Z80 CPU Central Process Unit

a The instruction set contains 158

instructions. The 78 instructions of the
8080A are included as a subsel; 8080A
and Z80° sollware compalibilily is
maintained.

8MHz, 6MHz, 4AMHz and 2.5 MHz clocks
for the Z80H, Z80B, Z80A and 480 CPU
resull in rapid instruction execution with
consequent high data throughpul.

The extensive instruction sel includes
string, bit, byle, and word operalions.
Block searches and block ‘ranslers
logether with indexed and relative
addressing resull in the most powerful
data handling capabilities in the
microcomputer industry.

The 280 microprocessors and associaled
family of peripheral controllers are linked
by a vectored inlerrupt system. This

syslem may be daisy-chained lo allow
implementlation of a priority interrupt
scheme. Litlle, if any, additional logic is
required lor daisy-chaining.

Duplicale sets of both general-purpose
and llag regislers are provided, easing
the design and operation of system
sollware through single contoxt switching,
background-foreground programming,
and single-level interrupl processing. In
addilion, two 16-bit index regislers
lacilitale program processing ol lables
and arrays.

There are three modes of high spced

inlerrupt processing: 8080 similar, non-
280 peripheral device, and Z80 Family
peripheral with or withoul daisy chain.

a On-chip dynamic memory refresh

counter.
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Figure 1. Logic Funciions
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General Description

The Z80, Z80A, Z80B and Z80H CPUs are
third-generation single-chip microprocessors
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 eulows operation in foreground-
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Figure 2. Pin Configuration

background mode or it may be reserved for
very fast interrupt response.

The Z80 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 +3 V power
source. All output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it is supported by an
extensive family of peripheral controllers.
The internal block diagram (Figure 3) shows
the primary functions of the Z80 processors.
Subsequent text provides more detail on the
280 /O controller family, registers,
instruction set, interrupts and daisy chaining,
and CPU timing.
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General Description (Continued)
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Figure 3. CPU Block Diagram

280 Microprocessor Family
The Z80, Z80A, Z80B and Z80H

microprocessor is the central element of a
comprehensive microprocessor product
family. This family works together in most
applications with minimum requirements for
additional logic, facilitating the design of
efficent and cost-ellective microcomputer-
base systems.

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

8 The CTC (Couter/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 /O transfer mode (with
handshaking) and in bit mode (without
handshaking). The PIO may be

configured to interface with standard
parallel periperal devices such as
printers, tape punches, and keyboards.

The DMA (Direct Memory Access)
controller provides dual port data transfer
operations and the ability to teminate 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 variety of programmable
medes for both synchronous and
asynchronous communication, including
Bi-Synch and SDLC.

The DART (Dual Asynchronous
Receiver/Transmitter) 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 consist of
the Accumulator Register, the Flag Register,
and six general-purpose registers. Transter
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 as background-
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foreground data processing. The second set
of registers consists of six registers with
assigned functions. These are the I (Interrupt
Register), the R (Refresh Register), the 1X
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 in identifying the
interrupt mode at any particular time. Table
1 provides further information on these
registers.

ALTERNATE ASQISTEA 387
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Fig. 4. CPU Registers
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CPU Registers (Continued)
Register Size (Bits) Remarks
A A Accumulator 8 Stores an operand or the results of an operation
F. F Flags 8 See Instruction Set.
8. 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 Purpoee 8 Can be used separately or as a 16-bit register with E.
£F General Purpose 8 See D, above
HH 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 (H.L) sets are combined as follcws:
B - High byte C-Low byte
D-High byte E-Low byte
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-trasparent dynamic memory refresh. Lower seven bits are
automatically incremented and all eight are placed on the address bus
during each ins'ruction fetch cycle refresh time.
IX Index Register 16 Used for indexed addressing.
Iy Index Register 16 Same as [X, above.
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.
IFF,-IFF, Interrupt Enable Flhip-Flops  Set or reset to indicate interrupt status (see Figure 4).
IMFa.IMFb Interrupt Mode Flip-Flops  Reflect Interrupt mode (see Figure 4).

Table 1. CPU Registers



Interrupts: General Operation

The CPU accepts two interrupt input
signals: NMI and INT. The 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 for the non-maskable
interrupt. The maskable interrupt, INT, has
three programmable response modes
available.

These are:
8 Mode 0 — similar with the 8080
microprocessor.

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

8 Mode 2 — a vectored interrupt scheme,
usually daisy-chained, for use with 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 non-
maskable interrupt cannot be disabled by
program control and therefore will be
acoepted at all times by the CPU. NMT is
usually reserved for servicing only the
highest priority type interrupts, such as that
for orderly shut-down after power failure has
been detected.

After recognition of the NMI signal
(providing B 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 Z80
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 (MI) cycle in which JORQ becomes _
active rather than , as in_normal M1
cycle. In addition, this special M1 cycle is
automatically extended by two WAI? 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 in{errupt
acknowledge cycle followed by two memory
read cycles.

Mode 1 Interrupt Operation. Mode 1
operation is very similar to that for the NMI.
The principal difference is that the Mode |
interrupt has a restart location of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most
effectively the capabilities of the Z80
microprocessor and its associated peripheral
family. The interrupting peripheral device
selects the starting address of the interrupt
service routine. It does this by placing an
8-bit vector on the data bus during the
interrupt acknowledge cycle. The CPU forms
a pointer using this byte as the lower 8-bits
and the contents of the I register as the
upper 8-bits. This points to an entry ir 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-order byte of the 2-byte
vector, bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain



Interrupts: General Operation (Continued)

configuration. Each device in the chain has
an interrupt enable input line (IEI) and an
interrupt enable output line (IEO), which is
fed to the next lower priority device. The
first device in the daisy chain has its IEI
input hardwired to a High level. The first
device has highest priority, while each
succeding device has a corresponding lower
priority. This arrangement permits the CPU
to select the highest priority interrupt from
several simultaneously interrupting
peripherals.

The interrupting device disables its [EO
line to the next lower priority peripheral
until it has been serviced. After servicing, its
1EO line is raised, allowing lower priority
peripherals to demand interrupt servicing.

The Z80 CPU will nest (queue) any
pending interrupts or interrupts received
while a selected peripheral is being
serviced.

Interrupt Enable/Disable Operation. Two
flip-flops, IFF, and IFF,, referred to in the
register description are used to signa! 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.

Action IFF; IFFy Commoents

CPU Reset 0 0  Maskable interrupt
INT disabled

DI instruction 0 0  Maskable interrupt

execution INT disabled

El instruction 1 1 Maskable interrupt

execution INT enabled

LD A, | instruction . e IFFy—Parity flag

execution

LD A, R instruction ¢ e [FF~Parity flag

execution

Accept NMI 0 IFF, [IFF\~IFF;
(Maskable interrupt
INTdisabled)

RETN instruction  IFF; o IFF~IFF &t ___

execution completion of an NM!

service routine.

Table 2. State of Flip-Flops



Instruction Set

The Z80 microprocessor has one of the
most powerful 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 I/O. It also
allows operations on any bit in any location
in memory.

The following is @ 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 Technical Manual
and Z80 CPU Programming Manual contain
significantly more details for programming
use.

The instructions are divided into the
following categories:

o 8-bit loads
o 16-bit loads
Exchanges, block transfers, and searches

8-bit arithmetic and logic operations

General-purpose arithmetic and CPU
control

o0 16-bit arithmetic operations

o Rotates and shift

o Bit set, reset, and test operations
o Jumps

o Calls, returns, and restarts

o Input and output operations

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

Immediate
Immediate extended
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
Implied

Bit

0 0 000 0oo0boOo0aa



8-Bit Load Group

Symbelic Nags Opcede No.ol Moot M Moot T
Mosmonic Operatica $ 2 B P/Y R C 78343210 Bex Bytes Cycles Stewes Comments
e e-r ¢ o X o X o o o o r ¢ 1 3 4 rir' F
en r=n ¢ o X e X o o o 00 r 110 2 2 7
-n- o C
LC s (HL r = {HL) o o X o X e o o ol r 110 | 2 ki 9 D
Lor(lX+d) ¢~ {[X+d) e o X o X o o o 11 011 101 DD 3 L 19 [T 1
ol ¢ 10 100 H
-de 0 L
LOr(lYod) r=(lfed e o X o X o o o it FO 3 S 19 A
of ¢ (10
-d -
LO(HL. ¢ (HL) = ¢ e o X o X o o o oLilo ¢ ) 2 7
LO(X+d),? (Xed) =¢ e o X o X o o o 11 o1l 101 DD 3 S 19
oL ¢
-d -
LE(i¥Yedhr UYed)=r e o X e X o o o 1o F0 3 H 19
01110 ¢
-d -
LO(HL. n (HL) = n e o X o X e ¢ o 0ONCIO ¥ 2 3 10
-fn =
LD@EXed).n  (IX+d) - n e o X o X o o o ol i DO« S 1
010110 6
-de
-n=
WDYesdhn ([Yed)=n ¢ ¢ X o X o o o 1111100 FD 4 L 19
0 (10110 38
-d e
-ne-
LD A, (8C) A - (BC) e o X o X o o o 000000 OA 1 2 ?
LD A. (DF) A - (D) ¢ o X o X e o o 00CHOI0 IA I 2 7
LD A. (ne) A = (nn) e o X o X o o o 0 (11 010 3A 3 4 13
-
-n-
LOBCL A (BC) = A ¢ o X o X e e o (00000I0 02 1 2 7
W DEL A (DE) - A e o X o X o o o o000 12 ) 2 ?
Do), A (nn) = A e ¢ X e X o o o (I0O00 32 3 L} 1
-f -
-n-
LAl A-1 1 1t X 0 X IFF QO o 11 101 100 ED 2 2 9
01 010 111 %7
DA R A-R 1 1t X 0 X IFF O o it fol o1 ED 2 2 9
01 011 )il. SF
LA i=-A e o X o X o o o 11 101 10t ED 2 2 9
o1 000 11} @
LDR. A R=A ¢ e X o X o o o 11 101 Jo) ED 2 2 ?
oL 001 LIl 4F

KOTES: r. r' meanseny ol the requrers A. B C.D. E H. L
IFF the content of the irterrupt enable lhp-lics. (IFF)
copsed e the P/V lleg.
For ar. sxplanation of 1lag nors‘son end symoois for
Mmemonc tatles. swe Symbolic Noteon seci0n
fo.lowing tables.



16-Bit Load Group

Symbelic Page Mool Mool No.od T
Maemenis Operstion s 2 ) ad 70 543 310 Box Dyws Cryeles Siates Connore
LD dd. nn dd - nn o o X X e 00 ddo 00 3 3 10 44 P
-n- W BC
N1 o R
1) X - ¢ o X X e O DD 4 ] 1 )
X - 00 100 001 21 1] P
- -
-n-
LOIY.mn IY=nn e o X X o ot FO 4 4 113
00 100 001 2t
- -
- -
LD HL. (nn) H -~ (nnel) e o X X o 00 101 010 2A 3 s 16
L =(on) -
- -
LD dd. (nn) ddy - (ane it e o X X o 11101 10) EO 4 [ F
ddg. = (an) ol ddi 011
-a-
-ne-
LD IX. tan) XK = (ane D) e o X X e 11 011 10! DD 4 [] 0
IX = (na) 00 10) 010 2A
-n-
-—ne-
LD IY. (nn} W = (anel) e o X X o 1ol Fb 4 [ 2
IV - (nn) 00 101 010 2A
-ne-
-ne-
LD (nn), HL (mnel) = H e o X X o 00 100 0)0 22 3 s 16
{nn) - -f -
-n-
LD (nn), dd (ane)) = ddy o o X X o 1101 100 EDO 4 6 F
(an) = ddp. 01 dd0 01)
-ne-
-
LD (o, IX (rne)) = DXy e o X X o 1010 DD 4 [} b 4
(an) = IXp 00 100 010 22
-n-
. -8
LD (anl. I¥ (nnel) = Yy e o X X o o Fo L] [} F
(nn) ~ 1T 00 100 010 22
-n=
-n-
LD SP. HL SP ~ HL s o X X o 11 11) 001 P i ] ]
LD SP. IX SP - IX e o X X o 1 010l DO 2 2 10
11001 F9
Lo sP. IY -0y e o X X o 1010l FD 2 2 10
i1 11000 P9 Palr
PUSH aq (SP-2) = qat. * o X X o 1 o0 10) 1 3 n g BC
(SP-1) = aait 0l DE
SP - SP -2 10 HL
PUSH IX (SP-21 - IXp e o X X o noiwoo 2 4 18 n AF
(5’-’8);[:“ 11 100 )01 ES
PUSH IY (SP-2 - IMp e o X X o 11 0t O 2 4 1S
(SP-1) - Ity 11 )00 )01 ES
SP=SP -2
POP aq QQH = (SP+ 1) e o X X o 11 qq0 00} ] 3 10
QgL ~ (SP)
SP~SPe
POP IX Xy = (SP+)) e o X X o 11 0l1 )01 DD 2 4 14
Xy - (SP 11 100 00) E1
SP-SP 2
POPIY Y4 = (SPe ) e o X X o 1 100 FO 2 4 1]
Y - (sP) 1) 100 00) B}
SP - SP +2
sp.

NOTES: dd u eny of the reguser pairs BC. DE. NL.
QQ » any of the cegumer pewrs AF. 8C. DE.

F-3

Wm»kéPAmgwbmW«db-ud- aight brts of the register petr redpecirvely.
.9 L= ¢

Afy e A.



Exchange. Block Transfer, Block Search Groups

£XOF, HL DE ~ HL o o
EX AF. AF AF = AF
[ 244 BC -~ BC .« .
DE - DE'
HL - HL
EX (SP), HL H~(SPel) e o X o X o
L

.
3
M
.
LR k]
.

EX (SP). IX IXy = (SP+1) e« o X ¢ X o
- (SP)

EX (SP), IY Iy = (SPe1) ¢ o X o X
YL - (SP)

-©

LDI (DB -~ (HL) e« o« X 0 X

8
'’
8

c®

Hlog ] (DE) = (HL) e« o X 0 X
DE -~ DE+1
HL -~ HL+)
BC - BC-1
Repeeat unnl
BC =0

-9

LoD (D) ~ (HL) e ¢« X 0 X
DE - DE-1
HL - HL-1
BC - BC-1

°®

LDDR (DE) = (HL) e o X 0 X
DE - DE-1
HL - HL-)
BC - BC-1
Repeat until
BC =0

-0

CPi A - (HL) '
HL « HL+1
BC - BC-1

-©

CPIR A - (KL ]

HL - HL+1
BC - BC-1
Repest untl
A = (HL)or
BC =0

-©

PO A - (HL) '
HL = HL-1
BC - BC-1

©
-9

CPOR A - (KL t o X 1 X

HL - HL-1
BC - BC-1
Repeat uni]
A = (HL) or

BC =0

11101 o1t
00 001 000
11 011 001
11 100 011
11 01 100
11 100 011
1 1o
11 100 01

11 101 101
10 100 000

1110t 101
10 110 000

1101 108
10 101 000

1t 101 108
10 111 000

11101 10t
10 100 001

11 101 10!
10 110 00!

it 10t 10!
10 101 001

11 101 10
10 111 001

zD u3B8 B 88

ED
Al

[NYX)

[NYX)

X"}

awm

aan

19

Eil
16

21
16

UBC = Cand
A e (HL
BC = Oor
A = (HL

NOTE: (D)1 the rewuit of B - 1 1s sero the I fieq s set, othereise it  reset.
@D 21149 % mt upon netruction completion only.



Symbelie Nage Opcode Reol Mool M Mool T
Maemonic Oparation s 2 | 4 PYN C 78 549 210 Box Bytes Cycles Siams Comments
ADD A, r A=Aeor tt X1 xvo s - ] 1 4 r_ Reg.
ADDA.n A=Aen t 1 X 1 Xxvos uni@uo 2 7 000 B
-8 - 0 C
010 D
ADDA.(HL) A~ A e (HL t 1 X 1t X v o 108k ] 2 7 o E
ADDA. (IX+d) A =~ A o (X+d) t 1 X ¢ XV 0o uounio 0O 3 s 19 100 H
1055 110 [
-d = m A
ADDA. (Y o) A = A » (Y +d) t 1 X 1 XV o unuier 3 s 18
10059 1:0
- d -
ADCA.s A = AReseCY 1 X 1t X v oo (o] smenyolr, n,
suB A-A- T X1 XV e, (HL), X+ d),

' - . p—— {lY + d) as shown
S8CA. s A - A-9-CY t o X8 X Vo [T for ADD nstruction.
AND s A=-Aas t 1 X1 XPOO m The indicated bita
ORs A-Av, 1 1 X0 XPoOO (1) ropiace the (] =

the ADD set above.
XOR s A~Aeos t 1+ X 0 X P OO (1))}
CPs A-s 11X X v (ivu]
INCr tmtel 1t X1 xvo e o[ t 1
INC (HLI (HLI = (EL) + 1 1t X 1 X Vv oo e o0nofiad 1 3 1
INC(IXed) ({IXed) — 1 1 X 1 XV 0 e llonlol DO 3 6
(Xed)+l 00 o (X
INC(IY+d)  (I¥+d) = 1t X 1 XV 0 e Nl F» 3 [ 2
IYed)+1 00 110 §X0
- d -
DECm me-m-] 1t Xt X V1 e m m is any of r. (HL),
(IXed). (Yo d)
- INC.
DEC same format
and states as INC.
Replace [30] with

mlncpeedo.
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General-Purpose Arithmetic and CPU Control Groups

Syabolic Neg Opcode No.ol Me.ol M Ne.of T
Masmonlc Operatica s 2 N VN C T3 30He Bytes Crcles Siates Commeats
~AA Convertsecc.content § &t X 1 X P e 3 001001122 ) 1 4 Decimel adjust
- into pecked BCD accumuletor.
following add or
subtrect with packed
BCD operends.
coL A-K ¢ ¢« X 1 X e ) e 0IONIMF ) 1 4
Sccumulator (one's
complement)
NEG A-0-A 11 X 1 XV 1l 1 1Ni010E 2 2 [ Negete acc. (twa's
01 000 100 44 complement).
ocF cY-CF% e ¢ X X X e 0 1 0N NZ3F ) 1 4 Complement carry
[
soF CY -1 X 0 X 0 0il0N 37 ) 1 4 Set carry flag
NOP No X o X . 00000000 00 i 1 4
EALT CPU halted X o X . 01110 110 76 1} 1 4
Die IFF =0 X ¢ X . nnoont M i ] 4
£ IFF = | X o X . TR | 4
M3 Set interrupt X o X D 1110: 101 ED 2 2 8
mode 0 01 000 110 46
M Set interrupt ¢« o X e X o o o 1110100 ED 2 2 [
mode 1 01 010 110 6
™2 Set interrupt ¢ o X o X e o o 11101101 ED 2 2 []
2 01 011 110 SE
NSTES  IFF inchcates the mierrupt enable lip-flop.
CY indicates the catry {hp-flop.
® ichcotes wterrupts ere not ssmpled et the end of &l er DI.
16-Bit Arithmetic Group
ADD HL. » HL - HL+ss e o X X X ¢ 0 1 00 s} 001 } 3 n %_Lg_
BC
ADCHL @  HL - HLesmsCY 11 X X XV 01 illoiciED 2 4 15 0l DE
0i sl 0i0 10 HL
I s
S3CHL. . HL - HL-u-CY 1t XXXV it0l 101 ED 2 4 s
0] =0 010
AIX.pp  IX=IXepp e ¢ X X X ¢ 0 1 HONINDD 2 4 15
01 ppl 00i
0l DE
10 X
Ao 1 se
Dt n Weleorm e ¢ X X X e 0 1 llNIIIFD 2 4 15 o X
00 er] 001 orﬁ?‘
01 DE
10 1y
N n sp
iNC s s-snel e ¢ X e X o o o  00m00l 1 1 6
INC X X-1Xel ® ¢ X e X e o o 1ONIIDD 2 2 10
00 100 01i 23
NC Y Welrel ¢ ¢ X o X o o o NlNLI0IFD 2 2 10
~ 00 100 01 23
OiCw "-a-l e o X o X e o 00m!ON | 1 6
OEC 1x X - ix-1 ¢ ¢ X o X e o o+ JONNIIDD 2 2 0
00 10i Ol 2B
DEC 1y I -1y e« ¢« X e X o o o 1IN 2 2 10
00 101 OII 28

VZIES w1 any of the couter paws BC. DE. HL.
PE 13 00y of the requater paws BC, DE. IX.
.

SP.
SP.
r¢ 15 any of the requater pawrs BC. Y. sp.



Rotate and Shift Group

Symbolic Negs Opcode No.ol Mool M Ne.ot T

Meemonlc Operatics 8 2 | PIVN C 78 543 210 NMex Bytes States Coaments

RLCA @LG=" ¢« «xczxeo01 wowm o 1 1 4 Rowe leftctrculer
L] accumuletor.

ALA E—{7—=% s+ ¢« x 02X 01 o000l 17 | 1 4 Rotte leh

A accumulasor.

ARCA ®
L) :

ARA e e X 0 X s 01 ONIN IF ! ¢ o right

00 00! 111 OF ] 1 4 Rotate right circuler

.
.
»
(-
»”
.
©

A accumuletor.
RLC 1 1+ X 0 X P O 1 110010l CB 2 2 8 Rotate leit cvecular
wl requster r.
RLC (HL) 1 1 X 0 X P 0O 1 l100l0I CB 2 4 15 H
0 C
3
mcax-alELT—F + s x 0 x P ot uom DD 4 ¢ =n X2
£(HLL(IX o d),(1Y = ) V1001 01l CB ‘o W
-4 - 0 L
00 %] 110 uoA
RLC (IY + ) t 1 X 0 X P O 1 M0l FO 4 [ n
100t gi1 CB
-4 - Instruction format
and stetes are as

e D=, xox o
mer (KL (X +d).(IY ¢+ d)

shown for RLC's.

RRC m =S + i xo0xe 0 )
mar (HL)(IX+d)(IY ¢ Q)

mm =2 3—E 1 x 0 x P oo
mer (HLL(IX +dLIf o )

8

StAm E—{T—¢-* + + x 0 x P 01 X
mer {HLI(IX ¢+ d..(iY ¢ d)

7——0 fev
SRA m == 1 1 X 0 X P O 1
mar (HLLIX ¢ d)LUY ¢+ d)

sitm ¢ C—¢}—{& 1+ 4 x 0o x P o0 1
mer (HLI{IX+d)(IY +d)

ALD 1 L X 0 X P O e 110110 ED 2 s 18 Rotste digi h and
ol Gl 10i 111 6F night between
A "y

E 8

the accumulator

and location (HL).
RRD : v X6 X P o NI D 2 s 18 The content ol the
—_— 01 10 111 67

'y "o upper half of
the accumulator »
unaffected



Bit Set. Reset and Test Group

Symbolic Nage Opeode No.ot No.ol M No.ol
Maemonle Operation ] n MPYm C 78 349 210 Kox Dytes Cycles Samies Ca
I I - X it X X 0 ttootoli Cd 2 2 8 1 %ﬂ
'b_ 0 b
BT b. (HL) 2 - (HLp X 1 X X ¢ 1100101t CB 2 3 12 o C
o b 110 010 D
BT b, (Xedlp Z-(Rodh X i X X ¢ 11 011 101 £D 4 s 2 on E
11 00t 011 CB 100 H
- d - 101 L
ol b tlo 1 A
— b__ Bit Tested
BIID. (IYedipy Z =(IYeody X 1 X X 0 11 11 101 FD 4 $ b 1] [ )
11 001 01! CB 001 1
- d = 010 2
01 » 110 on 3
100 4
01 S
110 6
1n 7
ST r . m=1 . e X o o i1 001 011 CB 2 2 8
m b r
SET b. (HL) (Hllp = 1 . ¢ X o o 11 001 011 CB 2 4 15
[ b 1o
SETL. ((Xed) (Xed)p —~1 . e X o o 1101110100 4 ) k<)
11 001 01) CB
- d =
[ o 10
SETL, (IYed) ((Yed)py =1 . e X ¢ o 110 Fo 4 ) p<)
)1 001 011 CB
- d -
[ b 1o
LECRN Y mp - 0 . e X o o To form new
m ®»r, (HL), opcode replace
(X +d), 1) of SETb. o
(iYed with 3. Flage
and tme states for
SET inatruction.
The nctat:on my, inchcates bt b (0 %0 7; o¢ location m.
Jump Group
1P an PC~nmn . ¢ X o o 11 000 011 &3 3 3 10
- a8 -
T o o S
Pec. an 1 condition cc is . e X o o 1l e 0i0 3 3 10 nOn-2860
true PC = nn, -n - 00l Z zero
otherwise - B - 010 NC non-carry
connnue 01l C corry
100 PO perity odd
100 PE perity aven
. 110 P sigr positive
Re PC - PCoe o o« X o o 00011000 18 2 3 12 1l M sign negative
- 02 =
iRC.e UC =0 . e X o o 00112000 38 2 2 7 Ucondition not met.
continue - -2~
HCwi, 2 3 12 B condition is met.
PC ~ PCee
IANC, o BC s 1. . « X o o 00110000 30 2 2 7 condition not met.
coatinue - 02~
UCw=o0, 2 3 12 U condition s met
PC = PCee
P2 HZa0 . e X o o 00100000 26 2 2 ? 1l condtion not met.
continue - 0wd -
K2 al, 2 3 12 H condition is met.
. PC =~ PCee
AN o H2el, . « X o o 00 100 000 20 2 2 ? 11 condition not met.



Symbelic Opeode No.ol Ne.ol M Ne.of T
asmonle Operatica $ Y N 76 $43 210 Hex Byies Cyeles Siates Comments
coatinve
#Ze0 2 12 Ui concution is met.
PC~PCee
P (HL) PC ~ HL o o 11 101 001 1 4
P PC-I o o nowwpde 2 ]
11 101 001 B9
244 9] PC~1Y L 1i 111100 FO 2 8
11 101 001 E®
DINZ. ¢ B-8-1 ° e 00010000 10 2 § HBeo
Ud =0 - 0-2
continee
Bwo, 2 13 liBeo
PC - PCee
NOTES: ¢ represents the extensicn in the relstive addremng mode.
@18 0 agned 1wo's complement number in the reage < =126 129 >.
©=2 1 e opcode provides en elfective address o pe+ e ae PC 1 incremented
by 2 prioe 1o the eddion
Call and Return Group
CALL mn {SP~1) = PCH ] L nomco 3 17
ISP-2 ~ PCL - a8 -
PC = nn -n -
CALL cc.nn  1f condition . L] 1l o100 3 10 Nocisfalse.
oc is false -n -
continue, -a - 3 17 Hecitrue.
otherwise same a3
CALL en
RET PCp ~- (SP) . o o 11000000 CO 1 0
PCH = (SP+ 1)
RET o 1 condition . * o 1l oc 000 1 ] Bccwlalse
oc ls false
continue, 1 n B cc m» true.
otherwise e Condition
same as non-ero
RET 001 Z 3er0
RET Rotun from . . e 1101161 D 2 u Q10 NC noncerry
0Nl C carry
interrupt 01 001 101 4D 100 PO perity odd
RETN! Return from . LR 11101 101 ED 2 M ol PE
. . parity even
non-mascable 01 000 101 45 0P sgn postive
interrupt 11 M sgn negetive
RSTp (SP-1) = PCH . o o 1t nul ] 41 t
(SP-2) ~ PCL, B—&R
PCy = 0 001
PCL~-p 010

8
gR¥EERE

NOTE: ‘AETN loads IFF - IFF|



Input and Output Grup

Symbelie Tage Opcode No.ol Ne.of M Moot T
Mosmonic Operatien $ 2 n YN C 76 543 210 Nox Dyws Cycles Simtes Comments
INA. (o) A-(n e o X o X o o o 1noonos 2 3 n nwAg ~ A7
- n - Acc. o Ag - As
N1 (O t-(C) t ¢t Xt X P O ¢ 11 101 101 ED 2 3 12 Cro Ay~ A7
e = 110 only the 0l ¢ 000 BuwAg - A8
flags will be alfected ®
Y (HL) - (©) X 1 X X X X t X 1100101 ED 2 4 16 CoAg - A7
B-B8-1 10 100 010 A2 BoAg =~ Ajs
HL - HL +1
INIR (HL) = (©) X J X X X X 1 X 1ot E 2 ] 2! Cr Ao~ A7
B-B-1 10 110 010 B2 B0 BwAg -~ Ajs
HL - HL +) 2 4 16
Repeot until A B=0)
B=0
o
ND (HL) - (©) X ¢ X X X X 1 X 11111008 2 0 1 CloAg~ A7
B-B-1 ' 10 101 010 AA BoAg ~ Ajs
HL - HL-1
WA {HL) = (C) X 1 X X X X 1 X jtiot101 ED 2 ] 21 Cur Ao~ A7
B~B-1 10 111 010 BA (Be0) BolAg - Ajs
HL - HL-1 2 4 16
Repeat until (D=0
Be=0
OUT(mLA (m-A e o X o X o o o nowon b3 2 3 n awAg ~ A
- a - Acc. o Ag ~ Ay
QUTC). (SR e o X o X o o o it 101 10l ED 2 3 12 CwolAg - Ay
o 01 r 00t BuoAg~ As
ouTt (C) - (HL) X ¢+ X X X X 1 X 111010E 2 4 16 CrAg~ Ay
B-B-1 10 100 011 A3 BuoAg - A
HL ~ HL + §
crip (©) = (HL) X 1 X X X X i X 100100 E 2 S 21 Cw Ao - A7
B-B-1 10 110 01t B3 (Be0) B Ag =~ A)s
HL = H. 1 2 4 16
WB untl (tB=?
=0
U]
ouTD (C) = (HL X 1+ X X X X 1 X 111011000 2 . 16 CwhAg~ Ay
B~B-} 10 101 01) AB BwoAg-As
HL - HL-)
o
OIDR (C) ~ (HL) X1 X X3 X 11 101 10} ED 2 L] 2) Croly- A7
B~B-1 10 111 01l (13 11 ] BwoAg -~ Ag
HL - HL-} 2 4 16
Repeat until B = 0 ('3 T }

NCTZ ou&-r—ahdl-lumullwuw,oﬁlﬂ-mnum.
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Summary of Flag Operation

Dy Dy

Instruction $ 2 Y N C Comments

ADDA.35: ADCA. o t ¢+ X 1 X V 0 8-but add or add with carry

SUBs: SBC A o: CP & NEG 1 1 X 3 X vV 1 o 8-bit subtrect, subtract with carry. compare aad negele accumulator.

AND o t ¢+ X 1t X P 0 O l

ORs. XOR s t 1 X 0 X P 0 of Logwalopereuons.

INC o ¢t X 1 X ¥V 0 o 8-bit increment.

DECs £ 1 X 1 X v L e 8-bit decrement.

ADDDD. » e ¢ X X X e 0 16-bk odd.

ADC HL, = 1 1 X X X V 0 3t 16b#tedd with cerry.

SBC HL, = 1 1 X X X V 1t 16t subtrect with cerry.

RLA. RLCA. RRA: RRCA e e X 0 X e 0 1 Rotate sccumulstor.

RL m; RLC m: AR m: t + X 0 X P 0 1 Rotese and shuft locstions.

ARC m; SLA m,
SRA m; SRL m

RLO: RRD " 1 X 0 X P O o Rotate digit left end tight.

DAA 1 3 X 1 X P e 1 Decimal adjust sccumulator.

CrL * e X I X e | o Complement sccumulstor

SCF e o X 0 X e 0 | Set cerry.

ccr e ¢ X X X o 0 Complement carry.

o' 1%, ouTi. outo X1 X X K K ) ey peuraseriaded

. IND, : 1 . -

INIR: INDR. OTIR: OTOR X 1 X X X X 1 .l Block input and output. 2 = 0 B » O otherwise Z = 0.

Lo LD rrxoxuo0 :l Block transfer tnetructions, P/V = 1 & BC @ O, otherwise P/V = 0,

CPt: CPIR: CPD: CPDR X 3 X X X 1t 1 Block ssarch instructions. Z @ 14 A = (HL), otherwse Z » 0. P/V = [

# BC » 0, otherwiee P/V = 0.

LDA.LLDA.R t 1 X 0 X IFF O o  The content of the werrupt enable lip-flop (IFF) & coped 1o the P/V flag.

BITb, e X 1+ X 1 X X 0 o The state of bit b of location & is copled into the Z flag.

Symbel Symbol Operation

S Sign flag. S = 1 if the MSB of the result is 1. [} The flag is affected according to the result of the

4 Zero tlag. Z = | tf the result of the operation is 0. operation.

PN Parity or overflow flag. Panty (P) and overflow . The flag is unchanged by the operation.

(V) share the same flag. Logical operations affect 0 The fag is reset by the operation.

this flag with the parity of the result while 1 The flag is set by the operation.

arithmetic operations aflect this flag with the X The flag is a “don’l care.”

overflow of the result. If P/V holds parity, P/V = v P/V flag affected according to the overflow result
| if the result of the operation 1s even, P/V = 0 if of the operation.

result is odd. It P/V holds overflow, P/V = 1 i P P/V flag afiected according to the perity result of
the result of the operation produced an overflow. the operation.

H Hali-carry flag. H = 1 if the add or subtract 3 Anyone of the CPU registers A, B.C, D, E. H, L.
operation produced a carry into or borrow lrom s Any 8-bit location for all the addressing modes
bit 4 of the accumulator. allowed for the particular instruction.

N Add/Subtract flag. N = ] i the previous opera- s Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.

H&N Hand N flags are used in conjunction with the i Ary one of the two index registers IX or IY.
decimal adjust instruction (DAA) to properly cor- R Refresh counter.
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed BCD (ormat.

C Carry/Link flag. C = 1 if the operation produced

a carry from the MSB of the operand or result.



28400

Pin Descriptions

Ro-As. Address Bus (output, active High,
3-sta‘e). Ag-A)s form a 16-bit address bus.
The Address Bus provides the address for
rmemory data bus exchanges (up to 64K
brtes) and for /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 have entered their high-
impedance states. The external circuitry can
now control these lines.

BUSRAEQ. 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, 1ORQ, RD, and WR to go to
a high-impedance state s that other devices
can control these lines. BUS is normally
wire-ORed and requires an external pullup
for these applications. Extended EUS%EG
periods due to extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

Dg-Dy. Data Bus (input/output, active High,
3-state). Do-Dy constitute an 8-bit
bidirectional data bus, used for data
2xchanges with memory and 1/0.

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and is awaiting either a non-
maskable 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 1/0
devices. The CPU honors a request at the
end of the current instruction if the internal
software-controlled interrupt enable flip-flop
(IFF) is enabled. INT is normally wire-ORed
and requires an external pullup for these

applications.
I gﬁ Input/Quiput Request (output, active
Low, 3-state). ]5%0 indicates that the lower
half of the address bus holds a valid /O
address for an 1/0O read or write operation.
is also generated concurrently with M1
during an interrupt acknowledge cycle to
indicate that an interrupt response vector

. M1, together with

can be placed on the data bus.

Ml1. Machine Cycle One (output, active Low).
, 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). EQ indicates that the
address bus holds a valid address for a
memory read or memory write operation.
NMI. 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-flop, and automatically forces the
CPU to restart at location 0066H.

RD. Read (output, active Low, 3-state).

RD indicates that the CPU wants to

read data from memory or an I/O device.
The addressed 1/O device or memory should
use this signal to gate data onto the CPU
data bus.

RESET. Reset (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers I and R, and sets the interrupt
status to Mode 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 T 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 (input, active Low). WAIT
indicates to the CPU that the addressed
memory or I/O devices are not ready for a
data transter. The CPU continues to enter a
Wait state as long as this signal is active.
Extended T periods can prevent the
CPU from refreshing dynamic memory properly.
WR. Write (output, active Low, 3-state).

WR indicates that the CPU data bus
holds valid data to be stored at the
addressed memory or /O location.




CPU Timing

The 280 CPU executes instructions by
proceeding through a specific sequence of
operations:

® Memory read or write
@ 1/O device read or write
8 Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (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 1 Te

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, ﬁa goes active. When active,
R% indicates that the memory data can be
enabled onto the CPU data bus.

The CPU samples the WAIT input with the
falling edge of clock state T,. During clock
states T and T of an M] 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.

A \0

cLoex (D= ﬂ \ 1 ;_—/
L_(:D —J. e ‘—/'h}‘ ksd :
S - 1 ==IX
5 o :
e ®_;\1_® /5 0 JJ
® O
| \ ”
Loy [er
wany ! w7 N\
® «@-1
&\ ” 4
- r-@ @] -~ I—@

) VALID DATA X

=

NOTE: T,,-Wan cycle added when necessary for sliow ancilhary devices.

Figure $. Instruction Opcode Fetch
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CPU Timing (Continued)

Memory Read or Write Cycles. Figure 6
shows the timing of memory read or write

cycles other than an opcode fetch (M1) cycle.
and RD signals function exactly

The M

as in the fetch cycle. In a memory write

cycle, MREQ also becomes active when the
address bus is stable. The WR line is active

when the data bus is stable, so that it can be
used directly as an R/W pulse to most

semiconductor memories.

niayl Y = O
bo-bu Axll -z;n—-n o Lx
T !—@ + @ E®.|
L0 ” v /
@-i t U o H
Hreptre
wan ®-‘1 ) C
P © @
. . I
mA':"o:: —4 r—@ u'kﬂ"'
7 e VALID
Oo-07 \nuul ol s sk OATA
- ~@
|r® O r
h —d o
e | oom S
L ——— i{ﬁAu out

v/

Figure 6. Memory Read or Write Cycles



CPU Timing (Continued)

Input or Output Cycles. Figure 7 shows the This extra Wait state allows sufficient time for
timing for an /O read or IO write operation. an /O port to decode the address from the
During IO operations, the CPU port address lines.

automatically inserts a single Wait state (T,).

cLoCK J ) ~L_/_—\_
o, L’/—h‘“ |
Ly : |
Ao-A : 1" vauio ront aconess . | C
oy T 4@
w T X ol —
—(N v e ——ry
. .,.ﬂnL 'r.,,.ﬂl ! N
wn N LT
) 0 -d‘n ‘»‘i
" : . A
vo ! i S
| "o —
ower | X ','. 159 ¢

(A
ware
OPERATION

® |
/5 ) =il
OL O

)

H
/zi\

0¢-07 eeomml OATA OUY

/A
7/

NOTE. T+ = One Wart cycle automatically inserted by CPU

Figure 7. Input or Output Cycles



CPU Timing (Continued)
Interrupt Request/Acknowledge Cycle. The During this M1 cycle, IORQ becomes active

CPU samples the interrupt signal with the (instead of ) to indicate that the inter-
rising edge of the last clock cycle at the end rupting device can place an 8-bit vector on
of any instruction (Figure 8). When an the data bus. The CPU automatically adds
interrupt is accepted, a special M! cycle is two Wait states to this cycle.

generated.

—@ - - '\;4:!‘ - Q‘-@
(","I - ; — 7 - .
warr \ Y AV R Vil
-.I ~@ (O '._'.l @
——
Oe-0r ) 4 < x VALID OATA K
NOTE: 1} Ty = Last state of previous instructior. 2) Two Wart cycies automatically inserred by CPU(*).

Figure 8. Interrupt Request/Acknowledge Cycle



CPU Timing (Continued)

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

|
LAST B CYCLE ———e

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

LasT ¥ Tt ' 1

L ..o - -
| |
-y - - ———— - - - - - ] -

O
1 —
-~ @ - I
, 2| .
- 5 |- - |-

*Although Rl is an asynchronous input. 10 Quaren:
recognized on the foilowing machine cycie. ' ¢

its beirg
ing edge

must occur 10 later than the risming edge of the clock cycle
preceding TL AST.

Figure 9. Non-Maskable Intesrupt Request Operation



CPU Timing (Continued)

Bus Reqeust/Acknowledge Cycle. The CPU  and WR lines to a high-impedance state with
samples BUSREQ with the rising edge of the the rising edge of the next clock pulse. At

last clock period of any machine cycle that time, any external device can take
(Figure 10). It BUgﬂEé is active, the CPU control of these lines, usually to transfer data
sats its address, data, and MRE@ between memory and I/O devices.
'?; te- & ' - "‘ l“@j )
- - I-. t-— |
W \ l’ \ ) /' ) N
T ! — .
I P
gy s I
- -~ |-G
Re-Aep T } o o )\
—-i :.J;} - e
-0r — L. sLuar ——
i ' —
ing O - “;
= L =
[ — —
{ -~ ® l:
m i
dap
] 1 ,T
Aaxe H WRCRANGED
NOTE: T = Last state of any M cycle. [ Tx = An arbitrary clock cycle used by requesting device.

Figure 10. Z-Bus Request/Acknowledge Cycle



CPU Timing (Continued)

Halt Acknowledge Cycle. When the CPU
receives an 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).

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 operation. REGET
clears the PC register, so the first opcode
fetch will be to location 0000 (Figure 12).

\0 Ty T2

cLOCK

HALT

Mait Instruction |
Received

NOTE: INT will also force a Halt exit.

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

CLOCK

k{*@ qon?
RESET _\ y \ / \ ,;j \—/
@ @
o-Ars ‘F—'f" FLOAT <!
-®
Do-Dy }'t__lz_ FLOAT

o

x|
»
=
-

777777 -

Figure 12. Reset Cycle



AC Characteristics
28400 28400A 284008  ZB400H
Min Max Min Max Min Max Min Max
Number Symbol  Parameter (ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
) TC Clock Cycle Time 400° 250° 165° 125°
2 TwCh Clock Pulse Width (High) 180° — 110° — 65 — 55°
3 TwCi Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TIC Clock Fall Time — 0 - 30 - 20 — 10
——5 ——TtC ——— Clock Rise Time 30 30 20 10
6 TdCr(A) Clock T to Address Valid Delay - 145 — 110 — 90 — 80
7 TAA(MREQf) Address Valid to MREQ { Delay 125° —  65° — 35° — 20° —
8 TACHMREQf) Clock § to MREQ ¢ Delay - 100 — 8 — 10 — 60
9 TdCr(MREQr} Clock t to MREQ 1 Delay - 10 — 8 — 10 — 60
——10 ——TwMREQh — MREQ Pulse Width (High) 170° 110° 65° 45°
n TwMREQ! MREQ Pulse Width (Low) 360° — 2200 — 135 — 100° —
12 TdCKMREQr) Clock | to MREQ 1 Delay — 100 — 8 — 70 — 60
13 TACHRDD Clock ! to RD ¢ Delay - 130 — 95 — 80 — 70
14 TdCr(RDr) Clock 1 to RD 1 Delay - 100 — 85 — 70 — 60
——15 —— TsD(Cn Data Setup Time to Clock 1 S0 35 0 30
16 ThD(RD: Data Hold Time to RD t - 0o — 0 — 0o — 0
17 TsWAIT.Cf)  WAIT Setup Time to Clock ¢  — 0 — 6 - 50 —
i8 ThWAIT.CH)  WAIT Hold Time after Clock 1 - 0o — 0o - 0 - 0
19 TdCr(M::* Clock 1 to MT § Delay — 130 — 100 — 80 -— 70
—— 20 —— TdCr(M:"Y ——Clock 1 to M t Delay 130 100 80 70
21 TdCr(RFSHE  Clock 1 to RFSH i Dealy — 180 — 130 — 110 — 95
22 TdCr(R73Hr) Clock 1 to RFSH t Delay - 15 — 120 — 100 — 85
23 TdCHR™ Clock § to RD 1 Delay - 1o - 8 — 0 — 60
24 TdCr(RTH Clock 1 to RD ¢ Dealy - 1 - 8 — 0 — 60
—— 25 —— TsD(Ct* Data Setup to Clock ¢ during 60 50 40 30
M, M3, Mg or M5 Cycles
26 TAA(ICZQN  Address Stable prior to IORQ ¢ 320° — 180° — 110° — 75" —
2 TdCr(I>3Qf) Clock t to TORQ ¢ Delay — 9 — 75 — 6 — 55
28 TdCH1C3Qr) Clock ¢ to TORQ t Delay — 110 — 8 — 70 — 60
2 TdCt\W3i)  Data Stable prior to WR 1 190° — 80" — 25° — 5° —
——30 ——TdDf\W3i)—Clock ! to WR { Delay 90 80 70 60
31 TwWER WR Pulse Width 360° — 2200 — 135* — 100° —
R TdCh\Ww3r)  Clock | to WR t Delay — 100 — 80 — 10 — 60
33 TADIW3:) Data Stable prior to WR | 200 — .10° — 55 — 55 —
34 TdCr W)  Clock t to WR | Delay — 80 — 65 — 60 — S5
35 TdWE:.D)  Data Stable from WR t 120° — 60° — 30 — 15 —

* For clock periods cth:e: ==an the minimums shown in the

iadle, calculate parame:a using the expressions in the table on
the lollowing page.

Al timings are prelim:na~ and subject to change.
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AC Characteristics (Continued)
28400  ZB400A  28400B  Z8400H
Min Max Min Max Min Max Min Max
Number Symbol  Parameter (ns) (ns) (ns) (ns) (ns) (ns) (ns) (ns)
% TdCHHALT)  Clock & to HALT t or 4 — 30 ~— 300 —~— 260 — 225
kvj TwNMI NMI Pulse Width 80 — 8 — 70 — 60 -—
38 TsBUSREQ(Cr) BUSREQ Setup Timeto Clockt 8 — 50 — 5 — 40 —
39 TcBUSUREQ(Cr) BUSREQ Hold Time after Clockt 0 — 0 — 0 — 0 —
—— 40 —— TdCHBUSACK#) Clock 1 to BUSACK ! Delay 120 100 90 80
4l TdCHBUSACKr) Clock ¢ to BUSACK t Delay — 110 — 100 — 9% -~ 8
42 TdCr(T2) Clock 1 tc Data Float Delay — 9 —- 9% — 80 - 72
43 TdCr(CT2) Clock 1 to Control Outputs Float — 110 — 80 — 70 — 60
Delay (MREQ, TORQ, RD, and WR)
44 TdCr(Az) Clock 1 to Address Float Delay — 110 — 9 —- 8 - 2
——45 —— TdCTr(A) —— MREQ ', TORQ 1, RD 1. and 160° 80- 3s: 20
WR 1 to Address Hold Time
46 TsRESET(Cr)  RESET to Clock 1 Setup Time 90 — 60 — 60 - 45 —
47 ThRESET(Cr)  RESET to Clock t Hold Time - 0 — 0 — 0 — o
48 TsINTHCr) INT to Clock 1 Setup Time 8 — 8 — 0 — 55 —
49 ThINTHCr) INT to Clock t Hold Time - 0 —-— 0 — 0 - 0
—— 50 ——TdMI(IORQE} —MI ¢ to IORQ & Delay 920° 565° 365 210
51 TdCKIORQ)  Clock ¢ to TORQ § Delay — 110 — 8 — 70 — 60
52 TdCKIORQr}  Clock 1 to TORQ t Delay — 100 — 8 — 70 — 60
53 TdCHD) Clock 4 to Data Valid Delay — 20 — 150 — 13 — 115

* For clcck ponods other than the minimums shown :n the
table, using the expr in the table on
(ho lollowmq peqo
Al are pr y and sub to ch

F o



Footnotes to AC Characteristics

Number Symbol 28400 Z8400A 28400B
1 TcC TwCh+TwCl+TrC+TIC TwCh+TwCl+TrC+TIC TwCh+TwCl+TrC+ TIC
2 TwCh Although static by design, Although static by design, Although static by design,

TwCh of greater than TwCh of greater than TwCh of greater than
200 us is not Quaranteed 200 us is not guaranteed 200 us is not guaranteed
7 —— TdA(MREQf) — TwCh+TIC-75 TwCh + TIC -85 TwCh + TEC -50
10 TwMREQh TwCh+TIC-30 TwCh+TIC-20 TwCh+ TIC-20
11 TwMREQI TeC-40 TeC-30 TeC-30
26 TdA(IORQf) TeC-80 TeC-170 TeC-55
p.] TdD(WRI) TeC-210 TeC-170 TeC-140
3] — TwWR ———— TcC-40 TeC-30 TeC-30
3 TdD(WRH) TwCl+ TrC- 180 TwCl+TrC - 140 TwCl+ TrC- 140
35 TdWR«(D) TwCl+TrC-80 TwCl+TrC-70 TwCl+TrC-55
45 TdCTr(A) TwCl+ TxC--40 TwCl+TrC-50 TwCl+TrC-50
50 TdMI(IORQf) 2TcC+TwCh+ TIC-80 2TcC + TwCh + TIC - 65 2TcC + TwCh+ TIC - 50
AC Test Conditions: Viic=045%V
Vig=20V vo,,-zov
Ve =8V oL=08V
chVcc—OG v FL AT= 205V

Absolute Maximum Ratings

Storage Temperature ... —65°C to +150°C
Temperature

under Bias Speclfied operating range
Vol:ages on all inputs and outputs

with respect to GND ... -0.3Vito +70V

Power Dissipation 15W

Stresses greater than those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This is &
stress rating cnly oporet on of the dovloo at any condition
ebove those indi 1n the op of these

ions Is not i Dlied Exposure to absolute maximum
ratlnq conditions for extended periods may affect device
reliability.

Standard Test Conditions

The characterlistics below apply for the
following standard test conditions, unless
otharwise noted. All voltages are referenced
‘o GND (0 V). Positive current flows into the
referenced pin. Avallable operating
temperature ranges are:

s 0°C to +70°C,

+475V < Voo = +5.25V
8 -40°C to +85°C,

+478V < Voo < +5.25V

® -55°C to +125°C,
+475V s Voo < +5.25V

All ac parameters assume a load
capacitance of 50 pF. Add 10 ns delay for
each 50 pF increase in load up to a
maximum of 200 pF for the data bus and 100
pF for address and control lines.

3
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DC Characteristics

Symbol Parameter Min. Max Unit Test Condition
Ve Clock Input Low Voltage -0.3 0.45 v
Vike Clock Input High Voltage Voo =06 Vee+03 V
Vu_ Input Low Voltage -0.3 0.8 v
Vi Input High Vcltage 20 Vee v
VoL Output Low Voltage 0.4 V loL=1.8mA
VoH Output High Vcltage 2.4 V log=-250 A
Icc Power Supply Current

20 150* mA

280A 200¢ mA

280B 200 mA

280H 200 mA
I Input Leakage Current - 10 A Viy=0to Vg
Lo 3-State Output Leakage Current in Fioat -10 10 xA Voyr=0.4to Vor
1. For military grade pa.';.\s. Ice 13‘300 mA.
2. Typical rate for Z8400A_is 90 mA.
3. Aj5-Ag.Dy-Dy. MREQ, IORQ, RD, and WR.
Capacitance
Symbol Parameter Min. Max Unit Note
Cerock Clock Capacitance k] pF U red
CiN Input Capacitance S pt re?m to qf.’;ﬂ;d
Cout Output Capacitance 10 pF

Ta=25°C, f=]1 MHz



|

Ordering Information

Type Package Temp. Clock Description
23400 Bl Plastic 0/+70°C 280 Central Processing Unit
73400 B6 Plastic - 40/ +85°C

3200 Fl Frit Seal 0/+70°C

2400 F6 Frit Seal - 40/ +85°C

25400 DI Ceramic 0/+70°C

75400 D6 Ceramic -40/+85°C

73300 D2 Ceramic -55/+125°C 2.5 MHz
28400 Cl Plastic Chip-Carrier 0/+70°C

23400 C6 Plastic Chip-Carrier —40/+85°C

75400 Kl Ceramic Chip-Carrier 0/+70°C

25400 K6 Ceramic Chip-Carrler - 40/ + 85°C

78500 K2 Ceramic Chip-Carrier -55/+125°C

75400A Bl Plastic 0/+70°C

Z8+0TA B6 Plastic -40/ +85°C

Z8+00A Fl Frit Seal 0/+70°C

78<00A F6 Frit Sea! - 40/ + 85°C

234004 D} Ceramic 0/+70°C

Z3400A D6 Ceramic —40/+85°C 4.0 MHz
28400A D2 Ceramic -55/+125°C ’
Z840A C) Plastic Chip-Carrier 0/ +70°C

Z3400A C6 Plastic Chip-Carrier —40/ +85°C

Z840CA K1 Ceramic Chip-Carrier 0/+70°C

28400A K6 Ceramic Chip-Carrier - 40/ +85°C

2Z859CA K2 Ceramic Chip-Carrier -55/+125°C

734003 Bl Plastic 0/+70°C

5373 B6 Plastic -40/ +85°C

25475 Fl Frit Seal 0/ +70°C

78<0CB F6 Frit Seal —-40/+85°C

284008 D1 Ceramic 0/ +70°C

251008 D6 Ceramic —~40/+85°C 6.0 MH
234008 D2 Ceramic -55/4128°C [ >0 R
784008 C1 Plastic Chip-Carrier o/ +70°C

284008 C6 Plastic Chip-Carrier - 40/ +85°C

234008 K1 Ceramic Chip-Carrier 0o/ +70°C

284008 K6 Ceramic Chip-Carrier - 40/ +85°C

234208 X2 Ceramic Chip-Carrier —85/+128°C

23304 Bl Plastic 0/+70°C

23+30:1 B6 Plastic - 40/ +85°C;

B+0H Fl Frit Seal 0/+70°C

23400H F6 Frit Seal - 40/+85°C

Z3+00H DI Ceramic o/+70°C 8.0 MH
Z8400H D6 Ceramic - 40/+85°C : 2
Z8400H C1 Plastic Chip-Carrier o/+70°C

Z8400H Cs Plastic Chip-Carrier - 40/ +85°C

23400H K1 Ceramic Chip-Carrier o/ +70°C

2Z3400H K6 Ceramic Chip-Carrier - 40/ +.85°C
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