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MPF-I 
USER'S MANUAL 





THE FIRST 50 YEARS OF THE 20TH CENTURY WITNESSED THE IN- 
VENTION OF THE INTERNAL COMBUSTION ENGINE, WHICH GREATLY 
EXTENDED THE PHYSICAL STRENGTH OF THE HUMAN BODY 

IN THE 2ND HALF OF THE CENTURY, THE BIRTH OF THE MICROPOR- 
CESSOR FURTHER EXTENDED OUR MENTAL STRENGTH. APPLICA— 
TIONS OF THIS AMAZING PRODUCT IN VARIOUS INDUSTRIES HAVE 
INTRODUCED SO MUCH IMPACT ON OUR LIFE. HENCE, IT IS CALLED 
THE SECOND INDUSTRIAL REVOLUTION. 





CONGRATULATIONS! 

¥0ur Micro-Professor w i l l  lead you t o  the wor ld of  microprocessor. 
Unpacking the MPF-I, you w i l l  have found the Micro-Professor, an 
a d a p t o r ,  and a manua l .  The s tandard  con f i gu ra t i on  o f  your MPFNI 
includes one MPF—I microcomputer se t ,  two pieces of bui l t - in male 
header ,  one un i t  o f  book—type package,  one AC-DC adaptor ,  and a copy 
o f  U s e r ' s  and  Exper imenta l  Manual .  

I n  add i t i on  t o  those s tanda rd  i t ems .  three opt ions a r e  for  your 
f u n c t i o n  expansion which you can  buy f rom l oca l  d is t r ibutor  choice: 
1) SSB—MPF, which i s  a speech synthesizer board based on Texas 

Ins t ruments ‘  TMS5200/5220, and which c a n  reproduce sound and 
v o i c e s  s to red  in  i t s  memory. 

2 )  EPB—MPF, which i s  a n  EPROM programmer b o a r d . f o r  TM82508, TH82516, 
TM82532, In te l  2578,  I n te l  2716,  and I n t e l  2732.  

3 )  BASIC-MPF, which i s  a 2K b y t e  t i n y  BASIC i n te rp re te r .  

S t i l l ,  there  a r e  some accessor ies  for  your cho ice.  You can select 
1 )  SSB—CPK, ZBO-CTC (counter  a n d  t imer )  and ZBO—PIO ( p a r a l l e l  I /O )  

chip k i t .  _ 
2 )  MPFwBBD, 1 .42 "  x 3 .15"  breadboard. 
3 )  MPF—ZKRAM, 2K x 8 RAM 6116, 58725 or o thers  i n  funct ion equivalent 
4 )  MPF-ZKROM, blank 2K bytes EPROM TM82516, 12716 or equivalent.  
5 )  MPE—4KROM, b lank 4K b y t e s  EPROM TM82532,  I2732 or equivalent .  

No tes :  I .  When your MPF—I i s  i n  u s e ,  the power regu la tor  7805,  which 
i s  i n s t a l l e d  i n  t he  upper r ight  corner of  the MPF-I, may 
heat  up. A temperature o f  70  C i s  normal.  Just keep your 
hands o f f  the power regulator .  

I I .  Casse t tes  i n t e r f a c e :  
1 .  Use h igh  q u a l i t y  audio tape and t ape  recorder .  
2 .  When read d a t a  from c a s s e t t e ,  the volume swi tch 

o f  your tape recorder  should be turned to  i t s  maximum. 
3 .  In c a s e  you have  problems us ing your c a s s e t t e  recorder 

f o r  d a t a  s to rage  or  r e t r i v a l  p roper l y ,  the ba t te ry  o f  
c a s s e t t e  recorder may run out o f  power .  Change w i t h  
new b a t t e r i e s .  

I f  any problem occurs wh i l e  you use our MPF-I, we w ish  you t o  contact  
us or  your l oca l  dea le rs  immed ia te l y .  





NOTE TO USER 

This manual i s  not  meant  t o  se rve  as  a n  i n t roduc t ion  
t o  computer programming; t h e  reader  i s  supposed t o  
have had some p rev ious  exper ience on microcomputer 
and microprocessor.  The reader without any previous 
background on basic concept o f  computer i s  suggested 
t o  r e f e r  ” A n  In t roduc t ion  t o  Microcomputers Vo lume 
0 the Beg inner ' s  Book" by Adam Osborne, Osborne and 
Assoc ia tes  I n c .  be fo re  he s t a r t s  read ing  th i s  manua l .  
The reader i s  a l so  suggested t o  re fer  textbook on 
2—80 assembly programming such a s  "280 — Assembly 
Language Programming Manual” published by Z i l o g  Inc.  
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mmum. UPGRTE 

In order to improve the functions and memory capacity of the MPFF 
I, we have changed the design o f  the MPFPI slightly. The changes 
are as follows: 

The ROM chip, mounted at  board location U6, was upgraded to 2764 
whose memory space is from 0000B to 17FFH. Previously, the ROM 
was 2732 with a address space from GGGGH to BFFFH. 

The memory chips which can be installed on board location U7 are 
of  the following types: 2716, 2732, 2764, or 6264. 

These changes are incorporated in the printed circuit board (PCB) 
o f  MPF-I with version number PBBZGGlB—QA or higher. The PCB 
version number i s  printed in between U6 and the crystal 
oscillator on the PC board. Please refer to the new schematic 
diagrams for detai ls  



READ ME FIRST 
The  manua ls  t h a t  accompany your M ic ro -P ro fesso r  a r e  des igned 

f o r  re fe rence  and t o  suggest e x p e r i m e n t s  by showing examples.  To 
ge t  s t a r t e d , i t i s  suggested t h a t  you f o l l o w  t h e  p roceedures  g i ven  . 
b e l o w .  

UNPACKING AND INSTALLATION 
Open the ”hook” con ta in ing  the  Micro-Pro fessor (MPF- I ) .  Loca te  

the power connec to r  i n  the upper r i g h t — h a n d  co rne r  A r t .  A 

POWER 

A r t .  A L o c a t i o n  o f  the MPF—I power c o n n e c t o r  

F i n d  the AC a d a p t o r .  The adap to r  A r t .  B i s  a b l a c k  box 
labe led ”AC ADAPTORH". You should make c e r t a i n  tha t  the vo l t age  
input shown on the adaptor matches the vo l tage supplied by your 
o u t l e t .  In t h e  Un i t ed  S t a t e s  i t  i s  assumed ( u n l e s s  a s p e c i a l  
o r d e r  i s  m a k e )  t ha t  the supp ly  i s  117VAC—which  i s  u s u a l l y r e f e r r e d  
t o  as  one—ten  ( 1 1 0 V ) .  You should a l s o  check the f r e -  quency ;  
t he  l abe l  on the a d a p t o r  w i l l  show t he  f requency i n  H e r t z ( H z ) .  

( 

AC ADAPTOR T 

MODEL ST 9600 
INPUT: AC 110v eonz ~—- l e t  vo l tage 
ourpur:uc 9v a t  600ma loading 

f o r  MICROPROFESSOR 
MPF- I  use o n l y  

9V C i r c u l a r  Socke t  

A r t .  B AC ADAPTOR 



Plug the 9V c i r c u l a r  socket  i n t o  the power r ecep tac l e  on the 
MPF—I.  The s i de  Opposi te  the AC Adaptor  l abe l  i s  t o  be  plugged 
i n t o  your o u t l e t .  

* * * * * * * * * * * * * * * * * * 1 $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* CAUTION DO NOT TOUCH THE PRONGS WHEN PLUGGING * 
* THE AC ADAPTOR INTO YOUR OUTLET * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * a * * * * * * * * * * * * * * * * * * * * * * *  

When power i s  app l ied  to the MPF-I the f o l l o w i n g  s e r i e s  o f  
p a t t e r n s  should appear 

‘ F i r s t  p a t t e r n  
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M P F i n a l  p a t t e r n  

'Strong background l i gh t  w i l l  make the d isp lays  ha rd  t o  r e a d .  I f  
a t  a l l  poss ib le  a v o i d  br ight  l i g h t i n g .  

TESTING AND FAMILARIZATION - 
In the exe rc i se  be low  you w i l l  be shown how t o  e n t e r  and e x -  

cu te  a shor t  program.  Pe r f o rm ing  t h i s  e x e r c i s e  w i l l  t e s t  some o f  
the  MPF—I funct ions and fami la r ize  you w i th  the MPF—I. The program 
used in  t h i s  sec t ion  adds  two numbers a n d  s t o r e s  the r e s u l t  i n  mem— 
o r y .  

PROGRAM IN ENGLISH 
Load  the f i r s t  number i n t o  t he  A reg is te r  a n d  the second number 

i n t o  the B r e g i s t e r .  Add the c o n t e n t s  o f  the B reg i s te r  t o  the con— 
tents  of  t he  A r e g i s t e r  a n d  put t h e  r e s u l t  (sum)  i n  the A r e g i s t e r .  
s to re  the v a l u e  i n  the A r e g i s t e r  i n  memory l o c a t i o n  1830H ( H  s tands 
f o r  hexadec ima l ) .  F i n a l l y  h a l t  t h e  Micro-Professor .  

Source Program i n  Assembly Language 

ORG 1800H S t a r t  code a t  1800 hexadec ima l  J 

L D  A , 0 5  ; Load  the A r eg i s te r  w i t h  5 
L D  3 , 0 4  ; Load  the B reg is te r  w i t h  4 
ADD A , B  ; A-s—A + B 
L D  ( 1 8 3 0 B ) , A  ; S t o r e  A a t  memory l oca t i on  1830H 
HALT ; Stop execut ion o f  program 



ASSEMBLY LISTING 
A l l  program a r e  entered i n t o  the MPF—I i n  hexadec ima l .  There— 

fo re ,  you f i r s t  w r i t e  your program i n  assembly language and  then 
t rans la te  i t  i n to  hexadec imal .  A l l  o f  the demonstrat ion programs 
w r i t t e n  i n  the MPF—I manuals w i l l  a l so  l i s t  the machine language 
code - which i s  i n  i n  hexadec ima l .  A complete assembly l i s t i n g  i s  
shown below.  

LOCATION MACHINE STATEMENT ASSEMBLY 
COUNTER LANGUAGE NUMBER LANGUAGE 

1800 1 ORG 1800H ;S ta r t  code a t  1800 
hexadecimal  

1800 3805 2 L D  A , 0 5  ; L o a d  the A r e g i s t e r  
w i t h  5 

1802 0604 3 L D  8 , 0 4  ;Load the B reg is ter  
w i t h  4 

1804 80 4 ADD A , B  ; A - + - A  + B 
1805 323018 5 1D (1830H) ,A  ;S to re  A a t  memory 

l o c a t i o n  1830K 
1808 76 6 HALT ;Stop execut ion o f  

program 

F i g .  0—1 Assembly Language l i s t i n g  

- I I I  - 



LOADING THE MACHINE LANGUAGE CODE 
You w i l l  now enter  t h e  m a c h i n e  l a n g u a g e  code  shown i n  the  

assembly language l i s t i ng  ( F i g .  0—1).  I f  you h a v e n ' t  a l r e a d y  done 
s o ,  connect  your MPF-I to  t he  power sou rce .  Now p r e s s  the sys tem 
r e s e t  key  - .  Sec t i on  3 . 1 . 1  o f  t he  r e f e r e n c e  manual  c o n t a i n s  a 
b r i e f  e x p l a n a t i o n  o f  r e s e t  key  a c t i o n s .  

S i n c e  the a v a i l a b l e  RAM ( r a n d o m  a c c e s s  memory)  s t a r t s  a t  h e x a -  
dec imal  l o c a t i o n  1800;  the e n t r y  o f  mach ine language code w i l l  s t a r t  
a t  1800H. P ress  the a d d r e s s  k e y  [ A D D R | ,  a random address  w i l l  be  
d i sp layed  on the  four  l e f t m o s t  d i g i t s ;  t h e s e  d i g i t s  w i l l  be  r e f e r r e d  
t o  a s  

[ I E / D C !  CHI! I _ _ I I I I _ I I I  I _ I f _ l  
ADDRESS FIELD DATA FIELD 

The address  f i e l d .  Enter  the s t a r t i n g  address  fo r  t he  mach ine  
language code by pressing [(3 IE]. The same result can ob- 
tained by pressing the program counter key ( t h i s  only works when 
your p rogram s t a r t s  a t  1 8 0 0 H ) .  Now i n f o r m  the M i c r o - P r o f e s s o r  t h a t  
da ta  i s  to be entered by pressing - .  Refer to  l i n e  2 o f  the 
assembly language l i s t i n g .  L i n e  2 conta ins  two  b y t e s  o f  machine lan— 
guage code BE and 05 .  Key in  the f i r s t  by te  by pressing III and 
[:j. The display should now show 

IIIIIIEZIEZI I!!! 
ADDRESS FIELD DATA FIELD 

Advance the address f i e l d  d i sp l ay  by p ress ing - .  The d isp lay w i l l  
show h 

'5] E E l  X= unknown d a t a  

ADDRESS FIELD DATA FIELD 

Enter the second by te  o f  hexadecimal data  by pressing [:] then 
. The display w i l l  now show 

IIIIIILZIIII [:JIEI 
ADDRESS FIELD DATA FIELD 

L i n e  3 o f  the l i s t i n g  a l so  c o n t a i n s  t w o  b y t e s  o f  hexadec imal  d a t a ;  
enter  these b y t e s  by keying - .  IE, [3] in a similar manor enter 

I .  [E], [:4] 
t h e  r e s t  o f  t he  p rOgram,  name l y  

IIIIIIEZIIIHII [IlllllIiEIIEEIEfl II EEHIIIZE 

- IV _ 



CHECKING FOR DATA ENTRY ERRORS 
The program had been e n t e r e d .  I t  i s  w i s e  to  check fo r  en t r y  

errors.  Press E] E]. Are the rightmost two dis- 
p lays (dara  f ie ld)  equal t o  SE? If not  press and enter . lfi l .  
To examine the next  b y t e  press - .  Is there a 05 i n  the data f ield? 
I f  the d i sp lay  i s  co r rec t ,  con t inue  i n e p e c t i o n  o f  a l l  the remain ing 
d a t a  us ing the k e y .  I f  t he  p r e s e n t  b y t e  or  any  success ive  b y t e s  
a r e  i n c o r r e c t ,  en ter  the c o r r e c t  d a t a .  

Sect ion 3 . 1 . 2  con ta ins  a formal  descr ip t ion  o f  how t o  enter da ta .  

PROGRAM EXECUTION 
There a r e  two ways t o  begin execu t ion  a t  address 1800H. The sim— 

p l es t  i s l t o  press , -  , and then - .  The second method a l l ows  
execution to  begin a t  any address. Press , _ ,  the beginning 
execut ion address, e . g .  III El [1], then IEI. When you press 

t h e  screen w i l l  e v e n t u a l l y  go back l e s s  t h a n  a second and s t a y  
b l a n k .  The program has  reached  the HALT i n s t r u c t i o n  and  i s  w a i t i n g  
f o r  t h e  n e x t  Operator  a c t i o n .  

CHECKING THE RESULTS 
To regain contro l  of the keyboard functions press _ -  . The 

answer t o  5+4 was stored a t  locat ion 1830B. Key in  IADIE 
El. The d is lay  should show 

I I I - I E  EIIEI 
ADDRESS F I E L D  DATA F IELD 

The action o f  the and keys are explained in section 
3 . 1 . 4  and 3 . 2 . 1  r e s p e c t i v e l y .  



PROGRAM EXAMPLES 
Sect ion 5 . 1 0  conta ins f i ve  programming examples.  Using the know— 

ledge gained in  exerc ise above enter the hexadecimal code shown i n  each 
program and then execute the program. Perform the same steps w i th  the 
MPF-I Experiment Manual in Experiment-12, 1 3 , ‘ 1 4 ,  17, 18. 

IF YOU MAKE AN ERROR 
l )  A by te  was incorrect ly entered. Wr i te  the correct  over the in- 

correct  byte.  

2 )  One or more bytes were  l e f t  ou t .  Read sect ion 3 . 3 . 3  then remove 
the b y t e s  one by one. 

3 )  One o r  more b y t e s  need t o  be added. Read sec t ion  3 . 3 . 2  then 
add each byte.  

4 )  To t r ace  the execut ion of  each ins t ruct ion see sec t ion  3 . 2 . 2 .  
Warning:  I f  you are not f a m i l i a r  w i t h  the concept o f  s ing le 
s tepping you w i l l  need t o  read th is  sect ion seve ra l  t imes.  You 
may  f i n d  i t  necessary t o  consu l t  add i t iona l  l ea rn ing  m a t e r i a l .  

LEARNING AND EXPERIMENTING 
For s e l f  l ea rn ing ,  proceed t o  s e c t i o n  I I I .  Sec t i on  I I I  con- 

t a i ns  a s e r i e s  o f  exper iments .  R e a d ' t h e  theory  (background) o f  each 
exper iment  and then do the e x e r c i s e s .  I f  you do not  understand p a r t s  
o f  an  exper iment ,  do not  be d iscouraged.  Some o f  the exper iments  a r e  
q u i t e  advanced.  You  can  r e f e r  t o  the MPF-I S tudent  W o r k b o o k .  

“ V I -  
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1. MPF-I Specification 

1.1. Hardware Specifications 

(1) 

( 2 )  

( 3 )  

( 4 )  

( 5 )  

(6) 

(7 )  

( 3 )  

CPU: (Cent ra l  Processing Un i t )  

Z i l o g  Z-80 CPU w i t h  158 ins t ruc t ions  and 2 . 5  MHz maximum 
clock r a t e .  The MPF-I sys tem c lock i s  1 .79  MHZ. 

ROM: (Read  O n l y  Memory)  

Sing le  +5V EPROM 2516(2532) ,  t o ta l  2K (4K)  by tes .  
Mon i to r  EPROM Address: 0000—07FF(0FFF).  

RAM: (Random Access Memory) 

S t a t i c  RAM: 6116, t o t a l  2 K  b y t e s .  
Bas ic  RAM Address:  1800-1FFF. 

Memory Expansion Area:  

Single +5V EPROM 2516/2716/2532/2732 EPROM or 6116 s t a t i c  RAM 
on-Board Expansion Address: 2000-2FFF 

I /O POr t :  

Programmable I /O Port 8255 ,  a t o t a l  2 4  pa ra l l e l  I /O  l ines a r e  
used for keyboard scanning and seven segment LED d isp lay  con- 
t r o l .  

I /O add resses :  6 0 - 0 3 .  

Programmable PIO, a t o t a l  or 16 pa ra l l e l  I /O l ines,  
I /O  address:  80-83H 

Programmable CTC, a t o t a l  o f  4 independent counter t imers 
channels, I /O address: 40—43H 

Disp lay:  

6 — d i g i t , 0 . 5 " , 7 — S e g m e n t  r ed  LED d isp lay  

Keyboard :  

3 6  keys  inc lud ing 19 f unc t i on  k e y s ,  16 hex-dec imal  keys  and  
1 user~def ined  k e y .  

Speaker and Speaker Dr iver C i rcu i ts :  

A 2 . 2 5 ”  - diameter  speaker i s  provided f o r  u s e r ' s  expansion.  



( 9 )  User Area: 

A 3 . 5 "  x 1 . 3 6 ”  wi re  wrapping area i s  provided for u s e r ' s  
expansion. 

(10)  Audio Tape Inter face:  

Can be connected to any casse t te .  Data t ransmiss ion r a t e  i s  
165 band per  second ( b p s ) .  

(11)  System Clock Rate:  

3 . 5 8  MHz c rys ta l  i s  divided by 2 ,  cyc le  t ime is  0 . 5 6  micro-sec. 

( 1 2 )  System Power Consumption: 

Single 5V power supply, current consumption 500 mA. 

(13 )  Main Power Input: 

Power adaptor  Input 110V 9V/500mA 

(14) Physical cha rac te r i s t i cs  

Height : 1 .60  mm (W/O case) 
Width : 15.75 cm (W/O case) 
Depth : 22 .30 cm (W/O case) 
Weight : 1 .41 l b  (W i th  Case)  



1.2. Software Specifications 

MPF~I con ta ins  a h igh  pe r fo rmance  2 w y t e  mon i t o r  
p rog ram.  . I t  i s  designed t o  respond t o  use r  input .  The 
mon i to r  commences e x e c u t i o n  when power i s  app l ied .  In a d d i t i o n  
t o  the k e y  moni tor  f u n c t i o n s ,  the  moni tor  conta ins  a memory 
c h e c k i n g  r o u t i n e .  

The  f o l l owdng  i s  a simple desc r i p t i on  of  t h e  key  
f u n c t i o n s :  

(1 )  : system reset.  

( 2 ) . :  se t  memory address. 

( 3 )  ' i  set  a regis ter  name. 

( 4 )  m : input d a t a  t o  memory or  a r e g i s t e r .  

( 5 )  B :  reca l l  program counter .  

( 6 )  : increment memory address or a reg is te r  by one. 

( 7 )  a :  decrement memory address o r  reg is ter  by one. 

( 8 )  E :  s i n g l e  s tep the u s e r ' s  program. 

( 9 )  n :  s e t  b reakpo in t  i n  u s e r ' s  p rogram.  

(10)  a ;  c lear  breakpoint  in  u s e r ' s  program. 

(11 )  mm : t e r m i n a t e  the execu t i ng  p rog ram and r e t u r n  the 
c o n t r o l  t o  t he  m o n i t o r .  

(12 )  n :  commence execut ion a t  address shown on the d isp lay .  

( 1 3 )  ms : i nser t  1 b y t e  i n to  memory. 

( 1 4 )  IE :  d e l e t e  1 b y t e  f rom memory. i 

( 1 5 )  m : move a block o f  da ta  f r o m  one a r e a  t o  ano ther .  

( 1 6 )  : r e l a t i v e  address ca lcu la t ion .  

( 1 7 )  it? : s to re  d a t a  f rom memory onto audio tape .  

( 1 8 )  : re t r ieve data from audio tape. 

(19)  I :  maskable i n te r rup t ,  connected to CPU'S INT p in .  

( 2 0 ) . :  user def ined key ,  connected t o  input port 00,  b i t  6 .  
A? 0c DE H. Al? ac Dc HL' I! If SP I-IF szm wnc 51-" mm: ( 2 1 )  * ; o 1 2 a 4 5 e 7 a 9 A a c n 1: F 

hexa-digit o r  register name. 
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2. General Description 

2.1. Functions of Monitor Program 

The MPF—I mon i to r  p rov ides  t h e  necessary  f u n c t i o n s  
f o r  the user t o  deve10p h i s  program. These func t ions  
inc lude:  

(A) 

(2)  

(3) 

(4) 

The a b i l i t y  t o  en te r  the u s e r ' s  p rog ram i n t o  RAM and t o  
check  and m o d i f y  the program.  

Execu te  the u s e r ' s  p rogram which i s  s t o r e d  beginning 
f r o m  the a d d r e s s  on  the d isp lays .  

Using ' S i n g l e  S tep '  o r  ' S e t  Break P o i n t '  f u n c t i o n ,  
the user  can  e x e c u t e  programs s tep  by  s tep  o r  modu la r l y .  
A f t e r  each s t e p ,  con t ro l  i s  t r a n s f e r r e d  t o  the moni tor  
and the c u r r e n t  s t a t u s  o f  t he  CPU i s  saved .  The user  c a n  
check o r  mod i f y  r e g i s t e r s  and memory b e f o r e  execu t i ng  the 
n e x t  s t e p  o f  the program.  This func t i on  i s  v e r y  use fu l  
i n  debugging a p rog ram.  

O t h e r  support  f u n c t i o n s ,  i nc lude  aud io  tape c o n t r o L ,  and 
r e l a t i v e  address  c a l c u l a t i o n .  Us ing  the  f unc t i ons  p r o v i d e d  
by the  MPF-I. The user  c a n  deve lop  h i s  own s p e c i a l  
purpose  m i c r o c o m p u t e r  s y s t e m  b a s e d  on  M P F — I .  



2.2. Notations Used in This Manual 

( 1 )  Hexadecimal number system and seven-'segment LED 
d isp lay  fo rmat :  

hexadecimal decimal bi nary  seven-segment 
number number number d i sp lay  

0 0 0000 D 
1 1 0001 f 
2 2 0010 E 
3 3 0011 :7 
4 4 0100 L,’ 
5 5 0101 5 
6 6 0110 E, 
7 7 0111 7 
8 8 1000 E} 
9 9 1001 ’-_,’ 
A 10 1010 F: 
B 11 1011 ’5, 
C 12 1100 I: 
D 13 1101 ,-_-,’ 
E 14 1110 E 
F 15 1111 It: 

F ig .  2-»). Number system 



( 2 )  Each d isplay i s  assigned a number fo r  r e fe rence  purposes 
a s  shown i n  F i g .  2—2.  

| k 1 2 3 4 5 6  F ig .  2-2 the  d isp lay number 

( 3 )  When the  con ten t s  o f  the d iSp lay  a r e  unknown or do  not m a t t e r  
a n  ' X '  w i l l  be ind icated.  

( 4 )  A squa re  s t a n d s  f o r  a key  b u t t o n ,  as  shownl  i n  f i g u r e  2—3. 

" B  
Fig. 2—3 Symbols f o r  bu t tons  

( 5 )  (address)  s tands  f o r  a memory add ress  wh i ch  i s  4 
hexadec imal  d i g i t s  e n t e r e d  by t h e  u s e r .  I f  more 
than  four d i g i t s  a r e  en te red ,  the l a s t  four d i g i t s  a r e  
accepted by MPF—I. I f  l ess  t h a n  4 d i g i t s  a r e  
en te red ,  l ead ing  d i g i t s  a r e  assumed t o  be  0 .  

( 6 )  (data) stands for 1 byte  of data which i s  2 d ig i ts 
entered b y  t h e  user .  The  r u l e s  a r e  t he  same a s  f o r  
< a d d r e s s > .  

( 7 )  I f  some key  (address) ,  o r < d a t a >  i s  enclosed by 
' [ l ' , e . g .  [<address>1,  i t  may b e  omi t ted .  
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2.3. Error Messages: 

When a n  i l l e g a l  k e y  i s  en te red ,  t h e  mon i to r  program w i l l  b lank  
o u t  t h e  D i sp lay  t o  i n d i c a t e  a n  e r r o r  cond i t i on  has occur red .  Some 
program errors w i l l  cause  a n  e r ror  p a t t e r n  such a e l  —Err t o  b e  

d isp layed.  When t h i s  occurs , loca te  and e n t e r  the apprOpr iate k e y .  



2.4. RAM Addressing 

The a d d r e s s e s  o f  the bas i c  RAM a r e  f r o m  1800 t o  lFFF. The 
a d d r e s s e s  r e s e r v e d  f o r  e x p a n s i o n  RAM a r e  f r o m  2 0 0 0  t o  2FFF. 
1F9F - 1FF3 o f  the bas i c  RAM a r e  a l l o c a t e d  t o  the m o n i t o r .  The user  
should read  c h a p t e r ‘ 4  b e f o r e  us ing t h i s  a r e a  o f  memory.  



3. Introduction to Operation 

This chap te r  i s  d i v ided  i n t o  th ree  p a r t s :  b a s i c  
operat ions,  program debugging,  and support f unc t i ons .  
Nota t ions  a r e  descr ibed i n  2 . 2 .  

3.1. Basic Operations 

3 . 1 . 1  System Reset  Key « I s l  

Pressing the Reset But ton w i l l  diSplay ufiF__1 

On a powernup, the s i x  d i g i t  (UPF——l) a r e  s h i f t e d  ou t  one~ 
by-one f r o m  r i g h t  to  l e f t .  The mon i t o r  p rog ram i s  i n i t i a l i z e d  
e i t h e r  the  r e s e t  bu t ton  i s  p ressed  o r  on a power~up. 

I O  



3 . 1 . 2  Examine o r  mod i fy  the contents o f  memory:-  and Keys 

<address>[  [ < d a t a > ] ]  [ < d a t a > ]  

EXAMPLE: Check the c o n t e n t s  o f  memory  l o c a t i o n s  0 0 0 0 - 3 0 6 3  

KEY DISPLAY 

I X .X .X.X.X X 

00-0-00 6 

[coalooj 

{oooaioj 
{ b o o s t s  

COMMENTS 
The  four  index points n o t i f y  
user to  inpu t  ADDress.  

The con ten ts  o f  ADDR O a r e 6  
N o t e :  D i s p l a y  format f o r  ADDR 

ADDR DATA 

g o  0 .  0 0  0 0  "' g g 
'— I J L J 

L__ EiData B y t e s }  
[Address  B y t e s ]  

r e f e r  to  D e s c r i p t i o n  f o r  a d d i t i o n  
i n f o rma t i on  I—12 

N o t e  t h a t  t he  KEY 
inc rements  t h e  ADDR c o U n t e r  
b y  ONE. 

Contents o f  ADDR.9062 i s  16. 

Contents  o f  ADDR 0003 i s  FE. 

EXAMPLE: Change the con ten ts  o f  1800 i n to  AB, 1801 in to  CD. 

KEY 

EIE IIEIIEI F14i0£fixx 

DISPLAY 

FX.X .X .X .X  X 

ADDR f ie ld ]  

1 8 0 0  XX- 
L‘J 

[DATA field] 

COMMENTS 
4 index points i n  ADDRESS 
f i e l d  n o t i f y  USER t o  input 
ADDRESS. 

enter  1800 b y  pressing t h e  
apprOpr ia te  KEYS. 

Press ing the d a t a  funct ion 
KEY a l l o w s  the user  t o  i n p u t  

d a t a  i n t o  DATA F i e l d .  

1 1  



- _ - _ - ‘ — ' - _ H -  _ — ~  

E a ?  { i B O d fim  

Li. 9q o w. , 

E: [3.2 39,51} 

‘1 8 O 1 CD. 

uXAMPLE: Update t h e  con ten ts  o f  

KEY DISPLAY 

(0.0.0.00 6 
o o o o 0.6. 

[ ....______J 

00000 .6 .  

E n t e r  3A i n t o  t h e  DATA FIELD. 

e n t e r  B i n t o  the  Data  f i e l d ,  
I f  DATA i s  more  t h a n  two  
d i g i t s  the l a s t  two w i l l  be 
u s e d .  

ADDR F e i l d  i n c r e a s e s  by one. 
The 2 p o i n t s  i n  the 
DATA F i e l d  n o t i f y  user in 
a u t  D a t a ;  

Enter  Data by pressing t h e  
C and D Keys:  

0000 

COMMENTS 

ADDRESS 18 0000 

T h e  c o n t e n t s  o f  ROM c a n n o t  
b e  changed so t h e  d i sp lay  i s  
b lanked.  A f t e r  re leas ing  
t h e  Key t h e  D isp lay  w i l l  
re tu rn  as before.  

1 2  



[ d e s c r i p t i o n ] :  

Addr means address .  A f t e r  p ress ing  t h i s  key the d isp lay 
i s  i n  the s tandard  f o rma t ,  i . e . ,  the l e f t  fou r  d i g i t s  s tand 
f o r  t he  a d d r e s s  and the r i g h t  two d i g i t s  r e p r e s e n t  the d a t a .  
The address f i e l d  i s  i nd i ca ted  by four  po in ts  and r equ i r es  
4 d i g i t s .  I f  more  than 4 d i g i t s  a r e  keyed  i n ,  only the l a s t  
4 a r e  accep ted .  I f  l e s s  than 4 d i g i t s  a r e  entered,  the 4 hex 
d i g i t s  on the d isp lay  a r e  assumed to be the address .  

When i s  p ressed, the  i nd i ca t i on  p o i n t s  w i l l  be s h i f t e d  
t o  the r ightmost t w o  d i g i t s  prompt ing the user to enter 
d a t a .  The content  o f  the addressed HAM l o c a t i o n ‘ w i l l  be 
replaced by the entered data.  Pressing [:3 or [:] w i l l  
increase o r  decrease the address f i e l d .  I f  the ind icat ion 
p o i n t s  a r e  a l r e a d y  i n  t h e  d a t a  f i e l d ,  t h e n  i t  i s  u n n e c e s g a r y  

t o  press . A f te r  pressing , the user may pressE] 
or D d i r e c t l y .  

If the user a t tempts  t o  change the con ten ts  o f  ROM, 
the  d isp lay  w i l l  b lank dut .  A f t e r  re leas ing the key .  
the d isp lay  w i l l  be r e s t o r e d .  

1 3  



.I_-I-n- . ———v. —A 

3 . 1 . 3  Examine 8:. Update Registers and Keys 

( reg is ter  name>[ [ ( d a t a > ]  [ < d a t a > ] - . . . . . .  

EXAMPLE: Check t he  contents  of  S P , H L . I R 7 r e g i s t e r s . C h a n g e  t h e  
contents  of  register A to 12 ,  and regis ter  F t o  
34 .  

KEY DISPLAY 

r 
? x > < x > < S l ?  

5'1 

{ r e g i s t e r  name] 

> < x > < x l l L  

X X X X I Y  

X X X X A F ‘  

x > < X J c A F ‘  

an
 

I
E

]
 

d a t a  f i e l d  o f  r e g i s t e r  F 

I .  xx3 .4 .AF  

>cxg34 

1.2.34” 
!J LBJ 

I 

{ A  r e g i s t e r ]  

COMMENTS 
SET MPF—I i n t o  REGis te r  
M o d e .  

The names and contents o f  the 
r e g i s t e r s  a r e  d isp layed when the 
r e g i s t e r  K e y  i s  depressed .  

To d isp lay  a s p e c i f i c  r e g i s t e r ,  
f i r s t  depress the REG K e y ,  
then p r e s s  the r eg i s t e r  name A F ,  
I Y ,  e t c .  

The two po in ts  under the 
Da ta  f i e l d  o f  r e g i s t e r  F n o t i f y  
USER t o  input D a t a  i n to  the  
Data f i e l d .  

The two i nd i ca t i on  po in ts  move t o  
the Da ta  f i e l d  o f  r e g i s t e r  A .  
Reg i s te r  A i s  now changed 
t o  12 

. F  reg is te r ]  

14 



[ d e s c r i p t i o n ] :  

( regiSter  name) i s  the  name of  the  regis ter .  Each register 
i s  addressed b one key. When II i s  pressed, the display 
becomes | r E ( ; -  | ,  prompting the  user to key i n  the 
name. A f t e r  press ng register name, t h e  r igh t  f i e l d  of  
t h e  d i sp lay  i s  t h e  reg is te r  mnemonicL t h e  l e f t  f i e l d  i s  the 
register content. For example,[4,1234SF’::]means the 
contents of  t he  stack pointer i s  1234. ( reg is te r  name) i s  a 
one key  command. If  t he  user wants to check several  
reg is ters ,  be Just presses ( reg is te r  name>-once  f o r  each 
r e g i s t e r .  

I t  i s  necessary to press , [I] or |:] i f  
t he  user wants to  update the contents .  The change i s  
done on a b y t e  basis. When I! , [3 (M? i s  pressed. the  
disp lay  w i l l  show two points!  n o t i f y i n g  the user 
t o  input data and ind icat ing that the reg is ter  i s  being 
changed. Pressing [:] or | : ]  w i l l  move the indication poin ts  
i n  the d i rec t ion  shown i n  f igure  3-1. 

name diSpIay 

Flags x x x . x . A F  . 

Reg A >«xa<x l iF  

1‘ Reg C x x x.x.B C 

'3 Reg B x.x.>< -x B C 

F i g .  3-1 The moving ru le  f o r  REG indicat ion points 
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The fol lowings a r e  some special register mnenonics: 

l .  The alternate reg is te rs  A F ' ,  8 0 ' ,  D E ' ,  HL '  a r e  i n -  
dicated by the decimal po in t  a t  the r ight .  

2 .  IX, IY i s  indicated b y l r  , | H  . 

3 .  Register I and interrupt IFF 2 i s  indicated by IF. 

The meaning of each b i t  i n  F i s  shown i n  f igure 3—2. 

I s z . H l. p/v N c _ W 

PH (Flag High) FL (Flag Low) 

' . '  - does not m a t t e r  
Fig.  3—2 Flag register 

MPF-I decodes the f l a g  register and d isplays i t  i n  4 b i t  
groups.  To d isp lay  one o f  four b i t  groups,  r e f e r  t o  the ‘ 
tab le  below 

Select ion Key 

FH s z . H '  
FL pnc 
FH. SZ.H'  
F L .  puc- 

When decoded f lags  a r e  mod i f i ed ,  only the least  s i g n i f i c a n t  
b i t  (LSB) o f  the input key  i s  used. The next  t ime you check 
AF r e g i s t e r ,  the contents w i l l  be updated au tomat ica l l y .  

EXAMPLE: Check the car ry  f l ag  and update i t  

KEY DISPLAY COMMENTS 

xnAPj Contents of F i s  29. 

: 0 0  H i }  Check the carry bit. 
ma 1 0 0 L F L  

'6' 100-0.FL Reset carry f lag. 

‘ E l -  > < > < 2 8 A F  F i s  updated 
automatical ly. 

1 6  



3.1 .4  Program Counter ~ E l  Key 

Reset  u s e r ' s  program counter .  The basic RAM o f  HPFwI 
i s  2K b y t e s .  It c a n  be  expanded t o  4K b y t e s .  When the 
moni tor  i s  r e s e t ,  i t  f i n d s  the l owes t  RAM address(1800)  
and se t s  the u s e r ‘ s  program counter  to  t h i s  a d d r e s s .  I f  

PC i s  pressed a f t e r  R8 , the l e f t  o f  the d isp lay  i s  t h e  
l owest  HAM address. See Example A 

Example-A 

KEY DISPLAY COMMENTS ¢ 

B UPF--1 

IE 1 8 0 0 X X 7  Lowest RAM ADDres‘s. 



3.2. Program Debugging 

3 . 2 . 1  Program E x e c u t i o n . _  [ : 1  Key  

Th is  key  i s  v a l i d  on l y  when t h e  d isp lay  i s  i n  t h e  standard 
Addr—Data fo rmat .  A f t e r  pressing t h i s  k e y ,  t he  CPU Jumps 
t o  t h e  address o n  t h e  d i s p l a y .  Be fo re  t ransferr ing 
control  to the use r ' s  program, i t  restores a l l  the use r ' s  
reg is ters .  U s e r ' s  registers can b e  preset b y  pressing II 

EXAMPLE: Execut ing program 

KEY DISPLAY COMMENTS 
‘ The  l e f t  f i e l d  of  t h e  display 

l F fl A F  59—] i s  not a n  address .  - 

I ' D isp lay i s  b lank ,  
i nd iea t ing  an e r ror .  

\ 

l F A F ‘ S f J  Display returns t o  normal 
a f t e r  re leas ing t h e  k e y .  

[ T e o o x x  The le f t  f ield is  an 
address.  

B
IZ

} 
El

 

[ > < x > < x > < x J  fggostar ts execut ion from 
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3 . 2 . 2  Single S t e p ~  IS'U'I Key  

E] i s  s imi lar  t o  II . It i s  va l i d  only when the ‘ 
d i sn l ay  i s  i n  Add reoa ta  f o rm .  Pressing t h i s  key causes . 
the CPU t o  execute the i n s t r u c t i o n  pointed to by the . 
c u r r e n t  s e t t i n g  o f  the PC r e g i s t e r .  A f t e r  e x e c u t i o n ,  the l 
moni tor  r e g a i n s  con t ro l  and d i s p l a y s  the  new PC and i t s  1 
c on ten t s .  The user may examine  and modi fy  r e g i s t e r s  and t 
memory contents  a f t e r  each s t e p .  ' 

EXAMPLE: S to re  a program i n  RAM and execute i t  by  l 
s i n g l e  steps 

180347]  Second step, PC becomes 1803. 

KEY DISPLAY COMMENT 

E l  U P F -  -1fll Reset system. 

El laoox-x- tastes: (28° ' ) 
El .  D8003]; 1 u 

180mg LD A,O 
E l -  ”c'" 1 8025.0. INCA 
E l l - 1 8 0 3 4 . 7 .  LD B,A 

E w Etienne: mgr-Data 
l 1 8 0 2 3 . 0  F i r s t  s t e p ,  PC becomes 1802.  

E l  0 0 > : a  R e g i s t e r A  i s  0 .  

El 
El 
El 

0 ] _ x x L A F  Reg is te r  A i n c r e m e n t e d .  

] _ 8 ( ) 4 > c x .  Th i rd  s tep,  PC becomes 1804. 

0 1 x  x B  C Reg is te r  B becomes 01. 

When execut ing using s ing le  s tep.  t h e  monitor uses user 's  
stack t o  s t o re  in te r rup t  re turn  address.  The u s e r ‘ s  
stack pointer must point to RAM. If not ,  Err—SP ] 

I 

wi l l  b e  d i sp layed .  I f  u s e r ' s  s tack  po in te r  po in ts  t o  

systen stack a rea ,  S Y S ' S P l  w i l l  b e  d iSp layed .  Stack 
over lap w i l l  cause an error when ' R E T ‘  i n s t r u c t i o n  i s  
executed.  In t hese  two  cases ,  you  must change t h e  s tack 
pointer  or press the rese t  key .  A f t e r  r e s e t ,  the system 
w i l l  se t  u s e r ' s  SP t o  i t s  d e f a u l t  v a l u e .  t he  user then need 
not worry about his stack pointer.  (See  sec t ion  4 . 5  ) 
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3 . 2 . 3  Set Break Point - Key 

When a program i s  long,  s ing le  step execut ion can be  v e r y  
t ime consuming. Set t ing  break points a l l ows  the program to 
execute  more than one i n s t r u c t i o n  and then h a l t .  Press ing 
step many t imes has a lmost the same e f f ec t  but takes longer. 
The monitor rega ins  con t ro l  whenever u s e r ' s  PC passes a 
s p e c i f i e d  b reak  point  address .  The user  may examine o r  
m o d i f y  memory and r e g i s t e r s  when h i s  p rog ram has reached a 
b r e a k  p o i n t .  

SBR means set break po in t .  When the d isp lay  i s  i n  Addr—Data 
form w i t h  address po in t i ng  t o  RAM a r e a ,  p ress ing  t h i s  key 
causes the d isp layed address to be se t  a s  a b reak  po i n t .  

EXAMPLE: Store the fol lowing program in RAM. Use SBR to  
see the r e s u l t s  o f  the execu t ion  

address machine code ins t ruc t ion 

1800 BEOO LD A , 0  

1802 3C INC A 

1803 47 LD B,A 

1804 04 INC B 

1805 48 LB C , B  

1806 F8 EI 



KEY DISPLAY 

IE on. -1 
‘°°" l “f H 1? l ‘5 I ‘o‘ 1.8.0.0.x x 

E E I .  @ 8 0 0  3.13. 

E l - I  18010.0. 
1 8 0 2 3 0  

"I 1 8 0 3 4 . 7 .  

Ell::l= 1 8040.4.  

EEIH .1 80548. 
l l l l i i lgi ].8C)6F2a 

1.8.0.6.m3. 

°'° EU 3' 1.89.052 
[ : ]  ] .8( )7>gx.  

l rEC-  I 

0 1 x  >< AF 

Avkg E r e g  

02023 c l  

BY'egé/l-eg 

0 0 0 1  I F 

EIEI [ recanfl 

Ell-El . | 1.8.0.6.F.3. 

E! * -~ 
I I I  l ] . 8 C ) 7 > t x .  

EIEI {0000 1 F] 
N o t e :  

COMMENTS 
RESET 

Se t  S ta r t i ng  ADDR 

In i t ia l ize  Data Field 

Increment  Program Counter 

Increment Program Counter 

Increment Program Counter 

Increment Program Counter  

Increment Program Counter  

Increment Program Coun te r  

S e t  Breakpoint a t  1806 

Program s t a r t s  a t  1800 

The  program i s  executed from 
1800—1806. The  program h a l t s  
a t  1807.  No te  t h i s  i s  t h e  
ADDR o f  n e x t  i n s t r u c t i o n .  

To v e r i f y  r e s u l t s  use REG Key  

The  con ten t s  o f  t h e  A reg 
i s  c o r r e c t .  

The v a l u e  i n  t he  B reg i s te r  
a r e  c o r r e c t .  

The in ter rupt  F l i p  F lop  i s  s e t .  
Th is  i s  the  resul t  of  E !  
(Enable I n t e r rup t ) .  

Change i n s t r u c t i o n  from B I  t o  
D 1  (D i sab le  i n te r rup t )  

En te r “  F3  i n to  Data f i e l d .  

S e t  s t a r t i n g  ADDR o f  program. 

E x e c u t e  

Check l F F  

B i t  has been  r e s e t .  
( r e s u l t  o f  D I  
i n s t r u c t i o n )  
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iDescr ip t ion ] :  

{1) 

(2) 

( 3 )  

{4 )  

(5} 

(6) 

( 7 )  

( 8 )  

I t  i s  i l legal  to set break points i n  ROM area. If 
you do so,  the monitor wi l l  blank out the  
display. ' 

I f  one instruct ion has more than one by te ,  a break 
point must be set a t  the f i r s t  byte.  Otherwise, 
errors w i l l  occur. 

When the display i s  i n  the  Addr—Data form and the 
address f ie ld is  the break address, six index 
points a r e  set to ind icate that the address i s  a break 
po in t .  

The contents  of a break address can s t i l l  be  
modified by key. 

When the u s e r ' s  program executes to  the break po in t ,  
the d i sp lay  i s  in the Addr-Data fo rm.  The address f i e l d  
i s  the u s e r ' s  PC. 

A f t e r  program executed the break p o i n t ,  a l l  the 
s ta tus  and r e g i s t e r s  a r e  saved.  

S e e  3 . 2 . 2  f o r  stack ru les .  

Only one break point may be se t .  
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3 . 2 . 4  Clear  Break Point [:J Key 

I f  the user want to e l iminate the break point  in h i s  program, 
to c lear  the break point. This key i s  he can press E] 

accepted at any t ime. A f t e r  pressing i t ,  the  display wi l l  
become F.F. F. F. F. F. (Break point i s  set to FFFF.) 
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3 . 2 . 5  Immediately Break ~ IEI Key 

When execut ing a program, many errors may occur .  For  
example, a program wi l l  lose control when the CPU 
executes a nonex is tan t  operat ion code (opcode) ,  or 
when a program has a n  i n f i n i t e  100p. 

Moni means monitor.  Any time you press th is  key ,  the 
same mechanism a s  used b y  s i n g l e  s tep  w i l l  t r ans fe r  
control t o  the monitor.  Then Use r ‘ s  PC and i t s  contents 
a r e  displayed. When the HALT ins t ruc t ion i s  executed,  
press ing_ E] wil l return control to monitor and retrieve 
the contents of the new PC. After E] i s  pressed, the 
monitor w i l l  check the  use r ' s  SP. The rules a r e  the same 
as  f o r  s ing le  s tep and break po in t .  

EXAMPLE: HALT and re turn to MPF—I moni tor  

KEY DISPLAY COMMENTS 
ENE] F1 3 o o x.X.I 

. -  i800 75- Store HALT in 1800. 
[:J CPU h a l t s ,  the  diSplay i s  

b lanked, the LED HALT 
i s  turned o n .  

IE] [1801x.><. The display i s  of the 
Addr—Data f o r m .  The address 
f i e ld  i s  t h e  user ' s  PC. A l l  
reg is ters  a r e  reserved.  

EXAMPLE: Pressing this key when monitor i s  being 
executed 

DISPLAY COMMENTS KEY 

IE] l U P  F ' ‘ 1 ]  The monitor i s  scanning 
t h e  keyboard. The system 
t r e a t s  t h e  m o n i t o r  as t h e  

S H ’ S -  S E ’ J  u s e r ' s  program. The u s e r ' s  
SP i s  i n  t h e  systan 
s t a c k .  



3.3. Support Functions 

3 . 3 . 1  Block Transfer - Key 

( add ress )  (address)  (address )  

EXAMPLE: Move the data i n  1800 - 18FF t o  1810 - 19OF 

KEY 

AF 
0 

DISPLAY 

>gxggxp S 

II Laud—s 
>«xocxu-E 

[EZ 

tall: [5 

[E: [_’F':|1.8.F.F.- E 
XJLXJQ- d 

Ea L8L0-d 
[ i s l o x x  

COMMENTS 
S i s  t h e  mnemonic of. 
s t a r t i n g  address.  

S t a r t i n g  address = 1800 

E i s  t h e  mnemonic o f  
ending address. 
Ending address  = 18FF 

D i s  t h e  mnemonic of  
d e s t i n a t i o n  address .  
D e s t i n a t i o n  address = 1810 

T r a n s f e r  completed,  t h e  
l a s t  b y t e  moved i s  1810 

-25 
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[Descr ip t ion ] :  

A f t e r  press ing t h e ’ l fl k i k e y ,  t h e  d i sp lay  becomes 
x > < x > c a s  . 8 means t he  s tar t ing address of  t h e  data  

t o  be  t ranSfered. .  A f t e r  pressing [:J, the display 
becomes l x > < X > < - l fl  , E means t h e  ending address o f  t h e  data 
t o  b e  t rans fe red .  Press [:F aga in  and t h e  d isp lay  becomes 
— .  D means t h e  des t i na t i on  address  o f  t h e  

da ta  to  b e  moved.  When f i n i s h e d ,  t h e  d i sp lay  i s  o f  t h e  
Addea ta  fo rm.  The address f i e l d  i s  the l a s t  b y t e  
moved.  Movenent can  be upward or  downward.  
When mov ing  upward, t h e  l as t  address i s  t h e  
l o w e r  l i m i t  of  t h e  des t i na t i on  area, When moving 
downward,  the  l a s t  address i s  t he  upper l i m i t  of the 
des t ina t ion  area,  as shown i n  f igure 3—3. Because of  
t he  f as t  Speed of t h e  microcomputer ,  t he  t r a n s f e r  can 
b e  f i n i shed  ins tan taneous ly .  A f t e r  pressing E] 
t h e  resu l t  w i l l  b e  d isp layed a t  once.  

D 

/ x\\
\\ 

\
\

\
\

U
 

j 

(
E

N
)

 

/ 

( ( Li 

moving upward moving downward 

F ig .  3~3 Funct ion of”OVE 
( a r r o w  i n d i c a t e s  t h e  f i r s t  b y t e  moved) 

I f  t h e  d e s t i n a t i o n  area over laps  t h e  sys tsn  
s tack,  t h e  sys tem stack w i l l  b e  des t royed .  The user 
should pressed [:] to reset the  system. 
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8 . 3 . 2  Data. De le t i on  - K e y  

Th i s  key  i s  v a l i d  when the d isp lay i s  o f  the Addr—Data 
fo rm.  Pressing t h i s  key  causes  the d a t a  o f  the d isp layed 
address  t o  be de le ted .  A l l  the da ta  above t h i s  add ress  
i s  sh i f t ed  down one pos i t i on .  

EXAMPLE: Assume t h e  present  contents  of  RAM and t h e  desi red 
con ten ts  a r e  as f o l l o w s :  

ADDRESS OLD DATA DATA AFTER DELETING 
1800 00 00 
1801 11 11 

d e l e t e  address~> 1802 11 22  
1803 22 , 33 
1804 33  4 4  
1805 4 4  XX 

KEY DISPLAY COMMENTS 

lam“ T l - E  IE 1.8.0-2-1 l | To change the display t o  the 
Addr—Data form and enter the 

_ address t o  b e  de le ted .  
| 1 8 0 2 2 - Z l  The old contents o f  1802 have  

_ been de le ted  and da ta  above 
i t  have been s h i f t e d  down.  The 
new c o n t e n t s  o f  1802 a r e  2 2 ,  
wh ich  was t h e  o r i g i n a l  con ten ts  
o f  1803.  

. E . E l . _  1.8.0.0.0 0 Cheék- ; 

18011.1. 
18022.2. : 

18033-3. , 

18044.4. 

[Desc r i p t i on ] :  

Data i n  ROM can not b e  de le ted .  The val id  regions f o r  
t h i s  k e y  a r e  1800 — lDFF. When t h e  de le ted  address  
i s  be tween  1800 ~ lDFF,  a l l  t h e  data  a f t e r  t h i s  
address  s h i f t  down pos i t i on .  The l a s t  one ( lDFF) 
i s  f i l l e d  w i t h  0 .  
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3. 3. 3 Data insert ion - E l  Key 

[ : ]  ( d a t a )  

When t he  d iSp lay  i s  o f  t h e  Addr—Data f o rm ,  t h e  input data 
wi l l  b e  inserted a f t e r  the displayed address. 

EXAMPLE: Assume t h e  contents of RAM a r e  as  f o l l o w s :  

ADDRESS OLD DATA DATA AFTER INSERTION 

1800 00 00 
1801 11 11 
1802 22 2 2  

inser t  3 3  here  - >  1803 44  3 3  
1804 5 5  44 
1805 6 6  5 5  

DISPLAY COMMENTS 

EIE E : - | ? | | 1 8 0 2 2 2 J  To change t h e  d isp lay  t o  the 
Addr—Data form and enter  
t h e  address o f  t h e  i n s e r t i o n .  

[ 1  8 0 3  0'0‘ Inser t  o n e  b y t e  a f t e r  
1802 ,  address f i e l d  
becomes 1803. 

E l “  l 1  8 0 3 3 5  Key  i n  data 33 .  

E
l;

 

Check 

|18011.1. 
18022.2. 

i sosaa  
+ 180444 

:1 180555 

[ D e s c r i p t i o n ] :  

The va l id  region f o r  th is key  i s  t h e  same as [1“. 
A f t e r  inser t ion ,  t he  last  b y t e  of the inserted block i s  
l o s t .  

The i nse r ted  add ress  i s  one b y t e  a f t e r  the d isn layed 
add ress .  Pressing t h i s  key causes a l l  the d a t a  a f t e r  
the d isp layed address t o  be s h i f t e d  up one pos i t ion .  
Then the address f i e l d  i s  incremented by one  a n d  the  user  
may enter t he  da ta  he w a n t s  t o  i n s e r t .  



3 . 3 . 4  Re la t i ve  Address Calculat ion — Key 

I ns t ruc t ions  JR and DJNZ requ i re  r e l a t i v e  addresses.  
MPF~I SUppo'rts t h e  ca l cu la t i on  of re la t ive addresses 
throught t h e  key .  

(address)  (address)  '3 

EXAMPLE: Assume there  i s  a JR i ns t ruc t i on  i n  your 
program. The address of  opcode i s  1800, the 
address to Jump to i s  1804. 

KEY DISPLAY COMMENTS 

LX'X‘X'X“ a S i s  the mnemonic of 

“ I ‘5 [ j  (1.8.0.023 3:21:32: 23313222; 1800 
l X.X.x.><- n D i s  the mnemonic of 

d esti na t io  n add ress . 
x M g l¥][1°8'0'4"7l Destination = 1804 

[El L 1 8 0 1 0 2 .  MPF—I computes the 
r e l a t i v e  address and 
s to res  t h e  resul t  i n  t he  
next b y t e  of  t h e  JR opcode. 
The resu l t  i s  a l s o  
d i s p l a y e d .  

I. O
 

.o
 0 

.
I
I
 

n — 

G
‘ 

[ D e s c r i p t i o n ] :  

A f  r p ress ing  , t h e  d i sp l ay  becomes 
XJhxoc -S  . S represents  t h e  s t a r t i n g  po in t  o f  JR o r  

DJNZ. PressingIZI , the display becomes . d 
represents t he  d e s t i n a t i o n  address  of JR o r  DJNZ. 
Press ing E ] ,  MPF—I computes the r e l a t i v e  address then 
s t o r e s  i t  i n  t he  2nd b y t e  o f  opcode.  The d i s p l a y  
becomes of  t h e  Addr~Data form. The address con ta in i ng  t h e  
re la t i ve  address i s  displayed. I f  t he  result exceeds 
decimal  +127 o r  ~128,  t h e  d i s p l a y  becomes - E: 1' r I .  
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3 . 3 . 5  S to r ing  Data onto Tape - Key- 

Casse t te  tape i s  a l a r g e  capaci ty non—vola t i le  
storage medium. MPF-I contains hardware and so f tware  
d r i v e r s .  

( f i l e  name) (address) (address) '3 

EXAMPLE: s t o r e  the  da ta  o f  1800 —18FF on tape, use 
1234 a s  f i l e  nmne. 

KEY DISPLAY 

| x.><.x.x.— F | 

{ j l r l a l r fl  1.2.3.4- F| 
><.x.><.><.- s 

[ r l z l g l t  Leda-3| 
III |>¢xa¢xfl.E[ 

I“: I 2; l'r-‘I‘Pr l.8.F.1-‘.- B | 
(PLAY & REC)| | 

E 
1 8 F F x.x. 

COMMENTS 

F i s  t h e  mnemonic of 
f i l ename .  
f i l ename = 1234 

S i s  t h e  mnemonic of 
s t a r t i n g  address.  

Start ing address = 1800 

E i s  t h e  mnanonic of 
ending address.  
Ending address = 18FF 

Connect t he  microphone of  the  
tape recorder  t o  MPF-I 
MIC.  S ta r t  recording by 
pressing PLAY and REC key 
o f  recorder .  
Beg in  to  output d a t a .  
During t r a n s f e r , t h e  
d isp lay  i s  dark,  bu t  t h e  
TONE-OUT LED i s  on .  

When  t r ans fe r  i s  
comple ted ,  t h e  ending 
address  i s  d isp layed.  
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{Desc r i p t i on } :  

Pressing I ,  t h e  display becomes W.><.><.x.- F . F 
means f i l e  name. I t  i s  used to  d is t inguish d i f f e r e n t  
da ta  se t s  stored on a s i n g l e  c a s s e t t e .  I t  i s  a l s o  used 
to  read back data. Press [:] and the display becomes 
L5J<XJ¢:TT]. S represents the  star t ing address of  t he  
data to be  wri t ten. Press [:] again and the display 
becomes XJQXJL-EE u E represents t h e  ending address of 
t h e  data to b e  wr i t ten.  Before pressing , you must 
connect  the microphone of  t he  recorder to  MIC Jack  o f  
MPF—I and press  PLAY and REC t o  s t a r t  recording.  I f  
t he  recorder i s  not ready and you press El, data is  
s t i l l  sent ou t .  This data w i l l  not b e  recorded on tape. 
During t rans fe r  the  display i s  blank, the  TONE—OUT LED 
i s  o n  and a tone  sounds. 
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3 . 3 . 6  Reading Data from Tape — Key 

(111 ename) EEI 

EXAMPLE: Read the da ta  from a tape recorder,  f i lename is  
1234 ,  the d a t a  on the tape was w r i t t e n  by us ing 
the k e y ,  see stor ing data onto tape. 

KEY DISPLAY 

IEI |>cxagx, F I 

EI-EJE 1'2-3-4-- F | 

El | | 
(PLAY) 

| 1 2 3 4 - F  

l ------ | 
l l B F F x x l  

COMMENTS 

F i s  t h e  mnemonic of 
f i l e n a m e .  
F i lename = 1234 
Cennect the  recorder (using 
earphone jack) t o  the EAR 
jack  i n  MPF-I. - 
S t a r t  execu t ion .  The 
display i s  blank whi le 
MPF—I i s  searching f o r  
t h e  f i lename.  
P r e s s  P L A Y  on the recorder .  
The  recOrder output 
vo lume should b e  turned 
t o  maximum. MPF-I echoes 
t h e  s ignal read f rom tape 
o n  i t s  own speaker ( i f  
t h e  volume i s  too  l o w ,  
then t h e r e  w i l l  be  no 
sound) .  Every f i l e  name 
read b y  t h e  moni tor  w i l l  
b e  d isplayed f o r  1 . 5  
seconds.  When t he  des i red  
f i l e  i s  f ound ,  ' . '  i s  
changed i n to  ‘ - ' .  When 
f i n i s h e d ,  t h e  l a s t  
address read i n  i s  
displayed.  



[Descr ip t ion ] :  

B e f o r e  execu t ion ,  t h e  user  must connect t he  recorder 
(using earphone Jack) to the EAR Jack i n  MPF—I. Turn 
the volume of the recorder to maximum. Then press E], and 
i i na l l  s t a r t  t h e  recorder (PLAY) .  I n i t i a l l y ,  the display 
i s l -  - -  . .  oLWhen the  desired f i l e  i s  found,  the d isp lay 
‘becomesl - - - - - -  | .  

S t a r t i ng  and ending addresses a r e  a l ready  s tored o n  
the tape so there i s  no need to input them. The user Just 
needs to input the f i l e  name. A check i s  a lso recorded on 
t he  tape  which MPF-I w i l l  check when reading back. I f  not 
matched, the display will be _ I f  matched, the last input 
b y t e  w i l l  be d isplayed. 

I f  the da ta  r e a d  from the tape i s  s to red  i n  a sys tem 
s t a c k ,  er rors w i l l  occur .  Care  must be taken when you 
p r e p a r e  tape d a t a  by * * * * .  The tape  d a t a  i s  echoed on 
the MPF-I speaker ,  so i t  i s  ve ry  easy  t o  de te rm ine  whether  
the tape i s  empty or no t .  Th is  a l l ows  you t o  check a tape 
be fo re  record ing da ta  on i t ,  so you do not des t roy  d a t a  
tha t  has been previously recorded.  

' 
=
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4. Software and Hardware Description 

4J.Nhnmn/Amflmm 

0000  
EPROM 

07FF 2516 U6 

0 8 0 0  " “ “ _ — _ — _  

(2532) 
OFFF 

§2§§Wg 
I F F F  6116 U8 

2000 
EPROM U7 2516, 2716 RAM 6116 

27FF 
2800 L— —————— —4 

( 2 5 3 2 ,  2732)  

ZFFF / 

Fig 4—1 Memory map 



[Descr ip t ion] :  

( 1 )  U6 EPROM: monitor 

U7 RAM or  EPROM: r ese rved  fo r  expansion 

US RAM: bas i c  RAM of  which lFAF—lFFF a r e  used 
by monitor 

( 2 )  Address l ines a re  f u l l y  decoded in MPF-I. Traces 
d o n ' t  need t o  be cut or jumpers added on the PC 
board i f  2516,  2716,  or  2532 a r e  inserted in  U7.  

a .  The fo l l ow ing  l ines  need t o  cut and Jumpered i f  
a 2732  i s  i nse r ted  i n  U7.  

Cut l i nes  Jumped l ines 

PIN 1 , 2  of  Jumper PIN 2 , 3  o f  Jumper 
PIN 3 , 4  o f  Jumper PIN 4 , 5  o f  Jumper 
PIN 5 , 6  o f  Jumper _ PIN 6 , 7  of  Jumper 

b .  The f o l l o w i n g  l i n e s  need t o  cut  and jumpered i f  a 
6116 i s  inser ted i n  0 7 .  

Cut  l i n e s  Jumped l i nes  

PIN 3 , 4  o f  Jumper PIN 4 , 5  o f  Jumper 



4.2. Input/ Output (I/OlAddressl 

00 
01 
02 
0 3  

40 
41 
4 2  
43  

80 
81 
82 
8 3  

F ig.  4-2 I /O address map 

A 

B 
C 

Cont ro l  

CTC O 
1 

CTC 2 
CTC 3 

86 



[ D e s c r i p t i o n l z  

( 1 )  The 8 2 5 5  i s  a programmable per iphera l  i n t e r f a c e  w i t h  2 4  
p a r a l l e l  I /O l ines.  These 24 I /O l ines a re  d iv ided 
i n t o  th ree  8 -b i t  p o r t s .  (See 8255 d a t a  sheet  f O r  
d e t a i l s ) .  

( 2 )  The cont ro l  word o f  8255 i s  03 .  Por t  A i s  an  input 
p o r t ,  po r t s  B and C a r e  output po r t s .  

( a )  Port A (address 0 0 ) :  
b i t  7 :  t ape  i npu t ,  
b i t  6 '  connected t o  k e y ,  a c t i v e  l o w .  
b i t  5 - 0 :  connected to 6 rows of t he  keyboard 
ma t r i x  The input signal becomes l o w  on ly  when keys  
i n  t h e  a c t i v e  column a r e  pressed.  

( b )  Por t  B ( a d d r e s s  0 1 )  c o n t r o l s  t h e  seven  segments  and 
dec ima l  po in t  o f  t h e  d i sp l ay .  F igu re  4—3 shows t h e  
name of each segment and the corresponding b i t  i n  
por t  B .  A l l  output b i t s  a r e  a c t i v e e h i g h .  

_ ' 

‘1 lb Ul6|5|4|3|2|1|°l 
e l g l c  d p c b a f g c  

F ig .  4-3 The corresponding b i t s  o f  t h e  
7—segment d iSp lay  
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( c )  Port C (address 0 2 ) :  

( 3 )  

( 4 )  

( 5 )  

b i t  7 :  tape output ;  a lso connected to the  speaker 
and t h e  LED TONE-OUT. LED i s  turned on when output 
i s  0. 
bi t  6 :  monitor break control .  Any attempt to change 
th is  b i t  i s  forbidden. 
b i t  5 — 0 :  i s  connected to 6 columns o f  d isplay & 
keyboard m a t r i x .  B i t  0 i s  the r ightmost d i sp lay ,  b i t  5 
i s  the le f tmost  d iSp lay .  A l l  these b i t s  a r e  a c t i v e  h igh.  

The  280 Counter Timer Control ler (CTC) i s  a programmable 
component w i t h  four independent channels that provide 
count ing and timing funct ion fo r  microcomputer systems 
based on  t h e  ZSO-CPU. 
The  1/0 addresses of  CTC a r e  from 40H t o  43H. 

The  280 pa ra l l e l  1/0 (P10) i s  a programmable, two port 
d e v i c e  which provides a TTL compat ib le i n te r face  between 
peripheral devices and the ZBO—CPU. 
The 1/0 address of  P10 a r e  from 80H to  83H. 

Address l ines a r e  not f u l l y  decoded o n l y  A 0 ,  A1, A6 and A7 
a r e  used. A2 through A5 a r e  undecoded l i n e s .  
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4.3. Program Interrupt 

The nonmaskable in ter rupt  i s  used by the mon i to r .  The 
user i s  no t  a l l o w e d  t o  use i t .  P in  16 o f  the_CPU ( I N T ) -  
i s  connected t o  jumper I on the l e f t  edge o f  the PC 
board and to  . When the monitor code a t  address 0038 
i s  executed,  c o n t r o l  w i l l  be t rans fe red  t o  the address 
s to red  in  IFFE & IFFF. During th is  process,  a l l  CPU s ta tus  
a r e  an  a f f e c t e d .  The de fau l t  con ten t s  o f  lFFE & lFFF a r e  
0066. This i s  the  en t ry  p o i n t  o f  the se rv i ce  rou t ine .  0038 
i s  execu ted  i n  the f o l l o w i n g  s i t u a t i o n s :  

( 1 )  Mode 1 interrupt  i s  acknowledged; 

( 2 )  Ins t ruc t ion  'RST 38H '  (opcode FF) i s  executed; 

( 3 )  The  data bus a r e  pulled high. If mode 0 in terrupt  
i s  acknowledged wdthout the  in terrupt  vec to r ,  RST 38H 
w i l l  b e  executed.  

( 4 )  When there  i sax le r ro r  i n  program execut ion and 
jumps to a nonexistent memory. The opcode fetched 
by  CPU i s  FF. 

I f  t h e  contents of 1FEE & 1FEF a r e  not changed 
a f t e r  power o n ,  t h e  e f f e c t  of execut ing 0038 i s  t h e  
same as f o r  pressing [:] key o r  break point.  The user may 
d e f i n e  his own s e r v i c e  rout ine b y  changing t h e  contents 
o f  lFEE & IFEF. 
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4.4. Software Break-Introduction RST 30H(0p.code F7) 

RST 30H has t he  same e f fec t  as break. It i s  ca l led 
so f twa re  break because no hardware operation i s  
invo lved.  

I t  i s  usual ly  used as t h e  terminator of a u s e r ' s  
program. It  i s  a lso  ve ry  useful i n  mult i—break-point 
program debugging. 
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i5.SMCk 

F igure  4—4 shows t h e  s tack conf igura t ion .  The 
d e f a u l t  v a l u e  o f  the  u s e r ' s  stack po in te r  i s  1F9F. Each 
t i m e  t h e  u s e r ' s  program breaks, t h e  moni tor  checks h i s  
SP. wi l l  be displayed i f  the user's SP 
po in ts  t o  the  system s tack .  I f  t h e r e  i s  s tack  re l a ted  

i n s t r u c t i o n  ( e . g .  BET) i n  t h e  u s e r ' s  program, an  e r ror  may 
occur  when u s e r ' s  s tack and system stack over lap. 

\‘_#///’_“\\ 

i n i t i a l  v a l u e  D e f a u l t  

o f  u s e r ' s  SP U s e r ' s S t a c k  

S y s t e n I S t a c k  

i n i t i a l  v a l u e  l F A E  
l 

| 
____ l 

I 
l 

I 

o f  sys tem SP-—>1FAF M o n i t o r ‘  
Used 
A r e a  

lFF3 \ .. / " " " \  

F i g .  4—4 S tack  d i s t r ibu t ion  map 

[EYS—Spican  occur  i n  t h e  f o l l o w i n g  s i t u a t i o n s :  

( 1 )  Pressing Ea when moni to r  i s  c o n t r o l l i n g  t h e  
CPU. This  Operat ion w i l l  des t roy  a l l  u s e r ’ s  
reg is ters  and should b e  avoided.  

( 2 )  Executing the monitor i t s e l f  by  pressing ll 
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411Reafi 

There a r e  two possible resu l ts .  When the monitor 
i s  reset ,  

( 1 )  Power on  

( a )  D i s a b l e  i n t e r r u p t  ( IFF  s e t  t o  0 ) ;  
( b )  I regiser se t  to 0 ;  
( c )  In terrupt  mode set to 0 ;  
( d )  U s e r ' s  PC i s  s e t  to 1800. 
( e )  User 5 SP i s  se t  to 1F9F; 
( f )  Break point  i s  d isabled 
( g )  S e t  the con ten t  o f  lFFE t o  66 and se t  the con ten t  

o f  lFFF t o  00 .  When the code beginning a t  0038 i s  
exeCuted  the CPU w i l l  jump t o  0066.  Th i s  i s  equ iva len t  
t o  p r e s s  

( h )  MPF- I i s  d i sp l ayed  one c h a r a c t e r  a t  a t  a t ime f rom 
r i g h t  t o  l e f t .  

( 2 )  P ress  IEI . 

( a )  — ( e )  a r e  the same a s  ( 1 ) .  The contents  o f  lFFE & 
lFFF and break po in t  a r e  u n a f f e c t e d .  'UPF-« l '  i s  
d i sp layed ,  ( a l l  d i g i t s )  s imu l taneous ly .  
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4.7‘ Tape Data Format 

(1) Bi t  format: 

'MLIWM‘WLFL " 

-~'-l
 

2 K H z ,  8CK‘Clc ”(HIM 2Cyclc 

1 , ]  - V'— ‘ lol |1U2H3H°1 |1| l3} lal ..__: ,. I _ _-- 
E Z K H 2 ,  -‘.C_\-‘clci ”(Hz , -IC_\-'clc : 

[L“ L 6 3 1 5  *5: 

F i g .  4-6 Tape b i t  f o rma t  

( 2 )  B y t e  f o r -ma t :  

S t a r t  S top  

0 b i tObi t1bi t21n' t3bi t4 lb i t5 i t 6 b i t 7  1 

I’- 6 0  ms at 

F i g .  4—6 Tape b y t e  . fomat  

( 3 )  F i l e  f o r m a t :  

a; 

Lead F i le  Star t ]  End Chk M i d  I Ta i l  
sync  name addr aclclr sum sync  D a t a  sync 

I ;  

1KH2 2 2 2 1 ZKHZ Var iab le  ZKI-Iz 

4 s e c  B y t e  B y t e  B y t e ‘ 1 3 ' 1 9 2 5 0 c  Leng th  Z s e c  

F i g .  4 - 7  Tape f i l e  format  
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5. Monitor Subroutines 

5.1 . Summary 

ADDRESS MNEMONIC FUNCTION 

0624  SCANl Scan keyboard and d i s p l a y  o n e  c y c l e .  

OSFE SCAN Scan keyboard and j i s p l a y  u n t i l  a new k e y - i n .  

0689 HEX? Convert  a hexadecimal  d i g i t  i n t o  t he  7—segment 
d i s p l a y  f o rma t .  

0678 HEX7SG C o n v e r t  two  hexadecimal  d i g i t s  i n t o  7—segment  
- d i s p 1 a y  f o r m a t .  

05F6 RAMCHK Check i f  t h e  g i ven  address  i s  i n  RAM. 

05E4 TONE Genera te  sound. 

050E TONEIK Generate  sound at 1K Hz. 

0 5 E 2 ‘  TONEEK Genera te  sound a t  2K Hz. 
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52.5CAN1 

[ A d d r e s s ] :  0624 

[ F u n c t i o n ] :  Scan keyboard and d isplay 1 c y c l e  f rom 
r ight t o  l e f t .  Execut ion t ime i s  about 10ms ( 9 . 9 7 m s  

. e x a c t i y ) .  

[ I n p u t ] :  IX po in ts  t o  the  diSplay b u f f e r .  

[ O u t p u t ] :  ( 1 )  I f  no key-1n, then  c a r r y  f l a g  = 1 ;  

( 2 )  I f  key—in ,  ca r r y  f l ag  =0 and t h e  
pos i t ion-code of t h e  k e y  i s  s t o red  i n  
r e g i s t e r  A .  ( S e e  appendix A . )  

[ R e g i s t e r ] :  Destroy AF, A ‘ F ' ,  B ' C ' ,  D ' E '  

[Supp lement ] :  

( 1 )  6 b y t e s  a r e  r equ i r ed  f o r  s t o r i n g  6 w o r d  p a t t e r n s .  

( 2 )  1X p o i n t s  t o  the  r i gh tmos t  w o r d ,  IX+5  p o i n t s  t o  
t h e  l e f t m o s t  w o r d .  

I X = 9  the  r i g h t m o s t  w o r d  

D i s p l a y  
B u f f e r  

IX+5=> the l e f t m o s t  wo rd  

( 3 )  S e e  appendix A f o r  t h e  r e l a t i o n  b e t w e e n  each b i t  
and t he  seven  segments .  
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53.SCAN 

[ A d d r e s s ] :  OSFE 

[ F u n c t i o n ] :  S imi la r  to SCANl excep t :  

( 1 )  SCANl scans o n e  c y c l e ,  bu t  SCAN w i l l  s can  t i l l  a 
new k e y - i n .  

( 2 )  SCANJ r e tu rns  the pos i t i on  w h i l e  SCAN r e t u r n s  the 
i n t e r n a l  code o f  the k e y  p ressed ( s e e  a p p e n d i x  A ) .  

{ I n p u t } :  I X  p o i n t s  t o  t h e  d isp lay  b u f f e r .  

[ O u t p u t ] :  R e g i s t e r  A con ta ins  t h e  i n t e r n a l  code o f  t h e  
k e y  p ressed .  

[ R e g i s t e r ] :  Destroy AF, B ,  HL, A F ’ ,  B C ‘ ,  D E ' .  
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54.HEX7 

[ A d d r e s s ] :  0689 

( F u n c t i o n ) :  Conver t  a hexadecimal number i n t o  i t s  
7-segment  d i s p l a y  f o r m a t .  

[ I n p u t ] :  The least  s ign i f icant  4 b i t s  of reg is te r  A 
conta in the hexdecimal number (O—F). 

LOutpu t ] :  The resul t  i s  also stored i n  reg is te r  A .  

[ R e g i s t e r ] :  Destroy AF only .  
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55.HEX7SG 

[Add ress ] :  0678 

[ F u n c t i o n ] :  Convert  two hexa—decimal  numbers i n t o  a 
7-segment d i sp lay  fo rmat .  

[ I n p u t ] :  The f i r s t  number i s  stored i n  the  r ight  4 b i t s  
o f  A .  The second number i s  s tored i n  the  l e f t  4 b i t s  
of  A .  

[ O u t p u t ] :  The f i r s t  d isp lay pa t te rn  i s  stored i n  (HL) ,  
t h e  second i s  i n  (HL+1) ,  HL i s  inc reased b y  2 .  

[ R e g i s t e r ] :  Dest roy AF, HL. 
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5.6. RAMCHK 

[ A d d r e s s ] :  05F6 

[ F u n c t i o n ] :  Check i f  t h e  g i ven  address i s  i n  RAM. 

[ I n p u t ] :  The address t o  check i s  i n  HL. 

[ O u t p u t ] :  I f  i t  i s  i n  RAM then Zero f l a g  = 1 ,  o therwise 
Zero  f l a g  = 0 .  

[ R e g i s t e r ] :  Dest roy AF 
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572TONE 

[ A d d r e s s ] :  05E4 

[ F u n c t i o n ] :  Genera te  sound. 

{ I n p u t } :  ( 1 )  C c o n t r o l s  t h e  f requency  of t h e  sound.  
The  per iod i s  about ( 4 4 + C x 1 3 ) x 2 x 0 . 5 6  m i c r o — s e c ,  
and the  frequency i s  200/(10+3xC) KHz.  

( 2 )  HL c o n t a i n s  t h e  number o f  c y c l e s .  ( m a x .  v a l u e  
i s  32768 ) .  

[ O u t p u t ] :  None I 

[ R e g i s t e r ] :  Destroy AF,  B ,  DE, EL. 



5.8. TONE1K 

[ A d d r e s s ] :  05DE 

lFunc t i on ] :  Generate a sound of lKHz. 

[ I n p u t ] :  Number of  periods i s  i n  HL. 

[ O u t p u t ] :  None. 

[ R e g i s t e r ] :  Destroy AF, BC, DE, BL. 
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5.9. TONE2K 

[ A d d r e s s ] :  05E2 

[ F u n c t i o n ] :  Generate  a sound of 2KHz. 

[ I n p u t ] ;  The number o f  periods i s  i n  HL. 

[ O u t p u t ] :  None 

[ R e g i s t e r ] :  Des t roy  AF, BC, HL, DE. 
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5.10. Program Examples 

EXAMPLE 1: Display 'HELPUS', HALT when is pressed. 
1 ;DISPLAY ‘HELP us' UNTIL STEP—KEY PUSHED: 

1800 2 ORG 18008 
1800 00212018 3 LD IX,HELP 
1804 CDFEOS 4 DISP CALL SCAN ' 
1807 F813 5 CP 13H ;KEY*STEP 
1809 20F9 6 JR NZ,DISP . 
180B 76 7 HALT g 

8 ; ' 
1820 9 ORG 1820H 
1820 AB 10 HELP DEFB OAEH ; ' s '  
1821 85 11 DEFB OBSH ; ‘ U '  
1822 1F 12 DEFB OIFH ; ' p '  
1823 85 13 DEFB 085H ; ' L '  
1824 SF 14 DEFB 08FH ; ' E ‘  
1825 37 15 DEFB 037H ; ' H '  

1 6  ; 
17 SCAN EQU OSFEH 
18 END ~ 

D e t a i l s  o f  t h e  d isp lay  b u f f e r  a r e  g i v e n  b e l o w :  

W 
"' 1. 11.1 

0 11. a I“! 
d 33 

Disp lay  Segment of 
Pos i t ion  Format I l l umina t ion  d p c b a f g e Data A d d r  

2; a ,c ,d ,1 ,g ,  1 0 1 0 1 1 1 0 AE 1320 

Right L} a , b . c , d , e , f ,  1 0 1 1 o 1 0 1 85 r 1821 
’0 _ ‘ 

;-3 a,b,e,f,g, 0 o 0 1 1 1 1 1 IF 1822 
L_ d,e,f,  1 0 o 0 o 1 0 1 L 85 l 1823} 
;— '“-* " "”**““""—r‘“"“—1 
,;; a , d , e , f , g ,  1 o 0 o 1 1 1 1 BF ; 1824 ]  

V 1—---———- ——-———-———-—————-—.—--—. --—--+— —-—-- . |  ---- 
Lef t  :_{ b ,c ,e , f ,g ,  I 0 0 1 1 o 1 1 1 37 ! 1825j 

- I __ __._... __..___...._-. - J _ _ . _ -  _ _ _ _ .  4 L  



Please refer to  Appendix A 

EXAMPLE 2 :  F l a s h  'HELP U S '  

Use  rou t ine  SCANl t o  d iSp lay  'HELPUS' and blank 
a l t e r n a t e l y .  D i s p l a y  each p a t t e r n  500ms b y  looping SCANl 
5 0  t i m e s .  

1 ;FLASH 'HELP U S ' :  
1800  2 ORG 1800H 
1800 212618 3 LD HL,BLANK 
1803 ES 4 PUSH HL 
1804 00212018 5 LD IX,HELP 
1808 DDE3 6 LOOP EX ( S P ) , I X  
180A 0632 7 LD 8 , 5 0  
180C CD2406 8 HELFSEG CALL SCANl 
180F 10FB 9 'DJNZ HELFSEG 
1811 18F5 10 JR LOOP 

11 ; 
1 8 2 0  12 ORG 1820B 
1820 AB 13 HELP DEFB OAEH ; ' S ‘  
1821 BS 14 DEFB 0B5H ; ' U '  
1822  1F 15 DEFB 01FH ; ' P '  
1823 85  16 DEFB 085B ; ' L '  
1824  SF 17 DEFB OBFH ; ' E '  
1825  3 7  18 DEFB O37H ; ' H '  
1826  00  19 BLANK DEFB 0 
1827 00 2 0  DEFB 0 
1828 00 21 DEFB O 
1829 00 22  DEFB 0 
182A 00  2 3  DEFB 0 
1828 00 2 4  DEFB 0 

2 5  ; 
26  SCANl BQU 0624B 
2 7  END 

T h e  conten t  of  1808 detenmines t h e  f l a s h  f r equency .  Y o u  
m a y  change i t  to  any v a l u e .  
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I 

EXAMPLE 3 :  Display t he  key code of  t he  key  pressed.  

1 ;OISPLAY INTERNAL CODE 
1800 2 ORG 1800M 
1800 DD210019 3 LD IX,OUTBF 
1804 CDFEOS 4 LOOP CALL SCAN 
1807 210019 5 LD HL,OUTBF 
180A 007806 6 CALL HEX7SG 
180D 18F5 7 JR LOOP 

8 ; 
1900 9 ORG 1900H 
1900 00 10 OUTBF DEFB 0 
1901 00  11 DEFB 0 
1902 00  12 DEFB 0 
1903 00  13 DEFB 0 
1904 00 14 DEFB 0 
1905 00 15 DEFB 0 

16 ; 
17 SCAN EQU 05FEH 
18 HEX7SG EQU 0678H 
19 _ END 

When a key  i s  p ressed,  t h e  i n t e r n a l  code f o r  t h a t  command 
i s  d i sp layed  i n  t h e  d a t a  f i e l d .  T h e  user  may compare  i t  
w i t h  Appendix A .  
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I f  you  want  t o  d i s p l a y  t h e  pos i t ion  c o d e  of  t h e  
k e y s ,  y o u  may change t h e  program as  f o l l o w s :  

1 ;DISPLAY POSITION CODE 
1800 2 ORG 1800" 
1800 00210019 3 LD IX,0UTBF 
1804 CD2406 4 LOOP CALL SCANl 
1807 38FB 5 JR C,LOOP 
1809 210019 6 LD HL,OUTBF 
180C CD7806 7 CALL HEX7SG 
180p 18F3 8 JR L00p 

9 

EXAMPLE 4 :  Conve r t  3 con t inuous  by tes  i n t o  7—segment  
d i s p l a y  f o r m a t .  
d i s p l a y  than: 

1800 
1800 
1803 
1806 
1808 
1809 
180C 
180D 

180F 
1813 
1816 

1900 
1900 
1901 
1902 
1903 

110019 
210319 
0603 

DD210319 
CDFEOS 
76  

1 0  
3 2  
5 4  

m
a

d
a

m
e

-
w

a
s

h
.

-
 

S t o r e  t h e  resu l ts  i n  1903 w 1908 t hen  

;DISPLAY 3 BYTES IN RAM TO 6 HEXA-DIGITS 

LOOP 

BYTEO 

OUTBF 

HEX7SG 
SCAN 

ORG 1800H 
LD DE,BYTEO 
LD HL,OUTBF 
LD 3 , 3  
LD A,(DE) 
CALL HEX7SG 
INC DE 
DJNZ LOOP 

;CONVBRSION COMPLETE, BREAK FOR CHECK 
LD IX,OUTBF 
CALL SCAN 
HALT 

ORG 1900K 
DEFB 1ou 
DBFB 32H 
DEFB 54H 
DEFS 6 

EQU 0678M 
EQU OSFEH 
END 

The t h ree  b y t e s  of  b inary  da ta  a r e  stored i n  1900 - 1902. 
The  user c a n  se t  a break point a t  180F t o  check i f  t h e  
convers ion  i s  co r rec t  b e f o r e  d i sp lay ing  t h e  r e s u l t .  



EXAMPLE 5 :  S i m u l a t e  a p o l i c e  ca r  s i r e n  

The  sound of  a p o l i c e  c a r  s i ren  i s  s imulated by 
a l t e r n a t i n g  t w o  d i f f e r e n t  f requenc ies .  R e g i s t e r  C c o n t r o l s  
t h e  f requency  of  t h e  sound and r eg i s te r  pair HL c o n t r o l s  
t h e  l e n g t h  o f  t h e  sound. 

1 ;POLICE CAR SIREN: 
1800 2 ORG 1800B 
1800 OEOO 3 LOOP LD C , 0  
1802 210000 4 LD HL,0COH 
i805 CDE405 5 CALL TONE 
1808 OECO 6 LD C,OCOH 
180A 210001- 7 LD HL,100H 
180D CDE405 8 CALL TONE 
1810 18EE 9 JR LOOP 

10 ; 
11 TONE EQU 05E4 
12 END 

( 1 )  L o w  f r e q u e n c y :  C=0 ( e q u i v a l e n t  to  2 5 6 ) ,  HL=COH 
( 1 9 2 ) ,  so the p e r i o d  i s  ( 4 4 + 1 3 x 2 5 6 ) x 2 x 0 . 5 6 =  3777 
m ic ro—sec .  

f r equency :  1/3777= 265Hz 

l e n g t h  of  t h e  sound:  3777  mic ro~sec  x192= . 7 3 s e c  

( 2 )  High f requency :  C=COH ( 1 9 2 ) ,  HL=1OOH ( 2 5 6 ) ,  so t he  
p e r i o d  i s  ( 4 4 + 1 3 x 1 9 2 ) x 2 x 0 . 5 6 =  2 8 4 5  m ic ro -sec .  

f r e q u e n c y :  1 /2845=352Hz 

l e n g t h  of t h e  sound:  2845  m ic ro -sec  x 2 5 6 =  . 7 3 3 e c  
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6. Memory Check 

6.1. Check EPROM OOOO-O7FF 

T h e  sum of  a l l  mon i to r  codes  i s  zero.  R o u t i n e  
ROMTEST a t  06A6 uses t h i s  property to  check t h e  moni tor  
EPROM. 

ROMTEST: 
O6A6 210000 LD HL,0 
06A9 010008 LD BC,800H 
06AC 003105 CALL SUM 
06AF 2801 JR Z,SUMOK 
0331 76 HALT ;IF ERROR 
0682 C7 smuox RST 0 ;DISPLAY 'UPF——1' 

0531 AP SUM XOR A 
0532 86 SUMCAL ADD A,(HL) 
0533 EDAL CPI 
0535 EA3205 JP PE,SUMCAL 
0538 B7 OR .A 
0539 09 RET 

T h i s  program c a l c u l a t e s  t h e  sun of  a l l  EPROM codes.  
I f  t h e  r e s u l t  i s  0 0 ,  'UPF- *1 '  i s  d i sp layed .  

The key sequence i s  as f o l l ows :  

(1 )  Co r rec t :  the  d isp lay  i s  F U I ’ F — - l  I 

( 2 )  E r ro r :  HALT LED w i l l  come on .  



6.2. Check HAM Region 1800A1FFF 

RAMTHST: 
0694 210018 LD HL,1800H 
0697 010008 LD BC,800H 
069A CDF605 RAMT CALL RAMCHK 
069D 2801 JR Z,TNEXT 
069E 76 HALT 51F ERROR 
06A0 EDAl TNEXT CPI 
06A2 EAlEO? JP PE,RAMT 
06A5 C7 RST o ;DISPLAY 'UPml‘ 

RAMCHK: 
05F6 70 LD A,(HL) 
05F? 3F CPL 
O5F8 77 L0 (HL),A 
05F9 7E 00 A,(HL) 
OSFA 2F CPL 
05F0 77 Lb (HL),A 
OSFC 30 ' CP (UL) 
05FD cg nET 

T h i s  program t e s t s  e v e r y  b y t e  i n  r e g i o n  1800 - 
I F F F .  I f  t h e  b y t e  i s  good ,  i t  c o n t i n u e s  t e s t i n g  t i l l  
a l l  b y t e s  h a v e  been t e s t e d .  I f  t h e r e  i s  0 0  bad b y t e ,  
t 0 ”ALT LED W i l l  come o n .  You c a n  p r e s s  E5 , u. , 
i! t o  g e t  t h e  a d d r e s s  t h a t  h a s  t h e  e r r o r .  $hen press  
E: t o  g e t  t h e  c o n t v n t  o f  t h a t  b y t e .  I f  you  want  to 

c o n t i fi u e  t e s t i n g ,  y o u  may p r e s s  [3 [:J. The  k e y  
s e q u e n c e  i s  a s  f o l l o w :  

EIIIIIE 
( 1 )  C o r r e c t : l 1 J p  F -  - 1 ‘  13  d i s p l a y e d .  

( 2 )  E r r o r :  HALT LED w i l l  come on.  
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APPENDIX 

A .  Displ_uy f o m a t ,  posi t ion-code and i n te rnahcode  

(5 In L? sma lmm 
c b -  (3 (l p a f {2' 

0 !  F In 

DISPLAY FORMAT : 
COED BD 30 913 BA 36 AE AF 38 RP 33 31? A7 80 33 
DATA 0 1 2 3 4 5 6 7 8 9 A B c n 

r1 I ‘1 l :— I DISP u 1 E 3 LI 5 E I B 9 F} O L 0 

CODE 8F 01-“ AD 37 89 B1 97  85 215 23  A3 11“ 313 0‘; 

DATA E F c [-1 I J K L M .\T 0 p Q R 

DISP C 1' ' | Ll I —' C) D E ;  L! H L L; |_ :_ n n D t J r- 
CODE A6 87  85 B7 A9 07 B6 8A 83  A2 32 02 CO 00 

DATA 5 T u v w x Y z ( ) + — , 

l l  _ — _. DISP b (L: U U L] F 'j : C 3 —{ _ 



Appendix An2 

1.Posfibn(kfle(CALL SCANDZ 

1E 18 12 oc 06 00 
SBR CBR ' 0 '  ' 1 '  ' 2 '  ' 3 '  

_ _  .4 

1F 19 13 OD 07 01 
' I _ _ |  p Q  I 4 !  I 5 !  « 6 -  I 7 !  

20  . 1 A .  14' OR 08 0 2  
DATA REG ' 8 '  ' 9 '  ' A ‘  ' B '  

21  18 15 OF 09 0 3  
I + l  1\T)DR I C I  I I ) -  I E !  I F »  

22 1c 16 10 0A 04 
INS DEL GO STEP 

23 1D 17 11 . o n  on 
RELA p n  TPRD MOVE 



2. Internal-Code (CALL SCAN) '. 

15 1A oo 01 02 0 3  
SEE CBR ' 0 '  ' 1 '  ' 2 ‘  ' 3 '  

11 18 04 05 06 07  
I ” !  D C  l 4 l  I 5 !  1 6 !  ' 7 1  

14 1B 08 09 GA on 
DATA REG ' 8 '  ' 9 ‘  ' A ‘  ' B '  

10 19 QC on 0E 0F 
' + '  ADDR ' C '  ' D '  ' E ‘  ' F '  

16 17 12 13 22 20 
INS DEL GO STEP 

1c 10 1E 1F 2 3  21 
MOVE RELA TPWR TPRD 





APPENDIX B 

Theory  o f  H a r d w a r e  C i r c u i t  

Sys tem C lock  

U 3 a ,  U 3 b ,  and 3 . 5 8 M  Hz  c r y s t a l  p roduce  3 . 5 8 M H Z  s i g n a l .  T h i s  s igna l  
i s  sen t  t o  U2a p i n  3 t o  p roduce 3 . 5 8 M H z - 9 2  = 1 .79MHz  s y s t e n  c l o c k .  

Reset  S i g n a l  

U2b i s  used to  t r i m  the  R e s e t  s i g n a l  p roduced by power  on o r  
pressing [3 k e y .  The trimmed RST i s  sent  t o  CPU and CTC. 
RST i s  s e n t  to  t h e  8 2 5 5 .  

Memory Address ing  

MREQ A15 A14 A13 A12 A11 A10 ——— A0 Selected Chip Address 

0 0 o o o x x 1-- x U6 OOOO—OFFF 

0 o o 1 . o x x —~— x U7 2000-2FFF 

0 0 0 0 1 1 x ~—~ x U8 1800—1FFF 

0 6  i s  the  m o n i t o r  f o r  MPFHI,  i t  may  be a TM32516 ,  o r  an In te l  
2 7 1 6 .  U7 i s  a s p a r e  s o c k e t  f o r  f u t u r e  expans ion  usage ,  i t  
may be a RAM o r  a ROM, C i r c u i t  d e s i g n  i s  d e f a u l t  f o r  2 7 1 6 ,  
2 5 1 6 ,  2532 (EPROM)  when  user  i n t e n d s  t o  p l u g  i n  I n t e l  2 7 3 2 ,  
o r  HM 6 1 1 6 ( R A M ) ,  he  shou ld  c o n s u l t  t h e  no te  o n  Shee t  4 o f  t h e  
s c h e m a t i c .  U8 i s  a s y s t e m  RAM, t h e  memory s i z e  i s  2K  b y t e s .  

I n p u t / O u t p u t  p o r t  add ress ing  

U96  ( 7 4 L S l 3 9 )  i s  a n  I / O  p o r t  d e c o d e r .  

IORQ A ?  A 6  S e l e c t e d  I / O  Por t  Address  

0 0 0 8255 00 — 03 

0 0 1 CTC 4 0  m 43  

0 1 0 P10 80 — 83 

No te ;  I /O  po r t  i s  n o t  f u l l y  decoded,  e . g .  t h e  16 combina t ions  
00  - 0 3 ,  0 4  - 0 7 ,  08  - O B ,  . . . . .  3C - 3 F ,  a l l  s e l e c t  the  s 
8 2 5 5 .  The CTC & P IO  a r e  a l s o  s e l e c t e d  by 16 d i f f e r e n t  
comb ina t i ons .  
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| 7 l 5 5 | 3 | 2 I 

P )  PIN FUNCTION 92 Pm Fuuc110u 

PIN no SIGNAL 9:11 no SIGNAL PIN NO SIGNAL PIN NO SIGNAL 

1 A11 21 A10 1 NC 21 ’30 11711—4s 
2 A12 22 A9 2 11c 22 P81 umgua I 7305 o 2 +5: 

01 N u at 
a A73 23 A8 3 NC 23 P32 cs c 1  1: 'd 

4 A16 2‘ A7 ‘ NC 2‘ P33 k7UF 

5 A15 25 A6 5 11c 25 173:. 
s i 25 A5 5 11¢ 25 - P85 7 
7 D»; 27 M 7 PA? 21 P86 

+5v fl - 
a 03 28 ‘3 5 PM 25 P37 _]_a1u= LnUF 9 05 29 A2 9 m5 3 NC .33 -'-- 

I 
10 I35 so A1 10 PM so GND E30]— 

5ND - ~— 
11 NC 31 A0 11 SN!) 31 CK/TRD 

12 D2 32 GND 12 PAS 32 crwm 
13 07 33 W 13 PAZ 33 cmnz 

14 DO 3!. m 71. PM 3!- 01/1223 

15 D1 35 125521 15 PAD :15 z , . 
C/W NOTE: 1 U7 15 optlonal, i t  may be 

15 m 35 'Busao 15 1193' 35 zcnm 2716, 2732, 2764, 6264 
'—‘ 2 17 NH1 31 W 1" 531—3 37 END 2 I f  you want to expand 

13 HAU 38 Hus-AK 15 ARDY 38 P10 IEO the memory size of us 
to 6K, (22112113904), Raulc) 19 RREO 39 WR 19 312131 :19 CTcn-ZI Rum, 121514.710, ebuaap)’, 

20 ITFO no FED 20 11c #0 we must be added. 

J93 .1194 JPS U6 U7 
ABC DEF G11 2764 SEE NOTE 

0 o-o 0-0 0 o 0—0 4K [0 ' EFFEH) 4K (29% " 2555111 
0 0-0 0 0—0 0—0 0 4K (0 ' @FFFH) 8K (200% ' 3FE'E‘H) 
0-0 0 o 0-0 0—0 0 6k (9 ‘ 1755‘?!) SK (2600 ' 3FE'E‘H) 

TITLE: PF—I 

SHEET 4 o r s  'DATE nsvmous 
DRAWING NO. IE E d  A 

| 7 | I s | 4 a z I 1 



M a t r i x  Keyboard  and D i sp l ay  

014 (8255)  has 3 I /O po r t s ,  PBOmPB7 con t ro l  i n d i v i d u a l  segments 
i n  a d i s p l a y ,  U15 a n d  U12 a r e  segment d r i v e r s ,  POO-PCS s e l e c t  which 
d i sp lay  i s  t o  be a c t i v a t e d ,  U13 (75492 )  i s  a 6 - d i g i t  d i g i t  d r i v e r .  

The LED d i s p l a y  uses a M u l t i p l e x i n g  method,  o n l y  one i s  se lec ted  
a t  a t ime, f rom r i g h t  t o  l e f t .  Due to i t s  rap id  mu l t i p lex ing  r a t e .  
The d i s p l a y s  appear  t o  be o n  c o n t i n u o u s l y .  

Whenever  the d i a p l a y s  a r e  accesed keyboa rd  a c t i v i t y  i s  a l s o  
checked v i a  U14 ( 8 2 5 5 )  PAD-PAS.  I f  n o  k e y  i s  p ressed ,  PAD—PAS 
a r e  h i g h ,  when t h e r e  i s  one k e y  p ressed ,  v i a  keyboa rd  scan  r o u t i n e  
the CPU w i l l  de tec t  which key  id  p ressed.  In MPF—I t h e r e  a r e  
6 x 6 = 3 6  k e y s ,  but  o n l y  32  k e y s  a r e  checked through the key  
b o a r d  m a t r i x .  

Useeey 

The  user -key  i s  n o t  a s s i g n e d  a f u n c t i o n  and  i s  r e s e r v e d  f o r  u s e r ' s  
f u t u r e  use .  The s t a t e  o f  t h i s  k e y  i s  d e t e c t e d  v i a  PA6  o f  8 2 5 5 .  
v i a  P A 6  o f  8 2 5 5 .  

Aud io  Tape I n t e r f a c e .  

The p rogram o r  d a t a  to  be s t o r e d  i n  M a g n e t i c  Tape i s  s e r i a l l y  
s e n t  ou t  v i a  PC? o f  8 2 5 5 .  The f i l t e r i n g  & decay ing c i r cu i t  are 
composed o f  013 ,  R l l ,  0 1 2 ,  812 a n d  R 1 3 .  Th is  decayed  s i g n a l  i s  
t o  MIC ( ” M i c r o p h o n e ” )  i n l e t  o f  Tape  r e c o r d e r ,  Q2 d r i v e s  a n  LED a n d  
speake r .  PC? i s  a l s o  used a s  t h e  p o r t  f o r  a u d i o  ou tpu t .  

A recorded f i l e  may be read back t o  the RAM f rom the ( “Earphone")  
EAR o u t l e t  o f  Tape r e c o r d e r .  The i n p u t  i n t e r f a c e  c i r c u i t  i s  
composed o f  R 1 4 ,  CR2, 081 a n d  C11. T h i s  c i r c u i t  conve r t s  EAR 
i npu ted  s i g n a l  to  TTL l e v e l  s i g n a l  a n d  d e t e c t e d  by CPU v i a  P A ?  
o f  8 2 5 5 .  



Step ,  B reak  p o i n t  and  M o n i t o r  Break  

P06 i s  normal ly  h igh.  Th is  s ignal  send to  R0  input  of  U4 ( 7 4 9 0 )  
w i l l  p reset  U 4  ou tpu t  t o  0000 ,  and m a k e  NMI  o f  2—80 h i g h .  
When PC reach  B r e a k p o i n t  o r  MPF-I e x e c u t e  s i n g l e  s t ep ,  PC6 w i l l  
ou tput  l o w ,  U4  s t a r t s  c o u n t i n g ,  a f t e r  5 t h  CD c o d e  f e t c h ,  NMI 
becomes l o w .  T h i s  w i l l  i n t e r r u p t  p rogram e x e c u t i o n  and j w n p  
back  t o  m o n i t o r  program. 

Logic S t a t e  of U4 (74L890)  

R 9  R 0  03 Qd QC Qb NMI Comment 

Nonnal S t a t e  0 1 0 0 O 0 1 U4  p rese t  t o  0000 

BREAKbeComeslow 0 O 0 O O 0 l. RO=BREAK=O 

l s t  M I  0 0 0 0 0 l 1 7 4 9 0  S t a r t  commt ing 

2nd M I  0 0 0 0 1 0 1 ( k i ,Qc ,Qb i s  M o d ,  5 

3 r d  M I  0 . 0  0 0 l l 1 C o u n t e r  

4 t h  M I  0 0 0 1 0 0 1 

5 t h  M I  0 O 1 0 0 0 0 Qa f r o m  0—1 
_ whenggd f rom 1-0 

0 '1  1 0 0 0 U4 Preset t o  1001 Pressi ng :I 1 
r “OH 
\ e y  . . 

A f t e r  E5] k e 3  i s  p r e s s e d ,  8 9  o f  U4  i s  h i g h ,  Qalxaxmmfishigh and  
PmlIbecomeSIJDW. So CPU jump back t o  m o n i t o r  program e x e c u t i o n  
d u e  t o  nonmaskable  i n t e r r u p t .  

PIO and CTC 

U11 ( C T C )  a n d  U10 (P10)  a r e  d a i s y - c h a i n e d ,  CTC has t h e  h i ghe r  
i n t e r P U p t  p r i o r i t y ,  CTC 1E1, PIO IEO,  CTC c h a n n e l  s i g n a l s  and P10 
I / O  po r t  a r e  rese rved  o n  P2 edge connec to r  f o r  user f u t u r e  
e x p a n s i o n .  

n—s 





APPENDIX C 

Z80-CPU Programming reference. 





M1 

MREQ 

SYSTEM 1090 
CONTROL . .  

RD 

W?! 

RFSH 

H A L T  

W A I Y  

CPU 
NTROL .H 

00' 1NT 

NMI 

RESET 

CPU ————- BUSRO 
BUS 
CONTROL BUSAK 

(I; 

+5V 

6ND 

27 

19 

20 
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SUMMARY OF FLAG OPERATION 
D7 DO 

Pl 
Instruction S 2 H V N C Comments 
A00 s; ADC: I I X I X V 0 I 8-bit add 0! add with carry 
$U3 I: 33C t.‘ CPI: "‘55 I | X l X V I i 8-bit subtract. subtract with carry. compare and negate accumulator 
ANOs I I X I X P O O }  . 
OR s; XOR ‘ ‘ I X I X p 0 U Lagtcal operations 

lHCt i I X l X V 0 0 8-bit increment 
DECs I I X I X V I 0 8-b1tdecsemenl 
ADD 00.58 0 O X X X ' 0 I "Should 
ADC H L. 35 I I X X X V 0 I 16-bit add with carry 
$86 l-tL, SS I I X X )1 V I I 16-bit subtract with carry 
RLA; HLCA; BRA: RHCA O 0 X 0 X 0 0 I Rotate acoumulator 
I“. t; RLC s; RR s: RRCs; I- I X 0 X P 0 I Rotate andshilt locations 

SLA s: SRA s: SRL s 
RLD; RED I I X 0 X P 0 0 Rotate digit left and right 
DAA I I X I X P 0 I Decimal adjust ac'cumulat0r 
CPI. 0 0 X l X 0 t 0 Complement accumulator 
SCF 0 O X 0 X ' 0 l Setcarrv 
CCF 0 0 X X X 0 [l I Cumplement carry 
IN r, {C} I I X 0 X P [I O inpul register indirect 
INI; IND: OUTI; OUTO X I X -X X X I 0 }Block input and Output 
INIR;INDR;OTIR:UTDR X I X X X X l 0 2 a 0 ill} at Ootherwrse Z = I  
LDI; LDD X X X 0 X I 0 0 Block transler instructions 
L0|Fl;LODR X X X 0 X 0 0 0 PIV=Ii lBC+0,0thenrtI iuPN=0 
CPI; CPIH: CPD; CPOR X l X X X I l 0 Block search instructions 

2 = I it A = lHLl. otherwise 2 = 0 
- PN .—. I it BC + 0. otherwise PA! = 0 

LD A. I; LD A, R I I X 0 X IFF {I 0 The content ol the Interrupt entbte llip-llop { IFFI is copied into 
the PN flag 

BIT b, s X I X I X X I] I The state 01 bit b at location s is copied into the Z llag 

The lollowing notation is used in this table: 

Symbol OperatiOn 

C Carry/link llag C=l it the operation produced a carry Item the M33 01 the operand or result. 
2 Zero llag. Z=l it the result at the operation It zero 
8 Sign tlag. S=1 it the M88 of the result is one. 
PN Parity or overflow (lag. Parity (PI and Overflow (V) share the game flag. Logical operations affect this llag with the parity of 

the teoult Mile arithmetic operations ailect this flag tenth the overflow ol the result. It P/V holds parity. Pit/=1 it the result 0! 
the operation is_even_ PN=O ll result is odd. If 9N holds‘nverllow. PIV=I if the result of the operation produce-l an overflow. 

H Hallrcarry llag. l4=I it the add or subtract operation-produced a carry mto  or borrow from bit 4 o l  the accumtmtor. 
N Add/Subtract llag. N = l  it the prevsous operation ms 3 subtract. 

H and N flags are used in coniuoction with the dectmal adjust instruction IDAAl to properly correct the result into packed 
BCD format following addition or subtraction using operands with packed 800 format. 

I The flag is altected according to the result at the operation. 
O The flag is unchanged by the operation. 
0 The flag is reset by the operation. 
I The ilag is set by the operations 
X The flag is a “d on’t care“. 
V PN flag allected according to the overflow result of ‘he operation. 
P PN tleo altected according to the parity result of the operation. 
r Any one of the CPU registers A, B, C. D. E, H, L. 
t Arty 8-bit location lor all the addressing modes allowed for the particular Instruction. 
is Any IG-bit location lor all the addressing modes allowed for that instruction. 
ti Any one of theme index registers IX 0r IY. 
ft Refresh c0unter. 
n abitvalue in ritnge (0, 255‘) 
no 16-bit value in range <0, 65535 >, 
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OESTIIMTION 

8-BIT LOAD GROUP 'LD' 

mum 
TEXT ; 

muse ntmsnzn _~;a§_c.guum£cr mouw ADDP. ma 
_ | n A a c u _7 74137777 mmmnnmflmam} n 

no 70 3A 35 
A 50 ED 7F 13 79 1A "(2’ '7c 55;. 7 0A 1A 7E 7E n n 

SI‘T'AF'“ - ‘  x d d l. 
7 no so 

a 47 to 41 62 43 u m 46 re 46 (56 
d d n 
on so 

c at a 49 4A 48 ac 40 4E 4E 45 OE 
d d n 
00 H) 

REGISTER o 57 so 51 52 53 5,4 95 55 58 58 m 
d d n 
no H) 

E 5F 53 59 5A 53 at: 50 M 59 5E IE 
(I a a 
on m 

H 67 so 8 1 8 2  8 3 8 4 3 5 5 5  6866 a 
7 ‘d d II 

on o 
t. as as 89 BA 63 ac no at s: as 25 

d d I 

mu )7 70 'H 72 73 74 76 38 
fl 

nee . 
women (eel- In 

{on 12 

on on on on no no on DD 
mm) 77 7o 71 72 73 74 7s :5 

d a d a a d d n ”405“" so 70 m so F0 F0 FD ‘0 
mud) 77 7o 71 72 73 79 7s 3“ 

d d d d d d d" A 
32 

EXYAODR- Inn) 0 
__ I1 

I so 
47 

“amen * 
‘ 50 

R 4F 

C43 



il-BI I' LOAD GROU" 

”MN“! PM! Op-Cuc H10. of MmdMlflowl’f 
bin-101110111: Operation H WV C 76 503 210 Hut .5111“ Cycle: 51m: Elm-NM 

101,: 1 - 1  x o x o 0 0 1 1  1 1 1 4 1.1 Rog. 
101.11 ((-11 x X 0 0 00 1 HO 7. 2 7 00° 5 

’ ._ 11 -- 1. 001 C 
LOLIHL) 1-1111.) )1 1 x . 0 1 1  110 1 2 7 010 0 
LDLIIXM) r—(fXM) X 0 X 0 I I O I I I D I  DO 3 5 19 D” E 

01 1 110 100 H 
~ 11 - 101 L 

111111111111 1-111m11 x 11 x . s 11111101 «10 :1 5 19 111 A 
01 1 H O  
-_  d .1 

1011a).: (1111—1 x o x 0 011101 1 2. 1 
10111111111: "mp-1 11 ~ x e 110111111 00 3 ‘ s  15 

0! H0  1 
1. d - 

101111111‘1 (tY-=-6)~r x a x . 0 11111101 F0 3 1 19 
01 110 r 

.— d - 

100111.11 1111.1..11 x 0 x o o 00110110 30 2 3 10 
__ n .- 

1011mm {111101-41 :1 u x . .1 11011101 00 4 3 11 
00110110 36 
~ d .., 

. ,0 11 , 
I.D[lY+d).n 1111-01—41 11 o x . 0 11111101 FD 1 5 19 

00110110 36 
. .  d - -  

~11 - 
LDAJSCI 11400) x a x c 9 00001010 0A 1 2 I 
LOA.10£1 A—-(0E) x o x o 0 00011010 IA 1 2 1 
LDAJMI A—(nn) X 0 X 0 0 UOIIHHD 3A I 4 13 

._ n -- 
0- a _. 

101001.11 1001-41 11 o x o 0 00000010 M 1 2 1 
LNOELA (on-11 x o x o 0 00010010 12 1 2 7 
1011111111 (11111-0 11 e x o 0 00110010 32 4 13 

.- A -o 

1.. n - 
1011.1 Ao—l x 0 x m :1 11101101 EL 1 2 5 

01010111 5'; 
1011,11 1141 x 0 x 1 ”  0 11101101 Hg 2 9 

01011111 ---f 
101,11 I ~ A  x o x o 0 11101101 11-" I 2 3 

01000111 '1'? 
100.11 11.41 x e x o 11 11101101 --0 2 2 0 

01001111 31? 

Hum: 1.1111011111011o 11111111111“: 91.3. C. 0. E, I'LL 0 

IF F the content 0! the intanupt' o'nabla nip-flop (IFFl 110001011 inlo 111: WV 11 

F I119 Nomlon. 0* "1.1. not 1111.11.11, 0 I 1109mm. 1 = {I19 101. X t "1911 unknowr 
- "a 11 111M110 uccordmg 10 1110 mu“ 0‘ the 0001011011 
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16-8” LOAD GROUP 
[ L D I  

PUSH' AND 'P‘OP’ 

oesmmouk 

PUSH 
INSTRUCTIONS 

REG. 

NOTE: The Push 8: Pop Imtructiom Idiufl 

sounca ‘ 

IMM. 2x1. REG. 
nEcmtin EXT. ADDR. InouL 

AF 3c DE Ht SP Ix 1v nn inn} {SP} 

AF Ft 
1 

i 01 5° 
3c ; n 3 c: 

D 
' I1 

11 

1, £0 
n DE : n 59 0‘ 

i n 
E I 

n 5 
l 1 1 21 2A 

5 HI. 1 n H . 
T ‘ n 

E 
R 3? to on so 78 

SP F9 F9 F9 2 n 
| ' n 

on no on 
1x 21 2A 

a n 51 
I1 0 

2 FD 50 F0 
IV 21 2A - 

n n £1 
fl 0 

ED ED ,1. £0 DO F0 
EXT. (an) 43 53 n_ 73 22 22 
ADDR. n n n n a n 

0 fl a fl n 

no FD 
I N 0. (SP) F S 06 05 E6 E5 25 

POP 
msmucnous the 8? am: «very execution. 



16-BIT LOAD GROUP 

Symboh: l 1 m-cm No.01 110.0151 No.0” 
Mngmonic 0901611011 8 Z P/V 7 6  543 2 ' 0  “0!  3V!“ CVd'Il Sum 6017119100“ 

LD dd. nn dd - rm 0 X X 0 00 (100 001 3 3 10 dd PM 
- n - 00 BC 
-- n ~ 01 DE 

LD IX,nn 1X — nn 0 I X X ‘ 11 011 101 DO «1 4 14 10 BL 
00 100 001 21 11 SP 
. -  n -U- 

. -  n '. 

L01Y .oo  I Y  « a n  5 . X X 0 11 111 101 F0 4 4 14 
00 100 001 21 

§- (I w 

. -  n *0 

LD HL.(M1 H *1nn911 O ' X X 0 00 101 010 2A 3 5 16 
1. - (nnl - n - 

'- n '- 

LDdd.1nn} ddH—(nnrn 0 ' X X 0 11 101 101 E0 4 6 20 
M L  -1nn1 01 am 011 

up n -0 

.. n .. 
L01X,(nn1 IXH—{nmn 0 0 X X 0 11 011 1171 DD 4 8 20 

”(L ‘1nn1 no 101 010 2A 
.- n - 
— n ' 

L01Y,(nn1 JYH-(nnfl l  ‘ 0 X X 0 11 111 101 FD 6 6 20 
1YL -1nn) 00 101 010 2A 

_ fl — 

— n " 

L01nn1. HL 1110'” - H 0 0 X X 0 00 100 010 22 3 5 16 
lnn1--L - n - 

. -  n " -  

LDInn1,dd 1nn+11 r a d ”  0 0 X. X 0 11 101 101 E0 11 b 20 
(nnh-ddL 01 ddfl 011 

* n .- 
—- n - .  

LD1nn1.Ix 1nn+11-IXH o . x x - 11 on 101 on 4 6 20 
1nn1~lXL 00 100 010 22 

-— n ‘- 

o -  n “ 

1.01m). IY {nnvl1-1YH 0 0 X X 0 I I  111 101 F0 4 8 20 
{nn1olYL 00 100 010 22 

- fl -— 

* n .- 
LQSP,HL SP - HL 0 0 X X 0 11111001 F9 1 1 6 
L0 89,111 SF * IX 0 0 X X 0 11 011 101 110 2 2 10 

11 111 001 F9 
LD SP. IY SP ~ 11’ o o x x 0 11 H t  101 F0 2 2 10 

11 111 001 F3 qa Pan 
PUSH qq {SP-21 " Q91. ’ ‘ X X 0 11 mo 101 1 3 11 110 BC 

{SP-11 ~ mu 01 DE 
PUSH IX (SP-21 -‘ IXL 0 0 X X 0 11 011 101 [10 2 4 15 10 HL 

ISP-11 °1XH 11 100 101 ES 11 Af- 
PUSH W (59:21 ' I Y L  O 0 X X 0 11 111 101 F 0  2 6 15 

{SP1} ” I V “  11 100101. E5 
1’0q qua-(5N1) 0 ‘ X X ' 11 1.1110 001 1 3 10 

ant-18H 
POP}! IXH*[SP*I1 o .o x 'x o 11 on 101 00 2 4 to 

: X L ‘  [SP] 1 11 100 001 E1 
POPIY IYH-ISP+11 ‘ 0 X X 0 11 111 101 F0 2 '1 I4 

lL~1SPl r 1 11 100 001 E1 

Hales: dd Is any 01 the regustet pairs 8C, DE. HL, SP 

Flag Notation. 

qq a any 01 the register pain AF, BC, 0E. HL 
(PALRIH, {PAIN |_ teler to 111911 order and low 0111:! eight bits of the register pan respectively. 

9.9. 80L -‘- C. AFH -'- A 
O = flag not 3119:1211. 0 = flag reset, 1 = flag at. X = 1139 is unknow 

.1139 is afiected accordmg to the result of the operation 
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DESTINATION 

EXCHANGES 
'EX' AND 'EXX'  

IMPUED ADDRESSPNG 
AF’ 06‘. 05's. HL’ HI. I! IV 

AF 09 

BC, 

IMPLIED DE 09 
& 
HL 

DE E3 

HEB. (SP) ‘ as on ro 
NDIH. E3 E3 

BLOCK TRANSFER GROUP BLOCK SEARCH GROUP 

SEARCH 
SOURCE LOCMIDR 
REG. REG. 
INDIR. INDIR. 

(HLI [HU 

ED ‘LOI‘ — Load (DE! 4- IHL} ED 'CPI‘ 
A0 Inc HL & DE, 011: 86 A1 Inc HL, Dec BC 
ED ‘LOIR'-Lood(DE)¢-4HLJ E0 ’CPIR'-tnc H L  1)c 

REG. {DE} BO Inc HL 8: DE, Doc 80, Hogan until BC = 0 B l  toput until BC = 0 0! Iind match 
INDIR. ED 'LDD‘ - Load (0El-°-{HLJ E0 'CPD' 0 HL & BC 

AB me HLflt oe, Dec at: A9 ' " 
ED 'LDDH‘ — Load (OEHHU ED 'CPDR' - Dot: HLBI BC 
88 Doc HI. 3. DE. Dec 86, Rtpoatunttl BE . 0 BS Ropntuntil BC I I] or find um 

HI. point: to mum 
OE points to lamination 
BC is bvtt cauntef 

HI. point! to location In memory 
to be cumuored with accumulator 
content: 

BC it bvto counter 

(1-8 



EXCHANGE GROUP AND BLOCK TRANSFER AND SEARCH GROUP 

Symbolic Fl i tip-Code No.01 No.01?» No.01? 
Mnemomc Onntiau ‘ 5  Z 1-1 "V N C 76 503 210 Hex Bytes Cyclm Slam Comments‘ A 

EXDE,HL 015t 0 0 X ' X 0 G 0 11101011 E8 1 1 4 
E X A E A F  AF-uAF' 9 0 X 0 X 0 0 9 00 001 000 08 1 1 4 
EXX C~BC‘ ° 0 X 0 X 6 ° 0 11 011 001 09 1 1 4 Regmetbank and 

(3E w-OE') aux iliary reqmcr 
HL -H L' bank exchange 

EX1$Pl,HL H w151’111 0 O X 0 X 6 0 0 11100011 E3 1 5 19 
L ~15P) 

EXISPIJX ”(Ht-{51’0” 0 0 X 9 X 0 t 0 11011101 DO 2 6 23 
IXL-JSP) 11 100 011 E3 

EX13P].|Y [Ya-($1M) 0 0 X 0 X 0 0 0 11111101 F0 2 6 23 
Mitt-(SP) I I  100 011 E! 

1.01 {DEF-[NU 0 0 X 0 X G? 0 0 11 101 101 ED 2 4 16 LoodtHUinto 
DE - DEII 10 100 000 A0 10E).incremen11he 
HL  * HL+1 pomten 11nd 
a t  *- BC-I decrement 1‘19 byte 

counter (801 
LDIH (05141“) 0 9 X 0 X D B 0 11 101 101 ED 2 5 21 1131310 

DE - 0 £ + 1  10 110 000 30 2 4 18 " B C "  0 
HL - HL+1 
BC *BC- l  
Repeaiunlil 
BC=O 

. (D 
1.01) IDEl+1HL1 ° 0 X D X' 1 0 0 11 101 101 ED 2 4 16 

DE “DE-1 10 101 000 A8 
HL - 11H 
BC ~ 80-1 

LDDR (DEF-ML} ° 0 X '  0 X 0 0 0 11 101 101 E0 2 5 21 118C=F0 
DE ~~0E~1 11] 111 000 BB 2 4 16 11 BC = 0  
HI. *-l-IL-1 
BC *BD-I 
Repeatunlil 
BC=0 

® ® 
CPI A—{HLl | | x 1 x I I 0 11101101 £0 2 4 16 ‘ 

HL -HL+I  11} 101} 001 A1 
BC m 138-1 

(2) ® 
com A—ML) 1 | x 1 x 1 1 o 11 101 101 ED 2 5 21 IIBC=f OandA=HH1J 

11L --HL+1 10 110 001 B1 2 4 16 1180=0ocA=1HLl 
86 v-BC-I 
Repealuntil 
A=1HL1M 
BC=0 

(2) (P 
CPD A - I H U  | 1 x t x 1 1 o 11 101 101 ED 2 4 16 

111-411:1 10101 001 A9 
BC «BC-1 

(2) -'1}. 
even A-(HL) t I x 1 x 1 1 1» 111111101 ”ED 2 5 21 "swam/1111111 

H L - H L - 1  111111001 119 2 4 15 118c=0mA=1HL1 
80 “ 8 0 - 1  ‘ 
Repealumil 
A=1HL101 
BC=D 

Notes. (1; WV flag 1: [I 11 the tesulz of 801 = 0. 01112111115: PN f I 
(2) 2 "391': I 11 A =1HL).01hevw1:e Z = 0. 

Flag Notation: = llzg 110131112112d =1Iag met, 1 - flag :91. X = flag is unknown, 
= 11:19 11 we: lid accordmg lo the new“ al 1he oneralmn. 
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8~-B|T ARlTHMETIC AND LOGIC 

SOURCE 

REG. REGISTER ADDRESSIHG mom. mnexeo name. 

A fl 3; D E H 1. {HL} {w} (WM) n 

on FD 
'A00' 87 so 81 32 83 94 as as as as cs 
in...“ d d I: 

on FD 
ADD w mmv o; u 89 8A 33 so an BE as as as 

'ADC' a a n 
_ on F0 

summer 91 90 m 92 93 94 95 95 96 95 05 
SM d d n 

_ _  _ DD FD 
sun w CARRY 9F 93 99 t 9A ea 9: 90 95 95 9E DE 

-sac' { _ a a n __ 
_ 7.— _ DD so 

'AND' A7 A0 A’ m ‘ M A4 A5 A8 A6 A6 E6 
_____ _ d d n 

“m" '_ ' _._.._- " " "  “ ____‘ on F0 
«on AF A3 A9 AA A8 A0 A0 AE AE AE EE 

d d n 
" ' ”_ on F0 
'on- 31 so as 31 83 B4 as as as 36 F6 

6 d n 
“’ ' " ”'“" 00 w 
commas BF as as BA as as an 95 BE BE FE 

‘CP’ :5 a n 
M‘“‘“‘ _ on PD ‘ “  
INCHEMENT as 04 at: H $0 24 2c 34 34 34 'INC' d d 

” 00 F0 
necnmsm 30 05 on I6 w 25 m :15 35 35 

‘DEC' i a a 

C-1O 



8-BIT ARITHME TIC AND LOGICAI. GROUP 

Symbolic Flags 0p‘Codc No.0! Ho.olMI\lo.oIT 
Mnemonic 'Operatron 5 Z T H IP/V N C 76 543 210 Hex Bytes Cycles States Comments ‘ 

ADOA‘r A - A + r  I I fi x  I x i v  o I 10060: I l 4 ( Flog- 
Anon  A e A i n  I I x I x v o I “ w h o  2 2 7 000 B 

I - l’I - O O I  C 

i am 0 
ADD AND A ~ AtlHLI I I x I { I I  V o I III ogoJIIo I 2 7 on E 
ADD A.IIXc A-A+l+dI I I x I x v o I I I  on IOI DD 3 s 19 100 H 

to @I10 101 L 
- d - I I I  A 

A00 A,IIYt-6I A—AIllYl-dl I I x I x v o I I I  I I I  101 FD :I 5 19 
ID @mna 
- d - 

ADCA,s Aqmcv l I x I x v o I [GE] I is any or r. n. 
sues A-A-s I I x I x v I I am (HILIIXHII. 
SBCAJ A+AIs-CY I I x I x v I I [BLT] (ma) as shownior 
AHOs A—A A z I I x I x P o o m ADD Insttuclion. 
0R: A-A  v s | I X I X P (I 0 [IE] Thedtated bils 
XOR s A - A a s I | X I X P D 0 [DJ] replace the “E in 
BPs A - s | I X I X V l I [113 the ADD set above. 
INC: ” I n  I I x I x v o o 00 r [m I I 4 
INCIHLI IllLI-IIILI‘I I l x l x v o . 00 MODE I :I I I  
mcttxw) I|X+dI - I I .  x I x v o 0 I I  on IOI DD 3 s 2: 

I rm no Hum 
- d _ 

mctlvnn III/«II - I ' I x I x v 0 0 II III lDIl F0 3 I6 23 
IIIMM 00 How]  

.. d - 

DEC: s - s - I  I I X | X V I 0 IOI s iS?.or , IHU,  
' (lXMIJIYIdIas 

Shown for INC. 
DEC same format 
and states as lNE. 
Replace-“nth 
.in 09 Code.- 

Notes: The V symbol in the PN llag column inducates that the PN flag contains the overflow of the result of the 

Flag Nolatiom 

OperatiOn. Similarly the P symbol indicates parity. V = 1 means overflow, V = 0 means not overflow. P = l 
means parity of the result is even. 9 = I) means parity of the result is odd. 

I = tlag Is attracted according to the resolt of the operation. 
6 = Ilag not allected, O = flag Ieset, l = flag set. X = flag is unknown. 



GENERAL PURPOSE AF OPERATIONS 

Decimal ‘Adstm Ace! 'OAA‘ 17 
L... .. _.. 

Complemeni Au, ‘CPL' 2F 

Negale ACE, 'NEG‘ 
(2': complement) 

Complement Cmv Flag. 'CCF‘ 3F 

Set Carry Flag, 'SCF' 31 

MISCE L LANEOUS CPU CONTROL 

8080A MODE 

RESTART TO LOCATION 003811 

INOPI m 

’HALT' 1'6 
I— 

DISAB LE INT 'IDII' F3 

ENABLE INT 'IEII' F0 

SET [HT MODE 0 ED 
'0: 0' _ 46 

SET INT .‘AO'IE '. if! 
1|” . 1  58 

SET INT MODE 2 ED 
'IH 2' SF. 

_ - -  

!HOIRECT CALL USING REGISTER 
J I AND 8 BITS FROM INTEMIUPTING 

DEVICE AS A POINTER. 

0-12 



GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 

sympom “95 '1 uncou- "moi 'no.am nun? 
Mnemanic Operation T Z I It _ IPN H I 53 P5 543 210 Hex Byte: Cycles Silt” Ctmmlllf- 

0AA Converts ace. 1 | X 1 X P 0 l g 00 103 ‘.II 2? I I 4 Decimaltdjufl 
cement into I accumulate: 
packed 8CD 
Iotlowing add 
or subtract 
With packed . 
BGD operands 

CPL A * 3‘ o o x I x o t o 00 101 m u= I I 4 Complement 
occumulflor 
(One's complvmeml 

use A —?+1 l l x t x v 1 I I I  1m 101 so 2 2 a Negateacc,ltwo‘: 
OI 000 100 44 complement) 

CBF CI"? 0 0 X X X. ' 0 I 00 I I I  I I I  3F I I 4 Complemenlurry‘ 
_ “a? 

SCF C Y - I  0 0 X 0 X 0 0 I 00 III] I I ]  37 I I Setcanyflng 
HOP No operallon 0 0 X 0 X 0 0 0 00 000 000 00 l I 
HALT CPUhalted 0 0 X 0 X 0 O 0 0| III] 110 76 I I l 
DI IFF ~ 0 0 ° ' X 0 X ‘ 0 0 I I  H O  OH F3 I I 4 
El  IFF ‘ I 0 0 X 0 X 0 i 0 I I  I I I  011 F8 I I 4 
IMO Set intetrupt 0 0 X ' X 0 0 0 I I  IOI IOI ED 2 2' 3 

modoO _ ' 01 000 no  46 
I M I  Set Interrupt 0 0 X 0 X 0 O I I I  III] lOl E!) 2 2 8 

model 01 010 110 56 
IMZ Set Interrupt 0 0 X 0 X 0 O 0 ' I I  IOI 101 ‘ ED 2 2 fl 

modeZ I (II 011 IIO 5E 

Natex: IFF Indicates the interrupt enable Ilipllop 

Flag Notation: 

CY indicates the catty Illp-IIOD. 

I = flag I! aflected according to the result al the opemwn. 
0 = Ilag not allecled. I) ; flag tests. I -' flag set. X = Ilao w unknown, 



168W ARITHMETIC 

sonnet 

cc 0: m SP at w 

BL 09 19 23 39- 

on no on on .A . 
on :x 09 19 as 29 

w m m so so 
as to 39 29 

nssrmmou 
ADD WITH CARRY AND m to  so so ED 
SET FLAGS ’ADC‘ 4A 5A 6A 7A 

sue WITH CARRY AND ' M E0 ED 50 ea 
SET FLAGS 'SBC' a2 52 52 72 

‘ on m I a T ‘I ' m: mm m: 03 13 13 33 23 23 

on re  a . . on: we»? DEC as m an as 23 23 

0—14 



16311" ARITHMETIC GROUP 

, Svmbolu: F s Op-Codo No.01 Romffihdomf '1 
mnemonic Gammon f 2 H PN N C 76 543 210 Nu Bytes Eyck: Sum Comm-m 

AO0HL.u H L - H L m  0 0 X X X ° 0 0 0 m  001 1 :1 11 5: Reg. 
00 BC 

ADCHLJJ Hl.—HLmocv 1 I x x x v 0 1 11101101 50 2 a 15 01 0E 
01 111 010 10 Hi 

1 !  S? 
SBCHLu HLoHL-u-CY I I X X X V 1 11101101 in 2 4 15 

01 no 010 
A O D I X . p p  1 X + 1 X O p p  1' 0 X X X 0 0 1 1 1 0 1 1 1 0 1  DD 2 1. 15 no F129 

00 001001 00 BC 
01 'c‘ 
10 IX 
11 SP 

ADDIY, I I  I Y - I Y H I  0 0 X X X 0 0 I 1 1 1 1 1 1 0 1  F0 2 4 15 n Rig 
0 0 m  001 00 BC 

01 0E 
10 DY 
1 1  31'" 

INC“ “ o n ”  9 0 X 0 X 0 001.5001! 1 1 6 
1NC|X l X - I X O I  0 0 X 0 X 0 0 0 1 1 0 1 1 1 0 1  00  2 2 10 

00100011 23 
I N C I Y  I Y ‘ I Y - I I  ' 9  0 X 0 X 0 0 0 1 1 1 1 1 1 0 1  F0 2 2 10 

00100 011 23 
DEC“ H o n - 1  0 ' X O X '  0 0 0 0 3 3 1 0 1 1  1 1 6 
DECtX l x a l X - I  0 0 X 0 x o o o 11011101 DD 2 2 10 

on 101 on 23 ' 
oecw w - w - m  . . x . x . . 011111101 so 2 2 10 

11 00 101 011 23 

Notes: :5 n any of "we vegan: pom BC. 0E. HL. S? 
no a any 011112 register pant: BC. 0E. IX, SP 
u Is any of the regustet pans BC, OE. IY. SP 

Flag Nmmon: o 
1 

= 1139 not wanted, 0 = 113912591, ‘ =1Iagset. X 411391; unknown. 
= flag I: inflected accord-r1910 the mull 01 the operation. 



TYPE 
OF 
ROTATE 
0n 
susrr 

HOTATES AND SHIFTS 

3'0c and Destination 

'R LCA' 07 

IRHMI 

. R L A I  I1 

'HBA' 

A B C O E H I. (HU [Uhdl IYHII 

0 0  F0 
'HLC' CB EB CB C8 C8 CB CB (28 C3 C8 

07 DD 01 02 03 04 05 06 d d 
01.425. 
00  H3 

'Rfll‘,‘ CB CB CS CB CI] 8 3 .  C3 CB CH DE 
0F 08 09 BA BB Of. 00 0E d 6 

0E OE 
DD FD 

'RL' CB CB CB CB CB CB CB C8 C8 CB 
I? I0  I I  I 2  I3 Id  15 16 d d 

15 m 
DD FD 

'Rfl '  CB CG CB CB CB C8 C8 CB CB CB 
IF 18 19 I A  18 10 ID  IE' d 11 

IE IE 
DD FD 

SLA' CB CB CB [:8 CB CB CB CS CB 63 
2? 20 21 92 23 24 25 26 d d 

26 26 
00  F0 

‘SFIA' 0 8 .  CB GB GR CB C8 68 CB 68 CG 
2F 28 8 2A 28 26 20 25 d 6 

IE 2E 
0 0  PO 

'SHL' DB CB Cf! CB CB CB CB 08 CB 88 
3F 38 39 3A 38 3C 30 3E d d 

_L 3E 35 

,4 ED 
flLD BF 

, , ED BRO 5, 

[HI In r-bo 

L E E  
F-w-Ei-jfl 
- -  - 
-—_+o 

I L .  
CY 

L
W

 
0

—
K

 

«CE—3 

A CC 

C E  mu M. 
ACC 

Rom: 
Lofl Circulur 

Rout. 
High! Circulu 
Roim 
Lon 

Rom: 
Right 

Shin 
Lm arithmmc 

Shift 
flight AIiIhmIIic 
S-hlll 
Flight Loom: 

Rum: Digit 

Rome Digit 

C-16 



Symboiic 

ROTATE AND SHIFT GROUP 

F 1 011cm 11a.o1|110.o1'11o.o1 
I M T 

Mmmonie Owniofl 8 Z N v 1: 70013 210 1m 01111.»: 01:11- mn Common 
RLCA m " “ X X 0 1100 0011 111 07 1 1 4 Rotateimcucular 

A . accumulator 

RLA W 1  ° X 0 X ' 1 00010111 17 1 1 4 Rowen" 
A accumulator 

RHCA m ° X I) X 9 l 00 Gal 111 OF , 1  I 4 Rolatanghtmcula: 

A 
accumulate: 

“M W ‘ X 0 X 6 1 00011111 1F 1 1 4 301.111.1111 
A occumulnlor 

HLCr 1 1 X 0 X P 1 11001011 CB 2 2 8 Rotatoloilcirculal 
0 0 - !  10911101! 

81011111 1 1 x o x P 1 11001011- ca 2 4 15 r fluo- 
00-110 000 s 

0431 C 
nLc11x+dl f 1 1 x o x P 1 11011101 DD 4 B 23 010 0 

r.(HU.(IX+d},{IY+dl 11 001 011 1:0 011 E 
- d - 100 H 

1011mm) 101 1. 
111 A 

RLC1IY+d1 '1 1 x o X P 1 11111101. F0 11 6 2:1 
11 001 011 cc 

—. d - 

100mm 
R L ;  J 1 1 X D X P | @113] Imuuctianlomalaad 

s §(.{llLl.llX+d).{lY+dl mm nreushown I01 
RLC'; To 10101 new 

330‘ " m .  I I X 0 X P l IOp-Cod-cmplscem 
1 Er.{H LHIX+dM|Y+dl of 111.01t shown 

code 
11111 LEE—~IEJ 1 1 x o x P 1 11m 

s'='r.{HL).1IX4dl,tlY+dl 

SMs-o—[7:o—::1]¢—O I 1 x 0 >1 P 1 m 
151,1Ht}.(l'x40}.(l¥+d} 

311A. 1 1 x o x P 1 [1:01] 
15c,{HU.(IX+dl.{IY1-dl 

5a Wow—.163] 1 1 x 0 x P 1 1m] 
:Er,lHl.),(|X+dl.(lY+1ll 

810 A W I N  1 1 x a x P a 11 101 101 ED 2 5 111 11011111119111.0111 
- 1 101 311 8F right between 1111: 

T ' accumulflor . 
and loulicm {H Ll. 

11110 A @0111 1 1 x o x 11 . 11 101 101 120 2 5 111 1111 contem 01 11111 
1 100 111 67 110001 1111101111.: 

r accumulator l1 
1 unafleued 

Flag Notation: 0 -= {lag no: attested, 0 = 11119 reset, I = flag m, X = {lag is unknown. 
1 2 {lag is aflaued according 10 1h: malt of Iho opemion. 
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BIT MANI PU LATION GROUP 

«semen ADDRESSIHG ‘33: muexeo 

an a a c n E H 1 («u am; am) 

ca ca (:8 ca ca ca ca ca 33’ 23 
° 47 40 1 u 42 43 44 45 «3 3L 3a 

co as as ca en ce ca cs 8:? EB 
‘ 4F 43 49 4A 43 4c 40 45 :5 :5 

c3 cs ca ca ca ca ca ca 22 22 
3 57 so 51 52 53 9: 55 as :6 2’5 

ca ca co co co cs cs ca 2.? 22 
“ST 3 SF 59 59 5A 53 so 50 SE :5 gs 
‘811' cu ca cs ca as on an cs 83 22 

4 57 so 6: 62 63 64 65 56 go is 
ca cs c3 ca co ca ca cs 33° 23 

5 as ea 69 6A 63 as so 68 2e 3: 
6 ca c3 ca c3 ca: cs ca cs 33° 23 

n 70 71 n 73 74 75 76 g" :6 
7 ca ca cs cs on on ca ca 3'? 23 

‘ 7F 23 79 7A 13 7c 70 7E 36 :6 
ca c3 c3 as es en cs ca 92 5:9 

0 87 an 31 az 33 a4 85 as g, :6 
1 ca ca ca cs cs ca ca ca :8? E3 

3; as 89 8A 39 so 30 8E 35 ea 
2 ca ca cs ca ca ca cs cs E? E3 

97 90 9t 92 93 94 95 96 ,5 ,6 
' 3 ca cs ca ca {:3 ca ca c3 :38 5:3 

RESET 99 93 99 9A 98 9c__ _ so BE 9; 4 E_ 
on 4 as ea cs ca cs ca ca ca 83 ES 

1255' A7 A0 A1 A2 A3 . A4 A5 A6 1. i. 
5 ca :23 cs 06 c3 cs ca ca ca 23 

AF A8 A9 L AA M: AC AD _- M is if 
5 ch ca (:3 c3 ca ca ca c3 85’ £3 

31 BO 31 32 83 81 85 _ as EL... 35 
J ca ca ca ca cs ca ca ca 83 22 

8F 33 39 8A 83 so 30 BE g! as 
0 (:3 ca co cc (:3 c3 ca ca §€ E? 

c: co C1 C2 cs c4 cs cs ca j 
‘ ca ca co ca cs ca ca cs 25’ 23 

of ca cs CA ca cc c2___ cs :5 gs 2:: 3: :2 3: a: 3: 3: z: is”? i=3 O K  I16 
3 ca ca c3 ca cs ca cs ca 23 29 

sat o; 03 09 ADA DB 0c 00 as ‘5: 3E 
23 4 ca ca cs ca cs ce cs ca 83 £3 

£7 so E1 £2 £3 £4 £5 £5 2'; ;L# 
5 cc c3 95 ca ca ca c3 cs 83 2: 

er ea us i EA EB EC ED SE gs gt s2: :3 :3 E3 :2 :2 :2 :2 E? 
‘ 6  ‘ 5  

? ca cs ca ch ca ca es en '83 2° 
FF re re FA FB FC so FE ‘25 :5 



Mnomonic 
BIT‘bJ 

BIT b. (FL) 

BIT b‘ ”(Hm 

BT b, (IYHSh) 

SET 13‘ t 

SET b, IHL) 

SET 1:,“m 

SET b. [IYHJJ 

flESb. i  

BIT SET, RESET AND TEST GROUP 

) Symbolic Fl 31 Oil-Cede no. of £50a HM" 
Opamion H PIV TB 543 210 Hex By'm Cycles State-s Bammnu 

2-7., X I X X H 0 0 1 0 “  CB 2 2 B r Reg. 
01 b t 000 B 

2 4mm, x I x x 11031031 cs 2 3 n 001 c 
I]! b no  010 D 

Z -  lX’cdb X l X X 3 1 0 1 1 1 0 1  DD 4 5 20 011 E 
I I  001 0!! CB 100 H 
- d - ’01 L 

OI b ”0  H T  A 
- b 8i! Toned 

z o m b  x l x x H 111 I01 TD 4 5 20 000 0 
I I  (331 011 BB 001 I 
‘ d ~ 010 2 

01 b HQ 011 3 
100 4 
101 5 
110 6 
m 7 

t h o l  X 0  X 9  H O M O ”  ( : 8 2  2 3 
ID] b r ' 

{Hub - 1  X 0 X 0 I I  00! DH CB 2 4 IS 
b no 

(DU-dig, - 1  X 0 X 0 I I  011 10! DD 4 B 23 
I t  00] 0|! CB 
.- d - 

111‘] u HO 
(IYHflb-l x o x 0 1 1 m m !  F0 I s 23 

H 00! 0" CB 
. .  d _ 

[ill b no 

‘13 - 0 . Im To lotm new Op 

' 5,. THU. Codename Q1“. 
(”(+51 0! SET b. s wuh 
{IYHH @ Flagsandlrne 

mm To: SET 
l Imlwthon 

Notes: The notation sh indlcam but 1) H] to 7) or lomuon 1. 

Flu; Nounon‘. 0 . flu; 10! Inflected. 0 - [In (mt. I I {lag m, X - flag is unknown. 
1 . flag it amend 54:60!l to tha mun oi the operatiori. 
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JUMP GROUP 
COHDITION 

33;». am 222.. m. :33 I311" 332'" 3'?! :33" 2‘3 
IHHED 53" 55 F5 111 62 fl [’2 ‘M H 

JUMP‘IP'  (it! ‘ nn .1 n 3 fl :1 n n n u 
' n n n a n j a 1L 0 

. .  In as so 23 20 mm 1? nwnw: P04 a" :  °_2 0 4  9-2 .--2 

JUBP ‘w' um I: 

. . am. on fl 

. . ro gum w (m ‘9 
orcnmam 9. 
mm IF no» mum Pc-o ‘9 
ztno‘umz- o 2 
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JUMP GROUP 

I sbQ‘i‘ F Op-Codo No.01 null! "on” 
Magazine: Opernioo S 2 H FN H c 75 543 2101 H.“ gym cyan 81:11 Common 

JPnn PC-nn . . x o x o . . n moon c3 3 3 10 i ' - n - 
~— n - cc Condition 

JP cc.“  lfconditioncc 0 0 x o X o o o 11 cc 010 3 3 10 W 82 nonzero 
mm PC --nn, - n '-  001 2 mo 
olhawu | - n .. 010 HCnon cauy 
contmus 011 C any 

100 PO parity add 

101 PE polity even 
110 P sign pom'm 

.182 P C -  PC+¢ 0 0 X 0 X 0 0 0 00 011 000 13 2 3 12 111 M signnomlivo 
.. ¢ . 2  .- 

JR (2.4 11 0 =0. 9 0 X 0 X 0 6 0 00 111 000 38 2 2 7 I1 condition not me! 
continue - 9.2 .. 
Ii C = 1. 2 3 12 I1 condition isnm 
PC . PCH 

JR NC, e 110 -' I. 6 0 X 0 X 0 0 0 00 110 000p 3O 2 2 7 H cdndition 00! Wt 
'COfllll‘lue - e-Z ~ 
I” C -. 0. I i l 2 3 12 If Londilioo ir m1 
1°C - P640 I , 

JR 2,9 I ”  Z = 0  O I X c -. X 0 0 0 DD 101 069I 28 2 2 1 "condition notmel 
Ito-nin-n i I f «— o-Z - 3. 
I112 = l, | i 1 I Z 3 12 "condition I: mo! 
Pl: ~ pen I i ' I I f 

JR 1112,: 112= i, | 0 ‘ I X 9 . X 0 Q 9 0 00 10‘?) 009‘ 26 2 2 7 11 condition no! me! 
Econlmue : : I i _ 92 - I 
In 2 = a. I I' I 5 I I 2 a l 12 u condition is 
E”: ' PC” 5 I | I I ' I 1 

mm. 41'. e 1x a I ) !  ~ I »  o :n m cos. so I :  1 I“ 
. I . | 1 - . I II 

.1982” I": .n: a . '  E)It i : x  1 ' a '11011 'z‘éi M'- I 2  2 -8 
' * 1 I i g 111019-93; E? g I 

qv} I P c ‘ w  4 2°  x I -  t w o  I:- c ” m m ;  m m  9 I8 
1 | I - t I n (9106:; m 5 I 

DJNZ,e 8 - 9 - 1  0 1 °  I X } .  I X  9 I 0  0 00010000I 10 I 2  ‘ 2  I 8  l f B - O  
"8:0. ! I ' I l - e.) - _ 1 I 

Icommue : I I I I I I I I 
1 - - - i I 1 

Ins“; i I I I I : 5 I 2  I :  513 ire-ac 
IPC - 9C” E l l i l i i i 1 

Notes: e :eprexems the ox ,eosion m the rolatwe addreuing mode. 

o is o signed Iwo‘s comp'emem numhei in the range <1?B. 179) 
e?in1he op-cnde cram; an oilectiw sddieu of one M PC is 
incremented by 2 p m  to the addition M e. 

Hag Notation: ° = "39 out affected.‘0 = flag real. 1 = flag set. X = flag is unknown. 
1 = flog ll affected according to {he :emlt of the common. 
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CALL AND RETURN GROUP 

CORDITION 

UN- HON HON PARITV PARITV SIGN SIB“ REG. 
CORD. CARRY CARRY ZERO ZERO EVER ODD REG. 903. M 0  

'CALL' IHHED. 60 0c 04 c c  04 EC £4 EC FA 
EXT. an I1 n n n n n n n n 

a I'I n n I1 I'I I1 n I) 

RETURN REGISTER (SP) 
'RET' IHOIR. (SPH) 09 08 00 GB 60 E8 E0 E8 FO 

RETURNFROM REGISTER (SP) ED 
HIT/RETI' INDIR. (8PM) 4D 

RETURNFROM REGISTER (SP) ED 
NORHASKABLE mom (59H) ‘ 5  
INT 'RETH‘  ' 

NOTE—CERTAIN _ 
FLAGS HAVE MORE 
THAN ONE PURPOSE. 
REFER TO ZBOCPU 
TECHNICAL MANUAL 
FOR DETAILS. 

RESTART GROUP 

OP 
CODE 

0000” C? 'RSTO‘ 

0003" or ‘9378‘ 

C 
A 0010" m 'nsns' 
L 
L 

ems” M 'nsna' 
A 
O 
o 0020,, n 'asnz' 
R 
E 
s 0028" E! ‘RST 40' 
S 

0030“ P? 'RS’HS' 

0038" FF 'FISTSG‘ 

0-22 



CALL AND RETURN GROUP 

Symbol: I Flags OrCoda Ho. 011100411111 « M T  
Mnemomc Opommn I 1 H N C 70 543 210—1337“ Bytes Cycle: Sum Cowmnu 

EALLnn W1-‘PCH . 6 x o x u- . 11001 101 CD 3 s 17 
lSP-Z1 - PCL . n n. 
P C - n n  1 - n - 

CALLu,nn ”condition 0 0 X 0 X 0 ° 0 11 cc 100 3 3 10 lfccnhrse 
CCilfahe .. n - 

continue. .. =1 . 3 S 1‘) 11cc :1 true 
othonmsa 
some" 
CALLnn  

1181' PCL* (SP) 0 0 X 0 X 0 9 0 11 001 001 CS 1 3 10 
P C H ‘ I S P O ”  

1151 cc "condition . . x o x o . '  . 11 cc 0011 1 1 5 11cc Mam 
cc ish lse  ‘ 
conunue. 1 3 11 11 cc 1: 1m: 
omen-mo cc [Candmon 
mm a 000 ' NZ nonmo 
RU 001 Z zem 

. 010 NC noncany 
RETI Ratumlmm ‘ 0 X ' X 0 0 0 11101101 ED 2 4 14 011 C tarry 

Inleuupt 01001101 40 100 90 pamyodd 
1121111 Rotornhom 0 0 . X  o x o o 0 1 1 1 0 1 1 0 1  1:0 2 4 1d 101 PE Damyeven 

nonmaskabh 1000101  45 110 P suqnoosmve 
intenupt F 111 M nqn negouvo 

nsrp (SP-1140,. «1 a x o x o o o 11 - 111 1 3 11 
(SP-21 - PBL 
PCH — 0 
P C L  " [1 

1__0__ 
000 00H 
001 00H 
010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 3811 

‘RETNIozds IFF2 - EFF, 

F159 Reunion: 6 41139 not alfmed. 0 '1q met. 1 =- 1119 m. X 1‘ 1139 u unknown. 
1 " flag 1: affected accordmg to Iho mull ol the OpelalIOfl. 
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INPUT GROUP 

PORT ADDRESS 

' REG. 
mmo' mom. 

(I ICI 

‘L a In so 
E A II 18 
6 ED 

3 40 

A ED 
0. c 43 

. . 0 E0  
INPUT IN R D 50 

E . EU 
5 E 58 

INPUT 5 H £0 
DESTINATION I 50 

M EU 
I. L 68 ‘ 

'INI’ — INPUT 8 ED 
Inc B L  02!. B __ A 2  
‘IHIR' _ ma Inc HL, E0 
DH 3, REPEAT IF BIO HEG “m 62 . RlOCK INPUT 
' I e '  - INPU1 E. INOIR . ED COMMPNOS 
Dec H11 OK 8 AA 
'IN.UP'-INPUT,Drc HL F0 I 
Be: R E E F - E A T ”  8K1 3A / 

OUTPUT GROUP 

sounce 

REG. REGISTER mo. 

A a I: 0 E II I. [HLl 

IMMEO n :3 

'0‘” REG. (0 50 ED so an E0 so ED 
III!) 79 II 49 51 59 '51 69 

'oun- _ OUTPUT REG. m E3 ‘ 
Inc H L  Dec b IND. A3 
"OTIR' _ OUTPUT. Inc HL. REC m E0 
Dec 8, REPEAT IF ado mo 83 BLOCK 
‘DUID' - OUTPUI REG {CI £0 f OUTPU‘I 
De: “ L  Dec 3 IND. AB commnos 

DIOR—OUTPUT. Def. HL MG m E0 
Dec 8, REPEA] IF 8 i 0 :ND. I BB , 

\___-._\, 
PORT 
OESIIIIMION 
ADDRESS 



INPUT AND OUTPUT (51100.0 

SYMMIIC Hill Op-Cadl No.01 No.0”! 1110.017 
Mnimanic Oplutmn S 2 H WV 1! C 78 543 210 “1.0% Bytu' Cycles Sum Comments 

INAJnl A . In) ' X ' X 0 ' O I I  0H 011 BB 2. 3 I I  n10 A 0 ~ A 7  
, , - n o ACCIOAB‘AlS 

IN 1.105 1 - 161 1 I X I X P 0 '5 I I  101 101 ED 2 3 l2  Clo A 0 ~ A 7  
111=Iloonly OI t 000 BloA3~Ais 
1111.- Ilagswill 
be mauled 

(I? 
11111 (HU - 101 x 1 x x x x 1 o 11 101 101 E0 2 4 1s (:1v ~ A; 

8 ' 0  I 10100010 A2 B10A3~A15 
I-IL ~ I-IL + 1  

INIH tI-IL) - {CI )1 [ I  X X X X I I 11 101 101 EU 2 S 21 C II) A0 ‘ A) 
3 - 3 . 1  10 110010 62 11113401 3 1 0 ’ 3 "  511:. 
HL  - I ' 1 L + 1  2 4 16 
Repeat unul III 13 = 0] 
8 = 0  

(D 
11:10 1111.) « 1 0  X | x x x x 1 0 11 101 101 ED 2 a 16 Cw Ao~ A; 

B "‘ B I It] ' 0 '  0 ' 0  A A  8 1 0  A 3 "  A 1 5  

H1. - 11L -1 
lNDfl  [HLI ' (CI X I X X X X I 0 I I  101 IN ED 2 5 21 C l o  A O ‘ A ,  

H L *  H L - l  2 6 18 
Repaat mun III B = 01 
8 ‘ 0  

OUT 1n1,A fink-A :1 I x o x . 57 c 11010 011 03 2 3 11 :11v ‘ A7 
ACE IO A8 “" A15 

BUNCH I t ) » :  0 1' X 1' X t I I I I  IDI ID] ED 2 3 12 (310 A O ‘ A ;  
0| ! 00' 8 (0 A8 " A15 

{1) 
OUT! (CI - (HU X 1 X X X X I 1' 11 101 m l  E0 2 4 16 C 10 A0 ~ A, 

B - 8 - 1  I0 100 {III A3 810A3~A$5 
HI. * HL + 1  

OTIR (CI * (HLI X I X X X X I O' 11 I01 101 E0 2 S 21 C 10 A0 ~ A7 
3 + 8 - I  10110 011 83 {”3140} 810A3~A15 
1-11. .. M M  2' 4 ‘16 
Rupm until 111 B = 0] 
B I O  

.1) 
00m 101 - (HLI x 1 x x x x 1 o 11 101 101 ED 2 4 16 C10 A0~ A, 

3 + 0 - 1  10101011 A8 310A8~A15 
HL - HL-1 

0'I'OR ICI -— (HL) X 1 X X X X 1 ° 11 101 101 E0 2 5 21 010 A 0 ~  A) 
B v B - I  10111011 BB 11181101 Btofla~A15 
HL - HL 1 2 II I6 
Repeat unlil [II B I 0) 
B = 0  

Noun: 0) II mo resuu of B - 1 1'; zero the 2 1111915101, o1l1etwue 11 IS retel. 

Flag NotatiOn: ° = Ilag not alfecled. 0 =Ilagme1, I = flag m, X = flag :3 unknown. 
= flag is affected accuding to 011: mull of (he oparauon. 
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280 ——-CPU 
INSTRUCTIONS 

SORTED BY 
OP-—CODE 

03.; SOURCE fl 
CODE STATEMENT 
ou NOP 
018405 LD BC.NN 
02 LDIBCLA 
03 INC BC 
04 INC. 8 
05 DEC 8 
0620 L 0  3,N 
07 RLCA 
08 EX AF,AF' 
09 ADD HL,BC 
0A LD A,IBCI 
08 DEC BC 
0C INC C 
00 DEC C 
0E20 LD C.N 
OF RRCA 
102E DJNZ DIS 
118405 LD DE,NN 
12 L 0  [DELA 
13 INC DE 
14 INC 0 
15 DEC 0 
1620 L0  ON 
17 RLA 
1826 JR DIS 
19 ADD HL,DE 
1A L D  A,IDE} 
18 DEC DE 
1C INC E 
10 DEC E 
I E 2 0  L0  E,N 
1F RRA 
2026 JR NZ.DIS 
218405 LD HL,NN 
228405 LD INNI,HL 
23 INC HL 
24 INC H 
25 DEC H 
2620 L0 11,81 
27 0 A A  

1w 

. o 58 1.0 15,8 
29 ADDHL,HL 59 LDE c ' 2A8405 LD HL,INN) 5A LD 60 
28 D E C  H L  53 L 0  5 :5  
20 INC L 5C LD E.H 
20 DEC L 50 L0 E,L 
2520 L0 LN 5; LD E,1HLI 
2F CPL 55 L 0  E,A 
302E JR NC,DIS 50 1.0 H 8 
318405 L0 39,1414 51 L0 H'c 
328405 LD INNI,A 52 LD 110 
33 INC SP 53 L0 11,12 
34 INC (HL) 64 L0 H,H 
35 DEC (HLI 65 L0 H,L 
3620 L0 IHLI.N 66 LB H.1HLI 
37 SCF 67 LB H,A 
382E JR 0,018 53 L 0  L,B 
39 ADD HL,SP 69 L0 L,C 
3A8405 1.0 A,(NNI 6A LO LD 
313 DEC SP 68 [.0 LE 
ac INC A 60 L0 L H 
30 DEC A 60 L0 L:L 
31520 L0 A,N 55 L0 L,IHLI 
3F CCF 5; LD 041 40 L0 8,8 70 L 0  (HUB 
41 L0 3.0 71 L0 IHLI,C 
42 L0 8,0 72 L0 IHLI,0 43 L0 8,6 73 L0 IHLI,E 
44 L0 8,H,NN 74 L0 IHL),H 
45 L0 B,L 75 L0 {HLLL 45 'LD 8,1HLI 76 HALT 
4 7  LD'B,A 7 7  Ll") IHL] ,A 
48 L0 0,8 73 L0 AB 
49 L0 0,0 79 L0 A,C 
4A L0 C.D 7A LD A0 
48 L0 CE 78 L0 A 5 
4c LD C,H 7c LD MI 
40 L0 C,L 70 L0 AIL 
45 1.0 c.1HLI 7E LD A,(HL) 
4F LD 04 7F LD AA 
50 L0 0.8 80 400 A,8 
51 L0 0C 81 400 A,C 
52 1.0 0,0 82 ADD AD 
53 L0 DE 83 A00 A,E 
54 L0  DH 84 ADD A,H 
55 L0 0.1. 85 A00 A,L 
55 1.0 0,1111.) 35 ADD A,IHI_I 
57 LB 0,4 I 37 400 4,4 
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ADC A,a 
ADC A,C 
ADC A.o 
ADCA£ 
ADCAJ4 
ADCILL 
ADCAJHL} 
ADC A,A 
sues 
susc 
sue o 
sues 
suar4 
SUBL 
SUBtHLI 
SUBA 
sac A,B 
sac A.C 
sac A.o 
sec A.E 
sec A,H 
sec A,L 
sac A,(HL) 
sec A,A 
ANDB 
ANDC 
ANDD 
ANDE 
ANDki 
ANDL 
ANDtHL) 
ANDA 
xons 
xonc 
xono 
xone 
xonn 
XORL 
XOR{HL) 
XORA 
one 
QRC 
one 
one 
ORH 
ORL 
O R ( H L ]  
ORA 

CEB' 
CPC 
CPD 
CPE 
CPH 
CPL 
CP(HL) 
CPA 
RETNZ 
POPBC 
JPNLNN 
JPNN 
CALLNLNN 
PUSH BC 
ADD A,N 
RST o 
RETZ 
nET 
JPZNN 
QALL Z,NN 
CALLNN 
Aoc A,N 
RSTB 
RETNC 
POPDE 
JP NC,NN 
0UT(NLA 
CALL NC,NN 
PUSH DE 
suBN 
RSIIOH 
RETC 
EXX 
JPCNN 
uvAJNI 
CALL C.NN 
sac A,N 
RSTIBH 
RETPO 
POPHL 
JP PO,NN 
EXISPLHL 
CALL P0,NN 
PUSHliL 
ANDN 
RST20H 
RETPE 
JPIHL) 

JP PENN 
EX DE,HL 
CALL PENN 
XOR N 
RST 28H 
RET P 
POP AF 
JP PNN 
DI 
C A L L  P, NN 
PUSH AF 
ORN 
RST 30H 
RETM 
LDSRH 
JP M,NN 
a 
CALL M 
CPN 
RST 38H 
R L C B  
R L C C  
R L C D  
RLC E 
RLC H 
RLC L 
RLC (HL) 
RLCA 
R808 
R800 
RRCD 
RRCE 
RRCH 
RRCL 
RRC (HL!  
R R C A  
R L B  
R L C  
R L D  
R L E  
R L H  
R L L  
R L { H L }  
R L A  
R R B  
R R C  
R R D  

.NN 

L 
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CB1C 
C810 
C81E 
CBIF 
0820 
0821 
0822 
C823 
C824 
C825 
0826 
C827 

' C828 
4 C829 

l 
V

V
-

l
'

 

C82A 
C828 
C82C 
C820 
CB2E 
C82F 
C838 
C839 
CBSA 

i @333 
; ce3c 
: ceso 

C83E 
C83F 
C840 
C841 
C842 
C843 
6844 
C845 
C846 
C847 
C848 

' C849 
C84A 
C848 
C84C 
C840 
CB4E 
C84F 
C850 
6851 
C852 
0853 

bur— 

R R t i  
881. 
8 8 ( H L )  
RRIX 
S L A f i  
SLAlZ 
SLAID 
SLAEE 
SLA14 
S L A i ,  
S L A ( H L )  
SLAIX 
SRAI3 
S R A ( I  
SRAI )  
SRAEE 
S R A I 1  
S R A l .  
S R A l H L l  
S R Afl l  
SRL.B 
SRLCZ 
SRLI )  
S R L E  
SRLI4  
S R L L  
SFH_{HL) 
SRLIX 
BH'QB 
BH'QC 
BFTOI) 
BFYOI 
BFTOJi 
BFTOL 
B H ' O J H I )  
iMT(lA 
BH ’LB  
BUTLC 
BH 'LD  
B H ’ L E  
B | T 1 _ H  
B H ' L L  
B H ' I J H L I  
B H ' t A  
BH ’ZB  
B H ’ Z C  
BFTZJ)  
BH'ZE 

C856 
C857 
C858 
C859 
085A 
C858 
C85C 
C850 
085E 
C85F 

‘ C860 
C861 
C862 
C863 
0864 
C865 
C866 
C867 
C868 
C869 
CBGA 
C868 
CB6C 
C860 
C866 
C86F 
0870 
C871 
C872 
0873 
C874 
C875 
C876 
C877 
C878 
C879 
087A 
C878 
CB7C 
C870 
C875 
C87F 
C880 
C881 
C882 

arria 
BH’ZL  
BreHL) 
BH‘LA 
8 H ‘ & B  
BITSJZ 
8rr&D 
BH’ lE  
BFT1H 
an i t  
a r ra i )  
Br r l  
B r r a  
an 
an ,0 
By .E 
BHLtH  
B r r d L  
BrrAJHLI  
BHHmA 
BH’RB 
ar rac  
BFTflD 
Br r5£  
BFr8H 
BFTSL 
BYTSJHLI 
B r raA  
e r r s fl  
a r rep  
Br reo  
B r r a e  
8FT6H 
BFTGL 
BFTGJHL) 
B r r a A  
BFrZB 
BH’ZC 
BH’ZD 
BFFZE 
BVFIH 
8FT7L 
BrT7JHL) 
BH‘LA 
RESOB 
REsoL  
RESOI) 
R E S O £  

iLéBBJ‘ 
C885 

a 6886 
C887 
C888 
C889 
CBBA 
C888 
C888 
C880 
088E 

1 CBBF 
i c390 
: C891 
3 cagz 
i ca93 
; c394 

2 0395 
g c396 
i c397 

C898 
C899 
C89A 
C898 
CBQC 
C890 
CBQE 

5 CB9F 
; CBAO 
* CBA1 

J CBAZ 
E CBA3 
* CBAd 
i CBAS 
; CBA6 

. CBA? 
' CBAB 
i CBA9 
’ CBAA 

CBAB 
: CBAC 
; CBAD 
f CBAE 
; CBAF 
3 C880 
, C881 

C882 
C883 

'”éesI" 
RESOA 
RESOJHL} 
RES 0,A 
RES 1.3 
RES1£ 
RESLD 
RES1£ 
RESTJ4 
RES1¢ 
RES1JHL) 
RESLA 
RESZfl  
RES2£ 
RESZD 
RESZf  
RESZ}! 
RESZJ. 
RESZJHL) 
RES 2_A 
RES3J3 
RES3£ 
RESBI) 
RESSI 
RES3}I 
9 5 3 3 ;  
RESBJHLI 
nes 3.A 
9 5 3 4 3  
R E S A L  
nesax )  
RES4£ 
RESAJJ 
RES41. 
RESAJHL} 
RESAA 
RESSB 
RES 5.c 
R e s a o  
RESS£ 
REssmi 
RESSL 
RESSJHL} 
RES 5,A 
neseB  
RES6£ 
RES 6,0 
RESG£ 
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u ‘  .. 1 

*- C885 
3 0336 
. 0337 

0338 
'2 CBBQ 
; 033A 
5 0333 
‘ 0330 

0330 
0333 
0333 
0300 
0301 

t 0302 
0303 
0304 
C305 
0306 
0307 
0308 
0309 
CBCA 
0303 
0300 
0300 
0303 
0303 
0300 
0301 
0302 
0303 
0304 
C805 
0306 
0307 
0308 
0309 
CBDA 
0303 
0300 
0300 
0303 
0303 
0330 
0331 
0332 
0333 

— 311mm. 
RES 6,!) 
335 6,L 
RESGJHL) 
RES 6,A 
RES 7.3 
335 7,0 
RES 7 U 
335 7.1- 
335 7,3 
338 7.L 
333 7,131.;- 
RES 7,11 
SET 0,3 
SET 0.0 
SET 0,0 
SET 0,3 
SET 0,3 
SET 0,3 
SETOJHL) 
SET 0,A 

SET 2,). 
SET2JHLI 
SET_2.A 
SET 3,3 
SET 3,0 
331 3.0 
SET 33 
SET 3,3 
SET 3,L 
SET3JHL] 
SET 3,71 
SET 4,3 
SET 40 
SET 4,0 
SET 4.E 007105 

SET4J1 _ 
0335 SETAJ. 
CBE6 SETdJHL) 
0337 331 4,11. 
CBE8 8315,13 

3: 0339 SET 5,0 
0334 SET 5,0 

2:0333 S3T53 
$.0330 SET5J+ 
; 0330 SETSJ. 
E 0333 53151HL) 

0333 SET 5,A 
.: 0330 SET 6,3 
g 0331 SET 6,0 
., 0332 531‘ 0,0 
f 0333 SET6£ 
; CBFd SE16}1 
_ 0335 SETBJ. 
, 0336 SET61HL} 
, 0337 SET 6,A 
; 0333 SET 7,3 

_ 0339 SET 7,0 
033A SET 7,0 
0333 SET 7,3 
0330 331711 
0330 SET7J. 
0333 SET7JHL) 

_ 0333 SET 7,71 
0009 A00 0130 
0019 ADD 11103 
00218405 1.0 111,313: 
00228405 L01NN),Ix 
0023 1301x 
0029 3001x1x 
DD2A8405 LD 1x, (MN) 
0023 0301x 
003405 INC (1x+d) 
003305 030111011) 
00360520 L0 (|X+d},N 
0039 ADDIXSP 
004605 L0 3,11x+d) 
004305 LD 0,11x+c11 
005605 1.0 0.111113) 
005305 1.0 3.111131) 
006605 LD H,11x+d) 
006305 L0, L,1I>5+d) 
007005 L0111<+d).3 

LD HX+dLC 

" 725 
007305 
007405 
007505 
007705 

‘ 007305 
008605 
003305 
009605 
DDQEOS 

I- 003305 
DDAEOB 

¥_ 003605 
DDBEOS 

,1 0031 
_ 0033 

DDE5 
f 0039 
, 0039 

00CBOSO6 
' 00030503 

DDCBO516 
00030513 
00030526 
00030523 

' DDCBOS3E 
DDC80546 
DDCBOSQE 
DDCBOSSG 

' DDCBOSSE 
00080566 
DDCBOSGE 
DDC80576 

- DDCBOS7E 
: DDC80586 

DDCBOSBE 
DOC30596 
DDCBOSQE 

i DDCBOSAG 
1 000305713 

ODCBOSBG 
DDCBOSBE 
DDCBOSCG 
DDCBOSCE 

‘ DOC80505 
3 DDCBOSDE 

DDCBO5E6 
_ DDCBOSEE 

R L C  t + d l  
RRC ( l X t d )  

SLA1|X+d l  
SRA{IX+d! 
$3L11x+d1 ,1 
31T0.1Ix+d1 5 
3111,1000) _ 
3112,1003) 
B|T3,t|)(*d) ; 
B I T 4 , ( I x + d l  
3115.11xm) 
BIT6 ,HX+d l  
BIT 7,1000) 
RESO,1IX+dl 
RES‘l,lI)-(+d} 
3352,1000) 
3353,1003) -: 
3384.11x+d) 1, 
3335,11x+d) 
RESBJIXMI 
3357,1003) 
SETOJIXHH 
5311111131) 
SET2,(IX+d) 
5313,11xw1 
SET4,111<+31 '1 
SET5,1)1<od1 

1.0 11X+d).0 ' 
LD 11x+d1,E 
L D  HXHJLH 
L011x+dLL 
LD [ | X + d } , A  
LD A,(lX+d) 
ADD A,(lX+d) 
ADC 11,1003) _ 
SU311><+d1 
530 A.11x+a1 
14110111131) 
11031111131 

I | n
fl

h
l

-
u

x
-

I
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DDCBOSFE S E T  7 , ( I X * d I  
E040 IN  B.ICI 
E 0 4 1  OUT ICI.B 
E 0 4 2  SBC HL,BC 
E0438405 L 0  INNI,8C 
E044  NEG 
E045  R E T N  
E046 IM 0 
5 0 4 7  L0 L A  
E048 I N  C,ICI 
E049 OUT ICI.C 
E 0 4 A  ADC HL,BC 
E0483405 L 0  BC.INNI 
E040 FIETI 
E050 IN  0.ICI 
E 0 5 1  OUT (CLO 
E052  SBC HL.0E 
60533405 L 0  INNI,0E 
E056 I M  1 
E 0 5 7  LD A,I 
E058 IN  E,ICI 
E059 OUT ICI,E 
EO5A ADC HL,DE 
E0588405 LD DE,INNI 
EDSE IM 2 
E060  I N  H,ICI 
E 0 6 I  OUT ICI,H 
E062 SBC HL.HL 
E067 R R D  
E068 IN  L,ICI 
E069 OUT ICI,L 
E 0 6 A  ADC HL,HL 
EDBF FILD 
E072  SBC HL.SP 
ED738405 L 0  INNI,SP 
E078 IN  A.ICI 
E079 OUT ICI.A 
E 0 7 A  ADC HL.SP 
ED788405 L 0  SP,INNI 
E D A O  LDI 
E D A I  CPI 
E D A ?  INI 
E O A 3  OUTI 
EDAB L00 
E D A Q  CPD 
E D A A  IND 
EDAB OUTD 

W 

DDCBOSFG SET 6.I|X*dI E030 
E081 
E082 
E083  
E088 
E089 
EDBA 
EDBB 
F009 
F019 
F0218405 
F0228405 
F023 
F029 
F02A8405 
F028 
FD3405 
F03505 
F0360520 
F039 
F04605 
F04E05 
F05605 
FDSEOS 
F06605 
FDGEOS 
F07005 
F07105 
FD7205 
F07305 
F07405 
F07505 
F07705 
FD7E05 
F08605 
FDBEOS 
F09605 
FDQEOS 
FOA605 
FDAEOS 
FDBGOS 
FOBEOB 
FDEI  
FDE3 
F 0 5 5  
F 0 6 9  
FDF9 
FDCBOSOG 

LDIR 
CPIR 
I N I R  
OTIR 
LDDR 
CPDR 
INDR 
OTDR 
ADD IY,BC 
ADO.IY,DE 
LD I Y ‘ N N  
LD INNHV 
INC I Y  
ADO IY I IY  
LD IYJNNI  
D E C  I Y  
INC 0 v  
DEC IIY+dI 
LD I lYod IN  
A 0 0  IY,SP 
L D  B,IIY+dI 
L D C . I I Y ¢ d I  
I.D D , I | Y + d I  
LD E , I I Y § d I  
LD H,( |Y+dI  
LD LI IVIdI  
L 0  ( I Y ‘ d I B  
L 0  ( |Y+dI ,C 
L D  IIY+dI,O 
LD I |Y+dI,E 
LD IIY+dI,H 
LD ( IY*d ] ,L  
L 0  I IY+d I .A  
L 0  A ‘ I IY+d I  
A00 A,I|V+dI 
ADC A,(IY+dI E 
SUB IlY+dI 
SBC A, I IV+dI  
AND (two) 
xon mm” 
0a IIY+dI 
cp (IV+dI 
POP w 
ex {SPLIV 
PUSHIY 
JP I IYI  
LD saw 
RLC IIYIdI 

FDCBO‘516 
FDC 8051 E 
FOC80526 
FDCBOSZE 
FDC8053E 
FOC80546 
FDCBOSdE 
FDC80556 
FDCBOSSE 
FDCBOSG5 
FDCBOSSE 
FDCBOS76 
FOCBOS7E 
FDCBOSBG 
FDCBOSBE' 
FDC 80596 
FDCBOSQE 
FDCBOSAS 
FDCBOSAE 
FDCBOSBB 
FDCBOSBE 
FDCBOSCG 
FDCBOSCE 
FDCBOSDS 
FDCBOSDE 
FDCBOSE6 
FDCBOSEE 
FDCBOSFB 
FDCBOSFE 

FDCBOSOE ' RRC IIY+dI 
R L  I |Y+dI  
RR IIY+dI 
SLA tIY+dJ 
SRA (IWdI 
SRL {IY+dI 
BIT 0.(IY+dI 
BIT I . I IY+dI 
B I T  2 , I |Y+d)  
BIT 3,( l)  
BIT  4 , I IY+dI  
B IT  5 , { |Y+d )  
B IT  6 . { |Y+d I  
B IT  7 , [ |Y+d I  
RES o,(IY+dI 
R E S  I . ( lY+d I  
R E S  2.I.lY+dI 
RES 3.IIY+dI 
R E S  4.II‘Y#dI 
RES 5mm“ 
RES 6. I IY#dI  
R E S  7 . I lY+d I  
SET 0.IIY+dI 
SET 1 , ( |Y+d)  
S E T  2, I IY+dI  
SET 3.(Iv+d) 
S E T  4 . { |Y+d I  
SET 5,.q 
S E T  6. I IY+dI  
SET 7,I IYIdI 

ZBO—CPU 
INSTRUCTIONS 

SORTED BY 
MNEMONIC 

SOURCE 9 STATEMENT} 
8E 
DDBEOB 

Q F08E05 
8F 

ADC AJHLI 
ADC A‘,I|X+dI 
ADC AJIYm) 
ADC A.A 
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D 08605 

FDABOS I 
A? 

0846 
00080546 
F0080546 BIT 0,IIY+dI 

ADC A,B 
ADC A,C 
ADC A,0 
ADC A,E 
ADC A,H 
ADC A,L  
ADC A,N 
ADC HL.BC 
ADC HL.DE 
ADCHLJH. 
ADC HL,SP 
ADD A.IHLI 
ADO A.IIX+dI 
ADD A,IIY+dI 
ADD A,A 
ADD A.B 
ADD A,C 
ADD A,0 
ADD A,E 
ADD A,H 
ADO A,L 
ADD A,N 
ADD HL,BC 
ADD HL,DE 
ADD HL,HL 
ADD HL,SP 
ADD IX ,BC 
ADD I X D E  
ADD I X , | X  
ADD IX,SP 
ADD IY,BC 
ADD IY,DE 
ADD I Y , | Y  
A 0 0  IY,SP 
AND IHLI  
AND I IX+dI 
AND IIYIdI 
AND A 
AND 8 
AND C 
AND D 
AND E 
AND H 
AND L 
AND N 
B I T  0, IHLI 
BIT 0 . I IX+d I  

.0847 
0840 
C841 
0842 
0843 
0844 
0845 
084E 
0008054E 
FDCBOSdE 
CB4F 
8048 
0849 
084A 
0848 
0840 
C840 
0856 
00080556 
F0080556 

I 0857 
g 0850 
: 0851 
’ 0852 

0853 
3 c354 
; 0355 
: c355 

DDCBOSSE 
FDCBOSSE 

i CBSF 
; 0858 
. ce59 

085A 
0858 
0850 
0850 
0866 
00080566 
F0080566 
0867 
C860 
0861 
0862 
C863 
0864 
0865 
086E 

BIT 0,A 
BIT 0,8 
arroxz 
BITtLD 
B I T  0,E 
B I T  0,H 
BFTOJ. 
BIT  1,IHLI 
BIT 1,IIX+dI 
BIT 1,IIY+dI 
BIT  L A  
B IT  1.8 
B IT  1,0 
B IT  1,0 
BIT  LE 
B IT  ‘I,H 
BIT 1,L 
BIT  2,IHLI 
BIT 2,II)(+dI 
B I T  2 , I IY+dI  
B I T  2,A 
errzka 
BIT  2,C 
BIT 2,0 
BLEZJE 
BLTZJI 
BIT 2.L 
B I T  3,(HLI 
B'IT 3.IIX+dI 
BIT 3.IIY+dI 
BIT  3,A 
B IT  3,8 
BIT 3,0 
BIT 3,0 
BIT 3,E 
BIT 3,H 
BIT. 3,L 
BIT 4.IHLI 
B I T  4.( IX+dI 
BIT 4.Ilv+dI 
BIT 4,A 
B IT  4,8 
BIT 4,0 
B IT  4,0 
BIT 4,6 
BIT 4,H 
B IT  4,L 
BITS II-ILI 

7 n -  -.-~ r a w — p . -  

DDCBOSBE 
F008056E 
CB6F 

00080575 
F0080576 
0877 
0870 
0871 
0872 
0873 
0874 
0875 
CB7E 
DDCBOS'IE 
F008057E 
087F 
0878 
0879 
087A 
0878 
087C 
0870 
008405 
F08405 
048405 
008405 
048405 
F48405 
E08405 
E48405 

BIT 5.IIX+dI 
BIT 5,IIY+dI 
BIT  5,A 
BIT 5.6 
BIT 5,c 
BIT 5,0 
BIT 5,E 
BIT S,H 
BIT 5.L 
BIT 6.IHLI 
B I T  6,IIX+dI 
BIT 6._IIY+dI 
BIT 6,A 
BIT 6,8 
BIT 6,c 
BIT 6.D 
arrej; 
BIT 6,H 
BIT 6,L 
mr7JHu 
BIT 7,IIX+dI 
BIT 7.(IV+dI 
BIT 7,A 
BIT 7,8 
BTT7J: 
BIT 7,0 
BIT 7,E 
BIT 7,H 
BIT 7,L 
CALL CNN 
C A L L  M,NN 
C A L L  N0,NN 
CALL  NN 
CALL NZ,NN 
CALL P,NN 
CALLPENN 
CALL PO,NN 
CALL 23m 
CCF 
CPIHLI 
CPI|x+dI 
CPIIY+dI 
CPI: 
CPI3 
CPc: 
CPI) 
CPE 
CPII 
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A .  -— L . -  _L_ _ . .  

80 CP L 30 INC A 1 . 007305 LU (0081.5 
5520 CPN 04 INC 8 3 ' 007405 L0  tidLi—I 
5049 CPO 03 INC 80 007505 LD 10mm 
5089 CPDR oc INC 0 00360520 50 10041.01 
50m CPI 14 we 0 507705 1-010“a 
5081 CPIR .13 INC 05 507005 LD (l‘hdlfl 
25 CPL 1c INC 5 507105 L0 (Ix/«41.0 
2'7 DAA 24 INC H 507205 LD “warp 
35 050041.) 23 m0 HI. 507305 1-0111041}. 
003505 050 ux+c0 0023 INC 04 507405 LD 11v mm 
503505 05c0v+41 5023 we IY 507505 1.0 0v+4LL 
30 05c A 20 INC L F0360520 LD tlY+dLN 
05 050 8 33 INC SP 328405 LD 1NN1,A 
08 050 8C EDAA IND 50438405 LD {NNLBC 
00 050 c EDBA INDR 50538405 L0 00101.05 
15 051: 0 50/42 INI 228405 LD {NN}.HL 
18 050 05 5082 mm 00228405 LD MN”): 
10 050 5 59 JP (HL) F0228405 LD (NNMY 
25 050 H 0055 JP 11x1 50738405 LD {NNLSP 
2B 050 HL 5059 JP 11v: 0A 1-0 4.100) 
0028 05c 1x 0A8405 JP CNN 1.4 L0 4,105) 
F028 050 w FA8405 JP 44,1010 7; 1.0 NHL, 
20 DEC L 028405 JP NC,NN 007505 LD A ‘HXtd }  
3B DEC-SP C38405 JP NN FD7E05 LD AIM/H” 
53 01 028405 JP 102,101 “3405 L0 AJNNJ 
1025 03012 015 528405 JP P,NN 7F L0 A,A 
F8 5.1 EA8405 JP PENN 73 LD A8  
53 ‘_ 5x—15P),HL 528405 JP PO.NN 79 L0 AL 
0053 ex ISPIJX 088405 JP Z.NN 7A 1.0 A 0  
5053 ex (smv 3825 JR 0.013 73 1.0 4,5 
08 5 x  AF,AF‘  182E .JR DIS 75 L0  A H  
EB EX DE,HL 302E JR NC,D|S E057 LO AA 
09 5xx 2025 JR 102,013 70 L0 A; 
76 HALT 2825 JR 2,0Is 3520 50 4:10 
5046 1M 0 02 L0 lBC),A 45 L0 BAH“ 
E056 I M 1  12 L0 (DELA DD4605 LO BJIXNJ} 
EDSE 1M 2 77 L0 (“U-A F04605 1.0 BJIYPd) 
5078 IN AJC) 70 L0 {PILLB 47 LD 8,». 

. 0820 10: MN) 71 LB lHLl.C 40 L0 8.8 
E040 IN SAC) 72 LB (HUD 4 1  u) B,C 
E043 I N  CJCI 73 L0  (HL).E 42 [,0 8D 
5050 IN 0,101 74 L0 (HL),H 43 LB 8,5 
5058 IN 5,101 75 1-0 IHLH— 44 L0 B,H,NN 
5060 IN me) 3620 L0 {HLLN 45 L0 31 
5068 IN LJC) 007705 LD (1x+dI.A 0620 L0 EN 
34 INC IHU 007005 L0 (”“0113 50488405 LD 80mm 
003405 mc {1x541 007105 LD {00:11.0 013405 LD BC'NN 
503405 mc uwm 007205 LD 10041.0 , . V. .. 
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h; _ 
LD C,“X*d} 002110405 '- LD 1x11111111 " I OUT: 

RES 3.8 

004505 
504505 LD 0.111001 00210405 1.0 114,195: 91 POP AF 
45 L0 0.11 502100405 LD 1v,mm 0 POP. 00 
48 L0 CB F0218406 LD IV,NN 01 POP DE 
49 L0 0,0 65 L0 L,(HLI 51 POP HL 
4A LD 0,0 006505 L0 ”1w 0051 POP 1x 
40 LD 0,5 506505 1.0 L,(lY+d) 5051 P0P1v 
40 LD 0,H 6F LD LA 55 PUSH AF 
40 L0 C,L 68 LD LB (:5 PUSH BC 
0520 L0 0.5: 69 L0 5,0 05 PUSH 05 
56 L0 D,(HL} 6A LD 5,0 55 PUSH HL 
005605 LD 0.01001 60 50 LE 0055 PUSH 1x 
505605 LD 0,-uvw1 6c 50 LB 5055 PUSH w 
57 L0 DA 60 L0 LL (3335 055 0,{HL) 
50 L0 0,0 2520 50 5,01 00000506 RES o,ux+d1 
51 L0 0.0 50700405 50 SPJNN) 50000586 053 0,.uv+cn 
52 50 0,0 59 L0 SP,HL 0007 RES 0,11 
53 LB 0,5 0059 L0 SP,1x 0330 055 0,3 
54 .LD 011 5059 Lo 5011! 0001 RES 0,0 
55 L0 0,L 310405 1.0 901411: 0002 055 up 
1620 L0 D,N EDA8 L00 (3333 mas 0 5  
50500405 L0 05.151191 5000 LDDR 0004 RES 0.1-! 
110405 LD.DF.NN 50Ao LDI 0005 055 0.1. 
55 LD 5.15151 5000 L010 0005 RES 1,041.1 
005505 1.0 E,(lX+d} 5044 NEG 00000505 0551,11xm1 
1:056:05 LD E,[lY+d). 00 NOP ”3030535 RESJMV‘d)  
55 L0 §.A 06 00 mu 0005 05S1,A 
58 L0 EB 000605 00 (”(+6) 0000 RES 1,0 
59 L0 5,0 500605 00 mm 0009 ' 0551.0 
5A L0 5,0 . 1-. 07 051 A 000A 05510 
50 L0 5.5 00 00 0 0000 RES 1,5 
SC L0 E.“ ' ., 01 00 c 0000 0551,H 
50 L0 5,1. _; 2 02 on 0 0000 0551+ 
1E20 L0 EN ' - 03 00 5 0096 5155 2.150) 
66 L0 HAHL) 04 on H 00000596 5155 2.111001 
006605 L0 H.“X+d’ 05 00 L 50000596 055 2(1d 
F0660!» t o  HJIV+d| 5520 OR N (3397 RES 2A 
67 to  HA 5000 0100 0090 059 2.0 
.60 1.0 H3 5003 0110 0091 055 2,0 

- 61 LD ”.0 5079 OUT 101,11 0092 055 2,0 
62 L0 54.0 5041 OUT 101,0 0003 055 2,5 
63 L0 14.5 5049 our (01.0 0094- 5155 2,H' 
64 LD H.” 5051 OUT 101.0 0095 RES 2,L 
65 Ll) H,L 5059 007101.12 0095 055 3,1HL1 
2620 L0 H,N 5061 our mm 00000595 055 3,11x+01 
2A0405 LD HLJNN) 5069 our (01,5 50000595 056 3.01/10) 
210405 LD HL,NN 0320 001mm .; 0095 055 3,A 

L0 I;A 50A0 oum 0090 
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case 
689A 
0898 
ceec 
cage 
CBA6 
DDCBOSAG 
FDCBOSAS 
CBA? 
CBAO 
CBA1 
CBA2 
CBA3 
CBAd 
CBAS 
CBAE 
ODCBOSAE 
FDCB05AE 
CBAF 
CBAS 
CBAQ 
CBAA 
CBAB 
CBAC 
CBAD 
case 
DDCBOSBG 
FDC80586 
c337 
CBBO 
C881 
c332 
c333 
c334 
caes 
case 
DDCBOSBE 
FOCBOSBE 
CBBF 
case 
CBBQ 
CBBA 
0888 
case 
case 

RES 3,0 
RES 3,0 
RES 1E 
RES 3,H 
RES 3,L 
RESdJHLI 
RES 4,ux+d) 
RES 4,uv+d) 
RES 4,A 
RES 4,3 
RES 4,0 
RES 4,0 
RES 4,E 
RES 4,H 
RES 4,1. 
RESSJHLI 
RES 5,(lX+d} 
RES 5,(!Y+d) 
RES 5,A 
RES 5,3 
RES 5,0 
RES 5,0 
RES 5,E 
RES 5.94 
RESSJ. 
RESEJHLI 
RES 51mm) 
RES GJIYrd}  
RES 6,A 
RES 6,8 
RES 6,C 
RES 6,D 
RESSE 
RES 6,H 
RES 6,L 
RES7JHL) 
RES 7,(Ix+d) 
RES 7,( lV+d) 
RES 7,A 
RES 7,9 
RES 7,0 
RES 7,0 
RES 7,E 
RES 7,H 
RES 7,1. 
RET 
RETC 
RET M 

00080516 
FDC80516 
C817 
C810 
C811 
C812 
C813 
C814 
C815 
17 
C806 
DOCBOSOG 
FDC80506 
C807 
C800 
C801 
C802 
C803 

DDC8051E 
FDC8051E 
CB1F 
C818 
C819 
CBIA 
0818 
0810 

F DC BOSOE 
CBOF 
0808 3 c309 

R E T  NC 
R E T  NZ 
RETP 
RET PE 
R E T  PO 
R E T  Z 
R E T I  
R E T N  
R L  (HL)  
8 L  1|X+d1 
R L 1 | Y ¢ d 1  
R L  A 
RL 8 
R L  C 
R L  0 
R L  E 
R L  H 
R L  L 
R L A  
RLC (HL) 
R L C U X + d 1  
RLCUY+d1 
R L C  A 
R L C B  
R L C C  
R L C  D 
R L C  E 
HLC H 
RLC L 
RLCA 
R L D  - . 
R R 1 H L )  
R R 1 | X + d 1  
RR (IY+dJ 
8 8  A 
8 8  8 
RR C 
R R  D 
R R  E 
RR H 
RR L 
R R A  
RRC {HU 
RRC {IX+d) 
R R C  (IV-Ed) 
R R C  A 
R R C B  
RRcc 3 

FD9E05 

DE20 
E042 
ED52 
E062 
E072 
37 
C806 
DDCBOSCB 
FDCBOSCB 
CBC? 
CBCO 
CBC1 
CBCZ 
C8C3 
C804 
0805 
CBCE 
DDCBOSCE 
FDCBOSCE 
CBCF 
C808 
CBC9 
CBCA 
CBCB 

IRRCD 
RRC E 
RRC H 
RRC L 
RRCA 
RRD 
RST 0 
RST 10H 
HST 18H 
HST 20H 
RST 28H 
RST 30H 
RST 38H 
RST 8 
SBC AJHL] 
SBC A,ux+d1 
sac Axwm) 
sec A,A 
SBC A,B 
SBC A,c 
sac 4,0 
SBC A,E 
sac A.R 
sec A,L 
sec A,N 
SBC HL,BC 
SBC HLDE 
88C HL,HL 
SBC HL,'SP 
SCF 
SET 0.(HL1 
SET O.(|X+d1 
SET O,(lY+d} 
SET 0,A 
SET 0,8 
SET 0,0 
SET 0,0 
SET 0,E 
SET 0,H 
SET O,L 
SET 1,(HU 
SET 1,(lX+d1 
SET 1,(|Y+d1 
SET 1A 
SET 1,8 
SET 1,0 
SET 1,0 
SET 1,E 
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0300 
0300 
0306 
00030506 
30030506 
0307 
0300 
0301 
0302 
0303 
0304 
0305 
0303 
0303 
00030503 
30030503 
0303 
0309 
030A 
0303 
0300 
0300 
0336 
00030536 
30030536 
0337 
0330 
0331 
0352 
0333 
0334 
0335 
0333 
00030533 
30030533 
0333 
c333 
0339 
033A 
0333 
0330 
0330 
0336 
00030536 
30030536 
0337 
0330 
0331 

S E T  1,H 
SET 1‘1. 
SET 2,(HLI 
SET 2.( Ix+d}  
SET 2.(IY+d) 
SET 2,A 
SET-2,3 
SET 2,6 
S E T  2,D 
SET 2.E 
SET 2,H 
SET 2.L 
SET 3.8 
SET 3.{HL} 
SET 3,1000! 
SET 3,(IY+cI) 
SET 3.A 
SET 3,6 
SET 3.0 
SET 3,E 
SET 3,H 
SET 3,L 
SET 4,(HL! 
SET cmxm) 
SET 4.(W+d) 
SET 4A 
SET 0,3 
SET 4,C 
SET 4,0 
SET (LE 
SET 4,H 
SET 4.L 
SET 5.(HL) 
SET 5,l+d) 
SET SAM/+0} 
SET 5,A 
SET 5,8 
SET 5,C 
SET 5.0 
S E T  5,E 
SET 534 
SET 5,l. 
SET 6.(Hl.l 
SET 6,(Ix+d) 
SET 6.(IY 1d) 
SET 6.A 
SET 6,8 
SET 6.0 

/ 

0332 531 6.0 sue 3 0333 $31 3.3 303 0 
0334 531- 313 303 0 0335 SETGJ. SUBE 0333 SET7JHL) 30331 00030533 531 7100.11 303 1. 30030533 $31711v+a1 50310 
0333 53r7A XORiHL) 
0333 SET 73 000305 x03 (lX+d) 
0330 ‘33? 7.0 30/1305 xon (mu! 
CBFA SET 70 xon A" 
0333 331 7.3 x03 3 0330 SET 73 x03 0 0330 $3173 x030 
CBZG SLATHLI x033 
00030023 SLAJIX+dT x031+ 
30030520 SLAtIY+dI x031. 0327 SLA A xon N 
0320 SLA 3 
0321 SLA 0 
0322 SLA 0 
0323 SLA 3 
0320 SL019 
0325 SLAI. 
0323 SRAIHL) 
00030523 SRA 11x+d1 

.30030523 SRAJIY+dD 
0323 _SRA A 
0323 SRA 3 _ 
0329 53m 0 032A SM 0 Example Values 
0323 SRAE 
0320 $3011 
0320 SRAL. 
0333 SRL(HL) 
00030533 SRL (m0) rm EOU 584" 
30030533 SRL{1Y+d) 
0333 $311. A d EOU 5 
0333 SRL 3 
0339 SRL c n EQU 20H 
CB3A 33L1) 
0333 SRLE 
0330 SRL H ‘3 30” 
0330 snLI, 
35 SUBIHL) 
009605 sue (ma) 
309305 SUB{IY¢d) 
97 sue A 
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280 — CPU INTERRUPT STRUCTURE 

# 

MASKABLE {INT} 

Mod. 0 

x — fl — l 

Place umrutlton onto Om flu: during INTA = M1 0 IORO ltko 8080A 

Had. 1 

Restart to 38“ or 5510 (151' 58'} 

30.42 
that! by 280 Peripherals 

Interrupt ( 

Serf“ 

Routine J a Order I register O‘bit Vtctor from 

Starting! High Order contents Periphml 

Address 

Table 

tron msnaus ("flit—t 

Restart to SSH or 102m 

IIIEBRUPI ENABLEIDISMLE rur-novs 

Action IFF1 IFF1 

CPU flue! 0 0 

0| 0 0 

El I I 

LD A; I 0 0 IFF; - ‘  Purity “to 

to A. R 0 O I“: - ‘hrity "no 

Accrpt'm a m, In, a m: 

RET‘N {Hz 0 m2 . IFF. 

Accept W 0 fl 

HETI o a 

" " indicate: an m 
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ZBO-PIO PIN ASSIGNMENT 

’ Do ‘0 
DI 
D2 A2 

cm 0 
057‘ < D: 
aus o g mm A 

s IIO Do , 

k ”7 

non! BIA SEL --- A nov 
comnoqu su A sm , 

HO 1 \ 
oomam EHIF ENABLE ’ 

\ m 
n 

i0 0 2° 
"5 30 

1 

32 a mm a 
ma 3 3: >110 

7 

4' 2' a nov 
3318 , 

Imcan m 
m a g i "  “'7 ENABLE I"  

INT E NAILS OUT 

neuae 3.01 
no Pm counaumnou 
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PIO PROGRAMMING SU' 

FIEGISHH SELECYIOH 

SELECT LINES 
REGISTER SELECTED 

CID BM 

0 II A Data 

0 I B Dalu 

I I} A COMIOI 

I 0 COntraI 

LOAD INTERRUPT VECTOR 

07 DO 

V7 V8 V5 V4 V3 V2 V1 0 Controt Register 

SET OPE HAYIHG MODE 
D7 00 

MI M0 X X I I I I ComIoI flegiuar 

Mod! Numb" 1L1 Q m 

0 0 O .Duipul 

I I) I Input 

2 I {I Bidirectional 

3 I I Big mnlrol 

If Mode 3 selected, the naxt control word is 
D? _ . DO 

[/07 ”05 ”05 (/04 l/03 l/Oz l/01 |l00 Conuol Register 

uo = I Set: bit to Inpul 

IID = 0 Sets bit to Output 

SE? IIIITERI-‘IUPY c o m  FIUL 

DI _ _ DI] 

lEnntable I 3:0, :93, 23:“ O I I . I ‘ Control Register 

III Mode 3 i! mallow:. the next control wwd is 

D7 00 

M8; M85 M35 M84 M83 MB} M81 MBo Comml Regine: 

MB * 0 Monitor the bit 
MB = I 3.53:1: the NI 

ENABLE I ICIISAEILE INYEHI'IUPYS 

'37 no 
Int 

Enable X X X 0 0 I 1 Control Regina: 



3.0 CTC PIN DESCRIPTION 

D O A  ‘3 CLW‘I‘RGO 

CPU 03A ‘33—- CLKI‘TRG1 
a OA‘I‘A BUS [,4 «J... L... zcno1 cHANNeI. 

05 a SIGNALS‘ 

084% ha- cLK/ma, 
4 074—» J- zone, 

1 6304 ‘2__o__ cuuma3 

A-C C CHEF 1 
on m a  
comnm “-1.15, 

43V-A 

ONO—5» 

INT-GL2?- 
INTEHRUPT INT ENABLE—IQ... 
CONfROL '" “ 

m1 ENABLE «~- 
our 

FIGURE 3.0-1 
OTC PIN CONFIGURATION 
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CTC PROGRAMMING SUMMARY 

RE EISTER SELECTION 

SELECT LINES 
65' CSD CHANNEL SELECTED PRIORITY 

0 [I 0 Hughes: 

0 I I 

I 0 2 

1 ‘| 3 Lowest 

READ=DOWN COUNTER WHITE= CONTROL REGISTER 

LOAD INTERRUPT VECTOR 

050 = (:51 = o 

D? 00 

v v v v v x x o c°""m I b 5 4 3 Register 

XX Is the binary equmlenl oI Interruptlng channel numbel 

SET OPERATING MODE 

Time: Mode only 
07 , A \ Lfi no 

Interlum Load Time Comrol 
M 

Enable ode Range 90“ Trigger Constant , Rem I Reamer 

Counterflrmet 2SBMG +l— OMOII 

I1_ Load Time Conmm = I we  next control wmd I: the { w e  Canstant: 

07 DO 

To; It; T05 T64 163 TC2 T01 T00 

CTC Channel Interrupts when 01H is decrememed to 00H 

Time Conient Decimal counts to interruot 

0 I H I 

F F H  255 
OOH 256 

040 



APPENDIX D 

R e f e r e n c e  Books:  

1. 280 Assembly Language programming Manual. 

2 .  In te l  Component Data Catalog. 

3 .  The  TTL handbook. 
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