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GENERAL INFORMATION 

The Nabu ACP-1101 CPU Board is designed to bring the full 
power of the Zilog Z-80A microprocessor to the S-100 bus. The 
CPU board has provision for up to three 2716 type EPROM's (for a 
total of 6K bytes), and two 2114 type static RAM 1 s (for a total 
of lK bytes). The base address of this memory block can be set 
using on-board jumpers. The board also performs an automatic 
jump to a user selected memory address on system start-up or 
reset. The clock frequency of the main processor is also 
selectable between 2 and 4 MHz. When the 4 MHz clock frequency 
is used, the board automatically inserts one wait state when the 
on-board EPROM or RAM is accessed. 

When used in the Nabu 1100 computer system, the board 
operates at a 4 MHz clock rate, with one 2716 EPROM and two 2114 
RAM'S addressed from FBOOH to FFFFH. 



-

-

SPECIFIC FEATURES 

Clock Freguency selection 

The Nabu ACP-1101 may be clocked either at 4 MHz or 2 MHz. 
The operating frequency is selectable with Jumper 8 (JP-8). 
(Please refer to the board layout for the location of all 
jumpers). Connecting this jumper sets the operating clock 
frequency to 2 MHz. The standard CPU card is shipped with the 
jumper disconnected and runs reliably at 4 MHz. 

Pin 98, labelled as FREQ, on the S-100 bus, is used by the 
Nabu system as an indicator line for the operating frequency. 
For 4 MHz operation the line will be high; for 2 MHz it is low. 

Automatic Power-on ..IWiw 

When system power is turned on, or a reset signal is 
received, the CPU jumps to one of two hundred and fifty-six 
possible memory locations. The jump address is selected by the 
eight address jumpers JP-9 to JP-16. Only the eight most 
significant address bits (AlS - A8) are used to decode the jump 
address. The eight least significant address bits (A7 - AO) are 
taken as logic Oas shown on the next page. 

Power-On Jump Address: t LA7 -AO, always at logic 0 

-----Al5 - A8, selected by user 

The standard Nabu CPU board has the power-on jump address 
set at FC00H (jumpers JP-15 and JP-16 installed). 

on-Board Memory Selection 

- The Nabu CPU board offers a maximum of six kilo-bytes of on-
board memory, which consists of three 2K x 8 (2716 type) EPROM's 
and two lK x 4 (2114 type} static RAM's. IC sockets are provided 
on the board for the memory chips. 
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The memory address for the on-board EPROM's and RAM's are 
grouped as a block. Within the block, the individual memory 
chips are allocated as follows: 

Base+ 2000H - ----------------

Base+ lC00H 

Base+ 1800H 

Base+ 1000H 

Base+ B00H 

Base of Block 

ROM 1 * 

RAM 1 / RAM 2 

ROM 3 

ROM 2 

NOT ASSIGNED 

*Only the upper lK of ROM l is used. 

The RAM is configured as 1024 x 4 bits (2114 type). RAM 1 
stores data bits DO, D7, D6, and D51 and RAM 2 stores data bits 
D4, D3, D2, and Dl. 

The base address of the block is set by jumpers JP-1 through 
JP-3. The three most-significant address bits are used to set 
the address of the block. Table 1 (on the following page), lists 
the possible base addressses of the block corresponding to each 
jumper connection. 

.. ~· , .. ,_ •o,r -·- -·· ·--, ~-···- -· 

JUMPERS {JP) STARTING ADDRESS {IN HEX) OF: 

1 2 3 ROM 2 ROM 3 RAM 1/RAM 2 ROM l 
-------------- ------------------------------------------------

0 0 0 0800 1000 1800 lC00 

0 0 1 2800 3000 3800 3C00 

0 1 0 4800 5000 5800 scoo 
0 l l 6800 7000 7800 7C00 

1 0 0 8800 9000 9800 9C00 

1 0 1 ABOO B000 B800 BCOO 

1 1 0 l 1 l 1 

-------------

C800 D000 D800 DC00 

E800 F000 F800 FC00 

------------------------------------------------J 
'l' represents 'Jumper is connected' 
1 0 1 represents 'Jumper is disconnected' 

TABLE J...;.. Jumper connection Arui starting Address .Q.f Memory 
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The enabling of these memory chips is done by connecting 
jumpers JP-5, JP-6, and JP-7 in the selection area S-1. JP-5 
enables ROM 2, JP-6 enables ROM 3, and JP-7 enables ROM land 
RAM 1/ RAM 2, as seen in the figure below. (Note that ROM 1 ana 
RAM 1/ RAM 2 are enabled together, and so both must be used 
together). 

Selection 0 0 0 0 0 0 0 0 
Area S-1 

0 0 0 0 0 0 0 0 
Jumpers (JP) 5 6 7 

I I 
L connected to enable ROM 1/ RAM'S 

connected to enable ROM 3 
-connected to enable ROM 2 

In addition, enabling on-board RAM's and EPROM's renders any 
external devices or memory at the selected address-block 
inaccessible to a read instruction. However, a write operation 
will write into all devices located there. 

The standard Nabu ACP-1101 is shipped with the following 
memory setting: 

be: 

Selection 
Area S-1 

Jumpers (JP) 1 2 3 

0 

0 

5 
: r 
6 7 

0 

0 

The memory map corresponding to the standard setting would 

FFFF 

FCOO 

F800 

FOOO 

E800 

-----------------------i ROM l . 
- --------------------
- ___ RAM_l_/_RAM_2 ____ j 

NOT SELECTED 
- --------------------

NOT SELECTED 
-- --------------------
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When both the 4 MHz operating frequency, and the on-board 
EPROM's and RAM's are chosen, (as in the standard Nabu ACP-1101 
setting), one wait-cycle is automatically inserted by the CPU 
logic circuitry. 

Refresh Enable 

Dynamic RAM's periodically require a refresh to maintain the 
data stored within the memory cell. The Nabu CPU board brings 
the memory-refresh signal from the Zilog z-80A microprocessor to 
the S-100 bus. Pin 66 on the S-100 bus is designated by Nabu as 
the memory-refresh signal, RFSH. The memory request signal from 
the Z-80A processor is also brought out to the S-100 bus. Pin 65 
{named as MREQ), is used to indicate a valid memory address on 
the address bus. 
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.liAfil! ACP-1101 .cfll BOARD 
FARTS Lll.T 

Integrated circuits 

Ul-U4 
us 

06 
U7 
08, U9, 028, 
U30-U34 

010 
Ull 

U12, 017, U20, 
023, 024 

U13 

U14, 021 
U15 
016 
UlB 
019 
022, 025, 035 
026 
U27 

029, 036 
037, 038 
ROM1-ROM3 

Transistors; 
Ql 
Q2 

Diodes; 

D1, D2 

capacitors; 

2114 
74LS136 

74LS42 
74LS20 

74LS241 

74LS175 
74LS123 

74LS74 

74LS132 

74LS04 
74LS08 
74LS32 
Z-B0A-CPU 
74LS157 
74LS02 
74LS367 
74LS14 

74LS368 
7805 
2716 

2N4124 
2N4126 

1N914A 

Cl-ClO, Cl3-C15, 
C19-C24, C25, 
C26, C30, C31 
Cll, ClB 
C12 
Cl6, C27-C29 
C17 

1024 x 4-bit NMOS static RAM 
Quadruple 2-input NOR with open­
collector outputs 
4-line-to-10-line decoder 
Dual 4-input NAND 

Octal buffer/line-driver witn 3-state 
outputs 
Quadruple D-type flip-flop 
Dual retriggerable monostable 
multivibrator with clear 

Dual D-type rising-edge-triggered flip­
flop with preset and clear 
Quadruple 2-input NAND with Schmitt­
triggered inputs 
Hex inverter 
Quadruple 2-input AND 
Quadruple 2-input OR 
Central processing unit (4 MHz) 
Quadruple 2-line-to-1-line multiplexer 
Quadruple 2-input NOR 
Hex non-inverting bus-driver 
Hex inverter with Schmitt-triggered 
inputs 
Hex inverting bus-driver 
5 V positive voltage regulator 
2716 EPROM with bootstrap program 

NPN silicon transistor 
PNP silicon transistor 

Silicon switching diode 

0.1 pF 
33 pF disc 
22 µF, 16 V tantalum electrolytic 
10 µF, 16 V tantalum electrolytic 
10 nF 
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Re·sistors: 

Rl, R2 
R3, R5-R7, Rll 
R4 
R8 
R9 
RlO 
RN1-RN3 

crystal; 

XTAL 

Qllanttty 

16 
7 
4 
8 
3 
1 
l 
6 
6 
l 

10 k ./\. 
l k Jt 
1001'-
220 f\. 

22 A 
100 k J\.. 
9-resistor pack of 1 k.t\.resistors with 
common pin #1 

8.000 MHz parallel-resonant 

Description 

14 pin socket 
16 pin socket 
18 pin socket 
20 pin socket 
24 pin socket 
40 pin socket 
Delta 680-0.5-220 Heatsink 
#6-32 x 3/8" machine screw 
#6-32 nuts 
p.c. board 
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fillll: The following 11 pages have been reproduced by permission 

of Zilog, Inc. © 1979, 80, 81. This material shall not 
be reproduced without the written consent of Zilog, Inc. 

z-BOA is a trademark of Zilog, Inc., with whom the 
publisher is not associated. 
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• The instruction set contains 158 instructions. 
The 78 instructions of the 8080A are 
included as a subset; 8080A software com­
patibility is maintained. 

• Six MHz, 4 MHz and 2.5 MHz clocks for the 
280B, Z80A, and ZBO CPU result in rapid 
instruction execution with consequent high 
data throughput. 

• The extensive instruction set includes string, 
bit, byte, and word operations. Block 
searches and block transfers together with 
indexed and relative addressing result in 
the most powerful data handling capabilities 
in the microcomputer industry. 

• The ZBO microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 

Ml ,.,, 
A, .. "-I A, 

CONTIIOL .. . , .. 
AFSH ., ADDIIDS .. au, .. 
w .. ft .... 

ON! ZI0CPU 
CONTIICM. ,.,, 

A?4 ... 
°" CPU { o, ~-CONTIICM. D, 

D, 

0. 

"' Dt 
0, 

Figure l. Pin Function& 

18400 
180®CPU Central 
Procesdng Unit 

Prodael 
lpedfleatlon 

March 1981 

may be daisy-chained to allow implemen­
tation of a priority interrupt scheme. Little, 
if any, additional logic is required for 
daisy-chaining. 

• Duplicate sets of both general-purpose 
and flag registers are provided, easing 
the design and operation of system soft­
ware through single-context switching, 
background-foreground programming, and 
single-level interrupt processing. In addi­
tion, two 16-bit index registers facilitate 
program processing of tables and arrays. 

• There are three modes of high speed inter­
rupt processing: 8080 compatible, non-280 
peripheral device, and ZBO Family 
peripheral with or without daisy chain. 

• On-chip dynamic memory refresh counter. 

,.,, ..... . ,, • • .. ., •• ,.,. ., ... .. 
CU( • "• 

D, .. 
o, A, 

o, At 
Do •• 3' ... , 

+5V 
Z&OCPU 

Ao 11 

o, 12 GNO 

o, 13 ll1lii 
Do ,. 27 m 
D, ,. •• IIESET 

iiii ,a ,u&HO 
o;MI " •• wlil' 

Hi:L'r ,a 23 iiniM:i( 

MflEQ !9 22 Wit 
ioAil "' 21 ,m 

Figure 2. Pin As•ilJDlll• nta 

---·- ----···-··· 
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The ZBO Z80A, and ZBOB CPUs are tJ-urd­
generation single-chip microprocessors w1lh 
exceptional computational power. They offer 
higher system throughput and more efficient 
memory utdizahon than comparable second-· 
and third generation m1eroprocessars The 
internal registers contain 208 bits of read1write 
memory that are accessible to the programmer 
These registers include two sets of six general­
purpo'.>e registers wluch may be used 
mdiv,dually as either 8-bit registers or as 
16-bit register pairs. In add;tmn, there are two 
se1s of accumulator and flag registers qroup 
of "Exchange' instructions makes eil' ,er set of 
main or alternate reg,sters accessible to the 
programmer. The dternate set a.ilows opP.ration 
in foreground-background mode or it may 

+!JV --+ 

GND __,. 

(;lOCll ..... 

be reserved for very fast interrupt response. 
The Z80 also contains a Stack Pointer, Pro­

gram Couffer, two index registers, a Refresh 
register (counter). and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only fl single +5 V power 
source, all output signals are fully decoded 
and t,med to control standard memory or 
peripheral circuits, and is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary !unctions of the Z80 processors. 
Subsequent text provides more detail on the 
280 1/0 controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
hminq. 

Figure 3. Z80 CPU Block Diagram 

2001-0212 

-

-
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Z80 Mlc:ro­
proceuar 
Family 

Z80 CPU 
lleglllten 

2001-0213 

The Zilog ZBO 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 
efficient and cost-effective microcomputer­
baaed systems. 

Zilog has designed five components to pro­
vide extensive support for the 280 micro­
processor. These are: 

• The PIO (Parallel Input/Output) operates in 
both data-byte 1/0 transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be config­
ured to interface with standard parallel 
peripheral devices such as printers, 
tape punches, and keyboards. 

• The CTC (Counter/Timer Circuit) features 
four programmable 8-bit counter/timers, 

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 Accumula­
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc­
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver­
BO.tile programming techniques as background-

A ACctlMULATOR F FLAG RE:GISTEM 

• GENERAL PUPIPOSE C G'ENli-llAL PIJflPOSE 

D GENERAL PURPOSE e GENERAL fl'URPOSE 

H GENl!AAl PURPOSE L GE:NER.AL PURPOSE 

..,..__ B BIT& ---

--------11 BITS--------

II( INOE)II REGISTER 

IY ttcDEX RECISTEA 

SP ST ACK POINTER 

PC p,-oGRAM COUNTER 

I INTERIIIIPT VECTOR I R Mf.MOln' Alf .. !$t4 

---,sits---

A' 

I' 

D' 

H' 

each of which has an 8-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

• The OMA (Direct Memory Access) con­
troller provides du,il 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 ccpable of 
operating in a variety of programmable 
modes for both synchronous and asyn­
chronous communica.tion, including 
Bi-Synch and SDLC. 

• The DART (Dual Asynchronous Receiver/ 
Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a lull modem control 
interface. 

foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY {Index 
Registers), the SP (Stack Pointer), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip•flops, plus an addi­
tional pair of flip-flops which assists in identi­
fying the interrupt mode at any particular 
time. Table l provides further information on 
these registers. 

ALH•NAT11HCIHTHalT 

ACCUMULATOR F' FLAG MOISTER 

OEMERAL PURPOSE C' G£NPIAI. PURPOSE 

GENERAL PUAPOSE E' GINER.IL PURPOSE 

GEN!RAL PllftPOSE L' C!NEII.IL PURPOH 

INTERRUPT FLIP-FLOPS STATUS 

B r INTERRUPTS DISABLED 4 ~ : tNTEMRUPTS ENA8LEO 

STOREI IFF1 

DURINQ lilii 
HAVICE 

INTERRUPT r,tODE JUP,FLOPS 

IMFa IIIIF11, 

0 INTEIIRUl'T MOl>l O 
1 NOTU'SBJ 
a INTEllRUt'l MOD£ 1 
1 INTIEAAUPT MOD£ 2 

Figure 4. CPU Reei•ten 
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ZBOCPU 
Reglst8r• 
(Continued) 

Interrupts: 
General 
Operation 

R•s;rl1IH 

A,A' Accumulator 

F, F' Fl,,gs 

B, B' General Purpose 

C,C' General Purpoi,,, 

DD' General Purpose 

E, E' General Purpose 

H, H' General Purpose 

L, L' Geaeral Purpose 

Interrupt Rp,g;ster 

R Refresh Register 

IX Index Register 

IY Index Register 

SP Staci< Pointer 

PC Proqram Counter 

IFF1-IFF2 Interrupt Enable 

!Mf.,.JMFb Interrupt Mode 

Size (BIia) 

8 

8 

8 

8 

B 

8 

8 

8 

8 

B 

16 

16 

16 

16 

Flip Flops 

Flip-Fiops 

R.marll• 

Stores an oper<>nd or the results of an operation. 

See Instruction Set. 

Can be u&ed separately or as a 16-bit register with C. 

See B, above. 

Can be used separately or 1'Ul a 16-hit reg:i•ter with E. 

See D. <>bove. 

C<>n be used separately or""" 16-bit register with L. 

See H above. 

Note: The (B,C), (D,E), <>nd (H,L) sets are combined aa follow•; 
B - High byte C - Low byte 
D -- High by1e E - Low byte 
H -- High byte L -· Low byte 

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

Provides user-transparent dynamic memory relresh. Automatically 
incremented and placed on the address bus during ea,ch 
instruction fetch cycle. 

Used !or indexed addressing. 

Same as IX, above. 

Stores addresses or data temporarily. See Push or Pop in instruc-
tion set. 

Holds llddreas of ne1<! instruction. 

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

Reflect Interrupt mod,. (see Figure 4). 
-----------~·-···------ --------

Table 1. Z80 CPU Reglaten 

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

The ZBO hae a single response mod1;; for 
interrupt service for the non-maskable inter­
rupt. The maskable interrupt, INT, has three 
programmable response mod.es availab)H. 
These are: 

• Mode 0 - compatible with the 8080 micro­
processor. 

• Mode I -- Peripheral Interrupt service, for 
use with non-8080/280 systems. 

• 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 inter• 
rupt responses are shown in the CPU Timing 
Section. 

-

-

-
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lnterrupt9: 
Geural 
Operation 
(Continued) 

NOD•Mouable J11tenupt (NMI). The non­
maskable Interrupt cannot be disabled by pro.­
gram control and therefore will be accepted at 
at ~JI times by the CPU. Nm 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 recognltlon of the NMI signal (providing 
BUSREQ is not active), the CPU jumps lo 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routine. 

Mauable IDterrupt (INT). Regardless of the 
interrupt mode set by the user, the 280 
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 (Ml) cycle in 
which IORQ becomes active rather than 
MREQ, ae in a normal Ml cycle. In addition, 
this special Ml cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 

Mode O Interrupt Operation. This mode is 
compatible with the 8080 microprocessor inter~ 
rupt service procedures. The interrupting 
device places an instruction on the data bus, 
which is then acted on six times by the CPU. 
This is normally a Restart Instruction, which 
will initiate an unconditional jump to the 
selected one of eight restart locations in page 
zero of memory. 

Mode I Interrupt Operation. Mod~oper­
dtion is very similar to that for the NMI. The 
principal difference is that the Mode l inter­
rupt has a vector address of 0038H only. 

Mode 2 IDterrupt Operation. This interrupt 
mode has been designed to utilize most effec­
tively the capabilities of the 280 microproc­
essor 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 
address vector on the data bus during the 
interrupt acknowledge cycle. The high-order 
byte of the interrupt service routine address is 
supplied by the I (Interrupt) register. This flex­
ibility 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 O (Ao) must be a zero. · 

IDterrupt Priority (Da:l•y Chaining and 
NNted l11terrupb). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain confiQ­
uration. Each device in the chain has an inter­
rupt 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 hardwared to 
a High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange­
ment permits the CPU lo select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

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

The 280 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Dl11able Operation. Two 
flip-flops, IFF1 and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the ZBO CPU Technical Manual and ZBO 
Assembly Language Manual. 

Actloa IFF1 IFF1 c---
CPU Reset 0 0 M.ssk.sble interrupt 

INT dis.sbled 

DI inetruclion 0 0 Maskable interrupt 
execution INT disabled 

El lnstruction Maakable interrupt 
execution mf enabled 

LO A,I Instruction • . IFF 2 - Parity fl4g 
execution 

LD A,R instruction • IFF2 - Parity flag 
execution 

Acceptffi;fi 0 IFF1 IFF1 - IFF2 
(Ma.1k.sble inter-
rupt Im' diaabled) 

RETN instruction IFF.2 • IFF2 - IFF1 at 
execution completion ol an 

NM!' service 
routine. 

TaJ,le I, Slelte ot FIIP-Flo,-

9 
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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 betw-n mf!mory and l/O. It 11l sn 
allows operations on any bit in any location in 
memory. 

The following is a summary of the 280 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc-­
tion. The ZBO CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programminq lvfanual (03-0002-01 i contain 
significantly more details !or programming 
use. 

The instructions are divided into thA 
followinq categories: 

8-bit loads 

u 16-bit loads 

o Exchanges, block transfers, and searches 

CJ 8-bit arithmetic and logic operations 

C"! General-purpose arithmetic and CPU 
control 

Symbolic "-,. .. _ ... ., Opo,..,.loa s 1 H PIV I( 

LD r, r' r- r' . . X . X . 
LD r. n r - n . . X . X . . 
LD r, (HL) ,- (HLi X . X . 
LP,, (!X+d) r - (IX+dJ X . X . 
LD r. (IY +d) r - (!Y+dl X . X . 
LD(HL), r (HI,) - r . . X . )'. . 
L!} OX +d), r (IX«:!) - , . . X . X . 
LD (IY+d), r (!Y-,d) - r . . X . X . 
LD (Hl.L n (Hll •· n X . X . . 
!.D (IX+ d). n ([X+di - n . . X . X . 
LDOY+dJ. n (IY +d, - ,, . . X . X . 
LDA, [BCJ A -- IBCi X . K 
LDA. (PEI A- (DE) . . X . X . 
LP A, (nnl A - \nn) . X . X . 
LD IBCJ A (BC)·· A . . X . X . . 
LDiDEi,A iDEI -- A . . X . X . 
LD (onL A (nnl - A X . X . 
LOA, I A-1 I X 0 X IFF Q 

LDA. R A-· R I X 0 X ffF 0 

LPL A I- A . X . X . 
LD R. A R - A . . X . X . 
NOTES· r, r' mNn~ 111r,y oi thi· r1tg1slt1n A H. t;. :..1. C:. ~i. L 

IH' tht' conw-nt ,it •:'!It• ,n!L"!-tt11p: !-Mhit• ihJ'..• ::or;. dff; :s: 
c;•;;p;ed mlo thf! P·'.' ll-19. 

F'or Ori ,i,,xp,11:r1t1.l1<.1r.. !'.1111.,.Q nc.1talJCII and gymb,Jh: Im 
rnntf!'mom,: loh:P.s., i.ee Symi:ioi1.r No:<'I; :i.ln s"'cho;.•i: 

fr,lk-wmq ra!-":c'.F:!i. 

C 

. 

. 

. 

CJ 16-bit arithmetic operations 

• Rotates and shifts 

[, Bit set, reset, and test operations 

n Jumps 

fl Calls, returns, and restarts 

fJ Input and output operations 

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

1·:: Immediate 

i:.:: Immediate extended 

L; Modified page zero 

,.! Rela:tive 

U Extended 

[] Indexed 

• Register 

[J Register indirect 

lJ Implied 

U Bil 

Opoode No.of No.ol N No.ol T 
7B H3 210 •• ly,N CyclN St-

01 ' r I 
00 ' 110 2 

-n.H 

01 r 110 2 7 
IJ 011 IOI DD 5 19 
01 r IOI 
-d-

ll lH IOI FD 19 
OJ r I !O 

•. d --
OJ I JO r l 2 7 
II 011 IJI DD 3 5 19 
Ql 110 r 
-d-

II lll 101 FD 3 19 
01 i IO r 

•• d -
00 JIO ilO 36 2 3 10 
-n-

II Oil IOI DD 4 5 19 
00 ! lO I Ill 36 

·- d ·• 
~~ r:i ~-

II Ill 101 FD 4 5 19 
00 l lO 110 Jo 
-d-
-n-

Oil OOJ OlG OA I 7 
00 CJ I 010 IA ) 7 
00 )!l 010 3A 3 4 !3 

- Tl -
-n-

00 000 OIO 02 I 2 7 
00 010 010 )2 l 2 7 
00 110 01[) 32 3 4 13 
-n-
- n -· 

II 10! 101 w 2 2 9 
01 OIO Ill 57 
II IOJ IOI F.D 2 2 9 

OJ Oll ill SF 
II JOI 101 ED 9 

OJ 000 Ill 47 
JI lOl IOI ED 'l 2 9 
OJ Olli Ill 4F 

C-meat1 

~ 
000 B 
001 C 
010 D 
011 E 
100 H 
101 L 
Ill A 

2001-001 
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- 16-Blt Load .,...,UC "- 0 ....... !lo.al M._al M No.al T 

Group -- Opo,natlon • I H P/V B C ft 143 211111a. ·- CFC!- ....... c--
LDdd, nn dd- nn . X . X . 00 ddO 001 3 10 ~ 

-n- 00 BC 
-n- 01 DE 

LD IX. nn IX - nn X . X . II 011 101 DD 4 14 JO HL 
00 100 001 21 IJ SP 
-n-
-n-

LD IY, nn IY - nn . . X . X . 11 Ill 101 FD 4 14 
00 100 001 21 
-n-
-n-

LD HL, (nn) H - (nn .. l) . . X . X . 00 101 OIO 2A 5 16 
L - (nn) -·--- n...., 

LO dd, (nnJ ddH - (nn+I) . X . X . ll 101 IOI ED 4 6 20 
ddL - (nnJ OI ddl Oil 

-n-
-n-

LO IX, (nn) IXH - (nn+ I) . X . X II Oil IOI DD 6 20 
IXL - (nn) 00 101 010 2A 

-n-
-n-

LOIY. (M) IYH - (nn• 11 . X . X . ll 111 JOI FD 4 6 20 
IYL - Inn) 00 101 010 2A 

-n-
•- r:J ..... 

I LO (nn). HL (nn+I) - H . . X . X . 00 l00 010 22 s 16 
Inn) - L -n-

-•-
LO (nn). dc:i (on+ I) - ddH . . X . X . . ll 101 101 ED 4 6 20 ti 

(nn) - ddL 01 ddO Oil • -n- 1:11 -•-
LO (M). IX (nn+ ll - IXH . X . X . ll 011 IOI DD 4 20 

(nnl - IXL 00 100 010 22 
-•-
-n-

LD(M), IY (nn+ l) - IYH . . X . X . 11 lll 101 FD 4 6 20 
(nn) - lYL 00 JOO OIO 22 

-n-
-•-

LD SP, HL SP - HL . . X . X . IJ 111 001 FQ I I 6 
LO SP, IX SP - IX . X . X . ll 011 101 DD 2 2 10 - ll 111 001 F9 
LDSP, IY SP - !Y . X . X . ll Ill IOI FD 2 2 10 

11 Ill 00! F9 ~ PUSH qq (SP-2) - qqL . X . X . 11 qqO JOI 3 II B 
(SP-ll - qqH 01 DE 
SP-SP-2 IQ HL 

PUSH IX (SP-2) - IXL . X . X . II Oil IOI DD 2 4 15 11 AF 
(SP-I) - IXH 11 !00 !01 ES 
SP - SP -2 

PUSH IY (SP-21 - IYL . X . X . II Ill IOI FD 2 4 15 
(SP-ll - IYH II 100 IOI ES 
SP-SP-2 

POP qq, "'1H - (SP+ l) . X . X . ll qqO 001 3 10 
qqL - (SP) 
SP - SP +2 

POPIX llH - [SP+ 11 . X . X . 11 Oil IOI DD • 4 14 
IXL - (SP) 11 100 001 El 
SP - SP +2 

POPIY IYH - ISP+!) . X . X . . II 111 101 FD 2 • I• 
lYL - (SPI II 100 001 El 
SP - SP +2 

NOTES, dd. ~ any ol the !'e91S'-er- pa.,1111 BC. DE. HL, SP. 
qq 1a any ci the N?9i1:1lr.r p11in AF, BC, DE, HL. 
(P!.!~tJ~A!R2'. ~~ t~ h~~ orllilr and low order e1qht .biti ot ;he reg:slflr p..\1r reape'l.':tLV*IY, 

Exchang•. EXD!, HL DE - HL . X . X . II 101 Oil EB 4 

Block EX AF, AF" AF - AF' . X . X . 00 001 000 06 4 
EXX BC- BC' . X . X . II OIi 001 D9 4 lleg111e, benk and 

Traufer, DE - DE' auaili.ery re,:ilatw 

Block Search HL - HL' bank 111zch,1mQN9 

EXlSP), HL H-(SP+l) . X . X II 100 Oil E3 5 19 
Groups L - (SP) 

!X(SP!, IX IXH - (SP+I) . X • X • . . II Oil IOI DD 2 6 23 
IXL - [SP) ll 100 Oil E3 

EX CSP!, IY IYH - (SP+ I) . . X . X . . . II Ill 101 FD 2 6 23 
IYL - (SP) <D 

11 100 Oil E3 

LOI (DE) - (HL) . . X 0 X 0 . 11 IOI 101 ED 2 4 16 Loed (HL) lnlD 
DE - DE+l 10 100 000 AO (DE), i..-nt 
HL-HL+I lh• palnlen and 
BC-BC-I damemtmllhebyte 

counter (BC) 
LDIR (DE) - (HL) . X 0 X 0 0 . 11 101 101 ED 2 5 21 IIBC • 0 

DE - DE+l 10 110 000 BO 2 4 16 If BC =0 
HL - HL+l - BC - BC-I 
Repeat untll 
BC= 0 

NOTE.: (DPIV Us,g ts O 11 IMI tflu lt ol 'BC: l ... 0, nt!,en-.·~,, P/V ... l. 

2001-001 11 



Exchange, • .,....,11. Fl- Opood• lfo,ol lla,o!N lfo.olT -Block --Ill• O]MrDtl ... s i H PIY N C 71 H3 210 Ho,r By ... c,.i.. Staloo eomm .. 1o 

Tran•fer, 0 
Block Search LDD IDEl •- IHll . X 0 X Ii IQ! w: ED 16 

Group• 
DE--DE-1 IO ::)I ('OJ 1\8 
HL - HL- I 

(Continued) BC--BC--1 

LDDR (DEi - (HLJ . X 0 X (J (; IOI :01 ED 2 21 II BC ,o 0 
DE-DE--l i;; :11 800 B8 2 :6 If BC 0 , O 
HL-HL-1 
BC-BC-I 
Repe<it 1,;.ntd 

BC= 0 
@ (i) 

CPI A--'HL;, X X 1 II :01 ID! El) )fi 

HI. - H~ •. 10 lOO 0()1 Al 
BC - BC·· 

@ (1) 
Cf'!~ A - {HL) X X !] .o: 101 Fr.- 2 21 HBC-,; •and 

A,. rH!.: 
Hla-HL+; I I~; OOI ~I !fi TlllC = Oor 
BC - BC I A-• iHLi 
~ep~o!!lt :m1ii 
A -., IHI .. ; OT 

BC= 0 
@ CD 

CPD A -- !Hi.> X X li ic,: lCl f.D 16 
HI. - Hi.; It' :.-i: 001 A::1 
BC··· llC 

@ 0 
CP!lR A -- CHLJ X X ,, !(il 101 ED 21 [f BC""- 0dnd 

A_. ;Hl.J 
HI .. - riL- i Jc) 111 :JOJ B9 . 16 lfllC=O,,r 
BC-BC--1 A • (HL) 
Rt!-ri1~dl u.nt,l 
A - 1HLl er 
JlC ·-• D 

>!OTES, {D fl', .. , lllllQ 1F. 0 ,I ihe rFJsul1 al BC • l = ,) ,;)!hPtwise P1'J -. L 

Q)7.ii41J'L.E. i .r A " (HL. L"lfr,erw;§.f.' Z .:.. :'.i 

I-Bit ADD A. r A-A+r X X V (j :1:!lQg r ~ 
Arithmetic ADD A, n A ... A+ n X X V ll~llC 2 2 000 B -and Logical " --- 001 C 

010 [) 

Group ADD A. tHL) A-A • (HI.) X X V lO[Q!EII 110 7 m1 E 
ADD A. (IK+d) A - A ,t. (fX-Hil X X V G l l Cl I l(Jl nn i9 lOO H 

iO 11@!11 HJ J(l) L 

- d - Ill A 
ADDA, OY+dl A-A+ UY+dl X X V :l 111 lOJ f'D ;g 

:0~110 

- d 
ADCA. s A - A+ .. CY X X V G @II s LS an)' ol r, n, 

SUB, A - A--, X X V l!ffi\J 
(HLJ, (IX+dl. 
{IY.,. d) 1u, shown 

SBC A. s A-A-,-·CY X X V !2j] for ADP 1netruchon, 

AND, A-Al\s X I X p 0 llml The tnd1c:aled bit, 

DR s A-Av, X t) X p 0 [iQI replace the l§m m 

the ADD se! above. 
XOR, A - A•, X 0 X p G 0 (l]]] 
CPi:. A-, X X V [ill) 
INC, r--: . I X X V a . (JC) r [1&!I 
!NC(HL) {HL:- -(HLJ + I X X V C 00 iiOl!liii) 3 It 
!NC(IX+d) (IX+dl - X X V 0 . it OJ I JOI DD 6 23 

(IX+ d) + i Oil lllll.1]1lJ - d -
!NC (lY +di HY +d) - X X V 0 . :1 lll 101 FD 6 23 

UY+d}~-l 00 I iO l!m 
d 

DECm m --m- l I, X X V l!IDl m ii any of r. (HL), 

(JX+d), (IY +d) 
as shown for INC. 
DEC same k1r.rnal 
and atatea u INC. 
Raplaoo IIm! with 

£mil mopcode. 

-
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General-
PurpON 
Arithmetic 
and 
CPU Control 
Groups 

16-BU 
Arithmetic 
Group 

Rotate and 
Shilt Gtoup 

200l-OOI 

-Die 
DAA 

CP!. 

NEG 

CCF 

SCF 
NOP 
HALT 
m. 
E!• 
lMO 

IM I 

1M 2 

ADD HL,,. 

ADC HL, Slil 

SBC HL" 

ADD IX. pp 

ADD IY. rr 

:NC :SS 

INC TX 

l!'JC:TY 

;)EC ss 
DEC JX 

DEC lY 

Spbc,llc 
Operatioa. 

Cmiverts 11cc. content 
mt.n J)l'ldced BCD 
fol lowmg "dd or 
st:btrdc1 w1U: p,iid:ed 
BCD oper:1.r:ds. 

A-A 

A - 0 - A 

CY - ~'y 

CY - i 
No oper~Ut"lt".I 
CPU halted 
lff - 0 
IFF •- I 
Set 1t1ter:-·.1p: 

mon~c 
Set intf"rTUpt 

made: 
Sl!"t 1nterriJp: 

m"r~c- 2 

HI.-· HL--llis 

HL ·· ti;~+ ss • CY 

HL • Hl. ·· os · CY 

IX - IX • P!' 

IY ~- lY +· rf 

S::; ,. !l~; + ; 
!X - lX ,. 

IY -· [Y -,. l 

iS -- ss - l 
IX~ IX·· I 

IY -- :Y - I 

a 

N"()";"J,:!-, :t.3 ,1l .itry <!I •.•:1· ii"•;"),~l+>r p;i:n: FU :ii-". Hi. 

,._ 
z R P/Y N 

X X p . 

. X X . 
X X V 

X X X . 
X 0 X C . X . l( . X . X . 
X . X . . X . X . . X . X . 

. X . X . 
X X 

X X X • 

X X X V 

X X X V 

X X X • 

• :X. X X • O 

X X 
X • X 

X X • 

• X X 
X • X 

• X • X • 

;.ip 1:e .'lr:y ;;~ n.~- :·nq1~i.,, ;!,.i:.-c BC. !~E iX :;i'. 
::( ;:< C!1.·r ;·! lh-• :•·:,r;-..11-r ,")oil(!,. f.~. '. :~. ;.,.- :,:, 

HLCA 

RLA 
A 

RRCA Lb:.:-:- .-]--L[c!J 
A 

RRA L-f.T~·o··l-···-L!" ~-: 
• 

RLC, 

RLC: IHLl 

IILC r1x + d) ::c,7 . .:....ri·:.-,-_,,J_'. 
l_(]{l.,_(!X+ .:l}.llY ,-d} 

RJ.C (iY + d) 

RL m l-{tv7~ i '_'.::~~:'.}J 
m•r.\H[.).(!X+d).OY -td) 

RAC m LEb-l;cv1 
m•r,{HU.:IX+d'., ([Y1-dJ 

•XOX•O 

X • 

0 X 

X O X P 0 

X c X 

X O X I' u 

X O X P 

X P C 

X ,, X F 0 

C 
Opcada 

71 H3 ZI0 Rex 

00 100 lll Z1 

00 :01 11: 2F 

ii 10; lGl ED 
o: 000 100 44 
00 lll :11 :w 
QQ i JC tll 37 
00 OOG 000 00 
01 l lO : :o 76 
:1 l lO :J:l f3 
II 111 Od FE 
ii IOI :01 ED 
01 000 ::0 46 
ll 101 :::1 ED 
Cl OIO ::o 56 
L '.Ol lO'. ED 
Cl :1:: llC SE 

OC ssl ~KH 

I; IC! '.'."JI ED 
Ol i,;.-<;.; ;::o 

:,:,: IOi W 
:): ss:: vw 

-:;:l JO: DD 
~JI ppl ~:,c: 

, ; • l I IC: FD 
0(; r::-: m:·: 

o,:; ~"c Oi 1 
1; a:: tl~l nD 
OC l~lO Ol: ;,i:~ 
I; :_1 JO: FD 
oc10on1: 23 

;! 3i J !Oi D'""' 
00 lOJ 8'.I l:B 

I J J :Ol Fti 
00 lOl {); I 2B 

00 000 Ill 07 

QC 010 lll ' 7 

O'.: 001 J l: tU· 

00 Oil :.1 IF 

lJ OOi 011 CB 

0C ~JOO r 

lJ oc; Oll C8 

cm oo,:__, i Iii 

L OlJ JO: DD 
ii OOJ Oil CB 
- d -

OG 000 i'.O 

\ I l L IOI f[) 
L DGl CJ; CB 
- d 

ooooc;w 
OIC 

OCH 

Na.ol 
lytu 

2 

No.ol M No.of T 
ey.i.,, 

2 

2 

6 

6 

111~ ... 

4 

8 

4 

4 
4 
4 
4 
4 
8 

8 

8 

11 

15 

15 

IS 

15 

6 
lG 

IO 

6 
10 

I• 

4 

0 

:s 

23 

21 

eo.a-.... 
Decimal adjui.t 

.eer.-umulatr)r. 

Compl~ni.ent 
~ccurnu!ailor (one's 
oomplement). 

Negate acc. (two's 
complemenl l. 

Complement carry 
ilag. 

Se, cci;rry flaic.i, 

!!.-~ 
00 BC 
01 DE 
iC- HL 

SP 

!liT-lfci 
OJ DE 
lO IX 
11 SP 
rr Reg. 
oo·ilc 
Ol D£ 
iC 1Y 
Ii SP 

RO!ate left -circular 
accumulator. 

Rot.ate left 
accumulator. 

RolatP. nqht C'lTCLl k,r 
aceumu lalor. 

Rotate r:ght 
l!lccumu lat or . 

Jk111te lefl t:trc~Jld.r 
tegtste.t r. 

!:.__~-
00t) B 
001 C 
GIi) D 
CJ I E 
mo H 
J(~j L 

A 

[r)St!"UC!IOfl kirmat 
a.nd .sl41t@1 d.r~ di$ 

&hown tor RLC-.s. 
i:"o form new 
•,pc:-ode: :r~plcc:4': 

000 ()rRLC's 

with .~hown r.ode, 

13 

i 
9 



Rotate and 
ShUt Group 
(Continued) 

Blt Set, Reset 
and T .. t 
Group 

Jump 
Group 

14 

lplialic 
• ne:moalc: 0.,.,mlaa 9 

RR m ~--.~-~~ 

m • r.1HLJ dX + d;., 1Y + d) 

SLA m Lf~J----L!.:.:::~J-- D 

m•r.tHLi ;IY. +,i:_::;y ~-rJ; 

SRA m ,~J+~i-i;;;, d:/;~d: 
SRL m 0 {J~::::0::1 ---[~'.] 

m• t (Ht; il:X + d} ,:lY -t cf: 

RLD '1 r·: ·.~··1,_·--~--•-:.,_·.-l - . r·· ... :::·J ··- -• .';,~E,-_0_] , 

A tl-lll..1 

HRO ,-, --4~~--!:i--~-•r:?:r·~-~ 0.1 

BIT o. r l- 'b 

RIT b (HL) Z • 1n1.lb 

SIT b, t.X + dlb Z - ciX+dlb 

BIT b (IY +d}b z •. (J'f ~---d)b 

::iET h. r 'b - ; 

SET b. CHLl {HLJb -

Slff b, (IX+ dl HX • d)b -

SET b. UY+ di (IY +dlb -

RES b. m 

;f) t.n 

fflb - 0 
m • r. [HI.), 

(IX+dl. 
OY +d} 

PC - rm 

01LJ 

!P r:c:, n.r".i ll cortd111on ;,.-x- is 
lr-ue PC - nn. 
othe-rw1s,~ 
contmul:'! 

Hie PC--PC+e 

me .• UC =· 0, 
contmuP. 
II C = l. 
PC---PC+e 

JH NC,• l!C = i. 
contmut:-
I! C • 0, 
PC - PC...-e 

IP Z, e Ii Z = 0 
oonnnue 
It 2 a 1, 
PC - PC+e 

IR NZ. e If z " i, 
eonhr.itAe-
JI Z a 0, 
PC - PC+e 

JP (HL) PC - HI. 

IP(IX) PC - IX 

X 

X 

JC 

X 

Flqi• 
I H PIV II C 

X X ~ r, 

X p n 

X X p 

X " X f• L: 

X i! X p 

X X X (l 

X Jl X n 

X X X 0 

X X X 

X X 

X • X • 

X • X • 

• X X • 

• X X • 

• X • X • 

• X • X • 

X • X • 

• X X • 

• X • X • 

.. X • X • 

X • X • 

• X X • 

• X X 

0~• llo,ol Na.ol M llo.ol T 
7$ ~ta 210 Hu By1a1 C~le• S1a,-

:r:: J)i F'.() 

:l: :r); fiF 

!J'. :-:)1 EJ 
J: ;()(: I:{! 

ll or: 011 CB 
o: b r 
1: OOi (!! l CB 
01 b ! iO 
1i Oil ;ell l>O 
1: DOI oi: CB 
•·- d -

01 i, ilO 

\] lll 1c: fD 
II OOl Oll •'::B 

d -
CL b l JC 

IL 001 [jjl CB 
Ii] b .. CX'I ()JJ Cll 
[Dl h I Hl 

l. Gil lUl D;:) 
11 DOI Ol: Cf! 

d -
[j] b lW 

JI ;:, iOl FD 
11 (}[;'. Ol I ca 

J 
(j] b 110 

[ill 

II {)CO OJJ 
n --
n -,: r:c C~G 

-· n -
-· n -

00 011 r.c;J 
- e-2 -· 
(I} ll l 000 
- e-2 -

()0 1 HJ 000 
e--2 -

I)() l01 :)QO 

- e-2 -

00 mo -:IOO 
t:l -2 -

11 IOI 001 

11 OI! IOI 
II •OJ 001 

C3 

18 

.lB 

JO 

28 

20 

E9 

DD 
E'9 

iB 

2 8 

12 

. ,o 

5 20 

8 

15 

6 2:i 

6 23 

3 10 

IO 

2 :J 12 

2 2 

2 3 12 

2 2 

J !2 

3 12 

2 12 

B 

fit...-atf'!" dLqlt let, ,md 
r:gh, hetwPEIO 
1h•,1rc,.1m1...1lati:.ir 
.,r.'.~ lor.,~1•')n ! HL: 

Tt:t- ,.-c:ntm;J 1Ji tJ;~ 

sJ.f-pi'r h<1ll ot 
1ri,~ <1rc"\,lmul,1tl:r .s 
1;r;,\lkdPj 

~ -
()()! C 
010 D 
Oli E 
100 H 
101 L 
111 A 
b Bit Te•ted 
000 0 
001 I 
010 2 
Oil '.l 
lOO 4 

lCI 
J;{) 6 
Ill 7 

To torm new 
o:pc.f}d~ r~f.,,ce 

fill of SET b,, 
wi,h l@J. Fl<Oqt 
a:nd 11 me a tale& tor 
SET 1n.structa~m, 

cc Condihon 
~r'l~ 

(ii)] z zero 
QlC NC nc,n-c!!lrry 
ou C carry 
:oo PO p~rt!y odd 
tm PE parily even 
j !Cl p s1g.n p081hVB 

!!I M sign neqatt•J,e 

It cond1HOI"! ll01 IMt. 

If oondi1lon l9 rrJst. 

H oondthOT'l nol me1. 

If oor.idi hon :s m@-1.. 

1f t;unditmn not met. 

lj .rondihcn LI me~. 

II coridihon nol met. 

I I condUion 1;1 me,t, 

-

-

-
2001,001 



- Jump Group .,... .,_ 0,-- ..... ••-olll No.alt 

(Continued) ---- a,.,.,tl.- I I H P/V N C 71148110- .,._ CyclN ...... c.... ... 
IPUY) PC - IY . X . X . . . ll Ill 101 FD 2 2 8 

II 101 001 E9 
OJIIZ. • B- 8-1 . X . X . 00 010 000 10 2 2 a II B • O. 

118 • o. - ·-· -oontln• 
118" o. 2 13 118" 0. 
PC- PC+e 

NOTIS, • repr ... 1nt tM ,,.,,itn•ion tn th• r•lllbv. i1dcln,Ninq mod.. •!a• Qrwd two·, CC1tt.1pl11JMnt nvmbtr u, ,~ r1nq• < - 1.26, 129 >, 
•-l 111 Iha~ pto"1dlt ,ri .t~wt addre1t ol pc+•..., PC 11 tru:rt1m8tl.tad 

'tw 3 ptli:,,r tc IM &ddit~ of • 

Call cmd CALLM (SP-I) - PCH . X . X . 11 001 101 CD 3 5 17 

RetumGroup (SP-2) - PCL n -
PC - rm n -

CALL cc, M U cm,dilion . X . X . ll cc 100 3 3 10 lf cc i• laloo. 
cclalalle - n 
eonUnue,. n - 3 5 17 lf cc it true. 
-otharwi• •me as 
CALL nn 

BIT PCJ. - (SP) . X . X . II 001 001 L'9 3 10 
PCff - (SP+ 11 

I IIIToc H condmon . X . X ll cc 000 s ti cc i.11 falae. 
cc ii !alN 
continue. 3 II U cc i1 ttue, 9 otherwlH oc Condit.on Mm••· 00) NZ non• zero 
RET 001 Z """ 

RETI lletum !rom . . X . X . II IOI l• l ED 2 14 
OIO NC O(lft-C.,.,,, 

interrupt 01 001 IOI 4D 
011 C cony 
100 PO parity odd !IETNI Roturnfrom . X . X . ll IOI 10i ED 2 4 14 101 PE parity even 

non-mawble OJ 000 IOI 45 110 P ai,gnp,111ibve 
Interrupt Ill M liQn negalive 

11ST p (SP-ll - PCH . X . X . 11 t Ill 3 II 
~ aoR {SP-2) - PCL 

PCH -0 001 08H - PCL - P 010 IOH 
011 18H 
100 20H 
IOI 28H 
110 JOH 
Ill 36H 

NOTE, •RETN laodo IFF2 - IFF 1 

hlputaDd IN A,(n) A - (n) • . X . X . II Oil Oil DB 2 3 II n to Ao~ A7 

Output Croup - n - Ar:e. tol\a- A15 
IN,. (C) r-(Cl X X p 0 • II 101 IOI ED 2 3 12 Clo Ao~ A7 

ii r • 110 only th• 01 r 000 810 As~ A15 
llaqa wlll bo allacted 

CD 
!NI (Hll-lCJ X X X X X ll IOI IOJ ED 2 4 16 Clo Ao~ A7 

B - B-1 10 100 OIO A2 8 to A9 ~ A1s 
HL-HL+I 

INlR !HLl -(Cl X X X X X II 101 JOI ED 2 5 2l C la Ao - A7 
B - B-1 IQ l 10 010 B2 (If B,oO) B 10 As - A1s 
HL-HL+I 2 4 16 
f1epaat until (If B=Ol 
B • 0 

CD 
IND (HI.)-· IC) X X X X X II IOI IOI ED 2 4 16 C to Ao~ A7 

B - B -I 10 IOi 010 AA Btol\a-A15 
HJ,-Hl-1 

INDR (HLl -(CJ X X X X X lJ IOI IOI ED 2 5 21 Clo Ao~ A7 
B- B-J 10 lll 010 BA ilf8,o0) B 10 Ae - A1s 
HL ~ HL~I 2 4 16 
Repeat unul (If B•OJ 
B = 0 

OUT{ni, A (nJ - A . X . X . II 010 Oil D3 2 3 II ntoAo - A7 - n - Acc. 1a As - AJs 
OUT(C). r (Cl - r . X . X . I! IOI IOI ED 2 3 12 Cto Ao - A7 

CD 
Ol r 001 B lo Ae - Ats 

OUTI (Cl - !HLJ X X X X X II IOI JOI ED 2 16 C la Ao~ A7 
8 - B-J lO 100 011 AJ B to As~ A15 
HL - HL + 

OTIR (C) - (HL) X X X X X : I IOI IOI ED 2 5 21 CtoAo - A7 
B - S-1 10 110 011 BJ w a .. ol BtoAs ~ A15 
HL-HL.;.1 2 4 16 
n-,,1until (11 BuO) 
B • o 

CD - OUTD ICt-(HLl X X X X X II IOI 101 ED 4 16 C to Ao~ A7 
8 - 8-1 10 IOI 011 AB B to AS~ AtS 
HL - HL-1 

NOTE: (j) lf the rnult o1 B- I 1s ze.ra. the Z fl119 1e set. oeher111iM it 11 retel 
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Input and. 
Output Group 
(Continued) 

Summary of 
Flag 
Optratlon 

Symbolic 
Nototlon 

16 

1,-1,ollc tlogo 0pc..i. llo.ol llo.afMIID.D!T ---· Opa,atloa 8 z H P/V II C 7l H3 210 a.. . .,... c, .... - c-.. .... 
OTDR (C) - (HL) )( X X X X !: !Oi 10, F.D 2 5 21 C to Ao - A7 

B - ll-1 ID Ill Gl 1 111 a .. 01 B to Aa - A15 
HL - HL-: 4 lfi 
Repeat until t:i 8-.• Q) 

B ·= 0 

Dy Do -...., ... z H PIV H C c--
ADD A. ,; AOC A,• X X V 0 A.•blt ,1sdd or add wilh ca.rry, 
SIJB s: SBC A, ,; CP a; Nf.G X X V l I 8-61! s·.1b1tact, subtrac! wilh ca:rry, rxiimpar~ -".n.d neg.,;1~ "ccum1..=la1or. 
AND• X X p 0 01 OR,.XOR, X X p 0 l) l..1 MJlt:ai ~)p(~rdhnru;.. 

!NC 5 X I X V 0 Abil i1?cremtmi 

DEC• X I X V j 8· b:1 d~1;n-:,merit 
ADD DD, ,o X X X 0 lb h:~ at!dd. 
ADC HL, •• X X X V 0 l fi. b:: a.dd with ,.~ritr'i · 
SBC HL." X X X V 1 lf:i-b;i £ubtr.,c:t wtth carry. 
RLA, RLCA,RRA, RRCA X 0 X Rotaic acc:amu]at-or. 
RL rn; RLC m; RR m; X !J X p :) Aot,t'l,!f' ,-,1•:u:i shih '.m'\'lt.ons. 

HRC m: SLA m; 
SRA m; SRL m 

Rl.D, RRD X n X p n Rott1ite=:- dtqit lel~ .and ~1,;_:iht. 
DAA X X p l)(.~t.· 1 rr:,;J I <:1.diu&.t ,,~·~·i)JT! alt1tf.,;r 
CPl. X X Cnrnpll•mN!! <:11--,:--;:m11ldtr-r 
SCF X X n SP.I cdrry 
CCF X X X r, ( :,,:npl1'!me11! •·arry. 
lN ,:Ci I X l· X f' Ir1rui 11~q1.&:wr 1;·;d1r~ct. 

!NI, IND, OtJTI, OUTD X I X X X X :} Jh,f:k ,:Lput d:'.d r:,1..1tpu1. z ~- 0 it B ¢ 0 o:ht'!tWJse t: ,_ o. 
!NIA: INDR; OTIR. OTDR X I X X X ll 
LDL LDD ll X X X 0 :} Rkck :i:-ane.ter rnstriJCC1vr.~ p,v" l 1l BC ~ 0. ,l,ht:ra•:se PIV = 0. 
LOIA: LDDR X X X <) X '.) 

CPI: CPIR: CPD: CPDR X X X X I Hbc-k sen.rch :?1$!1u.c.1;i:ms. Z "' I J A :a CHU. n1herWJ$f! 2 "" o. p;v = 
J RC -:;. D, olh~rWJSe PtV ,. o. 

LDA.1.LDA. R X 0 X lff ,; The -::Mi~,~nl c! the m!o1:1r:-ur,i, enable fhp-11.op (lFf) is copied m10 Iha P!V H~g. 
BIT b, • 

Symbol 
s 
z 
P/V 

H 

N 

H&N 

C 

X X I X X 0 The! t;f.tlf!' d b1I b o! k-c~t;on ~ is C"op1ed into the- Z tl~q. 

Operation 
Sign 11.a:g, S "' I ii th" MSB al the resu It is l . 
Zero fla:g. Z = l If the result of :he operation i,; 0. 
Parity or overflow !lag. Parity (Pl ond overflow 
(V) share the same !Jag. Logical operations affect 
this ting with the parity ol the rnsult while 
anthmetic operations affect this !lag with the 
overflow of the result. II P/V hoids p,mty, P/V 
l ii the result of the operation is evAn, PiV = 0 ii 
result is odd. If P/V holds overflow, P/V = I ii 
the result of the operation produced an o,;erflow. 
Hall-carry flag. H ~ I ii the add or subtrad 
operation produced a carry into or borrow from 
bit 4 of the accumulator. 
Add/Subtract flag. N = I ii the previous operil .. 
lion wa:s a subtract. 
H a:nd N flags are used in conjunction with the 
decimal a:d;ust instruction (DAA) to properly cor­
rect the result into packed BCD lormat following 
addition or "ubtrnclion using cperonds with 
p<1aked BCD formal. 
Carry/Link flag. C " l ii the operation produced 
a: carry from the MSB of the operand or rewlt. 

Symbol 
I 

0 
I 
X 
V 

p 

"" 
H 

R 
n 
nn 

Operation 
The flag is affected accordinq to the re•ull of the 
operation. 
The flag ,s undi,mged by the operation. 
The !lag is reset by the operation. 
The flag is set by the operation. 
The !lag is a "don't care." 
P,'V llJg affected according to the overflow result 
of the operation. 
P/V !lag affected according lo the parity result of 
lhe operation. 
Any one at the CPU registers A, B. C, D, E, H. L. 
Any 8-bit location for a:11 the addreasina modes 
allowed !or the particular instruction. 
Any 16-bil location for all the addressing modes 
allowed !or that instruction. 
Any one of the two index registers IX or IY. 
Refresh counter, 
8-bit value in range < 0, 255 >. 
16-bil value ,n range < 0, 65535 >. 

2001-001 
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Pin 
Description• 

Ao-A15, Address Bus (output, active High, 
3-state). Ao-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
1/0 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, IORQ, 
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 cur­
rent 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 applications. Extended BUSREQ 
periods due to P-xtensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

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

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) bafore 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) is 
enabled. INT is normally wire-ORed and 
requires an external pul!up for these 
appliCdtions. 

IORQ. Input/Output Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an !/0 read or write operation:.._ 
IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi­
cate that an interrupt response vector can be 

placed on the data bus. 

~~- Machine Cycle One (output, active Low). 
Ml, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycle_~~ instruction execution. Ml, together 
with IORQ, indicates an interrupt acknowledge 
cycle. 

MREQ, Memo~uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non-Maskable Interrupt (input, active 
Low). 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. Memory Read (output, active Low, 
3-stale). RD indicates that the CPU wants to 
read data from memory or an 1/0 device. The 
addressed 1/0 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 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 lo the system's 
dynamic memories. 

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

WR. MeJEE!y Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data lo be stored at the addressed 
memory or VO location. 

17 
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CPU Timing 
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ThP. 280 CPU execu1eR instruct.1nns i,y pro­
ceeding through a specific sequence of opera· 
lions: 

• Memory read or write 

• I/O device read or writ,> 

• Interrupt acknowledge 

Instruction Opcode Fetch. The CPU places 
the contents of the Pmqrarn Cc,unter (PC) ,m 
the address bus at the s•or! ol tb,,· cyck· :F:qurP. 
~L Approximately onr.-half dock cyck _l'._~!:~r,_ 
MREQ goes active. The foiling Pdqn oi MRFQ 
can be used directly as a Ch11'__j::r·;dbl,, !o dyr•d· 
mic memories. When achv•?, HD 111d1cd'PS 1l1dl 
the memory data can be enabled on',) tlw CFU 

,, T. 

~---t--(ii) _______ , 

( (({ ~ 

l he b,1slc clock period is referred to <',:, a 
T time or cyde. and three or more T cycli:,s 
m<1k.e up a m<1chine cycle (Ml, M2 or M3 fO!' 
inst,,nce). Machine cycles can bf' extended 
t•1ther by the CPU automatically inserting one 
or rn.::>rf' Wait s•ntes nr hy thR msertinn nf om-' 
or more Wail stdles by the user. 

daia bus. 
Trw CPU samples tb, WAIT input with the 

nsmq edge ot dock sldte 1'3. During dork 
statm, T3 and T4 of an Ml cycle dynamic HAM 
refresh can occur while the CPU starts 
de,,;(,ding and executing the ins•ruction. \Vhen 
the keiresn Cc,nirol signal be.:omP, ddJVP, 

rdreshmq c,{ cync1mic" mPmorv can ta.k.P place. 

RE ,:,RESH A.DOR 

···{_~·- .. I , l/}---1-
(,() 

I ___ ,, ___ l•-•i<") ~"-· 
lll'Sit ,----________ _, 

Figure 5. Instruction Opcode Felch 
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CPU 
Timing 
(Continued) 

2005-883 

Memory Read or Write Cycles. Figure 6 
shows the timing of memory read or write 
cycles other than an opcode fetqh (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 
MREQ also becomes active when the address 

iiiHi 
(,)- I,..--

WAIT 

-- H~; 

bus is stable, so that it can be used directly-as 
a Chip Enable for dynamic memories. 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. 

@-

@-

Figure 6. Memory Read or Write Cyclea 
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Input or Output Cycle• , Figure 7 shows the 
timing for an I/0 redd or l/0 write oper<'l.tion. 
During 1/0 operations, the CPU automatically 

Ao-A 

inserts a single Wait state (Twl- This extra Waif 
state allows sufficient time for an 1/0 port to 
decode the address and the port address lines. 

l iii) , ·1J l 
~': ___ ..::;-.;:;---~-L("'I* Ol'EAAl'ION 

Do~07 

l wii -----··~-•!<i•: --1. .lc,,1=.,_~-1-,(!:...,.i)•-
, ______ __,o;r"---------~= ~~ I ~ Ol'EAATION ' ... I ",i'. • 

Do-D7 ------tL _______ •,,,• ____ o_AT_A_o_u1 ___ _ 

NOTE: Tw• ~ On" Wait cyc:e aulo1""!lc·d!i? inserted vy CPU. 

Figure 7. Input or Output Cycles 

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 instruction (Figure 8). When an interrupt 
is accepted, a special Ml cycle is generated. 

,, 
CLOCK 

iHit 

; 

' ,..,. _________ , 

T; ,,., 

During this Ml cycle, I0RQ becomes active 
(instedd of MR-EQ) to indicate that the inter­
rupting device can plac.-e an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this c:ycle. 

-------------------------
.... (4i) 

Do-D1 _______ J,c ._, E((( 
NOTE: I) TL= Las! sta!e ol previous instruclior .. 2) Two Woit cycies •ulol!l<lticaHy inserted by CPU('), 

Figure 8. lnt•rrupt Request/ Ac:knowl•dge Cycle 

-

-

-



-

-

-

CPU 
Timing 
(Continued) 

2005-0218. 886 

Non-Maakable Intenupt Request Cycle. 
NMI is sampled at the same time as the 
maskable interrupt input INT but has higher 
priority and cannot be disabled under software 
control. The subsequent timing is similar to 

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

-~------ lA!i'r 1111 CYCLE --·--·---··~-.. --1u---·· ~------------· 

c~:-------(j ,. ~- --~--~ -- --- ---1- ----- --+-- ~ --- --- -• 
--------H----- . -+---------+. -------t--1--------.. :,; .. : .. '.,;- - ' -----------+-,. 

-
.. Although NM'I 1s a:n t.1synctirs"lnc:..is inpw, tn ~dntfiC!' n!': b~~mq 
recognl:i:ed on the ?ollowinq tri.'ichme i.::yc;~ .. NMJ'.i:. ln:Jir,q ndqe 

i 
-•! ~li,---+i-----t--

must (.;vcui rn:, i~1er th,m the ni.:::ir;q edqe oi the clo:;k cycle. 
pt·en.J,m, Tr.AST· 

figure 9. Non-Ma&kcrble Interrupt Request Opercrlion 

B1111 Request/ Acknowledge Cycle. The CPU 
samples BUSREQ with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREQ is active, the CPU sets its 
address, data, and MREO, IORQ, RD, and WR 

lines to a high-impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of these lines, 
usually to transfer data between memory and 
1/0 devices. 

CLOCM. i 
.... 1 , .. ii}; 

:'ii>-! i .. *, . i 

•"""" ___ \l...._i _p ____ ,_,_ _ __,) \ I 
I , 

: .... ~,.1 ---;r,,; ,...I 
IIUUC,K __________ ....._, __ \~~ )'". -+I __ _ 

)..-..,_ ________ _, I 

. I I-!~'; 

Ao._._,,-----------1-~>-l----" .... o•_• _____ -_,1,.-,t= 
1PD~D1 ------------1-i -,~• FLOAT 7 e: 
::--------... -,1 _,~.t.,, r "o"' -it:_ 
iii&~-----------+~~ ~ 

I ~@'L 
-1 'l 

MALT ----------1----------------
NOTE: TL~ Last slate of any M cycle. Tx; An arbitrary clack cycle used by requesting device. 

Figut• 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 inter­
rupt is processed (Figure 11). 

.,, ---------- -··· ·-M1-------o-t•,___ ____ Ml 

NOTE: INT will also lore,.; a Halt ox1!. ·see note. figure 9. 

Figure ll. Halt Acknowledge Cy.:le 

Reset Cycle. RESET must be active for at least 
three clock cycles !or 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~ goes 

CLOCK 

Ao-Au 

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 0000 
(Figure 12) 

1----,.1--- -· 

r, 

-©--
FLOAf 

FLOAT 

--- @ --

n iU,----:-z-71-z-z,..,.u---,,r------------
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- AC Z80CPU Z80ACPU ZIOBCPU 
Cbarac- Min Max Min Max Mln Max 
tert.tlca Humi,.r Symbol Parameter (DII) (Ml (ns) (1111) (ml (DI) 

TcC Clock Cycle Time 400' 250* 165* 

2 TwCh Clock Pulse Width (High) rno· 110· 65* 

3 TwCI Clock Pulse Width (Low) 180 2000 110 2000 65 2000 
4 TIC Clock Fall Time 30 30 20 

s-TrC Clock Rise Time 30 30 20 

6 TdCr(A) Clock f to Address Valid Deley 145 llO 90 

7 TdA(MREQf) Address Valid to MREO 125• 65* 35• 
l Delay 

8 TdCf(MREQf) Clock I ta -mm-o I Delay 100 85 70 

9 TdCr(MREQr) Clock I ta MfffiO I Delay 100 85 70 

10-TwMREQh-- MREQ Pulse Width (High) ---170• 110· 55•--

11 TwMREQl MREQ Pulse Width (Low) 360* 220· 135* 

I 12 TdCf(MREOrl Clock l to MREQ I Delay 100 85 . 70 

13 TdCf(RDf) Clock I to RD I Delay 130 95 80 ft 
14 TdCr(RDr) Clock I to RD I Delay 100 85 70 ~ 
15 -TsD(Cr) --- Data Setup Time to Clock I --- 50 35 30--
16 ThD(RDr) Data Hold Time to RD I 0 0 0 

17 TsWA!T(CI) WAIT Setup Time to Clock I 70 70 60 

18 ThWAJT(Cf) WAIT Hold Time after Clock l 0 0 0 

19 TdCr(Mlf) Clock I to Ml I Del11y 130 100 80 

- 20-TdCr(Mlr)-- Clock I to Ml I Delay 130 100 80 

21 TdCr(RFSHf) Clock I to RFSH I Delay 180 130 110 

22 TdCr(RFSHr) Clock I to RfSH I Delay 150 120 100 

23 TdCf(RDr) Clock l to RD I Delay 110 85 70 

24 TdCr(RDf) Clock t to RD 1 Delay 100 85 70 

25-TsD(Cf) --- Data Setup to Clock I during -- 60 50 40--
M2, M3, M. or Ms Cycles 

26 TdA(IORQf) Address Stable prior to IORQ I 320• 180* 110· 

27 TdCr(IORQf) Clock t to IORQ I Delay 90 75 65 

28 TdCf(IORQr) · Clock l to IORQ I Delay 1 IO 85 70 

29 TdD(WRI) Data Stable prior to WR I 190• so· 25• 

30 -TdCf(WRf) -- Clock I to WR I Delay 90 80 70 

31 TwWR WR Pulse Width 360" 220· 135" 

32 TdCf(WRr) Clock I to WR I Delay 100 80 70 

33 TdD(WRf} Data Stable prior to WR I 20· -10* -55* 

34 TdCr(WRI) Clock I to WR l Delay 80 65 60 

35-TdWRr(D)-- Data Stable from WR t 120· 50• 30•--

36 TdCf(HALT) Clock I to IDIT'I' ! or I 300 300 260 

37 TwNMI NM! Pulse Width BO 80 70 

38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock I 80 50 50 

•For clock periods other than the minimums shown in the table, 
calculate parameters uoing the expressions in the table on the 
following Jl<lge. 
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ZBO CPU ZBOA CPU Z80B CPU 
Min Max Min Max 

Number Symbol Parameter Ins) (.ns) (ml (m) 
--------------· ··--···-···-··-·-··· ----------------

39 ThBUSREQ(Cr) BlJSRE(j Hold Time alter Clnck t 0 

40-TdCr(RUSACKl)-Clock 1 tn J3USACK I [)elay -----

41 TdCf(BUSACKr'.1 Ckx;k I to BUSA(":°i( t Del<1y 

42 TdCr(Dz) Clock 1 to Data Floa1 Delay 

43 TdCr(CTz) Clock I io C:mtrnl Outputs Float 
Delay <lviirno, !<'.SRO. RD, 
and WR) 

0 

]2[) 100 

I JO 100 

90 90 

110 80 

Min Max 
(ns) (na} 

0 

90 

90 

80 

70 

44 TdCr(Az) Clock I t,) Address Float Delay 110 90 80 

45-TdCTr(A) --- AJdrnss Stiible aitAr MREQ 1,-- 160' ----- 80 • ----- 35* -­
IORO 1, RD r. and WR r 

90 60 60 

0 0 0 

80 80 70 

46 
4? 

48 
49 

TsRESET(Cr) 

ThRESET(Cr) 

TA!NT!(Cr) 

Th!NTr(Crl 

fiESEt to Cloc-k I Setup Time 

RESEt tn Clock I Hnld Time 

iN'f lo Cic,ck I Setup Tim" 

iNT to Cock I Hold TimA 0 

50-TdMli(IORQl)-lv-!i I toiC/fK) I Delay-----920·----555•----365•--
0 0 

:il TdCf(lORUfl C,o,k i to IORQ I Del,1y 110 85 70 

52 TdCf(IORQr) Clock 1 to ii)RQ 1 !),slay l00 85 

53 TdCt(D) (::iock i tc, Daia Vaid Delay 230 150 

"F·.·1r cL·,cf. per;ods :~th~:r ~b"i.n t~,~-:- m:~;:rnt:.~::s :.t~c,wn .r. :h,=· :.1bi~'·. 
::dLCl,iate p<H:lmc~!e:-s ·..is:nq ·l:r: h1li• ,-,,.;i::q ,-r.;:: 1 ·};;;;:::-::-. f._:,.._;:~.11.~,!P.c: 
vaiues abc,vP ds~-..1med T rt. T!C ·: i.O n~; 

Footnotes to AC Characteristics 

70 

130 

-------- -~-. -· ······-··-------··· ........... ··--··--·-·-·----- .. ----··--•····-·· ······- ·-·-----··--·····---------
Nuuiber Symbol 

I 

2 

TcC 

TwCh 

zeo 

TwCh + TwC! + TrC t T!C 

Althoi...;.qh st:'ltll' by d~SH.Jn, 

TwCh nl qn·,dler ,iian :mu µ.s 

is not quaru.ntef!td 

ZSOA Z80B 
········--···---·-----

TwCh + TwC I + TrC + TIC 

Althouqh stahc hy d"sign, 
TwCh oi <Jreater lhd<\ 200 1-'S 
it> nu~ guaranteed 

TwCh + TwCl, + TrC + TIC 

Although stc1llc by design, 
TwCh cl greater than 200 i,s 
is no1 quararnced 

7 - TdA(MREO!J-TwCh + TIC 75 ---- TwCh + TIC - 6ti ---- TwCh + TIC ·· 50 ----

lO TwMREQh TwCr. + TtC -· 30 TwCh + TIC - 2U TwCh + TfC - 20 

l I TwMREQl TcC - 40 Tc:C - 30 TGC ·- 30 

26 
29 

TdA(lORQ/) 

TdD(WRi) 

TcC ·- BG 

'fr:C -· 21U 

Tee - 10 rec - 55 

Tc:C -· 170 TcC - 140 

31-TwWH---TcC -- 4U-------T,cC -· 30 foC - 3!J-------

33 TdD(WRI) TwCi. + TrC -· i81.i 

35 TdWRr(D) TwC1 + T,C ... 80 

45 TdCTr(A! TwCI + T,C - 4G 
50 TdMll(!OHQI) 2TcC + TwCh ·t TiC 

---~----·-
________ ., _______ 

AC ;.'es1 Coridilicr.s: 
VlJ-1 = 2.0 V 
Vn. = 0.8 V 
VJHC = Vee .. (J.h V 
vu.c = D.45 v 

VoH '"" 2.C V 
Vol ,_ 0.8 V 
FLC•J&. T ::.: 1:,;; .:. V 

TwCJ + TrC - 140 TwCi + TrC - 140 

TwCI + TrC ·· 70 TwCJ + TrC - 55 

TwCI + TrC - 50 TwC! + TrC -· 50 

- 80 2'I'cC + TwCh + TIC - 65 2TcC + TwCb + TJC - 50 

-

-

-



-

-

Abaolut• 
Maximwn 
Ratinsr-

Standard 
THt 
Condltlona 

DC 
Character­
latlcs 

Storage Temperature . . . --65°C to+ 150°C 
Temperature 
under Bias ........ Specified operating range 

Voltages on all inputs and 
outputs with respect to ground . --0.3 V to + 7 V 

Power Dissipation . . . . . . . . . . . . . . . . . 1.5 W 

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

• 0°C to + 70°C, 
+4.75V :S Vee :s; +5.25V 

• -40°C to +85°C, 
+ 4.75 V :S Vee :s; + 5.25 V 

• -55°C to + 125°C, 
+4.5 V :S Vee :S +5.5 V 

Symbol 

Yu.c 
v!Hc 
VJL 

VIH 

Vm 
VoH 

Parameter 

Clock Input Low Voltage 

Clock Input High Voltag£, 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

lee Power Supply Current 
280 
280A 

.ZBOB 
ILi Input Leakage Current 

!LEAK 3-State Output Leakage Current in Float 

l" For md1ta:ry grdde p:uts, lee ]!:: 200 r!~~A.. 
2. Typ1i.:"i;I] rt1ts for 280A JS 90 OJA. 

Capacitance Symbol Parameter 

8085-0221 

-------
CcL,.JCK 

CIN 

Cour 

Clock Cc1pacilance 

Input C,~pacitance 

Output Capacitance 

TA = 25°C. I ~ I MHz. 

Stresses greater rhan those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
Thi$ 1s a stress rating only; operation of the device at ,my 
condihon above those indicated in the operational sections 
of these spec:11ical!ons is not implied. Exposure to absolute 
ma<1mum rating conditions for extended periods may affect 
device reliability. 

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

Ull 

Min Max Unit Test Condition 

-0.3 0.45 V 

Vcc-.6 Vce+.3 V 

·-0.3 0.8 V 

2.0 Vee V 

0.4 V IoL= l.8mA 
2.4 V loH = -250 µA 

150' mA 
200~ mA 
200 mA 

10 µA VIN = 0 to Vee 

-10 103 µA Vour = 0.4 to Vee 

3 A15-Ao, D7-DQ. MRF.Q. IORQ, RD, and WR. 

Min Max Unit Note 

35 pF 

5 pF Unmeasured pins 

10 pf 
returned to ground 

25 



Ordering Product Package/ Product Package/ -Information Number Temp Speed Description Number Temp Speed Deacriptlou 
- . - --· -·---·-··-·-··· ------

7.8400 CE 2.5 MHz 280 CPU (40-pin) ?.8400A DE 4.0 MHz 280A CPU (40-pin} 

28400 CM 2.5 MHz Same as above Z8400A DS 4.0 MHz Same as above 

28400 CMB 2_5 MHz Some d.s af"·,0vr .. Z840Ci/\ PE 4.0 MHz Same as above 

7.8400 cs 2.5 MHz Sctme as above 28400A PS 4.0 MHz. Same as above 

28400 DE 2.5 MHz Same as above Z8400B CE 6.0 MHz ZB0B CPU (40-pin) 

28400 DS 2.5 MHz Sarni? ,1s above 28400B CM 6.0 MHz Same as above 

28400 PE 2.5 MHz Sam,, as ,1bove 28400B CMB 6.0 MHz Same as above 

28400 PS 2.5 MHz Sanlt~ as i'..:jlx)v~~ 284008 cs 6.0 MHz Same as above 

28400A CE 4.0 MHz Z80A CPU ( 40- pin) 7.8400B DE 6.0 MHz Same as above 

Z8400A CM 4.0 MHz San1e as above Z.84D0B DS 6.0 MHz Same as above 

Z8400A CMB 4.0 MHz Same as above 28400B PE 6.0 MHz SamE• as above 

Z8400A cs 4.0 MHz S,.1rne as above> 7.8400B PS 6_Q MHz Same 11s above 
-----·· ----· - ..... _.,_ --···· --·-· .. 

NOTES: C ·c: C6natr,H D == Cerdtp, P Pl,'H!t1-.·: ~: -;· 4t;··c :,:- ·t-B~i·\' M l,o"C ,o ·• IJ.5'C MB,., ~?j"'C ~(':-,. i:2~;·-c w11r. 
MIL-STD-88] Class B pron~ssi(ln. '.·~ l:<~ tc, i .. ·t.··c 

-

-
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