CHAPTER 5

THE INSTRUCTION SET

3.1 WHAT THE INSTRUCTION SET IS

A computer, no matter how sophisticated, can
do only what it is instructed to do. A program is
a sequence of instructions, each of which is
recognized by the computer and causes it to
serform an operation. Once a program is placed
in memory space that is accessible to your
CPU, you may run that same sequence of in-
structions as often as you wish to solve the
same problem or to do the same function. The
set of instructions to which the 8085A CPU will
respond is permanently fixed in the design of
the chip.

Each computer instruction allows you to ini-
tiate the performance of a specific operation.
The 8085A implements a group of instructions
that move data between registers, between a
register and memory, and between a register
and an l/O port. it aiso has arithmetic and logic
instructions, conditionai and unconditional
branch instructions, and machine control in-
structions. The CPU recognizes these instruc-
tions only when they are coded in binary form.

£.2 SYMBOLS AND ABBREVIATIONS:

The foilowing symbois and abbreviations are
used in the subsequent description of the
8085A instructions:

SYMBOLS MEANING

accumulator Register A

addr 16-bit address quantity

data 8-bit quantity

data 16 16-bit data quantity

byte 2 The second byte of the instruc-
tion

byte 3 The third byte of the instruc-
tion

port 8-bit address of an /O device

rnri,r2 One of the registers A,B,C,

D,EH,L
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'DDD,SSS

“Ip

RP

‘rth

ri

The bit pattern designating

one of the registers A,B,C,D,
E,H,L (DDD =destination,
SS8S = source):

DDD or
SSS

1M
000
001
010
011
100
101

One of the register pairs:

B represents the B,C pair with
B as the high-order register
and C as the low-order
register; :

D represents the D,E pair with
D as the high-order register
and E as the low-order
register;

H represents the H,L pair with
H as the high-order register
and L as the low-order
register;

SP represents the 16-bit stack
pointer register.

REGISTER
NAME

FIMmMoOw>

The bit pattern designating

one of the register pairs
B,D,H,SP:
REGISTER

RP PAIR

00 B-C

01 D-E

10 H-L

11 SP

The first (high-order) register
of a designated register pair.
The second (low-order)
register of a designated
register pair.



1)

“PC 16-bit

TN

+ >4 >

program counter
register (PCH and PCL are
used to refer to the high-order
and low-order 8 bits respec-
tively).

‘SP 16-bit stack pointer register

(SPH and SPL are used to refer
to the high-order and low-order
8 bits respectively).

™m Bit m of the register r (bits are

number 7 through 0 from left
to right).

16-bit address of subroutine.
The condition flags:

Zero

Sign

Parity

cY Carry

AC Auxiliary Carry

The contents of the memory
location or registers enciosed
in the parentheses.

“Is transferred to”

Logical AND

Exclusive OR

Inclusive OR

Addition

Two’s complement subtraction
Muitiplication

“Is exchanged with”

—_ The one’s complement (e.g., (A))
n The restart number 0 through 7

NNN The binary representation 000
through 111 for restart number
0 through 7 respectively.

LABEL

The instruction set encyclopedia is a detailed
description of the 8085A instruction set. Each
instruction is described in the following man-
ner:

1. The MCS-85 macro assembler format, con-
sisting of the instruction mnemonic and
operand fields, is printed in BOLDFACE on
the first line.

2. The name of the instruction is enclosed in
parentheses following the mnemonic.

3. The next lines contain a symbolic description
of what the instruction does.

4. This is followed by a narrative description of
the operation of the instruction.
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5. The boxes describe the binary codes that
comprise the machine instruction.

6. The last four lines contain information about
the execution of the instruction. The number
of machine cycles and states required to ex-
ecute the instruction are listed first. If the in-
struction has two possible execution times,
as in a conditional jump, both times are
listed, separated by a slash. Next, data ad-
dressing modes are listed if applicable. The
last line lists any of the five flags that are af-
fected by the execution of the instruction.

5.3 INSTRUCTION AND DATA FORMATS

Memory used in the MCS-85 system is organ-
ized in 8-bit bytes. Each byte has a unique location in
physical memory. That location is described by one of
a sequence of 16-bit binary addresses. The 8085A can
address up to 64K (K = 1024, or 210; hence, 64K
represents the decimal number 65,536) bytes of
memory, which may consist of both random-access,
read-write memory (RAM) and read-only memory
(ROM), which is also random-access.

Data in the 8085A is stored in the form of 8-bit
binary integers:
) DATAWORD

F T 1 T T
D7 Ds D5 D4 D3 Dz D, Do

MSB LS8

When a register or data word contains a binary
number, it is necessary to establish the order in which
the bits of the number are written. In the Intel 8085A,
BIT Ois referred to as the Least Significant Bit (LSB),
and BIT 7 (of an 8-bit number) is referred to as the
Most Significant Bit (MSB).

An 8085A program instruction may be one, two or
three bytes in length. Multiple-byte instructions must
be stored in successive memory locations; the address
of the first byte is always used as the address of the in-
struction. The exact instruction format will depend
on the particular operation to be executed.

Single Byte Instructions

N I D R N
Dy D¢ | Op Code

Two-Byte Instructions

Byte [T T T T T T 1

One D; DQ Op Code
Byte DI N I ID Data or
Two |7 0! Address
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Three-Byte Instructions

eyte, T T T T T T 1

Cne | D7 Do| Op Code
Eyte T T

Two E’ Do) pata

_ or

Syte i 1T 1T 1 T 1 Address
ares E ) Do

.4 ADDRESSING MODES:

Zften the data that is to be operated on is stored in
~emory. When multi-byte numeric data is used, the
“ata, like instructions, is stored in successive memory
ccaticns, with the least significant byte first, follow-
=d by increasingly significant bytes. The 8085A has
‘cur different modes for addressing data stored in
Tlemory or in registers:

» Direct — Bytes 2 and 3 of the instruction
contain the exact memory ad-
dress of the data item (the low-
order bits of the address are in
byte 2, the high-order bits in
byte 3).

» Register — The instruction specifies the
register or register pair in which
the data is located.

» Register Indirect — The instruction
specifies a register pair which
contains the memory address
where the data is located (the
high-order bits of the address
are in the first register of the
pair the low-order bits in the
second).

* Immediate — The instruction contains
the data itself. This is either an
8-bit quantity or a 16-bit quanti-
ty (least significant byte first,
most significant byte second).

‘niess directed by an interrupt or branch in-
siiiution, the execution of instructions pro-
s2eds through consecutively increasing
—emory locations. A branch instruction can
szecify the address of the next instruction to be
2xecuted in one of two ways:

¢ Direct — The branch instruction contains
the address of the next instruc-
tion to be executed. (Except for
the ‘RST’ instruction, byte 2
contains the low-order address
and byte 3 the high-order ad-
dress.)
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¢ Register Indirect — The branch instruc-
tion indicates a register-pair
which contains the address of
the next instruction to be ex-
ecuted. (The high-order bits of
the address are in the first
register of the pair, the low-
order bits in the second.)

The RST instruction is a special one-byte call in-
struction (usually used during interrupt se-
quences). RST includes a three-bit field; pro-
gram control is transferred to the instruction
whose address is eight times the contents of
this three-bit field.

5.5 CONDITION FLAGS:

There are five condition flags associated with
the execution of instructions on the 8085A.
They are Zero, Sign, Parity, Carry, and Auxiliary
Carry. Each is represented by a 1-bit register (or
flip-flop) in the CPU. A flag is set by forcing the
bit to 1; it is reset by forcing the bit to 0.
Unless indicated otherwise, when an instruc-
tion affects a flag, it affects it in the following
manner:
Zero: If the result of an instruction
has the value 0, this flag is set;
otherwise it is reset.

Sign: If the most significant bit of the
result of the operation has the
value 1, this flag is set; other-
wise it is reset.

If the modulo 2 sum of the bits
of the result of the operation is
0, (i.e., if the result has even
parity), this flag is set; other-
wise it is reset (i.e., if the result
has odd parity).

If the instruction resulted in a
carry (from addition), or a bor-
row (from subtraction or a com-
parison) out of the high-order
bit, this flag is set; otherwise it
is reset.

Auxiliary Carry: If the instruction caused a
carry out of bit 3 and into bit 4
of the resulting value, the aux-
iliary carry is set; otherwise it is
reset. This flag is affected by
single-precision additions, sub-
tractions, increments, decre-
ments, comparisons, and logi-
cal operations, but is principal-
ly used with additions and in-
crements preceding a DAA
(Decimal Adjust Accumulator)
instruction.

Parity:

Carry:
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5.6 INSTRUCTION SET ENCYCLOPEDIA

In the ensuing dozen pages, the complete
8085A instruction set is described, grouped in
order under five different functional headings,
as follows:

1. Data Transfer Group — Moves data be-
tween registers or between memory
locations and registers. Includes moves,
loads, stores, and exchanges. (See
below.)

2. Arithmetic Group — Adds, subtracts, in-
crements, or decrements data in
registers or memory. (See page 5-13.)

3. Logic Group — ANDs, ORs, XORs, com-
pares, rotates, or complements data in
registers or between memory and a
register. (See page 5-16.)

4. Branch Group — Initiates conditional or
unconditional jumps, calis, returns, and
restarts. (See page 5-20.)

5. Stack, /0, and Machine Control Group
~— Includes instructions for maintaining
the stack, reading from input ports,
writing to output ports, setting and
reading interrupt masks, and setting and
clearing flags. (See page 5-22))

The formats described in the encyclopedia
reflect the assembly language processed by
Intel-supplied assembler, used with the Intellec®
development systems.

5.6.1 Data Transfer Group

This group of instructions transfers data to and
from registers and memory. Condition flags are
not affected by any instruction in this group.

MOV r1, r2
(rt) = (r2)
The content of register r2 is moved to
register ri.

(Move Register)

MOV r, M

MOV M, r

‘MVI r, data

() — ((H) (L)

(Move from memory)

The content of the memory location, whose
address is in registers H and L, is moved to

register r.

I |
0 1 b D

D 1 1 0

Cycles:
States:
Addressing:
Flags:

H) L) = O

2

7

reg. indirect
none

(Move to memory)

The content of register r is moved to the

memory location whose address

registers H and L.

is in

[ | |
0 1 1 1

0S8 S s

Cycles:
States:
Addressing:
Flags:

() — (byte 2)

2

7

reg. indirect
none

(Move Immediate)

The content of byte 2 of the instruction is
moved to registerr.

| [ I | ]
00|DDD11 1 0

data
Cycles: 2
States: 7
Addressing: immediate
Flags: none

‘MVI M, data

(Move to memory immediate)
((H) (L)) — (byte 2)

The content of byte 2 of the instruction is
moved to the memory location whose ad-
dress is in registers H and L.

I I | I |
0 1 D D D|fs s s

[ | [ | | I I
0 0 1 1 0 1 1 0

Cycles: 1
States: 4 (8085), 5 (8080)
Addressing: register
Flags: none
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data
Cycles: 3
States: 10
Addressing: immed./reg. indirect

Flags:

none
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=, data 18 (Load register pair immediate)
(rn) — (byte 3),

(r) — (byte 2)

Byte 3 of the instruction is moved into the
high-order register (rh) of the register pair
rp. Byte 2 of the instruction is moved into
the low-order register (rl) of the register pair
.

LHLD addr (Load H and L direct)
(L)—((byte 3)(byte 2))
(H)—((byte 3)(byte 2)+ 1)
The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register L. The
content of the memory location at the suc-
ceeding address is moved to register H.

R O A
Plo o o0 1

| I I | 1 I I
0 0 1 0 1 0 1 0

low-order addr

low-order data
- — —
high-order data high-order addr
Cycles: 3 Cycles: 5
States: 10 States: 16
Addressing: immediate Addressing: direct
Fiags: none Flags: none

LDA addr (Load Accumulator direct)
(A) = ((byte 3)(byte 2)
The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register A.
1 I I 1 T I T
0 1 1 1 0 1 0

low-order addr

high-order addr

Cycles: 4
States: 13
Addressing: direct

Flags: none

STA addr (Store Accumulator direct)
((byte 3)(byte 2)) — (A)
The content of the accumulator is moved to
the memory location whose address is
specified in byte 2 and byte 3 of the instruc-

AT e o

I | I I ! I |
0 0 1 1 0 0 1 0

low-order addr

SHLD addr (Store H and L direct)
((byte 3)(byte 2))—(L)
((byte 3)(byte 2)+ 1)—(H)
The content of register L is moved to the
memory location whose address is
specified in byte 2 and byte 3. The content
of register H is moved to the succeeding
memory location.

| I | I | T
0 0 1 0'0_0-'1ﬂ

low-order addr

high-order addr

Cycles: 5
States: 16
Addressing: direct
Flags: none

LDAX rp
(A) = ((rp))
The content of the memory location, whose
address is in the register pair rp, is moved
to register A. Note: only register pairs
rp=B (registers B and C) or rp=D
(registers D and E) may be specified.

(Load accumulator indirect)

high-order addr

| | I | |
0 O|R P |1 0 1 0

Cycles: 4
States: 13
Addressing: direct

Flags: none
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Cycles: 2
States: 7
Addressing: reg. indirect

Flags: none






