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Figure 3 : CPU Block Diagram.

Z80 MICROPROCESSOR FAMILY

The 780, Z80A, Z80B and Z80H microprocessor is
the central element of a comprehensive micropro-
cessor product family. This family works together in
most applications with minimum requirements for
additional logic, facilitating the design of efficient
and cost-effective microcomputer-base systems.

Five components to provide extensive support for
the Z80 microprocessor. These are :

m The CTC (Counter/Timer Circuit) features four
programmable 8-bit counter/timers, each of
which has an 8-bit prescaler. Each of the four
channels may be configurated to operate in
either counter or timer mode.

The PIO (Parallel Input/Output) operates in both
data-byte 1/O transfer mode (with handshaking)
and in bit mode (without handshaking). The PIO
may be configured to interface with standard par-
allel peripheral devices such as printers, tape
punches, and keyboards.

The DMA (Direct Memory Access) controller pro-
vides dual port data transfer operations and the
ability to terminate data transfer as a result of a
pattern match.

The SIO (Serial Input/Output) controller offers
two channels. It is capable of operating in a var-
iety of programmable medes for both synchron-
ous and asynchronous communication, including
Bi-Synch and SDLC.

78400

m The DART (Dual Asynchronous Receiver/Trans-
mitter) device provides low cost asynchronous
serial communication. It has two channels and a
full modem control interface.

Z80 CPU REGISTERS

Figure 4 shows three groups of registers within the
Z80 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 con-
sist of the Accumulator Register, the Flag Register,
and six general-purpose registers. Transfer of data
between these duplicate sets of registers is accom-
plished by use of "Exchange" instructions. The re-
sult is faster response to interrupts and easy,
efficient implementation of such versatile pro-
gramming techniques as background-foreground
data processing. The second set of registers con-
sists of six registers with assigned functions. These
are the | (Interrupt Register), the R (Refresh Regis-
ter), 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
and additional pair of flip-flops which assists inident-
ifying the interrupt mode at any particulartime. Table
1 provides further information on these registers.

SGS-THOMSON 3/33
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Figure 4 : CPU Registers

Main Register Set Alternate Register Set
A Accumulator F Flag Register A' Accumulator F' Flag Register
B General Purpose C General Purpose B' General Purpose C' General Purpose
D General Purpose E General Purpose D' General Purpose E' General Purpose
A General Purpose L General Purpose FI' General Purpose L' General Purpose
8 Bits »

INTERRUPT FLIP-FLOPS STATUS

---------- 16 Bits -------
) IFF1 IFF2
IX Index Register
1Y Index Register
SP Stack Pointer 0 = INTERRUPTS DISABLED STORES IFF1
PC P Count 1= INTERRUPTS ENABLED DURING NMI
rogram Counter SERVICE,
| Interrupt Vector R Memory Refresh
_______ 8 BitSommme- INTERRUPT MODE FLIP-FLOPS
IMFa IMFb
0 0 INTERRUPT MODE 0
0 1 NOT USED
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2

Table 1. CPU Registers.

Register Size (Bits) Remarks

A A Accumulator 8 Stores an Operand or the Results of an Operation

F, F 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 See B, above.

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

E, E General Purpose 8 See D, above.

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

L L General Purpose 8 See H, above.

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

B-Fligh Byte C-Low Byte

D-Fligh Byte E-Low Byte

FI-Fligh 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. Lower
seven bits are automatically incremented and all eight are
placed on the address bus during each instruction fetch
cycle refresh time.

IX Index Register 16 Used for indexed addressing.

Y Index Register 16 Same as IX, above.

SP Stack Pointer 16 Flolds address of the top of the stack. See Push or Pop in
Instruction Set.

PC Program Counter 16 Flolds address of next instruction.

IFF1-1IFF2 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).
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INTERRUPT PRIORITY (Daisy Chaining and
Nested Interrupts)

The interrupt priority of each peripheral device is
determined by its physical location within a daisy-
chain configuration. Each device inthe chain has an
interrupt enable input line (IEl) and an interrupt en-
able output line (IEO), which is fed to the next lower
priority device. The first device in the daisy chain has
its IEl input hardwired to a High level. The first de-
vice has highest priority, while each succeding de-
vice has a corresponding lower priority. This
arrangement permits the CPU to select the highest
priority interrupt from several simultaneously inter-
rupting peripherals.

The interrupting device disables its IEO line to the
next lower priority peripheral until it has been ser-
viced. After servicing, its IEO line is raised, allowing
lower priority peripherals to demand interrupt servic-
ing.

The 280 CPU will nest (queue) any pending inter-
rupts or interrupts received while a selected periph-
eral is being serviced.

INTERRUPT ENABLE/DISABLE OPERATION

Two flip-flops, IFFi and IFF2, referred to in the reg-
ister description are used to signal the CPU inter-
rupt status. Operation of the two flip-flops is
described in table 2.

INSTRUCTION SET

The Z80 microprocessor has one ofthe most power-
ful and versatile instruction sets available in any 8-
bit microprocessor. It includes such unique
operations as a block move for fast, efficient data
transfers within memory or between memory and
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1/0. It also allows operations on any bit in any loca-
tion in memory.

The following is a summary of the Z80 instruction
set and shows the assembly language mnemonic,
the operation, the flag status, and gives comments
on each instruction. The Z80 CPU TechnicalManual
andZ80 CPU Programming Manualcontain signifi-
cantly more details for programming use.

The instructions are divided into the following ca-

tegories :

. 8-BIT LOADS
16-BIT LOADS
EXCHANGES,
SEARCHES

. 8-BIT ARITHMETIC AND LOGIC OPERATIONS

. GENERAL-PURPOSE ARITHMETIC AND CPU
CONTROL

- 16-BIT ARITHMETIC OPERATIONS

m ROTATES AND SHIFT

. BIT SET, RESET, AND TEST OPERATIONS

. JUMPS

m CALLS, RETURNS, AND RESTARTS

m INPUT AND OUTPUT OPERATIONS.

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

= IMMEDIATE

- IMMEDIATE EXTENDED

- MODIFIED PAGE ZERO

m RELATIVE

EXTENDED

INDEXED

REGISTER

REGISTER INDIREDT

= IMPLIED

m BIT

BLOCK TRANSFERS, AND
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INSTRUCTION SET (continued)
8-BIT LOAD GROUP

flag.
For an explanation of flag notation and symbols for mnemonic tables, see Symbolic Notation section following tables.
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$ *
Symbolic
Symbol Operation "
# 99 >? 99
‘# 99 ' >?99
# 99 >? 99
# 199 W, 199 L J
2
>?199J] N
s#199J 19 >?199 B J
TR >?199]
# 199 ' X 199B 1
' 1993
#1993 W, 199 L J
W, 199J
199J# 199 L J W,
1993 W, ,
199J# :: 199 L J 9
199 W, =
1993# ' 199 L Jw, '
1993 w,
1993# 199 L J
99J W,
Notes - :: =; 89E .F <70 30>=;<03 A8=3; # # #

KK =; 89E .F <70 30>=;<03 A8=3; # # #
30F03 <. 7=>7 .3:03 89: ?.B .3:03 0=>7< 2=<; .F <70 30>=;<03 A8=3 30;A0@<=/0?E#
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[ I #

>?
>?

>?
>?

>?
>7?

>?
>?

>?
>?
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%

%
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%
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INSTRUCTION SET (continued)

16-BIT LOAD GROUP (continued)

Notes : dd is any of the register pairs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)h, (PAIR)I refer to high order and low order eight bits of the register pair respectively,

EXCHANGE, BLOCK TRANSFER,

e.g., BC1=C, AFh=A.

EX DE, HL, DE < HL,
EX AF, AF AF <> AF
EXX BC < BC'

DE < DE'
HL <- HL'

EX (SP), HL H *> (SP + 1)

L « (SP)

EX (SP), IX IXH <» (SP + 1)

IXL « (SP)

EX (SP), IY IYH< (SP + 1)

Notes :

IY1 - (SP)

BLOCK SEARCH GROUPS

Flags Opcode °
z ! c 76 543 210
SX . X ... 1 "#Y o#"™ EB 1
¢« X = X . oo i HH' #H# 08 "
o X e X e e e Mgt gt DY "
e X o X e e o " "HHE H'" E3 "
X . X . . " "#" DD 2
"O## #" E3
X ooX ..oomom oyt D 2
"OH# #" E3

1. Ifthe result of B- 1is zero the Z flag is set, otherwise it is reset.
2. Zflag is set upon instruction completion only.

=7
7

19

23

23

Z8400

Register Bank
and Auxiliary
Register Bank

Exchange
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INSTRUCTION SET (continued)

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

DAA

CPL

NEG

CCF

SCF

NOP
HALT
DI*
E*
IM 0

M 1

IM2

z

Converters acc content  $ |
into packed BCD

following add or

subtract with packed

BCD operands

Af-A

A<-0-A * o
CY <- CY .
CY <- 1 PN
No Operation .
CPU Halted .
IFF <- 0 . .
IFF < 1 ..
Set Interrupt o .
Mode 0

Set Interrupt LI
Mode 1

Set Interrupt L
Mode 2

X X X X X x

x

: 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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o
x
.

o
i

0oL

00

. - 00
. . 01

X X X X X
EEE

*57 QVDaHEHOTSE]ICOS:

101
000

111

110

000
110
110
111
101
000
101
010
101
011

Flags Opcode
! c 76 543 210

| X p - s 00 100 111

1 X 1 00 101 111

101
100

111

111

000
110
011
011
101
110
101
110
101
110

27

2F

ED
a4

3F

37

00
76
F3
FB
ED
46
ED
56
ED
5E

N R PP

N° of
M

N PR

N° of
T

I SENNEN

foc]

Decimal
Adjust
Accumulator.

Complement
Accumulator
(one's
complement)
Negate Acc.
(two's
complement).

Complement
Carry Flag.

Set Carry
Flag.
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INSTRUCTION SET (continued)
16-BIT ARITHMETIC GROUP

Notes : ss is any of the register pairs BC, DE, HL, SP.
pp is any of the register pairs BC, DE, IX, SP.
rr is any of the register pairs BC, DE, Y, SP.
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& 1@.9<=9D0:J

Mnemonic Symbolic
Operation
( ) FZ
O F
3
13
"L $ ) 5BHBm

31 1I'LI# 1?7 L]

LJ
1 # 3, >
1 3# J#'LI#=Ld
1 v !
1 3# I L= LI
1 =0 X2fS
1, 3# J#'LI#H=LJ
1
1 3# J#'LI#=LJ
1 N
1 3# J# LI#= L)
1 W
1 3#1 J#I'L:JI#=L:J
gS __h
%
9, X =0
]
566

T SGS-THOMSON
V Bl==; 3 .=>;

No.of No.ofMNo.ofT
Hex Bytes Cycles States Comments

<8<0 ?20F< @=3@D?83
8@@D1D?8<.3

.<8<0 ?0F<
8@@D1D?8<.3

.<8<0 3=>7< @=3@D?83
8@@D1D?8<.3

.<8<0 3=>7<
8@@D1D?8<.3

<8<0 ?0F< @=3@D?83
30>=;<03 3

%6

%6

9;<3D@<=.9 F.318<

89: ;,<8<0; 830 8; ;7.B9
F3 U; .F.3190B
[ A@..030A?8@ 0T .3
U; B=<7;7.B9 @..0

.<8<0 :=>=< ?0F< 89:
3=>7< 20<B009 <70
8@@D1D?8<.3 89:
?2.@8<=91J

70 @.9<09<.F <70 DAAO3
78?F .F <70 8@ @D1D?8<.3
=; D98FFO@<0:



INSTRUCTION SET (continued)
BIT SET, RESET AND TEST GROUP*

BIT b, r Z<-r1b X X
BITb, (HL) Z «- (HL)b X g X
BIT b, (IX+d)b z (ixTd)b X X
BIT b, (IY+d)b z < (IYTd)b X X
S
SET b, r rb <1 e o« X
SET b, (HL) (HL)b<- 1 e e X
SET b, (IX+d) (X' +d)b <- 1 X
SET b, (IY+d) (Y +d)b<- 1 X
RES b, m mb <- 0 X
ms r, (HL),
(X + d),
(1Y +d)

: The notation mb indicates bit b (0 to 7) or location m.

Flags Opcode
PN N c 76 543 210
1 X X 0 11 001 011
0L b r
1 X X 0 11 001 011
01 b 110
1 X X 0.« 11 011 101
11 001 o1

< d -»
01 b 110
1 X X 0 1 111 101
11 001 o011

< d ->
01 b 110
. X « o 11 001 011
RTI b r
« X '+ &« o 11 001 011
FTTI b 110
X 11 011 101
11 001 011

<- d ->
ren b no
X 1 111 101
11 001 011

< d ->
ren b no

X rnri

rz 7
*7# M(EMIL[(STrMM

CB

CB

DD
CB

FD
CB

CB

CB

DD
CB

FD
CB

12

20

20

15

23

23

Z8400

' Reg.
000 B
001 C
010 D
011 E
100 H
101 L
111 A
b Bit Tested
000 O
001 1
010 2
011 3
100 4
101 5
110 6
11 7
To form new
opcode
replace RTI
of SET b, s
with RTI.
Flags and
time states for
SET
instruction.
15/33



28400

INSTRUCTION SET (continued)

JUMP GROUP
i Flags Opcode . N of N° of
Symbol gymbsllc Hex g‘tm M T Comments
peration Sz H PN Nc 76 543210 YIS tycles States
JP nn PC <- nn e o X . X . 4 + 11 000 011 C3 3 3 10
<~ n >
< n -» cc Condition
JP cc, nn If condition cc is true - - X . X . - - 11 cc 010 3 3 10 000 NZ non-zero
PC <- nn, otherwise < n 001 Z zero
continue < n -> 010 NC non-carry
011 C cary
100 PO parity odd
101 PE parity even
110 P sign positive
111 M sign negative
JR e PC <- PC +e Lo X X . . 00 011 00O 18 2 3 12
<-e-2 -»
JRC e If C = 0 continue . X - X - - . 00 111 000 38 2 2 7 If condition not
If C =1PC <- PC+e <-e-2 -> met.
2 3 12 If condition is
met.
JR NC, e If C = 1, continue . X . X . - . 00 110 000 30 2 2 7 If condition not
If C =0, PC <- PC+e <- e-2 met.
2 3 12 If condition is
met.
JPZ e If Z = 0 continue e X e X - - 00 101 000 28 2 2 7 If condition not
If Z =1 PC < PC+e <- e-2 -> met.
2 3 12 If condition is
met.
JRNZ, e If Z = 1, continue S X - X - - 00 100 000 20 2 2 7 If condition not
IfZ =0, PC <- PCt+e <-e-2 = met.
2 3 12 If condition is
met.
JP (HL) PC <- HL e o X o X . e« o 11 101 001 E9 1 1 4
JP (IX) PC +- IX - X - X 11 011 101 DD 2 2 8
11 101 001 E9
JP (IY) PC <- IY .o X X 11 111 101 FD 2 2 8
11 101 001 E9
DINZ, e B<-B-1 X X 00 010 000 10 2 2 8 If B =0.
If B = 0, continue < e-2
If B+ 0, PC <- PC+e 2 3 13 fB*O0.

Notes : e represents the extension in the relative addressing mode.
e is a signed two’s complement number in the range <- 126, 129>.
e - 2 inthe opcode provides an effective address of pc + e as PC is incremented
by 2 prior to the addition of e.

16/33 SGS-THOMSON
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278400

INSTRUCTION SET (continued)
INPUT AND OUTPUT GRUP

IN A, (n)

INT, (C)

INI

INIR

IND

INDR

ouT (n), A

ouT (©), r

ouTl

OTIR

OouTD

OTDR

Note :

18/33

©.

A «- (n)

r<- (0

If r = 110 only the flags

will be affected

(H) < ©
B<-B-1

HL <- HL + 1
(HL) +- (©)
B<-B-1

HL 4- HL + 1
Repeat unil B =0

HYH ©
B<-B 1
HL<-HL 1
(HL) <- (©
B<-B-1

HL <- HL- 1
Repeat until B = 0

n <- A

*(C) <r

© (HY
B<-B- 1

HL <- HL + 1

© 2 (Hy

B2 B 1

HL2 HL31
Repeat until B 4 0

© 2 (HY
B B 1
HL  HL 1
© HY
Bf-B-1
HL2 HL31

Repeat until B 4 0

-

x ©

Flags

Opcode

76 543
11 011

01 r

10 100

10 110

10 101

10 111

11 010

1 101

"# o H#

"#O"#

g g

If the result of B- 1is zero the Z flag is set, otherwise it is reset.

101
010

101
010

101
010

101
010

011

101
001

g
o

g
o

g
o

nggn
g

DB

ED

ED
A2

ED
B2

ED

ED
BA

D3

ED

ED
A3

ED
B3

ED
AB

ED

(if B*0)

(if B=0)

(if B*0)

(if B=0)

(if B*0)

(if B=0)

5
(if B*0)
P
(if B=0)

12

16

16

16

16

12

16

16

16

16

ntoAo ~A7
Acc. to A8 ~A15
CtoAo ~A7
Bto As ~Al5
C to Ao ~ A7
Bto As ~AB
CtoAo ~A
B to As ~Al5
Cto Ao ~A7
B to A8 ~A15
C to Ao ~ A7
Bto As ~ A5
nto A0 ~ A7
Acc.to A8~A15
Cto Ao - A7
B to As ~Al15
Cto- /-0
Bto- /-"1

#NN
o

#NN
Cto Ao A7
Bto As / Al5
Cto Ao / A7
Bto As / Al5



INSTRUCTION SET (continued)
SUMMARY OF FLAG OPERATION

Instruction

ADD A s ;ADC A ' s

SUB s; SBC A s ; CP s ; NEG

AND s
OR s, XOR s

INC s

DEC s

ADD DD, ss

ADC HL, ss

SBC HL, ss

RLA, RLCA, RRA ; RRCAA

RLm ;RLC m;RRm;
RRC m ; SLA m
SRA m ;SRL m

RLD ; RRD
DAA

CPL

SCF

CCF

INT, (O

INI, IND, OUTI ; OUTD
INIR ; INDR ; OTIR ; OTDR

LDI ; LDD
LDIR ; LDDR

CPI ; CPIR ; CPD ; CPDR

LD A ILLDA R

BIT b, s

-

X X X X X

T XX P X X

x

X X X X X X X XX

X XX XX X X X X X X

o o X X X

X OO0 XX O X O p X O

xX X

X X X X X X X XX

X XX XX X X X X X X

PV

<

¢« < < ©TT

< <

IFF

[N

o O p O O b O OO

» OO0 Rk O O O kb

Do

-

xX X

Comments

8-bit Add or Add with Carry.

Z8400

8-Bit subtract, subtract with carry, compare and negate

accumulator.

Logical Operations

8-bit Increment

8-bit Decrement

16-bit Add

16-bit Add with Carry
16-bit Subtract with Carry.
Rotate Accumulator.

Rotate and Shift Locations.

Rotate Digit Left and Right
Decimal Adjust Accumulator.
Complement Accumulator
Set Carry

Complement Carry

Input Register Indirect

Block Input and Output. Z = 0 if B * otherwise Z =0

Block Transfer Instructions. PV = 1 if BC * 0,

otherwise PV =0

Block Search Instructions. Z = 1 if A = (HL),

otherwise Z=0. PV = 1if BC * 0, otherwise PV = 0.

The content of the interrupt enable flip-flop (IFF) is

copied into P/V flag.

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

SGS-THOMSON
ncs

19/33



L2.7,

% 566

1@.9<=9D0:J

9 (+7)
=>9 ?8> Y =F<70 .F<70 30;D?< =;
03. 78> Y =F <70 30;D?< .F <70 .A038<=.9 =;

83=<E .3 /03F?.B ?8> 83=<E |J 89: ./03F?.B I+J ;7830 <70 ;810 F?8> .>=@8? .A038<=.9; 8FF0@<

<7=; F?8> B=<7 <70 A83=<E .F <70 30;D?< B7=?0 83=<710<=@ .A038<=.9; 8FF0@< <7=; F?8> B=<7 <7

<70 30;,D?< F 5+ 7.?:; A83=<E# 5+ Y =F <70 30;D?< .F <70 .A038<=.9 =; 0/09#=F 30;D?< =; ... F
7.7:; JO3F?.B# 5+ Y =F <70 30;D?< .F <70 .A038<=.9 A3.:.D@0: 89 ./03F?.B

8?F,@833E 78> Y =F<70 8::.3;D2<38@< .A038<=.9 A3.:.D@0: 8 @833E =9<. .3 2.33.B F3.1 2=<
<70 8@@D1D?8<.3

15 D2<38@< 78> Y =F <70 A30/=.D; .A038<=.9 B8; 8 ;D2<38@<

89: F?8>; 830 D;0: =9 @.9ZD9@<=.9 B=<7 <70 :0@=18? 8:ZD;< =9;<3D@<=.9 | J <. A3.A03?E @.33
<70 30;D?< =9<. AB@HO: F.318< F.??.B=9> 8::=<=.9 .3 ;D2<38@<=.9 D;=9> .A0389:; B=<7 A8@HO:
F.318<

833E5=9H 78> Y =F <70 .A038<=.9 A3..D@0: 8 @833E F3.1 <70 .F <70 .A0389: .3 30;D?<
70 F?8> =; 8FFO@<0: 8@ @.3:=9> <. <70 30;D?< .F <70 .A038<=.9

70 F?8> =, D9@789>0: 2E <70 .A038<=.9

70 F?8> =; 30;0< 2E <70 .A038<=.9

70 F?8> =; ;0< 2E <70 .A038<=.9

70 F?8> =; 8 G:.9N< @830G

5+ F?8> 8FF0@<0: 8@@.3:=9> <. <70 ./03F?.B 30;D?< .F <70 .A038<=.9

5+ F?8> 8FFO@<0: 8@@.3:=9> <. <70 A83=<E 30;D?< .F <70 .A038<=.9

9E .90 .F <70 0>=;<03; # # # # # #

9E ,2=< ?.@8<=.9 F.3 8?7 <70 8::30;;=9> 1.:0; 8??.B0: F.3 <70 A83<=@D?83 =9;<3D@<=.9
9E $,2=< ?.@8<=.9 F.3 8?? <70 8::30;;=9> 1.:0; 8??.B0: F.3 <78< =9;<3D@<=.9

9E .90 .F <70 <B. 9:0C 30>=;<03; '.3

0F30;7 .D9<03

,2=< +8?D0 =9 89>0 W % \

$,2=< +8?D0 =9 89>0 W $ 6 \

< SGS-THOMSON



PIN DESCRIPTIONS

AO-Al15. *  ++, + (Output, Active High, 3-state).
Ao-A1s form a 16-bit address bus. The Address Bus
provides the address for memory data bus ex-
changes (up to 64K bytes) and for I/O device ex-
changes.

BUSACK. , +*- % (Output, Active Low).
Bus Acknowledge indicates to the requesting device
thattheCPU address bus, data bus, and control sig-
nals MREQ, IORQ, RD, and WR have entered their
high-impedance states. The external circuitry can
now control these lines.

BUSREQ. ,+ ./ + (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 wire-
ORed and requires an external pullup for these ap-
plications. Extended BUSREQ periods due to
extensive DMA operations can prevent the CPU
from properly refreshing dynamic RAMs.

Do-D7. 0 ,+ (Input/Output, Active High, 3-
state). Do-D7 constitute an 8-bit bidirectional data
bus, used for data exchanges with memory and /0.

HALT. 1 2 (Output, Active Low). HALT indi-
cates that the CPU has executed a Halt instruction
and is awaiting either a non-maskable or a mask-
able interrupt (with the mask enabled) before oper-
ation can resume. While halted, the CPU executes
NOPs to maintain memory refresh.

INT.3 4./ + (Input, Active Low). Interrupt
Request is generated by 1/O devices. The CPU ho-
nors a request at the end of the current instruction
if the internal software-controlled interrupt enable
flip-flop (IFF) is enabled. INT is normally wire-ORed
and requires an external pullup for these applica-
tions.

IORQ. 34 56 4 ./ + (Output, Active Low,
3-state). IORQ indicates that the lower half of the
address bus holds avalid 1/0 address for an 1/0O read
or write operation. IORQ is also generated concur-
rently with M1 during an interrupt acknowledge cycle
to indicate that an interrupt response vector can be
placed on the data bus.

78400

ML. 7 6 (Output, Active Low). M1,
together with MREQ, indicates that the current ma-
chine cycle is the opcode fetch cycle of an instruc-
tion execution. M1,together with IORQ, indicates an
interrupt acknowledge cycle.

MREQ. 7.1+ (Output, Active Low, 3-
state). MREQ indicates that the address bus holds
a valid address for a memory read or memory write
operation.

NM..8 & +-9 3 4:34; negative edge-
triggered). NMI has a higher priority than INT. NMI
is always recognized at the end of the current in-
struction, independent of the status of the interrupt
enable flip-flop, and automatically forces the CPU
to restart at location 0066H.

RD. . (Output, Active Low, 3-state). RD indi-
cates that the CPU wants to read data from mem-
ory or an I/O device. The addressed I/O device or
memory should use this signal to gate data onto the
CPU data bus.

RESET. .+ (Input, Active Low). RESET in-
itializes 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 data bus go to a high-
impedance state, and all control output signals go
to the inactive state.

Note that RESET must be active for a minimum of
three full clock cycles before the reset operation is
complete.

RFSH. . + (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. < (Input, Active Low). WAIT indicates to
the CPU that the addressed memory or I/O devices
are not ready for adatatransfer. The CPU continues
to enter a Wait state as long as this signal is active.
Extended WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. < (Output, Active Low, 3-state). WR indi-
cates that the CPU data bus holds valid data to be
stored at the addressed memory or I/O location.

SGS-THOMSON 21/33



Z8400

CPU TIMING

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

m Memory read or write

m /O device read or write

m Interrupt acknowledge

The basic clock period is referred to as a T time or
cycle, and three or more T cycles make up a ma-
chine cycle (M1, M2 or M3 for instance). Machine
cycles can be extended either by the CPU automati-
cally inserting one or more Wait states or by the in-
sertion of one or more Wait states by the user.

INSTRUCTION OPCODE FETCH
The CPU places the contents of the Program

Figure 5 : Instruction Opcode Fetch.

22/33 fz 7

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 Tz. During clock states T3 and
T4 of an M1 cycle dynamic RAM refresh can occur
while the CPU starts decoding and executing the in-
struction. When the Refresh Control signal
becomes active, refreshing of dynamic memory can
take place.
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Z8400

CPU TIMING (continued) cally inserts a single Wait state (Tw).

INPUT OR OUTPUT CYCLES This extra Wait state allows sufficient time for an I/O
Figure 7 shows the timing for an 1/O read or 1/O write ﬁr?gsto decode the address from the port address
operation. During 1/O operations, the CPU automati- ’

Figure 7 : Input or Output Cycles.

T2 Tw Tw T3

Note : Tw* = One wait cycle automatically inserted by CPU.

24133 HZ] SGSTHOMSON



CPU TIMING (continued)

INTERRUPT REQUEST/ACKNOWLEDGE
CYCLE

The CPU samples the interrupt signal with the ris-
ing edge of the last clock cycle at the end of any in-

Figure 8 : Interrupt Request/Acknowledge Cycle.

Notes : 1. TL = Last state of previous instruction.
2. Two Wait cycles automatically inserted by CPU (*).

78400

struction (figure 8). When an interrupt is accepted,
a special M1 cycle is generated.

During this M1 cycle, IORQ becomes active (instead
of MREQ) to indicate that the interrupting device can
place an 8-bit vector on the data bus. The CPU auto-
matically adds two Wait states to this cycle.
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28400

CPU TIMING (continued)
HALT ACKNOWLEDGE CYCLE

When the CPU receives an Halt instruction, it ex-
ecutes NOP states until either an INT or NMI input
is received. When in the Halt state, the HALT out-
put is active and remains so until an interrupt is re-
ceived (figure 11).

Figure 11 : Halt Acknowledge Cycle.

: INT will also force a Halt exit.
* See note, Figure 9.

Figure 12 : Reset Cycle.

28/33

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, three internal T cycles are consumed
before the CPU resumes normal processing oper-
ation. RESET clears the PC register, so the first op-
code fetch will be to location 0000 (figure 12).

rr
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78400

AC CHARACTERISTICS (continued)

728400 Z8400A Z28400B Z8400H

N Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max.

(ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock 80 50 50 40
39 TcBUSREQ(Cr) BUSREQ Hold Time after Clock t 0 0 0 0
40 TdCr(BUSACKf) Clock t to BUSACK | Delay - 120 100 90 80
41 TdCf(BUSACKr) Clock i to BUSACK Delay 110 100 90 80
42 TdCr(Tz) Clock to Data Float Delay 90 90 80 70
43 TdCr(CTz) Clock to Control Outputs Float 110 80 70 60

Delay (MREQ, IORQ, RD, and WR)
44 TdCr(Az) Clock to Address Float Delay 110 90 80 70
45 TdCTr(A) MREQ IORQ RD and WR 160* 80* 35* 20*
to Address Hold Time

46  TSRESET(Cr) RESET to Clock t Setup Time 90 60 60 45
47  ThRESET(Cr) BESET to Clock Hold Time 0 0 0 0
48 TsINTf(Cr) INT to Clock Setup Time 80 80 70 55
49 ThINTr(Cr) (NT to Clock Hold Time 0 0 0 0
50 TdMIf(IORQf) Ml i to IORQ i Delay 920* 565* 365* 270*
51 TdCf(IORQ) Clock i to IORQ i Delay 110 85 70 60
52 TdCf(IORQr) Clock t to IORQ Delay 100 85 70 60
53 TdCf(D) ; Clock i to Data Valid Delay 230 150 130 115

* For clock periods other than the minimums shown in the table, calculate parameters using the expressions on the following table
All timings are preliminary and subject to change.

FOOTNOTES TO AC CHARACTERISTICS

N° Symbol
TcC
2 TwCh
7 TdA(MREQf)
10 TWMREQh
1 TWMREQI
26 TdA(IORQf)
29 TdD(WRf)
31 TWWR
33 TdD(WRf)
35 TdWRr(D)
45 TdCTr(A)
50 TdMIf(IORQT)
AC Test Conditions :
Vih=2.0V
vit=08V

Vihe = Vcc - 0.6 V

78400
TwCh + TwCl + TrC + TfC

Although static by design,
TwCh of greater than 200
ps is not guaranteed.

TwCh + TfC - 75

TwCh + TfC - 30

TcC - 40

TcC - 80

TcC-210

TcC - 40

TwCl + TrC-180

TwCl + TrC - 80

TwCl + TrC - 40

2TcC + TwCh + TfC - 80

Vite =0.45 V
Voh =20V
Vo1 = 0.8V

Z8400A
TwCh + TwCl + TrC + TfC

Although static by design,
TwCh of greater than 200
ps is not guaranteed.

TwCh + TfC - 65
TwCh + TfC - 20
TcC - 30
TcC - 70
TcC - 170
TcC - 30
TwCl + TrC - 140

TwCl + TrC - 70
TwCl + TrC - 50
2TcC + TwCh + TfC - 65

FLOAT =+05V

AT

' SCS-THOMSON

Z8400B
TwCh + TwCIl + TrC + TfC

Although static by design,
TwCh of greater than 200
ps is not guaranteed.

TwCh + TfC - 50
TwCh + TfC - 20
TcC - 30
TcC - 55
TcC - 140
TcC - 30
TwCl + TrC - 140

TwCl + TrC - 55
TwCl + TrC - 50
2TcC + TwCh + TfC - 50



ABSOLUTE MAXIMUM RATINGS

28400

Symbol Parameter Value Unit
T stg Storage Temperature Range - 65 to + 150 °c
+ Temperature under Bias Specified Operating Range
V, Voltages on all Inputs and Outputs with respect to GND - 03+70 \Y
Power Dissipation 15 w

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. Ex-
posure to absolute maximum rating conditions for extended periods may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following
standard test conditions, unless otherwise noted. All
voltages are referenced to GND (OV). Positive cur-
rent flows into the referenced pin. Available opera-
ting temperature ranges are :
m 0 °Cto +70 °C,

+4.75V<Vcc<+525V
m-40°Cto +85°C,

+4.75V<Vcc<+525V
m-55 °Cto + 125 “C,

+4.75V< Vcc <+525V

All ac parameters assume a load capacitance of
50pF. Add 10ns delay for each 50pF increase in

load up to a maximum of 200pF for the data bus and
100pF for address and control lines.
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