
ADR7 ADR6 ADRS ADR4 x x x x SOLe (Address Range) 

g) 

Sync7 Sync6 SyncS Sync4 Sync3 Sync2 Sync1 SyncO Monosync, 8 Bits 
SyncS Sync4 SyncS Sync2 Sync1 SyncO x x Monosync, 6 Bits 
Sync1S Sync14 Sync13 Sync12 Sync11 Sync10 Sync9 SyncS Bisync, 16 Bits 
Sync11 Sync10 Sync9 Sync8 Sync7 Sync6 SyncS Sync4 Bisync, 12 B~s 

0 1 1 1 1 1 1 0 SOLe 

h) 

Figure 50. Write Register Bit Functions (Continued) 
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o 
o 
1 
1 

o No Reset 
1 Reserved 

Channel Reset A ~ Force Hardware Reset 

i) 

o NRZ o 
o 
1 
1 

1 NRZI .. 
o FM 1 (T rans~~on = 1) 
1 FMO (TranSItion = 0) 

j) 

VIS 

NV 

OLC 

MIE 

Status Hight/Status Low 

o 

6 BitliS Bit Sync 

Loop Mode 

Aborti/Flag On Underrun 

Marki/Flag Idle 

Go Active On PoU 

CRC Preset 1110 

Write Register 11 I 
I 07 1 06 1 05 1 04 1 03 1 02 1 01 1 00 

o 
o 
1 
1 

o 
o 
1 
1 

TT 
o 
o 
1 
1 

o ITRxC Out - Xtal Our~~ock 
1 ITRxC Out - Transm Output 

Out - BR Generator o ITRxC, OPLL Output 1 ITRxCOut-

ITRxCO/I 

. CI k-/RTxCPin o Transmt oc ITRxC Pin 
1 Trans~t CIOC~: BR Generator Output 
o Trans~t ClOCk _ OPLL Output 
1 Transmt Cloc 

O Receive Clock -/RTxC Pin 
Clock -ITRxC Pin 

1 Rece!ve k _ BR Generator Output 
o Rece~ve g::k _ OPLL Output 

1 ReceIve IRTxC XlaIIlNo Xtal 

k) 

I) 

lower Byte of 
lime Constant 

Write Register Bit Functions (Continued) Figure 50. 
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see REGISTERS (Continued) 

Write Register 13 

m) 

450 

Tca 
TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Upper Byte of 
Time Constant 

Write Register 15 

Write Register 14 

0 0 0 Null Command 
0 0 1 Enter Search Mode 
0 1 0 Reset Missing Clock 
0 1 1 Disable DPLL 
1 0 0 Set Source = BR Generator 
1 0 1 Set Source = IRTxC 
1 1 0 Set FM Mode 
1 1 1 Set NRZI Mode 

n) 

Iwloolool~lool~lmlool 

~TLo . L:== Zero Count IE 

SDLC FIFO Enable 

DCD IE 

0) 

Sync/Hunt IE 

CTSIE 

Tx Underrun/EOM IE 

Break/Abort IE 

Figure 50. Write Register Bit Functions (Continued) 

BR Generator Enable 

BR Generator Source 

IDTRlRequest Function 

Auto Echo 

Local Loopback 



PIA CONTROL REGISTERS 

PIA 1 Data Direction Register (P1 DDR, I/O Address EOH), 
PIA1 Data Port (P1DP, I/O address E1H), PIA2 Data 
Direction Register (P2DDR, I/O Address E2H) and PIA2 
Data Register (P2DP, I/O Address E3H). These four regis-

EOH 

1 - Input 
0- Output 

1 - Input 
0- Output 

1 -Input 
0- Output 

1 -Input 
0- Output 

1 -Input 
0- Output 

1 -Input 
0- Output 

1 -Input 
0- Output 

1 -Input 
0- Output 

Figure 51. PIA 1 Data Direction Register 

E1H 

17161514131211101 
1 PIA 1 

1/0 Data 

Figure 52. PIA 1 Data Register 

The Data Port is the register to/from the 8-bit parallel port. 
At power on Reset, they are initialized to 1. 

The Data Direction Register has eight control bits. Individ­
ual bits specify each bit's direction. When the bit is set to 
a 1, the bit becomes an input, otherwise it is an output. On 

ters are shown in Figures 51-54. Note that if the CTC/PIA bit 
in the System Configuration Register is set to one, the CTC 
I/O functions override the PIA 1 function, and programming 
of P1DDR is ignored. 

E2H 

1 - Input 
0- Output 

1 - Input 
0- Output 

1 -Input 
0- Output 

1 - Input 
0- Output 

1 - Input 
0- Output 

1 - Input 
0- Output 

1 - Input 
0- Output 

1 - Input 
0- Output 

Figure 53. PIA 2 Data Direction Register 

E3H 

17161514131211101 
1 PIA2 

1/0 Data 

Figure 54. PIA 2 Data Register 

reset, these registers are initialized to 1 , resulting in all lines 
being inputs. 
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REGISTERS FOR SYSTEM CONFIGURATION 

There are four registers to determine system configuration 
with the Z181. These registers are: RAM upper boundary 
address register (RAMUBR, I/O address EAH), RAM lower 
boundary address register (RAMLBR, I/O address EBH), 
ROM address boundary register (ROMBR, I/O address 
ECH) and System Configuration Register (SCR, I/O ad­
dress EDH). 

ROM Address Boundary Register 
(ROMBR, I/O Address ECH) , 
This register specifies the address range for the IROMCS 
signal. When accessed memory addresses are less than 
or equal to the value programmed in this register, the 
IROMCS signal is asserted (Figure 55). 

The A 18 signal from the CPU is obtained before it is 
multiplexed with "TOUT". This signal can be forced to 1 
(inactive state) by setting Bit D5 of the System Configura­
tion Register, to allow the user to overlay the RAM area over 
the ROM area. At power-up reset. this register contains all 
1 s so that IROMCS is asserted for all addresses. 

RAM Lower Boundary Address Register (RAMLBR, I/O 
Address EBH) and RAM Upper Boundary Address 
Register (RAMUBR, I/O Address EAH) . 
These two registers specify the address range for the 
/RAMCS signal. When accessed memory addresses are 
less than orequal to the value programmed in the RAMUBR 
and greater than or equal to the value programmed in the 
RAMLBR, /RAMCS is asserted (Figure 13). The A 18 signal 
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EAH WO 

17\6\5\4\3\2\1\01 

~ 
A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

Figure 55. RAM Upper Boundary Register 

from the CPU is taken before it is multiplexed with TOUT In 
the case that these registers are programmed to overlap, 
/ROMCS takes priority over /RAMCS (fROMCS is asserted 
and /RAMCS is inactive). 

Chip Select signals are going active for the address range: 

/ROMCS: (ROMBR) ~ A 19-A 12 ~ 0 
/RAMCS: (RAMUBR) ~ A 19-A 12 > (RAMLBR) 

These registers are set to FFH at power-on Reset. and the 
boundary addresses of ROM and RAM are the following: 

ROM lower boundary address 
(fixed) = OOOOOH 

ROM upper boundary address 
(ROMBR register) = OFFFFFH 

RAM lower boundary address 
(RAMLBR register) = OFFFFFH 

RAM upper boundary address 
(RAMUBR register) = OFFFFFH 

Since /ROMCS takes priority over /RAMCS, the latter will 
never be asserted until the value in the ROMBR and 
RAMLBR registers are re-initialized to lower values. 

EBH WO 

17\6\5\4\3\2\1\01 

~ A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

Figure 56. RAM Lower Boundary Register 



ECH WO 

17161514131211101 
r 

~ 
A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

Figure 57. ROM Boundary Register 

EDH 

1 7 16151413121 1 101 
r 

L PIA1/CTI0 
1 PIA 1 Functions as CTC's 1/0 Pins 
o PIA 1 Functions as 1/0 Port 

Reserved - Program as 0 

ROM Emulator Mode (REM E) 
1 Data Bus in ROM Emulator Mode 
o Data Bus in Normal Mode 

Reserved - Program as 0 

Reserved - Program as 0 

Disable IROMCS 
1 IROMCS is Disabled 
o IROMCS is Enabled 

Daisy-Chain Configuration 
1 lEI Pin-CTC-SCC-IEO Pin 
o lEI Pin-SCC-CTC-IEO Pin 

Reserved - PrOgram as 0 

Figure 58. System Configuration Register 
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REGISTERS FOR SYSTEM 
CONFIGURATION (Continued). 

System Configuration Register (I/O address EDH) 
This register is to determine the functionality of PIA 1 and 
the Interrupt Daisy-Chain Configuration (Figure 13). This 
register has the following control bits: 

Bit 07. Reserved and should be programmed as O. 

Bit 06. Daisy-Chain Configuration. Determines the 
arrangement of the interrupt priority daisy chain. 

When this bit is set to 1, priority is as follows: 

lEI pin - CTC - SCC - lEO pin 

When this bit is 0, priority is as follows: 

lEI pin - SCC - CTC - lEO pin 

This bit's default (after Reset) is O. 
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Bit 05. Disable /ROMCS. When this bit is set to 1. /ROMCS 
is forced to a 1 regardless of the status of the address 
decode logic. This bit's default (after Reset) is 0 and / 
ROMCS function is enabled. 

Bit 04-03. Reserved and should be programmed as 00. 

Bit 02. ROM Emulator Mode Enable. When this bit is set to 
a 1, the Z181 is in ROM Emulator Mode. In this mode, bus 
direction for certain transaction periods are set to the 
opposite direction to export internal bus transactions out­
side the Z181. This allows the use of ROM emulators/logic 
analyzers for applications development. This bit's default 
(after Reset) is O. 

Bit 01. Reserved and shall be programmed as O. 

Bit 00. CTC/PIA 1. When this bit is set to 1, PIA 1 functions 
as the CTC's I/O pins. This bit's default (after Reset) is O. 



DATA BUS DIRECTION 

Table 3 shows the state of the Z181 controller's data bus 
for the condition that the Z181 is bus master. 

Table 3. Data Bus Direction (Z181 Is Bus Master) 

1/0 And Memory Transactions 

110 110 VO VO Write 
Write To Read From Write To Read From To 
On-Chip On-Chip Off-Chip Off-Chip Memory 
Peripherals Peripherals Peripheral Peripheral 
(SCC/CTC/ (SCC/CTC/ 
PIA1/PIA2) PIA1/PIA2) 

Z181 Data Bus Out Z Out In Out 
(REME Bit = 0) 

Z181 Data Bus Out Out Out In Out 
(REME Bit = 1) 

Interrupt Acknowledge Transaction 

Intack For Intack For 
On-chip Off-chip 
Peripheral Peripheral 
(SCC/CTC) 

Z181 Data Bus Z In 
(REME Bit = 0) 

Z181 Data Bus Out In 
(REME Bit = 1) 

Read Refresh Z80181 
From Idle 
Memory Mode 

In Z Z 

In Z Z 
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DATA BUS DIRECTION (Continued) 

Table 4 SllOWS the state of the Z 181 controller's data bus 
for the condition that the Z181 is NOT bus master. 

Table 4. Data Bus Direction for External Bus Master (Z181 Is Not Bus Master) 

I/O And Memory Transactions 

110 d I/O I/O 
Read From Write To Read From 
On-Chip On-Chip Off-Chip 
Peripherals Peripherals Peripheral 
(SCC/CTC/ (SCC/CTC/ 
PIA1/PIA2) PIA1/PIA2) 

Z181 Data Bus In Out Z 
(REME Bit = 0) 

Z181 Data Bus In Out Z 
(REME Bit = 1) 

Interrupt Acknowledge Transaction 

Intack For Intack For 
On-chip Off-chip 
Peripheral Peripheral 
(SCC/CTC) 

Z181 Data Bus Out In 
(REME Bit = 0) 

Z181 Data Bus Out In 
(REME Bit = 1) 

The word OUT means that the Z181 data bus direction is 
in output mode, IN means input mode, and HI-Z means 
Iligh impedance. 
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I/O Write Read Refresh Ext. 
To From Bus-
Off-Chip Memory Memory Master 
Peripheral Is Idle 

Z Z In Z Z 

Z Z In Z Z 

REME stands for ROM EmulatorMode and is the status of 
02 bit in the System Configuration Register. 



ABSOLUTE MAXIMUM RATINGS 

Voltage on Vcc with respect to Vss ........... -0.3V to + 7.0V 
Voltages on all inputs 
with respect to Vss .............................. -0.3V to Vcc+0.3V 

Operating Ambient 

Temperature ............................ See Ordering Information 
Storage Temperature ............................ -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature range is: 
E = -40°C to 100°C 

Voltage Supply Range: 
+4.50V $ Vcc $ + 5.50V 

All AC parameters assume a load capacitance of 100 pF 
Add 10 ns delay for each 50 pF increase in load up to a 
maximum of 150 pF for the data bus and 100 pF for 
address and control lines. AC timing measurements are 
referenced to 1.5 volts (except for clock, which is refer­
enced to the 10% and 90% points). Maximum capacitive 
load for ClK is 125 pF. 

The Ordering Information section lists temperature ranges 
and product numbers. Refer to the Literature List for 
additional documentation. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

+5V 

2.1 k 

From Output 
Under Test U"---+--'lr--~t--..., 

100 pF 

I 
Figure 59. Standard Test Circuit 
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DC CHARACTERISTICS 
Z80181 

Symbol Parameter Min Typ Max Unit Condition 

VIH1 Input H Voltage Vcc -0.6 Vcc +0.3 V 
/RESET, EXT AL. /NMI 

VIH2 Input H Voltage 2.0 Vcc +0.3 V 
Except /RESET, EXTAL, /NMI 

VIL1 Input L Voltage -0.3 0.6 V 
/RESET, EXT AL, /NMI 

Vil2 Input L Voltage -0.3 0.8 V 
Except /RESET, EXTAL, /NMI 

VOH Output H Voltage 2.4 V IOH = -200 JlA 
All outputs. Vcc'- 1.2 IOH = -20 JlA 

VOL Output L Voltage 0.45 V IOL = 2.2mA 
All outputs. 

IlL Input Leakage 10 JlA VIN = 05 - Vee -0.5 
Current All Inputs 
ExceptXTAL,EXTAL 

In. Tri-State Leakage Current 10 JlA VIN = 0.5 - V cc -0.5 

I ' cc Power Dissipation' 100 mA f = 12.5 MHz 
(Normal Operation) 55 80 f = 10 MHz 
Power Dissipation' 50 f = 12.5 MHz 
(SYSTEM STOP mode) 30 40 f = 10 MHz 

Cp Pin Capacitance 12 pF VIN = OV, f = 1 MHz 
TA = 25°C 

• V,H Min = Vee -1.0V, VLMax = O.8V(ali output terminals are at no load.) 
Vee = S.ODV 
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AC CHARACTERISTICS 
Z180 MPU Timing 

Figures 60-68 show the liming for the Z181 MPU and the referenced parameters appear in Table A. 

o 

Address 

fROMCS 
fRAMCS 

/WAIT 

fMREO 

fRO 

1M1 

ST 

T1 T2 Tw T3 T1 

flORO ---------4~--------------------------~r+------------r_-------/wR 

Data In 

fRESET 

Figure 60a. Op-code Fetch Cycle 
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AC CHARACTERISTICS (Continued) 
Z180 MPU Timing 

o 

Address 

fROMCS 
fRAMCS 

!WAIT 

flORO 

fRO 

!WR 

Data IN 

T1 T2 Twa T3 T1 

Data OUT 

~------------------~, 
ST 

460 

"H" 

[1] Output buffer is off at this point. 
[2] Memory ReadlWrite cycle timing is the same as this figure, except there is 

no automatic wait status (Twa), and fMREO is active instead of !lORO. 

Figure 60b. 1/0 ReadlWrite, Memory Read!Write Timing 

[1] 



o 

IINTI 

INMI 

IINTSCC[4] 

IMI [1) 

IIORO[I] 

IData IN [I] 

IMREO[2] 

IRFSH [2] 

IBUSREO 

IBUSACK 

Address 
Data/MREO, 

IRD,IWR, 
IIORO 

IHALT 

f~ ~ ~ J'~ ~(\J\f 
-joo I-® 

®-- .... , V 

- ~ , ( 

r-
/ 

®-

--~ ®- --, v--\ 

@-

Notes. 
[1) During IINTO acknowledge cycle 
(2) During refresh cycle 

-®~ 

1/ 

\ 
~ [ 

\. 

I 
"-

--®-j 

/ 
~ 

[ 
39 

·1 

\ 
®- I-- -33 f-

\ 
---® ®--j 

\ 
~--® 

~ 
[3] 

13) Output buHsr Is oH at this point 
4) ,Refer to Table C, parameter 7 

Figure 61, CPU Timing 

/ 
-

v 

®-I- ~ 
®-~ 

'" ~ ,. 
~ 

-j@ 

~ 

~ 

(lINTO Acknowledge Cycle, Refresh Cycle, BUS RELEASE Mode 
HALT Mode, SLEEP Mode, SYSTEM STOP Mode) 
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AC CHARACTERISTICS (Continued) 
Z180 MPU Timing 

Tl T2 

f2l 

Address 

IIORo 

IRD 

IWR 
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1I0ReadCyde VOWriteCyde 

Tw T3 Tl T2 

Figure 62. CPU Timing (/IOC = 0) 
(110 Read Cycle, I/O Write Cycle) 

Tw T3 



o 

/DREQi 
(At level 

sense) 

/DREQi 
(At edge 

sence) 

/TENDi 

ST 

CPU or DMA Read/Write Cycle (Only DMA Write Cycle for /TENDi) 

T1 T2 Tw 

- - - - - - - - - - - - - - - - - - - - - - - - --' ... _ ....... , 

DMA Control Signals 
[11 tOROS and tOROH are specified for the rising edge of clock followed by T3. 
[21 tOR OS and tOROH are specified for the rising edge of clock. 
[31 OMA cycle starts. 
[41 CPU cycle starts. 

Figure 63. DMA Control Signals 

T3 T1 
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AC CHARACTERISTICS (Continued) 
Z180 MPU Timing 

o 

E 
(Memory 

ReadlWrite) 

E 
(1/0 Read) 

E 
(1/0 Read) 

T1 

D7-DO => 

T2 Tw Tw T3 

a) E Clock Timing 
(Memory Read/Write Cycle, I/O Read/Write Cycle) 
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o 

{
BUS RELEASE Mode 

E SLEEP Mode 
SYSTEM STOP Mode 

b) E Clock Timing 
(BUS RELEASE Mode, SLEEP Mode, SYSTEM STOP Mode) 

Figure 64. E Clock Timing 



o 

E 
(Example: 
I/O Read­

Op-code 
Fetch) 

E 
(I/O Write) 

o 

A18fTOUT 

T2 Tw T3 T1 

Figure 65. E Clock Timing 
(Minimum timing example of PWEL and PWEH) 

Figure 66. Timer Output Timing 

T2 
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AC CHARACTERISTICS (Continued) 
Z180 MPU Timing 

o 

/INTi 

INMI 

A1B-AO 

IMREQ,/Ml 
IRD 

IHALT 
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SLP Instruction Fetch 

Figure 67. SLP Execution Cycle 

Next Op-code Fetch 



CSI/O Clock 

Transmit Data 
(Internal Clock) 

Transmit Data 
(External Clock) 

Receive Data 
(Internal Clock) 

Receive Data 
(External Clock) 

No Symbol 

1 tcyc 
2 tCHW 
3 tCLW 
4 tel 
5 tcr 
6 tAD 

7 tAS 
8 tMED1 
9 tRDD1 

10 tM1D1 

Figure 68. CSI/O Receiverrransmit Timing 

Table A. Z180 CPU & 180 Peripherals Timing 

Parameter Z8018110 
Min Max 

Clock Cycle Time 100 2000 
Clock Pulse Width (High) 40 
Clock Pulse Width (Low) 40 
Clock Fall Time 10 
Clock Rise Time 10 
Address Valid from Clock Rise 70 

Address Valid to fMREO, flORO Fall 10 
Clock Fall to IMREO Fall Delay 50 
Clock Fall to IRD Fall (lIOC=1) 50 
Clock Rise to fRD Fall (lIOC=O) 55 
Ctock Rise to fM1 Fall Delay 60 

Z8018112 Unit Note 
Min Max 

80 2000 ns 
30 ns 
30 ns 

10 ns 
10 ns 
60 ns 

10 ns 
45 ns 
45 ns 
50 ns 
50 ns 
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AC CHARACTERISTICS (Continued) 
Zi80 MPU Timing 

Table A. Z180 CPU & 180 Peripherals Timing (Continued) 

No Symbol Parameter Z8018110 Z8018112 Unit Note 
Min Max Min Max 

11 tAH Address Hold Time 10 10 ns 
(lMREQ, IIORQ, IRD, /WR) 

12 tMED2 Clock Fall to IMREQ Rise Delay 50 45 ns 
13 tRDD2 Clock Fall to IRD Rise Delay 50 45 ns 
14 tM1D2 Clock Rise to IM1 Rise Delay 60 50 ns 
15 tDRS Data Read Setup Time 45 45 ns 

16 tDRH Data Read Hold Time 0 0 ns 
17 tSTD1 Clock Fall to ST Fall 60 50 ns 
18 tSTD2 Clock Fall to ST Rise 60 50 ns 
19 tWS /WAIT Setup Time to Clock Fall 30 25 ns 
20 tWH /WAIT Hold time from Clock Fall 30 20 ns 
21 tWDZ Clock Rise to Data Float Delay 60 60 ns 

22 tWRD1 Clock Rise to /WR Fall Delay 50 30 ns 
23 tWDO /WR fall to Data Out Delay 15 15 ns 
24 tWRD2 Clock Fall to /WR Rise 50 45 ns 
25 tWRP /WR Pulse Width 110 85 ns 

(Memory Write Cycles) 
25a /WR Pulse Width (1/0 Write Cycles) 210 165 ns 

26 tWDH Write Data Hold Time from /WR Rise 7.5 7.5 ns 
27 IIOD1 Clock Fall to IIORQ Fall Delay 50 45 ns 

(lIOC=1) 
Clock Rise to IIORQ Fall Delay 55 50 ns 
(lIOC=O) 

28 IIOD2 Clock Fall to IIORQ Rise Delay 50 50 ns 

29 IIOD3 /M1 Fall to IIORQ Fall Delay 200 160 ns 
30 tiNTS liNT Setup Time to Clock Fall .30 25 ns 
31 tlNTH liNT Hold Time from Clock Fall 30 20 ns 
32 tNMIW INMI Pulse Width 80 60 ns 
33 tBRS IBUSREQ Setup Time to Clock Fall 30 25 ns 
34 tBRH /BUSREQ Hold Time from Clock Fall 30 20 ns 

35 tBAD1 Clock Rise to IBUSACK Fall Delay 60 50 ns 
36 tBAD2 Clock Fall to IBUSACK Rise Delay 60 50 ns 
37 tBZD Clock Rise to Bus Floating Delay Time 80 60 ns 
38 tMEWH IMREQ Pulse Width (High) 70 60 ns 
39 tMEWL IMREQ Pulse Width (LOW) 80 60 ns 
40 tRFD1 Clock Rise to IRFSH Fall Delay 60 40 ns 

41 tRFD2 Clock Rise to IRFSH Rise Delay 60 40 ns 
42 tHAD1 Clock Rise to IHAL T Fall Delay 50 30 ns 
43 tHAD2 Clock Rise to IHAL T Rise Delay 50 30 ns 
44 tDRQS IDREQi Setup Time to Clock Rise 30 20 ns 
45 tDRQH IDREQi Hold Time from Clock Rise 30 20 ns 
46 tTED1 Clock Fall to /TENOi Fall Delay 50 50 ns 

468 



AC CHARACTERISTICS (Continued) 
Z180 MPU Timing 

Table A. Z180 CPU & 180 Peripherals Timing (Continued) 

No Symbol Parameter Z8018110 Z8018112 Unit Note 
Min Max Min Max 

47 tTED2 Clock Fall to !TENDi Rise Delay 50 50 ns 
48 tED1 Clock Rise to E Rise Delay 60 40 ns 
49 tED2 Clock Edge to E Fall Delay 60 40 ns 
50 PWEH E Pulse Widtll (Higll) 55 45 ns 
51 PWEL E Pulse Widtll (Low) 110 90 ns 
52 tEr Enable Rise Time 20 10 ns 

53 tEl Enable Fall Time 20 10 ns 
54 tTOD Clock Fall to Timer Output Delay 150 120 ns 
55 tSTDI CSI/O Tx Data Delay Time 150 120 ns 

(Internal Clock Operation) 
56 tSTDE CSI/O Tx Data Delay Time 7.5tcyc+ 150 7.5tcyc+ 120 ns 

(External Clock Operation) 

57 tSRSI CSI/O Rx Data Setup Time tcyc 
(Internal Clock Operation) 

58 tSRHI CSI/O Rx Data Hold Time tcyc 
(Internal Clock Operation) 

59 tSRSE CSI/O Rx Data Setup Time tcyc 
(External Clock Operation) 

60 tSRHE CSI/O Rx Data Hold Time tcyc 
(External Clock Operation) 

61 tRES /RESET Setup Time to Clock Fall 80 60 ns 
62 tREH /RESET Hold Time Irom Clock Fall 50 45 ns 
63 tOSC Oscillator Stabilization Time 20 20 ms 
64 tEXr External Clock Rise Time (EXT AL) 25 20 ns 
65 tEXI External Clock Fall Time (EXTAL) 25 20 ns 

66 tRr /RESET Rise Time 50 50 ns 
67 tRI /RESET Fall Time 50 50 ns 
68 tlr Input Rise Time 100 80 ns 

(Except EXTAL, /RESET) 
69 tit Input Fall Time 100 80 ns 

(Except EXT AL, /RESET) 
70 TdCS(A) Address Valid to /ROMCS, /RAMeS 20 20 ns 

Valid Delay 
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AC CHARACTERISTICS (Continued) 
CTC Timing 

Figure 69 shows the timing for the on-chip CTC. Parameters referred to in this figure appear in Table B. 

Clock 

CLKlTRG 
Counter __ -I 

CLKlTRG 
Timer -----l" 

ZCfTO 

nNT 

Figure 69. eTe Timing 

Table B. eTe Timing Parameters 

No Symbol Parameter Z8018110 Z8018112 
Min Max Min Max 

1 TdCr(INTf) Clock Rise to liNT Fall Delay (TcC+100) (TcC+BO) 
2 TsCTR(Cr)c CLK/TRG to Clock Rise 

Setup Time for Immediate Count 90 60 
3 TsCTR(Ct) CLK/TRG Rise to Clock Rise 

Setup Time for Enabling of Prescalor 90 60 
On Following Clock Rise 

4 TdCTR(INTf) CLK/TRG to liNT Fall Delay 
TsCTR(C) Satisfied (1)+(3) (1)+(3) 
TsCTR(C) Not Satisfied TcC+(1 )+(3) TcC+(1 )+(3) 

5 TcCTR CLK/TRG Cycle Time (2TcC) DC (2TcC) DC 
6 TwCTRh CLK/TRG Width (Low) 90 DC 90 DC 
7 TwCTRI CLK/TRG Width (High) 90 DC 90 DC 

8 TrCTR CLK/TRG Rise Time 30 30 
9 TfCTR CLK/TRG Fall Time 30 30 
10 TdCr(ZCr) Clock Rise to ZC/TO Rise Delay BO 80 
11 TdCf(lCf) Clock Fall to ZC/TO Fall Delay 80 80 

Notes for Table B: 
[B1] Timer Mode 
[B2] Counter Mode 
[B3] Counter Mode Only; When using a cycle time less than 3TcC, parameter #2 must be mel. 
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ns [B2] 

ns [B1] 

ns [B2] 
ns [B2] 
ns [B3] 
ns 
ns 
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ns 
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AC CHARACTERISTICS (Continued) 
SCC Timing 

Figure 70 shows the AC characteristics for the on-chip 
SCC. Parameters referred to in this figure appear in 
Table C. 

o 

/wR 

tRD 
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/WI/REO 
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tDTAI/REO 
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liNT 
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1 
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J~ 
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Figure 70. see Ae Parameters 

J 

5 

6 
I 

Table e. see Timing Parameters (85C30 AC Characteristics) 

No Symbol Parameter Z8018110 Z8018112 
Min Max Min Max 

1 TdWR(W) IWR Fall to Wait Valid Delay 180 + TcC 125 + TcC 
2 TdWR(W) IRD Fall to Wait Valid Delay 180 125 
3 TdWRf(REQ) IWR Fall to /WI/REO Not Valid Delay 180 + TcC 125 + TcC 
4 TdRDf(REQ) IRD Fall to /WI/REO Not Valid Delay 180 125 

5 TdWRr(REQ) /WR Rise to IDTRI/REO Not Valid Delay 5TcC 5TcC 
6 TdPC(INT) Clock to liNT Valid Delay 500 500 
7 TdRDA(INT) IM1 Fall to liNT Inactive Delay TBS TBS 

Nole for Table C: 
[el] Open-drain output, measured with Open-drain test load. 

r--
J 

Unit Note 

ns [C1] 
ns [C1] 
ns 
ns 

ns 
ns [C1] 
ns [C1] 
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AC CHARACTERISTICS (Continued) 
SCC General Timing 

Figure 71 shows the general timing for the on-chip SCC. Parameters referred to in this figure appear in Table D. 
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AC CHARACTERISTICS (Continued) 
SCC General Timing 

Table D. see General Timing Parameters 

No Symbol Parameter Z8018110 Z8018112 Unit Note 
Min Max Min Max 

1 TdPC(REO) Clock Fall to /W//REO Valid 200 120 ns 
2 TdPC(W) Clock Fall to Wait Inactive 300 220 ns 
3 TsRXO(RXCr) RxO to /RxC Rise Setup Time 0 0 ns [OlJ 
4 TI1RXO(RXCr) RxO to /RxC Rise Hold Time 125 100 ns [OlJ 

5 TsRXO(RXCf) RxO to /RxC Fall Setup Time 0 0 ns [01,4J 
6 ThRXO(RXCf) RxO to /RxC Fall Hold Time 125 100 ns [01,4J 
7 TsSY(RXC) /SYNC to /RxC Setup Time -150 -125 ns [D1J 
8 ThSY(RXC) /SYNC to /RxC Hold Time 5TcC 5TcC ns [OlJ 

9 TdTXCf(TXO) /TxC Fall to TxO Delay 150 130 ns [D2J 
10 T dTXCr(TXO) /TxC Rise to TxO Delay 150 130 11S [02.4] 
11 TdTXO(TRX) TxO to /TRxC Delay 140 120 ns 
12 TwRTXh /RTxC High Width 120 100 ns [05] 

13 TwRTXI /RTxC Low Width 120 100 ns [05J 
14 TcRTX /RTxC Cycle Time (RxO, TxO) 400 320 ns [05,6J 
15 TcRTXX Xtal OSC Period 100 1000 80 1000 ns [03J 
16 TwTRXh /TRxC High Width 120 100 ns [05J 

17 TwTRXI /TRxC Low Width 120 100 ns [05J 
18 TcTRX /TRxC Cycle Time 400 320 ns [05,7J 
19 TwEXT /OCO or /CTS Pulse Width 120 100 ns 
20 TwSY /SYNC Pulse Widtl1 100 70 ns 
21 TxRx(OPLL) OPLL Cycle Time 50 40 ns [06,7] 

Notes to Table D: 
[01] /RXC is /RTxC or {TRxC, whichever is supplying the receiver clock. 
[02] {TXC is {TRxC or /RTxC, whichever is supplying the transmitter clock. 
[03] Both /RTxC and /SYNC pin has 30pF Capacitors (to ground). 
[04] Parameter applies only to FM encoding/decoding. 
[05] Parameter applies only to transmitter and receiver; baud rate generator timing requirements are different. 
[06] The maximum receive or transmit data rate is 1/4 TcC. 
[07] Applies to DPLL clock source only. Maximum data rate of 1/4 TcC still applies. OPLL. 
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AC CHARACTERISTICS (Continued) 
SCC System Timing 

Figure 72 shows the system timing for the on-chip sec. Parameters referred to in this figure appear in Table E. 
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AC CHARACTERISTICS (Continued) 
SCC System Timing 

Table E. see System Timing Parameters 

No Symbol Parameter Z8018110 Z8018112 Unit Note 
Min Max Min Max 

1 TdRxC(REO) /RxC to /W//REO Valid 8 12 8 12 TcC [E2J 
2 TdRxC(W) /llxC to Wait inactive 8 14 8 14 TcC [E1,2] 
3 TdRxC(SY) /RxC to /SYNC Valid 4 7 4 7 TcC [E2] 
4 TdRxC(INT) /RxC to /INT Valid 10 16 10 16 TcC [E1,2] 
5 TdTxC(REO) /TxC to /W//REO Valid 5 8 5 8 TcC [E3] 

6 TdTxC(W) /TxC to Wait inactive 5 11 5 11 TcC [E1,3] 
7 TdRxC(ORO) /TxC to /OTF1//REO Valid 4 7 4 7 TcC [E3] 
8 TdTxC(INT) /TxC to liNT Valid 6 10 6 10 TcC [E1,3] 
9 TdSY(INT) /SYNC to liNT Valid 2 6 2 6 TcC [E1] 
10 TdEXT(INT) lOCO or /CTS to /INT Valid 2 6 2 6 TcC [E1] 

Noles for Table E: 
[E1] Open-drain output, measured with Open-drain test load. 
[E2] jRXC is jRTxC or [TRxC, whichever is supplying the receiver clock. 
[E3] [TXC is [TRxC or jRTxC, whichever is supplying the transmitter clock. 
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AC CHARACTERISTICS (Continued) 
PIA General Purpose I/O Port Timing 

Figure 73 shows the liming for the PIA ports. Parameters referred to in this figure appear in Table F. 
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II0RO,fRD 

PIA Input 

PIA Output 

No Symbol 

1 TsPIA(C) 
2 TdCr(PIA) 
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Figure 73. PIA Timing 

Table F. PIA General Purpose 1/0 Timing Parameters 

Parameter 

PIA Data Setup time to Clock Rise 
Clock Rise to PIA Data Valid Delay 

Z8018110 
Min Max 

20 
60 

Z8018112 
Min Max 

20 
60 

Unit 

ns 
ns 

Note 



Interrupt Daisy-Chain Timing 

Figure 74 shows the interrupt daisy-chain timing. Parameters referred to in this figure appear in Table G. 

No 
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TsIEI(TW4) 
TdIElf(IEOf) 
TdIElr(IEOr) 

TdM1f(IEOf) 
TdCWA(f)INTA 
TdCWA(r)INTA 

Figure 74. Interrupt Daisy-Chain Timing 

Table G. Interrupt Daisy-Chain Timing Parameters 

Parameter Z8018110 
Min Max 

/M1 Fall to Clock Rise Setup Time 20 
/M1 Fall to /IORQ Fall Setup Time 
(During INTACK Cycle) 2TcC 

Hold Time 0 
/M1 Rise to Data Out Float Delay 0 
Clock Rise to Data Out Delay 120 

lEI to TW4 Rise Setup Time 95 
lEI Fall to lEO Fall Delay 60 
lEO Rise to lEO Rise Delay 60 

/M1 Fall to lEO Fall Delay 140 
Clock Rise to /WAIT Fall Delay 30 
Clock Rise to /WAIT Rise Delay 30 

Z8018112 
Min Max 

20 

2TcC 

0 
0 

100 

80 
60 
60 

120 
25 
25 
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AC CHARACTERISTICS (Continued) 
Read Write External BUS Master Timing 

elK 

Address 

flORO 

fRO 

Data ----,I-----{ 

IWR 

Data Data IN 

Figure 75. Read/Write External BUS Master Timing 

Table H. External Bus Master Interface Timing (ReadfWrite Cycles) 

No Symbol Parameter Z8018110 
Min Max 

1 TsA(Cr) Address to ClK Rise Setup Time 35 
2 TsIO(Cr) flORO Fall to ClK Rise Setup Time 35 
3 Th Hold Time 0 

4 TsRD(Cr) fRO Fall to ClK Rise Setup Time 35 
5 TdRD(DO) fRO Fall to Data Out Delay 120 
6 TdRlr(DOz) fRO, flORO Rise to Read Data Float 0 

7 TsWR(Cr) fWR Fall to ClK Rise Setup Time 35 
8 TsDi(WRf) Data in to /WR Fall Setup Time 0 
9 ThWlr(Di) flORO, fWR Rise to Data In Hold Time 0 

10 TsA(IOROf) Address to flORO Fall Setup Time 50 
11 TsA(RDf) Address to fRO Fall Setup Time 50 
12 TsA(WRf) Address to fWR Fall Setup Time 50 
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Z8018112 
Min Max 

35 
35 
0 

35 
100 

0 

35 
0 
0 

40 
40 
40 



see External BUS Master Timing 

Valid sec 
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IRDor 
fWR 

DTRlREO 
Request 

Figure 76. see External BUS Master Timing 

Table I. External Bus Master Interface Timing (SCC Related Timing) 

No Symbol Parameter Z8018110 
Min Max 

1 TrC Valid Access Recovery Time 4TcC 
2 TdRDr(REO) /RD Rise to /DTR//REO Not Valid Delay 4TcC 

[1] Applies only between transactions involving the SCC. 

Z8018112 
Min Max 

4TcC 
4TcC 

Unit 

nS 
nS 

Note 

[1] 
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AC CHARACTERISTICS (Continued) 
Note for Interrupt Acknowledge Cycle and Daisy Chain 

Wilen using the interrupt daisy chained device(s) for other 
than the Z181, these are the following restrictions/notes 
(without external logic): 

The device(s) has to be connected to the higher priority 
location (Figure 77). 

The device(s) lEI-lEO delay has to be less than two clock 
cycles. 

The Z 181 on-chip interface logic inserts another three wait 
states into the interrupt acknowledge cycle to meet the on­
chip SCC and the Z80 CTC timing requirements. (Total of 
five wait states; includes the automatic inserted two wait 
states). 

Tomeetthe timing requirements, theZ181 'son-chip circuit 
generates interface signals for the SCC and CTC. 
Figure 78 has the timing dUring the interrupt acknowledge 
cycle, including the internally generated signals. 

The following are three separate cases for the daisy-chain 
settle times: 

Vee 
--

lEI Peripheral 
Deviee(s) 

lEO lEI CTC 

Case 1 - SCC: The SCC /1 NT ACK signal goes active on the 
T1 clock fall time. The settle time is from SCC flNTACK 
active until the SCC fRO signal goes active on the fourth 
rising wait state clock. 

Case 2 - CTC: The settle time for the on-chip flORa is 
between the fall of /M1 until the internal CTC flORa goes 
active on the rise of the fourth wait state (the same time as 
SCC fRO goes active). 

Case 3 - OFF-chip Z80 Peripheral: The settle time for the 
off-chip Z80 peripheral is from the fall of fM1 until CTC 
flORa goes active. Since the Z181 's external flORa signal 
goes active on the clock fall of the first automatically 
inserted wait state (TwA)' the external daisy-chain device 
has to be connected to the upper chain location. Also, it 
must settle within two clock cycles. 

If any peripheral is connected externally with a lower daisy 
chain priority than Z181 peripherals, /IORO has to be 
delayed by external logic as shown in Figure 79. 

lEO lEI SCC lEO 

Z181 

Figure 77. Peripheral Device as Part of the Daisy Chain 
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~ 2,iLlJl3 Product Specification 

FEATURES 

• Designed in CMOS for low power operations. 

• Enhanced Z80® CPU instruction set that maintains 
object-code compatibility with Z80 microprocessor. 

• Three-stage pipelined, 16-bit CPU architecture with user 
and system modes. 

• Direct coprocessor and multiprocessor interface 
support. 

• On-chip paged Memory Management Unit (MMU) 
addresses up to 16 Mbytes. 

• On-chip 256-byte instruction and data associative cache 
memory with burst load. 

GENERAL DESCRIPTION 

The Z280 microprocessor features a high-performance 
microprocessor designed to give the end-user a powerful 
and cost effective solution to application requirements. 
The Z280 microprocessor unit (MPU) incorporates ad­
vanced arcllitectural features that allow fast and efficient 
throughput and increased memory addressing while main­
taining Z800bject-code compatibility. The Z280 micropro­
cessor offers a continuing growth parth for present Z80-
based designs and serves as a high-performance micro­
processor for new, advanced designs. 

Central to the Z280 microprocessor is an enhanced version 
of the Z80 Central Processing Unit (CPU). To assure system 
integrity, the Z280 microprocessor can operate in either 
user or system mode, allowing protection of system 
resources from user tasks and programs. System mode 
operation is supported by the addition of the system Stack 
Pointer to the working register set. The IX and IY registers 
have been modified so that in addition to their regular 
function as index registers, each register can be accessed 
as a 16-bit general purpose register or as two byte registers. 
The R register, used for refresh by the Z80 CPU, is now 
available to the programmer as a data register in the Z280 
microprocessor. 

Z280™MPU 
Microprocessor Unit 

• High performance 16-bit Z-BUS® bus interface or 8-bit 
Z80 CPU compatible bus interface. 

• Three on-chip 16-bit counter/timers. 

• Four on-chip DMA channels. 

• On-chip full duplex UART. 

• Refresh controller for dynamic RAMs. 

• On-chip oscillator or direct input clock options. 

• 25 MHz oscillator clock frequency: 

The Z80 CPU instruction set has been retained, meaning 
that the Z280 microprocessor is completely binary-code 
compatible with present Z80 code. The basic addressing 
modes of the Z80 microprocessor have been augmented 
with the addition of Indexed mode with full 16-bit 
displacement, Program Counter Relative with 16-bit 
displacement, Stack Pointer Relative with 16-bit 
displacement, and Base Index modes. The new addressing 
modes are incorporated into many of the old Z80 CPU 
instructions, resulting' in greater flexibility and power. Some 
additions to the instruction set include 8-and 16-bit signed 
and unsigned multiply and divide, 8-and 16-bit sign 
extension, and a test and set instruction to support 
multiprocessing. The 16-bit instructions have been 
expanded to include 16-bit compare, memory increment, 
memory decrement, negate, add, and subtract, in addition 
to the previously mentioned multiply and divide. 

A requirement of many of today's microprocessor-based 
system designs is to increase the memory address space 
beyond the 64K byte range oftypical8-bit microprocessors. 
The Z280 microprocessor has an on-chip Memory 
Management Unit (MMU) that enables addressing of up to 
16M bytes of memory. In addition to enabling the address 
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space to be expanded, the MMU performs other memory 
management functions previously handled by dedicated 
off-chip memory management devices. 

I/O address space has been expanded by the addition of an 
I/O Page register used to select pages of I/O addresses. The 
8-bit I/O Page register can select one of 256 possible pages 
of I/O addresses to be active at one time, allowing a total of 
64K I/O addresses to be accessed. 

There are 256 bytes of on-chip memory present on the Z280 
MPU. This memory can be configured as a high-speed 
cache or as a fixed address local memory. When configured 
as a cache, the memory can be programmed to be 
instruction only, data only, or both data and instruction. The 
cache memory allows programs to run significantly faster by 
reducing the number of external bus accesses. Operation 
and update of the cache is performed automatically and is 
completely transparent to the user. When used as a local 
memory, the addresses are programmable, which permits 
selected storage of time-critical loops in local memory. 

Many features that have traditionally been handled by 
external peripheral devices have been incorporated in the 
design of the Z280 microprocessor. The "on-chip 
peripherals" reduce system chip count and reduce 
interconnection on the external bus. The Z280 MPU 
contains an on-chip clock oscillator and a refresh controller 
that provides 10-bit refresh addresses for dynamic 
memories. Also present are additional on-chip peripherals 
to provide system design flexibility. To support 
high-bandwidth data transmission, four Direct Memory 
Access (DMA) channels are incorporated on-chip. Each 
DMA channel operates using full 24-bit source and 
destination addresses with a 16-bit count. The channels can 
be programmed to operate in single transaction, burst, or 
continuous mode. System event counting and timing 
requirements are met with the help of the three 16-bit 
cou nter/timers. The cou nter/timer fu nctions can be 
externally controlled with gate and trigger inputs, and can 
be programmed as retriggerable or nonretriggerable. A full 
duplex UART, capable of handling a variety of data and 
character formats, is present to facilitate asynchronous 
serial communication. 

Z280 CPU 

User and System Modes of Operation 

The Z280 CPU can operate in either user or system mode. 
In user mode, some instructions cannot be executed and 
some registers of the CPU are inaccessible. In general, this 
mode of operation is intended for use by application 
programs. In system mode, all of the instructions can be 
executed and all of the CPU registers can be accessed. This 
mode is intended for use with programs that perform 
operating system functions. This separation of CPU 
resources promotes the integrity of the system, since 
programs operating in user mode cannot access those 
aspects of the CPU that deal with system interface events. 
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The Z280 MPU also features programmable bus timing, 
allowing the user to tailor timing to the individual system. 
Upon reset the Z280 microprocessor can be programmed 
for system timing that is one-fourth, one-half, or equal to the 
speed of the MPU's internal Central Processing Unit (CPU), 
with one-half being the default. In addition to clock scaling, 
programmable wait states can be inserted during various 
bus transactions. Without the use of external hardware, one 
to three wait states can be inserted into memory, I/O, and 
interrupt acknowledge transactions. Furthermore, separate 
memory wait states can be specified for upper and lower 
memory areas, facilitating the use of different speeds of 
ROMs and RAMs in the same system. 

An additional feature of the 16-bit bus interface is the ability 
to support "nibble-mode" dynamic RAMs. Using this 
feature (known as burst mode), the bus bandwidth of 
memory read transactions is essentially doubled. Burst 
mode transactions have the further benefit of allowing the 
cache to operate more efficiently by guaranteeing a high 
probability that the contents of the accessed memory will be 
present in the cache. 

The Z280 MPU supports Zilog's Extended Processor 
Architecture (EPA) in a number of ways. It is capable of 
trapping Extended Processor Unit (EPU) instructions in 
order to perform software emulation of the EPU. With its 
16-bit external bus interface, the Z280 M PU directly 
interfaces with an EPU and operates in a manner that is 
completely transparent to the user and the program. 

Multiprocessor system architectures are also supported by 
the Z280 MPU. When operating in multiprocessor mode, 
the Z280 MPU's Local Address register is used to 
distinguish between local and global memory access. 
Global accesses are controlled through a global request 
and global acknowledge protocol. 

The pin functions and the pin assignments of the Z280 MPU 
are illustrated in Figures 1 and 2. Figure 3 shows the block 
diagram. 

To further support the dual user/system mode, there are two 
Stack Pointers-one for the user stack and another for the 
system stack. These two stacks facilitate the task switching 
involved when interrupts or traps occur. To ensure that the 
user stack is free of system information, the information 
saved on the occurrence of interrupts or traps is always 
pushed onto the system stack before the new program 
status is loaded. 
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Figure 3. Z280 MPU Block Diagram. 

Address Spaces 

The Z280 CPU architecture supports four distinct address 
spaces corresponding to the different types of locations that 
can be accessed by the CPU. These four address spaces 
are: 

• CPU register space 

• CPU control and status register space 

• Memory address space 

• I/O address space 

CPU Register Space. The CPU register space (Figure 4) 
consists of all of the registers in the CPU register file. The 
CPU registers are used for data and address manipulation. 
Access to these registers is specified in the instruction. The 
CPU registers are labeled A, F, B, C, 0, E, H, L, N, F', B', C', 
0', E', H', L', IX, 1'1': SSp, USp, PC, I, and R. 
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CPU Control and Status Register Space. The CPU 
control register space consists of all of the control and status 
registers found in the CPU control register file (Figure 5). 
These registers govern the operation of the CPU and are 
accessible only by the privileged Load Control instruction. 
The registers in the CPU control file consist of the Bus 
Timing and Control register, Bus Timing and Initialization 
register, Local Address register, Cache Control register, 
Master Status register, Interrupt Status register, 
Interrupt/Trap Vector Table Pointer, I/O Page register, Trap 
Control register, and System Stack Limit register. 

Memory Address Space. Two memory address spaces 
are supported by the Z280 CPU; one for user and one for 
system mode of operation. They are selected by the 
User/System Mode (U/S) bit in the Master Status register, 
which governs the selection of Page Descriptor registers 
during address translation. 



Each address space can be viewed as a string of 64K bytes 
numbered consecutively in ascending order. The 8-bit byte 
is the basic addressable element in the memory address 
spaces. However, there are other addressable data 
elements: bits, 2-byte words, byte strings and multiple-byte 
EPU operands. 

The address of a multiple-byte entity is the address of the 
byte with the lowest address. Multiple-byte entities can be 
stored beginning at either even or odd memory addresses. 

1/0 Address Space. 1/0 addresses are generated only by 
the I/O instructions (IN, OUT, and the I/O block move 
instructions). Logical I/O addresses are eight bits in length, 
augmented by the A register on lines As-A15 in Direct 
Address addressing mode and by the B register on lines 
As-A15 in Indirect Register addressing mode and for block 
I/O instructions. The 16-bit logical I/O address is always 
extended by appending the contents of the 8-bit page 
register to the augmented I/O address. Thus the complete 
address generated to address an I/O port consists of an I/O 
page number on A23-A16, the contents of the A or B register 
on As-A15, and the 8-bit I/O address on ArAQ. 

Unlike memory references, in which a 16-bit word store or 
fetch can generate two memory references, an I/O word 
store or fetch is always one I/O bus transaction, regardless of 
bus size or I/O port address. Note, however, that on-chip 
peripherals with word registers are accessed via word I/O 
instructions for those 16-bit registers, regardless of the 
external bus size (Table 1). 

PRIMARY FILE 

A ACCUMULATOR F FLAG REGISTER 

B GENERAL PURPOSE C GENERAL PURPOSE 

D GENERAL PURPOSE E GENERAL PURPOSE 

H GENERAL PURPOSE L GENERAL PURPOSE 

I~ B BITS "I 

I INTERRUPT VECTOR I R 

IX INDEX REGISTER 

IV INDEX REGISTER 

PC PROGRAM COUNTER 

Data Types 

The CPU can operate on bits, binary-coded decimal (BCD) 
digits (4 bits), bytes (8 bits), words (16 bits), byte strings, and 
word strings. Bits in registers or memory can be set, cleared, 
and tested. BCD digits, packed two to the byte, can be 
manipulated with the Decimal Adjust Accumulator 
instruction (in conjunction with binary addition and 
subtraction) and the Rotate Digit instructions. Bytes are 
operated on by 8-bit load, arithmetic, logical, and shift and 
rotate instructions. Words are operated on in a similar 
manner by the 16-bit load and 16-bit arithmetic instructions. 
Block move and search operations can manipulate byte 
strings up to 64K bytes long. Block I/O word instructions can 
manipulate word strings up to 32K words long. To support 
EPU operations, byte strings up to 16 bytes in length can be 
transferred by the CPU. 

CPU Registers 

The Z280 MPU contains 23 programmable registers 
(Figure 4) in the CPU register address space. 

Primary and Working Register Set. The working register 
set is divided into the two 8-bit register files-the primary file 
and alternate (designated by ') file. Each file contains an 
8-bit accumulator (A), a Flag register (F), and six 
general-purpose registers (B, C, D, E, H, and L). Only one 
file can be active at any given time. Upon reset, the primary 
register file is active. Exchange instructions allow the 
programmer to exchange the active file with the inactive file. 

AUXILIARY FILE 

A' ACCUMULATOR F' FLAG REGISTER 

B' GENERAL PURPOSE C' GENERAL PURPOSE 

D' GENERAL PURPOSE E' GENERAL PURPOSE 

H' GENERAL PURPOSE L' GENERAL PURPOSE 

NOTE: A is the 8·blt accumulator. 
HL is the 16-bit accumulator. 

SP STACK POINTER 

USER (USP) 0 
I SYSTEM (SSP) 

1""'~1---------16 BITS---------l .. ~1 

Figure 4. CPU Register Configuration 
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CONTROL 
REGISTERS 

BUS TIMING AND CONTROL 

BUS TIMING AND INITIALIZATION 

LOCAL ADDRESS 

CACHE CONTROL 

MASTER STATUS 

INTERRUPT STATUS 

INTERRUPT/TRAP VECTOR TABLE POINTER 

SYSTEM STATUS 
REGISTERS 

The accumulator is the destination register for 8-bit 
arithmetic and logical operations. The six general-purpose 
registers can be paired (BC, DE, and HL) to form three 16-bit 
general-purpose registers. The HL register pair serves as a 
16-bit accumulator for 16-bit arithmetic operations. 

CPU Flag Register. The Flag register contains six flags that 
are set or reset by various CPU operations. This register is 
illustrated in Figure 6. 

7 0 

lsi zlxlHlxl~vlNlcl 

Figure 6. CPU Flag Register 

The flags in this register are: 

Carry (C). This flag is set when an add instruction generates 
a carry or a subtract instruction generates a borrow. Certain 
logical and rotate and shift instructions affect the Carry flag. 

Add/Subtract (N). This flag is used by the Decimal Adjust 
Accumulator instruction to distinguish between add and 
subtract operations. The flag is set for subtract operations 
and cleared for add operations. 

Parity/Overflow (PN). During arithmetic operations this flag 
is setto indicate a two's complement overflow. During logical 
and rotate operations, this flag is set to indicate even parity of 
the result or cleared to indicate odd parity. 

Half Carry (H). This flag is set if an 8-bit arithmetic operation 
generates a carry or borrow between bits 3 and 4, or if a 
16-bit operation generates a carry or borrow between bits 
11 and 12. This bit is used to correct the result of a packed 
BCD addition or subtract operation. 
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1/0 PAGE 

TRAP CONTROL 

SYSTEM STACK LIMIT 

Zero (Z). This flag is set if the result of an arithmetic or logical 
operation is a zero. 

Sign (S). This flag stores the state of the most significant bit of 
the accuinulator. The Sign flag is also used to indicate the 
results of a test and set instruction. 

Dedicated MPU Registers 

Index Registers_ The two Index registers, IX and IY, each 
hold a 16-bit base address that is used in the Indexed 
addressing mode. The Index registers can also function as 
general-purpose registers with the upper and lower bytes 
capable of being accessed individually. The high and low 
bytes of the IX register are called IXH and IXL. The high and 
low bytes of the IY register are called IYH and IYL. 

Interrupt Register. The Interrupt register (I) is used in 
interrupt mode 2 to generate a 16-bit indirect logical address 
to an interrupt service routine. The Interrupt register 
supplies the upper eight bits of the indirect address and the 
interrupting peripheral supplies the lower eight bits. 

Program Counter. The Program Counter (PC) is used to 
sequence through instructions in the currently executing 
program and to generate relative addresses. The Program 
Counter contains the 16-bit logical address of the current 
instruction being fetched from memory. 

R Register. The R register can be used as a 
general-purpose 8-bit read/write register. The R register is 
not associated with the refresh address and its contents are 
changed only by the user. 

NOTE: To be compatible with possible future enhance­
ments, a user should write O's into reserved register bits. A 
user should not rely on values read from reserved register 
bits_ In figures and tables, unless otherwise noted, re­
served bits are labeled with "X". 



Peripheral 

Refresh Rate Register 

UART 

Configuration 

Transmitter Control/Status 

Receiver Control/Status 

Receiver Data 

Transmitter Data 

MMU 

Master Control 

Page Descriptor Register Pointer 

Descriptor Select Port 

Block Move Port 

Invalidation I/O Port 

Page Descriptor Registers' 

User PDRO 

User PDR 1 

User PDR 14 

User PDR 15 

System PDRO 

System PDR 1 

System PDR 14 

System PDR 15 

DMA 

Master Control 

Destination Address 

(bitsO-11) 

Destination Address 

(bits 12-23) 

Source Address 

(bits 0-11) 

Source Address 

(bits 12-23) 

Count 

Transaction Descriptor 

Counter/Timer 

Configuration 

Command/Status 

Time Constant 

Count-Time 

Table 1. On-Chip Peripheral 1/0 Port Addresses 

DMAO DMA1 

FFxxOO FFxx08 

FFxx01 FFxx09 

FFxx02 FFxxOA 

FFxx03 FFxxOB 

FFxx04 FFxxOC 

FFxx05 FFxxOD 

C/TO 

FExxEO 

FExxE1 

FExxE2 

FExxE3 

Address 

(Hexadecimal) 

FFxxE8 

FExx10 

FExx12 

FExx14 

FExx16 

FExx18 

FFxxFO 

FFxxF1 

FFxxF5 

FFxxF4 

FFxxF2 

00 

01 

OE 

OF 

10 

11 

1E 

1F 

FFxx1 F 

C/Tl 

FExxE8 

FExxE9 

FExxEA 

FExxEB 

DMA2 

FFxx10 

FFxx11 

FFxx12 

FFxx13 

FFxx14 

FFxx15 

DMA3 

FFxx18 

FFxx19 

FFxx1A 

FFxx1 B 

FFxx1C 

FFxx1D 

C/T2 

FExxF8 

FExxF9 

FExxFA 

FExxFB 

'The Page Descriptor register address must be loaded into the Page Descriptor Register Pointer in order to access that Page Descriptor register. 
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Stack Pointers. Two hardware Stack Pointers, the User 
Stack Pointer (USP) and the System Stack Pointer (SSP), 
support the dual mode of operation of the microprocessor. 
The SSP is used for saving information when an interrupt or 
trap occurs and for supporting subroutine calls and returns 
in system mode. The USP is used.for supporting subroutine' 
calls and returns in user mode. 

Status and Control Registers. There are ten status and 
control registers available to the programmer in the Z280 
MPU. Table 2 shows the addresses occupied by the 
registers in the status and control register addressing 
space. 

Table 2. Status and Control Register 110 Port Addresses 

Address 
Control Register Name (Hexadecimal) 

Bus Timing and Control Control 02 
Bus Timing and Initialization Control FF 
Cache Control 1 Control 12 
Interrupt Status Control 16 
Interrupt/Trap Vector Table Control 06 
110 Page Register Control 08 
Local Address Register2 Control 14 
Master Status (MSR) Control 00 
Stack Limit Control 04 
Trap Control Control 10 

NarES: 
1. See section on on-chip memory for register description. 
2. See section on multiprocessing mode of operation for register 

description. 

Bus Timing and Control Register. This 8-bit register 
(Figure 7) governs the timing of transactions to high 
memory addresses and the daisy-chain timing for interrupt 
requests, as well as the functionality of requests on the 
various Z280 MPU interrupt request lines. 

7 0 

I~clxlxl+ liP I 

Figure 7. Bus Timing and Control Register 

The fields in this register are: 

I/O Wait Insertion (I/O). This 2-bit field specifies the number 
of additional wait states (in addition to the one automatically 
inserted for 110) to be inserted by the CPU in both 1/0 
transactions and vector response timing (00 = none, 01 = 
one, 10 = two, 11 = three). 

High Memory Wait Insertion (HM). This ~-bit field specifies 
the number of automatic wait states (00 = none, 01 = one, 
10 = two, 11 = three) for the CPU to insert in memory 
transactions when the MMU is enabled and there is a 1 in bit 
15 of the selected Page Descriptor register. 
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Daisy Chain Timing (DC). This 2-bit field determines the 
number of additional automatic wait states the CPU inserts 
while the interrupt acknowledge daisy chain is settling (00 = 
none, 01 = one, 10 = two, 11 = three). A value of 01 in the 
DC field indicates that one additional cycle will be added to 
the four cycles that normally elapse between interrupt 
acknowledge, AS and OS (or lORa) assertions. 

Bus Timing and Initialization Register. This 8-bit register 
(Figure 8) is used to specify the du ration of control signals for 
the external interface bus when the MMU is disabled or 
when the MMU is enabled and there is a 0 in bit 15 of the' 
selected Page Descriptor register. It also controls the 
relationship between internal processor clock rates and bus 
timing. It cal) be programmed by external hardware upon 
reset. " 

7 0 

IOlcl BslMpl x I + I ~s I 
Figure 8. Bus Timing and Initialization Register 

During reset this register is initialized to one of two settings, 
depending on the state of the WAIT input line on the riSing 
edge.of Reset: if the WAIT line is not asserted, the register is 
setto OOH, If the WAIT line is asserted during reset," then 
this register is set to the contents of the AD lines. 

The fields in this register are: 

Clock Scaling (CS). This 2-bit field specifies the scaling of the 
CPU clock for all bus transactions (00 = one bus clock cycle 
is equal to two internal processor clock cycles, 01 = bus 
clock cycle is equal to the internal processor clock cycle, 10 
= one bus clock cycle is equal to four internal processor 
clock cycles, 11 = reserved), This field cannot be modified 
by software. 

Low Memory Wait Insertion (LM). This 2-bit field specifies the 
number of automatic wait states (00 = none, 01 = one, 10 
= two, 11 = three) for the CPU to insert in memory 
transactions when the MMU is disabled or when the MMU is 
enabled and there is a 0 in bit 15 of the selected Page 
Descriptor register. 

Multiprocessor Configuration Enable (MP). This 1-bit field· 
enables the multiprocessor mode of operation (0 = 
disabled, 1 = enabled). (See the Multiprocessor Mode 
section.) . 

Bootstrap Mode Enable (BS). This Hit field enables the 
bootstrap mode of operation (0 = disabled, 1 = enabled). 
(See the UART section for details about bootstrap mode.) 

Direct Input Clock Option (DIG). This bit when set (O=dsabIed, 
1 =enabled) selects the direct clock source option for the 
XT ALI input. In this mode, the crystal oscillator and divide 
by 2 circuits are bypassed and XT ALI input is used to 
directly generate the MPU internal clocks. The XTALI input 
must have TTL levels, 50% duty cycle, and 10MHz maxi­
mum frequency. When disabled, the input frequency is 
divided by 2 to generate the internal processor clock. A 
maximum crystal or input clock frequency of 20MHz is 
supported in this case. 



Interrupt Status Register. This 16-bit register (Figure 9) 
indicates which interrupt mode is in effect and which 
interrupt sources have interrupt requests pending. It also 
contains the bits that specify whether the interrupt inputs are 
to be vectored. Only the interrupt vector enable bits are 
writeable; all other bits are read-only. 

Figure 9 .. Interrupt Status Register 

The fields in this register are: 

fnterrupt Request Pending (fP). When bit IPn is set to 1, an 
interrupt request from sources at level n is pending. (Seethe 
Interrupt and Trap Structure section.) 

fnterrupt Mode (fM). A value of n in this 2-bit field indicates 
that interrupt mode n is in effect. This field can be changed 
by executing the 1M instruction. 

fnterrupt Vector Enabfe (f). These four bits indicate whether 
each of the four interrupt inputs are to be vectored. When In 
is set to 1, interrupts on the Interrupt n line are vectored 
when the CPU is in interrupt mode 3; when cleared to 0, all 
interrupts on this line use the same entry in the InterruptlTrap 
Vector Table. These bits are ignored except in interrupt 
mode 3. 

InterruptlTrap Vector Tabfe Pointer. This 16-bit register 
(Figure 10) contains the most significant 12 bits of the 
physical address at the beginning of the Interrupt/T rap 
Vector Table: the lower 12 bits of the physical address are 
assumed to be O. 

Figure 10. Interrupt/Trap Vector Table Pointer 

;/0 Page Register. This 8-bit register (Figure 11) indicates 
the bits to be appended to the 16 bits that are output during 
the 1/0 address phase of 1/0 transactions.· 

7 0 

1~IA~I~I~I~I~IAul~1 

Figure 11. I/O Page Register 

Master Status Register. The Master Status register (Figure 
12) is a 16-bit register containing status information about 
the currently executing program. This register is cleared to ° 
during reset. 

~ 0 

I x I u/s I X I BH I X I X Isspl 55 I X I Eol Eol E41 E31 E21 E, I Eol 

Figure 12. Master Status Register 

The fields in this register are: 

fnterrupt Request Enabfe (EnJ. There are seven Interrupt 
Enable bits, one for each type of maskable interrupt source 
(both external and internal). When bit En is set to 1 , interrupt 
requests from sources at level n are accepted by the CPU; 
when this bit is cleared to 0, interrupt requests at level n are 
not accepted. 

Singfe-Step (SS). While this bit is set to 1, the CPU is in 
single-stepping mode; while this bit is cleared to 0, 
automatic single-stepping is disabled. This bit is 
automatically cleared when a trap or interrupt is taken. 

Singfe-Step Pending (SSP). While this bit is set to 1 , the CPU 
generates a trap prior to executing an instruction. The SS bit 
is automatically copied into this field at the completion of 
each instruction. This bit is automatically cleared to ° when a 
Single-Step, Page Fault, Privileged Instruction, Breakpoint­
on-Halt or Division trap is taken so that the SSP bit in the 
saved Master Status register is cleared to O. 

Breakpoint-on-Haft Enabfe (BH). While this bit is set to 1, the 
CPU gerlerates a Breakpoint trap whenever a HALT 
instruction is encountered; while this bit is cleared to 0, the 
HALT instruction is executed normally. 

User/System Mode (U/S). While this bit is cleared to 0, the 
CPU is in the system mode of operation; while it is set to 1 the 
CPU is in the user mode of operation. 

System Stack Limit Register. This 16-bit register (Figure 
13) indicates when a System Stack Overflow Warning trap 
is to be generated. If enabled, by setting a control bit in the 
Trap Control register, pushes onto the system stack cause 
the 12 most significant bits in this register to be compared 
to the upper 12 bits of the system Stack Pointer and a trap 
is generated if they match. 

Figure 13. System Stack Limit Register 

Trap Control Register. This 8-bit register (Figure 14) 
enables the maskable traps. Upon reset this register is 
initialized to all Os. 

7 0 

IxlxlxlxlxlllElsl 

Figure 14. Trap Control Register 
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The bits in this register are: 

System Stack Overflow Warning (S). While this bit is set to 1, 
the CPU generates a Stack Overflow Warning trap when the 
system stack enters the specified region of memory. 

EPU Enable (E). While this bit is cleared to 0, the CPU 
generates a trap whenever an EPA instruction is 
encountered. 

Inhibit User 110 (I). While this bit is set to 1, the CPU 
generates a Privileged Instruction trap when an I/O 
instruction is encountered in user mode. 

Cache Control and Local Address Registers. See the 
On-Chip Memory section for information about the Cache 
Control register and the Multiprocessor Mode section for 
information about the Local Address register. 

Interrupt and Trap Structure 

The Z280 MPU provides a very flexible and powerful 
interrupt and trap structure. Interrupts are external 
asynchronous events requiring CPU attention and are 
generally triggered by peripherals needing service. Traps 
are synchronous events resulting from the execution of 
certain instructions. 

Interrupts. Two types of interrupt, nonmaskable and 
maskable, are supported by the Z280 MPU. The 
nonmaskable interrupt (NMI) cannot be disabled·(masked) 
by software and is generally reserved for highest priority 
external events that require immediate attention. Maskable 
interrupts, however, can be selectively disabled by software. 
Both nonmaskable and maskable interrupts can be 
programmed to be vectored or nonvectored. Interrupts are 
always accepted between instructions and acknowledged 
after execution of the prior instruction is complete. The block 
move, search, and I/O instructions can be safely interrupted 
after any iteration and restarted after the interrupt is serviced. 

Interrupt Sources. The Z280 MPU accepts nonmaskable 
interrupts on the NMI pin only. The Z280 MPU accepts 
maskable interrupts on the INT pins and from the on-chip 
counter/timers, DMA channels, and the UART receiver and 
transmitter. 

Interrupt Lines A, B, and C can be selectively programmed 
to support vectored interrupts by setting the appropriate 
bits in the Interrupt Status register. The external interrupts 
can be programmed to be vectored or nonvectored in 
interrupt mode 3. 

Interrupt Modes of Operation. The CPU has four modes 
of interrupt handling. The first three modes extend the Z80 
interrupt modes to accommodate additional interrupt input 
lines in a compatible fashion. The fourth mode provides 
more flexibility in handling the interrupts. On-chip 
peripherals use the fourth mode regardless of which mode 
is selected for externally generated interrupt requests. The 
interrupt mode is selected by using the privileged 
instructions 1M 0, 1M 1, 1M 2, or 1M 3. On reset, the Z280 
MPU is automatically set to interrupt mode O. The current 
interrupt mode in effect can be read from the Interrupt 
Status register. 
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Mode O. This mode is identical to the 8080 interrupt 
response mode. With this mode, the interrupting device on 
any of the maskable interrupt lines can place a call or restart 
instruction on the data bus and the CPU will execute it. As a 
result, the interrupting device, instead of the memory, 
provides the next instruction to be executed. 

Mode 1. When this mode is selected, the CPU responds to a 
maskable external interrupt by executing a restart to the 
logical address 0038H' in the system program address 
space. 

Mode 2. This mode is' a vectored int~rrupt response mode. 
With a single 8-bit byte from the interrupting device, an 
indirect call can be made to any memory location. With this 
mode the system maintains a table of 16-bit starting 
addresses for every interrupt service routine. This table can 
be located anywhere in the system mode logical data 
address space on a 256-byte boundary. When an interrupt 
is accepted, a 16-bit pointer is formed to obtain the desired 
interrupt service routine starting address from the table. The 
upper eight bits of this pointer are formed from the contents 
of the I register. The lower eight bits of the pointer must be 
supplied by the interrupting device. The 16-bit pointer so 
formed is treated as a logical address in the system data 
address space, which can be translated by the MMU to a 
physical address. 

Mode 3. This is the intended mode of operation for 
systems that take advantage of the enhancements of the 
Z280 microprocessor (such as single-step and 
userlsystem mode) since the Master Status register is 
automatically saved and another loaded for the interrupts. 
Also, vector tables can be used for the external interrupt 
sources to provide more interrupt vectors for the 
Z8000® family, Z80 family, and Z8500 Universal 
Peripherals. When an interrupt request (either maskable 
or nonmaskable) is accepted, the Master Status register, 
the address of the next instruction to be executed, and a 
16-bit "reason code" are pushed onto the system stack. A 
new Master Status register and Program Counter are then 
fetched from the Interrupt/Trap Vector Table. The "reason 
code" for externally generated interrupts is the contents of 
the bus during the interrupt acknowledge sequence; for 
8-bit data buses, the least significant byte of the reason 
code is all1's. For interrupts generated by on-chip periph­
erals, the reason code identifies which peripheral gener­
ated the interrupt and is identical to the vector address in 
the InterruptlTrap Vector Table. The InterruptlTrap Table 
Pointer is used to reference the table. 

Traps. The Z280 CPU supports eight traps that are 
generated internally. The following traps can be disabled: 
the EPA trap, which allows software to emulate an EPU; the 
Stack Warning trap, which is taken at the end of an 
instruction causing the trap; the Breakpoint-on-Halt trap, 
which is taken when a HALT instruction is encountered; and 
the Single-Step trap, which is taken for each instruction. In 
addition, I/O instructions can be specified as privileged 
instructions. Traps cause the instruction to be terminated 
without altering CPU registers (except for the System Stack 



Pointer, which is modified when the program status is 
pushed onto the system stack). 

The saving of the program status on the system stack and 
the fetching of a new program status from the Interrupt/Trap 
Vector Table is the same in any interrupt mode of operation. 

Traps can only occur if the trap generating features of the 
Z280 CPU (such as System Stack Overflow warning) have 
been explicitly enabled. Traps cannot occur on instructions 
of the Z80 instruction set unless explicitly enabled by the 
operating system using Z280 CPU extensions. 

Extended Instruction. This trap occurs when the CPU 
encounters an extended instruction while the Extended 
Processing Architecture (EPA) bit in the Trap Control register 
is O. Four trap vectors are used by the EPA trap-one for 
each type of EPA instruction. This greatly simplifies trap 
handlers that use 1/0 instructions to access an EPU or 
software to emulate an EPU. 

Privileged Instruction. This trap occurs whenever an attempt 
is made to execute a privileged instruction while the CPU is 
in user mode (UserlSystem Mode control bit in the Master 
Status register is 1). 

System Call. This trap occurs whenever a System Call (SC) 
instruction is executed. 

Access Violation. This trap occurs whenever the MMU's 
translation mode is enabled and an address to be translated 
is invalid or (for writes) is write-protected. 

System Stack Overflow Warning. This trap occurs only while 
the Stack Overflow Warning bit in the Trap Control register is 
set to 1. For each system stack push operation, the most 
significant bits in the Stack Pointer register are compared 
with the contents of the Stack Limit register and a trap is 
signaled if they match. The Stack Overflow Warning bit is 
then automatically cleared in order to prevent repeated 
traps. 

Division Exception. This trap occurs whenever the divisor is 
zero (divide-by-zero case) or the true quotient cannot be 

. represented in the destination precision (overflow); the CPU 
flags are set to distinguish these two cases. 

Single-Step. This trap occurs before executing an 
instruction if the Single-Step Pending control bit in the 
Master Status register is set to 1. Two control bits in the 
Master Status register are used for the Single-Step trap. The 
Single-Step bit (bit 8), on being set when previously clear, 
causes a trap to occur after the execution of the next 
instruction. While this bit is set to 1 , if an instruction execution 
causes a trap, the Single-Step trap occurs after the 
execution of the trap-handling routine. The Single-Step 

Pending bit (bit 9), is used by the processor to ensure that 
only one Single-Step trap occurs for each instruction 
executed while the Single-Step bit is set to 1 . 

Breakpoint-on-Halt. This trap occurs whenever the 
Breakpoint-on-Halt control bit in the Master Status register is 
1 and a HALT instruction is encountered. 

Interrupt and Trap Disabling. Maskable interrupts can be 
enabled or disabled independently via software by setting 
or clearing the appropriate control bits in the Master Status 
register. 

A 7-bit mask field in the Master Status register indicates 
which of the requested interrupts will be accepted. Interrupt 
requests are grouped as follows, with each group controlled 
by a separate Interrupt Enable control bit. The list is 
presented in order of decreasing priority, with sources within 
a group listed in order of descending priority. 

• Maskable Interrupt A line (bit 0) 

• Counter/Timer 0, DMAO (bit 1) 

• Maskable Interrupt B line (bit 2) 

• Counter/Timer 1 , UART receiver, DMA 1 (bit 3) 

• Maskable Interrupt C line (bit 4) 

• UART Transmitter, DMA2 (bit 5) 

• CounterlTimer 2, DMA3 (bit 6) 

When a source of interrupts has been disabled, the CPU 
ignores any interrupt request from that source. 

The System Stack Overflow Warning trap, Privileged 
Instruction trap (I/O instructions in user mode), or Extended 
Instruction trap can be enabled by setting control bits in 
the Trap Control register, and the Single-Step and 
Breakpoint-on-Halt trap can be enabled by setting control 
bits in the Master Status register; these are the only traps that 
can be disabled. 

Interrupt/Trap Vector Table. The format of the Interrupt/ 
Trap Vector Table consists of pairs of Master Status register 
and Program Counter words, one pair for each separate 
on-chip interrupt or trap source. For each external interrupt, 
there is a separate Master Status register word and Program 
Counter word (for use if the input is not vectored). If the 
external interrupt is vectored, a vector table consisting of 
one Program Counter word for each of the 128 possible 
vectors that can be returned for each input line is used 
instead of the dedicated Program Counter word; thus for 
vectored interrupts, there is only one Master Status register 
for each i nterru pt type. 
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The format of the Interrupt/Trap Vector Table is shown in 
Table 3 .. 

Table 3. Interrupt/Trap Vector Table 

Address 
(Hexadecimal) 
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00 
04 
08 
OC 
10 
14 
18 
1C 
20 
24 
28 
2C 
30 
34 
38 
3C 
40 
44 
48 
4C 

50 
54 
58 
5C 
60 
64 

68-6C 
70-16E 

170-26E 

270-36E 

Contents 

Reserved 
NMIVector 
Interrupt Line A Vector 
Interrupt Line B Vector 
I nterru pt Li ne C Vector 

Countermmer 0 Vector 
Countermmer 1 Vector 
Reserved 
Countermmer 2 Vector 
DMAOVector 
DMA1 Vector 
DMA2Vector 
DMA3Vector 
UART Receiver Vector 
UART Transmitter Vector 
Single-Step Trap Vector 
Breakpoint-on-Halt Trap Vector 
Division Exception Trap Vector 
Stack Overflow Warning Trap Vector 
Page Fault Trap Vector 
System Call Trap Vector 
Privileged Instruction Trap Vector 
EPU +- Memory Trap Vector 
Memory +- EPU Trap Vector 
A +- EPU Trap Vector 
EPU Internal Operation Trap Vector 
Reserved 
128 Program Counter Values for 

NMI and Interrupt Une A Vectors 

(MSR from 04 and 08, respectively) 

128 Program Counter Values for 

Interrupt Une B Vectors(MSR from OC) 

128 Program Counter Values for 

Interrupt Une C Vectors(MSR from 10) 

Addressing Modes 

Addressing modes (Figure 15) are used by the CPU to 
calculate the effective address of an operand needed for 
execution of an instruction. Nine addressing modes are 
supported by the Z280 CPU. Of these nine, four are 
additions to the Z80 addressing modes (Indexed with 16-bit 
displacement, Stack Pointer Relative, Program Counter 
Relative, and Base Index) and the remaining five modes are 
either existing or extensions to the existing Z80 addressing 
modes. 

Register. The operand is one of the 8-bit registers (A, B, C, 
D, E, H, L,IXH,IXL,IYH or IYL); or one of the 16-bit registers 
(BC, DE, HL, IX, IY, or SP), or one of the special byte 
registers (lor R). 

Immediate. The operand is in the instruction itself and has 
no effective address. 

Indirect Register. The contents of a register specify the 
effective address of an operand. The HL register is the 
register used for memory accesses. (For the Load To or 
Load From Accumulator instruction, BC and DE can also be 
used for indirection; for the JP instruction, IX and IY can also 
be used for indirection.) The C register is used for 110 and 
control register space accesses. 

Direct Address. The effective address of the operand is the 
location whose address is contained in the instruction. 
Depending on the instruction, the specified operand is 
either in the lID or data memory address space. 

Indexed. The effective address of the operand is the 
location specified by adding the 16-bit address contained in 
the instruction to a two's complement "index" contained in 
the H L, IX, or IY register. 

Short Index. The effective address of the operand is the 
location computed by adding the 8-bit two's complement 
signed displacement contained in the instruction to the 
contents of the IX or IY register. This addressing mode is 
equivalent to the Z80 CPU indexed mode. 

I Program Counter Relative. An 8- or 16-bit displacement 
contained in the instruction is added to the Program Counter 
to generate the effective address of the operand. 

Stack Pointer Relative. The effective address of the 
operand is the location computed by adding a 16-bit two's 
complement displacement contained in the instruction to 
the contents of the Stack Pointer. 

Base Index. The effective address of the operand is the 
location whose address is computed by adding the contents 
of HL, IX, or IY to the contents of another of these three 
registers. 



EXTENDED PROCESSING ARCHITECTURE 

Features 

The Zilog Extended Processing Architecture (EPA) 
provides an extremely flexible and modular approach to 
expanding both the hardware and software capabilities of 
the Z280 CPU. Features of the EPA include: 

• Allows Z280 CPU instruction set to be extended by 
external devices. 

• Increases throughput of the system by using up to four 
specialized external processors in parallel with the CPU. 

• Permits modular design of Z280 CPU-based systems. 

• Provides easy management of multiple microprocessor 
configurations via "single instruction stream" 
communication. 

• Direct interconnection between EPUs and Z280 MPU 
requires no additional external supporting logic. 

• EPUs can be added as the system grows and as EPUs 
with specialized functions are developed. 

General Description 

The processing power of the Zilog Z-BUS Z280 
microprocessor can be boosted beyond its intrinsic 
capability by the Extended Processing Architecture (EPA). 
The EPA allows the Z280 CPU to accommodate up to four 
Extended Processing Units (EPUs), which perform 
specialized functions in parallel with the CPU's main 
instruction execution stream. 

The EPUs connect directly to the Z-BUS and continuously 
monitor the CPU instruction stream for an instruction 
intended for the EPU (template). When a template is 
detected, the appropriate EPU responds, obtaining or 
placing data or status information on the Z-BUS by using the 
Z280 CPU-generated control signals and performing its 
function as directed. 

The CPU is responsible for instructing the EPU and 
delivering operands and data to it. The EPU recognizes 
templates intended for it and executes them, using data 
supplied with the template and/or data within its internal 
registers. There are three classes of EPU instructions: 

• Data transfers between main memory and EPU registers 

• Data transfers between CPU registers and EPU 
status registers 

• EPU internal operations 

Six addressing modes can be utilized with transfers 
between EPU registers and the MPU and main memory: 

• Indirect Register 

• Direct Address 

• Indexed 

• Program Counter Relative 

• Stack Pointer Relative 

• Base Index 

In addition to the hardware-implemented capabilities of the 
EPA, there is an extended instruction trap mechanism to 
permit software simulation of EPU functions. An EPU 
present bit in the Z280 MPU Trap Control register indicates 
whether actual EPUs are present or not. If not, the CPU 
generates a trap when an extended instruction is detected, 
and a software "trap handler" can emulate the desired EPU 
function. Thus, the EPA software trap routine supports 
systems not containing an EPU. 

EPA and CPU instruction execution are shown in Figure 
16. If an instruction has been fetched and decoded, the 
CPU determines whether or not it is an EPU instruction. If 
the instruction is an EPU instruction, the state of the EPU 
Enable bit in the Trap Control register is examined. If the 
EPU Enable bit is reset (E = 0), the CPU generates a trap 
and the EPU instruction can be simulated by an EPU 
instruction trap software routine. However, if the EPU 
Enable bit is set (E = 1), indicating that an EPU is present 
in the system, then the 4-byte EPU template is fetched from 
memory. The fetching of the EPU template is indicated by 
the status lines STo -ST 3' Each EPU continuously monitors 
the Z -BUS and the status lines for its own templates. After 
fetching the EPU template, the CPU, if necessary, trans­
fers appropriate data between the EPU and memory or 
between the CPU and the EPU. These transactions are 
indicated by unique encodings of the status lines. If the 
EPU is free when the template and the data appear, the 
EPU template is executed. If the EPU is still processing a 
previous instruction, the PAUSE line can be activated to 
halt further execution of CPU instructions until EPU execu­
tion is complete. After the execution of the template is com­
plete, the EPU deactivates the PAUSE line and CPU 
instruction execution continues. 
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• Due to plpelinlng, Instruction fetching can be Independent to 
Instruction executlon 

r-----------
I 
I NO 

Figure 16. EPA and Z280 MPU Instruction Execution. 

MEMORY MANAGEMENT 

Features 

• On·chip dynamic address translation 

• Permits addressing of 16M bytes of physical memory 

• Separate translation facilities for user and system modes 

• Permits instructions and data to reside in separate 
memory areas. 

• Write protection for individual pages of memory 

• Aborts CPU on access violation to support virtual 
memory 

General Description 

The Z280 microprocessor contains an on·chip Memory 
Management Unit (MMU), which translates logical 
addresses into physical addresses. This allows access to 
more than 64K bytes of physical memory and provides 
memory protection features typical of those found on large 
systems. With the MMU, the CPU can access up to 16M 
bytes of physical memory. The MMU features a 
sophisticated trapping mechanism that generates page 
faults on error conditions. Instructions that are aborted by a 
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page fault can be restarted in a manner compatible with 
virtual memory system requirements. On reset, the MMU 
features are not enabled, thus permitting logical addresses 
to pass to the physical memory untranslated. 

The physical address space is expanded by dividing the 
64K byte logical address space (the space manipulated by 
the program) into pages. The pages are then mapped 
(translated) into the larger physical address space of the 
Z280 microprocessor. The mapping process makes the 
user software addresses independent of the physical 
memory, so the user is freed from specifying where 
information is actually stored in physical memory. The actual 
size of the page depends on whether the program/data 
separation mode is enabled-if it is enabled, each page is 
8K bytes in length, and if it is not enabled, the page length is 
4K bytes. With the page mapping technique, 16·bit logical 
addresses can be translated into 24·bit physical addresses. 
Address translation can occur both in system and in user 
mode, with separate translation facilities available to each 
mode. The MMU further allows instruction references to be 
separated from data references, which enables programs 
of up to 64K bytes in length to manipulate up to 64K bytes of 
data without operating system intervention. 



MMU Architecture 

The Z280 MMU consists of two sets of sixteen Page 
Descriptor registers (Figure 17) that are used to translate 
addresses, a 16-bit control register that governs the 
translation facilities, a Page Descriptor Register Pointer, an 
I/O write-only port that can be used to invalidate sets of page 
descriptors, and two I/O ports for accesses to the Page 
Descriptor registers. One set of Page Descriptor registers is 
dedicated to the system mode of operation and the other set 
is dedicated to the user mode of operation. 

While an address is being translated, attributes associated 
with the logical page containing that location are checked. 
The correct logical page is determined by the CPU mode 
(user or system), address space (program/data), and the 
four most significant bits of the logical address. Pages can 
be write-protected to prevent them from being modified by 
the executing task and can also be marked as 
non-cacheable to prevent information from being copied 
into the cache for later reference. The latter capability is 
useful in multiprocessor systems, to ensure that the 
processor always accesses the most current version of 
information being shared among multiple devices. The 
MMU also maintains a bit for each page that indicates if the 
page has been modified. 

Each Page Descriptor register contains a Valid bit, which 
indicates that the descriptor contains valid information. Any 
attempt by the MMU to translate an address using an invalid 
descriptor generates a page fault. Valid bits for groups of 
Page Descriptor registers can be reset by writing to an MMU 
control port. 

15 

Figure 17. Page Descriptor Register 

For each mode of CPU operation, the MMU can be 
configured to separate instruction fetches from data fetches, 
and thus separate the program address space from the data 
address space. When the program/data separation mode is 
in effect, the sixteen Page Descriptor registers for the current 
CPU mode of operation (user or system) are partitioned into 
two sets, one for instruction fetches and one for data fetches. 
An instruction fetch or data access using the Program 
Counter Relative addressing mode is translated by the 
M MU registers associated with the program address space; 
data accesses using other addressing modes and accesses 
to the Interrupt Vector Table in interrupt mode 2 use the 
MMU registers associated with the data address space. In 
this mode of MMU operation, the page size is 8192 bytes. 
There are two control bits in the MMU Master Control 
register that independently specify whether the user and 
system modes of MPU operation have separate program 
and data address spaces. 

Each 16-bit Page Descriptor register consists of a 4-bit 
attribute field and a 12-bit page frame address field. The 
attribute field consists of the least significant bits of the 
descriptor and contains four control and status bits, listed 
below. 

Modified (M). This bit is automatically set whenever a write is 
successfully performed to a logical address in this page; it 
can be cleared to ° only by a software routine that loads the 
Page Descriptor register. If the Valid bit is 0, the contents of 
this bit are undefined. 

Cacheab/e (C). While this bit is set to 1, information fetched 
from this page can be placed in the cache. While this bit is 
cleared to 0, the cache control mechanism is inhibited from 
retaining a copy of the information. 

Write-Protect (WP). While this bit is set to 1, CPU writes to 
logical addresses in this page cause a page fault to be 
generated and prevent a write operation from occurring. 
While this bit is cleared to 0, all valid accesses are permitted. 

Valid (V). While this bit is set to 1 , the descriptor contains valid 
information. While this bit is cleared to 0, all CPU accesses to 
logical addresses in this page cause a page fault to be 
generated. 

MMU Control Registers and 110 Ports 

MMU operation is controlled by one control register and four 
dedicated I/O ports. The MMU Master Control register 
(Figure 18) determines the program/data address space 
separation in effect in both user and system modes and 
whether logical addresses generated in user and system 
mode will be translated by the MMU. Page Descriptor 
registers are accessed indirectly through the register 
address contained in the Page Descriptor Register Pointer. 
The Descriptor Select Port is used to access the Page 
Descriptor register that is pointed to by the Page Descriptor 
Register Pointer. After this access the Page Descriptor 
Register Pointer is left unchanged. The Block Move I/O Port 
is used to move blocks of words between the Page 
Descriptor registers and memory; reads or writes to this I/O 
port access data pointed to by the Page Descriptor Register 
Pointer, then increment the pointer by one. The Invalidation 
I/O Port is used to invalidate blocks of Page Descriptor 
registers; writes to this port cause the Valid bits in selected 
blocks of Page Descriptor registers to be cleared to 0, which 
indicates that the descriptors no longer contain valid 
information. 

15 

Figure 18. MMU Master Control Register 
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MMU Master Control Register. The MMU Master Control 
register (1/0 address location FFxxFO) controls the operation 
of the MMU. This register contains four control bits; all other 
bits in this register must be cleared to 0. The four control bits 
of the MMU Master Control register are described below. 

Page Fault Identifier (PFI). This 5-bit field latches information' 
that indicates which Page Descriptor register was being 
accessed when the access violation was detected. 

System Mode Program/Data Separation Enable (SPD). 
While this bit is set to 1, instruction fetches and data 
accesses via the PC Relative addressing mode use the 
system mode Page Descriptor registers 8-15, and data 
references that do not use the PC Relative addressing mode 
use the system mode Page Descriptor registers 0-7. While 
this bit is cleared to 0, system mode Page Descriptor 
registers 0-15 are used to translate instruction and data 
references. 

System Mode Translate Enable (STE). While this bit is set to 1 , 
logical addresses generated in the system mode of 
operation are translated. While this bit is cleared to 0, 
addresses are passed through the MMU extended with 
zeros in the most significant bits and no attribute checking or 
modified bit setting is performed. 

User Mode Program/Data Space Separation Enable (UPD). 
While this bit is set to 1, instruction fetches and data 
accesses via the PC Relative addressing mode use the user 
mode Page Descriptor registers 8-15, and data references 
that do not use the PC Relative addressing mode use the 
user mode Page Descriptor registers 0-7. While this bit is 
cleared to 0, user mode Page Descriptor registers 0-15 are 
used to translate instruction and data references. 

User Mode Translated Enable (UTE). While this bit is set to 1, 
logical addresses generated in the user mode of operation 
are translated. While this bit is cleared to 0, addresses are 
passed through the MMU extended with zeros in the most 
significant bits and no attribute checking or modified bit 
setting is performed. 

Page Descriptor Register Pointer. Moves of data into and 
out of the MMU Page Descriptor registers use the Page 
Descriptor Register Pointer, which is at 1/0 address location 
FFxxF1. This 8-bit register contains the address of one of the 
Page Descriptor registers. When a word 1/0 instruction 
accesses 1/0 address FFxxF5 (Descriptor Select Port), this 
register is used to access a Page Descriptor register. When a 
word 1/0 instruction accesses 1/0 address FFxxF4 (Block 
Move 110 Port), this register is also used to access a Page 
Descriptor register, but after the access, this register is 
automatically incremented by one. 

Descriptor Select Port. Moves of one word of data into and 
out of a Page Descriptor register are accomplished by 
writing and reading words to or from this dedicated 1/0 port 
at location FFxxF5. Any word 1/0 instruction can be used to 
access a Page Descriptor register via this port, provided that 
the Page Descriptor Register Pointer is properly initialized. 
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Block Move I/O Port. Block moves of data into and out of 
the Page Descriptor registers are accomplished by writing 
and reading words to or from this dedicated 1/0 port at 
location FFxxF4. Any word 110 instruction can be used to 
access Page Descriptor registers via this port, provided that 
the Page Descriptor Register Pointer is properly initialized. 

Invalidation I/O Port. Valid bits can be cleared (i.e., the 
Page Descriptor registers invalidated) by writing to this 
dedicated 8-bit port (Table 4), which is at 1/0 address 
location FFxxF2. Individual Valid bits can subsequently be 
set by software writing to the Page Descriptor registers. 
Reading this 1/0 port returns unpredictable data. 

Encoding 

Table 4. Invalidation Port Table 

Registers Invalid 

System Page Descriptor Registers 0·7 

System Page Descriptor Registers 8-15 
System Page Descriptor Registers 0-15 
User Page Descriptor Registers 0-7 

User Page Descriptor Registers 8-15 
User Page Descriptor Registers 0-15 

Translation Mechanism 

Address Translation. Address translation is illustrated in 
Figure 19. While the ProgramlData Space Separation bit is 
cleared to 0, the 16-bit logical address is divided into two 
fields, a 4-bit index field used to select one of 16 Page 
Descriptor registers and a 12-bit offset field that forms the 
lower 12 bits of the physical address. The physical address 
is composed of the 12-bit page frame address (bits 4-15) 
supplied by the selected Page Descriptor register and the 
12-bit offset supplied by the logical address. 

While the ProgramlData Space Separation bit is set to 1, the 
logical address is divided into a 3-bit index field and a 13-bit 
offset field. The Page Descriptor register consists of an 
11-bit Page Frame Address field (bits 5-15, with bit 4 = 0). 
The physical address is a result of concatenating the page 
frame address and the logical offset. The Page Descriptor 
register is chosen by a 4-bit index field, which consists of a 
ProgramlData Address bitfrom the CPU and the three Index 
bits from the logical address. 
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Figure 19_ Address Translation 

ON·CHIP MEMORY 

Features 

• 256-byte local memory 

• Configurable as high-speed associative cache 

• Programmable to cache instructions, data, or both 

• Permits faster execution by minimizing external bus 
accesses 

• Operation is transparent to user 

• Configurable as local RAM with user-definable 
addresses 

The Z280 MPU has 256 bytes of on-chip memory, which 
can be dedicated to memory locations programmed by the 

20 BITS 16 BITS 

,---'""---v-"--'~ 

TAG 0 VALID 
BITS 

LINE 0 

TAG 1 
VALID 
BITS 

LINE 1 

TAG 2 VALID 
BITS LINE 2 

• • • 
• • • 
• • • 

TAG 15 
VALID 
BITS LINE 15 

system or used as a cache for instructions or data_ Its mode 
of use (dedicated memory or cache) is programmable; on 
reset it is automatically enabled for use as a cache for 
instructions only_ 

On-Chip Memory Architecture 

The on-chip memory is organized as 16 lines of 16 bytes 
each_ Each line can hold a copy of 16 consecutive bytes in 
physical memory locations whose 20 most significant bits of 
physical address are identical. Each byte in the cache has 
an associated Valid bit that indicates whether the cache 
holds a valid copy of the memory contents at the associated 
physical memory location_ Figure 20 illustrates the cache 
organization_ 

16 x 8 BITS 
A , 

CACHE DATA 

CACHE DATA 

CACHE DATA 

• 
• 
• 

CACHE DATA 

Tag n = Ihe 20 Address bits associated with line n 
Valid bits = 16 bits that Indicate which bytes In the cache line contain valid data 
Cache data = 16 bytes 

Figure 20_ Cache Organization 
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The on-chip memory has two modes of operation. If the 
Memory/Cache bit in the Cache Control register is set to 1, 
then the 256 bytes of on-chip memory are treated as 
physical memory locations. Memory accesses to addresses 
covered by the on-chip memory do not generate bus 
transactions on the external bus and hence the accesses 
are faster. In this mode, the Valid bits are ignored. 

If the Memory/Cache bit is cleared to 0, then the 256 bytes of 
on-chip memory are treated as a cache memory. The lines 
are allocated using a least-recently used (LRU) algorithm. 
When a cache "miss" on a read occurs (and the MMU does 
not assert cache inhibit), the line in the cache that has been 
least recently accessed is selected to hold the newly read 
data. All bytes in the selected line are marked invalid except 
for the bytes containing the newly accessed data. On a 
cache miss, one or two bytes, depending on the bus size, 
are fetched from main memory. Except for burst mode 
instruction fetches, the cache does not pre-fetch beyond the 
currently-requested address. A cache miss on a data write 
does not cause a line to be allocated to the memory location 
accessed. 

The cache can hold both instructions and data. Two control 
bits in the Cache Control register can be separately set to 
enable the cache to hold instructions and to hold data. If the 
cache contains data, writes to data at locations contained in 
the cache also cause external bus transactions to update 
the appropriate memory location. 

Both the CPU and the on-chip DMAs access the cache. For 
the CPU, if the MMU is enabled, the access can be either 
cacheable or non-cacheable, depending on the value of the 
Cacheable bit in the Page Descriptor register used to 
translate the logical address. If the MMU is not enabled, all 
memory transactions are considered to be cacheable. Two 
bits in the Cache Control register, the Cache Instructions 
Disable bit and the Cache Data Disable bit, further 
determine the operation of the cache for various situations. 
These bits enable the cache for instructions and for data. 

When the on-chip memory is used as fixed memory 
locations, neither the Cache Instruction Disable or Cache 
Data Disable bits are used, and no distinction is made as to 
whether the CPU is accessing data or instructions. 

In general, when devices such as on-chip DMAs transfer 
data to the memory, the cache data is modified if the write is 
to a valid location in the cache but the LRU mechanism is 

CLOCK OSCILLATOR 

The Z280 MPU has an on-chip clock oscillator/generator 
that can be connected to a fundamental, parallel-resonant 
crystal or any suitable clock source. The bus timing clock 
generated from the on-chip oscillator.is output for use by the 
rest of the system. . 
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unaffected. Also, for the EPU to memory transfer, if the 
cache contains valid locations that are updated by an EPU 
transaction, the on-chip cache is also updated. 

Cache Control Register. The operation of the on-chip 
memory is controlled by an 8-bit Cache Control register 
(Figure 21) that is accessed using a load control instruction. 
This register contains five control bits. 

7 0 

IM/cl I I D ILMBFMBI x I X I X I 

Figure 21. Cache Control Register 

The bits in this register are: 

High Memory Burst Capability (HMB). This 1-bit field 
specifies whether a memory burst transaction occurs when 
the MMU is enabled and there is a 1 in bit 15 of the selected 
Page Descriptor register (0 = burst mode not supported, 
1 = burst mode supported). 

Low Memory Burst Capability (LMB). This 1-bit field 
specifies whether a memory burst transaction occurs when 
the M M U is disabled or when the M M U is enabled and there 
is a 0 in bit 15 of the selected Page Descriptor register 
(0 = burst mode not supported, 1 = burst mode 
supported). 

Cache Data Disable (D). While this bit is cleared to 0, data 
fetches are copied into the cache if the M/C bit = 0 (cache 
mode). If M/C = 1, the state of this bit is ignored. 

Cache Instructions Disable (I). While this bit is cleared to 0, 
instruction fetches are copied into the cache when the M/C 
bit = 0 (cache mode). When M/C = 1, the state of this bit is 
ignored. 

Memory/Cache (M/C). While this bit is set to 1, the on-chip 
memory is to be accessed as physical memory; while it is 
cleared to 0, the memory is accessed associatively as a 
cache. 

If the on-chip memory is to be used as fixed memory 
locations, the user can programmably select the ranges of 
memory addresses for which the on-chip memory 
responds. 



REFRESH 

The Z280 MPU has an internal mechanism for refreshing 
dynamic memory. This mechanism can be activated by 
setting the Refresh Enable bit in the Refresh Rate register to 
1. Memory refresh is performed periodically at a rate 
specified by the Refresh Rate register. Refresh transactions 
are identical to memory transactions except that different 
status signals are used and no data is transferred. They can 
be inserted immediately after the last clock cycle of any bus 
transaction, including an internal operation. 

The refresh transaction is generated as soon as possible 
after the refresh period has elapsed (generally after the last 
clock cycle of the current bus transaction). If the MPU 
receives an interrupt request, the refresh operation is 
performed first. When theZ280 MPU does not have control 
of the bus or is in the Wait state, internal circuitry records the 
number of refresh periods that have elapsed and refresh 
cycles cannot be generated. When the MPU regains control 
of the bus or the WAIT input signal is deactivated and the 
bus transaction completes, the refresh mechanism 
immediately issues the skipped refresh cycles. The internal 
circuitry can record up to 256 such skipped refresh 
operations. 

A 10-bit refresh address is generated for each refresh 
operation with the refresh address being incremented by 
two between refreshes for 16-bit data bus and by one for 
8-bit data bus. 

UART 

The Z280 UARTtransmits and receives serial data using any 
common asynchronous data-communication protocol. 

Transmission and reception can be performed 
independently with five, six, seven, or eight bits per 
character, plus optional even or odd parity. The transmitter 
can supply one or two stop bits and can provide a break 
output at any time. Reception is protected from spikes by a 
"transient spike-rejection" mechanism that checks the 
signal one-half a bit time after a Low level is detected on the 
receiver data input; if the Low does not persist-as in the 
case of a transient-the character assembly process is not 
started. Framing errors and overruns are detected and 
buffered with the partial character on which they occur. 
Furthermore, a built-in checking process avoids interpreting 
a framing error as a new start bit: a framing error results in 
the addition of one-half a bit time to the point at which the 
search for the next start bit is begun. 

The UART uses the same clock frequency for both the 
transmitter and the receiver. The input for the UART clocking 
circuitry is derived from counter/timer 1, either from its 
external input line for an external clock or from the 
counter/timer output for a bit rate generated from the internal 
processor clock. The UART input clock is further scaled by 
1, 16, 32, or 64 for clocking the transmitter and receiver. 

On reset, the Refresh Rate register contains 88H, refresh is 
enabled, the rate is 32 processor clock cycles, and the 
refresh address is not affected. 

The Refresh mechanism is controlled by an 8-bit control 
register, described below. 

Refresh Rate Register 

This 8-bit register (Figure 22) enables the refresh 
mechanism and specifies the frequency of refresh 
transactions. 

Figure 22. Refresh Rate Register 

The fields in this register are: 

Refresh (Rate). This field indicates in processor clock cycles 
the rate at which refresh transactions are to be generated; a 
value of n in this field indicates a refresh period of 4n, with 
Rate = 0 indicating 256 clock cycles. 

Refresh Enable (E). When this 1-bit field is set to 1, the 
refresh mechanism is enabled. 

Two of the DMA channels can be used independently to 
move characters between memory and the transmitter or 
receiver without CPU intervention. Both the transmitter and 
receiver can interrupt the CPU for processor assistance. 

The UART uses two external pins, Transmit and Receive. 
Data that is to be transmitted is placed serially on the 
Transmit pin and data that is to be received is read in from the 
Receive pin. 

Asynchronous Transmission 

The Transmitter Data Output line is held High (marking) 
when the transmitter has no data to send. Under program 
control, the Send Break command can be issued to hold the 
Data Output line Low (spacing) until the command is 
cleared. 

The UART automatically adds the start bit, the programmed 
parity bit (odd, even, or no parity), and the programmed 
number of stop bits to the data character to be transmitted. 
When the character is five, six, or seven bits, the unused 
most significant bits in the Transmitter Data register are 
automatically ignored by the UART. 

Serial data is shifted from the transmitter at a rate equal to 1, 
1/16th, 1/32nd or 1/64th of the clock rate supplied to the 
transmitter clock input. Serial data is shifted out on the falling 
edge of the clock input. 
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Asynchronous Reception 

An asynchronous receive operation begins when the 
Receive Enable bit in the Receiver Control/Status register is 
set to 1. A Low (spacing) condition on the Receive input line 
indicates a start bit. If this Low persists for at least one-half of 
a bit time, the start bit is assumed to be valid and the data 
input is then sampled at mid-bit time until the entire 
character is assembled. This method of detecting a start bit 
improves error rejection when noise spikes exist on an 
otherwise marking line. If the x 1 clock mode is selected, bit 
synchronization must be accomplished externally; received 
data is sampled on the rising edge of the clock. 

Received characters are read from the Receive Data 
register. If parity is enabled, the parity bit is assembled as 
part ofthe character and is not removed from the assembled 
character for character lengths other than 8 bits. If the 
resulting character is still less than 8 bits, 1 s are appended in 
the unused high-order bit positions. 

Since the receiver is buffered by one 8-bit register in addition 
to the receiver shift register, the CPU has adequate time to 
service an interrupt and to accept the data character 
assembled by the UART. The receiver also has a buffer that 
stores error flags for each data character in the receive 
buffer. These error flags are loaded at the same time as the 
data character. 

After a character is received, it is checked for the following 
error conditions: 

• Parity Error: when the parity bit of the character does not 
match the programmed parity. 

• Framing Error: if the character is assembled without any 
stop bits (i.e., a Low level is detected for a stop bit). 

• Receiver Overrun Error: if the CPU fails to read a data 
character when more than one character has been 
received. 

Since the Parity Error and Receiver Overrun Error flags are 
latched, the error status that is read reflects an error in the 
current character in the Receiver Data register plus any 
Parity or Overrun Errors detected since the last write to the 
Receiver Control/Status register. To keep correspondence 
between the state of the error buffers and the contents of the 
receiver data buffers, the Receiver Control/Status register 
must be read before the data. 

Polled Operation 

In a polled environment, the Receive Character Available bit 
in the Receiver Control/Status register must be monitored so 
the CPU can know when to read a character. This bit is 
automatically cleared when the Receiver Data register is 
read. To prevent overwriting data in polled operations, the 
transmitter buffer status must be checked before writing into 
the transmitter. The Transmit Buffer Empty bit in the 
Transmitter Control/Status register is set to 1 whenever the 
transmit buffer is empty. 
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UART Control and Status Registers 

The UART operation is controlled by three control and status 
registers. The UART configuration register specifies the 
character size, parity, clock source, scaling, and loop-back 
enable. Both the transmitter and the receiver have their own 
control/status register. 

UART Configuration Register. This 8-bit register (Figure 
23) contains control information for both the transmitter and 
receiver. 

Figure 23. UART Configuration Register 

The control fields for this register are: 

Loopback Enable (LB). The UART is capable of local 
loopback. In this mode the internal transmit data line is tied 
to the internal receiver line and the external receiver input is 
ignored. If this bit is set to 1, loop back mode is enabled. 

Clock Rate (CR). These two bits specify the multiplier 
between the clock and data rates (00 = data rate x 1, 01 = 
data rate x 16, 10 = data rate x 32, 11 = data rate x 64). 
The same rate is used for both the receiver and transmitter. If 
the x 1 clock rate is selected, bit synchronization must be 
accomplished externally. 

Clock Select (CS). This bit specifies the clock input for the 
UART. If the bit is set to 1, the counter/timer 1 output pulse is 
used for bit-rate generation; ifthe bit is cleared to 0, the input 
line to counter/timer 1 provides the clock from an external 
source. 

Parity Even/Odd (E/O). If parity is specified, this bit 
determines whether it is sent and checked as even or odd 
(1 = even). 

Parity (P). If this bit is set to 1, an additional bit position (in 
addition to those specified in the bits/character control field) 
is added to transmitted data and is expected in received 
data. In the Receiver, the parity bit received is transferred to 
the CPU as a part of the character, unless eight bits/ 
character is selected. 

Bits/Character (B/C). Together, these two bits determine the 
number of bits to form a character. If these bits are changed 
during the time that a character is being assembled, the 
results are unpredictable (00 = 5 bits/character, 01 = 6 
bits/character, 10 = 7 bits/character, 11 = 8 bits/character). 

Transmitter Control/Status Register. This 8-bit register 
(Figure 24) specifies the operation of the transmitter. 
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Figure 24. Transmitter Control/Status Register 



The control bits for this register are: 

Transmitter Buffer Empty (BE). This bit is automatically set to 
1 whenever the transmitter buffer becomes empty and 
cleared to ° when a character is loaded into the transmit 
buffer. This bit is in the set condition after a reset. This bit is 
controlled by the UART control circuitry; it can be read by an 
I/O read but cannot be set to 1 or cleared to ° by an I/O write. 

Value (VAL). This bit determines the value of the bits 
transmitted while the FRC bit is 1 and dummy characters are 
loaded into the transmitter buffer. When this bit is 1, a mark 
character (all 1 s) is sent; when this bit is 0, a break character 
(aliOs) is sent. 

Force Character (FRC). When this bit is set to 1, any 
character loaded into the transmitter buffer causes the 
transmitter output to be held High or Low (as indicated by 
the VAL bit) for the length of time required to transmit a 
character. This allows a program to generate a marking 
signal or a break of multiple-character duration simply by 
setting this bit to 1, setting the VAL bit to 1 or 0, and loading 
the appropriate number of dummy characters into the 
transmitter buffer. 

Send Break (BRK). When set to 1 , this bit immediately forces 
the transmitter output to the spacing condition, regardless of 
any data being transmitted. When this bit is cleared to 0, the 
transm itter retu rns to marki ng. 

Stop Bits (SB). This bit determines the number of stop bits 
added to each asynchronous character sent. The receiver 
always checks for one stop bit. If this bit is set to 1, two stop 
bits are automatically appended to the character sent; if this 
bit is cleared to 0, only one stop bit is appended. 

Transmitter Interrupt Enable (IE). When this bit is set to 1, 
interrupt requests are generated whenever the transmitter 
buffer becomes empty; when this bit is cleared to 0, no 
requests are made. 

Transmitter Enable (EN). While this bit is cleared to 0, data is 
not transmitted and the transmitter output is held marking. 
Data characters in the process of being transmitted are 
completely sent if this bit is cleared to ° after transmission 
has started. 

Receiver Control/Status Register. This 8-bit register 
(Figure 25) specifies the operation of the receiver. The 
control bits are described below. 
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Figure 25. Receiver ControlfStatus Register 

Receiver Error (ERR). This bit is the logical OR of the PE, 
OVE, and FE bits. 

Framing Error (FE). This bit is automatically set to 1 for the 
received character in which the framing error occurred. 
Detection of a framing error adds an additional one-half of a 
bit time to the character time so the framing error is not 
interpreted as a new start bit. 

Parity Error (PE). When parity is enabled, this bit is 
automatically set to 1 for those characters whose parity does 
not match the programmed sense (even/odd). This bit is 
latched, so once an error occurs, it remains set until it is 
cleared by software. 

Receiver Overrun Error (OVE). This bit is automatically set to 
1 to indicate that more than two characters have been 
received without a read from the CPU (or DMA). Only the 
most recently received character is flagged with this error, 
but when this character is read, the error condition is latched 
until cleared by software. 

Receiver Character Available (CA). This bit is automatically 
set to 1 when at least one character is available in the receive 
buffer; it is automatically cleared to ° when the Receiver 
Data register is read. This bit is controlled by the UART 
control circuitry; it can be read by an I/O read but cannot be 
set or cleared by an I/O write. 

Receiver Interrupt Enable (IE). While this bit is set to 1, 
interrupt requests are generated whenever the receiver 
detects an error or the receiver has a character available. 

Receiver Enable (EN). When this bit is set to 1, receiver 
operations begin. This bit should be set only after the 
parameters in the UART Configuration register are set. 

UART Bootstrapping Option 

The Z280 CPU supports an automatic initialization of 
memory via the UART after a reset operation. This system 
bootstrapping capability permits ROM less system 
configurations: the memory can be initialized by a serial link 
before the Z280 CPU fetches information from memory 
after the reset. 

On the rising edge of Reset, the AD lines are sensed if WAIT 
is asserted; if AD6 is being driven High, the Z280 CPU 
automatically enters a Halt state. The UART is also 
automatically initialized to receive 8-bit character data with 
odd parity at a x 16 clock rate. An external clock source is 
assumed. A minimum of 15 processor clock cycles must 
elapse before the transmission can begin. 

During the bootstrapping operation, DMA Channel a is 
used to transfer received characters into the memory. This 
channel is initialized as follows: 

Transaction Descriptorregister--IE, EPS, andTC cleared, 
ST- byte transfer, BRP-continuous, TYPE-flowthrough, 
DAD-Auto-increment memory address 

DMA Master Control register-DOR and EOP set 

Count register-01 00 (256 bytes to be transferred) 

Destination Address register-OOOOOO (starting memory 
address = 0) 

Source Address register-undefined (not used when 
DMAO is linked to UART 
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Characters received are placed in memory starting at 
physical memory location zero. If an error occurs, the Z280 
CPU drives. the Transmitter Output line Low. External 
circuitry monitoring this line can use this signal to cause the 
transmitting device to begin the initialization procedure 
again, starting with a reset and AD6 asserted on the rising 
edge of Reset. 

DMA CHANNELS 

The Z280 MPU has four on-chip Direct Memory Access 
(DMA) channels to provide high bandwidth data 
transmission capabilities. There are two types of DMA 
channels; two support flyby transactions and the other two 
do not. The two types of DMA channels otherwise have 
identical capabilities, although they have different priorities 
with respect to interrupt requests and bus requests. 

Each DMA channel is a powerful and versatile device for 
controlling and processing transfers of data. Its basic 
function of managing CPU-independent transfers between 
two ports is augmented by an array of features requiring little 
or no external logic in systems using an 8- or 16-bit data bus. 

Transfers can be performed between any two ports (source 
and destination), including memory-to-I/O, I/O-to-memory, 
memory-to-memory, and I/O-to-I/O. Except for flyby, two 
port addresses are automatically generated for each 
transaction and can be either fixed or incrementingl 
decrementing. 

During a transfer, a DMA channel assumes control of the 
system address and data bus. Data is read from one 
addressable port and written to the other addressable port, 
byte-by-byte or word-by-word. The ports can be 
programmed to be either system main memory or 
peripheral 1/0 devices. ' 

For both flyby and fiowthrough DMA transactions, if the 
destination is a memory location that corresponds to an 
entry in the on-chip memory (either cache or fixed memory 
location), the on-chip memory is updated to reflect the new 
contents of the memory location. 

Except in flyby mode, two 24-bit addresses are generated 
py the DMA for every transfer operation, one address for the 
source port and another for the destination port. Two 
readable address counters (three bytes each) keep the 
current address of each port. 

The DMA devices use the same memory and 1/0 timing as 
the CPU for bus transactions, as indicated by the 
appropriate bus timing register. 

Modes of Transfer Operation 

Each DMA can be programmed to operate in one of three 
transfer modes: 

• Single Transaction. Data operations are performed one 
byte or word at a time. 

• Burst. Data operations continue until a port's Ready line 
to the DMA goes inactive. 
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After 256 bytes of data have been transferred, the Z280 
CPU automatically begins execution by fetching the first 
instruction from memory location O. 

• Continuous. Data operations continue until either the 
end of the programmed block of data is reached or an 
end of process has been signaled before the system bus 
is released. 

I n all modes, once a byte or word of data is read by the DMA 
channel, the operation is completed in an orderly fashion, 
regardless of the state of other signals (including a port's 
Ready line). 

Pin Descriptions 

Each DMA channel has a Ready input line. In addition, two 
DMA channels have a flyby output line to support high 
speed data transfers between 1/0 devices and memory. 

The flyby output is asserted by the DMA channel to signal a 
peripheral device associated with the DMA channel that it 
.should participate in the data transmission during the 
current flyby bus transaction. 

If Ready is active, the DMA channel requests control of the 
external system bus to perform the DMA transaction. 
When the external system bus is available for DMA trans­
fers, the DMA channel with a request pending and the 
highest priority assumes bus masterShip. The priority of 
DMA channels from highest to lowest is: DMAO, DMA 1, 
DMA2, and DMA3. A DMA channel in burst mode relin­
quishes bus mastership to a higher priority DMA channel 
only when its Ready line is deasserted (or EOP is signaled 
or terminal count is reached). A DMA channel in continuous 
mode relinquishes bus mastership only when EOP is 
signaled or terminal count is reached. 

Priority of On-Chip DMA Channels and External Bus 
Requesters 

The on-chip DMA channels are arranged in a daisy chain 
with the external Bus Request input line being the "next 
lower bus requester" on this chain. The on-chip DMAs 
behave as if they were external bus requestors with respect 
to acquiring the bus, relinquishing the bus, and priority 
access to the bus. 

End-of-Process 

If the end-of-process (EOP) capability is enabled, transfers 
by DMA channels can be prematurely terminated by a Low 
on Interrupt A line or Interrupt B line during the transfer. 
This capability is programmed by control bits in the DMA 
Master Control register. EOP occurs regardless of the 



setting of the Interrupt A Enable bit in the Master Status 
register. When an EOP is signaled, the EOP Signaled 
(EPS) bit in the Transaction Descriptor register of the active 
DMA channel is set to 1 and the Enable bit is cleared to O. 
If interrupt requests are enabled (IE = 1 in the Transaction 
Descriptor register), an interrupt request is generated by 
the channel that was active when the EOP was signaled. 
After an EOP has been signaled, the DMA relinquishes the 
bus within 16 cycles of the last DMA bus transaction. 

If the End-Of-Process signal on Interrupt A or B line is still 
asserted when the CPU is bus master, the signal is 
interpreted as an interrupt request; thus, both the DMA 
channel and the external EOP generating device can 
request interrupts simultaneously. Separate mask bits in 
the Master Status register enable the CPU to accept 
interrupts from these two sources. 

On a flowthrough transaction. if the EOP signal is received 
while the information is being read into the Z280 MPU, the 
transfer is aborted and the data is not written out from the 
Z280 MPU. 

DMALinking 

The DMA devices can be linked together to achieve DMA 
transfers to non-contiguous memory locations (linked 
operation). Bits in the DMA Master Control register allow 
DMA3 to be linked to DMA 1 and DMA2 to be linked to 
DMAO. If the appropriate bit is set to 1 in the DMA Master 
Control register, the master DMA (O or 1) signals its linked 
DMA each time its transfer is complete {count = 0). This acts 
as an internal ready input to the linked DMA that reloads the 
master DMA control registers. 

Words are loaded into the master DMA control registers in 
the following order: Destination Address register (two 
words), Source Address register (two words), Count (one 
word), Transfer Descriptor register (one word). After six 
words have been transferred, the master DMA deasserts its 
internal ready line and begins the transfer of the next block 
of data_ The master DMA can be programmed to interrupt 
the CPU on "count equals 0" when the last block transler is 
completed by the master DMA (to notify software that the 
entire sequence of transfers is completed). 

When programming linked DMAs, the last word to be 
programmed must be the master DMA's Transaction 
Descriptor register. Also, the linked DMA must be 
programmed before the master DMA's status register is 
programmed. 

DMA Master Control Register. This 16-bit register (Figure 
26) specifies the general configuration of the four on-chip 
DMA channels: the linking of the DMA channels, the 
software ready enables, and EOP enable. 

Figure 26. DMA Master Control Register 

The fields in this register are: 

OMAO to Receiver Link (OOR). When this bit is set to 1, DMA 
channel 0 is linked to the UART receiver. 

OMA1 to Ti"ansmitter Link (01 T). When this bit is set to 1, 
DMA channel 1 is linked to the UART transmitter. 

OMA2 Link (02L). When this bit is set to 1 , DMA channel 2 is 
linked to DMA channel O. 

OMA3 Link (03L). When this bit is set to 1 , DMA channel 3 is 
linked to DMA channel 1. 

End-of-Process (EOPA). When this bit is set to 1, the INTA 
line is usee! as an end-of-process signal for the DMA 
channel defined by the EOPCSA field. 

End-of-Process (EOP aJ- When this bit is set to 1 , the INT B 

input acts as an EOP input for the DMA channel defined by 
the EOPCSB field. 

Software Ready for OMAO (SRO). When this bit is set to 1, 
DMA channel 0 requests service if enabled. 

Software Ready for OMA 1 (SR1). When this bit is set to 1, 
DMA channel 1 requests service if enabled. 

End-of-Process Channel Select A (EOPCSA)_ This field 
defines the DMA channel that has INT A as its EOP input. 
This field has no effect if EOP A bit (bit 4) is cleared to zero 

00 DMA Channel 0 
01 DMA Channel 1 
02 DMA Channel 2 
03 DMA Channel 3 

End-of-Process Channel Select B (EOPCSB)_ This field 
defines the DMA channel that has INT B as its EOP input. 
This field has no effect if EOP B bit (bit 7) is cleared to zero. 

00 DMA Channel 0 
01 DMA Channel 1 
02 DMA Channel 2 
03 DMA Channel 3 

Note that while the EOP A and EOP B bits are active, TNT A 
and INT B can still serve as interrupt inputs. 

DMA Channel Control Registers 

Transaction Descriptor Registers. These four 16-bit 
registers, one for each channel (Figure 27), describe the 
type of DMA transfer to be performed and contain control 
and status information. 
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Figure 27. Transaction Descriptor Register 

The fields in this register are: 
End-of-Process Signaled (EPS). This bit is set to 1 auto­
matically when the channel is active and an end-ai-process 
is signaled forthis channel as programmed on the Interrupt 
A or Interrupt B input lines, thus prematurely terminating 
the transfer. 
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Destination Address Descriptor (DAD). The setting of this 
3-bit field indicates the type of location (memory or I/O) and 
how the address is to be manipulated (incremented, 
decremented or left unchanged), as shown in Table 5. 

Table 5. SAD and DAD Encodings 

Encoding Address Modification Operation 

000 Auto-increment memory location 
001 
010 

011 
100 
101 
110 
111 

Auto-decrement memory location 
Memory address unmodified by 
transaction 
Reserved 
Auto-increment (by 1) I/O location 
Auto-decrement (by 1) I/O location 
I/O address unmodified by transaction 
Reserved 

Transfer Complete (TC). This bit is set to 1 automatically 
when the count register has reached zero. 

Transaction Type (Type). This 2-bit field specifies flyby or 
flowthrough type of operation (00 = flowthrough, 01 = 

reserved, 10 = flyby write, 11 = flyby read). In flowthrough 
mode of operation, two bus transactions occur for each 
DMA operation-a read from the source followed by a write 
to the destination. In a flyby operation, only one bus 
transaction occurs for each DMA operation. In flyby write to 
memory, the flyby output pin is pulsed instead of an I/O 
transaction being performed and the contents of the 
Destination Address register are output to specify the 
memory location. In flyby read from memory, the flyby 
output pin is pulsed instead of an I/O transaction being 
performed and the contents of the Source Address register 
are output to specify the memory location. Only two DMAs 
have flyby capability. 

Bus Request Protocol (BRP). The setting of these two bits 
indicates the mode of DMA operation (Table 6). 

Table 6. Bus Request Protocol (BRP) 

Encoding 

o 0 
o 1 

o 

DMA 

Single Transaction 
Burst 
Continuous 
Reserved 

Size of Transfer (ST). This 2-bit field specifies the size of the 
entity to be transferred by the DMA channel (Table 7). For 
word transfers to or from memory locations, the memory 
address must be even (least significant bit is 0). Long word 
(32-bit) transfers are supported only in flyby mode, with the 
cache disabled. 
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Table 7. Size of Transaction (ST) 

Encoding 

STl STO 

o 
o 
1 

o 
1 

o 

Byte 

Size of 

Transfer 

16-bit word 
32-bit long word 
Reserved 

Number to Increment! 

Decrement By 

2 

4 

Interrupt Enable (IE). When this bit is set to 1, the DMA 
generates an interrupt request at end of count or end of 
process. When this bit is 0, no interrupt request is 
generated. 

Source Address Descriptor (SAD). The setting of this 3-bit 
field indicates the type of location (memory or I/O) and how 
the address is to be manipulated (incremented, 
decremented or left unchanged), as shown in Table 5. 

DMA Enable (EN). While this bit is 1, the DMA transfer is 
enabled. 

Count Register. This 116-bit register is programmed to 
contain the number of DMA transfers to be performed. 
When the contents of the count register reach zero, further 
requests on the RDY input line are ignored. The DMA 
channel can be programmed to generate an interrupt when 
the count register reaches zero. 

Source Address Register and Destination Address 
Register. These 24-bit registers contain the 24-bit physical 
addresses to be used during the DMA transaction. They are 
not translated by the MMU. In flyby mode, only one of these 
registers is used to supply the address for the bus 
transaction as indicated in the Mode field in the Transfer 
Descriptor register. The format for these registers is shown in 
Figure 28. 
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Figure 28. Source and Destination Address Registers Format 

Flyby Transaction Timing 

The Transaction Type field in the Transaction Descriptor 
register indicates whether the transaction is a read or a write. 
For flyby read transactions, the Source Address Descriptor 
indicates the transaction is a read from memory; for write 
flyby transactions the Destination Address Descriptor 
indicates the transaction is a write to memory. Additional wait 
states can be automatically inserted if programmed in the 
appropriate timing register. See Figures 29 and 30 for timing 
diagrams. 
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Figure 30b. On-Chip DMA Channel Flyby Memory Write Transaction, Z-BUS 

COUNTER/TIM ERS 

The Z280 MPU's three counter/timers can be programmed 
by system software for a broad range of counting and 
timing applications. The three independently 
programmable channels satisfy common microcomputer 
system requirements for event counting, interrupt arid 
interval timing, and general clock generation. 

Programming the counter/timers is straightforward: each 
channel is programmed with four bytes. Once started, the 
channel counts down, and optionally reloads its time 
constant automatically and resumes counting. Software 
timing loops are completely eliminated. Interrupt 
processing is simplified because each channel uses a 
unique vector from the Interrupt/Trap Vector Table. 

Each channel is individually programmed with three 
registers: a configuration byte, a control byte, and a 
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time·constant word. The configuration byte selects the 
operating mode (counter or timer), enables or disables the 
channel interrupt, and selects certain other operating 
parameters. In the timing mode, the CPU processor clock is 
divided by four for input to the counter/timers. The 
time-constant word contains a value from 0 to 65,535. 

During operation, the individual counter channel counts 
down from the present time-constant value. In counter 
mode operation, the counter decrements on each of the 
input pulses until the count/time output condition is met. 
Each decrement is synchronized by the scaled internal 
processor clock. For counts greater than 65,536, two of the 
counters can be programmably cascaded. When the 
count/time output condition is reached, the downcounter is 
automatically reset with the time constant value, if so 
programmed. 



The timer mode determines time intervals without additional 
logic or software timing loops. Time intervals are generated 
by dividing the internal processor clock by four and 
decrementing a presettable downcounter. Thus, the time 
interval is an integral multiple of the processor clock period, 
the prescaler value four, and the time constant that is preset 
in the downcounter. A timer is triggered by setting the 
software trigger control bit in the Control/Status register or 
by an external input. 

All three channels can generate an external output when the 
count/time output condition is met. The output is high when 
the internal presettable downcounter contains all zeros. 

Each channel can be programmed to generate an Interrupt 
Request, which occurs only if the channel has its Interrupt 
Enable control bit set to 1 by software programming. When 
the Z280 CPU accepts the interrupt request it automatically 
vectors through the Interrupt Vector Table. 

The th ree channels of the Z280 M PU are fully prioritized and 
fit into three different slots in the Z280 internal peripheral 
daisy-chain interrupt structure. Channel 0 has the highest 
priority and Channel 2 has the lowest. The channels have 
separate interrupt enables and the CPU's Master Status 
register has individual control bits that selectively inhibit 
interrupts from each channel. 

Modes of Operation 

The counter/timer channels have two basic modes of 
operation: as counters or as timers. As counters they 
monitor external input lines and record Low to High 
transitions on these lines. In the timer mode, the processor 
clock, scaled by four, is used instead of the external input 
line. The duration of this counting or timing can be either 
continuous from initial enabling (trigger operation) or only 
during intervals specified by signals on an input line (gate 
and gate/trigger operation). The count can be automatically 

GATE 
INPUT _____ ........ 

restarted by programming the Retrigger Enable control bit 
in the counter/timer's Configuration register. 

Each of the three counter/timers has a software gate and 
trigger facility that extends the hardware capabilities of the 
counter/timers. 

Counting Operation. While the appropriate enabling 
conditions are met, the counter/timer monitors its input line 
for Low-to-High transitions. When such a transition occurs, 
the Count/Time register is decremented by 1. 

Timing Operation. While the appropriate enabling 
conditions are met, the counter/timer monitors the internal 
processor clock scaled by four for Low-to-High transitions. 
When such a transition occurs the Count/Time register is 
decremented by 1. 

Gate Operation. A counter/timer can be programmed to 
count or time only when a gating condition is met. While the 
counter/timer is enabled and the external gate capability is 
selected, an external input line is monitored; only while this 
line is High are the counting or timing operations performed. 
The software gate facility filters the state of the input line; 
while the software gate bit in the Command and Status 
register is cleared to 0, the gating condition is not met 
regardless of the signals on the gating line. The gate facility 
is illustrated in Figure 31. 

Trigger Operation. A cou nter/timer can be programmed to 
count or time only after a triggering condition occurs. While 
the counter/timer is enabled and the external trigger 
capability is programmed, an external input line is 
monitored; only after this line makes a Low-to-High transition 
is a counting or timing operation performed. The software 
trigger facility causes the triggering condition to be met 
regardless of the activity of this line. The trigger operation is 
illustrated in Figure 32. 
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Figure 31. Gate Facility 
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Gate/Trigger Operation. One input line can be used for 
both the gating and the triggering functions. A Low-to-High 
transition on this line acts as a trigger and subsequent High 
signals on this line function as gate signals, If non­
retriggerable mode is programmed. subsequent Low-to­
High transactions do not cause a trigger. Gate/Trigger 
Operation is shown in Figure 33. 

The software gate and trigger mechanism can also be used 
in this mode of operation. A software gate before a trigger 
(hardware or software) has no effect on the counter/timer. 
After a hardware or software trigger, the software gate must 
be set to 1 fortheCounUTime register to be decremented. A 
software trigger after a hardware or software trigger has no 
effect unless the Retrigger Enable control bit is set to 1. 

Counter/Timer Control and Status Registers 

Each counter/timer has two B-bit control registers and two 
16-bit count registers. The Configuration register and 
Command/Status register determine the counter/timers' 
operation, the CounterlTimer Command/Status register 
provides information about the current operation, the Time 
Constant register contains the initialization value for the 
counter/timer, and the Count/Time register contains the 
current value of the count in progress. 

• Only the CTC bit In CounterfTimer 0 Is used_ 

Figure 34. CounterlTimer Configuration Register 

Counter/Timer Configuration Register. This B-bit register 
(Figure 34) specifies the counter/timer's mode of operation: 
the pin configuration, whether an interrupt request is 
generated, and whether the countdown sequence is 
automatically restarted when the count reaches zero or 
when a trigger occurs. 

The fields in this register are: 

Input Pin Assignments (IPA). This 4-bit field specifies the 
functionality of the input lines associated with the 
counter/timer and whether the counter/timer monitors an 
external input (counting operation) or uses the scaled 
internal processor clock (timing operation). The four bits in 
this field can be associated with enabling output generation 
(EO), selecting the external signal or internal clock (CIT), 
enabling the gating facility (G), and enabling the triggering 
facility (T). The selected options determine the functions 
associated with each input line associated with the 
counter/time"r, as illustrated in Table B. 

Table 8. Input Pin Functionality 

IPAField Pin Functionality 
EO CIT G T Counter/Timer I/O Counter/Timer Input Notes 

0 0 0 0 Unused Unused Timer 
0 0 0 Unused Trigger Timer 
0 0 0 Gate Unused Timer 
0 0 1 Gate Trigger Timer 
0 0 0 Unused Input Counter 
0 0 1 Trigger Input Counter 
0 0 Gate Input Counter 
0 1 1 GatelTrigger Input Counter 

0 0 0 Output Unused Timer 
0 0 Output Trigger Timer 
0 0 Output Gate Timer 
0 Output Gate/Trigger Timer 

0 0 Output Input Counter 
0 1 Unused Unused Reserved 

0 Unused Unused Reserved 
Unused Unused Reserved 
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CounterlTimer Cascade (CTC). When this bit is set to 1, 
counter/timers 0 and 1 form a 32-bit counter. When used as 
a 32-bit counter/timer, the fields in the Configuration register 
and Command/Status register for Counter/Timer 0 are 
ignored with the exception of the IE, CTC, EO, Clp, CC, and 
COR fields. The CTC bits in the Counter/Timer Configuration 
registers of counter/timers 1 and 2 are never used. 

Interrupt Enable (IE). While this bit is set to 1, the 
counter/timer generates an interrupt request when the 
countltime output condition is met. While this bit is 0, no 
interrupt request is generated. 

Retrigger Enable (RE). While this bit is set to 1, the time 
constant value is automatically loaded into the Count/Time 
register when a trigger input is received while the 
counter/timer is counting down. While this bit is 0, no 
reloading occurs. 

Continuous/Single Cycle (C/S). While this bit is set to 1 , the 
countdown sequence is automatically restarted when the 
count reaches zero by loading the time constant value into 
the Count/Time register. While this bit is 0, no reloading 
occurs. 

Counter/Timer Command/Status Register_ This 8-bit 
register (Figure 35) provides software control over the 
operation of the counter/timer and reflects the current status 
of the counter/timer's operation. Control bits in this register 
enable the counter/timer's operation and provide software 
gate and trigger capabilities. Status bits indicate whether a 
count is in progress, the count/time output condition has 
been reached, or the condition has been reached a second 
time. 

7 0 

IEN/GT/TG/ x / x /cIP/cc/cORI 

Figure 35. Counter/Timer Command/Status Register 

The fields of this register are: 

Count Overrun (COR). When this bit is set to 1, the 
count/time output condition has been reached and the CC 
bit is set to 1, thus indicating a count overrun condition. 
While this bit is cleared to 0, the countltime output condition 
has not been reached with the CC bit set since the time the 
CC bit was cleared by software. This bit can be read or 
written (set or cleared) by software I/O instructions. 

CountlTime Output Condition has been Met (CC). When this 
bit is set to 1, the Count/Time register has been 
decremented to zero by the counterltimer control circuitry in 
single cycle mode or the Count/Time register has been 
reloaded in continuous mode. When this bit is cleared to 0, 
the count has not reached the count/time output condition 
since the bit was cleared by software. This bit can be read or 
written (set or cleared) by software I/O instructions. 

Count In Progress (CIP). While this bit is set to 1, the 
counter/timer is operating and the CountlTime register is 
non-zero; while this bit is cleared to 0, the counter/timer is 

not operating. This bit is controlled by the counter/timer 
control circuitry; it can be read by an I/O read but cannot be 
set or cleared by an 1/0 write instruction. 

Software Trigger (TG). When this bit is set to 1 (and the trigger 
operation of the counter/timer is enabled), if the Enable bit is 
also set to 1, the trigger operation is enabled on the rising 
edge of the first processor clock period following the setting 
of this bit from a previously cleared value. That is, if a 
hardware trigger has not already occurred, the contents of 
the Time Constant register are loaded into the Count/Time 
register and the countdown sequence begins. If a hardware 
trigger has already occurred, then if Retrigger Enable is set 
to 1, the counter/timer is retriggered; otherwise, setting this 
bit has no effect. Writing a 1 in this field when the previous 
value was 1 has no effect on the operation of the 
counter/timer. When this bit is cleared to 0, this bit has no 
effect on the operation of the cou nter/timer. 

Software Gate (GT). When this bit is set to 1 (and the gate 
operation of the counter/timer is enabled), if the Enable bit is 
also set to 1, operation begins on the rising edge of the first 
processor clock period following the setting of this bit from a 
previously cleared value. Writing a 1 in this field when the 
previous value was 1 has no effect on the operation of the 
counter/timer. When this bit is cleared to 0, the countdown 
sequence is halted. 

Enable (EN). While this bit is set to 1, the counter/timer is 
enabled; operation begins on the rising edge of the first 
processor clock period following the setting of this bit from a 
previously cleared value. Reset clears this bit. While this bit 
is cleared to 0, the value in the Time Constant register is 
constantly transferred to the Count/Time register. If the Time 
Constant register is all zeros, the output of the counter/timer 
is one. Thus, when the counter/timer is not enabled, the 
counter/timer output in conjunction with the Time Constant 
register can be used as an I/O port. Writing a 1 in this field 
when the previous value was 1 has no effect on the 
operation of the counter/timer. While this bit is 0, the 
counter/timer performs no operation during the next (and 
subsequent) processor clock periods. 

Time Constant Register_ This 16-bit register holds the 
value that is automatically loaded into the Count/Time 
register when the counter/timer is enabled or in the 
continuous or retrigger mode when the count reaches zero 
or the trigger is asserted, respectively. This register can be 
read or written by I/O instructions. 

Count/Time Register_ This 16-bit register holds the current 
value of the count or timing in progress. It is automatically 
loaded from the Time Constant register, and can be read by 
software using the I/O read instructions. 

Pin Descriptions 

The counter/timers have two external input lines associated 
with them. The I/O lines transfer signals between the 
counter/timers and external devices. The input lines receive 
signals from external devices for the counter/timers. The 
interpretations of the signals on these lines is determined by 
the Input Pin Assignment field in the Configuration register. 
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MULTIPROCESSOR MODE OF OPERATION 

Features 

• Allows global memory areas for shared resources 

• Global memory addresses are user-specified 

• Separate requests for local and global buses 

• Requesting mechanism is transparent to user 

• Easily interfaces to external arbiters 

The Z280 supports various multiprocessor configurations, 
wherein it is the default bus master of the local bus, and it 
goes through a defined protocol to access the global bus. 
To invoke the multiprocessor mode, the Local Address 
Register contents should be defined, and the MP bit of the 
Bus Timing and Initialization Register set. 

Pin Functionality When the Z280 is in the multiprocessor 
mode, CounterfTimer O's 10 pin is used as the Global 
Request (GREQ) output, and CounterfTimer O's Input pin 
is used as the Global Acknowledge (GACK) input. 

Local Address Register. Before an external memory bus 
transaction is to proceed, ,the Z280 distinguishes 
whether a bus transaction uses the local or global bus 
by comparing the four most significant bit of the 
physical address (address bits 20 through 23) with a 
4-bit Base field in the Local Address register (Figure 
36). A mask field in this register specifies which bits 
are to be compared. If all corresponding address bits 
match the Base field bits (for those bit positions 
specified by the mask field), then bus transaction can 
proceed on the local bus without requesting the global 
bus; if there is a mismatch in at least one specifies bit 
position, then the global bus is requested and the bus 
transaction does not proceed until the global bus 
acknowledge signal is asserted. 

7 0 

IME231ME221ME211ME201 82318221 821 I 820 I 
Figure 36. Local Address Register 

The bits in the Local Address register are: 

Base (B,J. When Bn is 1 , address bit An must be 1 for a local 
bus transaction to be performed (unless Match Enable bit 
MEn is 0); when bit Bn is 0, address bit An must be ° for a 
local bus transaction to be performed. 
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Match Enable (MEn). When MEn is 1, address bit An is 
compared to base bit Bn to determine if the address requires 
the use of the global bus. When MEn isO, then any values for 
An and Bn will produce a match. If each MEn is 0, then all 
bus transactions are performed on the local bus. 

CPU Accesses on the Global Bus 

The Z280 is the default local bus master, whether it is in the 
multi-processor mode or not. It relinquishes the local bus by 
following a protocol controlled by the BUSREQ input and 
BUSACK output pins. When BUSREQ is asserted, it is syn­
chronized internally by the CPU. When the CPU is ready to 
relinquish the local bus, it places all its bus control outputs, 
including GREQ, in 3-state, and then drives BUSACK 
active. After reset, the CPU acknowledges a request for the 
local bus before performing any transactions. 

In multi-processor mode, the CPU determines if the next 
external memory transaction should access the global bus. 
If such is the case, and if the CPU currently is the local bus 
master, it puts the global address on the address outputs, 
and the status signals are also made valid, at the beginning 
of a bus clock cycle. GREQ is asserted in the second half 
of the same bus clock cycle. The CPU then samples 
BUSREQ and GACK continuously. Both inputs are syn­
chronized internally by the CPU. The CPU will proceed with 
the global transaction after it samples that GACK is as­
serted, with the absence of BUSREQ. Once the CPU 
controls the global bus, it can perform multiple global 
transactions. It relinquishes the global bus when the 
next transaction should not be global, when BUSREQ 
becomes active, or when GACK is de-asserted. A 
global test and set instruction is atomic (global read is 
followed by global write), and a global memory burst 
transaction completes its entire sequence of data 
transfers. 

DMA Accesses on the Global Bus 

Each on-chip DMA channel can access the global bus to 
perform data transfers. The address generated during 
each DMA-initiated memory transfer is compared with the 
contents of the Local Address register to determine whether 
the global bus should be requested. The protocol is identi­
cal to the global memory transactions initiated by the CPU. 
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Figure 37. Multiprocessor Mode Timing, Z-Bus Example 

EXTERNAL INTERFACE 

The two different external interfaces for the Z280 MPU are 
the 8-bit Z80 Bus and the 16-bit Z-BUS. 

zao Bus External Interface 

Features 

• 8-bit data bus 

• Multiplexed address/data lines 

• Supports Z80 Family peripherals 

Pin Descriptions 

As-A23. Address (output, active High, 3-state). These 
address lines carry I/O addresses and memory addresses 
during bus transactions. 

ADo-AD7' Address/Data (bidirectional, active High, 3-state). 
These eight multiplexed Data and Address lines carry I/O 
addresses, memory addresses, and data during bus 
transactions. 

AS. Address Strobe (output, active Low, 3-state). The rising 
edge of AS indicates the beginning of a transaction and 
shows that the address is valid. 

BUSACK; Bus Acknowledge (output, active Low). A Low on 
this line indicates that the CPU has relinquished control of 
the bus in response to a bus request. 

BUSREQ. Bus Request (input, active Low). A Low on this 
line indicates that an external bus requester has obtained or 
is trying to obtain control of the bus. 

elK. Clock Output (output). The frequency of the proces­
sor timing clock is derived from the oscillator input (external 
oscillator) or crystal frequency (internal oscillator). The 
processor clock is further divided by one, two, or four (as 
programmed) and then output on this line. 

CTIN. Counter/Timer Input (input, active High). These lines 
receive signals from external devices for the counter/timers. 

CTIO. CounterlTimer I/O (bidirectional, active High, 
3-state). These I/O lines transfer signals between the 
counter/timers and external devices. 

DMASTB. DMA Flyby Strobe (output, active Low). These 
lines select peripheral devices for flyby transfers. 

EOPA, EOPB• End of Process (input, active Low). An 
external source can terminate a DMA operation in progress 
by driving EOP A or EOP Blow. EOP always applies to the 
corresponding programmed channel; if no channel is ac­
tive, EOP is ignored. 

GACK. G/obal Acknowledge (input, active Low). A Low on 
this line indicates the CPU has been granted control of a 
global bus. 
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GREQ. Global Request (output, active Low, 3-state). A Low 
on this line indicates the CPU has obtained or is trying to 
obtain control of a global bus. 

GNO. Ground. Ground reference. 

HALT. Halt (output, active Low, 3-state). This signal indicates 
that the CPU is in the Halt state and is awaiting an interrupt 
before operation can resume. 

iE. Input Enable (output, active Low, 3-state). A Low on this 
line indicates that the direction of transfer on the 
Address/Data lines is toward the MPU. 

INT. Maskable Interrupts (input, active Low). A Low on these 
lines requests an interrupt. 

lORa. Input/Output Request (output, active Low, 3-state). 
This signal indicates that ADo-AD? and A16-A23 of the 
address bus hold a valid I/O address for an 1/0 read or write 
operation. An 10RO signal is also generated with an 
Mi signal when an interrupt is being acknowledged, to 
indicate that an interrupt response vector can be placed on 
the data bus. 

M1. Machine Cycle One (output, active Low, 3-state). This 
signal indicates that the current transaction is the opcode 
fetch cycle of a RETI instruction execution. M1 also occurs 
with 10RO to indicate an interrupt acknowledge cycle. 

MREQ. Memory Request (output, active Low, 3-state). This 
signal indicates that the address bus holds a valid address 
for a memory read or write operation. 

NMI. Nonmaskable Interrupt (input, falling-edge activated). 
A High-to-Lowtransition on this line requests a nonmaskable 
interrupt. 

OE. Output Enable (output, active Low, 3-state). A Low on 
this line indicates that the direction of transfer on the 
Address/Data lines is away from the M PU. 

OPT. Bus Option (input). This signal establishes the bus 
option during reset. 

OPT 

o 
1 

Bus Interface 

Z80 Bus, 8-bit 
Z-BUS, i6-bit 

PAUSE. MPU Pause (input, active Low). While this line is 
Low the MPU refrains from transferring data to or from an 
Extended Processing Unit in the system or from beginning 
the execution of an instruction. 

RD. Read (output, active Low, 3-state). This signal indicates 
that the CPU or DMA peripheral is reading data from 
memory or an I/O device. 

ROY. DMA Ready (input, active Low). These lines are 
monitored by the DMAs to determine when a peripheral 
device associated with a DMA port is ready for a read or 
write operation. When a DMA port is enabled to operate, its 
Ready line indirectly controls DMA activity; the manner in 
which DMA activity is controlled by the line varies with the 
operating mode (single-transaction, burst, or continuous). 
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RESET. Reset (input, active Low). A Low on this line resets 
the CPU and on-chip peripherals. 

RFSH. Refresh (output, active Low, 3-state). This signal 
indicates that the lower ten bits of the Address bus contain a 
refresh address for dynamic memories and the current 
MREO signal should be used to perform a refresh to all 
dynamic memories. 

RxO. UART Receive (input, active High). This line receives 
serial data at standard TTL levels. 

TxO. UART Transmit (output, active High). This line transmits 
serial data at standard TTL levels. 

WAIT. Wait (input, active Low). A Low on this line indicates 
that the responding device needs more time to complete a 
transaction. 

WR. Write (output, active Low, 3-state). This signal indicates 
that the bus holds valid data to be stored at the addressed 
memory or I/O location. 

XTALI. Clock/Crystal Input (time-base input). Connects a 
parallel-resonant crystal or an external single-phase clock to 
the on-chip oscillator. 

XTALO. Crystal Output (time-base output). Connects a 
parallel-resonant crystal to the on-chip oscillator. 

+ 5V. Power Supply Voltage. ( + 5 nominal). 

Bus Operations 

Two kinds of operations can occur on the system bus: 
transactions and requests. At any given time, one device 
(either the CPU or a bus requester) has control of the bus 
and is known as the bus master. A transaction is initiated by 
the bus master and is responded to by some other device on 
the bus. Only one transaction can proceed at a time; seven 
kinds of transactions can occur: 

DMA Flyby. This transaction is used by the DMA peripheral 
to transfer data between an external peripheral and 
memory. 

Halt. This transaction is used to indicate that the CPU is 
entering the Halt state. 

Interrupt Acknowledge. This transaction is used by the CPU 
to acknowledge an interrupt and to transfer additional 
information from the interrupting device. 

I/O. This transaction is used by the CPU or DMA peripheral 
to transfer data to or from an external peripheral. 

Memory. This transaction is used by the CPU or DMA 
peripheral to transfer data to or from a memory location. 

Refresh. This type of transaction performed by the refresh 
peripheral does not transfer data; it refreshes dynamic 
memory. 

RET!. This transaction is generated only by the CPU and is 
used in conjunction with the Z8400 peripheral's interrupt 
logic. 



Only the bus master can initiate transactions. A request, 
however, can be initiated by a component that does not have 
control of the bus. Two types of these requests can occur: 

Bus. This request is used by external devices to request 
control of the system bus to initiate transactions. 

Interrupt. This request is used to request the attention of the 
CPU. 

When an interrupt or bus request is made, it is answered by 
the CPU according to its type. For an interrupt request, the 
CPU initiates an interrupt acknowledge transaction and for 
bus requests, the CPU enters bus disconnect state, 
relinquishes the bus, and activates an Acknowledge signal. 

Finally, the Z280 MPU itself may not be the system bus 
master. See the Multiprocessor Mode section for a 
discussion of this capability. 

Transactions 

Information transfers (both instructions and data) to and 
from the Z280 MPU are accomplished through the use of 
transactions. All transactions start when AS is driven low 
and then raised High. This signal can be used to latch Z280 
MPU addresses to de-multiplex the Z280 Address/Data 
lines required by Z80 Family peripherals. Coincident with AS 
assertion, the Output Enable line is also asserted. 

If the transaction requires an address, it is valid on the rising 
edge of AS. No address is required for Interrupt 
Acknowledge transactions. 

The Read and Write lines are used to time the actual data 
transfer. (Refresh transactions do not transfer any data and 
thus do not activate RD.) For write operations, a low on 
WR indicates that valid data from the bus master is on the 
AD lines. The Output Enable line is also activated with WR. 
For read operations, the bus master makes the AD lines 
3-state before driving RD low so that the addressed device 
can put its data on the bus. The bus master samples this data 
on the falling clock edge just before raising RD High. 
The Input Enable line is also activated with RD. 

Wait Cycle. The WAIT line is sampled on the falling clock 
edge when data is to be sampled (Le., when RD or WR rises). 

If the WAIT line is low, another cycle is added to the trans­
action before data is sampled (RD or WR rises). In this added 
cycle and all subsequent cycles added due to WAIT being 
Low, the WAIT line is sampled on the falling edge and, if it 
is low, another cycle is added to the transaction. In this way, 
the transaction can be extended by external devices to an 
arbitrary length to accommodate (for example) slow 
memories or I/O devices that are not yet ready for data 
transfer. 

The WAIT input is synchronous and thus must meet the 
specified setup and hold times in order for the Z280 M PU to 
function correctly. This requires asynchronously generated 
WAIT signals to be synchronized to the ClK output before 
they are input into the Z280 MPU. Automatic wait states can 
also be generated by programming the Bus Timing and 
Control register and the Bus Timing and Initialization 
register; these are inserted in the transaction before the 
external WAIT signal is sampled. 

Memory Transactions. Memory transactions move 
instructions or data to or from memory when the Z280 MPU 
makes a memory access. Thus, they are generated during 
program execution to fetch instructions from memory and to 
fetch and store memory data. They are also generated to 
store old program status and fetch new program status 
during interrupt and trap handling, and are used by DMA 
peripherals to transfer information. A memory transaction is 
three bus cycles long unless extended with wait states 
(Figures 38 and 39). 

RETI Transactions. These transactions (Figure 40) are 
similar to two memory read transactions except that fiiIT is 
asserted throughout each read transaction, falling early in 
the first bus cycle, and that MREQ, fiiIT, RD and iE are 
deasserted on the rising edge of the clock following the third 
cycle. Each of the read transactions is followed by a 
minimum ofthree bus cycles of inactivity. These transactions 
are invoked when an RETI instruction is encountered in the 
instruction stream; they are used during the re-fetching of 
the instruction from memory so that interrupt logic within 
Z80 peripherals that monitor the bus for this instruction will 
function correctly. 

Note: Refresh cycles and DMA transfers may occur 
between RETI bus cycles. 
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Halt Transactions. The Halt bus transaction does not 
transfer data (Figure 41). It looks like a memory transaction, 
except that RD and WR remain High and no data is 
transferred. The WAIT line is not sampled during the Halt 
transaction. 

Halt transactions are identical to memory read transactions 
except that HALT is asserted throughout the transaction, 
falling during the second half of the first bus cycle, and 
remains asserted until an interrupt is acknowledged. This 
transaction is invoked when a Halt instruction is 
encountered in the instruction stream or a fatal sequence of 
traps occurs. Although the Halt transaction is three cycles, 
the HALT line remains asserted until an Interrupt request is 
acknowledged or a Reset is received. Refresh (to maintain a 

minimum frequency of bus transactions) or DMA transfers 
may occur while HALT is asserted; also, the bus can be 
granted. The address put out during the address phase of 
this cycle is the address of the Halt instruction. 

1/0 Transactions. I/O transactions move data to (Figure 42) 
or from (Figure 43) peripherals and are generated during 
the execution of I/O instructions. 

I/O transactions are four clock cycles long at a minimum, 
and may be lengthened by the addition of wait cycles. The 
extra clock cycle allows for slower peripheral operation .. 

The 10RQ line indicates that an I/O transaction is taking 
place. The I/O address is found on ADo-AD? and As-A23 
when AS rises. 

i-T,-i-T,-i-T,-I 
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DE' 

.. Address of HALT instruction. 

Figure 41. Halt Timing 
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Interrupt Acknowledge Transactions. These trans· 
actions (Figure 44) acknowledge an interrupt and read 
information from the device that generated the interrupt. The 
transactions are generated automatically by the hardware 
when an external interrupt request is detected. 

The Interrupt Acknowledge transactions are five cycles long 
at a minimum and have two automatic Wait cycles. The Wait 
cycles are used to give the interrupt priority daisy chain (or 
other priority resolution device) time to settle before the 
identifier is read. Additional automatic Wait states can be 
generated by programming the Bus Timing and Control 
register. 

The Interrupt Acknowledge transaction is indicated by an 
MT assertion without MREO during the first cycle. During 
this transaction the IORO signal becomes active during the 
third cycle to indicate that the interrupting device can place 
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an B·bit vector on the bus. It is captured from the AD lines on 
the falling clock edge just before IORO is raised High. 

There are two places where the WAIT line is sampled and, 
thus, where a Wait cycle can be inserted by external 
circuitry. The first serves to delay the falling edge of IORO 
to allow the daisy chain a longer time to settle, and the 
second serves to delay the point at which the vector is read. 

Refresh Transactions. A memory refresh transaction 
(Figure 45) is generated by the Z280 refresh mechanism 
and can occur immediately after the final clock cycle of any 
other transaction. The memory refresh counter's 10·bit 
address is output on ADo-AD? and As·Ag during the normal 
time for addresses. The RFSH line is activated with 
MREO. This transaction can be used to generate refreshes 
for dynamic RAMs. 

I I I 

.,------". 
DATA 

UNDEFINED 

HIGH 

/ \ 

HIGH 

• ADl and AD2 indicates type of interrupt being acknowledged, if interrupt mode 3 is in effect. 

Figure 44. Maskable Interrupt Acknowledge Sequence 
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*10 least slgnllicant bits are Refresh address, the rest are undefined. 

Figure 45. Refresh Timing 

Requests 

There are three kinds of request signals that the Z280 MPU 
supports. These are: 

• Interrupt requests, which another device initiates and the 
CPU accepts and acknowledges. . 

• Bus requests, which an external potential bus master 
initiates and the Z280 MPU accepts and acknowledges. 

• Global bus requests, which the CPU or on·chip DMA 
initiates to acquire a global System bus. 

When a request is made, it is answered according to its type: 
for interrupt requests, an Interrupt Acknowledge transaction 
is initiated; for bus requests, an Acknowledge signal is sent; 
for global bus requests, an Acknowledge signal is received. 

Interrupt Requests. The Z280 CPU supports two types of 
interrupt, maskable and nonmaskable (NMI). The Interrupt 
Request line of a device that is capable of generating an 
interrupt can be tied to the NMI or maskable interrupt 
request lines. Several devices can be connected to one pin 
with the devices arranged in a priority daisy chain. However, 
all Z80 family peripherals should be on the same line (or no 
nesting of interrupts among different lines). The CPU uses 
different protocols for handling requests on the NMI pin 

than the protocol used for maskable interrupt pins. The 
sequence of events shown below should be followed: 

Any High-to-Low transition on the NMI input is asynch­
ronously edge-detected, and the internal NMI latch is set. 
At the beginning of the last clock cycle in the last internal 
machine cycle of any instruction, the interrupt inputs are 
sampled along with the state of the internal NMllatch. 

If a maskable interrupt is requested and the Master Status 
register indicates that requests on that line are to be 
accepted, the next possible bus tran~action is the Interrupt 
Acknowledge transaction, which results in information from 
the highest-priority interrupting device being read off the AD 
lines. This data is used to initiate the interrupt service routine. 
For a nonmaskable interrupt request, the hexadecimal 
constant 0066 is used to initiate the interrupt service routine, 
except in mode 3. 

Bus Requests. To generate transactions on the bus, a 
potential bus master (such as the DMA Controller) must gain 
control of the bus by making a bus request. A bus request is 
initiated by pulling BUSREO Low. Several bus requesters 
may be wired-OR to the BUSREO pin; priorities are 
resolved externally to the CPU, usually by a priority daisy 
chain. 
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The asynchronous BUSREO signal generates an internal 
BUSREO, which is synchronous. If the external BUSREO is 
Low at the beginning of any machine cycle, the internal 
BUSREO causes the Bus Acknowledge line (BUSACK) to 
be asserted after the current machine cycle is completed. 
(Exceptions are the TSET instruction where the 
read-modify-write cycle is atomic and DMA transfer in burst 
or continuous mode.) The CPU then enters Bus Disconnect 
state and gives up control of the bus. All MPU Output pins, 
except BUSACK, are 3-stated. 

The CPU regains control of the bus after BUSREO rises. 
Any device desiring control of the bus must wait at least two 
bus cycles after BUSREO has risen before pulling it down 
again. 

The on-chip DMA channels have higher priority than 
external devices requesting the bus via BUSREO. 

Z-8US External Interface 

Features 

• 16-bit data bus 

• Multiplexed address/data lines 

• Supports high-speed burst mode transfers 

• Provides EPA interface 

Pin Descriptions 

A16-A23' Address (output, active High, 3-state). These 
address lines carry I/O addresses and memory addresses 
during bus transactions. 

ADo-AD15 • AddresslData (bidirectional, active High, 
3-state). These 16 multiplexed address and data lines carry 
I/O addresses, memory addresses, and data during bus 
transactions. 

AS. Address Strobe (output, active Low, 3-state). The rising 
edge of Address Strobe indicates the beginning of a 
transaction and shows that the address, status, RiW, and 
BiW signals are valid. 

BUSACK. Bus Acknowledge (output, active Low). A Low on 
this line indicates that the CPU has relinquished control of 
the bus in response to a bus request. 

BUSREQ. Bus Request (input, active Low). A Low on this 
line indicates that an external bus requester has obtained or 
is trying to obtain control of the bus. 

B/W. Byte/Word (output, Low = Word, 3-state). This signal 
indicates whether a byte or a word of data is to be 
transmitted during a transaction. 

ClK. Clock Output (output). The frequency of the processor 
timing clock is derived from the oscillator input (external 
oscillator) or crystal frequency (internal oscillator) by 
dividing the crystal or external oscillator input by two. The 
processor clock is further divided by one, two, or four (as 
programmed), and then output on this line. 
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CTlN_ CounterlTimer Input (input, active High). These lines 
receive signals from external devices for the counter/timers. 

CTIO. CounterlTimer 110 (bidirectional, active High, 
3-state). These I/O lines transfer signals between the 
counter/timers and external devices. 

DMASTB. DMA Flyby Strobe (output, active Low). These 
lines select peripheral devices for DMA flyby transfers. 

DS. Data Strobe (output, active Low, 3-state). This signal 
provides timing for data movement to or from the bus 
master. 

EOP. End of Process (input, active Low). An external source 
can terminate a DMA operation in progress by driving EOP 
Low. EOP always applies to the active channel; if no channel 
is active, EOP is ignored. 

GACK. Global Acknowledge (input, active Low). A Low on 
this line indicates the CPU has been granted control of a 
global bus. 

GREQ. Global Request (output, active Low, 3-state). A Low 
on this line indicates the CPU has obtained or is trying to 
obtain control of a global bus. 

iE. Input Enable (output, active Low, 3-state). A Low on this 
line indicates that the direction of transfer on the 
AddresslData lines is toward the CPU_ 

INT. Maskable Interrupts (input, active Low). A Low on these 
lines requests an interrupt. 

NMI. Nonmaskable Interrupt (input, falling-edge activated). 
A High-to Low transition on this line requests a nonmaskable 
interrupt. 

OE. Output Enable (output, active Low, 3-state). A Low on .. 
this line indicates that the direction of transfer on the 
Address/Data lines is away from the M PU. 

OPT. Bus Option (input). This signal establishes the bus 
option during reset as follows: 

OPT 

a 
1 

Bus Interface 

ZBO-Bus, B-bit 
Z-BUS, 16-bit 

PAUSE. CPU Pause (input, active Low). While this line is Low 
the CPU refrains from transferring data to or from an 
Extended Processing Unit in the system or from beginning 
the execution of an instruction. 

RDY. DMA Ready (input, active Low). These lines are 
monitored by the DMA channels to determine when a 
peripheral device associated with a DMA channel is ready 
for a read or write operation. When a DMA channel is 
enabled to operate, its Ready line indirectly controls DMA 
activity; the manner in which DMA activity is controlled by 
the line varies with the operating mode (single-transaction, 
burst, or continuous). 

RESET. Reset (input, active Low). A Low on this line resets 
the CPU and on-chip peripherals. 



R/Vii. ReadlWrite (output, Low = Write, 3-state). This signal 
determines the direction of data transfer for memory, I/O, or 
EPU transfer transactions. 

RxO. UART Receive (input, active High). This line receives 
serial data at standard TTL levels. 

ST o-ST 3' Status (output, active High, 3-state). These four 
lines indicate the type of transaction occurring on the bus 
and give additional information about the transaction. 

TxO. UART Transmit (output, active High). This line transmits 
serial data at standard TTL levels. 

WAIT. Wait (input, active Low). A Low on this line indicates 
that the responding device needs more time to complete a 
transaction. 

XTALI. ClocklCrystal Input (time-base input). Connects a 
parallel-resonant crystal or an external single-phase clock to 
the on-chip clock oscillator. 

XTALO. Crystal Output (time-base output). Connects a 
parallel-resonant crystal to the on-chip clock oscillator. 

+ SV. Power Supply Voltage. ( + 5 nominal). 

GNO. Ground. Ground reference. 

Bus Operations 

Two kinds of operations can occur on the system bus: 
transactions and requests. At any given time, one device 
(either the CPU or a bus requester) has control of the bus 
and is known as the bus master. A transaction is initiated by 
the bus master and is responded to by some other device on 
the bus. Only one transaction can proceed at a time; eight 
kinds of transactions can occur: 

Burst Memory. These transactions are used to transfer four 
words of instructions from the memory to the CPU. 

DMA F/yby. This transaction is used by the DMA peripheral 
to transfer data between an external peripheral and 
memory. 

EPU Transfer. This transaction is used to transfer data 
between the CPU and an EPU. 

Halt. This transaction is used to indicate that the CPU is 
entering the Halt state. 

Interrupt Acknowledge. This transaction is used by the CPU 
to acknowledge an external interrupt request and to transfer 
additional information from the interrupting device. 

110. This transaction is used by the bus master to transfer 
data to or from an external peripheral. 

Memory. This transaction is used by the bus master to 
transfer data to or from a memory location. 

Refresh. These transactions by the refresh mechanism do 
not transfer data; they refresh dynamic memory. 

Only the bus master can initiate transactions. A request, 
however, can be initiated by a device that does not have 
control of the bus. Two types of requests can occur: 

Bus. This request is used to request control of the bus to 
initiate transactions. 

Interrupt. This request is used to request servicing by the 
CPU. 

When an interrupt or bus request is made, it is answered 
according to its type: for an externally generated interrupt 
request, an I nterrupt Acknowledge transaction is initiated by 
the CPU; for bus requests, the MPU enters Bus Disconnect 
state, relinquishes the bus, and activates an acknowledge 
signal. 

Transactions 

Data transfers to and from the Z280 MPU are accomplished 
through the use of transactions. 

All transactions start with Address Strobe (AS) being driven 
Low and then raised High by the Z280 MPU. On the rising 
edge of AS, the Status lines ST o-ST 3 are valid; these lines 
indicate the type of transaction being initiated (Table 9); 
seven types of transactions are discussed in the sections 
that follow. Associated with the status lines are two other lines 
that become valid at this time: R/W, and B/W. 

Table 9. Status Code Table 

Status Lines 
3··0 Type of Transaction 

0000 Reserved 
0001 Refresh 
0010 1/0 transaction 
0011 Halt 
0100 Interrupt acknowledge line A 
0101 NMI acknowledge 
0110 Interrupt acknowledge line B 

0111 Interrupt acknowledge line C 
1000 Transfer between CPU and memory, cacheable 
1001 Transfer between CPU and memory, 

non-cacheable 
1010 Data transfer between EPU and memory 
1011 Reserved 
1100 EPU Instruction fetch, template, subsequent 

words 
1101 EPU Instruction fetch, template, first word 

1110 Data transfer between EPU and CPU 
1111 Test and Set (data transfers) 

If the transaction requires an address, it is valid on the rising 
edge of AS. No address is required for EPU-CPU transfer 
transactions; the contents of the A and AD lines while AS is 
asserted are undefined. If an address is generated, the 
OE signal is also activated. 

525 



The Z-BUS MPUs use Data Strobe (DS) to time the actual 
data transfer. (Note that Refresh and Halt transactions do not 
transfer any data and thus do not activate DS.) For write 
operations (RiW = Low), a Low on DS indicates that valid 
data from the bus master is on the AD lines. The Output 
Enable continues to be asserted until DS is deasserted. For 
read operations (RiW = High), the bus master makes AD 
lines 3-state, deasserts OE, and asserts IE after driving 
DS Low so that the addressed device can put its data on 
the bus. The bus master samples this data on the falling 
clock edge just before raising DS and IE High. 

Wait Cycle_ The WAIT line is sampled on the falling clock 
edge when data is sampled by the Z280 MPU (Read) or the 
falling clock edge before DS rises (Read or Write). If WAIT is 
Low, another cycle is added to the transaction before data is 
sampled or DS rises. In this added cycle, and all 
subsequent cycles added when WAIT is Low, WAIT is again 
sampled on the falling clock edge and, if it is Low, another 
cycle is added to the transaction. In this way, the transaction 
can be extended to an arbitrary length by external circuitry 
to accommodate (for example) slow memories or 1/0 
devices that are not yet ready for data transfer. Automatic 
insertions of wait states by the CPU or on-chip DMA 
channels can be programmed by setting fields in the Bus 
Timing and Control register and Bus Timing and Initialization 
register to indicate the number to be inserted. 

Memory Transactions. Memory transactions move data to 
or from memory when a bus master makes a memory 

access. Thus, they are generated during program execution 
to fetch instructions from memory and to fetch and store 
memory data. They are also generated to store old program 
status and fetch new program status during interrupt and 
trap handling and after reset. 

A memory transaction is three bus cycles long unless 
extended when WAIT is asserted. 

Bytes transferred to or from odd memory locations (address 
bit 0 = 1) are always transmitted on lines ADo-AD? (bit 0 on 
ADo). Bytes transferred to or from even memory locations 
(address bit 0 = 0) are always transmitted on lines 
ADa-AD15 (bit 0 on ADa). For byte reads (B/W High, 
RiW High), the CPU or on-chip DMA channel uses only the 
byte whose address it put out on the bus. For byte writes 
(B/W High, RiW Low), the memory should store only the 
byte whose address was output. During byte memory 
writes, the CPU (or on-chip DMA channel in non-Flyby 
transactions) places the same byte on both halves of the 
bus, and the proper byte must be selected by testing Ao. For 
word transfers (B/W = Low), all 16 bits are captured by the 
CPU or DMA channel (Read: RiW = High) or stored by 
the memory (Write: R/W = Low). For these transactions' 
(either memory or 1/0) the bytes of data appear swapped on 
the bus with the most significant byte on ADrADo and the 
least significant byte on AD15-ADa. A word is aligned if the 
address is even; otherwise it is unaligned. 

Memory transaction timings are shown in Figures 46-50. 

1---------T1~1.--T2---+I-4----Ta---.f 
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Figure 46. Memory Read Timing 
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Figure 47. Memory Write Timing 
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Figure 48. Memory Read Timing with External Wait Cycle 
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Figure 49. Memory Write Timing with External Wait Cycle 
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Figure 50. Memory Read Timing with Internal Wait Cycle 
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Figure 51. Burst Memory Read Timing 

Burst Memory Transactions. Burst memory transactions 
use mUltiple Data Strobes associated with a single Address 
Strobe. The CPU uses burst transactions to read four 
consecutive words in four data transactions. The address of 
the first word read during a burst transaction has zeros in the 
three least significant bits. Control bits in the Cache Control 
register indicate whether or not portions of the memory 
system can support burst transactions. 

The CPU uses burst mode reads only for fetching 
instructions. If an instruction is to be fetched from a location 
within a half of physical memory that supports burst 
transactions, the CPU reads the eight bytes that contain the 
first byte of the instruction. (EPA template fetches do not use 
the burst transaction.) 

Timing for the first data transfer during a burst transaction is 
identical to that for a single memory read, including the 
automatic insertion of wait states, except there are four T3 
states. Subsequent data transfers do not include automatic 
wait states. On the first data transfer, if WAIT is sampled 
active then it is sampled again every bus clock cycle until it is 
inactive, at which time the data is read from the bus. Burst 
memory read timing is shown in Figure 51. 

Note: Burst Transactions can occur only in Z·BUS mode. 

Halt Transactions. Halt transactions do not transfer data. 
They look like a memory transaction, except that DS re­
mains High and no data is transferred. 

A Halt transaction (Figure 52) is generated when the CPU 
executes a HALT instruction or when a fatal sequence of 
traps and bus errors occurs. The address placed on the AD 
lines is the location of the Halt instruction or the instruction 
that initiated the fatal sequence of traps and errors. The 
Status lines indicate a Halt transaction (0011). 

WAIT is not sampled during the Halt transaction. 

I/O Transactions. I/O transactions (Figures 53 and 54) 
move data to or from peripherals and are generated during 
the execution of 1/0 instructions. 1/0 transactions to on-Chip 
peripheral devices (1/0 pages FEH and FFH) do not 
generate external bus transactions. 

110 transactions are four bus cycles long at a minimum, and 
they can be lengthened by the addition of wait cycles either 
automatically generated as indicated in the Bus Timing and 
Control register or generated by an external device. The 
extra clock cycles allow for slower peripheral operation. 

The status lines indicate that the access is an 1/0 transaction 
(0010). The 1/0 address is found on ADo-AD15 and A16-A23' 

Byte data (BiW = High) is transmitted on ADo-AD? This 
allows peripheral devices to attach to only eight of the AD 
lines. Word data (B/W = Low) is transmitted with the most 
significant byte on ADo-AD? and the least significant byte on 

ADs-AD15' 
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Figure 52. Halt Timing 
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Figure 54. 1/0 Read Timing 

Interrupt Acknowledge Transactions. These transac· 
tions (Figure 55) acknowledge an interrupt and read an 
identifier from the device that generated the interrupt. 
Interrupt Acknowledge transactions are generated 
automatically by the hardware when an external interrupt is 
detected. 

These transactions are five cycles long at a minimum, with at 
least two automatic Wait cycles, although others can be 
added by programming the Bus Timing and Control 
register. The Wait cycles are used to give the interrupt priority 
daisy chain (or other priority resolution device) time to settle 
before the identifier is read. 

The only item of data transferred is the identifier that is 
captured from the AD lines on the falling clock edge just 
before OS is raised High. The length of time that OS is, 
asserted is identical with 110 timing programmed in the Bus 
Timing and Control register. 

There are two places where WAIT is sampled and thus a 
Wait cycle can be inserted by external devices. The first 
pl~ce serves to delay the falling edge of OS to allow the 
daisy chain a longer time to settle, and the second place 
serves to delay the point at which data is read. 

Refresh Transactions. A memory Refresh transaction 
(Figure 56) is generated by the refresh mechanism and can 
come immediately after the final clock cycle of any other 
transaction. The memory refresh counter's 1 O-bit address is 
output on the low order 10 bits of the bus during the first 
cycle of the transaction. The contents of the rest of the bus 
are undefined. The Status lines indicate Refresh (0001). This 
transaction can be used to generate refreshes for dynamic 
RAMs. Refreshes may occur while the CPU is in the Halt or 
Fatal state. 

CPU· Extended Processing Unit Interaction 

The Z280 CPU with a Z·BUS interface and PAUSE input 
line and one or more Extended Processing Units (EPUs) 
work together like a single CPU component, with the CPU 
providing address, status, and timing signals and the EPU 
supplying and capturing data. The EPU monitors the status 
and timing signals output by the CPU so that it knows when 
to participate in a memory transaction; for EPU to memory 
transfers, the CPU puts its AD lines in 3-state while OS is 
Low, so that the EPU can use them. 
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Figure 55. Interrupt Acknowledge Timing 
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Figure 56. Memory Refresh Timing 

In order to know which transaction it is to participate in, the 
EPU must track the following sequence of events: 

• When the CPU fetches the first word of an EPA 
instruction template from memory (8T3-8To = 1101), the 
EPU must also capture the instruction returned by the 
memory. Within the template is an 10 field that indicates 
whether or not the EPU is to execute the instruction. 

• The next non-refresh transaction by the CPU is the fetch 
of the second word of the instruction (8T3-8To = 1100). 
The EPU must also capture this word. If the template is 
not aligned, a third fetch is made (8T3-8To = 1100). 

• If the instruction involves a read or write to memory, then 
transfers of data between memory and the EPU (8T3-8To 
= 1010) are the next non-refresh transactions performed 
by the CPU. The EPU must supply the data (Write: 
R/W = Low) or capture the data (Read: R/W = High) for 
each transaction, just as if it were part of the CPU. I n both 
cases, the CPU 3-states its AD lines while data is being 
transferred (08 Low). 

• If the instruction involves a transfer from the EPU to the 
Z280 MPU, the next non-refresh transaction is the CPU 
transferring data between the EPU and CPU (8T3-8To = 

1110). 

In order to follow this sequence, an EPU has to monitor the 
status lines to verify that the transaction it is monitoring on the 
bus was generated by the CPU. In a multiple EPU system, 
there is no indication on the bus as to which EPU is 
cooperating with the CPU at any given time. This must be 
determined by the EPUs from the templates they capture. 

When an EPU begins to execute an extended instruction, 
the CPU can continue fetching and executing instructions. If 
the EPU wishes to halt the CPU from executing another 
instruction or bus transaction, the EPU must activate the 
PAU8E line to stop the CPU until the EPU is ready for 
subsequent MPU activity. This mechanism is used to 
synchronize MPU-EPU activity. 
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EPU Transfer Transactions. These transactions (Figures 
57 -59) allow the CPU to transfer data to or from an EPU or to 
read or write an EPU's status registers. They are generated 
during the execution of the EPU instructions. 

EPU-to-Memory transfers are five cycles unless extended by 
WAIT Memory-to-EPU transfers are three cycles unless 
extended by WAIT 

EPU-CPU transfer transactions have the same form as 110 
transactions and thus are four clock cycles long, unless 
extended by WAIT Although AS is asserted, no address is 
generated and the contents of the bus are undefined; only 
one status code is used (1110). 

In a multiple EPU system, the EPU that is to participate in a 
transaction is selected implicitly by the 10 code in the EPU 
template, rather than by an address. The Read/Write line 
(R/W = High) indicates the direction of the data transfer 
into the CPU. 

Requests 

The Z280 MPU supports three types of request signals. 
These are: 

• Interrupt requests, which another device initiates and the 
CPU accepts and acknowledges. 
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STATUS 
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-
-
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• Bus requests, which an external potential bus master 
initiates and the CPU accepts and acknowledges. 

• Global bus requests, which the CPU or on-chip OMA 
initiates to acquire a global system bus. 

When a request is made, it is answered according to its type: 
for interrupt requests, an Interrupt Acknowledge transaction 
is initiated by the CPU; for bus requests, an acknowledge 
signal is sent; for global bus request, an acknowledge signal 
is received. 

Interrupt Requests. The Z280 M PU supports two types of 
external interrupts, maskable and nonmaskable (NMI). The 
Interrupt Request line of a device that is capable of 
generating an interrupt may be tied to any of the interrupt 
pins. Several devices can be connected to one pin, with the 
devices arranged in a priority daisy chain. The CPU uses the 
same protocol for handling requests on these pins. The 
sequence of events is given below: 

Any High-to-Low transition on the NMI input is asynch­
ronously edge-detected, and the internal NMI latch is set. 
At the beginning of the last processor clock cycle of any 
instruction, the interrupt inputs are sampled along with the 
state of the internal NMllatch . 

I I 
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Figure 57. EPU to CPU Timing 
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Figure 58. EPU Write to Memory 
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If a maskable interrupt is requested and the Master Status 
register indicates that requests on that line are to be 
accepted, or if the NMI latch is set, the next possible bus 
transaction is an interrupt acknowledge transaction that 
results in an identifier from the highest-priority interrupting 
device being read off the AD lines. This data is used as 
specified by the current interrupt mode. 

Bus Requests_ To generate transactions on the bus, a 
potential external bus master (such as a DMA Controller) 
must gain control of the bus by making a bus request. A bus 
request is initiated by pulling BUSREO low. Several bus 
requesters can be wired-OR to the BUSREO pin; prior­
ities are resolved externally to the CPU, usually by a priority 
daisy chain. 

RESET 

A hardware reset puts the Z280 M PU into a known state and 
optionally initializes the Bus Timing and Initialization control 
register of the Z280 MPU to a system specifiable value. A 
reset begins at the end of any processor clock cycle if the 
RESET line is low. However, if a bus transaction is in 
progress it is allowed to be completed. A system reset 
overrides all other operations of the chip, including 
interrupts, traps and bus requests. A reset should be used to 
initialize a system. as part of the power-up sequence. 

The RESET input must be asserted for a minimum of 128 
processor clock cycles. Within this time the Z280 lines 
assume their reset values. For either bus, the AD lines are 
3-stated, and all control outputs are forced High. While 
RESET is asserted, the ClK output is the processor clock 
frequency scaled by four. 

The RESET line is sampled on the rising edge of an 
internal clock (derivative of XTALi). When the RESET 
line is sampled High (de-asserted), the state of the 
WAIT line is also noted: if WAIT is asserted, then the 
contents of the AD lines are used to program the Bus 
Timing and Initialization register, otherwise the 
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The asynchronous BUSREO signal generates an internal 
BUSREO, which is synchronous. If the external BUSREO is 
low at the beginning of any processor clock cycle, the 
internal BUSREO will cause the bus acknowledge line 
(BUSACK) to be asserted after the current bus transaction 
is completed or after the write transaction of a TSET 
instruction. The CPU then enters Bus Disconnect state and 
gives up control of the bus. All Z280 Output pins except 
BUSACK are 3-stated. 

The on-chip DMA channels have higher priority than the 
off-chip devices requesting the external bus via BUSREO. 

constant 00 hexadecimal is used. If the hardware 
programming initialization option is used, AD4 must be 
o when the bus is sampled and the AD6 line 
determines whether the UART bootstrap option is 
selected. 

After reset, the Z280 M PU is initialized as shown in Tables 10 
and 11. 

The following registers are unaffected: 

• CPU register file, including user Stack Pointer 

• Page Descriptor registers 

• InterruptfTrap Vector Table Pointer register 

On the rising edge of RESET, if Bus Request is asserted 
the Z280 MPU will grant the bus before fetching the first 
instruction from location o. 
After RESET has returned to High, the CPU begins to 
operate unless the Bootstrap UART feature is utilized. 



Table 10. Effect of a Reset on Z280 CPU and MMU Registers 

Register 

Program Counter 

System Stack Pointer 

I 
R 
Master Status 

Bus Timing and Control 

Bus Timing and Initialization 

I/O Page 

Cache Control 

Trap Control 

System Stack Limit 

local Address 

Interrupt Status 

Interrupt/Trap Vector Table Pointer 

CPU RegistersAF, BC, DE, Hl, IX, IY, AF', 

BC', DE', DE', HL 

User Stack Pointer 

MMU Master Control 

MMU Page Descriptor Register, Page 

Descriptor Register Pointer 

Value Loaded on Reset 

(Hexadecimal) 

0000 
0000 

00 
00 

0000 

00 

00 
20 

00 

0000·· 
00 

OOxx 

0000·· 

Comments 

System mode, Single-Step disabled, Breakpoint-an-Halt 

disabled 

All maskable interrupts disabled 

No automatic wait states for I/O, upper 8M bytes of 

memory, or interrupt acknowledges 

ClK output 2x processor clock period, no automatic 

wait states for lower 8 Mbytes of memory, bootstrap 

mode disabled, direct clock option disabled, 
multiprocessor configuration disabled 

I/O Page a in use 

Cache enabled for instructions 

All valid bits cleared to a 
Burst mode disabled 

EPA trap enabled. 110 not privileged. System 

Slack Overflow Warning trap disabted 

All memory transactions are made to local bus 

Interrupt mode 0, nonvectored interrupts, current state 

of interrupt requests (indicated by xx) 

Unaffected 

Unaffected 

Unaffected 

MMU disabled 

Unaffected 

Table 11. Effect of a Reset on Z280 On·Chip Peripheral Registers 

Register 

Refresh 

CounterlTimers: 

Configuration 

Command/Status 

DMA Channels: 

Master Control 

DMAO Transaction Descriptor 

DMA 1/2/3 Transaction Descri ptor 

DMAO Destination Address 

DMAOCount 

UARl 

Configuration 

Transmitter Control/Status 

Receiver Control/Status 

'Unless bootstrap mode is selected. 

Value Loaded on Reset 

(Hexadecimal) Comments 

88 Refresh enabled, rate = 32 

00 
00 

0000 .... 

0100' 

000000 
0100 

00' 

01 
00' 

Timer mode, single-cycle, non-retrlgger 
Timer disabled 

No DMA linking, EOP disabled, Software Ready disabled 

DMAO disabled, continuous mode 

EN, IE, TC, and EPS fields cleared, other fields unaffected 

5 bits/character, parity disabled, external clock, xl clock rate, 

loop back disabled 

Transmitter disabled, transmit buffer empty 

Receiver disabled 

"Reserved bns are undefined on reads. 
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ABSOWTE MAXIMUM RATINGS 

Voltage on Vcc with respect to Vss ..... -O.3V to + 7V 
Voltages on all pins with respect to Vss ...... -O.3V to 

(Vcc + 0.3V) 
Operating Ambient 

Temperature .............. See Ordering Information 
Storage Temperature .............. - 65°C to + 150°C 

Stresses greater than those listed under Absolute Maximum Ratings' may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

STANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND (OV). 
Positive current flows into the referenced pin. 

Available operating temperature ranges are: 

• S = O°Cto + 70°C 

DC CHARACTERISTICS 

Symbol Parameter Min 

VI. Input low Votage -0.3 

VIH Input High Voltage 2.0 

VOL Output low Voltage 

VOH Output High Voltage 2.4 

Vee Operating Power Supply Voltage 4.5 

Icc Power Supply Current 
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All ac parameters assume a load capacitance of 100pf. Add 
10 ns delay for each 50 pf increase in load up to a maximum 
of 200 pf for the data bus. 

FROM OUTPUT 

UNDER TEST 

Max 

0.8 

Vee + 0.3 

0.4 

5.5 

200 

100pf 

I 

Unit 

V 

V 

V 

V 

V 

ma 

Vee 

O.91K 

Test Condition 

IOL =4.0 ma 

IOH = -400 jJa 

Vee = 5.5 V 

XTAlI = 20 MHz 

VIH =2.0V 

VI. =0.8V 

Outputs Unloaded 



Z280 AC CHARACTERISTICS 
Z-Bus Timing (Refer to Figures 60 and 61) 

10MHz 12.5 MHz Unit Notes 
No Symbol Parameter Min Max Min Max 

1 TdCr(ST) Clock rise to Status Delay 20 15 nS 
2 TdCr(A) Clock rise to Address Valid Delay 20 15 nS 
3 TdCr(ASry Clock rise to lAS fall Delay 20 15 nS 
4 TdCf(ASr) Clock fall to lAS rise Delay 20 15 nS 
5 TwAS lAS Low Width nTcXT-20 nTcXT-20 nS 

6 TdCr(AZ) Clock rise to Add ress Floal Delay 25 25 nS 
7 TdCr(DSf) Clock rise to IDS fall Delay 20 15 nS 
8 TdCI(DSr) Clock Fall to IDS rise Delay 35 25 nS 
9 TsD(Cry Data to Clock fall Setup 30 30 nS 

10 ThD(Cry Data from Clock fall Hold 10 10 nS 
11 TdCf(DSf) Clock fall to IDS fall Delay 20 15 nS 
12 TdCr(D) Clock rise to Data Valid Delay 20 15 nS 
13 TdDSr(Dx) IDS rise Data not Valid Delay nTcXT-40 nTcXT -30 nS 
14 TsW(Cry (Wait to Clock fall Setup 50 40 nS 

15 ThW(Cf) (Wait from Clock fall Hold 0 0 nS 
16 TdCr(OEry Clock rise to IDE fall Delay 20 15 nS 
17 TdCr(OEr) Clock rise to IOE rise Delay 20 15 nS 
18 TdCf(IEry Clock fall liE fall Delay 20 15 nS 
19 TdCf(IEr) Clock fall to /1E rise Delay 35 25 nS 

20 TdA(ASr) Address Valid to lAS rise Delay nTcXT -25 nTcXT-20 nS 
21 TdDSr(ASry IDS rise to lAS fall Delay nTcXT-40 nTcXT-25 nS 
22 TdASr(Ax) lAS rise to Address not Valid Delay nTcXT -30 nTcXT-25 nS 
24 TdDSr(A) IDS rise to Address Active Delay nTcXT-40 nTcXT-30 nS 

25 TdAz(DSf) Address Float to IDS fall Delay 0 0 
26 TdD(DSry Data Valid to IDS fall Delay nTcXT-20 nTcXT-20 nS 
27 TwDSBh IDS High Width(Burst Mode) nTcXT-40 nTcXT-30 nS 
28 TwDSbl IDS Low Width(Burst Mode) ntcXT-30 nTcXT-20 nS 

Notes: 
1. TcXT = XTALi Cycle lime t Units in nanoseconds unless othelWise specified. 

Clk = 1x(lx bus clock): n=l V., = 2.0V. V. = O.SV. VC/rl= 2.0V. Vo- = O.SV 
2x(2x bus clock): n=2 
4x( 4x bus clock): n=4 
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Z280 AC CHARACTERISTICS 
Z80-Bus Timing (Refer to Figures 62 and 63) 

10MHz 12.5 MHz Unit Notes 
No Symbol Parameter Min Max Min Max 

1 TdCr(OEf) Clock rise to IDE fall delay 20 15 nS 
2 TdCr(A) Clock rise to Address Valid Delay 20 15 nS 
3 TdCr(ASQ Clock rise to lAS fall Delay 20 15 nS 
4 TdCf(ASr) Clock fall to lAS rise Delay 20 15 nS 
5 TwAS lAS Low Width nTcXT-20 nTcXT-20 nS 

._----------_.--
6 TdCr(AZ) Clock rise to Address Float Delay 25 25 nS 
7 TsW(Cf) /Wait 10 Clock fall sefup 50 40 nS 
8 ThW(Cf) /Wait from Clock fall hold 0 0 
9 TdA(ASr) Address Valid to lAS rise delay nTcXT-25 nTcXT-20 nS 
10 TdASr(Ax) lAS rise to Address nol Valid Delay nTcXT-30 nTcXT-25 nS 
---------
11 TdCr(RDf) Clock rise to IRD fall delay 20 15 nS 
12 TdCf(RDr) Clock fall to fRD rise Delay 35 25 nS 
14 TsD(Cf) Data to Clock fall Setup 30 30 nS 
15 ThD(Cf) Data from Clock fall Hold 10 10 nS 
16 TdAz(RDf) Address Float to fRD fall Delay 0 0 nS 

19 TdCr(OEr) Clock rise to IDE rise Delay 20 15 nS 
20 TdCf(IEf) Clock fall to liE fall Delay 20 15 nS 
21 TdCf(IEr) Clock fall 10 liE rise Delay 35 25 nS 
22 TdCr(IEr) Clock rise to liE rise Delay 20 15 nS 2 
23 TdCr(RDr) Clock rise to IRD rise Delay 20 15 nS 2 

24 TdCf(WRf) Clock fall to twR fall Delay 20 15 nS 
25 TdCf(WRr) Clock fall to twR rise Delay 35 25 nS 
26 TdWRr(ASf) twR rise 10 I AS fall Delay nTcXT-40 nTcXT-30 nS 
27 TdWRr(A) twR rise to Address active Delay nTcXT-40 nTeXT-30 nS 
28 TdCr(D) Clock rise to Data Valid Delay 20 15 nS 
_ .. _------- .. ---'-'- -------_._.- -- ---- ------ -------
29 TdWRr(Dx) /WR rise 10 Data not Valid Delay nTcXT-40 nTeXT-30 nS 
30 TdD(WRf) Data Vali d to /WR fall Delay nTcXT-20 nTcXT-20 nS 
31 TdCf(MREOf) Clock fall to IMREO fall Delay 20 15 nS 
32 TdCI(MREQr) Clock fall fo IMREQ rise Delay 35 25 nS 
33 TdCr(MREQr) Clock rise to IMRW rise Delay 20 15 nS 2 
-----
34 TdCr(IORQf) Clock rise to IIORO fall Delay 20 15 nS 
35 TdCf(IORQr) Clock fall 10 /loRQ rise Delay 35 25 nS 
36 TdCf(IOROf) Clock fall to Ii0RO fall Delay 20 15 nS 3 
37 TdCf(M1r) Clock fall to IM1 rise Delay 35 25 nS 3 
38 TdCr(M1r) Clock rise to IM1 rise Delay 20 15 nS 
._._-_ .. _--------_._--
39 TdCr(MlI) Clock rise to IM1 fall Delay 20 15 nS 2 
40 T dCf(RFSHr) Clock fall to IRFSH rise Delay 35 25 nS 2,3 
41 TdCf(RFSHf) Clock fall to fRFSH fall Delay 20 15 nS 
42 TdCf(HAlTf) Clock fall to /HALT fall Delay 20 15 nS 

Notes: 
1. TeXT = XTALi Cycle Time t Units in nanoseconds unless otherwise specified. 

elk = 1x(1x bus clock) : n=1 V,,=2.0V. V.=0.8V, VOI,=2_0V, Vo..=O_BV 
2x(2X bus clock) : n=2 
4x(4x bus clock) : n=4 

2. This parameter is used for RETI (Return From Interrupt). 
3. This parameter is used for Interrupt Acknowledge. 
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Z280 AC CHARACTERISTICS 
Z-8us, Z80 Bus Common Signals and Peripherals Timing 
(Refer to Figures 64 through 71) 

10 MHz 12.5 MHz Unit Notes 
No Symbol Parameter Min Max Min Mal( 

1 TeXT XTALi Cycle time 50 tbd 40 Ibd nS 
2 TwXTh XTALi High Widlh 15 15 nS 
3 TwXTI XTALi LowWidlh 15 15 nS 
4 TrXT XTALi Rise Time 10 10 nS 
5 TfXT XTALi Fall Time 10 10 nS 
6 TdXTI(C) XTAl fall to Clock Delay 40 40 nS 

7 TrC Clock rise lime 12 10 nS 
8 TIC Clock fall time 12 10 nS 
9 TdCr(CSf) Clock rise 10 IDS, IRD, or /WR fall Delay 20 15 nS 
10 TdCr(CSr) Clock rise 10 IDS, or /WR rise Delay 20 15 nS 
11 TdCr(STBf) Clock rise 10 /DMASTB fall delay 20 15 nS 
12 TdCf(STBr) Clock fall to IDMASTB rise Delay 35 25 nS 

--------------------
13 TdCr(STBr) Clock rise 10 /DMASTB rise Delay 20 15 nS 
14 TdCf(CSr) Clock fall to IDS or/RD Rise Delay 35 25 nS 
15 TdCf(GREOf) Clock fall to /GREO Fall Delay 35 25 nS 
16 T dCf(GREOr) Clock fall to /GREO rise Delay 35 25 nS 
17 TdCr(BUSACKf) Clock rise 10 /BUSACK fall Delay 20 15 nS 
18 TdCr(BUSACKr) Clock rise to /BUSACK rise Delay 20 15 nS 

19 TeCTIN CTtN Cycle Time 10TcXT 10TcXT nS 
20 TwCTtNh CTtN High Widlh 4TeXT 4TeXT nS 
21 TwCTtNI CTtN Low Width 4TeXT 4TeXT nS 
22 TwCTtOh CTIO High Widlh 4TeXT 4TeXT nS 
23 TwCTIOI CTtO Low Width 4TeXT 4TcXT nS 
24 TdCTIN(CTlO) CTIN to CTtO Delay 20TcXT 28TcXT 20TcXT 28TcXT nS 

----------_._---.. _--------_._----_._- - --.. _-._-----------. 
25 TdCf(TD) Baud Clock fall 10 Transmit Data Delay 70 70 nS 
26 TsRD(Cr) Receive Dala 10 Baud Clock rise Setup 10 10 nS 
27 ThRD(Cr) Receive Data from Baud Clock rise Hotd 50 50 nS 
28 TrHESET /Reset Rise Time 10 10 nS 
29 TfRESET IReset Fall Time 10 10 nS 
30 TsWAITf(RESETr) /WAIT fall to /RESET rise Setup 4TeXT 4TeXT nS 
-------_ .. _------
31 ThWAlTr(RESETr) /WAIT rise to /RESET rise Hold 6TeXT 6TeXT nS 
32 TsD(RESET r) Data 10 /RESET rise Setup 0 0 nS 
33 ThD(RESETr) Data from IRESET rise Hold 6TeXT 6TeXT nS 
34 TrlN Input Rise Time 20 20 nS 
35 TflN Inpul Fall Time 20 20 nS 
36 TwNMI /NMt Low Width 4TcXT 4TeXT nS 

Notes: 
1. CTIO as Gate or Trigger Input. 

t Units in nanoseconds unless otherwise specified. 2. CTIO as Output. when CTIN causes terminal count. 
3. CTINI as Xt Baud Clock Input. Refer to specs V'H=2.0V. Vc=O.8V. V"",=2.0V. Vo.. =O.8V 

20 and 21 for pulse widths. 
4. To program Bus Timing and Initializalion Register at reset. 
5. Inputs AD. jBUSREQ. CTiN. CTIO.IINT.INMI. {ROY, 

RxD, /PAUSE and /WAIT. 
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Figure 65. Flyby DMA Write to Memory 

(Z-Bus: OS; zao Bus: WR) 

Figure 66. Flyby DMA Read from Memory 
(Z-Bus: OS; zao Bus: RD) 
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Figure 68. CounterlTimer Timing 

Figure 69. UART Timing 

Figure 70. Reset Timing 
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SERIAL COMMUNICATIONS CONTROLLERS 
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Features 

General 
Description 

PRODUCT SPECIFICATION 

Z8030/Z8530 
Z-8uS SCC SERIAL 
COMMUNICATION CONTROLLER 

• Z8530 optimized for non-multiplexed 
Bus microprocessors. 

• Z8030 optimized for multiplexed 
Bus microprocessors. 

• Two independent, a to 2M bit/second, full­
duplex channels, each with a separate crystal 
oscillator, baud rate generator, and Digital 
Phase-Locked Loop for clock recovery. 

• Multi-protocol operation under program 
control; programmable for NRZ, NRZI, or 
FM data encoding. 

• Asynchronous mode with five to eight bits 
and one, one and one-half, or two stop bits 
per character; programmable clock factor; 
break detection and generation; parity, 
overrun, and framing error detection. 

• Synchronous mode with internal or external 
character synchronization on one or two 

The SCC Serial Communications Controller 
is a dual-channel, multi-protocol data communi­
cations peripheral designed for use with conven­
tional non-multiplexed buses and the Zilog 
Z-BUS.4D The SCC functions as a serial-to-parallel. 
parallel-to-serial converter/controller. The SCC 
can be software-configured to satisfy a wide vari­
ety of serial communications applications. The 

Z8530 

t t t 
-+sv GNO PCLK 

\ SERIAL 
I DATA 

I CHANNEL 
I CLOCKS 

I CHANNEL 
CONTROLS 

I FOR MODEM, 
OMAiOR 

.- OTHER -

I CHANNEL 
CONTROLS 

! FOR MODEM. 
DMA, OR 
OTHER 

Figure lao Pin Functions. Z8530 

CH·B 

synchronous characters and CRC genera­
tion and checking with CRC-16 or 
CRC-CCITT preset to either Is or Os. 

• SDLC/HDLC mode with comprehensive 
frame-level control, automatic zero insertion 
and deletion, I-field residue handling, abort 
generation and detection, CRC generation 
and checking, and SDLC Loop mode 
operation. 

• Local Loopback and Auto Echo modes. 

• Supports Tl digital trunk. 

• Speeds 4, 6, 8 MHz. 

device contains a variety of new, sophisticated 
internal functions including on-chip baud rate 
generators, Digital PhaseLocked Loops, and 
crystal oscillators that dramatically reduce the 
need for external logic. 

.. DDR!S.' 
DATA BUS 

CHANNEL 
CONTROLS 
FOR MODEM 
DMA.OR 
OTHER 

I CHANNEL 
CONTROLS 

CH 

Z8030 

t t t 
+5V GND PCLK 

I FDA MODEM, 
DM ... , OR 
OTHER 

Figura lb. Pin Functlons. Z8030 
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General 
Description 
(Continued) 
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The SCC handles asynchronous formats, 
Synchronous byte-oriented protocols such as 
IBM Bisync, and Synchronous bit-oriented pro­
tocols such as HDLC and IBM SDLC_ This ver­
satile device supports virtually any serial data 
transfer application (cassette, diskette, tape 
drives, etc.). 

The device can generate and check CRC 
codes in any Synchronous mode and can be 
programmed to check data integrity in various 
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Figura 2c_ Chip Carrier PiD Assignments. Z8530 

modes. The SCC also has facilities for 
modem controls in both channels_ In appli­
cations where these controls are not needed, 
the modem controls can be used for 
general-purpose !IO. 

The daisy-chain interrupt hierarchy is also 
supported-as is standard for Zilog peripheral 
components. 
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Note: Power connections follow 
conventional descriptions below: 

Connection Circutt Device 

Power Vee V"" 
Ground GND Vss 



Pin 
Description 

The following section describes the pin 
functions common to the Z8530 and the Z8030. 
Figures 1 and 2 detail the respective pin func­
tions and pin assignments. 

CTSA, CTSB. Clear To Send (inputs, active 
Low). If these pins are programmed as Auto 
Enables, a Low on the inputs enables the 
respective transmitters. If not programmed as 
Auto Enables, they may be used as general­
purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on these inputs and can 
interrupt the CPU on both logic level 
transitions. 

DCDA, DCDB. Data Carrier DelectDnputs/outputs. 
active Low). These pins function as receiver 
enables if they are programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accomodate slow 
rise-time signals. The SCC detects pulses on 
these pins and can interrupt the CPU on both 
logic level transitions. 

DTR/REQA, DTR/REQB. Data Terminal 
Ready/Request (outputs, active Low). These 
outputs follow the state programmed into the 
DTR bit. They can also be used as general­
purpose outputs or as Request lines for a DMA 
controller. 

lEI. Interrupt Enable In (input, active High). 
lEI is used with IEO to form an interrupt daisy 
chain when there is more than one inter­
ruptdriven device. A High lEI indicates that no 
other higher priority device has an interrupt 
under service or is requesting an interrupt. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if IEI is High and the 
CPU is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt 
Acknowledge cycle only). IEO is connected to 
the next lower priority device's IEI input and 
thus inhibits interrupts from lower priority 
devices. 

INT. Interrupt Request (output, open-drain, 
active Low). This signal is activated when the 
SCC requests an interrupt. 

INTACK. Interrupt Acknowledge (input, active 
Low). This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the 
SCC interrupt daisy chain settles. When RD 
or OS becomes active, the SCC places an inter­
rupt vector on the data bus (if IEI is High). 
INTACK is latched by the rising edge 
ofPCLK. 

PCLK. Clock (input). This is the master SCC 
clock used to synchronize internal signals. 
PCLK is a TTL level signal. PCLK is not 
required to have any phase relationship with 
the master system clock. 

RxDA, RxDB. Receive Data (inputs, active 
High). These input signals receive serial data at 
standard TTL levels. 

RTxCA RTxCB. Receive/Transmit Clocks 
(inputs, active Low). These pins can be pro­
grammed in several different modes of opera­
tion. In each channel, RTxC may supply the 
receive clock, the transmit clock, the clock for 
the baud rate generator, or the clock for the 
Digital Phase-Locked Loop. These pins can 
also be programmed for use with the respec­
tive SYNC pins as a crystal oscillator. The 
receive clock may be I, 16, 32, or 64 times 
the data rate in Asynchronous modes. 

RTSA, RTSB. Request To Send (outputs, 
active Low). When the Request To Send (RTS) 
bit in Write Register 5 (Figure 11) is set, the RTS 
signal goes Low. When the RTS bit is reset in 
the Asynchronous mode and Auto Enable is on, 
the signal goes High after the transmitter is 
empty. In Synchronous mode or in Asynchron­
ous mode with Auto Enable off, the RTS pin 
strictly follows the state of the RTS bit. Both pins 
can be used as general· purpose outputs. 

SYNCA, SYNCB. Synchronization (inputs or 
outputs, active Low). These pins can act either 
as inputs, outputs, or part of the crystal 
oscillator circuit. In the Asynchronous Receive 
mode (crystal oscillator option not selected), 
these pins are inputs similar to CTS and DCD. 
In this mode, transitions on these lines affect the 
state of the Synchronous/Hunt status bits in 
Read Register 0 (Figure 10) but have no other 
function. 

In External Synchronization mode with the 
crystal oscillator not selected, these lines also 
act as inputs. In this mode, SYNC must be 
driven Low two receive clock cycles after the 
last bit in the synchronous character is 
received. Character assembly begins on the 
rising edge of the receive clock immediately 
preceding the activation of SYNC. 

In the Internal Synchronization mode 
(Monosync and Bisync) with the crystal 
oscillator not selected, these pins act as out­
puts and are active only during the part of the 
receive clock cycle in which synchronous 
characters are recognized. The synchronous 
condition is not latched, so these outputs are 
active each time a synchronization pattern is 
recognized (regardless of character bound­
aries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active 
High). These output signals transmit serial data 
at standard TTL levels. 
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TRxCA. TRxCB. Transmit/Receive Clocks 
(inputs or outputs, active Low). These pins can 
be programmed in several different modes of 
operation. TRxC may supply the receive clock 
or the-transmit clock in the input mode or sup­
ply the output of the Digital Phase-Locked 
Loop, the crystal oscillator, the baud rate gener­
ator, or the transmit clock in the output mode. 

W /REQA. W /REQB. Wait/Request (outputs, 
open-drain when programmed for a Wait func­
tion, driven High or Low when programmed for 
a Request function). These dual-purpose outputs 
may be programmed as Request lines for a DMA 
controller or as Wait lines to synchronize the 
CPU to the SCC data rate. The reset state is 
Wait. 
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A/B. Channel A/Channel B Select (input). 
This signal selects the channel in which the 
read or write operation occurs. 

CEo Chip Enable (input, active Low). 
This signal selects the SCC for a read or write 
operation. 

00-07 Data Bus (bidirectional, 3-state). These 
lines carry data and commands to and from 
the SCC. 

D/C. Data/Control Select (input). This signal 
defines the type of information transferred to or 
from the SCC. A High means data is transfer­
red; a Low indicates a command. 

RD. Read (input, active Low). This signal indi­
cates a read operation and when the SCC is 
selected, enables the SCC's bus drivers. During 

The functional capabilities of the SCC 
can be described from two different points 
of view: as a data communications device, 
it transmits and receives data in a wide 
variety of data communications protocols; as 
a microprocessor peripheral, the SCC offers 
valuable features such as vectored interrupts, 
polling, and simple handshake capability. 
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the Interrupt Acknowledge cycle, this signal 
gates the interrupt vector onto the bus 
if the SCC is the highest priority device 
requesting an interrupt. 

WR. VVTite (input, active Low). When the SCC 
is selected, this signal indicates a write 
operation. The coincidence of RD and WR is 
interpreted as a reset. 
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ADo-AD7' Address/Data Bus (bidirectional, 
active High, 3-state). These multiplexed lines 
carry register addresses to the SCC as well as 
data or control information. 

AS. Address Strobe (input, active Low). 
Addresses on ADo-AD7 are lalched by the rising 
edge of this signal. 

CSO. Chip Select 0 (input, active Low). This 
signal is latched concurrently with the 

-addresses on ADo-AD7 and must be active for 
the intended bus transaction to occur. 

CS!. Chip Select 1 (input, active High). This 
second select signal must also be active before 
the intended bus transaction can occur. CS I 
must remain active throughout the transaction. 

OS. Data Strobe (input, active Low). This 
signal proVides timing for the transfer of data 
into and out of the SCC. If AS and DS coincide, 
this is interpreted as a reset. 

R/W. Read/Write (input). This signal specifies 
whether the operation to be performed is a read 
or a write. 

Data Communications Capabilities. The 
SCC provides two independent full-duplex 
channels programmable for use in any com­
mon Asynchronous or Synchronous data­
communication protocol. Figure 3 and the 
follOWing description briefly detail these 
protocols. 

DATA II' i MARKING LINE 
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Asynchronous Modes. Transmission and 
reception can be accomplished independently 
on each channel with five to eight bits per 
character, plus optional even or odd parity. 
The transmitters can supply one, one-and-a­
half, or two stop bits per character and can 
provide a break output at any time. The 
receiver break-detection logic interrupts the 
CPU both at the start and at the end of a 
received break. Reception is protected from 
spikes by a transient spike-rejection 
mechanism that checks the signal one-half a 
bit time after a Low level is detected on the 
receive data input (RxOA or RxOB in 
Figure 1). If the Low does not persist (as in the 
case of a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are 
detected and buffered together with the partial 
character on which they occur. Vectored inter­
rupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a 
built-in checking process avoids the interpreta­
tion of a framing error as a new start bit: a 
framing error results in the addition of one-half 
a bit time to the point at which the search for 
the next start bit begins. 

The SCC does not require symmetric 
transmit and receive clock signals-a feature 
allowing use of the wide variety of clock 
sources. The transmitter and receiver can 
handle data at a rate of 1, 1116, 1/32, or 1164 
of the clock rate supplied to the receive and 
transmit clock inputs. In Asynchronous modes, 
the SYNC pin may be programmed as an input 
used for functions such as monitoring a ring 
indicator. 
'Synchronous Modes. The SCC supports both 
byte-oriented and bit-oriented synchronous 
communication. Synchronous byte-oriented 
protocols can be handled in several modes, 
allowing character synchronization with a 6-bit 
or 8-bit synchronous character (Monosync), 
any 12-bit synchronization pattern (Bisync). or 
with an external synchronous signal. Leading 
sync characters can be removed without inter­
rupting the CPU. 

Five- or 7-bit synchronous characters are 
detected with 8- or 16-bit patterns in the SCC 
by overlapping the larger pattern across multi­
ple incoming synchronous characters as shown 
in Figure 4. 

CRC checking for Synchronous byte­
oriented modes is delayed by one character 
time so that the CPU may disable CRC check­
ing on speCific characters. This permits the 
implementation of protocols such as 
IBM Bisync. 

5 BITS 
~ 

SYNq I SYNC I DATA 

------.v,...----' 
16 

Both CRC-16 (X16 + Xl5 + X2 + 1) and 
CCITT (X16 + Xl2 + X5 + 1) error checking 
polynomials are supported. Either polynomial 
may be selected in all Synchronous modes. 
Users may preset the CRC generator and 
checker to all Is or all Os. The SCC also pro­
vides a feature that automatically transmits 
CRC data when no other data is available for 
transmission. This allows for high speed 
transmissions under OMA control, with no 
need for CPU intervention at the end of a 
message. When there is no data or CRC to 
send in Synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous 
characters, regardless of the programmed 
character length. 

The SCC supports Synchronous bit-oriented 
protocols, such as SOLC and HOLC, by per­
forming automatic flag sending, zero insertion, 
and CRC generation. A speCial command can 
be used to abort a frame in transmission. At 
the end of a message, the SCC automatically 
transmits the CRC and trailing flag when the 
transmitter underruns. The transmitter may 
also be programmed to send an idle line con­
sisting of continuous flag characters or a 
sieady marking condition. 

If a transmit underrun occurs in the middle 
of a message, an external/status interrupt 
warns the CPU of this status change so that an 
abort may be issued. The SCC may also be 
programmed to send an abort itself in case of 
an underrun, relieving the CPU of this task. 
One to eight bits per character can be sent, 
allowing reception of a message with no prior 
information about the character structure in 
the information field of a frame. 

The receiver automatically acquires syn­
chronization on the leading flag of a frame in 
SOLC or HOLC and provides a synchroniza­
tion signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be 
programmed to search for frames addressed by 
a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast 
address. In this mode, frames not matching 
either the user-selected or broadcast address 
are ignored. The number of address bytes can 
be extended under software control. For 
receiving data, an interrupt on the first 
received character, or an interrupt on every 
character, or on special condition only (end­
of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is 
also calculated and is automatically checked to 
validate frame transmission. At the end of 

DATA DATA DATA 

Figure 4. Detecting 5- or 7-Bil Synchronous Characters 
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transmission, the status of a received frame is 
available in the status registers. In SOLC 
mode, the SCC must be programmed to use 
the SOLC CRC polynomial, but the generator 
and checker may be preset to all Is or all Os. 
The CRC is inverted before transmission and 
the receiver checks against the bit pattern 
0001110100001111. 

NRZ, NRZI or FM coding may be used in any 
Ix mode. The parity options available in Asyn­
chronous modes are available in Synchronous 
modes. 

The SCC can be conveniently used under 
OMA control to provide high speed reception 
or transmission. In reception, for example, the 
SCC can interrupt the CPU when the first 
character of a message is received. The CPU 
then enables the OMA to transfer the message 
to memory. The SCC then issues an end-of­
frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU 
is freed for other service while the message is 
being received. The CPU may also enable the 
OMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to 
be transferred via the OMA. 

SDLe Loop Mode. The SCC supports SOLC 
Loop mode in addition to normal SOLC. In an 
SOLC Loop, there is a primary controller 
station that manages the message traffic flow 
on the loop and any number of secondary 
stations. In SOLC Loop mode, the SCC per­
forms the functions of a secondary station 
while an SCC operating in regular SOLC 
mode can act as a controller (Figure 5). 

A secondary station in an SOLC Loop is 
always listening to the messages being sent 
around the loop, and in fact must pass these 
messages to the rest of the loop by retrans­
mitting them with a one-bit-time delay. The 
secondary station can place its own message 
on' the loop only at specific times. The con­
troller signals that secondary sta.tions may 
transmit messages by sending a special 
character, called an EOP (End Of Poll). 
around the loop. The EOP character is the bit 
pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and 
easily recognized. 

Figure 5. An SDLe Loop 

When a secondary station has a message to 
transmit and recognizes an EOP on the line, it 
changes the last binary 1 of the EOP to a 0 
before transmission. This has the effect of turn­
ing the EOP into a flag sequence. The secon­
dary station now places its message on the loop 
and terminates the message with an EOP. Any 
secondary stations further down the loop with 
messages to transmit can then append their 
messages to the message of the first secondary 
station by the same process. Any secondary 
stations without messages to send merely echo 
the incoming messages and are prohibited 
from placing messages on the loop (except 
upon recognizing an EOP). 

SOLC Loop mode is a programmable option 
in the SCC. NRZ, NRZI, and FM coding may 
all be used in SOLC Loop mode. 

Baud Rate Generator. Each channel in the 
SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-Hop 
on the output prodUCing a square wave. On 
startup, the flip-flop on the output is set in a 
High state, the value in the time constant 
register is loaded into the counter, and the 
counter starts counting down. The output of 
the baud rate generator toggles upon reaching 
0, the value in the time constant register is 
loaded into the counter, and the process is 
repeated. The time constant may be changed 
at any time, but the new value does not take 
effect until the next load of the counter. 

The output of the baud rate generator may 
be used as either the transmit clock, the 
receive clock, or both. It can also drive the 
Digital Phase-Locked Loop (see next section). 

If the receive clock or transmit clock is not 
programmed to come from the TRxC pin, the 
output of the baud rate generator may be 
echoed out via the TRxC pin. 

The ioiiowing formula relates the time con­
stant to the baud rate where PCLK or RTxC is 
the baud rate generator input frequency in Hz. 
The clock mode is I, 16, 32, or 64 as selected in 
Write Register 4, bits 06 and 07. Synchronous 
operation modes should select 1 and 
Asynchronous should select 16, 32, or 64. 

, PCLK or RTxC Frequency 
Tlme Constant = 2 (Baud Rate) (Clock Mode) 2 

Digital Phase-Locked Loop. The SCC contains 
a Digital Phase-Locked-Loop (OPLL) to recover 
clock information from a data stream with NRZI 
or FM encoding. The OPLL is driven by a clock 
that is nominally 32 (NRZI) or 16 (FM) times the 
data rate. The OPLL uses this clock, along with 
the data stream, to construct a clock for the 
data. This clock may then be used as the SCC 
receive clock, the transmit clock, or both. 

For NRZI encoding, the OPLL counts the 32x 
clock to create nominal bit times. As the 32x 
clock is counted, the OPLL is searching the 
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incoming data stream for edges (either I to 0 
or 0 to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the 
next counting cycle). producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 
o to 31, but with a cycle corresponding to two 
bit times. When the DPLL is locked, the clock 
edges in the data stream should occur between 
counts 15 and 16.and between counts 31 and 
O. The DPLL looks for edges only during a 
time centered on the 15 to 16 counting 
transition. 

The 32x clock for the DPLL can be pro­
grammed to come from either the RTxC input 
or the output of the baud rate generator. The 
DPLL output may be programmed to be 
echoed out of the SCC via the TRxC pin (if 
this pin is not being used as an input). 

Data Encoding. The SCC may be pro­
grammed to encode and decode the serial data 
in four different ways (Figure 6). In NRZ 
encoding, a I is represented by a High level 
and a 0 is represented by a Low level. In NRZI 
encoding, a I is represented by no change in 
level and a 0 is represented by a change in 
level. In FMI (more properly, bi-phase mark), 
a transition occurs at the beginning of every 
bit cell. A I is represented by an additional 
transition at the center of the bit cell and a 0 is 
represented by no additional transition at the 
center of the bit cell. In FMO (bi-phase space). 
a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional 
transition at the center of the bit cell, and a I 
is represented by no additional transition at 
the center of the bit cell. In addition to these 
four methods, the SCC can be used to decode 
Manchester (bi-phase level) data by using the 
DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding 
always produces a transition at the center of 
the bit cell. If the transition is 0 to I, the bit is 
a o. If the transition is 1 to 0, the bit is a 1. 

DATA 

NRZ \ 
NRZI \ 
FM1 

FMO 

Auto Echo and Local Loopback. The SCC is 
capable of automatically echOing everything it 
receives. This feature is useful mainly in 
Asynchronous modes, but works in Syn­
chronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can 
be used with NRZI or FM encoding with no 
additional delay, because the data stream is 
not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this 
input can still cause interrupts if programmed 
to do so). In this mode, the transmitter is 
actually bypassed and the programmer is 
responsible for disabling transmitter interrupts 
and WAIT/REQUEST on transmit. 

The SCC is also capable of local loopback. 
In this mode TxD is RxD, just as in Auto Echo 
mode. However, in Local Loopback mode, the 
internal transmit data is tied to the internal 
receive data and RxD is ignored (except to be 
echoed out via TxD). The CTS and DCD 
inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs 
can still cause interrupts. Local Loopback 
works in Asynchronous, Synchronous and 
SDLC modes with NRZ, NRZI or FM coding of 
the data stream. 

I/O Interface Capabilities. The SCC offers 
the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to 
transler data, status, and control information to 
and from the CPU. The Block Transfer mode 
can be implemented under CPU or DMA 
control. 

Polling. All interrupts are disabled. Three 
status registers in the SCC are automatically 
updated whenever any function is performed. 
For example, end-ol-frame in SDLC mode 
sets a bit in one of these status registers. The 
idea behind polling is lor the CPU to 
periodically read a status register until the 
register contents indicate the need lor data to 
be transferred. Only one register needs to be 

/ \ 
/ \ 

Figure 6. Data Encoding Methods 
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read; depending on its contents, the CPU 
either writes data, reads data, or continues. 
Two bits in the register indicate the need for 
data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the 
source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. When an SCC responds to an 
Interrupt Acknowledge signal (INTACK) from 
the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 10 
and 11). 

To speed interrupt response time, the SCC 
can modify three bits in this vector to indicate 
status. If the vector is read in Channel A, 
status is never included; if it is read in 
Channel B, status is always included. 

Each of the six sources of interrupts in the 
SCC (Transmit, Receive, and External/Status 
interrupts in both channels) has three bits 
associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE 
bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can 
request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is 
reset- and no interrupts may be requested. The 
IE bits are write only. 

The other two bits are related to the inter­
rupt priority chain (Figure 7). As a 
microprocessor peripheral, the SCC may 
request an interrupt only when no higher 
priority device is requesting one, e.g., when 
lEI is High. If the device in question requests 
an interrupt, it pulls down INT. The CPU then 
responds with INTACK, and the interrupting 
device places the vector on the data bus. 

In the SCC, the IP bit signals a need for 
interrupt servicing. When an IP bit is 1 and 
the lEI input is High, the INT output is pulled 
Low, requesting an interrupt. In the sec, if 
the IE bit is not set by enabling interrupts, 
then the IP for that source can never be set. 
The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request 
is being serviced. If an IUS is set, all interrupt 
sources of lower priority in the SCC and 

PERIPHERAL 

external to the SCC are prevented from 
requesting interrupts. The internal interrupt 
sources are inhibited by the state of the inter­
nal daisy chain, while lower priority devices 
are inhibited by the IEO output of the SCC 
being pulled Low and propagated to subse­
quent peripherals. An IUS bit is set during an 
Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are three types of interrupts: 
Transmit, Receive, and External/Status. Each 
interrupt type is enabled under program con­
trol with Channel A having higher priority 
than Channel B, and with Receiver, Transmit, 
and External/Status interrupts prioritized in 
that order within each channel. When the 
Transmit interrupt is enabled, the CPU is 
interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must 
have had a data character written into it so 
that it can become empty.) When enabled, the 
receiver can interrupt the CPU in one of three 
ways: 

• Interrupt on First Receive Character or 
Special Receive Condition. 

• Interrupt on All Receive Characters or 
Special Receive Condition. 

• Interrupt on Special Receive Condition 
Only. 

Interrupt on First Character or Special Con­
dition and Interrupt on Special Condition Only 
are typically used with the Block Transfer 
mode. A Special Receive Condition is one of 
the following: receiver overrun, framing error 
in Asynchronous mode, end-of-frame in SDLC 
mode and, optionally, a parity error. The 
Special Receive Condition interrupt is different 
from an ordinary receive character available 
interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In 
Interrupt on First Receive Character, an inter­
rupt. can occur from Special Receive Condi­
tions any time after the first receive character 
interrupt. 

The main function of the External/Status 
interrupt is to monitor the signal transitions of 
the CTS, DCD, and SYNC pins; however, an 

PERIPHERAL PERIPHERAL 
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Figure 7. Illlerrupl Schedule 
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Architecture 

External/Status interrupt is also caused by a 
Transmit Under run condition, or a zero count 
in the baud rate generator, or by the detection 
of a Break (Asynchronous mode), Abort (SDLC 
mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing 
the SCC to interrupt when the Abort or EOP 
sequence is detected or terminated. This 
feature facilitates the proper termination of the 
current message, correct initialization of the 
next message, and the accurate timing of the 
Abort condition in external logic in SDLC 
mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of 
the primary station to regain control of the 
loop during a poll sequence. 

The SCC internal structure includes two full­
duplex channels, two baud rate generators, 
internal control and interrupt logic, and a bus 
interface to a nonmultiplexed bus. Associated 
with each channel are a number of read and 
write registers for mode control and status 
information, as well as logic necessary to inter­
face to modpms or other external devices 
(Figure 8). 

The logiC for both channels provides 
formats, synchronization, and validation for 
data transferred to and from the channel inter­
face. The modem control inputs are monitored 
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CPU/DMA Block Transfer. The SCC provides 
a Block Transfer mode to accommodate CPU 
block transfer functions and DMA controllers. 
The Block Transfer mode uses the WAITI 
REQUEST output in conjunction with the 
Wait/Request bits in WRI. The WAITI 
REQUEST output can be defined under soft­
ware control as a WAIT line in the CPU Block 
Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST 
output indicates that the SCC is ready to 
transfer data to or from memory. To the CPU, 
the WAIT line indicates that the SCC is not 
ready to transfer data, thereby requesting that 
the CPU extend the 1/0 cycle. The DTRI 
REQUEST line allows full-duplex operation 
under DMA control. 

by the control logic under program control. 
All of the modem control signals are general­
purpose in nature and can optionally be used 
for functions other than modem control. 

The register set for each channel includes 
ten control (write) registers, two sync­
character (write) registers, and four status 
(read) registers. In addition, each baud rate 
generator has two (read/write) registers for 
holding the time constant that determines the 
baud rate. Finally, associated with the inter­
rupt logic is a write register for the interrupt 
vector accessible through either channeL a 
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Figure 8. Block Diagram of see Architecture 
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write only Master Interrupt Control register 
and three read registers: one containing the 
vector with status infomation (Channel B only), 
one containing the vector without status 
(Channel A only), and one containing the 
Interrupt Pending bits (Channel A only). 

The registers for each channel are 
designated as follows: 

WRO-WRI5 - Write Registers 0 through IS. 

RRO-RR3, RRIO, RRl2, RRl3, RRI5 - Read 
Registers 0 through 3, 10, 12, 13, IS. 

Table I lists the functions assigned to each 
read or write register. The SCC contains only 
one WR2 and WR9, but they can be accessed 
by either channel. All other registers are 
paired (one for each channel). 

Data Path. The transmit and receive data path 
illustrated in Figure 9 is identical for both 
channels. The receiver has three 8-bit buffer 
registers in an FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme 
creates additional time for the CPU to service 
an interrupt at the beginning of a block of 
high speed data. Incoming data is routed 
through one of several paths (data or CRC) 
depending on the selected mode (the character 
length in Asynchronous modes also determines 
the data path). 

The transmitter has an 8-bit Transmit Data 
buffer register loaded from the internal data 
bus and a 20-bit Transmit Shift register that 
can be loaded either from the synchronous 
character registers or from the Transmit Data 
register. Depending on the operational mode, 
outgoing data is routed through one of four 
main paths before it is transmitted from the 
Transmit Data output (TxD) 

Programming The SCC contains write registers in each 
channel that are programmed by the system 
separately to configure the functional per­
sonality of the channels. 

Z8530 
In the SCC, register addressing is direct for 

the data registers only, which are selected by a 
High on the DIC pin. In all other cases (with the 
exception of WRO and RRO), programming the 
write registers requires two write operations and 
readJng the read registers requires both a write 
and a read operation. The first write is to WRO 
and contains three bits that point to the selected 
register. The second write is the actual control 
word for the selected register, and if the second 
operation is read, the selected read register is 
accessed. All of the registers in the SCC, 
including the data registers, may be accessed in 
this fashion. The pointer bits are automatically 
cleared after the read or write operation so that 
WRO (or RRO) is addressed again. 

RRO 

RRI 

RR2 

RR3 

RR8 

RRIO 

RRl2 

RRl3 

RRl5 

WRO 

WRI 

WR2 

WR3 

WR4 

WR5 

WR6 

WR? 

WR8 

WR9 

WRIO 

WRIl 

WRl2 

WRI3 

WRl4 

WRl5 

Read Register Functions 

TransmiVReceive buffer status and External status 

Special Receive Condition status 

Modified interrupt vector (Channel B only) 
Unmodified interrupt vector (Channel A only) 

Interrupt Pending bils (Channel A only) 

Receive buffer 

Miscellaneous status 

Lower byte of baud rate generator time constant 

Upper byte of baud rate generator time constant 

ExiernaV5tatu5 interrupt information 

Write Register Functions 

eRe initialize j initialization commands for the 
various modes, Register Pointers 

Transmit/Receive interrupt and data transfer mode 
definition 

Interrupt vector (accessed through either channel) 

Receive parameters and control 

Transmit/Receive miscellaneous parameters and 
modes 

Transmit parameters and controls 

Sync characters or SDLC address field 

Sync character or SDLC flag 

Transmit buffer 

Master interrupt control and reset (accessed 
through either channel) 

Miscellaneous transmitter/receiver control bits 

Clock mode control 

Lower byte of baud rate generator time constant 

Upper byte of baud rate generator time constant 

Miscellaneous control bits 

External/Status interrupt control 

Table I. Read and Write Register Functions 

Z8030 
All SCC registers are directly addressable. 

How the SCC decodes the address placed on 
the addressldata bus at the beginning of a Read 
or Write cycle is controlled by a command 
issued in WROB. In the Shift Right mode the 
channel select AlB is taken from ADo and the 
state of AD5 is ignored. In the Shift Left mode 
the channel select AlB is taken from AD5 and 
the state of ADo is ignored. AD? and AD6 are 
always ignored as address bits and the register 
address itself occupies AD4-ADj. 

Z8530/Z8030 
The system program first issues a series of 

commands to initialize the basic mode of 
operation. This is followed by other commands 
to qualify conditions within the selected mode. 
For example, the Asynchronous mode, 
character length, clock rate, number of stop 
bits, even or odd parity might be set first. Then 
the interrupt mode would be set, and finally, 
receiver or transmitter enable. 
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Programming 
(Continued) 
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Read Registers. The SCC contains eight read 
registers (actually nine, counting the receive 
buffer (RR8) in each channel). Four of these 
may be read to obtain status information (RRO, 
RRI, RRIO, and RRIS). Two registers (RRI2 and 
RR13) may be read to learn the baud rate 
generator time constant. RR2 contains either the 
unmodified interrupt vedor (Channel A) or the 
vector modified by status information (Channel 

Read Register 0 

ll!~l§
' L R,CHARACTERAVAILABLE 

L ZERO COUNT 

Tx BUFFER EMPTY 

, oeD 
SYNC/HUNT 

CTS 

Tx UNDERRUNIEOM 

BREAKIABORT 

Read Register 1 

ll!~l§
' LALLSENT 

L RESIDUE CODE 2 

RESIDUE CODe 1 

RESIDUE CODe 0 

PARITY ERROR 

Rx OVERRUN ERROR 

CRClFRAMING ERROR 

END OF FRAME (SOle) 

Read Register 2 

INTERRUPT VECTOR· 

-MODIFIED IN 8 CHANNEl.. 

Read Register 3 

ll!~l§' L CHANNEL.B EXTISTAT I.· L CHANNEL 8 Tx Ip· 

CHANNEL B Rx Ip· 

CHANNEL A EXT/STAT Ip· 

CHANNEL A Txlp· 

CHANNEL A Rx IP-
o 
o 

"ALWAYS 0 IN B CHANNEL 

B). RR3 contains the Interrupt Pending (IP) bits 
(Channel A). Figure 10 shows the formats for 
each read register. 

The status bits of RRO and RRI are carefully 
grouped to simplify status monitoring; e.g., 
when the interrupt vector indicates a Special 
Receive Condition interrupt, all the appropriate 
error bits can be read from a single register 
(RRl). 

Read Register 10 

Read Register 12 

E~ 
TC, 

LOWER BYTE OF 
TIME CONSTANT 

Read Register 13 

Read Register 15 

UPPER BYTE OF 
TIME CONSTANT 

ll!~1 ~~::~ECOUNTIE 
~ SYNCIHUNT IE 

eTS IE 

Tx UNDERRUN/EOM IE 

BREAK/ABORT IE 

Figure 10. Read Register Bit Functions 

Write Registers. The SCC contains 13 write 
registers (14 counting WR8, the transmit buffer) 
in each channel. These write registers are 
programmed separately to configure the 
functional "personality" of the channels. In 
addition, there are two registers (WR2 and 

WR9) shared by the two channels that may be 
accessed through either of them. WR2 contains 
the interrupt vector for both channels, while 
WR9 contains the interrupt control bits. Figure 
11 shows the format of each write register. 



Programming 
(Continued) 

Write Register 0 (Z8530) 

0 REGISTER 0 

1 REGISTER 1 

0 1 0 REDISTER 2 

0 1 1 REGISTER 3 

1 0 0 REGISlER 4 

1 0 1 REGISTER 5 

1 1 0 REGISTER 6 

1 1 REGISTER 7 

0 0 REGISTER 8 

0 0 1 REGISTER 9 

0 1 0 REGISTER 10 

0 1 1 REGISTER 11 

1 0 0 REGISTER 12 

1 0 1 REGISTER 13 

1 1 0 REGISTER 14 

1 1 1 REGISTER 15 

o 0 0 NULL. CODe 

o 0 1 POINT HIGH 

) 
o 1 0 RESET EXT/STAT INTERRUPTS 

o 1 1 SEND ABORT (SOLC) 

1 0 0 ENABLE tNT ON NEXT Rx CHARACTER 

1 0 1 RESET hiNT PENDING 

1 1 0 eRROR RESET 

1 1 1 RESET HIGHEST IUS 

o 0 NULL CODE 

o 1 RESET Rx CRe CHECKER 

1 0 RESET Tx CRe GENERATOR 

1 1 RESET Tx UNDERRUNIEOM LATCH 

·WITH POINT HIGH COMMAND 

Write Register 0 (Z8030) 

10,10.10,10.10,10, I 0,1 0,1 10 0 NULL CODE 

o 1 NULL CODe 

1 0 SELECT SHIFT LEFT MODE' 

1 1 :ELECT SHIFT RIGHT MODE" 

0 0 0 NULL CODe 

0 0 1 NULL CODE 

0 1 0 RESET EXT/STATUS INTERRUPTS 

0 1 1 SEND ABORT 

1 0 0 ENABLE INT ON NEXT Ax CHARACTER 

1 0 1 RESET 1x tNT PENDING 

1 1 0 ERROR RESET 

1 1 1 RESET HIGHEST IUS 

RESET Rx CRC CHECKER 

1 0 RESET ix CRC GENERATOR 

RESET ix UNDERRUNIEOM LATCH 

• B CHANNEL ONLY 

Write Register 1 

I~I~I~I~I~I~I~I~I 

~ ~
L EXT INT ENABLE 

L ix INT ENABLE 

PARITY IS SPECIAL CONDITION 

o 0 Rx INT DISABLE 

o 1 Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION 

1 OINT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 

1 1 Rx INT ON SPECIAL CONDITION ONLY 

L-_____ WAIT/DMA REQUEST ON RECEIVEfTRANSMIT 

'-------- WAlilDMA REQUEST FUNCTION 

'-------- WAIT/DMA REQUEST ENABLE 

Write Register 2 

10, I Do I 0, I 0, I D, I 0, I 0,1 0, I 

llIi: 
v, 

Write Register 3 

I~I~I~I~I~I~I~I~I 

INTERRUPT VECTOR 

~~
I LR'ENABLE 

L- SYNC CHARACTER LOAD INHIBIT 

ADDRESS SEARCH MODE (SDLC) 

Rx CRC ENABLE 

ENTER HUNT MODE 

AUTO ENABLES 

o 0 Rx 5 BITS/CHARACTER 

o 1 Rx 7 BITS/CHARACTER 

1 0 Rx 6 BITS/CHARACTER 

1 1 Rx 8 BITS/CHARACTER 

Write Register 4 

i lL PARITY ENABLE 

. L- PARITY EVEN/O-DD 

o 0 SYNC MODES ENABLE 

o 1 1 STOP BIT/CHARACTER 

1 0 1 '11 STOP BITS/CHARACTER 

1 1 2 STOP BITS/CHARACTER 

o 0 8 BIT SYNC CHARACTER 

o 1 16 BIT SYNC CHARACTER 

o SDLC MODE (01111110 FLAG) 

1 1 EXTERNAL SYNC MODE 

Xl CLOCK MODE 

X16 CLOCK MODE 

X32 CLOCK MODE 

X64 CLOCK MODE 

Write Register 5 

I~I~I~I~I~I~I~I~I 

~I ~ ;~CENABLE 
L SOLC/CRC.16 

Tx ENABLE 

SEND BREAK 

Tx 5 BITS (OR LESS)/CHARACTER 

Tx 7 BITS/CHARACTER 

Tx 6 BITS/CHARACTER 

Tx 8 BITS/CHARACTER 

'--------- OTR 

Write Register 6 

I~I~I~I~I~I~I~I~I 

~~~~ 
SYNC7 
SYNCt 
SYNC7 
SYNC3 
ADR1 
AOR7 

SYNC6 
SYNCo 
SYNC6 
SYNC2 
ADRe 
ACRe 

SYNCs 
SYNCs 
SYNCs 
SYNCt 
ADRs 
ADRs 

SYNC3 SYNC2 SYNCt SYNCo 
SYNC3 SYNC2 SYNCt SYNCo 
SYNC3 SYNC2 SYNCt SYNCo 

1 1 1 1 
ADR3 ADR2 ADRt ADRo 

MONOSYNC,8 BITS 
MONOSYNC,6 BITS 
BISYNC, 16 BITS 
BISYNC, 12 BITS 
SOLC 
SDLC (ADDRESS RANGE) 

Figure II. Write Register Bit Functions 
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Write Register 7 

SYNC7 
SYNC5 
SYNC,5 
SYNC'1 

Write Register 9 

1~I~r~I~I~I~I~I~1 

o 

SYNC6 
5YNC4 
SYNC14 
5YNC,o 

1 

SYNCs 
SYNC3 
5VNC13 
SYNCg 

1 

~~: .. ".-".,~ 
o 0 NO RESET 

o 1 CHANNEL RESET B 

1 0 CHANNEL RESET A 

1 1 FORCE HARDWARE RESET 

Write Register 10 

~I I L, BIT/B BIT SYNC 

~lOOPMODE 
ABORT/FLAG ON UNDERRUN 

MARK/FLAG IDLE 

GO ACTIVE ON POLL 

o 0 NAZ 

o 1 NAZI 

1 0 FMl (TRANSITION = 1) 

1 1 FMO (TRANSITION", 0) 

L-_______ CRG PRESET I/O 

Write Register 11 

IIIIII g rRiC OUT = XTAL OUTPUT 

tt:ttj TR~ OUT = TRANSMIT CLOCK 

SYNC4 
SYNC2 
SYNC12 
SYNCs 

1 

~ ~
' 0 TR,C OUT = BR GENERATOR OUTPUT 

L2l2J TRxC OUT", DPLL OUTPUT 

TRxC all 

o 0 TRANSMIT CLOCK = RTxC PIN 

o 1 TRANSMIT CLOCK = TRxC PIN 

1 0 TRANSMIT CLOCK = BA GENERATOR OUTPUT 

1 1 TRANSMIT CLOCK = DPLL OUTPUT 

o 0 RECEIVE CLOCK = RTxC PIN 

o 1 RECEIVE CLOCK = TAlC PIN 

1 0 RECEIVE CLOCK = BR GENERATOR OUTPUT 

1 1 RECEIVE CLOCK = DPLL OUTPUT 

L-_______ RTxC XTAUNO XTAL 

SYNCs 
SYNC, 
SYNC11 
SYNC7 

1 

SYNC2 
SYNCo 
SYNC,o 
SYNC6 

1 

SYNC, , 
SYNCg 
SYNCs 

1 

SYNCo , 
SYNCs 
SYNC4 

o 

Write Register 12 

I~I~I~I~I~I~I~I~I 

Write Register 13 

Write Register 14 

MONOSYNC,8 BITS 
MONO$YNC,6 BITS 
BISYNC, 16 BITS 
BISYNC. 12 BITS 
SOle 

LOWER BYTE OF 
TIME CONSTANT 

UPPER BYTE OF 
TIME CONSTANT 

m ~~L BRGENERATOR ENABLE 

L BR GENERATOR SOURCE 

DTA/REQUEST FUNCTION 

AUTO ECHO 

LOCAL LOOPBACK 

o 0 0 NULL COMMAND 

o 0 1 ENTER SEARCH MODE 

o 1 0 RESET M'ISSING CLOCK 

o 1 1 DISABLE OPLL 

1 0 0 SET SOURCE = BR GENERATOR 

1 0 1 SET SOURCE = RTxC 

1 1 0 SET FM MODE 

1 1 1 SET NRZI MODE 

Write Register 15 

Figure 11. Write Register Bit Functions (Continued) 



Z8S30 Timing The SCC generates internal control signals 
from WR and RD that are related to PCLK. 
Since PCLK has no phase relationship with 
WR and RD, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans­
actions involving the SCC. The recovery time 
required for proper operation is speCified from 
the falling edge of WR or RD in the first 
transaction involving the SCC to the falling 

edge of WR or RD in the seco~d transaction 
involving the SCC. This time must be at least 4 
PCLK regardless of which register or channel is 
being accessed. 

Read Cycle Timing. Figure 12 illustrates 
Read cycle timing. Addresses on AlB and D/C 
and the status on INTACK must remain stable 
throughout the cycle. If CE falls after RD falls or 
if it rises before RD rises, the effective RD is 
shortened. 

AlB, Die X ADDRESS VALID v---
__ .....J '-________ ---'A--

\ 

\ ...... ____ ----'1 

\ ..... _-

1 

DO-D7 -----------«----'X DATA VAllO )~----

Figure 12. Read Cycle Timing 

Write Cycle Timing. Figure 13 illustrates 
Write cycle timing. Addresses on AlB and Die 
and the status on INTACK must remain stable 
throughout the cycle. If CE falls after WR falls 

or if it rises before WR rises, the effective WR is 
shortened. Data must be valid before the falling 
edge of WR. 

Ali. DIe X ADDRESS VALID v---
__ ....J ...... _________ A--

\ 
\~ ____ ...JI 

\~--
1 

DO-D7 ______________ ~(r---------;.DA~TA~V~A~LlD;---------~)~--------

Figure 13. Write Cycle Timing 

Interrupt Acknowledge Cycle Timing. Figure when RD falls, the Acknowledge cycle is 
14 illustrates Interrupt Acknowledge cycle intended for the SCC. In this case, the SCC 
timing. Between the time INTACK goes Low may be programmed to respond to RD Low by 
and the falling edge of RD, the internal and placing its interrupt vector on Do-D7 and it then 
external lEI/lEO daisy chains settle. If there is sets the appropriate Interrupt-UnderService 
an interrupt pending in the SCC and lEI is High latch internally. 

INTACK~~ ________ ~'~' __________________________ ....Jl'r----

Do-Dr ---------I:-~, --------~('--____ ___Jx VECTOR) 

Figure I". Interrupt Acknowledge Cycle Timing 
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Z8030 Timing The SCC generates internal control signals involving the SCC to the falling edge of DS in 
the second transaction involving the SCC. 

564 

from AS and DS that are related to PCLK. 
Since PCLK has no phase relationship with 
AS and DS, the circuitry generating these 
internal control signals must provide time for 
metastable conditions to disappear. This gives 
rise to a recovery time related to PCLK. The 
recovery time applies only between bus trans­
actions involving the SCC. The recovery time 
required for proper operation is specified from 
the falling edge of DS in the first transaction 

'/ 

Read Cycle Timing. Figure 15 illustrates 
Read cycle timing. The address on ADo-AD7 
and the state of CSo and INTACK are latched 
by the rising edge of AS. RIW must be High to 
indicate a Read cycle. CS] must also be High 
for the Read cycle to occur. The data bus 
drivers in the SCC are then enabled while 
DS is Low. 

\~--------------------
ADO-AD7 ___ -' I......::=::.-.Jr---, _____ -'X DATA VALID X ADDRESS ) ( }-

R/W 

cs, 

I 

I C 
\~--------~;---

Figure 15. Read Cycle Timing 

Write Cycle Timing. Figure 16 illustrates 
Write cycle timing. The address on ADo-AD7 
and the state of CSo and INTACK are latched 
by the rising edge of AS. RIW must be Low to 

I 

indicate a Write cycle. CS] must be High for the 
Write cycle to occur. DS Low strobes the data 
into the SCC. 

\~-------------------
ADO-AD7 ~ ADDRESS D _______ D_AT_A ______ ...... >C 

AlW \ 
cs, / ____ ....J 

c 
C 

\'----------~;---
Figure 16. Write Cycle Timing 



Absolute 
Maximum 
Ratings 

Standard 
Test 
Conditions 

Interrupt Acknowledge Cycle Timing. Figure 
17 illustrates Interrupt Acknowledge cycle 
timing. The address on ADo-AD7 and the state 
of CSo and INTACK are latched by the rising 
edge of AS. However, if INTACK is Low, the 
address and CSo are ignored. The state of the 
RIW and CSj are also ignored for the duration 
of the Interrupt Acknowledge cycle. Between 
the rising edge of AS and the falling edge of 

~ ,----I' 
As \.......J 

DS, the internal and external lEI/lEO daisy 
chains settle. If there is an interrupt pending in 
the SCC and lEI is High when DS falls, the 
Acknowledge cycle was intended for the SCC. 
In this case, the SCC may be programmed to 
respond to RD Low by placing its interrupt 
vector on Do-D7 and it then internally sets the 
appropriate Interrupt-Under-Service latch. 

(IGNORED) x=:~ Cs0==X . . 
----~ ,~----------------------

----x ,----t/ 
INTACK~ "f 

ADo-AD7 ==x (IGNORED) )>------J,'/, ----c=x __ VE_C_TO_R_...J>-

Figure 17. Interrupt Acknowledge Cycle Timing 

Voltages on all pins with respect 
toGND ..... ............. . -0.3Vto +7.0V 

Operating Ambient 
Temperature ........ See OrderingInformation 

Storage Temperature ........ -65°C to + 150°C 

The DC characteristics and capacitance sec­
tion below apply for the following standard test 
conditions, unless otherwise noted. All voltages 
are referenced to GND. Positive current flows 
into the referenced pin. 

Standard conditions are as follows: 

+5V 

2.1K 

Standard Test Load 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

• +4.75 V :5 Vee :5 +5.25 V 

• GND = 0 V 
• TA as specified in Ordering Information 

All ac parameters assume a load capacitance 
of 50 pF max. 

FROM OUTPUT 
UNDER TEST 

+5V 

~2'2K 

I SO pi 

Open-Drain Test Load 

565 



DC CHARACTERISTICS 
Z8530/8030 

DC Symbol Parameter Min Max 
Charac-
teristics VIH Input High Voltage 2.0 Vee +0.3 

VIL Input-Low Voltage -0.3 0.8 
VOH Output High Voltage 2.4 
VOL Output Low Voltage 0.4 
IlL Input Leakage ±1O.0 

IOL Output Leakage ±1O.0 

Icc Vee Supply Current 250 

Vee = 5 V ± 5% unless otherwise specified, over specified temperature range. 

Capacitance 

Miscellaneous 

566 

Symbol Parameter 

C IN Input Capacitance 

COUT Output Capacitance 

CliO Bidirectional Capacitance 

f = 1 MHz, over speCified temperature range. 

Unmeasured pins returned to ground. 

Gate Count 

Min Male 

10 

15 

20 

6000 

Unit 

V 
V 
V 
V 

IJ-A 
IJ-A 
mA 

Unit 

pF 

pF 

pF 

Condition 

IOH= -250 ~ 
IOL= +2.0 rnA 
0.4 :5 VIN :5 + 2.4V 

0.4 :5 VOUT :5 + 2.4V 

Test Condition 

Unmeasured Pins 

Returned to Ground 



Z8530 AC CHARACTERISTICS 

Read and 
Write Timing 
Z8530 

PCLK 

~ ~~ 

Interrupt 
Acknowledge 
Timing 

Z8530 

AIi,Dle '=> 

DO-D7 
READ 

DO-D7 
WRITE 

WIREQ 
WAIT 

W'REQ 
REQUEST 

DTRlREQ 
REQUEST 

PCLK 

-

, 

~ f----o-

~~ 
~ @ f.---. 
\ 

I---

I-®-

®-

~ 

w-----
22 

-y ACllVE 
l. 

f-l 
" 

" 

X 
~ j----@-

32 

~ • 

~~~ 
J( 

1---0--Fill=l -j® 

~ ~~ ~ --® 
--. I 

-- I----<ii\---o. 

~ 
~~ 

) VALID ~ 

®- I=~ HD--

-V 
8 

J( 
i----------o- FI-® 

- 3S 

~ 
) 

• 

31 

~-D7--------------------t------------tt--1~~:)~~~L--J~--------------

lEI 

lEO __________ -J 

~lr------
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Z8530 AC CHARACTERISTICS 

4MHz 6MHz 8MHz 

Number Symbol Parameter Min· Max Min Max Min Max Notes [6] 

TwPCI PCLK Low Width 105 2000 70 1000 50 1000 

2 TwPCh PCLK High Width 105 2000 70 1000 50 1000 

3 TfPC PCLK Fall Time 20 10 10 

4 TrPC PCLK Rise Time 20 10 10 

5 TcPC PCLK Cycle Time 250 4000 165 2000 125 2000 

6 TsA(WR) Address to WR ~ Setup Time 80 80 70 

7 ThA(WR) Address to WR t Hold Time 0 0 0 

8 TsA(RD) Address to RD ~ Setup Time 80 80 70 

9 ThA(RD) Address to RD t Hold Time 0 0 0 

10 TsIA(PC) INTACK to PCLK t Setup Time 10 10 10 

11 TsIAi(WR) INTACK to WR ~ Setup Time 200 160 145 

12 ThIA(WR) INTACK to WR t Hold Time 0 0 0 

13 TsIAi(RD) INTACK to RD ~ Setup Time 200 160 145 

14 ThIA(RD) INTACK to RD t Hold Time 0 0 0 

15 ThIA(PC) INTACK to PCLK t Hold Time 100 100 85 

16 TsCEI(WR) CE Low to WR ~ Setup Time 0 0 0 

17 ThCE(WR) CE to WR t Hold Time 0 0 0 

18 TsCEh(WR) CE High to WR ~ Setup Time 100 70 60 

19 TsCEI(RD) CE Low to RD ~ Setup Time 0 0 0 

20 ThCE(RD) CE to RD t Hold Time 0 0 0 

21 TsCEh(RD) CE High to RD ~ Setup Time 100 70 60 

22 TwRDI RD Low Width 240 200 150 

23 TdRD(DRA) RD ~ to Read Data Active Delay 0 0 0 

24 TdRDr(DR) RD t to Read Data Not Valid Delay 0 0 0 

25 TdRDf(DR) RD ~ to Read Data Valid Delay 250 180 140 

26 TdRD(DRz) RD t to Read Data Float Delay 70 45 40 2 

NOTES: 
1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time required for a ± O.5V change at the output with a maximum de load and minimum ae load. 

Reset 
Timing 

WR -:®} t;:- ~ P Z8530. 

iiD ---.Jr \ I 
Cycle 
Timing 

iii \ I » \ 
Z8530 

M~WR-{ ® L I \ r~ 
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Z8530 AC CHARACTERISTICS (Continued) 

4 MHz 6 MHz 8 MHz 

Number Symbol Parameter Min Max Min Max Min Max Notes [6] 

27 TdA(DR) Address Required Valid to Read Data 

Valid Delay 300 280 220 

28 TwWRI WR Low Width 240 200 150 

29 TsDW(WR) Write Data to WR t Setup Time 10 10 10 

30 ThDW(WR) Write Data to WR i Hold Time a a a 
31 TdWR(W) WR t to Wait Valid Delay 240 200 170 4 

32 TdRD(W) RD t Wait Valid Delay 240 200 170 4 

33 TdWRf(REO) WR t to IN/REO Not Valid Delay 240 200 170 

34 TdRDf(REO) RD t to IN/REO Not Valid Delay 240 200 170 

35 TdWRr(REO) WR t DTR/REO Not Valid Delay 4TcPC 4TcPC 4TcPC 

36 TdRDr(REO) RD i to DTR/REO Not Valid Delay 4TcPC 4TcPC 4TcPC 

37 TdPC(INT) PCLK t to INT Valid Delay 500 500 500 4 

38 TdIAi(RD) INTACK to RD t (Acknowledge) Delay 250 200 150 5 

39 TwRDA RD (Acknowledge) Width 250 200 150 

40 TdRDA(DR) RD t (Acknowledge) to Read Data 

Valid Delay 250 180 140 

41 TsIEI(RDA) lEI to RD t (Acknowledge) Setup 

Time 120 100 95 

42 ThIEI(RDA) lEI to RD i (Acknowledge) Hold Time a a a 
43 TdIEI(IEO) lEI to lEO Delay Time 120 100 95 

44 TdPC(IEO) PCLK i to lEO Delay 250 250 200 

45 TdRDA(INT) RD t to INT Inactive Delay 500 500 450 4 

46 TdRD(WRO) RD i to WR t Delay for No Reset 30 15 15 

47 TdWRO(RD) WR i to RD t Delay for No Reset 30 30 20 

48 TwRES WR and RD Coincident Low for Reset 250 200 150 

49 Trc Valid Access Recovery Time 4TcPC 4TcPC 4TcPC 3 

NOTES: 
3. Parameter applies only between transactions involving the see. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any see in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC(IEO) for the highest priority de-

vice in the daisy chain, TsIEI(RDA) for the see, and TdIElf(IEO) for each device separating them In the daisy chain. 

6. Units in nanoseconds (ns), otherwise noted_ 
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AC CHARACTERISTICS 
Z8530 General Timing Diagram 

PCLK 

fWIIREQ 
Request 

fWIIREQ 
Wait 

ICTSlffRxC, 
RTxC 

Receive 

RxO 

/SYNC 
External 

ICTSlffRxC, 
RTxC 

Transmit 

TxO ~!I----_X"----__ X,,,-----_ 
--J\=:j @>--__ ~ 

ICTSlffRxC 
Output 

IRTxC 

ICTSlffRxC 

ICTSlffRxC, 
IDCO 

570 

/SYNC 
Input 

-----' ,.------

-----'e=b={ 
Figure 34, Z8530 General Timing Diagram 



AC CHARACTERISTICS 
Z8530 General Timing Table 

4 MHz 6MHz 8 MHz 
No Symbol Parameter Min Max Min Max Min Max 

1 TdPC(REO) (PCLK Low to (W((REO Valid 250 250 250 
2 TsPC(W) (PCLK Low to Wait Inactive 350 350 350 
:3 TsRXC(PC) (RxC Higll to (PCLK High Setup Time 80 TwPCL 70 TwPCL 60 TwPCL 

(PCLK + 4 case only) 
4 TsRXO(RXCr) RxO to (RxC High Setup Time 0 

(Xl Mode) 

5 ThRXO(RxCr) RxO to (RxC High Hold Time (Xl Mode) 150 
6 TsRXO(RXCf) RxO to (RxC Low Setup Time (Xl Mode) 0 
7 ThRXO(RXCf) RxD to (RxC Low Hold Time (Xl Mode) 150 
8 TsSY(RXC) SYNC to (RxC High Setup Time -200 

9 ThSY(RXC) SYNC to (RxC High I-Iold Time 3TcPc+400 
10 TsTXC(PC) (TxC Low to (PCLK High Setup Time 
11 TdTXCf(TXD) (TxC Low to TxD Delay (Xl Mode) 
12 TdTxCr(TXD) (TxC Higtl to TxD Delay (Xl Mode) 

13 TdTXD(TRX) TxD to TR;(C Delay (Send Clock Echo) 
14 TwRrXh (RTxC High Width 
15 TwRTXI (RTxC Low Width 
16 TcRTX (RTxC Cycle Time (RxD, TxD) 

17 TcRTXX Crystal Osc. Period 
18 TwTRXh (TRxC High Widtll 
19 TwTRXI (TRxC Low Width 

20 TcTRX (TRxC Cycle Time 
21 TwEXT (DCD or (CTS Pulse Widtll 

22 TwSY (SYNC Pulse Width 

Notes: 
[1] /RxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[2] /TxC is /TRxC or /RTxC, whichever is supplying the transmit clock. 

0 

180 
180 

1000 

250 
180 
180 

1000 
200 

200 

[3] Both /RTxC and /SYNC have 30 pf capacitors to ground connected to them. 

300 
300 

200 

1000 

0 0 

150 150 
0 0 

150 150 
-200 -200 

3TcPc+400 3TcPc+400 
0 0 

230 200 
230 200 

200 200 
180 150 
180 150 
640 500 

165 1000 125 1000 
180 150 
180 150 

640 500 
200 200 

200 200 

Notes [8] 

[1,4] 

[11 

[ 1] 
[1,5] 
[1,5] 
ttl 

[11 
[2.4] 
[2] 
[2,5] 

[6] 
[6] 
[6,7] 
-~~ 

[3] 
[6] 
[6] 

[6,7] 

[4] Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between /RxC and PCLK or /TxC and 
PCLK is required. 

[5] Parameter applies only to FM encoding/decoding. 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to case PCLK requirements. 
[7] The maximum receive or transmit data rate is 1/4 PCLK. 

{8J Units in nanoseconds (ns), otherwise noted. 
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AC CHARACTERISTICS 
Z8530 System Timing Diagram 
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Figure 35. Z8530 System Timing Diagram 
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AC CHARACTERISTICS 
Z8530 System Timing Table 

4 MHz 6 MHz 8MHz 
No Symbol Parameter Min Max Min Max Min Max Notes [5] 

1 TdRXC(REQ) IRxC High 10 /WI/REO Valid 8 12 8 12 8 12 [2] 
2 TdRXC(W) /RxC High 10 Waillnaclive 8 14 8 14 8 14 [1,2] 
3 TdRdXC(SY) IRxC High 10 ISYNC Valid 4 7 4 7 4 7 [2] 
4 TsRXC(INT) IRxC High 10 INT Valid 10 16 10 16 10 16 [1,2] 

2 3 2 3 2 3 [4] 

5 TdTXC(REQ) /TxC Low 10 /WI/REO Valid 5 8 5 8 5 8 [3] 
6 TdTXC(W) ITxC Low 10 Waillnaclive 5 11 5 11 5 11 [1,3] 

7 TdTXC(ORO) /TxC Low 10 IDTRI/REO Valid 4 7 4 7 4 7 [3] 
8 TdTXC(INT) /TxC Low 10 liNT Valid 6 10 6 10 6 10 [1,3] 

2 3 2 3 2 3 [4] 
-
9 TdSY(INT) ISYNC 10 INT Valid 2 6 2 6 2 6 [1] 
10 TdEXT(INT) lOCO or ICTS to liNT Valid 2 6 2 6 2 6 [1J 

Notes: 
[1·] Open drain-output, measured with open-drain test load. 
[2] IRxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[3] /TxC is /TRXC or IRTxC, whichever is supplying the transmit clock. 
!4] Units equal to lAS. 
[5] Units equal to TcPc. 
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Z8030 AC CHARACTERISTICS 
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Z8030 AC CHARACTERISTICS 
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28030 AC CHARACTERISIICS 

4 MHz 6MHz 8MHz 
Number Symbol Parameter Mill Max Min Max Min Max . Notes[3] 

TwAS AS Low Width 70 50 35 

2 TdDS(AS) DS t to AS ! Delay 50 25 15 

3 TsCSO(AS) CSo to AS t Setup lime 0 0 0 

4 ThCSO(AS) CSo to AS t Hold Time 60 40 30 

5 TsCS1(DS) CS1 to OS ! Setup Time 100 80 65 

6 ThCS1(DS) CS1 to OS i Hold Time 55 40 30 

7 TsIA(AS) INTACK to AS t Setup Time 10 10 10 

8 ThIA(AS) INTACK to AS t Hold Time 250 200 150 

9 TsRWR(OS) RfiN (Read) to DS ! Setup Time 100 80 65 

10 ThRW(DS) RfiN to OS t Hold Time 55 4D 35 

11 TsRWW(DS) RfiN (Wr~e) to DS I Setup Time 0 0 0 

12 TdAS(DS) AS t to DS I Delay 60 40 30 

13 TwOSI DS LOVl/Width 240 20D 150 

14 TrC Valid Access Recovery Time 4TcPC 4TcPC 4TcPC 2 

15 TsA(AS) Address to AS t Setup Time 30 10 10 . 

16 ThA(AS) Address to AS t Hold Time 50 30 25 

17 TsDW(DS) Write Data to DS I Setup Time 30 20 15 

18 ThDW(DS) Write Data to OS t Hold Time 30 20 20 

19 TdOS(DA) OS I to Data Active Delay 0 0 0 

20 TdOSr(OR) OS i to Read Data Not Valid Delay 0 0 0 

21 TdOSf(OR) OS ! to Read Data Valid Delay 250 180 140 

22 TdAS(DR) AS t to Read Data Valid Delay 520 300 250 

NOTES: 
1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the sec. 
3. Units in nanoseconds (ns), otherwise noted. 
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28030 AC CHARACTERIS11CS (Continued) 

4MHz 6MHz 8 MHz 

Number Symbol ParametEr Min Max Min Max Min Max Notes [B] 

23 TdDS(DRz) OS t to Read Data Float Delay 70 45 40 3 

24 TdA(DR) Add ress Required Valid to Read Data 

Valid Delay 570 310 260 

25 TdDS(W) OS ! to Wait Valid Delay 240 200 170 4 

26 TdDSf(REQ) OS !to VVIREQ Not Valid Delay 240 200 170 

27 TdDSr(REQ) OS! to OrR/REO Not Valid Delay 4TePC 4TcPC 4TcPC 

28 TdAS(INT) AS Ho INI Valid Delay 500 500 500 4 

29 TdAS(DSA) AS i to os t (Acknowledge) Delay 250 250 250 5 

30 TwDSA OS (AcknDwledge) Low Width 390 200 150 

31 TdDSA(DA) OS ~ (Acknowledge) to Read Data 

Valid Delay 250 180 140 

32 TsIEI(DSA) lEI to OS HAcknowledge) Setup lime 120 100 80 

33 ThiEl (DSA) lEI to OS t (Acknowledge) Hold Time 0 0 0 

34 TdIEI(IEO) lEI to lEO D.elay 120 tOO 90 

35 TdAS(IEO) AS t to lEO Delay 250 250 200 6 

36 TdDSA(INT) OS! (Acknowledge) to INT Inactive 

Delay 500 500 450 4 

37 TdDS(ASQ) OS 1 toAS! DelayforNo Reset 30 15 15 

38 TdASQ(DS) - AS i 10 OS! DelayforNo Reset 30 30 20 

39 TwRES AS and OS Coi ncident Low for Reset 250 200 150 7 

40 TwPCI PCLK LovWidth 105 2000 70 1000 50 

41 TwPCh PCLK High Width 105 2000 70 1000 50 

42 TePC PCLK C),cle Time 250 4000 165 2000 125 

43 TrPC PCLK RiseTime 20 10 10 

44 npc PCLK Fall Time 20 10 10 

NOTES: 
3. Float delay is defined as the time required for a ±0.5V change in the output with a maximum dc load and a minimum ac load. 
4. Open· drain output, measured with open-drain tesl load. 
5. Parameter is system dependent. For any z-sce in the daisy chain, TdAS(DSA) must be greater than the sum ofTdAS(IEO) for the highest priority 

device in the daisy chain, TsIEI(DSA) forthe z-see, and TdIEII(1 EO) for each device separating them in the daisy chain. 
6. Parameter applies only 10 a z-sec pulli ng INT Low althe beginning of the Interrupt Acknowledge transaction. 
7_ Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the z-sec. 

All timing references assume 2.0V for a logic "1" andO.8V fora logic "0". 
8_ Units in nanoseconds (ns), otherwise noted. 
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AC CHARACTERISTICS 
Z8030 General Timing Diagram 
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AC CHARACTERISTICS 
Z8030 General Timing Diag ram 

4MHz 6 MHz 8MHz 
No Symbol Parameler Min Max Min Max Min Max 

1 TdPC(REO) fPCLK LOIN to twfJREQ Valid 250 250 250 
2 TsPC(W) (PCLK LOIN to Wait Inactive 350 350 350 
3 TsRXC(PC) fRxC Hig h 10 fPCLK High Setup Time 80 TwPCL 70 TwPCL 60 TwPCL 

(PCLK + 4 case only) 
4 TsRXD(RXCr) RxD to lRi<C High Selup Time 0 

(Xl Mode) 

5 ThRXD(RxCr) RxD to lRi<C High Hold Time (Xl Mode) 150 
6 TsRXD(RXCf) RxD to /R)(C Low Setup Time (Xi Mode) 0 
7 ThRXD(RXCf) RxD to /R:<C Low Hold Time (X 1 Mode) 150 
8 TsSY(RXC) SYNC to IRxC High Setup Time -200 

9 ThSY(RXC) /SYNCto IRxC High Hold Time 3TcPc+400 
10 TsTXC(PC) fTxC Low to fPCLK High Setup Time 
11 TdTXCf(TXD) /TxC Low to TxD Delay (Xi Mode) 
12 TdTxCr(TXD) /TxC High 10 TxD Delay (Xi Mode) 

13 TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 
14 TwRTXh fRTxC High Width 
15 TwRTXI /RTxC Low Width 
16 TcRTX /RTxC Cycle Time (RxD,TxD) 

17 TcRTXX Crystal Dsc. Period 
18 TwTRXh /TRxC Hig h Width 
19 TwTRXI fTRxC Low Width 

20 TcTRX fTRxC Cycle Time 
21 TwEXT fDCD or JeTS Pulse Width 

22 TwSY /SYNC Pulse Width 

Notes: 
[1J /RxC is/RTxC or {TRxC, whichever is supplying the receive clock. 
[2J /TxC isjTRxC or /RTxC, whichever is supplying the transmil clock. 
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1000 

250 
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200 

200 

[3J Both jRTxC and /SYNC have 30 pf capacitors to ground connected to them. 

300 
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0 0 
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-200 -200 

3TcPc+400 3TcPc+400 
0 0 

230 200 
230 200 

200 200 
180 150 
180 150 
640 500 

165 1000 125 1000 
180 150 
180 150 

640 500 
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Notes [8] 

[1,4] 

[1 ] 

[ 1] 
[1,5] 
[1,5] 
[1] 

[ 1] 
[2,4] 
[2] 
[2,5] 

[6] 
[6) 
[6,7] 

[3] 
[6] 
[6] 

[6,7] 

[4J Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between /RxC and PCLK or /TxC and 
PCLK is required. 

[5J Parameter applies only to FM encoding/decoding. 
[6J Parameter applies only for transmitter and receiver: DPLL and baud rate generator timing requirements are identical to case PCLK requirements. 
[7J The maximum receive or transmit data rate is 1/4 PCLK. 

Is] Units in nanoseconds (ns), otherwise noted. 
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AC CHARACTERISTICS 
Z8030 System Timing Diagram 
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AC CHARACTERISTICS 
Z8030 System Timing Diagram 

4 MHz 6MHz 8 MHz 
No Symbol Parameter Min Max Min Max Min Max NoteS[5) 

1 TdRXC(REO) {RxC High 10 /WI/REO Valid 8 12 8 12 8 12 [2] 
2 TdRXC(W) {RxC High to Wait Inactive 8 14 8 14 8 14 [1,2] 
3 TdRdXC(SY) {RxC High to {SYNC Valid 4 7 4 7 4 7 [2] 
4 TdRXC(INT) {RxC High 10 INT Valid 8 12 8 12 8 12 [1,2] 

2 3 2 3 2 3 [4] 

5 TdTXC(REO) (TxC Low to /WI/REO Valid 5 8 5 8 5 8 [3] 
6 TdTXC(W) (TxC Low to Wait Inactive 5 11 5 11 5 11 [1,3] 

7 TdTXC(ORO) ITxC Low to {OTAI/REO Valid 4 7 4 7 4 7 [3] 
8 TdTXC(INT) ITxC Low 10 liNT Valid 4 6 4 6 4 6 [1,3] 

2 3 2 3 2 3 [4] 

9 TdSY(INT) SYNC to INT Valid 2 3 2 3 2 3 [1,4] 
10 TdEXT(INT) 2 3 2 3 2 3 [1,4] 

Notes: 
[1) Open drain-output, measured with open-drain test load. 
[2) /RxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[3] {fxC is /TRxC or IRTxC, whichever is supplying the transmit clock. 
[4] Units equal to lAS. 
/5J Units in nanoseconds (ns), otherwise noted. 

581 



582 



FEATURES 

• Z85C30 optimized for non-multiplexed bus 
microprocessors. Z80C30 optimized for multiplexed 
bus microprocessors. 

• Pin compatible to NMOS versions 

• Two independent, 0 to 4.1 Mbit/second, full-duplex 
channels, each with a separate crystal oscillator, baud 
rate generator, and Digital Phase-Locked Loop (OPLL) 
for clock recovery. 

• Multi-protocol operation under program control; 
programmable for NRZ, NRZI, or FM data encoding. 

• Asynchronous mode with five to eight bits and one, 
one and one-half, or two stop bits per character, 
programmable clock factor, break detection and 
generation; parity, overrun, and framing error detection. 

• Synchronous mode with internal or external character 
synchronization on one or two synchronous characters 
and CRC generation and checking with CRC-16 or 
CRC-CCITT preset to either 1 s or Os. 

GENERAL DESCRIPTION 

The Zilog Serial Communications Controller, 
Z80C30/Z85C30 SCC, is a pin and software compatible 
CMOS member of the SCC family introduced by Zilog in 
1981. It is a dual channel, multi-protocol data communica­
tions peripheral that easily interfaces to CPU's with either 
multiplexed or non-multiplexed address/data buses. The 
advanced CMOS process offers lower power consump­
tion, higher performance, and superior noise immunity. 
The programming flexibility of the internal registers allows 
the SCC to be configured to satisfy a wide variety of serial 
communications applications. The many on-chip features 
such as baud rate generators, digital phase locked loops, 
and crystal oscillators dramatically reduce the need for 
external logic. Additional features including a 10x19-bit 
status FIFO and 14-bit byte counter were added to support 
high speed SOLC transfers using DMA controllers. 

PRODUCT SPECIFICATION 

Z80C30/Z85C30 
CMOS Z -8US® SCC 
SERIAL COMMUNICATION CONTROLLER 

• SOLC/HOLC mode with comprehensive frame-level 
control, automatic zero insertion and deletion, I-field 
residue handling, abort generation and detection, 
CRC generation and checking, and SOLC Loop. 

• Software Interrupt Acknowledge feature 
(not with NMOS) 

• Local Loopback and Auto Echo modes 

• Supports T1 digital trunk 

Iii Enhanced OMA support (not with NMOS) 
10 x 19-bit status FI FO 
14-bit byte counter 

• Speeds: 
Z85C30 - 8.5, 10, 16.384 MHz 
Z80C30 - 8, 10 MHz 

The SCC handles asynchronous formats, synchronous 
byte-oriented protocols such as IBM Bisync, and synchro­
nous bit-oriented protocols such as HOLC and IBM SOLC. 
This versatile device supports virtually any serial data 
transfer application (cassette, diskette, tape drives, etc.) 

The device can generate and check CRC codes in any 
synchronous mode and can be programmed to check 
data integrity in various modes. The SCC also has facilities 
for modem controls in both channels. In applications 
where these controls are not needed, the modem controls 
can be used for general-purpose I/O. 

The daisy-chain interrupt hierarchy is also supported as is 
standard for Zilog peripheral components. 
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GENERAL DESCRIPTION (Continued) 

Note: All Signals with a preceding front slash, "/", are active 
Low, e.g.: BIIW (WORD is active Low); IBIw (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 
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PIN DESCRIPTION 

The following section describes the pin functions common 
to the Z85C30 and the Z80C30. Figures 2 and 3 detail the 
respective pin functions and pin assignments. 

ICTSA,/CTSB. Clear To Send(inputs, active Low). If these 
pins are programmed for Auto Enables, a Low on the 
inputs enables the respective transmitters. If not pro­
grammed as Auto Enables, they may be used as general­
purpose inputs. Both inputs are Schmitt-trigger buffered to 
accommodate slow rise-time inputs. The SCC detects 
pulses on these inputs and can interrupt the CPU on both 
logic level transitions. 

IDCDA, IDCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if tiley are pro­
grammed for Auto Enables; otherwise, they are used as 
general-purpose input pins. Both pins are Schmitt-trigger 
buffered to accommodate slow rise-time signals. The SCC 
detects pulses on these pins and can interrupt the CPU on 
both logic level transitions. 

IDTRIIREQA,/DTRl/REQB. Data Terminal Ready/Request 
(outputs, active Low). These outputs follow the state pro­
grammed into the DTR bit. They can also be used as 
general-purpose outputs or as Request lines for a DMA 
controller. -

lEI. Interrupt Enable In (input, active High). lEI is used with 
lEO to form an interrupt daisy-chain when there is more 
than one interrupt driven device. A iligh lEI indicates that 
no other higher priority device has an interrupt under 
service or is requesting an interrupt. 

lEO. Interrupt Enable Out(output, active High). lEO is High 
only if lEI is High and the CPU is not servicing the SCC 
interruptor the SCC is not requesting an interrupt(lnterrupt 
Acknowledge cycle only). lEO is connected to the next 
lower priority device's lEI input and thus inhibits interrupts 
from lower priority devices. 

liNT. Interrupt Request (output, open-drain, active Low). 
This signal is activated when the SCC requests an interrupt. 

IINTACK. Interrupt Acknowledge (input, active Low). This 
signal indicates an active Interrupt Acknowledge cycle. 
During this cycle, the SCC interrupt daisy chain settles. 
When /RD or /DS becomes active, the SCC places an 
interrupt vector on the data bus (if lEI is High)./INTACK is 
latched by the rising edge of PCLK. 

PCLK. Clock (input). This is the master SCC clock used to 
synchronize internal signals. PCLK is a TTL level signal. 
PCLK is not required to have any phase relationship with 
the master system clock. 

RxDA, RxDB. Receive Data (inputs, active High). These 
signals receive serial data at standard TTL levels. 

IRTxCA,/RTxCB. Receive/Transmit Clocks (inputs, active 
Low). These pins can be programmed in several different 
modes of operation. In each channel,/RTxC may supply 
the receive clock, the transmit clock, the clock for the baud 
rate generator, or tile clock for tile Digital Phase-Locked 
Loop. These pins can also be programmed for use with the 
respective /SYNC pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data rate in 
Asynchronous modes. 

IRTSA, IRTSB. Request To Send (outputs, active Low). 
When the Request To Send (RTS) bit in Write Register 5 
(Figure 11) is set, tile /RTS signal goes Low. When the RTS 
bit is reset in the Asynchronous mode and Auto Enable is 
on, the signal goes High after the transmitter is empty. In 
Synchronous mode it strictly follows the state of the RTS bit. 
Both pins can be used as general-purpose outputs. 

ISYNCA, ISYNCB. Synchronization (inputs or outputs, 
active Low). These pins can act either as inputs, outputs, 
or part of the crystal oscillator circuit. In the Asynchronous 
Receive mode (crystal oscillator option not selected), 
these pins are inputs similar to /CTS· and /DCD. In this 
mode, transitions on these lines affect the state of tile 
Synchronous/Hunt status bits in Read Register 0 
(Figure 10) but have no other function. 

In External Synchronization mode with the crystal oscillator 
not selected, these lines also act as inputs. In this mode, 
/SYNC must be driven Low for two receive clock cycles 
after the last bit in the synchronous character is received. 
Character assembly begins on the rising edge of the 
receive clock immediately preceding the activation 
of /SYNC. 

In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which synchronous characters are 
recognized. This synchronous condition is not latched, so 
these outputs are active each time a synchronization 
pattern is recognized (regardless of character boundaries). 
In SDLC mode, these pins act as outputs and are valid on 
receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active High). These 
output signals transmit serial data at standard TTL levels. 
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PIN DESCRIPTION (Continued) 

fTRxCA, fTRxCB. Transmit/Receive Clocks (inputs or 
outputs, active Low). These pins can be programmed in 
several different modes of operation. TRxe may supply the 
receive clock or the transmit clock in the input mode or 
supply the output of the Digital Phase-Locked Loop, the 
crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 

/wIIREQA, /w//REQB. Wait/Request(outputs, open-drain 
when programmed for a Wait function, driven High or Low 
when programmed for a Request function). These dual­
purpose outputs may be programmed as Request lines for 
a DMA controller or as Wait lines to synchronize the epu 
to the see data rate. The reset state is Wait. 

Z85C30 

NIB. Channel A/Channel B (input). This signal selects the 
channel in which the read or write operation occurs. 

ICE. Chip Enable (input, active Low). This signal selects 
the see for a read or write operation. 

07-00. Data Bus (bidirectional, 3-state) These lines carry 
data and command to and from the see. 

OIlC. Data/Control Select (input). This signal defines the 
type of information transferred to or from the see. A High 
means data is transferred; a Low indicates a command. 

IRO. Read(input, active Low). This signal indicates a read 
operation and when the see is selected, enables the· 
see's bus drivers. During the Interrupt Acknowledge 

FUNCT!ONAL DESCR!PT!ON 

The architecture of the see is described from two points 
of view: as a datacommunications device which transmits 
and receives data in a wide variety of protocols; as a 
microprocessor peripheral in which the see offers valu­
able features such as vectored interrupts and DMA 
support. 
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cycle, this signal gates the interrupt vector onto the bus 
if the see is the highest priority device requesting an 
interrupt. 

/WA. Write (input, active Low). When the see is selected, 
this signal indicates a write operation. The coincidence of 
IRD and IWR is interpreted as a reset. 

Z80C30 

A07-AOO. Address/Data Bus (bidirectional, active High, 
3-state) These multiplexed lines carry register addresses 
to the see as well as data or control information. 

lAS. Address Strobe (input, active Low). Addresses on 
AD7-ADO are latched by the rising edge of this signal. 

ICSO. Chip Select a (input, active Low). This signal is 
latched concurrently with the addresses on AD7-ADO and 
must be active for the intended bus transaction to occur. 

CS1. Chip Select 1 (input, active High). This second select 
signal must also be active before the intended bus trans­
action can occur. eS1 must remain active throughout the 
transaction. 

IDS. Data strobe (input, active Low). This signal provides 
timing for the transfer of data into and out of the see. If lAS 
and IDS coincide, this is interpreted as a reset. 

RI/W. Read/Write (input). This signal specifies whether the 
operation to be performed is a read or a write. 

The seC's peripheral and datacommunication are de­
scribed in the following sections. A block diagram is shown 
in Figure 1. The details of the communications between the 
receive and transmit logic to the system bus is shown in 
Figures 8 and 9. The features and data path for each of the 
seC's A and B channels is identical. See the see Techni­
cal Manual for full details on using the see. 
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FUNCTIONAL DESCRIPTION (Continued) 

1/0 Interface Capabilities 

System communication to and from the SCC is done 
through the SCC's register set. There are sixteen write 
registers and eight read registers. Table 1 lists all of the 
SCC's registers and a brief description of their functions. 
Throughout this document, the write and read registers are 
referenced with the following notation: "WR" for Write 
Register and "RR" for Read Register. For example: 

WR4A Write Register 4 for channel A 
RR3 Read Register 3 for either/both channels 

Table 1. see Read and Write Registers 

Read Register Functions 

RRO TransmiVReceive buffer status and External status 
RR1 Special Receive Condition status 
RR2 Modified interrupt vector (Channel B only) 

Unmodified interrupt vector (Channel A only) 

RR3 Interrupt Pending bits (Channel A only) 
RR8 Receive Buffer 
RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 
RR13 Upper byte of baud rate generator time constant 
RR15 Extemal/Status interrupt information 

Write Register Functions 

WRO CRC initialize, initialization commands for the various modes, 
Register POinters. 

WR1 TransmiVReceive interrupt and data transfer mode definition 

WR2 Interrupt vector (accessed through either channel) 
WR3 Receive parameters and control 
WR4 TransmiVReceive miscellaneous parameters and modes 

WR5 Transmit parameters and controls 
WR6 Sync characters or SDLC address field 
WR7 Sync character or SDLC flag 

WR8 Transmit buffer 
WR9 Master interrupt control and reset (accessed through 

either channel) 

WR10 Miscellaneous transmitter/receiver control bits 
WR11 Clock mode control 
WR12 Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 
WR14 Miscellaneous control bits 
WR15 External/Status interrupt control 
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There are three choices to move data into and out of the 
SCC: Polling, interrupt (vectored and non-vectored), and 
Block Transfer. The Block Transfer mode can be imple­
mented under CPU or OMA control. 

Polling 
When polling, all interrupts are disabled. Three status 
registers in the SCC are automatically updated whenever 
any function is performed. For example, End-Of-Frame in 
SOLC mode sets a bit in one of these status registers. The 
purpose of polling is for the CPU to periodically read a 
status register until the register contents indicate the need 
for data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes 
data, reads data, or continues. Two bits in the register 
indicate the need for data transfer. An alternative is a poll 
of the Interrupt Pending registerto determine the source of 
an interrupt. The status for both channels resides in one 
register. 

Interrupts 
The SCC's interrupt structure supports vectored and nested 
interrupts. Nested interrupts are supported with the inter­
rupt acknowledge feature (lINTACK pin) of the SCC. This 
allows the CPU to recognize the occurrence of an interrupt, 
and re-enable higher priority interrupts. Because an INTACK 
cycle will release the /1 NT pin from the active state, a higher 
priority SCC interrupt or another higher priority device can 
interrupt the CPU. When an SCC responds to an Interrupt 
Acknowledge signal (INTACK) from the CPU, an interrupt 
vector can be placed on the data bus. This vector is written 
in WR2 and may be read in RR2. To speed interrupt 
response time, the SCC can modify three bits in this vector 
to indicate status. If the vector is read in Channel A, status 
is never included; if it is read in Channel B, status is always 
included. 

Each of the six sources of interrupts in the SCC (Transmit. 
Receive, and External/Status interrupts in both channels) 
has three bits associated with the interrupt source: Inter­
rupt Pending (IP), Interrupt Under Service (IUS), and 
Interrupt Enable (IE). Operation of the IE bit is straightfor­
ward . lithe IE bitis settor a given interrupt source, then that 
source can request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is reset and no 
interrupts can be requested. The IE bits are write only. 

The other two bits are related to the interrupt priority chain 
(Figure 10). As a microprocessor peripheral, the SCC may 
request an interrupt only when no higher priority device is 
requesting one, e.g., when lEI is High. " the device in 
question requests an interrupt. it pulls down /INT. The CPU 
then responds with /INTACK, and the interrupting device 
places the vector on the data bus. 
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Figure 10. see Interrupt Priority Schedule 

The SCC can also execute an interrupt acknowledge cycle 
through software. In some CPU environments it is difficult 
to create the /INTACK signal with the necessary timing to 
acknowledge interrupts and allow the nesting of interrupts. 
In these cases, the /INTACK signal can be created with a 
software command to the SCC. 

In the SCC, the Interrupt Pending (IP) bit signals a need for 
interrupt servicing. When an IP bit is 1 and the lEI input is 
High, the /INT output is pulled Low, requesting an interrupt. 
In the SCC, if the IE bit isn't set by enabling interrupts, then 
the IP for that source is never set. The IP bits are readable 
in RR3A. 

The IUS bits signal that an interrupt request is being 
serviced. If an IUS is set, all interrupt sources of lower 
priority in the SCC and external to the SCC are prevented 
from requesting interrupts. The internal interrupt sources 
are inhibited by the state of the internal daisy chain, while 
lower priority devices are inhibited by the lEO output of the 
SCC being pulled Low and propagated to subsequent 
peripherals. An IUS bit is set during an Interrupt Acknowl­
edge cycle if there are no higher priority devices requesting 
interrupts. 

There are three types of interrupts: Transmit, Receive, and 
External/Status. Each interrupt type is enabled under 
program control with Channel A having higher priority than 
Channel B, and with Receiver, Transmit, and External/ 
Status interrupts prioritized in that order within each channel. 

When enabled, the receiver can interrupt the CPU in one 
of three ways: 

1. I nterrupt on First Receive Character or Special 
Receive Condition. 

2. Interrupt on All Receive Characters or Special 
Receive Conditions. 

3. Interrupt on Special Receive Conditions Only. 

Interrupt on First Character or Special Condition and 
Interrupt on Special Condition Only are typically used with 
the Block Transfer mode. A special Receive Condition is 
one of the following: receiver overrun, framing error in 
Asynchronous mode, end-of-frame in SOLe mode and, ' 
optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary receive character 
available interrupt only by the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt occurs from Special 
Receive Conditions anytime after the first receive character 
interrupt. 

The main function of the External/Status interrupt is to 
monitor the signal transitions of the /CTS, /OCO, and 
/SYNC pins, however, an External/Status interrupt is also 
caused by a Transmit Underrun condition; a zero count in 
the baud rate generator; by the detection of a Break 
(Asynchronous mode), Abort (SOLC mode) or EOP (SOLC 
Loop mode) sequence in the data stream. The interrupt 
caused by the Abort or EOP has a special feature allowing 
the SCC to interrupt when the Abort or EOP sequence is 
detected or terminated. This feature facilitates the proper 
termination of the current message, correct initialization of 
the next message, and the accurate timing of the Abort 
condition in external logic in SOLC mode. In SOLC Loop 
mode, this feature allows secondary stations to recognize 
the primary station wishes to regain control of the loop 
during a poll sequence, 

Software Interrupt Acknowledge 

On the CMOS version of the SCC, the SCC interrupt 
acknowledge cycle can be initiated through software. If 
Write Register 9 (WR9) bit 05 is set, Read Register 2 (RR2) 
results in an interrupt acknowledge cycle to be executed 
internally. Like a hardware INTACK cycle, a software 
acknowledge causes the /INT pin to retum high, the lEO 
pin to go low and set the IUS latch for the highest priority 
interrupt pending, 
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FUNCTIONAL DESCRIPTION (Continued) 

Similar to when the hardware INTACK signal can be used, 
a software acknowledge cycle requires that a Reset High­
est I US command be issued in the interrupt service routine. 
Whenever an interrupt acknowledge cycle is used, hard­
ware or software, a reset highest IUS command is re­
quired. If RR2 is read from channel A, the unmodified 
vector is returned. If RR2 is read from channel B, then the 
vector is modified to indicate the source of the interrupt. 
The Vector Includes Status (VIS) and No Vector (NV) bits 
in WR9 are ignored when bit D5 is set to 1. 

When the INTACK and lEI pins are not being used, they 
should be pulled up to Vee through a resistor (10 kohm 
typical). 

CPUlDMA Block Transfer. The SCC provides a Block 
Transfer mode to accommodate CPU block transfer func­
tions and DMA controllers. The Block Transfer mode used 
the /WAIT//REQUEST output in conjunction with the WaiV 

Slart 
Parity 

+ 
!r- Slop 

Mruking Una II Data II I II Data 

Request bits in WR1. The /WAIT/IREQUEST output can be 
defined under software control as a WAIT line in the CPU 
Block Transfer mode or as a REQUEST line in the DMA 
Block Transfer mode. 

To a DMA controller, the SCC REQUEST output indicates 
that the SCC is ready to transfer data to or from memory. 
To the CPU, the WAIT line indicates that the ESCC is not 
ready to transfer data, thereby requesting that the CPU 
extend the I/O cycle. The /DTR//REQUEST line allows full­
duplex operation under DMA control. 

SCC Data Communications Capabilities 

The SCC provides two independent full-duplex program­
mable channels for use in any common asynchronous or 
synchronous data communication protocols (Figure 11). 
Each of the datacommunication channels has identical 
features and capabilities. 

II II Dala II Marking Line 

Asynchronous 

SYNC Data ~~ Data CRC1 CRC2 

Monosync 

SYNC SYNC Data ~~ Data CRC1. CRC2 

Signall Bisync 

~~ Data Data CRC1 CRC2 

External Sync 

Flag Address Infonnation ~~ Infonnalion CRC1 CRC2 Flag 

SDLC/HDLC/X.25 

Figure 11. Some SCC Protocols 
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Asynchronous Modes 
Send and Receive is accomplished independently on 
each channel with five to eight bits per character, plus 
optional even or odd parity. The transmitters can supply 
one, one-and-a-half, or two stop bits per character and can 
provide a break output at any time. The receiver break­
detection logic interrupts the CPU both at the start and at 
the end of a received break. Reception is protected from 
spikes by a transientspike-rejection mechanism that checks 
the signal one-half a bit time after a Low level is detected 
on the receive data input (RxOA or RxOB pins). If the Low 
does not persist (e .g., a transient), the character assembly 
process does not start. 

Framing errors and overrun errors are detected and buff­
ered together with the partial character on which they 
occur. Vectored interrupts allow fast servicing or error 
conditions using dedicated routines. Furthermore, a built­
in checking process avoids the interpretation of a framing 
error as a new start bit: a framing error results in the 
addition of one-half a bit time to the pOint at which the 
search for the next start bit begins. 

7 Bits 

I 
I 

I I SYNC SYNC I I SYNC 

I 
I 

I 
8 

I 
16 

Data 

The SCC does not require symmetric transmit and receive 
clock signals - a feature allowing use of the wide variety of 
clock sources. The transmitter and receiver handle data at 
a rate supplied to the receive and transmit clock inputs. In 
Asynchronous modes, the SYNC pin may be programmed 
as an input used for functions such as monitoring a ring 
indicator. 

Synchronous Modes 
The SCC supports both byte-oriented and bit-oriented 
synchronous communication. Synchronous byte-oriented 
protocols are handled in several modes. They allow char­
acter synchronization with a 6-bit or 8-bit sync character 
(Monosync), and a 12-bit or 16-bit synchronization pattern 
(Bisync), or with an external sync signal. Leading sync 
characters are removed without interrupting the CPU. 

Five or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the SCC by overlapping the larger 
pattern across multiple incoming synchronous characters 
as shown in Figure 12. 

Data Data Data 

Figure 12. Detecting 5· or 7·Bit Synchronous Characters 

CRC checking for Synchronous byte oriented modes is 
delayed by one character time so that the CPU may 
disable CRC checking on specific characters. This per­
mits the implementation of protocols such as IBM Bisync. 

BothCRC-16(X16 + X15 + X2+1)and CCITT(X16+ X12 
+ X5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all Synchronous modes. 
Users may preset the CRC generator and checker to all 1 's 
or all D's. The SCC also provides a feature that automati­
cally transmits CRC data when no other data is available 
for transmission. This allows for high speed transmissions 
under OMA control, with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 6-,8-, 
or 16-bit sync characters, regardless of the programmed 
character length. 

• 
SOLC Mode 
The SCC supports Synchronous bit-oriented protocols, 
such as SOLC and HOLC, by performing automatic flag 
sending, zero insertion, and eRC generation. A special 
command is used to abort a frame in transmission. At the 
end of a message, the sec automatically transmits the 
CRC and trailing flag when the transmitter underruns. The 
transmitter may also be programmed to send an idle line 
consisting of continuous flag characters or a steady marking 
condition. 

If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort can be issued. The sce may also 
be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent, allowing reception of a mes­
sage with no prior information about the character struc­
ture in the information field of a frame. 
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FUNCTIONAL DESCRIPTION (Continued) 

The receiver automatically acquires synchronization on 
the leading flag of a frame in SOLC or HOLC and provides 
a synchronization signal on the /SYNC pin (an interrupt can 
also be programmed). The receiver can be programmed 
to search for frames addressed by a single byte (or four 
bits within a byte) of a user-selected addressor to a global 
broadcast address. In this mode, frames not matching 
either the user-selected or broadcast address are ignored. 

The numberof address bytes are extended under software 
control. For receiving data, an interrupt on the first received 
character, or an interrupt on every character, or on special 
condition only (end-of-frame) can be selected. The receiver 
automatically deletes all O's inserted by the transmitter 
during character assembly. CRC is also calculated and is 
automatically checked to validate frame transmission. At 
the end of transmission, the status of a received frame is 
available in the status registers. In SOLC mode, the SCC 
must be programmed to use the SOLC CRC polynomial, 
but the generator and checker may be preset to all 1 's or 
all O's. The CRC is inverted before transmission and the 
receiver checks against the bit pattern 000111 01 00001111. 

NRZ, NRZI or FM coding may be used in any 1 x mode. The 
parity options available in Asynchronous modes are avail­
able in Synchronous modes. 

SDLe Loop Mode. The SCC supports SOLC Loop mode in 
addition to normal SOLC. In an SOLC Loop, there is a 
primary controller station that manages the message 
traffic flow on the loop and any number of secondary 
stations. In SOLC Loop mode, the SCC performs the 
functions of a secondary station while an SCC operating in 
regular SOLC.qlode acts as a controller (Figure 13). SOLC 
loop mode can be selected by setting WR10 bit 01. 

Figure 13. An SDLe LOOP 
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A secondary station in an SOLC Loop is always listening to 
the messages being sent around the loop and, in fact, 
passes these messages to the rest of the loop by 
retransmitting them with a one-bit-time delay. The second­
ary station places its own message on the loop only at 
specific times. The controller signals that secondary sta­
tions can transmit messages by sending a special charac­
ter, called an EOP (End Of Poll), around the loop. The EOP 
character is the bit pattern 11111110. Because of zero 
insertion during messages, this bit pattern is unique and 
easily recognized. 

When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary 
1 of ttie EOP to a 0 before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates 
the message with an EOP. Any secondary stations further 
down the loop with messages to transmit appends their 
messages to the message of the first secondary station by 
the same process. Any secondary stations without mes­
sages to send merely echo the incoming message and are 
prohibited from placing messages on the loop (except 
upon recognizing an EOP). In SOLC Loop mode, NRZ, 
NRZI, and FM coding may all be used. 

The SCC's ability to receive high speed back-to-back 
SOLC frames is maximized by a 10- deep by 
19-bitwide status FIFO. When enabled (through WR15, bit 
02), it provides the OMA the ability to continue to transfer 
data into memory so that the CPU can examine the mes­
sage later. For each SOLC frame, a 14-bit byte count and 
5 status/error bits are stored. The byte count and status 
bits are accessed through Read Registers 6 and 7. Read 
Registers 6 and 7 are only accessible when the SOLC FIFO 
is enabled. The 10x19 status FIFO is separate from the 
3-byte receive data FIFO. 

Baud Rate Generator 
Each channel in the SCC contains a programmable baud 
rate generator. Each generator consists of two 8-bit time 
constant registers that form a 16-bit time constant, a 16-bit 
down counter, and a flip-flop on the output producing a 
square wave. On startup, the flip-flop on the output is set 
in a High state, the value in the time constant register is 
loaded into the counter, and the counter starts counting 
down. The output of the baud rate generator toggles upon 
reaclling 0, the value in the time constant register is loaded 
into the counter, and the process is repeated. The time 
constant may be changed at any time, but the new value 
does not take effect until the next load of the counter. 



The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It can 
also drive the Digital Phase-Locked Loop (see next 
section). 

If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 

The following formula relates the time constant to the baud 
rate where PCLK or RTxC is the baud rate generator input 
frequency in Hertz. The clock mode is 1, 16, 32, or 64, as 
selected in Write Register 4, bits D6 and D7. Synchronous 
operation modes should select 1 and Asynchronous should 
select 16, 32 or 64. 

PCLK or RTxC Frequency 
Time Constant = -2 

2(8aud Rate)(Clock Rate) 

Digital Phase-Locked Loop 
The SCC contains a Digital Phase-Locked Loop (DPLL) to 
recover clock information from a data stream with NRZI or 
FM encoding. The DPLL is driven by a clock that is 
nominally 32 (NRZI) or 16 (FM) times the data rate. The 
DPLL uses this clock, along with the data stream, to 
construct a clock for the data. This clock is then used as the 
SCC receive clock, the transmit clock, or both. When the 
DPLL is selected as the transmit clock source, it will 
provide a jitter free clock output that is the DPLL input 
frequency divided by the appropriate divisor for the se­
lected encoding technique. 

For NRZI encoding, the DPLL counts the 32x clock to 
create nominal bit times. As the 32x clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1 toO, orO to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the next counting 

Data 0 

NRZ \ 
NRZI \ 
FM1 

FMO 

Manchester 

cycle), producing a terminal count closer to the center of 
the bit cell. 

For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the DPLL 
is locked, the clock edges in the data stream Sllould occur 
between counts 15 and 16 and between counts 31 and O. 
The DPLL looks for edges only during a time centered on 
the 15 to 16 counting transition. 

The 32x clock for the DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the SCC via the TRxC pin (if this pin is not 
being used as an input). 

Data Encoding 
The SCC may be programmed to encode and decode the 
serial data in four different ways (Figure 14). In NRZ en­
coding, a 1 is represented by a High level and a 0 is 
represented by a Low level. In NRZI encoding, a 1 is 
represented by no change in level and a 0 is represented 
by a change in level. In FM1 (more properly, bi-phase 
mark), a transition occurs at the beginning of every bit cell. 
A 1 is represented by an additional transition at the center 
of the bit cell and a 0 is represented by no additional 
transition at the center of the bit cell. In FMO (bi-phase 
space), a transition occurs at the beginning of every bit 
cell. A 0 is represented by an additional transition at the 
center of the bit cell, and a 1 is represented by no 
additional transition at the center of the bit cell. In addition 
to these four methods, the SCC can be used to decode 
Manchester (bi-phase level) data by using the DPLL in the 
FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1, the bit is a O. 
If the transition is 1 to 0, the bit is a 1. 

0 0 

/ \ 
/ \ 

Figure 14. Data Encoding Methods 
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FUNCTIONAL DESCRIPTION (Continued) 

Auto Echo and Local Loopback 
The SCC is capable of automatically echoing everything it 
receives. This feature is useful mainly in Asynchronous 
modes, but works in Synchronous and SoLC modes as 
well. Auto Echo mode (Txo is Rxo) is used with NRZI or FM 
encoding with no additional delay because the data stream 
is not decoded before retransmission. In Auto Echo mode, 
the /CTS input is ignored as a transmitter enable (although 
transitions on this input can still cause interrupts if pro­
grammed to do so). In this mode, the transmitter is actually 
bypassed and the programmer is responsible for dis­
abling transmitter interrupts and /WAIT/IREQUEST on trans­
mit. 

The SCC is also capable of localloopback. In this mode, 
Txo or RxO is just like Auto Echo mode. However, in Local 
Loopback mode the internal transmit data is tied to the 
internal receive data and Rxo is ignored (except to be 
echoed out via TxO). The /CTS and /OCO inputs are also 
ignored as transmit and receive enables. However, transi­
tions on these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Synchronous and SOLC 
modes with NRZ, NRZI or FM coding of the data stream. 

SOLe FIFO Frame Status FIFO Enhancement 
The SCC's ability to receive high speed back-to-back 
SOLC frames is maximized by a 10- deep by 
19-bit wide status FIFO. When enabled (tllrough WR 15, bit 
02), it provides the OMA the ability to continue to transfer 
data into memory so that the CPU can examine the mes­
sage later. For each SOLC frame, a 14-bit byte count and 
5 status/error bits are stored. The byte count and status 
bits are accessed through Read Registers 6 and 7. Read 
Registers 6 and 7 are only accessible when the SOLC FIFO 
is enabled. The 10x19 status FIFO is separate from the 
3-byte receive data FIFO. 

When the enhancement is enabled, the status in read 
register 1 (RR1) and byte count for the SoLC frame are 
stored in the 10 x 19 bit status FIFO. This allows the oMA 
controller to transfer the next frame into memory while the 
CPU verifies that the message was properly received. 

Summarizing the operation; data is received, assembled, 
and load,ed into the eight byte FIFO before being trans­
ferred to memory by the oMA controller. When a flag is 
received althe end of an SDLC frame, the frame byte count 
from the 14-bit counter and five status bits are loaded into 
the status FIFO for verification by the CPU. The CRC 
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checker is automatically reset in preparation for the next 
frame which can begin immediately. Since the byte count 
and status are saved for each frame, the message integrity 
is verified at a later time. Status information for up to 10 
frames is stored before a status FIFO overrun can occur. 

If a frame is terminated with an ABORT, the byte count is 
loaded to the status FIFO and the counter reset for the next 
frame. 

FIFO Detail 
For a beller understanding of details of the FIFO operation, 
refer to the block diagram in Figure 15. 

Enable/Disable 
This FIFO is implemented so that it is enabled when WR15, 
bit 02, is set and the SCC is in the SoLC/HoLC mode. 

. Otherwise, the status register contents bypass the FIFO 
and go directly to the bus interface (the FIFO pointer logic 
is reset either when disabled or via a channel or power-on 
reset). When the FIFO mode is disabled, the SCC is 
completely downward compatible with the NMOS Z8530. 
The FIFO mode is disabled on power-up (WR15 02 is set 
to 0 on reset). The effects of backward compatibility on the 
register set are that RR4 is an image of RRO, RR5 is an 
image of RR 1, RR6 is an image of RR2 and RR7 is an image 
of RR3. For the details of the added registers, refer to 
Figure 18. The status of the FIFO Enable signal is obtained 
by reading RR15, bit 02. If the FIFO is enabled, the bit will 
be set to 1; otherwise, it will be reset. 

Read Operation 
When WR15 bit 02 is set and the FIFO is not empty, the next 
read to status register RR1 or the additional registers RR7 
and RR6, are from the FIFO. Reading status register RR1 
causes one location of the FIFO to be emptied, so status 
is read after reading the byte count, olherwise ihe count is 
incorrect. Before the FIFO underflows, it is disabled. In this 
case, the multiplexer is switched to allow status to read 
directly from the status register and reads from RR7 and 
RR6 contain bits that are undefined. Bit 06 of RR7 (FIFO 
Data Available) is used to determine if status data is 
coming from the FIFO or directly from the status register, 
since it is set to 1 whenever the FIFO is not empty. 

Since not all status bits are stored in the FIFO, the All Sent, 
Parity, and EOF bits bypass the FIFO. Tile status bits sent 
through the FIFO are Residue Bits (3), Overrun, and 
CRC Error. 



• Interface 
toSCC 

SCC Status Reg 
RRI Residue Bits(3) 

Overrun, CRC Error 

I 

Frame Status FIFO Circuitry 

Byte Counter 

~ Reset on Flag Detect 

~ Increment on Byte Detection 

~ Enable Count in SDLC 
~----~~----~ 

.--------1 5 Bits 14 Bits 
End of Frame Signal ---., 

Status Read Camp 

FIFO Array 
10 Deep by 19 Bits Wide 

Tail Pointer 
4-Bit Counter 

2 Bits 6 Bits 
, RRI 

Head Pointer 
4-Bit Counter 

4-Bit Comparator 

Over Equal 

/- 6 Bits i-' 8 Bits 

A A , , i 
I WR(15) Bit 2 

RR7 05-00 + RR6 07 - DO Set Enables 
Byte Counter Contains 14 bits Status FIFO 
for a 16 KByte maximum count. 

RR7D6 
FIFO Data available status bit Status Bit set to 1 
When reading from FIFO. 

RR707 
FIFO Overflow Status Bit 
MSB pf RR(7) is set on Status FIFO overflow 

In SDLC Mode the following definitions apply. 

- All Sent bypasses MUX and equals contents of SCC Status Register. 
- Parity Bits bypasses MUX and does the same. 
- EOF is set to 1 whenever reading from the FIFO. 

Figure 15. SOLe Frame Status FIFO 
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FUNCTIONAL DESCRIPTION (Continued) 

The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order: 
RR7, RR6, and RR1 (reading RR6 is optional). Additional 
logic prevents tile FIFO from being emptied by multiple 
reads from RR 1. The read from RR7 latches the FIFO 
empty/full status bit (06) and steers the status multiplexer 
to read from the see megacell instead of the status FIFO 
(since Ule status FIFO is empty). The read from RR1 allows 
an entry to be read from the FIFO (if the FIFO was empty, 
logic was added to prevent a FIFO underflow condition). 

Internal Byte Strobe 
Increments Counter 

Write Operation 
When the end of an SOLe frame (EOF) has been received 
and the FIFO is enabled, the contents of the status and 
byte-count registers are loaded into the FIFO. The EOF 
signal is used to increment the FIFO. If the FIFO overflows, 
the RR7 bit 07 (FIFO Overflow) is set to indicate the 
overflow. This bit and the FIFO control logic is reset by 
disabling and re-enabling the FIFO control bit (WR15 bit 
02). For details of FIFO control timing during an SOLe 
frame, refer to Figure 16. 

Internal Byte Strobe 
Increments Counter 

Don't Load 
Counter On 
1st Flag 
Reset Byte 
Counter Here 

Reset Reset Reset 
Byte Counter Byte Counter Byte Counter 

Load Counter 
Into FIFO And 
Increment PTR 

Load Counter 
Into FIFO and 
Increment PTR 

Figure 16. SDLC Byte Counting Detail 

PROGRAMMING 

The see contains write registers in each channel that are 
programmed by the system separately to configure the 
functional personality of the ctlannels. 

Z85C30 

In the see, the data registers are directly addressed by 
selecting a High on the o//e pin. With all other registers 
(except WRO and RRO), programming the write registers 
requires two write operations and reading the read regis­
ters requires both a write and a read operation. The first 
write is to WRO and contains three bits that point to Ule 
selected register. The second write is the actual control 
word for the selected register, and if the second operation 
is read, the selected read register is accessed. All of the 
see registers, including the data registers, may be ac­
cessed in this fashion. The pOinter bits are automatically 
cleared after the read or write operation so that WRO (or 
RRO) is addressed again. 

Z80C30 

All see registers are directly addressable. How the see 
decodes the address placed on the address/data bus at 
tile beginning of a Read or Write cycle is controlled by a 
command issued in WROB. In the Shift Right mode the 
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channel select A/B is taken from ADO and the state of A05 
is ignored. In the Shift Left mode the channel select AlB is 
taken from A05 and the state of ADO is ignored. AD7 and 
AD6 are always ignored as address bits and the register 
address itself occupies A04-AD1. 

Z85C30lZ80C30 Setup 
Initialization. The system program first issues a series of 
commands to initialize the basic Illode of operaiion. This is 
followed by other commands to qualify conditions within 
the selected mode. For example, in the Asynchronous 
mode, character length, clock rate, number of stop bits, 
and even or odd parity should be set first. Tilen the 
interrupt mode is set, and finally, tile receiver and transmit-
ter are enabled. . 

Write Registers. The see contains 15 write registers 
(16 counting the transmit buffer) in each channel. These 
write registers are programmed separately to configure 
the functional "personality" of the channels. There are two 
registers (WR2 and WR9) shared by the two channels that 
are accessed through either of them. WR2 contains the 
interrupt vector for both channels, while WR9 contains the 
interrupt control bits and reset commands. Figure 17 
shows the format of each write register. 



Wrtte Register 0 (non-I)'Iuftlplexed bus mode) 

Iwloolool~looloolrnlool 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

o 0 NuliCode 

I I 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Null Code 
Point High 

I 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
Register 5 
Register 6 
Register 7 

Reglster8 } Register 9 
Register 10 
Register 11 
Register 12 • 
Register 13 
Register 14 
Register 15 

Reset Ext/Stat us Interrupts 
OLC) SendAbort(S 

Enable Int on Next Rx Character 
ending ResetTx Int P 

Error Reset 
Reset Highest I us 

o 1 Reset Rx CRC Checker 
1 0 Reset Tx CRC Generator 
1 1 Reset Tx UnderrunlEOM Latch 

• With Point High Command 

Wrtte Register 1 

~ Ext Int Enable 

Tx Int Enable 

ParIty Is Special CondlUon 

0 0 
0 1 
1 0 
1 1 

Wrfte Register 2 

Ax Int Disable 
Rx Int On First Cha 
Int On All Ax Charac 

racter or Special Condttlon 
ters or Special Condttlon 

ondltlon Only Ax Int On SpecIal C 

WAIT/DMA Request On 
RecelvelfTransmtt 

IWAIT/OMA Request Function 

WAITIOMA Request Enable 

V4 

V5 

V6 

V7 

Interrupt 
Vector 

Write Register 3 

o 0 Rx 5 Blls/Character 
o 1 Ax 7 Bits/Character 
I 0 Rx 6 Bits/Character 
I 1 Ax 8 Bits/Character 

Write Register 4 

Rx Enable 

Sync Character load Inhibll 

Address Search Mode (SOLC) 

Rx CRC Enable 

Enter Hunt Mode 

Auto Enables 

Parity Enable 

Parity EVENIIOOO 

o 0 Sync Modes Enable 
o 1 1 Stop Bit/Character 
1 0 1 112 Stop Bits/Character 
1 1 2 Stop Bits/Character 

o 0 8-Blt Sync Character 
o 1 16-BII Sync Character 
I 0 SOLC Mode (01111110 Flag) 
1 1 Extemal Sync Mode 

o 0 XI Clock Mode 
o 1 X16 Clock Mode 
1 0 X32 Clock Mode 
I 1 X64 Clock Mode 

Write Register 5 

o 0 Tx 5 Bits(Or Less)/Character 
o 1 Tx 7 Bits/Character 
1 0 Tx 6 Bits/Character 
1 1 Tx 8 Bits/Character 

Tx CRC Enable 

RTS 
/SOLe/CRC-16 

Tx Enable 

Send Break 

OTA 

Figure 17. Write Register Bit Functions 
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PROGRAMMING (Continued) 

Sync7 
Syncl 
Sync7 
Sync3 
ADR7 
ADR7 

Syne7 
SyncS 
Syne15 
Synell 

o 

Write Register 6 

Sync6 Sync5 Sync4 
SyncO Sync5 Sync4 
Sync6 Sync5 Sync4 
Sync2 Syncl SyncO 
ADR6 ADR5 ADR4 
ADR6 ADR5 ADR4 

Write Register 7 

SyncS SyncS 
Sync4 Sync3 
Syne14 Syne13 
Synel0 Sync9 

1 1 

Sync4 
Sync2 
Syne12 
SyncS 

1 

Write Register 9 

o 0 No Reset 

Sync3 
Sync3 
Sync3 

1 
ADR3 

Sync3 
Synel 
Synell 
Syne7 

1 

o 1 Channel Reset B 
1 0 Channel Reset A 

Sync2 
Sync2 
Sync2 

1 
ADR2 

Sync2 
SyncO 
Syncl0 
SyncS 

1 

1 1 Force Hardware Reset 

Syncl 
Syncl 
Syncl 

1 
ADRl 

Syncl 
X 

Sync9 
SyncS 

1 

SyncO 
SyncO 
SyncO 

1 
ADRO 

SyncO 
x 

SyncS 
Sync4 

o 

MIE 

Monosync. 8 Bns 
Monosync. 6 Bile 
Bisync. 16 Bile 
Bisync. 12 Bile 
SDLC 
SDLC (Address Renge) 

Monosync. 8 Bits 
Monosync, 6 Bits 
Bisync, 16 Bits 
Bisync. 12 Bile 
SDLC 

Status High//Status Low 

Software INTACK Enable 

Figure 17. Write Register Bit Functions (Continued) 
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Wrke Register 10 

o 0 NRZ 
o 1 NRZI 
1 0 FMl (Transkion = 1) 
1 1 FMO (fransklon = 0) 

Write Register 11 

I I 
0 0 
0 1 
1 0 
1 1 

{fRx 
{fRx 
{fRx 
{fRx 

6-Bill/B-8it Sync 

loop Mode 

Abort/tReg On Underrun 

MarkllFleg Idle 

Go Active On Poll 

CRC Preset 1//0 

C Out = Xlal Output 
C Out = Transmft Clock 
C Out = BR Generator Output 
C Out = OPLL Output 

{fRxCOtl 

0 0 
0 1 

Transmit Clock = tR TxCPln 
AxC Pin Transmit Clock = IT 

0 0 
0 1 
1 0 

1 0 Tran.m~ Clock = B 
1 1 

R Generator Output 
PLLOutput Transmit Clock = 0 

Receive Clock = IRTxC Pin 
Receive Clock = fTAxC Pin 
Receive Clock = BR Generato rOutput 

1 1 Receive Clock = DPLL Output 

Write Register 12 

IRTxC XlalllNo Xtal 

TCO 

TCl 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

lower Byte of 
llme Constant 

Write Register 13 

Tca 
TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Upper Byte of 
Time Constant 

Write Register 14 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Null Command 
Enter Search Mode 
Reset Missing Clock 
Disable OPLL 
Set Source - BR Generator 
Set Source ... /RTxC 
SetFM Mode 
SetNRZI Mode 

BR Generator Enable 

SR Generator Source 

tDTRlRequest Function 

Auto Echo 

Local Loopback 

Wrfte Register 15 

~~ ~erocoUntiE ~ SOLC FIFO Enable 

DCOIE 

SyncJHunt IE 

CTSIE 

Tx UnderrunlEOM fE 

Break/Abort IE 

Figure 17. Write Register Bit Functions (Continued) 
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PROGRAMMING (Continued) 

Read Registers. The SCC contains ten read registers 
(eleven, counting the receive buffer (RR8) in each chan­
nel). Fourofthese may be read to obtain status information 
(RRO, RR1, RR1O, and RR15). Two registers (RR12 and 
RR13) are read to learn the baud rate generator time 
constant. RR2 contains either the unmodified interrupt 

Read Register 0 

Read Register 1 

Read Register 2 

. . , , , , 

~ 
• Modified In B Channel 

Rx Character AVailable 

Zero Count 

Tx Buffer Empty 

OCO 

Sync/Hunt 

CTS 

Tx Underrun/EOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Ax Overrun Error 

CRC/Framlng Error 

End of Frame (SOLC) 

VO 

V1 

V2 

V3 Interrupt 

Vector 
. 

V4 

V5 

V6 

V7 

vector (Channel A) or the vector modified by status infor­
mation (Channel B). RR3 contains the Interrupt Pending 
(IP) bits (Channel A only -, Figure 18). RR6 and RR7 contain 
the information in the SDLC Frame Status FIFO, but is only 
read when WR 15 D2 is set (Figure 15). 

Read Register 3 

Channel B E. xUStatus IP } 

Channel B Tx IP 

Channel B Rx IP • 

Channel A ExVStatus IP 

Channel A Tx IP 

Channel A Rx IP 

o 
o 

* Always 0 In B Channel 

Read Register 10 

Loop Sending 

o 
Two Clocks Missing 

One Clock Missing 

~.~~~~ t--= TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

lower Byte 
of Time Constant 

Figure 18. Read Register Bit Functions 
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Read Register 13 

Tca 
TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Upper Byte 
of Time Constant 

Reed Register 15 

SyncIHunt IE 

CTSIE 

Tx UnderrunlEOM IE 

Break/Abort IE 

Figure 18. Read Register Bit Functions (Continued) 

Z85C30 Timing 

The SCC generates internal control signals from the /WR 
and IRO that are related to PCLK. Since PCLK has no 
phase relationship with fWR and fRO, the circuitry gener­
ating the internal control signals provides time for meta­
stable conditions to disappear. This gives rise to a recovery 
time related to PCLK. The recovery time applies only 
between bus transactions involving the SCC. The recovery 
time required for proper operation is specified from the 
falling edge of /WR or fRO in the first transaction involving 
the SCC to the falling edge of /WR or fRO in the second 

transaction involving the SCC. This time must be at least 
4 PCLKs regardless of which register or channel is being 
accessed. 

Read Cycle Timing 
Figure 19 illustrates Read cycle timing. Addresses on 
AlIB and OIlC and the status on liNT ACK must remain 
stable throughout the cycle. If ICE falls after fRO falls, or if 
it rises before fRO rises, the effective fRO is shortened. 

AIIS,OIlC ________ -J~~ _________________ A_dd_r_es_S_V_a_li_d __________________ _'~~ ____ _ 

flNTACK J \_-
ICE \ I 
fRO \. / 

""--------' 

07-00 ---------------c:( .. _____ x Data Valid »0--------

Figure 19. Read Cycle Timing 
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PROGRAMMING (Continued) 

Write Cycle Timing 
Figure 20 illustrates Write cycle timing. Addresses on Al/B 
and O//C and the status on IINTACK must remain stable 
throughout the cycle. If ICE falls after /WR falls, or if it rises 

AJIB,OIlC X 
IINTACK J 

ICE \ 
IWR \ 

07-00 ( 

before /WR rises, the effective /WR is shortened. Data must 
be valid before the falling edge of /WR. 

Address Valid X 
\ 
/ 

/ 
Data Valid ) 

Figure 20. Write Cycle Timing 

Interrupt Acknowledge Cycle Timing 
Figure 21 illustrates Interrupt Acknowledge cycle timing. 
Between the time IINTACK goes Low and the falling edge. 
of IRO, the internal and externallEI/IEO daisy chains settle. 
If there is an interrupt pending in the SCC and lEI is High 
when fRO falls, the Acknowledge cycle is intended for the 
see. In this case, the SCC may be programmed to 
respond to IRO Low by placing its interrupt vector 

IINTACK \ JJ 
JJ \ IRO 

07-00 If 'I 

on 07-00. It then sets the appropriate Interrupt-Under­
Service latch internally. If the external daisy chain is not 
used, then AC parameter #38 is required to settle the 
interrupt priority daisy chain internal to the SCC. If the 
external daisy chain is used. the user should follow the 
equation in AC Characteristics, Note 5 of the Read/Write 
Timing Table for calculating the required daisy-chain settle 
time. 

/ 
/ 

( X Vector ) 
Figure 21. Interrupt Acknowledge Cycle Timing 
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Z80C30 Timing 

The SCC generates internal control signals from lAS and 
IDS that are related to PCLK. Since PCLK has no phase 
relationship with lAS and IDS. the circuitry generating 
these internal control signals must provide time for meta­
stable conditions to disappear. This gives rise to a recov­
ery time related to PCLK. The recovery time applies only 
between bus transactions involving the SCC. The recovery 
time required for proper operation is specified from the 
falling edge of IDS in the first transaction involving the SCC 
to the falling edge of IDS in the second transaction involv­
ing the SCC. 

IAS\ / 
ICSO \ / 

IINTACK 7 \ 
AD7-ADO X Address) 

RI/W 7 
CS1 7 

Read Cycle Timing 
Figure 22 illustrates Read cycle timing. The address on 
AD7-ADO and the state of ICSO and /INTACK are latched 
by the rising edge of lAS. R//W must be High to indicate a 
Read cycle. CS1 must also be High for the Read cycle to 
occur. The data bus drivers in the SCC are then enabled 
while IDS is Low. 

( _______ X Data Valid )-

IDS \~ ___ --J/ 
Figure 22. Read Cycle Timing 
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PROGRAMMING (Continued) 

Write Cycle Timing 
Figure 23 illustrates Write cycle timing. The address on 
AD? -ADO and the state of ICSO and liNT ACK are latched 
by the rising edge of lAS. R//W must be Low to indicate a 

IAS~ / 

ICSO \ / 

Write cycle. CS1 must be High for the Write cycle to occur. 
IDS Low strobes the data into the SCC. 

IINTACK 7 \"' ___________________ _ 
AD7-ADO Data >C ___ .IX Address ><=X _______________ _ 

RlIW \ r 
CS1 

_--.17 ~ 
IDS I \~-------' 

Figure 23. Write Cycle Timing 

Interrupt Acknowledge Cycle Timing 
Figure 24 illustrates Interrupt Acknowledge cycle timing. 
The address on AD7-ADO and the state of ICSO and 
liNT ACK are latched by the rising edge of lAS. However, 
if IINTACK is Low, the address and ICSO are ignored. The 
state of the RIIWand CS 1 are also ignored for the duration 
of the Interrupt Acknowledge cycle. Between the rising 
edge of lAS and the falling edge of IDS, the internal and 
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externallEI/IEO daisy chains settle. If there is an interrupt 
pending in the SCC, and lEI is High when IDS falls, the 
Acknowledge cycle was intended for the SCC.ln this case, 
the SCC is programmed to respond to RD Low by placing 
its interrupt vector on 07-00 and then internally set the 
appropriate Interrupt-Under-Service latch. 



J 
lAS 

ICSO X (Ignored) X :; 
IINTACK ~ / :; 
AD7-ADO X (Ignored) ) II ex Vector }-

f 
IDS 

Figure 24. Interrupt Acknowledge Cycle Timing 
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ABSOLUTE MAXIMUM RATINGS 

Vee Supply Voltage range .......................... -0.3V to +7.0V 
Voltages on all pins 
with respect to GND ............................... -3V to Vcc+0.3V 
TA Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............................. -65°C to + 150°C 

ST ANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. 

+5V 

2.1 KG 

From OUlput 
Under Test 

100pF 

I I ':' 

Figure 25. Standard Test Load 
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Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

• +4.50 V :<;; Vee :<;; + 5.50 V 
• GND= OV 
• TA as specified in Ordering Information 

+5V 

2.2 K 

From Output 

50 pF 

I 
Figure 26. Open-Drain Test Load 



CAPACITANCE 

Symbol 

Noles: 

Parameter 

Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 

f = 1 MHz. over specified temperature range. 
Unmeasured pins returned to Ground. 

MISCELLANEOUS 
Gate Count 6800 

DC CHARACTERISTICS 
Z80C30/Z85C30 

Symbol Parameter 

V'H Input High Voltage 

V'l Input Low Voltage 
VOHl Output High Voltage 

VOH2 Output High Voltage 

Val Output Low Voltage 

I'l Input Leakage 

IOl Output Leakage 

lecl Vee Supply Current [2] 

Min 

Min Typ 

2.2 
-0.3 
2.4 

vce - 0.8 

7 

Max 

10 
15 
20 

Max 

Vce + 0.3 
0.8 

0.4 
±10.0 

±10.0 
12(10 MHz) 

9 15(16.384 MHz) 

Iccose Crystal OSC Current [3] 4 

Noles: 
[1] Vcc= 5V ±10% unless otherwise specified. over specified temperature range. 
[2] Typical Icc was measured with oscillator off. 
[3] No Icc (OSC) max is specified due to dependency on external circuit and frequency of oscillation. 

Unit 

pF 
pF 
pF 

Unit 

V 
V 
V 

V 
V 

j.tA 

j.tA 
mA 
mA 
mA 

Test Condition 

Unmeasured Pins 
Returned to Ground 

Condition 

10H = -250 j.tA 
10l = +2.0 mA 
0.4 V'N + 2.4V 

0.4 V OUT + 2.4V 
Vcc = 5V V'H= 4.8 V'l = 0 
Crystal Oscillator off 
Current for each OSC 
in addition to Icc, 
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AC CHARACTERISTICS 
Z85C30 Read/Write Timing Diagrams 

PCLK 

NlB,OIlC 

IINTACK 

ICE 

IRO 

07-00 
Read 

IWR 

07-00 
Write 

IWIIREQ 
Wait 

IWIIREQ 
Request 

10TRIIREQ 
Request 

liNT 
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~ 

~ 
r----v 
~ ~ 

\ 

~ 

-... 

'~, ~ .... .o..{D 
~ 

( 
~~ 

~~ 
~ ~ 

-®----------
~ ~ ~ 

-'L.J 
16 ~ 

'2'-
'= --®- ~j 

L-
Active Valid 1 

'I. 

@!.-
? 

®- ~ 
MP-tp = -f-@ 

= 

b 1 
~ 

P @H e-@-- ~ 
\ 

3 

h-

I 
~ ~ 

I ~ 

3 

37 J 

Figure 27_ Z85C30 ReadIWrite Timing Diagram 



PCLK 

IINTACK 

IRO 

07-00 ----------t------++-CI 

lEI 

lEO 

liNT 

Figure 28. Z85C30 Interrupt Acknowledge Timing Diagram 

\_-JJ 
fCE' / 

'----~ 
~~~----------------~~~------------------~~ '----/ \ __ ---"'r-'--fRD or/WR 

Figure 29. Z85C30 Cycle Timing Diagram 

:~ ;: 
Figure 30. Z85C30 Reset Timing Diagram 
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AC CHARACTERISTICS 
Z85C30 Read/Write Timing Table 

8.5 MHz 10MHz 16.384 MHz 
No Symbol Parameter Min Max Min Max Min Max Notes' 

1 TwPCI PCLK Low Width 45 1000 40 1000 26 1000 
2 TwPCh PCLK High Width 45 1000 40 1000 26 1000 
3 TlPC PCLK Fall Time 10 10 5 
4 TrPC PCLK Rise Time 10 10 5 

5 TcPC PCLK Cycle Time 118 2000 100 2000 61 2000 
6 TsA(WR) Address to /WR Fall Setup Time 66 50 35 
7 ThA(WR) Address to /WR Rise Hold Time 0 0 0 
8 TsA(RD) Address to IRD Fall Setup Time 66 50 35 

9 ThA(RD) Address to IRD Rise Hold Time 0 0 0 
10 TsIA(PC) liNT ACK to IPCLK Rise Setup Time 20 20 15 
11 TsIAi(WR) liNT ACK to /WR Fall Setup Time 140 130 75 [1] 
12 ThIA(WR) liNT ACK to /WR Rise Hold Time 0 0 0 

13 TsIAi(RD) liNT ACK to IRD Fall Setup Time 140 130 75 [1] 
14 ThIA(RD) IINTACK to IRD Rise Hold Time 0 0 0 
15 ThIA(PC) liNT ACK to /PCLK Rise Hold Time 38 30 15 
16 TsCEI(WR) ICE Low to /WR Fall Setup Time 0 0 0 

17 ThCE(WR) ICE to /WR Rise Hold Time 0 0 0 
18 TsCEh(WR) ICE High to /WR Fall Setup Time 58 50 30 
19 TsCEI(RD) ICE Low to IRD Fall Setup Time 0 0 0 [1] 
20 ThCE(RD) ICE to IRD Rise Hold Time 0 0 0 [1] 

21 TsCEh(RD) ICE High to fRO Fall Setup Time 58 50 30 [1] 
22 TwRDI IRD Low Width 145 125 70 [1] 
23 TdRD(DRA) IRD Fall to Read Data Active Delay 0 0 0 
24 TdRDr(DR) IRD Rise to Read Data Not Valid Delay 0 0 0 

25 TdRDI(DR) IRD Fall to Read Data Valid Delay 135 120 65 
26 TdRD(DRz) IRD Rise to Read Data Float Delay 38 35 20 
27 TdA(DR) Address to Read Data Valid Delay 210 180 100 
28 TwWRI /WR Low Width 145 125 70 

29 TsDW(WR) Write Data fo /WR Fall SetlJf) Time 10 10 10 
30 ThDW(WR) IWrite Data to /WR Rise Hold Time 0 0 0 
31 TdWR(W) IWR Fall to Wait Valid Delay 168 160 80 [4] 
32 TdRD(W) IRD Low to Wait Valid Delay 168 160 80 [4] 

33 TdWRf(REQ) /WR Fall to /WI/REO Not Valid Delay 168 160 80 
34 TdRDf(REO) IRD Fall to /WI/REO Not Valid Delay 168 160 80 
35 TdWRr(REQ) /WR Fall to /DTRI/REO Not Valid 4TcPc 4TcPc 4TcPc 
36 TdRDr(REO) IRD Rise to IDTRI/REO Not Valid NA NA NA 

37 TdPC(INT) IPCLK Fall to liNT Valid Delay 500 450 175 
38 TdIAi(RD) IINTACK to IRD Fall (Ack) Delay 145 125 75 [5] 
39 TwRDA IRD (Acknowledge) Width 145 125 70 
40 TdRDA(DR) IRD Fall (Ack) to Read Data Valid 135 120 70 
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AC CHARACTERISTICS 
Z85C30 Read/Write Timing Table (Continued) 

No Symbol Parameter 

41 TsIEI(RDA) lEI to IRD Fall (Ack) Setup Time 
42 ThIEI(RDA) lEI to IRD Rise (Ack) Hold Time 
43 TdIEI(IEO) lEI to lEO Delay Time 
44 TdPC(IEO) IPCLK Rise to lEO Delay 

45 TdRDA(INT) IRD Fall to liNT Inactive Delay 
46 TdRD(WRQ) IRD Rise to twR Fall for No Reset 
47 TdWRQ(RD) twR Rise to IRD Fall for No Reset 
48 TwRES twR & IRD Low for Reset 
49 Trc Valid Access Recovery Time 

Notes: 
[1) Parameter does not apply to Interrupt Acknowledge transactions. 
[3) Parameter applies only between transactions involving the see. 
[4) Open-drain output, measured with open-drain test load. 

8.5 MHz 
Min Max 

95 
0 

95 
195 

480 
15 
15 

145 
4TcPc 

10MHz 16.384 MHz 
Min Max Min Max Notes· 

95 50 
0 0 

90 50 
175 80 

320 200 [4] 
15 10 
15 10 

100 75 
4TcPc 4TcPc [3] 

[5) Parameter is system dependent. For any see inthe daisy chain, TdIAi(RD) must be greater than the sumofTdPC(IEO)for the highest priority device 
in the daisy chain, TsIEI(RDA) for the see, and TdIElf(lEO) for each device separating them in the daisy chain . 

• Units in Nanoseconds (ns), otherwise noted. 
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AC CHARACTERISTICS 
Z85C30 General Timing Diagram 
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AC CHARACTERISTICS 
Z85C30 General Timing Table 

8.5 MHz 10MHz 16.384 MHz 
No Symbol Parameter Min Max Min Max Min Max Notes' 

1 TdPC(REO) /PCLK Low to W/REQ Valid 250 200 110 
2 TsPC(W) /PCLK Low to Wait Inactive 350 300 180 
3 TsRXC(PC) /RxC High to /PCLK High Setup Time NA NA NA NA NA NA [1,4] 
4 TsRXD(RXCr) RxD to /RxC High Setup Time 0 0 0 [1] 

5 ThRXD(RxCr) RxD to /RxC High Hold Time 150 125 60 [1] 
6 TsRXD(RXCf) RxD to /RxC Low Setup Time 0 0 0 [1,5] 
7 ThRXD(RXCf) RxD to /RxC Low Hold Time 150 125 60 [1,5] 
8 TsSY(RXC) SYNC to /RxC High Setup Time -200 -150 -100 [1] 

9 ThSY(RXC) SYNC to /RxC High Hold Time ' 5TcPc 5TcPc 5TcPc [1] 
10 TsTXC(PC) /TxC Low to /PCLK High Setup Time NA NA NA [2,4] 
11 TdTXCf(TXD) /TxC Low to TxD Delay 190 150 85 [2] 
12 TdTxCr(TXD) /TxC High to TxD Delay 190 150 85 [2,5] 

13 TdTXD(TRX) TxD to TRxC Delay 200 140 80 
14 TwRTXh RTxC High Width 130 120 80 [6] 
15 TwRTXI TRxC Low Width 130 120 80 [6] 
16a TcRTX RTxC Cycle Time 472 400 244 [6,7] 

16b TxRX (DPLL) DPLL Cycle Tilme Min 59 50 31 [7,8] 
17 TcRTXX CrystalOsc, Period 118 1000 100 1000 100 1000 [3] 
18 TwTRXh TRxC High Width 130 120 80 [6] 
19 TwTRXI TRxC Low Width 130 120 80 [6] 

20 TcTRX TRxC Cycle Time 472 400 244 [6,7] 
21 TwEXT DCD or CTS Pulse Width 200 120 70 
22 TwSY SYNC Pulse Width 200 120 70 

Notes: 
[1] RxC is /RTxC or {TRxC, whichever is supplying the receive clock, 
[2] TxC is {TRxC or /RTxC, whichever is supplying the transmit clock, 
[3] Both /RTxC and /SYNC have 30 pf capacitors to ground connected to them, 
[4] Synchronization of RxC to PCLK is eliminated in divide by four operation, 
[5] Parameter applies only to FM encoding/decoding, 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to case PCLK requirements, 
[7] The maximum receive or transmit data rate is 1/4 PCLK, 
[8] Applies to DPLL clock source only, Maximum data rate of 1/4 PCLK still applies, DPLL clock should have a 50% duty cycle . 

• Units in nanoseconds (ns) otherwise noted, 
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AC CHARACTERISTICS 
Z85C30 System Timing Diagram 
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Figure 35. Z85C30 System Timing Diagram 
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AC CHARACTERISTICS 
Z85C30 System Timing Table 

8.5 MHz 10 MHz 16.384 MHz 
No Symbol Parameter Min Max Min Max Min Max Notes· 

1 TdRXC(REQ) IRxC High to /wIIREO Valid 8 12 8 12 8 12 [2,5) 
2 TdRXC(W) IRxC High to Wait Inactive 8 14 8 14 8 14 [1,2,5) 
3 TdRdXC(SY) IRxC High to ISYNC Valid 4 7 4 7 4 7 [2,5) 
4 TsRXC(INT) IRxC High to INT Valid 10 16 10 16 10 16 [1,2,5) 

5 TdTXC(REQ) ITxC Low to /wIIREO Valid 5 8 5 8 5 8 [3,5) 
6 TdTXC(W) /TxC Low to Wait Inactive 5 11 5 11 5 11 [1,3,5) 
7 TdTXC(DRO) /TxC Low to IDTRIIREO Valid 4 7 4 7 4 7 [3,5) 
8 TdTXC(INT) /TxC Low to liNT Valid 6 10 6 10 6 10 [1,3,5) 

9a TdSY(INT) SYNC to INT Valid 2 6 2 6 2 6 [1,5) 
9b TdSY(INT) SYNC to INT Valid 2 3 2 3 2 3 [1,4,5) 
10 TdEXT(INT) lOCO or ICTS to liNT Valid 2 6 2 6 2 6 [1,5) 

Notes: 
[1] Open drain-output, measured with open-drain test load. 
[2] IRxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[3] /TxC is /TRxC or IRTxC, whichever is supplying the transmit clock. 
[4] Units equal to lAS. 
[5] Units equal to TcPc. 
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AC CHARACTERISTICS 
Z80C30 Read and Write Timing Diagrams 
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Figure 36. Z80C30 ReadlWrite Timing Diagram 
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AC CHARACTERISTICS 
Z80C30 Read/Write Timing Table 

8 MHz 10MHz 
No Symbol Parameter Min Max Min Max Notes· 

1 TwAS lAS Low Width 35 30 
2 TdDS(AS) IDS Rise to lAS Fall Delay 15 10 (1) 
3 TsCSO(AS) ICSO to lAS Rise Setup Time 0 0 (1) 
4 ThCSO(AS) ICSO to lAS Rise Hold Time 30 20 (1) 

5 TsCS1(DS) CS1 to IDS Fall Setup Time 65 50 [1) 
6 ThCS1(DS) CS1 to IDS Rise Hold Time 30 20 [1) 
7 TsIA(AS) IINTACK to lAS Rise Setup Time 10 10 
8 ThIA(AS) IINTACK to lAS Rise Hold Time 150 125 

9 TsRWR(DS) RIIW (Read) to IDS Fall Setup Time .65 50 
10 ThRW(DS) R//W to IDS Rise Hold Time 0 0 
11 TsRWW(DS) R//W (Write) to IDS Fall Setup Time 0 0 
12 TdAS(DS) lAS Rise to IDS Fall Delay 30 20 

13 TwDSI IDS Low Width 150 125 
14 TrC Valid Access Recovery Time 4TcPC 4TcPC [2) 
15 TsA(AS) Address to lAS Rise Setup Time 10 10 [1) 
16 ThA(AS) Address to lAS Rise Hold Time 25 20 [1) 

17 TsDW(DS) Write Data to IDS Fall Setup Time 15 10 
18 ThDW(DS) Write Data to IDS Rise Hold Time 0 0 
19 TdDS(DA) IDS Fall to Data Active Delay 0 0 
20 TdDSr(DR) IDS Rise to Read Data Not Valid Delay 0 0 

21 TdDSf(DR) IDS Fall to Read Data Valid Delay 140 120 
22 TdAS(DR) lAS Rise to Read Data Valid Delay 250 190 
23 TdDS(DRz) IDS Rise to Read Data Float Delay 40 35 [3) 
24 TdA(DR) Address Required Valid to Read Data Valid Delay 260 210 

25 TdDS(W) IDS Fall to Wait Valid Delay 170 160 [4] 
26 TdDSf(REO) IDS Fall to /w//REO Not Valid Delay 170 160 
27 TdDSr(REQ) IDS Fall to IDTRIIREO Not Valid Delay 4TcPC 4TcPC 
28 TdAS(INT) lAS Rise to liNT Valid Delay 500 500 [4) 

29 TdAS(DSA) lAS Rise to IDS Fall (Acknowledge) Delay 250 ;>25 [5) 
30 TwDSA IDS (Acknowledge) Low Width 150 125 
31 TdDSA(DR) IDS Fall (Acknowledge) to Read Data Valid Delay 140 120 
32 TsIEI(DSA) lEI to IDS Fall (Acknowledge) Setup Time 80 80 

33 ThIEI(DSA) lEI to IDS Rise (Acknowledge) Hold Time 0 0 
34 TdIEI(IEO) lEI to lEO Delay 90 90 
35 TdAS(IEO) lAS Rise to lEO Delay 200 175 [6) 
36 TdDSA(INT) IDS Fall (Acknowledge) to liNT Inactive Delay 450 450 [4] 

37 TdDS(ASO) IDS Rise to lAS Fall Delay for No Reset 15 15 
38 TdASO(DS) lAS Rise to IDS Fall Delay for No Reset 20 15 
39 TwRES lAS and IDS Coincident Low for Reset 150 100 [7) 
40 TwPCI PCLK Low Width 50 1000 40 1000 
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AC CHARACTERISTICS 
Z80C30 Read/Write Timing Table (Continued) 

No Symbol Parameter 

41 TwPCh PCLK High Width 
42 TcPC PCLK Cycle Time 
43 TrPC PCLK Rise Time 
44 TfPC PCLK Fall Time 

Noles: 
[1] Parameter does not apply to interrupt Acknowledge transactions. 
[2] Parameter applies only between transactions involving the SCC. 

8MHz 10 MHz 
Min Max Min Max 

50 1000 40 1000 
125 2000 100 2000 

10 10 
10 10 

[3] Float delay is defined as the time required for a ±O.SV change in the output with a maximum DC load and a minimum AC load. 
[4] Open-drain output, measured with open-drain test load. 

Notes' 

[5] Parameter is system dependent. For any Z-SCC in the daisy chain. TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest priority 
device in the daisy chain. TsIEI(DSA) for the Z-SCC, and TdIEIf(IEO) for each device separating them in the daisy chain. 

[6] Parameter applies only to a Z-SCC pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
[7] Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the Z-SCC. All timing references assume 2.0V for a logic 

'1' and O.8V for a logic '0' . 

• Units in nanoseconds(ns) otherwise noted. 
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AC CHARACTERISTICS 
Z80C30 General Timing Diagram 
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AC CHARACTERISTICS 
Z80C30 General Timing Table 

8MHz 10MHz 
No Symbol Parameter Min Max Min Max Notes' 

1 TdPC(REQ) /PCLK Low to W/REQ Valid 250 200 
2 TsPC(W) /PCLK Low to Wait Inactive 350 300 
3 TsRXC(PC) /RxC High to /PCLK High Setup Time NA NA NA NA [1.4] 
4 TsRXD(RXCr) RxD to /RxC High Setup Time 0 0 

5 ThRXD(RxCr) RxD to /RxC High Hold Time 150 125 [1] 
6 TsRXD(RXCf) RxD to /RxC Low Setup Time 0 0 [1,5] 
7 ThRXD(RXCf) RxD to /RxC Low Hold Time 150 125 [1,5] 
8 TsSY(RXC) SYNC to /RxC High Setup Time -200 -150 [1] 

9 ThSY(RXC) SYNC to /RxC High Hold Time 5TcPc 5TcPc [1] 
10 TsTXC(PC) /TxC Low to /PCLK High Setup Time NA NA [2.4] 
11 TdTXCf(TXD) /TxC Low to TxD Delay 190 150 [2] 
12 TdTxCr(TXD) /TxC High to TxD Delay 190 150 [2,5] 

13 TdTXD(TRX) TxD to TRxC Delay 200 140 
14 TwRTXh RTxC High Width 130 120 [6] 
15 TwRTXI TRxC Low Width 130 120 [6] 
16a TcRTX RTxC Cycle Time 472 400 [6,7] 

16b TxRX (DPLL) DPLL Cycle Tilme Min 59 50 [7,8] 
17 TcRTXX Crystal Osc. Period 118 1000 100 1000 [3] 
18 TwTRXh TRxC High Width 130 120 [6] 
19 TwTRXI TRxC Low Width 130 120 [6] 

20 TcTRX TRxC Cycle Time 472 400 [6,7] 
21 TwEXT· DCD or CTS Pulse Width 200 120 
22 TwSY SYNC Pulse Width 200 120 

Notes: 
[1] RxC is/RTxC or {TRxC, whichever is supplying the receive clock. 
[2] TxC is {TRxC or /RTxC, whichever is supplying the transmit cicek. 
[3] Both /RTxC and /SYNC have 30 pf capacitors to ground connected to them. 
[4] Synchronization of RxC to PCLK is eliminated in divide by four operation. 
[5] Parameter applies only to FM encoding/decoding. 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to case PCLK requirements. 
[7] The maximum receive or transmit data rate is 1/4 PCLK. 
[8] Applies to DPLL clock source only. Maximum data rate of 1/4 PCLK still applies. DPLL clock should have a 50% duty cycle. 

• Units in nanoseconds (ns) otherwise noted. 
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AC CHARACTERISTICS 
Z80C30 System Timing Diagram 
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AC CHARACTERISTICS 
Z80C30 System Timing Table 

8MHz 10MHz 
No Symbol Parameter Min Max Min Max Notes 

1 TdRXC(REQ) IRxC High to /WI/REO Valid 8 12 8 12 [2,5] 
2 TdRXC(W) IRxC High to Wait Inactive 8 14 8 14 [1,2,5] 
3 TdRdXC(SY) IRxC High to ISYNC Valid 4 7 4 7 [2,5] 
4 TdRXC(INT) IRxC High to INT Valid 8 12 8 12 [1,2,5] 

2 3 2 3 [4,5] 

5 TdTXC(REQ) ITxC Low to /WI/REO Valid 5 8 5 8 [3,5] 
6 TdTXC(W) ITxC Low to Wait Inactive 5 11 5 11 [1,3,5] 
7 TdTXC(DRO) ITxC Low to IDTRI/REO Valid 4 7 4 7 [3,5] 
8 TdTXC(INT) /TxC Low to liNT Valid 4 6 4 6 [1,3,5] 

2 3 2 3 [4,5] 

9a TdSY(INT) SYNC to INT Valid 2 6 2 6 [1,5] 
9b TdSY(INT) SYNC to INT Valid 2 3 2 3 [1,4,5] 
10 TdEXT(INT) 2 3 2 3 [1,4,5] 

Notes: 
[1) Open drain-output, measured with open-drain test load. 
[2) IAxC is /RTxC or /TAxC, whichever is supplying the receive clock. 
[3) /TxC is /TRxC or IRTxC, whichever is supplying the transmit clock. 
[4) Units equal to lAS. 
[5) Units equal to TcPc. 
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FEATURES 

• Deeper Data FIFOs 
- 4-byte transmit FIFO 
- 8-byte receive FIFO 

• Programmable FIFO interrupt levels provide flexible 
interrupt response 

• Pin and Function compatible to CMOS and NMOS 
Z85C30 SCC 

• Many im provements to support SOLC/HOLC transfers: 
- Deactivation of /RTS pin after closing flag 
- Automatic transmission of the opening flag 
- Automatic reset of Tx Underrun/EOM latch 
- Complete CRC reception 
- TxO pin automatically forced high with NRZI 

encoding when using mark idle. 
- Receive FIFO automatically unlocked for special 

receive interrupts when using the SOLC 
status FIFO. 

- Back-to-back frame transmission simplified 

• Easier interface to popular CPUs 

• Fast speeds: 
- 8.0 MHz for data rates up to 2.0 Mbit/sec. 
- 10.0 MHz for data rates up to 2.5 Mbit/sec. 
- 16.384 MHz for data rates up to 4.096 Mbit/sec. 
- 20.0 MHz for data rates up to 5.0 Mbit/sec. 

• Improved SOLC frame status FIFO 

GENERAL DESCRIPTION 

The Zilog Enhanced Serial Communications Controller, 
Z85230 ESCC, is a pin and software compatible CMOS 
member of the SCC~ Family (The SCC was introduced by 
Zilog in 1981.). The ESCC is a dual-channel, full-duplex 
data communications controller capable of supporting a 
wide range of popular protocols. The ESCC is built from 
Zilog's industry standard SCC core and is compatible with 

PRODUCT SPECIFICATION 

Z85230 
ESCCTht ENHANCED SERIAL 
COMMUNICATION CONTROLLER 

• Low Power CMOS 

• New programmable features added with Write 
Register 7' 

• Write registers: WR3, WR4, WR5, and WR10 are now 
readable 

• Read Register 0 latched during access 

• Software Interrupt Acknowledge Mode 

II OPLL counter output available as jitter -free clock source 

• IOTRIIREO pin deactivation time reduced 

• Two independent full-duplex channels, each with a 
crystal oscillator, baud rate generator, and digital 
phase-locked loop. 

• Multi-protocol operation under program control 

• Asynchronous mode with five to eight bits, and one, 
one and one-Ilalf, or two stop bits per character; 
programmable clock factor; break detection and 
generation; parity, overrun, and framing error detection. 

• Synchronous mode with internal or external character 
synchronization on one ortwo synchronous characters 
and CRC generation and checking with programmable 
CRC preset values. 

designs using Zilog's SCC to receive and transmit data. It 
has many improvements that significantly reduce CPU 
overhead. The addition of a 4-byte transmit FIFO and an 8-
byte receive FIFO significantly reduces the overhead 
required to provide data to, and get data from, the trans­
mitters and receivers. 
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GENERAL DESCRIPTION (Continued) 

The ESCC also has many features that improve packet 
handling in SOLC mode. The ESCC will automatically: 
transmit a flag before the data, reset the Tx Underrun/EOM 
latch, force the TxO pin high at the appropriate time when 
using NRZI encoding, deassert the IRTS pin after the 
closing flag, and better handle ABORTed frames when 
using the 10x19 status FIFO. The combination of these 
features along with the deeper data FIFOs significantly 
simplifies SOLC driver software. 

The CPU hardware interface has been simplified by relieving 
the databus setup time requirement and supporting the 
software generation of the interrupt acknowledge signal 
(lINTACK). These changes allow an interface with less 
external logic to many microprocessor families while main­
taining compatibility with existing designs. 1/0 handling of 
the ESCC is improved over the SCC with faster response 
of the liNT and IOTR//REQ pins. 
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The many enhancements added to the ESCC permits a 
system design that increases overall system performance 
with better data handling and less interface logic 
(Figure 1). 

Notes: 
All Signals with a preceding front slash, 'r, are active Low, e.g.: 
B//W (WORD is active Low); IB/W (BYTE is active Low, only) .. 

Power connections follow conventional descriptions below: 
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PIN DESCRIPTIONS 

The following section describes the Z85230 pin functions. 
Figures 2 and 3 detail the pin assignments for the 40-pin 
DIP and 44-pin PLCC packages. The Z85230 ESCC is 
socket compatible with the Zilog Z8530 and Z85C30 as the 
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pin electrical characteristics and pin assignments are the 
same. Any unused input pins should be pulled up to the 
+5V supply. 
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PIN DESCRIPTIONS 

ICTSA, ICTSB. Clear To Send (inputs, active Low).These 
pins function as transmitter enables if they are programmed 
for Auto Enables (WR3, 05=1). A Low on the inputs 
enables the respective transmitters. If not programmed as 
Auto Enables, they may be used as a general-purpose 
inputs. Both inputs are Schmitt-trigger buffered to accom­
modate slow rise-time inputs. The ESCC detects pulses on 
these inputs and can interruptthe CPU on both logic level 
transitions. 

IDCDA, IDCDB. Data Carrier Detect (inputs, active Low). 
These pins'function as receiver enables if they are pro­
grammed for Auto Enables (WR3, 05=1): otherwise they 
are used as general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow rise time 
signals. The ESCC detects pulses on these pins and can 
interrupt the CPU on both logic level transitions. 

IRTSA, IRTSB. Request To Send (outputs, active Low). 
The IRTS pins can be used as general purpose outputs or 
with the Auto Enables feature. When used with Auto 
Enables ON (WR3, 05= 1) in asynchronous mode, the IRTS 
pin goes High after the transmitter is empty. When Auto 
Enable is OFF, the IRTS pins can be used as general 
purpose outputs and they strictly follow the inverse state of 
the RTS bit (WR5 bit 01). 

In SOLC mode, the IRTS pins can be programmed to be 
deasserted when the closing flag of the message clears 
the TxO pin if WRT 02 is set. 

ISYNCA, ISYNCB. Synchronization (inputs or outputs, 
active Low). These pins can act either as inputs, outputs, 
or part of the crystal oscillator circuit. In the Asynchronous 
Receive mode (crystal oscillator option not selected), 
these pins are inputs similar to CTS and OCO. In this mode, 
tranSitions on these lines affect the state of the Synchronousl 
Hunt status bits in Read Register 0 but have no other 
function. 

In External Synchronization mode with the crystal oscillator 
not selected, these lines also actas inputs. In this mode, 
ISYNC must be driven Low for two receive clock cycles 
after the last bit in the synchronous character is received. 
Character assembly begins on the rising edge of the 
receive clock immediately preceding the activation 
of ISYNC. 
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In the Intemal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which synchronous condition is 
latched. These outputs are active each time a syncllroni­
zation pattern is recognized (regardless of character 
boundaries). In SOLC mode, the pins act as outputs and 
are valid on receipt of a flag. The ISYNC pins switch from 
input to output when monosync, bisync, or SOLC is pro­
grammed in WR4 and sync modes are enabled. 

IDTRl/REQA,/DTRl/REQB. Data Terminal Ready/Request 
(outputs, active Low). These pins are programmed (WR 14, 
02) to serve either as general purpose outputs or as OMA 
Request lines. When programmed for the OTR function 
(WR14, 02=0), these outputs follow the state programmed 
into the OTA bit of Write Register 5 (WR5, 07). When 
programmed for Request mode (WR14, 02= 1), these pins 
serve as OMA Requests for the transmitter. 

When used as OMA request lines, the timing for the 
deactivation Request can tie programmed in the added 
register Write Register 7' (WRT) bit 04. If this bit is set, the 
10TAI/Request pin will be deactivated with the same timing 
as the /WI/REO pin. If WRT 04 is reset, the deactivation 
timing of IDTRI/Req pin will be the same as in the Z85C30. 

W/IREQA, !wI/REQB. Wait/Request (outputs, open drain 
when programmed for Wait function, driven High or Low 
when programmed for Ready function), These dual-pur­
pose outputs may be programmed as Request lines for a 
OMA controller or as Wait lines which synchronize the CPU 
to the ESCC data rate. The reset state is Wait. 

RxOA, RxDB. Receive Data (inputs, active High). These 
input signals receive serial data at standard TTL levels. 

IRTxCA, IRTxCB. Receive/Transmit Clocks(inputs, active 
Low). These pins can be programmed to several modes of 
operation. In each channel, RTxC may supply the receive 
clock, the transmit clock, the clock for the baud rate 
generator, or the clock for the digital phase-locked loop. 
These pins can also be programmed for use with the 
respective SYNC pins as a crystal oscillator. The receive 
clock may. be 1, 16, 32, or 64 times the data rate in 
asynchronous modes. 



TxDA, TxDB. Transmit Data (outputs, active High). These 
output signals transmit serial data at standard TTL levels. 

fTRxCA, fTRxCB. Transmit/Receive Clocks (inputs or out­
puts, active Low). These pins can be programmed in 
several different modes of operation. TRxC may supply the 
receive clock or the transmit clock in the input mode or 
supply the output of the digital phase-locked loop, the 
crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 

PCLK. Clock (input). This is the master ESCC clock used 
to synchronize internal signals. PCLK is a TTL level signal. 
PCLK is not required to have any phase relationship with 
the master system clock. 

lEI. Interrupt Enable In (input. active High). lEI is used with 
lEO to form an interrupt daisy chain when there is more 
than one interrupt driven qevice. A High lEI indicates that 
no other higher priority device has an interrupt under 
service or is requesting an interrupt. 

lEO. Interrupt Enable Out(output. active High). lEO is High 
only if lEI is High and the CPU is not servicing the ESCC 
interrupt. or the ESCC is not requesting an interrupt (Inter­
rupt Acknowledge cycle only). lEO is connected to the 
next lower priority device's lEI input and thus inhibits 
interrupts from lower priority devices. 

IINT.lnterrupt(output, open drain, active Low). This signal 
is activated when the ESCC requests an interrupt. Note 
that liNT is an open drain output. 

IINTACK. Interrupt Acknowledge (input, active Low). This 
is a strobe which indicates that an interrupt acknowledge 
cycle is in progress. During this cycle, the ESCC interrupt 

daisy chain is resolved. The device is capable of returning 
an interrupt vector that may be encoded with the type of 
interrupt pending. During the acknowledge cycle, if lEI is 
High the ESCC places the interrupt vector on the databus 
when IRD goes active. liNT ACK is latched by the rising 
edge of PCLK. 

07-00. Data bus (bi-directional, tri-state). These lines 
carry data and commands to and from the ESCC. 

ICE. Chip Enable (input, active Low). This signal selects 
the ESCC for a read or write operation. 

IRD. Read(input, active Low). This signal indicates a read 
operation and when the ESCC is selected, enables the 
ESCC's bus drivers. During the Interrupt Acknowledge 
cycle, IRD gates the interrupt vector onto the bus if the 
ESCC is the highest priority device requesting an interrupt. 

twA. Write (input, active Low). When the ESCC is selected, 
this signal indicates a write operation. This indicates that 
the CPU wants to write command bytes or data to the 
ESCC write registers. The coincidence of IRD and /WR is 
interpreted as a reset. 

NIB. Channel AlChannel B (input). This signal selects the 
channel in which the read or write operation occurs. A High 
selects channel A and Low selects channel B. 

OIlC. Data/Control Select (input). This signal defines the 
type of information transferred to or from the ESCC. A High 
means data is being transferred and a Low indicates a 
command. 
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FUNCTIONAL DESCRIPTION 

Architecture. The architecture of the ESCC is described 
from two pOints of view: as a datacommunications device 
which transmits and receives data in a wide variety of 
protocols; and as a microprocessor peripheral in which the 
ESCC offers valuable features such as vectored interrupts 
and DMA support. 

Internal Data Bus 

• 7 "II 
,. 

I WR7 I WR6 I 
SYNC Register SYNC Register 

I 20-BitTX Shift Register 

iASYNC 

! 

The ESCC's peripheral and datacommunication are de­
scribed in the following sections. A block diagram is shown 
in Figure 1. The details of the communications between the 
receive and transmit logic to the system bus are sllown in 
Figures 5 and 6. The features and data path for each of the 
ESCC's A and B channels is identical. See the ESCC 
Technical Manual for full details on using the ESCC. 
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CRC-SDLC 

y ---.... 
Transmit Clock 

CRC-Gen ;, 

" { , 
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Figure 5. ESCC Transmit Data Path 
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Figure 6. ESCC Receive Data Path 
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I/O·INTERFACE CAPABILITIES 

System communication to and from the ESCC is done 
through the ESCC's register set. There are seventeen write 
registers and fifteen read registers. Many of the new 
features on the ESCC are enabled through a new register 
in the ESCC: Write Register 7 Prime (WR7'). This new 
register can be accessed if bit DO of WR 15 is set. Table 1 
lists all of the ESCC's registers and a brief description of 

their functions. Throughout this document, the write and 
read registers are referenced with the following notation: 
"WR" for Write Register and "RR" for Read Register. For 
example: 

WR4A Write Register 4 for channel A 
RR3 Read Register 3 for either/both channels 

Write Register 

WRO 
WR1 
WR2 

WR3 
WR4 
WR5 
WR6 

WR7 
WR7' 
WR8 
WR9 

WR10 
WR11 
WR12 

WR13 
WR14 
WR15 

Read Register 

RRO 
RR1 
RR2A 
RR2B 

RR3A 
RR4 
RR5 
RR6 

RR7 
RR8 
RR9 
RR10 

RR11 
RR12 
RR13 
RR14 
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Table 1. ESCC Write and Read Registers 

Functions 

Command Register: Register Pointers, CRC initialization, and resets for various modes. 
Interrupt conditions, WaitlOMA request control. 
Interrupt Vector (accessed through eitiler channel). 

Receive and miscellaneous control parameters. 
Transmit and Receive parameters and modes. 
Transmit parameters and controls. 
Sync character or SOLC address field. 

Sync character or SOLC flag. 
SOLC enhancements enable (accessed if WR15 DO is 1). 
Transmit FIFO (4 bytes deep). 
Reset commands and Master INT enable (accessed through either channel). 

Miscellaneous transmit and receive controls. 
Clock mode control. 
Lower byte of BRG time constant. 

Upper byte of BRG time constant. 
Miscellaneous controls and OPLL commands. 
External interrupt control. 

Functions 

Transmit, Receive and external status. 
Special Receive Condition status bits. 
Unmodified interrupt vector. 
Modified interrupt vector. 

Interrupt Pending bits. 
WR4 status (if WR7' 06=1). 
WR5 status (if WR7' 06= 1). 
SOLC Frame LSB Byte Count (if WR15 02=1). 

SOLC Frame 10x19 FIFO Status and MSB Byte Count (if WR15 02=1). 
Receive Data FIFO (8 Deep). 
WR3 status (if WRT 06=1). 
Miscellaneous status bits. 

WR 1 0 status (if WRT 06= 1). 
Lower Byte of BRG time constant. 
Upper byte of BRG time constant. 
WR7' status (if WR7' 06= 1). 



There are three choices to move data into and out of the 
ESCC: Polling,lnterrupt (vectored and non-vectored), and 
Block Transfer. The Block Transfer mode can be imple­
mented under CPU or DMA control. 

Polling. When polling, all interrupts are disabled. Three 
status registers in the ESCC are automatically updated 
whenever any function is performed. For example, end-of­
frame in SOLC mode sets a bit in one of these status 
registers. The purpose of polling is for the CPU to periodi­
cally read a status register until the register contents 
indicate the need for data to be transferred. Only one 
register needs to be read; depending on its contents, the 
CPU either writes data, reads data, or continues. Two bits 
in the register indicate the need for data transfer. An 
alternative is a poll of the Interrupt Pending register to 
determine the source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. The ESCC's interrupt structure supports vec­
tored and nested interrupts. The fill levels where the 
transmit and receive FIFOs interrupt the CPU are pro­
grammable. This allows the ESCC's requests for data 
transfers to be tuned to the system interrupt response time. 

Nested interrupts are supported with the interrupt ac­
knowledge feature (lINT ACK pin) of the ESCC. This allows 
the CPU to recognize the occurrence of an interrupt, and 
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IINTACK 
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Peripheral 

07-00 liNT IINTACK lEO lEI 

re-enable higher priority interrupts. Because an INTACK 
cycle will release the liNT pin from the active state. a higher 
priority ESCC interrupt or another higher priority device 
can interrupt the CPU. When an ESCC responds to an 
Interrupt Acknowledge signal (INTACK) from the CPU, an 
interrupt vector may be placed on the data bus. This vector 
is written in WR2 and may be read in RR2. To speed 
interrupt response time, the ESCC can modify three bits in 
this vector to indicate status. If the vector is read in Channel 
A, status is never included; if it is read in Channel B, status 
is always included. 

Each of the six sources of interrupts in the ESCC (Transmit, 
Receive, and External/Status interrupts in both channels) 
has three bits associated with the interrupt source: Inter­
rupt Pending (IP), Interrupt Under Service (IUS). and 
Interrupt Enable (IE). Operation of the IE bit is straightfor­
ward.lf the IE bit is set for a given interrupt source, then that 
source can request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is reset and no 
interrupts can be requested. The IE bits are write only. The 
other two bits are related to the interrupt priority chain 
(Figure 7). As a microprocessor peripheral, the ESCC may 
request an interrupt only when no higher priority device is 
requesting one, e.g., when lEI is High. If the device in 
question requests an interrupt. it pulls down liNT. The CPU 
then responds with liNT ACK. and the interrupting device 
places the vector on the data bus. 

Peripheral Peripheral 

07-00 liNT IINTACK lEO lEI 07·00 liNT IINTACK 

A 

t 1 +5V 
-r-

~ 
~ 

Figure 7. ESCC Interrupt Priority Schedule 
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1/0 INTERFACE CAPABILITIES (Continued) 

The ESCC can also execute an interrupt acknowledge 
cycle through software. In some CPU environments it is 
difficult to create the /INTACK signal with the necessary 
timing to acknowledge interrupts and allow the nesting of 
interrupts. In these cases, the /INTACK signal can be 
created with a software command to the ESCC. See the 
Z85230 Enhancements section for more details on this 
enhancement. 

In the ESCC, the Interrupt Pending (IP) bit signals a need 
for interrupt servicing. When an IP bit is 1 and the lEI input 
is High, the /INT output is pulled Low, requesting an 
interrupt. In the ESCC, if the IE bit isn't set by enabling 
interrupts, then the IP for that source is never set. The IP 
bits are readable in RR3A. 

The IUS bits signal that an interrupt request is being 
serviced. If an IUS is set, all interrupt sources of lower 
priority in the ESCC and extemal to the ESCC are pre-. 
vented from requesting interrupts. The internal interrupt 
sources are inhibited by the state of the internal daisy 
chain, while lower priority devices are inhibited by the lEO 
output of the ESCC being pulled Low and propagated to 
subsequent peripherals. An IUS bitis set during an Interrupt 
Acknowledge cycle if there are no higher priority devices 
requesting interrupts. 

There are three types of interrupts: Transrnit, Receive, and 
External/Status. Each interrupt type is enabled under 
program control with Channel A having higher priority than 
Channel B, and with Receiver, Transmit, and External/ 
Status interrupts prioritized in that order within each channel. 
When the Transmit interrupt is enabled (WR1 01 =1), the 
occurrence of the interrupt depends on the state of WRT 
05. If this bit is reset, the CPU is interrupted when the top 
byte of the transmit FIFO becomes empty.lfWRT 05 is set, 
the CPU is interrupted when the transmit FIFO is completely 
empty. (This implies that the transmitter must have had a 
data character written into it so that it can become empty.) 

When enabled, the receiver can interrupt the CPU in one 
of three ways: 

1. Interrupt on First Receive Character or Special 
Receive Condition. 

2. Interrupt on All Receive Characters or Special 
Receive Conditions. 

3. Interrupt on Special Receive Conditions Only. 
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IfWRT bit 03 is set, the Receive character interrupt occurs 
when there are four bytes available in the receive FIFO. 
This is most useful in synchronous applications as the data 
is in consecutive bytes. Interrupt on First Character or 
Special Condition and Interrupt on Special Condition Only 
are typically used with the Block Transfer mode. A special 
Receive Condition is one of the following: receiver overrun; 
framing error in Asynchronous mode, end-of-frame in 
SOLC mode and, optionally, a parity error. The Special 
Receive Condition interrupt is different from an ordinary 
receive character available interrupt only by the status 
placed in the vector during the Interrupt Acknowledge 
cycle. In Interrupt on First Receive Character, an interrupt 
occurs from Special Receive Conditions any time after the 
first receive character interrupt. 

The main function of the External/Status interrupt is to 
monitor the signal transitions of the /CTS, /OCO, and 
/SYNC pins, however, an External/Status interrupt is also 
caused by a Transmit Underrun condition; a zero count in 
the baud rate generator; by the detection of a Break 
(Asynchronous mode), ABORT (SOLC mode) or EOP 
(SOLC Loop mode) sequence in the data stream. The 
interrupt caused by the ABORT or EOP has a special 
feature allowing the ESCC to interrupt when the ABORT or 
EOP sequence is detected or terminated. This feature 
facilitates the proper termination of the current message, 
correct initialization of the next message, and the accurate 
timing of the ABORT condition by external logic in SOLC 
mode. In SOLC Loop mode, this feature allows secondary 
stations to recognize the primary station wishes to regain 
control of the loop during a poll sequence. 

CPUlDMA Block Transfer. The ESCC provides a Block 
Transfer mode to accommodate CPU block transfer 
functions and OMA controllers. The Block Transfer mode 
used the /WAIT//IlEQUEST output in conjunction wilh the 
Wait/Request bits in WR1. The /WAIT//REQUEST output 
can be defined under software control as a WAIT line in the 
CPU Block Transfer mode or as a REQUEST line in the 
OMA Block Transfer mode. 

To a OMA controller, the ESCC REQUEST output indicates 
that the ESCC is ready to transfer data to or from memory. 
To the CPU, the WAIT line indicates that the ESCC is not 
ready to transfer data, thereby requesting that the CPU 
extend the I/O cycle. The /OTA//REQUEST line allows full­
duplex operation under OMA control. The ESCC can be 
programmed to deassert the /OTR//REQUEST pin with the 
same timing as the /WAIT//REQUEST pin if WRT 04 is set. 



ESCC DATA COMMUNICATIONS CAPABILITIES 

The ESCC provides two independent full-duplex program­
mable channels for use in any common asynchronous or 
synchronous data communication protocols (Figure 8). 

Start 
Parity 

~ t r- Stop 

Marking Line II Data II I I I Data 

Each of the datacommunication channels Ilas identical 
features and capabilities. 

I I Data I I Marking Line 

Asynchronous 

SYNC Data !! Data CRC1 CRC2 

Monosync 

~~ Data CRC1 CRC2 

Bisync 

~~ Data CRC1 CRC2 

SYNC SYNC Data 

Signall 

r----,--~ 
Data 

External Sync 

Flag Address Control ~~ Infonnation CRC1 CRC2 Flag 

SDLC/HDLC/X.25 

Figure 8. Some ESCC Protocols 

The ESCC has significant improvements to its data com­
munications capacity over that of the standard SCC. The 
addition of the deeper data FIFOs allows for data to be 
moved in strings instead of on a byte-by-byte basis. The 
ability to handle data in strings allows for significant im­
provements in .data handling, and consequently, more 
efficient use of bus bandwidth. The programmability of the 
INT/DMA level of the FIFOs allows the system designer to 
determine fill levels as the FIFO's request the system to 
move data. The deeper data FI FOs are accessible regard­
less of the protocol used. They do not need to be enabled. 
For more details on these improvements, see the Z85230 
Enhancements section of this specification. 

Asynchronous Modes. Send and Receive is accomplished 
independently on each channel with five to eight bits per 
character, plus optional even or odd parity. The transmit­
ters can supply one, one-and-a-half, or two stop bits per 

character and can provide a break output at any time. The 
receiver break-detection logic interrupts the CPU both at 
the start and at the end of a received break. Reception is 
protected from spikes by a transient spike-rejection mecha­
nism that checks the signal one-half a bit time after a Low 
level is detected on the receive data input (RxDA or RxDB 
pins). If the Low does not persist (e.g., a transient), the 
character assembly process does not start. 

Framing errors and overrun errors are detected and buffered 
together with the partial character on which t11ey occur. 
Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of a framing error as a 
new start bit: a framing error results in the addition of one­
half a bit time to the point at which the search for the next 
start bit begins. 
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ESCC DATA COMMUNICATIONS CAPABILITIES (Continued) 

The ESCC does not require symmetric transmit and re­
ceive clock signals - a feature allowing use of the wide 
variety of clock sources. The transmitter and receiver 
handle data at a rate supplied to the receive and transmit 
clock inputs. In Asynchronous modes, the SYNC pin may 
be programmed as an input used for functions such as 
monitoring a ring indicator. 

Synchronous Modes. The ESCC supports both byte-ori­
ented and bit-oriented synchronous communication. 
Synchronous byte-oriented protocols are handled in several 
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modes. They allow character synchronization with a 6-bit 
or 8-bit sync character (Monosync), and a 12-bit or 16-bit 
synchronization pattern (Bisync), or with an external sync 
signal. Leading sync characters are removed without 
interrupting the CPU. 

Five or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the ESCC by overlapping the larger 
pattern across multiple incoming synchronous characters 
as sllown in Figure 9. 

Data Data Data 

Figure 9. Detecting 5- or 7-Bit Synchronous Characters 

CRC checking for Synchronous byte oriented modes is 
delayed by one character time so that the CPU may 
disable CRC checking on specific characters. This permits 
the implementation of protocols such as IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and CCITT (X16 + X12 
+ X5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all Synchronous modes. 
Users may preset the CRC generator and checker to all 1 's 
or all O's. The ESCC also provides a feature that automati­
cally transmits eRC data when no other data is availab!e 
for transmission. This allows for high-speed transmissions 
under OMA control, with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 6-,8-, 
or 16-bit sync characters, regardless of the programmed 
character length. 

SDLC Mode. The ESCC supports Synchronous bit-ori­
ented protocols, such as SOLC and HOLC, by performing 
automatic flag sending, zero insertion, and CRC generation. 
A special command is used to abort a frame in transmis­
sion. At the end of a message, the ESCC automatically 
transmits the CRC and trailing flag when the transmitter 
underruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag characters 
or a steady marking condition. 
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If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort can be issued. The ESCC may also 
be programmed to send an ABORT itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent. allowing reception of a mes­
sage with no prior information aboutthe character structure 
in the information field of a frame. 

The receiver automatically acquires synchronization on 
the !eading flag of a frame in SDLC or HDLC and provides 
asynchronization signal on the /SYNC pin (an interrupt can 
also be programmed). The receiver can be programmed 
to search for frames addressed by a single byte (or four 
bits within a byte) of a user-selected addressor to a global 
broadcast address. In this mode, frames not matching 
either the user-selected or broadcast address are ignored. 

The number of address bytes are extended under software 
control. For receiving data, an interrupton the first received 
character, or an interrupt on every character, or on special 
condition only (end-of-frame) can be selected. The receiver 
automatically deletes all O's inserted by the transmitter 
during character assembly. CRC is also calculated and is 
automatically checked to validate frame transmission. At 
tile end of transmission, the status of a received frame is 
available in the status registers. In SOLC mode, the ESCC 



must be programmed to use the SOLC CRC polynomial, 
but the generator and checker may be preset to all 1 's or 
all O's. The CRC is inverted before transmission and the 
receiver checks against the bit pattern 000111 0100001111. 

NRZ, NRZI or FM coding may be used in any 1 x mode. The 
parity options available in Asynchronous modes are 
available in Synchronous modes. 

SDLC Loop Mode. The ESCC supports SOLC Loop mode 
in addition to normal SOLC. In an SOLC Loop, there is a 
primary controller station that manages the message traffic 
flow on the loop and any number of secondary stations. In 
SOLC Loop mode, the ESCC performs the functions of a 
secondary station while an ESCC operating in regular 
SOLC mode acts as a controller (Figure 10). SOLC loop 
mode can be selected by setting WR10 bit 01. 

Figure 10. An SOLC Loop 

A secondary station in an SOLC Loop is always listening to 
the messages being sent a'round the loop and, in fact. 
passes these messages to the rest of the loop by 
retransmitting them with a one-bit time delay. The second­
ary station places its own message on the loop only at 
specific times. The controller signals that secondary sta­
tions can transmit messages by sending a special char­
acter, called an EOP (End Of Poll), around the loop. The 
EOP character is the bit pattern 11111110. Because of 
zero insertion during messages, this bit pattern is unique 
and easily recognized. 

When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary 
1 of the EOP to a 0 before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates 
the message with an EOP. Any secondary stations further 
down the loop with messages to transmit appends their 

messages to the message of the first secondary station by 
the same process. Any secondary stations without mes­
sages to send merely echo the incoming message and are 
prohibited from placing messages on the loop (except 
upon recognizing an EOP). In SOLC Loop mode, NRZ, 
NRZI, and FM coding may all be used. 

SDLC FIFO. The ESCC's ability to receive high speed 
back-to-back SOLC frames is maximized by a 1 O-bit deep 
by 19-bit wide status FIFO. When enabled (through WR 15, 
bit 02), it provides the OMA the ability to continue to 
transfer data into memory so that the CPU can examine ttle 
message later. For each SOLC frame, a 14-bit byte count 
and 5 status/error bits are stored. The byte count and 
status bits are accessed through Read Registers 6 and 7. 
Read Registers 6 and 7 are only accessible when the 
SOLC FIFO is enabled. The 10x19 status FIFO is separate 
from the 8-byte receive data FIFO. 

Baud Rate Generator. Each channel in the ESCC contains 
a programmable baud rate generator. Each generator 
consists of two 8-bit time constant registers that form a 
16-bit time con·stant. a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On startup, the 
flip-flop on the output is set in a High state, the value in the 
time constant register is loaded into the counter, and the 
counter starts counting down. The output of the baud rate 
generator toggles upon reaching 0, the value in the time 
constant register is loaded into the counter, and the 
process is repeated. The time constant may be changed 
at any time, but the new value does not take effect until the 
next load of the counter. 

The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 

If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 

The following formula relates the time constant to the baud 
rate where PCLK or RTxC is the baud rate generator input 
frequency in Hertz. The clock mode is 1, 16, 32, or 64, as 
selected in Write Register 4, bits 06 and 07. Synchronous 
operation modes should select 1 and Asynchronous should 
select 16, 32 or 64. 

PCLK or RTxC Frequency 
Time Constant = -2 

2(Baud Rate) (Clock Mode) 
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ESCC DATA COMMUNICATIONS CAPABILITIES (Continued) 

Digital Phase-Locked Loop. The ESCC contains a Digital 
Phase-Locked Loop (DPLL) to recover clock information 
from a data stream with NRZI or FM encoding. The DPLL 
is driven by a clock that is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock, along with 
the data stream, to construct a clock for the data. This 
clock is then used as the ESCC receive clock, the transmit 
clock, or both. When the DPLL is selected as the transmit 
clock source, it will provide a jitter free clock output that is 
the DPLL input frequency divided by the appropriate 
divisor for the selected encoding technique. 

For NRZI encoding, the DPLL counts the 32x clock to 
create nominal bit times. As the 32x clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1 to D, or a to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the next counting 
cycle), producing a terminal count closer to the center of 
the bit cell. 

For FM encoding, the DPLL still counts from a to 31, but 
with a cycle corresponding to two bit times. When the DPLL 
is locked, the ciock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and a. 
The DPLL looks for edges only during a time centered on 
the 15 to 16 counting transition. 

The 32x clock for the DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the ESCC via the TRxC pin (if this pin is not 
being used as an input). 

Data Encoding. The ESCC may be programmed to encode 
and decode the serial data in four different ways (Figure 
11). In NRZ encoding, a 1 is represented by a High level 
and a a is represented by a Low level. In NRZI encoding, 
a 1 is represented by no change in level and a a is 
represented by a change in level. In FM1 (more properly, 
bi-phase mark), a transition occurs at the beginning of 
every bit cell. A 1 is represented by an additional transition 
at the center of the bit cell and a a'is represented by no 
additional transition at the center of the bit cell. In FMa (bi­
phase space), a transition occurs at the beginning of every. 
bit cell. A a is represented by an additional transition at the 
center of the bit cell, and a 1 is represented by no 
additional transition at the center of the bit cell. In addition 
to these four methods, the ESCC can be used to decode 
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Manchester (bi-phase level) data by using the DPLL in the 
FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is a to 1, the bit is a a. 
If the transition is 1 to a, the bit is a 1. 

Auto Echo and Local Loopback. The ESCC is capable of 
automatically echoing everything it receives. This feature 
is useful mainly in Asynchronous modes, but works in 
Synchronous and SDLC modes as well. Auto Echo mode 
(TxD is RxD) is used with NRZI or FM encoding with no 
additional delay because the data stream is not decoded 
before retransmission. In Auto Echo mode, the ICTS input 
is ignored as a transmitter enable (although transitions on 
this input can still cause interrupts if programmed to do so). 
In this mode, the transmitter is actually bypassed and the 
programmer is responsible for disabling transmitter inter­
rupts and /WAITIIREQUEST on transmit. 

o 0 

Data 

NRZ \ I 
NAZI 

FMl 

FMO 

Figure 11. Data Encoding Methods 

The ESCC is also capable of Local Loopback. I n this mode, 
TxD or RxD is just like Auto Echo mode. However, in Local 
Loopback mode the internal transmit data is tied to the 
internal receive data and RxD is ignored (except to be 
echoed out via TxD). The ICTS and IDCD inputs are also 
ignored as transmit and receive enables. However, transi­
tions on these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Synchronous and SDLC 
modes with NRZ, NRZI or FM coding of the data stream. 



Z85230 ENHANCEMENTS 

The following is a detailed description of the enhance­
ments to the Z85230, ESee from the standard see. 

4-Byte Deep Transmit FIFO 
The ESCC has a 4-byte transmit buffer with programmable 
interrupt and OMA request levels. It is not necessary to 
enable the FIFO as it is always available. The user can 
choose to have the Transmit Buffer Empty (TBE) interrupt 
and OMA Request on Transmit be generated either wilen 
the top byte of transmit FIFO is emptyoronlywhen the FIFO 
is completely empty. A hardware or channel reset will reset 
the transmit shift register, flush the transmit FIFO, and set 
WRT 05=1. 

If the transmitter generates the Interrupt or OMA request 
for data when the top byte of the FIFO is empty (WRT 
05=0), the system can allow for a long response time to the 
data request without underflowing. The interrupt service 
routine can write one byte and tl18n test RRO 02 if more 
data may be written. The OMA Request in this mode will go 
inactive after each data write and then go active again until 
the FIFO is filled. The Transmit Buffer Empty status bit 
(TBE), RRO bit 02, is set when the top byte of the FIFO is 
empty. Note that this IS NOT the reset state. 

For applications where the frequency of interrupts is im­
portant, the transmit interrupt service routine can be opti­
mized by programming the ESCC to generate the TBE 
interrupt only when the FIFO is completely empty (WRT 
05= 1) and then writing four bytes to fill the FIFO. When 
WRT 05= 1, only one OMA request is generated (filling the 
bottom of the FIFO). However, this may be preferred for 
some applications where the possible reassertion of the 
OMA request is not desired. The Transmit Buffer Empty 
status bit (TBE), RRO bit 02, is set when the top byte of the 
FIFO is empty. (Note that WRT 05=1 after a hardware or 
channel reset). 

a-Byte Receive FIFO 
The ESCC has an 8-byte receive FIFO with programmable 
interrupt levels. The receive character available interrupt is 
generated as selected by WRT bit 03. Tile Receive 
Character Available bit, RRO DO, is set when at least one 
byte is available in the top of the FIFO (independent of 
WRT 03). It is not necessary to enable tile 8-byte FIFO as 
it is always available. A hardware or channel reset resets 
the receive shift register and flushes the receive FIFO. 

A OMA Request on Receive, if enabled: is generated 
whenever one byte is available in the receive FIFO inde­
pendent of WRT 03. If more than one byte is available in 
the FIFO, the /Wait//Request pin goes inactive and then 
goes active again until the FIFO is emptied. 

By resetting WRT 03=0, applications which tlave a long 
latency to interrupts can generate the request to read data 
from tile FIFO when one byte is available, and then test the 
Receive Character Available bit to determine if more data 
is available. 

By setting WR7 03= 1, the ESee can be programmed to 
interrupt when the receive FIFO is half full (4 bytes avail­
able) and, therefore, allowing the frequency of receive 
interrupt to be reduced. If WRT 03 is set, the receive 
character available interrupt is generated when tllere are 
4 bytes available. Therefore, if the interrupt service routine 
reads 4 bytes during each routine, the frequency of inter­
rupts is reduced. 

IfWRT 03= 1 and "Receive Interrupt on All Characters and 
Special Conditions" is enabled, the receive character 
available interrupt is generated when four characters are 
available. However, when a character is detected to have 
a special condition, a speCial condition interrupt is gener­
ated wilen the character is loaded into the top four bytes 
of the FIFO. Therefore, the special condition interrupt 
service routine should read RR1 before reading the data to 
determine which byte has the special condition. 

Write Register 7' (7 prime) 
A new register, WRT, has been added to the ESeC to 
facilitate the programming of six new features. The format 
of this register is shown in Figure 12. 

WR TPrime 

AutoTx Flag 

Auto EOM Reset 

Auto RTS Deactivation 

Rx FIFO Int Level 

DTA/REQ Timing Mode 

Tx FIFO Int Level 

Extended Read Enable 

Not Used, Always 0 

Figure 12. Write Register 7' (7 prime) 

WRT is written to by first setting bit DO of Write Register 15 
(WR15 OO)toone, and then addreSSing WR7 as normal. All 
writes to register 7 are to WRTwhile WR15 DO is set. WR15 
bit DO must be reset to 0 to address the sync character 
registerWR7. Ifbit 060fWRT is set, then WRT can be read 
by doing a read cycle to RR14. The WRT features remain 
enabled until specifically disabled or by a hardware or 
software reset. Note that bit 05 is set after a reset. All other 
bits are reset to zero following reset. 
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Z85230 ENHANCEMENTS (Continued) 

For applications which may use either the Zilog Z85C30 or 
Z85230, these two device types can be identified in 
software with the following test. Write a 01 hex to Write 
Register 15. Then read Read Register 15 and if DO is reset 
it is a Z85C30 and, if DO is set it is a Z85230. Note that if the 
device is Z85C30, a write to WR15 resetting DO should be 
done before proceeding. Also, if the device is Z85230, the 
result in all writes to address seven will be to WRT until 
WR 15 DO is reset. 

Bit 7. Not used. This bit must always be written zero (0). 

Bit 6. Extended Read Enable. Setting this bit enables the 
ability to read WR3, WR4, WR5, WRT and WR10. These 
registers are read by reading RR9 (WR3), RR4, RR5, RR14 
(WRT), and RR11 (WR10), respectively. 

Bit 5. Transmit FIFO Interrupt Level. If this bit is set, the 
transmit buffer empty interrupt is generated when the 

transmit FIFO is completely empty. If this bitis reset, the 
transmit buffer empty interrupt is generated when the top 
byte of the transmit FIFO is empty. This bit is set following 
a hardware or channel reset. 

In OMA Request on Transmit mode, when using either the 
/WI/REO or /OTR//REO pins, the request is asserted when 
the Tx FIFO is completely empty if WRT 05 is set. The 
request is asserted when the top byte of the FIFO is empty 
if 05 is reset. 

Bit 4./DTR//REQ timing. If this bit is set and the /OTRI/REO 
pin is used for Request mode (WR.14 02= 1), the deactiva­
tion of the /OTRI/REO pin will be identical to the /WI/REO 
pin asshown in Figure 13. If this bitis reset, the deactivation 
time is 4TcPc. 

!WR \'--___ ---'1 
07-00 ===:><~ _______ T_ffi_n_s_m_it_O_a_m ________ -J;>C~: ________________ _ 

WR704=1 

tOTRI/REO 

!WAITttREO __ -JI 
Figure 13. DiviA Request on Transmit Lieaciivation Timing 

Bit 3. Receive FIFO Interrupt Level. This bit sets the 
interrupt level of the receive FIFO. If this bit is set, the 
receive data available bit is asserted when the receive 
FIFO is half full (4 bytes available). If the RFFbit is reset, the 
receive data available interrupt is generated when a byte 
reaches the top of the FIFO. See the description of the 
8-byte receive FIFO for more details. 

Bit 2. Automatic /RTS Pin Deassertion. This bit controls the 
timing of the deassertion of the /RTS pin in SOLC mode. If 
this bit is set and WR5 01 is reset during the transmission 
of a SOLC frame, the deassertion of the /RTS pin is delayed 
until the last bit of the closing flag clears the TxO pin. The 
/RTS pin is pulled high after the rising edge of the transmit 
clock cycle from the last bitof the closing flag. This implies 
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that the ESCC should be programmed for "Flag on 
Underrun" (WR 1 a 02=0) for the /RTS pin to deassert at the 
end of the frame. This feature works independently of the 
programmed transmitter idle state. In synchronous modes 
other than SOLC, the /RTS pin will immediately follow the 
state programmed into WR5 01. When WRT 02 is reset, 
the /RTS follows the state of WR5 01. 

Bit 1. Automatic EOM Reset. If this bit is set, the ESCC 
automatically resets the Tx Underrun/EOM latch and pre­
sets the transmit CRC generator to its programmed preset 
state (per values set in WR5 02 and WR10 07). Therefore, 
it is not necessary to issue the Reset Tx Underrun/EOM 
latch command when this feature is enabled. 



Bit O. Automatic Tx SOLe Flag. If this bit is set, the ESCC 
will automatically transmit an SOLC flag before transmit­
ting data. This removes the requirement to reset the mark 
idle bit (WR10 03) before writing data to the transmitter. 

Modified Oatabus Timing 
The ESCC's latching of the databus has been modified to 
simplify the CPU interface. The Z85C30 AC Timing param­
eter 1129, Write Oata to /WR falling minimum, has been 
changed for the Z85230 to: /WR falling to Write Oata Valid 
maximum. See the AC Timing Characteristic section for the 
specified time at each clock speep. The databus must be 
valid no later than 20 ns after the falling edge of /WR 
regardless of the system (PCLK) clock rate. The databus 
hold time, spec 1130, remains at Ons. 

Historically, tile SCC has latched the databus on the falling 
edge of /WR. However, as many CPUs do not guarantee 
that the databus is valid when the /WR pin goes low, Zilog 
has modified the databus timing to allow a maximum delay 
from the /WR Signal going active Low to the latching of the 
databus. 

Complete CRC Reception in SOLC Mode 
In SOLC mode, the entire CRC is clocked into the receive 
FIFO. The ESCC completes clocking in the CRC to allow it 
to be retransmitted, unaltered, or manipulated in software. 
In the SCC when the closing flag is recognized, the 
contents of the receive shift register are immediately 
transferred to the receive FIFO resulting in the last two bits 
of the CRC being lost. In the ESCC, it is not necessary to 
program this feature. When the closing flag is detected, 
the last two bits of the CRC are clocked into the receive 
FIFO. In all other synchronous modes, the ESCC does not 
clock in the last two CRC bits (same as SCC). 

TxO Forced High in SOLC with NRZI 
Encoding When Marking Idle 
When the ESCC is programmed for SOLC mode with NRZI 
data encoding and mark idle (WR10 06=0,05=1,03=1), 

Data Data 

TXBE 

TXIP Bit ___ --II 
TXIP 1 

the TxO pin is automatically forced high when the transmit­
ter goes to the mark idle state. There are several different 
ways for the transmitter to go into the idle state. In each of 
the following cases the TxO pin is forced high when the 
mark idle condition is reached: data, CRC, flag and idle; 
data, flag and idle; data, abort (on underrun) and idle; 
data, abort (command) and idle; idle flag and command to 
idle mark. The force high feature is disabled when the mark 
idle bit is reset. 

This feature is used in combination with the automatic 
SOLC opening flag transmission feature, WR7' 00= 1, to 
assure that data packets are properly formatted. Tilere­
fore, when these features are used together, it is not 
necessary for the CPU to issue any commands when using 
the force idle mode in combination with NRZI data encoding. 
If WR7' 00 is reset, like in the SCC, it is necessary to reset 
the mark idle bit (WR10 03) to enable flag transmission 
before an SOLC packet is transmitted. 

Improved Transmit Interrupt Handling 
in Synchronous Modes 
The ESCC latches tile Transmit Buffer Empty (TBE) inter­
rupt due to the CRC being loaded to the transmit shift 
register even if the TBE interrupt, due at tile last data byte, 
has not yet been reset. Therefore, the end of a synchro­
nous frame is guaranteed to generate two TBE interrupts 
even if a reset transmit buffer interrupt command for tile 
data created interrupt is issued after (time "A" in Figure 14) 
the CRC interrupt had occurred. In this case, two resetTBE 
commands are required. The TxlP is latched if the EOM 
latch has been reset before the end of the frame. 

CRC1 CRC2 Flag 

Time "A" 

TXIP2 

Figure 14. TxlP Latching 
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NEW FEATURE DESCRIPTION (Continued) 

DPLL Counter Tx Clock Source 
When OPLL output is selected as the transmit clock source, 
the OPLL counter output is the OPLL source clock divided 
by the appropriate divisor for the programmed data en­
coding format. Therefore, in FM mode (FMO or FM1), the 
OPLL counter output is the input frequency divided by 16. 

In NRZI mode, the OPLL counter frequency is the input 
divided by 32. This feature provides a jitter-free output and 

. replaces the OPLL transmit clock output Qeing available as 
the transmit clock source. This has no effect on the use of 
the OPLL as the receive clock source (Figure 15). 

DPLLCLK 
Input 

:: 

DPLL : DPLL Output to Receiver 

'----I~L.!:D~P:!:LL~Co~u~n~te~r __ r----I-~ DPLL Output to Transmitter 

Input Divided by 16 (FMO or FM1) 
Input Divided by 32 for NRZI 

Figure 15. DPLL Outputs 

Read Register 0 Status Latched During Read Cycle 
The contents of Read Register 0, RRO, are latched during 
a read to this register. The ESCC prevents the contents of 
RRO to change while the Read cycle is active. The SCC 
allows the status of RRO to change while reading the 
register and, therefore, it is necessary to read RRO twice to 
detect changes that otherwise may be missed. The con­
tents of RRO are updated after the rising edge 
of fRO. . 

Software Interrupt Acknowledge 
The Z85230 interrupt acknowledge cycle can be initiated 
through software. If Write Register 9 (WR9) bit 05 is set, 
reading register 2 (RR2) results in an interrupt acknowl­
edge cycle to be executed internally. Like a hardware 
INTACK cycle, a software acknowledge causes the INT 
pin to return high, the lEO pin to go Low and set the IUS 
latch for the highest priority interrupt pending. 

Similar to when the hardware INTACK signal can be used, 
a software acknowledge cycle requires that a Reset High­
est IUS command be issued in the interrupt service routine. 
Whenever an interrupt acknowledge cycle is used, hard­
ware or software, a reset highest IUS command is re­
quired. If RR2 is read from channel A, the unmodified 
vector is returned. If RR2 is read from channel B, then the 
vector is modified to indicate the source of the interrupt. 
The Vector Includes Status (VIS) and No Vector (NV) bits 
in WR9 are ignored when bit 05 is set to 1 . 

When the INTACK and lEI pins are not being used, they 
should be pulled up to Vee through a resistor (10k Ohm 
typical). 
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Fast SDLC Transmit Data Interrupt Response 
To more easily facilitate the transmission of back-to-back 
SOLC frames with a single shared flag between frames, 
the ESCC allows data for a second frame to be written to 
the transmit FIFO after the Tx UnderrunfEOM interrupt has 
occurred. This allows application software more time to 
write the data to the transmitter while allowing the current 
frame to be properly concluded with CRC and flag. The 
SCC historically has required that data not be written to the 
transmitter until a transmit buffer empty interrupt was 
generated after the CRC has completed transmission. If 
data is written to the transmit FIFO after the Transmit 
UnderrunfEOM interrupt and before the transmit buffer 
empty interrupt, the Automatic EOM Reset feature should 
be enabled (WRT 01 = 1). Consequently, the commands 
"Reset TxfUnderrun EOM" latch and "Reset Tx CRC Gen­
erator" should not be used. 

SDLC FIFO Frame Status FIFO Enhancement 
When used with a OMA controller, the Z85230 SOLC 
Frame Status FIFO enhancement maximizes the ESCC's 
ability to receive high speed, back-to-back SOLC mes­
sages. It minimizes frame overruns due to CPU latencies 
in responding to interrupts. Additional logic was added to 
the industry standard SCC consisting of a 10-bit deep by 
19-bit wide status FIFO, 14-bit receive byte counter, and 
control logic as shown in Figure 16. The 10 x 19 bits status 
FIFO is separate from the 8-byte receive data FIFO. 

When the enhancement is enabled, the status in Read 
Register 1 (RR1) and byte count for the SOLC frame are 
stored in the 10 x 19-bit status FIFO. This allows the OMA 
controller to transfer the next frame into memory while the 
CPU verifies that the message was properly received. 



Summarizing the operation; data is received, assembled, 
and loaded into the 8-byte FIFO before being transferred 
to memory by the OMA controller. When a flag is received 
at the end of an SOLC frame, the frame byte count from the 
14-bit counter and five status bits are loaded intothe status 
FIFO for verification by the CPU. The CRC checker is 
automatically reset in preparation for the next frame which 
can begin immediately. Since the byte count and status 
are saved for each frame, the message integrity is verified 
at a later time. Status information for up to 10 frames is 
stored before a status FIFO overrun can occur. 

If a frame is terminated with an ABORT, the byte count and 
status will be loaded to the status FIFO and the counter 
reset for the next frame. 

FIFO Detail. For a better understanding of details of the 
FIFO operation, refer to the block diagram in Figure 16. 

Enable/Disable. This FIFO is implemented so that it is 
enabled when WR15, bit 02, is set and the ESCC is in the 
SOLC/HOLC mode. Otherwise, the status register con­
tents bypass the FIFO and go directly to the bus interface 
(the FIFO pointer logic is reset either when disabled or via 
a channel or power-on reset). When the FIFO mode is 
disabled, the ESCC is completely downward compatible 
with the NMOS Z8530. The FIFO mode is disabled on 
power-up (WR15 02 is set to 0 on reset). The effects of 
backward compatibility on the register set are that RR4 is 
an image of RRO, RR5 is an image of RR1, RR6 is an image 
of RR2 and RR7 is an image of RR3. For details on the 
added registers, refer to Figure 18. The status of the FIFO 
Enable signal is obtained by reading RR15, bit 02. If the 
FIFO is enabled, the bit will be set to 1; otherwise, it will 
be reset. 

Read Operation. When WR15 bit 02 is set and the FIFO is 
not empty, the next read to status register RR1 or the 
additional registers RR7 and RR6, are from the FIFO. 
Reading status register RR1 causes one location of the 
FIFO to be emptied, so status is read after reading the byte 
count, otherwise the count is incorrect. Before the FIFO 
underflows, it is disabled. In this case, the multiplexer is 
switched to allow status to read directly from the status 
register. Reads from RR7 and RR6 contain bits that are 
undefined. Bit 06 of RR7 (FIFO Data Available) is used to 
determine if status data is coming from the FIFO or directly 
from tile status register, since it is set to 1 whenever the 
FIFO is not empty. 

Since not all status bits are stored in the FIFO, the All Sent, 
Parity, and EOF bits bypass the FIFO. The status bits sent 
through the FIFO are Residue Bits (3), Overrun, and 
CRC Error. 

The sequence for proper operation of ttle byte count and 
FIFO logic is to read the registers in the following order: 
RR7, RR6, and RR1 (reading RR6 is optional). Additional 
logic prevents the FIFO from being emptied by multiple 
reads from RR1. The read from RR7 latct18s the FIFO 
empty/full status bit (06) and steers the status multiplexer 
to read from the ESCC megacell instead of the status FIFO 
(since the status FIFO is empty). The read from RR1 allows 
an entry to be read from the FIFO (if the FIFO was empty, 
logic was added to prevent a FIFO underflow condition). 

Write Operation. When the end of an SOLC frame (EOF) 
has been received and tile FIFO is enabled, the contents 
of the status and byte-count registers are loaded into the 
FIFO. The EOF signal is used to increment tile FIFO. If the 
FIFO overflows, tile RR7 bit 07 (FIFO Overflow) is set to 
indicate the overflow. Tllis bit and the FIFO control logic is 
reset by disabling and re-enabling the FIFO control bit 
(WR15 bit 02). For details of FIFO control timing during an 
SOLC frame, refer to Figure 17. 

SOLe Status FIFO Anti-Lock Feature. When the Frame 
Status FIFO is enabled and the ESCC is programmed for 
"Special Receive Condition Only" (WR1 04=03=1), the 
data FIFO is not locked wilen a character willl End of 
Frame status is read (Figure 16). When a character with the 
EOF status is at the top of the FIFO, an interrupt with a 
vector for receive data is generated. Tile command "Reset 
Highest IUS" must be issued at the end of the interrupt 
service routine regardless if an interrupt acknowledge 
cycle had been executed (hardware or software). Tilis 
allows a OMA to complete transfer of the received frame to 
memory and then interrupt the CPU that a frame has been 
completed WitiloUt locking the FIFO. Since in the "Receive 
Interrupt on Special Condition Only" mode the interrupt 
vector for receive data is not used, it is used to indicate that 
the last byte of a frame has been read out the receive FI FO. 
Reading the frame status (CRC, byte count and other 
status stored in the status FIFO) to determine EOF is not 
required. 

When a character with a special receive condition other 
than EOF is received (receiver overrun, or parity), aspecial 
receive condition interrupt is generated after the character 
is read from the FIFO and the receive FIFO is locked until 
the "Error Reset" command is issued. 
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NEW FEATURE DESCRIPTION (Continued) 

Frame Status FIFO Circuitry 

SCC Status Reg ~ Reset on Flag Detect 

RR1 Residue Bits(3) Byte Counter ~ Increment on Byte OET 
Overrun, CRC Error 

~ Enable Count in SOLC 

I 
S Bits 14 Bits 

End of Frame Signal 
Status Read Comp 

FIFO Array 
~. 

Tail Pointer 
10 OElElP by 19 Bits Wide 4-Bit Counter 

~ Head Pointer <4--
4-Bit Counter 

4-Bit Comparator 

Over Equal 

SBits t r- EOF=1 6 Bits 8 Bits 

~ 6-BitMUX 
~ ,----, 

EN 

i-' 6 Bits .. 2 Bits 
RR1 Bit 7 Bit 6 Bits S-O RR6 FIFO Enable , , 

• A A 

WR(1tBit2 
Interface 

I RR7 OS-~O + RR6 07 - DO 
to SCC Set Enables 

Byte Counter contains 14 bns Status FIFO 
for a 16 KByte maximum count. 

RR706 
FIFO data available status bit. Status bit set to 1 
when reading from FIFO. 

RR707 
FIFO Overflow Status Bit 
MSB of RR(7) is set on Status FIFO overflow. 

In SOLC Mode the followin definitions g apply 

- All Sent bypasses MUX and equals contents of SCC Status Register. 
- Parity Bits bypass M UX and does the same. 
- EOF is set to 1 whenever reading from the FIFO. 

Figure 16. SOlC Frame Status FIFO 
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Internal byte strobe 
increments counter. 

Don~ load 
counter on 
1st Flag. 
Reset byte 
counter here. 

Reset byte 
counter and 
then load counter 
into FIFO and 
increment PTR. 

Internal Byte Strobe 
Increments Counter. 

Reset byte 
counter and 
then load counter 
Into FIFO and 
increment PTR. 

Figure 17. SDLC Byte Counting Detail 

PROGRAMMING 

The ESCC contains write registers in each channel that are 
programmed by the system separately to configure the 
functional uniqueness of the channels. 

In the ESCC, the data registers are directly addressed by 
selecting a High on the OIlC pin. With all other registers 
(with the exception of WRO and RRO), programming the 
write registers requires two write operations and reading 
the read registers requires both a write and a read opera­
tion. The first write is to WRO and contains three bits that 
point to the selected register. The second write is the 
actual control word for the selected register, and if the 
second operation is read, the selected read register is 
accessed. All of the ESCC registers, including the data 
registers, may be accessed in this fashion. The pointer bits 
are automatically cleared after the read or write operation 
so that WRO (or RRO) is addressed again. 

Initialization. The system program first issues a series of 
commands to initialize the basic mode of operation. This is 
followed by other commands to qualify conditions within 
the selected mode. For example, in the Asynchronous 
mode, character length, clock rate, number of stop bits, 
and even or odd parity should be set first. Then the 
interrupt mode is set. and finally, the receiver and transmit­
ter are enabled. 

Write Registers. The ESCC contains 16 write registers (17 
counting the transmit buffer) in each channel. These write 
registers are programmed separately to configure the 
functional "personality" of the channels. There are two 
registers (WR2 and WR9) shared by the two channels that 
are accessed through either of them. WR2 contains the 
interrupt vector for both channels, while WR9 contains the 
interrupt control bits and reset commands. A new register, 
WR7', was added to the ESCC and may be written to if 
WR15 00 is set. Figure 18 shows the format of each write 
register. 

Read Registers. The ESCC contains ten read registers 
(eleven, counting the receive buffer (RR8) in each chan­
nel). Four of these may be read to obtain status information 
(RRO, RR1, RR1O, and RR15). Two registers (RR12 and 
RR13) are read to learn the baud rate generator time 
constant. RR2 contains either the unmodified interrupt 
vector (Channel A) or the vector modified by status infor­
mation (Channel B). RR3 contains the Interrupt Pending 
(lP) bits (Channel A only). RR6 and RR7 contain the 
information in the SOLC Frame Status FIFO, but is only read 
when WR15 02 is set. If WR7' 06 is set. Write Registers 
WR3, WR4, WR5, WR7', and WR10 can be read as RR9, 
RR4, RR5, and RR14, respectively. Figure 19 shows the 
format of each Read register. 
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CONTROL REGISTERS 

Write Register 0 (non-multiplexed bus mode) 

107 1 OSI 051 041 031 021 01 100 I 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

I I 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Null Code 
Point High 

I 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

Register 0 
Register 1 
Register 2 
Register 3 
Register 4 
RegisterS 
RegisterS 

~~::::~~ } Register 9 
Register 10 
Register 11 * 
Register 12 
Register 13 ' 
Register 14 
Register 15 

Reset ExtlStat us IntelTupts 
OLC) Send Abort (S 

Enable Int on Next Rx Character 
ending Reset Tx Int P 

Error Reset 
Reset Highest IUS 

o 0 NullCode 
o 1 Reset Rx CRC Checker 
1 0 Reset Tx CRG Generator 

Reset Tx UnderrunlEOM Latch 

* WITh Point High Command 

Write Register 1 

107 1 Osl 051 041 03 1 021 01 I 00 I 

~ 
o 0 Rx Int Oisable 

Ext Int Enable 

Tx Int Enable 

Parity' is Spedai CondITion 

o 1 Rx Int On First Character or Special CondITion 
1 Oint On All Rx Characters or Special Condition 
1 1 Rx Int On Special Condition Only 

WAITIDMA Raeuest On 
Receive/IT ransmit 

IWAITIDMA Raeuest FUnction 

WAITIDMA Request Enable 

Write Register 2 

Write Register 3 

107 1 Osl 05 1 04 1 03 1 02 1 01 I 00 I 

~ 
o 0 Rx 5 Bits/Character 
o 1 Rx 7 Bits/Character 

o Rx S Bits/Character 
1 Rx 8 Bits/Character 

Write Register 4 

loolool~I~lool~lmlool 

IIIIIIIL I I ,--' -

V4 

V5 

VS 

V7 

Ax Enable 

Interrupt 
Vector 

Sync Character load Inhibit 

Address Search Mode (SOLC) 

Rx CRC Enable 

Enter Hunt Mode 

Auto Enables 

Parity Enable 

Parity EVENt/OOO 

o 0 Sync Modes' Enable 
o 1 1 Stop Bil/Character 
1 0 1 1/2 Stop Bits/Character 
1 1 2 Stop Bits/Character 

o 0 8-Bit Sync Character 
o 1 16-Bit Sync Character 
1 0 SOLC Mode (01111110 Flag) 
1 1 External Sync Mode 

o 0 Xl Clock Mode 
o 1 X16 Clock Mode 
1 0 X32 Clock Mode 
1 1 X64 Clock Mode 

Figure 18. Write Register Bit Functions 
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Wr~e Register 5 

o 0 Tx 5 Blts(Or Less)/Character 
o 1 Tx 7 B~/Character 
1 0 Tx 6 Bits/Character 
1 1 Tx 8 Bits/Character 

Write Register 6 

Sync7 Sync6 Sync5 Sync4 Sync3 Sync2 Sync1 
Sync1 SyncO Sync5 Sync4 Sync3 Sync2 Syncl 
Sync7 Sync6 Sync5 Sync4 Sync3 Sync2 Sync1 
Sync3 Sync2 S)nc1 SyncO 1 1 1 
ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADRl 
ADR7 ADR6 ADRS ADR4 x x x 

Write Register 7 

Tx CRC Enable 

RTS 

ISOLC/CRC-16 

Tx Enable 

Send Break 

OTR 

SyncO 
SyncO 
SyncO 

1 
ADRO 

x 

Monosync, 8 Bits 
Monosync. 6 Bits 
BISync. 16 Bits 
Bisync. 12 Bits 
SOLC 
SDLC (Address Range) 

Sync7 
Sync5 
Sync15 
Syncll 

Sync6 Sync5 
Sync4 Sync3 
Sync14 Sync13 
Sync10 Sync9 

Sync4 
Sync2 
Sync12 
Sync8 

Sync3 
Syncl 
Syncll 
Sync7 

Sync2 
SyncO 
Syncl0 
Sync6 

Syncl SyncO Monosync. 8 Bits 
Monosync. 6 Bits 
Bisync. 16 Bits 
Bisync. 12 Bits 
SDLC o 1 1 1 1 1 

x x 
Sync9 Sync8 
Sync5 Sync4 

1 0 

Figure 18_ Write Register Bit Functions (Continued) 
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CONTROL REGISTERS (Continued) 

WR7'Prime 

Write Register 9 

o 0 No Reset 
o 1 Channel Reset B 
1 0 Channel Reset A 
1 1 Force Hardware Reset 

AutoTx Flag 

Auto EOM Reset 

Auto RTS Deactivation 

Rx FIFO Int Level 

DTR/REO TIming Mode 

Tx FIFO In! Level 

Extended Read Enable 

Not Used, Always 0 

Status High/lStatus Low 

Software INTACK Enable 

Wrtte Register 10 

o 0 NRZ 
o 1 NRZI 
1 0 FMl (Transition = 1) 
1 1 FMC (TranslUon = 0) 

6-BItII8-BIt Sync 

Loop Mode 

AbortllFlag On Underrun 

Marf<l/Flag Idle 

Go Active On Poll 

CRC Preset 1//0 

Write Register 11 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

I I 
0 0 
0 1 
1 0 
1 1 

ITRx 
ITRx 
ITRx 
ITRx 

C Out = Xtal Output 
C Out = Transmit Clock 
C Out = BR Generator Output 
C Out = DPLL Output 

ITRxCOII 

T ransmll Clock = IR TxCPin 
RxCPln Transmtt Clock = IT 

Transmit Clock = BR 
Transmit Clock = DP 

Generator Output 
LLOutput 

Receive Clock = /RTxC Pin 
Receive Clock = ITRxC Pin 
Receive Clock = BR Generator Output 
Receive Clock = DPLL Output 

IRTxC Xtai/lNo Xtal 

Figure 18. Write Register Bit Functions (Continued) 
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WrHe Register 12 

WrHe Register 13 

TCO 

TCl 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

TCB 

TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Lower Byte of 
Time Constant 

Upper Byte of 
Time Constant 

WrHe Register 14 

0 0 0 Null Command 
0 0 1 Enter Search Mode 
0 1 0 Reset Missing Clock 
0 1 1 Disable DPLL 
1 0 0 Set Source = BR Generator 
1 0 1 Set Source = IRTxC 
1 1 0 SetFM Mode 
1 1 1 Set NRZI Mode 

Wrile Register 15 

Figure 18. Write Register Bit Functions (Continued) 

BR Generator Enable 

BR Generator Source 

IDTRlRequest Function 

Auto Echo 

Local Loopback 

WRT SoLC and FIFO 
Feature Enable 

281'0 Count IE 

SoLC FIFO Enable 

oColE 

SynclHunllE 

CTSIE 

Tx UnderrunlEOM IE 

BreakfAbort IE 
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CONTROL REGISTERS (Continued) 

Read Register 0 

Read Register 1 

Read Register 2 

1~1~1~1~lool~lrnlool 

Rx Character Available 

Zero Count 

Tx Buffer Empty 

DCD 

SynclHunt 

CTS 

Tx UnderrunlEOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRC/Framing Error 

End of Frame (SOle) 

~~1 Interrupt 
Vector ... 

V5 J V6 

V7 

* Modified In B Channel 

Read Register 3 

* Always 0 In B Channel 

Read Register 6 * 

Channel B ExtlStatus IP 

Channel B Tx fP 

Channel B Rx IP 

Channel A ExtlSta!tJs IP 

Channel A Tx IP 

Channel A Ax IP 

o 
o 

BGO 

BC1 

BC2 

BC3 

BC4 

BC5 

BC6 

BC7 

* Can only be accessed H the SDlC FIFO enhancement 
is enabled (WR15 bit 02 setto 1) 

SOLC FIFO Status and Byte Count (LSB) 

Read Register 7 * 

Bca 
BC9 

BC10 

BC11 

BC12 

BC13 

FDA: FIFO Data AvaHable 
1 = Status Reads from FIFO 
o = Status Reads from ESCC 

FOS: FIFO Overflow Status 
1 = FIFO Overflowed 
0= Normal . 

* Can only be accessed H the SOlC FIFO enhancement 
Is enabled (WR15 bH 02 set to 1) 

SOLC AFO Status and Byte Count (MSB) 

Figure 19. Read Register Bit Functions 
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Read Register 10 

Read Register 12 

Loop Sending 

o 
Two Clocks Missing 

One Clock Missing 

TCO 

TCl 

TC2 

TC3 

TC4 

'rC5 

TC6 

TC7 

lower Byte 
of Time Constant 

Read Register 13 

Read Register 15 

TCB 

TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Upper Byte 
of Time Constant 

Iwlool~I~lool~lmlool 

~~ :erocountlE L.= SOLC Status FIFO Enable 

OCOIE 

Sync/Hunt IE 

CTSIE 

Tx Unoorrun/EOM IE 

Break/Abort IE 

Figure 19. Read Register Bit Functions (Continued) 
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Z85230 TIMING 

The ESCC generates internal control signals frorn the IWR 
and IRO that are related to PCLK. Since PCLK has no 
phase relationship with /WR and IRO, the circuitry gener­
ating the internal control signals provides tirne for rneta­
stable conditions to disappear. This gives rise to a recov­
ery tirne related to PCLK. The recovery tirne applies only 
between bus transactions involving the ESCC. The recov- . 
ery tirne required for proper operation is specified frorn the 
falling edge of /WR or IRO in the first transaction involving 
the ESCC to the falling edge of IWR or IRO in the second 

transaction involving the ESCC. This tirne rnust be at least 
4 PCLKs regardless of which register or channel is being 
accessed. 

Read Cycle Timing. Figure 20 illustrates Read cycle tirning. 
Addresses on AlIB and OIIC and the status on IINTACK 
rnust remain stable throughout the cycle. If ICE falls after 
IRO falls, or if it rises before IRO rises, the effective IRO is 
shortened. 

NIB,OIlC X Address Valid V--
-----' '----------"--

nNTACK J \'----
ICE \ / 

07-00 --------« ..... __ -'x OataValid »)-----
lAO \~ ___ _J/ 

Figure 20. Read Cycle Timing 

Write Cycle Timing. Figure 21 illustrates Write cycle timing. 
Addresses on AlIB and O//C and the status on IINTACK 
rnust remain stable throughout the cycle. If ICE falls after 
/WR falls, or if it rises before IWR rises, the effective /WR is 
shortened. Because many popular CPUs do not guaran-

tee that the databus is valid. when /WR is driven Low, the 
databus timing requirements of the ESCC have been 
modified so that the databus does not have to be valid 
when the IWR pin goes Low. See AC Characteristic #29 for 
details. . 

NIB,OIIC X Address Valid V--__ --J ~ ________ "--

IINTACK J 
ICE \ / 

07-00 ------------------------~<:~ ____ A_dd __ re_SS_V_a1_id ____ _I:>~----------

tWR \'--___ --J/ 
Figure 21. Write Cycle Timing 
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Interrupt Acknowledge Cycle Timing. Figure 22 illustrates 
Interrupt Acknowledge cycle timing. Between tile time 
/INT ACK goes Low and tile falling edge of /RD, tile internal 
and external lEI/lEO daisy cllains settle. If tllere is an 
interrupt pending in ttle ESCC and lEI is Higll wilen /RD 
falls, tile Acknowledge cycle is intended for tile ESCC. In 
tllis case, tile ESCC may be programmed to respond to 
/RD Low by placing its interrupt vector on 07-00. It tllen 

sets tile appropriate Interrupt-Under-Service latcll inter­
nally. If tile external daisy cllain is not used, tllen AC 
parameter 1138 is required to settle tile interrupt priority 
daisy cllain internal to tile ESCC. If tile external daisy cllain 
is used, tile user sllould follow tile equation in AC 
Cllaracteristics Note 5 for calculating tile required daisy­
cllain settle time. 

IINTACK ~f-'--------------I/ 
IRD :'1-' --.,.\ ____ -11 

D7-DO ---------~of).F-<-----t( ..... ___ .IX Vector ).-------

Figure 22. Interrupt Acknowledge Cycle Timing 

OTHER ZILOG DATA COMMUNICATIONS PRODUCTS 

SIO Family 

Z84C40 SIO 
Z84C131PC 
Z84C151PC 

SCC Family 

Z08530 SCC 
Z08030 SCC 
Z85C30 SCC 
Z80C30 SCC 
Z16C351SCC 
Z80181 SAC 

USC Family 

Dual cllannel multiprotocol USART. 
Z80 CPU witll integrated SIO, CTC and WDT. 
Z80 CPU witll integrated SIO, CTC, WDT and PIO. 

NMOS SCC low cost witll speeds up to 8 MHz. 
NMOS SCC for multiplexed buses. 
CMOS SCC at speeds up to 16 MHz. NMOS compatible. 
CMOS SCC for multiplexed buses. 
SCC witll 4 cllannel DMA and advanced CPU interface. 
Z180 CPU witll integrated single cllannel SCC. 

Z16C30 USC 
Z16C33 MUSC 
Z16C311USC 
Z16C50 DDPLL 

Dual cllanneilligll performance multi-protocol data communications up to 10 Megabits/second. 
Single cllannel USC w/ ISDN Time Slot Assigner. 
MUSC witlllligll performance dual cllannel DMA. 
Dual cllannel DPLL cell from tile USC. 
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ABSOLUTE MAXIMUM RATINGS 

Vee Supply Voltage range .......................... -0.3V to +7.0V 
Voltages on all pins 
with respect to GND ........................... -0.3V to Vee +0.3V 

Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............... , ............. -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. 

+5V 

From Output O---+---1~--KlI---4 
Under Test 

100 pF 

I 
Figure 23. Standard Test Load 

CAPACITANCE 

Symbol Parameter 

Nole: 

Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 

f ; 1 MHz, over specified temperature range. 

MISCELLANEOUS 
Gate Count - 11,000 

658 

2.1 k.Q 

Min 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating condition·s for extended periods 
may affect device reliability. 

Standard conditions are as follows: 

• +4.50 V~Vee ~ + 5.50V 
• GND = OV 
• TA as specified in Ordering Information 

Max 

10 
15 
20 

+5V 

2.2 k.Q 

From Output l}--~ 

50 pi 

Figure 24. Open-Drain Test Load 

Unit 

pF 
pF 
pF 

Test Condition 

Unmeasured pins 
returned to Ground. 



DC CHARACTERISTICS 
Z85230 

Symbol Parameter 

V'H Input High Voltage 
V'L Input Low Voltage 
VOfI1 Output High Voltage 
VOH2 Output High Voltage 
VOL Output Low Voltage 

I'L Input Leakage 
10L Output Leakage 
Icc1 Vcc Supply Current 

ICC(OSC} Crystal OSC Current 

Noles: 

Min 

2.2 
-0.3 
2.4 

Vcc-O.S 

Typ 

4 
5 
7 
9 
6 

Max 

Vcc+0 .3 
O.S 

0.4 

±10.0 
±10.0 

10 (S.5 MHz) 
12 (10 MHz) 
15(16MHz) 
20 (20 MHz) 

[1] Vee = 5V ± 10% unless otherwise specified, over specified temperature range. 
[2] Typical lee was measured with oscillator off. 
[3] No Icq=, max is specified due to dependency on the external circuit. 

Unit Conditicin 

V 
V 
V IOH = -1.6rnA 
V IOH = -250J.IA 
V IOL = 2.0rnA 

J.IA 0.4 <V'N<+2.4V 
J.IA 0.4 <Vour<+2.4V 
rnA 
rnA Vcc=5V V'H=4.S V'L=0.2V 
rnA Crystal Oscillators off 
rnA 
rnA Current for each osc. 

in addition to Icc1 
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AC CHARACTERISTICS 
Z85230 Timing Diagrams 

.---
PCLK 

AlIB,OI/C 

nNTACK 

ICE 

lAD 

07-00 
Read 

IWR 

07-00 
Write 

/WI/REO 
Wait 

/WI/REO 
Request 

IDTRl/REO 
Request 

nNT 

=> 
-

-
S 

~ 

rl le- -@--
f..®-. 

" IS 

-@-

#-
~ 

f®-l 
""'" '= 

"'" ~ 

34 

'H:Jt-, ~ 
r:-:--0 

~ 

( 
--.. -0 ~ k® 

-®-

~ 
~{ 
~ 

---,~ 

~ 

@-j '22' --@) 
~ 

Active )! Valid 

®- :!~ 4-@-25 

i 
~ 

'I 

) 
Fil ~® ~ 

) 
~ 

I 
--®-I----

) 
r.;;;,~ 
~ 

'S1 J 

Figure 25, Read and Write Timing Diagram 

Figure 26. Reset Timing Diagram 
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PCLK 

IINTACK 

IRO 

07-00 ---------+-----H---() 

lEI 

lEO 

45 

liNT 

Figure 27. Interrupt Acknowledge Timing Diagram 

\ 
n 

I u \ ICE 

\ @ 

~ I \ r ff IRDorlWR 

Figure 28. Cycle Timing Diagram 

AC CHARACTERISTICS 
Z85230 Read and Write Timing Table 

8.5 MHz 10 MHz 16 MHz 20 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max Notes 

1 TwPCI PCLK Low Width 45 1000 40 1000 26 1000 22 1000 
2 TwPCh PCLK High Width 45 1000 40 1000 26 1000 22 1000 
3 TlPC PCLK Fall Time 10 10 5 5 
4 TrPC PCLK Rise Time 10 10 5 5 
5 TcPC ' PCLK Cycle Time 118 2000 100 2000 61 2000 50 2000 

6 TsA(WR) Address to /'NR Fall Setup Time 66 50 35 30 
7 ThA(WR) Address to /'NR Rise Hold Time 0 0 0 0 
8 TsA(RD) Address to IRD Fall Setup Time 66 50 35 30 
9 ThA(RD) Address to IRD Rise Hold Time 0 0 0 0 
10 TsIA(PC) IINTACK to PCLK Rise Setup Time 20 20 15 15 
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AC CHARACTERISTICS 
Z85230 Read and Write Timing Table 

8.5 MHz 10 MHz 16MHz 20 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max Notes 

11 TsIAi(WR) IINTACK To /WR Fall Setup Time 140 130 70 65 [1] 
12 ThIA(WR) IINTACK To /WR Rise Hold Time 0 0 0 0 
13 TsIAi(RD) IINTACK To fRD Fall Setup Time 140 130 70 65 [1] 
14 ThIA(RD) IINTACK To fRD Rise Hold Time 0 0 0 0 
15 ThIA(PC) IINTACK To PCLK Rise Hold Time 38 30 15 15 

16 TsCEI(WR) ICE Low To /WR Fall Setup Time 0 0 0 0 
17 ThCE(WR) ICE To /WR Rise Hold Time 0 0 0 0 
18 TsCEh(WR) ICE High To /WR Fall Setup Time 58 50 30 25 
19 TsCEI(RD) ICE Low To IRD Fall Setup Time 0 0 0 0 [1] 
20 ThCE(RD) ICE To fRD Rise Hold Time 0 0 0 0 [1] 
21 TsCEh(RD) ICE High To IRD Fall Setup Time 58 50 30 25 [1] 
22 TwRDI IRD Low Width 145 125 70 65 [1] 

23 TdRD(DRA) IRD Fall To Read Data Active Delay 0 0 0 0 
24 TdRDr(DR) IRD Rise To Data Not Valid Delay 0 0 0 0 
25 TdRDI(DR) IRD Fall To Read Data Valid Delay 135 120 70 65 
26 TdRD(DRz) IRD Rise To Read Data Float Delay 38 35 30 30 
27 TdA(DR) Addr To Read Data Valid Delay 210 180 100 90 
28 TwWRI /WR Low Width 145 125 75 65 

29 TdWR(DW) /WR Fall To Write Data Valid Delay 20 20 20 20 
30 ThDW(WR) Write Data To /WR Rise Hold Time 0 0 0 0 
31 TdWR(W) /WR Fall To Wait Valid Delay 168 100 50 50 [4] 
32 TdRD(W) IRD Fall To Wait Valid Delay 168 100 50 50 [4] 
33 TdWRf(REQ) /WR Fall To /w/fREQ Not Valid Delay 168 120 70 65 
34 TdRDf(REQ) IRD Fall To /w/fREQ Not Valid Delay 168 120 70 65 [6] 

35a TdWRr(REQ) /WR Fall To /DTR//REQ Not Valid 4TcPc 4TcPc 4TcPc 4TcPc 
35b TdWRr(REQ) /WR Fall To IDTR//REQ Not Valid 168 100 70 65 [6] 
36 TdRDr(REQ) IRD Rise To /DTR/fREQ Not Valid Delay NA NA NA NA 
37 TdPC(INT) PCLK Fall To liNT Vali d Delay 500 320 175 160 
38 TdIAi(RD) IINTACK To fRD Fall (Ack) Delay 145 90 50 45 [5] 
39 TwRDA IRD (Acknowledge) Width 145 125 75 65 

40 TdRDA(DR) IRD Fall(Ack) To Read Data Valid Delay 135 120 70 60 
41 TsIEI(RDA) lEI To IRD Fall (Ack) Setup Time 95 95 50 45 
42 ThIEI(RDA) lEI To IRD Rise (Ack) Hold Time 0 0 0 0 
43 TdIEI(IEO) lEI To lEO Delay Time 95 90 45 40 
44 TdPC(lEO) PCLK Rise To lEO Delay 195 175 80 80 

45 TdRDA(INT) IRD Fall To liNT Inactive Delay 480 320 200 180 [4] 
46 TdRD(WRQ) IRD Rise To /WR Fall Delay For No Reset 15 15 10 10 
47 TdWRQ(RD) /WR Rise To fRD Fall Delay For No Reset 15 15 10 10 
48 TwRES /WR And fRD Low For Reset 145 100 75 65 
49 Trc Valid Access Recovery Time 4TcPc 4TcPc 4TcPc 4TcPc [3] 

Notes: 
[1] Parameter does not apply to Interrupt Acknowledge transactions. 
[3] Parameter applies only between transactions involving the ESCC. 
[4] Open-drain output, measured with open-drain test load. 
[5] Parameter is system dependent. For any ESCC in the daisy chain, 

TdIAi(RD) must be greater than the sum of TdPC(IEO) for the 
highest priority device in the daisy chain. TsIEI(RDA) for the ESCC 
and TdIEI(IEO) for each device separating them in the daisy chain. 

[6] Parameter applies to enhanced Request mode only (WR7' D4=1). 
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AC CHARACTERISTICS 
Z85230 General Timing Diagram 

PCLK 

!WI/REO 
Request 

!WIIREQ 
Wait 

IRTxC, ITRxC 
Receive 

RxO 

/SYNC 
External 

ITRxC, IRTxC 
Transmit 

12 

TxO ~f---: -X'------X~-
-----'----~-.------------@~::::~~l<------------------------------------------

ITRxC 
Oulput 

IRTxC ~,---r7FJ \ ___ -oJ! 

ITRxC ~,---_~r-----'\ ___ ~I 

ICTS,IDCO 

/SYNC 
Input 

--~ 
--~,.-----

Figure 29. General Timing Diagram 
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AC CHARACTERISTICS 
Z85230 General Timing Table 

S.5MHz 10 MHz 16 MHz 20 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max Notes 

1 TdPG(REO) /PCLK to W/REQ Valid 250 200 80 70 
2 TdPG(W) /PCLK to Wait Inactive 350 300 180 170 
3 TsRXC(PC) /RxC to /PCLK Setup Time NA NA NA NA [1,4] 
4 TsRXD(RXCr) RxD to /RxG Setup Time 0 0 0 0 [1] 

5 ThRXD(RxCr) RxD to /RXC Hold Time 150 125 50 45 [1] 
6 TsRXD(RXCQ RxD to /RXC Setup Time 0 0 0 0 [1,5] 
7 ThRXD(RXCQ RXD to /RXG Hold Time 150 125 50 45 [1,5] 
8 TsSY(RXC) /SYNC to /RxC Setup Time -200 -150 -100 -90 [1] 

9 ThSY(RXC) /SYNC to/RXC Hold Time 5TcPc 5TcPc 5TcPc 5TcPc [1] 
10 TsTXC(PC) /TxG to /PCLK Setup Time NA NA NA NA [2,4] 
11 TdTXCf(TXD) /TxC to TxD Delay 190 150 80 70 [2] 
12 TdTxCr(TXD) /TxC to TxD Delay 190 150 80 70 [2.5] 

13 TdTXD(TRX) TxD to TRxC Delay 200 140 80 70 
14 TwRTXh RTxC High Width 130 120 80 70 [6] 
15 TwRTXI TRxC Low Width 130 120 80 70 [6] 
16a TcRTX RTxC Cycle Time 472 400 244 200 [6,7] 

16b TxRX(DPLL) DPLL Cycle Time Min 50 50 31 31 [7,8] 
17 TcRTXX Crystal Osc. Period 125 1000 100 1000 61 1000 61 1000 [3] 
18 TwTRXh TRxC High Width 130 120 80 70 [6] 
19 TwTRXI TRxC Low Width 130 120 80 70 [6] 

20 TcTRX TRxC Cycle Time 472 400 244 200 [6.7] 
21 TwEXT DCD or CTS Pulse Width 200 120 70 60 
22 TwSY SYNC Pulse Width 200 120 70 60 

Notes: 
[1] RxC is jRTxC or {TRxC, whichever is supplying the receive clock. 
[2] TxC is/TRxC or jRTxC, whichever is supplying the transmit clock. 
[3] Both JRTxC and (SYNC have 30 pF capacitors to ground connected to them. 
[4] Synchronization of RxC to PCLK is eliminated in divide by four operation. 
[5] Parameter applies only to FM encoding/decoding. 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate 

genera to, timing requirements are identical to case PCLK requirementR. 
[7] The maximum receive or transmit data rate is 1(4 PCLK. 
[8] Applies to DPLL clock source only. Maximum data rate of 1(4 PCLK still applies. 

DPLL clock should have a 50% duty cycle. 
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AC CHARACTERISTICS 
Z85230 System Timing Diagram 

IRTxC,lTRxC 
Receive 

!W/REO 
Request 

!W/REO 

Wait -------------1-------

ISYNC 
Output 

liNT 

IRTxC, ITRxC 
Transmit 

!WI/REO 
Request 

!WI/REO 
Wait 

IOTAl/REO 
Request 

liNT 

ICTS, 
lOCO 

ISYNC 
Input 

liNT 

1+----I!5i)----I~ 

....... ----\6;)-----t 

:K 
, 

K 
f.---®. 

\ 
.L 

Figure 30. Z85230 System Timing 
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AC CHARACTERISTICS 
Z85230 System Timing Table 

B.SMHz 10 MHz 16 MHz 20 MHz 
No Symbol Parameter Min Max Min Max Min Max Min Max Notes [4] 

1 TdRXC(REQ) IRXC 10 /'N//REQ Valid 13 17 13 17 13 17 13 18 [2] 
2 TdRXC(W) IRxC 10 /'Nail Inactive 13 17 13 17 13 17 13 18 [1,2] 
3 TdRXC(SY) IRxC 10 ISYNC Valid 4 7 4 7 4 7 4 8 [2] 
4 TdRXC(INT) IRxC 10 liNT Valid 15 21 15 21 15 21 15 22 [1,2] 
5 TdTXC(REQ) ITxC 10 /'NIIREO Valid 8 11 8 11 8 11 8 12 [3] 

6 TdTXC(W) IT xC 10 /'Naillnaclive 8 14 8 14 8 14 8 15 [1,3] 
7 TdTXC(DRQ) ITxC 10 /DTRIIREQ Valid 7 10 7 10 7 10 7 11 [3] 
8 TdTXC(IND ITxC 10 liNT Valid 9 13 9 13 9 13 9 14 [1,3] 
9 TdSY(INT) ISYNC 10 liNT Valid 2 6 2 6 2 6 2 7 [1] 
10 TdEXT(INT) lOCO or ICTS 10 liNT Valid 3 8 3 8 3 8 3 9 [1] 

Notes: 
[1] Open drain-output, measured with open-drain test load. 
[2] IRxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[3] /TxC is /TRxC or IRTxC, whichever is supplying the transmit clock. 
[4] Units equal to TcPc. 
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FEATURES 

• Deeper Data FIFOs 
- 4-byte transmit FIFO 
- 8-byte receive FIFO 

• Programmable FIFO interrupt levels provide flexible 
interrupt response 

• Pin and function compatible to CMOS and NMOS 
Z80C30 SCC 

• Many improvements to support SDLC/HDLC transfers: 
- Deactivation of /RTS pin after closing flag 
- Automatic transmission of the opening flag 
- Automatic reset of Tx Underrun/EOM latch 
- Complete CRC reception 
- TxD pin automatically forced High with NRZI 

encoding when using mark idle. 
- Receive FIFO automatically unlocked for special 

receive interrupts when using the SDLC 
status FIFO. 

- Back-to-back frame transmission simplified 

• Easier interface to popular CPUs 

• Fast speeds: 
- 10.0 MHz for data rates up to 2.5 Mbit/sec. 
- 16.384 MHz for data rates up to 4.096 Mbit/sec. 

• Improved SDLC frame status FIFO 

• Low power CMOS 

GENERAL DES'CRIPTION 

The Zilog Enhanced Serial Communications Controller, 
Z80230 Z-Bus~ ESCC, is a pin and software compatible 
CMOS mem ber of the SCC fam ily (The SCC was introduced 
by Zilog in 1981.). The ESCC is a dual-channel, full-duplex 
datacommunications controller capable of supporting a 
wide range of popular protocols. The ESCC is built from 
Zilog's industry standard SCC core and is compatible with 

PRELIMINARY PRODUCT SPECIFICATION 

Z80230 
Z-8USTM ESCCTM ENHANCED SERIAL 
COMMUNICATION CONTROLLER 

• New programmable features added witll Write 
Register 7' 

• Write registers: WR3, WR4, WR5, and WR10 are now 
readable 

• Read Register 0 latched during access 

• Software Interrupt Acknowledge Mode 

• DPLL counteroutputavailable as jitter-free clock source 

\l'i'I /DTR//REQ pin deactivation time reduced 

• Two independent full-duplex channels, each with a 
crystal oscillator, baud rate generator, and digital 
phase-locked loop. 

• Multi-protocol operation under program control 

• Asynchronous mode with five to eight bits, and one, 
one-and-one-half, or two stop bits per character; 
programmable clock factor; break detection and 
generation; parity, overrun, and framing error detection. 

• Synchronous mode with internal or external character 
synchronization on one or two synchronous characters 
and CRC generation and checking with programmable 
CRC preset values. 

designs using Zilog's SCC to receive and transmit data. It 
has many improvements that significantly reduce CPU 
overhead. The addition of a 4-byte transmit FIFO and an 
8-byte receive FIFO significantly reduces the overhead 
required to provide data to, and get data from, the 
transmitters and receivers. 
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GENERAL DESCRIPTION (Continued) 

The ESCC also has many features that improve packet 
handling in SOLC mode. The ESCC will automatically: 
transmit a flag before the data, reset the Tx Underrun/EOM 
latch, force the TxO pin High at the appropriate time when 
using NRZI encoding, deassert the /RTS pin after the 
closing flag, and better handle ABORTed frames when 
using the 10x19 status FIFO. The combination of these 
features along with the deeper data FIFOs significantly 
simplifies SOLC driver software. 

The CPU hardware interface has been simplified by relieving 
the databus setup time requirement and supporting the 
software generation of the interrupt acknowledge signal 
(lINTACK). These changes allow an interface with less 
external logic tomany microprocessor families while main­
taining compatibility with existing designs. I/O handling of 
the ESCC is improved over the SCC with faster response 
of the liNT and IOTR//REQ pins. 
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The many enhancements added to the ESCC permits a 
system design that increases overall system performance 
with better data handling and less interface logic 
(Figure 1). 

Notes: 
All Signals with a preceding front slash, 'f', are active Low, e.g.: 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit . Device 



Channel A 
Exploded View 

Transmit Logic 
Transmit FIFO 

Transmit MUX 4 Byte 

~ 
Data Encoding & CRC 

Generation 

Receive and Transmit Clock Multipexer 

Digital Baud Rate Crystal 
Phase-Locked Generator Oscillator 

Loop Amplifier 

Modem/Control Logic 

Receive Logic 
Rec. Status Rec. Data Receive MUX FIFO 8 Byte FIFO 8 Byte 

~ ~ CRC Chacker, 
Data Decode & 

SDLC Frame Status FIFO Sync Character 
10x 19 Detection 

~ 

Databus 
CPU & DMA 1/'----' 
Bus Interface :====~ 

Control 

t t 
{

liNT 
Interrupt IINTACK 
Control lEI t lEO 

+5V GND PCLK 

Figure 1. ESCC Block Diagram 

TxDA 

fTRxCA 

IRTxCA 

ICTSA 
IDCDA 
ISYNCA 
IRTSA 
IDTRAIIREQA 

RxDA 

Channel A 

ChannelB 
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PIN DESCRIPTIONS 

The following section describes the Z80230 pin functions. 
Figures 2 and 3 detail the pin assignments for the 40-pin 
DIP and 44-pin PLCC packages. The Z80230 ESCC is 
socket compatible wittl the Zilog Z8030 and Z80230 as the 

AD1 

AD3 

AD5 

AD? 

liNT 

lEO 

lEI 

liN TACK 

VCC 

IWIIREQA 

ISYNCA 

IRTxCA 

RxDA 

!TRxCA 

TxDA 

IDTRl/REQA 

IRTSA 

ICTSA 

IDCDA 

PCLK 

pin electrical characteristics and pin assignments are the 
same. Any unused input pins should be pulled up to the 
+5V supply. 

ADO 

AD2 

AD4 

AD6 

IDS 

lAS 

RlIW 

ICSO 

CS1 

GND 

IWIIREQB 

ISYNCB 

IRTxCB 

RxDB 

!TRxCB 

TxDB 

IDTRl/REQB 

RTSB 

ICTSB 

IDCDB 

Figure 2. Z80230DIP Pin Assignments 

670 



lEO 

lEI 

IINTACK 

VCC 

IWI/REQA 

ISYNCA 

IRTxCA 

RxDA 

!TRxCA 

TxDA 

NC 
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Figure 3. Z80230 PLCC Pin Assignments 
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Figure 4. Z80230 Pin Functions 
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PIN DESCRIPTIONS 

ICTSA, ICTSB. Clear To Send (inputs, active Low). These 
pins function as transmitter enables if they are programmed 
for Auto Enables (WR3, 05= 1). A Low on ttle inputs 
enables the respective transmitters. If not programmed as 
Auto Enables, they may be used as general-purpose 
inputs. Both inputs are Schmitt-trigger buffered to accom­
modate slow rise-time inputs. The ESCC detects pulses on 
these inputs and can interrupt the CPU on both logic level 
transitions. 

IDCDA, IDCDB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if they are pro­
grammed for Auto Enables (WR3, 05=1); otherwise they 
are used as general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow rise-time 
signals. The ESCC detects pulses on these pins and can 
interrupt the CPU on both logic level transitions. 

IRTSA, IRTSB. Request To Send (outputs, active Low). 
The /RTS pins can be used as general- purpose outputs or 
with the Auto Enables feature. When used with Auto 
Enables ON (WR3, 05= 1) in asynchronous mode, the /RTS 
pin goes High after tile transmitter is empty. When Auto 
Enable is OFF, the /RTS pins can be used as general­
purpose outputs and they strictly follow the inverse state of 
the RTS bit (WR5 bit 01): 

In SOLC mode, the mTS pins can be programmed to be 
deasserted when the closing flag of the message clears 
the TxO pin if WR1' 02 is set. 

ISYNCA, ISYNCB. Synchronization (inputs or outputs, 
active Low). These pins can act either as inputs, outputs, 
or part of the crystal oscillator circuit. In the Asynchronous 
Receive mode (crystal oscillator option not selected), 
these pins are inputs similar to CTSand OCO.lnthis mode, 
transitions on these lines affect the state of the Synchronous/ 
Hunt status bits in Read Register 0 but have no other 
function. 

I n External Synchronization mode with the crystal oscillator 
not selected, these lines also act as inputs. In this mode, 
/SYNC must be driven Low for two receive clock cycles 
after the last bit in the synchronous character is received. 
Character assembly begins on the rising edge of the 
receive clock immediately preceding the activation 
of /SYNC. 
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In the Intemal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which synchronous condition is 
latched. These outputs are active each time a synchroni­
zation pattern is recognized (regardless of character 
boundaries). In SOLC mode, the pins act as outputs and 
are valid on receipt of a flag. The /SYNC pins switcl1 from 
input to output when monosync, bisync, or SOLC is pro­
grammed in WR4 and sync modes are enabled. 

IDTRIIREQA, IDTRIIREQB. Data Terminal Ready/Request 
(outputs, active Low). These pins are programmed (WR14, 
02) to serve either as general-purpose outputs or as OMA 
Request lines. When programmed for the OTR function 
(WR14, 02=0), these outputs follow the state programmed 
into the OTR bit of Write Register 5 (WR5, 07). When 
programmed for Request mode (WR 14, 02= 1), these pins 
serve as OMA Requests for the transmitter. 

When used as OMA request lines, the timing for the 
deactivation Request can be programmed in the added 
register Write Register l' (WR1') bit 04. If this bit is set, the 
/OTR//Request pin will be deactivated with the same timing 
as ihe /W//REO pin. If WR1' 04 is reset, the deactivation 
timing of /OTR//Req pin will be the same as in the Z85C30. 

WIIREQA, IWIIREQB. Wait/Request (outputs, open drain 
when programmed for Wait function, driven Higl1 or Low 
when programmed for Ready function). Tl1ese dual-pur­
pose outputs may be programmed as Request lines for a 
OMA controller or as Wait lines whicl1 synchronize the CPU 
to the ESCC data rate. The reset state is Wail. 

RxDA, RxDB. Receive Data (inputs, active High). These 
input signals receive serial data at standard TTL levels. 

IRTxCA, IRTxCB. Receive!Transmii Clocks(inputs, active 
Low). These pins can be programmed to several modes of 
operation. In each channel, RTxC may supply the receive 
clock, the transmit clock, the clock for the baud rate 
generator, or the clock for the digital phase-locked loop. 
These pins can also be programmed for use with the 
respective SYNC pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data rate in 
asynchronous modes. 



TxDA, TxDB. Transmit Data (outputs, active High). These 
output signals transmit serial data at standard TTL levels. 

fTRxCA, fTRxCB. Transmit/Receive Clocks (inputs or out­
puts, active Low). These pins can be programmed in 
several different modes of operation. TRxC may supply the 
receive clock or the transmit clock in the input mode or 
supply the output of the digital phase-locked loop, the 
crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 

PCLK. Clock (input). This is the master ESCC clock used 
to synchronize internal signals. PCLK is a TTL level signal. 
PCLK is not required to have any phase relationship with 
the master system clock. 

lEI. Interrupt Enable In (input, active High). lEI is used with 
lEO to form an interrupt daisy chain when there is more 
than one interrupt driven device. A High lEI indicates that 
no other higher priority device has an interrupt under 
service or is requesting an interrupt. 

lEO. Interrupt Enable Out( output, active High). I EO is High 
only if lEI is High and the CPU is not servicing the ESCC 
interrupt, or the ESCC is not requesting an interrupt (Inter­
rupt Acknowledge cycle only). lEO is connected to the 
next lower priority device's lEI input and thus inhibits 
interrupts from lower priority devices. 

IINT.lnterrupt(oLitpUt, open drain, active Low). This signal 
is activated when the ESCC requests an interrupt. Note 
that liNT is an open drain output. 

IINTACK. Interrupt Acknowledge (input, active Low). This 
is a strobe which indicates that an interrupt acknowledge 
cycle is in progress. During this cycle, the ESCC interrupt 

daisy chain is resolved. The device is capable of returning 
an interrupt vector that may be encoded with ttle type of 
interrupt pending. During the acknowledge cycle, if lEI is 
High the ESCC places the interrupt vector on the databus 
when IRD goes active. IINTACK is latched by the rising 
edge of PCLK. 

Z80230 

AD7-ADO. AddresslData Bus (bidirectional, active High, 
tri-state) These multiplexed lines carry register addresses 
to the SCC as well as data or control information. 

lAS. Address Strobe (input, active Low). Addresses on 
AD7-ADO are latched by the rising edge of this signal. 

ICSO. Chip Select 0 (input, active Low). This signal is 
latched concurrently with the addresses on AD? -ADO and 
must be active for the intended bus transaction to occur. 

CS1. Chip Select 1 (input, active High). This second select 
signal must also be active before the intended bus trans­
action can occur. CS1 must remain active throughout the 
transaction. 

IDS. Data Strobe (input, active Low). This signal provides 
timing for the transfer of data into and outofthe SCC. If lAS 
and IDS coincide, this is interpreted as a reset. 

RlIW. Read/Write (input). This signal specifies whether the 
operation to be performed is a read or a write. 
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FUNCTIONAL DESCRIPTION 

Architecture. The architecture of the ESee is described 
from two points of view: as a datacommunications device 
which transmits and receives data in a wide variety of 
protocols; and as a microprocessor peripheral in which the 
ESee offers valuable features such as vectored interrupts 
and DMA support. 

Intemal Data Bus 

• ;, • ~ 

WR7 I I WR6 I 
SYNC Register SYNC Register 

20-BitTX Shift Register 

ASYNC 

The ESee's peripheral and datacommunication functions 
are described in the following sections. A block diagram is 
shown in Figure 1. The details of the communications 
between the receive and transmit logic to the system bus 
are shown in Figures 5 and 6. The features and data path 
for each of the ESee's A and B channels is identical. See 
the ESee Technical Manual for full details on using the 
ESee. 

... 
) ToOthe rChannel .. 

WRB TXFIFO 
4 Byte 
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,t 1 
I FinaiTX 

MUX TXD 
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r Insert I Delay 
_ .. 
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I 
-.. 
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, 

" (. , 
From Receiver 

Figure 5. ESCC Transmit Data Path 
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I/O INTERFACE CAPABILITIES 

System communication to and from the ESCC is done 
through the ESCC's register set. There are 17 write regis­
ters and 15 read registers. Many of the new features on the 
ESCC are enabled through a new register in the ESCC: 

Throughout this document, the write and read registers are 
referenced with the following notation: "WR" for Write 
Register and "RR" for Read Register. For example: 

Write Register 7 Prime (WRT). This new register can be 
accessed if bit DO of WR15 is set. Table 1 lists all of the 
ESCC's registers and a brief description of their functions. 

WR4A Write Register 4 for channel A 
RR3 Read Register 3 for either/both channels 

Write Register 

WRO 

WR1 
WR2 

WR3 
WR4 
WR5 
WR6 

WR7 
WRT 
WR8 
WR9 

WR10 
WR11 
WR12 

WR13 
WR14 
WR15 

Read Register 

RRO 
RR1 
RR2A 
RR2B 

RR3A 
RR4 
RR5 
RR6 

RR7 
RR8 
RR9 
RR10 

RR11 
RR12 
RR13 
RR14 
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Table 1. ESCC Write and Read Registers 

Functions 

Command Register: Select Shift Left/Right Mode, CRC initialization, and resets for 
various modes. 
Interrupt conditions, Wait/OMA request control. 
Interrupt Vector (accessed through either channel). 

Receive and miscellaneous control parameters. 
Transmit and Receive parameters and modes. 
Transmit parameters and controls. 
Sync character or SOLC address field. 

Sync character or SOLC flag. 
SOLC enhancements enable (accessed if WR15 DO is 1). 
Transmit FIFO (4 bytes deep). 
Reset commands and Master INT enable (accessed through either channel). 

Miscellaneous transmit and receive controls. 
Clock mode control. 
Lower byte of BRG time constant. 

Upper byte of BRG time constant. 
Miscellaneous controls and OPLL commands. 
External interrupt control. 

Functions 

Transmit, Receive and external status. 
Special Receive Condition status bits. 
Unmodified interrupt vector. 
Modified interrupt vector. 

Interrupt Pending bits. 
WR4 status (if WRT 06= 1). 
WR5 status (if WRT 06= 1). 
SOLC Frame LSB Byte Count (if WR15 02=1). 

SOLC Frame 10x19 FIFO Status and MSB Byte Count (if WR15 02=1). 
Receive Data FIFO (8 Deep). 
WR3 status (if WRT 06= 1). 
Miscellaneous status bits. 

WR 1 0 status (if WRT 06= 1). 
Lower Byte of BRG time constant. 
Upper byte of BRG time constant. 
WRT status (if WRT 06= 1). 



There are three choices to move data into and out of the 
ESCC: Polling, Interrupt (Vectored and Non-Vectored), 
and Block Transfer. The Block Transfer mode can be 
implemented under CPU or OMA control. 

Polling. When polling, all interrupts are disabled. Three 
status registers in the ESCC are automatically updated 
whenever any function is performed. For example, end-of­
frame in SOLC mode sets a bit in one of these status 
registers. The purpose of polling is for the CPU to periodi­
cally read a status register until the register contents 
indicate the need for data to be transferred. Only one 
register needs to be read; depending on its contents, the 
CPU either writes data, reads data, or continues. Two bits 
in the register indicate the need for data transfer. An 
alternative is a poll of the Interrupt Pending register to 
determine the source of an interrupt. The status for both 
channels resides in one register. 

Interrupts. The ESCC's interrupt structure supports vec­
tored and nested interrupts. The fill levels where the 
transmit and receive FIFOs interrupt the CPU are pro­
grammable. This allows the ESCC's requests for data 
transfers to be tuned to the system interrupt response time. 

Nested interrupts are supported with the interrupt ac­
knowledge feature (lINTACK pin) of the ESCC. This allows 
the CPU to recognize the occurrence of an interrupt, and 

.sv Peripheral 
-r-

re-enable higher priority interrupts. Because an INTACK 
cycle will release the liNT pin from the active state, a higher 
priority ESCC interrupt or another higher priority device 
can interrupt tile CPU. When an ESCC responds to an 
Interrupt Acknowledge signal (INTACK) from the CPU, an 
interrupt vector may be placed on the data bus. This vector 
is written in WR2 and may be read in RR2. To speed 
interrupt response time, the ESCC can modify three bits in 
this vector to indicate status. If the vector is read in Channel 
A, status is never included; if it is read in Channel B, status 
is always included. 

Each of the six sources of interrupts in the ESCC (T ransmit, 
Receive, and External/Status interrupts in both channels) 
has three bits associated with the interrupt source: Inter­
rupt Pending (IP), Interrupt Under Service (IUS), and 
Interrupt Enable (IE). Operation of tile IE bit is straightfor­
ward.lf the IE bit is set for a given interrupt source, then that 
source can request interrupts. The exception is wilen the 
MIE (Master Interrupt Enable) bit in WR9 is reset and no 
interrupts can be requested. The IE bits are write only. Tile 
other two bits are related to the interrupt priority cllain 
(Figure 7). As a microprocessor peripheral, the ESCC may 
request an interrupt only when no higher priority device is 
requesting one, e.g., when lEI is High. If the device in 
question requests an interrupt, it pulls down liNT. The CPU 
then responds with IINTACK, and the interrupting device 
places the vector on the data bus. 
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1/0 INTERFACE CAPABILITIES (Continued) 

The ESCC can also execute an interrupt acknowledge 
cycle through software, In some CPU environments it is 
difficult to create the /INTACK signal with the necessary 
timing to acknowledge interrupts and allow the nesting of 
interrupts, In these cases, the /INTACK signal can be 
created with a software command to the ESCC, See the 
Z80230 Enhancements section for more details on this 
enhancement. 

In the ESCC, the Interrupt Pending (IP) bit signals a need 
for interrupt servicing, When an IP bit is 1 and the lEI input 
is High, the /INT output is pulled Low, requesting an 
interrupt. In the ESCC, if the IE bit isn't set by enabling 
interrupts, then the IP for that source is never set. The IP 
bits are readable in RR3A. 

The IUS bits signal that an interrupt request is being 
serviced, If an IUS is set, all interrupt sources of lower 
priority in the ESCC and extemal to the ESCC are pre­
vented from requesting interrupts, The internal interrupt 
sources are inhibited by the state of the internal daisy 
chain, while lower priority devices are inhibited by the lEO 
output of the ESCC being pulled Low and propagated to 
subsequent peripherals, An IUS bit is set during an Interrupt 
Acknowledge cycle if there are no higher priority devices 
requesting interrupts, 

There are three types of interrupts: Transmit, Receive, and 
External/Status, Each interrupt type is enabled under 
program control with Channel A Ilaving higher priority than 
Channel B, and with Receiver, Transmit, and External/ 
Status interrupts prioritized in that order within each channel. 
When the Transmit interrupt is enabled (WRI 01=1), the 
occurrence of the interrupt depends on the state of WRT 
05, If this bit is reset, the CPU is interrupted when the top 
byte of the transmi t FI FO becomes em pty. If WRT 05 is set, 
the CPU is interrupted when the transmit FIFO is completely 
empty, (This implies that the transmitter must have had a 
data character written into it so that it can become empty,) 

When enabled, the receiver can interrupt the CPU in one 
of three ways: 

1. Interrupt on First Receive Character or Special 
Receive Condition, 

2. Interrupt on All Receive Characters or Special 
Receive Conditions, 

3. Interrupt on Special Receive Conditions Only, 
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If WRT bit 03 is set, the Receive character interrupt occurs 
when there are four bytes available in the receive FIFO, 
This is most useful in synchronous applications as the data 
is in consecutive bytes, Interrupt on First Character or 
Special Condition and Interrupt on Special Condition Only 
are typically used with the Block Transfer mode, A special 
Receive Condition is one of the following: receiver oVQrrun, 
framing error in Asynchronous mode, end-of-frame in 
SOLC mode and, optionally, a parity error, The Special 
Receive Condition interrupt is different from an ordinary 
receive character available interrupt only by the status 
placed in the vector during tile Interrupt Acknowledge 
cycle, In Interrupt on First Receive Character, an interrupt 
occurs from SpeCial Receive Conditions any time after the 
first receive character interrupt. 

The main function of the Extemal/Status interrupt is to 
monitor the signal transitions of the /CTS, /OCO, and 
/SYNC pins, however, an External/Status interrupt is also 
caused by a Transmit Underrun condition; a zero count in 
the baud rate generator; by the detection of a Break 
(Asynchronous mode), ABORT (SOLC mode) or EOP 
(SOLC Loop mode) sequence in the data stream, The 
interrupt caused by the ABORT or EOP has a special 
feature allowing the ESCC to interrupt when the ABORT or 
EOP sequence is detected or terminated, This feature 
facilitates tile proper termination of the current message, 
correct initialization of the next message, and the accurate 
timing of the ABORT condition by external logic in SOLC 
mode, In SOLC Loop mode, tllis feature allows secondary 
stations to recognize the primary station wishes to regain 
control of the loop during a poll sequence, 

CPUIDMA Block Transfer. The ESCC provides a Block 
Transfer mode to accommodate CPU block transfer 
functions and OMA controllers, The Block Transfer mode 
uses the /W,Il,IT//REQUEST output in conjunction with the 
Wait/Request bits in WR1, The /WAIT//REQUEST output 
can be defined under software control as a WAIT line in the 
CPU Block Transfer mode or as a REQUEST line in the 
OMA Block Transfer mode, 

To a OMA controller, the ESCC REQUEST output indicates 
that the ESCC is ready to transfer data to or from memory, 
To the CPU, the WAIT line indicates that the ESCC is not 
ready to transfer data, thereby requesting that the CPU 
extend the I/O cycle, The /OTR//REQUEST line allows full­
duplex operation under OMA controL The ESCC can be 
programmed to deassert the /OTR//REQUEST pin with the 
same timing as the /WAIT//REQUEST pin if WRT 04 is set. 



ESCC DATA COMMUNICATIONS CAPABILITIES 

The ESCC provides two independent full-duplex 
programmable channels for use in any common 
asynchronous or synchronous datacommunication 

Start 
Parity 

~ ~ r- Stop 

Marking Line I I Data II I I I Data 

protocols (Figure 8). Each of the datacommunication 
channels has identical features and capabilities. 
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.....----r-----\ 
Data 

External Sync 
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Figure 8. Some ESCC Protocols 

The ESCC has significant improvements to its data com­
munications capacity over that of the standard SCC. The 
addition of the deeper data FIFOs allows for data to be 
moved in strings instead of on a byte-by-byte basis. The 
ability to handle data in strings allows for significant im­
provements in data handling, and consequently, more 
efficient use of bus bandwidth. The programmability of the 
INT/DMA level of the FIFOs allows the system designer to 
determine fill levels as the FIFOs request the system to 
move data. The deeper data FIFOs are accessible regard­
less of the protocol used. They do not need to be enabled. 
For more details on these improvements, see the Z80230 
Enhancements section of this specification. 

Asynchronous Modes. Send and Receive is accomplished 
independently on each channel with five to eight bits per 
character, plus optional even or odd parity. The transmit­
ters can supply one, one-and-a-half, or two stop bits per 

character and can provide a break output at any time. The 
receiver break-detection logic interrupts the CPU both at 
the start and at the end of a received break. Reception is 
protected from spikes by a transient spike-rejection mecha­
nism that checks the Signal one-half a bit time after a Low 
level is detected on the receive data input (RxDA or RxDB 
pins). If the Low does not persist (e.g., a transient), the 
character assembly process does not start. 

Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. 
Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of a framing error as a 
new start bit: a framing error results in the addition of one­
half a bit time to the point at which the search for the next 
start bit begins. 

679 



ESCC DATA COMMUNICATIONS CAPABILITIES (Continued) 

The ESCC does not require symmetric transmit and re­
ceive clock signals - a feature allowing use of the wide 
variety of clock sources.· The transmitter and receiver 
handle data at a rate supplied to the receive and transmit 
clock inputs. In Asynchronous modes, the SYNC pin may 
be programmed as an input used for functions such as 
monitoring a ring indicator. 

Synchronous Modes. The ESCC supports both byte-ori­
ented and bit-oriented synchronous communication. 
Synchronous byte-oriented protocols are handled in several 

5 Bits 

I 
I 

modes. They allow character synchronization with a 6-bit 
or 8-bit sync character (Monosync), and a 12-bit or 16-bit 
synchronization pattern (Bisync), or with an external sync 
signal. Leading sync characters are removed without 
interrupting the CPU. 

Five or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the ESCC by overlapping the larger . 
pattern across multiple incoming synchronous characters 
as shown in Figure 9. 

I I SYNC SYNC I I SYNC Data Data Data Data 

I 
I 

8 

I 
16 

Figure 9. Detecting 5- or 7-Bit Synchronous Characters 

CRC checking for Synchronous byte oriented modes is 
delayed by one character time so that the CPU may 
disable CRC checking on specific characters. This permits 
the implementation of protocols such as IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 +1) and CCITT (X16 + X12 
+ X5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all Synchronous modes. 
Users may preset the CRC generator and checkertoall1s 
or all Os. The ESCC also provides a feature that automati­
cally transmits CRC data'when no other data is available 
for transmission. This allows for high-speed transmissions 
under OMA control, with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 6-,8-, 
or 16-bit sync characters, regardless of the programmed 
character length. 

SOLe Mode. The ESCC supports Synchronous bit-ori­
ented protocols, such as SOLC and HOLC, by performing 
automatic flag sending, zero insertion, and CRC generation. 
A special command is used to abort a frame in transmis­
sion. At the end of a message, the ESCC automatically 
transmits the CRC and trailing flag when the transmitter 
underruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag characters 
or a steady marking condition. 
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If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort can be issued. The ESCC may also 
be programmed to send an ABORT itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent, allowing reception of a mes­
sage with no prior information about the character structure 
in the information field of a frame. 

The receiver automatically acquires synchronization on 
the leading flag of a frame in sm Cor HOLC and provides 
a synchronization Signal on the /SYNC pin (an interrupt can 
also be programmed). The receiver can be programmed 
to search for frames addressed by a single byte (or four 
bits within a byte) of a user-selected address or to a global 
broadcast address. In this mode, frames not matching 
either the user-selected or broadcast address are ignored. 

The number of address bytes are extended under software 
control. For receiving data, an interrupt on the first received 
character, or an interrupt on every character, or on special 
condition only (end-of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the transmitter 
during character assembly. CRC is also calculated and is 
automatically checked to validate frame transmission. At 
the end of transmission, the status of a received frame is 
available in the status registers. In SOLC mode, the ESCC 



must be programmed to use the SOLC CRC polynomial, 
but the generator and checker may be preset to all 1 s or all 
Os. The CRC is inverted before transmission and the 
receiver checks against the bit pattern 000111 01 00001111. 

NRZ, NRZI or FM coding may be used in any 1 x mode. The 
parity options available in Asynchronous modes are 
available in Synchronous modes. 

SDLC Loop Mode. The ESCC supports SOLC Loop mode 
in addition to normal SOLC. In an SOLC Loop, there is a 
primary controller station that manages the message traffic 
flow on ttle loop and any number of secondary stations. In 
SOLC Loop mode, the ESCC performs the functions of a 
secondary station while an ESCC operating in regular 
SOLC mode acts as a controller (Figure 10). SOLC loop 
mode can be selected by setting WRlO bit 01. 

Figure 10. An SOLC Loop 

A secondary station in an SOLC Loop is always listening to 
the messages being sent around the loop and, in fact, 
passes these messages to the rest of the loop by 
retransmitting them with a one-bit time delay. The second­
ary station places its own message on the loop only at 
specific times. The controller signals that secondary sta­
tions can transmit messages by sending a special char­
acter, called an EOP (End Of Poll), around the loop. The 
EOP character is the bit pattern 11111110. Because of 
zero insertion during messages, this bit pattern is unique 
and easily recognized. 

When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary 
1 of the EOP to a 0 before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates 
the message with an EOP. Any secondary stations further 
down the loop with messages to transmit appends their 

messages to the message of the first secondary sta tion by 
the same process. Any secondary stations without mes­
sages to send merely echo the incoming message and are 
prohibited from placing messages on the loop (except 
upon recognizing an EOP). In SOLC Loop mode, NRZ, 
NRZI, and FM coding may all be used. 

SDLC FIFO. The ESCC's ability to receive higtl speed 
back-to-back SOLC frames is maximized by a 1 O-bit deep 
by 19-bit wide status FIFO. When enabled (througtl WR15, 
bit 02), it provides the OMA the ability to continue to 
transfer data into memory so that the CPU can examine the 
message later. For each SOLC frame, a 14-bit byte count 
and 5 status/error bits are stored. Tile byte count and 
status bits are accessed through Read Registers 6 and 7. 
Read Registers 6 and 7 are only accessible when the 
SOLC FIFO is enabled. The 10x19 status FIFO is separate 
from the 8-byte receive data FIFO. 

Baud Rate Generator. Each channel in the ESCC contains 
a programmable baud rate generator. Each generator 
consists of two 8-bit time constant registers that form a 
16-bit time constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On startup, the 
flip-flop on the output is set in a High state, the value in the 
time constant register is loaded into the counter, and the 
counter starts counting down. The output of the baud rate 
generator toggles upon reaching 0, the value in the time 
constant register is loaded into the counter, and the 
process is repeated. The time constant may be changed 
at any time, but the new value does not take effect until tile 
next load of the counter. 

The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 

If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 

The following formula relates the time constant to the baud 
rate where PCLK or RTxC is the baud rate generator input 
frequency in Hertz. The clock mode is 1, 16, 32, or 64, as 
selected in Write Register 4, bits 06 and D7. Synchronous 
operation modes should select 1 and Asynchronous should 
select 16, 32 or 64. 

PCLK or RTxC Frequency 
Time Constant = -2 

2(Baud Rate) (Clock Mode) 
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ESCC DATA COMMUNICATIONS CAPABILITIES (Continued) 

Digital Phase-Locked Loop. The ESCC contains a Digital 
Phase-Locked Loop (DPLL) to recover clock inlormation 
from a data stream with NRZI or FM encoding. The DPLL 
is driven by a clock that is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock. along with 
the data stream. to construct a clock for the data. This 
clock is then u'sed as the ESCC receive clock. the transmit 
clock. or both. When the DPLL is selected as the transmit 
clock source. it will provide a jitter free clock output that is 
the DPLL input frequency divided by the appropriate 
divisor for the selected encoding technique. 

For NRZI encoding. the DPLL counts the 32x clock to 
create nominal bit times. As the 32x clock is counted. the 
DPLL is searching the incoming data stream for edges 
(either 1 to O. orO to 1). Whenever an edge is detected. the 
DPLL makes a count adjustment (during the next counting 
cycle). producing a terminal count closer to the center of 
the bit cell. 

For FM encoding. the DPLL still counts from 0 to 31. but 
with a cycle corresponding to two bit times. When the DPLL 
is locked. the clock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and O. 
The DPLL looks for edges only during a time centered on 
the 15 to 16 counting transition. 

The 32x clock for the DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate. 
generator. The DPLL output may be programmed to be 
echoed out of the ESCC via the TRxC pin (if this pin is not 
being used as an input). 

Data Encoding. The ESCC may be programmed to ~mcode 
and decode the serial data in four different ways (Figure 
11). In NRZ encoding. a 1 is represented by a High level 
and a 0 is represented by a Low level. In NRZI encoding. 
a 1 is represented by no change in level and a 0 is 
represented by a change in level. In FM1 (more properly. 
bi-phase mark). a transition occurs at the beginning of 
every bit cell. A 1 is represented by an additional transition 
at the center of the bit cell and a 0 is represented by no 
additional transition at the center of the bit cell. In FMO (bi­
phase space). a transition occurs at the beginning of every 
bit cell. A 0 is represented by an additional transition at the 
center of the bit cell. and a 1 is represented by no 
additional transition at the center of the bit cell. In addition 
to these four methods. the ESCC can be used to decode 
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Manchester (bi-phase level) data by using the DPLL in the 
FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1. the bit is a O. 
If the transition is 1 to O. the bit is a 1. 

Auto Echo and Local Loopback. The ESCC is capable of 
automatically echoing everything it receives. This feature 
is useful mainly in Asynchronous modes. but works in 
Synchronous and SDLC modes as well. Auto Echo mode 
(TxD is RxD) is used with NRZI or FM encoding with no 
additional delay because the data stream is not decoded 
before retransmission. In Auto Echo mode. the ICTS input 
is ignored as a transmitter enable (although transitions on 
this input can still cause interrupts if programmed todo so). 
In this mode. the transmitter is actually bypassed and the 
programmer is responsible for disabling transmitter inter­
rupts and /WAITIIREQUEST on transmit. 

Data 

NRZ \"""'_-J/ 
NRZI 

FM1 

FMO 

Figure 11. Data Encoding Methods 

Tt18 ESee is also capable of Local Loopback. In iilis Inoue. 
TxD or RxD is just like Auto Echo mode. However. in Local 
Loopback mode the intemal transmit data is tied to the 
internal receive data and RxD is ignored (except to be 
echoed out via TxD). The ICTS and lOCO inputs are also 
ignored as transmit and receive enables. However. transi­
tions on these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Synchronous and SDLC 
modes with NRZ. NRZI or FM coding of the data stream. 



Z80230 ENHANCEMENTS 

The following is a detailed description of the enhance­
ments to the Z80230, ESCC from the standard SCC. 

4-Byte Deep Transmit FIFO 
The ESCC has a 4-byte transmit buffer with programmable 
interrupt and OMA request levels. It is not necessary to 
enable the FIFO as it is always available. The user can 
choose to have the Transmit Buffer Empty (TBE) interrupt 
and OMA Request on Transmit be generated either when 
the top byte of transmit FIFO is empty oronly when the FIFO 
is completely empty. A hardware or channel reset will reset 
the transmit shift register, flush the transmit FIFO, and set 
WRT 05=1. 

If the transmitter generates the Interrupt or OMA request 
for data when the top byte of the FIFO is empty (WRT 
05=0), the system can allow for a long response time to the 
data request without underflowing. The interrupt service 
routine can write one byte and then test RRO 02 if more 
data may be written. The OMA Request in this mode will go 
inactive after each data write and then go active again until 
the FIFO is filled. The Transmit Buffer Empty status bit 
(TBE), RRO bit 02, is set when the top byte of the FIFO is 
empty. Note that this IS NOTthe reset state. 

For applications where the frequency of interrupts is im­
portant, the transmit interrupt service routine can be opti­
mized by programming the ESCC to generate the TBE 
interrupt only when the FIFO is completely empty (WRT 
05= 1) 'and then writing four bytes to fill the FIFO. When 
WRT 05=1, only one OMA request is generated (filling the 
bottom of the FIFO). However, this may be preferred for 
some applications where the possible reassertion of the 
OMA request is not desired. The Transmit Buffer Empty 
status bit (TBE), RRO bit 02, is set when the top byte of the 
FIFO is empty. (Note that WRT 05=1 after a hardware or 
channel reset). 

8-Byte Receive FIFO 
The ESCC has an 8-byte receive FIFO with programmable 
interrupt levels. The receive character available interrupt is 
generated as selected by WRT bit 03. The Receive 
Character Available bit, RRO DO, is set when at least one 
byte is available in the top of the FIFO (independent of 
WRT 03). It is not necessary to enable the 8-byte FIFO as 
it is always avaflable. A hardware or channel reset resets 
the receive shift register and flushes the receive FIFO. 

A OMA Request on Receive, if enabled, is generated 
whenever one byte is available in the receive FIFO inde­
pendent of WRT 03. If more than one byte is available in 
the FIFO, the /WaitllRequest pin goes inactive and then 
goes active again until the FIFO is emptied. 

By resetting WRT 03=0, applications which have a long 
latency to interrupts can generate the request to read data 
from the FIFO when one byte is available, and then test the 
Receive Character Available bit to determine if more data 
is available. 

By setting WR7 03= 1, the ESCC can be programmed to 
interrupt when the receive FIFO is half full (4 bytes avail­
able) and, therefore, allowing the frequency of receive 
interrupt to be reduced. If WRT 03 is set, the receive 
character available interrupt is generated when there are 
4 bytes available. Therefore, if the interrupt service routine 
reads 4 bytes during each routine, the frequency of inter­
rupts is reduced. 

IfWRT 03=1 and "Receive Interrupt on All Characters and 
Special Conditions" is enabled, the receive character 
available interrupt is generated when four characters are 
available. However, when a character is detected to have 
a special condition, a special condition interrupt is gener­
ated when the character is loaded into the top four bytes 
of the FIFO. Therefore, the special condition interrupt 
service routine should read RR1 before reading the data to 
determine which byte has the special condition. 

Write Register 7' (7 prime) 
A new register, WRT, has been added to the ESCC to 
facilitate the programming of six new features. The format 
of this register is shown in Figure 12. 

WR7'Prime 

AutoTx Flag 

Auto EOM Reset 

Auto RTS Deactivation 

Rx FIFO Int level 

OTA/REO Timing Mode 

Tx FIFO Int level 

Extended Read Enable 

Not Used, Always 0 

Figure 12. Write Register 7' (7 prime) 

WRT is written to by first setting bit DO of Write Register 15 
(WR 15 ~O) to one, and then addressing WR7 as normal. All 
writes to register 7 are to WRT while WR 15 DO is set. WR15 
bit DO must be reset to 0 to address the sync character 
registerWR7.lfbitD60fWRT isseI. thenWRT can be read 
by doing a read cycle to RR 14. The WRT features remain 
enabled until specifically disabled or by a hardware or 
software reset. Note that bit 05 is set after a reset. All other 
bits are reset to zero following reset. 
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Z85230 ENHANCEMENTS (Continued) 

For applications which may use either the Zilog Z80C30 or 
Z80230, these two device types can be identified in 
software with the following test. Write a 01 hex to Write 
Register 15. Then read Read Register 15 and if 00 is reset 
it is a Z80C30 and, if 00 is set it is a Z80230. Note that if the 
device is Z80C30, a write to WR 15 resetting 00 should be 
done before proceeding. Also, if the device is Z80230, the 
result in all writes to address seven will be to WRT until 
WR15 00 is reset. 

Bit 7. Not used. This bit must always be written zero (0). 

Bit 6. Extended Read Enable. Setting this bit enables the 
ability to read WR3, WR4, WR5, WRT and WR10. These 
registers are read by reading RR9 (WR3), RR4, RR5, RR14 
(WR7') , and RR11 (WR10), respectively. 

Bit 5. Transmit FIFO Interrupt Level. If this bit is set. the 
transmit buffer empty interrupt is generated when the 

transmit FIFO is completely empty. If this bit is reset. the 
transmit buffer empty interrupt is generated when the top 
byte of the transmit FIFO is empty. This bit is set following 
a hardware or channel reset. 

In OMA Request on Transmit mode, when using either the 
/WI/REO or /OTR//REO pins, the request is asserted when 
the Tx FIFO is completely empty if WRT 05 is set. The 
request is asserted when the top byte of the FI FO is em pty 
if 05 is reset. 

Bit 4. JOTR//REQ timing. If this bit is set and the /OTR//REO 
pin is used for Request mode (WR14 02=1), the deactiva­
tion of the /OTR//REO pin will be identical to the /W//REO 
pin as shown in Figure 13. If this bit is reset. the deactivation 
time is 4TcPc. 

twR \"'"--__ --oJ1 
D~DO ~ _________ T_m_n_s_m_it_D_a_m ________ -J~~ ______________ __ 

WR7D4=1 

IDTR/IREO 

twAITIIREO __ --II 
Figure 13. DMA Request on Transmit Deactivation Timing 

Bit 3. Receive FIFO Interrupt Level. This bit sets the 
interrupt level of the receive FIFO. If this bit is set. the 
receive data available bit is asserted when the receive 
FIFO is half full (4 bytes available). If the RFF bit is reset. the 
receive data available interrupt is generated when a byte 
reaches the top of the FIFO. See the description of the 
8-byte receive FIFO for more details. 

Bit 2. Automatic IRTS Pin Oeassertion. This bit controls the 
timing of the deassertion of the /RTS pin in SOLC mode. If 
this bit is set and WR5 01 is reset during the transmission 
of a SOLC frame, the deassertion of the /RTS pin is delayed 
until the last bit of the closing flag clears the TxO pin. The 
/RTS pin is pulled high after the rising edge of the transmit 
clock cycle from the last bit of the clo~ing flag. This implies 
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that the ESCC should be programmed for "Flag on 
Underrun" (WR1 0 02=0) for the /RTS pin to deassert at the 
end of the frame. This feature works independently of the 
programmed transmitter idle state. In synchronous modes 
other than SOLC, the /RTS pin will immediately follow the 
state programmed into WR5 01. When WRT 02 is reset, 
the /RTS follows the state of WR5 01. 

Bit 1. Automatic EOM Reset. If this bit is set. the ESCC 
automatically resets the Tx Underrun/EOM latch and pre­
sets the transmit CRC generator to its programmed preset 
state (per values set in WR5 02 and WR10 07). Therefore, 
it is not necessary to issue the Reset Tx Underrun/EOM 
latch command when thiS feature is enabled. 



Bit O. Automatic Tx SOLe Flag. If this bit is set, the ESCC 
will automatically transmit an SOLC flag before transmit­
ting data. This removes the requirement to reset the mark 
idle bit (WR10 03) before writing data to the transmitter. 

Historically, the SCC has latched the databus on the falling 
edge of /WR. However, as many CPUs do not guarantee 
that the databus is valid when the /WR pin goes low, Zilog 
has modified the databus timing to allow a maximum delay 
from the /WR signal going active Low to the latching of the 
databus. 

Complete CRC Reception in SOLC Mode 
In SOLC mode, the entire CRC is clocked into the receive 
FIFO. The ESCC completes clocking in the CRC to allow it 
to be retransmitted, unaltered, or manipulated in software. 
In the SCC when the closing flag is recognized, the 
contents of the receive shift register are immediately 
transferred to the receive FIFO resulting in the last two bits 
of the CRC being lost. In the ESCC, it is not necessary to 
program this feature. When the closing flag is detected, 
the last two bits of the CRC are clocked into the receive 
FIFO. In all other synchronous modes, the ESCC does not 
clock in the last two CRC bits (same as SCC). 

TxO Forced High in SOLC with NRZI 
Encoding When Marking Idle 
When the ESCC is programmed for SOLC mode with NRZI 
data encoding and mark idle (WR10 06=0,05=1,03=1), 
the TxO pin is automatically forced high when the transmit­
ter gpes to the mark idle state. There are several different 

Data Data 

ways for the transmitter to go into the idle state. In each of 
the following cases the TxO pin is forced high when the 
mark idle condition is reached: data, CRC, flag and idle; 
data, flag and idle; data, abort (on underrun) and idle; 
data, abort (command) and idle; idle flag and command to 
idle mark. The force high feature is disabled when the mark 
idle bit is reset. 

This feature is used in combination with the automatic 
SOLC opening flag transmission feature, WRT 00=1, to 
assure that data packets are properly formatted. There­
fore, when these features are used together, it is not 
necessary for the CPU to issue any commands when using 
the force idle mode in combination with NRZI data encoding. 
If WRT 00 is reset, like in the SCC, it is necessary to reset 
the mark idle bit (WR10 03) to enable Ilag transmission 
before an SOLC packet is transmitted. 

Improved Transmit Interrupt Handling 
in Synchronous Modes 
The ESCC latches the Transmit Buffer Empty (TBE) inter­
rupt due to the CRC being loaded to the transmit shift 
register even if the TBE interrupt, due at the last data byte, 
has not yet been reset. Therefore, the end of a synchro­
nous frame is guaranteed to generate two TBE interrupts 
even if a reset transmit buffer interrupt command for the 
data created interruptis issued after (time "A" in Figure 14) 
the CRC interrupt had occurred. In this case, tworesetTBE 
commands are required. The TxlP is latched if the EOM 
latch has been reset before the end of the frame. 

CRC1 CRC2 Flag 

TXBE --~~~----------~ 
Time "A" 

TXIP Bit ______ --If 
TXIP 1 TXIP2 

Figure 14. TxlP Latching 
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NEW FEATURE DESCRIPTION (Continued) 

DPLL Counter Tx Clock Source 
When DPLL output is selected as the transmit clock source, 
the DPLL counter output is the DPLL source clock divided 
by the appropriate divisor for the programmed data en­
coding format. Therefore, in FM mode (FMO or FM1), the 
DPLL counter output is the input frequency divided by 16. 

DPLL eLK Input _~I--_:: 

l'-_-t~ ::: Co"oID' 

In NRZI mode, the DPLL counter frequency is the input 
divided by 32. This feature provides a jitter-free output and 
replaces the DPLL transmit clock output being available as 
the transmit clock source. This has no effect on the use of 
the DPLL as ttle receive clock source (Figure 15). 

I-----~:~ DPLL Output to Receiver 

DPLL Output to Transmitter 

Input Divided by 16 (FMO or FM1) 
Input Divided by 32 for NRZI 

Figure 15. DPLL Outputs 

Read Register 0 Status Latched During Read Cycle 
The contents of Read Register 0, RRO, are latched during 
a read to this register. The ESCC prevents the contents of 
RRO to change while the Read cycle is active. The SCC 
allows the status of RRO to change while reading the 
register and, therefore, it is necessary to read RROtwice to 
detect changes· that otherwise may be missed. The con­
tents of RRO are updated after the rising edge 
of IRD. 

Software Interrupt Acknowledge 
The Z80230 interrupt acknowledge cycle can be initiated 
through software. If Write Register 9 (WR9) bit D5 is set, 
reading register 2 (RR2) results in an interrupt acknowl­
edge cycle to be executed internally. Like a hardware 
INTACK cycle; a software acknowledge causes the INT 
pin to return high, the lEO pin to go Low and set tile IUS 
latch fo; the higi-18st prioriiy interrupi pending. 

Similar to when the hardware INTACK signal can be used, 
a software acknowledge cycle requires that a Reset High­
est IUS command be issued in the interrupt service routine. 
Whenever an interrupt acknowledge cycle is used, hard­
ware or software, a reset highest IUS command is re­
quired. If RR2 is read from channel A. the unmodified 
vector is returned. If RR2 is read from channel B, then the 
vector is modified to indicate the source of the interrupt. 
The Vector Includes Status (VIS) and No Vector (NV) bits 
in WR9 are ignored when bit D5 is set to 1 . 

When the INTACK and lEI pins are not being used, they 
should be pulled up to Vee through a resistor (2.2k Ohm 
typical). 
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Fast SDLC Transmit Data Interrupt Response 
To more easily facilitate the transmission of back-to-back 
SDLC frames with a single shared flag between frames, 
tile ESCC allows data for a second frame to be written to 
the transmit FIFO after the Tx Underrun/EOM interrupt has 
occurred. This allows application software more time to 
write the data to the transmitter white allowing the current 
frame to be properly concluded with CRC and flag. The 
SCC historically has required that data not be written to the 
transmitter until a transmit buffer empty interrupt was 
generated after the CRC has completed transmission. If 
data is written to the transmit FIFO after the Transmit 
Underrun/EOM interrupt and before the transmit buffer 
empty interrupt, the Automatic EOM Reset feature shoutd 
be enabled (WRT Dl=l). Consequently, the commands 
"Reset Tx/Underrun EOM" latch and "Reset Tx CRC Gen­
erator" should not be used. 

SDLC FIFO Frame Status FIFO Enhancement 
When used with a DMA controller, the Z80230 SDLC 
Frame Status FIFO enhancement maximizes the ESCC's 
ability to receive high speed, back-to-back SDLC mes­
sages. It minimizes frame overruns due to CPU latencies 
in responding to interrupts. Additional logic was added to 
the industry standard SCC consisting of a la-bit deep by 
19-bit wide status FIFO, 14-bit receive byte counter, and 
control logic as shown in Figure 16. The lax 19 bits status 
FIFO is separate from the 8-byte receive data FIFO. 

When the enhancement is enabled, the status in Read 
Register 1 (RR1) and byte count for the SDLC frame are 
stored in the 10 x 19-bit status FIFO. This allows the DMA 
controller to transfer the next frame into memory while the 
CPU verifies that the message was properly received. 



Summarizing the operation: data is received, assembled, 
and loaded into the 8-byte FIFO before being transferred 
to memory by the OMA controller. When a flag is received 
at the end of an SOLC frame, the frame byte count from ttle 
14-bit counter and five status bits are loaded into the status 
FIFO for verification by the CPU. The CRC checker is 
automatically reset in preparation for the next frame which 
can begin immediately. Since the byte count and status 
are saved for each frame, the message integrity is verified 
at a later time. Status information for up to 10 frames is 
stored before a status FIFO overrun can occur. 

If a frame is terminated with an ABORT, the byte count and 
status will be 10aQed to the status FIFO and the counter 
reset for the next frame. 

FIFO Detail. For a better understanding of details of the 
FIFO operation, refer to the block diagram in Figure 16. 

Enable/Disable. This FIFO is implemented so that it is 
enabled wilen WR15, bit 02, is set and the ESCC is in the 
SOLC/HOLC mode. Otherwise, the status register con­
tents bypass the FIFO and go directly to the bus interface 
(the FIFO pointer logic is reset either when disabled or via 
a channel or power-on reset). When the FIFO mode is 
disabled, the ESCC is completely downward compatible 
with the NMOS Z8030. The FIFO mode is disabled on 
power-up (WR15 02 is set to 0 on reset). The effects of 
backward compatibility on tile register set are that RR4 is 
an image of RRO, RR5 is an image of RR 1, RR6 is an image 
of RR2 and RR7 is an image of RR3. For details on the 
added registers, refer to Figure 18. The status of the FIFO 
Enable signal is obtained by reading RR15, bit 02. If tile 
FIFO is enabled, ttle bit will be set to 1: otherwise, it will 
be reset. 

Read Operation. When WR15 bit 02 is set and the FIFO is 
not empty, the next read to status register RRl or the 
additional registers RR7 and RR6, are from the FIFO. 
Reading status register RRl causes one location of the 
FIFO to be emptied, so status is read after reading the byte 
count, otherwise the count is incorrect. Before the FIFO 
underflows, it is disabled. In ttlis case, the multiplexer is 
switched to allow status to read directly from the status 
register. Reads from RR7 and RR6 contain bits that are 
undefined. Bit 06 of RR7 (FIFO Oata Available) is used to 
determine if status data is coming from the FIFO or directly 
from the status register, since it is set to 1 whenever the 
FIFO is not empty. 

Since not all status bits are stored in the FIFO, tile All Sent, 
Parity, and EOF bits bypass the FIFO. The status bits sent 
through the FIFO are Residue Bits (3), Overrun, and 
CRC Error. 

The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order: 
RR7, RR6, and RRl (reading RR6 is optional). Additional 
logic prevents the FIFO from being emptied by multiple 
reads from RR 1. The read from RR7 latches the FIFO 
empty/full status bit(06) and steers tile status multiplexer 
to read from the ESCC megacell instead of the status FIFO 
(since the status FIFO is empty). The read from RRl allows 
an entry to be read from the FIFO (if the FIFO was empty, 
logic was added to prevent a FIFO underflow condition). 

Write Operation. When the end of an SOL.C frame (EOF) 
has been received and the FIFO is enabled, the contents 
of the status and byte-count registers are loaded into the 
FIFO. The EOF signal is used to iQcrement the FIFO. If tile 
FIFO overflows, tile RR7 bit 07 (FIFO Overflow) is set to 
indicate the overflow. This bit and ttle FIFO control logic is 
reset by disabling and re-enabling the FIFO control bit 
(WR15 bit 02). For details of FIFO control timing during an 
SOLC frame, refer to Figure 17. 

SDLe Status FIFO Anti-Lock Feature. When the Frame 
Status FIFO is enabled and the ESCC is programmed for 
"Special Receive Condition Only" (WRl 04=03=1), tl18 
data FIFO is not locked when a character with End of 
Frame status is read (Figure 16). When a character with the 
EOF status is at the top of the FIFO, an interrupt with a 
vector for receive data is generated. The command "Reset 
Highest IUS" must be issued at the end of the interrupt 
service routine regardless if an interrupt acknowledge 
cycle had been executed (hardware or software). This 
allows a OMA to complete transfer of the received frame to 
memory and then interrupt tile CPU tllat a frame has been 
completed without locking the FIFO. Since in the "Receive 
Interrupt on Special Condition Only" mode tile interrupt 
vector for receive data is not used, it is used to indicate that 
the last byte of a frame has been read out the receive FIFO. 
Reading the frame status (CRC, byte count and other 
status stored in the status FIFO) to determine EOF is not 
required. 

When a character with a special receive condition other 
than EOF is received (receiver overrun, or parity), a special 
receive condition interrupt is generated after tile character 
is read from tile FIFO and tile receive FIFO is locked until 
the "Error Reset"' command is issued. 
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NEW FEATURE DESCRIPTION (Continued) 

Frame Status FIFO Circuitry 

SCC Status Reg ~ Reset on Flag Oetect 

RR1 Residue Bits(3) Byte Counter f4--- Increment on Byte OET 
Overrun. CRC Error f4--- 'Enable Count In SOLC 

I 
5 Bits 

End of Frame Signal 
14 Bits Status Read Camp 

FIFO Array 
~ 

Tail Pointer 
10 Oeep by 19 Bits Wide 4-Bit Counter 

~ 
Head Pointer .---
4-BII Counter 

4-BII Comparator 

Over Equal 

5 Bltsi _+ EOF = 1 6 Bits 8 Bits 

"" 6-BltMUX /£ 
...---. 

EN I 

2 Bits 6 Bits 
RR1 Bit 7 Bit 6 Bits 5-0 RR6 FIFO Enable , 

Int~ce 
~ 

WR{11Bit2 toSCC I RR7 05-00 + RR6 07 - 00 Set Enables 
Byte Counter contains 14 bits Status FIFO 
for a 16 KByte maximum count. 

RR706 
FIFO data available status bit. Status bit set to 1 
when reading from FIFO. 

RR707 
FiFO Overflow Status Bit 
MSB of RR(7) Is set on Status FIFO overflow. 

In SOLC Mode the followin del' 110 s g Inl n apply 

- All Sent bypasses MUX and equals contents of SCC Status Register. 
- Parity Bits bypass MUX and does the same. 
- EOF is set to 1 whenever reading from the FIFO. 

Figure 16. SOLC Frame Status FIFO 
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Internal byte strobe 
increments counter. 

Don't load 
counter on 
1st Flag. 
Reset byte 
counter here. 

•••• 

Reset byte 
counter and 
then load counter 
into FI FO and 
increment PTR. 

Internal Byte Strobe 
Increments Counter. 

Reset byte 
counter and 
then load counter 
into FI FO and 
increment PTR. 

Figure 17. SDLC Byte Counting Detail 

PROGRAMMING 

The ESCC contains write registers in each channel that are 
programmed by the system separately to configure the 
functional uniqueness of the channels. 

In the ESCC, the data registers arc directly addressed by 
selecting a High on the O//C pin. With all other registers 
(with the exception of WRO and RRO), programming the 
write registers requires two write operations and reading 
the read registers requires both a write and a read opera­
tion. The first write is to WRO and contains three bits that 
point to the selected register. The second write is the 
actual control word for the selected register, and if the 
second operation is read, the selected read register is 
accessed. All of the ESCC registers, including tile data 
registers, may be accessed in this fashion. The pointer bits 
are automatically cleared after the read or write operation 
so that WRO (or RRO) is addressed again. 

Initialization. The system program first issues a series of 
commands to initialize the basic mode of operation. This is 
followed by other commands to qualify conditions within 
the selected mode. For example, in the Asynctlronous 
mode, character length, clock rate, number of stop bits, 
and even or odd parity should be set first. Then the 
interrupt mode is set, and finally, the receiver and transmit­
ter are enabled. 

Write Registers. The ESCC contains 16 write registers (17 
counting the transmit buffer) in each cllannel. These write 
registers are programmed separately to configure lfle 
functional "personality" of the channels. There are two 
registers (WR2 and WR9) shared by the two channels that 
are accessed through either of them. WR2 contains the 
interrupt vector for both channels, while WR9 contains the 
interrupt control bits and reset commands. A new register, 
WRT, was added to the ESCC and may be written to if 
WR 15 00 is set. Figure 18 shows the format of each write 
register. 

Read Registers. The ESCC contains ten read registers 
(eleven, counting the receive buffer (RR8) in each cllan­
nel). Four of these may be read to obtain status information 
(RRO, RR1, RR10, and RR15) Two registers (RR12 and 
RR13) are read to learn tile baud rate generator time 
constant. RR2 contains either the unmodified interrupt 
vector (Channel A) or the vector modified by status infor­
mation (Channel B). RR3 contains the Interrupt Pending 
(IP) bits (Channel A only). RR6 and RR7 contain the 
information in the SOLC Frame Status FIFO, but is only read 
when WR 15 02 is set. ff WHT 06 is set, Write Registers 
WR3, WR4, WR5, WRT, and WR10 can be read as RR9, 
RR4, RR5, and RR 14, respectively. Figure 19 SllOWS the 
format of each Read register. 
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CONTROL REGISTERS 

Write Register 0 

Iml~lool~looloolmlool 

o 
o 
1 
1 

1 1 
o 0 
o 1 
1 0 
1 1 

o 0 0 Null Code 
o 0 1 Point High 

Null Code 
Null Code 
Select Shift left Mode 
Select Shift Right Mode 

o 

o 1 0 Reset Ext/Status Interrupts 
o 1 1 Send Abort (SOlC) 
1 0 0 Enable Int on Next Ax Character 
1 0 1 Reset Tx Int Pending 
1 1 0 Error Reset 
1 1 1 Reset Highest IUS 

o Null Code 
1 Reset Rx CRC Checker 
o Reset Tx CRC Generator 
1 Reset Tx UnderrunlEOM latch 

Write Register 1 

1071061051041031021011 DO I 

o 
o 
1 
1 

~ 
o Rx Int Disable 

Ext Int Enable 

Tx Int Enable 

Parity is Special Condkion 

1 Ax Int On First Character or Special Co~klon 
Oint On All Ax Characters or Special Condklon 
1 Rx Int On Special Condition Only 

WAITIDMA Request On 
ReceiveifTransmit 

IWAITIOMA Request Function 

WAITIDMA Request Enable 

Write Register 2 

Write Register 3 

o 
o 
1 
1 

o Rx 5 Bits/Character 
1 Rx 7 Bits/Character 
o Rx 6 BIts/Character 
1 Rx 8 Bits/Character 

WrRe Register 4 

Imloolool~looloolmlool 

IIIIIIIL II ,---I 

V4 

V5 

V6 

V7 

Ax Enable 

Interrupt 
Vector 

Sync Character load Inhibit 

Address Search Mode (SDlC) 

Ax CRC Enable 

Enter Hunt Mode 

Auto Enables 

PBrilyEnAb1a 

Parity EVEN/IODO 

o 0 Sync Modes Enable 
o 1 1 Stop Bit/Character 
1 0 1 112 Stop Bits/Character 
1 1 2 Stop Bits/Character 

o 0 8-Bit Sync Character 
o 1 16-Bit Sync Character 
1 0 SDlC Mode (01111110 Flag) 
1 1 Extemal Sync Mode 

o 0 XI Clock Mode 
o 1 X16 Clock Mode 
1 0 X32 Clock Mode 
1 1 X64 Clock Mode 

Figure 18. Write Register Bit Functions 
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Write Register S 

o 0 Tx S Bns(Or Less)/Character 
o 1 Tx 7 Bits/Character 
1 0 Tx 6 Bns/Character 
1 1 Tx 8 Bits/Character 

Write Register 6 

Sync7 Synce SyncS Sync4 Sync3 Sync2 Syncl 
Syncl SyncO SyncS Sync4 Sync3 Sync2 Syncl 
Sync7 Sync6 SyncS Sync4 Sync3 Sync2 Syncl 
Sync3 Sync2 Syncl SyncO 1 1 1 
ADR7 AOR6 AOR5 AOR4 AOR3 AOR2 AORI 
AOR7 AOR6 AOR5 AOR4 x x x 

Write Register 7 

Tx CRC Enable 

RTS 

/SOLC/CRC·16 

Tx Enable 

Send Break 

OTR 

SyncO 
SyncO 
SyncO 

1 
AORO 

x 

Monosync, 8 Bits 
Monosync. 6 Bits 
Bisync, 16 Bits 
Bisync, 12 Bits 
SOLC 
SOLC (Address Range) 

Sync7 
SyncS 
SynclS 
Syncl1 

Sync6 
Sync4 
Sync14 
Syncl0 

SyncS 
Sync3 
Sync13 
Sync9 

Sync4 
Sync2 
Sync12 
SyncS 

Sync3 
Syncl 
Syncl1 
Sync7 

Sync2 
SyncO 
Sync10 
SyncS 

Syncl SyncO Monosync, S Bits 
Monosync, 6 Bits 
Bisync, 16 Bits 
Bisync, 12 Bits 
SOLC 

x x 
Sync9 SyncS 
SyncS Sync4 

o 1 1 1 1 1 1 0 

Figure 18. Write Register Bit Functions (Continued) 
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CONTROL REGISTERS (Continued) 

WR7'Prime 

Write Register 9 

1~1~lool~lool~lrnlool 

AutoTx Flag 

Auto EOM Reset 

Auto RTS Deactivation 

Rx FIFO Int level 

DTR/REQ Timing Mode 

Tx FIFO Int level 

Extended Reed Enable 

Not Used, Always 0 

~~~~ l...:=== DlC 

MIE 

o 0 No Reset 
o 1 Channel Reset B 
1 0 Channel Reset A 
1 1 Force Hardware Reset 

Status Hlgh/lSIatus low 

SoftwamINTACKEnab~ 

Write Register 10 

o 0 NRZ 
o 1 NRZI 
1 0 FMl (Transition = 1) 
1 1 FMO (TransiUon = 0) 

Write Register 11 

1~1~lool~lool~lrnlool 

I I 

6-BIV/8-Blt Sync 

loop Mode 

AbortllFlag On,Undorrun 

Mar1<llFleg Idle 

Go Active On Poll 

CRC Preset 1//0 

o 0 fTRxC Ollt = Xtal Output 
o 1 fTRxC Out = Transmit Clock 
1 0 fTRxC Out = BR Generator Output 
1 1 ITRxC Out = DPllOutput 

fTRxC Inputtoutput 

o 0 Tmnsm~ Clock = IRTxC Pin 
o 1 Transm~ Clock = fTRxC Pin 
1 0 Transm~ Clock = BR Generator Output 
1 1 Transm~ Clock = DPll Output 

o 0 Receive Clock" IRTxC Pin 
o 1 Receive Clock = fTRxC Pin 
1 0 Receive Clock = BR Generator Output 
1 1 Receive Clock = DPll Output 

IRTxC XIaVlNo Xlal 

Figure 18. Write Register Bit Functions (Continued) 
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Wrile Reglsler 12 Write Register 14 

Imloolool~lool~lmlool Imloolool~lool~lmlool 

~ 
TCO 

~ 
SR Generator Enable 

TC1 SR Generator Source 

TC2 IOTA/Request Function 

TC3 Auto Echo 
lower Byle of 

localloopback TC4 Time Constant 

TCS 
0 0 0 Null Command 

TCS 0 0 1 Enter Search Mode 
0 1 0 Reset Missing Clock 

TC7 0 1 1 Disable DPll 
1 0 0 Set Source = BR Generator 
1 0 1 Set Source = IRTxC 
1 ,1 0 Sel FM Mode 
1 1 1 Sel NRZI Mode 

Write Register 13 

Imloolool~lool~lmlool Write Register 15 

~ 
1~lool~IMlroIMI~IMI 

TCa 

~ 
TC9 WR7' SDLe and FIFO 

Feature Enable 
TC10 

Zero Count IE 
TC11 Upper Byte of 

SOLe RFO Enable 
TC12 lime Constant 

DCD1E 
TC13 

TC14 
Sync/Hunt IE 

TC15 
CTSIE 

Tx UnderrunlEOM IE 

Break/Abort IE 

Figure 18. Write Register Bit Functions (Continued) 
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CONTROL REGISTERS (Continued) 

Read Register 0 

Read Register 1 

Read Register 2 

looloolool~lml~I~lool 

Rx Character Available 

Zero Count 

Tx Buffer Empty 

OCO 

Sync/Hunt 

CTS 

Tx Underrun/EOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRCIFraming Error 

End of Frame (SOLC) 

~~1 
v5 J 

'nterrupl 
Vector 

V6 

V7 

* Modified In B Channel 

Read Register 3 

* Always 0 In B Channel 

Read Register 6 * 

Channel B Ext/Status IP 

Channel B Tx IP 

Channel B Rx IP 

Channel A Ext/Status IP 

Channel A Tx IP 

Channel A Rx IP 

o 
o 

BCO 

BCl 

BC2 

BC3 

BC4 

BC5 

BC6 

BC7 

* Can only be accessed if the SDLC FIFO enhancemenl 
is enabled (WR15 bH D2 sello 1) 

SOLC FIFO Status and Byte Count (LSB) 

Read Register 7 * 

Bca 
BC9 

BC10 

BCll 

BC12 

BC13 

FDA: FIFO Dala Available 
,1 ~ Sialus Reads from FIFO 
o ~ Slatus Reads from ESCC 

FOS: FIFO Overflow Slatus 
1 ~ FIFO Overflowed 
o ~ Nonnal 

* Can only be accessed n the SDLC FIFO enhancemenl 
is enabled (WR15 bil 02 sel to 1) 

SOLC FIFO Status and Byte Count (MSB) 

Figure 19. Read Register Bit Functions 
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Read Register 1 0 

Read Register 12 

Loop Sending 

o 
Two Clocks Missing 

One Clock Missing 

TCO 

TCI 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

Lower Byte 
of Time Constant 

Read Register 13 

Read Register 15 

TCO 

TC9 

TC10 

TCII 

TC12 

TC13 

TC14 

TC15 

Upper Byte 
of Time Constant 

IIDI~looIMlool~lrnlool 

~~ :erocountlE L.= SOLC Sialus FIFO Enable 

OCOIE 

SyncIHunllE 

CTSIE 

Tx Underrun/EOM IE 

Break/AborilE 

Figure 19. Read Register Bit Functions (Continued) 
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Z80230 INTERFACE TIMING 

The Z-Bus compatible ESCC is suited for system 
applications with multiplexed address/data buses similar 
to the Z8"', Z8000"', Z280"'. 

Two control signals, /AS and /DS, are used by the Z80230 
to time bus transactions. In addition, four other control 
signals (lCSO, CS1, R//W, and /INTACK) are used to 
control the type of bus transaction that occurs. A bus 
transaction is initiated by lAS; the rising edge latches the 
register address on the Address/Data bus and the state of 
IINTACK and /CSO. 

In addition to timing bus transactions. /AS is used by the 
interrupt section to set the Interrupt Pending (IP) bits. 
Because of this, /AS must be kept cycling for the interrupt 
section to function properly. 

The Z80230 generates intemal control signals in response 
to a register access. Since /AS and IDS have no phase 

IAS~ 

IGSO \ I 

relationship with PCLK, the circuitry generating these 
internal control signals provide time for metastable condition 
to disappear. This results in a recovery time related to 
PCLK. 

This recovery time applies only to transactions involving 
the Z80230, and any intervening transactions are ignored. 
This recovery time is four PCLK cycles, measure from the 
falling edge of IDSofone access to the ESCC, to the falling 
edge of IDS for a subsequent access. 

Z80230 Read Cycle Timing 

The Read cycle timing for tile Z80230 is shown in Figure 
20. The register address on AD7-ADO, as well as the state 
of /CSO and IINTACK, are latched by the rising edge of /AS. 
R//W must be HIGH before /DS falls to indicate a Read 
cycle. The Z80230 data bus drivers are enabled while CS1 
is HIGH and IDS is LOW. 

nNTAGK / __ --I \_---------
AD7-ADO ____ ...JX Address H,, ____ --IX Data Valid )\----

wm ______________ ~~ 

GSl / ____ ---J \~-
IDS \'--___ ~I 

Figure 20. Read Cycle Timing 
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lAS '----I 
IGSO \ / 

IINTAGK 7 \ 
AD7·ADO _____ x Addmss >CX ..... _____ Da_la_V_a_lid _____ ~}.----

RlIW \ r= 
GS1 ______ ~7 \ __ _ 

IDS \--___ --1 
Figure 21. Write Cycle Timing 

697 



Z80230 Interrupt Acknowledge Cycle Timing 

The Interrupt Acknowledge cycle timing for the Z80230 is 
shown in Figure 22. The address on A07-AOO and the state 
of ICSO and IINTACK are latched by the rising edge of lAS. 
However, if IINTACK is LOW, the address ICSO, CS1 and 
RI/W are ignored for the duration of the interrupt acknowl­
edge cycle. 

The Z80230 samples the state of IINTACK on the rising 
edge of lAS and AC parameters #7 and #8 specify the 
setup and hold time requirements. Between the rising 
edge of lAS and the falling edge of IDS, the internal and 
external daisy chains settle (AC parameter #29). A system 
wi ttl no external daisy chain should provide the time 
priority internal to the ESCC. Systems using an external 
daisy chain should refer to Note 5 referenced in the Z80230 

lAS 

Read/Write and Interrupt Acknowledge Timing for the time 
required to settle the daisy chain. 

If there is an interrupt pending in the ESCC, and lEI is HIGH 
when IDS falls, the acknowledge cycle was intended for 
the ESCC. This being the case, the Z80230 sets the 
Interrupt Under Service (IUS) latch for the highest priority 
pending interrupt, as well as placing an interrupt vector on 
A07-AOO. The placing of a vector on the bus can be 
disabled by setting WR9, 01=1. The liNT pin also goes 
inactive in response to the falling edge of IDS. Note that 
there should be only one IDS per acknowledge cycle. 
Another important fact is that the IP bits in the Z80230 are 
updated by lAS, which may delay interrupt requests if the 
processor does not supply lAS strobes during the time 
between accesses of the Z80230. 

~~~~------------------------
ICSO 

~ 

AD7 -ADO ----< __ +---I>--4t-----4( _____ X Vector )J---

IDS 

IINTACK 

lEI 

lEO 

liNT 

Figure 22. Interrupt Acknowledge Cycle Timing 
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OTHER ZILOG DATA COMMUNICATIONS PRODUCTS 

810 Family 

Z84C40 SIO 
Z84C131PC 
Z84C151PC 

8CCFamily 

Z08530 SCC 
Z08030 SCC 
Z85C30 SCC 
Z80C30 SCC 
Z85230 ESCC~ 
Z16C35 ISCC~ 
Z80181 SAC~ 

U8CFamily 

Dual channel multiprotocol USART. 
Z80 CPU with integrated SIO, CTC and WDT. 
Z80 CPU with integrated SIO, CTC, WDT and PIO. 

NMOS SCC low cost with speeds up to 8 MHz. 
NMOS SCC for multiplexed buses. 
CMOS SCC at speeds up to 16 MHz. NMOS compatible. 
CMOS SCC for multiplexed buses. 
CMOS ESCC for non-multiplexed buses. 
SCC with 4 channel DMA and advanced CPU interface. 
Z180 CPU with integrated single channel SCC. 

Z16C30 USC~ Dual channel high performance multi-protocol data communications up to 10 Megabits/second. 
Z16C33 MUSC~ Single channel USC with ISDN Time Slot Assigner. 
Z16C31 IUSCw MUSC with high performance dual channel DMA. 
Z16C50 DDPLLw Dual channel DPLL cell from tile USC. 
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ABSOLUTE MAXIMUM RATINGS 

Vee Supply Voltage range .......................... -0.3V to +7.0V 
Voltages on all pins 
with respect to GND ........................... -0.3V to Vee +0.3V 

Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............................. -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC Characteristics and capacitance sections below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. 

+5V 

From Output CJ----+---1"'----n---4 
UndarTast 

100 pF 

I I 
Figure 23. Standard Test Load 

CAPACITANCE 

Symbol Parameter 

Note: 

Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 

f = 1 MHz, over specified temperature range. 

MISCELLANEOUS 
Gate Count - 11,000 

700 

2.1 k.n 

Min 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Standard conditions are as follows: 

• +4.50 V ~ Vce :5: + 5.50 V 
• GND = OV 
• TA as specified in Ordering Information 

Max 

10 
15 
20 

+5V 

2.2 k.n 

From Output ..,--~----. 

Figure 24. Open-Drain Test Load 

Unit 

pF 
pF 
pF 

Test Condition 

Unmeasured pins 
returned to Ground. 



DC CHARACTERISTICS 
Z80230 

Symbol Parameter Min Typ Max Unit Condition 

V,H Input High Voltage 2.2 Vee+0 .3 V 

V,l Input Low Voltage -0.3 0.8 V 

VOH1 Output High Voltage 2.4 V 10H = -1.6 mA 

VOH2 Output High Voltage Vee-0 .8 V 10H = -250 fIA 

Val Output Low Voltage 0.4 V 10l = 2.0 mA 

I'l Input Leakage ±10.0 fIA 0.4 ~ V'N~+2.4V 

10l Output Leakage ±10.0 fIA 0.4 ~ VOUT~+2.4V 

Icc1 Vee Supply Current 4 10 (8.5 MHz) rnA 
5 12 (10 MHz) mA Vee=5V V,H=4.8 V,l=0.2V 
7 15 (16 MHz) mA Crystal Oscillators off 
9 20 (20 MHz) mA 

lee{osc) Crystal OSC Current 6 mA Current for each osc. 
in addition to lee1 

Notes: 
[1] V cc = 5V ± 10% unless otherwise specified, over specified tempera-
ture range. 
[2] Typical Icc was measured with oscillator off. 
[3] No 1cc(=1 max is specified due to dependency on the external circuit. 
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AC CHARACTERISTICS 
Z80230 Read and Write Timing Diagrams 

702 

lAS 

ICSO 

CSl 

~----------------~14~------------------~ 

nNTACK 

~IW -------~~----~r_----_+--------------------~_y--------------~---
Read 

RIIW 
Write 

IDS 

AD7-ADO 
Write 

AD7-ADO 
Read 

IWliREO 
Wait 

IWI/REO 

Request ------+--------1-----1 

IDT~iREO 

R~uest _____ -+ ________ 1-______________ --' 

liNT 

PCLK 

Figure 25. Read and Write Timing Diagram 



lAS 

IINTACK 

IDS 

AD7-ADO -------------------------+----------------++--<1 

lEI 

lEO 

liNT __________________________________________ ~~~~~~~~f_36:~~~~-:;!~ 
Figure 26. Interrupt Acknowledge Timing DIagram 

lAS 

IDS 

Figure 27. Reset Timing Diagram 
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AC CHARACTERISTICS 
Z80230 Read/Write Timing Table 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes· 

1 TwAS lAS Low Width 30 20 
2 . TdDS(AS) IDS Rise to lAS Fall Delay 10 10 . [1] 
3 TsCSO(AS) ICSO to lAS Rise Setup Time 0 0 [1] 
4 ThCSO(AS) ICsa to lAS Rise Hold Time 20 15 [1] 

5 TsCS1(DS) CS1 to IDS Fall Setup Time 50 35 [1] 
6 ThCS1(DS) CS1 to IDS Rise Hold Time 20 10 [1] 
7 TsIA(AS) IINTACK to lAS Rise Setup Time 10 10 
8 ThIA(AS) IINTACK to lAS Rise Hold Time 125 100 

9 TsRWR(DS) RI/W (Read) to IDS Fall Setup Time 50 30 
10 ThRW(DS) RI/W to IDS Rise Hold Time 0 0 
11 TsRWW(DS) RI/W (Write) to IDS Fall Setup Time 0 0 
12 TdAS(DS) lAS Rise to IDS Fall Delay 20 15 

13 TwDSI IDS Low Width 125 80 
14 TrC Valid Access Recovery Time 4TcPc 4TcPc [2] 
15 TsA(AS) Address to lAS Rise Setup Time 10 10 [1] 
16 ThA(AS) Address to lAS Rise Hold Time 20 10 [1] 

17 TsDW(DS) Write Data to IDS Fall Setup Time 10 10 
18 ThDW(DS) Write Data to IDS Rise Hold Time 0 0 
19 TdDS(DA) IDS Fall to Data Active Delay 0 a 
20 TdDSr(DR) IDS Rise to Read Data Not Valid Delay 0 0 

21 TdDSf(DR) IDS Fall to Read Data Valid Delay 120 70 
22 TdAS(DR) lAS Rise to Read Data Valid Delay 190 110 
23 TdDS(DRz) IDS Rise to Read Data Float Delay 35 20 [3] 
24 TdA(DR) Address Required Valid to Read Data Valid Delay 210 100 

25 TdDS(W) IDS Fall to Wait Valid Delay 160 60 [4] 
26 TdDSf(REO) IDS Fall to /WI/REO Not Valid Delay 160 60 
27 TdDSr(REQ) IDS Fall to IDTRI/REO Not Valid Delay 4TcPc 4TcPc 
28 TdAS(INT) lAS Rise to liNT Valid Delay 500 175 [4] 

29 TdAS(DSA) lAS Rise to IDS Fall (Acknowledge) Delay 225 50 [5] 
30 TwDSA IDS (Acknowledge) Low Width 125 75 
31 TdDSA(DR) IDS Fall (Acknowledge) to Read Data Valid Delay 120 70 
32 TsIEI(DSA) lEI to IDS Fall (Acknowledge) Setup Time 80 50 

33 ThIEI(DSA) lEI to IDS Rise (Acknowledge) Hold Time 0 0 
34 TdIEI(lEO) lEI to lEO Delay 90 45 
35 TdAS(IEO) lAS Rise to lEO Delay 175 80 [6] 
36 TdDSA(INT) IDS Fall (Acknowledge) to liNT Inactive Delay 450 200 [4] 

37 TdDS(ASO) IDS Rise to lAS Fall Delay for No Reset 15 10 
38 TdASO(DS) lAS Rise to IDS Fall Delay for No Reset 15 10 
39 TwRES lAS and IDS Coincident Low for Reset 100 75 [7] 
40 TwPCI PCLK Low Width 40 100 26 1000 
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AC CHARACTERISTICS 
Z80230 Read/Write Timing Table (Continued) 

No Symbol Parameter 

41 TwPCh PCLK High Width 
42 TcPC PCLK Cycle Time 
43 TrPC PCLK Rise Time 
44 TfPC PCLK Fall Time 

Notes: 
[1] Parameter does not apply to Interrupt Acknowledge transactions. 
[2] Parameter applies only between transactions involving the ESCC. 

10MHz 16 MHz 
Min Max Min Max 

40 1000 26 1000 
100 2000 61 2000 

10 5 
10 5 

[3] Float delay is defined as the time required for a ±O.5V change in the output with a maximum DC load and a minimum AC load. 
[4] Open-drain output, measured with open-drain test load. 

Notes· 

[5] Parameter is system dependent. For any Zilog ESCC in the daisy chain. TdAS{DSA) must be greater than the sum of TdAS{IEO) for the highest 
priority device in the daisy chain. TsIEI{DSA) for the Zilog ESCC, and TdIElf{IEO) for each device separating them in the daisy chain. 
[6] Parameter applies only to a Zilog ESCC pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
[7] Intemal circuitry allows for the reset provided by the Z8<!> to be recognized as a reset by the Z-ESCC. All timing references assume 2.0V for a logiC 

1 and O.BV for a logic O . 

• Units in nanoseconds (ns). 
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AC CHARACTERISTICS 
Z80230 General Timing Diagram 
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AC CHARACTERISTICS 
Z80230 General Timing Table 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes· 

1 TdPC(REQ) /PCLK Low to W/REQ Valid 200 110 
2 TsPC(W) /PCLK Low to Wait Inactive 300 180 
3 TsRXC(PC) /RxC High to /PCLK High Setup Time NA NA [1,4] 
4 TsRXD(RXCr) RxD to /RxC High Setup Time 0 0 [1] 

5 ThRXD(RxCr) RxD to /RxC Higll Hold Time 125 60 [1] 
6 TsRXD(RXCf) RxD to /RxC Low Setup Time 0 0 [1,5] 
7 ThRXD(RXCf) RxD to /RxC Low I-Iold Time 125 60 [1,5] 
8 TsSY(RXC) SYNC to /RxC High Setup Time -150 -100 [1] 

9 ThSY(RXC) SYNC to /RxC High Hold Time 5TcPc 5TcPc [1] 
10 TsTXC(PC) /TxC Low to /PCLK High Setup Time NA NA [2,4] 
11 TdTXCf(TXD) /TxC Low to TxD Delay 150 85 [2] 
12 TdTxCr(TXD) /TxC High to TxD Delay 150 85 [2,5] 

13 TdTXD(TRX) TxD to TRxC Delay 140 80 
14 TwRTXh RTxC High Width 120 80 [6] 
15 TwRTXI TRxC Low Width 120 80 [6] 
16a TcRTX RTxC Cycle Time 400 244 [6,7] 

16b TxRX(DPLL) DPLL Cycle Time Min 50 31 [7,8] 
17 TcRTXX Crystal Osc. Period 100 1000 100 1000 [3] 
18 TwTRXh TRxC High Width 120 80 [6] 
19 TwTRXI TRxC Low Width 120 80 [6] 

20 TcTRX TRxC Cycle Time 400 244 [6,7] 
21 TwEXT DCD or CTS Pulse Width 120 70 
22 TwSY SYNC Pulse Width 120 70 

Notes: 
[1] RxC is /RTxC or {TRxC, whichever is supplying the receive clock. 
[2] TxC is {TRxC or jRTxC, whichever is supplying the transmit clock. 
[3] Both jRTxC and /SYNC have 30 pF capacitors to ground connected to them. 
[4] Synchronization of RxC to PCLK is eliminated in divide-by-four operation. 
[5] Parameter applies only to FM encoding/decoding. 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to case PCLK requirements. 
[7] The maximum receive or transmit data rate is 1/4 PCLK. 
[8] Applies to DPLL clock source only. Maximum data rate of 1/4 PCLK still applies. DPLL clock should have a 50% duty cycle . 

• Units in nanoseconds (ns). 
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AC CHARACTERISTICS 
Z80230 System Timing Table 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes' 

1 TdRXC(REQ) /RxC High to W/REQ Valid 13 17 13 17 [2] 
2 TdRXC(W) /RxC Higtl to Wait Inactive 13 19 13 19 [1,2] 
3 TdRdXC(SY) /RxC High to SYNC Valid 9 12 9 12 [2] 

4b TdRXC(INT), Z80230 /RxC High to tNT Valid 13 17 13 17 [1,2] 
2 3 +2 +3 [4] 

5 TdTXC(REQ) /TxC Low to W/REQ Vatid 8 11 8 11 [3] 
6 TdTXC(W) /TxC Low to Wait Inactive 8 14 8 14 [1,3] 

7 TdTXC(DRQ) /Txc Low to DTR/REQ Valid 7 10 7 10 [3] 
8b TdTXC(INT), Z80230 /TxC Low to /INT Valid 7 9 7 9 [1,3] 

+2 +3 +2 +3 [4] 

9a TdSY(INT) SYNC to INT Valid 2 6 2 6 [1] 
9b TdSY(INT) SYNC to INT Valid 2 3 2 3 [1.4] 
10b TdEXT(INT), Z80230 2 3 3 8 [1.4] 

Noles: 
[1] Open drain-output, measured with open-drain test load. 
[2] IRxC is /RTxC or /TRxC, whichever is supplying the receive clock. 
[3] /TxC is /TRxC or IRTxC, whichever is supplying the transmit clock. 
[4] Units equal to lAS . 

• Units equal to TcPc. 
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FEATURES 

PRODUCT SPECIFICATION 

Z16C35/Z85C35 
CMOS ISCCTM INTEGRATED SERIAL 
COMMUNICATIONS CONTROLLER 

• Two general-purpose SCC channels, four OMA Supports all Zilog CMOS SCC features: 
channel; and a Universal Bus Interface Unit. 

• Two independent, 0 to 4.0 Mbit/second, full-duplex 
• Software compatible to the Zilog CMOS SCC channels, each witl) a separate crystal oscillator, baud 

rate generator, and digital pllase-Iocked loop circuit 
• Four OMA channels; two transmit and two receive for clock recovery. 

channels to and from the SCC. 
• Multi-protocol operation under program control; 

• Four gigabyte address range per OMA cllannel programmable for NrlZ, NrlZI, or FM data encoding. 

• Flyby OMA transfer mode • Asynchronous mode with five to eight bits and one, 
one and one-half, or two stop bits per character; 

• Programmable OMA channel priorities programmable clock factor; break detection and 
generation; parity, overrun, and framing error detection. 

• Independent OMA register set 

• A Universal Bus Interface Unit providing a simple 
interface to most CPUs with a multiplexed or non­
multiplexed bus; compatible with 680xO and 8x86 
CPUs. 

• 32-bit addresses multiplexed to 16-pin address/data 
lines 

• 8-bit data supporting high/low byte swapping 

• 10 and 16 MHz timing 

• 68-pin PLCC 

GENERAL DESCRIPTION 

The Z85C35, directly equivalent to the Z16C35 ISCC, is a 
CMOS superintegrated device with a flexible Bus Interface 
Unit (BIU) connecting a built-in Oirect Memory Access 
(OMA) cell to the CMOS Serial Communications Control 
(SCC) cell. 

The ISCC is a dual-channel, multi-protocol data communi­
cations peripheral which easily interfaces to CPU's with 

• Syncllronous mode with internal or external character 
synchronization on one or two synchronous characters 
and CRC generation and checking witll CRC-16 or 
CRC-CCITT preset to either 1 's or O's. 

• SOLC/HOLC mode willl comprehensive frame-level 
control, automatic zero insertion and deletion, I-field 
residue handling, abort generation and detection, 
CRC generation and checking, and SOLC Loop mode 
operation. 

• Local Loopback and Auto EcilO modes 

• Supports T1 digital trunk 

• Enhanced SOLC 1 Ox 19 Status FI FO for OMA support 

either multiplexed or non-multiplexed address and data 
buses. The advanced CMOS process offers lower power 
consumption, higher performance, and superior noise 
immunity. The programming flexibility of the internal regis­
ters allow the ISCC to be configured for a wide variety of 
serial communications applications. Tile many on-chip 
features such as, streamlined bus interface, four channel 
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GENERAL DESCRIPTION (Continued) 

OMA, baud rate generators, digital phase-locked loops, 
and crystal oscillators dramatically reduce the need for 
external logic. Additional features, including a 10x19 bit 
status FIFO, are added to support high speed SOLC 
transfers using on-chip OMA controllers (Figure 1). 

The ISCC can address up to four gigabytes per OMA 
channel by using the /UAS and /AS signals to strobe out 
32-bit multiplexed addresses. 

The ISCC handles asynchronous formats, synchronous 
byte-oriented protocols such as IBM Bisync, and syn­
chronous bit-oriented protocols such as HOLC and IBM 
SOLC This versatile device supports virtually any serial 
data transfer application (terminals, printers, diskette, tape 
drives, etc.). 

The device can generate and check CRC codes in any 
synchronous mode and can be programmed to check 
data integrity in various modes. The ISCC also has facilities 
for modem controls in bolll channels. In applications 
where these controls are not needed, the modem controls 
can be used for general-purpose I/O. 

The standard Zilog interrupt daisy chain is supported for 
interrupt hierachy control. Internally, the SCC cell has 
higher interrupt priority than the OMA cell. 

lEi 
I 
I -

liNT I 

The OMA cell consists of four OMA channels; one for 
transmit and one for receive to and from each SCC cllannel, 
respectively. The cycle time for eacll OMA transfer is 400 
ns for the 10 MHz version. There is no idle cycle between 
OMA transfers. 

The OMA cell adopts a simple fly-by mode OMA transfer, 
allowing easy programming of tile OMA cell and yet 
providing a powerful and efficient OMA access. The cell 
does not support memory-to-memory transfer. 

Priorities between the four OMA channels are program­
mable to custom-fit user applications. Arbitration of Bus 
priority control signals between the ISCC OMA and other 
system OMA's Sllould be handled outside tt1e ISCC. 

The BIU has a universal interface to most system/CPU bus 
structures and timing. The first write to the ISCC after a 
hardware reset will confirm the bus interface type being 
implemented. 

Note: All Signals with a preceding front slash, "/", are active 
Low, e.g.: BIIW (WORD is active Low); IBIW (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 

I 
I 

liNT 
lEI I 
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Figure 1. Block Diagram 
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Figure 2. Pin Assignments 

PIN DESCRIPTION 

The following section describes the Z16C35 pin functions. 
Figures 2 details the respective pin functions and pin 
assignments. All references to DMA are internal. 

ICTSA,ICTSB. Clear ToSend(inputs, active Low). If these 
pins are programmed as Auto Enables, a Lowon the inputs 
enables the respective transmitters. If not programmed as 
Auto Enables, they may be used as general-purpose 
inputs. Both inputs are Schmitt-trigger buffered to ac­
commodate slow rise-time inputs. The SCC cell detects 
pulses on these inputs and can interrupt the CPU on both 
logic level transitions. 

IOCOA,/OCOB. Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if they are pro­
grammed for Auto Enables; otherwise they are used as 
general-purpose input pins. Both pins are Schmitt-trigger 
buffered to accommodate slow rise time signals. Tile SCC 
cell detects pulses on these pins and can interrupt tile CPU 
on both logic level transitions. 

IOTRA, IOTRB. Data Terminal Ready (outputs, active 
Low). These outputs follow the state programmed into tile 
DTR bit. 

lEI. Interrupt Enable In (input, active High). lEI is used with 
lEO to form an interrupt daisy cllain when there is more 
Ulan one interrupt driven device. A tligh lEI indicates that 
no other higller priority device has an interrupt under 
service or is requesting an interrupt. The SCC cell has a 
higher interrupt priority than the DMA cell. 

lEO. Interrupt Enable Out(output, active High). lEO is Higll 
only if lEI is High and Ihe CPU is not servicing tile ISCC 
(SCC or DMA) interrupt, or the ISCC is not requesting an 
interrupt (Interrupt Acknowledge cycle only). lEO is con­
nected to the next lower priority device's lEI input and thus 
inhibits interrupts from lower priority devices. 

liNT. Interrupt(output, active Low). This signal is activated 
when the SCC or DMA requests an interrupt. Note thaI liNT 
is pulled high and is not an open-drain output. This signal 
tristales at reset. 
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PIN DESCRIPTION (Continued) 

IINTACK.lnterrupt Acknowledge (input, active Low). This 
is a strobe which indicates that an interrupt acknowledge 
cycle is in progress. During this cycle, the SCC and DMA 
interrupt daisy chain is resolved. The device is capable of 
returning an interrupt vector that may be encoded with the 
type of interrupt pending during this acknowledge cycle 
when RD or DS become high. INT ACK may be programmed 
to accept a status acknowledge, a single pulse acknowl­
edge, or a double pulse acknowledge. This is programmed 
in the Bus Configuration Register (BCR). The double pulse 
acknowledge is compatible with 8x86 family micropro­
cessors. 

PCLK. Clock (input). This is the master SCC and DMA 
clock used to synchronize internal signals. PCLK is a TTL 
level signal. PCLK is not required to have any phase 
relationship with the master, system clock. 

RxDA, RxDB. Receive Data (inputs, active High). These 
input signals receive serial data at standard TTL levels. 

IRTxCA, IRTxCB. Receive/Transmit Clocks(inputs, active 
LOW}. These pins can be programmed to several modes of 
operation. In each channel, RTxC may supply tile receive 
clock, the transmit clock, the clock for the baud rate 
generator, or the clock for the Digital Phase-Locked Loop. 
These pins can also be programmed for use with the 
respective SYNC pins as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data rate in 
asynchronous modes. 

IRTSA, IRTSB. Request To Send (outputs, active Low). 
When the Request To Send (RTS) bit in Write Register 5 is 
set, the RTS signal goes Low. When the RTS bit is reset in 
the Asynchronous mode and Auto Enable is on, the signal 
goes High after the transmitter is empty. In Synchronous 
mode or in Asynchionous mode with Auto Enabie off, tile 
RTS pin strictly follows the state of the RTS bit. Both pins 
can be used as general-purpose outputs. 

ISYNCA, ISYNCB. Synchronization (inputs or outputs, 
active Low). These pins can act either as inputs, outputs, 
or part of the crystal oscillator circuit. In the Asynchronous 
Receive mode (crystal oscillator option not selected), 
these pins are inputs similar to CTS and DCD. In this mode, 
transitions on these lines affect the state olthe Synchronous/ 
Hunt status bits in Read Register 0 but have no other 
function. 

I n External Synchronization mode with the crystal oscillator 
not selected, these lines also act as inputs. In this mode, 
SYNC must be driven Low to receive clock cycles after the 
last bit in the synchronous character is received. Character 
assembly begins on the rising edge of the receive clock 
immediately preceding the activation of SYNC. 
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In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which synchronous condition is not 
latched. These outputs are active each time a synchroni­
zation pattern is recognized (regardless 01 character 
boundaries). In SDLC mode, the pins act as outputs and 
are valid on receipt of a flag. 

TxDA, TxDB. Transmit Data (outputs, active high). These 
output signals transmit serial data at standard TTL levels. 

!TRxCA, !TRxCB. Transmit/Receive Clocks (inputs or 
outputs, active Low). These pins can be programmed in 
several different modes 01 operation. TRxC may supply tile 
receive clock or the transmit clock in the input mode or 
supply the output of the Digital Phase-Locked Loop, the 
crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 

ICE. Chip Enable (input, active Low). This signal selects 
the ISCC for a peripheral read or write operation. This 
signal is not used when the ISCC is bus master. 

AD15-ADO. Data bus (bidirectional, 3-state). These lines 
carry data and commands to and from the ISCC. 

IRD. Read (bidirectional, active Low). When the ISCC is a 
peripheral (Le. bus slave), this signal indicates a read 
operation and when the ISCC is selected, enables the 
ISCC's bus drivers. As an input, /RD indicates thatthe CPU 
wants to read from the ISCC read registers. During the 
Interrupt Acknowledge cycle, /RD gates the interrupt vector 
onto the bus if the ISCC is the highest priority device 
requesting an interrupt. When the ISCC is the bus master, 
this signal is used to read data. As an output, after tile ISCC 
ilas taken controi or iile sysiem buses, IRD indicaies a 
DMA-controlled read from a memory or I/O port address. 

twR. Write (bidirectional, active Low). When the ISCC is 
selected, this signal indicates a write operation. As an 
input, this indicates that the CPU wants to write control or 
command bytes to the ISCC write registers. As an output, 
after the ISCC has taken control of the system buses /WR 
indicates a DMA-controlled write to a memory or I/O port 
address. 

IDS. Data Strobe (bidirectional, active Low). A Low on this 
signal indicates that the AD15-ADO bus is used for data 
transfer. When the ISCC is not in control of the system bus 
and the external system is transferring information to or 
from the ISCC, /DS is a timing input used by the ISCC to 
move data toorfrom the AD15-ADO bus. Data is written into 
the ISCC by the external system on the Low to High IDS 
transition. Data is read from the ISCC by the external 



system while IDS is Low. There are no timing requirements 
between IDS as an input and ISCC clock; this allows use 
of the ISCC with a system bus which does not have a 
bussed clock. 

During a DMA operation when the ISCC is in control of the 
system, OS is an output generated by the ISCC and used 
by the system to move data to or from the AD15-ADO bus. 
When the ISCC has bus control, it writes to the external 
system by placing data on the AD15-ADO bus before the 
High-to-Low OS transition and holds the data stable until 
after the Low-to-High OS transition; while reading from the 
external system, the Low-to-High transition of OS inputs 
data from the AD15-ADO bus into the ISCC. 

RlIW. Read/Write(bidirectional). Read polarity is High and 
write polarity is Low. When the ISCC is bus master, RIIW 
indicates the data direction of the current bus transaction, 
and is stable from when AS is High until the bus transaction 
ends. When the ISCC is not in control of the system bus and 
the external system is transferring information to or from 
the ISCC, R//W is a status input used by the ISCC to 
determine if data is entering or leaving on the AD15-ADO 
bus during IDS time. In such a case, Read (High) indicates 
that the system is requesting data from the ISCC and Write 
(Low) indicates that the system is presenting data to the 
ISCC. The only timing requirements for R//W as an input are 
defined relative to OS. When the ISCC is in control of the 
system bus, R//W is an output generated by the ISCC, with 
Read indicating that data is being requested from the 
addressed location or device, and Write indicating that 
data is being presented to the addressed location or 
device. 

IUAS. Upper Address Strobe (Output, active Low). This 
signal is used if the address is more than 16-bit. The upper 
address, A31-A 16, can be latched externally by the rising 
edge of this signal./UAS is active first before AS becomes 
active. This signal and AS are used by the DMA cell. 

lAS. Lower Address Strobe (Bidirectional, active Low). 
When the ISCC is bus master, this signal when an output, 
is used as a lower address strobe for AD 15-ADO. It is used 
in conjunction with UAS since the address is 32-bits. This 
signal and IUAS are used by the DMA cell when it is bus 
master. When ISCC is not bus master, this signal is used 
in the multiplexed bus modes to latch the address on the 
AD lines. The lAS signal is not used in the non-multiplexed 
bus modes and should be tied to Vcc in these cases. 

IWAITI/ROY. Wait/Ready(bidirectional, activeLow).ltmay 
be programmed to function either as a Wait signal or 
Ready signal during the BCR write. When the BCR is 
written to Channel A (A 1/A/IB High during the BCR write), 
ihis signal functions as a WAIT and thus supports the 
READY function of 8X86 microprocessors family. When 

the BCR writes to Channel B (A 1/A//B Low), this signal 
functions as a READY and supports the DT ACK function of 
the 680XO microprocessor family. 

This signal is an output when the ISCC in not bus master. 
In this case, the Wait/ROY signal indicates when tile data 
is available during a read cycle; wilen the device is ready 
to receive data during a write cycle; and when a valid 
vector is available during an interrupt acknowledge cycle. 

When the ISCC is the bus master (the DMA cell has taken 
control of the bus), the /Wait//RDY signal functions as a 
WAIT or READY input. Slow memories and periplleral 
devices can assertWAIT to extend /DSduring bus transfers. 
Similarly, memories and peripherals use READY to indicate 
that its output is valid or that it is ready to latch input data. 

IBUSACK. Bus Acknowledge (input, active Low). Signals 
tile bus has been released to the DMA. If the /BUSACK is 
inactive before the DMA transfer is completed, the current 
DMA transfer is aborted. This signal triststes at reset. 

IBUSREQ. Bus Request(output, active Low). This signal is 
used by the DMA to obtain the bus from tile CPU. 

AO/SCCIIOMA. OMA Channel/SCC Select/OMA Select 
(bidirectional). When this pin is used as input, a high 
selects the SCC cell and a low selects the DMA cell. When 
this pin is used as output, the signal on this pin is used in 
conjunction with A 1/A//B pin output to identify Wllich DMA 
channel is active. This information can be used by tile user 
to determine whether to issue a DMA abort command. 
AO/SCCIIDMA and A1/AI/B output encoding is 
shown below: 

A1/A//B 

1 
1 
o 
o 

AO/SCCIIOMA 

1 
o 
1 
o 

OMAchannel 

RxA 
TxA 
RxB 
TxB 

A1/N/B. OMA Channel/Channel A/Channel B (bidirec­
tional). This signal, when used as input, selects the SCC 
channel in which the read and write operation occurs. Note 
that AO/SCC//DMA pin must be held high to select this 
feature. When this pin is used as an output, it is used in 
conjunction with the AO/SCC//DMA pin output to identify 
which DMA channel is active. During a DMA peripheral 
access, the A 1/A//B pin is ignored. 

IRESET. (input, active Low). This signal resets the device 
to a known state. The first write to the ISCC after a reset 
accesses the BCR to select additional bus options for the 
device. 
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FUNCTIONAL DESCRIPTION 

The functional capabilities of the Isee are described in 
three blocks: the sec cell, the DMA cell, and the Bus 
Interface Unit (BIU). Each of the blocks are described 
independently in the following sections with the Isee 
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Figure 3. Block Diagram of Isee Architecture 

SCC Cell Data Communications Capabilities. The Isee 
provides two independent full-duplex programmable 
channels for use in any common asynchronous or syn­
chronous data communications protocol. The Isee is built 
from Zilog's industry standard sec core and is compatible 
with designs using Zilog's sec to receive and transmit 
data (Figure 4). 

Asynchronous Modes. Send and Receive can be accom­
plished independently on each channel with five to eight 
bits per character, plus optional even or odd parity. The 
transmitters can supply one, one-and-a-half, or two stop 
bits per character and can provide a break output at any 
time. The receiver break-detection logic interrupts the 
CPU both at the start and at the end of a received break. 
Reception is protected from spikes by a transient spike­
rejection mechanism that checks the signal one-half a bit 
time after a Low level is detected on the receive data input 
(RxDA or RxDB in Figure 2). If the Low does not persist 
(e.g., a transient), the character assembly process does 
not start. 

Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. 
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Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of a framing error as a 
new start bit: a framing error results in the addition of one­
half a bit time to the point at which the search for the next 
start bit begins. 

The Isee does not require symmetric transmit and receive 
clock signals - a feature allowing use of the wide variety of 
clock sources. The transmitter and receiver can handle 
data at a rate supplied to the receive and transmit clock 
inputs. In Asynchronous modes, the SYNC pin may be 
programmed· as an input used for functions such as 
monitoring a ring indicator. 

Synchronous Modes. The Isee supports. both byte-ori­
ented and bit-oriented synchronous communication. 
Synchronous byte-oriented protocols can be handled in 
several modes, allowing character synchronization with a 
6-bit or 8-bit synchronous character (Monosync), and 12-
bit synchronization pattern (Bisync), or with an external 
synchronous signal. Leading sync characters can be 
removed without interrupting the CPU. 



:::1 
<.n 

BR 
Generator 

Input 

RxD 

DPLL BRGeneratorOutput 3 
DPLL Output 

TRxC 
RTxC. 

SYNC 

Clock 
MUX 

Figure 4. Isee Data Path 

Receive Clock 
Transmit Clock 
DPLLClock 
SR Generator Clock 

Transmit 
Clock 

To Other 
Channel 

TxD 



FUNCTIONAL DESCRIPTION (Continued) 

Five or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the ISCC by overlapping the larger 

5B~s 

pattern across multiple incoming synchronous characters 
as shown in Figure 5. 

ISYNC I SYNC I I SYNC I DATA DATA DATA DATA 

,------. y 
8 

) 

16 

Figure 5. Detecting 5· or 7·Bit Synchronous Characters 

CRC checking for Synchronous byte oriented modes is 
delayed by one character time so that the CPU may 
disable CRC checking on specific characters. This permits 
the implementation of protocols such as IBM Bisync. 

Both CRC-16 (X16 + X15 + X2 + 1) and CCITT (X16 + X12 
+ X5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all Synchronous modes. 
Users may preset the CRC generator and checker to all 1 's 
or all O's. The ISCC also provides a feature that automatically 

. transmitsCRC data when no other data is available for 
transmission. This allows for high speed transmissions 
under OMA control, with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 
6-,8-, or 16-bit synchronous characters, regardless of the 
programmed character length. 

The ISCC supports Synchronous bit-oriented protocols, 
such as SOLC and HOLC, by performing automatic flag 
sending, zero insertion, and CRC generation. A special 
command is used to abort a frame in transmission. At the 
end of a message, the ISCC automatically transmits the 
CRC and trailing flag when the transmitter underruns. The 
transmitter may also be programmed to send an idle line 
consisting of continuous flag characters or a steady marking 
condition. 

If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort may be issued. The ISCC may also 
be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent, allowing reception of a message 
with no prior information about the character structure in 
the information field of a frame. 
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The receiver automatically acquires syncllronization on 
the leading flag of a frame in SOLC or HOLC and provides 
a synchronization signal on the SYNC pin (an interrupt can 
also be programmed). The receiver can be programmed 
to search for frames addressed by a single byte (or four 
bits within a byte) of a user-selected address or to a global 
broadcast address. In this mode, frames not matching 
either the user-selected or broadcast address are ignored. 
The number of address bytes can be extended under 
software control. For receiving data, an interrupt on the first 
received character, or an interrupt on every character, or 
on special condition only (end-of-frame) can be selected. 
The receiver automatically deletes all O's inserted by the 
transmitter during character assembly. CRC is also cal­
culated and is automatically checked to validate frame 
transmission. At the end of transmission, the status of a 
received frame is available in the status registers. In SOLC 
mode, the ISCC must be programmed to use the SOLC 
CRC polynomial, but the generator and checker may be 
preset to all 1 's or all O's. The CRC is inverted before 
transmission and the receiver checks against the bit pat­
tern 0001110100001111. 

NRZ, NRZI or FM coding may be used in any 1 x mode. The 
parity options available in Asynchronous modes are 
available in Synchronous modes. 

SOLe Loop Mode. The ISCC supports SDLC Loop mode 
in addition to normal SOLC. In an SOLC Loop, there is a 
primary controller station that manages the message traffic 
flow on the loop and any number of secondary stations. In 
SOLC Loop mode, the ISCC performs the functions of a 
secondary station while an ISCC operating in regular 
SOLC mode acts as a controller (Figure 6). 



Figure 6. An SOLe Loop 

A secondary station in an SOLC Loop is always listening to 
the messages being sent around the loop and, in fact, 
passes these messages to the rest of the loop 
by retransmitting them with a one-bit-time delay. The 
secondary station places its own message on the loop only 
at specific times. The controller signals that secondary 
stations can transmit messages by sending a special 
character, called an EOP (End Of Poll), around the loop. 
The EOP character is the bit pattern 11111110. Because 
of zero insertion during messages, this bit pattern is unique 
and easily recognized. 

When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary 
1 of the EOP to a 0 before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates 
the message with an EOP. Any secondary stations further 
down the loop with messages to transmit appends their 
messages to the message of the first secondary station by 
the same process. Any secondary stations without mes­
sages to send merely echo the incoming message and are 
prohibited from placing messages on the loop (except 
upon recognizing an EOP.) 

SOLC Loop mode is a programmable option in the ISCC. 
NRZ, NRZI, and FM coding may all be used in SOLC 
Loop mode. 

SOLC FIFO.· The ISCC's ability to receive high speed 
back-ta-back SOLC frames is maximized by a 1 O-bit deep 
by 19-bit wide status FIFO. When enabled (through WR15, 
bit 02), it provides the OMA the ability to continue to 
transfer data into memory so thatthe CPU can examine the 
message later. For each SOLC frame, a 14-bit byte count 

and 5 status/error bits are stored. The byte count and 
status bits are accessed through Read Registers 6 and 7. 
Read Registers are only accessible when the SOLC FIFO 
is enabled. The 10x19 status FIFO is separate from the 3 
byte receive data FIFO. 

Notes on the SOLC FIFO. When using the SOLC FIFO 
enhancment in channel B, it is necessary to enable the 
enhancment in channel A. There is no special requirement 
to enable the enhancement in channel A only, or to use it 
in both channels. Designs using only one channel should, 
therefore, use channel A. 

When an SOLC frame is received with an abort condition, 
the byte counter in the FIFO enhancment is not reset. 
Therefore, after the abort is received, a dummy frame 
consisting of a flag should be sent by the transmitter. This 
resets the byte counter for the next frame. The aborted 
frame has a byte count which includes the byte count of the 
next dummy frame. 

Baud Rate Generator. Each channel in the ISCC contains 
a programmable baud rate generator. Each generator 
consists of two 8-bit time constant registers that form a 16-
bit time constant, a 16-bit down counter, and a flip-flop on 
the output producing a square wave. On startup, the flip­
flop on the output is set in a High state, the value in the time 
constant register is loaded into the counter, and the 
counter starts counting down. The output of the baud rate 
generator toggles upon reaching 0, the value in the time 
constant register is loaded into the counter, and the 
process is repeated. The time constant may be changed 
at any time, but the new value does not take effect until the 
next load of the counter. 

The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It can 
also drive the Digital Phase-Locked Loop (see next 
section). 

If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 

The following formula relates the time constant to the baud 
rate where PCLK or RTxC is the baud rate generator input 
frequency in Hertz. The clock mode is 1, 16, 32, or 64, as 
selected in Write Register 4, bits 06 and 07. Synchronous 
operation modes should select 1 and Asynchronous should 
select 16, 32 or 64. 

PCLK or RTxC Frequency 
Time Constant = - 2 

2(Baud Rate)(Clock Mode) 
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FUNCTIONAL DESCRIPTION (Continued) 

Digital Phase-Locked Loop. The ISCC contains a Digital 
Phase-Locked Loop (DPLL) to recover clock information 
from a data stream with NRZI or FM encoding. The DPLL 
is driven by a clock lIlat is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock, along with 
the data stream, to construct a clock for the data. This 
clock is then used as the ISCC receive clock, the transmit 
clock, or both. 

For NRZI encoding, the DPLL counts tile 32x clock to 
create nominal bit times. As the 32x clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1 toO, orO to 1). Whenever an edge is detected, the 
DPLL makes a count adjustment (during the next counting 
cycle), producing a terminal count closer to the center of 
tile bit cell. 

For FM encoding. the DPLL' still counts from 0 to 31. but 
with a cycle correspond ing to two bit times. When the DPLL 
is locked. the clock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and O. 
The DPLL looks for edges only during a time centered on 
the 15 to 16 counting transition. 

The 32x clock for tile DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 

o 

generator. The DPLL output may be programmed to be 
echoed out of the ISCC via the TRxC pin (if this pin is not 
being used as an input). 

Data Encoding. The ISCC may be programmed to encode 
and decode the serial data in four different ways (Figure 7). 
In NRZ encoding. a 1 is represented by a High level and a 
o is represented by a Low level. In NRZI encoding. a 1 is 
represented by no change in level and a 0 is represented 
by a change in level. In FM1 (more properly, bi-phase 
mark). a transition occurs at the beginning of every bit cell. 
A 1 is represented by an additional transition at the center 
of the bit cell and a 0 is represented by no additional 
transition at the center of the bit cell. In FMO(bi-phase 
space). a transition occurs at the beginning of every bit 
cell. A 0 is represented by an additional transition at the 
center of the bit cell. and a 1 is represented by no 
additional transition at the center of the bit cell. In addition 
to these four methods. the ISCC can be used to decode 
Manchester (bi-phase level) data by using the DPLL in the 
FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1. the bit is a O. 
If the transition is 1 to 0, the bit is a 1. 

o o 

Data \ ~----~/ \~--
NRZ \ ~~/ \~--
NRZI 

FM1 

FMO 

Figure 7. Data Encoding Methods 

Auto Echo and Local Loopback. The ISCC is capable of 
automatically echoing everything it receives. This feature 
is useful mainly in Asynchronous modes. but works in 
Synchronous and SDLC modes as well. In Auto Echo 
mode. TxDisRxD. Auto Echo mode can beused with NRZI 
or FM encoding with no additional delay because the data 
stream is not decoded before retransmission. In Auto Echo 
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mode. the ICTS input is ignored as a transmitter enable 
(although transitions on this input can still cause interrupts 
if programmed to do so). In this mode. the transmitter is 
actually bypassed and the programmer is responsible for 
disabling transmitter interrupts and IWAIT//REQUEST on 
transmit. 



The ISCC is also capable of localloopback. In this mode 
TxD is RxD is just like Auto Echo mode. However, in Local 
Loopback mode the intemal transmit data is tied to the 
internal receive data and RxD is ignored (except to be 
echoed out via TxD). The /CTS and /DCD inputs are also 
ignored as transmit and receive enables. However, tran­
sitions on these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Synchronous and SDLC 
modes with NRZ, NRZI or FM coding of the data stream. 

DMA Core. The ISCC contains four independent fly-by 
mode DMA channels. Each of the ISCC's transmit and 

BUS INTERFACE UNIT (BIU) DESCRIPTION 

The ISCC contains a flexible bus interface that is compat­
ible with a variety of microprocessors and microcontrollers. 
The device is deSigned to work with 8- or 16-bit bus 
systems and may be used with address/data multiplexed 
busses or non-multiplexed busses. The multiplexed bus is 
selected for the ISCC if there is an Address Strobe prior to 
or during the transaction which writes the BCR. If no 
Address Strobe is present prior to or during the transaction 
which writes the BCR, a non-multiplexed bus is selected. 

When the ISCC is initialized for non-multiplexed operation, 
register addressing for the ISCC cell is (with the exception 
of WRO and RRO), accomplished as follows. Programming 
the write registers requires two write operations and reading 
the read registers requires both a write and a read operation. 
The first write is to WRO which contains four bits that point 
to the selected register (note point high command). The 
second write is the actual control word for the selected 
register. If the second operation is a read, the selected 
register is accessed. When in the non-multiplexed mode, 
all of the registers in the SCC cell of the ISCC, including the 
data registers, are accessed in this fashion. The pointer 
register is automatically cleared after the second read or 
write operation so that WRO (or RRO) is addressed again. 
Note that when the DMA is not used to address the data, 
the data registers must be accessed by pointing to Reg­
ister 8. This is in contrast to the Z8530 which allows direct 
addressing of the data registers through the C/O pin. 

When the ISCC is initialized for non-multiplexed operation, 
register addressing for the DMA cell (with the exception of 
CSAR) is accomplished as follows and is completely 
independent of the SCC cell register addressing. 
Programming the write registers requires two write 
operations and reading the read registers requires both a 
write and a read operation. The first write is to the Com­
mand Status Address Register (CSAR) which contains five 

. bits that point to the selected register (CSAR bits 4 - 0). The 
second write is the actual control word for the selected 

receive channels has a DMA channel dedicated to it to 
move data to-and-from memory. The DMA channels are 
dedicated to the transmit and receive FIFO's, and there­
fore, can not be used for device initialization. Each DMA 
has a 32-bit address and a 16-bit byte counter. The DMA 
address may be incremented or decremented providing 
flexibility in doing block transfers. 

See the I/O Interface Capabilities Section for more details 
on the DMA features. 

register. If the second operation is a read, the selected 
register is accessed. When in the non-multiplexed mode, 
all of the registers in the DMA cell of the ISCC may be 
accessed in this fashion. The pointer bits are automatically 
cleared after the second read or write operation so that 
CSAR is addressed again. 

When the ISCC is initialized for multiplexed bus operation, 
all registers in the SCC cell are directly addressable with 
the register address occupying AD5through AD1, or AD4 
through ADO (Shill Left/ Shift Right modes). Two additional 
pins, AO/SCCI/DMA and A 1/AI/B control the channel AlB 
register selection and the SCC channel /DMA selection. 
Referto the AO/SCCI/DMA and A 1/ A/IB pin descriptions for 
the encoding of these signals. 

The Shift Left/ Shift Right modes for the address decoding 
for the internal registers (multiplexed bus) are separately 
programmable for the SCC cell and for the DMA cell. For 
the SCC cell the programming and operation is identical to 
that in the SCC; programming is accomplished through 
Write Register 0 (WRO), bits 1 and 0 (Figure 9-1). 

The programming of the Shift Left/Shift Right modes for the 
DMA cell is accomplished in tile BCR, bitO.ln this case, the 
shift function is similar to that for the SCC cell; with Shift left, 
the internal register addresses are decoded from bits AD5 
through AD1 and with Shift Right, the internal register 
addresses are decoded from bits AD4 through ADO. 

When the multiplexed bus mode is selected, Write Register 
o (WRO) takes on the form of WRO in the Z8030 (Figure 9). 

All data transfers to and from the ISCC are done in bytes 
even though the data can, at special times, occupy the 
lower or upper byte of the 16-bit bus. When accessed as 
a peripheral device (Le., when the ISCC is not a bus master 
performing DMA transfers), all bus transactions are on the 
lower 8 bits of the bus with the following exception: 
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FUNCTIONAL DESCRIPTION (Continued) 

When the Isee registers are read, the byte data is present 
on both the lower 8 bits of the bus and the upper 8 bits of 
the bus. Data is accepted only on the lower 8 bits of the bus 
except in certain DMA transfers. 

During DMA transfers, data may be transferred to or from 
the Isee on the upper 8 bits of the bus for odd or even byte 
transfers. During DMA transfers to memory from the ISee, 
byte data only is transferred and the data appears on both 
the lower 8 bits and is replicated on the upper 8 bits of 
the bus. 

During DMA transfers to the Isee from memory, byte data 
only is transferred and normally data is accepted only on 
the lower 8 bits of the bus. However, the byte swapping 

I/O INTERFACE CAPABILITIES 

The Isee offers the choice of Polling, Interrupt (vectored 
or non-vectored), and DMA Transfer modes to transfer 
data, status, and control information to and from the epu. 

Polling. In tl1is mode all interrupts and the DMA's are 
disabled. Three status registers in the see are automati­
cally updated whenever any function is performed. For 
example, end-of-frame in SOLe mode sets a bit in one 
of these status registers. With polling, the epu must 
periodically read a status register until the register contents 
indicate the need for some epu action to be taken. Only 
one register in the see needs to be read; depending on 
the contents of the register, the epu either reads data, 
writes data, or satisfies an error condition. Two bits in the 
register indicate the need for data transfer. An alternative 
is to poll the Interrupt Pending register to determine the 
source of an interrupt. The status for both see channels 
resides in one register. 

Interrupts. When the Isee responds to an Interrupt Ac­
knowledge signal (INTAeK) from the epu, an interrupt 
vector is placed on the data bus. Both the see and the 
DMA contain vector registers. Depending on the source of 
interrupt, one of these vectors is returned. either unmodified 
or modified by the interrupt status to indicate the exact 
cause of the interrupt. 

Each of the six sources in interrupts in the see (Transmit, 
Receive, and External/Status interrupts in both channels) 
and each DMA channel has three bits associated with the 
interrupt source: Interrupt Pending (IP), Interrupt Under 
Service (IUS), and Interrupt Enable (IE). If the IE bit is set 
for any given source of interrupt, then that source can 
request interrupts. The only exception to this rule is when 
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feature may be used to elect on which byte of the bus the 
data is accepted. The byte swapping feature is enabled by 
programming the Byte Swap Enable bit to a 1 in the 
BeR. The odd/even byte transfer selection is made by 
programming the Byte Swap Select bit in the BeR. If Byte 
Swap Select is a 1, then even address bytes (transfers 
where the DMA address has AO equal 0) are transferred on 
the lower 8 bits of the bus and odd address bytes (transfers 
where the DMA address has AD equal 1 ) are transferred on 
the upper 8 bits of the bus. If Byte Swap Select is a 0, then 
even address bytes (transfers where the DMA address has 
AO equal 0) are transferred on the upper 8 bits of the bus 
and odd address bytes(transfers where tile DMA address 
11as AO equal 1) are transferred on the lower 8 bits of 
the bus. 

the associate Master Interrupt Enable (MIE) bit is reset, 
then no interrupts are requested. Both the see and the 
DMA have an associated MIE bit. The IE bits in the see are 
write only, but the IE bits in the DMA are read write. 

The Isee provides for nesting of interrupt sources Witll an 
interrupt daisy chain using the lEI, lEO, and INTAeK pins. 
As a microprocessor peripheral, the Isee may request an 
interrupt only when no hig her priority device is requesting 
one, e.g., when lEI is High. If the device in question 
requests an interrupt, it enables the /INT signal. The epu 
then responds with /INTAeK, and the interrupting device 
places the vector on the data bus. 

In the ISee, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the lEI input is High, the /INT signal 
is activated, requesting an interrupt. In the see, if the IE bit 
is not set, then the IP forthat source can never be set. The 
IP bits in the DMA are set independent of the IE bit. 

The IUS bits signal that an interrupt request is being 
serviced. If an IUS is set, all interrupt sources of lower 
priority in the Isee and external to the Isee are prevented 
from requesting interrupts. The internal interrupt sources 
are inhibited by the state of the internal daisy chain, while 
lower priority devices are inhibited by the lEO output of the 
Isee being pulled Low and propagated to subsequent 
peripherals. Internally, the see is higher priority than the 
DMA. An IUS bit is set during an Interrupt Acknowledge 
cycle if there are no higher priority devices requesting 
interrupts. 

Within the see portion of the Isee there are three types of 
interrupts: Transmit, Receive, and External/Status. Each 



interrupt type is enabled under program control with Chan­
nel A having higher priority than Channel B, and with 
Receive, Transmit, and External/Status interrupts prioritized 
in that order within each cllannel. When the Transmit 
interrupt is enabled, the CPU is interrupted when the 
transmit buffer becomes empty. This implies that the 
transmitter had a data character written into it to make it 
empty. When enabled, the receiver interrupts the CPU in 
one of three ways: 

1. Interrupt on First Receive Character or Special Receive 
Condition 

. 2. Interrupt on All Receive Characters or Special Receive 
Condition 

3. Interrupt on Special Condition Only 

Interrupt on First Character or Special Condition, and 
Interrupt on Special Condition Only, are typically used 
when doing block transfers with tile OMA. A Special 
Receive Condition isone of the following: receiver overrun, 
framing error in Asynchronous mode, end-of-frame in 
SOLC mode and, optionally, a parity error. The Special 
Receive Condition interrupt is different from an Ordinary 
Receive Character Available interrupt only by the status 
placed in the vector during the Interrupt Acknowledge 
cycle. In Interrupt on First Receive Character, an interrupt 
occurs from Special Receive Conditions any time after the 
First Receive Character interrupt. 

The main function of the External/Status interrupt is to 
monitor the signal transitions of the /CTS,/OCO, and 
/SYNC pins; however, an External/Status interrupt is also 
caused by a Transmit Underrun condition, or a zero count 
in the baud rate generator, or by the detection of a Break 
(Asynchronousmode), Abort (SOLC mode)or EOP (SOLC 
Loop mode) sequence in the data stream. The interrupt 
caused by the Abort or EOP has a special feature allowing 
the ISCC to interrupt when the Abort or EOP sequence is 
detected or terminated. This feature facilitates the proper 
termination of the current message, correct initialization of 
the next message, and the accurate timing of the Abort 
condition in external logic. 

Each OMA in the ISCC has two sources of interrupt, which 
share an IP bit and an IUS bit, but have independent 
enables: Terminal Count and Abort. The Abort interrupt is 

generated when an active OMA channel is forced to 
terminate its transfers because /BUSACK is de-asserted 
during a transfer. The Terminal Count interrupt is gener­
ated wilen the OMA transfer count reaches zero. The OMA 
channels themselves are prioritized in a fixed order: Receive 
A, Transmit A, Receive B, and Transmit B. 

DMA Transfer. In this mode, the on-chip OMA channels 
transfer data directly to the transmit buffers or directly from 
the receive buffers. No other transfers are possible (for 
initialization, for example). The request signals from the 
receivers and transmitters are hard-wired to the request 
inputs of the OMA channels internally. Each OMA channel 
provides a 32-bit address which is eiUler incremented or 
decremented with a 16-bit transfer length. Whenever a 
OMA channel receives a request from its associated 
receiver or transmitter and the OMA channel is enabled, 
the ISCC activates the /BUSREQ signal. Upon receipt of an 
active /BUSACK, the OMA channel transfers data between 
memory and the SCC. This transfer continues until the 
receiver or transmitter stops requesting a transfer, until the 
terminal count is reached, or /BUSACK is deactivated. The 
four OMA channels operate independently when the Re­
quest Per Channel option is selected; otherwise, all requests 
pending at the time of bus acquisition will be serviced 
before the bus is released. Each OMA channel is 
independently enabled and disabled. 

Bus Interface. The ISCC contains a flexible bus interface 
that provides the resources necessary to interface the 
ISCC to virtually any type of bus. The ISCC directly supports 
either an 8-bit or a 16-bit bus, although all transfers to and 
from the device are limited to 8-bits at a time. The control 
signals provided allow connection to either a multiplexed 
address/data type bus or to a separate address and data 
type bus. While the ISCC is bus master, the upper address, 
lower address, and data are multiplexed on A015-0. 
Interrupt Acknowledge is signaled through the /INTACK 
signal, which may be programmed as either a status input, 
a pulsed input, or a double-pulsed input. The ISCC also 
contains a /WAIT//ROY input for synchronizing CPU or 
OMA and memory accesses. This pin may be programmed 
to act as either a /WAIT signal or a /READY signal. The 
appropriate signal is provided by the ISCC when it is not 
bus master, and is sampled by the ISCC when it is bus 
master. The ISCC requests the bus via a /BUSREQ signal 
and assumes bus mastership upon receipt of a /BUSACK 
signal. 

721 



CONTROL REGISTERS 

The ISCC contains separate register sets for the SCC core 
and the OMA core. Access to each 'set is controlled by the 
AO/SCC//OMA pin, When this pin is an'input, a High selects 
the SCC core and a Low selects the OMA core. The first 
write to the ISCC after reset is always to the Bus Configu- . 
ration Register (BCR), see Figure 8. If an /AS is present 
before the BCR is written tb, a multiplexed bus is selected. 
If no /AS is present before the BCR write, a non-multiplexed 
bus is selected. The BCR cannot be changed without 
resetting the ISCC. 

Imloolool~looloolmlool 

I Iln=ck:::I:::~:: A~ress for DMA 

o 0 Slatus Acknowledge 
,0 1 Pulsed Acknowledge 

1 0 ReselVed 
1 1 Double-Pulsed Acknowledge 

Reserved 

Byte Swap Select 

Byte SWep Enable 

Figure 8. Bus Configuration Register (BCR) 

SCC Cell. The SCC core contains 13 write registers 
(14 counting the transmit buffer) and ten read registers 
(11 counting the receive buffer) in each channel. Two of the 
write registers are shared (WR2 and WR9) and are ac­
cessed by both channels. WR2 contains the interrupt 
vector for both channels, while WR9 contains the interrupt 
control bits. Table 1 is a list of the SCC write registers and 
Table 2 is a list of the SCC read registers. Figures g and 10 
show the write and read register formats. Read Registers 
6 and 7 are only accessible when the SOLC FIFO is 
enabled. When the SOLC FIFO is not enabled, Read 
Registers 6 and 7 are images of Read Registers 2 and 3, 
respectively. 
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DMA Cell. The OMA cell contains 17 registers (counting 
the BCR). All of the registers are write/read except the 
BCR, CCAR and ICSR. The ISCC also has two status 
registers, the OMA status register (OSR) and the Interrupt 
Status Register (ISR), which are addressed by reading the 
CCAR and ICSR. The OMA also reserves two addresses 
for future use and should not be addressed or Sllould be 
written with all zeros to prevent unexpected operation and 
maintain compatibility with future products. Each OMA 
channel has a 32-bit wide address register providing an 
addressing range of 4 gigabytes. Each channel also has 
a 16-bit count register for up to 64K byte data packet sizes 
(Reference Figures 11-26 and Table 3). 

Table 1. SCC Write Registers 

Bit Description 

WRO Register Painters, various initialization com­
mands 

WR1 Transmit and Receive interrupt enables, 
WAIT/OMA commands 

WR2 
WR3 
WR4 
WR5 

WR6 
WR7 
WR8 
WR9 

WR10 
WR11 
WR12 
WR13 

Interrupt Vector 
Receive parameters and control modes 
Transmit and Receive modes and parameters 
Transmit parameters and control modes 

Sync Character or SOLC address 
Sync Character or SOLC flag 
Transmit buffer 
Master Interrupt control and reset commands 

Miscellaneous transmit and receive control bits 
Clock mode controls for receive and transmit 
Lower byte of baud rate generator 
Upper byte of baud rate generator 

WR14 Miscellaneous control bits 
WR15 External status interrupt enable control 



Write Register 0 (non-multiplexed bus mode) 

Imlool~IMlool~I~lool 

I I I 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
a 1 
a 1 
1 0 
1 a 
1 1 
1 1 

o Register 0 
1 Register 1 
a Register 2 
1 Register 3 
a Reglster4 
1 Register 5 
o Register S' 

~ §~!:}. 
a Register 12 
1 Register 13 
a Register 14 
1 Register 15 

o 0 0 Null Code 
o 0 1 Point High 
o 1 0 Reset ExVStatus Interrupts 
o 1 1 Send Abort (SOlC) 
1 0 0 Enable Int on Next Rx Character 
1 0 1 Reset Tx Int Pending 
1 Error Reset 
1 Reset Highest IUS 

o a Null Code 
a 1 Reset Rx CRC Checker 
1 0 Reset Tx CRG Generator 
1 1 Reset Tx Underrun/EOM latch 

• With Point High Command 

Write Register 0 (multiplexed bus mode) 

107 1 Osl 05 1 04 1 03 1 02 1 01 1 DO 1 

I I 
o 
a 
1 
1 

a Null Code 
1 Null Code 

a a a 
a a 1 
a 1 a 
a 1 1 
1 a a 
1 a 1 
1 1 a 
1 1 1 

a Null Code 

a Select Shill lett Mode }. 
1 Select Shill Right Mode 

a 

Null Code 
Null Code 
Reset Ext/Status Interrupts 
Send Abort 
Enable Int on Next Ax Character 
Reset Tx Int Pending 
Error Reset 
Reset Highest IUS 

1 Reset Ax CRC Checker 
o Reset Tx CRG Generator 
1 Reset Tx Underrun/EOM latch 

* B Channel Only 

Write Register 1 

~ Ext Int Enable 

Tx tnt Enable 

Parity Is SpeCial Condition 

a 0 Rx Int Olsable 
a 1 Rx Int On First Char acter or Special Condition 

ters or Special Condition 
ondltlon Only 

1 0 Int On All Rx Charac 
1 1 Rx Int On Special C 

Write Register 2 

Write Register 3 

o 0 Rx 5 Bits/Character 
o 1 Rx 7 Bits/Character 
1 a Rx S Bits/Character 
1 1 Rx 8 Bits/Character 

WAITIDMA Request Or 
AecelvelfTransmit 

IWAITIDMA Request Function 

WAIT/OMA Request Enable 

V4 

V5 

VS 

V7 

Rx Enable 

Interrupt 
Vector 

Sync Character load Inhibit 

Address Search Mode (SOlC) 

Rx CRC Enable 

Enter Hunt Mode 

Auto Enables 

Figure 9. Write Register Bit Functions 
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Wr~e Register 4 

Parity Enable 

Parity EVENIIOOO 

o 0 Sync Modes Enable 
o 1 1 Stop Bit/Character 
1 0 1 1/2 Stop B~s/Character 
1 1 2 Stop BltslCharacter 

o 0 B-Blt Sync Character 
o 1 16-Blt Sync Character 
1 0 SOlC Mode (01111110 Flag) 
1 1 External Sync Mode 

o Xl Clock Mode 
o X16 Clock Mode 
1 X32 Clock Mode 
1 X64 Clock Mode 

WrRe Register 6 

Sync?-
Sync1 
Sync? 
Sync3 
AOR? 
AOR? 

Sync7 
SyncS 
SynclS 
Syncll 

o 

Sync6 SyncS Sync4 
SyncO SyncS Sync4 
Sync6 SyncS Sync4 
Sync2 Sync1 SyncO 
AOR6 AORS AOR4 
AOR6 AORS AOR4 

Wr~e Register 7 

Sync6 SyncS 
Sync4 Sync3 
Sync14, Sync13 
Syncl0 Sync9 

1 1 

Sync4 
Sync2 
Sync12 
SyncS 

1 

Sync3 
Sync3 
Sync3 

1 
AOR3 

x 

Sync3 
Syncl 
Syncll 
Sync7 

1 

Sync2 
Sync2 
Sync2 

1 
AOR2 

x 

Sync2 
SyncO 
Syncl0 
Sync6 

1 

Write Register 5 

o 0 Tx S Bits(Or less)/Chamcter 
o 1 Tx 7 Bits/Character 
lOT x 6 Bits/Character 
1 1 Tx 8 Bits/Character 

Sync1 
Sync1 
Sync1 

1 
AOR1 

SyncO 
SyncO 
SyncO 

1 
AORO 

Monosync, 8 Bits 
Monosync, 6 Bits 
Bisync, 16 Bits 
BiSync, 12 Bits 
SOlC 

Tx CRC Enable 

RTS 

/SOlC/CRC-16 

TxEnabie 

Send Break 

OTR 

x SOLC (Address Range) 

Syncl 
x 

Sync9 
SyncS 

1 

SyncO 
x 

Sync8 
Sync4 

o 

Monosync, 8 B~s 
Monosync, 6 Bits 
Bisync, 16 Bits 
Bisync, 12 Bits 
SOlC 

Figure 9. Write Register Bit Functions (Continued) 



Write Register 9 

107 106 1 05 1 04 1 03 1 02 1 01 I 00 I 

~~~ 
o 0 No Reset 
o 1 Channel Reset B 
1 0 Channel Reset A 
1 1 Force Hardware Reset 

Write Register 10 

107 1 06 1 05 1 04 1 03 1 02 1 01 I 00 I 

~ 
o 0 NRZ 
o 1 NRZI 
1 0 FM1 (Transition ~ 1) 
1 1 FMO (Transition ~ 0) 

Wr~e Register 11 

107 1 06 1 05 1 04 1 03 1 02 1 01 I 00 I 

I I 
0 0 fTRx 
0 1 fTRx 
1 0 fTRx 
1 1 fTRx 

Status High/iStatus Low 

o 

6 Bitll8 Bit Sync 

Loop Mode 

AbortllFlag On Undorrun 

Marl<JlFlag Idle 

Go Active On Poll 

CRC Preset 1110 

C Out ~ Xtal Output 
C Out ~ Transmit Clock 
C Out ~ BR Generator Output 
C Out ~ OPLL Output 

fTRxC on 

0 0 
0 1 

Transmit Clock ~ IR TxC Pin 
RxC Pin Transmit Clock ~ fT 

0 0 
0 1 

1 0 Transmit Clock ~ B 
1 1 Transmit Clock = 0 

Receive Clock ~ IRTxC Pin 
Receive Clock ~ fTRxC Pin 

R Generator Output 
PLLOutput 

1 0 Receive Clock = BA Generator Output 
1 1 Receive Clock ~ OPLL Output 

IRTxC Xtai/lNo Xtal 

Write Register 12 

Iml~I~I~lool~I~lool 

~ 
Write Register 13 

Iml~I~I~lool~I~lool 

~ 
Write Register 14 

0 0 0 Null Command 
0 0 1 Enter Search Mode 
0 1 0 Reset Missing Clock 
0 1 1 Disable DPLL 

0 0 Set Source = SR Generator 
0 1 Set Source = IRTxC 
1 0 Set FM Mode 
1 1 Set NRZI Mode 

Figure 9. Write Register Bit Functions (Continued) 

TCO 

TC1 

TC2 

TC3 Lower Byte of 

TC4 Time Constant 

TCS 

TC6 

TC7 

TC8 

TC9 

TC10 

TC11 Upper Byte of 

TC12 Time Constant 

TC13 

TC14 

TC1S 

SA Generator Enable 

BR Generator Source 

IDTRlRequest Function 

Auto Echo 

Local Loopback 
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Bit 

RRO 
RR1 
RR2 
RR3 

RR6 
RR7 
RR8 
RR10 

RR12 
RR13 
RR15 

726 

Wr~e Register 15 

~ILo L.= Zero Count IE 

SDlC FIFO Enable 

DCDIE 

Sync!l-lunt IE 

CTSIE 

Tx UnderrunlEOM IE 

Break/Abort IE 

Figure 9. Write Register Bit Functions (Continued) 

Table 2. see Read Registers 

Description 

Transmit and Receive buffer status and external status 
Special Receive Condition status 
Modified interrupt vector (Channel B only), Unmodified interrupt vector (Channel A only) 
Interrupt pending bits (Channel A only) 

SOLC FIFO byte counter lower byte (only when enabled) 
SOLC FIFO byte count and status (only when enabled) 
Receive buffer 
Miscellaneous status bits 

Lower byte of baud rate generator time constant 
Upper byte of baud rate generator time constant 
External Status interrupt information 



Read Register Q 

Read Register 1 

Read Register 2 

• Modnied In B Channel 

Ax Character Available 

Zero Count 

Tx Buffer Empty 

OCO 

SynclHunt 

CTS 

Tx UnderrunlEOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRCfFraming Error 

End 01 Frame (SOLC) 

V4 

VS 

V6 

V7 

Interrupt 

Vector * 

Read Register 3 

• Always 0 In B Channel 

Read Register 6 * 

Channel B ExUStatus IP 

Channel B Tx IP 

Channel B Rx IP 

Channel A ExUStatus IP 

Channel A Tx IP 

Channel A Rx IP 

o 

BCQ 

BCl 

BC2 

BC3 

BC4 

BCS 

BC6 

BC7 

* Can only be accessed if the SOLe FIFO enhancement 
is enabled (WR1S bit 02 set to 1) 

SDLC FIFO Status and Byte Count (LSB) 

Read Register 7 * 

BC6 

BC9 

BC1Q 

BCll 

BC12 

BC13 

FDA: FIFO Available Status 
1 ~ Status Reads lrom FIFO 

FOS: FIFO OVer1low Status 
1 ~ FIFO OVerflowed 
Q ~ Normal 

• Can only be accessed it the SDLC FIFO enhancement 
is enabled (WRI5 bit 02 set to 1) 

SDLC FIFO Status and Byte Count (MSB) 

Figure 10. Read Register Bit Functions 
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Read Register 10 

Read Register 12 

Address 

xxxxx 
00000 
00000 
00001 

00010 
00011 
00011 
00100 

00101 
00110 
00111 
01000-01001 

01010-01011 
01100-01101 
01110-01111 
10000-10011 

10100-10111 
11000-11011 
11100-11111 
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Loop Senting 

o 
Two Clocks Missing 

One Clock Missing 

TCO 

TCI 

TC2 

TC3 

TC4 

TC5 

TC6 

TC7 

Lower Byte 
of Time Constant 

Read Register 13 

107 1 06 1 05 1 04 1 03 1 02 1 01 I DO I 

~ 
Read Register 15 

Tca 

TC9 

TC10 

TCll 

TC12 

TC13 

TC14 

TC15 

Upper Byte 
of Time Constant 

SynclHunt IE 

CTS IE 

Tx UnderrunlEOM IE 

Break/Abort IE 

Figure 10. Read Register Bit Functions (Continued) 

Table 3. DMA Cell Register Description 

Name Description 

BCR Bus Configuration Register 
CCAR Channel Command/Address Register (WRITE) 
DSR DMA Status Register (READ) 
ICR Interrupt Control Register 

IVR Interrupt Vector Register 
ICSR Interrupt Command Register (WRITE) 
ISR Interrupt Status Register (READ) 
DER DMA Enable/Disable Register 

DCR DMA Control Register 
Reserved Address 
Reserved Address 

RDCRA Receive DMA Count Register Channel A (Low-high byte) 

TDCRA Transmit DMA Count Register Channel A 
RDCRB Receive DMA Count Register Channel B 
TDCRB Transmit DMA Count Register Channel B 
RDARA Receive DMA Address Register Channel A 

TDARA Transmit DMA Address Register Channel A 
RDARB Receive DMA Address Register Channel B 
TDARB Transmit DMA Address Register Channel B 



Address: 00000 (Write) 

DMA Commands 

0 0 0 Null Command 
0 0 1 Reserved 
0 1 0 Reset Highest IUS 
0 1 1 DMAReset 
1 0 0 Enable Tx B DMA 
1 0 1 Enable Rx B DMA 
1 1 0 Enable Tx A DMA 
1 1 1 Enable Rx A DMA 

Address 0 

Address 1 

Address 2 

Address 3 

Address 4 

Figure 11. Channel Command/Address Register 

Address: 00000 (Read) 

Tx B DMAAbort 

Rx BDMAAbort 

TxADMAAbort 

RxADMAAbort 

Tx B DMA Tenninal Count 

Rx B DMA T enninal Count 

Tx A DMA Tenninal Count 

Rx A DMA T enninal Count 

Figure 12. DMA Status Register 

Address: 00001 

Tx B DMA Interrupt Enable 

Rx B DMA Interrupt Enable 

Tx A DMA Interrupt Enable 

Ax A DMA Interrupt Enable 

VIS 

NV 

DLe 

MIE 

Figure 13. Interrupt Control Register 

Address: 00010 

* Potentially modHled by interrupt condition 

IV4 

IV5 

IV6 

IV7 

Figure 14. Interrupt Vector Register 

Address: 00011 (Write) 

0 
0 
0 
0 
1 
1 
1 
1 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

DMA Interrupt Commands 

Null Command 
Reset IP 
Reset IUS 
Reset IP and IUS 
Reserved 
SetlP 
Set IUS 
Set IP and IUS 

SelectTx B DMA 

Select Rx B DMA 

Select Tx A DMA 

Select Rx A DMA 

Reserved 

Figure 15. Interrupt Command/Register 

Address: 00011 (Read) 

TxBDMAIP 

AxBDMAIP 

TxADMAIP 

AxADMAIP 

TxBDMAIUS 

AxBDMAIUS 

Tx A DMA IUS 

Ax A DMA IUS 

Figure 16. Interrupt Status Register 
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Address: 00100 

Tx B DMA Abort Enable 

Ax B DMA Abort Enable 

Tx A DMA Abort Enable 

Ax A DMA Abort Enable 

Tx B DMA Enable 

Rx B DMA Enable 

Tx A DMA Enable 

Rx A DMA Enable 

Figure 17. DMA Enable Register 

Address: 00101 

1 D71 D61 Dsl D41 D31 D21 DIlDO 1 

~ 
DMA Priority 

o 0 Rx Arrx AlRx BfTx B 
o 1 Rx BfTx BlAx AfTx A 
1 0 Rx AlAx BfTx Arrx B 
1 1 Rx BlAx Arrx BfTx A 

Tx B DMA Address Inc/IDee 

Ax B DMA Address Inc!lDee 

Tx A DMA Address Inc/IDee 

Ax A DMA Address Inc/IDee 

Reserved 

Bus Request per Channel 

Figure 18. DMA Control Register 

Address: 01000 (low Byte) 
01001 (High Byte) 

Address: 01000 (Low Byte) 
01001 (High Byte) 

~ 
Rx A CnlO 

Ax ACnl1 

Ax ACnl2 

Ax ACnt3 

Ax ACnt4 

Ax ACntS 

Ax ACnl6 

Ax ACnt7 
.. 

Address: 01010 (Low Byle) 
01011 (High Byte) 
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A) LSB B)MSB 

Figure 19. Receive DMA Count Register Channel A 

A)LSB 

Tx A CnlO 

Tx A Cnt1 

Tx A CnI2 

Tx ACnt3 

Tx ACnt4 

Tx ACnlS 

Tx ACnlS 

Tx A Cnl? 

Address: 01010 (Low Byte) 
01011 (High Byte) 

B) MSB 

Figure 20. Transmit DMA Count Register Channel A 

Rx ACnl8 

Rx A Cnl9 

Rx A Cntl0 

Rx ACntl1 

Rx A Cnt12 

Rx A Cnt13 

Rx A Cnt14 

Rx ACnt1S 

Tx A Cnla 

Tx A Cnt9 

Tx ACntl0 

TxACntl1 

TxACnt12 

Tx A Cnt13 

Tx A Cnt14 

Tx ACntlS 



Address: 01100 (Low Byte) 
01101 (High Byte) 

A) LSB 

RxB CntO 

RxBCnt1 

RxB Cnt2 

RxB Cnt3 

RxB Cnt4 

RxB Cnt5 

RxB CntS 

RxBCnt7 

Address: 01100 (Low Byte) 
01101 (High Byte) 

B)MSB 

Figure 21. Receive DMA Count Register Channel B 

Adaess: 01110 (Low Byte) 
01111 (High Byte) 

A)LSB 

Tx BCntO 

Tx B Cnt1 

Tx BCnt2 

Tx B Cnt3 

Tx BCnt4 

Tx BCntS 

Tx BCnt6 

Tx BCnt7 

Adaess: 01110 (Low Byte) 
. 01111 (High Byte) 

B)MSB 

Figure 22. Transmit DMA Count Register Channel B 

RxB CntS 

RxB Cnt9 

RxB Cnt10 

Rx B Cnt11 

RxBCnt12 

RxB Cnt13 

RxB Cnt14 

Rx B Cnt15 

Tx BCntS 

Tx BCnt9 

Tx B Cnt10 

Tx BCnt11 

Tx B Cnt12 

Tx BCnt13 

Tx B Cnt14 

Tx B Cnt15 
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Address: 10000 (Bits 0-7) 

Address: 10001 (Bits 8-15) 
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RxAAddrO 

RxA Addrl 

RxA Addr2 

Rx A Addr3 

Rx A Addr4 

RxAAddr5 

RxAAddr6 

Rx A Addr7 

Rx A Addrll 

Rx A Addr9 

Rx A Addr10 

Rx A Addr11 

RxAAddr12 

RxAAddr13 

RxAAddr14 

Rx A Addr15 

Address: 10010 (Bits 16-23) 

107 1 06 1 05 1 04 1 03 1 02 1 01 I 00 I 

Address: 10011 (Btts 24-31) 

107 1 061051041031 02 1 01 100 I 

~ 
Figure 23. Receive DMA Address Register Channel A 

Ax A Addr16 

Ax A Addr17 

Rx A Addr18 

Ax A Addr19 

Ax A Addr20 

Ax A Addr21 

Ax A Addr22 

Ax A Addr23 

Ax A Addr24 

Ax A Addr25 

Ax A Addr26 

Ax A Addr27 

Ax A Addr28 

Ax A Addr29 

Ax A Addr30 

Rx A Addr31 



Address: 10100 (Bits 0-7) 

Address: 10101 (Bits 8-15) 

107 106 1 05 1 04 1 03 1 02 1 01 1 DO 1 

Tx AAddrQ 

Tx A Addr1 

Tx A Addr2 

Tx AAddr3 

Tx A Addr4 

Tx A AddrS 

Tx A AddJ6 

Tx AAddr7 

Tx AAddrS 

Tx AAddr9 

Tx A Addr10 

Tx A Addr11 

Tx A Addr12 

Tx A Addr13 

Tx A Addr14 

Tx A Addr15 

Address: 10110(B~s 16-23) 

Address: 10111 (Bits 24-31) 

Figure 24. Transmit DMA Address Register Channel A 

Tx A Addr16 

Tx A Addr17 

Tx A Addr18 

TxAAddr19 

Tx A Addr20 

Tx A Addr21 

TxAAddr22 

Tx A Addr23 

Tx A Addr24 

Tx A Addr25 

Tx A Addr26 

Tx A Addr27 

Tx A Addr28 

Tx A Addr29 

Tx A Addr30 

Tx A Addr31 
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Address: 11000 (Bits 0-7) 

Address: 11001 (Bits 8-15) 

734 

Address: 11010 (B"s 16-23) 

Rx B Addr16 

Rx B Addr17 

Rx BAddr18 

Rx B Addr19 

Rx B Addr20 

Rx B Addr21 

Rx BAckkO 

Rx B Adcrl 

Rx BAddr2 

Rx BAdcr3 

Rx B Addr4 

Rx B Addr5 

Rx B Adcr6 

Rx B Addr7 

L-___________________ . RxBAddr~ 

Rx B Adcr8 

Rx BAddr9 

Rx BAddrl0 

Rx B Addrll 

Rx B Addr12 

Rx B Addr13 

Rx B Addr14 

Rx B Addr15 

Address: 11011 (Bits 24-31) 

Figure 25_ Receive DMA Address Register Channel B 

RxBAdd~ 

Rx B Addr24 

Rx B Addr25 

Rx BAddr26 

Rx B Addr27 

Rx BAddr28 

Rx B Addr29 

Rx B Addr30 

Rx B Addr31 



Address: 11100 (Bits 0-7) 

Address: 11101 (Bits 8-15) 

Tx BAddrO 

Tx BAddrl 

Tx BAddr2 

Tx BAddr3 

TxBAddr4 

TxBAddrS 

TxBAddrS 

TxBAddr7 

Tx B AddIS 

Tx B Addr9 

Tx BAddr10 

Tx BAddr11 

Tx BAddr12 

Tx BAddr13 

Tx BAddr14 

Tx BAddr15 

Address: 11110 (Bits 16-23) 

Addre •• :.ll"1 (Bits 24-3') 

Figure 26_ Transmit DMA Address Register Channel B 

Tx BAddr'6 

Tx B Addr17 

Tx BAddr18 

Tx B Addr19 

Tx BAddr20 

Tx B Addr21 

Tx B Addr22 

Tx B Addr23 

Tx B Addr24 

Tx B Addr25 

Tx B Addr26 

Tx B Addr27 

Tx B Addr28 

Tx B Addr29 

TxB Addr3D 

Tx B Addr31 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins, 
with respect to GND ................................ -0.3 V to +7.0 V 
Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ....... c ••••••••••••••••••••••• -85°C to 150°C 

STANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance section below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

• +4.75 V ~ Vee ~ 5.25 V 

• GND = OV 

• TA as specified in Ordering Information 

CAPACITANCE 

Symbol 

Nole: 

Parameter 

Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 

f = 1 MHz over specified temperature range. 
Unmeasured pins returned to ground. 

MISCELLANEOUS 
Transistor Count 52,047 

736 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Min 

+5V 

2.0Kn 

F~~1e~ o----+--+--KI----i 

Sap! 

Figure 27. Standard Test Load 

Max 

10 
15 
20 

Unit 

pF 
pF 
pI-' 

Condition 

Unmeasured Pins 
Returned to Ground 



DC CHARACTERISTICS 
Z16C35 

Symbol Parameter Min Typ Max Unit Condition 

V'H Input High Voltage 2.2 Vcc +0.3 V 

V'L Input Low Voltage -0.3 0.8 V 
VOHl Output High Voltage 2.4 V 10H = -1.6 mA 
VOH2 Output High Voltage Vcc -0.8 V 10H = -250 ~ 

VOL Output Low Voltage 0.4 V IOL = +2.0 mA 

I'L Input Leakage ±1O.00 ~ 0.4 < V'N < +2.4 V 
IOL Output Leakage ±10.00~ 0.4 < Vour < +2.4 V 
ICCl V cc Supply Current 7 50 mA Vee = 5 V, V'H = 4.8 V, V'L = 0.2 V 

Nole: 
vee = 5 V ± 5% unless otherwise specified, over specified temperature range. 

AC CHARACTERISTICS 
Note: See the corresponding figures following this table (Figures 28-49). 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes 

1 Tcyc Bus Cycle Time 4TcPC 4TcPC 
2 TwASI lAS Low Width 40 20 
3 TwASh lAS High Width 90 55 
4 TwDSI IDS Low Width 70 50 

5 TwDSh IDS High Width 60 30 
6 TdAS(DS) lAS Rise to IDS Fall Delay Time 5 5 
7 TdDS(AS) IDS Rise to lAS Fall Delay Time 5 5 
8 TdDS(DRa) IDS Fall to Data Active Delay 0 0 

9 TdDS(DRv) IDS Fall to Data Valid Delay 85 75 
10 TdDS(DRn) IDS Rise to Data Not Valid Delay 0 0 
11 TdDS(DRz) IDS Rise to Data Float Delay 20 15 
12 TsCS(AS) ICS to lAS Rise Setup Time 15 12 

13 ThCS(AS) ICS to lAS Rise Hold Time 0 0 
14 TsADD(AS) Direct Address to lAS Rise Setup Time 15 12 [ 1] 
15 ThADD(AS) Direct Address to lAS Rise Hold Time 5 5 [ 1] 
16 TsSIA(AS) Status IINTACK to lAS Rise Setup Time 15 10 

17 ThSIA(AS) Status IINTACK to lAS Rise Hold Time 5 5 
18 TsAD(AS) Address to lAS Rise Selup Time 15 10 
19 ThAD(AS) Address to lAS Rise Hold Time 5 5 
20 TsRW(DS) R//W to IDS Fall Setup Time 0 0 

21 ThRW(DS) RIIW to IDS Fall Hold Time 25 15 
22 TdDSf(RDY) IDS Fall to IREADY Fall Delay 50 40 
23 TdDSr(RDY) IDS Rise to IREADY Rise Delay 40 20 
24 TsDW(DS) Write Data to IDS Fall Setup Time 0 0 

25 ThDW(DS) Write Data to IDS Fall Hold Time 25 15 
26 TdRDY(DRv) IREADY Fall to Data Valid Delay 40 40 
28 TwRDI IRD Low Width 70 50 
29 TwRDh IRD High Width 60 30 
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AC CHARACTERISTICS (Continued) 

10MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes 

30 TdAS(RD) lAS Rise to IRD Fall Delay Time 5 5 
31 TdRD(AS) IRD Rise to lAS Fall Delay Time 5 5 
32 TdRD(DRa) IRD Fall to Data Active Delay 0 0 
33 TdRD(DRv) IRD Fall to Data Valid Delay 85 75 

34 TdRD(DRn) IRD Rise to Data Not Valid Delay 0 0 
35 TdRD(DRz) IRD Rise to Data Float Delay 20 15 
36 TdRDf(RDY) IRD Fall to IREADY Fall Delay 50 40 
37 TdRDr(RDY) IRD Rise to IREADY Rise Delay 40 20 

38 TwWRI /WR Low Width 70 50 
39 TwWRh /WR High Width 60 30 
40 TdAS(WR) lAS Rise to IWR Fall Delay Time 5 5 
41 TdWR(AS) IWR Rise to AS Fall Delay Time 5 5 

42 TsDW(WR) Write Data to IWR Fall Setup Time 0 0 
43 ThDW(WR) Write Data 10 IWR Fall Hold Time 25 15 
44 TdWRf(RDY) IWR Fall to IREADY Fali Delay 50 40 
45 TdWRr(RDY) IWR Rise to IREADY Fall Delay 40 20 

46 TsCS(DS) ICS to IDS Fall Setup Time 0 0 [2] 
47 ThCS(DS) ICS to IDS Fall Hold Time 25 15 [2] 
48 TsADD(DS) Direct Address to IDS Fall Setup Time 0 0 [1,2] 
49 ThADD(DS) Direct Address to IDS Fall Hold Time 25 15 [1,2] 

50 TsSIA(DS) Status IINTACK to IDS Fall Setup Time 0 0 [2] 
51 ThSIA(DS) Status IINTACK to IDS Fall Hold Time 25 15 [2] 
52 TsCS(RD) ICS to IRD Fall Setup Time 0 0 [2] 
53 ThCS(RD) ICS to IRD Fall Hold Time 25 15 [2] 

54 TsADD(RD) Direct Address 10 IRD Fall Selup Time 0 0 [1,2] 
55 ThADD(RD) Direct Address to IRD Fall Hold Time 25 15 [1,2] 
56 TsSIA(RD) Status IINTACK to IRD Fall Setup Time 0 0 [2] 
57 ThSIA(RD) Status IINTACK to IRD Fall Hold Time 25 15 [2] 

58 TsCS(WR) ICS to /WR Fall Setup Time 0 () [2] v 

59 ThCS(WR) ICS to IWR Fall I-I old Time 25 15 [2] 
60 TsADD(WR) Direct Address to IWR Fall Selup Time 0 0 [1,2] 
61 ThADD(WR) Direct Address to /WR Fall Hold Time 25 15 [1,2] 

62 TsSIA(WR) Status IINTACK to IWR Fall Setup Time 0 0 [2] 
63 ThSIA(WR) Status IINTACK to /WR Fall Hold Time 25 15 [2] 
78 TdDSI(RDY) IDS Fall (INTACK) to/READY Fall Delay 300 250 [4] 
81 TsIEI(DSI) lEI to IDS Fall (INTACK) Setup Time 60 40 

82 ThIEI(DSI) lEI to IDS Rise (INTACK) Hold Time 0 0 
83 TdIEI(IEO) lEI to lEO Delay 60 40 
84 TdAS(IEO) lAS Rise or Status INTACK to lEO Delay 60 40 
85 TdDSI(INT) IDS Fall (INTACK) to liNT Inactive Delay 200 170 

86 TdDSI(Wf) IDS Fall (INTACK) to IWAIT Fall Delay 40 35 
87 TdDSI(Wr) IDS Fall (INTACK) to IWAIT Rise Delay 300 175 [4] 
88 TdW(DRy) IWAIT Rise to Data Valid Delay 40 35 
89 TdRDI(RDY) IRD Fall (INTACK) to IREADY Fall Delay 300 175 [4] 
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AC CHARACTERISTICS (Continued) 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes 

91 TsIEI(RDI) lEI to IRD Fall (INTACK) Setup Time 60 50 
92 ThIEI(RDI) lEI to IRD Rise (INTACK) Hold Time 0 0 
93 TdRDI(INT) IRD Fall (INTACK) to liNT Inactive Delay 200 170 
94 TdRDI(Wf) IRD Fall (INTACK) to /WAIT Fall Delay 40 35 

95 TdRDI(Wr) IRD Fall (INTACK) to /WAIT Rise Delay 300 175 [41 
96 TwPIA1 Pulsed IINTACK Low Width 70 55 
97 TwPIAh Pulsed liNT ACK High Width 60 45 
98 TdAS(PIA) lAS Rise to Pulsed IINTACK Fall Delay Time 5 5 

99 TdPIA(AS) Pulsed IINTACK Rise to lAS Fall Delay Time 5 5 
100 TdPIA(DRa) Pulsed IINTACK Fall to Data Active Delay 0 0 
101 TdPEA(DRn) Pulsed IINTACK Rise to Data Not Valid Delay 0 0 
102 TdPIA(DRz) Pulsed IINTACK Rise to Data Float Delay 20 15 

103 TsIEI(PIA) lEI to Pulsed /lNTACK Fall Setup Time 60 50 
104 ThIEI(PIA) lEI to Pulsed IINTACK Rise Hold Time 0 0 
105 TdPIA(IEO) Pulsed IINTACK Fall to lEO Delay 60 50 
106 TdPIA(INT) Pulsed IINTACK Fall to liNT Inactive Delay 200 170 

107 TdPIAf(RDY) Pulsed liNT ACK Fall to IREADY Fall Delay 300 200 [4) 
108 TdPIAr(RDY) Pulsed IINTACK Rise to IREADY Rise Delay 40 35 
109 TdPIA(Wf) Pulsed IINTACK Fall to IWAIT Fall Delay 40 35 
110 TdPIA(Wr) Pulsed IINTACK Fall to/WAIT Rise Delay 300 175 [4) 

111 TdSIA(INT) Status IINTACK Fall to liNT Inactive Delay 200 200 [2) 
113 TwRESI IRESET Low Width 170 140 
114 TwRESh IRESET High Width 60 40 
115 TdRES(STB) IRESET Rise to IStrobe Fall 60 40 [3) 

116 TdPC(BUSa) PCLK Rise to Bus Active Delay 40 35 [5) 
117 TdPC(BRQ) PCLK Rise to IBUSREQ Delay 40 35 
118 TsBAK(PC) IBUSACK to PCLK Rise Setup Time 10 10 
119 ThBAK(PC) IBUSACK to PCLK Rise Hold Time 30 20 

120 TwPCI PCLK Low Width 35 26 
121 TwPCh PCLK High Width 35 26 
122 TcPC PCLK Cycle Time 100 61 
123 TlPC PCLK Fall Time 10 5 

124 TrPC PCLK Rise Time 10 5 
125 TdPCr(UAS) PCLK Rise to IUAS Delay 30 25 [5) 
126 TwUASI IUAS Low Width 30 25 [5,6) 
127 TdPCf(UAS) PCLK Fall to IUAS Delay 30 25 [5) 

128 TdPCr(AS) PCLK Rise to lAS Delay 30 25 [5) 
129 TwASI lAS Low Width 30 25 [5,6) 
130 TdPCf(AS) PCLK Fall to lAS Delay 30 25 [5) 
131 TdAS(DSr) lAS Rise to IDS Fall (READ) Delay 30 25 [5,71 

132 TdDS(PCr) PCLK Rise to IDS Delay 30 25 [5) 
133 TwDSlr IDS Low Width (READ) 135 90 [5,8) 
134 TdPCf(DS) PCLK Fall to IDS Delay 30 25 [5) 
135 TsDR(DS) Read Data to IDS Rise Setup Time 30 25 [5) 
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AC CHARACTERISTICS (Continued) 

10 MHz 16 MHz 
No Symbol Parameter Min Max Min Max Notes 

136 ThDR(DS) Read Data to IDS Rise Hold Time 0 0 [5] 
137 TdPC(RW) PCLK Rise to RI/W Delay 30 25 [5] 
138 TdAS(RD) lAS Rise to IRD Fall Delay 30 25 [5,7] 
139 TdPCr(RD) PCLK Rise to IRD Delay 30 25 [5] 

140 TwRDI IRD Low Width 135 90 [5,8] 
141 TdPCf(RD) PCLK Fall to IRD Delay 30 25 [5] 
142 TsDR(RD) Read Data to IRD Rise Setup Time 30 25 [5] 
143 ThDR(RD) Read Data to IRD Rise Hold Time 0 0 [5] 

144 TdPC(ADD) PCLK Rise to Direct Address Delay 30 25 [1,5] 
145 TdPC(AD) PCLK Rise to Address Delay 40 40 [5] 
146 ThAD(PC) Address to PCLK Rise Hold Time 0 0 [5] 
147 TdPC(ADz) PCLK Rise to Address Float Delay 50 45 [5] 

148 TdPC(ADa) PCLK Rise to Address Active Delay 40 35 [5J 
149 TsAD(UAS) Address to IUAS Rise Setup Time 20 10 [5] 
150 ThAD(UAS) Address to IUAS Rise Hold Time 20 10 [5] 
151 TsAD(AS) Address to lAS Rise Setup Time 20 10 [5] 

152 ThAD(AS) Address to lAS Rise Hold Time 20 10 [5] 
153 TsW(PC) /WAIT to PCLK Fall Setup Time 10 10 [5] 
154 ThW(PC) /WAIT to PCLK Fall Hold Time 30 20 [5] 
155 TsRDY(PC) IREADY to PCLK Fall Setup Time 10 10 [5] 

156 ThRDY(PC) IREADY to PCLK Fall Hold Time 30 20 [5] 
157 ThDW(PC) Write Data to PCLK Rise Hold Time 0 0 [5] 
158 TdAS(DSw) lAS Rise to IDS Fall (WRITE) Delay 85 45 [5,9] 
159 TsDW(DS) Write Data to IDS Fall Setup Time 30 25 [5,6] 

160 TwDSlw IDS Low Width (WRITE) 90 70 [5,10] 
161 ThDW(DS) Write Data to IDS Rise Hold Time 30 25 [5,7] 
162 TdAS(WR) lAS Rise to IWR Fall Delay 85 55 [5,9] 
163 TsDW(WR) Write Data to IWR Fall Setup Time 30 25 [5,6] 

164 TwWRI IWR Low Width 90 55 [5, iO] 
165 ThDW(WR) Write Data to /WR Rise Hold Time 30 25 [5,7] 
166 TdPC(WR) PCLK Fall to /WR Delay 30 25 [5] 
167 TdPC(BUSz) PCLK Rise to Bus Float Delay 50 40 [5] 

Notes: 
[1] Direct address is A llN1B or AO/SCC/IDMA. 
[2] The parameter applies only when lAS is not present. 
[3] IStrobe is any 01 IDS, /RD, /WR or Pulsed IINTACK. 
[4] Clock-cycle dependent, 2TcPC + TwPCI + TIPC + 55. 
[5] Parameter applies only while ISCC is bus master. 
[6] Clock-cycle dependent, TwPCh + TIPC - 15. 
[7] Clock-cycle dependent, TwPCl + TrPC - 15. 
[8] Clock-cycle dependent, TcPC + TwPCh + TrPC - 10. 
[9] Clock-cycle dependent. TcPC - 15. 

[10] Clock-cycle dependent, TcPC - 10. 
[11] TImings in nanoseconds 
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Figure 37. Multiplexed IRD Status INTACK Cycle 
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AC CHARACTERISTICS 
General Timing 
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Figure 50. Z16C35 General Timing 
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AC CHARACTERISTICS 
General Timing 

No Symbol Parameter 

1 TsRXD(RXCr) RxD to {RxC Rise Setup Time (x1 mode) 
2 ThRXD(RXCr) RxD to {RxC Rise Hold Time (x1 mode) 
3 TsRXD(RXCf) RxD to {RxC Fall Setup Time (x1 mode) 
4 ThRXD(RXCf) RxD to {RxC Fall Hold Time (x1 mode) 

5 TsSY(RXC) {SYNC to {RxC Rise Setup Time 
6 ThSY(RXC) {SYNC to RxC Rise Hold Time 
7 TsTXC(PC) {TxC to PCLK Setup Time 
8 TdTXCf(TXD) /TxC Fall to TxD Delay (x1 mode) 

9 TdTxCr(TXD) /TxC Rise to TxD Delay (x1 mode) 
10 TdTXD(TRX) TxD to /TRXC Delay (Send Clock Echo) 
11 TwRTXh {RTxC High Width 
12 TwRTXI /RTxC Low Width 

13 TcRTX {RTxC Cycle Time (RxD, TxD) 
14 TcRTXX Crystal Oscillator Period 
15 TwTRXh {TRxC High Width 
16 TwTRXI /TRxC Low Width 

17 TcTRX /TRxC Cycle Time (RxD, TxD) 
18 TwEXT {DCD or {CTS Pulse Width 
19 TwSY {SYNC Pulse Width 

Notes: 
[1] /RxC is !RTxC or /TRxC, whichever is supplying the receive clock. 
[2] /TxC is /TRxC or /RTxC, whichever is supplying the transmit clock. 
[3] Both !RTxC and /SYNC have 30 pf capacitors to ground connected to them. 

10MHz 16MHz 
Min Max Min Max Notes 

0 0 [1] 
150 60 [ 1] 
0 0 [1,5] 

150 60 [1,5] 

-200 -100 [ 1] 
5TcPc 5TcPc [1] 

0 0 [2,4] 
150 85 . [2] 

150 85 [2,5] 
200 80 

150 80 [6] 
150 80 [6] 

400 244 [6,7] 
100 1000 100 1000 [3] 
150 80 [6] 
150 80 [6] 

400 244 [6,7] 
200 70 
200 70 

[4] Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between /RxC and PCLK or/TxC and 
PCLK is required. 

[5] Parameter applies only to FM encoding/decoding. 
[6] Parameter applies only for transmitter and receiver; DPLL and baud rate generator requirements are identical to case PCLK requirements. 
[7] The maximum receive or transmit data rate is one-fourth PCLK. 
[8] Timings in nanoseconds. 
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AC CHARACTERISTICS 
System Timing 
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Figure 51. Z16C35 System Timing 
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AC CHARACTERISTICS 
System Timing 

No Symbol Parameter 

1 TdRXC(SY) IRxC Rise to ISYNC 
2 TdRXC(INT) RxC Rise to liNT Valid Delay 
3 TdTXC(INT) ITxC Fall to liNT Valid Delay 
4 TdSY(INT) ISYNC Transition to liNT Valid Delay 
5 TdEXT(INT) lOCO or ICTS Transition to liNT Valid Delay 

Notes: 
[1] jRxC is jRlXC or {TRxC, whichever is supplying the receive clock. 
[2] {TxC is {TRxC or jRTxC, whichever is supplying the transmit clock. 
[3] Units equal to TcPc. 
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4 7 4 7 [ 1] 
10 16 10 16 [1] 
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PRODUCT SPECIFICATION 

Z5380 SCSI 
SMALL COMPUTER SYSTEM INTERFACE 

FEATURES 

_ Compatible 5380 pinout - Arbitration support 

_ Low power CMOS - DMA or programmed I/O data transfers 

_ Asynchronous interface, supports 1.5 MB/s - Supports Normal or Block Mode DMA 

_ Direct SCSI Bus interface with on-board 48 mA drivers - Memory or I/O Mapped CPU interface 

_ Supports Target and Initiator roles 

GENERAL DESCRIPTION 

The Z5380 SCSI (Small Computer System Interface) con­
troller is a 40-pin DIP or 44-pin PLCC CMOS device 
(Figure 1). It is designed to implement the SCSI protocol as 
defined by the ANSI X3.131-1986 standard, and is fully 
compatible with the industry standard 5380. It is capable 
of operating both as a Target and as an Initiator. Special 
high-current open-drain outputs enable it to directly 
interface to, and drive, the SCSI bus. The Z5380 has the 
necessary interface hook-ups so the system CPU can 
communicate with it like with any other peripheral device. 
The CPU can read from, or write to, the SCSI registers 
which are addressed as standard or memory­
mapped I/Os. 

The Z5380 increases the system performance by minimiz­
ing the CPU intervention in DMAoperations which the SCSI 
controls. The CPU is interrupted by the SCSI when it 
detects a bus condition that requires attention. It also 
supports arbitration and reselection. The Z5380 has the 
proper hand-shake signals to support normal and block 
mode DMA operations with most DMA controllers 
available (Figure 2). 

Note: All SignalS with a preceding front slash, nl", are active 
Low, e.g.: H//w (WORD is active Low); IB/W (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 
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Figure 3. Pin Diagrams 

PIN DESCRIPTION 

Microprocessor Bus 

Figure 3 shows the pins and their respective functions for 
both the DIP and PLCC. 

A2-AO. Address Lines(lnput). Address lines are used with 
ICS, liaR, or IIOW to address all internal registers. 

ICS. Chip Select (Input, Active Low). This Signal, in con­
junction with liaR or IIOW,. enables the internal register 
selected by A2-AO, to be read from or written to. 

IDACK. DMA Acknowledge (Input, Active Low). IDACK 
resets ORO and selects the data register for input or output 
data transfers. IDACK is used by DMA controller instead 
of/CS. 

ORO. DMA Request (Output, Active High). ORO indicates 
that the data register is ready to be read or written. DRO is 
asserted only if DMA mode is set in the Command Register. 
DRO is cleared by IDACK. 

.07-00. Data Lines(Bidirectional, three-state, Active High). 
Bidirectional microprocessor data bus lines. DO is the 
Least Significant Bit of the bus. Data bus lines carry data 
and commands to and from the SCSI. 

IEOP. End of Process (Input, Active Low). lEap is used to 
terminate a DMA transfer. If asserted during a DMA cycle, 
the current byte will be transferred, but no additional bytes 
will be requested. 

/lOR. I/O Read (Input, Active Low). liaR is used in con­
junction with ICS and A2-AO to read an internal register. 
It also selects the Input Data Register when used 
with IDACK. 

IIOW. I/O Write (Input, Active Low). II OW is used in con­
junction with ICS and A2-AO to write an internal register. 
It also selects the Output Data Register when used 
with /DACK. 
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PIN DESCRIPTION (Continued) 

IRO. Interrupt Request (Output, Active High). IRO alerts 
a microprocessor of an error condition or an . event 
completion. 

READY. Ready (Output, Active High). Ready is used to 
control the speed of Block Mode DMA transfers. This· 
signal goes active to indicate the chip is ready to sendl 
receive data and remains Low after a transfer until the last 
byte is sent or until the DMA Mode bit is reset 

IRESET. Reset(lnput, Active Low)./RESET clears all reg­
isters. It has no effect upon the SCSIIRST signal. 

SCSI Bus 

The following signals are all bidirectional, active Low, 
open-drain, with 48 mA sink capability. All pins interface 
directly with the SCSI bus. 

lACK. Acknowledge (Bidirectional, Open-drain, Active 
Low). Driven by an Initiator, /ACK indicates an 
acknowledgement for a /REO/IACK data-transfer hand­
shake. In the Target role, /ACK is received as a response 
to the /REO signal. . 

IATN. Attention (Bidirectional, Open-drain, Active Low). 
Driven by an Initiator, received by the Targel,/ATN indicates 
an Attention condition .. 

IBSY. Busy (Bidirectional, Open-drain, Active Low). This 
signal indicates that the SCSI bus is being usedand can 
be driven by both the Initiator and the Target device. 

CliO. Control/Data (Bidirectional, Open-drain). Driven by 
the Target and received by the Initiator, C/ID indicates 
whether Control or Data information is on the Data Bus. 
True indicates Control. 

FUNCTIONAL DESCRIPTION 

The Z5380 Small Computer System Interface (SCSI) has a 
set of eight registers that are controlled by the CPU. By 
reading and writing the appropriate registers, the CPU 
may initiate any SCSI Bus activity or may sample and 
assert any signal on the SCSI Bus. This allows the user to 
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1087-/080, 10BP. Data Bus Bits, Data Bus Parity Bit 
(Bidirectional, Open-drain). These eight data bits 
(/DB7-/DBO), plus a parity bit (lDBP) form the data bus. 
/DB7 is the most significant bit (MSB) and has the highest 
priority during the Arbitration phase. Data parity is odd. 
Parity is always generated and optionally checked. Parity 
is not valid during Arbitration. 

1110. Input/Output(Bidirectional, Open-drain). I/O is a sig­
nat' driven by a Target which controls the direction of data 
movement on the SCSI bus. True indicates input to the 
Initiator. iThis Signal is also used to distinguish between 
Selection and Reselection phases. 

IMSG. Message (Bidirectional, Open-drain, Active Low). 
This Signal is driven by the Target during the Message 
phase. This signal is received by the Initiator. 

IREO. Request (Bidirectional, Open-drain, Active Low). 
Driven by the Target and received by the Initiator, this 
Signal indicates a request for a IREO/IACK data-transfer 
handshake. 

IRST. SCSI Bus Reset (Bidirectional, Open-drain, Active 
Low). This signal indicates a SCSI bus Reset condition. 

ISEL. Select(Bidirectional, Open-drain, Active Low). This 
signal is used by an Initiator to select a Target, or by a 
Target to reselect an Initiator. 

Power Signals: 

GND. Ground (OV) 

VDD. VPD Supply (+5V) 

implement all or any ofthe SCSI protocol in software. These 
registers are read (written) by activating /CS with an 
address on A2-AO and then issuing an /IOR (flOW) pulse. 
This section describes the operation of the internal regis­
ters (Table 1). 



Table 1. Register Summary 

Address 
A2 A1 AO RIW Register Name 

0 0 0 R Current SCSI Data 
0 0 0 W Output Data 
0 0 1 R/W Initiator Command 
0 1 0 R/W Mode 

0 1 1 R/W Target Command 
1 0 0 R Current SCSI Bus Status 
1 0 0 W Select Enable 
1 0 1 R Bus and Status 

0 1 W Start DMA Send 
1 0 R Input Data 
1 0 W Start DMA Target Receive 
1 1 R Reset Parity/Interrupt 
1 1 W Start DMA Initiator Receive 

Data Registers 

The data registers are used to transfer SCSI commands, 
data, status, and message bytes between the micropro­
cessor Data Bus and the SCSI Bus. The Z5380 does not 
interpret any information that passes through the data 
registers. The data registers consist of the transparent 
Current SCSI Data Register, the Output Data Register, and 
the Input Data Register. 

Current SCSI Data Register. Address O(Read Only). The 
Current SCSI Data Register (Figure 4) is a read-only 
register which allows the microprocessor to read the active 
SCSI Data Bus. This is accomplished by activating /CS 
with an address on A2-AO of 000 and issuing an /IOR pulse. 
If parity checking is enabled, the SCSI Bus parity is 
checked at tile beginning of the read cycle. This register 
is used during a programmed I/O data read or during 
Arbitration to check for higher priority arbitrating devices. 
Parity is not guaranteed valid during Arbitration. 

Output Data Register. Address O(Write Only). The Output 
Data Register (Figure 5) is a write-only register that is used 
to send data to the SCSI BUs. This is accomplished by 
either using a normal CPU write, or under DMA control, by 
using /IOW and /DACK. This register also asserts the 
proper 10 bits on the SCSI Bus during the Arbitration and 
Selection phases. 

Address: 0 (Read Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

IOB4 

IOB5 

IOB6 

IOB7 

Figure 4. Current SCSI Data Register 

Address: 0 (Write Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

IOB4 

IOB5 

IOB6 

IOB7 

Figure 5. Output Data Register 

Initiator Command Register. Address 1 (Read/Write). The 
. Initiator Command Register (Figures 6 and 7) are read and 
write registers which assert certain SCSI Bus signals, 
monitors tilose signals, and monitors the progress of bus 
arbitration. Many of tllese bits are significant only wilen 
being used as an Initiator; however, most can be used 
during Target role operation. 
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FUNCTIONAL DESCRIPTION (Continued) 

Address: 1 (Read Only) 

1071061051041031021011001 

~ 
Assert Oata Bus 

Assert/ATN 

Assert/SEL 

Assert/BSY 

Assert/ACK 

Lost Arbftration 

'---------- Arbitration in Progress 

Assert/RST 

Figure 6. Initiator Command Register 

Address: 1 (Wrfte Only) 

1071061051041031021011001 

Assert Oata Bus 

Assert/ATN 

Assert/SEL 

Assert/BSY 

Assert/ACK 

'--------- "0" 

'---------- Test Mode 

Assert/RST 

Figure 7. Initiator Command Register 

The following describes the operation of all bits in the 
Initiator Command Register: 

Bit O. Assert Data Bus. This bit, when set, allows the con­
tents of the Output Data Register to be enabled as chip 
outputs on the signals /DB7-DBO. Parity is also generated 
and asserted on /DBP. 

When connected, as an Initiator, the outputs are only 
enabled if the Target Mode bit (Mode Register, bit 6) is 0, 
the received signal 1//0 is False, and the phase signals 
(CI/D, 1//0, and /MSG) match the contents of the Assert 
CI/D, Assert 11/0, and Assert/MSG inthe Target Command 
Register. 

This bit should also be set during DMA send operations. 
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Bit 1. Assert /A TN. /ATN may be asserted on the SCSI Bus 
by setting this bit to a one (1) if the Target Mode bit (Mode 
Register, bit 6) is False. /ATN is normally asserted by the 
initiator to request a Message Out bus phase. Note that, 
since Assert/SEL and Assert/ATN are in the same register, 
a select with /ATN may be implemented with one CPU 
write, /ATN may be deasserted by resetting this bit to zero, 
A read of this register simply reflects the status of this bit. 

Bit 2. Assert /SEL. Writing a one (1) into this bit position 
asserts /SEL onto the SCSI Bus. /SEL is normally asserted 
after Arbitration has been successfully completed. /SEL 
may be disabled by resetting bit 2 to a zero. A read of this 
register reflects the status of this bit. 

Bit 3. Assert /BSY. Writing a one (1) into this bit position 
asserts /BSY onto the SCSI Bus. Conversely, a zero resets 
the /BSY signal. Asserting /BSY indicates a successful 
selection or reselection. Resetting this bit creates a Bus­
Disconnect condition, Reading this register reflects 
bit status. 

Bit 4. Assert/ACK. Bit 4 is used by the bus initiator to assert 
/ACK on the SCSI Bus. In order to assert /ACK, the Target 
Mode bit (Mode Register, bit 6) must be False. Writing a 
zero to this bit deasserts /ACK. Reading this register 
reflects bit status. 

Bit 5. "0" (Write Bit), Bit 5 should be written with a zero for 
proper operation. 

Bit 5. LA (Lost Arbitration - Read Bit). Bit 5, when active, 
indicates that the SCSI detected a Bus-Free condition, 
arbitrated for use of the bus by asserting /BSY and its 10 on 
the Data Bus, and lost Arbitration due to /SEL being 
asserted by another bus device. This bit is active only 
when the Arbitrate bit (Mode Register, bit 0) 'is active. 

Bit 6. Test Mode (Write !::lit). !::lit 6 is written during a test 
environment to disable all output drivers, effectively re­
moving the ZS380from the circuit. Resetting this bit returns 
the part to normal operation. 

Bit 6. AlP (Arbitration in Process - Read Bit). Bit 6 is used 
to determine if Arbitration is in progress. For this bit to be 
active, the Arbitrate bit (Mode Register, bit 0) must have 
been set previously. It indicates that a Bus-Free condition 
has been detected and that the chip has asserted /BSY 
and put the contents of the Output Data Register onto the 
SCSI Bus. AlP will remain active until the Arbitrate bit 
is reset. 

Bit 7. Assert /RST. Whenever a one is written to bit 7 of the 
I nitiator Command Register, the /RST signal is asserted on 
the SCSI Bus. The /RST signal will remain asserted until this 
bit is reset or until an external/RESET occurs. After this bit 



is set (1), IRO goes active and all internal logic and control 
registers are reset (except for the interrupt latch and the 
Assert IRST bit). Writing a zero to bit 7 of the Initiator 
Command Register deasserts the IRST signal. The status 
of this bit is monitored by reading the Initiator Command 
Register. 

Mode Register. Address 2(Read/Write). The Mode Regis­
ter controls the operation of the chip. This register deter­
mines whether the Z5380 operates as an Initiator or a 
Target, whether DMA transfers are being used, whether 
parity is checked, and whether interrupts are generated on 
various extemal conditions. This register is read to check 
the value of these internal control bits (Figure 8). 

Address: 2 (ReadlWrite) 

1071061051041031021011001 

~ 
Arbitrate 

OMAMode 

Monitor IBSY 

Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable Parity Checking 

Target Mode 

Block Mode OMA 

Figure 8. Mode Register 

The following describes the operation of all bits in the 
Initiator Command Register: 

Bit O. Arbitrate. The Arbitrate bit is set (1) to start the 
Arbitration process. Prior to setting this bit, the Output Data 
Register should contain the proper SCSI device ID value. 
Only one data bit should be active for SCSI Bus Arbitration. 
The Z5380 waits for a Bus-Free condition before entering 
the Arbitration phase. The results of the Arbitration phase 
is determined by reading the status bits LA and AlP 
(Initiator Command Register, bits 5 and 6, respectively). 

Bit 1. OMA Mode. The DMA Mode bit is normally used to 
enable a DMA transfer and must be set (1) prior to writing 
Start DMA Send Register, Start DMA Target Register, and 
Start DMA Initiator Receiver Register. These three regis­
ters are used to start DMA transfers. The Target Mode bit 
(Mode Register, bit 6) must be consistent with writes to 
Start DMA Target Receive and Start DMA Initiator Receive 
Registers; i.e., set (1) for a write to Start DMA Target 
Receive Register and set (0) for Start DMA Initiator Receive 

Register. Tile control bit Assert Data Bus (Initiator Com­
mand Register, bit O)'must be True (1) for all DMA send 
operations. In the DMA mode, IREO and lACK are auto­
matically controlled. 

The DMA Mode bit is not reset upon the receipt of an IEOP 
Signal. Any DMA transfer is stopped by writing a zero into 
this bit location; however, care must be taken not to cause 
ICS and IDACK to be active simultaneously, 

Bit 2. Monitor Busy. The Monitor Busy bit, when True (1), 
causes an interrupt to be generated for an unexpected 
loss of IBSY, When the interrupt is generated due to loss of 
IBSY, the lower six bits of the Initiator Command Register 
are reset (0) and all signals are removed from the 
SCSI Bus, 

Bit 3. Enable 1E0P interrupt. The enable IEOP interrupt bit, 
when set (1), causes an interrupt to occur when the IEOP 
(End Of Process) signal is received from the DMA con­
troller logic. 

Bit 4. Enable Parity Interrupt. The Enable Parity Interrupt 
bit, when set (1), will cause an interrupt (IRO) to occur if a 
parity error is detected. A parity interrupt will only be 
generated if the Enable Parity Checking bit (bit 5) is also 
enabled (1). 

Bit 5. Enable Parity Checking. The Enable Parity Checking 
bit determines whetller parity errors are ignored or saved 
in the parity error latch. If this bit is reset (0), parity is 
ignored. Conversely, if this bit is set (1), parity errors 
are saved. 

Bit 6. Target Mode. The Target Mode bit allows the Z5380 
to operate as a SCSI Bus Initiator or Target. With this bit 
reset (0), the Z5380 operates as a SCSI Bus Initiator. 
Setting Target Mode bit to 1 programs the Z5380 to ope 
ate as a SCSI Bus Target device. If the signals 
IATN and lACK are to be asserted on the SCSI Bus, the 
Target Mode bit must be reset (0). If the signals CIID, 1110, 
IMSG, and IREO are to be asserted on the SCSI Bus, the 
Target Mode bit must be set (1). 

Bit 7. Block Mode OMA. The Block Mode DMA bit controls 
the characteristics of the DMA DRO-/DACK handshake. 
When this bit is reset (0) and the DMA Mode bit is active (1), 
the DMA handshake uses the normal interlocked hand­
shake, and the rising edge of IDACK indicates the end of 
each byte being transferred. In Block Mode operation, 
when the Block Mode DMA bit is set (1) and DMA Mode bit 
is active (1), the end of IIOR or IIOW signifies the end of 
each byte transferred and IDACK is allowed to remain 
active throughout the DMA operation. Ready can then be 
used to request the next transfer. 
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FUNCTIONAL DESCRIPTION (Continued) 

Target Command Register. Address 3(Read/Write). When 
connected as a target device, the Target Command Reg­
ister (Figure 9) allows the CPU to control the SCSI Bus 
Information Transfer phase and/or to assert /REO by writ­
ing this register. The Target Mode bit (Mode Register, bit 
6) must be True (1) for bus assertion to occur. The SCSI 
Bus phases are described in Table 2. 

Address: 3 (ReadlWr~e) 

1071061051041031021011001 

~ 
Assert 1110 

Assert CliO 

Assert/MSG 

AssertlREO 

oX" 

Figure 9. Target Command Register 

Table 2. SCSI Information Transfer Phases 

Bus Phase Assert Assert Assert 
11/0 CliO IMSG 

Data Out 0 0 0 
Unspecified 0 0 1 
Command 0 1 0 
Message Out 0 1 1 

Data In 1 . 0 0 
Unspecified 1 0 1 
Status 1 1 0 
Message In 1 1 1 

When connected ?s an Initiator with DMA Mode bit True, if 
the phase lines (1/10, C/lD, and /MSG) do not match the 
phase bits in the Target Command Register, a phase 
mismatch interrupt is generated when /REO goes active. 
To send data as an Initiator, the Assert 1/10, Assert C/lD, 
and Assert /MSG bits must match the corresponding oits 
in the Current SCSI Bus Status Register. The Assert /REO 
bit (bit 3) has no meaning when operating as an Initiator. 

: 
Bits 4, 5, 6, and 7 are not used. 

Current SCSI Bus Status Register. Address 4 (Read Only). 
The Current SCSI Bus Register is a read-only register 
which is used to monitor seven SCSI Bus control signals, 
plus the Data Bus parity bit. For example, an Initiator 
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device can use this register to determine the current bus 
phase and to poll /REO for pending data transfers. This 
register may also be used to determine why a particular 
interrupt occurred. Figure 10 describes the Current SCSI 
Bus Status Register. 

Address: 4 (Read Only) 

1071061051041031021011001 

~~ 
IMSG 

IREO 

IBSY 
L-~ _________ IRST 

Figure 10. Current SCSI Bus Status Register 

Select Enable Register. Address 4(Write Only). The Select 
Enable Register (Figure 11) is a write-only register which is 
used as a mask to monitor a signal 10 during a selection 
attempt. The simultaneous occurrence of the correct I 0 bit, 
/BSY False, and /SEL True causes an interrupt. This inter­
rupt can be disabled by resetting all bits in this register. If 
the Enable Parity Checking bit (Mode Register, bit 5) is 
active (1), parity is checked during selection. 

Address: 4 (Write Only) 

1071061051041031021011001 

~ 
lOBO 

lOBI 

IOB2 

IOB3 

'-------- IOB4 

lOBS 

IOB6 

IOB7 

Figure 11. Select Enable Register 



Bus and Status Register. Address 5 (Read Only). The Bus 
and Status Register (Figure 12) is a read-only register 
which can be used to monitor the remaining SCSI control 
signals not found in the Current SCSI Bus Status Registers 
(fATN and lACK), as well as six other status bits. The 
following describes each bit of the Bus and Status Register 
individually. 

Address: 5 (Read Only) 

1071061051041031021011001 

~ 
lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 12. Bus and Status Register 

Bit O. lACK. Bit 0 reflects the condition of the SCSI Bus 
control signal lACK. This signal is normally monitored by 
the Target device. 

Bit 1. /A TN. Bit 1 reflects the condition of the SCSI Bus 
control signal/ATN. This signal is normally monitored by 
the Target device. 

Bit 2. Busy Error. The Busy Error bit is active if an unex­
pected loss of the IBSY signal has occurred. This latch is 
set whenever the Monitor Busy bit (Mode Register, bit 2) is 
True and IBSY is False. An unexpected loss of IBSY 
disables any SCSI outputs and resets the DMA Mode bit 
(Mode Register, bit 1). 

Bit 3. Phase Match. The SCSI signals IMSG, CliO, and 
1110, represent the current information Transfer phase. The 
Phase Match bit indicates whether the current SCSI Bus 
phase matches the lower 3 bits of the Target Command 
Register. Phase Match is continuously updated and isonly 
significant when operating as a Bus Initiator. A phase 
match is required for data transfers to occur on the 
SCSI Bus. 

Bit 4. Interrupt Request ACTIVE. Bit 4 is set if an enabled 
interrupt condition occurs. It reflects the current state of the 
IRO output and can be cleared by reading the Reset Parityl 
Interrupt Register. 

Bit 5. Parity Error. Bit 5 is set if a parity error occurs during 
a data receive or a device selection. The Parity Error bit can 
only be set (1) if the Enable Parity Check bit (Mode 
Register, bit 5) is active (1). This bit may be cleared by 
reading the Reset Parityllnterrupt Register. 

Bit 6. OMA Request. The DMA Request bit allows the CPU 
to sample the output pin ORO. ORO can be cleared by 
asserting IDACK or by resetting the DMA Mode bit (bit 1) 
in the Mode Register. The ORO signal does not reset wilen 
a phase-mismatcll interrupt occurs. 

Bit 7. End of OMA Transfer. The End of DMA Transfer bit is 
set if lEap, IDACK, and either liaR or IIOW are simulta­
neously active for at least 1 OOns. Since the lEap signal can 
occur during the last byte sent to the Output Data Register, 
the IREO and lACK signals Sllould be monitored to ensure 
that the last byte has been transferred. This bit is reset 
when the DMA Mode bit is reset (0) in the Mode Register. 

Input Data Register. Address 6 (Read Only). The input 
Data Register (Figure 13) is a read-only register that is 
used to read latched data from the SCSI Bus. Data is 
latched either during a DMA Target receive operation 
when lACK goes active or during a DMA Initiator receive 
when IREO goes active. The DMA Mode bit (bit 1) must be 
set before data can be latched in the Input Data Register. 
This register is read under DMA control using liaR and 
IDACK. Parity is optionally checked when the Input Data 
Register is loaded. 

Address: 6 (Read Only) 

Iwlool~I~loolool~lool 

lOBO 

lOBI 

IOB2 

IOB3 

IOB4 

lOBS 

IOB6 

IOB7 

Figure 13. Input Data Register 
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FUNCTIONAL DESCRIPTION (Continued) 

DMA Registers 

Three write-only registers are used to initiate all DMA 
activity. They are: Start DMA Send,· Start DMA Target 
Receive, and Start DMA Initiator Receive. Performing a 
write operation into one of these registers starts the de­
sired type of DMA transfer. Data presented to the Z53800n 
signals D7 -DO during the register write is meaningless and 
has no effect on the operation. Prior to writing these 
registers, the Block Mode DMA bit (bit 7), the DMA Mode 
bit (bit 1), and the Target Mode bit (bit 6) in the Mode 
Register must be appropriately set. The individual regis­
ters are briefly described as follows: 

Start DMA Send. Address 5 (Write Only). This register is 
written to initiate a DMA send, from the DMA to the SCSI 
Bus, for either Initiator or Target role operations. The DMA 
Mode bit (Mode Register, bit 1) is set prior to writing this 
register. 

Start DMA Target Receive. Address 6 (Write Only). This 
register is written to initiate a DMA receive - from the SCSI 
Bus to the DMA, for Target operation only. The DMA Mode 
bit (bit 1) and the Target Mode bit (bit 6) in the Mode 
Register must both be set (1) prior to writing this register. 

Start DMA Initiator Receive. Address 7 (Write Only). This 
register is written to initiate a DMA receive - from the SCSI 
Bus to the DMA, for Initiator operation only. The DMA Mode 
bit (bit 6) must be False (0) in the Mode Register prior to 
writing this register. 

Reset Parity/Interrupt. Address 7 (Read Only). Reading 
this register resets the Parity Error bit (bit 5), the Interrupt 
Request bit (bit 4), and the Busy Error bit (bit 2) in the Bus 

. and Status Register. 

On-Chip SCSI Hardware Support 
The Z5380 is easy to use because of its simple architec­
ture. The chip allows direct control and monitoring of the 
SCSI Bus by providing a latch for each Signal. However, 
portions of the protocol define timings which are much too 
quick for traditional microprocessors to control. Therefore, 
hardware support has been provided for DMA transfers, 
bus arbitration, phase change monitoring, bus disconnec­
tion, bus reset, parity generation, parity checking, and 
device selection/reselection. 

Arbitration is accomplished using a bus-free filter to 
continuously monitor /BSY. If /BSY remains inactive for at 
least 1.2us, the SCSI Bus is considered free and Arbitra­
tion may begin. Arbitration will begin if the bus is free, /SEL 
is inactive, and the Arbitrate bit (Mode Register, bit 0) is 
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active. Once arbitration has begun (lBSY asserted), an 
arbitration delay of 2.2us must elapse before the Data Bus 
can be examined to determine if Arbitration is enabled. 
This delay is implemented in the controlling soft­
ware driver. 

The Z5380 is a clockwise device. Delays such as bus-free 
delay, bus-set delay, and bus-settle delay are imple­
mented using gate delays. These delays may differ be­
tween devices because of inherent process variations, but 
are well within the proposed ANSI X3.131 - 1986 specifi­
cation. 

Interrupts 

The Z5380 provides an interrupt output (IRQ) to indicate a 
task completion or an abnormal bus occurrence. The use 
of interrupts is optional and may be disabled by resetting 
the appropriate bits in the Mode Register or the Select 
Enable Register. 

When an interrupt occurs, the Bus and Status Register and 
the Current SCSI Bus Status Register (Figures 12 and 10) 
must be read to determine which condition created the 
interrupt. IRQ can be reset simply by reading the Reset 
Parity/Interrupt Register or by an external chip reset 
/RESET active for 200ns. 

Assuming the Z5380 has been properly initialized, an 
interrupt is generated if the chip is selected or reselected; 
if an /EOP signal occurs during a DMA transfer; if a SCSI 
Bus reset occurs; if a parity error occurs during a data 
transfer; if a bus phase mismatch occurs; or if a SCSI Bus 
disconnection occurs. 

Selection/Reselection Interrupt 
The Z5380 generates a select interrupt if /SEL is active (0), 
its device ID is True and /BSY is False for at least a bus­
settle delay. If 1110 is active, this is considered a reselect 
interrupt. The correct ID bit is determined by a match in the 
Select Enable Register. Only a single bit match is required 
to generate an interrupt. This interrupt may be disabled by 
writing zeros into all bits of the Select Enable Register. 

If parity is supported, parity should be good during the 
selection phase. Therefore, if the Enable Parity bit (Mode 
Register, bit 5) is active, the Parity Error bit is checked to 
ensure that a proper selection has occurred. The Enable 
Parity Interrupt bit need not be set for this interrupt to be 
generated. 



The proposed SCSI specification also requires that no 
more than two device ID's be active during the selection 
process. To ensure this, the Current SCSI Data Reg­
ister is read. 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
14 and 15, respectively. 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 14. Bus and Status Register 

07 DO 

lolololxlxlxlolxl 

I~:: ~CIIO 
IMSG 

IREO 

IBSY 

IRST 

Figure 15. Current SCSI Bus Status Register 

End Of Process (EOP) Interrupt 
An End Of Process signal (EOP) which occurs during a 
DMA transfer (DMA Mode True) will set the End of DMA 
Status bit (bit 7) and will optionally generate an interrupt if 
Enable EOP Interrupt bit (Mode Register, bit 3) is True. The 
IEOP pulse will not be recognized (End of DMA bit set) 
unless IEOP, IDACK, and either IIOR or IIOW are con­
currently active for at least 100 ns. DMA transfers can still 
occur if IEOP was not asserted at the correct time. This 

interrupt is disabled by resetting the Enable EOP Inter­
rupt bit. 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register for this interrupt are 
shown in Figures 16 and 17. 

07 DO 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 16. Bus and Status Register 

IMSG 

IREO 

IBSY 

IRST 

Figure 17. Current SCSI Bus Status Register 

The End of DMA bit is used to determine when a block 
transfer is complete. Receive operations are complete 
when there is no data left in the chip and no additional 
handshakes occurring. The only exception to this is receiv­
ing data as an Initiator and the Target opts to send 
additional data for the same phase. In this IREO goes 
active and the new data is present in the Input Data 
Register. Since a phase-mismatch interrupt will not occur, 
IREO and lACK need to be sampled to determine that the 
Target is attempting to send more data. 
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For send operations, the End of DMA bit is set when the 
DMA finishes its transfers, but the SCSI transfer may still be 
in progress, If connected as a Target, /REO and /ACK 
SllOUld be sampled until both are False, If connected as an 
Initiator, a phase change interrupt is used to signal the 
completion of the previous phase, It is possible for the 
Target to request additional data for the same phase, In 
this case, a phase change will not occur and both /REO 
and /ACK are sampled to determine when the last byte was 
transferred, 

SCSI Bus Reset Interrupt 
The Z5380 generates an interrupt wilen the /RST signal 
transitions to True, The device releases all bus signals 
within a bus-clear delay of this transition, This interrupt also 
occurs after setting the Assert /RST bit (Initiator Command 
Register, bit 7), This interrupt cannot be disabled, (Note: 
/RST is not latched in bit 7 of the Current SCSI Bus Status 
Register and is not active wilen this port is read, For this 
case, tile Bus Reset interrupt is determined by default.) 

The proper values for ttle Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
18 and 19, respectively, 
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Figure 18. Bus and Status Register 
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Figure 19. Current SCSI Bus Status Register 

Parity Error Interrupt 
An Interrupt is generated for a received parity error if the 
Enable Parity Check (bit 5) and the Enable Parity Interrupt 
(bit 4) bits are set (1) in the Mode Regi~ter. Parity is 
checked during a read of the Current SCSI Data Register 
and during a DMA receive operation, A parity error can be 
detected without generating an interrupt by disabling the 
Enable Parity Interrupt bit and checking the Parity Error 
flag (Bus and Status Register, bit 5), 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
20 and 21, respectively, 
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Figure 20. Bus and Status Register 
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Figure 21. Current SCSI Bus Status Register 

Bus Phase Mismatch Interrupt 
The SCSI phase lines are comprised of the signals 11/0, 
CI/O, and IMSG. These signals are compared with the 
corresponding bits in the Target Command Register: 
Assert 11/0 (bit 0), Assert CliO (bit 1), and Assert IMSG 
(bit 2). The comparison occurs continually and is reflected 
in the Phase Match bit (bit 3) of ttle Bus and Status 
Register. If the OMA Mode bit (Mode Register, bit 1) is 
active and a phase mismatch occurs when IREO transitions 
from False to True, an interrupt (IRO) is generated. 

A phase mismatch prevents the recognition of IREO and 
removes the chip from the bus during an Initiator send 
operation (/OB7-/OBO and 10BP will not be driven even 
through the Assert Data Bus bit (Initiator Command Reg­
ister, bitO) is active). This may be disabled by resetting the 
OMA Mode bit (Note: It is possible for this interrupt tooccur 
when connected as a Target if another device is driving the 
phase lines to a different state). 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
22 and 23, respectively. 
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Figure 22. Bus and Status Register 
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Figure 23. Current SCSI Bus Status Register 

Loss of BSY Interrupt 
If the Monitor Busy bit (bit 2) in the Mode Register is aclive, 
an interrupt is generated if the BSY signal goes False for at 
least a bus-settle delay. This interrupt is disabled by 
resetting the Monitor Busy bit. Register values are dis­
played in Figures 24 and 25. 
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FUNCTIONAL DESCRIPTION (Continued) 

lACK 

IATN 

Busy Error 

Phase Match 

1-.. ______ ' Interrupt Request Active 

Parity Error 

OMA Request 

End of OMA 

Figure 24. Bus and Status Register 

07 00 

IMSG 

IREQ 

IBSY 

IRST 

Figure 25. Current SCSI Bus Status Register 

Reset Conditions 
Three possible reset situations exist with the Z5380, 
as follows: 

Hardware Chip Reset 
When the signal /RST is active for at least 200 ns, the Z5380 
device is re-initialized and all internal logic and control 
registers are cleared, This is a chip reset only and does not 
create a SCSI Bus-Reset condition, 

SCSI Bus Reset (/RST) Received 
When a SCSI /RST signal is received, an IRQ interrupt is 
generated and a chip reset is performed, All internal logic 
and registers are cleared, exceptforthe IRQ interruptlatch 
and the Assert /RST bit (bit 7) in the Initiator Command 
Register. (Note: The /RST signal may be sampled by 
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reading tile Current SCSI Bus Status Register; tlowever, 
this signal is not latched and may not be present when this 
port is read), 

SCSI Bus Reset (lRST) Issued 
If the CPU sets the Assert /RST bit (bit 7) in the Initiator 
Command Register, the /RST signal goes active on the 
SCSI Bus and an internal reset is performed, Again, ail 
internal logic and registers are cleared except for the IRQ 
interrupt latch and the Assert /RST bit (bit7) in the Initiator 
Command Register, The /RST signal will continue to be 
active until the Assert /RST bit is reset or until a hardware 
reset occurs, 

Data Transfers 
Data is transferred between SCSI Bus devices in one of 
four modes (Reference Figures 26-41): 

1. Programmed I/O 
2. Normal DMA 
3. Block Mode DMA 
4. Pseudo DMA 

The following sections describe these modes in detail 
(Note: For all data transfer operations, /DACK and /CS 
stlOuld never be active simultaneously), 

Programmed I/O Transfers 
Programmed I/O is the most primitive form of data transfer. 
The /REQ and /ACK handshake signals are individually 
monitored and asserted by reading and writing the appro­
priate register bits, This type of transfer is normally used 
when transferring small blocks of data such as command 
blocks or message and status bytes, An Initiator send 
operation would begin by setting the CliO, 1//0, and /MSG 
bits in the Target Command Register to the correct state so 
that a phase maieil exisis, In addition to the phase match 
condition, it is necessary for tile Assert Data Bus bit 
(Initiator Command Register, bit 0) to be True and the 
received I/O signal to be False for the Z5380 to send data, 
For each transfer, the data is loaded into the Output Data 
Register, The CPU then waits for the /REQ bit (Current SCSI 
Bus Status Register, bit 5) to become active, Once /REQ 
goes active, the Phase Match bit (Bus and Status Register, 
bit 3) is checked and the Assert /ACK bit (Initiator Com­
mand Register, bit4) is set. The /REQ bit is sampled until 
it becomes False and the CPU resets the Assert /ACK bit 
to complete the transfer. 

Normat DMA Mode 
DMA transfers are normally used for large block transfers, 
The SCSI chip outputs a DMA request (DRQ) wllenever it 
is ready for a byte transfer, External DMA logic uses ttlis 



ORO signal to generate /OACK and an /IOR or an /IOW 
pulse to the Z5380, ORO goes inactive when /OACK is 
asserted and /OACK goes inactive some time alter the 
minimum read or write pulse widttl, This process is re­
peated for every byte, For this mode, /OACK should not be 
allowed to cycle unless a transfer is taking place, 

Block Mode DMA 
Some popular OMA Controllers, such as the 9517 A, pro­
vide a Block Mode OMA transfer. This type of transfer 
allows the OMA controller to transfer blocks of data without 
relinquishing tile use of the Data Bus to the CPU after eactl 
byte is transferred; thus, faster transfer rates are achieved 
by eliminating tile repetitive access and release of the CPU 
Bus, If the Block Mode OMA bit (Mode Register, bit 7) is 
active, the Z5380 begins the transfer by asserting ORO, 
The OMA controller then asserts /OACK for the remainder 
of the block transfer. ORO goes inactive for the duration of 
the transfer. Tile Ready output is used to control the 
transfer rate, Non-Block Mode OMA transfers end when 
/OACK goes False, whereas Block Mode OMA transfers 
end when /IOR or /IOW becomes inactive, Since this is the 
case, OMA transfers may be started sooner in a Block 
Mode transfer. To obtain optimum performance in Block 
Mode operation, tile OMA logic optionally uses the normal 
OMA mode interlocking handshake, Ready is still available 
to throttle the OMA transfer, but ORO is 30 to 40 ns faster 
tllan Ready and is used to start the cycle sooner. The 
methods described under "Halting a OMA Operation" 
apply for all OMA operations, 

Pseudo DMA Mode 
To avoid the tedium of monitoring and asserting the re­
quest/acknowledgement handshake signals for pro­
grammed I/O transfers, the system can be designed to 
implement a pseudo OMA mode, This mode is imple­
mented by programming the Z5380 to operate in the OMA 
mode, but using the CPU to emulate the OMA handshake, 
ORO may be detected by polling the OMA Request bit (bit 
6) in the Bus and Status Register, by sampling the signal 
through an external port, or by using it to generate a CPU 
interrupt. Once ORO is detected, the CPU can perform a 
read or write data transfer. This CPU read/write is exter­
nally decoded to generate the appropriate /OACK and 
/IOR or /IOW signals, 

Often, external decoding logic is necessary to generate 
the Z5380/CS signal. Tilis same logic may be used to 
generate /OACK at no extra cost and provide an increased 
performance in programmed I/O transfers, 

Halting a DMA Operation 
The /EOP signal is not the only way to halt a OMA transfer. 
A bus phase mismatch or a reset of the OMA Mode bit 
(Mode Register, bit 1) can also terminate a OMA cycle for 
the current bus phase, 

Using the IEOP Signal 
If /EOP is used, it should be asserted for at least 100ns 
while /OACK and /IOR or /IOW are simultaneously active, 
Note, however, that if /IOR or /IOW is not active, an interrupt 
is generated, but the OMA activity continues, The /EOP 
signal does not reset the DMA Mode bit. Since the /EOP 
signal can occur during the last byte sent to tile Output 
Data Register, the /REO and /ACK signals are monitored to 
ensure that tile last byte has transferred, 

Bus Phase Mismatch Interrupt 
A bus phase mismatch interrupt is used to halt tile transfer 
ifoperating as an Initiator. Using tllis method frees the host 
from maintaining a data length counter and frees the OMA 
logic from providing the /EOP signal. If performing an 
Initiator send operation, the Z5380 requires /OACK to 
cycle before /ACK goes inactive, Since pllase changes 
cannot occur if /ACK is active, eitller /OACK must be 
cycled after tile last byte is sent or tile OMA Mode bit must 
be reset in order to receive the phase mismatch interrupt. 

Resetting the DMA Mode Bit 
A OMA operation may be halted at any time simply by 
resetting the OMA Mode bit. It is recommended that the 
OMA Mode bit be reset after receiving an /EOP or bus 
phase-mismatch interrupt. The OMA Mode bit must then 
be set before writing any of the start OMA registers for 
subsequent bus phases, 

If resetting the OMA Mode bit is used instead of /EOP for 
Target role operation, then care must be taken to reset this 
bit at the proper time, If receiving data as a Target device, 
the OMA Mode bit must be reset once the last ORO is 
received and before /OACK is asserted to prevent an 
additional/REO from occurring, Resetting this bit causes 
ORO to go inactive, However, the last byte received 
remains in the Input Data Register and may be obtained 
either by performing a normal CPU read or by cycling 
/OACK and /IOR, In most cases, /EOP is easier to use when 
operating as a Target device, 
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READ REGISTERS 

Address: 0 I I (Read ani) 

D7 Dsl Dsl D41 D31 D2IDlID~1 

~:: 
IDB3 

IDB4 

IDBS 

IDBS 

IDB7 

Figure 26. Current SCSI D ata Register 

Figure 27. I nitiator Comm 
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Assert/RST 
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Address: 2 

I D71 DslDSI D41 D31 ~:i~~ r~~i 
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~~Albttrate 
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Enable lEap Interrupt 

Enable Parity Interrupt 

Figure 28. M 

Enable Parity Checking 

Target Mode 

Block Mode DMA 

ode Register 

Address: 3 

I D71 DS I Dsl D41 D31 ~:i:ll~I~)I' 

~.~ AssertlllO 

~ AssertCIID 

Assert/MSG 

Assert/REO 

"0" 

Figure 29. T arget Command R . eglster 

Address: 4 I I (Read Only) 
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~: 
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Figure 30. C urrent SCSI B 

Address: S I I I (Read ani) 
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Figure 31. B 
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Address: 6 (Read Only) 

1071061051041031021011001 

~ 
lOBO 

10Bl 
IOB2 
IOB3 
10B4 

IOB5 
IOB6 
IOB7 

Figure 32. Input Data Register 

WRITE REGISTERS 

Address: 0 (Write Only) 

10710sI05\04\031021011001 

~ 
lOBO 
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10B4 

IOB5 
IDBS 

IDB7 

Figure 34, Output Data Register 

Address: 1 (Wrtte Only) 

1071061051041031021011001 

Assert Data Bus 

Assert/ATN 

Assert/S.EL 

Assert/BSY 

Assert lACK 

"0" 

Test Mode 

Assert/RST 

Figure 35. Initiator Command Register 

Address: 7 (Read Only) 

1071 0S \05\04\03\02\01\001 

\ "X" 

X = Don't Care 

Figure 33, Reset Parity/Interrupt 

Address: 2 (Write Only) 

107\OS\05104103\021011001 

Arbitrate 

OMAMode 

Monitor IBSY ~ Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable Parity Checki~g 

~----------------- Ta~etMode 

Block Mode OMA 

Figure 36. Mode Register 

Address: 3 (Wrtte Only) 

10710sI05104103\02\0110~1 

~ 
Assert 1110 

AssertCiID 

Assert/MSG 

Assert/REO 

"X" 

Figure 37, Target Command Register 
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WRITE REGISTERS (Continued) 

Address: 4 (Write Only) 

1071061051041031021011001 

~ 
lOBO 

lOBI 

IOB2 

10B3 
10B4 
lOBS 

IOB6 

IOB7 

Figure 38. Select Enable Register 

Address: 5 (WrHe Only) 

1071061051041031021011001 

I "X" 

Figure 39. Start DMA Send 

ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins 
with respect to GND .................................. -O.3V to + 7.0V 
Operating Ambient Temperature ................................... t 
Storage Temperature ............................. -65°C to + 150°C 

Nole: 
t See Ordering Information 
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Address: 6 (Write Only) 

1D71001~1~lool~I~lool 

"X" 

Figure 40. Start DMA Target Receive 

Address: 7 (Write Only) 

1071061051041031021011001 

1 "X" 

Figure 41. Start DMA Initiator Receive 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications isnot implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 



STANDARD TEST CONDITIONS' 

The DC Characteristics section below apply for the follow­
ing standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current flows into 
the referenced pin. Standard conditions are as follows 
(Figures 42 and 43): 

• +4.75V < Vee < +5.25V 
• GND = OV 
• TA as specified in Ordering Information 

2.4 2.0 2.0 

0.4 ==x>~~~:s<::x= 
0.8 0.8 

Figure 42. Switching Test Circuit 

From Output 
Under Test 

120pf 

I 

2K 

9K 

Figure 43. Standard Test Load 

DC CHARACTERISTICS 
Z5380 

Symbol Parameter Conditions Min Max Units 

Voo Supply Voltage 4.75 5.25 V 
VIH High-Level Input Voltage 2.0 5.25 V 
VIL Low-Level Input Voltage -0.3 0.8 V 

I'H 1 High-Level Input Current VIH = 5.25V 
SCSI Bus Pins VIL = OV 50 ~ 

I'H2 High-Level Input Current VIH = 5.25V 
All Other Pins VIL = OV 10 ~ 

IlL 1 Low-Level Input Current VIH = 5.25V 
SCSI Bus Pins VIL = OV -50 

I'L2 Low-Level Input Current VIH = 5.25V 
All Other Pins VIL = OV -10~ 

VOH High-Level Output Voltage IOH = -3m A 2.4 V 
Voo = 4.75V 

VOL 1 Low-Level Output Voltage IOL = 48mA 0.5 V 
SCSI Bus Pins Voo = 4.75V 

VoL2 Low-Level Output Voltage IOL = 7mA 0.5 V 
All Other Pins Voo = 4.75V 

100 Supply Current 15 mA 

TA Operating Free-Air 0 70 C 
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AC CHARACTERISTICS 
CPU Write Cycle nming Diagram 

A2-AO 

ICS 

flOW 

07-00 

AC CHARACTERISTICS 
CPU Write Cycle Timing Table 

No Description 

1 Address Setup to Write Enable[1] 

Figure 44. CPU Write Cycle 

2 Address Hold from End Write Enable[1] 
3 Write Enable Width[1] 

4 Chip Select Hold from End of flOW 
5 Data Setup to end of Write Enable[1] 
6 Data Hold Time form End of flOW 

Note: 
[1) Write Enable is the occurrence of flOW and fCS 
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Min Max Units 

20 ns 
20 ns 
70 ns 

0 ns 
50 ns 
30 ns 



AC CHARACTERISTICS 
CPU Read Cycle Timing Diagram 

A2-AO 

ICS 

IIOR 

07-00 

Figure 45. CPU Read Cycle 

AC CHARACTERISTICS 
CPU Read Cycle Timing Table 

No Description Min Max Units 

1 Address Setup to Read Enable[1] 20 ns 
2 Address Hold from End Read Enable[1] 20 ns 

3 Chip Select Hold from End of IIOR 0 ns 
4 Data Access Time from Read Enable[1] 130 ns 
5 Data Hold Time from End of Read Enable[1] 20 ns 

Note: 
[1'J Read Enable is the occurrence of IIOR and ICS. 
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AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Target Send Cycle Timing Diagram 
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Figure 46. DMA Write (Non-Block Mode) Target Send Cycle 



AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Target Send Cycle Table 

No Description Min Max Units 

1 ORO Low from /DACK Low 130 ns 
2 /DACK High to ORO High 30 ns 
3 Write Enable Width[1] 100 ns 
4 /DACK Hold from /IOW High 0 ns 

5 Data Setup to End of Write Enable[1] 50 ns 
6 Data Hold Time from End of /IOW 40 ns 
7 Width of /EOP Pulse[2] 100 ns 
8 /ACK Low to /REO High 25 125 ns 

9 /REO from End of /DACK (lACK High) 30 150 ns 
10 /ACK Low to ORO High (Target) 15 110 ns 
11 /ACK High to /REO Low (lDACK High) 20 150 ns 
12 Data Hold from Write Enable 15 ns 
13 Data Setup to /REO Low (Target) 60 ns 

Notes: 
[1] Write Enable is the occurrence of IIOW and IDACK. 
[2] lEap, IIOW, and /DACK must be concurrently Low for at least T7 for proper recognition of the /EOP pulse. 
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AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Initiator Send Cycle Timing Diagram 
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Figure 47. DMA Write (Non-Block Mode) Initiator Send Cycle 



AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Initiator Send Cycle Table 

No Description 

1 ORO Low from IDACK Low 
2 IDACK High to ORO High 
3 Write Enable Width[1] 
4 IDACK Hold-from End of IIOW 

5 Data Setup to End of Write Enable[1] 
6 Data Hold Time from End of IIOW 
7 . Width of IEOP Pulse[2] 
8 IREO Low to lACK Low 

9 IREO High to ORO High 
10 IDACK High to lACK High 
11 IIOW High to Valid SCSI Data 
12 Data Hold from Write Enable[1] 

Notes: 
[1] Write Enable is the occurrence of IIOW and IDACK. 

Min 

130 
30 
100 
o 
50 
40 
100 
20 

20 
25 
100 
15 

[2] IEOP,IIOW, and /DACK must be concurrently Low for at least T7 for proper recognition of the lEap pulse. 

Max Units 

ns 
ns 
ns 
ns 

ns 
ns 
ns 

160 ns 

110 ns 
150 ns 

ns 
ns 
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AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Target Receive Cycle Timing Diagram 
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Figure 48. DMA Read (Non-Block Mode) Target Receive Cycle 



AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Target Receive Cycle Table 

No Description Min Max Units 

1 ORO Low from IDACK Low 130 ns 
2 IDACK High to ORO High 30 ns 
3 IDACK Hold Time from End of liaR 0 ns 
4 Data Access Time from Read Enable[1] 115 ns 

5 Data Hold Time from End of liaR 20 ns 
6 Width of IEOP Pulse[2] 100 ns 
7 lACK Low to ORO High 15 110 ns 
8 IDACK High to IREO Low (lACK High) 30 150 ns 

9 lACK Low to IREO High 25 125 ns 
10 lACK High to IREO Low (/DACK High) 20 150 ns 
11 Data Setup Time to lACK 20 ns 
12 Data Hold Time from lACK 50 ns 

Noles: 
[1] Read Enable is the occurrence of liaR and IDACK. 
[2] lEap, liaR, and /DACK musl be concurrently Low for at leasl T6 for proper recognition of the lEap pulse. 
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AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Initiator Receive Cycle Timing Diagram 
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Figure 49. DMA Read (Non .. Block Mode) Initiator Receive Cycle 



AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Initiator Receive Cycle Table 

No Description Min Max Units 

1 ORO Low from IDACK Low 130 ns 
2 IDACK High to ORO High 30 ns 
3 IDACK Hold Time from End of liaR 0 ns 
4 Data Access Time from Read Enable[1] 115 ns 

5 Data Hold Time from End of liaR 20 ns 
6 Width of lEap Pulse[2] . 100 ns 
7 IREO Low to ORO High 20 ns 
8 IDACK High to lACK High (lREO High) 25 160 ns 

9 IREO Low to lACK Low 20 160 ns 
10 IREO High to lACK High (lDACK High) 15 140 ns 
11 Data Setup Time to IREO 20 ns 
12 Data Hold Time from IREO 50 ns 

Notes: 
[1] Read Enable is the occurrence of IIOR and JDACK. 
[2] IEOP, IIOR, and JDACK must be concurrently Low for at least T6 for proper recognition of the !EOP pulse. 
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AC CHARACTERISTICS 
DMA Write (Block Mode) Target Send Cycle Timing Diagram 
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Figure 50. DMA Write (Block Mode) Target Send Cycle 



AC CHARACTERISTICS 
DMA Write (Block Mode) Target Send Cycle Table 

No Description Min Max Units 

1 DRO Low from IDACK Low 130 ns 
2 Write Enable Width[l] 100 ns 
3 Write Recovery Time 120 ns 
4 Data Setup to End of Write Enable[ 1] 50 ns 

5 Data Hold Time from End of II OW 40 ns 
6 Width of lEap Pulse[2] 100 ns 
7 lACK Low to IREO High 25 125 ns 
8 IREO from End of IIOW (lACK High) 40 180 ns 

9 IREO from End of lACK (lIOW High) 20 170 ns 
10 lACK Low to READY High 20 140 ns 
11 READY High to II OW High 70 ns 
12 IIOW High to READY Low 20 140 ns 

13 Data Hold from lACK Low 40 ns 
14 Data Setup to IREO Low 60 ns 

Notes: 
[1) Write Enable is the occurrence of /lOW and IDACK. 
[2) lEap, IIOW, and /DACK must be concurrently Low for at least T6 for proper recognition of the JEOP pulse. 
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AC CHARACTERISTICS , 
DMA Read (Block Mode) Target Receive Cycle Timing Diagram 

ORO 

/DACK 

/lOR 

07-00 

/EOP 

IREO 

lACK 

READY 

Figure 51_ DMA Read (Block Mode) Target Receive Cycle 
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AC CHARACTERISTICS 
DMA Read (Block Mode) Target Receive Cycle Table 

No Description Min Max Units 

1 ORO Low from IDACK Low 130 ns 
2 IIOR Recovery Time 120 ns 
3 Data Access Time from Read Enable[ 1] 110 ns 
4 Data Hold Time from End of IIOR 20 ns 

5 Width of IEOP Pulse[2] 100 ns 
6 IIOR High to IREO Low 30 190 ns 
7 lACK Low to IREO High 25 125 ns 
8 lACK High to IREO Low (lIOR High) 20 170 ns 

9 lACK Low to READY High 20 140 ns 
10 READY High to Valid Data 50 ns 
11 IIOR High to READY Low 20 140 ns 
12 Data Setup Time to lACK 20 ns 
13 Data Hold Time from lACK 50 ns 

Noles: 
[1] Read Enable is the occurrence of liaR and /DACK. 
[2] lEap, liaR, and /DACK must be concurrently Low for at least T5 for proper recognition of the /EOP pulse. 
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AC CHARACTERISTICS 
Arbitration 

IRST J 

ARBITRATE ______ 1 

No 

1 
2 

Description 

Bus Clear from /SEL Low 
Arbitrate Start from /BSY High 

AC CHARACTERISTICS 
Reset 

Figure 52. Arbitration 

\_---

Min 

1200 

Max 

600 
2200 

!RESET ----.... i::}---------
Figure 53. Reset 

No Description Min Max 

Minimum Width of /RESET 200 

800 

Units 

ns 
ns 

Units 

ns 



Z5380 NOTES 

1. Edge-triggered IRST Interrupt - If the SCSI Bus is not 
terminated, the IRST interrupt is continually generated. 

2. True End of DMA Interrupt - The Z5380 generates an 
interrupt when it receives the last byte from the DMA, not 
when the last byte is transferred to the SCSI Bus. 

3. Return to Ready after IEOP Interrupt - When operating in 
Block Mode DMA, the Z5380 does not return the Ready 
signal to a Ready condition. This locks up the bus and 
prevents the CPU from executing. 

4. SCSI handshake after IEOP occurs - If an EOP occurs 
when receiving data, a subsequent request will cause 
lACK to be asserted even though no ORO is issued. 

5. Reselection Interrupt - During reselection, if the Target 
Command Register does not reflect the current bus phase 
(most likely Data Out), the reselection interrupt may get 
reset. 

6. Phase Mismatch Interrupt - A phase mismatch interrupt 
is not guaranteed after a reselection for the following 
reasons: 

DMA Mode bit must be set in order to receive a phase 
mismatch interrupt. 

DMA Mode bit can not be set unless IBSY is active. 

IBSY can not be asserted until after the res election has 
occurred. 

Once IBSY is asserted, the Target may assert/REO in less 
than 500ns. 

The phase mismatch interrupt is generated on the active 
edge of /REO. If the DMA Mode bit is not set before the 
/REO goes active, the phase mismatch interrupt will not 
occur. 
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FEATURES 

• DMA or programmed I/O data transfers 

• Arbitration support 

• Supports normal or block mode DMA 

• Memory or I/O mapped CPU interface 

• Asynchronous interface, supports 3 Mbytes/sec 

GENERAL DESCRIPTION 

The Z53C80 SCSI (Small Computer System Interface) 
controller is a 44-pin PLCC, or 48-pin DIP CMOS device. It 
is designed to implement the SCSI protocol as defined by 
the ANSI X3.131-1986 standard, and is fully compatible 
with the industry standard 5380. It is capable of operating 
both as a target and as an initiator. Special high-current 
open-drain outputs enable it to directly interface to the 
SCSI bus. The Z53C80 has the necessary interface hook­
ups so the system CPU can communicate with it as with 
any other peripheral device. The CPU can read from, or 
write to, the SCSI registers which are addressed as standard 
or memory-mapped I/Os. 

The Z53C80 increases the system performance by 
minimizing the CPU intervention in DMA operations which 
the SCSI controls. The CPU is interrupted by the SCSI 
when it detects a bus condition that requires attention. It 
also supports arbitration and reselection. The Z53C80 has 
the proper handshake signals to support normal and block 
mode DMA operations with most DMA controllers available. 

The added enhancement known as the "Glitch Eater" is 
used to minimize effects of bus reflection on improperly 
terminated SCSI bus applications. The high frequency 

PRODUCT SPECIFICATION 

Z53C80 
SMALL COMPUTER 
SYSTEM INTERFACE (SCSI) 

• Direct SCSI bus interface with on-board 48 mA drivers 

• Supports target and initiator roles 

• Meets SCSI protocol as defined in ANSI X3.131-1986 
standard 

• Added "Glitch Eater" enhancement to minimize bus 
reflection 

reflections that can occur on the SCSI bus are filtered out, 
reducing the sensitivity of the inputs, specifically /REO and 
/ACK to bus signal reflections. Figure 1 shows a worst case 
input waveform (labeled A), along with the filtered input 
(labeled B) and the output of a Schmitt trigger used to 
provide the hysteresis required on SCSI inputs (labeled 
C). This enhancement is a requirement for the device to 
function properly in a Apple Macintosh'" environment. 

Notes: 
All Signals with a preceding front slash, 'r, are active Low, e.g.: 
B//W (WORD is active Low); /B/W (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
Ground 

Circuit Device 

~ Apple Macintosh is a registered trademark of Apple Computer, Inc. 
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GENERAL DESCRIPTION (Continued) 
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Figure 1. Worst Case Unfiltered Input (A), Filtered Input (B), 
Output of Schmitt Trigger Used to Provide Hysteresis (C). 
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Figure 2a. SCSI Block Diagram 
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Figure 2b. SCSI Pin Functions 
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GENERAL DESCRIPTION (Continued) 

z .... >- c In .... <D '" C .... '" I- W W Z m e m z m m 
IOB7 ~ !!? I!! CJ ~ e e CJ e e IOB6 

/RST 2 IOB5 
6 5 4 3 2 1 44 43 42 41 40 

GNO 3 GNO IAESET 39 IDB2 
IBSY 4 1OB4 • IRO 38 IDBl 

ISEl 5 IOB3 DRO 37 lOBO 

IATN 6 IOB2 IEOP 10 36 GND 

N/C 7 N/C IDACK 11 Z53C80 35 IDBP 

GND 12 SCSI 34 IREO /RESET 8 41 IOB1 (Top View) 
READY 13 33 lACK IRO 9 lOBO 

AO 14 32 V/O 
ORO 10 GNO 

Al 15 31 GND 
1E0P 11 fDBP A2 16 30 CIID 

fDACK 12 Z53C80 /REO ICS 17 29 IMSG 
SCSI 

GNO 13 lACK 

REAOY 14 lifO 
is a: l:i <D l3 c .... 8 N Q 8 0 c c c c 

AO 15 GNO "'" "" > 

A1 16 CliO 

A2 17 fMSG 
Figure 4. 44-Pin PLCC Pin Assignments 

NIC 18 31 NIC 

ICS 19 00 

now 20 01 

nOR 21 02 

07 22 03 

06 23 04 

05 24 VCC 

Figure 3. 48-Pin DIP Pin Assignments 
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PIN DESCRIPTION 

Microprocessor Bus 

A2-AO. Address Lines (Input). Address lines are used to 
access all internal registers wittl /CS, /IOR, and /IOW 

ICS. IChip Select (Input, active Low). /CS, in conjunction 
with /RD or /WR, enables the internal register selected by 
A2-AO, to be read from or write to. /CS and /DACK must 
never be active simultaneously. 

10ACK.IDMA Acknowledge(lnput, active Low). /DACK, in 
conjunction with /IOR and /IOW, is used to enable reading 
or writing the SCSI I/O Data Registers when in the DMA 
Mode. When the DRO has acknowledged tllat tile byte has 
been successfully transferred to or from the DMA controller, 
this signal is asserted. /DACK and /CS must never be 
active simultaneously. 

ORO. DMA Request (Output, active High). This signal is 
asserted wilen the chip is ready to transfer a data byte to 
and from the DMA controller. The DMA Request will be 
asserted only if the DMA Mode bit (Register 2, Bit 1) is set. 
The transfer is complete upon reception of /DACK. 

07-00. Data Lines (Bidirectional; Tri-State, active High). 
The Data Bus lines carry data and commands to and from 
SCSI. D7 is the most significant bit of this bus. 

lEap. lEnd of Process (Input, active Low). To terminate a 
DMA transfer, this signal is asserted. The current byte will 
be transferred but no additional bytes will be requested if 
asserted during a DMA cycle. /EOPcan be used to 
generate an interrupt wilen it is received from a DMA 
Controller. 

liaR. 11/0 Read (Input, active Low). Tilis signal is used to 
read an internal register selected by /CS and A2-AO. Tile 
Input Data Register can also be selected by this signal 
when /DACK is active during DMA transfers. 

/lOW. /1/0 Write(lnput, active Low). This signal is used to 
write to an internal register selected by /CS and A2-AO. The 
Output Data Register can also be selected by this signal 
when used with /DACK during DMA transfers. 

IRO. Interrupt Request (Output, active High). IRO alerts 
the microprocessor of an error condition or an event 
completion. Mostof the interrupts are individually maskable. 

READY. Ready (Output, active Higll). This signal can be 
used to control tile data transfer Ilandsllaking of block 
mode DMA transfers. READY is asserted to indicate that 
the chip is ready to transfer data and remains false after a 
transfer until the chip is ready for another DMA transfer. 
READY is always asserted wilen the DMA Mode Bit is 
a zero. 

IRESET. IReset (Input, active Low). /RESET clears all 
registers and Ilas no effect upon the SCSI /RST signal. 
Tllerefore it does not reset the SCSI bus. 

Vee 
GND 
N/C 

Power Signals 

+5 Volt Power Supply 
Ground 
No Connect 
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SCSI BUS 

The following signals are all bidirectional, active Low, 
open-drain, with 48 mA sink capacity. All pins interface 
directly with the SCSI Bus. 

lACK. /Acknowledge (Bidirectional, Open Drain, Active 
Low). lACK is driven by the Initiator and indicates an 
acknowledgement for a SCSI data transfer. lACK is 
received as a response to the IREO Signal in the 
Target role. 

IATN. /Attention (Bidirectional, Open Drain, Active Low). 
IATN is driven by the Initiator and indicates an attention 
condition./ATN is received and is responded to by entering 
the Message Out Phase in the Target role. 

IBSY. /Busy(Bidirectional, Open Drain, Active Low)./BSY 
indicates that the SCSI Bus is beingoccupied./BSY can be 
driven by both the Target and the Initiator device. 

ICIID. /Control//Data (Bidirectional, Open Drain, Active 
Low)./CIID indicates Control or Daia information is on the 
SCSIBus. This signal is driven by a Target and is received 
by the Initiator. 

11110. /lnput//Outpul(Bidirectional, Open Drain, Active Low). 
11110 is driven by a Target and controls the direction of data 
transfer on the SCSI Bus. When asserted, this signal 
indicates input to the Initiator. When not asserted, this 
signal indicates output from the Initiator. This Signal is also 
used to recognize the difference between the Selection 
and Reselection Pilases. 
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IMSG. /Message (Bidirectional, Open Drain, Active Low). 
The Target drives IMSG active during the Message Phase 
and is received by the Initiator. 

IREO. /Requesl (Bidirectional, Open Drain, Active Low). 
Received by the Initiator and driven by a Target, IREO 
indicates a request for an SCSI data-transfer handshake. 

IRST. SCSI Bus RESET(Bidirectional, Open Drain, Active 
Low). The IRST signal shows a SCSI Bus RESET condition 
has occurred. 

IDB7-/DBO,/DBP. /Dala Bits, /Parily Bils (Bidirectional, 
Open Drain, Active Low). These eight data bits (lDB7 
-lOBO), plus a parity bit (lDBP) form the SCSI Data Bus. 
IDB7 has the highest priority during the Arbitration phase 
and is ihe most significant bit (MSB). Data parity is odd and 
is always generated and optionally checked, which is not 
valid during Arbitration. 

ISEL. /Selecl (Bidirectional, Open Drain, Active Low)./SEL 
is used by a Target to select an Initiator, or by an Initiator 
io reselect a Target. 



FUNCTIONAL DESCRIPTION 

General. The Small Computer System interface (SCSI) 
device has a set of eight registers that are controlled by tile 
CPU. By reading and writing the appropriate registers, the 
CPU may initiate any SCSI Bus activity or may sample and 
assert any signal on the SCSI Bus. This allows the user to 
implement all or any of the SCSI protocol in software. These 
registers are read (written) by activating /CS with an 
address on A2-AO and then issuing a /RD (lWR) pulse. This 
section describes the operation of the internal registers 
(Table 1). 

Table 1. Register Summary 

Address 
A2 A1 AO RIW Register Name 

0 0 0 R Current SCSI Data 
0 0 0 W Output Data 
0 0 1 R/W Initiator Command 

0 1 0 R/W Mode 
0 1 1 R/W Target Command 
1 0 0 R Current SCSI Bus Status 

0 0 W Select Enable 
0 1 R Bus and Status 
0 1 W Start DMA Send 

0 R Input Data 
0 W Start DMA Target Receive 
1 R Reset Parity/Interrupt 
1 W Start DMA Initiator Receive 

Data Registers. The data registers are used to transfer 
SCSI commands, data, status, and message bytes between 
the microprocessor Data Bus and the SCSI Bus. The SCSI 
does not interpret any information that passes through the 
data registers. The data registers consist of the transparent 
Current SCSI Data Register, the Output Data Register, and 
the Input Data Register. 

Current SCSI Data Register. Address 0 (Read Only). The 
Current SCSI Data Register (Figure 5) is a read-only 
register which allows the microprocessor to read the active 
SCSI Data Bus. This is accomplished by activating /CS 
with an address on A2-AO and issuing a/RD pulse. If parity 
checking is enabled, the SCSI Bus parity is checked at the 
beginning of the read cycle. This register is used during a 
programmed I/O data read or during Arbitration to check 
for higher priority arbitrating devices. Parity is not 
guaranteed valid during Arbitration. 

Address: 0 (Read Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

IOB4 

lOBS 

IOB6 

IOB7 

Figure 5. Current SCSI Data Register 

Output Data Register. Address O(Write Only). The Output 
Data Register (Figure 6) is a write-only register that is used 
to send data to the SCSI Bus. This is accomplislled by 
either using a normal CPU write, or under DMA control, by 
using /WR and /DACK. This register also asserts tile 
proper ID bits on tile SCSI Bus during the Arbitration and 
Selection phases. 

Address: 0 (Write Only) 

Iwlool~I~lool~I~lool 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

10B4 
IOB5 

IOB6 

IOB7 

Figure 6. Output Data Register 
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FUNCTIONAL DESCRIPTION (Continued) 

Input Data Register. Address 6 (Read Only). The input 
Data Register (Figure 7) is a read-only register that is used 
to read. latched data from the SCSI Bus. Data is latched 
either during a DMA Target receive operation when lACK 
goes active or during a DMA Initiator receive when IREO 
goes active. The DMA Mode bit (Mode Register bit 1) must 
be set before data can be latched in the Input Data 
Register. This register is read under DMA control using 
IRD and /DACK. Parity is optionally checked when the 
Input Data Register is loaded. 

Address: 6 (Read Only) 

1071061051041031021011001 

IDBO 

10Bl 

IOB2 

IDea 

'--------'-- 1DB4 

~------- IDB5 

'------,----- IOB6 

'----------- IOB7 

Figure 7. Input Data Register 

Initiator Command Register. Address 1 (Read/Write). The 
Initiator Command Register (Figures 8 and 9) are read and 
write registers which assert certain SCSI Bus signals, 
monitors those signals, and monitors the progress of bus 
arbitration. Many of these bits are significant only when 
being used as an Initiator; however, most can be used 
during Target role operation. 
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Address: 1 (Read Only) 

Assert Data Bus 

Assert/ATN 

AssertlSEL 

AssertlBSY 

Assert/ACK 

Lost Arbitration 

Arbitration In Progress 

'----------- Assert/RST 

Figure 8. Initiator Command Register 
(Register Read) 

Address: 1 (Write Only) 

1071061051041031021011001 

Assert Data Bus 

Assert/ATN 

Assert/SEL 

AssertlBSY 

Assert/ACK 

·0· 

Test Mode 

'----------- AssertlRST 

Figure 9. Initiator Command Register 
(Register Write) 



Tile following describes the operation of all bits in tile 
Initiator Command Register. 

Bit O. Assert Data Bus. The Assert Data Bus bit, wilen set, 
allows the contents of the Output Data Register to be 
enabled as chip outputs on the signals IDB7-/DBO. Parity 
is also generated and asserted on IDBP. 

When connected as an Initiator, tile outputs are only 
enabled if the Target Mode bit (Mode Register, bit 6) is 
False, the received signal 1110 is False, and the phase 
signals CIID, 1/10, and IMSG matcll the contents of the 
Assert ClIO, Assert 1110 and Assert IMSG in the Target 
Command Register. 

This bit Sllould also be set during DMA send operations. 

Bit 1. Assert/A TN/ Bit 1 may be asserted on the SCSI Bus 
by setting this bit to a 1 if the Target Mode bit (Mode 
Register, bit 6) is False, IATN is normally asserted by the 
initiator to request a Message Out bus phase. Note that 
since Assert/SEL and Assert/ATN are in the same register, 
a select with IATN may be implemented with one CPU write 
IATN may be deasserted by resetting this bit to zero. A 
read on this register simply reflects tile status of this bit. 

Bit 2. Assert/SEL. Writing a 1 into this bit position asserts 
ISEL onto the SCSI Bus. ISEL is normally asserted after 
Arbitration has been successfully completed ISEL may be 
disabled by resetting bit 2 to a O. A read of this register 
reflects the status of this bit. 

Bit 3. Assert/BSY. Writing a 1 into this bit position asserts 
IBSY onto the SCSI Bus. Conversely, a 0 resets the IBSY 
signal. Asserting IBSY indicates a successful selection or 
reselection. Resetting this bit creates a Bus-Disconnect 
condition. Reading this register reflects bit status. 

Bit 4. Assert/ACK. Bit 4 is used by the bus initiator to assert 
/ACK on the SCSI Bus. In order to assert lACK, the Target 
Mode bit (Mode Register, bit 6) must be False. Writing a 
zero to this bit deasserts lACK. Reading this register 
reflects bit status. 

Bit 5. "0" (Write Bit). Bit 5 should be written with a 0 for 
proper operation. 

Bit 5. LA (Lost Arbitration - Read Bit). Bit 5, when active, 
indicates that the SCSI detected a Bus-Free condition, 
arbitrated for use of the bus by asserting /BSY and its ID on 
the Data Bus, and lost Arbitration due to ISEL being 
asserted by another bus device. This bit is active only 
when the Arbitrate bit (Mode Register, bit 0) is active. 

Bit 6. Test Mode (Write Bit). Bit 6 is written during a test 
environment to place all output drivers, in the high 
impedance state. 

Bit 6. AlP (Arbitration in Process - Read Bit). Bit 6 is used 
to determine if Arbitration is in progress. For this bit to be 
active, tile Arbitrate bit (Mode Register, bit 0) must have 
been set previously. It indicates til at a Bus-Free condition 
has been detected and tilat tile chip has asserted /BSY 
and put the contents of the Output Data Register onto tile 
SCSI Bus. AlP will remain active until the Arbitrate bit is 
reset. 

Bit 7. Assert/RST. Whenever a one is written to bit 7 of the 
Initiator Command Register, tile /RST signal is asserted on 
the SCSI Bus. The IRST signal will remain asserted until this 
bit is reset or until an external/RESET occurs. After this bit 
is set (1), IRQ goes active and all internal logic and control 
registers are reset (except for the interrupt latch and the 
Assert/RST bit). Writing a zero to bit 7 of tile Initiator 
Command Register deasserts the /RST signal. The status 
of this bit is monitored by reading tile Initiator Command 
Register. 

Mode Register. Address 2 (Read/Write). The Mode Register 
controls the operation of the chip. This register determines 
whether the SCSI operates as an Initiator or a Target. 
whetiler DMA transfers are being used, whetiler parity is 
checked, and whetiler interrupts are generated on various 
external conditions. This register is read to check the value 
of these internal control bits (Figure 10). 

Address: 2 (ReadiWrite) 

1071061051041031021011001 

~ 
Arbitrate 

OMAMode 

Monitor IBSY 

Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable Parity Checking 

Target Mode 

"0" 

Figure 10. Mode Register 
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FUNCTIONAL DESCRIPTION (Continued) 

Bit O. Arbitrate. The Arbitrate bit is set (1) to start the 
Arbitration process. Prior to setting this bit, the Output Data 
Register should contain the proper SCSI device ID value. 
Only one data bit should be active for SCSI Bus Arbitration. 
The SCSI waits for a Bus-Free condition before entering 
the Arbitration phase. The results of the Arbitration phase 
is determined by reading the status bits LA and AlP 
(Initiator Command Register, bits 5 and 6, respectively). 

Bit 1. DMA Mode. The DMA Mode bit is normally used to 
enable a DMA transfer and must be set (1) prior to writing 
Start DMA Send Register, Start DMA Target Receive 
Register, and Start DMA Initiator Receiver Register. These 
three registers are used to start DMA transfers. The 
Target Mode bit (Mode Register, bit 6) must be consistent 
with writes to Start DMA Target Receive and Start DMA 
Initiator Receive Registers [i.e., set (1) for a write to start 
DMA Target Receive Register and set (0) for a write to Start 
DMA Initiator Receive Register]. The control bit Assert 
Data Bus (Initiator Command Register, bit 0) must be True 
(1) for all DMA send operations. In the DMA mode, /REO 
and lACK are automatically controlled. 

The DMA Mode bit is not reset upon the receipt of an lEap 
signal. Any DMA transfer is stopped by writing a zero into 
this bit location; however, care must be taken not to cause 
ICS and IDACK to be active simultaneously. 

Bit 2. Monitor Busy. The Monitor Busy bit. when True (1), 
causes an interrupt to be generated for an unexpected 
loss of IBSY. When the interrupt is generated due to loss of 
IBSY, the lower six bits of the Initiator Command Register 
are reset (0) and all signals are removed from the 
SCSI Bus. 

Bit 3. Enable/EOP interrupt. The enable lEap interrupt. 
when set (1), causes an interrupt to occur when the lEap 
(End of Process) signal is received from the DMA 
controller logic. 

Bit 4. Enable Parity Interrupt. The Enable Parity Interrupt 
bit, when set (1), will cause an interrupt (IRO) to occur if a 
parity err0r is detected. A parity interrupt will only be 
generated if the Enable Parity Checking bit (bit 5) is also 
enabled (1). 

Bit 5. Enable Parity Checking. The Enable Parity Checking 
bit determines whether parity errors are ignored or saved 
in the parity error latch. If this bit is reset (0), parity is 
ignored. Conversely, if this bit is set (1), parity errors are 
saved. 
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Bit 6. Targetmode. The Targetmode bit allows the SCSI to 
operate as either a SCSI Bus Initiator, bit reset (0), or as a 
SCSI Bus Target device, bit set (1). If the signals/ATN and 
lACK are to be asserted on the SCSI Bus, the Targetmode 
bit must be reset (0). If the signals CIID, 1110, IMSG, and 
IREO are to be asserted on the SCSI Bus, the Targetmode 
bit must be set (1). 

Bit 7. 0. Bit 7 should be written with a zero for proper 
operation. 

Target Command Register. Address 3 (Read/Write ). When 
connected as a target device, the Target Command 
Register (Figure 11 ) allows the CPU to control the SCSI Bus 
Information Transfer phase and/or to assert IREO by writing 
this register. The Targetmode bit (Mode Register, bit 6) 
must be True (1) for bus assertion to occur. The SCSI Bus 
phases are described in Table 2. 

Table 2. SCSI Information Transfer Phase 

Bus Phase ASSERT ASSERT ASSERT 
1110 CliO IMS 

Data Out 0 0 0 
Unspecified 0 0 1 
Command 0 1 0 

Message Out 0 1 1 
Data In 1 0 0 
Unspecified 1 0 1 

Status 0 
Message In 1 

When connected as an Initiator with DMA Mode True, if the 
phase lines 1110, CIID, and IMSG do not match tile phase 
bits in the Target Command Regisier, a phase mismatch 
interrupt is generated when /REO goes active. To send 
data as an Initiator, the Assert 1110, Assert CIID, and Assert 
IMSG bits must match the corresponding bits in the Current 
SCSI Bus Status Register. The Assert IREO bit (bit 3) has 
no meaning when operating as an Initiator. 

Bits 4, 5, and 6 are not used. 



Bit? Last Byte Sent(Read Only). The End Of DMA Transfer 
bit (Bus and Status Register, bit 7) only indicates when the 
last byte was received from the DMA controller. The Last 
Byte Sent bit can be used to flag that the last byte of the 
DMA send operation has been transferred on the SCSI 
Data Bus. 

Address: 3 (ReadlWrite) 

1071061051041031021011001 

~ 
Assert Via 

Assert CliO 

Assert/MSG 

AssertlREO 

·X· 

Last Byte Sent 

Figure 11. Target Command Register 

Current SCSI Bus Status Register. Address 4 (Read Only). 
The Current SCSI Bus Register is a read-only register 
which is used to monitor seven SCSI Bus control signals, 
plus the Data Bus parity bit. For example, an Initiator 
device can use this register to determine the current bus 
phase and to poll/REQ for pending data transfers. This 
register may also be used to determine why a particular 
interrupt occurred. Figure 12 describes the Current SCSI 
Bus Status Register. 

Select Enable Register. Address 4 (Write Only). The Select 
Enable Register (Figure 13) is a write-only register which is 
used as a mask to monitor a signal ID during a selection 
attempt. The simultaneous occurrence of the correct ID bit, 
/BSY FALSE, and /SEL TRUE will cause an interrupt. This 
interrupt can be disabled by resetting all bits in this 
register. If the Enable Parity Checking bit (Mode Register, 
bit 5) is active (1), parity is checked during selection. 

Address: 4 (Read Only) 

107/061051041031021011001 

IMSG 

IREO 

IBSY 

IRST 

Figure 12. Current SCSI Bus Status Register 

Address: 4 (Write Only) 

107/061051041031021011001 

lOBO 

IOB1 

IOB2 

IOB3 

10B4 

IOB5 

IOB6 

'-----~------. IOB7 

Figure 13. Select Enable Register 
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FUNCTIONAL DESCRIPTION (Continued) 

Bus and Status Register. Address 5 (Read Only). The Bus 
and Status Register (Figure 14) is a read-only register 
which can be used to monitor the remaining SCSI control 
signals not found in the Current SCSI Bus Status Registers 
(lATN and lACK), as well as six other status bits. The 
following describes each bit of the Bus Status Register 
individually. 

Bit O. lACK. Bit 0 reflects the condition of the SCSI Bus 
control signal lACK. This signal is normally monitored by 
the Target device. 

Bit 1. IATN. Bit 1 reflects the condition of the SCSI Bus 
control signal/ATN. This signal is normally monitored by 
the Target device. 

Address: 5 (Read Only) 

1071061051041031021011001 

~ 
lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

End of OMA 

Figure 14. Bus and Status Register 

Bit 2. Busy Error. The Busy Error bit is active if an 
unexpected loss of the IBSY signal has occurred. This 
latch is set whenever the Monitor Busy bit (Mode Register, 
bit 2) is True and IBSY is False. An unexpected loss of IBSY 
disables any SCSI outputs and resets the DMA Mode bit 
(Mode Register, bit 1). 

Bit 3. Phase Match. The SCSI signals IMSG, CliO, and 
1110, represent the current information transfer phase. The 
Phase Match bit indicates whether the current SCSI Bus 
phase matches the lower three bits ofthe Target Command 
Register. Phase Match is continuously updated and isonly 
significant when operating as a Bus Initiator. A phase 
match is required for data transfers to occur on the 
SCSI Bus. 
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Bit 4. Interrupt Request Active. Bit 4 is set if an enabled 
interrupt condition occurs. It reflects the current state of the 
I RO output and can be cleared by reading the Reset Parityl 
Interrupt Register. 

Bit 5. Parity Error. Bit 5 is set if a parity error occurs during 
a data receive or a device selection. Tile Parity Error bit can 
only be set (1) if the Enable Parity Check bit (Mode 
Register, bit 5) is active (1). This bit may be cleared by 
reading the Reset Parity/lnterrupt Register. 

Bit 6. DMA Request. The DMA Request bit allows the CPU 
to sample the output pin ORO. ORO can be cleared by 
asserting IDACK or by resetting the DMA MODE bit (bit 1) 
in the Mode Register. The ORO signal does not reset when 
a phase-mismatch interrupt occurs. 

Bit 7. End Of DMA Transfer. The End Of DMA Transfer bit 
is set if lEap, IDACK, and either IRD or IWR are 
simultaneously active for at least 100 ns. Since tile lEap 
signal can occur during the last byte sent to the Output 
Data Register, the IREO and lACK signals should be 
monitored to ensure that the last byte has been transferred. 
This bit is reset when the DMA MODE bit is reset (0) in the 
Mode Register. 

DMA Registers. Three write-only registers are used to 
initiate all DMA activity. They are: Start DMA Send, Start 
DMA Target Receive, and Start DMA Initiator Receive. 
Performing a write operation into one of these registers 
starts the desired type of OM transfer. Data presented to 
the SCSI on signals 07-00 during the register write is 
meaningless and has no effect on the operation. Prior to 
writing these registers, the DMA Mode bit (bit 1), and the 
Target mode bit (bit 6) in the Mode Register must be 
appropriately set. The individual registers are briefly 
described as ioiiows: 

Start DMA Send. Address 5 (Write Only). This register is 
written to initiate a DMA send, from the DMA to the SCSI 
Bus, for either I nitiator or Target role operations. The DMA 
Mode bit (Mode Register, bit 1) is set prior to writing this 
register. 

Start DMA Target Receive. Address 6 (Write Only). This 
register is written to initiate a DMA receive - from the SCSI 
Bus tothe DMA, for Target operation only. The DMA Mode 
bit (bit 1) and the Targetmode bit (bit 6) in the Mode 
Register must both be set (1) prior to writing this register. 



Start DMA Initiator Receive. Address 7 (Write Only). This 
register is written to initiate a DMA receive from the SCSI 
Bus to the DMA, for Initiator operation only. The DMA 
Mode bit (bit 6) must be False (0) in the Mode Register prior 
to writing this register. 

Reset Parityllnterrupt. Address 7 (Read Only). Reading 
this register resets the Parity Error bit (bit 5), the Interrupt 
Request bit (bit 4), and the Busy Error bit (bit 2) in the Bus 
and Status Register. 

On-Chip SCSI Hardware Support. The SCSI is easy to use 
because of its simple architecture. The chip allows direct 
control and monitoring of the SCSI Bus by providing a latch 
for each signal. However, portions of the protocol define 
timings which are much too quick for traditional 
microprocessors to control. Therefore, hardware support 
has been provided for DMA transfers, bus arbitration, 
phase change monitoring, bus disconnection, bus reset. 
parity generation, parity checking, and device 
selection/reselection. 

Arbitration is accomplished using a Bus-Free filter to 
continuously monitor /BSY. If /BSY remains inactive for at 
least 400 ns, the SCSI is considered free and Arbitration 
may begin. Arbitration will begin if the bus is free, /SEL is 
inactive, and the Arbitrate bit (Mode Register, bit 0) is 
active. Once arbitration has begun (lBSY asserted), an 
arbitration delay of 2.211S must elapse before the Data Bus 
can be examined to determine if Arbitration is enabled. 
This delay is implemented in the controlling software 
driver. 

The Z53C80 is a clockwise device. Delays such as bus­
free delay, bus-set delay, and bus-settle delay are 
implemented using gate delays. These delays may differ 
between devices because of inherent process variations, 
but are well within the proposed ANSI X3.131 - 1986 
specification. 

Interrupts. The Z53C80 provides an interrupt output (IRQ) 
to indicate a task completion or an abnormal bus 
occurrence. The use of interrupts is optional and may be 
disabled by resetting the appropriate bits in the Mode 
Register or the Select Enable Register. 

When an interrupt occurs, the Bus and Status Register and 
the Current SCSI Bus Status Register (Figures 12 and 14) 
must be read to determine which condition created the 
interrupt. IRQ can be reset simply by reading the Reset 
Parity/Interrupt Register or by an external chip reset 
/RESET active for100 ns. 

Assuming the Z53C80 has been properly initialized, an 
interrupt will be generated if the chip is selected or 
reselected, if an /EOP signal occurs, if a parity error occurs 
during a data transfer, if a bus phase mismatch occurs, or 
if a SCSI Bus disconnection occurs. 

Selection Reselection. The Z53C80 generates a select 
interrupt if SEL is active (0), its device 10 is True and /BSY 
is False for at least a bus-settle delay. If 11/0 is active, this 
is considered a reselect interrupt. The correct 10 bit is 
determined by a match in the Select Enable Register. Only 
a single bit match is required to generate an interrupt. This 
interrupt may be disabled by writing zeros into all bits of the 
Select Enable Register. 

If parity is supported, parity should be good during the 
selection phase. Therefore, if the Enable Parity bit (Mode 
Register, bit 5) is active, the Parity Error bit is checked to 
ensure that a proper selection has occurred. The Enable 
Parity Interrupt bit need not be set for this interrupt to be 
generated. 

The proposed SCSI specification also requires that no 
more than two device IDs be active during the selection 
process. To ensure this, the Current SCSI Data Register 
is read. 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
15 and 16, respectively. 

07 DO 

lololol11xlolxlol 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMARequest 

End of OMA 

Figure 15. Bus and Status Register 
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FUNCTIONAL DESCRIPTION (Continued) 

D7 DO 

101010lXlXlXlOlXl 

I~:: ~CIID 
IMSG 

IREO 

IBSY 

IRST 

Figure 16. Current SCSI Bus Status Register 

End of Process (EOP) Interrupt. An End Of Process signal 
(EOP) which occurs during a DMA transfer (DMA Mode 
True) will set the End of DMA Status bit (Bus and Status 
Register bit 7) and will optionally generate an interrupt if 
Enable EOP Interrupt bit (Mode Register, bit 3) is True. The 
/EOP pulse will not be recognized (End of DMA bit set) 
unless/EOP, /DACK, and either /RD or /WR are concurrently 
active for at least 50 ns. DMA translers can still occur if 
/EOP was not asserted at the correct time. This interrupt is 
disabled by resetting the Enable EOP Interrupt bit. 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register for this interrupt are 
shown in Figures 17 and 18. 
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lACK 

IATN 

Busy Error 

Phase Match 

interrupt Request Active 

Parity Error 

DMA Request 

EndofDMA 

Figure 17. Bus and Status Register 

IMSO 

IREO 

IBSY 

IRST 

Figure 18. Current SCSI Bus Status Register 

The End of DMA bit is used to determine when a block 
transler is complete. Receive operations are complete 
when there is no data left in the chip and no additional 
handshakes occurring. The only exception to this is 
receiving data as an Initiator and the Target opts to send 
additional data for the same phase. In this /REO goes 
active and the new data is present in the Input Data 
Register. Since a phase-mismatch interrupt will not occur, 
/REO and /ACK need to be sampled to determine that the 
Target is attempting to send more data. 

For send operations, the End of DMA bit is set when the 
DMA finishes its transfers, but the SCSI transfer may still be 
in progress. If connected as a Target, /REO and /ACK 
should be sampled until both are False. If connected as an 
Initiator, a phase change interrupt is used to signal the 
completion of the previous phase. It is possible for the 
Target to request additional data for the same phase. In 
this case, a phase change will not occur and both /REO 
and /ACK are sampled todetermine when the last byte was 
transferred. 

SCSI Bus Reset. The SCSI generates an interrupt when the 
/RST signal transitions to True. The device releases all bus 
signals within a bus-clear delay of this transition. This 
interrupt also occurs after setting the Assert /RST bit 
(Initiator Command Register, bit 7). This interrupt cannot 
be disabled. (Note: /RST is not latched in bit 7 of the 
Current SCSI Bus Status Register and is not active when 
this port is read. For this case, the Bus Reset interrupt is 
determined by default.) 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
19 and 20, respectively. 



07 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 19. Bus and Status Register 

00 

IMSG 

IREO 

IBSY 

IRST 

Figure 20. Current SCSI Bus Status Register 

Parity Error. An interrupt is generated for a received parity 
error it the Enable Parity Check (bit 5) and the Enable Parity 
Interrupt (bit 4) bits are set (1) in the Mode Register. Parity 
is checked during a read of the Current SCSI Data Register 
and during a DMA receive operation. A parity error can be 
detected without generating an interrupt by disabling the 
Enable Parity Interrupt bit and checking the Parity Error 
flag (Bus and Status Register, bit 5). 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
21 and 22, respectively. 

07 DO 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 21. Bus and Status Reg ister 

IMSO 

IREO 

IBSY 

IRST 

Figure 22. Current SCSI Bus Status Register 

Bus Phase Mismatch. The SCSI phase lines have tile 
signals 1//0, CliO, and /MSG. These signals are compared 
with the corresponding bits in the Target Command 
Register: Assert 1//0 (bit 0), Assert C//D (bit 1), and Assert 
/MSG (bit 2). The comparison occurs continually and is 
reflected in the Phase Match bit (bit 3) of the Bus and Status 
Register. If the DMA Mode bit (Mode Register, bit 1) is 
active and a phase mismatch occurs when /REQ transitions 
from False to True, an interrupt (IRQ) is generated. 
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FUNCTIONAL DESCRIPTION (Continued) 

A phase mismatch prevents the recognition of IREO and 
removes the chip from the bus during an Initiator send 
operation (tDB7-/DBO and IDBP will not be driven even 
through the Assert Data Bus bit (Initiator Command Register, 
bit O). This may be disabled by resetting the DMA Mode bit 
(Note: It is possible for this interrupt to occur when 
connected as a Target if another device is driving the 
phase lines to a different state). 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
23 and 24, respectively. 

07 DO 

1010lol11 010lxlol 

~ 
lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 23. Bus and Status Register 

07 DO 

10111xlxlxlxlolxl 

818 

II~ 
~I"O 

C/ID 

10BP 

ISEL 

'-------- IMSO 

'--------- IREO 

'---------- IBSY 

'----------- IRST 

Figure 24. Current SCSI Bus Status Register 

Loss of BSY. If the Monitor Busy bit (bit 2) in the Mode 
Register is active, an interrupt is generated if the BSY 
signal goes FALSE for at least a bus-settle delay. This 
interrupt is disabled by resetting the Monitor Busy bit. 
Register values are displayed in Figures 25 and 26. 

07 DO 

lolololqxlqolol 
lACK . 

IATN 

Busy Error 
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Interrupt Request Active 

Parity Error 

OMA Request 

End of OMA 

Figure 25. Bus and Status Register 
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Figure 26. Current SCSI Bus Status Register 



Reset Conditions. Three possible reset situations exist will) 
the Z53C80, as follows: 

Hardware Chip Reset. When tI)e signal RST is active for at 
least 100 ns, the Z53C80 device is re-initialized and all 
internal logic and control registers are cleared. This is a 
chip reset only and does not create a SCSI Bus-Reset 
condition. 

SCSI Bus Reset (/RST) Received. WI)en a SCSI /RST 
signal is received, an IRO interrupt is generated and a chip 
reset is performed. All internal logic and registers are 
cleared, except for the IRO interrupt latch and the Assert 
/RST bit (bit 7) in the Initiator Command Register. (Note: 
The /RST signal may be sampled by reading the Current 
SCSI Bus Status Register, however, tI)is signal is not 
latched and may not be present when this port is read.) 

SCSI Bus Reset (/RST) Issued. If the CPU sets the Assert 
/RST bit+ 7) in the Initiator Command Register, the /RST 
signal goes active on the SCSI Bus and an internal reset is 
performed. Again, all internal logic and registers are 
cleared except for the IRO interrupt latch and the Assert 
/RST bit (bit 7) in the Initiator Command Register. The /RST 
signal will continue to be active until the Assert /RST bit is 
reset or until a hardware reset occurs. 

Data Transfers. Data is transferred between SCSI Bus 
devices in one of four modes: 1) Programmed I/O, 2) 
Normal DMA, 3) Block Mode DMA, or 4) Pseudo DMA. The 
following sections describe these modes in detail (Note: 
for all data transfer operations /DACK and /CS should 
never be active simultaneously.) 

Programmed 110 Transfers. Programmed I/O is the most 
primitive form of data transfer. The /REO and /ACK 
handshake signals are individually monitored and asserted 
by reading and writing the appropriate register bits. This 
type of transfer is normally used when transferring small 
blocks of data such as command blocks or message and 
status bytes. An Initiator send operation would begin by 
setting tl18 C//D, 1//0, and/MSG bitsin the TargetCommand 
Register to tile correct state so that a phase matcl) exists. 
In addition to the phase match condition, it is necessary for 
the Assert Data Bus bit (Initiator Command Register, bit 0) 
to be True and the received I/O signal to be False for tI)e 
Z53C80 to send data. For each transfer, the data is loaded 
into the Output Data Register. The CPU then waits for the 
/REO bit (Current SCSI Bus Status Register, bit 5) to 
become active. Once /REO goes active, the Phase Match 
bit (Initiator Command Register, bit 4) is set. The /REO bit 
is sampled until it becomes FALSE and the CPU resets the 
Assert /ACK bit to complete the transfer. 

Normal DMA Mode. DMA transfers are normally used for 
large block transfers. The SCSI chip outputs a DMA 

request (ORO) whenever it is ready for a byte transfer. 
External DMA logic uses tI)is ORO signal to generate 
/DACK and a /RD or a /WR pulse to the Z53C80. ORO goes 
inactive when /DACK is asserted and /DACK goes inactive 
some time after the minimum read or write pulse width. 
TI)is process is repeated for every byte. For tllis mode, 
/DACK sl)ould not be allowed to cycle unless a transfer is 
taking place. 

Block Mode Transfers. The Block Mode DMA transfers 
allow an external DMA controller, such as the Intel 8237, 
to perform successive DMA transfers without abandoning 
the data bus to tile microprocessor. Keeping an active 
/DACK prevents the (Intel-type) CPUs from gaining control 
of the system bus. The Block Mode handsl)aking metl)od 
does not increase the transfer rate. Preventing the CPU 
from multiplexing the system bus does not I)ave any 
speed advantages. Therefore, this is not recommended 
for initiator use. 

In tI)e Block Mode, the SCSI cl)ip asserts the ORO signal 
to initiate the transfer. The DMA controller responds to the 
ORO Signal by asserting the /DACK and remains asserted 
throughout the transfer. The 53C80 asserts the READY 
signal after the /IOR or /IOW signals deassert, effectively 
replacing the ORO signal. TI)e READY signal for Intel-type 
DMA controllers extends the memory read and write 
signals. Therefore, 07-00 is available to be read or written 
on the system bus until the SCSI chip is ready for the next 
transfer. This transfer method prevents the CPU from 
executing any action, such as a refresh cycle on the 
system bus. In the non-block DMA mode, the system bus 
is unoccupied until tI)e 53C80 asserts ORO. TI)is indicates 
that the chip is ready for the next byte transfer. The 
advantage of this mode is that it allows tl)e CPU to use the 
system bus while the 53C80 is transferring data across the 
SCSI bus. 

Caution must be taken wl)en executing this mode due to 
theoperation of READY. For example, if a pl)ase mismatch 
interrupt occurs, the READY signal will stay inactive and 
IRO will be active. Then, the DMA controller cannot give 
tI)e system bus back to the CPU for the 53C80 interrupt to 
be serviced since READY remains inactive. READY must 
be asserted to continue the bus cycle. Therefore, /EOP 
should be used in Block Mode so that the CPU can regain 
control of the bus after the last byte has been transferred. 
To make READY active again, reset the DMA Mode Bit. 

Block Mode transfers are stopped in the same fashion as 
in the Block Mode. This is executed by resetting the DMA 
Mode Bit or using the /EOP signal. (See tI)e previous 
section, Normal DMA Mode, for more information on 
stopping a DMA transfer.) 
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FUNCTIONAL DESCRIPTION (Continued) 

Pseudo DMA Mode. Toavoid monitoring and asserting the 
request/acknowledgment handshake signals for 
programmed 1/0 transfers, the system may be designed to 
implement a pseudoDMAmode. Thismode is implemented 
by programming the Z53C80 to operate in the DMA mode, 
but using the CPU to emulate the DMA handshake. ORO 
may be detected by polling the OMA Request bit (bit 6) in 
the Bus and Status Register, by sampling the signal 
through an external port, or by using it to generate a CPU 
interrupt. Once ORO is detected, tile CPU can perform a 
read or write data transfer. This CPU readlwrite is externally 
decoded to generate the appropriate IOACK and IRO or 
IWR signals. 

Often, extemal decoding logic is necessary to generate 
the ICS signal. This same logic may be used to generate 
IOACK at no extra cost and provide an increased 
performance in programmed 1/0 transfers. 

Halting a DMA Operation. The EOP signal is not the only 
way to halt a OMA transfer. A bus phase mismatch or a 
reset of the OMA MODE bit (Mode Register, bit 1) can also 
terminate a DMA cycle for the current bus phase. 

Using the IEOP Signal. If IEOP is used, it should be 
asserted for at least 50 ns while IOACK and IRO or IWR are 
simultaneously active. Note, however, that if IROor /WR is 
not active, an interrupt is generated, but the DMA activity 
continues. The IEOP signal does not reset the OMA MODE 
bit. Since the IEOP signal can occur during the last byte 
sent to the Output Data Register, the IREO and lACK 
signals are monitored to ensure that tile last byte has 
transferred. 
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Bus Phase Mismatch Interrupt. A bus phase mismatch 
interrupt is used to halt tile transfer if operating as an 
Initiator. Using this metilod frees tile host from maintaining 
a data length counter and frees the OMA logic from 
providing the IEOP signal. If performing an Initiator send 
operation, the Z53C80 requires IOACK to cycle before 
lACK goes inactive. Since phase ctlanges cannot occur if 
lACK is active, either IOACK must be cycled after tile last 
byte is sent or the DMA Mode bit must be reset in order to 
receive the phase mismatch interrupt. 

Resetting the DMA MODE Bit. A OMA operation may be 
halted at any time simply by resetting the OMA Mode bit. 
It is recommended that the OMA Mode bit be reset after 
receiving an IEOP or bus phase-mismatch interrupt. Tile 
OMA Mode bit must then be set before writing any of the 
start OMA registers for subsequent bus phases. 

If resetting tile OMA Mode bit is used instead of IEOP for 
Target role operation, then care must be taken to reset tilis 
bit at the propertime. If receiving data as a Target device, 
the OMA Mode bit must be reset once the last ORO is 
received and before IOACK is asserted to prevent an 
additionallREO from occurring. Resetting this bit causes 
ORO to go inactive. However, the last byte received 
remains in the Input Data Register and may be obtained 
either by performing a normal CPU read or by cycling 
IOACK and IRO. I n most cases, IEOP is easier to use when 
operating as a Target device. 



READ REGISTERS 

Address: 0 I I (Read Onl ) 

07 0610510410310210110~1 

~= IOB3 

IOB4 

IOB5 

IOB6 

IDB7 

Figure 27. Current SCSI 0 ata Register 

Address: 1 1 1 (Read Onl ) 

07 061051~1"' ~III~ '-_~ 

Figure 28. I 

~ Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

Lost ArbHration 

Arbitration in Progress 

Assert/RST 

nitiator Command R . eglster 

Address: 2 I I (Read Onl ) 

07 0610510410310210110:1 

~ OMAMode 

Monitor IBSY 
~~. Arbitrate 

Enable IEOP Interrupt 

Enable Parity Int errupt 

Enable Parity Checking 

Target Mode 

·0· 

Figure 29. Mode Register 

Address: 3 I I (Read Onl ) 

m ~1~1~lool~I~I:1 

~~Assertll/O 
~ AssertCIIO 

Assert/MSG 

Assert/REO 

'0· 

Last Byte Sent 

Figure 30. T arget Command R . eglster 

Address: 4 1 1 (Read Onl ) 

m ~1~1~lool~I~I:1 

~; 
CliO 

Figure 31. C urrent SCSI B 

IMSG 

IREO 

IBSY 

IRST 

us Status Register 

Address· 5 I 1 . (Read 0"1 ) 

07 061051~lool 021011 0:1 

~:&., 
Phase Match 

Interru t R p equest Active 

Figure 32. B 

Parity Error 

OMA Request 

EndofOMA 

us and Status Register 
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READ REGISTERS (Continued) 

Address: 6 (Read Only) 

107 \06\05\04\03\02\01\001 

lOBO 

10Bl 

IDB2 

IOB3 

10B4 

IOB5 

'--------- IOB6 

'----------- IOB7 

Figure 33. Input Data Register 

WRITE REGISTERS 
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Address: 0 Write Only) 

107 \06\05\04\03\02\01\001 

lOBO 

10Bl 

IOB2 

IOB3 

'------- 10B4 

'--------- IOB5 

IOB6 

IOB7 

Figure 35. Output Data Register 

Address: 7 (Read Only) 

Iwlool~I~lool~I~lool 

"X" 

X = Oon~Care 

Figure 34. Reset Parity/Interrupt 

Address: 1 (Write Only) 

Iwlool~I~lool~I~\ool 

Assert Oata Bus 

Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

"0" 

1...-________ Test Mode 

'---------- Assert/RST 

Figure 36. Initiator Command Register 



Address: 2 (Wrne Only) 

1~1~1~1~lool~I~lool 

Arbitrate 

OMAMode 

Monitor IBSY 

Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable Parity Checking 
L.... ________ Target Mode 

L.... _________ '0' 

Figure 37. Mode Register 

Address: 3 (Write Only) 

1071061051041031021011001 

Assert 11/0, 

AssertCI/O 

Assert/MSG 

Assert/REQ 

'X' 

Last Byte Sent 

Figure 38. Target Command Register 

Address: 4 (Write Only) 

1071061051041031021011001 

lOBO 

IOB1 

IOB2 

10B3 
L-______ 10B4 

lOBS 

IOB6 

IDB7 

Figure 39. Select Enable Register 

Address: 5 (Write Only) 

1071061051041031021011001 

1 'X' 

Figure 40. Start DMA Send 

Address: 6 (Write Only) 

1071061051041031021011001 

"X" 

Figure 41. Start DMA Target Receive 

Address: 7 (Write Only) 

1~1~1~1~lool~I~lool 

1 'X" 

Figure 42. Start DMA Initiator Receive 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with 
respect to GND .................... -O.3V to +7.0V 
Operating Ambient 
Temperature .............. See Ordering Information 
Storage Temperature ............... -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC characteristics and capacitance section below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

• +4.75V ~ Vee ~ +5.25V 
• GND = OV 
• TA as specified in Ordering Information 

Stresses greater than those listed under Absolute Maximum 
Ratings may cause permanent damage to this device. This 
is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

+5V 

2.2kn 

Threshold 
Voltage 

From Output 
Under Test 

From Output 
Under Test 

Vr 

75pF 

I 
Figure 43. Standard Test Dynamic Load Circuit 

Figure 44. Open-Drain Test Load 
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DC CHARACTERISTICS 

Symbol Parameter Condition Min Max Units 

Voo Supply Voltage 4.75 5.25 V 
VIH High-Level Input Voltage 2.0 Voo +0.5 V 
VIL Low-Level Input Voltage Vss-0.5 08 V 

I'H 1 High-Level Input Current VIH = 5.25V 
SCSI Bus Pins VIL = OV 50 !JA 

I'H2 High-Level Input Current VIH = 5.25V 
All Other Pins 10 !JA 

IlL 1 Low-Level Input Current 
SCSI Bus Pins (Except jRST) VIL = Vss -50 !JA 

I'L2 Low-Level Input Current 
All Other Pins VIL = Vss -10 !JA 

VOH 1 High-Level Output Voltage IOH = -4rnA 2.4 Voo V 
VOL 1 Low-Level Output Voltage 

SCSI Bus Pins IOL = 48 rnA Vss 0.5 V 
VoL2 Low-Level Output Voltage 

All Other Pins IOL = 8 rnA Vss 0.4 V 
100 Supply Current 15 rnA 
TA Operating Free-Air T ern perature 0 70 °C 
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AC CHARACTERISTICS 
CPU Write Cycle Timing Diagram 

A2-AO 

fSCSICS 

fRD 

07-00 

AC CHARACTERISTICS 
CPU Write Cycle Table 

No Description 

1 Address Setup to Write Enable* 

Figure 45. CPU Write Cycle 

2 Address Hold from End Write Enable* 
3 Write Enable Width* 

4 Chip Select Hold from End of flOW 
5 Data Setup to end of Write Enable* 
6 Data Hold Time form End of flOW 

Nole: 
• Write Enable is the occurrence of /WR and leS 
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Min Max Units 

10 ns 
10 ns 
40 ns 

0 ns 
20 ns 
20 ns 



AC CHARACTERISTICS 
CPU Read Cycle Timing Diagram 

A2-AO 

ISCSICS 

IRO 

07-00 

Figure 46. CPU Read Cycle 

AC CHARACTERISTICS 
CPU Read Cycle Table 

No 

1 
2 

3 
4 
5 

Nole: 

Description 

Address Setup to Read Enable' 
Address Hold from End Read Enable' 

Chip Select Hold from End of IRD 
Data Access Time from Read E[lable' 
Data Hold Time from End of Read Enable' 

• Read Enable is the occurrence of /RD and ICS 

Min 

10 
10 

o 

10 

Max 

70 

Units 

ns 
ns 

ns 
ns 
ns 
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AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Initiator Send Cycle Timing Diagram 

828 

DRQ 

IDACK 

IWR 

Dl-DO 

IEOP 

IREO 

lACK 

IDBl-IDBO, 
IDBP 

Figure 47. DMA Write (Non-Block Mode) Initiator Send Cycle 



AC CHARACTERISTICS 
DMA Write Initiator Send Cycle Table 

No Description Min Max Units 

1 ORO Low from IDACK Low 60 ns 
2 IDACK High to ORO Higll 30 ns 
3 Write Enable Width* 50 ns 

4 IDACK Hold from End of IWR 0 ns 
5 Data Setup to End of Write Enable* 50 ns 
6 Data Hold Time from End of /WR 25 ns 

7 Width of IEOP Pulse [1] 50 ns 
8 IREO Low to lACK Low 70 ns 
9 IREO High to ORO High 70 ns 

10 IDIICK High to lACK High 90 ns 
11 IWR Higll to Valid SCSI Data 50 ns 
12 Data Hold from Write Enable* 15 ns 
13 Data Setup to lACK Low 55 ns 

Notes: 
[1] IEOP, /WR, and IDACK must be concurrently Low for at least T7 for 

proper recognition of the /EOP pulse. 
* Write Enable is the occurrence of /WR and IDACK. 
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AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Initiator Receive Timing Diagram 

DRO 

IDACK 

liaR 

D7-DO 

lEap 

IREO 

lACK 

IDB7-/DBO, 
IDBP 

830 

BYTEN 

\4----'.. 6)-----I~ 

i'C----{ 7 )--~ 

~-----\9)-~-~-~ 

~------
~ BYTEN 
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Figure 48. DMA Read (Non-Block Mode) Initiator Receive 



AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Initiator Receive Table 

Name Description Min Max Units 

1 DRQ False from IDACK True 60 ns 
2 IDACK False to ORO True 30 ns 

3 IDACK Hold Time from End of liaR 0 ns 
4 Data Access Time from Read Enable' 70 ns 

5 Data Hold Time from End of liaR 10 ns 
6 Width of lEap Pulse [1] 50 ns 
7 IREO True to ORO True 70 ns 

8 IREO True to lACK True 70 ns 
9 IREO False to lACK Ffalse (lDACK False) 80 ns 

10 IDACK False to lACK False (lREO False) 90 ns 
11 OAT A Setup Time to IREO 20 ns 
12 DATA Hold Time from IREO True 50 ns 

Noles: 
[1) JEOP, liaR and /DACK must be concurrently true for at least T6 for proper recognition of the lEap pulse. 
'Read enable is the occurrence of both liaR and IDACK. 
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AC CHARACTERISTICS 
DMA Write (Non-Block Mode) Target Send Cycle Timing Diagram 
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Figure 49. DMA Write (Non-Block Mode) Target Send Cycle 
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AC CHARACTERISTICS 
DMA Write Target Send Cycle Table 

No Description Min Max Units 

1 ORO Low from IDACK Low 60 ns 
2 IDACK High to ORO High 30 ns 
3 Write Enable Width' 50 ns 

4 IDACK Hold from IWR High 0 ns 
5 Data Setup to End of Write Enable' 50 ns 
6 Data Hold Time from End of /WR 25 ns 

7 Width of IEOP Pulse [1] 50 ns 
8 lACK Low to IREO High 80 ns 
9 IREO from End of IDACK (lACK High) 90 ns 

10 lACK Low to ORO High (Target) 70 ns 
11 lACK High to IREO Low (/DACK High) 100 ns 
12 Data Hold from Write Enable 15 ns 
13 Data Setup to IREO Low (Target) 55 ns 

Notes: 
[1] lEap, /WR, and /DACK must be concurrently Low for at least T7 for proper recognition of the lEap pUlse. 
, Write Enable is the occurrence of !IOW and !DACK 
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AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Target Receive Timing Diagram 
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Figure 50. DMA Read (Non-Block Mode) Target Receive 
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AC CHARACTERISTICS 
DMA Read (Non-Block Mode) Target Receive Table 

Name Description Min 

1 DRO False from IDACK True 
2 IDACK False to DRO True 30 
3 IDACK Hold Time from End of liaR 0 

4 Data Access Time from Read Enable' 
5 Data Hold Time from End of liaR 10 
6 Width of lEap Pulse [1] 50 

7 lACK True to DRO True 
8 IDACK False to IREO True (lACK False) 
9 lACK True to IREO False 

10 lACK False to/REO True (lDACK False) 
11 DATA Setup Time to lACK 20 
12 DATA Hold Time from lACK True 30 

Notes: 
[1] lEaP. liaR and /DACK must be concurrently true for a least T6 for proper recognition of the lEap pulse. 
'Read enable is the occurrence of both liaR and IDACK. 

Max Units 

60 ns 
ns 
ns 

70 ns 
ns 

70 
90 
80 

100 
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AC CHARACTERISTICS 
DMA Write (Block Mode) Target Send Timing Diagram 
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Figure 51. DMA Write (Block Mode) Target Send 
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AC CHARACTERISTICS 
DMA Write (Block Mode) Target Send Table 

Name Description Min Max Units 

1 DRO False from fDACK True 60 ns 
2 Write Enable Width' 50 ns 
3 Write Recovery Time 120 ns 

4 Data Setup to End of Write Enable' 50 ns 
5 Data Hold Time from End of flOW 25 ns 
6 Width of fEOP Pulse [1] 50 ns 
7 fACK True to fREO False 80 ns 

8 fREO from End of flOW (lACK False) 90 ns 
9 fREO from End of ACK (lIOW False) 100 ns 

10 fACK True to READY True 70 ns 

11 READY True to flOW False 70 ns 
12 flOW False to READY False 70 ns 
13 DATA Hold from fACK True 40 ns 
14 Data Setup to fREO True 55 ns 

Notes: 
[1] IEOP, IIOW, and /DACK must be concurrently true for at least T6 for proper recognition of the IEOP pulse. 
'Read enable is the occurrence of both IIOR and IDACK. 
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AC CHARACTERISTICS 
DMA Read (Block Mode) Target Receive Timing Diagram 
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Figure 52. DMA Read (Block Mode) Target Receive 
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AC CHARACTERISTICS 
DMA Read (Block Mode) Target Receive Table 

Name Description Min Max 

1 DRO False from IDACK True 60 
2 liaR Recovery Time 120 
3 Data Access Time from Read Enable' 70 

4 Data Hold Time from End of liaR 10 
5 Width of lEap Pulse [1] 50 
6 liaR False to IREO True (lACK False) 90 

7 lACK True to IREO False 80 
8 lACK False to IREO True (lIaR False) 100 
9 lACK True to READY True 70 

10 READY True to Valid Data 50 
11 liaR False to READY False 70 
12 DATA Setup time to lACK 20 
13 DATA Hold Time from lACK 30 

Notes: 
[1] IEOP, IIOR, and IDACK must be concurrently true for at least T5 for proper recognition of the lEap pulse. 
'Read enable is the occurrence of both liaR and IDACK. 

AC CHARACTERISTICS 
Reset Timing Diagram 

IRESET 

AC CHARACTERISTICS 
Reset Table . 

No Description 

Minimum Width of IRESET 

Figure 53. Reset 

Min 

100 

Units 

ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 

ns 
ns 

Max Units 

.ns 
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AC CHARACTERISTICS 
Arbitration Timing Diagram 
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Figure 54. Arbitration 

AC CHARACTERISTICS 
Arbitration Table 

Name 

840 

1 
2 

Description 

Bus Clear from SEL True 
ARBITRATE Start from BSY False 

Min 

1200 

Max 

600 
2200 

Units 

ns 
ns 



FEATURES 

• Low power CMOS 

• Two independent, 0 to 2.5M bit/second, full-duplex 
channels, each with a separate crystal oscillator, baud 
rate generator, and Digital Phase-Locked Loop for 
clock recovery. 

• Multi-protocol operation under program control; 
programmable for NRZ, NRZI, or FM data encoding. 

• Asynchronous mode with five to eight bits and one, 
one and one-half, or two stop bits per character, 
programmable clock factor, break detection and 
generation; parity, overrun, and framing error detection. 

• Synchronous mode with internal or external character 
synchronization on one or two synchronous characters 
and CRC generation and checking with CRC-16 or 
CRC-CCITT preset to either 1 s or Os. 

• SOLC/HOLC mode with comprehensive frame-level 
control, automatic zero insertion and deletion, I-field 
residue handling, abort generation and detection, 
CRC generation and checking, and SOLC Loop 
mode operation. 

GENERAL DESCRIPTION 

The Z85C80 CMOS SCSCI is an industry standard 85C30 
dual channel Serial Communication Controller (SCC) and 
an industry standard 53C80 Small Computer System In­
terface (SCSI) integrated into one monolitilic Integrated 
Circuit. The internal SCC and SCSI share the 8-bit data bus 
(07 through ~O) and read and write inputs (fRO and /WR). 

PRELIMINARY PRODUCT SPECIFICATION 

Z85C80 
SCSCI SERIAL COMMUNICATIONS 
AND SMALL COMPUTER INTERFACE 

• Local Loopback and Auto Echo modes. 

• Supports T1 digital trunk. 

• Enhanced OMA support 
10 X 19-bit status FIFO 
14-bit byte counter 

• Arbitration Support 

• OMA or Programmed I/O Data Transfers 

• Supports Normal OMA 

• Memory or I/O Mapped CPU Interface. 

• Asynchronous Interface, Supports 3 MB/s 

• Direct SCSI Bus Interface with On-Board 48 mA Drivers 

• Supports Target and Initiator Roles 

Note: All Signals with a preceding front slash, "/", are active 
Low, e.g.: B/IW (WORD is active Low); IBIW (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 

The Z85C80 is offered in a 68-pin PLCC package. With a 
few exceptions, all ofthe internal SCC and SCSI signals are 
connected to the outside pins. 
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GENERAL DESCRIPTION (Continued) 

The exceptions are: 

• lEI input to SCC is internally connected to VDD. 

• lEO output from SCC is not internally connected (N/C). 

• READY output from SCSI is not internally connect­
ed (N/C) 

• /SYNCB output from the SCC is not internally connect­
ed (N/C). 

• /TRXCA and /CTSA inputs to the SCC are internally 
connected. 

• /TRXCB and /CTSB inputs to the SCC are internally 
connected. 

The internal SCC is a dual channel, multi-protocol data 
communications peripheral that easily interfaces to CPUs 
with non-multiplexed address/data buses. The program­
ming flexibility of the internal registers allows the SCC to be 
configured to satisfy a wide variety of serial communications 
applications. The many on-chip features such as baud rate 
generators, digital phase locked loops, and crystal oscil­
lators dramatically reduce the need for external logic. 
Additional features, including a 1 Ox 19-bit status FI FO and 
14-bit byte counter, were added to support high speed 
SDLC transfers using DMA controllers. 

The SCC handles asynchronous formats, synchronous 
byte-oriented protocols such as IBM Bisync, and syn­
chronous bit-oriented protocols such as HDLC and IBM 
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SDLC. The internal SCC can generate and check CRC 
codes in any synchronous mode and can be programmed 
to check data integrity in various modes. It also has 
facilities for modem controls in both channels. In applica­
tions where these controls are not needed, the modem 
controls are used for general-purpose I/O. Tile daisy­
chain interrupt hierarchy is also supported and is standard 
for Zilog peripheral components. 

The internal SCSI is designed to implement the SCSI 
protocol as defined by the ANSI X3.131-1986 standard, 
and is fully compatible with the industry standard 53C80. 
It is capable of operating both as a target and as an 
initiator. Special high current open-drain outputs enable it 
to directly interface to, and drive, the SCSI bus. Tile internal 
SCSI has the necessary interface hook-ups so the system 
CPU can communicate with it like with any other periplleral 
device. The CPU can read from, or write to, the SCSI 
registers which are addressed as standard or memory­
mapped I/Os 

Tile Internal SCSI increases the system performance by 
minimizing the CPU intervention in DMA operations which 
the SCSI controls. The CPU is interrupted by the SCSI 
when it detects a bus condition that requires attention. It 
also supports arbitration and reselection. The internal 
SCSI has the proper hand-shake signals to support normal 
DMA operations with most DMA controllers available. 
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PIN DESCRIPTION 

Signal Pin 
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Note: Power connections follow 
Conventional descriptions below 

Connection Circuit Device 

Power Vee VDD 
Ground GND Vss 

Figure 2. 58-Pin PLCC Pin Diagram 

Type 

I/O 

I/O 

Description 

SCSI Address Line Bit 0 (SCSI). Address lines me used Wiltl 
/SCSICS, /RD, or /WR to address all internal registers. 

SCSI Address Line Bit 1 (SCSI). Address lines are used with 
/SCSICS, /RD, or /WR to address all internal registers. 

SCSI Address Line Bit 2 (SCSI) Address lines are used with 
/SCSICS, /RD, or /WR to address all internal registers. 

Channel AIChannel B (SCC). This signal selects the SCC channel 
in which the read or write operation occurs. 

Acknowledge (open-drain, active low, SCSI). Driven by an Initiator, 
/ACK indicates an acknowledgement for a /REO//ACK data-trans­
fer handsllake. In the Target role, /ACK is received as a response 
to the /REO signal. 

Attention (open-drain, active low, SCSI). Driven by an Initiator, 
received by the Target. /ATN indicates an Attention conditioll. 



PIN DESCRIPTION (Continued) 

Signal Pin Type Description 

/BSY 56 I/O Busy (open-drain, active low, SCSI). Tilis signal indicates that the 
SCSI bus is being used and can be driven by both the Initiator and 
the Target device. 

CliO 38 I/O Controt/Data (open-drain, SCSI). Driven by the Target and re-
ceived by the Initiator. CliO indicates whether Control or Data 
information is on the Data Bus. True indicates control. 

/CTSA//TRXCA 17 Clear To Send for channel A; TransmitlReceive Clock for channel 
A (active low, SCC). This pin is internally connected to SCC's A 
Channel/CTS and /TRXC. Receive clock or the transmit clock is 
supplied via this pin to the SCC's A channel. When programmed as 
Auto Enables, a low on this pin enables the A-channel transmitter. 

/CTSB//TRXCB 27 Clear To Send for channel BfTransmitlReceive Clock for channel B 
(active low, SCC). This pin is internally connected to SCC's B-
channel/CTS and /TRXC. Receive clock or the transmit clock is 
supplied via this pin to the SCC's B channel. When programmed as 
Auto Enables, a low on this pin enables the B-channel transmitter. 

DO 2 I/O Data bus bit 0 (tri-state, active high, SCC and SCSI). This is the 
Least Significant Bit of the bus. Data bus lines carry data and 
commands to and from the SCSC!. 

01 3 I/O Data bus bit 1 (tri-state, active high, SCC and SCSI). Data bus lines 
carry data and commands to and from the SCSC!. 

02 4 I/O Data bus bit 2 (tri-state, active high, SCC and SCSI). Data bus lines 
carry data and commands to and from the SCSC!. 

03 5 I/O Data bus bit 3 (tri-state, active high, SCC and SCSCI). Data bus 
lines carry data and commands, to and from the SCSC!. 

04 6 I/O Data bus bit 4 (tri-state, active high, SCC and SCSI). Data bus lines 
carry data and commands to and from the SCSCI. 

05 7 I/O Data bus bit 5 (tri-state, active high, SCC and SCSI). Data bus lines 
carry data and commands to and from the SCSCI. 

06 8 I/O Data bus bit 6 (tri-state, active high, SCC and SCSI). Data bus lines 
carry data and commands to and from the SCSC!. 

07 9 I/O Data bus bit7 (tri-state, active high, SCC and SCSI). This is the most 
significant bit of the bus. Data bus lines carry data and commands 
to and from the SCSC!. 

/DACK 36 DMA Acknowledge (active low, SCSI). /DACK resets DRQ and 
selects the data register for input or output data transfers./DACK 
is used by DMA controller instead of /SCSICS. 

/DBO 45 I/O SCSI Data Bus bit 0 (open-drain, active low, SCSI). Least signifi-
cant bit in the SCSI data bus. 

/DB1 46 I/O SCSI Data Bus bit 1 (open-drain, active low, SCSI). 

/DB2 47 I/O SCSI Data Bus bit 2 (open-drain, active low, SCSI). 
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PIN DESCRIPTION (Continued) 

Signal Pin Type Description 

/OB3 48 I/O SCSI Data Bus bit 3 (open-drain, active low, SCSI). 

/OB4 50 I/O SCSI Data Bus bit 4 (open-drain, active low, SCSI). 

/OB5 51 I/O SCSI Data Bus bit 5 (open-drain, active low, SCSI). 

/OB6 52 I/O SCSI Data Bus bit 6 (open-drain, active low, SCSI). 

/OB7 53 I/O SCSI Data Bus bit 7 (open-drain, active low, SCSI). This is the most 
significant bit in the SCSI data bus. 

/DBP 43 I/O SCSI Data Bus Parity bit (open-drain, active low, SCSI). Data parity 
is odd. Parity is always generated and optionally checked. Parity is 
not valid during Arbitration. 

O//C 67 Data/Control Select (SCC). This signal defines ttle type of informa-
tion transferred to and from the SCC. 

/DCDA 21 Data Carrier Detect for A channel (active low, SCC). This pin func-
tions as receive enable if it is programmed for Auto Enable; 
otherwise, it may be used as general-purpose input pin. The SCC 
detects pulses on this pin and can interrupt the CPU on both logic 
level transactions. 

/OCOB 23 Data Carrier Detect for B channel (active low, SCC). This pin func-
tions as receive enable if it is programmed for Auto Enable; 
otherwise, it may be used as general-purpose input pin. The SCC 
detects pulses on this pin and can interrupt the CPU on both logic 
level transactions. 

DRO 34 0 DMA Request (active high, SCSI). DRO indicates that the data 
register is ready to be read or written. DRO is asserted only if DMA 
mode is set in the Command Register. DRO is cleared by /DAC~. 

/DTR//REQA 19 0 DataTerminal Ready/RequestforchannelA (active low, SCC). This 
output follows the state programmed into the DTR bit. It can also be 
used as general-purpose output or as Request line for a 
orv1A controlier. 

/OTR//REOB 25 0 Data Terminal Ready/Requestforchannel B (active low, SCC). This 
output follows the state programmed into the OTR bit. It can also be 
used as general-purpose output or as Request line for a DMA 
controller. 

/EOP 35 End of process (active low, SCSI). EOP is used to terminate a DMA 
transfer. If asserted during a OMA cycle, the current byte will be 
transferred, but no additional bytes will be requested. 

GND 31, S Ground supply (SCC and SCSI). 
39,44, 
45,54, 

59 

/INT 10 0 SCC Interrupt Request (open-drain, active low, SCC). This signal 
is activated when the SCC requests an interrupt. 
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PIN DESCRIPTION (Continued) 

Signal Pin Type 

/INTACK 11 

1//0 40 I/O 

IRQ 33 o 

/MSG 37 I/O 

PCLK 22 

/RD 66 

/REQ 42 t/O 

/RESET 32 

/RST 55 I/O 

/RTSA 20 o 

/RTSB 24 o 

Description 

Interrupt acknowledge (active low, SCC). Tilis signal indicates an 
active Interrupt Acknowledge cycle. /INT ACK is latched by tile 
rising edge of PCLK. 

Input/Output (open-drain, SCSI). I/O is a signal driven by a Target 
which controls tile direction of data movement on the SCSI bus. 
TRUE indicates input to tile Initiator. Tllis signal is also used to 
distinguish between Selection and Reselection pllases. 

SCSI Interrupt Request (active higll, SCSI). This signal alerts a 
microprocessor of an error condition or an event completion. 

Message (open-drain, SCSI). This signal is driven by the Target 
during the Message pllase. This signal is received by tile Initiator. 

Clock (SCC). This is tile master SCC clock used to synchronize 
internal signals. PCLK is not required to have any phase relation­
ship with the master system clock. 

Read (active low, SCC and SCSI). Wilen the SCC is selected, it 
enables the SCC's bus drivers. When the SCSI is selected, it is used 
in conjunction with /SCSICS and A2-AO to read an internal register. 
It also selects the tnput Data Register in SCSI when used 
with /DACK. 

Request (open-drain, active low, SCSI). Driven by a Target and 
received by the Initiator, this signal indicates a request for a /REQ/ 
/ACK data-transfer handshake. 

SCSI Reset (active low, SCSt). This signal clears all registers in the 
SCSI. It has no effect upon the SCSI /RST Signal. 

SCSI bus Reset (open-drain, active low, SCSI). This signal indi­
cates a SCSI bus Reset condition. 

RequestTo Send for channel A (active low, SCC). Wilen the RTS bit 
in Write Register 5 is set, tile /RTS signal goes low. When tile RTS 
bit is reset in the Asynchronous mode and Auto Enable is on, tile 
signat goes high after the transmitter is empty. In Synchronous 
mode or in Asynchronous mode with Auto Enable off, the /RTS pin 
strictly follows the state of the RTS bit. This pin can be used as a 
general-purpose output. 

RequestTo Send for channel B (active low, SCC). When the RTS bit 
in Write Register 5 is set, the /RTS signat goes low. When the RTS 
bit is reset in the Asynchronous mode and Auto Enable is on, the 
signal goes high after the transmitter is empty. In Syncllronous 
mode or in Asynchronous mode with Auto Enable off, the /RTS pin 
strictly follows the state of the RTS bit. This pin can be used as a 
general-purpose output. 
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PIN DESCRIPTION (Continued) 

Signal Pin Type Description 

/RTXCA 15 ReceivelTransmit Clock for channel A (active low, SCC). This pin 
can be programmed in several modes of operation. It may supply 
the receive clock, the transmit clock, the clock for the baud rale 
generator, or the clock for the digital phase-locked loop. This pin 
can also be programmed for use with the /SYNCA pin as a crystal 
oscillator. The receive clock can be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 

/RTXCB 29 ReceivelTransmit Clock for channel B (active low, SCC). This pin 
can be programmed in several modes of operation. It may supply 
the receive clock, the transmit clock, the clock for the baud rate 
generator, or the clock for the digital phase-locked loop. The 
receive clock can be 1, 16, 32, or 64 times the data rate in 
Asynchronous modes. 

RXDA 16 Receive Data for channel A (active high, SCC). This input signal 
receives serial data. 

RXDB 28 Receive Data for channel B (active high. SCC). This input signal 
receives serial data. 

/SCCCS 64 SCC Chip Select (active low, SCSI). This signal selects SCC for a 
read or write operation. 

/SCSICS 60 SCSI Chip Select (active low, SCSI). This signal, in conjunction with 
/RD or /WR, enables the internal register selected by A2-AO, to be 
read from or written to. 

/SEL 57 I/O Select (open-drain, active low, SCSI). This signal is used by an 
Initiator to select a Target, or by a Target to reselect an Initiator. 

/SYNCA 14 I/O Synchronization for channel A (active low, SCC). This pin can act 
as input, output, or part of the crystal osciliator circuit. 

TXDA 18 0 Transmit Data for channel A (active high, SCC). This output signal 
transmits serial data at standard TTL levels. 

TXDB 26 a Transmit Data for channel B (active high, SCC). This output signal 
transmits serial data at standard TTL levels. 

VDD 1,12 S VDD supply (SCC and SCSI). 

/WR 65 Write (active low, SCC and SCSI). When the SCC is selected, this 
signal indicates a write operation. The coincidence of /RD and /WR 
is interpreted as a reset. When the SCSI is selected, it is used in 
conjunction with /SCSICS and A2-AO to write an internal register. It 
also selects the Output Data Register in SCSI, when used 
with /DACK. 

/WI/REOA 13 a Wait/Request for channel A (open-drain when programmed for a 
Wait function, driven high or low when programmed for a Request 
function, SCC). This dual purpose output may be programmed as 
request line for a DMA controlieror as a Wait line to synchronize the 
CPU to the SCC data rate. The reset state is Wait. 
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PIN DESCRIPTION (Continued) 

Signal Pin Type Description 

/W/IREOB 30 o Wait/Request for channel B (open-drain when programmed for a 
Wait function, driven high or low when programmed for a Request 
function, SCC). This dual purpose output may be programmed as 
request line for a DMA controller or as a Wait line to synchronize the 
CPU to the SCC data rate. The reset state is Wait. 

FUNCTIONAL DESCRIPTION 

The Z85C80 consists of an industry standard Z85C30 
Serial Communication Controller (SCC) and an industry 
standard Z53C80 Small Computer System Interface (SCSI), 
sharing the data bus and read and write signals. With the 
exception of the following special configurations, the inter­
nal SCC and SCSI can be used as standard devices. 

SCC Configuration 

• lEI (Interrupt Enable In) is hardwired to VDD. Thus no 
external interrupt daisy-chain can be used. 

• lEO (Interrupt Enable Out) is not bonded out. Since no 
daisy-chain interrupt is used, this pin is left unbonded. 

• /TRXC and ICTS are connected together in each of the 
two channels to form ICTS//TRXC. In this configuration, 
the pin in each channel is sued as receive or transmit 
clock input. 

• ISYNCB (channel B Synchronization) is not bonded. 

SCSI Configuration 

• Data lines of the SCSI are shared with the SCC's data 
bus (07 through DO on both devices). Care must be 
taken not to cause bus contention by inappropriately 
selecting the two internal devices using their 
respective ICS. 

• IIOR of SCSI connected to IRD of SCC to generate 
Z85C80's IRD pin. 

• IIOW of SCSI is connected to /WR of SCC to generate 
Z85C80's /WR pin. 

• READY (Ready) is not bonded out. READY is normally 
used to control the speed ofBlock Mode DMA transfers. 
It goes active to indicate the SCSI is ready to sendl 
receive data. 

SCC Functional Description 

The functional capabilities of the SCC are described from 
two different points of view: as a data communications 
device, it transmits and receives data in a wide variety of 
data communications protocols; as a microprocessor 
peripheral, the SCC offers valuable features such as 
vectored interrupts, pOlling, and simple handshake 
capability. 

Data Communications Capabilities. The SCC provides two 
independent full-duplex channels programmable for use 
in any common Asynchronous or Synchronous data 
communication protocol. Figure 3 and the following de­
scription briefly detail these protocols. 

Asynchronous Modes. Transmission and reception can be 
accomplished independently on each channel with five to 
eight bits per character, plus optional even or odd parity. 
The transmitters can supply one, one and one half, or two 
stop bits per character and can provide a break output at 
any time. The receiver break-detection logic interrupts the 
CPU both at the start and at the end of a received break. 
Reception is protected from spikes by a transient spike­
rejection mechanism that checks the signal one-half a bit 
time after a Low level is detected on the receive data input 
(RxDA or RxDB in Figure 1). If the Low does not persist (as 
in the case of a transient), the character assembly process 
does not start. 

Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. 
Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of a framing error as a 
new start bit: a framing error results in the addition of one­
half a' bit time to the point at which the search for the next 
start bit begins. 
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Start 
Parity 

! ! r Stop 

Marking Line II Data II i II Data II II Data II Marking Line 

Asynchronous 

SYNC Data :: Data CRC1 CRC2 

Monosync 

SYNC SYNC Data :: Data CRC1 CRC2 

Signal~ Bisync 

:: Data Data CRC1 CRC2 

External Sync 

Flag Address Infonnation :: Infonnatlon CRC1 CRC2 Flag 

SDLC/HDLC/X.25 

Figure 3. Some SCC Protocols 

The SCC does not require symmetric transmit and receive 
clock signals - a feature allowing the use of a wide variety 
of clock sources. The transmitter and receiver can handle 
data at a rate of 1, 1/16, 1/32, or 1/64 of the clock rate 
supplied to the receive and transmit clock inputs. 
In Asynchronous modes, the /SYNC pin may be pro­
grammed as an input used for functions such as monitoring 
a ring indicator. 

Synchronous Modes. The SCC supports both byte-ori­
ented and bit-oriented synchronous communication. Syn­
chronous byte-oriented protocols can be handled in several 
modes, allowing character synchronization with a 6-bit or 
8-bit synchronous character (Monosync), any 12-bit syn­
chronization pattern (Bisync), or with an external syn­
chronous Signal. Leading sync characters can be removed 
without interrupting the CPU. 

Five- or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the SCC by overlapping the larger 
pattern across multiple incoming synchronous characters 
as shown in Figure 4. 
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CRC checking for Synchronous byte-oriented modes is 
delayed by one character time so that the CPU may 
disable CRC checking on specific characters. This per­
mits the implementation of protocols such as !BM Bisync. 

Both CRC-16 (X'· + X'5 + X'2 + 1) and CCITT (X'. + X'5 + X'2 
+ 1) error checking polynomials are supported. Either 
polynomial may be selected in all Synchronous modes. 
Users may preset the CRC generator and checker to all 1 s 
or all as. The SCC also provides a feature that automati­
cally transmits CRC data when no other data is available 
for transmission. This allows for high speed transmission 
under OMA control, with no need for CPU intervention at 
the end of a message. When there is no data or CRC to 
send in Synchronous modes, the transmitter inserts 6-, 8-
, or 16-bit synchronous characters, regardless of the 
programmed character length. 

The SCC supports Synchronous bit-oriented protocols, 
such as SDLe and HOLC, by performing aulomatic flag 
sending, zero insertion, and CRC generation. A special 
command can be used to abort a frame in transmission. At 



the end of a message, the SCC automatically transmits the 
CRC and trailing flag when the transmitter underruns. The 
transmitter may also be programmed to send an idle line 

I I SYNC SYNC I I 

I 
16 

7 Bits 

I 

SYNC 

8 

Data 

consisting of continuous flag characters or a steady mark­
ing condition. 

Data Data Data 

Figure 4. Detecting 5 - or 7-Bit Synchronous Characters 

If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort may be issued. The SCC may also 
be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent, allowing reception of a message 
with no prior information about the character structure in 
the information field of a frame. 

The receiver automatically acquires synchronization on 
the leading flag of a frame in SOLC or HOLC and provides 
a synchronization signal on the /SYNC pin (an interrupt can 
also be programmed). The receiver can be programmed 
to search for frames addressed by a single byte (or four 
bits within a byte) of a user-selected addressor to a global 
broadcast address. In this mode, frames not matching 
either the user-selected or broadcast address are ignored. 
The number of address bytes can be extended under 
software control. For receiving data, an interrupt on the first 
received character, or an interrupt on every character, or 
on special condition only (end-of-frame) can be selected. 
The receiver automatically deletes all Os inserted by the 
transmitter during character assembly. CRC is also cal­
culated and is automatically checked to validate frame 
transmission. At the end of transmission, the status of a 
received frame is available in the status registers. In SOLC 
mode, the SCC must be programmed to use the SOLC 
CRC polynomial, but the generator and checker may be 
preset to all 1 s or all Os. The CRC is inverted before 
transmission and the receiver ctlecks against the bit pat­
tern 0001110100001111. 

NRZ, NRZI or FM coding may be used in any 1 x mode. The 
parity options available in Asynchronous modes are avail­
able in Synchronous modes. 

The SCC can be conveniently used under OMA control to 
provide high speed reception or transmission. In recep-

tion, for example, the SCC can interrupt the CPU when the 
first character of a message is received. Tile CPU tllen 
enables the OMA to transfer the message to memory. Tile 
SCC then issues an end-of-frame interrupt and the CPU 
can check the status of the received message. TllUS, the 
CPU is freed for other service while the message is being 
received. The CPU may also enable the OMA first and have 
the SCC interrupt only on end-of-frame. Tilis procedure 
allows all data to be transferred via the OMA. 

SDLe Loop Mode. The SCC supports SOLC Loop mode in 
addition to normal SOLC. In an SOLC Loop, there is a 
primary controller station that manages the message traffic 
flow on the loop and any number of secondary stations. In 
SOLC Loop mode, the SCC performs the functions of a 
secondary station wllile an see operating in regular SOLe 
mode can act as a controller (Figure 5). 

Figure 5. An SDLC Loop 
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A secondary station in an SDLC Loop is always listening to 
the messages being sent around the loop, and in fact must 
pass these messages to the rest of the loop by re-transmit­
ting them with a one-bit-time delay. The secondary station 
can place its own message on the loop only at specific 
times. The controller signals that secondary stations may 
transmit messages by sending a special character, called 
an EOP (End of Poll), around the loop. The EOP character 
is the bit pattern 11111110. Because of zero insertion 
during messages, this bit pattern is unique and easily 
recognized. 

When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary 
1 of the EOP to a 0 before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates 
the message with an EOP. Any secondary stations further 
down the loop with messages to transmit can then append 
their messages to the message of the first secondary 
station by the same process. Any secondary stations 
without messages to send merely echo the incoming 
messages and are prohibited from placing messages on 
the loop (except upon recognizing an EOP). 

SDLC Loop mode is a programmable option in the SCC. 
NRZ, .NRZI, and FM coding may all be used in SDLC 
Loop mode. 

Baud Rate Generator. Each channel in the SCC contains 
a programmable baud rate generator. Each generator 
consists of two 8-bit time constant registers that form a 
16-bit time constant, a 16-bit down counter, and a flip-flop 
on the output producing a square wave. On startup, the 
flip-flop on the output is set in a High state, the value in the 
timne constant register is loaded into the counter, and the 
counter starts counting down. The output of the baud rate 
generator toggles upon reaching 0, the value in the time 
constant register is loaded into the counter, and the 
process is repeated. The time constant may be changed 
at any time, but the new value does not take effect until the 
next load of the counter. 

The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. ft can 
also drive the Digital Phase-Locked Loop (see next 
section). 

The following formula relates the time constant to the baud 
rate where PCLK or IRTxC is the baud rate generator input 
frequency in Hz. The clock mode is 1, 16, 32, or 64 as 
selected in Write Register 4, bits 06 and 07. Synchronous 
operation modes should select 1 and Asynchronous should 
select 16, 32, or 64. 

852 

Time Constant = 
PLCK or RTxC Frequency 

2 (Baud Rate) (Clock Mode) 
-2 

Digital Phase-Locked Loop. The SCC contains a Digital 
Phase-Locked Loop (DPLL) to recover clock information 
from a data stream with NRZI or FM encoding. The DPLL 
is driven by a clock that is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock, along with 
the data stream, to construct a clock for the data. This 
clock may then be used as the SCC receive clock, the 
transmit clock, or both. 

For NRZI encoding, the DPLL counts the 32x clock to 
create nominal bit times. As the 32x clock is counted, the 
DPLL is searching the incoming data stream for edges 
(eiiher 1 to 0 or 0 to 1). Whenever an edge is detected, the 
DPLL makes a c::ount adjustment (during the next counting 
cycle), producing a terminal count closer to the center of 
the bit cell. 

For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the DPLL 
is locked, the clock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and O. 
The DPLL looks for edges only during a lime centered on 
the 15 or 16 counting transition. 

The 32x clock for the DPLL can be programmed to come 
from eitherthe IRTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the SCC via the /TRxC pin (if this pin is not 
being used as an input). 

Data Encoding. The SCC may be programmed to encode 
and decode the serial data in four different ways (Figure 6). 
In NRZ encoding, a 1 is represented by a High level and a 
o is represented by a Low level. In NRZI encoding, a 1 is 
represented by no change in level and a 0 is represented 
by a change in level. In FM1 (more properly, bi-phase 
mark), a transition occurs at the beginning of every bit cell. 
A 1 is represented by an additional transition at the center 
of the bit cell and a 0 is represented by no additional 
transition at the center of the bit cell. In FMO (bi-phase 
space), a transition occurs at the beginning of every bit 
cell. A 0 is represented by an additional transition al the 
center of the bit cell, and a 1 is represented by no 
additional transition at the center of the bit cell. In addition 
to these four methods, the SCC can be used to decode 
Manchester (bi-phase level) data by using the DPLL in the 
FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0 to 1, the bit is a O. 
If the transition is 1 to 0, the bit is a 1. 



Data 0 0 0 

NRZ \ / \ 
NRZI \ / \ 
FM1 

FMO 

Manchester 

Figure 6. Data Encoding Methods 

Auto Echo and Local Loopback. The SCC is capable of 
automatically echoing everything it receives. This feature 
is useful mainly in Asynchronous modes, but works in 
Syncllronous and SOLC modes as well. In Auto Ecl10 
mode, TxOis RxO. AutoEchomode can be used witt) NRZI 
or FM encoding with no additional delay, because the dat 
stream is not decoded before re-transmission. In Auto 
Echo mode, the ICTS input is ignored as a transmitter 
enable (altllough transitions on this input can still cause 
interrupts if programmed to do so). In this mode, ttle 
transmitter is actually bypassed and the programmer is 
responsible for disabling transmitter interrupts and 
IWIIREQ on transmit. 

Tile SCC is also capable of localloopback. In this mode 
TxO is RxO, just as in Auto Echo mode. However, in Local 
Loopback mode, the internal transmit data is tied to the 
internal receive data and RxO is ignored (except to be 
echoed out via TxO). The ICTS and lOCO inputs are also 
ignored as transmit and receive enables. However, tran­
sitions on these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, Synchronous and SOLC 
modes with NRZ, NRZI, or FM coding of the data stream. 

lID Interface Capabilities. The SCC offers ttle choice of 
Polling, Interrupt (vectored or nonvectored), and Block 
Transfer modes to transfer data, status, and control infor­
mation to and from tt1e CPU. The Block Transfer mode can 
be implemented under CPU or OMA control. 

Polling. All interrupts are disabled. Tilree status registers 
in the SCC are automatically updated wl1enever any func­
tion is performed. For example, end-of-frame in SOLC 
mode sets a bit in one of these status registers. The idea 
behind polling is for ttle CPU to periodically read a status 
register until the register contents indicate the need for 
data to be transferred. Qnlyone register needs to be read; 
depending on its contents, the CPU either writes data, 
reads data, or continues. Two bits in the register indicate 
the need for data transfer. An alternative is a poll of ttle 
I nterrupt Pending register to determine ttle source of an 
interrupt. The status for both channels resides in one 
register. 

Interrupts 

When an SCC responds to an Interrupt Acknowledge 
signal (lINTACK) from the CPU, an interrupt vector may be 
placed on the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B - Read Register 2, Channel 
A, or Channel B (Figures 9 and 10). 

To speed interrupt response time, the SCC can modify 
three bits in this vector to indicate status. If ttle vector is 
read in Cilannel A, status is never included; if it is read in 
Cilannel B, status is always included. 

Each of tile six sources of interrupts in ttle SCC (Transmit, 
Receive, and External/Status interrupts in both channels) 
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FUNCTIONAL DESCRIPTION (Continued) 

has three bits associated with the interrupt source: Inter­
rupt Pending (IP), Interrupt Under Service (IUS), and 
Interrupt Enable (IE). Operation of the IE bit is straightfor­
ward. If the IE bilis set for a given interrupt source, then that 
source can request interrupts. The exception is when the 
MIE (Master Interrupt Enable) bit in WR9 is reset and no 
interrupts may be requested. The IE bits are write only. 

In the SCC, the IP bit signals a need for interrupt servicing. 
Wilen an IP bit is 1, the /INT output is pulled Low, 
requesting an interrupt. In the SCC, if the IE bit is not set by 
enabling interrupts, then the IP forthat source can never be 
set. The IP bits are readable in RR3A. 

The IUS bits signal that an interrupt request is being 
serviced. There are three types of interrupts: Transmit, 
Receive, and External/Status. Each interruptlype is enabled 
under program control with Channel A having higher 
priority than Channel B, and with Receiver, Transmit. and 
External/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is enabled, the 
CPU is interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must have had a 
data character written into it so that it can become empty.) 
When enabled, the receiver can interrupt the CPU in one 
of three ways. 

1. Interrupt on First Receive Characteror Special Receive 
Condition. 

2. I nterrupt on All Receive Characters or Special Receive 
Condition. 

3. Interrupt on Special Receive Condition Only. 

Interrupt on First Character or Special Condition and 
Interrupt on Special Condition Only are typically used with 
the Block Transfer mode. A Special Receive Condition is 
one of the following: receiver overrun, framing error in 
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Asynchronous mode, end-of-frarne in SDLC mode and, 
optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary receive character 
available interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt can occur from Special 
Receive Conditions anytime after the first receive character 
interrupt. 

Tile main function of the Extemal/Status interrupt is to 
monitor the signal transactions of the /CTC//TRXC, /DCD, 
and /SYNC pins; however, an External/Status interrupt is 
also caused by a Transmit Underrun condition, or a zero 
count in the baud rate generator, or by the detection, or a 
zero count in the baud rate generator, or by the detection 
of a Break (Asynchronous mode), Abort (SDLC mode) or 
EOP(SDLC Loop mode) sequence in the data stream. The 
interrupt caused by the Abort or EOP has a special feature 
allowing the SCC to interrupt when the Abort condition in 
external logic in SDLC mode. In SDLC Loop mode, this 
feature allows secondary stations to recognize the wishes 
of tile primary station to regain control of the loop during a 
poll sequence. 

CPU/DMA Block Transfer. The SCC provides a Block 
Transfer mode to accommodate CPU block transfer 
functions and DMA controllers. The Block Transfer mode 
uses the /W//REO output in conjunction with the WaiV 
Request bits in WR1. The /W//REO output can be defined 
under software control as a /W line in the CPU Block 
Transfer mode or as a /REO line in the DMA Block 
Transfer mode. 

To a DMA controller, the SCC /REO output indicates that 
the SCC is ready to transfer data to or from memory. To the 
CPU, the /W line indicates that the SCC is not ready to 
transfer data, thereby requesting that the CPU extend the 
I/O cycle. The /DTR//REO line allows full-duplex operation 
under DMA control. 



ARCHITECTURE 

The see internal structure includes two full-duplex chan­
nels, two baud rate generators, internal control and inter­
rupt logic, and a bus interface to a nonmultiplexed bus. 
Associated with each channel are a number of read and 
write registers for mode control and status information, as 
well as logic necessary to interface to modems or other 
extemal devices (Figure 7). 

Data 

Control 

CPU 
BUS 1/0 

Interrupt 
Control 

Lines 

The logic for both channels provides formats, synchroni­
zation, and validation for data transferred to and from the 
channel interface. The modem control inputs are monitored 
by the control logic under program control. All of the 
modem control signals are general-purpose in nature and 
can optionally be used for functions other than 
modem control. 

Baud Rate 
Generator 

A 

Generator 
B 

} Serial Data 

} Channel Clocks 

ISYNC 
/WI/REO 

} 
Modem, DMA, 
or Other 
Controls 

} 
Modem, DMA, 
or Other 
Controls 

} Serial Data 

} Channel Clocks 

ISYNC 
/WI/REO 

Figure 7. Block Diagram of see Architecture 
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ARCHITECTURE (Continued) 

The register set for each channel includes ten control 
(write) registers, two sync-character (write) registers, and 
four status (read) registers. In addition, each baud rate 
generator has two (read/write) registers for holding the 
time constant til at determines the baud rate. Finally, asso­
ciated with the interrupt logic is a write register for the 
interrupt vector accessible through either channel, a write 
only Master Interrupt Control register and three read reg­
isters: one containing the vector with status information 
(Channel B only), one containing the vector without status 
(Cllannel Aonly), and one containing tile Interrupt Pending 
bits (Channel A only). 

The registers for each channel are designated as follows: 

• WRO-WR15 - Write Registers 0 through 15. 

• RRO-RR3, RR1O, RR12, RR13, RR15- Read Registers 
o through 3,10,12,13,15. 

Table 1 lists the functions assigned to each read or write 
register. The SCC contains only one WR2 and WR9, but 

they can be accessed by either channel. All other registers 
are paired (one for each channel). 

Data Path. The transmit and receive data path illustrated in 
Figure 8 is identical for both cllannels. Tile receiver has 
three 8-bit buffer registers in a FIFO arrangement, in 
addition to the 8-bit receive shill register. This scheme 
creates additional time for the CPU to service an interrupt 
at tile beginning of a block of tligh speed data. Incoming 
data is routed through one of several paths (data or CRC) 
depending on the selected mode (the cllaracter length in 
Asynchronous modes also determines the data path). 

The transmitter has an 8-bit Transmit Data buffer register 
loaded from the internal data bus and a 20-bit Transmit 
Shift register that can be loaded either from the synchro­
nous character registers or from tile Transmit Data regis­
ter. Depending on the operational mode, outputting data is 
routed through one of four main paths before it is transmitted 
from the Transmit Data output (TxD). 
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ARCHITECTURE (Continued) 

Read Register Functions 

RRO 
RR1 
RR2 

RR3 
RR8 
RR10 

RR12 
RR13 
RR15 

Write Register Functions 

WRO 
WR1 
WR2 

WR3 
WR4 
WR5 

WR6 
WR7 
WR8 

WR9 
WR10 
WR11 

WR12 
WR13 
WR14 
WR15 

PROGRAMMING 

Table 1. Read and Write Register Functions 

Transmit/Receive buffer status and External status. 
SpeCial Receive Condition status 
Modified interrupt vector (Channel B only). Unmodified interrupt vector (Channel A only). 

Interrupt Pending bits (Channel A only). 
Receive buffer 
Miscellaneous status 

Lower byte of baud rate generator time constant. 
Upper byte of baud rate generator time constant. 
External/Status interrupt information. 

CRC initialize, initialization commands for the various modes, Register Pointers. 
Transmit/Receive interrupt and data transfer mode definition. 
Interrupt vector (accessed through either channel). 

Receive parameters and control. 
Transmit/Receive miscellaneous parameters and modes. 
Transmit parameters and controls. 

Sync characters or SOLC address field. 
Sync character of SOLC flag. 
Transmit buffer. 

Master interrupt control and reset (accessed through either channel). 
Miscellaneous transmitter/receiver control bits 
Clock mode control. 

Lower byte of baud rate generator time constant. 
Upper byte of baud rate generator time constant. 
Miscellaneous control bits. 
External/Status interrupt control. 

The SCC contains write registers in each channel that are 
programmed by the system separately to configure the 
functional characteristics of the channels. 

three bits that point to the selected register. The second 
write is the actual control word for the selected register, 
and if the second operation is read, the selected read 
register is accessed. 

In the SCC, register addressing is direct for the data 
registers only, which are selected by a High on the O//C 
pin In all other cases (with the exception of WRO and RRO), 
programming the write registers requires two write opera­
tions and reading the read registers requires both a write 
and a read operation. The first write is to WRO and contains 
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All of the registers in the SCC, including the data registers, 
may be accessed in this fashion. The pointer bits are 
automatically cleared after the read or write operation so 
that WRO (or RRO) is addressed again. 



The system program first issues a series of commands to 
initialize the basic mode of operation. This is followed by 
other commands to qualify conditions within the selected 
mode. For example, the Asynchronous mode, character 
length, clock rate, number of stop bits, even or odd parity 
might be set first. Then the interrupt mode would be set, 
and finally, receiver or transmitter enable. 

Read Registers. The SCC contains eight read registers 
(actually nine, counting the receive buffer (RR8) in each 
channel). Four of these may be read to obtain status 
information (RRO, RR1, RR10, and RR15). Two registers 

Read Register 0 

Read Register 1 

Rx Character Available 

Zero Count 

Tx Bufter Empty 

DCD 

Sync/Hunt 

CTS 

Tx Underrun/EOM 

Break/Abort 

All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRCfFramlng Error 

End of Frame (SDLC) 

(RR12 and RR13) may be read to learn the baud rate 
generator time constant. RR2 contains either the unmodified 
interrupt vector (Channel A) or the vector modified by 
status information (Channel B). RR3 contains the Interrupt 
Pending (IP) bits (Channel A). Figure 9 shows the formats 
for each read register. 

The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; e.g., when the interrupt vector 
indicates a Special Receive Condition interrupt, all the 
appropriate error bits can be read from a single 
register (RR 1). 

Read Register 2 

* Modified In B Channel 

Read Register 3 

• Always 0 In B Channel 

V4 

V5 

V6 

V7 

Interrup,.! 
Vector 

Channel B Ext/Status IP } 

Channel B Tx IP 

Channel B Rx IP • 

Channel A Ext/Status IP 

Channel A Tx IP 

Channel A Rx IP 

o 
o 

Figure 9. Read Register Bit Functions 
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PROGRAMMING (Continued) 
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Read Register 12 
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TC7 
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Read Register 15 

TCS 
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Upper Byte 
of Time Constent 

I ~~~" •• 
~DCDIE 

SyncIHuntlE 

CTSIE 

Tx UnderrunlEOM IE 

Break/Abort IE 

Figure 9. Read Register Bit Functions (Continued) 

Write Registers. The SCC contains 13 write registers 
(14 counting WR8, the transmit buffer) in each channel. 
These write registers are programmed separately to con­
figure the functional "personality" of the chann~ls. In ad­
dition, there are two registers (WR2 and WR9) shared by 
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the two channels that may be accessed through either of 
them. WR2 contains the interrupt vector for both channels, 
while WR9 contains the interrupt control bits. Figure 10 
shows the format of each write register. 



Wr~e Register 0 (non-mumplexed bus mode) 
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Register 4 
Register 5 
Register 6 

=~:~::;~ } Register 9 
Register 10 
Register 11 * 
Register 12 
Register 13 
Register 14 
Register 15 

Reset ExVStat us Interrupts 
DLC) Send Abort (S 

Enable Int on Next Rx Character 
ending ResetTx Int P 

Error Reset 
Reset Highest IUS 

o 0 NuliCode 
o 1 Reset Rx CRC Checker 
1 0 Reset Tx CRe Generator 
1 1 ResetTx Underrun/EOM Latch 

• W~h Point High Command 

Write Register 1 

0 0 
0 1 
1 0 
1 1 

~ 
Rx Int Disable 

Ext Int Enable 

Tx Int Enable 

Parity is Special Condition 

Rx Int On First Cha raeter or Special Condition 
tars or Special Condition 

Condition Only 
Int On All Rx Charac 
Rx Int On Special 

WAITIDMA Request On 
Receive/ffransmit 

IWAIT/DMA Request Function 

WAIT/DMA Request Enable 

Write Register 2 

Wr~e Register 3 

o 0 Rx 5 Bits/Character 
o 1 Rx 7 Bits/Character 
1 0 Rx 6 BIts/Character 
1 1 Rx 8 BIts/Character 

Wr~e Register 4 

V4 

V5 

V6 

V7 

Rx Enable 

Interrupt 
Vector 

Sync Character Load Inhibit 

Address Search Mode (SDLC) 

Rx CRC Enable 

Enter HUnt Mcde 

Auto Enables 

Parity Enable 

Parity EVENIIODD 

o 0 Sync Modes Enable 
o 1 1 Stop BIt/Character 
1 0 1 1/2 Stop Bits/Character 
1 1 2 Stop Bits/Character 

o 0 8-Blt Sync Character 
o 1 16-Bit Sync Character 
1 0 SDLC Mode (01111110 Flag) 
1 1 External Sync Mode 

o 0 Xl Clock Mode 
o 1 X16 Clock Mode 
1 0 X32 Clock Mode 
1 1 X64 Clock Mode 

Figure 10. Write Register Bit Functions 
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PROGRAMMING (Continued) 

Sync? 
Sync1 
Sync? 
Sync3 
ADR? 
ADR7 

Sync? 
Sync5 
Sync15 
Sync11 

o 

Write Register 5 

o 0 Tx 5 Bits(Or Less)/Character 
o 1 Tx 7 Bits/Character 
1 0 Tx 6 Bits/Character 
1 1 Tx 8 Bits/Character 

Write Register 6 

Sync6 Sync5 Sync4 
SyncO Sync5 Sync4 
Sync6 Sync5 Sync4 
Sync2 Sync1 SyncO 
ADR6 ADR5 ADR4 
ADR6 ADR5 ADR4 

Write Register 7 

SyncS 
Sync4 
Sync14 
Sync10 

1 

Sync5 
Sync3 
Sync13 
Sync9 

1 

Sync4 
Sync2 
Sync12 
SyncS 

1 

Sync3 
Sync3 
Sync3 

1 
ADR3 

Sync3 
Sync1 
Sync11 
Sync? 

1 

Sync2 
Sync2 
Sync2 

1 
ADR2 

Sync2 
SyncO 
Sync10 
SyncS 

1 

Sync1 
Sync1 
Sync1 

1 
ADR1 

Sync1 
x 

Sync9 
Sync5 

1 

Tx CRC Enable 

RTS 

/SDLC/CRC·16 

Tx Enable 

Send Break 

DTR 

SyncO 
SyncO 
SyncO 

1 
ADRO 

SyncO 
x 

SyncS 
Sync4 

o 

Monosync, 8 Bits 
Monosync, 6 Bits 
Bisync, 16 B~s 
Bisync, 12 Bits 
SDLC 
SDLC (Address Range) 

Monosync, 8 Bits 
Monosync. 6 Bits 
Bisync, 16 Bits 
Bisync, 12 Bits 
SDLC 

Figure 10. Write Register Bit Functions (Continued) 
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Write Register g 

Iwloolool~lool~I~lool 

o 0 No Reset 

~~~~ L.= DLC 

MIE 

Slatus HighllStatus Low 

Software INTACK Enable 

o 1 Channel Reset B 
1 0 Channel Reset A 
1 1 Force Hardware Reset 

Write Register 10 

o 0 NRZ 
o 1 NRZI 
1 0 FM1 (T ransHion = 1) 
1 1 FMO (Transition = 0) 

Write Register 11 

I 
0 
0 
1 

I 
0 fTRx 
1 fTRx 
0 fTRx 

6 BitliS BH Sync 

Loop Mode 

AbortllFlag On Undom," 

MarkllFlag Idle 

Go Active On Poll 

CRC Preset 1/10 

C Out = Xtal Output 
C Out = Transmtt Clock 

1 1 
C Out = BR Generator Output 
C Out = DPLL Output fTRx 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

fTRxCOII 

Transmit Clock = IR TxCPln 
RxC Pin Transmit Clock = fT 

Transmit Clock = BR Generator Output 
LLOutput Transmtt Clock = DP 

Reoelve Clock = IRTxC Pin 
Reoelve Clock = fTRxC Pin 
Reoelve Clock = BR Generato rOutput 
Receive Clock = DPLL Output 

IRTxC Xlal/lNo Xlal 

Write Register 12 

Write Register 13 

Write Register 14 

0 0 0 Null Command 
0 0 1 Enter Search Mode 
0 1 0 Reset Missing Clock 
0 1 1 Disable DPLL 
1 0 0 Set Source _ SR Generator 
1 0 1 Set Source _/RTxC 
1 1 0 SetFM Mode 
1 1 1 Set NRZI Mode 

Figure 10. Write Register Bit Functions (Continued) 

TCO 

TC1 

TC2 

TC3 

TC4 

TC5 

TCG 

TC7 

TCS 

TC9 

TC10 

TC11 

TC12 

TC13 

TC14 

TC15 

Lower Byte of 
Time Constant 

upper Byte of 
Time Constant 

SR Generator Enable 

SR Generator Source 

IOTRlRequest Function 

Auto Echo 

Local Loopback 
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PROGRAMMING (Continued) 

Wrfte Register 15 

~ILo ~ Zero Count IE 

SOlC FIFO Enable 

OCOIE 

SyncIHuntlE 

ClSlE 

Tx UnderrunlEOM IE 

BreakiAbort IE 

Figure 10. Write Register Bit Functions (Continued) 

TIMING 

The SCC generates internal control signals from twR and 
IRD that are related to PCLK. Since PCLK has no phase 
relationship with IWR and IRD, the circuitry generating 
these internal control signals must provide time for meta­
stable conditions to disappear. This gives rise to a recov­
ery time related to PCLK. The recovery time applies only 
between bus transactions involving the SCC. The recovery 
time applies only between bus transactions involving the 
SCC. The recovery time required for proper operation is 
specified from the falling edge of twR or IRD in the first 
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transaction involving the SCC to the falling edge of twR or 
IRD in the second transaction involving the SCC. This time 
must be at least 4 PCLK regardless of which register or 
channel is being accessed. 

Read Cycle Timing. Figure 11 illustrates Read cycle timing. 
Addresses on NIB and DIIC and the status on IINTACK 
must remain stable throughout the cycle. If ISCCCS falls 
after IRD falls or if it rises before IRD rises, the effective IRD 
is shortened. 



AIIB,DIIC __________ J~~ _________________ A_d_dr_e_ss __ v_al_id __________________ __'~~ ____ __ 

IINTACK J \~-
ISCCCS \ / 

IRD \. / 

-------
07-00 ---------------------------c(~ ________ ..IX Data Valid ) .. -------------

Figure 11. Read Cycle Timing 

Write Cycle Timing. Figure 12 illustrates Write cycle timing. 
Addresses on NIB and DIIC and the status on IINTACK 
must remain stable throughout the cycle. If ISCCCS falls 

after IWR falls or if it rises before twR rises, the effective 
IWR is shortened. Data must be valid before the falling 
edge of twR. 

AlIB,OIlC ____________ J~~ _________________ A_dd_r_es_s_V_a_lid __________________ .J~~ ____ __ 

IINTACK J \_-
ISCCCS \ / 

mR \. / -----
07-00 ----------------------4<:~ __________ o_a_ta __ Va_l_id __________ _.J:>~-------------

Figure 12. Write Cycle Timing 
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TIMING (Continued) 

Interrupt Acknowledge Cycle Timing. Figure 13 illustrates 
Interrupt Acknowledge cycle timing. 

IINTACK ~ 
If \ IRD 

07-00 If 

I 
/ 

( X Vector ) 

Figure 13. Interrupt Acknowledge Cycle Timing 

FIFO 

The following text explains the functional operations of 
the FIFO. 

FIFO Enhancements. When used witll a DMA controller, 
the Z85C30 FIFO enhancement maximizes the SCC's 
ability to receive high speed back-to-back SDLC mes­
sages while minimizing frame overruns due to CPU latencies 
in responding to interrupts. 

Additional logic was added tothe industry standard NMOS 
SCC consisting of a 10 deep by 19 bit status FIFO, 14-bit 
receive byte counter, and control logic as shown in Figure 
14. The 10 x 19 bit status FIFO is separate·from tho existing 
three byte receive data FIFO. 

When the enhancement is enabled, the status in read 
register 1 (RR 1) and byte count for the SOLC frame will be 
stored in the 10 x 19 bit status FIFO. This allows the OMA 
controller to transfer the next frame into memory while the 
CPU verifies the message was properly received. 

Summarizing the operation, data is received, assembled, 
loaded into the three byte receive FIFO before being 
transferred to memory by the OMA controller. When a flag 
is received at the end of an SOLC frame, the frame byte 
count from the 14-bit counter and five status bits are 
loaded into the status FIFO for verification by the CPU. 
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The CRC checker is automatically reset in preparation for 
the next frame whicll can begin immediately. Since the 
byte count and status are saved for each frame, the 
message integrity can be verified at a later time. Status 
information for up to 10 frames can be stored before a 
status FIFO overrun could occur. 

FIFO Detail. For a better understanding of details of the 
FIFO operation, refer to the block diagram contained in 
Figure 14. 

Enable/Disable. This FIFO is implemented so that it is 
enabled vvhen VVR15 bit 2issetand the sec is in the SOLei 
HOLC mode, otherwise the status register contents bypass 
the FIFO and go directly to the bus interface (the FIFO 
pOinter logic is reset either when disabled or via a channel 
or power-on reset). When the FIFO mode is disabled, the 
SCC is completely downward-compatible with the NMOS 
8530. The FIFO mode is disabled on power-up (WR15 bit 
2 is set to 0 on reset). The effects of backward compatibility 
on the register set are that RR4 is an image of RRO, RR5 is 
an image of RR 1, RR6 is an image of RR2 and RR7 is an 
image of RR3. For the details of the added registers, refer 
to Figure 16. The status of tile FIFO Enable signal can be 
obtained by reading RR15 bit 2. If the FIFO is enabled, the 
bit will be set to 1; otherwise, it will be reset. 



.-
Interface 
toSCC 

Frame Status FIFO Circuitry 

SCC Status Reg 
RR1 Residue Bits(3) Byte Counter 

..... 11--- Reset on Flag Detect 

..... 11--- Increment on Byte DET 

Enable Count in SDLC 
Overrun, CRC Error 

I 
r-------i 5 Bits i-' 14 Bits 

End of Frame Signal ----, 
Status Read Camp 

FIFO Array 
10 Deep by 19 Bits Wide 

, 
6 Bits i-' 8 Bits 

Tail Pointer 
4-Bit Counter 

Head Pointer 
4-Bit Counter 

4-Bit Comparator 

Over Equal 

5 Bits t ..- EOF = 1 

~~L-__ ~ r~-~~ ~~~ ____ -+ ______ ~ 
6-Bit MUX ,.....-----t---t-;I EN I 

~--~----+~ 

.. f- 2 Bits ... 6 Bits 
RR1 

Bi{ 6 Bits 5-0 

RR706 

RR6 

I RR7 05-00 + RR6 07 - DO 
Byte Counter Contains 14 bits 
for a 16 KByte maximum count. 

FIFO Data available status bit Status Bit set to 1 
When reading from FIFO. 

RR707 
FIFO Overflow Status Bit 
MSB pf RR(7) is set on Status FIFO overflow 

In SOLC Mode the following definitions apply. 

- All Sent bypasses MUX and equals contents of sce Status Register. 
- Parity Bits bypasses MUX and does the same. 
- EOF is set to 1 whenever reading from the FIFO. 

Figure 14. sec Status Register Modifications 

i 
WR(15) Bit 2 
Set Enables 
Status FIFO 
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FIFO (Continued) 

Read Operation. When WR 15 bit 2 is set and the FI FO is not 
empty, the next read to any of status register RRI or the 
additional registers RR7 and RR6 will actually be from the 
FIFO. Reading status register RR 1 causes one location of 
ttle FIFO to be emptied, so status should be read after 
reading the byte count. otherwise the count will be incor­
rect. Before the FIFO underflows, it is disabled. In this 
case, the multiplexer is switched to allow status to read 
directly from the status register, and reads from RR7 and 
RR6 will contain bits that are undefined. Bit 6 of RR7 (FIFO 
Oata Available) can be used to determine if status data is 
coming from the FIFO or directly from the status register, 
since it is set to 1 whenever the FIFO is not empty. 

Since not all status bits must be stored in tile FIFO, the All 
Sent. Parity, and EOF bits will bypass the FIFO. The status 
bits sentthrough the FIFO will be Residue Bits (3), Overrun, 
and CRC Error. 

The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order: 
RR7, RR6, and RR1 (reading RR6 is optional). Additional 
logic prevents the FIFO from being emptied by multiple 
reads from RR I. The read from RR7 latches the FIFO 
empty/full status bit (bit 6) and steers the status multiplexer 
to read from the SCC megacell instead of the status FIFO 
(since the status FIFO is empty). The read from RRI allows 
an entry to be read from the FIFO (if the FIFO was empty, 
logic is added to prevent a FIFO underflow condition). 

Write Operation. When the end of an SOLC frame (EOF) 
has been received and the FIFO is enabled, the contents 
of the status and byte-count registers are loaded into the 
FIFO. The EOF signal is used to increment the FIFO. If the 
FIFO overflows, tile MSB of RR7 (FIFO Overflow) is set to 
indicate the overflow. This bit and the FIFO control logic is 
reset by disabling and re-enabling tile FIFO control bit 
(WR15 bit 2). For details of FIFO control timing during an 
SOLC frame, refer to Figure 15. 

o 7 0 

•••• 

Internal Byte Strobe 
Increments Counter 

Internal Byte Strobe 
Increments Counter 

Don't Load 
Counter On 
1st Flag 
Reset Byte 
Counter Here 

Reset Reset Reset 
Byte Counter Byte Counter Byte Counter 

Load Counter 
Into FIFO And 
Increment PTR 

Load Counter 
Into FIFO and 
Increment PTR 

Figure 15. SDLC Byte Counting Detail 

Byte Counter Detail. The' 14-bit byte counter allows for 
packets up to 16K bytes to be received. For a better 
understanding of its operation refer to Figures 14 and 15. 

Enable. The byte counter is enabled in the SOLC/ 
HOLC mode. 

Reset. The byte counter is reset whenever an AOLC flag 
character is received. The reset is timed so that the 
contents of the byte counter are successfully written into 
the FIFO. 
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Increment. The byte counter is incremented by writes to 
the data FIFO. The counter represents tile numberof bytes 
received by the SCC, rather tllan tile number of bytes 
transferred from the SCC. (These counts may differ by up 
to the number of bytes in the receive data FIFO contained 
in the SCC). 



RR7 

7 

I FOY FDA 

TT 
RR6 

7 

BC 
7 

WR15 

7 

* 

BC 
6 

* 

I BC BC BC 
13 12 11 

BC BC BC 
5 4 3 

* * * 

* No change From NMOS SCC DFN 

BC BC BC 
10 9 8 

BC BC BC 
2 1 0 

FEN * * 

T 

0 

0 

o 

Read From FIFO 
MSB Byte Count 

FIFO Data Available Status 
1 Status Reads Will Come From FIFO 
0 Status Reads Will Come From SCC 

FIFO Overflow Status 
1 FIFO Overflowed During Operation 
0 Normal 

Read From FIFO 
LSB Byte Count 

Status FIFO Enable Control BIT 
1 Status and Byte Count Will Be 

Held in the Status FIFO Until Read 
o Status Will Not Be Held (SCC 

Emulation Mode) 

Figure 16. SCC Additional Registers 

SOFTWARE INTERRUPT ACKNOWLEDGE 

The SCC can do an interrupt acknowledge cycle through 
software. In some CPU environments it is difficult to create 
the liNT ACK signal with the necessary timing to acknowl­
edge interrupts and allow the nesting of interrupts. In these 
cases, it would be desirable to create this signal in software. 

If bit 5 of Write Register 9 (WR9) is set, reading register 2 
(RR2) will result in an interrupt acknowledge cycle to be 
executed internally. Like a hardware INTACK cycle, a 
software acknowledge will cause the liNT pin to 
return high. 

Similarly to when the IINTACK signal is used, when a 
software acknowledge cycle is sued, a Reset Highest IUS 
command must be issued in the interrupt service routine. 
If the RR2 is read from channel S, the modified vector will 
be returned. If the RR2 is read from channel A, then the 
vector will be returned unmodified. The Vector Includes 
Status (VIS) and no vector (NV) bits (WR9) and are ignored 
when bit 5 is set to 1. 

When the liNT ACK is not being used, it should be pulled up 
to VDD through a resistor (10K ohm typical). 
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SCSI FUNCTIONAL DESCRIPTION 

General. The Small Computer System interface (SCSI) 
device has a set of eight registers that are controlled by the 
CPU. By reading and writing the appropriate registers. the 
CPU may initiate any SCSI Bus activity or may sample and 
assert any signal on the SCSI Bus. This allows the user to 
implement all or any of the SCSI protocol in software. These 
registers are read (written) by activating /SCSICS with an 
address on A2-AO and then issuing a /RD (/WR) pulse. This 
section describes the operation of the internal registers 
(Table 2). 

Table 2. Register Summary 

Address 
A2 A1 AO RIW Register Name 

0 0 0 R Current SCSI Data 
0 0 0 W Output Data 
0 0 1 R/W Initiator Command 

0 1 0 R/W Mode 
0 1 1 R/W Target Command 
1 0 0 R Current SCSI Bus Status 

0 0 W Select Enable 
0 1 R Bus and Status 
0 1 W Start DMA Send 

0 R Input Data 
0 W Start DMA Target Receive 
1 R Reset Parity/Interrupt 
1 . W Start DMA Initiator Receive 

Data Registers. The data registers are used to transfer 
SCSI commands. data. status. and message bytes between 
the microprocessor Data Bus and the SCSI Bus. The SCSI 
does not interpret any information that passes through the 
data registers. The daia regisiers consist of the transparent 
Current SCSI Data Register. the Output Data Register. and 
the Input Data Register. 

Current SCSI Data Register. Address a (Read Only). The 
Current SCSI Data Register (Figure 17) is a read-only 
register which allows the microprocessor to read the active 
SCSI Data Bus. This is accomplished by activating 
/SCSICS with an address on A2-AO and issuing a /RD 
pulse. If parity checking is enabled. the SCSI Bus parity is 
checked at the beginning of the read cycle. This register 
is used during a programmed I/O data read or during 
Arbitration to check for higher priority arbitrating devices. 
Parity is not guaranteed valid during Arbitration. 
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Address: 0 (Read Only) 

107\06\05\04\03\02\01\001 

~ 
lOBO 

IOB1 

IOB2 

10B3 

10B4 

IOB5 

IOB6 

IDB7 

Figure 17. Current SCSI Data Register 

Output Data Register. Address a (Write Only). The Output 
Data Register (Figure 18) is a write-only register that is 
used to send data to the SCSI Bus. This is accomplished 
by either using a normal CPU write. or under DMA control. 
by using /WR and /DACK. This register also asserts the 
proper 10 bits on the SCSI Bus during the Arbitration and 
Selection phases. 

Address: 0 (Write Only) 

107 \06\05\04\03\02\01\00\ 

~ 
lOBO 

IDB1 

IOB2 

IOB3 

~----------- 1DB4 

~------------- IOB5 

IOB6 

IOB7 

Figure 18. Output Data Register 

Input Data Register. Address 6 (Read Only). The input 
Data Register (Figure 19) is a read-only register that is 
used to read latched data from the SCSI Bus. Data is 
latched either during a DMA Target receive operation 



when /ACK goes active or during a OMA Initiator receive 
when /REO goes active. The OMA Mode bit (Mode Reg­
ister bit 1) must be set before data can be latched in the 
Input Data Register. This register is read under OMA 
control using /RO and /OACK. Parity is optionally checked 
when the Input Data Register is loaded. 

Address: 6 (Read Only) 

1071061051041031021011001 

~ 
lOBO 

10Bl 

IOB2 

IOB3 

IOB4 

lOBS 

IOB6 

IOB7 

Figure 19. Input Data Register 

Initiator Command Register. Address 1 (read/write). The 
Initiator Command Register (Figures 20 and 21) are read 
and write registers which assert certain SCSI Bus signals, 
monitors those signals, and monitors the progress of bus 
arbitration. Many of these bits are Significant only when 
being used as an Initiator; however, most can be used 
during Target role operation. 

Address: 1 (Read Only) 

1071061051041031021011001 

~ 
Assert Oata Bus 

Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

Lost Arbitration 

Arbitration In Progress 

Assert/RST 

Figure 20. Initiator Command Register 
(Register Read) 

Address: 1 (Write Only) 

1071061051041031021011001 

~ 
Assert Oata Bus 

Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

·0· 

Test Mode 

Assert/RST 

Figure 21. Initiator Command Register 
(Register Write) 

The following describes the operation of all bits in the 
Initiator Command Register. 

Bit O. Assert Data Bus. The ASSERT OAT A BUS bit. when 
set. allows the contents of the Output Data Register to be 
enabled as chip outputs on the signals /OB7-/0BO. Parity 
is also generated and asserted on /OBP. 

When connected as an Initiator, the outputs are only 
enabled if the TARGETMOOE bit (Mode Register, bit 6) is 
FALSE, the received signal 1/10 is FALSE, and the phase 
signals CliO, 1110, and /MSG match the contents of the 
ASSERT CliO, ASSERT 1/10 and ASSERT /MSG in the 
Target Command Register. 

This bit should also be set during OMA send operations. 

Bit 1. ASSERT/A TN/A TN. Bit 1 may be asserted on the SCSI 
Bus by setting this bit to a one (1) if the TRAGETMOOE bit 
(Mode Register, bit 6) is FALSE /A TN is normally asserted 
by the initiator to request a Message Out bus phase. Note 
that since ASSERT/SEL and ASSERT/A TN are in the same 
register, a select with /ATN may be implemented with one 
CPU write /ATN may be deasserted by resetting this bit to 
zero. A read on this register simply reflects the status of 
this bit. 

Bit 2. ASSERT/SEL. Writing a one (1) into this bit position 
asserts /SEL onto the SCSI Bus./SEL is normally asserted 
after Arbitration has been successfully completed /SEL 
may be disabled by resetting bit 2to a zero. A read of this 
register reflects the status of this bit. 
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SCSI FUNCTIONAL DESCRIPTION (Continued) 

Bit 3. ASSERT/BSY. Writing a one (1) into this bit position 
asserts IBSY onto the SCSI Bus. Conversly, a zero resets 
the IBSY signal. Asserting IBSY indicates a successful 
selection or reselection. Resetting this bit creates a Bus­
Disconnect condition. Reading this register reflects 
bit status. 

Bit 4. ASSERT/ACK. Bit 4 is used by the bus initiator to 
assert lACK on the SCSI Bus. In order to assert lACK, the 
TARGETMODE bit (Mode Register, bit 6) must be FALSE. 
Writing a zero to this bit deasserts lACK. Reading this 
register reflects bit status. 

Bit 5. "0" (Write Bit). Bit 5 should be written with a zero for 
proper operation. 

Bit 5. LA (Lost Arbitration - Read Bit). Bit 5, when active, 
indicates that the SCSI detected a Bus-Free condition, 
arbitrated for use of the busby asserting/BSY and its lOon 
the Data Bus, and lost Arbitration due to ISEL being 
asserted by another bus device. This bit is active only 
when the ARBITRATE bit (Mode Register, bit 0) is active. 

Bit 6. TEST MODE (Write Bit). Bit 6 is written during a test 
environment to disable all output drivers, effectively re­
moving the Z53C80 from the circuit. Resetting this bit 
returns the part to normal operation. 

Bit 6. AlP (Arbitration in Process - Read Bit). Bit 6 is used 
to determine if Arbitration is in progress. For this bit to be 
active, the ARBITRATE bit (Mode Register, bit 0) must 
have been set previously. It indicates that a Bus-Free 
condition has been detected and thatthe chip has asserted 
IBSY and put the contents of the Output Data Register onto 
the SCSI Bus. AlP will remain active until the ARBITRATE 
bit is reset. 

Bit 7. ASSERT/RST. Whenever a one is written to bit 7 of the 
Initiator Command Register, the IRST signal is asserted on 
the SCSI Bus. The IRSTsignal will remain asserted until this 
bit is reset or until an external/RESET occurs. After this bit 
is set (1), IRO goes active and all internal logic and control 
registers are reset (except for the interrupt latch and the 
ASSERT/RST bit). Writing a zero to bit 7 of the Initiator 
Command Register deasserts the IRST signal. The status 
of this bit is monitored by reading the Initiator Command 
Register. 

Mode Register. Address 2 (Read/Write). The Mode Reg­
ister controls the operation of the chip. This register de­
termines whether the SCSI operates as an Initiator or a 
Target, whether DMA transfers are being used, whether 
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parity is checked, and whether interrupts are generated on 
various extemal conditions. This register is read to check 
the value of these internal control bits (Figure 22). 

Address: 2 (ReadlWrite) 

1071061051041031021011001 

~ 
ArbHrate 

OMAMode 

Monitor IBSY 

Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable ParHy Checking 

Target Mode 

"0" 

Figure 22. Mode Register 

BitO. ARBITRATE. The ARBITRATE bit is set (1) to start the 
Arbitration process. Prior to setting this bit, the Output Data 
Register should contain the proper SCSI device 10 value. 
Only one data bit should be active for SCSI Bus Arbitration. 
The SCSI waits for a Bus-Free condition before entering 
the Arbitration phase. The results of the Arbitration phase 
is determined by reading the status bits LA and AlP 
(Initiator Command Register, bits 5 and 6, respectively). 

Bit 1. DMA MODE. The DMA MODE bit is normally used to 
enable a DMA transfer and must be set (1) prior to writing 
Start DMA Send Register, Start DMA Target Receive 
Register, and Start DMA Initiator Receiver Register. These 
three registers are used to start DMA transfers. The 
T ARGETMODE bit (Mode Register, bit 6) must be consis­
tent with writes to Start DMA Target Receive and Start DMA 
Initiator Receive Registers [Le., set (1) for a write to start 
DMA Target Receive Register and set (0) for a write to Start 
DMA Initiator Receive Register). The control bit ASSERT 
DATA BUS (Initiator Command Register, bit 0) must be 
TRUE (1) for all DMA send operations. In the DMA mode, 
IREO and lACK are automatically controlled. 

The DMA MODE bit is not reset upon the receipt of an lEap 
signal. Any DMA transfer is stopped by writing a zero into 
this bit location; however, care must be taken not to cause 
ISCSICS and IDACK to be active simultaneously. 

Bit 2. MONITOR BUSY. The MONITOR BUSY bit, when 
TRUE (1), causes an interrupt to be generated for an 



unexpected loss of /BSY. When the interrupt is generated 
due to loss of /BSY, the lower six bits of the Initiator 
Command Register are reset (0) and all Signals are re­
moved from the SCSI Bus. 

Bit 3. ENABLE/EOP interrupt. The enable /EOP interrupt, 
when set (1), causes an interrupt to occur when the /EOP 
(End of Process) signal is received from the DMA 
controller logic. 

Bit 4. ENABLE PARITY INTERRUPT. Tthe ENABLE PARITY 
INTERRUPT bit, when set (1), will cause an interrupt (IRO) 
to occur if a parity error is detected. A parity interrupt will 
only be generated if the ENABLE PARITY CHECKING bit 
(bit 5) is also enabled (1). 

Bit 5. ENABLE PARITY CHECKING. The ENABLE PARITY 
CHECKING bit determines whether parity errors are ignored 
or saved in the parity error latch. If this bit is reset (0), parity 
is ignored. Conversely, if this bit is set (1), parity errors 
are saved. 

Bit 6. TARGETMOOE. The TARGETMODE bit allows the 
SCSI to operate as either a SCSI Bus Initiator, bit reset (0), 
or as a SCSI Bus Target device, bit set (1). If the signals 
/ATN and lACK are to be asserted on the SCSI Bus, the 
TARGETMODE bit must be reset (0). If the signals CliO, 
1/10, /MSG, and /REO are to be asserted on the SCSI Bus, 
the T ARGETMODE bit must be set (1). 

Bit 7. "0". Bit 7 should be written with a zero for proper 
operation. 

Target Command Register. Address 3(Read/Write). When 
connected as a target device, the Target Command 
Register (Figure 23) allows the CPU to control the SCSI Bus 
Information Transfer phase and/or to assert/REO by writing 
this register. The TARGETMODE bit (Mode Register, bit 6) 
must be TRUE (1) for bus assertion to occur. The SCSI Bus 
phases are described in Table 3. 

Table 3. SCSI Information Transfer Phase 

Bus Phase ASSERT ASSERT ASSERT 
11/0 CI/D IMS 

Data Out 0 0 0 
Unspecified 0 0 1 
Command 0 1 0 

Message Out 0 1 1 
Data In 1 0 0 
Unspecified 1 0 1 

Status 0 
Message In 1 

When connected as an Initiator with DMA MODE TRUE, if 
the phase lines 1110, CI/D, and /MSG do not match the 
phase bits in the Target Command Register, a phase 
mismatch interrupt is generated when /REO goes active. 
To send data as an Initiator, the ASSERT 11/0, ASSERT 
CliO, and ASSERT /MSG bits must match the corresponding 
bits in the Current SCSI Bus Status Register. The ASSERT 
IREO bit (bit 3) has no meaning when operating as an 
Initiator. 

Bits 4, 5, and 6 are not used. 

Bit 7. LAST BYTE SENT (Read Only). The END OF DMA 
TRANSFER bit (Bus and Status Register, bit 7) only indi­
cates when the last byte was received from the DMA 
controller. The LAST BYTE SENT bit can be used to flag 
that the last byte of the DMA send operation has been 
transferred on the SCSI Data Bus. 

Address: 3 (ReadIWrite) 

Assert 1110 

Assert CliO 

Assert/MSG 

Assert/REO 

"X· 

Last Byte Sent 

Figure 23. Target Command Register 

Current SCSI Bus Status Register. Address 4 (Read Only). 
The Current SCSI Bus Register is a read-only register 
which is u.sed to monitor seven SCSI Bus control signals, 
plus the Data Bus parity bit. For example, an Initiator 
device can use this register to determine the current bus 
phase and to poll IREO for pending data transfers. This 
register may also be used to determine why a particular 
interrupt occurred. Figure 24 describes the Current SCSI 
Bus Status Register. 

Select Enable Register. Address 4 (Write Only). The Select 
Enable Register (Figure 25) is a write-only register which is 

.used as a mask to monitor a signal 10 during a selection 
attempt. The simultaneous occurrence of the correct 10 bit, 
/BSY FALSE, and ISEL TRUE will cause an interrupt. This 
interrupt can be disabled by resetting all bits in this 
register. If the ENABLE PARITY CHECKING bit (Mode 
Register, bit 5) is active (1), parity is checked during 
selection. 
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SCSI FUNCTIONAL DESCRIPTION (Continued) 

Address: 4 (Read Only) 

1071061051041031021011001 

I~:: 
~CIIO 

IMSG 

IREQ 

IBSY 

IRST 

Figure 24. Current SCSI Bus Status Register 

Address: 4 (Write Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

'-------- 10B4 
'--------- lOBS 

IOB6 

IOB7 

Figure 25. Select Enable Register 

Bus and Status Register. Address 5 (Read Only). The Bus 
and Status Register (Figure 26) is a read-only register 
which can be used to monitor the remaining SCSI control 
signals not found in the Current SCSI Bus Status Registers 
(lATN and lACK), as well as six other status bits. The 
following describes each bit of the Bus Status Register 
individually. 

Bit O. lACK. Bit 0 reflects the condition of the SCSI Bus 
control signal /ACK. This signal is normally monitored by 
the Target device. 

Bit 1. lAIN Bit 1 reflects the condition of the SCSI Bus 
control signal /ATN. This signal is normally monitored by 
the Target device. 
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Address: 5 (Read Only) 

1071061051041031021011001 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 26. Bus and Status Register 

Bit 2. BUSY ERROR. The BUSY ERROR bit is active if an 
unexpected loss of the /BSYsignal has occurred. Tllis 
latch is set whenever the MONITOR BUSY bit (Mode 
Register, bit 2) is TRUE and /BSY is FALSE. An unexpected 
loss of /BSY disables any SCSI outputs and resets the DMA 
MODE bit (Mode Register, bit 1). 

Bit 3. PHASE MA TCH. The SCSI signals /MSG, CliO, and 
1//0, represent the current information Transfer phase. The 
PHASE MATCH bit indicates whether the current SCSI Bus 
phase matches the lower 3 bits of the Target Command 
Register. PHASE MATCH is continuously updated and is 
only significant when operating as a Bus Initiator. A phase 
match is required for data transfers to occur on the 
SCSI Bus. 

Bit 4. INTERRUPT REQUEST ACTIVE. Bit 4 is set if an 
enablerl interrupt condition occurs. It reflects the currcnt 
state of the I RO output and can be cleared by reading the 
Reset Parity/Interrupt Register. 

Bit 5. PARITY ERROR. Bit 5 is set if a parity error occurs 
during a data receive or a device selection. The PARITY 
ERROR bit can only be set (1) if the ENABLE PARITY 
CHECK bit (Mode Register, bit 5) is active (1). This bit may 
be cleared by reading the Reset Parity/Interrupt Register. 

'Bit 6. DMA REQUEST. The DMA REOUEST bit allows the 
CPU to sample the output pin DRO. DRO can be cleared 
by asserting /DACK or by resetting the DMA MODE bit 
(bit 1) in the Mode Register. The DRO signal does not reset 
when a phase-mismatch interrupt occurs. 



Bit 7. END OF DMA TRANSFER. The END OF DMA 
TRANSFER bit is set if I!;COP, IDACK, and either IRD or twR 
are simultaneously active for at least lOOns. Since the 
IEOP signal can occur during the last byte sent to the 
Output Data Register, the IREO and lACK signals should 
be monitored to ensure that the last byte has been trans­
ferred. This bit is reset when the DMA MODE bit is reset (0) 
in the Mode Register. 

DMA Registers. Three write-only registers are used to 
initiate all DMA activity. They are: Start DMA Send, Start 
DMA Target Receive, and Start DMA Initiator Receive. 
Performing a write operation into one of these registers 
starts the desired type of DM transfer. Data presented to 
the SCSI on signals D7-DO during the register write is 
meaningless and has no effect on tile operation. Prior to 
writing these registers, the DMA MODE bit (bit 1), and the 
TARGETMODE bit (bit 6) in the Mode Register must be 
appropriately set. The individual registers are briefly de­
scribed as follows: 

Start DMA Send. Address ~ (Write Only). This register is 
written to initiate a DMA send, from the DMA to the SCSI 
Bus, for either Initiator or Target role operations. The DMA 
MODE bit (Mode Register, bit 1) is set prior to writing this 
register. 

Start DMA Target Receive. Address 6 (Write Only). This 
register is written to initiate a DMA receive - from the SCSI 
Bus to the DMA, for Target operation only. The DMA MODE 
bit (bit 1) and the T ARGETMODE bit (bit 6) in the Mode 
Register must both be set (1) prior to writing this register. 

Start DMA Initiator Receive. Address 7 (Write Only). This 
register is written to initiate a DMA receive - from the SCSI 
Bus to the DMA, for Initiator operation only. The DMA 
MODE bit (bit 6) must be FALSE (0) in the Mode Register 
prior to writing this register. 

Reset Parity/Interrupt. Address 7 (Read Only). Reading 
this register resets the PARITY ERROR bit (bit 5), the 
INTERRUPT REQUEST bit (bit 4), and the BUSY ERROR bit 
(bit 2) in the Bus and Status Register. 

On-Chip SCSI Hardware Support. The SCSI is easy to use 
because of its simple architecture. The chip allows direct 
control and monitoring of the SCSI Bus by providing a latch 
for each signal. However, portions of the protocol define 
timings which are much too quick for traditional micro­
processors to control. Therefore, hardware support has 
been provided for DMA transfers, bus arbitration, phase 
change monitoring, bus disconnection, bus reset, parity 
generation, parity checking, and device selectionl 
reselection. 

Arbitration is accomplished using a Bus-Free filter to 
continuously monitor IBSY. If IBSY remains inactive for at 
least 400ns, the SCSI is considered free and Arbitration 
may begin. Arbitration will begin if the bus is free, ISEL is 
inactive, and the ARBITRATE bit (Mode Register, bit 0) is 
active. Once arbitration Ilas begun (lBSY asserted), an 
arbitration delay of 2.2 Ils must elapse before the Data Bus 
can be examined to determine if Arbitration is enabled. 
This delay is implemented in the controlling software 
driver. 

The Z53C80 is a clockwise device. Delays such as bus­
free delay, bus-set delay, and bus-settle delay are 
implemented using gate delays. These delays may differ 
between devices because of inherent process variations, 
but are well within the proposed ANSI X3.131 - 1986 
speCification. 

INTERRUPTS. The Z53C80 provides an interrupt output 
(IRO) to indicate a task completion or an abnormal bus 
occurrence. The use of interrupts is optional and may be 
disabled by resetting the appropriate bits in the Mode 
Register or the Select Enable Register. 

When an interrupt occurs, the Bus and Status Register and 
the Current SCSI Bus Status Register (Figures 26 and 24) 
must be read to determine which condition created the 
interrupt. IRO can be reset simply by reading the Reset 
Parityllnterrupt Register or by an external chip reset 
IRESET active for lOOns. 

Assuming the Z53C80 has been properly initialized, an 
interrupt will be generated if the chip is selected or 
reselected, if an IEOP signal occurs, if a parity error occurs 
during a data transfer, if a bus phase mismatch occurs, or 
if a SCSI Bus disconnection occurs. 

Selection Reselection. The Z53C80 generates a select 
interrupt if SEL is active (0), its device ID is TRUE and IBSY 
is FALSE for at least a bus-settle delay. If 11/0 is active, this 
is considered a reselect interrupt. The correct ID bit is 
determined by a match in the Select Enable Register. Only 
a single bit match is required to generate an interrupt. This 
interrupt may be disabled by writing zeros into all bitsof the 
Select Enable Register. 

If parity is supported, parity should be good during the 
selection phase. Therefore, if the ENABLE PARITY bit 
(Mode Register, bit 5) is active, the PARITY ERROR bit is 
checked to ensure that a proper selection has occurred. 
The ENABLE PARITY INTERRUPT bit need not be set for 
this interrupt to be generated. 
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SCSI FUNCTIONAL DESCRIPTION (Continued) 

The proposed SCSI specification also requires that no 
more than two device ID's be active during the selection 
process. To ensure this, the Current SCSI Data Register 
is read. 

D7 DO 

101010111xl0lxl01 

~ 
lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

DMA Request 

End of DMA 

Figure 27. Bus and Status Register 

End of Process (EOP) Interrupt. An End Of Process signal 
(EOP) which occurs during a DMA transfer (DMA MODE 
TRUE) will set the END OF DMA Status bit (Bus and Status 
Register bit 7) and will optionally generate an interrupt if 
ENABLE EOP INTERRUPT bit (Mode Register, bit 3) is 
TRUE. The IEOP pulse will not be recognized (END OF 
DMA bit set) unless IEOP, IDACK, and either IRD or IWR 
are concurrently active for at least 50 ns. DMA transfers 

D7 

876 

DO 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

DMA Request 

EndofDMA 

Figure 29. Bus and Status Register 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
27 and 28, respectively. 

D7 DO 

lolololxlxlxlolxl 

I~:: ~CIID 
'-------- IMSG 

'--------- IREO 

'---------- IBSY 

'----------- IRST 

Figure 28. Current SCSI Bus Status Register 

can still occur if IEOP was not asserted at the correct time. 
This interrupt is disabled by resetting ttle ENABLE EOP 
INTERRUPT bit 

The proper values for the Bus and Status Register and tile 
Current SCSI Bus Status Register for this interrupt are 
shown in Figures 29 and 30. 

IMSO 

'--------- IREO 

'---------- IBSY 

'----------- IRST 

Figure 30. Current SCSI Bus Status Register 



The END OF DMA bit is used to determine when a block 
transfer is complete. Receive operations are complete 
when tllere is no data left in the chip and no additional 
handshakes occurring. Tile only exception to this is 
receiving data as an Initiator and the Target opts to send 
additional data for the same phase. In this JREO goes 
active and tile new data is present in tile Input Data 
Register. Since a phase-mismatch interrupt will not occur, 
JREO and JACK need to be sampled to determine that the 
Target is attempting to send more data. 

For send operations, the END OF DMA bit is set wilen the 
DMA finishes its transfers, but ttle SCSI transfer may still be 
in progress. If connected as a Target. JREO and JACK 
should be sampled until both are FALSE. If connected as 
an Initiator, a phase change interrupt is used to signal the 
completion of the previous phase. It is possible for the 
Target to request additional data for the same phase. 

07 00 

lACK 

IATN 

Busy Error 

Phase Matc;h 

Interrupt Request Active 

Parity Error 

OMA Request 

EndofOMA 

Figure 31. Bus and Status Register 

Parity Error. An interrupt is generated for a received parity 
error it the ENABLE PARITY CHECK (bit 5) and the 
ENABLE PARITY INTERRUPT (bit 4) bits are set (1) in tile 
Mode Register. Parity is checked during a read of the 
Current SCSI Data Register and during a DMA receive 
operation. A parity error can be detected without generat­
ing an interrupt by disabling the ENABLE PARITY INTER-

In ttlis case, a pllase change will not occur and bottl JREO 
and JACK are sampled to determine when the last byte was 
transferred. 

SCSI Bus Reset. Tile SCSI generates an interrupt when the 
JRST signal transitions to TRUE. The device releases all 
bus signals within a bus-clear delay of tllis transition. This 
interrupt also occurs after setting the ASSERT JRST bit 
(Initiator Command Register, bit 7). This interrupt cannot 
be disabled. (Note: JRST is not latched in bit 7 of the 
Current SCSI Bus Status Register and is not active wilen 
tllis port is read. For this case, the Bus Reset interrupt is 
determined by default.) 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
31 and 32, respectively. 

07 00 

Ixlxlxlxlxlxlxlxl 

I~:~ 
~CIIO 

IMSG 

IREO 

IBSY 

IRST 

Figure 32. Current SCSI Bus Status Register 

RUPT bit and checking the PARITY ERROR flag (Bus and 
Status Register, bit 5). 

The proper values for the Bus and Status Register and the 
Current SCSI Bus Status Register are displayed in Figures 
33 and 34, respectively. 
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SCSI FUNCTIONAL DESCRIPTION (Continued) 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

DMA Request 

End of DMA 

Figure 33. Bus and Status Register 

Bus Phase Mismatch. Ttle SCSI phase lines have ttle 
signals 11/0, CIID, and IMSG. These signals are compared 
with the corresponding bits in the Target Command Reg­
ister: ASSERT 1110 (bit 0), ASSERT CIID (bit 1), and 
ASSERT IMSG (bit 2). Ttw comparison occurs continually 
and is reflected in the PHASE MATCH bit (bit 3) of the Bus 
and Status Register. If the DMA MODE bit (Mode Register, 
bit 1) is active and a phase mismatch occurs when IREO 
transitions from FALSE to TRUE, an interrupt (IRO) is 
generated. 

A pllase mismatch prevents the recognition of IREO and 
removes the chip from the bus during an Initiator send 

D7 DO 

10lalall1 0lalxlal 

~ 
lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

DMA Request 

End of DMA 

Figure 35. Bus and Status Register 
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IMSO 

IREO 

IBSY 

IRST 

Figure 34. Current SCSI Bus Status Register 

operation (/DB7-/DBO and IDBP will not be driven even 
through the ASSERT DATA BUS bit (Initiator Command 
Register, bitO) is active). This may be disabled by resetting 
the DMA MODE bit (Note: It is possible for tllis interrupt to 
occur when connected as a Target if another device is 
driving the phase lines to a different state). 

The proper' values for the Bus and Status Register and ttle 
Current SCSI Bus Status Register are displayed in Figures 
35 and 36, respectively. 

D7 Da 

lal11xlxlxlxlalxl 

II~ 
~IIIO 

CIID 

IDBP 

ISEL 

'-------- IMSO 

1..-. _____ '--_ IREO 

'---------- IBSY 

IRST 

Figure 36. Current SCSI Bus Status Register 



Loss of BSY. If tile MONITOR BUSY bit (bit 2) in the Mode 
Register is active, an interrupt is generated if tile BSY 
signal goes FALSE for at least a bus-settle delay. Tilis 

07 DO 

lACK 

IATN 

Busy Error 

Phase Match 

Interrupt Request Active 

Parity Error 

DMA Request 

End of DMA 

Figure 37. Bus and Status Register 

Reset Conditions. Tilree possible reset situations existwitll 
tile Z85C80, as follows: 

Hardware Chip Reset. Wilen tile signal RST is active for at 
least 100 ns, tile Z53C80 device is re-initialized and all 
internal logic and control registers are cleared. Tilis is a 
cllip reset only and does not create a SCSI Bus-Reset 
condition. 

SCSI Bus Reset (lRST) Received. Wilen a SCSI IRST 
signal is received, an IRO interrupt is generated and a chip 
reset is performed. All internal logic and registers are 
cleared, except for tile IRO interrupt latcll and tile ASSERT 
IRST bit (bit 7) in the Initiator Command Register. (Note: 
Tile IRST signal may be sampled by reading tile Current 
SCSI Bus Status Register, Ilowever, this signal is not 
latclled and may not be present wllentllis port is read). 

SCSI Bus Reset (/RST) Issued. If tile CPU sets tile AS­
SERTIRST bit (bit 7) in tile Initiator Command Register, tile 
IRST signal goes active on tile SCSI Bus and an internal 
reset is performed. Again, all internal logic and registers 
are cleared except for tile IRO interrupt latclland ttle 
ASSERTIRST bit (bit 7) in tile Initiator Command Register. 
Tile IRSTsignal will continue to be active until tile ASSERTI 
RST bit is reset or until a Ilardware reset occurs. 

Data Transfers. Data is transferred between SCSI Bus 
devices in one of four modes: 1) Programmed 1/0, 2) 
Normal DMA, or 3) Pseudo DMA. Tile following sections 
describe tllese modes in detail (Note: for all data transfer 
operations IDACK and ISCSICS sllould never be active 
simultaneously). 

interrupt is disabled by resetting tile MONITOR BUSY bit. 
Register values are displayed in Figures 37 and 38. 

07 DO 

IMSQ 

IREQ 

IBSY 

IRST 

Figure 38. Current SCSI Bus Status Register 

Programmed 1/0 Transfers. Programmed 1/0 is tlle most 
primitive form of data transfer. Tile IREO and lACK Iland­
sllake signals are individually monitored and asserted by 
reading and writing tile appropriate register bits. Tilis type 
of transfer is normally used wilen transferring small blocks 
of data sucll as command blocks or message and status 
bytes. An Initiator send operation would begin by setting 
tile CliO, 11/0, and IMSG bits in tile Target Command 
Register to tile correct state so til at a pllase matcll exists. 
In addition to tile pllase matcll condition, it is necessary for 
the ASSERT DATA BUS bit (Initiator Command Register, 
bit 0) to be TRUE and tile received 1/0 signal to be FALSE 
for tile Z53C80 to send data. For eacll transfer, tile data is 
loaded into the Output Data Register. Tile CPU tllen waits 
for tile IREO bit (Current SCSI Bus Status Register, bit 5) to 
become active. Once IREO goes active, tile PHASE MATCH 
bit (I nitiator Command Register, bit 4) is set. Tile IREO bit 
is sampled until it becomes FALSE and tile CPU resets tile 
ASSERT lACK bit to complete tile transfer. 

Normal DMA Mode. DMA transfers are normally used for 
large block transfers. Tile SCSI cllip outputs a DMA 
request (ORO) whenever it is ready for a byte transfer. 
External DMA logic uses tllis ORO signal to generate 
IOACK and a IRD or a IWR pulse to tile Z53C80. ORO goes 
inactive when IOACK is asserted and IOACK goes inactive 
some time after the minimum read or write pulse width. Tilis 
process is repeated for every byte. For tllis mode, IDACK 
sllould not be allowed to cycle unless a transfer is 
taking place. 
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SCSI FUNCTIONAL DESCRIPTION (Continued) 

Pseudo DMA Mode. To avoid the tedium of monitoring and 
asserting the request/acknowledgement handshake sig­
nals for programmed I/O transfers, the system may be 
designed to implement a pseudo DMA mode. This mode 
is implemented by programming the Z53C80 to operate in 
the DMA mode, but using the CPU to emulate the DMA 
handshake. DRO may be detected by polling the DMA 
REOUEST bit (bit 6) in the Bus and Status Register, by 
sampling the signal through an external port, or by using 
it to generate a CPU interrupt. Once DRO is detected, the 
CPU can perform a read or write data transfer. This CPU 
read/write is externally decoded to generate the appropri­
ate /DACK and /RD or /WR signals. 

Often, external decoding logic is necessary to generate 
tile /SCSICS signal. This same logic may be used to 
generate /DACK at no extra cost and provide an increased 
performance in programmed I/O transfers. 

Halting a DMA Operation. The EOP signal is not the only 
way to halt a DMA transfer. A bus phase mismatch or a 
reset of the DMA MODE bit (Mode Register, bit 1) can also 
terminate a DMA cycle for the current bus phase. 

Using the lEap Signal. If /EOP is used, it should be 
asserted for at least 50 ns while /DACK and /RD or /WR are 
simultaneously active. Note, however, that if /RD or /WR is 
not active, an interrupt is generated, but the DMA activity 
continues. The /EOP signal does not reset the DMA MODE 
bit. Since the /EOP signal can occur during the last byte 
sent to the Output Data Register, the /REO and /ACK 
signals are monitored to ensure that the last byte has 
transferred. 
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Bus Phase Mismatch Interrupt. A bus phase mismatch 
interrupt is used to hal! the transfer if operating as an 
Initiator. Using this method frees the host from maintaining 
a data length counter and frees the DMA logic from 
providing the /EOP signal. If performing an Initiator send 
operation, the Z53C80 requires /DACK to cycle before 
/ACK goes inactive. Since phase changes cannot occur if 
/ACK is active, either /DACK must be cycled after the last 
byte is sent or the DMA MODE bit must be reset in order to 
receive the phase mismatch interrupt. 

Resetting the DMA MODE Bit. A DMA operation may be 
halted at any time simply by resetting the DMA MODE bit. 
I! is recommended that the DMA MODE bit be reset after 
receiving an /EOP or bus phase-mismatch interrupt. The 
DMA MODE bit must then be set before writing. any of the 
start DMA registers for subsequent bus phases. 

If resetting the DMA MODE bit is used instead of /EOP for 
Target role operation, then care must be taken to reset this 
bit at the proper time. If receiving data as a Target device, 
the DMA MODE bit must be reset once the last DRO is 
received and before /DACK is asserted to prevent an 
additional/REO from occurring. Resetting this bit causes 
DRO to go inactive. However, the last byte received 
remains in the Input Data Register and may be obtained 
either by performing a normal CPU read or by cycling 
/DACK and /RD. In most cases, /EOP is easier to use when 
operating as a Target device. 



READ REGISTERS 

Address: 0 1 1 (Read Onl ) 

?7 061051041031021 011 0~1 

~:: 
!DB3 

10B4 
IOB5 

IOB6 

IOB7 

Figure 39. C urrent SCSI Data Register 

Address: 1 

1 071 osl 051 041 00 I ~:i:ll:~)1 

~~ AssertOataBus 

~ Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

Lost Arbitration 

Arbitration in Progress 

Assert/RST 

Figure 40. I nitiator Comm and Register 

Address: 2 

1 0710s1 051 041 031 ~:i: r~~l 

~~ Arbitrate 

~ OMAMode 

Monitor IBSY 

Enable IEOP Inle nupt 

Figure 41. M 

Enable Parity Intenupt 

Enable Parity Checking 

Target Mode 

·0· 

ode Register 

Address: 3 1 1 (Read Onl ) 

m ool~lwlool~I~I:1 

~~AssertViO 
~ AssertCIIO 

Assert/MSG 

Assert/REO 

·0· 

Last Byte Sent 

Figure 42. T arget Command R . eglster 

Address: 4 1 I (Read Onl ) 

07 061051041031 021011 0~1 

~= CliO 

Figure 43. C urrent SCSI B 

Address· 5 1 1 . (ReadOnl) 

07 osl 051 041 001 0210110:1 

IMSG 

IREO 

IBSY 

IRST 

US Status Register 

\1 ~::,~, 
Phase Match 

Intenupt Request Active 

Parity Error 

OMARequest 

End of OMA 

Figure 44. Bus and St atus Register 
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READ REGISTERS (Continued) 

Address: 6 (Read Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

10B4 

lOBS 

IOB6 

IOB7 

Figure 45. Input Data Register 

WRITE REGISTERS 
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Address: 0 Wr~e Only) 

1071061051041031021011001 

~ 
lOBO 

IOB1 

IOB2 

IOB3 

IOB4 

lOBS 

IOB6 

IOB7 

Figure 47. Output Data Register 

Address: 7 (Read Only) 

1071061051041031021011001 

1 "X" 

x = Oon't Care 

Figure 46. Reset Parity/Interrupt 

Address: 1 (Write Only) 

1071061051041031021011001 

~ 
Assert Oata Bus 

Assert/ATN 

AssertlSEL 

Assert/BSY 

Assert lACK 

"0" 

Test Mode 

Assert/RST 

Figure 48. Initiator Command Register 



WRITE REGISTERS (Continued) 

Addmss: 2 (Write Only) 

10710sl051041031021011001 

~ 
Arbitrate 

OMAMode 

Monitor IBSY 

Enable IEOP Interrupt 

Enable Parity Interrupt 

Enable Parity Checking 

Target Mode 

'0' 

Figure 49. Mode Register 

Address: 3 (Write Only) 

10710s1051~1031021011001 

~ 
AssertUIO 

Assert CliO 

Assert/MSG 

Assert/REO 

"X' 

Last Byte Sent 

Figure 50. Target Command Register 

Address: 4 (Write Only) 

1071061051~1031021011001 

~ 
lOBO 

10Bl 

IOB2 

lOBS 

'-------- 10B4 
L--_______ lOBS 

L--________ IOB6 

L..-_________ IOB7 

Figure 51. Select Enable Register 

Note: X = Don't care 

Address: 5 (Write Only) 

10710sl051041031021011001 

1 'X' 

Figure 52. Start DMA Send 

Address: 6 (Write Only) 

Iml~lool~lool~I~lool 

1 'X' 

Figure 53. Start DMA Target Receive 

Address: 7 (Write Only) 

1071061051041031021011001 

1 "X" 

Figure 54. Start DMA Initiator Receive 
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ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins with 
respect to GND ......................................... -O.3V to +7.0V 
Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............................. -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC characteristics and capacitance section below 
apply for the following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

• +4.75V .;; Vee';; +5.25V 

• GND = OV 

• TA as specified in Ordering Information 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to this de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

+5V 

2.2K 

Threshold 0----( 
Voltage 

From Output 
Under Test 

From Output 
Under Test 

75pF 

I 
Figure 55. Standard Test Dynamic Load Circuit Figure 56. Open-Drain Test Load 
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DC CHARACTERISTICS 

Symbol Parameter Condition Min Max Units 

Voo Supply Voltage 4.75 5.25 V 
VIH High-Level Input Voltage 2.0 5.5 V 
VIL Low-Level Input Voltage -03 0.8 V 

I'H 1 High-Level Input Current VIH = 5.5V 
SCSI Bus Pins VIL = OV 50 J1A 

I'H2 High-Level Input Current VIH = 5.5V 
All Other Pins VIL = OV 10 J1A 

IlL 1 Low-Level Input Current VIH = 5.5V 
SCSI Bus Pins VIL = OV -50 J1A 

I'L2 Low-Level Input Current VIH = 5.5V 
All Other Pins VIL = OV -10 J1A 

VoH 1 High-Level Output Voltage IOH = -3mA 2.4 
VoH2 High-Level Output Voltage IOH = -250 J1A Voo -0.8 V 

VOL 1 Low-Level Output Voltage 
SCSI Bus Pins IOL = 48 mA 0.5 V 

VoL2 Low-Level Output Voltage 
All Other Pins IOL = 7 mA 0.5 V 

100 Supply Current 40 mA 
CIN Input Capacitance 10 pi 
Cour Output Capacitance 15 pi 

CliO Bidirectional Capacitance 20 pi 

TA Operating Free-Air Temperature 0 70 °C 
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AC CHARACTERISTICS 
General Timing 

PCLK 

/WI/REO 
Request 

/w/IREO 
Wait 

ICTSIITRxC, 
RTxC 

Receive 

RxD 

ISYNC 
External 

ICTSIITRxC, 
RTxC 

Transmit 

TxD ~~I----_X _______ Xo....--_ 
---J~ @)-___ ~ 

ICTSllTRxC 
Output 

IRTxC 

ICTSllTRxC 

ICTSIITRxC, 
lOCO 
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ISYNC 
Input 

-- .-------:..-

----'c~ 
Figure 58. General Timing 



AC CHARACTERISTICS (Continued) 
Z85C80 General Timing 

No Symbol Parameter Min Max Notes t 
1 TdPC(REO) PCLK FALL to /W//REO Valid Delay 
2 TdPC(W) PCLK FALL to Wait Inactive Delay 
3 TsRXC(PC) /RxC Rise to PCLK Rise Setup Time 

4 TsRXD(RXCr) RxD to /RxC Rise Setup Time 
5 ThRXD(RXCr) RxD to /RxC Rise Hold Time 
6 TsRXD(RXCf) RxD to/RxC FALL Setup Time 

7 ThRXD(RXCf) RxD to /RxC FALL Hold Time 
8 TsSY(RXC) /SYNC to /RxC Rise Setup Time 
9 ThSY(RXC) /SYNC to /RxC Rise Hold Time 

10 TsTXC(PC) /TxC FALL to PCLK Rise Setup Time 
11 TdTXC(TXD) /TxC FALL to TxD Delay 
12 TdTxCr(TXD) /TxC Rise to TxD Delay 

13 TdTXD(TRX) TxD to /TRxC Delay 
14 TwRTXh /RTxC High Width 
15 TwRTXI /RTxC Low Width 

16a TcRTX /RTxC Cycle Time 
16b TxRX(DPLL) DPLL Cycle Time 
17 TcRTXX Crystal Oscillator Period 

18 TwTRXh /TRxC High Width 
19 TwTRXI /TRxC Low Width 
20 TcTRX /TRxC Cycle Time 

21 TwEXT /DCD or /CTS Pulse Width 
22 TwSY /SYNC Pulse Width 

Noles: 
[l]/RxC is /RTxC orTRxC, whichever is supplying the receive clock. 
[2] /TxC is /TRxC or RTxC, whichever is supplying the transmit clock. 
[3] Both /RTxC and /SYNC have 300 pI capacitors to ground connected to them. 
[4] Synchronization 01 jRxC to PCLK is eliminated in divide by lour operation. 
[5] Parameter applies only to FM encoding/decoding. 

200 
300 

N/A N/A [1,4] 

0 [ 1] 
125 [ 1] 
0 [1,5] 

125 [1,5] 
-150 [ 1] 

5TcPc [ 1] 

N/A [2,4] 
150 [2] 
150 [2,5] 

140 
120 [6] 
120 [6] 

400 [6,7] 
50 [7,8] 
100 1000 [3] 

120 [6] 
120 [6] 
400 [6,7] 

120 
120 

[6] Parameter applies only lor transmitter and receiver; DPLL and baud rate timing requirements are identical to case PCLK requirements. 
[7] The maximum receive or transmit data is 1/4 PCLK. 
[B] Applies to DPLL clock source only. Maximum data rate 01 1/4 PCLK still applies. DPLL clock should have a 50% duty cycle. 

t Units in nanoseconds (ns) 

SS7 



AG CHARACTERISTICS 
Z85C80 System Timing 

ICTSlfTRxC 
Receive 

NlIIREO 
Request 

NlIIREO 
Wait 

ISYNC 
Output 

lINT 

IRTxC 
Transmit 

NlIIREO 
Request 

NlIIREO 
Wait 

IDTRIIREO 
Request 

lINT 

ICTSlfTRxC, 
lOCO 
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ISYNC 
Input 

lINT 

t-----{5~)----I~ 

~~®---:r~---------------
K 

J( 
f---®. 

\ 
10 

Figure 59. System Timing 



AC CHARACTERISTICS (Continued) 
Z85C80 System Timing 

No Symbol Parameter Min Max Notes t 

1 TdRXC(REO) IRxC Rise to /'VVI/REO Valid 8 12 [2] 
2 TdRXCW) IRxC Rise to Wait Inactive 8 14 [1,2] 
3 TdRXC(SY) IRxC Rise to ISYNC Valid 4 7 [2] 

4 TdRXC(INT) IRxC Rise to liNT Valid Delay 10 16 [1,2] 
5 TdTXC(REO) /TxC Fall to IWI/REO 5 8 [3] 
6 TdTXC(W) ITxC Fall to Wait Inactive 5 11 [1,3] 

7 TdTXC(DRO) ITxC.Fall to IDTRI/REO Valid 4 7 [3] 
8 TdTXC(INT) ITxC Fall to liNT Valid 6 10 [1,3] 
9 TdSY(INT) ISYNC to liNT Valid 2 6 [ 1] 
10 TdEXT(INT) lOCO or ICTSI/TRxC to liNT Valid 2 6 [ 1] 

Notes: 
[1] Open-drain output measured with open-drain test load. 
[2] /RxC is /RTxC or /CTS/{TRxC, whichever is supplying the receive clock. 
[3] /TxC is /CTS//TRxC or RTxC, whichever is supplying the transmit clock. 

t Units equal to TcPC 
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AC CHARACTERISTICS 
Z85C80 Additional Timing 

PCLK 

NlB,OIlC 

IINTACK 

ISCCCS 

IRO 

07-00 
Read 

!WR 

07-00 
Write 

!WI/REO 
Wan 

!WI/REO 
Request 

10TRl/REO 
Request 

liNT 

890 

-
~ 

~ 
f---------® 

- ~~ 
\ 

~ 

-

'~, 
~ 

~ -<D .... 
~ 

l( 
--0 - -@ 

--®--

-®-- ~-J l( 
--@- ~ 

~K-J 
16 ~ 

b ~ ®-L1' 
~ 

Active )! Valid 

'" .1 

@I-
? 

®- H 4---@-
?> "= ~f-@ 
'= 

) 
b J 

X 
~ ~ i----'- ~ 

\ 
-3 

tJi". 
'= 

J 
~ ~ 

s I 
t?-O' 
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Figure 60. Read/Write Timing 



PCLK 

IINTACK 

IRO 

07-00 -----------------+--<1 

liNT 

Figure 61. Interrupt Acknowledge Timing 

Figure 62. Reset Timing 

ISCCCS \ I 55 

\---

CJ 
@ 

IRD or IWR \ r S '-
Figure 63. Cycle Timing 
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AC CHARACTERISTICS 
Additional Timing 

No Symbol Parameter Min Max Notes t 
1 TwPCI PCLK Low Width 40 1000 
2 TwPCh PCLK High Width 40 1000 
3 TlPC PCLK Fall Time 10 

4 TrPC PCLK Rise Time 10 
5 TcPC PCLK Cycle Time 100 2000 
6 TsA(WR) Address to IWR Fall Setup Time 50 

7 ThA(WR) Address to IWR Rise Hold Time 0 
8 TsA(RD Address to IRD Fall Setup Time 50 
9 ThA(RD) Address to IRD Rise Hold Time 0 

10 TsIA(PC) IINTACK to PCLK Rise Setup Time 20 
11 TsIAi(WR) IINTACK to IWR Fall Setup Time 130 [1 J 
12 ThIA(WR) IINTACK to IWR Rise Hold Time 0 

13 TsIAi(RD) IINTACK to IWR Fall Setup Time 130 [1 J 
14 ThIA(RD) IINTACK to IRD Rise Hold Time 0 
15 ThIA(PC) IINTACK to PCLK Rise Hold Time 30 

16 TsCEI(WR) ISCCCS Low to /WR Fall Setup Time 0 
17 TflCE(WR) ISCCCS to /WR Rise Hold Time 0 
18 TsCEh(WR) ISCCCS Higll to IWR Fall Setup Time 50 

19 TsCEI(RD) ISCCCS Low to IRD Fall Setup Time 0 [1 J 
20 ThCE(RD) ISCCCS to IRD Rise Hold Time 0 [1 J 
21 TsCEI1(RD) ISCCCS High to IRD Fall Setup Time 50 [1 J 

22 TwRDI IRD Low Width 125 [1 J 
23 TdRD(DRA) IRD Fall to Read Data Active Delay 0 
24 TdRDr(DR) IRD Rise to Read Data Not Valid Delay 0 

25 TdRDI(DR) IRD Fall to Read Data Valid Delay 120 
26 TdRD(DRz) IRD Rise to Read Data Float Delay 35 
27 TdA(DR) Address to Read Data Valid Delay 180 

28 TwVVRI IWR Low vVidtil 125 
29 TsDW(WR) Write Data to IWR Fall Setup Time 10 
30 ThDW(WR) Write Data to IWR Rise Hold Time 0 

31 TdWR(W) IWR Fall to Wait Valid Delay 160 [2J 
32 TdRD(W) IRD Fall to Wait Valid Delay 160 [2J 
33 TdWRf(REO) /WR Fall to /WI/REO Not Valid Delay 160 

34 TdRDf(REO) IRD Fall to /WI/REO Not Valid Delay 160 
35 TdWRr(REO) /WR Fall IDTRI/REO Not Valid Delay 4TcPC 
36 TdRDr(REO) IRD Rise to IDTR//REO Not Valid Delay N/A 

37 TdPC(INT) PCLK Fall to liNT Valid Delay 450 
38 TdIAiRD) IINTACK to IRD Fall (Acknowledge) Delay 125 [3J 
39 TwRDA IRD (Acknowledge) Width 125 [3J 

40 TdRDA(DR) IRD Fall (Acknowledge) to Read Data Valid Delay 120 
41 TdRDA(INT) IRD Fall to liNT Inactive Delay 320 [2J 
42 TdRD(WRO) fRO Rise to IWR Fall Delay for No Reset 15 
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AC CHARACTERISTICS (Continued) 
Additional Timing 

No 

43 
44 
45 

Notes: 

Symbol 

TdWRQ(RD) 
TwRES 
Trc 

Parameter 

/WR Rise to /RD Fall Delay for No Reset 
/WR and /RD Coincident Low for Reset 
Valid Access Recovery Time 

[1] Parameter is guaranteed by design and does not apply to Interrupt Acknowledge transactions. 
[2] Open-drain output, measured with open-drain test load. 
[3] Parameter is system dependent. 

t Units in nanoseconds (ns) 

Min 

15 
100 

3.5TcPc 

Max Notes t 

[ 1] 
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ORO 

IDACK 

/RO 

07·00 

IEOP 

/REO 

lACK 

IDB7·IDBO, 
IDBP 

Figure 64. DMA Read Target Receive Cycle 

AC CHARACTERISTICS 
DMA Read Target Receive Cycle 

No 

i 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

Noles: 

Description 

LJHO Low from IDACK Low 
IDACK High to DRO High 
IDACK Hold Time from End of IRD 

Data Access Time from Read Enable' 
Data Hold Time from End of IRD 
Width of IEOP Pulse [1] 

lACK Low to DRO Higll 
IDACK High to IREO Low (lACK High) 
lACK Low to IREO High 

lACK High to IREO Low (lDACK High) 
Data Setup Time to lACK 
Data Hold Time from lACK 

Min 

30 
0 

10 
50 

20 
30 

[1 J IEOP, /RD, and /DACK must be concurrently Low for at least T6 for proper recognition of the IEOP pulse . 
• Read Enable is the occurrence of IRD and /DACK. 
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Max 

60 

70 

70 
90 
80 

100 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 



ORO 

IDACK 

IRO 

07-00 

IEOP 

IREO 

lACK 

IOB7-IDBO, 
IDBP 

Figure 65. DMA Read Initiator Receive Cycle 

AC CHARACTERISTICS 
DMA Read Initiator Receive Cycle 

No 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

Notes: 

Description 

ORO Low from IDACK Low 
IDACK High to ORO High 
IDACK Hold Time from End of IRD 

Data Access Time from Read Enable* 
Data Hold Time from End of IRD 
Width of IEOP Pulse [1] 

IREO Low to ORO High 
IDACK High to lACK High (lREO High) 
IREO Low to lACK Low 

IREO High to lACK High (lDACK High) 
Data Setup Time to IREO 
Data Hold Time from IREO 

Min 

30 
0 

10 
50 

20 
110 

[1) fEOP, fRO. and /DACK must be concurrently Low for at least T6 for proper recognition of the fEOP pulse. 
* Read Enable is the occurrence of fRO and fDACK. 

Max 

60 

70 

130 
90 
130 

80 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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ORO 

IOACK 

IWR 

07-00 

IEOP 

IREO 

lACK 

IOB7-IOBO, 
IOBP 

Figure 66, DMA Write Initiator Send Cycle 

AC CHARACTERISTICS 
DMA Write Initiator Send Cycle 

No 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

Noles: 

Description 

ORO Low from IDACK Low 
IDACK High to ORO High 
Write Enable Width* 

IDACK Hold from End of IWR 
Data Setup to End of Write Enable* 
Data Hold Time from End of /WR 

Width of IEOP Pulse [1] 
IREO Low to lACK Low 
IREO High to ORO High 

IDACK High to lACK High 
IWR High to Valid SCSI Data 
Data Hold from Write Enable* 
Data Setup to lACK Low 

Min 

30 
50 

0 
50 
25 

50 

15 
55 

[1 J IEOP, /WR, and IDACK must be concurrently Low for at least T7 for proper recognition of the IEOP pulse. 
* Write Enable is the occurrence of /WR and IDACK. 
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Max 

60 

130 
70 

90 
50 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 



ORO 

IOACK 

NJR 

07-00 

/EOP 

IREO 

lACK 

IOB7-IOBO, 
10BP 

Figure 67. DMA Write Target Send Cycle 

AC CHARACTERISTICS 
DMA Write Target Send Cycle 

No 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

Notes: 

Description 

DRO Low from IDACK Low 
IDACK High to DRO High 
Write Enable Width* 

IDACK Hold from IWR High 
Data Setup to End of Write Enable* 
Data Hold Time from End of /WR 

Width of IEOP Pulse [1] 
lACK Low to IREO High 
IREO from End of IDACK (lACK High) 

lACK Low to DRO High (Target) 
lACK High to IREO Low (lDACK High) 
Data Hold from Write Enable 
Data Setup \'0 IREO Low (Target) 

Min 

30 
50 

0 
50 
25 

50 

15 
55 

[1] lEap, N-IR, and jDACK must be concurrently Low for at least T7 for proper recognition of the lEap pulse . 
• Write Enable is the occurrence of IIOW and IDACK 

Max 

60 

80 
90 

70 
100 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
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A2-AO 

ISGSIGS 

twR 

D7-DO 

AC CHARACTERISTICS 
CPU Write Cycle 

No Description 

1 Address Setup to Write Enable' 

Figure 68_ CPU Write Cycle 

2 Address Hold from End Write Enable' 
3 Write Enable Width' 

4 Chip Select Hold from End of flOW 
5 Data Setup to end of Write Enable' 
6 Data Hold Time form End of flOW 

Note: 
• Write Enable is the occurrence of /WR and ISCSICS 
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Min Max Units 

10 ns 
10 ns 
40 ns 

0 ns 
20 ns 
20 ns 



A2-AO 

ISCSICS 

fRO 

07-00 

Figure 69_ CPU Read Cycle 

AC CHARACTERISTICS 
CPU Read Cycle 

No 

1 
2 

3 
4 
5 

Note: 

Description 

Address Setup to Read Enable* 
Address Hold from End Read Enable* 

Chip Select Hold from End of fRO 
Data Access Time from Read Enable* 
Data Hold Time from End of Read Enable* 

• Read Enable is the occurrence of fRO and ISCSICS 

Min 

10 
10 

o 

10 

Max 

70 

Units 

ns 
ns 

ns 
ns 
ns 
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ISGGGS 

ISGSIGS 

AC CHARACTERISTICS 
Selection 

No 

1 
2 

Description 

/SCCCS to /SCSICS 
/SCSICS to /SCCCS 

Figure 70. Selection 

Min 

100 
100 

Max 

ffl~-------------------------------------------

!SEL 

/BSY 

/OB7-0BO, '1// U/ U/h 

AAB ____________ -JJ' 

/BSY (IN) ----------------------.1/ 
Figure 71. Arbitration 

AC CHARACTERISTICS 
Arbitration 

No 

1 
2 
3 

900 

Description 

Bus Clear from /SEL Low 
Arbitrate Start from /BSY False 
Bus Clear from /BSY High 

III/III! 

Min 

1200 

Max 

600 
2200 
1100 

Units 

ns 
ns 

Units 

ns 
ns 



fRESET 

AC CHARACTERISTICS 
Reset 

No Description 

Minimum Width of /RESET 

Figure 72. Reset 

Min Max Units 

100 ns 
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FEATURES 

• Two independent. 0 to 10 MbiVsec, full duplex channels, 
each with two baud rate generators and one digital 
pl1ase-locked loop for clock recovery. 

• 32-byle data FIFO's for eacl1 receiver and transmitter 

• 12.5 MByte/sec (16-bit) data bus bandwidth 

• Multi-protocol operation under program control with 
independent mode selection for receiver and 
transmitter. 

• Async mode with one to eight bits/character, 1/16 to 2 
stop bits/cl1aracter in 1/16 bit increments; 
programmable clock factor; break detect and 
generation; odd, even, mark, space or no parity and 
framing error detection. Supports one Address/Data 
bit and MIL STD 1553B protocols. 

• Byte oriented synclHonous mode will1 one to eigll! 
bits/character; programmable idle line condition; 
optional receive sync stripping; optional preamble 
transmission; 16- or 32-bit CRC and transmit-to-receive 
slaving (for X.21) 

• Bisync mode will) 2- to 16-bit programmable sync 
character; programmable idle line condition; optional 
receive sync stripping; optional preamble transmission; 
16- or 32-bit CRC. 

GENERAL DESCRIPTION 

The USC Universal Serial Controller is a dual-cl1annel 
multi-protoCOl data communications peripheral designed 
for use with any conventional multiplexed or non-multiplexed 
bus. The USC functions as a serial-to-parallel, parallel-to­
serial converter/controller and may be software config­
ured to satisfy a wide variety of serial communications 
applications. Tile device contains a variety of new, sophis­
ticated internal functions including two baud rate genera­
tors per channel, a digital phase-locked loop per channel, 
character counters for both receive and transmit in each 
channel and 32-byte data FIFO's for each receiver and 
transmitter. 

PRODUCT SPECIFICATION 

Z16C30 
CMOS USC 
UNIVERSAL SERIAL CONTROLLER 

• Transparent Bisync mode with EBCDIC or ASCII 
character code; automatic CRC handling; 
programmable idle line condition; optional preamble 
transmission; automatic recognition of DLE, SYN, SOH, 
ITX, ETX, ETB, EOT, ENO and ITB. 

• External character sync mode for receive 

• HDLC/SDLC mode with eight bit address compare; 
extended address field option; 16- or 32-bit CRC; 
programmable idle line condition; optional preamble 
transmission and loop mode. 

• DMA interface with separate request and acknowledge 
for eacll receiver and transmitter. 

• Channel load command for DMA controlled 
initialization. 

• Flexible bus interface for direct connection to most 
microprocessors; user programmable for 8 or 16 bits 
wide. Directly supports 680XO family or 8X86 family 
bus interfaces. 

• Low power CMOS 

• 68-pin PLCC package 

Zilog now offers a high speed version of tile USC, tile 
16C3020VSC, with faster clock and data rates. Tile new 
USC has improved transmit and receive clocks to 20M Hz 
and doubles data transfer rates from 10Mbits/sec to 
20Mbits/sec full duplex. Bus timing has changed to im­
prove bus bandwidth at these data rates. CPU bus ac­
cesses Ilave been shortened from 160ns per access to 
11 Ons per access. Zilog will continue to offer the 10 Mbits/ 
sec USC, the Z16C3010VSC. 
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GENERAL DESCRIPTION (Continued) 

The USC handles asynchronous formats, synchronous 
byte-oriented formats such as BISYNC and synchronous 
bit-oriented formats such as HDLC. This device supports 
virtually any serial data transfer application. 

The device can generate and check CRC in any synchro­
nous mode and can be programmed to check data integrity 
in various modes_ The USC also has facilities for modem 
controls in both channels_ In applications where these 
controls are not needed, the modem controls may be used 
for general-purpose I/O. The same is true for most of the 
other pins in each channel. 

Interrupts are supported with a daisy-chain hierarchy, with 
the two channels having completely separate interrupt 
structures. 

High-speed data transfers via DMA are supported by a 
Request/Acknowledge signal pair for each receiver and 

To Other Channel 

Receive DMA 
Control 

Receive 
In FIFO (32 byte) 
:> 
m 
as 
1ii 
0 
"'iii 
E 
S 

r7l £ 

~ ~ 
Interrupt 

:> Control m ~ -..- as 
1ii -CPU 
0 

g H Channel I 
Control 

'---

(32 byte) 
Transmit 

FIFO 

Transmit 
DMAControl 

-

transmitter. The device supports automatic status transfer 
via DMA and also allows device initialization under DMA 
control. 

To aid the designer in efficiently programming the USC, 
support tools are available. The Technical Manual de­
scribes in detail all features presented in this Product 
Specification and gives programming sequence hints. 
The Programmer's Assistant is a MS-DOS disk-based 
programming initialization tool to be used in conjunction 
with the Technical Manual. There are also available assorted 
application notes and development boards to assist the 
designer in the hardware/software development. 

Note: All Signals with a preceding front slash, "(", are active 
Low, e.g.: BIIW (WORD is active Low); IBIW (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active LOw). 

I ". 

Receiver 

? 
I L ClockMUX 

110 And 1. DPLL 
Device f--

2. Counters 
Status 3.BRGO 

~ 
4. BRG1 

Transmitter 

J 

... 
~ 

.. 
F 

Receive Da ta 

.. 
F 

,--

TransmitD 

Receivel 
Transmit 
Clocks 

ata 

Figure 1. USC Block Diagram 
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ADO TxDA } Serial 
ADl RxDA Data 

AD2 rrxCA } Channel 
AD3 IRxCA Clocks 

AD4 ICTSA } Channel 
AD5 IDCDA 1/0 

AD6 IRxREQA 

} Addressl AD? IRxACKA Channel 
Data 

AD8 rrxREQA 
DMA 

Bus Interface 
AD9 rrxACKA 

AD10 IINTA 

} Channel 
ADll lElA Interrupt 

AD12 IEOA Interface 

AD13 TxDB } Serial 
AD14 RxDB Data 

AD15 rrxCB } Channel 
lAS IRxCB Clocks 

Bus IDS ICTSB } Channel 
Timing IRD IDCDB 1/0 

IWR IRxREQB 

} ICS IRxACKB Channel 

AIIB rrxREQB DMA 

Control Interface 
DIIC rrxACKB 

RlIW IINTB 

} Channel 
IPITACK IEIB Interrupt 

Interrupt ISITACK IEOB Interface 

IWAITIIRDY IRESET Reset 

VSS VDD Device 

VSS VDD 

VSS VDD 

Ground VSS VDD Power 

VSS VDD 

VSS VDD 

VSS VDD 

Figure 2. Pin Functions 
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IRxACKA 
IINTA 

60 IRxACKB 
IINTB 
IEIB 
IEOB 
GND 
VCC 
ADa 

lElA 
IEOA 
GND 
VCC 
ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
ADS 
AD7 

GND 
VCC 

USC 
(Top View) 

AD9 
AD10 
AD11 
AD12 
AD13 
AD14 
AD1S 
GND 
VCC 

IRxREOA 
27 

44 IRxREOB 
43 

Nole: Power connections follow 
Conventional descriptions below 

Connection Circuit Device 

Power Vee VDD 
Ground GND Vss 

Figure 3. Pin Assignments 

PIN DESCRIPTION 

The device contains 13 pins per channel for channell/G, 
16 pins for address and data, 12 pins for CPU handshake 
and 14 pins for power Hnd ground. 

Three separate bus interface types are available for the 
device. The Sus Configuration Register (SCR) and exter­
nal connections to the AD bus control selection of the 
bus type. 

A 16-bit bus is selected by setting SCR bit 2 to a 1. 

The 8-bit bus is selected by setting SCR bit 2 to zero and 
tying AD15 - AD8 to VSS. 

The 8-bit bus with separate address is selected by setting 
SCR bit 2 to zero and, during the SCR write, forcing AD15 
to a 1 and forcing AD14-AD8 to zero. 

The multiplexed bus is selected for the USC ·if there is an 
Address Strobe prior to or during the transaction which 
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writes the SCR. If no Address Strobe is present prior to or 
during the transaction which writes the SCR, a non-mul­
tiplexed bus is selected (See Figure 6). 

The section below describes in detail the USC pin 
assignment. 

IRESET. Reset (input, active Low). This signal resets the 
device to a known state. The first write to the USC after a 
reset accesses the SCR to select additional bus options for 
the device. 

lAS. Address Strobe (input, active Low). This signal is 
used in the multiplexed bus modes to latch the address on 
the AD lines. The /AS signal is not used in the non­
multiplexed bus modes and should be tied to VDD. 

IDS. Data Strobe (input, active Low). This signal strobes 
data out of the device during a read and may strobe an 
interrupt vector out of the device during an interrupt 



acknowledge cycle. /DS also strobes data into the device 
on the state of R//W. 

IRD. Read Strobe (input, active Low). This signal strobes 
data out of the device during a read and may strobe an 
interrupt vector out of the device during an interrupt 
acknowledge cycle. 

/wR. Write Strobe (input, active Low). This signal strobes 
data into the device during a write. 

RI/W. Read/Write(input). This signal determines the direc­
tion of data transfer for a read or write cycle in conjunction 
with /DS. 

ICS. Chip Select(input, active Low) This signal selects the 
device for access and must be asserted for read and write 
cycles, but is ignored during interrupt acknowledge and 
fly-by DMA transfers. In the case of a multiplexed bus 
interface, /CS is latched by the rising edge of /AS. 

AIIB. Channel A/Channel B Select (input). This signal se­
lects between the two channels in the device. High selects 
channel A and Low selects channel B. This signal is 
sampled and the result is latched during the BCR (Bus 
Configuration Register) write. It programs the sense of the 
/WAIT//RDY signal appropriate for different bus interfaces. 
See /WAIT//RDY below. 

DIIC. Data/Control Select (input). This signal, when Higll, 
provides for direct access to the RDR and TOR. I n the case 
of a multiplexed bus interface, D//C Higll overrides the 
address provided to tile device. 

ISITACK. Status Interrupt Acknowledge (input, active Low). 
This signal is a status signal that indicates that an interrupt 
acknowledge cycle is in progress. The device is capable 
of returning an interrupt vector that may be encoded with 
tile type of interrupt pending during this acknowledge 
cycle. This signal is compatible with 680XO family micro­
processors. 

IPITACK. Pulsed InterruptAcknowledge(input, active Low). 
This signal is a strobe signal that indicates that an interrupt 
acknowledge cycle is in progress. The device is capable 
of returning an interrupt vector that may be encoded Witll 
the type of interrupt pending during this acknowledge 
cycle. /PITACK may be programmed to accept a single 
pulse or double pulse acknowledge type. This program­
ming is done in the BCR. With the double pulse type 
selected, the first /PITACK is recognized but no action 
takes place. The interrupt vector is returned on the second 
pulse if the no vector option is not selected. The double 
pulse type is compatible with 8X86 family microproces­
sors. 

/wAITIIRDY. Wait/Data Ready (output, active Low). This 
signal serves to indicate when tile data is available during 
a read cycle, wilen the device is ready to receive data 
during a write cycle, and when a valid vector is available 
during an interrupt acknowledge cycle. It may be pro­
grammed to function eitl18r as a Wait signal or a Ready 
signal using the state of the AlIB pin during tile BCR write. 
When AlIB is High during tile BCR write, tllis signal func­
tions as a wait output and tllUS supports tile READY 
function of 8X86 family microprocessors. Wilen AlIB is Low 
during the BCR write, this signal functions as a ready 
output and ttlUS supports tile DTACK function 01 680XO 
family microprocessors. 

AD15-ADO. Address/Data Bus (bidirectional, active Higll, 
3-state). Tile AD signals carry addresses to, and data to 
and from, the device. When the 16-bit non-multiplexed bus 
is selected, AD15-0 carry data to and from tile device. 
Addresses are provided using a pointer witllin tile device 
that is loaded with the desired register address. Wilen 
selecting the 8-bit non-multiplexed bus (WitilOUt separate 
address) only AD7-0 are used to transfer data. TI18 pointer 
is used for addressing, with AD15-8 unused. When selecting 
tile 8-bit non-multiplexed bus (Wittl separate address), 
AD7-0 are used to transfer data with AD15-8 used as 
address bus. When the 16-bit multiplexed bus is selected, 
addresses are latched from AD7-0 and data transfers are 
sixteen bits wide. Wilen selecting tile 8-bit multiplexed bus 
(without separate address) only AD7-0 are used to transfer 
addresses and data, witll AD15-8 unused. When the 8-bit 
multiplexed bus Witll separate address is selected, only 
AD7 -0 are used to transfer data, while AD15-8 are used as 
an address bus. 

liNT A, IINTB. Interrupt Request( outputs, active Low). Tilese 
signals indicate that tile cllannelhas an interrupt condition 
pending and is requesting service. These outputs are NOT 
open-drain. 

lElA, IEIB. Interrupt Enable In (inputs, active Higll). Tile lEI 
signal for each channel is used with tile accompanying 
lEO signal to form an interrupt daisy chain. An active lEI 
indicates that no device having Iligher priority is requesting 
or servicing an interrupt. 

IEOA, IEOB. Interrupt Enable Out (outputs, active High). 
The lEO signal for each channel is used with tile accom­
panying lEI signal to form an interrupt daisy chain. lEO is 
Low if lEI is Low, an interrupt is under service in tile 
channel, or an interrupt is pending during an interrupt 
acknowledge cycle. 

ITxACKA, ITxACKB. Transmit Acknowledge (inputs or 
outputs, active Low). TIle primary function of these signals 
is to perform fly-by DMA transfers to the transmit FIFOs. 
They may also be used as bit inputs or outputs. 
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IRxACKA, IRxACKB. Receive Acknowledge (inputs or 
outputs, active Low). The primary function of these signals 
is to perform fly-by DMA transfers from the receive FIFOs. 
They may also be used as bit inputs or outputs. 

TxDA, TxDB. TransmitData(outputs, active High, 3-state). 
These signals carry the serial transmit data for each 
channel. 

RxDA, RxDB. Receive Data (inputs, active High). These 
signals carry the serial receive data for each channel. 

ITxCA, ITxCB. Transmit Clock (inputs or outputs, active 
Low). These signals are used as clock inputs for any of the 
functional blocks within the device. Theymay also be used 
as outputs for various transmitter signals or internal clock 
signals. 

IRxCA, IRxCB. Receive Clock (inputs or outputs, active 
Low). These signals are used as clock inputs for any of the 
functional blocks within the device. They may also be used 
as outputs for various receiver signals or internal clock 
signals. 

ARCHITECTURE 

The USC internal structure includes two completely inde­
pendent full-duplex serial channels, each with two baud 
rate generators, a digital phase-locked loop for clock 
recovery, transmit and receive character counters and a 
full-duplex DMA interface. Tile two serial channels sllare a 
common bus interface. The bus interface is designed to 
provide easy interface to most microprocessors, whether 
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ITxREQA, ITxREQB. Transmit Request(inputs or outputs, 
active Low). The primary function of these signals is to 
request DMA transfers to the transmit. FIFOs. They may 
also be used as simple inputs or outputs. 

IRxREQA, IRxREQB. Receive Request(inputs or outputs, 
active Low). The primary function of these signals is to 
request DMA transfers from the receive FIFOs. They may 
also be used as simple inputs or outputs. 

ICTSA, ICTSB. Clear To Send (inputs or outputs, active 
Low). These signals are used as enables for tile respective 
transmitters. They may also be programmed to generate 
interrupts on either transition or used as simple inputs or 
outputs. 

IDCDA, IOCDB. Data Carrier Detect (inputs or outputs, 
active Low). These signals are used as enables for the 
respective receivers. They may also be programmed to 
generate interrupts on either transition or used as simple 
inputs or outputs. 

they employ a multiplexed or non-multiplexed, 8-bit or 
16-bit bus structure. Each channel is controlled by a set of 
thirty 16-bit registers, nearly all of whicll are readable and 
writable. There is one additional 16-bit register in tile bus 
interface used to configure the nature of tile bus interface. 
The BCR functions are shown in Figure 4. 



Address: None 

101510141013101210111010109108107106105104103102101 1 DOl 

I I ~L oSh.i« Right Addresses ~ Double Pulse INTACK 

16-Bit Bus 

Reserved 

3-State All Pins 

Separate Address lor 8-Bit Bus 

• Must be programmed as O. 

Figure 4. Bus Configuration Register 

DATA PATH 

Both the transmitter and the receiver in the channel are 
actually microcoded serial processors. As the data shifts 
through the transmit or receive shift register, the micro­
code watches for specific bit patterns, counts bits, and at 

FUNCTIONAL DESCRIPTION 

The functional capabilities of the use are described from 
two different points of view: as a data communications 
device, it transmits and receives data in a wide variety of 
data communications protocols; as a microprocessor 
peripheral, the USC offers such features as read/write 
registers, a flexible bus interface, DMA interface support 
and vectored interrupts. 

Data Communications Capabilities 

The use provides two independent full-duplex channels 
programmable for use in any common data communica­
tion protocol. The receiver and transmitter modes are 
completely independent, as are the two channels. Each 
receiver and transmitter is supported by a 32-byte deep 
FIFO and a 16-bit message length counter. All modes 
allow optional even, odd, mark or space parity. Synchro­
nous modes allow the choice of two 16-bit or one 32-bit 
eRC polynomial. Selection of from one to eight bits-per­
character is available in both receiver and transmitter, 
independently. Error and status conditions are carried with 
the data in the receive and transmit FIFOs to greally reduce 
the CPU overhead required to send or receive a message. 
Specific, appropriately timed interrupts are available to 
signal such conditions as overrun, parity error, framing 
error, end-ol-frame, idle line received, sync acquired, 

the appropriate time transfers data to or from tile FIFOs. 
The microcode also checks status and generates status 
interrupts as appropriate. 

transmit underrun, eRe sent, closing sync!flag sent. abort 
sent, idle line sent and preamble sent. In addition, several 
useful internal signals such as receive FIFO load, received 
sync, transmit FIFO read and transmission complete may 
be sent to pins for use by external circuitry. 

Asynchronous Mode. The receiver and transmitter can 
handle data at a rate of 1/16, 1/32, or 1/64 the clock rate. 
The receiver rejects start bits less than one-half a bit time 
and will not erroneously assemble characters following a 
Iraming error. The transmitter is capable of sending one, 
two, or anywhere in the range of 1/16th to two stop bits per 
character in 1/16 bit increments. 

External Sync Mode. The receiver is synchronized to the 
receive data stream by an externally-supplied signal on a 
pin for custom protocol applications. 

Isochronous Mode. BOtil transmitter and receiver may 
operate on start-stop (async) data using a 1x clock. The 
transmitter can send one or two stop bits. 

Asynchronous With Code Violations. This is similar to 
Isochronous mode except that the start bit is replaced by 
a three bit-time code violation pattern as in MIL-STD 
1553B. The transmitter can send zero, one or two stop bits. 
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FUNCTIONAL DESCRIPTION (Continued) 

Monosync Mode. In this mode, a single character is used 
for synchronization. The sync character can be either eight 
bits long with an arbitrary data character length, or pro­
grammed to match the data character length. The receiver 
is capable of automatically stripping sync characters from 
the received data stream. The transmitter may be pro­
grammed to automatically send CRC on either an underrun 
or at the end of a programmed message length. 

Bisync Mode. This mode is identical to monosync mode 
except that character synchronization requires two suc­
cessive characters for synchronization. The two characters 
need not be identical. 

HDLC Mode. In this mode, the receiver recognizes flags, 
performs optional address matching, accommodates ex­
tended address fields, 8- or 16-bit control fields and logical 
control fields, performs zero deletion and CRC checking. 
The receiver is capable of receiving shared-zero flags, 
recognizes the abort sequence and can receive arbitrary 
length messages. The transmitter automatically sends 
opening and closing flags, performs zero insertion and 
can be programmed to send an abort, an extended abort, 
a Flag or CRC and a flag on transmit underrun. The 
transmitter can also automatically send the cloSing flag 
with optional CRC at the end of a programmed message 
length. Shared-zero flags are selected in the transmitter 
and a separate character length may be programmed for 
the last character in the frame. 

Bisync Transparent Mode. In this mode, the synchroniza­
tion pattern is OLE-SYN, programmable selected from 
either ASCII or EBCDIC encoding. The receiver recognizes 
control character sequences and automatically handles 
CRC calculation without CPU intervention. The transmitter 
can be programmed to send either SYN, OLE-SYN, CRC­
SYN, or CRC-OLE-SYN upon IJnderrun and can auto­
matically send the closing OLE-SYN with optional CRC at 
the end of a programmed message length. 

NBIP Mode. This mode is identical to async except that the 
receiver checks for the status of an additional addressl 
data bit between the parity bit and the stop bit. The value 
of this bit is FIFO'ed along with the data. This bit is 
automatically inserted in the transmitter with the value that 
is FIFO'ed with the transmit data. 

802.3 Mode. This mode implements the data format of 
IEEE 802.3 with 16-bit address compare. In this mode, 
lOCO and ICTS are used to implement the carrier sense 
and collision detect interactions with the receiver and 
transmitter. 
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Slaved Monosync Mode. Tilis mode is available only in the 
transmitter and allows the transmitter (operating as tllough 
it were in monosync mode) to send data that is byte­
synchronous to the data being received by the receiver. 

HDLC Loop Mode. This mode is also available only in the 
transmitter and allows the USC to be used in an HOLC loop 
configuration. In this mode, the receiver is programmed to 
operate in HOLC mode so that the transmitter echos 
received messages. Upon receipt of a particular bit pat­
tern (actually a sequence of seven consecutive ones) the 
transmitter breaks the loop and inserts its own frame(s). 

Data Encoding 

The USC may be programmed to encode and decode the 
serial data in any of eight different ways as shown in 
Figure 5. The transmitter encoding method is selected 
independently of the receiver decoding method. 

NRZ. In NRZ, a 1 is represented by a High level for tile 
duration of the bit cell and a 0 is represented by a Low level 
for the duration of the bit cell. 

NRZB. Data is inverted from NRZ. 

NRZI-Mark. In NRZI-Mark, a 1 is represented by a transi­
tion at the beginning of the bit cell. That is, the level present 
in the preceding bit cell is reversed. A 0 is represented by 
the absence of a transition at the beginning of the bit cell. 

NRZI-Space. In NRZI-Space, a 1 is represented by the 
absence of a transition at the beginning of the bit cell. That 
is, the level present in the preceding bit cell is maintained. 
A 0 is represented by a transition at the beginning of the 
bit cell. 

Biphase-Mark. In Biphase-Mark, a 1 is represented by a 
transition at the beginning of the bit cell and another 
transition at the center of the bit cell. A 0 is represented by 
a transition at the beginning of the bit cell only. 

Biphase-Space. In Biphase-Space, a 1 is represented by 
a transition at the beginning of the bit cell only. A 0 is 
represented by a transition at the beginning of the bit cell 
and another transition at the center of the bit cell. 

Biphase-Level. In Biphase-Level, a 1 is represented by a 
High during the first half of the bit cell and a Low during the 
second half of the bit cell. A 0 is represented by a Low 
during the first half of the bit cell and a High during the 
second half of the bit cell. 



Data 1 0 0 0 
1 

1 1 1 1 
NRZ 1 ~ 1 ~ 

1 1 1 1 
NRZB ~ 1 ~ 1 

1 1 1 1 
NRZI-M 1 ~ 1 

1 1 1 

NRZI-S V ~ V 
1 

BI-PHASE-M 1 

BIPHASE-S 1 

BIPHASE-L 1 

DIFFERENTIAL 
BIPHASE-L 1 

Figure 5. Data Encoding 

Differential Biphase-Level. In Differenlial Biphase-Level, 
a 1 is represented by a transition atthe centerofthe bit cell, 
with the opposite polarity from the transition at the center 
of the preceding bit cell. A 0 is represented by a transition 
at the center of the bit cell with the same polarity as the 
transition at the center of the preceding bit cell. In both 
cases there may be transitions at the beginning of the bit 
cell to set up the level required to make the correct center 
transition. 

Character Counters 

Each channel in the USC contains a 16-bit character 
counter for both receiver and transmitter. The receive 
character counter may be preset either under software 
control or automatically at the beginning of a receive 
message. The counter decrements with each receive 
character and at the end of the receive message the 
current value in the counter is automatically loaded into a 
four-deep FIFO. This allows DMA transfer of data to pro­
ceed without CPU intervention at the end of a received 
message, as the values in the FIFO allow the CPU to 
determine message boundaries in memory. Similarly, the 
transmit character counter is loaded either under software 
control or automatically at the beginning of a transmit 
message. The counter is decremented with each write to 
the transmit FIFO. When the counter has decremented to 

zero, and that byte is sent, the transmitter automatically 
terminates the message in the appropriate fashion (usually 
CRC and the closing flag or sync character) without 
requiring CPU intervention. 

Baud Rate Generators 

Each channel in the USC contains two baud rate generators. 
Each generator consists of a 16-bit time constant register 
and a 16-bit down counter. In operation, the counter 
decrements with each baud rate generator clock, with the 
time constant automatically reloaded when the count 
reaches zero. The output of the baud rate generator 
toggles when the counter reaches a count of one-half of the 
time constant and again when the counter reaches zero. 
A new time constant may be written at any time but the new 
value will not take effect until the next load of the counter. 
The outputs of both baud rate generators are sent to the 
clock multiplexer for use internally or externally. The baud 
rate generator output frequency is related to the baud rate 
generator input clock frequency by the following formula: 

Output frequency = 
Input frequency/(time constant + 1) 

This allows an outputfrequency in the range of 1 to 1/65536 
of the input frequency, inclusive. 
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Digital Phase-Locked Loop 

Each channel in the USC contains a Digital Phase-Locked 
Loop (DPLL) to recover clock information from a data 
stream with NRZI or Biphase encoding. The DPLL is driven 
by a clock that is nominally 8, 16 or 32 times the receive 
data rate. The DPLL uses this clock, along the data stream, 
to construct a clock for the data. This clock may then be 
routed to the receiver, transmitter, or both, or to a pin for 
use externally. In all modes, the DPLL counts the input 
clock to create nominal bit times. As the clock is counted, 
the DPLL watches the incoming data stream fortransitions. 
Whenever a transition is detected, the DPLL makes a count 
adjustment (during the next counting cycle), to produce an 
output clock which tracks the incoming bit cells. The DPLL 
provides properly phased transmit and receive clocks to 
the clock multiplexer. 

Counters 

Each channel contains two 5-bit counters, which are 
programmed to divide an input clock by 4,8, 16 or 32. The 

110 INTERFACE CAPABILITIES 

The USC offers the choice of polling, interrupt (vectored or 
non-vectored) and block transfer modes to transfer data, 
status and control information to and from the CPU. 

Polling 

All interrupts are disabled. The registers in the USC are 
automatically updated to reflect current status. The CPU 
polls the Daisy Chain Control Register (DCCR) to deter­
mine status changes and then reads the appropriate 
status register to find and respond to the change in status. 
USC status bits are grouped according to function to 
simplify tllis soflware action. 

Interrupt 

When a USC responds to an interrupt acknowledge from 
the CPU, an interrupt vector may be placed on the data 
bus. This vector is held in the Interrupt Vector Register 
(IVR). To speed interrupt response time, the USC modifies 
three bits in this vector to indicate which type of interrupt 
is being requested. 

Each of the six sources of interrupts in each channel of the 
USC (Receive Status, Receive Data, Transmit Status, 
Transmit Data, l/o.Status and Device Status) has three bits 
associated with the interrupt source: Interrupt Pending 
(IP), Interrupt-Under-SerVice (IUS) and Interrupt Enable 
(IE). If the IE bit for a given source is set, that source can 
request interrupts. Note that individual sources within the 
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inputs of these two counters are sent to the clock multi­
plexer. The counters are used as prescalers for the baud 
rate generators, or to provide a stable transmit clock from 
a common source when the DPLL is providing the receive 
clock. 

Clock Multiplexer 

The clock multiplexer in each channel selects the clock 
source for the various blocks in the channel and selects an 
internal clock signal to potentially be sent to either the /RxC 
or /TxC pin. 

Test Modes 

The USC is programmed for localloopback or auto echo 
operation. In localloopback, the output of the transmitter 
is internally routed to the input of the receiver. This allows 
testing of the USC data paths without any external logic. 
Auto echo connects the RxD pin directly to the TxD pin. 
This is useful for testing serial links external to the USC. 

six groups also have interrupt enable bits which are set for 
the particular source. In addition, there is a Master Inter­
rupt Enable (MIE) bit in each channel which globally 
enables or disables interrupts within the channel. 

The other two bits are related to the interrupt priority chain. 
A channel in the USC may request an interrupt only when 
no higher priority interrupt source is requesting one, e.g., 
when lEI is High for the channel. In this case the channel 
activates the /INT signal. The CPU then responds with an 
interrupt acknowledge cycle, and the interrupting channel 
places a vector on the data bus. 

In the USC, the IP bit signals that an interrupt request is 
being serviced. If an IUS is set. all interrupt sources of 
lower priority within the channel and external to the channel 
are prevented from requesting interrupts. The internal 
interrupt sources are inhibited by the state of the internal 
daisy chain, while lower priority devices are inhibited by 
the lEO output of the channel being pulled Low and 
propagated to subsequent peripherals. An IUS bit is set 
during an interrupt acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are six sources of interrupt in each channel: Receive 
Status, Receive Data, Transmit Status, Transmit Data, I/O. 
Status and Device Status, prioritized in thatorder within the 
channel. There are six sources of Receive Status interrupt, 
each individually enabled: exited hunt, idle line, break/ 
abort, code violation/end-of-transmission/end-of-frame, 



parity error and overrun error. The Receive Data interrupt 
is generated whenever the receive FIFO fills with data 
beyond the level programmed in the Receive Interrupt 
Control Register (RICR). 

There are six sources of Transmit Status interrupt, each 
individually enabled: preamble sent, idle line sent, abort 
sent, end-of-framelend-of-transmission sent, CRC sent 
and underrun error. The Transmit Data interrupt is gener­
ated whenever the transmit FIFO empties below the level 
programmed in the Transmit Interrupt Control Register 
(TICR). The 1/0 Status interrupt serves to report transitions 
on any of six pins. Interrupts are generated on either or 
both edges with separate selection and enables for each 
pin. The pins programmed to generate 1/0 Status inter­
rupts are IRxC, /TxC, IRxREO, /TxREQ, lOCO and ICTS. 
These interrupts are independent of the programmed 
function of the pins. The Device Status interrupt has four 
separately enabled sources: receive character count FIFO 
overflow, DPLL sync acquired, BRG1 zero count and 
BRGO zero count. 

PROGRAMMING 

The Programmers Assistant (MS DOS based) and Techni­
cal Manual are available to provide details about 
programmming the USC. Also included are explanations 
and features of all registers in the USC. 

The registers in each USC channel are programmed by the 
system to configure the channels. Before this can occur, 
however, the system must program the bus interface by 
writing to the Bus Configuration Register (BCR). The BCR 
has no specific address and is only accessible immediately 
after a hardware reset of the device. The first write to the 
USC, after a hardware reset, programs the BCR. From that 
time on the normal channel registers may be accessed. No 
specific address need be presented to the USC for the 
BCR write; the USC knows that the first write after a 
hardware reset is destined for the BCR. 

In the multiplexed bus case, all registers are directly 
addressable via the address latched by lAS althe beginning 
of a bus transaction. The address is decoded from either 
AD6-ADO or AD7 -AD1. This is controlled by the Shift Right! 
Shift Left bit in the BCR. The address maps for these two 
cases are shown in Table 1. The DI/C pin is still used to 
directly access the receive and transmit data registers 
(RDR and TDR) in the multiplexed bus; if DI/C is High the 
address latched by lAS is ignored and an access of RDR 
or TOR is performed. 

In the non-multiplexed bus case, the registers in each 
channel are accessed indirectly using the address pointer 
in the Channel Command/Address Register (CCAR) in 
each channel. The address of the desired register is first 

Block Transfer Mode 

The USC accommodates block transfers via DMA through 
the IRxREO, /TxREO, IRxACK and ITxACK pins. The 
IRxREO signal is activated when the fill level of the receive 
FIFO exceeds the value programmed in the RICR. The 
DMA may respond with either a normal bus transaction or 
by activating the IRxACK pin to read the data directly (fly­
by transfer). The /TxREO signal is activated when the 
empty level of the transmit FIFO falls below the value 
programmed in the TICR. The DMA may respond either 
with a normal bus transaction or by activating the 
ITxACK pin to write the data directly (fly-by transfer). The 
IRxACK and /TxACK pin functions for this mode are con­
trolled by the Hardware Configuration Register (HCR). 
Then using the IRxACK and ITxACK pins to transfer data, 
no chip select is necessary; these are dedicated strobes 
for the appropriate FIFO. 

written to the CCAR and then the selected register is 
accessed; the pointer in the CCAR is automatically cleared 
after this access. The RDR and TOR are accessed directly 
using the DI/C pin, without disturbing the contents of the 
pointer in the CCAR. 

Table 1. Multiplexed Bus Address Assignments 

Address Signal Shift Left Shift Right 

Byte//Word Access AD7 AD6 
Address 4 AD6 AD5 
Address 3 AD5 AD4 

Address 2 AD4 AD3 
Address 1 AD3 AD2 
Address 0 AD2 AD1 
Upperl/Lower Byte Select AD1 ADO 

There are two important things to note about the USC. First, 
the Channel Reset bit in the CCAR places the channel in 
the reset state. To exit this reset state either a word of all 
zeros must be written to the CCAR (16-bit bus) or a byte of 
all zeros must be written to the lower byte of the CCAR 
(8-bit bus). The second thing to note is that after reset, the 
transmit and receive clocks are not connected. The first 
thing that should be done in any initialization sequence is 
a write to the Clock Mode Control Register (CMCR) to 
select a clock source for the receiver and transmitter. 

The register addressing is shown in Table 2. and the bit 
aSSignments for the registers are shown in Figure 6. 
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Reset 

Any Transaction 
Up To and Including 

No lAS 

+ 
At Least One lAS 

BCRWrite 

l J 
Non-

Multiplexed 
Multiplexed 

Bus 
BCR Bus 

Write 
clion Transa I I 

Address 
A4-A0 

00000 CCAR 
00001 CMR 
00010 CCSR 
00011 CCR 

00110 TMDR 
00111 TMCR 
01000 CMCR 
01001 HCR 

01010 IVR 
010.11 IOCR 
01100 ICR 
01101 DCCR 

01110 MISR 
01111 SICR 
1XOOO RDR 
10001 RMR 
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BCR[21~O BCR[21~O BCR[21~i BCR[21~O 
BCR[i51~i BCR[i51~O BCR[i51~i 

t l t t 
8-Bit With 8-Bit Without 8-Bit With 
Separate Separate is-Bit Separate 
Address Address Address 

Note: 
The presence of one transaction with an/AS active, between reset up to 
and including the BCR write, chooses a mu~iplexed type of bus. 

BCR[21~O BCR[21~i 

BCR[i51~O 

J l 
8-Bit Without 

Separate is-Bit 

Address 

Figure 6. BeR Reset Sequence and Bit Assignments 

Table 2. Register Address List 

Address 
A4-A0 

Channel Command/Address Register 10010 RCSR Receive Command/Status Register 
Channel Mode Register 10011 RICR Receive Interrupt Control Register 
Channel Command/Status Register 10100 RSR Receive Sync Register 
Channel Control Register 10101 RClR Receive Count Limit Register 

Test Mode Data Register 10110 RCCR Recieve Character Count Register 
Test Mode Control Register 10111 TCOR Time Constant 0 Register 
Clock Mode Control Register 1XOOO TDR Transmit Data Register (Write Only) 
Hardware Configuration Register 11001 TMR Transmit Mode Register 

Interrupt Vector Register 11010 TCSR Transmit Command/Status Register 
I/O Control Register 11011 TICR Transmit Interrupt Control Register 
Interrupt Control Register 11100 TSR Transmit Sync Register 
Daisy-Chain Control Register 11101 TClR Transmit Count Limit Register 

Misc Interrupt Status Register 11110 TCCR Transmit Character Count Register 
Status Interrupt Control Register 11111 TC1R Time Constant 1 Register 
Receive Data Register (Read Only) 
Receive Mode Register XXXXX BCR Bus Configuration Register 



CONTROL REGISTERS 

Address: 00000 

0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 0 1 
0 0 1 0 
0 0 1 0 
0 0 1 1 
0 0 1 1 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 1 1 0 
0 1 1 0 
0 1 1 1 
0 1 1 1 
1 0 0 0 
1 0 0 0 
1 0 0 1 
1 0 0 1 
1 0 1 0 
1 0 1 0 
1 0 1 1 
1 0 1 1 
1 1 0 0 
1 1 0 0 
1 1 0 1 
1 1 0 1 
1 1 1 0 
1 1 1 0 
1 1 1 1 
1 1 1 1 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

~ 
Upperl/Lower Byte Select (WO) 

Address 0 (WO) 

Address 1 (WO) 

Address 2 (WO) 

Address 3 (WO) 

Address 4 (WO) 

Byte//Word Access (WO) 

DMA Continue (WO) 

0 0 Normal Operation } 
0 1 Auto Echo Mode 
1 0 External Local Loopback Control 
1 1 Internal Local Loopback 

Channel Reset 

Null Command 
Reserved 
Reset Highest IUS 
Reserved 
Trigger Channel Load DMA 
Trigger Rx DMA 
Trigger Tx DMA 
Trigger Rx & Tx DMA 
Reserved 
Rx FIFO Purge 
Tx FIFO Purge 
Rx & Tx FIFO Purge 
Reserved 
Reload Rx Character Count 
Reload Tx Character Count 
Reload Rx & Tx Character Count Channel 
Reserved Command 
Load TCO (WO) 
Load TCl 
Load TCO & TCl 
Select Serial Data LSB First * 
Select Serial Data MSB First 
Select Straight Memory Data * 
Select Swapped Memory Data 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved * Selected 
Reserved Upon Reset 
Reserved 
Reserved 

Figure 7. Channel Command/Address Register 
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Address: 00001 

1~51~~~31~~~11~~~~~~~~lool~I~lool 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

I I 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

0 Asynchronous 
1 Reserved 
0 Isochronous 
1 Asynchronous wilh CV 
0 Monosync 
1 Bisync 
0 HOLC 
1 Transparent Bisync 
0 NBIP 
1 802.3 
0 Reserved 
1 Reserved 
0 Slaved Monosync 
1 Reserved 
0 HOLC Loop 
1 Reserved 

I I 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

Asy nchronous 
Exte mal Synchronous 

chronous 
nchronous wilh CV 

nosync 

Iso 
Asy 
Mo 
Bis ync 
HO LC 
Tr ansparent Bisync 

P NBI 
802. 3 
Res 
Res 
Res 
Res 
Res 
Res 

erved 
erved 
erved 
erved 
erved 
erved 

RxSubmode 0 

Rx Submode 1 

RxSubmode 2 

Rx Submode 3 

Transmitter 
Mode 

Tx Submode 0 

Tx Submorle 1 

Tx Submode 2 

TxSubmode 3 

Figure 8. Channel Mode Register 

Receiver 
Mode 



Address: 00001 

o 
o 
1 
1 

o 
1 
o 
1 

o 0 
o 1 
1 0 
1 1 

I I I I 
o 0 0 0 Asynchronous} Receiver 

Mode 

32X Data Rate Rx Clock 
16X Data Rate} 

64X Data Rate Rate 
Reserved 

Reserved 

Reserved 

o 000 ASynchronous} Transmitter 
Mode 

o 0 
o 1 
1 0 
1 1 

16X Data Rate} 
32X Data Rate Tx Clock 
64X Data Rate Rate 
Reserved 

One StopB~ 
Two Stop Bits 
One Stop Bit, Shaved 
Two Stop Bits, Shaved 

} 
TxStop 
Bits 

Figure 9. Channel Mode Register, Asynchronous Mode 

Address: 00001 

000 

000 R ed } Transmitter 
eserv Mode 

External Sync } Receiver 
Mode 

Reserved 

Reserved 

Figure 10. Channel Mode Register, External Sync Mode 
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Address: 00001 

o 0 o I ch } Transmitter 
so ronous Mode 

ISochronouS} Receiver 
Mode 

Reserved 

Reserved 

Tx Two Slop BUs 

Reserved 

Figure 11. Channel Mode Register, Isochronous Mode 

Address: 00001 

101510141013101210111010109108107106105104103102101 I DOl 

I I I I 
0 0 1 1 As ynchronous with CV }. Receiver 

Mode 

Rx Extended Word 

Reserved 

0 0 1 1 Asynchronous with CV } ~:!mHter 

CV Polarity 

Tx Extended Word 

o 0 One Stop Bh l 
o 1 Two Stop Bits Tx 
1 0 No Slop Bh Sioo Bits 
1 1 ReserVed J . 

Figure 12. Channel Mode Register, Asynchronous Mode 
with Code Violation (MIL SrD 1553) 



Address: 00001 

I I I I 
000 

o o 0 M } Transmitter 
onosync Mode 

MOnoSynC} Receiver 
Mode 

Rx Short Sync Character 

Rx Sync Strip 

Reserved 

L-____________________ Tx Short Sync Character 

Tx Preamble Enable 

Reserved 

Tx CRC on Underrun 

Figure 13. Channel Mode Register, Monosync Mode 

Address: 00001 

o 0 
o 1 
1 0 
1 1 

-- I 
0 

0 1 0 1 BI } Transmitter 
sync Mode 

SYNl } Tx 
SYNO/SYNl Underrun 
CRC/SYNl . 
CRClSYNO/SYNl CondiDon 

I I I 
1 0 1 Bis ync} Receiver 

Mode 

Ax Short Sync Character 

Ax Sync Strip 

Reserved 

Tx Short Sync Character 

Tx Preamble Enable 

Figure 14. Channel Mode Register, Bisync Mode 
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Address: 00001 

I I I I 
0 1 1 0 HO 

0 0 Disabled 
0 1 One Byte. No Control 
1 0 One Byte. Plus Control 
1 1 Extended. Plus Control 

0 1 1 0 HOLC } Transmitter 
Mode 

o 0 
o 1 
1 0 
1 1 

Abort } Tx 
Extended Abort Underrun 
Flag C nd"t" 
CRC/Flag 0 I Ion 

LC} Receiver 
Mode 

} 
"RX Address 
Search Mode 

Rx 16-Bit Control 

Rx Logical Control Enable 

Shared Zero Flags 

Tx Preamble Enable 

Figure 15. Channel Mode Register, HOLC Mode 

Address; 00001 

,0151014101310t2101110101 091 091 071 061 051 041 031 021 ot 1 DO 1 

o 
o 
1 
1 

o 
1 
o 
1 

I 
0 

SYN 
OLE/SYN 
CRC/SYN 
CRCIDLEISYN 

I 
1 

I I I 
0 1 1 

I I 
Transparent Bisync } ~::miner 1 1 

} 
Tx 
Underrun 
Condition 

I 
1 Tr ansparent BiSynC} Receiver 

Mode 

EBCDIC 

Reserved 

EBCDIC 

Tx Preamble Enable 

Figure 16. Channel Mode Register, Transparent Bisync Mode 



Address: 00001 

0 0 
0 1 
1 0 
1 1 

Address: 00001 

0 0 
0 1 
1 0 
1 1 

I I I I 
1 0 0 0 NBI } 

Receiver 
P Mode 

32X Data Aate Ax 
16X Data Aate } 

Clock 
e 64X Data Aate Aat 

Aeserved 

Ax Parily on Data 

Reserved 

1 0 0 0 NBIP } Transmitter 
Mode 

16X Data Aate } 
32X Data Aate Tx Clock 
64X Data Aate Aate 
Aeserved 

Figure 17. Channel Mode Register, NBIP Mode 

Tx Parity on Data 

Tx Address Bit 

~~~41~~~~'I~oL~oo~1~ool~lool~I~lool 

I I I I 
1 0 0 1 802. 

1 0 0 1 8023 } Transmitter 
. Mode 

Figure 18. Channel Mode Register, 802.3 Mode 

3} Receiver 
Mode 

Ax Address Search 

Reserved 

Aeserved 

Tx CAC on Underrun 
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Address: 00001 

Im5Im4Im~m2Imllmolool~~~ool~loolmlml~ 

I 
I I I I 
1 1 0 0 

1 1 0 0 Slaved Monosync } ~:!mitter 

Res erved } Receiver 
Mode 

Reserved 

Tx Short Sync Character 

Tx Active on Received Sync 

Reserved 

Tx CRC on Underrun 

Figure 19. Channel Mode Register, Slaved Monosync Mode 

Address: 00001 

Im5Im4Im3Im~mllmolooloolmloolool~loolmlmlool 

o 0 
o 1 
1 0 
1 1 

I 
I I 
1 1 

1 1 1 0 HOLC Loop } ~~~!miller 

Abort } Extended Abort Tx Underrun 
Flag Condition 
eRe/Flag J 

I I 
1 0 Res erved} Receiver 

Mode 

Reserved 

Shared-Zero Flags 

Tx Active on Poll 

Figure 20. Channel Mode Register, HOLC Loop Mode 



Address: 00010 

0 
0 
0 
0 
1 
1 
1 
1 

0 0 Both Edges 
0 1 Rising Edge Only 
1 0 Falling Edge Only 
1 1 AdjusVSync Inhibit 

~ /RxACK(ROj 

fTxACK (ROj 

0 0 SBits 
0 1 1 Bit 
1 0 2 Bits 
1 1 3 Bits 
0 0 4 Bits 
0 1 5 Bits 
1 0 6 Bits 
1 1 7 Bits 

} OPLL 
AdjusV 
Sync Edge 

} HOLC Tx Last 
Character Length 

Reserved 

Loop Sending (ROj 

On Loop (ROj 

Clock Missed Latched/Unlatch 

Clocks Missed Latched/Unlatch 

OPLL in Sync/Quick Sync 

RCC FIFO Clear (WOj 

RCC FIFO Valid (ROj 

RCC FIFO OVerflow (ROj 

Figure 21. Channel Command/Status Register 
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Address: 00011 

o 0 
o 1 
1 0 
1 1 

I I 

0 0 No Status Block } 
0 1 One Word Status Block Rx St 
1 0 Two Word Status Block Block 
1 1 Reserved 

0 0 All Zeros } "'" 
0 1 All Ones Tx Preamble 
1 0 A1temating 1 and 0 Pattern 
1 1 A1lemallng 0 and 1 

0 0 SBiis } 
0 1 16 Bits Tx Preamble 
1 0 32 Bits length 
1 1 64 Bits 

No Status Block } 
One Word Status Block Tx Status 
Two Word Status Block Block Transfer 
Reserved 

Figure 22. Channel Control Register 

Address: 00100 

Figure 23. Primary Reserved Register 

Reserved 

Walt for Ax DMA Trigger 

atus 
Transfer 

Tx Shaved Bit Length 
(Async Only) 

(All Sync) 

Reserved 

Wail for Tx DMA Trigger 

Reserved 



Address: 00101 

10151014101+12101110101091 OSI 071 061 OSI 041 031 021 011 DO 1 

I 
Reserved 

Figure 24. Secondary Reserved Register 

Address: 00110 

101510141013101210111010109loslml06losI04IoolmI01IDOI 

~ 
Test Data <0> 

Test Data <1> 

Test Data <2> 

Test Data <3> 

Test Data <4> 

Test Data <5> 

Test Data <6> 

Test Data <7> 

Test Data <8> 

Test Data <9> 

Test Data <10> 

Test Data <11> 

Test Data <12> 

Test Data <13> 

Test Data <14> 

Test Data <15> 

Figure 25. Test Mode Data Register 
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Address: 00111 

101510141013101210111010109108107106105104103102101 I DO 1 

I I I I I 
0 0 0 0 0 Null Address 
0 0 0 0 1 High Byte of Shifters 
0 0 0 1 0 CRC Byte 0 
0 0 0 1 1 CRC Byte 1 
0 0 1 0 0 Rx FIFO (Write) 
0 0 1 0 1 Clock Multiplexer Outputs 
0 0 1 1 0 CTRO and CTR1 Counters 
0 0 1 1 1 Clock Multiplexer Inputs 
0 1 0 0 0 DPLLState 
0 1 0 0 1 Low Byte of Shifters 
0 1 0 1 0 CRC Byte 2 
0 1 0 1 1 CRC Byte 3 
0 1 1 0 0 Tx FIFO (Read) 
0 1 1 0 1 Reserved 
0 1 1 1 0 I/O and Device Status Latches 
0 1 1 1 1 Internal Daisy Chain Test 

1 0 0 0 0 ReselVed Register 

1 0 0 0 1 Reserved Address 

1 0 0 1 0 Reserved 
1 0 0 1 1 Reserved 
1 0 1 0 0 Reserved 
1 0 1 0 1 Reserved 
1 0 1 1 0 Rx Count Holding Register 
1 0 1 1 1 Reserved 
1 1 0 0 0 Reserved 
1 1 0 0 1 Reserved 
1 1 0 1 0 Reserved 
1 1 0 1 1 Reserved 
1 1 1 0 0 Reserved 
1 1 1 0 1 Reserved 
1 1 1 1 0 Reserved 
1 1 1 1 1 Reserved 

Reserved 

Figure 26. Test Mode Control Register 
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Address: 01000 

Im5Im4Im3Im2Im~olooloolmloolool~loolmlrnlool 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Disabled 
/RxC Pin 
ITxC Pin 
DPLL OutpUl 
BRGO OutpUl 
BRG10Utput 
CTRO Output 
CTR10utput 

} 
Receive Clock 
Source 

0 0 0 Disabled 
0 0 1 /RxC Pin 
0 1 0 ITxC Pin 
0 1 1 DPLL OutpUl 
1 0 0 BRGO OUtput 
1 0 1 BRG10Utput 
1 1 0 CTRO OUtput 
1 1 1 CTRl O\Jtput 

} 
Transmit Clock 
Source 

0 0 BRGO Output 
0 1 BRGlOUtpUl } DPLLCI 
1 0 IRxC Pin Source 
1 1 ITxC Pin 

ock 

0 0 CTROOutput 
0 1 CTR10utpUl } BRGOClock 
1 0 IRxC Pin Source 
1 1 ITxC Pin 

0 0 CTRO Output 
0 1 CTR10utpUl } BRGl Clock 
1 0 /RxC Pin Source 
1 1 ITxC Pin 

0 0 Disabled } 
0 1 Disabled CTRO Clock 
1 0 /RxC Pin Source 
1 1 ITxC Pin 

o 0 
o 1 
1 0 
1 1 

Disabled } 
Disabled CTRl Clock 
/RxC Pin Source 
ITxC Pin 

Figure 27. Clock Mode Control Register 
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Address: 01001 

o 
o 
1 
1 

o 
1 
o 
1 

o 
o 
1 
1 

o 
1 
o 
1 

32x Clock Mode 
16x Clock Mode 
8x Clock Mode 
4x Clock Mode 

BRGO Enable 

BRGO Single Cycle/Continuous 

o 
o 
1 
1 

o 
1 
o 
1 

3-State OUtput } 
Rx Acknowledge Input IRxACK 
Output 0 Pin Control 
Output 1 

BRGI Enable 

BRGI Single Cycle/Continuous 

o 0 
Tx Acknowledge Input ITxACK o 1 

1 0 
1 1 

3-State Output } 

Output 0 Pin Control 
Output 1 

o 0 
o 1 
1 0 
1 1 

Disabled } 
NRZlNRZI DPLL 
Biphase-MarklSpace Mode 
Biphase-Level 

32x Clock Mode 
16x Clock Mode 
8x Clock Mode 
Reserved 

} 
CTROClock 
Rate 

} 
DPLLClock 
Rate 

Accept Code Violations 

CTRI Rate Match DPLUCTRO 

Figure 28. Hardware Configuration Register 



Address: 01010 

~ 

0 0 0 - } 0 0 1 Device Status 
0 1 0 VO Slalus 
0 1 1 T ransmil Dala Modified 
1 0 0 Transmit Slatus Vector (RO) 
1 0 1 Receive Dala 
1 1 0 Receive Slalus 
1 1 1 NolUsed 

Figure 29. Interrupt Vector Register 

IV <2> 

IV <3> 

IV <4> 

IV<S> 

IV <7> 

IV <0> (RO) 

IV <4> (RO) 

IV <5> (RO) 

IV <6> (RO) 

IV <7> (RO) 
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Address: 01011 

o 
o 
1 
1 

o 
1 
o 
1 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Input Pin } Ax Clock Output 
Ax Byte Clock Output 
SYNC Output IRxC Pin 
BRGO Outpul Conlrol 
BRG10utput 
CTROOuipul 
DPLL Ax Output 

0 0 0 Input Pin 
0 0 1 Tx Clock Oulp 
0 1 0 Tx Byle Clock 
0 1 1 TxCompiele Output ITxC ~Iput} 
1 0 0 BRGOOutPUI 
1 0 1 BRG10utput 
1 1 0 CTR10utput 
1 1 1 DPLL TxOuI 

put Pin Conlrol 

0 0 Tx Dala Output 
0 1 3-Slale Outpul } TxDPin 
1 0 OutpulO Conlrol 
1 1 Outpull 

0 0 3-Slale Output } 
0 1 Ax Requesl Output IRxREO 
1 0 OutpulO Pin Conlrol 
1 1 Outpull 

0 0 3-Slale Output } 
0 1 Tx Requesl Output ITxREO 
1 0 OutpulO PinConlrol 
1 1 Oulpull 

0 0 /DCDlnpul } 
0 1 /DCDI/SYNC Input 
1 O. OutpulO 
1 1 Output 1 

ICTS Input 1 
ICTS Input 
OutpulO 
Output 1 J 

ICTS 
Pin Conlrol 

lOCO 
Pin Conlrol 

Figure 30. Iro Control Register 



Address: 01100 

0 
0 
0 
0 
1 
1 
1 
1 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

All 

o 
o 
1 
1 

o 
1 
o 
1 

Null Command } 
Null Command 
Reset IE 
Set IE 

VO Status and Above 

IE Command 
(WO) 

Transmit Data and Above " } VIS 
Transmit Status and Above Level 
Receive Data and Above 
Receive Status Only 
None 

Figure 31. Interrupt Control Register 

Device Status IE 

I/O Status IE 

Transmit Data IE 

Transmit Status IE 

Receive Data IE 

Receive Status IE 

Reserved 

VIS 

NV 

DLC 

MIE 
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Address: 01101 

o 
o 
1 
1 

o 
1 
o 
1 

Null Command } 
Null Command 
Reset IUS 
Set IUS 

o 
o 
1 
1 

o 
1 
o 
1 

IUS Command 
(WO) 

Null Command } 
Reset IP and IUS 
Reset IP 
SetlP 

IPCommand 
(WO) 

Figure 32. Daisy-Chain Control Register 

Device Status IP 

1/0 Status IP 

Transmit Data IP 

Transmit Status IP 

Receive Data IP 

Receive Status IP 

Device Status IUS 

1/0 Status IUS 

Transmit Data IUS 

Transmit Status IUS 

Receive Data IUS 

Receive Status IUS 



Address: 01110 

101510141013101210111010109108.107106105104103102101 I 00 I 

~ 
BRGO ZC LalchedJUnlatch 

BRG1 ZC LatchedJUnlalch 

DPLL SYNC lalched/Unlalch 

RCC OVerflow latchedJUnlatch 

ICTS(RO) 

ICTS latchedJUnlatch 

IDCD(RO) 

lOCO LatchedJUnlatch 

ITxREO(RO) 

ITxREO LatchedlUnlatch 

IRxREO(RO) 

IRxREO Latched/Unlatch 

ITxC (RO) 

ITxC latched/Unlatch 

IRxC (RO) 

IRxC latchedJUnlatch 

Figure 33. Miscellaneous Interrupt Status Register 
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Address: 01111 

1015101410131012101110101 091 081 071 061 D51 041 D31 021 01 IDOl 

o 0 

BRGOZC IE 

BRG1 ZC IE 

DPLLSYNC IE 

RCC Overflow IE 

o 1 Rising Edge Only ICTS 
Disabled } 

o 
o 
1 
1 

o 
1 
o 
1 

1 0 Falling Edge Only Interrupts 
1 1 Both Edges 

0 0 Disabled } 
0 1 Rising Edge Only 
1 0 Falling Edge Only 
1 1 Both Edges 

o 
o 
1 
1 

o 
1 
o 
1 

o 0 
o 1 
1 0 
11 

0 0 Disabled } 
0 1 Rising Edge Only 
1 0 Falling Edge Only 
1 1 Both Edges 

Disabled } 
Rising Edge Only IRxREO 
Falling Edge Only Interrupts 
Both Edges 

Disabled } 
Rising Edge Only 
Falling Edge Only 
Both Edges 

ITxC 
Interrupts 

Disabled } 
Rising Edge Only IRxC 
Falling Edge Only Interrupts 
Both Edges 

ITxREO 
Interrupts 

IDCO 
Inter rupts 

Figure 34. Status Interrupt Control Register 



Address: 1xOOO 

~ 

Figure 35. Receive Data Register 

RxOAT <0> (RO) 

RxOAT <1> (RO) 

RxOAT <2> (RO) 

RxOAT <3> (RO) 

RxOAT <4> (RO) 

RxOAT <5> (RO) 

RxOAT <6> (RO) 

RxOAT <7> (RO) 

RxOAT <8> (RO) 

RxOAT <9> (RO) 

RxOAT <10> (RO) 

RxOAT <11> (RO) 

RxOAT <12> (RO) 

RxOAT <13> (RO) 

RxOAT <14> (RO) 

RxOAT <15> (RO) 
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Address: 10001 

1015101410131012101110101091081071061051041031021011 DO 1 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 0 
Even} 0 1 Odd 

1 0 Space 
1 1 Mark 

o 0 
o 1 
1 0 
1 1 

CRC-CCITT } 
CRC-1S RxCRC 
CRC-32 Polynomial 
Reserved 

NAZ 

} NAZB 
NAZI-Mark 
NAZI-Space Rx Data 
Biphase-Mark Decoding 
Biphase-Space 
Biphase-Level 
DiH. Biphase-Level 

0 
1 
0 
1 
0 
1 
0 
1 

I I 
o 0 
o 1 
1 0 
1 1 

8 Bits 
1 Bit 2 Bits 
3 Bits 
4 Bits 
5 Bits 
SBits 
7Bits 

Rx Parity 
Sense 

Oisable Immediately } 
Disable Alter Reception Rx 
Enable Without Auto-Enables Enable 
Enable With Auto-Enables 

} Rx Character 
Length 

Rx Parity Enable 

Reserved 

Rx CRC Enable 

Rx CRC Preset Value 

Figure 36. Receive Mode Register 



Address: 10010 

I 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 1 

~ 

Null Command ""'I 
Reserved 
PresetCRC 
Enter Hunt Mode 
Reserved 
Select FIFO Status 
Select FIFO Interrupt Level 

Receiv e 

Rx Character Available (RO) 

Rx Overrun 

Parity Error 

CRC/Framing Error (RO) 

Rx CV/EOTIEOF 

Rx Breal<!Abort 

Rx Idle 

Exited Hunt 

Short Frame/CV Polarity (RO) 

Residue Code 0 (RO) 

Residue Code 1 (RO) 

Residue Code 2 (RO) 

Select FIFO Request Level 
Comm Reserved and \'NO) 

Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

First Byte in Error (RO) 

Second Byte in Error (RO) 

Figure 37. Receive Command Status Register 
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Address: 10011 

TCOR Read CountITC 

Rx Overrun IE 

Parity Error IE 

Status on Words 

Rx CV!EOT/EOF IE 

Rx Break! Aborl IE 

Rx Idle IE 

Exiled Hunt IE 

Ax FIFO Control and Status 
(FillllnterrupUDMA Level) 

Figure 38. Receive Interrupt Control Register 

Address: 10100 

Irn~rn~rn3Irn~rnllrnoloolooIIDloolool~lool~lrnlool 

~ RSYN <1> 

RSYN<2> 

RSYN<3> 

RSYN<4> 

RSYN <5> 

RSYN<S> 

RSYN<7> 

RSYN<S> 

II 
I I RSYN <9> 

RSYN dO> 

RSYN<11> 

RSYN<12> 

RSYN<13> 

RSYNd4> 

RSYN <15> 

Figure 39. Receive Sync Register 



Address: 10101 

~ RCL<1> 

RCL<2> 

RCL<7> 

RCL<10> 

RCL<11> 

RCL<12> 

RCL<13> 

RCL<14> 

RCL<1S> 

Figure 40. Receive Count Limit Register 
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Address: 10110 

Irn5Irn4Irn3Irn2Irn1Irnol~ooL~ooL~I~Lool~lrnlool 

~ 

Figure 41. Receive Character Count Register 

RCC <0> (RO) 

RCC<1> (RO) 

RCC<2> (RO) 

RCC <3> (RO) 

RCC <4> (RO) 

RCC <5> (RO) 

RCC<6> (RO) 

RCC <7> (RO) 

RCC <8> (RO) 

RCC<9> (RO) 

RCC <10> (RO) 

RCC <11> (RO) 

RCC <12> (RO) 

RCC <13> (RO) 

RCC <14> (RO) 

RCC <15> (RO) 



Address: 10111 
1015101410131012101110101091 OSI 071 061 D51D4J 03 ID2 I 01 100 1 

~ 
TCO <;0> 

TCO-<1> 

TCO <;2> 

TCO <;4> 

TCO <;7> 

TCO <;8> 

TCO <;9> 

TCO <11> 

TCO -<12> 

TCO <13> 

TCO <14> 

Figure 42. Time Constant 0 Register 
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Address: 1.000 

942 

Figure 43. Transmit Data Register 

TxDAT <0> (WO) 

TxDAT <1> (WO) 

TxDAT <2> (WO) 

TxDAT <3> (WO) 

TxDAT <4> (WO) 

TxDAT <5> (WO) 

TxDAT <6> (WO) 

TxDAT <7> (WO) 

TxDAT <B> (WO) 

TxDAT <9> (WO) 

TxDAT <10> (WO) 

TxDAT <11> (WO) 

TxDAT <12> (WO) 

TxDAT <13> (WO) 

TxDAT <14> (WO) 

TxDAT <15> (WO) 



Address: 11001 

o 
o 
o 
o 
1 
1 
1 
1 

o 
o 
1 
1 
o 
o 
1 
1 

o 
1 
o 
1 
o 
1 
o 
1 

0 
0 
1 
1 

0 0 CRC-CCITT } 
0 1 CRC-16 
1 0 CRC-32 
1 1 Reserved 

NRZ 
NRZB 
NRZI-Mark 
NRZI-Space 
Biphase-Mark 
Biphase-Space 
Biphase-Level 
DiU. Biphase-Level 

} 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 
EVen} 1 Odd 

0 Space 
1 Mark 

TxCRC 
Polynomial 

Tx Data 
Enooding 

I I 
0 0 
0 1 
1 0 
1 1 

0 BBits 
1 1 Bit 
0 2 Bits 
1 3 Bits 
0 4 Bits 
1 5 Bits 
0 6 Bits 
1 7 Bits 

Tx Parity 
Sense 

Dis 
Disa ble After Transmission Tx 
En able Without Auto-Enables Enable 
Enab 

able Immediately } 

te With Auto-Enables 

}: x Character 
ength 

Tx Parity Enable 

Tx CRC on EOF/EOM 

Tx CRC Enable 

Tx CRC Preset Value 

Figure 44. Transmit Mode Register 
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,Address: 11010 

~ 
Tx Bufler Empty (RO) 

Tx Underrun 

All Sent (RO) 

Tx CRC Sent 

Tx EOF/EOT Sent 

Tx Abort Sent 

Tx Idle Sent 

Tx Preamble Sent 

0 0 0 

,~"-~. } 0 0 1 Alternating 1 and 0 
0 1 0 All Zeros 
0 1 1 All Ones Tx Idle U 
1 0 0 Reserved Condition 
1 0 1 Alternating Marl< and Space 
1 1 0 Space 
1 1 1 Marl< 

ne 

Reserved 

0 0 0 0 Null Command 
0 0 0 1 Reserved 
0 0 1 0 PresetCRC 
0 0 1 1 Reserved 
0 1 0 0 Reserved 
0 1 0 1 Select FIFO Status 
0 1 1 0 Select Interrupt Level 
0 1 1 1 Select Request Level Transmit 
1 0 0 0 Send Frame/Message Command (WO) 
1 0 0 1 Send Abort 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Reset DLE Inhibit 
1 1 0 1 Set DLE Inhibit 
1 1 1 0 Reset EOF/EOM 
1 1 1 1 Set EOFIEOM 

FigUie 45. Transmit Command/Status Register 
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Address: 11011 

TCl R Read CountITC 

Tx o"errun IE 

Wail lor Send Command 

Tx CRC SenilE 

Tx EOFIEOT Sent IE 

Tx Abort SenilE 

Tx Idle SenilE 

Tx Preamble SenilE 

Tx FIFO Control and Status 
(FilUlnlerruptiDMA Level) 

Figure 46. Transmit Interrupt Control Register 

Address: 11100 

~ 
TSYN<O> 

TSYN<1> 

TSYN<2> 

TSYN<3> 

TSYN<4> 

TSYN<S> 

TSYN<S> 

TSYN<7> 

TSYN<S> 

TSYN<9> 

TSYN<10> 

TSYN<l1> 

TSYN<12> 

TSYN<13> 

TSYN<14> 

TSYN<lS> 

Figure 47. Transmit Sync Register 
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Address: 11101 
1015101410131012101110101091081071 OSI 051 041 031 021 011 DO 1 

~ 
TCl<O> 

TCl <1> 

TCl<2> 

TCl<3> 

TCl<4> 

TCl <8> 

TCl<10> 

TCl<11> 

TCl <12> 

TCl <13> 

TCl <14> 

TCl <15> 

Figure 48. Transmit Count Limit Register 



Address: 11110 

~ 

Figure 49. Transmit Character Count Register 

Tee <0> (RO) 

Tee <1> (RO) 

Tee <2> (RO) 

Tee <3> (RO) 

Tee <4> (RO) 

Tee <5> (RO) 

Tee <6> (RO) 

Tee <7> (RO) 

Tee <8> (RO) 

Tee <9> (RO) 

Tee <10> (RO) 

Tee <11> (RO) 

Tee <12> (RO) 

Tee <13> (RO) 

Tee <14> (RO) 

Tee <15> (RO) 
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Address: 11111 

~ Tel <1> 

Tel <2> 

Tel <3> 

Tel <4> 

Tel <5> 

Tel <7> 

Tel <8> 

Tel <9> 

Tel <10> 

Tel <11> 

Tel <12> 

Tel <13> 

Tel <14> 

Tel <15> 

Figure 50. Tiine Constant 1 Register 
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Address: None * 

* ReIer to Figure 22 (Channel Control Register) 
Bfts 6-7 lor Access Method 

~ 

Figure 51. Receive Status Block Register 

RxOverrun 

Parity Error 

CRCError 

Ax CVlEOTIEOF 

o 

o 

o 

Short FrameJCV Potarity 

Residue Code 0 

Residue Code 1 

Residue Code 2 

o 

o 

First Byte in Error 

Second Byte In Error 
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Address: None * 

1015101410131012101110101091081071081051041031021 011 DOl 

* Refer to Agure 22 (Chamel Control Register) 
Bils15-14 for Access Method 

IIIL- Reserved 

0 0 0 BBtts 
0 0 1 1 Btt 
0 1 0 2 Bits 
0 1 1 3 Bits } ~~T,~ 
1 0 0 4 Bits Character Length 
1 0 1 5Bils 
1 1 0 SBiis 
1 1 1 7 Bits 

Reserved 

TxSubmode0 

TxSubmode1 

TxSubmode2 

TxSubmode3 

Figure 52. Transmit Status Block Register 

Address: None 

* Must be programmed as zero. 

ShHt RIght Addresses 

Double-Pulse INTACK 

16-BII Bus 

0* 

Reserved 

3-State All Pins 

Separate Address for 8-Blt 

Figure 53. Bus Configuration Register 

USC TIMING 

The USC interface timing is similar to that found on a static 
RAM. except that it is much more flexible. Up to eight 
separate timing strobe signals may be present on the 
interface: IDS, /RD, /VVR, IPITACK, IRxACKA, IRxACKB, 
/TxACKA and /TxACKB. Only one of these timing strobes 
may be active at any time. Should the external logic 

950 

activate more than one of these strobes 
the USC will enter a pre-reset state that i 
hardware reset. Do not allow overlap of tir 
timing diagrams, beginning on the next rc 
different bus transactions possible, wit 
setup, hold and delay times. 



ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins 
with respect to Vss .................. . . ...... -0.3 V to +7.0 V 
Voltages on all inputs 
with respect to Vss ..... .-0.3V to Vcc +0.3V 
Operating Ambient 
Temperature ............. . . See Ordering Information 
Storage Temperature. . ........ -65°C to + 150°C 

ST ANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance section below 
apply for the following standard test conditions, unless 
ott10rwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

+4.5 V < Vee < +5.5 V 
GND = OV 
TA as specified in Ordering Information 

lANCE 

Parameter 

Input Capacitance 
Output CapaCitance 
3idirectional CapaCitance 

· . .:;ilied temperature range. 

EOUS Transistor Count - 174,000 

Stresses greater tilan those listed under Absolute Maxi­
mum Ratings may cause pennanentdamage to the device. 
This is a stress rating only; operation of the device at any 
condition above ttlOse indicated in tile operational sec­
tions of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Min 

+5V 

2kQ 

From Output 
Under Test 

50 pF 

I I -= 

Figure 54. Standard Test Load 

Max 

10 
15 
20 

Unit 

pf 
pf 
pf 

Condition 

Unmeasured pins 
returned to Ground. 
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DC CHARACTERISTICS 
Z16C30 

Symbol Parameter Min Typ Max Unit Condition 

V,H Input High Voltage 2.2 Vcc+0.3 V 
V,L Input Low Voltage -0.3 0.8 V 
VOH 1 Output High Voltage 2.4 V IOH= -1.6mA 
VoH2 Output High Voltage Vee-0.8 V IOH= -250 J.tA 

VOL Output Low Voltage 0.4 V IOL= +2.0 mA 

I'L Input Leakage ±1O.00 J.tA 0.4 < V,N < +2.4V 

IOL Output Leakage ±10.00 J.tA 0.4 < V OUT < +2.4V 

Icci Vcc Supply Current 7 50 mA Vcc=5V V,H= 4.8V V,L= 0.2V 

Note: 
Vee= 5V ± 10% unless otherwise specified, over specified temperature range. 

AC CHARACTERISTICS 
Z16C30 

[6]10 Mbps [7] 20 Mbps 

No Symbol Parameter Min Max Min Max Units No! 

1 Tcyc Bus Cycle Time 160 110 ns 
2 TwASI lAS Low Width 40 30 ns 
3 TwASh lAS High Width 90 60 ns 
4 TwDSI IDS Low Width 70 60 ns 

5 TwDSh IDS High Width 60 50 ns 
6 TdAS(DS) lAS Rise to IDS Fall Delay Time 5 5 ns 
7 TdDS(AS) IDS Rise to lAS Fall Delay Time 5 5 ns 
8 TdDS(DRa) IDS Fall to Data Active Delay 0 0 ns 

9 TdDS(DRv) IDS Fall to Data Valid Delay 85 60 n 
10 TdDS(DRn) IDS Rise to Data Not Valid Delay 0 0 r 
11 TdDS(DRz) IDS Rise to Data Float Delay 20 20 r 
12 TsCS(AS) ICS to lAS Rise Setup Time 15 15 r, 

13 ThCS(AS) ICS to lAS Rise Hold Time 0 0 
14 TsADD(AS) Direct Address to lAS Rise Setup Time 15 15 
15 ThADD(AS) Direct Address to lAS Rise Hold Time 5 5 
16 TsSIA(AS) ISITACK to lAS Rise Setup Time 15 15 

17 ThSIA(AS) ISITACK to lAS Rise Hold Time 5 5 
18 TsAD(AS) Address to lAS Rise Setup Time 15 15 
19 ThAD(AS) Address to lAS Rise Hold Time 5 5 
20 TsRW(DS) R//W to IDS Fall Setup Time 0 0 
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AC CHARACTERISTICS 
Z16C30 

(6)10 Mbps [7] 20 Mbps 
No Symbol Parameter Min Max Min Max Units Note 

21 ThRW(DS) R//W to IDS Fall Hold Time 25 25 ns 
22 TsDSf(RRQ) IDS Fall to IRxREQ Inactive Delay 60 60 ns [4] 
23 TdDSr(RRQ) IDS Rise to IRxREQ Active Delay 0 0 ns 
24 TsDW(DS) Write Data to IDS Rise Setup Time 30 30 ns 

25 ThDW(DS) Write Data to IDS Rise Hold Time 0 0 ns 
26 TdDSf(TRQ) IDS Fall to /TxREQ Inactive Delay 65 65 ns [5] 
27 TdDSr(TRQ) IDS Rise to /TxREQ Active Delay 0 0 ns 
28 TwRDI IRD Low Width 70 60 ns 

29 TwRDh IRD High Width 60 50 ns 
30 TdAS(RD) lAS Rise to /RD Fall Delay Time 5 5 ns 
31 TdRD(AS) IRD Rise to lAS Fall Delay Time 5 5 ns 
32 TdRD(DRa) IRD Fall to Data Active Delay 0 0 ns 

33 TdRD(DRv) IRD Fall to Data Valid Delay 85 60 ns 
34 TdRD(DRn) /RD Rise to Data Not Valid Delay 0 0 ns 
35 TdRD(DRz) IRD Rise to Data Float Delay 20 20 ns 
36 TdRDf(RRQ) IRD Fall to /RxREQ Inactive Delay 60 60 ns [4] 

37 TdRDr(RRQ) IRD Rise to IRxREO Active Delay 0 0 ns 
38 TwWRI IWR Low Width 70 60 ns 
39 TwWRh /WR High Width 60 50 ns 
40 TdAS(WR) lAS Rise to IWR Fall Delay Time 5 5 ns 

TdWR(AS) IWR Rise to lAS Fall Delay Time 5 5 ns 
TsDW(WR) Write Data to /WR Rise Setup Time 30 30 ns 
ThDW(WR) Write Data to /WR Rise Hold Time 0 0 ns 
TdWRf(TRO) /WR Fall to /TxREO Inactive Delay 65 65 ns [5] 

TdWRr(TRQ) /WR Rise to /TxREO Active Delay 0 0 ns 
sCS(DS) ICS to IDS Fall Setup Time 0 0 ns [2] 
lCS(DS) ICS to IDS Fall Hold Time 25 25 ns [2] 
ADD(DS) Direct Address to IDS Fall Setup Time 5 5 ns [1,2] 

\DD(DS) Direct Address to IDS Fall Hold Time 25 25 ns [1,2] 
;IA(DS) ISIT ACK to IDS Fall Setup Time 5 5 ns [2] 
'A(DS) lSI TACK to IDS Fall Hold Time 25 25 ns [2] 
>(RD) ICS to IRD Fall Setup Time 0 0 ns [2] 

:RD) ICS to IRD Fall Hold Time 25 25 ns [2] 
)(RD) Direct Address to IRD Fall Setup Time 5 5 ns [1,2] 
l(RD) Direct Address to IRD Fall Hold Time 25 25 ns [1,2] 
'lD) ISIT ACK to IRD Fall Setup Time 5 5 ns [2] 

lO) ISIT ACK to IRD Fall Hold Time 25 25 ns [2] 
IR) ICS to IWR Fall Setup Time 0 0 ns [2] 
'R) ICS to IWR Fall Hold Time 25 25 ns [2] 
¥'VR) Direct Address to /WR Fall Setup Time 5 5 ns [1,2] 
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AC CHARACTERISTICS 
Z16C30 

[6]10 Mbps [7]20 Mbps 

No Symbol Parameter Min Max Min Max Units Note 

61 ThADD(WR) Direct Address to IWR Fall Hold Time 25 25 ns [1,2] 
62 TsSIA(WR) ISITACK to IWR Fall Setup Time 5 5 ns [2] 
63 ThSIA(WR) ISIT ACK to IWR Fall Hold Time 25 25 ns [2] 
64 TwRAKI IRxACK Low Width 70 60 ns 

65 TwRAKh IRxACK High Widtll 60 50 ns 
66 TdRAK(DRa) IRxACK Fall to Data Active Delay 0 0 ns 
67 TdRAK(DRv) IRxACK Fall to Data Valid Delay 85 60 ns 
68 TdRAK(DRn) IRxACK Rise to Data Not Valid Delay 0 0 ns 

69 TdRAK(DRz) IRxACK Rise to Data Float Delay 20 20 ns 
70 TdRAKf(RRO) IRxACK Fall to IRxREO Inactive Delay 60 60 ns [4] 
71 TdRAKr(RRO) IRxACK Rise to IRxREO Active Delay 0 0 ns 
72 TwTAKI ITxACK Low Width 70 60 ns 

73 TwTAKh ITxACK High Width 60 50 ns 
74 TsDW(TAK) Write Data to ITxACK Rise Setup Time 30 30 ns 
75 ThDW(TAK) Write Data to ITxACK Rise Hold Time 0 0 ns 
76 TdTAKf(TRO) ITxACK Fall to /TxREO Inactive Delay 65 65 ns [5] 

77 TdTAKr(TRO) ITxACK Rise to /TxREO Active Delay 0 0 ns 
78 TdDSf(RDY) IDS Fall (INTACK) to IRDY Fall Delay 200 200 ns 
79 TdRDY(DRv) IRDY Fall to Data Valid Delay 40 40 ns 
80 TdDSr(RDY) IDS Rise to IRDY Rise Delay 40 40 ns 

81 TsIEI(DSI) lEI to IDS Fall (INTACK) Setup Time 60 10 ns 
82 ThIEI(DSI) lEI to IDS Rise (INTACK) Hold Time 0 0 ns 
83 TdIEI(IEO) lEI to lEO Delay 60 30 ns 
84 TdAS(IEO) lAS Rise (Intack) to lEO Delay 60 60 ns 

85 TdDSI(INT) IDS Fall (INTACK) to liNT Inactive Delay 200 200 ns· 
86 TdDSI(Wf) IDS Fall (INTACK) to /WAIT Fall Delay 40 40 ns 
87 TdDSI(Wr) IDS Fall (INTACK) to /WAIT Rise Delay 200 200 nf 
88 TdW(DRv) IWAIT Rise to Data Valid Delay 40 40 n:. 

89 TdRDf(RDY) IRD Fall (INTACK) to IRDY Fall Delay 200 200 r 
90 TdRDr(RDY) IRD Rise to IRDY Rise Delay 40 40 
91 TsIEI(RDI) lEI to IRD Fall (INTACK) Setup Time 60 10 
92 ThIEI(RDI) lEI to IRD Rise (INTACK) Hold Time 0 0 

93 TdRDI(INT) IRD Fall (INTACK) to liNT Inactive Delay 200 200 
94 TdRDI(Wf) IRD Fall (INTACK) to /WAIT Fall Delay 40 40 
95 TdRDI(Wr) IRD Fall (INTACK) to /WAIT Rise Delay 200 200 
96 TwPIAI IPITACK Low Width 70 60 

97 TwPIAh IPITACK High Width 60 50 
98 TdAS(PIA) lAS Rise to IPITACK Fall Delay Time 5 5 
99 TdPIA(AS) IPITACK Rise to lAS Fall Delay Time 5 5 
100 TdPIA(DRa) IPIT ACK Fall to Data Active Delay 0 0 
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AC CHARACTERISTICS 
Z16C30 

[6)10 Mbps [7] 20 Mbps 

No Symbol Parameter Min Max Min Max Units Note 

101 TdPIA(DRn) IPITACK Rise to Data Not Valid Delay 0 0 ns 
102 TdPIA(DRz) IPITACK Rise to Data Float Delay 20 20 ns 
103 TsIEI(PIA) lEI to IPITACK Fall Setup Time 60 10 ns 
104 ThIEI(PIA) lEI to IPIT ACK Rise Hold Time 0 0 ns 

105 TdPIA(IEO) IPIT ACK Fall to lEO Delay 60 60 ns 
106 TdPIA(INT) /pITACK Fall to liNT Inactive Delay 200 200 ns 
107 TdPIAf(RDY) IPIT ACK Fall to IRDY Fall Delay 200 200 ns 
108 TdPIAr(RDY) IPITACK Rise to IRDY Rise Delay 40 40 ns 

109 TdPIA(Wf) IPIT ACK Fall to /WAIT Fall Delay 40 40 ns 
110 TdPIA(Wr) IPITACK Fall to /WAIT Rise Delay 200 200 ns 
111 TdSIA(INT) lSI TACK Fall to lEO Inactive Delay 200 200 ns [2] 
112 TwSTBh IStrobe High Width 60 50 ns [3] 

113 TwRESI' IRESET Low Width 170 170 ns 
114 TwRESh IRESET High Width 60 60 ns 
115 Tdres(STB) IRESET Rise to ISTB Fall 60 60 ns [3] 
116 TdDSf(RDY) IDS Fall to IRDY Fall Delay 50 50 ns 

117 TdWRf(RDY) /WR Fall to IRDY Fall Delay 50 50 ns 
118 TdWRr(RDY) /WR Rise to IRDY Rise Delay 40 40 ns 
119 TdRDf(RDY) IRD Fall to /ROY Fall Delay 50 50 ns 
120 TdRAKf(RDY) IRxACK Fall to IRDY Fall Delay 50 50 ns 

121 TdRAKr(RDY) IRxACK Rise to IRDY Rise Delay 40 40 ns 
122 TdTAKf(RDY) ITxACK Fall to IRDY Fall Delay 50 50 ns 
123 TdTAKr(RDY) /TxACK Rise to IRDY Rise Delay 40 40 ns 

'es: 
lirect address is any of A/IB, DIIC or AD15-ADB used 

; an address bus. 
'9 parameter applies only when lAS is not present. 
~be (/SID) is any of IDS, /RD, twR, tpITACK, /RxACK or /TxACK . 
.rnater applies only if read 9mpties the receive FIFO. 
meter applies only if write fills the transmit FIFO . 
• 5V± 10% 

5V ± 5%. AC timings for 20 Mbps are preliminary data. 
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TIMING DIAGRAMS 

IRESET -I 
I 

113 
I 

114 

ISTB 

115 

Figure 55. Reset Timing 

Note: 
Ism is any of IDS,IAD, IWR, /PITACK, /RxACK, or /TxACK. 

/STB 

IRxACK 

AD15-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

956 

tl-------1-CDH---If:: f ~~--------------~----------~CDr------~.~ 
Figure 56. Bus Cycle Timing 

Figure 57. DMA Read Cycle 
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ITxACK 

AD1S-ADO 

ITxREQ 

/wAITt/RDY 
(Wait) 

/wArrIlRDY 
(Ready) 

J 

J 

72 

)1 
74 

) 
76 

~ 

Figure 58. DMA Write Cycle 

l ~ 
73 

[( 
75 

3\ 
.. ~ 

J 
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TIMING DIAGRAMS (Continued) 

ICS 

AlIB, DIIC 

ISITACK 

lAS 

RIIW 

IDS 

AD15-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

)l: 
@)-r-

)~ 
@-I-

J~ 

®-I-

-'\ '_1 

HD= 

)~ 
@-f-

J 

J 

l( 
13 

K 
15 

~ 
17 

I-@-

I 
I®-r.-

1 

-k!v 

116 

7 
\ 

3 

0 

\. 
f-r-® 

~ oj 

4 5 

l ) 
.. -@-- ~~ 9 11 

)~ 3\ 

-@ foo~ 

J 
19 --®--

Figure 59. Multiplexed IDS Read Cycle 
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ICS 

AIIB, D!lC 

ISITACK 

lAS 

RlIW 

IDS 

AD15-ADO 

ITxREQ 

~AIT!lRDY 
(Wait) 

-!lRDY 
eady) 

)~ 
@--I--

)~ 
@-I--

J 
@)-r.-

---, 
~ .~ 
1----0-

) 
®--

J 

J 

K 
13 

:K 
-® 

3\ 
17 

~ 
f-@- 7 

1 

~ / 
@--I- 21 

\: l \.. 
4 5 

:K ) K 
19 24 -@-

I ~ 
26 ... -@-

) 
116 

I f----@-

Figure 60. Multiplexed IDS Write Cycle 
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TIMING DIAGRAMS (Continued) 

ICS 

AlIB,DIIC 

ISITACK 

lAS 

IRD 

AD15-ADO 

IRxREQ 

/wAITIIRDY 
(Wail) 

) 
@--

>-
®-r-

I 
@-r.-

---, 
l ~ 

HD= 

) 
@--

J 
/wAITIIRDY /. 

(Ready) -./ 

960 

:( 
13 

)( 
15 

\ 
17 

~ 
-@- 31 

1 

~ l 
28 

:J )~ 
-K!vr--@- ... ~ 

33 ~ 
J~ 

36 ... ~ 

Figure 61. Multiplexed IRD Read Cycle 
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ICS 

AIIB, DIIC 

ISITACK 

lAS 

fWR 

AD15-ADO 

fTxREQ 

fWAITffRDY 
(Wait) 

fWAITIIRDY 
(Ready) 

) 
®-I-

)~ 
®-I-

J 
®-I-

~ 

i\ / 
H:D= 

)~ 
18 

J 

J 

:K 
13 

J( 
15 

\ 
17 

i\. 
~ 41 

1 , i ~ 
38 39 

K ) K 
-@ 42 43 

J \ 
44 :..,~ 

J 
tt7 ~ 

Figure 62. Multiplexed fWR Write Cycle 
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TIMING DIAGRAMS (Continued) 

ICS 

AlIB, DIIC 

ISITACK 

RIIW 

IDS 

AD1S-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

)~ lK 
®-~ 47 

)1 K 
®-~ 49 

j l\ 
®-I--- . 51 

j l\ 
®--I--- 21 

~f[ 

, 

8 

j 

~ 

--.I 

~ 
I--@ 

l 
4 5 

1 

.-l ) IE. 

r-~ 
9 ~ 

~ 

""~ 

) 
79 ~ 

Figure 63. Non-Multiplexed IDS Read Cycle 
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ICS 

AIIB, DIIC 

ISITACK 

RlIW 

IDS 

AD1S-ADO 

ITxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

)~ 
®-I--

) 
. ®-I--

I 
@--I-

~ 
®-+--

--./ 

--./ 

.K 
47 

K 
49 

r\ 
51 

/ 
21 

~~ l \.. 
4 5 

1 

) K 
f----@- --€>--

J ]i\. 
--®-- ... -®-

J 
~ -®-

Figure 64. Non-Multiplexed IDS Write Cycle 
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TIMING DIAGRAMS (Continued) 

ICS 

AIIB, DIIC 

ISITACK 

IRD 

AD15-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

964 

) 
®--

)1 
@-I--

J 
®-i--

J 

J 

:K 
53 

:( 
55 

\ 
57 

'\ ( 

28 

1 

:3 )~ 3~ 

32 4~ 33 35 

J ~ 
f--®- r--~ 

J 
~ I 79 ~ 

Figure 65. Non-Multiplexed IRD Read Cycle 
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ICS 

Al/B,OIlC 

ISITACK 

IWR 

A01S-AOO 

ITxREQ 

IWAITIIROY 
(Wait) 

IWAITIIROY 
(Ready) 

~----------~~~----------~ ~----~ 

Figure 66. Non-Multiplexed twR Write Cycle 
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TIMING DIAGRAMS (Continued) 

lAS 

ISITACK 

IDS 

AD15-ADO 

IWAITI/RDY 
(Wait) 

IWAITI/RDY 
(Ready) 

lEI 

lEO 

liNT 

966 

t----{82r---.j 

Figure 67. Multiplexed IDS Interrupt Acknowledged Cycle 



lAS 

ISITACK 

IRD 

AD15-ADO 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

1----{92!}----i 

Figure 68. Multiplexed IRD Interrupt Acknowledge Cycle 
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TIMING DIAGRAMS (Continued) 
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Figure 69. Multiplexed Pulsed Interrupt Acknowledge Cycle 
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TIMING DIAGRAMS (Continued) 
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Figure 71. Non-Multiplexed IRD Interrupt Acknowledge Cycle 
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Figure 72. Non-Multiplexed Pulsed Interrupt Acknowledge Cycle 
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TIMING DIAGRAMS (Continued) 
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Figure 73. Multiplexed Double-Pulse Intack Cycle 
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Figure 74. Non-Multiplexed Double-Pulse Intack Cycle 
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TIMING DIAGRAMS (Continued) 
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Figure 75. Z16C30 General Timing 



AC CHARACTERISTICS 
Z16C30 General Timing 

[4]20 Mbps [5]10 Mbps 
No Symbol Parameter Min Max Min Max Units Note 

1 TsRxD(RxCr) RxD to IRxC Rise Setup Time (x1 Mode) 0 0 ns [1] 
2 ThRxD(RxCr) RxD to IRxC Rise Hold Time (x1 Mode) 20 40 ns [1] 
3 TsRxd(RxCf) RxD to IRxC Fall Setup Time (x1 Mode) 0 0 ns [1,3] 
4 ThRxD(RxCf) RxD to IRxC Fall Hold Time (x1 Mode) 20 40 ns [1,3] 

5 TsSy(RxC) /OCD as ISYNC to /RxC Rise Setup Time 0 0 ns [1] 
6 ThSy(RxC) lOCO as ISYNC to /RxC Rise Hold Time (x1 Mode) 20 40 ns [1] 
7 TdTxCf(TxD) /TxC Fall to TxD Delay 35 50 ns [2] 
8 TdTxCr(TxD) /T xC Rise to T xD Delay 35 50 ns [2,3] 

9 TwRxCh IRxC High Width 20 40 ns 
10 TwRxCI IRxC Low Width 20 40 ns 
11 TcRxC IRxC Cycle Time 50 100 ns 
12 TwTxCh /TxC High Width 20 40 ns 

13 TwTxCI /TxC Low Width 20 40 ns 
14 TcTxC IT xC Cycle Ti me 50 100 ns 
15 TwExT lOCO or ICTS Pulse Width 35 70 ns 
16 TWSY /OCD as ISYNC Input Pulse Width 35 70 ns 

Notes: 
[l]/RxC is/RxC or flxC, whichever is supplying the receive clock. 
[2] flxC is flxC or /RxC, whichever is supplying the transmit clock. 
[3] Parameter applies only to FM encoding/decoding. 
[4] V cc = 5V ± 5%. AC Timings for 20 Mbps are preliminary. 
[5] Vcc=5V± 10% 
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TIMING DIAGRAMS (Continued) 
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Figure 76. Z16C30 System Timing 



AC CHARACTERISTICS 
Z16C30 System Timing 

No Symbol Parameter 

1 TdRxC(REQ) IRxC Rise to JRxREQ Valid Delay 
2 TdRxC(RxC) IT xC Rise to IRxC as Receiver Output Valid Delay 
3 TdRxC(INT) IRxC Rise to liNT Valid Delay 

4 TdTxC(REQ) ITxC Fall to ITxREQ Valid Delay 
5 TdTxC(TxC) IRxC Fall to ITxC as transmitter Output Valid Delay 
6 TdTxC(INT) IT xC Fall to liNT Valid Delay 
7 TdEXT(lNT) ICTS, /DCO, ITxREQ, JRxREQ transition 

to liNT Valid Delay 

Noles: 
[1] IAxC is /RxC or {fxC, whichever is supplying the receive clock. 
[2] {fxC is {fxC or /RxC, whichever is supplying the transmit clock. 
[3] Vee = 5V ± 5%. AC Timings for 20 Mbps are preliminary. 
[4] Vee = 5V ± 10% 

[3]20 Mbps [4]10 Mbps 
Min Max Min Max Units Note 

50 100 ns [2] 
50 100 ns [2] 
50 100 ns [2] 

50 100 ns [2] 
50 100 ns 
50 100 ns [2] 

50 100 ns 
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FEATURES 

• Two full-capacity 20 MHz DMA Channels each with 
32-bit addressing and 16-bit data transfers. 

• DMA Modes include single buffer, pipelined, array­
chained and linked-array chained. 

• Ring Buffer feature supports circular queue of buffers 
in memory. 

• Linked Frame Status Transfer feature writes status 
information for received frames and reads control 
information for transmit frames to the DMA channel's 
array or linked list. This significantly simplifies 
processing frame status and control information. 

• Programmable throttling of DMA bus occupancy in 
burst mode with Bus Occupancy Time limitation. 

• 0 to 20 Mbit/sec, full-duplex channel, with two baud 
rate generators and a digital phase-locked loop for 
clock recovery. 

• 32-byte data FIFOs for receiver and transmitter 

• Up to 12.5 MByte/sec (16-bit) data bus bandwidth 

• Multiprotocol operation under program control with 
independent mode selection for receiver and 
transmitter. 

• Async mode with one-ta-eight bits/character, 1/16 to 
two stop bits/character in 1/16 bit increments; 16x, 
32x, or 64x oversam piing; break detect and generation; 
odd. even. mark. space or no parity and framing error 
detection. Supports Nine-bit and MIL-STD-1553B 
protocols. 

GENERAL DESCRIPTION 

The IUSC (Integrated Universal Serial Controller) is a 
multiprotocol datacommunications device with on-chip 
dual-channel DMA. The integration of a high-speed serial 

PRELIMINARY PRODUCT SPECIFICATION 

Z16C32 
IUSCTM INTEGRATED UNIVERSAL 
SERIAL CONTROLLER 

• HDLC/SDLC mode with 8-bit address compare; 
extended address field option; 16- or 32-bit CRC; 
programmable idle line condition; optional preamble 
transmission and loop mode. Selectable number of 
flags between back-to-back frames. 

• Byte oriented synchronous mode with one-to-eight 
bits/character; programmable sync and idle line 
conditions; optional receive sync stripping; optional 
preamble transmission; 16-or 32-bit CRC; transmit-to­
receive slaving (for X.21). 

• External character sync mode for receive 

• Transparent Bisync mode with EBCDIC or ASCII 
character code; automatic CRC handling; 
programmable idle line condition; optional preamble 
transmission; automatic recognition ofDLE. SYN. SOH, 
ITX. ETX, ETB. EOT, ENQ and ITB. 

• Flexible bus interface for direct connection to most 
microprocessors; user programmable for 8 or 16 bits 
wide. Directly supports 680XO family or 8X86 family 
bus interfaces. 

• Receive and Transmit Time Slot Assigners for ISDN. 
T1 and E1 (CEPT) applications. 

• 8-bit general-purpose port with transition detection 

• Low power CMOS 

• 68-pin PLCC package 

• Electronic Programmer's Manual support tool and 
software drivers are available. 

communications channel with high-performance DMA 
facilitates higher data throughput than is likely to be 
achieved with discrete serial/DMA chip combinations. The 
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GENERAL DESCRIPTION (Continued) 

IUSC's value is more than just reduced chip count and 
saving board space. The DMA and serial channel inter­
communication with each other provides real application 
benefits. For example, events like the reception of the end 
of a HDLC frame is intemally communicated from the serial 
controller to the DMA so that each frame can be written into 
a separate memory buffer. The buffer chaining capabilities, 
ring buffer support, automated frame status/control blocks, 
and buffer termination at the end of the frame combine to 
significantly reduce CPU overhead (Figure 1 ). 

The IUSC is software configurable to satisfy a wide variety 
of serial communication applications. The 20 Mbit/second 
data rate and multiple protocol support make it ideal for 
applications in today's dynamic environment of changing 
specifications and increasing speed. The many 
programmable features allow the user to tune the device 
response to meet system requirements and adapt to future 
requirements. The IUSC contains a variety of sophisticated 
internal functions including two baud rate generators, a 
digital phase-locked loop, character counters, and 
32-byte FIFOs for both the receiver and the transmitter. 

The on-chip DMA channels allow high speed data transfers 
for both the receiver and the transmitter. The IUSC supports 
automatic status and control transfer via DMA and allows 
initialization of the serial controller under DMA control. 
Each DMA channel can do a 16-bit transfer in as little as 
three 50 ns clock cycles and can generate addresses 
compatible with 32-, 24- or 16-bit memory ranges. The 
DMA channels operate in any of four modes: single buffer, 
pipelined, array-chained, or linked-list. The array-chained 
and linked-list modes provide scatter-read and gather­
write capabilities with minimal software intervention. To 
prevent the DMA from holding bus mastership too long, 
mastership time may be limited by counting the absolute 
number of clock cycles, the number of bus transactions, or 
both. 

The CPU bus interface is designed for use with any 
conventional multiplexed or non-multiplexed bus from 
manufacturers of CISC and RISC processors including 
Intel, Motorola, and Zilog. The bus interface is configurable 
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for 16-bit data, 8-bit data with separate address or 8-bit 
data without separate address to support multiplexed or 
non-multiplexed busses. 

The IUSC handles asynchronous formats, synchronous 
bit-oriented formats such as HDLC and synchronous byte­
oriented formats (e.g., BISYNC & DDCMP). This device 
supports virtually any serial data transfer application. 

The IUSC can generate and check CRC in any synchronous 
mode. Complete access to the CRC value allows system 
software to resend or manipulate the CRC as needed in 
various applications. The IUSC also provides facilities for 
modem control signals. In applications where these controls 
are not needed, the modem controls can be used for 
general-purpose I/O. 

Interrupts are supported by a daisy-chain hierarchy within 
the serial channel and between the serial channel and the 
DMA. Separate interrupt vectors for each type of interrupt 
within the serial controller and the DMA faCilitate fast 
discrimination of the interrupt source. The IUSC supports 
Pulsed, Double Pulsed, and Status Interrupt Acknowledge 
cycles. 

Support tools are available to aid the designer in efficiently 
programming the IUSC. The Technical Manual describes 
in detail all the features and gives programming sequence 
hints. The Electronic Programmer's Manual is an MS-DOS, 
disk-based programming initialization tool that can generate 
custom sequences. Also, Zilog offers assorted application 
notes and development boards to assist the designer in 
hardware and software development. 

Notes: 
All Signals with a preceding front slash, or, are active Low, e.g.: 
8//w (\II/ORD is active Lov.'); ISfAN (BYTE is active Low, only). 

Power connections follow conventional descriptions below: 

Connection 

Power 
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GENERAL DESCRIPTION (Continued) 
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Figure 2. Pin Functions 
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Figure 3. Pin Assignments 

PIN DESCRIPTION 

Figure 2 SllOWS the logical pin groupings of the IUSC's 
pins, and Figure 3 shows the physical pin assignments. 

Only one strobe pin (IDS, /RD, /WR or Pulsed INTACK) 
should ever be active at one time. Any unused input pin (if 
an input when the IUSC is bus master or slave) must be 
pulled up to its inactive state. 

IRESET. Reset (input, active Low). A Low on this line 
places the IUSC in a known, inactive state, and conditions 
it so that the data, from the next write operation that asserts 
the /CS pin, goes into the Bus Configuration Register 
(BCR) regardless of register addressing. /RESET should 
be driven Low as soon as possible during power-up, and 
as needed when restarting the overall system or the 
communications subsystem. 

ClK. System Clock(input). This signal is the timing reference 
for the DMA and bus interface logic. (The serial controller 
section is clocked by the selected sources of receive and 
transmit clocking.) 

AD15-0. Address/Data Bus(inputs/tri-state outputs). After 
Reset, these lines carry data between the controlling 
microprocessor and tile IUSC, and may also carry 
multiplexed addresses of registers within the IUSC. SUCll 
operation, between the host processor and tile IUSC, is 
often called slave mode. Once the software has set up tile 
device and placed it into operation, tllese lines also carry 
multiplexed addresses and data between the IUSC and 
system memory; such operation is called master mode. 
AD15-0 can be used in a variety of ways based on wllether 
the IUSC senses activity on /AS after Reset, and on the 
data written to the Bus Configuration Register (BCR). 

ICS. Chip Select (input, active Low). A Low on this line 
indicates t1latthe controlling microprocessor's current bus 
cycle refers to a register in tile IUSC. The IUSC ignores/CS 
when a Low on /INTACK indicates that the current bus 
operation is an interrupt acknowledge cycle. On a 
multiplexed bus the IUSC latches the state of this pin at 
rising edges on /AS; on a non-multiplexed bus, it latches 
/CS at leading/falling edges on /DS, /RD, or /WR 
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PIN DESCRIPTION (Continued) 

SIlO. SeriaI/DMA(input/tri-stateoutput, input High indicates 
serial). Cycles with /CS Low, and /INTACK and this pin both 
High, access registers in the serial controller section. 
Cycles with /INTACK High, and /CS and this pin both Low, 
access registers in the DMA controller section. The state of 
this line when the Bus Configuration Register is written 
determines wait vs acknowledge operation, as described 
in the text. On a multiplexed bus, the IUSC latches the state 
of this pin at rising edges on /AS; on a non-multiplexed bus, 
it latches the state at leading/falling edges on /DS, /RD, or 
/WR. 

Software can program the IUSC so that when it is acting as 
a bus master, it drives this line High to indicate a DMAcycle 
for serial data and Low to indicate an "array" or "list" 
access. (Array/list accesses read the address and length 
of the next memory buffer.) 

DIIC. Data/Control (input/tri-state output, input High 
indicates Data). A slave read cycle with /CS Low, and all 
three of /INTACK, S//D, and this pin High, fetches data from 
the serial controller's receive FIFO via the Receive Data 
Register (RDR). A slave write cycle with the same conditions 
writes data into the transmit FIFO via its Transmit Data 
Register (TDR). Slave cycles with /INTACK and SliD Higtl, 
and /CS and this pin Low, read or write registers in the 
serial controller. On a multiplexed bus, the IUSC determines 
which register to access from the low-order AD lines at the 
rising edge of /AS; on a non-multiplexed bus it typically 
selects the register based on the LSBits of the serial 
controller's Ct18nnel Command/Address Register. On a 
multiplexed bus, the IUSC latches the state of this pin at 
rising edges on /AS; on a non-multiplexed bus it latches the 
state at leading/ falling edges on IDS, /RD, or /WR. 

For slave cycles on a multiplexed bus, with IINTACK High 
and both /CS and S/ID Low, the state of this line at the rising 
edge of lAS selects between the registers of the transmit 
DMA channel (Low) and those ofthe receive DMA channel 
(High). On a non-multiplexed bus, with IINTACK High and 
ICS and SliD both Low, the IUSC can take the DMA 
channel selection from this line or from the DMA Commandl 
Address Register. 

Software can program the IUSC so that when it is acting as 
a bus master, it drives this line High to indicate a DMA cycle 
for the receiver and Low to indicate a cycle for the 
transmitter. 

lAS. Address Strobe (input/tri-state output, active Low). 
After a reset, the IUSC's bus interface logic monitors this 
signal to see if the host bus multiplexes addresses and 
data on AD15-0. If the logic sees activity on /AS before (or 

984 

as) software writes the Bus Configuration Register, then in 
subsequent slave cycles directed to the IUSC, it captures 
register selection from the AD lines, S//D, and CI/D on 
rising edges of lAS. 

When the IUSC takes control of the bus and operates as a 
master, it always uses the bus in a multiplexed fashion, 
driving /AS Low when it places the least significant 16 bits 
of an address on the AD15-0 lines. External devices can be 
used to de-multiplex the address and data, if this is 
necessary to match the characteristics of the host processor 
or host bus. 

For a non-multiplexed bus, this pin should be pulled up to 
+5V using a resistor of about 10 kOhms. If a processor 
uses a non-multiplexed bus, yet has an output called 
Address Strobe (e.g., 680xO devices), this pin should not 
be tied to the output. 

IUAS. Upper Address Strobe (tri-state output, active Low). 
When the IUSC takes control of the bus and operates as a 
master, it drives IUAS Low when it places the more 
significant 16 bits of an address on AD15-0. External 
memory and other slave devices (or de-multiplexing 
latches) should capture the MS address at each rising 
edge on this line. 

R//W. Read/Write control (input/tri-state output, Low 
signifies "write"). RI/W and IDS indicate read and write 
cycles on the bus, for host processors/buses having this 
kind of signalling. When the IUSC has taken control of the 
bus and is operating in master mode, this pin is an output 
that remains valid throughout the Low time of /DS. In slave 
cycles, the IUSC samples RI/W at each leading/falling 
edge on /DS. 

IDS. Data Strobe (input/tri-state output. active Low). R//'vV 
and /DS indicate read and write cycles on the bus, for host 
processors/buses having this kind of signalling: It is an 
output when the IUSC has taken control of the bus and is 
operating in master mode, otherwise, it is an input that is 
qualified by ICS Low or IINTACK Low. In master mode, the 
R//W line remains valid throughoutthe Low time of this line. 
In slave mode, the IUSC samples RI/W at each leadingl 
falling edge on this line. For slave write cycles and master 
read cycles, the IUSC captures data at the rising (trailing) 
edge on this line. For slave read cycles the IUSC provides 
valid data on the AD lines within the specified access time 
after this line goes Low, and keeps the data valid until after 
the master releases this line to High. For master write 
cycles, the IUSC places valid data on the AD lines before 
it drives this signal to Low, and keeps the data valid until 
after it drives this line back to High. 



IRD. Read Strobe (input/tri-state output, active Low). This 
line indicates a read cycle on the bus, for host processors/ 
buses having this kind of signalling. It is an output when the 
IUSC has taken control of the bus and is operating in 
master mode, otherwise, it i~ an input that is qualified by 
/CS Low or /INTACK Low. For master read cycles, the 
IUSC captures data at the rising (trailing) edge of this line. 
For slave read cycles the IUSC provides valid data on the 
AD lines within the specified access time after this line 
goes Low, and keeps the data valid until after the master 
releases this line to High. 

IWR. Write Strobe (inpul/tri-state output, active Low). This 
line indicates write cycles on the bus, for host processors/ 
buses having this kind of signalling. It is an output when the 
IUSC has taken control of the bus and is operating in 
master mode, otherwise it is an input that is qualified by 
/CS Low. For slave write cycles, the IUSC captures write 
data atlhe rising (trailing) edgeofthis line. For master write 
cycles, the IUSC places valid data on the AD lines before 
it drives this signal to Low, and keeps the data valid until 
after it drives this line back to High. 

BIIW. Byte / Word Select (tri-state output, High indicates 
8-bit transfer). When the IUSC takes control of the bus and 
operates as a master, a High on this line indicates that a 
byte is to be transferred, and a Low indicates that 16 bits 
are to be transferred. The IUSC ignores this signal during 
slave cycles: it takes the byte/word distinction from an AD 
line at the rising edge of /AS, or from a bit in the serial or 
DMA Command/Address Register. 

IWAITIIRDY. Wait, Ready, or Acknowledge handshaking 
(input/tri-state output, active Low). This line is an input 
when the IUSC has taken control ofthe bus and is operating 
in master mode. For slave cycles, the IUSC activates this 
line as an output. In both directions, the line can carry wait 
or acknowledge signalling depending on the state of the 
SliD input during the initial BCR write. If SliD is High when 
the BCR is written, this line operates as a Ready/Wait line 
for Zilog and most Intel processors. In this mode, the IUSC 
will not complete a master cycle while this line is Low, and 
it asserts this line Low until it's ready to complete an 
interrupt acknowledge cycle; it never asserts this line when 
the host accesses one of the IUSC registers. 

If SliD is Low when the BCR is written, this line operates 
thereafter as an Acknowledge line for Motorola and some 
Intel processors. In this mode, the IUSC will not complete 
a master cycle until this line is Low. It asserts this line Low 
for register read and write cycles, and when it is ready to 
complete an interrupt acknowledge cycle. 

For slave cycles, this is a full time (totem pole) output. The 
board designer can combine this signal with similar signals 
from other slaves, by means of an external logic gate or a 
tri-state or open-collector driver. 

liNT. Interrupt Request (output, active Low). The IUSC 
drives this line Low when (1) its lEI pin is High, (2) one or 
more of its interrupt condition(s) is (are) enabled and 
pending, and (3) the Under Service flag is not set for its 
highest priority enabled/pending condition, nor for any 
higher-priority internal condition. Software can program 
whether the bus interface drives this pin in a totem-pole or 
an open-drain fashion. 

II NTACK. Interrupt Acknowledge (input, active Low). A 
Low on this line indicates that the host processor is 
performing an interrupt acknowledge cycle. In some 
systems, a Low on this line may further indicate that 
external logic has selected this IUSC as the device to be 
acknowledged, or as a potential device to be 
acknowledged. A field in the Bus Configuration Register 
selects whether this line carries a level-sensitive "status" 
signal that the IUSC should sample at the leading edge of 
/AS or /DS, or a single-pulse or double-pulse protocol. The 
IUSC responds to an interrupt acknowledge cycle in a 
variety of ways depending on this programming and the 
state of the /INT and lEI lines, as described in the text. 

lEI. Interrupt Enable In(input, active High). This signal and 
the lEO pin can be part of an interrupt-acknowledge daisy 
chain with other devices that may request interrupts. If lEI 
is High outside of an interrupt acknowledge cycle, one or 
more IUSC interrupt condition(s) is(are) enabled and 
pending, and the Under Service flag isn't setlorthe highest 
priority condition nor for any higher-priority one, then the 
IUSC requests an interrupt by driving its/INT pin Low. lithe 
lEI pin is High during an interrupt acknowledge cycle, one 
or more IUSC interrupt condition(s) is(are) enabled and 
pending, and the Under Service flag isn't seHorthe highest 
priority condition nor for any higher-priority, then the IUSC 
keeps lEO Low and responds to the cycle. 

lEO. Interrupt Enable Out(output, active High). This signal 
and/or lEI can be part of an interrupt acknowledge daisy 
chain with other devices that may request interrupts. The 
IUSC drives its lEO pin Low whenever its lEI pin is Low, 
and/or if the Under Service flag is seHor any condition. This 
IUSC drives this signal slightly differently .d.l.!riruJ.an interrupt 
acknowledge cycle, in thatit also forces lEO Low if it is (has 
been) requesting an interrupt. 
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PIN DESCRIPTION (Continued) 

IBUSREQ. Bus Request (output, active Low). The DMA 
controller section drives this line Low to request control of 
ttle host bus. IBUSREO can be an open-drain or totem­
pole output depending on a bit in the Bus Configuration 
Register. In open-drain mode the IUSC samples the pin as 
an input and only drives it Low after sampling it high. 

IBIN. Bus Acknowledge In (input, active Low). When the 
IUSC receives a falling edge on this input, it samples 
wl1ether it has been driving (or 11as just begun to drive) 
/BUSREO. If so, it keeps /BOUT High and takes control of 
the host bus. If not, it passes the bus grant by driving 
/BOUT Low. This signal can be used with /BOUT to form a 
bus-grant daisy chain for arbitration of bus control. 
Alternatively, it can be connected to a direct. positive grant 
from an extemal arbiter, and the /BOUT pin can be left 
unconnected. 

IBOUT. Bus Acknowledge Out (output, active Low). As 
noted above, this signal can be used willl /BIN to form a 
bus-grant daisy chain for arbitration of bus control. 

IABORT. Abort MasterCycle(input, active Low). A Low on 
this line during a master cycle makes the currently active 
DtviA cllannel terminate its activity and enter a disabled 
state. Note that /ABORT is only effective during a DMA 
cycle, so that the IUSC knows which channel should be 
aborted. Also note that external logic must set/WAIT//RDY 
to the right state for the cycle to complete, before /ABORT 
becomes effective. 

. RxD. Received Data (input, positive logic). The serial 
input. 

TxD. Transmit Data (output, positive logic). The serial 
output. 

IRxC. Receive Clock (input or output). This signal can be 
USfKf as a clock input for any of the functional blocks in tile 

serial controller. Or, software can program the IUSC sothat 
this pin is an output carrying any of several receiver or 
internal clock signals, a general-purpose input or output, 
or an interrupt input. 
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/TxC. Transmit Clock (input or output). This signal can be 
used as a clock input for any of the functional blocks in the 
serial controller. Or, software can program ttle IUSC so that 
this pin is an output carrying any of several transmitter or 
internal clock signals, a general purpose input or output, or 
an interrupt input. 

IRxREQ. ReceiveDMA Request(input or output). In device 
testing or in applications not using the serial controller anq 
DMA controller sections together in the usual way, this pin 
can carry a Low-active DMA Request from the receive 
FIFO. On the IUSC this request is internally routed to the 
on-chip Receive DMA channel; it is more typical to use the 
RxREO pin as a general-purpose output or as an interrupt 
input. 

/TxREQ. Transmit DMA Request(input or output). In device 
testing or in applications not using the serial controller and 
DMA controller sections together in the usual way, this pin 
can carry a Low-active DMA Request from the transmit 
FIFO. On the IUSC this request is internally routed to tile 
on-chip Transmit DMA channel, and it's more typical to use 
the RxREO pin as a general-purpose output or as an 
interrupt input. 

lOCO. Data Carrier Detect (input or output, active Low). 
Software can program the IUSC so that this signal enables/ 
disables the receiver. In addition, software can program 
the device to request interrupts in response to transitions 
on this line. The pin can also be used as a Simple input or 
output. 

ICTS. Clear to Send(input or output, active Low). Software 
can program the IUSC so that this signal enables/disables 
the transmitter. In addition, software can program the 
device to request interrupts in response to transitions on 
this line. The pin can aiso be u::ieo as a simpie input or 
output. 



PORT7fTxCOMPLT. General·Purpose I/O or Transmit 
Complete (input or output). Software can program the 
IUSC so that tllis pin is a general purpose input or output, 
or so alat it carries a Transmit Complete signal from tile 
Transmitter, that can control an external driver. The IUSC 
captures transitions on this pin in internal latches. 

PORT6/FSYNC. General-Purpose I/O or Frame Sync(input 
or output). Software can program the IUSC so that 1I1is pin 
is a general-purpose input or output, or a Frame Sync input 
for the IUSC's Time Slot Assigner circuits. The IUSC 
captures transitions on this pin in internallatcl18s. 

PORT5/RxSYNC. General-Purpose I/O or Receive Sync 
(input or output). Software can program the IUSC so that 
this pin is a general-purpose input or output, or so that it 
carries a Receive Sync output from tile Receiver. The 
IUSC captures transitions on this pin in internal latches. 

PORT4fTxTSA. General-Purpose I/O or Transmit Time 
Slot Assigner Gate (input or outpu t). Software can prog ram 
the IUSC so that this pin is a general-purpose input or 
output, or· so that it carries the Gate output of the Transmit 
Time Slot Assigner, that can enable an externaf TxD driver 
in time-slotted ISDN or Fractional T1 applications. The 
IUSC captures transitions on this pin in internal latches, as 
described in the text. 

ARCHITECTURE 
Tile IUSC integrates a fast and efficient dual-ctlannel DMA 
with a highly versatile serial communications controller. 
The functional capabilities of the IUSC are described from 
two different points of view; as a datacommunications 
device, it transmits and receives data in a wide variety of 
data communications protocols; as a microprocessor 
peripheral with two DMA channels that offer such features 

PORT3/RxTSA. General Purpose I/O or Receive Time Slot 
Assigner Gate (input or output). Software can program the 
IUSC so 1I1at this pin is a general purpose input or output, 
or so that it carries the Gate output of the Receive Time Stat 
Assigner. The IUSC captures transitions on this pin in 
internal latches. 

PORT2. General Purpose I/O (input or output). Software 
can program tile IUSC so tllat III is pin is a general purpose 
input or output. The IUSC captures transitions on this pin 
in internal latches. 

PORT1-0/CLK1-0. General Purpose I/Os or Reference 
Clocks(inputs or outputs). Software can program 1I1e IUSC 
so that either of these pins is a general purpose input or 
output, or a reference clock that can be divided down to 
derive clocking for the Receiver and/or Transmitter. When 
one of these pins is a general-purpose I/O, the IUSC 
captures transitions on it in internal latches. 

Vee' V ss' Power and Ground. Tile inclusion of seven pins for 
each power rail insures good signal integrity, prevents 
transients on outputs, and improves noise margins on 
inputs. The IUSC's internal power distribution network 
requires 1I1at all these pins be connected appropriately. 

as four DMA transfer types, a flexible bus interface, and 
vectored interrupts. The architecture is described in tllree 
sections, DMA and Bus Interface Capabilities, 
Communication between ale DMA and Seriat Ctlannel, 
and Serial Communication Capabilities. The structure of 
tile I USC is stlown in Figure 1. 
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DMA AND BUS INTERFACE CAPABILITIES 

The IUSC's two versatile DMA channels combined with a 
flexible bus interface gives it the ability to meet a wide 
variety of application requirements. The time required to 
move data into and out of the transmitter and receiver is 
minimized by the I USC's speed (20 MHz clock, three clock 
cycles per word, typical); two buffer-chaining modes with 
linked-frame status transfer; early buffer termination to 
keep received frames in separate memory buffers; and 
vectored interrupts. Some of the many features are briefly 
described below. See the IUSC Technical Manual for 
details. 

DMA Modes 

The IUSC contains two DMA channels, one for the 
transmitter and one for the receiver. Each channel supports 
a 32-bit address and a 16-bit byte count. The channels 
operate in one olfour modes. In normal mode, the processor 
must reload the address and length at the end of each 
buffer. In Pipelined mode, the processor can load the 
address and length of the next buffer at any time during the 
DMA transfer to the first buffer. In Array-Chained mode the 
processor creates a table of address/length pairs in memory 
for automatic transfer by the channel. In Linked List mode 
the processor creates a linked list of address and length 
pairs in memory to be automatically transferred by the 
channel. 

Single Buffer Mode is the most basic of the four data 
transfer types. The starting address of each memory buffer 
and the maximum number of characters to be transferred 
to or from memory are programmed into IUSC registers. 
When the DMA is enabled, it transfers all data between 
system memory and the transmit and receive FIFOs. 

Pipelined mode is similar to Single buffer mode with the 
addition of an extm SAt of registers into which the processor 
can load to reload the DMA with the address and count of 
the next memory buffer. Therefore, when a buffer is 
complete, the IUSC is pre-programmed with tile address 
and count of the next buffer so the DMA need not stop 
between each buffer as long as software stays one step 
ahead of memory buffer usage. 

In array mode, one of the two chaining modes, software 
sets up a table of memory buffer information. The length of 
the array is only limited by the amount of system memory 
available for buffers. The IUSC is programmed with the 
location of the array of buffer addresses and sizes. This 
mode has the advantage that a burst of short frames is less 
likely to overrun the systems ability to keep up. The use of 
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receive status block and transmit control block along with 
the early buffer termination feature simplifies the 
segmentation and re-assembly of serial messages in 
memory buffers. When a DMA channel fetches a buffer 
count of zero, it stops and can create an End-Of-Array 
interrupt. 

Linked List mode is the most versatile of DMA modes. It has 
array mode's ability to switch buffers rapidly without the 
requirement for the buffer information to be in a continuous 
table. Each link entry contains: Tile starting address to 
write or read the data; the size of the buffer; optional status 
or control information; and a pointer to the next link. 
Memory buffers can easily be added and removed from 
the list by changing the links in list entries. 

DMA Features 

In linked list mode, the IUSC has a programmable feature 
to facilitate the use of buffers in a ring. When this feature is 
enabled, the DMA writes a zero back to the buffer length 
field of each array or list entry after it is read. Therefore, if 
a linked list wraps around on itself, a DMA channel will not 
reuse a buffer until software has processed tile buffer, and 
indicated that its eligible for reuse by writing a non-zero 
value in the count field (fetching a count value of zero 
deactivates the DMA channel). This feature can also be 
used in array mode to track buffer use. 

In both bus slave and master modes, the IUSC can read 
and write data words in either byte order. It supports the 
Little Endian convention used by many Intel 
microprocessors and the Big Endian convention used by 
many Motorola microprocessors. When the IUSC is bus 
master, it can be programmed to only generate the upper 
16-bit address when required and, consequently, save a 
clock cycle on eacil transfer (ihree ciocks per transfer 
instead of four). When using the IUSC on a 16-bit bus and 
the starting address of the message is on an odd address, 
the IUSC automatically re-orients itself onto even word 
boundaries by first fetching a byte. This is especially 
valuable when retransmitting a frame with a different size 
header than was received. Two pins are available as status 
signals of the type of transfer in progress. 

There are a variety of command and status registers to 
control and monitor the DMA channels. A DMA channel 
can be aborted with either the /ABORT pin or by software 
command. A pause command is also available to 
temporarily suspend transfers. 



Bus Interface & Utilization 

The bus interface module stands between the external bus 
pins and an on-chip 16-bit data bus that interconnects the 
other functional modules. It includes several flexible bus 
interfacing options that are controlled by the contents of 
the Bus Configuration Register (BCR). The BCR is 
automatically the destination ofthe first write to the IUSC by 
the host processor after a reset. 

The IUSC is compatible with both multiplexed and non­
multiplexed bus interfaces and can transfer eilller 8 or 16 
bits. It supports data transfers with /RD & /WR or R//W & 
/DS strobe pins and either format of byte ordering. Ttle 
IUSC generates the Wait or Ready acknowledge 
handshaking used by Intel or Motorola microprocessors. 
Also, three styles of interrupt acknowledge signals are 
supported for automated return of an interrupt vector to 
any common microprocessor. 

There are several options 1I1at control how the IUSC uses 
the bus. The /BIN and /BOUT pins are available to form a 
bus-grant daisy chain. The IUSC has several options on 
how it arbitrates requests for bus mastership between 
channels and how long it stays off tt18 bus between 
requests. The priority of the two DMA channels is 
programmable and can alternate between requests to 
allow both channels equal access to the bus. Once one of 
the channels has mastership of the bus, control can be 
passed to the other channel if it is requesting or the IUSC 
can be forced off the bus. A programmable preempt 
feature selects whether the higher priority cllannel can 
take over control of the bus if it starts requesting control 
wllile the lower priority channel is using the bus. 

The IUSC maximizes the use of its 32-byte FIFOs by 
holding /BUSREQ active until the transmit FIFO is full, tile 
receive FIFO is empty, or both. The programmable dwell 
timers can be used to limit how long the IUSC holds bus 
mastership by counting either bus transfers, clock cycles 
or both. Tilerefore, the combination of programmable FIFO 
request levels, channel arbitration options, and 
programmable dwell timer features provide application 
software the flexibility to optimize the IUSCs bus occupancy 
to meet system throughput and bus response requirements. 

Interrupts 

The interrupt subsystem of the IUSC derives from Zilog's 
experience in providing the most advanced interrupt 
capabilities in the microprocessor field. These capabilities 
are at their best when used with a Zilog microprocessor, 

but it is easy to interface the IUSC to work well wi III oliler 
microprocessors as well. Four pins are dedicated to create 
an interrupt daisy-cllain hierarchy within the Serial Channel 
and between the Serial Channel and the DMA. 

When an IUSC responds to an interrupt acknowledge from 
the CPU, it places an interrupt vector on the data bus. To 
speed interrupt response time, the IUSC modifies tllree 
bits in the vector to indicate which type of interrupt is being 
requested. Separate vectors are provided for 1I1e serial 
channel and DMA to easily discriminate the interrupt 
source. 

The DMA has four interrupt sources each for tile receive 
and transmit channels. Each interrupt source is 
independently enabled and there is a master enable for all 
DMA interrupts. The four interrupt sources are End Of 
Array/ End of Link, End Of Buller, Hardware Abort, and 
Software Abort. 

Each of the six types of interrupts in the serial portion IUSC 
(Receive Status, Receive Data, Transmit Status, Transmit 
Data, I/O Status and Device Status) Ilas tllree bits 
associated with it: Interrupt Pending (IP), Interrupt-Under­
Service (IUS) anp Interrupt Enable (IE). If the IE bit for a 
given source is set, then that bit can source request 
interrupts. Note 1I1at individual sources within the six types 
also have their own interrupt arm bits. Finally, there is a 
Master Interrupt Enable (MIE) bit which globally enables or 
disables all interrupts from tile serial channel. 

The Interrupt (lINT), Interrupt Acknowledge (lINTACK), 
Interrupt Enable In (lEI) and Interrupt Enable Out (lEO) 
pins are provided to create an automated mechanism to 
place the vector on tile bus among the highest priority 
pending interrupts from multiple devices. The device Witll 
the highest pending interrupt (lINT Low, lEI Higll) places a 
vector on the bus in response to an interrupt acknowledge 
cycle. 

In the IUSC, the IP bit signals 1I1at an interrupt is pending. 
If an IUS bit is set. this interrupt is being serviced and all 
interrupt sources of lower priority are prevented from 
requesting interrupts. An IUS bit is set during an interrupt 
acknowledge cycle if tllere are no higher priority devices 
requesting interrupts. 
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DMA AND BUS INTERFACE CAPABILITIES (Continued) 

There are six sources of Receive Status interrupt. Each one 
is individually armed: Receiver exited hunt, received idle 
line, received break/abort, received code violation/end-of­
transmission/end-of-message, parity error/abort and 
overrun error, The Receive Data interrupt is generated 
whenever lIle receive FIFO fills with data beyond ltle level 
programmed in tile Receive Interrupt Control Register 
(RICR), Tilere are six sources of Transmit Status interrupt. 
Each one is individually armed: Preamble sent, idle line 
sent, abort sent, end-of-frame/end-of-message sent, CRC 
sent and underrun error. Tile Transmit Data interrupt is 
generated whenever the transmit FIFO empties below tile 
level programmed in the Transmit Interrupt Control Register 
(TICR), 

The I/O Status interrupt serves to report transitions on any 
of six pins, Interrupts are generated on either or bolll 
edges with individual edge selection and arming for each 
pin, The pins that can be programmed to generate I/O 
Status interrupts are /RxC, /TxC, /RxREO, /TxREO, /DCD 
and/CTS, These interrupts are independent of the 
programmed function of the pins, 

The Device Status interrupt has four individually enabled 
sources: Receive cllaracter counter underflow, DPLL sync 
acquired, BRG1 zero count and BRGO zero count. Refer 
to Chapter 6 of the Technical Manual for more detail. 

COMMUNICATION BETWEEN THE DMA AND SERIAL CHANNELS 

Tile IUSC's intra-chip communication between the DMA 
and serial communications controller give it the power to 
achieve higtler efficiency than is possible with a separate 
DMA controller, The Linked Frame Status Transfer feature 
writes the status and byte count of eacll received frame to 
memory as part of an array or linked list. This provides a 
simple and easy to use mechanism for storing tile results 
of a received message without arbitrary restrictions on 110W 

quickly the hostsoftwaremustexamine the results, Similarly, 
control information fortransmit frames can be automatically 
read by the DMA from the array or link and transferred into 
registers in the serial logic, 

In all modes, the DMA can accept a signal from ttle serial 
cllannel for early buffer termination, When the end of a 
message is received, the data is transferred to the buffer 
and the status is written to memory, The status is written 
after the data in single buffer and pipelined modes or to tile 
array/link in array and linked-list modes if Linked-Frame 
Status Transfer is enabled, Ttlis early buffer termination is 
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treated identically to ttle terminal count condition in ltle 
DMA Therefore, tile receipt of the end of a message is a 
seamless transition from one memory buffer to the next. 

An example of using these inter-communication features 
using linked-list mode is shown in Figure 4, This example 
shows the format of a ring of memory buffers with Ulelinked 
frame status transfer and ring buffer features enabled, Any 
protocol that sets the "RxBound" bit (RCSR4= 1), like 
HDLC or 802,3, is appropriate to this example, The linked 
list is shown in Figure 4 with three links for simplicity and 
may be as large as memory allows, The sixth word in each 
list entry is reserved and Sllould not be used, (it keeps the 
list entries on 32-bit boundaries), If ttle end of the buffer is 
reached and it is not tile end of the frame, the IUSC writes 
zeros as the status and count. Also, if the transmit channel 
needs to start a new memory buffer other than at the 
beginning of a frame, the OMA ignores the transmit control 
block, 



f- Buffer 1 Address - - Buffer 3 Address -

Ring Buffer Mode 
Buffer 1 Length I-- Writes this word Buffer 3 Length 

to 0 after it is read 
Buffer 1 RSBR or 0 

~ Integrated Frame Status 
Buffer 3 RSBR or 0 

Buffer 1 RSHR or 0 I-- Transfer writes the Receive Buffer 3 RSHR or 0 

0 
~ Status Block (or 0) here. 

0 

Link Address 
'---

Link Address - of Entry2 - , 
of Entry1 -

iL 
f- Buffer 2 Address -

Buffer 2 Length 

Buffer 2 RSBR or 0 

Buffer 2 RSHR or 0 

0 

Link Address 
f- of Entry3 -

Figure 4. Linked-List Mode with Linked-Frame Status Transfer & Ring Buffer Features 

Another method by which the DMA and serial channel 
work together is using the Transmit Character Counter to 
break a large block of data into a number of fixed length 
frames. For example. it is desired to transmit a large file 
which is located in several memory buffers as fixed length 
smaller frames. With the IUSC. the serial channel is 
programmed to send the end-of-frame sequence each 
time the set number of bytes is transmitted. Therefore. 
DMA transfers are not interrupted. nor is system response 
required to break the large file into frames. 

The IUSC provides higher throughput than discrete serial 
and DMA chip solutions because discrete chips do not 
directly communicate with each other and. therefore. the 
status of one device must be read by the CPU and 
communicated to the other. This typically requires interrupts 
and the suspension of activity until status/control information 
is updated. This uses precious time and bus bandwidth. 
which can limit total througllPUI. 
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DATA COMMUNICATIONS CAPABILITIES 

The IUSC provides a full-duplex channel programmable 
for use in any common data communication protocol. The 
receiver and transmitter are completely independent and 
each is supported by a 32-byte deep FIFO and a 16-bit 
frame length counter. All modes allow optional even, odd, 
mark or space parity. Synchronous modes allow the choice 
ofeitheroftwo 16-bitor a32-bitCRC polynomials. Character 
length of up to B bits can be programmed for the receiver 
and transmitter independently. Error and status conditions 
are carried with the data in the receive FIFO to greatly 
reduce the CPU overhead required to send or receive a 
message, while key control parameters accompany 
transmit characters through the Tx FIFO. Interrupts can be 
individually armed to signal such conditions as overrun, 
parity error, framing error, end-of-frame, idle line received, 
sync acquired, transmit underrun, CRC sent, closing sync/ 
flag sent, abort sent, idle line sent and preamble sent. In 
addition, several useful internal signals like receive 
character boundary, received sync, transmit character 
boundary and transmission complete can be sent to pins 
for use by external circuitry. 

Protocols 

Asynchronous Mode. The receiver and transmitter handle 
data at a rate of 1/16, 1/32, or 1/64 the clock rate. The 
receiver rejects start bits less than one-half a bit time and 
includes recovery logic following a framing error. The 
transmitter is capable of sending one, two, or anywhere in 
the range of 9/161h to two stop bits per character in 1/16 bit 
increments. 

Nine-Bit Mode. This mode is identical to async except that 
the receiver checks for the status of an additional address/ 
data bit between the parity bit and the stop bit. Tile value 
of this bit is F!FO'ed along \.vith the data. In the tiansmitter, 
this bit is automatically inserted with the value that is 
F!FO'ed from the transmit data. 

Isochronous Mode. Both transmitter and receiver operate 
on start-stop (async) data using a 1 x clock. The transmitter 
sends one or two stop bits. 

Asynchronous With Code Violations. This is similar to 
Isochronous mode except that the start bit is replaced by 
a three bit-time code violation pattern as in MIL-STO-
1553B. The transmitter sends zero, one or two stop bits. 

HOLC Mode. In this mode, the receiver recognizes flags, 
performs optional address matching, accommodi.jtes 
extended address fields, and performs zero deletion and 
CRC checking. The receiver is capable of receiving shared­
zero flags, recognizes abort sequences and can receive 
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arbitrary length frames. The transmitter automatically sends 
opening and closing flags, performs zero insertion and 
can be programmed to send an abort, an extended abort, 
a flag or CRC and a flag on transmit underrun. The 
transmitter automatically sends a closing flag with optional 
CRC at the end of a programmed message length. Shared­
zero flags are selected in the transmitter and a separate 
character length is programmed for the last character in 
the frame. 

Frames terminated with an ABORT can be marked with a 
status bit on the preceding character in addition to the 
status interrupt that can be enabled. Abort is only detected 
in-frame and, therefore, eliminates false detection due to 
an idle line. The IUSC provides four choices (flag, all 1 s, all 
Os, or alternating 1 s & Os) of line preamble to condition the 
line before beginning data transmission. This feature is 
valuable to get the receiver OPLL in sync and as a flow 
control mechanism to slowdown frame transmission without 
slowing down the clock or disabling the transmitter. 

HOLC Loop Mode. This mode is available only in the 
transmitter and allows the IUSC to be used in an HOLC 
Loop configuration. In this mode, the receiver is 
programmed to operate in HOLC mode to allow the 
transmitter to echo received messages. Upon receipt of a 
particular bit pattern (actually a sequence of seven 
consecutive ones) the transmitter stops repeating data 
and inserts its own frame(s). 

802.3 Mode. This mode implements the data format of 
IEEE 802.3 with a 16-bit address compare. In this mode, 
/OCO and /CTS are used to implement the carrier sense 
and collision detect interactions with the receiver and 
transmitter. Back-off timing must be provided externally. 

Monosync Mode. in this mode, a single character is used 
for synchronization. The sync character can be either eight 
bits long or iile same length as the data cllaracters. The 
receiver can automatically strip sync characters from the 
received data stream. The transmitter is programmed to 
automatically send CRC on either an underrun or atthe end 
of a programmed message length. 

Slaved Monosync Mode. This mode is available only in the 
transmitter and allows the transmitter (operating just as 
though it were in monosync mode) to send data with its 
byte boundaries synchronized to those of the received 
data. 

Bisync Mode. This mode is identical to monosync mode 
except that character synchronization requires two 
successive characters. The two characters need not be 
identical. 



Transparent BisyncMode.1 n this mode, the synchronization 
pattern is DLE-SYN, programmable selected from either 
ASCII or EBCDIC encoding. The receiver recognizes control 
character sequences and automatically handles CRC 
calculations without CPU intervention. The transmitter is 
programmed to send either SYN. DLE-SYN, CRC-SYN, or 
CRC-DLE-SYN upon underrun and automatically sends 
the closing DLE-SYN with optional CRC at the end of a 
programmed message length. 

External Sync Mode. The receiver is synchronized to the 
receive data by an externally-supplied signal on a pin for 
custom protocol applications. 

Data Encoding 

The IUSC is programmed to encode and decode the serial 
data in any of eight different ways (Figure 5). The transmitter 
encoding method is selected independently of the receiver 
decoding method. 

NRZ. In NRZ, a 1 is represented by a High level for the 
duration of the bit cell and a 0 is represented by a Low level 
for the duration of the bit cell. 

NRZB. NRZB is inverted from NRZ. 

NRZI-Mark.ln NRZI-Mark, a 1 is represented by a transition 
at the beginning of a bit cell, i.e., the level present in the 
preceding bit cell is reversed. A 0 is represented by the 
absence of a transition at the beginning of the bit cell. 

Data I 0 

NRZ y ~ 
~ 1 NRZB 

I 

NRZI-M r ~ 
I 

NRZI-S I 'I 
I 

BIPHASE-M I 

BIPHASE-S 

BIPHASE-L 

DIFFERENTIAL 
BIPHASE-L I 

NRZI-Space. In NRZI-Space, a 1 is represented by the 
absence of a transition at tile beginning of a bit cell, i.e., the 
level present in the preceding bit cell is maintained. A 0 is 
represented by a transition at the beginning of the bit cell. 

Biphase-Mark. In Biphase-Mark, a 1 is represented by a 
transition at the beginning of the bit cell and anotller 
transition at the center of the bit cell. A 0 is represented by 
a transition at the beginning of the bit cell only. 

Biphase-Space. In Biphase-Space, a 1 is represented by 
a transition at the beginning of the bit cell only. A 0 is 
represented by a transition at ttle beginning of the bit cell 
and another transition at the center of the bit cell. 

Biphase-Level. In Biphase-Level, a 1 is represented by a 
High during the first half of the bit cell and a Low during the 
second half of tile bit cell. A 0 is represented by a Low 
during the first half of the bit cell and a High during the 
second half of the bit cell. 

Differential Biphase-Level. In Differential Biphase-Level, a 
1 is represented by a transition at the center of the bit cell, 
with the opposite polarity from the transition at the center 
of the preceding bit cell. A 0 is represented by a transition 
at the center of the bit cell with the same polarity as the 
transition at the center of the preceding bit cell. In both 
cases, there are transitions at the beginning of the bit cell 
to set up the level required to make the correct center 
transition. 

0 0 

y ~ 
~ 1 I 

r 
~ 'I 

I 

Figure 5. Data Encoding 
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DATA COMMUNICATIONS CAPABILITIES (Continued) 

Character Counters 

The IUSC contains separate16-bit character counters for 
the receiver and transmitter. The receive character counter 
is set to a programmable starting value or automatically at 
the beginning of each received frame and can be reloaded 
under software control during a frame. The counter 
decrements with each receive character. At the end of the 
receive message the current value in the counter is 
automatically loaded into a four-deep FIFO. With the Receive 
Status Block (RSB) feature enabled, the counter value and 
the status (RCSR) can be automatically transferred to 
memory following the data. In array and lined list modes, 
the RSB can be transferred to the array or list entry for easy 
software access. This allows DMA transfer of data to 
proceed without CPU intervention at the end of a received 
frame, as the values in the FIFO allow the CPU to determine 
the status and length of each frame. 

Similarly, the transmit character counter is loaded 
automatically at the beginning of each transmit frame and 
can be reloaded under software control during a frame. 
The counter is with each write to the transmit FIFO. When 
the counter reaches zero, and that byte is sent, the 
transmitter automatically terminates the message in the 
appropriate fashion (usually by sending the CRC and the 
closing flag or sync character) without requiring CPU 
intervention. In linked list and array modes, the transmit 
character count and frame control word can be fetched 
from !helinked list or array. 

Baud Rate Generators 

The IUSC contains two baud rate generators. Each 
generator consists of a 16-bit time constant register and a 
16-bit down counter. In operation, the counter decrements 
with each cycle of its selected input clock, and the time 
constant can be automatically reloaded when the count 
reaches zero. The output of the baud rate generator 
toggles when tile counter reaches a count of one-half of tile 
time constant and again when the counter reaches zero. A 
new time constant can be written at any time but the new 
value does not take effect until the next load of the counter. 
The outputs of both baud rate generators are sent to tile 
clock multiplexer for use internally or externally. The input 
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to the baud rate generator can be the /TxC pin, the /RxC 
pin, a PORT pin, or the output of either counter. The Baud 
Rate Generator output frequency is related to the baud 
rate generator input clock frequency by the following 
formula: 

Output frequency = Input frequency/time constant + 1. 

Note: This allows an output frequency in the range of 1 to 
1/65536 of the input frequency, inclusive. 

The output of either BRG (Baud Rate Generator) can be 
used as the transmit or receive clock, the reference clock 
input to the DPLL Circuit, and/or can be output on the /RxC 
or /TxC pin. 

Digital Phase-Locked Loop 

The IUSC contains a DPLL (Digital Phase-Locked Loop) to 
recover clock information from a data stream with NRZI or 
Biphase encoding. The DPLL is driven by a clock that is 
nominally 8, 16 or 32 times the receive data rate. The DPLL 
uses this clock, along with the data stream, to construct a 
clock for the data. This clock can be routed to the receiver, 
transmitter, or both, or to a pin for use externally. In all 
modes, the DPLL counts the input clock to create nominal 
bit times. While counting, the DPLL watches the incoming 
data stream for transitions. When a transition is detected, 
tile DPLL may make a count adjustment (during the next 
counting cycle) to produce an output clock which tracks 
the incoming bit cells. The DPLL provides properly phased 
transmit and receive clocks to the clock multiplexer. 

Counters 

The IUSC contains two 5-bit counters, which are 
programmed to divide an inputciock by4, 8, 160r32. The 
outputs of these two counters are sent to the clock 
multiplexer. Thp. r.ounters can be used as prescalers for 
the baud rate generators. They also provide a stable 
transmit clock from a common source when the DPLL is 
providing the receive clock. The PORTO and PORT1 pins 
can be used as inputs to the counters. 



Clock Multiplexers 

The clock multiplexer logic selects tile receive and transmit 
clocks and optional outputs on tile /RxC and/or /TxC pin(s). 
In the Z16C32, the PORTO and PORn pins can be used 
directly as receive and transmit clocks, as well as being 
used as inputs to the counters. 

Time Slot Assigner 

Tile IUSC is equipped Witll two Time Slot Assigners to 
support ISDN and Fractional T1 communications. There is 
one assigner for the receiver. Eacll time slot assigner 
selects one or more time slots within a frame, however, the 
selected time slots must be contiguous. The first selected 
time slot is programmable from slot 0 (tile first slot) to slot 
127 of tile frame. The number of concatenated slots is 
programmable from 1 to 15 (total slots). Tile time of the first 
slot can be offset an integral number of clocks. Tilis offset 
is a delay and is programmable from 0 (no offset) to 7 
clocks in increments of one clocl, (one bit cell). Tilis offset 
can be used to compensate for delays in frame sync 
detection logic. 

Test Modes 

Tile IUSC can be programmed for local loop back or auto 
echo operation. In local loopback, the output of the 
transmitter is internally routed to tile input of tile receiver. 
This allows testing of the IUSC data pa1l1s without any 
external logic. Auto echo connects the RxD pin directly to 
the TxD pin. This is useful for testing serial links external to 
the IUSC. 

I/O Port 

Tile Port pins are general-purpose I/O pins. TileY are used 
as additional modem control lines or other I/O functions. 
Each port bit is individually programmable as general­
purpose input, as an output, or for a dedicated input or 
output function. Tilis programming is done in tile Port 
Control Register. Wilether used as inputs or outputs, tile 
port pins can be read at any time. 

Tile dedicated functions of tile port pins include Time Slot 
Assigner gate outputs, transmit complete output, clock 
inputs, receive sync output, or frame sync input. 

Tile port pins capture edge transitions. Programming for 
tile capture is done using the Port Latclled/Unlatcll 
command bits in the Port Status Hegister. Eacll port bit is 
individually controlled. The Latclled/Unlatcll bit is used as 
a slatus signal to indicate that a transition lIas occurred on 
the port pin and 'as a command to open tile latclles til at 
capture this transition. Bolli rising edge and lalling edge 
are detected. Wilen a transition is detected, the latch 
closes hotding \tIe post transition state of the input. 

The Latclled/Unlatch bit is held at 0 if no transitions occur 
on the port pin; tllis bit is set to a 1 when a rising edge or 
falling edge transition is detected, or immediately after tile 
latch is opened if one or more transitions occurred white 
the latcll was closed. Writing a 0 to the Latclled/Untatcll bit 
has no effect on the latcll. Writing a 1 to this bit resets tile 
status bit and opens the latcll. To use tile port as an input 
without edge detection, a 1 would be written to the Latched/ 
Unlatch bit to open the latcll and then the Port Status 
Register would be read to obtain the current pin input 
status. 
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PROGRAMMING 

An Electronic Programmer's Manual (MS DOS based) and 
a Teclmical Manual are available to provide details about 
programming the IUSC. Also included are explanations 
and features of all registers in the IUSC. 

The registers in the IUSC are programmed by the system 
to configure the channel. Before this can occur, the system 
must set up the bus interface by writing to the Bus 
Configuration Register (BCR). The BCR has no specific 
address and is only accessible after a hardware reset of 
the device. The first write to the IUSC, after a hardware 
reset, programs the BCR. From that time on other channel 
registers can be accessed. No specific address need be 
presented to the IUSC for the BCR write; the IUSC knows 
that the first write after a hardware reset is destined for the 
BCR 

In tile multiplexed bus case, all registers are directly 
addressable via the address latched by /AS atthe beginning 
of each bus cycle. The D//C pin is still used to directly 
access the receive and send data registers (RDR and 
TDR) with a multiplexed bus; if D//C is High, the address 
latched by /AS is ignored and an access of RDR or TDR is 
performed. 

In the non-multiplexed bus case, the channel registers are 
accessed indirectly using the address pOinter in the Channel 
Command/Address Register (CCAR). The address of the 
desired register is first written to the CCAR and then tile 
selected register is accessed; the pointer in the CCAR is 
automatically cleared after this access. 
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Two more points about the IUSC should be noted l18re. 
Channel Reset bit in the CCAR places the channel in the 
reset state. To exit this reset state either a word of all zeros 
is written to the CCAR (16-bit bus) or a byte of all zeros is 
written to the lower byte of tile CCAR (8-bit bus). Secondly, 
after reset, the transmit and receive clocks are disabled. 
The first thing that should be done in any initialization 
sequence is a write to the Clock Mode Control Register 
(CMCR) to select a clock source for tile receiver and 
transmitter. 

The Serial/DMA (SliD) pin is used to differentiate between 
the serial channel and the DMA registers. The DMA registers 
fall into three logic groupings; common registers til at apply 
to both transmit and receive, transmit registers, and receive 
registers. The registers for DMA transmit functions and 
receive functions are symmetric and therefore, a single 
diagram is shown for each in tile following pages. When 
addressing the DMA registers, the Data/Control (D//C) pin 
selects between tile transmit and receive registers. For 
example, there is a DMA byte count register for transmit 

-and receive (TBCR and RBCR) at address 10101 with 
SliD pin Low. The TBCR is selected with the D//C pin Low, 
and the RBCR is selected with the D/!C pin High. The 
format of these two registers is sllown in Figure 20. 

The register addressing is shown in Table 2 and the table 
assumes that the BCR register bit 0 is set to 1. The A5-1 
column in the Table reflects the state of AD5-1, AD13-9, 
CCAR5-1 or DCAR5-1 as applicable. The bit assignments 
of tl18 registers are shown in Figures 7 through 80. See the 
IUSC Technical Manual fordetails.The register addressing 
is shown in Table 2 and the bit assignments for the 
registers are shown in Figure 6. 



Reset 

Any Transaction 
Up To and Including 

No lAS t At Least One lAS 
BCRWrite 

Non-
Multiplexed 

Multiplexed 
Bus 

BCR Bus 

Write I I Transa ction 
BCR[2]=O BCR[2]=O BCR[2]=1 BCR[2]=O 

BCR[15]=1 BCR[15]=O BCR[15]=1 

t t t 
8-Bit With 8-Bit Without 8-Bit With 
Separate Separate 16-Bit Separate 
Address Address Address 

Note: 
The presence of one transaction with an lAS active, between reset up to 
and including the BCR wr~e, chooses a muRiplexed type of bus. 

BCR[2]=O 
BCR[15]=O 

8-Bit Without 
Separate 
Address 

Figure 6. BeR Reset Sequence and Bit Assignments 

BCR[2]=1 

J 
16-Bit 
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PROGRAMMING (Continued) 

Table 1. Register Address List 

SliD DIIC Address 
A5-A1 

0 00000 CCAR Channel Command/Address Register 
0 00001 CMR Channel Mode Register 
0 00010 CCSR Channel Command/Status Register 
0 00011 CCR Channel Control Register 

0 00100 PSR Port Status Register 
0 00101 PCR Port Control Register 
0 00110 TMDR Test Mode Data Register 
0 00111 TMCR Test Mode Control Register 

0 01000 CMCR Clock Mode Control Register 
0 01001 HCR Hardware Configuration Register 
0 01010 IVR Interrupt Vector Register 
0 01011 .IOCR I/O Control Register 

0 01100 ICR Interrupt Control Register 
0 01101 DCCR Daisy-Cllain Control Register 
0 01110 MISR Misc Interrupt Status Register 
0 01111 SICR Status Interrupt Control Register 

1 XXXXX RDR Receive Data Register (Read Only) 
0 1XOOO RDR Receive Data Register (Read Only) 
0 10001 RMR Receive Mode Register 
0 10010 RCSR Receive Command/Status Register 

0 10011 RICR Receive Interrupt Control Register 
0 10100 RSR Receive Sync Register 
0 10101 RCLR Receive Count Limit Register 
0 10110 RCCR Receive Character Count Register 

0 10111 TCOR Time Constant 0 Register 
1 XXXXX TDR Transmit Data Register (Write Only) 
0 1XOOO TDR Transmit Data Register (Write Only) 
0 11001 TMR Transmit Mode Register 
0 i 1010 TCSR Transmit Command/Status Register 

0 11011 TICn Transillit Interrupi COllirol Register 
0 11100 TSR Transmit Sync Register 
0 11101 TCLR Transmit Count Limit Register 
0 11110 lCCR Transmit Character Count Register 
0 11111 TC1R Time Constant 1 Register 

998 



Table 1. Register Address List (Continued) 

SliD DIIC Address 
AS-Ai 

X 0 XXXXX BCR Bus Conliguration Register 
0 X 00000 DCAR DMA Command/Address Register 
0 0 00001 TOCMR Transmit DMA Channel Mode Register 
0 X 00011 OCR DMA Control Register 
0 X 00100 DACR DMA Array Count Register 

0 X 01001 BDCR Burst Dwell Control Register 
0 X 01010 DIVR DMA Interrupt Vector Register 
0 X 01100 DICR DMA Interrupt Control Register 
0 X 01101 CDIR Clear DMA Interrupt Register 
0 X 01110 SDIR Set DMA Interrupt Register 

0 0 01111 TOlAR Transmit DMA Interrupt Arm 
0 0 10101 TBCR Transmit Byte Count Register 
0 0 10110 TARL Transmit Address Register (Lower) 
0 0 10111 TARU Trasmit Address Register (Upper) 
0 0 11101 NTBCR Next Transmit Byte Count Register 

0 0 11110 NTARL Next Transmit Address Register (Lower) 
0 0 11111 NTARU Next Transmit Address Register (Upper) 
0 1 00001 RDMR Receive DMA Mode Register 
0 1 01111 RDIAR Receive DMA Interrupt Arm 
0 1 10101 RBCR Receive DMA Byte Count Register 

0 10110 RARL Receive Address Register (Lower) 
0 10111 RARU Receive Address Register (Upper) 
0 11101 NRBCR Next Receive Byte Count Register 
0 11110 NRARL Next Recieve Address Register (Lower) 
0 11111 NRARU Next Receive Address Register (Upper) 
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REGISTER DESCRIPTION 

This section describes the function of the various bits in the 
registers ofthe device. Throughout this section the follow­
ing conventions are discussed: 

Control bits are written and read by the CPU and are not 
modified by the device. Command bits are written by the 
CPU to initiate an action in the device and are read as 
zeros. Status bits are controlled by the device and are read 
tocheck device status. Any writes to status bits are ignored 
by the device. Command/Status bits are controlled by both 
the device and the CPU. Theymay be written and read by 
the CPU and may also be modified by the device. 

Address: 00000 (Shared) • 

Reserved bits are not used in this implementation of the 
device and mayor may not be physically present in the 
device. Any reserved bits that are physically present are 
readable and writable, but reserved bits that are not 
present are always read as zeros. To ensure compatibility 
with future versions of the device, reserved bits should 
always be written with zeros. Reserved commands should 
not be used for the same reason. 

First, the DMA registers unique to the IUSC are described 
in the following pages (Figures 7-16) and then the serial 
channel registers are described (Figures 17-80). 

1015101410131012101110101091 osl 071 osl 051 041 031 021 011 00 1 

1000 

o 0 
o 0 
o 0 
o 0 
o 1 
o 1 
o 1 
o 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

Notes: 

~ 

0 0 0 

~~} 0 0 1 RxChannel 
0 1 0 ReselVed 
0 1 1 Reserved ** 
1 0 0 ReselVed Channel Select (WO) 
1 0 1 ReselVed 
1 1 0 ReselVed 
1 1 1 ReselVed 

o 0 Null Command 
o 1 Reset This Channel 
1 0 Start This Channel 
1 1 Start/Continue This Channel 
o 0 Pause This Channel 
o 1 Abort This Channel 
1 0 ReselVed 
1 1 Start/lnit This Channel Channel Command 
o . 0 Reset Highest IUS 
o 1 Reset All Channels 
1 0 Star! All Channels 
1 1 Start/Continue All Channels 
o 0 Pause All Channels 
o 1 Abort All Channels 
1 0 ReselVed 
1 1 Start/lnlt All Channels 

• (Shared) means, shared between DMA Channels 

.. (WO) means Write Only 

Upper/lLower Byte Select (WO) 

Address 0 (WO) 

Address 1 (WO) 

Address 2 (WO) 

Address 3 (WO) 

Address 4 (WO) 

By1e1lWord Access (WO) 

Pointer Channel Select (WO) 

Master Bus Request Enable 

Figure 7. DMA Command/Address Register 



0 0 0 0 0 
X X X 1 X 
1 X X 1 X 
X X X 1 X 
X X X 0 X 
X X X 0 X 
X X 1 1 X 
X X X 1 X 

Notes: 
X = Previous Value 
(RO) = Read Only 

0 0 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

~ Software Abort (RO) 

Hardware Abort (RO) 

Buffer Termination (RO) 

Array Termination (RO) 

Busy (RO) 

Initializing (RO) 

Get Link (RO) 

Continue (RO) 

0 Reset 
X Start 
X Start/Continue (Buffered Mode) 
X Start/Continue (Other Than Buffered Mode) 
X Pause 
1 Abort 
X Start/lnit (Array or Linked Array Modes) 
X Starlllnit (Normal or Buffered Modes) 

Figure 8. Affect of Commands on Status Bits 

Command 
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CONTROL REGISTERS (Continued) 

Address: 00001 

o 0 
o 1 
1 0 
1 1 

Increment} . 
Decrement Address Mode 
Fixed Address 
Reserved 

o 0 Auto Modes Disabled } 
o 1 Buffered DMA Mode 
1 0 Array Chained 
1 1 Linked-Array Chained 

Software Abort (RO) 

Hardware Abort (RO) 

End.of Buffer (RO) 

End of Array/Link (RO) 

Busy (RO) 

Initialization (RO) 

Get Link (RO) 

Continue (RO) 

8-Bit Operand 

Enable Early Termination 

Ring Buffer Enable 

Linked Frame Status Transfer 

Figure 9. Tx/Rx DMA Mode Register (TDMR) (RDMR) 
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1 07 1 06 1 05 1 04 1 

0 0 0 0 
0 0 0 1 
X X 1 X 
X 1 X X 
1 X X X 

I I I I 
0 0 0 0 
0 0 0 1 
1 0 0 0 
1 0 0 1 
X X 1 X 
X 1 X X 

I I I I 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
X 1 X X 
1 X X X 

I I I I 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 X 
0 1 1 0 
0 1 1 1 
1 X X X 

Channel Enabled 

Busy 

Initialization 

Get Link 

Continue 

Not Possible Normal Mode 

C"~""' 0;,,,,,",, } 

Not Possible 
Not Possible 

C"~"" c""" .. , 'M. ,.,,~" '",0'" } 
Channel Enabled, Base Registers Invalid 
Channel Disabled, Base Registers Valid 
Channel Enabled, Base Registers Valid Buffered Mode 
Not Possible 
Not Possible 

Channel Disabled, Data Transfer Phase 

} _'''0'"'''' Moo. 

Channel Enabled, Data Transfer Phase 
Channel Disabled, Array Transfer Phase 
Channel Enabled, Array Transfer Phase 
Not Possible 
Not Possible 

Channel Disabled, Data Transfer Phase 

} 0o,", _C","OO MOO. 

Channel Enabled, Data Transfer Phase 
Channel Disabled, Array Transfer Phase 
Channel Enabled, Array Transfer Phase 
Not Possible 
Channel Disabled, Link Transfer Phase 
Channel Enabled, Link Transfer Phase 
Not Possible 

Figure 10. Status Bit Combinations 
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CONTROL REGISTERS (Continued) 

1004 

Address: 00011 (Shared) 

1015101410131012101110101091081071 osl 051 041 031 021 011 001 

o 0 
o 1 
1 0 
1 1 

I I 
o 0 32-bit Unear } 
o 1 Reserved Addressing 
1 0 Segmented 16116 Mode 
1 1 Segmented 8124 

IUAS Every Transaction 

One Wiut Every Transaction 

Enable Transaction Status 

Bus Inactive Time 

Reserved 

Reserved 

Reserved 

Reserved 

End of Demand or Burst } . 
End of Demand Only DMA Request 
End of Burst Only Arbitration 
Reserved 

Unk Array Big End/Little End 

Preempt Enable 

o 1 Rx Channel Channel 
o 0 Tx Channel} 

1 0 Alternating Priority 
1 1 Reserved 

Figure 11. DMA Control Register (OCR) 



Big End Array 

(16-B~bus) 

Address n 

Address n+2 

Little End Array 

(16-B~bus) 

Address n 

Address n+2 

Big End Array 

(8-B~bus) 

Address n 

Address n+1 

Addressn+2 

Address n+3 

Little End Array 

(8-B~bus) 

Addressn 

Address n+1 

Addressn+2 

Address n+3 

Nole: 

AD15 

31 

15 

AD15 

15 

31 

AD7 

31 

23 

15 

07 

AD7 

07 

15 

23 

31 

30 29 28 27 

14 13 12 11 

14 13 12 11 

30 29 28 27 

30 29 28 27 

22 21 20 19 

14 13 12 11 

06 05 04 03 

06 05 04 03 

14 13 12 11 

22 21 20 19 

30 29 28 27 

ADO 

26 25 24 23 22 21 20 19 18 17 16 

10 09 08 07 06 05 04 03 02 01 00 

ADO 

10 09 08 07 06 05 04 03 02 01 00 

26 25 24 23 22 21 20 19 18 17 16 

ADO 

26 25 24 

18 17 16 

10 09 08 

02 01 00 

ADO 

02 01 00 

10 09 08 

18 17 16 

26 25 24 

Bit 12 in DCR is used to control the byte ordering of addresses and counts stored in memory in the 
array and linked array modes. The above figure shows the two cases for both bus bandwidths. 

Figure 12. Array-Chained Bit Ordering 
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CONTROL REGISTERS (Continued) 

1006 

Address: 00100 (Shared) 

1015101410131012101110101091081071061 osl 041 031021011001 

0 
0 
0 
0 
0 
0 
0 
0 

1 Tx Channel Array Count (RO) 

Rx Channel Array Count (RO) 

Reserved 

Figure 13a. DMA Array Count Register (DACRl 

Getlink (in DCMR) 

~ 
Channel Array Count 3 

Channel Array Count 2 

Channel Array Count 1 

Channel Array Count 0 

0 0 0 0 Array Operation Not Started 
0 0 0 1 Fetched Last Byte of Array 
0 0 1 0 Fetched Fifth Byte of Array 
0 0 1 1 Fetched Fourth Byte of Array Array-Chained 
0 1 0 0 Fetched Third Byte of Array 
0 1 0 1 Fetched Second Byte of Array 
0 1 1 0 Fetched First Byte of Array 
0 1 1 1 Fetched Last Byte of Buffer 

1 1 1 1 

1 
0 0 0 0 Array Operation Not Started 
0 0 0 1 Fetched Last Byte of Array 
0 0 1 0 Fetched Fifth Byte of Array 
0 0 1 1 Fetched Fourth Byte of Array 
0 1 0 0 Fetched Third Byte of Array 
0 1 0 1 Fetched Second Byte of Array 
0 0 Feicned First Byte of Array 

~ Linked Array-Chained 
0 1 Fetched Last Byte of Linked Address 
0 0 0 0 Invalid 
0 0 0 1 Invalid 
0 0 1 0 Invalid 
0 0 1 1 Invalid 
0 1 0 0 Fetched Third Byte of Linked Address 
0 1 0 1 Fetched Second Byte of Linked Address 
0 1 1 0 Fetched First Byte of Linked Address 
0 1 1 1 Fetched Last Byte of Buffer 

Figure 13b. Channel Array Count Bit Combinations 

Note: See the Z16C32 Technical Manual forthe appropriate 
table with Linked Status Transfer feature enabled. 



Address: 01001 (Shared) 

Noles: 
BOCR Controls the amount of time that OMA may remain bus master. 

Clock Cycle Limit (Bit 3) 

Clock Cycle Limit (Bit 4) 

Clock Cycle Limit (Bit 5) 

Clock Cycle Limit (Bit 6) 

Clock Cycle Limit (Bit 7) 

Clock Cycle Limit (Bit 8) 

Clock Cycle Limit (Bit 9) 

Clock Cycle Limil (Bit 10) 

Transaction Limit (Bit 0) 

Transaction Limit (Bit 1) 

Transaction Limit (Bit 2) 

Transaction Limit (Bit 3) 

Transaction Limit (Bit 4) 

Transaction Limit (Bit 5) 

Transaction Limit (Bit 6) 

Transaction Limit (Bit 7) 

Bits 15 through 8 are used to select a limit for the number of OMA transfers on the Bus while the OMA is bus master. This 
limit is a binary number, a value of zero disables the transaction limit function. 

Bits 7 through 0 are used to select a limit for the number of clock cycles that the OMA may remain on the bus as bus master. 

Bus transaction will always complete, even if the clock cycle limit is exceeded during the bus cycle, and even if the cycle 
is extended by external hardware signalling through /WAIT/tRDY. 

Figure 14. Burst Dwell Control Register (BOCR) 
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CONTROL REGISTERS (Continued) 

Address: 01010 (Shared) 

~ 
IV <0> 

IV <1> 

IV <2> 

IV <3> 

IV <4> 

IV <5> 

IV <6> 

IV <7> 

IV <0> (RO) 

a a N,," } a 1 Not Used 
1 a Tx Channel . Type Code (RO) 

1 1 Rx Channel 

IV <3> (RO) 

IV <4> (RO) 

IV <5> (RO) 

IV <6> (RO) 

IV <7> (RO) 

Figure 15. DMA Interrupt Vector Register (DIVR) 

Address: 01100 (Shared) 

I I I I L TxlE 

I I I I Rx IE 

I I 
I I 

Reserved 

VIS 

NV 

DLe 
MIE 

Figure 16. DMA Interrupt Control Register (DICR) 
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Address: 01101 (Shared) 

Reset Tx IP (WO) 

Reset Rx IP (WO) 

Reserved 

Reset Tx IUS (WO) 

Reset Rx IUS (WO) 

Reserved 

Figure 17. Clear DMA Interrupt Register (COIR) 

Address: 01110 (Shared) 

SetTx IP 

Set Rx IP 

Reserved 

SetTx IUS 

Set Rx IUS 

Reserved 

Figure 18. Set DMA Interrupt Register (SOIR) 

Address: 01111 * 

Software Abort IE 

Hardware Abort IE 

Buffer Termination IE 

Array Termination IE 

Reserved 

Figure 19. Tx/Rx DMA Interrupt Arm (TDIAR)/(RDlAR) 

, The format of this register is the same for the receiver and transmitter. The transmit register 
is accessed by addressing it with the OIIC pin Low (0). The receive register is accessed by 
addressing it with the O//C pin High (1). This applies to Figures 19 through 25. 
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CONTROL REGISTERS (Continued) 

1010 

Address: 10101 •. 

~ 
TIC <0> 

TIC <1> 

TIC <2> 

TIC <3> 

TIC <4> 

TIC <5> 

TIC <6> 

TIC <7> 

TIC<B> 

TIC <9> 

TIC <10> 

TIC <11> 

TIC <12> 

TIC <13> 

TIC <14> 

TIC <15> 

Figure 20. Tx/Rx Byte Count Register (TBCR)/(RBCR) 

Address: 10110' 

I I 

I I 

TAR<D> 

TAR <1> 

TAR <2> 

TAR <3> 

TAR <4> 

TAR <5> 

TAR <6> 

TAR <7> 

TAR<B> 

TAR <9> 

TAR <10> 

TAR <11> 

TAR <12>. 

TAR <13> 

TAR <14> 

TAR <15> 

Figure 21. Tx/Rx Address Register (lower) (TARL)/(RARL) 



Address: 10111 • 

~ 
TAR <16> 

TAR <17> 

TAR <18> 

TAR <19> 

TAR <20> 

TAR <21> 

TAR <22> 

TAR <23> 

TAR <24> 

TAR <25> 

TAR <26> 

TAR <27> 

TAR <28> 

TAR <29> 

TAR <30> 

Figure 22. Tx/Rx Address Register (Upper) (TARU)/(RARU) 

Address: 11101 • 

~ 
BTC <0> 

BTC<1> 

BTC<2> 

BTC <3> 

BTC <4> 

BTC <5> 

BTC<6> 

BTC<7> 

BTC<8> 

BTC <9> 

BTC <10> 

BTC <11> 

BTC <12> 

BTC <13> 

BTC<14> 

BTC<15> 

Figure 23. Next Tx/Rx Byte Counter Register (NTBCR)/(RTBCR) 
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CONTROL REGISTERS (Continued) 

1012 

Address: 11110· 

BAR «l> 

BAR <1> 

BAR <2> 

BAR <3> 

BAR <4> 

BAR <5> 

BAR <6> 

BAR <7> 

BAR <8> 

BAR <9> 

BAR <10> 

BAR <11> 

BAR <12:­

BAR <13> 

BAR <14> 

BAR <15> 

Figure 24. Next Tx/Rx Address Register (Lower) (NTARL)/(RTARL) 

Address: 11111· 

~ 
BAR <16> 

BAR <17> 

BAR <18> 

BAR <19> 

. I I I I BAR <20> 

I I 
I I 

I BAR <21> 

BAR <22> 

BAR <23> 

BAR <24> 

BAR <25> 

BAR <26> 

BAR <27> 

BAR <28> 

BAR <29> 

BAR <30> 

BAR <31> 

Figure 25. Next Tx/Rx Address Register (Upper) (NTARU)/(RTARU) 



AD15 ADO 

Base Address Buffer #1 AD<31-24> AD<23-16> 

Base Address + 2 AD<15-8> AD<7-0> 

Base Address + 4 CNT<15-8> CNT<7-0> 

Base Address + 6 Buffer #2 AD<31-24> AD<23-16> 

Base Address + 8 AD<15-8> AD<7-0> 

Base Address + 10 CNT<15-8> CNT<7-0> 

Base Address + 12 Buffer #3 AD<31-24> AD<23-16> 

Base Address + 14 AD<15-8> AD<7-0> 

Base Address + 16 CNT<15-8> CNT<7-0> 

Last Base Address Dummy Ignored Ignored 

Last Base Address + 2 Ignored Ignored 

Last Base Address + 4 00000000 00000000 

Base Address Register 
After Termination 

Figure 26a_ Array-Chained, 16-Bit Bus, Big End Array 

Note: 
The addition of frame status/control information in the array with Linked Frame 
Status Transfer Enabled is similiar for Big and Little End Array. See Figure 26b. 
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CONTROL REGISTERS (Continued) 

1014 

AD15 ADO 

Base Address Buffer #1 AD<31-24> AD<23-16> 

Base Address + 2 AD<15-8> AD<7-0> 

Base Address + 4 CNT <15-8> CNT <7-0> 

Base Address + 6 RSBfTCB <15-8> RSBfTCB <7-0> 

Base Address + 8 RCHRfTCLR <15-8> RCHRfTCLR <7~0> 

Base Address + 10 0 0 

Base Address + 12 Buffer #2 AD<31-24> AD<23-16> 

Base Address + 14 AD<15-8> AD<7-0> 

Base Address + 16 CNT <15-8> CNT <7-0> 

Base Address + 18 RSBfTCB <15-8> RSBfTCB <7-0> 

Base Address + 20 RCHRfTCLR <15-8> RCHRfTCLR <7-0> 

Base Address + 22 0 0 

Base Address + 24 Buffer #3 AD<31-24> AD<23-16> 

Base Address + 26 AD<15-8> AD<7-0> 

Base Address + 28 CNT <15-8> CNT <7-0> 

" Base Address + 30 RSBfTCB <15-8> RSBfTCB <7-0> 

Base Address + 32 RCHRfTCLR <15-8> RCHRfTCLR <7-0> 

Base Address + 34 0 0 

Last Base Address Dummy Ignored Ignored 

Last Base Address + 2 Ignored Ignored 

Last Base Address + 4 o 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 

Base Address Register 
After Termination 

Figure 26b_ Array-Chained, 16-Bit Bus, Big End Array 
Linked Frame Status Transfer Enabled 



Base Address 

Base Address + 2 

Base Address + 4 

Base Address + 6 

Base Address + 8 

Base Address + 10 

Base Address + 12 

Base Address + 14 

Base Address + 16 

Last Base Address 

Last Base Address + 2 

Last Base Address + 4 

Base Address Register 
After Termination 

Buffer #1 

Buffer #2 

Buffer #3 

Dummy 

AD15 

AD<15-8> 

AD<31-24> 

CNT<15-8> 

AD<15-8> 

AD<31-24> 

CNT<15-8> 

AD<15-8> 

AD<31-24> 

CNT<15-8> 

Ignored 

Ignored 

000 0 0 0 0 0 

ADO 

AD<7-0> 

AD<23-16> 

CNT<7-Q> 

AD<7-0> 

AD<23-16> 

CNT<7-Q> 

AD<7-0> 

AD<23-16> 

CNT<7-Q> 

Ignored 

Ignored 

00000000 

Figure 27. Array-Chained, 16-Bit Bus, Little End Array 
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CONTROL REGISTERS (Continued) 

1016 

Note: 

Base Address 

Base Address + 1 

Base Address + 2 

Base Address + 3 

Base Address + 4 

Base Address + 5 

Base Address + 6 

Base Address + 7 

Base Address + 8 

Base Address + 9 

Base Address + 10 

Base Address + 11 

Last Base Address 

Last Base Address + 1 

Last Base Address + 2 

Last Base Address + 3 

Last Base Address + 4 

Last Base Address + 5 

Base Address Register 
After Termination 

BuHer#1 

BuHer#2 

Dummy 

AD7 ADO 

AD<31·24> 

AD<23·16> 

ADd 5·8> 

AD<7·0> 

CNTd5·8> 

CNT<7·0> 

AD<31·24> 

AD<23·16> 

ADd 5·8> 

AD<7·0> 

CNT<15·8> 

CNT<7·0> 

Ignored 

Ignored 

Ignored 

Ignored 

00000000 

o 0 0 0 0 0 0 0 

Figure 28a. Array-Chained, 8-Bit Bus, Big End Array 

The addition of frame status/control information in the array with Linked Frame 
Status Transfer Enabled is similiar for Big and Little End Array. See Figure 28b. 



AD7 ADO 

Base Address Buffer #1 AD<31-24> 

Base Address + 1 AD<23-16> 

Base Address + 2 AD<15-B> 

Base Address + 3 AD<7-0> 

Base Address + 4 CNT<15-8> 

Base Address + 5 CNT <7-0> 

Base Address + 6 RSBfTCB <15-8> 

Base Address + 7 RSBfTCB <7-0> 

Base Address + 8 RCHRlTCLR <15-8> 

Base Address + 9 RSHRlTCLR <7-0> 

Base Address + 10 0 

Base Address + 11 0 

Base Address + 12 Buffer #2 AD<31-24> 

Base Address + 13 AD<23-16> 

Base Address + 14 AD<15-B> 

Base Address + 15 AD<7-0> 

Base Address + 16 CNT<15-8> 

Base Address + 17 CNT<7-0> 

Base Address + 18 RSBfTCB <15-8> 

Base Address + 19 RSBfTCB <7-0> 

Base Address + 20 RCHRlTCLR <15-8> 

Base Address + 21 RSHRlTCLR <7-0> 

Base Address + 22 0 

Base Address + 23 0 

Last Base Address Dummy Ignored 

Last Base Address + 1 Ignored 

Last Base Address + 2 Ignored 

Last Base Address + 3 Ignored 

Last Base Address + 4 0 0000000 

Last Base Address + 5 00000000 

Base Address Register 
After Termination 

Figure 2Bb. Array-Chained, B-Bit Bus, Big End Array, 
Linked Frame Status Transfer Enabled 
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CONTROL REGISTERS (Continued) 

Base Address 

Base Address + 1 

Base Address + 2 

Base Address + 3 

Base Address + 4 

Base Address + 5 

Base Address + 6 

Base Address + 7 

Base Address + 8 

Base Address + 9 

Base Address + 10 

Base Address + 11 

Last Base Address 

Last Base Address + 1 

Last Base Address + 2 

Last Base Address + 3 

Last Base Address + 4 

Last Base Address + 5 

Base Address Register 
After Tennination 

Buffer #1 

Buffer #2 

Dummy 

AD7 ADO 

AD<7-0> 

AD<15-8> 

AD<23-16> 

AD<31-24> 

CNT<7-0> 

CNT<15-8> 

AD<7-0> 

ADd5-8> 

AD<23-16> 

AD<31-24> 

CNT<7-0> 

CNT<15-8> 

Ignored 

Ignored 

Ignored 

Ignored 

000 0 0 0 0 0 

00000000 

Figure 29. Array-Chained, 8-Bit Bus, Little End Array 
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AD1S ADO 

Base Address Buffer #1 AD<31-24> AD<23-16> 

Base Address + 2 AD<1S-8> AD<7-0> 

Base Address + 4 CNT<1S-8> CNT<7-0> 

Base Address + 6 Base #2 AD<31-24> AD<23-16> 

Base Address + 8 ADdS-8> AD<7-0> 

#2 Base Address Buffer #2 AD<31-24> AD<23-16> 

#2 Base Address + 2 ADdS-8> AD<7-0> 

#2 Base Address + 4 CNT<1S-8> CNT<7-0> 

#2 Base Address + 6 Base #3 AD<31-24> AD<23-16> 

#2 Base Address + 8 ADdS-8> AD<7-0> 

#3 Base Address Buffer #3 AD<31-24> AD<23-16> 

#3 Base Address + 2 AD<1S-8> AD<7-0> 

#3 Base Address + 4 CNT<1S-8> CNT<7-0> 

#n - 1 Base Address + 6 Base#n AD<31-24> AD<23-16> 

#n - 1 Base Address + 8 AD<1S-8> AD<7-0> 

#n Base Address Buffer#n Ignored Ignored 

#n Base. Address + 2 Ignored Ignored 

#n Base Address + 4 00000000 00000000 

Figure 30a. Linked Array-Chained, 16-Bit Bus, Big End Array 

Note: 
The addition of frame status/control information in the array with Linked Frame 
Status Transfer Enabled is similiar for Big and Little End Array. See Figure 30b. 
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CONTROL REGISTERS (Continued) 

AD15 ADO 

Base Address Buffer #1 AD<31-24> AD<23-16> 

Base Address + 2 AD <15-8> AD<7-0> 

Base Address + 4 CNT<15-8> CNT<7-0> 

Base Address + 6 RSBfTCB <15-8> RSBfTCB <7-0> 

Base Address + 8 RCHRfTCLR <15-8> RCHRfTCLR <7-0> 

Base Address + 10 0 0 

Base Address + 12 Base #2 AD<31-24> AD<23-16> 

Base Address + 14 AD <15-8> AD<7-0> 

#2 Base Address Buffer #2 AD<31-24> AD<23-16> 

#2 Base Address + 2 AD <15-8> AD<7-0> 

#2 Base Address + 4 CNT<15-8> CNT<7-0> 

#2 Base Address + 6 RSBfTCB <15-8> RSBfTCB <7-0> 

#2 Base Address + 8 RCHRfTCLR <15-8> RCHRfTCLR <7-0> 

#2 Base Address + 10 0 0 

#2 Base Address + 12 Base #3 AD<31-24> AD<23-16> 

#2 Base Address + 14 AD <15-8> AD<7-0> 

#3 Base Address Buffer #3 AD<31-24> AD<23-16> 

#3 Base Address + 2 AD <15-8> AD<7-0> 

#3 Base Address + 4 CNT<15-8> CNT<7-0> 

#3 Base Address + 6 RSBfTCB <15-8> RSBfTCB <7-0> 

#3 Base Address + 8 RCHRfTCLR <15-8> RCHRfTCLR <7-0> 

#3 Base Address + 10 0 0 

Figure 30b. Linked Array-Chained, 16-Bit Bus, Big End Array 
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AD15 ADO 

Base Address Buffer #1 AD<15-8> AD<7-0> 

Base Address + 2 AD<31-24> AD<23-16> 

Base Address + 4 CNT<15-8> CNT<7-0> 

Base Address + 6 Base #2 AD<15-8> AD<7-0> 

Base Address + 8 AD<31-24> AD<23-16> 

#2 Base Address Buffer #2 AD<15-8> AD<7-0> 

#2 Base Address + 2 AD<31-24> AD<23-16> 

#2 Base Address + 4 CNT<15-8> CNT<7-0> 

#2 Base Address + 6 Base #3 AD<15-8> AD<7-0> 

#2 Base Address + 8 AD<31-24> AD<23-16> 

#3 Base Address Buffer #3 AD<15-8> AD<7-0> 

#3 Base Address + 2 AD<31-24> AD<23-16> 

#3 Base Address + 4 CNT<15-8> CNT<7-0> 

#n - 1 Base Address + 6 Base#n AD<15-8> AD<7-0> 

#n - 1 Base Address + 8 AD<31-24> AD<23-16> 

#n Base Address Buffer#n Ignored Ignored 

#n Base Address + 2 Ignored Ignored 

#n Base Address + 4 00000000 000 0 0 0 0 0 

Figure 31. Linked Array·Chained, 16·Bit Bus, Little End Array 
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CONTROL REGISTERS (Continued) 

1022 

Base Address 

Base Address + 1 

Base Address + 2 

Base Address + 3 

Base Address + 4 

Base Address + 5 

Base Address + 6 

Base Address + 7 

Base Address + 8 

Base Address + 9 

#2 Base Address 

#2 Base Address + 1 

#2 Base Address + 2 

#2 Base Address + 3 

#2 Base Address + 4 

#2 Base Address + 5 

#2 Base Address + 6 

#2 Base Address + 7 

#2 Base Address + 8 

#2 Base Address + 9 

AD7 

Buffer #1 

Base #2 

Buffer #2 

Base #3 

ADO 

AD<7-0> 

ADd5-8> 

AD<23-16> 

AD<31-24> 

CNT <7-0> 

CNTd5-8> 

AD<7-0> 

ADd5-8> 

AD<23-16> 

AD<31-24> 

AD<7-0> 

ADd 5-8> 

AD<23-16> 

AD<31-24> 

CNT<7-0> 

CNT<15-8> 

AD<31-24> 

Figure 32a_ Link.ed Array-Chained, 8-Bit Bus, Big End Array 

Note: 
The addition of frame status/control information in tile array Witll Linked 
Frame Status Transfer Enabled is similiar to Big End ~rray. See Figure 32b. 



Base Address 

Base Address + 1 

Base Address + 2 

Base Address + 3 

Base Address + 4 

Base Address + 5 

Base Address + 6 

Base Address + 7 

Base Address + 8 

Base Address + 9 

Bilse Address + 10 

Base Address + 11 

Base Address + 12 

Base Address + 13 

Base Address + 14 

Base Address + 15 

#2 Base Address 

#2 Base Address + 1 

#2 Base Address + 2 

#2 Base Address + 3 

#2 Base Address + 4 

#2 Base Address + 5 

#2 Base Address + 6 

#2 Base Address + 7 

#2 Base Address + B 

#2 Base Address + 9 

#2 Base Address + 10 

#2 Base Address + 11 

Buffer #1 

Base #2 

Buffer #2 

AD7 ADO 

AD<31-24> 

AD<23-16> 

AD<15-B> 

AD<7-0> 

CNT<15-B> 

CNT<7-0> 

RSB/TCB <15-B> 

RSBITCB <7-0> 

RCHRlTCLR <15-B> 

RCHRlTCLR <7-0> 

0 

0 

AD<31-24> 

AD<23-16> 

AD<15-B> 

AD<31-24> 

AD<23-16> 

AD<15-B> 

AD<7-0> 

CNT<15-B> 

CNT<7-0> 

RSBlTCB <15-B> 

RSBITCB <7-0> 

RCHRITCLR <15-B> 

RCHRITCLR <7-0> 

0 

0 

Figure 32b_ Linked Frame Status Transfer Enables 
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CONTROL REGISTERS (Continued) 

Base Address 

Base Address + 1 

Base Address + 2 

Base Address + 3 

Base Address + 4 

Base Address + 5 

Base Address + 6 

Base Address + 7 

Base Address + 8 

Base Address + 9 

#2 Base Address 

#2 Base Address + 1 

#2 Base Address + 2 

#2 Base Address + 3 

#2 Base Address + 4 

#2 Base Address + 5 

#2 Base Address + 6 

#2 Base Address + 7 

#2 Base Address + 8 

#2 Base Address + 9 

AD7 

Buffer #1 

Base #2 

Buffer #2 

Base #3 

ADO 

AD<31-24> 

AD<23-16> 

AD<15-8> 

AD<7-0> 

CNT<15-8> 

CNT<7-Q> 

AD<31-24> 

AD<23-16> 

ADd 5-8> 

ADd-O> 

AD<31-24> 

AD<23-16> 

ADd 5-8> 

AD<7-0> 

CNT<15-8> 

CNT<7-0> 

AD<31-24> 

AD<23-16> 

ADd5-8> 

Figure 33. Linked Array-Chained 8-Bit Bus, Little End Array 
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Address: 00000 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 ,0 
1 1 
1 1 

o 0 
o 1 
1 0 
1 1 

Normal Operation } 
Auto Echo RxiTx 
External Local Loopback Mode 
Internal Local Loopback 

o Null Command 
1 Reserved 
o Reset Highest IUS 
1 Reserved 
o Trigger Channel Load DMA 
1 Trigger Rx DMA 
o Trigger Tx DMA 
1 Trigger Rx & Tx DMA 
o Reserved 
1 Rx FIFO Purge 
o Tx FIFO Purge 
1 Rx & Tx FIFO Purge 
o Reserved 
1 Reload Rx Character Count 
o Reload Tx Character Count 
1 Reload Rx & Tx Character Count 
o Reserved 
1 LoadTCO 
o LoadTC1 
l' Load TCO & TC1 
o Select Serial Data LSB First, * 
1 Select Serial Data MSB First 
o Sel,ect Straight MemolV C lta * 
1 Select Swapped Memory Data 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 

Channel 
Command 
(WO) 

Upper/lLower Byte Select (WO) 

Address 0 (WO) 

Address 1 (WO) 

Address 2 (WO) 

Address 3 (WO) 

Address 4 (WO) 

Byte/lWord Access (WO) 

Channel Load DMA (WO) 

RxiTx Reset 

* Selected 
Upon Reset 

Figure 34. Channel Command/Address Register (CCAR) 
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CONTROL REGISTERS (Continued) 
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Address: 00001 

10151014101~.lD1101101ol 091 OSI 071 OSI 051 041 031 021 01 100J 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 

I I 1 1 
1 1 
1 1 

I I 
I 

I I 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

0 0 Asynchronous 

'"'" 
0 1 ReseIVed 
1 0 Isochronous 
1 1 Asynchronous wtth CV 
0 0 Monosync 
0 1 Bisync 
1 0 HOLC 
1 1 Transparent Bisync 
0 0 NBIP 
0 1 802.3 
1 0 ReseIVed 
1 1 ReseIVed 
0 0 Slaved Monosync 
0 1 ReseIVed 

J 1 0 HOLC Loop 
1 1 Reserved ../ 

I I 
0 '0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 ' 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

Asy nchronous 
Ext 
Isoc 

ernal Synchronous 
hronous 
nchronous wtth CV 
nosync 

Asy 
Mo 
Bls ync 
HO LC 
Tra nsparent Bisync 

p NBI 
802 .3 
Res eIVed 
Res eIVed 
Res aIVed 
Res aIVed 
Res eIVed 
Res aIVed 

RxSubmode0 

RxSubmode1 

RxSubmode2 

RxSubmode3 

Transmttter 
Mode 

Tx Submo'de 0 

TxSubmode1 

TxSubmode2 

TxSubmode3 

Figure 35. Channel Mode Register (CMR) 

Receiver 
Mode 



Address: 00001 

o 
o 
1 

o 
1 
o 
1 

I I I I 
0 0 0 0 

0 0 16X D.,. Ra'o } 
0 1 32X Data Rate 
1 0 64X Data Rate 
1 1 Reserved 

000 0 ASynchronous} Transmitter 
Mode 

o 0 
o 1 
1 0 

1 

16X Data Rate} 
32X Data Rate Tx Clock 
64X Data Rate Rate 
Reserved 

One Stop Bit 
Two Stop Bits 
One Stop Bit, Shaved 
Two Stop Bits, Shaved 

} 
TxStop 
Bits 

Asynchronous } 

Rx Clack 
Rate 

Reserved 

Reserved 

Figure 36. Channel Mode Register, Asynchronous Mode 

Receiver 
Mode 

Address: 00001 

I I I I 
o 0 0 

000 R d } Transmitter 
eserve Mode 

External Sync } Receiver 
Mode 

Reserved 

Reserved 

Figure 37. Channel Mode Register, External Sync Mode 
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CONTROL REGISTERS (Continued) 
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Address: 00001 

I I I I 
o 0 0 

o 0 0 Isochronous} r:-:!mitter 

Isochronous} Receiver 
Mode 

Reserved 

Reserved 

Tx Two Stop Bits 

Reserved 

Figure 38. Channel Mode Register, Isochronous Mode 

Address: 00001 

1~51~~~31~~~11~oloolool~I~I~I~loolool~lool 

o 
o 
1 
1 

o 
1 
o 
1 

I I I I 0 0 1 1 Asy nchronous wRh CV} Receiver 
Mode 

0 0 1 1 

One Stop Bit 1 
Two Stop Bits Tx 
No Stop BR f Stop Bits 
Reserved 

Rx Extended Word 

Reserved 

Asynchronous wRh CV } r:-::mitter 

CV Polarity 

Tx Extended Word 

Figure 39. Channel Mode Register, Asynchronous Mode 
with Code Violation (MIL sro 1553) 



Address: 00001 

I I I I 
M n Y C} Receiver 

a as n Mode 000 

Rx Short Sync Character 

Rx Sync Strip 

Reserved 

o o 0 M } Transmitter 
onosync Mode 

Tx Short Sync Character 

Tx Preamble Enable 

Reserved 

Tx CRC on Underrun 

Figure 40. Channel Mode Register, Monosync Mode 

Address: 00001 

101510141013101210111010109108107 061051041031021011 DO 1 

o 0 
o 1 
1 0 
1 1 

-- I 
0 

0 1 0 1 B' } Transmitter 
Isync Mode 

SYN1 } Tx 
SYNO/SYN1 Underrun 
CRC/SYN1 " 
CRC/SYNO/SYNl Condition 

I I I 
1 0 1 Bis ync} Receiver 

Mode 

Rx Short Sync Character 

Rx Sync Strip 

Reserved 

Tx Short Sync Character 

Tx Preamble Enable 

Figure 41. Channel Mode Register, Bisync Mode 
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CONTROL REGISTERS (Continued) 
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Address: 00001 

1~~~~~31~21~11~ol~I~~~~~~~~J~ 

o 
o 
1 
1 

o 
1 
o 
1 

I I I I 
0 1 1 0 HD 

0 0 Disabled 
0 1 One Byte. No Control 
1 0 One Byte. Plus Control 
1 1 Extended. Plus Control 

0 1 1 0 HDLC } Transmitter 
Mode 

Abort } Tx 
Extended Abort Underrun 
Flag C dit· 
CRC/Flag on Ion 

LC} Receiver 
Mode 

} 
RxAddress 
Search Mode 

Rx 16-BH Control 

Rx Logical Control Enable 

Shared Zero Flags 

Tx Preamble Enable 

Figure 42. Channel Mode Register, HOLC Mode 

Address: 00001 

o 
o 
1 
1 

o 
1 
o 
1 

I I I I 
o Transparent Bisync j"l Receiver 

Mode 
I I 
I I lilT 

1111' L...----

Transparent Bisync } ~:~:mitter 

EBCDIC 

ReselVed 

o 

SYN 
DLEISYN 
CRC/SYN 
CRC/DLEISYN 

} 
Tx 
Underrun 
Condition 

EBCDIC 

Tx Preamble Enable 

Figure 43. Channel Mode Register, Transparent Bisync Mode 



Address: 00001 

o 
o 
1 
1 

Address: 00001 

o 
1 
o 
1 

I I I I 
000 } 

Receiver 
NBIP Mode 

o 
o 
1 
1 

o 
1 
o 
1 

32X Data Rate Rx Clock 
16X Data Rate} 

64X Data Rate Rate 

o 0 0 

Reserved 

NBIP } Transmitter 
Mode 

32X Data Rate Tx Clock 
16X Data Rate } 

64X Data Rate Rate 
Reserved 

Figure 44. Channel Mode Register, NBIP Mode 

Rx Parity on Data 

Reserved 

Tx Parfty on Data 

Tx Address Bit 

~I !! ! 802.3} Receiver 
Mode 

Rx Address Search 

o 0 802.3 } Transmitter 
Mode 

Figure 45. Channel Mode Register, 802.3 Mode 

Reserved 

Reserved 

Tx CRC on Underrun 
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CONTROL REGISTERS (Continued) 
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Address: 00001 

1015101410131012101110101091081071081051041031021011001 

I 
I I I I 
1 1 0 0 

1 1 0 0 Slaved Monosync } ~:~!mitter 

Res erved } Receiver 
Mode 

Reserved 

Tx Short Sync Character 

Tx Active on Received Sync 

Reserved 

Tx CRC on Underrun 

Figure 46. Channel Mode Register, Slaved Monosync Mode 

Address: 00001 

I I I I 
o 

o HOlC loop } ~:~!mitter 

o 
o 

o 
1 
o 

Abort 1 
Extended Abort Tx Underrun 
Fiag J Condition 
CRClFlag 

Reserved} Receiver 
Mode 

Reserved 

Shared-Zero Flags 

Tx Active on Poll 

Figure 47. Channel Mode Register, HOLC Loop Mode 



Address: 00010 
1015101410131012101110101091081071061051041031021011 Dol 

o 0 
o 1 
1 0 
1 1 

III~ Reserved 

0 0 0 
0 0 1 
0 1 0 
0 1 1 1 0 0 1 0 1 1 1 0 1 1 1 

1 Bit 
2 B~s 3 B~s HOLC Tx Last "~} 4 B~s Character Length 
5 B~s 
6 B~s 7 B~s 

Counter By-pass Enable 

Loop Sending (RO) 

On Loop (RO) 

Rising Edge Only OPLL AdjustlSync Edge 
Both Edges } 

Falling Edge Only 
AdjustlSync Inhibit 

Clock Missed Latched/Unlatch 

2 Clocks Missed Latched/Unlatch 

DPLL in Sync/Quick Sync 

RCC FIFO Clear (WO) 

RCC FIFO Valid (RO) 

RCC FIFO Overflow (RO) 

Figure 48. Channel Command/Status Register (CCSR) 
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CONTROL REGISTERS (Continued) 

Address: 00011 

1~~~4~~~~~11~~ooloolwlool~~lool~I~I~ 

I I Reserved 

Wak for Rx DMA Trigger 

0 0 
0 1 One Word Status Block Ax St 
1 0 

~ .... ,~ } 
Two Word Status Block Block 

atus 
Transfer 

1034 

o 0 
o 1 
1 0 
1 1 

1 1 Reserved 

0 0 M_ } ..., 
0 1 AI/ Ones Tx Preamble 
1 0 Alternating 1 and 0 Pattern 
1 1 Atternating 0 and 1 

0 0 8Bks } 
0 1 16 Bks Tx Preamble 1 0 32 Bks Length 
1 1 64 Bks 

~ 

No Status Block } 
One Word Status Block Tx Control 
Two Word Status Block Block Transfer 
Reserved 

Figure 49. Channel Control Register (CCR) 

> 

Tx Shaved Bk Length 
(Async Only) 

(AI/Sync) 

Tx Flag Preamble 

Wak for Tx DMA Trigger 



Address: 00100 

Figure 50. Port Status Register (PSR) 

IPort Bit 0 (RO) 

Port Bit 0 Latched/Unlatch 

IPort Bit 1 (RO) 

Port Bit 1 Latched/Unlatch 

IPort Bit 2 (RO) 

Port Bit 2 Latched/Unlatch 

IPort Bit 3 (RO) 

Port Bit 3 Latched/Unlatch 

IPort Bit 4 (RO) 

Port Bit 4 Latched/Unlatch 

IPort Bit 5 (RO) 

Port Bit 5 Latched/Unlatch 

IPort Bit 6 (RO) 

Port Bit 6 Latched/Unlatch 

IPort Bit 7 (RO) 

Port Bit 7 Latched/Unlatch 
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CONTROL REGISTERS (Continued) 
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Address: 00101 

10151 0141 0131 012101110101 09J osl 071 06J 051 041 031 021 01 1 00 1 

o 
o 
1 

o 
1 
o 

o 
o 
1 
1 

o 
1 
o 
1 

o 
o 
1 
1 

o 
1 
o 
1 

o 
o 
1 
1 

o 
1 
o 
1 

o 0 
o 1 
1 0 
1 1 

o 
o 
1 
1 

o 
1 
o 
1 

o 0 
o 1 
1 0 
1 1 

I I 
o 
o 
1 

·1 

o 
1 
o 
1 

3-State Output } 
. Reserved Port Bit 0 
Output 0 Pin Control 
Output 1 

3-State Output } 
Reserved Port Bit 1 
Output 0 Pin Control 
Output 1 

3-State Output 
Reserved 
Output 0 
Output 1 

} 
PortBit2 
Pin Control 

3-State Output } 
Rx TSA Gate Output Port Bit 3 
Output 0 Pin Control 
Output 1 -

3-State Output } 
Tx TSA Gate Output Port Bit 4 
Output 0 . Pin Control 
Output 1 

3-State Output } 
Rx Sync Output Port Bit 5 
Output 0 Pin Control 
Output 1 

3-State Output } 
Frame Sync Input Port Bit 6 
Output 0 Pin Control 
Output 1 

3-State Output ") 
Tx Complete Output L 
Output 0 r 
Output j ..J 

Port Bit 7 
Pin Control 

Figure 51. Port Control Register (PCR) 



Address: 00110 

Figure 52. Test Mode Data Register (TMDR) 

Test Data <0> 

Test Data <1 > 

Test Data <2> 

Test Data <3> 

Test Data <4> 

Test Data <5> 

Test Data <6> 

Test Data <7> 

Test Data <8> 

Test Data <9> 

Test Data <10> 

Test Data <11> 

Test Data <12> 

Test Data <13> 

Test Data <14> 

Test Data <15> 
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CONTROL REGISTERS (Continued) 

1038 

Address: 00111 

1015101410131012101110101091 OSI 071 061051041031021011001 

I I I I I 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 
1 

'1 
1 
1 
1 
1 
1 
1 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 

o Null Address 
1 High Byte of Shifters 
o CRC Byte 0 
1 CRCByte1 
o Rx FIFO (WrHe) 
1 Clock Multiplexer Outputs 
o CTRO and CTR1 Counters 
1 Clock Multiplexer Inputs 
o DPLL State 
1 Low Byte of Shifters 
o CRCByte2 
1. CRC Byte 3 
o Tx FIFO (Read) 
1 Reserved 
o 1/0 and Device Status Latches 
1 Internal Daisy Chain 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved . 
o Rx Count Holding Register 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 
o Reserved 
1 Reserved 

Reserved 

Figure 53. Test Mode Control Register (TMCR) 

Test 
Register 
Address 



Address: 01000 

o 
o 
1 
1 

o 
1 
o 
1 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 0 Disabled 
0 0 1 IRxC Pin 
a 1 0 /TxC Pin 
a 1 1 DPLL Output 
1 0 0 BRGOOutput 
1 0 1 BRG10utput 
1 1 0 CTRO Output 
1 1 1 CTR10utput 

0 0 BRGO Output 
0 1 BRG10utput } DPLLClo 
1 0 IAxC Pin Source 
1 1 /TxC Pin 

a 0 CTRO Output 
0 1 CTR10utput } BRGOClock 
1 0 IAxC Pin Source 
1 1 /TxC Pin 

0 0 CTRO Output 
0 1 CTR10utput } BRG1 Clock 
1 0 IAxC Pin Source 
1 1 /TxC Pin 

0 0 
0 1 PortO Pin CTRO Clock 

Disabled } 

1 0 IAxC Pin Source 
1 1 ITxC Pin 

Disabled } 
Port1 Pin 
IAxC Pin 
/TxC Pin 

CTRl Clock 
Source 

Disabled 
IRxC Pin 
/TxC Pin 
DPLLOutput 
BRGO Output 
BRG10utput 
CTRO Output 
CTR10utput 

} 
Receive Clock 
Source 

} 
Transmit Clock 
Source 

ck 

Figure 54. Clock Mode Control Register (CMCR) 
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CONTROL REGISTERS (Continued) 

Address: 01001 

o 
o 
1 
1 

o 
1 
o 
1 

o 
o 
1 
1 

o 
1 
o 
1 

32x Clock Mode 
16x Clock Mode 
ax Clock Mode 
4x Clock Mode 

o 
o 
1 
1 

o 
1 
o 
1 

Disabled } 
NRZlNRZI DPLL 
Biphase-MarnJSpace Divider 
Biphase-Level 

32x Clock Mode 
16x Clock Mode 
ax Clock Mode 
Reserved 

} 
CTROClock 
Divider 

} 
DPLLClock 
Divider 

BRGO Enable 

BRGO Single Cycle/Continuous 

Reserved 

BRG1 Enable 

BRG1 Single Cycle/Continuous 

Reserved 

Code Violations OK 

CTR1 Rate Match DPLUCTRO 

Figure 55. Hardware Configuration Register (HCR) 
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Address: 01010 

0 0 0 None 
0 0 1 Device Status 
0 1 0 1/0 Status 
0 1 1 Transmit Data Type 
1 0 0 Transmit Status Code 
1 0 1 Receive Data 
1 1 0 Receive Status 
1 1 1 Not Used 

Figure 56. Interrupt Vector Register (IVR) 

IV <4> 

IV <5> 

IV <7> 

IV <0> (RO) 

IV <4> (RO) 

IV <5> (RO) 

IV <6> (RO) 

IV <7> (RO) 
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CONTROL REGISTERS (Continued) 
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Address: 01011 

1~1~1~1~~~1~~~~~I~lool~I~lool 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Input Pin } Rx Clock Output 
Rx Byte Clock Output 
SYNC Output IRxC Pin 
BRGO Output Control 
BRG10utput 
CTRO Output 
DPLL Rx Output 

0 0 0 Input Pin 
0 0 1 Tx Clock Outp 
0 1 0 Tx Byte Clock 
0 1 1 TxComplete Output ITxC ~utput} 

o 
o 
1 
1 

o 
1 
o 
1 

1 0 0 BRGOOutput 
1 0 1 BRG10utput 
1 1 0 CTR10utput 
1 1 1 DPLL TxOutp 

0 0 Tx Data Output } 
0 1 3-State Output TxD Pin 
1 0 Output 0 Control 
1 1 Output 1 

0 0 3-State Output } 
0 1 Rx Request Output IRxREQ 
1 0 Output 0 Pin Control 
1 1 Output 1 

0 0 3-State Output } 
0 1 Tx Request Output ITxREQ 
1 0 Output 0 Pin Control 
1 1 Output 1 

0 0 lOCO Input } 
0 1 IDCDI/SYNC Input 
1 0 Output 0 
1 1 Output 1 

ICTS Input 
ICTS Input 
Output 0 
Output 1 

') 
~ ICTS J Pin Control 

IDCD 
Pin Control 

ut ' Pin Control 

Figure 57. 1/0 Control Register (IOCR) 



Address: 01100 

~ 
0 0 Null Command 

} 0 1 Null Command IE Command 
1 0 Reset IE (WO) 
1 1 Set IE 

0 0 0 

M } 
0 0 1 All 
0 1 0 1/0 Status and Above 
0 1 1 Transmtt Data and Above VIS 
1 0 0 Transmtt Status and Above Level 
1 0 1 Receive Data and Above 
1 1 0 Receive Status Only 
1 1 1 None 

Figure 58. Interrupt Control Register (ICR) 

Device Status IE 

1/0 Status IE 

Transmtt Data IE 

Transmit Status IE 

Receive Daia IE 

Receive Status IE 

Reserved 

VIS 

NV 

DLC 

MIE 
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CONTROL REGISTERS (Continued) 

Address: 01101 

o 
o 
1 
1 

o 
1 
o 
1 

Null Command } 
Null Command 
ReseliUS 
Set IUS 

o 
o 
1 
1 

o 
1 
o 
1 

IUS Command 
(WO) 

Null Command } 
ResellP and 'IUS 
Reset IP 
Set IP 

IPCommand 
(WO) 

Figure 59. Daisy-Chain Control Register (DCCR) 
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Device Status IP 

1/0 Status I P 

Transmit Data IP 

Transm~ Status IP 

Receive Data IP 

Receive Status IP 

Device Status IUS 

1/0 Status IUS 

Transmit Data IUS 

Transmit Status IUS 

Receive Data IUS 

Receive Status IUS 



Address: 01110 

1015101410131012101110101091081071 OSI OSI 041 031 021 01 I DO 1 

~ BRGO ZC Latched/Unlatch 

BRG1 ZC Latched/Unlatch 

OPLL SYNC Latched/Unlatch 

RCC Overflow Latched/Unlatch 

ICTS(RO) 

ICTS Latched/Unlatch 

lOCO (RO) 

lOCO Latched/Unlatch 

fTxREQ(RO) 

fTxREQ Latched/Unlatch 

IRxREQ(RO) 

IRxREQ Latched/Unlatch 

fTxC(RO) 

fTxC Latched/Unlatch 

IRxC(RO) 

IRxC Latched/Unlatch 

Figure 60. Miscellaneous Interrupt Status Register (MISR) 

1045 



CONTROL REGISTERS (Continued) 

Address: 01111 

1046 

o 
o 
1 
1 

o 
1 
o 
1 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

o 
o 
1 
1 

o 
1 
o 
1 

Disabled } 
Rising Edge Only 
Falling Edge Only 
Both Edges 

0'''''''00 } lOCO 
Rising Edge Only 

Interrupt 
Falling Edge Only 

Arm' Both Edges 

01_ } {fxREQ 
Rising Edge Only Interrupt 
Falling Edge Only Arm 
Both Edges 

Disabled } 
Rising Edge Only 
Falling Edge Only 
Both Edges 

IRxREQ 
Interrupt 
Arm 

Figure 61. Status Interrupt Control Register (SICR) 

BRGOZC IA 

BRG1 ZC IA 

DPLLSYNC IA 

RCC Overflow IA 

ICTS 
Interrupt 
Arm 



Address: 1x000 

Figure 62. Receive Data Register (RDR) 

RxDAT <0> (RO) 

RxDAT <1> (RO) 

RxDAT <2> (RO) 

RxDAT <3> (RO) 

RxDAT <4> (RO) 

RxDAT <5> (RO) 

RxDAT <6> (RO) 

RxDAT <7> (RO) 

RxDAT <8> (RO) 

RxDAT <9> (RO) 

RxDAT <10> (RO) 

RxDAT <11> (RO) 

RxDAT <12> (RO) 

RxDAT <13> (RO) 

RxDAT <14> (RO) 

RxDAT <15> (RO) 
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CONTROL REGISTERS (Continued) 

Address: 10001 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 ' 1 
1 1 

0 0 -} 0 1 Odd 
1 0 Space 
1 1 Mark 

0 0 CRC-COITT } 
0 1 CRC-16 RxCRC 
1 0 CRC-32 Polynomial 
1 1 Reserved 

0 0 0 NRZ L ~D.m 0 0 1 NRZB 
0 1 0 NRZI-Mark 
0 1 1 NRZI-Space 
1 0 0 Biphase-Mark J Oooodl,. 1 0 1 Biphase-Space 
1 1 0 Blphase-Level 
1 1 1 Diff. Biphase-Level 

0 
1 
0 
1 
0 
1 
0 
1 

I I 
o 0 
o 1 
1 0 
1 1 

8 Bits, 
1 Bit 
2'Blts 
3 Bits 
4 Bits 
5 Bits 
6 Bits 
7 Bits 

Rx Parity 
Type 

Disable Immediately , } 
Disable After Reception Rx 
Enable Without Auto-Enables Enable 
Enable With Auto-Enables 

Rx Character 
Length 

Rx Parity Enable 

Abort Frame Status 

Rx CRC Enable 

Rx CRC Preset Value 

Figure 63. Receive Mode Register (RMR) 
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Address: 10010 

I I I 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
0 0 1 
1 1 0 
1 1 0 
1 1 1 

Figure 64. 

I 
0 Null Command 
1 Reserved 
0 PresetCRC 
1 Enter Hunt Mode 
0 Select Timeslot Assignment 
1 Select FiFO Status 
0 Select FIFO Interrupt Level 
1 Select FIFO Request Level 
0 Reserved 
1 Reserved 
0 Reserved 
1 Reserved 
0 Reserved 
1 Reserved 
1 Reserved 

Receive 

Rx Character Available (RO) 

Rx Overrun 

Parity Error/Rx Frame Abort 

CRC/Framing Error (RO) 

Rx CV/EOT/EOF 

Rx Break! Abort 

Rx Idle 

Exited Hunt 

Short Frame/CV Polarity (RO) 

Residue Code 0 (RO) 

Residue Code 1 (RO) 

Residue Code 2 (RO) 

Command (WO) 

First Byte in Error (RO) 

Second Byte in Error (RO) 

Receive Command Status Register (RCSR) 
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CONTROL REGISTERS (Continued) 

Address: 10011 

Address: 10011 

1050 

TCOR Read CountfTC 

Rx Overrun IA 

Parity Error/Frame Abort IA 

Status on Words 

Rx CV/EOT/EOF IA 

Rx Break/Abort IA 

Rx IdlelA 

Extted Hunt IA 

Rx FI FO Control and Status 
(FiII/lnterrupVDMA Level) 

Figure 65a. Receive Interrupt Control Register (RICR) 

II L--I ~~_ 
I'L-.----

TCOR Read CountfTC 

Rx Overrun IA 

Parity Error/Frame Abort IA 

Status on Words 

Rx CV/EOTlEOF IA 

Rx Break/Abort IA 

Rx idie iA 

Exited Hunt IA 

o 

Tlmeslot (0-127) 

Figure 65b. Receive Interrupt Control Register (RICR) 



Address: 10011 

TCOR Read CountlTC 

Rx Overrun IA 

Parity Error/Frame Abort IA 

Status on Words 

Rx CV/EOT/EOF IA 

Rx Break/Abort IA 

Rx IdlelA 

Exited Hunt IA 

1 (WO) 

0 0 0 0 No Slot (Disabled) 
0 0 0 1 1 Slot 
0 0 1 0 2 Slots 
0 0 1 1 3 Slots 
0 1 0 0 4 Slots 
0 1 0 1 5 Slots 
0 1 1 0 6 Slots 
0 1 1 1 7 Slots Concatenated 
1 0 0 0 8 Slots Slots (WO) 
1 0 0 1 9 Slots 
1 0 1 0 10 Slots 
1 0 1 1 11 Slots 
1 . 1 0 0 12 Slots 
1 1 0 1 13 Slots 
1 1 1 0 14 Slots 
1 1 1 1 15 Slots 

0 0 0 No Offset 
0 0 1 7 Clocks Offset 
0 1 0 6 Clocks Offset 
0 1 1 5 Clocks Offset Slot Offset 
1 0 0 4 Clocks Offset (WO) 
1 0 1 3 Clocks Offset 
1 1 0 2 Clocks Offset 
1 1 1 1 Clock Offset 

Figure 6Sc. Receive Interrupt Control Register (RICR) 
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CONTROL REGISTERS (Continued) 

Address: 10100 

101S1014101310121011 10101 091 001 071 DBI OSI 041 031 021 01 I DO I 

~ 

Figure 66. Receive Sync Register (RSR) 

Address: 10101 

1015101410131012101110101091001071 osl 051 041 031 021 011 00 I 

I I I I I I I I I I 

Figure 67. Receive Count limit Register (RCLR) 
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RSYN<O> 

RSYN<1> 

RSYN<2> 

RSYN<3> 

RSYN<4> 

RSYN<S> 

RSYN<S> 

RSYN<7> 

RSYN<8> 

RSYN<9> 

RSYN <10> 

RSYN <12> 

RSYN <13> 

RSYN <14> 

RSYN<15> 

RCL<S> 

RCL<6> 

RCL<7> 

RCL<9> 

RCL<10> 

RCL<11> 

RCL<12> 

RCL<13> 

RCL<14> 

RCL<1S> 



Address: 10110 

1015101410131012101110101091 OB 1 071 061 051 041 031 021 01 1 DO 1 

~ 
RGG <0> (RO) 

RGG<1> (RO) 

RCC<2> (RO) 

RCC<3> (RO) 

RCC<4> (RO) 

RCC <5> (RO) 

RCC <6> (RO) 

RCC<7> (RO) 

RCC <8> (RO) 

RCG <9> (RO) 

RCG <10> (RO) 

RCC <11> (RO) 

RCG <12> (RO) 

RCC <13> (RO) 

RCC <14> (RO) 

RGG <15> (RO) 

Figure 68. Receive Character Count Register (RCCR) 

1053 



CONTROL REGISTERS (Continued) 

Address: 10111 

Figure 69. Time Constant a Register (TCOR) 

Address: 1 xOOO 

IIIIIIIIIII~~ 
1111...---1 -

Figure 70. Transmit Data Register (TOR) 
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Teo <0> 

Teo <1> 

Teo <2> 

Teo <3> 

Teo <4> 

Teo <5> 

Teo <7> 

Teo <8> 

Teo <9> 

Teo <10> 

Teo <11> 

Teo <12> 

Teo <14> 

Teo <15> 

TxDAT <0> rNO) 

TxDAT <1> rNO) 

TxDAT <2> rNO) 

TxDAT <3> rNO) 

TxDAT <4> rNO) 

TxDAT <6> rNO) 

TxDAT <7> rNO) 

TxDAT <8> rNO) 

TxDAT <9> rNO) 

TxDAT <1 0> rNO) 

TxDAT <11> rNO) 

TxDAT <12> rNO) 

TxDAT <13> rNO) 

TxDAT <14> rNO) 

TxDAT <15> rNO) 



Address: 11001 

101510141D131 0121 0111 0101 091 081 071 061 051 041 031 021011001 

o 
o 
o 
o 
1 
1 
1 
1 

o 
o 
1 
1 
o 
o 
1 
1 

o 
1 
o 
1 
o 
1 
o 
1 

0 
0 
1 
1 

0 0 CRC-CCITT } 
0 1 CRC-16 
1 0 CRC-32 
1 1 Reserved 

NRZ 
NRZB 
NRZI-Mark 
NRZI-Space 
Biphase-Mark 
Biphase-Space 
Biphase-level 
Ditt. Biphase-level 

} 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 
Even} 1 Odd 

0 Spaoo 
1 Mark 

TxCRC 
Type 

Tx Data 
Encoding 

I I 
0 0 Dis 
0 1 Disa 
1 0 En 
1 1 En 

able Immediately } 
ble After Transmission Tx 

able Without Auto-Enables Enable 
ablo With Auto-Enables 

0 
1 
0 
1 
0 
1 
0 
1 

8 Bits 
1 Srt 
2 Bits 
3 Bits .,," } , 
5 Bits 
6 Bits 
7 Bits 

Tx Character 
ength 

Tx Parity Enable 

Tx Parity 
Sense 

Tx CRC on EOF/EOM 

Tx CRG Enable 

Tx CRG Start Value 

Figure 71. Transmit Mode Register (TMR) 
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CO~TROL REGISTERS (Continued) 

Address: 11010 

L015101410131012101110101 091 OSI 071 061 051 041 031 021 01 I DO I 

~ 
Tx Buffer Empty (RO) 

Tx Underrun 

All Sent (RO) 

Tx CRC Sent 

Tx EOF/EOT Sent 

TxAbortSent 

Tx Idle Sent 

Tx Preamble Sent 

0 0 0 _~_oM. } 
0 0 1 Alternating 1 and 0 
0 1 0 All Zeros 
0 1 1 All Ones Tx Idle LI 
1 0 0 Reserved Condttion 
1 0 1 Alternating Mark and Space 
1 1 0 Space 
1 1 1 Mark 

ne 

Reserved 

0 0 0 0 Null Command 
0 0 0 1 Reserved 
0 0 1 0 PresetCRC 
0 0 1 1 Reserved 
0 1 0 0 Select Timeslot Assignment 
0 1 0 1 Select FIFO Status 
0 1 1 0 Select Interrupt Level 
0 1 1 1 Select Request Level Transmn 
1 0 0 0 Send Frame/Message Command ryvO) 
1 0 0 1 Send Abort 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Reset OLE Inhibit 
1 1 0 1 Set OLE Inhibn 
1 1 1 0 Reset EOF/EOM 
1 1 1 1 Set EOF/EOM 

Figure 72. Transmit Command/Status Register (TCSR) 
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Address: 11011 

ID1510141Dl~1 012 01110101 091081 071 061 051 041 03 102 1 011 00 I 

~ 
TC 1 R Read Coun1lTC 

Tx OVerrun IA 

Wail for Send Command 

Tx CRC SeniiA 

Tx EOFIEOT SeniiA 

Tx Abort Senl IA 

Tx Idle SeniiA 

Tx Preamble SenllA 

Tx FIFO Control and Slalus 
(FiII/lnlerrupVOMA Level) 

Figure 73a. Transmit Interrupt Control Register (TICR) 

Address: 11011 

101~01~01~01~011101~ooloolwloolool~loolmI01Iool 

~ 
TCl R Read Coun1lTC 

Tx Underrun IA 

Wail for Send Command 

Tx CRC SenliA 

Tx EOF/EOT SenliA 

Tx Abort SeniiA 

Tx Idle SeniiA 

Tx Preamble Senl IA 

o 

Timeslol (0-127) 

Figure 73b. Transmit Interrupt Control Register (TICR) 
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CONTROL REGISTERS (Continued) 

Address: 11011 

TC1 R Read CounVTC 

Tx Underrun IA 

Wait for Send Command 

Tx CRC Sent IA 

Tx EOF/EOT Sent IA 

Tx Abort Sent IA 

Tx Idle Sent IA 

Tx Preamble Sent IA 

10/'10) 

0 0 0 0 No Slot (Disabled) 
0 0 0 1 1 Slot 
0 0 1 0 2 Slots 
0 0 1 1 3 Slots 
0 1 0 0 4 Slots 
0 1 0 1 5 Slots 
0 1 1 0 6 Slots 
0 1 1 1 7 Slots Concatenated 
1 0 0 0 8 Slots Slots (WO) 
1 0 0 1 9 Slots 
1 0 1 0 10 Slots 
1 0 1 1 11 Slots 
1 1 0 0 12 Slots 
1 1 0 1 13 Slots 
1 1 1 0 14 Slots 
1 1 1 1 15 Slots 

0 0 0 

~- } 0 0 1 7 Clocks Offset 
0 1 0 6 Clocks Offset 
0 1 1 5 Clocks Offset Slot Offset 
1 0 0 4 Clocks Offset 0/'10) 
1 0 1 3 Clocks Offset 
1 1 0 2 Clocks Offset 
1 1 1 1 Clock Offset 

Figure 73c. Transmit Interrupt Control Register (TlCR) 
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Address: 11100 
ID151D141D131D121D11IDlOl D91 DB I D71 D61 D51 D41 D31 D21 D1 I DO I 

~ TSYN <1> 

TSYN <2> 

TSYN <3> 

TSYN <4> 

TSYN <5> 

TSVN <6> 

TSVN <7> 

TSVN <8> 

TSYN <9> 

TSVN<11> 

TSVN <12> 

TSYN<13> 

TSVN<15> 

Figure 74. Transmit Sync Register (TSR) 

Address: 11101 
ID151D141D131D121D11ID101 D91 DB I D71 D61 D51 D41 D31 D21 D1 I DO I 

~ 
TCL<:O> 

TCL<1> 

TCl<4> 

TCL<7> 

TCl<11> 

TCl <12> 

TCL<13> 

Figure 75. Transmit Count Limit Register (TClR) 
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CONTROL REGISTERS (Continued) 
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Address: 11110 

TCC<O> (RO) 

TCC<1> (RO) 

TCC<2> (RO) 

TCC<3> (RO) 

TCC<4> (RO) 

TCC <5> (RO) 

TCC<6> (RO) 

TCC<7> (RO) 

TCC<8> (RO) 

TCC<9> (RO) 

TCC <10> (RO) 

TCC <11 > (RO) 

TCC <12> (RO) 

TCC <13> (RO) 

TCC <14> (RO) 

TCC <15> (RO) 

Figure 76. Transmit Character Count Register (TCCR) 

Address: 11111 

1015101410131012101110101 091 081 071 061 051 041 031 021 01 I 00 I 

~ TCl <1> 

TCl <2> 

11111111111 

III~-
TCl <4> 

TCl <5> 

TCl <7> 

TCl <8> 

TCl <11> 

TCl <12> 

TCl <13> 

TCl <14> 

Figure 77. Time Constant 1 Register (TC1R) 



Address: None * 

10'510'410'310'210"10'01091 OSI 071 OSI 051 041 031 021 011 001 

~ Rx Overrun 

Parlty Error RxlFrame Abort 

CRC Error 

• Refer to Figure 22 (Channel Control Register) 
Bits 6-7 for Access Method 

Rx Bountry 

o 

Short Frame/CV PolarIty 

Residue Code 0 

Residue Code 1 

Residue Code 2 

o 

First Byte In Error 

Second Byte In Error 

Figure 78. Receive Status Block Register (RSBR) 

Address: None * 

• Refer to Figure 22 (Channel Control Register) 
Blts15-14 for Access Method 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

Reserved 

0 8Blts 
1 1 Bit 
0 2 Bits 
1 3 Bits } ""O,,~ 0 4 Bits Character Length 
1 5 Bits 
0 6 Bits 
1 7 Bits 

Reserved 

Tx Submode 0 

TxSubmode 1 

TxSubmode 2 

Tx Submode 3 

Figure 79. Transmit Status Block Register (TSBR) 
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CONTROL REGISTERS (Continued) 

Address: none 

• Must be programmed as 0 

o 0 
o 1 
1 0 
1 1 

Shift Right Address 

liNT Open-Drain 

16-Bit Bus 

IBUSREQ Type 

Status Acknowledge } 
Single Pulse Acknowledge INTACK Mode 
Reserved 
Double Pulse Acknowledge 

O' 

3-State All Pins 

Separate Address for 8-Bit Bus 

Figure 80. Bus Configuration Register (BCR) 

IUSCTlMING 

The IUSC interface timing is similar to that found on a static 
RAM. except that it is much more flexible. Up to four 
separate timing strobe Signals are present on the inter­
face: IDS. IRD. IWR and IINTACK. Only one of tllese timing 
strobes is active at any time. Should the external logic 
activate more than one of these strobes at the same time. 
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tile IUSC will enter a pre-reset state. This state is only 
exited by a hardware reset. Do not allow overlap of timing 
strobes. The timing diagrams. beginning on the next page. 
illustrate tile different bus transactions possible Witll the 
necessary setup. hold. and delay times. IUSC Timing 
diagrams are sllown from Figure 82 through Figure 106. 



ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins 
with respect to GND ................................. -0.3V to + 7.0 V 
Voltages on all inputs 
with respect to GND ............................. -0.3V to V cc+0.3V 
Operating Ambient 
Temperature ........................... See Ordering Information 
Storage Temperature ............................ -65°C to +150°C 

ST ANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance Section below 
apply for the following standard test conditions. unless 
otherwise noted. All voltages are referenced to Ground. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

• +4.5V<Vcc <+5.5V 

• GND =OV 

• TA as specified in Ordering Information 

CAPACITANCE 

Symbol 

Noles: 

Parameter 

Input Capacitance 
Output Capacitance 
Bidirectional Capacitance 

F = 1 MHz. over specified temperature range. 
• Unmeasured pins returned to Ground. 

MISCELLANEOUS 
Transistor Count - 100,000 

Min 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to ttle de­
vice. This is a stress rating only; operation of the device at 
any condition above those indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

+5V 

50pF 

I I 
250llA 

Figure 81. Standard Test Load 

Max 

10 
15 
20 

Unit 

pF 
pF 
pF 

Condition 

1.73 K 
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DC CHARACTERISTICS 

Symbol Parameter Min Typ Max Unit Condition 

VIH Input High Voltage 2.2 Vcc +0.3 V 
VIL Input Low Voltage -0.3 0.8 V 
VOHI Output High Voltage 2.4 V 10H= -1.6mA 

VOH2 Output High Voltage Vee-D. 8 V 10H= -250 J.IA 
VOL Output Low Voltage 0.4 V 10L= +2.0 mA 

IlL Input Leakage +10.00 J.IA 0.4 < VIN < +2.4V 

10L Output Leakage +10.00 J.IA 0.4 < VOUT < +2.4V 
IccI Vee Supply Current 7 50 mA Vee=5V VIH=4.8V VIL = O.2V 

Note: 
Vee = 5V ± 10% unless otherwise specified, over specified temperature range. 

AC CHARACTERISTICS 
Timing Diagrams (Figures 82-104) 

IRESET 

1-4-----i1113;j------o--l '""t------{·,14j------o~ 

ISTB 

/STB 

1064 

~------~115;r-------~ 

Figure 82. Reset Timing 

I ¥ \ 
1'\.---{I 

~ 

~ ------( 
I. G) I~· 

@ :1 
CD .1 

Note: 
ISTB is any of the following: IDS, /RD, /WR or Pulsed IINTACK. 

Figure 83. Bus Cycle Timing 



AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ICS 

SIlD,DIIC 

IINTACK 
(Status) 

lAS 

RI/W 

IDS 

AD15-ADO 

IRxREQ 

/wAITIIRDY 
(Wait) 

/wAITIIRDY 
(Ready) 

) .. 
@-f.-

) 
@--

J 
@--

--, 
~ 1 

I=cD= 

) .. 
@-f.-

J 

J 

:K 
13 

]( 
15 

\ 
17 

'l-(6)-

J 
I@-~ 

.. 
1 

I-f--@ 

116 

7 

3 

1 

\ 
---@ 

~ ] 

4 

1 ) .. 
+-0--

9 

J 
22 

79 

Figure 84. Multiplexed IDS Read Cycle 

\ 

,,~ 

'-
5 

... ~ 
~ 

l~ 

.+-@-

J 
~ 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ICS 

SI/D.DI/C 

IINTACK 
(Status) 

lAS ~i\ 

) 
@--

) 
®-*-

J 
®-f--

/ 

]( 
13 

)( 
15 

f\. 
17 

l=0= f-0- 7 

RlIW 

IDS 

AD15·ADO 

ITxREQ 

!WAlTIIRDY 
(Wait) 

IWAITI/RDY 
(Ready) 
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) 
@-f--

1 

~ '-@-t- 21 , / 
4 

:K ) 
19 24 

J 
-"II ., 26 I~ 

Figure 85. Multiplexed IDS Write Cycle 
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\-
5 

:( 
f-®-

l' 
27 



ICS 

SIID,DflC 

IINTACK 
(Status) 

lAS 

IRD 

AD15-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

) 
@--

) 
®-~ 

/ 
@-r-

~r\ I 

~ 

): 
@--I-

J 

J 

( 
13 

K 
15 

~ 
17 

~ 
~ 31 

1 

1\. ./ '-
28 29 

"1 )~ l ~ 

I-~i-" ~ .. ~ 
33 r-:®--

J f\. 
36 .. kiV-

J 
119 79 ~ 

Figure 86. Multiplexed IRD Read Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ICS 

SIID,DIIC 

IINTACK 
(Status) 

lAS ~~ 

) 
@--

) 
@--

J 
@)-~ 

l~ 

l( 
13 

J( 
15 

\. 
17 

HD= ---®---

IWR 

AD15-ADO 

ITxREQ 

IWAITIIRDY 
(Wait) 

18 

~ 

, 
) ( 

f'i9\ \:'/ 

\. 
41 

1 

/ '-
38 39 

) :K 
42 43 

J J~ 

44 t-o~ 

-""'"'":/------II-\. I 11...----IWAITIIRDY " "I-

(Ready) ---f I \ LJI 
@ .. ~--~ 

Figure 87. Multiplexed twR Write Cycle 
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ICS 

SIIO.OIIC 

IINTACK 
(Status) 

RlIW 

IDS 

A015-AOO 

IRxREQ 

IWAITIIROY 
(Wait) 

IWAITIIROY 
(Ready) 

)~ 
@-I-

) 
@--

j 
®--

) 
®-~ 

J 

J 

:( 
47 

l( 
49 

\ 
51 

~ 
21 

~~ / ~ 
4 5 

1 

l )~ ~ 

8 foo~ 
9 --%-

j ~ 
-®-- r--®--

j 
~ 79 ~ 

Figure 88. Non-Multiplexed IDS Read Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ICS 

SIID,DIIC 

IINTACK 
(Status) 

RI/w 

IDS 

AD15-ADO 

ITxREQ 

)~ 
®-I-

) 
®--

J 
®--

~ 
®-I--

~ 

K 
47 

:K 
49 

r\ 
51 

I 
21 

J 
~ 

/wAITIIRDY 
(Wait) J 

I 

4 5 

1 

) 1K 
~ Hv--

\ 
f-e-@--

__ ==I~ I 
/wAITIIRDY / W 6:r (Ready) --./ 

116 -----I : 

Figure 89. Non-Multiplexed IDS Write Cycle 
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ICS 

SliD, DIIC 

IINTACK 
(Status) 

IRD 

AD15-ADO 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

>-
@-I--

) 
®-I--

I 
®-I--

J 

J 

K 
53 

K 
55 

3i\ 
57 

~~ ) ~ 
28 29 

1 

1 ) 
IE: 

32 .~ 33 35 

J ~ 
---®--- ~---®--

J 
~ I 79 ~~ 

Figure 90. Non-Multiplexed fRD Read Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ICS 

SIID.DIIC 

IINTACK 
(Status) 

IWR 

AD1S-ADO 

ITxREQ 

)1 
@--

)1 
®-~ 

J 
®-I-

\: 

l( 
59 

( 
61 

31\ 
63 

J 
r-®-

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

J 

J 

I 
38 

1 

)-= ) .. 

~ ~ 

1\ 
.. ~ 

Figure 91. Non-Multiplexed IWR Write Cycle 
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lAS 

IINTACK 
(Status) 

IDS 

AD15-ADO 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

~I\ ,) ~ 
~ f--0-- r--0-

1 

'\ l 

®-l f.-
11 

~ ; L 
4 5 

)~ )~ 
®-- "r-- 8 .~ 

-2@ 19 

J \ I ~ 
87 -®--

79 

J \ I 
f---@ +--®-----

~ ) ~C 
@- .. - 82 

'J/ \. 
B3 - -i-@ 

J 
-~ 

Figure 92. Multiplexed IDS Interrupt Acknowledge Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

lAS 

IINTACK 
(Status) 

IRD 

AD15-ADO 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

1074 

t..-----{92}----.j 

®!.1 !.J® kL-93-----------
Figure 93. Multiplexed IRD Interrupt Acknowledge Cycle 



lAS 

IINTACK 
(Pulsed) 

AD15-ADO 

tWAITllRDY 
(Wait) 

tWAITllRDY 
(Ready) 

lEI 

lEO 

liNT 

J.-----I79>------t~ 

Figure 94. Multiplexed Pulsed Interrupt Acknowledge Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

IINTACK 
(Status) 

IDS 

--------~~--------~~------------------------------

AD15-ADO ------t----~I_+_-----...(J 

/wAITIIRDY 
(Wait) 

/wAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

1076 

Figure 95. Non-Multiplexed IDS Interrupt Acknowledge Cycle 



IINTACK 
(Status) 

IRD 

AD15-ADO 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

Figure 96. Non-Multiplexed IRD Pulsed Interrupt Acknowledge Cycle 

1077 



AC CHARACTERISTICS 
Timing Diagrams (Continued) 

/INTACK 
(Pulsed) 

AD1S-ADO 

/wAIT//RDY 
(Ready) 

lEI 

lEO 

/INT 

/wAIT//RDY 
(Wait) 

j-..----....,96)------~ 

~---{IOOI)-----J 

1-----(ll04}----I~ 

1}---..r_--i88 

Figure 97. Non-Multiplexed Pulsed Interrupt Acknowledge Cycle 
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lAS 

IINTACK 
(2-Pulse) 

AD15-ADO 

IWAITIIRDY 
(Ready) 

IWAITIIRDY 
(Wait) 

lEI 

lEO 

liNT 

1-----(96}----J 

Figure 98. Multiplexed Double-Pulse Intack Cycle 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

IINTACK 
(2-Pulse) 

1----{96}----J 

AD1S-ADO ______ +-____________ ++-__ -(1 

IWAITIIRDY 
(Ready) 

IWAITIIRDY 
(Wait) 

lEI 

lEO 

liNT 

1080 

Figure 99. Non-Multiplexed Double-Pulse Intack Cycle 



ClK I I ~ / -
~ 

IUAS J 

:---- 171 

~ 

lAS 

171 

IDS 
)~ 

r--+-@ 
~ 

RlNJ I 

---f--@> 
IRD 

J~ 

----€) 
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NJR ) 

----€) 
~ 

SliD, DIIC J 

'--

----€) 
~ 

AD15-ADO J , 
'--

----<3 
IBUSREQ -rx 

U@" 
IBIN \ I \ I 

~ ~ ~ ~ 

Figure 100. DMA Start-up 
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AC CHARACTERISTICS 
Timing Diagrams (Continued) 

1082 

ClK 

IUAS 

lAS 

IDS 

RlIW 

IRD 

SIID,DIIC 

AD15-ADO 

/V',JAITilRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

IBIN 

IABORT 

~ 

/ r\ '----J 
~ -@3>-+ 

- r\ ( 
'-- ....J 

f-~I- -€V 
126 

!@)-

~ 4{§ 

- H 

I-.-@l 

n'----J{~~J'~ 
~~ 

I- ~I-

"-,--....J 

f- @C--I-
~ [--@-~ I-[-@ 

" I 

131 133 

13 @>- f-+ 

J 
-e-@ f--®-1-1-~ , I 

138 140 

139 @)--f-

) 
~~ _ 151 

-€> 

X I\- >--
f-H§ @-r- ,...~ 

Figure 101. Memory Read 



ClK 

IUAS 

lAS 

IDS 

RlIW 

IWR 

SliD, DIIC 

AD15-ADO 

IWAITIIRDY 
(Ready) 

/wAITIIRDY 
(Wait) 

IBIN 

IABORT 

/ ~~ " ~~~'J\wl\ '----J 

@-- ~~ 
~ - ~. -

\~...J' 
-~.~ 

126 

" '--1-1 
i@>-~@t~foo 
~ 159 161 

~ , 
f4 -@ f- -~ R -f--@ '@l-I-

\ 
-I-@ 

169 165 

, -I 
.. ~ - r- ~[:I 

I--@ ®-I-

) 

~ ~ 
I-~-
f-~ 152 

-
) c ~ ~ 

-
I-~ I-H@ @- - - ~ 

) K 
153 -KiB 

) K 
155 ~h@ 

) K 
@-I- ~HEl 

) K 
®-I- ~f-@ 

Figure 102. Memory Write 

1083 



AC CHARACTERISTICS 
Timing Diagrams (Continued) 

ClK 

IUAS 

lAS 

IDS 

Rf/W 

IRD 

IWR 

SIID,DIIC 

AD15-ADO 

1084 

J 

~ 

16 

) 

167 , 
16 , 

} 

167 , 
16 

, 
16 

'\l-
~ 

Figure 103. Bus Release 



eLK 

IBUSREQ 

IBIN ) 

IBOUT ) 
176 

Figure 104. Request Timing 
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AC CHARACTERISTICS 
Timing Table 

No Symbol Parameter Min Max Units Note 

1 Tcyc Bus Cycle Time 110 ns 
2 TwASI lAS Low Width 30 ns 
3 TwAS!l lAS High Width 60 ns 
4 TwDSI IDS Low Width 60 ns 

5 TwDSh IDS High Width 50 ns 
6 TdAS(DS) lAS Rise to IDS Fall Delay Time 5 ns 
7 TdDS(AS) IDS Rise to lAS Fall Delay Time 5 ns 
8 TdDS(DRa) IDS Fall to Data Active Delay 0 ns 

9 TdDS(DRv) IDS Fall to Data Valid Delay 60 ns 
10 TdDS(DRn) IDS Rise to Data Not Valid Delay 0 ns 
11 TdDS(DRz) IDS Rise to Data Float Delay 20 ns 
12 TsCS(AS) ICS to lAS Rise Setup Time 15 ns 

13 T!lCS(AS) ICS to lAS Rise Hold Time 0 ns 
14 TsADD(AS) Direct Address to lAS Rise Setup Time 15 ns [ 1] 
15 ThADD(AS) Direct Address to lAS Rise Hold Time 5 ns [ 1] 
16 TsSIA(AS) Status IINTACK to lAS Rise Setup Time 15 ns 

17 ThSIA(AS) Status IINTACK to lAS Rise Hold Time 5 ns 
18 TsAD(AS) Address to lAS Rise Setup Time 15 ns 
19 ThAD(AS) Address to lAS Rise Hold Time 5 ns 
20 TsRW(DS) RIIW to IDS Fall Setup Time 0 ns 

21 ThRW(DS) RIIW to IDS Fall Hold Time 25 ns 
22 TsDSf(RRO) IDS Fall to IRxREO Inactive Delay 60 ns [4] 
23 TdDSr(RRO) IDS Rise to IRxREO Active Delay 0 ns 
24 TsDW(DS) Write Data to IDS Rise Setup Time 30 ns 

25 ThDW(DS) Write Data to DS Rise Hold Time 0 ns 
26 TdDSf(TRO) IDS Fall to /TxREO Inactive Delay 60 ns [5] 
27 TdDSr(TRO) IDS Rise to /TxREO Active Delay 0 ns 
28 TwRDI IRD Low Width 60 ns 

29 TwRD!l IRD High Width 50 ns 
30 TdAS(RD) lAS Rise to IRD Fall Delay Time 5 ns 
31 TdnD(AS) IRD Rise to lAS Fall Delay Time 5 ns 
32 TdRD(DRa) IRD Fall to Data Active Delay 0 ns 

33 TdRD(DRv) IRD Fall to Data Valid Delay 60 ns 
34 TdRD(DRn) IRD Rise to Data Not Valid Delay 0 ns 
35 TdRD(DRz) IRD Rise to Data Float Delay 20 ns 
36 TdRDf(RRO) IRD Fall to IRxREO Inactive Delay 60 ns [4] 

37 TdRDr(RRO) IRD Rise to IRxREO Active Delay 0 ns 
38 TwWRI IWR Low Width 60 ns 
39 TwWRh IWR High Width 50 ns 
40 TdAS(WR) lAS Rise to IWR Fall Delay Time 5 ns 

41 TdWR(AS) IWR Rise to lAS Fall Delay Time 5 ns 
42 TsDW(WR) Write Data to IWR Rise Setup Time 30 ns 
43 ThDW(WR) Write Data to IWR Rise Hold Time 0 ns 
44 TdWRf(TRO) IWR Fall to /TxREO Inactive Delay 60 ns [5] 
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No Symbol Parameter Min Max Units Note 

45 TdWRr(TRQ) IWR Rise to ITxREQ Active Delay 0 ns 
46 TsCS(DS) ICS to IDS Fall Setup Time 0 ns [2) 
47 TIlCS(DS) ICS to IDS Fall Hold Time 25 ns [2) 
48 TsADD(DS) Direct Address to IDS Fall Setup Time 5 ns [1,2) 

49 TIlADD(DS) Direct Address to IDS Fall Hold Time 25 ns [1,2) 
50 TsSIA(DS) Status IINTACK to IDS Fall Setup time 5 ns [2) 
51 ThSIA(DS) Status IINTACK to IDS Fall Hold Time 25 ns [2J 
52 TsCS(RD) ICS to IRD Fall Setup Time 0 ns [2) 

53 ThCS(RD) ICS to IRD Fall Hold Time 25 ns [2) 
54 TsADD(RD) Direct Address to IRD Fall Setup Time 5 ns [1,2) 
55 ThADD(RD) Direct Address to IRD Fall Hold Time 25 ns [1,2) 
56 TsSIA(RO) Status IINTACK to IRD Fall Setup Time 5 ns [2) 

57 ThSIA(RO) Status IINTACK to IRD Fall Hold Time 25 ns [2) 
58 TsCS(WR) ICS to /WR Fall Setup Time 0 ns [2) 
59 ThCS(WR) ICS to IWR Fall Hold Time 25 ns [2) 
60 TsADD(WR) Direct Address to /WR Fall Setup Time 5 ns [1,2) 

61 ThADD(WR) Direct Address to IWR Fall Hold Time 25 ns [1,2) 
62 TsSIA(WR) Status IINTACK to IWR Fall Setup Time 5 ns [2) 
63 ThSIA(WR) Status IINTACK to IWR Fall Hold Time 25 ns (2) 
78 TdDSf(RDY) IDS Fall (lntack) to IRDY Fall Delay 200 ns 

79 TdRDY(DRv) IRDY Fall to Data Valid Delay 40 ns 
80 TdDSr(RDY) IDS Rise to IRDY Rise Delay 40 ns 
81 TsIEI(DSI) lEI to IDS Fall (Intack) Setup Time 10 ns 
82 ThIEI(DSI) lEI to IDS Rise (Intack) Hold Time 0 ns 

83 TdIEI(IEO) lEI to lEO Delay 30 ns 
84 TdAS(IEO) lAS Rise (Intack) to lEO Delay 60 ns 
85 TdDSI(INT) IDS Fall to liNT Inactive Delay 200 ns 
86 TdDSI(Wf) IDS Fall (Intack) to /WAIT Fall Delay 40 ns 

87 TdDSI(Wr) IDS Fall (Intack) to IWAIT Rise Delay 200 ns 
88 TdW(DRv) /WAIT Rise to Data Valid Delay 40 ns 
89 TdRDf(RDY) IRD Fall (Intack) to IRDY Fall Delay 200 ns 
90 TdRDr(RDY) IRD Rise 10 IRDY Rise Delay 40 ns 

91 TsIEI(ROI) lEI to IRD Fall (Intack) Setup Time 10 ns 
92 ThIEI(ROI) lEI to IRD Rise (Intack) Hold Time 0 ns 
93 TdRDI(INT) IRD Fall (lntack) to liNT Inactive Delay 200 ns 
94 TdRDI(Wf) IRD Fall (Intack) to /WAIT Fall Delay 40 ns . 

95 TdRDI(Wr) IRD Fall (Intack) to /WAIT Rise Delay 200 ns 
96 TwPIAI Pulsed IINTACK Low Width 60 ns 
97 TwPIAIl Pulsed IINTACK High Width 50 ns 
98 TdAS(PIA) lAS Rise to Pulsed IINTACK Fall Delay Time 5 ns 

99 TdPIA(AS) Pulsed IINTACK Rise to lAS Fall Delay Time 5 ns 
100 TdPIA(DRa) Pulsed IINTACK Fall to Data Active Delay 0 ns 
101 TdPIA(DRn) Pulsed IINTACK Rise to Data Not Valid Delay 0 ns 
102 TdPIA(DRz) Pulsed IINTACK Rise to Data Float Delay 20 ns 
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AC CHARACTERISTICS (Continued) 
Timing Table 

No Symbol Parameter Min Max Units Note 

103 TsIEI(PIA) lEI to Pulsed /INTACK Fall Setup Time 10 ns 
104 ThIEI(PIA) lEI to Pulsed /INTACK Rise Hold Time 0 ns 
105 TdPIA(IEO) Pulsed /INTACK Fall to lEO Delay 60 ns 
106 TdPIA(INT) Pulsed /INTACK Fall to /INT Inactive Delay 200 ns 

107 TdPIAf(RDY) Pulsed /INTACK Fall to /RDY Fall Delay 200 ns 
108 TdPIAr(RDY) Pulsed /INTACK Rise to /RDY Rise Delay 40 ns 
109 TdPIA(Wf) Pulsed /INTACK Fall to /WAIT Fall Delay 40 ns 
110 TdPIA(Wr) Pulsed /INTACK Fall to /WAIT Rise Delay 200 ns 

111 TdSIA(INT) Status /INTACK Fall to lEO Inactive"Delay 200 ns [2] 
112 TwSTBh /Strobe High Width 50 ns [3] 
113 TwRESI /RESET low Width 170 ns 
114 TwRESh /RESET High Width 60 ns 

115 TdRES(STB) /RESET Rise to /STB Fall 60 ns [3] 
116 TdDSf(RDY) /DS Fall to IRDY Fall Delay 50 ns 
117 TdWRf(RDY) /WR Fall to /RDY Fall Delay 50 ns 
118 TdWRr(RDY) /WR Rise to /RDY Rise Delay 40 ns 

119 TdRDf(RDY) /RD Fall to IRDY Fall Delay 50 ns 
120 TwClKI ClK low Width 20 ns 
121a TwClKh ClK High Width 20 ns 
121b TwClKh ClK High Width (Linked List Mode) 28 ns [12] 
122a TcClK ClK Cycle Time 50 ns 
122b TcClK CLK Cycle Time (Linked List Mode) 60 ns [12] 

123 TfClK CLK Fall Time 5 ns 
124 TrClK CLK Rise Time 5 ns 
125 TdCLKr (UAS) CLK Rise to /UAS Fall Delay 25 ns [6] 
126 TwUASI /UAS low Width 20 ns [6,7] 

127 TdClKf(UAS) ClK Fall to /UAS Rise Delay 25 ns [6] / 

128 TdCLKr(AS) ClK Rise to /AS Fall Delay 25 ns [6] 
129 TwASI /AS low Width 20 ns [6,7] 
130 TdCLKf(AS) CLK Fall to /AS Rise Delay 25 ns [6] 

131 TdAS(DSr) /AS Rise to IDS Fall (Read) Delay 20 ns [6,8] 
132 TdClKr(DS) ClK Rise to IDS Delay 25 ns re::l 

LVJ 

133 TwDSlr /DS (Read) Low Width 70 ns [6,9] 
134 TdCLKf(DS) CLK Fall to IDS Delay 25 ns [6] 

135 TsDR(DS) Read Data to /DS Rise Setup Time 20 ns [6] 
136 ThDR(DS) Read Data to /DS Rise Hold Time 0 ns [6] 
137 TdClK(RW) ClK Rise to RI/W Delay 25 ns [6] 
138 TdAS(RD) /AS Rise to /RD Fall Delay 20 ns [6,8] 

139 TdClKr(RD) ClK Rise to /RD Delay 25 ns [6] 
140 TwRDI /RD Low Width 70 ns [6,9] 
141 TdClKf(RD) ClK Fall to /RD Delay 25 ns [6] 
142 TsDR(RD) Read Data to IRD Rise Setup Time 20 ns [6] 

143 ThDR(RD) Read Data to /RD Rise Hold Time 0 ns [6] 
144 TdCLK(ADD) CLK Rise to Direct Address Delay 25 ns [1,6] 

145 TdClK(AD) ClK Rise to Address Delay TdClKf(DS) 30 ns [6] 
146 ThAD(PC) Address to ClK Rise Hold Time 0 ns [6] 
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No Symbol Parameter Min Max Units Note 

147 TdClK(ADz) ClK Rise to Address Float Delay 25 ns [6] 
148 TdClK(ADa) ClK Rise to Address Active Delay 25 ns [6] 
149 TsAD(UAS) Address to /UAS Rise Setup Time 10 ns [6] 
150 ThAD(UAS) Address to /UAS Rise Hold Time 10 ns [6] 

151 TsAD(AS) Address to /AS Rise Setup Time 10 ns [6J 
152 ThAD(AS) Address to /AS Rise Hold Time 10 ns [6] 
153 TsW(ClK) /WAIT to ClK Fall Setup Time 10 ns [6] 
154 ThW(ClK) /WAIT to ClK Fall Hold Time 15 ns [6] 

155 TsRDY(ClK) /READY to ClK Fall Setup Time 10 ns [6] 
156 ThRDY(ClK) /READY to ClK Fall Hold Time 15 ns [6] 
157 TtlDW(ClK) Write Data to ClK Rise Hold Time 0 ns [6] 
158 ldAS(DSw) /AS Rise to /DS Fall (Write) Delay 40 ns [6,10] 

159 TsDW(DS) Write Data to /DS Fall Setup Time 20 ns [6,7] 
160 TwDSlw /DS (Write) low Width 45 ns [6,11] 
161 ThDW(DS) Write Data to /DS Rise Hold Time 20 ns [6,8] 
162 TdAS(WR) /AS Rise to /WR Fall Delay 40 ns [6,10] 

163 TsDW(WR) Write Data to /WR Fall Setup Time 20 ns [6,7] 
164 TwWRI /WR low Width 45 ns [6,11] 
165 ThDW(WR) Write Data to /WR Rise Hold Time 20 ns [6,8] 
166 TdClK(WR) ClK Fall to /WR Delay 25 ns [6] 

167 TdClK(BUSz) ClK Rise to Bus Float Delay 25 ns [6] 
168 TsABT(ClK) /ABORT to ClK Rise Setup Time 10 ns [6] 
169 ThABT(ClK) /ABORT to ClK Rise Hold Time 15 ns [6J 
170 TdClK(BRO) ClK Rise to /BUSREO Delay 25 ns [6J 

171 TdCU«BUSa) ClK Rise to Bus Active Delay 25 IlS [6] 
172 TsBIN(ClK) /BIN to ClK Rise Setup Time 10 ns [6] 
173 ThBIN(ClK) /BIN to ClK Rise Hold Time 15 ns [6] 
174 TsBRO(ClK) /BUSREO to ClK Rise Setup Time 25 ns [6] 
175 TI1BRO(ClK) /BUSREO to ClK Rise Hold Time 
176 TdBIN(BOT) /BIN to /BOUT Delay 

Notes: 
AC Test Conditions: 
Vee = 5V ±5% unless otherwise specified, 

over specified temperature range. 

V'H = 2.0V V"". = 2.0V 
V" = O.SV V"'- = O.SV 
Float = +0.5V 

[1] Direct Address is any of SliD, D/IC or AD15-ADS used 
as an address bus. 

[2] The parameter applies only when lAS is not present. 
[3] Strobe is any of IDS, IRD, twR or Pulsed IINTACK. 
[4] Parameter applies only if read empties the receive FIFO. 
[5] Parameter applies only if write fills the transmit FIFO. 
[6] Parameter applies only while the IUSC is bus master. 
[7] Parameter is clock-cycle dependent, TwCLKh + TfCLK - 5. 
[S] Parameter is clock-cycle dependent, TwCLKI + TrCLK - 5. 
[9] Parameter is clock-cycle dependent, 

TcCLK + TwCLKh + TfCLK - 5. 
[10] Parameter is clock-cycle dependent, TcCLK - 10. 
[11] Parameter is clock-cycle dependent, TcCLK -5. 
[12] Clock cycle parameters TwCLKh and TcCLK have unique 

values for Linked List Mode. 

0 ns [6] 
60 ns 

Link List Mode Timing Parameters 
In Linked List Mode, the system clock cycle is extended to 60 ns, and the 
system clock High pulse width is extended to 30 ns. This is due to the 
internal timing paths unique to the Linked List Mode. This equates to a 
system clock frequency of 16.667 MHz. The transmit and receive bit rates 
are not affected. 
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AC CHARACTERISTICS 
General Timing Diagram 
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AC CHARACTERISTICS 
General Timing Table 

No Symbol Parameter Min Max Units Note 

1 TsRxO(RxCr) RxO to IRxC Rise Setup Time (x1 Mode) 0 ns [ 1] 
2 ThRxO(RxCr) RxO to IRxC Rise Hold Time (x1 Mode) 20 ns [1] 
3 TsRxd(RxCf) RxO to IRxC Fall Setup Time (x1 Mode) 0 ns [1,3] 
4 TI1RxO(RxCf) RxO to IRxC Fall Hold Time (x1 Mode) 20 ns [1,3] 

5 TsSy(RxC) lOCO as ISYNC to IRxC Rise Setup Time 0 ns [ 1] 
6 TtlSy(RxC) IDCO as ISYNC to IRxC Rise Hold Time (x1 Mode) 20 ns [1] 
7 TdTxCf(TxO) ITxC Fall to TxO Delay 35 ns [2] 
8 TdTxCr(TxO) ITxC Rise to TxO Delay 35 ns [2,3] 

9 TwRxCh IRxC High Widtll 20 ns 
10 TwRxCI IRxC Low Widtll 20 ns 
11 TcRxC IRxC Cycle Time 50 ns 
12 TwTxCh ITxC High Width 20 ns 

13 TwTxCI nxc Low Width 20 ns 
14 TcTxC ITxC Cycle Time 50 ns 
15 TwExT lOCO or ICTS Pulse Widtll 35 ns 
16 TWSY lOCO as ISYNC Input Pulse Width 35 ns 
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AC CHARACTERISTICS 
System Timing Diagram 
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AC CHARACTERISTICS 
System Timing Table 

No Symbol Parameter 

1 TdRxC(REO) IRxC Rise to IRxREO Valid Delay 
2 TdRxC(RxC) ITxC Rise to IRxC as Receiver Output Valid Delay 
3 TdRxC(INT) IRxC Rise to liNT Valid Delay 
4 TdTxC(REO) ITxC Fall to /TxREO Valid Delay 

5 TdTxC(TxC) IRxC Fall to /TxC as transmitter Output Valid Delay 
6 TdTxC(INT) /TxC Fall to liNT Valid Delay 
7 TdEXT(INT) ICTS, lOCO, ITxREO, IRxREO transition 

to liNT Valid Delay 

Notes: 
[1] /RxC is /RxC or rrxC, whichever is supplying the receive clock. 
[2] rr xC is rr xC or /RxC, whichever is supplying the transmit clock. 
[3] Parameter applies only to FM encoding/decoding. 

Min Max Units Note 

50 ns [2] 
50 ns [2] 
50 ns [2] 
50 ns l2J 

50 ns 
50 ns [2] 

50 ns 
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FEATURES 

• 0 to 10 Mbit/sec, full-duplex cllannel, willl two baud 
rate generators and a digital pllase-Iocked loop for 
clock recovery. 

• 32-byte data FIFO's for receiver and transmitter 

• 12.5 MByte/sec (16 bit) data bus bandwidth 

• Multi-protocol operation under program control with 
independent mode selection for receiver and 
transmitter. 

• Async mode with one to eight bits/cllaracter, 1/16 to 2 
stop bits/character in 1/16 bit increments; 
programmable clock factor; break detect and 
generation; odd, even, mark, space or no parity and 
framing error detection. Supports one Address/Data 
bit and MIL STD 1553B protocols. 

• Byte oriented synchronous mode willl one to eight 
bits/character; programmable idle line condition; 
optional receive sync stripping; optional preamble 
transmission; 16-or 32-bit CRC and transmit-to-receive 
slaving (for X.21). 

• Bisync mode with 2- to 16-bit programmable sync 

PRODUCT SPECIFICATION 

Z16C33 
CMOS MUSC 
MONO-U N IVERSALSERIALCONTROLLER 

• Transparent Bisync mode wi III EBCDIC or ASCII 
character code; automatic CRC Ilandling; 
programmable idle line condition; optional preamble 
transmission; automatic recognition of OLE, SYN, SOH, 
ITX, ETX, ETB, EOT, ENO and ITB. 

• IIDLC/SDLC mode witll eigllt bit address compare; 
extended address field option; 16- or 32-bit cr~c; 
programmable idle line condition; optional preamble 
transmission and loop mode. 

• DMA interface with separate request and acknowledge 
for the receiver and transmitter 

• Channel load command for DMA controlled 
initialization 

• Flexible bus interface for direcl connection to most 
microprocessors; user programmable for 8 or 16 bils 
wide. Directly supports 680XO family or 8X86 family 
bus interfaces. 

• ISDN time slot assigner 

• 8-bit general purpose port with transition detection 

character; programmable idle line condition; optional • Low power CMOS 
receive sync stripping; optional preamble transmission; 
16- or-32 bit CRC. • 68-pin PLCC package 

• External character sync mode for receive 

GENERAL DESCRIPTION 

The MUSC (Mono - Universal Serial Controller) is a single­
channel multi-protocol data communications peripheral 
designed for use with any conventional multiplexed or non­
multiplexed bus. The MUSC functions as a serial-to-parallel, 
parallel-to-serial converter/controller and is software con­
figured to satisfy a wide variety of serial communications 
applications. Tile device contains a variety of new, so­
phisticated internal functions including two baud rate 

generators, a digital phase-locked loop, character counters 
for both receive and transmit, and 32-byte data FIFO's for 
both the receiver and transmitter. 

The MUSC handles asynchronous formats, synchronous 
byte-oriented formats (e.g. BISYNC), and syncllronous 
bit-oriented formats like HDLC. This device supports vir­
tually any serial data transfer application. 
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GENERAL DESCRIPTION (Continued) 

The device can generate and check eRe in any syn­
chronous mode and is programmed to check data integrity 
in various modes. The MUSe also has facilities for modem 
controls. In applications where these controls are not 
needed, the modem controls are used for general-purpose 
I/O. The same is true for most of the other pins. 

Interrupts are supported by a daisy-chain hierarchy with 
the serial channel. There are no interrupts associated with 
the 8-bit Port. 

High-speed data transfers via DMA are supported by a 
RequesVAcknowledge signal pair for both receiver and 
transmitter. The device supports automatic status transfer 
via DMA and allows device initialization ,under DMA 
control. 

Support tools are available to aid the designer in efficiently 
programming the MUSe. The Technical Manual describes 
in detail all features presented in this Product Specification 
and gives programming sequence hints. The Programmer's 
Assistant is an MS-DOS, disk-based programming initial­
ization tool, used in conjunction with the Technical Manual. 
Also, there are assorted application notes and development 
boards to assist the designer in hardware/software 
development. 

Note: All Signals with a preceding front slash, "I", are active 
Low, e.g.: BIIW (WORD is active Low); IBIW (BYTE is 
active Low, only); INIIS (NORMAL and SYSTEM are both 
active Low). 

VO 
Port 

I.. ... IC:==:) Port Pins 

! 

1----1 Receive DMA 
Control 

.. 1===1 
dl 
~ 

I r 

~1=====t=t======1---+=~ E 

~ 
! 1-----\ 

CPU~I ~ I_II 
L...-......I 

Figure 1. MUSe Block Diagram 
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IRxACK 
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Connection Circuit Device 

Power Vee V DD 
Ground GND Vss 

Figure 3. Pin Assignments 

PIN DESCRIPTION 

The device contains 13 pins for channel I/O, 16 pins for 
address and dala, 12 pins for CPU handsllake, 8 pins for 
the I/O Port, and 14 pins for power and ground. 

Three separate bus interface types are available for tile 
device: The Bus Configuration rlegister (OCR)\ the exter­
nal connection of tile Protocol Select (PS) pin, and external 
connections to tile AD bus control selection of the 
bus type. 

A 16-bit bus is selected by setting BCR bit 2 to a 1. 

The 8-bit bus is selected by setting BCR bit 2 to zero and 
tying AD15 - AD8 to VSS. 
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The 8-bit bus with separate address is selected by setting 
BCR bit 2 to zero and, during the BCR write, forcing AD15 
to a 1 and forcing AD14-AD8 to zero. 

Tile multiplexed bus is selected for tl18 MUSC if there is an 
t~ddress Strobe prior lO, or uurirlY, lile iransaciion which 
writes the BCR. 

If no Address Strobe is present prior to or during the 
transaction which writes the BCR, a non-multiplexed bus is 
selected (See Figure 6). 



PIN ASSIGNMENTS 

IRESET. Reset (input, active Low). Tilis signal resets tile 
device to a known state. The first write to the MUSC after 
a reset accesses the BCR to select additional bus options 
for the device. 

lAS. Address Strobe (input, active Low). This signal is 
used in tile multiplexed bus modes to latcllthe address on 
the AD lines. The /AS signal is not used in tile non­
multiplexed bus modes and is tied to VDD in tllese cases. 

IDS. Data Strobe (input, active Low). This signal strobes 
data out of tile device during a read and strobes an 
interrupt vector out of tile device during an interrupt 
acknowledge cycle. /DS also strobes data into tile device 
depending on the state of R/IW. 

IRD. Read Strobe (input, active Low). Tilis signal strobes 
data out of the device during a read and strobes an 
interrupt vector out of the device during an interrupt 
acknowledge cycle. 

!WR. Write Strobe (input, active Low). This signal strobes 
data into the device during a write. 

R/!W. Read/Write (input). This signal determines the 
direction of data transfer for a read or write cycle in 
conjunction with /DS. 

ICS. ChipSelect(input, active Low). This signal selects the 
device for access and is asserted for read and write 
cycles, but is ignored during interrupt acknowledge and 
fly-by DMA transfers. In the case of a multiplexed bus 
interface, /CS is latched by the rising edge of /AS. 

PS. Protocol Select (input, active Higtl). This input is 
sampled and stored during tile BCR (Bus Configuration 
Register) write. It selects the sense of the /WAIT//RDY 
signal appropriate for different bus interfaces. With PS 
High, /WAIT//RDY functions as a /WAIT signal and with PS 
Low, /WAIT//RDY functions as a /READY signal. Tilis se­
lection applies to all bus transactions. 

DIIC. Data/Control Select (input). This signal, when High, 
provides for direct access to the RDR and'1 DR. In the case 
of a multiplexed bus interface, D//C High overrides the 
address provided to the device. 

ISITACK. Status InterruptAcknowledge(inpul, active Low). 
This signal is a status signal indicating tllat an interrupt 
acknowledge cycle is in progress. The device is capable 
of returning an interrupt vector that is encoded with the 
type of interrupt pending during this acknowledge cycle. 

IPITACK. Pulsed Interrupt Acknowledge (input, active Low). 
Tilis is a strobe signal indicating tilat an interrupt ac­
knowledge cycle is in progress. Tile device is capable of 
returning an interrupt vector tilat is encoded witil tile type 
of interrupt pending during tllis acknowledge cycle. 
/PIT ACK is programmed to accept either single pulse or 
double pulse acknowledges. Tilis programming is per­
formed in the BCR. The double pulse acknowledge is 
compatible with 8X86 family microprocessors. 

!WAITIIRDY. Wait/Data Ready (output, active Low). This 
signal serves to indicate when the data is available during 
a read cycle, when tile device is ready to receive data 
during a write cycle, and wilen a valid vector is available 
during an interrupt acknowledge cycle. It is programmed 
to function either as a Wait signal or a Ready signal using 
ttle state of tile PS pin during the BCR write. When PS is 
High during the BCR write, this signal functions as a wait 
output and supports the READY function of 8X86 family 
microprocessors. Wilen PS is Low during the BCR write, it 
functions as a ready output and supports tile DTACK 
function of 680XO family microprocessors. 

AD15-ADO. Address/Data Bus(bidirectional, active High, 
3-state). The AD signals carry addresses to, and data to 
and from, tt18 device. When the 16 bit non-multiplexed bus 
is selected, AD15-0 carries data to and from ttle device. 
Addresses are provided using a pointer within tile device 
that is loaded with tile desired register address. When the 
8-bit non-multiplexed bus, without separate address, is 
selected only AD7-0 is used to transfer data. The pointer is 
used for addressing, and AD15-8 is unused. Wilen tile 
8-bit non-multiplexed bus with separate address is selected 
AD7-0 is used to transfer data, wllile AD15-8 is used as an 
address bus. Wilen tile 16 bit multiplexed bus is selected, 
addresses are latched from AD7-0 and data transfers are 
sixteen bits wide. Wilen ttle 8-bit multiplexed bus without 
separate address is selected only AD7 -0 is used to transfer 
addresses and data, and AD15-8 is unused. When the 
8-bit multiplexed bus with separate address is selected 
only AD7-0 is used to transfer data, while AD15-8 is used 
as an address bus. 

The non-multiplexed, 16-bit bus interface mode directly 
supports 680XO family microprocessors and the multi­
plexed, 16-bit bus interface mode directly supports tile 
8X86 family microprocessors. Tile multiplexed, 8-bit bus 
interface mode WitilOUt separate address supports the 
8088 family microprocessors. 
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PIN ASSIGNMENTS (Continued) 

liNT. Interrupt Request( output, active Low}. I ndicates that 
the channel has an interrupt condition pending and is 
requesting service. This output is NOT open-drain. 

lEI. Interrupt Enable In (input, active High). The lEI signal 
is used with the accompanying lEO signal to form an 
interrupt daisy chain. An active lEI indicates that no device 
having higher priority is requesting or servicing an interrupt. 

lEO. Interrupt Enable Out (output, active High). The lEO 
signal is used with the accompanying lEI signal to form an 
interrupt daisy chain. lEO is Low if lEI is Low, an interrupt 
is under service in the channel, or an interrupt is pending 
during an interrupt acknowledge cycle. 

/TxACK. Transmit Acknowledge (input or output, active 
Low). The primary function of this signal is to perform 
fly-by DMA transfers to the transmit FIFO. Italso is used as 
bit input or output. 

IRxACK. Receive Acknowledge (input or output, active 
Low). The primary function of this signal is to perform 
fly-by DMA transfers from the receive FIFO. It also is used 
as bit input or output. 

TxD. Transmit Data (output, active High, 3-state). TxD 
carries the serial transmit data for the channel. 

RxD. Receive Data (input, active High). RxD carries the 
serial receive data for the channel. 

/TxC. Transmit Clock (input or output, active LOW). This 
signal may be used as a clock input for any of the functional 

ARCHITECTURE 

The MUSC internal structure includes a full-duplex serial 
channel with two baud rate generators, a digital phase­
locked loop for clock recovery, transmit and receive 
character counters and a full-duplex DMA interface. The 
bus interface is designed to provide easy interface to most 
microprocessors, whether they employ a multiplexed, 
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blocks within the device. It also is used as an output for 
various transmitter signals or internal clock signals. 

IRxC. Receive Clock (input or output, active Low). This 
signal is used as a clock input for any of the functional 
blocks witilin the device. It also is used as an output for 
various receiver signals or internal clock signals. 

/TxREQ. Transmit Request (input or output, active Low). 
The primary function of this signal is to request DMA 
transfers to the transmit FIFO. It also is used as a simple 
input or output. 

IRxREQ. Receive Request (input or output, active Low). 
The primary function of this signal is to request DMA 
transfers from the receive FIFO. It also is used as a simple 
input or output. 

ICTS. Clear To Send (input or output, active Low). /CTS is 
used as an enable forthe transmitter. It also is programmed 
to generate interrupt on either transition or used as a 
simple input or output. 

lOCO. Data Carrier Detect (input or output, active Low). 
This signal is used as an enable for the receiver. It also is 
programmed to generate an interrupt on either transition or 
used as a simple input or output. 

PORT? - PORTO. Port Signals (inputs or outputs, active 
High). These pins are general purpose I/O pins. They are 
used as additional MODEM control lines or for other I/O 
functions. When used as inputs, the ports capture transi­
tions on these pins. 

non-multiplexed, 8-bit or 16-bit bus structure. The channel 
is controlled by a setof thirty-two 16-bit registers, almost all 
of which are readable and writable. There is one additional 
16-bit register in ttle bus interface used to configure the 
nature of the bus interface. The BCR functions are shown 
in Figure 4. 



Address: None 

* Must be programmed as O. 

Shift Right Addresses 

Double Pulse INTACK 

16-Bit Bus 

0* 

Reserved 

3-State All Pins 

Separate Address for 8-Bit Bus 

Figure 4. Bus Configuration Register 

DATA PATH 

Both the transmitter and the receiver in the channel are 
actually microcoded serial processors. As the data shifts 
through the transmit or receive shift register, the microcode 
watches for specific bit patterns, counts bits, and at the 

FUNCTIONAL DESCRIPTION 

The functional capabilities of the MUSe are described 
from two differentpointsof view: as a data communications 
device, it transmits and receives data in a wide variety of 
data communications protocols; as a microprocessor 
periplleral, the MUSe offers such features as read/write 
registers, a flexible bus interface, DMA interface support, 
vectored interrupts, and an eight-bit I/O port. 

Data Communications Capabilities 

The MUSe provides a full-duplex channel programmable 
for use in any common data communication protocol. The 
receiver and transmitter modes are completely indepen­
dent. The receiver and transmitter are each supported by 
a 32-byte deep FIFO and a 16-bit message length counter. 
All modes allow optional even, odd, mark or space parity. 
Synchronous modes allow the choice of two 16-bit or one 
32-bit eRC polynomial. Selection of from one to eight bits 
per character is available in both receiver and transmitter 
independently. Error and status conditions are carried with 
the data in the receive and transmit FIFOs to greatly reduce 
tile CPU overhead required to send or receive a message. 
Specific, appropriately timed interrupts are available to 

appropriate time transfers data to or from the FIFOs. The 
microcode cllecks status and generates status interrupts 
as appropriate. 

signal such conditions as: overrun, parity error, framing 
error, end-of-frame, idle line received, sync acquired, 
transmit underrun, CRC sent, closing sync/flag sent, abort 
sent, idle line sent and preamble sent. In addition, several 
useful internal signals like receive FIFO load, received 
sync, transmit FIFO read and transmission complete are 
sent to pins for use by external circuitry. 

Asynchronous Mode. The receiver and transmitter Ilandle 
data at a rate of 1/16, 1/32, or 1/64 the clock rate. The 
receiver rejects start bits less than one-half a bit time and 
will not erroneously assemble characters following a framing 
error. The transmitter is capable of sending one, two, or 
anywhere in the range of 1/16th to two stop bits per 
character in 1/16 bit increments. 

External Sync Mode. The receiver is synchronized to the 
receive data stream by an externally-supplied signal on a 
pin for custom protocol applications. 

Isochronous Mode. Both transmitter and receiver may 
operate on start-stop (async) data using a 1x clock. The 
transmitter sends one or two stop bits. 
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FUNCTIONAL DESCRIPTION (Continued) 

Asynchronous With Code Violations. This is similar to Iso­
chronous mode except that tile start bit is replaced by a 
three bit-time code violation pattern as in MIL-STD 1553B. 
The transmitter sends zero, one or two stop bits. 

Monosync Mode. In this mode, a single character is used 
for synchronization. The sync character can be either 
eight bits long with an arbitrary data cllaracter length or 
programmed to match the data character length. The 
receiver is capable of automatically stripping sync char­
acters from tile received data stream. The transmitter is 
programmed to automatically send CRC on either an 
underrun or at the end of a programmed message length. 

Bisync Mode. This mode is identical to monosync mode 
except that character synchronization requires two suc­
cessive characters for synchronization. Tile two characters 
need not be identical. 

HDLC Mode. In this mode, the receiver recognizes flags, 
performs optional address matching, accommodates ex­
tended address fields, 8- or 16-bit control fields and logical 
control fields, performs zero deletion and CRC checking. 
The receiver is capable of receiving shared-zero flags, 
recognizes the abort sequence and can receive arbitrary 
length messages. The transmitter automatically sends 
opening and closing flags, performs zero insertion and is 
programmed to send. an abort, an extended abort, a flag 
or CRC and a flag on transmit underrun. The transmitter 
automatically sends the closing flag with optional CRC at 
the end of a programmed message length. Shared-zero 
flags are selected in the transmitter and a separate character 
length is programmed for the last character in the frame. 

Bisync Transparent Mode. In this mode, the synchroniza­
tion pattern is DLE-SYN, programmable selected from 
either ASCII or EBCDIC encoding. The receiver recognizes 
control character sequences and automatically handles 
CRC calculations Witilout CPU intervention. The transmit­
ter is programmed to send either SYN, DLE-SYN, CRC­
SYN, or CRC-DLE-SYN upon underrun and automatically 
sends the closing DLE-SYN with optional CRC at the end 
of a programmed message length. 

NBIP Mode. This mode is identical to async except that the 
receiver checks for the status of an additional addressl 
data bit between the parity bit and the stop bit. The value 
of this bit is FIFO'ed along with the data. In the transmitter, 
this bit is automatically inserted with the value that is 
FIFO'ed from the transmit data. 

802.3 Mode. This mode implements the data format of 
IEEE 802.3 willl 16-bit address compare. In this mode, 
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IDCD and ICTS are used to implement the carrier sense 
and collision detect interactions with the receiver and 
transmitter. 

Slaved Monosync Mode. This mode is available only in the 
transmitter and allows the transmitter (operating just as 
though it were in monosync mode) to send data that is 
byte-synchronous to tile data being received by tile 
receiver. 

HDLC Loop Mode. This mode is available only in the 
transmitter and allows the MUSC to be used in an HDLC 
loop configuration. In tllis mode, the receiver is programmed 
to operate in HDLC mode to allow the transmitter to ecllo 
received messages. Upon receipt of a particular bit pat­
tern (actually a sequence of seven consecutive ones) the 
transmitter breaks the loop and inserts its own frame(s). 

Data Encoding 

The MUSC is programmed to encode and decode the 
serial data in any of eight different ways (Figure 5). The 
transmitler encoding method is selected independently of 
the receiver decoding method. 

NRZ. In NRZ, a 1 is represented by a High level for tile 
duration of the bit cell and a 0 is represented by a Low level 
for the duration of the bit cell. 

NRZB. NRZB is inverted from NRZ. 

NRZI-Mark. In NRZI-Mark, a 1 is represented by a transi­
tionat tile beginning of a bit cell, i.e., the level present in the 
preceding bit cell is reversed. A 0 is represented by the 
absence of a transition at the beginning of the bit cell. 

NRZI-Space. In NRZ!-Space, a 1 is represented by the 
absence of a transition atthe beginning of a bit cell: i.e., tile 
level rrp.sent in the preceding bit cell is maintained. /\ 0 is 
represented by a transition at the beginning of the bit cell. 

Biphase-Mark. In Biphase-Mark, a 1 is represented by a 
transition at the beginning of tile bit cell and another 
transition at the center of the bit cell. A 0 is represented by 
a transition at the beginning of the bit cell only. 

Biphase-Space. In Biphase-Space, a 1 is represented by 
a transition at the beginning of the bit cell only. A 0 is 
represented by a transition at the beginning of the bit cell 
and another transition at the center of the bit cell. 



Data I 

I 
NRZ t 

NRZB , 
I 

NRZI-M r 
NRZI-S 

BI-PHASE-M 

BIPHASE-S I 

BIPHASE-L 

DIFFERENTIAL I 
BIPHASE-L 

0 0 o 

~ 
I 

'/ ~'----I 
V' ~ 

I '----ofV' 
~ I r 

~ 

Figure 5. Data Encoding 

Biphase-LeveL In Biphase-Level, a 1 is represented by a 
High during the first half of the bit cell and a Low during the 
second half of the bit cell. A 0 is represented by a Low 
during the first half of the bit cell and a High during the 
second half of the bit cell. 

Differential Biphase-LeveL In Differential Biphase-Level, a 
1 is represented by a transition at the center of the bit cell, 
with the opposite polarity from the transition at the center 
of the preceding bit cell. A 0 is represented by a transition 

. at the center of the bit cell with the same polarity as the 
transition at the center of the preceding bit cell. In both 
cases, there are transitions at the beginning of the bit cell 
to set up the level required to make the correct center 
transition. 

Character Counters 

The MUSC contains a 16-bit character counter for both the 
receiver and transmitter. The receive character counter 
may be preset either under software control or automati­
cally at the beginning of a receive message. The counter 
decrements with each receive character and at the end of 
the receive message the current value in the counter is 
automatically loaded into a four-deep FIFO. This allows 
DMA transfer of data to proceed without CPU intervention 
at the end of a received message, as the values in the FIFO 
allow the CPU to determine message boundaries in memory. 
Similarly, the transmit character counter is loaded either 

under software control or automatically at the beginning of 
a transmit message. The counter is decremented with 
each write to the transmit FIFO. When the counter has 
decremented to zero, and that byte is sent, the transmiller 
automatically terminates the message in the appropriate 
fashion (usually CRC and the closing flag or sync charac­
ter) without requiring CPU intervention. 

Baud Rate Generators 

The MUSC contains two baud rate generators. Each 
generator consists of a 16-bit time constant register and a 
16-bit down counter. In operation, the counter decrements 
with each baud rate generator clock, and the time constant 
is automatically reloaded when the count reaches zero. 
The output of the baud rate generator toggles when the 
counter reaches a count of one-half of the time constant 
and again when the counter reaches zero. A new time 
constant is written at any time but the new value does not 
take effect until the next load of the counter. The outputs of 
both baud rate generators are sent to the clock multiplexer 
for use internally or externally. The baud rate generator 
output frequency is related to the baud rate generator 
input clock frequency by the following formula: 

Output frequency = Input frequency/(time constan~ + 1). 
I 

Note: This allows an output frequency in the range of 1 to 
1/65536 of the input frequency, inclusive. 
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Digital Phase-Locked Loop 

The MUSC contains a digital phase-locked loop (DPLL) to 
recover clock information from a data stream with NRZI or 
Biphase encoding. The DPLL is driven by a clock that is 
nominally 8, 16 or 32 times the receive data rate. The DPLL 
uses this clock, along with the data stream, to construct a 
clock for the data. This clock is routed to the receiver, 
transmitter, or both, or to a pin for use externally. In all 
modes, the DPLL counts the input clock to create nominal 
bit times. As the clock is counted, the DPLL watches the 
incoming data stream for transitions. Whenever a transition 
is detected, the DPLL makes a count adjustment (during 
the next counting cycle), to produce an output clock which 
tracks the incoming bit cells. The DPLL provides properly 
phased transmit and receive clocks to the clock multiplexer. 

Counters 

The MUSC contains two 5-bit counters, which may be 
programmed to divide an input clock by 4, 8, 16 or 32. The 

I/O INTERFACE CAPABILITIES 

The MUSC offers the choice of polling, interrupt (vectored 
or non-vectored) and block transfer modes to transfer 
data, status and control information to and from the CPU. 

Polling 

All interrupts are disabled. The registers in the MUSC are 
automatically updated to reflect current status. The CPU 
polls the Daisy Chain Control Register (DCCR) to determine 
status changes and then reads the appropriate status 
register to find and respond to the change in status. MUSC 
status bits are grouped according to function to simplify 
this software action. 

Interrupt 

When a MUSC responds to an interrupt acknowledge from 
the CPU, an interrupt vector may be placed on the data 
bus. This vector is held in the Interrupt Vector Register 
(IVR). Tospeed interrupt response time, the MUSC modifies 
three bits in this vector to indicate which type of interrupt 
is being requested. 

Each of the six sources of interrupts in the MUSC (Receive 
Status, Receive Data, Transmit Status, Transmit Data, I/O 
Status and Device Status) has three bits associated with 
the interrupt source: Interrupt Pending (IP), Interrupt-Under­
Service (IUS) and Interrupt Enable (IE). II the IE bit for a 
given source is set, then that source requests interrupts. 
Note that individual sources within the six groups also have 
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inputs of these two counters are sent to the clock multi­
plexer. The counters are used as prescalers for the baud 
rate generators. They also provide a stable transmit clock 
from a common source when the DPLL is providing the 
receive clock. 

Clock Multiplexer 

The clock multiplexer selects the clock source for the 
various blocks in the channel, as well as selecting an 
internal clock signal to potentially be sent to either the /RxC 
or /TxC pin. 

Test Modes 

The MUSC is programmed for local loop back or auto echo 
operation. In localloopback, the output of the transmitter 
is internally routed to the input of the receiver. This allows 
testing of the MUSC data paths without any external logic. 
Auto echo connects the RxD pin directly to the TxD pin. 
This is useful for testing serial links external to the MUSC. 

interrupt enable bits which are separately enabled. There 
is a Master Interrupt Enable (MIE) bit which globally 
enables or disables interrupts within the serial channel. 

The other two bits are related to the interrupt priority chain. 
The MUSC requests an interrupt only when no higher 
priority interrupt source is requesting one, e.g., when lEI is 
High for the channel. In this case the channel activates the 
/INT signal. The CPU then responds with an interrupt 
acknowledge cycle, and the device places a vector on the 
data bus. 

In the MUSC, the IP bit signals that an interrupt request is 
being serviced. If an IUS is set. all interrupt sources of 
!o\~!er priority\A/ithin the channel and external to the channel 
are prevented from requesting interrupts. The internal 
interrupt sources are inhibited by the state of the internal 
daisy chain, while lower priority devices are inhibited by 
the lEO output of the channel being pulled Low and 
propagated to subsequent peripherals. An IUS bit is set 
during an interrupt acknowledge cycle if there are no 
higher priority devices requesting interrupts. 

There are six sources of interrupt in the following priority: 
Receive Status, Receive Data, Transmit Status, Transmit 
Data, I/O Status and Device Status. There are six sources 
ofReceive Status interrupt. Each one is individually enabled: 
receiver exited hunt. received idle line, received break/ 
abort, received code violation/end-of-transmission/end­
of-frame, parity error and overrun error. The Receive Data 



interrupt is generated whenever the receive FIFO fills with 
data beyond the level programmed in the Receive Inter­
rupt Control Register (RICR). There are six sources of 
Transmit Status interrupt. Each one is individually enabled: 
preamble sent, idle line sent, abort sent, end-of-frame/ 
end-of-transmission sent, CRC sent and underrun error. 
The Transmit Data interrupt is generated whenever the 
transmit FIFO empties below the level programmed in the 
Transmit Interrupt Control Register (TICR). The I/O Status 
interrupt serves to report transitions on any of six pins. 
Interrupts are generated on either or both edges with 
individual selection and enables for each pin. The pins that 
are programmed to generate I/O Status interrupts are 
/RxC, rrxc, /RxREQ, /TxREQ, /DCD and /CTS. These 
interrupts are independent of the programmed function of 
the pins. The Device Status interrupt has four individually 
enabled sources: receive character count FIFO overflow, 
DPLL sync acquired, BRG1 zero count and BRGO 
zero count. 

Block Transfer Mode 

The MUSC accommodates block transfers via DMA through 
the /RxREQ, /TxREQ, /RxACK and rrxACK pins. The 
/RxREQ signal is activated when the fill level of the receive 
FIFO exceeds the value programmed in the RICR. The 
DMA responds with either a normal bus transaction or by 
activating the /RxACK pin to read the data directly (fly-by 
transfer). The /TxREQ signal is activated when the empty 
level of the transmit FIFO falls below the value programmed 
in the TICR. The DMA responds either with a normal bus 
transaction or by activating the rrxACK pin to write the data 
directly (fly-by transfer). The /RxACK and rrxACK pin 
functions for this mode are controlled by the Hardware 
Configuration Register (HCR). When using the /RxACK 
and rrxACK pins to transfer data, no chip select is nec­
essary; these are dedicated strobes for the 
appropriate FIFO. 

Time Slot Assigner 

The MUSC is equipped with two time slot assigners to 
support ISDN communications. There is one assigner for 
the receiver and one assigner for the transmitter and the 
assigners function independently. The time slot assigner 

selects one or more time slots within a frame, however, all 
selected time slots must be contiguous. The first selected 
time slot is programmable from slot 0 (the first slot) to slot 
127 of the frame. The total number of concatenated slots 
is programmable from 1 to 15 (total slots). 

The time of the slot is offset an integral number of clocks. 
This offset is a delay and is programmable from 
o (no offset) to 7 clocks in increments of one clock (one bit 
cell). This offset is used to compensate for delays in frame 
sync detection logic. 

I/O Port 

The Port pins are general purpose I/O pins. They are used 
as additional MODEM control lines or other I/O functions. 
Each port bit is individually programmable for the three­
state mode, output a logic 0, or output a logic 1. This 
programming is done in the Port Control Register. When 
programmed to be three-stated, the ports are used as 
inputs. Whether used as inputs or outputs, the port pins 
can be read at any time. 

The port pins capture edge transition's input to the port. 
This programming for the capture is done using the Port 
Latched/Unlatch command bits in the Port Status Register. 
Each port bit is individually controlled. The Latched/Unlatch 
bit is used as a status signal to indicate that a transition has 
occurred on the port pin and as a command to open the 
latches that capture this transition. Both rising edge and 
falling edge transitions are detected. When a transition is 
detected, the latch closes holding the post transition state 
of the input. 

The Latched/Unlatch bit is held at 0 if no transitions occur 
on the port pin; this bit is set to a 1 when a rising edge or 
falling edge transition is detected, or immediately after the 
latch is opened if one or more transitions occurred while 
the latch was closed. Writing aO to the Latched/Unlatch bit 
has no effect on the latch. Writing a 1 to this bit resets the 
status bit and opens the latch. To use the port as an input 
without edge detection, a 1 would be written to the Latched/ 
Unlatch bit to open the latch and then the Port Status 
Register would be read to obtain the current pin 
input status. 
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PROGRAMMING 

The Programmer's Assistant (MS DOS based) and Tech­
nical Manual are available to provide details about pro­
gramming the MUSC. Also included are explanations and 
features of all registers in the MUSC. 

The registers in the MUSC must be programmed by the 
system to configure the channel. Before this can occur, the 
system must program the bus interface by writing to tile 
Bus Configuration Register (BCR). The BCR has no spe­
cific address and is only accessible immediately after a 
hardware reset of tile device. The first write to the MUSC, 
after a hardware reset, programs the BCR. From that time 
on the normal channel registers may be accessed. No 
specific address need be presented to ttle MUSC for the 
BCR write; the MUSC knows that the first write after a 
hardware reset is destined for the BCR. 

In the multiplexed bus case, all registers are directly 
addressable via the address latched by /AS at tile begin­
ning of a bus transaction. The address may be decoded 
from either AD6-ADO or AD7-AD1. This is controlled by the 
Shift RighI/Shift left bit in the BCR. The address maps for 
these two cases is shown in Table 1. The D//C pin is still 
used to directly access the receive and send data regis­
ters (RDR and TOR) in the multiplexed bus; if D//C is High, 
the address latched by /AS is ignored and an access of 
RDR or TOR is performed. 

Table 1. Multiplexed Bus Address Assignments 

Address Signal Shift Left Shift Right 

Byte//Word Access AD7 AD6 
Address 4 AD6 ADS 
Address 3 ADS AD4 

Address 2 AD4 AD3 
Address 1 AD3 AD2 
Address 0 AD2 AD1 
Upper/flower Byte Select Af)1 ADO 
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In the non-multiplexed bus case, the channel registers are 
accessed indirectly using the address pointer in ttle Cilan­
nel Command/Address Register (CCAR). The address of 
the desired register is first written to the CCAR and then the 
selected register is accessed; ttle pointer in the CCAR is 
automatically cleared after this access. The RDR and TDR 
are still accessed directly using the DI/C pin, without 
disturbing the contents of the pointer in the CCAR. 

Tl1ere are two important things to note about the MUSC. 
First, the Channel Reset bit in the CCAR places the channel 
in the reset state. To exit this reset state either a word of all 
zeros is written to the CCAR (16-bit bus) or a byte of all 
zeros is written to the lower byte of the CCAR (8-bit bus). 
The second thing to note is that after reset, tile transmit and 
receive clocks are not connected. The first thing that 
should be done in any initialization sequence is a write to 
the Clock Mode Control Register (CMCR) to select a clock 
source for the receiver and transmitter. 

The register addressing is shown in Table 2 and the bit 
assignments for the registers are shown in Figure 6. 



Address 
A4-A0 

00000 
00001 
00010 
00011 

00100 
00101 
00110 
00111 

01000 
01001 
01010 
01011 

01100 
01101 
01110 
01111 
1XOOO 

Reset 

Any Transaction 
Up To and Including 

No lAS t At Least One lAS 
BCRWrite 

+ 
Non-

Multiplexed 

BCR Bus 

Write I Transa ction 
BCR[2]=O BCR[2]=O BCR[2]=1 BCR[2]=O 

BCR[15]=1 BCR[15]=O BCR[15]=1 

+ 1 i i 
8-BitWith 8-Bit Without 8-Bit With 
Separate Separate 16-Bit Separate 
Address Address Address 

Note: 
The presence of one transaction with an lAS active, between reset up to 
and including the SGR write, chooses a rooltiplexed type of bus. 

t 
Multiplexed 

Bus 

I 
BCR[2]=O BCR[2]=1 

BCR[15]=O 

1 i 
8-Bit Without 

Separate 16-Bit 

Address 

Figure 6_ BeR Reset Sequence and Bit Assignments 

Table 2_ Register Address List 

Address 
A4-A0 

CCAR Channel Command/Address Register 10001 RMR Receive Mode Register 
CMR Channel Mode Register 10010 RCSR Receive Command/Status Register 
CCSR Channel Command/Status Register 10011 RICR Receive Interrupt Control Register 
CCR Channel Control Register 10100 RSR Receive Sync Register 

PSR Port Status Register 10101 RClR Receive Count Limit Register 
PCR Port Control Register 10110 RCCR Receive Character Count Register 
TMDR Test Mode Data Register 10111 TCOR Time Constant 0 Register 
TMCR Test Mode Control Register 1XOOO TDR Transmit Data Register (Write Only) 

CMCR Clock Mode Control Register 11001 TMR Transmit Mode Register 
HCR Hardware Configuration Register 11010 TCSR Transmit Command/Status Register 
IVR Interrupt Vector Register 11011 TICR Transmit Interrupt Control Register 
IOCR I/O Control Register 11100 TSR Transmit Sync Register 

ICR Interrupt Control Register 11101 TClR Transmit Count Limit Register 
DCCR Daisy-Chain Control Register 11110 TCCR Transmit Cllaracter Count Register 
MISR Misc Interrupt Status Register 11111 TCm Time Constant 1 Register 
SICR Status Interrupt Control Register 
RDR Receive Data Register (Read Only) XXXXX BCR Bus Configuration Register 
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Address: 00000 

Irn51~lrn3Irn2Irnllrnolooloolwloolool~loolmlrnlool 

0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 
0 0 1 1 0 
0 0 1 1 1 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 1 0 
0 1 0 1 1 
0 1 1 0 0 
0 1 1 0 1 
0 1 1 1 0 
0 1 1 1 1 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 1 0 
1 0 0 1 1 
1 0 1 0 0 
1 0 1 0 1 
1 0 1 1 0 
1 0 1 1 1 
1 1 0 0 0 

1 0 0 1 
1 0 0 
1 0 1 

0 0 
0 1 
1 0 
1 1 

~ 
UpperllLower Byte Select (WO) 

Address 0 (WO) 

Address 1 (WO) 

Address 2 (WO) 

Address 3 (WO) 

Address 4 (WO) 

Bytel/Word Access (WO) 

DMA Continue (WO) 

0 0 Normal Operation } 
0 1 Auto Echo Mode 
1 0 External Local Loopback Control 
1 1 Internal Local Loopback 

Channel Reset 

Null Command 
Reserved 
Reset Highest IUS 
Reserved 
Trigger Channel Load DMA 
Trigger Rx DMA 
Trigger Tx DMA 
Trigger Rx & Tx DMA 
Reserved 
Rx FIFO Purge 
Tx FIFO Purge 
Rx & Tx FIFO Purge 
Reserved 
Reload Rx Character Count 
Reload Tx Character Count 
Reload Rx & Tx Character Count Channel 
Reserved Command 
Load TCO (WO) 
LoadTCl 
Load TCO & TC 1 
Select Serial Data LSB First * 
Select Serial Data MSB First 
Select Straight Memory Data * 
Select Swapped Memory Data 
Reserved 
Reserved 

I Reserved 
Reserved 
Reserved 

) * Selected 
Reserved Upon Reset 
Reserved 
Reserved 

Figure 7. Channel Command/Address Register 



Address: 00001 

1~~~~~~rn~~II~~ooloolroloolool~oolml~ool 

I I I I 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

0 0 0 0 Asynchronous ...., 
0 0 0 1 Reserved 
0 0 1 0 Isochronous 
0 0 1 1 Asynchronous with CV 
0 1 0 0 Monosync 
0 1 0 1 Bisync 
0 1 1 0 HOLC 

ASy nchronous 
Ext emal Synchronous 

chronous 
nchronous with CV 

nosync 

Iso 
ASy 
Mo 
Bis ync 
HO LC 
Tr ansparent Bisync 

P NBI 
802 .3 
Res erved 
Res erved 
Re served 
Re served 
Re served 
Re served 

Rx Submode 0 

Rx Submode 1 

Rx Submode 2 

Rx Submode 3 

0 1 1 1 Transparent Bisync Transmitter 
1 0 0 0 NBIP Mode 
1 0 0 1 802.3 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Slaved Monosync 
1 1 0 1 Reserved 
1 1 1 0 HOLC Loop 
1 1 1 1 Reserved 

Tx SUbmode 0 

Tx Submode 1 

Tx Submode 2 

Tx Submode 3 

Figure 8. Channel Mode Register 

Receiver 
Mode 
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Address: 00001 

o 
o 
1 
1 

o 
1 
o 
1 

0 0 
0 1 
1 0 
1 1 

I I I 
0 0 0 

I 
0 Asy nchronous } Receiver 

Mode 

32X Data Rate Rx 
16X Data Rate} 

Clock 
e 64X Data Rate Rat 

Reserved 

Reserved 

Reserved 

0 0 0 0 Asynchronous } Transmitter 
Mode 

0 0 16X Data Rate} 
0 1 32X Data Rate Tx Clock 
1 0 64X Data Rate Rate 
1 1 Reserved 

One Stop Bit 
Two Stop Bits 
One Stop Bit, Shaved 
Two Stop Bits, Shaved 

} 
TxStop 
Bits 

Figure 9. Channel Mode Register, Asynchronous Mode 

Address: 00001 

000 

000 R d } Transmitter 
eserve Mode 

External Sync } Receiver 
Mode 

Reserved 

Reserved 

Figure 10. Channel Mode Register, External Sync Mode 



Address: 00001 
101510141013 0121011JD101D9J 08 107 106 1 os] 041 031 021 011 DO I 

-,..-

I 
I I I I 
0 0 1 0 

0 0 1 0 lsoch } Transmitter 
ronous Mode 

lsoc hronous} Receiver 
Mode 

Reserved 

Reserved 

Tx Two Stop Bits 

Reserved 

Figure 11. Channel Mode Register, Isochronous Mode 

Address: 00001 
Im5~4Im3Im~mllmoIDOJ08lwl06losI04IoolmlmIDOI 

o 
o 
1 
1 

o 
1 
o 
1 

0 

One Stop Bit 
Two Stop Bit 
No Stop Bit 
Reserved 

0 1 1 

} 
Tx 
Stop Bits 

I I I I 
0 0 1 1 

Asynchronous with CV } ~::mitter 

Asy nchronous with CV } ~~~~ver 

Rx Extended Word 

Reserved 

CVPolarity 

Tx Extended Word 

Figure 12. Channel Mode Register, Asynchronous Mode 
with Code Violation (MIL STD 1553) 
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Address: 00001 

I I I I 
o 0 0 

o o 0 M } Transmitter 
ooosync Mode 

Monosync} Re"ceiver 
Mode 

Rx Short Sync Character 

Rx Sync Strip 

ReselVed 

Tx Short Sync Character 

Tx Preamble Enable 

ReselVed 

Tx CRC on Underrun 

Figure 13. Channel Mode Register, Monosync Mode 

Address: 00001 

I I I I 

T 
o 0 

. I I I I I I I I 
I I I I 
o 0 B" } Transmitter 

ISYnc Mode 

o 0 
o 1 
1 0 
1 1 

SYN1 } Tx 
SYNO/SYN1 Underrun 
CRC/SYN1 "" 
CRC/SYNO/SYN1 Condition 

BiSYnc} Receiver 
Mode 

Rx Short Sync Character 

Rx Sync Strip 

Reserved 

Tx Short Sync Character 

Tx Preamble Enable 

Figure 14. Channel Mode Register, Bisync Mode 



Address: 00001 

Im5Im4Im3Im2Im1Imolooloolmlool~I~lool~lmlool 

o 
o 
1 
1 

o 
1 
o 
1 

0 1 1 0 HDLC} 

Abort } Tx 
Extended Abort Undenun 
Flag CondO. 
CRClFlag luon 

I I I I 
0 1 1 0 HD 

0 0 Disabled 
0 1 One Byte, No Conlrol 
1 0 One Byle, Plus Control , 1 Exlended, Plus Control 

Transmitter 
Mode 

LC} Receiver 
Mode 

} 
RxAddress 
Search Mode 

Rx 16-Bil Control 

Rx Logical Conlrol Enable 

Shared Zero Flags 

Tx Preamble Enable 

Figure 15. Channel Mode Register, HDLC Mode 

Address: 00001 

o 
o 
1 
1 

o 
1 
o 
1 

0 

SVN 
DLElSVN 
CRC/SVN 
CRC/DLElSVN 

1 

I I I 
0 1 1 

1 1 ° } Transmitter 
Transparent BIsync Mode 

} 
Tx 
Underrun 
Condition 

I 
1 Tra nsparent BiSync} Receiver 

Mode 

EBCDIC 

Reserved 

EBCDIC 

Tx Preamble Enable 

Figure 16. Channel Mode Register, Transparent Bisync Mode 
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Address: 00001 

1~51~~~31~21~11~0Iooloolmloolool~lool~I~lool 

0 0 
0 1 
1 0 
1 1 

Address: 00001 

T 
I 

I I I I 
1 0 0 0 NBI } 

Receiver 
P Mode 

0 0 
0 1 32X Data Rate Rx 

16X Data Rate} 
Clock 
e 1 0 64X Data Rate Rat 

1 1 Reserved 

Rx Parity on Data 

Reserved 

1 0 0 0 NBIP } Transmitter 
Mode 

16X Data Rate} 
32X Data Rate Tx Clock 
64X Data Rate Rate 
Reserved 

Tx Parity on Data 

Tx Address Bit 

Figure 17. Channel Mode Register, NBIP Mode 

I I I I T o 0 8023 } Receiver 
. Mode 

I I I 
o 0 

.. - . 
802 3 l. lransrnUer 

. J Mode 

Figure 18. Channel Mode Register, 802.3 Mode 

Rx Address Search 

Reserved 

Reserved 

Tx CRC on Underrun 



Address: 00001 

o 0 

o 0 SI ed M } Transnitler 
av onosync Mode 

Reserved } Receiver 
Mode 

Reserved 

Tx Short Sync Character 

Tx Active on Received Sync 

Reserved 

Tx CRC on Underrun 

Figure 19. Channel Mode Register, Slaved Monosync Mode 

Address: 00001 

1015101410131012101110101091 osl 071 061 051 04103102101 I DO I 

o 
o 
1 
1 

o 
1 
o 
1 

I 
I I 
1 1 

1 1 1 0 HOLC Loop } ~:!nitler 

Abort } Extended Abort Tx Underrun 
Flag Condition 
CRC/Flag 

I I 
1 0 Res Ved} Receiver 

er Mode 

Reserved 

Shared-Zero Flags 

Tx Active on Poll 

Figure 20. Channel Mode Register, HOLC Loop Mode 
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Address: 00010 

1015101410131012101110101091081071061 OSI 041 031 021 01 I DO 1 

0 
0 
0 
0 
1 
1 
1 
1 

0 0 Both Edges 
0 1 Rising Edge Onty 
1 0 Falling Edge Only 
1 1 AdjusVSync Inhibit 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

~ IRxACK (RO) 

{TxACK (RO) 

8 Bits 

} 1 Bit 
2 Bits 
3 Bits 
4 Bits 
5 Bits 
6 Bits 
7 Bits 

HOLC Tx Last 
Character Length 

Reserved 

Loop Sending (RO) 

On Loop (RO) 

} OPLL AdjusVSync E dge 

Clock Missed Latched/Unlatch 

Clocks Missed LatchedlUnlatch 

DPLL in Sync/Quick Sync 

RCC FIFO Clear (WO) 

RCC FIFO Valid (RO) 

RCC FIFO Overflow (RO) 

Figure 21. Channel Command/Status Register 



Address: 00011 

Irn5Irn4Irn3Irn2Irnllrn~ooloolmlool~I~lool~lrnlool 

I 
I 

0 0 No Status Block } 
0 1 One Word Status Block 
1 0 Two Word Status Block 
1 1 ReselVed 

0 0 All Zeros 
0 1 All Ones } Tx Preamble 
1 0 Alternating 1 and 0 Pattern 
1 1 Alternating 0 and 1 

0 0 8 Bits 
0 1 16 Bits } Tx Preamble 
1 0 32 Bits Length 
1 1 64 Bits 

o 0 
o 1 
1 0 
1 1 

No Status Block } 
One Word Status Block T x Status 
Two Word Status Block Block Transler 
ReselVed 

Figure 22. Channel Control Register 

ReselVed 

Wait for Rx DMA Trigger 

RxSt 
Block 

atus 
Transler 

..., 

Tx Shaved Bit Length 
(Async Only) 

(All Sync) 

Reserved 

Wait for Tx DMA Trigger 
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Address: 00100 

~ 
{Port Bit 0 (AO) 

Port Bit 0 Latched/Unlatch 

{Port Bit 1 (AO) 

Port Bit 1 Latched/Unlatch 

{Port Bit 2 (AO) 

Port Bit 2 Latched/Unlatch 

{Port Bit 3 (AO) 

Port Bit 3 Latched/Unlatch 

{Port Bit 4 (AO) 

Port Bit 4 Latched/Unlatch 

{Port Bit 5 (AO) 

Port Bit 5 Latched/Unlatch 

{Port Bit 6 (AO) 

Port Bit 6 Latched/Unlatch 

{Port Bit 7 (AO) 

Port Bit 7 Latched/Unlatch 

Figure 23. Port Status Register 
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Address: 00101 

o 0 
o 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

I I 
0 0 
0 1 
1 0 
1 1 

3-State Output } 
Reserved Port Bit 0 
Output 0 Pin Control 
Output 1 

0 0 3-State 
0 1 Reserv 
1 0 Output 0 
1 1 Output 1 

Output } ad POft Bit 1 
Pin Control 

3-State Output 

} 
pOft Bit 2 
Pin Control 

Reserved 
Output 0 
Output 1 

3-State Output } 
Ax TSA Gate Output P Oft Bit 3 

Control Output 0 Pin 
Output 1 

3-State Output } 
Tx TSA Gate Output pOft Bit 4 
Output 0 Pin Control 
Output 1 

3-State Output } 
Rx Sync Output Port Bit 5 
Output 0 Pin Control 
Output 1 

3-State Output } 
Frame Sync Input pOft Bit 6 
Output 0 Pin Control 
Output 1 

3-State Output } 
Tx Complete Output pOft Bit 7 
Output 0 Pin Control 
Output 1 

Figure 24. Port Control Register 
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Address: 00110 
Im5Im4Im3Im2Imllmol~I~lmlmlml~loolmlmlool 

~ Test Data <1> 
Test Data <2> 

Test Data <3> 
Test Data <4> 

Test Data <5> 

Test Data <6> 
Test Data <7> 

Test Data <8> 

Test Data <9> 
Test Data <10> 
Test Data <11> 

Test Data <12> 

Test Data <13> 
Test Data <14> 
Test Data <15> 

Figure 25. Test Mode Data Register 
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Address: 00111 

0 0 0 0 0 Null Address 
0 0 0 0 1 High Byte of Shifters 
0 0 0 1 0 CRC Byte 0 
0 0 0 1 1 CRC Byte 1 
0 0 1 0 0 Rx FIFO (Write) 
0 0 1 0 1 Clock Multiplexer Outputs 
0 0 1 1 0 CTRO and CTR1 Counters 
0 0 1 1 1 Clock Multiplexer Inputs 
0 1 0 0 0 DPLL State 
0 1 0 0 1 Low Byte of Shifters 
0 1 0 1 0 CRC Byte 2 
0 1 0 1 1 CRC Byte 3 
0 1 1 0 0 Tx FIFO (Read) 
0 1 1 0 1 Reserved 
0 1 1 1 0 VO and Device Status Latches 
0 1 1 1 1 Internal Daisy Chain Test 

1 0 0 0 0 Reserved Register 

1 0 0 0 1 Reserved Address 

1 0 0 1 0 Reserved 
1 0 0 1 1 Reserved 
1 0 1 0 0 Reserved 
1 0 1 0 1 Reserved 
1 0 1 1 0 Rx Count Holding Register 
1 0 1 1 1 Reserved 
1 1 0 0 0 Reserved 
1 1 0 0 1 Reserved 
1 1 0 1 0 Reserved 
1 1 0 1 1 Reserved 
1 1 1 0 0 Reserved 
1 1 1 0 1 Reserved 
1 1 1 1 0 Reserved 
1 1 1 1 1 Reserved 

Reserved 

Figure 26. Test Mode Control Register 
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Address: 01000 

I I 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

I 
0 
1 
0 
1 
0 
1 
0 
1 

Disabled 
IRxC Pin 
/TxC Pin 
DPLLOutput 
BRGOOutput 
BRG10utput 
CTRO Output 
CTR10utput 

} 
Receive Clock 
Source 

0 0 0 Disabled 
0 0 1 IRxC Pin 
0 1 0 /TxC Pin 
0 1 1 DPLLOutput 
1 0 0 BRGOOutput 
1 0 1 BRG10utput 
1 1 0 CTROOutput 
1 1 1 CTR10utput 

} 
Transmit Clock 
Source 

o 
o 
1 
1 

o 
1 
o 
1 

0 0 BRGO Output 
0 1 BRG10utput } DPLLCI 
1 0 IRxC Pin Source 
1 1 /TxC Pin 

ock 

0 0 CTROOutput 
0 1 CTR10utput } BRGOClock 
1 0 IRxC Pin Source 
1 1 /TxC Pin 

0 0 CTROOutput 
0 1 CTR10utput } BRG1 Clock 
1 0 IAxC Pin Source 
1 1 /TxC Pin 

0 0 Disabled } 
0 1 Disabled CTRO Clock 
1 0 IAxC Pin Source 
1 1 /TxC Pin 

Disabled } 
Disabled CTR1 Clock 
IRxC Pin Source 
/TxC Pin 

Figure 27. Clock Mode Control Register 



Address: 01001 

o 
o 
1 
1 

o 
1 
o 
1 

0 0 
0 1 
1 0 
1 1 

32x Clock Mode 
16x Clock Mode 
ax Clock Mode 
4x Clock Mode 

BRGO Enable 

BRGO Single Cycle/Continuous 

o 0 
o 1 
1 0 
1 1 

3-State Output } 
Rx Acknowledge Input IRxACK 
Output 0 Pin Control 
Output 1 

BRGl Enable 

BRGl Single Cycle/Continuous 

o 0 
o 1 
1 0 
1 1 

3-State Output } 
Tx Acknowledge Input /TxACK 
OUtput 0 Pin Control 
Output 1 

0 0 Disabled } 
0 1 NRZlNRZI 
1 0 Biphase-Mark/Space 
1 1 Biphase-Levei 

32x Clock Mode 
16x Clock Mode 
ax Clock Mode 
Reserved 

} 
CTROClock 
Rate 

} DPLLClock 
Rate 

DPLL 
Mode 

Accept Code Violations 

CTRl Rate Match DPLUCTRO 

Figure 28. Hardware Configuration Register 
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Address: 01010 

~ 

0 0 0 

"~ } 0 0 1 Device Status 
0 1 0 VO Status 
0 1 1 Transmit Data Modified 
1 0 0 Transmit Status Vector (RO) 
1 0 1 Receive Data 
1 1 0 Receive Status 
1 1 1 Not Used 

Figure 29. Interrupt Vector Register 

1124 

IV <2> 

IV <7> 

IV <4> (RO) 

IV <5> (RO) 

IV <6> (RO) 

IV <7> (RO) 



Address: 01011 

~~~~~~Olooloolwloolool~lool~~~ 

o 
o 
1 
1 

o 
1 
o 
1 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Input Pin } Rx Clock Output 
Ax Byte Clock Output 
SYNC Output IRxC Pin 
BRGO Output Control 
BRG10utput 
CTRO Output 
DPLL Rx Output 

0 0 0 Input Pin 
0 0 1 TxClockOut 
0 1 0 Tx Byte Clock 
0 1 1 TxComplete 
1 0 0 BRGOOutput 
1 0 1 BRG10utput 
1 1 0 CTR10utput 
1 1 1 DPLL Tx Out 

P~utput} Output ITxC 
Pin Control 

put 

0 0 Tx Data Output 
0 1 3-State Output } TxDPin 
1 0 Output 0 Control 
1 1 Output 1 

0 0 3-State Output } 
0 1 Rx Request Output IAxREO 
1 0 Output 0 Pin Control 
1 1 Output 1 

0 0 3-Stale Output } 
0 1 Tx Request Output ITxREO 
1 0 Output 0 Pin Control 
1 1 Output 1 

0 0 /DCD Input } 
0 1 /DCDI/SYNC Input lOCO 

1 0 Output 0 Pin Control 
1 1 Output 1 

ICTS Input } 
ICTS Input ICTS 
Output 0 Pin Control 
Output 1 

Figure 30_ 1/0 Control Register 
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Address: 01100 

~5Im~m~m2Imllmolooloolwlool~I~lool~lmlool 

~ 
0 0 Null Command 

} 0 1 Null Command IE Command 
1 0 Reset IE f'NO) 
1 1 Set IE 

0 0 0 

M } 

0 0 1 All 
0 1 0 VO Status and Above 
0 1 1 Transmit Data and Above VIS 
1 0 0 Transmit Status and Above Level 
1 0 1 Receive Data and Above 
1 1 0 Receive Status Only 
1 1 1 None 

Figure 31. Interrupt Control Register 

1126 

Device Status IE 

110 Status IE 

Transmit Data IE 

Transmit Status IE 

Receive Data IE 

Receive Status IE 

Reserved 

VIS 

NV 

DLC 

MIE 



Address: 01101 

1015101410131012101110101091081071 OSI 051 041 031 02 1 OIL DO J 

~ 

o 
o 
1 
1 

o 
1 
o 
1 

Null Command } 
Null Command 
Reset IUS 
Set IUS 

0 0 
0 1 
1 0 
1 1 

IUS Command 
(WO) 

Null Command } 
Resel IP and IUS IPComm 
ResellP (WO) 
SellP 

Figure 32. Daisy-Chain Control Register 

and 

Device Status IP 

1/0 Status IP 

Transmit Data IP 

Transmit Status IP 

Receive Data IP 

Receive Status IP 

Device Status IUS 

VO Status IUS 

Transmit Data IUS 

Transmit Status IUS 

Receive Data IUS 

Receive Status IUS 
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Address: 01110 

1128 

BRGO ZC Latched/Unlatch 

BRG1 ZC Latched/Unlatch 

DPLL SYNC Latched/Unlatch 

RCC OVer1low Latched/Unlatch 

ICTS (RO) 

ICTS Latched/Unlatch 

lOCO (RO) 

lOCO Latched/Unlatch 

ITxREO(RO) 

ITxREO Latched/Unlatch 

IRxREO(RO) 

IRxREO LatchedlUnlatch 

ITxC (RO) 

ITxC Latched/Unlatch 

IRxC (RO) 

IRxC LatchedlUnlatch 

Figure 33. Miscellaneous Interrupt Status Register 



Address: 01111 

o 
o 
1 
1 

o 
1 
o 
1 

BRGOZC IE 

BRG1 ZC IE 

DPLLSYNC IE 

RCC Overflow IE 

o 
o 
1 
1 

o 
1 
o 
1 

Rising Edge Only ICTS 
Disabled } 

o 
o 
1 
1 

o 
1 
o 
1 

o 0 
o 1 
1 0 
1 1 

o 
o 
1 
1 

o 
1 
o 
1 

o 
o 
1 
1 

o 
1 
o 
1 

Falling Edge Only Interrupts 
Both Edges 

Disabled } 
Rising Edge Only IDCD 
Falling Edge Only Interrupts 
Both Edges 

Disabled } 
Rising Edge Only 
Falling Edge Only 
Both Edges 

ITxREO 
Interrupts 

Disabled } 
Rising Edge Only IRxREO 
Falling Edge Only Interrupts 
Both Edges 

Disabled } 
Rising Edge Only 
Falling Edge Only 
Both Edges 

ITxC 
Interrupts 

Disabled } 
Rising Edge Only IRxC 
Falling Edge Only Interrupts 
Both Edges 

Figure 34. Status Interrupt Control Register 
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Address: bOOO 

1~51~41~31~21~II~oloolool~loolool~lool~I~lool 

~ 

Figure 35. Receive Data Register 

RxDAT &> (RO) 

RxDAT d > (RO) 

RxDAT <2> (RO) 

RxDAT <3> (RO) 

RxDAT <4> (RO) 

RxDAT <5> (RO) 

'RxDAT <6> (RO) 

RxDAT <7> (RO) 

RxDAT <8> (RO) 

RxDAT <9> (RO) 

RxDAT dO> (RO) 

RxDAT dl> (RO) 

RxDAT <12> (RO) 

RxDAT d3> (RO) 

RxDAT d4> (RO) 

RxDAT <15> (RO) 



Address: 10001 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 0 
EVen} 0 1 Odd 

1 0 Space 
1 1 Mark 

o 0 
o 1 
1 0 
1 1 

CRC-16 Ax CAC 
CRC-CCITT } 

CRC-32 Polynomial 
ReselVed 

NAZ 

} NAZB 
NAZI-Mark 
NAZI-Space Ax Data 
Biphase-Mark Decoding 
Biphase-Space 
Biphase-Level 
Diff. Biphase-Level 

I I 
o 0 
o 1 
1 0 
1 1 

Disable Immediately } 
Disable After Aeception Rx 
Enable Without Auto-Enables Enable 
Enable With Auto-Enables 

0 8 Bits 

} 1 1 Bit 
0 2 Bits 
1 3 Bits Ax Character 
0 4 Bits Length 
1 5 Bits 
0 6 Bits 
1 7 Bits 

Ax Parity Enabte 

Ax Parity 
Sense 

AeselVed 

Ax CRC Enable 

Rx CAC Preset Value 

Figure 36. Receive Mode Register 
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Address: 10010 

I 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 

1132 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 1 

~ 
Rx Character Available (RO) 

Rx Overrun 

Parity Error 

CRC/Framing Error (RO) 

Rx CVIEOT/EOF 

Null Command ...., 
Reserved 
Preset CRC 
Enter Hunt Mode 
Selectlimeslot Assignment 
Select FIFO Status 
Select FIFO Interrupt Level 
Select FIFO Request Level 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 

Rx Break/Abort 

Rx Idle 

Exited Hunt 

Short FramelCV Polarity (RO) 

Residue Code 0 (RO) 

Residue Code 1 (RO) 

Residue Code 2 (RO) 

Receiv e 
mand(WO) Com 

First Byte in Error (RO) 

Second Byte in Error (RO) 

Figure 37. Receive Command Status Register 



Address: 10011 

1015101410131012 011l01~ 09109J07106 1 051D41 031021 01 100 I 

Address: 10011 

~ 
TCOR Read CountfTC 

Rx Overrun IE 

Parity Error IE 

Status on Words 

Rx CV/EOT/EOF IE 

Rx Break/Abort IE 

Rx Idle IE 

Exited Hunt IE 

Rx FIFO Conlrol and Status 
(FilUlnterruptIDMA Level) 

Figure 3Ba. Receive Interrupt Control Register 

101510141013101210111010109108107106105104103102101 1 00 1 

~ 
TCOR Read CountfTC 

Rx Overrun IE 

Parity Error IE 

Status on Words 

Rx CVIEOT/EOF IE 

Rx Break/Abort IE 

Rx Idle IE 

Exited HUnt IE 

o 

TImeslot (0·127) 

Figure 3Bb. Receive Interrupt Control Register 
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Address: 10011 

TCOR Read CounVTC 

Rx Overrun IE 

Parity Error IE 

Status on Words 

Rx CVlEOTIEOF IE 

Rx Break/Abort IE 

Rx Idle IE 

Exited Hunt IE 

1 (WO) 

0 0 0 0 No Slot (Disabled) 
0 0 0 1 1 Slot 
0 0 1 0 2 Slots 
0 0 1 1 3 Slots 
0 1 0 0 4 Slots 
0 1 0 1 5 Slots 
0 1 1 0 6 Slots 
0 1 1 1 7 Slots Concatenated 
1 0 0 0 8 Slots Slots (WO) 
1 0 0 1 9 Slots 
1 0 1 0 10 Slots 
1 0 1 1 11 Slots 
1 1 0 0 12 Slots 
1 1 0 1 13 Slots 
1 1 1 0 14 Slots 
1 1 1 1 15 Slots 

0 0 0 No Offset 
0 0 1 7 Clocks Offset 
0 1 0 6 Clocks Offset 
0 1 1 5 Clocks Offset },~~~ 
1 0 0 4 Clocks Offset (WO) 
1 0 1 3 Clocks Offset 
1 1 0 2 Clocks Offset 
1 1 1 1 Clock Offset 

Figure 38c. Receive Interrupt Control Register 
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Address: 10100 

~ 
RSYN<O> 

RSYN<1> 

RSYN<2> 

RSYN<3> 

RSYN<4> 

RSYN<S> 

RSYN<S> 

RSYN<7> 

RSYN<B> 

RSYN<9> 

RSYN<10> 

RSYN<ll> 

RSYN<l2> 

RSYN<13> 

RSYN <14> 

RSYN<lS> 

Figure 39. Receive Sync Register 
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Address: 10101 

1015101410131012101110101091081071061051041031021011 DO 1 

~ RCL<1> 

RCL <2> 

RCL<3> 

RCL <4> 

RCL<S> 

RCL <7> 

RCL <8> 

RCL <9> 

RCL<10> 

RCL<11> 

RCL<12> 

RCL <13> 

RCL <14> 

Figure 40. Receive Count Limit Register 
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Address: 10110 

Figure 41. Receive Character Count Register 

RCC <0> (ROj 

RCC<1> (ROj 

RCC <2> (ROj 

RCC<3> (ROj 

RCC <4> (ROj 

RCC <5> (ROj 

RCC<6> (ROj 

RCC <7> (ROj 

RCC <8> (ROj 

RCC <9> (ROj 

RCC <10> (ROj 

RCC <11> (ROj 

RCC <12> (ROj 

RCC <13> (ROj 

RCC <14> (ROj 

RCC <15> (ROj 
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Address: 10111 

Im5lm4lm3lm2lmllmolooloolmlooloolMlool~lmlool 

~ 
TCO<O> 

TCO<1> 

TCO<2> 

TCO<3> 

TCO <4> 

TCO<S> 

TCO<6> 

TCO <7> 

TCO <8> 

TCO <9> 

TCO<10> 

TCO<I1> 

TCO <12> 

TCO <13> 

TCO <14> 

Figure 42. Time Constant 0 Register 
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Address: 1 xOOO 

Im5Im4Im3Im2Im1Imolooloolmloolool~loolml~~ 

~ 

Figure 43. Transmit Data Register 

TxDAT <0> (WO) 

TxDAT <1> (WO) 

TxDAT <2> (WO) 

TxDAT <3> (WO) 

TxDAT <4> (WO) 

TxDAT <5> (WO) 

TxDAT <6> (WO) 

TxDAT <7> (WO) 

TxDAT <8> (WO) 

TxDAT <9> (WO) 

TxDAT <1 0> (WO) 

TxDAT <11> (WO) 

TxDAT <12> (WO) 

TxDAT <13> (WO) 

TxDAT <14> (WO) 

TxDAT <15> (WO) 
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Address: 11001 

Irn5Irn~rn3Irn~rnllrn~ooloolwloolool~lool~lrnlool 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 0 
Even} 0 1 Odd 

1 0 Space 
1 1 Mark 

o 
o 
1 
1 

o 
1 
o 
1 

CRC-1S TxCRC 
CRC-CCID} 

CRC-32 Polynomial 
Reserved 

NRZ 

} NRZB 
NRZI-Mark 
NRZI-Space Tx Data 
Biphase-Mark Encoding 
Biphase-Space 
Biphase-Level 
Diff. Biphase-Level 

I I 
o 0 
o 1 
1 0 
1 1 

Disable Immediately } 
Disable After Transmission Tx 
Enable Without Auto-Enables Enable 
Enable With Auto-Enables 

0 8 Bits 

} 1 1 Bit 
0 2 Bits 
1 3 Bits Tx Character 
0 4 Bits Length 
1 5 Bits 
0 SBils 
1 7 Bits 

Tx Parity Enable 

Tx Parity 
Sense 

Tx CRC on EOF/EOM 

Tx CRC Enable 

Tx CRC Preset Value 

Transmit rv10de Registei 



Address: 11010 

Im5Im4Im3Im2Im1ImoloolooIIDloolool~lool~lmlool 

~ 
Tx Buffer Empty (RO) 

Tx Underrun 

All Sent (RO) 

Tx CRC Sent 

Tx EOF/EOT Sent 

TxAbort Sent 

Tx Idle Sent 

Tx Preamble Sent 

0 0 0 ~~"~., } 0 0 1 Alternating 1 and 0 
0 1 0 All Zeros 
0 1 1 All Ones Tx Idle U 
1 0 0 Reserved Condition 
1 0 1 Alternating Marl< and Space 
1 1 0 Space 
1 1 1 Mark 

ne 

Reserved 

0 0 0 0 Null Command 
0 0 0 1 Reserved 
0 0 1 0 Preset CRC 
0 0 1 1 Reserved 
0 1 0 0 Select Timeslot Assignment 
0 1 0 1 Select FIFO Status 
0 1 1 0 Select Interrupt Level 
0 1 1 1 Select Request Level Transmit 
1 0 0 0 Send FramelMessage Command (WO) 
1 0 0 1 Send Abort 
1 0 1 0 Reserved 
1 0 1 1 Reserved 
1 1 0 0 Reset OLE Inhibit 
1 1 0 1 Set OLE Inhibit 
1 1 1 0 Reset EOF/EOM 
1 1 1 1 Set EOFIEOM 

Figure 45. Transmit Command/Status Register 
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Address: 11011 

1015101410131012 0111010109 I DSI D71 D61 051 D41 D31 D21 Dl 100 1 

~ 

Figure 46a. Transmit Interrupt Control Register 

Address: 11011 

I015I01~0131D1~011~~~OOI~ooLool~lrol~ID1JooJ 

~ 

TC 1 R Read Coun1fTC 

Tx OVerrun IE 

Wait lor Send Command 

Tx CRC Sent IE 

Tx EOF/EOT Sent IE 

Tx Abort Sent IE 

Tx Idle Sent IE 

Tx Preamble Sent IE 

Tx FIFO Control and Status 
(FilVlnterruptiDMA Level) 

TC 1 R Read Coun1fTC 

Tx Underrun IE 

Wait lor Send Command 

Tx CRC Sent IE 

Tx EOFIEOT Sent IE 

Tx Abort Sent IE 

Tx Idle Sent IE 

Tx Preamble Sent IE 

o 

limeslot (0-127) 

Figure 46b. Transmit Interrupt Control Register 



Address: 11011 

--

000 
001 
010 
o 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

~ 
0 0 0 0 No 5101 (Disabled) 
0 0 0 1 1 Slot 
0 0 1 0 2 Slots 
0 0 1 1 3 Slots 
0 1 0 0 4 Slots 
0 1 0 1 5Stots 
0 1 1 0 6 Slots 
0 1 1 1 7 Slots Concatenated 
1 0 0 0 8 Slots Slots (WO) 
1 0 0 1 9 Slots 
1 0 1 0 10 Slots 
1 0 1 1 11 Slots 
1 1 0 0 12 Slots 
1 1 0 1 13SIois 
1 1 1 0 14 Slots 
1 1 1 1 15SIois 

NoOHsel } 7 Clocks Offset 
6 Clocks Offset 
5 Clocks CHsel Slot Offset 
4 Clocks Offset (WO) 
3 Clocks CHset 
2 Clocks Offsel 
1 Clock CHset 

Figure 46c. Transmit Interrupt Control Register 

TCl R Read CounVTC 

Tx Underrun IE 

Wait for Send Command 

Tx CRC Sent IE 

Tx EOF/EOT Sent IE 

Tx Abort Senl IE 

Tx Idle Sent IE 

Tx Preamble Sent IE 

1 (WO) 

1143 



Address: 11100 

Im5Im4Im3Im2Im1Imolooloolmloolool~lool~lmlool 

~ 
TSYN<O> 

TSYN <1> 

TSYN<2> 

TSYN <3> 

TSYN<4> 

TSYN<5> 

TSYN <6> 

TSYN <7> 

TSYN <8> 

TSYN <9> 

TSYN <10> 

TSYN <11> 

TSYN <12> 

TSYN<13> 

TSYN<14> 

TSYN <15> 

Figure 47. Transmit Sync Register 
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Address: 11101 

Figure 48. Transmit Count Limit Register 

TCl <0> 

TCl <1> 

TCl <2> 

TCl <3> 

TCl <4> 

TCl <5> 

TCl <6> 

TCl <7> 

TCl <8> 

TCl <9> 

TCl <10> 

TCl <11> 

TCl <12> 

TCl <13> 

TCl <14> 

TCl<15> 
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Address: 11110 

1146 

~ 

Figure 49. Transmit Character Count Register 

TCC <II> (RO) 

TCC<1> (RO) 

TCC<:!> (RO) 

TCC<3> (RO) 

TCC <4> (RO) 

TCC<5> (RO) 

TCC <6> (RO) 

TCC <7> (RO) 

TCC <8> (RO) 

TCC <9> (RO) 

TCC <10> (RO) 

TCC <11> (RO) 

TCC <12> (RO) 

TCC <13> (RO) 

TCC <14> (RO) 

TCC <15> (RO) 



Address: 11111 

1~~~41~31~21~11~~ooloolwloolool~lool~I~lool 

~ Tel <1> 

Tel <2> 

Tel <3> 

Tel <4> 

Tel <6> 

Te1 <7> 

Te1 <8> 

Te1 <10> 

Tel <11> 

Te1 <12> 

Te1 <13> 

Te1 <14> 

Tel <15> 

Figure 50. Time Constant 1 Register 
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Address: None * 

* Refer to Figure 22 (Channel Control Register) 
Bits 6-7 for Access Method 

Figure 51. Receive Status Block Register 

RxOVerrun 

Parity Error 

CRCError 

Rx CV/EOTIEOF 

o 

o 

o 

Short Frame/CV Polarity 

Residue Code 0 

Residue Code 1 

Residue Code 2 

o 

o 

First Byte in Error 

Second Byte in Error 



Address: None * 

* Refer to Figure 22 (Channel Control Register) 
Bits15-14 for Access Method 

I I I 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 

1 0 
1 1 

8 Bits 
1 Bit 
2 Bits 
3 Bits 
4 Bits 
5 Bits 
SBits 
7 Bits 

Figure 52_ Transmit Status Block Register 

Reserved 

} "'~,,~ Character Length 

Reserved 

Tx Submode 0 

Tx Submode 1 

Tx Submode 2 

Tx Submode 3 
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Address: None 

Shill Right Addresses 

Double-Pulse INTACK 

16-Bit Bus 

o • 
Reserved 

3-Slale All Pins 

Separate Address for 8-Bit Bus 

• Must be programmed as zero. 

Figure 53_ Bus Configuration Register 

MUSCTIMING 

The MUSC interface timing is similar to that found on a 
static RAM, except that it is much more flexible. Up to eight 
separate timing strobe signals are present on the inter­
face: IDS, IRD, IWR, IPITACK, IRxACKA, IRxACKB, 
/TxACKA and /TxACKB. Only one of these timing strobes 
may be active at any time. Should the external logic 

ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins 
with respect to Vss .................................. -0.3 V to +7.0 V 
Voltages on all inputs 
with respect to Vss ............................. -0.3V to Vcc +0.3V 
Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............................. -65°C to + 150°C 
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activate more than one of these strobes at the same time 
the MUSC will enter a pre-reset state. This state is only 
exited by a hardware reset. Do not allow overlap of timing 
strobes. The timing diagrams, beginning on the next page, 
illustrate the different bus transactions possible, with the 
necessary setup, hold and delay times. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
This is a stress rating only; operation of the device at any 
condition above those indicated in tile operational sec­
tiom; of these speCifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect deviefl rflliilbility. 



STANDARD TEST CONDITIONS 

The DC Cilaracteristics and Capacitance section below 
apply for tile following standard test conditions, unless 
otherwise noted. All voltages are referenced to GND. 
Positive current flows into the referenced pin. Standard 
conditions are as follows: 

+4.5 V < Vee < +5.5 V 
GND = OV 
TA as specified in Ordering Information 

CAPACITANCE 

Symbol Parameter 

Note: 

Input Capacitance 
Output CapaCitance 
Bidirectional Capacitance 

Min 

+5V 

2K 

From Output o----.--..... -~I::I_-_+ 
Under Test 

Max 

10 
15 
20 

50 pF 

I I = 
Figure 54. Standard Test Load 

Unit 

pF 
pF 
pF 

Condition 

Unmeasured Pins 
Returned to Ground 

f= 1 MHz, over specified temperature range. Unmeasured pins returned to ground. 

MISCELLANEOUS Transistor Count - 100,000 

DC CHARACTERISTICS 
Z16C33 

Symbol Parameter Min Typ Max Unit Condition 

VIH Input High Voltage 2.2 Vee +0.3 V 
VIL Input Low Voltage -0.3 0.8 V 
VoH1 Output High Voltage 2.4 V 10H= -1.6mA 
VoH2 Output High Voltage Vee-0.8 V IOH= -250 I!A 

VOL Output Low Voltage 0.4 V 10L= +2.0 mA 
IlL Input Leakage +10.00 IlA 0.4 < VIN < +2.4V 

10L Output Leakage +10.00 I!A 0.4 < VOUT < +2.4V 

Icc 1 Vcc Supply Current 7 50 mA Vee=5V VIH=4.8V VIL = 0.2V 

Note: 
V cc = 5V ± 10% unless otherwise specified, over specified temperature range. 
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AC CHARACTERISTICS 
Z16C33 

No Symbol Parameter Min Max Units Note 

1 Tcyc Bus Cycle Time 160 ns 
2 TwASI lAS Low Width 40 ns 
3 TwASh lAS High Width 90 ns 
4 TwDSI IDS Low Width 70 ns 

5 TwDSh IDS High Width 60 ns 
6 TdAS(DS) lAS Rise to IDS Fall Delay Time 5 ns 
7 TdDS(AS) IDS Rise to lAS Fall Delay Time 5 ns 
8 TdDS(DRa) IDS Fall to Data Active Delay 0 ns 

9 TdDS(Dl1v) IDS Fall to Data Valid Delay 85 ns 
10 TdDS(DRn) IDS Rise to Data Not Valid Delay 0 ns 
11 TdDS(DRz) IDS Rise to Data Float Delay 20 ns 
12 TsCS(AS) ICS to lAS Rise Setup Time 15 ns 

13 ThCS(AS) . ICS to lAS Rise Hold Time 0 ns 
14 TsADD(AS) Direct Address to lAS Rise Setup Time 15 ns [1] 
15 ThADD(AS) Direct Address to lAS Rise Hold Time 5 ns , [1] 
16 TsSIA(AS) lSI TACK to lAS Rise Setup Time 15 ns 

17 ThSIA(AS) lSI TACK to lAS Rise Hold Time 5 ns 
18 TsAD(AS) Address to lAS Rise Setup Time 15 ns 
19 ThAD(AS) Address to lAS Rise Hold Time 5 ns 
20 TsRW(DS) R/tw to IDS Fall Setup Time 0 ns 

21 ThRW(DS) R/tw to IDS Fall Hold Time 25 ns 
22 TsDSf(RRO) IDS Fall to IRxREO Inactive Delay 60 ns [4] 
23 TdDSr(RRO) IDS Rise to IRxREO Active Delay 0 ns 
24 TsDW(DS) Write Data to IDS Rise Setup Time 30 ns 

25 ThDW(DS) Write Data to OS Rise Hold Time 0 ns 
26 TdDSf(TRO) IDS Fall to /TxREO Inactive Delay 65 ns [5] 
27 TClDSr(TRO) IDS Rise to /TxREO Active Delay 0 ns 
28 TwRDI IRD Low Width 70 ns 

29 TwRDh IRD High Width 60 ns 
30 TdAS(RD) lAS Rise to IRD Fall Delay Time 5 ns 
31 TdRD(AS) IRD Rise to lAS Fall Delay Time 5 ns 
32 TdRD(DRa) IRD Fall to Data Active Delay 0 n!; 

33 TdRD(DRv) IRD Fall to Data Valid Delay 85 ns 
34 TdRD(DRn) IRD Rise to Data Not Valid Delay 0 ns 
35 TdRD(DRz) IRD Rise to Data Float Delay 20 ns 
36 TdRDf(RRO) IRD Fall to IRxREO Inactive Delay 60 ns [4] 

37 TdRDr(RRO) IRD Rise to IRxREO Active Delay 0 ns 
38 TwWRI twR Low Width 70 ns 
39 TwWRh twR High Width 60 ns 
40 TdAS(WR) lAS Rise to twR Fall Delay Time 5 ns 

41 TdWR(AS) IWR Rise to lAS Fall Delay Time 5 ns 
42 TsDW(WR) Write Data to twR Rise Setup Time 30 ns 
43 ThDW(WR) Write Data to twR Rise Hold Time 0 ns 
44 TdWRf(TRO) IWR Fall to /TxREO Inactive Delay 65 ns [5] 
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AC CHARACTERISTICS 
Z16C33 

No Symbol Parameter Min Max Units Note 

45 TdWRr(TRO) IWR Rise to /TxREO Active Delay 0 ns 
46 TsCS(DS) ICS to IDS Fall Setup Time 0 ns [2] 
47 ThCS(DS) ICS to IDS Fall Hold Time 25 ns [2] 
48 TsADD(DS) Direct Address to IDS Fall Setup Time 5 ns [1,2] 

49 ThADD(DS) Direct Address to /DS Fall Hold Time 25 ns [1,2] 
50 TsSIA(DS) /SITACK to IDS Fall Setup time 5 ns [2] 
51 ThSIA(DS) /SIT ACK to /DS Fall Hold Time 25 ns [2] 
52 TsCS(RD) /CS to /RD Fall Setup Time 0 ns [2] 

53 ThCS(RD) ICS to /RD Fall Hold Time 25 ns [2] 
54 TsADD(RD) Direct Address to /RD Fall Setup Time 5 ns [1,2] 
55 ThADD(RD) Direct Address to /RD Fall Hold Time 25 ns [1,2] 
56 TsSIA(RD) /SIT ACK to IRD Fall Setup Time 5 ns [2] 

57 ThSIA(RD) /SITACK to /RD Fall Hold Time 25 ns [2] 
58 TsCS(WR) /CS to /WR Fall Setup Time 0 ns [2] 
59 TllCS(WR) /CS to /WR Fall Hold Time 25 ns [2] 
60 TsADD(WR) Direct Address to /WR Fall Setup Time 5 ns [1,2] 

61 TMDD(WR) Direct Address to /WR Fall Hold Time 25 ns [1,2] 
62 TsSIA(WR) ISITACK to /WR Fall Setup Time 5 ns [2] 
63 ThSIA(WR) /SITACK to IWR Fall Hold Time 25 ns [2] 
64 TwRAKI IRxACK Low Width 70 ns 

65 TwRAKll IRxACK High Width 60 ns 
66 TdRAK(DRa) IRxACK Fall to Data Active Delay 0 ns 
67 TdRAK(DRv) IRxACK Fall to Data Valid Delay 85 ns 
68 TdRAK(DRn) IRxACK Rise to Data Not Valid Delay 0 ns 

69 TdRAK(DRz) IRxACK Rise to Data Float Delay 20 ns 
70 TdRAKf(RRO) /RxACK Fall to /RxREO Inactive Delay 60 ns [ 4] 
71 TdRAKr(RRO) /RxACK Rise to IRxREO Active Delay 0 ns 
72 TwTAKI /TxACK Low Width 70 ns 

73 TwTAKh /TxACK High Width 60 ns 
74 TsDW(TAK) Write Data to /TxACK Rise Setup Time 30 ns 
75 ThDW(TAK) Write Data to /TxACK Rise Hold Time 0 ns 
76 TdTAKf(TRO) ITxACK Fall to /TxREO Inactive Delay 65 ns [5] 

77 TdTAKr(TRO) ITxACK Rise to /TxREO Active Delay 0 ns 
78 TdDSf(RDY) IDS Fall (Intack) to IRDY Fall Delay 200 ns 
79 TdRDY(DRv) IRDY Fall to Data Valid Delay 40 ns 
80 TdDSr(RDY) /DS Rise to /RDY Rise DelilY 40 ns 

81 TsIEI(DSI) lEI to /DS Fall (Intack) Setup Time 60 ns 
82 ThIEI(DSI) lEI to /DS Rise (Intack) Hold Time 0 ns 
83 TdIEI(IEO) lEI to lEO Delay 60 ns 
84 TdAS(IEO) /AS Rise (Intack) La lEO Delay 60 ns 

85 TdDSI(INT) /DS Fall to /INT Inactive Delay 200 ns 
86 TdDSI(Wf) IDS Fall (Intack) to /WAIT Fall Delay 40 ns 
87 TdDSI(Wr) /DS Fall (Inlack) to /WAIT Rise Delay 200 ns 
88 TdW(DRv) IWAIT Rise to Data Valid Delay 40 ns 
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AC CHARACTERISTICS 
Z16C33 

No Symbol Parameter Min Max Units Note 

89 TdRDf(RDY) /RD Fall (Intack) to /RDY Fall Delay 200 ns 
90 TdRDr(RDY) /RD Rise to /RDY Rise Delay 40 ns 
91 TsIEI(RDI) lEI to /RD Fall (Intack) Setup Time 60 ns 
92 ThIEI(RDI) lEI to /RD Rise (Intack) Hold Time 0 ns 

93 TdRDI(INT) /RD Fall (Intack) to (INT Inactive Delay 200 ns 
94 TdRDI(Wf) (RD Fall (Intack) to /WAIT Fall Delay 40 ns 
95 TdRDI(Wr) (RD Fall (Intack) to /WAIT Rise Delay 200 ns 
96 TwPIAI (PIT ACK Low Width 70 ns 

97 TwF'lAh (PITACK High Width 60 ns 
98 TdAS(PIA) (AS Rise to (PI TACK Fall Delay Time 5 ns 
99 TdPIA(AS) (PITACK Rise to (AS Fall Delay Time 5 ns 
100 TdPIA(DRa) /PIT ACK Fall to Data Active Delay 0 ns 

101 TdPIA(DRn) (PITACK Rise to Data Not Valid Delay 0 ns 
102 TdPIA(DRz) (PIT ACK Rise to Data Floal Delay 20 ns 
103 TsIEI(PIA) lEI 10 /PITACK Fall Setup Time 60 ns 
104 ThIEI(PIA) lEI 10 (PITACK Rise Hold Time 0 ns 

105 TdPIA(IEO) /PITACK Fall 10 lEO Delay 60 ns 
106 TdPIA(INT) /PITACK Failla /INT Inaclive Delay .200 ns 
107 TdPIAf(RDY) (PITACK Fall 10 (RDY Fall Delay 200 ns 
108 TdPIAr(RDY) (PITACK Rise to /RDY Rise Delay 40 ns 

109 TdPIA(Wf) /PITACK Fall to /WAIT Fall Delay 40 ns 
110 TdPIA(Wr) . (PITACK Fall 10 /WAIT Rise Delay 200 ns 
111 TdSIA(INT) (SITACK Fall 10 lEO Inactive Delay 200 ns [2] 
112 TwSTBh (Slrobe High Width 60 ns [3] 

113 TwRESI /RESET Low Widlh 170 ns 
114 TwRESll (RESET High Widlh 60 ns 
115 TdRES(STB) /RESET Rise to /STB Fall 60 ns [3] 
116 TdDSf(RDY) /DS Fall to (RDY Fall Delay 50 ns 

117 TdWRf(RDY) /WR Fall 10 (RDY Fall Delay 50 ns 
118 TdWRr(RDY) (WR Rise to /RDY Rise Delay 40 ns 
i19 IdHDf(RDY) (RD Fall to (RDY Fall Delay 50 ns 
120 TdRAKf(RDY) (RxACK Fall to (RDY Fall Delay 50 ns 

121 TdRAKr(RDY) (RxACK Rise to (RDY Rise Delay 40 ns 
122 TdTAKf(RDY) (TxACK Fall to /RDY Fall Delay 50 ns 
123 TdTAKr(RDY) /TxACK Rise to (RDY Rise Delay 40 ns 

Noles: 
[1] Direct address is any of PS, DIIC or AD15-AD8 used as an address bus. 
[2] The parameter applies only when lAS is not present. 
[3] Strobe (lST8) is any of IDS, IRD, twA, IPITACK, IRxACK or /TxACK. 
[4] Parameter applies only if read empties the receive FIFO. 
[5] Parameter applies only if write fills the transmit FIFO. 

1154 



IRESET , 
I 

113 J 114 

ISTB 

115 

Figure 55. Reset Timing 

ISTB 

t~'----(i)~~ ( ~~~~----------~(i)r------~.~J 
Figure 56. Bus Cycle Timing 

Note: 
ISTB is any of the following: IDS, /RD, /WR, IPITACK, IRxACK, or /TxACK. 

IRxACK 

ADO-AD15 

IRxREQ 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

J-t----{66 

Figure 57. DMA Read Cycle 

\. 

~ 
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fTxACK 

ADO-AD15 

fTxREQ 

IWAIT/IRDY 
(Wait) 

IWAIT/IRDY 
(Ready) 
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Figure 58_ DMA Write Cycle 
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PS, DIIC 

ISITACK 

lAS 

R//w 

IDS 

ADO-AD15 

IRxREQ 

/wAITIIRDY 
(Walt) 

/wAITIIRDY 
(Ready) 
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Figure 59. Multiplexed IDS Read Cycle 
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PS,Ol/C 

ISITACK 

lAS 

RlIW 

IDS 
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Figure 60. Multiplexed IDS Write Cycle 



/CS 

PS,DIIC 

ISITACK 

lAS 

IRD 

ADO-AD15 

IRxREQ 

fWAITIIRDY 
(Wait) 

fWAITIIRDY 
(Ready) 
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Figure 61. Multiplexed IRD Read Cycle 
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Figure 62. Multiplexed IWR Write Cycle 
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PS,DIIC 

ISITACK 

R/!W 
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(Wait) 
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Figure 63. Non-Multiplexed IDS Read Cycle 
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Figure 64. Non-Multiplexed IDS Write Cycle 
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PS,DIIC 

ISITACK 
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Figure 65_ Non-Multiplexed IRD Read Cycle 
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Figure 66. Non-Multiplexed tWR Write Cycle 



lAS 

ISITACK 

IDS 

ADO-AD1S 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

Figure 67. Multiplexed IDS Interrupt Acknowledge Cycle 
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lAS 

ISITACK 

IRD 

ADO-AD15 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

I!NT 
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Figure 68_ Multiplexed IRD Interrupt Acknowledge Cycle 



lAS 

IPITACK 

ADO-AD15 

IWAITIIRDY 
(Wait) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 
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Figure 69. Multiplexed Pulsed Interrupt Acknowledge Cycle 
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ISITACK 

IDS 

ADO-AD15 

IWAITIIRDY 
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IWAITIIRDY 
(Ready) 
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lEO 
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Figure 70. Non .. ~.~u!tiplexed fDS Interrupt Acknowledge Cycie 



ISITACK 

IRD 

ADO-AD1S 

IWAITIIRDY 
(Walt) 

IWAITIIRDY 
(Ready) 

lEI 

lEO 
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Figure 71. Non-Multiplexed IRD Pulsed Interrupt Acknowledge Cycle 

1169 



IPITACK 

ADO-AD15 

IWAITIIRDY 
(Ready) 

lEI 

lEO 

liNT 

IWAITIIRDY 
(Wait) 
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Figure 72_ Non-Multiplexed Pulsed Interrupt Acknowledge Cycle 



tAS 

tPITACK 
(2-Pulse) 

AOO-A015 

/WAITttROY 
(Ready) 

/WAITttROY 
(Wail) 

lEI 

lEO 

tiNT 

Figure 73. MUltiplexed Double-Pulse Intack Cycle 
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IPrTACK 
(2-Pulse) 

ADO-AD15 

IWAITIIRDY 
(Ready) 

IWAITIIRDY 
(Wail) 

lEI 

lEO 

liNT 

1-----{9S}----I 

Figure 74. Non-Multiplexed Double-Pulse Intack Cycle 



IRxC, fT"xC 
Receive 

RxD 

lOCO as 
ISYNC 

External 

fT"xC,/RxC 
Transmit 

TxD 

IRxC 

fT"xC 

ICTS, 
lOCO 

lOCO as 
ISYNC 

Input 

>C 
\ e!:J1 \ r 
\ hW \ r 

Ch:{ 
Ch:{ 

Figure 75. Z16C33 General Timing 
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AC CHARACTERISTICS 
Z16C33 General Timing 

No Symbol Parameter Min Max Units Note 

1 TsRxD(RxCr) RxD to IRxC Rise Setup Time (xl Mode) 0 ns [ 1] 
2 TtlRxD(RxCr) RxD to IRxC Rise Hold Time (xl Mode) 40 ns [1] 
3 TsRxd(RxCf) RxD to IRxC Fall Setup Time (xl Mode) 0 ns [1,3] 
4 ThRxD(RxCf) RxD to IRxC Fall Hold Time (xl Mode) 40 ns [1,3] 

5 TsSy(RxC) IDCD as ISYNC to IRxC Rise Setup Time 0 ns [1 J 
6 TI1Sy(RxC) IDCD as ISYNC to IRxC Rise Hold Time (xl Mode) 40 ns [ 1] 
7 T dTxCf(TxD) ITxC Fall to TxD Delay 50 ns [2] 
8 TdTxCr(TxD) ITxC Rise to TxD Delay 50 ns [2,3] 

9 TwRxCh IRxC High Width 40 ns 
10 TwRxCI IRxC Low Widtll 40 ns 
11 TcRxC IRxC Cycle Time 100 ns 
12 TwTxCh ITxC High Width 40 ns 

13 TwTxCI ITxC Low Width 40 ns 
14 TcTxC ITxC Cycle Time 100 ns 
15 TwExT IDCD or ICTS Pulse Widtll 70 ns 
16 TWSY IDCD as ISYNC Input Pulse Widtll 70 ns 
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IRxC,/TxC 
Receive 

IRxREO 
Request 
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Transmtt 
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Output 
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I 

Figure 76. Z16C33 System Timing 
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AC CHARACTERISTICS 
Z16C33 System Timing 

No Symbol Parameter 

TdRxC(REO) fRxC Rise to fRxREO Valid Delay 
2 TdRxC(RxC) fTxC Rise to IRxC as Receiver Output Valid Delay 
3 TdRxC(INT) fRxC Rise to liNT Valid Delay 
4 TdTxC(REO) ITxC Fall to /TxREO Valid Delay 

5 TdTxC(TxC) IRxC Fall to /TxC as transmitter Output Valid Delay 
6 TdTxC(INT) ITxC Fall to liNT Valid Delay 
7 TdEXT(INT) ICTS, lOCO, ITxREO, fRxREO transition 

to liNT Valid Delay 

Notes: 
[1] /RxC is /RxC or rrxC, whichever is supplying the receive clock. 
[2] rrxc is rrxC or /RxC, whichever is supplying the transmit clock. 
[3] Parameter applies only to FM encoding/decoding. 
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Min Max 

100 
100 
100 
100 

100 
100 

100 

Units Note 

ns [2] 
ns [2] 
ns [2) 
ns [2) 

ns 
ns [2) 

ns 



FEATURES 

PRELIMINARY PRODUCT SPECIFICATION 

Z16C50 
ODPLL DUAL DIGITAL PHASE LOCKED 
Loop MICROCONTROLLER 

_ Two independent Digital Phase Locked Loops in one - Synchronous status output 
package. 

- Accept Code Violation input 
_ 10 MHz and 20 MHz Clock operation 

- Implemented in 1.6f1 CMOS technology 
- Selectable clock rate, clock sampling edge, and data 

decoding. - 28-pin DIP package 

GENERAL DESCRIPTION 

The 16C50 DDPLL is a fully static CMOS device that packs 
two independent Digital Phase Locked Loops, with sepa­
rate controls for selecting the decoding mode, clock rate, 
and synchronization edge, in one integrated package 
(Figure 1). The only common input between the two phase 
locked loops is /RESET ( / denotes active low signal). 

EDGE MODE RATE 

2 2 2 

ClK ClKOUT 

DATA MISSED 

ACV IRESET 

The DOPLL is used in many communication applications 
requiring detection and extraction of clock from data. It 
can be used together with Serial Communication Control­
lers to allow operation at higher data rates. The data rate 
is programmable at 1/8, 1/16, or 1/32 clock rate. The 
OOPLL is offered in two speed grades: 1 OM Hz and 20MHz 
maximum clock speed, which translates to a maximum 
data rate of 1.25 Mbps and 2.5 Mbps, respectively. 

VDD IRESET 

N/C MODE1B 

MODE1A MODEOB 

MODEOA MISSEDB 

MISSEDA RATE1B 

RATE1A RATEOB 

RATEOA VDD 

VSS EDGE1B 

EDGE1A EDGEOB 

EDGEOA ACVB 

ACVA DATAB 

DATAA ClKOUTB 

ClKOUTA ClKB 

ClKA N/C 

Figure 1. DDPLL Block and Pin Diagrams 
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PIN DESCRIPTION 

The following is a list of OOPll pins and their descriptions. 
"A" and "B" at the end of pin names designate the signal 
connecting to tile A- or B-channel of the OOPll. 

ACVA, ACVB. Accept Code Violation (input, active HIGH). 
Ttle ACV signal is used to control the response of the 
OOPll to code violations present in the received data 
stream. 

ClKA, ClKB Clock. Input (input, active HIGH). The Clock 
runs at 8-, 16-, or 32-times the received data rate and is 
used by the OOPll to generate the ClKOUT signal. 

ClKOUTA, ClKOUTB. ClockOutput(output, active HIGH). 
ClKOUT is the recovered clock for the receive data 
stream. The receiver should use this clock to sample and 
decode the received data. 

DATAA, DATAB. Receive Data (input, active HIGH). The 
OA TA signal is the received data stream tllat the OOPll is 
attempting to synchronize with. The OOPll will provide the 
ClKOUTsignal for use by a receiver attempting to decode 
this data stream. 

EDGEOA, EDGEOB, EDGE1A, EDGE1B. Adjust/Synchro­
nize Edge Controls (input, active HIGH). These signals 

FUNCTIONAL DESCRIPTION 

Prior to device operation, the control inputs of the DDPll 
must be set to known states corresponding to the desired 
mode of operation. 

Data decoding format is programmed via MODED and 
MODE1 inputs. Table 1 demonstrates the truth table for 
these inputs. NRZ, NRZI, FM1 (biphasemark), FMO(biphase 
space) and Manchester (biphase level) formats are sup­
ported. MODE 1-MODEOof lOW-LOW disables ttle DDPll, 
setting the ClKOUT output Law. In NRZ format. a "1" is 
represented by a HI~I-Ilevel and a "0" is represented by 
a lOW level. In NRZI format, a "1" is represented by no 
change in level and a "0" is represented by a ctlange in 
level. A MODE 1-MODEO of lOW-HIGH selects the NRZ or 
NRZI decoding modes. 

Table 1. Mode Selection Truth Table 

MODE1 MODEO Selected Mode 

0 0 Disable/Sync 
0 1 NRZ/NRZI 
1 0 Biphase-Mark/Space 
1 1 Biphase-Level 
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select which edge is used by the OOPll to acllieve and 
maintain synchronization. 

MISSEDA, MISSEDB. Clock Missed(output, active HIGH). 
MISSED signal is activated when the DDPll detects 
missing edge(s) in the data stream. 

MODEOA, MODEOB, MODE1A, MODE1B. DDPLL Mode 
Controls (input, active HIGH). MOOEO and MODE1 are 
used to control the mode of operation of the DDPll with 
respect to the encoded format of the incoming data. 

RATEOA, RATEOB, RATE1A, RATE1B. Clock Rate Se­
lects (input, active HIGH). RATE inputs are used to select 
the data rate divisor to generate the ODPll clock. 

IRESET. Reset (input, active lOW). This input resets the 
DDPll to a known state and must be active for at least two 
cycles of tile slowest ClK signal. This is tile only common 
input to the two Digital Phase locked loops. 

VDD. +5V supply. 

VSS. OV (GND) supply. 

In both of these modes, transitions on the input may only 
occur on bit cell boundaries and the ODPlL provides 
CLKOUT to match these bit cell boundaries. In FM1 
(biphase mark) and FMO (biphase space) formats, a 
transition occurs at the beginning of every bit cell. In 
addition to this, in FM1, a "1" is represented by an addi­
tional transition at the center of the bit cell and a "0" is 
represented by the absence of such transition. In contrast. 
in FMO, a "0" is represented by an additional transition at 
the center of the bit cell and a "1" is represented by the 
absence of such transition. MODE1-MODEO of HIGH­
LOW selects the biphase-mark (FM 1) or biphase-space 
(FMO) modes. 



In Manchester (biphase level) mode, a transition occurs at 
the center of every bit cell. If tile bit is "1 ", the transition is 
HIGH to LOW, and if the bit is "0", the transition is LOW to 
HIGH. Additionally, a LOW to HIGH transition occurs at the 
boundary of a "1" bit. A HIGH-HIGH selects the Manch-

Data 0 

NRZ \ 
NRZI \ 
FM1 

FMO 

Manchester 

ester (biphase level) mode. Figure 2 demonstrates an 
example of a serial data stream with its corresponding 
encoded waveforms in NRZ, NRZI, FM 1, FMO, and Manch­
ester modes. 

0 0 

I \ 
I \ 

Figure 2. Data Decoding Formats 

Clock rate is programmed through RATE 1-RATEO inputs. 
Clock rate can be set for 8-, 16-, or 32-times the data rate. 
With maximum clock operation of 20MHz in 8X mode, data 
rates of 2.5Mbps is achieved. Table 2 illustrates clock rate 
divisor's truth table. Note that RATE1-RATEO of HIGH­
HIGH is illegal. All DDPLL inputs (with the exception of I 
RESET) are sampled by the rising edge of CLK and all 
outputs change state in response to the rising edge of the 
CLK signal. The two DPLLs are completely independent 
except for the /RESET input. 

Table 2. Data Rate Divisor Truth Table 

RATE 1 RATEO Data Rate Divisor 

0 0 32X Clock Mode 
0 1 16X Clock Mode 
1 0 8X Clock Mode 
1 1 Not Allowed 

EDGE1 and EDGEO select the edge(s) in the receive data 
stream used by the DDPLL to achieve and maintain syn­
chronization. Table 3shows how the rising edge, the falling 
edge, or both edges of the receive data stream can be 

used for synchronization. A HIGH on both EDGE inputs 
inhibits the DDPLL from using either edge for synchroniza­
tion. As far as the DDPLL is concerned, edges that are not 
used to achieve or maintain synchronization are not pres­
ent. They are reported as missing edges when they occur 
where an edge is expected. 

Table 3. Clock Edge Selection Truth Table 

EDGE1 EDGEO Selected Edge 

0 0 Both Edges 
0 1 Rising Edge 
1 0 Falling Edge 
1 1 Adjust/Sync Inhibit 

The response of the DDPLL to code violations present in 
the received data stream can be controlled using tile ACV 
input. This signal is ignored in the NRZ/NRZI mode, where 
code violations are not possible. In all other modes, how­
ever, a HIGH on the ACValiows the DDPLL to recognize an 
isolated code violation without losing synchronization. 
Code violations are then used by the receiver for synchro­
nization. 
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When the DDPLL detects missing edge(s) in the data 
stream, it activates the MISSED output. If the DDPLL is 
configured to accept code violations, two consecutive 
code violations will activate the MISSED output. If the 
DDPLL is configured not to accept code violations, this 
output is activated on any missing clock. MISSED will 
never be activated in the NRZ{NRZI modes of operation, as 
code violations are not possible in these modes. The 
DDPLL re-enters the sync-up phase when the MISSED 
output is activated. 

ABSOLUTE MAXIMUM RATINGS 

Voltages on all pins 
with respect to GND .................................. -0.3V to +7.0V 
Operating Ambient 
Temperature ............................ See Ordering Information 
Storage Temperature ............................. -65°C to + 150°C 

STANDARD TEST CONDITIONS 

The DC Characteristics and Capacitance section below 
apply for the following standard test conditions, unless 
otherwise noted (Figure 3). All voltages are referenced to 
GND. Positive current flows into the referenced pin. Stan­
dard conditions are as follows: 

+4.5 V < Vee < +5.5 V 
GND =OV 
T A as specified in Ordering Information 

DC CHARACTERISTICS 

Symbol 

VIH 
VIL 
VOL 

IlL 

lee 
CIN 
COUT 

Notes: 

Parameter Min 

Input High Voltage 2.0 
Input Low Voltage -0.3 
Output High Voltage 2.4 
Input Leakage Current 
Supply Current 
Input Capacitance 
Output Capacitance 

Max 

±10 
40 
10 
15 

The CLKOUT is the recovered Clock for the receive data 
stream. The receiver uses this clock to sample and decode 
the received data. 

The only common input between the two phase locked 
loops in the DDPLL is the {RESET input. This signal must 
remain active for at least two cycles of the slowest CLK 
signal and resets thedevicetoa known state: MISSED=LOW 
and CLKOUT =LOW. Synchronization attempt begins once 
the {RESET signal is deactivated. 

Stresses greater than those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the de­
vice. This is a stress rating only; operation of the device at 
any condition above tilose indicated in the operational 
sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods 
may affect device reliability. 

Units 

V 
V 
V 
~ 
mA 
pf 
pf 

+5V 

1.73K 

Figure 3. Standard Test load 

Conditions 

lOH = -1.6mA 
0.4V ~ VIN~ 2.4V 
VOO=5,VIH=4.8V, VIL =0.2V 
Unmeasured pins returned to GND 
Unmeasured pins returned to GND 

1. V cc=5V ± 1 0% unless otherwise specified, over specified temperature range. 
2. Capacitance values specified atf=lMHz. 
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IRESET 

ClK 

Control -----------------
Inputs --------------------------------' 

ClKOUT 

Missed 

Figure 4. DDPLL Timing Diagram 

Figure 2 illustrates the DDPll timings. "Control Inputs" in Figure 4 refer to MODE1-MODEO, RATE1-RATEO, EDGE1-
EDGEO, and ACV inputs. 

AC CHARACTERISTICS 

Z16C5010 Z16C5020 
Timing Symbol Parameter Min Max Min Max Units Notes 

T1 TwRESI IRESET lOW Width 2TcC 2TcC 
T2 TsRES(ClK) IRE SET to ClK Setup Time 15 15 ns 
T3 TwClKh ClK HIGH Time 40 20 ns 
T4 TwClKI ClK low Time 40 20 ns 

T5 TcC ClK Cycle Time 100 50 ns 
T6 TsIN(ClK) Input Valid to ClK Setup Time 15 15 ns 1,2,3 
17 ThIN(ClK) Input Valid to ClK Hold Time 10 10 ns 1,2,3 
T8 TdClK(OUT) ClK to ClKOUT Delay Time 30 30 ns 
T9 TdClK(MIS) ClK to MISSED Delay Time 30 30 ns 
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This application note contains the most commonly asked 
queslions about the Zilog Z80 Family. They are divided into 
following sections: 

• Z80 CPU 
• Z800MA 
• Z80 PIO 
• Z80CTC 
• Z80 SIO, Z80 DART 

Obviously, not every questions on Z80 Family components 
are answered. However, this application note should give 
you a good feel for the Z80 Family devices. Along with the 
technical Manual, Product Specification and some other 
application notes, it should help make your Z80 design 
family a little easier. Also, this Application Note is applicable 
to the Z80 KIO and other Z80 family based Super Integra­
tion Devices. 

Z80 CPU 

Q: Are the Z80 CPU6 and 8MHz clocks sensitive like their 
predecessors? 

A: Yes, specifications for rise and fall times and clock 
vollage levels must be met. 

Q: Can the rising edge on the CLK input affectthe operation 
of the CPU? 

A: Very much so. For NMOS devices, a negalive voltage 
spike on any pin without back bias will forward-bias the 
diode that exists between the N+ material connected to 
the pad and p-type substrate. This action causes the in­
jectionofmany electrons into the substrate. Once inthe 
substrate, they are free to drift into any region of higher 
potential, which is the N+ region at Vcc of storage nodes 
storing a "1 ". Since storage holds don't store much 
charge (in order to minimize capacitance), these elec­
trons in the substrate can be swept across the junction 
and destroy the "1" stored there. This reaction obvi­
ously affects the operation of the part. 

Also, on CMOS devices, positive spikes on any pin 
exceeding Vcc voltage could cause "Latch-up"! 

zao Family 
Questions & Answers 
Q: What is the clock input impeadance (load)? 
A: Capacitive load only (35pF max). 

Q: Will Non-maskable interrupts continue occurring and 
executing il the NMIline pulses prior to the finish 
olthe service routine? 

A: Yes. Non-Maskable interrupts can not be disabled by 
user. Even though Non-Maskable Interrupts are nega­
tive edge triggered, iflhe inputto the CPU pulses before 
terminalion of the service routine, then the service 
routine will begin again. 

Q: How does the Non-Maskable Interrupt acknowledge 
cycle and RETN instruction actually work? 

A: When a Non-Maskable Interrupt is acknowledged, inter­
rupt flip-flop #1 (IFF1) is actually cleared to inhibit the 
acknowledgement of maskable interrupts. The state of 
interrupt flip-flop #2 (IFF2) is not altered. This is the only 
time that the contents of IFF1 and IFF2 can disagree. 
When the RETN instruction executes, the state 01 IFF2 
is copied back into IFF1. This allows the state of 
maskable interrupts, before a Non-Maskable Interrupt, 
to be restored after service routine execution. 

Q: How are subtraction operations performed? 
A: Although the actual operation is probably a 2's comple­

ment addition, the flags are affected as if it were a logical 
subtraction operation. 

Q: What is the setup time to recognize an NM I? 
A: Through characterization of the CPU, Zilog has found 

that a setup time of 120nS (@4MHz)isrequiredinorder 
to assure that NMI is recognized before INT is recog­
nized. 

Q: What do the EI and DI instruction actually do? 
A: Only the interrupt control flip-flops (IFF1 and IFF2) are 

affected by those instructions. The 01 instruction will 
clear both IFF1 and IFF2 and pr~vent any further 
maskable interrupt from being recognized from that 
point on. The EI instruction will set both IFF1 and IFF2, 
but maskable interrupts will not be recognized till the 
completion of the next instruction. 
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0: What is the status of the output drivers when the CPU 
is in a power-down situation? 

A: When the CPU is without power, the output drivers 
appear to be in a high impedance state. 

0: How can I use the on chip refresh mechanism of the Z80 
CPU to handle refreshing of 64K D-RAMs? 

A: Here are some suggestions (assuming 256 cycle re­
fresh): 

1. Use an external counter to count 128 M 1 cycles and 
toggle refresh address line A7. 

2. Use external hardware to generate an NMI every 
2mS and change the state of bit D7 in the R Register 
via software. 

3. Use refresh address bit A6 to toggle the state of 
refresll address bit A7. 

0: Is there a method for testing hardware without removing 
the Z80 CPU from the socket? 

A: Two methods are available: 

1. Use BUSREQ to tri-state all control signals and then 
use external hardware to simulate the logic; 

2. Remove power and ground from the CPU, all signals 
should go to a high-impedance. 

0: Does the CPU tristate M1 during reset? 
A: No. 

0: Is Zilog going to add a 3.15 Volt current drive spec for 
designers using 74HCxx series of components? 

A: No. There is a choice of either using 74HCTxx logic or 
using our C~.~OS zec CPU. 

0: " NMI is activated DURING reset, will the processor 
execute the NMI or address OOOOh after reset goes 
high? 

A: Since NMI input is "edge-triggered" input, iflheCPU has 
active NMlftduring"reset, CPUwon'tdetectNMI and will 
execute the instruction at OOOOh. " NMI goes low after 
RESET goes inaciive, ihen CPU will process NMI. 

Q: I've heard the CPU is a stalic device. Can I use the clock 
to single step it? 

A: II's different for NMOS and CMOS. 

NMOS: No, it violates the clock specs. 
CMOS: Yes. You can do that. 

Q: I don't seem to get the correct state of the interrupts 
when using the LD A,I and LD A,R instructions to read 
the state of IFF2. Why is this? How can I get around 
this? 

A: On CMOS Z80 CPU, we've fixed this problem. On 
NMOS Z80 CPU, in certain narrowly defined circum-
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stances,theZ80CPU interruptenabieiatch,IFF2, does 
not necessarily reflect the true interrupt status. The two 
instructions LD A,R and LD A,I copy the state of 
interrupt enable latch (IFF2) into the parity flag and 
modifies the accumulator contents (See table 7.0.1 in 
the Z80 CPU technical manual for details). Thus, it is 
possible to determine whether interrupts are enabled or 
disabled al the time that the instruction is executed. This 
facility is necessary to save the complete state of t~e 
machine. However, if an interrupt is accepted by the 
CPU during the execution of the instruction -. implying 
that the interrupts must be enabled -- the PN flag is 
cleared. lhis incorrectly asserts that interrupts were 
disabled at the time the instruction was executed. 

This paradox can be traced to the internal timing of the 
CPU. The problem is thalthe interrupt flip-flop (IFF2) is 
cleared before it is actually transferred to the P/v flag. 
The state of the interrupt enable latch is not copied into 
the parity flag until after the interrupt time, occurring 
during the execution of the instruction, has been ac­
cepted. Since the acceptance of the interruptautomali­
cally clears the interrupt enable latch, the parity flag is 
also cleared, despite the fact that interrupts were en­
abled when the instruction started executing. 

A neat solution to this anomaly relies on the fact that at 
least one item -- the old PC value -- is saved on the stack 
when an interrupt is accepted. The "next entry" position 
on the stack (the word below the address currently held 
in the slack pointer) may be cleared before execution of 
LDA,I (orLDA,R).lfthatzerovaluehaschangedbythe 
time that the next instruction in the routine is executed, 
ihen an inierrupi must have been accepted. Th is implies 
that interrupts were enabled, even if the state of the 
parity flag suggests that they were not. Of course, if the 
parity flag is found to be set after LD A,R (LD A,I) has 
been executed, there is no need to check the slack top. 
InternJpts are definitely enabled if the pari!'! flag is in this 
state. 

Two routines are listed here. Both return carry clear if 
interrupts are enabled, set otherwise. Both corrupt the 
A register; it does not contain the value in the I (or R) 
register on exit. The status of all flags except the carry 
flag are undefined on exit. 

The first routine may be loaded anywhere in memory 
except "page zero" -- OOOOh to OOFFh. This small 
restriction comes about because the routine checks 
only the most significant byte of the "next" stack entry. 
This byte will be non-zero after an interrupt has occurred 
if and only if the routine itself is not on page zero. The 
second routine tests both bytes of the "next" entry and, 
therefore, overcomes this restriction. 



Caution, these routines presume that the service rou­
tine for any acceptable interrupt will re-enable interrupts 
before it terminates. This is almost always the case. 
They may not return the correct result if an interrupt 
service routine, which does not re-enable interrupts, is 
entered after the execution of LD A,I (or LD A,R). 

Usting 1: This routine may not be loaded in page zero 
(OOOOh to OOFFh). 

GETIFF: 
XOR A 
PUSH AF 
POP AF 
LD A,I 
RET PE 
DEC SP 
DEC SP 
POP AF 
AND A 
RET NZ 
SCF 
RET 
END 

;C flag, acc. := 0 
;stack bottom := OOxxh 
;Restore SP 
;P flag := IFF2 
;Exit if enabled 
;May be disabled. 
;Has stack bottom been 
;overwritten ? 
;11 not OOxxh, INTs were 
;actually enabled. 
;Otherwise, they really are 
;disabled. 

Usting 2: This routine may be loaded anywhere in memory. 

GETIFF: 
PUSHHL 
XOR A 

;Save HL contents 
;C flag, acc. := 0 
;HL:= OOOOh LD H,A 

LD L,A 
PUSH HL ;Stack bottom := OOOOh 

;Restore SP POP HL 
LD A,I ;P flag := IFF2 
JP PE, 

DEC 
DEC 
POP 
LD 
OR 
POP 
RET 
SCF 
RET 

POPHL: 
POP 
RET 
END 

POPHL ;Exit if isn't enabled 
SP ;May be disabled. 
SP ;Let's see if stack bottom 
HL ;is still DOOOh. 
A,H ;Are any bits set in H 
L ;orin L? 
HL ;Restore old contents. 
NZ ;HL <> 0 : isn't enabled. 

;Otherwise, they really are 
;disabled. 

HL ;Exit when P flag is 
;set by LD A,I 

Q: Are all of the zao control lines internally synchronized? 
A: The inputs in question are INT, NMI, BUSREQ, WAIT, 

and RESET. In the past, it seems that some of our 
customers have assumed that those inputs are totally 

asynchronous with respect to the system clock (i.e. no 
setup time required). Zilog'sofficial position on this topic 
is as follows. 

All asynchronous inputs to the ZBO family CPUs should 
be externally synchronized with the CPU clock. The 
required synchronization is specified by the setup and 
hold times for asynchronous inputs to the CPU. The 
synchronization is automatically provided for by the Z80 
Family peripherals that are capable of driving the asyn­
chronous inputs to the CPU. 

In the Z80 CPU Technical Manual (Pages 7() and 72, 
footnote 8), it is stated that "All control signals are 
internally synchronized so that they are totally asyn­
chronous with respect to the clock." This statement 
should be amended to say "When interfacing the Z80 
CPU to the ZBO family peripherals, the interface control 
signals are internally synchronized with the system 
clock by the peripherals themselves. When interfacing 
to the Z80 CPU with other devices, these control signals 
should be synchronized with respect to the system 
clock." Note that the former statement has been re­
moved from the data book and the CPU product speci­
fication, but has not been removed from the technical 
manual yet. 

The basis for the synchronization of the input control 
signals is the potential forthe occurrence of a phenome­
non called a "meta-stable state". The details of the 
meta-stable state are complex, but the concept is fairly 
simple. A meta-stable state occurs in bi-stable logic 
devices at the interface between an asynchronous and 
synchronous environment. All two-state togic devices 
spend some finite amount of time in the "linear region" 
(between the logic state of one and zero). Thelength of 
time spent in the linear region depends upon the switch­
ing speed of the device. If a synchronous system 
samples asynchronous inputs at the precise point in 
time that it passes through the linear region, the output 
of the sampling logic may spend time in an undefined 
logic state (the meta-stable state). The settling time to 
a valid logic state is proportional to the inverse exponen­
tial of the speed of the switching devices. More impor­
tantly, if the device in the meta-stable state is connected 
to several other bi-state devices in the system, the pos­
sibility exists for each of these bi-state devices to inter­
pret the non-binary (or meta-stable) input differently. 
The final result can be an undefined or unpredictable 
state for a sequential state machine such as the zao 
CPU. 

There are several points that should be remembered 
concerning these asynchronous inputs: 
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1. All interfaces between synchronous and asynchro­
nous system that use clocked bi-stable devices are 
subject to the "meta-stable" phenomenon. 

2. The probability of occurrence of a meta-stable state is 
directly proportional of the frequency of changes in 
the state at the interface and inversely proportional to 
the exponential 01 the switching speed of the devices 
used. 

Q: How to interface the Z80 CPU to a 8259 using Mode 0 
interrupt? 

A: The zao CPU's interrupt mode "Mode 0" is the mode 
which maintains the "software compatibility" with the 
aoao, it is NOT fully compatible. 
In this interrupt mode, during INTACK cycle, the Z80 
CPU fetches the data on the bus as an "instruction" and 
executes it, like the a080. However, from the hardware 
stand poi lit, it's not true. 
The 8080 generates three INTA pulses during the inter­
rupt acknowledge cycle while the Z80 CPU generates 
only one INT ACKsignal (which can be decoded from M1 
and RD). 
This system works fine if you are not using the 8259 and 
put "RST" (restart) instruction onto the bus during the 
Interrupt Acknowledge cycle, which is a one byte instruc­
tion. 
However, if you want to use the 8259 with the zao CPU. 
you'll have a problem. That is: 

The 8259 expects three INTA pulses but the Z80 
CPU generates only one INTACK cycle. 

The best way to solve the problem is "simulating an 80ao 
inierrupi admowiedge cycie" - which means generating 
a total of three "INTA" pulse for the 8259 from the zao 
CPU's interrupt acknowledge cycle by extemallogic. 
Following figure (Rgure 1.) is the one example of the im­
plementation. 

'LS74-

This circuit works as follows (Assume that the instruction 
sent by the 8259 is "CAll" instruction): 

On interrupt acknowledge cycle, the decoded INTA sig­
nal is sent as an INT A pulse for the 8259 and at the 
same time sets the lS74 to indicate that an interrupt 
acknowledge cycle has started. 

On the following memory read cycle for the jump address 
on the call instruction, this circuit generates two 
additional INTA pulses for the 8259 and also masks 
off the read signal for the memory to avoid bus con­
tention problems. 

On the following write cycle, WR signal resets the LS74 
to indicate that the interrupt acknowledge cycle is 
completed. 

By using this circuit, you can usethe8259 with Z80 CPU. 

Z80DMA 

Q: Does DMA recognize only 8-bit 1/0 addresses? 
A: The DMA device does not care whether the I/O ad­

dresses or memory addresses are 8-bit or 16-bit. The 
zao DMA can address just as many I/O locations as it 
can memory locations. 

Q: What is the importance on the placement of the "LOAD" 
commands? 

A: The "LOAD" command only loads the contents of the 
source address register into the source addresscounter. 
The contents of the destination address register are 
automatically loaded into the destination address 
counter the first time the destination address gets incre­
mented or decremented. 

INTA 
(8259) 

Z8G CPU 
-Q~+-----~11C TIT 

CL ill 

MEMR 
MEMW 
lOR 
row 

MREQ~--------+---+-------12G 
1O~ TG 

RD B 
WR A 

'LS155 

'LS08 

Figure 1. Z80 CPU to 8259 interface example 

1188 



Q: When using the variable timing modes, are there any 
constraints in setting up the two ports that the user 
should be aware of? 

A: Yes. When using the early cycle end timing feature of the 
DMA, it is strongly recommended that both ports be 
initialized with the same timing constraints. 

Q: Is there any way to reset the DMA besides the RESET 
command and power-down? 

A: With the CMOS DMA: On 44-pin PlCC package, there 
is a newly added "hardware reset pin" on pin 12 (This 
pin is left open on NMOS PlCC). Also, we've added 
special functions to the Mi signal line that allows you to 
reset C-MOS DMA. During an active Mi signal, without 
an active RD or IORQ, the DMA is reset. This feature is 
the same as that with Z80 PIO. 
With NMOS, the only way to reset the DMA is by reset 
command. Actually, the RESET command can only 
reset the DMA if the CPU has control of the bus. if the 
DMA has control of the bus there is no way to reset it 
other than powering down the system (or the DMA). 

Q: Howlong does power need to be removed from the DMA 
for an internal reset to occur? 

A: Zilog tests the power-on reset circuit at 10mS. If the user 
is going to remove power from the DMA, ZlIog recom­
mends that it be done with the ClK input high. 

Q: What limitations are not specified in the data book? 
A: For NMOS DMA, when using the DMA in BURST mode 

with 2 cycle timing, an extra transaction is generated at 
the end of the burst. 
For CMOS DMA, we've fixed all limitations. 

Q: How can I use the DMA to transfer a page of information 
but do il one line at a time and wait between lines? 
(Prinler application) 

A: Operate the DMA in the Burst mode and use the printer 
110 READY line 10 control DMA. Program the DMA for 
auto-restart mode to transfer the same "page" area 
continuously. When the printer is unable to accept a 
"line", the DMA will allow the CPU to control the bus. 

Z80 PIO 

Q: When using a port of the PIO in bit mode (mode 3), can 
any of the bits, programmed as outputs, affect the inter­
rupt conditions set for recognizing inputs? 

A: While it is undocumented, it is possible that the state of 
the bits programmed as outputs could be used as 
satisfying conditions for the mode 3 interrupt equation. 
It is recommended that all bits not needed for the 
interrupts be masked off. 

a: Can the PIO be programmed to provide a i6-bit input 
port and an 8-bit bidirectional port at the same time? 

A: Yes. but there are some major concern~ in doing it. 
Remember that when Port A is programmed into the 
bidirectional mode (mode 2), the handshake lines from 
Port B are used as input handshake lines for Port A. 
Some confusion occurs within the Pia if Port B is also 
programmed into the input mode (mode 1) and tries to 
use the handshake lines. A combination of software and 
hardware can be used to insure that data will not change 
until both ports can be read. 

a: Is the PIO port protected against hysteresis? 
A: No. 

Q: Do you have to strobe data into the port for proper mode 
1 operation? 

A: Yes, if you want to generate interrupts for mode 1 
operation. If you onlywantto read the port data, then the 
STB input can be held lowto make the input data latches 
transparent. 

Q: How can I get Port B interrupt in Mode 3 and Port A 
interrupt in Mode 2? 

A: You can get them, but it can cause severe interrupt 
conflicts if you choose that option. Port B interrupts are 
used by Port A in bidirectional mode for receive data 
interrupts. To prevent interrupt conflicts, Port B inter­
rupts should be enabted, but all bits of Port B should be 
masked from affecting the interrupts. In the PIO T ech­
nical Manual it states that, "the same interrupt vector 
will be returned for a Mode 3 interrupt on Port B and an 
input interrupt during Mode 2 operation of Port A" 
(Section 5.3). 

Q: Can the Pia control register be written while the PIO IUS 
bit is set? 

A: Yes_ But it is a safer programming practice to program 
the device after the RETI command. 

a: The on-chip power-on reset does not always work prop­
erly. How can I get around this'? 

A: Use the extemal hardware reset condition. Activate Mi 
for a minimum of two clock cycles without activating 
either RD of lORa. 

a: When using the Pia in Mode 2, a 55h is written to the 
port. On the port side, an OAAh is storobed into the port 
via BSTB. When the processor reads the data port, the 
55h is read back instead of the OAAh. Why and How? 

A: The only way that the system can read the same data 
that it wrote into the PIO was if the ASTB signal was 
active (place the 55h onto the port bus) and the BSTB 
went active to strobe it into the data register. Suggest 
that system logic inhibit both strobe signals from be­
coming active during the same time. 
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0: On which clock edge is the PIO reset (with M1 active and 
lORa and RD inactive)? 

A: The actual reset function will take place when the M1 
signal goes low active (must have been active a mini­
mum of 2 clock cycles). 

0: Can the PIO catch pending interrupts while interrupts 
are disabled? 

A: Yes. Enabling the interrupts allow the interrupt daisy 
chain to function and the interrupt under service f1ip­
flops to be set. 

0: A question came in concerning how the Z80 PIO 
handled its interrupts. Is the PIO capable of storing 
pending interrupts or must an interrupt be serviced and 
cleared (via either RESET or RETI) before another 
interrupt can be accepted? 

A: It seems thatthe Z80 PIO interrupt structure is designed 
so that pending interrupts can be stored. There are to 
caveats to watch for in this however. The only way to 
store a pending interrupt is while another one is under 
service, and only one pending interrupt can be stored. 
Be aware that if you are operating in Modes 0,1 or2, the 
transition of the STB signal can cause new data to be 
latched into the input data register and generate a 
pending interrupt. Be sure that any previous data can be 
read from the PIO before any new data is strobed in. 

The storage for pending interrupts is only one deep. 
This means that a second interrupt condition cannot be 
stored if the first one has not been acknowledged. 

0: Does an interrupt mask word have to follow the interrupt 
cOfiiro; word (assuming bii 4 was set) if the PIO is not 
programmed for Mode 3 operation? 

A: Yes. Follow the interrupt control word with a dummy 
write to reset the PIO's write control logic. 

0: How can you get two PIOs to talk with each other in 
Mode 2 operation? 

A: Suggest using ARDY1 and BRDY2 to generate a strobe 
pulse for ASTB1 and BSTB2. Same setup could be 
used for ARDY2 and BRDY1 and for ASTB2 and 
BSTB 1 . The logic basically consists of a 74LS123 (one 
shot) and a 74LS08 (AND gate). The ARDY1 and 
BRDY2 signals are ANDed together and supplied as B­
TRG for generating ASTB1 and BSTB2. The ARDY2 
and BRDY2 signals are ANDed together and supplied 
as the A-TRG for generating BSTB1 and ASTB2. The 
A-TRG for generating ASTB1 and BSTB2 is always low 
(grounded). In this manner, the port control signals are 
used to set the priority for strobe signal generation. 

Please refer to Figure 2 and Table 1. 
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Figure 2. ifF circuit example 

ARDYl BROY2 BROYl ARDY21ASTB!-'BSTBl ASTB2-Bli'flTI lDireclion 

~ .~ ~ ~ : : 
0 0 1 1 1 1 
0 0 1 1 1 0 2--71 

~ ~ ~ ¥ 1 ; 
0 1 1 0 1 1 
0 1 1 1 1 0 2-71 

: ~ ~ ~ : : 
! 0 1 0 1 1 
1 0 1 1 1 0 2--71 

: 1 

~ ~ ~ ; I-=;~ 1 
1 1 1 0 0 1 1-72 
1 1 1 1 0 1 1-72 

Table 1. Truth Table for strobe signal generation 

Q: HOIN can the PIO be reprogrammed without having 
pending interrupts locking the system? 

A: Try the following procedure. 

1. Disable CPU interrupts; 
2. Disable interrupt in the PIO; 
3. Clear any pending interrupts within the P 10 by using 

the interrupt control word with bit D4 set; 
4. Reprogram the PIO as desired; and 
5. Re-enable CPU interrupts. 

Q: The PIO generates false interrupts during the program­
ming sequence. What can cause this? 

A: This symptom is almost always the result of a program­
ming error. Depending upon the details of the problem, 
there are several solutions. 

1. The interrupts should be enabled last in the initializa­
tion sequence. The Interrupt Control Word shoul~be 
written with interrupts disabled so that the logIcal 
interrupt equation should be set (Mode 3). Finish the 
initialization with the Interrupt Enable Control WOrd 
(83H) to enable the interrupts. 



2. The STB and RDY signals should be in a defined 
state. A transition on the STB input could cause a 
pending interrupt to be stored and el<ecuted as soon 
as interrupts are enabled. 

3. A change in bit pattern (while in Mode 3) may cause 
an interrupt. A defined state for el<ternal inputs is 
recommended for power-up sequences. 

Q: How can I get around the fact that only one "bit set" can 
be detected at a time in the OR bit mode? 

A: One possibility would be to "mask" that bit during the 
interrupt service routine. Another possibility is to use 
external hardware to "mask" the bit. 

Q: How can I get the PIO to give me interrupts on both 
transition of an input signal (Mode 3) ? 

A: One method to use would require the PIO to be repro­
grammed with a different logic equation during the 
interrupt service routine forthe first transition. When the 
second transition occurs, then a new interrupt can be 
generated and the logic equation could be sel back to its 
original state. Another method would require the use of 
external hardware to change the state of interrupting bit. 
Some possible logic could be to use an output port along 
with an exclusive-or (XOR) gate to control the state of 
the input bits. 

Z80CTC 

Q: How does the software reset command to the CTC affect 
the rest of the CTC's operation? 

A: The data book and the technical manual differ in the 
information that is presented on this subject. A software 
reset command stop the counter from counting any 
further. In order to start the counter again, a new time 
constant must be loaded into the time constant register. 
All bits in a mode control word will cause the operation 
of the CTC to be affected. 

Q: What is the maximum frequency of the counter? 
A: If external input is synchronized to the system clock, it's 

half that of the ClK (system clock) input. If it's not, 1/3 
of the system clock. 

Q: Are there any other uses for the CTC besides counting 
and liming? 

A: Yes, the CTC makes a very nice interrupt controller for 
the Z80 bus. By programming the counter for a terminal 
count of one and defining the transition of the trigger, 
you can interface non-vectored interrupting devices 
onto the Z80 bus. 

Q: How can I have control over an individual counter so that 
it cannot be started, stopped, and started again? 

A: Use an external gate to qualify the clock input to the 
counter. 

Q: When does the time constant (from the time constant 
register) get loaded into the down-counter? 

A: On the first down count ---- ? verify. 

Q: The CTC product specification states that no additional 
wait states (other than the automatic wait state inserted 
by the CPU) are allowed in the I/O cycles. Why? 

A: It is not that the the wait states aren't allowed, it is just 
that they don't accomplish anything. The data will arrive 
at a particular time for the read cycles, and the internal 
write strobe is generated as a result of the clock edges 
that will be available. During the read cycle, it is possible 
that an improper value of the down-counter could be 
released onto the bus if additional wait states were 
added (the counter could change in the middle of the 
read operation). 

Z80510 

This section contains the most commonly asked questions 
about the Zilog SIO. They are divided into following groups: 

• Features 
• Registers 
• Interrupt 
• Modem control signals 
• Enable & Disable Tx & Rx, Auto enable mode 
• Questions around OMA 
• Internal timings 
• External interlace 
• Asynchronous mode of operation 
• Synchronous mode 
• Questions about SOlC mode 

Features 

Q: What is the maximum data rate of the SIO? 
A: 1/5 of the system clock rate. So it is 1.6Mb/s max for 

8MHz version. 

Q: What are the differences between Z80 SIO/O, /1 ,/2 and 
/4? 

A: The differences between those four devices is "a com­
bination of Channel S Modem signals". In fact, the SID 
die itself has 41 pins internally. But a 40 pin 01 P pack­
age has only "40 PINs", so we made three kinds of 
SID's: 

1. Z80 SIO/O: Have all channel B modem signals, 
exceptTxCB and RxCS, bonded together internally. 
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2. Z80 510/1: Lacks "DTRS". 
3. Z80 510/2: Lacks "SYNCS". 

ForPLCC packageswe are only offering "510/4", which 
covers all, since PLCC has 44 pins to bond out all 
signals. 

Q: What are the differences between the 510 and Z80 
DART? 

A: The Z80 DART (Dual Asynchronous ReceiverIT ransmit­
ter) is the device which only supports asynchronous 
mode of operation. The functionality, internal architec­
ture and AC/DC characteristics are identical to the 510 
in asynchronous mode. Also, pin assignment of it is 
identical to Z80 SIOIO with the exception of one signal 
name. The "SYNC" pin on SIOIO is "RI" (Ring Indicator) 
on 510/0, but thefunctionality is exactly the same as the 
510/0 in asynchronous mode. 

Registers 

Q: How do you read the status registers? 
A: Reads from RRO (Read Register 0) are accomplished by 

simply doing a read from the SIO. Reads from RR1 or 
RR2 are accomplished by writing a register pointer to 
the 510 (WRO) and then doing a read operation. 

Q: What happens when you read an empty FIFO? 
A: You will read the last character in the buffer. 

Q: How do you avoid an overrun in the receiver FIFO? 
A: The receive buffer must be read before the recently 

received data character on the serial input is shifted into 
the receive data FIFO. This FIFO is three bytes deep. 
Thus, if the buffer is not read, the fifth character that just 
arrived caused an overrun condition. There is no set or 
reset bit to disable the buffering. 

Q: When the FIFO gets locked due to an error condition, 
can it still receive? 

A: The SIO continues to receive until an overrun error 
occurs. 

Q: When does the FIFO buffer lock on an error condition? 
A: The receive data FIFO gets locked when the following 

receiver interrupt modes are selected: 

• Receive interrupt on Special condition only. 
• Receive interrupt on First character or Special 

condition. 

In both of these modes the speciat condition interrupt 
occurs after the character with the special ·condition has . 
been read. The error status has to be valid when read 
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in the service routine. The special condition locks the 
FIFO and guarantee that the DMA will not transfer any 
character untilthe special condition has been serviced. 

Q: When a special condition occurs due to parity error, will 
a receive interrupt for that byte still be generated? 

A: No. In the case of Receive interrupt on Special condition 
only mode, the interrupt will not occur until after the 
character with the special condition is read. In the case 
of Receive interrupt on First character or Special condi· 
tion mode, the interrupt is generated on evelY charac· 
ter whether or not it has a special condition. 

Q: What is the function of the Error FIFO? 
A: The ErrorFtFO buffers the error conditions status bits for 

each of the received characters. 

Q: When should the status in RR1 be checked? 
A: Always read RR1 before reading the data. 

Q: What information is contained in the Error FIFO? 
A: End offrame, CRC/Framingerror, Receive overrun error 

and Parity error. These are all contained in RR1 as we". 
The other status offered in RR1 is not part of an Error 
FIFO. 
The Overrun and Parity error bits are held in the FIFO 
until they are reset by issuing the Error Reset Com· 
mand. They will not be overwritten by new error informa­
tion. 

Q: How many register pointers does the SIO have? 
A: The SIO has one for each channel. So it's possible to set 

the pOinters for each channel first, then accessing each 
channel's register afterward. But it's not recommended, 
since program readability gets worse. 

Interrupt 

Q: What are the various Interrupting conditions? 
A: The 510 can generate interrupts from the receiver, 

Transmitter and Extemallslatus for each channel (6 
sources). This is a list of a" conditions that could 
possibly generate an interrupt (one channel only listed): 

Transmitter: 

Receiver: 

ExternaVStatus: 
(Transition on 
OeD) 

Transmit Suffer Empty 

Receiver Character Available, 
Parity Error, Framing Error, 
Receive Overrun Error 

CTS, SynC/Hunt, Transmit, 
UnderrunlEOM, Break/A.bort 
Detection 



Q: Can the IP bits be set while the SIO is servicing other 
interrupts? 

A: Yes. If the interrupting condition has a higher priority than 
the interrupt currently being serviced it will cause an­
other interrupt. thus nesting the interrupt service. 

Q: How many levels of pending interrupts are there and 
how does the internal daisy chain operate? 

A: Each possible source of an interrupt (6 possible) has one 
level of pending interrupts. The internal daisy chain 
operates in the same manner as would an external 
daisy chain. 

Q: Does the RETI Instruction reset any status register? 
A: No. 

Q: If the CPU does not have the Return From Interrupt 
sequence (RETI instruction on the laO CPU), how may 
the SIO be informed of the completion of interrupt 
handling? 

A: This may be done by writing the Return From Interrupt 
command (38h) to WRO in Channel A of the SIO. 

Q: Can the IUS bits be accessed? 
A: No. 

Q: When do IUS bits get set? 
A: The IUS bits will be set during an interrupt acknowledge 

cycle on the falling edge of RD. 

Q: When responding to an Interrupt, can you have the 
following sequence: 

Int Ack, Disable INT, RETI, Clear interrupt 
condition? 

A: No. The correct sequence is : Int Ack, Disable INT., 
Reset. 

Q: Will enabling Interrupt after a transition on the Sync/Hunt 
bit cause Interrupt to occur? 

A: No. External/Status Interrupt should be enabled before 
the transition occurs. 

Note: It is advisable to execute the Reset ExVStatus 
Interrupt command in advance, so that the status of 
RRO, bit 04 reflects the current condition. 

Q: Why is the ReseUStatus Interrupt command recom­
mended to be used several times in SIO setup? 

A: Because many of the status bits that reflect interrupting 
conditions are latched bits and need to be reset to reflect 
current status rather than what may have occurred due 
to earlier Interrupts (changes in state). 

Q: Will the SIO continue to request interrupt if the condition 
has not been satisfied? 

A: Yes. There are several methods that can be used to clear 
the interrupt conditions. If it is a transmitter interrupt, 
then the transmitter must either be loaded with data or 
the Reset Transmit Interrupt Pending command must 
be issued. If the interrupt is for External/Status, then the 
Reset External/Status Interrupt command must be 
issued. If the interrupt is for a receive character being 
available, then the receive character must be read. If the 
interrupt is for an error condition, then the Error Reset 
command must be given. 

Q: What conditions cause the transmit IP to be set? 
A: Either the buffer empty or the flag after CRC is being 

loaded. 

Q: How do the external/status bits aHect the interrupts? 
A: The external/status interrupt structure is aHected by bits 

07-03 of RRO. These bits can be "reset" by either a 
hardware reset, a channel reset, or by the Reset Exter­
nal/Status command. The first status change on any 
one of the five bits after the reset will cause an interrupt 
to be issued and also will cause all five status bits to be 
latched. The latching effect is caused whether or not 
External/Status interrupts are enabled. If the current 
status at the time of reset is different than the latched 
status, then another Interrupt request is generated 
immediately. To clearthe interrupt structure, two resets 
are necessary. The configuration olthe SIO can change 
the definition of some olthese Signals. If the state of the 
bit changes across definition boundaries, an interrupt 
can be generated. Issue the Reset External/Status 
Interrupts command after definition. To process an 
external/Status interrupt, the Reset External/Status 
Interrupts command must be issued after reading these 
status bits and before the RET!. 

Q: Can you use the SIO without an interrupt acknowledge 
cycle sequence (ZaO CPU)? 

A: Resetthe responsible interrupt pending bit (IP). The INT 
line will follow the IP bit. 

Q: If the CPU can be interrupted but cannot be used with 
vectored interrupts, how should processing be done? 

A: Immediately after being interrupted, proceed in a man­
ner similar to polling the SIO for both receive and 
transmit. Alternatively, the Status affects vector bit (Bit 
02 in WR1) may be set and a 0 byte placed into the 
interrupt vector register(WR2 in channel B). Then, the 
contents of the interrupt vector register can be used to 
determine the cause of the interrupt and the channel on 
which the intenrupt occurred. This is queried by reading 
register RR1 of channel B. Also, lEI is tied high and M1 
is tied high. No equivalent to an interrupt acknowledge 
is issued. 
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0: When interfacing the SIO to the CPU other than the zao 
CPU, is it possible to assert M1 and lORa at the same 
time as the Interrupt acknowledge cycle to simulate zao 
timing? 

A: The SIO requires "Internal daisy chain settle time" even 
if you don't have devices other than the SIO on the 
interrupt daisy chain. The period for that purpose is "M 1 
is active but lORa is inactive", and is at least 1 OOnS (for 
4MHz clock; Parameter # 16, lEI-lEO delay time). 

Modem control signals 

a: What is the state of the transmitter output when data is 
no longer available in the following modes? 

a) Asynchronous? 
b) Synchronous 
c)SOLC? 

A: a) In asynchronous modes, the transmitter goes into a 
marking state whenever all data has been sent. 

b) In the synchronous mode, the SIO will send out 16 bits 
of CRC (2 bytes; if programmed and the Transmitter 
underrun/EOM Latch has been reset) followed by the 
appropriate number of Sync character. The line will 
then continue to idle sync characters. 

c) In the SOLC mode, the SIO will send out 16 bits of 
CRC (2 bytes ; if programmed and the Transmitter 
underrun/EOM Latch has been reset) followed by the 
SOLC flag character (7Eh). The line will then continue 
to idle SOLC flag characters. 

0: What is the delay time for RTSI to TxD? 

no maximum specs on the RxC period, and the edges 
are used to sample the data. If there are no edges, no 
data is sampled. 

Enable&Disable Tx&Rx, Auto enable mode 

0: What happens to the character being assembled if the 
receiver becomes disabled? 

A: Assembly of a character stops immediately and the 
character is lost. 

a: What happens to the characters already in the receive 
FIFO if the receiver becomes disabled? 

A: They will remain in the FIFO until they are either read by 
the CPU or DMA, or until the channel is reset. 

Q: When Auto enable bit is set, will OCO & CTS going true 
cause an Interrupt? 

A: Interrupt will occur only on transition of OCO & CTS since 
both are edge triggered if WR1,DO is set for Ext. Int 
enable. 
However, since these are latched conditions in Status 
Register RRO (03 & 05), current status must only read 
after issuing Reset ExVStatus Interrupt command. 

0: In the auto enable mode, what happens when CTS goes 
inactive (Hig h) in the middle of transferring a byte? 

A: If the Auto Enable mode is selected, the CTS pin is an 
enable for transmitter (Ideally, Transmitter enable bit is 
ANDed with the status of CTS). So when CTS is 
inactive, transmit stops immediately. (The data being 
shifted out will be sending out completely, however). 

A: Two Tx clocks for asynchronous and synchronous, 7 Tx 
clocks for SOLC. Questions around DMA 

0: What is the delay time for the transmit buffer empty to 
RTSI? 

A: Two Tx clocks for asynchronous gate delays for synchro­
nous and SOLC. 

0: Does the frequency of the CTS or OCD signals have any 
adverse affects on the External/Status Interrupt? (even 
if auto enable is not programmed)? 

A: Since every transition locks the Extemal/Status latches, 
you could get constant interrupts (if External/Status 
Interrupt are enabled) or constant status latches. 

0: Is it possible to deactivate the OTR output without repro­
gramming WR5? 

A: Only by resetting the channel or chip. 

0: Can you gate data by stretching the receive clock? 
A: You can hold the clock unlilyou have valid data. There are 
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a: Can the SIO operate with a DMA in full duplex on each 
channel? 

A: No. The SIO has only one ready line per channel and can 
only operate in half duplex mode. 

If full duplex operation is required under DMA control, 
both channels A & B need to be used; One for transmit 
and one for receive. 

a: Can both channels make simultaneous DMA requesls? 
A: Yes.' 

0: What happens when you program the SIO to interrupt on 
Buffer Empty and the OMA to act on Buffer Empty? 

A: This would riot be a wise thing to do. However the 
Interrupt occurs, the OMA will take over the bus before 
Interrupt has acknowledged. The buffer will be filled by 
the DMA and the Interrupt Request will go away due to 
a Buffer Full condition and the Interrupt Acknowledge will 



occur causing bus confusion. The same thing occurs on 
Receive buffer empty interrupt and DMA on Receive 
character. 

Q: How can the SIO/DMA combination be used for syn­
chronous communications and ensure that the CRC 
characters are also transmitted? 

A: Try the following procedure: 

1. Initialize the SIO for use of the READY function with 
aDMAcontroller and then poll (or interrupt on) exter­
nal/status (not transmit buffer empty). 

2. Initialize DMA controller for data transfer and bus 
release at end-of-block. DO NOT ENABLE DMA 
YET! 

3. Send first byte of data to SIO for transmission fol­
lowed by a Reset Transmit Underrun/EOM Latch 
command. 

4. Enable the DMA controller now (it should take control 
of the bus). 

5. When the end-of-block is reached, the DMA control· 
ler should release the bus back to the CPU. 

Q: When does the SIO terminate the READY signal? 
A: The rising edge of the system clock that samples 10RQ 

low causes READY to go inactive. The delay is speci­
fied by parameter 19 in the data sheet. 

Q: When does the READY Signal become active after an 
access to the SIO? 

A: The READY signal will be inactive for a minimum of 5 
clock cycles and will become active again 700 nS after 
CE goes inactive. 

Internal timing 

Q: When the transmitter is disabled, when does the TxD 
line go to a marking state? 

A: One bit time after the last bit of the data leaves the 
transmit shift register. 

Q: When the transmitter is empty, does status register 
RRO, bit D2 indicate that the buffer is now empty or that 
the last data in the buffer is in the process of being 
shifted out? 

A: It indicates the buffer is now empty. The status register 
has nothing to do with the transmit shift register. 

Q: Does the Transmit interrupt occur when Transmit Buffer 
is empty or T ransmiHer itself is empty? 

A: Interrupt occurs when the Transmit Buffer is empty. 

Q: How many bit times from external clock is the Transmit 
Buffer Empty Interrupt delayed? 

A: The interrupt occurs a maximum of 9 clock periods from 
the Txc clock edge that causes the buffer to become 
empty. The exact time is highly dependent upon the 
mode of operation and is transparent to the user. 

Q: When is the data available at the top of the FIFO? 
A: Data is available after a maximum of 13 clock periods 

from the rising edge of RxC. 

Q: What is the delay time between transmit shift register to 
the TxD pin? 

A: Two Tx clocks for asynchronous and synchronous, 
Seven Tx clocks (five for zero inserter, two for internal 
delay) for SOLC. 

Q: Does an Interrupt occur on RxC for last data bit as­
sembled or does it occur relative to the RxC. but de­
layed? 

A: Interrupt occurs when data is moved from the receive 
shift register to FIFO. The relationship of this event is 
relative to an external clock edge. This relationship 
however, is of no concern to the user. "There is, however 
a specific delay from the external clock edge to the 
interrupt, caused by internal SIO logic. 

External interface 

Q: Can a sloppy system clock cause problems in SIO 
operation? 

A:· Yes. The specs on this system clock are very tight and 
must be met to prevent SIO malfunction. The specifica­
tions are: 

Symbol 

VIHC 
VIHL 

Description Min Max 

Clock "H" 
Clock "L" 

Vcc-0.65.5 
-0.3 0.45 

Clock rise/Fall time = 30nS each edge 
(For N-MOS, 4MHz device). 

Unit 

Volt 
Volt 

Should there be any ringing orundershootlovershoot on 
the clock input, the SIO could behalf in any number of 
indeterminable ways. 

Q: Must the system clock, fed to the SIO, have a 50% duty 
cycle? 

A: The duty cycle doesn't have to be 50% as long as the 
minimum specification is met. 

Q: Areinput control lines to the SIO synchronized to system 
clocks so that garbage may exist on the buses anytime 
before setup requirements are satisfied? 

A: Yes. 

1195 



0: Since setup time for CE and lORa may be satisfied 
during T2, is time T1 required? 

A: If the Z80 CPU is being used, then T1 timing state is 
required in order to utilize the interrupt structure. (inter­
rupt request, acknowledge, and RETI). 
No, if not using the Z80. 

0: Do wait states have to be added to provide 110 response 
to the SIO in non-Z80 based systems? (The Z80 adds 
wait states automatically) 

A: No. As long as setup times as specified for the SIO are 
met. The SIO does not know about wait states inserted 
by the Z80. The Z80 puts in wait states in order to match 
the zao SIO setup times. 

0: What pins are noise sensitive and should be strapped to 
avoid strange interrupts? 

A: The Ext Sync pin, and any Ext status pin that is not used. 
Also, all inputs are sensitive to signal ringing and 
undershoot problems. 

a: Is M1 required if no Interrupts are used in the SIO? 
A: No. M 1 should then be tied high. 

0: Can you use the Ready output for an Inten;upt request? 
A: Yes, for byte move action in or out and Respond to Inter­

rupt. However, it is not recommended to use Ready for 
Interrupt with the CPU. 

0: How long must RD and the other control signals remain 
active? 

A: Although RD and lORa are latched internally, they must 
remain active for a minimum of two system clock 
periods. 

0: Are there any timing specifications for "Access recovery 
time"? 

A: No. 

Asynchronous Mode 

0: Why are there different Clock factors? 
A: These clock factors enable the SIO to sample the center 

of the data cell. In the X16 mode, the SIO divides the bit 
cell into 16 counts and samples on count 8. 

a: For asynchronous mode of operation, must the clock 
rates selected be the same for Receiver and T ransmit­
ter? 

A: No. However, the multiplier for both RxC & TxC must be 
the same because of internal logic. 

a: When running in the Async mode, is it necessary to use 
the X16 clock scalar? 
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A: No, X1 synchronization can be selected but the user 
must maintain data synchronization with the clock. The 
start bit detection logic does not work in X1 mode and 
the 1 .5 stop bit cannot be used in X 1. In other words, X1 
Mode for Async mode is NOT asynchronous mode, its 
a "clocked serial channel". 

a: What does the SIO recognize as the Break character? 
A: A character of all zeros including stop bits (indicating a 

framing error). 

a: When attempting to detect a break condition by sensing 
the break/abort status bit, is it necessary to enable 
ExternallStatus interrupts? 

A: No. The External/Status latches w,ork regardless of 
whether or not the externallstatus interrupts are en­
abled. This can be confusing because once the latches 
are strobed, the status in RRO is frozen until a Reset 
'Extemal/Status Interrupt command is issued. If you 
desire the true current status, issue this command 
before reading RRO. 

a: Can a break sequence be sent for a fixed number of 
character periods? 

A: Yes. Break is continuously transmitted as logic 1 by 
setting bit 4 of WRS. You can then send characters to 
the transmitter as long as the break level persists. A 
Break Signal ratherthan the characters sent is transmit­
ted, but each bit of each character sent will be clocked 
as if it were transmitted. The All sent bit, bit 0 of RRO, is 
set to 1 when the last bit of a character is clocked for 
transmission. This may be used to determine when to 
reset bit 4 of WRS and stop the Break signal. 

a: If a Break sequence is initiated by setting bit 4 of WR5, 
will any character in the process of being transmitted, be 
completed? 

A: No. Break is effective immediately when bit 4 of WR5 is 
set. The "all sent" bit in RR1 should be monitored to 
determine when it is safe to initiate a Break sequence. 

a: When using the SIO only in Asynchronous mode, can 
the SYNC pin have any use? 

A: It may be used as a general purpose input. For example, 
by connecting iUo a modem,ring indicator, the status of 
that ring indicator can be monitored by the CPU. 

Q: How can the SIO be used to transmit characters contain- . 
ing fewer than 5 bits? 

A: First, set bit 6 and S in WR5 to indicate that five or fewer 
bits per character will be transmitted. The SIO then 
determines the number of bits to actually transmit from 
the data byte itself. The data byte should consist of zero 
or more 1 s, three zeros, and the data to be transmitted. 
Thus,. beginning the data byte with 1111001 will cause 
only the last bit to be transmitted. 



Contents of data bytes(O=arbitrary value) 
07 06 05 04 03 02 01 00 

11111000d 
2111000dd 
311000ddd 
41000dddd 
5000ddddd 

Synchronous Mode 

Q: Can you cause interrupts on CRC error bit (RR1 ;OS) 
changes? 

A: No. "The CRC error status is not one of the special 
receive conditions. Perhaps, explanation of cyclic re­
dundancy block checking and how the SIO operates for 
CRC is relevant. 

CRC 

Cyclic Redundancyl'Checking is a method of checking 
for errors in serial data transmission. It is also known as 
the polynomial error code check. The polynomial is an 
algebraic function used to create a constant from the 
message bit pattern. This constant, generated and 
accumulated in both the Transmitter and Receiver, is 
used to divide the binary numeric value of the character. 
The quotient is discarded and the remainder added to 
the next character, which again is divided. This contin­
ues until the last character, when the remainder is trans­
mitted to the receiver for comparison with the Re­
ceiver's remainder. An equal comparison indicated no 
errors, while an unequal comparison indicates an error 
in transmission. 

SIO-CRC 

The SIO contains CRC generation and checking in the 
Transmitter and Receiver. 
It allows for either of two polynomials to be used. 

a) X'6+X'5+X2+ 1 : Called CRC-16, generally used in syn­
chronous communication. 

b) X'6+X' 2+X5+ 1: Called CRC-CCITT, generally used in 
SOLC communication and also recommended by 
theCCITT. 

CRC Error Check 

Status register RR1 which contains error condilio~s, al­
locates bit DS for CRC error status. Since CRC check­
ing is a continuous process and takes place character 

by character and intermediate results are shifted into 
the Receive Error FIFO continuously, bit 06 of RR1 is 
continuously updated because it is not latched. 

However, checking the status of this bit at any interme­
diate point in time in the middle of a transmission is 
meaningless. It must be remembered that the result of 
a CRC check is valid only on completion of a message. 
Also, in most cases, bit 06 will usually be a "1" in the 
middle of a message since most serial bit combinations 
result in a non-zero CRC. Unless it is at completion of 
a message transmission. 

The SIO does not generate an Interrupt for CRC ::rror 
Status. 

Q:Suggest a hardware way to count or determine when the 
16 or 20 bit limes have passed before the CRC check 
is valid in BiSync mode? 

A: Allow two "buffer full" interrupts to occur to determine 
that 16 bittimes have elapsed, or have an external clock 
count 20 bit times. 

Q: How do you read the CRC error status bit when receiv­
ing data in the bisync mode? 

A: This is one possible method. 
After two CRC bytes have been received and read, wait 
for the next receive characterinterrupted and stop CRC 
accumulation, then read the next received character. 
After the next character is interrupted, disable the re­
ceiver and read the status byte. 

Q: In switched carrier Bisync application, the clock may go 
away before CRC calculate is complete since only one 
pad will be received. How can valid CRC be ensured? 

A: SIO spec requires at least two pads for a valid CRC 
check in Bisync mode. 

Q: Is CRC enabled automatically after first data in a non­
SOLC node? 

A: Only if it is programmed to be so. 

Q: Are Sync patterns (or IIags) included in CRC? 
A:SOLC-No. 

Yes for Bisync - CRC must be turned on/off as required 
or Sync will be included in CRC. 

Q: In synchronous mode, does CRC get stripped from 
data? 

A: Not normally, but it is possible if the CRC byte happens 
to match the contents of WRS and the sync character 
load inhibit feature is enabled. 
Otherwise, SIO won't delete the CRC bytes from the 
data stream. 
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Q: What is the proper sequence for a valid reading of the 
CRC error status bit? 

A: To check the CRC error status and read the CRC bytes. 
The following sequence is recommended because of 
delays in Receive logic and the 1ime at which EOM 
Interrupt occurs. 

1. Interrupt, read and discard - 1 st CRC byte. 
2. Interrupt, read and discard - 2nd CRC byte. 
3. Interrupt, read 1 st pad charac1er and discard. 
4. Disable CRC 
5. Interrupt, read CRC status then read 2nd pad 

and discard. 

Q: In Monosync, is the Sync Comparison done in the 
Receive shift regis1er or the Sync register? 

A: Sync comparison is done in the Sync Registei against 
the contents of WR7. 

Q: For Monosync, which register contains the Sync char­
acter for comparison? 

A: Write Register 7. Comparison is done in the Receive 
Sync Register. 

Q: How does the SIO avoid losing a single sync character 
in the case of back-to-back Bisync messages that are 
separated by a single sync pad? 

A: It does not. The SIO loses sync characters because the 
Bisync spec requires a minimum of two pad characters. 

Q: Do Sync patterns (or flags) in data get stripped and still 
cause Interrupts? 

A: All leading sync patterns (and all flags) are stripped 
automatically. In SOle, sync characters (flags) win 
cause Interrupts if programmed to. Sync characters 
mayor may not be stripped in Bisync depending on the 
state of the Sync Character load Inhibit Bit (WR3,01). 
Any data stripped from the data stream cannot cause a 
receive character available interrupt but may cause 
other interrupts (such as Extemal/status for Sync/Hunt 
and special receive condition for EOM). In SDLC, 
programming Sync Character Load inhibit wili cause 
stripping of the address field and not cause Interrupts. 

Q: 00 interrupts occur after each Sync pattern? 
A: Yes, if programmed to do so (External/Status inter­

rupts). 

Q: 00 sync patterns automatically gettransmitted in Bisync 
mode when Transmit Buffer becomes empty? 

A: Yes, but the CRC bytes may be allowed to precede those 
sync characters. 

Q: How does the SIO handle synchronous protocols which 
use less than 8-bit sync characters? 

A: The sync character match logic within the SIO only 
makes comparison on 8-bit boundaries (8-bits for 

1198 

monosync and 16-bits for bisync). In order to match on 
patterns that are not integer multiples of a-bits, the sync 
character must overlay the pattern stored in the sync 
register, or use "External Sync mode". 

Q: Are sync characters subject to parity? 
A: No. 

Q: Assuming that there are characters available in the 
FIFO, whathappensto them if the receiver goes into the 
hunt mode? 

A: They will remain in the FIFO until they are either read by 
the CPU or DMA, or until the channel is reset. 

Q: Is sync character transmission suppressed when the 
SIO is programmed for external sync operation? 

A: Yes. 

Q: How is it possible for the SIOto achieve synchronization 
on erroneous sync patterns (in monosync and bisync 
modes)? 

A: The design of the SIO is such that the sync register 
serves as the CRC delay register after synchronization 
has been achieved. If the SIO goes out of synchroniza­
tion or is placed into the hunt mode, the CRC delay 
register again becomes the sync register but it's con­
tents are not cleared. Any data in it can be lIsed by the 
comparison logic for synchronization. The best solution 
is to disable the receiver each 1ime you place it in hunt 
mode and then re-enable it. This sequence will reset the 
contents of the sync register. 

SOLe mode 

Q: How does the SIO send CRG? 
A: The SIO can be programmed to automatically send the 

CR C. First, write the first byte of the message to be sent. 
This guarantess the transmitter is furl. Then, ieset the 
Transmit Underrun/EOM latch (WRO;10h). Write the 
rest of the data frame. When the transmit buffer under­
runs, the CRC will be sent. The following table describes 
the action taken by the SIO forthe bit oriented protocols. 

Tx Underrun Action Comment 

EOM latch Bit Upon Tx Underrun 
o Send CRC+Flags Valid Frame 
1 Send Flags Software CRC 

Q: In SOLC mode, when do you get the End of Message 
(E:OM) interrupt? 

A: The EOF interrupt occurs after the 1 st CRC is loaded to 
the transmit buffer and 2 bit times before the 2nd CRC 
is loaded to the buffer. 



0: How can you make sure that a flag is transmitted alter 
CRC? 

A: Use the external status End of Message (EOM) interrupt 
to start the CRC transmission, then enable the transmit 
buffer empty interrupt. When you get the interrupt, it 
means that the buffer is empty, a flag is loaded in the 
shift register, and you can send the next packet of 
information. 

0: When using the SIOin the SDLC mode of operation, the 
transmitter loses two data bits (gets shifted by two bit 
positions) when the last character before the closing 
flag is transmitted. Transmit data is looped to the 
receiver and CRC is not enabled? 

A: The transmitter is working. The receiver actually causes 
the shift of two bils upon recognition of the closing flag. 

0: Why is the second CRC byte in the receiver FIFO not the 
full CRC byte? 

A: The 2nd CRC byte read from the FIFO is not the full 8 bit 
byte. The transmitted byte is made up olthe last two bits 
of the 1 st CRC byte and the first 6 bits of the 2nd CRC 
byte. This is because of the delay in the Receive path 
and the point in time when the EOM Interrupt occurs 
causing transfer of contents of the Receive Shift Regis­
ter into the FIFO. 
However, since the above 2 bytes are to be discarded 
by the user, it does not matter. 
Except in cases where users may want to include two 
bytes of data in place of CRC, it is important to note that 
the last byte will be off by two bits. 

0: In SOLC, when do you reset the CRC generator and 
checker? 

A: The reset Tx CRC generator command should be issued 
when trarismitter is enabled and idling (WRD). This 
needs to be done only once at initialization time for 
SDLCmode. 

0: If the SIO is idling flags and a byte of data is loaded into 
the transmit buffer, what will be transmitted? 

A: Data takes priority over flags, and will be loaded into the 
shift register and transmitted. 

0: What does the SEND ABORT command do to theSDLC 
transmit sequence? 

A: The transmission of the current character is aborted and 
a sequence of 8-one's are inserted into the data stream. 
This means thatthe user may see between 8 and 13 
one's in the data stream because ofthezero inserter. If 
there is data in the transmit buffer, it is destroyed and a 
Transmit Buffer Empty interrupt is pended. 

0: Can the SID detect multiple aborts? 
A: The SIO searches for seven consecutive 1's on the 

receive data line for the abort detection. This condition 
may be allowed to cause an external status interrupt. 
After these seven 1'5 are received, the receiver auto­
matically enters Hunt mode, where it looks for flags. So 
even if more than seven 1's are received in case of 
multiple aborts, only the first sequence of1's is signifi· 
cant. 

Q: In the SDLC mode of operation, what is the relationship 
between the TxD output and transmitter interrupts? 

A: Transmitter interrupts occur when the data from the 
transmit buf1er is loaded into the transmit shift register. 
The outputto the T xD pin is delayed by 6 bit times (five 
for the zero inserter and one for the pin delay) from the 
last bit leaving the shift register. 

Q: Is it possible to monitor all received characters, includ· 
ing flags, in the SDLC mode? 

A: No. if you want to monitor everything, then use the SIO 
in another mode of operation where the sync pattern 
has no special meaning. 

Q: Can interrupts be generated on the idle line flag in 
SDLC? 

A: Upon receipt of seven continuous ones, the break/abort 
bit will be set to indicate the abort condition. This bit will 
remain set until the SIO receives a zero. 

0: Does Hunt in SDLC continue until the Address Field has 
been recognized? 

A: It does if the address search mode feature has been 
programmed. 

Q: Does IBM SOLC specify parity? 
A: No. 

Q: Can the SID include parity in SDLC mode? 
A: Yes. It is appended at the end of the character. 
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Z180™ Family 
September 1989 QUESTIONS AND ANSWERS 
This application note contains the most commonly asked questions about the Z180. Obviously, not 
every possible question on the Z180 is answered. However, this application note should give you a 
good feel for how the Z180 works. Along with the technical manual and product specification, it should 
facilitate your Z180 design. 

FEATURES 

Q: What are the differences between the Z180, Hitachi's 
HD64180RO/R1 and Z versions? 

A: Our Z180 is identical to Hitachi's HD64180Z version 
except some of the signal names are different in order 
to match Z80 signal names (Z180 was jointly devel­
oped with Hitachi). 

The HD64180RO version is the original version, and has 
some bugs in it. The R1 version is the version which 
corrected the bugs in the RO version. The 68-pin PLCC 
and 80-pin QFP versions have 1 M bytes of physical 
memory address space. Also, There is a "test" pin 
(output; not open to user) assigned to the pin which is 
not used on the RO version. 

The Z version corrected the RO and R1 problems (the 
problems involve the Z80 peripheral interface.) 

Q: In Z mode of operation (M1 E of OMCR cleared to 0), 
there is no interrupt from the Z80 P 10 after enabling the 
Z80's PIO interrupt. Why? 

A: Write zero to the IMHE bit of OMCR after enabling the 
Z80's PIO interrupt. Because the Z80's PIO interrupt 
control logic requires /M1 to activate its interrupt logic 
while /M1 only occurs during Interrupt Acknowledge 
and RETI cycles with /M1 E cleared. 

CPU CLOCK 

Q: Can I stop the clock in order to minimize the power 
consumption? 

A: No. However, one possible way is save the registers into 
battery backed up RAM, and then remove power from 
the CPU. 

Q: What is the relationship between EXTAL and PHI clock 
output when an external clock is input through EXTAL? 

A: PHI output cllanges its status on the falling edge of 

EXTAL input. And the delay from the falling edge of 
EXTAL to PHI is about 30n8 (Reference only; not 
guaranteed value) 

Q: In our system, sometimes the PH I frequency is the same 
as XTAL frequency, not XTAL divided by two. Why? 

A: Please check the following points: 

• Reset is held low at least 6 clock cycles. 

• The status of 8T line during reset. 8T should not be 
tied low (8T line is the OUTPUT signal!) 

INSTRUCTIONS 

Q: Which instruction, RET or RETl,is used at the end of an 
interrupt service routine? 

A: If you d.on't have any Z80 peripherals (do not use 
"interrupt daisy chain"), then you can use either of 
these instructions at the end of interrupt service routine 
(for interrupt from on-chip peripherals). If you have Z80 
peripherals on board, then you should use RETI for the 
interrupts of Z80 peripherals, and RET for the interrupts 
of on-chip peripherals. 

The reason, from CPU stand point, is both instructions 
are the same (POP PC value from stack and return). But 
Z80 peripherals are looking for RETI sequence on the 
bus to correct its interrupt daisy chain status upon 
receiving that sequence. If you have Z80 peripherals 
and are using RETI for the interrupt for on-chip periph­
erals, Z80 peripherals are confused and thus set the 
wrong daisy chain status. 

Q: Is the instruction set of the Z180 fully identical to the Z80 
CPU's except for new instructions? 

A: There are three instructions which are not the same. 
They are: DAA and RRD/RLD. 

For DAA (Decimal adjust), if you execute this instruction 
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INSTRUCTIONS (Continued) 

after DEC instruction (especially DEC instruction on 
OOh, then execute DAA), Z180 results in F9H whileZ80 
results in 99H. It is because the Z80 CPU refers "Inter­
nal Carry flag" while the Z180 doesn't. 

For RLD/RRD (Rotate Left/RightDigit), Z180's flag will 
reflect the contents of the memory location pOinted by 
HL register, while Z80 reflects the contents of the 
Accumulator. 

But, there are very few applications which use DAA 
instructions after DEC and use flag after RLD/RRD 
instructions. 

REFRESH 

Q: Is the functionality of R register the same as ZSO CPU's? 

A: No. Z180's R register is counting Ml cycles, and there 
is no relationship with current refresh address. 

Q: Is the refresh mechanism of the Z1S0 different from the 
ZSOCPU's? 

A: Yes. Z180's refresh mechanism is "periodic refresh" 
and the refresh period can be programmed and dis­
abled. Refresh address is 8 bit. On the Z80 CPU, 
refresh cycle is inserted after every Ml cycle and can 
not be disabled. 

Q: Can the refresh cycle occur during an on-chip DMA 
cycle? 

A: Yes. Because Z180's refresh mechanism can not distin­
guish whether current activity is by CPU or o'n-chip 
DMA. Refresh cycle will be inserted after the end of 
DMA or CPU machine cycle. 

I/O ADDRESSING SPACE 

Q: Z1S0's technical manual states that I/O addressing 
space is 64K Bytes while Z80 CPU's I/O address space 
is only 256 Bytes. How do you access "expanded I/O 
address space"? 

A: I n fact. Z 180's I/O addressing space is the same as Z80 
CPU's. You can specify lower half (A7-AO) of I/O ad­
dress directly, as on Z80 CPU, but the upper half 
depends on the instruction which you are using for 
access. There are four groups of I/O instructions on 
Z180 (On Z80 CPU, group D does not exist) 
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A) 8080 type instruction 
IN A,(n) OUT (n),A 
A 15-A8 f-Acc 

B) C register indirect 
IN A,(C) OUT (C),A 
A 15-A8 f-B reg ister 

C) C register indirect with aulo incremenl/decrement 
IND INDR INI INIR OUTO OTOR OUTI OTIR 
A 15-A8 f-B register (B register is loop counter) 

D) Z180 original instructions which force A 15-A8 to 0 
INO OUTO OTIM OTIMR OTOM OTOMR TSTIO 
A15-A8 f-O 

To utilize "64K Byles" of I/O address, you can use group 
A) or B) instructions willI care, or use group D) instruc­
tions to access the "Page zero" I/O address space. 

Q: To access on-chip peripherals (and system control 
registers), Should A15-AS be zero? 

A: Yes. It is a good idea to use Z180's new I/O instructions 
forthat purpose (These instructions force A 15-A8 toO). 

Q: What happens if off-chip peripheral's address is as­
signed to the internal I/O devices (overlapped)? 

A: I/O read: data from addressed internal peripheral is 
read, and the data onlhe bus at that time is just ignored. 
I/O write: output the data to the data bus as well as to 
on-chip peripherals. Also, this transaction could write 
the data to off-chip peripherals. 

BUS TIMING 

Q: For the Interrupt Acknowledge cycle timing chart, there 
are no timing specifications for PHI to M1 and PHI to 
10RQ. Do you have these numbers? 

A: Yes. These parameters are as follows: 

PHI riSing edge to /Ml falling edge (Interrupt Acknowl­
edge cycle): Same as parameter #10(tMm,) 

PHI falling edge (of first TWA state) to /IORO falling edge 
(Interrupt Acknowledge cycle): Same as parameter 
#28 (tloo"Case 10C=1). 

PHI rising edge to /Ml rising edge (Interrupt Acknowl­
edge cycle): Same as parameter #14 (~m2)' 

PHI falling edge to /IORO rising edge (Interrupt Ac­
knowledge cycle): Same as parameter #29 (tI002)' 



Q: What about the bus status during the access to the on­
chip peripherals? 

A: During I/O access to the on-chip peripherals, 

I/O read: 

I/O write: 

Data bus - Hi-Z 
Address bus: holds the I/O address 

Data bus - Data to be written 
Address bus: Holds the I/O address 

Q: During sleep or bus release mode, is it possible to extend 
the E signal pulse width by inserting wait states? 

A: No. during sleep or bus release mode, the CPU won't 
sample the status of /WAIT input (cannot extend the 
cycle). 

Q: What is the timing of E output during -DMA, -Refresh, 
-1/0 cycle? 

A: For refresh cycle, E output will be held low. For DMA and 
I/O cycle, E timing is identical to the CPU cycle. Thus: 

E is active during ... 
Memory R/W: T2 rising edge to T3 falling edge. 
I/O read: 1st Tw rising edge to T3 falling edge. 
I/O write: 1 st Tw rising edge to T3 falling edge. 

Q: Does the Z180 sample the data at the different pOints 
during memory read and op-code fetch cycles, as the 
Z80 CPU does? 

A: Yes. The data is sampled on the rising edge ofT3 during 
op-code fetch cycles, falling edge of T3 for memory 
read cycles. 

WAIT STATES 

Q: When using automatic wait state generator, does the 
Z180 sample external !WAIT state before automatic 
wait state insertion, or after? 

A: External /WAIT status will be sampled alter the auto­
matic wait state insertion. 

Q: Is it possible to insert wait state(s) into a refresh cycle by 
!WAIT input? 

A: No. WAIT is not sampled during refresh cycle. However, 
Z180 has a capability to insert "soltware" wait state into 
refresh cycle by setting REFW (Bit 06) of RCR register 
to 1. 

Q: Is the automatic wait state during 1/0 cycle removable? 
A: No. 

Q: When accessing on-chip peripherals, it seems that 
required access time varies case by case. Why? 

A: When accessing on-chip peripherals (ASCI, CSI/O, PRT 
data registers), zero to four wait states are automati­
cally inserted depending on the status of CPU and 
peripherals. In those cases, the value set in DAM/WAIT 
control register is ignored. 

RESET 

Q: How is the power-on reset sequence performed? 

A: The power-on reset sequence is as follows. 

I ~. --~.~ Restart 

Op-Code Fetch 

RESET 

Address 

Control 

Signals 

E 

Reset State T 1 T 2 T 3 

more than 6 clock cycles 

High Impedance 

________________________ -J~I (~ ___ OO_O_O_OH ______________ __ 

Restart Address 

_____ -----JI \~---
\ 

Note that /RESET pin should be asserted low for at least 6 clock cycles to perform power-on reset correctly. 
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POWER SAVE MODES 

Q: How to exit from SYSTEM STOP mode, and what is the 
CPU's response after exiting this mode? 

A: /NMI, /INT (external) or RESET is necessary to exit from 
SYSTEM STOP mode. If receiving RESET, normal RE­
SET sequence takes place. In case of /NMI, /NMI 
sequence takes place. In case of external /INT: 

If interrupt is globally disabled (IEFl =0): 
CPU will execute the instruction following the SLEEP 
instruction .. 

If interrupt is globally enabled (IEF1=1): 
Appropriate normal interrupt response sequence 
will be performed. 

Except for RESET, I/O STOP mode is maintained until 
the I/O stop bit is cleared to 0 after exiting from SYSTEM 
STOP MODE. 

Q: During SLEEP mode, when is the CPU sampling the 
status of INT line? 

A: The CPU starts to sample the status of INT line on the 
falling edge of the 1.5 clock cycles after entering the 
SLEEP mode. When CPU samples INT as active, 1.5 
clock cycles later CPU will wake up from SLEEP mode. 

Interrupt can be 
Sampled 

o 

Interrupt 

SLP 
Instruction 
Cycle 

T 3 

Sleep 

f~ 
T 1 

10 

rl 
T 2 T S 

I 

I 
I 

-' 

T S 

1.50 

Interrupt Acknowledge 

I 
Cycle 

"·4 

T 1 T 2 

Q: What is the status of the bus during SLEEP mode? A: If an interrupt is received during a SLP instruction, /HAL T 
is asserted low for one clock cycle and the address bus 
is set to all ones, and is then followed by an interrupt 
acknowledge cycle, as shown below. 

A: AO-A 19 are all one, /HAL T stays low, and /MREQ, /Ml, 
/RD stay high. 

Q: What happens if an interrupt is received during the 
execution of the Sleep (SLP) instruction? 

Fetch Cycle 
Sleep Mode 

SLP .1. .1. 

o 

Interrupt u I 

I I 

Interrupt Acknowledge Cycle 

HALT ~~-------------
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Address 

SLP 

I I 
_______ 2n_d_o __ pcod ___ e_A_d_dr_e_ss ____ ~~~ ___ N_e_x_tA_d_d_re_s_s ______________ _ 



TRAP 

Q: What happens if another trap condition (detecting unde­
fined op-code) occurs before clearing the TRAP bit of 
the ITC register? 

A: You will have another TRAP. If the trap handling routine 
causes a TRAP it will probably get into an infinity loop, 
and crash. For this case, the TRAP bit remains 1 and the 
UFO bit shows the status for the previous TRAP, since 
the status of the UFO bit cannot be changed while 
TRAP=1. 

Q: What is the purpose of the UFO bit? 

A: UFO bit shows weather TRAP occurred during 2nd op­
code fetch cycle or 3rd. If it is zero, TRAP has occurred 
in the 2nd op-code fetch cycle and the PC value 
pushed onto the stack is, 1 stop-code address + 1. And 
if it is one, TRAP has occurred in the 3rd op-code fetch 
cycle and the PC value pushed onto the stack is, 1 st op­
code address +2. All hex numbers for first op-code on 
Z180 are allocated for instructions, so TRAP won't 
happen on 1st op-code. 

Q: How do you determine the op-code address which 
caused TRAP using the UFO bit? 

A: Upon TRAP, the PC value pushed onto the stack for the 
address of the instruction which caused TRAP is: 

Instruction start address = 
(value on the stack) -1 when UFO=O 

Instruction start address = 
(value on the stack) -2 when UFO=1 

DMA 

So that you can determine the starting address for the 
instruction which caused the TRAP. 

NMIANDINT 

Q: Are the addresses of interrupt vectors treated as physi­
cal addresses or logical addresses? 

A: Z180 always treats those addresses as Logical ad­
dresses. So if you enabled the MMU, care must be 
taken. 

I·lere is one suggestion: If you can make the vector 
table in Common Area 0, the physical address is the 
same as the Logical address, which helps. 

Q: What happens if an interrupt is received during an on­
Chip DMA operation? 

A: If it is an INMI, DMA operations will stop and an INMI 
acknowledge cycle will be initiated. If it is liNT or 
interrupt from on-chip peripherals: 

CPU 

During Mem-Mem burst mode transfer, the interrupt is 
just ignored. 

During Mem-Mem cycle steal mode of operation, inter­
rupt acknowledge cycle is initiated between DMA 
cycles (See following figure). 

DMA 

DMARead DMAWrite Interrupt 
Acknowledge 

DMARead DMAWrite 

Q: For interrupt mode 2, shall I set bit DO of interrupt vector 
to 0, as Z80 requires? 

A: Yes. However, the Z180 works correctly even if bit DO of 
the interrupt vector is 1. 

Q: Is INMI acknowledged during an interrupt acknowledge 
cycle? 

A: Yes. one instruction (except EI and 01 instruction) is 
executed after liNT acknowledge cycle, then the INMI 
acknowledge cycle starts. It is also the same for INMI 
received during INMI acknowledge cycle. 

Q: Are INMI or lINT acknowledged immediately after RE­
SET? 

A: No. INMI and liNT are disabled for three clock cycles 
immediately after RESET (power on reset). After those 
three cycles, the instruction is executed (from OOOOh) 
and then interrupt is enabled. Note that INMI status is 
latched internally right after the power on reset cycle. 

Q: Is an interrupt (/NMI or lINT) acknowledged during a 
refresh cycle? 

A: INMI status will be latched internally if INMI occurs 
during the refresh cycle. When current instruction ex­
ecution is completed, the following cycle will be an I 
NMI acknowledge cycle. liNT status is not sampled 
during a refresh cycle, and it will be sampled during the 
following instruction execution cycle. 
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NMI AND INT(Continued) 

0: I have an INMI input with a pulse width of a couple of 
hundred nS. Can it be accepted? 

A: The /NMI input will be accepted as long as you can 
satisfy the /NMI pulse width specification (120nS min), 
since /NMI is edge triggered input and its status is 
latched internally. 

0: Duringthe execution of EI instruction, can an interrupt be 
acknowledged? 

A: No. During execution of an EI instruction, interrupt is not 
sampled. So if interrupt (Maskable interrupt) goes 
active during the instruction just before an EI instruc­
tion, or during EI instruction, it will be acknowledged 
during the following instruction. 

0: When does the Z180 sample an interrupt status? 

A: The Z180 samples an interrupt status at the falling edge 
of PHI one cycle prior to ttle last machine cycle of each 
instruction (excluding EI instruction). 
Also, the status of the internal /NMllatch is sampled at 
the same time. 

0: During execution of block transfer instructions, doesn't 
the Z180 sample an interrupt status until the end of block 
transfer? 

A: No. The Z180 checks the status of interrupt at the end 
of every sequence, as shown below. Note that if you 
accept interrupt during block transfer, your interrupt 
service routine will not destroy the contents of registers 
in order to resume from the interrupt correctly (save the 
registers using EX/EX X instructions at tile beginning of 
interrupt service routine). 

(n-1)th Byte Transfer 
Cycle n th Byte Transfer Cycfe 

Interrupt 
Acknowledge Cycle 

Interrupt 

0: During interrupt ModeO, if a call instruction is put onto the 
bus during the interrupt acknowledge cycle, software 
won't return the correct address. Why? 

A: The PC value pushed onto the stack during the interrupt 
acknowledge cycle is the PC value for the next instruc­
tion if the instruction putonto the bus is the RST (restart) 
instruction (one byte instruction). 

However, call instruction is a three byte instruction and 
the return address pushed onto the stack by that Call 
instruction will be the PC value plus two (PC value stays 
the same during interrupt acknowledge cycle, and 
incremented by two during operand fetch for jump 
address). So at the end of the interrupt service routine, 
you need to decrement the return address pushed onto 
stack by two. 

0: What happens if there is INMI going active and at the 
same time (or just before) IDREOn is also going active 
when using DMA with IDREOn input? 

A: The inputon /DREOn is ignored. To restart DMA, please 
refer to previous O&A. 

0: When interrupts from on-Chip peripherals are sampled, 
is it the same as the external interrupts? 

A: Yes. Interrupt status is sampled on the falling edgeofT2 
or T1 cycle of tile last machine cycle of the instruction. 
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Interrupt Sampling 

Q: Is there any way to connect 8259 (interrupt controller) 
under mode 0 interrupt? 

A: When using Mode 0 interrupt, which is "8080 compat­
ible interrupt mode", there is one imporlani point, which 
is "concern about the INTA pulse". 

Mode 0 is the mode which maintains the "software 
compatibility" with the 8080. That means in this mode, 
during the INTACK cycle, the l180 fetches the data on 
tile bus as an "instruction" and executes it, like the 
8080. 

However, from the hardware stand point, it is not true. 
Because the 8080 generates three INTA pulses during 
the interrupt acknowledge cycle, while the Z 180 gener­
ates only one INTACK signal (which can be decoded 
from /M1 and /RD). 

This system works fine if you are not using the 8259 and 
put "RST" (restart) instruction onto the bus during tile 
Interrupt acknowledge cycle'which is a one byte in­
struction. However, if you want to use the 8259 with the 
Z180, you'll have a problem, which is: 

The 8259 requires three INTA pulses but the Z180 
generates only one INTACK cycle. 



The best way to solve the problem is to "simulate an 
8080 interrupt acknowledge cycle" - generating a total 
of three "INTA" pulses for 8259 upon the Z180's inter­
rupt acknowledge cycle by external logic. 

The following figure is one example of the implementa­
tion. This circuit works as follows (Assume that the 
instruction sent by the 8259 was a "CALL" instruction). 
On interrupt acknowledge cycle, a decoded INTA 
signal is sent out as an INT A pulse for the 8259 and at 
the same time, sets the LS74 to indicate that the 
interrupt acknowledge cycle is started. 

'LS32 

On the following memory read cycle of the jump ad­
dress for the call instruction, this circuit generates two 
additionallNTA pulses for the 8259 and also masks off 
the read signal for the memory to avoid bus contention 
problems. 

On the following write cycle, (WR signal resets the LS74 
to indicate that the interrupt acknowledge cycle is 
completed. 

By using this circuit, you can use the 8259 with the 
Z180. 

'LSOB 

INTA 
(B259) 

Z1BO D 0r-;--r------------~2C 

'LS74 

Q 0.+-....... -------------1 1C 

MEMW 

lOR 
CL 

MREO ~+---------------~----~------------__;2G 
IORO r-~--------------~----~------------~TG 

RD r-----------------~--~~------------~ B 
WR A 

'LSOB 

MMU 

Q: When does the effect take place after changing the 
contents of MMU related registers? 

A: From the instruction following the I/O write instruction to 
the register. 

Q: What happens if the MMU base register is programmed 
to exceed 512K (64-pin DIP) or 1 M Bytes (6S-pin PLCCI 
SO-pin QFP) of physical addressing space? 

A: 64-pin DIP version -
When "calculated address" is above 7FFFFH, carry 
bit and MSB are just ignored (A 19 and carry from 
A 19). That means the address wraps around to 
OOOOOH. 

'LS155 

68-pin PLCC/80-pin QFP version -
When "calculated address" is above FFFFFH, carry 
bit is just ignored (carry from A 19). That means the 
address wraps around to OOOOOH. 

Q: Can I have a Common Area 1 and Bank Area (or, 
Common Area 0 and Bank Area) overlapped by pro­
gramming associated MMU registers? 

A: Yes. You can have overlapped areas by programming 
MMU Common Base/Bank Base registers (See figure 
on next page). 
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MMU (Continued) 
Physical Address Space 

Logical Address Space 

FFFFH 1EFFFH 

Common1 H Common Base ~ 
Area Registar OFH 1 CFFFH } Overlapped 

COOOH 1 BOOOH Area 

Bank H BankBase r Area Registar 11 H 15000H 

4000H 

CommonO 
Area 

OOOOH I 

DMA CHANNELS 

a: What happens if an NMI occurs during a DMA cycle? 
A: When the OMA cycle is completed, the CPU gains 

I I 

control. The OME (OMA enable) bit of that OMA channel 
is reset to Zero. 

T 1 T 2 T 3 T 1 T 2 T 3 T 1 

o 

NMI I 

I DME bit is reset to '0' then 
I DMA operation will stop CPU cycle . 

I I I (DMA operation 
r---DMA Read Cycie -r-DMA Write Cycle _,is halted) 

To restart OMA after the INMI processing, DE (OEO or 
DE 1) bit should be set to 1 along with DME bit to 1. 

Here is an example to restart OMAO. 

LD A,Ol100011B ;OEO=lwithOME=l,/OWE=O 
aUTO (30H),A ;Write out to OSTAT reg. 

a: What is the purpose of the IDWE bit in the DST AT 
register? 

A: To set/reset the OEO or DEl bit in OSTAT register, you 
also have to set the corresponding IDWEO or lOWE 1 bit 
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to 1. This scheme allows changing the status of the DEO 
or DEl bit without affecting the operation of the other 
OMA channel. 

a: When DMAO is used for data transfer from/to on-chip 
ASCI, does it accept the request from DREaO input? 

A: When OMAO is used for data transfer for an intemal 
peripheral (ASCI Tx or Rx data), external input on I 
DREQO is ignored. When using IDREQO input for DMA 
request from an off-chip peripheral, both bits of SAR 171 
16 or OAR17/16 should be cleared to zero. 



Q: When using DMAO for ASCI data transfer, what value 
shall I program into SARO (DMAO Source Address 
Register) or DARO (DMAO Destination Address Regis­
ter)? 

A: You have to program SARO or DARO as follows: 

For Receive data transfer: 

Set SAROL (I/O address 20H) to: 
08H for ASCIO receive data 
09H for ASCI1 receive data 

Set SAROH (I/O address 21 H) to OOH 

Set SAROB (I/O address 22H) to: 
01 H for ASCIO receive data 
02H for ASCI1 receive data 

For Transmit data transfer: 

Set DAROL (I/O address 23H) to: 
06H for ASCIO transmit data 
07H for ASCI1 transmit data 

Set DAROH (I/O address 24H) to OOH 

Set DAROB (I/O address 25H) to: 
01H for ASCIO transmit data 
02H for ASCI1 transmit data 

Q: For the DMA transfer from/to ASCI channels, does it 
require A15-A8 of SAR or DAR equal to OOH? 

A: Yes. Those bits have to be zero for ASCI data transfer. 
If the value is not zero, the access by DMA is not going 
to ASCI registers but will try to access off-chip I/O 
devices. The result is ASCI will continue to request 
DMA service (Request status would not be cleared). 

Q: I'm trying to transfer ASCI receive data using on-chip 
DMA. But after enabling the DMA channel, it won't 
transfer the data. Why? 

A: Please check whether ASCI has already received data 
wtlen enabling the DMA channel. If ASCI already has 

data (RDRF flag= 1), DMA won't start the data transfer. 
For lilat case, before enabling DMA channel, read TSR 
register to reset the RDRF flag. 

Remember that you cannot use "Level sense mode" for 
ASCI data transfer. 

Q: Can I transfer the memory data using DMA and using 
logical address? 

A: No, you can't. You have to know the physical address for 
the target memory as well as the CommonO/Bank/ 
Common1 address assignments.You may need to cal­
culate the "physical address" using the value in MMU 
related registers - BBR, CBR and CBAR. 

Another solution might be using Z180's "Block transfer 
instructions". For this case, you don't tlave to know the 
physical address for the target memory. 

Q: I want to transfer the data from a memory mapped I/O 
device (Fixed address) to one of the peripherals as­
Signed to an I/O address. Can I do that? 

A: No. The following source/destination combinations are 
NOT allowed. 

Memory (Fixed address) to Memory 
(Fixed address). 

Memory (Fixed address) to I/O (Fixed address). 

I/O(Fixed address) to I/O(Fixed address). 

With the memory mapped I/O device (Fixed address), 
you can transfer data from/to Memory (variable ad­
dress). 

Q: When using on-Chip DMA for Z80 SIO Tx data transfers 
with level sense mode, sometimes Tx data is missed (It 
has "extra DMA cycle"). Why, and are there any work­
arounds for this situation? 

A: The reason for "extra DMA cycles" is the timing wilen 
DMA samples the DREO status and the timing when 
SIO negates the DREO signal. (See next page) 
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I" OMA Read Cycle .. I .. OMA Write Cycle 

o 

I I I 
Additional 

,OMAcYcie 

----~IX~ ______ ~IX IX 
I - I "-------,,--------:'1 '-------

Address 

1\ Y 
I I 

OREQ 
I 

(ROY-Z80SIO Output Signal) + __ I 
OREQ Signal is Sampled. 

(If OREQ signal is not negated at this 
point, an additional OMA cycle starts.) 

Here are possible workarounds. 
1) Program DMA to edge sense mode. 
2) Put in one wait state for the I/O write cycle. 
3) /DREQ signal masked by the Chip enable signal 

of the Z80 SIO. 

ASCI CHANNELS 

Q: Are there any ways to send BREAK via software com­
mand? 

A: No. ASCI doesn't have any software commands to send 

Q: How to calculate baud rate? 

A: Use the following formula to calculate. 

Baud rate = System Clock Speed 
(Clock factor) X (PS bit) X (Divide ratio) 

Where: Clock factor - 16 or 64 
PSbit -10or30 
SSO-SS2 - 1, 2, 4, 8, 16, 32 or 64 
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Q:Which OMA channel has higher priority? 

A:DMA Channel 0 has higher priority. 

a break. One possible way to send a break is to ulilize 
the unused modem control signal of the Z180, or using 
an output port bit and connect as follows: 

~ I RTSo\ V 

User 
System 

Port 

T ' X 

. Q: I could not send data since TORE always reads zero. 
Why? 

A: Please check the /CTS line status. TDRE is qualified by 
the status of the /CTS line. If /CTS stays high, the TORE 
bit is zero. Transmit interrupt is generated by the TDRE 
bit, so with /CTS high, you won't receive transmit 
interrupt if you enabled the interrupt. 



Q: What happens if ICTS goes inactive at the middle of the 
data transmission ? 

A: The character being sent out will be sent completely. 

Q: When reading the status of IDCDO found in STATO, the 
status is still one but the real status of the lOCO pin has 
already changed to zero. How and why is this? 

A: The IDCDO bit in the status register is reflecting the 
status of the IDCDO pin. The low to high change on this 
pin updates the status of the IDCDO bit right away. But 
if the change on the IDCDO pin is high to low then the 
bit will remain the same until this bit is read (to change 
its status). The reason for this scheme is to serve the 
interrupt for lOCO correctly. If it changes its status at 
both transitions, and if there is an interrupt from ASCIO 
before the service for lOCO, the status of lOCO would 
be lost. 

Internal clock 
o 

External clock 
Ic ~ 0+40 

TIMER 

-
Band rate 
selector f--

+1 -+64 

Q: Does timer (PRT) Channel 0 have a timer output? 

A: No. If you need to have timer output, you have to use PRT 
channel 1 and use TOUT. 

Note that TOUT pin is multiplexed with A18, so if you 
want to have TOUT, you need to consider physical 
memory aSSignments (For this case, physical memory 
space is half size). 

Q: Can I use PRT channel(s) to count external events (as 
counter)? 

A: No. PRT's input is always PHI divided by 20 (Works as 
timer only). 

Q: I'm using timer for generating PWM pulses. Sometime I 
cannot get the desired pulse width for a cycle. Why? 

Q: What is the maximum baud rate for ASCI channels? 
A: When using the internal clock for baud rate generation, 

it is: 

BRGmax = PHI/(1X10X16) 
Where: 1 is divider value, 10 is prescalor value, 

and 16 is sampling rate. 

When using the external clock, clock frequency on the 
external clock input is limited up to PHI/40, so: 

BRGmax = PHI/(40X16) 
Where: 16 is sampling rate. 

Q: When using the external clock for baud rate generation, 
can I use the on-chip clock divider/prescalor? 

A: No. When using external clock input, tt18 on-chip clock 
divider/prescalor is skipped. 

Sampling rate Prescalor -,-- ~ +16/+30 +161 +64 

A: When you modify RLDR (Timer Reload Register), make 
sure the write transactions (write 2 bytes; RLDRL then 
followed by RLDRH) start just after TOR (Timer Data 
Register) reachs OOOOH, and complete before reach­
ing 00001-1 again. If reload condition occurs in the 
middle of these two writes, the Timer loads "Old" 
RLDRH and "New" RLDRL values. 

Q: What happens to the Timer after resuming IOSTOP 
mode if IOSTOP mode is entered during operation? 

A: The timer will hold current settings and values. and 
resume operation from the point when IOSTOP mode 
was entered. 
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March 1992 

ZILOG see 
Z8030/z8530 
QUESTIONS AND ANSWERS 

This document contains the most commonly asked questions about the Zilog sec. 
They are divided into five sections: 

• Hardware Considerations 
• Interrupts and Polling 
• Asynchronous Mode 

HARDWARE CONSIDERATIONS 

This section includes questions and answers on the hard­
ware interface, the clocks, the FIFO, special modes (Local 
Loopback, DPLL, Manchester), and internal timing con­
sideration. 

Hardware (Includes DMA Interface) 

Q. What is the SCC transistor count? 
A. Approximately 6000 gates, or 18,000 transistors. 

Q. What is the difference between the Z8030 
and the Z8530? 

A. The Z8030 and Z8530 are packaged from the same 
die. The multiplexed bus (Z8030) or non-multiplexed 
bus (Z8530) version of the chip is selected at packag­
ing time bY'an internal bonding option. 

Q. Can lAS be active only when the Z8030 is being 
accessed and High aI/ other times? 

A. Since the interrupt pending bits (IPs) are updated on 
address strobes, interrupts will not occur unless lAS is 
continuous. 

Q. How do IWR and ICE interact on the Z8530? 
A. IWR and ICE are ANDed to enable a transparent latch. 

Data is latched on the falling edge when both ICE and 
IWR go Low. 

Q. How many register pointers does the Z8530 have? 
A. Tile SCC has only one register pointer for both chan­

nels. The SIO (Z844X) has two, one for each channel. 

• Synchronous Mode 
• Miscellaneous Questions 

Q. Do you have to write to the painter with the Z8530 
to access WRO or RRO? 

A. No. Both registers are accessed automatically without 
first writing to the pOinter. 

Q. Does ICE (ICS) have to be High during an interrupt 
acknowledge cycle? 

A. No. 

Q. Does the SCC support full duplex DMA? 
A. The SCC allows full duplex DMA transfers by using the 

DTR/REQ and W/REQ as two separate DMA control 
lines for transmit request and receive request on each 
channel. 

Q. When using full duplex DMA, how do you program 
WIREQ? 

A. W/REQ should be programmed for receive and 
DTR/REQ pin should be programmed for transmit. 

Q. Can both channels make simultaneous DMA 
requests? 

A. Yes. 

Q. Do you have to reset the SCC in hardware? 
A. No. A software reset is the same as a hardware reset, 

(WR9 CO). It also does not matter whether the Z8030 
is in shift right or shift left mode because the address 
is the same in either. 
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Hardware (Includes DMA Interface) 

Q. Do you need to clear the reset bit in WRO after a 
software reset? 

A. The reset is clocked with PCLK; so it must be active 
during reset. 

Q. How long after a hardware reset should you wait 
before programming the SCC. 

A. Four PCLKs. 

Clocks 

Q. Does PCLK have to have a 50% duty cycle? 
A. The duty cycle doesn't have to be 50% as long as the 

minimum specification is met. 

Q. Can the SCC PCLK be stretched? 
A. Yes, as long as the pertinent specification is met. 

However, this could cause a problem if PCLK is used 
to generate the bit rate. 

Q. The bit rate generator is driven from what sources? 
A. It may be driven from the RTxC pin or PCLK, or from a 

crystal. 

Q. How do you connect a bit rate crystal to the SCC? 
. A. A crystal can be connected between RTxC and SYNC 

to supply the clock if the SCC is programmed for WR11 
07-1. 

Q. What is the crystal specification? 
A. It is a fundamental, parallel resonant crystal. For 

further details see the "Design Considerations Using 
Quartz Crystals with Zilog's Components" Application 
Note. 

Q. Can RTxC on both channels be driven from the 
same crystal. 

A. No. A separate crystal should be used for each chan­
nel. The crystal should be connected between 
/SYNC and RTxC of the respective channels. The 
alternate solution may be to use crystill on one channel 
and reflect the clock out of the TRxC output and feed 
it into another channel. 
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Q. Why does the SCC initialization require that the 
External Status Interrupts be reset twice? 

A. Because of the possibility of noise causing an interrupt 
pending bit (IP) to be set. The second reset guaran­
tees that the latch is clear. If the latch is closed high 
and the external signal is low, the first reset will open 
the latch at the high-to-Iow transition causing an inter­
rupt. 

Q. How do you select a crystal frequency? 
A. Time constant: (Clock Frequency/2 x Bit rate x clock 

faclor) - 2 (1I1e see Teelmieal Mallual assumed a 
clock factor of one in the formula). Two examples are 
given below: 

For PCLK = 3.6864 MHz For PCLK = 3.9936 MHz 
Bit Rate TC Error Bit Rate TC Error 

38400 46 19200 102 
19200 94 9600 206 
9600 190 7200 275 12% 
7200 254 4800 414 
4800 382 3600 553 .06% 
3600 510 2400 830 
2400 766 2000 996 .04% 
1200 1534 1800 1107 .03% 

1200 1662 
600 3326 
300 6654 
150 13310 

134.5 14844 .0007% 
110 18151 .0015% 
75 26622 
50 39934 



Q. Why are there different Clock factors? 
A. These clock factors enable the SCC to sample the 

center of the data cell. In thE! 16x mode, the SCC 
divides the bit cell into 16 counts and samples on 
count 8. Clock factors are generally only used with 
Asynchronous modes. 

Q. How is the error in the receive/transmit clock 
reduced? 

A. The ideal way to reduce tilis error is by adjusting the 
crystal frequency such that only an integer value of TC 
is yielded when the equation is used. 

Q. What are the maximum transfer rates? 
A. The following table shows ttle PCLK rates (in bps). 

4MHz 6MHz 8 MHz 10 MHz 16 MHz 20 MHz 

Asynchronous mode: 
External clock 

6x mode (no BRG) 
BRG 

250K 375K 500K 635K 1M 1.25M 

16x mode (TX + 0) 62.5K 93.75K 125K 156.5K 250K 312.5K 

Synchronous mode: 
Using external clock 
Using DPLL, FM encoding 
Using DPLL, MRZ/NRZI encoding 
Using DPLL, FM, BRG 
Using DPLL, NRZ/NRZI, BRG 

1M 
250K 
125K 

62.5K 
32.25K 

1.5M 
375K 

187.5K 
93.75K 
46.88K 

2M 
500K 
250K 
125K 

62.5K 

2.5M 4M 5M 
625K 1M 1.25M 

312.5K 500K 6251< 
15625K 250K 312.5K 
78.125K 125K 156.25K 

Q. Can the maximum transfer rate using an external 
clock be achieved? 

A. Yes, but it is not trivial. In order to achieve the 
maximum rate on transmit, tile SCC should have a 
dedicated processor or DMA. For example, ata 1 MHz 
rate, a byte must be loaded into the SCC every 8 

FIFO 

Q. How do you avoid an overrun in the received FIFO? 
A. The receive buffer must be read before the recently 

received data character on the serial input is shifted 
into the receive data FIFO. This FIFO is three bytes 
deep. Thus, if the buffer is not read, the fifth character 
just arrived causes an overrun condition. There is no 
bit that can be set or reset to disable the buffering. 

Q. What happens when you read an empty FIFO? 
A. You read the last character in the buffer. 

microseconds. To achieve the maximum rate on re­
ceive, requires that the receive clock and the SCC 
PCLK be synchronized. (RTxC to PCLK setup time at 
maximum rate in the Product Specification.) It is 
probably easier to use a slightly faster PCLK SCC, or 
back off slightly from the maximum rate. 

Q. When the FIFO gets locked due to an error condi­
tion, can it still receive? 

A. The SCC continues to receive until an overrun occurs. 

Q. Assuming that there are characters available in the 
FIFO, what happens to them if the receiver goes 
into the hunt mode? 

A. They will remain in the FIFO until they are either read 
by the CPU or DMA, or until the channel is reset. 
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Special Modes 
(Local, Loopback, DPLL, Manchester) 

Q Howarethe Local, Loopback, and Auto Echo modes 
implemented? 

A. The TxD and RxD pins are connected through drivers. 
If both modes are simultaneously enabled, then Auto 
Echo overrides. 

Q. Can the SCC transmit when the Auto Echo mode is 
enabled? 

A. No, the transmitter is logically disconnected from the 
TxD pin. 

Q. Can the Digital Phase Lock Loop (DPLL) be used 
withNRZ? 

A. The DPLL simply generates the receive clock which is 
the same for both NRZ and NRZI. 

Q. Do you have to use the DPLL with NRZI and FM 
encoding? 

A. If the DPLL is not used, a properly phased external 
clock must be supplied. 

Q. What is the error tolerance for the DPLL ? 
A. The DPLL can only tolerate a + or - 1/32 deviation in 

frequency, or about 3%. 

INTERNAL TIMING 

Q. When does data transfer from ihe iransmit buffer to 
the shift register? 

A. About 3 PCLK's after the last bit is shifted out. 

Q. How long does it take for a write operation to get to 
the transmit buffer? 

A. It takes about5 PCLK's for the data to getto the buffer. 

Q. What is Vaiid Access Recovery Time? 
A. Since WR/ and RD/ (AS/ and DS/ on the Z8030) have 

no phase relationship with PCLK, the circuitry gener­
ating these internal control signals must provide time 
formetastable conditions to disappear. This gives rise 
to a recovery time related to PCLK. 

Q. How long is Valid Access Recovery Time? 
A. On the current device from Zilog introduced in 1986, 

the recovery time is 4 PCLK's. Earlier SCC's required 
6 PCLK's plus some additional nanoseconds. 
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Q. Can you receive and transmit between two chan­
nels on the same SCC using the DPLL to generate 
both the transmit and receive clocks? 

A. To transmit and receive using the sarne clock, you 
need to divide the transmit clock by 16 or 32 to be the 
same rate for transmitting and receiving, because the 
DPLL requires a divide-by-16 or -32 on the receiver, 
depending on the encoding. An external divide-by-16 
or -32 is required, and can be connected by outpour­
ing the bit rate generator on the /TRxC pin, through the 
external divide circuit, and back in the /RTxC pin as an 
input to the transmitter. 

Q. How fast will Manchester be decoded? 
A. The SCC can decode Manchester data by using the 

DPLL in the FM mode and programming the receiver 
. for NRZ data. Hence, the 125K bit/s is the maximum 
rate for decoding at 8M Hz SCC. A circuit for encoding 
Manchester is available from Zilog. 

Q. When will the Time Constant be loaded into the 
BRG counter? 

A. After a S/W reset or a Zero Count is reached. 

Q. How to run NRZ data using the DPLL ? 
A. Use NRZI for DPLL (WR14) but set to NRZ (WR10). 

Q. Why does the Z8030 require that the PCLK be "at 
least 90% of the CPU clock frequency for Z8000?" 

A. If the clocks are within 90%, then the setup and hold 
times will be met. Otherwise, the setup and hold times 
must be met by the user. 

Q. Does Valid Access Recovery Time apply to aI/ 
successive accesses to the SCC? 

A. Any access to the SCC requires tllat the recovery time 
be observed before a new access. Ttlis includes 
reading several bytes from the receive FIFO, access­
ing separate bytes on two different channels, etc. 
When using DMA or block transfer methods, the re­
covery time must be considered. 



Q. Do the DMA request and wait lines on the SCC take 
the Valid Access Recovery time into account be­
fore they make a request? 

A. No, they are not that intelligent. The user must take this 
into account, and program the OMA accordingly. For 
example, be inserting wait states during the memory 
access between SCC accesses, which will lengthen 
the time in between SCC accesses, or by requiring the 
OMA to release the bus between accesses to the SCC, 
to prevent simultaneous data requests from two chan­
nels from violating the recovery time. 

Q. What happens if Valid Access Recovery Time is 
violated? 

A. Invalid data can result. 

INTERRUPT CONSIDERATIONS 

Q. What conditions must exist for the SCC to generate 
an interrupt request? 

A. Interrupts must be enabled (MIE = 1 and IE = 1). The 
Interrupt Enable Input (lEI) must be high. The interrupt 
pending bit (IP) must be set and its interrupt under 
service bit (IUS) must be reset. No interrupt acknowl-
edge cycle may be active. 

Q. How can the IINTACK signal be synchronized with 
PCLK? 

A. /INTACK needs to be synchronized with PCLK. This 
can be accomplished by changing /INTACK only on 
the falling edge of PCLK by using a 0 flip-flop that is 
clocked with the inverted PCLK. 

Q. Is ICE required during an Interrupt Acknowledge 
cycle? 

A. No. 

Q. How long does liNT stay active low when request-
ing an interrupt? 

A. If the SCC is operated in a polled mode, the /INT will 
remain active until the IP bit is reset. For an interrupt 
acknowledge cycle, the /INT will go inactive shortly 
after the falling edge of /RO or /OS when the IUS bit is 
set. 

Q. Can you use the SCC without a hardware interrupt 
acknowledge? 

A. Yes. If you are not using the hardware daisy chain, you 
don't need to give an interrupt acknowledge. Tie the 
in tack pin high, enable interrupts, and on responding 
to an interrupt, check RR3 for the cause, and special 
receive conditions if you are in receive mode. The 
internal daisy-chain settling time must still be met. (lEI 
to lEO delay time specification.) 

Q. Does Valid Access Recovery Time affect the inter­
rupt acknowledge cycle? 

A. No. The interrupt vector is put on the bus by the SCC 
during the interrupt acknowledge cycle, but does not 
require any recovery time. 

Q. Why can some systems violate the recovery time 
by 1 or 2 PCLK's without affecting the data to the 
SCC? 

A. This violation mayor may not matter to the SCC. This 
phase relationship between PCLK, /RO, /WR, (lAS, /OS 
for Z8030) can by ASYNC. The SCC requires some 
time internally to synchronize these signals. The elec­
trical specs for the SCC indicate a recovery time, 
which is the worst case maximum. 

Q. How do you acknowledge an interrupt without a 
hardware interrupt acknowledge? 

A. Reset the responsible interrupt pending bit (IP). The 
/INT line follows the IP bit. 

Q. When are the IP bits cleared? 
A. A transmitter empty IP is cleared by writing to the data 

register. A receive character available IP is cleared by 
reading the data register. The external/status interrupt 
IP is cleared by the command Reset Ext/Status Inter-
rupts. 

Q. Can the IP bits be set while the SCC is servicing 
other interrupts? 

A. Yes. If the interrupting condition has a higher priority 
than the interrupt currently being serviced, it causes 
another interrupt, thus nesting the interrupt services. 

Q. Can the IUS bits be accessed? 
A. No. They are not accessible. 

Q. When do IUS bits get set? 
A. The IUS bits are set during an interrupt acknowledge 

cycle on the falling edge or /RO or /OS. 

Q. How do you reset interrupts on the SCC? 
A. The interrupt under service bit (IUS) can be reset by 

the command "Reset Highest IUS" or 38 Hex to WRO. 
Reset Highest IUS should be the last command issued 
in the interrupt service routine. 

Q. Why is the interrupt daisy chain settle time re-
quired? 

A. This mechanism allows the peripheral with the higtlest 
priority interrupt pending in the hardware interrupt 
daisy chain to have its interrupt serviced. 
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INTERRUPT CONSIDERATIONS (Continued) 

Q. Is there still a settle time if the peripherals are not 
chained? Q. What conditions cause the transmit IP to be set? 

A. Even if only one SCC is used, there still is a minimum A. Either the buffer is empty, or the flag after CRC is being 
daisy-chain settle time due to the internal chain. loaded. 

Q. How should the vectors be read when utilizing the Q. How do you tell if you have a Zero Count (ZC) 
/INTACK? interrupt? 

A. IINTACK should be tied to 5 volts through a register. A. This bit is not latched like the other externallP bits. If 
Erroneous reads can result from a floating INTACK. an external interrupt occurs and none of the other IP 
The interrupt vectors can be read after an interrupt bits have changed since the last ext/status interrupt. 
from RR2. then the ZC condition caused it. A ZC interrupt will not 

be generated if there are olller ext/status (IP) pending. 
Q. How is the vector register different from the other The ZC stays active for each time only when the count 

registers? reached zero, approximately two PCLK time periods. 
A. The vector register is shared between both channels. 

The Write register can be accessed from either chan- Q. How do you poll the bits in RR3A? 
nel. Reading "Read Register 2" on Channel A (RR2A) A. Enable interrupts in WR1 and disable MIE before 
returns the unmodified vector, and RR2B returns the polling. 
modified vector that includes status. The vector in-
cludes the status bit (VIS, WR9) and determines which Q. What happens when the SCC is programmed to 
vector register is put out on the bus during an interrupt interrupt on transmit buffer empty and also to 
cycle. request DMA activity on transmit buffer empty? 

A. This would not be a wise thing to do. The interrupt 
Q. How do you poll the external/status IP? would occur but the DMA could gain control of the bus 
A. Set the IE bits in WR15 so the conditions are latched and remove the interrupting condition before the inter-

and set ext/status master interrupt enable bit in WR1. rupt acknowledge could take place. When the CPU 
To guarantee the current status, the processor should recovers control of the bus and starts the interrupt 
issue a Reset External/Status interrupts command in acknowledge cycle, bus confusion results because 
WRO to open the latches before reading the register. 
For further details see the SCC Technical Manual, 

the peripheral no longer 11as a reason to interrupt. 

section 3.4.7. Q. WiIIlP bit (s) for external status be cleared by the 
Reset Ext/Status Inierrupi? 

Q. When should the status in RR1 be checked? A. Yes. 
A. Always read RR1 before reading the data. 
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ASYNCHRONOUS MODE 

Q. Can the Sync Character Load Inhibit function strip 
characters in Asynchronous mode if not disabled? 

A. Yes. "not disabled it will strip any characters which 
match the value in the sync character register. Always 
disable this function in asynchronous mode (WR3, bit 
01). 

Q. What controls the OTR/WREQ pin? 
A. The OTR pin follows the 07 bit in WRS (inverse) as a 

Oata Terminal Ready pin, or it is a OMA request line 
(WREQ). The bit can be set or reset by writing to WRS. 

Q. How is the Asynchronous mode selected? 
A. The Asyn mode is selected by programming the 

number of stop bits in write register 4. 

Q. How are receiver breaks handled? 
A. The SCC should monitor the break condition and wait 

for it to terminate. When the break condition stops, the 
single NULL character in the receive buffer should be 
read and discarded. 

Q. Where can you get the OTR input if the OTR/REQ 
pin is being used for OMA? 

A. The SYNC can be used as an input if operating in the 
Async mode. It will cause an interrupt on both transi­
tions. 

Q. When a special condition occurs due to a parity 
error, will a receive interrupt for that byte still be 
generated? 

A. No. In the case of Receive interrupt on Special 
Condition Only mode, the interrupt will not occur until 
after the character with the special condition is read. 
In the case of Receive Interrupt on All Characters or 
Special Condition Only mode, the interrupt is gener­
ated on every character whether or not it has a special 
condition. 

Q. In the Auto Enable mode, what happens when CTS/ 
goes inactive (high) in the middle of transferring a 
byte? 

A. If the Auto Enable mode is selected, the CTSt pin is an 
enable for the transmitter. So, when CTSt is inactive, 
transmit stops immediately. 

Q. Can X1 clock mode really be used for the Async 
operation? . 

A. X1 mode cannot be used unless the receive and 
transmit clocks are synchronized. Using a synchro­
nous modem is one way of satisfying this requirement. 

Q. When does the FIFO buffer lock on an error condi­
tion? 

A. The receive data FIFO gets locked only in cases where 
the following receiver interrupt modes are selected: 

- Receive Interrupt on Special Condition only 

- Receive Interrupt on First Character or 
Special Condition 

In both of these modes, the Special Condition interrupt 
occurs after the character with the special condition 
has been read. The error status has to be valid when 
read in the service routine. The Special Condition 
locks the FIFO and guarantees that the OMA will not 
transfer any characters until the Special Condition has 
been serviced. 
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SYNCHRONOUS MODES 
(SOLC, HOLC, 8ysync, And Monosync Modes Included) 

Q. For what are the cyclical redundancy check (CRC) 
residue codes used? 

A. The residue codes provide a secondary method to 
check the reception of the message. 

Q. Why is the second byte of the CRC incorrect when 
read from the receiving SCC? 

A. The second byte of the CRC actually consists of ttle 
last two bits of the first byte or CRC, and the first six bits 
of the secohd byte of CRC. For more details there is 
an Application Note available from Zilog called "SOLC 
Residue Codes for the Z80 SIO" which applies to the 
SCC as well. 

Q. How does the SCC send CRC? 
A. The SCC can be programmed to automatically send 

the CRC. First. write the first byte of the message to be 
sent. This guarantees the transmitter is full. Then reset 
tile Transmit Underrun/EOM latch (WRO 10). Write the 
rest of the data frame. When the transmit buffer 
underruns, the CRC is sent. The following table de­
scribes the action taken by the SCC for the bit-oriented 
protocols: . 

Tx Underrun Abort/Flag Action Upon Comment 
EOM Latch Bit Bit Tx Underrun 

0 0 Sends GRG + Flags Valid Frame 
0 0 Sends Abort + Flags Aborted Frame 
1 X Sends Flags Software GRG 

The SCC sets the Tx Underrun/EOM latch when the 
CRC or Abort is loaded into the shift register for 
transmission. This event causes an interrupt (if en­
abled). 

Q. In SDL C, when do you reset the CRC generator and 
c/lecker? 

A. The Reset TxCRC Generator command should be 
issued wilen the transmitter is enabled and idling 
(WRO). This needs to be done only once atinitialization 
time for SOLC mode. 

Q. How can you make sure that a flag is transmitted 
afterCRC? 

A. Use the external status end of message (EOM) inter­
rupt to start the CRC transmission, then enable the 
transmit buffer empty interrupt. When you get the 
interrupt, it means that the buffer is empty, a flag is 
loaded in the shift register, and you can send the next 
packet of information. 
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Q. If the SCC is idling flags, and a byte of data is 
loaded into the transmit buffer, what will be trans­
mitted? 

A. Data takes priority over flags and will be loaded in the 
shift register and transmitted. 

Q. Since data is preferred, can this cause a problem? 
A. This allows you to append on the end of a message, 

but it can cause problems Witll OMA. A character 
could be transmitted without an opening flag. To make 
sure that a flag has been transmitted, watch for the W/ 
REO line to toggle when the flag is loaded into tile shift 
register. 

Q. Can you gate data by stretching the receive clock? 
A. You can hold the clock until you have valid data. There 

are no maximum specs on the RxC period, and the 
edges are used to sample the data. If there are no 
edges, no data is sampled. 

Q. How do you synchronize the DPLL in SDLC mode? 
A. There are two methods to synchronize the OPLL. 

Supply at least 16 transitions at the beginning of each 
message so the OPLL has time to make adjustments, 
or use the DPLL search mode in WR14 to cause the 
SCC to synchronize onlirst transition. The first edge 
must be guaranteed to be a cell boundary. 

Q. In SDLC, is the flag and address stripped-off? 
A. No, only the flag is stripped. The address will be the 

1 sl character received. 

Q. Does IBA¥ SDLC specify parity? 
A. No. 

Q. Can the sec include parity in SDLe mode? 
A. Yes. It is appended at the end of the character. 

Q. How does the SCC operate in transparent mode? 
A. The transparentness, as defined by IBM SNA, Sllould 

be provided by the software. The SCC does not 
perform any automatic insertion and deletion of link 
control nor does it automatically exclude the charac­
ters from the CRC calculation. This also applies to 
other high level protocols. 

Q. When does the Abort function take effect? 
A. The abort takes place immediately by inserting eight 

consecutive 1 'so 



Q. ean the see detect multiple abons? Q. How can you determine when the flag has been 
A. The SCC searched for seven consecutive 1 's on the completely sent? 

receive data line for the abort detection. This condition A. There are several ways to determine if the flag has 
may be allowed to cause an external status interrupt. been completely sen t. This allows ti,e transmitter to be 
After these seven 1 's are received, the receiver auto- shutoff, or in half duplex the line can be turned around. 
matically enters Hunt mode, where it looks for flags. This requires a little work by the user because the SCC 
So, even if more than seven 1 's are received in case of does not know when the last flag bit lias been shifted 
multiple aborts, only the first sequence 011 's is signifi- our. The following are some suggestions: 
cant. 

- Once the flag is loaded into the transmit shift regis-
Q. How do you send an end of poll (EOP) flag in SDLe ter, start an extemal clock. Use the baud rate gen-

loop mode? era tor as the counter. 
A. To send the EOP message, Simply toggle the bit which 

idles Ilags or ones to mark flags, then mark ones. This Tie the transmit line into OCD or an available input 
produces a zero and more than seven 1 's; an EOP pin, and watch for a zero, or end of flag. If you are 
condition. running half-duplex, use the local loop back mode 

and watch for the flag to end. 
Q. When the see is programmed for 6 bit sync, how 

are bits sent? - Allow an abort, althougll this destroys the last cllar-
A. Six bits are sent. The 12-bit sync character sends 12 acter. Be sure to send a dummy cllaracter - ttwn idle 

bits. flags after the abort latch is set. 

Q. Do sync patterns (or flags) in data transmissions Q. How do the DMA WIREQ lines operate? 
get stripped and still cause interrupts? A. DMA request lines follow the state of the transmit 

A. All leading sync patterns (and all flags) are automati- buffer. 
cally stripped if the Sync Character Load Inhibit fea-
ture is programmed. Any data stripped from the Q. How does the see handle messages less than four 
transmission stream cannot cause a receive character bytes in length? 
available interrupt but may cause other interrupts A. A 4-byte message consists of an address, control 
(such as External/Status for Sync/Hunt and special word, no data, and 2 bytes of CRC. SDLC defines 
receive condition for EOM). messages of less than 4-bytes as an error. It is not 

defined how the SCC will react. however, as tested by 
Q. How are the sync characters sent at the beginning a SCC user, 4-, 3-, and 2-byte messages cause an 

of a Bisync frame? interrupt on end of frame, but a 1 byte message does 
A. Load the transmit buffer with the first byte and the sync not cause an interrupt. 

characters are automatically sent out. 
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MISCELLANEOUS QUESTIONS 

Q. Can the SCC support MARK and SPACE parity in 
async? 

A. The SCC can transmit-end the equivalent of MARK 
parity by setting WR4 to select two STOP bits. The 
receiver always checks for only one STOP bit; there­
fore, the receiver does not verify the MARK parity bit. 

The SCC (and products using the SCC cell) does not 
support SPAC parity for transmitting or receiving. The 
Zilog USC Family of serial datacom controllers do 
support odd, even, mark, & space parity types. 

Q. Since both D7 and D1 bits in RR(} are not fatched, 
it is possible that the receiver detected an Abort 
condition, set D7 to 1, initiated an external/status 
interrupt and before the processor entered the 
service routine, termination of the abort was de­
tected, which reset the Break Abort bit. Currently 
in the TM (page 7-20), the description for Bit 1 : Zero 
Count states if the interrupt service routine does 
not see any changes in the External/Status condi­
tions, it should assume that a zero count transition 
occurred when in fact, an Abort condition occurred 
and was missed. What could be done to correct this 
and not miss the fact that an Abort occurred? 

A. Very few people actually use the Zero Count interrupt. 
This interrupt is generated TWICE during each bit time 
and is usually used to count a specific number of bits 
that are sentor received. If this interrupt is not used by 
your customer, then what is said in the TM about the 
Zero Count is true for the Abort Condition. If no other 
changes occurred in the external/status conditions 
and the Zero Count is not used, then the source of the 
interrupt was the Abort condition. 

Q. Can the SCC resynchronize independent clocks (at 
the same frequency, but could be out of phase), 
one for Rx data and one tor Tx data? 

A. No, the two clocks are independent of each other. 
However, the SCC provides a special transmitter-to­
receiver synchronization function that may be used to 
guarantee that the character boundaries for the re­
ceived and transmitted data are the same. This 
function can be found in the SCC Technical Manual 
(03/90 Section 5.2.3). 

Q. When is EOM and EOF asserted? 
A. EOM is asserted when it detects depletion of data in 

the Tx buffer; EOF is asserted when it detects a closing 
flag. 
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Q. After powering up the SCC, are the reset values in 
the write and read registers guaranteed? 

A. No. You must perform a hardware or software reset. A 
list of the hardware and software reset values are 
listed in the SCC Technical Manual (03/90) on page 
3-9. 

Q. Can you read the status of a write register, such as 
the MIE bit in WR9? 

A. No, in order to retain the status of a write register, you 
must keep its status in a separate memory for later use. 
However, the only exception is that WR15 is a mirror 
image of RR15. Also, the ESCC has a new feature to 
allmill the user to read some of tile write registers (see 
the ESCC Product Specification or Technical Manual 
for more details). 

Q. Is there a signal to indicate that a closing SDL C flag 
is completely shifted out of the TxD pin? This is 
needed to indicate that the frame is completely free 
of the output to allow carrier cut off without disrupt­
ing the CRC or closing flag. 

A. No, the only way to find ttlis timing is to count the 
number of clocks from Tx Underrun Interrupt to the 
clOsing flag. The ESCC contains the feature by 
deasserting the IRTS pin after the closing flag. Up­
grade to the ESCC! 

Q. Does the SCC detect a loss of the receive clock 
signal? 

A. No, if the clock stops, tl18 SCC senses that the bit time 
is very long. Use a watCh-dog timer to detect a loss in 
the receive clock signal. 

Q. Is there any harm in grounding the "NO CONNECT" 
(Ne) pins in the PLCC package (pin #17,18,28,36)1 

A. These NC pins are not physically connected inside the 
die. Therefore, it is safe to tie them to ground. 

Q. Can the SCC be used as a shift register in one ofthe 
synchronous modes with only data sent to the Tx 
register with no CRC and no sync characters? 

A. CRC is optional in Mono-, 8i-, and External Sync 
Modes only. The sync characters can be stripped out 
via software. 
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PRODUCT DESCRIPTION 

ZILOG ESCCTM CONTROLLER 
Questions and Answers 

Q. Which of the following is the major factor in differ- (d) The USC supports the Tl data rate, not the ESee 
entiating the ESee from the USC Family? 

A. (c) Most ESee and USC Family members have two 
(a) The ESee has less communications channels channels and protocols. Support by the sec is a 

than the USC subset of ESee. Both ESee and USC can support 
T1 data rates so (a), (b), (d) are not correct. 

(b) The protocols supported by ESee and USC are 
different 

(c) The ESee is limited in operation to less than 
5 Mbps, but the USC Family can operate up to 
10 Mbps 

Q. Which of the following is not an improvement from 
the sec to the ESee? 

(a) The ESee has deeper FIFOs 

(b) The ESee has new SOLe enhancements 

(c) The ESee has added new READ Registers 

(d) The ESee has added new WRITE Registers 

A. (c) No new READ register addressing is added in the 
ESee although we allowed some Write Registers 
to become readable through the existing READ 
Register. 

The ESee has 4 bytes of Tx FIFO and 8 bytes of Rx 
FIFO, wllile the sec has 1 byte for the Tx and 3 bytes 
for the Rx. 

The ESee Ilas many new SOLe enhancements, such 
as automatic EOM reset, automatic opening flag gen­
eration, etc. 

Tile ESee has added WRT as a new WRITE Register 
to configure the new options, therefore, (a), (b), (d) are 
all differences between the sec and ESee. 
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APPLICATIONS 

Q. Which of the following is a benefit from deeper Q. Which of the following is an applications support 
FIFOs offered by the ESCC? the tool for ESCC: 

(a) More CPU bandwidths available for other system (a) Sealevel Board 
tasks 

(b) Electronic Programmers Manual 
(b) Can support faster data rates on each channel 

(c) Application Note "Boost Your System Performance 
(c) Can support more channels for the same CPU Using the Zilog ESCC" 

(d) All of the above (d) All of the above 

A, (d) (a), (b) and (c) are consequences of reduction in A. (d) 
interrupt frequency that allows more horsepower to be 
delivered from the CPU, Q. Which of the following;s a target app!!ca!ian {artha 

ESCC? 
Q. Which of the following CRC polynomials is sup-

ported in ESCC? (a) AppleTalk-LocalTalk Peripherals 

(a) CRC-16 (b) X,25 Packet Switches 

(b) CRC-32 (c) SNA connectivity products 

(c) CRC-CCITT (d) All of the above 

(d) (a) and (c) A. (d) ESCC could support the data rate and protocol 

(e) (b) and (c) 

A. (d) CRC-32 is not supported in ESCC. 

Q. How long does it usually take for the customer to 
migrate from SCC to ESCC in order to take the 
advantage of the FIFO? 

(a) Less ttlan 3 month 

(b) Aboul 6 1I10nth 

(e) About a year 

A. (a) Since the ESCC is a drop-in replacement to the 
SCC and using the deeper FIFO only requires 
minimal efforts, 
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Isee QUESTIONS AND ANSWERS 

Q. Is the interrupt vector present on both the lower 
8 bits and the upper 8 bits in an interrupt cycle (See 
Figure 40 of the Z16C35 CMOS ISCC Product 
Spec)? 

A. Both halves of the AD bus are driven during an 
interrupt acknowledge cycle by the ISCC.ln fact, both 
halves of the data bus are never driven individually. 

Q. In OMA mode, must the IWAITIIREAOY and 
IBUSACK signals be externally synchronized to 
PCLK (See Figure 46 of the Z16C35 CMOS ISCC 
Product Spec)? 

A. No, not exactly. The documented timing shows when 
the ISCC samples these coming back from memory. 

Q. Can the address and data bus be outputted before 
IBUSACK is received (See Figure 46 of Z16C35 
CMOS ISCC Product Spec)? 

A. No. 

Q. What causes the Terminal Count to be Reset? 
A. Refer to P5-26 TM, Sec. 5.6.2, "the status in this 

register is automatically cleared after a Read." In other 
words the bits are Reset when you Read the contents 
of the register. 

Q. Which Rev of the SCC is in the ISCC? 
A. It is the D Rev (but without the oscillator fix). 

Q. Does the ISCC allow software interrupt acknowl­
edge (WR9 bit 05)? 

A. Yes, itdoes. Itis not required to usethe/lNTACKsignal 
of the ISCC to process interrupts. The source of the 
interrupt can be determined by reading the interrupt 
vector just like a normal interrupt is determined by 
reading the interrupt vector (like a normal register 
Read). The SCC RR2B is modified to reflect the 
source. RR2A is not modified. Also, the other status 
registers could be used to figure out who interrupted. 
SCC interrupts can be Reset by reading RR2B if 
software interrupt acknowledge is enabled (WR9 
05=1). 

ZILOG ISCCTM CONTROLLER 
Questions and Answers 

Q. Does the software interrupt acknowledge support 
OMA operation? 

A. No. Unlike the SCC core, the OMA core does not 
support this feature. The OMA has two sources of the 
interrupt, i.e., IP and IUS bits. 

Q. When the ISCC is used on a multiplexed bus, the 
ISCC does not interrupt when the SCC source 
interrupts occur until after another Write to the 
ISCC. Why? 

A. Wilen programmed for multiplexed bus operation, 
similar to the Z80301Z80C30, the lAS signal is used to 
update the interrupt status of the SCC. Consequently, 
if no lAS is present, the interrupt status is not updated 
until an lAS occurs. If lAS of ttle ISCC is tied to the lAS 
of the processor, sufficient lAS signals will occur to 
keep the ISCC interrupts up to date. However, if lAS is 
only generated to the ISCC when it is being accessed, 
any pending SCC interrupts will not assert the liNT pin 
until after the IASof an access tothe part This typically 
occurs when a PAL is used to generate the access 
signals to the ISCC and lAS is only generated to the 
ISCC when it is being accessed. 

Q. Can the Upper Address Strobe be defeated (to 
shorten the transfer cycle time)? 

A. No. But this is possible in the IUSC! 

Q. How many clock cycles does it take to do a OMA 
transfer, after BUSACK is granted? 

A. By looking at Figure 45 of Z16C35 CMOS ISCC 
Product Spec, it takes TSO, TS1, TO, T1, T2, T3, T 4, 
T5, about 8 cycles total. 
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Q. Is there any reason why the ISCC couldn't use pclk 
twice as fast as the processor, in order to cut 
access recovery times? 

A. No, as long as the required timings are met! 

Q. What's the recovery time required for the ISCC? 
A. A recovery time may apply to ANY access of the ISCC. 

Thus, a bus transaction before or after an access of 
the ISCC looks like it requires that the recovery time be 
met for those accesses. The timing for /Strobe signals, 
Le./DS, /WR, /RD or Pulsed /INTACK relative to ClK is 
three clocks if /Strobe, synched to the /INTACK 
relative to ClK, is three clocks if /Strobe is synched to 
the rising edge of ClK; or four clocks otherwise. The 
Recovery time is independent of /CS. Please note, if 
in any design application with the ISCC the reads and 
writes are unreliable, this recovery timing should be 
checked very carefully and as this could be a bug with 
the ISCC. 

Q: Is the SDLC FIFO available in ISCC? 
A: Yes, the SDlC FIFO is available in the SCC cell of the 

ISCC. There isa mistake in our ISCC Technical Manual, 
P.5-20, on Register Description. The statement 'Bit 2 is 
not used and must be programmed "0'" is wrong. Bit 
2 of WR15 is used for enabling the SDlC FIFO. 
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Q: Will DMA be enabled by writing the Enable Com­
mand in the Channel Command/Address Regis­
ter? 

A: Yes, DMA operation is triggered by the command, 
'Enable DMA' on Channel Command/Address Regis­
ter. This is another mistake in our ISCC Technical 
Manual, P.5-25, on Registe Description. The state­
ment 'DMA operation is not triggered by this com­
mand' is wrong, e.g., Writing "100" to bits 7 through 5 
enables and triggers TxB DMA operation. 

Q: Will DMA operation be triggered by the DMA enable 
command In the DMA Enable Register? 

A: Yes, DMA operation will also be triggered by setting 
corresponding DMA Enable bits in the DMA Enable 
Register (P.5-29 sec 5.6.7, DMA Enable Register in 
ISCC Teclmical Manual). Note that this is a read/write 
register. Read-modify-write instructions should be used 
in writing this register to avoid the register value to be 
overwritten and cause accidental enabling/disabling 
of the DMA operations. 
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Z80® DEVELOPMENT SUPPORT 

Using Traditional 8· and i6·Bit 
Architectures in Embedded Designs 

Jim Magill 
Director, Intelligent Peripheral Controllers 

Building on the Z80 

Regardless of age, the Z80, with it's powerful instruction 
set, fast execution time and huge installed software 
base has remained viable even in todays 32-bit world. 
It has also been said "the only place 8-bit architectures 
are dead is in the press." But this is certainly not true in 
the customer base. The Z80 is by far the most popular 
microprocessor of all time being used in everything from 
toy's to military products. 

The Z80 and 8080/85 (which runs the Z80 instruction 
set) currently comprise 62% of all 8-bit microprocessor 
sales. The Z80 is object code compatible with the 8080/ 
85 but not mnemonic compatible. Zilog added en­
hancements to Intel's 8080 arcilitecture which made the 
Z80 become accepted by the industry as the standard 
against which all other 8-bit microprocessors are 
judged. This is due to its high performance, clean 
general purpose architecture, ease of programming, 
and simple hardware design. 

Other semiconductor suppliers tried to gain back some 
of the. market share with products like the 8085 from 
Intel and NS800 from National but to no avail. In order 
to support the power and market acceptance of the Z80 
architecture Zilog developed (along with second 
sources) a variety of high performance peripherals to 
allow the designer to implement complex functions in a 
minimum number of chips in a short time. Figure 1 
outlines the original Z80 family of peripheral devices. 

In 1986/7 the Z80 family was converted to CMOS, which 
brought all the traditional advantages of CMOS like 
lower power consumption, higher noise immunity, and 
faster operation. The Z80 CPU was originally intro­
duced at 2MHz, today the complete family is available 
in 10MHz while the CPU is released at 20M Hz; a 10 time 
performance increase using the same code. A 20MHz 
Z80 CPU an be equated to a 5MIPS peak machine. 
More importantly, Zilog has converted them into meg­
acells which allows them to be easily combined using 
Zilog's Superintegration technology. Some of the 
advantages of Superintegration are outlined in Figure 2. 
Zilog has introduced a wide range of Superintegration~ 
products, all of which are code compatible with the 
original family of devices. This is very important, since 
over 70% of project development dollars spent are on 
software as opposed to hardware. 

There is a major trend today away from central process­
ing, where a main CPU handles all of the control and 
computation for a system, and towards distributed 
processing where the intelligence is placed in the 
peripheral function. This is often called "Intelligent 
Peripheral Control" or "Embedded Control". This has the 
advantage of off loading the central CPU of the control 
tasks and increasing the overall system performance. 
When used as an embedded controller in a peripheral 
function, cost is always an issue because generally 
there are more peripherals in a system than central 
processors. Further, the CPU in the intelligent periph­
eral does not need to be as powerful as the central 
processor in terms of number crunching capability, 
because other aspects become more important like 
interrupt handling and interrupt response time. For 
these and many other reasons the Z80 has become the 
CPU of choice in embedded controllers. Other trends 
include the addition of a memory management unit 
(MMU) to increase the address space, and other 
common peripheral functions like DMAs', UARTs' 
Timers, etc. 

The Upgrade Path 

The nature of today's dynamiC marketplace means 
products undergo continuous redesign during their life­
cycle. New features are often added to respond to 
competitive pressures. Although it is impossible to 
design a product that can be expanded ad infinitum, the 
design should be open ended without starting over from 
scratch. 

Software is almost always the most expensive and 
hence the most valuable part of the projects design. 
For this reason the engineer must ensure that the 
processor is not operating at peak capacity. Being 
forced to change the CPU in mid-development due to 
software bottlenecks will drive engineering costs out of 
sight. The use of high level languages like C somewhat 
reduces the cost of switching CPUs. However, in real 
time embedded systems, where.a lot of the software is 
programmed in assembly language (processor depend­
ent code), the cost of making a change is significant. 
Only three major processor families give the designer a 
wide range of performance with upgrade compatible 
instructions. Motorola's 68000/68020/68030 series 
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spans the range from 16- to 32-bits. Intels 8088/80286/ 
80386 family is similar although its use in the PC line 
gives it a much larger software base. Finally, the Z80/ 
Z180/Z280 family gives the user a choice of compatible 
CPUs with 8- and 16-bit bus versions. 

Apart from the selection of the processor, other issues 
are important when considering the total cost of the 
design. These are peripheral availability, time to 
market, risk, power consumption and the cost to do the 
development, etc. Other questions are what is the cost 
of the development system and will the development 
system be so awkward that the engineers spend all their 
time chaSing simple problems? 

Z8400 CPU Z80 CPU 
Z8410 DMA 1 Channel DMA Controller 
Z8420 PIO 2x8-Bit Ports 
Z8430 CTC 4x8-Bit Counter Timers 
Z844X SIO 2 Sync/Async Channels 

Figure 1. Z80 Family of Discrete Devices 

Reduced Real Estate 
Reduced Power Consumption 
Higher Speed 
Migrate Software from Discrete Devices 
Higher Reliabifity (reduced pin count/components) 
Short Design-In Cycle 
Reduced Assembly Costs 
Reduced Inventory Carrying Costs 
Reduced Weight 
Higher Noise Immunity 

Figure 2. Advantages of Superintegration 

8-, 16- or 32-Bits? 

Given a sufficiently high clock rate, the perfect proces­
sor is 8-bits. An 8-bit processor exactly matches the 
bus bandwidth of the vast majority of memories and 
peripherals. An 8-bil bus uses memory efficiently by 
avoiding the wasteful handling of byte data in 16-bit 
words. Simple circuitry", with fewer components, are 
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used. However, clock rates are limited by a number of 
factors, so, 16- and 32-bit buses are used to move data 
in parallel. A wider instruction word, handled in a single 
machine cycle, means that more complex operations 
are accomplished in less time. Larger address spaces 
are used effiCiently giving the machine access to more 
memory. 

Unfortunately, today, 8-bit processors are considered 
old and uninteresting technology. Although 16- and 32-
bit machines are glamorous, the 8-bit machines are still 
the work horses of process control and embedded 
systems. It seems management often has a 32-bit 
frenzy; they want a product's data sheet to proudly 
claim "includes a 32-bit CPU". It is axiomatic that using 
a wider bus will cost more than a narrower one and use 
more PC board real estate and power. 

If performance demands a 32-bit computer, by all 
means use one. But one must be prepared to pay Ihe 
price in the total system cost. A 16-bit machine usually 
offers more performance than 8-bits. One of the biggest 
advantages of a 16-bit processor over an 8-bit machine 
is its ability to address a larger address space. Most 8-
bit machines are limited to a 64K memory space, where 
a 16-bit machine generally supports 1 to 16Mbytes. The 
memory may be cumbersome to access as in the 8088 
series, but it is available. A large memory space is 
important for big data structures and programs. 

Huge programs are becoming more prevalent due to 
dramatic increases in software costs. Ten years ago 
virtually all microcomputer programs were coded in 
assembly language. Today more and more companies 
are switching to High Level Languages (HLL) but, at a 
price. In typical embedded control applications it is 
very common to find that the majority of code is still 
written in assembly language, especially for tight conlrol 
loops. Whereas, often non-critical macros are often 
written in high level languages. Embedded controllers 
predominantly use 8-bit CPU cores as opposed to 16/ 
32-bit, due to their price performance ratiO, especially 
when the "total system cost" is evaluated. 
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Z80 Family of Embedded Controllers 

Figure 3 outlines the Z80 family of embedded control­
lers. They are discussed briefly to demonstrate the 
products available to suit the wide range of embedded 
control applications. 

ZS4C90 (KID) 

The Z84C90, or KIO, was Zilog's first Superintegration™ 
product which combines all of the Z80 peripherals SIO, 
CTC, and PIO into a single piece of silicon. Eight 
additional parallel I/O lines have been added. Housed 
in an 84-pin PLCC or 80 pin QFP package, the Z84C90 
is used in existing Z80 applications as well as new 
applications requiring less real estate, power consump­
tion, etc. For example, the Z84C90 is utilized in cellular 
telephones, where serial channels are required for 
display purposes. 

ZS4C50 (RAMSO) 

The next product is the Z84C50 which combines Z80 
CPU with 2K bytes of Static RAM. The RAM can be 
accessed witll no wait states thereby allowing the 
overall system performance to be increased. The 
Z84C50 is pin compatible with the Z80 discrete device, 
thus reducing design time. The CPU can be tri-stated 
allowing use of existing development systems. This 
product development approach is used on all products 
containing a CPU. Typical applications for the Z84C50 
are where larger memory space is needed and a 
section is required to be executed on quickly. This can 
be put into the 2K SRAM cache memory and accessed 
with no wait states. An example would be a disk 
controller where a particular segment is loaded into the 
on-board memory. Other application examples are 
products utilizing relational databases like a phonetic 
intelligent dictionary where a large database is 
scanned, but a small section is pulled into memory for 
scrolling. 

Z80280 

The Z80280 offers the highest level of integration of any 
Z80 based product and includes a 16-Bit Z80 code 
compatible CPU that runs extra instructions. The CPU 
has a three stage pipeline that allows overlapping of 
fetch, decode and execution of instructions. An on­
board MMU allows opening of the address space up to 
16 MByte (as opposed to one MByte of the Z80180 and 
64K of the Z8400) plus a 256 byte instruction and data 
cache is included for commonly used parameters. Like 
the Z80180, the Z80280 has on board many peripherals 

including four DMAs, three 16-bit Counter timers, UART, 
etc. The Z80280 is often found in data communications 
applications where the four DMA channels are utilized 
with a dual channel data communications device like 
the SIO or Zilog's SCC. 

ZS4C15 (IPC) 

The Z84C15 or Intelligent Peripheral Controller com­
bines all of the original Z80 family members into one 
piece of silicon, i.e., CPU, PIO, CTC and SIO. This 
product is used not only in traditional applications that 
have used discrete components in the past, but is 
currently taking advantage of Superintegration with new 
application areas becoming feasible. One example is 
that of error correcting modems that utilize MNP soft­
ware (Microcom Networking Protocol), the architecture 
of which is written around the Z84C15. 

ZS4C11 PIC 

The Z84C 11 was developed for those applications using 
parallel I/O lines (keyboards, displays, etc.). This 
product contains the Z84COO CPU combined with tile 
Z84C20 (CTC) and 40 parallel I/O lines. 

SUMMARY 

Z80, the world's most popular 8-bit architecture, is an 
accepted standard in embedded control applications. 
Engineers and project leaders are learning that in an 
embedded control or intelligent peripheral control 
function, frequently, 8-bit CPU's offer the required price 
performance point. From a semiconductor manufac­
turer's point of view, die size is directly proportional to 
cost. For Ulis reason 8-bit and some 16-bit architec­
tures will remain dominate in the embedded control 
application areas. 

The Z80 offers a very competitive, price performance 
advantage over other architectures. Further, it is well 
known and accepted. More lines of code have been 
written for the Z80 than any other microprocessor. 
Specifically, the Z80 architecture readily lends itself to 
embedded control applications. Apart from additional 
performance, the CPU exhibits a fast interrupt response 
time, which is critical. 

With the technological advances via Superintegration, 
CPU's are easily integrated with peripherals and Z80 
based architectures, making them ideally suited to 
embedded control applications. 
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Block 
Diagram 

Part # 

Acronym 

Description 

Features 

Speed MHz 

Package 

Application 

I 84COO 0 
84C01 

CPU 
S 

1 Power C 2K Bytes IWSG 
Down SRAM 

Z84C01 Z84C50 

RAM80-IC 

I Z80 CPU with CGC I Z80/84C01 with 
2KSRAM 

I 

I Z80CPU Z80 CPU 
On-board oscillator 2 Kbytes SRAM 

with reduced Zero wait-state 
components WSG 

Four power-down Sync. memory 
modes Oscillator 

Pin compatible 
withZ84COO 
DIP& PLCC 

EVmode' 

6,10 10 

44-pin PLCC 40-pin DIP 
4O-pin OFP 44-pin PLCC 

44-pin OFP 

All Z80 uses All Z80 consumer 
products 

CTC 
SID 

PIO 

OSC PIA 

I Z84CIIO 

I KIO-IG 

Killer I/O 
(3 Z80 peripherals) 

SIO, Pia, CTC 
plus B I/O lines 

8,10,12.5 

84-pin PLCC 

All Z80 uses 

CTC: I CGC 

SIO WDT 

2:80 CPU 

Z84013/C13 

IPC/EIPC-

Intelligent Peripheral 
Controller 

Z80 CPU, SIO, CTC 
WDT, CGC, WSG, 
Power-On Reset 
Two chip selects 

EVmode' 

6,10,16 

84-pin PLCC 

Intelligent datacom 
controllers 

PIO CGC 

WDT 
SID CTC 

Z80 CPU 

Z84015/C15 

IPC/EIPC 
Controller 

Intelligent Peripheral 
Controller 

Z80 CPU, SIO, CTC 
WDT, CGC 

The Z80 Fami Iy in 
one device 
Power-On Reset 
Two chip selects 
32-bit CRC 
WSG 

EVmode' 

6,10,16 

laO-pin OFP 
1 OO-pin VOFP 

Intelligent peripheral 
controllers 

Modems 

401/0 

CTC IWDT 

Z80 CPU 

Z84011/C11 

PIC/EIPC 
Controller 

Parallel I/O 
Controller 

Z80 CPU, CTC, 
WDT 

40 I/O lines bit 
programmable 

Power-On Reset 
EVmode' 

6,10 

100-pin OFP 

Intelligent parallel-
I/O controllers 

Industrial display 
terminals 

2DMA 

Z80 12 UART 
CPU 2 crr 

ClSer 

MMUI osc 

16-811 
Z80 
CPU 

ZSB/Z-BUI 
Interface 

MMU 

CACHE 

OSC CTC 

- SCC/2 
4DMA 161/0 

UART 

3Crr Z180 

WSG 

Z30180/Z8S180 I Z80280 Z80181 

Zl80- MPU Z280-MPU Z181- MPU 

Hi~lh-performance 16-bit Z80 code I Zilog I/O Controller 
Z80 CPU with compatible CPU 
peripherals with peripherals 

Enhanced Z80 CPU 16-bit code com- Complete Z180 
MMU 1 Mbyte patible Z80 CPU plus SCC/2 
2DMAs Three stage pipe CTC 
2 UARTs MMU 16 Mbyte 161/0 lines 

with BRGs CACHE 256 byte Emulation Adapter' C/Seriall/O Port Inst & Data 
Oscillator Peripherals 
Z85180 includes; 4 DMAs, UART, 
Pwr dwn, Prgmble 316-bit crr, 
EMI, divide-by-one WSG 
clock option Z80/Z-BUS~ 

6,8,10,16",20" I 10,12 I 10,12.5 
"Z8S180 only 

64-pin DIP I 68-pin PLCC I 100-pin OFP 
68-pin PLCC 
80-pin OFP 
Z8S180 in PLCC 
and OFP only 

Embedded Control Embedded Control Intelligent peripheral 
Terminals controllers 
Printers Printers, Faxes, 

Modems. Terminals 

1 Allows use of existing dewlopmant systems. 



Datacom 

I I I I I I I I ~ ~ I I I I 
I U~C~ Block scc ESCC usc ~ Diagram SCSI DPLL TSA DMA DMA 

Part # Z8030/Z80C30 Z16C35/Z85C35 Z85230 Z85C80 Z16C50 Z16C30 Z16C33 Z16C32 
Z8530/Z85C30 Z80230 

Acronym sec Controller ISCC~ Controller ESCC~ Controller SCSCI~ Intertace DDPLL ~ IC usc~ Controller MUSC~ Controller IUSC~ Controller 

Description Serial Com. Integrated Serial Enhanced Serial Serial Com. and Dual Digital Phase- Universal Serial Mono-channel Integrated Universal 
Controller Com. Control I er Com. Controller Small Computer locked loop Controller Universal Serial Serial Controller 

Intertace Controller 

Process/ NMOS: 4,6,8 MHz CMOS: 10, 16 MHz CMOS: 8, 10, 16 CMOS: CMOS: 10 MHz CMOS: 20MHz CMOS: 20MHz CMOS: 20 MHz 

Speed/ CMOS: 8,10, 2.5,4.0 Mb/s 20MHz SCC -10, 16 MHz 2.5 Mb/s CPU Bus CPU Bus CPU Bus 

Clock 16MHz 2.0, 2.5, 4.0, SCSI - 3.0 MB/s 10 Mb/s 10 Mb/s 20 Mb/s 

Data Rate 
2, 2.5, 4 Mb/s 5.0 Mb/s 20 Mb/s 

Features Two independent Full dual-channel Full dual-channel Full dual-channel Two independent Two dual-channel Single-channel Single-channel 
full-duplex SCC plus 4 DMA SCC plus deeper SCC plus SCSI DPlls 32-byte receive & (half of USC) plus (half of USC) 
channels controllers and FIFOs: sharing data Selectable clock rate transmit FIFOs a Time Slot plus two DMA 

Enhanced DMA a bus intertace 4 bytes on Tx bus and read/ Sampling edge and 16-bit bus BJW: Assigner for ISDN controllers. 
support: unit 8 bytes on Rx write functions decoding status 18 Mb/s Array chained and 
10x19 status FIFO DPll counter per output. 2 BRGs per channel linked-list modes 
14-bit byte counter channel Flexible 8!16-bit with ring buffer 
NRZ/NRZI/FM Software compatible bus inteface support. 

toSCC 

Package 4O-pin DIP 68-pin PlCC 40-pin DIP I 6a-pin PlCC 2a-pin DIP I 6a-pin PlCC I 6a-pin PlCC I 68-pin PlCC 
44-pin CERDIP 44-pin PlCC 
44-pin PlCC 

Application I General-Purpose High performance General-Purpose AppleTalk"' High-speed datacom. General-Purpose General-Purpose General-Purpose 
datacom. datacom. datacom. networking Increases data rate high-end datacom. high-end datacom. high-end datacom. 

SCC upgrades High performance SCSI disk drives in SCC designs Ethernet Ethernet Ethernet 
SCC software HDlC HDlC HDlC 
compatible upgrade X.25 X.25 X.25 

• -" 
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AppleTalk" A Registered Trad,mar'K ot Appl, Computer. In;. 
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Z8000® I Z16C01/2!3 I Z16C04 ;~8036 I Z8038 I Z16C20 I Z80210 I Z32HOO Z5380 
Family Z8536 Z53C80 

Description I Central Processing I Central Processing I Counter/fimer & FIFO InpuVOutput General Logic Unit Dual-Memory Hyperstone I Small Computer 
Unit (CPU) Unit (CPU) parallel I/O Unit Interface Unit (GLU) Management Unit Enhanced Fast Instruction System Interface 

(CIO) (DMMU) Set Computer (EFISC) (SCSI) 
Embedded (RISC) Processor 

Process/ CMOS 10MHz CMOS 16MHz NMOS 4,6 MHz NMOS 4,6 MHz CMOS 10, 16 MHz CMOS 16MHz CMOS25 MHz CMOS 10 MHz, 
Speed Z5380: 1,5 MB/s 

Z53C80: 3.0 MB/s 

Features General-Purpose 8 Mbyte segmented Three 16-bit . 128-byte FIFO 8 Mbyte memory Two Z801 0 type 32-bitMPU Direct SCSI bus interface 
register architecture. addressable memory Counter/Timers, buffer with CPU control interface MMUs inone 4 Gbytes address space On-board 48 mA drivers 

Part number differs (128 seg. x 64 Kbytes) Three I/O ports interface on DMA package. 19 global and 64 local DMA 
depending on with bit catching, both sides. Clock Generator bus registers of 32 bits each Bus interface, target 
number of segments pattern matching interface 128 bytes instruction cache and initiator 
supported, i.e., interrupts and Watch-Dog Ti mer 1,2f1CMOS Glitch Eater 
1 seg.= 64 Kbytes; handshake I/O Wait-State Generator 42 mm'die (Z53C80 only) 
01=128 segments 
02=1,03=32 

Package 48-pin PDIP/CERDIP 68-pin PLCC 4O-pin PDIP 40-pin DIP 84-pin PLCC 68-pin PLCC 144-pin PGA Z5380: 40-pin DIP 
(Z16C01) 44-pin PLCC ,!4-pin PLCC 44-pin PLCC 

40-pin DIP/CERDIP Z53C80: 48-pin DIP 
44-pin PLCC (Z16C02) 44-pin PLCC 
44-pin PLCC (Z16C03) 

Application Embedded controllers Embedded controllers Goneral-Purpose Multiple CPU Integrated embedded High-speed Embedded Bus host adapters, 
High-performance High-performance Counter/Timers systems controllers General-Purpose high-performance formatters, host ports 

General-Purpose General-Purpose and I/O system I/O subsystems FAX equip., tape CPU memory industrial controller 
CPU CPU designs drives, copiers management Workstations 

with dlscr,t, devices. 



High Performance Micros For Application Specific Products 

- 4KROM SK ROM 1 UART 
Z8® Family 1K ROM 2KROM 2K14K ROM 4K ROM 

SPI CPU CPU CPU CPU CPU CPU 

Block 
WOT 124 RAM WOT 124 RAM WOT 1124 RAM WOT 236 RAM WOT 1236 RAM Ip1 236 RAM 

Diagram 
P2 I P3 P2 P3 I PO P2 I P3 P2 P3 I PO 

Part # Z86C06/Z86E09 ZB6COB/Z86E08 Z86C09/C19/ED9 Z86C30/E30 Z86C40/E40 Z86C21/E21/E22 ZB6C61/62/96 

Description Z8'" Consumer Controller Z8'" MCU with 2K ROM, ZS'" Consumer Controller ZS'" Consumer Controller Z8'" Consumer Controller Z86C21; ZS'" MCU Z8'" MCU with 16K ROM 
Processor (CCP, 3 Ports, Processor (CCP, Processor (CCP, Processor (CCP'j withSK ROM Z86C61 40-, 44-pin 
with lK ROM, 18-pin package with 2KJ4K ROM, with4K ROM, with 4K ROM, Z86E21; OTP version Z86C62 68-pin 
SPI, 2 Ports, E08: OTP version 3 Ports, 3 Ports, 4 Ports, ofZS6C21 Z86C9658-pin 
18-pin package 18-pin package 28-pin package 40-, 44-pin package Z86E22; Low Noise ROMless 

E09: OTP version E09: OTP version (04/92) E30: OTP version E40: OTP version version of Z86E21 

Process/Speed I CMOS 8, 12 MHz CMOS 8, 12 MHz CMOS 8,12 MHz I CMOS 8, 12 MHz I CMOS 8, 12 MHz I CMOS 12, 16 MHz I CMOS 8, 12,16MHz 

Features I Watch-Dog Timer (WDT) Watch-Dog Timer (WDT) Watch-Dog Timer (WDT) Watch-Dog Timer (WDT) Watch-Dog Timer (WDT) 8K ROM for S6C21 and 16K ROM 
2 Analog Comparators 2 Analog Comparators 2 Analog Comparators 2 Analog Comparators 2 Analog Comparators 8K OTP for 86E21 Full duplex UART 
2 standby Modes 2 Standby Modes 2 Standby Modes 2 Standby Modes 2 Standby Modes Full-duplex UART 2 Standby Modes 

(STOP and HALT) (STOP and HALT) (STOP and HALT) (STOP and HALT) (STOP and HALT) 2 standby Modes (STOP and HALT) 
Serial Pertpherallnterface ROM Protect option 2 Counter/Timers 2 Counter/Timers 2 Counter/Timers (STOP and HALT) 2 Counter/Timers 
RC OSC option 2 Counter/Timers Z86C09/E09 = 2K ROM RC OSC option RC OSC option 2 Counter/Timers ROM Protect option 
2 Counter/Timers Auto Power-On Reset Z86C19 = 4K ROM ROM Protect option ROM Protect option ROM Protect option RAM Protect option 
Auto Power-On Reset 3 volt operation RC OSC option Auto Power-On Reset Auto Power-On Reset 236 Byte RAM Pin compatible to 
LowEMI mode (Z86C08) ROM Protect option RAM Protect option RAM Protect option RAM Protect option Z86C21 
Low Noise option Low EMI option Auto Power-On Reset 236 byte RAM 236 byte RAM Low EMI option 7 Ports (Z86C62/96) 
3 volt operation 3 volt operation 3 volt operation (Z86C30) 3 volt operation (Z86C40) 

I 
(Z86C06) (Z86C09/C19) LowEMI mode LowEMI mode 

Package I 18-pin DIP 18-pin DIP 18-pin DIP 28-pin DIP 40-pin DIP 40-pin DIP 40-pin DIP 
18-pin SOIC 18-pin SOIC 18-pin SOIC 44-pin PLCC 44-pin PLCC 44-pin PLCC 

44-pin OFP 44-pin OFP 68-pin PLCC 

Application I Automotive Automotive Automotive Automotive Automotive Software Debug Cable Television 
Toys & Games Toys & Games Appliances Answering Machines Weight Scales Z8 prototypes and small Remote Control 
Security Security Sports Equipment Coin Changers Gas Pumps Z8 production runs Security 

NI I 
Remote Controls Card Readers Robotics Card Reader 
Toys Toys 

c.:> 
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Z8® Family 

Block 
Diagram 

Part # 

Description 

Process/Speed 

Features 

Package 

Application 

Z86C93 

Enhanced Z8'" 

CMOS 24MHz 

16x16 Multiply 1.7 fJS 
32x16 Divide 2.0 fJS 
Full duplex UART 
2 Standby Modes 

(STOP and HAL n 
316-bit Counter/Timers 
Pin compatible to 

Z86C91 

40-pin DIP 
44-pin PLCC 
48-pin VOFP 

Disk Drives 
Tape Drives 
Modems 

Mass Storage 

Z86C94/95 

Enhanced Z8'" with DSP 

CMOS 24 MHz 

8-bit ADC, 8-bit DAC 
16-bit Multiply/Divide 
Full duplex UART 
SPI (Serial Peripheral 

Interface) 
3 Standby Modes 

(STOP/HALT/PAUSE) 
Pulse Width Mod~lator 
3x16-bit!imer 
16-bit DSP slave 

processor 
83 ns Mult./Accum. 

80-pin OFP 
10D-pin VQFP 

Disk Drives 
Tape Drives 
Servo Control 
Motor Control 

Z86C99 
(02/92) 

Zilog Hard Disk 
Controller (ZHDC) 

CMOS 24MHz 

3 volt operation 
Low profile package 
88-bit Reed Solomon ECC 
Full AT/IDE bus interface 
16-bit DSP servo 

controller 
Z8 Supervisory 

controller 
SRAM, DRAM buffer 

control 
1.7fJSA/D 
2.0 fJS D/A 

144-pin OFP 
12D-pin VOFP 

Disk Drives 

Modem/FAX 

DSP 

Z89COO 
(01/92) 

16-Bit Digital Signal 
Processor 

CMOS 15MHz 

16-bit Mult./Accum. 
2 data RAMs 

(256 words each) 
24-bit ALU 
4Kword ROM 
64Kx16 Ext. RAM 
16-bit I/O Por! 
111 Instructions 
Single cycle 

clock instruction 
31NT, 2 COMP inputs 
Library of software 

macros available 

68-pin PLCC 

General-Purpose DSP 
TMS 3201 0/20/25 

applications 

Z8 

26KB 4 KW DS~ 
ROM ROM 

NO D/A 

47 DIGITAL 110 

Z89C65/66 
(01/92) 

Zilog Modem/Fax 
Controller (ZMFC) 

CMOS 10 MHz 

Z8 control I er 
with 24-byte ROM 

24-bit DSP 
with 4K word ROM 

8-bit AID with AGC 
Library of software 

macros available 
1 O-bit D/A (PWM) 
471/0 pins 

68-pin PLCC 

Multimedia 
Answering Machines 
Speech Storage and 

Transmission 
Modems 
FAXes 

Mouse 

2KROM 

CPU 

PO 

Z86C17 

Zilog Mouse 
Controller (ZMC, 

CMOS 4 MHz 

Watch-Dog Timer (WDT) 
2 Analog Comparators 
2 Standby Modes 

(STOP and HALT) 
2 Counter/Timers 
Auto Power-On Reset 
One Trip-Point Input 
Low Noise option 
Built-in pull-up resistor 
3 volt operation 

18-pin DIP 
18-pin SOIC 

Mouse 
Track Balls 

Keyboard 

4K12KROM 

CPU 

Z08614/E23/02 

Zilog Keyboard 
Controller (ZKC, 

NMOS 4 MHz (8614/8602) 
CMOS 4 MHz OTP(86E23) 

Full duplex UART 
Low EMI Mode 
101/102 keyboard 

firmware available 
Open drain outputs 
4K ROM (Z8614) 
2K ROM (Z8602) 
8K OTP ROM (Z86E23) 

40-pin DIP 

Keyboards 



Video Products/Multimedia 

8KROM 6KROM ROM CHAR ROM 1KROM III 6K ROM 
Z8®Family 4KCHARROM 4K CHAR ROM 3K CHAR ROM CHAR ROM COMMAND 

ZSCPU I RAM Z8CPU I RAM Z8 CPU I RAM Z8 CPU IOSD I RAM INTERPRmR Z8CPU Z8CPU 
Block OSD OSD OSD CAPTION LOGIC 

ANALOG 'I WDT 1124 RAM WDT 1124 RAM Diagram 13.ITIMERI 5 9 ITIMERII 4 7 IITIMERII 3 PWM ITIMERlpORTS 
SYNCIDATA OSD 

WDT PORTS PWM WDT PORTS WDT SLICER CTRL P2 1 P3 P2 1 P3 

Z86C27 Z86127 Z86227 Z86327 (04/92) 
Z86128 Z86L06 Part # I Digital Television Digital Television Digital Television Intagrated Z86L29 

Controller (OTCN) Controller (OTCN) Controller (OTCN) Captioning Closed-Caption Low Voltage Low Voltage 
(Fully Featured) (Classic) (Low-Cost) Controller Controller Controller Controller 

Description I ZS'" Digital Television Standard DTC fealures Standard DTC features Advanced DTC family Line 21 Controller 1S-pin Z8'" Consumer 18-pin Z8'" Consumer 
Controller MCU with with reduced PWM with reduced ROM, Integrated OSD and (L21C"') for Controller Processor Conlroller Processo 
logic functions needed outputs RAM, PWM outputs Closed Caption Closed Caption (CCP"') low-voltage and (CCP"') low-voltage 
for Televison Controller, for greater economy Television low-current battery operations that require 
VCRs and Cable operation more ROM and output 

drive capabilities 

Process/Speed CMOS 4 MHz CMOS 4 MHz CMOS 4 MHz CMOS 12 MHz CMOS 12 MHz Low Voltage CMOS 8 MHz Low Voltage CMOS 8 

Features Z8/DTC Architecture Z8/DTC Architecture ZS/DTC Architecture 4 Family Members: Conforms to FCC Z8 Architecture Z8 Architecture 
SK ROM, 256-byte RAM 8K ROM, 256-byte RAM 6K ROM, 256-byte RAM 24K OTP version Line 21 format 1KROM 6KROM 
16Ox7-bitvideo RAM 160xl-bit video RAM 120x7-bit video RAM 24K ROM version Parallel or serial modes Watch-Dog Timer Watch-Dog Timer 
On-Screen Display OSD Video Controller OSD on board 16K ROM version Stand-alone operation 2 Analog Comparators 2 Analog Comparators 

(OSD) video controller Programmable color, Programmable color, SK ROM version On-board data sync with oulput option with output option 
Programmable color, size, size, position attributes size, position attributes Highly integrated and slicer 2 Standby Modes 2 Standby Modes 

position attributes 9PWMs 7PWMs Z8 MCUwith On-board character 2 Counter/Timers 2 Counter/Timers 
13 PWMs for D/A 128-character set 96-character set advanced OSD generator Auto Power-On Reset Auto Power-On Rese 

conversion 4Kx6-bit character 3Kx6-bit character capability for Full attribute support: 2 volt operation 2 volt operation 
128-character set generator ROM generator ROM supporting closed - Color RC OSC option RC OSC option 
4Kx6-bit char. Gen. ROM Watch-Dog Timer (WDT) Watch-Dog Timer (WDT) caption and other - Blinking Low Noise option Auto Latches 
WatCh-Dog Timer (WDT) Brown-Out Protection Brown-Out Protection display functions - Italic Brown-Out Protection Brown-Out Protectio 
Brown-Out Protection 4 Ports/28 pins 3 Ports/20 pins - Underline High current drivers (2) High-current LED 
5 Ports/36 pins 2 Standby Modes 2 Standby Modes drivers (4) 
2 Standby Modes Low EMI Mode Low EMI Mode 
Low EMI Mode 

Package I 64-pin DIP 64-pin DIP 4O-pin DIP 64-pin DIP, 52-pin DIP 1S-pin DIP 18-pin DIP 1S-pin DIP 
(52 pins Active) 40-pin DIP 1S-pin SOIC 1S-pin SOIC 

Application I High-end Television Mid-level Television Low-end Television TVs, VCRs TVs, VCRs, Decoders LR. Controller LR. Controller 
Cable/Satellite Receiver Cable/Satellite Receiver Cable/Satellite Receiver Satellite Receivers Portable battery Portable battery 

I VCRs Cable TV Receivers operations operations 
~I Interactive TV Controllers 
-..j 



.... 
~ 
CD 

Z8<l1>Family 

Block 
Diagram 

Part # 

Description 

Process/Speed 

Features 

Package 

Application 

Automotive 

lKROM 

SPI I CPU 

WOT , 124RAM 

P2 , P3 

Z86C06/Z86ED9 

Z8"' Consumer Controller 
Processor (CCPj 

with 1 K ROM, SPI 
E09 = OTP version (04/92) 

CMOS 8, 12 MHz 

lKROM,124RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
2 Ports, 141/0 lines 
Serial Peri pherallnterface 
Brown-Out Protection 
2 Analog Comparators 
Low EMI option 
Watch-Dog Timer 
Auto Power-On Reset 
Low Power option 

18-pin DIP 
18-pin SOIC 

Keyless Entry 
Window Control 
Door Control 
Dashboard Displays 

2KRO~~ 
CPU 

WDT I 124 RAM 

P2 P3 PO 

Z86CD8/Z86ED8 

Z8"' MCU with 21( ROM 
E08 = OTP Version 

CMOS 8, 12 MHz 

2K ROM, 124 RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
3 Ports, 141/0 lines 
Brown-Out Protection 
2 Analog Comparators 
Low EMI option 
Watch-Dog Timer 
Auto Power-On Reset 

18-pin DIP 
18-pin SOIC 

Keyless Entry 
Window Control 
Door Control 
Dashboard Displays 

Auto/TAD 

~~,KROM 
CPU 

W[ 

P: 

IT I j36 RAI' Pl 

! P3 PO 

Z86C31~/E3D 

Z8"' Consumer Controller 
Processor (CCPj 

with 41< ROM 
C30= 28-pin 
C40=40-pin 
E30/E40 = OTP version 

CMOS 8, 12 MHz 

4K ROM, 236 RAM 
2 Standby Modes 
2 Counter/Timers 
ROM Protect 
RAM Protect 
4 Ports (86C40/E40) 

·3 Ports (B6C30/E30) 
Brown-Out Protection 
2 Analog Comparators 
Low EMI (Z86E40) 
Watch-Dog Timer 
Auto Pow3r-On Reset 
Low Power option 

28-pin DIP 
4O-pin DIP 
44-pin PLCC, OFP 

Window Control 
Wiper Control 
Sunroof Control 
Security Systems 
TAD 

Telephone Answering Devices (TAD) 

512W 8 RAM 
RAM POINTERS 

16x16 4KW 
MAC ROM 

STACK I REG 
16-BIHO 

Z89CDD 

16-Bit Digital Signal 
Processor 

CMOS 10 MHz 

16-bitMAC 
2 Data RAMs 

(256 Words each) 
24-bitALU 
4KWordROM 
64Kx16 Ext. ROM 
16-bit I/O Port 
111 Instructions, 

most single-cycle 
Zero Overhead Pointers 
3 Interrupts 
2 User Outputs 
2 User Inputs 

68-pin PLCC 

General-Purpose DSP 
TMS 3201 0/20 

Applications 

Z8 I I)SP 

24KROMI4K~ 

AID DlA 

32 DIGITAL 110 

Z89C65 

Telephone Answering 
Controller with DSP 
LPC voice synthe:!is 
and DTMF detection 

CMOS 20 MHz 

Z8"' Controller 
24KZ8ROM 
16-bitDSP 
4K DSP Word ROM 
8-bit AID with AGC 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 

options available 
47 I/O Pins 

68-pin PLCC 

Fully featured cassette 
answering machines 
with voice prompts 
and DTMF signaling 

Z8 I OSP 

24K ROM 4K ROM 

AID O/A 

31 DIGITAL I EXT 
1/0 OUT 

Z89C66 

Telephone Answering 
Controller with DSP LPC 
voice synthesis and DTMF 
detection and external 
ROM/RAM interface 

CMOS 20 MHz 

Z8"' Controller 
64K External ROM 
16-bit DSP 
4KWord DSP ROM 
8-bit AID with AGC 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 

options available 
External ROM/RAM 

capability 
311/0 Pins 

68-pin PLCC 

General-Purpose DSP 
applications in TAD and 
other high-performance 
l-tape voice processors 

Z8 I DSP 
24K ROM 8K ROM 
RAMPORT AID 

RAM 
REFRESH DIA 

24 DIGITAL 1/0 

Z89C67 

Telephone Answering 
Controller with digital 
voice encode and decode 
DTMF detection and full 
memory control interface 

CMOS 20 MHz 

Z8"' Controller 
24KROM 
16-bitDSP 
4KWordROM 
8-bit AID with AGC 
DTMF macro available 
LPC macro available 
10-bit PWM D/A 
Other DSP software 

options available 
ARAM/DRAM/ROM 

Controller & Interface 
Dual CODEC Interface 

68-pin PLCC 

Voice Processing DSP 
applications in TAD 
and other all digital 
voice processors 
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Foreword 

Z ilog recognizes the customer's need to 
successfully design and develop new 

systems or applications quickly with 
maximum reliability and performance. The 
company has developed new design/ 
architectural support products to enhance 
the growing portfolio of new products in the 
datacommunication, intelligent peripheral 
control and microcontroller markets. This 
edition of the Support Products Summary 
features the latest component support tools 
for accomplishing these goals. 

New Products 

Zilog has continued to introduce many 
new Superintegration= CMOS components 
to fit multiple niche market designs. The 
company's proven core and cell library, one 
of the largest in the industry, is used to 
create Application Specific Standard 
Products (ASSPs) to meet the needs of 
specific market designs. 

Zilog's support technology also allows 
customers to automate software design with 
innovative support tools such as the EPM'" 
(Electronic Programmer's Manual). The EPM 
Manual provides a turnkey modular 
approach to creating device driver software 
in "C" code. This approach provides an 
easy, flexible integration of datacommuni­
cation products into new system designs. 

Choosing the right microprocessor/ 
microcontroller architecture is key to 

successful product development and 
development support. Zilog backs its 
customers with years of experience in 
engineering assistance, advanced inte­
grated development tools, electronic 
interactive programs, training, documen­
tation and much more. 

Z8® Microcontrollers 

The Z8 family of microcontrollers offers 
optimum system cost/performance in 
specific markets such as mass storage, 
automotive, computer peripherals, speech 
processing and general purpose embed­
ded control. Zilog's expertise has helped 
customers follow their product designs from 
inception through to completion. Time to 
market and maximum cost/performance are 
just a few of the important areas served by 
these support tools. 

The new ICE BOX'" in-circuit emulation 
tools provide real-time diagnostic/test 
emulatrons and OTP 
programming 
support for Zilog's 
Z8 microcontrollers. 
The emulator 
provides all the 
essential MCU 
timing and I/O 
circuitry to simplify user emulation of the 
prototype hardware/software products. 



Z80® Intelligent Peripherals 
, 

The zao family of intelligent peripheral 
controllers offers on-board intelligence for 
faxes, cellular phones, Local Area Network 
(LAN) network controllers, wireless 
controllers, printers, terminals, modems 

and general-purpose embedded control. To 
support the IPe line, Zilog offers evaluation 
kits that contain an assembled circuit board 
with supporting software documentation. 
These kits assist software and hardware 
development of customer designs. 

The IPe family provides a software 
migration path for accelerating the cus­
tomer design application from the lab 
through production assembly. 

ii 

Z8000® Datacommunications 

The zaooo datacommunications family 
has many innovative intelligent, multi­
protocol components for the high bit-rate, 
serial datacommunications markets. These 
products provide customers with a 
tremendous selection and the most 
flexibility in protocols, system interfaces and 
data transfer rates in the industry. Zilog 
datacom controllers ensure quick, easy and 
flexible interconnection of hosts and 
peripherals in applications such as local 
area networks, metropolitan area networks, 
bridges, routers, gateways and wide area 
networks. 

The innovative EPM is among the 
support tools offered for Zilog's datacom­
munications controllers. 

To find out more about Zilog's growing 
family of Superintegration products and 
support tools, contact your local Zilog sales 
office or authorized distributor today. 
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N KIT-TO-PART CROSS REFERENCE MATRIX 

Part Number 

Z08600 

Z08601 

l Z08602 

Z08604 

Z86C06 

Z08611 

Z86C08 • 
Z06E08 ~ 
Z86C09 • 
Z86C12 

Z86C19 • 
Z86C21 • 
Z86E21 . , 
Z86C27 

Z86E30 

Z86E40 

Z86C61 

Z86C62 

Z86C90 

Z86C91 •• 

Z86C93 •• 

Z86C94 

Z86C96 

Z86C97 

Z08800 

Application Kits 

• 

• • 

.1.1.1.1.1 • 

• 

• • 

APPLICATIONS BOARDS 
TOOL BOX Family 

Adapter Kits 

• .1.1.1.1.1.1. 

• 
.1 

• ·1 • 
• .1 

.1 

·1 

• .1 

• 
• 
• 

• • • 
re 

• 
• 

• 
ffi 
• Excluding SPI 

EMULATORS 
ICE BOXTM Family 

.-
.t 
.t 

• 
• • • 
• • 

~ 

• • I. 
I I. 

t Zilog Z86C0800ZDP Required 
s Z86COOOOZUSP Base Unit Required 



Z0860000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86C91,Z86C21,Z8600,Z8601,Z8611 

DESCRIPTION 
The ZS® Development Kit can be used for 
several purposes. As an evaluation tool, one 
can learn the ZS instruction set plus the 
manipulation of the ZS MCU's interrupt 
vectors and register set. Secondly, the ZS 
Development Kit is designed to aid the user 
in constructing specific applications using 
the ZS microcontroller. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@50mA 

Dimensions 
Width: 4.0 in. (10.2 cm) 
Length: S.O in. (20.3 cm) 

Serial Interface 
RS-232C @ 9600 baud 

.2iUO, 
KIT CONTENTS 
Z8 Development Board 
CMOS ZS6C91 MPU 
12 MHz Crystal 
(32K)/SK x S EPROM 
(32K)/SK x S Static RAM 
RS-232C PC Interface 
ZS6C91 Expansion Header 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS/SuperSTN Assembler and Utilities 
Host Communication Package 
Monitor Instructions 
Tutorial 
Sample ZS6C91 Application Software 

Documentation 
Microcontrollers Data Book 
ZS Development Kit User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZOS60000ZCO 
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Z0860000ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z8600 

DESCRIPTION 
The Z8600 Adapter Kit allows a standard Z8® 
emulator to emulate a Z8600 microcontroller 
by converting a 40-pin Z8 pin out MCU to a 
28-pin Z8 pin out MCU. 

SPECIFICATIONS 
Dimensions 
Width: 0.9 in. (2.3 cm) 
Length: 2.2 in. (5.4 cm) 

1-4 

ft)2iUD, 
KIT CONTENTS 
Z8600 Adapter Board 
PC Board 

ORDERING INFORMATION 
Part No: Z0860000ZDP 



Z0860200ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z08602 

DESCRIPTION 
The kit contains an assembled circuit 
board, Z08602 with keyboard, ROM-code, 
and documentation to help the user be­
come familiar with the features of the 
Z08602 keyboard controller. 

The Z08602 microcontroller is designed 
into a 101/102 PC keyboard circuit to 
control all scan codes, line status modes, 
scan timing and communication between 
the keyboard and PC. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @ .2 A (supplied by PC) 

Dimensions 
Width: 4.6in.(11.7cm) 
Length: 9.3 in. (23.6 cm) 

.2;1 I a, 
KIT CONTENTS 
Z08602101/102 Keyboard 
NMOS Z08602 MPU 
2 MHz Crystal 
101/102 Keyboard Option 
3 LEOs 
Two 8-Position Dip Switches 
6-Pin Communication Header 

Software (lBM® PC Platform) 
Contact Zilog for Licensing of 
Keyboard Source Code 

Documentation 
Microcontrollers Data Book 
Z8602 Application Note 
Z8602 Product Specification 

ORDERING INFORMATION 
Part No: Z0860200ZCO 
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Z0860200ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z08602 

DESCRIPTION 
The Z08602 adapter board is a tool used to 
adapt a standard Z8601 type device or 
emulation system to a Z8602 target socket. 

SPECIFICATIONS 
Dimensions 
Width: 1.3 in. (3.3 cm) 
Length: 2.3 in. (5.8 cm) 

1-6 

KIT CONTENTS 
Z08602 Adapter Board 
40-Pin Z08601/Z08611 MPU Socket 
40-Pin Z08602 Connecter 

Documentation 
Z08602 Adapter Kit User Guide 

ORDERING INFORMATION 
Part No: Z0860200ZDP 



Z86C0800ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86COB 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to help 
the user become familiar with the features of 
the ZS6COS microcontroller. 

The Applications Board is used to 
demonstrate the advantages and versatility 
of the 1S-pin ZS device. Included is simple 
hardware and software that demonstrates 
the implementation of WDT, HALT, and 
STOP mode, low cost 0 to A and A to 0 
conversion techniques. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@50mA 

Dimensions 
Width: 4.4 in. (11.2 cm) 
Length: 4.S in. (12.2 cm) 

~2.iUD, 

KIT CONTENTS 
ZB6COB Application Board 
CMOS ZS6COS MPU 
4 MHz Crystal 
Four 7-segment LED Displays 
17 -Key Keypad 

Software (lBM® PC Platform) 
Application Source Code 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 

Documentation 
Microcontroliers Data Book 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
ZS6COS Application Kit User Guide 

ORDERING INFORMATION 
Part No: ZS6COSOOZCO 

1-7 



Z86C0800ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
ZS6COS 

DESCRIPTION 
The Z86C08 adapter board converts the 
Z8® MCU from a 40-pin pin out to an 18-pin 
pin out. This adapter board allows a 
standard Z8 emulation device to emulate 
the Z86C08. The Z86C08 Adapter Board is 
placed between the Z8 emulator and the 
user's target socket. The board does not 
emulate the watchdog timer function. 

SPECIFICATIONS 
Dimensions 
Width: 2.5 in. (6.4 cm) 
Length: 2.9 in. (7.4 cm) 

1-8 

'P2iUO, 
KIT CONTENTS 
ZS6COS Adapter Board 
40-Pin Z8 MPU Socket 
18-Pin Z86C08 Socket 
12 MHz Crystal 

Cables 
18-Pin Z86C08 Emulation Cable 

Documentation 
Z86C08 Adapter Kit User Guide 

ORDERING INFORMATION 
Part No: Z86C0800ZDP 



Z86E0800ZPR 
PRODUCT SPECIFICATION 

SUPPORTED DI:'lIrl:~ 
Z86E08 

DESCRIPTION 
The Kit contains an assembled circuit 
board, software, and documentation to 
program the Z86E08 OTP. 

The Z86E08 is an OTP version of the 
Z86C08 single-chip microcontroller housed 
in an 18-pin DIP. It offers the same architec­
ture and all the features of the Z86C08. The 
Z86E08 also offers low noise and ROM 
protect options, which can be programmed 
by the programmer. 

SPECIFICATIONS 
Power Requirements 
+15 Vdc @ 1 A 
Or 12-15 Vac @ 1 A 

Dimensions 
Width: 4.9 in. (12.4 cm) 
Length: 5.4 in. (13.7 cm) 

KIT CONTENTS 
Z86E08 Programmer Board 
CMOS Z86C91 MPU 
7.3728 MHz Crystal 
8K x 8 EPROM 
(32K)/8K x 8 ZIF Socket (for user EPROM) 
Z86E08 ZIF Socket 
Two 7805 Voltage Regulators 
7812 Voltage Regulator 
Bridge Rectifier 
2 LEOs 
2 Key Switches 

Software (lBM® PC Platform) 
Programming source code 

Documentation 
Z86E08 Product Specification 
Z86E08 Kit User Guide 

ORDERING INFORMATION 
Part No: Z86E0800ZPR 
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Z86C1200ZEM 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
ZB6COB,ZB6EOB,ZB6COO,ZB6C10,ZB6C11 
ZB6C20,ZB6C21,ZB6E21,ZB6C61,ZB6C91 

DESCRIPTION 
The ZS6C1200ZEM is a member of Zilog's 
ICE BOX product family of in-circuit emula­
tors. The ICE BOX -C12 provides emulation 
and OTP programming support for Zilog's 
ZS® microcontroller. The Emulator provides 
all the essential MCU timing and 
I/O circuitry which simplifies user emulation 
of the prototype hardware/software product. 
The Emulator can be connected to a serial 
port COM 1 or COM 2 of the host computer 
(IBM XT, AT compatible). 

SPECIFICATIONS 
Emulation Specification 
Maximum Emulation Speed 16 MHz 

Power Requirements 
+5 Vdc@ 1.0 A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.S in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

1-10 

KIT CONTENTS 
ZB6C12 Emulator 

~2iUO, 

Z8 Emulation Base Board 
CMOS ZS6C9120PSC 
SK x S EPROM 

(Programmed with Debug Monitor) 
EPM512S EPLD 
32K x 8 Static RAM 
3 64K x 4 Static RAM 
RS-232C Interface 
Reset Switch 

Z86C12 Emulation Daughter Board 
EPM5032 EPLD 
16 MHz CMOS ZS6C1216GSE ICE Chip 
40-, is-Pin ZIF OTP Sockets 
SO-, 60-, 40-Pin Target Connectors 

Components 
ZS6E2112PSC 
ZS6EOS12PSC 

Cables 
12", 40-Pin DIP Emulation Pod 
12", 2S-Pin DIP Emulation Pod 
12", is-Pin DIP Emulation Pod 
4S" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM® PC PlaHorm) 
ZS/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Host Package 

Documentation 
Emulator User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: Z86C 1200ZEM 



Z86C1900ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86C09,Z86C19 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation for the 
universal I.R. transmitter application. The 
transmitter can be set up to operate most 
models of remote-controlled TVs, VCRs and 
Cable TV Decoders even if they are in 
different brands. 

With the set-up feature and the easy 
operation capability, the Universall.R. 
Transmitter can be used to replace several 
remote controllers. The documentation 
contains the look up codes of each corre­
sponding brand. 

SPECIFICATIONS 
Power Requirements 
+3 < Vee < +5 Vdc 

Dimensions 
Width: 2.3 in. (5.S cm) 
Length: 5.5 in. (14.0 cm) 

~2iua, 

KIT CONTENTS 
Z86C19 Universall.R. Remote Control Board 
CMOS ZS6C19 MPU (With Mask ROM) 
S MHz Crystal 
32 Key Switches 

Software (lBM® PC Platform) 
Source code available with factory approval. 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 

Documentation 
Microcontroller Data Book 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
ZS6C09/19 Product Specification 
ZS6C19 I.R. Application Kit User Guide 

ORDERING INFORMATION 
Part No: ZS6C 1900ZCO 
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Z86C1900ZEM 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z8604,Z86C09,Z86C19,Z86C90 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the maskROM ZS6C09/19 and 
ROMless ZS6C90 devices. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
object code to be down-loaded and subse­
quently debugged. 

Code targeted for the ZS6C09/19 device 
may be verified in the target applicati?n 
before submitting to Zilog for production 
masking. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@.5A 

Dimensions 
Width: 3.5 in. (S.9 cm) 
Length: 4.0 in. (10.2 cm) 

Serial Interface 
RS-232C @ 9600 baud 
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tt\2iIJ 0, 
KIT CONTENTS 
Z86C19 Evaluation Board 
CMOS ZS6C90 MPU 
S MHz Crystal 
(32K}/SK x S ZIF Socket (supplied with 

Debug Monitor EPROM) 
(32K)/SK x S Static RAM 
RS-232C PC Interface 
ZS6C90 Expansion Header 
ZS6C09/19 Emulation Header 

Cables 
25-Pin RS-232 Cable 
1S-Pin ZS6C19 Emulation Cable 

Software (IBM® PC Platform) 
zs®/zso®/zsooo® Cross Assembler 

. MOBJ Link/Loader 
Resident Debug Monitor Source Code 
ZS6C09 Example Software 

Documentation 
Microcontrollers Data Book 
ZS6C09/19 Product Specification 
ZS6C30/40/90 Product Specification 
ZS6C19ZEM Kit User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZS6C 1900ZEM 



Z86E0600ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E06/09/19 

DESCRIPTION 
The Z86E06 Program Converter Board is a 
simple adapter which converts the 28-pin 
footprint of the Zilog Z86E30 OTP chip to 
the 18-pin DIP configuration of the Z86E06/ 
09/19 OTP chip. The converter supports all 
the functions of the Z86E06/09/19 except 
for SPI function. 

SPECIFICATIONS 
Dimensions 
Width: 0.8 in. (2.0 cm) 
Length: 1.5 in. (3.8 cm) 

KIT CONTENTS 
Z86E06 Program Converter Board 
28-Pin Z86E30 MCU Socket 
18-Pin Z86E06/09/19 Connector 

Cables 
25-Pin RS-232 Cable 
18-Pin Z86C19 Emulation Cable 

Documentation 
Z86E06 OTP Converter Kit User Guide 

ORDERING INFORMATION 
Part No: Z86E0600ZDP 
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Z86E2100ZDF 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E21 

DESCRIPTION 
The Z86E21 OFP OTP Program Adapter Kit 
allows the 2764A standard EPROM 
programmer to program the Z86E21 OTP 
microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @.5A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 
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KIT CONTENTS 
Z86E21 QFP DTP Program Adapter Board 
44-Pin OFP ZIF Socket 
28-Pin Connector 

Documentation 
Z86E21 OOZDF Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E2100ZDF 



Z86E2100ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E21 

DESCRIPTION 
The Z86E21 DIP OTP Program Adapter Kit 
allows the 2764A standard EPROM 
programmer to program the Z86E21 OTP 
mieroeontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vde @.5 A 

Dimensions 
Width: 1.4 in. (3.6 cm) 
Length: 2.6 in. (6.6 em) 

KIT CONTENTS 
Z86E21 OIP Program Adapter Board 
40-Pin DIP ZIF Socket 
28-Pin Connector 

Documentation 
Z86E21ZDP Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E2100ZDP 
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Z86E2100ZDV 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E21 

DESCRIPTION 
The Z86E21 PLCC OTP Program Adapter 
Kit allows the 2764A standard EPROM 
programmer to program the Z86E21 OTP 
microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @.5 A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 
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KIT CONTENTS 
Z86E21 PLCC DIP Program Adapter Board 
44-Pin PLCC ZIF Socket 
28-Pin Connector 

Documentation 
Z86E2100ZDV Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E2100ZDV 



Z86E2101ZDF 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z86E21 

DESCRIPTION 
The Z86E21 OTP Program Converter Kit 
converts a 44-pin OFP package to a 40-pin 
DIP package, which allows the C12 ICE 
BOX'" to program the 44-pin OFP Z86E21 
OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 
Not applicable. 

Dimensions 
Width: 2.0 in. (5.1 cm) 
Length: 2.1 in. (5.3 cm) 

KIT CONTENTS 
Z86E21 OTP Program Converter Board 
44-Pin OFP ZIF Socket 
40-Pin Connector 

Documentation 
Not applicable. 

ORDERING INFORMATION 
Part No: Z86E2101ZDF 
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Z86E2101ZDV 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z86E21 

DESCRIPTION 
The Z86E21 OTP Program Converter,Kit 
converts a 44-pin PLCC package to a 
40-pin DIP package, which allows the 
C12 ICE BOX'" to program the 44-pin PLCC 
Z86E21 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 
Not applicable. 

Dimensions 
Width: 1.8 in. (4.6 cm) 
Length: 2.1 in. (5.3 cm) 
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KIT CONTENTS 
. Z86E21 OJP Program Converter Board 
44-Pin PLCC ZIF Socket 
40-Pin Connector 

Documentation 
Not applicable. 

ORDERING INFORMATION 
Part No: Z86E2101ZDV 



Z86E2300ZDP 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z86E23 

DESCRIPTION 
The Z86E23 OTP Program Adapter Kit allows 
a Z86E21 OTP programmer to program the 
40-pin DIP Z86E23 One-Time-Programmable 
microcontroller. 

SPECIFICATONS 
Power Requirements 
Not applicable 

Dimensions 
Width: 1.4 in. (3.6 cm) 
Length: 2.6 in. (6.6 cm) 

KIT CONTENTS 
Z86E23 DTP Program Adapter Board 
40-Pin ZIF Socket 
40-Pin Connector 

DOCUMENTION 
Z86E23ZDP Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E2300ZDP 
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Z86C2700ZCO 
PRODUCT SPECIFICATION 

~IIPpnA'TI=D DEVICES 
Z86C27,Z86C97 

DESCRIPTION 
The Z86C2700ZCO Application Kit is 
specifically designed for users to evaluate 
the hardware and software of Zilog's 
Z86C27 Digital Television Controller (DTC"'). 
The Z86C2700ZCO Application Kit can be 
used with an Z86C2700ZEM Emulation 
Adapter Board to develop application code. 

SPECIFICATIONS 
Power Requirements 
Supplied by Television Set 

Dimensions 
Width: 6.2 in. (15.7 cm) 
Length: 8.6 in. (21.8 cm) 
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KIT CONTENTS 
Z86C27 Application Board 
CMOS Z86C27 MPU Socket 
4 MHz Crystal 
24 Key Multiplexed Keypad 
Two 7 -segment LED Displays 
8 LEDs 
13 PWMs 
Low Pass Filter Interface 
PLL Interface 

Documentation 
Microcontrollers Data Book 
Z86C27 Application Kit User Guide 

ORDERING INFORMATION 
Part No: Z86C2700ZCO 



Z86C2701 ZEM 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86C27,Z86127,Z86C97 

DESCRIPTION 
The Z86C2701ZEM In-Circuit-Emulator (ICE BOXj pro­
vides emulation support for Zilog's DTCTM Family of ICs. 
The emulator provides all the essential MCU timing and 
I/O circuitry which simplifies user emulation of the proto­
type hardware/software product. The emulator can be 
connected to a serial port COM 1 or COM 2 of the host 
computer (IBM® XT, AT compatible). An EPROM ZIF 
socket is provided for character ROM (CGROM) verification. 

The Z86C2701 ZEM daughter board can also be used in 
a standalone mode. An EPROM socket is provided for 
applying the application software. In Addition, it can be 
used in conjunction with an Orion Unilab™8620 Emulator 
to generate program code and provide a simple connector 
interconnection for this purpose. 

SPECIFICATIONS 
Emulation Specification 
Maximum emulation speed 16 MHz 

Power Requirements 
+5 Vdc@ 1.0 A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.S in. (22.4 cm) 

KIT CONTENTS 
Z86C12 Emulator 
Z8 Emulation Base Board 

CMOS ZS6C9120PSC 
SK x S EPROM (Programmed 

with Debug Monitor) 
32K x S Static RAM 
3 64K x 4 Static RAM 
RS-232C Interface 
Reset Switch 

Z86C27 Emulation Daughter Board 
16 MHz CMOS ZS6C1216GSE ICE Chip 
8K x S Static RAM 
2S-Pin ZIF Socket 
6 HP-16500A Logic Analysis 

System Interface Connectors 
60/60 Pin Target Connectors 

Cables 
12" Z86C27 64-Pin DIP Emulation Pod 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM PC Platform) 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Host Package 

Documentation 
Emulator User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: ZS6C2701 ZEM 
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Z86C6200ZEM 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
l86C62,l86C96 

DESCRIPTION 
The ZS6C6200ZEM is a member of. Zilog's 
ICE BOX™ product family of in-circuit 
emulators. The ICE BOX C62 provides 
emulation for Zilog's ZS6C62 (ROM device) 
and Z86C96 (ROMless device) micro­
controllers. This includes all the essential MCU 
timing and I/O circuitry which simplifies user 
emulation ofthe prototype hardware/software 
product. The Emulator can be connected to a 
serial port COM 1 or COM 2 of the host 
computer(IBM®XT, AT, 386, 486 compatible). 

SPECIFICATIONS 
Emulation Specification 

Maximum emulation speed 16 MHz 

Power Requirements 
+5 Vdc@.5A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.8 in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

1-22 

KIT CONTENTS 
l86C62 Emulator 

~2iua~ 

~S® Emulation Base Board 
CMOS ZS6C9120PSC 
8K x 8 EPROM (Programmed 

with Debug Monitor) 
32K x 8 Static RAM 
3 64K x 4 Static RAM 
RS-232C Interface 
Reset Switch 

Z86C62 Emulation Daughter Board 
20 MHz CMOS ZS6C9620VSC ICE Chip 
5 HP-16500A Logic Analysis 

System Interface Connectors 
SO/60 Pin Target Connector 

Cables 
12", ZS6C96 68-Pin PLCC Emulation Pod 
12", ZS6C62 64-Pin DIP Emulation Pod 
48" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM PC Platform) 
ZS/Z80®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Host Package 

Documentation 
Emulator User Guide 
Z8 Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: ZS6C620ZEM 



Z86E3000ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E30 

DESCRIPTION 
The Z86E30 DIP OTP Program Adapter Kit 
allows a standard EPROM programmer to 
program the Z86E30 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @ .5A 

Dimensions 
Width: 1.45 in. (3.68 cm) 
Length: 2.0 in. (5.08 cm) 

~2iUD, 

KIT CONTENTS 
Z86E30 OlP Program Adapter Board 
28-Pin DIP ZIF Socket 
28-Pin Connector 

Documentation 
Z86E30ZDP Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E3000ZDP 
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Z86E4000ZDF 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E40 

DESCRIPTION 
The Z86E40 QFP OTP Program Adapter Kit 
allows a standard EPROM programmer to 
program the Z86E40 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @.5 A 

Dimensions 
Width: 1.75 in. (4.4 cm) 
Length: 2.20 in. (5.6 cm) 
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KIT CONTENTS 
Z86E40 QFP aTP Program Adapter Board 
44-Pin QFP ZIF Socket 
28-Pin Connector 

Documentation 
Z86E4000ZDF Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E4000ZDF 



Z86E4000ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E40 

DESCRIPTION 
The Z86E40 DIP OTP Program Adapter Kit 
allows a standard EPROM programmer to 
program the Z86E40 OTP microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @.5 A 

Dimensions 
Width: 1.4 in. (3.6 cm) 
Length: 2.6 in. (6.6 cm) 

~2iUD, 

KIT CONTENTS 
Z86E40 DIP DIP Program Adapter Board 
40-Pin DIP ZIF Socket 
28-Pin Connector 

Documentation 
Z86E40ZDP Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E4000ZDP 

1-25 



Z86E4000ZDV 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86E40 

DESCRIPTION 
The Z86E40 PLCC DIP OTP Program 
Adapter Kit allows a standard EPROM 
programmer to program the Z86E40 OTP 
microcontroller. 

SPECIFICATIONS 
Power Requirements 
+12.5 Vdc @.5 A 

Dimensions 
Width: 1.6 in. (4.1 cm) 
Length: 2.0 in. (5.1 cm) 
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KIT CONTENTS 
Z86E40 PLCC orp Program Adapter Board 
40-Pin ZIF Socket 
28-Pin Connector 

Documentation 
Z86E4000ZDV Adapter User Guide 

ORDERING INFORMATION 
Part No: Z86E4000ZDV 



Z86E4001ZDF 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z86E4D 

DESCRIPTION 
The Z86E40 OTP Program Converter Kit 
converts a 44-pin QFP package to a 40-pin 
DIP package, which allows the CSO ICE 
BOX""to program the 44-pin QFP Z86E40 
OTP r:nicrocontroller. " 

SPECIFICATIONS 
Power Requirements 
Not applicable. 

Dimensions 
Width: 2.0S in. (S.2 cm) 
Length: 2.10 in. (S.3 cm) 

~2iUD, 

KIT CONTENTS 
Z86E4D DTP Program Converter Board 
44-Pin QFP ZIF Socket 
40-Pin Connector 

Documentation 
Not applicable. 

ORDERING INFORMATION 
Part No: Z86E4001ZDF 
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Z86E4001ZDV 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z86E40 

DESCRIPTION 
The Z86E40 OTP Program Converter Kit 
converts a 44-pin PLCC package to a 
40-pin DIP package, which allows the C50 
ICE BOX™ to program the 44-pin PLCC 
Z86E40 OTP microcontroller. 

SPECIFICATIONS 
Power. Requirements 
Not applicable. 

Dimensions 
Width: 1.8 in. (4.6 cm) 
Length: 2.1 in. (5.3 cm) 
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KIT CONTENTS 
Z86E40 DIP Program Converter Board 
40-Pin PLCC ZIF Socket 
40-Pin Connector 

Documentation 
Not applicable. 

ORDERING INFORMATION 
Part No: Z86E4001ZDV 



Z86C5000ZEM 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86C06,Z86C09/19,Z86E09,Z86C30, 
Z86E30,186C40,Z86E40,Z86C89,Z86C90 

DESCRIPTION 
The ZS6C5000ZEM is a member of Zilog's 
ICE BOX™ product family of in-circuit 
emulators. The ICE BOX -C50 provides 
emulation and OTP programming support 
for Zilog's CCpTM (Consumer Controller 
Processor) microcontroller. The Emulator 
provides all the essential MCU timing and 
I/O circuitry which simplifies user emulation 
of the prototype hardware/software prod­
uct. The Emulator can be connected to a 
serial port COM 1 or COM 2 of the host 
computer (IBM XT, AT compatible). 

SPECIFICATIONS 
Emulation Specification 
Maximum Emulation Speed 16 MHz 

Power Requirements 
+5 Vdc@ 1.0 A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.S in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 

KIT CONTENTS 
Z86C50 Emulator 
Z8® Emulation Base Board 

CMOS ZS6C9120PSC 
SK x S EPROM (Programmed 

with Debug Monitor) 
32K x 8 Static RAM 
3 64K x 4 Static RAMs 
RS-232C Interface 
Reset Switch 

Z86C50 Emulation Daughter Board 
20 MHz CMOS ZS6C5020GSE ICE Chip 
2K x 8 Static RAM 
40/28/18 Pin ZIF OTP Sockets 
6 HP-16500A Logic Analysis 

System Interface Connectors 
80-,60-, 40-Pin Target Connectors 

Components 
ZS6E4012PSC 
ZS6E3012PSC 

Cables 
12", 40-Pin DIP Emulation Cable 
12", 28-Pin DIP Emulation Cable 
12", 1S-Pin DIP Emulation Cable 

. 4S" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM PC Platform) 
ZS/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Host Package 

Documentation 
Emulator User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: ZS6C5000ZEM 
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Z86C9300ZEM 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z86C93 

DESCRIPTION 
The ZS6C9300ZEM is a member of Zilog's 
ICE BOX'" product family of in-circuit 
emulators. The ICE BOX -C93 provides 
emulation for Zilog's ZS6C93 microcon­
troller. This includes all the essential MCU 
timing and I/O circuitry which simplifies user 
emulation of the prototype hardware/ 
software product. The Emulator can be 
connected to a serial port COM 1 or COM 2 
of the host computer (IBM® XT, AT, 3S6, 4S6 
compatible) . 

SPECIFICATIONS 
Emulation Specification 
Maximum Emulation Speed 16 MHz 

Power Requirements 
+5 Vdc @ .5A 

Dimensions 
Width: 6.0 in. (15.2 cm) 
Length: S.S in. (22.4 cm) 

Serial Interface 
RS-232C @ 19200 baud 
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KIT CONTENTS 
Z86C93 Emulator 

~2.iUD, 

Z8® Emulation Base Board 
CMOS ZS6C9120PSC 
SKxS EPROM 

(Programmed with Debug Monitor) 
32K x S Static RAM 
3 64K x 4 Static RAMs 
RS-232C Interface 
Reset Switch 

Z86C93 Emulation Daughter Board 
20 MHz CMOS ZS6C9320GSE ICE Chip 
3 HP-16500A Logic Analysis 

System Interface Connectors 
SO-Pin Target Connector 

Cables 
12", ZS6C93 44-Pin PLCC Emulation Pod 
4S" Power Cable 
15" Power Cable with Banana Plugs 
60" DB 25 RS-232C Cable 

Software (IBM PC Platform) 
ZS/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Host Package 

Documentation 
Emulator User Guide 
ZS Cross Assembler User Guide 
MOBJ Link/Loader User Guide 
Registration Card 

ORDERING INFORMATION 
Part No: Z86C9300ZEM 



Z0880000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED 
ZDBBDD 

DESCRIPTION 
The Super8'"" Development Kit can be used 
for several purposes. As an evaluation tool, 
the user can learn the Super8's instruction 
set plus the manipulation of the Super8's 
interrupt vectors and register set. Secondly, 
the Super8 Development Kit is designed to 
aid the user in constructing specific appli­
cations using the Super8 microcontroller. 
Lastly, application prototypes may be run 
using the Super8 Development Kit. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @.4A 

Dimensions 
Width: 4.0 in. (10.2 cm) 
Length: 4.5 in. (11.4 cm) 

Serial Interface 
RS-232C @ 9600 baud 

~2iU:U, 

KIT CONTENTS 
SuperB Development Board 
NMOS Z08800 Super8 MPU 
20 MHz Crystal 
(32K)/8K x 8 EPROM 
(32K)/8K x 8 Static RAM 
RS-232C PC Interface 

Software (IBM PC Platform) 
Z8®/Super8 Assembler/Utilities 
Host Communication Package 
Monitor Instructions 
Tutorial 
Sample Z08802 Application Software 

Documentation 
Microcontrollers Data Book 
Super8 Development Kit User Guide 
Z8 Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: Z0880000ZCO 
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Z8 S Series Emulators 
BASE UNITS AND PODS 

DESCRIPTION 
The system comprises three base unit 
options, (64K, 128K, or 256K of emulation 
program ROM), and four pod options which 
allow the emulation of various Z8 microcon­
trollers. Features include real-time trans­
parent emulation up to 20 MHz, in-line 
symbolic assembler and disassembler, real­
time hardware breakpoints, eight channel 
user logic analyser, external trigger input 
and outputs, trace display and memory 
display/edit during execution, and window 
or command driven user interface. 

SPECIFICATIONS 
Microcontrollers Emulated: 
Z86C1200ZPD Z86COO, Z86C10, Z86C20, 

Z86C11, Z86C21, Z86E21, 
Z86C91, Z86C61 

Z86C5000ZPD Z86C09, Z86C19, Z86C30, 
Z86C40,Z86C90 

Z86C9300ZPD Z86C93 
Z86C9400ZPD Z86C94 
Z86C9500Z0P Z86C95 

Maximum Emulation Speed: 
Up to 30 MHz (microcontroller 

dependent) 

Size: 
260 mm wide, 260 mm deep, 64 mm high 

1-32 
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Operating Temperature: 
O°C to +40°C 

Storage Temperature: 
-10°C to +65°C 

Operating Humidity: 
a to 90% 

Maximum Emulation Program Memory: 
64 Kbytes with Z86COOOOZUSP064 
128 Kbytes with Z86COOOOZUSSP128 
256 Kbytes with Z86COOOOZUSP256 

Maximum Emulation Data Memory: 
64 Kbytes 

Program Memory Mapping: 
1 K blocks 

Pass Counters: 
Two, 16-bit each 

Trace Buffer: 
32K - 80 bits 

Sequencer: 
Hardware, 8 levels 

User Probe: 
Eight channel logic input 
One trigger input 
Seven trigger outputs (Events, Pass 
Counters, Sequencer) 

Host Interface: 
Asynchronous RS-232C 
9600/115 KBaud 
XON/XOFF support 

File Upward/Downward Format: 
Zilog MUFOM (EEE 695-1985) 
Intel® HEX 
Intel AOMF 
2500AO® Software 



MINIMUM HOST REQUIREMENTS 
• IBM® compatible PC/XT/AT/386 or PS-2 
• 640 Kbyte memory 
• 20 Mbyte hard disk 
• RS-232 serial port (COM 1 or COM 2) 
• Mouse (serial or bus) 
• MDA, CGA, EGA, or VGA video adaptor 

~2iUD, 

MINIMUM EMULATION SUPPORT 
• One base unit 
• One emulation pod 

Part Numbers 
Base Unit 
Z86COOOOZUSP064 
Z86COOOOZUSP128 
Z86COOOOZUSP256 
Z86C9400ZUSP064 
Z86C9500ZUSP064 

Emulation Pod 
Z86C9300ZPD 
Z86C 1200ZPD 
Z86C5000ZPD 
Z86C9400ZPD 
Z86C9500ZDP 
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Kit-To-Part Cross Reference Matrix 

Z80180 • • Z80181 • • • Z84C01 • Z84C11 • Z84C15 • Z84C43 • Z84C50 • Z84C90 • • Z85C30 • 
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Z8018000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z80180,Z85&30 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the ZS01S0 and ZS5C30 devices. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
executable code to be down-loaded and 
subsequently debugged. 

SPECifiCATIONS 
Power Requirements 
+5 Vdc @ .65 A 

Dimensions 
Width: 6.5 in. 
Length: 5.0 in. 

5eriallnterface 
RS-232C @ 9600 baud 

.2iUO, 
KIT CONTENTS 
Z180/5CC Evaluation Board 
CMOS ZS01S0 MPU 
19.660S MHz Crystal 
Socketed (32K)/SK x S EPROM 

(programmed with Debug Monitor) 
Socketed (32K)/SK x S Static RAM 
RS-232C PC Interface 
ZS01S0 Expansion Header 
Z85C30 Expansion Header 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS®/zso®/zsooo® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 
ZS01S0 Example Software 

Documentation 
Z1S0/SCC Kit User Guide 
ZS01S0 Technical Manual 
ZS030/S530 Technical Manual 
Z80 Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZS01S000ZCO 
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Z8018100ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z80181 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the Z80181 device. 

The supplied cross assembler and link/ 
loader package allows full assembly . 
language support. A board resident debug 
monitor program allows executable code to 
be down-loaded and subsequently 
debugged. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @ .65 A 

Dimensions 
Width: 3.65 in. (9.27 cm) 
Length: 4.20 in. (10.67 cm) 

Serial Interface 
RS-232C @ 9600 bits/sec. 

2-4 

KIT CONTENTS 
Z180181 Evaluation Board 
CMOS Z80181 MPU 
19.6608 MHz Crystal 
Socketed (32K) /8K x 8 EPROM 

(programmed with Debug Monitor) 
Socketed (32K) /8K x 8 Static RAM 
RS-232C Interface 
Z80181 MPU Expansion Header 
Z80181 Peripheral Signal 

Expansion Header 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (lBM® PC Platform) 
Z8®/Z80®/Z8000® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 
Z80181 Example Software . 

Documentation 
Z80181 Kit User Guide 
Z80181 Product Specification 
Z8030/8530 Technical Manual 
Z80 Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: Z8018100ZCO 



Z8018101ZCO 
PRODUCT SPECIFICATION 

DESCRIPTION 
The Z181"" MPU LLAP Evaluation Kit 
contains assembled Z181 LLAP Evaluation 
Boards, software and documentation to 
support AppleTalk@ LocalTalk"" Link Access 
Protocol (LLAP) on Zilog's Z80181 (Z181). 

The purpose of the Z181 LLAP Evaluation 
Board is to demonstrate one possible 
hardware configuration when implementing 
LLAP on the Z181 and to provide a platform 
from which to execute an example LLAP 
application program. This example LLAP 
application program (mainecho.c) allows 
the board to transmit and receive LLAP 
packets to another board. 

Z181 LLAP Driver Description 
The kit contains source codes and docu­
mentation for the Z181 LLAP driver*. The 
"User Guide, LLAP Driver for the Z181" 
describes the driver for the Z181 and 
explains how the driver is to be used. The 
"Design, LLAP Driver for the Z181" explains 
how the driver works. 

In general, the Z181 LLAP Driver imple­
ments the LLAP protocol described in 
"Inside AppleTalk" by Sidhu et.a!. e.g., 
proper ENQ, ACK, RTS, CTS transmission/ 
reception. . 

Note: *Licensing agreement for this soft­
ware is required. Please contact Zilog's 
sales office for further information. 

SPECIFICATIONS FOR LLAP 
EVALUATION BOARD 
Power Requirements 
+5 Vdc @ 0.50A 

Dimensions 
Width: 4.4 in. 
Length: 5.8 in. 

Serial Interfaces 
RS-232C 
RS-422 LocalTalk DIN-8 and DB-9 interface 

LLAP Driver Resource Usage 
and Hardware Requirements 
Approximately 4.5 Kbytes of program 
memory (ROM or RAM) written partly in 
Z181 assembler and in ANSI C (Microtec). 

Approximately 128 bytes of data memory 
(RAM). 

TxD and RxD of the Z181 's SCC is con­
nected to the RS-422 differential drivers. 

. The /REQ pin from the Z181's SCC is 
connected to the Z181 DMA's/DREQ1. 

A 3.6864 MHz crystal is attached to the 
RTxC and SYNC pins for LLAP clocking. 

The Z181. uses a 10.0 MHz clock. 

Memory accesses require no added wait 
states. 
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KIT CONTENTS 
Two Z8018101ZCO LLAP Evaluation 
Boards, each has 

- CMOS Z181'" MPU @ 10 MHz 
- 20 MHz Crystal (for MPU) 
- 3.684 MHz Crystal (for LLAP) 
- Socketed 8Kx8 EPROM (containing 

mainecho.c) 
- Socketed 8Kx8 Static RAM 
- RS-232C Interface 
- RS-422 Interface for LocalTalk'" 

DIN-8 or DB-9 connection 
- Z181 MPU Expansion Header 
- Z181 Peripheral Expansion Header 
- Reset switch 
- NMI switch 

Software 
Z181 LLAP Driver Source Code Diskette* 

Trademarks 

Hardware 
Two unsocketed 8Kx8 EPROM containing 

demo.c 
Two LocalTalk DB-9 connection modules 
Two power supply cables 
Two DB-25 connectors 

iiocumeniaiion 
User Guide, LLAP Driver for the Z181 
Design, LLAP Driver for the Z181 
Z181 Product Specification 
Z85C30 Product Specification 

ORDERING INFORMATION 
Part No: Z8018101ZCO 

Note: *Licensing agreement for this 
software is required. Please contact Zilog's 
Sales Office for further information. 

AppleTalk® A Registered Trademark of Apple Computer, Inc . 
. LocalTalk'" A Trademark of Apple Computer, Inc. . 
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Z8018100ZDP 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z80181 

DESCRIPTION 
The Z80181 Emulator Adapter enables 
development and debugging of user target 
systems which utilize the Z80181 chip plus 
the use of a Z80180 In-Circuit Emulator that 
provides a 68-pin PLCC probe. It serves as 
a bridge between a Z80180 In-Circuit 
Emulator and a user target system. 

SPECIFICATIONS 
Power Requirements 
Vee= 5.0V 

Dimensions 
Width: 4.10 in. 
Length: 5.40 in. 

KIT CONTENTS 

~2iUD, 

Z80181 Adapter Board 
68-Pin PLCC Z180™ socket 
Power Supply cable 

Documentation 
Z80181 Emulator Adapter Kit User Guide 

ORDERING INFORMATION 
Part No: Z8018100ZDP 
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Z84C1100ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z84C11,Z84C43 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the ZS4C11 and ZS4C43 devices. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
executable code to be down-loaded and 
subsequently debugged. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@ .36A 

Dimensions 
Width: 4.5 in. (S.9 cm) 
Length: 4.0 in. (10.2 cm) 

Serial Interface 
RS-232C @ 9600 baud 
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KIT CONTENTS 
Z84C11 Evaluation Board 
CMOS ZS4C11 MPU 
CMOS ZS4C43 SIO 
19.660S Mhz Crystal 
Socketed (32K)/SK x S EPROM 

(supplied with Debug Monitor EPROM) 
Socketed (32K)/SK x S Static RAM 
RS-232C PC Interface 
ZSO signal Expansion Header 
ZS4C11 I/O signal Expansion Header 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 

Documentation 
ZS4C11 Kit User Guide 
ZS4C11 Product Specification 
ZSO Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZS4C1100ZCO 



Z84C1500ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z84C15 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the ZS4C15 device. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
executable code to be down-loaded and 
subsequently debugged. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @ .39 A 

Dimensions 
Width: 3.9 in. (S.9 cm) 
Length: 3.5 in. (10.2 cm) 

Serial Interface 
RS-232C @ 9600 baud 

~2j1J D, 

KIT CONTENTS 
Z84C15 Evaluation Board 
CMOS ZS4C15 MPU 
19.660S MHz Crystal 
Socketed (32K)/SK x S EPROM 

(programmed with Debug Monitor) 
Socketed (32K)/SK x S Static RAM 
RS-232C PC Interface 
ZSO® MPU Signal Expansion Header 
ZS4C15 I/O Expansion Header 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (lBM® PC Platform) 
ZS®/ZSO/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 

Documentation 
ZS4C15 Kit User Guide 
ZS4C 15 Product Specification 
ZSO Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZS4C 1500ZCO 
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Z84C5000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z84C5D,Z84C9D 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the ZS4C50 and ZS4C90 devices. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
executable code to be down-loaded and 
subsequently debugged. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@.47 A 

Dimensions 
Width: 5.5 in. (S.9 cm) 
Length: 4.0 in. (10.2 cm) 

Serial Interface 
RS-232C @ 9600 baud 
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KIT CONTENTS 
Z84C5D Evaluation Board 
CMOS ZS4C50 MPU 
CMOS ZS4C90 KlaN Ie 
S MHz Crystal 
(32K)/SK x S EPROM 

(programmed with Debug Monitor) 
RS-232C PC Interface 
ZS4C90 Signal Expansion Header 
ZS4C50 Signal Expansion Header 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 
Example Software 

Documentation 
ZS4C50 Kit User Guide 
ZS4C50 Product Specification 
ZSO Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: ZS4C5000ZCO 



Z84C9000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z84C01,Z84C90 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software and hardware develop­
ment for the ZS4C01 MPU and ZS4C90 
KIO'" devices. 

The supplied cross assembler and link/ 
loader package allows full assembly 
language programming support. A board 
resident debug monitor program allows 
executable code to be down-loaded and 
subsequently debugged. 

Code targeted for the ZS4C01 and/or 
ZS4C90 device may be verified for the 
target application before prototype build. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @.45 A 

Dimensions 
Width: 6.0 in. (S.9 cm) 
Length: 6.0 in. (10.2 cm) 

Serial Interface 
RS-232C @ 9600 baud 

~2iUD, 

KIT CONTENTS 
Z84C01 Evaluation Board 
CMOS ZS4C01 MPU 
CMOS ZS4C90 KIO'M Ie 
S MHz Crystal 
Sockted (32K)/SK x S EPROM 

(programmed with Debug Monitor) 
Socketed (32K)/SK x S Static RAM 
RS-232C PC Interface 
ZS4C90 Signal Expansion Header 
ZS4C01 Signal Expansion Header 
Bread Board Area 
Reset switch 
Nmi switch 

Cables 
25-Pin RS-232 Cable 

Software (IBM® PC Platform) 
ZS®/ZSO®/ZSOOO® Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 
Example Software 

Documentation 
ZS4C90 Kit User Guide 
Intelligent Peripheral Controllers Data Book 
ZSO Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: Z4C9000ZCO 
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ZEPMIP00001 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z80180/Z180, Z80181/Z181 

DESCRIPTION 
The EPM™ Electronic Programmer's Manual 
provides on-line documentation on Zilog's 
Micropro-cessor Unit Z80180/Z180 and 
Z80181/Z181 register sets and device 
operation. Its code generation features make 
it a most valuable tool for the pro-grammer. 
The EPM Manual helps you set the registers to 
ensure that the device operates with your 
specified settings. Once you have selected 
the field values as a series of C function calis, 
or as an assembler table, you can include this 
output in any software that utilizes the device. 

SPECIFICATIONS 
Minimum Hardware Requirements 
IBM® PC/AT with available 512K RAM 
5.25 inch, high density, or 3.5 inch, 

high density floppy disk drive 
Hard disk drive 
Color monitor 

Minimum Operating System 
MS-DOS, version 3.0 or later 
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KIT CONTENTS 
Software (IBM® PC PlaHorm) 
2 EPM Floppy Diskettes: 5.25 inch, 

high density and 3.5 inch, high density 

Documentation 
EPM User's Guide 
Z80180/Z180 Technical Manual 
Z80181/Z181 Preliminary Product Spec. 
Z8030/Z8530 SCC Technical Manual 
EPM Registration Reply Card 

ORDERING INFORMATION 
Part No: ZEPMIP00001 
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SUPPORT PRODUCTS SUMMARY ~2iUD, 

Kit-To-Part Cross Reference Matrix 
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Z8523000ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVI 
Z8530,Z85C30,Z85230,Z85233 

DESCRIPTION 

'-

The kit contains an assembled PC/XT/AT 
circuit board with one high speed serial 
port, selectively driven by RS-232C or 
RS-422 line drivers. The kit also contains 
software and documentation to support 
software and hardware development for 
Zilog's ESCC'" device. 

The board illustrates the use of Zilog's 
ESCC in a variety of communication 
applications such as SOLC/HOLC, and high 
speed ASYNC. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@.5A 

Dimensions 
Width: 4 in. (10.16 cm) 
Length: 5 in. (12.70 cm) 

Serial Interface 
A 0825 port selectively driven by RS-232C 
or RS-422 at selectable baud rates. 

~2iua, 

KIT CONTENTS 
Z85230 Evaluation Board 
CMOS Z85230 ESCC 
RS-232C and RS-422 line drivers 
0825 'connector 

Software (lBM® PC Platform) 
Source and executable codes to run the 
ESCC in SOLC/HOLC and ASYNC modes 
using OMA, Interrupt and polling methods. 
All codes are written in C and compiled 
using the Microsoft® Quick C compiler. 

Documentation 
Z85230 Product Specifications 
Z85230 Technical Manuals 
Z8523000ZCO User Guide 
Sealevel"" User's Manual 

ORDERING INFORMATION 
Part No: Z8523000ZCO 
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Z16C0100ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z16C01,Z16C20,Z16C30 

DESCRIPTION 
The kit contains an assembled circuit 
board, software and documentation to 
support software, and hardware develop­
ment for the Z16C01 CPU, Z16C20 GLU 
(General Logic Unit) and Z16C30 USC"" 
(Universal Serial Controller). 

The supplied cross C compiler, assem­
bler and link/loader package allows full C 
and assembly language programming 
support. A board resident debug monitor 
program and its PC based counterpart 
allow executable code to be down-loaded 
and subsequently debugged. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc@.5A 

Dimensions 
Single Euro Card Format 
Width: 3.94 in. (10 cm) 
Length: 6.30 in. (16 cm) 

Serial Interface 
RS-232C @ 9600 baud 
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KIT CONTENTS 
Z16C01/20/30 Evaluation Board 
CMOS Z16C01 CPU 
CMOS Z16C20 GLU 
CMOS Z16C30 USC 
20 MHz Crystal 
20 MHz Oscillator 
Two (64K)/SK x S EPROMs 

(programmed with Debug Monitor) 
Two (32K)/(SK) x S Static RAM 
RS-232C PC Interface 
Z16C01 Expansion Bus Connector 

Cables 
25-Pin RS-232C Cable 

Software (lBM® PC Platform) 
ZSOOO® Cross C Compiler 
ZS®/ZSO®/ZSOOO Cross Assembler 
MOBJ Link/Loader 
Resident Debug Monitor Source Code 
Host Package Source Code 
Z16C20 Example Software 

Documentation 
ZSOOO CPU Technical Manual 
ZSOOO CPU Programmer's Pocket Guide 
Z16C20 GLU Product Specification 
Z16C30 USC Technical Manual 
Z16C0100ZCO Kit User Manual 
CCSK C Compiler User Guide 
ZSOOO Cross Assembler User Guide 
MOBJ Link/Loader User Guide 

ORDERING INFORMATION 
Part No: Z16C0100ZCO 

..- ~'A5'o ~ 



Z16C3001ZCO 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
Z16C30,Z16C33 

DESCRIPTION 
The kit contains an assembled PC/XT/AT 
circuit board with two high-speed serial 
connections, OB9 and OB25 connectors 
selectively driven by RS-232 or RS-422 line 
drivers. The kit also contains software and 
documentation to support software and 
hardware development for Zilog's USC™ and 
MUSC™ devices. 

The board illustrates the use of Zilog's 
USC and MUSC devices in a variety of 
communication applications such as 
ASYNC, SOLC/HOLC and high-speed 
ASYNC. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @.5A 

Dimensions 
Width: 4.5 in. (11.43 cm) 
Length: 6.5 in. (16.51 cm) 

Serial Interface 
OB9 and OB25 connectors selectively 
driven by RS-232C or RS-422 at 
selectable baud rates. 

~2iua, 

KIT CONTENTS 
Z16C30/Z16C33 Evaluation Board 
CMOS Z16C30 USC and Z16C33 MUSC 
RS-232C and RS-422 line drivers 
OB9 and OB25 Interfaces 

Software (IBM® PC Platform) 
Source and executable codes to run the 
USC or MUSC in SOLC/HOLC or ASYNC 
mode. All codes are written and compiled 
using Microsoft® Quick C 2.5. 

Documentation 
Z16C30 and Z16C33 Product Specifications 
Z16C30/Z16C33 Technical Manual 
Z16C3001ZCO Kit User Guide 

ORDERING INFORMATION 
Part No: Z16C3001ZCO 
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Z8018600ZCO 
PRODUCT SPECIFICATION 

Photograph 
Not Available 
At This Time 

SUPPORTED DEVICES 
Z8X30,Z85230,Z16C31,Z16C32,Z8XC30, 
Z16C33,Z16C30,Z16C35 

DESCRIPTION 
The kit contains an assembled circuit board, 
software, and documentation to support the 
evaluation and development of code for Zilog's 
Z85C30 SCC, Z85230 ESCC"', Z16C30 USC"', 
Z16C33 MUSC"', and the Z16C35 ISCC"'. The 
purpose of the board is to illustrate how the 
datacom family interfaces and communicates 
with the 80186 CPU. This will help potential 
customers evaluate Zilog's data com­
munication controllers in an Intel@) environment. 
A board-resident monitor program allows code 
to be downloaded and executed. 

SPECIFICATIONS 
Power Requirements 
+5 Vdc @ .50A 

Dimensions 
Width: 8.4 in. (21.34 cm) 
Length: 9.3 in. (23.62 cm) 

Serial Interfaces 
RS-232C, RS-422 
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KIT CONTENTS 
Z8018600ZCO Evaluation Board 
Intel 80186 Integrated 16-bit MPU@ 16 MHz 
CMOS Z85230 ESCC 
CMOS Z 16C30 USC 
CMOS Z16C321USC 
CMOS Z16C35 ISCC 
2 (64K) 8Kx8 EPROMs 
6 (256K) 32Kx8 SRAMs 
RS-232C, RS-422, and Apple@) LocalTalk'" 

line drivers 
DB9, DB25, and DIN 8 Interfaces 

Cables 
1 25-pin RS-232C Cable 
14 Jumper Wires 

Software (IBM® PC PlaHorm) 
Resident Monitor for download and 

execution (80186 Assembler source code) 
PC-board terminal emulator 
Z85230, Z16C30/33, Z16C31, and 

Z16C35 Examples Software (All codes 
written in "COO and compiled using 
the Microtec® C compiler.) 

Documentation 
Z85230 ESCC Product Specification/ 

Technical Manual 
Z16C30/33 (M)USC Product Specification/ 

Technical Manual 
Z16C35 ISCC Product Specification/ 

Technical Manual 
Datacom Evaluation Board Applicati~e 

ORDERING INFORMATION 
Part No: Z8018600ZCO 
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ZEPMDC00001 
PRODUCT SPECIFICATION 

SUPPORl PROOU&lS 

SUPPORTED DEVICES 
Z16C30,Z16C33,Z16C31 

DESCRIPTION 
The EPM'" Electronic Programmer's Manual 
provides on-line documentation on Zilog's 
USC'" Universal Serial Communicatons Con­
troller (Z16C30), MUSC"'Mono-Universal Serial 
Controller (Z16C33), and the IUSC'" Integrated 
Universal Serial Controller (Z16C31) register 
sets and device operation. Its code genera­
tion features make it a most valuable tool for 
the programmer. The EPM helps you set the 
registers to ensure that the device operates 
with your specified settings. Once you have 
selected the field values as a series of C 
function calls, or as an assembler table, you 
can include this output in any software that 
utilizes the device. 

SPECIFICATIONS 
Minimum Hardware Requirements 
IBM PC/AT with available 512K RAM 
5.25 inch, high density, or 3.5 inch, 

high density floppy disk drive 
Hard disk drive 
Color monitor 

Minimum Operating System 
MS-DOS, version 3.0 or later 

KIT CONTENTS 
Software (IBM® PC Platform) 
2 EPM Floppy Diskettes: 5.25 inch, 

high density and 3.5 inch, high density 

Documentation 
EPM User's Guide 
USC/MUSC Technical Manual 
IUSC Technical Manual 
EPM Registration Reply Card 

ORDERING INFORMATION 
Part No: ZEPMDC00001 
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ZEPMDC00002 
PRODUCT SPECIFICATION 

SUPPORTED DEVICES 
zax30,z8xC30,zaX230,Z16C35 

DESCRIPTION 
The EPM'" Electronic Programmer's Manual 
provides on-line documentation on Zilog's 
Serial Communicatons Controller family of 
devices (Z08X30 NMOS SCC, Z8XC30 CMOS 
SCC, Z8X230 ESCC, Z16C35 ISCClVcontrol­
ler): register set and operation of the device. 
Its code generation features make it a most 
valuable tool for the programmer. The EPM 
Manual helps you set the registers to ensure 
that the device operates with your specified 
settings. Once you have selected values for 
the registers, the EPM Manual lets you save 
the field values as a series of C function calls 
or as an assembler table. You can include this 
output in any software that utilizes the device. 

SPECIFICATIONS 
Minimum Hardware Requirements 
IBM® PC/AT with available 512K RAM 
5.25 inch, high density, or 3.5 inch, 

high density floppy disk drive 
Hard disk drive 
Color monitor 

Minimum Operating System 
MS-DOS, version 3.0 or later 

3-8 

KIT CONTENTS 
Software (IBM@ PC PlaHorm) 
2 EPM Floppy Diskette: 5.25 inch, 

high density and 3.5 inch, high density 

Documentation 
EPM User's Guide 
SCC Technical Manual 
ESCC Technical Manual 
ISCC Technical Manual 
EPM Registration Reply Card 

ORDERING INFORMATION 
Part No: ZEPMDC00002 



l80 & l80180 HARDWARE AND SOFTWARE SUPPORT 

Hardware Support 

Company Name Phone 

American Automation Emulator (714) 731-1661 
Applied Microsystems Emulator (206) 882-2000 

(symbolic debug) 
Hewlett-Packard Emulator pods for (800) 4HP-DATA 

HP 64000!UX/PC 
Huntsville Microsystems Emulator (205) 881-6005 
Micromint SB180,SB100FX, (800) 635-3355 

BCC180,RTC180 
MicroTek Z80 Emulator, (213) 321-2121 

RS-232 compatible 
MicroWorks Prototyping board (408) 997-1644 
Orion Instruments Logic Analyzer (415) 327-8800 

and ROM emulator 
Pentica Systems, Inc. Emulator (617) 577-1101 
Softaid Emulator, ICEBOX, (800) 433-8812 

ICE Analyzer 
(symbolic debug) 

Sophia Systems Emulator, SA2oo0 (415) 493-6700 
Versalogic Z80STD Bus (503) 485-8575 

circuit board 
Z-Woild IBM PC (916) 753-3722 

Development Bd. 
Zaxtek Emulator (714) 474-1170 
Zilog Z180+SCC *Call Zilog* 

(Z80180ooZCO) 
Application Board 

Zilog Z80181 Eval. Kit *Call Zilog* 
(Z80181OOZCO) 

Zilog Z84C11 Eval. Kit *Call Zilog* 
(Z84C1100ZCO) 

Zilog Z84C15 Eval. Kit *Call Zilog* 
(Z84C1500ZCO) 

Zilog Z84C50+K10 *Call Zilog* 
Application Bd. 
(Z84C5000ZCO) 

Zilog Z84C01+KI0 *Call Zilog* 
Development Bd. 
(Z84C9000ZCO) 

68 PLCC Socket Manufacturers: 
Methode, TNB, In, Cannon, Precicontact 

64 Shrink DIP Socket Manufacturers: 
TI, Bevar, Yamaichi 

44/80/100 pin QFP: 
ZIF (Zero Insertion Force) sockets for prototyping may be 
obtained from Yamaichi Electronics, (408) 450-0797 

Assemblers and Cross Assemblers 

Company Host/Comments 

2500AD IBM PC, CP/M, VAX 
Allen Ashley IBM PC 
American Automation IBM PC 
AnyWare Engineering IBM PC, Macintosh 
Avocet Systems IBM PC 
Enertec, Inc. IBM PC, VAX 
Hewlett-Packard HP 64000/640ooUX/ 

Huntsville 
Logisoft 
Microsystems 
Micro Computer 
Tocils 
Micro Dialects, Inc. 
Softaid 
Softools 
Software Develop­
ment Systems 
Z-World 

640oo-PC Systems 
IBM PC, Sun Micro, 
IBM PC 
Apollo 
IBM PC 

Macintosh 
IBM PC 
IBM PC 
Uniware,IBM,VAX 
UnixNMS,Sun,Apollo 
IBM PC 

Phone 

(800) 843-8144 
(818) 793-5748 
(714) 731-1661 
(303) 442-0556 
(800) 448-8500 
(215) 362-0966 
(800) 4HP-DATA 

(205) 881-6005 
(408) 773-8465 

(415) 825-4200 

(513) 271-9100 
(800) 433-8812 
(410) 750-3733 
(708) 971-8170 

(916) 753-3722 

Simulators/Applications Software 

Company 

Avocet Systems 
Lear Com Company 
Logisoft 
Micromint 
Softaid 

The AG Group 
Z-World 

Host/Comments Phone 

Simulator/IBM PC (800) 448-8500 
Simulator/IBM PC (303) 232-2226 
8080 to ZOO Translator (408) 773-8465 
Z-System OS (800) 635-3355 
Z80180 Guide, (800) 433-8812 
IBM PC diskette 
LLAP DvmnVApple 
Simulator/IBM PC 

(510) 937-7900 
(916) 753-3722 
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l80, l80180 & l80280 HARDWARE AND SOFTWARE SUPPORT, MARCH 1992 

Z80 & Z80180 High Level 
Language Compilers 

Company Language Host Phone 

2500AD C,IBMPC, (800) 843-8144 
CP/M, VAX 

American Automation C,IBMPC (714) 731-1661 
Archimedes C, IBM PC, Sun, (415) 567-4010 

VAX,HP 
Avocet Systems C,IBMPC (800) 448-8500 
Laboratory Forth IBM PC (213) 306-7412 

Microsystems 
Microtek Lab, Inc. C, Pascal IBM PC, (213) 321-2121 

Sun Micro, VAX 
MPE Forth IBM PC (716) 461-9187 
Softaid MT-Basic IBM PC (800) 433-8812 
Software Develop- C, IBM PC, VAX, (708) 971-8170 
ment Systems Sun, Apollo 
Z-World Dynamic C, IBM PC (916) 753-3722 

Note: 
Z80/64180 software is also compatible with the Z80180. 

Z80280 Hardware 
Support 

Company 

Computer Design 
Solutions 
Softaid 

System Name Phone 

STD Buscard & (704) 876-2346 
Z280 Dvmnt. Board 
Z280 ICE Analyzer (800) 433-8812 

68 PLCC Socket Manufacturers: 
Methods, TNB, In, Cannon, Precicontact 

Assemblers and Cross Assemblers: 

Company 

2500AD 
Computer Design 
Solutions, 

1300 

Host/Comments Phone 

IBM PC, CP/M, VAX (800) 843-8144 
IBM PC (704) 876-2346 

Simulators 

Company Host/Comments Phone 

Micro Methods, Inc. IBM PC (ZRPM) (503) 861-1765 

High Level Language Compilers 

Company Language Host Phone 

2500AD C, IBM PC, CP/M, VAX (800) 843-8144 
Computer Design C, IBM PC (704) 876-2346 
Solutions 

Note: Z80 Software is object code compatible with the Z280. 

This is NOT a complete list of hardware and software vendors 
who supportZiiog products. Please contact the Zilog sales office 
nearest you if what you are looking for is not on this list. This list 
is for reference only and is not an endorsement for any company. 

Communications Software Suppor~ 
see Physical Layer Drivers and Upper Layer Software 

Company 

Trillium 

Software Phone 

see Physical Layer (310) 479-0500 
X,25, ISDN, Frame 
Relay Networking 
Layers, 



Military Qualified Classic/Datacom Products 

Zilog PIN Description Speed Package 883C SMDP/N JAN PIN 

Z0840002CMB/J ZSOCPU 2MHz 4D-Pin DIP Qualed M38510/48002BQA 
Z0840004CMB/J Z80CPU 4MHz 4D-Pin DIP Qualed M3851 0/48001 BQA 
Z0842002CMB Z80 PIO 2MHz 4D-Pin DIP Qualed 8418602QA 
Z0842004CMB ZSO PIO 4MHz 4D-Pin DIP Qualed 8418601QA 

Z0843002CMB Z80CTC 2MHz 28-Pin DIP Qualed 8301602XA 
Z0843004CMB Z80CTC 4MHz 28-Pin DIP Qualed 8301601XA 
Z0844002CMB Z80 SIO 2MHz 4D-Pin DIP Qualed 
Z0844004CMB ZSOSIO 4MHz 4D-Pin DIP Qualed 

Z0844102CMB Z80SIO 2MHz 4D-Pin DIP Qualed 
Z0844104CMB Z80SIO 4MHz 4D-Pin DIP Qualed 
Z0844202CMB Z80SIO 2MHz 4D-Pin DIP Qualed 8301502QA 
Z0844204CMB Z80SIO 4MHz 4D-Pin DIP Qualed 8301501QA 

Z84COO06CMB/J Z80 CPU 6MHz 4D-Pin DIP Qualed M38510/48501BQA 
Z84C2006CMB Z80 PIO 6MHz 4D-Pin DIP Qualed 5962-8951401QA 
Z84C3006CMB Z80CTC 6MHz 28-Pin DIP Qualed 5962-8951501XA 
Z84C4006CMB Z80SIO 6MHz 4D-Pin DIP Qualed 

Z84C4100CMB Z80SIO 6MHz 4D-Pin DIP Qualed 
Z84C4200CMB Z80SIO 6MHz 4D-Pin DIP Qualed 5962-8951601 QA 
Z84C9008GMB Z80KIO 8MHz 84-Pin PGA Qualed 
Z8018006GMB Z180MPU 6MHz 68-Pin PGA Qualed 

Z8018008GMB Z180MPU 8MHz 68-Pin PGA Qualed 
ZOBOOOO4CMB Z-BUSSCC 4 MHz 4D-Pin DIP Qualed 5962-8551S02QA N/A 
Z0803004LMB Z-BUSSCC 4 MHz 44-Pin LCC Qualed 5962-8551802YA N/A 
Z0803006CMB Z-BUSSCC 6 MHz 4D-Pin DIP Qualed 5962-8551801 QA N/A 

Z0803006LMB Z-BUSSCC 6 MHz 44-Pin LCC Qualed 5962-8551801YA N/A 
Z0853004CMB Z8530SCC 4 MHz 4D-Pin DIP Qualed 5962-8752702QA N/A 
Z0853004LMB Z8530SCC 4 MHz 44-Pin LCC Qualed 5962-8752702YA N/A 
Z0853006CMB Z8530SCC 6 MHz 4D-Pin DIP Qualed 5962-8752701 QA N/A 

Z0853006LMB Z8530SCC 6 MHz 44-Pin LCC Qualed 5962-8752701Y A N/A 
Z85C3000CMB/J Z85C30 CMOS SCC 6 MHz 4D-Pin DIP Qualed 5962-8868901 QA M3851 0/48601 BQA 
Z85C3006LMB Z85C30 CMOS SCC 6 MHz 44-Pin LCC Qualed 5962-8868901Y A N/A 
ZB5C300BCMB/J Z85C30 CMOS SCC 8 MHz 4D-Pin DIP Qualed 5962-8868902QA M38510/48602BQA 

Z85C3008LMB Z85C30 CMOS SCC 8 MHz 44-Pin LCC Qualed 5962-8868902YA N/A 
ZB5C3010CMB Z85C30 CMOS SCC 10 MHz 4D-Pin DIP Qualed 5962-8868907QA N/A 
Z85C3010NMB Z85C30 CMOS SCC 10MHz 44-Pin Cerquad Q1'92 N/A 
Z85C3010LMB Z85C30 CMOS SCC 10MHz 44-Pin LCC Qualed 5962-886890lY A N/A 
Z16C3010GMB CMOS USC 10MHz 68-Pin PGA Qualed Q1 '91 N/A 

Z8523008CMB CMOS ESCC 8 MHz 4D-Pin DIP Qualed Q1 '92 N/A 
Z8523008LMB CMOS ESCC 8 MHz 44-Pin DIP Qualed Q1 '92 N/A 
Z8523010CMB CMOS ESCC 10 MHz 4D-Pin DIP Qualed Q1 '92 N/A 
Z852301 OLMB CMOS ESCC 10 MHz 44-Pin LCC Qualed Q1 '92 N/A 
Z8523016CMB CMOS ESCC 16.0 MHz 4D-Pin DIP Qualed Q1 '92 N/A 
Z8523016LMB CMOS ESCC 16.0 MHz 44-Pin LCe Qualed Q1 '92 N/A 
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ORDERING CODES 

PACKAGE 

PREFERRED 
D = Cerdip 
P = Plastic DIP 
V = Plastic Leaded Chip Carrier 

LONGER LEAD TIME 
A = VQFP (Very Small QFP) 
C = Ceramic Sidebrazed 
E = Ceramic Window Lid 
F = Plastic Quad Flatpack 
G = Ceramic PGA (Pin Grid Array) 
K = Cerdip Window Lid 
L = Ceramic LCC (Lead less Chip Carrier) 
N = Cerquad 
R = Ceramic Protopak 
S = SOIC (Small Outline Integrated Circuit) 
T = Low Profile Protopack 

ENVIRONMENTAL 

PREFERRED 
C = Plastic Standard 
E = Hermetic Standard 
F = Protopack Standard 

LONGER LEAD TIME 
A = Hermetic Stressed 
B = 883 Class B Military 
D = Plastic Stressed 
J = JAN 38510 Military 

PACKAGE INFORMATION 

TEMPERATURE 

PREFERRED 
S = O°C to +70°C 

LONGER LEAD TIME 
E = -40°C to + 100°C 
M = -55°C to +125°C 

EXAMPLE 

Z84C0010PEC is a CMOS 8400, 10 MHz, Plastic, 
-40°C to 1OQ°C, Plastic Standard Flow. 

Z 84COO 10 P E C XXXX 

II L Special Lot Number 
(Optional) 

Environmental Flow 
Temperature 
Package 

Speed 
L-________ Product Number 

L-__________ Zilog Prefix 
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PACKAGE INFORMATION 

40-Lead PDIP 

48-Lead PDlP 
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PACKAGE INFORMATION (Continued) 

1306 

TOP VI [V 
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PACKAGE INFORMATION (Continued) 

1308 
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PACKAGE INFORMATION (Continued) 
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ORDERING INFORMATION 

NMOS Z80 CPU 4,6,8 MHz CMOS Z80 CTC 6,8,10 MHz 
40-Pin DIP 44-Pin PlCC 40-Pin DIP 44-Pin PlCC 44-Pin OFP 
Z0840004 DSE Z0840004VSC Z84C3006DEE Z84C3006VEC Z84C3006FEC 
Z0840004PSC Z0840006VSC Z84C3006PEC Z84C3008VEC Z84C3010FEC 
Z0840006DSE Z0840008VSC Z84C3008PEC Z84C3010VEC 
Z0840006PSC Z84C3010PEC 
Z0840008PSC 

NMOS Z80 DART 4,6 MHz 
CMOS Z80 CPU 6,8,10,20 MHz 40-Pin DIP 
40-Pin DIP 44-Pin PlCC 44-Pin OFP Z0847004PSC 
Z84COO06DEE Z84COO06VEC Z84COO06FEC Z0847006PSC 
Z84COO06PEC Z84COOO8VEC Z84C0010FEC 
Z84COO08PEC Z84C0010VEC Z84C0020FEC NMOS Z80 SIO 4,6 MHz 
Z84C0010PEC Z84C0020VEC 40-Pin DIP 44-Pin PlCC 
Z84C0020PEC Z0844004DSE Z0844404VSC 

Z0844004PSC Z0844406VSC 
NMOS Z80 DMA 4 MHz Z0844104DSE 
40-Pin DIP 44-Pin PlCC Z0844104PSC 
Z0841004PSC Z0841 004 VSC Z0844204DSE 
Z0841004DSE Z0844204PSC 

Z0844006DSE 
CMOS Z80 DMA 6,8 MHz Z0844006PSC 
40-Pin DIP 44-Pin PlCC 44-Pin OFP Z0844106DSE 
Z84C1006PEC Z84C1006VEC Z84C1006FEC Z0844106PSC 
Z84C1008PEC Z84C 1 008VEC Z0844206DSE 

Z0844206PSC 
NMOS Z80 PIO 4,6 MHz 
40-Pin DIP 44-Pin PlCC CMOS Z80 SIO 6,8,10 MHz 
Z0842004DSE Z0842004VSC 40-Pin DIP 44-Pin PlCC 44-Pin OFP 
Z0842004PSC Z0842006VSC Z84C4006DEE Z84C4406VEC Z84C4306FEC 
Z0842006DSE Z84C4006PEC Z84C4408VEC Z84C4310FEC 
Z0842006PSC Z84C4106PEC Z84C4410VEC 

Z84C4206DEE 
CMOS Z80 PIO 6,8,10 MHz Z84C4206PEC 
40-Pin DIP 44-Pin PlCC 44-Pin OFP Z84C4008PEC 
Z84C2006DEE Z84C2006VEC Z84C2006FEC Z84C4208PEC 
Z84C2006PEC Z84C2008VEC Z84C2010FEC Z84C4010PEC 
Z84C2008PEC Z84C2010VEC Z84C4010DEC 
Z84C2010PEC Z84C4110PEC 

Z84C421 OPEC 
NMOS Z80 CTC 4,6 MHz Z84C4108PEC 
40-Pin DIP 44-Pin PlCC 
Z0843004DSE Z0843004VSC CMOS Z80 CPU+OSC 6,10 MHz 
Z0843004PSC Z0843006VSC 44-Pin PlCC 44-Pin OFP 
Z0843006DSE Z84C0106VEC Z84C0106FEC 
Z0843006PSC Z84C011OVEC Z84C0110FEC 
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ORDERING INFORMATION (Continued) 

CMOS Z80 KIO 8,10,12 MHz 
84-Pin PLCC 
Z84C9008VSC Z84C9012VSC 
Z84C9008VEC 
Z84C9010VSC 
Z84C901OVEC 

CMOS RAM80 CPU + SRAM 10 MHz 
40-Pin DIP 44-Pin PLCC 44-Pin QFP 
Z84C5010PEC Z84C5010VEC Z84C5010FEC 

CMOS Z84013/C13 & Z84015/C15 6,10,16 MHz 
84-Pin PLCC 1 ~O-Pin QFP 1 ~O-Pin VQFP 
Z8401306VEC Z8401506FEC Z84C1510AEC 
Z8401310VEC Z8401510FEC Z84C1516AEC 
Z84C1306VEC Z84C1506FEC 
Z84C1310VEC Z84C1510FEC 

Z84C 1516FEC 

CMOS Z840 111C 11 6,10 MHz 
100-Pin QFP 
Z8401106FEC 
Z8401110FEC 
Z84C1106FEC 
Z84Cl110FEC 

131? 

CMOS Z180' 6,8,10 MHz 
64-Pin Shrink DIP 68-Pin PLCC 
Z8018006PSC Z8018006VEC 
Z8018006PEC Z8018006VSC 
Z8018008PSC Z8018008VEC 
Z8018008PEC Z8018008VSC 
Z8018010PSC Z8018010VEC 
Z8018010PEC Z8018010VSC 
Z8018012PSC Z8018012VSC 

CMOS StaticZ180 16, 20, MHz 
68-Pin PLCC 80-Pin QFP 
Z8S18016VSC Z8S18016FSC 
Z8S18020VSC Z8S18020FSC 

80-Pin QFP 
Z8018006FSC 
Z8018008FSC 
Z8018010FSC 
Z8018012FSC 

• Note: Extended temperature range: -4O"C to +85°C 

CMOS Z280 16-Bit CPU 10,12 MHz 
68-Pin PLCC 
Z8028010VSC 
Z8028012VSC 

CMOS Z181 Smart Access Controller 10, 12 MHz 
10o-Pin QFP 
Z8018110FEC 
Z8018112FEC 



ORDERING INFORMATION 

CMOS USC 10, 20 Mbits/sec 
68-pin PLCC 68-pin PGA 
Z16C3010VSC Z16C3010GEE 
Z16C3010VEC 
Z16C3020VSC 

CMOS IUSC 20 Mbits/sec 
68-pin PLCC 
Z 16C3220VSC 

CMOS MUSC 10 Mbits/sec 
68-pin PLCC 
Z 16C331 OVSC 

CMOS ISCC 10, 16 MHz 
68-pin PLCC 
Z 16C351 OVSC 
Z16C3516VSC 

CMOS DPLL 10, 20 MHz 
28-pin P-DIP 
Z 16C50 1 OPSC 
Z16C5020PSC 

CMOS SCSI 3 Mbytes/sec 
48-Pin PDIP 44-Pin PLCC 
Z53C8003PSC Z53C8003VSC 

CMOS SCSI 1.5Mbytes/sec 
40-pin P-DIP 44-pin PLCC 
Z0538010PSC Z0538010VSC 

CMOS Z-Bus ESCC 10, 16 MHz 
40-Pin PDlP 44-Pin PLCC 
Z8023010PSC Z8023010VSC 
Z8023016PSC Z8023016VSC 

CMOS ESCC 8, 10, 16, 20 MHz 
40-pin P-DIP 44-pin PLCC 
Z8523008PSC/PEC Z8523008VSCNEC 
Z8523010PSC/PEC Z8523010VSCNEC 
Z8523016PSC/PEC Z8523016VSCNEC 
Z8523020PSC Z8523020VSC 

Notes: 

For military grade devices and the package types other than listed above. 
please contact your local Zilog sales office. 

Please check the availability before placing order. 

CMOS Z-Bus SCC 8,10, MHz 
40-pin DIP 44-pin PLCC 
Z80C3008PSC Z80C3008VSC 
Z80C3010PSC Z80C3010VSC 

CMOS SCC 8, 10, 16 MHz 
40-pin DIP 44-pin PLCC 
Z85C3008PSC Z85C3008VSC 
Z85C3008PEC Z85C3008VEC 
Z85C3008CEE Z85C3010VSC 
Z85C3010PSC Z85C3010VEC 
Z85C3010PEC Z85C3016VSC 
Z85C3010CEE 
Z85C3016DEA 

NMOS Z-8us SCC 6, 8 MHz 
40-pin DIP 44-pin PLCC 
Z0803006PSC Z0803006VSC 
Z0803006DSE Z0803008VSC 
Z0803008PSC 
Z0803008DSE 

NMOS SCC 6, 8 MHz 
40-pin DIP 
Z0853004PSC 
Z0853006PSC 
Z0853006PEC 
Z0853006DSE 
Z0853008PSC 
Z0853008DSE 
Z0853008DEA 

CMOS SCSCI 10 MHz 
68-pin PLCC 
Z85C8010VSC 

44-pin PLCC 
Z0853006VSC 
Z0853008VSC 

1313 



1314 



ZILOG' S QUALITY AND RELIABILITY PROGRAM: 

Introduction 

Zilog Corporation has an excellent reputation for the quality and 
reliability of its products. 

Zilog's Quality and Reliability Program is based on careful study 
of the principles laid down by such pioneers as W. E. Deming and 
J. M. Juran; perhaps even more important, observation of the 
practical implementation of those principles in Japanese, 
European and American manufacturing facilities. 

The Zilog program begins with employee involvement. Whether the 
judgement of our performance is based on perfection with incoming 
inspection, trouble free service in the field, or timely and 
accurate customer service, we recognize that our employees 
ultimately control these factors. Hence, our Quality Program is 
broadly shared throughout the organization. 

1. Harmony Between Design and Process 

High product quality and reliability in VLSI products are 
possible only if there is structural harmony between product 
design and the manufacturing process. Great care is taken to 
assure that the statistical process control limits observed 
within the manufacturing plants, properly guardband the design 
technology used to configure the circuit and layout in Zilog' s 
automated design methodology. 

Through use of a technique which we call Process Templating, the 
technology file in the automated design system is periodically 
updated to assure that product design parameters fall within the 
statistical control limits with which the process is actually 
operated. In simple terms, the Process Template is the profile 
displayed by the process evaluation parameters which are 
automatically recorded from the test patterns on wafers as they 
proceed through the production line. These parameters are 
translated into the design technology file attributes so every 
product design bears a key and lock relationship to the process. 

2. Training 

Product Design and Processing are 
training emphasizes the fundamentals 
quality and reliability. 

people dependent. Zilog 
involved in design for 

customer Service, an important aspect of Zilog's quality 
performance as a vendor, also depends upon our people clearly 
understanding their jobs, and our obligations to our customers. 
This too is part of the training curriculum administered by 
Zilog. 
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3. Order Acknowledgement Policy 

One definition of vendor quality performance is that the vendor 
"does what he promises or acknowledges." Reliability and quality 
warranties are met only if Zilog and the customer are in 
agreement on product and delivery specifications. Zilog makes an 
extra effort to assure that the customer is fully informed by 
providing documents with its purchase order acknowledgements that 
clearly state what Zilog understands the specifications to be. 

4. Test Guardbanding 

No physical attribute is absolute. Customers' test methods may 
differ from Zilog's due to variations in test equipment, 
temperature or specification interpretation. To assure that 
every Zilog product performs to full customer expectations, Zilog 
uses a "waterfall" methodology in its testing. The first 
electrical tests made on the circuit, at the wafer probe 
operation, are guardbanded to the final test specifications. The 
final test specifications, in turn, are guardbanded to the 
quality control outgoing sample. The quality control outgoing 
sample is guardbanded to the customer procurement or data sheet 
specifications. This technique of "waterfall" guardbanding 
assures that circuits which may be marginal to the customer's 
expectations are eliminated in the manufacturing process long 
before they get to the shipping container. 

5. Probe at Temperature 

Semiconductor devices tend to exhibit their most limited 
performance at the highest operating temperature. Therefore, it 
is Zilog's policy that all chips are tested at high temperature 
the very first time they are electrically screened, at the wafer 
probe station. The circuits are tested again at their upper 
operating temperature limit in the 100% final test operation. 

6. Process Characterization 

Before release to production, every process is thoroughly 
characterized by an exhaustive series of pilot production runs 
and tests which identify the statistical, electrical, and 
mechanical limits of which that particular process regime is 
capable. This documentation, which fills a large looseleaf 
binder for each process, is maintained as the historical record 
or "footprint" for that particular regime. 

Process recharacterization is done any time there is a major 
process or manufacturing si te change, and the resul ting 
documentation is then added to the characterization history. 
Once the process is fully characterized, the frequent test site 
evaluation and process template data demonstrates that the 
process remains in specification. 

1316 



7. Product Characterization 

Every zilog product design is evaluated over extremes of 
operating temperature, supply voltage, and clock frequencies, 
prior to production release. This information permits the proper 
guardbanding of the test program waterfall and identification of 
any marginal "corners" in design tolerances. 

A product characterization report, which summarizes the more 
important tolerances identified in the process of this eXhaustive 
product design evaluation, is available to Zilog's customers. 

8. Process Qualification 

Zilog also qualifies every process prior to production by an 
exhaustive stress sequence performed on test chips and on 
representative products. Once a process regime is qualified, a 
process requalification is performed any time there is a major 
process change, or whenever the process template statistical 
quality limits are significantly exceeded or adjusted. 

9. Product Qualification 

In addition to characterization, every new Zilog product design 
is fully qualified by a comprehensive series of life, electrical, 
and environmental tests before release to production. Again, a 
qualification report is available to our customers which 
summarizes certain key life and environmental data taken in the 
course of these evaluations. Whenever possible, industry 
standard environmental and life tests are employed. 

10. PPM Measurement, Direct and Indirect 

It is frequently said that if you want to improve something, you 
need to put a measure on it. Therefore, Zilog measures its 
outgoing quality "parts per million" by the maintenance of 
careful records on the statistical sampling of production lots 
prepared for shipment. This information is then translated by 
our statisticians to a statement of our parts per million (or 
parts per billion) outgoing quality performance. 

Of course, it is one thing for Zilog to think it is doing a good 
job in outgoing product quality and it is another for a customer 
to agree. Therefore, we ask certain key customers to provide us 
with their incoming inspection data which helps us calibrate our 
outgoing performance in terms of the actual results in the field. 
The fact that zilog has been awarded "ship to stock" status by 
many customers testifies to our success in this area. 

11. FIT Measurement Direct and Indirect 

Just as Zilog records its outgoing quality in terms of parts per 
million, it also measures its outgoing product reliability in 
terms of "FITS" or failures per billion device hours, using the 
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results of weekly operating life test 
circuits, performed in accordance 
specifications. 

12. Field Quality Engineers 

measurements 
with the 

on the 
standard 

It is frequently said that the customer is always right. If the 
customer has an application quality or reliability problem while 
using a zilog product, whether it is Zilog's responsibility or 
not, we believe that we have a responsibility to resolve it. 
Therefore, Zilog maintains a force of skilled Applications 
Engineers who are also trained as field quality engineers and are 
available on immediate call to consult at the customer's 
locations on any problems they may be experiencing with zilog 
product performance. 

13. Product Analysis 

As noted earlier, we feel that a customer problem is a Zilog 
problem. Accordingly, Product Analysis facilities, staffed by 
experienced professionals, exist at each Zilog site to provide 
rapid evaluation of in-process and in-field rejects to determine 
the cause and provide corrective action through a feedback loop 
into the production, design, and applications process. Zilog is 
pleased to share product analysis reports on specific products 
with the customer upon request. 

14. Test site step-stress 

The process evaluation test sites on the wafer are packaged and 
subjected to step-stress testing. Any drift in parameters under 
severe conditions of stress outside the norm is taken as an 
indication of possible process contamination or variation. 

15. statistical Process Control 

Zilog employs statistical Process Control at all critical process 
steps. Deviations from norms must be evaluated by a Q/R review 
board. 

16. Perfection Plus Program 

Zilog employees actively participate in meetings in which methods 
which will enable a department to do its job more perfectly are 
proposed, reviewed, and adopted. Employees who have made 
suggestions proudly wear the Zilog Perfection Plus pin. 

17. Zilog Vendor of the Year Award 

Zilog is proud of the many quality and performance awards it has 
received from its customers. In turn, Z ilog makes an annual 
award to the vendor who has done the best overall job for Zilog. 
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Z8@/SUPER8'" MICROCONTROLLER FAMILY 

Databook 

Z8 Microcontrollers Databook (includes the following documents) 

18 CMOS Mlcrocontrol/ers 
Z86COO/C1 O/C20 MCU OTP Product Specification 
Z86C06 Z8 CCpN Preliminary Product Specification 
Z86C08 8-Bit MCU Product Specification 
Z86E08 Z8 OTP MCU Product Specification 
Z86C09/19 Z8 CCP Product Specification 
Z86E19 Z8 OTP MCUAdvance Information Specification 
Z86C11 Z8 MCU Product Specification 
Z86C12 Z8 ICE Product Specification 
Z86C21 Z8 MCU Product Specification 
Z86E21/Z86E22 OTP Product Specification 
Z86C30 Z8 CCP Product Specification 
Z86E30 Z8 OTP CCP Product Specification 
Z86C40 Z8 CCP Product Specification 
Z86E40 Z8 OTP CCP Product Specification 
Z86C27/97 Z8 DTCN Product Specification 
Z86127 Low-Cost Digital Television Controller Adv.lnfo. Spec. 
Z86CSO Z8 CCP ICE Advance Information Specification 
Z86C61 Z8 MCU Advance Information Specification 
Z86C62 Z8 MCU Advance Information Specification 
Z86C89/C90 CMOS Z8 CCP Product Specification 
Z86C91 Z8 ROMless MCU Product Specification 
ZB6C93 Z8 ROMless MCU Preliminary Product Specification 
ZB6C94 Z8 ROMless MCU Product Specification 
Z86C96 Z8 ROMless MCU Advance Information Specification 
Z8BCOO CMOS Super8 MCU Advance Information Specification 

18 NMOS Mlcrocontrollers 
Z8600 Z8 MCU Product Specification 
Z8601/03/11/13 Z8 MCU Product Specification 
Z8602 8-Bit Keyboard Controller Preliminary Product Spec. 
Z8604 8-Bit MCU Product Specification 
Z8612 Z8 ICE Product Specification 
Z8671 Z8 MCU With BASIC/Debug Interpreter Product Spec. 
Z8681/82 Z8 MCU ROMless Product Specification 
Z8691 Z8 MCU ROMless Product Specification 
Z8BOO/01/20/22 SuperB ROMless/ROM Product Specification 

LITERATURE GUIDE 

Part No Unit Cost 

DC-B27S-04 S.OO 

Peripheral Products 
Z86128 Closed-Captioned Controller Adv.lnfo. Specification 
Z76SA Floppy Disk Controller Product Specification 
ZS380 SCSI Product Specification 
Z53C80 SCSI Advance Information Specification 

18 Application Notes and Technical Articles 
Zilog Family On-Chip Oscillator Design 
Z86E21 Z8 Low Cost Thermal Printer 
Z8 Applications for I/O Port Expansions 
Z86C09/19 Low Cost Z8 MCU Emulator 
Z8602 Controls A 101/1 02 PC/Keyboard 
The Z8 MCU Dual Analog Comparator 
The Z8 MCU In Telephone Answering Systems 
Z8 Subroutine Library 
A Comparison of MCU Units 
Z86xx Interrupt Request Registers 
Z8 Family Framing 
A Programme(s Guide to the Z8 MCU 
Memory Space and Register Organization 

Super8 Application Notes and Technical Articles 
Getting Started with the Zilog Super8 
Polled Async Serial Operations with the SuperB 
USing the Super8 Interrupt Driven Communications 
Using the Super8 Serial Port with DMA 
Generating Sine Waves with Super8 
Generating DTMF Tones with SuperB 
A Simple Serial Parallel Converter Using the Super8 

Additional Information 
Z8 Support Products 
Zilog Quality and Reliability Report 
Literature List 
Package Information 
Ordering Information 
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~ 2.iLL11.:» LITERATURE GUIDE 
ZS®/SUPERS"" MICROCONTROLLER FAMILY (Continued) 

Z8 Product Specifications, Technical Manuals and Users Guides 

Z86C06 CMOS Z8 CCP Preliminary Product Specification 
Z86C08 CMOS Z8 8-Bit Microcontroller Product Specification and Addendum 
Z86E08 CMOS Z8 8-Bit Microcontroller Product Specification and Addendum 
Z86C09/C19 CMOS Z8 8-Bit Microcontroller Product Specification 
Z86Cll CMOS Z8 Microcontroller Product Specification 
Z86C12 Z81CE Product Specification 
Z86C17 CMOS Z8 Microcontroller Preliminary Specification 
Z86C21 CMOS Z8 Microcontroller Product Specification 
Z86E21 CMOS OTP Microcontroller Product Specification 
Z86E23 CMOS Z8 OTP Microcontroller Preliminary Product Specification 
Z86C27/97 Z8 DTCN Product Specification 
Z86127 Low-Cost Digital Television Controller Preliminary Product Specification 
86227 4O-Pin Low-Cost Digital Television Controller Preliminary Product Specification 
Z86C30 CMOS Z8 8-Bit Microcontroller Product Specification 
Z86E30 CMOS Z8 OTP CCP Product Specification 
Z86C40 CMOS CCP Product Specification 
Z86E40 CMOS OTP CCP Product Specification 
Z86C50 CMOS Z8 CCP ICE Advance Information Specification 
Z86C61/62/96 CMOS Z8 Microcontroller Preliminary Product Specification 
Z86C90/C89 ROMless CMOS Z8 8-Bit Microcontroller Product Specification 
Z86C91 Z8 CMOS ROMless Microcontroller Product Specification 
Z86C93 CMOS Z8 ROMless Microcontroller Product Specification 
Z86C95 CMOS Z8 Digital Signal Processor Advanced Information Specification 
Z88COO CMOS Super8 ROMless Microcontroller Advance Information Specification 
Z8602 NMOS Z8 8-Bit Microcomputer Keyboard Controller Preliminary Product Specification 
Z8604 NMOS Z8 8-Bit Microcontroller Preliminary Product Specification 
Z8614 NMOS Z8 8-Bit MCU Keyboard Controller Preliminary Product Specification 
Z86128 Closed-Captioned Controller Preliminary Product Specification 
Z86L06 Low Voltage CMOS Preliminary Product Specification 
Z86L29 6K Infrared (IR) Remote (ZIRC) Controller Advanced Information Specification 
asm S8 Super8/Z8 Cross Assembler User's Guide 
Z8 Microcontrollers Technical Manual 

Z8 Application Notes 

The Z8 MCU In Telephone Answering Systems 
Z8602 Controls A 101/102 PC/Keyboard 
The Z8 MCU Dual Analog Comparator 
Z86C09/19 Low Cost Z8 MCU Emulator 
Z8 Applications for I/O Port Expansions 
Z86E21 Z8 Low Cost Thermal Printer 
Zilog Family On-Chip Oscillator Design 
Using the Zilog Z86C06 SPI Bus 
Interfacing LCDs to the Z8 
X-l0 Compatible Infrared (IR) Remote Control 
Z86C17 In-Mouse Applications 
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Part No Unit Cost 

DC-2563-00 N/C 
DC-2527-02 N/C 
DC-2542-01 N/C 
DC-250B-02 N/C 
DC-2572-01 N/C 
DC-2553-01 N/C 
DC-2597-00 N/C 
DC-2568-01 N/C 
DC-2514-01 N/C 
DC-2598-00 N/C 
DC-2561-01 N/C 
DC-2574-00 N/C 
DC-3002-00 N/C 
DC-2509-03 N/C 
DC-2573-01 N/C 
DC-2550-01 N/C 
DC-2571-01 N/C 
DC-2559-0A N/C 
DC-2587-00 N/C 
DC-250B-01 N/C 
DC-2566-01 N/C 
DC-2508-01 N/C 
DC-3000-00 N/C 
DC-2551-0A N/C 
DC-2525-01 N/C 
DC-2524-03 N/C 
DC-257B-00 N/C 
DC-2570-00 N/C 
DC-2564-01 N/C 
DC-2602-QA N/C 
DC-8267-05 3.00 
DC-8291-01 5.00 

Part No Unit Cost 

DC-2514-01 N/C 
DC-2521-01 N/C 
DC-251B-Ol N/C 
DC-2537-01 N/C 
DC-2539-01 N/C 
DC-2541-01 N/C 
DC-249B-Ol N/C 
DC-2584-01 N/C 
DC-2592-01 N/C 
DC-2591-01 N/C 
DC-3001-01 N/C 



VOLUMEIDATABOOK 

Z80®/Z180~ /Z280®/Z8000" and Datacom Family 

Volume I Databook 

Discrete 180'" Family 
ZB400/COO NMOS/CMOS ZBO" CPU Product Specification 
ZB410/Cl0 NMOS/CMOS Z80 DMA Product Specification 
Z8420/C20 NMOS/CMOS Z80 PIO Product Specification 
Z8430/C30 NMOS/CMOS Z80 CTC Product Specification 
Z8440/Z84C40 NMOS/CMOS Z80 SIO Product Specification 

Embedded Controllers 
Z84COl Z80 CPU with CGC Product Specification 
Z84C50 RAM80~ Preliminary Product Specification 
Z8470 Z80 DART Product Specification 
Z84C90 CMOS Z80 Klom Product Specification 
Z84011/Cll PIO Parallel I/O Product Specification 
Z84013/015 Z84C13/C15 IPC/EIPcm Product Specification 
Z80180/Z8S180 Z180 MPU Product Specification 
Z80181 ZIOmControlier Product Specification 
Z280mMPU Preliminary Product Specification 

Serial Communications Controllers 
Z8030/Z8530 Z-BUS® SCC Product Specification 
Z80C30/Z85C30 SCC Product Specification 
Z85230 Esccm Product Specification 
Z80230 Z -BUS ESCC Product Specificati on 
Z16C35 ISCC~ Product Specification 
Z5380 SCSI Product Specification 

LITERATURE GUIDE 

Part No 

DC-261D-01 

Z53CBO SCSI Product Specification 
Z85CBO SCSI/SCC Product Specification 
Z16C30 uscm Product Specification' 
Z16C32 IUSCm Product Specification 
Z16C33 MUSC~ Product Specification 
Z16C50 DDPLL~Product Specification 

Technical Articles 
ZBO Questions and Answers 
Z180 Questions and Answers 
SCC Questions and Answers 
ESCC Questions and Answers 
ISCC Questions and Answers 

Additional Information 
Superintegration Products Guide 
Support Product Summary 
Product Support 
Military Qualified Products 
Quality and Reliability 
Literature Guide 
Package Information 
Ordering Information 

Unit Cost 

5.00 
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LITERATURE GUIDE 

Z801Z180/Z280 Product Specifications, Technical Manuals and Users Guides 

Z80 CPU Central Processing Unit Technical Manual 
Z80 Family Programmer's Reference Guide 
l80 DMA Direct Memory Access Technical Manual 
Z80 PIO Parallellnpul/Output Technical Manual 
Z80 CTC Counter/Timer Circuit Technical Manual 
Z80 SID Serial I/O Techriical Manual 
Z80180 l180 MPU Microprocessor Unit Technical Manual 
Z280 MPU Microprocessor Unit Technical Manual 
Z80181 Z181 SACNSmart Access Controller Preliminary Product Specification 
Z84013/15. Z84C13/C15 CMOS IPCN Intelligent Peripheral Controller Product Specification 
Z84011/Cll PIO ParalielljO Controller Product Specification 
Z84COO 20 MHz Z80 CPU Central Processing Unit Preliminary Product Specification 
Z84C50 lBO RAMBO lBO CPU!2K SRAM Preliminary Product Specification 

Z801Z180/Z280 Application Notes 

l180/sccm Serial Communications Controller Interface at 10 MHz 
lBO Using the 84Cll/C13/C15 in place olthe 84011/013/015 
localTalk link Access Protocol Using the l801Bl 
A Fast lBO Embedded Controller 
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Part No Unit Cost 

DC-0029-04 3.00 
DC-0012-04 3.00 
DC-2013-AO 3.00 
DC-0008-03 3.00 
DC-0036-03 3.00 
DC-3033-01 3.00 
DC-8276-03 3.00 
DC-8224-03 3.00 
DC-2519-02 N/C 
DC-2507-04 N/C 
DC-2526-02 N/C 
DC-2523-02 N/C 
DC-2498-01 N/C 

Part No Unit Cost 

DC-2521-02 N/C 
DC-2499-02 N/C 
DC-2589-01 N/C 
DC-2578-01 N/C 



LITERATURE GUIDE 
Z8000® MICROPROCESSOR FAMILY 

Z8000 Product Specifications, Technical Manuals and Users Guides 

Z8000 CPU Central Processing Unit Technical Manual 
Z8010 MMU Memory Management Unit Technical Manual 
Z8030/Z8530 SCC Serial Communication Controller Technical Manual 
Z8036 Z-CIO/Z8536 CIO Counter/Timer and Parallellnpul/Output Technical Manual 
Z8038 Z8000 HIO FIFO Input/Output Interface Technical Manual 
Z8000 CPU Central Processing Unit Programmer's Pocket Guide 
Z5380 SCSI Small Computer System Interface Preliminary Product Specification 
ZBOC30/Z85C30 CMOS SCC Serial Communication Controller Product Specification 
Z85230 ESCC~ Enhanced Serial Communication Controller Product Specification 
Z85233 EMSCC Enhanced Mono Serial Communication Controller Preliminary Product Specification 
Z85CBO SCSCI~ Serial Communication and Small Computer tnterface Preliminary Product Specification 
Z16C01/2/3 CPU Central Processing Unit Preliminary Product Specification 
Z16C30 CMOS USC~Universal Serial Controller Preliminary Product Specification 
Z16C30 USC Universal Serial Controller Preliminary Technical Manual 
Z16C30/Z16C33 CMOS USC/MUSC~Universal Serial Controller Technical Manual 
Z16C30/Z16C33 CMOS USC/MUSC Universal Serial Controller Addendum 
Z16C311USCN Integrated Universal Serial Controller Product SpeCification 
Z16C33 CMOS MUSC Mono-Universal Serial Controller Preliminary Product Specification 
Z16C35 CMOS ISCCNlntegrated Serial Communication Controller Product Specification 
Z16C351SCC Integrated Serial Communication Controller Technical Manual 
Z16C35 (SCC Integrated Serial Communication Controller Addendum 
Z16C50 DDPll NDual Digital Phase-locked loop Preliminary Product Specification 
Z85230/Z80230 ESCC Enhanced Serial Communication Controller Technical Manual 
Z53C80 Small Computer System Interface (SCSI) Product Specification 
Z80230 Z-Bus" ESCC Enhanced Serial Communication Controller Preliminary Product Specification 

Z8000 Application Notes 

Z16C30 Using the USC in Military Applications 
Z16C35 ISCC Interface to Intel and Motorola Microprocessors 
Datacom IUSC/MUSC Time Slot Assigner 
Datacom Evaluation Board Using The Zilog Family With The 80186 CPU 
ESCC Enhancements Over The SCC 
Z16C30 USC - Design a Serial Board for Multiple Protocols 
Integrating Serial Data and SCSI Peripheral Control on one Chip 

Part No Unit Cost 

DC-201G-06 3.00 
DC-2015-AO 3.00 
DC-2057-06 3.00 
DC-2091-02 3.00 
DC-2051-01 3.00 
DC-0122-03 3.00 
DC-2477-01 N/C 
DC-2442-05 N/C 
DC-2596-01 N/C 
DC-259G-00 N/C 
DC-2534-02 N/C 
DC-2504-02 N/C 
DC-2492-03 N/C 
DC-8296-01 3.00 
DC-8285-01 3.00 
DC-8285-01A N/C 
DC-2544-02 N/C 
DC-2517-03 N/C 
DC-2515-03 N/C 
DC-8286-01 3.00 
DC-8286-01A N/C 
DC-254G-01 N/C 
DC-8288-01 3.00 
DC-2575-01 N/C 
DC-2603-00 N/C 

Part No Unit Cost 

DC-2536-01 N/C 
DC-2522-02 N/C 
DC-2497-02 N/C 
DC-256G-02 N/C 
DC-2555-01 N/C 
DC-2554-01 N/C 
DC-2594-01 N/C 

1323 



LITERATURE GUIDE 
MILITARY COMPONENTS FAMilY 

Military Specifications 

Z8681 ROMless Microcomputer Military Product Specification 
ZooOl/8D02 Military Z8DOO CPU Central Processing Unit Military Product Specification 
Z8581 Military CGC Clock Generator and Controller Military Product Specification 
Z8030 Military Z80DO Z-SCC Serial Communications Controller Military Product Specification 
Z8530 Military SCC Serial Communications Controller Military Product Specification 
Z8036 Military Z80DO Z-CIO Counter/fimer Controller and Parallel I/O Military Electrical Specification 
Z8038/8538 Military FlO FIFO Input/Output Interface Unit Military Product Specification 
Z8536 Military CIO Counter/fimer Controller and Parallel I/O Military Electrical Specification 
Z84DO Military Z80 CPU Central ProceSSing Unit Mililary Electrical Specification 
Z8420 Military PIO Parallel Input/Output Controller Military Product Specification 
Z8430 Military CTC Counter/fimer Circuit Military Electrical Specification 
Z8440/1/2/4 Z80 SIO Serial Input/Output Controller Mililary Product Specification 
Z80C30/85C30 Military CMOS SCC Serial Communications Controller Military Product Specification 
Z84CDO CMOS ZOO CPU Central Processing Unit Military Product Specification 
Z84C20 CMOS Z80 PIO Parallel Input/Output Military Product Specification 
Z84C30 CMOS Z80 CTC Counter/Timer Circuit Military Product Specification 
Z84C40/1/2/4 CMOS Z80 SIO SeriallnpuVOutput Military Product Specification 
Z16C30 CMOS USC Universal Serial Controller Military Preliminary Product Specification 
Z16C01/2 CPU Central Processing Unit Military Product Specification 
Z80180 Z180 MPU Microprocessor Unit Military Product Specification 
Z84C90 CMOS KIO Serial/Parallel/Counter Timer Preliminary Military Product Specification 
Z85230 ESCC Enhanced Serial Communication Controller Military Product Specification 

GENERAL LITERATURE 

Catalogs, Handbooks and Users Guides 

Superintegration Short Form Catalog 1991 
Quality and Reliability Report 
Superintegration Products Guide 
The Handling and Storage of Surface Mount Devices User's Guide 
Support Products Summary 
Universal Object File Utilities User's Guide 
Zilog 1991 Annual Report 
Microcontroller Quick Reference Folder 
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Part No 

DC-2392-02 
DC-2342-03 
DC-2346-01 
DC-2388-02 
DC-2397-02 
DC-2389-01 
DC-2463-02 
DC-2396-01 
DC-2351-02 
DC-2384-02 
DC-2385-01 
DC-2386-02 
DC-2478-02 
DC-2441-02 
DC-2384-02 
DC-24B1-01 
DC-24B2-01 
DC-2531-D1 
DC-2532-01 
DC-2538-01 . 
DC-2502-00 
DC-2595-00 

Part No 

DC-5472-08 
DC-2475-D8 
DC-5499-D5 
DC-55DO-02 
DC-2545-03 
DC-8236-D4 
DC-1991-AR 
DC-5508-01 

Unit Cost 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N{C 
N/C 
N/C 
N/C 
N/C 

Unit Cost 

N/C 
N/C 
N/C 
N/C 
N{C 
3.DO 
N/C 
N{C 



ZILOG DOMESTIC SALES OFFICES 
AND TECHNICAL CENTERS 

CALIFORNIA 
Agoura .... . 
Campbell .. . 
Tustin .. .. ... . 

COLORADO 

. .. . 818-707-2160 
... ..... .. ...... . .. 408-370-81 20 
. ... .. ...... ...... ... . 714-838-7800 

Boulder ...... ... ... ... .. .. ... .... ... ..... . ... ..... ...... .. .. 303-494-2905 

FLORIDA 
Largo ........ . 

GEORGIA 
Norcross .. 

ILLINOIS 

. .. 813-585-2533 

. .. ........... ..... .......... 404-448-9370 

Schaumburg .... ... ... .. .... .... ..... .. ......... .......... 708-5 17-8080 

MINNESOTA 
Minneapolis .. 

NEW HAMPSHIRE 

.. . . .... ... .. .. ... ... 61 2-944-0737 

Nashua .. ............................ .. . .... .. 603-888-8590 

NORTH CAROLINA 
Raleigh ............. .. 

OHIO 
Independence .. ... 

PENNSYLVANIA 
Ambler .. 

TEXAS 
Dallas ... 

WASHINGTON 

. ........ ... ..................... 919-790-7706 

.. ......................... 216-447-1480 

... ... .......... ................... 215-653-0230 

. .. 214-987 -9987 

Seattle ..... .. .... ... ....... ................. 206-523-3591 

© 1992 by Zilog, Inc. All rights reserved. No partofthis document 
may be copied or reproduced in any form or by any means 
without the prior written consent of Zilog, Inc. The information in 
this document is subject to change without notice. Devices sold 
by Zilog, lnc. are covered by warranty and patent indemnification 
provisions appearing in Zi log, Inc. Terms and Conditions of Sale 
only. Zilog, Inc. makes no warranty, express, statutory, implied or 

INTERNATIONAL SALES OFFICES 

CANADA 
T oron to ...... .. .. .. ....... .. .... ..... . ........ .... ........ .. 4 16-673-0634 

GERMANY 
Munich .......... .. .... ... .. 
SOmmerda ... ....... .... ......... ... .. 

. .49-89-672-045 
. ..... 37 -626-23906 
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HONG KONG 
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KOREA 
Seoul ........................... .. ..... . ....... ..... 82-2-552-5401 

SINGAPORE 
Singapore .. .. ......... .......... .. ................... . 65-2357 155 

TAIWAN 
Taipei .. . 

UNITED KINGDOM 
Maidenhead ... 
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.. ... .. .. .. ........... 44-628-392-00 

by description , regarding the information set forth herein or 
regarding the freedom of the described devices from intellectual 
property infringement. Zilog, Inc. makes no warranty of mer­
chantability or fitness for any purpose. Zilog, Inc. shall not be 
responsible for any errors that may appear in this document. 
Zilog , Inc. makes no commitment to update or keep current the 
information contained in this document. 
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