
I 

~---

ZilOg Technical Manual 

August 1987 

ZBO® CPU Central 
Processing Unit 

I 
' 



TABLE QF CONTENTS 

Chapter. ................................ : . . . . . . . . . . . . . . . . . Page 

Irrtroduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 

2 Architecture .............................................. '3 

3 Pin Description ............................................ 6 

4 Timing ............................. · .................... 9 

5 Instruction Set. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

6 Interrupt Response ............ : . . . . . . . . . . . . . . . . . . . . . . . . . . . 323 

7 Hardware Implementation Examples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327 

8 Software Implementation Examples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331 





Chapter 1 INTRODUCTION 

The Zilog Z80 family of components can be configured with any type of standard 
semiconductor memory to generate computer systems with an extremely wide range of 
capabilities. For example, as few as two LSI circuits and three standard TTL MSI packages 
can be combined to form a simple controller. With additional memory and 1/0 devices a 
computer can be constructed with capabilities that only a minicomputer could previously 
deliver. This wide range of computational power allows standard modules to be constructed 
by a user that can satisfy the requirements of an extremely wide range of applications. 

The major reason for MOS LSI domination of the microcomputer m~Hket is the low cost of 
these few LSI components. For example, MOS LSI microcomputers have already replaced TTL logic in 
such applications as terminal controllers, peripheral device controllers, traffic signal controllers, point of 
sale terminals, intelligent terminals and test systems. In fact the MOS L';l microcomputer is finding its way 
into almost every product that now uses electronics and it is even replacing many mechanical system~ such 
as weight scales and automobile controls. 

The MOS LSI microcomputer market is already well established and new products using them are 
being developed at an extraordinary rate. The Zilog Z80 component set has been designed to fit into 
this market through the following factors: 

1. The ZSO is fully software compatible with the popular 8080A CPU offered from several sources. 
Existing designs can be easily converted to include the Z80 as a superior alternative. 

2. The Z80 component set is superior in both software and hardware capabilities to any other micro­
computer system on the market. These capabilities provide the user with significantly lower hardware 
and software development costs while also allowing him to offer additional features in his syst.em. 

3. A complete line of software support with strong emphasis on high level languages.and a 
disk-based development system with advanced real-time debug capabilities is offered to 
enable the user to easily develop new products. 

Microcomputer systems are extremely simple to construct using ZSO components. Any such system 
consists of three parts: 

1. CPU (Central Processing Unit) 

2. Memory 

3. Interface Circuits to peripheral devices 

The CPU is the heart of the system. Its function is to obtain instructions from the memory and perform 
the desired operations. The memory is used to contain i11structions and in most cases data that is to be 
processed. For example. a typical instruction sequence may be to read data from a specific peripheral 
device, store it in a location in memory, check the parity and write it out to another peripheral device.'Note 
that the Zilog component set includes the CPU and various general purpose 1/0 device controllers. while a 
wide range of memory devices may be used from any source. Thus, all required components can be 
connected together in a very simple manner with virtually no other external logic. The user's effort then 
becomes primarily one of software development. That is, the user can concentrate on describing his prob­
lem and translating it into a series of instructions that can be loaded into the microcomputer memory. Zilog 
is dedicated to making this ~tep of software generation a~ simple as possible. A gooq example of this is our 



assembly language in which a simple mnemonic is used to represent every instruction that the CPU can 
perform. This language is self documenting in such a way that from the mnemonic the user can understand 
exactly what the instruction is doing without constantly checking back to a complex cross listing. 



Chapter 2 ARCHITECTURE 

A block diagram of the internal architecture of the Z80 CPU is shown in figure 2.1. The diagram 
shows all of the major elements in the CPU and it should be referred to throughout the following 
description. 
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The ZSO CPU contains 208 bits of R/W memory that are accessible to the 
programmer. Figure 2.2 illustrates how this memory is configured into eighteen 8-bit 
reg~sters and four 16-bit registers. All Z80 registers are implemented using static RAM. 
The registers include two sets of six general purpose registers that may be used individually 
as 8-bit registers or in pairs as 16-bit registers. There are also two sets of accumulator and 
flag registers and six special purpose registers. 

Special Purpose Registers . 

Program Counter (PC). The program counter holds the 16-bit address of the current instruction being 
fetched from memory. The PC is automatically incremented after its contents have been transferred 
to the address lines. When a program jump occurs the new value is automatically placed in the PC, 
overriding the incrementer. 

Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of a stack located 
anywhere in external system RAM memory. The external stack memory is organized as a last-in first­
out (LIFO) file. Data can be pushed onto the stack from specific CPU registers or popped off of the· 
stack into specific CPU registers through the execution of PUSH and POP instructions. The data 
popped from the stack is always the last data pushed onto it. The stack allows simple implementation 
of multiple level interrupts, unlimited subroutine nesting and simplification of many types of data 
manipulation. 
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Two Index Registers (IX & IY). The two independent index registers hold a 16-bit base address that 
is used in indexed addressing modes. In this mode, an index register is used as a base to point to a 
region in memory from which data is to be stored or retrieved. An additional byte is included in 
indexed.instructions to specify a displacement from this base. This displacement is specified as a two's 
complement signed integer. This mode of addressing greatly simplifies many types of programs, 
especially where tables of data are used. 

Interrupt Page Address Register (I). The Z80 CPU can be operated in a mode where an indirect call 
to any memory location can be achieved in response to an interrupt. The I Register is used for this 
purpose to store the high order 8-bits of the indirect address while the interrupting device provides the 
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere 
in memory with absolute minimal access time to the routine .. 

Memory Refresh Register (R). The .Z80 1 CPU contains a memory refresh counter to enable dynamic 
memories to be used with the same ease as static memories. Seven bits of this 8 bit register are auto­
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the 
result of an LD R, A instruction. The data in the refresh counter is sent out on the lower portion of 
the address bus along with a refresh control signal while the CPU is decoding and executing the fetched 
instruction. This mode of refresh is totally transparent to the programmer and does not slow down the 
CPU operation. The programmer can load the R register for testin~ purposes, but this register is normally 
not used by the programmer. During refresh, the contents of the I register are placed on the upper 8 bits of 
the address bus. 

Accumulator and Flag Registers 

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers. 
The accumulator holds the results of 8-bit arithmetic or logical operations while the flag 
register indicates specific conditions for 8 or 16-bit operations, such as indicating whether or 
not the result of an operation is equal to zero. The programmer selects the accumulator and 
flag pair with a single exchange instruction so that it is possible to work with either pair. 
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General Purpose Registers 

There are two matched sets of general purpose registers, each set containing six 8-bit registers that 
may be used individually as 8-bit registers or as 16-bit register pairs One set is called 
BC, DE and HL while the complementary set is called BC', DE' and HL'. At any one time the programmer 
can select either set of registers to work with through a single exchange command for the entire set. In 
systems where fast interrupt response is required, one set of general purpose registers and an accumulator/ 
flag register may be reserved for handling this very fast routine. Only a simple exchange command need be 
executed to go between the routines. This greatly reduces interrupt service time by eliminating the require­
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process­
ing. These general purpose registers are used for a wide range of applications by the programmer. They also 
simplify programming. especially in ROM based systems where little external read/write memory is 
available. 

2.2 ARITHMETIC & LOGIC UNIT (ALU) . 
The 8-bit arithmetic and logical instructions of the CPU are executed in the ALU. Internally the ALU 

communicates with the registers and the external data bus on the internal data bus. The type of functions 
performed by the ALU include: 

Add Left or right shifts or rotates (arithmetic and logical) 

Subtract 

Logical AND 

Logical OR. 

Logical Exclusive OR 

Compare 

Increment 

Decrement 

Set bit 

Rese~ bit 

Test bit 

2.3 INSTRUCTION REGISTER AND CPU CONTROL 

As each instruction is fetched from memory, it is placed in the instruction register and decoded. Jbe 
control sections performs this function and then generates and supplies all of the control signals necessary 
to read or write data from or to the registers, control the ALU and provide all required external control 
signals. 



Chapter 3 PIN DESCRIPTION 

The Z80 CPU 1/0 pins are shown in figure 3.1 and the function of each is described 
below. 
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PIN DESCRIPTIONS 

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 MREO, 
!ORO, RD, and WR have entered their high-impedance 
states. The external circuitry can now control these lines. 

BUSREQ. Bus Request (~t. active Low). Bus Request 
has a higher priority than NMI and is always recognized at 
the end of the current machine cycle. BUSREO forces the 
CPU address bus, data bus, and control signals MREO, 
!ORO, RD, and WR to go to a high-impedance state so that 
other devices can control these lines. BUSREO is normally 
wired-OR and requires an external pullup for these 
applications. Extended BUSREO periods due to extensive 
OMA operations can prevent the CPU from properly 
refreshing dynamic RAMs. 

D0-D7. Data Bus (input/output, active High, 3-state). D0-D7 
constitute an 8-bit bidirectional data bus, used for data 
exchanges with memory and 1/0. 

HALT. Halt State (output, active Low). HALT indicates that 
the CPU has executed a Halt instruction and is awaitin(J 
either a nonmaskable or a maskable interrupt (with the mask 
enabled) before operation can resume. While halted, the 
CPU executes NOPs to maintain memory refresh. 

INT. Interrupt Request(input, active Low). Interrupt Request 
is generated by 1/0 devices. The CPU honors a request at 
the end· of the current instruction if the internal 
software-controlled interrupt enable flip-flop (IFF) i's 
enabled. INT is normally wired-OR and requires an external 
pullup for these applications. 

IORQ. Input/Output Request (output, active Low, 3-state). 
!ORO indicates that the lower half of the address bus holds a 
valid 110 address for an 110 read or write operation. !ORO is 
also generated concurrently with M1 during an interrupt 
acknowledge cycle to indicate that an interrupt response 
vector can be placed on the data bus. 

M1. Machine Cycle One (output, active Low). MT, together 
with MREO, indicates that the current machine cycle is the 
opcode fetch cycle of an instruction execution. M 1, together 
with IORO, indicates an interrupt acknowledge cycle. 

MREQ. Memory Request (output, active Low, 3-state). 
MREO indicates that the 'address bus holds a valid address 
for a memory read or memory write operation. 

NMI. Non-Maskable Interrupt (input, ~~e edge­
triggered). NMI has a higher priority than INT. NMI is always 
recognized at the end of the current instruction, 
independent of the status of the interrupt enable flip-flop, 
and automatically forces the CPU to restart at location 
0066H. 

RD. Read (output, active Low, 3-state). RD indicates that the 
CPU wants to read data from memory or an 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 
MREO, indicates that the lower seven bits of the system's 
address bus can be used as a refresh address to the 
system's dynamic memories. 

WAIT. Wait (input, active Low). WAIT indicates to the CPU 
that the addressed memory or 1/0 devices are not ready for 
a data transfer. The CPU continues to enter a Wait state as 
long as this signal is active. Extended WAIT periods can 
prevent the CPU from properly refreshing dynamic 
memory. 

WR. Write (output, active Low, 3-state). WR indicates that the 
CPU data bus holds valid data to be stored at the addressed 
memory or 1/0 location, 

CU<. Clock (input). Single -phase MOS-level clock. · 





Chapter 4 TIMING 

The Z80 CPU executes instructions by stepping through a very precise set of a few basic operations. 
These include: 

Memory read or write 

1/0 device read or write 

Interrupt. acknowle:dge. 

All instructions are merely a series of these basic operations. Each of these basic 
operations can take from three to six clock periods to complete or they can be lengthened 
to synchronize the CPU to the speed of external devices. The basic clock periods are 
referred to as T (time) cycles and the basic operations are referred to as M (machine) cycles. 
Figure 4.1 illustrates how a typical instruction is merely a series of specific M and T cycles. 
Notice that this instruction consists of three machine cycles (Ml, M2 and M3). The first 
machine cycle of any instruction is a fetch cycle which is four, five or six T cycles long 
(unless lengthened by the wait signal which will be fully described in the next section). The 
fetch cycle (Ml) is used to fetch the OP code of the next instruction to be executed. 
Subsequent machine cycles move data between the CPU and memory or 1/0 devices and 
they may have anywhere from three to five T cycles (again they may be lengthened by wait 
states to synchronize the external devices to the CPU). The following paragraphs describe 
the timing which occurs within any of the basic machine cycles. 

T Cycle 

CLK 

Machine Cycle 
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(Memory Read) 

Instruction Cycle 

MJ 
(Memory Write) 

BASIC CPU TIMING EXAMPLE 
FIGURE 4.1 

During T2 and every subsequent Tw, the CPU samples the WAIT line with the 
falling edge of Clock. If the WAIT line is active at this time, another wait state will be 
entered during the following cycle. Using this technique the read can be lengthened to 
match the access time of any type of memory device. 



INSTRUCTION FETCH 

Figure 4.2 shows the timing during an Ml (OP code fetch) cycle. The PC is placed 
on the address bus at the beginning of the Ml cycle. One half clock cycle later the MREQ 
signal goes active. At this time the address to the memory has had time to stabilize so that 
the falling edge of MREQ can be used directly as a chip enable clock to dynamic memories. 
The RD line also goes active to indicate that the memory read data should be enabled onto 
the CPU data bus. The CPU samples the data from the memory on the data bus with the 
rising edge of the clock of state T 3 and this same edge is used by the CPU to turn off the_ 
RD and MREQ signals. Thus the data has already been sampled by the CPU before the RD 
signal becomes inactive. Clock state T3 and T4 of a fetch cycle are ·used to refresh dynamic 
D:1emories. (The CPU uses this time to decode and execute the fetched instruction so that 
no other operation could be performed at this time). DurinJL!3_and T 4 the lower 7 bits of 
the address bus contain a memory refresh address and the RFSH .signal becomes active to 
indicate that a refresh read of all dynamic memories should be accomplished. Notice that a 
RD signal is not generated during refresh time to prevent -data from different memory 
segments from being gated onto the data bus. The MREQ signal during refresh time should 
be used to perform a refresh read of all memory elements. The refresh signal can not be 
used by itself since the refresh address is only guaranteed to be stable during MREQ time. 
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MEMORY READ OR WRITE 

Figure 4.3· illustrates the timing of memory read or write cycles other than an OP code fetch 
cycle. These cycles are generally three clock periods long unless wait states are requested ·by the memory 
via the WAIT signal. The M REQ signal and the RD signal are used the same as in the fetch cycle. In the case 
of a memory write cycle. the MREQ also becomes active when the address bus is stable so that it can be 
used directly :;>s a chip enable for dynamic memories. The WR line is active when data on the data bus is 
stable so that it can be used directly as a R/W pulse to virtually any type of semiconductor memory. 
Furthermore the WR signal goes inactive one half T state before the address and data bus cont,ents are 
changed so that the overlap requirements for virtually any type of semiconductor memory type will be met. 
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INPUT OR OUTPUT CYCLES 

Figure 4.4 illustrates an I/O read or 1/0 write operation.· Notice that during 1/0 
operations a single wait state is automatically inserted. The reason is that during 1/0 
operations, the time from when the IORQ signal goes active until the CPU must sample the 
WAIT line is very short and without this extra state sufficient time does not exist for an 
110 port to de::ode its address and activate the WAIT line if a wait is required. Also, 
without this wait state it is difficult to design MOS 1/0 devices that can operate at full CPU 
speed. During this wait state time the WAIT request signal is sampled. 

During a read 1/0 operation, the RD line is used to enable the addressed port onto 
the data bus just as in the case of a memory read. For 1/0 write operations, the WR line is 
used as a clock to the 1/0 port. 
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Figu1e 45 illu:st1alt::s lht: tirniug fo1 a Bu:s Re4uest/Acknowledge cycle. The:DUSREQ signal is 
sampled by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSREQ 
signal is active, the CPU will set its address, data and 3-state control signals to the high impedance state 
with the rising edge of the next clock pulse. At that time any external device can control the buses to 
transfer data between memory and 1/0 devices. (This is generally known as Direct Memory Access [DMA] 
using cycle stealing). The maximum time for the CPU to respond to a bus request is the length of a machine 
cycle and the external controller can maintain control of the bus for as many clock cycles as is desired. 
Note, however, that if very long DMA cycles are used, and dynamic memories are being used, the external 
controller must also perform the refresh function. This situation only occurs if very large blocks of data are 
transferred under OMA control Also note that during a bi1s request cycle, the CPU cannot be interrupted 
by either an NMI or an INT signal 
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 

Figure 4.6 illustrates the timing associated with an interrupt cycle. The interrupt signal (INT) is 
sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be 
accepted if the internal CPU software cont rolled interrupt enable flip-flop is not set or if the BUSREQ signal 
is active. When the signal is accepted a special MI cycle is generated. During this special MI cycle the IORQ 
signal becomes active (instead of the normal MREQ) to indicate that the interrupting device can place an 
8-bit vector on the data bus. Notice that two wait states are automatically added to this cycle. These states 
are added so that a ripple priority interrupt scheme can be easily implemented. The two 'wait states allow 
sufficient time for the ripple signals to stabilize and identify which 1/0 device must insert the response 
vector. Refer to Chapter 6 for details on how ·the interrupt response vector is utilized by the CPU. 
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NON MASKABLE INTERRUPT RESPONSE 

Figure 4.7 illustrates the request/acknowledge cycle for the non maskable interrupt. This signal is 
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt and it can 
not be disabled under software control. Its usual function is to provide immediate response to important 
signals such as an impending power failure. The CPU response to a non maskable interrupt is similar to a 
normal memory read operation. The only difference being that the content of the data bus is ignored while 
the processor automatically stores the PC in the external stack and jumps to location 0066H. The service 
routine for the non maskable interrupt must begin at this location if this interrupt is used. . 

HALT EXIT 

Whenever a software halt instruction is executed the CPU begins executing NOP s until an interrupt is 
received (either a non maskable or a maskable interrupt while the interrupt flip flop is enabled). The two 
interrupt lines are sampled with the rising clock edge during each T4 state as shown in figure 4.8. If a non 
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enable 
flip-flop is set, then the halt state will be exited on the next rising clock edge. The following cycle will then 
be an interrupt acknowledge cycle corresponding to the type of interrupt that was received. If both are 
received at this time, then the non maskable one will be acknowledged since it has highest priority. The 
purpose of executing NOP instructions while in the halt state is to keep the memory refresh signals active. 
Each cycle in the halt state is a normal Ml (fetch) cycle except that the data received from the memory is 
ignored and a NOP instruction is forced internally to the CPU. The halt acknowledge signal is active during 
this time to indicate that the processor is in the halt state. 
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POWER DOWN ACKNOWLEDGE CYCLE 

When the clock input to the CMOS Z80 CPU is stopped at either a High or Low 
level, the CMOS Z80 CPU stops its operation and maintains all registers and control signals. 
However, Jeez (standby supply current) is guaranteed only when the system clock is stopped 
at a Lo.w level during T 4 of the machine cycle following the execution of the HALT 
instruction. The timing diagram for the power-down function, when implemented with the 
HALT instruction, is shown in figure 4.9. 
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POWER DOWN RELEASE CYCLE 

The system clock must be supplied to the CMOS Z80 CPU to release the power­
down state. When the system clock is supplied to the CLK input, the CMOS Z80 CPU 
restarts operations from the point at which the power-down state was implemented. The 
timing diagrams for the release f ~om power-down mode are shown in figure 4.10. 
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When the HALT instruction is executed to enter the power-down state, the CMOS 
Z80 CPU will also enter the Halt state. An interrupt signal (either NMI or INT) or 
a RESET .signal must be applied to the CPU after the system clock is supplied in 
order to.release the power-down state. 

T1 T2 T3 r, T1 

~ 
.. \ I \ r ; 

FIGURE 4.lOa 



r, T2 •T3 T4 

CLK 

' ) 

RE5ET ~ 
, ,, 

Ml 
, ,, 

\ I 
HALT , , , 

' 
FIGURE 4.lOb 

CLK 

~>------
" "'--\ I ''-------

FIGURE 4.lOc 

POWER-DOWN RELEASE 

1C 



Chapter 5 ZSO CPU INSTRUCTION SET 

5.0 ZBO ASS EM BL V LANGUAGE PROGRAMMING MANUAL 

5.1 INTRODUCTION: 

The assembly language provides a means for writing a 
program without having to be concerned with actual 
memory addresses or machine instruction formats. It 
allows the use of symbolic addresses to identify memory 
locations and mnemonic codes (opcodes and operands) to 
represent the instructions themselves. ·Labels (symbols) 
can be assigned to a particular instruction step in a 
source program to identify that step as an entry point 
for use in subsequent instructions. Operands following 
each instruction represent storage locations, registers, 
or constant values •. The assembly language also includes 
assembler directives that supplement the machine 
instruction. A pseudo-op, for example, is a statement 
which is not translated into a machine instruction, but 
rather is interpreted as a directive that controls the 
assembly process. 

A program written in assembly language is called a 
source program. It consists of symbolic commands called 
statements. Each statement is written on a single line 
and may.consist of from one to four entries: A label 
field, an operation field, an operand field and a 
comment field. The source program is processed by the 
assembler to obtain a machine language program (object 
program) that can be executed directly by the Z80-CPU. 

Zilog provides several different assemblers which differ 
in the features offered. Both absolute and relocatable 
assemblers are available with the Development and 
Microcomputer Systems. The absolute assembler is 
contained in base level software operating in a 16K 
memory space while the relocating assembler is part of 
t~e RIO environment operating in a 32K memory space. 



5.2 ZBO STATUS INDICATORS (FLAGS) 

The flag register (F and F') supplies information to the 
user regarding the status of the Z80 at any given time. 
The bit positions for each flag is shown below: 

7 6 5 4 3 2 0 

s z x Hlx!P1v!N!c 

WHERE: 

c 
N 

P/V 
H = 
z 
s 
x 

CARRY FLAG 
ADD/SUBTRACT FLAG 
PARITY/OVERFLO~ FLAG 
HALF-CARRY FLAG 
ZERO FLAG 
SIGN FLAG 
NOT USED 

Each of the two Z-80 Flag Registers contains 6 bits of 
status information which are set or reset by CPU 
operations. (Bits 3 and 5 are not used.) Four of these 
bits are testable (C,P/V,Z and S) for use with 
conditional jump, call or return instructions~ Two 
flags are not testable (H,N) and are used for .BCD 
arithmetic. 

CARRY FLAG (C) 

The carry bit is set or reset depending on the operation 
being performed •. For 'ADD' instructions that generate a 
carry and 'SUBTRACT' instructions that generate a 
borrow, the Carry Flag will be set. The Carry Flag is 
reset by an ADD that does not generate a carry and a 
'SUBTRACT' that generates no borrow. This saved carry 
facilitates software routines for extended precision 
arithmetic. Also, the "DAA" instruction will set the 
Carry Flag if' the conditions for making the decimal 
adjustment are m~t. 

For instructions RLA, RRA, RLS and RRS, the carry bit is 
used as a link between the LSB and MSB for any register 
or memory location~ During instructions RLCA, RLC s and 
SLA s, the carry contains the last value shifted out of 
bit 7 of any register or memory location. During 
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ins.tructions RRCA, RRC s, SRA. s and SRL s the carry 
contains the last value shifted out of bit 0 of any 
register or memory location. 

For the logical instructions AND s, 
the carry will be reset. 

OR s and XOR s, 

The Carry Flag can also be set (SCF) and complemented 
( C CF) • 

ADD/SUBTRACT FLAG (N) 

This flag is used by the decimal adjust accumulator 
instruction (DAA) to distinguish between 'ADD' and 
'SUBTRACT' instructions. For all 'ADD' instructions, N 
will be set to an 'O'. For all 'SUBTRACT' instructions, 
N will be set to a 'l'. 

PARITY/OVERFLOW FLAG 

This flag is set to a particular state depending on the 
operation being performed. 

For arithmetic operations, this flag indicates an 
overflow condition when the result in the Accumulator is 
greater than the maximum possible number (+127) or is 
less than the minimum possible number (-128). This 
overflow condition can be determined by examining the 
sign bits of the operands. 

For addition, opcr~nd~ with different signs will never 
cause overflow. When adding operands with like signs 
and the result has a different sign, the ov~rflow flag 
is set. For example: 

+120 
+l 05 
+225 

0111 1000 
0110 1001 
1110 0001 

ADDEND 
AUGE ND 
(-95) SUM 

The two numbers added together has resulted in a number 
that exceeds +127 and the two positive operands has 
resulted in a negative number (-95) which is incorrect. 
The overflow flag is therefore set·. 

For subtraction, overflow can occur for operands of 
unlike signs. Operands of like sign will never cause 
overflow. For example: 

+127 
( - ) -6 4 

+19 l 

0111 1111 
1100 0000 
1011 1111 

MINUEND 
SUBTRAHEND 
DIFFERENCE 



The minu~nd sign has changed from a positive to a 
negative, giving an incorr~ct difference. Overflow is 
therefore set. 

Another meth~d for predicting an overflow is to observe 
the carry into and out of the sign bit. If there is a 
carry in and no carry out, or if there is no carry in 
and a carry out, then overflow has occurred. 

This flag is also used with logical operations and 
rotate· instructions to indicate the parity of the 
result. The number of 'l' bits in a byte are counted. 
If the total is odd, 'ODD' parity (P=O) is flagged. If 
the total is even, 'EVEN' parity is flagged (P=l). 

During search instructions (CPI,CPIR,CPD,CPDR) and block 
transfer instructions (LDI,LDIR, LDD,LDDR) the P/V flag 
monitors the state of the byte count·register (BC). 
When decrementing, the byte counter results in a zero 
value, the flag is reset to 0, otherwise the flag is a 
Logic l. 

During LD A,I and LD A,R instructions, the P/V flag will 
be set with the contents of the interrupt enable 
flip-flop (IFF2) for storage or testing. 

When inputting a byte from an I/O device, IN r,(C), the 
flag will be adjusted to indicate the ~arity of the 
data. 

THE HALF CARRY FLAG (H) 

The Half Carry Flag (H) will be set or reset depending 
on the carry and borrow status between bits 3 and 4 of 
an 8-bit arithmetic operation. This flag is used by the 
decimal adjust accumulator instruction (DAA) to correct 
the result of a packed BCD add or subtract operation. 
The ~ flag will be set (1) or reset (0) according to the 
following table: 

H 

0 

ADD 

There is a carry from 
Bit 3 to Bit 4 

There is no carry 
from Bit 3 to Bit 4 

SUBTRACT 

There is j 

borrow fromi 
bit 4 

There is no1 
borrow froml 
Bit 4 



THE ZERO FLAG ( z) 

The Zero Flag (Z) is set.or reset if the result 
generated ~y the execution of certain instructions 
is a zero. 

For 8-bit arithmetic and logical operations, the Z 
flag will be set to a-' l' if the resulting byte in 
the Accumulator is zero. If the byte is not zero, 
the Z flag is reset to 'O'. 

For.compare (search) instructions, the Z flag will 
be set to a 'l' if a comparison is found ~etween 
the value in the Accumulator and the memory 
location pointed to by the contents of the register 
pair HL. 

When testing a bit in a register or memory 
location, the Z flag will contain the compiemented 
state of the indicated bit (see Bit b,s). 

When inputting or outputting a byte between a 
memory location and an I/O device (INI;IND;OUTI and 
OUTD), if the result of B-1 is zero, the Z flag is 
set, otherwise it is reset. Also for byte inputs 
from I/O devices using IN r,(C), the Z Flag is set 
to indicate a zero byte input. 

THE SIGN FLAG (S) 

The Sign Flag (S) stores the state of the most 
significant bit of the Accumulator (Bit 7). When 
the Z80 performs arithmetic operations on signed 
numbers, binary two's complement notation is used 
to represent and process numeric information. A 
positive number is identified by a 'O' in bit 7. A 
negative number is identified by a 'l'. The binary 
equivalent of the raagnitude of a positive number is 
stored in bits 0 to 6 for a total range of from 0 
to 127. A negative numher is represented by the 
two's complement of the equivalent positive number. 
The total range for negative numbers is from -1 to 
-128. 

When inputting a byte from an I/O device to a 
r e g i s t e r , I N r , ( C ) , t h e· S f l a g w i 11 i n d i c a t e e i t h e r 
positive (S=O) or negative (S=l) data. 





5.3 ZBO INSTRUCTION SET 

llOJ:'E: Execution time (E.T.) for each instruction is 
~iven in nicroseconds for an assuaed 4 MHZ clock, Total 
r.iachine cycles (H) arc indicated vith total clock 
periods (T States). Also indicated are the nunber of T 
States for each 11 cycle. For exanple: 

H CYCLES: 2 T STATES: 7(4,J) 4 HllZ E.T.: 1. 75 

indicates that the instruction consists of 2 nachine 
cycles, ihe first cycle contains 4 clock periods (T 
States). The second cycle contains 3 clock periods for 
a total of 7 clock periods or T States, The instruct~on 

will ex~cute in 1.75 microseconds. 

Register format is shown for each instruction with the 
most si~nificant bit ~o the left and the least 
significant bit to the rt2ht, 





8 BIT LOAD GROUP 





_o r, r' 

Operation: r+-r' 

Fo rtia t: 

Opcode Operands 

LD r,r 

I 0: .1'~r7-:~r 1:-1 
Description: 

The contents of any re8ister r are loaded into any 
other register r. Note: r,r' identifies any of the 
registers A, B, C, D, E, H, or L, assecbled as follows 
in the object code: 

Register r,r 

A = 111 
B ""' 000 
c ~ 001 
D = 010 
E 011 
H 100 
L 101 

11 CYCLES: T STATES: 4 4 HHZ E.T.: 1.0 

Condition Bits Affected: None 

Example: 

If the H register contains the number 8AH, and the E 
register contains lOH, the instruction 

LD H, E 

would result in both registers containing lOH. 



Operation: r~n 

Format: 

Opcode Operands 

LD r, n 

I a: O~r~< < oj 

I:: lnl : : : I 
Description: 

LO 

The eight-bit integer n is loaded into any register r, 
where r identifies register A, I3, C, D, E, H or L, 
assembled as follows in the object code: 

Register r 

A• 111 
B "" 000 
c "" 001 
D = 010 
E = 011 
H .,. 100 
L 101 

H CYCLES: 2 T STATES: 7(4,3) 

Condition Bits ~ffected: None 

Example:· 

After the execution of 

LD E, ASH 

4 MHZ E •. T. : 1 • 7 S 

the contents of register E will be ASH. 

'JO 

r, r 



LO r, CHLJ 

Operation: r +- (HL) 

Fornat: 

Opcode Operands 

LD r, ( HL) 

Description: 

The eight-bit contents of ~emery location (HL) are 
loaded into register r, where r identifies register A, 
B, C, D, E, Hor L, assembled as follows in the object 
code: 

Register r 

A = 111 
B ... 000 
c 001 
D 010 
E 011 
H 100 
L 101 

H CYCLES: ·2 T STATES: 7(4,3) 

Condition Bits Affected: Hone 

Example: 

4 MHZ lL T. : 1. 7 5 

If register pair HL contains the number 75AlH, and 
cemory address 75AlH contains the byte 58H, the 
execution of 

LD_ C, (HL) 

will result in 58H in register C~ 





LO 

Operation: r +- (IX+d) 

Format: 

·Opcode Operands 

LD r, (IX+d) 

I 1 > :a > > : 1 :a : 1 I DD 

lo'.i~r~1'.i:OI 

I : : >: : : : I 
Description: 

r, CIX +dJ 

The operand (IX+d) (the contents of the Index Register 
IX summed with a two's complement displacement integer 
d) is loaded into register r, where r identifies 
register A, BJ C, D, E, H or L, assembled as follows in 
the object code: 

Register E. 

A 11 1 
B 000 
c 001 
D 010 
E 011 
H 100 
L 101 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4-MHZ E.T.: 4.75 

Condition Bits Affected: None 

Example: 

If the Index Register IX contains.the number 25AFH, the 
instruction 



LD B, (IX+l9H) 

will cause the calculation of the sum 25AFH + 19H, which 
points to memory location 25C8H. If this address 
contains byte 39H, the instruction will result in 
register B also containing 39H. 



LO 

0 p e r a t i o n : r +- (I Y +d) 

Format: 

Opcode Operands 

LD r, (IY+d) 

I i .:i > > > > :a > I FD 

I a ; !~r~ 1 ; 1 : o I 
I : : >: : : : I 

Description: 

r, CIY+dJ 

The operand (IY+d) (the contents of the Index Register 
IY summed with a two's complement displacement integer 
d) is loaded into register r, where r identifies 
register A, B, C, D, E, H or L, assembled as follows in 
the object code: 

Register £ 

A 11 1 
B 000 
c 001 
D 010 
E 011 
H 100 
L 101 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: None 



Example: 

If the Index Register IY contains the number 25AFH, the 
instruction 

LD B, (IY+l9H) 

will cause the calculation of the sum 25AFH + 19H, which 
points to memory location 25C8H. If this address 
contains byte 39H, the instruction will result in 
-regis~er B also containing 39H. 



LO CHLJ, 

Operation: (HL) +-r 

Format: 

Opcode Operands 

LD ( HL) , r 

Description: 

The contents of register r are loaded into the memory 
location specified by the contents of the llL register 
pair. The symbol r identifies register A, B, C, D, E, ll 
or L~ assembled as follows in the object code: 

Register r 

A • 111 
B • 000 
c - 001 
D ,;. 010 
E • 011 
H • 100 
L - 1 or 

M CYCLES: 2 T STATES: 7(4,3) 

Condition Bits Affected: None 

Example: 

4 MHZ E. T • : 1 • 7 5 

If the contents of register pair HL specifies memory 
location 2146H, and the B register contains the byte 
29H, after the execution of 

LD (HL), B 

memory address 2146H will .also contain 29H. 

r 





~D CIX + dJ, r 

0 p er at ion : (I X +d) ~ r 

Format: 

Opcode Operands 

LD ( IX+d) , r 

I i: i: 0 > > > :a > I DD 

I a: 1: 1: 1: a :~r~l 

I : : : d: : : : I 
Description: 

The contents of register r are loaded into the memory 
address specified by the contents of Index Register IX 
summed with d, a two's complement displacement integer. 
The symbol r identifies register A, B, C, D, E, H or L, 
assembled as follows in the object code: 

Register r 

A .. 111 
B • 000 
c - 001 
D .. 010 
E. = 011 
H .. 100 
L .. 101 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: None 

17 



Exanple: 

If the C register contains the byte !CH, and the Index 
Register IX contains 31008, then the instruction 

LD (I X+6H) , C 

will perform the sum 3100H + 6H and will load !CH into 
memory location 3106H. 

')0 



LO CIY +dJ, r 

Op er at ion: (I Y+d) ~ r 

Format: 

Opcode Operands 

LD ( IY+d) , r 

j 1 > > > > > :a > I FD 

I a; i; i; i: O~r71 
I : : I< : : : I 

Description: 

The contents of register r are loaded into the memory 
address specified by the sum of the contents of the 
Index Register IY and d, a two's complement displacement 
integer. The symbol r is specified according to the 
following table. 

Register r 

A • 111 
B • 000 
c = 001 
D • 010 
E .. 011 
H • 100 
L • 101 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: None 



Example: 

If the C register contains the byte 48H, and the Index 
Register IY contains 2AllH, then the instruction 

LD (IY+4H), C 

will perform the sum 2AllH + 4H, and will load 48H into 
memory location 2Al5. 



_o CHLJ, n 

Operation: (HL) +-n 
-------
Format: 

Opcode Operand 

LD (HL) ,n 

I a : a ;i ;i :a ;i > :a I 36 

I : : : n.: : : : I 
Description: 

Integer n is loaded into the memory address specified by 
the contents of the HL reBister pair. 

M CYCLES: 3 T STATES: 10(4,3,3) 4 UHZ E.T. : 2. S 0 

Condition Bits Affected: None 

Example: 

If the HL register pair contains 4444H, the instruction 

LD (HL), 2811 

will result in the memory location 4444H containing the 
byte 28ll. 



LO 

0 p er a t i o n : (I X +d) - n 

Format : 

Opcode Operands 

LD (I X+d) , n 

> : 0 > > : < a: 1 I DD 

a ;a ;i ;i ;a ;i ;i ;a I 36 

: : :< : : : I 
: ; In: : : : I 

Description: 

CIX + dJ, 

The n operand is loaded into the memory address 
specified by the sum of the contents of the Index 
Register IX and the two's complement displacement 
operand d. 

11 CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: None 

Ex ample: 

If ·the Index Register IX contains the number 219AH the 
instruction 

LD (IX+5H), 5AH 

would result in the byte 5AH in the memory address 
219FH. 

n 



LO crv +dJ, n 

Ope r a t ion : (I Y +d) ~ n 

Format:· 

Opcode Operands 

LD (IY+d) ,n 

1 :1:1:1:1:1:0: 1 FD 

0 >>>>>>: 0 36 

; ; ;< ; ; ; 

; ; ; n ; ; ; ; 
Description: 

Integer n is loaded into the memory location specified 
by the contents of the Index Register summed with the 
two's complement displacement integer d. 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: NONE 

Example: 

If the Index Register IY contains the number A940H, the 
instruction 

LD (IY+lOH), 97H 

would result in byte 97 in memory location A950H. 



LO A, 

Op er at ion: A~ (BC) 

Format: 

Opcode Operands 

LD A, (BC) 

Description: 

The contents of the memory location specified by the 
contents of the BC register pair arc loaded into· the 
Accumulator. 

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E • T • : 1 • 7 5 

Condition Bits Affected: None 

Exaaplc: 

If the BC register pair contains the number 4747H, and 
ceaory address 4747ll contains the byte 12H, then the 
instruction 

LD A, (BC) 

will result in byte 12H in register A. 

CBC: 



_o A, CDEJ 

Operation: A.__ (DE) 

Format: 

Opcode Operands 

LD A, (DE) 

Description: 

The contents of the ~eraory location specified by the 
register pair DE arc loaded into the Accumulator. 

H CYCLES: 2 T STATES: 7(4,3) 4 t1HZ E • T • : 1 • 7 5 

Condition Bits Affected: None 

Example: 

If the DE register pair contains the number 30A2H and 
memory address 30A2H contains the byte 22H, then the 
instruction 

LD A, (DE) 

will result in byte 22H in register A. 



Operation: A-+-(nn) 

Format: 

Opcode Operands 

LD' A, ( nn) 

I 0 : 0 : 1 :i :i : 0 :i : 0 I 3A 

I : : In: : : : I 

I : : >: : : : I 
Descripl tun: 

LO A, 

The cont1~nts of the memory location specified 'by the 
operands nn are loaded into the Accumulator. The first 
n operand after the op code is the low ordder byte of a 
two-byte memory address. 

M CYCLES: 4 T STATES: 13(4,3,3,3) 4 MHZ E.T. 3. 2 5 

Condition Eits Affected: None 

Exar.i.ple: 

If t.he contents of nn is number 8832H, and the content 
of memory address 8832H is byte 04H, after the 
instruction 

LD A, (nn) 

byte 04H will be in the Accumulator. 

CnnJ 



LO CBCJ, A 

Operation: (BC) +-A 

Format: 

Opcode Operands 

LD (BC) , A 

Description: 

The contents of the Accumulator are loaded into the 
memory location specified by the contents of the 
regist~r pair BC. 

H CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T. : 1 • 7 5 

Condition Bits Affected: None 

Example: 

If the Accumulator contains 7AH and the BC reGister pair 
contains 1212H the instruction 

LD (BC),A 

'Will result in 7AH being in menory location 121211. 



LO CDEJ, 

Operation: (DE)+-A 

Format: 

Opcode Operands 

LD (DE),A 

Description: 

The contents of the Accumulator are loaded into the 
memory location specified by the contents of the DE 
register pair. 

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E. T • : 1 • 7 5 

Cdndition Bits Affected: None 

Example: 

If the contents of register pair DE are 1128H, and the 
Accumulator contains byte AOH, the instruction 

LO (DE),A 

will result in AOH being in memory location 1128H. 

A 



LO (nnJ, A 

Format: 

Opcode 

LD (nn) ,A 

I a : a: < 1 ;o ;a ;i ;a I 32 

I : : In! : : : I 
I : : I< : : : I 

Description: 

The contents of the Accumulator are loaded into the 
memory address specified by the operand nn. The first n 
operand after the op codf:! is the low order byte of nn. 

H CYCLES: 4 T STATES: 13(4,3,3,3) 4 MHZ E.T.: 3.25 

Condition Bits Affected: None 

Example: 

If the contents of the Accumulator are byte D7H, after 
the execution of 

LD (3141H),A 

D71I will he in memory location 3141H. 



Operation: A-I· 

Format: 

Opcode Operand~ 

LD 

Description: 

A, 

l1;i;i:o:i;i;o;il rn 
I a : 1 : a : 1 : n : 1 ;i : 1 I 57 

LO 

The contents of the Interrupt Vector ·Register I are 
ioaded into the Accu~ulator. 

M CYCLES:2 T S.T ATES : 9 ( 4 , ') ) 4 MHZ E • T • : '2 • 2 ') 

Condition Bits Affected: 

s: Set if I-Reg. is negative; 
reset other\Jise 

z: Set if I-Reg. is zero; 
reset otherwise 

H: Reset 
P/V: Contains contents of IFF2 

N: Reset 
c: Not affected 

Note: 

If an interrupt occurs during execution of this 
instruction, the Parity flag will contain a O. 

A, 



_o A, R 

Operation: A~R 

Format: 

Opcode Operands 

LD A,R 

j 1 ;i >: 0>>:o;,1 I ED 
I a: i: a: i: < < < 1 I SF 

Description: 

The contents of Memory Refresh Register R are loaded 
into the Accumulator. 

H CYCLES: 2 T STATES: 9(1~,5) 4 MHZ E.T.: 2.25 

Condition Bits Affected: 

Note: 

s: 

z: 

H: 
P/V: 

N: 
c: 

S e t i f R - R e g • i s n e'g a t i v e ; 
reset otherwise 
Set if R-Reg. is zero; 
reset otherwise 
Reset 
Contains contents of IFF2 
Reset 
Not affected 

If an interrupt occurs during execution of this 
instruction, the Parity flag will contain~a 0. 



Operation: I ~A 

Format: 

Opcode Operands 

LD I, A 

1i:i:i:a:i:i:a;11 ED 

I a; i; a: a; a; i; i; 1 I 47 

Description: 

LO 

The contents of the Accumulator are loaded into the 
Interrupt Control Vector Register, I. 

H·CYCLES: 2 T STATES: 9(4,5) 4 MHZ E·. T. : 2. 2 5 

Condition Bits Affected: None 

-I , A 



_o R, A 

Operation: R-A 

Fo rr:ia t: 

Operands 

LO R,A 

I 1'.i'.i:O: >>>I ED 

I < 1 > > > > > > I 4F 

Description: 

The contents of the Accumulator are .loaded into the 
Memory Refresh register R. 

H CYCLES: 2 T STATES: 9(4,5) 4 ~l!Z E.T.: 2.25 

Condition Bits Affected: None 





-16 BIT LOAD GROUP-





_o dd, nn· 

0 per at ion : dd ,._ nn 

Format: 

Opcode Operands 

LD dd, nn 

la:O>>>>>>I 
I : : lnl : : : I 
I : : >: : : : I 

Description: 

The two-byte integer nn is loaded into the dd register 
pair, where dd defines the BC, DE, HL, or SP register 
pairs, assembled as follows in the object code: 

Pair dd 

BC 00 
DE 01 
H L l 0 
s p 11 

The first n operand after the op code is the low order 
byte. 

M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2.50 

Condition Bits Affected: None 

Example: 

After the execution of 

LD HL, SOOOH 

the contents of the HL register pair will be SOOOH. 



LO IX, 

Operation: IX~nn 

Format: 

Opcode Operands 

LD IX, nn 

i: 1 : a; i: i: < a; DD 

0: 0 > : 0: 0: < a; 21 

: : ;n: : ,; : 
: : ;n: : : : 

Description: 

Integer nn is loaded into the Index Register IX. The 
first n operand after the op code is the low order byte. 

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T. : 3. S 0 

Condition Bits Affected: 

Example: 

After the instruction 

LD IX,45A2H 

the Index Re~is~er will contain integer 45A2H. 

nr 



LO IY, nn 

Operation: I Y +- nn 

Format: 

Opcode Operands 

LD IY,nn 

1 :i : 1 :i :i :i : 0 :i FD 

0 : 0 : 1 : 0 : 0 : 0 : 0 : 21 

: : :n: : : : 
: : fn: : : : 

Description: 

Integer nn is loaded into the Index Register IY. The 
first n operand after the op code is the low order byte. 

M .CYCLES: 4 T STATES: 14(4,4,3,3). 4 MHZ E.T. : 3. 5 0 

Condition Bits Affected: None 

Example: 

After the in~truction: 

LD IY,7733H 

the Index Register IY will contain the integer 7733H. 

c: n 



LO 

Operation: H~(nn+1L L~(nn) 

Format: 

Opcode Operands 

LD 

Description: 

HL,(nn) 

I 0 : 0 : 1 : 0 : 1 : 0 : 1 : 0 I 2A 

I : : In: : : : I 
I : : : nl :. : : I 

HL, 

The contents of memory addiess (nn) are loaded i~to the 
low order portion of register pair HL (register L), and 
the contents of the next highest memory address (nn+l) 
are loaded into the high order portion of HL (register 
H). The first n operand after the op code is the low 
order byte of nn. 

M CYCLES: 5 T STATES: 16(4,3,3,3,3) 4 MHZ E.T. : 4. 0 0 

Condition Bits Affected: None 

Example: 

If address 4545H contains 37H and address 4546H contains 
AlH after the instruction 

LD HL,(4545H) 

the HL register pair will contain Al37H. 

Cnn: 



1 ..... 0 dd, (nnJ 

Opeq1tion: dd.H-E-(nn+1) ddl-E-(nn) 

Format: 

Opcode Operands 

LD dd,(nn) 

1:1:1:a;i:1:0:11 ED 

a: 1: d: d: 1: a: i·: 1 I 

Description: 

: : :n; : : : I 
: : :n; : : : I 

The contents of address (nn) are loaded into the low 
ord~r portion of register pair dd, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of dd. Register pair dd defines 
BC, DE, HL, or SP register pairs, assembled as follows 
in the object code: 

Pair dd 

BC 00 
DE 01 
HL 10 
s p 11 

The first n operand after the ?P code is the low order 
byte of (nn). 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 

Condition Bits Affected: None 



Example: 

If Address 2130H contains 65H and address 2131M contains 
78H after the instruction 

LD BC,(2130H) 

the BC register pair will contain 7865H. 

C.') 



LO· IX, (nnJ 

Operation: IXH +- (nn+1} ... IXL+- (nn) 

Format: 

Opcode Operands 

LD IX, (nn) 

11 : 1 : 0 : 1 : 1 : 1 : 0 : 1 I DD 

I 0 : 0 : 1 : 0 : 1 : 0 : 1 : ¥~] 2A 

I : : : n : : : : I 
I I : : nl : : : I 

Description: 

The contents of the address (nn) are loaded into the low 
order portion of Index Register IX, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of IX. The first n operand after 
the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 

Condition Bits Affected: None 

Example: 

If address 6666H contains 92H and address 6667H contains 
DAH, after the insiruction 

LD IX, (6666H) 

the Index Register IX will contain DA92H. 



LO IY, 

Operation: IYH+-(nn+1). IYL+-(nn) 

Format: 

Opcode Operands 

LD I Y, ( nn) 

1 > > > > > :a > FD 

0 : 0 : 1 : 0 : 1 : 0 : 1 : 0 2A 

: : : n: : :~ : 

: : >: : : : 
Description: 

The contents of address (nn) are loaded into the low 
order portion of Index Register IY, and the contents of 
the next highest memory address (nn+l) are loaded into 
the high order portion of IY. The first n operand aft~r 
the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 

Condition Bits Affected: None 

Example: 

If address 6666H contains 92H and address 6~67H cont~ins 
DAH, after the instruction 

LP IY,(6666H) 

~he Index Register IY will contain DA92H. 

C/I 

CnnJ 



LO CnnJ, HL 

Operation: (nn+1) +- H ... (nn) +- L 

Format: 

Opcode Operands 

LD (nn) ,HL 

I a; a; i; a; a; a; i; a I 22 

I::>::: I I 
I::>:::: I 

Description: 

The contents of the low order portion of register pair 
HL (register L) are loaded into memory address (nn), and 
the contents of the high order portion of HL (register 
H) are loaded into the next highest memory address 
(nn+l). The first n operand after the op code is the 
low order byte of nn. 

M CYCLES: 5 T STATES: 16(4,3,3,3,3) 4 MHZ E.T.: 4.00 

Condition Bits Affected: None 

Example:' 

If the content of register pair HL is 483AH, after the 
instruction 

LD (B229H),HL 

address B229H) will contain 3AH, and address B22AH will 
contain 48H. 





LO CnnJ, 

Operation: (nn+1) ~ddH. (nn) ~ddl 

Format: 

Opcode Operands 

LD (nn),dd 

1:1:i;o;1;i;o;1 ED 

O:<<<O:o: 1; 1 
: : : nf : : : 

: : In: : : : 
Description: 

The low order byte of register pair dd is loaded ·into 
memory address (nn); the upper byte is loaded into 
memory address (nn+l). Register pair dd defines either 
BC, DE, HL, or SP, assembled as follows in the object 
code:· 

BC _00 
DE 01 
HL 10 
SP 11 

The first n operand af te~ the op code is the low drder 
byte of a two byte memory address. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 .MHZ E.T.: 5.00 

Condition Bits Affectedi None 

dd 



Example: 

If register pair BC contains the number 4644H, the 
instruction 

L D (100 OH) , BC 

will result in 44H in memory location lOOOH, and 46H in 
memory locatio~ lOOlH. 

t:O 



LO (nnJ, 

Operation: (nn+1) ~ IXH ~ (nn) ~IXL 

Format: 

Opcode Operands 

LD (nn),IX 

1 : 1 : 0 .: 1 : 1 : 1 : 0 : 1 DD 

0 : 0 : 1 : 0 : 0 : 0 : 1 : 0 22 

: : : nf : : : 
: : : nl : : : 

Description: 

The low order byte in Index Register IX is loaded into 
memory address (nn); the upper order byte is loaded ·into 
the next highest address (nn+l). The· first n operand 
after the op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3·,3) 4 MHZ E.T.: 5.00 

Condition Bits Affected: None 

Example: 

If the Index Register IX contains 5A30H, after the 
instruction 

LD (4392H),IX 

memory location 4392H will contain number JOH and 
location 4393H will contain SAH. ~ 

IX 



LO (nnJ, IY 

Operation: (nn+1)+-IYH. (nn)+-IYL 

Format: 

Opcode Operands 

LD ( nn) , I Y 

j 1 : 1 > ;i ;i : 1 : 0 : 1 I FD 

I a ; a ; 1 : a : a : a : 1 ; a I 22 

I : : : nl : : : I 
I : : >: : : I I 

Description: 

The low order byt~ in.Index Register IY is loaded into 
memory address (nn).; the upper order byte is loaded. into' 
memory location (nn+l). The first n operand after the 
op code is the low order byte of nn. 

M CYCLES: 6 T STATES: 20(4,4,3,3,3,3) 4 MHZ E.T.: 5.00 

Condition Bits Affected: None 

Example: 

If the Index Register IY contains 4174H after the 
instruction 

LI' (8838H),IY 

memory location 8838H will contain number 74H and memory 
location 8839H will contain 41H. 



LO SP, 

Operation: SP+-HL 

Format: 

Opcode Operands 

LD SP,HL 

Description: 

The contents of the register pair HL are loaded into thl 
Stack Pointer SP. 

M CYCLES: 1 T STATES: 6 4 MHZ E.T.: 1.50 

Condition Bits Affected: None 

Example: 

If the register pair HL contains 442EH, after the 
instruction 

LD SP,HL 

the Stack Pointer will also contain 442EH. 

HL 



LO SP, IX 

Operation: SP+-IX 

Format: 

Opcode Operands 

LD SP,IX 

j 1 > :a : i; i: i: a; 1 I -DD 

I 1 > > > > :a :a > I F9 

Description: 

The two byte contents of Index Register IX are loaded 
into the Stack Pointer SP. 

M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T. : 2. 5 0 

Condition Bits Affected: None 

Example: 

If the contents of the Index Re3ister IX are 98DAH, 
after the instruction 

LD SP,IX 

the contents of the Stack Pointe~ will also be 98DAH. 



Operation: SP+-IY 

Format: 

Opcode Operands 

LO SP,IY 

j 1 > > > > > :a > I FD 

I i: i; i; i; i; a; a; 1 I F9 

Description: 

LO SP, 

The two byte contents of Index Register IY are lo~ded 
into the Stack Pointer SP. 

U,CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T. : 2. 5 0 

Condition Bits Affected: None 

Example: 

If Index Register IY contains the integer A227H, after 
the instruction 

LD SP, IY 

the Stack Pointer will also contain A227H. 

IY 



PUSH qq 

PUSH qq 

Operation: (SP-2) +-qql, (SP-1) +-qqH 

Format: 

Opcode Operands 

PUSH qq 

1 : 1 : q : q : 0 : 1 : ? : 1 1-

Description: 

The contents of the register pair qq are pushed into the 
external memory LIFO (last-in, first-out) .Stack. The 
Stack Pointer (SP) register pair holds the 16-bit 
a d d re s s o f ·t he cu r r en t " t o p " of t he S t a c k • Th i s 
instruction first decrements the SP and loads the high 
order byte of register pair qq into the memory address 
now specified by the SP; then decrements the SP again 
and loads the low order byte of qq into the memory 
location corresponding to this new address in the SP. 
The operand qq identifies register pair BC, DE, HL, or 
AF, assembled as follows in the object code: 

Pair qq 

BC 00 
DE 01 
HL 10 
AF 11 

M CYCLES: 3 T STATES: 11(5,3,3) 4 MHZ E.T. : 2. 7 s 

Condition Bits Affected: None 

Example: 

If the AF register pair contains 2233H and the Stack 
Pointer contains 1007H, after the instruction 

PUSH AF 

memory address 1006H will contain 22H, memory address 
lOOSH will contain 33H, and the Stack Pointer will 
contain lOOSH. 

//I 



Operation~ (SP-2) +-IXL. (SP-1) +-IXH 

Format: 

Opcode Operands 

PUSH IX 

j 1 : 1 : 0 ;i ;i ;i :a > I DD 

11 :i ;i : 0 ;a ;i :a > I ES 

Description: 

PUSH 

The contents of the Index Register IX are pushed into 
the external memory LIFO (last-in, first-out) Stack. 
The Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first decrements the SP and loads the high 
order byte of IX into the memory address now specified 
by the SP; then decrements the SP again-and loads the 
low order byte into the memory location corresponding to 
this new address in the SP. 

M -cYCLES: 3 T STATES: 15(4,5,3,3) 4 UHZ E. T • : 3. 7 5 

Condition Bits Affected: None 

Example: 

If the Index Register IX contains 2233H and the Stack 
Pointer contains 1007H, after the instruction 

PUSH IX 

memory address 1006H will contain 22H, raemory address 
1005H will contain 33H, and the Stack Pointer will 
contain 1005H. 

IC::: 

IX 



PUSH IY 

Operation: (SP-2) ~ IYL, (SP-1) ~ IYH 

Format: 

Opcode Operands . 

PUSH IY 

11 : 1 : 1 : 1 : 1 > : 0 ;i I FD 

11 : 1 > : 0 : 0 > ;a > I ES 

Description: 

The contents 6f the Index Register IY are pushed into 
the external memory LIFO (last-in, first-out) Stack. 
The Stack Pointer (SP) register pair holds the 16-bit, 
address of the current "top" of the Stack. This 
instruction first decrements the SP and loads the high 
order byte of IY into the memory address now specified 
by the SP; then decrements the SP again and loads the 
low order byte into the cemory location corresponding to 
this new address in the SP. 

M CYCLES: 4 T STATES: 15(4,5,3,3) 4 MHZ E • T • : 3 • 7 5 

·condition Bits Affected: None 

Example: 

If the Index Regi~ter IY contains 2233H and the Stack 
Pointer contains 1007H, after the instruction 

PUSH IY 

memory address 1006H will contain 22H, memory address 
lOOSH will contain 33H, and the StacK Pointer will 
contain 1005H. 

IC. 



Operation: qqH ~ (SP+1). qql ~(SP) 

Format: 

Opcode Operands 

POP qq 

Description: 

The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into register pair qq. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the Stack. This 
instruction first loads into the low order portion of 
qq, the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
o'f' the corresponding adjacent memory location are loaded 
into the ·high order portion of qq and the SP is now 
incremented again. The operand qq identifies register 
pair BC, DE, HL, or AF, assembled as follows in the 
object code: 

BC 00 
DE 01 
HL 10 
AF 11 

M CYCLES: 3 T STATES: 19(4,3,3) 4 MHZ E.T.: 2. 50 

Condition Bits 1 Af fected: None 

qq 



Example: 

If the Stack Pointer contains lOOOH, memory location 
lOOOH contains 55H, and location 1001H contains 33H, the 
instruction 

POP HL 

will result in register pair HL containing 3355H, and 
the Stack Poineer containing 1002H. 



Operation: IXH +- (SP+1), IXL~ (SP) 

Format: 

Opcode Operands 

POP IX 

j 1 : 1 : 0 :i : 1 > : 0 > r DD 

j1 ;i ;i ;a ;a ;o ;o ;i I El 

Description: 

POP 

The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into Index Register IX. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current "top" of the, Stack. This 
instruction first loads into the low order portion. of IX 
the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
of the corresponding adjacent memory location are loaded 
into the high order portion of IX. The SP is now 
incremented again. 

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T. : 3. 5 0 

Condition Bits Affected: None 

Example: 

If the Stack Pointer contains lOOOH, memory location 
lOOOH contains 55H, and location lOOlH contains 33H, the 
instruction 

POP IX 

will result. in Index Register IX containing 3355H, an~ 
the Stack Pointer containing 1002H. 

IX 



POP IY 

Operation: IYH ~ (SP+1), IYL ~(SP) 

Format: 

Opcode Operands 

POP IY 

I 1 > > > > > :a ;i I FD 

I 1 > > :a :0 > : 0 :i I El 

Description: 

The top two bytes of the external memory LIFO (last-in, 
first-out) Stack are popped into Index Register IY. The 
Stack Pointer (SP) register pair holds the 16-bit 
address of the current ''top" of the Stack. This 
instruction.first loads into the low order portion of IY 
the byte at the memory location corresponding to the 
contents of SP; then SP is incremented and the contents 
of the corresponding adjacent memory location are loaded 
into the high order portion of IY. The SP is now 
incremented again. 

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T. : 3. 5 0 

Condition Bits Affected: llone 

Example: 

If the Stack Pointer contains lOOOH, memory location 
lOOOH contains SSH, and location 1001~ contains 33H, the 
instruction 

POP IY 

will result in Index Register IY containing 335SH, and 
the Stack Poi~ter containing 1002H. 
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DE, HL 

Operation: DE~ HL 

Format: 

Opcode Operands 

EX DE,HL 

Description: 

The two-byte contents of register pairs DE and HL are 
exchanged. 

" M CYCLES: 1 T STATES: 4 4 MHZ E.T. : 1. 00 

Condition Bits Affected: None 

Example: 

If the content of register pair DE is the number 2822H, 
and the content of the register pair HL is number 499AH, 
after the instruction 

EX DE,HL 

the content of register pair DE will be 499AH and the 
conterit of register pair HL will be 2822a. 



Operation: AF-++ AF 

Format: 

Opcode 

EX 

Description: 

EX 

Operands , 

AF,AF' 

AF, 

The two-byte contents of the register pairs AF and AF' 
are exchanged. (Note: register pair AF' consists of 
registers A' and F' .) 

M CYCLES: 1 T STATES: 4 4 MHZ E.T. : 1. 00 

Condition Bits Affected: •None 

Example: 

If the content of register pa~r AF is number 9900H, and 
the content of register pair AF' is number 5944H, ·after 
the instruction 

EX AF,AF' 

the contents of AF will be 5944H, and the contents of 
AF' will be 9900H. 

AF' 



::xx 

Operation: (BC) - (BC'), (DE) - (OE'), (HL) - (HL') 

Format: 

Opcode Operands 

EXX 

Description: 

Each two-byte value in register pairs BC, DE, and HL is 
exchanged with the two-byte value in BC', DE', and HL', 
respectively. 

M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: None 

Example: 

If the contents of register pairs BC, DE, and HL are the 
numbers 445AH, 3DA2H, and 8859ll, respectively, and the 
contents of register pairs BC', DE', and HL' are 0988H, 
9300H, and OOE7H, 'respectively, after the instruction 

EXX 

the contents of the register pairs will be as follows: 
BC: 0988H; DE: 9300H; HL: OOE7ll; BC': 445AH; DE': 3DA2H; 
and HL': 8859H. 



EX CSPJ, 

Operation: H++(SP+1) .. L-(SP) 

Format: 

Opcode Operands 

EX (SP) ,HL 

Description: 

The low order byte contained in register pair HL is 
exchanged with the contents of the memory address 
specified by the contents of register pair SP (Stack 
Pointer)' and the high order byte of HL is exchanged 
with the next highest memory address (SP+l). 

M CYCLES: 5 T STATES,: 19(4,3,4,3,5) 4 HHZ E.T. : 4. 7 5 

Condition Bits Affected: None 

Example: 

If the HL register pair contains 7012Il, the SP register 
pair contains 8856H, the memory location 8856H contains 
the byte llH, and the memory location 8857H contains the 
byte 22H, then the instruction 

EX (SP),HL 

will result in the HL r~gister pair containing.numbe~ 
2211H, memory location BB56H containing the byte 12H, 
the memory location 8857H containing the byte 70H and 
~he Stack Pointer co~taining 8856H. 

HL 



::x CSPJ, IX 

Operation: IXH-(SP+1l, IXL-(SP) 

Format: 

Opcode Operands 

EX (SP),IX 

I < < a: < < < 0 ~ DD 

I < < < a: a: a; 1 > I E3 

Description: 

The low order byte in Index Register IX is exchanged 
with the contents of the memory address specified by the 
content~ of register pair SP (Stack Pointer), and the 
high order byte of IX is exchanged with the next highest 
memory address (SP+l). 

M CYCLES: 6 T STATES: 23(4,4,3,4,3,5) 4 MHZ E.T. : 5. 7 5 

Condition Bits Affected: None 

Example: 

If the Index Register IX contains 3988H, the SP register 
pair contains OlOOH, the memory location OlOOH contains 
the byte 90H, and memory location OlOlH contains byte 
48H, then the instruction 

EX (SP),IX 

will result in the IX register pair containing number 
4890ll, memory location OlOOH containing 88H, memory 
location OlOlH containing 39ll and the Stack Pointer 
containing OlOOH. 



EX 

Operation: IYH ++ (SP+1), IYL ++(SP) 

Format: 

Opcode Operands 

EX (SP) ,_IY 

I < < < 1 > > :a > I FD 

I < < < a: 0: a:. i; 1 I E3 

Description: 

CSPJ, 

The low order byte in Index Register IY is exchanged 
with the contents of the memory address specified by the 
contents of register pair SP (Stack Pointer), and the 
high order byte of IY is exchanged with the next highest 
me~ory address (SP+}). 

M CYCLES: 6 T STATES: 23(4,4,3,4,3,5)_ 4 MHZ E.T.: 5.75 

Condition Bits Affected: None 

Example: 

If the Index Register IY contains 3988H, the SP register 
pair contains OlOOU, the memory location OlOOH contains 
the byte 90li, and memory location OlOlH contains byte 
48H, then the instruction 

EX (SP),IY 

will result in the IY register pair containing number 
4890ll, memory location OlOOH containing 88H, memory 
location 0101H containing 39H, and the Stack Pointer 
containing OlOOH. 

IY 



Operation: (DE)-(HL) .. DE-DE+1 .. HL+-HL+1 BC-BC-1 

Fort1at: 

Opcode Operands 

LDI 

11:i:1:o:i;i:o;11 ED 

I 1 : 0 ;i : a; 0 : 0 : 0 : 0 I AO 

Description: 

A byte of data is transferred from the nenory location 
a c. d r es s e d b y t he c on ten t s o f t he H L r e B is t er pa ir to the 
memory location addressed by the contents of the DE 
regiiter pair. ihen b~th these register pairs are 
incremented and the BC (Byte.Counter) regfster pair i~ 
decreoente<l. 

H CYCLES: 4 i STATES: 16(4,4,3,5) 

Condition Bits Affected: 

s: 
z: 
H: 

P/V: 

n: 
c: 

:Jot affected 
~·Io t a f f e c t e d 
Reset 
Set if BC-l;ii'O; 
reset otherwise 
Reset 
Hot affected 

4 HHZ E.T. : 4 • 0 0 



Example: 

If the HL re~ister pair contains llllH, memory location 
llllH contains contains the byte _88H, the DE register 
pair contains 2222H, the memory location 2222H contains 
byte 66H, and the BC register pair contains 7H, then the 
instruction 

LDI 

will result in the following contents in register pairs 
and memory addresses: 

HL 
(llllH) 

DE 
(2222H) 

BC· 

l l l 2H 
88H 

2223H 
88Il 

6H 



_DIR 

LDIR 

Operation: (OE)-+- (HL). DE-+- OE+1. HL-+- HL+1. BC-+- BC-1 

Format: 

Opcode Operands 

LDIR 

11:<1:0:1:1:0:11 ED 

j 1 : 0 :i :i : 0 : 0 : 0 : 0 I BO 

Description: 

This two byte instruction transfers a byte of data from 
the ~emory location addressed by the contents of the HL 
regi~ter pair to the memory location addressed by the DE 
register pair. Then b~th these register pairs are 
incremented and the BC (Byte Counter) register pair is 
decremented. If decrementing causes the BC to go to 
zero, the instruction is ter~inated. If BC is not zero 
the program counter is decremented by 2 and the 
instruction is repeated. Interrupts will be recognized 
and two refresh eyeless will be executed after each data 
transfer. Note that if BC is set to ~ero prior to 
instruction execution, the instruction will loop through 
64K bytes. 

For BC tO: 

M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: 5.25 

For BC:O: 

M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E .. T.: 4. 00 



Condition Bits Affected: 

S: 
Z: 
H: 

P/V: 
N: 
C: 

Example: 

Not affected 
~ot affected 
Reset 
Reset 
Reset 
Not affected 

If the HL register pair contains llllll, the DE register 
pair contains 2222H, the BC register pair c6ntairis 
0003H, and memory locations have these conte~ts: 

(llllH) 
(l l l 2H) 
(1113H) 

88H 
36H 
ASH 

(2222H) 
(2223H) ·· 
(2224H) 

then after the execution of 

LDIR 

66H 
S9H 
CSH 

the contents of register pairs and memory locations will 
be: 

HL l ll 4H 
DE 2225H 
BC OOOOU 

(llllH) 
(l l l 2H) 
(lll3H) 

88H 
36H 
ASH 

(2 2 2 2H) 
(2223H) 
(2224H) 

88H 
36H 
ASH 



~DD 

Operation: (DE)~(HL), DE~DE-1, HL~HL-1, BC~BC-1 

Forcat: 

Opcode Operands 

LDD 

11:1:1:0:1:1:0:11 ED 

I 1 : 0 > : 0 > : 0 : a; 0 I AB 

Descripttion: 

This two byte instr~ction transfers a byte of data from 
the cemory location addressed by the contents of the HL 
register pair to the memory location addressed by the 
contents of the DE register pair. Then both of these 
register p~irc including the DC (Byte Counter) register 
pair are decremented. 

H CYCLES: 4 T STATES: 16(4,4,3,5) 

Condition Bits Affected: 

S: Not affected 
Z: Not affected 
H: Reset 

P/V: Set if BC-1~0; 
reset otherwise 

N: Reset 
C: Not affected 

4 MHZ E.T.: 4.00 



Example: 

If the HL register pair contains llllH, memory location 
llllH ~ontains the byte 88H, the DE register pair 
contains 2222H, memory location 2222H contains byte 66H, 
and the BC register pair contains 7H, then the 
instruction 

LDD 

~ill result in the following contents in register pairs 
and memory addresses: 

HL 
(llllH) 

DE 
(2222H) 

BC 

11 1 OH 
88H 

2221H 
88H 

6H 

n11 



1_DDR 

Operation: (DE)~(HL) .. DE~DE-1 .. HL~HL-1 .. BC~BC-1 

Format: 

Opcode Operands 

LDDR 

li>>:O>>:O>I ED 

I i; a; i; i; i; a; a; o I 88 

Description: 

This two byte instruction transfers a byte of data from 
the memory location addressed by the contents of the HL 
register pair to the memory location addressed by the 
contents of the DE register pair. Then ~oth of these 
registers as well as the BC (Byte Counter) are 
decremented. If decrementing causes the BC to go to 
zero, the instruction is terminated. If BC is not zero, 
the program counter is decremented by 2 and. the 
instruction is repeated. Interrupts will be recognized 
and two refresh eyeless will be executed after each data 
t r a n s f e r • No t e t h a t i f B C i s s e t t o. z e r o p r i o r t o 
instruction execution, the instruction will loop through 
64K bytes. 

For BC~O: 

M CYCLES: 5 T S~ATES: 21(4,4,3,5,5) 

For BC:O 

M CYCLES: 4 T° STATES: 16(4,4,3,5) 

Condition Bits Affected: 

S: 
z: 
H: 

P/V: 
N: 

Not affected 
Not affected 
Reset 
Reset 
Reset 

4 MHZ E.T.: 5.25 

4 MHZ E.T.: 4.00 



Example: 

If the HL register pair contains 1114H, the DE register 
pair contains 222SH, the BC register pair contains 
0003H, and memory locations have these contents: 

( ll l 4H) 
(l 113H) 
(l l l 2H) 

ASH 
36H 
SSH 

(222SH) 
(2224H) 
(2223H) 

then after the execution of 

LDDR 

CSU 
S9H 
66H 

the contents of register pairs and memory locations will 
be: 

HL 1111 H 
DE 2222H 
BC OOOOH 

(1114H) 
(1113H) 
(l l l 2H) 

\ 

ASH 
36H 
SSH 

(222SH) 
(2224H) 
(2223H) 

ASH 
36H 
88H 

nt: 



CPI 

Operation: A- (Hl). HL .._ HL+1. BC -<-BC-1 

Format: 

Opcode Operands 

CPI 

1i:i:i:a:i:i:<1I ED 

I < a: i'. 0 :a :a : 0 > I Al 

Description: 

The contents of the cemory location addressed by the HL 
register pair is com~ared with the ~ontents of the 
Accumulator. In case of a true compare, a cDndition bit 
is set. Then HL is incremented and the Byte Counter 
(register pair BC) is decremented. 

M CYCLES: 4 T STATES: 16(4,4,3,5) 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if A:(HL); 
reset otherwise 

H: Set if borrow from 
Bit 4; reset otherwise 

P/V: Set if BC-1~0; 
reset otherwise 

N: Set 
C: Not affected 

4 HHZ E.T.: 4.00 

If the ~L register pair contains llllH, memory location 
llllH contains 3BH, the Accumulator contains 3BH, and 
the Byte Counter contains OOOlH, then after the 
execution of 



CPI 

the Byte Counter will contain OOOOH, the HL register 
pair will contain 1112H, the Z flag in the F register 
will be set, and the P/V flag in the F register will be 
reset. There will be no effect on the contents of the 
Accumulator or address llllH. 

nn 



CPIR 

Operation: A-(HL) .. HL-+-HL+1 .. BC-+-BC-1 

Format: 

Opcode Operands 

CPIR 

11;i;i:o;i;i:a;1 ED 

I i; a: i: i; a: a: a; 1 Bl 

Description: 

The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator; In case of a true compare, a condition bit 
is set. The HL is incremented and the Byte Counter 
(register pair BC) is decremented. If decrementing 
~auses ihe BC to go to ~ero or if A•(HL), the 
instruction is terminated. If BC is not zero and 
.Ai(HL), the program counter is decremented by 2 and the 
instruction is repeated. Interrupts will be recognized 
and two refresh cycles will be executed after each data 
transfer. Note that if BC is set to zero before 
instruction execution, the instructibn will loop through 
64K bytes, if no match is found. 

M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: 5.25 

For BC•O or A•(HL): 

H CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 



Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if A•(HL); 
reset otherwise 

H: Set if borrow from 
Bit 4; reset otherwise 

P/V: Set if BC-1~0; 
reset otherwise 

N: Set 
C: Not affected 

If the HL register pair contains llllH, the Accumulator 
contains F3H, the Byte Counter contains 0007H, and 
memory locations have these contents: 

(llllH) 52H 
(lll2H) OOH 
( l ll 3H) F 3H 

then after the execution of 

CPIR 

th~ contents of register pair HL will be 1114H, the 
contents of the Byte Counter will be 0004H, the P/V flag 
in the F register will be set and the Z flag in the F 
register will be set. 



CPD 

Operation: A-(HL). HL~HL-1. BC~BC-1 

Format: 

Opcode Operands 

CPD 

l1>>>>>:0>I ED 

I 1 :a > ;a > ;a :a > I A9 

Description: 

The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator. In case of a true compare, a condition bit 
is set. "The HL and ~he Byte Counter (register pair Bt) 
are decremented. 

M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if A•(HL); 
reset otherwise 

H: Set if borrow from 
Bit 4; reset otherwise 

P/V: Set if BC-1~0; 
reset otnerwise 

N: Set 
C: Not affected 

If the HL register pair contains llllH, memory location 
llllH contains 3BH, the Accumulator contains 3BH, and 
the Byte Counter contains OOOlH, then after the 
execution of 



CPD 

the Byte Counter will contain OOOOH, the HL register 
pair will contain lllOH, the Z flag ·in the F register 
will be set, and the P/V flag in the F register will be 
reset. There will be no effect on the contents of the 
Accumulator or address llllH. 



CPDR 

Operation: A-(HL), HL~HL-1, BC~BC-1 

Format: 

Opcode Operands 

CPDR 

l1'.i:i:a:i:i:a:i1 ED 

I < a; i; i.; < a; a; 1 I 89 

Description: 

The contents of the memory location addressed by the HL 
register pair is compared with the contents of the 
Accumulator. In case of a true compare, a condition bit 
is set. The HL and BC (Byte Counter) register pairs are 
decremented. If decrementing causes the BC to go to 
zero or if Ag(HL), the instruction is termipated. If BC 
is not zero and A•(HL), the program counter is 
decremented by 2 and the instructioc is repeated. 
Interrupts will be recognized and two rcf resh eyeless 
will be executed after each data transfer. Note that if 
BC is set to zero prior to instruction execution, the 
instruction will loop through 64K bytes, if no match is 
found. 

for sc=o and A=(HL): 

M CYCLES: 5 T STATES: 21(4,4,3,5,5,) 4 MHZ E.T.: 5.25 

For BC•O or A•(H~): 

M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00 



Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if A•(HL); 
res e t o the r,w is e 

H: Set if borrow from 
Bit 4; reset otherwise 

P/V: Set if BC-1i0; 
reset otherwise 

N: Set 
C: Not affected 

If, the HL register pair contains 1118H, the Accumulator 
cont~ins F3H, the Byte Counter contains 0007H, and 
memory locations have these contents: 

(1118H) 52H 
( 111 7H) 0 OH 
(1116H) F3H 

then after the execution of 

CPDR 

the contents of register pair HL will be lllSH, the 
contents of the Byte Counter will be 0004H, the P/V flag 
in the F register will be set, and the Z flag in the F 
regist~r will be set. 
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ADD A, r 

Operation: A~ A +r 

Foroat: 

Opcode Operands 

ADD A,r 

Description: 

The con~ents of register r are added to the contents of 
the Accumulator, and the result is stored in the 
Accumulator. The symbol r identifi~s the registers 
A,B,C,D,E,H or L assembled as follows in the object 
code: 

M CYCLES: 

Condition 

Register r 

A 111 
B 000 
c 001 
D 010 
E 011 
H 100 
L 101 

l T STATES: 4 4 MHZ E.T.: l. 00 

Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise . 
Set if carry from 
Bit 3; reset otherwise 
Set if overflow; 
reset otherwise 
Reset 
Set if .carry from 
Bit 7; reset otherwise 



Example: 

If the contents of the Accumulator are 44H, and the 
contents of register C are llH, after the execution of 

ADD A,C 

the contents of the Accumulator will be SSH. 



ADD A, n 

Operation: A+-A+n 

Format: 

Opcode Operands 

ADD A,n 

I i: < a: a: a: < < 0 I C6 

I : : In! : : : I 
Description: 

The integer n is added to the contents of the 
Accumulator and the results are stored in the 
Accumulator. 

M CYCLES: 2 T STATES: _7(4,3) 4 MHZ E. T • : 1 • 7 5 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

N:· 
c: 

reset otherwise. 
Set if carry froc 
Bit 3; reset otherwise 
Set if overflow; 
reset otherwise 
Reset 
Set if carry' from 
Bit 7; reset otherwise 

If the contents of the Accumulator are 23H, after the 
·execution of: 

ADD A,33H 

the contents of the Accumulator will be 56H. 



ADD A, 

Operation: A~ A+ (HL) 

Format: 

Opcode Operands 

ADD A, ( HL) 

Description: 

The byte at the memory address specified by the contents 
of the HL register pair is added to the contents of the 
Accumulator and the result is stored in the Accumulator. 

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E. T • : 1 • 7 5 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if carry from 
Bit 3; ~eset otherwise 
Set if overflow; 
reset otherwise 
Reset 
Set if carry from 
Bit 7; reset otherwise 

If the contents of the Accumulator arc AOH, and the 
content of the register pair UL is 2323ll, and memory 
location 2323H contains byte OSH, after the execution of 

ADD A, (HL) 

the Accumulator will contain A8ll. 

CHLJ 



ADD A, CIX+dJ 

') 

Operation: A~ A+ (IX+d) 

Format: 

Opcode Operands 

ADD A, (IX+d) 

11 > : 0 > > > :a > I DD 

j 1 ; a : a ;a ;a > ;i ;a I 86 

I :· : : d : : : · : I 
Description: 

The contents of the Index Register (register pair IX) is 
added to a two's complement displacement d to point to 
an address in memory. The contents of this address is 
then added to the contents of the Accumulator and the 
result is stored in the Accumulator. 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: 

s: Set if result is negative; 
reset otherwise 

z: Set if result is zero; 
reset otherwise 

H: Set if carry from 
Bit 3; reset otherwise 

P/V: Set if ove r.f 1 ow; 
reset otherwise 

N: Reset 
c: Set if carry from 

'Bit 7; reset otherwise 

Example: 

If the Accumulator contents are llH, the Index Register 
IX contains lOOOH, and. if the content of memory location 



lOOSH is 22H, after the execution of 

ADD A, (IX+SH) 

the contents of the Accumulator will be 33H. 

, , 'l 



ADD A, CIY+dJ 

Operation: A~A+(IY+d) 

Format: 

Opcode Operands 

ADD A,(IY+d) 

I 1 > > > > > :a > I FD 

11 : a ;a ;a ;a ;i ;i ;a I 86 

I : : : d : : : : I 
Description: 

The contents of the Index Register (register pair IY) is 
added to a two's complement displacement d to point to 
an a~dress in memory. The contents of this address is 
then added to the contents of the Accumulator and the 
result is stored in the Accumulator. 

M CYCLES: 5 T STATES: 19(4,4,3,5,3) 4 MHZ E.T.: 4.75 

Condition Bits Affected: 

Example: 

S: Set if result is nega~ive; 
reset otherwise 

Z : S e t. i f r e s u 1 t i s z e r o ; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if carry from 
Bit J; reset otherwise 
Set if overflow; 
reset otherwise 
Reset 
Set if carry from bit 7; 
reset otherwise 

If the Accumulator contents are llH, the Index Register 
pair IY contains lOOOH, and if the content of memory 

11 ".) 



location _lOOSH is 22H, after the execution of 

ADD A, (IY+SH) 

the contents of the Accumulator will be 33H. 

11 II 



~DC A, s 

Operation: A~A+s+CY 

Format: 

Opcode Operands 

ADC A, s 

The s operand is any of r,n,(HL),(IX+d) or (IY+d) as 
defined for the analogous ADD instruction. These 
various possible opcode-operand combinations are 
assembled as follows in the object code: 

ADC A, r : 0 : 0 : 0 : 1 ;.-+r*:~ 
ADC A,n > :a :a > > > :a CE 

: : ;n : : : : 

ADC A,(HL) i:O:O:O>>>> BE 

ADC A,(IX+d) >>>>>>> DD 

:a :a :a > > > :a SE 

; ; ;< ; ; ; 

ADC A, ( IY+d) 1 >>>>>>> FD 

1 :a :a :a > > > :a SE 

; ; ; d ; ; ; ; I 
*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 

1 1 r 



Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

The s ope r and , a 1 on g w i th t he Car r y F 1 a g ( ".C" in the F 
register) is added to the contents of the Accuculator, 
and the result is stored in the Accumulator. 

INS TR UC TION M CYCLES T STATES 

ADC A, r 1 4 
ADC A,n 2 7(4;3) 
ADC A,(HL) 2 7(4,3) 
ADC A,(IX+d) 5 19(4,4,3,5,3) 
ADC A,(IY+d) 5 19(4,4,3,5,3) 

Condition Bits Affected: 

Example: 

s: 

z: 

H: 

P/V: 

N: 
c: 

Set if result is negative; 
reset otherwise 
Set if result is zero; 
reset otherwise 
Set if carry from 
Bit 3; reset otherwise 
Set if ·overflow; 
reset otherwise 
Reset 
Set if carry from 
Il~t 7; re~et otherwise 

4 MHZ E.T. 

1. 00 
1. 7 5 
L75 
4. 7 5 
4. 7 5 

If the Accumulator contains 16H, the Carry Flag is set·, 
the HL register pair contains 6666H, and address 6666H 
contains lOH, after the execution of 

ADC A, (HL) 

the Accumulator will contain 27H. 

, , t:: 



3UB s 

Operation: A*-A-s 

Fa rma t: 

Opcode Operands 

SUB s 

The s operand is any of r,n,(HL),(IX+d) or (IY+d) as 
defined for the analogous ADD instruction. These 
various possible opcode-operaid combinations are 
assembled as follows in the object code: 

SUB r 

SUB n 

SUB (UL) 

SUB ( IX+d) 

SUB (IY+d) 

1 : 0 : 0 : 1 : 0 ~ r7-
1 > ;a > ;o ;i > :a D6 

: : :< : : : 
:a ;a > ;a > > ;a 96 

.1 > :a > > > :a > DD 

J i; a; a; i; O: i; i; o I 96 

I:: I<::: I 
11 > > > > > :0 > I FD 

I i; a : a ;i ;a > ;i :a -I 96 

I : : >: : : : I 
*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 



Register E.. 

B 00 0 
c 00 1 
D 010 
E 0 11 
H 100 
L 101 
A 1 1 1 

Description: 

The s operand is subtracted from the contents of the 
Accumulator, and the result ·is stored in the 
Accumulator. 

I N ST RU CT I 0 ti ~·! CYCLES T STATES ------ -----
SUB r 1 4 
SUB n 2· 7(4,3) 
SUB ( H L) 2 7(4,3) 
SUB (I X+d) 5 19(4,4,3,5,3) 
SUB (I y +d) 5 19(4,4,3,5,3) 

Condition Bits Affected: 

Exar.iple: 

S: Set if result is negative; 
reset otherwise 

Z: Set if resul~ is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if borrow from 
Bit 4; reset otherwise 
Set if overflow; 
reset otherwise 
Set 
Set if borrow; 
reset otherwise 

4 ~1H z 

l. 00 
l. 7 5 
l. 7 5 
4. 7 5 
4. 7 5 

E.T. 

If th~ Ac~umulatoT contains 29H and register D contains 
llH, after the execution of 

SUB D 

the Accumulator will contain 18H. 



SBC A, ·s 

Operation: A-A-s-CY 

Format: 

Opcode Operands 

SBC A,s 

The s operand is any of r,n,(HL),(IX+d) or (IY+d) as 
defined for the analogous ADD instruc.tions. These 
various possible opcode-operand coabinations are 
assembled as follows in the object code: 

SBC A,r 

snc A,n 

SI3C A, (UL) 

SBC A,(IX+d) 

SBC A,(IY+d) 

11:0:0:1:1~r~ 

11'.i:O>>: : :o 

I:::<::: 
11:0:0>>>>> 

>>>>>:n;i 

: : >: : : : 

1:0:0:1:1:1:1:0 

: : :< : : : 

DE 

9E 

DD 

9E 

FD 

9E 

*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 



Register !:.. 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

'The s operand, along with the Carry Flag ("C" in the F 
register) is subtracted from the.contents of the 
Accumulator, and the result is stored in the 
Accumulator. 

INSTRUCTION M CYCLES T STATES 

SBC A ,.r 4 
SBC· A,n 2 7(4,3) 
SBC A, (HL) 2 7 ( 4' 3) 
SBC A, (IX+d) 5 19(4,4,3,5,3) 
SBC A, (IY+d) 5 19(4,4,3,5,3) 

Condition Bits Affected: 

Exanple: 

S: ~et if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

·res e t otherwise 
Set if borrow fron 
Bit 4; reset otherwise 
Set if overflow; 
reset otherwise 

N: Set 
C: Set if borrow; 

reset otherwise 

4 !·!HZ E.T. 

l. 00 
l. 7 s 
1. 7 s 
4. 7 s 
4. 7 5 

If the Accumulator contains l6H, the carry flag is set, 
the HL register pair contains 343311, and address 3433H 
contains OSH, after the execution of 

SBC A, (HL) 

the Accumulator will contain LOH. 



~ND s 

Operation: A~ A/\ s 

Format: 

Opcode Operands 

AHO s 

The s operand is any of r,n,(HL),(IX+d) or (IY+d), as 
defined for the analogous ADD instructions. These 
various possible opcode-operand combinations are 
assembled as follows in the object code: 

AND r 

AND n 

AND (HL) 

AiJD (ILC+d) 

Atrn (I Y+<l) 

: a: 1: o: a ~r~I 

> '.i :a :a '.i > > I E6 

: : :< : : : I 
:a > :a ;o > > ;a I A6 

> :a > > > > > I DD 

l 1 :0>>>>>>I % 

-:>:::·:1 
:i:i:i:i:i:o'.il FD 

: ~ : 1'. 0 : n : 1'. : o j A6 

: : >: : : : I 
* r id e n t i f i c s r e p, i s t c r s i3 , C , D , t: , l l , L o r . ,\ a s s e CT b 1 e d a s 
follows in the object code field above: 



Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

A logical AND opera,tion is performed between the byte 
specified by the s operand and the byte contained in the 
Accumulator; the result is stored in the Accumulator. 

INSTRUCTION M CYCLES T STATES 

AND r 1 4 
AND n 2 7(4,3) 
AND (H L) 2 7(4,3) 
A~ND (IX+d) 5 19(4,4,3,5,3) 
AND (I X+d) 5 19(4,4,3,5,3) 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 
P/V: 

N: 
c: 

reset otherwise 
Set 
Set if parity even; 
reset otherwise 
Reset 
Reset 

4 MHZ E.T. 

1. 00 
1. 7 5 
l • 7. 5 
4. 7 5 
4. j 5 

If the B register contains 7BH (0111 1011) and the 
Accumulator contains C3H (1100 0011) after the execution 
of 

AND B 

the Accumulator will contain 43H (01000011). 



:JR s 

Operation: A~ A Vs 

Format: 

Opcode Operands 

OR s 

The s operand is any of r,n,(HL),{IX+d) or (IY+d), as 
defined for tqe analogous ADD instructions. These 
various possible opcode-operand cocbinations are 
assembled as follows in the object code: 

OR r 

OR n 

OR ( HL) 

OR ( IX+d) 

OR (IY+d) 

:a:i;i:o~r~ 

1 > > > : 0 > > : 0 F6 

: : :< : : : 
1 : 0 : 1 > : 0 > > : 0 86 

1 > : 0 > > > : 0 > DD 

: 0 : 1 : i: 0 > > : 0 86 

: : :< : : : 
1:1:1:1:1:1;o;i 

i'.O:i'.i'.O:<<a 
: : :< : : : 

FD 

86 

*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 



Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

A logical OR operation is performed between the byte 
specified by the s operand and the byte contained in the 
Ac~umulat~r; the result is stored in the Accumulator. 

INSTRUCTION 

OR r 
,OR n 
OR (HL) 
OR (IX+d) 
OR (IY+d) 

Condition 

Example: 

Bits 

s: 

z: 

H: 
P/V: 

N: 
c: 

M CYCLES T STATES 4 MHZ E.T. 

1 4 1. 00 
2 7(4,3) 1. 7 5 
2 7(4,3) 1. 7 5 
5 19(4,4,3,5,3) 4. 7 5 
5 19(4,4,3,5,3) 4. 7 5 

Affected: 

Set if result is negative; 
reset otherwise 
Set if result is zero; 
reset otherwise 
Reset 
Set if parity even; 
reset otherwise 
Reset 
Reset 

If the H register contains 48H (010001000) and the 
Accumulator contains l2H (00010010) after the execution 
of 

OR H 

the Accumulator will contain 5AH (01011010). 



XOR s 

Operation: A+-A·'iJs 

Format: 

Opcode Operands 

XOR s 

The s operand is any of r,n, (HL),(IX+d) or (IY+d), as 
defined for the analogous ADD instructions. 'these 
various possible opcode-operand combinations are 
assembled as follows in the object code: 

XOR r 

XOR n 

XOR (HL) 

XOR (IX+d) 

XOR ( IY+d) 

1 ;a> ;a >7-7r7--
< i: < 0 > > > :a EE 

: : :< : : : 
1 : 0 : 1 : 0 : 1 : 1 : 1 : 0 AE 

< < a: < < 1 ;,a : 1 DD 

< a: < a: i:. < < 0 AE 

: : >:::: 
'I.< < 1 : < i; i: a: 1 

1i:o;i;o;i;i;i;o 
I : : : < : : : 

FD 

AE 

*r identifies registers B,C,D,E,ll,L or A assembled as 
f-0llnws in the object code field above: 



Regt"ster r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

A logical exclusive-OR operation is performed between 
the byte specified by the s operand and the byte 
contained in the Accumulator; the result is stored in 
the Accumulator. 

INSTRUCTION M CYCLES T STATES 

XOR r 1 4 
XOR n 2 7(4,3) 
XOR (HL )" 2 7(4,3) 
XOR (I X+d) 5 19(4,4,3,5,3) 
XOR (IY+d) 5 19(4,4,3,5,3) 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

H: 
P/V: 

N: 
c: 

Reset 
Set if parity even; 
reset otherwise 
Reset 
Reset 

4 MHZ E.T. 

1. 00 
1. 7 5 
1. 7 5 
4. 7 5 
4. 7 5 

If t~e Accumulator contains 96H (10010110), &fter the 
execution of 

XOR 5DH (Note: 5DH = 01011101) 

the Accumulator will contain CBH (11001011). 



:::P s 

Operation: A- s 

Fo rt:ia t: 

Opcode Operands 

CP s 

The s operand is any of r,n,(HL) ,(IX+d) or (IY+d), 'as 
defined for the analogous ADD instructions. These 
various possible opcode-operand combinations are 
assembled as follows in the object code: 

CP r 

CP n 

CP (HL) 

CP (IX+d) 

CP (IY+d) 

-Ii; a: i; < i;~r~j 
I < < < < < < < 0 I FE 

I::>:::: I 

I 1 > :a > > > :a :i I DD 

I < a; i: i: 1 : i: < 0 I BE 

[ : : : < : : : I 
I < < 1 > > > :a > I FD 

I < a: < < < < 'i: 0 I BE 

I : : >: : : : I 
*r identifies registers B,C,D,E,H,L or A assembled as 
follows in the object code field above: 



Register E.. 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

The contents of the s operand are compared with the 
contents of the Accumulator. If there is a true 
compare, the Z flag is set. The execution of this 
instruction does not affect the contents of the 
Accumulator. 

INSTRUCTION M CYCLES T STATES 

CP r 1 4 
CP n 2 7(4,3) 
CP (HL) 2 7(4,3) 
CP (I X+d') 5 19(4,4,3,5,3) 
CP ( IY+d) 5 19(4,4,3,5,3) 

:ondition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if borrdw from 
Bit 4; reset otherwise 
Set if overflow; 
reset otherwise 
Set 
Set if borrow; 
reset otherwise 

4 MHZ 

1. 00 
1. 7 5 
1. 7 5 
4. 7 5 
4. 7 5 

E.T. 

If the Accumulator contains 63H, the HL register pair 
contains 6000H and memory location 6000H contains 60H, 
the instruction 

CP (HL) 

will result in the P/V flag in the F register bein' 
reset. 

'I ,,n 



l'NC r 

Operation: r +- r + 1 

Format: 

Opcode Operands 

INC r 

IO: O~r~ 1: O: 0 I 
Description: 

Register r is incremented. r identifies any of the 
r,egisters A,B, C,D,E,H or L, assembled as follows in the 
object code. 

M CYCLES: 

Condition 

Register r 

A 111 
B 000 
c 001 
D 010 
E 011 
H 100 
L 101 

1 T STATES: 4 4 MHZ E.T.: 1. 00 

Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if carry from 
Bit 3; reset otherwise 
Set if r was 7FH before 
operation; reset otherwise 
Reset 
Not affected 



Example: 

If the c~ntcnts of register D are 28ll, after the 
execution of 

IHC D 

the contents of register D will be 29H. 

1 ')n 



NC CHLJ 

Operation: (HL) +- (HL)+1 

Format: 

Opcode Operands 

me (HL) 

Description: 

The byte contained in the address specified by the 
contents of the HL register pair is incremented. 

H CYCLES: 3 T STATES: 11(4,4,3) 4 HHZ E.T. : 2. 7 5 

Condition Bits Affected: 

s: Set if result is ~egative; 
reset otherwise 

z: Set if result is zero; 
reset otherwise 

H·: Set if carry from 
Bit 3; reset otherwise 

P/V: Set if (HL) was 7FH before 
operation; reset otherwise 

N: Reset 
c: Not Affected 

Example: 

If the contents of the HL register pair are 3434H, and 
the contents of address 3434H are 82H, after the 
execution of 

INC (111) 

memory location 3434H will contain 83H. 





Operation: (IX+d) ~ (IX+d)+1 

Format: 

Opcode Op er ands 

me (IX+d) 

11 : i: 0 > > > : 0 > I DD 

I a : a ;i > ;a ;i ;a ;a I 34 

I : : : d : : : : I 

Description: 

INC CIX+dJ 

The contents of the Index Register IX (register pair IX) 
are added to a two's complement displacement integer d 
to point to an address in memory. The contents of this 
address are then incremented. 

M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 UHZ E.T.: 5. 75 

Condition Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result .is zero; 

H: 

P/V: 

N: 
c: 

reset otherwise 
Set if carry from 
Bit 3; reset otherwise 
Set if (IX+d) was 7FH before 
operation; reset otherwise 
Reset 
lfo t a f f e c t e d 



Ex amp.le: 

If the contents of the Index Register pair IX are 2020H, 
and the memory location 2030H contains byte 34H, after 
the execution of 

INC (IX+lOH) 

the contents of mecory location 2030ij will be 350. 

1,... n 



Operation: (IY+d)+- (IY+d)+1 

Format: 

Opcode Operands 

INC (IY+d) 

11 > > > > > : 0 > I FD 

I a .; a; -i.; i; a; i; a ;a ,- 34 

I : : >: : : : I 
Description: 

INC CIY+dJ 

The contents of the Index Register IY (register pair IY) 
are added to a two's complement displacement integer <l 
to point to an address in memory. The contents of this 
address are then incremented. 

M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 5. 75 

Condition Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H . . -
P/V: 

N: 
c: 

reset otherwise 
Set if carry from 
Bit 3; reset otherwise 
Set if (IY+d) was 7FH before 
operation; reset otherwise 
Reset 
Not Affected 



Example: 

If the contents of the Index Register pair IY are 2020H, 
and the memory location 2030ll contain bfte 34H, after 
the execution of 

INC (IY+lOH) 

the contents of memory location 2030H will be 35H. 



DEC m 

Operation: m +- m-1 

Format: 

Opcode Operands 

DEC m 

Them operand is any of r, (HL),(IX+d) or (IY+d), as 
defined for the analogous INC instructions. These 
various possible opcode-operand combinations ar·e 
assembled as follows in the object code: 

DEC r 0 :O~r~l :a> 
DEC (HL) 0 :o;.i:1:0:1:0:1 35 

DEC (IX+d) 1 :1:0:1:1:1:0:1 DD 

0 :a > > :a > :a > 35 

; ; >; ; ; ; 
DEC (IY+d) 1 >>>>>>> FD 

0 :o ;i ;,i :o > :o '.1 35 

; ; >; ; ; ; 

*r identifies registers B,C,D;E,H,L or 4 assembled as 
follows in the object code field above: 



Register E. 

B 000 
c 001 
D· 010 
E op 
H 100 
L 101 
A 111 

Description: 

The byte sp~cified by the m operand is decremented. 

INSTRUCTION M CYCLES T STATES 

DEC r 1 4 
DEC (HL) 3 11(4,4,3) 
DEC· (I X+d) 6 23(4,4,3,5,4,3) 
DEC (I Y+d) 6 23(4,4,3,5,4,3) 

Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

z : ·set if res u 1 t is zero ; 

H: 

P/V: 

N: 
C: 

reset otherwise 
Set if borrow from 
Bit 4, reset otherwise 
Set if m was 80H before 
operation; reset otherwise 
Set 
Not affected 

4 MHZ 

1. 00 
2.75 
5.75 
5.75 

E.T. 

If the D register contains byte 2AH, after the execution 
of 

DEC D 

register D will contain 29H. 



-GENERAL PURPCSE ARilHflIC AND CPU CONTROL GROOPS-
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DAA 

Operation: 

Format: 

Opcode 

DAA 

Description: 

This instruction conditionally adjusts the Accumulator 
for BCD addition and subtraction operations. For 
addition (ADD, ADC, INC) or subtrac~ion (SUB, 
SBC,DEC,NEG), the following table indicates the 
operation performed: 

HEX HEX 
VALUE VALUE NUMBER 

c IN H IN ADDED 
BEFORE UPPER BEFORE LOWER TO 

OPERATION DAA DIGIT DAA DIGIT BYTE 
(bit (bit 
7-4) 3-0) 

0 0-9 0 0-9 00 

l 
0 0-8 0 A-F 06 

ADO 0 0-9 l 0-3 06 
ADC 0 A-F 0 0-9 60 
INC 0 9.-F 0 A-F 66 

o· A-F l 0-3 66 
l 0-2 0 0-9 60 
l 0-2 0 A-F 66 
l 0-3 1 0-3 66 

SUB 

} 0 0-9 0 0-9 00 
SBC 0 0-8 l 6-F FA 
DEC l 7-F 0 0-9 AO 
NEG l 6-F l 6-F 9A. 

M CYCLES: l T STATES: 4 4 MHZ E.T.: 1.00 

c 
AFTER 
DAA 

0 
0 
0 
1 
1 
1 
1 
1 
1 

0 
0 
1 
1 



Condition Bits Affected: 

s: 

z: 

H: 
P/V: 

N: 
C: 

Exanple: 

Set if most significant bit 
of Acc. is 1 after operation; 
reset otherwise 
Set if Acc. is zero after operation; 
reset otherwise 
See instruction 
Set if Acc. is even parity after 
operation; reset otherwise 
Not affected 
See instruction 

If an addition operation is performed between 15 (BCD) 
and 27 (BCD), ~imple decimal arithnetic gives this 
result: 

15 
+27 
42" 

But when the binary representations are added in the 
Accumulator according to standard binary arithmetic, 

0001 
+0010 

0011 

0101 
0111 
1100 JC 

the sue is acbiguous. The DAA instruction adjusts this 
result so that the correct BCD representation is 
obtained: 

0011 
+0000 

0100 

1100 
0110 
0010 - 42 



PL 

Operation: A~A 

Format: 

Opcode 

CPL 

Description: 

The contents of the Accumulator (register A) are 
inverted (l's complement). 

M CYCLES: 1 T STATES·: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: 

s: Not affected 
z: Not affected 
H: Set 

p /V:_ Not affected 
N: Set 
c: Not affected 

Example: 

If the contents of the Accumulator are 1011 0100, after 
the execution of 

CPL 

the Accumulator ·contents will be 0100 1011. 



1.JI JI 



NEG 

0 per at ion : A ~ 0-A 

Format: 

Opcode 

NEG 

I < < < a: < < a: 1.1 ED 

I a: < O: a: O: < a; a I 44. 

Description: 

The contents of the Accumulator are negated (two's 
complement). This is the same as subtracting the 
contents of the Accumulator from zero. Note that 80H is 
left unchanged. 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T. : 2. 00 

Condition Bits Affected: 

s: Set if result is neg·ative; 
reset otherwise 

z: Set if result is zero; 
reset otherwise 

H: Set if borrow from 
Bit 4; reset otherwise 

P/V: Set if Acc. was SOR before 
operation; reset otherwise 

N: Set 
C: Set if Acc. was not OOH before 

operation; reset otherwise 



Example: 

If the contents of the Accumulator are 

I l I a I a I l I 1 I 0 0 0 

after the execution of 

NEG 

the Accumulator contents will be 

0 l l 0 l 0 0 0 



Operation: CY ~cv 

Format: 

Opcode 

CCF 

Description: 

The Carry flag in the F register is inverted. 

M CYCLES: l T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: 

s: 
Z: 
H: 

P/V: 
N: 
c: 

Not affected 
Not affected 
Previous carry will be copied 
Not affected 
Reset 
Set if CY was 0 before 
operation; reset otherwise 

CCF 



SCF 

Operation: cv~1 

Format: 

Opcode 

SCF 

I a: 0: 1 >:a: 1 >>I 37 

Description: 

The Carry flag in the F register is set. 

~1 CYCLES: T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: 

S: Not affected 
Z: Not affected 
H: Reset 

P/V: Not affected 
N: Reset 
C: Set 



Operation: 

Format: 

Opcode 

NOP 

Description: 

NOP 

The CPU performs no operation during this machine cycle. 

M CYCLES: T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: None 



HALT 

Operation: 

Format: 

Opcode 

HALT 

Description: 

The HALT instruction suspends CPU operation until a 
subsequent interrupt or reset is received. While in the 
halt state, the processor will execute NOP's to maintain 
memory refresh logic. 

M CYCLES: 1 T STATES: 4 4 MHZ E.T. : 1. 00 

Condition Bits Affected: None 



Operation: IFF+-0 

Format: 

Opcode 

DI 

Description: 

DI disables the maskable interrupt by resetting the 
interrupt enable flip-flops<IFFl and IFF2). Note that 
this instruction disables the maskable interrupt during 
its execution. 

M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bite Affected: None 

Example: 

When the CPU executes the instruction 

DI 

the maskable interrupt is disabled until it is 
subsequently re-enabled by an EI instruction. The CPU 
will not respond to an Interrupt Request (INT) signal. 

DI 



El 

Operation: IFF ~ 1 

Format: 

Opcode 

EI 

Description: 

The enable interrupt instruction will set both interrupt 
enable flip flops (IFF! and IFF2) to a logic 'l' 
allowing recognition of any oaskable inter~upt. Note 
that during the execution of this instruction and the 
following instruction, maskable interrupts will be 
disabled. 

M CYCLES: T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: None 

Example: 

When the CPU executes instruction 

EI 
RETI 

the maskable interrupt will be enable~ after the 
execution of the RETI instruction. 



Operation: 

Format: 

Opcode Operands 

IM 0 

li>>>>>:O>I ED 

I a > ;a :a :a : 1 > :a I 46 

Description: 

IM 

The IM 0 instruction sets interrupt mode ·o. In this 
mode the interrupting device can insert any instruction 
on the data bus for execution by the CPU. The first 
byte of a multi-byte instruction is read during the 
interrupt acknowledge cycle. Subsequent bytes are read 
in by a normal memory read sequence. 

H CYCLES: 2 T STATES: 8(4,4) 4 HHZ E.T.: 2.00 

Condition Bits Affected: Nong 



Operation: 

Format: 

Opcode Operanas 

IM 1 

11 '.1 ;i :a ;i '.i :O '.i I ED 

I a ;i : a ;i ;a > ;i ;a I 56 

Description: 

The IM instruction sets interrupt mode 1. In this mode 
the processor will respond to an interrupt by executing 
a restart to location 0038H. 

H CYCLES:· 2 T STATES: 0(4,4) 4 MHZ E.T.: 2.00 

Condition Bits Affected: . None 



Operation: 

Format: 

Opcode Operands 

IM 2 

11:1;i:a:r;i;o;11 ED 

I 0 : 1 : 0 > > : > :a I 5E 

Description:· 

IM 

The IU 2 instruction sets the vectoreed interrupt mode 
2. This mode allows an indirect call to any memory 
location by an 8 bit vector supplied from the peripheral 
device. This vector then becomes the 1east significant 
8 bits of the indirect pointer while the I register in 
the CPU provides the most significant 8 bits. This 
address points to an addreess in a vector table which is 
the starting address for the interrupt service routine. 

H CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 

Condition Bits Affected: None 

2 
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-16 BIT ARITH~ETIC GROUP-





ADD HL, SS 

Operation: H L - H L +ss 

Faro.at: 

Opcode Operands, 

ADD HL,ss 

Description: 

The contents of register pair ss (any of register pairs 
BC,DE,HL or SP) are added to the contents of register 
pair HL and the result is stored in IIL. Operand ss is 
specified as follows in the asseo.bled object code. 

Reg is t er 
Pair SS 

BC 00 
DE 01 
HL .10 
SP 11 

H CYCLES: 3 T STATES: 11(4,4,3) 4 UHZ E.T. : 2. 7 5 

Condition Bits Affected: 

s: Not affected 
z: Hot affected 
H: Set if carry out of 

Bit 11 ; reset otherwise 
P/V: !lot affected 

N: Reset 
c: Set if carry f roc. 

Bit 15; reset otherwise 
/ 



Exanple: 

If register pair HL contains the in~egcr 4242ll and 
register pair DE contains llllH, after the execution of 

ADD HL,DE 

the HL register pair will contain 5353ll. 

1rn 



~DC HL, SS 

Operation: HL-HL+ss+CY 

Format: 

Opcode Operands 

ADC HL,ss 

I<<<< >>>I ED 

.Ja'.i:S'.s'.i:O'.i:OI 
Description: 

The contents of register pair ss (any of register pairs 
BC,DE,HL or SP) are added wit~ the Carry Flag (C flag in 
the F register) to the contents of register pair HL, and 
the result is stored in HL. Operand ss is specified as 
follows in the assembled object code. 

Register 
Pair SS 

BC 00 
DE 01 
HL 10 
SP 1 1 

H CYCLES: 4 T STATES: 15(4,4,4,3) 4 ?1HZ E.T.: 3.75 

Condition Bits Affected: 

s: 

z: 

H: 

P/V: 

H: 
c: 

Set if result is negative; 
r e s e t o t h' e r w i s e 
Set if result is zero; 
reset otherwise 
Set if carry out of 
Bit 11; reset otherwise 
Set if overflow; 
reset otherwise 
Reset 
Set if carry from 
Bit 15; reset otherwise 



Example: 

If the register pair BC contains 2222H, register pair HL 
contains 5437H and the Carry Flag is set, after the 
execution of 

ADC HL,BC 

the contents of UL will be 765AH. 



SBC HL, SS 

Operation: HL-HL-ss-CY 

Format: 

Opcode Operands 

SBC HL,ss 

11:1:i:o:i:1:0:11 ED 

lo: 1'.s'.s'.0:0: 1'.ol 
Description: 

The contents of the register pair ss (any of register 
pairs BC,DE,HL or SP) and the Carry Flag (C flag in the 
F register) are subtracted from the contents of register 
pair HL and the result is stored in HL. Operand ss is 
specified as follows in the assembled object code. 

Register 
Pair ~ 

BC 00 
DE 0 l 
HL l 0 
SP l l 

M CYCLES: 4 T STATES: 15(4,4;4,3) 4 ~1 HZ E.T. 

Condition Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if iesult is zero; 
reset otherwise 

H.: Set if a borrow from 

P/V: 
Bit 
Set 

12;reset otherwise 
if overflow; 

reset otherwise 
N: Set 
C: Set if borrow; 

reset otherwise 

3. 7 5 



Example: 

If the contents of the UL register pair are 9999H, the 
contents of register pair DE arc llllll, and the Carry 
Flag is set, after the execution o( 

SBC llL,DE 

the contents of UL vill be 8887ll. 



ADD IX, pp 

Operation: IX~IX+pp 

Format: 

Opcode Ope r an'd s 

ADD IX,pp 

j 1 : 1 : 0 :i > > :a > I DD 

1 o: a-: p: p: 1: a: a: 1 I 

Description: 

The contents.of resister pair pp (any of register pairs 
BC,DE,IX or SP) are added to the contents of the Index 
Re3ister IX, and the results are stored in IX. Operand 
pp is specified as follows in the assembled object code, 

Register 
Pair -- ...El:_ 

BC 00 
DE 01 
IX 10 
SP 11 

M CYCLES: 4,T STATES: 15(4,4,4,3) 4 l1HZ E.T.: 3.75 

Condition Bits Affected: 

s.: Not affected 
z: Hot affected 
H: Set if carry out of 

Bit l l ; reset otherwise 
p/V: Hot affected 

N: Re sc t 
c: Set if carry f roo 

Bit 15 ; reset otherwise 



Example:· 

If the contents of Index Register IX are 333H and the 
contents of register pair BC are SSSSH, after the 
execution of 

ADD IX,BC 

the contents of IX will be 8888H. 



ADD IY, rr 

Operation: IV~ IY+rr 

Format: 

Opcode Operands 

ADD IY,rr 

11:i;i;i;i;i:a;i1 FD 

I 0 : 0 : r : r : 1 : 0 : 0 : 1 I 
Description: 

The contents of register pair rr (any of register pairs 
BC,DE,IY or SP) are added to the contents of Index 
Register IY, and the result is stored in IY. Operand rr 
is 'specified as follows in the assembled object code. 

Register 
Pair rr 

BC 00 
DE 01 
IY 10 
SP 11 

M CYCLES: 4 T STATES: 15(4,4,4,3) 4 MHZ E.T.: 3.75 

Condition Bits Affected: 

s: 
z: 
H: 

P/V: 
N: 
c: 

Not affected 
Not affected 
Set if carry out of 
Bit 11; reset otherwise 
Not affected 
Reset 
Set if carry from 
Bit 15; reset otherwise 



Example: 

If the contents of Index Register IY are 333H and the 
contents of register pair BC are SSSH, after the 
execution of 

ADD IY,BC 

the contents of IY will be 8888H. 



INC SS 

0 p er a t i o n : ss ~ ss + 1 

Format: 

Opcodes Operands 

INC SS 

I a : a : s : s : a : a : 1 : 1 I 
Description: 

The contents of register pair ss (any of register pairs 
BC, DE,HL or SP) are incremented. Operand ss is 
specified as ·follows in the assembled object code. 

Register 
Pair SS 

BC 00· 
DE 01 
HL 10 
SP 11 

M CYCLES: 1 T STATES: 6 4 MHZ E.T. 1. so 

Condition Bits Affected: None 

Example: 

If the register pair contains lOOOH, after the execution 
of 

INC UL 

llL will contain 1001H. 



Operation: IX+- IX+ 1 

Format: 

Opcode Operands 

me IX 

j 1 > : 0 > > > :a > I DD 

I a; a; < a; a :O > > I 23 

Description: 

INC 

The contents of the Index Register IX are incremented. 

U CYCLES: 2 T STATES: 10 ( 4, 6) 4 MHZ E.T. : 2. 5 0 

Condition Bits Affected: None 

Example: 

If the Index Register IX contains the integer 3300H 
after the execution of 

INC IX 

the contents of Index Register IX will be 3301H. 

11n 

IX 



INC IY 

Operation: IY+-IY+1 

Format: 

Opcode Operands 

INC IY 

I < < i; < i: ' < 0 : 1 I FD 

I a ;a ;i ;a :O ;a ;i ;i I 23 

Description·: 

The contents of the Index ~egister IY are incremented. 

M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E. T • : 2. 5 0 

Condition Bits Affected: None 

Example: 

If the contents of the Index Register are 2977H, after 
the execution of 

INC IY 

the contents of Index Register IY will be 2978H. 



DEC 

0 p er a t i o .n : ss '*-- ss -1 

Format: 

Opcode Operands 

DEC SS 

-Description: 

The contents of register pair ss (any of the register 
pairs BC,DE,HL or SP) are decrem~nted. Operand ss is 
specified as follows in t.he assembled object code. 

Pair ss 

BC 00 
DE 01 
HL 10 
SP 11 

M CYCLES: l T STATES: 6 4 MHZ E.T. : 1. so· 

Condition Bits Affected: None 

Example: 

If register pair HL contains lOOlH, after the execution 
of 

DEC HL 

the contents of HL will be lOOOH. 

1 /I') 

SS 



DEC IX 

Operation: 1x..-1x-1 

Format: 

Opcode Operands 

DEC IX 

j 1 : 1 : 0 : 1 : 1 : 1 : 0 : 11 DD 

I a : a : 1 : a : 1 : a : 1 : 1 I 2s 

Description: 

The contents of Index Register IX are decremented. 

M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T.: 2.50 

Condition Bits Affected: None 

Example: 

If the contents of Index Register IX aie 2006ll, after 
the execution of 

DEC IX 

the contents of Index Register IX will be 200SH. 



Operation: IV~ IV -1 

Format: 

Opcode Operand's 

DEC IY 

I i; i; i; < 1 > :a ;i I FD 

I a ;a ;i ;a ;i ;a ;i ;i I 2s 

Description: 

DEC 

The contents of the Index Register IY are decremented. 

M CYCLES: · 2 T STATES: 10 (4,6) 4 MHZ E.T.: 2.50 

Condition Bits Affected: Uone 

Example: 

If the contenta of the Index Register IY are 7649H, 
after the execution of 

DEC IY 

the contents of Index Register IY will be 7648H. 

IY 



-ROTATE AND SHIFT GROJP-
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=1LCA 

Operation: 

Format: 

Opcode Operands· 

RLCA 

Description: 

The contents of the Accunulator (register A) are rotated 
left one bit position. The sign bit (bit 7) is copied 
into the Carry Flag and also intn bit O. Bit 0 is the 
least significant bit. 

M CYCLES: T STATES 4 4 ~1HZ E.T. : l. 00 

Condition Bits Affected: 

s: Not affected 
z: Not affected 
H: Reset 

P/V: Not affected 
N: Reset 
c: Data from Bit 7 of Acc. 



Example: 

If the contents of the Accumulator are 
I 

7 6 5 4 3 2 0 

I 1 I 0 0 0 0 0 I ol 

after the execution of 

RLCA 

the contents of the Accumulator and Carry Flag ..., i 11 be 

c 7 6 s 4 3 2 0 

OJ I 0 0 0 0 0 0 

170 



RLA 

Operation: 
A 

Format: 

Opcode Operands 

RLA 

Description: 

The contents of the Accumulator (register A) are rotated 
left one bit position through the Carry Flag. The 
previous content of the Carry Flag is copied into bit 0. 
Bit 0 is the least significant bit • 

. H .CYCLES: T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: 

s: ~J 0 t affected 
z: Not affected 
H: Reset 

P/V: Not affected 
,,r • •'. Reset 
C: Data fr on Bit 7 of Acc. 



Cxar.1p 1 e: 

If the contents of tlle,Accunulator and the Carry Flag 
are 

c 7 6 s 4 3 2 0 

after the execution of 

RLA 

the contents of the Accumulator a~d the Carry Flag will 
be 

c 7 6 5 4 ' 3 2 0 

1nn 



=1RCA 

Operation: 

Format: 

Opcode Operands 

RRCA 

Description: 

The contents of the Accumulator (register A) ar~ rotated 
right one bit position. Bit 0 is copied into the Carry 
Flag and also into bit 7. Bit 0 is the least 
significant bit. 

M CYCLES: T STATES: 4 4 MHZ E.T.: 1.00 

Condition Bits Affected: 

s: Not affected 
z: Not affected 
H: Reset 

P/V: Not affected 
N: Reset 
c: Data from Bit 0 of Acc. 



Exal!lplc: 

If the contents of the Accumulator are 

7 6 5 4 3 2 0 

After the execution of 

RRCA 

the contents of the Accumulator and the Carry Flag will 
be 

7 6 5 4 3 2 0 c 

0 0 0 



4RA 

( 

Operation: 
A 

Format: 

Opcode Operands 

RRA 

Descriptiun: 

The contents of the Accumulator (register A) are rotated 
right one bit position through the Carry Flag. The 
previous content of the Carry Flag is copied into bit 7. 

Bit 0 is the least significant bit. 

H CYCLES: T STATES: 4 4 MHZ E.,T. l. 00 

Condition Bits Affected: 

s: Not affected 
z: Not affected 
H: Reset 

P/V: Not affected 
N· Reset 
c: Data frof'.1 Bit 0 of ~cc. 



Ex ample: 

If the contents of the Accumulator and the Carry Flag 
are 

7 6 s 4 3 2 0 c 

after the execution of 

RRA 

the contents of the Accumulator and the Carry Flag will 
be 

7 .6 s 4 3 2 0 c 

I 0 I I I 

,-' 



4LC r 

Operation: 

Format: 

Opcode Operands 

RLC r 

j 1 : <a; a: i: O:', < 1 I CB 

I a :a :a : <a 7-+r~ I 
Description: 

The contents of register r are rotated left one bit 
po s i ti on • The ,con tent of bit 7 is copied into the Car r y 
Flag and also into bit O. Operand r is specified as 
follows in the assembled object code: 

Register r -

B 000 
c 001 
D 010 
E 0 1 1 
H 100 
L 101 
A 1 l 1 

M CYCLES: 2 T STATES: 8 ( 4, 4) 4 MHZ E.T.: 2.00 



~ondition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 
P/V: 

N: 
C: 

reset otherwise 
Reset 
Set if parity even; 
reset otherwise 
Reset 
Data from Bit 7 of 
source register 

If the contents of register r are 

7 6 5 4 3 2 0 

1 o I o I o I I a I a a 

after .the execution of 

RLC r 

the contents of register r and the Carry Flag will be 

c 7 6 5 4 3 2 0 



~LC CHLJ 

Operation: 

Format: 

Bl§J 
(HL) 

Opcode Operands 

RLC (H L) 

I i; i; a; 0 > :0 > > I CB 

I a : a : a. : a : a ;i ;i : a I 06 

Description: 

The contents of the ~emory address specified by the 
contents of register pair HL are rotated left one bit 
position. The content of bit 7 is copied into the Carry 
Flag and also into bit 0. Bit 0 is the least 
significant bit. 

M CYCLES: ~ T STATES: 15(4,4,4,3) 4 MHZ E.T.: 3.75 

Condition Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: S~t if result is zero; 

H: 
P/V: 

~· 

c: 

reset otherwise 
Reset 
Set if parity even; 
r e s e t o t h e r .w i s e 
Reset 
Data from Bit 7 of 
source register 



Example: 

If the contents of the UL register pair are 2828H, and 
the contents of memory location 2828H a~e 

7 6 5 4 3 2 0 

after the execution of 

RLC (HL) 

the contents of memory location 28288 and the Carry Flag 
will be 

c 7 6 5 4 3 2 0 



~LC CIX+dJ 

Operation: 

Format: 

~ 
(IX+d) 

Opcode Operands 

RLC (I X+d) 

11 : 1 : 0 : 1 : 1 > : 0 > I DD 

I : 1 : 0 : 0 : i: 0 : 1 : 1 I CB 

I : : : d : : : : I 
I a : a : 0 : a : o ;i : i; n I 06 

Description: 

The contents of the memory addr~ss specified by the sum 
of the contents of the Index Register IX and a two's 
complement displacement integer d, are rotated left one 
bit position. The content of bit 7 is copied into the 
Carry Flag and also into bit O. Bit 0 is the least 
significant bit. 

M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 5.75 

Condition Bits Affected: 

S: Set if result is· negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

H: 
P/V: 

N: 
c: 

Reset 
Set if parity even; 
reset otherwise 
Reset 
Data from Bit 7 of 
source register 



Ex ample: 

If the contents of the Index Register IX are lOOOH, and 
the contents of memory location 1022H are 

7 6 5 4 3 2 1 0 

1 0 0 0 0 0 0 

after the execution of 

RLC (IX+2H) 

the contents of memory location 1002H and the Carry Flag 
· will' be 

c 7 6 5 4 3 2 0 

010 0 0 0 0 0 



RLC CIY+dJ 

Operation: ~ 
(IY+d) 

Format: 

Opcode Operands 

RLC (I Y+d) 

11 : 1 : i: 1 : 1 : 1 : 0 : FD 

' 11 : 1 : 0 : 0 : i: 0 ;i : CB 

I : : : d : : : : 

I o : n : o : o : o : 1 ;i- : n 06 

Description: 

The contents of the memory address specified by the sum 
of the contents of the Index Register IY and a two's 
complement displacement integer d are rotated left one 
bit position. The content of bit 7 is copied into the 
Carry Flag and also into bit 0. Bit 0 is the least 
significant bit. 

M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E.T.: 5.75 

Condition Bits Affected: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

H: 
P/V: 

N: 
c: 

Reset 
Set if parity even; 
reset otherwise 
Reset 
Data from Bit 7 of 
source register 



Example: 

If the contents of the Index Register IY are lOOOH, and 
the contents of memory location 1002H are 

7 6 s 4 3 2 0 

l 0 0 0 0 0 0 

after the execution of 

RLC (IY+2H) 

the contents of memory location 1002H and the Carry Flag 
will be 

c 7 6 s 4 3 2 0 

1 0') 



RL m 

Operation: 
m 

Format: 

Opcode Operands 

RL m 

Them operand is any of r,(HL), (IX+d) or (IY+d), as 
defined for the analogous RLC instructions. These 
vario~s possible opcode-opeiand coQbinatioris are 
specified as fo~lows in the assembled object code: 

RL r 

RL ( HL) 

RL (IX+d). 

1 : 1 : () : 0 :i : () > > I CB 

0: 0: 0: 1: 0 ~r7-

l : _l : 0 : 0 : 1 : 0 : 1 : l CB 

a: a: a: i: a: < < 0 16 

i; i: a; i: i; i; a: DD 

1 > : 0 : 0 : i : 0 :i : CB 

l : : : < : : : 
I a : a : a : 1 : a ;i ;i : a 16 



RL (I Y+d) 1 ;.i;i;i;i;i:o: 1 FD 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 CB 

; ; ;< ; ; ; 

0 : 0 : 0 : 1 : 0 : 1 : 1 : 0 16 

*r identifies registers B,C,D,E,H,L or A specified as 
f~llows in the assembled object code above: 

Register r, 

B 000 
c OOi 
D 010 
E 011 
H 011 
L l 0 l 
A 111 

Description: 

The contents of the m operand are rotated left one bit 
position. The content of bit 7 is copie~ into the Carrj 
Flag and the previous content of the Carry Flag is 
copied into bit O. 

INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 

RL r 2 8(4,4) 2. 00 
RL (HL) 4 15(4,4,4,3) 3. 7 5 
RL (I X+d) 6 23(4, 4, 3, 5, 4, 3) 5. 7 5 
RL (I Y+d) 6 23(4,4,3,5,4,3) 5. 7 5 

1 OJI 



Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 
P/V: 

N: 
c: 

reset otherwise 
Reset 
Set if parity even; 
reset otherwise 
Reset 
Data from Bit 7 of 
source register 

If the contents of register D and the Carry Flag are 

c 7 6 5 4 3 2 0 

01 0 0 0 1 1 1 

after the execution of 

RL D 

the contents of register D and the Carry Fla~ will be 

c 7 6 5 4 3 2 0 

~I 0 I 0 I 0 I 1 I 1 I 1 I 1 I 0 I 

1 nr-





RRC m 

Operation: ~ 
m 

Format: 

Opcode Operands 

RRC 

Them operand 'is any of r,(HL), (IX+d) or (IY+d), as 
defined for the analogous RLC instructions. These 
various possible opcode-operand combinations are 
specified as follo~s in the asseobled object code: 

RRC r 

RRC OIL) 

RRC ( IX+d) 

1i;i;o;o;i;o;i;i1 CB 

I o: o: o: o: 1 :~r7-I 

I 1 : i; 0 : 0 ;i : 0 ;i ;i I CB 

j o : o; o : o ;i ;i ;i : n j OE 

j 1 > : 0 > > ;i : 0 > I DD 

11 > :a :a > ,;a > > I CR 

I : : >: : : : I 
I 0 ;a : 0 ;a > > > ;a I OE 



RRC (I Y+d) FD 

i: i: 0 : 0 > : 0 > ;i CB 

: : :<::: 

*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code above: 

Register r 

B 000 
c 001 
D 010 
E. 011 
H 100 
L l 0 l 
A 111 

Description: 

The contents of operand m are rotated right one bit 
position. The content of bit 0 is copied into the Carry 
Flag and also into bit· 7. Bit 0 is the least significant 
bit. 

INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 

RRC r 2 8(4,4) 2. 00 
RRC (HL) 4 15(4,4,4,3) 3.75 
RRC (IX+d) 6 23(4, 4, 3, 5, 4, 3) 5. 7 5 
RRC (I Y+d) 6 23(4,4,3,5,4,3) 5. 7 5 

1 .......... 



Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 

H: 
P/V: 

N: 
c: 

reset otherwise 
Re set 
Set if parity even; 
reset otherwise 
Reset 
Data from Bit 0 of 
source register 

If the contents of register A are 

7 6 5 4 3 2 0 

0 0 0 0 0 1 

after the execution of 

RRC A 

the contents of register A and the Carry Flag will be 

7 6 5 4 3 2 0 c 

o a I I I 0 I 0 I 0 I~ 





~R m 

·Operation: 

Format: 

Opcode Operand 

RR m 

The m operand is any of r, (HL), ( IX+d), or ( IY+d), as 
defined for the analogous RLC instructions. These 
various possible opcode-operand cocbinations arc 
specified as follows in the assembled object code: 

RR r 

RR ( HL) 

RR (IX+d) 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 

0: 0: 0: 1 : 1 ~r~ 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 

0 : 0 : 0 : 1 : 1 : 1 : 1 : 0 

1;i:a:i:i:i:a:i 
1: l:a;a: l:a: 1: 

CB 

CB 

IE 

DD 

CB 



RR (IY+d) FD 

1;i:a:a:i:a:i: CB 
: : :< : : : 

*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code above: 

Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

The contents of operand m are rotated right one bit 
position through the Carry flag~ The content of bit 0 is 
copied into the Carry Flag and the previous content of 
t h e C a r r y F 1 a g i s c o p i e d i n t o b i t 7 • B i t 0 i s t h e l e a s' t 
significant bit. 

INSTRUCTION H CYCLES T STATES 4 MHZ E.T. 

RR r 2 8(4,4) 2. 00 
RR (H L) 4 15(4,4,4,3) 3. 7 5 
RR (I X+d) 6 23(4,4,3,5,4,3) 5. 7 5 
RR .(IY+d) 6 23(4,4,3,5,4,3) 5. 7 5 



Condition Bits Affected: 

s: Set if result is negative; 
reset otherwise 

z: Set if result is zero; 
reset otherwise 

H: Reset 
P/V: Set if parity is even; 

reset otherwise 
N: Resc t 
c: Data f roc Bit 0 of 

source register 

Example: 

If the contents of the HL register pair are 4343H, and 
the contents of oecory location 4343H and the Carry Flag 
are 

7 6 5 4 3 2 0 c 

after the execution of 

RR (HL) 

the contents of location 4343H and the Carry Flag will 
be 

7 6 5 4 3 2 0 c 

0 





SLA m 

Operation: ~~o 
m 

Format: 

Opcode Operands. 

SLA m 

The caper-and is any of r, (HL), (IX+d) or (IY+d), as 
defined for the analogous RLC instructions. These 
various possible opcode-operand cocbinations are 
specified as follows in the assembled object code: 

SLA r 
1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 CB 

0 :a :i :a :O~r~ 
S LA (UL) i: i;a:a: i;a: 1: CB 

o : o : i : o : o : i : i : a 26 

S LA· (I X+d) i:i:a:i:i:i:a: DD 

CB 

: : :< : .: : 



SLA (IY+d) 1;i;i:i:i:i:a:i 
<<a:a:i;a;i; 
: : : < : : : 

FD 

CB 

0 : 0 : 1 : 0 : 0 : 1 : 1 : 0 26 
*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code field above: 

Register .E_ 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

An arithmetic shift left one bit position is performed 
on the contents of operand m. The content. of bit 7 is 
copied lnto the Carry Flag. Bit 0 is the least 
significant bit. 

INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 

SLA r 2 8(4,4) 2. 00 
SLA ( H L) 4 15(4,4,4,3) 3. 7 5 
SLA (I X+d) 6 23(4,4,3,5,4,3) 5. 7 5 
SLA (I Y+d) 6 23(4,4,3,5,4,3) 5. 7 5 



Condition Bits Affected: 

Example: 

S: Set if result is negative; 
reset otherwise 

Z: Set if result is zero; 
reset otherwise 

II : 
P/V: 

H: 
c: 

Re set 
Set if parity is even; 
reset otherwise 
Re set 
Data from Bit 7 

If the contents of register L are 

7 6 5 4 3 2 

after the execution of 

SLA L 

0 

the contents of register L and the Carry Flag will be 

c 7 6 5 4 3 2 1 0 





3RA m 

~ 7i-m or.~ Operatio_n: l:::J 

Format: 

Opcode Operands 

SRA tl 

Them operand is any of r, (HL), (IX+d) or (IY+d) ,as 
defined for the analogous RLC instructions. These 
various possible opcode-operand cocbinations are 
specified as follows in the assembled abject code: 

SRA r 1 : 1 : 0 : 0 : I : 0 : 1 : I .1 • CB 

O:o:i;a:1~r~ 
SRA(HL) 1 0 0 1 0 1 CB 

O:o:i;a:i;i;i; 0 2E 

SRA(IX+d) 1 : 1 : 'O : 1 : 1 : 1 : 0 : DD 

i;i;o:a:i;.o:i; CB 

; ; i< ; i i 

o:O:<O:<<< 0 2E 



SRA(IY+d) l:i:i:i:i;i:a;i1 FD 

i;i: a; O: i: o;i;i I cs 
: : : < : : : I 

0: o : i : o : i: i : 1 : o .I 2E 

*r identifies registers B,C,D,E~H,L or A specified aa 
follows in the as~embled object code field above: 

Register E. 

B 000 
c 001 
D 010 
E 011 
H· 100 
L l 0 l 
A 11 l 

An arithmetic shift right one bit position is performed 
on the contents of operarid m. The content of bit 0 is 
copied into the Carry Flag and the.previous conterit of 
bit 7 is unchanged. Bit 0 is the least significant bit. 

INSTRUCTION M CYCLES T STATES · 4 MHZ E. T • 

SRA r 2 8(4,4) 2. 00 
SRA (HL) 4 15(4,4,4,3) 3. 7 5 
SRA (I X+d) 6 23(4,4,3,5,4,3) 5. 7 5 
SRA (I Y+d) 6 2 J( 4 ,'4' 3' 5' 4' 3) 5. 7 5 



Condition Bits Affected: 

s: Set if result is negative; 
reset otherwise 

z: Set if result is zero; 
reset otherwise 

H: Reset 
P/V: Set if parity is even; 

reset othervise 
N: Reset 
c: Data from Bit 0 of 

source register 

Example: 

If the contents of the Index Register IX are lOOOH, and 
the contents of memory location 1003H are 

7 6 5 4 3 2 1 0 

1 a I a I a 

after .the ~xecution of 

SRA (IX+3H) 

the cont~nts of memory location 1003H and the Carry Flag 
will be 

7 6 5 4 3 . 2 0 c 





SRL m 

-o~9 
Operation: ~ 

m 

Format: 

Opcode Ope.rands 

SRL 

The operand m is any of r, (HL), (IX+d) or (IY+d), as 
defined for the analogous RLC instructions. These 
various possible opc6de-opcrand combinations arc 
specified as follous in the assecbled object code: 

SRL r 

SRL (HL). 

SRL (IX+d) 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 

0: 0: 1: 1: 1 ~r~ 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 

0: 0: 1: 1.: 1: 1: 1: 0 

i;1:a;1:1:1:o; 

: : >: : : : 

CB 

CB 

3E 

DD 

CB 

0 : 0 : 1 : 1 : 1 : 1 : 1 : 0 3E 



SRL (IY+d) I 1: 1: 1:1: 1: l:o: FD 

j 1 :i : 0 : 0 : 1 : 0 > : CB 

I : : ~: < : : : 
I 0 : 0 : 1 : 1 : 1 : 1 : 1 : 0 3E 

*r identifies registers B,C,D,E,H,L or A specified as 
follows in the assembled object code fields above: 

Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

Description: 

The contents of operand m are shifted right one bit 
position. The content of bit 0 is copied into. the Carry 
Flag, and bit 7 is reset. Bit 0 is the least significant 
bit. 

INSTRUCTION M CYCLES T STATES 4 MHZ E.T. 

SRL r 2 8(4,4) 2. 00 
SRL (H L) 4 15(4,4,~,3) 3. 7 5 
SRL (IX+d) 6 .ZJ(4,4,3,5,4,J) 5. 7 5 
SRL (IY+d) 6 23(4,4,3,5,4,3) 5. 7 5 



Condition Bits Affected: 

s: Reset 
z: Set if result is zero; 

reset other\olise 
H: Reset 

P/V: Set if parity is even; 
reset otherwise 

N: Reset 
c: Data from Bit 0 of 

source register 

Example: 

If the contents of register B are 

7 6 5 4 3 2 0 

0 0 0 

after the execution of 

SRL B 

the contents of register B and the Carry Flag will be 

7 6 5 4 3 2 0 c 





RLD 

Operation: 

Format: 

A~IHLI 

Opcode Operands 

RLD 

1i:i:i:a:i:i:a:1 ED 

I n : 1 ;i : o : i; i; i; 1 I 6F 

Description: 

The contents of the low order four bits (bits 3,2,1 and 
0) of the oemory location (HL) are copied into the hi3h 
order four bits (7,6,5 and 4) of that saoe oecory 
location; the previous contents of those high order four 
bits are copied into the low order four bits of the 
Accumulator (register A); and the previous contents of 
th~ lov order four bits of the .Accutlula.tor are copied 
into the low order four bits of memory location (HL). 
The contents of the high order bits of the Accunulator 
are u n a {f e c t e d • No t e : 01 L ) me ans t he me co r y 1 o c a t i o n 
s pc c i f i e d b y t he c on t en t s o f t he H L r e g i s t e. r pa i r . 

H CYCLES: 5 T STATES: 18(4,4,3,4,3) 4 llHZ E.T.: 4.50 

Condition Bits Affected: 

S: Set if Acc. is negative after 
operation; reset otherwise 

Z: Set if Acc. is zero after 

II: 
P/V: 

N: 
c: 

operation; reset otherwise 
Re SC t 
Set if parity of Acc. is even 
after operation; reset otherwise 
Reset 
Hot a·ffected 



Ex ample: 

If the contents . 0 f I the HL register pair are SOOOH, and 
the contents of the Ac cum u 1 at or and cecory location 
SOOOH are 

7 6 5 4 3 2 1 0 

0 1 1 1 0 1 I 0 I Accumulator 

7 '6 5 4 3 2 1 0 

0 0 1 0 I 0 I 0 I 1 I (SOOOH) 

after the execution of 

RLD 

the contents of the Accumulator and cecory location 
SOOOH will be 

7 6 5 4 3 2 1 0 

0 1 0 0 1 1 Accumulator 

7 6 5 4 3 2 0 

0 0 0 1 1 0 1 0 (SOOOH) 



RRD 

Operation: A~(HLI. 
Forna t: 

Opcode Operands 

RRD 

1i:i:i:o:i:i:0: ED 

I a ;i ;i : o ; < i; i; 1 67 

Description: 

The contents of the low order four bits (bits 3,2,1 and 
0) of memory location (HL) are copied into the low order 
four bits of the Accumulator (register A); the previous 
contents of the low order four bits of the Accumulator 
are copied into the high order four bits (7,6,5 and 4) 
of location (HL); and the prev~ous contents of the high 
order four bits of (HL) are copied into the low order 
four bits of (HL). The contents of the high order bits 
of the Accumulator are unaffected. Note: (HL) means 
the cemory location specified.by the contents of the HL 
register pair. 

U CYCLES: 5 T STATES: 18 ( 4 , 4, 3, 4, 3') 4 MHZ E.T. : 4. 5 0 

Condition Bits Affected: 

S: Set if Acc. is negative after 
operation; reset otherwise 

Z: Set if Acc. is zero after 

H: 
P/V: 

N: 
c: 

operation; reset otherwise 
Reset' 
Set if parity of Acc. is even after 
operation; reset otherwise 
Reset 
Uot affected 



Example: 

If the contents of the HL register pair are SOOOH, and 
the contents of the Accumulator and memory location 
SOOOH are 

7 6 5 4 3 2 1 0 

I 1 I 0 I 0 I 0 I 0 I 1 I 0 0 Accumulator 

7 6 5 4 3 2 1 0 

0 0 1 0 0 0 0 I 0 (SOOOH) 

after the execution o_f 

RRD 

the contents of the Ac cum u 1 at or and memory location 
SOOOH will be 

7 6 5 4 3 2 1 0 

I 1 I 0 0 0 0 0 0 0 Accumulator 

7 6 5 4 3 2 0 

I 0 I I 0 0 0 0 0 (SOOOH) 

'>'>n 



-BIT SETJ RESET AND TEST GROOP-





BIT b, 

Format: 

r 

Opcode Operands 

BIT b, r 

I i'.i:O:O'.i:O'.i'.il CR 

I a: 1 ~b+--'..-+r+--1 
Description: 

This instruction tests Bit ~ in register r and sets the 
Z flag accordingly. Operands b and r are specified as 
follows in the assembled object code: 

Bit Tested b 

0 000 
1 001 
2 010 
3 0 11 
4 100 
5 101 
6 1 1 0 
7 1 1 l 

Register 

B 
c 
D 
E 
H 
L 
A 

000 
001 
o· 1 o 
0 11 
100 
101 
11 1 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 

Condition Bits Affected: 

s ~ 
z: 

H: 
P/V: 

N: 
c: 

Unknown 
Set if specified Bit is 
O; reset otherwise 

_set 
Unknown 
Reset. 
Not affected 



Example: 

If bit 2 in register B contains 0, after the execution 
of 

BIT 2,B 

the Z flag in the F register will contain 1, and bit 2 
in register B will remain O. Bit 0 in register B is the 
least significant bit. 



31T b, CHLJ 

Operation: z..--(HL)b 

Format: 

Opcode Operands 

BIT b, (H L) 

I : i: a: a: i: .a; i: 1 I CB 

I a: 1~b~1: 1: a 1 

Description: 

This instruction tests bit b in the memory location 
specified by the co~tents of the HL register pair and 
sets the Z flag accordingly. Operand b is specified as 
follows in the assembled object code: 

M CYCLES: 

Condition 

Bit 

3 

Bits 

s: 
z: 

H: 
P/V: 

H: 
c: 

Tested .!2. 

0 
1 
2 
3 
4 
s 
6 
7 

T 

000 
001 
010 
011 
100 
l 01 
110 
l 11 

STATES: 12(4,4,4) 4 MHZ 

Affected: 

Unknown 
Set if specified Bit is 
O; reset otherwise 
Set 
Unknown 
Reset 
Not affected 

E.T.: 3.00 



Example: 

If the HL register pair contains 4444H, and bit 4 in the 
meaory lo~ation 444H contains 1, after the execution of 

BIT 4, (HL) 

the Z flag in the F register will contain O, and bit 4, 
in memory location .444411 will still' contain 1. (Bit 0 in 
memory location 4444H is the least significant bit.) 

??r::. 



BIT b, CIX+dJ 

Format: 

Opcode Operands 

BIL" b,(IX+d) 

:i : 0 :i > > : n; 1 I OD 

'.1'.o'.o'.i:o'.i'.11 cs 

: : :< : : : I 
a: 1~b~l:1: o I 

Description: 

This instruction tests bit b in the memory location 
specified by the contents of register pair IX combined 
with the two's complement displacement d and sets the Z 
flag accordingly. Operand b is specified as follows in 
the assembled object code. 

Bit Tested Q 

0 000 
1 001 
2 010 
3 0 1 1 
4 1 00 
5 101 
6 110 
7 1 1 1 

M CYCLES: 5 T STATES: 20(4,4,3,5,4) 4 MHZ E.T.: 5.00 

Condition Bits Affected: 

s: Unknown 
z: Set if specified Bit is 

0; reset otherwise 

,.,,, "7 



Condition Bits Affected: 

Example: 

s: 
z: 

H: 
P/V: 

N: 
c: 

Unknown 
Set if specified Bit is 
O; reset otherwise 
Set 
Unknown 
Reset 
Not affected 

If ·the contents of Index Register IX are 2000H, and bit 
6 in memory location 2004H contains 1, after the 
execution of 

BIT 6, (IX+4H) 

the Z flag in the F register will contain 0, and biX 6 
in memory location 2004H will still contain 1. (Bit 0 
in memory location 2004H is the least significant bit.) 

??Q 



BIT b, CIY+dJ 

BIT b,(IY+d) 

0 p e r a t i on : Z ~ (I Y +d) b 

Format: 

Opcode Operands 

BIT b, (IY+d) 

1 : i: 1 > '.1 > : 0 > I FD 

1:1:0:0:1:0:1:11 CB 

: : >: : : : I 
o : 1 ~b~ 1 : 1 : o I 

Description: 

This instruc~ion tests bit b in the memory location 
specified by the contents of register pair IY combined 
with the two's complement displacement d and sets the Z 
flag accordingly. Operand b is specified as follows in 
the assembled object code: 

Bit Tested b 

0 000 
1 001 
2 010 
3 0 11 
4 ~00 
5 101 
6 11 0 
7 111 

M CYCLES.: 5 T STATES: 20(4,4,3,5,4) 4 MHZ E.T.: s.oo 



Condition Bits Affected: 

Example: 

s: 
z: 

H: 
P/V: 

N: 
c: 

Unknown 
Set if specified Bit is 
O; reset otherwise 
Set 
Unknown 
Reset 
Not affected 

lf the contents of Index Register are 2000H, and bit 6 
in memory location 2004H contains 1, after the execution 
of' 

BIT 6, ( IY+4H) 

the Z flag in the F register sill contain 0, and bit 6 
in memory location 2004H will still contain 1. (Bit 0 
in memory location 2004H is the least significant bit.) 



SET b, r 

Operation: rb ...._ 1 

Format: 

Ope ode Operands 

SET b,r 

11 : 1 : 0 : 0 : 1 : 0 > : 1 I CB 

11_:1 7-:b7'.--7r7-I 
Description: 

Bit ·b in register r (any of registers B,C,D,E,H,L or A) 
is set. Operands b and r are specified as follows in 
the assembled object code: 

Bit b Register 

0 000 B 
l 001 c 
2 010 D 
3 011 E 
4 100 H 
5 101 L 
6 110 A 
7 111 

M CYCLES: 2 T STATES: 8(4,4) 

Condition Bits Affected: None 

Exacple: 

After the execution of 

SET 4, A 

bit 4 iri register A will be set. 
significant bit.) 

r -
000 
001 
010 
OU 
100 
l 0 l 
111 

4 MHZ E.T.: 2. 00 

(Bit 0 is the least 



SET 

Operation: (HL)b-1 

Format: 

Opcode Operands 

SET b,(HL) 

11'.1:0:0:1'.o'.i'.il CB 

I 1'. 1 ~b~ i; i; n I 
Description: 

b, 

Bit b in the memory location addressed by the contents 
of register pair HL is set. Operand b is specified as 
follows in the assembled object code: 

Bit Tested b 

0 000 
1 00 1 
2 010 
3 01 1 
4 l 00 
s 1 0 1 
6 11 0 
7 1 11 

M CYCLES: 4 T STATES: 15(4,4,4,3) 4 MHZ E.T. 3. 7 s 

Condition Bits Affected: None 

Example: 

If the contents of the HL r~gister pair are 3000H, after 
the execution of 

SET 4,(HL) 

bit 4 in memory location 3000H will be 1. (Bit 0 in 
memory location 3000H is .the least significant bit.) 

CHLJ 



3ET b, 'CIX+dJ 

0 p e r a t i o n : (I X +d) b +- 1 

Format: 

Opcode Operands 

SET b, (IX+d) 

1 > :a > : i; i: a: 1 I .. DD 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 I CB 

; : >: : : : I 
l·'.i ~b~l >:a I 

Description: 

Bit b in the memory location addressed by the sum of the 
contents of the IX register pair and the two's 
complement integer d is set. Operand b is specified as 
follows in the assembled. object code: 

B i1t T e s t e d .Q. 

0 000 
l 001 
2 010 
3 011 
4 100 
5 l 0 l 
6 110 
7 11 1 

M CYCLES: 6 
5. 7 5 

T STATES: 23(4.,4,3,5,4,3) 

Condition Bits Affected: None 

4 MHZ E.T.: 



Example: 

If the contents of Index Register are 2000H, after the 
execution of 

SET O,(IX+3H) 

bit 0 in memory location 2003H will be 1. (Bit 0 in 
memory location 2003H is the least significant bit.) 



SET b, CIY+dJ 

0 p e r a t i o n : (I Y +d) b -+- 1 

Format: 

Opcode Operands 

SET ·b,(IY+d) 

1;i:i:i:i:i:a:1 FD 
> : 0 :a > :a > : CB 

: : :< : : : 

Description: 

Bit b in the memory location addressed by the sum of the 
contents of the IY register pair and the two's 
complement displacement d is set. Operand b is 
specified as follows in the assembled object c~de: 

Bit Tested b 

0 000 
001 

2 0.1 0 
3 011 
4 100 
5 101 
6' 110 
7 111 

M CYCLES: 6 T STATES: 23(4,4,3,5,4,3) 4 MHZ E. T •: 
5. 7 5 

Condition Bits Affected: None 

Example: 

If the contents of Index Register IY are 2000H, after 



the execution of 

SET 0, (IY+3H) 

bit 0 in memory location 2003H will be 1. (Bit 0 in 
memory location 2003H is the least significant bit.) 



RES b, m 

Operation: sb ~ 0 

Format: 

Opcode Operands 

RES b,m 

Operand b is any bit (7 through 0) of the contents of 
them operand,(any of r, (HL), (IX+d) or (IY+d)) as 
defined for the analogous SET instructions. These 
various possible opcode-operand combinations are 
assembled as follows in the object code: 

RES b,r 

RES b, (HL) 

RES b, ( IX+d) 

RES b, ( IY+d) 

1 : 1 : 0 : 0 : 1 : 0 : 1 : 1 

1 : 0 :~b7:~r7 

1 :i :o :a ;i :a ;i > 
:O~b~l >:a 

1 : 1 :a_ : i : 1 : i :a : 1 

i>:O:O>>>> 
: : >:.: : : 

1 :a ~b~l ;i :o 

1>>>>>>> 
1 ;i :0 :a '.i :o '.i '.i 

: : :d : : : : 

1 : 0 ;-7b~ 1 : 1 : 0 

CB 

CB 

DD 

CB 

FD 

CB 



Bit Reset b Register r 

0 000 B 000 
1 001 c 001 
2 010 D 010 
3 011 E 011 
4 100 H 100 
5 101 L 101 
6 110 A 111 
7 111 

Description: 

Bit b in operand m is reset. 

INSTRUCTION M CYCLES T STATES 

RES r 
RES (HL) 
RES (IX+d) 
R'ES (IY+d) 

4 
4 
6 
6 

Condition Bits Affected: 

Example: 

After the execution of 

RES 6,D 

8(4,4) 
15(4,4,4,3) 
.23(4,4,3,5,4,3) 
23(4,4,3,5,4,3) 

None · 

4 MHZ E.T. 

2. 00 
3.75 
5.75 
5.75 

bit 6 in register D will be r~set. (Bit 0 in ·register D 
is the least significant bit.) 
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nn 

Ope r a t ion : PC ~ n n 

Format: 

Opcode Operands 

JP nn 

I 1 > :a :a :a :a > > I C3 

I : : :< : : : I 
I : : I< : : : I 

Note: The first operand in this assembled object code 
is the low order byte of a 2-byte address. 

Description: 

Operand nn is loaded into register pair PC (Program 
Counter). The next instruction is fetched from the 
location designated by the new contents of the PC. 

M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E."T.: 2.50 

Condition Bits Affected: None 



l'\111'\ 



op er at iO n : I F cc TRUE, PC ~ n n 
Form.at: 

Opcode Operands 

JP cc,nn 

11 : 1 ~cc~ 0 : 1 : 0 I 

I : : >: : : : I 
I: : :< : : : I 

~p CC, 

Note: The first n operand in this assem.bled object code 
is the low order byte of a 2-byte memory address. 

Description: 

If condition cc is true, the instruction loads operand 
nn into register pair PC (Program Counter), and the 
program continues with the instruction beginning at 
address nn. If condition cc i~ f~lse, the Program 
Counter is increcented as usual, and the program 
continues with the next ~equential instruction, 
Condition cc is programmed as one of eight status which 
corresponds to condition bits in the Flag Register 
(register F), These eight 'status are defined in the 
table below which also spec~f ies the cor~csponding cc 
bit fields in the assembled object code, 

cc CONDITIOH ·RELEVANT 
FLAG 

000 NZ non zero z 
0 Q.l z zero z 
010 NC no car r·y c 
011 c carry c 
100 PO parity odd P/V 
101 PE parity even P/V 
lfO p sign positive s 
111 H sign negative s 

nn 



M CYCLES: 3 T STATES: 10(4,3,3) 4, MHZ E.T.: 2.50 

Condition Bits Affected: None 

Example: 

If the Carry Flag (C flag in the F register) is set and 
the contents of address 1520 are 03H, after the 
execution of 

JP C, l520H 

the Program Counter will contain l520H, and on the next 
machine cycle the CPU will fetch from address l520H the 
byte 03H. 



~R e 

Operation: PC-+-PC+e 

Fort:lat: 

Opcode Operand 

JR e 

I o ;a ;a > > :a :O > I , 18 

I : : ~- 2: : : : -1 

Description: 

This instruction provides for unconditional branching to 
other segments of a prograc. The value of the 
displacem~nt e is added to the Program Counter (PC) and 
the next instruction is fetched from the location 
designated by the new contents of the PC. This jump is 
measured from the address of the instruction opcode and 
has a range of -126 to +129 bytes. The assembler 
automatically adjusts for the twice increcented PC. 

M CYCLES: 3 T STATES: 12(4,3,5) 4 MHZ E.T. : 3. 0 0 

Condition Bits Affected: None 

Example: 

To jump forward 5 locations from address 480, the 
following assembly language statc~ent is used: 

JR $+5 

The resulting object code and final PC value is shown 
below: 

Location 

480 
481 
482 
483 
484 
4ey5 

Instruction 

18 
03 

PC after jump 





~R 

\ 

C, e 

Operation: If C = 0, continue 

If C = 1, PC +- PC + e 
Format: 

Opcode Operands 

JR C,e 

I a : a : 1 : 1 : 1 : a : o : a I 
I : : :e-2: : : : I 

Description: 

38 

This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Carry Flag. If the flag is equal to a 
'l', the value of the displacement e is added to the 
Program Counter (PC) and the next instruction is fetched 
from the location designated by the new contents of the 
PC. The jump is measured .from the address of the 
instruction opcode and has a range of -126 to +129 
bytes. The assembler automatically adjusts for the 
twice incremented PC. 

If the flag is equal to a 'O', the nex_t instruction to 
be executed is taken from the location following this 
instruction. 

If condition is met: 

H CYCLES: 3 T STATES: 12(4,3,5) 4 MHZ ~.T.:3.00 

If condition is not met: 

11 CYCLES: 2 T STATES: 7(4,3) 4 UHZ E.T. : 1 , 7 5 

Condition Bits Affected: None 

Example: 

The Carry Flag is set and it is required to jump back 4 
locations from 480. The assembly language statement is: 



The resulting object code and final PC value is shown 
below: 

Location 

47C 
47D 
47E 
47F 
480 
481 

Instruction 

+- PC after j ucp 

38 
FA (2's complement-6) 



~R NC, e 

Operation: If C = 1, continue 
If C = 0, PC ~ PC + e 

Format: 

Opcode Operands 

JR NC,e 

I a: a: i: i; a : a : a : a 1 30 

I 1 : :e-2: : : : I 
Description: 

This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Carry Flag. If the flag is equal to 'O', 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched fron 
the location designated by the new contents of the PC. 
The jump is measured from the address of the instruction 
opcode and has a range of -126 to +129 bytes. The 
assembler automatically adjusts for the twice 
·increnented PC. 

If the flag is equal to a '1', the next instruction to 
_be executed is taken from the location following this 
instruction. 

I 

If the c-0ndition is oet: 

11 CYCLES: 3 T STATES: 12(4,3,5) 4 IIHZ E.T. : 3. 00 

If. the condition is not net: 

a CYCLES: 7 T STATES: 7(4,3) 4 MHZ E.T. : 1 . 7 5 

Condition Bits Affected: None 
··----------

Example: 

The Carry FlaG is reset and it is required to repeat the 
jump instruction. The asseobly language statecent is: 

f'\11 n 



JR NC,$ 

The resulting object code and PC after the jump are 
shown below: 

Location 

480 
481 

Instruction 

30 ~ PC after jump 
00 



JR Z, e 

Operation: lfZ=O. continue 
If Z = 1, PC +- PC.+ e 

Format: 

Opcode Operands 

JR Z,e 

1 a.: a ;i :a > :a :a :a I 28 

I . : : :e-2: : : : I 
Description: 

This instruction provides for conditional branching to 
othe~ segments of a program depending on the results of 
a test on the Zero Flag. If the flag is equal to a 'l', 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched from 
the location designated by the new contents of the PC. 
Th~ jump is measured from the address of the instruction 
opcode and has a range of -126 to +129 bytes. The 
assembler automatically adjusts for the twice 
incremented PC. 

If the Zero Flag is equal to a 'O', the next instruction 
to be executed is taken from the location following this· 
instruction. 

If the condition is met: 

M CYCLES: 3 T STATES: 12(4,3,5) I 4 HHZ E.T. : 3. 00 

If the condition is not net: 

M CYCLES: 2 T STATES: 7(4,3) 4 HHZ E • T • : 1 • 7 5 

Condition Bits Affected: None 

Example: 

The Zero Flag is set and it is required to jump forward 
5 locations from addresa 300. The followin~ assembly 
language statement is used~ 

1')1:'1 



JR Z,$ +5 

The resulting object code and final PC value is shown 
below: 

Location 

300 
301 
302 
303 
304 
305 

Instruction 

28 
03 

+-- PC after jump 



JR NZ, e 

Operation: If Z = 1, continue 
If Z = 0, PC +- PC + e 

Format:. 

Opcode Op er and_s 

JR NZ,e 

I a : a ;i ; a : a : a : a ;o I 20 

I : : :e-2: : : : I 
Description: 

This instruction provides for conditional branching to 
other segments of a program depending on the results of 
a test on the Zero Flag. If the flag is equal to a 'O', 
the value of the displacement e is added to the Program 
Counter (PC) and the next instruction is fetched from 
the location designated by the new contents of the PC. 
The jump is measured from the address of the instruction 
opcode and has a range of -126 to ~129 bytes. The 
asseobler automatically adjusts for the twice 
increaented PC. 

If the Zero Flag is equal to a 'l', the next instruction 
to be executed is taken from the· location following this 
instruction. 

If the condition is net: 

M CYCLES: 3 T STATES: 12(4,3,5) 4 l1HZ E.T. : 3. 00 

If the condition is not met: 

11 CYCLES: 2 T STATES: 7(4,3) 4 HHZ E.T. : 1 • 7 5 

Condition Bits Affec-ted: None 

Ex ample: 

The Zero Flag is ~eset and it is required to jump back 4 
locations froo 480. The assembly language statement is: 



JR NZ,$-4 

The resulting object code and final PC value is shown 
below: 

Location 

47C 
47D 
47E 
47F 
480 
481 

Instruction 

20 
FA 

PC after jump 

(2' complement-6) 



CHLJ 

Opera t ion : PC +- H L 

Format: 

Opcode Operands 

JP (HL) 

Description: 

The Program Counter (register pair PC) is loaded with 
the contents of the HL register pair. The next 
instruction is fetched from the ~ocation designated by 
the new contents of the PC. 

M CYCLES: 1 T STATES: 4 4 MHZ E.T. : 1. 00 

Condition Bits Affected: None 

Ex ample: 

If the contents of the Program Counter are lOOOH and the 
contents of the HL register pair are 4800H, after the 
execution of 

JP (HL) 

the contents of the Program Counter will be 4800H. 



0 p e r at ion : PC +- IX 

Format: 
Opcode Operands 

JP (IX) 

I i: 1 : 0 > > > : 0 ;i I DD 

11 : 1 : 1 : 0 : 1 : 0 : 0 > I E9 

Description: 

The Program Counter (register pair PC) is loaded with 
t~e contents of the IX Register Pair. The next 
instruction is fetched from the location designated by 
the new contents of the PC. 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 

Condition Bits Affected: None 

Example: 

If the contents of the Program Counter are LOOOH, and 
the contents of the IX Register Pair are 4800H, after 
the execution of 

JP (IX) 

the contents of the Program Counter will be 4800H. 

CIXJ 



~p CIYJ 

0 p e ration : PC +-- I Y 

Format: 

Opcode Operands 

JP (I y) 

li>>>>>:O>I FD 

j 1 > > :a > :a ;o > I E9 

Description: 

The P~ogram Counter (register pair PC) is loaded with 
the contents o-f the IY Register Pair. The next 
instruction is fetched from the location designated by 
the new contents 'of the PC. 

M CYCLES: 2 T STATES: 8(4,4) 4 MHZ E.T.: 2.00 

Condition Bits Affected: None 

Example: 

If the contents of the Program Counter are lOOOH and the 
contents of the IY Register Pair are 4800H, after the 
execution of 

JP (IY) 

·the contents of the Program Counter will be 4800H. 

')I: 7 





D~NZ, e 

· 0 p er at i o· n : 

Format: 

Opcode Operand 

DJNZ e 

I a ;a ;a > ;a ;n ;a ;o I i0 

I : : ~- 2 : : : : I 
Description:· 

This instruction is similar to the conditional jump 
instructions except that a register value is used to 
deternine branching. The B register is decremented and 
if a non zero value remains, the value of the 
displacement e is added to the Program Counter (PC). 
The next instruction is Jetched from the loc~tion 
designated by the new contents of the PC. The jump is 
measured from the address of the instruction opcode and 
has a range of -126 to +129 bytes. The assembler 
automatically adjusts for the twice incremented PC, 

If the result of decrementing leaves B with ~ zero 
value, the next instruction to be executed is taken from 
the location following this instruction. 

If B1'0: 

M CYCLES: 3 T STATES: 13(5,3t5) 4 HHZ E.T. : 3, 2 5 

If B•O: 

M CYCLES: 2 T STATES: 8(5,3) 4 MHZ E. T,: 2. 00 

Condition Bits Affected: None 

Example·: 

A typical software routine is used to demonstrate the 
use of the DJNZ instruction. This routine moves a line 
from an input buffer (INBUF) to an output buffer 

')Cn 



LOOP: 

DONE: 

(OUTBUF). It moves the bytes until it finds a. CR, or 
until 

LD 
LD 
LD 

LD 

LD 
CP 
JR 
INC 
INC 
DJNZ 

it has moved 80 bytes, whichever occurs first. 

B,80 
HL,Inbuf 
DE,Outbuf 

A, (HL) 

(DE), A 
ODH 
Z,DONE 
HL 
DE 
LOOP 

;Set up counter 
;Set up pointers 

;Get next byte from 
;input buffer 
;Store in output buffer 
;Is it a CR? 
;Yes finished 
;Increment pointers 

;Loop back if 80. 
;bytes have not 
;been moved 
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CALL nn 

Operation: (SP-1) ~PCH, (SP-2) ~Pel;· PC~ nn 

Format: 

Opcode Operands 

CALL nn 

li'.i'.0:0: >>>I co 

I : : : n : : : : I 
I : : In'. : : : I 

Note: The first of the two n operands in the assembled 
object code above is the least significant byte of a 
two-byte memory address. 

Description: 

The current contents of the Program Counter (PC) are 
pushed onto the top of th~ external memory stack. The 
operands nn are then loaded into the PC to point to the 
address in memory where the first opcode of a subroutine 
is to be fetched. (At the end of the subroutine,a 
RETurn instruction can be used to return to the original 
program flow by popping the top of the stack back into 
the PC.) The push is accQmplished by first decrementing 
the current contents of the Stack Pointer (register pair 
SP), loading the high-order byte of the PC contents into 
the memory address now pointed to by the SP; then 
decrementing SP again, and loading the low-order byte of 
the PC contents into the top of stack. Note: Because 
this is a 3-byte instruction, the Program Counter will 
have been incremented by 3 before the push is executed. 

M CYCLES: 5 T STATES: 17(4,3,4,3,3) 4 MHZ E.T.: 4.25 

Condition Bits Affected: None 



Example: 

If the contents of the Progran Counter are 1A47H, the 
contents of the Stack Pointer are 3002H, and memory 
locations have 

Location 

1A47H 
1A48H 
1A49H 

the contents: 

Contents 

CDH 
JSH 
2 l H 

then if an instruction fetch sequence begins, the 
three-byte instruction CD3521H will be fetched to the 
CPU for execution. The mnemonic equivalent of this is 

CALL 2135H 

After the execution of this instruction, the contents of 
memory address 3001H will be lAH, the contents of 
address 3000H will be 4A!I, the .contents of the Stack 
Pointer will be 3000H, and the contents of the Program 
Counter will be 2135H, pointing to the address of the 
first opcode of the subroutine now to be executed. 



CALL 

Operation: 

Fa rma t: 

CC, nn 

IF cc TRUE: (SP-I)+- PCH 

(SP-2) +- PCL, PC +- nn 

Opcode Operands 

CALL cc,nn 

! 1 : 1 ;--:cc~ l ·; o : o I 

I : : :<:::I 
I : : In : : : : I 

Note: The first of the two n operands in the assembled 
object code above is the least significant byte of the 
two-byte memory address. 

Description: 

If condition cc is true, this instruction pushes the 
current contents of the Program Counter (PC) onto the 
top of the external memory stack, then loads the 
operands nn into PC to point to the address in memory 
where the first opcode of a subroutine is to be fetched. 

(At the end of the subroutine, a RETurn instruction can 
b e used t o r e t u r n t o t he o r i g in a 1 pro g, r a o f 1 ow b y 
popping the top of the stack back into PC.) If 
condition cc is false, the Program Counter is 
incremented as usual, and the program continues with the 
next sequential instruction. The ~tack push is 
accomplished by first decrementin(g the current contents 
of the Stack Pointer (SP), loadin~ the high-order byte 
of the PC contents into the memory address now pointed 
to by SP; then decrementing SP again, and loading the 
low-order byte of the PC contents into the top of the 
stack. Note: Because this is ~ 3-byte instruction, the 
Program Counter will have been incremented by 3 before 



the push is executed. Condition cc is programmed as one 
of eight status which corresponds to condition bits in 
the Flag Register (register F). These eight status are 
defined in the table below, which also specifies the 
corresponding cc bit fields in the assembled object 
code: 

cc 

000 
001 
010 
011 
100 
101 
110 
111 

If cc is true: 

Condition 

HZ non zero 
Z zero 
NC non carry 
C carry 
PO parity odd 
PE parity even 
P sign positive 
M sign negative 

Relevant 
Flag 

z 
z 
c 
c 
P/V 
P/V 
s 
s 

M CYCLES: 5 T STATES: 17(4,3,4,3,3) 4 HHZ E.T.: 4.25 

. If cc is false: 

M CYCLES: 3 T STATES:-;10(4,3,3) 4 MHZ E.T. : 2. 5 0 

Condition Bits Affected: None 

Ex ample: 

If the C Flag in the F register is reset, the contents 
of the Program Counter are 1A47H, the contents of the 
Sta~k Pointe~ are 3002H, and cemory locatio~s have the 
contents: 

Location 

1A4 7H 
1A48H 
1A49H 

Contents 

D4H 
3 5 ll 
21H 

then if an instruction fetch sequence begins, the 
three-byte instruction D43521ll will be fetched to the 
CPU for executidn. The cnemonic equivalent of this is 

CALL NC,2135H 



After the execution of this instruction, the contents of 
memory address 3001H will be lAH, the contents of 
address 3000H will be 4AH, the contents of the Stack 
Pointer will be 3000H, and the contents of the Program 
Counter will be 2135H, pointing to the address of the 
first opcode of the subroutine now to be executed. 





RET 

Operation: PCL-(SP), PCw-(SP+1). 

Format: 

Opcode 

RET 

Description: 

.The byte at the (Tlemory location specified by the 
contents of the Stack Pointer (SP) register pair 
moved to the low order eight bits of the Progrdm 
(PC). The SP is now incremented and the byte at 

are 
Counter 
the 

memory location specified by the new contents of the SP 
are moved to the high order eight ~its of the PC. The 
SP is now incremented again. The next op code following 
this instruction will be fetched from the m~~nory 

1 o c a t i o n s p e c i f i e d , b y t h e P C • T h i s i n s t r u c t\ i o n i s 
n o r ma l l y u s e d t o r e t u r n t o t h e n a i n l i n l~ p r o g r a m a t t h e 

completion of a routine entered by a CALL instruction. 

M CYCLES: 3 T STATES: 10(4,3,3) 4 ~1 H Z E • T • : 2 • 5 0 

Condition Bits Affected: None 

Example: 

If the contents of the Program Counter are JSJSH, the 
contents of the Stack Pointer are 2000H, the contents of 
memory location 2000H are BSH, and the contents of 
memory location 2001H are 18H, then after the execution 
of 

RET 

the contetns of the Stack Pointer will be 20Q2H and the 
contents of the Program Counter will be 18BSH~ pointing 
to the address of the next program opcode to be fetched. 





4ET cc 

Operation: IF cc TRUE: PCL +-(SP),PCH+-(SP+I) 

Format: 

Opcode Operand 

RET cc 

I 1 : 1 7--:cc ~ 0 : 0 : 0 I 
Description: 

If condition cc is true, the byte at the memory location 
specified by the contents of the Stack Pointer (SP) 
register pair are moved to the low order eight bits of 
the Program Counter (PC). The SP is now incremented and 
the byte at the memory location specified by the new 
contents of the SP are moved to the high order eight 
bits of the PC. The SP is now incremented again. The 
next op code following this instruction will be fetched 
from the memory location specified by the PC. This 
instruction is normally used to return to the main line 
program at the completion of a routine entered by a CALL 
instruction. Ii condition cc is false, the PC is simp~y 
incremented as usual, and the program continues with the 
next sequential instruction. Condition cc is programmed 
as one of eight status which correspond to condition 
bits in the Flag Register (register F). These eight 
status are defined in the table below, which also 
specifies the corresponding cc bit fields in the 
assembled object code. 

cc 

000 
001 
010 
011 
100 
101 
110 
Hl 

If cc is true: 

Condition 

NZ non zero 
Z zero 
NC non carry 
C carry 
PO parity odd 
PE parity even 
P sign positive 
M sign negative 

Relevant 
Flag 

z 
z 
c 
c 
P/V 
P/V 
s 
s 



M CYCLES; 3 T STATES: 11(5,3,3) 4 MHZ E.T.: 2.75 

If cc is false: 

H CYCLES: T STATES: 5 4 MHZ E.T.: 1 .• 25 

Condition Bits Affected: None 

Examp.l e: 

If the S flag in the F register is set, the contents of 
the Prograc Counter are 3535H, the contents of the Stack 
Pointer are 2000H, the contents of memory location 2000H 
are B5H, and the contents of memory location 2001H are 
18H, then after the execution of 

RET M 

the contents of the Stack Pointer will be 20028 and the 
contents of the Program Counter will be 18B5H, pointing 
to the address of the next progr~m opc~de to be fetched. 



=1ETI 

Operation : Return from interrupt 

Format: 

Opcode 

RETI 

11'.i'.i:O>>:O>I ED 

I o '.1 : a :a :i > :a > I 40 

Description: 

This instruction is used at the end of a maskable 
interrupt service routine to: 

1. Restore the contents of the Program Counter (PC) 
(analogous to the RET instruction) 

2. To signal an I/O device that the interrupt routine 
has been completed. The RETI instruction also 
facilitates the nesting of interrupts allowing higher 
priority devicess to temporarily ~uspend service of 
lower priority service routines. Note: This 
instruction does not enable interrupts which were 
disabled when the in~errupt routine was entered. 
Before doing the RCTI instruction, the enable 
interrupt instruFtion (EI) should be executed to 
allow recognition of interrupts after completion of 
the curr~nt service routine. 

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T. 3. so 

Condition ~its Affected: None ------ --------·-----

Given: Two interrupting devices, A and B connected in a 
daisy chain configuration with A having a higher 
priority than B. 

A D 

~--r-E_r __ _,_ ___ r_cu ___ 1--~~~~--1~I-c_r ____ ..--___ r_E_o_~ 
I Il~T 



B generates an interrupt and is acknowledged. (The 
interrupt enable out, IEO, of B goes low, blocking any 
lower priority devices from interrupting while B is 
being serviced). Then A generates an interrupt, 
suspending service of B. (The IEO of A goes 'low~ 
indicating that a higher priority device is being 
serviced.) The A routine is cocpleted and a RETI is 
issued resetting th~ IEO of A, allowing the B routine to 
continue. A second RETI is issued on completion of the 
B routine and the IEO of B is reset (high) allowing 
lower priority devices interrupt access. · 



~ETN 

Operation: Return from non maskable interrupt 

Format: 

Opcode 

RETN 

li'.i>:O>>:O>I ED 

I a > :a :a :a > ;o : I 45 

Description: 

This instruction is used at the end of a non-maskable 
interrupt service routine to restore the contents of the 
Program Counter (PC) (analogous to the RET instruction). 

The state of IFF2 is copied back into IFFl so 'that 
maskable interrupts are enabled immediately following 
the RETN if the~ w~re enabled before the non-maskable 
interrupt. 

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50 

Condition Bits Affected: None· 

Example: 

If the contents of the Stack Pointer are lOOOH and the 
contents of the Program Counter are 1A45H when a non 
maskable interrupt (NMI) signal is received, the CPU 
will ignore the next instruction and will instead 
restart to memory address 0066H. That is, the current 
Program Counter· contents of l A 4 5 H w i 11 be pushed o n,t o 
the external stack address of OFFFH and OFFEH, high 
order-byte first, and 0066H will be loaded onto the 
Program Counter. That address begins an interrupt 
service routine which ends with REIN instruction. Upon 
the execution of RETN, the former Program Counter 
contents are popped off the external memory stack, 
low-orde~ first, resulting in a Stack Pointer contents 
again of lOOOH. The p~ogram flow continues where it 
left off with an opcode fetch to address 1A45H. 



order-byte first, and 0066H will be loaded onto the 
Program Counter. That address begins an interrupt 
service routine uhich ends with RETN instruction. Upon 
the execution of RETN, the former Program Counter 
contents are popped 'off the external memory stack, 
low-order first~ resulting in a Stack Pointer contents 
again of lOOOH. The program flow continues where it 
left off with an opcode fetch to address 1A4SH. 



RST p 

Operation: (SP-J) ~ PCH , (SP-2) - PCL , PCH -o, PCL - P 

Format: 

Opcode Operand 

RST p 

Description: 

The current Program Counter (PC) contents are pushed 
onto the external memory stack, and the page zero oemory 
location given by operand p is loaded into the PC, 
Program execution then begins with the opcode in the 
address now pointed to by PC. The push is performed by 
first decrementing the contents of the Stack Pointer 
(SP), loading the high-order byte of PC into the memory 
address now pointed to by SP, decrenenting SP again, and 
loading the low-order byte of PC into the address now 
pointed to by SP. The ReSTart instruction allows for a 
jump to one of eight addresses as shown in the table 
below. The operand p is assembled into the object cod~ 
using the corresponding T state. Note: Since all 
addresses are in page zero of memory, the high order 
byte of PC is loaded with OOH. The number selected 
from the '1 p 11 column of the table is loaded into the 
low-order byte of PC, 

p t 

OOH 000 
08H 001 
lOH 010 
18H 011 
20H 100 
20H 101 
3 OH 110 
38H 111 

l1 CYCLES: 3 T STATES: 11(5,3,3) 4 MHZ E.T.: 2. 7 5 



Example: 

If the contents of the Program Counter are 1SB3H, after 
the execution of 

RST 18H (Object code 1101111) 

the PC will contain 0018H, as the address of the next 
opcode to be fetched. · 



-INPUT AND OJ1PUT GfUJP-





IN A, (nJ 

Operation: A.,_ (n) 

Format: 

{)pc ode Operands 

rn A, ( n) 

j 1 > :a > > :a > > I DB 

·I : : In: : : : I 
Description: 

The operand n is placed on the bottoo half (AO through 
A7) of the address bus to select the I/O device at one 
of 256 possible ports. The contents of the Accumulator 
also appear on the top half (A8 through Al5) of the 
address bus at this tioc. Then one byte froo the 
selected port is placed ~n the data bus and written into 
the Accumulator (register A) in the CPU. 

M CYCLES: 3 T STATES: 11(4,3,4) 4 MHZ E.T.: 2.75 

Condition Biti Affected: Hone 

Example: 

If the contents of the Accumulator are 23H and the byte 
7IlH is available at the peripheral device napped to I/O 
port address OlH, then after the execution of 

IN A,(OlH) 

the Accumulator will cont~in 7BH. 

nn1 





Operation: r +- (C) 

Format: 

Opcode Operands 

IN r, ( C) 

Ii'. i'.1'.o '. 1'. '.o ;i I rn· 
Io :i ~r+-;o: o: o j 

Description: 

r, -

The contents of reg{stcr C are placed on the bottom half 
(AO through A7) of the address bus to select the I/O 
device at one of 256 possible ports. The contents of 
Rcgiste-r B are placed on the top half (AB through Al5) 
of the address bus at this time. Then one byte from the 
selected port is placed on the data bus and·uritten into 
register r in the CPU. Register r identifies any of the 
CPU registers shown in the following table, which also 
shows the' corresponding 3-bit 11 r" field for each. The 
f 1 ag s w i 11 be a f f e c t e d ,. checking the' input data . 

Reg. r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

H CYCLES: 3 T STATES: 12(4,4,4) 4 UIIZ E.T.: 3.00 

CCJ 



Condition Bits Affected: 

s: Set if input data is n·egative; 
reset othen1ise 

z: Set if input data is zero; 
reset otherwise 

H: ,Reset 
P/V: Set if parity is even; 

reset otherwise 
H: Reset 
C: Uo t affected 

Example: 

If the contents of register C are 07H, the contents of 
register B are lOH, and the byte 7BH is available at the 
peripheral device mapped to I/O port address 07ll, then 
after the execution of 

IU D,(C) 

'>0 II 



Operation: (HL) +- (C) , B +- B-1 , HL +- HL + 1 

Format: 

Opcode 

IHI 

11;i;i;o;i;-i:o;11 ED 

I 1 : 0 > : 0 : 0 : 0 > > I A2 

Description: 

The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the I/O 
device at one of 256 possible ports. Register B may be 
used as a byte counter, and its contents are placed on 
the top half (AS through Al5) of the address bus at this. 
time. Then one byte fro~ the selected port is placed on 
the data bus and written to the CPU. The contents of 
the HL register pair are then placed on the address bus 
and the input byte is writ~en in~o the corresponding 
loca~ion of memory. Finally the byte counter is 
decre~ented and register pair HL is incremented. 

u CYCLES: 4 T STATES: 16(4,5,3,4) 4 HHZ E.T. : 4. 00 

Condition Bits Affected: 

s: Un known 
z: Set if B-1=0; 

reset otherwise 
H: Un known 

P/V: Un known 
H: Set 
c: Not affected 

Example: 

If the contents of register C are 07H, the contents of 
register B are lOH, the contents of the HL register pair 
are lOOOH, and the byte 7BH is available at the 
peripheral device mapped to I/O port address 07H, then 

INI 



after the execution of 

INI 

memory location lOOOH will contain 7BH, the HL register 
pair will con~ain 1001H, and regi~ter B will contain 
OFH. 

nnr 



Operation: (HL) - (C) , 8 - 8-1 , HL - HL + 1 

Format: 

Opcode 

IN IR 

11:i:i:a:i:i;o;11 ED 

11 ;a ;i ;i ;o ;o ;i : a 1 sz 
Description: 

The contents of register C are placed on the bottom half 
(Ao· through A7) of the address bus to sel~ct the I/O 
device at one of 256 possible ports. Register B is used 
as a byte counter, and its contents are placed on the 
top half (AB through Al5) of the address bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written t~ the CPU. The contents of 
the HL register pair are placed on the address bus and 
the inp~t byte is written into the corresponding 
locatian of memory. Then register pair HL is 
incremented, the byte counter is decremented. If 
decrementing causes B to go to zero, the instruction is 
ter~inated. If B is no~ zero, the PC is decremented by 
two and the instruction repeated. Interrupts will be 
recognized and two refresh cycles will be executed after 
each data transfer. Note that if B is set to zero prior 
to instruction execution, 256 bytes of data will be 
input. 

If B;i!O: 

M CYCLES: 5 T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5.25 

If B=O: 

:-1 CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 

INIR 



Condition Bits Affected: 

s: 
z: 
H: 

Unknown 
Set 
Unknown 
Unknown 
Set 

P/V:· 
N: 
c: Uot affected 

Example: 

If the contents of register C are 07H, the contents of 
register B are OJH, the contents of the HL register pair 
are lOOOH, and the following sequence of bytes are 
available at the peripheral device mapped to I/O port of 
address 07H: 

SlH 
A9H 
OJH 

then after the execution of 

INIR 

the HL register pair will contain 1003H, register B will 
contain zero, and memory locations will have contents as 
follows: 

Location 

lOOOH 
lOOlH 
1002H 

Contents 

SlH 
A9H 
03H 

1)00 



Operation: (HL) ~ (C),, B ~ B-1 ,, HL ~ HL-1 

Format: 

Opcode 

IND 

1i:i;i;o;i;i;a;11 ED 

j 1 : 0 : 1 : 0 : 1 : 0 : 1 : 0 I. ' AA 

·Description: 

The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the I/O 
device at oµe of 256 possible ports. Register B may be 
used as a byte counter, and its contents are placed on 
the top half (A8 through Al5) of the address bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU. The contents of 
the HL register pair are placed on the address bus and 
the input byte is written into the corresponding 
location of memory. Finally the byte counter' and 
register pair HL are decremented. 

H CYCLES: 4 T STATES: 16(4,5,3,4) 

Condition Bits Affected: 

Ex ample: 

s: 
z: 

H: 
P/V: 

N: 
c: 

Unknown 
Set if B-1•0; 
reset otherwise 
Un known 
Un known 
Set 
No t ·affected 

4 MHZ E.T.: 4.00 

If the contents of register C are 07H, the contents of 
register B are !OH, the contents of the UL register pair 
are lOOOH, and the byte 7BH is available at the 

IND 



peripheral device mapped to I/O port address 07H, then 
after the execution of 

IND 

memory location lOOOH will contain 7BH, the HL register 
pair will contain OFFFH, and register B will contain 
OFH. 



INDR 

Operation: (HL)-(C), B-8-1, HL-HL-1 

Format: 

Opcode 

!NOR 

··11;1;1;0:1:1:0:11 ED 

I i: a: < i; < a: < 0 I BA 

Description: 

The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the I/O 
device at one of 256 possible ports. Register B is used 
as a byte counter, and its contents are placed on the 
top half (A8 through Al5) of the address.bus at this 
time. Then one byte from the selected port is placed on 
the data bus and written to the CPU.- The contents of 
the HL register pair are placed on the address bus and 
the input byte is written into the corresponding 
location of memory. Then HL and the byte counter are 
decremented. If decrementing causes B to go to zero, the 
instruction is terminated. If B is not zero, the PC is 
decremented by two and the instruction repeated. 
Interrupts will be recognized and two refresh cycles 
will be executed after each data transfer. Note that if 
B is set to zero prior to instruction ·execution, 256 
bytes of data will be input. 

If BiO: 

M CYCLES: 5 T STATES:21(4,5,3,4,5) 4 MHZ E.T. : 5. 2 5 

If B=O: 

M CYCLES: 4 T STATES': 16(4,5,3,4) 4 UHZ E.T.: 4.00 



Condition Bits Affected: 

Example: 

s: 
z: 
H: 

P/V: 
N: 
c: 

Unknown 
Set 
Unknown 
Unknown 
Set 
Not affected 

If the contents of register C are 07H, the contents of 
register B are 03H, the contents of the HL reg~ster pair 
are lOOOH, and the following sequence of bytes are 
available at the peripheral device capped to I/b port 
address 07H: 

5 lll 
A9H 
03H 

then after the execution of 

INDR 

the HL register pair will contain OFFDH, register B will 
contain zero, apd memory locations will have contents as 
follows: 

Location 

OFF EH 
OFFFH 
1 OOOH. 

Contents 

03H 
A9H 
5111 



OUT (nJ, 

Operation: (n)~A 

Format: 

Opcode Operands 

OUT ( n) ,A 

I i; i; a; i; o; a ;i ;i I 03 

. I:: In!::: I 
Description: 

The operand n is placed on the bottom half (AO through 
A7) of the address bus to select the I/O device at one 
of 256 possible ~orts. The contents of the Accumulator 
(register A) also appear on the top half (AS through 
Al5) of the address bus at this time. Then the byte 
contained in the Accumulator is placed on the data bus 
and written ~ato the selected peripheral· device. 

.M CYCLES: 3 T STATES: 11(4,3,4) 4 MHZ E.T.: 2.75 

Condition Bits Affected: None 

Example: 

If the contents of the Accumulator are 23H, then after 
the execution of 

OUT (OlH) ,A 

the byte 23H will have been written to the peripheral 
device mapped to !/O port address OlH. 

A 





OUT CCJ, r 

Operation: (C) +-r 

Format: 

Opcode Operands 

OUT ( C) , r 

1i:i:i:a;i;i;o;11 ED 

I a : 1 ;.-+r~ a : o : 1 I 

Description: 

The contents of register C are placed on the bottom half 
(AO through A7) of the address bus to select the I/O 
device at one of 256 possible ports. The contents of 
Register B are placed on the top half (A8 through Al5) 
of the address bus at this time. Then the byte 
contained in register r is placed on the data bus and 
written into the selected peripheral device. Register r 
identifies any of the CPU registers shown in the 
following table, which also shows the corresponding 
3-bit "r" field for each which appears in the assembled 
object code: 

Register r 

B 000 
c 001 
D 010 
E 011 
H 100 
L 101 
A 111 

H CYCLES: 3 T STATES: 12(4,4,4) 4 HHZ E.T. : 3. 0 0 



Condition Bits Affected: None 

Example: 

If the contents of register C are OlH and the contents 
of register D are SAH, after the execution of 

OUT (C),D 

the byte SAH will have been written to the peripheral 
device mapped -to 1/0 port address OlH. 



OUTI 

Operation: (C)~(Hl), B~B-1, HL~HL+1 

Format: 

Opcode 

OUTI 

1i:i:i:a:i:i:a:11 ED 

I < a: :a :a :a > > I A3 

Description: 

The contents of the HL register pair are.placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored 
in the CPU. Then, after the byte counter. (B) is 
decremented, the contents of register C are placed on 
the bottom half (AO through A7) of the address bus to 
select the I/O device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
A15) of the address bus. The byte to be output is 
placed on the data bus and written into selected 
peripheral device. Finally the register pair HL is 
incremented. 

H CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4. 00 

Condition Bits Affected: 

s: Un known 
z: Set if B-1•0; 

reset otherwise 
H: Unknown 

P/V: Un known 
N: Set 
c: Not affected 

Ex ample: 

If the contents of register C are 07H, the contents of 
register B are lOH, the contents of the HL register pair 
are lOOOll, and the contents of memory address lOOOH are 



59H, then after the execution of 

,OUT! 

register B will contain OFH, ·the HL register pair will 
contain lOOlH, and the byte 59H will have been written 
to the peripheral device mapped to I/O port address 07H • 

. "'"" 



DTIR 

Operation: (C)+-(HL), B+-B-1L HL+-HL+1 

Format: 

Opcode 

OTIR 

1i:i:i:a:i:i:a:11 ED 

I i'..O: < < 0: a:< I 83 

Description: 

The contents of the HL register pair are placed on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily stored 
in the CPU. Tben, after the byte counter (B) is 
decremented, the content~ of register C are placed on 
the bottom half (AO through A7) of the address bus to 
select the I/0 device at one of 256 possible ports. 
Register' B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
Al5) of the address bus at this time. Next the byte to 
b.e outpu~ is placed on the data bus and written into the 
selected peripheral device. Then register pair HL is 
incremented. If the decremented B register is not zero, 
the Program Counter (PC) is decremented by 2 and the 
instruction is repeated. If B has gone to zero, the 
i n s t r u c. t i o n i s t e r m i n a t e d • I n t e r r u p t s w i 1 1 b e r e c o g n i z e d 
and two refresh cycles ·will be executed after each data 
transfer. Note that if B is set to zero prior to 
instruction execution, the instruction will output 256 
byte,s of data. 

If BiO: 

M CYCLES: 5 T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5.25 

M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 



Condition Bits Affected: 

Example: 

s: 
z: 
H: 

P/V: 
N: 
c: 

Unknown 
Set 
Unknown 
Unknown 
Set 
Not affected 

If the contents of register t are 07H, the contents of 
register B are OJH, the contents of the HL register pair 
are lOOOH, and memory locations have the following 
contents: 

Location 

lOOOH 
lOOlH 
1002H 

Contents 

51H 
A9H 
OJH 

then after the execution of 

OTIR 

the HL register pair will contain lOOJH, register B will 
contain ~ero, and a group of bytes will have been 
written to -the peripheral device mapped to I/O po•rt 
address 07H in the following sequence: 

51H 
A9H 
OJH 



DUTD 

Operation: (C) - (HL) , B - B-1, HL - HL-1 

Format: 

Opcode 

OUTD 

I 1 : 1 :i : 0 :i: i: 0 : 1 I ED. 

I i: 0 : J 1 : 0 : 1 : 0 : 1 : 1 I AB 

Description: 

The contents of the HL register pair are placed on the 
address bus to select a location in memo~y. The byte 
contained in this memory location is temporarily stored 
in the CPU. Then, after the byte counter (B) is 
decremented, the contents of register C are placed on 
the bottom half (AO through A7) of the address bus to 
select the I/O device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is placed on the top half (A8 through 
Al5) of the address bus at this time. Next the byte to 
be output is placed on the data bus and written into the 
selected peripheral device. Finally the register pair 
HL is decremented. 

M CYCLES: 4 T STATES: 16(4,5,3,4) 

Condition Bits Affected: 

Example: 

s: 
z: 

H: 
P/V: 

N: 
c: 

. Unknown 
Set if B-1=0; 
reset otherwise 
Unknown 
Unknown 
Set 
Not·affected 

4 MHZ E.T.: 4.00 

If the contents of register C are 07H, the contents of 



register B are !OH, the contents of the HL register pair 
are lOOOH, and the contents of memory location lOOOH are 
59H, after the execution of 

OUTD 

register B will contain QFH, the HL register pair will 
contain OFFFH, and the byte 59H will have been written 
to the peripheral device mapped to I/O port address 07H. 



:JTDR 

Operation: (C)-(HL), B-B-1. HL-HL-1 

Format: 

Opcode 

OTDR 

l<<<<<<0:1I ED 

I < 0 : < < < a: < 1 I BB 

Description: 

The contents of the HL register pair are placed· on the 
address bus to select a location in memory. The byte 
contained in this memory location is temporarily s_tored 
in the CPU. Then, after the byte counter (B) is 
d~cr~m~nt~d, the contents of rcgi3tcr C ~re pl~ccd on 
the bottom half (AO through A7) of the address bus to 
select the I/O device at one of 256 possible ports. 
Register B may be used as a byte counter, and its 
decremented value is. placed on the top half (AB through 
Al5) of the address bus at this time. Next the byte to 
be output is placed on the data bus and written into the 
selected peripheral device. Then register pair HL. is 
decremented and if the decremented B register is not 
zero, the Program Counter (PC) is decrement~d by 2 and 
the instruction is ;-epeated. If. B has gone to zero, the 
instruction is terminated. Interrupts will be 
recognized and two refresh cycles will be executed after 
each data transfer. Note that if B is set to zero prior 
to instruction execution, the instruction will output 
256 bytes of data. 

If B;i!O: 

M CYCLES: 5 T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5. 25 

If B•O: 

M CYCLES: 4 T STATES: 16(4,5,3,4) 4 MHZ E.T.: 4.00 



Condition Bits Affected: 

Example: 

s: 
z: 
H: 

P/V: 
N: 
c: 

Unknown 
Set 
Unknown 
Unknown 
Set 
Not affected 

If the contents of register C are 07H, the contents of 
register B are 03H, the contents of the HL register pair 
are lOOOH, and memory locations have the following 
contents: 

Location 

OFFEH 
OFFFH 
·lOOOH 

... .l H r':; 2. 

Contents 

5 lH .. 
A9H 
03H 

then after the execution of 

OTDR 

the HL register pair will ~ontain OFFDH, register B will 
contain zero, and a group of bytes will have been 
written to the peripheral device mapped to I/O port 
addres 07H in the following sequence: 

03H 
A9H 
51H 

.,"" 



ZSO CPU INSTRUCTION SET 

ALPHABETICAL 
ASSEMBLY MNEMONIC OPERATION PAGE 

ADC HL,ss 
ADC A,s 
ADD A,n 
ADD A,r 
ADD A,(HL) 
ADD A, (IX+d) 
ADD A,(IY+d) 
ADD HL,ss 
ADD IX, pp 
ADD I Y, rr 
AND s 
BIT b,(HL) 
BIT b,(IX+d) 
BIT b,(IY+d) 
BIT b, r 
CALL cc,nn 

CALL nn 

CCF 
CP s 
CPD 

CPDR 

CPI 

CPIR 

CPL 
·DAA 

DEC m 
DEC IX 
DEC IY 
.DEC SS 
DI 
DJNZ e 

EI 
EX (SP) , HL 

Add with Carry Reg. pair ss to HL ................ 161 
Add with carry operand s to Acc .................. :. 115 
Ad d v a l u e n t o Ac c • . . .. . . . . . .. . . .. . . . .. .. . . .. . .. . . . . . . . . . . . . . 1 09 
Ad d R e g • r t o Ac c • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Add location (HL) to Acc ................................ 110 
Add location (IX+d) to Acc • ................ 

1 
........... 111 

Add location (IY+d) to Acc ............................ 113 
Ad d R e g : p a i r s s t o H L . . . .. . . . . . . . . .. . . . .. .. . . .. . .. . . . .. .. 159 
Add Reg. pair pp to IX .................................... 165 
A d d Re g • p a i r r r t o I Y ....... ~ . • . • • • .. .. • .. .. . . .. . .. .. . .. 167 
L o g i c a 1 ' AN D ' o f o p e r a n d s a n d A c c • . . . . . . . . . . . . . 121 
Test BIT b of location (HL) ........................... 225 
Test BIT b of location (IX+d) ........................ 227 
Tes t BIT b of 1 o cat ion ( I Y +d ) ........................ 229 
Test BIT b of Reg. r ........................................ 223 
Call subroutine at location nn if · 
c o n d i t i o n c c i s t r u e .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265 
Unconditional call subroutine 
a t 1 o c a t i o n n n .. ·. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 
Comp 1 e men t c.a r r y f 1 a g ..................................... 147 
Compare operand s with Acc ............................ 127 
Compare location (HL) and Acc. 
decrement HL and BC ......................................... 101 
Compare location·.(HL) and Acc. 
decrement HL and BC, 
repeat until BC=O ............................................. 103 
Compare location (HL) and Acc. 
i n c r e me n t H L a n d d e c r em en t BC .. . . .. . .. . . .. .. .. .. .. . . . 97 
Compare location (HL) and Acc. 
incremen~ HL, decrement BC 
repeat until. BC=O ............................................. 99 
Complement Acc. (l's comp) ............................. 143 
Decimal adjust Acc .......................................... 141 
De c r em en t o p e r and m .. .. .. . .. . .. . .. .. .. . .. .. . .. . . . .. . .. .. .. .. 137 
D e c r em e n t 1 X . . . . . . . . . . . . . • . . . . . • • . • . • . . . . . . . . . . . . . • . . • . • . . . . . . . . . . 173 
Decrement IY ...................................................... 174 
Decrement Reg. pair ss .................................... 172 
D i s ab 1 e in t e r r up t s . .. . . .. . . .. .. .. . . .. .. . .. . .. . .. . . .. . . . .. . . . . 151 

Decrement B and Jump 
r e l a t i v e i f Bi 0 ~ . . . . . • . • • • • . • • • • . • • . . • • . . • . . • 259 
En a b l e i n t e r r u p t s . . . . . . . . . . . • . . . . . . . . . • . . . . . . 152 
Exchange the location (SP) 
and HL . . . • . . . • . . . . . . • . • . . . • . . . • • • . . . . . . . . . . . . 86 



EX (SP),IX 

EX (SP),IY 

EX AF,AF' 
EX DE,HL 
EXX 

HALT 
IM 0 
IM 1 
IM 2 
IN A,(n) 

IN r,(C) 

INC (HL) 
INC IX 
INC (IX+d) 
INC IY 
INC (IY+d) 
INC r 
INC ss 
IND 

INDR 

IN I 

INIR 

JP (~L) 

JP (IX) 
JP (I y) 

JP cc,nn 

JP nn 
JR C,e 

JR e 

JR NC,e 

Exchange the location (SP) 
and IX ............................................................... 87 
Exchange the location (SP) 
and IY ................................................................ 88 
Exchange the contents of AF and AF' ............. 84 
Exchange the contents of DE.and HL .............. ·83 
Exchange the contents of 
BC,DE,HL with contents of 
BC' ,DE' ,HL' respectively ........................ ., ........ 85 
HALT (wait for interrupt or reset) .............. 150 
Set interrupt mode 0 ...................................... 153 
S e t i n t e r r up t .m o d e 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 154 
Set interrupt mode 2 .................................. : ... 155 
Load the Acc. with 
in p·u·t ;fcr.b:nr: .:tl.ev ice n ......................................... 281 
Load the R~~. r with 
i n p u t f r o m d e v i c e ( C ) . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . .. .. . . . 283 
Increment location (HL) .................................. 131 
I n c r e m e n t ·I X ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170 
Increment location (IX+d) .............................. 133 
In c rem en t I Y................................................ . . .. . . 171 
I n c rem en t 1 o c a t i o n ( I Y + d ) . . . . . .. . . . . . . . .. . .. . . . . . . . .. .. . 135 
Increment Reg. r ........................... ~ .................. 129 
I n c r em e n t Re g • p a i r s s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 
Load location (HL) with 
input from port (C), 
d e c r em e n t H L a n d B . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 289 
Load location (HL) with 
input from port (C), 
decrement HL and decrement B, 
r·e p e a t u n t 11 B = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291 
Load location (HL) with 
input from port (C); 
a n d i n c r e me n t H L a n d d e c r em e n t B . . . . . . . . . . . . . . . . . 285 
Load location (HL) with 
input_ from port (C), 
increment HL and decrement B, 
r e p e a t u n t i 1 B "" 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287 
U n c o n d i t i o n a 1 Ju m p t o ( H L ) .............. : . . . . . . . . . . . . . 255 
U n c on d i t i o n a 1 Ju mp t o (I· X ) . . . . . . . .. . . . . . . . . . .. . . . . .. . . 256 
U n c o n d' i t i o n a 1 J u mp t o ( I Y ) . . . .. . . . .. . .. . . . . .. . . . . . .. . . 257 -
Jump to location nn 
i f c o n d i t i o n c c i s t r u e . . .. . . . .. .. . . . . . .. . . . . .. .. . .. . . .. 243 
Un c o n d i t i o n a 1 j um p t o 1 o c a t i o n n n .. .. . .. .. . . .. . . 241 
Jump relative to 
PC+e if carry=! ............................................... '.. 247 
Unconditional Jump 
re 1 at iv e to PC +e ................... _. .......................... 245 
Jump·relative to 
P C + e i f c a r r y = 0 . . • • . • • • . • . • • • . . • . • • • . • . • . • • . • . • • • • • • • . • • • • • . • • • 249 



JR NZ,e 

JR Z,e 

LD A, (BC) 
LD A, (DE) 
LD A,I 
LD A,(nn) 
LD A; R -
LD (BC) ,A 
LD (DE),A 
LD (HL),n 
LD dd,nn 
LD dd,(nn) 
LD HL,(nn) 
LD (HL),r 
LD I,A 

lP--h-P- IX,nn 
LD IX, (nn) 
LD (IX+d),n 
LD (IX+d),r 
LD IY,nn 
LD IY, (nn) 
L D (I Y+d) , n 
LD (IY+d),r 
LD (nn) ,'A 
LD (nn),dd 
LD (nn),HL 
LD (nn), IX 
LD (nn),IY 
LD R,A 
LD r,(HL) 
LD r,(IX+d) 
LD r,(IY+d) 
LD r,n 
LD r,r 
LD SP,HL 
LD SP,IX 
LD SP,IY 
LDD 

LDDR 

J 

Jump reiative to 
PC + e i f n o n z e r o ( Z = 0 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . • • 253 
Jump relative to 
PC+ e if zero ( Z = l ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251 
Load Acc. with location (BC) ......................... 44 
Load Acc. with location (DE) ................... ~ ..... 45 
Load Acc. with I .............................................. 50 
Load Acc. with location nn ............................ 46 
Load· Acc. with Reg. R ..................................... 51 
Load location (BC) with Acc •......................... 47 
Lo a d 1 o c a t i o n ( D E ) w i t h Ac t • . . . . . . . . . . . . . . . . . . .. . . . . . 48 
Load location (HL) with value n .................... 41 
Load Reg·. pair dd with value nn .................... 57 
Load Reg. pair dd with location (nn) ........... 61 
L o ad H L w i t h 1 o c a t i o n ( n n ) . . .. .. .. .. . . . . . . . . . . . . . . . . . . . 60 
Lo ad l o c a t i o n ( H L ) w i t h Re g • r . . . . . . . . . . . . . . . . . . . . . 35 
Lo ad I w i t h Ac c • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
L o a d I X w i t h v a l u e n n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
Load IX with location (nn) ............................. 63 
Lo a d 1 o c a t i o n ( I X + d ) w i t h v a 1 u e n . . . . . . . . . . . . . . . . 42 
Load location (IX+d) with Reg. r .................. 37 
Lo ad ·I Y with value n n . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 59 
Load IY with location (nn) ............................. 64 
Load location (IY+d) with value n ................ 43 
Load location (I.Y+d) with Reg. r ................. 39 
L o a d l o c a t i o n ( n n ) w i t h Ac c • . . . . . . . . . . . . . . . . . . . . . . . . • 49 
Lo ad 1 o c a t i o n ( n n ) w i t h Re g • p a i r d d . . . . . . . . . . 67 
L o a d 1 o c a t i o n ( n n ) w i t h H L . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
L o ad 1 o c a t i o n ( n n ) w i t h I X . . . • • • • . . . . . . . . . . . . . . . . . . . . . 69 
L o a d 1 o ca t i o n ( n n ) w i t h I Y . . • . . . . . . . . . . . . • . . . . . . . . . . . . 70 
Load R with Acc ............................................... 53 
Load Reg. r with location (HL) ................... · .. 29 
Load Reg. r with location (IX+d) .................. 31 
Load Reg. r with location (IY+d) .................. 33 
Lo ad R e g • r w i t h v a l u e n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
Load Reg. r with Reg. r' ................................ 27 
L o a d S P w i t h H L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
L o ad S P w i t h I X . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
Load SP with IY ............................................... 73 
Load location (DE) with location (HL), 
decrement DE,HL and BC ................................... 93 
Load location (DE) with location (HL), 
decrement DE,HL and BC; 
r e p e a t u n t i 1 B C = 0 . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 95 



LDI 

LDIR 

NEG 
·No P 
OR s 
OTDR 

OTIR 

OUT (C),r 
0 UT ( n) , A 
OUTD 

OUTI 

POP IX 
POP IY 
POP qq 
PUSH IX 
PUSH IY 
PUSH qq 
RES b,m 
RET 
RET cc 

RETI 
RETN 
RL m 
RLA 
RLC ( H L) 
RLC (I X+d) 
RLC (I Y+d) 
RLC r 
RLCA 
RLD 

RR m 
RRA 
RRC m 

Load location (DE) with location (HL), 
in-creme n t DE , H L , de c rem en t BC ............... ~....... 89 
Load location (DE) with location (HL), 
increment DEtHL, decrement 
B C a n d r e p e a t u n t i 1 B C = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Negate Acc. (2's complement) .......................... 145 

· N o o p e r a t i o n .......... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
Logical 'OR' of operand s and Ace •.............. 123 
Load output port (C) with location (HL) 
decrement HL and B, 
r e P. e a t u n t i 1 B = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303 
Load output port (C) with location (HL), 
increment HL, decrement B, 
r e p e a t u n t i 1 B = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299 
Lo ad ·· o u t p u t p o r t ( C ) w i t h R e g • r .... , . . . . . . . . . . . . . 295 
L o a d o u t p u t p o r t ( n ) w i t h Ac c • . . . . . . • . . . . . . . . . . . . . . 293 
Load output port (C) with location (HL), 
d e c r e m e n t H L a n d B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . 301 
Load output port (C) with location (HL), 
i n c r e m e n t H L a n d d e c r e m e n t B . . . . . . . . . . . . . . . . . . . . . . . . • 297 
L o a d I X w i t h t o p o f s t a c k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Load IY ,with top of stack ............................. 80 
Load Reg. pair qq with top of stack ............ n 

. L o ad I X o n t o s t a c k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
L o ad I Y o n t o s t a c k . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 76 
Load Reg. pair qq onto stack ......................... 74 
Re s e t B i t b o f o p e r an d m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237 
R e t u r n f r o m s u b r o u t i n e . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . .. 269 
Return from subroutine if condition 
c c i s t r u e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271 
R e t u r n f r o m i n t e r r u p t . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 273 
R e t u r n f r o m ri o n ma s k a b 1 e i n t e r r u p t . . . . . . . . . . . . . . 275 
Rotate left through carry operand n ............ 193 
R o t a t e 1 e f t Ac c • t h r o u g h · c a r r y ...................•. · 179 
R o t a t e 1 o c a t i o n ( H L ) l e f t c i r c u l a r . . . . . . . . . . . . . . 187 
R o t a t e 1 o c a t i o n ( I X + d ) l e f t c i r c c l a r . . . . . . . . . . 189 
Ro tat e 1 o cat ion .( I Y + d ) le f t c i r cu 1 a r . . . . . . . . . . 191 
Rotate Reg. r left circular .......................... 185 
Rotate left circular Acc ............ : .. ·············"· 177 
Rotate digit left and right 
be tween Ac c • and 1 o cat i o n ( H L ) . .. . . . . . . . . . . .. . . . . . . . 217 
Ro t a t e r i g h t t h r o u g h c a r r y o p e r a n d m ....... , . . . 201 
Rotate right Acc. through carry .................... 183 
R o t a t e o p e r a n d m r i g h t c i r c u 1 a r . . . . . . . . . . . . . . . . . . . . 197 



RRCf\ 
RRD 

RST p 
SBC A,s 

SBC HL,ss 

SCF 
SET b,(HL) 
SET b, (IX+d) 
SET b,(IY+d) 
SET b, r 
SLA m 
SRA m 
SRL m 
SUB s 
XOR s 

Rotate righ~ circular Acc •............................ 182 
Rotate digit right and left 
between Acc. a n-d 1 oc at ion ( H L) ..................... 219 
R e s t a r t t o 1 o c a t i o n p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277 
Subtract operind s 
from Acc., with carry ..............•........................ 119 
Subtract Reg. pair ss from 
HL with carry .................................................... 163 
Set carry flag (C=l) ....................................... 148 
S e t B i ,t b o f 1 o c a t i o n ( H L ) . . . • • . • . . . • • • • . . . . . . . . . . . • . . 232 
Set Bit b of 1 o cation (IX +d) ..............•.......... 233 
Set Bit b of location (IY+d) ......................... 235 
S e t B i t b o f Re g • r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231 
Shift' operand m left arithmetic ................... 205 
S h i f t o p e r an d m r i g h t · a r i t h me t i c . . . . . . . . . . . . . . . . . . 209 
Shift operand m right logical ....................... 213 
Subtract operand s from Acc •......................... 117 
Exclusive 'OR' operand sand Acc •................ 125 





APPENDIX B 

5.5 INSTRUCTION SET ALPHABETICAL ORDER 
"i ZBO CK USS ASSEMBLER VERSION l. 06 OF 06/LB/76 

07/09/76 10:22:47 OPCODE LISTING 
LUC osJ coot STMT SOURCE STATEMENT LUC 08J CODE SHIT SOURCE ST AT EM ENT 

1)000 ti E l AOC A, ( HL) 007C C856 10 BIT 2, ( HLI 
uOOL DUt!E05 2 AOC A, ( IX+IND) 007E OOCB0556 7l BIT 2, ( lX+lNOl 
0004 FD8EU5 j AOC A,( IY+INDI 0082 FOC80556 72 fj IT 2,(lY+lNDI 
0007 BF 4 AOC A,A 0086 CB57 73 BIT 2,A 
0008 88 5 AOC A,B 0088 CB50 74 BIT 2,B 
0009 69 6 ADC A,C 008A CB5l 75 BIT 2,c 
OOOA SA 1 ADC A,O ooac CB52 76 BIT 2,0 
0008 88 8 AOC A' E: 008E CB53 77 BIT 2,E 
uooc BC .9 AOC A,H 0090 CB54 1B BIT 2tH 
0000 80 10 ADC A,L 0092 CB55 79 BIT 2,L 
OOOE CE20 ll ADC A,N 0094 CBSE: 80 BIT 3, (HL l 
0010 ED4A 12 ADC HL,BC 0096 DOCB055E 81 BIT 3, I IX .. IND I 
0012 ED5A 13 AOC HL,OE 009A FOCB055E 82 BIT 3,(IY+INOI 
0014 ED6A 14 ADC HL,HL 009E C85F 83 SIT 3,A 
0016 ED7A 15 ADC HL, SP OOAO C85d 84 B.IT 3,9 
OOltl B6 16 ADO A, I HL I UOA2 C859 85 BIT 3,C 
0019 008605 17 ADU A, ( IX+INDl OOA4 CB5A 86 BIT 3,0 
OOLC F08605 Lil ADO A, I I Y+INO) OOA6 C858 ti 7 BIT 3,E 
uOlF 87 19 ADD A,A OOA8 CB5C 88 BIT 3,H 
0020 80 20 ADU A,B OOAA C850 89 BIT 3,L 
0021 81 21 ADD A,C OOAC CB66 90 BIT 4, ( HL I 
0022 82 22 ADD A,D OOAE DDCB056o 9l BIT 4.IIX+INOI 
0023 83 23 AUD A,E 0082 FDC80566 92 BIT 4, ( 1 Y+ I ND I 
0024 d4 24 ADD A,H 0086 C86 7 93 BIT 4,A 
0025 85 25 ADD A,L 0068 C860 94 BIT 4,B 
0026 c 620 26 ADD A,N OOBA CB6 l 95 BIT 4,C 
00l8 09 21 ADO · HL, BC 008C C862 96 BIT 4,D 
0029 19 28 ADD HL, OE OOBE CB63 97 BIT 4,E 
002A 29 29 ADO HL,HL ooco C864 98 BIT 4,H 
002B 39 30 ADD HL, SP QOC2 CB65 99 BIT 4,L 
002C DD09 3l ADD lX,BC OOC4 CB6E 100 BIT 5 ,( HLI 
002E DDl9 32 ADD IX,OE OOC6 DDCB056E 101 BIT 5, I l X + 1 ND I 
0030 DD29 33 ADO IX, IX OOCA FDCB056E 102 BIT 5, I I Y +IND I 
0032 DD39 34 ADO IX, SP OOCE C86F 103 BIT 5,A 
0034 FOO~ 35 ADD IY,BC 0000 CB68 104 BIT S,B 
0036 FOL9 36 ADD IY, DE 0002 C869 105 BIT 5,C 
0038 F029 37 ADD IY, IY 00()4 CB6A 106 BIT 5,D 
003A F039 3tl ADD IY,SP 0006 CB6B 107 BIT 5,E 
003C A6 39 ANO (HL) OOD3 coc.c lOG GIT 5 ,11 

0030 DDA6U5 40 AND I IX+ INOJ OODA CB60 109 BIT 5,L 
0040 FGA605 41 ANO I l Y+INDI OODC CB76 110 BIT 6, ( HL l 
0043 A7 42 AND A OODE DDCB0576 111 dlT 6, I IX+ l NOi 
0044 AO 43 ANO B OOE2 FDC80576 112 b IT 6,(IY+INDl 
0045 Al 44 ANO c OOE6 CB71 113 BIT 6,A 
0046 A2 4) ANO D OOES CB10 114 BIT 6,8 
0047 A3 46 ANO £: OOEA CB71 115 BIT 6,C 
0048 A4 47 ANO H uOEC CB12 116 BIT 6,D 
0049 AS 48 ANO L OOEE ·cs 73 l'l 7 BIT 6,E 
004A E620 49 ANO N OOFO Cti74 118 BIT 6,H 
004C CB46 50 BIT Q, ( HL l .OOF2 CB 75 119 ' BIT 6,L 
004E DDCB0~46 51 BIT o,11x+INUl OOF4, CB 7E 120 BIT 7,,( Hll 
0052 FOCB0546 52 BIT O,IIY+INDI OOF6 DDCBU57E 121 BIT 7,(IX+INDI 
0056 CS4 7 53 BIT Q,A OOFA FDCB057E 122 B.I T 7,(IY+INOl 
0058 CB40 54 BIT o,B OOH CB7F 123 BIT 7,A 
005A CB4l 55 BIT o,c 0100 CB78 124 BIT 1,B 
oosc C842 56 BIT o,o 0102 CB79 125 BIT 7,C 
OOSE CB43 57 8 IT O,E 0104 CB7A 126 BIT 7,0 
0060 CB44 58 BIT O,H 0106 CB7B 127 BIT 1,E 
0062 CB45 59 lJ IT o,L 0108 CB7C ll8 BIT J,H 
0064 C84E 60 BIT 1, I Hl l 0 lOA CB1D 129 BIT 7,L 
0066 DOCB054E 61 BIT l,(IX+INDI OlOC DC8405 130 CALL C,NN 
006A FOC8054E 62 BIT l, l I Y+ I NO I OlOF FC 8405 131 CALL M,NN 
006E CB4F 63 BIT 1, A 0112 048405 132 CALL NC ,NN 
0070 CB48 64 BIT l, B 0115 CD8405 133 CALL NN 
0012 CB49 65 8 IT l ,C 0 118 C4tl405 134 CALL NZ.,NN 
0074 CB"tA 66 BIT l ,o 0118 F4d405 135 CAll P,NN 
0076 CB4B 67 ·BIT l, E O llE EC8405 136 CALL PE,NN 
0078 Cb4C 68 BIT l,H 0121 E48405 137 CALL PO,NN 
007A CB40 69 BIT l, L 0124 CC8405 138 CALL Z.,NN 



zso CROSS ASSEMBLER VERSION 1. Ob Of 06/18176 
U7/09/7b 10:22:47 OPCODE LI STiNG 
LOC OBJ CODE SHH SOURCE STATEMENT LDC U~J CCJOE: SHH SOURCE STATEMENT 

0127 3F 139 CCF 018f 2C 208 INC L 
0128 BE 140 CP !HU 0190 Jj 209 INC SP 
0129 DDBE05 141 CP llX+INDI 0191 EDAA 210 IND 
OlZC fDBE05 142 CP I IYt·lNOJ 0193 ED6A 211 INDR 
Ol2F Bf 143 CP A 0195 EDA2 Zll INI 
0130 B8 144 CP B 0197 EDB2 213 INIR 
0131 B9 145 CP c 0199 E9 .214 JP IHLI 
0132 BA 146 CP D 019A DDE9 215 JP (IXJ 
0133 BB lit7 CP E 019C FDE9 216 JP I lY I 
0134 BC 148 CP H 019E DA8405 217 JP C,NN 
0135 BO 149 CP L OlAl FAH405 218 JP 11,NN 
0136 FE20 150 CP N OLA4 028405 219 JP NC,NN 
0138 eOA9 151 CPD 01A7 C38405 220 JP NN 
Ol3A EOij9 152 CPDR OlAA C28405 221 JP NZ,NN 
Ol3C EDAl 153 CPI OlAU F28405 222 JP P,NN 
Ol3E EDijl 154 CPIR 0180 EA8405 223 JP PE,NN 
0140 zF· 155 CPL 01B3 · E28405 224 JP PO,NN 
0141 27 156 DAA 01B6 CA8405 225 JP Z,NN 
011t2 35 157 DEC IHLI 0189 3t12E 22b JR c,01s 
Ollt3 003505 . 158 DEC I lX+lNOI 01B8 182E 227 JR DIS 
0146 F03505 159 oEc llY+INDI 0180 302E 228 JR NC,OIS 
0149 30 160 DEC A 018F 202E 229 JR NZ,OIS 
0144 05 lo 1 DEC B OlCl 282E 230 JR z,01s 
Ol4B OB lo2 DEC BC 01C3 02 231 LO I BC I ,A 
014C OD 163 DEC. c. ;. . '. OlC4 12 232 LO IOEI ,A 
0140 15 164 DEC D 01C5 77 233 LO. ( HL J ,A 
014E lB 165 DEC Dt OlC6 70 234 LO (HL) ,6 
014F 10 166 DEC E O lC 7 71 235 LO IHU,C 
0150 25 167 DEC. H 01C8 1Z 236 LO (Hl 1,0 
0151 2B 168 DEC HL OlC9 73 237 LO IHLI ,E 
0152 D02B 169 . DEC IX OlCA 74 238 LO IHL) ,H 
015'4 F028 170 DEC lY OlCB 75 239 LO ( HL I ,L 
0156 20 171 DEC L OlCC 3620 ZitO LO IHLI ,N 
0157 36 172 DEC SP 01CE 007705 241 LO llX+INOJ,A 
0158 F3 173 DI 0101 007005 242 LO ( IX+IN0),8 
0159 102E . 174 DJNZ DIS 0104 007105 243 LO llX+INOJ,C 
015B FB 175 El 0107 007205 244 LO llX+INOJ,O 
015C E3 176 ex ISP I ,HL 010A 007305 245 LO llX+lNOJ,E 
0150 DOE3 177 ex ISPJ,IX OlDO 007'405 21t6 LO I IX+lNOJ ,H 
015F FDE3 178 EX I SP I, IY Oleo 007505 21t7 LO I lX+INOJ ,L 
0161 08 179 ex AF,AF 1 01E3 00360520 21t8 LO I IX+INDI ,N 
0162 EB 180 EX OE,HL 01E7 F07705 249 LO ( IY+IND) ,A 
0163 09 181 EXX OlEA F07005 250 LO ( lY+INDJ ,8 
Olb4 76 182 HALT Oleo F07105 251 LO llY+INDI ,c 
0165 ED46 183 111 0 OlFO FD7205 252 LO llY+INDJ,O 
0167 ED56 184 IM 1 Olf3 F07305 253 LO llY+INOl,E 
0169 ED5E 185 IM z OlF6 Fo11tos 254 LO llY+INDltH 
0168 E07ts 186 IN A,IC) Olf9 F07505 255 LO I IY+INO) ,L 
0160 0820 187 IN A .(N) OlFC - FD360520 256 LO llY+INOJ,N 
Ol6F ED'tO 188 IN B,&CJ 0200 3281t05 257 LO (NNJ ,A 
0171 ED48 189 IN C, IC J 0203 ED438405 258 LO tNNJ ,8c 
0173 ED50 190 IN o, I CJ 0207 E0538405 259 LO lNNJ ,OE 
0175 ED58 191 IN Et IC> 020B 228405 260 LO (NNJ,HL 
0177 ED60 192 IN H, (C) 020E 00228405 2bl LO lNNJ,IX 
0179 E0~8 193 IN L, ICJ 0212 F.0228405 262 LO lNNI, IY 
0178 34 194 INC IHLI 0216 ED738405 263 LO INNl,SP 
Ol7C 003405 l 95 INC I IX+INDI 02lA OA 264 LO A,(8CI 
Ol7F FOH05 196 INC llY+INOJ 0218 lA 265 LO A,(OE> 
0182 3C 197 I NC A 021C 7E 266 LO A, ( HLJ 
0183 04 198 INC 8 0210 OD7E05 267 LO A,(IX+INOI 
0184 03 199 INC BC 0220 F07E05 268 LO A, I IY+ INOJ 
0185 oc zoo INC c 0223 3A8405 269 LO A,(NNI 
0186 14 201 INC D 0226 7F 270 LO · A,A 
0187 l3 202 I NC DE 0227 78 271 LO A,8 
0188 lC i03 INC E 0228 79 272 LO A ,'C 
0189 24 204 lNC H 0229 7A 273 LO A,O 
018A 23 ZO~>' lNC HL 022A 78 274 LO A,E 
0188 0023 206 INC IX 02ZB 7C zn LO A,H 
0180 FDZ3 Zl.l7 INC IY 022C ED57 276 LO 1,1 



zso CROSS ASSEMBLER VERSION 1.06 OF 06/18/76 
07109/76 10:22:47 OPCOOE LISTING 
LDC OBJ CODE STMT SOURCE STATEMENT LDC OBJ CODE STMT SOURCE STATEMENT 

.022E 70 277 LO A,L 02A8 006E05 346 LO L, ( lX+INO) 
022f 3E20 278 LO A,N 02AB FD6E05 347 LO Lt ( IY+INDI 
0231 46 279 LO 8,CHU 02AE 6f 348 LO LtA 
0232 004605 280 LO B, ( IX+INO) 02AF 68 349 LO L,8 
0235 F04605 281 LO 8,(IY+INO) 0280 69 350 LO L,C 
0238 47 282 LO 8,A 0281 6A 351 LO LtO 
0239 40 l83 LO BtB 0282 68 352 LO L,E 
023A 41 284 LO a,c 0283 6C 353 LO L,H 
U238 42 285 LO e,o 0284 60 354 LO L,L 
023C 43 286 LO e,e 0285 2E20 355 LO LrN 
0230 44 287 LO B,H,NN 0287 E07B8't05 356 LO SP,(NNI 
021e 45 '288 LO 8,L 0288 F9 357 LO SP,HL 
023F 0620 289 LO 8,N 028C OOF9 358 LO SP,IX 
0241 ED488405 290 LO ec, I NNI 028E FDF9 359 LO SP,IY 
0245 018405 291 LO BC,NN 02CO 318405 360 LO SP,NN 
0248 4E 292 LO C, ( HLI 02C3 EDA& 361 LOO 
U249 004E05 293 LO C,( IX+INOI 02C5 EOS8 362 LDOR 
024C F04E05 294 LO CrllY+INDI 02C7 EOAO 363 LOI 
024F 4F 295 LO C,A 02C9 EOBO 364 LOIR 
0250 48 296 LO c,s 02C8 EOH 365 NEG 
0251 49 297 LO c,c 02CO 00 36f» NOP 
02S2 4A 298 LO c,o 02CE 86 367 OR (HU 
0253 48 299 LO c,e 02CF 008605 368 OR C IX+INOJ 
0254 4C 300 LO C,H 0202 FOB605 369 OR (IY+INOJ 
0255 40 301 LO C,L 0205 87 370 OR A 
0256 oe20 302 LO C,N 0206 BO 371 OR B 
0258 56 303 LO O,CHU 0207 Bl 372 OR c 
0259 OOS605 304 LO O,( IX+INOI 0208 82 373 OR D 
025C F05605 305 LO o, ( IY+INDJ 0209 83 374 OR E 
025F 57 306 LO O,A 020A 84 375 OR H 
0260 50 307 LO 0,0 0208 BS 376 OR L 
0261 51 308 LO o,c OZDC F620 377 OR H 
0262 52 309 LO o,o 020E EOBB 378 OTOR 
0263 53 310 LO o,e OZEO E083 379 OTIR 
0264 54 311 LO O,H 02E2 E079 380 OUT tel ,A 
0265 55 312 LO OtL 02E4 E041 381 OUT tct ,a 
0266 1620 313 LO O,N 02E6 E049 382 OUT cc) ,c 
0268 E058840S 314 LO OE,(NNI 02E8 E051 383 OUT CC I ,o 
026C 118405 315 LO OE,NN 02EA EOSCJ 384 OUT u:t,E 
02ur= Sc 316 LO cr (HL J 02EC E06l 385 OUT CC) ,H 
0270 OD5E05 317 LO E,CJX+INO) 02EE ED69 386 OUT CCJ ,L 
0273 FDSE05 318 LD ErCIY+INDl 02FO 0320 387 OUT CNl,A 
0276 Sf 319 LD f,A 02F2 EOAB 388 OUTD 
0277 58 320 LD e,a 02F4 EDA3 389 OUTI 
0278 "59 321 LO E,c 02F6 fl 390 POP AF 
0279 SA 322 LO E,o 02F7 Cl 391 POP BC 
027A SB 323 LO e,E 02F8 01 392 POP OE 
0278 5C J24 LO ErH 02F9 El 393 POP HL 
027C 50 32S LO E,L 02FA OOEl 394 POP IX 
0270 1E20 326 LO E,N 02FC FDEl 395 POP IY 
027F 66 327 LO H, (HLJ 02FE F5 396 PUSH AF 
02'd0 1)06605 328 LO H,CIX+IND) 02FF C5 397 PUSH BC 
0283 FD6605 329 LO H,CIY+INO) 0300 05 398 PUSH DE 
0286 67 330 LO H,A 0301 E5 399 PUSH HL 
0287 60 331 LO H,8 0302 DOES 400 PUSH IX 
0268 61 332 LO HrC 0304 FOES 401 PUSH· IY 
0289 62 333 LO H,O 0306 CB86 402 RES o,CHU 
028A 63 l34 LO H,E 0308 OOC80586 403 RES o,11x+INO) 
0288 64 335 LO H,H 030C FOC80586 ltO't RES O,(JY+INDI 
028C 65 336 LO H,L 0310 CB87 405 RES OtA 
0280 2620 337 LO HtN 0312 caao 406 RES o,a 
028F 2A8't05 338 LD HL,CNN) 0314 CB81 407 RES o,c 
0292 218'tQ5 339 LO HL1NN 0316 CB82 408 RES o,o 
0295 E047 3't0 LO ••• 0318 C883 409 RES o,e 
0297 OD2A8405 341 LO IX1CNNI 03lA C8ts4 410 RES O,H 
0298 002lB'tOS 342 LD IXtNN 031C CB85 411 RES O,L 
029F FD2A8405 30 LO IY, l NNJ 031E C88E 412 RES l, CHU 
02Al F0218405 3't4 LD IY,NN 0320 DOCB058E 413 RES l,CIX+IHDI 
02A7 6E 345 LO L, l HLI 0324 FOC8058E 414 RES lr C IY+INDJ 
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0328 CBBF 41!) RES l, A 03C8 Fa 484 RET M 
032A CBHB 416 RES l ,B 03C9 DO 4135 RET NC 
03ZC CB89 417 RES l ,C 03CA co 486 RE:T NZ 
032E CBHA 41 tl RES 1, 0 03CB FO 487 RET p 

P330 CH88 419 RES lrE 03CC Eb 488 RET Pf: 
0332 CH8C 420 RES l, H 03CO EO 48~ RET PO 
0334 CB80 421 RES 1, L 03CE C8 490 RET z ' 
0.336 CB96 422 ~ES 2, I HL I 03CF EU4D 491 RETI 
03313 DDCBu596 423 RES 2r11X+INOI 0301 E045 492 RETN 
033C FOCB05"6 424 RES 2 .CI Y+ I NO I 0303 C6l6 493 RL IHLJ 
0340 CB97 425 RES 2,A 0305 ODCB051.6 494 RL I I X+INOI 
0342 C690 42b RES 2,6 0309 FOC6u5 l6 495 RL I IY+INO J 
v344 C.691 42 7 RES 2,c 0300 CB17 496 RL A 
0346 CB92 4213 RES 2,0 U30F C610 497 RL 8 
0348 C893 429 RES 2,E OJEl CBll 498 RL c 
034A C.694 '430 RES 2rH 03E3 CB12 499 RL 0 
03ft.C CB95 43l RES 2,L 03E5 C613 500 RL E 
03'tE CB9t 432 KES 3, I HL I· 03E7 C814 501 RL H 
0350 DOC6059c 4:H RES 3, (IX• !NO I U3E9 CB15 502 RL L 
0354 FDCB059E 434 RES 3, I lY • INOI 03-f:B 11 503 RLA 
0358 C69F 435 RES 3,A U3EC CB06 504 RLC IHLI 
035A C6'1tl 436 RES 3,5 03EE DDC80506 505 RLC I IX•INDJ 
035C C699 43 7 RES 3,c u3t-2 FOC6u:j06 506 RLC llY+INOI 
035E C.89A 438 ·RES 3,0 03F6 CB07 501 RLC A 
0360 C89B 439 RES 3,E 03F8 CBuu 508 RLC B 
0362 CB9C 440 H.E S 3,H ;;c=,, 

03FA CBOl 509 RLC c 
03b4 C690 441 RE~ 3rL 03FC Ctiu2 5 LU RLC D 
0366 CbA6 442 RES 4, I HL I 03FE CB03 511 RLC E 
0368 Ol.lCB05Ab 443 RtS 4, (IX+ I NO I 0400 CbU4 ')l.l RLC H 
U36C FOC805A6 444 RES 4, 11 Y+ I NO I 040.2 Ct:lu5 513 RLC L 
0370 CBA7 445 RES 4,A ()404 07 514 RLCA 
0372 CBAO 446 RES 4,6 U405 EU6F !) l 5 RLD 
0374 CB Al 447 RES 4,C 0407 C61E 516 RR (HLJ 
0376 CBA2 44tl RES 4,(J u409 Ol.lCB051E .., l 7 '1.R ( IX+INOJ 
0376 CBA3 449 RES 4,E 0400 FOCBU5lt: 518 R.R I I Y•INDI 
037A CBA4 45iJ RES 4,H 0411 C6LF 5L9 RR A 
u37C C5A5 451 RES 4,L 0413 CB ltl 520 RR B 
037E CBAE 452 RES 5, IHLI 0415 ChlY 521 RR c 
U380 ODCB05AE 453 RES 5, I IX+ I NO I 0417 C61A 522 RR D 
0384 FOCB05AE 4S4 RES 5, 1 IY+INOI 0419 CBlB 523 .KR E 
0388 CBAF 455 RES 5,A 0418 CBlC 524 RR H 
038A CBAB 456 RE~ 5,B 04 LO CBlD 525 RR L 
0313C CBA9 457 RES s,c 041F LF ~26 RRA 
036E Cb AA 458 RES 5,u u420 ClluE 527 RRC I HLJ 
0390 CB Ab 459 RES 5., E 0422 DOC6050E 52 8 RRC I IX+INOI 
039~ CdAC 4b0 RES 5,H 1)426 FOCB050E 52"1 ~RC I IY+INDI 
0394 CBAO 461 RES 5,L 042A CBIJF 530 RRC A 
0396 Cl:l86 462 RES 6, I HLI u42C C.Butl 53L RRC B 
U398 ODCB05Bb 463 RES b,.1 IX•INUI 042E C609 532 RRC c 
039C- FDC005d6 464 KE S 6,IIY•INO) 0430 CtlUA 'B3 RRC 0 
03AO Cl:lB 7 465 RES 6,A 0432 CB06 534 ;{RC E 
03A2 CBBO 466 RES 6,B 0434 CBOC 535 RRC H 
03A4 CB81 467 RES 6,C 0436 CBUD 536 RRC L 
0346 CBB2 468 RES 6, I) U438 UF ;37 RRCA 
03A8 CB6 3 46Y RES 6, t: 1)439 E06 7 538 RRO 
03AA CBB4 4 70' RES 6,H U43B C7 5H RST 0 
03AC. CBB5 471 RES 6,L 043( lJ 7 540 RST lOH 
03AE CBBE 472 RES 7, I HL I 0430 OF 541 RST l8H 
u3BO ODCB05liE 4 7 3 RES 7, I IX• INOI IJ43E E7 542 RST 20H 
03B4 FOCB05Bt 4 74 RES 7, 1 IY+ IND I 043F EF 543 RST 28H 
0386 CBBF 4 75 RES 7,A iJ440 F7 544 Rsr 30H 
038A CBl:ltl 476 RES 7,8 0441 FF 545 RST 38H 
03BC C8B9 477 RES 1,c 0442 CF 54b RST 8 
03BE CBBA 418 RES 7,0 U443 9E 547 SBC A, I HL I 
03CO CBBB 479 RES 7, E iJ444 DD9E05 548 SBC A, I IX+ INOJ 
03C.2 CBBC 480 RES 7 ,H 0447 FU9E05 549 SBC A,( I Y+ I NO I 
03C.4 Cb BO 4dl RES 7,L U44A "IF 550 SBC A,A 
U3C6 C9 482 HT 0448 98 551 SBC A,B 
03(.1 08 4tl3 RET c O't4C 99 552 SBC. A,C 

') 1 JI 
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0440 9A 553 SBC A,Q 04EA CBEO 622 SET 5,L 
U44E 9B 554 SSC A,E 04EC CBF6 623 SET 6, IHL J 
044F 9C 555 SBC ·A,H 041:E OUCB05Fo 024 SET 6, ( IXHNOI 
0450 "10 556 SBC A,L 04f2 FDC805F6 625 SET 6,llY+INDJ 
04Sl DE.20 557 sac A,N 04F6 CBF7 b26 SET 6 t A • 
0453 ED42 558 sac HL,BC 04f8 .CBt=O 627 Sl:T o,B 
0455 ED52 559 SSC HL,OE 04FA CBFl 628 SET 6,C 
0457 E062 560 sac HL,HL 04FC CBF2 629 SET 6,0 
04)9 E072 561 SBC HL,SP 04fl: CBf 3 630 SET 6,E 
0458 37 562 SCf- 0500 CBF4 631 SET 6,H 
045C CBC6 563 SET 0 t l HL J 0502 CBF5 032 SET 6,L 
045E ODCB05Co 564 SET O,(IX+INOJ 0504 CBFE b33 SET 7, (HLJ 
0462 FOCB05C6 565 SET Or ( IY+INO) 0506 DDCB05FE 634 SET 1, (IX+ IND J 
0466 CBC7 566 SET O,A 050A FDCB05FE 635 SET 1, l IV+ INDl 
0468 CBCO 567 SET o,s v50E CBFF 636 SET 7,A 
046A CBCl 568 SET o,c 0510 C8F8 637 St:T 1,a 
046C C8C2 569 SET o,o 0512 C8F9 638 SET 1,c 
046E CBC3 570 SET O,E 0514 CBFA 639 SET 1,0 
0470 C8C4 571 SET O,H 0516 CBFB 640 SET 7,E 
0472 cac5 512 SET O,L 0518 CBFC 641 SET 7,H 
0474 CBCE 573 SET l, IHLJ 051A CBFO 642 SET 7,L 
047b ooclioscE 574 SET l,(IX+INOI 051C CB.26 643 SLA (HLJ 
047A FDCB05C E 575 SET l r I IY+INU) 051E OOC805l6 644 SLA llX+INOI 
04 7E CBCF 576 SET l, A 0522 FOC80526 b45 SLA I lY+lNOJ 
U480 C8Cd 577 SET 1, B 0526 . ~t>.21 646 SLA A 
0482 CBC9 5 78 SET l ,C 0528 :C~,20 647 SLA B 
0484 CBCA 579 SET l ,o u52A C821 648 SLA c 
0486 CBCB 580 SET l, E u52C CB.22 649 SL A 0 
0481i CBCC 581 SET l ,H 052E CB23 650 SLA E 
048A CBCD 582 SET ltl 0530 ·CB24 651 SLA H 
048C CBD6 583 SET 2, I HL J 0532 CB25 652 SLA L 
048E DOCB0506 584 SET 2.CIX+INOJ 0534 CB2E 653 SRA (HL) 
0492 FOCBU506 585 SET 2, I IY+JNOJ 0536 OOCB052E 654 SRA I lX+INO) 
0496 CBD7 586 SET 2,A 053A FDC8052E 655 SRA llY+IND) 
0498 C8DO 5d7 SET 2,& 053E CB2 F 656 SRA A 
049A CBD,l 5tltl SET 2,c 0540 C82d 657 SRA B 
049C CBU2 589 SET 2,0 0542 CB29 658 SRA c 
049E C8D3 590 SET 2,E 0544 CB2A 659 SRA D 
04AO CBD4 5"11 SET 2,H 0546 C828 660 SRA E 
04A2 cau5 592 SET 2,L 0548 CB2C bbl SRA H 

04A4 CBD8 593 SET 3 B 054A C82D 662 SRA L 
04A6 CBDE 594 SET 3, I HL} 054C C83E 663 SRL IHLJ 

04A8 DOC BO SOE 5<.J5 SET 3,llX+INO) 054E DDCB053E 664 SRL llX+lNOJ 
04AC FDCB05DE 596 SET 3, I l Y• lNDI 0552 FDCBOSJE 665 Sl<L I lY+INDI 
04d0 CBDF ':>97 SET 3,A 0556 CB3f 666 SRL A 
04B2 C809 598 SET 3,c 0558 C838 667 SRL B 
0484 CBDA 599 SET 3,0 055A CB39 668 SRl c 
lJ486 CSDB 6UO SET 3, E 055C C83A 669 SRL D 
0488 caoc 601 SET 3,H 055E Cb3B 67U SRL E 
048A CBUO 602 SET 31L U5()Q CB3C 671 SRL H 
048C C6E6 603 SET 4, I HL I 0562 CB30 b72 SRL L 
048E DDCB05E:6 604 SET 4, 1 l X+ I ND I 0564 96 673 SUB IHLJ 
04C2 FDCBO':>E6 605 SET 4, 1 lY+INOJ 0565 009605 674 SUB I IX+lNDJ 
04C6 C8E1 606 SET 4,A 0568 F09605 675 SUB I IY+INOJ 
04CS CBEO 607 SET 418 0568 97 6 76 sua A 
04CA CB El 608 SET· 4,c u56C 90 677 SUB B 
04CC CBt2 6u9 SET 4',0 0560 91 678 sua c 
04CE C8E3 610 SET 4,E 056E 92 679 SUB D 
0400 C8E4 611 SET 4,H 056F 93 b80 sua E-
0402 C8E5 612 SET 4,L 0570 94 681 SUB H 
0404 Cb CE 613 SET 5, IHLI 0571 95 6t12 SUB -L 
U406 OOCB05EE bl4 SET s, 11x+rno> 05 72 0620 683 SUb N 
040A FDC BOSH bl5 SET 5,llY+lNOI 0574 .AE 684 XOR IHLJ 
04UE CBEt- 616 SET 5,A 0575 DDAEOS 685 XOR llX+INDI 
04ECi CB Ed 617 SET 5,B U578 FOAE05 006 XOR I lY+INDJ 
U4E2 CBE9 61 l:l SET s,c U57B AF 687 XOR A 
04E4 CBEA 61~ SET 5,0 057C AB 688 XOH B 
04E6 CBEB 620 SET ':>' E 05 70 A9 6b9 XOR c 
U4E8 C8£C 6£1 SET 5,H 057E AA 690 XUR 0 
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057F AB 6'H XOM. E 
05dll AC 692 XOR H 
1)581 AO 693 XOk L 
0582 fElO 694 XOR N 
v584 b95 NN OEFS 1. 

o9o INI) EIJU 5· 
697 M F.UU lOH 
69it N EQU 20H 
699 OIS EQU 30H 
700 ENO 



APPENDIX C 

5.6 INSTRUCTION SET NUMERICAL ORDER 

ZBO CROSS ASSEMBLER VERSION 1.06 OF 06/18/76 
07/09/76 10:2o:so .OPCODE LI sr ING 
LDC OBJ COOE ST Hf SOURCE STATEMENT LOC OBJ CODE SHH SOURCE STATEMENT 

0000 00 l NOP 0063 45 70 LO 8,L 
0001 016405 2 LO BC,NN 0064 46 71 LO 8, I HL J 
0004 02 3 LO lBCJ,A 0065 47 72 LO 8,A 
0005 03 4 INC BC 0066 48 73 LO c,8 
0006 04 5 INC B 0067 49 74 LO c,c 
0007 05 6 DEC B 0068 4A 75 LO c,o 
0008 0620 7 LO 8,N 0069 4B 76 LO c,e 
OOOA 07 8 RLCA 006A 4C 77 LO C,H 
OOOB 08 9 EX Af,Af' 0068 40 7b LO C,L 
oooc 09 10 400 HL;ec 006C 4E 79 LO c, (Hl J 
0000 OA 11 LO A, l8CJ 0060 4F 80 LO C,A 
oooe 08 12 DEC BC 006E 50 dl LO o,e 
OOOF oc ll INC C 006F 51 82 LO o,c 
0010 OD 14 DEC C 0070 52 83 LO o,o 
0011 OE20 15 LO C ,N 0071 53 84 LO o ,e 
0013 Of 16 RRCA 0072 54 85 LO Q,H 
001'\ l02E 17 OJNZ DIS 0073 55 d6 LO O,L 
0016 118405 18 LO OE,NN 0074 56 87 LO Q, (HLJ 
0019 12 19 LO IDEI ,A 0075 57 88 LO O,A 
oou 13 20 INC OE 0076 58 89 LO E,8 
0018 14 21 INC 0 0077 59 90 LO E,c 
OOlC 15 22 DEC 0 0078 SA 91 LO E,o 
ooio 1620 23 LO O,N 0079 5B 92 LO E,e 
OOlF 17 24 RL4 007A SC 93 LO ErH 
0020 l82E 25 JR DIS 0078 50 94 LO Erl 
0022 19 26 ADO HL ,OE 007C 5E 95 LO E, IHL J 
0023 LA 27 LO A,IOE) 0070 SF 96 LO Er A 
0024 18 28 DEC DE 007E 60 97 LO HrB 
0025 lC 29 INC E 007F 61 98 LO HrC 
0026 10 30 DEC E 0080 62 99 LO H~D 
0027 1E20 31 LO E rN 0081 63 100 LO H,E 
0029 lF 32 RRA 0082 64 101 LO HrH 
002A 202E 33 JR NZ,OIS 0083 65 102 LO H1l 
ooze 218405 34 LO.HL,NN 0084 66 103 LO H, I HU 
002F 228405 35 LO INN), HL v085 67 104 LO H,A 
0032 23 36 INC HL 0086 68 105 LO Lr8 
0033 24 37 INC H 0087 69 106 LO LrC 
0034 25 38 DEC H 0088 6A 107 LO LrO 
0035 262U 39 LO H,N 0089 68 108 LO L,E 
0037 27 40 o• • ooo.=. c.c 109 LO LrH 
0038 282E 41 JR ZrDIS 0088 60 110 LO Lrl 
003A 29 42 ADO HL,HL oo8c 6E 111 LO Lr lHLJ 
0038 2A8405 43 LO HL, INNJ 0080 6F 112 LO Lr A 
003E ZB 44 DEC HL oo8E 70 l 13 LO l HLJ ,6 
003F 2C 45 INC L 008F 71 114 LO l HL J,C 
U040 20 46 DEC L 0090 72 115 LO I HLJ ,O 
0041 2E20 47 LO LrN 0091 73. 116 LO (HlJ rE 
0043 2f 48 CPL 0092 74 117 LO I HL 1 rH 
0044 302E 49 JR NC,OIS 0093 75 118 LO IHLJ rL 
0046 318405 50 LO SPrNN 0094 76 119 HALT 
0049 328405 51 LO ( NNI ,A 0095 77 120 LO l HLJ,A 
004C 33 52 INC SP 0096 78 121 LO t\tB 
0040 lit 53 INC lHLJ 0097 79 122 LO ArC 
004E 35 54 DEC lHLJ 0098 7A 123 LO 4r0 
004f 3620 55 LO I HLJ ,N 0099 78 124 LO A.E 
0051 37 56 SCF 009A 7C 125 LO A,H 
0052 382E 57 JR c,01s 0098 70 l2b LO 4,L 
0054 39 58 ADO HLrSP 009C 7E 127 LO A.CHU 
0055 3A8405 59 LO 4,INNJ 0090 7F 128 LO A,A 
uo58 36 60 DEC SP 009E 80 129 ADO A,B 
0059 3C bl INC A 009F 81 130 ADO A,C 
005A 30 bZ DEC A OOAO 82 131 ADO A,O 
0058 3E20 63 LO 4,N OOAl 83 132 ADO A,E 
0050 3F 64 CCF OOAZ 84 133 ADO 4,H 
005E 40 65 LO 8,B OOA3 85 134 ADO A,L 
005F ltl 66 LO B ,c OOA4 86 135 ADO A,IHU 
0060 42 67 LO e,o OOA5 87 136 AOC A,A 

0061 43 68 LO e.e OOA6 88 137 AOC A,8 

0062 41t 69 LO BtHrNN OOA7 89 138 AOC A,C 

.... 1 ""7 
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07/09/76 10:2o:so .OPCODE LI ST ING 
LDC OBJ CODE S TMT SOURCE STATEMENT LDC OBJ CODE Sf MT SOURCE STATEMENT 

OOAB 8A 139 ADC A,O OOFB DO 208 RET NC 
OOA9 88 140 ADC A,E OOFC Ol 209 POP DE 
OOAA ac l4l ADC A,H OOFO 028405 210 JP NC,NN 
OOAB BO l42 AOC A,L 0100 0320 211 OUT N,A 
OOAC SE 143 AOC A, ( HL l 0102 D4d4u5 212 CALL NC,NN 
OOAO 8F 

0

144 AOC Ar A 0105 05 '13 PUSH DE 
OOAE 90 145 SUB B 0106 0620 214 SUB N 
OOAF 91 146 SUB c 0108 07 215 RST lOH 
OOBO 92 147 SUB D 0109 08 216 RET C 
0081 93 148 SUB E OlOA 09 217 EXX 
0082 94 149 SUB H OlOB lJA8405 218 JP C,NN 
0083 95 150 SUB L 0 lOE DB20 219 IN A,N 
OOB4 96 151 SU ti (HL) 0110 DCd405 221.) CALL C,NN 
OOBS 97 152 SUB A 0113 DE20 22 l SBC A1 N 
OOB6 98 153 SBC A,B 0115 OF 222 RS T 18H 
OOB7 99 154 SBC A1 C 0 l 16 EO 223 RET PO 
OOBB 'IA 155 SBC A,D 0117 El 224 POP HL 
OOB9 9B 156 SBC A1 E 0118 E 28405 225 JP PO,NN 
OOBA 9C 157 St!C A,H OllB E3 226 EX I SP I, HL 
OOBB 90 158 SBC A,L OllC E4B405 227 CALL PO,NN 
OOBC 9E 159 SBC. A, ( HL l OllF ES 228 PUSH HL 
OOBO 9F 160 SBC A,A 0120 E620 229 AND N 
OOBE AO 161 ANO B 0122 E7 230 RST 20H 
OOBF Al 162 AND c 0123 EB 231 R ET PE 
ooco AZ 163 ANO 0 0124 E9 232 JP ( Hll 
OOCl A3 164 AND E 0125 EA8405 233 JP PE,NN 
OOC.2 A4 165 ANO H 0128 EB 2H EX OE,HL 
OOC3 AS 166 AND L 012'1 EC d405 235 CALL PE,NN 
OOC4 Ao 16 7 AND (HU OllC EE20 236 XOR N 
OOC5 A7 168 AND A 012E EF 237 RS T 28H 
OOC6 AS 169 XOH ti 012 F FO 238 RET p 

OOC7 A9 170 XOH c Ul30 Fl 239 POP AF 
ooc0 AA 171 XOR D 013 l F28405 240 JP P,NN 
OOC9 AB l 7 2 XOR E 0134 F3 241 DI 
OOCA AC 173 XOR H Ol35 F484os 24.2 CALL P,NN 
OOCB AO 174 XOR L 0138 FS 243 PUSH AF 
ooc.c AE 175 XOR (HLI 0139 F 62 0 244 OR N 
OOClJ AF 176 XOR A 0138 F 7 245 RST JOH 
OOCE BO 177 OR B Ol3C ft) 246 RET 11 
OOCF Bl 178 OR C Ol30 F9 247 LD SP,HL 
oouo 82 179 OR 0 Ol3E FA 8405 248 JP 11,NN 
0001 B3 180 OR E Ol4l FB 249 EI 
uOD2 84 181 OR H Ol42 FC8405 250 CALL 11,NN 
0003 BS 182 OR L 0145 FE20 251 CP N 
0004 86 liB OR ( HL l · 0147 FF 252 RS T 38H 
0005 87 ld4 OR A 0148 CBOO 253 RLC 8 
0006 88 185 CP 8 Ol4A CBOl 254 RLC C 
0007 89 186 CP c Ol4C C!Hl2 255 RLC. 0 
0008 BA 187 CP D Ol4E CB03 256 RLC E 
0009 BB 188 CP E 0150 CB04 257 RLC H 
OODA BC 189 CP H ul 52 C BOS 258 RLC L 
OOOB BD 190 CP L 0154 CB06 259 RLC IHLl 
oooc. BE 19 l CP ( HLl 0156 CB07 260 RLC A 
0000 BF 192 CP A 0158 CB08 261 RRC B 
OODE co 193 ~ET Nl 015A CB09 262 RRC c 
OOOF Cl 194 POP BC Ol5C CBOA 263 RRC D 
OOEO C28405 195 JP Nl,NN OlSE CBOB 264 RRC E 
OOE3 C38405 196 JP NN 0160 CBOC 2b5 ~RC H 

OOE6 C48405 i 9 T CALL Nl,NN 0162 CBOD 266 RRC L 
OOE9 cs 198 PUSH BC 0164 CBOE 267 RRC IHLl 
UOEA C620 199 ADD A,N 0166 CBOF 268 RRC A 
OOEC C7 2ou RST 0 0168 CBlO 269 RL B 
OOED ca 201 RET z 0164 CBll 2 70 RL C 
OOEE c 'I ZU2 kE T Ol6C CB12 271 RL D 
OOEF CA84U5 Z03 JP lrNN Ol6E CB13 272 RL E 
OOF2 CC8405 204 CALL Z,NN 0170 CB14 273 RL H 
OOF5 CD8405 205 CALL NN 0172 CBlS 274 RL L 
OOF8 CEZO Z06 AOC A ,N 0174 CB16 2 75 RL I HL I 
OOFA CF 207 RST 8 0176 CB17 276 Rl A 

') 1 0 



ZBO CROSS ASSEMBLER VERSION l.Ob Of- ObllBl1b 
07109/ 7b 10:20:50 .OPCODE LISTING 
LOC OBJ COOE STHT SOURCE STATEMENT LOC OBJ coot STM T SOURCE STATEMENT 

0178 C.818 217 RR Ii 0202 Clib5 346 BIT lt,L 
017A C.819 278 RR c 0201t CElbb 347 BIT It, I HL J 
Ol7C CBlA 279 RR D 020b CBb7 348 lilT lt,A 
Ol7E CBlB 280 kR E 0208 CBb8 34~ BIT 5,8 
0180 CBlC 4!81 RR H 020A CBb9 350 on s,c 
0182 CBlO 282 RR L 020C CBbA 351 BIT 5,0 
0184 CBlE 283 RK (HU 020E CBbB 352 BIT 5,E 
Ol8b CBlf 284 RR A 0210 CBbC 353 BIT 5,H 
0188 CB20 285 SLA 8 0212 CB60 354 BIT 5,L 
018A CB21 28b SLA C 02l't CB6£: 355 BIT 5, I HLI 
OlBC CB22 287 SLA 0 oz lb CBbF 35b 8 IT 5,A 
018E C~23 288 SL4 E 0218 CB70 357 BIT 6,B 
0190 CB2" 289 SLA H 02 lA CB7l 358 BIT 6,C 
0192 CB25 290 SLA L 021C CB72 359 BIT 610 
0194 C.BZb 291 SLA (HLl oz 1£: CB73 360 BIT b,E 
0196 CB27 292 SLA A 0220 CB74 )bl BIT b,H 

0198 CB2& 293 SRA B 0222 CB75 Jb2 BIT btl 
Ol9A C.829 294 SRA c. 0224 C87b 3b3 BIT 6,(HL) 
019C CB2A 295 SRA 0 0226 CB11 364 BIT b,A 
019E Cli2B 296 SRA E 0228 CB78 365 BIT 7,8 
ouo CBZC. 297 SRA H 0224 CB79 366 BIT 1,c. 
01A2 CBZO 298 SRA L 022C CB74 367 BIT 7, 0 
OlAlt CB2E l99 SRA lHL) 022E C87B 3b8 BIT 7,E 
0146 CBZF- 300 SRA A 0230 CB7C 369 BIT 7,H 
ou0 C838 301 SRL B 0232 CB70 370 BIT 7,L 
OlAA CB39 302 SRL c ·0234 CB7E 371 BIT 7,( HL) 
OlAC CB3A 303 SRL D 0236 CB7F 372 BIT 7,4 
OlAE CBJB 304 SRL E 0238 C.880 373 RES o,B 
0180 CB3C 305 SRL H 023A CB81 374 RES o,c 
0182 CB30 306 SRL L 023C C.882 375 RES o,o 
OlB4 CB3E 307 SRL IHLI 023E CB83 376 RES o,E 
0186 CB3F 308 SRL A 0240 CB84 377· RES O,H 
01B8 CB40 309 BIT o,a 0242 C885 378 RES Otl 
OlBA CB4l 310 BIT o,c 0244 CB86 379 RES O,IHLJ 
OlBC C842 311 BIT 0 ,l) 0246 CB87 380 RES O,A 
OlBE CB43 312 BIT o,E 0248 CB88 381 RES 118 
OlC.O CB44 313 BIT O,H 024A CBd9 382 RES l ,C 
OlCZ CB45 314 BIT 01L 024C. CB8A 383 RES l,O 
OlC4 CB4o 315 BIT 01CHL) 024E CB8B 384 RES l,E 
OlC.6 C.847 316 BIT 09A 0250 case 385 RES l 1H 
01ca ca.:.a 317 BIT 116 0252 ClluO 336 RES 1,L 
OlC.A C.849 318 BIT 11c 025't CB8E 387 RES l 1 C Hl J 
OlC.C CB4A 319 BIT l, 0 0256 CB8F 388 RES l,A 
OlCE CB4B 320 BIT 11e 0258 CB90 389 RES 2,B 
0100 CB4C 321 BIT l ,H 025A C891 390 RES 21C 
0102 CB4U 322 BIT l,L 025C CB92 391 RES 2,0 
0104 CB4E 323 BIT 1, (HL) 025E CB93 392 RES 21E 
OlOb CB4F 324 lilT l,A 0260 Ctt94 393 RES 2,H 
0108 CBSO 325 BIT z,a 0262 CB95 394 RES 2rl 
OlOA CBSl 326 BIT 2,c 0264 C.896 395 RES 21 IHL J 
OlOC C.B52 327 BIT 2.0 0266 C.B97 396 RES 2,A 
OlOE CB53 328 BIT 2.E 0268 C898 397 RES 318 
OlEO CB54 329 BIT 21H 02bA C.B99 3~8 RES 31C. 
01E2 CB55 330 BIT 21L 02bC CB9A 399 RES 310 
01E4 C.B56 331 BIT 21 lHU OZbE CB98 400 RES 3,E 
OlE6 Cb57 332 tHT 2,A 0270 C.B9C. 401 RES 3,H 
01E8 CB58 333 BIT 3,B 0272 CB90 ltOZ RES 31l 
OlEA C859 ·334 BIT 39C 0274 C89E 403 RES 3 ,C HLl 
OlEC CB5A 335 BIT 3,0 IJZ7b CB9F 't04 RES 31A 
01 El: CB58 336 BIT 3,E 0278 CfiAO 't05 RES "iB 
OlFO CB5C 337 BIT 3 1 H OZ1A CBAl 406 RES 4,C 
OlfZ CB50 338 BIT ~.L 027C. CBA2 407 RES 410 
Olf4 CB5E 339 BIT 3, IHU 027E CBA3 408 RES 

"' E Olfb CBSF 340 Ill T 3 1A 0280 CliA4 409 RES 41H 
Olf8 CB60 341 BIT 418 0282 CBA5 410 RES 4,L 
OlfA CBol 342 HIT 4,C 0284 CBA6 'tll RES 't1 IHLJ 
OlfC C.Bb2 343 BIT 4,0 02db CBA7 412 RES 41A 
Olf-E CBb3 344 BIT 4,E 0288 CBA8 413 RES 51B 
0200 CBo4 345 BIT 4,H 028A CBA9 414 RES 5,c. 
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0 7109/76 io: 20: 50 .OPCODE LIST I NG 
LDC OBJ CODE ST MT SOUR Ct: STATEMENT LDC OBJ CUOE S TM T SOURCE STATEMt:NT 

028C CbAA 415 RES 5,o u316 C8EF 484 SET 5,A 
02BE CBAB 416 RES 5,t 0318 CS Fu O:.t\5 SET 6,8 
0290 CBAC 411 RES 5,H 031A CB Fl 4t:l6 SET 6,C 
0292 CBAO 418 RES 5,L OHC CbF2 . 487 SET 6,U 
u294 CBAE 419 RES 5, (HLI OHE CBF3 4t:lt:I SET 6,E 
0296 CBAF 420 RES 5,A U320 CBF4 489 SET 6,H 
0298 C8tl0 421 RES 6,8 0322 C.Bf'S 4"l) SET 6,L 
029A CBl:ll 4l2 RES 6,C 03l4 CBF6 49 l SET 6, I HL) 
029C C882 423 RES 6,0 0326 CBF7 492 SET 6,A 
029E Ct:183 424 RES 6,E 0328 CBF8 493 SET 7,B 
U2AO CB84 425 M.E S 6,H 032A Ct:!F9 494 SET 1,c 
02A2 mas 426 RES 6,L 032C Cf:IFA 495 SET 1,0 
02A4 Ct\86 427 RES 6,IHL) 032E CBf'8 496 SET 7,E 
02A6 C8B7 42B RES 6,A 0330 Ct3FC 497 SET 7, H 
02 At\ C.t:ltlo 429 M.ES 7,b u332 CtH·D 498 SET 7,L 
02AA Cf:l89 430 RES 1,c 0334 C8FE 499 SET 7, I HL I 
u2AC Ci;BA 431 RES 1,0 0336 Cf:IFF 500 SET 7,A 
02 AE CBBB 432 RES 7' E 0338 UQ09 501 ADO IX,BC 
uzso CBBC 4J3 RES 71H u33A DU19 502 ADO 1x,o~ 

0282 C8BO 434 RES 71L 033C OD2lb4U5 ~u3 LO IX,NN 
02tl4 CBS E 435 RES 7, I HL) 0340 00l2B4U5 504 LO INNl,IX 
02B6 CBBF 436 RES 7 1A 0344 uD23 505 INC IX 
02Btl Cl:ICO 437 SET o, ti 0346 0029 506 ADO IX, IX 
028A CBC l 438 SET o,c 0348 D02A8405 507 LO IX,( NN) 
028C CBC£ 439 SET o,o 034C 0028 508 DEC Ix 
02bE CBC3 440 SET o,E u34E 003405 509 INC I IX+ IND I 
OZ Cu CBC 4 441 SET O,H 0351 003505 510 OEC llX+!NDI 
02C2 CBC 5 442 SET O,L 0 354 UU36u520 511 LO ( IX+ I ND I, N 
02C4 CBC6 443 SET 0, I HL l u.35d 0039 512 ADD IX, SP 
02C6 CtlC 7 444 SET O,A U35A 004605 513 LD B.llX+lNDI 
02CB CtlC 8 445 SET 1, B 0350 004E:05 514 L D C, ( l X +I ND) 
02CA C8C9 446 SET 1, c 0360 005605 515 LO 0,( IX+IND) 
02CC CBCA 44 7 SET l ,D 0363 uu5E 05 516 ·LU E,IIX+INO) 
02Ct: Cf:IC8 448 SET 11 E 0366 006605 517 LO H .I l X + l ND I 
0200 CBCC 44" SET l,H u369 006EU5 518 LO L.llX+INOI 
0202 CBCD 450 5 ET l, L 036C uo1005 519 LO I IX+INDJ 18 
0204 CBCE: 451 SET L ,I HLI 03oF 007105 520 LO ( IX+INDI ,C 
0206 C8CF 452 SET l 1 A 03 72 007205 521 LO I IX+INDI ,cj 
02Dd CBOU 453 SET 2,B 0375 DD 7305 522 LO I IX+ I ND I ,E 
020A CBU l 454 SET 2,c 0378 007405 523 LO llX+INOJ,H 
UZDC C.B02 455 :>ET 2.0 0378 001;05 524 LO (IX+ I ND I, L 
02DE C803 456 SET 2,E 037E 007705 525 LO IIX+INDl,A 
02EO C8LJ4 457 ::.ET 2,H 03 8l 007Eu5 52b LO A.I IX+INDl 
02E2 L.805 4;0 SET 2,L 0384 008605 527 ADD A,llX+INDl 
02E4 CBLl6 459 SET 2, I HLI 0387 DDBE05 52d ADC A,llX+INOl 
02Eo CBU7 460 ::.ET 2,A 038A DD9605 529 SUB ( lX+ IND l 
02 ES. C808 461 ::.ET 3 B 0380 009E05 53u SBC A,(IX+INOI 
02t:A C!W9 .. 02 SET 3,C 0390 D0Ao05 531 AND (IX+ IND I 
02EC CBDA 463 SET 3,0 0393 UPAEO; 532 X.OR I IX+ IND) 
02EE C BOB 464 SET 3, E 0396 008605 533 OR I I X+l ND) 
02FO CBOC 465 SET 3,H 0399 DOBE05 534 CP I IX +iND I 
02F2 CBUD 466 SET 3,L 039C ODE l 535 POP IX 
02F4 CBDE 467 SET 3, I HL l 039E DDE3 536 EX I SP I, IX 
02F6 CBOF 468 SET 3,A 03AU DOES 53 7 PUSH IX . 
02Fd C8EO 469 SET ,4,B 03A2 DDE9 538 JP I IX I 
02FA C t1E l 470 SET 4,C 03 A4 DOF9 539 LO SP,! X 
02FC CBE2 471 SET 4,0 03A6 DDCB0506 540 RLC I IX+ IND l 
02FE Ci3E3 4 72 SET 4,F 03AA DDCB050E 541 RRC I IX .. I NOi 
0300 C8E 4 473 SET 4,H 03AE DOCB0516 5 1t2 f~L (IX+ IND I 
0302 C8t:5 474 SET 4,L 0382 ODCB05lt: 543 RR I IX+INO I 
U304 l:BE6 475 SET 4, ( HL l 03a6 ODC.60526 ;44 SLA I lX+ I ND I 
0306 CBE7 476 SET 4,A 03bA DOCB052E 545 S.RA I IX+ IND I 
0308 C8E8 477 SET 5' tl 03BE DlJC.B053E: 546 SRL I IX .. IND l 
030A CBE:Y 4 7 t:I ::.ET 5,C 03C.2 DOCBU546 547 BI T O,[IX+!NO) 
030C CclEA 479 SET 5,0 03(.6 DDCB054E 548 BIT 1, ! IX+IND) 
030E Cb EB 480 SET 5,E 03CA OOCB055o 549 BIT 2, 11x+nm1 
u310 CBEC 48L SET 5,H 03CE DOC 8055 E . 550 BI I 3,llX·HNOl 
0312 CtiED 482 SET 5,L 0302 DDCB0566 55i BIT 4, I (X+INDl 
'u314 C.dE: t: 48j SET 5, ( HL I 0306 DUCB056E '>52 Bl T 5, ( l X+ I Nu) 



Z80 CROSS ASSEMBLER VERSION 1.06 OF 06/ 18/76 
07/09/76 10:20:50 .OPCODE LIST ING 
LOC OBJ CODE STHT SOURCE STATEMENT LOC OBJ CODE: STMT SOURCE STATEMENT 

030A OOC80576 553 BIT 6,( IX+INOJ 0494 ED89 622 CPOR 
030E OOCB057E 554 BIT 7,(lX+lNO) O't96 E08A 623 INOR 
03EZ OOCB0586 555 RES O,( IX+INO) 0498 EDSB 624 OTOR 
OlE6 OOCB05tiE 556 RES l,(IX+lNO> 049A FDu9 625 ADO lY,BC 
03EA OOC80596 557 RES 2, (IX+ IND) 049C F019 626 ADO IY .oe 
03EE OOCB059E 558 RES 3,(IX+INO) 049E FD2181t05 627 LO IV,NN 
03F2 OOC805A6 559 RES 4 1 (1X+INOJ 04A2 f0228405 62B LO INN>. IY 
03F6 OOC805AE 560 RES 5,IIX+IND> 04A6 FD23 629 INC IY 
03FA OOCB0586 561 RES 6,IIX+INO) 04A8 F029 630 ADO Iv,· 1 Y 
OlfE OOC8058E 562 RES 7,(IX+INOJ 04AA F02A8405 631 LO IY,(NN) 
0402 OOC805C6 563 SET o, l lX+lNOl 04AE f02B 632 DEC lY 
0406 OOCBOSCE 561t SET l,(IX+INO) 0480 F031t05 633 INC CIY+lND> 
040A OOC80506 565 SET 2 ,C IX+ IND J 0483 FD3505 634 DEC llY+INO) 
040E OOCB050E 566 SET 3,( IX+INOJ Olt86 F0360520 635 L D I I Y + I NO J , N 
0412 OOC805E6 567 SET 4eC lXHNOJ 048A FD39 636 ADD IY,SP 
0416' OOCB05EE 568 SET 5rCIX+lNOJ OltBC f04605 637 LO 8,CIY+INO> 
041A ODCB05f6 569 SET 6,CIX+INO) 04BF FD4E05 638 LO C,CIY+INO) 
041E DOC BOS FE 570 SET 7,lIX+INO) u4C2 f05605 639 LO O,IIY+INOJ 
0422 E040 571 IN B,CCJ 04C5 f05E05 640 LO E,CIV+INO) 
0424 ED4l 572 our ICJ ,8 OltC8 f06605 641 LO HrllY+INO) 
0426 ED't2 573 SBC HL,BC OltCB f06E05 642 LO L, I IV+INO) 
0428 ED't384u5 574 LO CNN),8C 04CE F07005 61t3 LO CIY+INO),B 
042C E04't 575 NEG 0401 F07105 644 LO I IY+IND J ,C 
042E E045 576 RETN 040.ft F07205 645 LO llY+IN0),0 
0430 E046 577 IM 0 0407 f07305 646 L 0 I I Y + I ND > , E 
0432 E047 578 LO I,A 040A FD7405 647 LO llY+lNOl,H 
0434 E048 579 IN C, CCJ OltOD F07505 b48 LO C I Y +I NO), L 
0436 ED49 580 OUT IC) ,C 04EO F07705 649 LO I JV+INDl ,A 
0438 ED'tA 581 AOC HL,BC 04E3 FD7E05 b50 LOA,(lY+INOJ 
043A ED't884U5 582 LO BC.CNN) O.o!tE6 F08605 651 ADO A,( JV+ 1 NOi 
O't3E ED40 583 RETI 04t9 F08E05 652 AOC A,CIY+INOI 
0440 E050 584 IN O,ICJ 04EC FD9605 653 SU8 (IY+INOI 
04't2 ED5l 585 OUT ICJ,O 04EF F09E05 b54 SSC. A,(IY+INO) 
0444 ED52 586 SBC HL,OE 04F2 FOA605 655 ANO I IV+ IND I 
0446 ED538.o!t05 587 LO (NNl,DE 04F5 FO.\E05 656 XOR I IY+ INDJ 
044.A ED5o 588 IH 1 04F8 F08605 657 OR I IY+INDI 
04itC ED57 589 LO A, I OltFB FOBE05 658 CP ( IY+lNOJ 
044E E058 590 IN Er ICJ O'tFE FOE l 659 POP IV 
0450 ED59 591 OUT IC> ,E 0500 FOE3 b60 EX I SP>, IV 
0452 E05A 592 AOC HL,OE 0502 FOES b6l PUSH IY 
0454 E05881t05 593 LO DEtlNNI 050.o!t FOE9 662 JP I IV) 
0458 EDSE 594 IH 2 0506 FOf9 663 LO SP, l Y 
045A ED60 595 IN H, IC) 0508 fOC.80506 664 RLC I IY+INOJ 
045C ED61 596 OUT CC) ,H 050C FDCB050E b65 RRC I IY+INOJ 
045E E062 597 SBC HL,HL 0510 ·FDCB0516 066 RL I IY+INDJ 
0460 E067 598 RRD 0514 FOCB051E 667 RR llY+INDJ 
0462 ED68 599 IN LrCCJ 0518 FOC80526 668 SLA I I Y+ I NOJ 
Olt64 E069 600 OUT CCI ,L 051C fDC8052E 669 SRA I IY+INOJ 
0466 ED6A 601 ADC HLtHL 0520 fOCB053E b10 SRL I IY+INDJ 
0468 ED6F 602 RLD 0524 FDC80546 671 BIT O,llY+INDJ 
046A E072 603 SBC HLrSP 0528 FDC8054E 672 BIT l,(IY+IND) 
046C ED73ti-'t05 604 LO (NNJ,SP 052C FDCB0556 673 SIT 2, C IY+INOI 
0470 ED78 605 IN A,(C) 0530 FDC.8055E 6'" BIT 3,(IY+INDJ 
0472 ED79 606' OUT CC) ,A 0534 FOC.80566 675 BIT 4,(IV+INDJ 
0474 ED7A 607 ADC HL,SP 0538 FDC8056E 676 BIT 5, l IY+INO) 
O't76 ED7B8405 6,08 LO SP,(NNJ 053C FOCB0576 677 BIT 6,(IY+INOJ 
047A EDAO 609 LOI 051t0 FDC8057E 678 B IT 7, C I Y +I ND I 
O.olt7C EDU 610 CPI 05.olt4 FDC80586 679 RES O, I IY+INOJ 
047E EDA2 611 INI 0548 FDC8058E 680 RE S l , ( I Y + I NO > 
O't80 EOA3 612 CUTI 051tC FDC80596 6til RES 2,lIV+INDI 
O't82 EOA8 613 LOO 0550 FDCB059E 682 RES 3,CIY+INDJ 
0484 EOA9 61.olt CPD 0551t FDCB05A6 683 RES lt,IIY+INOI 
Olt86 EDAA 615 IND 0558 FOC805AE 68'9 RES 5 , C IV+ I NO > 
Olt88 EOA8 616 OUTO 055C FOCB0586 685 RES 6, CI Y+INO> 
046.A EDBO 617 LOIR 0560 FDCB05BE 666 RES 7,(IY+INOJ 
048C EDBl 618 CPIR 0564 fOCB05C6 687 SET OrllY+INOJ 
O't8E EDB2 619 INIR 0568 fDCB05CE 688 SET l,CIY+INOJ 
0490 ED83 620 OTIR 056C FDCB0506 6d9 SET 2rl1Y+INOI 
0492 ED88 621 LDDR 0570 FOCB050E 690 SET J, ( IY+INOJ 

~') 1 



Z80 CROSS ASSEMBLER VERSION 1.06 OF 06/18/76 
07/09/76 io:20:5o .OPCODE LISTING 
LOC OBJ CODE STMT SOURCE STATEMENT 

0574 FDCB05E6 691 SET 4, I I Y +I ND) 
05 7ij FDCB05 EE 692 SET 5,(IY+IND> 
05 7C FDCB05F6 693 SET b, ( IY+IND) 
0580 FDCB05FE 694 ::.ET 7, I l Y+ l NOi 
0584 6'J5 NN DEFS 2 

690 IND EQU 5 
697 M EQU lOH 
69B N EQU 20H 
699 DIS EQU 30H 
700 END 

1?? 



Chapter 6 INTERRUPT RESPONSE 

The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly 
manner and force the CPU to start a peripheral service routine. Usually this service routine is involved with 
the exchange of data, or status and control information, between the CPU and the peripheral. Once the 
service routine is completed, the CPU returns to the operation from which it was interrupted. 

INTERRUPT ENABLE - DISABLE 

The Z80 CPU has two interrupt inputs, a software maskable interrupt (INT) and a 
non-mask interrupt (NMI~ The non-maskable interrupt can not be disabled by the 
programmer and will be accepted whenever a peripheral device requests it. This interrupt 
is generally reserved for very important functions that can be enabled or disabled 
selectively by the programmer. This allows the programmer to disable the interrupt during 
periods where his program has timing constraints that do not allow interrupt. In the Z80 
CPU there is an interrupt enable flip flop (IFF) that is set or reset by the programmer using 
the Enable Interrupt (EI) and Disable Interrupt (DI) instructions. When the IFF is reset, an 
interrupt can not be accepted by the CPU. 

There are two enable-flip flops, IFF1 and IFF2. 

Actually disables interrupts 
from being accepted. 

Temporary storage location 
for IFF 1. 

The state of IFF 1 is used to inhibit interrupts while IFF2 is used as a temporary storage location 
forIFF1. 

A reset to the CPU forces both the IFF and IFF2 to the reset state so that 
interrupts are disabled. They can then be enabled at any time by an EI instruction by the 
programmer. When an EI instruction is executed, any pending interrupt request is not 
accepted until after the instruction following EI has been executed. This single instruction 
delay is necessary when the following instruction is a return instruction and interrupts must 
not be allowed until the return has been completed. The EI instruction sets both IFFL and 
IFF2 to the enable state. When a maskable interrupt is accepted by the CPU, both IFF

1 
and 

IFF2 are automatically reset, inhibiting further interrupts until the programmer wishes to 
issue a new EI instruction. Note that for all of the previous cases, IFF1 and IFF2 are always 
equal. 

The purpose of IFF2 is to save the status of IFF 1 when a non maskable interrupt occurs. When a non 
maskable interrupt is accepted, IFF I is reset to prevent further interrupts until reenabled by the pro· 
grammer. Thus, after a non maskable interrupt has been accepted, maskable interrupts are disabled but the 
previous state of IFF 1 has been saved so that the complete state of the CPU just prior to the non maskable 
interrupt can be restored at any time. When a Load Register A with Register I (LD A, I) instruction or a 
Load Register A with Register R (LD A, R) instruction is executed, the state of IFF2 is copied into the 
parity flag where it can be tested or stored. 

A second method of restoring the status of IFF I is thru the execution of a Return From Non 
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt 
service routine is complete, the contents of IFF 2 are now copied back into IFF l • so that the status of IFF I 
just prior to the acceptance of the non maskable interrupt will be restored automatically. 



Table 2 is a summary of the effect of diffetent instructions on the two enable flip flops. 

~Ion IFF1 IFF2 Comments 

CPU Reset 0 0 Maskable interrupt 
INT disabled 

DI instruction execution 0 0 Maskable interrupt 
INT disabled 

El instruction execution Maskable interrupt 
iN'f enabled 

LD A,I instruction execution • • IFF2-+ Parity flag 

LD A,R instruction execution • IFF2 -+ Parity flag 
Accept NMI 0 Maskable interrupt 

INT disabled 

RETN instruction exeeution IFF2 • IFF2 -+ IFF1 at 
completion of an 
NMI service 

"•"indicates no change routine. 

"Table 2 
INTERRUPT ENABLE/DISABLE FLIP FLOPS 

CPU RESPONSE 

Non Maskable 

A non-maskable interrupt is accepted at all times by the CPU. When this occurs, 
the CPU ignores the next instruction that it fetches and instead does a restart to location 
0066H. Thus, it behaves exactly as if it had received a restart instruction but, it is to a 
location that is not one of the 8 software restart locations. A restart is merely a call to a 
specific address in page 0 of memory. 

The CPU can be programmed to respond to the maskable interrupt in any one of three possible 
modes. 

This mode is similar to the 8080A interrupt response mode. With this mode, the 
interrupting device can place any instruction on the data bus and the CPU executes it. 
Thus, the interrupting device provides the next instruction to be executed. Often this will 
be a restart instruction since the interrupting device only need supply a single byte 
instruction. Alternatively, any other instruction such as a 3 byte call to any location in 
memory could be executed. 

The number of clock cycles necesS<lry to execute this instruction is 2 more than the normal number for the 
instruction. This.occurs since the CPU automatically adds 2 wait states to an interrupt response cyde to 
allow sufficient time to implement an external daisy chain for priority control. Figures 4.6 and 4.7 illustrate the 
detailed timing for an interrupt response. After the application of RESET the CPU will automatically enter 
interrupt Mode 0. 

Mode 1 

When this mode has been se.lected by the programmer, the CPU responds to an 
interrupt by executing a restart to location 0038H. Thus the response is identical to that for 
a non-maskable interrupt except that the call location is 0038H instead of 0066H. The 
number ·Of cycles required to complete the restart instruction is 2 more than normal due to 
the two added wait states. 

. ')I') II 



Mode 2 

This mode is the most powerful interrupt response mode. With a single 8 bit byte from the user an 
.indirect call can be made to any memory location. 

With this mode the programmer maintains a table of 16 bit starting addresses for every interrupt 
service routine. This table may be located anywhere in memory. When an interrupt is accepted, a 16 bit 
pointer must be formed to obtain the desired interrupt service routine starting address from the table. 
The upper 8 bits of this pointer is formed from the contents of the I register. The I register must have been 
previously loaded with the desired value by the programmer, i.e. LD I, A. Note that a CPU reset clears the I 
register so that it is initialized to zero. The lower eight bits of the pointer must be supplied by the interrupt­
ing device. Actually, only 7 bits are required from the interrupting device as the least significant bit must be 
a zero. This is required since the pointer is used to get two adjacent bytes to form a complete 16 bit service 
routine starting address and the addresses must always start in even locations. 

Interrupt 
Service 
Routine 
Starting 
Address 
Table 

low order 
high order } 

desired starting address 
pointed to by: 

I REGISTER 7 BITS FROM 
CONTENTS PERIPHERAL O 

The first byte in the table is the least significant (low order) portion of the address. The programmer must 
obviously fill this table in with the desired addresses before any interrupts are to be accepted. 

Note that this table can be changed at any time by the programmer (if it is stored in Read/Write 
Memory) to allow different peripherals to be serviced by different service routines. 

Once the interrupting devices supplies the lower portion of the pointer, the CPU automatically pushes 
the program counter onto the stack, obtains the starting address from the table and does a jump to this 
address. This mode of response requires 19 clock periods to complete (7 to fetch the lower 8 bits from the 
interrupting device, 6 to save the program counter, and 6 to obtain the jump address.) 

Note that the Z80 peripheral devices include a daisy chain priority interrupt structure that auto­
matically supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z80 PIO, 
Z80 SIO and Z80 CTC manuals for details. 





Chapter 7 HARDWARE IMPLEMENTATION EXAMPLES 

This chapter is intended to serve as a basic introduction to implementing systems with the Z80-CPU. 

MINIMUM SYSTEM 

Figure 7.1 is a diagram of a very simple Z80 system. Any Z80 system must include the following 
elements: 

Five volt power supply 

Oscillator 

Memory devices 

1/0 circuits 

CPU 

+5V 

osc 

zao 
CPU 

CLK 

RD 

DATA BUS 

+5VOLT 
POWER SUPPLY 

+5V 

SK BIT 
ROM 

GND 

ADDRESS 
IN 

DATA 
OUT 

CLK 

B/A 
i---M_1 _____ a"M1 ZSO- PIO C/D 

PORT A PORT B 

OUTPUT INPUT 
DATA DATA 

FIGURE 7.1 
MINIMUM ZSO COMPUTER SYSTEM 

Since the Z80-CPU requires only a single 5 volt supply, most small systems can be implemented using 
only this single supply. 

The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example 
we have shown a single 8K bit ROM (I K bytes) being utilized as the entire memory system. For this 
example we have assumed that the Z-80 internal register configuration contains sufficient Read/Write 
storage so that external RAM memory is not required. 



Every computer system requires 1/0 circuits to allow it to interface to the real world. In this simple 
example it is assumed that the output is an 8 bit control vector and the input is an 8 bit status word. The 
input data could be gated onto the data bus using any standard 3-state driver while the output data could 
be latched with any type of standard TTL latch. For this example we have used a Z80 PIO for the 1/0 
circuit. This single circuit attaches to the data bus as shown and provides the required 16 bits of TTL 
compatible 1/0. (Refer to the Z80 PIO manual for details on the operation of this circuit.) Notice in this 
example that with only three LSI circuits, a simple oscillator and a single 5 volt power supply, a 
powerful computer has been implemented. 

ADDING RAM 

Most computer systems require some amount of external Read/Write memory for data storage and to 
implement a stack. Figure 7.2 illustrates how 256 bytes of static memory can be added to the previous 
example. In this example the memory space is assumed to be organized as follows: 

lK x 8 
ROM 

Address 
OOOOH 

1 K bytes 
ROM 

03FFH 
256 bytes 0400H 
RAM 

04FFH 

RD OD 
256 x 4 

WR R/W RAM 

cE, MRQ ITT> .. O_D _____ C_E .... , MRQ 

256 x 4 

CE A10 WR R/W RAM CE AlO 
2 2 

....._ _____ _ 

FIGURE 7.2 
ROM & RAM IMPLEMENTATION 

In this diagram the address space is described in hexidecimal notation. For this example, address bit A10 
separates the ROM space from the RAM space so that it can be used for the chip select function. For 
larger amounts of external ROM or RAM, a simple TTL decoder will be required to form the chip selects. 

MEMORY SPEED CONTROL 

For many applications, it may be desirable to use slow memories to reduce costs. 
The WAIT line on the CPU allows the Z80 to operate with any speed memory. By ref erring 
back to Chapter 4, you notice that the memory access time requirements are most severe 
during the Ml cycle instruction fetch. All other memory accesses have an additional one­
half clock cycle to be completed. For this reason it may be desirable in some applications 
to add one wait state to the Ml cycle so that slower memories can be used. Figure 7.3 is an 
example of a simple circuit that will accomplish this task. This circuit can be changed to 
add a single wait state to any memory access as shown in figure 7.4. 



Ml 
D a 

CLK 
7474 

c a 
R 

+5V 

+5V 

MREO 
D a 

CLK 
7474 

c a 
R 

+5V 

+5V 

D Q 

7474 

c a 
R 

+5V 

~1•11-~~~-Ml~~~~~-~1 

I Tl I T2 I Tw I T3 I T4 I 
CLK ~ 

\._ ___ ____, 

FIGURE 7.3 
ADDING ONE WAIT STATE TO AN M1 CYCLE 

+5V 

~ CLK 
D 

7474 
MREO\ a c 

R WAIT~ 

+5V 

FIGURE 7.4 
ADDING ONE WAIT STATE TO ANY MEMORY CYCLE 

INTERFACING DYNAMIC MEMORIES 

This'section is intended to serve as a brief introduction to interfacing dynamic memories. Each 
individual dynamic RAM has varying specifications that require minor modifications to the description 
given here and no attempt will be made in this document to give details for any particular RAM. Separate 
application notes showing how the Z80-CPU can be interfaced to most popular dynamic RAM. 

Figure 7.5 illustrates the logic necessary to interface 8K bytes of dynamic RAM using 18 pin 4K 
dynamic memories. This figure assumes that the RAM's are the only memory in the system so that A12 is 
used to select between the two pages of memor~. During refresh time, all memories in the system must be 
read. The CPU provides the proper refresh address on lines Ao through A6. To add additional memory to 
the system it is necessary to replace only the two gates that operate on A12 with a decoder that operates 
on all required address bits. For larger systems, buffering for the address and data bus is also generally 
required. 



CE 

4K x8 RAM ARRAY 
R/W 

PAGE 1 
(1000 to 1FFF) 

CE 

4Kx8RAMARRAY 

PAGE 0 
(0000 to OFF Fl 

FIGURE 7.5 
INTERFACING DYNAMIC RAMS 



Chapter 8 SOFTWARE IMPLEMENTATION EXAMPLES 

8.1 SOFTWARE FEATURES OFFERED BY THE Z80-CPU 

The Z80 instruction set provides the user with a large and flexible repetoire of operations with which 
to formulate control of the Z80-CPU. 

The main alternate and index registers can be used to hold the arguments of 
arithmetic and logical operations, or to form memory addresses, or as fast-access storage for 
frequently used data. 

I , 

Information can be moved directly from register to register, from memory to 
memory, from memory to registers, or from registers to memory. In addition, register 
contents and register/memory contents can be exhanged without using temporary storage. 
In particular, the contents of main and alternate registers can be completely exchanged by 
executing only two instructions, EX and EXX. This register exchange procedure can be 
used to separate the set of working registers between different logical procedures or to 
expand the set of available registers in a single procedure. 

Storage and retrieval of data between pairs of registers and memory can be controlled on a last-in 
first-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. This 
stack register is available both to manipulate data and to automatically store and retrieve addresses for 
subroutine linkage. When a subroutine is called, for example, the address following the CALL instruction 
is placed on the top of the push-down stack pointed to by SP. When a subroutine returns to the calling 
routine, the address on the top of the stack is used to set the program counter for the address of the next 
instruction. The stack pointer is adjusted automatically to reflect the current "top" stack position during 
PUSH, POP, CALL and RET instructions. This stack mechanism allows pushdown data stacks and sub­
routine calls to be nested to any practical depth because the stack area can potentially be as large as 
memory space. 

The sequence of instruction execution can be controlled by six different flags (carry, zero, sign, 
parity/overflow, add-subtract, half-carry) which reflect the results of arithmetic, logical, shift and compare 
instructions. After the execution of an instruction which sets a flag. that flag can be used to control a 
cpnditional jump or return instruction. These instructions provide logical control following the manipula­
tion of single bit, eight-bit byte (or) sixteen-bit data quantities. 

A full set of logical operations, including AND, OR, XOR (exclusive - OR). CPL (NOR) and NEG 
(two's complement) are available for Boolean operations between the accumulator and all other eight-bit 
registers, memory locations, or immediate ope rands. 

In attdition, a full set of arithmetic and logical shifts in both directions are available which operate 
on the contents of all eight-bit primary registers or directly on any memory location. The carry flag can be 
included or simply set by these shift instructions to provide both the testing of shift results and to link 
register/register or register/memory shift operations. 

9.2 EXAMPLES OF USE OF SPECIAL Z80 INSTRUCTIONS 

A. Assume t~at a· string of data in memory starting at location "DAT A" is to be moved into 
another area of memory starting at location "BUFFER".and that the string length is 737 
bytes. This operation can be accomplished as follows: 

LO 
LD 
LO 
LOIR 

HL,DATA 
DE.BUFFER 
BC, 737 

;START ADDRESS OF DATA STRING 
; ST ART ADDRESS OF TARGET BUFFER 
; LENGTH OF DAT A STRING 
; MOVE STRING - TRANSFER MEMORY POINTED TO 
; BY HL INTO MEMORY LOCATION POINTED TO BY DE 
; INCREMENT HL AND DE, DECREMENT BC 
; PROCESS UNTIL BC= O. 

11 bytes are required for this operation and each byte of data is moved in 21 clock cycles. 



B. Assume that a string in memory starting at location "DAT A" is to be moved into another 
area of memory starting at location "BUFFER" until an ASCII $ character (used as string 
delimiter) is found. Also assume that the maximum string length is 132 characters. The 
operation can be performed as follows: · 

LD 
LD 
LD 
LD 

LOOP:CP 
JR 
LOI 

JP 
END: 

HL,DATA 
DE ,BUFFER 
BC, 132 
A,'$' 
(HL) 
Z ,END-$ 

PE ,LOOP 

; STARTING ADDRESS OF DA TA STRING 
; STARTING ADDRESS OF TARGET BUFFER 
; MAXIMUM STRING LENGTH 
; STRING DELIMITER CODE 
; COMPARE MEMORY CONTENTS WITH DELIMITER 
;GO TO END IF CHARACTERS EQUAL 
; MOVE CHARAqER (HL) to (DE) _ 
; INCREMENT HL AND DE, DECREMENT BC 
; GO TO "LOOP" IF MORE CHARACTERS 
; OTHERWISE, FALL THROUGH 
; NOTE: P/V FLAG IS USED 
; TO INDICATE THAT REGISTER BC WAS 
; DECREMENTED TO ZERO. 

19 bytes are required for this operatio~. 

C. Assume that a 16-digit decimal number represented in packed BCD format (two BCD 
digits/byte) has to be shifted as shown in the figure 9.1 in order to mechanize BCD 
multiplication or division. The operation can be accomplished as follows: 

LD 
LD 
XOR 

ROTAT:RLD 

INC 
DJNZ 

HL,DATA 
B,COUNT 
A 

HL 
ROTAT- $ 

; ADDRESS OF FIRST BYTE 
; SHIFT COUNT 
;CLEAR ACCUMULATOR 
; ROTATE LEFT LOW ORDER DIGIT IN ACC 
; WITH DIGITS IN (HL) 
; ADVANCE MEMORY POINTER 
; DECREMENT B AND GO TO ROT AT IF 
; BIS NOT ZERO, OTHERWISE FALL THROUGH 

11 bytes are required for this operation. 

FIGURE 9.1 



D. Assume that one number is to be subtracted from another and that they are both in packed 
BCD format, that they are of equal but varying length, and that the result is to be stored in 
the location of the minuend. The operation can be accomplished as follows: 

LD 
LD 
LD 
AND 

SUBDEC: LD 
SBC 
DAA 
LD 
INC 
INC 
DJNZ 

HL ,ARGl 
DE ,ARG2 
B,LENGTH 
A 
A, (DE) 
A, (HL) 

(HL), A 
HL 
DE 
SUBDEC- $ 

; ADDRESS OF MINUEND 
; ADDRESS OF SUBTRAHEND 
; LENGTH OF TWO ARGUMENTS 
; CLEAR CARRY FLAG 
;SUBTRAHEND TO ACC 
; SUBTRACT (HL) FROM ACC 
; ADJUST RESULT TO DECIMAL CODED VALUE 
; STORE RESULT 
; ADVANCE MEMORY POINTERS 

; DECREMENT B AND GO TO "SUBDEC" IF B 
; NOT ZERO, OTHERWISE FALL THROUGH 

17 bytes are required for this operation. 

9.3 EXAMPLES OF PROGRAMMING TASKS 

A. The following program sorts an array of numbers each in the range (0,255) into ascending order using 
a standard exchange sorting algorithm. 





OI/22/76 II:I4:37 BUBBLE LISTING PAGE I 
LOC OBJ CODE STMT SOURCE STATEMENT 

I •••STANDARD EXCHANGE (BUBBLE) SORT ROUTINE•*• 
2 
3 AT ENTRY: HL CONTAINS ADDRESS OF DATA 
4 C CONTAINS NUMBER OF ELEMENTS TO BE SORTED 
5 (l<C""256) 
6 
7 AT EXIT: DATA SORTED IN ASCENDING ORDER 
8 
9 USE OF REGISTERS 

IO 
I I REGISTER CONTENTS 
12 
13 A TEMPORARY STORAGE FOR CALCULATIONS 
I4 B COUNTER FOR DATA ARRAY 
I5 c LENGTH OF DATA ARRAY 
I6 D FIRST ELEMENT IN COMPARISON 
I7 E SECOND ELEMENT IN COMPARISON 
I8 H FLAG TO iNDICATE EXCHANGE 
I9 L UNUSED 
20 IX POINTER INTO DATA ARRAY 
2I IY UNUSED 
22 

0000 222600 23 SORT: LD (DATA), HL ;SAVE DATA ADDRESS 
OQ03 CB84 24 LOOP: RES FLAG,H ; INITIALIZE EXCHANGE FLAG 
0005 41 25 LD B,C ; INITIALIZE LENGTH COUNTER 
0006 05 26 DEC B ; ADJUST FOR TESTING 
0007 DD2A2600 27 LD IX. (DATA) ; INITIALIZE ARRAY POINTER 
OOOB DD7EOO 28 NEXT: LD A, (IX) ; FIRST ELEMENT IN COMPARISON 
OOOE 57 29 LD D,A ; TEMPORARY STORAGE FOR ELEMENT 
OOOF DDSEOI 30 LO E, 0,X+I) ; SECOND ELEMENT IN COMPARISON 
0012 93 3I SUB E ;COMPARISON FIRST TO SECOND 
0013 3008 32 JR NC, NOEX-$ ; IF FIRST> SECOND. NO JUMP 
0015 DD7300 33 LO (IX), E ; EXCHANGE ARRAY ELEMENT~ 
OOI8 DD7201 34 LO (IX+l),D 
OOIB CBC4 35 SET FLAG,H ; RECORD EXCHANGE OCCURRED 
0010 DD23 36 NOEX: INC IX ; POINT TO NEXT DATA ELEMENT 
OOIF IOEA 37 DJNZ NEXT-$ ;COUNT NUMBER OF.COMPARISONS 

38 ; REPEAT IF MORE DATA PAIRS 
0021 CB44 39 BIT FLAG.H ; DETERMINE IF EXCHANGE OCCURRED 
0023 20DE 40 JR NZ, LOOP-$ ;CONTINUE IF DATA UNSORTED 
0025 C9 4I RET ; OTHERWISE, EXIT 

42 
0026 43 FLAG: EQU. 0 ; DESIGNATION OF FLAG BIT 
0026 44 DATA: DEFS 2 ; STORAGE FOR DATA ADDRESS 

45 END 



B. The following program multiplies two unsigned 16 bit integers and leaves the result in the HL register 
pair. 

01/22/76 11:32:36 MULTIPLY LISTING PAGE 1 
LOC OBJ CODE STMT SOURCE ST A TEMENT 

0000 1 MULT:; UNSIGNED SIXTEEN BIT INTEGER MULTIPLY. 
2 ON ENTRANCE: MULTIPLIER IN DE. 
3 MULTIPLICAND- IN HL. 
4 
5 ON EXIT: RESULT IN HL. 
6 
7 REGISTER USES: 
8 
9 

10 H HIGH ORDER PARTIAL RESULT 
11 L LOW ORDER PARTIAL RESULT 
12 D HIGH ORDER MULTIPLICAND 
13 E LOW ORDER MULTIPLICAND 
14 B COUNTER FOR NUMBER OF SHIFTS 
15 c HIGH ORDER BITS OF MULTIPLIER 
16 A LOW ORDER BITS OF MULTIPLIER 
17 

0000 0610 18 LD B, 16; NUMBER OF BITS- INITIALIZE 
0002 4A 19 LD C,D; MOVE MULTIPLIER 
0003 7B 20 LD A, E; 
0004 EB 21 EX DE,HL; MOVE MULTIPLICAND 
0005 210000 22 LO HL,0; CLEAR PARTIAL RESULT 
0008 CB39 23 MLOOP: SRL C; SHIFT MULTIPLIER RIGHT 
OOOA IF 24 RRA LEAST SIGNIFICANT BIT IS 

25 IN CARRY. 
0001.l 3001 26 JR NC, NOADD-$; IF NO CARRY. SKIP THE ADD. 
0000 19 27 ADD HL,DE; ELSE ADD MULTIPUC AND TO 

28 PARTIAL RESULT. 
OOOE EB 29 NO ADD: EX DE,HL; SHIFT.MULTIPLICAND LEFT 
OOOF 29 30 ADO HL,HL; BY MULTIPLYING IT BY TWO. 
0010 EB 31 EX DE,HL; 
001 l 10F5 32 DJNZ MLOOP-$; REPEAT UNTIL NO MORE BITS. 
(}() 13 C9 33 RET; 

34 END; 
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