{/O INTERFACE
Ganeral Theory

As in any computer based system, the 8080 CPU must
be able to communicate with devices or structures that exist
outside its normal memory array. Devices like keyhoards,
paper tape, floppy disks, printers, displays and other control
structures are used to irput information inte the BOSO CPU
and display or store the results of the computational activity.

Probably the most important and strongest feature of
the 8080 Microcomputer System is the flexibitity and power
of its 1/Q structure and the components that support it. There
are many ways to structure the i/Q array so that it will “fit”
the total system environment to maximize efficiency and
minimize component count.

The hasic operation of the /O structure can best be
viewed as an array of single byte memory locations that can
be Aead from or Written into. The BO80 CPU has special in-
structions devoted to managing such transfers (IN, OUT).
These instructions generally isolate memory and L/O arrays
so that memory address space is not effected by the 1/0
structure and the general concept is that of a simple transfer
to or from the Accumulator with an addressed “PORT™. Ap-
other method of I/O architecture is to treat the 1/O structure
as part of the Memory array. This is generally referred to as
“Memory Mapped (/0" and provides the designer with a
powerful new “instruction set” devoted to 1/0 manipulation,
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Figure 3-8. Memory/t/0 Mapping.

Isolated 1/0

In Figure 3-9 the system control signals, previously de-
tailed in this chapter, are shown. This type of 1/O architecture
separates the memory address space from the 1/0 address
space and uses a conceptually simple transfer to or from Ac-
cumulater technigue. Such an architecture is easy to under-
stand because 1/Q communicates only with the Accumulator
using the [N or QUT instructions. Also because of the isola-
tion of memory and 1/0, the full address space {65K] is un-
effected by 1/0 addressing,
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Figure 3-9. lsolated 1/0.

Mamory Mapped 1/0

By assigning an arez of memory address space as /0 a
powerful architecture can be developed that can manipulate
IfQ using the same instructions that are used to manipuiate
memory locations, Thus, a "“new’ instruction set is created
that is devoted to |/O handling.

Asg shown in Figure 3-10, new control signals are gene-
rated by gating the MEMR and MEMW signals with Aqg, the
maost significant address bit. The new |/Q control signals con-
nect in exactly the same manner as isolated /0, thus the
system bus characteristics are unchanged.

By assigning A1g as the 1/0 "flag”, a simple method of
1/0 discipline is maintained:

If Aqg is a “zero’ then Memory is active.
I1f A 15 is a “one” then {/O is active.

Qther address bits can also be used for this function. A5 was
chosen because it is the most significant address bit so it is
gasier to control with software and because it still allows
memory addressing of 32K

1/Q devices are still considered addressed “ports” but
instead of the Accumulater as the only transfer medium any
of the internal registers can be used. All instructions that
could be used to operate on memory locations can be used
in 1/Q.

Examples:

MOV, M {Input Port to any Register)
MOV M, r {Output any Register to Port)
MVI M {Output immediate data to Part}
toAa {Input to ACC)

STA {Output from ACC to Part)
LHLD {15 Bit input}

SHLD 116 Bit Qutput]

ADD M {Add Port ta ACC)

ANA M {"AND" Port with ACC)

it is easy to see that from the list of possible “new”
instructions that this type of 1/Q architecture could have a
drastic effect on increased system throughput, it is concep-
twally more difficult to understand than Isolated 1/0 and it
does limit memory address space, but Memory Mapped /0
can mean a significant increase in overall speed and at the’
same time reducing required program memaory area.
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Figure 3-10. Memory Mapped 1/0.

1/0 Addressing

With both systems of /O structure the addressing of
each device can be configured to optimize efficiency and re-
duce component count, One method, the mast comman, is
to decode the address bus into exclusive “'chip selects” that
enable the addressed /0 device, similar to generating chip-
selects in memory arrays.

Another method is called “linear select”. in this methed,
instead of decoding the Address Bus, a singular bit from the
bus is assigned as the exclusive enable for a specific 1/0 de-
vice. This method, of course, limits the number of 1/0 de-
vices that can be addressed but eliminates the need for extra
decoders, an important consideration in smalk system design,

A simple example illustrates the power of such a flexi-
ble 1/0 structure. The first examptle illustrates the format of
the second byte of the IN or QUT instruction using the lso-
lated i/Q technique. The devices used are Intel®8285 Pro-
grammable Peripheral Interface units and are lingar selected,
Each device has three ports and from the format it can be
seen that six devices can be addressed without additional de-
coders.

EXAMPLE #1
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Figure 3-11. Isolated 1/O — {Linear Select) {8255}

The second example uses Memory Mapped i/Q and
linear select to show how thirteen devices [8255) can be ad-
dressed without the use of extra decoders. The format shown
could be the second and third bytes of the LDA or STA in-
structions or any other instructions used to manipulate /0
using the Memory Mapped technigue.

It is easy to see that such a flexible /0 structure, that
can be “tailored” to the overall system environment, provides
the designer with a powerfu! tool to optimize efficiency and
minimize component count.

EXAMPLE #2
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Figure 3-12. Memary Mapped 1/0 — (Lingar Select (8255)

I/O Interface Example

In Figure 3-16 a typical {/0 system is shown that uses a
variety of devices (8212, 8251 and 8255}, It could be used
to interface the peripherals around an intelligent CRT termi-
nals: keyboards, display, and communication interface. An-
other application could be in a process controller to interface
sensors, relays, and motor controls. The limitation of the ap-
plication area for such a circuit is solely that of the designers
fnagination.

The /O structure shown interfaces to the 8080 CPU
using the bus architecture developed previously in this chap-
ter. Either lsalated or Memory Mapped technigues can be
used, depending on the system |/0 environment,

The 8251 provides a serial data communication inter-
face so that the system can transmit and receive data over
communicatian links such as telephone lines,
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Figure 3-13. 8257 Format.

The two (2} 8255s provide twenty four bits each of
programmable 1/0 data and control so that keyboards, sen-

sors, paper tape, etc., can be interfaced to the system.

The three 82125 can be used to drive long lines or LED
indicators due to their high drive capability. { 15mA]}

XY
L

8212 =1 SELECT
{ACTIVE HIGH]
212 * SELECT
TACTIVE HIGH]

8212 =3 SELECT
1ACTIVE HIGH!

(CETTEEE
}

0 — PORT A
01 —POATH
10 -PORT C
11 — COMMAND

PORT SELECT

9255 =1 SELECT

Figure 3-15. 8212 Format.

Addressing the structure is described in the formats il-
lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used s¢
that no decoders are required thus, each device has an ex-
clusive “enahle bit"”.

L

[ (ACTIVE LOW! The example shows how a powerful yet flexible 1/Q
1’:&1@&%’ structure can be created using a minimum cemponent count
with devices that are all members of the 8080 Microcomputer
System.
Figure 3-14. 8255 Format,
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Figure 3-16. Typical 1/O Interface.
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A computer, no matter how sophisticated, can only
do what it is “tald” to do. Ore “‘tells” the computer what
to do via a senes of coded instructions referred to as a Pro-
gram. The realm of the programmar s referred to as Saft-
ware, in contrast to the Hardware that comprises the actual
computer equipment, A computer’s software refers to all of
the programs that have been written for that computer.

When a computer is designed, the engineers provide
the Central Pracessing Unit (CPUL with the ability 1o per-
form a particular set of operations. The CPL is designed
such that a specific operation is performed when the CPU
control logic decodes a particular instruction, Canseguently,
the operations that can be performed by a CPL define the
computer’s Instruction Set.

Each computer instruction allows the programmer 1o
initiate the performance of a specific operation, All com-
puters implement certain arithmetic operations in their in-
struction set, such as an instruction to add the contents of
two registers. Often logical operations te.g., OR the con-
tents of two registers) and register gperate nstructions {e.g.,
increment a register) are included in the instruction set. A
computer’s instruction set will also have instructions that
mave data between registers, between a register and memory,
and between a register and an 1/0 device. Most instruction
sets also provide Conditignal Instructions. A& conditional
instruction specifies an operation to be performed only if
certain conditions have been met; for example, jump to 2
particular instruction if the result of the last operation was
zero. Conditional instructions provide a program with a
decision-mak ing capability.

By logicalty organizing 2 sequence of instructions into
a coherent program, the pregrammer can “‘tell” the com-
puter ta perform a very specific and useful function.

The computer, however, can only execute programs
whose instructions are in a binary coded form (i.e., a series
of s and 0'si, that is called Machine Code Because it
would be extremely cumbersome to program in machine
code, programming languages have been developed. There
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are programs available which convert the programming lan-
guage instructions into machine code that can be inter-
preted by the processor.

Cne type of programming language is Assembly Lan-
guage, A unigue assemnbly language mnemanic is assigned to
each of the computer’'s instructions, The programmer can
write @ program l{calied the Source Program} using these
mremonics and certain operands; the source program s
then converted into machine instructions (called the Object
Code]. Each assembly |anguage instruction is converted into
one machine code instruction (1 or mere bytes) by an
Assembler program. Assembly languages are usually ma-
chune dependent {i.e,, they are usualiy able to run on only
one type of computer).

THE 8080 INSTRUCTION SET

The BOBO instruction set includes five different types
of instructions:

« Data Transfer Group—move data between registers
or between memory and registers

« Arithmetic Group — add, subtract, increment or
decrement data in registers or in memory

e Logical Group — AND, OR, EXCLUSIVE-OR,
compare, rotate or complement data in registers
ar in memory

« Branch Group — conditional and unconditional
jump instructions, subroutine call instructions and
return instructions

« Stack, 1/D and Machine Control Group — includes
1/ instructions, as well as instructiens for main-
taining the stack and internal control flags,

Instruction and Data Formats:

Memory for the 8080 is organized into 8-bit quanti-
ties, called Bytes. Each byte has a unigue 16-bit binary
address corresponding to its sequential position in memory.



The 8080 can directly address up to 65 536 bytes of mem-
ory, which may consist of both read-only memory [ROM)
elements and random-access memory (RAM) elernents (read/
write memaory!.

Data in the BOBO is stored in the form of 8-bit binary
integers:
DATA WORD

T I
[»F Der05|D4|D3|D2rD1 Do
MS8 LSB

When a register or data word contains a binary num-
ber, it is necessary to establish the order in which the bits
of the number are written. In the (ntel 8080, BIT O is re-
ferred to as the Least Significant Bit (LSB), and BIT 7 {of
an 8 bit number} is referred to as the Most Significant Bit
(MS8).

The BOBO program instructions may be one, two or
three bytes in length. Muitiple byte instructions must be
stored in successive memory |ocations; the address of the
first byte is always used as the address of the instructions.
The exact instruction format wili depend on the particular
operation to be executed.

Single Byte {nstructions

|
lD;l b [ I [DglOpCode
Two-Byte Instructions
Byte One ’ D;I ] ! f f ! ! DQ‘OD Code
| | | | 1 [ [ Dat
Byte Two | Dy Dp | Wata or
Address
Three-Byte Instructions
Byte One |i? I ! ! ! J ! ! Dy l Op Code
Byte Two ‘ D?I { ! ! ! ! I Do‘ Data
or
Byte Three [ D+ I Dg—l Address

Addressing Modes:

Often the datz that is to be operated on is stored in
memory. When multi-byte numeric data is used, the data,
like instructions, is stored in successive memory locations,
with the least significant byte first, followed by increasingly
significant bytes. The 8080 has four gdifferent modes for
addressing data stored in memory of in registers:

® Direct —Bytes 2 and 3 of the instruction contain
the exact memory address of the data
itemn {the low-order bits of the address are
in byte 2, the high-order bits in byte J).

® Register — The instruction specifies the register or
register-pair in which the data is located,

® Register indirect — The instruction specifies a reg-
ister-pair  which contains the memaory

4.2

address where the data is located (the
high-order bits of the address are in the
first register of the pair, the low-order
hits in the secand}.

® |mmediate — The instruction contains the data it-
self. This is either an 8-bit quantity or a
16-bit quantity {ieast significant byte first,
mast significant byte second).

Unless directed by an interrupt or branch instruction,
the execution of instructions proceeds through consecu-
tively increasing rmemory locations. A branch instruction
can specify the aodress of the next instruction to be exe-
cuted in one of Two ways:

® Direct — The branch instruction contains the ad-
dress of the next instruction to be exe-
cuted. {Except for the '‘RST’ instruction,
byte 2 contains the low-order address and
byte 3 the high-order address.)

indirect — The hranch instruction indi-
cates a register-pair which contains the
gddress of the next instruction to be exe-
cuted. (The high-order bits of the address
are in the first register of the pair, the
low-arder bits in the second.]

& Register

The RST instruction is a special one-byte call instruc-
tion {usually used during interrupt sequences). RST in-
cludes a three-bit field; program control is transferred to
the nstruction whose address is eight times the contents
af this three-bit field,

Condition Flags:

There are tive condition flags associated with the exe-
cution of instructions on the BOBO. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry, and are esch represented
by & 1-bit register i the CPU. A flag is “'set’’ by forcing the
bit 10 1; “reset” by forcing the bit to Q.

Unless indicated otherwise, when an instruction af-
fects 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

FESEL.

Sign: If the most significant bit of the result of
the operation has the vaiue 1, this flag is

set; otherwise it is reset.

If tha madulo 2 sum of the hits of the re-
sult of the operation is 0, {i.e., if the
result has even parity), this flag is set;
otherwise it is reset {i.e., if the result has
odd parity).

Parity:

Carry: If the instruction resulted in a carry
(from addition), or a borrow (from sub-
traction or a comparison) aut of the high-
order bit, this ftag is set; otherwise it is

rasat,



Auxiliary Carry: If the instructian caused a carry cut
of bit 3 and into bit 4 of the resulting
value, the auxiliary carry is set; otherwise
it is reset. This fiag is affected by single
pracision additions, subtractions, incre-
ments, decrements, comparisons, and log-
ital operations, put is principally used
with additions and increments preceding
a DAA (Decimal Adjust Accumuiator)
instruction,

Symbols and Abhreviations:
The following symbols and abbreviations are used in
the subsequent descniption of the 8080 instructions:

SYMBOLS  MEANING

accumulator  Register A

addr 16-bit address quantity
data 8-bit data quantity
data 16 16-bit data quantity
byte 2 The second byte of the instruction
byte 3 The third byte of the instruction
port 8-bit address of an 1/ device
relr2 One of the registers A B C.DEH L
DDD,S8S The bit pattern designating cne of the regis-
ters A,B,.C.D.EH L {(DDD=dastination, 555=
source):
DDO or §55§ REGISTER NAME
1 A
000 B
am c
010 bl
a1 E
160 H
101 L
p One of the register pairs:

B represents the 8,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.
RP The bit pattern designating one of the regis-
ter pairs B,0,H 5P
RP REGISTER PAIR
00 B-C
9] D-E
10 H-L
1 SP

a3

rh

rl

PC

SP

m

Tha first (high-order) register of a designated
register pair,

The second (low-order} register of a desig-
nated register pair.

16-bit program counter register {PCH and
PCL are used to refer to the high-order and
low-order 8 bits respectively].

16-bit stack pointer register (SPH and SPL
are used to refer to the high-orger and low-
order 8 bits respectivelyl.

Bit m of the register r (bits are number 7
thraugh O from left to right].

Z 5P CY AC The condition flags:

3|¢*i+<{>1

NN

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

The contents of the memory location or reg-
isters enciosed in the parentheses.

13 transferred to”

Logical AND

Exciusive OR

Inclusive OR

Addition

Twa's complement subtraction
Multiplication

"{s exchanged with"”

The one's complement (e.g., (A}}
The restart number O through 7

The binary representation $00 through 111
for restart number 0 through 7 respectively.

Description Format:

The following pages provide a detailed description of
the instruction set of the BOBD, Each instruction is de-
scribad in the following manner:

1.

The MAC 80 assembler format, consisting of
the instruction mnemeonic and operand fields, is
printad in BOLDFACE on the left side of the first
lina,

. The name of the instruction is enclosed in paren-

thesis on the right side of the first line.

. The next line{s) contain a symbelic description

of the operation of the instruction.

. This is followed by a narative description of the

gperation of the instruction.

. The following line{s}) contain the binary fields and

patterns that comprise the machine instruction.



&, The last four lines contain incidental information
about the execution of the instruction. The num-
ber of machine cycles and states required to exe-
cute the instruction are listed first, If the instruc-
tian has two possible execution times, as in a
Conditional Jump, beth times will be listed, sep-
arated by a slash. Next, any significant data ag-
dressing modes {see Page 4-2) are listed. The last
line lists any of the five Flags that are affected by
the execution of the instruction,

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 ¢1, 12
{r1} =— (r2}

{Move Register)

The content of register r2 is moved 10 register r].

Cycles: 1
States: 5
Addressing:  register

Flags: none

MOV r, M
{rh =— ({H] {L}}

{Move from memory)

The content of the memory |ocation, whose address
i5 in registers H and L, is moved to register r.

10'1!0‘0[0 1y g

Cycies: 2
States: 7
Addressing:  req.indirect
Flags: none

MOV M, r
{TH} (L)) =— (r)

The content of register r is moved to the memory lo-

{Move to memory)

cation whose address is in registers H and L.

uI1ITI1I

o ls' s 5|

MWV r, data
{r} —=-— {hyte 2}

{Move Immediate)

The content of byte 2 of the instruction is moved to

reqgister r,

OJUJle

data
Cyeles: 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 instructian is moved to
the memory location whose address is in registers H

and L.
DIG|1[1]0]1|1JG
data
Cycles: 3
States: 10
Addressing:  immed ./reg. indirect

Flags: none

LX!t rp, data 16 {Load register pair immediate)
{rh) =— {byte 3},
frl} =+— ibyte 2}
Byte 3 of the instruction is maved into the high-order
register (rh) of the register pair rp. Byte 2 of the in-
struction is moved into the low-crder register {rl) of
the register pair rp.

010 FIIP D[O

low-order data

high-order data

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

44

Cycles: 3
States: 10
Addressing:  immediate
Flags: none



LOA addr

{Load Accumulator direct)

{Al =— ({byte 3iibyte 21)

The content of the memory location, whose address
is specified in byte 2 and byte 3 of the instruction, is
maved to register A,

SHLD addr

IStore H and L direct}

({byte 3)(byte 21} =— {L)

{(byte 3)ibyte 2) + 1) =— (H]

The content of register L is moved to the memory lo-
cation whose address is specified in byte 2 and byte
3. The content of register H is moved to the succeed-
ing memaory location.

0'0[11—0]010[1]0
{ow-order addr
high-order addr
Cycles: B
States: 16

Addressing:  direct
Flags: none
LOAX rp {Load accumulator indirect)
(A} =— {irp]}

o To 1 T3 Ty gty Ty

|ow-order addr
high-order addr
Cycles: 4
States: 13

Addressing:  direct
Flags: nane

STA sddr (Store Accumulater direct)

[{byte 3){byte 2]] -+~— (Al
The content of the accurulator is moved to the
memory location whose address i5 specified in byte

The content of the memory location, whaose address
is in the register pair rp, is moved to register A, Note:
only register pairs rp=8 (registers B and C) or rp=D
(registers [ and E) may be specified.

2 and byte 3 of the instruction.

o oIy Ty

|ow-order addr

high-order addr

[OIOIRIF‘?IOl‘][O
Cyecles: 2
States: 7
Addressing:  reg, indirect
Flags: none
STAX rp {Store accumulator indirect)

{irp}} ~— (A}

LHLD addr

Cycles: 4
States: 13
Addressing:  direct
Fiags: none

{Load H and L direct)

{L) «+— {{byte J}{byte 2]}

{H} -— ({byte 3)(byts 2} + 1}

The content of the memory lacation, whose address
is specified in byte 2 and byte 3 of the instruction, is
moved to register L. The content of the memary loca-
tion at the succeeding address is moved to register H,

i 1 I i |

0011101010

fow-order addr

high-order addr

Cycles: 6

The gontent of register A is mowved to the memory |o-
cation whose address is in the register pair rp, Note:
only register pairs rp=8 (registers B and C) or rp=D
{registers D and E) may tie specified,

ololalrlolal1To
Cycles: 2
States: 7
Addressing:  req. indirect
Flags: nane

XCHG {Exchange H and L with D and E}
{H} =—= (D}
(L} =—={E)
The contents of registers H and L are exchanged with
the cantents of registers @ and E.

! |

Iy

States:
Addressing:
Flags:

16
direct
none

1 1 0
Cycles: 1
States: 4
Addressing:  register
Flags: none



Arithmetic Group:

This grous of instructions performs arithmetic oper-
ations on data :n registers and memory.

Unless indicated otherwise, all instructions in this
group affect the Zero, Sign, Parity, Carry, and Auxiliary
Carry flags according to the standard rules.

All subtraction operations are performed via two's

comptement arithmetic and set the carry flag to one to in-
dicate a borrow and clear it ta indicate no borrow,

ADDr {Add Register)
{A} =— 1A} + (1)
The content of register r is added to the content of the
accumulator. The result is placed in the accumulator,

[ I

o |

ADC r (Add Register with carry)
{A} =— (A} +{r] +{CY)
The content of register r and the content of the carry
bit are added to the content of the accumulator. The
result is placed in the accumulator.

1ol oo
Cycles: 1
States: 4
Addressing:  register
Flags: Z2.5PCY.AC
ADC M {Add memory with carry)

{A) =— {A}+ {{H) {L}} + (CY)

The content of the memory lacation whose address is
containgd in the H and L registers and the content of
the CY flag are added to the accumulator, The result
15 placed in the accumuliator.

1 0 a 0 s sl ]
Cycles: 1 )
States: 4
Addressing:  register
Flags: Z5SP,CY AC

ADDM IAdd memory)
(A} w— iA;+ ((H) (L))
The content of the memary location whose address
is contained in the H and L registers is added to the
cantent of the accumulator, The result is placed in

[ 1 ToTo
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.CY,AC
ACI data {Add immediate with carry)

{A] = (A} + {byte 2} +{CY)
The content of the second byte of the instruction and
the content of the CY flag are added to the contents

the accumulator,

of the accumulator.
accumulataor,

The result

is placeg in the

170 ol ol o 7 T ¢ o—l
Cycles: 2
States: 7
Addressing.  reg. indirect
Flags: Z.SPCY.AC
ADI data {Add imrmediate)

{A) =— (A} + (byte 2}

The content of the second byte of the instruction is
added to the content of the accumulator. The result
is placed w1 the accumulatar,

1[T[OIO|1iTi1|0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2Z,8P,CY.AC
suBr {Subtract Register)

(A -— (A} = {r)

The content of register r is subtracted from the con-
tent of the accumnulator., The result is placed in the
accumulator.

l1'u'o‘1‘o s ' ' g

AT o T T T T T,
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: ZSP.CY,AC

Cycles: 1
States: 4
Addressing.  register
Flags: Z.5.P.CY.AC



SUB M

[Subtract memory)

LAl -— (A} —{[H} L}

The content of the memory location whose address is
cantained in the H and L registers is subtracted from
the content of the accumulator. The result is placed
in the accumulator.

1 ToToly oty byly
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5P.CYAC
SUI data {Subtract immediate}

{A} =-— (A} —(byte 2)

The content of the second byte of the instruction is
subtracted from the content of the accumulator. The
result is placed in the aecumulator.

1y T To Ty T T hy Ty
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 25PCYAC

SBBr

{Subtract Register with borrow!
LA} =— (A} — (r} — {CY}
The content of register r and the content of the CY
flag are both subtracted from the accumulator. The
result is placed in the accumulator.

SBI data {Subtract immediate with borrow)
1A} =— [A} —lbyte 21 — {CY]
The contents of the second byte of the instruction
and the contents of the CY flag are beth subtracted
from the accumulatar, The result is placed in the
accumuiator,

(T T T Ty Ty tyty
data
Cycles: 2
States: 7
Addressing.  immediate
Flags: Z.5P.CY.AC
INR r {Ingrement Register)

{r] —=— {r) +1
The content of register r is incremented by one,
Note: All condition flags excapt CY are affected.

ololo ool 1Ta'o0|
Cycles: 1
States: 5
Addressing:  register
Flags: Z.3PAC

INR M {ingrement mamory)
{{H) (LY - {{HY (L1} +1
The content of the memary location whose address
is containea in the H and L registers is incremented
by one. Mote: All condition flags except CY are

L1|O]01111 Sls[SJ
Cycles: 1
States: 4
Addressing.  register
Flags: 2Z5P,CY.AC

SBE M

{Subtract memaory with borrow)

{A) =— (A}l — [tH) (L)) — (CY)

affected.
|010l1l1lol1|
Cycles: 3
States: 10
Addressing:  req. indirect
Flags: Z.5PAC

DCRr

The content of the memory location whose address is
contained in the H and L registers and the content of
the CY flag are both subtracted from the accumula-

ter. The result is placed in the accumulator.

DI o !

0'1|1|1!1I0J

Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z5P,CY AC

47

{Decrement Reqister|

{r) =— {1} =1

The content of register r is decremented by one.
Note: All condition flags except CY are affected.

]GIOIDED]D|110|1
Cycles: 1
States: B
Addressing:  register
Flags: 2Z.5PAC



DCR M {Decrement memary)
{(HE (Lt =— {IH} (L} =1
The content of the memory location whose address is
contained in the H and L registers is decremented by
ane, Note: All condition fiags except CY are affected,

0|0|1i1

o U1 Tg T

Cyclas: 3
States: 10
Addressing:  req. indirect
Flags: Z.S.PAC

INX rp
irh} (ri} -—

[Increment registar pair}
{rh) {ri} + 1

The content of the register pair rp is incremented by
one. Note: No condition flags are affected,

{o'o R ' p

0‘0'1'1—‘

Cycles: 1
States: &
Addressing:  register

Ffags: none

DCX rp

{Decrement register pair)
trh} {rth —— {rh} irl) — 1

The content of the register pair rp is decremented by
one, Note: No condition flags are affected.

|oiu]n]r’

1'0’1'1—|

Cycles: 1
States: &
Addressing:  register

Flags: mone

DAD rp

tAdd register pair to H and L)

{HI (L) =— (H){L} + {rh) (1}

The content of the register pair rp is added to the
content of the register pair H and L. The result is
placed un the register pair H and L. Note: Only the
CY flag is affected. It is set if there is a carry out of
the doutle precision add; otherwise it 1s resat,

DAA {Decimal Adjust Accumulator)
The eight-bit number in the accumulator 15 adjusted
to form two four-bit Binary-Coded-Decimal digits by

the following process:

1. If the value of the least signiticant 4 bits of the
accumulator is greater than @ or if the AC flag
is set, § is added to the accumulator,

2. If the value of the most significant 4 bits of the
accumulator is now greater than 9, or if the CY
flag is set, 6 is added to the most significant 4
bits of the accumulator,

NQTE: All flags are affected.

[olo i Tolol T T,

Cycles: 1
States: 4
Flags: Z,SPCY.AC

Logical Group:

This group of instructions performs logical {Booiean)
operations on data in registers and memory and on condi-
tion flags.

Unless indicated otherwise, all instructions in this
aroup affect the Zero, Sign, Parity, Auxiliary Carry, and
Carry flags according to the standard rules,

ANA r {AND Register]
{A) - (A} Adlr)
The content of register.r is logically anded with the
content of the accurmulator, The resuit s placed in
the accitmuiator. The CY flag is cieared.

|1|0[T]UIOJSIS|S
Cycles: 1
States: 4
Addressing:  register
Flags: Z.5.P.CY AC

ANA M {AND memary)
(A} w— (A A{{H) (L)}
The contents of the memory |location whose address
is contained in the H and L registers is logically anded
with the content of the accumulator. The result is

ptaced in the accumulator. The CY flag is cleared.

LO[D[HIP‘1[OIOI11

|!|011'0]011r1|0

Cyclas: 3
States: 10
Addressing:  register

Flags: CY

4-8

Cytles: 2
States: 7
Addressing:  reg. indirect
Flags: Z,5,PCY.AC



AN data tAND immediate)
IA) -— 1AM yte 2)
The content of the second byte of the instruction s
logicaiiy andea with the contents of the accumulator.
The result 15 placed i the accumulator. The CY and
AC flags are cleared.

T
1'111![)'0'1'1'0
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,5P.CY AC
XRA ¢ {Exclusive DR Register)

(Al =— (Al (1

The content of regster v is exclusive-or'd with the
content of the accumulater. The rasuit is plaged .o
the accumulator. The CY and AC flags are cleared.

L1|0|1’0i1sis[s}
Cycles: 1
States: 4
Addressing:  register
Flags: Z.3P.CY.AC

XRA M iExclusive O Memory]
[A] -— (A&} 7 {HPIL]
The content of the memory location whose aodrass
is contained in the H and L registers is exclusive-GR d
with the content of the accumulator. The result s
placed 1n the accumulator. The €Y and AC flags are

cleared.
L1!e|1|0]111|1:0
Cycles: 2
States: 7
Addressing:  reg, incirect
Flags. Z2.5P.CY.AC
XA data [Exclusive OR immediatet

(A) =— (A} F {byte 2]

The content of the second byte of the instruction 5
exclustve-OR'd with the content of the accumulatar.
The result 1s placed in the accumulatar. The OY and
AL flags are cleared.

1[111]0]IIF|1]0
data
Cyclas: 2
States: 7
Addressing:  immediate
Flags: 2Z,5P.CY. AC

QRAr

43

[OR Register}

(A -— {A) Vi)

The content of register r is inclusive-OR'd with the
content of the accumulator, The result is placed in
the accumulator. The CY and AC flags are cleared.

1 To Ty T4 1y s's*sJ
Cycles: 1
States: 4
Addressing:  reguster
Flags: ZS.P.CY.AC

ORA M [OR memary)

TAY = (&} V ({H) (L))

The content of the memary location whose address is
contained i the H and L registers is inclusive-OR'd
with the content of the accurmulator. The result is
placed in the accumulator. The CY and AC flags are

cleared.
‘IED|T|1]_0[111]OJ
Cyeles: 2
States: 7
Addressing:  reg.indirect
Flags: £.5PCY AC
ORI data [OR Immediate}
(A +— (A1 (byte 2}

The cantent at the second byte of the instruction is
inclugive OR'd with the content of the accumulator.
The result is placed in the accumulator. The CY and
AC flags are cleared.

dita

Cycles:
States:
Addressing:
Flags:

2

7

immediate
Z,5F.CY AL

CMPr {Compare Register}

(A — (r}

The content of register 1 is subtracted from the ac-
cumulator. The accurmulator remains unchanged, The
condition flags are set as a result of the subtraction.

The Z flagis set ta 1if {A} = {r}, The CY flag is sot to

Tif (A<D ().
1 ! 0 E 1 ! 1 ! 1 S f S ! 5
Cyeles: 1
States: 4
Addressing:  register
Flags: 2Z2.S5P.CY.AC



CMP M

{Compare memory|

{Ay = {{H} (LD

The content af the memory location whose address
is contained in the H and L registers is subtracted
from the accurnulator, The accumulater remains un-
changed, The condition flags are set as & rasult of tha
subtraction. The 2 flag is set to 1 if (A} = {H} {L]).
The CY flag is set to 1 if {A) < {{(H) {L}).

L11011f1'1]1'1TT]

CPl data

Cycles: 2
States: 7
Addressing:  reg. indirect

Flags: Z58PCY AC

(Compare immediate)

(Al — (byte 2)

The content of the second byta of the instruction is
subtracted from the accumulator. The condition flags
are set by the result of the subtraction. The Z flag is
sst 1o 1 if (A) = (byte 2), The CY flag is set to 1 if
(A} < {byte 2),

RLC

1o D T T T T,
data
Cycies: 2
States: 7
Addressing:  immediate

Flags: ZS.P.CY AC

{Rotate left)
{Ant1) e (An) ({Ag —=— (A}
CY) -— (Aq)
The content of the accurnulator is rotated left one
peosition, The low order bit and the CY flag are both
set to the value shifted out of the high order bit posi-
tion. Only the CY flag is affected,

0'0'0’0“}'1'1'11

Cycles: 1
States: 4
Flags: QY

{Rotate right)
(Ap) =— TAn.1)} . A7) -— (Ag)
[CY]) =— {Ag}
The content af the accumulator is rotated right ane
position, The high order bit and the CY flag are both
set to the value shifted out of the low order bit posi-
tion, Qnly the CY flag is affected.

F010[0I1I1F1I1
Cyeles: 1
States: 4
Flags: CY

{Rotate left through carry)

(Ane1l  +— (AL {CY} = (A7)

(Ag) =— (C¥}

The content of the accumulator is rotated left one
position through the CY flag. The low order bit is set
equal to the CY flag and the CY flag is set to the
valug shifted out of the high order bit. Only the CY
flag is affected.

o' oo T To Ty 77 1T,

Cycles: 1
States: 4
Flags: CY

{Rotate right through carry)
(AL *+— {aneq); (CY) = (Agl
tAq) =— 1Y)
The content of the accumulator is rotated right one
position through the CY flag. The high order bit is set
te the CY flag and the CY flag is set to the value
shifted out of the low order bit. Only the CY fiag is
affected.

0 0 0 1 1 1 1 1
Cycles: 1
States: 4
Flags: CY

{Comptement accumulater}
(A} = (A)
The contents of the accumuiator are complemented
(zero bits become 1, one bits become 0). No flags are
affacted.

{ 1] i 0 1 1 i o] 1 1 1 1
Cycies: 1
States: 4

Flags: none



cMC {Compiement carr /1
[CY] = (CY!
The CY flag s compiemented. No other flags are
affected.
D|0|1[1'1r1]1|1
Cycles: 1
States: 4
Flags: CY
STC [Set carry!
ICY)] =— 1

The C¥Y fiag 15 set to 1. No other flags are affected.

Cycles: 1
States: 4
Flags: C¥Y

Branch Group:

This group of instructions alter normal sequential
program flow.

Condition flags are not affected by any instruction
in this group,

The two types of brarch imstructions are uncondi-
tional and conditional, Wnconditional transfers simply per-
form the specifiea operation on register PG {the program
counter). Conditional transfers examine the status of ane of
the four processor flags to determine if the specified branch
is to be executed. The conditions that may be specified are
as follows:

CONDITION cCC
NZ — notzerp(Z=0O 000
Z - zerolZ=1) oo
NC - nocarry [CY = (0 010
C —carry ICY =11 011
PO - pantyodd (F=0) 100
PE — parity even (P = 1} 101
P — plus(5=0) 110
M — minus (5= 1} 111
JMP addr {Jump)

{PC} =— {byte 3} (byte 2}
Control is transferred 1o the instruction whose ad-

411

dress is specified in byte 3 and byte 2 of the current

instruction,
1|1|0]D|0[0|1]1

{ow-grder addr

high-grder addr

Cycles: 3

States: 10

Addressing:  immediate
Flags: none

Jeondition addr
If {CCC).
[PC) =— thyte 3) (byte 2}
If the épecified condition is true, control s trans-
ferred 1o the instruction whose address is specified in
tyte 3 and byte 2 of the current instruction; other-
wise, control continues sequentially.

{Conditional jump}

1 ! 1 C ! C ! c 0 ! 1 I 0

low-order addr
high-prder addr
Cycles: 3

States: 10

Addressing:  immediate
Flags:  none
CALL addr 1Cally

{1SP} — 1) -— {PCH}

{{SP} — 2) =— {PCL!}

{SF) =— (SP} -2

{PC} =~— (hyte 3} (hyte 2}

The high-grder might bits of the next instruction ad-
dress are moved to the memory location whaose
address is one less than the content of register SP.
The low-orger sight bits of the next instruction ad
dress are moved to the memory locatron whose
address is two less than the content of register SP.
The content of register SP is decremented by 2. Con-
trol is tramsferred to the instruction whose address is

specified in byte 3 and byte 2 of the current
instruction,
T 1 T To T T TgTy
low-ordar addr
high-order addr
Cycles: B
States: 17
Addressing:  immediate/reg. indirect
Flags: none



Ceondition addr {Condition call}
If ([CCCy,

[SP) — 1) =— (PCH)

(5P — 2} ~— (PCL)

{SP} «— (5PF) -2

[PC} =— ibyte 3) {byte 2
If the specified condition is true, the actions specitied
in the CALL mstruction {see above) are performed;
otherwise, control continues sequentially.

p oy clcle R
low-order addr
high-arder addr
Cycles: 35
States: 11117
Addressing: immediate/reg. indirect
Flags: none
RET iReturn}

{PCL] -— {{8P});
[PCHY =— ({SP] + 1);
(SP) ~— (5P} +2;

The vontent of the memary location whose address
is specified in register SP 15 moved to the lgw-arder
eight oits of register PC. The content of the memory
lacation whnose address 15 one more than the content
of register 5P is moved 1o the high-order ewgnt bits of
register PC, The content of register SP s ircrementer]

by 2.
1’1I0|0]1|0|ui1w
Cyctes: 3
States: 10
Addressing:  reg, indirect
Flags: none
Recondition {Conditional return)
1f ({CCC)
{PCLY =— {{SP})

{PCH) =— ISP + 1)

(SF) =— [5P) +2

I the specified condition is true, the actions soecified
in the RET instruction {see abowve} are performed;
otherwise, control continues seguentially.

Pl e T el o‘o'o]
Cyeles: 173
States:  5/11
Addressing:  reg, indirect
Flags: none

RSTn

{Restart)

{{SP} — 1} ~=— {PCH]}

{(SP}) — 2} =— (PCL)

{SP) =— [SP) ~ 2

{PC) =— 8~ {NNN)

The high-order eight bits of the next instruction ad-
dress are moved 1o the memory location whose
address is one tess than the content of register SP,
The low-grder eight bits of the next instruction ad-
dress are maoved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by two.
Contred s transferred 1o the instruction whose ad-
dress 1s eight times the content of NNN,

J 1 [ 1 | N ! N N 1 1 1
Cycles: 3
States: 11
Addressing:  reg. indirect
Flags: none

1514131211109 8 7 6 5 4 3 2 10

|olofojo[ojolofafa]o]N win]olo]0]

Program Counter After Restart

PCHL tJump H and L indirect — mave H and L 10 PC)
{PCH] ~— {H]
{PCLY =— L)

The content of register H is moveo to the high-arder
eight bits of register PC, The content of register L is
maved to the low-order eight hits of register PC,

1I1|OI1IU|DT1-‘

Cycles: 1
States: 5§
Addressing:  register

Flags: nane



Stack, 1/0, and Machine Control Group:

This group of instructions performs /0, manipulates
the Stack, and ziters internal control flags.

Unless otherwise specified, condition flags are not
affacted by any instructions in this group.

PUSH rp tPush)

18P} = 1} ~— [rhi}

{{SP} — 2} =— irl]

{SP} =— (SP) - 2

The cantent of the hugh-arder register of register pair
rpis moved to the memory location whose addrass is
ong less than the content of register SP. The contant
of the low-order register of ragister pair rp is moved
to the memory locauen whose address is two less
than the content of register 5P, The content of reg.
ister SP is decremented by 2. Note: Register pair
rp = SP may not be specified.

[1IIRJP D[1|G|1|

Cycles:- 3
States: 11
Addressing:  reg. ndirect
Flags: none

PUSH PSW 1Push processor status word)
{{SP} = 1] =— (A}
{{SP} —2)g =— (CY} ((SP} = 21 =— 1
{(SP} — 21 =— (P], [{BP1 — 2] =— O
(5P — 2lg =— (AC) [(SF) - 2ig =— O
{{SP) = 21 =— (2}, USSP — 217 =— (5

(5P} =— (5P} -2

The content of register A is moved to the memaory
location whose address is one less than register 5P,
The contents of the condition flags are assembied
into a8 processer status ward and the ward is moved
to the memory location whose address is two less
than the contert of register SP. The content of reg-
ister 5P is decremented by two,

Cycles: 23
States: 11
Acdressing:  reg. indirect
Flags: none

FLAG WORD

Dy [DFY I Dy D3 04 a2} Cg

e lolelo o[ To]

POP rp (Pop)

trl} =— {{5P}}

trhj —— {{SP} + 1}

{SP) =— (5Pt +2

The content of the memory location, whose address
is specified by the content of register 5P, is moved to
the low-order register of register pair rp, The content
of the memary location, whose address is one more
than the content of register SP, is moved to the high-
order register of register pair g, The content of reg-
ister SP is incremented by 2. Note: Register pair
rp = SP may not be specified.

[+ T Jrlefolo o’y
Cyeles: 2
States: 10

Addressing:  reg. indirect
Flags: none

POP PSW {Pop progessor status word)

{CY) ~— (iSPYg

{P) ~— ({SP))5

{AC) =— {{SP}}y

{2} =— {{5P)lg

{S} =— USPiy

{A} = (ISP} + 1)

(5P} —=— {5P) +2

The content of the memory location whose address
is specified by the content of register 3P is used to
restore the condition flags, The content of the mem-
ory location whose address 15 one more than the
content of register SP is moved to register A. The
content of register 3P is incremented by 2.

[1[1|1f1[0|0[0'1

Cycles: 3
States: 10
Addressing:  reg, indirect
Flags: Z.5PCY AC



XTHL 1Exchange stack top with H and L)

(L] -=—= {{SP}]

{HI == {{SP)+ M)

The content of the L register is exchanged with the
content of the memary location whose address is
specified by the content of register SP. The content
of the H register is exchanged with the content of the
memary lacation whose address is one more than the
content of register SP,

! I i j

E§ {Enable interrupts}

Tha interrupt system is enabled following the execu-
tion of the next instruction.

I T—[ 1 | 1 I i ! 1 ! 4] I 1 [ 1
Cycles: 1
States: 4

Flags: none

a1} [Disable interrupts)

The interrupt system is disabled immediately fol-
lowing the execution of the DI instruction,

[1‘1[1|1Io‘011[1j

1Pt T Ty T Ty Ty ]
Cycles: 5§
States: 18
Addressing:  reg. indirect
Flags: norne
SPHL {Mave HL to 5P}

{SP} ~— (H) (L)
The contents of registers H and L {16 bits} are moved
to register SP,

1[1I1T?]110|0|1—‘
Cycles: 1 L]
States: 5
Addressing:  register
Flags: none
IN port {Input)
{A] «+— (data}

The data placed on the eight bit bi-directional data
bus by the specified port is maved to register A,

T
111'0'1f110]1'1
port
Cycles: 3
States: 10
Addressing:  direct
Flags: none
QUT port {Output}

{data) =— (A}

The content of register A is placed on the eight hit
ti-directional data bus for transmission ta the spec-

Cycles: 1
States: 4
Flags: none

HLT [Halt}

The processor is stopped. The registers and flags are

unaffected.

Lo]1l1]1lo|1[1[0

Cycles: 1
Statas: 7
Flags: none

NOP {Ne op!

No operation is performed. The registers and flags

are unaffected.

Cyeles: 1
States: 4
Flags: none

ified port,
1y T Ty g T T T
port
Cycles: 3
States: 10
Addressing:  direct

Flags:

nane
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P .uTm an postive LI N R | | INX H vrremend H B L regsters [ R I L]
M ~uTig AN minug 1 1T 1 a1 oan 1 INX 5P TrETRMErY $18Ch pRInIE L | A ' H
PE Jumg an panity even L I R R | il CCx 8 Gecrement B & £ [/ R R B S 5
] LumD On pariy add LI 1T a0 o1 oan i pex Decremery [P & E | VR | R B - H
CALL Cal ureondiiegna 1 0 0o 1oaq 17 OCXH Deprement H& L o0 o+ 3 oroa 5
ce Catlan carry L ni ock Sp Decrement s1ack poinsrar [N/ R T R 5
CNE Calonng tasy L Wt LYA Curcglamant & g9 0 L 4
[} Cail an rerp [ T TR T T na 51g Bt Garry [ I S IR 4
CNE Catannan zerg I 10 o 0o 1 ¢ o LMe Complement tarty L/ B I B 4
o Cail am pasar LI S T I e CAA Decimur adiust A a0 v o [ 4
oM Can an minus v | 1 1 v 0o 111 SHLD Sipre # & L direct q 4 Tz g 1z 18
CPE Ca'l on parity even o 10 1 1 6o o0 1 MLD Load H & L direct a1 N LI 131
<Fa Cail on parity agd I R T I T 17 Ei Enable Intxreupty L [ 4
RET Aeiyen LN T R N O N [Ii] m [l abie mereup | T T [ 4
RC Reluin ar carry 11 n1 1t 0 000 5110 NOF Nu-apiratign 80 g b i
ANC Qelun an na eary LA T R A 811
NOTES. t. DOD o 555 - DO0B OO0t C - 0tOD - 011 E

100 KM -- 107 L - 110 Memory — 131 A,

2. Two posuble cyecie times, [5411] indicate instiruehien cycles dependent an condaion Hags.
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CPU Group
8224 Clock Generatar
8228 System Controdler . .. ..., ... .. ... .. ...
B0B0OA Central Processor .. ... . v vnneeen..
8080A-1 Central Processor {1.3us|
BOBOA-2 Central Processor (1.Bus) ... ., ... v a..
MBDS0A Central Processor (55" to +125°C)

ROM;
8702A Erasable PROM {266 x8) . ................
8708/8704 Ergsable PROM 1K = 8}
8302 Mask ROM {256 x 8)
830BMask ROMIK x 8) .. ... ... ... ... .....
8318A Mask ROM (2K x B)

RAM:s

8101-2 Static RAM 256 x 4)
8111.2 Static RAM (266 x 4}
8102:2Statc RAM (YK x 10 . ... ... ... ... .. ....
8102A4 Static RAM{TK x 1) .. ... .. ... ... .. ...,
B1078-4 Dynamic RAM {4K x 1}

5101 Static CMOS RAM {256 x 4)
8210 Oynamic RAM Driver . . .. ., ... ... ... .....
8222 Dynamic RAM Refresh Controller

fiv]
B2128Bit1/OPort . ... ...
8265 Programmable Peripheral interface . ...........
8251 Programmable Communication Interface

Paripherals
82050ne of EightDecoder . ... ........ .. .o, ...
8214 Priority Interrupt Control Unit .. .. .. ... .....
8216/8226 4-Bit Bi-Directional Bus Driver

Coming Soon
8253 Programmable interval Timer . ... . ... ........
8257 Programmable DMA Controller . . ... ... . .. ...
8259 Programmahle Interrupt Controlier
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