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SECTION 1

HARDWARE OVERVIEW

The Micru-Mikko system has three major

and a keyboard. In addition a various

Control unit.

elements; a Control Unit, a Display unit

types of printers can be attached to the

The Csntrol Unit is the heart of your Micro-Mikko-system. The Control Unit houses

the microprocessor, Read-Only-Memory, Read/Write Memory, Power Supply as well

as interfaces for standard peripherals and a eommunieation line. One or two 5-Llttu

Diskette Drives can also be mounted in the Control Unit providing 150 kB or 120

kB storage each.

The Controller Board is a large board fitted horizontally in the base of the Control

Unit and includes microprocessor, /+ kB ROM, 64 kB RAM'and interface circuits

to the Display unit, keyboard, Diskette drives, eommunication line and.the.peripheral

line.

]. - :'..

The Control Unit power system operates at 110, l2O, 220, ?40 V + 10 %.

Frequency is 50 hz + L hz. Power consumption is 1{+0 VA. Power outiet should

be eonneeted to earthsocket.

The keyboard is attaehed to the Control Unit with a light-weight cable. The slim

lowprofile keyboard features 83 keys, and offers commonly used data and word

proeessing functions in a design combining the familiar typewriter and ealeulator

pad layoub"

The Micro-Mikko Display unit is a high resolution green phosphor display offerlng

the user quality usually found on larger and more expensive eomputer systems.

The display features a l?'t non refleeting screen. The screen displdys 24 lines

of 80 characters and an additional 25th line for system information. It supports

95 Seandinavian ASCI characters and in addition 16 speeial characters in Speeial

Character Mode. Standard graphic is built up of 160*48 dots and this graphic

can be used with special eharacters and normal character set. High resolution

graphic supports 160*72 dots with limited character set. As an option variable

types of other characters sets are also supported.

I1
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>•

HARDWARE OVERVIEW

The Micro-Mikko system has three major elements; a Control Unit, a Display unit

and a keyboard. In addition a various types of printers can be attached to the

Control unit.

The Control Unit is the heart of  your Micro-Mikko system. The Control Unit houses

the microprocessor, Read-Only-Memory, Read/Write Memory, Power Supply as well

as interfaces for standard peripherals and a communication line. One or two 5-1/4"

Diskette Drives can also be mounted in the Control Unit providing 160 kB or 320

kB storage each.

The Controller Board is a large board f i t ted horizontally in the base of the Control

Un i t  and includes microprocessor, 4 kB ROM, 64 kB RAM and interface circuits

to the Display unit, keyboard, Diskette drives, communication line and the peripheral

line.

The Con t ro l  Unit power system operates at  110, 120, 220, 240 V + 10 %.

Frequency is 50 hz + 1 hz. Power consumption is 140 VA. Power outlet should

be connected to earthsocket.

The keyboard is attached to the Control Unit with a light-weight cable. The slim

lowpro f i l e  keyboard features 83 keys, and offers commonly used data and word

processing functions in a design combining the familiar typewriter and calculator

pad layouts.

The Micro-Mikko Display unit is a high resolution green phosphor display offering

the user quality usually found on larger and more expensive computer systems.

The display features a 12" non reflecting screen. The screen displays 24 lines

o f  80 characters and an additional 25th line for system information. It supports

96 Scandinavian ASCII characters and in addition 16 special characters in Special

Character Mode. Standard graphic is built up of 160*48 dots and this graphic

can be used with special characters and normal character set. High resolution

graphic supports 160*72 dots with limited character set. As an option variable

types of other characters sets are also supported.
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The Communications Interface provides a channel to data-processing or input/output

devices outside of your immediate system. These can be connected by using

telephone lines and a plug-in modem, or directly by cable when the deviee is

nearby.

Thie facility utilizes the CCITT Vr24lVr28 (EIA RS Z1ZC) or optionally X.21. The

line can be selected to be Asynchronous or Synchronous supporting transmission

speeds, from 75 to 9600 BPS. One 25 pin "D" shell, male type connector is

provided tb: attach various peripheral devices.

Basic printer version is of type 7x7 matrix. It supports 80 or 132 characters per

[ne with speed of 100 charaeters per second at 80 eharaeters per line" The printer

usBs esynchronous erial interface.

A wide range of other types of printers ean also be used"

i, .,. ' 8-,! :

2

The Communications Interface provides a channel to data processing or input/output

devices outside of your immediate system. These can be connected by using

telephone lines and a plug-in modem, or directly by cable when the device is

nearby.

This facility utilizes the CCITT V,24/V,  28 (EIA RS 232C) or optionally X.21. The

l ine  can be selected to be Asynchronous or Synchronous supporting transmission

speeds, f rom 75 to 9600 BPS. One 25 pin "D" shell, male type connector is

provided to attach various peripheral devices.

Basic printer version is of type 7*7 matr ix.  It supports 80 or 132 characters per

line with speed of  100 characters per second at 80 characters per line. The printer

uses asynchronous serial interface.

A wide range of other types of printers can also be used.
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SECTION 2

MICROMIKKO OPERATION

Parts location

Controller board

Central Proeessing Unit

Addressing logic

8-Bit data register

Interrrupts

DMA

Keyboard interfacing

CRT eontrol

Beud r€te g€nerator

MPSC

Floppy disk eontroller
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MICROMIKKd OPERATION

Parts location

Controller board

Central Processing Unit

Addressing logic

8-Bit data register

Interrrupts

DMA

Keyboard interfacing

CRT control

Baud rate generator ,

MPSC
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PARTS LOCATION

Control unit houses

drivers. Parts

Systern board, Power

loeation inside of
Supply and roorn

control unit is

for two 5 U4t' diskefte

shown in figure below.

otd lqsa
hol<tq

,Com(r€a OarECt
FX and coa,.olr.. dr.r,

su99ll
con^ecrotcom&loa

Ltaa thtatl@a,
c&&lot

Kar&drd
codn4tq

Parts location in Control Unit
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PARTS LOCATION

Control unit houses System board, Power Supply and room for two 5 1/4” diskette

dr ivers .  Par ts  locat ion inside o f  control unit is shown in figure below.

WOO

AC moms connector
and fuse /A

DC- out
connector

Sack plate Cbassts

Power supply
connector

Display Unit
connector

Lme interface
connector ~~~*

Prtnter
connector

Keyboard
connector

Controller board

Bot tom plate

Parts location in Control Unit
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Display Unit houses a 12'r green phosphor tube with

needed to provide deflection and beam intensity is

7

magnetiE deflection. All logic

located into the Display Unit.

Conlrol
Unit

High
Voltoge
Power
Supply

Display unit.

7

Display Unit houses a 12" green phosphor tube with magnetig deflection. A l l  logic

needed to provide deflection and beam intensity is located into the Display Unit.

Video
AmplifierPrinter

Half Light
Video Signal ____
Vertical Sync.
Horizontal Sync.
Power Supply

CRT
Vertical
Oscillator

High
Voltage
Power
Supply

Horizontal
Deflection
Stage

Switching
Regulator

Horizontal
OscillatorKeyboard

Control
Unit Display Unit

Display unit.
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Keyboard is of type slim and ergonomic. It features 8J keys located like a

t,ypewriter. All logic needed to provide multiplex operation from key to 8-bit

parallel is located into the keyboard .

Keyboard

Control
Unil

Key Motrix
Sconning
ond
Sensrng
Logic

O
Disploy Unit

8

Keyboard is of type slim and ergonomic. It features 83 keys located l ike a

typewriter. A l l  logic needed to provide multiplex operation from key to 8-bit

parallel is located into the keyboard .

SHIFT Key

CTRL KeyPrinter

Display Unit

Code
Conversion
PromCode

Key Matrix
Scanning -
and
Sensing
Logic.

h Clock

Strobe

Bell
Beeper

Click
Pulse

Key Matrix
Keyboard Clock

. Power SupplyControl
Unit Keyboard

Keyboard



CONTROLLER BOARD 
-

Controller board is a large board, fitted horizontally in the base of the Control

Unit. Controller board is doublesided. DC-power enter the board through a

connector. Other eonneetors for Main Channel and Help Channel are also loeated

on the board. Jumpers on the board are factory preset.

The Major elements of the Controller board are divided into 9 major functional

areas. They are, the processor subsystem and its support elements, the

Read-Only-Memory (ROM) zubsystem, the Read/Write Memory (RAM) subsystem,

Direct Memory Access (DMA) zubsystem, Keyboard interface logic, CRT eontrol

& videologic subsystem, Baud Rate Generator with Multi Protoeol Serial Controller
(MPSC) and Diskette drive interface,

The heart of the Controller board is the Intel 80854 mieroprocessor. This is an

8-bit micr-oproeesor, its intruction set includes 80 assembler-language instructions,

and its cycletime is ,2O ns with a 6 Mhz quarz oscillator. 8085 houses 8-bit

aeeumulator and 6 peaees of 8-bit registers, these can be used alone (8-bit) or

cotpled (16-bit). The processor supports 16 bits of addressing (64 tOytes of storage).

Arithmetical operations are done in 8-bit Arithmetie Logical Unit (ALU). In

addition to the intemal dataregisters 8085 has 15-bit prclgram eounter. (PC) and

15-bit Stack Pointer (SP). The operation of 8085 can be controlled with five

extemal interrupt signals to support peripheral devices.

The Controller Board is designed to support both ROM and RAM. The Controller

Board eontains space for 4 K * 8-bit of EPROM. A module soeket is provided,

for this purpose. This EPROM eontains Power-on Self-test and a bootstrap diskette

loader. The EPROM is paekaged in ?t+ pin module.

The Controller Board also contains 64 kbytes of Read/Write Memory, The memory

is dynamic, 64K bits*B chips

The proeessor is supported by a set of high function support devices providing

four channels of 16 bit Direet Memory Aecess (DMA) and three 16 bit timer counter

channels combined with Multi Protocol Serial Controller (MPSC).
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CONTROLLER BOARD

Cont ro l l e r  board is a large board, f i t ted horizontally in the base of  the Control

Un i t .  Controller board is doublesided. DC-power enter the board through a

connector. Other connectors for Main Channel and Help Channel are also located

on the board. Jumpers on the board are factory preset.

The Major elements of  the Controller board are divided into 9 major functional

areas. They are,  the processor subsystem and its support elements, the

Read-Only-Memory (ROM) subsystem, the Read/Write Memory (RAM) subsystem,

D i rec t  Memory Access (DMA) subsystem, Keyboard interface logic, CRT control

& videologic subsystem, Baud Rate Generator with Multi Protocol Serial Controller

(MPSC) and Diskette drive interface.

The heart of  the Controller board is the Intel 8085A microprocessor. This is an

8-bit microprocessor, i ts intruction set includes 80 assembler-language instructions,

and its cycletime is 320 ns with a 6 Mhz quarz oscillator. 8085 houses 8-bit

accumulator and 6 peaces of 8-bit registers, these can be used alone (8-bit) or

coupled (16-bit). The processor supports 16 bits o f  addressing (64 kbytes of storage).

Ar i thmet ica l  operations are done in 8-bit Arithmetic Logical Unit (ALU). In

addit ion to the internal dataregisters 8085 has 16-bit program counter. (PC) and

16-b i t  Stack Pointer (SP). The operation of  8085 can be controlled with f ive

external interrupt signals to support peripheral devices.

The Controller Board is designed to support both ROM and RAM. The Controller

Board contains space for 4 K * 8-bit of  EPROM. A module socket is provided,

for this purpose. This EPROM contains Power-on Self-test and a bootstrap diskette

loader. The EPROM is packaged in 24 pin module.

The Controller Board also contains 64 kbytes of  Read/Write Memory. The memory

is dynamic, 64K bits*8 chips.

The processor is supported by a set of  high function support devices providing

four channels of  16 bit Direct Memory Access (DMA) and three 16 bi t  t imer counter

channels combined with Multi Protocol Serial Controller (MPSC).



10

All the four DMA channels are available on the bus and are provided to support

high speed data transters between ll? device and riemory without processor

intervention. DMA channel supporting CRT controller (channel O) is also used

to refresh the dynamic system memory. This is done along with the updating

of dbplay. This er-eates a memory rcad cyele with the intewals of 1r5 ms, which

is short enough to refresh RAM.

Baud-rate generator, providing three timers/count-ers are used by the system to

generate clock frequencies for MPSC. MPSC has the tast to modify the parallel

data used by the CPU to serial format and steer itr to serial channel or viee versa"

MPSC uses DMA and INT serviees when transferring data inside of the

rnierocomputer.

The System board also contains the adapter circuits for attaehing the B-bit parallel

interfaee frorn the keyboard" The keyboard interface generates an interupt when

a key is pressed, thus allowing th.e CPU to iervice the devica

CRT Controller and Videlogic contains CRT-controller with character-generator,

DMA controllogic, shiftregister, parallel to serial, and timing logie.

Diskette drive interface eontrols floppy disk drive ryerations.

10

A l l  the  four DMA channels are available on the bus and are provided to support

h igh  speed data transters between I/O device and memory without processor

intervention. DMA channel supporting CRT controller (channel O) is also used

to refresh the dynamic system memory. This is done along with the updating

of display. This creates a memory read cycle with the intervals of 1,6 ms, which

is short enough to refresh RAM.

Baud-rate generator, providing three timers/counters are used by the system to

generate clock frequencies for MPSC. MPSC has the task to modify the parallel

data used by the CPU to serial format and steer it* to serial channel or vice versa.

MPSC uses DMA and INT services when transferring data inside of the

microcomputer.

' The System board also contains the adapter circuits for attaching the 8-bit parallel

interface from the keyboard. The keyboard interface generates an interrupt when

a key is pressed, thus allowing the CPU to service the device.

CRT Controller and Videlogic contains CRT-controller with character-generator,

DMA controllogic, shiftregister, parallel to serial, and timing logic.

Diskette drive interface controls floppy disk drive operations.
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2.r CENTRAL PROCESSING UNIT

8ffi5 lu:ses an oscillator, that is steered with extemal crystal oscillator conneeted

to CH-,. Internal divider divides this 6rUr4 Mhz frequency by two, building system

base clockfrequency. This is available in processor pin CLK OUT.

Into the RST pin of the CPU is connected a RC-eircuit, that causes processor

reset, when power is switched on. At the same time Program Counter and intemal

ffipflops take their initial state. Peripheral circuits are set to their initial states

with the signal RST OUT from CPU. Serial Otitput Data (SOD) pin is used to

steer the beep-tone in the keyboard. After reset SOD is set to "0" and "beep"

is activated" When the selftest finds that MicroMikko is not malfunctioning the

beep-tone is tumed off with setting SOD output to frl'r . This tells also the User

that MicroMikko is ready for use" Serial Input Data (SID) pin is used to read

the status of Main Channel DSR (Data Set Ready)"

12

2.1 CENTRAL PROCESSING UNIT

8085 houses an oscillator, that is steered with external crystal oscillator connected

to CPU. Internal divider divides this 6,144 Mhz frequency by two, building system

base clock frequency. This is available in processor pin CLK OUT.

In to  the RST pin o f  the CPU is connected a RC-circuit, that causes processor

reset, when power is switched on. A t  the same time Program Counter and internal

flipflops take their initial state. Peripheral circuits are set to their initial states

w i t h  the  signal RST OUT from CPU. Serial Output Data (SOD) pin is used to

steer the beep-tone in the keyboard. Af ter  reset SOD is set to "O" and "beep"

i s  act ivated. When the selftest finds that MicroMikko is not malfunctioning the

beep-tone is turned off with setting SOD output to "1" . This tells also the User

tha t  MicroMikko is ready for use. Serial Input Data (SID) pin is used to read

the status of Main Channel DSR (Data Set Ready).
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lnrtrucllon Scl Summrry

l,ffilc
h$r..dc,r C.ara

O?O!&0tQDzOrQ
Or.nrb.
O.rcrtslfs

MOVE. LOAC

uorrr a I

MOv M.r I

Mot/ r.M I

Mvrr I
MVIM ILxrB 

I

Lxro I

ILxrH I
I

srAx I 
I

STAI O I

LDAX A I

LO^)( O Isr^ 
ILD^ I

SHLO I

LHLo 
IxcHG I

0 1 o.o o s s s
0llrosss
orDODrr0
0 0 ().o o r 1 0
o01r0110
00000001
o0oroool
00100001
00000010
o00r0010
00001010
000I t0I0
001r00r0
0o1r r010
00 r 000 | 0
00101010
1lr0lott

ANO S?OnE

I\,lovo taersLr to Bgisld
llorc r€gistar to mrnory
liilffi mem.y lo rsgiltor
tlroya imoditle trgEts
Mcta immadiata rl!€mry
Lold immadialG t€gislrr
tuirBEC
Lold imnrdieb ,ogBlor
hirO&E
Lo.d imm€diala ri9isl6r
EiTHEL
Slore A inditoci
Sto.e A iftlir.ct
LoS A indiEi
Load A indiGl
slmAdimt
Load A dirccl
SlMHE LdiET
LoadHELditst
ErchangsOEE,HlL

PUSH B

PUS}T O

PI,SH H

PtISH PSll

POP B

POP O

POP H

POP PSW

xTt+'

SPTIL
LXI SP

[*x sP
OCX SP

11000101

110r0'l 01

r 1100101

r1tt0l01

r 100000 r

110!0001

1t 100001

'I r 1r 0001

1! r o0 011

'r I 1.1 I O 0l
00110001

001100t1
00111011

Puslr register Pa.I 6 &
C on 3trck
P6h r€gists Pair O 6
E 6 st-k
Puslr rcg,sL, Paar H &
Ldst*t
Pu$ A and Flags
m st*l.
Pop Ggi$s Pait B A
C otl stack
Pop r€gisrtr Parr D &
E ofl stack
Pop r€gister hit H 6
L olt slftk
Pop A aI6 Flags
olt slek
ErcharlgE top ot
stack. H & L
H & L to slack Pointet
Load imm€diaL siack
points
lncr€rnsl sleck pointtr
Oecrcmnl sta€k

JPE
JPO
PCHL

JUMF
JMP
JC
JNC
JZ
JNZ
JP
JM

0000r 1

0r1010
0 r 0010
00r0'l 0
ooo010
tr00t0
11r010
r0r0l0
r00010
10100',|

Jump uncondilional
Junp on carry
Jump on no carry
Jump on zso
Jump m no zero
Jump s Postiw
Jump ff mious
Jump 6 garily ds
Jump m psiity odd
HELlogtogm

CALL
CALL
cc
c-iE

't 100I t 0 t
ll0rrl 00
I I O r 01o0

CaI ummdilimd
Cdl m cey
Cax m no carry

OHA M
CMF M

Alrl
xFt

oar
cPr

LOGICAL
ATA T

xRA r

ORr
Cl/F r
AilA u
XNA M

r0r00sssl o r o l sss
r 0 r r 0 sssl0 r 1r sss
r0l00Ir0,l0r01r r0
l0ltol10
!0r l l r l0
1t t 00 r 10
11101tr0
lrrlotr0
l11t1rt0

And .{icLr wilh A
Erclut.EOB rlgidt
willr A
On rrgist r wilh A
Cofipara rcgisla with A
And mqrpry with A
Erclcive OR m€rtory
walh A
OR mmry wilh A
CmOaro
m6may wlth A
And imm.di.tr wilh A
Ercluri[ OF imm€distc
wilh A
OR immedirtls with A
Comgero imrncOiac
with A

ROTATE
RLC
RRC
nAL

RAR

00000t l1
00001r 11
000 r 0l I t

000 r 1l l,

Rotate A rslt
Rotlt A nght
Rotal. A l.lt thrcugh
csrry
Rotetc A right through
cany

XOTES:
t. OOS or SSS: B 000, C 001. D 010, Eoll. H 100. L l0l. M6mory 110, A 1tr.
2. fuo po$iu. cycl. tin a (812) indicric in!iltuclion cycl.t drgcnd.nt on eondation ,lrgr.

'All m.fionicJ copyriEhta6 Olaiil Corpotatioa '197E.

xtlailmaa
htlcdoi CoaL

hoeosorh&orQ
OFilila
o.acrt0or

cz
cNz
CP
CM
CPE

I
1

1

1

t

01
00
10
t,
01

00
00
00
00
00

lall on aro
:ail ffi no zcro
iall s positivo
iall on minus
:aI on geity wd

F€TUF'{
a€T
FC
FNC
RZ
HNZ
HP
BM
RPE
RPO

1100r001
r101r000
'r1010000
I r00t000
r 1000000
M10000
't l1r 1000
r1101000
11r 00000

Belun
iGturn on carry
adum m no cary
Ltum m zero
lalurn on no zclo
lalurn on positir
lotum qt minus
lsturn on panty .6
letum o1 oarity odd

RESTABT
9qt 'ttAAAI'!1 Restart
RPUT/OUTPT
rNl
OUT I

lo110rl
r0r00'll

nput
Cutput

INCHEMENI
INB r
DCR r
INR M

OCR M
INX B

INX D

INX H

ocx B
ocx o
DCX H

INO DEGREMENT
00oDor 00
00DDDl0l
00r r0100
001r 0101
00000011

00010011

00100011

000101I
0011011
0r0101r

lnccmonl rsgist-
Oacnment regislu
lncEoenl maMy
Osremsnt m€roy
lncrffi.nt I E C
rogEtarS
lrcrsm.nl D E E
regrslens
lncramed H E L
rsgistc'E
O€cremt B t C
DecffitO& E
Dccrlmnl H E L

AOO
AOO r
AOC r

ADD M
ADC M

DAO B
DAD O
OAO H

OAO SP

AOr
ACI

10000sss
1000rsss
10co0110
r 0001110

r1000110
11001110

00001001
00011001
00101001
0011100 t

Aard ragiJar to A
Add r€gistrt io A
wilh ery
Add meffiy to A
Add mercty to A

wilh cany
Add imm€diala lo A
Add immediata to A
wiih cany
AddBACIoHEL
AddOEEtoH&L
Addh&LroH&L
Add st*k pointa to
H&L

SUBTRACI
SUB r

SBB r

SUB M

SA8 M

SUI

s81

r0010sss
r 00 r 1sss
r00rorl0
t 00 t r 1r 0

r1010110
'!10!11t0

Subttrct rogislat
lrm A
subtml rcgistd 116
A with boril
Subtract mmory
trm A
Sublract ltl€mry lrm
Awith bmffi
Subtr*l immedial.
tr6r A
Subtrtcl ifinadittt
hffi A with bot7ff

sTc
cMc

DM

SPECI,ALS
cM o0 r 0l r t I

00 t l01r 1

0 01',.1 1 ! 1

00r00irr

Cmpl!@nl
A
S€t csrry
Cmplment
cilry

CONTROL
EI
ot
NOP
HI?

tlltl011
1r 1,0011
00000000
0ltr0lr0

Eneble lntarruots
Oisable lnte,.ugl
Nmp€ration
|,lalt

r{Elt, so85A
RIM
SltLt

lsTRUcTroils00100000
00 r 10000

Rssd lnte.rupi Mask
Set lnterrugt Mask
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Instruction Set Summary

Mnemonic
Instruction Code

Or 0$ D$ 0 4 O3 02 Of Do
Operations
Description

Move. LOAC

MOVrl r2

; MOV M.r
MOVr.M

! MVI r
MVI M

L X I B

LXI 0

LXI H

STAX S
STAX 0

1 WAX B
LDAX D

1 STA
L©A

SHLD

LHLD
i XCHG

X AND STORE

0 1 D .  D 0 S S S j
0 1 1 1 0 s s s
0 1 O O 0 1 1 0
0 0 D O ©  1 1 0
0 0 1 1 0  1 1 0
0 0 0 0 0 0 0 1

0 0 0 1 0 0 0 1

0 0 1 0 0 0 0 1

0 0 0 0 0 0 1  0

0 0 0 1 0  0 1 0
0 0 0 0 i 0 t 0

0 0 0 1 1  0 1 0

0 0 1 1 0  0 t 0 : ,
0 0 1 1 1 0  1 ©.-
0 0 1 0 0 0 1 0

0 0 1 0  1 0  1 0
1 1 1 0 1 0 1 1

Move register to register
; Move register to memory

Move memory to register
Move immediate register
Move immediate memory
Load immediate register
Pair 8 & C

Load immediate register
Pair 0 & E

Load immediate register
Pair H A L

Store A indirect
Store A indirect
Load A indirect

Load A indirect
Store A direct
Load A direct
Store H A L  direct
Load H A L  direct
Exchange 0 A E .  H A L
Registers

STACK OPS
PUSH 8

PUSH 0

PUSHH

PUSH PSW

POPS

POPD

POP H

POP PSW

XTHL

SPHL
i LXI SP

INX SP

O C X S P

1 1 0 0 0 1 0 1 !

1 1 0  1 0  1 0  1

1 1 1 0  0 1 0  1

1 1 1 1 0  1 0  1

1 1  0 0 0 0 0 1 ;

1 1 0 1 0 0 0 1

1 1 1 0 0 0 0 1

1 1 1 1 0 0 0 1

1 1 1 0 0 0 1 1

1 1 1 . 1 t 0 a 1
0 0 1  1 0 0 0 1

0 0 1 1 0 0 1 1
0 0 1 1 .1 0 1 1

Push register Pair 8 &

C on stack
Push register Pair 0 4
E-on stack
Push register Pair H &

feon stack
Push A and Flags
on stack

Pop register Pair 8 A

C oft stack
Pop register Pair 0 A
E off stack
Pop register Pair H &
L oft stack

Pop A and Flags
Oft stack
Exchange top of

stack, H A L
H & L to:  stack pointer

1 Load immediate stack

i pointer
Increment stack pointer
Decrement stack

pointer

JUMP
JMP

JC

I JNC
JZ
JNZ
JP‘
JM

JPE
jpo :
PCHL

1 1 ' 0  0 0 0 1 1

1 1 0  1 1 0  1 0

1 1 0  1 0  0 1 0
1 1 0  0 1 0 1  0 1
i 1 0 0 0 t I 0 1

I 1 i 1 0 0 1 ©1
1 1 1 1 1  0 1 ©
ft 1 1 0 1 0 1 0

1 1 1 0 0 0 1 0 1

~ 1 <1. 1 0  1 0  0 1

Jump unconditional

Jump on carry
Jumpdri : no carry

Juimpbrizero
Jwp onno  zero
Jym.ponpositrve

jump en minus
Jump on parity even
Jump on parity odd

• H A L to program
counter

CALL
CALL
CC

CNC

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

CaM unconditional
CaM on carry
Can on no carry

LOGICAL
ANA r
XRA f

O R A r
CMPr
ANA M
X R A M

O R A M
C M P M

ANI
XRI

ORI
CR

1 0 1 0 0 S S S
1 0 1 0 1 s s s

I 0 I 1 0 S S S
1 0 1 1 1 s s s
1 0  1 0  0 1 1 0
1 0  1 0  1 1 1 0

1 0 J 1 0 1 1 0
t 0 t 1 1 1 1 0

1 1 t o o  1 1 0
1 1 1 0  1 1 1 0

1 1 1 1 0  1 1 0
1 1 1 1 1 1 1 0

And register with A
Exclusive OR register

: with A
OR register with A
Compare register with A

i And memory with A
! Exclusive OR memory
; with A
OR memory with A
Compare
memory with A
And immediate with A
Exclusive OR immediate
with A
OR immediate with A
Compare immediate
with A

ROTATE
RLC

RRC
RAL

RAR

0 0 0 0 0 1 1 1

0 0 0 0 1 1 1 1
0 0 0 1 0 1 1 1

0 0 0 1 1 1 1 1

Rotate A left

Rotate A right
Rotate A left through

i carry
Rotate A right through
carry

j Mnemonic
Instruction Code

©7 De D s O4 Dj Ds D 1 Do

Operations
Description

CZ
CNZ

CP
CM

[ CPE
1 CPO

1 1 0  0 1 1 0  0
I 1 0 0 0 1 0  0

1 1 1 1 0  1 0  0
1 1 1 1 1 1 0  0

1 1 1 0  1 1  0 0
I I  1 0 0 1 0  0

Cail on zero

CaU on no zero
! Call on positive

Call on minus
Call on parity even

Cail on parity odd
RETURN
RET

RC
RNC

RZ

RNZ
RP
RM

RPE

RPO •*
 

_ 
0 

0 
0 

0 
0 

I

O
 

O
 

O
 

**
 

O
 

-

&
 

O
 

O
 

O
 

O
 

O
 

G
»

0 
0 

©
�v

 0
 

&
�v

 <
3 

-a
: :

�v
?.

Q
i 

�v
©

. 
a 

e
g

o
 

-a
., 

-y
.

Return
Return on carry

Return on no carry
Rewm on zero

Return on no zero

; teW:rion positive

/ReBm: O' minus

; Return on parity even

Return on parity odd

I RESTART
RST 1 1 A A A 1 1 1 Restart
INPUT/ OUT PUT
IN ( 1 1 0  1 1 0  1 1
OUT 1 1 1 0 1 0  0 1 1

Input
Output

INCREMENT .
INR r

! D C R r
INR M

; OCR M

INX 8

INX D

INX H

OCX 8
D C X D
DCX H

ANO DECREMENT
0 0 0 D 0 1 0 0
0 0 D D 0 1 0 1
0 0 1 1 0  1 0  0
0 0 1 1 0  1 0  1

© 0 0  0 0 0 1 1

0 0 0 1 0. 0 1 1 ;

0 0 1 0 0 0 1 1

0 0 0 0 1 0  1 1

0 0 0 1 1 0 1 1
0 0 1: 0 1 0 1 1 -

Increment register
Decrement register
Increment memory

Dec rem ent memory
increment 8 A C

registers
Increment D & E
registers
Increment H & L

registers
Decrement B A C
Decrement D A E

Decrement H A L

ADO
ADO r

ADCf

A D O M

ADC M

ADI
ACI

DAD 8
DAD D
DAD H
D A D S P

1 0 0 0 0 S S s

1 0 0 0 1 S S S :

1 0 C 0 0 1 1 0
1 0 0 0 1  1 1 0 ! 'j

1 1 0 0 0 1 1 0 i
1 1 0  0 1 1 1 0

0 0 0 0 1 0  0 1

0 0 0 1 1 0 0 1 I
0 0 1 0 1 0 0 1

; 0  0 1 1 1 © 0 1 j

Add register to A
Add register to A
with carry
Add memory to A
Add memory to A
with carry

Add immediate to A
Ado immediate to A .

with carry

Add 8 A C to H A L

Add 0 A E to H A L

Add H A  L to H A  L
Add stack pointer to

i H  A L

SUBTRACT
SUB r

S8B f

SUB M

S B 8 M

SUI

SSI

1 0 0  1 0 s s s !

1 0  0 1 1 s $ $

1 0  0 1 0  1 1 0

1 0  0 1 1 1 1 0

1 1 0  1 0  1 1 0

1 1 0  1 1 1 1 0

Subtract register
i from A

j Suptract register from
1 A with borrow
f Subtract memory

from-  A �v
Subtract memory from
A with borrow

Subtract immediate
from A -

Subtract immediate
from A with borrow

SPECIALS
CMA

STC
CMC

! DAA

0 0 1 0 1 1 1 1 i

0 0 1 1 0 1 1 1
0 0 1 ' 1 1 1  1 1

0 0 1 0 0 i 1 t

Complement
A
Set carry
Complement
carry
Decimal adjust A

CONTROL
El
DI
NOP
HLT

1 1 1 1 1 0  1 1
1 1 1 1 0 0 1  1 h
0 0 0 0 0 0 0 0
0 1 1 1 0  1 1 0

Enable interrupts
Disable Interrupt
Nooperation
Halt

NEW 8O85A INSTRUCTIONS
RIM ( 0  0 1 0 0 0 0 0 !
SIM . [  0 0 1 1 0 0 0 0

Read Interrupt Mask
Set Interrupt Mask

NOTES:
1. DOS or SSS: 8 000. C 001 D 010. £011. H 100. L 1Q1. Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

•All mnemonics copyrighted ©Intel Corporation 1976.
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8085
INSTRUCTICN SET"

A computar, no mattsr how sophisricaed, can only
do what it is "rold" to do, One "t.ili" tha computar what
tO do vh r. scri4 of coded insfuction: referred to as a Pro.
grnt. The realm of the programmer is rcferred to as Soft-
Eia?a. in conrart to the H.rdtva', that comorises ihe actual
comFsler cguipment. A conrputer't roftware refcrs to all of
thr grogranrr that hays bean wri$an tor rhat computer.

Whcn r comgsilr ii d.3ign!d, thc enginrers provid8
tlrr Crntral ProcfisinE Unit (CPU) ,,rrith thr ability to p!r"
torm . partio,llar set ol ogeration!. The CPU ;s d€sign€<t

srdl th.t a :pecifie op.ration is perlormed whcn thc CPU
conEol logicdecodFs a particular instruction. Conrcquently.
tlr ogcrrtionr lhat can bc pcrformed by a CPU d€fin. the
computff'l lnrtnrction Sat.

Eadr computcr instruction allows thc programmer to
initiatr th. pcrformancc cf a specific operation. All com.
putert impl.rnsnt certain arithmctic operation3 in their in-
rtruction set, iuch as an instruction to add $e contenls of
trro ragi*ers. Often logical cperationt ie,g.. OR thr con.
tcng of trrvo registersl and ragiiter operate in*ructions (e;g..

incrcmcnt a regist.r) are included in th; instruction set. A
@mputer's instrustion 3et wiil aiso har€ in$rugrionr dlat
more Cata bewyeen registers, benveen a ;egister and memory.
and batwaen a regisiet and an l/O devicr. ltlost instruelron
tc$ ilso provide Conditional lnrtructiont. A conditional
in$ruction specifies an operalion to bc performed only if
clrtain conditions havc b.sn met; for rxample, iump to a
partic,ular lnstruction if the rerult of rhe last operation was
zcrs. Conditional in3tructions provide a program with a

dccision-mak ing capabiliry.

By logically organizing a s€guencl, of in$ructions into
a 6hrrent program, lh8 progiamraer can "t!ll" thc com.
puter to periorm a very specrfi€ and useful function.

Tlre computer, however, can onlv axecute prograrns

whosc instrustions ara in a binary coded form (i.e- a series

ol 1's and Os), that i3 called Machint Codc. Eecause it
would be Extremely dtmbersorne to proErari in machine
codc, programming tanguagrs ha;: been developeo. Thara

arr prograrni availabl€ r/ylridr convert thr grogramrning lan.
guage in$ructions into madtina code that €n be intrr.
prstld by the proclssor.

Onc typc of proqramminE l.ngueEe is Allembly Latt
gusg!. A uniqu. assemblv language mnemonic is assjgned to
aadr of thc emputer't instruqions, The grogrammer can
writc a prograrn (callad rha Sourcr Program, usinE !he!e
rnnrmoniei and crrtrin ggcrandt: lha jourca ptograrfi lt
dren convcrtad into lnadtina insruclionr {callcd the Ob.ircr
Codr). Each a!..mbly i.rlgr.ge inctruction is convene<i into
on! rnachin. cod? inrtruction (1 or morc bytrr) by rn
Asrmblrr program. A3lrnrbly languagEs aro usu:llv rna.
d'tina dep.ndent {i.a., tttly are uiuallv able to run on only
onr typ€ of compstrr).

THE 8085 INSTRUCTION SET

The 8085 instructircn s.r include! five different typas
of instructions:

r D:te Tnnrfer Group-66nyg data bqtween registert
or bcilrean mamdy and regirtert

o Arithrnrtic Group - add, 3ubtac& incre,ment or
ct€crlrn€nr daa in registen or in memory

r Logical Group -,AND, OR, EXCLUSIV€€B,
compar?, rotae or complement data in registen
or in nemory

o Brandr Group - conditional end unconditional
jump ixtructions, srbroutine call instructionr and
rcurn instrudioru

r Suck, l/O ead M:chine Control Group - ;nclud6
l/O instructiong as well ar instructi€ns for main
raining rhe stad( and intemal control flagr.

lnstruction and Data Formats:

Memory for the &)85 is organized into 8-bit guanti.
ties, callerl Byter. Eac.h byte has a uniqua 16-bit binary
address corresponding to its *quential positioa in mamory.'
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8085
INSTRUCTION SET*

A computer, no matter how sophisticated, can only
do what i t  is "told" to do. One "tel ls" the computer what
to do via a series of coded instructions referred to as a Pro
gram. The realm of the programmer is referred to as Soft
ware, in contrast to the Hardware that comprises the actual
computer equipment. A computer's software refers to ail of
the programs that have been written for that computer.

When a computer is designed, the engineers provide
the Central Processing Unit (CPU) with the ability to per
form a particular set of  operations. The CPU is designed
such that a specific operation is performed when the CPU
control logic decodes a particular instruction. Consequently,
the operations that can be performed by a CPU define the
computer's Instruction Set.

Each computer instruction allows the programmer to
initiate the performance of a specific operation. Al l  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 (e,g., OR the con
tents of two registers) and register operate instructions (e.g.,
increment a register) are included in the instruction set. A
computer's instruction set wil l  also have instructions that
move data between registers, between a register and memory,
and between a register and an I/O device. Most instruction
sets also provide Conditional Instructions. A conditional
instruction specifies an operation to be performed only if
certain conditions have been met; for axample, jump to a
particular instruction i f  the result of the last operation was
zero. Conditional instructions provide a program with a
decision-making capability.

By logically organizing a sequence of instructions into
a coherent program, the programmer can ’ ' tel l"  the com
puter to perform a very specific and useful function.

The computer, however, can only execute programs
whose instructions are in a binary coded form ( i.e M a series
of Ts and O's), that is called Machine Code. Because i t
would be extremely cumbersome to program in machine
code, programming languages ha.  3 been developed. There

are programs available which convert the programming lan
guage instructions into machine code that can be inter
preted by the processor.

One type of programming language is Assembly Lan
guage. A unique assembly language mnemonic is assigned to
each of the computer's instructions. The programmer can
write a program (called the Source Program} using these
mnemonics and certain operands; the source program is
then converted into machine instructions (called the Object
Code). Each assembly language instruction is convened into
one machine code instruction (1 or more bytes) by an
Assembler program. Assembly languages are usually ma
chine dependent (i.e., they are usually able to run on only
one type of computer).

THE 8085 INSTRUCTION SET

The 8085 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

• Logical Group - , A N 0 ,  OR, EXCLUSIVE-OR,
compare, rotate or complement data in registers
or in memory

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

• Stack, I/O and Machine Control Group — includes
I/O instructions, as well as instructions for main*
taming the stack and internal control flags.

Instruction and Data Formats:

Memory for the 8085 is organized into 8-bit quanti
ties, called Bytes. Each byte has a unique 16-bit binary
address corresponding to its sequential position i n  memory.
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ffr. mgs csn direcrly addrers up to 65,536 byt6 ot mam.
ory, which may consisr of both reado.rly memory (BOMI
elemenB and random.accessmemory (RAM) clemenB (reaol
w?ite memory).

Dar in the &r85 it srored in the forri of +bir bin ry
intpgcrr:

DATA WORD

Dz' De' Ds' Dr' Ds' Dz' Dr'Oo
MS8 LS8

Whcn a registrr or data tirord comains r binery num-
b!r. it i3 n.c$.ary to estnblish th. order in whir:Ir frc biu
of the number .r. wrinen. ln th? lRt t 3088, BIT O.is re.
frrrrd to as ih! L.lrt Signilicanr Bit {LSB}, and BIT 7 lof
!n I bit numb€rl is rcferred to as th! Most Signiticrnt 8it
(MSBl.

Ths &)85 program inltruciiont may bG ona, two or
three bytls in length. Multiple byr! ;njrruction! mu$ b.
$ored in succ:ssivq mernory locrtions; thc addrrrs o, the
lirrt byte ir aiw.yt uiad 8t th. sddrlt3 ol thr in$rustione
Thc cxaa innruction forrnat will dcprnd on dtc Aarticular
operation rc b! axlclrtrd.

-

addr.s3 whcrc th. dara i3 locatld (th.
higttordar bi$ of rh. addrcss trc in thc
firal rcgi*:r ot thr pa,r, thc low.ord.t
big in the second).

. lmmedi.ta - The insfuction contains th! drta it.
rti{. This is either an 8.bir qu.ndty or r
l6.bar guanriry {least sigaif ieant byt firn.
mon dgnificant byt! sreond).

Unless directed bv an intcrrupt or branch imructioa,
the execution of rnstructions proeedr through consecu.
tively increaiing m.mory locationi A brandr irutructifi
can specify the adqrssi of the naxt inrt'uclion to bG ax..
cuted in one of two ways;

a Di.est -The branch inrtruciion conEins tha a&
drrs of the nlrt inftruction to [r. ?x!.
curcd. (Except for tfu 'RST' i$ruction,
bvte 2 contains th. low.ordcr addr$r and
byte 3 the high.order eddres.)

. Ragister inCircct - Th: branch instruction indl.
c.tar ! rlgistcr-pair which contlini tha
addre:s of tha mxt inrtrucion to b! lxo.
qltcd. (Thr high-ordcr bitr of the addrcs
ar! in thc first reEifisr of tha gair, the
low-ordcr bits in thc rccond.l 

.

Thc BST initruction it a:pccial onc.byt: call instruc.
tion (urually ui€d during intenugt s!qsanc.!). 8ST in-
ctudes a threc-bit fietdi prograrn eontrol L trrnsferrcd to
th! iflstruclion whosc addre$ ir eight timar th! contenB
of this thre!.bir tield.

Condition Flag:
' Thers arc fivc condition flag asrociated with thc cx+

,cution of in$ruciions on the 8085. Th:y are Zero. Sigrn.
?arity, Carry, and Auxiliary Carry, and arc lach represe.ntd
by a t.bit regisrer in the CPU, A tlag ir,,sGt,, by foreing thr
bit ro 1; "resa" by forcing th? bit to 0"

Unless indicattd oth.rwisc, wh.n an instruction tf.
fects r f lag, it af{efis it in the following mann?r:

Zcrol.

Sign:

lf thr rgult of an instruction her thr
value 0, rhis tlrg is set; otherwis! it it
reroL

lf the most significant bit ot thr result ol
the op€r.tion har rh. valuc t, this fhg ir
set; otherwii! it ir rerat.

Parity: ll the modulo 2 sum of thc bit! of the ra-
sult o, the oprr.ilon it 0, (i.c., if thg
rerult has evcn parity|, thir fla€ i5 r.t;
otherwirc it is rlsrt {i.c.. if thc r6ult hai
odd P.rityl.

Carry: lf the irrstruction r6ultr:d in r carry
(frorn addition). or a borrow {from sub
tractroR or a comparison) out of thc htgh"
order bit. this flaE is srt; othlrwir. it i3

r6tL

Singlc Eytc lnctructior'r3

Dt De

Two-8ytc ln$rucrioni

Dz Ds

Threc- Byte I nstructionr

97 Ds

Op Codc

Op Codc

Data or
Addrcss

Byta Onc

Byte Two

Bytc Onc

Byte Turo

Byrc Three

D6Dt

Op Code

1 Data
lot
J Acur.r,

Addressing Model:
Often thc datl that ir to b€ op.rltd on b $or.d in

mcmory. Whcn mulri.byrc aumeric data is used, thc data,
like. instrucions, i; rtored in succlssirc mlmory locations.
with thc lerrr iignificant byte first" follorcd by incrcaringty
signifrcant bytes. The 8085 har {onr different modos for
addre:sing dat stored in rnrmory o. in rlgiitsri:

3 Orrect -Byter 2 and 3 o{ ths inslruction conBin
thc cract memory address. of &e data
it€m (the low.ordcr bits of the addr$s.rr
in byre 2, the higfr.order bit: in byrc 31.

. Begistgr - The instructisn sBccifias rhe reguter or
register-pair in whicrr the dara ir located.

c Begistcr lndired - The instrustion specifier I rag.
ister.pair wh,ch contain3 thc memory

D7 Ds

Dr Ds
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The 8085 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) elements (read/
write memory).

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

DATA WORD. �v i i _ c i _ k j

D7 D§ D5 D4 D3 Dj 0 }  Do

MSB LS8

When a register or data word contains a binary num
ber. i t  is necessary to establish the order in which the bits
of the number are written. I n  the Intel 3085, BIT 0 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
(MSB).

The 8085 program instructions 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 aiways used as the address of the instructions
The exact instruction format will depend on the particular
operation to be executed.

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 it
self. This is either an 8-bit quantity or a
16-bit quantity (least signif leant byte first,
most significant byte second).

Unless directed by an interrupt or branch instruction,
the execution of instructions proceeds through consecu
tively increasing memory locations. A branch instruction
can specify the address 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,
bvte 2 contains the low-order address and
byte 3 the high-order address.)

e Register indirect — The branch instruction indi
cates a register-pair which contains the
address 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-order bits in the second.)

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 instruction whose address is Sight times the contents
of this three-bit field.

Condition Flags:

There are five condition flags associated with the exe
cution of instructions on the 8085. They are Zero, Sign,
Rarity, Carry, and Auxiliary Carry, and are each represented
by a 1 -bit register in the CPU. A flag is "set" by forcing the
bi t  to 1 ; "reset" by forcing the bit to 0.

Unless indicated otherwise, when an instruction af
fects a flag, i t  affects it in the following manner:

Zero: I f  the result of an instruction has the
value 0, this flag is set; otherwise it is
reset.

Sign: I f  the most significant bit of the result of
the operation has the value 1, this flag is
set; otherwise it is reset.

Parity: I f  the modulo 2 sum of the bits of the re
sult of the operation is 0, (i.e., if the
result has even parity), this flag « set;
otherwise it is reset (Le.. i f  the result has
odd parity).

Carry: I f  the instruction resulted in a carry
(from addition), or a borrow (from sub
traction or a comparison) out of the high-
order bit, this flag is set; otherwise it is
reset.

Single Byte Instructions

T Oo Op Code0 7

Two-Byte Instructions
1 1 1 1 * 1 o oByte One D7 Op Code

1 O 0 Data or
Address

�‘ 7Byte Two

Three- Byte Instructions

�v 1 D0Byte One Op Code

Dr Data
or
Address

Byte Two Do

Byte Three �‘ 7 DO

Addressing Modes:

Often the data 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 8085 has four different modes for
addressing data stored in memory or in registers:

® Direct — Bytes 2 and 3 of the instruction contain
the exact memory address 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 reg
ister-pair which contains the memory
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addr

dati!

dar. tE

bvu 2

bytt 3
pon

r tl,r2

Auriliary Carry: lf lhe iffitruction caused a carry out
of bit 3 and inro bit 4 of rh. resulring
valul, th€ auxiliary c3rry rs set; otherwrse
it i3 rrser- This flag is affected by sin-ql€

feciiion additions. iubtra€tion!, incre.
rTl.n$, decremcnts, comparisons, and log.
ical op€rations, but is principally u:ed
'with additions and incrementr precedinq

r OAA {Oecimal Adiusr Accumulator}

. intruction.

Symbols and Abbreviations:
Thr following symbok and abbrsviation! are used in

tha sub:equent descrigtion of the 8085 insrudions:

SYMEOLS - MEANING

acctmulator Register A

-

rh Thr fkrt (high-orderf regist:r of. designaud
r:gistar pair.

rl Ths *cond (low'order) :egister of a desig.
n.r!d regi$er p.ir.

PC l&bit program counter regi*er (PCH and
PCL aru used to refer to rhe hrgh.order and
lororder 8 bits respectivety).

SP tfrit rtack pointer register (SPH and SPL
ara ugld to refer to the high-order and loirv-

order 8 bits rarpectively,.

rm 8it fi of rhe register r (bits are numbcr 7

gh 0 from left to rightl.

Z,S,P,CY;AC The condition flags:

Zerc,
Sign'

. ?atity,
Carry,
and Auxiliary Carry, respectively.

L Thc conttnc of the memory lotation or reg
irfiar!.nclosEd in tlre parenthece:.

*

n

NNN

"lr rrnrferred ro"
Logiqd ANO

Exch.riw OR

lndusivc OR

Addition

Tno's cornplemant subtraction

Multiplication

-b rxcharEcd with"

Thc one'r comptcment (e.g., (Ell

Thr restatt number 0 through 7

Thr binary represlntation 000 through 111

for rrstan number 0 through 7 respectively.

D*crigtion Format:

The following pages provide a debiled ciescription o,
thc in{ruction set of the 8085. Each instructron is d€.
:cribed in the following manner:

l. Thc MCS 8S'macro assembler forraat"consisting of
th. im$uction ,linemonic and operand iields, ir
printed in BOLDFACE on th. left iidc of the firrt
linc.

2" The nanra of the iffitruction ir enclosed in paren.

thcrir on the right:ide of the first line.

3. Thc ncxt linc{tl contain a ryrnbolic descrigtion
ol thr opcration of the instruction.

4" Thh ir follo$red by a narative description of 'dr!
oprration of the instruction.

5. Thc following line{s) contain the binary lieldr and
patter,ls that comprise the machine inrtruction.

1&bit rddrcs: quantity

E.bit d.ta qu.ntity

l6.bit data quantity

The srcond byts of thc inruuction

Thc third b.lt of ilr: in$rufiion

8-bit addra$ ol an l/O devicc

onc of the regrstrrs A,B,C,D,E.H,L
Y

+DOO,SSS The bit pa$ern d$iEnating one ol thc regis-
tlrs A,B,C,D,E.H,L {D0o.de:dna'ion. SSS-
rsrrcal:

DO9oTSSS REGISTER NAME

'ttl A
000 B

mtc
010 D
ott E
100 H

rol L

One of the register pairs:

B rcprasqnts thc B,C p.ir with B as the high-
ordar raginlr and C as tie low-order register;

D rcBrcrcnts the O,E pair with D as the high.
order rlgi3ter and E as the low-order register;

H rcpreseats the H,L prir with H as thc high.
ordcr register and L as the low-order register;

SP rrprarants thc l&bit stack pointer
rrgistlr.

The bit pattffn d€signating on€ of the'egir.
tlr grirr B,O,H,SP:

RP

00
01
r0
tt

REGISTER PAIR

B-C

o"E
H.L
SP

AP

tP

17

Auxiliary Carry: I f  the instruction caused a carry out
of bit 3 and into b i t  4 of the resulting
value, the auxiliary carry is set; otherwise
it is reset. This flag is affected by single
precision additions, subtractions, incre
ments, decrements, comparisons, and log
ical operations, but is principally used
with additions and increments preceding
a DAA (Decimal Adjust Accumulator!
instruction.

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

r l  The second (low-order) register o f  a desig
nated register pair.

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

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

r m Bit m of the register r (bits are number 7
through 0 from left to right).

Z,S,P,CY;AC The condition flags:
Zero,
Sign,
Parity,
Carry,
and Auxiliary Carry, respectively.

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

"Is transferred to'*

Logical AND

Exclusive O R

Inclusive OR

Addition

Two's complement subtraction

Multiplication
Mfs exchanged with'*

The one's complement (e.g., (A) )

The restart number 0 through 7

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

Description Format:

The following pages provide a detailed description of
the instruction set of the 8085. Each instruction is de
scribed in the following manner:

1. The MCS SS macro assembler format, consisting of
the instruction mnemonic and operand fields, is
printed in BOLDFACE on the left side of the first
line.

2. The name of the instruction is enclosed in paren
thesis on the right side of the first line.

3. The next line(s) contain a symbolic description
of the operation o f  the instruction.

4. This is fallowed by a narative description of the
operation of the instruction.

5. The following line(s) contain the binary fieldsand
patterns that comprise the machine instruction.

Symbols and Abbreviations:
The following symbols and abbreviations are used in

the subsequent description of the 8085 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 I/O device

r /1 /2  One of the registers A,8,C,D,£,H,L

DOD,SSS The bit pattern designating one of the regis
ters A,B,C,0£H,L (DOD destination, SSS®
source):

ODD or SSS REGISTER NAME

101 L

rp 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;

0 represents the D,E pair with 0 as the high-
order register and E as the low-order register;

H represents the H,L pair with H as the htgh-
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 8,D,H,SP:

RP REGISTER PAIR

00 B-C
01 D-E
10 H-L
11 SP
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6. Thc last four lincs contain incidental information
about th. sxecution of the irEtrucgo[. The num-

' bar of machina cycles and rutes required to exc.
crrte the instruction are list?d fi'st. lf th! instruc-
tion has two possibh exEution timet, ar in a
Conditional Ju,?lp, both rirrt will be lisred, sap.
arated by a {*h. N:xt. aay rignifidant datr td.
dressing mod6 (s.! Page 4.?l .;. l;rud. ?he lart
linc lisr rny of th! livr FtaEr th.t.ru arfected by
drc execution of tho instruc.tion-

J

Data Transler Group:
This group of inittufiion! trandrrr date to end from

regiitrrs and memory. Condition flrgn rrc not affected by
anv in$ruction in thir group"

MOV rt, 12 (Move Bcgi*cr)
(rl)+ {rfl
Thc gontent ot r.girtlr 12 is mould to regi$er rt.

0'' I D.D ols's's
Cydll:
Statcr:

Addrcsing:
Flegc:

MOV r, M (Move from memoryt

. (rl + ({H} {L}l
The contcnt of the memory lEion, whose addrsrs
ir rn registers H and L, is movrd b r€giiter r.

,/ Cyelet: z
Satqc; 7

. Addrersingl rag" idircct
Flag: notr

MOV M, T {Movr to memoryl
((H' lLll 5 {r)
The content ol regrster r is fliot,td to the memory lo-
cation whose addrcss ir in regirerr H and L

o' t' I I I oislsls
Cyclas: 2
Stater: 7

Addressing: r!g.irdirrct
Flags: aonl

lvll r, d.tt (Movc lmmediau)
(r) + (byta2!
The content of bytc 2 of the instruction ir moved to
registtr r. .

Cyclcr: 2
Statec: 7

Addrcsring: immcdiate
Flaga: nona

iffl M. dtrr (Movc to mlmory immcdiarl
{(Hl (U) + (byu2l
Th. coatent of b6c 2.of thc instruaion is movrd to
th: memory loeation whosr addrers ir in rcgister H
and L.

0' o.r , l'0't'I'0
d.ta

Cyclu: 3
- Strtsr: t0

Addrassing: immed-/rcg.indir.st
Flags: nont

LXI rp" oetr 16 (Load regist?r gair immediatrl
(rhl + (bytr 3l,
(rl) + (byte2)
Syte 3 of th! in3truction is moved into thc hign.ordar
register {rhl of th€ regist€f pair rp. Bytc 2 of thr in
struction is moved into rhr low.grdlf rcgiger (rll of
the register pair rp.

Cycler: 3
States: 10

Addressing: imm?diate
Flags: nona

t
1
rcEifr
norE

0 0 D D D T t 0

c,ata

0 0 R P 0 0 0 1

low-ordcr data

high.order data

o'rlorDrDifrrro

6. 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. I f  the instruc

t ion has two possible execution times, as i n  a

Conditional Jump, both times will be listed, sep

arated by a slash. Next, any significant data ad

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.

MV I r ,  data (Move Immediate)

(r) (byte 2)

The content of byte 2 of the instruction is moved  to

register r .  •

0 ’ 0 I 0 ] o o 1 1 1 1 0

data

Cycles:

States:

Addressing:

Flags:

2

7

immediate

none

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 r l  , r2 (Move Register)

( r1)  (r2)

The content of register r2 is moved to register r 1 .

MV! M ,  data (Move to memory immediate)

( (H )  (LD (byte 2)

The content of byte 2 of the instruction is moved to

the memory location whose address is in registers H

and L.

o 1 o 1 i 1 i * o 1 in i * o
data

O' 1 t I D 1 D 1 D I S 1 S ' S

Cycles: 1

States: 4

Addressing: register.

Flags: none

Cycles:

- States:

Addressing:

Flags:

3

10

immed7reg. indirect

none
MOV r, M (Move from memory)

(r) — ( ( H )  ( U )

The content of the memory location, whose address

is in registers H and L,  is moved to register n

j o '  1 I 0 1 D ' D j 1 1 1 * 0

z Cycles: 2

States: 7

Addressing: reg. indirect

Flags: none

LXI  rp, data 16 (Load register pair immediate)

(rh) — (byte 3 ) ,

(r l)  (byte 2)

3yte 3 of the instruction is moved into the hign-order

register (rh) of the register pair rp.  Byte 2 of the in

struction is moved into the low-order register (rl) of

the register pair rpMOV M, r (Move to memory)

( (H)  ( U J  — (r)

The content of register r is moved to the memory lo

cation whose address is in registers H and U

0 ‘ 0 1 0 ‘ 1

low-order data

high-order dataI 0 1 I 1 1 ‘ 1 * 0 j s 1 s 1 s

Cycles: 3

States: 10

Addressing: immediate

Flags: none

Cycles:

States:

Addressing:

Flags;

2

7

reg. indirect

none
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LDA eddr {Load Accumulator directl
lAl 

- 
(lbyte3l(bvc2!,

Thc content of the memory location, whos€ addras!
ir rpccified in byte 2 and byre 3 of the inrrrucrion, is
rnovrd to register A.

0'011'l.lr0 llo
low.order addr

highorder addr

Cycles: 4
Sarcs: 13

Addresring: dir.ct
Flags: non!

STA rddr (Storc Accuilrlator dircctl
({byt.3)(bvt! 2)l + {A)
?hc. contcnt of tlrc accu,rrulator is moved to tho
,nar?ory location yyhoso addreji ir rpecified in bytc
2 aad bytr 3 of thc. inrfuction.

0 0 ltl'0 0 1 0

low-ord€r addr

high-order addr

Cyder: 4
Suer: t3

Addrcrsing: direct
Fhgu: nona

LHLD rddr {Load H and L diractl
(L, 

- 
((byte3l(bytc2))

{H} 
- 

((byr!3,{bvt! Zl + il
?ha contant of tha memory tocation, whosc addresr
it sp€cifird in bytE 2 3nd byte 3 of the instruclion, rs
mowd to rrgiltlr L The content of thc memory loca.
tion at th! ruccacding address ir rnovcd to reEistcr H.

oltl0 I o I 1 I 0 | 1 .t0 | I I 
O

low-order addr

high.order addr

Cycler:
States:

Addressing:

Flags:

SHLD addr (StoreHdndLdirrst)
{(byta3l{byte2}} 

- 
(L)

({byte3}(byre 2) i ll 
- 

(Hl
Tha content of register L is moved to the memory lo.
cation whose addresr is specified in byte 2 and byt!
3. Thc content of registei H is moved to th€ succred.
inE nrcmory tocation,

0 't I0 ' 0 -r I r O | 0 , 0 i t I 
O

low-order addr

high.order addr

Cycla: 5
, Stater: ,6

Addresing: direct
Flags: nonr

LDAX rp (Loed acarrnutarcr indirecrt
141 _ ((rel)
Thc contcnt of the nrcmory localion, who:c addrass
ir in thc rugittar pai. rp, ir moved to Ggittar A. Nota:
only reEiitlr pairs rp.8 (rcgisters B ancl Cl or rp-O
[rlgiitlri D and E] may bc sp.cificd.

oro,l BlPl,lo-Tr-T;
Cyclcr: 2
Statrr: l- Addr*ring: reg. indirect
Flagr: non€

STAX rp {Storl accumutator indirect}
{(rP)) + 1a1
Tht content of registrr A is moved lo tha mamory lo-
cation who3€ addra:s is in thc rlgistrr pair rp. Notc:
only rcgirrr p5ir3 rp.B {registers B and C) or rp-D
(rrgi*err O and E) m.y b8 specified.

Cyctg: 2
Satar: 7

Addrosring: rog.indirect
Flrgt: non.

XCHG lExchangr H and L with D and E)
(t{, 

- 
(O)

(Ll 

-tElfha contenE of regirterc H and L are exchanged with
dro contantc.oi registeru D and E. \

I 1 1 0 1 o t I l'I

Cycler: I
Stats: 4

Addr*sing: register
Flags: nonc

5
16
direct
none

0 0 R P 0 0 , 0
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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 lo
cation whose address is specified in byte 2 and byte
3. The content of register H is moved to the succeed
ing memory location.

0 ' O ’  1 1 * 0  * 0  * 0  * 1  ' 0

low-order addr

high-order addr

LOA addr (Load Accumulator direct)

(A) ((byte 3) (byte 2))
The content of the memory location, wnose address
is specified in byte 2 and byte 3 of the instruction, ;s
moved to register A.

0 1 0 1 1 1 1 1 1 1 0 ' 1 * 0 ~
low-order addr

high -order addr

Cycles; 4
States: 13

Addressing: direct
Flags: none

Cycles: 5
States: 16

Addressing: direct
Flags: none

LDAX rp (Load accumulator indirect)
(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*S (registers B and C) or rp«O
(registers D and E) may be specified.

STA addr (Store Accumulator direct)

((byte 3) (byte 2M (A)
The content of the accumulator is moved to the
memory location whose address is specified in byte
2 and byte 3 of the instruction. oo

R * P —
a

o o

0 ‘ 0 * 1  * 1  1 0 1 0 1 1 ' 0

low-order addr

high-order addr

Cycles:
States:

Addressing:
Flags:

2
7
reg. indirect
none

Cycles: 4
States: 13

Addressing: direct
Flags: none

STAX rp (Store accumulator indirect)
((rp)) (A)
The content of register A is moved to the memory lo
cation whose address is in the register pair rp. Note:
only register pairs rp«8 (registers 3 and C) or rp»O
(registers and E) may be specified.

o o

tt.C
t

ooo

LHLD addr (Load H and L direct)
(L) ((byte 3} (byte 2))

((byte 3Mbyte 21 + 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 loca
tion at the succeeding address is moved to register H.

0 1 0 ' 1 * 0  1 1 1 0 * 1  * 0

low-order addr

high-order addr

Cycles:
States:

Addressing;
Flags:

2
7
reg. indirect
none

XCHG (Exchange H and L with 0 and E)

(H) — (D)
(L) — (E)
The contents of registers H and L are exchanged with
the contents of registers O and E.

1 *  f 1 1 * 0  * 1  * 0  H ' 1

Cycles: 5
States: 16

Addressing: direct
Flags: none

Cycles: 1
States: 4

Addressing: register
Flags: none
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Aridtmetic Group:

- This group of inrtructions pcrformr :ritimatic oper.
,t,ons on data in regisiers and mlmory.

Unl$r indiceed otherwir. ril in$rrtionr in this
group affcct th. Zrro, Sign, prriry, C:rry, rrd Auxiliary
Qrrry fhgE eccording to rh.3tand.rd ru|.'.

All cubtraction op€ratioG arr pertorrDad via ttyo.s
complemlnt arithmetic and ilt th! carry llag to orc to in-
dicatc r borrow and clerr it to rndicac no borrow.

ADD r (Add Rcgirtar)
(A)_ (A)+(f,
The conEnt of rcgi{er r is addcd to thc content of th?
accumulator. The result ir pl.cad in thc lccumularor.

.

ADC r (Add Register wirh c.rryf
(Al 

- 
(Al+(r!+{cY)

The content of registcr r and th€ cont€nr of thc carry
bit .r. addld to the contant ol the acclmulator. Th!r*uft ii placed in thc accumulator.

Cyct:r: I
Starcs: 4

Addresing: r.gi$ar
_ Ftag: ZS,P,CYAC

AOC M {Add nremory witt crrry!
(Al 

- 
(A) + ((H) (Ll) + (Cyl

Thc contcnt ol th! memory toeaiion who:c rddrc$ ir
contained in the H and L registcr3 rnd th! contrnt o,
th! CY flag are addcd to rhe accumulrtor. Tht rugrk
is placad in tha accumulatgr,

Cyctcr: z
Strts: 7

Addre$ing: reg. indirlct

. 
Ftags: Z,S,P.CY,AC

AC! det. (Add im.nediat widr cilryl
(Al + {A) + (bytc 2, + lcyl
lhe content of the second byrc of thc instrucion and
the conrefi o, the Cy flag arc added to th! contlnrt
of the accumulator. fhe r$ult i! placrd ia thc
acgumulatoi.

Cycler: z
State:: 7

Addrcsring: imm€diate
Flagrs: Z.S.p,CyAC

SUB r (Subtract R.gitral
(Al 

- 
(Al-(r)

' The content of registeru i! subtracted from thc con-
tenr of the accumul.tor. The rrsutt is placed in th.
itccumulator.

r'o'o,trols,s,s
Cycles: I
Statet: 4

Addrcssing: regiJtlr
Flags: Z,S,p,Cy,AC

ADD M

Cyclu: I
St:tcr: a

Addru$ing: rcai$rrtl*, zS.p.cy/Ac

{Add mcmory}
(A) 

- 
(Al + t(H) (Ll)

The contcnt of thc rnemory tocation whose addr*s
is contained tn tha H and L registers is added to th.
contrnt of the accumulator. The ra3ult ir piaccd rn
th! ac:cumul.tor.

Cydcr: z
Stats: l

Addrcsing: rag.indircct

. Ftags: Z,Sr.CYAC

ADI detl (Add immcdirtcl
{A) {A} + 16rr. r,
The content of thc second byrr of the inrtruction it
adocd to the content of thr Grlmulator. Thc resslr
is pl.ced in the accumulator.

Gyclas: Z
Statcr: 7

Addressingr irnm.diate
Ftags: Z,Si,CYAC

1 1 0 0 t 1 I 0

data

t 0 0 0 0 s s s

t I 0'0ro 1 I 0

data
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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.

Arithmetic Group:

w This group of instructions performs arithmetic oper

ations on data in registers  and memory.

Unless indicated otherwise, ail instructions in this

group affect the Zero, Sign, Parity, Carry, and Auxiliary
Carry flags  according to the standard rules.

Ai l  -subtraction operations are performed via two’s

complement arithmetic and set the carry flag to one to in
dicate a borrow and clear i t  to indicate no borrow.

1 1 . 0 1 0 * 0 * 1 s 1 s * s

Cycles:

States:
Addressing:

Flags:

1
4

register

Z,S,P,CY r AC

ADD r (Add Register)

(A) (A) + (r)

The content of register  r is added  to the content of the
accumulator. The result is placed in the accumulator.

ADC M (Add memory with carry)

(A) — (A) + ((H) ( U )  + (CY) *

The content of the memory location whose address  is
contained in the H and L registers  and the content of
the CY flag are added to the accumulator. The result

is placed in the accumulator.s B s ’ s
- ( o i o Pq r ~ i 7 Tq

Cycles: 1
States: 4

Addressing: register

Flags: Z .P.CYAC
Cycles:
States:

Addressing:

Flags:

2
7

reg. indirect

Z,S.P,CY,AC

ADD M (Add memory)

(A) — (A) + ( (H)  ( U )
The content of the memory location whose address

is contained in the H and L registers is added to the

content of the accumulator. The result is placed in
the accumulator.

7~1 0 i 0 i 0 I Q i 1 I 7 t 0

AC  I 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

of the accumulator. The result is placed in the

accumulator.

t ' * i ' o * o  r o

data
Cycles:

States:
Addressing:

Flags:

2
7
reg. indirect

Z,SJ>.CYAC
Cycles:
States;

Addressing:

Flags:

2
7

immediate

Z.S,P.CY C

ADI data (Add immediate)

(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 in the accumulator.

1 *  1 *  0 1 0 1 0 * 1 ' 1 1 0

data

SUB r (Subtract Register)

(A) — ~ (A) - (r)
The content of register r is subtracted from the con
tent of the accumulator. The result is placed in the
accumulator.

1 1 0 1 0 1 1 1 0 I s  ' s 1 s

Cycles:
States:

Addressing:

Flags:

1
4

register
Z.S,?,CY,AC

Cycles:
States:

Addressing:

Flags:

2
7

immediate

Z,SZCY,AC
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SUB frl (Subtract memoryl
{A, 

- 
{A) _ ((H} {Lt}

The content of the rnemory locatron whore address is
containcd in th€ H and L registers is subtracted from
th! content of lhe accumulator. The result ii placeo
in thc accumularor.

SBI detr. (Subrract imrnediar! wlth borrowl
(Al 

- 
lAl - {b..,re 2l - lcy)

The contents o, the s.cond byte of th. inrtruction
and th€ contanG of the CY tlag arc borh ssblracred
trom ihe accumulator. Tha r$utt ir placed rn thc
accumulator-

t t 0 I 1 t I 0

d.ta

Cyclcr: Z
Steter: 7

Addressing: iramcdjate
Ftags: Z,S,p,CyAC

lN.R r {lncramrnt Regisrerl
(rl + trl+l
Thr content of regi*er r i3 incramrntsd by on:.
Not : All condition flag3 rrcrpt Cy arc affrcted.

Cyclrs: 2
Stetcs: 7

Addrcssing: reg.indirrct
Flegs: Z,S,P,CY,AC

(Subtract immediate)SUI drte

SBB M

(A' 
- 

(A) - (byre 2)
Tha contcnt of the recond byte of the inrt?uction ir
Jubtraetld frora the contlnt rf the accumulatcr. fho
ratult ir glaccd in the accumulator.

,l , 0 t 0 t 1 0

dat

Cyclcr: 2
Satcs: 7

Addresing: immediate
Ft4s: Z,S;p,Cy,AC

SEB r {Ssbract Flegisrer with borow,
(A)-(Al-{r) -(Cy}
Tho content of register r and the contlnt of th. Cy
fleg arc both subtracted lrorn the accumulator. The
r:stJlt is placed in the accumulator.

Cyclcr: t
Stete: 4

Addrassing: registEr
Flagr: Z,S,P,AC

{lncrsncnt mrmory}
(tHl {u} 

- 
{(Hl (L}} + I

fhe cOntent of tbe memory locatidn whos! address
is containcd in tha H and L registers is incrument€d
bry one. Nore: Atl condition flags cxcapt Cy are
affected-

Cycier: 3
States: l0

Addrassing: reg.indircct
Ftag: Z,S.P,AC

{Decrarnent Registcr)
(r)+171-1
Thr content of register r is decremented by one.
Notc: All condition flags axccpt Cy are alfected.

Cyclcs: 1

States: 4
Addrussing: register

Flags: Z,S.P,AC

INR M

OCR r

Cycler: t
Statas: 4

Addrssing: register
Flagt: Z,S,P,CY,AC

,\
(Su&ract m.mory with boerowl

lAl 
- 

(A) - (H) {L)} - (CY}
The content of the memory location whosc address is
cantained in rhe H and L registeri and &e content of
thc CY flag are both subtraded from the accumula.
tor. Tha rerult i3 placed in the accumulator.

Cyclcr: 2
States: 7

Addressing: reg.indirect
Flagr: Z,S,P,CY,AC

1 0 0 t 0 t I 0

0 0 D D D t 0 0

1 0 0 1 I S S s

1 0 0 1 t 1
,|

0 0 0 o D o 1 0 1

0 0 1 1 0 t 0 0
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SUB M (Subtract memory)
(A) (A) - ( ( H )  (CD
The content of the memory location whose address is
contained in the H and U registers is subtracted from
the content of the accumulator. The result is placeo
in the accumulator.

- i o | o f—- i Q i �v i -

SB! data (Subtract immediate with borrow)

(A) (A) - (byte 2) - (CY)
The contents of the second byte of the instruction
and the contents of the CY flag are both subtracted
from the accumulator. The result is placed in the
accumulator.

, i 0 i , r; i” ~ i 0

data
Cycles:
States:

Addressing:
Flags:

2
7
reg. indirect
Z.S,P,CY,AC

Cycles:
States:

Addressing:
Flags:

2
7
immediate
Z.S,P,CY,AC

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 accumulator.

T I i “ i n ” o
data

I N R r ( I  ncremen t R egistef )
(r) w— (r) + 1
The content of register r is incremented by one.
Note: All condition flags except CY are affected.

0 1 0 0 D 1 0 I * 0 1 0 I

Cycles: 1
States: 4

Addressing: register
Flags: Z,S,P,AC

Cycles:
States:

Addressing:
Flags:

2
7
immediate
Z,SACY,AC

SB8 r (Subtract Register with borrow)
(A) — (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.

INR M (Increment memory)
((H) (LD ((H) (L)) + 1
The content of the memory location whose address
is contained in the H and L registers is incremented
by one. Note: Al l  condition flags except CY are
affected.

o o —k s 1 s 1 s

Cycles: 1
States: 4

Addressing: register
Flags: Z,S,P,CY,AC

Cycles:
States:

Addressing:
Flags:

3
10
reg. indirect
Z,SZAC

$88 M (Subtract memory with borrow)
(A) — (A) - ((H) ( U )  ~ (CY)
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
tor. The result is placed in the accumulator.

J 0 1 0 ! 7 1 1 1 1 1 1 1 0

OCR r (Decrement Register)
(r) — (r) - 1
The content of register r is decremented by one.
Note: AH condition flags except CY are affected.

o o

ooOO

Cycles:
States:

Addressing:
Flags:

2
7
reg. indirect
Z,S,P,CY,AC

Cycles:
States:

Addressing:
Flags:

1
4
register
Z,S,P,AC
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DCF M (Decremcn: memoryl. (txt tr-tt * ((Hl {L)} _ 
'The content of thc memory location who* addresr it

@nt3ined in the l{ and L regirrert ir decremented by
onc. Notr: All condirion flags rxcegr Cy are affccted.

Cycler: 3
Statcr: l0

Addr*sing: reg.indircct
Ftagr: Z"S.P.AC

lltlX rp (lncremcnt registcr peirl
(rhl {rll 

- 
(rh) (rD+l

Tha content of thc regi$er pair rp ir incr.manGd by
ona. Noic: No coadition fl:gr m:ffrcrd.

Cyclg: I
Stat*: 6

Addrcssing: rcgisw
Flagr: nona

DGX rp (Decremant regi3trr p.ir)
{r!rl (rll 

- 
(rh) (rt} - t

Th: content of the register pair rp is d€cramemed by
ons, Nore: No condition ftagr rrc dfrctcd.

DAD rp

Cyc.lcr: I
Stater: 6

Addresing: r.gi3t!t
Flaga: nonc

lAdd register pair ro l{ and L}
(H) (L, 

- 
(Hl (L) + lrht (ru

The content of the register pair rp is addrd to th?
.content of the register pair l1 and L" Th. r.sult is
placcd in tha register gair H antt L Note: Only thr
CY ftaE is rffrcttd. lr is rer if therc is a carry out of
the double precision add; otherwise it i3 rerct.

Cyelar: 3
Statcs: l0

Addrersing: rlgistcr
Ftagr: Cy

-

DAA (Decimal Adiusr Accumulatorl
The eight.bit number in thc accumuleto, i3 adiurtld
to fo.m two four.bit Einary-Coded.Decimal digitt by
thc following proc$i:

I, lf thr value of the le.$'sigfiificrnt 4 bir! of dta- accumularor is gre.rer than 9 on if thc AC flag
i: set, 5 is added io thc accurnulator.

2. lf th:c value of thc most significant 4 bitr ot rhc
accumulatof il now greater than g, o, if the Cy
flag ir set. 6 is adcfed to rh! mo3t significant 4
bits ol rhe acqrmulator.

I{OTE: All ttag! ar. rffaaei.l.

Cycles: t
Stetes: 4
Ftrgt: Z,S,P,CYAC

Logical Group:

Thir group of insrructions pc.rformr logical (goolcra|
op.tation3 on data in rrgifiert and mamory and Oo Conda.
tion fta$.

Unlerr irdicarld othcrwila, rll insructionr in thir
group affee the Zero, Sign, parity, Au.xiliary Carry, .nd
Carry flags acaording ro th€ st.ndard nrl€i.

ANA r {ANO Rcgisi€r}
{A} 

- 
(A)A(r}

The content ol rcai:ter.r rs logielly andcd wrth thc
conrent of the acd.,mulator. The result ic placed in
thr .cdrmuhtor. The Cy fleg ir cle.rrd tnd AC i!,.L

Cyctes: I
Staca: 4

Addre*ing: ,.gisbr
Ftags: Z,S,p,CyAC

ANA M (AND mcmoryl
(Al 

- 
{Al n ((H, (L,l

The conttnts of the memory location whose addrers
is contained in the H and L registers ir logically andad
with the content ol the 3ccumularor, Tha result it
placed in thc acrcumulator. Thc Cy f hg i: clcarad rnd
AC it rrt"

Cycles: 2
States: ?

Addressing: reg.indirlct
Ft3qsr Z,S.P,CY,AC

0 0 I I 0 I 0 I

0 0 t 0 0 1 t t

0 0 R P 0 0 1 1

o 0 R P I 0 t 'l

1 0 1 0 0 s s s

0 0 I P l 0 0 1 I 0 0I 0 1 t 0
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DCR M {Decrement memory)

” ( (H)  ( D )  — • ( ( H )  (LD - 1
The content o f  the memory location whose address is

contained in the H and L registers is decremented by

one. Note: AU condition flags except CY are affected.

O '  0 • 1 < 1  * 0  * 1  1 0 * 1

D A A  (Decimal Adjust Accumulator)
The eight-bit number in the accumulator is adjusted

to form two four-bit Binary-Coded-Decimal digits by

the following process:

1 .  I f  the value of the least significant 4 bits of the

accumulator is greater than 9 or if the AC flag

is set. 6 is added to the accumulator.

2. I f  the value of the most significant 4 bits of the

accumulator is now greater than 9, or i f  the CY

flag Is set, 6 is added to the most significant 4

bits of the accumulator.

NOTE: A l l  flags are affected.

Cycles:

States:

Addressing:

Flags:

3

10

reg. indirect

Z.S.PAC

o ’  0 I 1 * 0  I 0 I 1 ' 1 * 1I NX rp {Increment register pair)

(rh) (r l)  (rh) (rl) + 1

The content of the register pair rp is incremented by

one. Note: No condition flags are affected.

Cycles: 1

States: 4

Flags: 2,S,P.CY,AC

0 * 0  R P 0 ‘ 0 1 1 * 1

Logical Group;

This group of instructions performs logical (Boolean)

operations on data in registers and memory and on condi»

tion flags.

Unless indicated otherwise, all instructions in this

group affect the Zero, Sign, Parity. Auxil iary Carry, and

Carry flags according to the standard rules.

ANA r (AND Register)

(A )  (A )  A ( r )

The content of register-r is logically anded with the

content of the accumulator. The result is placed in

the accumulator. The CY flag is cleared and AC is set.

Cycles: 1

States: 6

Addressing: register

Flags: none

OCX rp {Decrement register pair)

(rh) (rl) (rh) (rl) - 1

The content of the register pair rp is decremented by

one. Note: N o  condition flags are affected.

o ’  O R *  P ’ 1 i 0 J 1 ? 1

ooo s ' s ' sCycles: 1

States: 6

Addressing: register

Flags: none
Cycles: 1

States: 4
Addressing: register

Flags: Z.S.P.CY C

ANA M (AND memory)
(A)  — (A )  A ( ( H )  (UH

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

placed tn the accumulator. The CY flag is cleared and

AC is set.

1 I 0 ' 1 ' 0 I 0 * 1  1 1 * 0

DAD rp (Add register pair to H and L)

(H )  (L )  — (H )  (L )  + (rh) (rl)

The content of the register pair rp is added to the

.content of the register pair H and L. The result is

placed in the register pair H and U Note: Only the

CY flag is affected. I t  is set i f  there is a carry out of

the double precision add; otherwise it is reset.

0 1 0

a.oc 1 1 0 ‘ 0 1 1

Cycles:

States:

Addressing;

Flags:

2

7

reg. indirect

Z.S.P.CY.AC

Cycles: 3

States: 10

Addressing: register

Flags: CY
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Ailt d.t (ANO imnrrdiatct
(Al + (Al A lbYte 2l
The contant of the sccond byte of ttre inlt ucricn ir
logically anded with the contents of lhe accumutator.
The rarult is placed in thc acqlrnulator. Thc Cy fhg
ir chared and AC ir srt.

-

OBA r {OR Regitterl
lAl 

- 
{A}V(rl

fhe conrenr ol register r is jnclusive.OR.d with rh€
content ol the accumulalor. The result is piaerd in
th. accur?rul.ror. Thr Cy and AC flagr arc cleered.

Cyclcc: 2
. Statcr: 7

Addru$ing: immediai.
Ftags Z,S.P,CYAC

XBA r {Excturivc OR ReEirer}
(A)-(A)V(rl
The contant of regisrer r it axclutive<r,d wilh th.
@ntent of thc aceumulator. The rerult is placad in
thr rccumulrtor. The Cy anrl AC fiagr.ru clarrd,

Cyclct: .l
SuLr: 4 -

Addrtrsing: rlgitter
Ft.sr, Z,S,p,Cy,AC

XFA M (Exclurive OR Mcmory)
{A) 

- 
tA} V t(H, (Llt

The content of thc rnemory iocation whosa addres
il containcd in rhc H and L registers is exclusive.ORd
with the contcn! of the accunulator,. The result ii
placed in dre accsmilatqr. Thr Cy and AC flagt rrr
clorrd.

Cyclcs: I
Statar; 4

Addressing: regi*ar
Ftagc: Z,S,p,Cy,AC

ORA M {OR marnory}

{Al 
- 

(Al V {(H} {L}}
7hr contcnt of the memory location whose address is
contained in the H and L reEisteru i: inclusivc€R,d
with thc cofltent of the accumuiator. fhe rlsult i3
placed in tha accumulator. Thr Cy.nd AC fltgr err
ct .rad.

ORI deo

Cyclcr: 2
. Stater: 7
Addresing: rrg.indirect

Flrg: Z,S,p,CY,AC

(OE lramediatel

XRI d.tr

Cycler: 2
. Statq: ?

Addr:tsing: reg,indirect
Flagr; Z,S.p,Cy"AC

(Exdusivc OR immediatal

{Al 
- 

lA} V (uyts 2}
Tho content of the second byte of the inrruction is
inclusive-OR'd with rhr content of the accumulator.
Tha result is placed in the accumulator. Thc Cy and
AC flrgt:n ctearad.

1 I t 1 0 , I 0

data

Cyclcr: z
Statcs: 7

Addrussing: irnmediate
Ftag:: Z,S.p,Cy,AC

CMP r (Compare Bcgister)
lAl - {r}
Thc content of register r is subtracted from the ac.
cumulator. The accumulator remaint unchanged" The
cqfldition flags are 5et as a result of tha subtrafiion.
Th. Z flrg ir set to I ;t (A) * {rl- Thr Cy fleg ir rer to
1 it lAl ( (rl.

' Cyclas: I
Stater: 4

Addrersing: register
Flags: Z,S,P,CY.AC

{A) 
- 

(A} V (byte 2)
The content of the sccond byte of the initruction ii
exclusive0R'd with the conlant of thc accumulator.
7h. r6ult is placed in thr accumulator. Thc Cy aad
AC flag ara ctrarqd.

Cycles: z
Starcs: 7

Addressing: immediate

, Flags: Z,S,P,CY,AC

1 0 t I 0 s s st t , 0 0 1 I 0

data

, 0 tt 0 1 s S
I 0 1 I 0 1 I 0

t 0 I 0 1 1 I 0

1 t 1 0 1 I 1 0

data t C I t t S S 5
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AN! data (AND immediate)
(A) — . (A) A (byte 2)
The content of  the second byte of  the instruction is

logically ended wi th the contents of the accumulator.

The result is placed in the accumulator. The CY flag

is cleared and AC is set.

i i i 1 1 j o �v o 1 1 * rn~
data

O R A  r (OR Register)
(A) — (A) V (r)

The content of register r is inclusive-0 R 'd  wi th the
content o f  the accumulator. The result is placed in
the accumulator. The CY and AC flags are cleared.

7 * 0 * 1  * 7  i~0 Ts ”

Cycles: 1
States: 4

Addressing: register

Flags: Z.S.P.CY.AC

ORA M (OR memory)

(A) — • (A) V ((H) ( L B

The content of the memory location whose address is

contained in the H and L registers is inclusive-0 R 'd
with the content o f  the accumulator. The result is
placed in the accumulator. The CY and AC flags are

cleared.

1 1 0 1 1 1 1 I o  1 1 1 1 * 0

Cycles:
States:

Addressing:

Flags:

2
7
immediate
Z.S.P.CY.AC

XRA r {Exclusive OR Register)

(A)  — (A) ¥ (r)
The content of register r is exclusive-or'd with the
content of the accumulator. The result is placed in

the accumulator. The CY and AC flags are cleared.

�v
4 o —* o -* s 1 s 1 s

Cycles: 2
States: 7

Addressing: reg. indirect

Flags: Z.S.P.CY.AC

OR I data (OR Immediate)

(A) (A) V (byte 2)
The content o f  the second byte of  the instruction is

inciusive-OR'd wi th  the content of  the accumulator.
The result is placed i n  the accumulator. The CY and
AC flags are cleared.

, i j i 0 r; i , i 0

data

Cycles: 1
States: 4

Addressing: register

Flags: Z.S.P.CY.AC

XRA M (Exclusive OR Memory)
(A) (A) ¥ ((H) (LD
The content of the memory location whose address

is containedin the H and L registers is exclusive-0 R 'd
with the content of the accumulator. The result is
placed in the accumulator. The CY and AC flags are

cleared.

1 I o * i Hi f~i ~o

Cycles:

States:
Addressing:

Flags:

2
7
immediate

Z.S.P.CY.AC

Cycles: 2
States: 7

Addressing: reg. indirect

Flags: Z,S,P,CY.AC

XR8 data (Exclusive OR immediate)

(A) — (A) ¥ (byte 2)

The content of the second byte of the instruction is

exclusive-0 R 'd  with the content of the accumulator.
The result is placed tn the accumulator. The CY and

AC flags are cleared.

CMP r (Compare Register)

(A) - (r)
The content of  register r is subtracted from the ac

cumulator. The accumulator remains unchanged. The
condition flags are set as a result of  the subtraction.
The Z flag is set to 1 if (A) « ( r ) .  The CY flag is set to
1 if (A)  < (rh

data i * 0 * 1  ""1 I s  1 s * s

Cycles:
States:

Addressing:

, Flags:

2
7

immediate

Z.S.P.CY.AC

Cycles:
States:

Addressing:

Flags:

1

4
register

Z.S.P.CY.AC
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CinP M lComparu mcmory)
{A} - {(H} (Lt'

- The contcnt of thc mcmory location whosc addr:sr
is contained ;n the H and L ,egislers is 3ubtragtcd
trom thG accumulator. Tha accurnulator remaim un.
cfiangcd. Thc condition flags are r!1 13 a rsult of th.
subr*tign. Thc Z ftag ir ser ro I if (A) , ((Hl (L)).
Thc CY flag is rct ro I it (,Al < {(Hl {Ll}.

-

RRc (Botrtc rightl
(Arr) * (An.tl ; {A/ 

- 
1401

(CYl + lAOl
The contcnr of the aeunrulato. il roEted ,ight onr
position. The high ordcr bir and the Cy ftrg are both
set to the velue rhitted out of th. low ordG, bit gsi.
tion. Only thr CY fleg ir dfrctcd.

Cyclg: t
Stttct: 4

_ Flq* Cy

fiAL lRot.t lcft through crry)
{An+t} 

- 
(An) - 16Y1 

- 
{A7)

(Ag) 
- 

(CY)

Thc content of thc eccurnulato, ir rot.tgd lclt onr
goiition rhrough rhr Cy flag. Tht low ord.l bit i! tai
equ.l to thr Cy fiag.nd th. Cy fhg i3 r.t ro tha
vrlur Criftod out ot rh. high ordrr bit. OnlV th. €y
f}rg ir rffrcrrd.

Cyct:r:
Strtcc:
Ftagr:

RAR {BoratG righr dlrough c.ryl
!An) - 

{An+r} ; (CYl 
- 

(}qO,

{A7l + (CY)

The content of thc accumulator is rotated ,ight ona
position through the Cy f1.9. The high ord€r bit ir s.t
to thr CY flag and th€ Cy ,bg i3 set to the yalu.
shaftrd our of rhc lorv order bit. Ooly tfu Cy flrg ir
rff*ttd.

Cyclcr:
St tll:

Addraring:
Ftagc:

reg. indirrt
z,s.P,cYAc

2
7

CPI d.tt (Comprc imrnsditr.l
(A) - lbnc 2l
Tha cantlnt of thc rccond byic of tha inrruction is
rubracted fronr thr accumuloior. Thc condition flagrs
.rc slt by th" rusulr ol thr subtraction. Thr Z fbg is
lct to I if (A, I (byre 21. Thr cy flag is rrt to ! if
(Al < lbyt3 21.

Cyclcr: 2
States: 7'

Addrussing: imrncdietc
Flagc: Z,S,P,CYAC

nLC (Rotatc lefr,
(An+t) 

- 
(Ail;{Ad 

-(AZt(CY): 1411
Thc contcil of thc accumulato, i3 rotated lcft one
position. The low orde7 bit and thr Cy flag arc both
rfi ro rhc value rhilted out ot th. high orda bit pori.
tron. Only rhr CY fbg it eflcsrrd.

Cyclu: 1

Statcs: 4
Flagr: CY

Cyclcs: t
Stetrr: 4
Ft.gB: Cy

(Compl:ment accumuletor)
(Al + iF)
Thc contents of th! aecumulator aru complemanted
lzero bits b€com! l. on: bits bccome 01. Nofbg, |'.
affretcd.

Cyclc:: t
Statcr: 4
Flegc: nom

t
t
CY

CMA

0 0 0 0 I 1 I T

I 0 t t I t 1 0

0 0 0 1 0 1 I I

1r l't 1 I t 1 0

ditr

0 0 0 I I 1 't I

0 0 0 0 0 I I 1 0 0 I 0 I I , 1
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CMP M (Compare memory)

(A) - ( (H) (LB

w The content of the memory location whose address

is contained in the H and L registers is subtracted
from the accumulator. The accumulator remains un

changed. The condition flags are set as a result of the
subtraction. The Z flag is set to 1 if (A)  « ((H) (L) ) .
The CY flag is set  to 1 if (A) < ( (H) ( U ) .

1 * 0 * 1 ' 1 * 1 * 1 * 1 * 0

RRC (Rotate right)

(A  n ) (A  n . t )  ; (A  7 ) — . (A  0 )
(CY) — (A 0 )
The content of the accumulator is rotated right one
position. The high order bit and the CY flag are both

set to the value shitted out of the low order bit posi
tion. Only the CY flag is affected.

0 1 0 * 0  1 0 1 1 * 1 * 1  * 1

Cycles: 1

States: 4
Flags: CYCycles: 2

States: 7

Addressing: reg. indirect
Flags: Z,S.P.CY,AC R A L  (Rotate left through carry)

(Am-i) (A  n ) ; (CY) (A  7 )

(A  0 > — “ (CY)
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
value shifted out of the high order bit. Only the CY

flag is affected.CPI data (Compare immediate)
(A) - (byte 2)
The content of the second byte of the instruction is
subtracted from the accumulator. The condition flags
are set by the result of the subtraction. The Z flag is
set to 1 if (A) » (byte 2) .  The CY flag is set to 1 if
( A ) <  (byte 2).  . . . .

0 1 0 * 0 * 1  1 0 1 1 * 1 * 1

Cycles: 1
States: 4
Flags: CY

data

RAR (Rotate right through carry)
(A  n ) — (An+0 ; (CY) — (Aq)
(A  7 ) *- (CY)
The content of the accumulator is rotated right one
position through the CY flag. The high order bit is set

to the CY flag and the CY flag is set to the value
shifted out of rhe low order bit. Only the CY flag is
affected.

Cycles:
States:

Addressing:

Flags:

2

immediate
Z,S,P.CY,AC

0 * 0 ‘ 0 I 1 1 1 * 1 1 1 1 I

Cycles: 1
States: 4
Flags: CY

RLC (Rotate left)
(A„+i) (A  n ) ; ( A 0 ) — (A 7 )

( C Y ) — - (A 7 )

The content of the accumulator is rotated left one
position. 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.

CMA (Complement accumulator)

(A) — (A)
The contents of the accumulator are complemented
(zero bits become 1, one bits become 0). No flags are

affected.

0 * 0 * 0  * 0 * 0 * 1  * 1  * 1 0 *  0 ' 1 * 0  * 1 * 1  * 1  * 1

Cycles: 1
States: 4
Flags: CY

Cycles: 1

States: 4
Flags: none
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qtllc (Complrrncnt carryt
(Cy) 

- 
(C-?t

Thc CY flag ir contplement.d. No olhr, flagr rrr
rffrgt d.

Cyclar: t-Sotc:: 
4

Ftrgr: Cy

STC, (Sct cerry)
(cY) + t
Thr CY tl.g i! s.t to 't. No oth.r flag! err rflcctad.

Cyclar:
Snuc:
Flagr:

Brancfi Group:

Thir grosg of instructions alter normal sequential
program flow.

Coodition llegs arr not afftctcd by any instnrction
in drit group.

The two types of branch inrtructircns are uncondi.
tional and conditional, Uncondltional ransfers simply per.
form the 3pecified operation on register PC {the program
counter). Conditional tranrforl examinc the statu3 of one of
tia four Frocessor flags to datrrmine if thr specified branch
ir to i:e eXecut d, The conditions that may be rpecified are
rs follow3:

CONDITION ccc

NZ - not z.ro (2.0) 0o()
Z - acro (Z - ll OOt

NC - no crlrrY (CY '01 OlO
C - carry (CY'l) Oll

PO - p.riry odd {P.0} tOO
PE - p.rity arrn (P. f) lgt
P -dus(S.0l lt0
M * mirnrt (S - l) I lt

JilP ddr {Jump;
(PCl + {byte3} (byta2l
Control ir rransterred to thc inttuction whose ad-

-

drats ir specified in byta 3 end b6c 2 ot the currEnt
insruction-

I t r 0'0'0'0 I 1

low-order addt

high.order addr

Cyclcr: 3' Stetcs: t0
Mdre$ing: imrn.di.ta

Flrqr: non

Jcondition rddr (Conditional iumpl
lf (ccc!.

lrc) _ {byg 3l (byte 2}
lf thc rp€cified condition is trua, control ii trans-
,arEd to th! instruction yyhose addrgs is soecified in
byfc 3 and byte 2 of the cursnt instruction; olher-
ryiL. control coninucr !€quentially.

I 1 c 0 1 0

low-order addr

high-ordrr addr

CALL addr

Cycles: 213
Satet: 7l1O- Addrcsing: immediat€
Flags: nona

{Call)
((SPl-11 +{PCHI
((SP, -2) * {PCL}
rSP)-(SP, -2
(PCl 

- 
(Oyte $ lUyta 2)

Tha high-order eight bitr of the next in:ruction ad.
dretg are moved to the memory location whose
address is onc less than lhe content of register SP.
The low-order eight bits of the next inrruction ad-

dregs rc moved to the m€mory location whgle
rddres is two less than tha conrsnt of regisier SP"

Thr content of register SP is deeremented by 2. Con
trol ir transferred to thE instruction \,ryhose addresr is

:pccificd in byte 3 and byte 2 ol the currrnt
in3Buction.

Cycles: 5
Suts: 18

Addr:ssing: i.nmediar./reg.indir€ct
Flags: none

t
4
CY

0 0 I 1 t t 1 'I

0 0 t I 0 1 I 1

1 I r 0'0 r r'l 0 t

low.order addr

high-order addr
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CMC (Complement carry)

(CY) (CY)
The CY flag is complemented. No other flags are
affected.

o * o~I i ' i ' i ' i I""”i

dress is specified in byte 3 ana byte 2 of  the current
instruction.
— _j . | o | — | T 0 I , T“j

low-order addr

high -order addr

Cycles: 1
States: 4
Flags: CY

Cycles: 3
States: 10

Addressing: immediate
Flags: none

Jcondition addr (Conditional jump)

If (CCC),
(PC) (byte 3) (byte 2)

I f  the specified condition is true, control is trans
ferred to the instruction whose address is specified in
byte 3 and byte 2 of the current instruction: other
wise. control continues sequentially.

STC (Set carry)
(CY) 1
The CY flag is set to 1 . No other flags are affected.

o 1 o *  i *  i 1 o 1 i * i I- 1

Cycles: 1
States: 4
Flags: CY

1 1 1 c 1 c ' c 0 1 t 1 0

low-order addr

high-order addr

Cycles: 2/3
States: 7/10

Addressing: immediate
Flags: none

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 branch instructions are uncondi
tional and conditional. Unconditional transfers simply per
form the specified operation on register PC (the program
counter). Conditional transfers examine the status of one of
the four processor flags to determine i f  the specified branch
is to be executed. The conditions that may be specified are
as follows:

CALL addr (Call)
((SP) - 1) — (PCH)
((SP) - 2 )  — - (PCD
(SP) — (SP) - 2
(PC) (byte 3) (byte 2)

The high-order eight bits of the next instruction ad
dress are moved to the memory location whose
address is one less than the content of register SP.
The low-order eight bits of the next instruction ad
dress are moved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by 2. Con
trol is transferred to the instruction whose address is
specified in byte 3 and byte 2 of the current
instruction.

i *  i • o 1 o * 1 H * o  ' i

low-order addr

high-order addr

CONDITION ccc

NZ — not zero ( 2 ’ 0 ) 000
2 - zero ( Z «  1) 001

NC - no carry (CY « 0) 010
C - carry (CY « 1) 011

PO — parity odd (P * 0) 100
PE — parity even (P « 1) 101

P — plus (S « 0) 110
M — minus ( S *  1) 111

JMP addr (Jump)
Cycles:
States:

Addressing:
Flags:

5
18
immediate/reg. indirect
none

(PC) (byte 3) (byte 2)
Control is transferred to the instruction whose ad-
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Ccofditioh.ddt
rf (ccc).

(Condition crll)

((SPl-11 
- 

{PCHI
((SPl -2) + {PCL)
(SP) 

- 
{SP} -2

(rcI + {byre 3} (by!.21
lf tlrc spccified condition is rrul, tlre ac{ion3 spacificd
in rhe CALL instruction {ss€ abov., erc pcrformcd;
oth.rwir€, control continues sequcr[irlly.

Cyeler: AE
Statc!: 9/18

Addr.rsing: immcdiei/r:g. inOircct
Fla6: nona

RET {Rntum}
(Peu + ({siP,};
(PcHt ;- ((SPt + 1,,
{SPl 

- 
(SP)+2t

Thc eontent of th! memory location whor€ addrlrs
ir rp€cifie{ in registcr SP is moved to th. lowlordet
eight brts of rcgister PC. Thc contefit of thc mcrnory
location rvlrosg addrels is on: morc thsn th€ eoffeRt
of registlr SP ir moved !o the high.order eighr bits o[
register PC. Thr conterlt of register SF it incrcmcntcd
bt2.

rtltolotrlololl
Cyclc: 3

' Stat, rO
Addressing: reg.indircct

Flag: nonG

Rcondition (ConditiEnrl cturnl
tf (cce).

(PCL) 
- 

{{Slrl}
{PCHI * ((sF}+t}
(SP' 

- 
(sPl+2

lf thc speeilied condition ir truc, the afiionr specified
in the FET inttruction {scc aborct are performad;
otherwi3r, control continues srquailially.

Cyclcs: ll3
Statcs: 6112

Addressing: reg.indirect
Flags: none

RST n {Resrrt}
((sPl-11 +(PCHI
({sP} _2' _ {FCL'
(SPl 

- 
{SP} -:

{PCl 
- 

8. {NNNI
The high.order eight biB of thc ne:t instrufiion ad.
dress arc ilrovcd to the memory location whora
addrcs is one lesl than th€ content of regirtcr SP.
7he lowordcr eight bits ol the ncxt inruuctioa rd.
dress arc moved to the memory locrtion whore
address ir trvo less th.n rhe content of regirtar SP.
The content of register SP ir dacremcntcd by ruo.
Control ir transferred to th! in$ruction whosr ad.
-drasr 

is rigrht rirrcs th! contlm of NNN.

Cyclcr: 3
Sratx: tz

Addrxsing: rcg,indincl
Flagr: . nono

PCHt (Jump H and L indireet - mor. H and L to pC!

{PQ}f) + {g}
{PCL} * (Ll
Thc content of registcr H ii moved to the high-order
eight bits of register PC. The contsnt of register L ii
moved to the low.order eight bitr of register pC.

Cyclcr: t
Stat:s: 6

Addresing: r.gi$er
Flagr: non!

I 1 c t 0 0

low.ordcr addr

high-ord.r addr

1 N N N t I t

151413t2trrog 8 7 6 5 4 3 2 t O

Program Counter Att.r Rertart

11 0 t 0 0 I

t 1 c c c 0 0 0
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RST n (Restart)
((SP) - 1) (PCH)
((SP) - 2 )  — (PCD
(SP) (SP) - 2
(PC)-*— 8* (NNN)

The high-order eight bits of the next instruction ad
dress are moved to the memory location whose
address is one less than the content of register SP.
The low-order eight bits of the next instruction ad
dress are moved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by two.
Control is transferred to the instruction whose ad
dress is eight times the content of NNN.

Cconditidh addr (Condition call)
If (CCC),

((SP) - 1) — (PCH)
((SP) - 2) — - (PCD
(SP) (SP) - 2
(PC) (byte 3) (byte 2)

I f  the specified condition is true, the actions specified
in the CALL instruction (see above) are performed;
otherwise, control continues sequentially.

1 1 i C 1 C 1 C I 1 * 0 * 0

low-order addr

high -order addr

Cycles: 2/5
States: 9/18

Addressing: immediate/reg. indirect
Flags: none

1 J 1 N 1 N 1 N 1 1 1 1 1

Cycles:
States:

Addressing:
Flags:

3
12
reg. indirect
none

RET (Return)
(PCD ((SP)):
(PCH) — » ((SP) + th
(SP) <*- (SP) + 2;

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

M 0 i 0 0 0 o | o ! o | o | o N N N 0 I 0 0

Program Counter After RestartThe content of the memory location whose address
is specified in register SP is moved to the low-order
eight bus of register PC. The content of the memory
location whose address is one more than the content
of register SP is moved to the high-order eight bits of
register PC. The content of register SP is incremented
by 2.

7""i i i o r~o i~ i i”o * o  “ i
PCHL (Jump H and L indirect - move H and L to PC)

(PCH) — (H)
(PCD — (L)
The content of register H is moved to the high-order
eight bits of register PC. The content of register L is
moved to the low-order eight bits of register PC.

Cycles:
States:

Addressing:

Flags:

3
10
reg. indirect
none

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

Cycles: 1
States: 6

Addressing: register
Flags: none

R condition (Conditional return)

If (CCC),
(PCD ((SP))
(PCH) — ((SP) * 1)
(S?) (SP) * 2

I f  the specified condition is true, the actions specified
in the RET instruction (see above) are performed;
otherwise, control continues sequentially.

1 ' ! c 1 c 1 c o o o

1/3
6/12
reg. indirect
none

Cycles:
States:

Addressing:
Flags:
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DsD1O2D3DaD5D5D7

Stack, l/O, and Machine Ccntrol Group:

Thir group cjf instructionr performs l/O, manipularx
rhl Stacl, and alter3 internal control flags.

Unlas otherwise 3peaificd, condition flegr erc oot
.ff.ct d by any inrriuctionria thb group.

PtISH rp (Purh)

(lSPl-11+(rh)
((SP! -21 

- 
{rl}

(SP)* (SP)-2
The content of thc highorder register of regi*er gair
rp ir movcd to th€ memorY location whose adcirest is
on€ llss than the content of register Sp. The contenr
of iha low.order registEr of register pair rp i3 moved
!o tha memory location who3e addrest is two less
thrn the content of regitter Sp. The content of rag.
irt r SP is decremented by 2. Nota: Rcgirtar prir
rp. SP m.y not bc $rcifitd.

Cyclar: 3
. Statrs: 12

Addrering: reg.indirect
Flrgs: nona

ruSH PSW {Push grocesor sutus word}
{lsP}-11 + {A)
((SP)-2)0 

- 
(cY, ,({SP,-2}r 

- 
I

{(SPl-2)Z 
- 

(Pl, {{SP) -213 
- 

s
((SPt -210 

- 
{ACl, ({SPt -2!5 * g

({SP}-15 
-(Z}, 

{(SP)-217 * 151
(SiP, + (sP)-2

Tht content of rrgiser A is moved to rhe memory
locetion whoss adclre$ is one lers than registar Sp.
Thc contants of thc condition flags are assembled
into a procesor statui word and the word it moved
to the msmory location whose addrest is two less
tian the contEnt of register Sp. The content of reg-
ister SP is deeremented by rwo.

Cyclcr: 3
Statcc: t2

Addrr$ing: rcg. indirect
Flags: nona

FLAG WOAD

X: undafinad

PIOP rp (Popl

(fll + {(SPl,
(rh, 

- 
((SP|+11

lSll* (sP,+2
Thc contcnt of tne memory locarion, whose addres:
is specified by the content ol register Sp, is moved to
th! low.order register of register pair rp. The content
of lhe memory location, whosa addr*r is one mor!
than the content of register SP, is moved to the high.
order reghter of ragicer pair rp. Thc cootent of reg-
ist.r SP is incremented by 2. Nor: Rrgirtcr ptir
rp - SP m.y not b. lp.citild

POP PSW

Cycla: 3
Satar: t0

Addresring: reg.indirecr
Flag: none

{Pop processor status wordl
(cY) * ({sPl}o
(P) + ((SPtl:
(AC) + {{SP)}q
(2, + 1(SP,16
{Sl 

- 
{(SP)}z

{Al 
- 

((sPl+11
(SP, 

- 
(SP)+2

Thc content of the memory location whose addrers
is spccified by the content of register Sp is used to
r$tor? ths condition flagr. The conEnt of the mem.
ory location rrvhose addres is one more than the
content of register SP is moved to register A" Thc
content of rcgister SP ir incrsmented by 2"

Cyclet: 3
' States: 10
Addrrsring: reg.indirect

Flagr: Z,S,P,CYAC

S z x AC x P x CY

1 t R P 0 I 0 I t f,I P 0 0 0 t

t I I 1 0 0 0 1

I 1 I 1 0 1 0 t
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Stack, I/O, and Machine Control Group:

This group of instructions performs I /O.  manipulates

the Stack, and alters internal control flags.

Unless otherwise specified, condition flags are not

affected by any instructions in this group.

FLAG WORD

D7 Og Dg D4 D3 O 2 1 Oq

s z X AC X iI p X CY

X: undefined

PUSH rp (Push)

((SP) - 1) (rh)
((SP> - 2) (rl)

(SP) (SP) - 2
The content of the high -order register of register pair
rp is moved to the memory location whose address is

one less than the content of  register SP. The content

of the low-order register of  register pair rp is moved

to the memory location whose address is two less
than the content of  register SP. The content of reg
ister SP is decremented by 2. Note: Register pair

rp « SP may not be specified.

POP rp (Pop)

(rl) —— USPD
(rh) — - ((SP) * 1)

(SP) (SP) > 2
The content of  the memory location, whose address

is specified by the content of register SP, is moved to
the low-order register of register pair rp.  The content
of the memory location, whose address is one more
than the content of register SP, is moved to the high-
order register of register pair rp. The content of reg

ister SP is incremented by 2. Note: Register pair

rp « SP may not be specified.

1 * 1 R 1 P 0 1 1 * 0 * 1 1 1 1 R * P 0 0 0

Cycles:
States:

Addressing;

Flags:

3
1 2
reg. indirect

none

Cycles: 3
States: 10

Addressing: reg. indirect

Flags: none

POP PSW (Pop processor status word)

(CY) — ((SP)) 0
(P) «SP)) 2

(AC) — ((SP)) 4
(Z) — 1(SP)) 6

(S) ((SP))  7
(A) — ((SP) + 1)

(SP) — - (SP) > 2
The content o f  the memory location whose address
is specified by the content of register SP is used to
restore the condition flags. The content of the mem
ory location whose address is one more than the

content of register SP is moved to register A .  The
content of register SP is incremented by 2.

PUSH PSW (Push processor status word)

((SP) - 1 )  — (A)
((SP) - 2) 0 (CY) , ((SP) - 2 ) ,  1
((SP) - 2) 2 ( P) . ((SP) - 2) 3 — - 0

( (SP) - 2) 4 — (AC) . ((SP) - 2) 5 0
((SP) - 2)g (Z) , ((SP) - 2) 7 (S)

(SP) (SP) - 2
The content of register A is moved to the memory
location whose address is one less than register SP.

The contents of the condition flags are assembled

into a processor status word and the word is moved
to the memory location whose address is two less
than the content of register SP. The content of reg
ister SP is decremented by two.

1 I 1 ' 1 * 1  * 0  * 0  * 0  * 1

1 * 1 *  1 1 1 * 0 * 1  * 0 * 1
3
10
reg. indirect

Z,S,P,CY,AC

Cycles:
States:

Addressing:

Flags:

Cycles:
States:

Addressing:

Flags:

3
1 2
reg. indirect
none
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xrj{L (Erchange stack top with H and L) {Enable interrupts)

The interrupt system is enablcd following th" cr.cs.
tion of th. ilrt instrustion.

Cyctcr: t
Stetct: 4' Flagr: nona

Dl (DisablE intcrrugtl
-fhe interrupr iystrlr is disabled imilldlrtaty fol.
lowing th3 rxecution of thr Dl iffiruction.

Cyclc* t
Starcs: 4
Fla6: non.

HtT .lHaltl
Thc proccssor is stopp€(t. The registerr and flrgr rrc
unaffrctcd.

Cyclcs:

States:
Ftags:

NOP (No opl
No operation is pe#ormed" The registerc and flags
are unaffecied.

Cyclet: 1

States: 4
Flags: nonc

EI
(Lt + {(sPl}
(H,+{{Spl+il
The contcnt of thc L regirter ir cxctranged with the
content of the memory locatian ,*hose addrets ir
specilled by rhe content of regi:rcr SP. The conrent
of thc H regirter is exchangcd flith thc contcnt ol thc
m.tnory location who5e addr*r it onc mora than tha
content of register SP.

Cyctcr: 5
Stater: 16

Addressing: reg.indirect
Flags: non

SPHL (Movr HL to SPI
(sP) + {H) (L,
The contentt of rcgisters H and L (16 bitrl arc movcd
to regi3ter sP.

Cyclcr: I
States: 6

Addressing: registcr
Flagr: non

lN port (lnpug

{Al 
- 

16"o;
Ths data placed on the eight bit bi.dirsctionat deta
bu3 by the specified port ir movrd to register A-

1 1 0 t ,'0'1 I

port

Cycles: 3
States: lO

Addressing: dire6
Flags: nona

OUT port (Outputl

{darai 
- 

(A}
fha conrent of registar A ir glacrd on thc eight bit
bi-direaional data bur for transmission to tha spec.
ified porr-

Cyclcr: 3
States: l0

Addressing: direci
Flags: nona

t
5
flonG

I I 1 I I 0 1 ,

1 t .,
0 0 o 1 1

1 I I 1 0 0 1 1

1 I 1 , 1 0 0 1

0 1 1 1 0 t 1 0

0 0 0 0 0 0 0 0

t I i , O, tr tg r0 I t 11

port

I
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XTHL (Exchange stack top with H and L)

(L)  « ((SP))
(hi ** ((spj + d
The content of  the L register is exchanged with the
content of the memory location whose address is
specified by the content of register SP. The content

of the H register is exchanged with the content of the
memory location whose address is one more than the

content of register SP.

E I ( Enable interrupts)

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

1 * 1 ‘ 1 l 1 ' 1 * 0 1 1 ' 1

Cycles; 1
States: 4
Flags: none

1 I"  ----- - I” - J— i ? I

�‘ i (Disable interrupts)

The interrupt system is disabled immediately fol
lowing the execution of the 01 instruction.

Cycles:

States:
Addressing:

Flags:

5

1 6
reg. indirect
none

1 1 n i �v i * o 1 o 1 1 1 i j

SPHL (Move H L  to SP)

(SP) (H) (L)
The contents of registers H and L ( 16  bits) are moved
to register SP.

~ ‘ i * in 1 1 / r o T 0 tr~ y"

Cycles: 1

States: 4
Flags: none

HLT (Halt)

The processor is stopped. The registers and flags are

unaffected. *
Cycles: 1
States: 6

Addressing: register
Flags; none

i i * o i 1

Cycles: 1

States: 5
Flags: none

IN port (Input)

(A) (data)
The data placed on the eight bit bi-directional data

bus by the specified port is moved to register A.

port

NOP (No op)
No operation is performed. The registers and flags
are unaffected.

o "I o I"" 0 ~ l  o” I 0 i""o l~0 ' 0Cycles: 3
States: 10

Addressing: direct

Flags: none
Cycles: 1
States: 4
Flags: none

OUT port (Output)

(data) (A)
The content of register A is placed on the eight b i t

bi-directional data bus for transmission to the spec
ified port

1 *  1 I Q  1 1 1 0 1 0 1 t 1 1

port

' ' r-
Cycles: 3
States: 10

Addressing: direct

Flags: none
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filM (Rcad lnterrupt Maskl

Thc rca,rmulator is loadeC with the restart interrupr
nrtkr, any pending interupts, rnd thc co{rtenB 6f
the llrial input data line (SlOl.

ololrlololololo
rccwurotffitmgtrt*

srM {Sct lnterrupt Marks}

Thr contentr of tha acanmulator will be used in pro-
gramming th€ restart interrupt masks. Bfu &.2 will
tet/raset the mask bit for RST 5.5, 6.5. 7.5 of rhe
irrtg'rrupt mask register, if bit 3 ir I ("set,,). git 3 isr
"l/lask Set Enable" conuol.

sEttirg thc nrask (i.e. raasked bit - Il di=bt.t thc
corrcsponding interrupt

RST 7.5, yyhetfrer masked or not; will bc rlrcr if bit
4. 1.

F-ffi ingrt (pin 3Gl witl set e[ RST MASKS, and
reset/disable all inrerrupts.

SIM en, also, load the SO0 output latcfi. Acanmu-
lstor bh 7 is loaded into the SOD latc*t if hir 6 is scr
Thc htcrr is unaffected if bit 6 is a zcro. Effiiii
ingrt sat3 the SOD latch to zero.

ololr lt loloiol!

r€arn trlt t €o.lttf
tot sr:

crltr* r
3ra?I3 a,tlc& io{a

cttlt& I
tillr!& a
arro* rcaaa

Set Reset

RST 5.5 MASK
RST A5 MASK
RST 7.5 MASK

ilbit0-1
bit l .'t
bit 2. 1

ifbitC-0
Utl-0
bit2-0
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RIM (Read Interrupt Mask)

The accumulator is loaded with the restart interrupt

masks, any pending interrupts, and the contents of

the serial input data line (S ID) .

ACCUMULATOR CONTENT
ARTER RUfc

SIM (Set Interrupt Masks)

The contents of the accumulator will be used i n  pro

gramming the restart interrupt masks. Bits 0-2 will

set/reset the mask bit for RST 5.5, 6.5,  7.5 of the

interrupt mask register, if bit 3 is 1 (“set**). B i t  3 is a

“Mask Set Enable'* control.

Setting the mask (i.e. masked bit - 1 )  disables the

corresponding interrupt.

Set Reset

RST 5.5 MASK if bit 0 - 1 if bit 0 - 0

RST 6.5 MASK bit 1 - 1 bit 1 - 0

RST 7.5 MASK bit 2 - 1 bit 2 - 0

RST 7.5, whether masked or not, will be reset if bit

4 - 1 .

RESET I N  input (pin 36) will set al l  RST MASKs, and

reset/disable a l l  interrupts.

SIM can, also, load the SOD output latch. Accumu

lator bit 7 is loaded into the SOD latch if bit 6 is set.

The latch is unaffected if bit 6 is a zero. RESET I N

input sets the SOD latch to zero.

| ® | a | 1 l i  | o | o Fa j o I

I $00 i SSI i X : ‘MSI  ! W7 ; M# I MS |ACCUMULATOR CONTENT
FOR SIM:

RST S.5 MASK
RST $ 5  MASK
RST 7.S MASK
MASK SET ENABLE

RESET RST 7S
UNDEFINED

SOO ENABLE
SERIAL OUTFIT

DATA
CYCLES: 1
STATES: «
FLAGS: NONC
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ADRESSING LOGIC

Every peripheral eircuit of mieroprocessor has its own individual address in the

addrees space of the CPU. Physical devices ate adressed like memory. Address

spme fmm FF00H upwards is reserved to physical devices, with inerement of 1OH.

Lo,rest 4 kbytes, 0000H-0FFFH is resdrved for usa either as ROM or RAM. After
power reset ROM is selected, and proeessor starts program execution from memory

loeation 0000H. This RoM-located program contains self-test diagnostic program,

and Floppy disk bootstrap loader. After that operating system is loaded, PROM

memory is switched off.

Dynamie RAM must be rcfreshed with intervals less than 2 ms, not to loose its

contents. This ean be done with READ or WRITE operation or with RAS-only

or HIDDEN refresh eycle. READ operation is used in MieroMikko" This is done

at the sarne time with refreshing display with the help of DMA.

Characters to be displayed are loeated in one queue in the memory, and this

memory area is read with 20 ms intewals. This queue is 2000 eharacters long,

it is 25 lines, 80 characters each. DRAM refresh rrnrst be done to the 128 lowest

adresses (40-A6) with intervals less than 2 ms. When refreshing display, two

lines (=150 charts) covering this 128 bytes, are read during every 116 ms, being

short enough for refreshing RAM.
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ADRESSING LOGIC

Every  peripheral circuit o f  microprocessor has its own individual address in the

address space of the CPU. Physical devices are adressed like memory. Address

space from FF00H upwards is reserved to physical devices, with increment of 1OH.

Lowest 4 kbytes, 0000H-0FFFH is reserved for use either as ROM or RAM. After

power reset ROM is selected, and processor starts program execution from memory

location 0000H. This ROM-located program contains self-test diagnostic program,

and Floppy disk bootstrap loader. After that operating system is loaded, PROM

memory is switched off.

Dynamic R A M  must be refreshed with intervals less than 2 ms, not to loose its

contents.  This can be done with READ or WRITE operation or with RAS-only

or HIDDEN refresh cycle. READ operation is used in MicroMikko. This is done

at  the same time with refreshing display with the help of DMA.

Characters to be displayed are located in one queue in the memory, and this

memory area is read with 20 ms intervals. This queue is 2000 characters long,

it is 25 lines, 80 characters each. DRAM refresh must be done to the 128 lowest

adresses (AO-A6) with intervals less than 2 ms. When refreshing display, two

l ines (=160 char's) covering this 128 bytes, are read during every 1,6 ms, being

short enough for refreshing RAM.
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0000H

FFOOH

FFOI,H

FFOzH

FEO]H

FFO4H

FFO'H

FFO6H

FFOTH

FFUIH

FF@H

FFOAH

FFOBH

FFOCH

rFODH

FF(EH

Channel 0 addE$tar

CHannal 0 word eounts

Channel I addressas

Ctannel 1 word counts

Channel 2 addpsses

Channel 2 word count3

Channel ] addresses

Channel ] word counts

Read status/write command reEbter

w'ite rrqurst register

Write single mask rcgistar bit

write ModG r?gister

Ctcar byte pointcr FliP-FIoP

write Mester Clear/Read te-p. rug.i

Mt in u3c

ell ma

FF20H CRT eontr. PREG

FF . SREG

FF'OH FDC STATUS REGISTER

FFSIH FDC DATA REGISTER
10H Main channel Data r€qister

llH Aux, channel data register

LZH Main channel status reqilter

tlH Aux

X)H ITxC Mein chan.int.traos.clock

]lH IRxC Main chan. Eceive clock

lrrrzu eurc AUX channel clock

FllH Timer

FFOOH

FFIOH

FF20H

l0H
FF4OH

FFSOH

FF60H

FFTOH

FFEOH

FF9OH

FFFFH

MicroMikko Addrus lpecc

PROM arca in

BOOT phasc 4k

DYNAMIC AO'

FF50H extendad ram (=I)

FF6IH RECALL (Floppy Raset)

FF62H RV.28/Rx.21

FF6],H TX.zI

FF64H RCL

FF6'H INTC

FF66H LEEN
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OOOOH

PROM area in

BOOT phase 4k

FFOOH Channel 0 addresses

word countsFF01H CHannel 0

FF02H Channel 1 addresses

FF03H Channel 1 word counts

FF04H Channel 2 addresses

FF05H Channel 2 word counts

DYNAMIC RAM FF06H 3 addressesChannel

FF07H Channel 3 word counts

Read status/write command registerFF08H

FF09H Write request reg is ter

single mask register b i t

Mode register

byte pointer  F l ip -F lop

Master Clear/Read temp.

Not in use

Write

Write

Clear

Write

FFOAH

FFOBH

FFOCH

FFOOH reg.

FFOEH

Write all mask register b i tsFFOFH

FF20H CRT contr. PREG

FF21H CRT contr. SREG and CREG.

FFOOH

FF10H

FF20H

FF30H

FF40H

FF50H

FF60H

FF70H

DMA CONTROLLER FF50H FDC STATUS REGISTERFF10H Main channel Data register

FF1XH Aux. channel data register

FF12H Ma in  channel s tatus register

F F 1 3 H  Aux channel status register

FF30H ITxC Ma in  chan.int.trans.clock

F F 3 1 H  IRxC Main  chan, receive c lock

FF32H AUxC AUX channel c lock freq.

�vFF33H T imer  Control register

MPS CONTROLLER FF51H FDC DATA REGISTER

CRT CONTROLLER

BAUD RATE GEN. FF60H extended ram (=1)

FF6IH RECALL (Floppy Reset)

FF62H RV.28/RX.2X

FF63H TX.2X

FF64H RCL

FF65H INTC

FF66H LEEN

FF67H MOTOR ON

KEYBOARD

FLOPPY DISK

CONTROLLER

8-BIT DATA REG.

RESERVED

FF80H NOT USED

FF90H NOT USED

FFFFH NOT USED

MicroMikko Address space



32

8-BIT DATA REGISTER

The programmable 8-bit dataregister enables ehanges in the operation of peripheral

devices during run time. Data bit 0 is the only one in use. After RESET the

logic state of every bit is zero.

Address data Name Operatlqn

l. F50 O EXTENDED EPRCIM in use from loc OOOO

1 RAM DRAM in use from loc OOOO

FF61 O RECALL Floppydisk controller in use

1 _ _Iloppydts! po11lrqllel !!_!ElqT 9!a!e
FF62 O RV.28IRX.21 Receive via V.28ITTL Drivers

I Receive via X.21/TTL Drivers

FF63 O TX.21

1

TRANSMIT also via X"21 Drivers

TRANSMIT only via V.28 Drivers

and set DTR in main channel

FF64 O RCL Current loop receive ON

1 C!,ffe-S! loop'receivq Off 

-

FF 65 O INTC

1

Main channel is using intemal cloek

Main. ehannel is usinq extemal clock

FF66 O LEEN

I
ASCll-character set in use in display

Semigrafic char. set permitted in

d isplay

FF67 O MOTOR ON FDD Motor halted

1 FDD Motor runninq
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8-BIT DATA REGISTER

The programmable 8-bit dataregister enables changes in the operation of  peripheral

devices during run time,

logic state of every bit is

Data bit 0 is the only one in use. After RESET the

zero.

Address data Name Operation

KF 60 0 EXTENDED EPROM in use from loc OOOO

1 RAM DRAM in use from loc OOOO

FF61 0 RECALL Floppydisk controller in use

1 Floppydisk controller in RESET state

FF62 0 RV.28/RX.21 Receive via V.28/TTL Drivers

1 Receive via X.21/TTL Drivers

FF63 o TX.21 TRANSMIT also via X.21 Drivers

1 TRANSMIT only via V.28 Drivers

and set DTR in main channel

FF64 0 RCL Current loop receive ON

1 Current loop- receive OFF

FF65 o INTC Main channel is using internal clock

1 Main- channel is using external clock

FF66 0 LEEN ASCII-character set in use in display

1 Semigrafic char, set permitted in

display

FF67 o MOTOR ON FDD Motor halted

1 FDD Motor running
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INTERRUPTS

INTERRUPT FROM Branch address(HEX)

INT MPSC tells any change in the note 1

statuq receiving or

transmitting information

RST 5.5 FDC tells CPU being- rcady ?C

after form'er operation and

that it is going to "RESULT

PHASE" state.

RST 6.5 KEYBOARD, a new code is ready ,4

RST 7.5 DMA-End of proeess

TRAP Not in use

note 1: MPSC must be programmed to perform this operation

1C

?4
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INTERRUPTS
-

INTERRUPT FROM Branch address(HEX)

INT MPSC tells any change in the

status, receiving or

transmitting information

note 1

RST 5.5 FDC tells CPU being' ready

after former operation and

that it is going to "RESULT

PHASE" state.

2C

RST 6.5 KEYBOARD, a new code is ready 34

RST 7.5 DMA-End of process 3C

TRAP Not in use 24

note 1: MPSC must be programmed to perform this operation
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2.2 DMA USAGq AND PROGRAMMING

DMA has a eentral role in the MicroMikkos operation. It is used to refresh display

and dynamic RAM and to transfer data from/to mass storage media and serial

eommunications ports" The DMA-controller is realized with Intels 8237 or similar.
'fhe 8237 is a programmable, Direct Memory Access (DMA) device wtrich provides

a eomplete four-channel DMA-controller.

DMA channels are

channel

channel

channel

ehannel

used for
0 crt eontroller

1 MPSC, Main channel, transmitted data

2 MPSC, Main channel, received data

, FD controller

This rneans that DMA eontrollers Device Request (DREC) and DMA Acknowledge

(DACK) signals are wired to these I/O eontrollers.

D

6

{B
cm

o
E

2.2 DMA USAGE AND PROGRAMMING

DMA has a central role in the MicroMikkos operation. It is used to refresh display

and dynamic RAM and to transfer data from/to mass storage media and serial

communications ports. The DMA-controller is realized with Intels 8237 or similar.

The 8237 is a programmable, Direct Memory Access (DMA) device which provides

a complete four-channel DMA-controller.

DMA channels are used for

channel 0 crt controller

channel 1 MPSC, Main channel, transmitted data

channel 2 MPSC, Main channel, received data

channel 3 ED controller

This means that DMA controllers Device Request (DREQ) and DMA Acknowledge

(DACK) signals are wired to these I/O controllers.
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FUNCTIONAL DESCRIPTION

'fhe 8217 block diagram includes the major logie blocks and all of the intemal

registens. The data interconnection paths are also shown. Not shown are the

various control signals between the bloeks. The 8237 eontains 144 bits of intemal

merrr1ty in the form of registers. Figure lists these registers by name and shows

below the size and numbers of each. A detailed deseription of the rcgisters and

their functions can be found under Regisier Description.

Name Size Number

Base Address Register

Base Word Count Register

Current Address Register

Cume.nt Word Count Register

Temporary Address Register

Temporary Word Count Register

Status Register

Command Register

Temporary Register

Mode Register

Mask Register

Request Register

16

l6
T6

L6

t6

15

I
I
I
6

4

4

bits

bits

bits

bits

bits

bits

bits

bits

bits

bits

bits

bits

4

4

4

lt

I
1

I
I
I
4

I
1

8237 lnlernal Registers

The 8237 eontains three basic bloeks of control logic. The timing Control bloek

generates intemal timing and extemal control signals for the 8237. The Program

Command Control block decodes the various eommands given to the 8257 by the

mieroproeessor prior to servicing a DMA Request. It also decodes the Mode Control

word used to select the type of DMA during the servieing. The Priority Encoder

block resolves priority eontention between DMA channels requesting service

simultaneously.

The Timing Control block derives intemal timing from the clock input. ln 8237

systems this input will be the CLK from an 80854.
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FUNCTIONAL DESCRIPTION

The 8237 block diagram includes the major logic blocks and all o f  the internal

registers. The data interconnection paths are also shown. Not shown are the

various control signals between the blocks. The 8237 contains 344 bits o f  internal

memory in the form of registers. Figure lists these registers by name and shows

below the size and numbers of each. A detailed description o f  the registers and

their functions can be found under Register Description.

Name Size Number

Base Address Register 16 bits 4

Base Word Count Register 16 bits 4

Current Address Register 16 bits 4

Current Word Count Register 16 bits 4

Temporary Address Register 16 bits 1

Temporary Word Count Register 16 bits 1

Status Register 8 bits 1

Command Register 8 bits 1

Temporary Register 8 bits 1

Mode Register 6 bits 4

Mask Register 4 bits 1

Request Register 4 bits ________1

8237 Internal Registers

The 8237 contains three basic blocks of control logic. The timing Control block

generates internal timing and external control signals for the 8237. The Program

Command Control block decodes the various commands given to the 8237 by the

microprocessor prior to servicing a DMA Request. It also decodes the Mode Control

word used to select the type of DMA during the servicing. The Priority Encoder

block resolves priori ty contention between DMA channels requesting service

simultaneously.

The Timing Control block derives internal timing from the clock input. In 8237

systems this input will be the CLK from an 8085A.
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DMA OPERATION
.

The 8237 is designed to operate in two major eycles. These are called ldle and

Active eycles. Each device eycle is made up of a number of states. fhe 8237

ctrl assurne seven separate stateg each eomposed of one full elock period. State

I (5I) b the inactive state. It is entercd when the 8237 has no valid DMA requests

pending. While in 5I, the DMA controller is inactive but may be in the Program

Condition, Being programmed by the proeessor" State O (SO) is the first state

of a DMA service" The 8237 has requested a hold but the processor has not yet

returned an aeknowledge. An acknowledge from the CPU will signal that transfers

may begin. 51, 52, 5l and 54 are the working states of the DMA service.

h4emory-to-memory transfer require a read from and a write-to-memory to complete

each transfer. Ihe states, which resemble the norrnal working states, use two

digit number for indentification. Eight states are required for a single transfeR

The first four states (S11, S12, Slf, S14) are used for the rcad-from-memory half

and the last four states (521, S2?, 521, 524) for the write-to-memory half of the

transfer.

IDLE CYCLE

When no channel is requesting service, the 8217 will enter the Idle eycle and

perform "SI'r states. In this cycle lhe 8237 will sample the DREQ lines every

elock cycle to determine if any channel is requesting a DMA servic.e, The device

will also sample Chip Select (CS), looking for an attempt by the microprocessor

to write or read the intemal registers of the 8237. When CS is low and Hold

Request (HRA) is low ,the 8237 enters the Program Condition. The CPU can

now establish, ehange or inspect the intemal definition of the part by reading

fro m or writing to the internal register. Address lines AO-AJ are inputs to the

device and select which registers will be read or written. The lines Read and

Write (IOR, IOW) arre used to select and time reads or writes. Due to the number

and size of the intemal registers, an intemal flip-flop is used to generate an

additional bit of address. This bit is used to determine the rpper or lower byte

of the 15-bit Address and Word Count register. The flip-flop is reset by Master

Clear or Reset. A separa[e software eommand can also reset this flip-flop.
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DMA OPERATION

The 8237 is designed to operate in two major cycles. These are called Idle and

Ac t i ve  cycles. Each device cycle is made up of a number of states. The 8237

can assume seven separate states, each composed of one full clock period. State

I (SI) is the inactive state. It is entered when the 8237 has no valid DMA requests

pending. While in SI, the DMA controller is inactive but may be in the Program

Condition, Being programmed by the processor. State O (SO) is the first state

of a DMA service. The 8237 has requested a hold but the processor has not yet

returned an acknowledge. An acknowledge from the CPU will signal that transfers

may begin. SI, S2, S3 and S4 are the working states of  the DMA service.

Memory -to -memory transfer require a read from and a write-to-memory to complete

each transfer. The states, which resemble the normal working states, use two

d i g i t  number for indentification. Eight states are required for a single transfer.

The first four states (Sil, S12, S13, S14) are used for the read-from-memory half

and the last four states (S21, S22, S23, S24) for the write-to-memory half o f  the

transfer.

IDLE CYCLE

When no channel is requesting service, the 8237 will enter the Idle cycle and

pe r f o rm  "SI" states. In this cycle the 8237 will sample the DREQ lines every

clock cycle to determine i f  any channel is requesting a DMA service. The device

w i l l  also sample Chip Select (CS), looking for an attempt by the microprocessor

to write or read the internal registers o f  the 8237. When CS is low and Hold

Request (HRQ) is low ,the 8237 enters the Program Condition. The CPU can

now establish, change or inspect the internal definition of the part by reading

f rom or writing to the internal register. Address lines AO- A3 are inputs to the

device and select which registers will be read or written. The lines Read and

Write (IOR, IOW) are used to select and time reads or writes. Due to the number

and size of the internal registers, an internal f l ip-f lop is used to generate an

addit ional bit of address. This bit is used to determine the upper or lower byte

o f  the 16-bit Address and Word Count register. The flip-flop is reset by Master

Clear  or Reset. A separate software command can also reset this f l ip-f lop.
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Special mftware commands can be executed by the 8237 in the Program Condition.

These commands are decoded as sets of addrcsses with the CS and IOW. The

cornmands do not make use of the data bus. Instructions include Clear First/Last

Flip-flop and Master Clear.

ACTIVE CYCLE

When the 8237 is in the ldle cyele and a channel reguests a DMA service, the

dwice will output an HRG to the microprocessor and enter the Active cycle. it
is in this cycle that the DMA service will take place, in one of three modes:

Single Transfer Mode - In Single Transfer mode the device is programmed to

m6ke one transfer only. The word count will be deeremented and the address

deeremented or incremented following eaeh transfer. When the word eount goes

to zeto, a Terminal Count (TC) will cause an Autoinitialize if the channel has

been pmgrammed to do so.

Block Transfer Mode - In Bloek Transfer mode the device is activated by DREG

to continue making transfers during the serviee until a TC, eaused by word eount

going to zero, is encoun(ered. DREG need only be held active until DACK becomes

active. Again, an Autoinitialization will oeeur at the end of the service if th"e

ehannel has been proqremmed for it.

Demand Transfer Mode - In Demand Transfer mode the deviee is programmed

to eontinue making transfers until a TC is eneountered or until DREG goes inactive.

Thus transfers may continue until the I/O deviee has had a ehance to catch up,

the DvlA service is re-established by means of a DREQ. During the time between

serviees when the microprocessor is allowed to operate, the intermediate values

of address and word count are stored in the 8237 Cutrent Address and Current

Word Count registers. Only an EOP ean cause an Autoinitialize at the end of

the service. EOP is generated by Terminal Count (TC) .

TRANSFER TYPES

Each of the three active transfer modes ean perform three different types of

transfers. These are Read, Write and Verify. Write transfers move daLa form

an I/O device to the memory by aetivating Memory Read (MEMR) and I/O write
(ICIW) .Verify transfers' are pseudo transfers. The 8257 operates as in Read or
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Special software commands can be executed by the 8237 .in the Program Condition.

These commands are decoded as sets of  addresses with the CS and IOW. The

commands do not make use of the data bus. Instructions include Clear First/Last

Flip-flop and Master Clear.

ACTIVE CYCLE

When the 8237 is in the Idle cycle and a channel requests a DMA service, the

device will output an HRQ to the microprocessor and enter the Active cycle. I t

is in this cycle that the DMA service will take’ place, in one of three modes:

Single Transfer Mode - In Single Transfer mode the device is programmed to

make one transfer only. The word count will be decremented and the address

decremented or incremented following each transfer. When the word count goes

t o  zero, a Terminal Count (TC) will cause an Autoinitialize if the channel has

been programmed to do so.

Block Transfer Mode - In Block Transfer mode the device is activated by DREQ

to continue making transfers during the service until a TC, caused by word count

going to zero, is encountered. DREQ need only be held active until DACK becomes

active. Again, an Autoinitialization will occur at the end of  the service i f  the

channel has been programmed for it.

Demand Transfer Mode - In Demand Transfer mode the device is programmed

to continue making transfers until a TC is encountered or unt i l  DREQ goes inactive.

Thus transfers may continue until the I/O device has had a chance to catch up,

the DMA service is re-established by means of a DREQ. During the time between

services when the microprocessor is allowed to operate, the intermediate values

o f  address and word count are stored in the 8237 Current Address and Current

Word Count registers. Only an EOP can cause an Au to init ial ize at  the end of

the service. EOP is generated by Terminal Count (TC) .

TRANSFER TYPES

Each o f  the three active transfer modes can perform three different types of

transfers. These are Read, Write and Verify. Write transfers move data form

an I/O device to the memory by activating Memory Read (MEMR) and I/O write

(IOW) .Veri fy transfers are pseudo transfers. The 8237 operates as in Read or



Write transfers generating addressesl and responding

memory and IIO control lines all remain inaetive"

t8

to. EOP, etc" However, the

Memory-to-merr[rry - To perform block rnoves of data from one memory address

space to another with a minimum of program effort and time, the 8217 includes

a rrernory-to-memory transfer feature. Programming a bit in the Command register

selects channels 0 and 1 to operate as memory-to-memory transfer ehannels. The

transfer b initiated by setting the software DREG for channel 0. The 8217 requests

a DMA serviee in the normal manner" After Hold Acknowledge (HLDA) is true

,the device , using eight-state transfer in Block Transfer mode, reads data from

the rrermry, The channel 0 Current Address register is the source for the address

used and is decremented or incremented in the normal manner. The data byte

read from the memory is stored in lhe 8237 intemal Temporary register. Channel

I then writes the data from the Temporary register to memory using the address

in iLs G,rrrent Address register and inerement,ing or deerementing it in the normal

maRner" The ehannel 1 Current Word Count is deeremented" When the word

count of Channel L goes to zero, a TC is generated causing an EOP output,

terminatinq the service.

Channel 0 may be programmed to retain the same address for all transfers. This

allows a single word to be written to a block memory"

The 8237 will respond to extemal EOP signals during memory-to-memory transfers.

Data comparators in block search schemes may use this input to .terminate the

sevice when e match is found. The timing of rnemory-to-memory operations ean

be deteeted as an active Address Enable (AEN) with no DACK outputs.

Autoinitialize - By pr-ogramminq a bit in the Mode register, a channel may be

set up as an Autoinitialize channel. During Autoinitialize initialization, the original

values of the Current Address and Current Word Count register are automatically

restored from the Base Address and Base Word Count registers of that channel

followinq EOP. The base registers are loaded simultaneously with the eument

registers by the microprocessor and remain unehanged throughout the DMA service.

The mask bit is not set when the channel is in Autoinitialize. .Following
Autoinitialize the channel is ready to perform another service without CPU

intervention"
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Wr i te  transfers generating addresses, and responding to. EOP, etc. However, the

memory and I/O control lines all remain inactive.

Memory-to-memory - To perform block moves of data from one memory address

space to another with a minimum of  program effort and time, the 8237 includes

a memory-to-memory transfer feature. Programming a bi t  in the Command register

selects channels 0 and 1 to operate as memory-to-memory transfer channels. The

transfer is ini t iated by setting the software DREQ for channel 0. The 8237 requests

a DMA service in the normal manner. After Hold Acknowledge (HLDA) is true

, the  device , using eight-state transfer in Block Transfer mode, reads data from

the memory. The channel 0 Current Address register is the source for the address

used and is decremented or incremented in the normal manner. The data byte

read from the memory is stored in the 8237 internal Temporary register. Channel

1 then writes the data from the Temporary register to memory using the address

in its Current Address register and incrementing or decrementing it in the normal

manner. The channel 1 Current Word Count is decremented. When the word

count of  Channel 1 goes to zero, a TC is generated causing an EOP output,

terminating the service.

Channel 0 may be programmed to retain the same address for all transfers. This

allows a single word to be written to a block memory.

The 8237 will respond to external EOP signals during memory-to-memory transfers.

Data  comparators in block search schemes may use this input to .terminate the

sevice when a match is found. The timing of memory-to-memory operations can

be detected as an ac t i ve  Address Enable (AEN) with no DACK outputs.

Autoinitialize - By programming a bit in the Mode register, a channel may be

set up as an Autoinitialize channel. During Autoinitialize initialization, the original

values of  the Current Address and Current Word Count register are automatically

restored from the Base Address and Base Word Count registers of  that channel

fo l lowing EOP. The base registers are loaded simultaneously with the current

registers by the microprocessor and remain unchanged throughout the DMA service.

The mask bi t  is not set when the channel is in Au to initialize. Following

Au  to init ial ize the channel is ready to perform another service without CPU

intervention.



39

Priority - The 8231 has two types of priority encoding available as soffware

electable qtions. The first is Fixed Priority which fixes the channels in priority

order based tpon the descending value of their number The channel with the

lowest priority is 3 following by 2, 1 and the highest priority channel 0. After
the rceognition of any one channel for service, the other channels are prevented

from interfering with that service until it is eompleted.

The secmd scheme is Rotating Priority. The last channel to get service becomes

lhe lowest priority channel with the others rotating accordingly.

h ighest

lst
Serviee

0

2nd

Service

2*service

lrd
Serviee

J4service
0

I
lowest '2

With Rotating Priority in a single chip DMA system, any device requesting service

is guaranteed to be reeognized after no more than three higher priority services

have oceurred. This prevents any one ehannel from monopolizing the system.

Cornpressed Timing - In order to achie.ve even greater throughput where system

characteristics permit, the 8237 ean eompress the transfer time to two cloeks.

State 5, is used to extend the aeeess time of the read pulse. By rcmoving state

S3, the read pulse width is made equal to the write pulse and a transfer eonsists

only of state 52 to ehange the address and state 54 to perform the rcad/write.

51 states will still occur when A8-A15 need updating (see Address Generation).

Address Csreration - In order to reduce pin eount, the 8277 multiplexes the eight

higher order address bits on the data lines. State Sl is used to output the higher

order address bits to an extemal latch from which they may be placed on the

address bus. The falling edge of Addres Strobe (ADSTB) is used to load these

bits from the data lines to the latch. Address Enable (AEN) is used to enable

the bits onto the address bus through a threestate enable. The lower order address

bits are output by the 8237 directly.

1+service\ 5 *request

,\?
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Priority - The 8237 has two types of  pr ior i ty encoding available as software

selectable options. The first is Fixed Prior i ty which fixes the channels in priori ty

order based upon the descending value of  their number. The channel with the

lowest pr ior i ty  is 3 following by 2, 1 and the highest priority channel 0. Af ter

the recognition of  any one channel for service, the other channels are prevented

from interferring with that service until it is completed.

The second scheme is Rotating Priority. The last channel to get service becomes

the lowest priority channel with the others rotating accordingly.

1st 2nd 3rd

Service Service Service

h ighest 0 24- service— -i 34-service

14- service— >K 3 4 request \ 0

2 o \ 1

lowest 3 1 z

With Rotating Priority in a single chip DMA system, any device requesting service

is guaranteed to be recognized after no more than three higher priority services

have occurred. This prevents any one channel from monopolizing the system.

Compressed Timing - In order to achieve even greater throughput where system

character ist ics permit, the 8237 can compress the transfer time to two clocks.

State S3 is used to extend the access time of  the read pulse. By removing state

S3, the read pulse width is made equal to the write pulse and a transfer consists

only of state S2 to change the address and state S4 to perform the read/write.

S I  states will still occur when A8-A15 need updating (see Address Generation).

Address  Generation - In order to reduce pin count, the 8237 multiplexes the eight

higher order address bits on the data lines. State S I  is used to output the higher

order  address bits to an external latch from which they may be placed on the

address bus. The falling edge of Addres Strobe (ADSTB) is used to load these

b i t s  f rom the data lines to the latch. Address Enable (AEN) is used to enable

the bits onto the address bus through a threestate enable. The lower order address

bits are output by the 8237 directly.
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During Block and Demand Transfer mode services, which.include multiple transfers,

the addresses generated will be sequential" For many iransfers the data held in

the extemal address latch will remain the same. This data need only ehange when

a carry or borrow from A7 to AB takes plaee in the normal sequence of addresses.

To save time and speed transfers, the 8217 exeeutes 51 states only u*ren updating

of A8-A15 in the latch is necessary. This means for long services, 51 states may

occur only once every 256 transfers, a savings of 259. cloek cycle for each 256

transfers"

REGISTER DESCRIPTION

Current Address Register - Eaeh ehannel has a 16-bit Current Addres register.

This regbter holds the value of the address used during DMA transfers. The addrcss

is automatically incremented or decremented after each transfer and the

intermediate values of the address are stored in the Current Address register during

the transfer. This register is written or read by the microproeessor in sueeessive

8-bit bytes. It may also be rcinitialized by an Autoinitialize baek to its orginal

value. Autoinitialize takes place only after an EOP.

Current Word Register - Each channel has 16-bit Current Word Count registen

This register holds the number of transfers to be performed" The word count is
decremented after each transfer. The intermediate value of the word count is
stored in the register d:ring the transfer. When the value in the rcgister goes

to zero, a TC will be generated. This register is loaded or read in sueeessive

8-bit bytes by the mieroproeessor in the Program Condition. Following the end

of a DMA service it may also be rcinitialized by an Autoinitialization back to

its orginal value" Autoinitialize can oceur only when an EOP oecurs.

Base Address and Base Word Count Register - Each channel has a pair of Base

Address and Base Word Count register" These 16-bit registers store the original

value of their associated eurrent rcgisters. During Autoinitialize these values

are used to restore the eurrent registers to their original values. The base registers

are ranitten simultaneously with their corresponding current register in I bit- bytes

in the Program Condition by the microprocessor. These registers cannot be read

by the mieropmcessor.
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During Block and Demand Transfer mode services, which include multiple transfers,

the addresses generated will be sequential. For many transfers the data held in

the external address latch w i l l  remain the same. This data need only change when

a carry or borrow from A7 to A8 takes place in the normal sequence of  addresses.

To save time and speed transfers, the 8237 executes S I  states only when updating

of A8-A15 in the latch is necessary. This means for long services, S I  states may

occur only once every 256 transfers, a savings of  255 clock cycle for each 256

transfers.

REGISTER DESCRIPTION

Current Address Register - Each channel has a 16-bit Current Address register.

This register holds the value of  the address used during DMA transfers. The address

is automat ica l ly  incremented or decremented after each transfer and the

intermediate values o f  the address are stored in the Current Address register during

the transfer. This register is written or read by the microprocessor in successive

8 - b i t  bytes. It may also be reinitialized by an Autoinit ialize back to its orginal

value. Autoinitialize takes place only after an EOP.

Current Word Register - Each channel has 16-bit Current Word Count register.

This register holds the number o f  transfers to be performed. The word count is

decremented after each transfer. The intermediate value of  the word count is

stored in the register during the transfer. When the value in the register goes

to  zero,  a TC will be generated. This register is loaded or read in successive

8-bit bytes by the microprocessor in the Program Condition. Following the end

o f  a D M A  service it may also be reinitialized by an Autoinitialization back to

its orginal value. Autoinitialize can occur only when an EOP occurs.

Base Address and Base Word Count Register - Each channel has a pair of  Base

Address and Base Word Count register. These 16-bit registers store the original

value of  their associated current registers. During Autoinitialize these values

are used to restore the current registers to their original values. The base registers

are written simultaneously with their corresponding current register in 8 b i t -  bytes

in the Program Condition by the microprocessor. These registers cannot be read

by the microprocessor.
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Command Register - This 8-bit reEister controls the operation of the 8217. It

is programmed by the microproeessor in the Program-Condition and is cleared

by Reset. The following table lists the function of the eommand bits.

Mode Register - Each ehannel has a 6-bit Mode register associated with it. When

the register is being written to by the mieroprocesor in the Program Condition'

bits 0 and I determine wirieh ehannel Mode register is.to be written,

Request Register - The 8237 ean respond to rcquests for DMA service which

ar€ initiated by software as well as by a DREG. Each channel has a request

bit associated with it in the 4l-bit Request register. These are nonmaskable and

sr.rbjeet to prioritization by the Priority Encoder network. Each register bit is

set or reset separately under software control or is cleared upon generation of a

TC or extemal EOP. The entire register is cleared by a Reset. To set or reset

a bit, the software loads the proper form of the data word.
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Command Register - This 8-bit register controls the operation of the 8237. It

is programmed by the microprocessor in the Program'  Condition and is cleared

by Reset.  The fo l lowing tab le  l i s ts  the function of  the command bits.

Mode Register - Each channel has a 6-bit Mode register associated with it. When

the register is being written to by the microprocesor in the Program Condition,

bits 0 and 1 determine which channel Mode register is to be written.

Request Register - The 8237 can respond to requests for DMA service which

are initiated by software as well as by a DREQ. Each channel has a request

b i t  associated with it in the 4-bit Request register. These are nonmaskable and

subject to prioritisation by the Priority Encoder network. Each register b i t  is

set or reset separately under software control or is cleared upon generation o f  a

TC or external EOP. The entire register is cleared by a Reset. To set or reset

a bi t ,  the software loads the proper form of the data word.
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REGISTER BIT LEVEL DEFINITIONS

Command Reqister

6 Bit Number

Memory-to-memory disab le

Memory-to-memory enable

Channel 0 address hold disable

Channel 0 address hold enable

If bit 0=0

Controller enable

Controller disable

Normal timing

Comprcssed timing
If bit 0=1

Fixed priority

Rotating priority

Late write selection

Extended write seleetion

If Bit ]=1

DREO sense active high

DREA sense active low

DACK sense active low

DACK sense active hihg

0

I

fl

I
X

0

I

0

I
x

0

1

0

1

X

0

I

0

I
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REGISTER BIT LEVEL DEFINITIONS

Command Register

7 6 5 4 3 2 1  0 Bit Number

0 Memory-to-memory disable

1 Memory-to-memory enable

0 Channel 0 address hold disable

1 Channel 0 address hold enable

X If b i t  0=0

0 Controller enable

1 Controller disable

0 Normal timing

1 Compressed timing

X If bit 0=1

0 Fixed priori ty

1 Rotating priority

0 Late write selection

1 Extended write selection

X If Bit 3=1

0 DREQ sense active high

1 DREQ sense active low

0 DACK sense active low

1 DACK sense active hihg






















































































































































































































































































