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EMBEDDED CONTROLLERS

SERIAL COMMUNICATIONS CONTROLLERS

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 Z80® 8-
bit and Z280® 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 Z8® 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.

Zilog is rapidly expanding its product offering with more
than 19 new products announced in the first three quarters
of 1991, yieldingmore 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.

Includedin these introductionsis 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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Product Specification

Z8400/Z284C00 NMOS/CMOS
Z80° CPU
Central Processing Unit

FEATURES

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

NMOS version for low cost high performance solutions,
CMQOS version for high performance low power de-
signs.

NMOS Z0840004 - 4 MHz, Z0840006 - 6.17 MHz,
70840008 - 8 MHz.

CMOS 784C0006 - 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.

Figure 1. Pin Functions

The Z80 microprocessors and associated family of
peripherals can be linked by a vectored interrupt sys-
tem. This system can be daisy-chainedto allowimplem-
entation of a priority interrupt scheme.

m Duplicate set of both general-purpose and flag registers.
® Two sixteen-bit index registers.

m 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.

M Ay b——
A f—
~<«——MREQ Az ::
SYSTEM | <——]10RG A3
CONTROL |\ <«——RD A b—— v
~«——WR As f———> an 1 40 [ A
A f—> Az [ 2 39[] A
<——]RFsH A7 [—> |\ ADDRESS A g3 3] A
Ag b— [ BUS Aa ] 4 s7[] A
~——HACT Ay f—— As [ s 36 [ As
Appb— ck [ s 5[] As
——fwarr Ay f— Dy [ 7 3] A
cPu zzag?:u Agp f—> s [ 8 sl A
CONTROL —— 3 INT A3 f— Ds E 9 32 ] Az
e Au— % [110 zgso0 A
A5 f—-> +5v [ n 30[] A
——| RESET o, [ 12 29[ GND
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BUS —
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Figure 2. 40-pin Dual-In-Line (DIP), Pin Assignments
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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
read/write 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. .

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 /O controller family, registers, instruction set,
interrupts and daisy chaining, and CPU timing.

8-BIT
DATA BUS

DATA BUS
INTERFACE
INSTRUCTION INSTRUCTION ALU
DECODER <: REGISTER [\ ANICRNAL DATA BUS
+5V —»
GND = iL REGISTER
CLOCK ARRAY
cpy
TIMING TonhG
CONTROL
ADDRESS
LOGIC AND
BUFFERS
B8SYSTEMS _5CPU
AND CPU_ CONTROL
CONTROL  INPUTS 16:BIT
OUTPUTS ADDRESS BUS

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

Register Size (Bits) Remarks

A A Accumulator 8 Stores an operand or the results of an operation.

FF’ Flags 8 See Instruction Set.

B, B’ General Purpose 8 Can be used separately or as a 16-bit register with C.

C,C’ General Purpose 8 Can be used separately or as a 16-bit register with C.

D, D’ General Purpose 8 Can be used separately or as a 16-bit register with E.

EFE General Purpose 8 Can be used separately or as a 16-bit register with E.

H, H’ General Purpose 8 Can be used separately or as a 16-bit register with L.

L, L’ General Purpose 8 Can be used separately or as a 16-bit register with L.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B —Highbyte = C— Low byte
D —Highbyte  E— Lowbyte
H — High byte L — Low byte

| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

IX Index Register 16 Used for indexed addressing.

Y Index Register 16 Used for indexed addressing

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruction
set.

PC Program Counter 16 Holds address of next instruction.

IFF4-IFFo Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4).

failure has been detected. After recognition of the NMI
signal (providing BUSREQ 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 BUSREQ is not active) a special
interrupt processing cycle begins. This is a special fetch
(M1) cycle in which IORQ becomes active rather than
MREQ, 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
8080 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

to the selected one of eight restart locations in page zero of
memory. Unlike the 8080, 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 differenceis that the
Mode 1 interrupt has only one restart location, 0038H.

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 | 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




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-orderbyte of the 2-byte
vector, bit 0 (A;) must be a zero.

| Interrupt Enable/Disable Operation. Two flip-flops, IFF4
and IFF5, 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

IFF4

CPU Reset

Dl instruction execution

El instruction execution

LD Al instruction execution -
LD AR instruction execution

Accept NMI

RETN instruction execution

IFFp o

IFF Comments
0 Maskable interrupt
" INT disabled
0 Maskable interrupt
INT disabled
1 Maskable interrupt
INT enabled

o IFFo — Parity flag

. IFF> — Parity flag

. Maskable interrupt
INT disabled

IFFo = IFFq at
completion of an
NMI service

routine.

INSTRUCTION SET

The microprocessor has one of the most powerful and
versatile instruction sets available in any 8-bit micro-
processor. It includes such unique operations as a block
move for fast, efficient data transfers within memory, or
between memory and I/O. 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 categéries:
8-bit loads
16-bit loads

Exchanges, block transfers, and searches

General-purpose arithmetic and CPU control

O
|
]
O 8-bit arithmetic and logic operations
m]
O 16-bit arithmetic operations

a

Rotates and shifts

O Bit set, reset, and test operations

0 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:

Immediate
Immediate extended
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
Implied

Bit

O 0O ooooooaoaB.




8-BIT LOAD GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
LDrr' r<r’ e o X o X e o o 0f r r 1 1 4 nr Reg.
LDrn r<n e o X o X e o o 00 r 110 2 2 7 000 B
“<n— 001 C
LD, (HL) r<(HL) e ¢ X o X o o o 01 r 110 1 2 7 010 D
LDr (IX+d) r<«(X+d) e o X e X e e o 11 011 101 DD 3 5 19 011 E
01 r 110 100 H
~d-—> 101 L
LDr(Y+d) r<(Y+d) e o X o X o o o 11 111 101 FD 3 5 19 111 A
01 r 110
—d-—
LD (HL), r (HL) < r e ¢ X o X o o o 01 110 r 1 2 7
LD(IX+d),r (X+d)<r e ¢ X o X o o e 11 011 101 DD 3 5 19
01 110 r
«—d=-
LD(Y+d)r (Y+d)<r e e X e X e e o 11 111 101 FD 3 5 19
0t 110 r
—d-
LD (HL), n (HL)«<n e o X o X o e o 00 110 110 36 2 3 10
<—n—b
LD(X+d),n (X+d)y«=n e e X e X e e e 11 011 101 DD 4 5 19

00 110 110 36
<—d—>

“«n—




8-BIT LOAD GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation I 4 H P/VN C 76 543 210 Hex Bytes Cycles States Comments

LD(Y+d)n (Y+d)<n e e X e X e o o 11 111 101 FD 4 5 19
00 110 110 36
“«—d—

“-n—

LD A, (BC) A< (BC) e o X e X e e o (00 001 010 OA 1 2 7
LD A, (DE) A< (DE) e o X e X e o o 00 011 010 1A 1 2 7
LD A, (nn) A<« (nn) e o X o X e o o 00 111 010 3A 3 4 13
«n—
<—n—>
LD (BC), A (BC)«~A e o X e X e e o 00 000 010 02 1 2 7
LD (DE), A (DE) <A e o X o X o o e (00 010 010 12 1 2 7
LD (nn), A (nn) <A e o X o X e o e 00 110 010 32 3 4 13
C-n—b
«n—>
LDA,I A<l $ § X 0 XIFFO « 11 101 101 ED .2 2 9
o1 010 111 57
LDAR A<R $ 4 X 0 XIFFO « 11 101 101 ED 2 2 9
01 011 111 5F
LDILA <A e o X o X e o o 11 101 101 ED 2 2 9
: 01 000 111 47
LDRA R<A e o X o X e o o 11 101 101 ED 2 2 9
01 001 111 4F
NOTE: IFF, the content of the interrupt enable flip-flop, (IFFy), is copied into the P/V flag.
16-BIT LOAD GROUP
Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
LD dd, nn dd<nn e o X o X e o e (00 ddo 001 3 3 10 dd  Pair
<n-—> 00 BC
“<n—> ) 01 DE
LD IX, nn IX<nn e o X o X e o o 11 011 101 DD 4 4 14 10 HL
00 100 o001 21 11 SP
Q-n—b
“n~>
LDIY, nn IY <nn e o X o X e e o 11 111 101 FD 4 4 14
00 100 o001 21
<-n—~)

“«—n—>

LDHL,(nn) H<(n+1) e e X e X e e o 00 101 010 2A 3 5 16
L < (nn) “<n-—>
“n—>
LDdd,(nn) ddy<(hn+1) ¢ e X e X e o e 11 101 101 ED 4 6 20
dd < (nn) 01 ddi o0t
Q—n—b

“«n—>

NOTE: (PAIR)y, (PAIR)_ refer to high order and low order eight bits of the register pair respectively. e.g., BC|_ = C, AFy = A,
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16-BIT LOAD GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation H P/VN 76 543 210 Hex Bytes Cycles States Comments
LD IX, (nn) Xy« (nn+1) e X o o i1 011 101 DD 4 6 20
X, < (nn) 00 101 010 2A
- n e
- n -
LDIY, (nn) IYy < (nn+1) e X o o 11 111 101 FD 4 6 20
1YL« (nn) 00 101 010 2A
-~ n -
- n e
LD (nn),HL  (nn+1)«H e X o o 00 100 010 22 3 5 16
(nn)«<L -n-
- n e
LD(nn),dd  (nn+1) « ddy e X o o 11 101 101 ED 4 6 20
(nn) « ddp 01 ddo 011
- n e d
Rl n -
LD (nn), IX (nn+1) < IXy e X e o 11 011 101 DD 4 6 20
(nn) « IX_ 00 100 010 22
ﬁ—{n -
- n e
LD (nn), IY (Pn+1)« 1Yy e X o o 11 111 101 FD 4 6 20
(nn) < 1Y, 00 100 010 22
- n ->
- n Ead
LDSP HL SP«HL e X o o 11 111 001 F9 1 1 6
LDSPIX WSP «IX e X o o 11 011 101 DD 2 2 10
11 111 001 F9
LD SP Y SP«1IY e X o o i1 111 101 FD 2 2 10 :
11 111 001 F9 qq  Pair
PUSH qq (SP-2)«<qqL e X o o 11 qgg0 101 1 3 1 00 BC
(SP-1)+aqay 01 DE
SP—>SP -2 10 HL
PUSH IX (SP-2) «IX_ o X o o 11 011 101 DD 2 4 15 11 AF
(SP—1) « Xy 11 100 101 E5
SP—+SP -2
PUSH IY (SP-2) < 1IY_ ¢ X o o 11 111 101 FD 2 4 15
(SP~1) 1Yy 11 100 101 E5
SP—+SP -2
POPqq qgy ~ (SP+1) e X o o 11 gq0 001 1 3 10
qql < (SP)
SP—>SP +2
POP IX Xy < (SP+1) . e X o o 11 011 101 DD 2 4 14
IXL < (SP) 11 100 001 E1
SP—+SP +2
POPIY IYy < (SP+1) ¢ X.o o 11 111 101 FD 2 4 14
1Y < (SP) 11 100 001 E1
SP—>SP +2

NOTE: (PAIR), (PAIR)_ refer to high order and low order eight bits of the register pair respectively, e.g., BC| = C, AFy = A.
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PIVN C 76 543 210 Hex Bytes Cycles States Comments
EXDE,HL DE<HL e o X o X o o o 11 101 011 EB 1 1 4
EXAF AF'  AF+AF' e ¢ X e X e e o (00 001 000 08 1 1 4
EXX BC+BC’ e o X o X o o o 11 011 001 D9 1 1 4 Register bank
DE « DE’ and auxiliary
HL < HL’ register bank
exchange
EX(SP),HL H<(SP+1) e e X e X e e e 11 100 011 E3 1 5 19
L« (SP)
EX(SP),IX Xy« (SP+1) ¢ o X e X e o e 11 011 101 DD 2 6 23
IX_ < (SP) 11 100 011 E3
EX(SP),IY Yy« (SP+1) ¢ o X e X e e e 11 111 101 FD 2 6 23
IYL = (SP) @ 11 100 011 E3
LDI (DE)«<HL) e e X 0 X ¢§ 0 e 11 101 101 ED 2 4 16 Load (HL) into
DE < DE +1 10 100 000 AO (DE), increment
HL <+ HL+1 the pointers and
BC+BC-1 decrement the
byte counter
® (8C)
LDIR (DE)<HL) e o X 0 X 0O O e 11 101 101 ED 2 5 21 fBC#0
DE < DE+1 10 110 000 BO 2 4 16 fBC =0
HL<+HL+1 '
BC+~BC-1
Repeat until
BC=0
©)
LDD (DE)«<=(HL) e e X 0 X ¢ 0 ¢ 11 101 101 ED 2 4 16
DE < DE-1 10 101 000 A8
HL<+HL-1
BC+BC-1 @
LDDR (DE)«<(HL) e o X 0 X 0 O 11 101 101 ED 2 5 21 fBC#0
DE < DE-1 10 111 000 B8 2 4 16 fBC =0
HL <« HL-1
BC+BC-1
Repeat until
BC=0 @
CPI A - (HL) ¢ (:;D X ¢ X 4§ 1 ¢ 11 101 101 ED 2 4 16
HL < HL+1 10 100 001 A1
BC+<BC-1

NOTE: @ P/VflagisOifthe resultof BC~1 = 0, otherwise P/V = 1.
@ PV lagis 0 only at completion of instruction.

@ Zflagis1ifA = HL, otherwise Z = 0.

12



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T

Mnemonic  Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments

® ®
CPIR A - (HL) PP X ¢ X ¢ 1 e« 11 101 101 ED 2 5 21 IfBC # 0 and
A#(HL)

HL<HL+1 10 110 001 Bt 2 4 16 IfBC =0or
BC+BC-1 A = (HL)
Repeat until
A = (HL) or
BC=0 @

CPD A - (HL) e(?x 4 X ¢ 1 « 11 101 101 ED 2 4 16
HL<HL-1 10 101 001 A9
BC+<BC-1

®
CPDR A - (HL) P8 X8 X(?1 e 11 101 101 ED 2 5 21 IfBC # 0 and
A#(HL)

HL<HL-1 10 111 001 B9 2 4 16 IfBC = Oor
BC < BC-1 ‘A = (HL)
Repeat until
A = (HL)or
BC=0

NOTE: (@ PNV flagisOifthe resultof BC—1 = 0, otherwise P/V = 1.
@ PV lagis 0 only at completion of instruction.
@ Zflagis 1if A = (HL), otherwise Z = 0.

8-BIT ARITHMETIC AND LOGICAL GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation S Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
ADDA,r A<A+r 8 X 8 X Vot 10 r 1 1 4 r Reg.
ADDA,n A<A+n $ 4 X 8 X Vot 1 110 2 2 7 000 B
“n—> 001 C
010 D
ADDA,(HL) A<A+(HL ¢ ¢ X ¢ X V 0O ¢ 10 110 1 2 7 011 E
ADDA, (X+d)A~A+(X+d) ¢ ¢ X ¢ X V 0 % 11 011 101 DD 3 5 19 100 H
10 110 101 L
~d- 1M1 A
ADDA, (Y +d)A~A+(Y+d) ¢ ¢ X ¢ X V 0 ¢ 11 111 101 FD 3 5 19
10 110
“«d-
ADCA,s A<A+s+CY 4 ¢ X ¢ X V 0 ¢ [001 sisanyofr, n,
SUBs A«<A-s $ 8 X 8 X Vo1 (HL), (X +d),
SBCA,s A<A-s-CY$ ¢ X ¢ X V 1 ¢ (IY+d)as .
ANDs A<A>s $ 4 X1 XPOO shown for ADD
ORs A«<A>s $ $ X0 XPOO instruction. The
XOR's A<~ Aes 4 $ X0 XPOO indicated bits
CPs A-s PP X 8 X Vo1 111 replace the
[000] inthe
ADD set above.

13



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation S Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
INCr rer+1 $ $ X ¢ XV o e 00 r [F00] 1 1 4
INC (HL) (HL) < :
(HL)+1 $ ¢4 X ¢ XV o0 e 00 110 [100] 1 3 1
INC(X+d) (X+d)+ $ ¢ X ¢ XV 0 e 11 011 101 DD 3 6 23
(IX+d)+1 00 110
Q—d—b
INC(Y+d) (Y+d)+ $ 4 X ¢ XV 0 e 11 111 101 FD 3 6 23
(Y +d)+1 00 110
«d-
DECm mem-1 8 X 8 X V1.

NOTE: misany ofr, (HL), (IX +d), (IY + d) as shown for INC. DEC same format and states as INC. Replace with in opcode.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ ¢ ¢+ X § X P e ¢ 00 100 111 27 1 1 4 Decimal adjust
accumulator.
CPL A<A e ¢ X 1 X e 1 e 00 101 111 2F 1 1 4 Complement
accumulator
(one's
complement).
NEG A«<0-A ¢4 ¢4 X ¢4 XV 1 ¢ 11 101 101 ED 2 2 8 Negate acc.
01 000 100 44 (two's
complement).
CCF CY<«CY e o X X X e 0 ¢ 00 111 111 3F 1 .1 4 Complement
carry flag.
SCF CY <1 e ¢ X 0 X « 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperation e e X e X e e e (00 000 000 00 1 1 4
HALT CPUhalted o o X e X e e o 01 110 110 76 1 1 4
DI IFF <0 e o X o X e o o 11 110 011 F3 1 1 4
El % IFF <1 e o X o X e o o 11 111 011 FB 1 1 4
IMO Setinterrupt © e X e X e e ¢ 11 101 101 ED 2 2 8
mode 0 01 000 110 46
IM1 Setinterrupt e e X e X e e o 11 101 101 ED 2 2 8
mode 1 01 010 110 56
M2 Setinterrupt e e X e X e e o 11 101 101 ED 2 2 8
mode 2 01 011 110 5E

NOTES: @ converts accumulator content into packed BCD following add or subtract with packed BCD operands.
IFF indicates the interrupt enable flip-flop.
CY indicates the carry flip-flop.
* indicates interrupts are not sampled at the end of El or DI.
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16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation S Z H P/V N 76 543 210 Hex Bytes Cycles States Comments
ADDHL,ss HL<+HL+ss e ¢ X X X o 0 00 ssl 001 1 3 11 ss Reg.
00 BC
ADCHL,ss HL<+ 01 DE
HL+ss+CY ¢ ¢ X X X V O 11 101 101 ED 2 4 15 10 HL
01 ss1 010 11 SP
SBCHL,ss HL<«
HL-ss-CY ¢ ¢ X X X V 1 11 101 101 ED 2 4 15
01 ssO 010
ADDIX,pp IX«<IX+pp e e X X X e 0 11 011 101 DD 2 4 15 pp Reg.
01 ppl 001 00 BC
01 DE
10 IX
11 SP
ADDIY, rr IY «<IY+rr e o X X X o 0 11 111 101 FD 2 4 15 " Reg.
00 rr1 001 00 BC
INC ss ss +ss+1 o o X o X o o 00 ssO 011 1 1 6 01 DE
INC IX IX < IX+1 e o X o X o o 11 011 101 DD 2 2 10 10 Y
00 100 011 23 1 SP
INC Y IY < 1Y +1 o o X o X o o 11 111 101 FD 2 2 10 '
00 100 011 23
DEC ss ss+ss—1 e o X o X o @ 00 sst OM 1 1 6
DEC IX X« IX-1 e o X o X o o 11 011 101 DD 2 2 10
00 101 011 2B
DECIY IY <1Y-1 o o X o X o o 11 111 101 FD 2 2 10
00 101 011 2B
ROTATE AND SHIFT GROUP
Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation S Z H P/VN 76 543 210 Hex Bytes Cycles States Comments
RLCA e+ ¢ X 0 X 0 00 000 111 07 1 1 4 Rotate left
circular
accumulator.
RLA 7 <0 e ¢ X 0 X o 0 00 010 111 17 1 1 4 Rotate left
A accumulator.
RRCA '. e ¢« X 0 X ¢ 0 00 001 111 OF 1 1 4 Rotate right
circular
accumulator.
RRA 7—0 s ¢ X 0 X ¢ 0 00 011 111 1F 1 1 4 Rotate right

accumulator.




ROTATE AND SHIFT GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T °
Mnemonic Operation s z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
RLCr ¢4 ¢+ X 0 X P 0% 11 001 011 CB 2 2 8 Rotate left
00 r circular
registerr.
RLC (HL) + ¢+ X0 X P O ¢ 11 001 011 CB 2 4 15 r Reg.
00 000 110 000 B
70 001 C
RLC (IX+d) 4 ¢ X0 X P O ¢ 11 011 101 DD 4 6 23 010 D
r(HL),(IX +d),(Y +d) 11 001 011 CB o011 E
~d- 001 H
00 110 101 L
. 111 A
RLC (IY +d) 4 $ X0 X P O ¢ 11 111 101 FD 4 6 23
11 001 011 CB
~d-— Instruction
B 00 110 format and
RLm t + X0 X P O ¢ 010 states are as
m=r(HL,(X+d),(Y +d) shown for
RLCs. To form
RRCm =1 ¢ ¢ X 0 X P 0 3 new opcode
m=r,(HL),(IX+d),(IY +d) replace.
or RLCs with
shown code.
RRm ok ¢ § X 0 X P O ¢ 011
m=r(HL),(IX+d),(IY + d)
SLAm  [@—7=—o]~¢t $ X 0 X P O ¢
m=r,(HL),(IX+d),(IY +d)
sham L= 4 ¢+ x 0o x P 0 ¢ 101
m=r(HL),(IX +d),(Y +d)
SRLm o [7=o}—[&] ¢ ¢ X 0 X P O ¢ 717
m=r,(HL),(IX+d),(IY +d)
RLD $ $ X0 X P O e 11 101 101 ED 2 5 18 Rotate digit
(HL) 01 101 111 6F leftand
right between
the accumu-
lator and
— location (HL).
RRD {4 $ X 0 X P 0O « 11 101 101 ED 2 5 18 The content
* w0 01 100 111 67 of the upper
half of the
accumulator
is unaffected.
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BIT SET, RESET AND TEST GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation S H PVN C 76 543 210 Hex Bytes Cycles States Comments
BiTb,r Z+rp X 1 X X 0 « 11 001 011 CB 2 2 8 r Reg.
01 b r 000 B
BIT b, (HL) Z+(HL)p X 1 X X 0 « 11 001 011 CB 2 3 12 001 C
01 b 110 010 D
BITb,(X+d)p Z+ (X+d)p X 1 X X 0 « 11 011 101 DD 4 5 20 011 E
11 001 011 CB 100 H
~d— 101 L
01 b 110 111 A
b  Bit Tested
BITb, (IY+d)p Z+(Y+d)p X 1 X X 0 « 11 111 101 FD 4 5 20 000 O
11 001 011 CB 001 1
~d- 010 2
01 b 110 011 3
SETb,r p+1 . e X o e o 11 (001 011 CB 2 2 8 100 4
b r : 101 6§
SETb,(HL) (HL)p+1 . e X e o e 11 001 011 CB 2 4 15 110 6
b 110 117
SETb, (IX+d) (X+d)p+1 o e X o o o 11 011 101 DD 4 6 23
11 001 011 CB
“—d-
b 110
SETh,(IY+d) (Y+d)p+1 o e X o o o 11 111 101 FD 4 6 23
11 001 011 CB
—d-
[ b 110
RES b, m mp+0 . e X o o o To form new
m=r, (HL), opcode replace
(IX+d), (1Y +d) of SETb, s
with[10] Flags
and time
states for SET
instruction.

NOTE: The notation my, indicates locationm, bit b (O to 7).
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JUMP GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation ) H P/VN 76 543 210 Hex Bytes .Cycles States Comments
JPnn PC<nn . e X o o 11 000 011 C3 3 3 10 cc  Condition
«<n— 000 NZ (non-zero)
“«n-—> 001 Z(zero)
JPcc,nn Ifconditioncc e e X o o 11 cc 010 3 3 10 010 NC (non-carry)
istrue PC+nn, «n-—> 011 C(carry)
otherwise “<n— 100 PO (parity odd)
continue 101 PE (parity even)
JRe PC«<PC+e o o X o o 00 011 000 18 2 3 12 110 P (sign positive)
~e-2— 111 M (sign negative)
JRC, e IfC=0, . e X o o 00 111 000 38 2 2 7 If condition not met.
continue ~e-2—
IfC=1, 2 3 12 If condition is met.
PC+PC+e
JRNC,e IFC=1, . e X o o 00 110 000 30 2 2 7 If condition not met.
continue “-e-2—
fC=0, 2 3 12 If condition is met.
PC+<PC+e
JPZ e fZ=0 . e X o o 00 101 000 28 2 2 7 If condition not met.
continue ~e-2—
fZ=1, 2 3 12 If condition is met.
PC«PC+e
JRNZ, e IfZ=1, . e X o o 00 100 000 20 2 2 7 If condition not met.
continue ~e-2—
fZ=0, 2 3 12 If condition is met.
PC<+<PC+e
JP(HL) PC<+HL . e X o o 11 101 001 E9 1 1 4
JP (IX) PC«IX . e X o o 11 011 101 DD 2 2 8
11 101 001 E9
JP (1Y) PC «IY . e X o o 11 111 101 FD 2 2 8
11 101 001 E9
DINZ,e B<B-1 . e X o o 00 010 000 10 2 2 8 IfB=0
fB=0, ~e-2—
continue
If B#0, 2 3 13 If B#0.
PC«PC+e

NOTES: e represents the extension in the relative addressing mode.

eis a signal two's complement number in the range < — 126, 129 >.
e-2inthe 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.ofM No.ofT
Mnemonic Operation s Z H P/VN 76 543 210 Hex Bytes Cycles States Comments
CALLnn  (SP-1)~PCH o o X o o 11 001 101 CD 3 5 17
(SP-2)+~PCL “~n-—>
PC < nn, “«n-—>
CALL cc,nn If condition o o e X o o 11 cc 100 3 3 10 If ccis false.
ccis false <n-—
continue, “n— 3 5 17 If ccis true.
otherwise
same as
CALL nn
RET PCL~(SP) o o ¢« X o o 11 001 001 C9 1 3 10
PCH+(SP+1)
RET cc If condition LI e X o o 11 cc 000 1 1 5 Ifccis false.
ccis false
continue, 1 3 11 Ifccistrue.
otherwise
same as RET cc  Condition
000 NZ (non-zero)
001 Z(zero)
010 NC (non-carry)
RETI Returnfrom e o e X o o 11 101 101 ED 2 4 14 011 C(carry)
interrupt 01 001 101 4D 100 PO (parity odd)
RETN? Returnfrom o o e X o o 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 o e e X o o 11 t 11 1 3 11 t p
(SP-2+PCL 000 OO0H
PCH+0 001 08H
PCL+p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

NOTE: 1RETN loads IFFo = IFF4
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INPUT AND OUTPUT GROUP

Symbolic Flags Opcode No.of No.of M No.of T
Mnemonic Operation S Z H P/VN 76 543 210 Hex Bytes Cycles States Comments
INA,(n)  A<(n) e o X o X oo 11 011 01 DB 2 3 11 ntoAgnAz
“~n-—> Acc:to AgvAqs

INT, (C) r<(C) !4 X4 XPO 11 101 101 ED 2 3 12 CtoAg~ Ay
ifr=110 only 01 r 000 BtoAg~vAgs
the flags will
be affected @

INI HL<(@©C) X & X X X X 1 11 101 101 ED 2 4 16 CtoAg~ A7
B+B-1 10 100 010 A2 BtoAg~ Aqs
HL<HL+1 @

INIR (HL) < (C) X1 XXX X 1 11 101 101 ED 2 5 21 CtoAg~ Az
B«<B-1 10 110 010 B2 (If B#0) BtoAg~Aqs
HL<HL+1 2 4 16
Repeat until (fB=0)

B=0 @

IND (HL) < (C) X4 XXX X1 11 101 101 ED 2 4 16 CtoAg~v A7
B«~B-1 10 101 010 AA BtoAg~Aqs
HL<HL-1 @

INDR HL<EC) X 1 X X X X1 11 101 101 ED 2 5 21 CtoAgrnvAy
B«<B-1 ) 10 111 010 BA Jf B#0) BtoAg~Ais
HL<HL-1 2 4 16
Repeat until (fB=0)

B=0

OUT(n),A (n)+A e o X o X o o 11 010 011 D3 2 3 11 ntoAg~ Az
) “<n-—> Acc.toAg~v Ags

OUT(C),r (C)«r e e X o X oo 11 101 101 ED 2 3 12 CtoAg~A7

@ 01 r 001 ’ BtoAgvAis

OuUTI (C)+ (HL) X$XXXXA1 11 101 101 ED 2 4 16 CtoAg~ Ay
B+-B-1 10 100 011 A3 BtoAg~Ass
HL~HL+1 @

OTIR (C)+<HL X1 XXX X1 11 101 101 ED 2 5 21 CtoAg~v A7
B«B-1 10 110 011 B3 (If B#0) BtoAg~Ais
HL < HL+1 2 4 16
Repeat until (fB=0)

B=0 @

ouTD ©C)«<HL X & X X X X1 11101 101 ED 2 4 16 CtoAgmAy
B+B-1 10 101 011 AB BtoAgrnAss
HL<HL-1

OTDR (€) < (HL) xc?x X X X 1 11 101 101 ED 2 5 21 CtoAg~A7
B+<B-1 10 111 011 (If B#0) BtoAg ™ Aqs
HL<HL-1 2 4 16
Repeat until (fB=0)

B=0

NOTES: @ lIfthe result of B~ 1is zero, the Z flag is set; otherwise it is reset.
@ Zflagis set upon instruction completion only.
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SUMMARY OF FLAG OPERATION

Dy Do
Instructions s Z H PV N C Comments
ADDA, s;ADCA, s ¢ 4 X ¢ X VvV 0o ¢ 8-bit add or add with carry.
SUBs;SBCA,s;CPs;NEG ¢ ¢ X ¢ X V 1 ¢ 8-bit subtract, subtract with carry, compare and negate
accumulator.
ANDs { § X 1 X P 0 O Logical operation.
ORs, XORs {4 § X 0 X P O O Logical operation.
INCs ¢ 8 X ¢ X V 0 e 8-bit increment.
DECs P8 X 8 X Vo1 e 8-bit decrement.
ADD DD, ss e e X X X e 0 ¢ 16-bit add.
ADCHL, ss P X X X vV o ¢ 16-bit add with carry.
SBCHL, ss P 4 X X X v 1 ¢ 16-bit subtract with carry.
RLA; RLCA; RRA; RRCA e o X 0 X e 0 % Rotate accumulator.
RLm; RLCm; RRm; ¢4 ¢ X 0 X P O ¢ Rotate and shift locations.
RRC m; SLAm;
SRAm; SRLm
RLD; RRD t ¢+ X 0 X P 0 o Rotate digit left and right.
DAA ¢4 X 8 X P e § Decimal adjust accumulator.
CPL e o X 1 X e 1 o Complement accumulator.
SCF e o X 0 X e 0 1 Set carry.
CCF e o X X X o 0 ¢ Complement carry.
INr(C) i § X 0 X P 0 o Input register indirect.
INI; IND; OUTI; OUTD X $§ X X X X 1 e Block input and output. Z = 1if B # 0, otherwise Z = 0.
INIR; INDR; OTIR; OTDR X 1 X X X X 1 e Block input and output. Z = 1if B # 0, otherwise Z = 0.
LDI; LDD X X X 0 X ¢ 0 o Block transfer instructions. P/V = 1if BC # 0, otherwise P/V = 0.
LDIR; LDDR X X X 0 X 0 0 -« Block transfer instructions. P/V = 1if BC # 0, otherwise P/V = 0.
CPIl; CPIR; CPD; CPDR X ¢ X X X § 1 o Block search instructions. Z = 1if A = (HL), otherwise Z = 0.

PNV = 1if BC # 0, otherwise P/V = 0.

LDA;ILLDAR $4 § X 0 X IFF 0 e IFF, the content of the interrupt enable flip-flop, (IFF2), is copied
into the P/V flag.

BiTb,s X $ X 1 X X 0 e The state of bit b of location s is copied into the Z flag.

SYMBOLIC NOTATION

Symbol Operation

S Signflag. S = 1ifthe MSB of the resultis 1.

z Zeroflag. Z = 1 ifthe result of the operation is 0.

PNV 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 P/V holds parity: P/V = 1
if the result of the operation is even; P/V = 0 if
resultis odd. If P/V holds overflow, P/V = 1 ifthe
result of the operation produced an overflow. If
P/V does not hold overflow, P/V = 0.

H*  Half-carry flag. H = 1 if the add or subtract
operation produced a carry into, or borrow from,
bit 4 of the accumulator.

N*  Add/Subtract flag. N = 1 if the previous
operation was a subtract.

C Carry/Link flag. C = 1 ifthe operation produced
a carry from the MSB of the operand or result.

Symbol 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.

P/V flag affected according to the overflow result

of the operation.

PV flag affected according to the parity result of

the operation.

r Any one othe CPU registers A, B, C, D, E, H, L.

s Any 8-bit location for all the addressing modes
allowed for the particular instruction.

ss Any 16-bit location for all the addressing modes
allowed for that instruction.

ii Any one of the two index registers IX or IY.
Refresh counter.

n 8-bit value in range < 0, 255 >.

nn 16-bit value in range < 0, 65535 >.

<X =0 e

o

*H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct the result into packed BCD format following addition or

subtraction usir.  2e-ands 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 ’ (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

as background-foreground data processing. The second
set of registers consists of six registers with assigned
functions. These are the | (Interrupt register), the R (Refresh
register), the IX and 1Y (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

' ACCUMULATOR

FLAG REGISTER

GENERAL PURPOSE

C GENERAL PURPOSE

' GENERAL PURPOSE

GENERAL PURPOSE

GENERAL PURPOSE

E GENERAL PURPOSE

" GENERAL PURPOSE

GENERAL PURPOSE

GENERAL PURPOSE

L GENERAL PURPOSE

' GENERAL PURPOSE

GENERAL PURPOSE

8 BITS

16 BITS

IX INDEX REGISTER

1Y INDEX REGISTER

SP STACK POINTER

PC PROGRAM COUNTER

| INTERRUPT VECTOR R MEMORY REFRESH

8 BITS

INTERRUPT FLIP-FLOPS STATUS

IFF, IFF,

STORES IFF1
DURING NMI
SERVICE

0 = INTERRUPTS DISABLED
1 = INTERRUPTS ENABLED

INTERRUPT MODE FLIP-FLOPS

IMF, IMFyp,
0 0 INTERRUPT MODE 0
0 1 NOT USED
1 0 INTERRUPT MODE 1
1 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 Z80 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:

B Mode 0 — similar to the 8080 microprocessor.

m Mode 1 — Peripheral Interrupt service, for use with
non-8080/Z80 systems.

® Mode 2 - a vectored interrupt scheme, usually daisy-
chained, for use with the Z80 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. NMl is
usually reserved for servicing only the highest priority type
interrupts, such as that for orderly shutdown after power
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PIN DESCRIPTIONS

Ag-A15. Address Bus (output, active High, 3-state). Ag-A1s
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytes)
and for 1/O 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 MREQ,
TORQ, RD, and WR have entered their high-impedance
states. The external circuitry can now control these lines.

BUSREQ. 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. BUSREQ forces the
CPU address bus, data bus, and control signals MREQ,
IORQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an external pullup for these
applications. Extended BUSREQ periods due to extensive
DMA operations can prevent the CPU from properly
refreshing dynamic RAMs.

Do-D7. Data Bus (input/output, active High, 3-state). Do-D7
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and 1/0O.

HALT. Halt State (output, active Low). HALT indicates that
the CPU has executed a Halt instruction and is awaiting
either anonmaskable 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 I/O devices. The CPU honors a request at
the end of the current instruction if the internal
software-controlled interrupt enable flip-flop (IFF)
enabled. INT is normally wired-OR and requires an external
pullup for these applications.

IORQ Input/Output Request (output, active Low, 3-state).
IORQindicates that the lower half of the address bus holds a
valid /O address for an 1/O read or write operation. IORQ is
also generated concurrently with (Y5 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 MREQ, indicates that the current machine cycle is the
opcode fetch cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge cycle.

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.

NMLI. Non-Maskable Interrupt (input, _negative 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-fiop,
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 I/O device. The
addressed /0O 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 | and R, and sets the interrupt status to
Mode 0. During reset time, the address and databus goto 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
MREQ, 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 I/O 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 datato be stored at the addressed
memory or 1/O location.
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CPU TIMING

The Z80 CPU executes instructions by proceeding through
a specific sequence of operations:

® Memory read or write

| /O device read or write

m Interrupt acknowledge

The basic clock periodisreferredto asa T 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.

Tw*

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 To. During clock states Tg and T4 of an M1 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.

T3 Ta

‘_‘F —y v o
CLOCK _/<.@> - \ \ / \ / | /
@~ H o |
<0 5 <~
Ao-A1s pC :’ X’ REFRESH ADDR X
<] ’ .
WREG N L N /
®
ﬁ'ﬁ T ol Lo
@_1—:_ ®_>‘ —454—
WAIT | y 7 J\
~® <@
w1 _—-\L 7L /r
Do-D7 D ( ( ( ( ::,: )( VALID DATA X
L_, - <—®

Figure 5. Instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 6 shows thetiming  becomes active when the address busis stable. The WR line
of memory read or write cycles other than an opcode fetch s active when the data bus is stable, so that it can be used
(M1) cycle. The MREQ and RD signals function exactly asin ~ directly as an R/W pulse to most semiconductor memories.

the fetch cycle. In a memory write cycle, MREQ also

Ty T2 Tw T3
¥ ) i \ [
CLOCK —/ \ \ \
- L/
Ao-A1s X V’I’v\lI‘.ID ADDRESS
S/ ®
— — @ -
MREQ ¢ —
oo T T
Cag gl I i *‘
— iq-@ —+| @ |-
RD rL
) ,
OPERA'?I'EIS}[: — [«~® @ 4,-_>‘<_
Po-vr _ } o< h’:ﬁ‘: )
S F |
~ || O] *l@«
WR .
/ -|®
OPER‘::I;ﬁ 8 ®
Do-D7 : :l’ DATA OUT

Figure 6. Memory Read or Write Cycles

25



Input or Output Cycles. Figure 7 shows the timing foran ~ extra Wait state allows sufficient time for an /O port to
1/0 read or /O write operation. During I/O operations, the ~ decode the address from the port address lines.
CPU automatically inserts a single Wait state (Twa). This

T2 Twa Tw T3
] J {
CLOCK _/ ' NL( & : S
BOR ®
I’l'
Ao-A7 )] VALID PORT ADDRESS o X
—> @ : -»<—
— \ y 4
iORG e
4—@ > (5
@~ | @ Tk ] ®
ya
WAIT : a 1\
@ —l'@ -
AD \ ‘t J/.
1o 7/ ~os
READ @ 4
OPERATION ~ = P
L 7
S & A £
X —*I@l«
|
WR 45 /T @~
1o G
WRITE ol @)
OPERATION Py
Do-D7 ——'—_'i ,: DATA OUT "‘—"

Twa = One wait cycle automatically inserted by CPU.

Figure 7. Input or Output Cycles
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Interrupt Request/Acknowledge Cycle. The CPU  During this M1 cycle, IORQ becomes active (instead oi
samples the interrupt signal with the rising edge of the last ~ MREQ) to indicate that the interrupting device can place an
clock cycle at the end of any instruction (Figure 8). Whenan  8-bit vector on the data bus. The CPU automatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait states to this cycle.

Twa Tw T3
CLOCK \—[_JS J *S Z
Ly L -
iNT
®
Ap-A4s X PC l:’: X
® e
i p 15
— @ - - 52
ioRQ iP" 14
~ &) ! — /(18—
®*i ~[lol<]
WATT /J N\
» ®—> poa—
Do-D7 > K - VALID DATA C
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Non-Maskable Interrupt Request Cycle. NMiissampled ~ memory read operation except that data put on the bus by
atthe same time as the maskable interruptinput INT buthas  the memory is ignored. The CPU instead executes a restart
higher priority and cannot be disabled under software  (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of a normal located at address 0066H (Figure 9).

LAST M CYCLE
T T1 T2 T3 Ta Ts

JAVAWAYAWAWAYAWE
cLock L ‘\

______ RO o= R U S AU [ N
RPN S SN e e bomd oo -
Ao-A1s X PC X REFRESH )<:
mi

l /s

=@~ - @ [=> - @ |~

MREQ / J[
|

o ol Jrmm—Cyem——

RD 4 _/

RFSH \L . / T
! f

*Alth h NMi is an ynch input, to its being gnized on the
of the clock cycle preceding the last state of any instruction cycle (Tyy).

ing cycle, NMI’s falling edge must occur no later than the rising edge

Figure 9. Non-Maskable Interrupt Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples  to a high-impedance state with the rising edge of the next
BUSREQ with the rising edge of the last clock period of any clock pulse. At that time, any external device can take
machine cycle (Figure 10). If BUSREQ is active, the CPU control of these lines, usually to transfer data between

sets its address, data, and MREQ, IORQ, RD, and WR lines ~ memory and I/O devices.

T T Tx
CLOCK
BUSREQ
BUSACK
-
. FLOAT ;l_—
Ao-A1s (f— {
— <—® —
FLOAT fr——
Do-D7 >—/’ J,
— >
MREQ |
iﬁ,_n i % FLOAT g
10RQ S
—» |—
™M
RFSH
HALT UNCHANGED

NOTES: 1) Tum = Last state of any M cycle.
) Tx = An arbitrary clock cycle used by requesting device.

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

active and remains so until an interrupt is received (Figure
11). INT will also force a Halt exit.

CLOCK

HALT \

Halt Instruction
Received

- \L‘_’L@'

'AllhoughNMIisan ynch input,tog

its beingr

d on the foll hi
later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Top)-

cycie, NMI’s falling edge must occur no

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 0000H
(Figure 12).
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Figure 12. Reset Cycle
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Power-Down mode of operation (Only applies to CMOS
Z80 CPU).

CMOS 780 CPU supports Power-Down mode of operation.

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 Icc,).

Power-Down Acknowledge Cycle. When the clock input
tothe CPU 1s stopped at either a High or Low level, the CPU
stops its operation and maintains all registers and control
signals. However. l..» (standby supply current) is
guaranteed only when the system clock is stopped at a Low

Ti T2 T3 Ta

Ty

level during T4 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 Figure 13.

T2 T3 Ts

g

’

HALT

\

[ Y N

ol Lo
ey

3

J7

Figure 13. Power-Down Acknowledge
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Power-Down Release Cycle. The system clock must be
supplied tothe 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 T2 T3

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.

Ts T

Yy
v —_

HALT /
s

el

Figure 14a.
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Figure 14b.
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Figure 14c.

Figure 13. Power-Down Release
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ABSOLUTE MAXIMUM RATINGS

Voltage on V¢ with respecttoVss. ... . ... -0.3Vto +7V
Voltages on all inputs with respect

toVeg v vvi i ....—0.3VtoVgc + 0.3V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . . . ........... —65°Cto +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 (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:

m S=0°Cto +70°C
Voltage Supply Range:
NMOS: +4.75V < VCC < +5.25V
CMQOS: +4.50V < VCC < +5.50V
B 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 pfincrease 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). : '

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.

21K

FROM OUTPUT
UNDER TEST
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DC CHARACTERISTICS (z84C00/CMOS Z80 CPU)

Symbol Parameter Min Max Unit Condition
ViLe Clock Input Low Voltage -0.3 0.45 \%
ViHe Clock Input High Voltage Ve -6 Vec+.3 Y
ViL Input Low Voltage -0.3 0.8 \
ViH Input High Voltage 2.2 Vee \
VoL Output Low Voltage 0.4 V. loL=20mA
VOH1 Output High Voltage 2.4 \ loy= —-16mA
VoH, Output High Voltage Vec-0.8 \Y loH = —250 uA
Iccy Power Supply Current 4 MHz ' 20 mA Vee = 5V
6 MHz 30 mA Viy = Voo - 0.2V
8 MHz 40 mA Vi = 0.2V
10 MHz 50 mA
) 20 MHz 100 mA Voo = 5V
lcco Standby Supply Current 10 uA Vee = 5V
CLK = (0)
Viq = Voo - 0.2V
ViL = 0.2V
N Input Leakage Current -10 10 pA ViN = 0.4t0Vee
Lo 3-State Output Leakage Current in Float -10 102 uA Vour = 0.4toVee

1. Measurements made with outputs floating.

2. Ays-Ag. D7-Do, MREQ, IORQ, RD, and WR.

3. I(_-;C2 standby supply current is guaranteed only when the supplied clock is stopped at a low level during T4 of the machine cycle immediately following
the execution of a HALT instruction.

CAPACITANCE
Symbol Parameter Min Max Unit
CoLock Clock Capacitance 10 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 15 pf

Ta = 25°C, f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS' (z84C00/CMOS Z80 CPU)
Vee=5.0V £ 10%, unless otherwise specified

1Z84C0004  Z84C0006 Z84CO008 Z84C0010 Z84C0020[1] Unit Note

No Symbol Parameter ’ Min Max Min Max Min Max Min Max Min Max
1 TeC Clock Cycle time 250* DC 162* DC 125* DC 100* DC 50* DC nS
2 TwCh Clock Pulse width (high) 110 DC 65 DC 55 DC 40 DC 20 DC nS
3 TwCl Clock Pulse width (low) 110 DC 65 DC 55 DC 40 DC 20 DC nS
4 TfC Clock Fall time 30 20 10 10 10 nS
5 TrC Clock Rise time 30 20 10 10 ~ 10 nS
6 TdCr(A) Address vaild from Clock Rise 110 90 80 65 57 nS [2]
7 TdA(MREQf) Address valid to /MREQ Fall 65" 35" 20* 5* -15* nS
8 TdCf(MREQf) Clock Fall to /MREQ Fall delay 85 70 60 55 40 nS
9 TdCr(MREQr) Clock Rise to /MREQ Rise delay 85 70 60 55 40 nS
10 TwMREQh  /MREQ pulse width (High) 110* 65" 45* 30" 10* nS [3]
11 TwMREQI /MREQ pulse width (low) 220" 132" 100* 75" 25 nS [3]
12 TdCf(MERQr) Clock Fall to /MREQ Rise delay 85 70 60 55 40 nS
13 TdCf(RDf) Clock Fall to /RD Fall delay 95 80 70 65 40 nS
14 TdCr(RDr) Clock Rise to /RD Rise delay 85 70 60 55 40 nS
15 TsD(Cr) Data setup time to Clock Rise 35 30 30 25 12 nS
16 ThD(RDr) Data hold time after /RD Rise 0 0 0 0 0 nS
17 TsWAIT(Cf)  /WAIT setup time to Clock Fall 70 60 50 20 75 nS
18 ThWAIT(Cf)  /WAIT hold time after Clock Fall 10 10 10 10 10 nS
19 TdCr(M1f) Clock Rise to /M1 Fall delay 100 80 70 65 45 nS
20 TdCr(M1r) Clock Rise to /M1 Rise delay 100 80 70 65 45 nS
21 TdCr(RFSHf) Clock Rise to /RFSH Fall delay 130 110 95 80 60 nS
22 TdCr(RFSHr) Clock Rise to /RFSH Rise delay 120 100 85 80 60 nS
23 TdCf(RDr) Clock Fall to /RD Rise delay 85 70 60 55 40 nS
24 TdCr(RDf) Clock Rise to /RD Fall delay 85 70 60 55 40 nS
25 TsD(Cf) Data setup to Clock Fall during

M2, M3, M4 or M5 cycles 50 40 30 25 12 nS
26 TdA(IORQf) Address stable prior to 180* 107* 75* 50* (o nS

/IORQ Fall
27 TdCr(IORQf) Clock Rise to /IORQ Fall delay 75 65 55 50 40 nS
28 TdCf(IORQr) Clock Fall to /IORQ Rise delay 85 70 60 55 40 nS
29 TdD(WRf)Mw Data stable prior to /WR Fall 80" 22" 5* 40 -10* nS
30 TdCf(WRf) Clock Fall to /WR Fall delay 80 70 60 55 40 nS
31 TwWR /WR pulse width 220" 132% 100" 75* 25* nS
32 TdCf(WRr) Clock Fall to /WR Rise delay 80 70 60 55 40 nS
33 TdAD(WRf)IO Data stable prior to /WR Fall -10" -55* -565 -10* -30" nS
34 TdCr(WRf) Clock Rise to /WR Fall delay 65 60 60 50 40 nS
35 TdWRr(D) Data stable from /WR Rise 60" 30" 15* 10" o* nS
36 TdCf(HALT) Clock Fall to /HALT ‘L’ or ‘H' 300 260 225 90 70 nS
37 TwNMI /NMI pulse width 80 60 60 60 60 nS
38 TsBUSREQ /BUSREQ setup time 50 50 40 30 15 nS

(Cr) to Clock Rise

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

tUnits in nanoseconds (ns).

11 For loading > 50 pf. Decrease width by 10 ns for each additional 50 pf..

**4 MHz CMOS Z80 is obsoleted and replaced by 6 MHz
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AC CHARACTERISTICST (z84C00/CMOS 780 CPU; Contmued)
V.=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
39 ThBUSREQ /BUSREQ hold time 10 10 10 . 10 10 nS
(Cr) after Clock Rise )
40 TdCr Clock Rise to /BASACK 100 90 80 75 40 nS
(BUSACKSf)  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 (/MREQ, /IORQ,
/RD and /WR) 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 /MREQ, 80* 35* 20" 20" o* nS
/IORQ, /RD or WR
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 TdMi1f /M1 Fall to /IORQ Fall delay 565" 359* 270" 220" 100" nS
(IORQY)
51 TdCH(IORQf) /[Clock Fall to /IORQ Fall delay 85 70 60 55 45 nS
52 TdCf(IORQr) Clock Rise to /IORQ Rise delay 85 70 60 55 45 nS
53 TdCH(D) Clock Fall to Data Valid delay 150 130 115 110 75 nS
Notes:
* For Clock periods other than the minimum shown, calculate parameters using the followmg table.
Calculated values above assumed TrC = TfC = maximum.
** 4 MHz CMOS Z80 is obsoleted and replaced by 6 MHz
[1] Z84C0020 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 Z84C0004” Z84C0006 Z84C0008 Z84C0010 Z84C0020
1 TcC TwCh + TwCl + TrC + TfC
7 TAdA(MREQT) TwCh + TIC -65 -50 -45 -45 -45
10  TwMREQh TwCh + TIC -20 -20 -20 -20 -20
11 TwMREQI TcC -30 -30 -25 -25 -25
26  TdA(IORQf) TcC -70 -55 -50 -50 -50
29  TdD(WRIf) TcC -170 -140 -120 -60 -60
31 TwWR TcC -30 -30 -25 -25 -25
33  TdD(WRf) TwCl + TrC -140 -140 -120 -60 -60
35 TdWRr(D) TwCl + TrC : -70 -55 -50 -40 -25
45  TdCTr(A) TwCl + TrC -50 -50 -45 -30 -30
50 TdM1f(IORQf)  2TcC + TwCh + TfC -65 -50 -45 -30 -30
AC Test Conditions: Vi = 2.0V Vou = 1.5V Viie = Voc 06V FLOAT = +05V
Vi =08V VoL =15V ViLc = 045V

36



140

© @100C
9‘_‘_» 130
@
§
5 120
o
k]
o 110
o
&
6 100
)
<)
8 90
c
o)
2
o 80
70
0 20 40 60 80 100 120 140
Load Capacitance (pf)
Figure 1. Address Delay Characteristics
(Parameter 6)
DC CHARACTERISTICS (Z8400/NMOS Z80 CPU)
All parameters are tested unless otherwise noted.
Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 0.45 \
ViHC Clock Input High Voltage Vec-6 Vee+.3 \Y
ViL Input Low Voltage -03 0.8 \
ViH Input High Voltage 2,01 Vee v
VoL Output Low Voltage 0.4 v loL=20mA
VoH Output High Voltage 2.41 Y loH= —-250pA
Icc Power Supply Current 200 mA Note 3
L Input Leakage Current 10 uA Vin=0toVce
Lo 3-State Output Leakage Current in Float -10 102 uA VouT=0.4to Ve
1. For military grade parts, refer to the Z80 Military Electrical Specification.
2. Ay5-Ao. D7-Do. MREQ, IORQ. RD, and WR.
3. Measurements made with outputs floating.
CAPACITANCE
Guaranteed by design and characterization.
Symbol ) Parameter Min Max Unit
Ccrock Clock Capacitance 35 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 15 pf
NOTES:

Ta = 25°C,f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS? (z8400/NMOS Z80 CPU)

Z0840006

20840004 Z0840008
Number Symbol Parameter Min Max - Min Max Min Max
1 TcC Clock Cycle Time 250* 162* 125*
2 TWwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000
3 WCl Clock Pulse Width (Low) 110 2000 65 2000 55 2000
4 TfC Clock Fall Time 30 20 10
5 C Clock Rise Time 30 20 10
6  TdCr(A) Clock t to Address Valid Delay 110 90 80
7  TJAMREQf)  Address Valid to MREQ ¢ Delay 65* 35 20*
8  TdCHMREQf)  Clock +to MREQ ¢ Delay 85 70 60
9 TdCr(MREQr) Clock tto MREQ 1 Delay 85 70 60
10 TwMREQh MREQ Pulse Width (High) 110~ 4 651t 45*
11 TwMREQI MREQ Pulse Width (Low) 220" tt 135*H 100*1t
12 TdCHMREQr)  Clock ¢ to MREQ 1 Delay 85 70 60
13 TdCf(RDf) Clock ¥ to RD ¢ Delay 95 80 70
14 TdCr(RDr) Clock tto RD t Delay 85 70 60
15 TsD(Cr) Data Setup Time to Clock 1 35 30 30
16 ThD(RDr) Data Hold Time to RD * 0 0 0
17 TsWAIT(CH) WAIT Setup Time to Clock ¢ 70 60 50
18 ThWAIT(Cf) WAIT Hold Time after Clock ¢ 0 0 0
19 TdCr(M1f) Clock 1 to M1 ¢ Delay 100 80 70
20 TdCr(M1r) Clock tto M1 4 Delay 100 80 70
21 TdCr(RFSHf)  Clock tto RFSH ¢ Delay 130 110 95
22 TdCr(RFSHr)  Clock 1 to RFSH 1 Delay 120 100 85
23 TdCf(RDr) Clock ¥ to RD * Delay 85 70 60
24 TdCr(RDf) Clock 1 to RD ¢ Delay 85 70 60
25 TsD(Cf) Data Setup to Clock ¢ during Mo, M3, 50 40 30
Mgy, or M5 Cycles
26 TdA(IORQ) Address Stable prior to IORQ ¢ 180* 110* 75*
27  TdCr(IORQf) Clock t to IORQ ¢ Delay 75 65 55
28 TdCf(IORQr) Clock ¥ to IORQ Delay 85 70 60
29 TdD(WRf) Data Stable prior to WR Y 80" 25" 5*
30  TdCHWRI) Clock ¥ to WR¥ Delay 80 70 . 60
31 TWWR WR Pulse Width 220* 135* 100*
32 TdCf(WRr) Clock ¥ to WR 1 Delay , 80 70 60
33 TdD(WRH) Data Stable priortoWﬁl -10* -65* 55*
34  TdCr(WRf) Clock tto WR ¥ Delay 65 60 55
35  TdWRr(D) Data Stable from WR 1 60* 30* o 15*
36  TdCf(HALT) Clock ¢ to HALT t or 300 260 225’
37 TwNMI NMI Pulse Width 80 70 60*
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 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 = TfC = 20 ns.
tUnits in nanoseconds (ns).

1+ For loading > 50 pf., Decrease width by 10 ns for each additional 50 pf.
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AC CHARACTERISTICST (z8400/NMOS 780 CPU; Continued)

20840004 20840006 20840008
Number Symbol Parameter Min Max Min Max Min Max
39  ThBUSREQ(Cr) BUSREQ Hold Time after Clock 0 0 0
40  TdCr(BUSACK) Clock*to BUSACK ¢ Delay 100 90 80
41 TdCi(BUSACKr) Clock ¢ to BUSACK * Delay 100 90 80
42 TdCr(Dz) Clock 1 to Data Float Delay 90 80 70
43 TdCr(CT2) Clock * to Control gltputs F_Io_at Delay 80 70 60
(MREQ, IORQ, RD, and WR)
44 TdCr(Az) Clock t to Address Float Delay 90 80 70
45 TdCT(A) MREQ*,IORQ 4, RD 1, and WR 1 to 80" 35 20"
Address Hold Time
46 TsRESET(Cr) RESET to Clock t Setup Time 60 60 45
47 ThRESET(Cr) RESET to Clock * Hold Time 0 0 0
48 TsINTH(Cr) INT to Clock Setup Time 80 70 55
49 ThINT(Cr) INT to Clock 1 Hold Time 0 0 0
50  TdM1fIORQf) M1 ¢toIORQ ¢ Delay 565* 365" 270"
51  TdCi(IORQf) Clock ¥ to IORQ ¥ Delay 85 70 60
52 TdCH(IORQr) Clock 11ORQ 1 Delay 85 70 60 .
53 TdCf(D) Clock ¢ to Data Valid Delay 150 130 115
*For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above
assumed TrC = TfC = 20 ns.
T[Jnits in nanoseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 20840004 20840006 20840008
1 TcC TwCh + TwCl + TC + TfC
7 TdAMREQ) TWwCh + TIC - 65 -50 -45
10 TwMREQh TwCh + TfC - 20 -20 -20
11 TwMREQI TcC - 30 -30 -25
26 TdA(IORQf) TcC ) - 70 -55 -50
29 TdD(WRY) TcC - 170 —-140 -120
31 TwWR TcC - 30 -30 -25
33 TdD(WRf) TwCl + TrC - 140 -140 -120
35 TdWRr(D) ™Cl + TrC - 70 —-55 -50
45 TdCTr(A) ™wCl + TrC - 50 -50 —45
50 TdM1f(IORQf) 2TcC + wCh + TfC - 65 -50 —-45
AC Test Conditions:
Vi = 20V VoH = 1.5V
VL =08V VoL =15V
Vi = Vg 0.6V FLOAT = +0.5V

ViLc = 0.45V
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-Product Specification

Z8410/284C10 NMOS/CMOS
Z80® DMA Direct Memory
Access Controller

FEATURES

Transfers, searches, and search/transfers 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

CMOS version for the designs requiring low power
consumption

NMOS Z0841004 - 4MHz

for memory-to-1/0O, memory-to-memory, or |/O-to-1/O - ggﬁ%?é?csgols 'BDMCHlO 6.17 MHz,

operations. Addresses may be fixed or automatically ) 0 z

incremented/decremented.

m 6 MHz version supports 6.144 MHz CPU clock opera-

m Next-operation loading without disturbing current tion clock.

operations via buffered starting-address registers. An

entire previous sequence can be repeated automatically. m Standard Z80 Family bus-request and prioritized
® Extensive programmability of functions. CPU can read nnt;arrupltArleqL_Jest Sda'riyst'cc h‘?”:js 'r]gfnn;ﬁ mencio\éjvi;tit;g?et

complete channel status. exiernal logic. sophisticated, in Y

interrupt vectoring.

= NMOSversionfor cos! sensilive performance solutions m Directinterfacing to system buses without external logic.
GENERAL DESCRIPTION

The Z80 DMA (Direct Memory Access), hereafter referred
toasZ80 DMA or DMA, is a powerful and versatile device for
controlling and processing transfers of data. lts basic
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Figure 1. Pin Functions
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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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Figure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Transfers can be done between any two ports (source and
destination), including memory-to-1/O, memory-to-memory,
and I/O-to-/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

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, 1/0 and CPU
environments.

The Z80 DMA is packagedin a40-pin plastic or Cerdip DIP,
or 44-pin PCC. It uses a single +5V power supply and the
standard Z80 Family single-phase clock.

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

m Transfers of data between two ports (memory or 1/O
peripheral)

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

m Combined transfers with simultaneous search between
two ports

Figure 4 illustrates the basic functions served by these
classes of operation.

SYSTEM
BUSES
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CPU DMA
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IEI
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IE1
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ZCITO2 INT p———— —e
IEO
El __IE0
RxCA INT : INT
TxCA IEO IEN
RxCB
TxCB
WIRDYA
WIRDYB RDY
sio DMA

Figure 3. Typical Z80 Environment

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
portand 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:

m Byte-at-a-Time: data operations are performed one byte
atatime. Between each byte operation the system buses
are released to the CPU. The buses are requested again
for each succeeding byte operation.

z80DMA
pertiO AL
]| peniPHERA
—O—1
MEMORY
10—
1 : — o
] PERIPHERAL
1)

Search memory

Transfer memory-to-memory (optional search)
Transfer memory-to-1/O (optional search)
Search 110

Transfer 1/0-to-1/O (optional search)

Ll ol adad

Figure 4. Basic Functions of the Z80DMA
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W 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.

m 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 Z80 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 Z80 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).

Second, the four signals in each port specifically associated
with transfers of data (I/O 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 Z80 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 I/O 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 Z80 DMA can be programmed to interrupt
the CPU on four conditions:

® Interrupt on Ready (before requesting bus)
® Interrupt on Match

m Interrupt on End of Block

m 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.

T e

y
ZoveLE— ‘ EARLY ENDING
<—3-cvcua—i_>| FOR CONTROL SIGNALS

|<«— 4-CYCLE —

Ta —>l

Figure 5. Variable Cycle Length
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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.

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 1to 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.

PIN DESCRIPTION

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

BAI. Bus Acknowledge In (input, active Low). Signals that
the system buses have been released for DMA control. In
multiple-DMA configurations, the BAI 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.

BUSREQ. 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 BAl 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 TORQ are, ac-
tive and the I/O 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 aWAIT 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.

* Dg-D7. System Data Bus (bidirectional, 3-state). Commands
from the CPU, DMA status, and data from memory or 1/0

peripherals are transferred on these lines.

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

IEO. Interrupt Enable Out (output, active High). I[EO is High
only if IEl 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 TORQ 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 BUSREQ 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.

IORQ. /nput/Output Request (bidirectional, active Low,
3-state). As an input, this indicates that the lower half of the
address bus holds a valid I/O port address for transfer of
control or status bytes from or to the CPU, respectively; this
DMA is the addressed port ifits 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 10RQ
and M7 are both active simultaneously, an interrupt
acknowledge is indicated.

MA. 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 IORQ are active. On CMOS DMA, M1 signal has
another function. When M1 occurs without an active RD or
IORQ 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.

RDY. 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 1/O port
address.

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

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)

RRO0-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.

INTERRUPT
AND BUS PULSE BYTE
PRIORITY LOGIC COUNTER PORT A
Logic ADDRESS
SYSTEM l | I I SYSTEM
Daz; < INTERNAL BUS MUX ) :3: RESS
(8-BIT) I | I ‘ (16-BIT)
N PORT B
- BUS COAJSOL BYTE ADDRESS
CONTROL CONTROL STATUS MATCH
LOGIC LOGIC

REGISTERS

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

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

Write Registers

Read Registers
RRO Status byte
RR1 Byte counter (low byte)
RR2 Byte 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

WR1

WR2

WR3

WR4

WR5
WR6

Base register byte
Port A starting address (low byte)
Port A starting address (high byte)
Block length (low byte)
Block length (high byte)

Base register byte
Port A variable-timing byte

Base register byte
Port B variable-timing byte

Base register byte
Mask byte
Match byte

Base register byte
Port B starting address (low byte)
Port B starting address (high byte)
Interrupt control byte
Pulse control byte
Interrupt vector

Base register byte

Base register byte
Read mask
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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 isissued by the CPU. The CPU must program the
DMA in advance of any data search or transfer by
addressing it as an I/O 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 /O 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 Initiate 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 (WR0-WR8) 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 O
D; Dg Ds Dy D3 D; Dy Dy
IxIx] T ] [x] [ | sratusevre

I l— 1 = DMA TRANSFER HAS OCCURRED
0 = READY ACTIVE
0 = INTERRUPT PENDING
0
0

MATCH FOUND
END OF BLOCK

o

READ REGISTER 1

LTI TTTT]

] BYTE COUNTER (HIGH BYTE)

This isillustrated 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 addrqss 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 1050y and the Port B
peripheral fixed address is 054. Note that the data flow is
1001y 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

LTI

READ REGISTER 3

RN

READ REGISTER 4

l BYTE COUNTER (LOW BYTE)

I PORT A ADDRESS COUNTER (LOW BYTE)

L ]J { , | | | | PORT A ADDRESS COUNTER (HIGH BYTE)
READ REGISTER 5
|—I [ ] | ] ] lJ PORT B ADDRESS COUNTER (LOW BYTE)
READ REGISTER 6

EEEEEEN

I PORT B ADDRESS COUNTER (HIGH BYTE)

Figure 8a. Read Registers
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WRITE REGISTER 0 GROUP

D; Dy Ds D, D; D, D, Dy
[T TTTT1T BASE REGISTER BYTE
<|) 0 DO NOTUSE
0 1 = TRANSFER
1 0 = SEARCH
-1 1 = SEARCHITRANSFER
0 = PORT B — PORT A
1 = PORT A — PORT B
[ T T T ] T ] ] 7ORTASTARTING ADDRESS
(LOW BYTE)

I [ PORT A STARTING ADDRESS
(HIGH BYTE)

BLOCK LENGTH
(LOW BYTE)

[ T
[TTT1]

BLOCK LENGTH
(HIGH BYTE)

LI

WRITE REGISTER 1 GROUP
D, 0y 05 D, D; D; O, Do
[oT T T T T1To0]o] sasereaistersyre

= PORT A IS MEMORY
= PORT A IS IIO

PORT A ADDRESS DECREMENTS
PORT A ADDRESS INCREMENTS

PORT A ADDRESS FIXED

i wo—

waoo

WR ENDS ¥: CYCLE EARLY = 0
RD ENDS_¥; CYCLE EARLY =

MREQ ENDS V2 CYCLE EARLY = 0

CYCLE LENGTH
CYCLE LENGTH
DO NOT USE

NDS 2 CYCLE EARLY

wonn
©

WRITE REGISTER 2 GROUP
D; Dg Dy D, Dy Dy D, Do
Lol 1 T T Jo]o]o |sasereaistersyre

= PORT B IS MEMORY

= PORT B IS IO

PORT B ADDRESS DECREMENTS
PORT B ADDRESS INCREMENTS
P

} = PORT B ADDRESS FIXED

LI T TTPT

0
1

“-0oO
“0ao

WR ENDS ¥: CYCLE EARLY =0 0 0= CYCLELENGTH = 4
RD ENDS ¥ CYCLE EARLY = 0 1 =CYCLELENGTH = 3
MREQ ENDS % CYCLE EARLY = 0 1 0= CYCLE LENGTH = 2
1_1 DO NOT USE
= iORQ ENDS ¥ CYCLE EARLY
WRITE REGISTER 3 GROUP
D; Dg Ds Dy Dy D, Dy Dg

| [ oo ]Base reciser BYTE

nm
|

DMA ENABLE = 1 1 = STOP ON MATCH

[
INTERRUPT ENABLE = 1

LITTTTI
[ T Jmarchevre

IPORT B VARIABLE TIMING BYTE

[ ]mask eyre © = compare

WRITE REGISTER 4 GROUP
D, Dg Dy D, Dy D, D, D,
[A1 T T T | Jo]1]saserecistensyre

BYTE =
CONTINUOUS

0
0
1
1

BURST
DO NOT PROGRAM =

| | PORT B STARTING ADDRESS
(LOW BYTE)

I I PORT B STARTING ADDRESS
(HIGH BYTE)

I TTTTTI

I INTERRUPT CONTROL BYTE

1 = INTERRUPT ON MATCH
1 = INTERRUPT AT END OF BLOCK
1 = PULSE GENERATED

INTERRUPT ON RDY =1
STATUS AFFECTS VECTOR =1

I A
LLLTTTTT

0
]
1
1

WRITE REGISTER 5 GROUP
D; Dy Ds Dy Dy D, D, D,

| PuLse controL BYTE

| INTERRUPT VECTOR

INTERRUPT ON RDY
INTERRUPT ON MATCH
INTERRUPT ON END OF BLOCK
= INTERRUPT ON MATCH

AND END OF BLOCK

VECTOR IS AUTOMATICALLY
MODIFIED AS SHOWN

ONLY IF “STATUS

AFFECTS VECTOR” BITIS SET

P

[1]o] T T To[1]o]easerecistensyre
0 = READY ACTIVE LOW
1 = READY ACTIVE HIGH
0= CEONLY
1 = CEIWAIT MULTIPLEXED
0 = STOP ON END OF BLOCK
1 = AUTO RESTART ON END OF BLOCK
WRITE REGISTER 6 GROUP
0; Dy Dy D, Dy O; Dy Do
[T T T T T [1]1] easenecistensyre
| | | COMMAND NAME
10 0 RESET
10 0 RESET PORT A TIMING
10 o RESET PORT B TIMING
10 0 11 LoAD
1.0 1 00 CONTINUE
01 0 11 = DISABLE INTERRUPTS
01 0 10 ENABLE INTERRUPTS
01000 RESET AND DISABLE INTERRUPTS
01 1 01 ENABLE AFTER RETI
0 1 1 1 1=BF = READ STATUS BYTE
0 0 0°1 0= 8B = REINITIALIZE STATUS BYTE
0 1 0 0 1=A7=INITIATE READ SEQUENCE
0 1 1 0 0= B3 =FORCEREADY
0 0 0 0 1=87=ENABLE DMA
0 0 0 0 0=83=DISABLE DMA
0 1 1 1 0=BB = READ MASK FOLLOWS

|

=

l READ MASK (1 = ENABLE)

STATUS BYTE

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 8b. Write Registers
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0S

Comments D7 D¢ Ds D4 D3 D2 D4 Do HEX
WRO sets DMA to receive 0 1 1 1 1 0 0 1 79
block length, Port A start- Block Length Block Length Port A Port A B—» A
Ing address and temporarily Upper Lower Upper Lower Temporary
sets Port B as source. Follows Follows Address Address for Transfer, No Search

Follows Follows Loading B

Address*

Port A address (lower) 0 1 0 1 0 0 0 C 50
Port A address (upper) 0 0 0 1 0 0 0 0 10
Block length (lower) 0 0 0 0 0 0 0 0 00
Block length (upper) 0 0 0 1 0 0 0 0 10
WR1 defines Port A as 0 0 0 1 0 1 0 0 14
memory with fixed No Timing Address Address Port is
incrementing address. Follows Changes Increments Memory
WR2 defines Port B as 0 0 1 0 1 0 0 0 28
peripheral with fixed No Timing Fixed Port is
address. Follows Address 110
WR4 sets mode to Burst, 1 1 0 0 0 1 0 1 C5
sets DMA to expect Port B No Interrupt No Upper Port B Lower
address. Burst Mode Control Byte Address Address

Follows . Follows
Port B address (lower) 0 0 0 0 0 1 0 1 05
WRS5 sets Ready active High. 1 0 0 0 1 0 1 0 8A

No Auto No Wait RDY
Restart States Active High
WR6 loads Port B address 1 1 0 0 1 1 1 1 CF
and resets block counter.*
WRO sets Port A as source.* 0 0 0 0 0 1 0 1 05
No Address or Block A —B Transfer, No Search
Length Bytes

WR6 loads Port A address 1 1 0 0 1 1 1 1 CF
and resets block counter.
WR6 enables DMA to start 1 0 0 0 0 1 1 1 87
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.

Figure 9. Sample DMA Program




INACTIVE STATE TIMING
(DMA as CPU Peripheral)

Inits disabled or inactive state, the DMA is addressed by the
CPU as an /O 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

“ LML
e T \LIZIIIT

£
E

Do-D7

Figure 10. CPU-to-DMA Write Cycle

operations require less than three Tcycles. The CE, TORQ,
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.

2
m

L

Figure 11. CPU-to-DMA Read 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 I/O peripherals, with one exception:
during a read cycle, data is latched on the falling edge of T3
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-1/O port
transfers and Figure 13 illustrates I/O-to-memory transfers.

Memory-to-memory and l/O-to-1/O transfer timings are
simply permutations of these diagrams.

The default timing uses three Tcycles for memory
transactions and four T-cycles for I/O transactions, which
include one automatically inserted wait cycle (Tya) between
T, and Ta. 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» for memory transactions and the falling
edge of T for /O transactions. If CE/WAIT is Low during
this time, another T-cycle is added, during which the

110 WRITE

-«———— MEMORY READ

T I T | T

Aa"‘u‘. _&
MREG \ [
READ
s /
1ORQ L I_—
WRITE
Wh \ [T
Do-D7 ] }'—T’:'w'vsg—nm?l‘—( DAT‘A BUS DRIVEN BY DMA
o —— —— - ST —— e —— __--T-r'-_""'-—
IT
Rklio LN PR B 28 (e W AOSEORON ARG B 2 It W )

Figure 12. Memory-to-1/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 Z80 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 T-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 TORQ, MREQ, RD, and WR signals can be
independently terminated one-half cycle early. Figure 14
illustrates this.

In the variable-cycle mode, unlike default timing, IORQ
comes active one-half cycle before MREQ, RD, and WR.
CE/WAIT can be used to extend only the 3 or 4 T-cycle
variable memory cycles and only the 4-cycle variable 1/0
cycle. The CE/WAIT line is sampled at the falling edge of T»
for 3- or 4-cycle memory cycles, and at the falling edge of T3
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 RDY line, which may be
programmed active High or Low, is sampled on every rising
edge of CLK. Ifitis found to be active and if the bus is not in
use by any other device, the following rising edge of CLK
drives BUSREQ Low. After receiving BUSREQ, 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,
BUSREQ 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 RDY. There is no possibility
of confusion when a Z80 CPU is used since the CPU cannot

110 READ

Ty | T2 | Tw

ri~ MEMORY WRITE ———»

| T | T2 | T3

AgA, _.x

—

—

5

DRIVES DATA
—

DMA DRIVES DATA BUS

o

=]
-]
|
o
~
 a

WRITE

|

— e — —— — —

—f— — v — — —

LN

Figure 13. 1/0-to-Memory Transfer

[V R S S v g - \
ORQ _\____"_-II BUSREQ __ _ _

— —\_1’_- S
RD,WR P—-;—
2-CYCLE 3-CYCLE 4-CYCLE

EARLY END EARLY END EARLY END

Figure 14. Variable-Cycle and Edge Timing

DMA DMA
INACTIVE ™™~ acTivE

Figure 15. Bus Request and Acceptance
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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 BUSREQ and BAI have returned High.

Bus Release at End of Block. In Burst and Continuous
modes, an end of block causes BUSREQ 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 BUSREQ to go High on the next
rising edge of CLK after the completion of its current byte
operation (Figure 18). The action on BUSREQ 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, BUSREQ is not released in Continuous mode
when RDY goes inactive. Instead, the DMA idles after
completing the current byte operation, awaiting an active
RDY again.

Bus Release on Match. If the DMA is programmed to stop -

on match in Burst or Continuous modes, a match causes

rya

BUSREQ to go inactive on the next DMA 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 RDY 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 BUSREQ line. Instead, the interrupt
service routine must handle this by issuing the following
commands to WR6:

1. Enable after Return
Command—Hex B7

2. Enable DMA—Hex 87

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

From Interrupt (RETI)

1T

BUSREQ ,

BAI

| ~J

L,
~

DMA ACTIVE —>I<— DMA INACTIVE

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

CLK I I I I I

ACTIVE e

7/
RDY
INACTIVE

BUSREQ

ya

\Y

| W

7/

LAST BYTE

DMA
-
I OPERATION —————3| < NACTIVE

IN BLOCK

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

ACTIVE
RDY "
INACTIVE 7
BUSREQ
Py
Z, 3
. CURRENT BYTE > DMA
OPERATION | INACTIVE
Figure 18. Bus Release When Not Ready
(Burst Mode)
ACTIVE
o £ A, - —————
RDY w <
INACTIVE - -~
BUSREQ
- L L
Z Z,
I. BYTEn | BYTEn+1 > DMA
| READ IN | READ IN AND INACTIVE
MATCH FOUND
ONBYTEn

Figure 19. Bus Release on Match
(Burst and Continuous Modes)
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ABSOLUTE MAXIMUM RATINGS
Voltages on Vg with respectto Vsg . . . . . -0.3Vto +7.0V
Voltages on all inputs with respect

toVgg oo -0.3Vto Ve + 0.3V
Storage Temperature . . ... ......... -65°Cto +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 characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into the
referenced pin. Available operating temperature range is:

m S=0°Cto +70°C, V. Range
NMOS: +4.75V <V <+5.25V
CMOS: +4.50V <V <+5.50V
m E=-40°C to 100°C, +4.50V <V . <+5.50V

21K

FROM OUTPUT
UNDER TEST

250

100 pf I WA

DC CHARACTERISTICS (z84C10 / CMOS 780 DMA)

Symbol Parameter Min Max Typ Unit Test Condition
ViLe Clock Input Low Voltage -0.3 +0.45 Y
" ViHe Clock Input High Voltage Vecc—-0.6 Vcc+0.3 \
ViL Input Low Voltage -03 +0.8 \Y
ViH Input High Voltage +2.2 Vee \
VoL Output Low Voltage +0.4 \Y loL = 20mA
VoH; Output High Voltage +2.4 \ loy = —1.6mA
VoH, Output High Voltage Vcc-0.8 Y loH = —250 uA
L Input Leakage Current +10 uA ViN = 0.4t0 Voo
ILo 3-State Output Leakage Current in
Float +10 uA Vout = 0.4 to Ve
ICCq Power Supply Current 25/35 mA Vce = 5V
CLK = 6/8MHz
ViHe = ViH = Vce - 0.2V
ViLc = 0.2V
ICCo Standby Supply Current 10 0.5 uA Vee = 5V
CLK = (0)
ViHCc = VIH = Vce - 0.2V
ViLc = ViL = 0.2V
Over specified temperature and voltage range.
CAPACITANCE
Symbol Parameter Min Max Unit
C Clock Capacitance 5 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 10 pf

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

55



AC CHARACTERISTICS (Z84C10/CMOS Z80 DMA)

(Inactive State)

CLK

CE
IORQ
WR
RD
g
/ =
Dy-D, - =

]

le—(1D)—>|

1EC \

o
INT
INTERRUPT
CONDITION

m

BAO

ACTIVE
RDY

INACTIVE

NOTE: Signals in this diagram bear no relation to one another unless

item.

notedasa
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AC CHARACTERISTICS (28410 /NMOS Z80 DMA)

(Inactive State)

20841004
Number Symbol Parameter Min Max  Unit
1 TcC Clock Cycle Time 250 4000 ns
2 TwCh Clock Width (High) 110 2000 ns
3 ™WwCl Clock Width (Low) 110 2000 ns
4 TC Clock Rise Time 30 ns
5 TiC Clock Fall Time 30 ns
6 Th Hold Time for Any Specified Setup Time 0 ns
7 TsC(Cr) TORQ, WR, CE | to Clock * Setup 145 ns
8 TdDO(RDf) RD ¢ to Data Output Delay 380 ns
9 TsDI(Cr) Data In to Clock 1 Setup (WR or M1) 50 ns
10 TdDO(IOf) TORQ ¢ to Data Out Delay (INTA Cycle) 160 ns
11 TdRDr(Dz) RD * to Data Float Delay (output buffer disable) 110 ns
12 TsIEI(IORQY) IEI to TORQ ¢ Setup (INTA Cycle) 140 ns
13 TdIEOr(Elr) IE1 110 IEQ 1 Delay 160 ns
14 TdIEOK(EI) IEl {0 IEQ ¥ Delay 130 ns
15 TdM1f(IEOf) M7 {to IEO ¢ Delay (interrupt just prior to M7 1) 190 ns
16 TsM11(Cr) M1 4 to Clock 1 Setup 90 ns
17 TsM1r(Cf) MT 4 to Clock Setup -10 ns
18 TSRDA(Cr) RD 4 to Clock 1 Setup (M1 Cycle) 115 ns
19 TAI(INTf) Interrupt Cause to INT ¢ Delay (INT generated
only when DMA is inactive) 500 ns
20 TdBAIr(BAOT) BAI tto BAO t Delay 150 ns
21 TdBAIf(BAOf) BAI {toBAO ! Delay 150 ns
22 TsRDY(Cr) RDY Active to Clock t Setup 100 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/CMOS Z80 DMA)
(Active State)
fe—(D—
:Jf l ?—J{_’?—\
“ ) NS
O] (== - |-®
Ac-Ats >___.< X K
~—(— —| |=®
INPUT 4X K ij‘
Do-D7 1 |e® & l..@ - |—®
OuTPUT }_
~@— e @ = ® -
e 2 R AR
e l—a—] N
" \ / \ Y Rt
®—
WR Vi @\ /
| 7
S N
- 4 A Y Yan
@
b \ /_\__/—
—O—|
wR ”\L /_\__/—
® @]
WaIT jg —o— @
®
BUSREQ T

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

Z84C1006°+ + Z84C1008° +t

Number Symbol Parameter Min(ns) Max(ns)
1 TcC Clock Cycle Time 162 DC 125 DC
2 T™wCh Clock Width (High) 65 DC 55 DC
3 wCl Clock Width (Low) 65 DC 55 DC
4 wC Clock Rise Time 20 10
5 TiC Clock Fall Time 20 10
NOTES:

© For clock periods other than the minimums shown, calculate parameters using the following table.
1 Calculated values above assumed TrC = TfC = 20ns (6 MHz version) or 10ns (8 MHz version).

. + Data must be enabled onto data bus when RD is active.
* Parameter is not illustrated in the AC Timing Diagrams.
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AC CHARACTERISTICS (Z84C10/ CMOS Z80 DMA)

(Active State)
284C1006 Z84C1008
Number Symbol Parameter Min(ns) Max(ns)  Min(ns) Max(ns)
6 TdA Address Output Delay 90 70
7 TdC(Az) Clock 1 to Address Float Delay 80 70
8 TSA(MREQ) Address to MREQ ¢ Setup (Memory Cycle)  35% 35%
9 TSA(IRW) Address Stable to [ORQ, RD, WR ¥ Setup ~ 110% 70%
(O Cycle)
*10 TdRW(A) RD, WR 1 to Addr. Stable Delay 35¢ 15¢
*11 TdRW(Az) RD, WR t to Addr. Float 60+ 45%
12 TdC{(DO) Clock ¥ to Data Out Delay 130 110
*13 TdCr(D2) Clock 1 to Data Float Delay (Write Cycle) 70 65
14 TsDI(Cr) Data In to Clock * Setup (Read cycle when 30 25
rising edge ends read)
15 TsDI(Cf) Data In to Clock ¢ Setup (Read cyclewhen 40
falling edge ends read) 30
*16 TsDO(WIM) Data Out to WR ¥ Setup (Memory Cycle) 4541 404
17 TsDO(Wfl) Data Out to WR ¥ Setup (1/0 cycle) 55 40
*18 TdWr(DO) WR 1 to Data Out Delay 30% 104
19 Th Hold Time for Any Specified Setup Time 0 0
20 TdCr(Mf) Clock  to MREQ ¢ Delay 70 60
21 TdCH(Mf) Clock | to MREQ ¥ Delay 70 60
22 TdCr(Mr) Clock t to MREQ # Delay 70 60
23 TdCi(Mr) Clock ¥ to MREQ # Delay 70 60
24 TwM1 MREQ Low Pulse Width 135% 95%
*25 TwMh MREQ High Pulse Width 65% 45¢%
26 TdCA(1f) Clock ¢ to TORQ ¥ Delay 70 60
27 TdCr(lf) Clock t to TORQ ¥ Delay 65 55
28 TdCr(In Clock t to TORQ * Delay 70 60
*29 TdCA(Ir) Clock ¢ to TORQ * Delay 70 60
30 TdCr(Rf) Clock * to RD { Delay 70 60
31 TdCA(Rf) Clock ¢ to RD ¢ Delay 80 70
32 TdCi(Rr) Clock t to RD * Delay 70 60
33 TdCi(Rr) Clock  to RD * Delay 70 60
34 TdCrWf) Clock t to WR { Delay 60 55
35 TdCi(Wi) Clock ¢ to WR { Delay 70 60
36 TdCr(Wr) Clock t to WR t Delay 70 60
37 TdCi(Wr) Clock ¢ to WR 1 Delay 70 60
38 TwWi WR Low Pulse Width 135¢ 95¢
39 TsWA(CH) WAIT to Clock ¥ Setup 60 50
40 TdCi(B) - Clock t to BUSREQ Delay 90 80
4 TdCr(I2) Clock t to TORQ, MREQ, RD, WR Float Delay 70 70
NOTES:

+ All AC equations imply DMA default (standard) timing.
+ Data must be enabled onto data bus when RD is aclive.
* Parameter is not illustrated in the AC Timing Diagrams.

1. From Figure 13, data is latched onto the bus by the rising edge of RD
signal. These values are the characterized minimum data out
set-up time with respectto WR L.
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FOOTNOTES TO AC CHARACTERISTICS

Number Symbol General Parameter Z84C1006 Z84C1008
8 TsA(MREQ) TwCh - TIC -35 -30
9 TsA(IRW) TcC -55 -55
10 TdRW(A) TwCl - TrC -50 -50
11 TdRW(Z) TwCI - TrC -25 -20
16 TsDO(WiM) TcC -140 -120
18 TdWr(DO) TwCl - TrC -55 -55
24 TwM1 TeC -30 -30
25 TwMh TwCh - TfC -20 -20
38 Twwi TcC -30 -30
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DC CHARACTERISTICS (78410 NMOS Z80 DMA)
Vc=5.0V £ 10%, unless otherwise specified

Sym Parameter Min Max Unit Test Condition
Vie Clock Input Low Voltage -0.3 0.45 N
Vi Clock Input High Voltage Vo6 55 v
Ve Input Low Voltage » -0.3 0.8 \
Viu Input High Voltage 20 5.5 \Y
Voo Output Low Voltage 0.4 v lor=3.2 mA for /BUSREQ
1o, =2.0 mA for all others
Vou Output High Voltage 2.4 \ lon=250 pA
leo Power Supply Current
Z-80 DMA 150 mA
Z-80A DMA 200 mA
Iy Input Leakage Current 10 pA V=010V,
lo 3-State Ouput Leakage Current in Float £10 pA Vour=0.4V to V.
li Dala Bus Leakage Current in Input Mode +10 pA SV € Ve
Note:
Vee=5V £5% unless otherwise specified, over specified temperature range.
CAPACITANCE
Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 35 pF Unmeasured pins
Cn Input Capacitance pF returned to ground.
Cour Output Capacitance pF
Note:

Over specified temperature range; f=1MHz
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AC CHARACTERISTICS (Z8410 / NMOS Z80 DMA)

(Inactive State)
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NOTE: Signals in this diagram bear no relation to one another unless sp

notedasa

d item.
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AC CHARACTERISTICS (28410 / NMOS Z80 DMA)

—
el

&

J

Rix

(Active State)
AVa WAV Wa
“_ 3/ N\
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— X
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INPUT X X
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WATT i —o—®
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NOTE: Signals In this diagram bear no relation to one another unless

notedasa item.

20841004 °%+t
Number Symbol Parameter Min(ns) Max(ns)

1 TcC Clock Cycle Time 250

2 TwCh Clock Width (High) 110 2000
3 TwCl Clock Width (Low) - 110 2000
4 TC Clock Rise Time 30
5 TfC Clock Fall Time 30

NOTES:

° Numbers in parentheses are other parameter-numbers in this table; their values should be substituted in equations.
1 All equations imply DMA default (standard) timing.

1 Data must be enabled onto data bus when RD is active.
* Parameter is not illustrated in the AC Timing Diagrams.




AC CHARACTERISTICS (Z8410 / NMOS Z80 DMA)

(Active State)
20841004 °t
Number Symbol Parameter Min(ns) Max(ns)
6 TdA Address Output Delay 110
7  TdC(A2) Clock 1 to Address Float Delay 90
8 TsA(MREQ) Address to MREQ + Setup (Memory Cycle) (2Q+(5)-75
9 TsA(IRW) Address Stable to TORQ, RD, WR | Setup
(/0 Cycle) (1)-70
*10. TdRW(A) RD, WR * to Addr. Stable Delay (3)+(4)-50
11 TdRW(AZ) RD, WR t to Addr. Float (3)+(4)-45
12 TdC(DO) Clock ¥ to Data Out Delay 150
*13 TdCr(D2) Clock t to Data Float Delay (Write Cycle) 90
14 TsDI(Cr) Data In to Clock 1 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(WAl) Data Out to WR ¢ Setup (I/O cycle) 100
*18 TdWr(DO) WR 1 to Data Out Delay (3)+(4)-70
19 Th Hold Time for Any Specified Setup Time 0
20 TdCr(Mf) Clock tto MREQ | Delay 85
21 TdCH(Mf) Clock ¥ to MREQ ¢ Delay 85
22 TdCr(Mr) Clock t to MREQ 1 Delay 85
23 TdC(Mr) Clock ¢ to MREQ 1 Delay 85
24 TwM1 MREQ Low Pulse Width (1)-30
25 TwMh MREQ High Pulse Width (2)+(5)-20
26 TdCA(If) Clock ¢ to TORQ ¢ Delay 85
27 TdCr(lf) Clock t to TORQ ¥ Delay 75
28 TdCr(Ir) Clock 1 to TORQ * Delay 85
*29 TdC(Ir) Clock ¢ to TORQ * Delay 85
30 TACr(Rf) Clock 1 to RD 4 Delay 85
31 TdCA(Rf) Clock  to RD ¥ Delay 95
32 TdCr(Rr) Clock 1 to RD * Delay 85
.33 TdCH(Rr) Clock ¢ to RD * Delay 85
34 TdCr(Wf) Clock t to WR ¥ Delay 65
35 TdCH(Wf) Clock ¥ to WR | Delay 80
36 TdCr(Wr) Clock 1 to WR t Delay 80
37 TdCH(Wr) Clock ¢ to WR  Delay 80
38 TwWiI WR Low Pulse Width (1)-30
39 TsWA(C) WAIT to Clock ¥ Setup 70
40 TdCr(B) Clock * to BUSREQ Delay 100
41 TdCr(lz) Clock t to TORQ, MREQ, RD, WR Float Delay 80
NOTES:

# AIl AC equations imply DMA default (standard) timing.

* Numbers in parentheses are other parameter - numbers in this table;
their values should be substituted in equations.

64



AC CHARACTERISTICS (Z84C10/ CMOS Z80 DMA)

(Inactive State)

Z84C1006 284C1008
Number Symbol Parameter Min Max Min Max  Unit
1 TcC Clock Cycle Time 162 DC 125 DC
2. TwCh Clock Width (High) 65 DC 55 DC
3 TwCl Clock Width (Low) 65 DC 55 DC
4 C 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) TORQ, WR, CE / to Clock 1 Setup 60 45 ns
8 TdDO(RDf) RD { to Data Output Delay 300 220 ns
9 TsDI(Cr) Data In to Clock * Setup (WR or M1) 30 20 ns
10 TdDO(IOf) TORQ | to Data Out Delay (INTA Cycle) 110 85 ns
11 TdRDr(Dz) RD * to Data Float Delay (output buffer disable) 70 50 ns
12 TsIEI(IORQf) IEI to TORQ ¢ Setup (INTA Cycle) 100 80 ns
13 TdIEOTr(IElr) IEItt0 IEO t Delay 100 70 ns
14 TdIEOA(IEIf) IEl ¥ to IEO ¥ Delay 100 70 ns
15 TdM1(IEOf) M7 ¥ to IEO ¥ Delay (interrupt just prior to MT ) 100 80 ns
16 TsM1f(Cr) MT 4 to Clock * Setup 70 45 ns
17 TsM1r(Cf) MT 4 to Clock Setup -15 -15 ns
18 TsRDf(Cr) RD { to Clock 1 Setup (M1 Cycle) 60 45 ns
19 TAI(INTS) Interrupt Cause to INT ¥ Delay (INT generated
only when DMA is inactive) 450 400 ns
20 TdBAIr(BAOr) BAI1to BAO * Delay 100 70 ns
21 TdBAIf(BAOY) BAT ¥to BAO ¢ Delay 100 70 ns
22 TsRDY(Cr) RDY 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.

*

M1 must be active for a minimum of two clock cycles to

reset the DMA (This feature is only with C-MOS Z80

DMA).
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Product Specification

Z8420/284C20 NMOS/CMOS
Z80°PIO
Parallel Input/Output

FEATURES

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

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

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

B Programmable interrupts on status

conditions. (1.5 mV @ 1.5V)

peripheral

m NMOS version for cost sensitive performance solutions.

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

m NMOS 70842004 - 4 MHz, Z0842006 - 6.17 MHz.

m CMOS Z84C2006 - DC to 6.17 MHz,
Z84C2008 - DC to 8 MHz

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

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

m 6 MHz version supports 6.144 MHz CPU clock opera-
tion.

GENERAL DESCRIPTION

The Z80 PIO Parallel I/O 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
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Figure 1. Pin Functions

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

o, [ 1 = 40 [0,
o, [ 2 39 [J o4
0s [ 3 38 []os
CE[] 4 k24 8 )
co[ds 36 [ ] iora
sBA[]s 35 [] ”RD
Pa; [ 7 34 [] pe;
Pas [ 8 33[] PBe
Pas [ 9 32 pes
Pas [ 10 780 PIO ¥ ] Pa,
GND [ 11 £ Y
Pay [ 12 29 ] B,
PA; [ 13 28 [ ] P8y
pay [ 14 27 [} pBo
Pao [ 15 26 ] +5v
AsTB [] 16 25 []cLk
8STB [] 17 24 gIEI
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Do [ 19 22 ] IEO
D|E 20 21 [} BROY

Figure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Figure 2b. 44-pin Chip Carrier,
Pin Assignments
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Figure 2c. 44-pin Quad Flat Pack Pin
Assignments.
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Figure 3. PIO in a Typical Z80 Family Environment

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 Z80 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 Z80 PIO interfaces to peripherals via two independent
general-purpose 1/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

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 Z80 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 0. 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
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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 I/O lines and strobes
the 1/O 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

 each port. During operation, Ready and Strobe are not

used. Instead, an interrupt is generated if the condition of
oneinput changes, or if allinputs 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, if the 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.

m Individual bits can be masked off.

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

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

INTERNAL STRUCTURE

The internal structure of the Z80 PIO consists of a Z80 CPU
bus interface, internal control logic, Port A 1/O logic, Port B
I/0 logic, and interrupt control logic (Figure 4). The CPU bus
interface logic allows the Z80 PIO to interface directly to the
780 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 I/O 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.

INTERNAL
CONTROL
LOGIC

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 any one
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. Theinterrupt control logic section
handles all CPU interrupt protocol for nested-priority
interrupt structures. Any device’s physical location in a

‘8
/> DATA )
OR CONTROL

PORT
P A e
o HANDSHAKE
8
</ cpy
DATA } Bus INTERNAL BUS r:'rs':';igé.-
—Si] WO 8
/s DATA
CONTROL PORT OR CONTROL
~3 vl B [
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INTERRUPT >
CONTROL

3

INTERRUPT CONTROL LINES |

Figure 4. Block Diagram
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daisy-chain configuration determines its priority. Two lines
(IEl and IEQ) are provided in each PIO 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 |
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)

=

INTERNAL BUS

- -

OUTPUT
SELECT
REGISTER

DATA
OUTPUT
REGISTER
(8 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/0 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/D and IORQ signals internally
generate the write input.

*
INPUT/

(8 BITS)

OUTPUT
ENABLE

) 8-BIT 110 ‘BUS

MASK MASK NPT
CONTROL REGISTER négrgrrsn
REGISTER (8 BITS)

EaleTE (8 BITS)

INTERRUPT
CONTROL
LOGIC

HAND-

SHAKE HANDSHAKE

READY
LSS
} CONTROL

CONTROL | STROBE
| ———

LOGIC

*Used in the bit mode only to allow generation of an interrupt if the peripheral I/0 pins go to the

specified state.

Figure 5. Typical Port I/O Block Diagram
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PROGRAMMING

Mode 0, 1, or 2. (Input, Output, or Bidirectional).
Programming a port for Mode O, 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 Z80 PIO is designed
for use with the Z80 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 8). When Mode 3 is
selected, the Mode Control Word must be followed by the
I/0 Control Word. This word configures the 1/O control
register, which defines which port lines are inputs or outputs.
This word is required.

[07105L05|n.|1 | 1J1 1 l
pr—
l—— IDENTIFIES MODE

CONTROL WORD

DON’T CARE
MODE SELECT

MODE 0
MODE 1
MODE 2
MODE 3

0
0
1
1

—~oa0

Figure 6. Mode Control Word

[ ]ve]vs]va[va]va]vi[ o]

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

AR I R AR

0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 8. I/0 Register Control Word

Interrupt Vector Word (Figure 7). The Z80 PO is designed
for use with the Z80 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, aninterrupt is
triggered), and OR (if any one of the input bits changesto the
active level, an interrupt is triggered). Bit D5 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 Ds.

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 Dy 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).

D7.cc. — F s

NEIRDDOD

_t IDENTIFIES INTERRUPT CONTROL WORD
1 = MASK FOLLOWS (1)
1 = ACTIVE HIGH

1 = AND FUNCTION
1 = INTERRUPT FUNCTION ENABLE (2)

*NOTE:

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 M1,

Figure 9. Interrupt Control Word

{0706 [0s [ [0 [0 ] Dy [0 |

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 0.

Figure 10. Mask Control Word

BRI
l IDENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word
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PIN DESCRIPTION

PAg-PA;. Port A Bus (bidirectional, 3-state). This 8-bit bus
transfers data, status, or control information between Port A
of the PIO and a peripheral device. PAg is the least
significant bit of the Port A data bus.

ARDY. 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 placed on the
Port A data bus, unless ASTB is active.

Control Mode. This signal is disabled and forced to a Lo
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, data from
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.

PBy-PB7. Port B Bus (bidirectional, 3-state). This 8-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 Darlington transistors. PBy 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 between the
CPU and the PIO. A Low on this pin selects Port A; a High
selects Port B. Often address bit Ag from the CPU is used for
this selection function.

BRDY. 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.

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/D. 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 Z80 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 Z80 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.

CE. 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 Z80 PIO uses the standard
single-phase Z80 system clock.

Do-D7. Z80 CPU Data Bus (bidirectional, 3-state). This busis
used to transfer all data and commands between the Z80
CPU and the Z80 PIO. Dy is the least significant bit.

IEL. 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.

IEO. Interrupt Enable Out (output, active High). The I[EO
signal is the other signal required to form a daisy chain
priority scheme. It is High only if IEl 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 Z80 PIO is requesting an interrupt
from the Z80 CPU.

IORQ. /nput/Output Request (input from Z80 CPU, active
Low). IORQ is used in conjunction with B/A, C/D, CE, and
RD to transfer commands and data between the Z80 CPU
and the Z80 PIO. When CE, RD, and IORQ are active, the
port addressed by B/A transfers data to the CPU (a read
operation). Conversely, when CE and IORQ 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/D. Also, if IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt; the interrupting port
automatically places its interrupt vector on the CPU data bus
ifit is the highest priority device requesting an interrupt.
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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 M1 and TORQ are active, the CPU is
acknowledging an interrupt. In addition, M1 has two other
functions within the Z80 PIO: it synchronizes the PIO

interrupt Iogic;' when M1 occurs without an active RD or
10RQ signal, the PO is reset.

ﬁ_T5. Read Cycle Status (input from Z80 CPU, active Low). If
RD is active, or an I/O operation is in progress, RD is used
with B/A, C/D, CE, and IORQ to transfer data from the Z80
PIO to the Z80 CPU.

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.

Ty T2 Twa T3 T1

CLK

CID, BIA

*WR = RD « CE + iORQ * M1

Figure 12. Write Cycle Timing

CLK

WR*

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 businto 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.
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Figure 13. Read Cycle Timing
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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.

CLK

Bidirectional Mode (Mode 2). This is a combination of
Modes 0 and 1 using all four handshake lines and the eight
Port A 1/0 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.

/
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PORT -
INPUT

READY
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Figure 15. Mode 1 Input Timing
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" Figure 16. Mode 2 Bidirectional 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
faling 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 notissue 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
IEl High and IEO Low during INTACK places a
preprogrammed 8-bit interrupt vector on the data bus at this
time (Figure 18). IEO is held Low until a Return From

CLK

Interrupt (RETI) instruction is executed by the CPU while IEI
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 IEO =
IEI. If it has an interrupt under service (i.e., it has already
interrupted and received an interrupt acknowledge) then its
IEO is always Low, inhibiting lower priority devices from
interrupting. If it has an interrupt pending which has not yet
been acknowledged, IEOis Low unless an “ED" is decoded
as the first byte of a 2-byte opcode (Figure 19). In this case,
IEO goes High until the next opcode byte is decoded,
whereupon it goes Low again. If the second byte of the
opcode was a “4D, 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 IEI High and its IEO Low. This device is the
highest-priority device in the daisy chain that has received
an interrupt acknowledge. All other peripherals have IEI =
IEQ. Ifthe next opcode byte decoded is “4D,” this peripheral
device resets its “interrupt under service” condition.
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ABSOLUTE MAXIMUM RATINGS

Voltages on Vg with respectto Vss . . . . . -0.3Vto +7.0V
Voltages on all inputs with respect

toVgs o oo -0.3VtoVgc+0.3V
Storage Temperature . . ... ......... —-65°Cto +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 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.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test +5V
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into the 21K
referenced pin. Available operating temperature range is: .
FROM gu?g}
UNDER TE
® S=0°Cto +70°C, V. Range
NMOS: +4.75V <V, < +5.25V
CMOS: +4.50V <V, < +5.50V 100p8 75,3
m  E=-40°C to 100°C, +4.50V <V, < +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 Min Max Unit
C Clock Capacitance 10 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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DC CHARACTERISTICS (z84C20/CMOS Z80 PIO)
Ve=5.0V £ 10%, unless otherwise specified

Symbol Parameter Min Max Typ Unit Condition
Vie Clock Input Low Voltage -0.3 +0.45 \Y
Vie Clock Input High Voltage V0.6 Ve+0.3 \%
\'A Input High Voltage 22 Vee \
Vi Input Low Vollage -0.3 0.8 \Y
7 Output Low Voltage 0.4 \ I o=2.0mA
Vo Output High Voltage 2.4 v I =-1.6mA
Voo Output High Voltage V0.8 v ln=-250pA
Iy Input Leakage Current -10 10 pA V=0.4Vito V.
lo 3-state Output Leakage -10 10 pA Vour=0.4V to V.
Current in Float
lees Power Supply Current - 4MHiz 5 2 mA V=5V
- 6MHz 6 mA CLK=4,6,8,10Mtiz
- 8MHz 7 mA Viu=Vee0.2V
- 10MHz 12 mA Vv, =02V
loco Standby Supply Current 10 0.5 pA V=5V
CLK=(0)
Vi=Voe 0.2V
=
loro Darlington Drive Current -15 -5.0 mA Vg, =15V
(Port B Only) REXT=1.1K ohm
Note:

[1] Measurements made with outputs floating.
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AC CHARACTERISTICS (Z84C20/CMOS Z80 PIO)

784C2004" 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 (High) 110 DC 65 DC 55 DC 42 DC
3 TwCl 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(RI)  /CE,B//A,C//D to /RD, /IORQ Fall 50 50 40 35 [6]
Setlup Time
7 Th Any Hold Times for Specified 40 35 15 15
Setup Time
8 TsRI(C) /RD, /IORQ to Clock Rise Setup Time 115 70 60 40
9 TdRKDO) /RD, /IORQ Fall to Data Out Delay 380 300 200 120 |2]
10 TdRI(DOs) /RD, /IORQ Rise to Data Out 110 70 60 50
Float Delay
11 TsDKC) Data In to Clock Rise Setup Time 50 40 30 ‘ 20 CL=50pF
12 TdIO(DOI!) /IORQ Falling to Data Out Delay 160 120 80 80 [3]
(INTACK Cycle)
13 TsM1(Cr) /M1 Falling to Clock Rising 90 70 50 40
Setup Time L
14 TsM1(Cf) /M1 Fall to Clock Rise Setup Tim 0 0 0 -20
(/M1 cycle) .
15 TdM1(IEQ) /M1 Fallto IEO Fall Delay
(Interrupt Immediately Preceding 190 100 70 70 [5.7]
: /M1 Fall)
16 TslEI(I0) IEl to /IORQ Falling Setup Time 140 100 80 60 [7]
(/INTACK Cycle)
17 TAIEI(IEOf) IEI Fall to IEO Fall Delay 130 120 70 70 [5]
18 TdIEI(IEOr) IEI Rise to IEO Rise Delay 160 150 70 70  CL=50pF
19 TclO(C) /IORQ Rise to Clock Fall Setup Time
(To Activate RDY on Next Clock Cycle) 200 170 140 120
20 TdC(RDYr) Clock Fall to RDY Rise Delay 190 170 150 130 [5],
: CL=50pF
21 TdC(RDYf) Clock Fall to RDY Fall Delay 140 120 100 85 [5]
22 TwSTB /STB Pulse Width 150 120 100 80 [4]
23 TsSTB(C) /STB Rise to Clock Fall Setup Time
(To Activate RDY on Next Clock Cycle) 220 150 120 100 [5]
24 TdIO(PD)  /IORQ 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) /STB 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)

78402004 Z84C2006 Z84C2008 Z84C2010 Note

No Symbol Parameter Min Max Min Max Min Max Min Max
27 TdSTB(PDr) /STB Rise to Port Data Floal Delay 180 160 140 120 CL=50pF
(Mode 2)
28 TdPD(INT) Port Data Match to /INT Fall Delay 490 430 360 200
(Mode 3)
29 TASTB(INT) /STB Rise to /INT Fall Delay 440 350 29 220
* All parameters in nanosecond, unless otherwise specified.
"4 MHz Z84C30 is obsoleted and replaced by 6 MHz
Notes:
[1] TeC =TwCh + TwCI + TrC + TfC.
[2] Increase TdRI(DO) by 10nS for each 50pF increasing in Load up to 200pF max.
[3] Increase TdIO(DOI) by 10nS for each 50pF increasing in Load up to 200pF max.
[4] For Mode 2: TWSTB>TsPD(STB).
[5] Increase these values by 2nS for 10pF increase in loading up to 100pF Max.
[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) + TAM1(IEO) + TsIEI(IO) + TTL Buffer Delay, if any.
[8] M1 must be active for a minumum of two clock cycles to reset the PIO.
DC CHARACTERISTICS (Z8420/NMOS Z80 PIO)
Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -0.3 +0.45 \Y
VIHC Clock Input High Voltage Vecc-0.6 Vcc+0.3 \
ViL Input Low Voltage -03 +0.8 \
ViH Input High Voltage +2.0 Ve \
VoL Output Low Voltage +0.4 v loL = 2.0 mA
VoH Output High Voltage +2.4 ) lon = —250 pA
I Input Leakage Current +10 uA Vin = 0toVee
o 3-State Output Leakage Current in Float +10 uA Vout = 0.4VtoVee
lcc Power Supply Current 100 mA
loHD Darlington Drive Current -15 mA Von = 1.5V
Port B Only Rext = 390€Q

Over specified temperature and voltage range.
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AC CHARACTERISTICS (28420/NMOS 780 PIO)

20842004 Z0842006

Number Symbol Parameter Min Max Min Max Notes
1 TcC Clock Cycle Time 250 [1] 162  [1]
2 T™Ch . Clock Width (High) ‘ 105 2000 65 2000
3  TwCit Clock Width (Low) 105 2000 65 2000
4 TiC Clock Fall Time 30 20
5 TC Clock Rise Time 30 20
6  TsCS(RI) CE, B/A, C/Dto RD, iORQ ¢ Setup Time 50 50 6]
7 Th Any Hold Times for Specified Setup Time 0 0 0
8 TsRI(C) RD, IORQ to Clock 1 Setup Time 115 70
9  TdRIDO) RD, IORQ ¥ to Data Out Delay 380 300 [2]
10  TdRI(DOs) RD, IORQ * to Data Out Float Delay 110 70
11 TsDI(C) Data Into Clock % Setup Time 50 40 CL = 50 pf
12 TdIO(DOI) IORQ ' to Data Out Delay (INTACK Cycle) 200 120 [3]
13 TsM1(Cr) M1 ¥ to Clock 4 Setup Time 90 70
14 TsM1(Cf M1 tto Clock ¢ Setup Time (M1 Cycle) 0 0 18]
15  TdM1(EO) M1 4tolEOY Delay (Interrupt Immediately . }
Preceding M1 ¥) 190 100 [5.7]
16 TslEKIO) IE! to IORQ ¢ Setup Time (INTACK Cycle) 140 100 [7]
17 TdIEI(EOf)  [ElVto|EO{ Delay 130 120 [5]
CL = 50 pf
18  TdIEI(EOr)  IEI*tolEO t Delay (after ED Decode) 160 150 8]
19 TclO(C) JORQ * 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 * to Clock ¢ Setup Time (To Activate
READY on Next Clock Cycle) 220 150 [5]
24 TdIO(PD) {ORQ * to PORT DATA Stable Delay (Mode 0) 180 160 {5]
25  TsPD(STB) PORT DATA to STROBE * Setup Time (Mode 1) 230 190
26 TdSTB(PD)  STROBE {to PORT DATA Stable (Mode 2) 210 180 [5]
27  TdSTB(PDr) STROBE tto PORT DATA Float Delay (Mode 2) 180 160 CL = 50 pf
28  TdPD(INT) PORT DATA Match to INT ¢ Delay (Mode 3) 490 430
29  TdSTB(INT)  STROBE 1toiNT { Delay 440 350
NOTES:
[1] TcC = ™wCh + TwCl + TrC + TiC. [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 pf max.
200 pf max. [6] TSCS(RI) may be reduced. However, the time subtracted from TsCS(RI)
[3] Increase TdIO(DOI) by 10 ns for each 50 pf, increase in loading up to _will be added to TdRI(DO).
200 pf max. . * M1 must be active for a minimum of two clock cycles to reset the PIO.
[4] For Mode 2: TWSTB > TsPD(STB). 1 Units in nanoseconds (ns).
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AC TIMING DIAGRAM
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Product Specification

Z8430/Z84C30 NMOS/CMOS
280 ®CTC
Counter/Timer Circuit

FEATURES

m 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.

W Selectable positive or negative trigger initiates timer
operation.

W Three channels have Zero Count/Timeout outputs
capabile of driving Darlington transistors. (1.5 mV @ 1.5V)

m NMOS version for cost sensilive performance solutions.

m CMOS version for the designs requiring low power
©consumption

m NMOS 70843004 - 4 MHz, Z0843006 - 6.17 MHz.

m CMOS Z84C3006 - DC to 6.17 MHz, Z84C3008 - DC to

8 MHz, Z84C3010 - DC to 10 MHz

m Interfaces directly to the Z80 CPU or—for baud rate
generation—to the Z80 SIO.

W 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.

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 andinterval timing,
and general clock rate generation.

System design is simplified because the CTC connects
directly to both the Z80 CPU and the Z80 SIO with no
additional logic. In larger systems, address decoders and
buffers may be required.

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 asingle +5%V power supply and the
standard Z80 single-phase system clock. ltis 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
~—>| Do CLKITRGo |=— package is only available for CMOS versions.
<] Dy ZCIT0p |—
<] D2 —

pata{ o[> e~ A==
Bus | <] Ds ZCITO1 —> | CHANNEL ps [ 2 27[] o,
~<—>»| D; SIGNALS Ds E 3 26 : b,
-] D¢ CLKITRG, |<— 0; [ 25 [ ] Do
| 200, f—> Gnp [Os 24 [ +sv
¢ RD 6 23 [] CLKITRGq
cre | — ¢ CLKITRGy zcimo, [ 7 22 [ cLkiray
co":::; e R zcmo, [Je Z80CTC 21 [ cikmre,
CPU M RESET zcimo, [ 9 20 [ ] CLKITRG;
—>| lora jora [ 10 19 [ cs;
—>| R0 Z80CTC 1E0 [ 11 18] cso
(2 W vp e
INTERRUPT — (L3 R 16 [ ¢
CONTROL { <——1 INT w14 15 [ cLk

P1l

CLK +5V GND
Figure 1. Pin Functions

Figure 22a. Pin Assignments
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Figure 2b. 44-pin Chip Carrier, Pin Assignments

°|§ w? b1 O
31:'0 ogligﬂzlg
A HHARAHARR -
34 - 22
NG T 1T Ie0
cst I 17— ioRG
CLKTRG3 I 1T NC
CLKTRG2 11 [CTT 1 ZCc/mo2
Ne T 1T zcmo1
Ne =] CMOS NG
cLTRGt ] 280 CTC 11 zemoo
CLKTRGO T NG
Ne T F R
+sv T 1T ono
WCU: O 07
44

moﬂ:
s CIT
D6 1
NC I:J_:_T:

T

Figure 2C. 44-Pin Quad Flat Pack
Pin Assignments

FUNCTIONAL DESCRIPTION

The Z80 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 CLK/TRG
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 us (6 MHz), or 4 us (4MHz) without additional
logicorsofiware timingloops. Time intervals are generated
by dividing the system clock with a prescaler that decre-
ments a preset down-counter.

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 is
triggered automatically when its time constant value is
programmed, or by an external CLK/TRG 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
ZCITO output; interrupt request is the only output available
from Channel 3.

The second output is Interrupt Request (INT), which occurs
ifthe channel has its interrupt enabled during programming.
When the Z80 CPU acknowledges Interrupt Request, the
Z80 CTC places an interrupt vector on the data bus.

The four channels of the Z80 CTC are fully prioritized and fit
into four contiguous slots in a standard Z80 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 STRUCTURE

The CTC has four major elements, as shown in Figure 3.
m CPUbusl/O

m Channel control logic

m Interrupt logic

m Counter/timer circuits

CPU Bus /0. 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.

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 Z80 CPU interrupt
system. The logic controls the interrupt priority of the CTC as
afunction of the |IEI signal. If IElis High, the CTC has priority.
During interrupt processing, the interrupt logic holds IEO
Low, which inhibits the interrupt operation on lower priority
devices. If the IEI input goes Low, priority is relinquished
and the interrupt logic drives IEO Low.
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Figure 3. Functional Block Diagram

If a channel is programmed to request an interrupt, the
interrupt logic drives IEO Low at the zero count, and
generates an INT signal to the Z80 CPU. When the Z80 CPU
responds with interrupt acknowledge (M1 and IORQ), 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 IEO Low.
When the Z80 CPU issues a Return From Interrupt (RETI)
instruction, each peripheral device decodes the first byte
(EDqp). If the device has a pending interrupt, it raises IEO
(High) for one M1 cycle. This ensures that all lower priority
devices can decode the entire RETI instruction and reset

properly.
CHANNEL
CONTROL
LOGIC
—_—. TIME
CONSTANT
I REGISTER

8-BIT
DOWN- | zciTO
COUNTER
CLKITRG
CLK —»| PRESCALER —T ’

Figure 4. Counter/Timer Block Diagram

INTERNAL BUS

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:

m Interrupt enable (or disable)

Operating mode (timer or counter)

Timer mode prescaler factor (16 or 256)

Active slope for CLK/TRG 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:

m By the prescaler output (timer mode)

m By the trigger pulses into the CLK/TRG input (counter
mode)

Without disturbing the down-count, the Z80 CPU can read
the count remaining at any time by performing an 1/O read
operation at the port address assigned to the CTC channel.
When the down-counter reaches the zera count, the ZC/TO
output generates a positive-going pulse. When the interrupt
is enabled, zero count also triggers an interrupt request
signal (INT) from the interrupt logic.

PROGRAMMING

Each Z80 CTC channel must be programmed prior to
operation. Programming consists of writing two words to the
I/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.

Acontrolword isidentified by a1in bit0. A 1in bit 2 indicates
atime constant word isto follow. Interrupt vectors are always
addressedto Channel 0, and identified by a 0 in bit 0.

Addressing. During programming, channels are
addressed with the channel select pins CS1 and CS». A 2-bit
binary code selects the appropriate channel as showninthe
following table.

Channel CS4 CSp
0 0 0
1 0 1
2 1 0
3 1 1

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 ZC/TO and Interrupt outputs go
inactive, IEO reflects IEl, and Dg-D; 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 Dy and Dy setto 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 D3 = 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. D7 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. Dg selects either timer or counter operating mode.

Prescaler Factor. (Timer Mode Only).
factor—either 16 or 256.

Ds selects

DD

INTERRUPT J
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

PRESCALER VALUE*
1 = VALUE OF 256
0 = VALUE OF 16

CLKI/TRG EDGE SELECTION

L CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD

RESET
0 = CONTINUED OPERATION
1 = SOFTWARE RESET

TIME CONSTANT
0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

TIMER TRIGGER*

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKI/TRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Clock/Trigger Edge Selector. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the. CLK/TRG 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). D3 selects the trigger
mode for timer operation. When D3 is reset to 0, the timer is
triggered automatically. The time constant word is
programmed during an I/O 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 (Tp) 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 D3 is set to 1, the timer is triggered externally through
the CLK/TRG input. The time constant word is programmed
during an /O write operation, which takes one machine
cycle. The timer is ready for operation on the rising edge of
the second clock pulse (T5) of the following machine cycle.
Note that the first timer decrement follows the active edge of
the CLK/TRG 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 T» 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 (Tg).

Once started the timer operates continuously, without
interruption or delay, until stopped by a reset.

Time Constant. A 1 in Dy 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.

A0in Dy 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

[or [0 ]2 ]2 os [o: [0, [ou |

TCr J l I |— TCo
TCs TCy

TCs TC2
TCa TCs

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 Do
set.

Software Reset. Setting D1 to 1 causes a software reset,
which is described in the Reset section.

Control Word. Setting Dg to O 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 0044 is interpreted as 256.

Intimer mode, the time interval is controlled by three factors:
W The system clock period (CLK)

m The prescaler factor (P), which multiplies the interval by
either 16 or 256

m Thetime constant (T), which is programmed into the time
constant register !

Consequently, thetime interval isthe product of CLK x P x T.
The minimum timer resolution is 16 x CLK (4us 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
0. Note that Dg of the vector word is always zero, to
distinguish the vector from a channel control word. D¢ and
D, 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.

BRI

L 0 = INTERRUPT VECTOR WORD
V7-V3

1 = CONTROL WORD
SUPPLIED
BY USER

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
BY CTC)

0 0 = CHANNELO

= CHANNEL 1

= CHANNEL 2

= CHANNEL 3

aao

1
0
1

Figure 7. Interrupt Vector Word
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PIN DESCRIPTION

CE. 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 I/O write cycle; or
transmits the contents of the downcounter to the CPU during
an /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 /O 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 decrements the
downcounter. Intimer mode, an active edge starts the timer.

CSp-CS4. Channel Select (inputs active High). Two-bit
binary address code selects one of the four CTC channels
for an /0 write or read (usually connected to Ag and A).

SYSTEM
BUSES

I
i

INT

IEI

+5V

=

1EI
ZCITOy

il

CcTC
ZCITO2  INT —
IEO
IEl IEO
RxCA INT INT
TxCA IEO IEI
RxCB
TxCB
W/RDYB RDY
sio DMA

Figure 8. A Typical Z80 Environment

Dg-D7. System Data Bus (bidirectional, 3-state). Transfers all
data and commands between the Z80 CPU and the Z80
CTC.

IEL. 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.

IEO. Interrupt Enable Out (output, active High). High only if
IEl is High and the Z80 CPU is not servicing an interrupt
from any Z80 CTC channel. IEO 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 780 CPU and the Z80 CTC. During a
write cycle, IORQ and CE are active and RD inactive. The
280 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, IORQ, CE, and RD are active; the
contents of the downcounter are read by the Z80 CPU. If |
IORQ 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 M1 and IORQ 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
achannel has requested an interrupt (INT).

RD. Read Cycle Status (input, active Low). Used in

conjunction with IORQ and CE to transfer data and channel
contro_l 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 gé inactive; IEO reflects IEI; Dy-D7 goto the
high-impedance state.

ZC/TOy-ZC/TO,. Zero Count/Timeout (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.
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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 Tp, the Z80 CPU
initiates a read cycle by driving the following inputs Low: RD,
iORQ, and CE. A 2-bit binary code at inputs CS; and CSg
selects the channel to be read. M1 must be High to
distinguish this cycle from an interrupt acknowledge.

3 T2 Twa T3 T
CSo, CS1, CE X CHANNEL ADDRESS X

__ ==
M1 ’
-
—\
DATA ouTt
N/

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 T5.
During T» [ORQ 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 CS4 and CSg selects the channel
to be addressed, and the word being writtenis placed on the
Z80 data bus. The data word is latched into the appropriate
register with the rising edge of clock cycle T3.

T T2 Twa Ts Ty

K CHANNEL ADDRESS X

I N a

CSo, €S1, CE

DATA ‘ X IN X

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 (210 ns)
isrequired between the active edge of the CLK/TRG 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.

CLKI/TRG

INTERNAL
TIMER

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
shownin Figure 12. Ifthe 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 ZC/TO output occurs immediately after zero count, and
follows the rising CLK edge.

/N

CLKITRG LEAD
TIME
INTERNAL N
COUNTER
zciTo

Figure 12. Counter Mode Timing
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INTERRUPT OPERATION

The Z80 CTC follows the Z80 system interrupt protocol for
nested priority interrupts and return from interrupt, wherein
the interrupt priority of a peripheral is determined by its
locationin a daisy chain. Two lines—IEl and IEO—inthe 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 Z80 interrupt structure, refer to
the Z80 CPU Product Specification and the Z80 CPU
Technical Manual.

HIGHEST PRIORITY
DEVICE

DEVICE 0

HI
I1E1 IEQ all 1EN

LOWEST PRIORITY
DEVICE

+5V DEVICE 1 DEVICE 2 DEVICE 3

HI
IEOI-——| 1EI IEO il IEI IEO'—ﬂ

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z80 CTC, interrupt priority is predetermjned by
channel number: Channel O has the highest priority, and
Channel 3 the lowest. If a device or channel is being
serviced with aninterrupt 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 Z80 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 IEl input is High (indicating that it has
priority within the system daisy chain) it places an 8-bit

Ty T2 Twa Twa T3 Ta

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
780 CPU sends an interrupt acknowledge (M1 and IORQ).
All channels are inhibited from changing their interrupt
request status when M1 is active—about two clock cycles
earlier than IORQ. RD 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 (IEl) is High, the highest priority interrupting channel
within the CTC places its interrupt vector on the data bus
when [ORQ 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 Z80 peripherals are in the daisy chain, |E| settles
active (High) on the chip currently being serviced when the
opcode EDqg is decoded. If the following opcode is 4D1g,
the peripheral being serviced is released and its IEO
becomes active. Additional wait states are allowed.

IEl , / \
@_—

Figure 14. Interrupt Acknowledge Timing

DATA

Do-D7 { @ ) { o )
w® :’
IEO /

Figure 15. Return From Interrupt Timing
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ABSOLUTE MAXIMUM RATINGS

Voltages on Vg with respectto Vsg . . . . . -0.3Vto +7.0V
Voltages on all inputs with respect

tOVss . oo -0.3Vto Vo +0.3V
Storage Temperature . ... .......... —-65°Cto +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 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.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless’ otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into the
referenced pin. Available operating temperature range is:

® S =0°C to +70°C, V. Range
NMOS: +4.75 V<V o < +5.25V
CMOS: +4.50V < VCC < +5.50V
E=-40°C to 100°C, +4.50V <V, < +5. 50V
The Ordering Information section lists package temperature
ranges and product numbers. Refer to the Literature List for
additional documentation. Package drawmgs are in the

Package Information section.

+5V

21K

FROM OUTPUT
UNDER TEST

250

100 pf I WA

DC CHARACTERISTICS (284C30/CMOS 280 TTC)

Ve=5.0V £ 10%, unless otherwise specified

Symbol Parameter Min Max Unit Condition
Vic Clock Inpul Low Voltage -0.3 +0.45 \
Vie Clock Input High Voltage V0.6 Veet03  V
v, Input High Voltage 2.2 Vee \
Vi Input Low Vollage -0.3 0.8 v
Vo Oulput Low Voltage 0.4 \Y Lo=2.0mA
Vo Output High Voltage 2.4 \Y lgy=-1.6MA
Voo Output High Voltage V0.8 \ on="250pA
Iy Input Leakage Current -10 10 MA V,=0.4VioV,,
lo 3-state Output Leakage Currentin Float  -10 10 pA Vour=0.4V to V.
loes Power Supply Current - 4MHz 7 [1] mA V=5V
- 6MHz 8 [1] mA CLK=4,6,8,10MHHz
- 8MHz 10[1] mA V=V 0.2V
- 10MHz 12 1] mA Vv, =0.2v
loce Standby Supply Current 10 pA V=5V
CLK=(0)
Vi=Ve 0.2V
=
loHp Darlington Drive Current -1.5 -5.0 mA Vou=1.5V
REXT=1.1K ohm
Note: [1] Measurements made with outputs floating.
CAPACITANCE
Symbol Parameter Max Unit
CLK Clock Capacitance 10 pf
CiN Input Capacitance 10 pf
Court Output Capacitance 15 pf

Tp = 25°C,f = 1 MHz
Unmeasured pins returned to ground.
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AC CHARACTERISTICS (z84C30/CMOS Z80 CTC)
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AC CHARACTERISTICS (284C30/CMOS Z80 CTC Continued)

Z84C3004* Z84C3006  Z84C3008  Z84C3010  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 (High) 110 DC 65 DC 55 DC 42 DC

3 TwCl Clock pulse Widlh (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 Th All Hold Times 0 0 0 0

7 TsCS(C) /CS to Clock Rise Setup Time 160 100 50 35

8 TsCE(C) /CE to Clock Rise Setup Time 150 100 50 35

9 TslO(C) /IORQ 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 TdRIr (DOz) /RD, /IORQ 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 Time 90 70 50 40

15 TdM1(IEO) /M1 Fall to IEO Fall Delay
(Interrupt Immediately Preceding 190 130 90 70 [3]
/M1 Fall)

16 TdIO(DIO)  /IORQ Fall to Data Out Delay 160 110 80 80 [2,6]
(/INTACK Cycle)

17 TAIEIWIEOf) IEl Fali to IEO Fall Delay 130 100 70 70 [3]

18 TdIEI(IEOr) IEl Rise to IEO 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/TRG 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 TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) (2TcC) (2TcC) [5]

22 TrCTR CLK/TRG Rise Time 50 40 30 30

23 TICTR CLK/TRG Fall Time 50 40 30 30

24 TwCTRh CLK/TRG Width (Low) 200 120 90 90

25- TWCTRI CLK/TRG Width (High) 200 120 90 90

26 TsCTR(Cs) CLK/TRG Rise to Clock Rise 210 150 110 90 [5]
Setup Time for Immediale 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 (Continued)

Z84C3004+ Z84C3006  Z84C3008  Z84C3010  Note
No Symbol Parameter Min  Max Min Max Min Max Min Max
28 TdC(ZC/TOr) Clock Rise to ZC/TO Rise Delay 190 140 100 80
29 TdC(ZC/TOf) Clock Fall to ZC/TO Fall Delay 190 140 100 80
30 ThRIr(D) /CE, /IORQ Rise to Data Hold 20 20 10 10
31 ThC(CS) Clock Rise to /CS Hold .20 20 10 10

* RESET must be active for a minimum of 3 clock cycles.
Units in Nanoseconds

Notes:
[1] TeC = TwCh + TwCl + TrC + TfC.

[2] Increasing delay by 10nS for each 50pF increase in loading, 200pF max for data llnes and 100pF 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)TdIE(IEOf) + TAMA(IEO) + TSIEI(IO) + TTL Buffer Delay, if any.

* 4 MHz Z84C30 is obsoleted and replaced by 6 MHz
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DC CHARACTERISTICS (z8430/NMOS 780 CTC)

Symbol Parameter Min Max Unit Condition

ViLe Clock Input Low Voltage -0.3¢ +0.453 v

ViHC Clock Input High Voltage Ve —-0.62 Vee+0.3b \Y

ViL Input Low Voltage -0.3¢ +0.82a \

ViH Input High Voltage +2.22a VeeP \Y

VoL Output Low Voltage +0.42 \ loL = 20mA

VoH Output High Voltage +2.42 \Y loH = —250 uA

lcc Power Supply Current: +1202 mA

I Input Leakage Current +102 uA VIN = 0.4to Ve

ILo 3-State Output Leakage Current in Float +102 A Vout = 0.4t0 Ve

IoHD Darlington Drive Current -1.52 mA VoH = 1.5V

RexT = 390Q
CAPACITANCE

Symbol Parameter Max Unit
CLK Clock Capacitance 20¢ pf
Cin Input Capacitance 5C pf
Cout Output Capacitance 15¢ pf

Ta = 25°C,f = 1 MHz
Unmeasured pins returned to ground.

Parameter Test Status:

a Tested
b Guaranteed
€ Guaranteed by characterization/design
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AC CHARACTERISTICS (Z8430/NMOS Z80 CTC Continued)
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AC CHARACTERISTICS (z8430/NMOS Z80 CTC)

70843004 70843006
Number Symbol Parameter Min Max Min Max Notest
1 TeC Clock Cycle Time 250 i 162 !
2 TwCh Clock Width (High) 105 2000 65 2000
3 TwCl Clock Width (Low) 105 2000 65 2000
4 TiC Clock Fall Time 30 20
5 TC Clock Rise Time 30 20
6 Th All Hold Times 0 0
7 TsCS(C) CSto Clock t Setup Time 160 100
8  TsCE(C) CE to Clock t Setup Time 150 100
9  TslOC) {ORQ ¢ to Clock * Setup
Time 115 70
10 TsRD(C) RD ¥ to Clock t Setup Time 115 70
11 TdC(DO) Clock 1 to Data Out Delay 200 130 2
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 1 Setup Time 90 70
15 TdM1(EQ) M1 {tolEO Delay
(Interruptimmediately
preceding M1) 190 130 [3]
16 TdIO(DON)  iORQ ¢to Data Out Delay
(INTA Cycle) 160 110 2]
17 TdIEI(EOf)  IEIVtolEOQ Delay 130 100 13]
18 TdIE(IEOT) IEI tto IEO * Delay
(After ED Decode) 160 110 3]
19 TdAC(INT) Clock 1 to INT 4 Delay (1)+140 (1)+120 [4.6]
20 TACLK(NT) CLK/TRG1toiNT ¢
tsCTR(C) satisfied (19)+(26) (19) +(26) [5.6]
tsCTR(C) not satisfied (1)+(19) +(26) (1+(19)+(26) [5.6}
21 TcCTR CLK/TRG Cycle Time 2TcC 2TcC [5]
22 TCTR CLK/TRG Rise Time 50 40
23 TICTR CLK/TRG Fall Time 50 40
24 TWCTRI CLK/TRG Width (Low) 200 120
25 TWCTRh CLK/TRG Width (High) 200 120
NOTES:

{1] TcC = TwCh + TwCl + TrC + TiC.

[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.

[6] Parenthetical numbers reference the table number of a parameter.
e.g., (1) refersto TcC.
1 2.5 TcC > (n-2) TDIEI(IEOS) + TDM1(IEO) + TsIEI(IO) + TTL buffer
delay, if any. RESET must be active for a minimum of 3 clock cycles.
Units are nanoseconds unless otherwise specified.
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AC CHARACTERISTICS (z8430/NMOS 780 CTC Continued)

70843004 20843006
Number Symbol Parameter Min Max Min Max Notest

26 TsCTR(Cs) CLK/TRG * to Clock * Setup

Time for Immediate

Count 210 150 [5]
27 TsCTR(CY) CLK/TRG * to Clock * Setup

Time for enabling of

Prescaler on following

clock t 210 150 [4]
28 TdC(ZC/TOr)  Clock tto ZC/TO 1 Delay 190 140
29 TdC(ZC/TOf)  Clock ¥ to ZC/TO ¥ Delay 190 140

NOTES:

[1] TcC = TwCh + TwCl + TC + TiC.

[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.

[6] Parenthetical numbers reference the table number of a parameter.
e.g., (1) refersto TcC. :
12.5TcC > (n-2) TDIEWIEC) + TDM1(IEO) + TsIEI(IO) + TTL buffer
delay, if any. RESET must be active for a minimum of 3 clock cycles.
Units are nanoseconds unless otherwise specified.
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PRODUCT SPECIFICATION

28440/1/2/4,
284C40/1/2/3/4

SERIAL INPUT/QUTPUT CONTROLLER

FEATURES
m Two independent full-duplex channels, with separate
control and status lines for modems or other devices.

® Data rate in the x1 clock mode of 0 to 2.0M bits/
second with a 10 MHz clock.

m NMOS version for cost sensilive performance solutions,

CMOS version for the designs requiring low power
consumption

m NMOSZ0844x04 - 4 MHz Z0844x06 - 6.17 MHz (Where
x is the designator for the bonding option; 0, 1, 2 or 4)

B CMOS Z84C4x06 - DC to 6.7 MHz, Z84C4x08 - DC to
8 MHz, Z84C4x10 - DC to 10 MHz (Where x is the

designator for the bonding option; 0, 1, 2, 3or 4)

m 6 MHz version supporis 6.144 MHz CPU clock opera-
tion.

m 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.

m Synchronous protocols: everything necessary for
complete bit- or byte-oriented messages in 5, 6, 7, or 8
bits/character, including 1BM Bisync, SDLC, HDLC,
CCITT-X.25 and others. Automatic CRC generation/
checking, sync character and zero insertion/deletion,
abort generation/detection, and flag insertion.

m Receiver data registers quadruply buffered, transmitter
registers doubly buffered.

m Highly sophisticated and flexible daisy-chain interrupt
vectoring for interrupts without external logic.

GENERAL DESCRIPTION

The Z80 SIO (here in after referred to as the Z80 SIO or,
SI0). Serial Input/Output 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 converter/controller 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, USARTSs,
and synchronous communication controllers combined,
plus additional functions traditionally performed by the
CPU. Moreover, it does this on two fully-independent

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 /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 Z80 SIO uses a single +5V power supply and the
standard Z80 family single-phase clock. The SI0/0, SIO/1,
and SIO/2 are packaged in a 40-pin DIP, the SIO/4 is
packaged in a 44-pin PCC and the SI0/3 is packagedin a
44-pin QFP. Note that SIO/3 is only available in CMOS and
in QFP package.

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:

m Z80 SIO/2 lacks SYNCB
m Z80SIO/1 lacks DTRB

m Z80 SIO/0 has all four signals, but TXCB and RxCB are
bonded together

The 44-pin package, the Z80 SIO/4 for PLCC package, and
7380 SI0/3 for QFP, has all options (Figure 7a and 7b).

The first bonding option above (SIO/2) is the preferred
version for most applications. The pin descriptions are as
follows:

B/A. Channel A or B Select (input, High selects Channel B).
This input defines which channel is accessed during a data
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Figure 7a. 44-pin Chip Carrier,
Pin Assignments

Figure 7b. 44-pin Quad Flat Pack
Pin Assignments

transfer between the CPU and the SIO. Address bit Ag from
the CPU is often used for the selection function.

C/D. 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
B/A. A Low at C/D means that the information on the data
bus is data. Address bit A4 is often used for this function.

CE. Chip Enable (Inpuit, 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 SIO
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.

Dg-D7. System Data Bus (bidirectional, 3-state). The system
data bus transfers data and commands between the CPU
and the Z80 SIO. Dy is the least significant bit.

DCDA, DCDB. Data Carrier Detect (inputs, active Low).
These pins function as receiver enables if the SIO 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 SIO
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 SIO/1 bonding option, DTRB is omitted.

IEL. Interrupt Enable In (input, active High). This signal is
used with IEO 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.

IEO. Interrupt Enable Out (output, active High). IEO is High
only if IEl is High and the CPU is not servicing an interrupt
from this SIO. 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 SIO is requesting an interrupt, it pulls INT Low.

10RQ. /nput/Output Request (input from CPU, active Low).
TORQ is used in conjunction with B/A, C/D, CE, and RD to
transfer commands and data between the CPU and the SIO.
When CE, RD, and IORQ are all active, the channel selected
by B/A transfers data to the CPU (a read operation). When
CE and IORQ are active, but RD is inactive, the channel
selected by B/A is written to by the CPU with either data or
control information as_specified by C/D. As mentioned
previously, if IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt and the SIO
automatically placesits 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

while IORQ is active, the SIO accepts MT and IORQ as an
interrupt acknowledge if the SIO is the highest priority
device that has interrupted the Z80 CPU.

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 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 280 SIO/0 bonding option, RXCB is bonded together
with TXCB.

RD. Read Cycle Status (input from CPU, active Low). fRD is
active, amemory or I/O read operation is in progress. RDis
used with B/A, CE, and IORQ to transfer data from the SIO
tothe CPU.

RxDA, RxDB. Receive Data (inputs, active High). Serial
dataat TTL levels.

RESET. Reset (input, active Low). A Low RESET disables
both receivers and transmitters, forces TxDA and TxDB
marking, forces the modem controls High, and disables all
interrupts. The control registers must be rewritten after the
SIO 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 tan act either as inputs or outputs. In the
asynchronous receive mode, they are inputs similarto CTS
and DCD. 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
synchronization 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 thatimmediately 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
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is recognized, regardless of character boundaries.
In the Z80 SI0/2 bonding option, SYNCB is omitted.

TxCA, TXCB. Transmitter 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 SIO/0 bonding option, TXCB is bonded together
with RxCB.

TxDA, TxDB. Transmit 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

|—> | SERIAL

from two different points of view: as a data communications ol caNnEL | DA e
device, it transmits and receives serial data in a wide variety LN A <— | GLocks
of data-communication protocols; as a Z80 family REGISTERS LA
peripheral, it interacts with the Z80 CPU and other
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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 Z80 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 atransient, 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 arate 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 synchronous 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 Z80 SIO Protocols
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Figure 10. Data Communication
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Both CRC-16 (X16 + X15 + X2 + 1) and CCITT (X16 + X12
+ 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 1s. 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 usedto abort a frame in transmission. Atthe end of a
message the SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes empty. 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. 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.

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 transmission, 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.

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

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:

®m Interrupt on first received character
B 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
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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
SIO 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), SIO interrupt
vectoring is “automatic”: the SIO passes its internally-
maodifiable 8-bit interrupt vector to the CPU, which adds an
additional 8 bits from its interrupt-vector (1) 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.

CPU/DMA Block Transfer. The SIO’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 SIO READY output indicates that
the SIO is ready to transfer data to, or from, memory. To the
CPU, the WAIT output indicates that the SIO is not ready to
transfer data, thereby requesting the CPU to extend the 1/O
cycle.

SYSTEM
BUSES

()

cpPU DMA

INT [—— INT

IEI

+5V

e

IE
ZCITO4
CcTC

2CITO;  INT | —

IEO

IEI IEO
RxCA  INT | INT
TxCA  IEO IEl
RxCB
TxCB

WIRDYA

WIRDYB RDY
sio DMA

Figure 11. Typical Z80 Environment

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:

WRO0-WR7 — Write Registers 0 through 7
RR0-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 channelinterface. The modem control inputs, Clear
To Send (CTS) and Data Carrier Detect (DCD), are

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 SDLC address field

WR7

Sync character or SDLC flag
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monitored by the external control and status logic under
program control. All external control-and-status-logic
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) depending 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 that 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).
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Loaic HUNT MODE (BISYNC) Logic ZERO INSERT
———————— G BITS)
i e
| SDLC-CRC
RECEIVE
RxDA —»| 1BIT SYNC REGISTER | o | 381TS || SHIFT REGISTER
DELAY & ZERO DELETE o
(@ BITS) CcRC TRANSMIT | $5ez
—| GcEnERATOR CLOCK LOGIC
| | | l SYNC-
ASYNC DATA CRC
CRC DELAY
REGISTER
@ BITS)
CRC
Ch
Sreore C RESULT

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/D) 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
(WRO0-WR?7 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 WR0 and contains three bits (Dg-Dy) 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 Dg-D3 to point to WRO. This implies
that a channel reset must not be combined with the pointing
to any register.

READ REGISTER 0

[©r[0s [os Joa [os [oz [o: oo ]

Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

DCD
SYNC/HUNT

CTS *
oM
BREAK/ABORT

T

Tx UNDER

*Used With ““External/Status Interrupt” Modes

READ REGISTER 11
BRI
I——ALL SENT

| FIELD BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

[ Y- Y
Caa00aao
©amawcoo0
vaoooococoX

CEEND LW

'—— PARITY ERROR

Rx OVERRUN ERROR
CRC/IFRAMING ERROR
END OF FRAME (SDLC)

*Residue data for eight Rx bits/character programmed
tUsed with special receive condition mode

READ REGISTER 2 (Channel B only)

RPN,

="

t
V3t INTERRUPT
v4 VECTOR
V5
V6
v7

tVariable if **Status Atfects Vector' is programmed

Figure 13. Read Register Bit Functions
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WRITE REGISTER 4

1005 [0 [s [ 2 01 [ ]

WRITE REGISTER 0

EDDRDHD]

Ll | L paniry ENABLE _
0 0 0 REGISTERO PARITY EVEN/ODD
0 0 1 REGISTER1
8 S ﬁéglgiﬁi 0 0 SYNC MODES ENABLE
1 0 0 REGISTER4 0 1 1STOP BIT/CHARACTER
1 0 1 REGISTERS 10 1% STOP BITSICHARACTER
1 1 0 REGISTER®6 1 1 2STOP BITSICHARACTER
1 1 1 REGISTER7
0 0 8BIT SYNC CHARACTER
0 0 0 NULLCODE 0 1 16 BIT SYNC CHARACTER
0 0 1 SENDABORT (SDLC) 1 0 SDLC MODE (01111110 FLAG)
0 1 0 RESET EXT/STATUS INTERRUPTS 1 1 EXTERNAL SYNC MODE
0 1 1 CHANNEL RESET
1 0 0 ENABLE INT ON NEXT Rx CHARACTER 0 0 X1CLOCK MODE
1 0 1 RESET TxINT PENDING 0 1 X16 CLOCK MODE
1 1 0 ERRORRESET 1 0 X32 CLOCK MODE
1 1 1 RETURN FROM INT (CH-A ONLY) 1 1 X64 CLOCK MODE
NULL CODE

RESET Rx CRC CHECKER
RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

amoo
—~0o=o0

WRITE REGISTER 1 WRITE REGISTER §

| CICSCACACACACAEY [or [0 [os Jo[os oz [o: [ ]

|—EXT INT ENABLE |—Tx CRC ENABLE
Tx INT ENABLE RTS
SDLCI/CRC-16

HF

STATUS AFFECTS VECTOR
(CH. B ONLY) Tx ENABLE
SEND BREAK
0 0 RxINT DISABLE
0 1 RxINT ON FIRST CHARACTER 0 0 Tx5 BITS (OR LESS)/CHARACTER
1 0 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) % » 0 1 Tx7 BITSICHARACTER
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 1 0 Tx6 BITSICHARACTER
VECTOR) 1 1 Tx8 BITSICHARACTER
DTR

WAIT/READY ON RIT
WAIT/READY FUNCTION
WAIT/READY ENABLE

*Or on special condition

WRITE REGISTER 2 (Channel B only) WRITE REGISTER 6

[o:]oe]os To. To Jo. [0 [0 | EICENCACACACAEY

| I——VO l l——SYNC BITO
vi SYNC BIT 1
V2 SYNC BIT 2
V3 INTERRUPT SYNC BIT 3 *
v4 VECTOR SYNC BIT 4
V5 SYNC BIT 5
V6 SYNC BIT 6
v7 SYNC BIT7

*Also SDLC address field

WRITE REGISTER 3 WRITE REGISTER 7

[:]0e [os [ouos o [0 o | [o:[oeos [ocTos [ou i oo ]

"—'Rx ENABLE | I-—-—SYNC BIT 8
SYNC CHARACTER LOAD INHIBIT SYNC BIT 9
ADDRESS SEARCH MODE (SDLC) SYNC BIT 10
Rx CRC ENABLE SYNCBIT11 \
ENTER HUNT PHASE SYNC BIT 12
AUTO ENABLES SYNC BIT 13

. SYNC BIT 14
SYNC BIT 15

Rx 5 BITS/ICHARACTER
Rx 7 BITSICHARACTER
Rx 6 BITSICHARACTER
Rx 8 BITS/ICHARACTER

*For SDLC it must be programmed to 01111110 for flag recognition

“s00
—s0mo0

Figure 14. Write Register Bit Functions
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TIMING

The SIO 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 SIO
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 SIO.

Interrupt-Acknowledge Cycle. After receiving an
interrupt-request signal from an SIO (INT pulled Low), the
780 CPU sends an interrupt-acknowledge sequence, M1
Low and IORQ Low, a few cycles later (Figure 17).

The SIO 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 IEI of the highest-priority device is terminated High. A
device that has an interrupt pending or under service forces
its IEO Low. For devices with no interrupt pending or under
service, IEO=IELI

To insure stable conditions in the daisy chain, all interrupt
status signals are prevented from changing while M1 is Low.
When IORQ is Low, the highest priority interrupt requestor

Ty T2 Tw Ty T

CLOCK F I f | ] I I I I |

Eemar X ] X
ioa Va
RD __/_——

- =

Figure 15. Read Cycle

cmchlFlIllI‘El
|

CE, CID, B/A

[

t

- |

iorRQ |
T

|

|

|

Figure 16. Write Cycle

(the one with |EI 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 (ED-4D)
that resets the interrupt-under-service latch in the SIO 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 IEO 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 IEI High and an IEO Low. If the next
opcode byte is 4D, 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 28400 Z80 CPU Product
Specification (00-2001-04).

T T Tw Tw T Ta

CLOCK l I I I I | l I ! I I I

M1

e /T
S Y AR W

DATA

J

Dy-D7 I_E[‘)—\' { 4 )
w ll
IEO /

Figure 18. Return from Interrupt Cycle




ABSOLUTE MAXIMUM RATINGS

Voltages in Voc with respecttoVsg . . . . . . -0.3Vto +0.7V
Voltages on all inputs with respect

toVsg oo -0.3VtoVgc+0.3V
Storage Temperature . .. ........... -65°Cto +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 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.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into the
referenced pin. Available operating temperature range is:
® S =0°Cto +70°C, V. Range
NMOS: +4.75V < V. < +5.25V
CMOS: +4.50V < V. < +5.50V
® E =-40°C to 100°C, =4.50V < V. < +5.50V

21K

FROM OUTPUT
UNDER TEST

250

100 pt :I: “A
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DC CHARACTERISTICS

Z84C40 CMOS Z80 S10, Z84C40/41/42/43/44 DC CHARACTERISTICS
V=5.0V £ 10%, unless otherwise specified

Symbol Parameter Min Max Typ Unit Condition
Vie Clock Input Low Voltage -0.3 +0.45 \Y
Vie Clock Input High Voltage V0.6 V+03 \Y
vy, Input High Voltage 2.2 cc \
Vi Input Low Voltage -0.3 0.8 \
Vo Output Low Voltage 0.4 \ I o=2.0mA
Vo Output High Voltage 2.4 \ lg=-1.6MA
Voo Output High Voltage V0.8 \Y | ="250pA
Iy Input Leakage Current -10 10 pA V,=0.4Vio V.
lo 3-state Output Leakage Currentin Float -10 10 pA Vour=0.4V to V.
1(SY) SYNC Pin Leakage Current -40 10 pA
lect Power Supply Current - 4AMHz 10 [1] 7 mA V=5V
- 6MHz 10[1] 7 mA CLK=4,6,8,10MHz
- 8MHz 12{1] 8 mA V=V 0.2V
- 10MHz 15 [1] 8 mA Vv, =0.2v
leco Standby Supply Current 10 pA V=5V
CLK=(0)
V=02V
VvV, =0.2v
Note:
[1] Measurements made with outputs floating.
CAPACITANCE
Symbol Parameter Min Max Unit
(e} Clock Capacitance 7 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 10 pf

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 TiC Clock Fall Time 30 20 10 10
4 TrC Clock Rise Time 30 20 10 10
5 TwCl Clock Pulse Width (Low) 105 DC 65 DC 55 DC 42 DC
6 TsAD /CE.B//A,C//D to Clock 145 60 40 35
Rise Setup Time
7 TsCS(C) /IORQ, /RD 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 /M1 Cycle)
10 TdRD(DOz) /RD Rise to Data Out 110 90 75 65
Float Delay
11 TdIO(DOI)  /IORQ Fall to Data Out 160 120 90 80
Delay (/INTACK Cycle)
12 TsM1(C) /M1 to Clock Rise Setup 90 75 55 40
Time
13 TsIEI(I0) IEI to /IORQ Fall Setup 140 120 80 60
Time (/INTACK Cycle)
14 TdM1(IEQ) M1 Fall to IEO Fall Delay 190 160 130 100
(Interrupt Before /M1)
15 TdIEI(IEOr) IEI Rise to IEO Rise Delay 100 70 60 50
(After ED Decode)
16 TdIEI(IEOf) /M1 Fall to IEO Fall Delay 100 70 60 50
17 TdC(INT) Clock Rise to /INT 200 150 120 100
Fall Delay
18 TdIO(W/RWf) /IORQ or /CE Fall to 210 175 130 110
/W//RDY Delay (Wait Mode)
19 TdC(W/RR) Clock Rise to /W//RDY 120 100 90 85
Delay (Ready Mode)
20 TdC(W/RWz) Clock Fall to /W//RDY 130 110 90 80
Float Delay (Wait Mode)
When Setup is Specified
21 Th Any Unspecified Hold 0 0 0 0

Note:
* Units in nanoseconds (nS).

* 4 MHz 84C4x is obsoleted and replaced by 6 MHz.
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AC CHARACTERISTICS TIMING (Z84C4X CMOS 780 SIO)

T — ~©®
w_/ N\ S S
~O~ ~—C—
CE, CID, BIA >< K
~—O—
. X X
RD \
T -0 ®
Do-D7 >< .
ioRa \( /___
~—0— F-——@*
M1 \‘
1E1 _ﬂ‘ -
— 1]
1EO \‘ @j{—
Nt - N
-® ®
Nas SN

115



AC CHARACTERISTICS TIMING (Z84C4X CMOS Z80 SIO; Continued)

O
U

o

——f .
(—(6)—>
TxD
WIRDY \
®
INT
RxC \k—)( :\__/ N\
o8
e—(1D)—=—(13)—>
K
WIRDY \
()
INT \
SVNC @O
(5
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AC CHARACTERISTICS (Z84C4X CMOS Z80 SIO; Continued)

Z84C40/41/42/43/44 AC CHARACTERISTICS

Z84C4X04" Z84C4X06 Z84C4X08 Z84C4X10 Note
No Symbol Parameter Min Max Min Max Min Max Min Max
1 TwPh Pulse Width (High) 200 200 150 150 (2]
2 TwPl Pulse Width (Low) 200 200 150 150 2]
3 TcTxC /TxC Cycle Time 400 330 250 200 2]
4 TwTxCl /TxC Width (Low) 180 100 85 80 2]
5 TwTxCh /TxC Width (High) 180 100 85 80 [2]
6 TdTxC(TxD) /TxC Fall to TxD Delay 300 220 160 120 {21
7 TdTxC(W/RRf)  [TxC Fall to /W//RDY 5 9 5 9 5 9 5 9 [1]
Fall Delay (Ready Mode)
8  TdTxC(INT) /TxC Fall to /INT Fall Delay 5 9 5 9 5 9 5 9 1]
9 TcRxC /RxC Cycle Time 400 330 250 200 [2]
10 TwRxCl /RxC Width (Low) 180 100 85 80 [2]
11 TwRxCh /RxC Width (High) 180 100 85 80 (2]
12 TsRxD(RxC) RxD to /RxC Setup Time 0 0 0 0 (2]
(X1 Mode)
13 ThRxD(RxC) /RxC Rise to RxD Hold 140 100 80 60 [2]
) Time (X1 Mode)
14 TdRxC(W/RRf) /RxC Rise to /W//RDY Fall 10 13 10 13 10 13 10 13 1
Delay (Ready Mode)
15 TdRxC(INT) /RxC Rise to /INT Fall Delay 10 13 10 13 10 13 10 13 [11
16 TdRxC(SYNC) /RxC Rise to /SYNC Fall 4 4 4 [1]
Delay (Output Modes)
17 TsSSYNC(RxC) /SYNC Fall to /RxC -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/NMOS Z80 SIO)

Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -0.3 +0.45 \%
ViHe Clock Input High Voltage Ve —-0.6 Vec+0.3 \
ViL Input Low Voltage -03 +0.8 \%
VIH Input High Voltage +2.0 Vee %
VoL Output Low Voltage +0.4 \
VoH; Output High Voltage +2.4 \Y loL = 2.0mA
VoH, Output High Voltage % loH = —250pA
I Input Leakage Current +10 A ViN = 0.4to Ve
ILo 3-State Output Leakage Current in Float +10 uA Vout = 0.4to Ve
ILsy) SYNC Pin Leakage Current +10/-40 pA 0<ViN< Ve
ICC4 Power Supply Current 100 mA

Over specified temperature and voltage range.

CAPACITANCE
Symbol Parameter Min Max Unit
o] Clock Capacitance 40 pf
CiN Input Capacitance 5 pf
Cour Output Capacitance 15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS* (Z844X / NMOS Z80 SIO)

Z20844X04 20844X06
Number Symbol Parameter Min Max Min Max
1 TcC Clock Cycle Time 250 4000 162 4000
2 TwCh Clock Width (High) 105 2000 70 2000
3 TiC Clock Fall Time 30 15
4 TC Clock Rise Time 30 15
5  TwCl Clock Width (Low) 105 2000 70 2000
6 TsAD(C) CE, C/D, B/Ato Clock t Setup Time 145 60
7 TsCS(C) TORQ, RD to Clock  Setup Time 115 60
8 TdC(DO) Clock t to Data Out Delay 220 150
9 TsDI(C) Data Into Clock t Setup (Write or M1 Cycle) 50 30
10 TdRD(DOz) RD *to Data Out Float Delay 110 90
11 TdIO(DOl)  I1ORQ ¢ to Data Out Delay (INTACK Cycle) 160 120
12 TsM1(C) ‘M1 to Clock 1 Setup Time 90 75
13 TSIEI(IO) IEI to TORQ ¢ Setup Time (INTACK Cycle) 140 120
14 'TdM1(IEQ) M1 +to IEO ¥ Delay (interrupt before M1) 190 160
15  TdIEIIEOr)  IEI*to|EO t Delay (after ED decode) 100 70
16 TJIEI(EOf) IEltoIEO | Delay 100 70
17 TdC(INT) Clock o INT 4 Delay 200 150
18 TAIOW/RWS) 1ORQ 4 or CE + to W/RDY + Delay (Wait Mode) 210 175
19 TAC(W/RRf) Clock t to W/RDY ¢ Delay (Ready Mode) 120 100
20 TdC(W/RWz) Clock  to W/RDY Float Delay (Wait Mode) 130 110
21 Th Any unspecified Hold when Setup is specified 0 0

*Units in nanoseconds (ns).
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AC CHARACTERISTICS TIMING (Z844X/NMOS 780 SIO; Continued)
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AC CHARACTERISTICS TIMING (Z844X /NMOS Z80 SIO)
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AC CHARACTERISTICS (Z844X/ NMOS Z80 SIO; Continued)

Z0844X04 Z0844X06

No. Symbol Parameter Min  Max Min Max  Notes®
1 TwPh Pulse Width (High) 200 200 2
2 TwPl Pulse Width (Low) 200 200 2
3 TcTxC TxC Cycle Time 400 e 330 e 2
4  TwTxCl TxC Width (Low) 180 © 100 2
5 TwTxCh TxC Width (High) 180 100 o 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 | to INT | Delay 5 9 5 9 1
9 TcRxC RxC Cycle Time 400 L 330 o 2

10 TwRxCl RxC Width (Low) 180 © 100 2

11 TwRxCh RxC Width (High) 180 © 100 © 2

12 TsRxD(RxC) RxD to RxC TSetup Time (x1'Mode) 0 0 2
13 ThRxD(RxC) RxC T RxD Hold Time (x1 Mode) 140 100 2
14  TdRxC(W/RRf) RxC T to W/RDY ! Delay (Ready Mode) 10 13 10 13 1
15 TdRxC(INT) RxC T to INT | Delay 10 13 10 13 1

16 TdRxC(SYNC) RxC Tto SYNC ! Delay (Output Modes) 4 7 4 7 1

17 TsSYNC(RxC) SYNC ! to RxC 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 cycle.
1. Units equal to System Clock Periods.

2. Units in nanoseconds (ns).
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Product Specification

<

Z84C01 Z80° CPU with
Clock Generator/Controller

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)
5pA’ Typ (5V under STOP mode)

=  DC to 10 MHz operation (at 5V+10%)
m  Single 5V power supply (at 5V+10%)
m Operating temperature (0°C to 70° C)
m  On-chip clock generator

In the HALT state, the following 4 modes are

m Powerful set of 158 instructions

»  Powerful interrupt function

Non-maskable interrupt terminal (NMI)
Maskable interrrupt terminal (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.

selectable: m  2index registers
RUN mode 10 addressing modes
IDLE 1 mode
IDLE 2 mode a  Built-in refresh circuit for dynamic memory
STOP
mode ®m 44-Pin PLCC or QFP Package .
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.

Built into the Z84C01 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-logic unit, bus control, memory control
and timing control circuits.

The Z84CO01 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.

Pin Names and Functions. I/O pin names and functions
are as shown in Table 1.

X

2
o
(]
2
o

ey T b clfu’ L

: £12 i elflElzE

1 ll ll II 1

/6 3 2 14443424140
RESET [ |7 39 ] iNT
M1 []8 38| ] b7
etk [o 377 o6
Ves []10 36| ] D5
Ao [ 35| ] D4

Ve (N []12 341V, (2

A1 [J13 33[] o3
A2 [J14 32{ b2
A3 []15 31 ] o1
A4 [1e 30[ ] bo
As [|17 29[ ] ms2

18 1920 21 22 23 24 2526 27 28

| N O

O N QMO N M F W v

A R R

Figure 1. Pin Connections (Top View)

Table 1 Pin Names and Functions

Pin Name Number Input/Output Function
of Pin 3-state
A0 - A15 16 Output 16-bit address bus.
3-state Specify addresses of memories and I/O to be
accessed. During the refresh period, addresses
for refreshing are output.
MS1, MS2 2 Input Mode selection input.
One of 4 modes (Run, IDLE1/2, STOP) is
selected according to the state of these 2 pins.
Do - D7 8 110 8-bit bidirectional data bus.
3-state
INT 1 Input 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. -
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Table 1 Pin Names and Functions (continued)

Pin Name Number Input/Output’ Function
of Pin 3-state
NMI 1 Inpixt 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 1 Output Halt signal.
Indicates that the CPU has executed a Halt instruction.
MREQ 1 Output Memory request signal.
3-state When an effective address for memory access is on the

address bus, "0" is output.

IORQ 1 Output 1/0 request signal.
3-state When addresses for 1/0 are on lower 8 bits (A0 - A7) of
the address bus in the I/O operation, "0" is output. In
addition, IORQ 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.

RD 1 Output Read signal.
3-state "0" signal is output for a period when MPU can receive
data from a memory or peripheral LS. It is possible to put
data from a specified peripheral LS| or mamory on the
MPU data bus after gating by this signal.

WR 1 Output Write signal.
3-state This signal is output when data to be stored in a specified
memory or peripheral LSl is on the MPU data bus.

BUSACK 1 Output Bus acknowledge signal.
In response to BUSREQ signal, this signal informs a
peripheral LS| of the fact that the address bus, data bus,
MREQ, IORQ, RD and WR signals have been placed in
the high impedance state.

WAIT 1 Input Wait signal.
WAIT signal is a signal to inform MPU of specified
memory or peripheral LS| which is not ready for
data transfer. As long as WAIT signal as at
"0" level, MPU is continuously kept in the wait state.

BUSREQ 1 Input Bus request signal.
BUSREQ signal is a signal requesting placement of
the address bus, data bus, MREQ, IORQ, RD and
WR signals in the high impedance state. BUSREQ
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 1 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 1 Output Signal showing machine cycle 1. "0" is output
together with MREQ 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 IORQ signal.

XTAL 1

(XIN) 2 Input Crystal oscillator connecting terminal.

XTAL 2 Output

(XOUT)

CLK 1 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.

VSsS 1 Power supply ov
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FUNCTIONAL DESCRIPTION:

The system configuration, functions and basic operation ~ Block Diagram. The block diagram of the internal con-
of the Z84C01 are described here. figuration is shown in Fig. 2.

MS1 MS2 CLK A0~A15

v ¢ 4 11

Vec —P>] —
[ Address Bus Outpul Circuit
- Clock Generator
R »1 control Circuit | A
XTAL2 ~4—] 33 Accumufiator (A) | Accumulator (A')
£g Flag (F) Flag (F)
B Register B' Register
XTALS y C Register C' Register
Internal Counter D Reglster D' Register
—> for Start Up E Register E' Register
— " H Register H' Register
a L Register L' Register
o IX Register l—
3 Y Register Ves
<:: e :> Siack Pointer (SP)
D0~D7 < ) :2 Program Counter (PC)

3
a
T
g <
£
: ]
3
@
8
a
Voo —P S5
Sn
- I
@ Instruction _5
< = / Decoder o gg
§ 5 4— /RESET
L o
-
Data I/O /o] D
7]
IFF1 IFF2 Control Control C.onlrol
Signal to
\ . Intemal
y
Interrupt i
—» /M1
Controller L Control Circuit for Control Bus

Py v by v v by

/NMI /INT  /IORQ /HALT /WAIT /MREQ /RD /WR /BUSREQ /BUSACK

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 Z84C00 MPU. The explanation
is provided here with emphasis placed on the halt function
relative to the clock generator, which is an additional
function. The intemal register group, reset and interrupt
function are identical to those of the Z84C00. For details,
please refer to the data sheet for the Z84C00.

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 (XTAL1, XTAL2). Clock in the same frequency
as input oscillation frequency is generated.

Examples of oscillator connection are shown in Figures

32,3 s raLq ] [J xmaLz

—]o}l—

77

Figure 3a Example of Oscillator Connection
and Constant

33

PF

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.
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Table 2 Clock Generating Operation Mode

Operation MS1 MS2 Description at HALT State

Mode

RUN Mode 1 1 MPU continues the operation and supplies clock to the
outside continuously.

IDLE 1 Mode © 0 The internal oscillator's operation is continued. Clock
(CLK) output as well as internal operations are stopped at
"0" level of T4 state in the halt instruction operation code
fetch cycle.

IDLE2 Mode 0O 1 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.

1 0 All operations of the internal oscillator, clock (CLK) output,

STOP Mode

and internal operation are stopped at "0" level of T4 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 time of power ON.
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'*+2.5) TcC (TcC: Clock Cycle) to obtain a  Z84C01 is operating are explained.

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

Status Change Flowchart and Basic Timing. In this
section, the status change and basic timing when the
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€—— Reset=0

System Clock
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M1 Immediately NO m
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\ Mi? e »
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NO
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2
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Figure 4 (a) Status Change Flowchart
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‘ HALT Start ’

HALT = 0
Run Mode /Mo(% Stop Mode
IDLE1 Mode IDLE2 Mode
Clock Output Stop Internal Internal Oscillation Stop
Internal Operation Stop Operation Stop (Clock Output Stop)
Internal Operation Stop

Yes (Stop Mode)

Stop Mode?

/

No (IDLE1/2 Mode)

Internal Oscillation Start

Start Up

Internal System Clock Restart
Clock Output Restart Only Stop, IDLE1

Figure 4 (b) Status Change Flowchart
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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 Z84C00. Refer to the
data sheet for the Z84C00.

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 Z84C00
since the on-chip refresh control circuit is available.

(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 T4 state for the periph-
eral LS| 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.

ga) RUN Mode (MS1=1, 'M'S2=VJ|2| . )
hown in Fig. 5 is the basic timing when the haltinstruction

is executed in RUN Mode.

In RUN Mode, system clock (2) 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
interupt signal (NMI or INT) or RESET signal, MPU
continues to execute NOP instruction.

M1 CYCLE 1 M1 CYCLE 1 M1 CYCLE
[} T4 T1 T2 T3 T4 T T2 T3
CLK | 1 L]
HALT
HALT OP CODE |
FETCH CYCLE NOP EXECUTION | NOP EXECUTION

Figure 5 Timing of RUN Mode
(at Halt Command Execution)
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(b) IDLE1 Mode (MS1=0, MS2=0) In IDLE1 Mode, system clock (2) in MPU and clock output

Shown in Fig. 6 is the basic timing when the halt instruc-  (CLK) are stopped and MPU stops its operation after the

tion is executed in IDLE1 Mode. haltinstruction is executed. However, the internal oscilla-
tor continues to operate.

T4
CLK Lr
¢ (INQE(';#Q:Q CLOCK) I l\ MPU OPERATION STOP 3
HALT
)
_ “qr
M1
HALT INSTRUCTION OPERATION ’
CODE FETCH CYCLE
Figure 6 IDLE1 Mode Timing
(at Halt Instruction Execution)
(c) IDLE2 Mode (MS1=0, MS2=1) In IDLE2 Mode, system clock (2) in MPU is stopped and

Shown in Fig. 7 is the basic timing when the halt instruc-  MPU stops its operation after the halt instruction is exe-
tion is executed in IDLE2 Mode. cuted. However, the internal oscillator and clock output
(CLK) to the outside of MPU continues to operate.

PR e A s e N e PO IO

0 (INTERNAL | l.
SYSTEM CLOCK) MPU OPERATION STOP z
HALT .
v
_ e
M1

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Figure 7 IDLE2 Mode Timing
(at Halt Instruction Execution)
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(d) STOP Mode (MS1=1, MS2=0)
Shown in Fig. 8 is the basic timing when the halt instruc-
tion is executed in STOP Mode.

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 (CLK) to
the outside of MPU are stopped.

T1 T2 13 T4
CLK | I J I I I l CLK OUTPUT STOP
0 (INTSE\'?Sr‘lTAEl;M CLOCK) l I I I l I l\ MPU OPERATION STOP
HALT

A I

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
(IDLE1/2 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.

(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 T4 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 0000H. 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 0000H.
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HALT INSTRUCTION
EXECUTION | NOP INSTRUCTION EXECUTION INTERRUPT PROCESS

| "

T4 T1 T2 T1 T2 T3 T4 T1 T2

0 (INTERNAL —LJ_'l_I—L_I—
SYSTEM CLOCK) I l I I I I | I 5 I I I | | I
T I

R

a—— £C
NMI I v
_____ | _ _r<—— MPU INTERNAL

« LATCH FOR NMI

INT ? L]
Figure 9 Halt Release Operation Timing by interrupt
Request Signal in RUN Mode

HALT INSTRUCTION EXECUTE INSTRUCTION
EXECUTION ADDRESS OOOOH

T4 ik T2

ST LN U L L L L
¢ (INTERNAL
T I U L L

HALT _"'—'I I g
[(d
N~

— £C {C

M1 v P I
[(d
RESET . I [od l
£ [(d
N N

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 startsthe internal
system clock operation. In IDLE1 Mode, MPU starts clock
output to the outside at the same time.

The operation stop of MPU in IDLE1/2 Mode is taking
place at “0” level during T4 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
T4 state during the execution of this NOP instruction, and
executes the interrupt process from next cycle.

NCI)P INSTRUCTION EXECUTI'ON

T4
oK g [ Lo
O Ty LT LML
SYSTEM CLOCK) £
]
HALT I « ( : I
ol 1
— £C
M1 4 l l - : "I
— (¢ '
NMI o4 T .
_________ L — - r~——MPU INTERNAL
« ! LATCH FOR NMI
INT fod 1 I
]
L]
INTERRUPT SAMPLING TIMING
Figure 11 (a) IDLE1 Mode
NOP INSTRUCTION EXECtﬂON
L
T4 T1 T2 T3 T4 T
O eTe Lo
SYSTEM CLOCK) %
]
HALT I '
; L
— (4
M1 I I I__"l"_—'ll
—_— Q@ 1
NMI ~ T N
_________ L - - r—MPU INTERNAL
_— @ 1 LATCH FOR NMI
INT g ! [——
1

INTERRUPT SAMPLING TIMING

Figure 11 (b) IDLE2 Mode

Figure 11 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 When RESET signal at “0” level is input into MPU, the
the first NOP instruction after the internal system clockis internal system clockisrestarted and MPU will execute an

restarted, MPU s not released from the halt state and is  instruction stored in address 0000H.
placed in IDLE1/2 Mode again at “0” level during T4 state

of the NOP instruction, stopping the internal systemclock. At time of RESET signal input, it is necessary to take the

It INT signal is not at “0” level at the rise of T4 state, no  same care as that in resetting MPU in RUN Mode.
interrupt request is accepted.

The halt release operation by resetting MPU-in IDLE1
Mode is shown in Fig. 12 (a) and that in IDLE2 Mode in
Fig. 12 (b).

EXECUTE INSTRUCTION FROM
ADDRESS OOOOH

T1 T2 T3

@ (INTERNAL
SYSTEM CLOCK)
HALT I

R R
L1

RESET

L~
R X

Figure 12 (a) IDLE1 Mode

| EXECUTE INSTRUCTION FROM
ADDRESS OOOOH

T T2 T3
e S ML LT
@ (INTERNAL

SYSTEM CLOCK)

HALT I

R

IR R
1

i

RESET I ”J

Figure 12 (b) IDLE2 Mode

Figure 12 Halt Release Operation Timing by
Reset in IDLE1/2 Mode
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(c) STOP Mode (MS1=1, MS2=0)
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 (2'4+2.5) TcC
(TcC: 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 T4 state during the
execution of this NOP instruction. If the interrupt signal is
accepted, MPU executes the interrupt process operation
from next cycle.

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 signalin STOP Mode, itis necessary to hold
RESET signal at “0” level for sufficient time. When RESET
signal becomes “1”, after the dummy cycle for atleast 2T
states, MPU starts to execute an execution from address
0000H.

NOP COMMAND EXECUTION

1 ]
T4 T1 T2 13 T4 T1
CLK _l—l £
R / pEpNpNpEnEy
SYSTEM CLOCK) %
1
— * H
HALT I / 1 |
§ :
— £C (4
M1 » » l | : _l
]
— (4 [(4 1
NMI [ud 4 T :
____g___________..____1___r<—MPU|NTERNAL
« : LATCH FOR NMI
INT L4 | .r—_
5 ;
1

INTERRUPT SAMPLING TIMING

Figure 13 Halt Release Operation Timing by Interrupt
Request Signal in STOP Mode
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I EXECUTE INSTRUCTION FROM

ADDRESS OOOOH
T1 T2 13
w T, MMy
© (INTERNAL | I /
SYSTEM CLOCK) % % s
[ £C
HALT | " « | ”
N LA
— Iid «
M1 N » l
£C £C
RESET g | " | : |
N N

Figure 14 Halt Release Operation Timing by Reset
in STOP Mode

Instruction Set. Instruction set of the Z84C01 is the Method of Use. An example of the Z84C01 with the Z80
same as thatfor the Z84C00. For details referto thedata  family peripheral LSI's is shown in Fig. 15.

sheet for the Z84C00.
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~t——] BAO

~+——— |[EO

Figure 15 Example of Z80 Family

Peripheral LS|
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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

=m 1/O device read or write

m 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.

T T2

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.

Ta

¥ £ 3 \ f ]
CLOCK ’4—2 e i \ \ / ’
4| |- -5 L{
1 - B »|
Ao-Aqs )‘ PC ’:, x’ REFRESH ADDR X
6~ ~—8 ° I 12
7 | ~1
£
MREQ \; /£ «—10—> & /
13 <14 >
R_D— Ko
17 o 1817 ":18"‘
WAIT ” \
I L
19 «20-’
Wi N 7L /(
—» |«—40 15-|<‘> -»| =16
Do-D7 > VAV A A B X VALID DATA K

Figure 16 Instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 17 shows the In a memory write cycle, MREQ also becomes active
timing of memory read or write cycles other than an  when the address bus is stable. The WR line is active
opcode fetch (M1) cycle. The MREQ and RD signals when the databus is stable, so that itcan be used directly

function exactly as in the fetch cycle. as an R/W pulse to most semiconductor memories.
T T2 Tw T3
¥ ‘ \ [
CLOCK _/ \ \ \
- ‘ L/
- G > ' - .6 |
4,[[
Ao-A1s y VALID ADDRESS x
77/ 43>
— - 8 —+| 12 |=
MREQ . .
7> - — <18 —-+ |«18
17> <r— 1’7 ->| e
waIT ., ; K
— -13 —| 21 |-
ﬁ — 4
1 cd
READ L
OPERATION —= |=40 23 » ,,__’]'6 |
Do-D7 \ [II7 7~ % VALID )
AN s DATA
L I .
I P ->| 30|«
. | 29
WR )
TL_” f) ~laoj~
WRITE «——51—>|«—27 - 33>
OPERATION
Do-D7 4 ’:’ DATA OUT

Figure 17 Memory Read or Write Cycles
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Input or Output Cycles. Fig. 18 shows the timing for an  This extra Wait state allows sufficient time for an I/O port
1/0 read or /O write operation. During I/O operations, the  to decode the address from the port address lines.
CPU automatically inserts a single Wait state (T,,,)-

T2 Twa Tw T3
/ \ d {
cLock _/ \ / s \ S ]
6 .
<> 43
Ap-A7 ‘X VALID PORT ADDRESS ’,’, x
25 26
iORQ My
a— 24— -+ «*18 —| 1«18
17> | 17 1= 43
WAIT . ﬁ ‘|\
22 ‘ 21~
RD \ 7L
1o i 16 <
READ —| 40 |- 23 »| l4—
OPERATION P
oo-01 ) &K ” )
32 —Js0 -
| i
WR ” (=40~
1o 7/ .
WRITE *5.1_: 31 |~ L33>|
OPERATION e !
Do-Dy = ’“ DATA OUT }—

7/

Twa = One wait cycle automatically inserted by CPU.

Figure 18 Input or Output Cycles
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Interrupt  Request/Acknowledge Cycle. The CPU  During this Mi cycle, IORQ becomes active (instead of
samples the interrupt signal with the rising edge of thelast  MREQ) to indicate that the interrupting device can place
clock cycle at the end of any instruction (Fig. 19). Whenan  an 8-bit vector on the data bus. The CPU automatically
interrupt is accepted, a special M1 cycle is generated. adds two Wait states to this cycle.

Tu Ty T2 Twa Twa Tw T3
e AVAVAVAVAWAVAW
47
46>
iNT |
6 6
Ao-A1s X PC ’,l,
19 e—20
Wi \ /5 }l
—»| 49 |- —r 50
IORQ { -
48 | & <18 #18<—
17> = 17l
WAIT Wi
16
— 3«40 15> |=—
Do-D7 - /\ \7 7\ \7 5 X vauo pata K

NOTES: 1) T = 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. NMI is of a normal memory read operation except that data put
sampled atthe same time as the maskableinterruptinput  on the bus by the memory is ignored. The CPU instead
INT, but has higher priority and cannot be disabled under  executes a restart (RST) operation and jumps to the NMI
software control. The subsequent timing is similar to that  service routine located at address 0066H (Fig. 20).

LAST M CYCLE

Ao-A1s X PC X
(10 |- —20 <
- \
) 10
— 8 = —| 0 |=—> - 12|<—
MREQ Q y

| |<—11——>‘

—-13 |<— —>‘ 20 |-
: |

*Although NMiis an y input, to g its being gni onthe ing 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 (Tpi)-

Figure 20 Non-Maskable Interrupt
Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples WRilines to a high-impedance state with the rising edge of
BUSREQ with the rising edge of the last clock period of the next clock pulse. Atthat time, any external device can
any machine cycle (Fig. 21). if BUSREQis active, the CPU  take control of these lines, usually to transfer data be-

sefs its address, data, and MREQ, IORQ, RD, and tween memory and I/O devices.
Tim Tx Tx o Tx
CLOCK . ’ \ / \

<37
-

37
36 » E 36->|
BUSREG i \ . /1‘ }

38> —( 39 |«
BUSACK

— <—4_2 — - 42
FLOAT Jf._
£
Ao-A1s '/ \
— <40 - - 40
FLOAT s
Do-D7 —vr ;
\
— |41 — - 49
MREQ
P — FLOAT " e
RD,WR >_._/;
1ORQ | S——

]
!
=

|

UNCHANGED

X
»
4
-

NOTES: 1) Tum = Last state of any M cycle.
2) Tx = Anarbitrary clock cycle used by requesting device.

Figure 21 BUS Request/Acknowledge Cycle
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Halt Acknowledge Cycle.

Ta T T2 Ta Ta T T2
CLOCK

-»l-34 —| l<— 34

HALT I

Halt Instruction |
Received

* Although NMI is an asynchronous input, to guarantee Its being recognized on the foll hine cycie, NMI's falling edge must occur no
later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Twy)-

Figure 22 Halt Acknowledge

Reset Cycle. RESET must be active for at least three  Once RESET goes inactive, two internal T cycles are
clock cycles for the CPU to properly acceptit. Aslong as  consumed before the CPU resumes normal processing
RESET remains active, the address and databuses float, operation. RESET clears the PC register, so the first

and the control outputs are inactive. opcode fetch will be location 0000H (Fig. 23).
T4 Tz
CLOCK [ ~ ' \ / ~ \ ' \ ’ ~
| [=-45 ]*45
—>| 44 1=

RESET / \

42|« — 6 |
Ao-A1s :;.__,«Lﬁ 2
|40 [
oo, y Front
— 19 |«
i 7 J
oo V4 ' N
Wact

Figure 23 Reset Cycle
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T4 T T2 T3

e \= ® -
T
)
- ® .-
Figure 24 Clock Restart Timing
(STOP Mode)
T1 T2 T3
(IDLE 1 MODE)

T4 T1 T2 T3

{IDLE 2 MODE)
INT \ - -

YT

Figure : 25" Clock Restart Timing
(IDLE1/2 Mode)
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PRECAUTIONS:

0

@)

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 willnotbe released from the HALT state and

theinternal system clock will stop again unlessan
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
Z84C00, except those for RFSH terminal. Refer

to the data sheet for the Z84C00.
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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  TwCl 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(MREQ) Address valid to /MREQ Fall 35" 5* nS
8  TdC{(MREQ) Clock Fall to /MREQ Fall Delay 70 40 nS
9  TdCr(MREQIr) Clock Rise to /MREQ Rise Delay 70 40 nS
10 TwWMREQh /MREQ Pulse Width (High) 60" 25" nS [1]
11 TwMREQI /MREQ Pulse Width (Low) 132* 70" nS [1]
12  TdC{(MERQr) Clock Fall to /IMREQ Rise Delay 70 40 nS
13 TdCH(RDf) Clock Fall to /RD Fall Delay 80 40 nS
14  TdCr(RDr) Clock Rise to /RD Rise Delay 70 40 nS
15  TsD(Cr) Data Setup Time to Clock Rise 30 25 nS
16 ThD(RDr) Data Hold Time after /RD Rise 0 0 nS
17 TsWAIT(Cf) /WAIT Setup Time to Clock Fall 60 30 nS
18  ThWAIT(CI) /WAIT Hold Time after Clock Fall 10 0 nS
19  TdCr(M1f) Clock Rise to /M1 Fall Delay 80 40 nS
20 TdCr(Mir) Clock Rise to /M1 Rise Delay 80 410 nS
21 TdCI(RDr) Clock Fall to /RD Rise Delay 70 40 nS
22 TdCr(RDf) Clock Rise to /RD Fall Delay 70 40 nS
23  TsD(CH) Data Setup to Clock Fall During

M2, M3, M4 or M5 Cycles 40 25 nS
24  TdA(IORQf) Address Stable Prior to /IORQ Fall 107+ 50* nS
25 TdCr(IORQf) Clock Rise to /IORQ Fall Delay 65 40 nS
26 TdCI(I0RQr) Clock Fall to /IORQ Rise Delay 70 40 nS
27  TdD(WRf)Mw Data Stable Prior to /WR Fall 22 0 nS
28 TdCI(WRF) Clock Fall to /WR Fall Delay 70 40 nS
29 TwWR /WR Pulse Width 132* 75* nS
30 TdCHWRr) Clock Fall to /WR Rise Delay 70 40 nS
31 TdD(WRNHIO Data Stable Prior to /WR Fall -55* -50* nS
32 TdCr(WRf) Clock Rise to /WR Fall Delay 60 40 nS
33  TdWRr(D) Data Stable from /WR Fall 30" o nS
34 TACH(HALT) Clock Fall to /[HALT ‘L’ or ‘H’ 260 . 100 nS
35 TwNMI /NMI Pulse Width 70 60 nS
36 TsBUSREQ(Cr) /BUSREQ Setup Time to Clock Rise 50 35 nS
37 ThBUSREQ(Cr) /BUSREQ Hold Time After Clock Rise 10 0 nS
38 TdCr(BUSACKf) Clock Rise to /BASACK Fall Delay 90 40 nS
39 TdCH(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 (/MREQ, /JORQ, /RD and /WR) 70 40 nsS
42 TdCr(Az) Clock Rise to Address Float Delay 80 50 nS
43 TdCTr(A) Address Hold Time From
/MREQ, /IORQ, /RD or WR 35* 5* nS
44 TsRESET(Cr) /RESET to Clock Rise Setup Time 60 30 nS
45 ThRESET(Cr) /RESET to Clock Rise Hold Time 10 0 nsS
46 TsINTHCr) /INT Fall to Clock Rise Setup Time 70 50 nS
47  ThINTr(Cr) /INT Rise to Clock Rise Hold Time 10 0 nS
48  TdM1I(IORQ) /M1 Fall to /IORQ Fall Delay 359* 205* nS
49 TdCI(IORQf) /Clock Fall to /IORQ Fall Delay 70 40 nS
50 TdCKIORQr) Clock Rise to /IORQ Rise Delay 70 40 nS
51 TdCH(D) Clock Fall to Data Valid Delay 150 80 nS
52 TRST1S CLK Restart Time by /INT (typ) (typ)
(STOP Mode) (2"+2.5)TcC (2"4+2.5)TcC
53 TRST2S CLK Restart Time by /NMI (typ) (typ)
(STOP Mode) (2"+2.5)TcC (2"+2.5)1cC
54 TRSTI1I CLK Restart Time by /INT (lyp)2.5TcC (lyp)2.5TcC
(IDLE1/2 Mode) .
55 TRST2I CLK Restart Time by /NMI (typ)2.5TcC (typ)2.5TcC
(IDLE1/2 Mode)
Notes:
*  For clock periods other than minimum shown, calculate parameters using following 'Note'.
Calculated values above assumed TrC = TfC = maximum.
[1] Increasing delay by 10nS for each 50pF increase in loading, 200pF max for data lines, and 100pF for control lines.
284C01 AC CHARACTERISTICS
Footnotes
No Symbol Parameter Z84C0106 Z84C0110
1 TcC TwCh + TwCl + TrC + TIC
7 TdA(MREQY) TwCh + TiC -50 -45
10 TwMREQh TwCh + TIC -25 -25
11 TwMREQI TcC -30 -30
24 TdA(IORQY) TcC -55 -50
27 TdD(WRY) TcC -140 -100
29 TWWR TecC -30 -25
31 TAD(WRf) TwCl + TrC -140 -100
33 TdWRr(D) TwCl + TrC -55 -50
43 TdCTr(A) TwCl + TrC -50 -45
48 TdM1f(IORQf) 2TcC + TwCh + TfC -50 -45
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DC CHARACTERISTICS VCC =5.0V +-10%

Symbol  Parameter Min Max  Unit Condition Note
Voo Clock Output High Voltage V0.6 \ -2.0mA
Vone Clock Oulput Low Voltage 04 V +2.0mA
Vig Input Low Voltage -0.3 08 V
Vi Input High Voltage 2.2 Ve V
Vo Output Low Voltage 0.4 \Y I o=2.0mA 5]
Vo Output High Voltage 2.4 Vv ly=-1.6mA 4]
Voo Qutput High Voltage V0.8 \ lo=-250pA [5]
loct Power Supply Current - 10MHz 50 mA V=5V [1]
- 6MHz 30 mA V,=Ves0.2V
V,=0.2V
lcea Power Supply Current (STOP Mode) 10 pA V=5V
loca Power Supply Current (IDLE1 Mode) V=5V
- 10MHz 4 mA Viu=Vee0.2V
- 6MHz 4 mA Vv, =0.2v
leca Power Supply Current (IDLE2 Mode) V=5V
) - 10MHz 15 mA V=V 0.2V [1]
- 6MHz 13 mA V,=0.2V (1
" Input Leakage Current -10 10 pA V=0.4Vto V. [4]
lo 3-state Output Leakage Current
in Float -10 10 HA Vour=0.4V to V. [2]
Notes:

[1] Measurements made with outputs floating.

[2] A15-A0, D7-DO, /MREQ, /IORQ, /RD and /WR.

[3] l.c, Standby Current is guaranteed when the halt pin is low in STOP mode.
[4] All Pins except XTALI, where | = + 25uA.

[5] A15-A0, D7-DO, /MREQ, /IORQ, /RD, /WR, /HALT, /M1 and /BUSACK.

'°°(mA) 40

30t

20 +

/.// 'cc4
51 (IDLE 2)

—— e CC3

J(IDLE 1)

0 2 . s
le. Vs Freq

10 FREQ
{MHz)

CONDITIONS: V,=V,=V 0.2V V. =5V, TEMP=0°Cto 70°C V, =V, = 0.2V

Figure 26 Z84C01 Typical | vs Freq
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ELECTRICAL CHARACTERISTICS:

ABSOLUTE MAXIMUM RATINGS

Voltage on Vcc with respect to Vss.......... -0.3Vio + 7V
Voltages on all inputs with respect to Vss..-0.3V to Vec +
0.3V

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. Thisis astress 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.

Operating Ambient

Temperature..............c..c.... 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 referencedto GND (OV).
Positive current flows into the referenced pin.

Available operating temperature ranges are:

E =-40°C lo +100°C

Voltage Supply Range: +4.50V <V, < +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 pffor the databus and 100 pf for address
and control lines. AC timing measurements are refer-
enced to 1.5 volts (exceptfor clock, which isreferenced to
the 10% and 90% points). Maximum capacitive load for
CLKis 125 pf.

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

21K

FROM OUTPUT
UNDER TEST
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JUNE 1989

PRELIMINARY PRODUCT SPECIFICATION

284C50

/80 RAM 80
/80 CPU/2K SRAM

FEATURES

m 780 CPU 2K Static RAM

m  Wait State Generator for external memory

m | ow 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)

B DC to 10 MHz operation (at 5V + 10%)

B Single 5V power supply (at 5V + 10%)

B QOperating Temperature (0°C to 70°C)

B On-chip clock generator

B Inthe HALT state, the following 4 modes are selectable:
RUN mode
IDLE 1 mode

IDLE 2 mode
STOP mode

m Powerful set of 158 instructions

B 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-
780 family peripheral LSI-Mode 0)

Restart Interrupt (Mode 1)

Daisy-chain structure interrupt using Z80 family
peripheral LSl (Mode 2)

| Built-in refresh circuit for dynamic memory

B Available in 40-pin DIP, 44-pin PLCC, and 44-pin QFP
packages

GENERAL DESCRIPTION

The Z84C50is an 8-bit microprocessor integrated with 2K
bytes of static memory and a clock generator/controller.
The Z84C50 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 Z84C50 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-logic unit, bus control, memory control and

timing control circuits. Also, an on-chip wait state genera-
tor can be used for automatically inserting wait states for
external memory accesses.

The Z84C50is fabricated with Zilog 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 5
of the Z84C50 are shown below. -
S s << x22%
Pin Connections. The pin connections of the Z84C50 are A Ormrerie
as show in Figures 1 to 3. /854321 4443424140 \
ck 7 hd 39| JAs
Pin Names and Functions.|/O pin names and functions by 38| ] A4
are as shown in Table 1. o3 e 37[As
D, [] 10 36[ A2
o, []11 s JAr
GNg 12 Z84C50 34| ] Ao
+sv []13 33| ] aND
p,[}14 32 [T RFsh
J b []15 31 ™M
A Do []16 30 |_] RESET
e = S
12
A E 3 38:|A9 \18192021 2223 24 25262728/
13 8 108 0 o o
Aqa[] 4 7[dA, EE 2 |_. |8 | 23 SER B
A1sC]5 BIA, R
CLK []6 35 Ag
D 34
a L7 - Aq Figure 2. Pin Connections (top view) - PLCC
D3 s 3BL1A, Package
0s ]o  Z84C50 s32[7a,
Dg ] 10 31 A,
+5V ] 11 30MA, .
b, [ 12 29[ GND
D7 d 13 28 D RFSH B lcaccaccacs <
RE W zpm gkt et
Dy []15 2617 RESET
INT ] 16 25 [ BUSREQ "
INT [ BUSREQ x| Ea
NMI [ 17 24| WAIT D4 CIT] Q T A,
HALT [} 18 23|} BUSACK i — T 1A,
N __ D5 I T A,
MREQ [] 19 22[1WR 06 T Z84C50 TT A,
IORQ 20 21 RD anp T 1T 1 Ag
E D RD +sv [T [ TT 1 GND
02 I T "
D7 [T T W
. Y - [—TT ] ResET
i i i i Dy 1] T T BUSREQ
Figure 1. Pin Connections (top view) - DIP L -
Package _

RO 11

S 7 v e
XTALO [T 1]
WR [T ]
BUSACK [T

INT
NMI

WAIT [T T
N

IORQ

N
MREQC—T T

HALT

Figure 3. Pin Connections (top view) - QFP
Package
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TABLE 1. PIN NAMES AND FUNCTIONS

Pin # of Pins 1/0 3-state Function

AO0-A15 16 1/0 3-state 16-bit address bus. Specifies addresses of memories
and /O to be accessed. During the refresh period,
addresses (Ag-AB) for refreshing are output. The bus is an
input when the external master is accessing the on-chip

RAM.
Do-D7 8 1/O 3-state 8-bit bidirectional data bus.
NT 1 Input Maskable Interrupt request signal. TNT is normally

wired-OR and requires an external pull up resistor for
these applications.

NMI 1 Input Non-Maskable Interrupt request signal. This interrupt
request has the higher priority than the maskable
interrupt request.

HALT 1 1/O 3-state Halt signal. Indicates that the CPU has executed a Halt
instruction. Input during evaluation mode & BUSACK.

MREQ 1 1/0 3-state 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.

IOR 1 I/O 3-state Indicating an 1/O operation with 1/0 address on lower 8-bits
(AO-A7) of the address bus. IORQ 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.

RD 1 1/O 3-state Read signal. Asserted for a period when MPU can receive
data from a memory of peripheral LSl. When an external
master is accessing the on-chip RAM, it is an input signal.

WR 1 1/0 3-state Write signal. This signal is output when data to be stored
in a specified memory or peripheral LS| is on the MPU
data bus. When an external master is accessing the on-chip
RAM, itis an input signal.

BUSACK 1 Output Bus Acknowledge signal. In response to BUSREQ signal, this
signal informs a peripheral LS| that the address bus, data
bus, MREQ, TORQ, RD, and WR signals have been placed in
the high impedence state.

=
>
-]

110 Wait signal. WAIT signal is asserted by memory or

Wired-OR peripheral LS| 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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TABLE 1. PIN NAMES AND FUNCTIONS (Continued)

Pin

# of Pins

1/0 3-state

Function

BUSREQ

A

Input

Bus Request signal. BUSREQ signal is a signal asserted by
external masters to request placement of M1, HALT, .
address bus, data bus, MREQ, TORQ, RD, RFSH, and WR
signals in the high impedence state. BUSREQ signal is
normally wired-OR. In this case, a pull-up resistor

is externally connected.

1/0O 3-state

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 the
power-up sequence, this input is sampled for 50 to 150
micro-seconds after the power supply passes through
approx. 2.2V. Ifitis not active during this window,

Z84C50 will drive the power on reset for 25 to 75 msec.

Input
QOutput

Signal indicating an op code fetch. Also asserted during the
RET! cycle and interrupt acknowledge cycle (along with the
IORQ signal). Input during the on-chip accesses by external
masters and during evaluation mode. Input during
evaluation and bus acknowledge modes.

XTALI
XTALO

110
3-state

Crystal Oscillator connecting terminals. A parallel
resonant crystal is recommended. A crystal presence is
automatically detected by the Z84C50. The 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.

CLK

110

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 4o0-pin DIP device. The oscillator and
clock divider are bypassed. Only the IDLE2 and RUN halit
modes are applicable in this case.

C50ADDR

1

Output

This signal is asserted by the Z84C50 when the on-chip
2K static RAM and the 1/O registers are accessed by the
on-chip CPU or the external master. This signal is not
available on 40-pin DIP version.

VvCC
VSS
RFSH

Power
GND
1/0 3-state

-+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 when
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 Z84C00 these are output pins.
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FUNCTIONAL DESCRIPTION

The system configuration, functions and basic operationof ~ Block Diagram. The block diagram of the internal configu-
the Z84C50 are described here. ration is shown in Figure 4.

AO-A15
CLK

Vecc —» Address Bus |0 Circuit
Clock Generator |
XTALO Tg? % Control Circuit /\ Accumulator (A)|Accumulator (A")
3% Flag (F) Flag (F))
28 le B Register B' Register
XTALI —» 1 C Register C' Register
Internal Counter D Register D' Reg'ister
- for E Register E' Register
Start Up H Register H' Register
» L Register L' Register
@ IX Register le—— Vss
g IY Register
= Stack Pointer (SP)
Do~b7 g Program Counter (PC)
Q
=

> 2K RAM —»C50Addr

RFSH —

Data Bus Interface

C o
S8
B@
EQ
e« Instruction _ s
| Decoder ogw
WAIT | 58
STATE S & <> RESET
GENERATOR ? 3
S o
:: Q%
Data 1/O
1/O Control Control
IFF1 IFF2 Control Signal to
* ‘ Intemal
Int t <> M1
go?l;:gﬁer Control Circuit for Control Bus M1
R
\ \
NMI  INT IORQ HALT WAIT MREQ RD WR BUSREQ BUSACK

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 0000H 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 input to the 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 bit 5 of
this register, these 5 bits provide the address lines A11-
A15 for the on-chip memory accesses.

Wait State Generator

The Z84C50 has a Wait State Generator for inserting wait
states for externalmemory accesses. The on-chipmemory
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:

Table 2. Wait States (Memory)

CR (5) CR(1) CR(0) 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 XTAL pins, the internal oscillator is used and the
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 the-IDLE1 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. I RESET inputis
asserted within 150 microseconds of power-up (power
supply above 2.2V), it is considered an input signal.
Otherwise, aninternal 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
pinwill revert back to aninput.ltcan also become anoutput
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: xx00 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: 3memory 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.
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Evaluation Mode
The Z84C50 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 IORQ signal is asserted by the user
(input), the Z84C50 enters into an evaluation (or develop-
ment) mode. The IORQ 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
theinternal bus and all 3-state signals are tri-stated. The tri-
stated are: AO-A15, DO-D7, HALT, MREQ, IORQ, RD, WR,
M1, and RFSH. This allows the development system CPU
to take over and use the internal RAM and /O registers of
the 84C50 like the CPU was on-chip. The wait state
generator is utilized as before for external memory ac-
- cesses only.- The 84C50 behaves similarly to the situation
where during regular operation, the BUSREQ signal is
asserted by an external master causing all 3-state signals
to be tri-stated by the 84C50 after one clock delay. The
BUSREQ 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 84C50 accesses.

Clock Generator/Oscillator

The PLCC and QFP versions of the Z84C50 has a built-in
system clock generator for CMOS Z80 in addition to the
standard functions of the Z84C00 MPU. The explanation is
provided in the following section with emphasis placed on
the halt function relative to the clock generator, whichis an
additional function. The internal register group, reset and
interrupt function are identical to those of the Z84C00. For
details, please refer to the data sheet for the Z84C00.

Generating the System Clock

The PLCC and QFP versions of the Z84C50 have a built-in
oscillation circuit and the required clock can be easily
generated by connecting a crystal to the external terminals
(XTALI, XTALO). Clock output is the same frequency or
half the frequency of the external frequency. Examples of
oscillator connections are shown in Figure 5. The values
will change with crystal frequency.

XTALI XTALO

Figure 5a. Example of Oscillator Connection
and Constant

33

Figure 5b. Example of Oscillator Connection
and Constant

PROGRAMMING

The Z84C50 has two internal 8-bit registers to support its
functions. These two registers are called the Control
Register and the Memory Page Address register. 1/O ports
“EE" and "EF" of the Z801/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

10 - 2 Wait States
11 - 3 Wait States

On power-on reset, these bits are “11” causing 3 wait
states until changed by software.

Bits 3-2. MS2/MS1 Halt Mode Selection inputs. One of
4 halt modes is selected as follows:

00 - IDLE1 Mode: Oscillator running, CLK and CPU
operations are stopped.

01-STOPMode:Oscillator, CLK, and CPU operations
are stopped.

10 - IDLE2 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".

163



Bit 4. Clock Divide-by-One Option. When set to 1, the
external clock inputon the XTAL pins is divided by 1 as
the divided by 2 circuitry is bypassed.

When cleared to O, the input clock on the XTAL pins is
divided by two. The oscillator is used in either case.

When the external system clockis inputon the CLK pin,
this bitisignored. Also the on-chiposcillator and divide
by two circuits are bypassed.

On Power-on reset, this bit is “0".

Bit 5. Op Code Fetch Extension Enable. When setto 1,
this bit causes the generation of an additional wait state
for external 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.

Bit 7. Unused. This bit should be setto “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
A15-A11 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"

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.

The operation mode is effective when the haltinstructionis
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) CR(2)

Description at HALT State

Run Mode 1 1

MPU continues the operation and supplies clock to
the outside continuously.

IDLE 1 Mode 0 0

The internal oscillator's operation is continued.
Clock (CLK) output are as well as internal operations
stopped at “0" level of T4 state in the halt

instruction operation code fetch cycle.

IDLE 2 Mode 1 0

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.

STOP Mode 0 1

All operations of the internal oscillator, clock (CLK)
output, and internal operation are stopped at “0”
level of T4 state in the halt instruction operation
code fetch cycle.
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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
[(2" +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 Z84C00. Refer
to the data sheet for the Z84CQ0.

Operation code fetch cycle
Memory read/write operation

M1 CYCLE | M1 CYCLE

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 T4 before the periph-
eral LSl 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 (@) 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 (NMl or INT) or RESET signal, MPU contin-
ues to execute NOP instructions.

M1 CYCLE

T4 T

(S
-

T3

—_

T T2 T3

L

CL

M

L

—b_I\LJ I//I

HALT
M1

— 1N

HALT OP CODE
FETCH CYCLE

NOP EXECUTION

\’_

NOP EXECUTION

I\I | I(/i
i’

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  In IDLE1 Mode, system clock (&) in the MPU and clock
basic timing when the halit instruction is executed in IDLE1 output (CLK) are stopped, and MPU stops its operation
Mode. after the halt instruction is executed. However, the internal

oscillator continues to operate.

T4
CLK g
@ (INTERNAL
SYSTEM CLOCK) I l\ MPU OPERATION STOP I
HALT
g
_ e
M1

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Figure 7. IDLE1 Mode Timing
(at Halt Instruction Execution)

IDEL2 Mode (MS1=0, MS2=1). Shown in Figure 8 is the In IDLE2 Mode, system clock (&) in MPU is stopped and

basic timing when the haltinstructionis executed in IDLE2 ~ MPU stops its operation after the halt instruction is exe-

Mode. cuted. However, the internal oscillator and clock output
(CLK) to the outside of MPU continues to operate.

T4 .
o 4 L1 L1 L4 Led L4 7
gY(ISNI'TI.EE\?(N;ﬁéCK) I | N MPU OPERATION STOP %
HALT
%
_ e
M1

HALT INSTRUCTION OPERATION I
CODE FETCH CYCLE I

Figure 8. IDLE2 Mode Timing
(at Halt Instruction Execution)
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STOP Mode (MS1=1, MS2=0). Shown in Figure 9 is the
basic timing when the haltinstruction is executed in STOP
Mode.

InSTOP Mode, internal operation and the internal oscillator
are stopped after the halt instruction is executed. There-
fore, system clock (@) in the MPU and clock output (CLK)
external to the MPU, are stopped.

T 2 T4
CLK I l | I I I I l CLK OUTPUT STOP
SY('SNI'L%:‘SCECK) I I I | I | I l\ MPU OPERATION STOP
HALT )

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 (T4 state) of NOP
instruction. In case of the maskable interrupt, interrupt will
be accepted by an active |N_Tsigna| ("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 TNT) is
asserted.

RUN Mode (MS1, 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
T4 state of the continued NOP instruction, MPU will exe-
cute the interrupt process from the next cycle.

The haltrelease operation, by resetting MPU in RUN Mode,
is shown in Figure 11. After reset, MPU will execute an
instruction starting from address 0000H. 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 O000H.
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HALT INSTRUCTION NOP INSTRUCTION EXECUTION INTERRUPT PROCESS
EXECUTION |

I w

@ (INTERNAL
SYSTEM CLOCK)
1
— I
HALT I . l
L
1

!
1 1 .
NI |_| _ _ _IL _ _r——MPUINTERNAL
Tttty T LATCH FOR NMI

INT

INTERRUPT SAMPLE TIMING

Figure 10. Halt Release Operation Timing by Interrupt Request Signal in RUN Mode

HALT INSTRUCTION EXECUTE INSTRUCTION

EXECUTION | | ADDRESS OOQ0OH

@ (INTERNAL

SYSTEM CLOCK) I l | l I 4 I I | I l I g | I | I | I | | I
T —— s
§

— {C [(d
M1 ) L I
{C
RESET I L4 I
” «
N

Figure 11. Halt Release Operation Timing by reset in RUN Mode

IDLE1 Mode (MS1=0, MS2=0), IDLE2 Mode (MS1=0,  When receiving NMT or INT signal, MPU starts the internal

MS2=1). The halt release operation by interrupt signal in  system clock operation. In IDLE1 Mode, MPU starts clock
IDLE1 Mode is shown in Figure 12 (a) and in IDLE2 Mode  output to the outside at the same time.
in Figure 12 (b).
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The operation stop of MPU in IDLE/2 Mode is taking place
at “0" level during T4 state in the hait instruction operation
code fetch cycle. Therefore, after being restarted by the

interruption signal, MPU 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 interrupt process from next cycle.

NOIP INSTRUCTION EXECUT|ON'

T4 T1 T2 T3 T4 T1
CLK %
SYSTEMOLG 4 LML
SYSTEM CLOCK) 5
I
1
HALT | P ( N |
— % \ !
T K I s e
]
ﬁl-\-ll-l- ” T )
_________ L — — r<—MPU INTERNAL
% 1 LATCH FOR NMI
INT ! |
1
1
]
INTERRUPT SAMPLING TIMING
Figure 12. (a) IDLE1 Mode
NOP INSTRUCTION EXECUTION
| .|
T4 T1 T2 T3 T4 T4
einicainininingininingiy
SYSTEMCLG 4 LI LML L
SYSTEM CLOCK) J—I £
I
HALT | / ! I
[(4 1
» L I
M k [ I
I
]
NMI 55 T "
e 4 1 L — — r<— MPU INTERNAL
« LATCH FOR NMI
INT 4

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 ~ When the RESET signal at “0" level is input into MPU, the
the first NOP instruction after the internal system clock is  internal system clock is restarted and MPU will execute an
restarted, MPU is not released from the halt state and is  instruction stored in address 0000H.

placed in IDLE1/2 Mode again at “0” level during T4 state

of the NOP instruction, stopping the internal system clock.  Atthe time of RESET signal input, itis necessary to take the
IF INT signal is not at “0” level at the rise of T4 state, no  same care as that in resetting MPU in RUN Mode.
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

@ (INTERNAL
SYSTEM CLOCK)

HALT

EXECUTIVE INSTRUCTION FROM
ADDRESS OOOOH

T1 T2 T3

gL Tyt

-

L]

= R
el
NS

RESET

CLK

& (INTERNAL
SYSTEM CLOCK)

HALT

=

H

Figure 13. (a) IDLE1 Mode

EXECUTIVE INSTRUCTION FROM
ADDRESS OOOOCH

55 T1 T2 13

RESET

g K ,,J

Figure 13. (b) IDLE2 Mode

Figure 13. Halt Release Operation Timing by Reset in IDLE1/2 Mode
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STOP Mode (MS1=1, MS2=0). 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" +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 T4 state during the execution
of this NOP instruction. If the interrupt signal is accepted,
MPU executes the interrupt process operation from next
cycle.

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 resetling 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 signalin STOP Mode. Thus, itis 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* +16 cycles to allow the oscillator to
settle down. This elongated resetsignalis driven outof the
84C500n the reset pin if bit 6 of the control register has not
been set. Setting bit 6 disables the driving out of reset.

NOP COMMAND EXECUTION
1

r~——-MPU INTERNAL
LATCH FOR NMI

T4 T1 T2 T3 T4 T1
CLK __I_L Iy
ey — L / [ L
SYSTEM CLOCK) (o
]
— 1
HALT | ' l
(4 1
N
]
—— (4 £C
M1 N N I | : I
1
— f(d 1
NMI [d [od ! '
1
R R EEEEEE Ty P
—_ I 1
INT fod .l
_( L
~
]
]

INTERRUPT SAMPLING TIMING

Figure 14. Halt Release Operation Timing by Interrupt Request Signal in STOP Mode
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| EXECUTIVE INSTRUCTION FROM
ADDRESS OOOOH

T1 T2 T3

o 11y S TTITLITLITLITLT LT L
@ (INTERNAL I | /
SYSTEM CLOCK) £— £
[ (d
HALT | " « [od
» n
— I(d £
M1 N N |
£C £C
RESET o « [ |
A P

Figure 15. Hait Release Operation Timing by reset in STOP Mode

Instruction Set
Instruction set of the Z84C50 is the same as that for the

Z84C00. For details refer to the data sheet for the Z84C00.

CPU TIMING

Timing Diagrams. The Z84C50 CPU executes instructions
by proceeding through a specific sequence of operations:

®  Memory read or write
| |/O device read or write
B nterrupt acknowledge

The basic clock period is referred to as a Time or Cycle,
and three ormore 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.

Instruction Opcode Fetch. The CPU places the contents of
the Program counter (PC) on the address bus at the 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 T4 of an M1
cycle, dynamic RAM refresh can occur while the CPU
starts decoding and executing the instruction.
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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.

Inamemory 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.

T1 T2 Tw T3
./ \_/_! \ \_/_! N/ l—\_
! @ @
[L
77 X ¥
Ao‘ A15 Valid Address xﬁ
N Idd 7
77
® ® ®
. p - -
MREQ N\
@ N L
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—i @
] f—
WATT 7 N
I'e
T
J— N
RD N\
N (L
77 ®
External B —.
Read - . ’l@ I
Operation XM —]
DD X 77 ’ i
) D Valid Data
Datain  se— m_jf \
@ %0
(39
: . &7
WR
External \ L ™
ernal
Write & >z ® [
Operation XM e
D-D s 7/ N
0 7 gk Data Out 2.—
Data Out (L r,
JJ
—1
CS50ADDR
Y,
®
@
Intemal "
Read Dy D, Output Floating i i
Operation 4 Output Valid
Data Out N
—]
Intemal D-D z
Write o7 _«<< Valid Data E(
Operation | Data Out 7

Figure 17. Memory Read or Write Cycles
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Input or Output Cycles. Figure 18 shows the timing for an
I/O read or 1/O write operation. During I/O operation, the

CPU automatically inserts a single Wait state (T,,). This

Clock

IORQ

WAIT

RD
Extemal
/O Read
Operation
Do- D7
Data In
WR
External
/O Write
Operation
Do- D7
Data Qut

C50ADDR

Internal D - D
Read o "7
Operation | Data Out

Internal D-D
Write o 7
Operation | Data Out

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

T T2 Twa Tw T3
/S l—\_/—\\.,f XL_/—_! &\_/ l_\_
©® . - |®=
. [ 4
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®
4
& — ‘J\\ lrlr /
(10— B
@—»‘ -— -®
f
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4-(:)-> @_— et
N 4
\( (L {
)
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— @ - el —
g4
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q \I\\\ -
@ _.I@ L
G- F 7| -
)] | } ®
—————gi - Data Out :E——
—— IA—@ _T 57
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®
) ;L Output Valid
I 4 Floating K
| D) ] ®
(((( i Valid Data )

Note: T WA = One wait cycle automatically inserted by CPU.

Figure 18. 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 19). When an
interrupt is accepted, a special M1 cycle is generated.

During this M1 cycle, TORQ becomes active (instead of
MREQ) 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.

Tu T T2 Twa TWA w T3
Clock Zl_\—
AVYAVAYA WA 'S
INT
“@“I - -~
7’1’ y
Ap- Ags X PC . )gt
)
" \: L : '
® ®
ioRa ~ St Igd 12
A - ’
et
. X
: : —]
Do- D7 :: ¢ ;: ;: ;: l' X Valid Data K

NOTE: 1) T|; = Laststate of any instruction cycle.
2) Tya = Wait cycle automatically inserted by CPU.

Figure 19. Interrupt Request/Acknowledge Cycle
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Non-Maskable Interrupt Request Cycle. NMlissampledat  memory read operation except that data put on the bus by
the same time as the maskable interrupt input INT, but has thememoryisignored. The CPUinstead executes arestart
higher priority and cannot be disabled under software  (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of anormal located at address 0066H (Figure 20).

—  LastMCycle M1
Lt T1 T2 T3 T4 Ts
- _/—\_/ \
NM1
— ®
Ag~Ass
— ]
Mi
—
MREQ
—
RD

* 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 (T, ).

Figure 20. Non-Maskable Interrupt Request Operation
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Bus Request/Acknowledge cycle. The CPU samples toa high-impedance state with the rising edge of the next
BUSREQ with the rising edge of the last clock periodofany  clock pulse. At that time, any external device can take
machine cycle (Figure 21). If BUSREQ is active, the CPU  control of these lines, usually to transfer data between
setsits address, data, and MREQ, TORQ, RD,and WRlines  memory and I/O devices.

Tm Tx Tx Tx

ook ‘_'\_/ @ i ]

@_
(o) —»
BUSREQ \

—- ® - ®
BUSACK
If

Floating

-

Ap-Ats

;
[

]?

Floating
Do-D7 }__[Jr

MREQ ] ]
RD, WR . Floating
IORQ, M1 7

HALT, RFSH

T

Notes: 1) T\ = Last state of any M cycle.
2) Tx = An arbitrary clock cycle used by requesting device.

Figure 21. BUS Request/Acknowledge Cycle
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Figure 22(a). Bus Acknowledge Timing for Internal Memory Read or Write Cycles
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Figure 22(b). Bus Acknowledge Timing for Internal I/O Cycles
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Halt Acknowledge Cycle.

M1 i M1 i M1
T4 T T2 T3 T4 Ty To
Clock
HALT 7‘
Halt instruction Received ) o
NMI

* Aithough 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 (T, ).

Figure 23. Halt Acknowledge

Reset Cycle. RESET must be active for atleast three clock ~ Once RESET goes inactive, two internal T cycles are
cycles for the CPU to properly acceptit. Aslongas RESET ~ consumed before the CPU resumes normal precessing
remains active, the address and data buses float,andthe  operation. RESET clears the PC register, so the first op-

control outputs are inactive. code fetch will be location 0000H (Figure 24).
M1
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o 777777 —____

Figure 24. Reset Cycle
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Figure 26. Clock Restart Timing
(STOP Mode)
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Figure 27. Clock Restart Timing
(IDLE1/2 Mode)
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PRECAUTIONS

Toreset the MPU, is is necessary to hold the RESET signal
input at “0" level for at least three clocks.

Inparticular, torelease the HALT state 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
* signalin IDLE1/2 Mode and STOP Mode, the MPU will not

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 Z84C00.
Refer to the data sheet for the Z84CO00.
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AC CHARCTERISTICS

AC CHARACTERISTICS TA =0°C to 70°C, VCC =5V +/- 10%, VSS = 0V.

No  Symbol Parameter Min Max Unit
1 TcC Clock cycle time 100 DC ns
2 TwCh High clock pulse width 40 DC ns
3 TwCl Low clock pulse width 40 DC ns
4 TiC Clock falling time 10 ns
5 TC Clock rising time 10 ns
6 TdCr (A) Effective address output delay from clock rise 60 ns
7 TdA (MREQ) Address output definite time prior to MREQ e ns
8 TdCf (MREQ() Delay from clock fall to MREQ = "L 55 ns
9 TdCf (MREQr) Delay from clock rise to MREQ = 'H' 55 ns
10 TWMREQh MREQ high level pulse width e ns
11 TwMREQI MREQ low level pulse width b ns
12 TdCf (MREQr) Delay from clock fall to MREQ = '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 ThD (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 M1 = 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 (IORQ) Address definite time prior to IORQ fall b ns
25 TdCr (IORQ) Delay from clock rise to IORQ = 'L 50 ns
26 TdCf (I0RQr) Delay from clock fall to IORQ = 'H' 55 ns
27 TdD (WRF) Data definite time prior to WR fall b 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 b 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*  ThBUSREQ (Cr) BUSREQ hold time after clock rise 15 ns
38 TdCr (BUSACK() Time from clock rise to BUSACK = 'L 75 ns
39 TdCf (BUSACKT) Time from clock fall to BUSACK = 'H' 75 ns
40 TdCr (Dz) Delay from clock rise to data bus float state 65 ns

189



AC CHARACTERISTICS (Continued)

No  Symbol Parameter Min Max Unit
41 TdCr (CTz) - Delay from clock rise to control output float state 60 ns
(MREQ, TORQ, RD, WD)
42 TdCr (Az) Delay from clock rise to address bus float state 75 ns
43 TdCTr (A) Address hold time from MREQ, IORQ, 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 TsINTf (Cr) INT set-up time for clock rise 50 ns
47*  ThINTr (Cr) INT hold time after clock rise 15 ns
49 TdCf (IORQ) Delay from clock fall to IORQ = 'L’ 55 ns
50 TdCr (IORQr) Delay from clock rise to IORQ = '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)(2"+2.5)xTcC ns
53  TRST2S Clock (CLK restart time by NMI (STOP mode) (typ)(2M+2.5)xTcC ns
54 TRST1I Clock (CLK) restart time by INT (IDLE1/2 mode) (typ) 2.5 TcC ns
55 TRST2I Clock (CLK) restart time by NMI (IDLE1/2 mode) (typ) 2.5 TcC ns
56 TdMif (C50ADDRy) Delay from MREQ or IORQ falling to C50ADDR = 'H' 35 ns
57 TdMir (C50ADDRYf) Delay from MREQ or TORQ rising to C50ADDR = 'L' 30 ns
58  TRESETI RESET input test range 50 150 us
59  TRDf (D) RD falling to output data valid 60 ns
60 TMI (D) IORQ or MREQ falling to output data valid 70 ns
61 TsD (WRr) Data set-up time prior to WR rising 30 ns
62  ThD (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 IORQf (RESETr) I0RQ set-up time before RESET rising to set EV mode 15 ns
66 ThRESETr (IORQf) 10RQ hold time from RESET rising to EV mode 10 ns
67 Tc IORQr (RESETr) 10RQ set-up time before RESET rising to clear EV mode 15 ns
68 TcRESETr (IORQf) 10RQ hold time from RESET rising to clear EV mode 10 ns
69 Ts XTALIN XTALIN sampling start time 15 45 ms
70 TwWXTALIN XTALIN sampling window duration 10 30 ms
71 TCr (CLK) Clock rising to 84C50 CLK out delay 30 ns
72 TeRDf (D) RD falling to output data valid for external access 70 ns
of on-chip memory
73 TeMREQf (D) MREQ 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 MREQf Address set-up time to MREQ/IORQ falling for BUSACK cycle 20 ns
76 Th MREQf Address hold time from MREQ falling for BUSACK cycle 20 ns
77 TI MREQ MREQ low pulse width for BUSACK cycle 40 ns
78 Th MREQ MREQ 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 (Df) RD rising to output data floating for BUSACK cycle 10 ns
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AC CHARACTERISTICS (Continued)

* Test conditions are: CL = 100 pf
** NOTES: AC Characteristics (per line ilem number).

Number Symbol General Parameter

1 TcC TwCh + TwCI + TrC + TIC
7 TdA (MEREQ) TwCh + TfC - 45

10 TWwMREQh TwCh + TfC - 25

1 TwMREQI TcC-30

24 TdA (I0RQf) TcC-50

27 TdD (WRf) TcC-100

29 TWwWR TcC-25

31 TdD (WRf) TwCl + TrC - 100

33 TdWRr (D) TwCl + TrC - 50

43 TdCTr (A) TwCl + TrC - 45

48 TdM1f (IORQ) 2TcC + TwCh +TfC - 45
AC Test Conditions:

Vyy =3V Vg, =2V V, o=V, 0.8V FLOAT = + -0.5V

V,=.5V V, =.8V V=5V V,=45T055V
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DC CHARACTERISTICS

DC CHARACTERISTICS VCC =5.0 V +/- 10% unless otherwise specified

Symbol  Parameter Min Max Unit Condition
Voue Clock output high voltage VCC-0.6 \Y -2mA
Voo Clock output low voltage 0.4 \% +2mA
Viu Input high voltage - 22 VvCC \Y
Vi Input low voltage -0.3 0.8 Y
Vo Output low voltage ’ 0.45 v -DL = 2.0mA
Vo Output high voltage 2.4 v OH =-1.6mA
Ve Output high voltage VCC-0.8'% \Y I = -250pA
loct Power supply current 10 MHz 50 mA Ve =5V
Vi = V 0.2v
V= B.2v
XTALIN =10 MHz
[ Power supply current (STOP mode) 108 HA Vgo =5V
loca Power supply current (IDLE1 mode) 41 mA Vi, = Voo -0.2V
' vV, =02v
XTALIN = 10 MHz
loca Power supply current (IDLE2 mode) 15 mA Vi~ Ve 0.2V
vV, =02v
XTALIN = 10 MHz
ly Input leakage current -10 104 pA V=041V
lo 3-state output leakage -10 10° pA Vour = 0.4 10V,

Current in float

- Measurements made with outputs floating
A -A, D,-D,, MREQ, TORQ, RD, and WR. Except on RD pin of 40-pin DIP Version, where | |, = + 25 pA.
leca standby current is guaranteed when the halt pin is low in STOP mode.
All pins except XTALI, where | = + 25 pA.
Ay DDy MREQ, IORQ, R R, HALT, M1, and BUSACK.

]
2.
3.
4.
5 A
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

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

Operating Ambient

Temperalure.......... See Ordering Information

Storage Temperature............. -65° Cto 150° C

Stresses greater than those listed under Absolule 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 notimplied. 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:

E =-40°C TO +100°C
S=0°C to 70°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 referenced to the
10% and 90% points). Maximum capacitive load for CLK
is 125 pf.

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
additional documentation.
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Z8470 Z80° DART
Dual Asynchronous
Receiver/Transmitter

N 2iLas

Product
Specification

FEATURES

® Two independent full-duplex channels with separate
modem controls. Modem status can be monitored.

® In x1 clock mode, data rates are 0 to 800K bits/second
with a 4.0 MHz clock, or O to 1.2 M bits/second with a 6.0
MHz clock.

m Receiver data registers are quadruply buffered; the
transmitter is doubly buffered.

® Programmable options include 1, 12, or 2 stop bits;
even, odd, or no parity; and x1, x16, x32, and x64 clock
modes.

m 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 Z80 peripheral daisy-
chaininterrupt structure that provides automatic interrupt
vectoring with no external logic.

m On-chiplogic for ring indication and carrier-detect status.

GENERAL DESCRIPTION

The Z80 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 Z80 DART is used as a serial-to-parallel,

Dy +—] | «——— RxDA \
0, *—1 |<«——— RxCA
D; *—>1 — TxDA

cPU Dy ——>] |e—— TxCA

DATA

BUS Dy |——> WIRDYA
Ds +——b
Dy ! [e——RIA

|—— ATSA
CTsA
—> DTRA

CONTROL

CE——>] |«——— BCDA
28470
RESET ——— Z80 DART
Ml ———
CONTROL 10RQ ———>1 |<¢—— RxDB
F%?,: AD———> |¢———— RxTxCB
> TxDB
b -——> WiRDVB
BIA ———»] —
|e—— A5
|——— ATSB
DAISY [ o—— «———oTSE ) EonTROL
CHAIN —
INTERRUPT &l —— —> DTRB
CONTROL 1EQ —rql |¢————— DCDB

+5V GND CLK

Figure 1. Pin Functions

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 /0. -

o, 1 0[]0y
o[ 2 9 [Jo,
CH-A 053 [0,
o, [« 37 [ og
Wr]s 38 [] iora
e s []CE
€0 [ 7 u[]ei
mJs u[]cb
+sv[]e 2] RD
WiRDYA [] 10 zgazo0 31 [J GND
RIA [] 11 ZBODART 3 [ WiRovs
RxDA [] 12 29 '] AiB
RxCA [] 13 28 [] RxDB
TxCA [ 14 27 [] RxTxCB
TxDA [] 15 26 [] Tx08
CH-B DTRA [} 16 25 7] BTRE
ATSA [ 17 24 [] ATSB
cTsa [ 18 23 [] cTsB
DDA [ 19 22 7] bcbs
ck [ 20 21 [] RESET

Figure 2. 40-Pin Dual-In-Line Package (DIP),
Pin Assignments
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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.

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).

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/D. 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.

CE. 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, DThB. 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.

|El. Interrupt Enable In (input, active High). This signal is
used with IEO 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.

IEO. Interrupt Enable Out (output, active High). IEQ is High
only if IEl 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.

MA. Machine Cycle One (input from Z80 CPU, active Low).
When M1 and RD are both active, the Z80 CPU is fetching

an instruction from memory; when M1 is active while [ORQ
is active, the Z80 DART accepts M1 and IORQ as an
interrupt acknowledge if the Z80 DART is the highest priority
device that has interrupted the Z80 CPU.

IORQ. /nput/Output Request (input from CPU, active Low).
JORQ is used in conjunction with B/A, C/D, CE, and RD to
transfer commands and data between the CPU and the Z80
DART. When CE, RD, and IORQ are all active, the channel
selected by BIA transfers data tothe CPU (a read operation).
When CE and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the CPU with either
data or control information as specified by C/D.

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). [fRD is
active, amemory 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 leveltransitions 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 bitis set, the RTS output goes Low. When the RTS bit
is reset, the output goes High after the transmitter empties.

TXCA, TxCB. Transmitter 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. Transmit Data (outputs, active High).

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
Z80 DART data rate. The reset state is open drain.
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FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80 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 Z80 family peripheral, it
interacts with the Z80 CPU and other Z80 peripheral
circuits, and shares the data, address, and control buses, as
well as being a part of the Z80 interrupt structure. As a
peripheral to other microprocessors, the Z80 DART offers
valuable features such as nonvectored interrupts, polling,
and simple handshake capability.

The first part of the following functional description
introduces Z80 DART data communications capabilities;
the second part describes the interaction between the CPU
and the Z80 DART.

The Z80 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 Z80 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 Z80 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 Z80 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 Z80 CTC or any other clock source. The transmitter and
receiver can handle data at arate 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).
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Figure 3. Block Diagram

I/0 Interface Capabilities. The Z80 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 Z80 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 Dg and D, indicate that a data transfer is needed. The
status also indicates Error or other special status conditions.
The Z80 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 Z80 DART offers an elaborate interrupt
scheme that provides fast interrupt response in real-time
applications. As a member of the Z80 family, the Z80 DART
can be daisy-chained along with other Z80 peripherals for
peripheral interrupt-priority resolution. In addition, the
internal interrupts of the Z80 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 Z80 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, D) 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 caninterrupt the CPU in
one of three ways:

m 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
acharacter basis. The Special Receive Condition can cause
an interrupt can occur on a character basis. The Special
Receive condition can cause aninterrupt only if the Interrupt
On First Received Character or Interrupt On All Received
Characters mode is selected. In Interrupt On First Receive

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 Ri 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.

CPU/DMA 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

aWaitline inthe 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/0 cycle.

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-WR5 Write Registers 0 through 5
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

Indicator (RI) 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.
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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 280 CPU
sends an Interrupt Acknowledge signal (M1 and IORQ both
Low). The daisy-chained interrupt circuits determine the
highest priority interrupt requestor. The IEI of the highest
priority peripheral is terminated High. For any peripheral

that has no interrupt pending or under service, [EO=IEl.
Any peripheral that does have aninterrupt pending or under
service forces its [IEO Low.

To insure stable conditions in the daisy chain, all interrupt
status signals are prevented from changing while M1 is Low.
When IORQ is Low, the highest priority interrupt requestor
(the one with IEI 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.
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Figure 5. Read Cycle
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Figure 6. Write Cycle
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Figure 8. Return from Interrupt 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.

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 O of
Channel A. Thiscommand is interpreted by the Z80 DART in
exactly the same way it would interpret an RETI command
on the data bus.

Z80 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.

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/D)
are the command structure addressing controls, and are
normally controlled by the CPU address bus.

Write Registers. The Z80 DART contains six registers
(WRO-WR5) 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 WRO0, programming the write registers requires
two bytes. The first byte contains three bits (Dg-D») 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
(CMDo-CMDy) can be accessed with a single byte. Reset
(internal or external) initializes the pointer bits Dy-Da 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

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). )

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)
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Z80 DART READ AND WRITE REGISTERS

READ REGISTER 0
[o:[oeo. JouJos To. Jou [0 |
L ax cHARACTER AVAILABLE

INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

DCD
Rl
USED WITH “EXTERNAL/
cTs STATUS INTERRUPT”
NOT Usep | MODE
BREAK
READ REGISTER 1* READ REGISTER 2

][22 [0 05 {04 [ 050, [0, D,

I l— ALL SENT
NOT USED
PARITY ERROR
Rx OVERRUN ERROR
F ERROR

NOT USED
*Used With Special Receive Condition Mode.

WRITE REGISTER 0
[ ACACACACACACA A |

L

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER §

40000
co=ao0o
“0-s0=0

NULL CODE

NOT USED

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

NOT USED

“4saaco00e
“s00aa0o
“0u0caca0

WRITE REGISTER 2 (Channel B only)
BRI

v2

va INTERRUPT
Va4 VECTOR

V5
ve
vr

[E

WRITE REGISTER 4
{2:]0s]os [ouJos Joa Jou [0 §

| L paniry ensLe
PARITY EVEN/ODD
0 0 NOTUSED
0 1 1STOP BITICHARACTER
1 0 1% STOP BITSICHARACTER
1 1 2STOP BITSICHARACTER
NOT USED
L————0 0 X1 CLOCKMODE
0 1 X16 CLOCK MODE
1 0  X32CLOCK MODE
1 1 X64 CLOCK MODE

for[os [os ou [os o o, Joo]
vo

|_— Vi

v2se

V3'* \ INTERRUPT
va VECTOR

Vs

V6

v7
* *Variable if **Status Atfects Vector"

is Programmed.
WRITE REGISTER 1
EIRERAEAENEN
| EXT INT ENABLE
Tx INT ENABLE
STATUS AFFECTS VECTOR
(CH. B ONLY)

Rx INT DISABLE

YY)
o=o

INT ON ALL Rx CHARACTERS (PARITY
AFFECTS VECTOR)

1 1 INT ON ALL Rx CHARACTERS (PARITY

DOES NOT AFFECT VECTOR)

WAIT/READY ON RIT
WAIT/READY FUNCTION
WAIT/READY ENABLE

WRITE REGISTER 3

EEpEEb]

l L Rx ENABLE
NOT USED (MUST BE PROGRAMMED 0)

AUTO ENABLES

0 0 Rx5BITS/ICHARACTER
0 1 Rx 7 BITSICHARACTER
1 0 Rx 6BITS/ICHARACTER
1 1 Rx 8 BITSICHARACTER

WRITE REGISTER 5

{02 [0s [0s [0 [0s] 0, |0 [0y |

l— NOT USED
RTS
NOT USED
Tx ENABLE
SEND BREAK

0 0 Tx 5 BITS (OR LESS)/CHARACTER
0 1 Tx 7 BITSICHARACTER
1 0 Tx 6 BITSICHARACTER
1 1 Tx 8 BITSICHARACTER
DTR

Rx INT ON FIRST CHARACTER OR ON
SPECIAL
RECEIVE
CONDITION
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

toGND ... -0.3Vio +7V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . . . ........... -65°Cto +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 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:

m S =0°Cto +70°C, +4.75V < Voo < +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.

21K

FROM OUTPUT
UNDER TEST

100 pf :I: YA

DC CHARACTERISTICS
Symbol Parameter Min Max Unit Test Condition
ViLe ~ Clock Input Low Voltage -0.3 +0.45 Vv
ViHC Clock Input High Voltage Vcc-0.6 \Y V. +03V
ViL Input Low Voltage -0.3 +0.8 \
ViH Input High Voltage +2.0 +5.5 v
VoL Output Low Voltage +0.4 \ loL =20mA
VoH Output High Voltage +2.4 ' loH = =250 A
IL Input/3-State Output Leakage Current -10 +10 uA 04<V|n<24V
IL(RI) RI Pin Leakage Current -40 +10 A 04<ViN<24V
lcc Power Supply Current 100 mA

Ta = 0°Ct070°C, Vo = +5V, +5%.

CAPACITANCE
Symbol Parameter Min Max Unit
o] Clock Capacitance 40 pf
CiNn Input Capacitance 5 pf
Cout Output Capacitance 15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS TIMING

AT

CE, cIb, BIA ><

iORQ, RD

X
X
(W
iowa N e

RD \
—2) <—®
Do-Dy X
®
[+—@—>| l:——@—ﬂ
m N
\l]J
1EI \ .
~—@— A—@j
IEO \‘
®
iNT \Il
O, ®
;_1“_'
WIRDY R
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AC CHARACTERISTICS

20847004 20847006
Number Symbol Parameter Min Max Min Max
1 TcC Clock Cycle Time 250 4000 165 4000
2 TwCh Clock Width (High) 105 2000 70 2000
3 TfC Clock Fall Time 30 15
-4 1(®] Clock Rise Time 30 15
5 TwCl Clock Width (Low) 105 2000 70 2000
6 TsAD(C) CE, C/D, B/A to Clock * Setup Time 145 60
7 TsCS(C) IORQ, RD to Clock 1 Setup Time 115 60
8 TdC(DO) Clock * to Data Out Delay 220 150
9 TsDI(C) Data In to Clock * Setup (Write or M1 Cycle) 50 30
10 TdRD(DOz)  RD *to Data Out Float Delay 110 90
11 TdIO(DOI)  IORQ ¢ to Data Out Delay (INTACK Cycle) 160 100
12 TsM1(C) M7 to Clock t Setup Time 90 75
13 TsIEI(10) IEl to IORQ ¢ Setup Time (INTACK Cycle) 140 120
14 TdM1(IEO) M1 ¥ to IEO ¥ Delay (interrupt before M1) 190 160
15 TdIEI(EOr)  IEItto IEO  Delay (after ED decode) 100 70
16 TdIEI(EOf) IEI 4 to IEQ ¥ Delay 100 70
17 TdC(INT) Clock 1 to INT 4 Delay 200 150
18 TdIOW/RWf) TORQ ¢ or CE ¥ to W/RDY ¢Delay (Wait Mode) 210 175
19  TdCW/RR)  Clock* to W/RDY ¥ Delay (Ready Mode) 120 100
20  TdC(W/RWz) Clock } to W/RDY Float Delay (Wait Mode) 130 110

*Units in nanoseconds (ns).
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AC CHARACTERISTICS (Continued)

o
Txc = I o
O
TxD 3{
WIRDY =
—®

~
R N
ST

WIRDY

20847004 70847006

Number Symbol Parameter Min Max Min Max Notes*
1 TwPh Pulse Width (High) 200 200 2
2 TwPl Pulse Width (Low) 200 200 2
3  TcC C Cycle Time 400 o 330 o 2
4  TWKCl T*C Widith (Low) 180 o 100 o 2
5 TWIXCh TXC Width (High) 180 o 100 o 2
6 TdTXC(IxD) TXC ¥ to TxD Delay 300 220 2
7  TdXCW/RR)  TxC 4 to W/RDY ¢ Delay (Ready Mode) 5 9 5 9 1
8  TdTXC(NT) T*C 4 to INT { Delay 5 9 5 9 1
9  TcRxC RXC Cycle Time 400 o 330 & 2
10 TwRxCl RxC Width (Low) 180 e 100 o 2
11 TwRxCh RxC Width (High) 180 © 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 2
13 ThRxD(RxC) RxD Hold Time (x1 Mode) 140 100 2
14  TdRxC(W/RRf)  RxC 1to W/RDY { Delay (Ready Mode) 10 13 10 13 1
15 TdRxC(INT) RxC 1o INT ¥ Delay 10 13 10 13 1

* In allmodes, 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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Product Specification

Z84C90 CMOS Z80°KIO
Serial/Parallel/Counter/Timer

FEATURES:

® Two independent synchronous/asynchronous serial ® Designed in CMOS for low power operations.
channels. ® Supports Z80 Family interrupt daisy chain.

® Three 8-bit parallel ports. ® Programmable interrupt priorities.

® Fourindependent counter/timer channels. e 8 10and 12.5 MHz bus clock frequency.

® On-chip clock oscillator/driver. ® Single +5 Volt Power Supply.

® Software/Hardware Resets.

GENERAL DESCRIPTION:

Zilog's Z84C90 Serial/Parallel 1/O /Counter/Timer (KIO) is
a multi-channel, multi-purpose I/0 device designed to pro-
vide the end-user with a costeftective and powerful solution
to meet his peropheral needs. The Z84C90 combines the
features of one Z84C30 CTC, one Z84C4xSIO, one
Z84C20 PIO, a byte-wide bit-programmable 1/O port, and

a crystal oscillator into a single 84-pin PLCC package. The -

block diagram for the Z84C90is shownin Figure 1 while the
pinout is shown in Figure 2. Utilizing fifteen internal regis-
ters for data and programming information, the KIO can
easily be configured to any given system environment.
Although the optimum performance is obtained with a
Z84C00 CPU, the KIO can just as easily be used with any
other CPU.

le—s PAg - PA7
— ARDY
f—— AS
PIO [« PB, - PB;
|—» BRDY
osc <— l«— BSTE
XTALl —>]
XTALO Osclllator
CLKOUT
PIAMUX [e—*PCo-PC7
| =
sl
==
2| S|5
=1 E =% 8 [«—PRxDA
ajls| 5| E |«— RxCA
< = = | e — TxDA
00:2374—— = g o '8 l«— TxCA
e ms |SIC)E|=S a2
Wi —»| Interface SIO
and le— RxDB
IORG —=1 Control [«— R:CB
RESET —» |—» TxDB
CLK —>] [«— TxCB
CTsB
f«— BCDB
|—» 2C/TOy
l«— CLK/TRGy
W - ¢ 1 > zcr10,
nterrup! l«— CLK/TRG¢
= <=1 Control CTC o 20mos
— 2
—>2cT0;
l«— CLK/TRG3

Figure 1: KIO Block Diagram
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Pao[] 19 67 [ JGND:
PA1 [ 20 66 :|vcc
PA2 [] 21 284C90 65 [ ]D3
vccE 22 K I O 64 | ID2
PA3[] 23 63 [ b1
GNDE 24 62 %Do
PA4| |25 61 Vee
PAs[] 26 60 [JxTAU
PA6[] 27 59 [ |XTALO
PA7[] 28 . 58 [ JGND
PC4(RTSA) [] 20 57 [JcLock
pcs(DTRA) [] 30 56 [JcLkouT
PCG_(SYNCA)E 31 55 | Josc
PC7(WT/RDYA) [] 32 54 [T]INT
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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-
ternal 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 (see
Figure 3.). These two ports have several modes of opera-

INTERNAL
CONTROL

LOGIC
<A1 cpy
DATA | gus INTERNAL BUS
—s»] W0
CONTROL

INTERRUPT
CONTROL

3

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 informationon
the operation of this portion of the logic, please refer to the
Z84C20 PIO Product Specification and Technical Manual.)

/i DATA
PORT OR CONTROL
A

|——
o HANDSHAKE
—

g PERIPHERAL
INTERFACE

8

i DATA

PORT OR CONTROL
B8

[ ——
o HANDSHAKE
E—

Figure 3: PIO Block Diagram

Parallel Interface Adapter (PIA) Logic Unit: This logic
also offers an additional 8-bits of I/0, 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 I/
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 I/0 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.

PORT ~
= ORT s, PCo~PC,
3
@
> 1l
°
S, DIR.

CTRL.

Figure 4: PIA Block Diagram

When a read from the PIA port is done, input data will be
latched when TORQ, 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 aresult
of the rising edge of the CLOCK input after [ORQ and CS
have been detected active and RD has been detected in-
active.

Counter/Timer 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 abroad
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
0 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 crossing/timeout
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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Figure 5: CTC Block Diagram

cPU ———> INT
BUS
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———» IEO
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LOGIC

Serial /0 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-

SERIAL
DATA

|
CHANNEL

l—
H CHANNEL |<—
A |«— | cLocks
<> SYNC

CHANNEL A
CONTROL
AND
STATUS
REGISTERS st SR,
> WAIT/READY

INTERNAL CHANNEL A | @

CONTROL
LOGIC

CONTROL | < | MODEM

AND L l OTHER
STATUS CONTROL

it 9t

1
N
T
E
DATA chu R CHANNEL B |«— ) MODEM
BUS N CONTROL |« | OR
10 A AND —» ( OTHER
CONTROL L status | ) conTRoL
B
u
S
|—» | SERIAL
INTERRUPT { <=——] INTERRUPT <:— cHan
coumm‘——» CONTROL ) CHANNEL =) QoK -
LINES | «—]  LOGIC <> SYNC

[—> WAIT/READY

CHANNEL B
CONTROL
AND
STATUS
REGISTERS

1=t

Figure 6: SIO Block Diagram

nated Channel A and Channel B, is capable of supporting
all common asynchronous and synchronous protocols
(Monosyne, Bisync, and SDLC/HDLC), byte- or bit-
oriented.

Inthe 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 CPU/DMA 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 ¢ —|¢ -1
Crystal _J_
Inputs —_—
Te
XTALO ¢ 1€

==
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. Any one of the three devices (SIO,
CTC, PIO) can be the highest priority while another can be
second and the remaining one third. The user can evén
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

D,-D, and D, setto "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 D,to be
settoa"1"in orderto 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 programmlng
bit D, of the Command Register with "1".
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PIN DESCRIPTIONS:

A-A,. Address Bus (inputs, active high, 3-state). Use to
select which port/register the current transaction cycle is
for.

ARD, BRDY. Port Ready (outputs, active high). these
signals indicate that the port is ready for a data transfer.
Inmode 0, itindicates that the 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. Inmode2,
ARDY indicates that Port A has available for the peripheral
device, but that it will not be placed onto PA -PA_ 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. Inmode 1,
it causes the data on the port pins to be latchedinto 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.

CLK/TRG,-CLK/TRG,. External Clock/Timer Trigger (in-
puts, user selectable active high or low). These four pins
correspond to the four counter/timer 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 (XTAL) 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
internal 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.

D,-D,. 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 RET| instruction cycle to resolve its

DCDA,DCDB. Data Camier 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 muitiplexed with Port
C, bits 5 and 2 respectively.

IEL. Interrupt Enable In (input, active high). This signal is
used with IEO 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.

IEO. Interrupt Enable Out (output, active high). This signal
is used with IEl 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.

IIORQ. /O Request (input, active low). IORQ is used with
RD, A0-A3, and CS to transfer data between the KIO and
the CPU. When IORQ, RD, and CS are all active, the
device selected by A0-A3 transfers data to the CPU. When
IORQ and CS are active, but RD is inactive, the device
selected by A0-A3 is written into by the CPU, When IORQ
and M1 are both active the KIO will respond with an
interruptvector from the highestpriority interrupting device.

M. Machine Cycle 1 (input, active low). When M1 is active
and RD is active, the Z80 CPU is fetching an instruction
frommemory; the KIO decodes this cycle to determineif the
RET! instruction sequence is being executed. When Mi
and IORQ 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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PA-PA, Port A Bus (bidirectional, active high, 3-state).
This 8-bitbus transfers data between the peripheral device
and the port. PAo is the least significant bit of the bus.

PB-PB,. Port B Bus (bidirectional, active high, 3-state).
This 8-bitbus 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 mA at 1.5 volts to drive Darlington
transistors.

PC,-PC.. Port C Bus (bidirectional, active high, 3-state).
This 8-bitbus transfers data between the peripheral device
and the port. PCo 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, amemory
or /O read operationisin progress. RD is used with AQ-A3,
CS and IORQ to transfer data between the KIO and CPU.

RESET. Reset (input, active low). Alow on this pin will force

the KIOinto areset 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. All 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 multiplexed
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.

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
actmuch like the CTS and DCD pins. Transitions affectthe
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/TO,-ZC/TO,. Zero Count/Timeout (outputs, active
high). These four pins correspond to the four counter/timer

channels of the KIO. Each pin will become active when its
corresponding downcounter reaches a zero count.

/Rd  /Rd
A3, A2, CPU CPU
Address A1, A0 /IORQ /CS Read Write

Register 0: P10 Port A Data
Register 1: P10 Port A
Command

0000 0 0 0 1
0001 0 0 0 1

Register 2: PIO Pot BData 0010 0 0 0 1

Register 3: PI0 Port B 0011 0 0 0 1
Command

Register 4: CTC Channel 0 0100 0 0 0 1

Register 5: CTC Channel 1 0101 0 0 0 1

Register 8: SI0 PortAData 1000 0 0 0 1

Register 9: SIO Port A 1001 0 0 0 1

Command/Status

/Rd  /Rd
A3, A2, CPU CPU
Address A1,A0 /IORQ /CS Read Write
Register 10: SIO Channel B~ 1010 0 0 0 1
Data
Register 11: SI0 Channel B~ 1011 0 0 0 1
Command Status
Register 12: PIAPort C Data 1100 0 0 0 1
Register13: PIA Port C 1101 0 0 0 1

Command
Register 14: KIO Command
Register 15: Reserved

1110 0 0 0 1
11 0 0 0 1
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REGISTER ADDRESS DECODING FOR THE KIO

A0
Al

A3

4-16
Decoder

o0
o1
o2

03

o5
o6
o7
o]
09
OA
OB
oc
oD
OE
OF

* Do-D7

| PIO Port A Data Register
I 9 PIO Port A Command Registers
I PIO Port B Data Register
[ PIO Port B Command Registers
PIO
] Do-D7
—— .
CTC Channel 0 Registers
+ SU——
CTC Channel 1 Registers
~S—
CTC Channel 2 Registers
S
CTC Channel 3 Registers
p—
CTC
: | /ICTCCS
Do-D7

SIO Channel A Data Register

SIO Channel A Command/Status Registers

SIO Channel B Data Register

SIO Channel B Command/Status Registers

Slo

/SI0 CS

L

Do-D7

PIA Port C Data Register

PIA Port C Command Register

PIA

PIACS

[

* Do0-D7

KIO Command Register

Reserved
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REGISTER PROGRAMMING:

PIO Registers: For more detailed information, please con-
sult the PIO Technical Manual. These registers apply to
channels A and B (see register address decoding).

Interrupt Vector Word (Figure 8). The PIO 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.

Fhewlw ]

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT -
VECTOR

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.

forfoofosouf s [a [+ 1]

L— IDENTIFIES MODE
CONTROL WORD
DON'T CARE

MODE SELECT

0 MODEO
1 MODE1
0 MODE2
1

[]
]
1
1 MODE 3

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
I/0 Register Control Word. This word configures the I/O
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.

| A A TR R e |

0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 10: PIO I/O 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-
terruptis triggered). The user can also program which input
bits are to be considered as part of this logic function. Bit
De sets the logic function, bit Ds sets the logic level, and
bit D4 specifies a mask control word to follow.

Dreee K Do
K

[T LT ]

I _t IDENTIFIES INTERRUPT CONTROL WORD
1 = MASK FOLLOWS (1)

1 = ACTIVE HIGH
1 = AND FUNCTION
1 = INTERRUPT FUNCTION ENABLE (2)

*NOTE:

1. Regardless of the operating mode, setting BitDg = 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 M1.

Figure 11: PIO Interrupt Control Word

Mask Control Word (Figure 12). This word sets the mask
controlregister, thus allowing any unused bits to be masked
off. If any bits are to be masked, then bit D4 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-
sponding Mask Control Word bit must be a "1".

| ACCA CACACACACY

MBy-MB; MASK BITS. A

BIT IS MONITORED FOR AN
INTERRUPT IF IT IS
DEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 12: PIO Mask Control Word

Interrupt Disable Word (Figure 13). This word can be
used to enable or disable a port’s interrupts without chang-
ing the rest of the port's interrupt conditions.

[or[oeos[oJ o To 1]
_’_ t IDENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 13: PIO Interrupt Disable Word

CTC Registers: For more detailed information, please
consult the CTC Technical Manual. These registers apply
to channels 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.

Interrupt Enable. Bit D7 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.
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Mode. Bit D¢ selects either Timer Mode or Counter Mode.

Prescale Factor. Bit Ds selects the prescale factor for use
in the timer mode. Either divide-by-16 or divide-by-256 is
available.

Clock/Trigger Edge Selector. Bit D4 selects the active edge
of the CLK/TRG 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 downcounter.

Software Reset. Setting bit D1 indicates a software reset
operation.

fo.]o; [0, [0, 0
1
INTERRUPT

1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD

—
[

ET
CONTINUED OPERATION
SOFTWARE RESET

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

0=
1=
PRESCALER VALUE* TIME CONSTANT
1 = VALUE OF 256 0 = NO TIME CONSTANT FOLLOWS
0 = VALUE OF 16 1 = TIME CONSTANT FOLLOWS
TIMER TRIGQGER*
0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED
1 = CLK/TRG PULSE STARTS TIMER

CLKITRG EDGE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

“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.

DD

TC; -l | l L TCo
TCe TCh
TCs TC2

TCa TC3

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 D,
must be "0". Bits D,-D, are automatically modified by the
CTC channel when it responds with an interrupt vector.

Bl o]

SUPPLIED

BY USER

|— 0 = INTERRUPT VECTOR WORD
1 = CONTROL WORD

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED

CHANNEL 2
CHANNEL 3

Figure 16: CTC Interrupt Vector Word

SI0 Registers: 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 I/O read cycle will place
the contents of the selected read register onto the databus.
READ REGISTER O

DD

1 Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

DCD
SYNC/HUNT
CTS

Tx UNDERRUN/EOM
BREAK/ABORT

*Used With “External/Status Interrupt’’ Modes

READ REGISTER 11

(o] s [ou s Jo. [0 [0
L A sent

1 FIELD BITS | FIELD BITS IN

IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

3

o40-040a
O4m0O0=a0
Cmwauawcoo
Naocoocooo
ocooNo N s

L—— PARITY ERROR
Rx OVERRUN ERROR
CRC/FRAMING ERROR
END OF FRAME (SDLC)

*Residue data for eight Rx bits/character programmed
tUsed with special receive condition mode

READ REGISTER 2 (Channel B only)

[orToc [os Jou [0 [oa o oo ]

I Vo
Vit
vat
V3t 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  tion. The first operation is a pointer written to WRo that point
eight write registers while channel A contains only seven  to the selected register. The second operation is the actual
that are programmed to configure the operatingmodesand  control word that is written into the register to configure the
characteristics of each channel. With the exception of  SIO channel.

WRo, programming the write registers is a two step opera-

WRITE REGISTER 0

[ IENCACACYCYCAC

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER 5
REGISTER 6
REGISTER 7

Auss0000 —
L0004 s00 —
L OO L O w0 —

NULL CODE

SEND ABORT (SDLC)

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

“wsa0c000
“as00==00
“—o0~0a0~o0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

“a00
“o-o0

WRITE REGISTER 1

| CACICACACACACAEY
L ext N enaeLE

Tx INT ENABLE
STATUS AFFECTS VECTOR

-

WAIT/READY FUNCTION
WAIT/READY ENABLE

*Or on special condition

WRITE REGISTER 2 (Channel B only)
[o:[o [0, [0 [os 0. [ 01 o]

=

V3 INTERRUPT
v4 ( VECTOR

Vs

V6

v7

WRITE REGISTER 3

T
CICACCACA LA

WRITE REGISTER 4

[o:106 105 0,70, 70,70, 0, |
] L—paniry ENABLE _ -
PARITY EVEN/ODD

0 SYNC MODES ENABLE

1 1 STOP BIT/CHARACTER
0
1

1% STOP BITSICHARACTER
2 STOP BITS/ICHARACTER

—~so00

0 0 8BIT SYNC CHARACTER

0 1 16 BIT SYNC CHARACTER

1 0 SDLC MODE (01111110 FLAG)
1 1 EXTERNAL SYNC MODE

X1 CLOCK MODE

X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

~a00
~o-o0

WRITE REGISTER §

IR

| L7« cre enasLe
RIS h
SDLC/CRC-16

' CH. B ONL Tx ENABLE
{ " SEND BREAK

0 0 RxINT DISABLE
0 1 RxINT ON FIRST CHARACTER 0 0 Tx5BITS (OR LESS)CHARACTER
1 0 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) ) « 0 1 Tx7 BITSICHARACTER
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 1 0 Tx6 BITS/ICHARACTER

- VECTOR) 1 1 Tx8BITSICHARACTER

WAIT/READY ON RIT DTR

WRITE REGISTER 6

[ CACACACACACAEAEY

I |—-SYNC BITO
SYNC BIT 1
SYNC BIiT 2

SYNCBIT3 \
SYNC BIT 4
SYNC BIT 5
SYNC BIT 6
SYNCBIT 7

*Also SDLC address field

WRITE REGISTER 7

lDy1DsIDs!°41°3tDZ!D':b°]

| ‘—Rx ENABLE | I——SVNC BIT8
SYNC CHARACTER LOAD INHIBIT SYNC BIT 9

ADDRESS SEARCH MODE (SDLC)

Rx CRC ENABLE
ENTER HUNT PHASE
AUTO ENABLES

Rx 5 BITS/ICHARACTER
Rx 7 BITSICHARACTER
Rx 6 BITS/ICHARACTER
Rx 8 BITS/ICHARACTER

wa00
“~o-~0

SYNC BIT 10
SYNCBIT11 \
SYNC BIT 12
SYNC BIT 13
SYNC BIT 14
SYNC BIT 15

*For SDLC it must be programmed to "'01111110" for flag 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.

11676)165116.11651162116 115)

I— 0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

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.

N EACACAENENEACY

Doisy Chain Configuration
000

one

001 SIO.CTC,PIO
010 SIO,PIO.CTC
011 CIC.SI0.PIO
100 CTC.PIO.SIO
101 PIO,SI0,CTC
110 PIO.CTC.SIO
111 None

Daisy Chain Write Enable

Reset PIO

Reset C1C

Reset SIO

SI0/PIA Mux
0 = PIA
t = SI0

Figure 20: KIO Command Register

Z84C90 KIO - ENHANCED VERSION

The new revision of the Z84C90 has a enhancement
which allows you to ‘simulate’ the Return From Interrupt
sequence, by soltware. This feature allows interfacing the
CPU to other devices in addition to the Z80 CPU (or, Z180/
7280).

Enhancement - Software RETI.

Writing “1" 1o a particular command bit location of the K10,
generates a “RETI sequence” internally. Everytime RET! is
needed, a “1" is written to this bit.

Programming of this feature

This revision has one newly assigned register at Register
address 15 (this location is “Reserved” on current rev.).

Bit assignment for this register is shown in Figure 21.

Writing “1" lo Bil DOlocation of this register enables the KIO
lo simulate a RETI sequence. Wriling “0" to this bit has no
effect. The upper 7 bits of this register (D7-D1) are re-
served and should be programmed as "0". If this register
is read, unpredictable data is returned.

Note:

[1] After wriling “1" to this bit, 8 clock cycles of access
recovery time is required before making another access to
the KIO. If accessing the KIO within this access recovery
lime, the KIO ignores the transaction on the bus.

[2] When simulating "RETI”, the status of the IEIl pin is
ignored with an internally forced “H". If there are olher
peripherals on the upper interrupt daisy chain, care must
be taken.

Register 15
ID7IDG|DS|D4IDQID2|D1 lnol

I— Software RETI

(Write Only)
Reserved

Figure 21.KIO Register 15 - KIO Command
Register B
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ABSOLUTE MAXIMUM RATINGS:

Voltage on Vcc with respect to Vss
............ -0.3Vto +7.0V

Voltages on all inputs with respect to Vss
............ -0.3V to Vce+0.3V

Operating Ambient Temperature
............ See Ordering Information

............ -65Cto+150C

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 notimplied. Exposure to absolute
maximum rating conditions for extended periods may af-
fect device reliability.

STANDARD TEST CONDITIONS:

The DC Characteristics and Capacitance sections below
apply to the following standard test conditions, unless
otherwise noted. All voltages are referencedto GND (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:
¢ S=0Cto+70C
® E=-40Cto+100C

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).

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

21K

FROM OUTPUT
UNDER TEST

250

100 pf ]: WA

DC CHARACTERISTICS
Z84C90 Z80 KIO

Note: The AC parameters #18, 19, 20, 21, 32, 40, 48 for 8 MHz have been changed.

Symbol Parameter Min Max Typ Unit Condition
Vie Clock Input Low Voltage -0.3 +0.45 \Y
Vie Clock Input High Voltage V0.6V, +03 \
Vv, Input High Voltage 2.2 Vee \'
Viu Input Low Voltage -0.3 0.8 \Y
Vo Output Low Voltage 0.4 \ lo=2.0mA
Vo Output High Voltage 24 \Y IOH=-1.6mA
Voo Output High Voltage V0.8 \% I =-250 pA
I Input Leakage Current -10 10 pA V,=0.4VitoV
lo 3-stale Output Leakage -10 10 MA Vour=0.4V 10V,
Current in Float
lsv SYNC Pin Leakage Current -40 10 pA Vour=0.4V 10V,
oo Darlington Drive Current Vou=1.8V
(Port B and ZC/TOO0-3) -1.5 REXT = 390 Ohms
loes Power Supply Current - 8 MHz 15 [1] 7 mA V=5V
- 10 MHz 15 [1] 7 mA v, =02V
-125MHz 15. 7 mA V=V - 0.2V
Note:

[1] Measurements made with outputs floating.and XTALI at OV.
VCC=S.OV + 10%, unless otherwise specified
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1
cLock r / F _—__/_ J——\—
23 44}
AO-A3
= X X
7— *-—8—"--15—1
I0RQ /
E 10
6 ¥ 7 — —8 — —
5 )
9 | 10 Read Cycle |—
D0-D7 <t
RD
12— R 11 Write Cycle +—
£ S
WT/RDY —47 »—491
Wait Mcode ——\1 )
48 L48
WT/RDY }—
Ready Mode
1/0 Read/Write Timing (M1 = 1)
T T2 Twa Twa T3 T4
cLock ‘—_—\_/—— —_/—\_—
36
INT /
—16 —J g
M \ /J
r—11
K— 7 —
TORQ \ /I
14
13 |
DO~D7
k199
Il j
——18 —
IEO N

Interrupt Acknowledge Cycle
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CLK/TRG
" Timer _.._.__/[: \
38—

Py 40

3 —
CLK/TRG \ /

Counter
—37— i k44 4 k43

H
N

— 45 F—4eq
2c/10 /

36
39 —

w

Counter/Timer Timing
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lee

RD

DATA

El

IEO

ED
Opcode Fetch 1

4D
Opcode Fetch 2

T4 T T2 T3 T4 Ty

‘—@—.
7 K / \
3 ) U 4
@ <
/i_@_..

RETI Timing Standard Function




[444

CLOCK

M1

RD

DATA

IEl

IEO

ED 4D
Opcode Fetch 1 Opcode Fetch 2

T4 T T2 T3 T4

A VA WA VA WA

T

M\
@
/ \ /
@
_/ n___/

o

RETI Timing Interrupt Pending




wee /N /N O\ S N

10RQ
RD

PORT C
INPUT

PORT C
OuTPUT

RDY

3l

MODE 0

MODE 1

MODE 2

MODE 3

INT

-

F’34"

X

—

e

26

e 274

F 2817

K294 k— 8 —

L—so;]
-

1—31j

)

32

K334

Port 1/0 Read/Write Timing
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CTS DCD
SYNC

L L 52 51 Ll 50 A

I e G i WY p
 —
- 57—:.54 53— 156 55

TxD

k— 58
WT/RDY q

¥ 62, 63

61
f— 65 —%—66— - 4 p64

RxD ><

: k—67
WT/RDY

—68
704
SYNC

Serial /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
TaA=25C, 1=1 MHz
Z84C90 AC CHARACTERISTICS
BUS Interface Timing
Z84C9008 Z84C9010[5] Z84C9012[5][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 TwCl Clock Pulse Width (Low) 55 DC 42 DC 32 DC
4 TtC Clock Fall Time 10 10 10
5 TrC Clock Rise Time 10 10 10
6 TsA(RIf) Address, /CS Setup Time to /RD, 50 40 30
/IORQ Fall
7 TsRI(Cr) fIORQ, /RD 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 TdRIr(DOz) /RD, /IORQ Rise to Data Out 75 60 55
Float Delay
11 ThRDr(D) /M1, /RD, /IORQ Rise to Data M1 cycle: 15 15 15
12 TsD(Cr) Data In to Clock Rise Setup Time 30 25 22
13 TdIOHDOI)  /IORQ Fall to Data Out Delay 95 95 95 M
o (INTACK Cycle)
14 ThiOr(D) /IORQ Rise to Data Float 15 15 15
15 ThiOr(A) /IORQ Rise to Address Hold 15 15 15
16 TsMI1f(Cr) /M1 Fall to Clock Rise Setup Time 40 40 40
17 TsM1r(Cf) /M1 Rise to Clock Fall Setup Time -15 -15 -15
(M1 Cycle)
18  TdMI1{(IEOf) /M1 Fall to IEO Fall Delay
(Interrupt Immediately Preceding * " . |4]
M1 Fall)
19 TsIEI(IOf) IE! to /IORQ Fall Setup Time - . N [4]
(INTACK Cycle)
20 TdIEIR(IEOS) IEI Fall to IEO Fall Delay 160 150 125 [4]
21 TdIEf(IEOr) IEI Rise to IEQ Rise Delay 160 150 125  [4]
(After ED Decode)
22 TsIEI(CH) IEl to Clock Fall Setup 50 40 30
(For 4D Decode)
23 TslOr(Cf) /IORQ Rise to Clock Fall Setup Time
(To Activate RDY on Next Clock Cycle) 100 100 100
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AC CHARACTERISTICS:

PIO Timing
284C9008 Z84C9010[5] 284C9012[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(RDYf) Clock Fall to RDY Fall Delay 100 100 100
26 TwSTB /STB Pulse Width 100 80 60
27 TsSTBr(Cf) /STB Rise to Clock Fall Setup Time
(To Activate RDY On Next Clock Cycle) 100 100 100
28 TdIOf(PD) /IORQ Fallto Port Data Stable Delay 140 120 10
(Mode 0)
29  TsPD(STBr) Port Data to /STB Rise Setup Time 140 75 75
(Mode 1)
30  TdSTBf(PD) /STB Fall to Port Data Stable 150 120 110
(Mode 2)
3 TaSTBr(PDz) ~ /STB Rise to Port Data Float Delay 140 120 10
(Mode 2)
32 TdPD(INTf) Port Data Match to /INT Fall Delay 250 200 160
(Mode 3)
33 TdSTBr(INTf)  /STBRise to /INT Fall Delay . 290 220 190
34 TsPD(RIf) * PIA Port Data to /RD, /IORQ Fall Setup TBD TBD TBD
35  TdCr(PD) Clock Rise to PIA Port Data Valid Delay 80 80 80
35  TdIO (PD) IORQ Fall to PIA Port Data Valid
CTC Timing
Z84C9008 Z84C9010[5) 284C9012[5] [6].
No Symbol Parameter Min Max Min Max Min Max Note
36 TdCr(INTf) Clock Rise to /INT Fall Delay (TcC+100) (TcC+80) (TcC+75)
37 TsCTR.(Cr)#  CLK/TRG to Clock Rise Setup
Time for Immediate Count 90 90 75
38 TsCTR(CY) CLK/TRG to Clock Rise Setup
Time for Enabling of Prescaler on 90 90 75
Following Clock Rise
39 TdCTR (INTf) CLK/TRG to /INT 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 (21cC) 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  TICTR CLK/TRG Fall Time 30 30 30
45  TdCr(ZCr) Clock Rise to ZC/TO Rise Delay 80 80 80
46  TdCi(ZCf) Clock Fall to ZC/TO Fall Delay 80 80 80
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Z84C90 AC CHARACTERISTICS

SIO Timing
Z84C9008 Z84C9010[5) 284C3012[5][6]
No Symbol Parameter Min Max Min Max Min Max Note
47 TdIOf(W/Rf) /I0RQ or /CE Fall to /W//RDY Delay 130 110 110
(Wait Mode)
48 TdCr(W/Rf) Clock Rise to /W//RDY Delay 85 85 85
(Ready Mode) N
49  TdCi(W/Rz) Clock Fall to /W//RDY Floal Delay 90+RC 80+RC 75+RC 17l
(Wait Mode)
50 TwPh Pulse Width (High) 150 120 100
51  TwPl Pulse Width (Low) 150 120 100
52 TcTxC /TxC Cycle Time 250 200 160
53  TwTxCl /TxC Width (Low) 85 80 70
54  TWTxCh JTxC Width (High) 85 80 70
55 TrixC /TxC Rise Time 60 60 60
56 TfTxC /TxC Fall Time 60 60 60
57  TdTxCi(TxD) /TxC Fallto TxD Delay 160 120 115
58  TdTxCH(W/RRf)  /TxC Fallto /W//RDY Fall Delay 5 9 5 9 5 9 (3l
(Ready Mode)
59  TdTxCH(INTf) /TxC Fallto /INT Fall Delay 5 9 5 9 5 9 (3]
60 TcRxC /RxC Cycle Time 250 200 160
61 TwRxCh /RxC Width (High) 85 80 70
62  TwRxCl /RxC Width (Low) 85 80 70
63 TRxC /RxC Rise Time 60 60 60
64 TiRXC /RxC Fall Time 60 60 60
65  TsRxD(RxC:) RxD to /RxC Rise Setup Time 0 0 0
(X1 Mode)
66  ThRxCr(RxD) /RxC Rise to RxD Hold Time 80 60 50
(X1 Mode) .
67  TdRxCr(W/RRf)  /RxC Rise to /W//RDY Fall Delay 10 13 10 13 10 13 (3]
(Ready Mode)
68  TdRxCr(INTf) . /RxC Rise to /INT Fall Delay 10 13 10 13 10 13 {31
69  TdRxCr(SYNCf)  /RxC Rise to /SYNC Fall Delay 4 7 4 7 4 7 [3]
(Output Modes)
70  TsSYNCf(RxCr) ~ /SYNC Fall to /RxC Rise Setup -100 -100 -100

(External Sync Modes)
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Z84C90 AC CHARACTERISTICS

SIO Timing (Continued)
Z84C9008 Z84C9010 [5] 284C9012 [5,6]

No  Symbol Parameter Min  Max Min  Max Min  Max Note
71 TdC(IEQr) Clock Fall to IEQ Rise Delay 90 75 60
72 TdC(IEOf) Clock Fall to IEQ Rise Delay 110 90 75
73 ThDKM1rRDr)  DataHold Time to /M1 Rise or /RD Rise 0 0 0
74 TsM1/RD(C) Setup Time For M1 and RD to Clock 20 20 20

Rising (with Data Valid)
Notes:

1

[2] Counter Mode only; when using a cycle time less than 3TcC, parameter #37 must be met.
[3] Units equal to System Clock Cycles.

If the CPU is Z80 and Clock speed is above 8 MHz, one wait state is required to meet this parameter.

[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 KIO command register. Inside the Z80 KIO, the daisy-chain is figured below.

Ifthe CPUis a Z80CPU; and ifitis required to have multiple Z80 peripherals in the system. For this case, only one Z80 peripheral other than Z84C90
is the maximum number of peripherals unless the time period between */M1 active to /IORQ active" is extended.

[5]* In All Modes, the System Clock rate must be at least five times the maximum data rate.

[5]

[6] Timings for 12.5 MHz are preliminary.

[7]1 Open drain output add register capacitor time constraint (RC) to spec. value.

IE!

Input
Buff

Device Device
#1 | #2

Device

#3 [

Output
Buff

Internal Daisy Chain Configuration

o
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Z84C90 AC CHARACTERISTICS (Continued)
Table for Note [4] paramelers

8 MHz 10 MHz 12.5 MHz

No Parameter Min Max Min Max Min Max
18 TAM1(IEO) (PIO at #1) 160 ns 150 ns 125 ns

(CTC at #1) 180 ns 150 ns 125 ns

(SIO at #1) 230 ns 200 ns 160 ns
19 TSIEK(IO) (PIO at #3) 170 ns 140 ns 115 ns

(CTC at #3) 170 ns 160 ns 135 ns

(SIO at #3) 180 ns 160 ns 130 ns
20 TAIEKIEOS) 160 ns 150 ns 125 ns
21 TdIEIEOT) 160 ns 150 ns 125 ns

To calculate Z80 KIO daisy-chain timing, use the Z80 PIO, Parameter #20

CTC and SIO with 1/O buffers on the chain. The following
are calculation formulas:

Parameter #18
M1 falling to IEO delay TsSM1(IEOQ) = TdM1(IO)#1 +
TAIEIEO)#2 + TAIEI(IEO)#3 + (Output Buffer Delay)

Parameter #19
IEI to IORQ falling setup time TsIEI(10) = TAIEI(IEQ)#1 +
TAIEIEO)#2 + TsIEI(IO)#3 + (Input Buffer delay)

IE! falling to IEO falling delay- TdIEI(IEOf) - TAIEI(IEOf)PIO
+ TdIEI(IEOf)CTC + TAIEKIEO)SIO + (Input Buffer delay)
+ (output Buffer Delay)

Parameter #21
IEI rising to IEQ rising delay (After ED decode)- TAIEI(IEOT)
= TdIEI(IEOr)PIO+ TAIEI(IEOrCTC + TdIEIEON)SIO +
(Input Buffer delay) + (output Buffer Delay)

* Where TAIEI(IEO) s the worst number between TAIEI(IEOr)
and TdIEI(IEOf).
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The following are numbers for the above calculations:

8 MHz 10 MHz 12.5 MHz

Min  Max Min Max Min Max
Input Butfer delay 10 ns 10 ns 10ns
QOutput Buffer delay 10ns 10ns 10ns
8 MHz PIO part CTC part SIO part

Min Max Min Max Min Max
TAM1(IEO) 60 ns 80 ns 120 ns
TsIEKIO) 70 ns 70 ns 70 ns
TdIEKIEOf) 50 ns 50 ns 40 ns
TdIEKIEOTr) 50 ns 50 ns 40 ns
10 MHz PIO part CTC part SIO part

Min  Max Min Max Min Max
TdAM1(IEOQ) 60 ns 60 ns 90 ns
TsIEI(10) 50 ns 70 ns 50 ns
TdIEI(IEOf) 50 ns 50 ns. 30 ns
TdIEI(IEOT) 50 ns 50 ns 30ns
12.5 MHz PIO part CTC part SIO part

Min Max Min Max Min Max
TdM1(IEO) 50 ns 50 ns 70 ns
TsIE(IO) 40 ns 60 ns 40 ns
TdIEI(IEOS) 40 ns 40 ns 25ns
TdIEI(IEOTr) 40 ns 40 ns 25ns

Note [4] (Continued)

Whenusing aninterruptfromonly a portion of the Z80KIO, these numbers
are smaller than the values shown above.

For more details about the *Z80 daisy-chain structure”, pleaserefertothe
application note "Z80 Family Interrupt Structure,” whichis included in the

780 Data Book.
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N 2iL05

PRODUCT SPECIFICATION

284011/C11

PARALLEL 1/0
CONTROLLER

FEATURES

m 784C00 Z80 CPU with CGC, Z84C30 Z80 CTC, five
8-bit parallel ports.

B High speed operation (6/10 MHz).
® | ow power consumption in four operation modes:
45 mA Typ. (Run mode)
6 mA Typ. (Idle1 mode)
9 mA Typ. (Idle2 mode; not applicable to Z84011)
1 pA Typ. (Stop mode)
m Wide operational voltage range (5V £10%).

m TTL/CMOS compatible.

B 784011 features:
Z84C00 Z80 CPU.
On-chip four channel Counter Timer Controller(Z80
CTC).
Built-in Clock Generator Controller(CGC).
Five 8-bit parallel ports.
100-pin QFP Package.
Noise filter to CLK/TRG inputs of the Z80 CTC.

B 784C11 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.

GENERAL DESCRIPTION

The Z84011 and Z84C 11 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
1/0 Controllers are targeted for a broad range of applica-

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 (Z84C11and Z84011)is used. Use Z84C110onthe
description which applies only to the Z84C11, and use
784011 which applies only to the Z84011.
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PIN DESCRIPTION

The pin assignment is shown in Figure 2. Following is the ~ number, if stated as “X11", it applies to both the Z84C11/
description on each pin. For the description and the pin ~ Z84011. Otherwise, C11 for Z84C11 and 011 for Z84011.

CPU SIGNALS

Signal Name # of Pins Pin # 1/0, 3-State Description

A15-A0 16 (44-29) 110 16-bit address bus. Specifies /O and memory
addresses to be accessed. During the refresh
period, addresses for refreshing are output. The bus
is an input when the external bus is accessing the
on-chip peripherals.

D7-DO 8 (6-13) 110 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.

/RD 1 (19) 110 Read signal. CPU read signal for accepting data
from a memory or /O device. When an external
master is accessing the on-chip peripherals, it is an
input signal.

/WR 1 (20) 110 Write Signal. This signal is output when data, to be
stored in a specified memory or peripheral LS, is on
the MPU data bus. When an external master is
accessing the on-chip peripherals, it is an input
signal.

/MREQ 1 17) Output, 3-State 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.

/IORQ 1 (18) 110 I/O request signal. When addresses for 1/O are

" on the lower 8 bits (A7-A0) of the address bus in the
1/0 operation, “0" is output. In addition, the /IORQ
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, itis an input signal.

M1 1 (25) 110 Machine Cycle “1”. /MREQ 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 IORQ. When an external master controls the
bus, itis an input signal.




CPU SIGNALS

Signal Name #of Pins  Pin# 1/0, 3-State Description
/RFSH 1 (26) Output(011), The refresh signal. When the dynamic memory re-
: Output/3-State fresh address is on the low order byte on the
(C11) address bus, this pin goes active along with /IMREQ
signal.
Note:

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 1 (14) 1/0 (Open Drain)  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.

/NMI 1 (45) Input ) 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 1 (16) Output, 3-State Halt signal. Indicates that the CPU has executed a
HALT instruction. This signal is tri-stated in EV
mode.

/BUSREQ 1 (23) Input Bus request signal. /BUSREQ requests placement

of the address bus, data bus, /MREQ, /IORQ, /RD
and /WR signals into the high impedance state.
/BUSREQ is normally wired-OR and a pull-up
resistor is externally connected.

/BUSACK 1 (21) Output(011), Bus acknowledge signal. In response to /BUSREQ
) Output, 3-State signal, /BUSACK informs a peripheral LSI that the
(C11) address bus, data bus, /MREQ, /IORQ, /RD, and
/WR signals have been placed in the high imped-
ance state.
Note:

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 1 (22) Input(011), Wait signal. /WAIT informs the CPU that specified
1/0(C11) 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.

Note:
For the Z84C 11, the /WAIT pin becomes an output to bring out on-chip Wait State Generator during EV mode.




CTC SIGNALS

Signal Name # of Pins

Pin #

1/0, 3-State

Description

CLK/TRGO - 4
CLK/TRG3

(2-5)

Input.

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 the timer. Itis
program selectable whether the active edge is
rising or falling.

ZC[T00-zC/mo2 3

(97-99)

Output.

Zero count/timer 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.

GENERAL PURPOSE 1/0 PORT

Signal Name  # of Pins

Pin #

1/0, 3-State

Description

PA7-PAO 8

(61-68)

110

General purpose /O port (Port A). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all input.”

PB7-PBO 8

(69-76)

e}

General purpose /O port (Port B). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all Input.”

PC7-PCO 8

(53-60)

110

General purpose /O port (Port C). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all Input.”

PD7-PDO 8

(88, 89,
91-96)

/10

General purpose 1/O port (Port D). These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all Input.”

PEB6-PEO 7

(85-79)

110

General purpose /O port (Port E) These lines are
configured as an input or an output, bit by bit. On
Reset, set as “all Input.”

PE7 (011 Only) 1

(78)

110

General purpose /O port (Port E 7). This pin is
configured as an input or an output. On Reset, set
as “Input.”

PE7/WDTOUT 1
(C11 Only)

(78)

1/0
(Open-drain
1/0 when
/WDTOUT)

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# 1/0, 3-State Description

IEI 1 (1) Input Z80 CTC Interrupt enable input signal. This signal is
used with the IEO to form an interrupt priority daisy
chain when there is more than one interrupt-driven
peripheral. :

IEO 1 (87) Output - Z80 CTC interrupt enable output signal. In the daisy
chain interrupt control, IEO controls the interrupt of
external peripherals. IEO is active when IEl is “1”
and the CPU is not servicing an interrupt from the
on-chip peripherals.

/RESET 1 (24) Input (011), Reset signal. /RESET signal is used for initializing
' 1/0 (Open Drain)  MPU and other devices in the system. Also used to
onC11 return from the steady state in the STOP or IDLE
modes.
Note:

For the Z84011 the /RESET is kept in active state for a period of 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" for 25 to 75 msec
after the power supply passes through approx. 2.2V and then reverts to input. If it receives the /RESET signal after power-on sequence, it will drive the
/RESET pin for 16-processor clock cycles depending on the status of the Reset Output Disable bit in the Watch Dog Timer Master Register. If this Reset
output is disabled, it must be kept in an active state for a period of atleast three system clock cycles. Note, that if 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 Pin # 1/0, 3-State’ Description

XTAL1 1 (49) Input 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.

Note:
For the Z84C11, acrystal 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 # I/0, 3-State Description
XTAL2 1 (48) Output Crystal oscillator connecting terminal.
CLK 1 (52) Output (011), System Clock
1/0(C11)
Note:

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.




SYSTEM CONTROL SIGNALS

Signal Name # of Pins Pin # I/0, 3-State Description

MS1, MS2 2 (47,46) | 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).

EV 1 (15) Input Evaluator signal. When “1" is applied to this pin, PIC
is put in Evaluation mode. For details, refer lo
“Functional Description” on EV mode.

Note:

For the Z84011, together with /BUSREQ, the EV signal puts the Z84011 into the evaluation mode. When this signal becomes active, the status of
/M1, HALT and /RFSH 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 /BUSREQ signal “0". It follows the instructions from the other CPU (of ICE). Upon receiving /BUSREQ; A15-
A0, /MREQ, /IORQ, /RD and /WR are changed to input and D7-DO0 changes its direction. /BUSACK is NOT tri-stated so it should be disconnected by
an externally connected circuit.

Note:

For the Z84C11, to access on-chip resources from the CPU (e.g., ICE CPU), the CPU is electrically disconnected; A15-A0, /MREQ, /IORQ, /RD and
/WRare changed to input; D7-DO0 changes its direction; /M1, /HALT and /RFSH are put into the highimpedance state when the EV pinis setto “1." Also,
/BUSACK is tri-stated.

Signal Name # of Pins Pin # 1/O, 3-State Description
Ve 3 (27,51, 90) Power +5 Volts
Vs 4 . (28, 50, GND 0 Volts
77, 100)
TEST 1 (86) Input Test pin. This pin should be tied to “0".
Note:

The following pins have different functions between 284011 and Z84C11:

Pin Name Pin # Function

/RESET 24 Functionality is different.

WAIT 22 Functionality is differentin EV mode.

EV 15 Functionality is different.

PE7 78 (Port E 7) on Z84011; PE7//WDTOUT on Z84C11.

/BUSACK 21 In EV mode, tri-stated on Z84C11; remains active on Z84011.




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 1/Os. In addition to these, the Z84C11 has a Watch
Dog Timer, Wait State Generator, and Power-on Reset
circuit (Figure 1b).

Functionally, the on-chip Z80 CPU and the Z80CTC are the
same as the discrete devices. Therefore, for detailed
description of each individual unit, refer to the Product
Specification/Technical Manual of éach discrete product.

The following subsections describe each individual func-
tional unit of the PIC.

Z84C00/01 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.

Z84C30 Counter/Timer 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.

‘ N Internal
Control
| — Logic
— -
—N] cpu
Data . —® /INT
—l/‘ BI/UOS <Internal Bus> Inﬁig;::pt <—— |[El
Control < ‘ ——» |[EO
;\ Counter/ | 3 > ZCmo
Timer _
V] Logic 4 CLK/TRG
b—

/RESET

Figure 3. CTC Block Diagram
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General Purpose 1/O Ports

The PIC has five 8-bit General Purpose 1/O ports (a total of
40 /O lines). Each bit is configured as input or output
individually. Figure 4 has the block diagram for General
Purpose 1/O ports. Each port has 2 associated registers.
Oneisthe PortData Port, which latches the datato 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 bitis assigned as output, the contents of Port
Data register can be read back through I/O instructions.
For the addresses of these registers, refer to Table 1.

Note: For Z84C11, Port 7 bit 7 is multiplexed with Watch
Dog Timer Output (WDTOUT). When enabling the Waltch
Dog Timer, the /WDTOUT is overriding the function as an
I/0 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.

D7~D0 Data Bus
N Output Buffer
Port
Data Data Port —! N\ _D /10
i PIN
%4 Direction :l : Register _l/ v
Register —l/

Input Control Logic

Figure 4. 1/O Port Block Diagram
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Watch Dog Timer (WDT) Logic Unit (Z84C11 Only)

This logic unitis being superintegrated into the Z84C11 as
anenhanced feature tothe Z84011. Itdetects 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 <4—p
I——————> MUX  la—> PE7/WDTOUT
#FO
WDTP Enable
(Bits6 and 5) g
1 1
261 281 2201 2221 :
o 22-Stage Binary Counter Q
(WDTCLK) —| for Watch Dog Timer R FIF S
“ RESET
RESET
RESET 4EH WRITE ———=— WDTE
11 JL B1H WRITE —|
Watch Dog Timer Command Watch DogTimer
Register #71 (WDTCR) Master Register #F0 (WDTMR)
' ~ Internal Data Bus
Figure 5. Watch Dog Timer Block Diagram
WDT Output (PE7//WDTOUT)

Since the Z84C11 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

the WDTP in the WDTMR. The output pulse width is one of
the following, depending on the PE7//WDTOUT pin con-
nection.

The PE7//WDTOUT is connected to the /RESET pin: The “0”
level is pulsed for 5TcC (System Clock cycles).
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The PE7//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 PIC has a CGC (Clock Generator/Controller) unit. The
PIC allows crystal input (XTAL1, XTAL2) or System Clock
Input on the XTAL1 pin. It has clock divide-by-two circuits
and generates half-speed clock to the input.

784011 Only. The CGC unitis notsupporting “Idle 2"mode
of operation.

Z84C11Only. External 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 crystalinputis provided on the XTAL pins,
the internal oscillator is used and the divide-by-two circuit
is activated depending upon bit D4 of the WDTMR (See
“Programming” section). Power Downmodes of the Z84C11
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 (XTAL1, XTAL2). Clock outputis the half
speed of the clock source. Example of an oscillator con-
nection is shown in Figure 6.

Z84C11/011

A
e %_

Figure 6. Circuit Configuration for Crystal

Z84C11. Clock speed s the same, or half, the frequency of
the clock source.

Recommended characteristicsof the crystalandthe values
for the capacitor are as follows, (the values will change with
crystal frequency).

B Type of crystal: Fundamental, parallel type crystal
(AT cut is recommended).

B Frequency tolerance: Application dependent.

m Cl, Load capacitance: Approximately 22pf.
(Acceptable range is 20-30pf.)

B Rs, equivalent-series resistance: < 60 ohms

B Drive level: 10mW (for £ 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.
Itisrequired to have external pull-up resistoronthe /RESET
pin.

If it receives /RESET input from outside after the power-on
sequence, and while Reset Output Disable bit in Watch
Dog Master Registeris 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
784C11 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. Itis 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 O 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
Accessinaspecified address range, whichis programmed
in Memory Wait Boundary Register.

1/0 Wait

The Wait State Generator can put 0, 2, 4 or 6 wait states to
I/0 accesses. Regardless of the 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 /IORQ goes active, to
extend the time between /IORQ 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 caninsertO, 2, 4 or 6 wait states between /M1 falling
tothe /IORQ falling edge. This extends the time required to
settle the daisy chain. This also allows alonger 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
slates during the RETI fetch sequence. This sequence is
generated with two op-code fetch cycles (Op-code is EDh
followed by 4Dh). Itinserts 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.”

m Clock Divide-By-One option
B Reset Output Disable
m  Control Register Initialize Option

Clock Divide-by-One Option ‘

This feature is programmed through Bit D4 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 XTAL 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 0. For
details, refer to "Programming” section.

Reset Output Disable

This feature is programmed by Bit D3 of WDTMR. If this bit
is cleared to “0", the /RESET pinis drivento “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 D2 of WDTMR. This bit
determines whether or not to initialize system control
registers toinitial 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-A0, D7-DO,
/MREQ, /IORQ, /RD, /WR, /HALT, /M1, (forC11, /RFSH and
/BUSREQ 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 regislers of the PIC (like the
CPU was on-chip).

284011 Only. When the EV pinis active,the /M1 and /HALT
pins are put in the high-impedance state. In using the
784011 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 /BUSREQ signal being “0”. Then, on-chip resources
are accessed from outside. /BUSACK and /RFSH are
disconnected by an externally connected circuit.
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Z84C11 Only. If the EV pin is tied lo Vcc on power-up, the
Z84C11 enters into an evaluation mode. In this mode, the
internal CPU isimmediately disconnected from theinternal
bus and all tri-state signals listed above, and /BUSACK
and /RFSH signals are tri-stated, or changed to input. Note
that the /WAIT pin became the 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.

The Z84C11 actslike regular operation where the /BUSREQ
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, /M1, /HALT and
/BUSREQ remain active. The /BUSREQ 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 the Z84C11 accesses.

PROGRAMMING
1/0 Address Assignment
The PIC ‘s on-chip peripherals’ I/O addresses are listed in

Table 1. They are fully decoded from A7-A0 and have no
image. The registers with Z84C11 located at I/O Address

EEh, EFh, FOh and F1h control enhanced features to the
Z84C11, and are not assigned on Z84011.

Table 1. 1/O Control Register Address

Address Device Channel Register

10h C1C ChoO Control Register

11h CTC Ch 1 Control Register

12h CTC Ch2 Control Register

13h CTC Ch3 Control Register

50h PIA Port A Port A Data Port (PADP)

54h PIA Port A Port A Data Direction Register (PADR)

51h PIA Port B Port B Data Port (PBDP)

55h PIA Port B 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 D Port D Data Port (PDDP)

34h PIA Port D Port D Data Direction Register (PDDR)

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 DO is a “1” to indicate that this is a
Control Word (Figure 7).

|D7|De|Ds|o4|Ds|Dz|D{IDo|

I— Control or Vector

0 = Vector
1 = Control Word

Reset
0 = Continued Operation
1 = Software Reset

Time C
0 = No Time Constant Follows
1 = Time Constant Follows

Time Trigger *

0 = Automatic Trigger When
Time Constant Is Loaded

1 = CLK/TRG Pulse Starts Timer

CLK/TRG Edge Selection
0 Selects Falling Edge
1 Selects Rising Edge

P Value *
1 = Value of 256
0 = Value of 16

Mode
0 Selects Timer Mode
1 Selects Counter Mode

Interrupt
1 Enables Interrupt
0 Disables Interrupt

* Timer Mode Only

Figure 7. CTC Channel Control Word

Bit D7. 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 D6. Mode Bit This bit selects either Timer Mode or
Counter Mode.

Bit D5. Prescaler Factor. This bit selects thé prescaler
factor for use in the timer mode. Either divide-by-16 or
divide-by-256 is available.

Bit D4. Clock/Trigger Edge Selector. This bit selects the
active edge of the CLK/TRG input pulses.

Bit D3. Timer Trigger. This bit selects the trigger mode for
timer operation. Either automatic or external trigger is
selected.

Bit D2. Time Constant. This bit indicates that the next word
programmed is time constant data for the downcounter.

Bit D1. Software Resel. 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).

{07 ] s ] D5 | 4| D3| p2] b1 | Do

I I——— Tco
TCt

TC2
TC3
TC4
TC5
TCe

" TC7

Figure 8. CTC Time Constant Word

Interrupt Vector Word

Ifone ormore 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 D2-D1 are automatically
modified by the CTC channels when it responds with an
interrupt vector (Figure 9).

|D7|DGIDS!/D4IDS|D2|D1lDOI

I— 0 = Interrupt Vector Word

1 = Control Word

Channel Identifier
(Automatically Inserted
by CTC)

0 0=Channel 0

0 1=_Channel 1

1 0=_Channel 2

1 1=Channel 3

Supplied By User

Figure 9. CTC Interrupt Vector Word
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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,

PADR (Address:54h)
PBDR (Address:55h)
PCDR (Address:56h)
PDDR (Address:34h)
PEDR (Address:44h)

D7

PDDR, PEDR). A “1” written to a bit position indicates that
the respective bitis an Output. All bits are inputs on reset.
This register is write only (Figure 10).

Do

LI TP TIT]

L——-——— 0:Sets Bitto Input

1 :Sets Bitto 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

PADP (Address:50h)
PBDP (Address:51h)
PCDP (Address:52h)
PDDP (Address:30h)
PEDP (C11 only:Address:40h)

ERERRREER

current value on the port pin, or reads back the contents of
this register (Figure 11).

I—

PEDP (C11 only:Address:40h)

I IPGIPSIPdIEIPZINIPOI

-

When Watchdog Timer is Disabled:PE7
When Watchdog Timer is Enabled:WDTOUT
(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 of the Port Data Port Register without
affecting the port's operation.

If the bitlocation 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 (/WDTOUT), 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.

Ifthe bitis assigned as an output. Aread to the bitlocation,
assigned as an output, reads back the contents of the Port
Data Port Register.

Z84C11 Only. If Port E bit 7 has been assigned as Watch
Dog Timer Output (/WDTOUT), a read to PE7 location
returns the status of WDTOUT.

Asmentioned above, a write to the bitlocation assigned as
input, will not affect the port's operation. When changingits
mode to output from input, write data to 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; 1/O
Address FOh) and the WDT Command Register (WDTCR,;

Read/Write
7

0

1/0O Address F1h). 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 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; I/O 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; /0O 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).

|o| 1 | ) |o|o|o| ] | ] | (Value on Power-on Reset)

Control Register Initialize Option
1 : Initialize only on Power-on Reset
0 : Initialize on Reset Also

Reset Output Disable
1 : Reset Output is Disabled
0 : Reset Output is Enabled

Clock Divide-by-One
1 : Clock is Divide-by-One
0 : Clock is Divide-by-Two

Watchdog Timer Period (WDTP)
D6 DS 16

0 0 TeCx2 18

o 1 TeCx2 20

1 0 TeCx2,,

1 1 TcCx2

Watchdog Timer Enable
1 : Enables WDT
0 : Disable WDT (Followed by B1h
to WDTCM)

Figure 12. Watch Dog Timer Master Register
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Bit D7. Watch Dog Timer Enable (WDTE). This 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 “B1h” 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 D6-D5. 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 (TcC x 222).

00 - Period is (TcC x 2'®)
01 - Period is (TcC x 2%)
10 - Period is (TcC x 2%)
11 - Period is (TcC x 22)

Bit D4. Clock Divide-by-one option. "0"-Disable ,"1"-en-
able. On-chip CGC unit has a divide-by-two circuit. By
setting this bit to one, this circuit is bypassed and clock on
CLK pinis 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 D3. Reset Output Disable. “0"-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 out of 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 D2. Control Register Initialize Option. “0"- Initialize
control registers on Reset; “1"- Initialize control registers
only on Power-on Reset. D2 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. If this bitis setto 1, contents of control
registers are initialized ONLY on Power-on Reset (/RESET
will not initialize the control registers). Upon Power-on
Reset, this bit is cleared to “0".

Bit D1-D0. Reserved. These two bits are reserved and are
programmed as “11". A read to these bits returns “11".

Watch Dog Timer Command Register

(WDTCR; I/O address F1h)

In conjunction with the WDTMR, this register works as a
“Second Key" for the 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)
[57 oo o [ [0 o2 [0 o0

1 0 1 1 0 0 0 1  (Bih)- Disable WDT

(After Clearing WDTE)

0 1 0 0 1 1 1 0  (4Eh)-Clear WDT

Figure 13. Watch Dog 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
Register 00h) and Memory Wait Boundary Register (MWBR,
Control Register 01h). To access these registers, Z84C11
writes “register number to be accessed” to the System
Control Register Pointer (SCRP, 1/0 address EEh), and
then accesses the target register through System Control
Data Port (SCDP, /O address EFh). The pointer which
writes into SCRP is kept until modified.

System Control Register Pointer

(SCRP, I/O address EEh)

Thisregister stores the pointer toaccess 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 00h and O1h, isreserved
and not written. Upon Power-on reset, this register is setto
“00h" and points to WCR (Figure 14).

SCRP (Read/Write)
D7 DO

I 0 l (Ll Ol 0 I 0 | 0 I DI 0 I (Value on Power-on Reset)

0o 0 O
o 0 1

(00h) Point to WCR
(01h) Point to MWBR

oo

Figure 14. System Control Register Pointer
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System Control Data Port
*(SCDP, I/O address EFh)

This register accesses WCR and MWBR (Figure 15).

SCDP (Read/Write)
D7

I— Read/Write the Register

Pointed by SCPR

Figure 15. System Control Data Port

WCR (Read/Write)
D7

T

DO
aEIE

\

Lofofofo

olofo]o]

-

Wait State Control Register

(WCR, register number 00h)

This register accessed through SCDP with the pointer
value 00h in SCRP (Figure 16). To maintain compatibility
with the Z84011, the Z84C11 inserts the maximum number
of wait states (set all bits of this register to one) for sixteen/
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 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.

y 16 - /M1 Cycles After Power-on Reset Unless Programmed

/0 Wait

0 0 No Wait State

0 1 Two Wait States
1 0 Four Wait States
1 1 Six Wait States

Memory Wait

0 0 No Wait State

0 1 One Wait State

1 0 Two Wait States
1 1 Three Wait States

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 Wait
0: No Wait
1: One Wait State

Figure 16.

—a—a00
-0 =0

Interrupt Daisy Chain Wait

RETI

Cycle

0 Wait State
0 Wait State
2 Wait States
4 Wait States

Interrupt
Acknowledge Cycle
0 Wait State

2 Wait States

4 Wait States

6 Wait States

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 /IORQ 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 RET!I fetch
sequence. This sequence is formed with two op-code
fetch cycles (Op-code is EDh followed by 4Dh). It inserts
one wait state if op-code followed by EDhis NOT 4Dh, and
inserts two or four wait states, respectively, if the following
op-code is 4Dh.

Interrupt Acknowledge RETI cycle
00 - No Wait states
01 - 2 Wait states
10 - 4 Wait states
11 - 6 Wait states

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 /IORQ
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 /M1 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 setto “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 bitis setto “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 1/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
setto “11", then cleared to “00" on the trailing edge of the
16th /M1 signal, unless programmed.

Bit 1-0. I/O Wait states. This 2-bit field specifies lhe number
of wait states inserted during I/O transactions.

00 - No Wait states
01 - 2 Wait states
10 - 4 Wait slates
11 - 6 Wait states

For sixteen /M1 cycles from Power-on Reset, these bits are
setto “11”, then cleared to “00" on the trailing edge of the
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 01h)

Thisregister specifies the address range to insert memory
wait states. When accessed memory addresses are within
this range, the Wait State Generator inserts Memory Wait
States specified in the Memory Wait field in WCR
(Figure 17).

MWBR (Read/Write)
D7 DO

I 1 I 1 I 1 I 1 | 0 I [ I 0 I 0 I (Value on Power-on Reset)

1——— Memory Wait Low Boundary

Specifies Lower Boundary
Address (A15-A12) for
Memory Wait Insertion

Memory Wait High Boundary
Specifies High Boundary
Address (A15-A12) for
Memory Wait Insertion

Figure 17. Memory Wait Boundary Register

Bit D7-D4. Memory Wait High Boundary. This field speci-
fies A15-A12 of the upper address boundary for Memory
wait.

Bit D3-D0. Memory Waitl.ow Boundary. This field specifies
A15-A12 of the lower address boundary for Memory wait.

Memory wait states are inserted for the address range:
(D7-D4 of MWBR) = A15-A12 = (D3-D0 of MWBR)
This register is set to "FOh" on Power-on Reset, which

specifies the address range for Memory wait as “0000h 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

either /RESET or interrupt (/NMI or /INT). 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 O 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 T4 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.

Operation Mode MS1 MS2
RUN Mode 1 1
IDLE1 Mode 0 0
IDLE2 Mode 0 1
(C11 Only)

STOP Mode 1 0

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 T4
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 CPU CTC WDT CLK Note
IDLE1 0 X X X X

IDLE2 O X 0 X 0 ]
STOP X X X X X

RUN O ¢} ¢} O 0O

O: Operating

X: Stop

Note:

[1] Not supported on 011.

011 Only. All operating modes, except IDLE 2 (Table 2),
are valid with Crystal Input (Crystal connected between
XTAL1/2 or external Clock input on XTAL1).

C11 Only. All the operating modes in Table 3 are valid with
crystal input (Crystal connected between XTAL1/2 or ex-
ternal clock input on XTAL1). For the external clock on the
CLK pin, only the IDLE2 and RUN modes are applicable.

TIMING

Basic Timing

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 Z84CQ0.
For details, refer to the data sheet of the Z84C00.

m QOperation Code Fetch Cycle

B Memory Read/Write Operation

B |nput/Output Operation

B Bus Request/Acknowledge Operation

B Maskable Interrupt Request Operation

®  Non-Maskable Interrupt Request Operation

B Reset Operation

Operation When HALT Instruction Is Executed

When the CPU fetches a halt instruction in the op-code
fetch cycle, /HALT goes active (Low). This is in synchro-
nization with the falling edge of T4 state before the periph-
eral LSl 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 Mo