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PREFACE 

Microcomputers are bringing about a revolution in the design of electronic 

systems. All electronic design is being affected by the potential for better,' 

cheaper, faster, and smarter new systems using microcomputers. With all this 
.* 

activity, education has become a great concern. Althrough many technical 

people have heard of microcomputers, relatively few know exactly what 
microcomputers are, what they do, and how best to apply them. 

The Lawrence Livermore Laboratory (LLL) is a high-technology, energy-related 
research laboratory that has been a forerunner of microcomputer development 
and application. Their Technology Training Program (TTP) is patterned after 
hands-on training originally devised to rapidly educate their own employees 
about microcomputers. TTP was initiated to expand this hands-on instruction 
by reaching other energy-related industrial and governmental organizations as 
well as educational institutions. To expand this sphere of training even 
further, TTP loans videotaped lectures, provides lecture notes, and, in some 
cases, lends equipment or aids the instructor. The MST-80B trainer (the 
"trainer in .a briefcase") was designed and fabricated as a part of this 
technology transfer effort and is now being built by more than 30 colleges for 
use in their own classes. 

The MST-80B is a significant contribution to the effort of the electronics 

industry to effectively educate potential users of microcomputers. This 
"trainer in a briefcase" provides the user with hands-on experience in 
state-of-the-art microcomputer architecture, programming, interfacing and 
application design; learning these techniques is almost as easy as opening the 
MST-80B briefcase itself! This trainer, while simultaneously reinforcing and 
expanding comprehension, allows the user to immediately assemble hardware and 
apply the concepts developed in the classroom. 
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THE MST-80B MICROCOMPUTER TRAINER 

G. D. Jones/E. R. F isher /and J. M. Spann 

E l e c t r o n i c s  Engineer ing Department 

Lawrence Livermore Labora tory  

ABSTRACT 

The microcomputer r e v o l u t i o n  i n  e l e c t r o n i c s  i s  spreading 
so r a p i d l y  i t  i s  d i f f i c u l t  t o  educate enough people 
q u i c k l y  and thorough ly  i n  t h e  new technology. Lawrence 
Livermore Labora tory 's  MST-80B was developed as a way t o  
speed l e a r n i n g  i n  our in-house t r a i n i n g  courses, and i t  i s  
now being w ide l y  used ou ts ide  LLL. The MST-80B t r a i n e r  i s  
a complete, se l f -conta ined,  microcomputer system housed i n  
a b r i e f case .  The t r a i n e r  uses the  I n t e l  8080A* 8 - B i t  
Microprocessor (CPU), and i t  has i t s  own s o l i d - s t a t e  
memory, a b u i l t - i n  keyboard, and a d i s p l a y  f o r  
inpu t /ou tpu t .  The t r a i n e r  i s  f u r n i s h e d  w i t h  a 'permanent 
"Moni tor"  Program ( i n  Read-Only Memory) t h a t  a1 1 ows users 
t o  e a s i l y  enter ,  debug, modify,  and r u n  programs o f  t h e i r  
own. 

AN INTRODUCTION TO THE MST-80B 

The LLL MST-80B i s  a complete microcomputer system se l f - con ta ined  i n  a 

b r i e f c a s e  f o r  p o r t a b i l i t y  and easy usage. The microcomputer was designed as a 

t r a i n i n g  device f o r  LLL1s Technology T r a i n i n g  Program (TTP), a l l o w i n g  students 

t o  exp lo re  t h e  hardware and sof tware c a p a b i l i t y  o f  a t y p i c a l  microcomputer. 

*Reference t o  a .company o r  p roduc t  name here o r  elsewhere does n o t  imp ly  

approval o r  recommendation o f  t h e  produc t  by t h e  U n i v e r s i t y  o f  Cal i f o r n i a  o r  

the  Un i ted  States Department o f  Energy t o  t h e  exc lus ion  o f  o thers  t h a t  may be 

s u i  tab1 e. 



The t r a i n e r  uses t h e  I n t e l  8080A Microprocessor and support ing i n teg ra ted  

c i r c u i t s .  I t  has i t s  own s e t  o f  s o l i d - s t a t e  memory elements so no ex te rna l  

memory i s  requi red.  Both random-access r e a d l w r i  t e  memory (RAM) and 

p r o g r a m a b l e  read-only memory (PROM) are provided. The MST-80B has a 24-key 

keyboard and a 3 - d i g i t  numerical  d i s p l a y  f o r  the  student t o  communicate w i t h  

the  microcomputer. Th i s  input /ou tpu t  ( I /O )  combination e l im ina tes  t h e  need 

f o r  expensive and bu l ky  1/0 such as a t e l e t y p e w r i t e r .  The keyboard and 

numer ica l  d i s p l a y  can be used w i t h  e i t h e r  the o c t a l  (base 8 )  number system o r  

t h e  hexadecimal (base 16) number system. E i t h e r  number system can be selected 

by s imp ly  depressing a c o n t r o l  key. 

The t r a i n e r  inc ludes  a breadboard socket so t h a t  experiments can be i n t e r f a c e d  

t o  t h e  microcomputer through an 8 - b i t  i n p u t  p o r t  and an 8 - b i t  output  p o r t .  

Th is  a l lows the student  t o  l e a r n  hardware i n t e r f a c i n g  techniques as we l l  as 

sof tware programming . The MST-80B a1 so has ten  uncommitted 1 i ght-emi tti ng 

diodes (LEDs) t h a t  can e a s i l y  be connected t o  d i s p l a y  the  s t a t e  o f  any des i red  

s i g n a l s  (address l i nes ,  data l i nes ,  and s ta tus ) .  These can be used when 

ope ra t i ng  the  t r a i n e r  i n  t he  s ing le -s tep  mode o r  t he  normal opera t ing  mode. 

HARDWARE FEATURES OF THE TRAINER 

F igures  l a  and l b  show the  complete t r a i n e r  i n  i t s  case. F igure  2 i s  a 

closeup o f  t he  computer c i r c u i t  board shnwing the  keyboard, d isp lay ,  and 

e l e c t r o n i c  c i r c u i t r y .  

The MST-806 uses I n t e l ' s  8080A Cent ra l  Processor U n i t  (Microprocessor o r  CPU) , 

and suppor t ing  i ntegra ted  c i r c u i t s .  The 8080A i s  a second-generati on 

microprocessor,  w i t h  an 8 - b i t  word and 78 i n s t r u c t i o n s .  (Appendix I l i s t s  t he  

a v a i l a b l e  i n s t r u c t i o n  set.)  The MST-80B has: 

o 512 bytes o f  RAM memory. 

o Sockets f o r  t h ree  1702A PROM's (768 bytes) .  It a lso  inc ludes  urle 

uncommitted socket t h a t  can be jumper-wired t o  a 24-pin ROM o f  

use r ' s  choice. Normally, t he  Moni tor  Program res ides  i n  PROM 0 and 

PROM 1. 



FIGURE 1 a. The MST-80B Microcomputer Trainer 

LED Status 
Power Suppl ies Indicators 

Breadboard 
Socket 

FIGURE lb. Top view of the MST-80B Microcomputer Trainer showing location of 
parts. 



F ~ G U R E  2. A closeup of the circuit board for the MST-BOB Microcomputer 
Trainer. The display is just left of the "C"' key. 
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o  A 24-key keyboard. Th i s  i n p u t  device i s  accessed through memory 

mapped I / O .  (See F igu re  7 f o r  a  memory map.) 

o A  t h r e e - d i g i t  d i s p l a y  w i t h  f u l l ,  hex-number c a p a b i l i t y .  Th i s  ou tpu t  

dev ice i s  used by c a l l i n g  t h e  DISPLAY subrout ine  i n  the4Moni to r .  

(See t h e  Mon i to r  Subroutines.. . . , page 13, f o r  a  d e s c r i p t i o n  o f  how 

t h i s  subrout ine i s  used.) 

o One 8 - b i t  i n p u t  p o r t .  Address = 1. 

o  One 8 - b i t  ou tpu t  p o r t  ( l a t ched ) .  Address = 1. 

o S ing le -s tep  capabi 1  i ty .  

o  Ten uncommitted l i gh t -em i  t t i n g  diodes (LEDs) t h a t  can e a s i l y  be 

connected t o  d i s p l a y  t h e  s t a t e  o f  any des i red  s igna l s  (address 

l i n e s ,  da ta  l i n e s ,  s ta tus ,  e tc . ) .  These can be used when opera t ing  

i n  s i ng le -s tep  mode. 

o A  s e l f  -contained power supply. 

o A  p r o t o t y p i n g  area f o r  user  experiments. 

F igu re  3  i s  an ope ra t i ona l  b lock diagram o f  t h e  MST-80B, and F igu re  4  shows 

t h e  panel connectors used t o  i n t e r f a c e  t h e  t r a i n e r  w i t h  experiments. The 

f i g u r e  inc ludes  d e t a i l e d  i n fo rma t i on  on each s i g n a l  and i t s  connector p i n  

number. F igu re  5 i s  t h e  schematic diagram. 

MONITOR PROGRAM 

, The t r a i n e r ,  as suppl ied, inc ludes  a  Mon i to r  Program (Hex/Oct Mon i to r )  loaded 

i n  PROMS 0 and 1. This  Moni tor  Program al lows a  user t o  en te r  programs i n t o  
a 

RAM memory, t o  s e l e c t  and examine memory l oca t i ons ,  change contents of 

l oca t i ons ,  and r u n  user programs f rom s p e c i f i e d  s t a r t i n g  addresses. 



The Mon i to r  Program a l so  inc ludes  a  debug r o u t i n e  t o  a s s i s t  users i n  debugging 

t h e i r  programs. This  r o u t i n e  a l lows the  user t o  i n s e r t  breakpoints FF16* i n  

programs. When such a  breakpo in t  i s  encountered dur ing  program execution, t he  

break r o u t i n e  i n  t h e  Mon i to r  Program i s  entered; i t  saves a l l  t he  CPU 

r e g i s t e r s  and t h e  b reakpo in t  address, and w i l l  d i s p l a y  273 o r  BB** t o  s igna l  

t h e  user t h a t  a  b reakpo in t  has been encountered. 

The contents  o f  t h e  CPU r e g i s t e r s  and the  breakpo in t  address are saved i n  a  *** 
group o f  dedicated memory l o c a t i o n s  on memory page 7. These l o c a t i o n s  

can be examined by us ing  t h e  D I S P  ( d i s p l a y )  f e a t u r e  o f  t h e  Moni tor  Program 

and, if desired, can be changed t o  new values us ing  t h e  ENTER f e a t u r e  o f  t he  

Mon i to r  Program. ( A  d e t a i l e d  exp lanat ion  o f  these fea tu res  i s  inc11.rded i n  t he  

sample program d i scuss ion  1  a t e r  i n  t h i s  repo r t .  ) 

The RUN f e a t u r e  o f  t h e  Mon i to r  Program s t a r t s  t he  u s e r ' s  program w i t h  t h e  CPU 

r e g i s t e r s  i n i t i a l i z e d  t o  the cu r ren t  values found i n  the  dedicated memory 

l oca t i ons .  (Th i s  a l lows an opera tor  t o  change these values be fore  pushing 

RUN.) F igu re  6  i s  a  f l o w c h a r t  o f  a  sample program us ing  the  Moni tor  Program, 

F igu re  7  i s  a  memory map f o r  t he  computer system. The f l owchar t  f o r  t he  

mon i to r  program i t s e l f  i s  d isp layed i n  F igure  8  and a  complete program l i s t i n g  

i s  i nc luded  as Appendix I V .  

OPERATION OF KEYBOARD USING THE HEX/OCT MONITOR 

The MST-80B keyboard l a y o u t  i s :  

* 
The s u b s c r i p t  16 on a  number i n d i c a t e s  hexadecimal (base 16) representat ion:  ** 

D isp lay  depends on a  user-selected mode: 273 i s  the  o c t a l  d isp lay ,  BB the  

hexadecimal . *** 
The l o c a t i o n s  used are tabu la ted  on page 21 o f  t h i s  repo r t .  



FIGURE 3. Operational block diagram of MST-80B Microcomputer Trainer. 



LITES 

- 
MEM R - 
MM W m 
m 

NC - 
SEL 3 

A B l 5  
AB14 
A 0 1  3 
AB12 
A01  1 
A B l  j 
A 0 9  
AB8 

LITE 1 
LIT€ 2 
LITE 3 
LITE 4 
LITE 5 
LITE 6 
LITE 7 
LITE 8 

RUN 

SS 

FIGURE 4. Panel connectors used t o  interface MST-80B Microcomputer Trainer. 
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PROGRAM FLOW CHART 

CLEAR L a  

FIGURE 6. Flowchart for MST-808 sample program. 
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The MST-80B keys f u n c t i o n  as f o l l o w s :  

RESET: Th is  key r e s e t s  t h e  system and s t a r t s  the  Mon i to r  Program running.  

DIGIT 

KEYS: These keys cause t h e  se lec ted  d i g i t s  t o  be en te red  i n t o  t h e  d i s p l a y  

i n  a l e f t - s h i f t  mode. (Care must be exe rc i sed  when e n t e r i n g  numbers 

t o  ensure t h a t  t h e  in tended number i s  entered, s i nce  t h e  d i s p l a y  i s  

no t  c l e a r e d  b u t  s imp ly  s h i f t e d  l e f t .  For  ins tance,  if you want t o  

en te r  a  1 i n t o  t h e  d i sp lay ,  you should push 01 t o  i n s u r e  t h a t  any 
- e x i s t i n g  number i s  comple te ly  rep laced. )  Keys 8 through F  a re  

f u n c t i o n a l  o n l y  i n  hex mode; t hey  a re  ignored when i n  oc ta l .  mode. 

The c u r r e n t  va lue  i n  t h e  d i s p l a y  i s  a l s o  s to red  i n  a  memory l o c a t i o n  

named KYTEM. 

LDH: Load High Order Address. To address any l o c a t i o n  i n  memory, t h e  

user  needs t o  s p e c i f y  t h e  complete address. The MST-80B addresses 

are two 8 - b i t  by tes :  t h e  h i gh  o rde r  address and t h e  low o rde r  

address. 

The h i g h  o rde r  address i s  s p e c i f i e d  by key ing  t he  des i r ed  va lue  i n t o  

t h e  d i s p l a y  and then  pushing LDH (LOAD H). Th i s  s to res  t h e  va lue  i n  

a  memory l o c a t i o n  c a l l e d  HVALU f o r  1  a t e r  use by t h e  Mon i to r  Program. 

The low o rde r  address i s  s p e c i f i e d  by t h e  c u r r e n t  con ten ts  o f  t h e  

d i s p l a y  whenever i t  i s  needed, i.e., i n  KUN o r  U l S P  operat ions.  I t s  

c u r r e n t  va lue i s  kep t  i n  a  memory l o c a t i o n  c a l l e d  LVALU. 

DISP : Disp lay .  When i t  i s  des i r ed  t o  examine t h e  con ten ts  o f  a  memory 

l o c a t i o n ,  t h e  DISP key i s  depressed. The h i g h  o rde r  address i s  

se lec ted  by e n t e r i n g  t h e  des i r ed  va lue  and u s i n g  t h e  LDH key, as 

exp la i ned  above. The low order  address i s  then  keyed i n t o  t h e  

d i sp lay ;  then, t h e  DISP key i s  pushed. Th i s  w i l l  cause t h e  con ten ts  

o f  t h e  des i red  address t o  be d isp layed .  



ENTER: The ENTER key i s  used t o  en ter  new values i n t o  spec i f ied  loca t ions .  

ENTER a l so  au tomat i ca l l y  increments t h e  address value, a l l  owing the  

user t o  q u i c k l y  examine, or  t o  en ter  new values i n to ,  consecut ive 

l o c a t  i ons  i n  memory. 

The address i s  s e t  by us ing  the DISP key s ince  t h e  present  value 

should be d i sp layed  before  you enter  a  new value. A f te r  pushing 

DISP,  a  new value may be keyed i n t o  t h e  d isp lay ;  when ENTER i s  

pushed, t h i s  va lue w i l l  be entered i n t o  the  current ly-addressed 

1  ocat i on. 

I n  add i t i on ,  t h e  address i s  incremented and t h e  contents o f  t h e  nex t  

consecut ive l o c a t i o n  are displa.yed. That value can e i t h e r  be 

\ re -en tered by  press ing  ENTER again, o r  a  new value can be keyed i n  

be fore  p ress ing  ENTER. 

EXA: Examine address. This key d i sp lays  t h e  c u r r e n t  value o f  t h e  low 

order address. The key i s  p a r t i c u l a r l y  use fu l  if, when you are 

examining a  program (s tepp ing  through, us ing ENTER), you f o r g e t  

where you are. 

HUN: l h i s  key a l lows you t o  s t a r t  a  user program a t  any s p e c i f i e d  

address. The address i s  s p e c i f i e d  by depressing the  LDH key t o  

en te r  t h e  h igh  order  address, then keying the  low order  address i n t o  

the  d i s p l a y  b e f o r e  pushing RUN. Remember, RUN i n i t i a l i z e s  a l l  CPU 

r e g i s t e r s  f rom dedicated memory l oca t i ons  before s t a r t i n g  the  user 

prograrrl. 

SS: S ing le  Step. For t h e  s i n g l e  step mode, t h i s  key advances the  

program t n  the  n ~ x t  step. (The togg le  swi tch lahe lcd  SS-RUN must be 

i n  t h e  SS p o s i t i o n  before t h e  SS key i s  f unc t i ona l . )  



H/O : Hex/Octal. This key selects  the desired keyboard mode. After f i r s t  

turning on power, when RESET i s  pushed the keyboard will be in hex 

mode. Depressing the H/O key will then cause a switch to  octal 

mode. Depressing the H/O key again will cause the mode to switch 
back to  hex. In short, depressing the H/O key changes the keyboard 
mode from i t s  present mode to  the other mode. 

MONITOR SUBROUTINES AS A' CALL FROM A USER PROGRAM 

Two of the routines in Hex/Oct Monitor are written as subroutines and may be 
call  ed by a user program: 

The K E Y  routine in the monitor program i s  useful when a user 's  program 
requires operator interaction. The keyboard i s  convenient f o r  t h i s  purpose. 
When K E Y  i s  called, an appropriate number key for  the mode i n  use must be 
depressed by the user before a return to  the user program will be completed. 
K E Y  returns to  the user with the C regis ter  containing the value of the number 
key depressed. (The C regis ter  contains t h i s  number in the low order hex 

d ig i t ,  and i n  addition contains the previous key entry in the high order 

d ig i t .  The K E Y  routine i s  called by a CALL K E Y  instruction ( C D  59 00)16. 
Two precautions must be observed when using the K E Y  subroutine. F i r s t ,  the 

routine uses the A,  B ,  C ,  H and L regis ters .  If the user program also 

.requires these regis ters ,  they must be saved before call ing K E Y .  Second, only 

numerical keys can be used when K E Y  i s  called. The control keys are not 

decoded in the K E Y  subroutine and should not be used. Also, numerical keys 
larger than 7 will be ignored when in octal mode. 

The DISPLAY routine in the monitor program i s  another useful subroutine 
available to the user. Whenever the user wants to  send a number to  the 
digi ta l  display, t h i s  routine should be used. The subroutine i s  called by a 

CALL DISPLAY instruction ( C D  52 and will display the number currently 
in the A regis ter  in whichever 'mode (hex or octal)  i s  presently in use. This 

subroutine uses the A, B and C regis ters .  



SAMPLE PROGRAM FOR THE MST-80B 

A sample program f o r  t he  MST-80B i s  g iven below; F igure  6 i s  a f l owchar t  f o r  

t h e  program. Th i s  sample program can be used t o  demonstrate the  opera t ion  o f  

t he  MST-80B and the  use o f  t h e  mon i to r  program i n  HEX mode. (Since the  

MST-80B i s  programmed i n  machine 1 anguage, program "steps"  are o f t e n  w r i t t e n  

as mnemonics--abbreviated i n d i c a t i o n s  o f  what the  i n s t r u c t i o n  does. For 

example, M V I  means "Move - -  - Immediately"; M V I  A, O means "Move - -  - Immediately ( i n t o  

t h e  - Accumulator) zero(s )  . ' I  Many o f  t he  mnemonics found i n  MST-80B programs 

such as t h i s  one can be e a s i l y  understood f rom t h e  context .  I f  you have 

quest ions,  Appendix I inc ludes  a complete l i s t  o f  8080A i n s t r u c t i o n  mnemonics 

and t h e i r  meanings. 

MEMORY MACHINE . 
LOCATION CODE OPERATIONS 

3 E M V I  A, 0 ; CLEAR AC 

00 

57 AGAIN: MOV D, A ; SAVE A 

CD CALL DISPLAY ; SEND AC TO DISPLAY 

5 2 

01 
7 A MOV A, D ; RESTORE A 

06 M V I  B, 0 ; CLR B REGISTER 

00 

0E 
40 

P4 LOOP : 
C A 

0 B 

06 

0 D 

C2 

0B 

06 
C6 

01 
C 3 

02 

06 

M V I  C, 40 ; PUT 40 IN C REGISTER 

I N R  8 ; INCREMENT B 

JZ LOOP ; DO I T  AGAIN 

UCR C ; DECREMENT C 

JNZ LOOP ; LOOP UNTIL ZERO 

AD1 01 ; ADD ONE TO AC 

JMP AGAIN ; GO DISPLAY AC & 00 A G A I N  



S P L I T  
HEX OCTAL 

0000 000 000 
PAGE (PROM) 

MONITOR PROGRAM L 
00FF 000 377 

01 00 
PAGE 1 (PROM) 

001. 000 

MONITOR PROGRAM 
01 FF . 1301 377 

I PAGE 2 (PROM) 

PAGE 3 
UNCOMMITTED SOCKET 

0400 004 000 
PAGE 4 

UNCOMMITTED SOCKET 

04FF 004 377 

PAGE 5 
KEY BOARD 

P a g e  7 l o c a t i o n s  u s e d  by M o n i t o r  
P r o g r a m :  

TV 

OCTAL/HEX 
L O C A T I O N  CONTENTS 

0600 006 000 

PAGE 6 (RAM) 

06FF 0@6 377 

0700 007 000 
PAGE 7 (RAM) 

REGISTER STORAGE 
& STACK 

07FF 007 377 

0800 01k3 000 
NOT USED 

HVALU 

PCL 1 PCSTO PCH 

PSW * } PSWST 

!::]BSTOR 

 REG]^^^^^ D REG 

~ : ~ } H S T O R  

OFLAG A REG 7 
I N  MST-80B 

377 377 4 

360/F@ STACK PTR 1 
f 

r LAGWORD 

lz 10 1 ~ ~ 1 0 1  P I  1 I C Y  

S I G N  

ZERO 

AUX CARRY 

PAR I T Y  - I 
( CARRY I 

* P r o g r a m  S t a t u s  W o r d  



F i r s t  you must load t h e  sample program i n t o  memory. Before you s t a r t ,  you 

need t o  decide where t o  load it. L e t ' s  p u t  i t  i n  memory page 6, s t a r t i n g  a t  

l o c a t i o n  1 (abso lu te  address = @600 hex). F i r s t ,  key 06 i n to -  the  d i s p l a y  and 

then push t h e  LDH ( l o a d  H) key. This  sets the  h igh-order  address ( h i g h  byte)  

t o  page 6. Next, key @G! i n t o  the  d i s p l a y  and push the  D I S P  key. This w i l l  

d i s p l a y  the  c u r r e n t  contents o f  l o c a t i o n  (I on page 6. Now you can key i n  t he  

machine language code f o r  t he  f i r s t  i n s t r u c t i o n ,  3E (MVI A), and push the 

ENTER key. This  w i l l  en te r  t he  3E i n t o  l o c a t i o n  d ,  and w i l l  a lso d i sp lay  the  

contents o f  the next  l o c a t i o n  ( l o c a t i o n  1 ) .  Now you can key i n  t he  next code, 

00, and push ENTER again. The 60 w i l l  be entered i n t o  l o c a t i o n  1, and then 

l o c a t i o n  2 w i l l  be displayed. Continue t h i s  process u n t i l  the e n t i r e  program 

i s  entered. 

I f  you make a  mistake w h i l e  keying i n  a  number, j u s t  cont inue t o  key i n  u n t i l  

t he  c o r r e c t  value appears i n  t he  d isp lay .  (The entered, displayed, number i s  

n o t  used u n t i l  a  c o n t r o l  key i s  pressed.) I f  you f o r g e t  where you are a t  any 

t ime  w h i l e  loading the  program, j u s t  press EXA (examine address), and the  

c u r r e n t  low-order address w i l l  appear i n  t h e  d isp lay.  You can cont inue on 

f rom t h a t  p o i n t  by f i r s t  pushing theDISP key and then the  ENTER key. O r  you 

can key a  new address i n t o  t h e  disp1a.y; then, pushing the D I S P  key w i l l  a l low 

you t o  cont inue from t h a t  address. 

A f te r  t h e  e n t i r e  program has been keyed in, you may want t o  check it f o r  

correctness.  This  i s  done by keying t h e  s t a r t i n g  address i n t o  the  d i s p l a y  (@(!I 

f o r  our sample program), pushing the  D I S P  key, and then repeated ly  pushing the  

ENTER key. This w i l l  s tep through the  program sequen t ia l l y  and d i s p l a y  each 

l o c a t i o n  so i t  can be checked. I f  you f i n d  a  mistake, j u s t  key i n  t h e  c o r r e c t  

va lue be fo re  the  ENTER key i s  pushed. 

A f t c r  t h e  progrdm i s  loaded s a t i s f a c t o r i l y ,  you can run  i t  i f  you desi re.  To 

r u n  t h e  program, key the  s t a r t i n g  address (@ f o r  our sample program) i n t o  the  

d i s p l a y  and push RUN. I f  you are no t  sure what t h e  cu r ren t  h igh  order  address 

(HVALU) is ,  you should s e t  i t  t o  the  c o r r e c t  value us ing the  LDH key as 

exp la ined prev ious ly .  



USING BREAKPOINTS I N  PROGRAM DEBUGGING 

The Mon i to r  Program f o r  t h e  MST-80B a l lows users t o  se t  b reakpo in ts  a t  des i red  

l o c a t i o n s  i n  t h e i r  programs. Th is  can be a  very  u s e f u l  c a p a b i l i t y ,  

p a r t i c u l a r l y  when debugging a  program. The use o f  b reakpo in ts  i n  program 

debugging can be demonstrated us ing  t h e  BREAK r o u t i n e  w i t h  t h e  sample program 

int roduced i n  t he  preceding sec t ion .  

As can be seen f rom the  f l o w  c h a r t  o f  t he  sample program, F igu re  6, t h e  

program i s  a  simple count r o u t i n e  t h a t  w i l l  cause t h e  d i s p l a y  t o  count up a t  a  

f i x e d  r a t e  determined by t h e  constants i n  t he  count ing  loops. I f  you execute 

t h e  program as i t  i s  w r i t t e n ,  you w i l l  n o t i c e  t h e  d i s p l a y  i s  count ing  very  

r a p i d l y .  Th is  i s  no t  i n t e n t i o n a l  and i s  caused by a  program bug. L e t ' s  use 

breakpo in ts  t o  f i n d  it. 

Looking a t  t he  f l o w  char t ,  you can see t h a t  t he re  are two count ing  loops. The 

f i r s t  loop counts up t o  FF16 and then goes back t o  0. Then t h e  second 

count loop i s  entered. Th i s  second l oop  counts t h e  number o f  t imes t h e  f i r s t  

loop  must go through a  f u l l  count (10g16 counts) .  Since t h e  C r e g i s t e r  i s  

i n i t i a l i z e d  t o  4fl16, the  second loop counts 4g16 counts; hence t h e  t o t a l  

counts f o r  bo th  loops i s  l0Bl6 x  4Ol6 (=16,384i0) counts. A f t e r  t h e  

f u l l  count i s  reached, 1 i s  added t o  t h e  A r e g i s t e r  and i t s  contents are 

d isp layed.  Then the  count loop  s t a r t s  over. Th is  program runs  end less l y  

u n t i l  stopped by the  user. 

The f i r s t  t h i n g  t o  check i s  t o  see i f  t h e  r e g i s t e r s  are i n i t i a l i z e d  

c o r r e c t l y .  Th i s  can be done by i n s e r t i n g  a  b reakpo in t  (b reakpo in t  code = 

FF16) i n  p lace  o f  t he  I N R  B  i n s t r u c t i o n  a t  memory l o c a t i o n  !dB. Now r u n  t h e  

program. (Remember t o  se t  t h e  h igh-order  address t o  page 6.) When t h e  

breakpo in t  i s  encountered du r i ng  the  runn ing  o f  t he  program, t h e  BREAK r o u t i n e  

w i l l  s top execut ion  o f  t h e  program a t  t h a t  p o i n t  and s t o r e  t h e  conten ts  o f  a l l  

CPU r e g i s t e r s  i n  t he  dedicated memory l o c a t i o n s  shown below. A BB w i l l  appear 

i n  t h e  d i s p l a y  t o  s igna l  you t h a t  a  break has occurred. 



BREAK ROUTINE MEMORY STORAGE LOCATIONS (MEMORY PAGE 7 )  

(HEX MODE) 

ADDRESS , CONTENTS ADDRESS CONTENTS 

BB Breakpoint  CO B  REG 

B C PCH Address C 1 E REG I 
B D PS W C2 D REG 

BE A REG C 3 L  REG 

B F  C REG C4 H REG 

The BREAK r o u t i n e  a1 so au tomat i ca l l y  se ts  HVALU t o  page 7. So, s ince BB i s  

a l ready  being d isp layed,  i f  you now push the  DISP key, t he  contents o f  memory 

l o c a t i o n  BB on page 7 w i l l  be d isp layed.  Th is  l o c a t i o n  conta ins  the  low by te  

o f  the  address where the  break occurred. The h igh  by te  o f  t he  break address 

i s  s to red  i n  l o c a t i o n  BC, so pushing t h e  ENTER key w i l l  cause the  h igh  byte t o  

be d isp layed.  Repeated use o f  the  ENTER key w i l l  a l l ow  you t o  examine t h e  

contents o f  a l l  t he  CPU r e g i s t e r s .  

Reg is te r  C i s  s to red  i n  l o c a t i o n  BF and, f o r  our  sample program, should 

c o n t a i n  4OIc Locat ion  BE (A r e g i s t e r )  and CO (B r e g i s t e r )  should con ta in  

zero. If these l o c a t i o n s  con ta in  the  c o r r e c t  values, rep lace t h e  INR B 

i n s t r u c t i o n  (code 04) i n  l o c a t i o n  0B and p u t  a  b reakpo in t  (FF) i n  l o c a t i o n  OF 

i n  p lace  o f  t h e  DCR C i n s t r u c t i o n .  Run t h e  program. When i t  breaks, examine 

l o c a t i o n  C0 again t o , s e e  what the  B r e g i s t e r  i s  now. It should be a  zero 

when t h e  count loop . is  ex is ted .  But i t  i s  no t  zero! The bug must be i n  t h i s  

loop. 

When you examine the  program, i t  i s  apparent t h a t  the JZ Loop i n s t r u c t i o n  . 

which t e s t s  f o r  complet ion o f  t he  count i s  t e s t i n g  the  wrong cond i t i on .  It 

e x i t s  t he  loop on zero count r a t h e r  than non-zero count, so you need t o  

- rep lace t h e  JZ i n s t r u c t i o n  w i t h  a  JNZ (codeC2)  i n s t r u c t i o n ;  Replace the  t .  

breakpo in t  

i n  OF w i t h  DCR C (OD) and r u n  the  program. It should now run  c o r r e c t l y ,  w i t h  

t h e  d i s p l a y  count ing  much more s lowly.  



This may appear t o  be a  t r i v i a l  bug and should be apparent by j u s t  i n s p e c t i n g  

t h e  program l i s t i n g .  Bu t  t h i s  i s  one of t h e  most common p r o g r a m i n g  e r r o r s  

( t h a t  i s ,  us i ng  t h e  wrong sense o f  a  t e s t  i n s t r u c t i o n ) ,  and i s  u s u a l l y  q u i t e  

d i f f i c u l t  t o  f i n d  i n  a  more complex program. 
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ENTER 0 ( = = >  +, 
SET COL PTR 

, CNTL J/ , 
POINTER FROM 
H AND L VALU 

REGISTERS FROM 
MEM STORAGE 

LOAD TABLE 
POINTER 

GET MEMORY 
POINTER LOW 

FROM OISPLAY 
I I N I T  STACK PTR I , 

AND OFLAG 
LDKY 

I I 

PUT CURRENT 
D I S P L A Y  VALUE 

I N  MEM LOCATION 
POINTER HIGH 

FROM HVALU 
LOAD PSW r-l DECODE 

CONTROL KEY 

START ADDRESS 
FROM HAL VHLU 

SEND 0 0  

GET OF CONTENTS T H I S  

LOCAT I O N  

READ COLUMN 

BUMP MEMORY 
POINTER 

TO OISPLAY 

YES 

CALL  KEY 

\I/ 

KEY 

INCREMENT 

QEAD KYBO COLUMN PTR 

D I S P L A Y  CONTENTS 
OF NEXT MEM 

< COLUMN >= PUT HL I N  PC 
AND RUN PHOGHHM DISPLAY I T  L 

NUMBER 
I N  KYTEM 

LOAD TABLE I POINTER I 

DECODE KEY DISPLAY CURRENT 
L VALUE 

JECODE KEY I-.. . -* J 
READ KYBO 

\ / 

N 0 /A\\ 

CORRECT VALUE 
FOR COL * 2  

SET OCTAL MODE r - l  
SET HEX MODE c S H I F T  NEW D I G I T  I INTO OLD NUMBER I 

DEBOUNCE 
DELAY 

FTORE nrco 
D I S P L A Y  I T  

FIGURE 8. Flowchart f o r  HEX/OCT monitor  program f o r  MST-80B Microcomputer 
T ra ine r .  



APPENDIX 

I .  Summary of 8080 instruction se t .  

Summary of Processor Instructions 
By Alphabstial Order 

I.swortio. B b l t l  B c k l *  
hr.* 0.sdL.m 0, Dg 0 s  04  0 1  0 2  0 1  00 Cvda 

ACI 

ADC Y 
AOC I 
A 0 0  Y 
A 0 0  r 
A01 
ANA Y 
ANA r 

AN1 
r A L L  
CC 
CY 
CYA 
CYC 
CUP Y 
CYP, 
CNC 
CNZ 
CP 
CPE 
cm 
cm 
cz 
OAA 
OAO B 
OAO 0 
OAO H 
OAO SP 
OCR Y 
OCR r 
OCX B 
OCX 0 
OCX H 
OCXSP 
01 
El 
HLT 
IN 
INR M 
INR r 
INX 0 
INX 0 
INX H 
INX SP 
JC 
JY 
JYP 
JNC 
JNZ 
1P 
1PE 
JPO 
17. 
LOA 
LOAX B 
LOAX D 
LHLO 
1x1 0 

1x1 0 

1x1 H 

1x1 SP 

Add immdulo  tn A r i t h  

-v 
Add m l m t v  10 A wilh w r y  
Add r q i l t r  10 A with u r r y  
Add m * m r v  to A 
Add r q i l t r  10 A 
Add immdato  to A 
And mmor" with A 
And r q i l t r  with A 
And immdi.1, wish A 
GI1 unrod i l i l r v t  
GI1 OROTIV 
GI1 0" minu, 
Comg4imnl A 
B m p l i m n t  r u r v  
c4mpr. m t " w v  with A 
COmplr, rqilt. with A 
G l l  on no v r r v  
GI1 on no r e 0  

GI1 on 

GI1 on w i z v  . re"  
Q r n w # e i m m d i l l l  d m  A 
Clll on w r i 4  Odd 
GI1 on 1-0 

O.rirml rdjvlr A 
A d d B a c ~ o H b L  
A d d O L E t o H 6 L  
A d d H b L l l H b L  
Add rrrrk poinls 10 H b L 
Denemen! mnrnorv 
Oeu,mn! nqisln 
Oen.mmn B 6 C 
Oeuemlnl O p t  
0 ,uenn l  H b L 
Oeu,mmt u11k m i n t n  
Oinblr Inl,rlupl 
Ervbl, Intnrupts 
Hl l t  
l"O"l 
I n n l n n t  m , w v  
1no.,m,a rqin. 
Inoem,nl B b C rq i r tnc  
I n u ~ m a l O  6 E t q i n n l  
Ino.*mnl H b L rqinms 
Inn.m,nt n a d  p i n l r  
Jump on u r r v  
Jump on minus 
Jump unwndifional 
Jump on no r u r v  
Jump onno "10 

Jumpon mu'lir* 
Jump on p r i l v  nm 
Jump on p.,i,v odd 
Jump on <no 
Lmd A d i e c l  
11.d A indiarl  
L-d A i n d i t a  
L a  H b L d i r W  
1-d irnmd"!erophtr 
R i r  B b C 
h d  immdi l ! * rq i l l n  
R i O b E  
Load i m m d i l l l r q i l t r  
R i H b L  
1-4 ~mmdh!*  n l r k  m i n t r  

YOV,l,l 
NOP 
ORA Y 
ORA r 
OR1 
OUT 
FtHL 
POP 8 

POP 0 

POP H 

POP R W  

PUSH B 

PUSH H 

PUSH PSW 

RAL 
RAR 

RC 
RE1 
RLC 
RY 
RNC 
RNZ 
RP 
RPE 
RPO 
RRC 
RST 
RZ 
SBB Y 

SBB I 

s n i o  
SPHL 
n a  
STAX B 
S T A i  0 
STC 
SUB M 
SUB I 

XRA M 
XRA r 

XRI 

Y n n  i m m d i t l  mlmorv 
Nor. imn*d"t, r q i n n  
M m  l q i f l -  l o  mlmorv 
Mom m r m r v  lo  vqinr 
Y o n # q i n n  to r q i n r  
N o Q P ~ ~ ~ D "  
0, m l m v  wilh A 
0, rqilt. with A 
01 i m m d i l . i l h  A 
0 " t ~ " l  
H b L to p w a m  w u n t n  
Pop r q h l r  p i  B b C o l l  
neck 
Pop r q i n n  m i  0 b E 011 
l t l<k 
POD 141. ~k H 6 L 011 
nark 
Pop A and Fhgt 
011 "l'k 
Puh r q i n r  hi B b C on 
N L ~  

Puh rq ;nn  R i  0 b E on 
Mack 
Puh vqilln Rir H b L on 
nark 
Puh A and F l q l  
on 1t8rk 
RotaleA l d l  lh rou~h u r r v  
RDIII~A #ah! l h o q h  
01IV 
Return on U~IV 

Relvvn 
ROI~I~ A l l f l  
R n t r n  en minu, 
Return on no UIIV 
R,,"," on no ,no 
Retwn on pot i l i n  
R,,"," on p r i t v  nm 
RIIY~ on parity odd 
Relate A *$ha 
R.tl.11 
Rolurnon LID 

Subfact mlmolv lrom A 
wilh ~ O R D W  

svatran r q i n n  lrom A 
with b0110w 
Subtract i m m d i r t l  from A 
with borrow 
store n a 1 d i ~ a  
H b 110 nack point" 
3 o r l  A d i m  
Store A indir lr t  
S l l l l  A i"dir.0 
5.1 pvrv  
Subtract m l m l v  l l r m  A 
Svb l l ln  r q i l l n  I lom A 
duoxlrrt ~ m n m u w l ~ r ~ r n  i! 
E x d a n p l 0 b E . H b L  
Rlgiss, 
Exrlul iw Or mnmory with A 
Exdu l in  01 r q h l n  with A 
Enduira 01 immdi l tn  with 
A 
E ~ c h l q *  top 01 118~1. H b L 

NOTES: 1. DDDorSSS-0006 -001  C-010D-011E-100H-101L-110Mernor~-111 A. 
2. t w  possible cycle times, i5111) indicate ~nnruction wcler dependent on mndltlon flags. 

l m m h m  b d e l l l  

0 s  0 4  01 0, 01 00 

1 1 0 1 1 0  
O O O l I O  
I I O S S S  
O O O l I O  
O O o S s S  
0 0 0 0 0 0  
1 1 0 1 1 0  
I I O S S S  
1 1 0 1 1 0  
0 1 0 0 1 I  
l O I 0 O l  
0 0 0 0 0 1  

0 1 1 0 0 0  
0 0 1 0 0 1  
O O O I I I  
1 1 1 0 0 0  
0 l 0 0 0 0  
0 0 0 0 0 0  
l l 0 0 0 0  
1 0 1 0 0 0  
I 0 0 0 0 0  
0 0 1 1 I I  
A A A I I  I 
0 0 1 0 0 0  
O I I I 1 0  

From the Intel 8080 Microprocessor Systems User's Manual , 
Courtesy o f  Intel Corporation. 



APPENDIX 

OCT HEX MNEMONIC -- 
316 CE ACI D8 
217 8F ADC A 
21 0 88 ADC B 
211 83  ADC C 
212 MA ADC D 
213 88 ADC E 
214 8C ADC H 
215 8D ADC L 
216 8E ADC M 
207 87 ADD A 
200 8 0  ADD B 
201 81 ADD C 
202 8 2  ADD D 
203 8 3  ADD E 
284 84 ADO H 
205 85 ADD L 
206 86 ADD M 
306 C6 AD1 08  
247 A7 ANA A 
240 AD ANA B 
241 A1 ANA C 
242 A2 ANA D 
243 A3 ANA E 
244 A4 ANA H 
245 A5 ANA L 
246 A6 ANA M 
346 E6 AN1 D8 
315 CD CALL Adr  
334 DC CC Adr  
374 FC CM Adr 
57 2F CMA 
77 3F CMC 
277 BF CMP A 
270 08 CMP B 
271 B9 CMP C 
272 BA CMP D 
273 BE CMP E 
274 BC CMP H 
275 BD CMP L 
276 BE CMP Y 
324 04 CNC Adr 
304 CJ CNZ Adr  
364 F4 CP Adr  
354 E C  CPE Ad r  
376 FE CPI D8 
344 E4 CPO Adr  
314 CC CZ Adr 
47 27 [IAA 
11 09 DAD B 
31 19 DAD D 
51 29 DAD H 

11 . 8080 ASSEMBLY LANGUAGE REFERENCE CARD 

ALPHABETICAL LISTING 

OCT HEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEMONIC -- -- 
71 39 DAD SP 174 7C MOV A,H 167 77 MOV M.A 
75 30 DCR A 175 70 MOV A,L 160 70 MOV M,B 
05 05 DCR B 1 7 6 7 E  M0VA.M 1 6 1 7 1  MOVM,C 
15 OD DCR C 1 0 7 4 7  FUV6.A 1 6 2 7 2  M0VM.D 
25 15 OCR D 100 40 MOV B,B 163 73 MOV M,E 
35 1D DCR E 101 41 MOV B,C 164 7 4  MOV M,H 
45 25 DCR H 102 42 ClOV B,D 165 75 MOV M,L 
55 20 DCR L :03 43 MOV B,E 76 3E MVI A,D8 
65 35 PCR M 104 44 MOV B,H 06 06 MVI 8,nn 
13 OR DCX B 1 0 5 4 5  YOVB,L. 16 OE MVIC.08 
33 1B DCX D 1 0 6 4 6  MOVD,M 26 16 MVID,D8 
53 28 DCX H 117 4F MOV C,A 36 1E MVI E.D8 
73 38 DCX SP 110 48 MOV C,B 46 26 MVI H,D8 
363 F3 D l  111 49 MOV C,C 56 2E MVI L.DO 
373 FB E l  1 1 2 4 A  W0VC.D 66 36 MVIM,DO 
166 76 HLT 1 1 3 4 8  M0VC.E DO 00 NOP 
333 DB I N  D8 114 4C MOV C,H 267 87 ORA A 
74 3C INR A 1 1 5 4 D  M0VC.L 2 6 0 6 0  ORAB 
04 04 INR B 116 4E MOV C,M 261 01 ORA C 
14 OC INR C 127 57 MOV D,A 262 82 ORA D 
24 14 INR D 120 50 MOV D.B 263 83 ORA E 
34 1C INR E 1 2 1 5 1  MOV0,C 2 6 4 8 4  ORAH 
44 24 INR H 122 52 MOV D,D 265 85 ORA L 
54 2C INR L 123 53 MOV 0,E 266 86 ORA M 
66 34 INR M 124 54 MoV D,H 366 F6 OR1 08 
03 03 INX B 125 55 MOV D.L 323 D3 OUT 08 
23 13 INX D 126 56 MOV D,M 351 E9 PCHL 
43 23 INX H 137 5F MOV E,A 301 C1 POP B 
63 33 INX SP 130 58 MOV E,B 321 Dl  POP D 
332 DA JC Adr 131 59 MOV E ,C 341 E l  POP H 
372 FA JM Adr  132 5A MOV E,D 361 F1 POP PSW 
303 C3 JMP Adr 133 5R Mnv F,F 3nS CS PI.ISH R 
322 02 JNC Adr 134 5C MOV E,H 325 05 PUSH D 
302 C2 JMZ Ad.r 135 5b MOV E,L 345 E5 PUSH H 
362 ~t JP ndr~ 136 5e #BV c,n Jas rs  rust^ rsw 
352 [A JPE Adr 147 67 MOV H,A 27 17 RAL 
342 E2 JPO Adr 140 60 I40V H.B 37 1F RAR 
312 CA JZ 1 4 1 6 1  M0VH.C 3 3 0 D 8  RC 
72 3A LDA Adr 142 62 MOV H.D 311 C9 RET 
12 9A LDAN R 143 63 MOV H,E 07 07 RLC 
32 1A LDAX D 144 64 MOV H,H 370 F8 RM 
52 2A LHLD Adr 145 65 MOV H,L 320 DO RNC 
01 01 L X I  8,016 146 66 MOV H,M 300 CO RNZ . 
21 11  LXI  0,016 157 6F MOV L,A 360 FO RP 
41 21 LXI  H,D16 150 68 MOV L,B 350 ED RPE 
61 31 LXI  SP.Dl6 151 69 MOV L,C 340 EO RPO 
177 7F MOV A.A 152 6A MOV L,D 17 OF RRC 
170 78 IrlOV A,B 153 611 MOV L.E 307 C7 RST 0 
171 79 MOV A,C 154 6C MOV L,H 317 CF RST 1 
172 7A MOV A,D 155 6D MOV L,L 327 D7 RST 2 
173 78 MOV A,E 156 6E MOV L,M 337 DF RST 3 

OCT HEX MNEMONIC -- 
347 E7 RST 4 
357 EF RST 5 
367 F7 RST 6 
377 FF RST 7 
310 C8 RZ 
327 9F SBB A 
230 98 SBB B 
231 99 SBB C 
232 qA SBB D 
233 9B SBB E 
234 9C SBB H 
235 9D SBB L 
236 9E SBB M 
336 OE SBI D8 
42 22 SHLD Adr 
371 F9 SPHL 
62 32 STA Adr 
02 02 STAX B 
22 12 STAX D 
67 37 STC 
227 97 SUB A 
220 90 SUB B 
221 91 SUB C 
222 92 SUB D 
223 93 SUB E 
224 94 SUB H 
225 95 SUB L 
226 96 SUB M 
326 D6 SUI Da 
353 EB XCHG 
257 AF XRA A 
75fl A 8  X R A  B 
251 A9 XRA C 
252 M XRA D 
253 AD XRR L 
254 AC XRA H 
255 AD XRA L 
256 AE XRA M 
356 EE XRI D8 
343 E3 XTHL 
10 08 --- 
20 10 --- . 
30 18 ---  
40 20 --- 
50 28 ---  
60 30 ---  
70 38 ---  
313 CB --- 
331 09 ---  
335 DD - - -  
355 ED ---  
375 FD ---  

08 = constant ,  o r  exp ress ion  t h a t  eva lua tes  t o  an 8 b i t  data  q u a n t i t y .  

016 = cons tan t .  o r  exp ress ion  t h a t  eva lua tes  t o  a 16 b i t  da ta  q u a n t i t y .  

Adr = 16 b i t  address. 



APPENDIX 

111. 8080 ASSEMBLY LANGUAGE REFERENCE CARD 

NUMERICAL LISTING 

OCT HEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEMONIC OCT HEX MNEMONIC -- -- -- -- 
OD 00 NOP 63 33 INX SP 146 66 MOV H,M 231 99 SBB C 
01 01 LXI 8,016 64 34 INR M 147 67 t4OV H,A 232 4.4 SBB D 
02 02 STAX B 65 35 OCR M 150 68 b!OV L,B 233 96 SBB E 
03 03 I f i X  B 66 36 MVI M,D8 1 5 1 6 9  MOVL,C 2 3 4 9 C  SBBH 
04 04 I l d R  B 67 37 STC 152 6A MOV L ,D 235 9D SCB L 
05 05 DCR B 70 38 - - -  153 68 MOV L,E 236 9E SBB M ' 
06 06 MVI B,D8 71 39 0fi0 SP 154 6C MOV L,H 237 9F SBB A 
07 07 RLC 72 3A LDA Adr 155 60 MOV L , L  240 A0 ANA B 
10 08 --- 73 38 OCX SP 156 6E ElOV L,M 241 A1 ANA C 
11 09 DAD B 74 3C INR A 157 6F MOV L,A 242 A2 ANA D 
12 OA LOAX B 75 3D OCR A 160 70 MOV M,B 243 A3 ANA E 
13 OB DCX B 76 3E MVI A.08 1 6 1 7 1  l,lOVM,C 2 4 4 A 4  AFlAtI 
14 OC INR C 77 3F CMC 162 72 MOV M,D 245 A5 ANA L . 
15 OD DCR C 100 40 f.1OV C,B 163 73 MOV M.E 246 A6 ANA M 
16 OE MVI C,08 101 41 FlOV B,C 164 74 FlOV M.11 247 A7 ANA A 
17 OF RRC 102 42 1.1OV 0.0 165 75 MOV M,L 250 A8 XRA B 
20 10 - - -  103 43 HOV 6,E 166 76 HLT 251 A9 XRA C 
21 11 LXI O,D16 104 44 PlOV C.H 167 77 t4OV M,A 252 AA XRA 0 
22 12 STAXD 1 9 5 4 5  M0VB.L 1 7 0 7 8  M0VA.B 2 5 3 A B  XRAE 
23 13 INX D 106 46 MOV 9,M 171 79 MOV A,C 254 AC XRA H 
24 14 INR D 107 47 l4OV B,A ,172 7A MOV A,D 255 AD XRA L 
25 15 DCR 0 110 48 MOV C,B 173 78 blOV A,E 256 .4E XRA M 
26 16 MVI D.08 111 49 MOV C,C 174 7C MOV A,H 257 AF XRA A 
27 17 RAL 112 4A FlOV C,O 175 70 MOV A,L 260 30 ORA B 
30 16 - - -  11 3 48 MOV C,E 176 7E !?OV A.14 261 B1 ORA C 
31 19 DAD U 1144C MOVC,tI 1 7 7 7 F  MOVA,A 2 6 2 6 2  9RAO 
32 1A LOAXD 1 1 5 4 0  MOVC,L 200CO AUDB 263 133 ORA E 
33 16 OCX 0 116 4E f4OV C,f4 201 61 ADD C 264 61 ORA H 
34 1C INR E 1 1 7 4 F  M0VC.A 2 0 2 8 2  ADD0 265 BS ORA L 
35 1D OCR E . 120 50 FlOV 0,B 203 83 ADO E 266 B6 ORA M . 
36 1E MVI E.08 1 2 1 5 1  MOV0,C 2 0 4 8 4  AODti 267 87 ORA A 
37 1F RAR 122 52 MOV 0.0 205 85 ADO L 270 88 CMP B 
40 20 - - -  123 53 MOV 0,E 206 56 ADD M 271 B9 CMP C 
41 21 LXI H,S16 124 54 MOV D.H 207 87 A00 A 272 BA CMP D 
42 22 SHLO Adr 125 55 MOV D,L 210 88 AOC B 273 BB CMP E 
43 23 INK H 1 2 6 5 6  MOV0.M 2 1 1 8 9  ADa:C 274 BC CMP H 
44 24 INR H 127 57 MOV 0,A 212 8A AOC 6 275 BO C!*IP L 
45 25 DHC !I 130 58 IIDV F,R 213 88 ADC E 276 BE CMP M 
46 26 !,!ili tl,D8 131 59 t4OV E,C 214 8C ADC H 277 BF CMP A 
47 27 3AA 132SA MOVE,D 2 1 5 8 0  ADCL 300 CO RNZ 
50 28 - - -  1 3 3 5 8  MOVE,E 2 1 6 8 E  ADCM 301 C1 POP B 
51 29 DAD H 134 5C MOV E,H 21 7 8F AOC A 302 C2 JNZ Adr 
52 2A LHLO Adr 135 50 MOV E,L 220 90 SUB B 303 C3 JMP Adr 
53 28 DCX H 136 5E MOV E,M 221 91 SUB C 304 C4 CNZ Adr 
54 2C INR L 137 SF MOV E,A 222 92 SUB U 305 C5 PUSH B 
55 20 DCR L 140 60 MOV t1,B 223 93 SUB E 306 C6 AD1 DR 
56 2E MVI b.08 141 61 MOV H.C 224 94 SUB 307 C7 EST 0 .  
57 2F CMA 142 62 MOV t 4 , ~  225 95 sue L 310 C8 R Z  
60 30 - - -  143 63 flOV t1,E 226 96 SUB 1.1 311 C9 RET 
61 31 LXI SP,D16 144 .6/1 MOV H,II 2 ? 7  97 A 3 : 2  C! JZ 
62 32 STA Adr 145 65 MOV t1.L 230 98 B 313 CB - - -  

OCT HEX MNEMONIC -- 
314 CC CZ Adr 
315 CD CALL Adr 
316 CE ACI D8 
317 CF RST 1 
320 DO RNC 
321 Dl  POP D 
322 D2 JNC Adr 
323 D3 OUT D8 
324 D4 CNC Adr 
325 D5 PUSH D 
326 06 SUI 08 
327 D7 RST 2 
330 08 RC 
331 Oc! ---  
332 OA JC Adr 
i 3 3  03 I N  D8 
'334 OC CC Adr 

35 00 ---  
336 DE SSI 08 
337 DF RST 3 
340 EO RPO 
341 E l  POP H 
342 E2 JPO Adr 
345 E3 XTIiL 
344 E4 CPO Adr 
345 E5 PUSH H 
346 E6 AN1 08 
347 E7 RST 4 
350 E8 RPE 
351 E(3 PCIiL 
352 EA JPS Adr 
353 EB XCHG 
354 EC CPE Adr 
355 ED --- 
356 EE XRI Q8 
357 EF RST 5 
360 FO RP 
361 F1 POP PSW 
362 F2 JP Adr 
363 F3 D I  
364 F4 CP Adr 
365 F5 PUSH PSW 
366 F6 OR1 DO 
367 F7 RST 6 
370 F8 RM 
371 F9 SPHL 
372 FA Jbl Adr 
373 FB E I  
374 FC CM Adr 
375 FO , . .  . 
376 FE CPI DS 
377 FF RST 7 

08 = constant ,  o r  express ion t h a t  eva lua tes  t o  an 8 b i t  da ta  q u a n t i t y .  

016 = cons tan t ,  o r  express ion t h a t  eva lua tes  t o  a 16 b i t  d a t a  q u a n t i t y .  

Adr = 16 b i t  address. 
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TV. Prcgram L is t ing ,  MST-EOB Microcomputer Mon i to r  Program 
1 
8680 MACRO ASSEtmLER, VZR 2.4 

: 

KYTEM 
LVALU 
HVALU 
PCSTO 
PswJr 
BS'l'01t 
I):;TOR 
H3'rUR 
01' Lflc 

~CEY ED 
KYBD I 

+@P 
bwr 
IKX!SAD 
ViL% ,y, 
!$!so 
DI91I  

ERROX3 = O PAGE 1 
;+++++++++IIEX/OCT MONITOR++++++++++ 

;'++++++lWR PiS'I'-00 HI CROl'ROCESSOR TRAI ITEX+++++++ 

;WRIITEN l3Y GOHUON JONES - 8/23/76 
;ADDED J~jIP VEC'I'ORS FOR IMTElUlUPTS - 3/14/79 

E('J (1FUII 
EC?i QPlI 
E(XJ zI[ 
EGjJ cTI;C;i 
KQij E 
EQU 7 

o:?c 0 
INIT :  'LXI SP ,O?FBII ; I N I T I A L I Z E  STACK POINTER 

: i l ~  n ;CLEII~ AC 
s;2\ ] , ? . ~ ~ j i  ' ; INITIALIZE D I S P L W  STOMGE 
1 .  O?S..:\C. ;CLEM1 4).2'1'AIA FLIG - SET 'SO HEX DISPLAY 
C'Jl' I:D i ; SE'L' I!i);t'3 FL,IG TO t1EY 
CMLL XD ( 5  ;PUT 000 IN DISI 'LW 

S T  : C\:i.L K15Y ; G4) TO 1\':EY HOU!'l NE 
1 S'T .. . ;GET BAC3 TO. YAY iWUTI NE I F  NOT A CALL 

: CONl'ROL, ROUT I NES ADDllESS TABLE 



1 
8080 MACRO ASSEMBLER, VER 2.4 

+++++THESE ARE THE JUMP VECTORS THAT MAY BE+++++ 
USED W I TI1 I NTEKLUPTS. 

ORG 

; + t + + + T I I I S  I S  THE BREAK R O ~ I ~ + + + - b +  

OIIG 

BRK : SIiL,D 
POI' 
DCX 
!3ii!.,D 
I'U;:SH 
f 3,; ::- 

SlIZ,D 
PiJ:iXi 
POP 
6IIi..D 
XCllG 
Si1f.D 
Fax f 
§11!,1) 
Fiv  I 
JPB' 

;STORE HOL I N  MEMORY 
;PUT HIULUC ADDllESS I N  H8L REG ' 
; COl(nEC'L' BPJC ADI.)R 
; S'r(lllE BIW.AK Ar)llR IN NFMORY 
;GET AAC AN]) I'SW IN STACK 
;I'm' LC 8:'STi I N  H81, 
;PUT AC GPSW 11.1 PiEPIOHY 
; G E T  I3GG 
; PIIT UCjC IN FEEORY 
;PUT UGC I N  Nl;liOllY 
;PIIT I!GE IN IIOL 
;PUT DOE IN FIEPIOltY 
; L.OAD I21ENC FI!!:FIOIVK' LOCAT I ON 
; PU'I' I'L' IN PROI'Ul LOCATION 
; PU'I' UU IN AC 
;DISPLAY UU AND RETURN TO KEY 

22 BIZ 87 
FS 

11 
PSNST 
D 
I1 
BSTOII 

;+++++KEYCO"UU) READ ROUTINE+++++ ' 

CALL I W h D  
N ICKY 
CALL DELAi' 

: GO READ 'KEYl3OARD KEY: 
;LOOP I F  1WY D o l m  
; DEEOUNCE 

REP : CALL 
CALL 
JZ 

;CHECIC BOil CIIA.PlGE I N  D I S P  MODE 
;GO ltL\!l I'-XYEOARD 
:LOOP I F  NO KEY DOY11 
; DEIWUNCE 
; SE'r UI' COLUPIN I'OINTER COL : 

LDKY : PIOV 
cp;i 
OIL1 
J N Z  

; RF~ID mynoanu COLUMN 
; COPIPLEFlEN'r 
; srr FLAGS 
;GOTO LOOK UP TABLE I F  KEY FOUND 



1 
8080 MACRO ASSEMBLEP., VER 2.4 ERRORS = 0 PAGE 3 

Pi@$ La , A  
AN1 08II  
J Z  LJ)%Y 
JIG' KEY 

;NO KEX FOUND - 
;ROTATE TO NEXT 

BUMP COLUMN POIIYTER 
COLUMIY 

;PUT BACK 
;CHECK FOR LAST COLUPM 
;NOT LAST COLUH3 - GO READ A KEY 
;NO KJiY DOWN GO BACK 

JPE' 
LDB : LJM 

RUN : 

li , TABLC- I ;GET T.lELE PO! PaTm 
A ,  1: ;GET KEY VAL.UP: 

; HO'rA'I'E I N'I'O C,Y-lRY 
IS ; I3UPU' TA3LIS l'ais'IER 
LP 1 9 

L,M ;MOVE ADDMSS I XTO L REG 
; JUl'U' '1'0 I'llOPEiI COM'TROL ROUT1 NE 

LVALU ;GET L REG I S'I'U1 VALUE 
LACK ;DISPLAY I T  B JUMP TO KEY 
IWl'EM ; GE'r ICEY VA1,UE P'RO?I TEPiP 
I!VALU ;PUT IN 3 REG :STEI\ S'l'ORAGE 
kXY ;DONE- (i3 TO Si',Ui'I' 

D ISP  : LDh 
S'l'd 
L1iI.D 

NEXT : S;I~..D 
Kq7J 

BACK : Y'I-t 
CA!.L 
.JI.iil 

ErnEIq 
LVALIJ 
LVAI..iJ 
LVliLiJ 
h,H 
l.--.--k'Ul 
DI S 
EEY 

; CET CUiLWNT D1 %PLAY VALUE 
; STORE: 1 N L REG LOCAT 1 ON 
;GET CONTENTS OF BOC 1UGS 
; 1W.r OIi SI'P.CK 
;PUT 1 N tJaC llEC.3 
: GEi' CO.iI'1'EIWS OF D5E REGS 
; EX::ll~lilC% I I 8 L .  VTITII DOE 
;GET OLD AC AND PSV< 
;PUT b.!: B PSI{ SI'lI.CI< 
;CESTOI:E AC Ci GI'ATUS 
;GET S'I'-WL'I NG fiJ)l)lXBS 
:PUT Si'.l.KSI NG PBDX ON STACK 
; l~ l~>STOiLl~ 1181, 
;GET S'LUl'I'I NC IWUX FROPI STACK AND RUN 

;GET CUNIEI(iT DISFiAY VALUE 
; S'I'(Pl1E I Pi LIlEG S'fOlLtiGE 
;CFI' VALUE JUST ICEYEU I N  
; SI'OlW I N FilDi:W:{ PO I Ii'I'fiR ' 

;(;E'1' 'VALUE POIiII'fiD TO BY IUii POINTER 
; PI,T Ti l l  S VALjJE I ri 1-XY STOHAGE 
; D l  SPIAY I'l' 
:GO BACK AND smlvr OVEH 

EhTEEl: LIIIA LVALU ; GIiT :TI!2.1OIiY POI I S ' I ' I  
L M  LTI'U1i ;GET DISPLAY 7ALUE 



1 
8080 MACRO ASSEMBLER. VER 2.4 ERRORS = 0 PAGE 4 

FIOY M , A 
INX ii 

;PUT VALUE IN LOC POIPlTED TO BY EOL 
; EUMP TO NEXI'  LOCAT ION 
;PUT I NC P'CII AWAY ADil) DISPLAY NEXT LOC JPP NEXT 

LDA OFLAG : FETCII lIEVOCTx\Id FLAG 00D9  31 C 5  87 
OODC 2 F  
00DD 32 C 5  07 

;CHANGE TO (YCUFR M S E  
;PUT l'i BACK 
: SET-UIJ YO11 TESTING I T  
; JPil' I F  O 1!'0:t 1:EX 
:I'IUST 6% 1 ' s  FOR OC'WL - SET DISPLAY 

J?iP KEY 
HOBO : OU7' DlSl I  ;SET  DISPLAY FOl: XLY 3 DIGITS  

; +i++++++TiIIS ROUTINE I)ETrZRFI JNE'C: TJIE COL7Jl'M 
;++++++++-'1'1IE KEY WAS FOUND 1N APiD LOOICS UP 
; ++++++++VALUE IN THE APPROPI11 A'I'E 'CABLE. 

JWV B , A  
PlOV A,  L 
IlHC 
J C  COL 1 
WLC 
.JC COL2 
JPiP CN'I'L 

;SAVE AC 
; GET COLUkIlt PO 1 XTER 
;I1OTATE COL POIN'I'ER RIGHT 
; I S  I T  COLl? 
; ROTfi'CU ! :hM I N 
; I S  1'1' COL27 
;PIUST ~ i c  COwrnoL C O L ~ ~  

OOEE 
OOEF 
00F8 
0 a r 1  
0 0 F 4  
0OF5 
00FU 

OOFB 
OOFE 
0 1 0 1  
0 1 8 4  
0 1 0 7  
010A 
0 1 Oil 
0 1 OD 
0 1 0 E  
0 1  1 1  
0 1  1% 
0 1  1 3  
01 1 6  
0 1  1 7  

COL1: LXI 11, TABLE- 1 ; GFC Ti\BLE PO I NTER 
CALL I!ECOD ;CO GET VALUE PROPI TADLE 
JPIP SIII Q'r : STOm 14.N1.) SEIL'D TO DISPL4Y 

COL2 : J.,X 1 I1 ,TABLE- 1 ;GE'C 'i'ACLE I'OIfi'i'ER 
CALL DECOii ; GIX VAL,UE F'IIOTi 'r,lBLE 
PIOV A.C 
AD1 211 
PIQV C , A  

SHIFT:  LXI II,PLTEM 
NGl' 
?fop. 

;PUT 'I'ABLE VAI,UE IiY AC 
;COlWC'I '  VALUE FOIL COLUMN 2 

;GET OLD DISIJLAY VALUE 

LD:\ OFI.,IG 
011!\, A 
JNZ O I T l  

;CHECK HEX/OC'C FLAG 
; S I T  FLAGS 
; GOTO OCTAL I F  IpLAG I S  A 1 

;GET 1CEY CODE 
;ROTATE ONE HEX D I G I T  L E f T  HEX1 : RLC 

F.LC 

;l%"SK OFF BO'ITOM D I G I T  



1 
8080 MACRO XSSEMBLL.3, VER 2.4 ERRORS = 0 PAGE 5 

OR4 C 
HOV M , A  
CALL D I S  
a:r 

PIOV H,A 
CALL D I S  

;OR IiEH DIGIT  TO OLD NUT9l3ER 
:PUT BACK IN DISPLAY STORAGE 
;SEND TO DISPLAY 
; END 01' mmm I ~ Y  ROUT I NE 

;GET CODE 
;HOTATE ONE OCTAL D I G I T  LEFT 

;PIASK OFF L1(YITOI;I D I G I T  
;@It NEV U I C I T  TO OLD NUMBER 
;PUT BACX I N  DISPLAY STOlWGE 
;SEND TO DISPLAY 

DECOD: I.i(i;V A ,  C ;GET ICKY VALUE 
AGAIN: IUi ; ILOl'h'rE I I4'i.O CrWlY 

IPX H ; BUILt' TABLE PO 1 NTER 
J P C  AGAIN 
B!:mV C ,PI ;SAVE 1EY CODE 

;CIII!:CIC J!EX/OC'I' FLAG 
; sE '~  mncs 
; I %' I N CC'l'AL NODE JUMP TO CHAR CHECK 

OCT2 : FIOV A , C  ;GET k;15\- VISLUE 
Arii :370Ci ; PLY!ii 01'1' LCl\iER D I GI  T 

1 nE ; llJ:'I'Ui!H I 1'. LLCAl. OCTI~L NITMIjER 
JIW KEY ; I LLEGEL ClLcYi7, C0'1'3 KEY 

READ : LDh KEYED 
c,rgi 
01Lh 3 
f i y y  

: - + + + + + + R O L ~ I ~  TO DISPLAY HEX OR OCTAL++++++++ 

D I S :  LD:i WrEM : G F r  CWREllT D: SPLAY VALUE 
DISI'LAY: Moil [: ,A :SAVE A liTX 

--  .- 
OCT : PI:>V A,C ; GiST NU-IIiEll 'rO DISPLAY 



1 
8080 PIACRO ASSEMBLER, VER 2.4 ERRORS = 0 PACE 6 

RLC 
RLC 
AN I 3Q 
0 5 
MOV A , C  
m-L 
AN I l6OQ 
I.iOV 13 , A 
FliPV iZ , C 
Ai3 1 7U 
0 B 
our 0 
RET 

DELAY : r \ l  I IS,@ 
LOOP : IKR B 

, >Cp;L 
XI'IL 
JIVZ LOOP 
I i E T  

TABLE : Df.> 
DB 
DB 
DZ 
DB 
DG 
D 8  
JJE 
EHD 

;GET HIGH ORDER D I G I T  
; ROTATE 1 147'0 POS I T  I ON 
;SAVE IIIGLI ORDER D I G I T  
;DISPLAY HIGII OFWEI1 D I G I T  
;GET Nfi'IBER AGAI W 
; PIOVE 21'ID D 1 GI'I' INTO POSTIOK 
;SAVE PiII)DLE D I G I T  
;SAVE NIDnLE D l G i T  
; GE'r NUEUE11 AGA I Ii 

- ;GET 1S'r D I G I T  
;CONBiNI!: D 1 G I T S  1 8 2 
; D I SPLAY '1'lifiI~I.i 

IS A DELAY nOUTINE TO DEBOUNCE THE SWITCHES++++++ 

; I N I T I A L I Z E  COUNTER 
; B u r  COLilY'rP5R 
; EXI1bl DELAY I N  LQiPP 

; LOOP Ul'i'i'l L ZERO 

;NUFIBLl ICLY CODE TABLE 



1 
8080 MACRO ASSEMBLER, VER 2 - 4  

SkTlBOL TABLE 

A 
B r n O  
C 
COL2 
DIS 
DISPL 
EILR 
I10  
1N1T 
kYTm 
LOOP 
M 
Om2 
PSIiST 
l i U  N 
TABLC 

B 
BRK 
COL 
DECOD 
D I SO 
E 
HEX 
HSTOR 
ICEYBD 
LDii 
LUT 
o m  
PCSTO 
m2I' 
SP 
TOT 

ERRORS = 0 PAGE 7 
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V INDUSTRIAL MICROCOMPUTER SYSTEMS 

LAB ASSIGNMENTS PARTS LIST 

ITEM QUANTITY SOURCE 

ACTIVE DEVICES 

1. 7-Segment LED D i s p l a y  Q1956A 1 TEC, Inc.  

2. P ins  f o r  I t em # 1  183-164 11 C o n t r o l  Logic ,  I nc .  

3. 2111A-4 Memory I C  1 I n t e l  Corp. 

4. SN7400N Quad Nand Gate 

5. 8255 PPI I C  

6. 2651 USART I C  

7. SN7474N D F l i p  F lop  I C  

Severa l  

I n t e l  Corp. 

S i g n e t i c s  

Several  

8. AD537 V-F Conver ter  1 Analog Devices 

9. . uA9708 A/D I C  1 F a i r c h i l d  

10. 2N5777 Photo -Dar l ing ton  .T rans i s to r  1 Motor01 a 

RESISTORS AND CAPACITORS 

11. 100 ohm R e s i s t o r  1 Several  

12. l k  ohm R e s i s t o r  2  Severa l  

13. 1.2k ohm R e s i s t o r  

14. 1.3k ohm R e s i s t o r  

Severa l  

Several  

15. 10k ohm R e s i s t o r  1 Severa l  

16. lOOk ohm R e s i s t o r  1 Severa l  

17. 0.01 MFD 20Vdc ( o r  g r e a t e r )  1 
My1 ar Capaci t a r  

18. 0.1 MFD 20Vdc ( o r  greater) 1 
Myla r  Capac i to r  

Severa l  

Several  



Lab Assignments P a r t s  L i s t  (Cont. ) 

ITEM 

MISCELLANEOUS 

19. LED Red +5Vdc 

QUANTITY 

20. LED Amber +5Vdc 2 

21. LED Green +5Vdc 

22. Buzzer ( M i n i a t u r e  Audio 
Transducer) QMB-06 

23. Push But ton  Swi tch 2LME 2 

24. 16-Pin Header f o r  I t em #23 1 
WPB-163 

25. Hex Nut 3/8-20 1 

26. Hook-Up Wire Assortment var ious  1 engths 
AWG #22 

27. Ribbon Cable Assembly 
DJ 16-1-16 

I C  DIP SOCKETS (Op t i ona l ;  t o  p r o t e c t  
p i n s  o f  lC1s ,  etc . )  

28. 14-Pin f o r  AD537 ( I t e m  #8) 1 

29. 16-Pin f o r :  4 

a) Ribbon Cable each end 
( I t e m  #27) 

b)  pA9708 ( I t e m  #9) 

c )  Swi tch Header ( I t e m  #24) 

30. 18-Pin f o r  ? I 1 / A  Mcrnnry Chip 1. 
( I t e m  #3) 

.31. 28-Pin f o r  2651 USART Chip 1 
( I t em #6) 

32. 40-Pin f o r  8255 PPI Chip ( I t em #5) 1 

SOURCE 

Data,  D i sp lay  

Data D isp lay  

Data D isp lay  

S ta r  M ic ron i cs  

Unilnax Switch Corp. 

Robinson-Nugent 

Several  

Several  

Jameco E l e c t r o n i c s  

Augat I n te rcon -  
nec t i on  Products 
D i v i s i o n  

Augat Intercon- 
n e c t i  on Products 
D i v i s i o n  



Lab Assignments Par ts  L i s t  (Cont. ) 

NOTES : 

1. A l l  r e s i s t o r s  are 1/4 wat t  10% carbon composit ion. 

2. The 7-Segment d i s p l a y  module ( I t e m  #1) requ i res  9 of t h e  11 l o g i c  p i n s  t o  
be soldered t o  it so t h a t  i t  can be plugged i n t o  the  p r o t o t y p i n g  board. 
P i n  9 o f  t h e  module must be shor ted t o  p i n  3 o f  t h e  on-board I C .  

3. The remain ing 2 l o g i c  p ins  are soldered t o  one o f  t he  red  LED'S a t  90 
degrees t o  t h e ' e x i s t i n g  p ins .  

4. The push bu t ton  switches ( I t e m  #23) are soldered on the  header ( I t e m  #24) 
f o r  easy p l u g - i n  t o  t h e  p r o t o t y p i n g  board. . 

5. The buzzer ( I t e m  #22) i s  equal t o  a 260 ohm speaker. 



Lab Assignments P a r t s  L i s t  (Cont.)  

ADDRESSES OF SOURCES: 

TEC, Inc .  
Systems D i v i s i o n  
2727 N. F a i r v i e w  Ave. 
Tucson, Ar i zona  85705 

C o n t r o l  Log ic ,  Inc .  
9  Tech C i r c l e  
N a t i c k ,  Massachusetts 01760 

I n t e l  C o r p o r a t i  on 
3065 Bowers Ave. 
Santa C la ra ,  C a l i f o r n i a  95051 

S i g n e t i c s  
811  E. Arques Ave. 
Sunnyval e, Cal i f  o r n i  a  94086 

Analog Devices 
P. 0. Box 280 
Norwood, Massachusetts 02062 

F a i r c h i l d  
464 E l l i s  St .  
Mounta in  View, C a l i f o r n i a  94042 

Data D i s p l  ay Products  
P. 0. Box 91072 
Los Angeles, C a l i f o r n i a  90009 

Motor01 a 
P. 0. Box 20912 
Phoenix, A r i zona  85018 - 

S t a r  M i c r o n i c s  
Pan Am 8 u i  l d i n g  - S u i t e  2308 
200 Park Avenue 
New Yor.k, New York 1UU17 

Jameco E l e c t r o n i c s  
1021 Howard Avenue . 

San Car los,  C a l i f o r n i a  94070 

Unimsx Swi tch Corpura t ion  
I v e s  Road 
Wal l  i ngford,  Connec t i cu t  06492 

Robinson Nugent 
800 E. 8 t h  S t r e e t  
New Albany, I nd iana  47150 

Loca l  E l e c t r o n i c  D i s t r i b u t o r s  can 
supp ly  many of t h e  i tems on t h i s  
P a r t s  L i s t .  

Augat I n t e r c o n n e c t i o n  Products  D iv .  
Dept. E 
33 P e r r y  Ave. 
Box 779 
A t t l e b o r o ,  Massachusetts 02703 
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