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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 I/O 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 market is the low cost of
these few LSI components. For example, MOS LS} 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 LSI microcomputer is finding its way
into almost every product that now uses electronics and it is even replacing many mechanical systems 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 Z80 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.

[

. 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 system.

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 Z80 components. Any such system
consists of three parts:

1. CPU (Centra} 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 instructions 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 I/O 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 step of software generation as simple as possible. A good 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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2.1 CPU REGISTERS

The Z80 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
registers 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' 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 testing 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.




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 smgle 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 Increment

Logical AND Decrement

Logical OR Set bit

Logical Exclusive OR Reset bit

Combare 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. The
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 I/O pins are shown in figure 31 and the function of each is described
below.
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PIN DESCRIPTIONS

Ap-Aqs5. Address Bus (output, active High, 3-state). Ag-Ays
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytes)
and for I/O device exchanges.

BUSACK. Bus Acknowledge (output, active Low). Bus
Acknowledge indicates to the requesting device that the
CPU address bus, data bus, and control signals MREQ,
IORQ, RD, and WR have entered their high-impedance
states. The external circuitry can now control these lines.

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

Dg-D5. Data Bus (input/output, active High, 3-state). Dg-D7
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and I/O.

HALT. Halt State (output, active Low). HALT indicates that
the CPU has executed a Halt instruction and is awaiting
either a 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/O devices. The CPU honors a request at
the end of the current instruction if the internal
software-controlled interrupt -enable flip-flop (IFF) i

enabled. INT is normally wired-OR and requires an external
pullup for these applications.

IORQ. /nput/Output Request (output, active Low, 3-state).
IORQ indicates that the lower half of the address bus holds a
valid I/O address for an I/0 read or write operation. IORQ 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. '

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

MREQ. Memory Request (output, active Low, 3-state).

MREQ indicates that the address bus holds a valid address
for a memory read or memory write operation.

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

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

CPU wants to read data from memory or an I/O device. The
addressed 1/0O 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 irterrupt status to
Mode 0. During reset time, the address and data busgoto 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
iscomplete.

RFSH. Refresh (output, active Low). RFSH, together with
MREQ, indicates that the lower seven bits of the system’s
address bus can be used as a refresh address to the
system’s dynamic memories.

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

CLK. Clock (input). Single -phase MOS-level clock. -







Chapter 4 TIMING

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

Memory read or write
1/0 device read or write
Interrupt.acknowledge.

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 (M1, 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 (M1) 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 I/0O 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.

Machine Cycle

M M2 | m3
(OP Code Fetch) {Memory Read) (Memory Write) -

instruction Cycle

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 42 shows the timing during an M1 (OP code fetch) cycle. The PC is placed
on the address bus at the beginning of the M1 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 T3 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 T, of a fetch cycle are used to refresh dynamic
memories. (The CPU uses this time to decode and execute the fetched instruction so that
no other operation could be performed at this time). During T4 and T4 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.

M1 Cycle
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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 MREQ signal and the RD signal are used the same as in the fetch cycle. In the case
of amemory write cycle. the MREQ also becomes active when the address bus is stable so that it can be
used directly 2s 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 contents 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 1/0O read or 1/O write operation.. Notice that during 1/0
operations a single wait state is automatically inserted. The reason is that during I/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
I/0 port to decode its address and activate the WAIT line if a wait is required. Also,
without this wait state it is difficult to design MOS I/O 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 I/O write operations, the WR line is
used as a clock to the I/O port. ’
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Figure 4.5 illusiraies the ilming for a Bus ncqu:al/r\u\nuwncugc cycle, The BUSREQ 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 I/O 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 DM A 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 DMA control. Also note that during a bus 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 controlled interrupt enable flip-flop is not set or if the BUSREQ signal
is active. When the signal is accepted a special M1 cycle is generated. During this special M1 cycle the TORQ
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 I/O 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. [ts 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 0066 ;. 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 T, state as shown in figure 4.8. [f 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 thé halt state is to keep the memory refresh signals active.
Each cycle in the halt state is a normal M1 (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, I, (standby supply current) is guaranteed only when the system clock is stopped
at a Low levei during T, of the machine cycle following the execution of the HALT
instruction. The ummg dxagram 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 Z8 CPU
restarts operations from the point at which the power-down state was implemented. The
timing diagrams for the release from power-down mode are shown in figure 4.10.

2) 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.
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Chapter S  Z80 CPU INSTRUCTION SET

5.0 Z80 ASSEMBLY 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 tramslated 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 coansist 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
the RIO environment operating in a 32K memory space.



5.2 Z80 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 1 0

[sz]x[u]x]e/v]n]c]|

WHERE:

C CARRY FLAG

N ADD/SUBTRACT FLAG
P/V = PARITY/OVERFLOW FLAG

H = HALF-CARRY FLAG

Z = ZERO FLAG

S = SIGN FLAG

X = NOT USED

Each of the two 2Z-80 Flag Registers contains 6 bits of
status information which are set or resét 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 met.

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

10N



instructions 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, OR s an& XOR é,
the carry will be reset.

The Carry Flag can also be set (SCF) and complemented
(CCF).

ADD/SUBTRACT FLAG (N)

This flag is used by the decimal adjust accumulator
instrucrion (DAA) to distinguish between “ADD’ and
“SUBTRACT’ instructions. For all ‘ADD’ instructions, N
will be set to an “0°. For all “SUBTRACT’ instructions,
N will be set to a ‘17,

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, cperands with different signs will never
cause overflow. When adding operands with like signs
and the result has a different sign, the overflow flag
is set. For example: :

+120 = 0111 1000 ADDEND
+105 = 0110 1001 AUGEND
+225 1110 0001 (=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 orLl1r 1111l MINUEND
(=)_-64 1100 0000 SUBTRAHEND
+191 1011 1111 DIFFERENCE




The minuénd sign has changed from a positive to a
negative, giving an incorrect difference. Overflow is
therefore set.

Another method 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 “1° bits in a byte are counted.
If the total is odd, ‘0ODD’ parity (P=0) is flagged.. If
the total is even, ‘EVEN’ parity is flagged (P=1).

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 1.

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/0 device, IN r,(C), the
flag will be adjusted to indicate the parity 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 H flag will be set (1) or reset (0) according to the
following table: :

H ADD SUBTRACT |
1 There is a carry from | There is i
i Bit 3 to Bit 4 ! borrow from|

i ¢ bit 4
0 There is no carry There is no
from Bit 3 to Bit 4 borrow from

Bit 4




THE ZERQO FLAG (2)

The Zero Flag (Z) is set.or reset if the result
generated by the execution of certain instructions

is a zero.

For 8-bit arithmetic and logical operations, the 2Z
flag will be set to a-“1l" if the resulting byte in
the Accumulator is zero. If the byte is not zero,
the Z flag is reset to “0°.

For.compare (search) instructions, the Z flag will
be set to a “1” if a comparison is found between

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 complemented
state of the indicated bit (see Bit b,s).

When inputting or outputting a byte between a
memory location and an I/0 device (INI;IND;OUTI and
OUTD), if the result of B-l is zero, the Z flag is
set, otherwise it is reset. Also for byte inputs
from I/0 devices using IN r,(C), the 2 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 280 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 ‘0’ in bit 7. A
negative number is identified by a “1°. The binary
equivalent of the magnitude of a positive number is
stored in bits 0 to 6 for a total range of from O
to 127. A negative number 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/0 device to a
register, IN r,(C), the S flag will indicate either
positive (S=0) or negative (S=1) data.






5.3 Z80 INSTRUCTION SET

HOTE: Execution time (E,T.,) for each instruction is
civen in nicroseconds for an assumed 4 MHZ clock, Total
nmnachine cycles (M) are indicated with total clock
periods (T States)., Also indicated are the number of T
States for each M cycle, For exanple: .

i CYCLES: 2 T STATES: 7(4,3) 4 MHZ E,T.,: 1,75

indicates that the instruction consists of 2 machine
cycles, The 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 instruction
. will execute in 1.75 microseconds,

‘Register format is shown for each instruction with the
most significant bit to the left and the least
significant bit to the right,






8 BIT LOAD GROUP
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Operation: r<r
Format:

Opcode Operands

Description:

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

Register r,r’

= 111
= 000
= 001
010
= 011
= 100
= 101

CEEOO0Owp
[}

14 CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.0

Condition Bits Affected: None

Example:

If the H register contains the number 8AH, and the E
register contains 10H, the instruction

LD H, E

would result in both registers containing 10H.

Lale d



r,

Operation: r<n
- Format:
Opcode Operands
LD r, n
i 1 Ll T 1 I 1
0 0Q=—yr—=1 10
| - 1 L 1 1
1 1 T 1 RN 1
n

Description:

The eight~bit integer n is loaded into any register r,
where r identifies register A, B, C, D, E, H or L,

assembled as follows in the object code:

Register

HEMmO O

M CYCLES:

Condition Bits Affected:

r

111
000

0ol .

010
0ll
100
101

2

T STATES: 7(4,3)

'

None

Example:-

After the execution of

LD

E,

AS5H

4 MHZ E.T.:

the contents of register E will be AS5H,

N0

L.

75



)

r, (HL)

Operation: r < (HL)
Format:
Opcode Operands

LD r, (HL)

Description:

The eight-bit contents of memory location (HL) are
loaded into register r, where r identifies register A,
B, ¢, 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: -2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: . HNone

Example:

If register pair HL contains the number 75A1H, and
nemory address 75A1H contains the byte 58H, the
execution of

LD .C, (HL)

will result in 58H in register C.






Operation: r< (IX+d)

LD

Operands

r, (IX+d)
T

0 1 DD
)

10

Format:
-Opcode
LD

T I 1 T

1 101
1 )
1 1 I Ll

0 1=*=—r—1
L L 1
1 1 T

d

1 j 1

Description:

r,

(1X+d]

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,
H or L,

register A, B, C, D,
the object code:

Register r
A 111
B = 000
C = 001
D =010
E =011
H = 100
L = 101

where r identifies
assembled as follows 1in

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

Condition Bits Affected:

Example:

None

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

instruction

-

1



LD B, (IX+19H)

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.

29 .



Oge;ation: r@(lY¥d)

Format:
Opcode Operands
LD r, (IY+d)

1111110 1 f

Description:

The operand (IY+d) (the contents of the Index Register
IY summed with a two’s complement displacement integer
d) 1is loaded into register r, where r identifies
register A, B, C, D, E, H or L, assembled as follows in
the object code:

Register r

'
0

111
000
001
010
o1l
100
101

CONmoO O w
non

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

Conditioﬁ Bits Affected: None

22

LD r, (Y+d)



Example:

If the Index Register 1Y contains the number 25AFH, the
instruction

LD B, (IY+19H)
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.

U



Operation:

Format:

(HL) <r

Opcode

LD

Operands

(HL), ¢

1 1 0=——p—e

L 1 L |

13

Description:

D

(HLJ,

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

Register

CEROO @y

M CYCLES:

a}

- |
-
-

2

[Nl
- OO
o - O

011
100
101

T STATES:

Condition Bits Affected:

Example:

7(4,3)

None

4 MHZ E.T.: 1.75

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

LD (HL),

memory address 2146H ﬁill.also contain 29H,

2R

rﬁ
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D UX+d) r

Operation: (IX+d)«r

Format:
Opcode Operands
LD (IX+d),
L T 1 LI T

1101110 1| 0D

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
111
000
001
ol0
Ol1l
100
101

CEERYO® R
R ERER

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

Condition Bits Affected: None

37



Examﬁle:

If the C register contains the byte 1CH, and the Index
Register IX contains 3100H, then the instruction

LD (IX+6H), C

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



D Y +d), r

Operation: (lY+d) «r
Format:
Opcode Operands

LD . (IY+d), T

1111110 1| F

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

111
000
001
010
o1l
100
101

CEMOC O W
[ I R N I |

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‘ABH,Aand the Index
Register IY contains 2AllH, then the instruction

LD (IY+4H), C

will perforﬁ the sum 2A11H + 4H, and will load 48H into
memory location 2AlS5.



D (HL), n

Operation: (HL)<n

Format:

Opcode Operand

LD (HL) ,n

Description:
Integer n is loaded into the memory address specified by
the contents of the HL register pair,

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

ggndition Bits Affected: None

Example:

If the HL register pair contains 4444H, the instruction
LD (HL), 281

will result in the memory location 4444H containing the
byte 28H,



LD (UX+d), n

Operation: (IX+d)~n

Format:
Opcode Operands
LD (IX+d), n
' 1 1 T T T 1 T
110111401 DD
o 1 1 1 1 1 1

Description:
The n operand is loaded into the membry address
specified by the sum of the contents of the Index

Register IX and the two’s complement displacement
operand 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 IX contains the number 219AH the
instruction

LD (IX+5H), 5AH

would result in the byte SAH in the memory address
219FH. .



D) (Y +d), n

Operation: (lY+d)<n

Format:’

Opcode Operands

LD (IY+d),n

11111101 FD

d
S T N N N N |
T 1T 1 T 1 1 ¥
n
N TR RN SN N 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.:

Condition Bits Affected: NONE

Example:

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

LD (IY+10H), 97H

would result in byte 97 in memory location A950H.

4.75

the



Operation: A «(BC)

Format:
Opcode Operands
LD A, (BC)

T T T T T T T
0 00001010 0A
1 1 | 1 | I |

Description:

The contents of the memory location specified by the
contents of the BC register pair are loaded into- the
Accunulator,

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected:‘ None

Example:

If the BC register pair contains the number 4747H, and
nmenory address 4747H contains the byte 12H, then the
instruction ’ :

LD A, (BC)

will result in byte 12H in register A.

BC




D A, (DE)

Operation: A <~ (DE)

Format:

Opcode Operands

LD A, (DE)

000110 1n0]| 1a

Description:

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

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: None

Example:

If the DE register pair contains the number 30A2H and
nemory 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)

Descript:con:

The contu:nts of the memory location spécified'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.: 3.25
Condition Bits.Affected: None
Example:

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

LD A, (nn)

byte O04H will be in the Accumulator.

the content
-the

(nnN)



(BC), A

Operation: (BC)<A
Format:
Opcode : Operands

LD (BC),A

1 1 1 LIS 1 T
000N 0010 02

Il ! | ! Il 1 1

Description:

The contents of the Accumulator are loaded into the
memory location specified by the contents of the
register pair BC,

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

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 memory location 12121,



Operation: (DE)<« A

Format:
Opcode Operands

LD (DE), A

T T L) T L L 1
N 0010010 12
1

1 1 1 1 1 H

Description:

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

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: None

Example:

If the contents of register pair DE are 1128H, and the

Accumulator contains byte AOH, the instruction
LD (DE),A

will result in AOH being in memory location 1128H.

an



)

(nnN), A

Operation: (nn) <A
Format:
Opcode Operands

LD (an),A

Description:

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

M 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,
the execution of

LD (3141H),A

D71 will be in memory location 31l41lH.

after



Operation: A —|
N

Format:

Operaunds

11101101 ED

Description: .

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

M CYCLES:2 T STATES: 9(4,5) 4 MHZ E.T.: 2.25

Condition Bits Affected:

S: Set if [-Reg. is negative;
reset otherwise

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

H: Reset i

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 0.



A, R

Operatioﬂ: A <R
Format:

Opcode Ogerandé

-
11110110 1| ED

010111 1 1] 5F

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

M CYCLES: 2 T STATES: 9(4,5) 4 MHZ E.T.: 2.25

Condition Bits Affected:

S: Set if R-Reg. is negative;
reset otherwise '

Z: Set if R-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.



Operation: |« A

Format:
Opcdde Operands
LD I,A

11101101 ED

T T T T T
0010001, 11 47
$ L ! 1 1

Descrietion:

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

M-CYCLES: 2 T STATES: 9(4,5)

4 MHZ E.T.: 2.25

Condition Bits Affected: None




D R A

Operation: R <A
Formact:
Opcode Operands

LD R,A

11101 10 1 ED

n1n 0 1 1 1 1] ¢@rF

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

M CYCLES: 2 T STATES: 9(4,5) 4 MHZ E.T.: 2.25

Condition Bits Affected: None







-16 BIT LOAD GROUP-



-r



D dd, nn

Operation: dd<«nn
Format:
Opcode Operands

LD dd, an

1 I 1 1 1
OOddIO 010 1
1

1

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
HL 10
SP 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, S5S000H

the contents of the HL register pair will be 5000H.



LD |, ala

Operation: IX < nn
Format:

Opcode Operands

LD ) IX,nn

¥ L
11011101 0D

Rl 4 1 T T 1 L ‘
00100001 21

T t T T LN 1 T
n

F E— Il 1 Il 1 1

i T T U RE 1 T
n

] 1 A 1 I . 1

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.: 3.50

Condition Bits Affected: None

Example:
After the instruction
LD IX,45A2H

the Index Register will contain integer 45A2H.

EQ



)

1Y, nn

Operation: 1Y «<nn

Format: .
Opcode ) Ogerands
LD IY,nn
I T 1 ! L

Degcription:

Integer nn 1is 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.: 3.50

Condition Bits Affected: None

Example:

After the instruction:
LD IY,7733H

the Index Register IY will contain the integer 7733H.



LD HL, (nn

\

Operation: H <« (nn+1), L« (nn)

Format:

Opcode Operands
LD HL, (nn)
1 I 1 T 1 1 1
co101010 2A

- L 1 1 i 1 1

1 T T L 1 L) 1
n

L 1 1 1 1 1 1

LR 1 1 i 1 i
n

1 1 1 L 1 | |

Descrigtion:

The contents of memory address (nn) are loaded into 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.: 4.00

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 A137H.

()]



D dd, (nn)

Operation: ddy <« (nn+1) ddy « (nn)

Format:
Opcode Operands
LD dd, (nn)

1'1'1' 06 110 1| €D

Description:

The contents of address (nn) are loaded into the low
order 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
SP 11

The first n operand after the op code is the low order
byte of (nmn). ‘

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.

cn



) 12X, (NnnN)

Operation: IXy <« (nn+1}, X « (nn)

Format:
Opcode Operands
LD IX, (nn)

1101110 1| 0D

000 10101 0| 2A

TS W UNN NN N B W

1 1 4 1 ¥ 1 -

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 instruction

LD IX,(6666H)

the Index Register IX will contain DA92H.



LD 1Y, (nn)

Operation: Yy« (nn+1), 1Y «(nn)

Format:
Opcode Operands
LD IY,(nn)
RS 1 i 1 1 ]
11111101 FD
1 1 1 1 ] L 1
T 1 1.1 1. 1.1
n 01010 1O 2R
1 1 1 1 1 L |
0 T T 1] { T
n
[ T VRS N N
T T 1 T T ] \B
n
1 1 L L 1 1
Desctiption:

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 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 instruction

LD IY,(6666H)

the Index Register IY will contain DA92H.



D (nn), HL

Operation: (nn+t1)«H,_, (nn)«L

Format:
Opcode Operands
' LD‘ (nn),HL

T T T T T T 1
00100010 22
|

T 1 T L i 1) 1

1 L 1 1 | 1 |

1 1 i T 1 1 T

L 11 1 t .1

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
(on+1). 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 1is 483AH, after the
instruction

LD (B229H),HL

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






LD (nn],

~

Operation: (nn+1)<ddy, (nn)<«ddy
Format:

Opcode " Operands

LD . (nn),dd

1 1 i 1 1 1 1
11101101 ED

1 1 1 1 1 1 1

]

L IR S RN B S
01 ddoo0 11
I !

1 1 L1t
1 Ll 1 1 ] 1 i
n
I N N B S N | . -
1 14 T ¥ 1 1 T
n
R T TN N N G

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:

Pair dd

BC 00
DE 0l
HL 10
SP 11

The first n oberand after the op code is'che‘low order
byte of a two byte memory address.

M CYCLES: 6 T STATES: 50(4,4,3,3,3,3) 4 MHZ E.T.: 5.00

Condition Bits Affected: None

dd



Example:

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

LD (1000H),BC

will result in 44H in memory location 1000H, and 46H 1in
memory location 1001H.



LD (nn),

Operation: (nﬁ+1)@IXH, {nn) < 1X

Format:
Opcode Operands
LD (nn),IX

1T 1T 1
1101110 1| DD

i 1 1 i 1 1
0010 0O0T1TO0 22

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 Regisﬁer IX contains 5A30H, after the
instruction

LD (4392H),1X

memory location 4392H will contain number 30H and
location 4393H will contain S5AH. -

| X



LD ((nn), Y

Operation: (nn+1) «I1Yy, (nn)<1Y

Format:
Opcode ' Operands
LD : (nn),IY

T 1. T .1 . 7.1 7
11111101 FD
] -

1 | 1 1

0001000 1 0] 22

1 1 ! 1 I 1 L

1 U 1 1 1 1 T

1 Il 1 1 1 i 1

Description:

The low order byte in Index Register IY is loaded into
memory address (nn); the upper order byte 1is 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

LD (8838H),IY

memory location 8838H will contain number 74H and ﬁemory
location 8839H will contain 4l1H.



Operation: SP <« HL

Format:
Opcode Operands
LD SP,HL
T ] 1 1 T T T
11111001 F9
I TR TR TR N B

Description:

The contents of the register pair HL are loaded into the
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



Operation: SP<«IX
Format:

Opcode Operands

LD SP,IX

1101110 1[.00

11111001 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.: 2.50

Condition Bits Affected: None

Example:

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

LD SP,IX

the contents of the Stack Pointer will also be 98DAH,



Operation: SP<«IlY

Format:
Opcode Operands
LD . SpP, 1Y
T T 1 T LN 1 L
11111101 FD
1 1 1 1 1 1 1
11111001 F9
1 1 1 J L | 1
Description:

The two byte contents of Index Register 1Y are loaded
into the Stack Pointer SP.

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

Condition Bits Affected: None

Example:
If Index Register 1Y contains the integer A227H, aftef
the instruction '

LD SpP,IY

the Stack Pointer will also contain A227H,

Y



PUSH gg

PUSH qq

Operation: (SP-2) < qqp 6 (SP-1) < qay
Format:
Opcode Operands

PUSH qq

T T T T
1 1 qqg00 101
[ T T B

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 l6-bit
address of the current "top" of the Stack. This
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 0l
HL 10
AF 11

MICYCtES: 3 T STATES: 11(5,3,3) 4 MHZ E.f.: 2.75

Condition Bits Affected: None

Example: f
If the AF register pair contains 2233H and the Stack
Pointer contains 1007H, after the imstruction

PUSH AF
memory address 1006H will contain 22H, memory address

10058 will contain 33H, and the Stack Pointer will
contain 1005H.



Operation: {SP-2) «<IXy, (SP-1) < IXy
Format:
Opcode Operands
PUSH IX
L 1 i T 1 T
11011101 DD
[N VU TN T S S |
T L T T
11190101 E5S
! ] ! | [l 1 |
Description:

DUSH

The contents of the Index Register IX are pushed into
the external memory LIFO (last-in,
The Stack Pointer (SP) register pair holds the 16-bit

address of the current "top" of the Stack.

first-out) 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

Condition Bits Affected:

T STATES:

Example:

15¢(4,5,3,3)

None

4 MHZ E.T.: 3.75

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

PUSH

IX

after the instruction

menmory address 1006H will contain 22H, memory address
and the Stack Pointer will

1005H will con
contain 1005H,

tain 33H,

=

| X



PUSH Y

Operation: (SP-2) <Yy, (SP-1) «<1Yy

Format:
Opcode : Operands
PUSH 1Y
1111110 1| D
I RS R B N S
¥ LS T L T L :
11100101 ES
1 1 1 1 [l 1 |
Description:

The contents of the Index Register IY are pushed into
the external memory LIFO (last-in, first-out) Stack. )
The Stack Pointer (SP) register pair holds the 1l6-bit,
address of the current "top" of the Stack., This
instruction first decrements the SP and loads the high
order byte of 1Y 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: 4 T STATES: 15(4,5,3,3) 4 MHZ E.T.: 3.75

‘Condition Bits Affected: None

Example:

If the Index Register 1Y contains 2233H and the Stack
Pointer contains 1007H, after the instruction

PUSH 1Y
memory address 1006H will contain 22H, memory address

1005H will contain 33H, and the Stack Pointer will
contain 1005H.



Operation: qgqy <« (SP+1), qq < (SP)
Format:
Opcode ' Operands

POP qq

llllq Iq lolololl
1 1 ! Il

! | | —_—

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 l6-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
of 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:

Pair r
BC 00
DE ol
HL 10
AF et

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

Condition Bits ‘Affected: None




Example:

If the Stack Pointer contains 1000H, memory location
1000H contains 55H, and location 100lH contains 33H, the
instruction : )

~

POP HL

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



Operation: IXy « (SP+1), IX < (SP)
Format:

Opcode Operands

POP IX

1101110 1| DD

LD DL
1110000 1| E1
| I |

Descripcion:

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 1l6-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.: 3.50

Condition Bits Affected: None

Example:

If the Stack Pointer contains 1000H, memory location
1000H contains 55H, and location 100lH contains 33H, the
‘instruction

POP IX

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

| X



PO

1Y

Operation: |Yy« (SP+1), 1Y «(SP)

Format:
Opcode Operands
POP 1Y
1 ¥ 1 L T 1 1 1
11 111 111 ll lOI 1 FD
1 1 T 1 I 1 T
lllllloiolololl £l

Description:

The top two bytes of the external memory LIFO (last-in,
first-out) Stack are popped into Index Register 1Y, 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,: 3.50

Condition Bits Affected: None

Example:

1f the Stack Pointer contains 1000H, memory location
1000H contains 55H, and location 1001H contains 33H, the

instructiocn
POP 1Y

will result in Index Register IY containing 3355H, and

the Stack Pointer containing 1002H.
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Operation: DE HL

Format:
Opcode Operands
EX DE, HL
T L) I 1 I I 1
11101011 EB .
L 1 1 1 1 1 ]
Description:

The two-byte contents of regis
exchanged,

w» M CYCLES: 1 T STATES: 4

Condition Bits Affected: None

Example:

If the content of register pai
and the content of the registe
after the instruction

EX DE,HL

the content of register pair D
content of register pair HL wi

ter pairs DE and HL are

4 MHZ E,T.: 1.00

T DE‘is the number 2822H,
r pair HL is number 499AH,

E will be 499AH and the
11 be 2822H.



EX AF,

Operation: AF & AF

Fbrmat:
Opcode Operands .
EX : AF,AF”
1 t l 1 I T T
0 0001000 08
1} I} 1 L 1 1 1
Description:

-

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 pair 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) < (DE’), (HL) « (HL’)

Format:
Opcode . Operands
EXX
T I 1 1 T v LI
11011001 D9
L . 1 L 1 1 ]

Description:

Each two-byte value in register pairs BC,‘DE, and HL 1is
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
nunbers 445AH, 3DA2H, and 8859H, 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: OOE7H; BC’: 445AH; DE’: 3DA2H;
and HL": 8859H.



=X (SP), HL

Operation: H < (SP+1), L« (SP)
" Format:
Opcode ‘ Operands

EX (sP),HL

T 1 T 1 )
11100011 E3
IR W L

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+1).

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

Condition Bits Affected: None

Example:

1f the HL register pair contains 7012H, the SP register
pair contains 8856H, the memory location 8856H contains
the byte 11H, and the memory location 8857H contains the
byte 22H, then the instruction

EX (SP),HL

will result in the HL register pair containing number
221iH, memory location 8856H containimg the byte 12H,
the memory location 8857H containing the byte 70H and
the Stack Pointer containing 8856H.



=X (SP), IX

Operation: IXy < (SP+1], IX < (SP) J

Format:
‘Opcode Operands
EX (SP),IX
1 1 T 13 1 1 19 .
11011101 0D
T R S SN DU B

T i 1 1 T
11100011 E3
TS S T N N

Description:

The low order byte in Index Register IX 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 IX is exchanged with the next highest
memory address (SP+1).

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 IX contains 3988H, the SP register
‘pair contains 0100H, the memory location 0l0OH contains
the byte 90H, and memory location 0101H contains byte
48H, then the instruction

EX (SP),IX

will result in the IX register pair containing number
4890H, memory location 0100H containing 88H, memory
location 010lH containing 39H and the Stack Pointer
containing 01004,



=X (SP), Y

Operation: Yy« (SP+1), 1Y « (SP)
Format: ’
Opcode Operands

EX (sP),1Y

1111110 1] f0

111000 1 1] €3
| I N

Description:

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
memory address (SP+1),

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

Condition Bits Affected: None

Example:

If the Index Register IY contains 3988H, the SP register
pair contains 0100H, the memory location 0l00H contains
the byte 90H, and memory location O0l0lH contains byte
48H, then the instruction

EX (SP),IY
will result in the IY register pair containing number
4890H, memory location 0100H containing 88H, memory

location 010lH containing 39H, and the Stack Pointer
containing O0100H.

Nnn



DI

Operation: (DE) < (HL}), K DE < DE+1, HL < HL+1  BC < BC-1

Format:

Opcode Operands

T T
1110 11 0 1| ED

000 0 0] a0

Description:

A byte of data is transferred 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 both these register pairs are
incremented and the BC (Byte Counter) reg}ster pair is
decremented.

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

Condition Bits Affected:

S: ot affected
Z: ot affected
H: Reset
P/V: Set if BC-1#0;
_reset otherwise
i Reset
C: Not affected



Example:

If the HL register pair contains llllH, memory location
1111H 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 : 1112H
(111lH) 88H
DE : 2223H
(22221) : 88H
' BC: : 6H



DIR

LDIR

Operation: (DE) <« (HL), DE <« DE+1, HL « HL+1, BC « BC-1

Format:
Opcode Operands
LDIR
T . T 1 I 1 1 ¥
11101101 ED
1 L Ll 1 | 1

101 1000 0| 80

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 DE
register pair. Then both 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 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 cycless 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.

Fo; BC £0:
M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: 5.25
For BC=0:

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



Condition Bits Affected:

S: Not affected
Z: Not affected
H: Reset

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

Example:
If the HL register pair contains 1111H, the DE register

pair contains 2222H, the BC register pair contains
0003H, and memory locations have these contents:

(1111H) : 88H (2222H) : 66H
(1112H) : 36H (2223H) -+ 594
(1113H) : ASH (2224H) : C5H

then after the execution of
LDIR

the contents of register pairs and memory locations will
be: ,

HL : 1114H

DE : 2225H
BC : 00OOH
(1111H) : 88H (2222H) : 88H
(1112H) : 36H (2223H) : 36H

(1113H) : A5H (2224H) : AS5H



Operation: (DE)<«(HL), DE < DE-1, HL «<HL-1, BC «<BC-1

Format:

Opcode "  Operands

LDD

... 1T.r.r T
11101101 ED

el dam————

1 T T T 1 1 1
1 01 010 00 A8

| | l L 1 L

Descripttion:

This two

byte instruction transfers a byte of data from

the memory location addressed by the contents of the HL

register
contents
register
pair are

pair to the memory location addressed by the
of the DE register pair, Then both of these
pairc including the BC (Byte Counter) register
decremented.

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

Condition Bits Affected:

S: Not affected
Z: NHot affected
H: Reset
P/V: . Set if BC-1¥%0;
reset otherwise
N: Reset
C: Not affected



Example:

If the HL register pair contains 111lH, memory location
"1111H contains 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

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

HL : 1110H
(L111H) : 88H
DE : 2221H
'(22228H) 88H
BC 6H



JDR

Operation: (DE)<« (HL), DE <« DE-1, HL <« HL-1. BC < BC-1
quma;:

Opcode Operands

11101101 ED

LN DR S |
10111000 B8
|

Descrigtion:

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 both of these
registers as well as the BC (Byte Counter) are
decremented. If decrementing causes the BC to go to
zero, the instruction 1is terminated. If BC 1is not zero,
the program counter is decremented by 2 and the
instruction is repeated. Interrupts will be recognized

and two refresh cycless 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.

For BCZ0:

M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: 5.25
For BC=0.

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

Not affected

Not affected

Reset

: Reset
Reset

Z<ITNW®’

ne



Example:

If the HL register pair contains 1114H,

pair contains 2225H, the

00034,

(1114H)

the DE register
BC register pair contains

and memory locations have these contents:

¢ ASH (2225H) : CSH
(1113H) : 36H (2224H) : 59H
(11124H) : 88H (2223H) : 66H

then after the
LDDR

the contents of register
be:

HL : 1111H
DE : 2222H
BC : OOOPH
(1114H) : AS5H (22251)
(1113H) : 36H (2224H)
(1112H) : 88H (2223H)

execution of

pairs and memory locations will

: AS5H
36H
: 88H

ac



Operation: A-{HL), HL < HL+1, BC < BC-1
Format:

Opcode Operands

1110 110 1| ED

T :
1 01 00 00 1 Al
1

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. Then HL 1is incremented and the Byte Counter
(register pair BC) is decremented.

M CYCLES: 4 T STATES: 16(4,4,3,5) 4 MHZ E.T.: 4.00
c itjon Bi Affected:
S: Set if result is negative;

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

H: Set if borrow fronm
Bit 4; reset otherwise
P/V: Set if BC-140;
reset otherwise
N: Set
C: Not affected

Example:

If the HL register pair contains l1111H, memory location
1111H contains 3BH, the Accumulator contains 3BH, and
the Byte Counter contains 000lH, then after the

' execution of ‘



CPI

the Byte Counter will contain 0000H, 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

Accunulator or address . 1l111H.

no



P

Operation: A-(HL), HL < HL+1, BC < BC-1

Format:

Opcode . Operands
CPIR

1 L] - Ll ¥ LN T
11101101 ED
1

L 1 1 ) 1 1

¥ ] ] i L 1 l
10110001 Bl
1 1 1 [ [ 1 |

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
causes the BC to go to zero or if A=(HL), the
instruction is terminated. If BC is not zero and
A#(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 instruction will loop through
64K bytes, if no match is found.

For BC#0 and A#(HL):
M CYCLES: 5 T STATES: 21(4,4,3,5,5) 4 MHZ E.T.: ’5.25
For BC=0 or A-(HL){

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



Condition Bits Affected:

S: Set i1if result is negative;
reset otherwise '
Z: Set if A=(HL);
reset otherwise
H: Set 1if borrow from

Bit 4; reset otherwise

P/V: . Set if BC-140;
reset otherwise
N: Set
C: Not affected

Example:

If the HL register pair contains 1111H, the Accumulator
contains F3H, the Byte Counter contains 0007H, and
memory locations have these contents:

(L111H) : 52H
(L112H) : OOH
(1113H) : F3H

then after the execution of

CPIR
the 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.



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

Format:

Opcode Operands

CPD

T T L I T 1 T
11101101 ED
RN R S SR SRR TR

1 1 1 1 1 T T
10101001 A9
F T S T Bl B

Description:

The contents of the memory location addressed by the HL
register pair is compared with the contents of the

Accumulator.

is set.

are decremented.

M CYCLES:

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

Condition Bits Affected:

Example:

If the HL register pair contains 1111H,
the Accumulator contains 3BH, and
then after the

11114 contains 3BH,
the Byte Counter contains O0O0O0lH,

In case of a true compare,
"The HL and the Byte Counter (register pair BC)

a condition bit

4 MHZ E.T.: 4.00

S: Set if result is negative;

reset otherwise
Z: Set 1if A=(HL);
reset otherwise

H: @ Set 1f borrow from
Bit 4; reset otherwise
P/V: Set if BC-1£0;
reset otherwise
N: Set
C: Not affected

execution of

memory location



CPD

the Byte Counter will contain 000OH, the HL register
pair will contain 1110H, 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 1111H.



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

Format:
Opcode Operands
CPDR
1 ¥ T T 1

11101101 ED

1 Il 1 1

T 1 L L 1 1 i
101 1100 1 B9
[ B S Bl T I

DescriEtion:

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 A=(HL), the instruction is terminated. If BC
is not zero and A=(HL), the program counter is
decremented by 2 and the instructior is repeated.
Interrupts will be recognized and two refresh cycless
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 BC#0 and A#(HL):

M CYCLES: 5 T STATES: 21(4,%4,3,5,5,) 4 MHZ E.T.: 5.25
For BC=0 or A=(HL):

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



Condition Bits Affected:

S: Set if result is negative;
reset otherwise )

Z: Set 1if 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

Example:

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

(1118H) : 52H
(1117H) : OGH
(1116H) : F3H

then after the execution of
CPDR

the contents of register pair HL will be 1115H, 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
registcr will be set.
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Operation: A<« A+r

Format:
Opcode Operands
ADD A,r

1 1 T L I AL 1
1 00 0 0=-—r—
L 1 1 1 1 ] i

Description:

The contents of register r are added to the contents of
the Accumulator, and the result is stored in the
Accumulator, The symbol r identifies the registers
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: 1 T STATES: 4 4 MHZ E.T.: 1.00

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 overflow;
reset otherwise
N: Reset }
C: Set if carry from
Bit 7; reset otherwise

1aAn=



Example:

If the contents of the Accumulator are 44H, and the
contents of register C are 11H, after the execution of

ADD A,C

the contents of the Accumulator will be 55H.

1NnQ



D A, n

Operation: A< A+n

Format:
Opcode Operands
ADD A,n

T 1 i ) i 1
110001 1l 0 cé
I3 1 L 1 L ]

Description:

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

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

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 overflow;
reset otherwise
N:: Reset
C: Set if carry from
Bit 7; reset otherwise

Example:

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, (HL)

Operation: A <« A+ (HL)
Format:
Opcode Operands

ADD A, (HL)

1 1 L T 1 I |
1 0000110 86
1 |

1 L 1 1 i

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.: 1.75

Condition Bits Affected:

S: Set if result is negative;
reset otherwise

Z: Set 1if result is zero;
reset otherwise
H: Set 1f carry from

Bit 3; reset otherwise
P/V: Set 1f overflow;
reset otherwise
N: Reset
C: Set if carry from
Bit 7; reset otherwise

Example:

If the contents of the Accumulator are AOH, and the

content of the register pair HL is 2323l, and memory

-location 2323H contains byte 08H, after the execution of
ADD A, (HL)

the Accumulator will contain ASH.



) A, (1X+d)

Operation: A <« A+ (IX+d)

Format:
Opcode Operands

ADD A, (IX+d):

1101110 1{ DD

T T T
1 0000110 86
] L1

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 1f result 1is zerof
reset otherwise

H: Set if carry from

Bit 3; reset otherwise
P/V: Set if overflow;
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 1000H, and 1f the content of memory location



1005H is 22H, after the execution of
ADD A, (IX+5H)

the contents of the Accumulator will be 33H.



D A, (Y+d)

Operation: A < A+{lY+d)

Format:
Opcode Operands
ADD A, (IY+d)
1 1 U T 1 LI

11111101 FD

100001 10| 8
,l 1 L 1.1

Description:

The contents of the Index Register (register pair IY) is
added to a two’s complement displacement d to point to
an aqdress in memory. The contents of this address 1is
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

. Birt 3; reset otherwise
P/V: Set if overflow;
reset otherwise
N: Reset .
C: Set if carry from bit 7;
reset otherwise

Example:

If the Accumulator contents are llH, the Index Register
pair IY contains 1000H, and if the content of memory

112



location 100SH is 22H, after the execution of
ADD A, (L1Y+5H)

the contents of the Accumulator will be 33H.



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:

T 1 T 1 1 T
ADC A,r 1|O|0,0 1|<—Ir*l—>
!
T T 1 1 1 R 1
ADC A,n : 11001 1.10 CE
N L L Il 1 e L 1
1 ] 1 1 1 RN T
n
L 1 1 1 1 [l 1
1 1 L o T I Lf
ADC A, (HL) 10001110 8E
i 1 1 1 L 1 1
’ T T T T 1 T 7T
ADC A, (IX+d) 1101110 1 DD
L | 1 L J 1 I
] " ] 1 i T i
1 00011 10 8E
L 1 1 1 1 1 1
1 1 L 1 Lf I T
d
| 1 1 1 1 L 1
T i1 T L i Ll L
ADC A, (IY+d) 1111110 1 FD
| 1 | 1 L 1 1
T 1 1 T 1 b 1
1 0001110 8E
1 1 1 1 L 1 1
1 1 Id 1 T T 1
1 | | i 1 ) 1

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



Register r

PO EmoOw

Description:

The s operand,

000
001
010
011
100
101
111

along with the Carry Flag ("C" in the F

register) is added to the contents of the Accumulator,

~and the result

is stored in the Accumulator.

INSTRUCTION M CYCLES T STATES 4 MHZ E.T.
ADC A,r 1 4 1.00
ADC A,n 2 7(4,;3) 1.75
ADC A, (HL) 2 7(4,3) 1. 75
ADC A, (IX+d) 5 19(4,4,3,5,3) 4.75
ADC A, (IY+d) 5 19(4,4,3,5,3) 4,75

Condition Bits

Affected:

P/V:

.o e

o=z

Example:

If the Accumulator contains 16H,
the HL register pair contains 6666H,
after the execution of

contains 1OH,

Set 1f result is negatlve,
reset otherwise

Set if result is zero;
reset otherwise

Set if carry from

Bit 3; reset otherwise
Set 1f overflow;

reset otherwise

Reset

Set 1f carry from

Bit 7; recet otherwise

the Carry Flag is set,
and address 6666H

ADC A, (HL)

the Accumulator will contain 27H.

11c



S

Operation: A< A-s

Form;t:
Opcode Operands
SUB -

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:

T 1 T T T T
SUB r 1 001 0Q-—r—
| 1 1 | i 1
T T T T 1 T 1
SUB n 110101 10 D6
1 i ] 1 1 1 |
T T T T T T T
n
| ] L ] | 1 |
T T T T )
SUB (HL) 10010110 86
1 I | 11 l
' T T T T T T
SUB (IX+d) 1101110901 DD
| | 1 ! I 1 L
L B T T T | g—
10010 110 96
1 ! ! | 1 1 1
T T T T T T T
d
il 1 L S 1 1
SUB (IY+d) 1111110 1] D
| 1 ! ! 1 1 |
T T T T T T T
100101 10 96
L ) 1 l 1 1 ]
d
1 1 1 1 1 L L

*r identifies registers B,C,D,E,H,L or A assembled as

follows in the object code field above:



Register

POCOIDMmMmOoOOW

Description:

|~

000
001
010
ort
100
101
111

The s operand is subtracted from the contents of the

Accumulator, and the result-is stored

Accumulator.

INSTRUCTION M CYCLES

SUB r

SUB n

SUB (HL)
SUB (IX+d)
SUB (IY+d)

[V SRR

Condition Bits Affected:

S: Set

if result

reset otherwise

Z: Set if result is zero;
reset otherwise

H: Set if borrow from
Bit 4; reset otherwise

P/V: Set if overflow;

reset otherwise

N: Set

C: Set if borrow;

reset otherwise

Example:

in the

is negative;

4 MHZ E.T.

.00
.75
.75
.75
4,75

B ——

If the Accumulator contains 29H and register D contains

11H, after the execution of

SUB D

the Accumulatot'will contain 18H.

an



u)

BC A, s

Operation:. A—A-5-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 instructions, These

various possible opcéde—operand combinations are
assembled as follows in the object code:

SBC

SBC

SBC

SBC

SBC

A,r

A,n

A, (UL)

A, (IX+d)

A, (1Y+d)

——

1

T IR
] —y ——

] 1 1 ] ] |
10011110
| ] | ] 1 ]
1 1] L { 1 v
-
1 1 1 1 ] ]
1 | S L 14 T 1
0011 110
I | ] 1 1 |
T T i 1 1 1
101110 1
§ . | R N j
1 1 1 1 L] 1
00 111 10
| | 1 1 | | .
1 T T 7 T T 1
d
J 1 | 1 1 1
1 LD e LR
11111 01
1 | ] | 1 |
0’011 110
i 1 1 1 ]
1§ 1] | L L 1
d
| | et L |

DE

9t

0D

9E

FD -

9E

*r identifies registers B8,C,D,E,i,L or A asscmbled as
follows in the object code field above:



Register . r
B 000
C 00l
D 010
E ol1
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 4 MHZ E.T.

SBC A,r 1 4 1.00
SBC' A,n 2 7(4,3) 1.75
- SBC A, (HL) 2 7(4,3) ' 1.75
SBC A, (IX+d) 5 19(4,4,3,5,3) 4475
SBC A, (IY+d) 5 19(4,4,3,5,3) 4.75

Condition Bits Affected:

S: Set if result is negative;

reset otherwise

Z: Set if result is zéro;
reset otherwise

H: Set if borrow from

Bit 4; reset otherwise
P/V: Set if overflow;
reset otherwise

N: Set
C: Set if borrow;

reset otherwise
Example:
If the Accumulator contains 16H, the carry flag is set,
the HL register pair contains 34331, and address 3433H
contains O0S5H, after the execution of

SBC A, (HL)

the Accumulator will contain lOH.

1N



AND s

Operation: A< AAs
Format:
Opcode Operands
AND 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:

T T ¥ T i 1 U

1 1 L 1 ] L 1
T ¥ I 1 i 1 1 .
AND n 11100 1 1N £E6
1 1 1 L L L
T T 1 T 7
n
1 1 L 1 | | - i
1 1 1 T I 1] 14
AND (HL) . 1 01 0 95 110 A6
TSN N WY R SN SR |
l T I T T 1
AWD (IX+d) 1101 1 1 0 1 0D

1 T L 1 L
d
1 L A, I L 1. 1
T T T ¥ T 1 t
AND (IY+d) 11111101 FD
. : I 1 Il il 1 | ]
¥ T 14 R T T
1 2100 1 109 A6
L L L Il L L |
! 1 I ML ¥ T 1
a
1 N 1 Il N ) E—

*r identifies registers 3,C,D,c,!,L or A assembled as
follows in the object code field above:



Register

|"1

000
001
010
011
100
101
111

PO TTMUOOW

Description:

A logical AND 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 4 MHZ E.T.
AND r 1 4 1.00
AND n 2 7(4,3) 1.75
AND (HL) 2 7¢4,3) 1.75
AND (IX+d) 5 19¢4,4,3,5,3) 4.75
AND (IX+d) 5 19(4,4,3,5,3) 4,75

Condition Bits Affected:

S: Set 1if result is negative;
reset otherwise
Z: Set 1f result is zero;
reset otherwise
H: Set )
P/V: Set if parity even;

reset otherwise

N: Reset

C: Reset
Example:
If the B register contains 7BH (O0l1l 101l) and the
Accumulator contains C3H (1100 00ll) after the execution
of

AND B

the Accumulator will contain 43H (01000011).



Operation: A< A Vs
Format:
Opcode
OR

The s operand is any of r,n,(HL);(IX+d) or (IY+d), as
defined for the analogous ADD instructionmns.

Operands

S =

These

various possible opcode-operand combinations are
assembled as follows in the object code:

OR r

OR n

OR (HL)

OR (IX+d)

OR (IY+d)

*r identifies registers B,C,D,E,H,L or A assembled as

¥ 1 i i 4

1011 0e—r—
A ) I8 I 1 1 I
T I T 1 T T

11110110
1 1 [l ] 1 1 |
i 1 1 1 I T 1

n
A L ! 1 1 Il H
T L] 1 T T T

10110110
il 1 J L Il J Il
T 1 1 v 1 T T

11011101
L 1 L 1 1 1 |
¥ T U I 1 T L

10110110
1 [l L L 1 1 1
L) T T 1 I L LI}

d
L 1 1 | L L 1
U ] 1 i 1 T 1

11111101
Il Lo 1 1 1] 1 1
i L i 1 U T 1

10110110
i I\ 1 1 1 1 L
Ll 1 1 T T L 1

d
1 J I 1 1 1

"follows in the object code field above:

F6

B6

0D

B6

FD

B6



Regiéter

lﬂ

000

001

010

o1l .

100 !
101

11t

PO DMmMmUOw

Description:

A logical 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 4 MHZ E.T.
OR r 1 4 S 1.00
OR n 2 7(4,3) 1.75
OR (HL) 2 7(4,3) 1.75
OR (IX+d) 5 19(¢4,4,3,5,3) 4.75
OR (IY+d) 5 19(4,4,3,5,3) 4.75

Condition Bits Affected:

S: Set 1f result is negative;
) reset otherwise
Z: Set if result is zero;
‘"reset otherwise
H: . Reset

P/V: Set if parity even;
reset otherwise
N: Reset
C: Reset

Example:
—_ ‘

If the H register contains 48H (010001000) and the
Accumulator contains 12H (00010010) after the execution
of :

OR H

the Accumulator will contain SAH (01011010).



X Ol

*r identifies registers B,C,D,E,H,L or A assembled as

Operation: A< A3s
Format:
Opcode
XOR

The. s operand is any of r,n, (HL),(IX+d) or (IY+d), as
defined for the analogous ADD instructions,

Operands

s

These

various possible opcode-~operand combinations are
assembled as follows in the object code:

XOR r

X0R n

XOR (HL)

XOR (IX+d)

XOR (IY+d)

T T L T T

1

T

01 0 le—r—
[ | N | 1
1 T 1 1T I 4 i
1101110
| R N B 1 [
I T T i 1 + T
n
] 1 ) 1 ! L
I 1 1 i 1 1
0 101 1 1.0
1 11 | S T |
T 1 T L T T T
1011101
1 L1 A N
1 I I 1 L L
01 01 110
1 1 [N} 1
13 1 1 B 1] ]
d
J R NS I S | [N
i I I 1 T T T
1111101
! | 5 1 L bl
T 1 ¥ T 1 1] 1
D101 110
1 [ | 1 1 1
L4 ] 1 1] l i 1
d

follows in the object code field above:

EE

AE
0D

AE

FD

AE



Register r

PHOI MO0 W

Description:

000
001
olo0
011
100
101
111

A logical exclusive-OR operation 1is performed between
the byte specified by the s operand and the byte

contained in the Accumulator;

the Accumulator.

CYCLES T STATES

Example:

If the Accumulator contains 96H (10010110),

execution of

XOR 5DH

the Accumulator will contain CBH (11001011).

INSTRUCTION M
X0R r 1 4
XOR n 2 7(46,3)
XOR (HL) 2 7(4,3)
XOR (IX+d) 5 19(4,4,3,5,3)
. XOR (IY+d) 5 19(4,4,3,5,3)
Condition Bits Affected:
S: Set 1if result is negative;
reset otherwise
Z: Set if result is zero;
reset otherwise ‘
H: Reset
P/V: Set if parity even;
reset otherwise
N: Reset
C: Reset

(Note: 5DH = 01011101)

1nr

the result is stored in

4 MHZ E.T.

1.00
1.75
1.75-
4.75
4.75

after the



L)

Operation: A-s

Format:

The s operand is any of r,n,(HL),(IX+d) or (IY+d), ‘as
defined for the analogous ADD instructions,

Opcode

CP

Operands

S

These

various possible opcode-operand combinations are
assembled as follows in the object code:

~CP

Ccp

CP

cp

CP

*r identifies registers B,C,D,E,H,L or A assembled as

r

(HL)

(IX+d)

(IY+d)

T T T T T T
011 1l=—r—

Lo
T i i T T R
1111110
L
1 1 Ll 1 U 13

n
[N N S R R
T 1 Ll ¥ 1 1
01111 1 3§
I S N S T
LS T T U 1
101 1101
I N S B
1 T REERR Ll L
0111110
I T S B N
¥ 1 I 1 T I
d
S T B R B
1 4 T LI T
1 1111 01

follows in the object code field above:

FE

BE

DD

BE

FO

BE



Register

>Prromoow

Descfiption:

The contents of t

|

000
001
010
011
100
101
111

he s operand are compated with the

contents of the Accumulator. If there is a true

compare, the 2 f1
instrgction does
Accumulator.

ag 1s set. The execution of this
not affect the contents of the

INSTRUCTION M CYCLES T STATES . 4 MHZ
CP r 1 4 1.00

CP n 2 7(4,3) . v 1.75

CP (HL) 2 7(4,3) 1.75

CP (I1X+d) 5 19(4,4,3,5,3) 4.75

CP (IY+d) 5 19(4,4,3,5,3) 4,75

Condition Bits Affectéd:

S:

Example:

If the Accunmulato

the instruction
CP (HL)

will result ian th
reset.

Set 1f result is negative;
reset otherwise

Set 1if result 1is zero;
reset otherwise

Set 1if borrdw from

Bit 4; reset otherwise
Set if overflow;

reset otherwise

Set

Set 1if borrow;

reset otherwise

r contains 63H, the HL register pair
contains 6000H and memory location 6000H contains 60H,

e P/V flag in the F register being



INC r

Operation: r+<r+1

Format:
Opcode Operands
INC r
U 1 I 1 1 1 1
0 Qe——r—=1 0 0
1 1 1 L 1 1 |-
Description:

Register r 1is incremented, «r 1identifies any of the .
registers A,B, C,D,E,H or L, assembled as follows in the
object code.

Register T
111
000
001
010
011
100
101

CEMO O W

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

Condition Bits Affected:

S: Set if result is negative;
reset otherwise

Z: Set if result is zero;
reset otherwise

H: Set 1if carry from

Bit 3; reset otherwise
P/V: Set if r was 7FH before
operation; reset otherwise’
N: Reset
C: Not affected



Example:

If the contents of register D are 28H, after the
execution of

INC D

the contents of register D will be 29H.

12N



NC

(HL)

Operation: (HL) < (HL)+1

Format:
Opcode Operands
INC (HL)

T T
0 01 101009 34

Description:

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

M CYCLES: 3 T STATES: 11(4,4,3) 4 MHZ E.T.: 2.75

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 (HL) was 7FH before

operation; reset otherwise

N: Reset

C: Not Affected
Example:

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

INC (HL)

memory location 3434H will contain 83H,

and






INC  (1X+d)

Operation: (IX+d) < (1X+d)+1

Format:
Opcode Operands
INC (IX+d)

I 1 1 ! 1 1 i
11011101 nD
1 1 ] 1

6 01101009 34

Description:

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 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: Set if carry from

Bit 3; reset otherwise
P/V: Set if (IX+d) was 7FH before
operation; reset otherwise
N: Reset
C: Not affected



Example:

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+10H)

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



INC (1Y +d)

Operation: (IY+d)« (1Y+d)+1

Format:
Opcode

INC

Operands

(IY+d)

r
111101 FD

T T ’
1.1 01 0 0 34
I S W N

Description:

The contents of the Index Register IY (register pair IY)
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 MHZ E.T.: 5.75

Condition Bits Affected:

Set if result is negative;
reset otherwise

Set if result is zero;

reset otherwise

Set 1if carry from

Bit 3; reset otherwise

Set 1f (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 2030H contain byte 34H, after
the execution of )

INC (IY+10H)

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



Operation: m<+m-|

Format:
Opcode Operands
DEC m

The m operand 18 any of r, (HL),(IX+d) or (IY+d), as
defined for the analogous INC instructions., These
various possible opcode~operand combinations are

. assembled as follows in the object code:

: T

DEC r 0 O—r—1 0 1

: )
T T T T

DEC (HL) 00110101 35
[N RN WS S NN N
=TT T T

DEC (IX+d) 11011101 DD
[T S T SN W SR

1 T Ll T i L i
0 0110101 35
1 1 1 1 ] 1 1

DEC (IY+d) 1111110 1| f
: 1l 4 1 1 1 | i

LIS i T 1 T T
00110101 35
A 1 L. 1 A 1 1

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

C m



Register

PN mU oW

Description:

e}

000
001
010
011
100
101
111

\

The byte specified by the m operand is decremented.

INSTRUCTION M CYCLES T STATES

DEC r 1 4

DEC (HL) 3 11(4,4,3)

DEC' (IX+d) 6 23(4,4,3,5,4,3)
DEC (IY+d) 6 23(4,4,3,5,4,3)

Condition Bits

Affected:

Example:

Set if result is negative;
reset otherwise :
Set 1f result is zero;
reset otherwise

Set if borrow from

Bit 4,

reset otherwise

Set if m was 80H before

operation;

Set

reset otherwise

Not affected

4 MHZ E.T.

1.00

2.75
5.75 .
5.75

If the D register containé byte 2AH, after the execution

of

DEC D

register D will contain 29H.

~An



-GENERAL PURPGSE ARITHMETIC AND CPU CONTROL GROUPS-






DAA

Operation: —-'

Format:

00 100 1 11 27
1 1 1 1 1 L L .

Description:

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

HEX HEX
VALUE VALUE NUMBER
C IN H IN | ADDED |¢C
BEFORE| UPPER BEFORE| LOWER TO AFTER
OPERATION| DAA DIGIT DAA DIGIT | BYTE DAA
(bit (bit
7-4) 3-0)
0 0-9 0 0-9 00 0
0 0-8 0 A-F 06 1o
ADD 0 0-9 1 0-3 06 0
ADC 0 A-F 0 0-9 60 1
INC 0 9-~F 0 A-F 66 1
Iy A~F 1 0-3 66 1
1 0-2 0 0-9 60 1
1 0-2 0 A-F 66 1
1 0-3 1 0-3 66 1
Sus 0 0-9 0] 0-9 00 0
SBC 0 0-8 1 6-F FA 0
DEC 1 7-F 0 0-9 A0 1
NEG 1 6=~F 1 6~F 94, 1

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




Condition Bits Affected:

S: Set 1f most significant bit
of Acc, is 1 after operation;
reset otherwise

Z: Set 1f Acc., is zero after operation;
reset otherwise
: See instruction

P/V: Set i1f Acc., i8 even parity after
operation; reset otherwise
N: Not affected
C: See instruction

Exanple:

If an addition operation is performed between 15 (BCD)
and 27 (BCD), simple decimal arithmetic gives this
result:

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

0001 o010l
+0010 - 0111
0011 1100 3C

‘the sunm is anbiguous. The DAA instruction adjusts this
result so that the correct BCD representation is,
obtained:

0011 1100
+0000 o0l10
0100 0010 = 42



L)

PL

Operation: A<A
Format:
Qpcode

CPL

T T I 1 T

Ll ¥
0n 101111 2F
L 1 1 1 1 1 1

Description:

The contents of the Accumulator (register A) are-

inverted (1°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,
the execution of

CPL

the Accqmulator‘contents will be 0100 1011,

after






Operation: A+ 0-A

1 1 1] 1 1
1 01 1 0 1] ED
] Il 1 1 ]

Format:
Opcode
NEG
1 1
11
1 |
1 i
01
1 1

L L L L L
00010 0| 44
11 .1

Description:

The contents of the Accumulator are negated (two’s

complement). This is the same as subtracting the

contents of the A
left unchanged.

M CYCLES: 2 T S

Condition Bits Af

ccumulator from zero. Note that 80H

TATES: 8(4,4) 4 MHZ E.T.:

fected:

Set if result {s negative;
reset otherwise

Set if result is zero;
reset otherwise

Set if borrow from

Bit 4; reset otherwise

Set i1f Acc. was 80H before
operation; reset otherwise
Set

2.00

Set 1f Acc. was not OOH before

operation; reset otherwise

is



Example:

If the contents of the Accumulator are

after the execution of
NEG

the Accunulator contents will be

ojl1jrj0(1|0j07]0




CCF

Operation: CY <«C
Format:
Opcode

CCF

I T - LB | 1 L] .
00111111 3F
1 1 ] L I3 1 :

L

Description:
The Carry flag in the F register is inverted.

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

Condition Bits Affected:

S: Not affected
Z: Not affected

H: Previous carry will be copied
P/V: Not affected
N: Reset

C: Set 1f CY was O before
operation; reset otherwise



SCF

Operation: CY «1

Format:
Opcode
SCF

0011011 1| 37
| { | 1 1 1 1

Description:
The Carry flag in the F register 1is set.
M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00

Condition Bits Affected:

S: Not affected
Z: Not affected Coe
H: Reset
P/V: Not affected
N: Reset
C: Set



NO|

Operation: —
Format:
Opcode

NOP

I’lllllr
0 0000DOO0O0]| 00
1

| i | | ]

Description:
The CPU performs no operation during this machine cycle.
M CYCLES: 1 T STATES: 4 4 MHZ E.T.: 1.00

Condition Bits Affected: None




HALT

Operation: ~——
Format:
Opcode

HALT

1 I I 1 T L) 1
01110110 76
1 ] L Il i | .

I

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: |FF«0
Format:
Opcode

DI

1 LI 1 T RIS T
11110011 F3
! | 1 | | L |

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 Bitgs Affected: Mone

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.

M|




Operation: IFF «1
Format:
Opcode

EI

L L
1111101 1]| B
L el [ )

1 N

Description:

The enable interrupt instruction will set both interrupt
enable flip flops (IFFl and IFF2) to a logic “1°
allowing recognition of any maskable interrupt. Note
that during the execution of this instruction and the
following instruction, maskable interrupts will be
disabled.

M CYCLES: 1 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 enabled after the
execution of the RETI instruction.



Operation:

Format:

Operands
IM 0

Description:

The IM 0 instruction sets interrupt mode 0.

ED

46

In. this

IV

mode the interrupting device can insert any instruction

on the data bus for execution by the CPU.

byte of a multi~byte instruction

interrupt acknowledge cycle.

The first
is read during the

in by a normal memory read sequence.

M CYCLES:

Condition Bits Affected:

2

T STATES: 8(4,4)

None

4 MHZ E.T.: 2.00

Subsequent bytes are read



Operation: —

Format:
Opcode Operanas
M 1
L L [ 1 T i
11101101 ED
1 il Lol i 1

01010 1 10 s6

L 1 Lol i )
- 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,

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

Condition Bits Affected: . None




IM

Operation: —
Format:

Opcode Operands

1110171101 ED

01011110 5E

Description: -

The IM 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 least 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.

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

Condition Bits Affected: None

1rr






~ -16 BIT ARITHMETIC GROUP-






) HL, ss

Operacibn: HL <~ HL+ss
Format:
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 HL. Operand ss is
specified as.follows in the assenbled object code.

Register

Pair sS_

BC 00

DE . 0l ,
HL 10

SP 11

M CYCLES: 3 T STATES: 11(4,4,3) 4 MHZ E,T.: 2,75

Condition Bits Affected:

S: Not affected

Z: Not affected
Hs Set if carry out of
Bit 11; reset otherwise
P/V: llot affected
N: Reset .
C: Set if carry fro

Bit 15; reset otherwise



Exanmple:

If register pair HL contains the integer 4242H and
register pair DE contains 1111H,. after the execution of

ADD HL,DE

the HL register pair will contain 5353H,



DC HL, ss

Operation: HL<HL+ss+CY

Format:
Opcode Operands
ADC HL,ss

ED

Description:

The contents of register pair ss (any of register pairs

BC,DE,HL or SP) are added with 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 0l
HL 10
SP 11
M CYCLES: 4 T STATES: 15(4,4,4,3) 4 MHZ E.T.,: 3.75

Condition Bits Affected:

S:

Set if result is negative;
reset otherwise

Set if result is zero;
reset otherwise

Set if carry out of

Bit 1l; 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 HL will be 765AH,.



U)

BC HL, ss

Operation: HL<HL-ss-CY
Format:
Opcode Operands
SBC - HL,ss
1'1'10 1 1 0 1| €D
I S N S N B

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 SS
BC 00
DE 01
HL 10
SP 11

M CYCLES: 4

T STATES: 15(4,4;4,3) 4 MHZ E.T.:

Condition Bits Affected:

Set if result is negative;

S:
reset otherwise

Z: Set if result is zero;
reset otherwise

H: Set if a borrow from
Bit l2;reset otherwise

P/V: Set if overflow;

reset otherwise

N: Set

C: Set if borrow;

reset otherwise



Example:

If the contents of the HL register pair are 9999H, the
contents of register pair DE are 1111H, and the Carry
Flag is set, after the execution of

SBC liL,DE

the contents of HL will be 88871,



AD|

) IX, pp

Operation: IX<IX+pp
Format:
Opcode Operands

ADD IX,pp

Description:

The contents of register pair pp (any of register pairs
BC,DE,IX or SP) are added to the contents of the Index

Register IX, and the results are stored in IX, Operand
pp is specified as follows in the assembled object code,

Register
" Pair PP
BC 00
DE 01
X 10
SP 11

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

Condition Bits Affected:

S: Not affected
Z: Hot affected
H: Set if carry out of
. Bit 1l; reset otherwise
P/V: Not affected
N: Reset
C: Set if carry fron

Bit 15; reset otherwise



Example:

If the contents of Index Register IX are 333H and
contents of register pair BC are 5555H, after the
execution of

ADD IX,BC

the contents of IX will be 8888H.

the



D Y,

mrr

Operation: 1Y« |IY+rr
Format:
Operands

ADD IY,rr

11111101 FD

Description:

The contents of register pair rr (any Jof register pairs
BC,DE,1Y or SP) are added to the contents of Index
Register 1Y, 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
1Y 10
SP 11

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

Condition Bits Affected:

S: Not affected
Z: Not affected
H: - Set if carry out of
Bit 1ll1; reset otherwise
P/V: Not affected
N: Reset
C: Set 1f carry from
Bit 15; reset otherwise



Example:

If the contents of Index Register IY are 333H and the
contents of register pair BC are 555H, after the
execution of

ADD IY,BC

the contents of IY will be 8888H.



II\IC SS

Operation: ss<ss+1
Format:
Opcodes Operands

INC ss

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 S8
BC 00
DE 01
HL 10

SP 11
M CYCLES: 1 T STATES: 6 4 MHZ E.T. 1.50

Condition Bits Affected: None

Example:

If the register pair contains 1000H, after the execution
of

-INC HL

HL will contain 1001H.



INC

Operation: IX<«IX+1
Format:
Opcode Operands

INC IX

L L
1101110 1| 00

L | I 1 -l )

1 1 1 i T T T
00100011 23
L 1 1 | 1 1 1

Description:
The contents of the Index Register IX are incremented.
M- CYCLES: 2 T STATES: 10(4,6) &4 MHZ E.T.: 2.50

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,

17N

IX



INC 1Y

Operation: Y «IY +1
Format:
. Opcode Operands

INC 1y

¥ T T T i T L

11,11 110 1| FD

1 1 LI T LI 1 1
0 0100011 23
DU S N N

Il

Description:
The contents of the Index Register IY are incremented.
M CYCLES: 2 T STATES: 10(4,6) 4 MHZ E.T.: 2.50

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 1Y will be 2978H,



OEC ss

Operation: 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 decremented. Operand ss 1s
specified as follows in the assembled object code.

Pair ss_
BC 00
DE 01
HL 10 -
SP 11

M CYCLES: 1 T STATES: 6 4 MHZ E.T.: 1,50

Condition Bits Affected: None

Example:
If register pair HL contains 1001H, after the execution
of .

DEC HL

the contents of HL w%ll be 1000H,

17n



EC IX

Operation: IX«1X-1
Format:
Opcode Operands

DEC ‘ IX

1'1°0 1110 1] oD

) S| 1 1 ke 1

L IV SR RPN B RN B

0010 10 1 1| 2B

1 ] [l 1 1 1 L

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 are 2006H, after
the execution of

DEC IX

the contents of Index Register IX will be 2005H,.



1Y

Operation: Y «1Y -1
Format:
Opcode Operands

DEC Iy

1111110 1] FD

T T T T ’
00101011 2B
| i 1 |

Description:
The contents of the Index Register 1Y 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 the Index Register 1Y are 7649H,
after the execution of

DEC 1IY

the contents of Index Register 1Y will be 7648H,

1A



-ROTATE AND SHIFT GROUP-






SLCA

Operation: ! 0
Format:
Opcode ] Operands’

RLCA

T T T T :
00000 1 1 1 07
I | ! I

Description:

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

M CYCLES: 1 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
: Data from Bit 7 of Acc.



Example:

If the contents of the Accumu}ator are

7 6 5 4 3 2 1 0

[oTesTiTeTels

after the execution of
RLCA
“the contents of the Accunulator and Carry Flag will be

c 7 6 5 4 3 2 1 0

[Jlefefo[v[oTo o ]

1790



SLA

Operation:
Format:

Opcode Operands

00010 11 1| 17

Description:

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

"M .CYCLES: 1 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 fron Bit 7 of Acc.



~Lxanple:

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

III oftrttirjpLryop1yp1i|o

after the execution of
RLA

the contents of the ‘Accumulator and the Carry Flag will
be

[:] ry1 )10y 1]1301}1




_HCA

Operation:
Format:
Opcode Operands

RRCA

0000011 1 1| oF

Description:

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

M CYCLES: 1 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.



Example:

If the contents of the Accumulator are

[:] ojoj1jof0oj0O]|1

After the execution of
RRCA

the contents of the Accumulator and the Carry Flag will
be ’

1fjololtoj1lojolol 1
]




R A

: r
Operation: 7 =0
) A
Format: ‘
Opcode Operands
RRA

0001 1 11 1| 1F

Description:

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.

M CYCLES: 1 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 O of Acc.



Example:

If the contents of the Accumulator and the Carry Flag
are

after the execution of
RRA

the contents of the Accumulator and the Carry Flag will
be :




LC r

Operaytion: 7 0

Format:

1100101 1| cB

Description:

The contents of register r are rotated left one bit
position. The content of bit 7 is copied into the Carry
Flag and also into bit 0. Operand r is specified as
follows in the assembled object code:

Register r
000
001
010
011l
100
101
111

PO T MU O ®

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



‘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 even;

reset otherwise

N: Reset :

C: Data from Bit 7 of
source register

Example:

If the contents of register r are

after the execution of
RLC r

the contents of register r and the Carry Flag will be




3LC (HL)

Operation: 7 0
(HL)
Format:

Opcode " Operands

RLC (HL)

11001011 CB

0 N6

Description:

The contents of the memory 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 O is the least
significant bit. )

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

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 even;

reset otherwise

N: Reset .

C: Data from Bit 7 of

source register



Example:

If the contents of the HL fegister pair are 2828H, and
the contents of memory location 2828H are

7 6 5 4 3 2 1 0

after the execution of
RLC (HL)

the contents of memory location 2828H and the Carry Flag
will be




2LC

Operation:

Format:

Opcode

RLC

Description:

The contents of the memory addre'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

(1 X+d)

=

(1X+d)

Operands

(IX+d)

Carry Flag . and also into bit 0.

significant bit,

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

Condition Bits Affected:

Set if result 1s negative;

reset otherwise

Set {f result is zero;

reset otherwise
Reset

DD

CB

06

Bit O is the least

Set if parity even;

reset otherwise
Reset

Data from Bit 7 of

source register



Example:

If the contents of the
the contents of memory

after the execution of
RLC (IX+2H)

the contents of memory
"will be

Index Register IX are 1000H, and
location 1022H are

76 5 4 3 2 1 0

location 1002H and the Carry Flag




3LC (Y+d)

Operation: 7=<—10

(1Y +d)
Format:
Opcode Operands
RLC (IY+d)

0n o000 11 0| 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- coplied 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:

-8 Set if result is negative;
reset otherwise
Z: Set if result is zero;
. reset otherwise
H: Reset
P/V: Set if parity even;
reset otherwise
N: Reset
C: Data from Bit 7 of

source register



Example:

If the contents of the Index Register 1Y are 1000H, and
the contents of memory location 1002H are

after the execution of
RLC (IY+2H)

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

109



ff—
Operation: ! 0

) m
Format:
" Opcode Operands
RL : 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 combinations are
specified as follows in the assembled object code:

RL ¢ 1100 10 1 1| c8

1 1 1 L 1 L L

L R SR BRANAN BN T
000 1 0e—r—
1 L RN B (U S
T T T T T T T
RL (HL) 110010 11 CB
Lol Ll 1 [
T T UL T T h
00010110 16
A NS N SO W 1
» . T LR T T T 1
RL (IX+d). 11011101 DD

T T T
110 0 1 0 1 1} CB

| RN LN
0 001 0 1 1 0] 16




RL (IY+d) 1111110 1| FD

T T 1 1 L)
00010110 16
1 .

1 1 1 I !

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

Regilster r.
B 000
c 001
D 010
E 011
H 011
L 101
A 111

Description:

The contents of the m operand are rotated left one bit
position. The content of bit 7 is copied into the Carry
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) 3.75
RL (IX+d) 6 23(4,4,3,5,4,3) 5.75
RL (IY+d) 6 23(4,4,3,5,4,3) 5.75



Condition Bits Affected:

S: Set 1if result is negative;
reset otherwise
Z: Set  1f result is zero;
reset otherwise
: Reset

P/V: Set if parity even;
reset otherwise
N: Reset
C: Data from Bit 7 of
source register

Example:

If the contents of register D and the Carry Flag are

after the execution of
RL D

the contents of register D and the Carry Flag will be

1aNnr



106



., 17— 0 CcY
Operation: -
-_— m
Format:
Opcode Operands
RRC o

The m operand is any of r,(HL), (IX+d) or (IY+d),
‘defined for the analogous RLC instructions.
various possible opcode-operand combinations are

specified as follows in the assembled object code:

L A S S R R N
RRC r 11 00 1 0 11
[ IR S TS WU B SN |
T T T T T
0 0 0 0 | ~—r—m
TR IO TS SRS SR N |
1 1 1 1 1 1 1
RRC (HL) 1 1 0061011
I S NN S N B |
T T T T T
000011 10N
et
’ T T T T T T T
RRC (IX+d) . 1101 1 1 0 1
RS NN D S S S|
T T T T T
11 00 1 0 11
[N SN RO SRS NN NS |
T T
- d
[N IR (RSP NN SO N |
T T T T T
00001110
TS NN SN IR SR B |

CB

CB
OE
DD

C8

0t

RC

as



RRC (1Y+d) 1111110 1| f
1 i+ 1 1 1 1
| L L L AL L
1100101 1| c8
s 4 ¢+ 11 1 1
L L L L L L L

d

ql 3 1 1t}

1 I L 1 )
00001110 OE

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

Register T

000
001
010
011
100
101
111

PN MOOWwW

Description:

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

bic.

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) 5.75

RRC (IY+d) 6 23(4,4,3,5,4,3) 5.75




Condition Bits Affected:

S: Set 1f result is negative;
reset otherwise

Z: Set if result is zero;
reset otherwise

H: Reset

P/V: Set if parity even;
reset otherwise
N: Reset
C: Data from Bit O of
source register

Example: -
If the contents of register A are

7 6 5 4 3 2 1 0

after the execution of
RRC A

the contents of register A and the Carry Flag will be







"Operation:
- m
Format:

Opcode

RR

The m operand is any of r,
defined for the analogous RLC instructions.

—

Operand

(4L),

(IX+d),

or (IY+d),
These

various possible opcode-operand combinations are
specified as follows in the assembled object code:

RR r

RR (ﬁL)

RR (IX+d)

1 I U ! 1 1 T
11001011 (0]

Il 1 1 1 1 »l 1

T ¥ T 1 T T T
0 00 1 l=e-——r—

L Il 1 1 Il L L

1] T AN 1 ¥ i 1
11001011 c8

I 1 1 1 Il 1 [l

T 1 ) T Ll 1 1
00011110 1E

1 1 L i 1 1 1

e LB 1 4 i 1
1101110 1 DD

! ] | L Il I Il

T 1 LB T T 1 T
110010 11 c8

| 1 I 1 1 1 1

T 4 I 1 I 1 LIS

d

Il 1 Il Il 1 1 L
L T 1B T T 1 T
00011110 1E

L Vi L i 1 1 1

as



T T T T T .
RR (IY+d) 1| 1|1 Illl |1|O 11 FD
1 T 1 i i 1 I
11001011 CB
I R T S T S
| B S S S
d
R SRR N S SR N
T T T T T
0001 1 1 10 1E
P T T ST S S

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

Register r

000
001
010
o1l
100
101
111

PCOTIMO O

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
the Carry Flag is copied into bit 7. Bit 0 is the leas't
significant bit.

INSTRUCTION M CYCLES T STATES 4 MHZ E.T.
RR 2 8(4,4) , 2.00
RR (HL) 4. 15(4,4,4,3) 3.75
RR (IX+d) 6 23(4,4,3,5,4,3) 5.75
RR .(IY+d) 6 23(4,4,3,5,4,3) 5.75



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 otherwvise
N: Reset
: Data from Bit 0 of

source register
Example:
If the contents of the HL register pair are 4343H, and

the contents of memory location 4343H and the Carry Fla
are -

after the execution of
RR (HL)

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







Operation: . 0|~

m

Format:

Opcode

SLA

The n operand is any of r,
defined for the analogous RLC instructions,

" Operands.
m

(HL),

SLA r

SLA (L)

SLA* (IX+d)

T T T T LI S
10 0 1 0 1 1
I ] . ] ! !
| T T T T
0 1 0 0Q=—r—

1 0010 11
[ SN S R R
— T T T T 7T

01 00110
T S S T S | :
T T T

1011101
T S NS B N |
T T T T T

1001011
I S T TS W |
T T T T

d
T S ST SRR W |
T T T 1 1 T
0 100 1 10

SLA m

(IX+d) or (I¥+d), as

These
various possible opcode-operand combinations are
specified as follows in the assembled objecct code:

B

cB

26

DD

c8

26



SLA (IY+d)

1 1 1 T 1
0 01 0 0 1
I S S |

1

FD -

CB

26

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

Register

PCCMmMO O

Description:

r

000
001

010

011l
100
10t
111l

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

significant bit.

INSTRUCTION M CYCLES T STATES
SLA 2 8(4,4)

SLA (HL) 4 15(4,4,4,3)
SLA (IX+d) [ 23(4,4,3,5,
SLA (IY+d) 6 23(4,4,3,5,

4 MHZ E.T.

2.00
3.75
5.75
5.75



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: Reset

Data from Bit 7
Example{

If the contents of register L are

after the execution of
SLA L

the contents of register L and the Carry Flag will
!

be






u)

A m

7—0f>|CY
Operation: L- .

m
Format:

Opcode Operands

'SRA o
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 combinations are
specified as follows in the assembled object code:

i T 1 1

T T T

SRA r 11 0.01 01 1)"¢cCB

1 L 1 Il ! ! 1 y

L T T 1 T U 1

0 01 0 l=e=—r—

L i 1 ! | | | I

T T T T T T T
SRA(HL) 110010 11 c8

010:1:0:1 11 0| 2

SRA(IX+d) 110 1110 1| oo

11001011 CB

00101110 2E




SRA(IY+d)

FD

]

2E

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

ter r

Regis

PO IMmO O

000
001
0Lo
0ll
100
101
1l

An arithmetic shift right one bit position is performed

on the contents of operand m.

The content of bit

0 is

copied into the Carry Flag and the.previous content of

bit 7 is unchanged.

INSTRUCTION M CYCLES T STATES

SRA r 2 8(4,4)

SRA (HL) 4 15(¢4,4,4,3)

SRA (IX+d) 6 23(4,64,3,5,4,3)
(I1Y+d) 6 3)

SRA

23’(41‘4’3:5»4’

AN

Bit 0 is the least significant bit.

-4 MHZ E.T.

2.00
3.75
5.75
5.75



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 otherwvise
N: Reset
C: Data from Bit 0 of
source register

Example:

If the contents of the Index Register IX are 1000H, and
the contents of memory location 1003H are

7 6 5 4 3 2 1 0

after the execution of
SRA (IX+3H)

the contents of memory location 1003H and the Carry Flag
will be







. 0 17— HI
Operation:
m

Format:
Opcode ) Ope}ands
SRL ) n

The operand m 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 follows in the assembled object code:

~

1 1 1

SRL r 1100101 1| cB

SRL (HL) 1’100 10 1 1| c8

00111 11 0| 3

SRL (IX+d) 110 1 1101 DD

110010 1 1| c8

00111110 3E




NN I B | 1 T LS
SRL (IY+d) 1 111 1 10 FD

L | 1 l 1 1 1

1 L

1 1 00 1 0 1 8

1 1 1 1 1 1 1

T 1 ] I 1 I 1

—d

1 1 1 1 1 L 1

L T T [ 4 1 1 ]
00 1 1 111 3E

J 1 1 | L 11

*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 0l0
E 01l
H 100
L 101
A 111

Description:

The contents of operand m are shifted right one bit

position. The content of bit 0O is copied into.the Carry

Flag, and bit 7 is reset. Bit 0O is the least significant
bit. '

INSTRUCTION M CYCLES T STATES 4 MHZ E.T.
SRL r 2 8(4,4) 2.00
"SRL (HL) 4 15(4,4,4,3) 3.75

SRL (IX+d) 6 23(4,4,3,5,4,3) 5.75

SRL (IY+d) 6 23(4,4,3,5,4,3) 5.75



Condition Bits Affected:

S: Reset

Z: Set 1f result is zero;
reset otherwise

H: Reset .

P/V: Set if parity 1is 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 1 o0

after the execution Bf
'SRL B
the contents of register B and .the Carry Flag will be

7 6 5 4 3 2 1 0 ¢







RLD

Operation: mm- {HL)

' Format:
Opcode Operands

RLD

11101101 ED

N1 101 1 1 1] 6F

Description:

The contents of the low order four bits (bits 3,2,1 and
0) of the memory location (HL) are copied into the high
order four bits (7,6,5 and 4) of that same memory
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
the low order four bits of the .Accumulator are copied
into the low order four bits of memory location (HL).
The contents of the high order bits of the Accunmulator
are unaffected. Note: (HL) means the memory location
specified by the contents of the HL register pair.

M CYCLES: 5 T STATES: 18(4,4,3,4,3) &4 MHZ E.T.: 4.50

/

Condition Bits Affected:

S: Set if Acc. is negative after
operation; reset otherwise

Z: Set if Acc., is zero after
operation; reset otherwise

H: Reset i

P/V: Set -if parity of Acc. is even

after operation; reset otherwise

N: Reset

C: ot affected

Nn1-7



Example:

If the contents of, the HL register pair are 5000H, and
the contents of the Accumulator and memory location
5000H are

011 111 1{0]11]0 Accunmulator

ojojtrj1jojlojo|1 (5000H)

e

after the execution of
RLD

the contents of the Accumulator and memory location
5000H will be

oj1j1y1p0j0f1}1 ‘Accunmulator

ofojof1rtrjoj1{oO (5000H)




D)

- .
Operation: A““-’

Format:
Opcode Operands
RRD
1 L 1 ¥ LI 1 .
111011 0.1 ED
VN S T S Y i
LR L 1 1 T I
01 109111 67
1 ! 1 ) I | |

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 previous contents of the high
order four bits of (HL) are copled into the low order
four bits of (HL). The contents of the high order bits
of the Accumulator are unaffected. Note: (HL) means
the memory location specified by the contents of the HL
register pair, ‘

4 MHZ E.T.: 4,50

M CYCLES: 5 T STATES: 18(4,4,3,4,3)

Condition Bits Affected:

S: Set if Acc, is negative after
operation; reset otherwise

Z: Set if Acec., 1s zero after
operation; reset otherwise

H: Reset’

P/V: Set if parity of Acc. is even after
. operation; reset otherwise
N: Reset

Hot affected



Example:

.If the contents of the HL register pair are 5000H, and -
the contents of the Accumulator and memory location
S000H are ‘ )

110]0(0]|]0 1 00 Accumulator

ojoj1|0j0j0|0jo0O (5000H)

after the execution of

RRD

-

the contents of the Accumulator and memory location
5000H will be

1{0l0}l0]0}0]0}]0 Accumulator

of1(]0j0]0}0}11(0 (5000H)

NN



-BIT SET, RESET AND TEST GROUP-






SIT b, r

Operation: Z<+ry
" Format:

Opcode Operands

11001011 CB

Description:

This instruction tests Bit b 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 Register T
0 000 B 000
1 001 C 001
2 0l0 D 0l0
3 0l1 E 0l1
4 100 H 100
5 101 L 101
6 110 A 111
7 111

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

Condition Bits Affected:

S: Unknown
Z: Set if specified Bit 1is
) 0; reset otherwise
H: Set
P/V: Unknown
N: Reset
C: Not affected



Example:

If bit 2 in register B contains 0, after the execution
of )

BIT 2,B
the 2 flag in the F register will contain 1, and bit 2

in register B will remain 0. Bit O in register B is the
least significant bit, i

NN



31T b, (HL)

Operation: Z< (HL)
Format:
Opcode Operands

BIT b, (HL)

Description:

.This instruction tests bit b in the memory location
specified by the contents of the HL register pair and
sets the Z flag accordingly. Operand b 1is specified as
follows in the assembled object code:

Bit Tested b

000
001
010
011
100
101
110
111

NV e LW O

M CYCLES: 3 T STATES: 12(4,4,4) 4 MHZ E.T.: 3.00

Condition Bits Affected:

S: Unknown
Z: Set if specified Bit is
0; reset otherwise
H: Set ' :
P/V: Unknown
H: Reset

C: Not affected

nnr



Example:

If the HL register pair contains 4444H, and bit 4 in the
menory location 444H contains 1, after the execution of

BIT 4, (HL)
_the Z flag in the F register will contain 0, and bit 4,

in memory location 4444H will still contain 1, (Bit 0 in
memory location 4444H is the least significant bit.)

29R



SIT b, (X+d)

Operation: Z*—HX+&b
Format:
Opcode Operands

BIT b, (IX+d)

1101 1 1 01 0o

T T
1100 1 0 1 1 CB
] L j 1 b !
T T T T T
d

.

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 2
flag accordingly. Operand b is specified as follows in
the assembled object code.

Bit Tested b
0 000
1 001
2 010
3 oLl
4 100
5 101
6 110
7 11l

M CYCLES: 5 T STATES: 20(4,4,3,5,4) 4 MHZ E.T.: 5.00

Condition Bits Affected:

S: Unknown
Z: Set i1f specified Bit is
0; reset otherwise

NN



Condition Bits Affected:

S: Unknown
Z: Set 1f specified Bit is
0; reset otherwise

H: Set
P/V: Unknown
N: Reset

C: Not affected
Example:
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 bit 6

in memory location 2004H will still contain 1. (Bit O
in memory location 2004H is the least significant bit.)

299Q



SIT b,

BIT b, (IY+d)

Operation: Z<« (IY+d)y

(Y +d)

Format:

Opcode Operands
BIT b, (I1Y+d)
1'1'1'1'110 1| Fp
) N S B S S S |
1'1° 000101 1] cB
{1 1 1 1 |

V1 17 0 T 1 1

d

‘i t 1 11 1

0 ']l bl '1 0

1 | 1 1 1 1

Description:

This instruction 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 2
flag accordingly. Operand b is specified as follows ia
the assembled object code:

Bit Tested

NOoO UMW O

M CYCLES: 5

T STATES:

b
000
001
010
0Ll
100
101
110
111

20(4,4,3,5,4)

4 MHZ E.T.:

5.00



Condition Bits Affected:

S: Unknown
Z: Set if specified Bit 1is
0; reset otherwise
. H: Set .
P/V: Unknown
N: Reset
C: Not affected

Example:

If the contents of Index Register are 2000H, and bit 6
in memory location 2004H contains 1, after the execution
of

BIT 6, (ILY+4H)
the Z flag in the F register sill contain 0, and bit 6

in memory location 2004H will still contain 1. (Bit O
in memory location 2004H is the least significant bit,)



U)

ET b, r

Operation: ry<1
Formét:
Opcode Operands

SET C b,r

11001011 c8

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

Bit E Register r
) 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

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

Condition Bits Affected: None

Exanmple:
After the execution of

SET 4,A

/

bit 4 in register A will be set. (Bit 0 is the least
signiiicant bit.)



| | SET b, (HL)

Operation: (HLM*—1
Format:
Opcode Operands

SET b, (HL)

1100 10 11 CB

Description:

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

000
001
010
011
100 -
101
110
111

~NoOwV WD —~O

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

Condition Bits Affected: . None

Example:

If the contents of the HL register 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.)



u)

ET b, (X+d]

Operation: A(IX+d)b <1

Format:
Opcode . Operands
SET b, (IX+d)

LIPS
1101110 1| o0

T T T T
1100 10 1 1 (B

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 1s set. Operand b is specified as
follows in the assembled object code:

Bit Tested b
0 000
1 001
2 olo0
3 oll1
4 100
5 101
6 110
7 111

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

Condition Bits Affected: None



Example:

If the contents of Index Register are 2000H, after the
execution of .

SET 0, (IX+3H)

bit 0 in memory location 2003H will be 1, (Bit 0 in
memory location 2003H is the least significant bit.)



SET b, (Y+d)

Operation: (IY+dly<+1
Format:
Opcode Operands

SET . b, (IY+d)

1111110 1| Fp

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 cbde:

Bit Tested b
000
001
Qlo
011
100
101
110
111

NOoOWwnm s - O

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

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 O in
memory location 2003H is the least significant bit.)



=S b, m

Operation: sy« 0
Format:

Ophode Operands

RES _ ' b,m
Operand b 1is any bit (7 through 0) of the contents of
the m 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:

1 1 i 1

RES b,r | 110010 1 1| CcB

’ T T T -
RES b, (HL) 11001011 cB

RES b,(IX+d) 1 1 0.1 1.1 .0 1| oo

RES b,(I¥Y+d) - (1 1 1 1 1 1 0 1 FD




Bit Reset b Register T

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 4 MHZ E.T.
RES r 4 8(h,4) 2,00
RES (HL) 4 15(4,4,4,3) 3.75
RES (IX+d) 6 23(4,4,3,5,4,3) 5.75
RES (IY+d) 6 23(4,4,3,5,4,3) 5.75
Condition Bits Affected: None
Example:

After the execution of
RES 6,D

bit 6 in register D will be reset, (Bit 0 in register D
is the least significant bit,)



-JU"P GROUP-






MM

Operation: PC<nn

Format:
Opcode Operands
JP : nn
1 1 T I 1 1 T
1100 0011 C3
L 1 1 1 1 ol 1
T T ! I 1 ¥ 1
n
I | i J Il 1. 1
I T 1 I T 1 1
n -
b Ll 1 I l L

Note: The first operand in this assembled object code
is the low order byte of a 2-byte address.

Description:

Operand nn 1s 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







Operation: IF cc TRUE, PC « nn

Format:
Opcode Operands
JP . cc,nn

Note: The first n opérand in this assembled 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 coundition cc is false, the Program
Counter is incremented as usual, and the program
continues with the next sequential 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 specifies the corresponding cc
bit fields in the assembled object code.

cc ' ~ CONDITION -RELEVANT
: FLAG
. 000 - NZ non zero A
001 Z zero Z
010 : NC no carry C
011l C carry . Cc .
100 PO parity odd P/V
101 PE parity evea P/V
110 - P sign positive S
111 © M sign negative S



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

Condition Bits Affected: None

Example:

"1f the Carry Flag (C flag in the F register) is set and
the contents of address 1520 are 0O3H, after the
execution of

JP C,1520H
the Program Counter will contaih 1520H, and on the next

machine cycle the CPU will fetch from address 1520H the
byte 03H. : :



Operation: PC<«PC+e

Format:
Opcode Operand
JR e
1 1 1 T i 1 T
"0 01 1000 118
L 1 ] | L 1

Description:

This instruction provides for unconditional branching to
other segments of a program. The value of the
displacement e 1s 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 incremented PC,

M CYCLES: 3 T STATES: 12(4,3,5) 4 MHZ E,T.: 3.00

Condition Bits Affected: None

Example:

To jump forward 5 locations from address 480, the
following assembly language statement is used:

JR $+5

The tesulting object code and final PC value is shown
below:
) Location : “Instruction

480
481
482
483
484
485

8
3

O =

P

PC after jump






R C, e

Operation: I C=0, continué

HC=1 PC«<PC+te
Format:

Opcode Operands

JR C,e

1 ) i 'l ¥ 1 1
00111000 38

Description:

This instruction provides for conditional branching to
other segments of a program depending on the results of
a test on the Carry Flag. 1If the flag is equal to a
‘1, 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 “0°, the next instruction to
be executed is taken from the location following this
instruction,

If condition is met:

M CYCLES: 3 T STATES: 12(4,3,5) 4 MHZ E.T.:3,00

If condition is not met: '

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

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 1is:



JR C,$=4

The resulting object code and final PC value is shown
below: :

Location Instruction

47¢C «<— PC after jump
47D —_

47E : -_

4TF -

480 38

481 FA (2°s complement-6)



= NC, e

Operation: If C=1, continue
IfC=0, PC<PC+e
Format:
Opcode Operands

JR NC,e

1 T T
00110000 30

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 “0°7,
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 “1°, the next instruction to
‘be executed is taken from the location following this
instruction.

If the coﬁdition is met:

If CYCLES: 3 T‘STATES: 12(4,3,5) 4 YHZ E.T.: 3.00
I1f the condition is not net:

4 CYCLES: 7 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: None

Example:

The Carry Flag is reset and it is required to repeat the
jump instruction, The assembly language statement is:



JR NC,$

The resulting object code and PC after the jump are
shown below:

Location . Instruction
480 - 30 <— PC after jump
481 v 00

nCN



R Z, e

Operation: IfZ2=0, continue
IfZ=1, PC<~PC+e

Format:
Opcode 4 Operands
JR \ Z,e
T 13 1 1 { T 1
0-0 1 01 0 00O 28
L 1 1 L 1 L 1 .
1 1 Ll 1 T L
e-2
i 1 1 1 1 [
Description:

This instruction provides for conditional branching to
other segments of a program depending omn the results of
a test on the Zero Flag., If the flag is equal to a 17,
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.

1f the‘Zero Flag is equal to a ‘07, 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) 4 MHZ E.T.: 3.00
If the condition 1is not net: |

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: None

Example:

- ¢

The Zero Flag is set and it is required to jump forward
5 locations from address 300. The following assembly
language statement is used: :

Lo ¥ sy §



JR Z,$ +5

The resulting object code and final PC value is shown
below:

Location Instruction

300
301
302
303
304
305

onN
w

P

PC after jump

2R92



R NZ, e

Operation: If Z2=1, continue
IfZ2=0, PC<PC+e

Format: .
Opcode Operands
JR NZ,e
i 1} I 1 Ll L 1]
001000 O0M 2n
1 1 1 } R B N |
i 1 T 1 1 I T
e-2

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 07,
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
assenbler automatically adjusts for the twice
incremented PC.

If the Zero Flag is equal to a “1°, 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) 4 I1fHZ E,T.: 3.00

If the condition is not met:

M CYCLES: 2 T STATES: 7(4,3) 4 MHZ E.T.: 1.75

Condition Bits Affected: i None

Example:

The Zero Flag is reset and it is required to jump back 4
locations from 480, The assembly language statement is:



"JR NZ,$-4

The resulting object code and final PC value is shown
below: ‘

Location ! Instruction

47C -~ PC after jump
47D _—

47E . —_—

47F ' —

480 ; 20

481 . FA (2° complement-6)



P (HL)

Operation: PC <+ HL

Format:
Opcode Operands
JP ‘ . (HL)
T T 1 1 T LI

11101001 E9

1 1 ] 1 | 1 1

Description:

The Program Counter (register pair PC) 1is loaded with
the contents of the HL register pair. The next
instruction is fetched from the location designated by
the new contents of the PC.

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

Condition Bits Affected: °~ None

Example:

If the contents of the Program Counter are 1000H 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.



JP (X3

Operation: PC<«IX

Format:
Opcode Operands

Jp . (IX)

11011101 DD

1110100 1] E9

Description:

The Program Counter (register pair PC) is loaded with
the 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 1000H, 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.

nr-r



-

(1Y)

Operation: PC<«1lY
Format: !
Opcode Operands

JpP (IY)

Description:

The Program Counter (register pair PC) is loaded with
the contents of 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 ﬁHZ E.T.: 2.00

Condition Bits Affected: None

Example:

If the contents of the Program Counter are l000H 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.

o7
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DJNZ, e

-Operation: —

Fofmat:
Opcode Operand
DJNZ e

T 1 1 1 T 1 1 ,
000 100D 0D 11
Y S T W SN N1

1 T 1 1 I 1 I

Descriptiont

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 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 result of decrementing leaves’B with a zero
value, the next instruction to be executed is taken from
the location following this instruction.

If B#O0:

M CYCLES: 3 T STATES: 13(5,3,5) 4 MHZ E.T.: 3.25

If B=0:

M CYCLES: 2 -~ T STATES: 8(5,3) 4 MHZ E.T.: 2.00

Condition Bits Affected: None

Example:
A typlcal software routine is used to demounstrate the

use of the DJINZ instruction, This routine moves a line
from an input buffer (INBUF) to an output buffer

oCcn



(OUTBUF). It moves the bytes until it finds a CR, or
until it has moved 80 bytes, whichever occurs first.

LD B, 80 ;Set up counter
‘LD " HL,Inbuf ;Set up pointers
LD DE,Qutbuf .
LOOP: LD A, (HL) ;Get next byte from
) ;input buffer
LD (DE),A s;Store in output buffer
cP ODH sIs 1t a CR?
JR Z,DONE ;Yes finished
INC HL sIncrement pointers
INC DE
“DJNZ LOOP ;Loop back 1if 80

;bytes have not
;been moved
DONE:

26N



~CALL AND RETURN GROLP-






CALL nn

Operation: (SP-1) < PCy. _(SP—Z) < PCL ., PC«< nn

Format:
Opcode Operands
CALL nn
T 1 T T T 1 1
1 100 1101 CD
I j 1 ) S | 1
I 13 T i i T 1
n
1 1 1 1 1 L 1
1 T T i I 1 I
n
1 1 1 1 L J L
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 thé extermal 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 accomplished 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 Program Counter are l1A47H, the
contents of the Stack Pointer are 3002H, and memory

locations have the contents:

Location Contents

LA4LTH CDH
1A48H 3SH
1A49H 211

then if an instruction fetch sequence begins, the
three~-byte instruction CD352!H 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 300!H will be lAH, the contents of
address 3000H will be 4AN, 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 cc, nn

Operafion: IF cc TRUE: (SP-1) «PCy
(SPQ)‘fPCL,PC < nn

Format:

Opcode Operands

CALL cc,nn

1 H 1 1 1 | ]
1 1 <—ccm—1 0 0O
[ R VRN NS WS N S |

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
be used to return to the original program flow by
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 stack push is
accomplished by first decrementing the current contents
of the Stack Pointer (SP), loadlﬁg 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 a 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 Condition Relevant
Flag

000 NZ non zero A

001 Z zero Z

010 NC non carry C

01l C carry ) c

100 PO parity odd P/V

101 PE parity even P/V

110 P sign positive S
S

111 M sign negative
If cc is true: o

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.: 2,50

Condition Bits Affected: None
Example:

If the C Flag in the F register is reset, the contents
of the Program Counter are lA47H, the contents of the

Stack Pointer are 3002H, and memory locations have the
contents:

Location Contents
1A47H D4H
1A48H 351
LA49H 21H

then if an instruction fetch sequence begins, the
three-byte instruction D43521H will be fetched to ‘the
CPU for execution. The mnemonic equivalent of this is

CALL NC,2135H

Arr



After the execution of this instruction, the contents of
memory address 300lH 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.
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Operation: PCy._ (gp). PCy— (SP+1)’

Format:
Opcode
RET
| D L L
1T 092 10.0 1] ¢9
J N W DN S SR S |

Description:

The byte at the memory location specified by the
contents of the Stack Pointer (SP) register pair
moved to the low order eight bits of the Program
(PC). The SP is now incremented and the byte at
memory location specified by the new contents of
are moved to the high order eight bdits of the PC.

are

Counter

the

the SP
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 linc¢ program

at the

completion of a routine entered by a CALL instruction.

M CYCLES: 3 T STATES: 10(4,3,3) 4 MHZ E.T.: 2

Condition Bits Affected: None

Example:

]

'If the contents of the Program Counter are 3535H,

.50

the

contents of the Stack Pointer are 2000H, the contents of
memory location 2000H are BS5H, and the contents of
memory location 2001lH are 18H,. then after the execution

of

RET

the contetns of the Stack Pointer will be 2002H and the
contents of the Program Counter will be 18B5SH, pointing
to the address of the next program opcode to be fetched.
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=1 CC

Operation: |IF m:TRUE:PCL*WSPLPCH*%SP+U

Format:
Opcode Operand
RET cc
] 1 I 1 LEDRER 1
] 1l we—cCa—0 0 O
1 1 1 L l( 1 1

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 eigh;‘bits of
the Program Counter (PC). The SP 1is 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. If condition cc is false, the PC is simply
incremented as usual, and the program continues with the
next sequential instruction. Condition cc 1is 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 Condition Relevant

Flag
000 NZ non zero Z
001 Z zero Z
010 NC non carry C
011 C carry c
100 PO parity odd P/V
101 PE parity even P/V
110 P sign positive S

S

111 M sign negative

If cc is true:



M CYCLES; 3 T STATES: 11¢(5,3,3) 4 MHZ E.T.: 2.75
If cc 1is false:
M CYCLES: 1 _ T STATES: 5 4 MHZ E.T.: L.25

Condition Bits Affected: None

Example:

If the S flag in the F register is set, the contents of
the Program 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 2001lH are
18H, then after the execution of

RET M
the contents of Ehe Stack Pointer will be 2002H 'and the

contents of the Program Counter will be 18B5H, pointing
to the address of the next program opcode to be fetched.

NnNTN



ET! '

Operation: Return from interrupt

Format:

T 1 T ’
11101101 ED

1N T
010 0 1 1 0 1 4D

Description:

This instruction is used at the end of a maskable
interrupt service routine to:

l. Restore the contents of the Program Counter (PC)
(analogous to the RET instruction)

2. To signal an I/0 device that the interrupt routine

has been completed. The RETI instruction also

facilitates the nesting of interrupts allowing higher
priority devicess to temporarily suspend service of

lower priority service routines. Note: This
instruction does not enable interrupts which were
disabled when the interrupt routine was entered.
Before doing the RLTI instruction, the enable

interrupt instruction (EI) should be executed to

allow recognition of interrupts after completion of

the current service routine.

M CYCLES: 4 T STATES: 14(4,4,3,3) 4 MHZ E.T.: 3.50

Condition Bits Affected: " None
Example:
Given: Two interrupting devices, A and B connected in

daisy chain configuration with A having a higher
priority than B.
A B

+

L IEI IEO IEI IE0 P————

-t

2

-

*—
L




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 completed and a RETI is
issued resetting the 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. '

A=A



= TN

Operation: Return from non maskable interrupt

Format:
Opcode
RETN
1 1 _ 1T _ T T 1
11101 1 0.1 ED
1 ! 1 1 L 1 1
| S S S IR B R
01000 101 45
ol 1 <L 1 1 1 |

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 they were 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 1000H and the
contents of the Program Counter are lA45H 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 !A45H will be pushed onto
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 RETN instruction. Upon
the execution of RETM, the former Program Counter
contents are popped off the external memory stack,
low-order first, resulting in a Stack Pointer contents
again of 1000H. The program 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 which 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 1000H, The program flow continues where it
left off with an opcode fetch to address 1A45H,



3ST D

Operation: (SP-1) —PCy , (SP-2)—=PC_ . PCy~—0, PC| <P
Format:
Opcode Operand

RST P

T T T T T T
] leoe—t—e1 1 1
1 1 1 1 )] 1 1

Description:

The current Program Counter (PC) contents are pushed
onto the external memory stack, and the page zero nemory
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, decrementing 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 code
using the corresponding T state, Note: Since all
addresses are in page zero of memory, the high order
byte of PC is loaded with 00H., The number selected
from the "p" column of the table is loaded into the
low-order byte of PC,.

P t
00H: 000
08H 001
10H - 010
18H 011
20H 100
28n 101
EJ0)ts 110
38H / 111

1M CYCLES: 3 T STATES: 11(5,3,3) 4 MHZ E.T.: 2.75

'



Example:

If the contents of the Program Counter are 15B3H, after
the execution of

RST 18H (Object code 1101111)

the PC will contain 00l8H, as the address of the next
opcode to be fetched.
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IN A, (n)

Operation: A — (n)

Format:
Opcode Operands
IN ; A, (n)
T 1 i I i I ¥
11011011 0B
N 1 ik L 1
i 1 Ll 1 I T L
n
- 1 ] 1 1 [l

Description:

The operand n is placed on the bottom half (A0 through
A7) of the address bus to select the I/0 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 time., Then one byte from the
selected port is placed on 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 Bits Affected: Hone

Example:

If the contents of the Accumulator are 23H and the byte
7BH is available at the peripheral device mapped to 1/0
port address OlH, then after the execution of

IN A,(O0LH)

the Accumulator will contain 7BH.

NN
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Operation: r < (C)

Format:
Opcode Operands
IN r,(C)
T T T T T .
1 11 1 0.1 ED
e L 1 1 1

L L

T T T
0 1le—r—=0 0 0
]

L L

Description:

IN r,

The contents of register C are placed on the bottom half
(A0 through A7) of the address bus to select the I/0

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 one byte from the

selected port is placed on the data bus and written 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 "r" field for each. The
flags will be affected, checking the input data.

Reg. r

000
001
010
oLl
100
101
111

PEHTIMOOW

M CYCLES: 3

T STATES:

12(4,4,4)

[aNalel

4 MHZ E.T.: 3.00

(C)



Condition Bits Affected:

S: Set if input data is negative;
reset otherwise
- Z:  Set 1if input data is zero;
reset otherwise
H: .Reset
P/V: Set 1f parity 1s even;
reset otherwise
N: Reset
C: Hot affected

Example:
If the contents of register C are 07H, the contents of
register B are 10H, and the byte 7BH is available at the

peripheral device mapped to I/0 port address 07H, then
after the execution of

IN D,(C)

oA



INIT

Operation: (HL)«(C), B < B-1, HL<+<HL+1

Format:

Opcode
INI
T T i I ' ¥ 1
111 011 01 ED
L S} I | iR I

101000 1 0] A2
1 1

Description:

The contents of register C are placed on the bottom half
(A0 through A7) of the address bus to select the 1/0
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 (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 then placed on the address bus
and the input byte is written into the corresponding
location of memory. Finally the byte counter is
decremented and register pair HL is incremented.

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

Condition Bits Affected:

S: Unknown
Z: Set if B-1=0;
reset otherwise

H: Unknown
P/V: Unknown
N: Set

C: Not affected
Example:

If the contents of register C are 07H, the contents of
register B are 10H, the contents of the HL register pair
are 1000H, and the byte 7BH is available at the
peripheral device mapped to I/0 port address 07H, then



after the execution of
IRI
memory location 1000H will contain 7BH, the HL register

pair will contain 100l1H, and register B will contain
OFH, '

Nnor



1IN

Operation: (HL)—(C), B+<~B-1, HL<HL+1

Format:
Opcode
INIR .
T T T T T '
1110 1 101 ED
[ T R DN SN B
T 1 T T T 1 1
1 0110010 B2
TR RN N S N N

Description:

The contents of register C are placed on the bottom half
(A0 through A7) of the address bus to seléct the I/0
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 register pair HL is
incremented, the byte counter is 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 B#0:

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

If B=0:

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

e Yalel




Condition Bits Affected:

Sy Unknown
Z: Set
H: Unknown
P/V: Unknown
N: Set
C: ot affected

Example:

If the contents of register C are 07H, the contents of
register B are 03H, the contents of the HL register pair
are 1000H, and the following sequence of bytes are
available at the peripheral device mapped to I/0 port of
address O7H: .

51H
A9H
03Hd
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 " Contents
"1000H 51H
1001H A9H

1002H - 03H

nNoo



Operation: (HL)<—(C)" B < B-1, HL <« HL-1
Format:
Opcode
IND
T T T T )
11101101 ED
FRRSNNT SR TR N T N
1 L T 1 1 e 1
1 01 01 0 1 0} AA
R SRS R R S S

‘Description:

The contents of register C are placed on the bottom half
(A0 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 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,
. \

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

-Condition Bits Affected:

S: Unknown
Z: Set 1if B-1=0;
reset otherwise
H: Unknown
P/V: Unknown
N: Set
C: Not affected

Example:

If Ehe contents of register C are 07H, the contents of
register B are 10H, the contents of the lL register pair
are l000H, and the byte 7BH is available at the

N




'peripheral device mapped to I/O port address 07H, then
after the execution of

. IND

memory location 1000H will contain 7BH, the HL register
pair will contain OFFFH, and register B will contain
OFH,

20N



Operation: (HL)+« (C), B<B-1, HL < HL-1

Format:

1110110 1| ED

1 0111010 BA

Description:

The contents of register C are placed
(A0 through A7) of the address bus to
device at one of 256 possible ports.

I

on the bottom half
select the I/0
Register B is used

as a byte counter, and its contents are placed on the
top half (A8 through Al5) of the add;ess_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 {f

B is set to zero prior to instruction
bytes of data will be input.

If B£0:

.execution, 256

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

If B=0:

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

4 MHZ E.T.: 4.00




Condition Bits Affected:

S: Unknown

Z: Set
H: Unknown
P/V: Unknown
! N: Set

C: Not affected
Example:

If the contents of register C are 07H, the contents of
register B are 03H, the contents of the HL register pair
are 1000H, and the following sequence of bytes are
available at the peripheral device mapped to I/0 port
address 07H: :

51H

A9H

034
then after the execution of

INDR
the HL register pair will contain OFFDH, register B will
contain zero, and memory locations will have contents as

follows:

Location Contents

OFFEH 03H
OFFFH A9H

1000H 511

209



ouT n),

Operation: (n) <A

Format:
Opcode . Operands

ouT (n),A

! 1 T T T 1 I
11010011 03
IS S M B W

1 -

Description:

The operand n is placed on the bottom half (AOQ0 through
A7) of the address bus to select the I/0 device at one
of 256 possible ports. The contents of the Accumulator
(register A) also appear on the top half (A8 through
Al5) of the address bus at this time. Then the byte
contained in the Accumulator is placed on the data bus
and written iato the selected peripheral device.

‘M CYCLES: 3 T STATES: 11(4,3,4) 4 MHZ E.T.: 2.75

Condition Bits Affectéd: None

Example:

If the contents of the Accumulator are 23H, then after
the execution of

ouUT (OlH),A

the byte 23H will have been written to the peripheral
device mapped to I/0 port address OlH.



NnNA



OUT (C), r

Operation: (C)«r

Format:
Opcode Operands
oUT (C),r

11101101 ED

Description:

The contents of register C are placed on the bottom half
(A0 through A7) of the address bus to select the I/0
device at one of 256 possible ports, The contents of
Register B are placed on the top half (A8 through AlS)
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

000
001
010
o1l
100
101
111

PHTEMmY O

M CYCLES: 3 T STATES: 12(4,4,4) 4 MHZ E.T.: 3.00



Condition Bits Affected: None

Example:

If the contents of register C are OlH and the contents
of register D are 5AH, after the execution of

0UT (C),D

the byte 5AH will have been written to the peripheral
device mapped to 1/0 port address OlH.

VaYa¥al



OuUTI

Operation:

Format:

Descriptio

(C) <~ (HL), B«<B-1, HL<HL+1
Opcode
OUTI

{ 1 I ¥ T T 1
11101101 ED

1000 1 1| A3
1 L L

n:

The contents of the HL register pair are placed on the

address bus to select a location in memary.
contained in this memory location is temporarily stored

in the CPU. T

decremented,

hen,

after the byte counter (B) 1is
the contents of register C are placed on

The byte

the bottom half (A0 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,
decremented value is placed on the top half (A8 through

Al5) of the address bus., The byte to be output is

and its

placed on the data bus and written into selected

peripheral device,

incremented,

M CYCLES:

4

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

Condition Bits Affected:

Example:

If the contents of register C are 07H,
register B are 10H,

are 1000H,

Unknown

Set if B-1=0;
reset otherwise
Unknown

Unknown

Set

Not affected

4 MHZ E.T.:

Finally the register pair HL is

4,00

the contents of

the contents of the HL register pair
and the contents of memory address 1000H are

’



59H, then after the execution of
0oUTI
register B will contain OFH, the HL register pair will

contain 100l1H, and the byte 59H will have been written
to the peripheral device mapped to I/0 port address 07H,



OTIR

Operation: (C)«< (HL), B« B-1, HL+< HL+1

Format:
Opcode
OTIR
T T 1 1 T T Ll

1110110 1| ED

1 0110 0 1 1 B3

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) 1is
decremented, the contents of register C are placed on
the bottom half (A0 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 1its
decremented value is placed on the top half (A8 through
Al5) of the address bus at this time. Next the byte to
be output  1is placed on the data bus and written into the
selected peripheral device. Then register pair HL is
incremented. If the decremented B register 1is not zero,
the Program Counter (PC) is decremented by 2 and the
instruction is repeated. 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 1if B is set to zero prior to
instruction execution, the instruction will output 256
bytes of data. o

If B#0:
M CYCLES: 5 T STATES: 21(4,5,3,4,5) 4y MHZ E.T.: 5.25
If B=0:

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



Condition Bits Affected:

S: Unknown

Z: Set

H: Unknown
P/V: Unknown

N: =~ Set

C: Not affected
Example:

If the contents of register C are 07H, the contents of
register B are 03H, the contents of the HL register pair
are 1000H, and memory locations have the following
contents:

Location Contents
1000H \ S1H
1001H A9H
1002H 03H

then after the execution of
OTIR

the HL register pair will contain 1003H, register B will
contain zero, and a group of bytes will have been
written to .the peripheral device mapped to I1I/0 port
address 07H in the following sequence: .

51H

A9H
03H

AnA



OuTD

Operation: (C)«< (HL), B<B-1, HL<«HL-

Format:

1110110 1] ED

1'0'170 10 1 1| 48
. ,

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 1is temporarily stored
in the CPU.  Then, after the byte counter (B) 1is ‘
decremented, the contents 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
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) 4 MHZ E.T.: 4.00

Condition Bits Affected:

S: .Unkdown )
Z: Set 1f B-1=0;
"reset otherwise

H: Unknown
P/V:  Unknown

N: Set

C: Not -affected

Example:

If the contents of register C are 07H, the contents of



register B are 10H, the contents of the HL register pair
are 1000H, and the contents of memory location l1000H are
59H, after the execution of

OUTD
register B will contain OFH, the HL register pair will

contain OFFFH, and the byte 59H will have been written
to the peripheral device mapped to I/0 port address O07H.



I

Operation: (C)« (HL), B« B-1, HL < HL-1

Format:
Opcode
OTDR
1 T 1 1 LIl T
11101 101 ED
L | 1 1 L L L
I T T T T T 7
101 110 11 BB
1 1 | 1 [l 1 1

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
the bottom half (A0 through A7) of the address bus
select the I1/0 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
AlS5) of the address bus at this time. Next the byte to
be output 1is 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 decremented by 2 and
the {instruction is repeated. 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.

on

to

If B40:
M CYCLES: 5 T STATES: 21(4,5,3,4,5) 4 MHZ E.T.: 5.25
If B=0: V

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

4 MHZ E.T.: 4.00



Condition Bits Affected:

S: Unknown

Z: Set

H: Unknown
P/V: Unknown

N: Set

C

: Not affected
Example:

If the contents of register C are 07H, the contents of
register B are 03H, the contents of the HL register pair
are 1000H, and memory locations have the following

contents:
CJIH e o2

Location Contenﬁs
OFFEH 51H "
OFFFH A9H
-1000H 03H

then after the execution of
OTDR

the HL register pair will contain 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

2N



Z80 CPU INSTRUCTION SET

ALPHABETICAL
ASSEMBLY MNEMONIC OPERATION PAGE
ADC HL,ss Add with Carry Reg. pair ss to HL............... 161
ADC A,s Add with carry operand s tO ACCae .ceeereenrenn...:. 115
ADD A,n Add value N EO ACC e iiiiiiiiiiiaiiiiiiiiiiereenrecairerannan 109
ADD A,r Add Reg. T O ACC.: cviuuiiiiiieniaiieieirnnencniecasieannnn.. 107
ADD A, (HL) Add location (HL) t0 ACCe.iiiieniirereesnnrenccneannana. 110
ADD A, (IX+d) Add location (IX+d) to Acc. 111
ADD A, (IY+d) Add locicion (IY+d) to Acc. 113
ADD HL,ss Add Reg. pair ss to HL....occoiiiiiiiiiiiiiniiniiinn.n. 159
ADD IX,pp Add Reg. pair pp to IX L ..iiiiiiiiiiiiiiiiiiiinnnn., 165
ADD IY,rr Add Reg. pair rr to IY ....... e eetateieerirae e 167
AND s Logical “AND’ of operand s and Acc......... 121
BIT b, (HL) Test BIT b of location (HL).iieiiiiiiivciiiiiincnnnnnn 225
BIT b, (IX+d) Test BIT b of location (IX+d)........ocivivuueurnn... 227
BIT b,(IY+d) Test BIT b of location (IY+d)..oovvriiniinoun. 229
BIT b,r Test BIT b of Reg. Tt eiiiaainnnn, 223
CALL cc,nn Call subroutine at location nn if ’

condition cc 1S BrUE ... .. iiiiiiiiiiiiiiiiiiiirerariaaianee 265
CALL nn Unconditional call subroutine

at location N, .. ...ciiiiiiiiiiiiieiieiiiie 263
CCF Complement carry £1lag ..ccoceiiiiiiiniiniiseeinennnennannn, 147
CP s Compare operand s with ACC. .......cccioiiiienaeins. 127
CPD Compare location (HL) and Acc.

decrement HL and BC .. ... ..c.ciiiiiiiiiiiiiiiiiiiiinnas 101
CPDR - Compare location (HL) and Acc. :

decrement HL and BC,

repeat until BC=0 .. ... ..............oicciiiiiiiiiiii.. 103
CPI Compare location (HL) and Acc.

increment HL and decrement BC...........ccccenna.... 97
CPIR Compare location (HL) and Acc.

increment HL, decrement BC

repeat until BC=0......iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiae, a9
CPL Complement Acc. (1S COMP)teerrernrerrerorennnninannnns 143
-DAA Decimal adjusSt ACC. «iiiiiiiiiiriiiiiiniienieninas Feeenennns 141
DEC m Decrement operand @ .c.ooverinimiiiniiainiieiinintennannnnns 137
DEC IX Decrement I X ..iiiiiieeiieriniiaseieearorerarsononsasceneenecenns 173
DEC 1Y Decrement LY tieieieeiiinirieeeiatonieeaeesnceoaasasecsaneannans .. 174
DEC ss Decrement Reg. Pair SS.ciciiiieriiiiiiiiiiiiniiennanenanns 172
DI Disable InCerLUPLS cieriiiiiiiiiiiiiiiiiiiieneeineaneeannennns 151
DJNZ e Decrement B and Jump

relative if B#0 ... ...ttt ittt 259
EI Enable interrupts .. viiiieinotenneeetoeneennn 152
EX (SP),HL Exchange the location (SP)

and HL ...ttt it ittt et ennanoatnnennean 86



EX

EX

EX
EX

EXX

HAL
IM
M
M
IN

IN

INC
INC
INC
INC
INC
INC
INC
IND

IND

INI

INI

JP
JP
JP
JP

JP
JR

JR

JR

(sP),IX
(sp), 1Y

AF ,AF’
DE,HL

T
0

1
2 .
A, (n)

r, (C)

(HL)
IX
(IX+d)
1Y
(1Y+d)
r .
SSs

R

R

(HL)
(IX)

(1Y)

cc,nn

nn
C,e

NC, e

Exchange the location (SP)

and LK oot e e e e 87
Exchange the location (SP) S

F= « e S 88
Exchange the contents of AF and AF’............. 84
Exchange the conteats of DE and HL.............. 83 .

Exchange the contents of
BC,DE,HL with contents of

BC’,DE’,HL’ respectively..icccoiiiirinienainiiannrnnnnns 85
HALT (wait for interrupt or reset).............. 150
Set interrupt mode 0 .iiiieiiiiiiiiiiiniiiiiiiiiiiaaeenens 153
Set interrupt mode | ... iiiiiiiiiiiiiiiiiiiiiiieieens 154
Set interrupt mode 2 ................ PP S £-17
Load the Acc. with .
input SFrom device N .iiiiiiiiiiiiiiiiiiiiieaiiiiii, 281
Load the Reg. r with

input from device (C).iiiiiiiiiniiiiiiiiiiiiiiiiiaiiiin, 283
Increment location (HL).iiiiviiioioiemioninnanneninns 131
Increment TX . e it 170
Increment location (IX+d) . iiiiiiiiiiiiiiiiiernnereinnns 133
Increment LY. iiiciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieninanaens 171
Increment location (IY+d)..icoiiiiiiiiiiiiiiiiineininns 135
Increment ReB. T .....iccicceeeieerererneernieeenamenneennoens 129
Increment Reg. pair ss......c.cceciiiiiiiiiiiiiiininnens 169

Load location (HL) with

input from port (C),

decrement HL and B ........ccccoiiiiiiiiiiiiiiiiininninn. 289
Load location (HL) with

input from port (C),

decrement HL and decrement B,

repeat until B=0 ... ..., 291
Load location (HL) with :

input from port (C);

and increment HL and decrement B ... .............. 285
Load location (HL) with '

input from port (C),

increment HL and decrement B,

repeat until B=0 .. cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e, 287
Unconditional Jump to (HL).....cceeennn. Cereeeiaie 255
Unconditional Jump to (IX).eeeerieerronnirannnnenns 256
Unconditional Jump to (IY)..ooiiiiiiiinimniiaanennans 257 -
Jump to location nn '

1f condition cc 18 LEUE ciiiiiiiiiiiiiiiiiiaaeiiiinianens 243
Unconditional jump to location nn .. ............. 241
Jump relative to

PC+e 1f carry=l....ccccoooiviriineeeren.... et nneeee. 24T
Unconditional Jump

relative to PC+e ..co.cviiiiinnnnn P 245
Jump relative to

PC+e 1f carry=0... . e s 249

a2Nc



JR NZ,e
JR 2,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, (an)
LD HL, (nn) .
LD (HL),r
LD I,A
IX,nn

LD IX, (nn)
. LD (IX+d),n

LD (IX+d),r

LD IY,nn
LD 1Y, (nn)

LD (IY+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,(1Y+d)

LD r,n
LD r,r’
LD SP,HL
LD SP,IX
LD SP,IY
LDD

LDDR

Jump
PC+e
Jump
PC+e
Load
Load
Load
Load

Load’

Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load
Load

decrement DE,HL and BC

Load

relative to

1if non zero (Z=0)iiiiiiiiiiiiiiiiiiiiiiiaeinnnanas
relative to

S -5 X I O/ B
Acc. with location
Acc. with location (DE) ......coiiiiiiiiiinean,
Acc. with T ...oeciiiii. ettt ete it ticieraeaeraaana,
Acc. with location an
Acc. with Rege R .iiiiiiiiiiiiiiiiiiiaiiinann.,
location (BC) with
location (DE) with
location (HL) with
Reg. pair dd with value nn, . . ...............
Reg. pair dd with location {(nn). . .........
HL with location (nn).........cccoceevnrennen..
location (HL) with Reg. I ........c.ccoeeenin.
I With AC C e tiiiiiiiiiiiiieii i iieiitieieeienannenannnns

............................

IX with location (N0 ).iiieiiiiiiiiiiiiiiennennnnnn.
location (IX+d) with value n................
location (IX+d) with Reg. r..................

"IY with value nn ..iiiiiiiiiiiiiiiciiiieannen.

location
location
location
location
location
location
location
R with
Reg. r
Reg. r
Reg. r
Reg. r with
Reg. r with
SP with HL
SP with IX
SP With IY Loiiiierissiieieieeeeeereneaaeeereeneaanenenss
location (DE) with location (HL),

(IY+d) with Reg. r .........ccccee..
(nn) with
(nn) with
(nn) with HL ...
(nn) with IX. ...
(nn) with IY .. ...l
N
with X
with
with location (IY+d).......cooevnn....
value n ..o
Reg. r

location (DE) with location (HL),

‘"decrement DE,HL and BC;

repeat until BC=0 ........ccociiinnniias e



LDI

LDIR

NEG
‘NOP
OR s
OTDR

OTIR

OUT (C),r
OUT (n),A
OUTD

OUTI

POP IX

popP IY

POP qq

PUSH IX
PUSH 1Y
PUSH qq
RES b,m
RET

RET cc

RETI

RETN

RL m

RLA

RLC (HL)
RLC (IX+d)
RLC (IY+d)
RLC

RLCA

RLD

RR m
RRA
RRC m

Load IX onto stack

Load location (DE) with location (HL),
increment DE,HL, decrement BC............... e 89
Load location (DE) with location (HL),
increment DE,HL, decrement

BC and repeat until BC=0........ccceienan.

Negate Acc. (2°s complement)....... Ceveerneas

No operation ..ccooiiiiiiiiiiiiniiiiiiiieiiieiennnnen,
Logical ‘OR’ of operand s and Acc.
Load output port (C) with location (HL)
decrement HL and B,

repeat until B=0 .......... et et et e ie et eaeans 303
Load output port (C) with location (HL),
increment HL, decrement B,

repeat until B=0 ......iiiiiiiiiiiiiiiin 299

Load “output port (C) with Reg. r.....iceevvreenn.. 295
Load output port (n) with Acc..........oi. 293
Load output port (C) with location (HL),

decrement HL and B.....cooiiiiiiiiiiiiiiiiiiiiiiiiiiii. 301
Load output port (C) with location (HL),

increment HL and decrement B.. .. . .. e 297
Load IX with top of stack ....ocoivviiiiiiirineaninins 79
Load 1Y with top of stack ... 80

Load Reg. pair qq with top of stack

Load IY onto stack.......ccceeeeevnnns
Load Reg. pair qq onto stack
Reset Bit b of operand m...........ccoiiiiiiiiiiiiinnns
Return from subroutine ... ..............ccccociiiii
Return from subroutine if condition

o T B e,
Return from IinterTUPL ... ciiiiiiiiiiiereiiiiiniiiiinaans .
Return from non maskable interrupt .. .......
Rotate left through carry operand n. ...,
Rotate left Acc. through carry . ... .......
Rotate location (HL) left circular.......
Rotate location. (IX+d) left circclar
Rotate location (IY+d) left circular
Rotate Reg. r left circular . ...l

Rotate left circular Acc. . ... ... U .
Rotate digit left and right

between Acc. and location (HL).......covveivuiinnns 217
Rotate right through carry operand m .......... 201
Rotate right Acc. through carrcy.................... 183
Rotate operand m right circular, ... ............ 197

ie¥aYal



RRCA

RRD

RST
SBC

SBC

SCF
SET
SET
SET
SET
SLA
SRA
SRL
SUB
X0R

P
A,s

HL,ss

b, (HL)
b, (IX+d)
b, (1Y+d)
b,r

wwegB B

Rotate right circular ACCe civviiiviiiiiiiiiiiiiinnnna, 182
Rotate digit right and left

between Acc. and location (HL)........cc....... 219
Restart to 1location Piveieerrreiiriineiosiirinanaananannn, 277
Subtract operand s

from Acce. With CALrY cviiiiiiiiiiiiiiiiiiii e, 119
Subtract Reg. pair ss from

HL With Carry . it cci e 163
Set carry f£lag (C=Ll) iiiiiiiiiiiiiiiiineiaeaeiaanaannnn, 148
Set Bit b of location (HL) cieiieiiiiioiiinnnnnnn.. 232
Set Bit b of location (IX+d)..............ccceeee.... 233
Set Bit b of location (IY+d).ceiiiiiiiiiiiaiannn.. 235
Set Bit b O0f Reg: T iiirriiiiiiiiiiiiiiiiiiiiiiieiinnannnnnn, 231
Shift' operand m left arithmetic ................... 205
Shift operand m right-arithmetic.................. 209
Shift operand m right logical...............coo.l. 213
Subtract operand s from Acc.. .. 117

Exclusive “OR’ operand s and ACCe..cvvvrrnnnn... 125






5.5

7180 CRUSS ASSEMBLER

07/09/76 10:22:47
0BJ COOt STMT SOURCE STATEMENT

Luc

0000
vool
0004
0007
Qo008
Q009
Q004

9008 -

000C
0000

Q00E"

Qolo
0012
0014
oole
00lis
Q019
golLc
Q0LF
0020
0021
0022
0023
0024
0025
0026
0028
0029
002A
0028
0o2¢
002E
0030
0032
0034
0036
vo3s
003A
Q03C
0030
0040
Q0043
0044
0045
0046
0047
0048
Q0049
004A
004C
004E
0052
0056
0058
005A
00sC
00SE
0060
0062
Q064
0066
0064
QU6E
Q070
0072
0074
Q076
0078
0Q7a

BE
DULYEODS
FDBEOVS

.8F

88
89
B8A
88
:19
80
CE20
ED4A
EDSA
ED6A
EDTA
86
DDB605

- FD8605

817

80

8l

82

83

84

85
€620
09

19

29

39
0009
0019
0029
0D39
FDO9
FOL9
FD29
FD39
A6
DDAGLS
FUOA605
A7

AOQ

Al

A2

A3

A4

AS
E620
CB46
DDCBOS46
FDCBOS46
CB47
CB40
CB841l
CB42
CB843
CB4s
CB45
CB4E
DDCBOS4E
FOCBOS4E
CBaF
CB48
CB49
CB4aA
CB4B
CyaC
CB840

CR~NE VSN —

———r e
cCwvwHrwN—-O

17
18

20
21
22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

- 62

63
o4
65
66
67

69

APPENDIX B

INSTRUCTION SET ALPHABETICAL ORDER
OF 06/18/76

VERSION

apcave LISTING

ADC
ADC
ADC
ALC
A0C
ADC
ADC
ADC
ALC
ADC
ADC
ADC
ADC
ADC
ADC
ADD
ADD
ADO
ADD
ADUL
ADD
ADD
ALD
ADD
ADD
ADD
ADD
AOD
AQD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
BIT
BIT

8IT -

BIT
BIT
BIT
BIT
81T
BIT
BIT
BIT
BIT
BIT
8IT
BIT
8IT
B8IT
‘BIT
BIT
BIT

Ay (HL)

A, ([X+IND)
Ay {[Y+IND)
AgA .
A,8

AyC

AyO

AWE

AeH

AsL

AyN

HL,8C
HL,DE

HL  HL

HL, SP

Ay (HL)

Ay LIX+IND)
A, (1LY+IND)
Ay A

AyB

" ALC

A, 0D
ALE
AvH
AsL
AsN

- HL,8C

HL, DE
HL»HL
HL, SP
Ix,8C
{x,0€
IX, IX
IX,SP
iy,8C

Ly ,DE
Y,y
{y,sp
(HL)
{IX+IND)
(LY+IND}

Zr-rIMOO®P

Oy {HL}

0y IX+INU)
0y (1Y+IND)
0sA

0.8

0,C

O'D

0,€

O4H

OsL

1, (HL)

Lo {LIX+IND}
1L, (IY+IND)
L, A

1+8

1,C

1'0

L€

1vH

LeL

l1.06

Loc

007C
Q07E
0082
0086
voss
008A
008C
008E
0090
0092
0094
0096
009A
009E
00A0
Q0A2
00A4
0046
00A8
004AA
00AC
00AE
ooB2
0086
ouss
ooBA
[e]0]-19
Q0BE
ooco

. goc2

00C4
00C6
00CA
00CE
0000
0002
0004
0006
00038
00DA
000C
00QDE
00€2
00E6
00E8
00EA
UOEC
00EE
00FQ
00F2

Q0F4,

00F6

OGFA’

OOFE
0100
0102
0104
olo6
oLo8
0lL0A
oL0C
0l0F
ol12
QlL1ls
o118
alls
OLlLE
01l21
Q0124

08J CODE

cBs56
0DCBO556
FOCBOU556
cBs7
cB50
cBs1
cB8s2
cB53
C854
CBSS
[9:313
DDCBOSSE
FDCBUSSE
CBSF
c8538
cB859
CB5A
cas8
c8sC
cB50
CB66
0DCBOS66
FDCBOS66
cBo67
CB60
cB61l
€862
CB63
CBb64
CB65
CB6&E
ODCBOS6E
FOCBOS56E
CB6F
CB638
c869
CB6A
cBesB
(o270
CB6D
cB76
ODCBOS576
FDCBOS7e
cerv
c870
c871
car2

'CB73

CB74
cB75
CBTE
DDCBOSTE
FOCBOSTE
CB7F
cB78
CB79
CB7A
cB78
cB7C
CB7D
0C 8405
FC8405
D48405
€D8405
44405
F43405
ECB405
E48405
CC8405

STMT SOURCE STATEMENT

70
71
T2
73
T4
75
76
17
78
19
80
81
82
83
84
85
86
87
88
89
90
9l
92
93
94
95
96
7
98
39
100
101
102
103
104
105
106
107
108
109
110
111
112
113
ll4
115
116
117
Le
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

BIT
81T
81T
BIT
81T
BIT
81T
81T
81T
81T
BIT
BIT
81T
81T
BT
BIT
BIT
BIT
81T
81T
BIT
BIT
BIT
8T
81T
BIT
81T
BIT
81T
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT
31T
BIT
8IT
81T
81T
BIT
BIT
81T
BIT
BIT
BIT
BIT
8IT
BIT
BIT
8IT
BILT
8IT
BIT
BIT
BIT
8IT
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

2y (HL)

2, {IX+IND)
2,{1Y+IND)
2.4

2,8

24C

2,0

2.E

29H .

2sL

3,(HL)
3+(00X+IND)
3, (1Y+IND)
3,4

3'8

3,C

3,0

3.E

3.4

3.0

4y {HL)

4y (IX+[ND)
4y(1Y+IND)

Sy (HL)
Syl LX+IND)
Sy (1lY+IND)
S5eA
5.8
5+C
s'D
S+E
Sotl
S'L
6y (HL)
645 (I X+IND)
65 {IY+IND)
64A
6+8
6,4C
640
64E
64H
6oL
To(HL)
Te (IX+IND)
T,01Y+IND)
7,A
7+8
7'C
7,0
7.E
T+H
7.0
CoNN
My NN
NC + NN
NN
NZ +NN
P 4NN
PE NN
PQyNN
ZyNN



780 CROSS ASSEMBLER
OPCODE
STMT SOURCE STATEMENT

0T/09/76 10:22:47

Loc 0BJ CODE
0127 3F 139
0128  BE 140
0129 DDBEOS 141
0l12C  FDBEOS 142
0l12F BF 143
0130 88 144
0131 89 145
0132 BA 146
o133 88 147
0134 BC 148
0135 BD 149
0136 FE20 150
0138  EDA9 151
Ol3A  EDBY 152
0l13C  EDAlL 153
Oi13E EDB1 154
0140 2F° 155
0lel 27 156
0l42 35 157
0143  0DD3505 - 158
0146 FD3505. 159
0149 3D 160
0l4A 05 161
0148 08 162
0l14C 0D 163
0140 15 164
014E 18 165
0l4F 1D 166
0150 - 25 167
0151 28 168
0152 D028 169
0154  FD2B 170
0156 20 171
o157 38 172
0158 F3 173
0159  LO2E - 176
0158  FB 175
olsC  E3 176
0150 DOE3 177
OlSF  FDE3 178 -
oil6l 08 179
0le2 €8 180
0163 09 181
0le4 76 182
0165 ED4é& 183
0l67  EDS6 184
0169  EDSE 185
0168 ED78 186
0160 DB20 187
016F  ED4O 188
0171 ED48 ‘189
0L73  EDSO 190
0175 EDS8 191
0177 €D6O 192
0179 ED6B 193
oL 34 194
017C  DD3405 195
Ql7F  FD3405 196
0182 3C 197
0183 04 198
ols4 03 199
0185 oC 200
o186 14 201
0187 13 202
olss  1cC 203
0189 24 204
o18a 23 205°
0188 0023 206
0180  FD23 207

CCF
ce
cp
cp
cp
ce
ce
cp
cp
cep
cp
ce
cPD
CPOR
(24}
CPIR
cePL
DAA
DEC
DEC
DEC
OEC
DEC
DEC
DEC
0EC
DEC
DEC
DEC
DEC

' DEC

DEC
DEC
DEC
o1
DJNZ
El
EX
EX
EX
EX
EX
EXX
HALT
M
M
1M
IN
IN
IN
IN
IN
IN
IN
IN
INC
INC
INC
INC
INC
INC
INC
INC
INC
INC
INC
INC
INC
INC

ZrxmoOo o>

VERSION

(HL)
(IX+IND)
(IY+#IND)

(HL)
(IX+IND)
(LY+IND)

o

Imgcﬁmn»

HL
X
1y
L

SP

DI1sS

{SP),HL
(SP)sIX
(SP ),y 1Y
AF , AF!
DE  HL

(IX+IND)
(IY+IND) -

l.06 OF 06/18/76

LISTING

~a

LoC

018F
0190
0191
0193
0195

0197

0199
019A
019C
019E
0lAlL
01lA4
01A7
0lAA
0lAL
0180
0183
0186
0189
o188
0180
O1BF
al1cC1
01C3
0lC4
01C5
01Ce
01C7?
oics
0l1C9
01CA
oLcs8
Q1CC
0lCE
0101
0104
o107
0lDA
Q100
OlEOD
OlE3
0lE7
OLEA

- OlED

01FoO
Q1F3
OlF6
OlF9
01lFC

0200

0203
0207
0208
020€
o212
0216
0214A
0218
0z21C
0210
0220
0223
0226
0227

0228

0229
022A

0228 .

0z2C

UdJ CUOE

2C

33
EDAA
EDBA
EDA2
EDB2
E9
0DE9
FDE9
DA8405
FAB405
028405
C38405
C28405
F28405

" EAB8405

)

"E28405

CA8405
382€
182€
302E
202€
282€

02 -

12

17

70

71

12

73

74

75

3620
DU7705
DD7005
DD7105
007205
007305
DD7405
007505
DD360520
FD7705
FO7005
FD7105
FD7205
ED7305
FD7405
FO7505
FD360520
328405
ED438405
ED538405
228405

- DD228405

FD228405
ED738405
oA

1A

1€
0D7EQS
FO7E05
348405
7F

78

79

7A

78

1c

EDST

STMT SOURCE STATEMENT

208

209

210
211
212
213
214
215
216
2117
218
219
220
221
222
223
224
225
226
221
228
229
230
231

232
233
234

1235

236
231
238
239
240
241
242
243
244
245
246
267
248
249
250
251
252
253
254
255
256
257
258

259

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

INC
INC
INO
INDR
INI
INIR
JP
JP
Jp
JP
JP
JP
JP
JP
Je
JP
JP
JP
JR
JR
JR
JR
JR
LD
LD
LD
LD
Lo
Lo
LD
Lo
Lo
LD
LD
LD
Lo
Lo
LD
Lo
Lo
Lo
Lo
LD
Lo
Lo
LD
Lo
Lo
Lo
LD
Lo
Lo
LD
Lo
LD
Lo
LD
Lo
LD
L0
Lo
LD
Lo
Lo
LD
Lo
Lo
LD
Lo

L
sP

(HL)

(IX)

(1Y)

C NN

My NN

NC NN

NN

NZ,NN

PyNN

PE NN
POsNN

Z+NN

Cs0IS

oIS

NC,DIS
NZ,0IS
Z,01S
(BC),A
(DE) ,A
(HL),A

(HL) .8
{HL},C
{HL) D
(HL)»E
{HL) o H
(HL) L
(HL) N
(IX+IND),A
({IX+IND),8
(1X+IND)C
(IX+INO),O
(IX+IND)+E
(IX+IND) oH
(IX*IND) L
(IX+IND)¢N
(IY+IND) ,A
({IY+IND)},B
{IY+IND),C
(IY+IND) D
({IY+INOD) E
(IY+IND) +H
(IY+INOD),L
(IY+IND} N
(NN} A
{NN) ,8C
(NN) ,DE
(NN} JHL
(NN),IX
(NN}, LY
{NN), SP

A, {BC)

Ay (DE)

Ay (HL)

Ay { IX+IND)

Ayl 1Y+IND)

Ay (NN)

©AgA

A8
A, C
AsD
AsE
AyH
Ayl



780 CROSS ASSEMBLER

0BJ CODE STMT SOURCE STATEMENT

07/09/776 10:22:47
Loc
022E 70 2117
022F 3E20 278
0231 46 279
0232 DD4605 280
0235 FD&605 281
0238 47 282
0239 40 283
023A " 41 284
0238 42 285
023C 43 286
023D 44 287
023E 45 288
023F 0620 289
0241  ED4B8405 290
0245 018405 291
0248  4E 292
0249 DD4EOS 293
024C  FD4EOS 294
024F  &F 295
0250 48 296
0251 49 297
0252 4A 298
0253 4B 299
0254 4C 300
0255 40D 301
0256 OE20 302
0258 56 303
0259 DD5605 304
025C  FD5605 305
025F 57 306
0260 50 307
0261 51 308
0262 52 309
0263 53 310
0264 54 311
0265 55 312
0266 1620 313
0268 ED5B8405 314
026C 118405 315
026F 5¢ 3T
0270 DDSEOS 317
0273 FDSEOS 318
0276 SF 319
0277 58 320
0278 59 321
0279 5A 322
0274 58 323
0278 5C 324
027C S50 325
0270  lE20 326
027F 66 327
0230 DD6605 328
0283 FD6605 329
0286 . 67 330
0287 60 331
0288 61 332
0289 62 333
028A 63 334
0288 64 335
028C 65 336
0280 2620 337
028F 248405 338
0292 218405 339
0295 ED47 340
0297 DD2AB8405 361
0298 DD218405 342
029F FD2AB40S 343
02A3  FD218405 344
02A7  6E 345

Lo

Lo

Lo
Lo
Lo
Lo
Lo
Lo
Lo
Lo
Lo
LD
Lo
LD
Lo
LD
Lo
Lo
LD
Lo
Lo
Lo
LD
Lo
Lo
LD
Lo
LD
LD
Lo
Lo
L
Lo
LD
Lo
Lo
LD
LD
Lo
LD
Lo
Lo
Lo
Lo
Lo
Lo
Lo
LD
Lo
Lo
Lo
Lo
Lo
LD

AsL

AN

Be(HL)

Be (IX+IND)
By(IY+IND)
ByA

B+B

8,C

By0

BsE
BsHyNN

BeL

8N

BCy NN}
BCyNN
Co(HL)
Cy(IX+IND)
CotIY+IND)
CoA

Cy8

CsC

C,0

CoE

CoH

Col

CsN

Dy (HL)
O,{IX+IND)
Do {1Y+IND)
D8

D«C

Dy0

DJE

Dy H

Dyl

D¢N

DE, (NN)
DE o NN
EyihL)
Ey{IX+IND)
Eo(1Y+IND)
EvA

E+8

E.C

€D

EvE

EWH

Eol

‘EWN .

Hy (HL)

He L IX#IND)
Ho {1Y+IND)
HyA

HeB

H,C

HeD

Hy E

HoH

Hol

HeN

HLy (NN)
HL o NN

LeA

IXy ENN)
I1XyNN

1Y+ INN)

1Y 4NN
Ly(HL)

Y

02A8
02A8
02AE
Q2AF
0280
0281
0282
0283
0284
0285
0287
0288
028C
028BE
02C0
02c3
02C5

02C7 -

02C¢9
02CB
02C0
02CE
02CF
0202
0205
0206
0207
0208
0209
02DA
0208
020C
020E
02E0
02E2
02E4

02E6 -

02E8
02EA
02EC
02EE
02F0
02F2
02F4
02F6
02F7
02F8
02F9
02FA
02FC
02FE
O02FF
0300
0301
0302
0304
0306
0308
030C
0310
0312
0314
0316
0318
031A
031C
031E
0320

10324

VERSION 1.06 OF 06/18/7¢6
OPCOOE LISTING

0BJ CODE STMT SOURCE STATEMENT

DD6EOS
FD6EQS
oF

68

69

6A

68

6C

6D
2€20
EDTBB405
£9
DDF9
FDF9
318405
EDAB
EDBS
EDAO
EDBO’
ED44
00

86
D0B60S
FDB60S
B7 -
80

81

€5

DDES
FDES
(:1:1.3
DDCBOS86
FDCBO586
CcB87
CB80O
casl
cB82
cee3
CBes
cBas
CB8E
DDCBOSBE
FOCBO5BE

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

375

376
371
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
%04
405
406
407
408
409
410
411
412
413
414

LD
Lo
LD
Lo
LD
LD
Lo
Lo
LD
Lo
LD
Lo
LD
Lo
Lo
LoD
LODR
LDl
LDIR
NEG
NOP
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OTOR
OTIR
ouT
out
ourt
ouTt
our
out
out
auTt
ouTD
ouTl
PoP
POP
POP
PopP
POP
PoP
PUSH
PUSH
PUSH
PUSH
PUSH

PUSH *

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

Ly (IX+IND)
Lol IY+IND)
L'A
Ls8
LsC

© LeD

L+E
Lo
LoL
LsN
SPy{NN)
SPyHL
SP,y1X
SPy 1Y
SP NN

(HL)
LIX+IND)
(1Y +IND)

ZrImMoOOe>»

(C),A
(C).8
(C),C
{C).D
(C)E
(C)oH
(Chol
(N} A

AF
.8C
P13
HL
194
1Y
" AF
BC
DE
HL
X
1Y
0, {HL)
Oy (IX+IND)
0y (1Y+IND)
0sA
0.8
0.C
0,0
0.E
OeH
Ol
1o (HL)
1+ (I1X¢IND)
1, (IY#IND)



280 CRUSS ASSEMBLER

07/09/76 10:22:41
08J CUDE STMT SOURCE STATEMENT

Lac

0328
032A
032¢C
032€
0330
0332
0334
0336
0338
033C
0340
© 0342
V344
0346
0348
034A
034C
034€
0350
0354
0358
035A
035¢C
035k
0360
0362
0364
0366
0368
v3ecC
0370
0372
0374
0376
0378
037A
037C
037¢
u380
0384
o388
038A
03s8C
038E
0390
039¢
0394
0396
u398
039C.
0340
03a2
03A4
0346
03A8
03AA
03AC
03AE
0380
u3B4
0388
038A
038C
03BE
03Co
03C2
03C4
03Cs
03¢/

CBBF
CBu8
CBy9 -
CBBA
cuss
[4-1-19
CB80

[4: 1]
DDCBULS96
FDCBOSY6
c897
c890
CB9l
cB92
CB93
cB94
CB95
CB9t
DDOCBOS9E
FOCBOS9E
CBSF

[:3 1]
CB99
CB9A
€898
c89C
cB890
CbAs
puCBoSAe
FDCBOSA®
CBA7
CBAO
csal
CBA2
cBaA3
CBa4

. CBAS

CBAE
DDCBOSAE
FOCBUSAE
CBAF
CBAS
CBAS
CBAA
CBAb
csac
cBaD
[o1-1:1
DouCBOSBO
FOCBOSBG
csa7?
csso
cssl
[%1-1:¥
cBB3
CBB4
[o1:1:3]
CHBBE
DDCBOSHE
FOCBUSBE
CBBF
CBys
cas9y
CBBA
ceas
4:1-1¢
CbBO

c9

o8

415
416
al7
418
419

420

421
422
423
424
425

4206

427
4238
429
"430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
%58
459
460
«6l
462
463
464
465
466
467
468
469

470

471
472
473
474
415
476

4717

418
479
480
431
482
483

VERSION
0PCODE LISTING
RES 1,4
RES 148
RES 1,C
RES 1.0
RES 1€
RES Ly H
RES loL .
RES 2+ {HL)
RES 2y {1X+INOD)
RES 2:(1Y+IND}
RES 24A
RES 248
RES 2,C
RES 2,0
RES 24E
RES 2.4
RES 2L
RES 3,(HL)
RES 3,(IX+IND)
RES 3, (1Y+INO)
RES 3,A
RES 3,8
RES 3,C
-RES 3,0
RES 34E -t
RES 3K ans
RES 3eL
RES 49 (HL)
RES 44 (IX+INDI
RES 4, IY+IND)
RES Ly A
RES 4.8
RES 4y
RES 440
RES 4,E
RES 4H
RES 4ol
RES Sy (HL)
RES Sy {IX+INO)
RES Sy (IY+IND}
RES S¢A
RES 5+8
RES 5,C
RES 5,0
RES S+ E
RES SyH
RES Sel
RES 64 (HL)
RES 6y {1X+INUD)
RES 6, (LY+IND)
RES 644
RES 648
RES 6,C
RES 640
RES 64t
RES 6+ H
RES 6sL
RES T+.(HL)
RES T+ LIX+IND)
RES 7, L1Y+IND)
RES 7,4
RES 7.8
RES 7+C
RES 740
RES T.€
RES TH
RES 7,L
RET
RET C

L.06 OF 06/18/76

2141

Loc

03C8
03C9
03CA
03cB
03cC
03Co
03CE
03CF
0301
0303
0305
0309
0300
V3DF
03EL
03€3
03€5
03€7
03E9
03EB
U3EeC
03€EE
V3F2
03F6

03F8

03FaA
03FC
Q3FE
0400
0402
0404
V405
0407
V409
0400
041l
0413
04ls
0417
0419

04lB
~ 0a4lD

Q4 lF
U420
0422
V426
G424
v4s2C
042E
0430
0432
0434
0436
u43s
0439
U438
043C
0430
V43E
043F
0440
0441
0442
V443
Q4ds
044l
044A
0448
044C

08J CODE STMT SOURCE STATEMENT

F8
00
co
FO
ES
(34
cs
EU4D
ED4S
CBLeS

0DCBOS16

FDCBUS16
€817
cs8lo0
[4:79
cB12
cB13
CBl4
c8l5

17

CBo6
0DCBUSVE
FOCBuUS06
cso7
CBuL
C8ol
CBu2
c803
Chua
C8u5

o7

EV6F
CBlEe
OLCBOSLE
FOCBUSLE
CBLF
CBly
Chly
cBlA
c8ls
c8icC
(%3]

IF

CHBUE
0D0CBOS0E
FOCBOSOE
CBUF
csus
cBo9
CBuA
csos
cBoC.
CBuD

UF

ED67

c7

07

OF

ET7

EF

F7

FF

CF

Y€
DD9EQS
FUYEOS
9F

98

99

484
485
«86
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
5217
528
529
5130
531
532
533
534
535
536
537
538
539
540
541
542
543
S44
545
S4b
S67
548
549
550
551
552

RET
RET
RET
RET
RET
RET
RET
RET1
RETN
RL -
RL
RL
RL
RL
RL
RL
RL
RL
RL
RLA
RLC
RLC
RLC
RLC
RLC
RLC
RLC
RLC

‘RLC

RLC
RLCA
RLOD
RR
AR
RR
/R
RR
RR
/R

‘RR

RR
RR
RRA
RRC
RRC
RRC
RRC
RRC
RRC
RRC
ARC
RRC
RRC
RRCA
RRO
RST
RST
RST
RST
RST
RST
RST
RST
ssC

s8cC .

S8C
S8
S8C
SBC

t
L
(

rImooOooe

(
(
(

rImooOowbk

M
NC
NZ
P
PE
PO
z

HL)
[X+1ND)
1Y+IND)

(HL)
(IX+IND)
(1Y+INO)

FrIMoOOo P

HL )
[x+INO)
LY+IND)

(HL)
(1X+INOD)
(IY+IND)

rImcoOopP

]

1OH

18H

20H

28H

30H

38H

8

Ay (HL )

A, { IX+IND)
A,(IY+IND)
AsA

A8

A,C



280 CROSS ASSEMBLER
10:22:47
STMT SOURCE STATEMENT

01/09/176

Louc 0BJ COLE
0440 A

U44E 98

Q44F 9C -

0450 90

0451 DE20
0453 ED42
0455 ED52
0457 ED62
0459 Env2
0458 37

045C c8ceé
045E 00C80O5CH
0462 FOCBOSCG
0460 [of: 1oy
04638 c8co
046A csCl
046C cB8cC2
046E [oF: 1ok ]
0470 caC4
0672 [o:193)
0474 CHCE
0476 DDCBOSCE
047A FOCBUSCE
047E CBCF
U480 [:1or}
0482 c8C9
0484 CBCA
0486 csls
0488 cBCC
048A CBCD
048C CBD6
048E DOCBOSVG
0492 FOCBUSDG
0496 c807
0498 c800
049A [0:103
049C cau2
049¢& cB03
0440 cB04
0442 cBvS
0444 [o§-101]
04Ab6 CBDE
04A8 DOCBOSOE
04AC FOCBOSOE
0480 CBDF
0482 €809
0484 CB8DA
u4B6 €808
0488 cBoC
0484 (913 ]]
048C (-1
048E DDCBOSES
04C2 FOCBOSESL
04Co CBET
04C8 CBEO
04CA CBEl
04CC c8e2
04CE CBE3
0400 CBE4
0402 CBES
0404 cBEE
0406 ODCBOSEE
0404 FOCBOSEE
04UE CBEF
04EGC CBEQ
U4E2 CBE9
04E4 CBEA
04E6 CBES
U4EB CBEC

553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
57117
51748
519
580
581
582
543

584 .

585
586
587
548
589
590
591
592
593
594
5495
596
597
598
599
600
601
602
603
604
605
606
607
608
699

610

611
612
613
6lae
615
6L6
617
618
619
620
621

VERSION
gPCOOE LISTING
s8C A,0
s8C AvE
SBC  -A.H
s8cC AlL
sac AsN
Sac HL ,8C
s8C HL ,DE
s8C HL o HL
s8C HL+SP
SC¢
SET 0y (HL)
SET 0y LIX+IND)
SET 0, (LY+IND)
SET OsA
SET [ X}:)
SET 0,C
SET 0+0
SET 04E
SET OyH
SET OsL
SET 1, (HL)
SET 1y (I1X+IND)
SET Lyl IY+IND)
SET liA
SET 1,8
SET 1,C
SET 1.0
SET 1,E
SET LyH
SET Lyl
SET 2, (HL)
SET 24 {L1X+IND)
SET 2, {1Y+IND)
SET 244
SET 246
SET 2,C
SET 2,0
SET 24E
SET 24H
SET 24L
SET 38
SET 3, (HL)
SET 3,({IX+IND)
SET 3, (LY+IND)
SET 3,4
SET 3,C
SET 3,0
SET 3,E
SET 3,H
SET 3.L
SET 44(HL)
SET 44 (IX+IND)
SET 4, (1Y+IND)
SET 4,4
SET 4,48
SET- 4.C
SET 430
SET 4+E
SET 44H
SET 40l
SET 5y {HL)
SET S, [IX+IND)
SET S, (1Y+IND)
SET 5,4
SET 58
SET 5,C
SET 5,0
SET 9, E
SET SeH

a1r

Loc

04€EA
04 €C
Q&tE
04F2
04F6
04F8
04FA
U4FC
04Ft
Qs00
0502
0504
0506
0504
US0E
0510
0512
0514
uslé
o518
0514
051C
051E
0522
U526
0528
Q52A
052C
052€
Q530
0532
0534
0536
0534
053E
0540
0542
0544
0546
0548
054A
054C
054E
0552
3556
9558
0554
055C
055E
U560
0562
0564
0565
0568
0568
056C
0560
056E
056F
0570
0571
0572
0574
0575
us78
us78
957C
05170
Q57E

L.06 OF 06/18/76

0BJ COLE

CBED
CBF6
DUCBOSFo
FDCBOSF
CBF7

.CBFU

CBF1
CBF2
CBF3
CBF4
CBF5
CBFE
DDCBOSFE
FOCBOSFE
CBFF
CBF8
CBF9
CBFA
C8FB
CBFC
CBFD
CB26
00CBOSZE
FDCBOS526

DDCBOS2E
FOCBOS2E
CB2F
cB28
€829
cB2A
€828
cB2c
€820
CB3E
DOCBOS3E
FOCBO53E
C83F
ce3e
B39
cB3a
Cv38
cB3c
€830

96
UD9605
FD9605
97

90

91

92

93

94

95

0620

AE

ODAEOS
FDAEOS
AF
A8
A9
AA

STMT SOURCE STATEMENT

622

623

624
625
626

6217
628
629
630
631

632

633
634
635
636
637
638
639
640
641
642
643
644
545
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
6061
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

677

678
679
680
681
682
683
684
685
686
687
6488
689
690

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SLA
SLA
SLA
SLA
SLA
SLA
SLA
SLA
SLA
SLA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRA
SRL
SRL
SKL
SRL
SRL
SRL
SRL
SRL
SRL
SRL
sus
Sub
sus
sus
suB
sus
sus
sus
sus
NV
M)
XQOR
X0R
XOR
X0R
XOR

XOR

XUR

Set

6y (HL)

6, (IX¢+INDI
Gy (LY+IND)
644

648

6,4C

640

64E

64H

6yl

Ty(HL)

7, (IX+IND)
To1YCIND)
7'A

7,8

7,C

740

T,E

T+H

Tyt

(HL)
(IX+IND)
(LY+IND)

rFrIMCPO0OO0O®e

(HL)
{IX+INO)
(LY+IND)

CFIMOO®>

Fd
=
-

(I1X+IND)
{IY+IND)

~IMCO®P

(HL)
(IX+IND)
CIY+IND)

ZrIMOO®p»

(HL)
(IX+IND)
(IY+IND)

QO



2'3 780 : CROSS ASSEMBLER VERSION 1.06 OF 06/18/76
07/09/76 10:22:47 OPCUODE LISTING
Loc U8J CODE STMT SOURCE STATEMENT

0STF  aB 691 XOR  E

0580  AC 692 . XOR H

0581  AD 693 X0k L

0582  EE20 694 XOR N

0584 695 NN DEFS 2
696 IND EQU 5.
697 M EQU  LOW
698 N EQU  20H
699 OIS EQU  30M
700 END

21c



i APPENDIXC
5.6 INSTRUCTION SET NUMERICAL ORDER

280 CROSS ASSEMBLER VVERSION 1.06 OF 06/18/76

07/09/76 10:20:50 . +0OPCODE LISTING

Loc 08J CODE STMT SOQURCE STATEMENT LocC 0BJ CODE STMT SOURCE STATEMENT
0000 0o 1 NOP 0063 45 70 LD Byl
0001 018405 2 LD BC (NN 0064 46 71 LD Bel(HL)
Q004 Q2 3 LD (8C)l,A 0065 47 72 LD B8,A
0005 03 4 INC 8C 0066 48 73 LD C.B
0006 04 5 INC B 0067 49 74 LD C.C
0007 0S 6 DEC 8 ' 0068 4A 15 LD C»0
Qoos8 0620 7 LD BeN 0069 48 76 LD CE
000A o7 8 RLCA 0064 4C 77 LD CyH
0008 08 9 EX AF.AF* 0068 40 Ty L0 C,L
QooC 09 10 ADD HL,BC 006C 4€ 79 LD C,(HL)
0000 0A 1l LD A,(8C} Q060 4F 80 LD C,A
VQ0E o8 12 DEC 8C 0Q6E 50 81 LD 0.8
Q00F ocC 13 INC C ’ 006F 51 82 LD D.C
0010 00 14 DEC C 0070 52 . 83 LD 0,0 .
0011 0€20 15 LD C,N 0071 53 84 LD D,E
0013 OF 16 RRCA Q072 54 85 LD DoH
0014 102E 17 DJNZ DIS 0073 55 86 LD DyL
0016 118405 18 LD DEJNN ~ 0074 56 87 LD Do (HL)
0019 12 19 LO (DE),A 0075 57 88 LD DA
Q01lA 13 20 INC DOE 0076 58 89 LD E.B
ools 14 21 INC O 0077 59 90 L0 E.C
oo1cC 15 22 DEC O o078 SA 91 LD E.O
0010 1620 23 LD DsN 0079 58 92 LD E,E
Q0LF 17 24 RLA 007A SC 93 LD E.H
0020 182€ 25 JR DIS Q078 S0 94 LD Esl
0022 19 26 ADD HL,DE 0o7cC SE 95 LD Es(HL)
0023 LA 27 LD A,(DE} 007D 5F 96 LD EsA
0024 18 28 DEC OE Q07E 60 97 LD H,y8
0025 1C 29 INC E 007F 61 98 LD H,sC
0026 10 30 OEC E 0080 62 99 LD HyD
0027 1E20 31 LD EWN 0081 63 100 LD H.E
ou29 LF 32 RRA 0082 64 101 LD HyH
002A 202E 33 JR NZ,DIS . 0083 65 102 LD Hel
002C 218405 34 LD HL,NN 0044 66 103 LD HylHL)
Q02F 228405 35 LD (NN),HL 0085 67 104 LD HeA
0032 23 36 INC HL Q086 68 105 LD L,8
0033 24 37 INC H o087 69 106 L0 L.C
,0034 25 38 DEC H 0088 6A 107 LD L.D
0035 262V 39 LD HoN 0089 68 108 LD LsE
0037 27 40 DAA Q034 6C 109 LD LoH
Q038 282E 4l JR 2,018 ooss 60 110 LD Lol
003A 29 42 ADD HL,HL ) 0osc 6E 111 LD L.(HL)
0038 2A8405 43 LD HL,(NN) 0080 6F 112 LD L,A
Q03€ 2B b4 OEC HL Q08E 70 113 LD (HL),B
003F 2C 45 INC L Q08F I8 T lle L0 (HL),C
0040 20 46 .DEC L 0090 12 115 LD (HL).D
Q041 2E20 &7 LD LeN 0091 73, 116 LD (HL),E.
G043 2F 48 CcPL 0092 T4 117 LD (HL)H
0044 302€ 49 JR NC,DIS 0093 15 118 LD (HU),L
0046 318405 50 LD SP NN 0094 76 . . 119 HALT
0049 328405 S1 LD (NN),A ’ 0095 17 120 LD (HL),A
004C 33 52 INC SP 0096 78 121 LD AsB
0040 34 53 INC (HL) 0097 79 122 LD A,C
004 E 35 54 OEC (HL) 0098 74 123 LD A,D
Q04F 3620 55 LD (HL) N 0099 78 . 124 LD AJE
Q051 37 56 SCF 009A 7C 125 LD A4H
Q052 382E 57 JR C,01S8 0098 70 126 LD AL
0054 39 58 ADD HL,S5P 009C 1€ 127 LD A.(HL)
0055 348405 59 LD Ay (NN} Q090 T1F 128 LD AyA
vos8 38 60 DEC SP 009€ 80 129 ADO A,B
0059 3C 61 INC A 009F 81 130 ADD A,C
Q054 30 62 OEC A 00A0 82 131 ADD A,D
0058 3e20 63 LD AN goal 83 132 ADD ALE
0050 3F 64 CCF Q0A2 84 133 ADD AH
005¢& 40 65 LD B+8 . 00A3 85 134 ADD A,L
Q0SF 4l 66 LD 8.C Q0A4% 86 135 ADD A, {HL)
0060 42 67 LD B+D QOAS 87 136 ADD A,A
0061 43 68 LD ByE 00A6 88 137 ADC A,8
0062 44 69 LD BsHNN Q0A7 89 - 138 - ADC ALC

A1



Z80 CROSS ASSEMBLER VERSION 1.06 OF 06/18/7¢6

07/09/76 10:20:50 .OPCODE LISTING

Lac 0BJ CODE STMT SOURCE STATEMENT LOC 0BJ CODE SIMT SOURCE STATEMENT
00A8 8A 139 ADC A,D 00FB DO 208 RET NC
0049 88 140 ADC A E 00FC ol 209 POP DE
00AA 8C 141 ADC A4H 00FD  D28405 210 JP NCsNN
00A8 80 162 ADC A,L o0lLo0 0320 211 OUT NyA
00AC 8E 143 ADC A, (HL) 0102 D4 8405 212 CALL NC,NN
00AD 8F e ADC A,A 0105 DS 213 PUSH DE
0QAE 90 145 suB 8 0106 D620 214 SuB N
00AF 91 146 sus C 0L08 07 215 RST 10H
0080 92 147 sus 0 0109 08 216 - RET C
0081 93 148 . sus € 010A D9 217 EXX
0082 94 149 SuUB H 0108 - DAB40S 218 JP C NN
0083 95 150 suB L . 010E DB20 219 IN A,N
0084 96 151 SUB  (HL) oll0 DCB40S 220 CALL CyNN
0085 97 152 ~ sSuB A .. 0113 DE20 221 SBC AN
0086 98 153 SBC A,B o115 OF 222 RST 18H
0087 99 154 SBC A,C olle €0 223 RET PO
o0B8  9A 155 SBC A,D oLL7 El 224 POP HL
00B9 98 156 SBC A.E 0118 E28405 225 JP PO,NN
00BA 9C 157 SBC A.H olis €3 226 EX (SP),HL
0088 90 158 . SBC AsL ol1cC E4 8405 221 CALL PO.NN
00BC  9E 159 SBC Ay (HL) OllF E5 228 PUSH HL
00BD  9F 160 SBC AsA 0120 €620 229 AND N
00BE  AO 161 AND 8 0122 E7 230 RST 20H
QOBF Al 162 AND C ' 0123 EB8 231 RET PE
00Co A2 163 AND D 0l24 E9 232 JP {HL)
oocl A3 164 AND E 0125 EAB40QS 233 JP PE,LNN
00C2 AL 165 AND H o128 EB 234 EX DEHL
0oCc3 AS 166 AND L 0129 EC 8405 235 CALL PE,NN
00C4 A6’ 167 © AND {HL) 0l2C.~ EE20 236 XOR N
00Ccs AT 168 ~ AND A 012E EF 237 RST 28H
1 00C6 A8 169 XOR 8 012F FO 238 RET P
ooc? A9 170 X0R C 0130 Fl 239 POP AF
0ocs AA 171 XOR D 0131 F28405 240 JP P,NN
0uC9 A8 172 XOR E 0134 F3 241 ol
00CA AC 173 . XOR H, 0135 F48405 242 CALL P,NN
oocs AD 174 - XOR L | o138 FS 243 PUSH AF
vocc AE 175 XOR (HL) 0139 F620 244 OR N
0ocL AF 176 XOR A 0138 F7 245 RST 30H
00CE  BO : 177 OR 8 ol3cC Fo 246 RET M
QOCF Bl 178 OR C 0130 F9 247 LD SPyHL
oouo 82 ' 179 OR O 013E FAB405 248 JP M,NN
0001 83 180 . OR E olal FB 249 El
uop2 B4 . 181 OR H olLe2 FCB40S 250 CAalLL M,NN
0003 8BS 182 OR L 0145 FE20 251 cP N
0004 86 183 OR (HL): 0147 FF C252 RST 38H
0005 87 184 OR A 0l48 cBoo 253 RLC 8
0006 B8 185 cp 8 0l4A cBol 254 RLC C
0007 89 186 cp C ol4cC cBo2 255 RLC. D
oovs  BA 187 cp o Ul4E - CBO3 256 RLC E
0009 88 . 188 cP E 0150 B804 257 RLC H
00DA  BC 189 CP H 0152 CBOS 258 RLC L
ooLs  BD 190 cP L . 0l54 CBO6 259 RLC (HL)
oouc BE 191 CP {HL) 0156 cBo7 260 RLC A
0000 BF 192 cP A 0158 €808 261 RRC 8
00DE co 193 RET NZ ' 015A cB09 262 RRC C
000F cl 194 POP BC ols5C cB80A 263 RRC O
00EQ  C28405 195 JP NZ,NN Ol5E cBo8 264 RRC E
U0E3 38405 196 JP NN 0160 ¢BOC 265 RRC H
00E6 C48405 197 CALL NZ,NN 0162 CB0OD 266 RRC L
00E9 CS 198 PUSH BC 0l64  CBOE 267 RRC (HL)
VOEA (620 199 ADD A,N : 0166 CBOF 268 RRC A
Q0EC C7 20V RST O 0168 cBlo 269 RL '8
00ED C8 201 RET Z 0164 csll 2710 RL C
Q0EE c9 . 202 RET 016C cB12 271 RL D
OO0EF CAB4US 203 JPZ 4NN . 0l6E cB13 272 RL E
00F2 CC8405 204 CALL Z,NN 0170 CBla 273 RL H
00F5  CD8405 205 CALL NN 0172 CB1S 274 RL L
00F8  CE20 206 ADC AN 0174 cBleé 275 RL (HL)
00FA CF 207 RST 8 0176 cB17 276 RL A



280 CROSS ASSEMBLER YERSION 1.06 OF 06/18/76

07/09/76 10:20:50 .OPCODE LISTING

Loc 0BJ CODE STMT SOURCE STATEMENT _Loc 0BJ CODE STMT SOURCE STATEMENT
0178 CB18 211 RR 8 ' 0202 CB6S 346 BIT 4,L
O0lL7A  CBL9 278 RR C 0204 CB66 347 BIT 4,(HL)
017C CBlA 279 RR D 0206 CB67 348 BIT 454
0l17€  CB1B 280 KR E 0208 CB68 349 BIT 5,8
0180 CBIC 281 RR H 020A  CB69 350 olT 54C
0182 CBI1D 282 RR L 020C  CB6A 351 BIT 5,0
0184 CBILE 283 RR (HL) 020E  CB6B 352 BIT 5,E
0186  CBLF 284 RR A 0210  CB6C 353 BIT SyH
0188  CB20 285 SLA 8 0212 CB&D 354 BIT 5oL
0184 (B2l 286 SLA C 0214 CB6E 355 BIT S,(HL)
oisc  cB22 287 SLA O 0216  CB6F 356 BIT 5,4
018E (23 288 SLA E 0218 CB70 357 BIT 648
0190 (CB24 289 SLA H 0214  CBI1 354 BIT 6,4C
0192 €825 290 SLA L o2lc CBT2 359 81T 6,0
0194 CB26 291 SLA (HL) 021E CB73 360 BIT 64E
0196 CB27 292 SLA A 0220 CBT4 361 BIT 64H
0198  CB26 293 SRA B 0222 CBIS 362 BIT 64l
o19a €829 294 SRA C 0224 CBT6 363 © BIT 64lHL)
019C CB2a 295 SRA D V226  CBIT 364 BIT 6,4
OL9E  CB2B 296 . SRAE 0228 CB78 365 | BIT 7,8
olA0  CB2C 297 SRA H 022A €879 366 BIT 7,C
Ul1A2 (CB2D 298 SRA L 022C CB7aA 367 BIT 7,0
0lA%  CB2E 299 SRA (HL) 0226 (B7B . 368 BIT 7,E
0lA6  CB2F 300 SRA A 0230 CBIC 369 BIT 7,H
0lA8 €838 301 SRL B 0232 CB7D 370 8IT 7,1
0l1AA  CB39 302 SRL C 0234 CBTE 371 BIT 7,(HL}
OlAC  CB3A 303 SRL O 0236  CB7F 372 BIT 7,4
OlAE  CB3B 304 SRL E 0238 (88O 373 RES 048
0180  CB3C 305 SRL H 023A CB81 374 RES 04C
0182 C83D 306 SRL L 023C (882 375 RES 0,0
0184 CB3E 307 SRL (HL) 023 (B83 376 RES 0,E
0186  CB3F 308 SRL A 0240 CB84 - 3T RES 04H
0188  CB4O 309 BIT 0,8 0242 (B85S 378 RES O0,L .
01BA  CB4l 310 BIT 0,C 0244 CB86 379 RES 04 (HL)
01BC  CB42 311 BIT 0,0 0246  CB87 380 RES 0,A
0186 (B43 ©312 BIT 0,€ 0248 CB88 38t RES 1,8
01C0 CBe4 313 BIT 0.H 024A (B89 382 RES 1,C
01C2  CB&S 314 BIT O,L 024C  CB8A . 383 RES 1.0
01C4 CB46 315 BIT O4(HL) 024€  CB8B 384 RES 1,E
01C6  CB&7 36 BIT 044 0250  CBSC 385 RES loH
01C3 (B8 317 BIT 148 0252 (84D 386 RES 1L
0l1CA  CB49 318 BIT 1,C 0254  CB8E 387 RES 1,(HL)
01CC  CBsaA 319 81T 1,0 0256 CBSF 388 RES 1,4
01CE  CB48 320 BIT 1, 0258 CB90 189 RES 2,8
0100  CB4C 321 BIT 14H 025A (B9l 390 RES 2,C
0102  CB4DL 322 BIT 1,L 025C B892 391 RES 2,0
01D4 CB4E 323 BIT 1,(HL) 0256  CB93 392 RES 2,E
0106  CB4F 324 BIT 1,4 0260 CB94 393 RES 2,H
0108  CBSO 325 BIT 2,8 0262 CB9S 3194 RES 2,L
0l10A  CBS1 326 BIT 24C ° 0264  CB96 195 RES 2,(HL)
010C  CBS2 327 BIT 2,0 0266 CB9T - 396 RES 2.4
0l10E  CBS3 328 BIT 2,€ 0268 CB98 397 RES 3,8
0lE0  CBS4 329 BIT 2,H 026A  CB99 394 RES 3,C
0lE2  CBSS 330 BIT 2,L 026C  CB9A 399 RES 3,0
0lE4  CBS6 331 BIT 2,(HL) 026€ €898 400 RES 3,E
0l1E6  CBST 332 BIT 2,A 0270  CB9C 401 RES 34H
0lE8  CB58 333 BIT 3.8 0272 CB9D 402 RES 3,L
OlEA  CBS59 334 BIT 3,C 0274  CHB9E 403 RES 3,(HL)
OLEC  CBSA 335 81T 3,0 0276  CB9F 404 RES 3,4
OlLEE  CBSB 336 BIT 3.€ 0278  CBAO 405 RES 4,8
OLFO  CBSC 337 BIT 3,H 0274  CBAl 406 RES 4,C
0l1F2 CBSD 338 8IT 3,L 027C  CBA2 407 RES 4,0
OLF4  CBSE 339 BIT 3, (HL) 027€  (BA3 408 RES 4+
0lF6  CBSF 340 BIT 3,A 0280 CBA& 409 RES 4oH
0LF8  CB60 341 BIT 4,8 0282 CBAS 410 - RES 44l
olFa  CB8el 342 BIT 4,C 0284 CBA6 all RES 44 (HL}
OlFC  CB62 343 BIT 4,0 0286  CBA7 " 412 RES 4,4
OLFE  CB63 344 BIT 44E : 0288 CBAB 413 RES 5,8
0200 CB64 345 BIT 44H 028A  CBA9 414 RES 5,C

210



780 CROSS ASSEMBLER VERSION 1.06
07/09/76 10:20:50 .OPCUDE LISTING
LocC 0BJ CODE STMT SOURCE STATEMENT

028C  (baA 415 RES 5,0
028E c(BaB 416 RES S5,t
0290  (BAC 417 "RES 5.H
0292 CBAD 4l8 RES S,L
U294 CB8AE 419 RES Sy {HL)
0296 (BAF 420 RES 544
0298 (880 421 RES 6,8
029A (BBl 422 RES 6,C
029C  CBB2 423 RES 6,0
029E  (BB3 424 RES 64E
U2A0  (BB4 425 RES 64H
0242 c8Bs 426 RES 6,L
0244  (BBG 4217 RES 6,(HL)
02A6  (BB7 428 RES 6,A
02A8  (BBo 429 RES 7,8
02AA  (BBY 430 RES 7,C
U2AC  (BBA 431 RES 7,0

02 AE [oF:1-1) 432 RES T74+E
U280 CB8BC 433 RES T4H
0282 ceso 434 RES T,L
0284  CBBE 435 RES 7,(HL)
0286  (BBF 436 RES 7,4
0288  CHCO 4317 SET 0,8
0284 CBCIL 438 SET 0,C
02BC  (BC2 439 SET 0,0
02bE  (BC3 440 SET 0,E
02C0  (BC4 441 SET O4H
02C2  CBCS 442 SET 04L
02C4  CBCG 443 SET 0, (HL)
02C6  CB8C7 444 SET 0,4
02C8  CBCSH 445 SET 1,R
02CA  CBC9 446 SET 1,C
02CC  (BCA ol SET 1,0
02Ck  (BCB 448 SET 1,E
0200  C8CC 449 SET 1,H
0202  (BCD 450 SET 1.L
0204  C(BCE 451 SET L{HL)
0206  CBCF 452 SET 1,4
0208 CBLY 453 SET 2,8
0204  CBULL 454 SET 2.C
02DC  LBDR2 455 SET 240
020E  CBO3 456 SET 24E
02E0  CBUL4 457 SET 2,K
02E2  (BD5 458 SET 2,L
02E4  CBUS6 459 SET 2, (HL)
02E6  CBULT 460 SET 2,4
02E8" . CBDB 461 SET 3 8B
02EA  (BDY 462 SET 3,C
02EC  CBDA 463 SET 3,0
02EE  CBLB 464 SET 3,E
02F0  CBOC 465 SET 3,H R
U2F2  CBLO 466 SET 3,L
02F4  CBDE 4617 SET 3, (HL)
02F6  C(BOF 468 SET 3,4
02F8  CBEO 469 SET 4,8
02FA  CBEL 470 SET 4,C
02FC  CBE2 471 SET 4,0
02FE  CBE3 472 SET 4,F
0300 CBE4 473 SET 4,H
0302  CBES 474 SET 4L
U304  CBES6 415 SET 4, (HL)
0306 CBET 476 SET 4,4
03u8  CHES 417 SET S,B
030A  C(BEY 478 SET 5,C
030C  CdEA 479 SET 5,0
030E  CBEB 480 SET S,E
u3lo  CBEC 48l SET 5,H
0312  COBED 482 SET S,L
‘03le  CBEE 483 SET 5,(HL)

320

OF 06/18/76

Loc

u3le
0318
031A
031cC
031E
u3z2o
0322

‘0324

Q0326
0328
032A
032C
032€E
0330
u332
0334
0336
0338
v33a

033C

0340
0344
0346
0348
034C
J34E
0351
0354
VELY]
v3is5A
0350
0360
0363
0366
V369
036C
036F
0372
03175

" 0378

0378
037E
0381
0384
0387
0384
0380
0390
0393
0396
0399
039C
Q39E
03Avu
03A2
03464
0346
03AA
03AE
0382
0336
03BA
038E
03C2
03Ce
03Cca
03CE
0302
03D6

0BJ CODE STMT SOURCE STATEMENT

CBEF
CBFOQ
CBFl
CBF2
CBF3
CBF&
CBF5
CBF6
CBF7
CBF8
CBF9
CBFA
CBFB
CBFC
CBFD
CBFE
CBFF
LROoY
oulY
00216405
DD228405
ub23
0029
DD2A 8405
oD28
DD3405
003505
0VU36U520
DD39
DD4605
DL4EOS
005605
VOSE Y
D066VS5
DUL6EDLS
uD7005
0D7105
007205
007305
007405
0D7505,
007705
DD7EVS
008605
ODBEDS

© UD960S

OD9YEOS
0DA&0S
DDAEOS
00B6OS
D0OBEOS
DDE1
ODE3
DDES
0DES
DOF9
00CBU506
ODCBOSOE
0OCBOS16
0DCBOSLE
DDLBOS26
00CBOS52E
OULCBOS3E
00CBUS46
ODCBOS%E
0DCBOSS6

0DCBOSSE .

DDCBOS66
DUCBOS6E

434
4385
486
487
448
489
490
491
492
493
494
495
496
“97
498
499
500
501
502
503
504
505
506
s07
508
509
510
511
512
513
514

515

516
S17
518
519
520
521
522
523
524
525
526
527
5248
529
53u
531
532

533

534
535
536
537
538
539
540
541
542
543
544
545
546
S¢7
548
549
550
551
552

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SETY
SET
SET
SET
SET
SET
SET
ADD
ADD
LD

LD

INC
ADD
LD

0eC
INC
DEC
Lo

ADD
LD

Lo

Lo

SLu

LD
LD
LD
Lo
LD
LD
LD
Lo
LD
LD
ADD
ADC
sus
s8cC
AND
XOR
OR
ce
POP
EX
PUS
Jp
LD
RLC
RRC
RL
RR
SLA
SRA
SRL
8IT
BlT
BIT
BIT
BIT
8ET

64 HL)
644
7.8
7,C
7,0
T.€
T4H
TlL
Ty lHL)
7,4
1X,8C
1X,0F

[X4 NN

(NN, IX
Ix
IXy [X

IX,(NN)
1x
{IX+IND)
([Xx+IND)

(IX+IND) 4N
IX,SP

By (IX+IND)

Ce(T1X+IND)

Dyl IX+1IND)

E+(IX+IND)

He L [X+IND)

Le [ IX+IND)

(IX+1ND),B

(IX+IND},C

(IX+IND},D

(IX+IND) +E

(IX+IND)H

(IX+IND),L

(IX+IND),A

A, L IX+IND)
Ay (LX¥IND)
Ay LIX+IND}
(IX+IND)
Ay ([X+{ND)
(1x+IND)
(IX+IND)

(IX+IND)

(IX+iND)

Ix

(SP),IX

HoIX'

(1x)

SPyIxX
{IX+IND)
(IX+IND)

{1X+INOD}

(IX+IND)
LIX+IND)
{IX+IND)
(IX+IND)
0+ L IX+IND)
1,2 IX+#IND)
2, 0IX+1ND)
3, (IX+{ND)
4, LIX+IND)
5, ({X+IND)



07/09/76 10320:50
Loc 08J COOE
030A D0CBOS76 553
030E DDCBOSTE 554
03€2 0DCBOS586 555
03E6 ODCBOSBE 556
03EA 0DCBO596 557
03€EE ODCBOS9E 558
03F2 00CBOSA6 559
03F6 ODCBOS5SAE 560
03FA 0oCcBQ586 561
Q3FE ODCBOSBE 562
0402 DDCBOS5CH 563
0406 0DCBOSCE 564
040A 00CBOSDé 565
040E 00CBOSDE 566
0412 00CBOSES 561
0416 DDCBOSEE 568
04lA DDCBOSF6 569
041E DDCBOSFE 570
0422 ED4O 571
0424 ED41 572
0426 ED42 573
0428 ED438405 574
042C ED44 5715
042E ED4S 576
0430 ED46 577
0432 ED47 578
0434 ED48 579
0436 ED49 580
0438 ED4A 581
0434 ED4B84US 582
043E ED4D 583
0440 EDSQ 584
0442 EDS1 585
Q4bds EDS2 586
0446 ED538405 587
0444 ED56 588
044C EDS7 589
044E ED58 590
0450 €D59 591
0452 EDSA 592
Q454 ED5B88405 593
0458 EOSE 594
045A ED60 595
045C ED6 L 596
045E ED62 597
0460 ED67 598
0462 ED68 599
0464 ED69 600
0466 ED6A 601
0468 EDG6F 602
0464 EDT2 603
046C ED738405 604
0470 EDT8 605
0472 EDT9 606
0474 EDTA 607
0476 ED788405 608
047A EDAO 609
047C EDAL 610
047E EDA2 611
0480 EDA3 612
0482 EDAS 613
0484 EDA9 bl4
0486 EDAA 615
Q488 EDAB 6l6
0484 EDBO 617
048C EDB1 618
048¢E EDB2 619
0490 EDB3 620
0492 EDBS 621

Z80 CROSS ASSEMBLER

-0

YERSION
PCODE

STMT SOURCE STATEMENT

BIT
8IT
RES
RES
RES
RES
RES
RES
RES
RES
SET
SET
SET
SET
SET
SET
SET
SET
IN B
out
s8C
Lo
NEG
RETN
IM 0
Lo 1
iN C
out
ADC

69( 1X+IND)
T LIX+IND)
0, [X+IND)
1, ( IX+IND)
2, (IX+IND)
3,{IX+IND)
4y ( IX+IND)
5, (1X+IND)
64 (IX+IND)
To{IX+IND)
Qs (LIX+IND)
Ly ({IX+INO)
2,0 [X+IND}
3,(I1X*IND)
44.(1X+IND)
S, (IX+INOD)
6, (1X+IND)
7, (IX+IND)
(C)

(Ci,8
HL,8C
NN),8C

Y
(C)
(c),C
HL,BC

L.06

LISTING

LD BC,(NN)
RETI
IN D,(C)

aut
sac
Lo
M1
LD A
IN E
ouTt
ADC
[§ )
In 2
INH
out
sec
RRD

(C)yD
HL,0E
NN) ,DE

ol
2(C)
(C)yE
HL,0E
E) (NN}

2 (C)
(C)yH
HU HL

IN LolC)
QuUT (C)sL
ADC HL,HL
RLD

SBC HL,SP
LD (NNJ),SP
IN A lC)
ouT (C),A
ADC HL,SP
LD SPy(NN)
Lot

CPI

INI

QuTl

L0O

cpPo

IND

QuTo

LDIR

CPIR

INIR

OTIR

LDOR

221

QF 06/18/76

Loc

0494
0496
0498
0494
049C
049€
Q4A2
04A8
04A8
Q4AA
Q4AE
Q480
0483
0486
Q4BA
048C
048F
04C2
04C5
04C38
04C8
04CE
0401
04D4
0407
040A
0400
04EO
04E3
04E6
04 E9
04EC
Q4EF
04F2
04F5
04F8B
04F8
04FE
0500
0502
0504
Q506
0508
050C
0510
0514
0518
0s51¢C
0520
0524
0528
052¢C
0530
0534
0538
053C
0540
0544
0548
054C
0550
0554
0558
055C
0560
0564
0568
056C
0570

0B8J CODE

EDB9
EDBA
EDBB
FDO9
FOLl9
FD218405
FD228405
FD23
FD29
FD2A 8405
FD28
FD3405
FD3505
FD360520
FD39
FD4605
FD4EOS
F05605
FOSEOS
FD6605
FD6EQS
FD7005
FO7105
FD7205
FD7305
FD7405
FD7505
FD7705
FD7EOS
FD860S
FDBEQS
FD9605
FO9EOS
FDA6QS
FDAEOS
FDB 605
FDBEOQS
FOE1
FOE3
FOES
FOE9
FOF9
FDCBOS06
FDCBOSOE

‘FDCBOS16

FDCBOSLE
FOCBO526
FOCBOS2E
FOCBOS3E
FDCBOS46
FDCBOS4E
FDCBOS56
FDCBOSSE
FDCBOS66
FOCBOSGE
FDCBOS76
FDCBOSTE
FDCBOSE86
FDCBOSBE
FDCBO596
FOCBOSYE
FDCBOSA6
FOCBOSAE
FOCBOSB6
FDCBOSBE
FOCBOSCO
FDCBOSCE
FDCBO5D6
FOCBOSDE

STHT SOURCE STATEMENT

622
623
624
625
626
6217
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
64
675
676
617
678
679
680
681

- 682

683
684
685
686
687
688
639
690

CPDR

INDR

QTOR

ADO lY,8C

ADD IY,DE

LD IY,NN

LD (NN}, 1Y
INC 1Y

ADD IY,.1Y

LD IY.(NN)
DEC 1Y

INC (IY+IND)
DEC (1Y+IND)
LD (LY+IND) N
ADD IY,SP

LD B,(IY*IND)
LD Co(IY*IND)
LD Dy(IY+INOD)
LO Ey(1Y*IND)
LD HylIY*®IND)
LD L,(IY+IND)
LD (IY+IND},8
LD (IY+IND),.C
LD (IY+IND),D
LD (IY#IND),E
LD (IY*INDI)H
LD (IY+IND),L
LD (1Y+IND),A
LD A,(IY+IND)

ADD
ADC
sus
s8C

Ay (1Y+IND)
Ay(1Y®IND)
(IY+IND)

Ay LIY+IND)

AND (IY+IND)
XOR (Iv+IND)
OR (1Y+IND)
CP (IY+IND)
POP 1Y

EX (SP),I1Y
PUSH [Y

4P (1Y)

LD SP,lY

RLC {IY+IND)
RRC {(IY+IND)
RL (IY+IND)
RR (IY+IND)

SLA
SRA
SRL
BIT
BIT
BIT
BIT
BIT
B8IT
aIT
8IT
RES
RES
RES
RES
RES
RES
RES
RES
SET
SET
SET
SET

(1Y+INOD)

(IY+IND)

(IV+IND)

Os( I Y+IND)
Lo {1Y+IND)
2: L1Y*IND)
3, (1Y+IND)
4y (LY+IND)
S, (IY+IND)
69(1Y+IND)
T+L1Y+IND)
0, LIY+IND)
Lel{IY+IND)
2, 1Y+IND)
3.(1Y+IND)
4o IYCIND)
Sy { IY+IND)
64 (1Y+IND)
T, (L1Y+IND)
0, L1Y+IND)
Lo (1Y+IND)
24 1Y+IND)
3,(1Y+IND)
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«OPCODE  LISTING

STMT SOURCE STATEMENT

07/09/76 10:20:50
Loc 08J CODE
0574 FOCBOSES 691
0578 FOCBOSEE 692
057C FOCBOSFe 693
0580 FDCBOSFE 694
0584 695
696
697
698
699
700

NN
[ND
M

N
ors

SET 4,{1Y+IND)
SET S+ (1Y+IND)
SET 6+ (1Y+IND)
SET 7,(1Y+IND)
DEFS 2

EQU 5

EQU LOH

EQU 20H

EQU 30H

END

1.06

22

OF 06/18/76



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, IFF, and IFF,. .

IFF,

Actually disables interrupts Temporary storage location
from being accepted. for lFFl.

The state of IFF is used to inhibit interrupts while IFF5 is used as a temporary storage location
for IFF;.

A reset to the CPU forces both the IFF, and IFF, to the reset state so that
interrupts are disabled. They can then be enab}ed 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 IFF, and
IFF, to the enable state. - When a maskable interrupt is accepted by the CPU, both IFi’ and
IFF, are automatically reset, inhibiting further mterrupts until the programmer w1shes to

1ssuc a new EI instruction. Note that for all of the previous cases, IFF, and IFF, are always
equal. .

The purpose of IFF5 is to save the status of IFF| when a non maskable interrupt occurs. When a non
maskable interrupt is accepted, IFF | 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 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 IFF is copied into the
parity flag where it can be tested or stored.

A second method of restoring the status of IFF is thru the execution of 2 Return From Non
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt
service routine is complete, the contents of IFF; are now copied back into IFFy, so that the status of IFF
just prior to the acceptance of the non maskable interrupt will be restored automatically.
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Table 2 isa summary of the effect of different instructions on the two enable flip flops.

Action IFFy IFF2 Comments

CPU Reset ’ 0 0  Maskable interrupt
INT disabled

Dl instruction execution 0 0  Maskable interrupt
INT disabled .

El instruction execution 1 1 Maskable interrupt
INT enabled

LD A/l instruction execution . e |FFp — Parity flag
LD AR instruction execution . IFF> — Parity flag

Accept NMi 0 e Maskable interrupt
TNT disabled
RETN instruction executon  IFFp e IFFp — IFFqat
completion of an
NMI service
“e”" 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.

Mode 0

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 necessary 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 cycle 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 selected 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.
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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 1, A. Note that a CPU reset clears the 1
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.

’

desired starting address

Interrupt pointed to by:

Service

Routine < low order I REGISTER | 7 BITS FROM
Starting high order CONTENTS PERIPHERAL
Address ’

Table

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 SI0 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
+5 VOLT
osc POWER SUPPLY
-
Ag-Ag 45V GND
ADDRESS
IN
MREG pun
| MRea =
7D CEy 8K BIT
—dce, Ao
DATA
A z80 | . DATABUS our
cPU

RESET

<+

QUTPUT INPUT
DATA DATA

FIGURE 7.1
MINIMUM Z80 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 (1K 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/O 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/O
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:

Address
0000H
1K bytes
ROM
03FFH
256 bytes | 0400H
RAM
04FFH
ADDRESS BUS ]
MREQ - RD o, R_loo E,M—TJ i‘_—“oo e, MRQ
. M w0 e wml, Bt
10 ce, RoM Wiaw ™7 cgp 10 W 10
dg-dg dg-dg
DATA BUS
FIGURE 7.2 i

ROM & RAM IMPLEMENTATION

In this diagram the address space is described in hexidecimal notation. For this example, address bit Ao
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 referring
back to Chapter 4, you notice that the memory access time requirements are most severe
during the M1 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 M1 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 74.




+5Vv M1
l Tl T2l Tw | T3 | e
i s S CLK
D Q D Q
LK 7474 7478 w j________f—
[ al —c Q
R R
T T WAIT \ [
+5V +5V
FIGURE 7.3
ADDING ONE WAIT STATE TO AN M1 CYCLE
WAIT
+5V +5V 7400
, l l To [ T2 | Tw
MREQ S S CLK
D Q D - a
- 7474 _ 7474 | wrEa .\
c a— c o)
R

—dx
—

+

3]

<
E'
>
p=

+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 A~ is
used to select between the two pages of memory . During refresh time, all memories in the system mus{ be
read. The CPU provides the proper refresh address on lines A( through Ag. To add additional memory to
the system it is necessary toreplace only the two gates that operate on A o with a decoder that operates

on all required address bits. For larger systems, buffering for the address and data bus is also generally
required. ' :




{1 )—
—D—L-

>
-
™
Ke]

Q

Ao- A11 CE
n—. 4K x8 RAM ARRAY
R/W
PAGE 1
Dy~D, DATA BUS (1000 to 1FFF)

ol
WR- :>

4K x8 RAM ARRAY
R/W

PAGE 0
{0000 to OFFF.)
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.

b B

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 exccution of an instruction which sets a flag, that flag can be used to control a
conditional 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 operands.

In addition, 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 that a string of data in memory starting at location "DATA" 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:

LD HL , DATA ;START ADDRESS OF DATA STRING

LD DE , BUFFER ; START ADDRESS OF TARGET BUFFER

LD BC, 737 ; LENGTH OF DATA STRING

LDIR ;MOVE STRING — TRANSFER MEMORY POINTED TO

;BY HL INTO MEMORY LOCATION POINTED TO BY DE
. INCREMENT HL AND DE, DECREMENT BC
\ ; PROCESS UNTIL BC = 0.

11 bytes are required for this 6peration and each byte of data is moved in 21 clock cycles.




Assume that a string in memory starting at location "DATA" 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 HL ,DATA ; STARTING ADDRESS OF DATA STRING
LD DE , BUFFER ; STARTING ADDRESS OF TARGET BUFFER
LD BC,132 ; MAXIMUM STRING LENGTH
LD A 3 STRING DELIMITER CODE
LOOP:CP (HL) ; COMPARE MEMORY CONTENTS WITH DELIMITER
JR Z,END-§ ;GO TO END IF CHARACTERS EQUAL
LDI ; MOVE CHARACTER (HL) to (DE)
; INCREMENT HL AND DE, DECREMENT BC
JP PE ,LOOP ;GO TO “LOOP” IF MORE CHARACTERS
END: ;OTHERWISE, FALL THROUGH

; NOTE: P/V FLAG IS USED
; TO INDICATE THAT REGISTER BC WAS
; DECREMENTED TO ZERO.

19 bytes are required for this operation.

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 HL , DATA ; ADDRESS OF FIRST BYTE

LD B, COUNT ; SHIFT COUNT
XOR A ;CLEAR ACCUMULATOR
ROTAT:RLD : ROTATE LEFT LOW ORDER DIGIT IN ACC
; WITH DIGITS IN (HL)
INC HL ; ADVANCE MEMORY POINTER
DINZ  ROTAT -$ ; DECREMENT B AND GO TO ROTAT IF

; BIS NOT ZERO, OTHERWISE FALL THROUGH

11 bytes are required for this operation.

A

T

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 HL , ARG1 ; ADDRESS OF MINUEND
LD DE , ARG2 : ADDRESS OF SUBTRAHEND
LD B, LENGTH ; LENGTH OF TWO ARGUMENTS
AND A :CLEAR CARRY FLAG
SUBDEC:LD A ,(DE) : SUBTRAHEND TO ACC
SBC A, (HL) ; SUBTRACT (HL) FROM ACC
DAA ; ADJUST RESULT TO DECIMAL CODED VALUE
LD (HL), A ; STORE RESULT
INC HL ; ADVANCE MEMORY POINTERS
INC DE '
DINZ  SUBDEC-$ ; 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.







01/22/76 11:14:37
LOC
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
0000 222600 23
0003 (B84 24
0005 41 25
0006 05 26
0007 DD2A2600 27
000B DD7EGO 28
000E 57 29
000F DDSEO! 30
0012 93 31
0013 3008 32
0015 DD7300 33
0018 DD7201 34
001B CBC4 35
001D - DD23 36
00lF 10EA 37
38
0021 CB44 39
0023 20DE 40
0025 C9 41
42
0026 43
0026 44

S
w

BUBBLE LISTING PAGE 1
OBJCODE STMT SOURCE STATEMENT i

; *** STANDARD EXCHANGE (BUBBLE) SORT ROUTINE ***

; AT ENTRY: HL CONTAINS ADDRESS OF DATA

C CONTAINS NUMBER OF ELEMENTS TO BE SORTED
(1<C<256) :

;AT EXIT: DATA SORTED IN ASCENDING ORDER

; USE OF REGISTERS

; REGISTER CONTENTS

;;r‘:mcnw>

NEXT:

NOEX:

FLAG:
DATA:

TEMPORARY STORAGE FOR CALCULATIONS
COUNTER FOR DATA ARRAY

LENGTH OF DATA ARRAY

FIRST ELEMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

FLAG TO INDICATE EXCHANGE

UNUSED
POINTER INTO DATA ARRAY
UNUSED

LD  (DATA),HL  ;SAVE DATA ADDRESS

RES FLAG,H : INITIALIZE EXCHANGE FLAG

LD B,C < INITIALIZE LENGTH COUNTER

DEC B ; ADJUST FOR TESTING

LD  IX,(DATA) ;INITIALIZE ARRAY POINTER

LD A (X : FIRST ELEMENT IN COMPARISON

LD DA : TEMPORARY STORAGE FOR ELEMENT

LD  E,(IX+1) : SECOND ELEMENT IN COMPARISON

SUB E : COMPARISON FIRST TO SECOND

JR  NC, NOEX-$ ;IF FIRST > SECOND, NO JUMP

LD  (IX),E : EXCHANGE ARRAY ELEMENTS

LD  (IX+1),D . ’

SET  FLAG,H  RECORD EXCHANGE OCCURRED

INC  IX ; POINT TO NEXT DATA ELEMENT

DINZ NEXT-$ :COUNT NUMBER OF COMPARISONS
; REPEAT IF MORE DATA PAIRS

BIT  FLAG.H . DETERMINE IF EXCHANGE OCCURRED

JR. NZ,LOOP-S  ;CONTINUE IF DATA UNSORTED

RET . OTHERWISE, EXIT

EQU 0 ; DESIGNATION OF FLAG BIT

DEES 2 / : STORAGE FOR DATA ADDRESS

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 OBJCODE STMT SOURCE STATEMENT
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
) B 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 LD HL,0; CLEAR PARTIAL RESULT
0008 CB39 23 MLOOP: SRL C; SHIFT MULTIPLIER RIGHT
000A IF 24 RRA LEAST SIGNIFICANT BIT IS
25 IN CARRY.
000B 3001 26 JR NC,NOADD-$. IF NO CARRY, SKIP THE ADD.
000D 19 27 ADD HL,DE; ELSE ADD MULTIPLICAND TO
28 PARTIAL RESULT.
O00E EB 29 NOADD: EX DE,HL: SHIFT MULTIPLICAND LEFT
000F 29 30 ADD HL,HL; BY MULTIPLYING IT BY TWO.
0010. EB 31 EX DE, HL;
0011 10F5 32 DINZ MLOOP-S; REPEAT UNTIL NO MORE BITS..
0013 (9 33 RET; ‘ -
34 END;
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