1.0  CPU BOARD

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's (for a total
of 1K 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 F800H to FFFFH.



SPECIFIC FEATURED

Clock Frequency 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 $-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 Jump

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 (Al5 - A8) are used to decode the jump
address. The eight least significant address bits (A7 -~ AQ) are
taken as logic 0 as shown on the next page.

Power-0On Jump Address: X 0.0

-—— A7 - AQ, always at logic 0

Al5 - AB, selected by user

The standard Nabu CPU board has the power-on jump address
set at FCO00H (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 1K 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 -—p---———-———mme——— .
Base + 1CO00H —-fp--————moeeem————
Base + 1800H -—-F-===-=—=—e—me—e—d
Base + 1000H --p---—-memm—oe—ee—— ~

Base + B800H --f-—=-—c-=—mo—eem—q

Base of Block --b-—romeoremmemm
*Only the upper 1K of ROM 1 is used.

The RAM is confiqured as 1024 x 4 bits (2114 type). RAM 1
stores data bits D0, D7, D6, and D5; and RAM 2 stores data bits
b4, D3, D2, and D1,

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.

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

1 2 3 T RM2 ROM 3 RAM 1/RAM 2 ROM 1 |

0 0 O 0800 1000 1800 1C00

0 0 1 2800 3000 3800 3C00

0 1 © 4800 5000 5800 5C00

o 1 1 6800 7000 7800 7C00

1 0 0 8800 5000 9800 9coo

0 1 AB800 B0OOO B80OO BCOO

1 1 0 Cc800 D00o D800 DCOO

1 1 1 E800 FOCO F800 FCO00
________________ d e

'1' represents 'Jumper is connected'
'0' represents 'Jumper is disconnected!

IABLE l: Jumper Connection And Starting Address of Memory



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 1 and
RAM 1/ RAM 2, as seen in the fiqure below. (Note that ROM 1 and
RAM 1/ RAM 2 are enabled together, and so both must be used
together).

Selection 00 0O0O0OOCOCO
Area S-1
0O 0O 00 00 0O
Jumpers (JP) 5 6 7
i L -~connected to enable ROM 1/ RAM's
onnected 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:

Selection 0 0 o o
Area S-1 I I I E

Jumpers (JP) 1 2 3 5 6 7

The memory map corresponding to the standard setting would

be:

FFFP = mm e e
ROM 1 :
FCOQ ——fmmmmmm e e

RAM 1 / RAM 2
F800 — -

NOT SELECTED
FOO0 - e e ]

NOT SELECTED
E800 ————mmm e



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 Enabl

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 %2ilog Z-80A microprocessor to
the $-100 bus, Pin 66 on the S-100 bus is designated by Nabu as
the memory-refresh signal, RFSH. The memory request signal from
the Z—-80A processor is also brought out to the S$-100 bus. Pin 65
({named as MREQ), is used to indicate a valid memory address on
the address bus,



NABU ACP-1101 CPU BOARD

Integrated Circuits

Ul-U4 2114

U5 7415136
U6 741542
U7 7415820
us, U9, U28,

U30-U34 741.8241
Ulo 74L8175
Ull 7418123
Ul2, Ul7, U20,

U23, U24 74L874
Ul3s 7415132
Ul4s, U2l 741.504
Uls 74L808
Ulé 741832
uls 7-80A-CPU
Ul9 74LS157
U22, U25, U35 74LS02
U26 741.8367
u27 74LS14
U29, U36 7415368
U37, U38 7805
ROM1-ROM3 2716
Transistors:

01 2N4124
Q2 2N4126
Diodes:

Dl, D2 1N914A
Capacitors:

Ccl-C10, €13-Cl5,
cl9-C24, €25,
c26, €30, C31
cl1, cl8

c12

clé, C27-C29

cl7

PARTS LIST

1024 x 4-bit NMOS static RAM
Quadruple 2-input NOR with open-
collector outputs
4-1line~to-10-line decoder

Dual 4-input NAND

Octal buffer/line-driver with 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-l-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 pF, 16 V tantalum electrolytic
10 uF, 16 V tantalum electrolytic
10 nF



Resistors:

R1, R2
R4
R8
R9
R10
RN1-RN3

Crvstal;
XTAL

E

HANNH WSO

14 pin
16 pin
18 pin
20 pin
24 pin
40 pin

10 k L

1l k v

1004\

220 4\

22 L

100 k S\

9-resistor pack of 1 ki\resistors with
common pin #1

8.000 MHz parallel-resonant

Ds ipti

socKket
socket
socket
socket
socket
socket

Delta 68B0-0.5-220 Heatsink
#6~32 x 3/8™ machine screw
#6-32 nuts
p.c. board



The following 11 pages have been reproduced by permission
of %Zilog, Inc. & 1979, 80, 8l. This material shall not
be reproduced without the written consent of Zilog, Inc.

Z-80A is a trademark of Ziloyg, Inc., with whom the
publisher is not associated.
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Features B The instruction set contains 158 instructions.
The 78 instructions of the 80804 are
included as a subset; 8080A software com-
patibility is maintained.

8 Six MHz, 4 MHz and 2.5 MHz clocks for the
Z80B, Z8QA, and Z80 CPU result in rapid
instruction execution with consequent high
data throughput.

B 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.

B The Z80 microprocessors and associated
family of peripheral controllers are linked
by a vectored interrupt system. This system
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CONTROL \ & Jgp Ay
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- AFSk A7 f———= | ADDHESS
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CONTROL { U T Y] P—
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ey + 5V 1] e o
——-{ GND Dy pr———

Figure 1. Pin Functions

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

W 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
pragram processing of tables and arrays.

B There are three modes of high speed inter-
rupt processing: 8080 compatible, non-Z80
peripheral device, and Z80 Family
peripheral with or without daisy chain.

W On-chip dynamic memory refresh counter.

, 280 CPU

Figure 2. Pin Assignments
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General
Description

The Z80 Z80A, and Z80B CPUs are third-
generation single-chip microprocessors with
exceptional computational power. They offer
higher system throughput and more efficient
memory ut:lization than comparable seceond-
and third generation mwcroprocessors 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 reqgister pairs. In add.tion, there are two
sets of accumulator and tlag reqgisters . group
of "Exchange ' instructions makes 211 er set of
main or alternate registers accessible to the
programrmer. The :lternate set allows aperation
in foreground-background mode or it may

INSTRUCTION
DECODER

5V -

INST
REG

GND —» Eﬁl

(9303
THMING
CONTROL

L7

8 SYSTEMS 5 CPL
AND CPU  GONTROL
CONTROL INPUTS
QUTPUTS

CLOCK —m-

CPU

7 TiMiMG

be reserved for very fast interrupt response.

The Z80 also contains a Stack Pointer, Pro-
gram Coun‘er, 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 +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 functions of the Z80 processors.
Subsequent text provides more detail on the
Z80 [/O controller tamily, registers, instruction
set, interrupts and daisy chaining, and CPU
himingg.

e

DATA BUS
INTERFAGE

REGIETER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

18.817
ADPDRESS BUS

Figure 3. Z80 CPU Block Diagram
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280 Micro-
PTOCessOr
Family

The Zilog Z80 microprocessor is the central
element of a comprehensive microprocessor
product family. This family works together in
most applications with minimum requirements
for additional legic, facilitating the design of
efficient and cost-effective microcomputer-
based systems.

Zilog has designed five components to pro-
vide extensive support for the Z80 micro-
processor. These are:

8 The PIO (Paralle]l Input/Output) operates in
both data-byte I/O 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.

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

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

8 The DMA {Direct Memory Access) con-
troller provides dual port data transfer
operations and the ability to terminate data
transfer as a result of a pattern match.

B The SIO {Serial Input/Output) controller
offers two channels. It is capable of
operating in a variety of programmable
modes for both synchronous and asyn-
chronous communication, including

Bi-Synch and SDLC.

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

280 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.qg., 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-
satile programming techniques as background-

MAIN REGIDTER BET

foreground data processing. The second set of
reqgisters consists of six registers with assigned
functions. These are the | {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 ! provides further information on
these registers.

ALTERNATE AEQISTER SKT

A ACCUMULATOR F FLAG REGISTER

e

ACCUMULATOR F' FLAG REGISTER

B QENERAL PURPOSE ¢ GENERAL PURPOSE

QENERAL PURFOSE C’' GENERAL PURPOSE

-]

QEMERAL PURPOSE £ GENERAL PURPOSE

GEMERAL PURPOSE E' GENERAL PURPOSE

H GENERAL PURPOSE L GENERAL PURPOSE

GENERAL PURPOSE L GENERAL PURPOSE

8 BITS

18 BITS

IX {NDEX REGISTER

1Y INDEX REGISTER

5¢ STACK POINTER

PC PACGAAM COUNTER

| INTERRUPT VECTOR A MEMORY REFRESH

8 BITS -

INTERRUPT FLIP-FLOPS STATUS

IFF IFF2

é 0 = INTERRUPTS DISABLED
1 = INTERRUPTS ENABLED

INTERRUPT MQDE FLIP-FLOFS

STORES IFF1
DURING RM1
SERVICE

IMF, MFy
[ @ INTERRUPT MODE 0
] 1 NOT USED
t [ (NTERRUST MODE
1 1 INTERRUPT MODE 2

Figure 4. CPU Registers

2001-0213



Z80 CPU Register Size {Bits) Remarks
B.gis_tor' A A Accumulator 8 Stores an operand or the results of an operation.
(Continued) )

F F Flags 8 See Instruction Set.

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

cCC General Purpose 8 See B, above.

DD (General Purpose 8 Can be used separately or as a 16-hit register with E.

E F General Purpose 8 See D, above.

H H (General Purpose 8 Can be used separately ar as a }6-bit register with L.

L General Purpose 8 See H above.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows;
B — High byte C — Low byte
D -~ High byte E -— Low byte
H -~ High byte L — Low byte

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

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

X Index Register 16 Used for indexed addressing.

1y Index Register i6 Same as [X, above.

Sp Stack Pointer 16 Stores addresses or data temporarily. See Push or Pop in instruc-
tion set.

PC Program Counter 16 Hoids address of next instruction.

IFF,-IFF, Interrupt Enable Flip Flops  Set or reset to indicate interrupt status {see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops  Hetlect Interrupt mode {see Figure 4).

Table 1. ZBO CPU Registers
Interrupts: The CPU accepts two interrupt input signals: 8 Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z280 systems.
Operation interrupt and has the highest priority. INT iz a B Mode 2 — a vectored interrupt scheme,

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 Z80 has a single response mode for
interrupt service for the non-maskable inter
rupt. The maskable interrupt, INT, has three
programmable response modes available.
These are:

W Mode 0 - compatible with the 8080 micro-
processor.

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.




Interrupts:
General

Operation
{Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted at
at all times by the CPU. NMI is usually
reserved for servicing only the highsest priority
type interrupts, such as that tor orderly shut-
down after power failure has been detected.
After recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software
starting at this address contains the interrupt
service routine.

Maskable Interrupt {INT). Regardless of the
interrupt mode set by the user, the 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 (M1} cycie in
which IORQ becemes active rather than
MREQ, as in a normal M1 cycle. In addition,
this special M1 cycle is automatically extended
by two WAIT states, to allow for the time
required to acknowledge the interrupt request
and to place the interrupt vector on the bus.

Mode 0 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 CFU.
This is normally a Restart Instruction, which
will initiate an unconditional jump to the
selected one of eight restart locatiens in page
zero of memory.

Mode | Interrupt Operation. Mode | oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a vector address of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most etfec-
tively the capabilities of the Z80 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 roufine address is
supplied by the I {Interrupt) register. This flex-
ibility in gelecting the interrupt service routine
address allows the peripheral device to use
geveral ditferent 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, bil 0 (Ag) must be a zero. -

Interrupt Priority (Daisy Chalning and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a dalsy-chain conlfig-
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 IEl 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 to select the highest
pricrity interrupt from several simultanecusly
interrupting peripherals.

The interrupting device disables its IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEQ 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/Disable Operation. Two
flip-flops, IFF; and IFF;, referred to in the
register description are used to signal the CPU
interrupt status. Operation of the two flip-flops
is described in Table 2. For more details, refer
to the Z80 CPU Technical Manua! and Z80
Assembly Language Manual.

Action IFF, IFFy Commants
CPU Reset 0 o Maskable interrupt
INT disabled
DI instruction 0 0 Maskable interrupt
execution INT disabled
El instructicn 1 1 Maskabie interrupt
execution INT enabled
LD Al instruction . . IFF; ~ Parity flag
execution
LD A R instruction » * IFF; — Parity flag
execution
Accept NMI 0 IFFy, [IFF) - IFF,
{Maskable inter-
rupt INT disabled)
RETN instruction IFFy; o IFFy — IFFy at
execution completion of an

NMI service
routine.

Table 2. State of Flip-Flops

0dd 08Z



Instruction The Z80 microprocessor has one of the most {) 16-bit arithmetic operations
tile inst i se :
Set pov»rerful §nd versa.l.le ins ruction sets O Rotates and shifts
available in any 8-bit microprocessor. [t ] )
includes such unique operations as a block > Bit set, reset, and test operations
move for fast, efficient data transters within (1 Jumps
memory or between memory and /0. Tt also .
Y i Y a o 1 Calls, returns, and restarts
allows operations on any bit in any location in
{1 Input and output operations
memory. 1Y
The following is a summary of the Z80 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the tlag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/ocutput devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Longuage ( Immediate
: . . ‘ B nediate
Programming Manual (03-0002-01) contain
significantly more details for programming C Immed:iate extended
use. ti Modified page zero
The instructions are divided into the . )
. ) 71 Relative
tollowing categories:
o ) U Extended
i) B-bit loads
: 1 Indexed
i 16-bit loads
r1 Register
[ Exchanges, block transfers, and searches Req
o ) ) ‘ i1 Register indirec
(1 8-bit arithmetic and logic operations g d t
. . i1 Impliec
! General-purpose arithmetic and CPU plied
control ™ Bit
8-Bit Symbolic Flags Opcode No.of Na.of M Moof T
Load Moemonic Operation s Z H PPV N C 78 343 210 Hex Bytes Cycles States Comments
Group LD, o T—1 e 2 X e 4 s % e G e o 1 1 4 r.r” Reg.
D r—-n o X & X s & a o r L0 2 2 7 000 B
e W C
LDr (HLY - (HL) v s X e X = s+ e 05 10 : 2 7 00 D
LDz, (IX+d) - (IX+d) + s X s X s % e liGi Ol DD 3 5 19 ol E
ol s 101 0 H
-d - 01 L
Dr Y ed)  r—(Y+d) ¢ e X ¢ X » s s 1niicl FD 3 5 19 nr oA
0 ¢ 10
- g
LD (HL), ¢ (HL) ~ = e s+ X s X v = & UG ¢ 1 2 7
LDR+d) r UX+d)— - o « X + X ¢ & s+ {0110 DD 2 5 19
o1 10
—d =
LD AY+dhr  {IY+d) = ¢ s s X s+ X o s s+ 110 FD 3 5 19
T
—-d -
LD(HL, n  (HD) -~ n e« X e X » + « ©0NOII0 % 2 3 10
R
LDd%+d) n  (X+d) - n « a ¥ e X s s s 11Mil0l DD 4 5 19
00 30 11D 36
-— d —
-
LBOY+d) n (I¥+d - n e s X & X s s+ s N1 FD 4 5 18
00§10 110 36
—d -
JE
LD A, (BC) A - (BO) s+ & X + X » o s 000K O OA I 2 7
LD A, (DE} A ~ (DE) o e X o K e+ s &  CCGHOG 1A 1 2 7
LO A, {nn} A~ {nn) = s+ X o X 2 s 00 1) 00 3A 3 4 13
J.
-r
LD(BC) A (BC) - A e e X s X s e+ 0QON0OID 02 I 2 7
LO(DEL, A (DE) ~ A e X e+ X e s+ Q0000 12 ) 2 7
LG {nnj), A {nn) ~ A L S A 00 310 6l 32 3 4 13
-
—n
LDA L A1 V1 % 0 X IFF 0 - 110110l ED 2 2 8
0l 018 1) 57
LD AR AR v r X 0 X IFF O » L i0NI0] ED 2 2 9
01 011 311 5F
DL A )~ A e o X e X ¢ s » 1101301 ED 2 2 9
01 00G 111 47
LDA. A R- A e s X s+ X e e w 11iCIi0l ED 2 2 9
01 0Gi 111 4F

NOTES: ¢, ¢ means any of e requsiors A& B < ¥
IFF the content of e awreup: snable fig. cop, +[FF s
copied inin the PY Tlag
For an expianetior. of Hag notaticn and symbols lor
mmemony, lables, see Svmbobs Notaion sechon
1o lewing tebses
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16-Bit Load Symbolic Fiags Opcode Mo.of No.af M No.of T
Group Mosmontc Operation H PPY N C 78 543 210 Hex Bytes Cycles BStuates Comments
LD dd, nn dd < nn X e X o s » 0 440 001 3 3 10 dd Pair
—n - 00 BC
- n - 0 DE
LD IX, on IX - nn X o X * &« @ 1) Ol 101 DD 4 4 14 10 RL
0C 100 001 21 11 5p
-
-~
LD 1Y, nn [Y « nn X o X o ¢ @ il 131 108 FD 4 4 14
0G 100 00 21
- -
-n -
LD KL, thn) H = ({nn+l) X « X ¢ v 0C 101 010 2A 3 S 16
L« (nn} - n—
-
LD dd, (nn) dd{ — {(on+ i} X » X o ¢ » 12 101 101 ED 4 [ 20
ddy -~ (nn) 01 adl ¢l
-
-
LD IX, (an) Xy ~ {on+1) X v X & 2 o 11 a1 i1 DD 4 6 @€
Xy, = (np) 00 101 0i0 ZA
.
—n -
LD Y. (nn} YH~tan+ D X ¢« X a2 s @ 15 111 101 FD 4 6 20
I, - (an) 00 101 010 2A
-
e n—
LD {nn}, HL (an+1) ~ H X » X ¢ o @ €0 100 010 22 Kl 5 16
{tan) ~ L -0 -
— -
LD (nn). 4d (nn+1) ~ ddy X & X & 1} 101 101 ED 4 6 ol
{nn) < ddj, @l gdo 01t
—n -
- -
LD (nn). IX {nn+ 1 ~ IXy X = X o ¢ » 11 011 101 DD 4 & 20
{nn) — X Q0 100 Q10 22
— -
JU
LD {nn), 1Y (rn+ 1) ~ I¥y X « X = & 11 111 101 FD L] 6 20
(nn) — IY3, 00 100 QIO 22
-
- -
LD sp, HL SP ~ HL X &« X o o 1} 112 001 Fg 1 1 6
LD SP, X SP - IX X &« X v & 2 1t 011 10! DD 2 2 10
11 111 001 F9
LD s, 1Y §p ~ 1Y X » X s & o 1111 101 FD 2 2 10
Il 111 001 F8 Pair
PUSH qg (SP-2) — quL. X o X » & « 11gqdlal 1 3 1 & BC
{8P-1) ~ qqy ol DE
5P - SP -2 10 HL
PUSH IX (8P -2y — Xy L o X » & » 11 Qi1 i0) DD 2 4 5 1 AF
{SP-1) — IXy 11 100 101 ES
SP — 5P -2
PUSH 1Y {SP-2) — IYL X ¢ X o o @ 11 111 101 FD 2 4 18
{SP~1} — IYY 11 100 10t ES
SP - SF -2
POP qq, qgH «~ (SP+1) X » X v s & 1l gq0 001 3 3 Hel
qqp, ~ (SP)
Sp - SP +2
POP IX Xy ~ (SP+ 1) X e X ¢ » » i1 011 101 DD 2 4 14
X[, ~ (SP} 11 100 001 E
SP — SP +2
POP IY ¥y — (SP+1) X ¢ X o = 11111 101 FD 2 4 14
|, ~ (S} 11 100 001 El
SP — SP +2
NOTES:  dd 1s any of the regisier pars BC, DE. HL. 5P
qq s ary of the register pairs AF, BC, DE, HL
‘PMR}}E (PAIRY reter to high aorder and low seder eight bits ot the reg:ster pdir respectively,
eq. BCp = C. AFly = A
Exchange., EXDE, HL  DE - HL X « X % e o 11101011 EB ! 1 4
Block EX AF, AF AF « AF X 8 X o o » 00 001 000 08 1 1 4
EXX BC ~ BC" X o X o o o 11 o1l 001 D9 1 1 4 Register bank and
Traw.’- DE - DE’ auxiliary register
HL ~ HL' bank szchange
Block Search py(qp 1y 4 (spen X = X s « o« 11001 E 1 5 I
Groups L« (3P)
EX (SP), IX IXg —~ (SP+1) X o X o ¢ o 11 011 101 DD 2 ] 3
Xy, ~ (5P 11 100 0!l E3
EX (SP), 1Y Yy ~ (SF+ 1) X o X o ¢ = il 111 101 FD 2 6 23
IYL ~ (5P 1] 100 Oi1 E3
- ©
LD} (DE} — (HL) X 0 X t O s 110 101ED 2 4 16 Load (HL} tato
DE — DE+1 10 100 000 AC {DE}, increment
HL — HL+} the paintere and
BC -~ BC-1 decrament the hyte
counter {BC}
LDIR (DE) — {HL) X ¢ X 0 0 » 11 101 10t ED 2 5 2) IBC # 0
DE—~DE+1 10 110 000 BO 2 4 16 I BC =0
HL ~ HL+1
BC — BC-1
Repeat until
BC =10

NOTE: ®P/V flag s 0§ the result of BC -1 = 0 atberwise PAY = |

2001-001
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Exchange. Symbalic Flags Opcede No.of No.of M No.of T
Block Muoemontc Operation 8 z ] PV R C 78 543 210 Hex Bytes Cycles Biates Comments
Transfer, 6]
LDD {DE - (HI) soe X U Xt G e 13 100 8 ED 2 4 16
BIOCk s.urCh DE - DE- I 1o oNoe Ap
Groups AL - HL-1
(Continued) BC -~ BC -1
LDDR (DE) — {HL!} e e X 0 X o uoC o 0160 BR 2 5 21 IHBC %0
DE — DE-} TIL00 B& 2 3 6 BB = 0
HL ~ HL -1
BC ~ BC- |
Hepeadl unti
BC = 0
@ D
CPI A - iHL) . S ) 100 o B s 4 18
HL — Hi«! 10010 00l A
. BC .
BC ~ B c o
CPIR A - {HL) [ ST S | . el ER 2 5 21 1 BC # 0 and
A = (RHL
Hi - HL+: PG00 R Z q 16 HBC = Cor
BC -~ BC ) A . (RL
Repeat unii
A s (HL; or
BC = 0 2 o
CPD A - fHL ot X . Vil En 2 4 16
HL = Hi- 1630 a0l AS
BC ~ BC - ® o
CPDR A - (HL Lot X X 1. W ED 2 5 21 11 BC # 0 and
A HL)
HL — HL- i 1011 200 Be 2 4 16 AC = Oor
BC - BC-1 A = (HL}
Repeat until
A - HD ar
BC = 0
NOTES: ()P ilag 16 0 :f the tesult of BC 1 = & otherwise PY - |
(D7 tiagis A o (HLL aterwise 2 = O
8-Bit ADD A. r Awhovr ¢t X 1 X Vo4 g o v : | 4 r  Rea.
Arithmaetic ADD A n A—A+n | SRR SR A 11 @) 116 2 2 7 ooe B
n 0wl <
and Logical 010 D
Group ADDA, (HL) A — A + (HL; VX oox Voo o1 1o l 2 7 o E
ADDA, (IK+a) A — A » {IX ) o X o X ovo6ot Gl il Do 3 g i@ 0 H
w g v L
e A
ADD A, (IT+dl A — A + (IY+d) X o X v ow o o3 5 S
ADC A s A - A+s+CY ¢ X ot X VY G ot swanyofr n,
(RL)Y, (IX +d),
SUBs A~ A-s o1 X X v 1 1 (1Y + d) as shown
SBC A s A-A-s-CY Tt X ot X VoL for ADD tnstruchion.
AND s AedaAs P ox 1 X P oo ¢ The ”‘d‘c‘"’s
- . replace the 000 1n
s — AV X PG
OR s A-Avs t 1 X 0o X P oG ) the ADD set above
XOR s A-Aws i X 0 X P 0O
CPs A-s oy X1t X v o1
INC ¢ P ) PoX 1 XY one o - [ ! i 4
INC (HL3 (HELY = (HL1 + ) 1ot X 1 X Vo e &0 110 100 § 3 11
NG (IX+d) (K+d) — o X 1 XYoo oa it ol ol DR 3 6 23
(IX+dei oo 110 [0
- d =
INC (1Y +d8 {I¥+d} — {1 X 1 X ¥V 0 . Ul fp 3 6 n
Y +cie? 20 110 T
- d =
DEC m me-m- 1 [ T SR SR iun] m is any of r, (HL),

(IX +d}, (1Y +d)
as shown for INC
DEC same formal
and states as INC.
Replace with
m in opeode

12
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General- Symbolic Flags Opcode No.ol No.of M Ne.of T

nd> 08z

purpm Mremonic Operation 8§ 2 H P/VN C 76 543 230 Hex Bytes Cycies Sicies Commaents
Al’ithmOlic DAA Converts acc, content ¢t X 3 X P e 3 40 106 11 27 1 1 4 Decimal adjust
nte packed BCD aceumulator.
cmd foliowing aclad or
subtract with packed
CPU Control BED bperanie
Groups CPL A -3 e 4 X 1 ¥ e 3 s 06 01 110 2F ) 4 Compiement
accumulator {one’s
complement).
NEG A~0- A [SNE D G R S il 104 101 ER 2 2 8 Negate acc. {twa's
. 0 000 100 44 compiement}
CCF CY - Y « o« X X X » 3ot 00 11 L ar 1 1 4 Complement carry
flag.
SCF CY — & L S O S 20110 1 37 1 i 4 Set carry flag
NOP No eperation e 4+ X s X = & o« Q0 00C 300 00 1 H 4
HALT CPYU bajed = s X » X s » 3 ol 110 L0 76 1 3 4
Dt w IFF ~ 0 vy X e X e e e 311020 F3 1 : 4
Ef » IFF - 1 « > X & X s « = 11 111 301 FB8 1 H 4
MO Sat interrup: L D L il 101 01 ED 2 2 8
marde G 000 1l 46
IM 1 Set interrup: L S O L ) B0 G 2 2 8
mode [
M2 Set iterr s 0+ X 2 X & w 2 ] 2 2 8
moede 3 [
NOTES:  IFF jedicates the irersa
CY snchirazes the carr
w adicales Al 4 the e KD
16-Bit ADDHL. sg  HL - HlLwss v oe X X X e C o1 0C ss) 301 ) 3 y 55 _Hag.
00 BC
Arithmetic ADCHL ss  HL. Huvee«e£Y [ 1 X X X V G 1 D00 ED 2 4 15 vl DE
Group i¢ HL
i 5P
SBCRL. s HL - Hi - CY [ T S S S A A | 2 4 15
ADD IX. ¢vp 0= 1 = pp e s XX X v 0 z 4 15 pp _Reg.
3 BC
g1 DE
101X
11 SP
ADCIY. rr ¥ 1Y & o e e X X X s 0 1 onIeFD 2 4 15 rc _Reg.
y Lo G BC
63 DE
[t 4
i: SP
P a e X e % e s ) 1
- X o+ s s K 2 X 0 e 2 2 i
NG TY Y~ (¥ + ! 2 X e X 4 s e 2 2 10
DEC ss §5 = 351 « 2 K v X s s ! &
DEC IX X - -1 ros X s X & » 2 Z 1
DEC 1Y i = s X & X e s . 2 2 1G
NCYTE, O
[}
ChOY o
Rotate and
Sh‘{‘ G‘O\lp RLCA ¢« o X U X e 0 o0 it 07 1 ] 4 Hotate left circular
accumulator
RLA LR I S S T [ ) A U { 1 4 Rotate left
accurauiator,
RRCA « o %X 0O X e 5 1 a0 300 510 UF 1 : 4 Ratate night circular
accumolator
RRA LR R S ] [V DI Y 3 1 1 4 Ratate right
accumulator.
RLC ¢ to1 X noxX P o il un OB 2 2 4 Rotate left curcalar
oo MG ¢ reqster r.
RLI iHLD) 1 X 4 X PG 113 D C8 2 4 8
[HERT CETY
RLC (X 4y § 0] : ¢ ¢ X 0 X F O ¢ LOIs DD 4 3 23
rHLLOX el it Rl 2B
- d -
(VR e N
RLE (1Y ) H X o9 X P o3 o 1 G 100 FD 1 3 23
1. 960 ¢y OB
— d —
00 606 130 [nstruction format
(.7 = UL and states are as
AL m Her- - x sox P oo we shown for ALC's.
mwr (HLL A+ d3 (1Y 5 J} To lorm new
————— ) speade replace
RRC m L= A L O 00; 00G of RLC's
mar {HLLIX « & 1Y =i}

with shown code,
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Rotate and Symbolic Flags Opcods No.of No.of M No.ol T
Shift GI’OUP Muemonic Operation H PVN C 76 541 210 Hex Byles Cycles States Comments
(Continued)
RR m X o X F 6o
SLAm X T X e fa
SRA m ¥ o X P 0oy i,
SRL m X ¢ X P ouv o e
RLD RO S S . Fix K e “ Rovate cignt lets and
6F rght belween
thas accumulator
on THL;
HAD X ¢ X P 0 o« W EG P ) 16 mtent of the
GoouE Ty BY per halb of
The grenmuiater s
Gratlectien
Bit Set, Reset w7 - 7T X X X GO . oB 2 2 8 s Re
a0 B
and Test BiTo (HLy 7 (il X 0 X X o e cB 2 3 12 wioC
Group 0 b
BIT b, (iX+dip Z ~ tiX+dp X 1 X %X v s oD 4 8 0 Gl E
OB o H
0] L
11 A
. b Bit Tested
BITb (1Y +dy Z- (J¥+dip X U X ¥ 0 . 1t 1ol FD 4 5 20 oo G
1L agy &Li CR oot
- d - glo 2
b 1IC il 3
1 4
el 8
1o &
117
SETh. 1 R X » X o o « i0G) Gil OB 2 ] 8
s -
SET b, (HL) {HL)y, — ) X o ¥ » & @ 001 Gl TR 2 4 15
E o0
SET b (1+d) {IXedy -~ | X ¢ X ¢ s » 1000108 0D 4 [ 23
11001 01 OB
- d -
] v iie
SET b. ti¥ +d} (1Y +3), — + X e X e e e Il 2 0ol FD 4 [ 3
I oGl M1 B
4 -
Bo1D
RES b. m mp — C X s X = o w To form new
m e 1 {HL} opcode replace
(X +dy, 3
Y +di |
with Flags
and hime states for
SET instructon,
HUTES The noasli s gy v ates 50 g e S ar Lo o
Iump iPan PC — on X » X = & » Eaog olp 3 3 3 16
oy -
Group - n - cc Condition
P e, an I conchtion oc 18 X & X & & » i e IO 3 3 10 0 NZ non-zero
trye PC — nn - - o6l 7 zera
atherwise - n - Gl16 NC non-carry
continue it C carry
00 PO parity odd
i  PE parity even
110 P sign postive
Re PC - Pll+e X o X e v e oG 011 00 38 2 3 i2 it M mign negatve
- ewZ -
JRC. e ¥C = 0. X o X « + ® OO LI O0G 38 2 2 ? I condution not met
continue - e-2 -
¥C =1, 2 3 12 If condition s met.
PC « PCre
JRNC. e BC =1, X = X s s » 00 110 008 30 2 2 7 if condihon nol met.
continue -e-2 =
G =0 2 % Yz If condition s met.
FC - PC+e
IFZ. e =0 X o X o s 00 101 03X 28 2 2 ! If condition not met.
connnue -~ e-2 —
tz =1, 2 3 12 It condition (s met.
PC - PCte
TRNZ e Uz <1, X o X o o 20100 000 20 2 2 7 It condition not met
conhinue - -2~
WZ=0 2 3 12 §t condition 1a met
PC - PCee .
JP (HL} FC ~ M1 X »w X = & HO10) 001 E9 1 H 4
P {IX) PC - TX X » X s e ® 11 63t 101 DD 2 2 a
11 0} 001 ES

i4
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lump Group Symbelle ;lnp Nw e omo No.ol No.of M No.of T
(Continued) Mmamonic Oparatios 8 2 P L} T8 343 710 Max Dytaa Cycles Hictes Commants
P Yy PC ~ 1Y e+ X ¢ X & v e 11111 101 FD 2 2 ]
11 101 001 E8
DINZ. » B-B-| e s X ¢ X & e & 00 010 000 10 2 2 8 UB =0
IfB =« 0, - a2 —
continue
HBe( 2 3 3 i3 w»0
PC - PCv+e
NOTES: & represents the axtensicn in the relative addreming mods.
@ 52 4 signed two's complement humbert 1 the Tange « - 126, 120 >,
4 -1 in the opcode provides an eifective address of pc + e a8 PC 1 incrementsd
by 2 priot to the addition of e
Cail and CALL nn (SP-1) — PCY e+ X + X » w s @IICD 3 5 17
(SP-2} — PC - n -
Return Group so -z
CALL cc, nn I condition ¢ » X & X & s o 11 ec 100 3 3 10 1 cc is false.
ccC is falsa - n -
continus, - n - 3 L) 17 i ecis true.
atherwisa same az
CALL on
RET PCp ~ (SP) + s+ X & X 2 & » ¥l 003 @01 9 ! 3 10
PCH ~ (SP+ 1)
RET cc 1f condition e 2 X » X = s Ll ec 000 1 1 5 If cc is false.
cc in fales
continue, | 3 1l It ¢e is true,
::]::: \:e cc Cendition
000 NZ non-zero
RET 00l Z zero
AETI Roturn from « = X e X o s « 110100 ED 2 4 14 g T pem ety
interrupt 41 001 10t 4D 100 PO parity odd
RETN! Return from e ¢ X ¢ X s e » 111010V ED 2 4 14 101 PE pan
parity even
non-maskable 01 000 10} 45 110 P itive
interrupt $qn poait
111 M sign negative
RST p {SP-~1}) — PCy s o X v X & s 1ot il 1 3 il 1
(8P -2) — POy 000 00R
PCHy -0 001 0BH
PCL - p Q10 10H
41t 18H
100 20H
101 3BH
110 30H
111 38H
NOTE: ‘RETN loads [FF; — IFF,
Input and INA, () A~ (n) ¢ « X = X ¢ e o 1O OIIDB 2 3 1 ate Ag ~ A7
- n - Ace 1o Ag ~ A
Output Group ., £ (@) v 1 X 1 X P 0 e 11100101 ED 2 3 2 Ciohp<ag ?
itr = 110 only the 0F r 000 Bio Ag ~ Als
{lags will be affected
o
INI (HL) - () ¥ 3 X %X X X 1 e i1 101 101 ED 2 4 3 Crhg~ A7
B-B-l 10 100 010 A2 Bio Ag ~ Ajs
HL - HL + 1
INIR (HL) ~ (&) X 1 X X X X 1 11 10} 101 ED 2 S 2 Cio Ag - Ay
B-~B-1 10 110 010 B2 (B2} Bio Ag ~ Ajg
HL ~ HL + ] 2 4 16
Repeat until (HB=0}
B=4¢
0
IND (HL) ~ {C) X t X X ¥ X 1 11 11 10} ED 2 4 16 CiwoAg ~ Ay
BeB -1 10 10} 010 AA Bio Ag ~ A5
HL - HL-1
INDR (HL) = (&) ¥ 1 X X X X 1 11 10} 101 ED 2 5 2l CloAp ~ A7
Be—B-1 10 111 010 BA {1f B#D) Bto Ag ~ Aj5
HL ~ HL~1 2 4 16
Repeat until (i RB=0)
CUT {n}, A {n} — A » ¢ X o X ® e {1 010 01t D3 2 3 1l nto Ag ~ A7
L Acc. to Ag ~ A)5
QUT(C). ¢ (Cy = r e x X e X & = « 11101 Q1 ED 2 3 12 Cta Ag ~ A7
ar ¢ 001 Bio Ag ~ A
0] 8 15
OUuUTI {C} — {HL} X 1+ X ¥ X X i t1 10! 101 ED 2 4 16 CroAp ~ A7
B-3B-I i0 100 011 A3 BtoAg ~ Als
. HL — HL + 1
OTIR {C) — (HL) ¥ 1 X X X X 1 » i} 101 101 ED 2 5 2] CloAg ~ A7
B—-B-1} 10110 011 B3 (3 Ba) Bt Ag ~ A5
HL « RL + 1} 2 4 16
Repeat until (fB=0)
B=90
‘ o
QUTD {C) — {HL} X 3 X X X X 1 » 11101 101 ED 2 4 16 Cio Ag ~ Az
B.-B-1 10 101 011 AB Bto Ag ~ Ai5
HL — HL-1)

NOTE: @Ié the resuit of Bt 18 zero the Z {lag 1s set, atherwiss it 18 reset

2001-001
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Input and Symbolic Flags Opcode No.oi No.of M No.of T
v
ou'pu* Gr oup Mnemonle Operation 8 2 H PYN C 76 543 210 Hex Bytss Cyclea Biutes Comuments
(Continued) OTDR (C} - (HL) X 1 X X X X 1 e 1000 D2 5 21 CloAg ~ A7
B—B-1} 10100 Gy (B0 BioAg ~ Ayg
HL — HL-! 2 4 16
Repeat unhl i B-=0)
B -0
Summary of D, Dy
Fla g Instruction 8§ 2 H P’V N C Commentxy
Operation ADD A, s, ADC A, ¢ [ S S S At addd or add with carry.

518 s SBC A, s: CP s NEG H $ X [ X v 1 H B-bit subtract. subtract with carry, compare and negste accumclator

AND a 11 X 1 X P 0 (7} .

ORf s. XOR s . i X © X P © 0 Lomeal operahong

N s ! 1 X 3 X ¥ 3] . 8 bn! increment

CEC s I 1 X b X v L . B-be decrement

ADD DD, s « e X X X e G 1 16 cldd

ADC HL, ss H X X X v oo o & dd with carry

SBC HL. 38 ¢ [ S SR S | 1 i6-bir subtract with carry,

RLA. RLCA, RHA: RRCA . - X 9] X . C [ Rotate acoumidator

AL m; RLC m; RA m; 1 1 L 0 X PO i Hotate and shib locations

RRC rn; SLA m;
SRA m; SRL m

RLE, RED t 1 ¥ 7 X P ono o« Rotate digst left and night,

DAA 1 [ S D S S Decimal adinst gecumitater

CPL = s X HE G} 1 . Complement milaer

SCF s s X @ A e B 1 Setoanry

CCF . X X X e O {umplamens carry,

IN i) t X P i e Inpui register cidieect

INL, IND, OUTL QUTD X 1 %X K X %k t s ek o N

INIR: INDR. OTIR. OTDR X X or % % \ .} Biewk cipat and = 0B # Qotherwise &~ G

tg;RLEgDR i i ; '; ; ,\Ij (: :} Bluck rranster mstructiors PV = 14 BC # 0, atherwise PrV o« 4,

CPl: CPIR: CPU: CPDR X @ X X X [ Biock search instouctions. £ = 134 A = (HL). otherwise 2 = 0. f/V = |

@ B ¥ 0, otherwise PAV = 0
LDA 1L LDA R top X0 X T U e The osteent of the interrupt enable fhp-flop UFF) s copred into the P7V tlag
BIT b. s X 1 X 1 X X ¢ o Tre state ¢f bit b of locatiea s 15 copied into the 7 Hlag
Symbolic Symbol Operation Symbol Oparation
Notation 5 Sign flag. S = 1 if the MSB of the resub is 1. 1 The flag is affected according to the result of the
Zera flag. Z = 1 i the result of the operation is 9. operation.
174 Parity or overflow flag. Parity {P) and overtiow . The {lag 15 unchanged by the operation.
{V) share the same flag. Logical operations atfect 0 The tlag is reset by the operation.
this flag with the parity of the result while ! The flag is set by the operation.
arithmetic operations affect this tlag with the X The flag is & “don't care.”
overflow of the resuit. [f P/V hoids panity, P/V = v P/V #.g affected according to the cverflow result
1 if the result of the operation is even, F/'V = 0 if of the operation.
result is odd. If B/V holds overtlow, PV = 1 if P P/V tlag affected according to the parity result of
the result of the operation produced an overfiow. the operation.

H Half-carry flag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C. D, E, H, L.
operation produced a carry into or borrow from 5 Any 8-bit location for all the addressing modies
bit 4 of the accumulater. allowed for the particular instruction.

N Add/Subtract flag. N = 1 if the previous opera 33 Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.

H&N H and N flags are used in conjunction with the ii Any one ol the twa index registers IX or IY.
decimal adjust insiruction (DAA} to properly cor- R Refresh counter,
rect the result into packed BCD tormat following n 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value i range < Q, 65535 >.

packed BCD tormat.
C Carry/Link flag. C = 1 i the operation produced
a carry from the MSB of the operand or result.
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Pin
Descriptions

Ag-A5. Address Bus (output, active High,
3-state). Ap-A)s form a 16-bit address bus. The
Address Bus provides the address for memaory
data bus exchanges (up to 64K bytes) and for
/O device exchanges.

BUSACK. Bus Acknowliedge (output, active
Low}. Bus Acknowledge indicates tc the
reguesting device that the CPU address bus,
data bus, and control signals MREQ, ICRQ,
RD, and WR have entered their high-
impedance states. The external circuitry

can now control these lines.

BUSBREQ. Bus Requess (input, active Low).
Bus Request has a higher priority than NMI

rent machine cycle. BUSREQ {forces the CPU
address bus, data bus, and control signals
MREQ, ICRQ, RD, and WR to go to a high-
impedance state sc 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 extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

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

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and is awaiting either & 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. Inferrupt 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 {lip-flop (IFF) is
enabled. INT is normally wire-ORed and
requires an external pullup for these
applications.

IORQ. Input/Quiput Request (output, active
Low, 3-state). IORQ indicates that the lower
halt of the address bus holds a valid I/O
address for an I/O read or write operation.
IORQ) is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be

placed on the data bus.

M. Moachine Cycle One (output, active Low).
MIl, together with MREQ), indicates that the
current machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with ICRQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Request (output, active

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

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 Q066H.

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

BESET. Aesef (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers | and R, and sets the interrupt status
to Mode 0. During reset time, the address and
data bus go to a high-impedance state, and all
control output signals ge 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). RF5H,
together with MREQ), indicates that the lower
seven bits of the system’s address bus can be
used as a refresh address 1o the system’s
dynamic memories.

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

add 082z

WR. Memory 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.
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CPU Timing The Z80 CPU executses instruchons by pro-

ceeding through a specific sequence of opera-
tions: ’

® Memory read or write
B /O device read or write

B Interrupt acknowledge

ihe basic clock period is relerred 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
cither by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wail states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter {PC) an

the address bus at the start of the ovele (Figure

5). Approximately one hall clock cycie later,
MREQ gees active. The {alling edge of MRFEQ
can be used directly as a Chup Enable 1o d

(9] (:J‘f*f‘.(i
mic memories. When active, RD indicates that

data bus. o

The CPU samples the WAIT input with the
rising edge of clock state T3 During clock
states T3 and T4 of an M! cycle dynamic RAM
refresh can occur while the CPU starts
decoding and exccuting the ingtruction. When
the Retresn Control signal becomes active,

o

ic
the memory data can be enabled ontn the OFU refreshing of aynamic wemory can take wlace
Ta i I
CLOCK 4 \
[t
'
Ag-Aix § HG e X REFRESH ADGR y
*“':f}’ I“'i‘ ‘/'i:’ . R
) 3 L8y
{
MREQ ! ! "
i i ;
L—‘----—(‘vz‘g | et
— t :
RO \ I
py j
B i '"‘BL';* .
(i r. G j[’
i L
o \ 7 <
(5 *(:?J;»-.]
" o 1{_
- i -
N ) :fis)—T“ B ;*Q{)
%
Do-D VALID DATA
SRS e < <SGV G ¢
|
bt - (7) Rl t)
/5

RESH

NOTE:

Tw-Wait cyale added when necessary lar sl anciliary dey

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

Timing
(Continued)

MREQ also becomes active when the address

CLOCK /

Ag-Ats
MREQ
WALT
Ao
READ
OPERAYION
Dg-Dy
WR
WRITE
OPERATION
Do-by

T2 Tw T3

bus is stable, so that it can be used directly as
a Chip Enable {or 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 fo
most semiconductor memories,

VRWRWEY

; 7 l
74 f fm
~f !/
X VALID ADDAESS ﬂ
i i
7 " e |

<—<sb-—><- A

| \D ~4 @D
1.'1 y
[ 15 /F /
o) 1
P Hﬁ,
.,
- LT T 74
— ‘uunal e /4
S
Ins ()
d ——

DATA QUY

Figure 8. Memory Read or Write Cycles
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CPU
Timing
(Continued)

Input or Output Cycles. Figure 7 shows the inserts a single Wait state (Ty). This extra Wait’
timing for an I/O read or /O write operation. state allows sufficient time for an 1I/O port to
During /O operations, the CPU automatically decode the address and the port address lines.
) £ Tu- Tw T
Lotk / \ ) m f F[__/——\_
) P : [ 5 !
..'.:;.} | i !
L & H
] ot ; )C
Ag-A 3 VALID PORY ADDRESS s R
-1 A e
ioRG f \ s /
R + T fqz\ﬁ_‘, !
P el e I -\—»l - | :
; ! P L | .
WA d !
* y:ﬁ—/ N t
VR —a] ;:7|4~-»'
o i £ i
READ | (47 o] 13y |:{\IE *'»
QOPERATION e, L. H H
so-01 ) L XT
|
- N[
| 1
WA X A 4 =T
o i ! ..
WRITE et 2N | ~@
OPEAATION : e
Po-By - ,’L DATA OUT —

NOTE: Tyr = One Wait cycie automancaliy inserted sy CPU

Figure 7. Input or Output Cycles

Interrupt Request/Acknowledge Cycle. The During this_Ml_gzcle, IORQ becomes active
CPU samples the interrupt signal with the ris {instead of MREQ) to indicate that the inter-
ing edge of the last clock cycle at the end of rupting device can place an 8-bit vector on the
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two
is accepted, a special M1 cycle is generated. Wait states to this cycle.
Tw 7
cLock j——\__
. I
\ i i
) 3 non
‘ I -
e T
- i I -®
Ro-Rqp 1 C ﬁlv—’?:
4——;——”5 B »L(}@
i :
! | —
M1 \ | o ;
| ‘ —&J 315 . | } —’ (51, -
; : ;! :
ionG Do j X ! ” L /
B i Ty ey
- - ‘ _'@/‘_; : i
war N\ 7
o ‘ - @
- -l Qg -
——..—.—.——..—-.._-.w' ~rr— /A
Do-D7 | o < VALID DATA C
NOTE: 1) T = Last state of previous instruction, 2) Twe Wait eycies automaticaily inserted by CPU(").

Figure 8. Interrupt Hequest/Acknowledge Cycle
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CPU
Timing
{Continued}

Non-Maskable Interrupt Request Cycle.

NML! is sampled at the same time as the
maskable interrupt input INT but has higher
priority and cannot be disabled under software
control. The subsequent timing is similar to

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

______ Tl 3 O U S U USSP (U pU N P
L H
S 25 D R A LI =
P -l .
Ag-Asp y PL: : X REFRESH K
- R B
w \ / |
co Can [
- s —l 0 q.i
! H
WKED \ 2
i
o S Ty — ;
| 5 -
’4| -\‘E/|‘

- |

* Although NMI 15 an asynchroncus input, 16 guarantee :1s bomg
recognized on the following machine oycie. NMI's lalling edge

must Guoeur e ater than the rising edge of the clock cycle
preveding T pgy.

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samples RUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10}. It BUSREQ is active, the CPU sets its

address, data, and MREQ, IORQC, 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
170 devices.

T Tu A0

+ s .

i
vf{ [ ON |

e 4 | Girel e
: | 1 H
R : i t
BOEREG " { \, | ) VAR
‘«m;...| —ai (o i'~
“ P ——
BUSACK T
¢ 7 /
[
- ] - SatH
|
’ FLOAT o
Ap-Ayy )'_' e
- P >l el
FLOAY pr————
Bo-By p—vs <
!
- ] ()
WAREQ . i
Floav e
RD,Wa y—rx +
e TN
oG e
i
i —-ii ) e
w7 !
- B . ;
E A
RFSH
i
NALTY UNGHANGED

NOTE: Ty = Last state of any M cycle.

Tx = An arbitrary clock cycle used by requesting device.

Figure 10. Bus Request/Acknowledge Cycle
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the HALT

Timing receives a HALT instruction, it executes NOP output is active and remains so until an inter-
(Continued) states until either an INT or NM! input is rupt is processed (Figure 11).
M1 } e WY -] "
T4 Ts T, Ty T4 Ty T2

CLOCK

NiLY

Halt Innwruciion i
Recalvee

&°
L]

NOTE: INT will also foree o Hait exat, *See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least inactive, two internal T cycles are consumed
three clock cycles for the CPU to properly betore the CPU resumes normal processing
accept it. As long as RESET remains active, the  operation. RESET clears the PC register, so the
address and data buses float, and the control first opcode fetch will be to location 0000
outputs are inactive. Once RESET goes (Figure 12).

(WAWRWAN

— FLOAT
Ag-A1s

|

FLOAY

Lk

7

rg

5 » '
iy 2777777 N

Figure 12. Reset Cycle
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AC 280 CPU ZBOA CPU Z80B CPU
Charac- Min Max Min Max Min Max
teristics Number Symbol Parameter (ns} {na} {ns} (ma) {ns} (ns)
1 TcC Cleck Cycle Time 400" 250° 165°*
2 TwCh Clock Pulse Width {High) 180°* 110* 65"
3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000
4 TtC Clock Fall Time — 30 — 30 _ 20
5—TrC Clock Rise Time 30 30 20
6 TdCr{A) Clock t to Address Valid Delay — 145 — 110 — 20
7 TAA(MREQf)  Address Valid to MREOQ 1250 — 65° -~ 3B —
| Delay
8 TACHMREQ!) Clock | to MEEQ | Delay — 100 — 85 — 70
g  TdCr{MBEQr) Clock t to MREQ t Delay - 100 — 85 — 70
10 — TwMREQh MREQG Pulse Width (High) 170 110°* 65
il TwMREQ! MEEQ Pulse Width (Low) 360" — 2200 — 135 —
12 TdCHMREQr) Clock | to MREC 1 Delay — 100 — 85 — 70
13 TdCHRDf) Clock ¢ to BD | Delay — 130 — a5 — 80
14 TdCr(RDr) Clock 1 to RD t Delay - 100 — 85 — 70
15 —TsD(Cr) Data Setup Time to Clock ! 50 35 30
16 ThD(RDr) Data Hotd Time to RD 1 — 0 — 0 - 0
17 TsWAIT(Cf)  WAIT Setup Time to Clock ! 0 — 70 - 60 —
18 ThWAIT(C)  WAIT Hold Time after Clock | — 0 - 0 — 0
19 TdCr(M1f Clock 1 to M} | Delay — 130 — 100 — 80
20 === TdCr{MIr) Clock ! to M1 I Delay 130 100 80
2] TdCr(RFSHI Clock ! to RFSH | Delay — 180 — 130 — 110
22 TACr(RFSHr) Clock | to RFSH 1 Delay — 150 — 120 - 100
23 TdCiRDr) Clock | to RD T Delay — 110 — 85 - 70
24  Td4Cr(RDf) Clock ? to RD i Delay — 100 —_ 85 o 70
25 —TsD(CH) Data Setup to Clock | during 60 B0 40
Mz, M3, M, or My Cycles
26 TdA{IORQf) Address Stable prior to IORQ) | 3200 — 180" — 1i0* —
27  TdCr{IORQH) Clock t to TORQ | Delay - 90 — 75 - 65
28 TACHIORQr) - Clock | to TORD 1 Delay — 110 — 88 —_— 70
29 TdD(WR{) Data Stable prior to WA | 190 — 80* — 25 —
30 == TdCKWRf) —— Clock i to WR { Delay 90 80 70
31  TwWR WR Pulse Width 30" — 2200 — 135+ —
32 TdCH{WRr) Clock | to WR t Delay — 100 — 80 — 70
33 TdD{WRf) Data Stable prior to WR | 20t — -100 — -85 —
34 TdCr{WRH Clock 1 to WR | Delay — 80 — 68 — 60
35 — TdWRr(D} Data Stable from WR t 120* 60* 30*
36 TACHHALT) Clock | to HALT 1 or | — 300 — 300 — 260
37  TwNMI NMI Pulse Width 80 — 80 — 70 -
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock I 80  — 5 @ — 50 —

“For clock periods other than the minimums shown in the table,
calculate parameters using the expressions in the table on the
following page.
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AC
Charac-
teristics
(Continued)

Z80 CPU Z80A CPU 280B CPU
Min Max Min Max Min Max
Number Symbol Parameter (ns} {ns) (ns) (ns) (n8) (ns}
39 ThBUSREQ(Cr; BUSKEQ Hold Time after Clock ¢ 0 - 0 ¢
40 ~— TdCr{BUSACKH~Clock | o BUSACK | Delay 120 100 a0
41 TACHBUSACKr Clock | to BUSACK 1 Delay S 100 90
42 TdCr(Dz} Clock 1 1o Data Float Delay 90 90 - 80
43 TdCr(CTz) Clock 1 tg Control Outputs Float 110 — 80 —_ 70
Delay (MREQ), IORQ, RD,
and WR;)
44 TdCr{Az) Clock 1to Address Float Delay 110 — a0 80
45 — TdCTr A} Address Stable aiter MREG 1 160" 80" 35*
IORO 1, RD 1, and WR !
46 TsRESET(Cr) FESKET to Clock 1 Setup Time 90 = 60 — 60 —
47 ThRESET!Cr) RESET to Clock 1 Held Time - ¢ - 0 - 0
48  TsINTi(Cr) INT te Clock 1 Sstup Time 80 80 70
49 ThINTH{Cr) INT to Ciock | Hold Time ¢ 0 0
50 = TAM H(IORON — M1 | 1o IORG L Delay [Srion 565 365*
5 TACHIOROQE Clock | to IORS | Delay : 110 85 - 70
52 TdCHIOROr) Clock 1 to IORQ | Detay 100 85 - 70
53 TACHD) Clock i to Data Vabd Delay 230 150 — 130
“Fowr ciwe pe.ﬁ;‘;(-i;; ’ : . - "
salSuiate parameters
vaues akiove assumed Trf i 20
Footnotes to AC Characteristics
Number Symbol "~ ze0 ) Z80A o 7808

TwCh + TwC + T+ TIC TwCh + TwCl + TrC 4 TIC

TwCh + TwC) + TrC + TIC

i Tl
2 TwCh Althouagh static Ly design Although: state by design, Although static by design,
TwCh of greatee than 200 ps TwCh ¢f greater than 206 ps TwCh of greater than 200 us
is not guararteed % nob guaranteec is not quaranteed
7 = TdAMREQD) — Tw(lk + TIC - 78 meemm—— TwCh + T - 65 TwCh + TIC - 80
i0 TwMRECH Twlh + THI - 30 TwCh + TIC - 20 TwCh + TIC - 20
il TwMRECH Tel - 4G TeC: - 30 TeC - 30
26 TdA{IORQ:  TeC - &G TeC - 70 TeC - 55
28 TdD(WRi) ToC -~ 210 TelC -~ 170 ToC - 140
31— TwWH Tol - 4l e To(0 - 30 TeC - 30
33 TdD(WhY TwCi o+ Tl - 180 Twl] + TrC - 140 TwCi + TrC ~ 140
35 TdWRe(D} TwCL + TrC - BC Twl + TyC - 70 Tw(l} + TrC - 35
48 TdCTr( A TwCl + TeC - 40 TwCl + T1C - 5C TwCl + TrC - BO
50 TAMIIORCE; 2TeC + TwCh + TIC - 80 2700 + TwCh + TIC ~ 85 2TeC + TwCh + TIC - 50
AL Test Conditicas: Vo = 20 ¥
Vip = 26V VAL - GBY
v = 08V FUOAT = SV

YIHC = Voo -06V

VILC

= 045V
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Absolute

Storage Temperature ~-65°Cto +150°C

Stresses greater than those listed under Absolute Maxi-

Maximum Tempera’(ure murn Rarings may cause permanent damage to the device,
Rati der B S fied ti This 13 a stress rating only; operation of the device at any
atings under Hias .. R peciliec operaling range condition above those indicated in the operational sections
Voltages on all inputs and of these specifications is not implied. Exposure to absolute
outputs with respect to ground . -0.3 Vio +7 V maximum rating conditions for extended periods may affect
Power Dissipation ........... 15w device reliability.
Standard The characteristics below apply tor the All ac parameters assume a load capacitance
Test following standard test conditions, unless of 50 pF. Add 10 ns delay for each 50 pF
Conditions otherwise noted. All voltages are referenced to increase in load up to a maximum of 200 pF
GND (0 V). Positive current flows into the for the data bus and 100 pF for address and
referenced pin. Available operating control lines.
temperature ranges are: sy
® 0°Cte +70°C,
+478V < Voo = 4525V e
® -40°C to +85°C, FRNDER TesT
+4.75V = Voo = +5.285V
B -553°Cto +125°C, 50 pF 0K
+45V = Voo 5 +55V I
DC Symbol Parameter Min Max Unit  Test Condition
Character- -
istics Ve Clock Input Low Veoitage -0.3 0.45 V
Vine Clock Input High Voltage Veer 8 Ver+ 3V
ViL Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 Vee \'
VoL Output Low Voltage 0.4 v Iop= 1. 8mA
Vou Output High Voltage 2.4 v Ioy = -250 4A
Lo Power Supply Current
280 150 mA
Z8OA 2000 mA
. Z80B 200 mA
I Input Leakage Current 10 pA Vin = 0to Vo
Ilgax 3-State Cutput Leakege Current in Float -10 103 wh Vour = 0.4 to Voo
i. For military arade parts, i 200 mA 3. Ays-Ag, Dy-Do. MRES, OB, ED, and WR.
2. Typucal rate fer ZBOA 1w 80 mA
Capacitance Symbol Parameter Min Max Unit Note
CerLack Clock Capacitance a5 pF
. Unmeasured pins
Ciy Input Capacitance 5 pF returned to ground
Cout Qutput Capacitance 10 pF
Ty = 25°C. 1 = | MHz
8085-0221 35
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Ordering Product Package/ Product Package/ .

Information  Number Temp Speed Description Numbaer Temp Speed Description
78400 CE 2.5 MHz 280 CPU (40-pin) ZB40CA DE 4.0 MHz Z80A CPU (40-pin)
78400 CM 2.5 MH=z Same as above Z3400A ns 4.0 MHz Same as above
78400 CMR 2.5 MH=z Same as ahove ZBA0GA PE 4.0 MHz Same as above
78400 Cs 2.5 MHe Same as above Z84Q0CA PS 4.0 MHz Same as above
78400 DE 2.5 MHz Same as above 784008 CE 6.0 MHz Z80B CPU (40-pin)
28400 DS 2.5 MHz Same as ahove Z8400B CM 6.0 MHz Same as above
78400 PE 2.5 MHe Same as above 784008 CMB 6.0 MHz Same as above
78400 P5 2.5 MHz Same as above 7Z8400B ce 6.0 MHz Same as above
Z84004 CE 4.0 MHz ZBOA CPU {40-pin) Z8400R DE 6.0 MHz Same as above
Z8400A CM 4.0 MHz Same as above Z8460B DS 6.0 MHz Same as above
78400A CMB 4.0 MHz Same as above Z8400B PE 6.0 MHz Same: as above
Z8400A S 4.0 MHz Same as above 78400B PS 6.0 MHz Same as above
NOTES: (2 = Ceramic 1) = Cer P Plasho: Bo= 0 4070 @ BB M L BEOC v« TS0 MB = 859 0 e 505 with
MIL-STI2-883 Class B processioa, 5 0006 0 ¢

26





