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Ope rating Conditions 

?owe r 
Temperature 

Humidity 

?hy sical Dimens ions  

Cabinet 
Keyboard 
Weight 
Shippi ng We ight 
S creen Size 

Performance 

CRT Display 

K e y b o a r d  

I .  SPECIFICATIONS 

l .  0 1  

1 0 5 - 1 2 5  Vo l ts , 50/60 HZ. , 1 5 0  Watts 
+ l 00 C to + 4 0 '- C 0 p e r a t i n g 

3 0'- C to + 7 0'- C f o r s t o r a g e 0 n l y 
0 to 9 5% non-conden s i ng 

1 8 . 0" W X 1 3 . 6" J-1 X 1 5 . 8" D 
1 8 . 7" W X 2.8" H X 6 . 9" D 
3 7  pounds, i ncludi ng keyboard 
45 pounds compl ete 
1 3  inch diagonal , 90 square inches in area 
Display normal ly uses 60 to 70 square inches. 

Eight colors , background and foreg round 
( red , green , blue , magenta , cyan , yel low ,white 
and black) 

64 Characters per line 
32 lines per page , or 16 lines with 2X 
character height 

64 ASC I I  characters , 5 x 7 dot mat r i x  within 
a 6 x 8 dot pattern , plus 64 special characters 
in a 6 x 8 matrix . Expandable  to include 
graphics o f  1 2 8  x 1 2 8  and ve ctor generati ng 
so ftware .  Cursor is white blinki ng over-
score and underscore , non-destructive . 

Standard ASC I I  4 level , coded with 1 92 code s. 
72  gold crossbar commercial key switches .  
CPU Reset and Automatic disk loading in
cluded . 
Optional 10 1-key and 11 7-key units include 
color , numeric and function keys . 



·-1 i c r o co m p u t e r 

1 . 02 

Central Pro ces sing Uni t, BORO, 2 microsc:cor,;: 
CPU w i th total memory expandable to G�Khyt�� 

Read Onl y Memory (ROM) : l6K bytL�s of nGr:

des tructive read only. Memory socb:ts in·· 
eluded fo r 12K b y t e s  of addi t ional EDRO�/ 
MRGM memo ry. I nc ludes D I SK BAS I C  8001, 
Fi l e  Control S y s t em, and T e rm i nal Softw�r0 . 

Random Acces s  Memory (RAi·l) : �K bytes ;c,�r 
screen refresh . 4K bytes for us e r  work
space. Room for 28K bytes of additional 
user wo rkspace . 

Input/Output Ports: S y s tem is desiqne� fGr 
512 po rts , wi th 25 port s implemented in 
s t andard uni t .  Optional: one RS-232C 
S e r i a l  Asynchronous Channel for a printPr 
or modem. 

Editing : Page/Roll Mode, Erase l i ne, Eras0 
Page , T ab , Caps Lock , CPU Resc;t, and Color 
S e l e ction.  

Language : D I SK BASIC 8001 i nt e rpreter i n  
ROM memory i nclude s : 27 statement tyres: 
CLEAR, DATA , DEF, DIM, END, F I LE, FOR, G�T, 
GOSUB, GOTO , IF, INPUT, NEXT, ON, OUT, PLOT, 
POKE, PRINT, PUT, READ, REI'-1, RETURN, RESTOR f., 
STEP , THEN , TO and WA IT. 
5 command types : CQNT , LIST, LOAD ,  RUN and 
S AVE . 1 8  mathemati c a l  funct i ons: ABS ( x) , 
ATN (x ) ,  CALL (x ) , COS (x) , EXP (x) , FRE (x), 
INT (x) , I NP (x) , LOG (x) , PEEK (x ) , POS(x), 
RND (x) , SGN (x) , SIN (x) , S PC (x ) , SQR (x ) , 
TAB (x) and TAN (x) . 9 s tr i ng func t ions: 
ASC (x$) , CHR$ (x) , F?I:: (x$) , LEFT$ (x$, 1) , 
LEN (x$) , MID$ (x$ , I,J ) , RIGHT$ (x$,I ) ,  
STR$ (x ) and VAL (x$) . Di.sk Fi le commands: 
COPY, DEVI CE, D I RECTORY, INITIALIZE, LOAD, 
PRINT, READ, RENAME, RUN, SAVE an d WRITE. 
Baud Rate: I ndependent Baud Rate generators 
for one of 7 Baud rates f rom lJ ') Baud to ···. (·!' 
B aud. 



D i s k  D r i ve 

l. 03 

U se s  5.25" d i s k e tte . 
Track s : 4 0  
Track D ens i ty :  4 8tpi 
A cce s s  T i me :  a ve r age ( 4 0  tra ck s) : 400ms 
A ve rage L atency :  200ms 
Trans f e r  Rate :  7 6 . 8 K i lob its /se c .  
Per formance specif i ca ti o n s :  
for ma tted 51.2K B y te s /S id e .  
u s ab l e  b y  fl i pp ing d i sk e tte 

C ap acity 
B o th s i des 

o ve r . 
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I I . I NSTALLATION 

Compucolor I I  is i ntended fo r u s e  on a desk or t a b l e  or any si ·: ·r vibration 
free horizo n t a l  surface that is f ree from l i nt and d us t . (How·, ··.:. , i t  i s  
be s t  to avoid metal top d e s k s  and the v i c i n i ty o f  l a rg e  metal objects . The i r  
presence may int e rfere w i th p roper di sk drive perfor��. It may b e  used 
und e r  no rma l  room l i ghting cond i tions, a l though s l i g.-:� '· ".L:e•.-J l i ghting 
wi l l  improve the d i s p l ay app earance (as for a co l o r  ::•c ce"·.· .J1: set). The 
Keyboard i s  usua l l y  p l aced in front o f  the CRT s creer, •.·. · t.l''" fl at, flexible 
cabl e running b enea th the console to Jl o f  the Log ic Bc��.i, accessible 
through the rear cove r .  (Note that terminal 2 o f  the plug goes up). A 
space 19 inches w i de by 24 i nches deep i s  adequate. If the optional 
addi t i ona l D i sk D r ive is  u se d, it  may be placed a longsid� the console ( i n
creasing space width by 6 inches) or i n  some othe r loca�� -n w i thin reach 
of the conn e c t i ng c ab l e . Whi l e  no spec i al coo l i ng provisiuns ne ed be made 
fo r Compucolor I I, the re mus t  be free f l ow of a i r  around ·t:h<'c con sol e-- do 
not pl ace any thing on the cabinet tha t w i l l  r e s t r i c t  air flow. 

Compucolor I I  may b e  used adjacent to mos t  types of electcical equipment and 
appl i ances prov ided i t  i s  not w i thin a s trong mag n e t i c  field. (Ope ration 
w i thin a s trong magne t i c  f i e l d  may disturb operation o f  lll� d ispl ay and 
tran s f e r  of data to or f rom the di ske tte) . 

Unless used w i th a modem connec tion to a t e l ephone l in�. tne onl y  external 
conne ction i s  the 6-foo t 3 w i re power cord to ll 5 VAC pc��I If co n n e c tion 
i s  to b e  made to an RS-232 comp a t i b l e  modem , the us e r  oro'' i.de s the nece s s ary 
cab ling. The c ab l e  b e tween the Compuco lor II and the mu:ic!·;, s ho u l d  not. e x
ceed 5 0  fe e t  i n  l ength. The t erminal s on connector J2 at �he rear edge o f  
the Log i c  Board are s hown i n  the tab l e  be low . The u s ual rncdem connections 
are i nd i c a ted; howev e r , the modem manufacturer's i n s tructians shou l d  be 
consulted . 

LOGIC BOARD MODEM 
J2 TERI-1. NO . TERM. NO . Sir·c:>JAL -------- ------

1 1 AA - P rote c t i v e  Ground 
3 2 BA - Tran sm i tted Data 
5 3 BB - Received Data 
7 4 CA - Requ e s t  to Send 

14 7 AB - S i gn a l  Ground 
15 �0 CD - D a ta Terminal Ready 

For a qu i ck check procedu re, see " Operational Te s t "  in the MAINTENANCE s e c tion 
(following "ALIGNMENT " ) . 

2 . 01 



To conn0ct the exte rnal Add-on Disk Drive (op tional) , firs t d i s conne c t  
the keyboard c able from t h e  Log i c  Board. Then connect t h e  add-on d r ive ' s  
c able to the Log i c  Board's Jl ( terminal 2 of the plug up) . Now conne c t  
the Keyboa rd cable to the addi tional connec tor on the D i s k  Drive c able 
(ncdr the Log i c  Board end ) . 

fo r informat ion regarding add-on RAM or ROM, see S ec tion V ,  SUBASSEt.ffiLY 

m�SCRIPTIONS ( near end of s ection) . 

2 . 02 
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Compucolor® II 
Instruction Manual 
The Co mp uco lo r  Co rpo ra tio n tha nk s  you fo r pu rcha si ng a 
Co mp uco lo r  II A lthough ma ny p reca utio ns have bee n 
taken to a ssure tha t  th i s  mate rial is received i n  good 
co nd itio n. we ask that you take a fe w m i nu te s  to read the 
follo wing mater ial so tha t  you may d e rive ma xi m u m  e njoy 
ment and use fro m yo ur Com p uco lo r  I I .  

The hand boo k  has be en d ivi ded i nto si x sec tio ns. 
Sectio n O ne g ives d irec tio ns fo r ope ra ting the Compu 
co lor  II and d esc ribes a step by step p roce du re fo r load i ng 
a pro � ram into the Com p uco lo r  I I  f rom a d i ske tte. Sec ti o n  

·Contents 
SECTION I 

Two d e sc ri b e s  th e keyboa rd a nd te ll s yo u how to wr ite and 
e xpa nd a si m p le p rog ram.  S ec tio n T h ree sum ma rizes 
BAS IC a nd va rio us FCS a nd CRT com ma nd s. S ec tio n Fo ur· 
co nce rns ha nd li ng a nd care of d iske tte s  a s  we ll a s  o ther 
p recau tio ns. Sec tro n  F ive li sts a va rie ty of book s o n  the 
m a rke t tha t  dea l wi th comp ute rs a nd p rog ramm ing . 
Sec tio n Si x p rovide s  l i sts of po rt a ssig nme nts. m em o ry 
loca tio ns. the fif ty p in b us a nd RS232C I nte rfac e. as well 
a s  a com ple te cha rac te r  se t. 

Ho w to O p erate the Com puco lo r  I I .  ....... . .. . . .. . . . . . .. ..... . ...... . . . . .. . . . . . . . . . .. .  . 

Pag e-;: 
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Section I 
How to operate the Compucolor II 

1. Pl ace the Com pucolor I I  i n  a co nve ni e nt locatio n  re me mberi ng that you wi l l  pro ba bly e njoy sitting  and p lay ing games on 
the com puter for hours at a time. Be care fu l  not to obstruct the air  flow through the ve nt on the back o f  the un i t .  

2. Now con nect the  keyboar d  cable to  the  socket labeled "Keyboard " on the  back of  the  Co mpuco lor  I I .  Th is  con nector 
wi l l  on ly fit o ne way, so i f  it doesn't fit ,  turn it o ver a nd try pushing i n  without forcing it. Fi nd the CAPS LOCK key to the 
le ft o f  the space bar on the keyb oor d. M ake sure this key is in the dow n  posi tio n  ( see page 4 ). 

3. N ext p lug the power cor d i nto the back o f  the computer much l i ke you wou Jd p lug  i n  an electric frying pan . Then plug the 
other end o f  the power cord into the wal l  socket. You may need an adapter i f  you r  soc k et ca nnot take a three-prong insert . 

4. It's n o w  t i me to turn on the Compucolor I I  by pushi ng to one side the "Power " (white ) butto n o n  the back o f  the un it. 
just abo ve the cor d. 

5. The Compuco lor I I  wi l l  re qu i re 60 seco nds for the tube to warm u p  be fore the message "DISK BAS I C  8 001 V 6. 78 
CO P . .'R I G H T ©  BY COM PUCOLO R "  wi l l  appear. 

6. If it does not appear then hold the S H I FT a nd CONTROL keys dow n an d press the CPU R ES ET key. (Note : l ea ve the 
SHIFT and CONTROL keys down for at least 5 seco nds a fter pressin g  
C P U  R E S ET key.) 

7. Take the d iskette that came with you r Com pucolor I I  a nd sl ip it i nto 
th e ;ight side o f  the computer. M ake sure the diskette is i nserted 
correctly and then c lose the door. See i llustration.  

8. Push AUTO (brown key in  u pper l e ft ha nd corner ). 

9. You wil l see a l i st or "M EN U "  o f  programs on the scree n. Sel ect the 
1-1rogram by the n u m ber at l e ft. Type in the num ber a nd press the 
ENTER key. 

10. The program you selected wi l l be loaded into the Compucolor  I I  and 
you wi l l  see d i rections  on the scree n on how to procee d with the 
program you sel ected. H a ve fu n. 

11 . I f  nothi n g  appears on the screen a fter pressi ng AUTO key try turning 
the d i skette o ver and fol l ow the i n structions starti ng at step 6. 

12. I f  it sti l l  doesn 't work a fter tryi ng it agai n, then simply press the CPU 
RESET key with no other keys held down. The display wil l  now say, 
"COM PUCOLOR I I  C RT M O D E  V 6. 78 ." I f  this does not appear tur n  
the u nit o ff for 15 seco nds a nd the n try from s tep 4. 

13. A fter the "COM PUCOLOR I I  CRT M O D E " message appears, press 
the (ESC ) key and the ( BAS I C )  or letter W key. The fol lowi ng message 
shou ld  appea r :  "D I S K  BASIC 8 001 V 6. 78 COP YRIGHT © 
BY COM PUCOLO R .' '  "MAXI M U M  RAM A VAI LABL E ? "  
N o w  type "81 92 "  and press the ENTER key. ( I f you r  Compucolor I I  i s  a Model 4 type "1638 4 ,' '  then ENTER.  I f  a Mod e l  5, 
type "32 768 " then ENTER. ) The u nit  wi l l  co me back with the a mou nt o f  free RAM memo ry a va i lab le and the "R EAD Y" 
message. Now go to step 7. N OT E :  i f  the ENTER key is presse d without e nteri ng a nu mber the u n it wi l l  search for the 
m axi m u m  RAM in you r  Co mpucolor I I .  

14. I f  the abo ve does n ot pro vi de the re qu i red resu lts contact your l ocal dealer for assista nce,  o r  cal l  Co mpuco lor  Corpora 
tion 's tol l - free HOT LI N E :  ( 8 00) 24 1-4 310. 
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Section I I  
Computer Basics 
Compucolor II is a m icrocom puter. H ouse d  with in  y our 
Compucolor I I  is a s ing le integrate d c i rcuit  ch ip  cal le d a 
microprocessor. Th is  is the very heart of y ou r  C om pu c ol or 
II. The microprocessor is the c om puting de vice for storing 
prog rams an d for per forming l og ical operation s .  The micro 
processor . cal l e d  the Central Process ing U n it, o r  CPU,  
co ntrols al l operations o f  the C om pucolor I I .  

Com p ucolor I I  is capable o f  st orin g  an d fi l i ng  in forma 
tion . Data is fe d i nto the computer by means o f  typin g  on 
the keyboar d. This process cal l e d  I N PU T  u ses the keyboar d 
as its device. To vie w what has been fe d i n t o  the computer. 
Compuco lor II uses a displ a y  screen cal l e d  a catho de-ray
tu be or  CRT displ a y  un it .  to sho w OUTPU T. 

As soon as you r  Compucolor I I  is turn e d  on , you are 
rea dy to pla y games. program . store an d ret rieve i n form a -

t i on .  You are i n  " D I SK BAS I C  8 001. " I f  you fol l owe d the 
instructi ons  on page 2 o f  this manual  y ou were able to loa d 
a diskette an d run a program.  N ow we' d l ike t o  re-intro duce 
you to y ou r  Compucol or I I  so that you can c om m u n icate 
with it e ffectively. 

C om pucolor  I I  has within it a well de fin e d  set o f  r ules 
for communicating with you .  You r  task is  to l earn what t he 
computer al rea dy kno ws. Together. y ou an d C ompucolor II 
wi l l  com m u n icate i n  such a way that Compucolor I I  wi l l  do 
as y ou say. 

Comm u n i cat ing  with Com pucolor I I  means that you 
wi l l  be fee din g  data or i n formation into you r  u n it b y  means 
o f  a KE YBOA RD. Let's take a fe w m i n utes to tal k about 
some of the ke yboard's features . 

STANDARD 
r- . _,.... - - ··- -- -· . 

I 
, I 

�r ''" I -�'---< 

. ..::::::.J 

EXTENDED (Optional) 

L______ ------·-- -·--- .  

DELUXE (Optional) 
I' 

I. 

L� 

�HI .. , ., •ur• 
l --"' 

0 ' , I• + • ·-----· 

I' 

- - __ -==::_] 
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Keyboard Operation 
CAPS LOCK 
Typing words on the 
Compucolor I I  is on l y  
done i n  capital lette rs.  
To faci l i tate the use 
of cap ita ls .  a CAPS 
LOC K ke y is used. 
Located on the le ft 
ne xt to the space bar. 
the CAPS LOC K ke y 
wil l sta y dep ressed 
and a l l  lette rs t yped 
wi ll be cap itals .  By 
using the S H I FT ke y, 
spec ial characters can 
be printed whi le  the 
CAPS LOC K ke y re 
mai ns depressed. To 
un lock the CAPS 
LOC K  ke y, depress it 
once. The ke y is now 
flush with the space 
bar and special char 
acte rs are now typed 
when the S H I FT ke y is 
not dep ressed . With 
the S H I FT ke y de 
pressed capital lette rs 
are t yped . The num 
bers and punctuation 
ke ys work the same as 
a reg ular t ypewriter. 
S H I FT g ives the top 
character on a ke y 
and unsh i ft g ives the 
bottom character on 
a ke y. 

The fol lowing ke ys 
must be depressed 
whi le the desi red ke y 
is being pressed : 

CONTROL 
S H I FT 
R E P EAT 
[COM MA N D] 

SHIFT KEY 
Co mp ucolor l l 's key 
bo ar d  is much l ike an 
o r di nary keybo ar d  
with so me additio ns. 
L ike a reg ul ar type 
writer, the S H I FT key 
is use d  to type upper 
c ase char acters a nd i n  
so me c ases . speci al 
ch aracters. The 
S H I FT key must be 
depresse d unti l  the 
desi red character is  
type d. 

The fol l owing ke y 
need on ly be pressed 
and then fol lowed by 
p ressing the desi red 
ke y: 

(ESC) 
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AUTO 
The A UTO key o n  the 
upper le ft h as bee n 
special ly progra mme d  
so th at whe n yo u press 
the A UTO key a pro 
gr am c al le d·" M EN U. 
BAS" wi ll be loa de d  
fro m the diskette a nd 
c ause d  to r un.  It wi l l  
l ist on the scree n al l 
progra ms that can be 
r un under the 
"M E N U" syste m. 

RETURN 
ENTER 
The RE TURN -ENTE R 
key i s  o n  the r ight si de 
o f  the keyboar d. By 
pressi ng th is key when 
yo u are in  D I S K  
BAS I C  you co mmand 
the Co mp ucolor I I  to 
accept the most recent 
i nstr ucti o n  e ntere d. I f  
yo u are i n  the "C RT 
M O D E " the n th is wi l l  
o nly c ause a c arri age 
ret ur n  as on a 
t ypewriter. 

DIRECTION 
ARROWS, 
HOME 
Three d i rection 
arrows a nd a HOM E 
key are located on the 
r ight side o f  the 
ke yboard. The HOM E  
ke y and the arrow 
ke ys cont ro l  the 
cursor. P ressing 
HOM E brings the 
cursor to the uppe r 
le ft hand o f  the 
scree n. The d i rect ion 
a rrows are used for 
co rrecting t yp ing 
m i stakes or to car ry 
you to anothe r spot 
on the screen .  

To correct a t yping 
error  in D I S K  BASIC 
press the � arrow 
unti l you have erased 
the e rro r. This back 
space ke y e rases al l 
l ette rs. one at a ti m e .  
that i t  tou ches. Fo r 
e xample .  i f  you had 
t yped "NOW IS T H E  
T YM E"� �� ret ype 
"I M E:· 

� [--� 



ERASE PAGE 
To c le ar the screen 
press the E RASE 
PA GE key Th is wil l 
ret urn the cursor to 
its home pos it ion and 
you are re ad y  to st art 
ag am in the CRT 
mode NOTE : in D I S K  
BAS IC mode it h as 
er as ed th e sc reen . 
but it d id not er ase 
yo ur BAS I C  comm and 
intern all y. 

REPEAT 
The REPEAT ke y 
ne xt to the space bar 
al lo ws you to t ype 
one letter aga in  and 
aga in b y  t yp in g  a 
letter and hold ing the 
REPEAT ke y do wn at 
the same t im e .  

CPU RESET 
The CPU RESET ke y, 
on the far right of the 
ke yboard , when 
pressed . ta kes you o ut 
of the D I S K  BAS I C  
mode and puts you 
into the CRT mod e .  

The ESCAPE ke y 
(ESC). loc ated d irectl y 
be lo w the AUTO k e y  
(top left ) perm its you 
to go into var ious 
spec i a l  modes b y  
press ing (ESC) and 
the des ired code key  
The ke ys with a n ame 
enc losed within ( l 
are stand ard escape 
codes .  A deta iled 
l isting of these codes 
c an be fou nd i n  
Section I l l . 

ATTN/BREAK 
(Attention/Break) 
KEY 
To tempo r ari l y sus 
pend operat ion when 
run n in g  or  l ist ing a 
BAS I C  program . p ress 
the BREA K ke y 

To contin u e .  press 
RETU RN or an y other 
ch ar acter e xcept .J,. 

The .J, or  l in e  feed 
wi l l  c au se BAS IC to 
brea k and h alt 
operat ion . 

U se .J, fo l l o wed b y  
RETU RN to bre ak 
out of an I N PUT 
st atement in BAS I C. 

ERASE 
PACE 

ERASE 
LINE fCPUl EJ 

N OT E :  The re is a 
d i fference bet ween th e 
n u m b e r  0 and the lette r 
0. and bet ween the 
n u mber 1 and the lette r 
L on al l com puter 
ke ybo ards .  
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What is a Program? 
A series o f  i nstr uc tions, sto re d  by the com p ute r is cal l e d  a p rog ram. 

Prog rams are written in a si m ple  lang uage cal l e d  B AS IC. The com p ute r al rea dy kno ws this lang uage an d with the help 
of this pamphlet .  yo u wi l l  learn some of the B ASIC lang uage in  orde r  to com m unicate with Com p ucolo r I I . 

Let 's beg i n. 
· 

Yo u·re abo ut to write a s imple p ro g ram.  

F irst :  Press C PU R ESET key wh i le  hol ding  do wn the S H IFT key an d the CONTROL key. 

Screen display wi l l  look l ike  th is :  

DI S K  BASIC 8001 V6. 78 COPY R I G HT © BY COM PUCOLOR 
MAXI M U M  R AM AV AILABLE ? 
74 73 (or 1 5665 .or 3 �49) 
R E ADY 

N o w  type:  

1 0  PR I NT "H I '  THIS IS T H E  START O F  SOM ETH ING WON D E R FU L !" 

Rec heck yo ur type d statement. 

1. If wrong , use �  key (backspace) to retype . 

2. If correct . press ENTER key. 

3. Type R U N  an d then p ress the ENTER key 

4 .  I f  yo u get an E R ROR messag e ,  retype the whole l in e .  beg inning with 1 0 . 

5. Press the E NTER key. 

6 . Type R U N  an d then p ress the ENTER key. 

Di d Comp ucolor fol l o w  yo ur inst ructions ? 

Congrat ulatio n s !  Yo u have just written yo ur fi rst p rog ra m !  
True. i t 's only a one-l in e r, b ut i t  i s  the sta rt o f  someth ing won de rful ! 

6 

HIGH LIGHTS 

In writ ing a p rog ram every l i ne m ust have a n um be r. The p rog ram i s .l iste d  on the sc reen in  n ume rical o rder. 
from the smal lest to the la rgest n umbe r. 

Al ways use the numeral Bto type yo ur p rog ram n umbe rs. The letter 0 cannot be s ubsti tute d fo r a n um b e r. 
Type PR INT :  The com p uter wi l l  print eve rything that is i ncl ude d within the quotation ma rks .  
Press EN TE R : Th is  i s  a com man d that tel ls Comp ucolo r II to remembe r the most recent inst ruct ion entere d. 
Type R U N :  Any t ime yo u want Com p ucolo r II to fol lo w  yo ur inst ructions.  yo u m ust type R U N  an d then p ress 

·• the E N TE R  key. This ca uses the Com p ucolor I I  to exec ute the R U N  comman d. 
\ 



Programs can be expanded. 
In th e las t sec tion yo u wrote a one -line p ro g ram.  B y  a dding a secon d o r  th i rd l in e ,  yo ur program can be expan de d. 

Type 
20 PRINT C AN YOU B E L I EVE TH AT I C AN WR ITE A PROG R AM?" 

Ch ec k  yo ur work for errors. 
Press ENTE R. 
Type RU N and th en press th e E NTER ke y. 

If all s ys tems work ed . the screen disp la y sho ul d  rea d: 
T HIS IS T HE START OF SOM ETH I N G  WON DE R FUL! 
C AN YOU B E LIEVE TH AT I C AN WR ITE A PROG R AM? 

Let us ass um e  that yo u want to answer the above quest ion 
Type YES. 
H1t ENT E R  
Sc reen d i s play n o w  r ea ds :  
S N  ERROR . 

SN ERRO R is th e com puter's wa y of tel l ing  yo u that it is not prog ramme d to un derstan d yo ur message. Un less the com 
puter gives yo u a c ho i c e  b et ween YES an d NO.  yo u cannot enter YES. Somet imes S N  E R ROR appears even if yo u do n o t  
mten t1on al l y  en ter m i s informa tion . 

Type LIST. pr ess E NTER.  B ehol d !  The com p ute r has fol lo we d  yo ur comman d an d has l i ste d ever yth ing that yo u hav e 
wr1tten. 
IF YOUR LISTING HAS A MISTAKE 
When yo u find a m is ta k e. typ e the n um ber  of the l ine  that has the m istake in  it. Then ret ype it correctl y and press E NTER.  
The com puter wi l l  n o w  i n co rporate th is  new l ine  into the prog ram an d the o r ig inal  line wil l  be taken o ut a utomatical l y. 

SN ERROR 
The com puters wa y of tel l ing yo u that it cannot un derstan d yo ur message. 

LIST 
Th1s a ll o ws yo u to see what yo u have wr itten up to th is po int. 

REMEMBER 
Do not pr ess S HI FT k ey Le tters a re p r inte d in capitals. Hol d SH IFT ke y do wn to get special s ym bols .  

Us ual l y  th e l i n e n um bers in  a program a re written 1 0  n um be rs apart .  Th is n umbering s ystem pe rm its yo u to a dd n e w  i n 
forma ti on to yo ur p rogram . Sometimes i t  i s  easier t o  rea d a p rog ram o utp ut when there is  a space bet ween the l ines. To p ut 
a spac e bet ween yo ur prog ram li nes-

Type 15 PRINT 
Press ENTE R 
Type RU N 
Wh en yo u t yp e  PRI N T  an d write noth ing afte r it, the comp ute r wil l do just that-it  wi l l  p rint  a b lank l ine .  Prett y neat ! 
B y  add i ng add it ional n umbers an d statements, yo u can expan d yo ur p rog ram f urther. J ust t ype in the n umber an d th e 

c omp uter wil l a utom a tical l y  p ut it i n  the correct n ume rical se quence. 
N o w  tha t  yo u hav e taken part in the exc itement of prog ramm i ng ,  yo u m ig ht want to f in d o ut mo re abo ut i t. Section 5 of 

this ha nd book l ists some books on  program m ing an d games that might interest yo u. 

HIGH LIGHTS 

1 l Ord er 
2) R U N  
3) SN ERRO R 
4 )  LIST 
5) S HIFT ke y 
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Section Ill 
Summary of Commands 
1. CRT COMMANDS 

·· CONTROL CODES 

CODE 

0-NULL (control @) 

1-AUTO (control A) 

2-PLOT (control 8) 

3-CU RSOR XY (control C) 

4-(control D) 

5-(control E) 

6-CCI (control F) 

7-BELL (control G) 

8-HOME (control H) 

9-TAB (contrail)  

1 0-.J, (control J) or 
LINEFEED 

11-ERASE LINE (control K) 

12-ERASE PAGE (control L) 

13-RETURN (control M) 

14-A7 ON (control N) 

15-BLINK/A7 OFF (control 0) 
16-BLACK KEY (control P) 

17-RED KEY (control 0) 
18-GREEN KEY (control R) 

19-YELLOW KEY (control S) 

20-BL UE KEY (control T) 

21-MAGENTA KEY (control U)  

22-CYAN KEY (control Vl 
23-WHITE KEY (control W) 

24-XMIT (control X) 

25-CURSOR RIGHT (control Y) 

26-CURSOR LEFT (control Z) 

27-ESC (control [) 

EXPLANATION 

Has no eff ec t  

Loads and runs a BAS I C -progra m na med "M E N U ,' '  fro m the d isk d riv e. 

En ters g raphic p l o t  mode (see plo t sub modes). no t a llowed as a BAS IC inpu t 
charac ter. 

En ters X-Y cursor add ress mode for e i ther vis ible cursor or b l ind  cursor, used to go 
fro m BAS I C  to CR T MODE wh en typed as a BAS IC i n p u t charac ter. 

No t us ed . 

N o t  u s ed .  

Th e n ext charac ter which fo l lows provid es th e 8 b i t visi b l e s ta tus word . Sp ecifi es 
For eground,  Background,  B l ink ,  and Plo t ( See s ta tus  word for ma t, page 9. ) 

N o t  used . 

Mov es the cursor to top lef t  corner o f  d isp lay. 

Caus es cursor to advanc e  to n ext co l u mn -the tab col u mns a r e  every 8 charac ters . 

Causes a break in BAS IC execu tion o f  a prog ra m, caus es th e cursor to mov e  down 
on e l i ne .  

Caus es th e curso r to r eturn to beg inn ing  of  l i n e  and causes the co mpl ete l i n e to be 
eras ed .  Also causes th e BAS I C  inpu t l i n e to be ignored . 

Cau s es th e co mplete screen to be erased and the cursor mov es to th e ho me posi tion .  
BASI C  i n pu t ignor es th is charac ter. 

Cau s es th e cursor to move to the beg i n n i n g  o f  the l i n e  i t  pr es en tly is on . Caus es 
BAS IC i npu t to accep t the typed l i ne  and process as a s ta temen t or inpu t d a ta .  

Tu rns th e A ?  flag on.  (2 x charac ter h eigh t and a lso 1 s top bi t.) 

Tu rns th e b l ink  bi t and A ?  flag of f. 

Se ts foreground color black i f  flag is o ff and background black i f  flag is on .  

Sa me as abov e wi th color red .  

Sa me as  abov e wi th color g r een .  

Sa me as abov e wi th color y el l o w. 

Sa me as abov e wi th color b lu e. 

Sa me as abov e w ith color mag en ta . 

Sa me as above wi th co lor cyan .. 

Sa me as abov e wi th color whi te. 

Cau s es d a ta to b e  tran s mi tte a fro m th e vis ib le cursor to th e end o f  th e page or un ti l  
FF, £>£>s equen c e  is  fou nd i n  r efresh RAM . Sends te xt charac ters wi th a l i ne feed and 
carriag e r etu rn at  end of  each lin e. N O T E :  color s ta tus is no t sen t. 

Cau s es the cursor to mov e  rig h t  1 posi tion .  On BAS I C  inpu t d isplays previous 
charac ter inpu tted . 

Cau s es th e c u rsor to mov e  l ef t  1 posi tio n. On BAS I C  i n pu t dele tes p r evious cha rac ter 
fro m inpu t bu ffer. 

Prov id es an en try to th e escap e cod e table -mu s t  b e  fo llow ed by on e or more cod es 
for proper op era tion . 

28-CURSOR UP (control \) Cau s es the cursor to mov e  u p  one l i n e. 

29-FG\ON/FLAG OFF (control ]) S ets th e flag bi t off . I f  fo l low ed by on e of th e color k eys i t  wi l l  s et th e for eground to 
tha t  color. I n  p l o t  mod e  OR's "ON "" b i ts .  

30-BG ON/FLAG ON (control 1\) S ets th e flag bi t on .  I f  fol lowed by on e of th e color k eys, i t  wi l l  s et th e background to 
tha t  colo r. In plo t mod e  XO R 's "ON "  b i ts .  

31-BLINK ON (control -) 
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S ets th e bl ink  bi t on which wi l l  b l ink th e for eground color aga i n s t  th e background 
color .  



ESCAPE CODES 

5 BIT CODE LETTER 

0 @ 

1 A 

2 B 

3 c 
4 D 

5 E 

6 F 

7 G 

8 H 

9 I 

10 J 

11 K 

12 L 

13 M 

14 N 

15 0 
16 p 
17 Q 

18 R 

19 s 
20 T 

21 u 
22 v 
23 w 
24 X 

25 y 
26 z 
27 [ 

28 

29 

30 (\ 
31 

BA UD RATE SELECTION 

Number 
Baud rate 

STATUS WORD FORMAT 

A, As 
Plot Blink 

F UNCTION 

Used for terminal con trol -no t ava ilable for any o ther use. 
Blind cursor mode. 
Plot via color pad. 
Transmit cursor X, Y position to RS232 PORT. 
Enters Disk File Control System (FCS) with CRT as output. 
Re-entry to DISK BASIC. 
Sets full duplex mode. not functional when in BASIC. 
Enters Disk File Control System (FCS) with RS232 PORT as output. 
Sets half duplex mode. 
Causes a program jump to location 36864. 
Sets write vertical mode. 
Sets roll up and write left to right mode. 
Sets local mode. 
Sets all output to the RS232 PORT. 
Sets to ignore all inputs 
Not used. 
Not used. 
Not used. 
Baud rate selection mode. A? on= 1 stop bit. A? off= 2 stop bits. (See baud rate table J 
Causes a program jump to location 40960. 
Causes a program jump to location 33280. 
Not used. 
Not used. 
Initializes and transfers control to DISK BASIC 8001. 
Sets terminal to page mode and write left to right mode. 
Test mode-fill page with next character. 
Not used. 
Visible cursor mode. 
Not used. 
Not used. 
Causes a program jump to location 33275. 
Transfer control to the CRT mode. 

2 3 4 
150 300 1200 

As j A, l A3 
Background Color 

Blue I Green I Red 

5 
2400 

A2 

Blue 

6 7 

4800 9600 

I A, I Ao 
Foreground Color 
I Green I Red 

INCREMENTAL DIRECTION CODES LX1 LY1 LX2 LY2 
If BIT= 1 A7 

I 
As As 

I 
A. A3 

I 
A2 A, 

I 
Ao 

Direction + + + + 
Value (Hex) 80 40 20 1 0  8 4 2 
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GRAPHIC PLOT SUBMODES 
DISK BASIC plot value OPTIONAL 

or PLOT FUNCTION 
RS-232 INPUT CODE SUB MODE KEYBOARD CODE 

255 Pl ot M od e  Esc ap e  F 1 5 

254 Ch ar act er Pl ot F 1 4 

(253) X Poi nt P lot F 1 3 

252 Y Poi nt Pl ot F 1 2 
251 X- Y Incr ement al Poi nt Pl ot F 1 1  

250) X o  of X B ar G r aph F10 
\249) Y of X B ar G r aph F 9 
248 X max of X B ar G r aph FB 
247 Incr ement al X Bar G r aph F 7  

246) Yo of Y Bar G r aph F 6  

\245; X of Y B ar G r aph F 5 
244 Y max of Y B ar G r aph F4 

243 Incr ement al Y B ar G r aph F 3  

(242) Xo V ect or Pl ot F 2 
241 Yo V ect or Pl ot F 1 

240 I ncr ement al V ect or Pl ot F el  

For incremental pl ot s ub mod es s ee th e for mat of th e i ncr ement al d irecti on c od es (p ag e 9). 

2. DISK BASIC 

BASIC Statements 
The fol l owing su mmary of BAS IC st at ements d efi nes th e g ener al for mat for th e st at ement and g iv es a bri ef expl anati on 
of its use. 
COMMAND EXPLANATION 
CLEAR 

CLEAR X 

CONT 

DATA value list 

DEF FN X (argument) = 
expression 

DIM variable (n), variable (n,m), 
variable S(n), variable S(n , m) 

END 

FILE " N ", "filename", records, 
rec. size, blocking factor 

FILE "R", file number, "filename", 
buffers 

S ets th e arr ay and stri ng bu ffers t o  nu l ls  and z er oes. 

S ets sp ac e  for stri ng v ari abl e t o  X ch ar act ers ( nor mal ly  5 0  ch ar act ers). 

C onti nues exec uti on aft er C TR L/J, or -.!.-. 

Us ed i n  c onj uncti on with R EAD t o  i nput d at a  i nt o  an exec uti ng p r ogr am. 

D efi nes a us er fu ncti on t o  b e  us ed i n  th e progr am. 

R es erv es sp ac e  for l i sts and t abl es acc ord i ng t o  s u bscri pts sp eci fi ed aft er v ari ab l e 
name. Up t o  255 d i mensi ons. 

Ter mi nat es pr og r am executi on. 

Cr eat es a new r and om fi l e  with th e sp eci fi ed nu mb er of r ec ords ( 1 -32 76 7 ), r ec ord siz e 
(1 -3276 7  byt es ), and bl ocki ng fact or ( 1 -255) .  Fi l e  name is a stri ng expr essi on c ont ai n
i ng a v al id  FCS fi l e  name. 

Op ens a r and om fi l e  with th e sp eci fi ed fi l e  nu mb er ( 1 - 1 27) and nu mb er of bu ffers 
( 1 -255 ). 

FILE "A", file, current rec. , records, F i nds th e sp eci fi ed attribut es for th e curr ently op en fi l e: curr ent r ec ord acc ess ed ,  
rec. size, blocking factor nu mb er of r ec ord s ,  r ec ord siz e, and b l ocki ng fact or. 

FILE "C", file 1, ---, file N Cl os es th e sp eci fi ed fi l es and r el eas es th e bu ffer sp ac e. 

FILE "D", file 1, ---, file N 

FILE ·-r·, line number 

FILE "E ... fi le, error, line number 

FOR variable =expression 1 TO 
expression 2 STEP expression 3 

GET file N, record, first byte; 
numeric variable, string variable 
[ byte count] 
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Writ es any modi fi ed b uf fers i mmed i at ely for th e sp eci fi ed fi l es .  

C au s es fi l e  errors t o  tr ap t o  th e sp eci fi ed l i ne nu mb er. N o  li ne numb er turns th e err or 
tr appi ng off. 

Lets th e us er d et er mi ne th e d isk err or nu mb er and l oc ati on of th e fi le err or. 

S ets u p  a l oop t o  b e  execut ed th e sp eci fi ed nu mb er of ti mes . 

R eads fr om th e r ec ord i n  th e fi l e  N st arti ng at th e sp eci fi ed first byt e ( 1 -255)  i nt o  th e 
v ari abl es i n  th e l ist .  Stri ng v ari abl es must h av e  a byt e c ount ( 1 -255). 



BASIC Statements (Cont.) 
COMMAND 

GOSUB line number 

GOTO line number 

I F  expression GOTO line number 

IF expression THEN statement 

INPUT list 

INPUT ""string··; list 

LIST 

LIST line number 

LOAD "'PRGRM1"" 

LOAD ""name.ARY"" 

NEXT variable 

ON X GOSUB line number list 

ON X GOTO line number list 

OUTI.X 

PLOT expression 

PLOT list 

POKE I,X 

PRINT list 

PRINT expression 

PRINT expression, expression; 

PRINT ""string"" 

? 
PRINT SPC (X) 

PRINT TAB (X) 

PUT file N, record, first byte; 
numeric expr., string expr. 
[byte count] 

READ variable list 

REM comment 

RESTORE 

RESTORE line number 

RETURN 

RUN 

RUN line number 

SAVE "PRGRM1" 

SAVE ""name. ARY" 

WAIT X,I,J 

EXPLA NATION 

Used to transfer control to the first line of a subroutine. 
Used to unconditionally transfer control to other than the next sequential line in the 
program. 
Used to conditionally transfer control to the specified line of the program 
Used to execute BASIC statements only when expression is true. 
Used to input data from the terminal keyboard. prompts with .. ? ... 

Used to input data with the quoted string as the prompt. 
Prints the user program currently in memory on the CRT display. 
Prints the program from the line specified to the end. 
Loads a BASIC Program named "PRGRM1·· from disk into memory. Names cannot 
exceed six characters (letters and/or numbers). 
Loads the numeric array specified by name from disk. First two characters are the 
array's name. 
Placed at the end of a FOR loop to return control to the FOR statement. 
Multiple GOSUB statement. Will transfer control to subroutine on stated l ine. 
However. the RETURN statement placed at the end of each subroutine will cause the 
next statement following ON GOSUB to be executed. 
Mult iple GOTO statement. will transfer control to stated line number. depending on 
value of variable. 
Causes the byte X to be output to port I (the range of I is 0 to 255) 
Sends the one byte result of the expression to the terminal. The result must be 
between 0 and 255. 
Sends the list of data to the CRT. Example: PLOT 2. 242, 0. 0. 255. 
Causes the byte X to be placed in memory location I, the range of I is 0 to 65535. 
Used to output data to the terminal. 
Prints results of expression. 
The: causes the carriage return and line feed to be suppressed. Use. for normal 
spacing and :for compressed spacmg. 
Prints a character string. 
Equivalent to the word PRINT. 
Prints the specified number of spaces. 
Used to space to the specified column. 
Writes the expressions in the list to the record in file N starting at the specified first 
byte. String expressions must have a byte count. 

Used to assign the values listed in a DATA statement to the specified variables. 
Used to insert explanatory comments into a BASIC program. 
Used to reset the data block pointer so the same data can be used again. 
Used to reset the data block pointer to a specified line number. 
Used to return program control to the statement following last executed GOSUB 
statement. 
Executes the program in memory. 
Executes the program starting at line number specified. 
Saves the BASIC program or data from memory into the disk and names it ""PRG RM 1 
Saves the numeric array specified by name on disk. First two characters are the 
array's name. 
Causes the input port X to be read. exclusive OR"ed with byte J. and then AND"ed with 
byte I. The program will wait until the result is zero before continuing. 
A colon is used to separate multiple statements per line. 
Example 10 A= 1: B = 10: C = 111 
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BASIC Operators 

SYMBOL FUNCTION The precedence of operators is: 

+ 
* 

I 
II 

NOT 

AND 

OR 

=,<,>, 
<=,=<, 
>=, = >, 
<> 

Assig nme nt, or e qual ity test ( D ISK 
BAS IC 8001 does not a l l ow the LET 
stateme nt )  

Negat ion or subtra cti on 

A dditi on or stri ng concate nati on 

M u lti pl i cati on 

D ivisi on 

Exp one ntiati on 

Logi cal or O ne's com pleme nt (2  byte 
i nteger) 

Log i cal  or B itwise A N D  (2  byte i nteger) 

Log i cal  or B itwise OR (2 byte i nteger) 

Relati onal tests ( result is  T R U E = - 1 
or FA LSE = 0) 

(1) Ex press ions i n  pare ntheses 

( 2 )  Ex pone ntiati on (A 11 B )  

. ( 3 )  Negat ion (-X) 

(4)  *,/ 

(5 ) +,-

( 6) Relati onal operat ors (=\ <>, <, >, <=, >=) 

( 7) NOT 

( 8) AN D  

(9) 0R 

Standard Mathematical Functions 
The Mathemati cal  fu ncti ons are of the fol l owi ng form : 1 Oy = ABS (x ) .  

NAME EXPLANATION 

ABS(x) Retur ns the abs ol ute value of X. 

ATN(x) 

CALL(x) 

COS(x) 

EXP(x) 

FNx(y) 

FRE(x) 

INT(x) 

INP(x) 

LOG(x) 

PEEK(x) 

POS(x) 

RND(x) 

SGN(x) 

SIN(x) 

SQR(x) 

TAN(x) 

Ret ur ns the arcta nge nt of x as a n  a ng le i n  ra dia ns i n  the ra nge + or - pi/2 . Where pi = 3 .1 41 59 .  

Cal l  the user ma ch i ne la nguage r outi ne at l ocati on 332 82 .  D ,E reg isters have value  of X a nd A .B 
reg isters m ust have Y on ret ur n  fr om m a chi ne la ng uage r outi ne .  

Ret ur ns the cosi ne of x ra dia ns .  

Ret ur ns the val ue of ex where e = 2 .71 82 8. 

Retur ns the value of the user de fi ne d functi on x with arg ume nt y. 

Retur ns num ber of free bytes not i n  use . 

Retur ns the greatest i nteger less tha n or e qual t o  x .  

Ret ur ns a byte fr om i nput port x.  The ra nge for x is 0 to 255 . 

Ret ur ns the natura l  l ogarithm of x .  

Ret ur ns a byte fr om mem ory a ddress x .  The ra nge for x is 0 t o  65535 . 

Retu r ns a val ue 0 t o  63 of the pri nt comma nd col u m n. 

Retur ns a ra ndom num ber betwee n 0 a nd 1. 

Retur ns a va lue i ndicati ng the sig n of x .  

Ret ur ns the si ne of x ra dians .  

Retur ns the s quare r oot of x .  

Ret ur ns the ta ng e nt of x ra di a ns .  

Standard String Functions 
The stri ng fu ncti ons are of the fol l owi ng form A $= CH R $(x) or A =  ASC(x $) 

NAME EXPLANATION 

ASC(x$) 

CHRS(x) 

FRE(x$) 

L EFTS(x$,1) 

LEN(x$) 

MIDS(xS,I,J) 

RIGHTS(x$,1) 

STRS(x) 

VAL(x$) 
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Retur ns as a de cimal  number the eight-bit i nter nal code for the fi rst chara cter of stri ng (x $) .  

Generates a one- chara cter stri ng hav ing the ASCI I va lue of x .  

Ret ur ns num ber of  free stri ng bytes. 

Retur ns l e ft m ost I chara cters of  stri ng (x$ ) .  

Ret ur ns the number of chara cters i n  the stri ng (x $) .  

Retur ns J characters of stri ng ( x $) starti ng at positi on I. 

Retur ns r ight m ost I chara cters of stri ng (x $ ) .  

Retur ns the stri ng wh i ch re prese nts the numeri c val ue of x .  

Ret ur ns the num ber represe nte d by the str ing (x $) .  



BASIC and FILE Error Codes 

After an error occu rs .  BASIC returns to command level and types R EADY Var iab le  val u e s  and the prog ram text rem a i n  
in tact. b u t  t h e  program can not b e  cont in ued and a l l  G O S U B  a n d  FOR context i s  lost. 

When an erro r occurs in a d i rect statem e nt.  no l i ne n.u m ber is pr i nted . 

Format of error m essag es :  

Di rect Statement XX E R R O R  

I n d i  reel Statem ent XX E R R O R  IN YYYYY 

i n  both of the above examples.  ·xx · wi l l  be the error code.  The · YYYYY · wi l l  be the l i n e  n u m ber where the error occured 
for the i n d 1 rect statement .  

The fol lowm g a re the poss i b l e  error codes and the i r  m ean ings :  

ERROR CODE MEANING 

BS 

DD 

C F  

ID 

NF 

OD 

OM 

ov 

SN 

RG 

u s  

! 0  
CN 

LS 

OS 

ST 

SL 

TM 

U F  

Bad S u bscri pt A n  atte m pt was made to reference a matr ix e lement  which is  outs ide the d i mens ion o f  the 
matnx Th1s error can occ u r  i f  the wro ng n u m ber of d i mens ions  are u sed in a matr ix refe re nce.  For 
1 nstance. A ( 1. 1 . 1 )  = Z when A has been d i mens ioned D I M  A( 2 . 2 )  

Doub le D imens ion .  After a matrix was d i m ens ioned .  another d i m en s i o n  statement for the same matri x 
was encou nte red . Th is  error often occ u rs if a matr ix has been g iven the default  d im e n s i o n  10 beca u se a 
statement l i ke A( I ) = 3 is encountered and then later i n  the program a D l  M A( 1 00) i s  fou n d .  

Cal l Fu nct ion e rror. T h e  parameter passed t o  a math or  str i n g  f u nct ion was o u t  of  ran g e .  C F  erro rs can 
occur due to:  

a 1 A negat ive matr ix su bscript ( A (  - 1  ) =0) 
b ) An u n reasonably  l arge matr ix su bscri pt ( > 32767) .  
c )  LOG-n egative or  zero argument. 
d )  S O R-negative a rg u ment 
e)  A t  B with A n egative and B not an i nteger. 
f )  A CALL ( X )  before the add ress of the mach i n e  lang uage s u brout i n e  has been patched i n .  

g )  Cal ls  t o  M I D $ ,  L E FT $ .  R I G HT$ . I N P, OUT. WAI T, P E E K .  PO K E .  TA B .  S PC o r  O N  . .  G OTO/G O S U B  
wi th an i m proper arg u ment 

I l legal  D i rect Yo u can n ot use an I N PUT o r  DEF statement as a d i rect c o m mand . 

N EXT without FOR.  The var iab le in a N EXT statement co rres ponds to no prev ious ly  executed F O R  
statement .  

Out of  Data. A R EA D  statement was executed but a l l  of the DATA statements i n  the program have a lready 
been read . The p ro g ra m  tr ied to read too m uch d ata or  i n suff ic ient  data was i n c l uded i n  the progra m .  

O u t  of Memory. Program t o o  la rge, too many va r iab les. t o o  m a n y  FOR loops.  t o o  m a n y  G OS U B 's. too 
compl icated an expression or any combi nat ion of the above. 

Ove rf low The resu lt of a calculat ion was too l a rge to be rep resen ted i n  BASI C's n u m be r  format .  If  an 
u nderf low occurs.  zero i s  g iven as the resu l t  and execut ion cont i n ues without any e rror m essage being 
pr i nted 

Syntax e rror. Miss ing parenthesis in an express i o n .  i l legal  character in a l i ne .  i nco rrect p u nctuat ion . etc. 

R ETU R N  without G O S U B .  A R ET U R N  statement was enco u n tered without  a previ o u s  G O S U B  statement 
being execute d .  

U ndef ined Statem ent An attem pt was made t o  G OTO. G O S U B o r  T H E N  to a statem ent wh ich  d o e s  not 
exist .  

D iv is ion  by Zero.  

Cont i n ue error. Attem pt to cont i n ue a prog ram when none e x i sts .  an error occu rred . or  after a new l i ne 
was typed i nto the prog ram .  

Long Str i ng .  Attem pt was made b y  use o f  the concatenat ion o pe rato r t o  create a str i n g  m o re than 2 5 5  
characters l o n g .  

Out  of Str ing  S pace . Use the C L E A R  X statement to a l locate m o r e  str i ng s pace o r  use s m a l l e r  stri ngs o r  
fewer str in g  va r iables .  

Stri ng Tem po rar ies.  A str ing expression was too com p l e x .  B reak i t  i nto two or  m ore short e r  o n es .  

SAV E/ LOAD error. ( From d isk  o perat ion . )  Other  error m essages may a l so appear f ro m  the F I L E 
CONTROL SYST E M  ( FCS) 

Type M i smatch .  The left hand s ide of an ass i g n m ent statement was a n u m e ri c  vari a b l e  a n d  the r ight  hand 
s ide was a str ing .  o r  vice versa:  or. a f u nction which expected a stri n g  argument  was g iven a n um e ric one 
o r  v i ce versa. 

U ndef ined F u ncti o n .  Reference was made to a user def i n ed f u n ct 1on wh ich  had never been def i ned 
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BASIC and FILE Error Codes (Cont.) 
E RROR 

ERROR CODE NUM BER M EANING 

EV N o  err or v ect or. 

BF 2 Bad f i l e name. 

NO 4 Fi l e not open. 

AO 6 Fi l e  al r eady open. 

FS 8 Fi l e  siz e err or. \ 
RO 1 0  R ec ord ov erfl ow. 

EF 1 2  E nd of fi l e. 

co 1 4  C an't open fi l e  ( us ual ly nonexist ent f i l e) .  

cc 1 6  C an't c l os e  fi l e  ( us ual ly h ardw ar e  pr obl em). 

RE 1 8  FCS R EAD err or ( us ual ly h ardw ar e  probl em). 

WE 20 FCS WR ITE err or ( us ual ly h ardw ar e  pr obl em). 

3. FCS (File Control System) COMMANDS 
Fi l e  C ontr ol Syst em is ent er ed by pr essi ng ( ESC) , th en D from th e k eyb oard , or PLO T 2 7,4 from BAS IC. 
( O nly th e fi rst three l ett ers of th e c ommand need to b e  typed i n. )  If ( ESC) , D is fr om th e k eyb oard th en BAS IC is t er mi nat ed 
a nd must b e  r e- ent er ed by ( ESC), E k ey s eq uenc e. 

Statement Definitions 
Th e f ol l owi ng d efi niti ons wi l l  b e  us ed to d escrib e  th e FCS c ommands:  

( ) M eans mand at ory part. 

[ l M ea ns opti onal part and if not-s pecifi ed ,  wi l l  r es ult i n  th e d ef ault ty pe. 

( D evic e name:) =[D evic e  ty pe] [N umb er] ( : ) 

D evic e types ar e CD , M D ,  and F D  f or C ompuc ol or Disk , Mi ni-Disk, and 8" Fl oppy Disk and numb er is eith er 0 or 1 .  

( M emory s pec) = ( L oad add r ess) ( Byt e c ount) or (-E nd add r ess) al l memory add r ess es ar e i n  H EX f or mat. 

( Fi l e s pec) = ( Fi l e  name) [ . Ty pe] [ ;Versi on] 

Fi l e  name is  a ny 6 ch ar act ers . Ty pe c an b e  any thr ee ch ar act ers and PRG i s  d ef au It type. V ers i on i s  0 t o  FF H EX 
numb er. 

NO TE: Aft er a d ef ault d evic e ty pe has bee n s elected only th e n umber of the device i s  req u i r ed .  COM PU COLOR II 
d ef aults t o  CD0. 

COMMANDS 
COPY [Device Name:] (File Spec) 

TO [Device Name:] (File Spec) 

DELETE [Device Name:] (File Spec) 

DEVICE [Device Name:] 

DIRECTORY [Device Name:] 

DUPLICATE (Device N•me:) TO (Device 
Name:) 

EXIT "FCS" 

Wil l  c opy one f i l e from one l oc ati on t o  anoth er l oc ati on. 

Al l  f i l e s pec opti ons ar e r eq ui r ed .  Al l ows th e us er t o  d el et e  any fi l e. 

S ets and d i s pl ays th e c urr ent d ef ault d evic e  name. 

Lists d i r ect ory of th e d ef ault or s pecifi ed d evic e. 

Wi l l  d upl ic at e  al l th e fi l es on th e orig i nal d isk ett e ont o anoth er d isk ett e. 
( R eq ui r es tw o disk driv es . )  

( ESC) and ( ESC) ag ai n or ( ESC) and E ta r et ur n  t o  BAS IC. 

INITIA LIZE [Device Name:] (Volume N•me) N umb er of d i r ect ory b l ocks wi l l  d ef ault to a nor mal ly ad eq uat e  no. ; N O T E :  
No. OF DIR BLOCKS d evic e  name r eq ui r es al l opti ons. 

LOAD [Device Name:] (File Spec), L oads memory with a pr ogra m. D efa ults t o  LOA ty pe f i les writt en by 
Load Address C ompuc ol or II ass embler. 

READ [Device Name:] (St•rt Block No.) Wil l  r ead i nt o  memory from anywh er e  on th e d isk ett e st arti ng at any block 
(Memory Spec) and end i ng wh er e  s pecifi ed ,  with out r egard t o  pr ogra m b ound ari es. 

RENAME [Device Name:] (File Spec) 
TO (File Spec) 

RUN [Device Name:] (File Spec) 

SAVE [Device Name:] (File Spec) 
(Memory Spec), St•rt Address, 
Actu•l Address 

WRITE [Device N•me:] (St•rt Block 
No.) (Memory Spec) 
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All ows th e us er t o  r ename any f i l e t o  a ny other na me. 

Loads and exec ut es pr og r am by name; nor mally a PRG ty pe fi l e. 

St art add r ess d ef aults t o  LOAD add r ess and act ual add r ess d ef aults t o  l oad 
add r ess. S av es memory as a PRG ty pe defa ult f i l e. 

S ame as R EAD b ut writ es memory t o  d isk ett e. WAR N IN G :  it is possib l e t o  
d estr oy th e FCS d i r ect ory and fi le i nf or mati on on a d isk ett e with th is  c ommand .  



FCS Error Codes 
EBLF BAD LOAD FI LE SPEC,  2 EIVU I NVALI D  U N IT ,  2 
EBLK I NVALI D B LOCK N U M B E R ,  2 EKBA KEYBOA R D  ABORT. 4 
ECOP E R R O R  D U R I NG CO PY, 1 & 3 EMDV M I SSI N G  D EV I C E  NAM E ,  2 
ECFB CAN T  FI N D  BLOCK, 3 EMEM M EMORY E R R O R  D U R I NG R EA D ,  4 

E DCS DATA CRC E R RO R ,  3 EMFN M I SSI N G  FI L E  NAM E ,  2 
EDEL D ELETE E R RO R ,  1 & 3 EMVN M I SSI N G  VOLU M E  N A M E ,  2 
EDFN D U PL I CATE FI LE NAM E ,  2 EMVR M I SSI N G  V E R SI O N ,  2 
EDIR D I R ECTORY E R RO R ,  1 & 2 ENSA N O  START A D D R ESS, 2 
EDRF D I R ECTO RY FU LL, 4 ENVE N O  VOLU M E  ENTRY I N  D I R ECTORY. 5 
EDSY DATA SYN C  CHAR E R ROR,  1 & 3 ERSZ FI LE TOO LAR G E  TO R EAD I NTO ALLOCATED 

E DUP E R RO R  D U R I N G  DU PLICATE ,  1 & 3 M EM ORY, 2 & 4 

EFN F FI LE N OT FOU N D, 2 ESIZ DEVICE S IZES N OT SAM E ,  1 

EFRD FI LE R EAD E R R O R ,  3 ESKF S E E K  FAI LU R E ,  1 

EFWR FI LE WRITE E R R O R ,  3 ESYN SYNTAX E R RO R .  2 

EHCS H EA D E R  CRC E R RO R ,  3 EVFY VE R I FY FAI L U R E  D U R I N G  WRITE.  3 

EIVC I NVAL I D  COMMAN D ,  2 EVOV V E R S I O N  N U M B E R  OVE R FLOW, 4 

EIVF I NVAL I D  FU N CT I O N .  2 EWRF W R IT E  FAI L U R E ,  3 

EIVD I NVALI D  D EV I C E .  2 
EWSF FI LE TOO LAR G E  TO WRITE ON D I S K ETTE.  

2 & 4 
EIVP I NVALI D PARAM ET E R S ,  2 

Descriptions of Solutions to FCS Errors 
1 . ) Mechan ical Problem-Jammed R EAD/WRITE head, loose d isk d rive internal I /O con nectors. Refer to Com pucolor 

Maintenance Manual . 

2 . )  I nval id User I n put- I ncorrect entry from user. Refer to FCS Commands, page 14 .  

3.) Diskette Fai l ure-Try a d i fferent d iskette. 

4 . )  Error Message is self-explanatory. 

5 . )  Diskette Not I n itial ized-You need to i n it ia l ize the d iskette and possibly pu rchase a formatted Com pucolor blank 
d iskette. 

Section IV 
��Software 

Available Software 
Compucolor I I  has an ever g rowing l i b rary of software desig ned to chal lenge, sti mu late, educate, and faci l i tate. Check your 
deal er for the latest avai lable program d iskettes. 

Precautions/storage 
Each 5 X" d iskette comes in a folder. For extended media l i fe of your d iskette. we suggest the fol lowing procedu res. 

1 . ) Do not put f ingers on the precis ion surface. 
2 . )  I nsert the d iskette carefu l ly i nto the d i sk drive. 
G . )  Keep the d iskette far from magnetic f ields which wi l l  erase the diskette. 
4 . )  Store the d iskette in the jacket when not in use. 
5.) Hand le the d iskette with care. Bending and fold i ng wi l l  damage it. 
6 . )  Diskettes are best stored at temperatures ranging from 1 0 °  to 52° C or 50° to 1 2 5 °  F. 
7 . )  Do not leave d iskette in d isk d rive whi le turning your Com pucolor I I  on or off. 

Avai lab i l ity of Preformatted Diskettes - Diskettes are avai lable at the rate of 2 d iskettes for $ 1 9.95 and may be obtained from 
Compucolor Corporat ion or you r  l ocal dealer. 

Precautions/Power Outages 
Your Com pucolor I I  should not be operated d u ri ng an electrical storm . Storms can cause power o utages to your Compucolor 
I I .  I f  your mach ine has a power fai l u re,  all data and programs wi l l  be lost. I f  the d isk drive is being used d uring power fai l u re.  
the d iskette may be damaged . 

Do not leave d iskette in d isk d rive whi le  turning your Com pucolor I I  on or off. 
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Section V 
Bibliography 
Some introductory books on computers and programming avai lable through your Com pucolor dealer:  

COM PU COLOR BASIC Manual 

AN INTRODUCTION TO MICROCOMPUTERS, 
Adam Osborne 

Vo lume 0: The Beg i n n er's Book 
Volume 1 :  Basi c  Concepts 

Basic BASIC, 
James S. Coan 

A Guided Tour of Computer Programming in BASIC, 
Thomas A. Dwyer and M ichael S. Kaufman 

BASIC ( New 2nd Edit ion ). 
Bob Albrecht 

A Quick Look at BASIC, 
Donald D. Spencer 

My Computer Likes Me . . .  When I Speak BASIC 

What to do After You Hit RETURN 

Fun with Computers and BASIC, 
Donald D. Spencer 

Also c heck these home-computer oriented magazines, each with its own f lavor. 

BYTE, Creative Computing, Interface Age, Kilobaud, People's Computers, Personal Computing 

Section VI 
PORT ASSIGNMENTS 

PORT # 

Hex Dec 
0 - F 

1 0 - 1 F  
20 - 5 F  
60 - 6 F  
70 - 7 F  
80 - FF 

PORT # 

Hex Dec 
60 - 96 
61 - 97 
62 - 98 
63 - 99 
64 - 1 00 
65 - 1 0 1 
66 - 1 02 
67 - 1 03 
68 - 1 04 
69 - 1 05 
6A - 1 06 
6 B  - 1 07 
6C - 1 08 
6D - 1 09 
6 E - 1 1 0 
6 F  - 1 1 1  
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1/0 PORT ADDRESS 

TMS 5501 
TMS 5501 Dup l icate Addresses 
N ot assigned.  
SMC 502 7 
S M C  5027 Dupl icate Add resses 
N ot assigned.  

-

SMC 5027 CRT CHIP 

Load Reg ister 0 - Don 't Load 
Load Reg ister 1 -Do n 't Load 
Load Reg ister 2 - Don 't Load 
Load Reg ister 3 - Do n 't Load 
Load Reg ister 4 - Do n 't Load 
Load Reg ister 5 - Don't Load 
Load Reg ister 6 - Ro l l  Reg ister # 
Processor Load Com mand - Don 't Use 
Read Cursor X Register 
Read Cursor Y Register 
I ssue Reset Command - Don 't Issue 
Scro l l  up 1 l i ne 
Load Cursor X Reg ister 
Load Cu rsor Y Reg ister 
Load Start Ti m i n g - Don 't Load 
Self Load Command - Don 't Use. 

PORT * 

Hex Dec 
0 0 
1 1 

2 2 
3 3 
4 4 
5 5 
6 6 
7 7 

8 8 
9 9 
A - 1 0  
B - 1 1  
c - 1 2  
D - 1 3  
E - 1 4  
F - 1 5  

TMS 5501 1/0 CHIP 

Read Serial  Data in from J-2. 
Read Paral le l  Data from Keyboard 
Connection J-1 . 
Read I nterrupt Add ress on TMS 5501 . 
Read Status on TMS 5501 . 
I ssue Discrete Command.  
Set Baud Rate on J-2 Ser ia l  I/O.  
Transmit Serial Data out to J-2. 
Transmit Para l le l  Data on Connection 
J-1 (also controls D isk R/W). 
Load I nterrupt Mask Register. 
I nterval T imer # 1 .  
Interval Timer #2 .  
Interval T imer  #3 .  
I n terval T imer  #4 .  
I n terval Timer #5.  
N o  Funct ion.  
N o  Fu nction.  



KEY ME MORY LOCATIONS 
28672 to 32767 = Screen refresh RAM. 

32978 = Points to maxi m u m  RAM u sed by BASIC. 
32982 = Poi nts to end of source and start of variables. 

32984 = Poi nts to end of variables and start of arrays. 
32986 = Poi nts to end of arrays. 

33209 = 0 to 59 seconds of Real Time Cl ock. 
332 1 0  = 0 to 59 m i n utes of Real Time Clock. 

332 1 1 = 0 to 23 hours of Real Time Clock. 

332 1 5  = User ESCA PE 1' j u m p  vector. 

332 1 8  = User output F LAG j um p  vector. 

332 2 1  = User i n put F LAG j u m p  vector 
33224 = User t imer no. 2 j u m p  vector. 

33238 = External output port buffer. 

3324 7 = Keyboard FLAG . 

33249 = FCS output FLAG . 

33251  = I n put port FLAG . 

33265 = BASIC output FLAG . 

33272 = Output port FLAG . 

33273 = LIST output FLAG. 
33278 = Keyboard character. 
33279 = Keyboard character ready F LAG . 
33282 = Location of CALL(x) ju mp. 
33285 = BASIC output vector location.  

33289 = No.  of characters on termi nal output. 

33433 = Start of BASIC source code. 

65535 = M axi m u m  amount of RAM. 
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IV.  SYSTEM DESCRIPTION 

A .  SOFTWARE 

Compucolor I I  i s  organized with a software orientation , with exce l lent 
versatil i ty a resul t .  Al l basic functions are under control of the micro
computer . 

The microcomputer i s  constructed around a general purpose microproces sor 
that handles 8-bit words , has a repertoire of 78  instructions , and can 
address  up to 6 4K of  memory . It  connects to a memory access data input/out
put bus , to whi ch the Keyboard , the Disk Drive , the CRT Display and the 
telecommuni cations interface modem also are connected . 

The mi crocomputer memory cons i sts of random access read-on ly and read/write 
semi conductor integrated circuits . The read-only segment of memory contains 
the system operating programs . One part of  the read/write segment is  used 
to store video display information that is  repeatedly read out of the mem
ory to refresh the CRT display screen . The remainder o f  the read/write 
segment is  used to store microcomputer programs and other data as an app-
l i cation requires . 

ADDRESS 
HODEL REFRESH RAM RAM ROM TOTAL 

--

1 8K * 4K l6K 2 8K 
2 8K 8K 16K 3 2K 
3 8K 8K 16K 3 2K 
4 8K 16K 16K 40K 
5 8K 3 2 K  16K 56K 

*NOTE : Re fresh RAM is 4K physi ca l ly . However ,  it  uses two 4K blocks of  
addresses - - one 4 K  b lock for high speed access  for certain operations 
( such as  page eras e )  and the other 4K block for lower priority functions . 

Plug-in  connectors are provided for increasing both RAM and ROM . Add-on 
RAM or ROM .may be used so long as the total address  capability of 64K is  
not exceeded . Address  as s ignments are shown on  the Memory Map . ( See 
Drawing s  Section . )  

A variety of  consumer oriented programs are avai lable on pre - format ted 
5 1:! "  diskettes from Compucolor dealers . 
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B .  HARDWARE 

The Compucolor I I  unit includes seven maj or subassemblies , with maj or 
functions as follows : 

CRT & CABINET 

POWER ASSEMBLY 

ANALOG ASSEMBLY 

LOGIC ASSEMBLY 

VIDEO ASSEMBLY 

DISK DRIVE 

KEYBOARD 

8-color visual display and uni t  housing . 

Conversion of  ll5VAC to unregulated DC , 
low-voltage AC and 60  Hz . sync . 

Regulated voltages for system ; CRT sweep 
and convergence currents ; bias , focus and 
anode voltages .  

Data programs and processing for control 
of video display ; sync signals to Analog . 

Amp l i fi cation of video s ignals from logic ; 
CRT connections and bias adj ustment .  

Data storage and retrieval . 

Manual data input and control . 

The B lock Di agram outl ines the data and signal flow in the Compucolor I I .  
Interconnecting c abling is  shown i n  the Wiring Diagram . Descriptions of  
the subas semblies follow in the next s ection . The Block and Wiring 
Diagrams are in the Drawings Section . 
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V. SUBASSEMBLY DESCRIPTIONS 

A .  CRT , YOKE and CABINET 

The Compucolor II 8-color display unit is a 13 inch cathode ray 
1 3VAXP 2 2 . It is secured in the cabinet by a spring harnes s  and 
yoke assembly containing the deflection and convergence coi l s . 
and yoke are s imi lar to standard TV components . 

tube 
has a 
The CRT 

Connections to the CRT are through a socket on the Video Board and two 
HV leads . Connections to the yoke assembly are through connectorized 
cables from the Analog Board . 

The required voltages and signals for the CRT have sources as follows : 

Filament voltage -

Screen control -

Cathode return -

Video input -

Focus voltage -

Anode -

6 .  3 VAC from the Power Board via the 
Video Board. 

200  VAC from the Analog Board and adj usted 
by three potentiometers on the Video Board . 

Through a common res istor on the Video Board 
to ground .  

Signals from the Logic Board through driver 
ampli fiers on the Video Board to CRT control 
grids . 

Approximately 4KV by separate lead between 
CRT socket on Video Board to HV Supply 
attached to Analog Board . F ine ad j ustment 
potentiometer mounted on Analog Board frame . 

2 0KV by sepa rate lead from HV Supply on 
Analog Board to CRT HV connector .  

De flection and convergence currents for the yoke assembly are deve loped 
in the Analog Board from timing pulses supplied by the Logic Board . 

B .  POWER BOARD 

The Power Board is  mounted in the rear cover o f  the cab inet . Its circuit 
is shown in the upper right portion of Analog Schematic Drawing 100902  ( or 1 00903 )  . 
I t  supplies unregulated 1 5 0  VDC and 15 VDC , 6 . 3  VAC and Vertical Sync . The 
3 - wire power cord for 115  VAC input connects to this  unit . Line fuse F l  
( 2 . 5  A . , s low blow )  i s  located o n  the Power Uni t .  The ON-OFF switch SW 1 
is  mounted on the Power Board and is  operated from outs ide the back of  the 
cabinet . There is a line fi lter . Var istors protect aga i n s t  vo l t age spik es . 

+ 150 VDC is  supplied by bridge rectifier BR2 , with f iltering by capacitor 
C2 . The +150  VDC source has additional fus ing in F2  ( 1 . 5  A . , fast acting) 
located in the Power Unit . 
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CAUTIUi.-J : i.i/ote that the +150-vol t supply is  not referenced to frame 
ground . It  has a " hot" conunon . Special precautions are required 
for measurements . 

The +150 VDC is  used directly in the horizontal sweep circuit and the 
switched regulator on the Analog Board and indirectly , via the swi tched 
regulator , in almost all other parts of the system. 

+15 VDC is supplied by bridge rectifier BR3 , with filtering by capaci
tor C 7 . AC input to the rectifier is from the ful l  secondary of step
down trans former T l .  The +15 VDC supply i s  re ferenced to frame ground . 
+ 15  VDC is used directly in the horizontal sweep circuit and the switched 
regulator on the Analog Board . Fai lure of the +15 VDC supply wil l  re
sult in loss of the regulated vol tages required by most parts of the 
sys tem. 

6 . 3  VAC for the CRT fi l ament is supplied by one-half  the secondary 
winding of stepdown trans former Tl . It  is  connected to the CRT through 
the Video Board . 

Ve rtical Sync Gene rator Ql is located on the Powe r Board . Low voltage 
60 Hz . from trans former Tl is applied to the base of Ql through current 
limiting res i s tor R2 . The negative-going portion of the waveform i s  
clipped b y  diode CRl and the positive-going portion b y  the trans i stor 
base-emitter j unction . The collector load res istor and supply voltage 
are located in the Analog Board . The collector output rectangular wave
form goes to the Logic Board by way of the Analog Board . 

� I If • �I � GND 

+5v . 
-

GND 

60 

II w Ill 

HZ �YNC 
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Waveforms at F2 and C7+ , though not shown , are essentially DC with noise 
and ripple n ormally 6 . 0  and 1 . 0  volts peak-to-peak respectively . 

C .  ANALOG BOARD 

The Analog Board is mounted in the side portion of the Compucolor I I  
cabinet ,  be s ide the CRT . I t  provides regulated low vo ltages used through
out the system , horizontal and vertical sweep currents and convergence 
signals for the CRT yoke as sembly , and 200 VDC for the CRT screen controls . 
A high voltage unit attached to the Analog Board supplies  the CRT focus 
and anode potentials . The Focus potentiometer is mounted in the frame of 
the Analog Board . S chematic Drawing 100902 shows the circuits involved . 

Regulated low voltages are deve loped by a switching regulator from un
regulated 150  VDC and 15 VDC furni shed by the Power Board . The right hand 
side of the Analog S chematic shows the circuit . 

U3 and associated components generate a square wave at approximate ly 20  
KH z .  to drive power amplifier trans istors Q6 and Q7 . These transis tors 
provide the input to trans former T4 . The T4 s econdary del ivers the 20 
KHZ . square wave at s everal voltage leve ls to bridge recti fiers BRl and 
BR2 and to full-wave recti fier CR3 and CR4 . Regulation is  achieved by 
contro l of the supply voltage to Q6 and Q7 . U2 , QS  and associated 
components perform thi s  function . 

U2 generates a variable-width pulsed wave form ( approximately 20KH z . ) to 
control the duty cycle of  QS . The pulsed wave form applied to the QS base
emitter j unction causes QS to conduct for the positive-going pulse dura
tion . S ince QS is in series with the voltage supply to Q6 and Q7 , wid
ening of the pos itive-going pulse causes QS to conduct a greater portion 
of the t ime and increase the nominally lO OVDC supply to Q6 and Q7 . When 
the pos i tive-going pulse i s  made more narrow , the supp ly to Q6 and Q7 is  
decrease d .  Feedback from the +SV Regulated output at BRl causes U 2  and 
QS to adj us t  the supply to Q6 and Q7 as required to keep the +SV Regula
ted leve l  const ant . 

U2 and U 3  are S G 3524  integrated circuits requiring input DC in the range 
of 8 to 40 volts across pins 15 ( + )  and 8 ( - ) . In this  instance both U2 
and U3 h ave pin 8 at frame ground and pin 15 to +l 5VDC from the Power 
Board . One output , at pin 16 , is a we ll regulated nominally +SVDC ; it is  
used as a reference in control o f  the swi tched regul ator but also is  
available for other us age in currents up to  50  rnA .  The frequency o f  the 
U2 pulsed output is controlled by R2 4 and C4 . The pos itive-going pulse 
time is  determined internally by comparison of a portion of the feedback 
voltage ( at pin l) to a portion of the reference voltage (pin 2 ) . R2 2 
provides feedback adj ustment and is used to set the +SV Regulated output 
at the correct l eve l . The output vari able-puls e-width wave form is avail
able across  collector-emi tter combinations CA-EA (pins  12 & ll )  and CB
EB (pins 1 3  & 1 4 ) . In the case of U2 , the connection to the primary of  
trans former T2 is from only the CA-EA combi nation . 
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+14v. U2-12 

5v . /div . 

�--L- � - ��--- � ... GND 
2 0  us . /div . 

The U2 - generated pulses applied to Q5 through T2 results in Q5 being 
turned on for varying portions of the waveform period . The QS output 
is a chopped DC waveform , which is filtered by Ll - C34 . 

' 

.. rn mTh mm .. n rm .IDIIl Jli llJJ lJill J UJ 1.--" 

Q5-e 

lOOv . /div . 

20  us . /div . 

U3 also generates a rectangular waveform , with output connections at 
terminals 11 through 14 , but its circuit differs from that of U2 in two 
respects : 

1 )  Both output combinations CA-EA and CB-EB are used to drive trans
former T3 . 

2 )  The feedback i s  fixed to yield a symmetrical square wave at the 
output . 

R44 , R45 and R4 3 provide the references to obtain the square wave . R4 7-
C28 set the frequency to approximately 20  KHz . 
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NOTES CON CERNING REVISED A N ALOG BOAR D 

Th e Analog Board de s c r i ption conta i n ed i n  pages 5 .0 3  thr o u g h  5 .1 5  c ove r s  
th e board u sed i n  th e f ir s t  sev e r al h und r ed pr odu ct i o n  u n its. A r edesign ed 
bo a r d ,  i n t r odu c e d i n  19 7 9 , has f e we r  pa r t s  a nd a n  i m pr oved c o m pon e n t  
layout. The n ewer sc hemati c  is Rev.4- ; the n ewer PCB layout is Rev.3. 

Th e basi c f u n ctions  of th e board r e ma i n u n c h a n ged. Th e l oca tions of the 
maj o r  c ir c u i t  su b di v i s i o n s  on th e sc h e m a ti c  drawi ng ar e the same. However, 
th e r e  a r e  a n u m be r  of c h a n g e s  in c o m pon e n t s  a nd c o m pon e n t  r efe r e n c e 
de si g n ation s .  Th is sh e e t ou t l i n es th e maj o r  c hange s, many of wh ich inVolve 
the convergence c ircuits. 

1 .  A s i ng l e  D G 3 0 0  I C  ( U5 on r ev i s ed sc h e m a ti c) r ep la c e s  Q1 2 , Q l 3, 
Q1 4- ,  Q1 5 a nd several as s oc ia t ed c o m pon e n t s. Th e r e se t · p ul se s ,  h o r izontal 
a nd v e r ti cal , now cau s e  th e ir r e s pective sections of D G300 to operate fo r 
d i scharge of th e ra m p  capacitor s. ( C83 is th e h o r i z on tal ra m p  capac ito r ,  
C84 the verti cal.) 

2 .  Tw o sections of a T L084 IC ( U6) replace two 741 ' s  for charging the 
r a m p  c a pac ito r s. Tw o o th e r  s e ctions i n  th e TL084 serve as com parators to 
ge nerate square waves f r om the saw tooth ram p s. 

3 .  A D G 303 ( U 7 ) r ep la c e s  th e 4-0 1 6  b i la t e ral s w i tc h .  It requires only 
two co m parators  f o r  s w i t c h  ope ra tio n i ns tead of the f o u r r eq u i r ed by the 
4016. 

4 .  Only +8 a nd -8 r eg ula ted voltag e s  ar e n e eded by these I C ' s. VR l 
s u p p l i e s  t h e - 8 V .  a s  before.  V R 2  s up p li e s  +8V. a nd r e p la c e s  a voltage 
divider. 

5. Gen eration of the parabola and pincush ion waveforms is un changed. 

Other Changes: 

6. In th e h o ri zon tal v o l t ag e  r eg u l a ti o n  c ir c u i t ,  th e M C 7 4 1 ( U l )  is 
sup p li ed by its own r e cti f i e r  ra th e r  tha n  by a vo ltage div ide r (o r i gi n al l y  
R 4- 8 - R l 0 ) .  C R 2 4 ,  c o n n e c t ed t o  a p r i m a r y  t ap o f  T4 , p r ov id e s  +2 0V. 
referen ced to the 150-volt com mon. 

7 .  I n  t h e h o ri z o n t al p i n c ush io n c ir c uits  Q1 0 has b e e n  el i m i n ated. 
A l l  of th e co r r e ction is ap p l i ed to th e ho r i zo n t al vo ltage r eg u la t o r  via 
the opti cal cou pler. 

8. Q1 1 ,  o n ce conside r ed f o r  pow e r  su p p ly syn c ,  is n o  l on g e r  sh o wn 
near the right-hand SG3524.  

9. Th e N E5 40 I C  's  in th e conv e rge n ce a nd v e r ti cal s w e ep a m p li f i e r  
c i rc u i t s  a r e  s u p p l i ed w i th +1 2 volts ra th e r  tha n  +1 1 volts.  ( Q1 7 , Q18 and 
Q l 9 still use +11 V.) 

1 0 .  V e r t i c a l  p i n c us h i o n  c o r r ec t i o n  i s  f i x e d ,  e l i m i n a t i ng o n e 
potentio meter. 

1 1. Voltag e  li m it i ng diode s hav e be e n  added at th e + 5 V. a nd +1 2 V .  
rectifier outputs for circuit protection. 
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The 2 0  KHz . scruarc wave i s  applied to the primary o f  T3 to drive push-pull 
ampli fier transi stors Q6 - Q7 . The amplitude that these trans istors de
liver to the primary of trans former T4 is dependent upon the momentary 
level of the supply voltage at Q6-C . Thi s  voltage , as des cribed earlier , 
is  regulated by U2-Q5 to be the level requi red to keep the +SV Regulated 
output constant . 

lOOv . / Q6-E 

. 

20v . /div . 

1 0  us . /div . 
GND 

The regulated low-vo ltage DC outputs are obtained from recti fiers BRl , 
BR2 and CR3-CR4 , each with output fi ltering . Although feedback from 
only the +SV Regulated is used for voltage control , the loads on the 
other outputs are suffi ciently stable to consider these other voltages 
also regulated .  Al l o f  the se vo ltages are referenced to frame ground . 
They supply circuits as follows : 

-48  v .  

+l2V.  

Video Board driver ampli fiers . 
Analog Board horizontal and vertical ramp re set circuits . 

Logic Board circuits 
Analog Board horizontal and verti cal ramp , parabola and 
pincushion circuits . 

�11-volt outputs through resistors RSO and R5 l ,  with 
additional fi ltering for the convergence and vertical 
sweep amplifiers . 

-8-volt reference through VRl for ramp generators . 
+8-vo l t  l eve l through vol tage d ivide r R9l -R9 8 for 
the convergence signal swi tches in US . 

+SV .  Log i c  Board c ircuits . 
CRT cathode b ias 

5 . 0 5 



In addition to the voltages listed above , there are two other reference 
voltages , with lower current capabilities , used in the Analog Board : 

+5V . REFl From U2-pinl6 . Referenced to frame ground . Used in  
the horizontal sweep generator , the vertical sync gen
erator ( collector supply for Ql on Power Board) and the 
horizontal pincushion optical coupler , 

+ 3 . 9V . REF2 From CR3 . Referenced to 150V "hot " common . Used in  
horizontal sweep generator circuits . 

None of the regulated low voltages and reference voltages should have 
noise or ripple exceeding 3 % other than the +llV .  supply for the vertical 
sweep ampli fier . 

Convergence Ci rcuits are shown in the upper left portion of Analog 
Schemati c  100902 . These include horizontal ramp and parabol a ,  vertical 
ramp and parabola , pincushion , switches to develop signals for each of 
four quadrants ,  and a convergence amplifier . 

The horizontal ramp sawtooth is  generated across capaci tor C48 by 
operational ampli fier U9 . The rate of voltage rise across C48 is  
adj usted by  Rl0 2  to  equalize the ramp positive and negative points at  
U9- 6 .  The steep dis charge portion of the sawtooth occurs when FET Ql3  
conducts . Normally the E lll  is  biased off by the -48V.  through R59  and 
CR1 7 .  However ,  when the Horizontal Ramp Reset pulse from the Logic 
Board causes  Ql2 to conduct , the resulting positive-going pulse at the 
Ql2 collector is coupled by capacitor C47 to the gate of Ql3  to turn on 
the FET for dis charge of C48 . As soon as the reset pulse has passed , 
the -48V.  again biases Ql3  off and the linear charge of C48 begins 
anew . The waveform at U9-pin6 is  a linear s awtooth with a period of 
approximately 6 5  u s . 

+4v . - - E5 
HOR ZON AL 
RAM RE ET 2v . /div . 

GND 

+6v . -

GND / v 
,.. 

-6v . 
v i""' v � / ,./"' � HOR ZON� AL � 

U9-6 

Sv . /div . 

RAH 
10 us . /div . 
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Thi s  horizontal ramp is  passed through comparators in US to apply 
square waves to pins S and 13 of the bi lateral switches in US . Pin 1 3  
is  positive during the first half of the ramp , pin S during the second 
hal f .  The horizontal ramp also is connected to the input of analog 
multiplier Ul7 to develop the horizontal parabola applied to other in
puts of US at pins 2 and 3 .  (The output at pin 4 of Ul7 is one-tenth 
o f  the product o f  the two inputs at pins l and 6 .  S ince the horizon
tal ramp - call it " X" - is applied to both inputs , the output - call  
it " Y " - then is  Y= X2/l0 , the formula of a parabola . )  Rl02  is  adj usted 
to equalize the amplitude of  the right and left parabola  end points . 
RlO l i s  used to adj ust the DC offset of  the parabola to bring the para
bola center to ground . 

+6v . 

GND 
HORI rzoNT 1\L � / 
RAM:t ...... v 1-""' v 

� ._..... � 

U9-6 

sv . /d iv . 

-6v. 1---""' L.-. 

+6v . U S - 1 3  

GND F I R  �T 
HOR trzoN �AL Sv . /div . 
RAMIP 
ZERp 

-Bv . 
DET �CTOR 

10  us . /div . 

+6v . 

GND 
-6v . 

Hn� IT7.nN lrn.T RZl.MP ....... 

� � 
_.......... v � � � � I-"' � 

U9-6 

s v . /div . 

+4v . " l r"\  Ul7-4  

GND 
\ II 1\. / " v ' � I'-. � � 

2v . /div . 

!HORI �UNT P,L 
[ll\RP ROLA 10  us . /div . 
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The vertical ramp and parabola are generated in simil ar fashion . 
Operational amplifier UlO requires more time to charge the larger 
sweep capacitor CSO . The charging rate is adj usted by Rl0 3 . The 
wider Vertical Ramp Reset pulse through Ql4 to FET QlS  results in 
longer turn-on of QlS and a slight dead time between CSO discharge 
and initiation of the next ramp . However , this dead time is  a very 
small percentage of the total ramp time and is less  noticable in 
the vertical than in the horizontal ramp . 

+4v . E4 
VER' ICAI 
RAM RE� jET 2v . /di v .  

GND 

+6v . Ul0-6 

v � 
v 

v � 
. ...--f.--' 

GND Sv . /div . 

-6v . � VEF triCA ruu p 1,..-o 
2 ms . /div .  

The vertical ramp i s  also passed through comparators in US to switches 
in US , with pin 6 of US receiving a positive s igna l  during the first 
half of the ramp and pin 1 2  a pos itive signal during the second hal f . The 
vertical parabola is applied to other inputs at pins 9 and 10 . 

The vertical parabol a  is developed in Ull .  Adj ustment of Rl03 equalizes 
the heights of the parabola end points . Adj ustment o f  Rl04 brings the 
parabola center to ground level . 
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'+6 v .  

GND 

- 6v .  

VER lriCA � RA  p -
� � 

-v 
v c.--

� � 
� -

Ul0-6 

Sv . /d iv .  

+6v . US-l  

GND FIR �T V l->RTI AL Sv . /d iv .  

RAM � ZE 0 
DET �CTO 

-Sv . 2 rns . /d iv .  

. GND 

+6v . VER h:ICA RA p -
v � 

v -

__.. ..--
__.. 

Ul0-6 

Sv . /div . 

-6v . f-'"" L--
I.A. J\. 

" / v "' 1'--. ....... i'-... � , 
"'- -

+4v . 

GND 

Ull- 4  

2v . /div . 

VER �ICA 1.> PA �BOI 1\ 
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Power supply for all four US switches is +BV .  from R9 8-R9 1  to US pin 
14 , and -BV . from VRl to US pin 7 .  The combination of square wave 
and parabola waveforms at the switches result in the convergence 
waveforms . 

LEF lr co fwERC ENCE 
+4v . 

GND 

- -\ � ""' 1'--... "� ..... 

U S - 1  

2v . /div . 

+4v . 

GND 

R!GH 1' co tNER! ENCI I 
..., / 

US-4 

2v . /div . 

10 us . /div . 

+4v . � TOP CON ERG I �CE ... US-8 

"\ � "' GND 
2v . /div . 

......... � � 

+4v . -- U S - 1 1  

/ I( Is OTT PM c DNVE �ENC � 2v . /div . 

/ v 
--GND 

2 ms . /div . 
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Thes e  waveforms from US are summed in proportions determined by the 
adj ustments of convergence RIGHT , LEFT , TOP and BOTTOM control poten
tiometers R9 5 ,  R94 ,  R96 and R97 and applied to the input of power 
driver U l 3 . 

U l 3  provides amplification to drive the power amp l i fier trans i s tor 
Ql 7 ,  which has the convergence coil in the CRT yoke as semb ly as a load . 
Power s upply for both U l 3  and Ql7 is 1 1  volt s . Feedback i s  provided 
by R7 5-C66 and by R76 .  

The vertical ramp and the horizontal parabola are combined in analog 
multiplier Ul6 to produce the pincushion wave form used in the vertical 
sweep generator . 

( Horizontal Parabola mul tipl ied 
by Vertical Ramp) 

Ul0-6 

Sv . /d iv . 

Ul6 - 3  

2v . /div . 

2 ms . /d iv . 

Vertical Sweep i s  deve loped in the circuit shown in the center l e ft 
portion o f  Analog S chemati c 100902 . Power driver Ul2 rece ives two s i g
nal inputs . The verti cal ramp sawtooth input ampl itude i s  adjusted by 
VERT HEIGHT potentiometer Rl06 and the pincushion input by VERT P INCUSH ION 
potentiometer Rl0 7 . The vertical ramp is the b a s i s  for verti cal sweep . 
However ,  i t  i s  modi fied by the pincushion s ignal to yield equal de flec
tion acros s the top and bottom o f  the CRT display . 

In the CRT the electron beam trave ls farther to reach the top corners of 
the di splay than it trave ls to reach the top cente r .  There fore , for a 
given amount o f  angular de flection vertically , the b e am s t rikes the CRT 
face higher at the top corners than at the top center .  

5 . 11 



v 

v Vertical 

Pincushion 
H H 

H Horizontal 

Pincushion 
v 

Vertical pincushion compensates by s l ightly reducing vertical angular 

defle ction progress ively as the pos ition of the beam hori zontally de

parts from cente r .  The CRT display then has uniform vertical deflec

tion across the top and bottom . 

The Ul2 comb ines the two inputs and produces two compos ite outputs to 

drive power amp l i fier transistors QlB and Ql9 . 

Ve rti cal centering of the sweep wave form i s  accomp l i shed by adj ustment 

of VERT CENTERING potentiometer Rl05 . Frequency compensated negative 

feedback to insure linear amplification is applied to pin 4 of U l 2  from 

both the power amplifier ( network R7 3-C62-C67-R7 2 )  and the vertical de

flection coil ( vi a  R7 1 ) . The power amplifier tran s i s tors Ql8-Ql9 have 

the vertical deflection coil as load . Series protection against shorts 

is provided by fuse FlA ( 1 . 5 A . ) .  

+lOv . 

II� I lilt ,11111 G� 

- lOv . 

lllbt •. .. ,lm 
VEFTICA � � § 
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Horizontal Sweep circuits are shown i n  l ower l e ft portion o� Analog 
Schematic 10090 2 . 

Sweep timing i s  furni shed by the Hori zontal Drive Pu l s e  from the I�q ic 
Board to E6 . Thi s  s i gna l , ampli fied b y  trans i s tors Q9 and QB and coup led 
through trans former Tl , drives power tran s i stor Ql . The amount o f  drive 
is modi fied somewhat by tran s i stor QlO , which i s  control led by the ver
tical parabola . QlO thus caus es the QB co l l e ctor supply voltage ( at T l- 7 )  
to be gre ater when the vert i cal sweep is  a t  mid-point and lower when the 
vertical sweep is at top or bottom o f  the d i sp l ay . ( This represents a 
part o f  the horizontal pincushion correction . )  Q l  pul s e s  fly-back trans
former FBTl through C 7 l . ( Note : I n  earl ier mode l s  QlO is omi tted . )  

HOR ZON� AL 
+3v . DRI ilE Pl. LSE 

----� ......--� E6 

v ( � GND 
2v . /div . 

+O . Rv .  r-- QB-b 

GND O . Sv . /div . 

1 0  u s . /div . 

+O . Bv .  r-- Q8-b 

O . Sv . /div . 
GND 

A /\ Q8-c 

1 \.. � \ /'.. l -GND 2 0v . /div . 

10 us . /div . 
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Supply voltage for Q9 i s  +SV REFl and for QB and QlO it ' s  the +lSV un
regulated . Both are referenced to frame ground . 

The voltage and current to FBTl is regulated by the circuitry including 
Q2 , Q3 , Q4 , Ul and U4 . 

CAUTION : Note that thi s  is re ferenced to the l S OV . " ho t "  
common , n o t  frame ground . 

The unregulated l S OV ,  connected through decoupling fi lter Rl7 -C l 7 , i s  regu
lated by power t ran s istor Q2 to power FBTl . The remainder of the regula
tor c ircuit operates to control the conduction of Q2 . 

Two factors are involved in thi s control of Q2 . One i s  negative feedback 
from ( a )  the Q2 emitter output through R9 to one input of Ul and from ( b )  
the collector of Q4 through Cl3-C 1 1 - Rl5 , also to U l  pin 3 .  Feedback 
from both sources is adj usted by BOR WIDTH potentiometer Rl09 . The other 
factor is the vertical parabola s ignal through optical coupler U4 , with 
adj ustment by HOR P INCUSHION potentiometer Rl0 8 . The s ignal from RlO B  i s  
applied through R l 2  t o  the other input of Ul . (This i s  the remainder o f  
the horizontal pincushion correction , omitted from earl ier mode l s . )  

The LED portion of the optical 
ground , as its supply voltage . 
U4 uses 3 . 9V REF 2 ,  re ferenced 

coupler has +SV REFl , referenced to frame 
However , the photo tran s i s tor portion of 

to the l S OV "hot" common . The s upply val-
tage s for U l  also are re ferenced to the l S OV common . 

The output of Ul i s  ampli fied by trans istors Q4 and Q 3  to control the con
duction of Q2 . Direct coupling is used . The collector supply for Q4 and 
Q3 is the unregulated l S OV . , reduced to approximately l40V . by Rl 7 , again 
with re ference to the "hot" common , not frame ground . 

FBTl , with current through Q2 and pulsed by Ql , generates the horizontal 
sweep current for the deflection coil in the CRT yoke as sembly . 

High Voltage DC , at two levels , i s  obtained by rectifying parts of the 
hori zontal sweep wave form . From a separate winding of FBTl , the high vol 
tage fly-back pulse i s  rectified t o  obtain approximate ly + 2 0KV for the CRT 
anode . The re ctifier and a voltage divider are in a sealed unit attached 
to the Analog Board near FBT l .  One high voltage lead from this sealed 
uni t  has a connector for the CRT anode . Another high voltage l ead from 
this sealed unit is terminated so as to mate with the Focus lead from the 
Video Board . The focus voltage i s  obtained from a voltage divider in the high 
voltage unit . The fine Focus adj ustment i s  mounted on the Analog Board 
frame and is acces s ible through a hole in the cabinet re ar cove r .  

Another portion o f  the horizontal wave form from terminal l o f  FBTl i s  
coupled through capacitor C30 t o  a recti fier and f i l ter . The resulting D C  
vo ltage , approximate ly +2 00V re ferenced to frame ground , i s  used for CRT 
screen control in the Video Board . 

Connections to the Analog Board from the yoke are through pins , mounted 
on the board , and connectorized twi sted lead cable . Connections from the 
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Analog Board to other units are by twisted lead cab l e s  originating i n  
the Analog Board and terminated in connectors for e asy mating with con
nectors in other units . There are two ground c lips . 

E l-E6 

E 7-El 0 

E l 5-El8 
E l9 - E 2 5  

J l  

J 2  

T o  Logic Board ( Sweep and convergence sync 
pul s e s ) 
To p ower Board ( Unregulated DC , 60 
Hz . Syn c )  
T o  Video Board ( DC voltages ) 
To Logic Board ( Regulated DC vol tages )  
To Yoke Assembly ( Vertical Sweep and Con
vergence ) 
To Yoke Assembly ( Horizontal Sweep ) 
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D .  LOGIC BOARD 

The Logi c  Board is mounted in the lower part of the cabine t . I t  receives 
input data and , together with the software , proces s e s  it for CRT display 
or for serial transmi ss ion to the Disk Controller or to the outs ide world . 
Schematic Drawing 100961 shows the circuit which , for discus s ion purposes , 
may be treated as a microcomputer and a display generator . 

The microcomputer , occupying the left two thirds of the drawing , includes 
the 8080 Central P rocess ing Unit ( UA2 ) , a Clock Generator ( UB l )  a multi
function Input/Output Unit ( UD 2 ) Read Only Memory ( UA4-UA7 ) ,  CRT Re fresh 
Random Access Memory ( UD4-UD 11 ) , user Random Access Memory ( UB4-UB 1 1 ) ,  and 
several other devices for selection and control of data proces s ing func
tions . A Data Bus and an Address Bus provide much of the interconnection . 

The display generator ,  shown on the right one-third of the schematic draw
ing , includes the 5 0 2 7  CRT Controller (UF9 ) , Character Generator ( UF6-UF7 ) ,  
Character ,  Status and Color Latches ( UE6 , UE5 ,  UE4 ) , Shift Regis ter (UF5 ) , 
Color PROM (UG5 ) , and several additional devices involved in the se lection 
and timing of s i gnals for the CRT display . The CRT Refresh RAM (UD4-UDll) 
also is part o f  the display generator . 

Data is recieved through e ither the Serial I/0 Ports or the Keyboard . I t  
is processed b y  the microprocessor and software and routed via the control 
and data buses to the appropriate circuit .  If it is data to be presented on 
the s creen , it is placed in the CRT Refresh RAM along with an appropriate 
control word to identify the color , blink and graphics s tatus . 

Once in Re fresh RAM , the data is presented to the display generator circui
try . Here the first of two memory words is proces sed into an ASC I I  charac
ter or graphics dot pattern ; the second word is processed s imultaneous ly 
into color , b link and graphics identifier information . The resulting 
serial output of color video information -- red , green , b lue -- is coor
dinated with horizontal and vertical synchronizing s i gnals to synchronize 
the serial output information with the CRT horizontal �nd vertical sweep 
s i gnals generated in the Analog Board . 

MICROPROCESSOR 

The 8080 CPU and its associated 8 2 2 4  Clock Generator , 8 2 2 8  Bus Driver/ 
Contro l ler and 5 5 0 1  I/O Controller make up the heart of the Logic Board 
computer functions . 

The 8080 CPU is a general purpose mi croprocessor that can h andle 8-bit 
words , has a repertoi re o f  78 instructions and can addres s  up to 6 4K of 
memory through the Address Bus . See Appendix for more information . 

The 8 2 2 4  Clock Generator includes a 1 7 . 9 7 1 2  MHz . oscil lator , controlled 
by crystal Yl , and generates timing pulses � 1  and �2 at one-ninth the 
crystal frequency . (The 1 7 . 9 7 1 2  MHz output from terminal 1 2  is routed 
to a number of other units for timing purposes . These wi l l  be mentioned 
as the other units are discussed . )  
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The 8- line data I/O port of the 8080 CPU connects in paral l e l  to the 8 2 2 8  
Bus Driver/Contro l l e r  and the 5 501 I/0 Controller . All data to or from 
the 8080 CPU pass e s  through one of these two units . 

The 5 5 0 1  I/0 Controller passes data to and from the Keyboard and the D i sk 
Controller ( and the Data Modem , i f  used) . I t  handle s  both s erial and 
parallel data . Data to be sent to the Disk Controller or the Data Modem 
is converted to s erial form and transmitted through the 1 4 8 8  Line Driver 
( UG l ) . Data bits 04 and 05 from the 5 5 0 1 , applied to a NAND gate in UF2 
( 74LS O O ) , enable transmi s sion to the des ignated unit . Serial data from 
the D i sk or Modem come s through the 1489 Line Rec iever ( UD l )  , also con
trol led by data bits 04 and 05 from the 5 50 1 .  See Tab le be low . 

UF2 UD l Built-in Add-on Modem 
1 2  1 3  1 1  Q2 8 Ql Disk Disk 

L L H ON L OFF ON ON OFF 
L H H ON L OFF ON OFF OFF 
H L H ON L OFF OFF ON OFF 
H H L OFF H ON OFF OFF ON 

Thus when e i ther of bits 04 and 05 is low , the Line Driver and Rec eiver 
sections as sociated with the Disk Controller are enabled . The outputs of 
the s ections associated with the Modem are held high . When both bits are 
high , the reverse is true . Bit 04 low causes the res ident Disk Drive to 
run . Bit 0 5  low cause s  the add-on Disk Drive ( connected to a branch of 
the keyboard cab l e ) to run . 

Parallel outputs 0�- 0 7  from the 550 1 , pas sed through the 8 1LS9 5  Octal 
Buffer ( UF l )  without i nvers ion , serve both as controls for the D i sk Con
trol ler and as i nputs to the Keyboard . The Keyboard returns 12 l ines o f  
information to the Logic Board . Eight of thes e  are multiplexed b y  the 
74LS 1 5 7  Quadruple 2 - l i ne-to- 1- line Multiplexer ( UE l )  onto four l i ne s . 
These , with four of the original 1 2 , make up an 8-line para l l e l  input to 
the 5 5 0 1 . The Keyboard also has a RESET input to the Logic Board to re
set the mi croprocessor to its initial condition . 

The operation of the 5 5 0 1  I/0 Controller i s  determined by addres s  bits A�
A3 from the 8080 CPU . See Appendix for detai ls of the TMS 5 50 1  Mult i func
tion Input/Output devi c e . 

The 8 2 2 8  Bus Driver/Contro ller handles all other para l l e l  data tran s fers 
between the 8080 CPU and a variety of units , including the user Random 
Acces s  Memory , Read Only Memory , add-on RAM and ROM , CRT Controller and 
CRT Re fresh Random Acc e s s  Memory . The 8 2 2 8  reads the status o f f  the 8080 
I/0 Port data to determine the action to be taken . 

As a bus driver , the 8 2 2 8  provides isolation between the 8080 Data Bus and 
the memories . As a controller , it is sues the Memory Read/Write and Input/ 
Output Read/I'Jri te Commands . 
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The Main Driven Data Bus originates at the 8 2 2 8  Bus Driver/Controller 
terminals DB�-DB7 . From there ( Schematic Drawing 100961 , upper left 
corner )  its eight lines , designated D�-D7 , connect i n  parallel to the 
following units : 

Description 

1) 5 0-pin bus J3 for add-on units 

2 )  Connector J8 for add-on RAM 

3 )  8K ( or 16K) RAM ( UB4-UB1 1 )  

4 )  8 1LS9 5 Octal Buffer (UE 7 )  

5 )  4 K  Re fresh RAM ( UD4-UD 1 1 )  

6 )  8 2 S l2 3 I/0 PROM (UAl ) 

7 )  l 6K ROM ( UA4-UA7 ) 

8 )  Connector J9 for add-on ROM 

9 )  5 0 2 7  CRT Controller ( UF9 ) 

Function 

I/O Data 

I/O Data 

I/O Data 

Re fresh RAM Output Data 

Input Data to Re fresh RAM 

CRT Controller Data 

ROM Output Data 

Output Data 

I nput Data to CRT controller 
( and I/O for Cursor Data)  

The CRT Refresh RAM output data , in addition to being connected to the 
main data bus through Octal Buffer UE 7 ,  is connected to the 74LS 3 7 7  
Character Latch UE6 and Status Latch UE5 . 

The Addres s  Bus is the route over which the 8080 CPU addres s e s  the various 
memories . This 16-bit parallel data bus originates at the A�-Al5 terminals 
of the 8080 CPU ( near upper left of Schematic Drawing 10096 1 )  and extends 
in whole or in part to the following : 

Description 

1 )  50-pin Bus J3 for add-on units 

2 )  3 2 4 2  Address Multiplexer/Refresh Counter 
( UA 3 )  (where 14 bits are multiplexed on 
7 lines for addres sing user RAM and add
on RAM) 

3 )  8 2 S l 2 9  Addres s  Decoder/Timer for RAM ( UE 2 )  

4 )  8 2 5 1 2 3  I/0 PROM ( UAl ) 

5 )  8 2 5 1 2 9  System Decoder ( UF 3 )  

6 )  5 5 0 1  I/O Control ler (UD 2 )  
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7 )  8 2 S l2 3 ROM/PROM Decoder ( UB 3 )  

8 )  BK ROM ( UA4-UA7 ) 

9 )  A NAND gate in 74LSOO ( UF2 ) 

1 0 )  Connector J9 for add-on ROM 

1 1 )  74LS 1 5 3  Multiplexers ( UD 1 2 , UE9 , UE8 ) 
( multiplexed with CRT controller out

puts to form 6-line addre s s e s  to CRT 
Re fresh RAM) 

12 ) 5 0 2 7  CRT Controller ( UF 9 )  

1 3 )  82S l29 CPU & Hori zontal Decoder ( UF 8 )  

All-Al4 

A�-Al2 

A7 only 

A�-All 

A�-All 

A8-All 

Al2 only 

Some addres s  inputs to the 82S l 2 3  and 8 2 S l 2 9  PROM come from other 
sources . 

The Logic Board uses s everal types of Programmed Read-Only Memories . 
Four PROMs are used for control purposes in the microcomputer portion . 

The 8 2 S l 2 9  System Decoder ( UF3 ) is a 2 56X4 PROM . The 4-bit word out
put from i ts memory enables certain Logic Board function : 

D� i s  the Chip Enab le for the 5 5 0 1  I/0 Controller U02 . 
Dl i s  the DBIN s i gnal to the 8 2 2 8  Bus Driver/Controller UB2 to 

indicate whether the 8080 Data Bus i s  in an input mode ( DB IN 
high )  or an output mode ( DBIN low ) . 

D2 i s  part o f  the address to ROM/PROM Decoder UB 3 ,  directing use 
of the Read-Only Memory . 

D 3  i s  the Chip Select s ignal t o  the 5 0 2 7  CRT Controller and part 
of the addres s  to the CPU & Horizontal · Decoder UF8 . 

The required 8-bit address to the System Decoder comes from s everal 
source s :  

A� i s  the 8080 CPU DBIN s i gnal . 
Al i s  the I/O R s i gnal from the 8 2 2 8  Bus Driver/Controller . 
A2 and A3 are the D6 and D4 bits ( advance I/0 R and I/O W )  from 

the 8 2 2 8 , pas sed through inverters in UCl . 
A4 , A5 and A6 are addres s  bits Al 3-Al5 from the 8 0 8 0 . 
A7 i s  the MR s i gnal from the 8 2 2 8 . 

The 8 2 S l 2 9  Address Decoder & Timer ( UE2 ) i s  a 2 5 6x4 tri-state output PROM 
which provides the decoding and timing functions for RAM . Part o f  its 
8-b i t  addres s  come s from the Addres s  Bus (b its Al3 -Al5 ) . Two bits are the 
Memory Read and Memory Wr1te commands from the 8 2 2 8  Bus Driver/Controlle r .  
One bit is the � 2  Clock ( TTL leve l ) .  ' One i s  the 808 0 ' s  vn< s ignal . The 
remaining bit is the Re fresh Signal from the s econd f l ip- flop in 7 4LS74 
(UG 2 , terminals 8- 1 3 ) . The 4-bit words from memory are involved in RAM 

functions : 
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D� is passed through two Schmitt triggers in UD3 to y i e ld the 
Column Address Strobe to the res ident user RAM UB4-UB11 . 

Dl supplies the Refresh Enable and Count inputs to Address 
Multiplexer UA3 . 

D2 throuqh a Schm i tt trigger in UD3 supplies the Row Addr e s s  
Strobe to the user RAM UB4-UB11 and to any add-on RAM . 

Through another Schmitt trigger i t  supplies the Row 
Enable s ignal to Addres s  Multiplexer UA3 . 

D3 i s  pas sed through two Schmitt triggers to yield the Column 
Addr e s s  Strobe to add-on RAM . 

Thus when the addre s s  i s sued by the 8080 CPU indicates acc e s s  to RAM - 

for e i ther Read o r  Write -- the Address Decoder and Timer PROM enables 
the Address Multiplexer UA3 and initiates the generation of s trobes to 
the selected Random Access Memory . 

The 3 2 4 2  Address Multiplexer/Refresh Counter ( UA3 ) rece ives 14 addres s  
bits from the 8 0 8 0  CPU . It mu� tiplexes these into s even outputs 
( 0�-06 ) . These outputs make up the row/column addre s s  inputs for 
the user RAM ( UB4-UB l l )  and/or the add-on RAM . 

The Zero Detec t output ( terminal 1 5 )  i s  an input to one of the two mono
s table multivibrators in 7 4LS1 2 3  (UG4 ) , which times the Refresh Signal . 
When the 6 4  ( or 1 2 8 )  cycles of refresh have been completed , Zero Detect 
goes low to trigger the one- shot multivibrator .  When i t  times out in a 
bit under 1 ms . ,  a high is generated at terminal 1 2 . Thi s  high i s  app l i ed 
to the terminal 1 2  D input of a flip-flop in UG2 and i s  pass ed on to 
term i nal 9 on the next low-high tran s i tion of the 8 2 2 4  Clock Generator 
�2 ( TTL) s ignal . Thi s  c auses the Address Decoder & Timer UE2 to initiate 
another refresh cycle with high at Dl and at D2 . 

The Count and Refresh Enable inputs for the 3 2 4 2  come from the 8 2 S l 2 9  
Address Decoder and Time ( UE2 ) , which also provides the Row Enable s ignal 
to the 3 2 4 2 . When terminal 3 of the 3 2 4 2  i s  made high , the mul tiplexer 
outputs are row addre s s es ; when it is low ,  the outputs are column 
addr e s se s . 

The User Random Acc e s s  Memory i s  made up of eight one-bi t-wide Dynamic 
RAM ( UB4-UB1 1 ) . ( 4K RAM uses 4 1 1 5 , 8K RAM uses 4 116 type chips . )  Each 
supplies one bit of the 8-bit word to be written into or read from memory . 
The memory c e l l s  within are arranged in a matrix of rows and columns . The 
1 4  addre s s  b its required to identify a particular c e l l  in the array have 
been mul tiplexed on 7 addre s s  lines and come into the RAM chips as 7 row 
addres s  bits fol lowed by 7 column address bits . RAS ( Row Addr e s s  Strob e )  
and CAS (Column Addres s  S trobe)  serve to latch the addres s  into the chip . 
If data on the Data Bus ( connec ted to chi£ inputs )  i s  to be written into 
memory , a negative tran s ition on Write (MW) cause s  thi s  to occur . I f  
MW i s  maintained high , data i s  retrieved from memory and put on the data 
bus . 
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The Dynamic RAM memory cells require refresh with in 2 ms . interva l s . 
Refre sh occurs during each memory cycle . Refresh a l s o  occurs every mil
l i second or l e s s , as d e s cribed earlier in the paragraphs r elating to the 
3 24 2  Addre s s  Mul tiplexer/Refresh Counter . � memory output from UE2 causes 
a Schmitt trigger in UD3 to g enerate the RAS required to refresh the RAM .  
(Refres h  takes place during any cycle in which RAS occur s ;  and when � i s  

r eceived withou t CAS , the memory s tate i s  not affected . )  Refresh requires 
32 us . (64 u s . for 128 cycle s )  for complet ion . 

The 8 2S l 2 3  I/O PROM ( UAl ) i s  a 3 2x8 PROM whos e  8-bit words , when read 
from memory , are delivered on the Data Bus for 5 0 2 7  CRT Contro ller s t art 
up . The chip i s  enabled by a combination of the I/OR s ignal from the 
8 2 28 Bus Dr iver/Control ler and the A7 bit from the Addre s s  Bus . The 
negative I /OR tran s i tion cau s e s  an inverter in UCl to apply a high to 
one inpu t of a NAND gate UF 2 .  If th�A7 addre s s  bit also is high , the 
gate output goes l ow to provide the CE for UAl . Addre s s  Bus bits _ A0-A4 
cause the appropr iate 8-bit word to be read onto the Data Bus .  

The 8 2S l 2 3  ROM/PROM Decoder ( UB3 ) is a 3 2x8 PROM whos e  8 -bit output from 
memory provides a Chip Select to one of the ROM chips UA4-UA7 or one of 
the add-on ROM at J9 . 

One of i t s  five addres s  inputs has an option connection to ground or +5V . 
Normally i t  i s  connected to Address Bus bit All . The optional connections 
are provided for pos s ible shift from Basic to other softwar e . Three inputs 
are Address Bus bits Al 2 - l 4 . The fifth input is from the System Decoder UF 3 .  

When ROM is addres sed by the 8080 CPU to read data onto the Data Bus , the 
ROM/PROM Decodsr enab l e s  the selected ROM chip . 

The Read Only Memory ( UA4-UA7 ) normally resident in the Compucolor I I  has 
s torage capaci ty for l6K 8-bit word s . Options are available to increase 
thi s . capacity to 2 4 K .  A change in the type of ROM chip used wi l l  require 
changes in the option patches as sociated with pow�r voltag e s , addre s s  
inputs and chip s e l e c t  lead s .  The table fol lowing shows the patche s . 

INPUT + 1 2  - 5  Al2 AlO cs GND All 
PATCH NO . � l 2 3 4 5 6 7 8 9 10 

� 2 70 8  >< >< >< >< 
H 2 7 16 >< >< >< >< � u 4 7 3 2  � >< >< � 9 2 16 � >< >< >< 0 � 36000 >< � ;>< >< 

When the required addre s s  bits are present on the Addre s s  Bus , the data 
from the selected memory area is read onto the Data Bus when the Chip 
Select s ignal i s  received from the ROM/PROM Decoder . Refer to the Memory 
Map in the Software Description Section for ROM layout . 
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The CRT Refresh RAM ( UD4-UD1 1 )  i s  s imilar to the user RAM . It has connec
tions directly to the Data Bus for data to . be wri tten into memory . Ou tput 
data from memory can be pas sed to the Data Bus through 8 1LS95 Tri - S tate 
Oc tal Buffer UE7 when gated by lows at its terminal s  1 and 19 . Output 
data from the CRT Refresh RAM is connected d irectly to two 7 4 LS 3 7 7  l atche s , 
Character Latch UE6 and Status Latch UE5 . 

The 6 - l ine addr e s s  come s from 7 4 LS1 5 3  Multiplexers UE8 , UE9 and UD1 2 . The 
address sourc e s  include b its A�-Al l form fue Address Bus , s i x  charac ter 
counter outputs and five d ata row counter outputs from the 5027 CRT Con
troller , and an output of CRT Timing PROM UGB . The Select s ignals for the 
Multiplexer originate in the CPU & Horizontal Decoder PROM UF8 and th e CRT 
Re fresh RAM Timing Multiplexer UG6 . Thus the CRT Refresh RAM is addr e s s ed 
by e ither the 8 0 8 0  CPU or the 5027 CRT Controller . 

The Refresh RAM ,  treated as a part of the microcomputer , i s  also very much 
as soci;ted with the d i splay generator , the description of which fol lows . 

DISPLAY GENERATOR 

The 5027 CRT Controller ( UF9 ) , under control of the mic ro computer , generates 
CRT frame formatting s ignals such as hori zontal and vertical sync , characters 
per data row , data rows per frame , row select data , blanking , and cursor 
video data . ( S ee Appendix for details of the 5 0 2 7  CRT Controller unit . )  

The microcomputer exerc i s e s  contro l through a series of 8 -bit words on the 
Data Bus and 4 -bit reg i s ter addre sses on the Address Bus . The Chip Select 
s ignal i s  rece ived from the System Decoder UF3 .  Data Strohe , whi ch s trobes 
D�-D7 data into the appropriate 50 2 7  reg i s ter , is the I/OW s ignal from the 
8 2 2 8  Bus Driver/Controller . The other input to the 50 2 7 , Dot Counter Carry , 
i s  from the 1 . 4 9 7 6  MHz . output of uot Counter UG7 . 

Character Counter and Data Row Counter Outputs from the CRT Controller go 
to the 7 4LS 1 5 3  Mul tiplex er s  to become part of the addre s s  to Refresh RAM . 
Other outputs of the 5027 are used in generation of synchronizing s ignals 
for the Analog Board and in the addres sing of PROMs in other parts of the 
d i splay generator . These are discussed later in this s ection . 

Several PROMs of various types are used in display generation . The uses 
of these PROMs are taken up next . 

The 8 2 S l 2 3  CRT Timing UG8 is a 3 2x8 PROM whose outputs from memory provide 
timing s ignal s  for a number of L'l.evices in d i splay generator circu its . One 
of its f ive addres s  b its ( A4 )  is the H6 Character Counter output from the 
5027 CRT Controller . The other four addre ss bits come from the 7 4 LS 1 6 3  
Synchronous B inary Counter UG7 . 

The input C lock for that Counter is the 17 . 97 1 2  MHz . Os c i l lator s ignal . 
With the feedback from the D5 output of the CRT Timing PROM to terminal l 
of the Counter , the output at terminal 11 of the Counter i s  1 7 . 97 1 2  MHz . 
divided by 1 2 , or 1 . 4976 MHz ( the character timing frequency , w i th a 
period of 667 ns . ) .  
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The 8-b i t  output from the UG8 memory is  used as follows : 

D0-D2 

D 3 &D7 
D4 
D5 
D6 

C lock inputs to S tatus , Color and Character Latches 
UE 5 ,  UE 4 and UE 6 .  D l  i s  also the Shift/Load input 
to Shift Register UF 5 .  
Inputs to CRT Re fresh Timing Multiplexer UG6 . 
C lock input to flip- flop in UG 3 .  
C l e ar input to Dot Counter UG7 . 
One addre ss b i t  to CRT Refresh RAM through Multiplexer UD12 . 

The 82S l 2 9  CPU and Hori zontal Decoder UF8 is a 2 5 6x4 PROM . Five bits  of  
its  8-bi t  addres s  are the H 2-H6 Characte r Counter Outputs from the 5 0 2 7  
CRT Controlle r .  One b i t  i s  the 50 2 7  Chip Select from the System De code r .  
Another b i t  i s  theAl 2  b i t  from the Address Bus ( des ignating priority of  
acce s s  to the CRT Re fre sh RAM -- a low gives immediate access ) .  The 
remaining b it is from a fl ip- flop in UG 3 . 

The 4-b it output from memory is  used for :  

D0 RDYIN signal  to C lock Generator UB l via an AND gate . 
Dl Power Supply Sync to the Analog Board . 
D2  T iming trigger for the hori zontal Drive circuit . 
D3 I nput signals  to a flip-flop in UG3 .  

The 74LS 74 F lip-Flop UG 3 ' s  termi nal 9 outpu� as the select A con trol for 
the CRT Refres h  RAM address -multiplexers ( 7 4S l 5 3  terminal 14 )  , determines 
whether the 5 0 2 7  or the 8080 addres s  Re fresh RAM . As the S e l ect signal 
to Multiplexer UG6 it causes UG6 to pass the appropriate set of  input s 
'AW, ro'\S , l;S and � to Refresh RAM . ( " A"  inputs when the 5 0 2 7  is addres sing 
Refresh RAM and " B "  inputs when the 8080 is addres s ing it . )  Terminal 9 is  
low to  select 5 0 2 7  addre sse s  and associated control signa l s  for CRT Re fresh 
RAM . It is h igh to s elect 8080 addresses and controls . 

The 74LS 1 5 7  Multiplexer UG6 has two sets of  four inputs , one of which is 
gated to the four outputs by UG3 . 

INPUT OUTPUT 
TERM SET S IGNAL SOURCE TERM S IGNAL USE 

2 A + 5V 4 One gate for Buffer UE 7 
3 B HR from 8 2 2 8  ( low is  half  of  enable)  

5 A D7 from UG8 7 B Select to CRT Re fre sh 
6 B vm from 8 0 80 or 1\rn. RAM address mu ltiplexers 

via gate s in UF2 & and � to Refresh RAM 
UF 4 

11  A +5V 9 � for CRT Re fresh RAM 
10  B 'l'l!W' from 8 2 2 8  

14  A D3  from UG8 12  � and CS' for CRT 
1 3  B vm or � via UF2 & UF4 Re fresh RAM 
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The 81LS 9 5  Octal Buffer UE 7 passes the CRT Refresh RAM output to the 
System Data Bus only when the 8080 CPU addresses Re fresh RAM .  
The components i n  the upper right portion of  S chemati c  100961  are associa
ted with the character generation . Each character is  de fined in a 6x8 ma
trix , eight s can lines six  dots long . Two 8-bit words are required for 
each character to be displayed .  The first word i s  the " X "  address  to the 
Character Generator , which provides the dot pattern . The second word in
cludes foreground color , backgrovnd color and foreground b link s tatus . 
These words are stored in the CRT Refresh RAM ( 32 l ines x 64  characters x 
2 words each = 4096 words ) .  

The Character Generator UF6-UF7 , two 1024 x 8 ROM ' s ,  provides storage for 
words des cribing 1 2 8  characters and a variety of graphics . It holds eight 
outputs for each character (one for each line of  the character )  . These 
are accessed by a single " X "  address  ( 7  bits ) for each character and by 
eight " Y"  addresses ( 3  bits each ) . 

The 8 2 S l 2 9  Scan Decoder UG9 is a 256  x 4 PROM that supplies the " Y "  add
re s s  inputs to the Character Gene rator with three of its outputs .  ( The 
fourth output is  Cursor information . )  Its address  bits inc lude the 5 0 2 7  
CRT Contro l ler ' s  Scan Counter R0 , Row Select R l  & R2 , Data Row Counter 
DR0 and Cursor Video . I t  also receives the D7 bit of  the first character 
word and a 1 . 8 7 5  Hz . si gnal from the Blink Counter . 

The 74LS 3 9 3  B link Counter UGlO input is  60 . Hz . sync from the Analog Board 
through a S chmitt trigger in UE 3 . It divides this  by 3 2  to yield the 
1 . 87 5  Hz . b link rate . This  is an input to two units in the generation of  
characters , cursor and graphics and to  the 5501  Multi function I/O Devi ce 
( SENS , term . 2 2 ) . It is also used for the real  time clock . 

Three 74LS 3 7 7  Octal Latches are involved in the process ing o f  the infor
mation for characters . E ach of  these contains eight D-type f lip- flops 
with common Enable and Clock inputs . In this case , with a l l  three Enable 
inputs at Ground , i�formation at the D inputs is trans ferred to the Q 
outputs on the positive-going edge of  the Clock pulse . The Clock pulses 
are generated by the CRT Timing PROM UG8 . Output data from the CRT Re fresh 
RAM is applied to the Character Latch UE6 input . The Character Latch out 
put , together with the S can Decoder UG9 and the Rl-R2 outputs of the 5 0 2 7  
CRT Controller address  the Character Generator UF6-UF7 . An output of  the 
Status Latch enables either UF6 ( for characters ) or UF7 ( for graphics ) .  
The parallel  6-bit Character Generator output is  changed to serial out-
put by the 74LS166 Dot Shift Register and applied as one input to 8 2 S l 3 1  
Color PROH U7 . 

The other word for character generation is , immediate ly following the in
put to the Character Latch , addressed from CRT R� fresh RAM to the Status 
Latch UE 5 .  One output of  the Status Latch detennines which of  the two 
chips o f  the Character Generator is  enab l ed .  Another output bit is app
lied with the 1 . 8 7 5  Hz . waveform to an AND gate whose output goes to the 
Color Latch . The other six  Status Latch output bits (background and fore
ground color information ) are addres sed directly to the Color Latch . 
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The 74LS 3 7 7  Color Latch UE4 is  set by the seven input bits  j ust described , 
plus an 8th b i t  from the S can Decoder PROM UG9 . Its output comprises  
eight bi ts of  the 9-b it  addre s s  required by the Color PROM UG5 . ( The 9th 
bit is  the serial character data from the Dot Shift Register UF5 . )  

The 8 2 S l 3 1  Color PROH UG5 is a 512x4 PROM . Three bits  of i ts pos sible  4-
bit output from memory are the Red , Blue and Green s ignal s  to the Video Board . 
During sweep retrace the B lank pulse from the 5027  disab l e s  the Color PROM . 

The 5 0 2 7  CRT Contro l l e r  generates synchroni z ing signals for the Analog 
Board to coordinate the swe ep pattern with the video s i gnals from the 
Co lor PROM . Two of these are supplied directly : 

Horizontal Ramp Reset from H SYN , UF9 term . l 5 .  
Vertical Ramp Re set from V SYN , UF9 term . l l .  

Th e Horizontal Drive s ignal timing is determined by the D2  output o f  CPU 
& Horizontal Decoder UFB and by monos table multivibrator UG4 . When D2 
goe s  low , the Horizontal Drive goes high as a resul t  o f  this low at the 
terminal 4 Preset input to the flip- flop in UG2 . ��en D2 goe s  from low 
to high , i t  starts the timing of the one-shot in UG4 , which applies a high 
at the t e rminal 2 D input of  the flip- flop in UG2 . The high at UG2-4 
causes the flip- flop to follow its D input on the pos itive-going trans i
tions o f  the terminal 3 C lock input . So there i s  no immediate change in  
the Hori zontal Drive s i gnal  -- it  remains high . When the one- shot in  UG4 
times out ( this time is adj ustab le by R2 0 )  , the D i nput to the f l ip- f lop 
goes low . Hori zontal Drive goes low on the next pos itive-going Clock 
transi tion ( the H 0  Character Counter output of  the 502 7 CRT Contro l ler ) . 
Th is is the Horizontal Drive s ignal used in the Analog Board . 

+4v . HOR ZON'l AL UF9 - l 5  
RAM RE!: ET 

2v . /div .  

GND 

+3v . -
� 

( [� UG2 - 5  

GND 2v . /div . 

HOR ZON'I f\L D , IVE 

10 us . /div . 
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E .  VIDEO BOARD 

The Video Driver Board i s  mounted at the rear of the CRT by mating its 
socket to the CRT pins . I t  contains the three video drivers , three bias 
adj ustment potentiometers and the socket for connection s to the CRT . The 
circuit is shown on S chematic Drawing 10089 6 . 

Video Amplifi ers are driven by signals from the Logic Board connected 
through J2 . The s ignals for red , green and b lue are passed through 7 4S 3 7  
gates UAl to three identical driver transis tors Ql , Q 2  and Q 3  (Q4 , Q l  and 
Q7 in  o lder boards ) .  At the gate inputs resistors Rl 9 ,  R2 0 and R2 l an d 
d iodes CR8 through CR13 help prevent transients resulting f rom CRT arcJ_ng 
from pas s ing back to the Logi c Board . The se cond input of  the th ree gates 
i s -r5v . The 4th gate in UAl is  not used . Power for the gates is  + 5V reg
ulated from the Analog Board , connected to UAl terminal 14 . A 1N4 7 3 5  zener 
diode preven ts the + 5V supply from exceeding 6 .  2 volts in case of  regulator 
fai lure . 

In  the Red Drive circui t ,  transistor Ql is  a common-base amp l i f ier . Its  
emi tter is  driven b y  the s ignal from UAi- 3 .  The emitter bias is from the 
+5V Regul ated and the collector supply from the - 4 8V Regulated on the Ana
log Board , both connected through Jl . The col lector load includes frequency 
compensation to obtain the required bandwidth . D i odes CRl and CR3 reduce the 
effect of CRT arcing . The Green and B lue circuits are s imi lar . The driver 
outputs are connected through 1000-ohm series resistors ( 470  ohms in older 
units)  and socket Sl to the CRT Red , Green and B lue control grids . 

S creen Control Poten tiometers Rl , R2 and R3 provide individual bias adj ust
ment for the Red , Green and B lue CRT S creen grids to control brightness  and 
color mix . +200 VDC is  suppl ied to three potentiometers via Jl  from a recti
fier as sociated with the hori zontal s�eep portion of the Analog Board . 

6 . 3 VAC for the CRT socket fi lament connections i s  from transformer Tl on the 
Power Board , connected through Jl . 

Focus vo ltage for pin 9 of the CRT socket comes through a s eparate HV lead 
wi th a connector to mate with the Focus lead of the HV Re ctifier ( attached 
to the Analog Board) . 

Cathode return for a l l  �hree guns is to ground through R6 ( l OK ) . 

Grounding connection for CRT socket terminal 10  and the tube mounting springs 
is to frame ground.  

A typical video waveform at  the collector of Ql has  an  ampl i tude of approximate
ly 40 volts p-p . The waveforms at UA- 1 , UAl- 3 and Ql-e are app roximate ly 4 volts 
p-p . 

F .  DISK DRIVE 

The Floppy Disk Drive uses the standard 5 1/4 '' diskette package . Each of 40 
tracks used for data ( of  4 1  total tracks ) is  treated as con s i sting of 10  sec
tors with 1 2 8  bytes each-- about 1280  bytes per track , including formatting in
formation , or 5 1 , 2 0 0  bytes per diskette . The home " zero" track (outer most 
track ) is not used for data . Compucolor II has provis ion for use o f  two floppy 
disk drive s .  The bas i c  set includes one drive mounted i n  the right front of 
the cabine t .  An opt ional  external second di sk drive can be connected t o  a 
branched Keyboard cab le .  
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The rugged framework contains a DC drive motor which spins a di skette at 
approximately 3 00 RPM . A magnetic re ad/write head and an erase head are 
mounted on a s lide mechan i sm whi ch a 3-phase motor moves in and out across 
the recording tracks in 40 in cremen t�! step s .  The D i sk Control ler  Board , 
mounted on the disk drive framework , contains the record/reproduce amp l i
fiers , drive motor speed control ci rcui t , stepper motor drive s , and con trol 
circui try . The bui lt-in disk drive is connected to the Logic  Board by a 
flexible c ab l e .  Read and Write data are tran s ferred t o  and from the Logic  
Board in se rial  form . Control data for the drive assembly i s  the 8-bit 
parall el  output o f  the 5501 I /0 Device (through an octal buf fe r )  on the 
Logic  Board . Bits  0- 2 control the stepper motor , one of bits 4 or 5 con
tro l s  the drive se lect , and bit 3 determines Write or Read . ( Bits  6 and 7 
are not used in the Disk Drive at pres ent . )  

The upper portion of  Schemati c Drawing 1008 7 3  shows the Reproduce Ampli fier . 
Signa l s  induced in the R/W Head by the di skette magnetic  f i e lds are conn ec
ted through a f i lter and c lipping circuit to one se ction of Dual Preamp
l i f ier UB2 . Negative feedback i s  provided through Rl 9 and ampl i fier phase 
compen sation by R24-C4 . The reproduce sign a l  i s  carried through emitter
fol lower tran s i s tor Ql  and a noi se reduction coup l ing ci rcuit to the second 
section of UB2 . ( CR9 and CRl O block the center portion of the s ignal and 
most o f  the noise . ) Negative feedback for the first section also is through 
a T-pad ( R 5 2 , R5 3 , C 2 7 ) . Section two has diode s CR3 , C R4 , CR7 and CR8 across 
R2 5 for output cl ipping . R27-C6 provide phase compensat ion . Ope rational  
amp li fier UB3 ,  fun ct ioning l ike a trigge r ,  latches the  s igna l  to  a section 
of invert ing octal buf fer UA2 . ( See waveforms shown on S chemati c  Drawing 
10087 3 .  The waveform shown for TP3 is inverted by UA2 and then inverted 
again by the line receiver in the Logic Board to be  compatible with posi tive 
logic . )  

Serial data to the Record Amp l i fier is  passed through s ections o f  invert
ing Octa l Buffer UA2 to drive two tran s i stors in Tran s is tor Array UB l .  
When these transi s tors are enabled , their output drives the R/W Head to 
record data magneti cally on the diskette . Curren t  through the Erase Head 
keeps the width of  the track wi thin limi ts by erasing any portions that 
extend beyond the speci fied track width , ( s ee sketch of head arrangement) . 
Effectively , on ly the transit ions are recorded . The original s ignal i s  
recovered b y  the reproduce amplifier a s  described above . 

ERASE ) 
R/W 

ERASE 

HEAD ALIGNMENT 

DISK MOVEMENT 
OVER HEADS 

Control of the Record Amp l i fier is by bit 3 from the output of the Logic  
Board ' s  550 1  I /0 Controller .  When WRITE is  low ( and the SELECT bit also 
low) , i t  i s  passed  through two se ctions of inverting Octal Buffer UA2 in 
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series to be a low at UBl terminal 1 2  and enable the Record Ampl if i er . 
( The low turns off tran s is tor 14-12- 1 3 . The resulting high at term 4 
turns on tran s i s tor 5-4- 3 to pass the emitter current o f  the record 
amp l i f i er tran s is tors �ediately above . )  

The high at UA 2-17 , whi ch is a result of a WRITE low , turns an a h igh-current 

Dar l i ng ton in UA 3 to pass current through the Erase Head to control the 
track record width . 

The Disk Drive Motor speed is controlled by UA 4 and as sociated c ircu i try . 
The tran s i s tor shown near the right edge of the UA 4 block pas ses the drive 
motor current . The two tran s i s tors immediately to its left control its 
conduction . When the SELECT bit (bit 4 for the bui l t- in disk drive or bit 
5 for the optional added disk drive ) is high , the 3 - 1 4  section o f  UA 3 con
ducts to present a low at terminal 11 of UA 4 and prevent current flow 
through the drive motor . A SELECT low results in a h igh at terminal 1 1  
to allow current f low through the motor . The output o f  the comparator in 
UA 4 then controls the conduction of the control trans istors . Thi s  i s  
determined in part b y  the ad j us tment o f  RlO and i n  part b y  the output o f  
the Pulse Generator . A tachometer attached to the drive ntotor ( connected 
to UA 4 terminals 3 & 4 )  and the pulse timing components R8-C2 control 
the Pul s e  Generator output . If the drive motor speed becomes too high , the 
higher tachometer output operates through the Pul se Generator and comparator to 
reduce conduction through the control tran s istors and reduce motor current . 

Too s low a drive motor speed results in lower tachometer output , whi ch 
serves to al low increased current through the drive moto r .  Disk drive 
speed is set for 300 RPM by ad justment of RlO . If the motor should stall , 
the Stall Timer portion of UA3 prevents high motor current for any exten
ded period of time . 

The S tepper Motor moves the R/W Head and Erase Heads acro s s  the d iskette 
one track at a time under control of bits �- 2 .  A low at any bit results 
in a h igh out of the inverting Octal Buffer sect ion in UA 2 to turn on the 
a s so c i ated Darlington in UA 3. 

The SELECT b i t  also is connec ted to the Octal Buffer gates ( UA 2  terminals 
1 and 19 ) . When the SELECT bit is high it gates all of the buffer sections 
into the high- impedance state to prevent pas sage of s erial data in or out 
and operation of the s tepper motor . 74LS 1 3 8  ( not in e arlier models ) allows 

passage of only one low bit at a time to UA2 . 

This gating a l so prevents flow of recording current . The SELECT high on 
t.he gate A of UA.2 sec tion 2 - 3 , causes a high at terminal 1 2  of UBl .  Tran
s i s tor sect ion 14-1 2 - 1 3  turns on to cause a low at +-.erminal 4 ,  turning off 
tran s i s tor section 5-4-3 to block emitter current from the record amplif ier 
tran s is tors above . Thus al l functions of the disk drive assembl y  are dis
abled until a low SELECT bit commands the drive motor to s tart . 

G .  KEYBOARD 

Compucolor I I  has a detachable keyboard which is avai lable in s everal mo
de l s . It is conn ec ted to Log ic Board connector Jl , through the cabinet 
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rear cove r .  There are four parallel  input lines and 12 parallel  output 
lines , plus a CPU reset l ine , +SV and ground . 

S chematic Drawing 100878 shows most of the Keyboard wi ring as  a matrix . 
The four input l ines ( connector termi nals 3 , 2 , 5  and 4 in the upper le ft 
corner o f  the diagram) bring series of data bits 00- 0 3  from the Logic 
Board ' s  5501 I/0 Control ler to the 74159  4-l ine-to- l6- 1 ine Decoder in the 
Keyboard . The 7 4 1 5 9  decodes the four binary bits i nto 16 mutally exclus ive 
codes , 0- 15 , for the hori zontal lines of  the matri x .  The seven vert ical 
lines of the matri x are con n e cted through 2 , 2 00-ohm res istors to +5V .  Thus 
a l l  s e ve n  mat r i x  output l in e s  ( bottom of the s ch e ma t i c )  are hi gh exce pt 
whe n  key clo s u re connects a pattern of lows from the 7 4 1 5 9  De code r . Th i s  
coded pattern i s  the i nput pre sen ted t o  the Logic Board . 

The remaining f i ve l i n e s  o f  the Keyboard ' s  1 2 - l i n e  output ( shown in  the 
lower right portion of the drawing ) a l s o  are con n e c te d  to + 5 \' th rough 
res i stors . The f i ve outputs are high except when th e a s s o ciated key 
is closed to g i ve a low . The Re set key ( drawi n g lowp r righ t )  app l i e s  
a low to  the Logic Board ' s  8 2 2 4  Clock Gen e r a to r  RES IN input . Thi s  re
s ul t s  in a RESET to the 8080 CPU to force it back to i ts i nitial condi t ion 

the condi tion i n i t i a l i ze d  when the Co mpuco l o r  I I  is turned on . 

An opt ional branched connector cable permits connect ion of  an add-on Disk 
Dri ve as we ll  as the Keyboard . Keyboard functions remain  the same in this 
con fi guration . 

H .  ADD-ON PROM 

The plug- in Add-On PRO!vl h a s  four I C ' s  mounted on a pr int e d c i r cu i t  board 
4 . 2 5x2 . 07 inche s . I t  is  availabl e as 4K , 8K or l6K . 

Capacity IC Type 

4K 2 708 EPROM l 024x8 

8K 2 7 16 EPROM 20 48x8 

8K 9 2 16 MASK ROM 20 48x8 

16K 4 7 32 HASK ROM 4096x8 

Several connections are dependent upon the type o f  I C  used . Termi n a l s  for 
appropriate strapping are mounted on the board . 

INPUT 
PATCH NO . 

P-< 2 70 8  
H 2 7 16 ::r:: u 4 7 3 2  
:e:: 9 2 1 6 0 p:; 36000 

-5  
--........ 
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C apaci tors for power source by-passing are included . Connectors at  each 
end of the board mate with two J9 connectors on the Logic Board . Note 
that the end terminals 1 through 14 mate with the connector neare s t  the 
edge of the Logic Board . Power must be OFF when the Add-On PROM i s  mated 
with the Logic Board . 

Up to 1 2  address bits  are received from the Address Bus . The 8 -b i t  out
put is connected to the External Data Bus . Chip Select is determined by 
the ROM/PROM Decoder ( UB 3 )  on the Logic Board . 

I .  ADD-ON RAM 

The plug-in Add·-On RAM has eight one-bit-wide dynamic RAM chips mounted 
on a printed c ircui t  board . It is available  as 16K , with 4116  type 
IC ' s .  

Capac itors for power source by-passing are inc luded . 
each end of the board mate with the two J8 connector s 
Board . Note that the end with terminals 1 through 12  
connector neares t  the edge of the Logic Board . Power 
when the Add-On RAM is mated with the Logic Board . 

Connectors at 
on the Logic 
mates with th� 
mus t  be OFF 

The Add-On RAM i s  addressed through the 3 242  Address  Mul tiplexer/Refresh 
Counter ( UA3 ) in parallel with the res ident RAM . The output of the RAM 
Add ress  Decoder ( UE2 ) provides the ROw Address and the Column Address 
Strobes to the External Data Bus in parallel with the re sident RAM . The 
MW signal from the Bus Driver/Controller ( UB2 ) indicates whether data 
on the Data Bus is to . be wri tten into memory or data in memory is to 
be read onto the Data Bus . 
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VI . MA INTENANCE 

Th i s  s ec t i on con ta i n s  in form a t ion req u i red for main tenance of the 
Compucolor I I .  I t  cover s prevent ive main tenan ce , ad j u s tm e n t  pr ocedures , 
trou b l e - shoot ing sugg u e s t ions and :.'ar t s  repl acemer. t i n s t r u c t  ions . 

A t h o roug h u nd e r s tawling of t h e  system and sub - a s s emb l y  d e s r. r ipt i v e  

m a t 8r i a l , i n c l u d i ng t h e  d r aw i no s ,  i s  e s s en t i a l  f o r  t? f f ec t i V (-:' m a i n t e n a n r- c-< 

�afety Precau t ions 

l .  H.Z\',3AFr.lOU S VOLTAG ES a r e  pre s en t w i t h i n  the Compu c o l o :t:  I I . Wh en t h e  
rear cover i s  removed for ad j u s tments and/or t roub l e - shoo t ing , 
exerc i s e  CAU T ION espec i a l ly to AVOlD CONTACT W I TH THE C RT H IGH 
\'OLTAG E S , ' P I E  INPUT ll5 VAC , AND NUM EROUS C I RCU I TS IN THE PO�v E R , 

ANALOG AND V IDEO BOARDS HAVING 1 50 VDC AND HIGHE R .  

2 .  Do not r emov e , i ns tal l or hand le the pi cture tube in any manner 
u n l e s s  s hat terproof gogg l e s  are wor n .  Person s not s o  equ i pped 
s} tould be kept away whi l e  picture tub e s  a r e  b e i ng h and l e d . Ke�p 
the p i c ture tube away from the body wh i le hand l ing . 

3 .  A lways u s e  the manufa'- .rer ' s recommend e:d repl acement compo n e n t s  
when replac i ng par t s , e spe c i a l ly i n  t h e  Ana l og Board c ir c u i t s  

a s sociated w i th thE cathode ray tube . U s e  o f  the correct par t s  
i s  a n  e s s en ti a l  s tep i n  k eeping X-Rad i a t ion a t  a m i n imum . 

The only source o f  X - Rad i at ion in the Compucolor I I  i s  the pi cture 
tub e . The c a thod e ray tube used i s  spec i f i ca l ly con s t r u c t ed to 

l im i t  X - Rad i at ion . For con tinued X - Rad i at ion protect ion , t h e  
r ep l ac emen t tube mu s t  b e  t h e  same type as th e o r i g i n a l , inc lud ing 
s u f f ix letter , o r  a Compucolor Corporat ion approved tYI'"' . 

The CRT high vol t aqe mu s t  be maintained w i th i n  spe c i .': ied 
l im it s . The h igh voltage mu s t  never , und e r  any c i r cum s tance s ,  
exce ed 2 5  1<-.'V . Tl-:e usqal value i s  near 2 0  K\7 • 

4 .  A further c au t i on : 

Par t o f  the Compucolor I I  circui t ry on the Power and Ana log tioards 
i s  not r e f e r en c ed d i r e c t ly to f rame ground . The r e c t i f i e r  for 1 5 0 
VDC i s  connected to the l l 5VAC l in e , so the 1 50 -vo l t  supply and a l l  
c ircui t s  d irec t ly supp l ied b y  i t  hav e  a "ho t "  cor:a:1cm l e ad , s everal 
vol t s  f rom framc' CJ r•..,uiH1 . Any i n s t rumen tat ion to b e  connec t ed acro s s  
these c ir cu i ts mu s t  b e  f loat ing - - - n e i th e r  s i d e  g rounded . 



Servicing Precautions 

l .  Observe original lead dress , particularly in high voltage and 
video areas . 

2 .  Always connect the common lead of a test instrument to the 
c i rcu it before  connecting the pos itive lead ; conversely , always 
remove ' the common lead of a test instrument las t .  

3 .  Do not check for high vol tage by drawing an arc . Use a h igh 
. voltage meter or a high vol tage probe with a VOM . 

4 .  Do not bridge e l ectro l yt i c  or other l a rge va lue cap� citors 
into a live circuit s ince resultant surges may damage solid state 

device s . 

5 .  Some transistors are equipped with heat s inks . Do not operate 
th e transistor with the heat sink removed . 

6. Al l soldering irons used where transistors and integrated chips 
are concerned should be 3 5  watt irons and ungrounded so that no 
·vel tage will be app lied to the solid s tate device during the 
soldering oper ation . This precaution is  to prevent pos s ible 
damage to the device due to exces s ive heat or vo ltage app lied 
und er no bids conditions . 

Ins trumentation 

Per formance of maintenance procedures requires a mul tiple trace oscillo
scope with a bandwidth of 15 Hhz . , a digital logic probe and a VOM . The 
VOt--1 must have a high vol tage probe or a separate h igh voltage meter must 
be used for measuring the CRT voltage ( up to 2 5  KV) . ( Remember to " f loat" 
the oscilloscope and any electronic VOM before connecting to certain 
c ircuits in the Analog and Power Boards . )  

Preventive Maintenance 

The Compucolor I I  requires a miniwum of preventive maintenance : periodic 
c l e an ing of the outs ide surfaces of  the equipment may be performed , along 
with checks of  the condition o f  the interunit cabl ing and internal components 
of  t he chass i s . To c lean the CRT screen , display enclosure and keyboard 
use a l ightly moi s tened lint-free cloth or vacuum cleaner . A mild household 
c l eaner can be used to clean the outside surfaces of  the cabinet and key
board . Most of the circuit boards in the display unit and k eyboard operate 
at l ow power leve ls . Consequently their contacts are sensitive to dus t , 
n i l ,  mo isture , and corrosion . When the c ircuit cards are removed , the 
contacts should be c le aned before re-inserting . Use a l int-free cloth 
mo istened wi th tri chloroethlylene or another suitable  solvent ; then remove 
the f i lm left by the c leaning flui d .  
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Cab inet Disassembly 

The Compucolor I I  cab inet mu s t  be partially disassembled for mos t  
al ignment and troub le- shooting . Care mu st b e  exerc ised t o  avo id 
d amage to the Log ic Board and Video Board dur ing removal of the 
rear cover .  Wi th power off , di sconnect the keyboard and any external 
add i tions connected to the rear edge of  the Log ic Board . 

Remove the four screws ( 3  top ,  l bottom)  that fas ten the rear cover 
to the front por t ion of the cabinet . Then , wi th the rabinet upr ight 
on the bench , slide the rear sect ion back slowly to a l low the Loq ic 
Boarrl to drop gen t ly from its retaini ng s l o U; in the fron t and rear 
sections . This procedure also avo ids rear cover contact wi th the 
Video Board mounted on the back of the ca thode r ay tube . The keyboard 
now may be reconnected and power applied to the uni t .  Norma l al ignment 
procedures require no further disassembly . 

Trouble- shooting and/or repair likely will require further disas sembly . 
Power should be o f f  when interunit cab les are to be di sconnec ted . 

Video Board - Circuit measurement points are readily accessib l e  
with the board i n  place . I f  component repl acement or other repa ir 
is indicated , dis connect the cables to the Analog and Digital  
Boards; carefully disengage the Video Board from the CRT . 

Ana log Board - Measurements required during alignment may be 
performed with the Analog Board in place . Fur�her acce� s  l ikely 
wi ll be required during trouble-shooting . Remove three mount ing 
screws ( one bottom , one at lower left and well  into the forward 
section o f  the cabinet , and one at the top ) . Then the uni t can 
be moved enough to make its components somewhat  more a ccess i bl e .  
For complete removal , first disconnect all  cab l es to and from 
the board . 

Power Board - Di sconnect the power cord and the internal cab l e  
t o  the Ana log Board . Remove two mount ing screws from the exterior 
s ide of the rear cover . 

Disk Drive - Disconnect the cable from the Logic Board . The uni t 
is  fairly heavy relative to its small si ze . I t  should be supported 
by hand carefully to avoid damage to the circui t board during remova l .  
Remove the Phi l lips head screw from the bracket s trip j ust  above the 
dr ive ass embly , as viewed from the rear . Ti l t  the rear o f  the drive 
uni t  up a b it  and lift  the entire assemb ly s l ight ly to free the two 
tabs securing the lower front of the drive assembly . Remove the Disk 
Drive through the front o f  the cabinet . 
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Al ignment 

Perform a l l  ad justment procedures wi th the input power at 1 1 5  VAC . 

Regul ated Vol tages : Us ing a DC Voltme ter with an accuracy 
within 2% at 5 vol ts , check voltage between Logic J6-4 and frame 
q round . If not 5 . 0  + 0 . 1  volts , ad just R2 2 to ob tain an indi ca
tion of 5 . 0  VDC . After this  ad justment has been made , the 
vo l tages between the fol lowing points and g round should be as 
indicated : 

F rom Ana log To DC Vo ltage 

E23  Ground -5 . 0  + 0 . 3 

E20 Ground -12 . 0  + 0 . 6  
El9 Ground +12 . 0  + 0 . 6  
El6 Ground -48 . 0  + 2 . 0  

�oisP.  and ripple , as viewed on an oscil loscope will  vary with the type 
of operat ion but shou ld not exceed 3% peak-to-oeak at any of these poi n ts . 

Ve rtical  Def lection : Erase the scre0n with a background color 
other than b l ack . 

1 .  Operate the " BG ON" key . 
2 .  With "CONTROL" key depressed , strike a color key ( e . g . , 

" Q " for red ) . 
3 .  S trike the " ERASE PAGE"  key . 

On the Analog Board , adj ust VERT HEIGHT Rl06 and VERT CENT Rl 0 5  for 
a �attern heigh t of approximately 6� inches , centered vertical ly on 
the screen . 

Horizontal Def lection : Adjust HOR WIDTH Rl 09 on the Analog Board 
for a pattern width of 9 3/8 inches . Then f i l l  the screen with a 
pattern of wh ite dots on a black background . 

1 .  
2 .  
3 .  
4 .  
5 .  

Oper ate the I IBG ON" key . 
With "CONTROL" key depressed , strike 
Then , s trike the "FG ON " key . 
With "CONTROL" key 
Strike the " ( ESC ) I I  

depressed , strike 
key , " Y '' key ann 

the black color k ey . . P " .. 

the wh i t e color key "W " .. 

II II key in surcess ion . 

On the Digi tal Board , near corner by keyboard cable , ad j u s t  R20 to 
center the pattern horizontally . Note that the pattern moves in 
d i screte two-character jumps . Ad just th e pot by touch to b e  h a l f -way 
between two j ump points . 
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Focu s : With the pattern o f  dots s ti l l  fil ling the s c re en , adj u s t  
the FOCUS potentiom e te r , mounted o n  the rear edge o f  the Ana log Board 

f rame , for optimum focus over the entire s c reen . ( When the c abinet 

i s  f u l l y  a s s emb l ed , a hole at the rear prov i d e s  acce s s  to the F OCUS 

contro l . )  

Pu r i ty: W i th the pa ttern of wh i te dots s ti l l  on the s c re en , note the 
conv e rg ence ad j us tment cond i tion -- the dots in the cente r  shou l d  
appea r  wh ite , wi t h  l i ttle or n o  co lor- ting ed edg e s . I f  the conver
genc<: ad j u s tment appears reasonably g ood , proceed with the pur i ty 
ad j u stment. Other w i s e , f i r s t  f o l low the converg ence p rocedu r e  d e ta i led 
l a te r in th i s  s e c t i on ,  even though parts o f  i t  w i l l  have to b e  
repea ted . 

E r a s e  t he s c r e e n w i th Lackgr ound color Red ( ke yboard ope ration desc ribed 
under Ve rti c a l  De f l ec tion ad j ustmen t . ) Pur i ty ad j ustment i s  needed i f  tho 
enti re pattern i s  no t a uni forml y red color . 

The Comp uco l o r I I  sh o u l d  a lways be fac ing e i ther north or south d u r ing 
pur ity a d j ustment . Th i s  assures that any e f fe c t  of the e a rth ' s  norma l 
ma�netic fie l d  upon beam l anding w i l l  be negl i g i b l e  when the unit i s  
p l a c ed i n  its norm a l  v i ew i nq locati on . 

The unit s hould be at room temperature ( 6 0°F or abo v e )  for a t  l e a s t  3 0  
minute s  before ad j ustment s a r e  made . I t  should b e  i . n  opera tion f o r  a t  
lea s t  1 0  m inute s be fore a ttempting purity or convergence a d j ustemnts . 

Degaus sing may be requ i red . Move a manu a l  degauss ing coi l ( GC 9 3 1 7  o r  
equ iva l ent) s lowJ. y around the unit and b a c k  and forth in front o f  the 
p icture tube . Withdraw the co i l  s l owly to a d is t ance o f  at l ea s t  s ix 
f eet be fore d is conne c t ing the co i l  from i ts AC power sourc e . 

l .  With the s c re en sti l l  e rased w i th the backg round color Red , l o o s e n  

the y o k e  c l amp and move the yoke to the rear a s  far as pos s i bl e . 

2 .  Rotate the pur i ty r ings by the two adjus tment tab s  ( on rectang u l a r  
magne t a s s embl y  j ust behind yoke ) to obta in a c le an r ed area at the 
cen t e r  o f  the CRT s creen . 

3 .  Pus h  yoke forward until a uni form red r a s te r  i s  obta ined . The r a ste r 
should be s l ightly l arger than 6 by 9 inche s  and not rota ted from 
th e horizontal ori entation. Tighten the yoke c lamp . 

4 .  Erase the scre en wi th the background color whi te . The raste r  should 
be uniformly white. It may be nec e s sary to r e converge the c enter o f  
the screen by adj ustment o f  the red and blue hor i zonta l  and vertic a l  
thumbwhe e l s  on the rectangu l a r  magn e t  a s semb l y. The Color Tempera
ture and B rightne ss procedure ( immediate l y  fo l l owing ) may also be 
requ ired . 

5 .  I f  t ll e  central area o f  the scre en i s  not un i form l y white , repea t the 
FUrity ad j ustment and the red and blue conve rgence ad j us tments . 
( Othe r  ad j us tme nts , pe r formed a b i t  l ater , take care o f  conve rgence 
at top , bottom and s ides . )  
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Color Temperature and Brightness : Fill  the screen with whi te characters 
on a b lack background . (The procedure is the same as that outl ined in 
the Horizontal Deflection paragraphs . )  

On the Video Board , turn the three screen grid controls Rl ( Red) , 
R2 ( Green)  and R3 ( Blue ) fully CCW. Turn the RED control Rl clockwise 
until  the red vertical retrace raster l ine at the top of  the screen is  
barely visible ; then return i t  CCW s lightly to render the retrace invi s ible . 
Adj ust GREEN control R2 and BLUE control R3 in s imilar fashion . Car·-� fully 
touch up the adj us tment of the three controls  to obtain whi te J.ette.rs 
wi th brightness  at a comfortable viewing level .  

P i ncushion : With the screen still f i lled wi th a patter·n of letters , note 
whe ther top and bottom l ines are straight horizontal ly . Adj ust VERT 
PINCUSHION Rl07 on the Analog Board to obtain s traight l ines hori zonta l l y  
( s ee sketch ) . For straight lines vertically a t  the l e f t  and right s ides , 
adj us t HOR PINCUSHION Rl08 . (Rl08 omi tted in early model s . )  

H 

v 

v Vertical Pincushion R l 0 7  

H Horizontal Pincushion RlOH  

�onvergence : Fil l  the screen with the convergence test pattern of  dots 
and five " + "  symbol s . 

+ 

+ 
+ + 

+ 

l )  Operate the " CPU RESET" key , then the " BG ON" key . 

2 )  With " CONTROL" key depressed , strike the b lack color key " P " . 

3 )  Strike the "FG ON" key . 

4 )  Wi th " CONTROL" key depressed , operate the whi te color key " W" . 

5 )  Operate the " ( ESC ) " key , " Y "  key and 

f: . 06 
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6 )  The n  operate " ( ESC ) " and " X" ( fo r  p age mode ) . 

I )  Ope rate the " HOME " k ey , then the " t "  key 1 6  t imes a!"ld the '' _ . .  

key once . 

3 )  lv i th the " S H I FT "  k ey depre s s ed , s trike the " + "  key two time s . 
I " +" symbols  shou l d  appear center r i gh t  and center l e ft . )  

9 )  Ope rate the " TAB " key four t imes to move the curo;or to s c re e n  
c e n t e r .  Enter " + " .  

1 c'! )  Ope rate " t " k e y  1 5  t i m e s  a nd t h e  " ..-.. " k e y  or. c t.> t o  b r i nq the c u r s n 1  

t o  bottom center . Enter " + " . 

l l )  Opera t P  " t " and " _  .. once each t o  move th e cursor to top c e n  t r� r . 
E n te r  " + ' ' . 

1 2 )  Ope rate " HOME " key to return c ursor to upper l e ft . 

I f  the Focus a nd Pur i ty a d j us tme n t s  have been performed cor re c t l y ,  
t h e  center " -r "  s h o u l d  b e  a we l l -de fi n ed wh i t.e symbo.l . 

On the Analog Board , adj us t TOP R96 for best conve rgence at the top 

" + " ( wh i te s ymbo l wi thout color- t i nged edges ) .  Repeat with BOTTm' 1:<97 , 
RI GHT R9 5 and LEFT R94 for best convergence i n  the bottom , riyht and 
l e ft areas of the s c reen . 

I f  any o f  the l a s t  four poten t i ometers reach the end o f  t h e  a d j u s tmen t .  
range be fore s at i s facto ry convergence is  achieved , p roc e ed a s  fo l lows : 

l )  Re turn the four potent i ometers to the center o f  the i r  adj us tment 
rang e . 

2 )  With the o s c i l l o scope , mon i to r  the Hor i zontal Parabola r�ttern at 
lJl 7 - 3  on the Analog Board . Adj u s t  Rl02 to equa l i ze the h e i gh t o f  
the end po ints o f  the parabo l a . 

Make V 
s V f 
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Then adj ust RlO l  to bring the bottom of the parabola to Ground 
Leve l .  

3 )  Monitor the Vertical Parabola pattern a t  U l l- 3 and adj ust Rl03 and 
Rl04 in similar fashion . 

4 ) Monitor the Pincushion pattern at Ul6- 3 . 
should be at Ground Level , the baseline 
left  end points equal in height . 

The center o f  the pattern 
horizontal and the right and 

G N D  
�����mm��������������-----rVoc 

level + lV . 
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Vsc 
----------------------=W�----�--�----�--------� �ND 

V 5c " t i l t "  l e s s  than lV . 

GNQ 

Heigh� of pattern end point� wi thin lV . pf equal . 

5 )  Monitor pattern at Up-1 �nd touch up RlOl qdj ustment to el i�inqte 
any �emaining o f fset . 

Make v hp o 

�----�---------VHP 
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6 )  Mon i tor pattern a t  US -8 and touch up Rl04 ad j u s tment for zero offse t .  

I ·  

Make V '""' 0 
vr· 

__________________ Vy p 

I �  should now he pas i b l c=  to obtain convergence in a l l  areas o f  t h "  s c r e e n . 

A d l LJ S t  R96 , R97 , R9S  and R94 for best convergence in the top , bnt tom , r i g h t  
d n d  left areas o f  the screen . Then touch up adj us tments , observ ing the 
SAME ORDER o f  potentiometer adj ustment . 

DISK  pRIVE : The Di sk Dr ive Assembly bas a s trobe d i s k  ( o;1 the �> i. d e  m� a n : �-: 1·. 
the CRT )  for speed check . While  viPw i ng the s t robe disk und0. r  60 l i z . 
f l uorescent l i ght , strike the keyboard "AU'I'O" key to caur;e  thf� drive to 
rur . ( Note 1 :  Be sure there is  no diskette i n  the uni t . )  

Wh i le the drive i s  running , the outer pattern on the s trobe di s c  shou ld 
appear very ne arly s tationary . If the pattern dri ft s  apprec iably in  
e i ther d i rectiop , ad ju st  RlO on the Disk Controler Board to " stop "  the 
pattein . It probably i s  best tb remove the Di sk Drive from the Compuco l o r  
I I  cabinet to make 'th i s  adjustment . · 

( Note 2 :  I t  i s  necessary to strike the " RESET" key to s top the dri VC' . )  

( Note 3 :  I f  the Compuco lor I I  i s  powered ty 50 Hz . 1 1 5  VAC , perform t.he 
adj ustment under 50  Hz . i l l umination and obs.erve the inner pattern on the 
strobe d i sk . ) 

TROUBLE- S HOOTING 

I n  system-level trouble-shoot i ng th e ob j ect  i s  i solation o f  one ma j or board or 

assembly as the cause of the mal functi on . One me thod of doing U.i s  i s  subs t i 
tution o f  maj or assemb l i e s . Always turn power off when removing or replacing 
any as sembly or component . Re fer to disas sembly procedures de scribed ear l i e r  
in this  section . 

In addi t i on , some deductive reasoning may be performed by 
di splay s creen under vari ous system operating con c itions . 
ta ined in  the system and subas sembly descript ion sections 
s igna l  trac ing and trouble analysi s . 

· 

observing the CRT 
Information con

can be � e lp ful i n  

The extent to whi ch i nd ividual part replacement may be efficient is dependent  
upon the user- sk i l l  level . Establishment of  a maintenance po l i cy is  sugge s t ed-
,� . g . , " Attemp t repai �· o f  Analog Board ; re turn mal functioning Di g it al Board t o  
Compucol or Corporation . 
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TROU BLE- SHOOTING TECHNIQUES 

l .  Check to see that a l l p lug s and connectors a r e  p rope rly connec t e d . 

2 .  Make a v i su a l  check f or b roken cpnnect ion or d am ag e d  compon e n t s . 

3 .  Check for any b lown fu s e s . 

4 .  I f  there i s  a conv erg e n c e  prob l em , see i f  i t  can b e  �orrected by 
a l ignme nt . See sect. ion on A l ignment . 

S .  A lw a y s  check low v o l t ag e  powe r supp l i e s  before beg i nn ing o ther 
troub le shoot ing . 

G .  Not e  symptom s  and r e f e r  to block d i ag ram and s chema t i c s . 

7 .  Loc ate t he c i r cu i t  a r e a  in wh ich the prob l em i s  be l i eved to be cont a i ned . 

8 .  Read c i rcu i t  d e s c r i p t i on o f  su spe�ted c i r cu i t . 

9 .  F o l low check ou t procedu re u n t i l  d e f e c t ive component o r  compon e n t s  
are fou nd . 

TRANSI S TOR CONNECTI ONS 

A l l  conn ec t i ons ar e shown as v i ewed on the compone���d e of the p r ;i. n t e d  
w i r i ng board . 

c 
0 

B 0 

B 

1 G) 
E

o 
B 

or 

E 

I:J 0 

B 

0 E 

2 

c 

c 

Analog Board : Ql , Q2 , QS , Q6 , Q7 
( Power trans is tor s mou n t ed on the Ana loq Boprd 

wrap connect into the component s id e  of the boa rd 
as i nd i c ated at l e f t . )  

Ana l og Boar d : Q l 3 , Q l S  
(FET Ell l )  

Ana log Board : Q3 , Q4 ,  Q8 ,  Ql 7 ,  Q lB ,  Ql 9 

6 . 1 1 



EC) 

Power Board : Ql 

B Analog Board : Q9 ,  Ql O ,  Qll , Ql2 , Ql4 

c Log i c  Board : Ql , Q2 

CC) V ideo Board : Ql ,  Q4 , Q7 

B D i s k  Control ler : Ql 

[ 
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Opera tional  T e s t  

W i t h i n  one m i n u t e  a f te r  u n i t  i s  turned on , t h e  f i r s t  l i ne o f  the screen 
d i s p l ay s hould be " D I S K  BAS IC 8 0 0 1  V 6 . 7 8 COPYRIGHT © BY COMPUCOLOR" ,  in 
co lors aga i n s t  a b l ack background . 
the C P U RE S ET key once o r  tw i c e )  . 

( Note : I t  may b e  n e c e s s a ry to s tr i k e  

E r a s e  t h e  s c re e n  w i th the ba ckground cc-,lor Red . 

l )  Ope r a t e  the " BG ON " k ey . 
2 )  Wi t h  " CONT ROL " key depre ssed , s t r i ke the red " Q "  key . 

3 )  Ope rate the " E RA S E  PAGE " key . 

The r e  shou l d  be a u n i form l y  r ed r a s t e r  a bi t larg e r  than 6 "  x 9 "  centered 
on the s c ree n . The top and bot tom edges of the d i splay shou l d  be s t ra i ght . 
The cursor shou ld appea r  i n  t h e  upper l e f t  co rner o f  the d i s p l ay . 

I n  s im i l a r  f a shion check the co l or s  Green ( " R "  k e y ) , Y e l l ow ( " S " ) , B l ue ( "T " ) , 
l\1agenta ( " U " ) , Cyan ( " V " ) and f i n a l ly B l ack ( " P " )  ( W i th the s c r e e n  erased 
i n  B lack t h e re i s , o f  cour s e , no vi s ib l e  raster . O n l y  the cursor appea r s ) . 

F i l l  the s creen w i t h  a pattern o f  wh i te l e t te r s . 

l )  S t r i k e  the " FG ON " k e y .  
2 )  W i th " CONTROL " k e y  depre s sed , operate the Wh i t e  " W "  key . 
3 )  S t r i k e  the " ( E S C ) " ,  " Y "  and " T "  k eys i n  succes s io n . 

The f u l l - screen p a t tern o f  l etters shoul d be un i f o rmly Wh i te .  

Opera t e  the " CPU RESET"  key . The pattern o f  l e t t e r s  i s  era s ed and the s c reen 
d i sp l ay s  " COMPUCOLOR I I  C RT MODE V 6 . 7 8 " . The cursor i s  at the s ta rt of the 
s e co nd l i ne . 

V e r i fy tha t the " CAPS LOCK" key i s  i n  the depre s sed pos i t i o n . Then t yp e  
mater i a l  u s i ng a l l  keys , fo r e xampl e :  

THE QU ICK B ROWN FOX JUMPS OVER THE LAZY DOG ' S  BACK . ( ::' pa c e )  1 2 3 4 5 6 7 8 9 ,0 . ( S pac e )  

C '  J ' - ( TAB ) - ( TAB ) @ ; : , / ( TAB ) < ? > +* ( TAB ) NULL ! " # $  ( TAB ) %& ( = )  

( Not e : I n  order t o  check both " SH IFT" keys , u s e  the r i g h t  hand k ey for some 
char acte r s  and the l e ft hand " SH IFT " key for the o the r s )  . 
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Depre ss " REPEAT" and " . "  keys simultaneously to add 6 or 8 dots . The line 
of symbol s  should read : 

( \  }''- - @ ; : , /  ( ?  > +* % &  ( = )  • • • . • . . .  

Verify that the cursor is near the end of the l ine of symbo l s . S trike the 
" E R1\S E  LINE" key . The lin e  of symbols  should be erased and th e  c u r s o r  shc1 u l d 
re t�rn to the start of that l ine . 

Operate the "HOME " key . The cursor returns to the upper left corner o f  t h r>  
s c re e n . Operate the other cursor control keys to verify that th e c u r s o r  

moves down , r ight , le ft and up in accordance with the direction key operated . 
End with the cursor down a few lines from any material already displayed . 

S trike the "A7  ON " key , then the "BLINK ON " key . Then type 

BLINK (BL/A7 OFF ) TEST 

The word " BLINK" is displayed in double height letters and b links on and o f f  
almost two times per second . "TEST" i s  i n  normal height letters and does no � 
b link . (Note : In  Model s  1 and 2 ,  all letters are the s ame height) . 

With both " SHIFT " and "CONTROL" keys held down , operate the "CPU RES E T "  k P y . 
The "DISK BAS IC"  mes s age should appear . Insert the sampl er diskette into 
the disk drive and close door . ( S ee page 2 of the " I ns truction Manual " ) . 
Depress "AUTO" key . The disk drive runs . A "MENU" or program l isting appears 
on the s creen . S trike the " 5 "  key and then the "RETURN ENTER" key . The 
Compuco lor II runs through a memory test , displays "TESTED OK" and then a 
series of graphic displays follow s .  

The above test procedure verifies operation o f  al l keys on the s tandard 
keyboard and provides a fairly comprehens ive tes t  of computer and display 
functions . Intermittent fai lure s and certain specific problems may require 
addi tional testing . Overnight operation prior to final test is  recommended . 
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CCII NO . 

1 0 1 1 07 
1 0 1 1 08 
1 00963  
1 009 64  
1 00965  
1 0 098 6 
1 008 95  
1 009 73 
1 00£: 72 
900004 
0 1 004 7 
0 1 0048 

COHPUCOLOR I I  

R e commend ed Spare Par t s  Lis t 

DESCRIPTION 

Power Supp l y  A s sy . 
Ana log Assy . 
Logi c A ss y .  8K 
Logi c Assy . 1 6K 
Logi c  Assy . 32< 
Add -on R AH A s sy . 
Video Drive A s sy . 
D i sk Drive Assy . , Coop le te 
D i sk Control ler Board A s sy . Only 
1 2VAXP 22 C R T  

Spare Par t s  K i t , Analog 
Spare Par t s  K i t , D i gi t al 

The above li st p re sumes repa i r , o ther t h an m in or , by r e p l aceme nt of 
ma jor subassemb l i e s , wi th the fau l ty subas semb l i e s  be ing r e tur n ed t o  
Compu co lor Cor pora t i o n  for repa ir and r e turn . 

If sub stantial in-house repa ir of subassemb l i e s  is co ntemp l a t ed , com 
p l e t e  parts l i sts are availab le . Repair parts no t co�mo nl y ava ilable 
from e l e c tronics supply houses can b e  orde red from Cocp ucolor Cor p 
ora t i on .  Vlith the ex ception o f  the ca thode r ay tube , tr ansf o rme rs ,  
cabi ne ts and spare parts k i t s , orde ring quantity i s  o rd i nari l y  f i ve 
and the mi nimum ord e r  to tal $ 1 00. 00 .  
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TMS 8080 MICROPROCESSOR 

1 .  ARCHITECTURE 

1 . 1 I NTRODUCT I O N  

T he T M S  8080 i s  an 8-bit paral le l  central processing u n it (CPU) fabricated on a s ingle  c h i p  u s i ng a h igh-speed N ·chan n t> l  

s i l i con -gate process. ( See F igu re 1 ) .  A complete m i crocomputer system with a 2 -�s instruct i o n  cycle c a n  b e  f o r m e d  by 
i nterfac ing this ci rcu it with any appropriate memory . Separate 8-bit data a n d  1 6-bit address buses s impl i fy  the i n ter t  ac� 
and a l low di rect address ing of 65, 536 bytes of memory. Up to 256 i nput and 256 outpu t  ports are a l so prov ided wi th  
d i rect address ing.  Co ntrol s igna ls  a re brought d i rectly o u t  o f  t h e  processor and a l l  s igna ls .  exc lud i ng c lock s .  a r r  T T L  

compat ib le .  

1 .2 T H E STAC K 

The TMS 8080 i nco rporates a stack archi tecture in wh i ch a portion of externa l  memory is used as a pushdown s tock  l o r  
sto r i ng data tram work i ng registers a n d  i nternal mach ine status.  A 1 6-bit stac k pointer (SP)  i s  p rov i ded to  t:Jc i ! ; t : t t r � 
stack l ocation in the memory and to a l low a l most u n l i m i ted interrupt h an d l i ng capabi l i ty . T h e  C A L L  a nd R ST i , rqart l  
i nstructi ons use the S P  t o  store the program counter (PC) i nto the stack. The R ET ( retu r n )  i nstruct ion uses t h e  S P  t o  

acqu i re the prev ious P C  va lue.  Addit ional  i n struct i o ns a l low data from registers a n d  f l ags t o  b e  saved i n  the stac k .  

1 .3 R E G I STERS 

The TMS 8080 has three categories of  reg isters:  ge neral registers, program control registers.  and i nterna l reg isters.  The 
ge nera l registers and program control registers are l i sted i n  T able 1 .  The i n terna l  regi sters are not access ib le  hy the 

programmer.  They i nc lude the instruction register, wh ich holds the present instructio n ,  and severa l  tempor ary storage 

registers to hold i nternal data or l atch i nput 'l nd output addresses a nd data.  

1 6  

INCREMENTER 
DE CREMFNTER 

16 

16 

FIGURE 1 -TMS 8080 FUNCTI ONAL BLOCK DIAGRAM 
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1 .4 T H E  A R I TH M E T I C U N I T  

Ar i thmet ic  operat ions  a r e  performed i n  a n  8-bit  para l le l  a r i thmet ic  u n i t  that  h a s  both b inary a n d  dec im a l  capab i l i t ies .  

Four  testa b l e  i n te r n a l  f l a g  bits  a r e  prov i ded to faci l i tate program contro l ,  a n d  a f i fth f l ag i s  u sed f o r  de c ima l  

correct ions .  Tab le  2 d e f i n e s  these f l ags a n d  the i r  operat ion .  Deci m a l  correct ions are performed w i th the DAA 

i nstruct i o n .  The D AA corrects the resu l t  of b i nary ar i thmet ic  operat ion on BCD data as shown in T a b l e  3 .  

1 . 5 STATUS AND CO N T R O L  

Two types o f  status  a r e  prov i de d  b y  t h e  TM S8080. Certa i n  status i s  i nd icated b y  d e d i ca ted contro l  l i nes .  Addit iona l  

sta tus i s  t ransm itted on the  data bu s dur ing  th e begi n n i ng of each i n struct ion cyc le  ( m ach i n e  cyc l e ) . Table  4 i n d i cates 

the pin fu nct ions  of  the TM S8080. Table 5 def i nes the sta t u s  i n format ion that i s  p r·esented d u r i n g  the begi n n i n g of each 

mach ine  cy c l e  ( SY N C  t i me )  o n  the d a ta bu s .  

1 .6 1 /0 OPE R AT I O NS 

I n put/ou tput  operat i o n s  ( 1 /0 )  a re  performed u s i ng the I N  and O UT i nstruct i o n s .  The  secon d  by te of these i nstruct ions  

i n d icates the  dev ice addre ss ( 2 56 dev ice add resses ) . When an I N  instruct ion i s  e xecuted,  t h e  i nput dev ice address 

appears in d u p l icate o n  A7 through AO and A 1 5  through A8, a l ong with WO and I N P  status  on the d at a  bus. The 

addre ssed i n p u t  dev ice then puts i t s  i nput  data on the data bus  for entry i n to the accu m u l ator:  W h e n  a n  OUT 

i nstruct ion  is e x ecute d ,  the same operation occu rs e xcept that the  data bus  has O UT status and then has output  data .  

D i rect memory access  c h a n n e l s  ( D M A )  can be O R -t ied  d i rect ly wi th the data and iJddress buses  through the u se of the 

HO LD a n d  H L DA ( ho l d  ack nowl edge)  contro l s .  When a H O L D  request i s  accepted by the CPU , H L D A  goes h igh ,  the 

address and data l i nes  ilre  fo rced to a h i gh- i mpedance o r  "f loa t i n g "  co n d i t i o n ,  a n d  the CPU stops u n t i l the  H O L D  

request i s  remove d .  

I nterfa c i n g  with  d i fferent  speed memor ies  i s  eas i ly  acco m p l ished b y  u s e  of t h e  W A I T  a n d  R E A D Y  p i n s .  D u r i ng eilch 

m ach i n e  cyc l e ,  the CPU p o l l s  the R EADY input  and enters  a wa i t  cond i t i o n  u n t i l  t h e  R EA D Y  l i ne becomes t r u e .  When 

the WA I T  output p in i s  h igh,  i t  i n d icates that  the CPU has  e n te red the wait  state .  

D e s i g n i n g  i nterrupt d r iven systems i s  s i m p l i f i e d  th rough the u se of vectored i nterrupts .  A t  t h e  end o f  each i nstruct ion ,  

the CPU po l l s  t h e  I NT i n p u t  to determ i n e  i f  an  i nterrupt req uest i s  b e i n g  m ad e .  T h i s  act ion does not  occu r i f  t h e  CPU i s  in  

the H O L D  state  o r  i f  i n te r rupts are  d i sa bled . The  I NT E  ou tput i n dicates  i f  t h e  i n te rrupt  log ic  i s  enab led  ( I N T E  i s  h i gh ) .  

When a request i s  honored,  t h e  I N T  A stat u s  b i t  becomes h i g h ,  a n d  a n  RST i nstruct ion m ay be i n se rted to fo rce the CPU 

to j u m p  to o n e  of e i ght  poss ib le  locat ions .  E n abl i ng or  d i sa b l i n g  i n terrupts is co ntro l l ed by spe c i a l  i n st ruct ions  ( E I or 

D l ) .  The  i n terrupt  i n put  i s  a u to mat ica l ly  d i sabled whe n a n  i nterrupt req uest is accepted or  when a R ES E T  signal is 

rece ived .  

1 .7 I NSTR UCTI ON T I M I NG 

The execut ion t i me of the i n st ruct ions  va r i es depend i ng on the operat ion req u i re d  and the n u m ber  of memo ry 

reference s  needed.  A m ach ine  cy c le  is def i n ed to be a memory referen c i n g  operat ion a n d  is e i ther  3 ,  4 ,  o r  5 state t imes 

long .  A state t ime ( des ign ated S )  i s  a f u l l  cy c le  of c l ocks  1,) 1 and ¢2 . ( N O T E :  The excep t i o n  to th is  ru le  i s  the DAD 

i nstruct io n ,  wh ich co ns i sts of 1 memory reference i n  1 0  state  t i mes) . The  f i rst m ac h i n e  cyc le  ( des ignated M 1 )  i s  e i ther 4 

or 5 state t i m e s  long  a n d  is t h e  " i n struct ion fetch " cyc le  with the program counter  appea r i ng on the address bus .  The 

CPU then  cont i nues  with  as  m any M cycles  as  necessary to com p lete t h e  execut ion of t h e  instruct i o n  ( u p  to a 

max i m um of 5 ) .  T h u s  t h e  i nstruct i o n  execu t ion  t i me var ies  from 4 state t i me s  ( seve r·a l  i n c l u d i n g  AD D r) to 1 8  ( XTH L ) .  

T h e  WA I T  o r  H O L D  cond i t ions  may affect the execut ion t i m e  si nce t h ey can b e  u sed t o  control  the mach i n e  ( for  

e x a m p l e  to "s ing le  step") a n d  the H A LT i nstruct i o n  forces the C P U  to stop u n t i l  an  i nterrupt i s  rece ived . As the 

i n struct i o n  execut ion i s  compl eted ( o r  i n  the H A LT state) the I NT p i n  i s  po l led for a n  i nter rupt .  I n  the event of an 

interrupt ,  the PC w i l l  not be i ncremented d u r i ng the next  M 1  and a n  RST i n struct ion can be i nserte d .  
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N A M E  

Accumulator  

8 Register 
C Register 
D Register 
E Register 
H Register 

L Register 

Program Counter 

Stack Pointer 

F lag Register 

D E S I G NATOR 

A 

8 

c 
D 

E 
H 

L 

PC 

SP 

F 

TAB L E  1 
TMS 8080 R EG I ST E R S  

L E NGTH 

8 
8 
8 
8 

8 
8 

8 

1 6  
1 6  

5 

P U R POSE 

Used for ar i thmetic, l ogical , and 1 /0 operat i ons 
General o r  most signi ficant 8 bits of double register BC 
General o r  least signif icant 8 bits of double register BC 
General o r  most signif icant 8 bits of  double register DE 

General o r  least s ign i f i cant 8 b i ts of double register DE  
General o r  most s ign if icant 8 bits of double register H L  

Genera l  o r  least s ign if icant 8 bits of double register H L  

Contains address o f  next byte to  b e  fetched 
Contains address of the last byte of data saved in 
the memory stack 
F ive f lags (C ,  Z, S, P, C 1 ) 

N OT E :  Registers 8 and C may be used toge t h e r  as a s i n g l e  1 6  b i t  register,  l i k ew ise, D a n d  E ,  and H a n d  L . 

SYMB O L  T ESTA B L E  

c YES  

z YES 

s YES 

p YES 

C 1  NO 

c 

0 
0 
0 
1 
1 
1 
0 
0 
0 

TABLE 2 
F LAG DESCR IPTIONS 

D E SC R I PT I O N  

C is the  carry/borrow out  of the  MSB ( most s ign i f i cant  b i t )  of the  ALU  (A r i t hment Logic 
Un i t ) .  A TRUE condit ioo (C  = 1 )  ind icates overf low for addit ion or u nderf low for 
subtract ion. 

A TRUE  condit ion (Z = 1 )  ind icates that t he output of the ALU is equa l to zero. 

A TRUE condit ion (S  = 1 )  i nd icates that the MSB of the ALU output is equa l  to a one ( 1 ) .  

A TRU E condit ion IP  = 1 I i nd icates that the output of the ALU  has even par i ty ( the 
number of bits equal to one is eve n ) .  

C 1  is t h e  carry o u t  of the fourth b i t  of the ALU  (TRUE condit io n ) .  C 1  i s  used o n l y  f o r  BCD  
correction with the D AA instruct ion .  

TAB L E  3 

F U NCT I ON OF T H E  DAA I NST R UCTION 

Assume the accumulator (A)  contains two BCD digits, X and Y 

7 4 3 0 

ACC X I y 

ACCUMULATOR ACCUM U LATOR 

B E F O R E  DAA A F T E R  DAA 

A7 . . .  A4 C l  A3 . . . Ao c A7 . . .  A4 C l  A3 . . . Ao 

X <  1 0  0 y < 1 0  0 X 0 y 
X <  1 0  1 y < 1 0  0 X 0 Y + 6  
X < 9  0 y ;:- 1 0  0 X +  1 1 Y + 6  
X <  1 0  0 y < 1 0  1 X + 6  0 y 
X <  1 0  1 y < 1 0  1 X + 6 0 Y + 6  
X <  1 0  0 y ;;_, 1 0  1 X + 7 1 Y + 6  
X ;;,  1 0  0 y < 1 0  1 X + 6 0 y 
X ;;,  1 0  1 y < 1 0  1 X +  6 0 Y + 6  
x ;:, g  0 y :,  1 0  1 X + 7  1 Y + 6  

N O T E :  T h e  c o r rect i o n s  shown i n  T a b l e  3 a re s u f f i c i e n t  f o r  add i t i o n .  F o r  subtrac t i o n ,  t h e  p rogrammer must a c c o u n t  f o r  t h e  bo r row 

c o n d i t i o n  that  can occu r a n d  g i ve e r r o n eous resu l ts. The most straight forward method is  to set A :. 99 1 6 a n d  carry :. 1 .  T h e n  

add t h e  m i n u e n d  to A after  subtract i n g  the subtrahend f r o m  A . 

A - 4  



S I G NATU R E  P I N  

A1 5 ( MSB) 36 
A 1 4  39 
A 1 3 38 
A 1 2  37 
A l l 40 
A l O  

A9 35 
A8 34 
A7 33 
A6 32 
A5 3 1  
A4 30 
A3 29 
A2 27 
A l  26 
AO ( LSB) 25 

D7 ( MSB)  6 
D6 5 
D5 4 
D4 3 
D3 7 
D2  8 
Dl  9 

DO ( 1-.SB) 1 0  

Vss 2 

Vss 1 1  

Vee 20 

vDD 28  

<.'>1 22 

¢2 1 5  
R ESET 1 2  

HOLD 1 3  

INT 14  

I NT E  1 6  

D B  I N  1 7  

1 /0 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

OUT 
OUT 

OUT 
OUT 

OUT 
OUT 
OUT 

OUT 
OUT 

I N /OUT 
I N /OUT 
I N /OUT 
I N /OUT 
I N /OUT 
I N /OUT 
I N /OUT 

I N/OUT 

IN 

I N  

I N  

I N  

I N  

OUT 

OUT 

TABLE 4 
TMS 8080 P I N  D E F I N I T I ONS 

D ESCR I P T I ON 

A 1 5  through AO comprise the address bus. True memory or 1 /0 device addresses appear on 
this 3-state bus dur ing the f i rst state t ime of  each instruct ion cycle . 

D7 through DO comprise the bidirect iona l  3-state data bus .  Memory . status. o r  1 /0 data is 

transferred on th is  bus . 

Ground reference 

Supply vol tage ( -5 V nomina l )  

Supply voltage ( 5  V nomina l )  

Supply vol tage ( 1 2  V nomina l )  

Phase 1 clock. 

Phase 2 c lock. See page 19 for ,�1 and ¢2 t iming .  

Reset . When active ( h igh ) for a min imum o f  3 c lock cycles , the R ESET  input causes the 
TMS 8080 to be reset. PC is cleared, i nterrupts a re disabled, and a fter R ES ET ,  instruction 
execut ion starts at memory locat ion 0 .  To prevent a lockup cond i t ion ,  a H A LT i nstruction 
must not be used i n  location 0. 

Hold signa l .  When active ( h igh ) HOLD causes the TMS 8080 to enter a hold state and f loat 
(put the 3-state address and data bus in a h igh-impedan ce stare) .  The ch ip  acknowledges 
enteri ng  t he hold state with the H LDA signal and wi l l  not accept i n terrupts unt i l  it leaves 
t he hold state. 

I nterrupt request. When act ive ( h igh ) INT  ind icates to the TMS 8080 that an interrupt is 

bei ng requested. The TMS 8080 pol l s  I NT dur ing a HALT or  at the end of an i nstruct ion .  
The request wi l l  be accepted except when I NT E  i s  low or  the CPU is i n  the HOLD 
cond i t ion .  

I n terrupts enabled. I NT E  ind icates t hat an i n terr upt wdl be accepted by the TMS 8080 
unless i t  is in the hold state . I NTE i s  set to a h igh logic l evel by the E I ( Enable I nterrupt) 
i nst ruct ion and reset to a low logic level by the Dl ( D isable I nterrupt) i nstruction .  I NT E  is 
also reset when an in terrupt is accepted and by a h igh on R ES ET. 

Data bus i n .  DB IN ind icates whether the  data bus is i n  an input or  an output mode. 

(h igh = i nput ,  low = outpu t ) .  

A - 5 



2. 

2.1 

S I G N ATURE PIN 

WR 1 8  

SYNC 1 9  

H LDA 2 1 

READY 23 

WA I T  24 

1 /0 

OUT 

OUT 

OUT 

I N  

OUT 

SI GNATU RE DATA BUS B I T  

I NTA DO 

wo D 1  

STACK D2 

H LTA D3 

OUT D4 

M1 D5 

I N P  06 

M EMR 07 

TMS 8080 I NST RUCTION SET 

I NSTRUCTION FOR MATS 

TABLE 4 (CONTI NUED) 

DESC R IPTION 

Wr i te. When active ( low) WR indicates a write operat ion on the data bus to  memory or  to an  
1 /0 port. 

Synchroniz ing control l ine. When active (h igh)  SYNC i n d i cates the beg inn ing  of each 
machine cycle of the TMS8080. Status informatio;1 is also present on the data bus dur ing 
SYNC for external latches. 

Hold acknowledge. When act ive ( h igh) H LDA i nd i cates that the TMS8080 is  in  a hold state. 

Ready control l ine .  An act ive ( h igh ) level i nd icates to the TMS 8080 that an  e xternal device 
has completed the transfer of data to or from the data bus. R E A D Y  is used in conju n ct ion 
with W A I T  for different memory speeds. 

Wait status. When active ( h igh)  W A I T  i n dicates that the TMS 8080 has en tered a wa it  state 
pending a R EA DY signal from memory.  

TAB L E  5 

TMS 8080 STATUS 

DESC R IPTION 

I n terrupt acknowledge. 

I nd icates that current machine cycle wi l l  be a read ( input) ( h igh ; read) or a write ( output)  
( low ; write)  operat ion. 

I ndicates that address is  stack address from the SP. 

H A LT i nstruction acknowledge. 

I nd i cates that the address bus has an  output device address and the data bus has output 
data. 

Ind icates instruct ion acquis it ion for f i rst byte. 

Ind icates address bus has address of input device. 

Ind icates that data bu5 will be used for memory read data. 

T M S  8080 i n structions are e ither one,  two, or three bytes long and are stored as bi nary i ntegers in successive memory 

locations i n  the format shown below. 

One-Byte I nstructions 

D 7  D 6  D5 D4 D3 D2 D 1  D O  O P  CO D E  

Two-Byte I nstructions 

D 7  D 6  D 5  D4 D 3  D 2  D1 D O  OP CODE 

D 7  DB D 5  D 4  D 3  D 2  D1  D O  O PE RAND 

Three-Byte I n structions 

D 7  D6 D5 D 4  D3 D 2  D 1  D O  O P  CO D E  

D 7  D6 D 5  04 D 3  D 2  D 1 D O  LOW A D D R ESS O R  OPE RAN D 1 

D7 D6 D 5  D4 D 3  D2 D 1 D O  H I G H  A D D R ESS O R  O P E RAN D 2 

A · 6  



2.2 I NSTRUCTION SET DESCR IPTION 

Ope rat ions  res u l t i ng from the  execu t i on of  TMS 8080 i n struct ions are desc r i bed in  t h i s  sect ion.  The f l a gs that  are affected by 

each instruct ion are given after the  d escript ion .  

2.2.1  I NSTR UCTI ON SYMBOLS 

M 

( )  

[ I  

Am 

l l  
b2 

b3 b2 
( n n n ) 8 

Second byte of i n struct ion 

Th i rd  by te of i nstruct ion 

R eg i ster = 

000 

00 1 

0 1 0  

0 1 1 

1 00 

1 0 1  

1 1 1  

Regi ster :::: 

00 

0 1  

1 0  

1 1  

Reg i ster = 

0 

Reg i ster == 
00 
0 1  

1 0  

Least s i gn i f i cant  8 bits  of rd 
Most s ign i f i cant  8 b i ts  of rd 

D ESC R I PT I ON 

F l ags True cond i t i o n  

Ze ro (Z )  R esu l t  i s  zero 

R eg i ster Name 

B 

c 
D 

E 

H 

L 

A 

R egister  N a m e  

BC 

D E  

H L  

SP 

R eg i ster  Name 

BC 

D E  

R eg ister Name 

BC 

D E  

H L  

Carry ( C )  Carry/bor row out  of MSB i s  one 

Par i ty ( P )  Par ity of  res u l t  i s  even 

S ign ( S )  MSB of  res u l t  i s  o n e  

Carry 1 ( C 1  l Carry out  of fou rth bi t is one 

Memory address def i ned by regi sters H and L 

Conte nts of specif ied address  or regi ster 

Contents at  add ress contai ned in spec i f ied reg ister  

I s  t ransferred to 

E xcha nge 

B it m of  A regi ster ( accu m u l ator )  

F l ags affected 

S i n gle  byte immediate operand 

Doub le  byte i m medi ate operand 

( n n n ) i s  a n  octal  ( base 8 )  n u mber 

A - 7  



2.2.2 ACCUMU LATOR G RO U P  I NSTRUCTIONS 

M N EMON I C  O P E R AN D S  B Y T E S  

AC I b2 2 

ADC 
ADC 
ADD 

ADD  
AD I 
ANA 

ANA 
ANI  
CMA 

CMC 
CMP 

CMP 
CP I  
DAA 

DAD 

LOA 
LDAX 

ORA 

ORA 
OR I 
RAL  

RAR 
R LC 

RRC  

M 

'a 
M 

'a 
b2 
M 

'a 
b2 

M 

'b 

b3b2 
'c 
M 

'a 
b2 

2 

1 

2 

1 

2 

3 

1 

2 

M C Y C L ES/ 

STATES 

2/7 

2/7 
1 /4 
2/7 

1 /4 
2/7 

2/7 

1 /4 
2/7 
1 /4 

1 /4 

2/7 

1 /4 
2/7 

1 /4 

1 /1 0  

4 / 1 3  
2/7 
2/7 

1 /4 
2/7 
1 /4 

1 /4 
1 /4 

1 /4 

A-8 

D E SC R I PT I O N  

IA I  � IA I  + <b2>+ i carry l ,  add the second byte of the 
instruction and the con tents of the carry f l ag to regi ster A and 
place in A. ! C .Z,S,P ,C 1 1 

(A) ·- (A ) + (M )  + ( carry l . j C ,Z ,S,P,C 1 f 
(A I - IA I  + l ra l + l carry l . j C ,Z ,S ,P ,C1  f 
(A I - (A ) + I M I ,  add the contents of M to register A and place in 
A. ; C ,Z ,S ,P ,C 1 I 
(A I  - IA I  + l ra l . )  C ,Z ,S ,P ,C1  I 
(A )  - IA I  + <b2> .  j C ,Z,S,P,C 1 \  
(A I  - IA I  AN D IM I ,  take the log ica l  AND of  M and register A 
and place in A. The carry f lag w i l l  be reset low. l C,Z,S,P ,C 1 1 
(A )  - IA I  AND l ra l .  j C ,Z ,S,P,C 1 1  
(AI - (A )  AND <b2> .  l C,Z,S ,P,C 1 I 
IA I  - IA I ,  complement A. 

( carry) - ! carry ) ,  complement the carry f la g. j c  I 
(A I  - IM I ,  compare the contents of M to register A and set the 
f l ags according ly. ! C ,Z ,S ,P ,C 1 \ 

IA I  = (M I  Z = 1 
(A I * ( M I  Z = 0 

(A ) < ( M )  C = 1 

(A ) > ( M)  C = O  

(A ) - l ral .  j C ,Z,S,P,C 1 1 

(A) -<b2>.  j C ,Z ,S , P ,C 1  I 
(A)-BCD correction of (A ) .  The 8 b i t  A contents is corrected to 

form two 4 bit BCD d ig i ts after a b inary ar ithmetic operation .  A 
f i f th f lag C 1  i nd icates the overf low from A3. The carry f lag C 
ind icates the overf low f rom A7 (See Table 3 1 .  l C ,Z ,S ,P ,C 1 I 

( HL )  - I H LI + ( rbl .  add t he con tents of double reg i ster rb to 
double reg ister H L  and p l ace in H L. \ c I 
(AI- [<b3> <b2> l  
(A )- [ I rcl l  
IA I  •- (A )  OR  ( M ) ,  take the log ica l OR  of the contents o f  M and 

register A and place in A. The carry f lag wi l l  be reset. 
l C,Z,S,P ,C 1 I 
IA I  - IA I  OR  l ra l . \  C ,Z ,S ,P ,C1 1 

IA I - IA I  OR  <b2> .  ) C ,Z,S,P,C 1 1 
Am+1 -Am. Ao-lcarry ) ,  l carry )-(A 7I .  Sh i f t  the contents of 

register A to the left one b i t  th rough the carry f lag. j C I 
Am-Am+ 1 ,  A7-lcarry l ,  (carry)-·Ao. J  C !  
Am+1 -Am, Ao-A7 l carry i-IA7 I .  Sh i f t  the contents o f  register 
A to the left one bit. Sh i ft A7 i n to A and in to the carry 
f lag. j C I 
Am-Am+1 · AT-Ao, l carry i-IAol . j C  I 



M N EMON I C  OPE R AN DS 

S B B  

S B B  
SB I 

STA 

STAX 

STC 
SUB 

SUB 
S U I  

X R A  

X R A  
X R I  

M 

ra 
b2 

b3b2 

r c 

M 

B Y T E S  

1 
2 
3 

1 
2 

1 
2 

2.2.3 I N PUT/OUTPUT I NSTRUCTI ONS 

M N EMON I C  OP E R ANDS BYTES 

I N  b2 2 

OUT b2 2 

2.2.4 MACH I N E  I NST R UCTI ONS 

M N E MO N I C  OPE R A N DS B Y T E S  

H LT 

NOP 

M CYCL ES/ 

STATES 

2/7 

1 /4 
2/7 

4/1 3 

2/7 

1 /4 
2/7 

1 /4 
2/7 
2/7 

1 /4 
2/7 

M CYCL ES/ 

STATES 

3/1 0 

3/ 1 0  

M CYCL ES/ 

STATES 

2/7 

1 /4 

A -9 

D E SC R I PT I ON 

( A)�( A ) - (M ) -(carry ) ,  subtract the contents of M and the 
contents o f  the carry flag f rom register A and place in  A. Two's 
complement subtraction is  used and a true borrow causes the 
carry f l ag to be set ( underflow condi t io n ) . \ C , Z ,S,P,C 1 1 
( A)�( A ) - ( ra ) -(carry ) .  \ C,Z ,S,P ,C 1 1 
( A) � ( A ) - < b2 > - ( carry ) .  j C,Z,S,P,C1 1 
l < b3> < b2> ) +-( A ) ,  store contents of A i n  memory address 
given in bytes 2 and 3. 
[ ( rcl l  � ( A ) ,  store contents of A in memory address given in B C  
o r  D E. 

( carry ) � 1 . set carry f lag to a 1 ( true condi t ion ) .  
( A) � ( A ) - ( M ) ,  subt ract the contents of M from regtster A and 
place i n  A .  Two's complement subtraction i s  used and a true 
borrow causes the carry f lag to be set ( underf l ow cond itio n ) .  
J C ,Z,S,P,C 1 ! 

( A) +- ( A ) - ( ral. \ C ,Z,S,P,C 1 ! 
( A ) +- ( A ) -< b2 >. \ C ,Z,S,P,C 1 ! 
( A)�( A )  X O R  ( M ) ,  take the exclusive OR of the contents of M 
and register A and place i n  A. The carry f lag w i l l  be reset. 

I C,Z,S,P,C 1 \ 
( A)+-( A )  X O R  ( ral .  j c,Z,S,P,C 1 \ 
( A ) +-( A )  X OR < b2> .  j C ,Z,S,P,C 1 \ 

D E SC R IP T I O N  

( A)�( i nput data  f rom data  bus ) ,  byte 2 is sent  on b i ts A7-AO 
and A 1 5-A8 as the i nput device address. I N P  status  is  given on 
the data bus .  
( Output data)  .... ( A) ,  byte  2 is sent  on bits A 7-AO and A 1 5-A8 as  
the output  device address. OUT status is  given on the data  b'ls. 

D E SC R IPTION 

Halt ,  a l l  mach ine operations stop.  A l l  registers are maintained. 
Only an  i nterrupt can retu rn the TMS 8080 to the run mode, 
Note that a H L T should n ot be placed in locati on zero, 
otherwise after the reset pin i s  active, the TMS 8080 w i l l  enter a 
nonrecoverable state ( u n t i l  power is removed) ,  i .e.,  in h a l t  with 
interrupts d isa bled. Th i s  condit ion a l so occurs if a H L T is 
executed whi le i n terrupts a re d i sabled. H L TA status is given on 
the data bus. 
( P C ) +- ( PC ) + 1 ,  no operat ion . 



2.2.5 PROGRAM COUNTER AND STAC K CONT ROL I NSTRUCTI ONS 

M N E M O N I C  OPE RANDS 

C AL L  b3b2 
B Y T E S  

3 

Condit ional  cal l  i nstructions for  true f l ags:  
( f )  

cc (carry) b3b2 3 
C P E  (parity )  b3b2 3 
C M  ( sign ) b3b2 3 
cz (zero) b3b2 3 

Condit iona l  cal l  i nstruct ions for fa lse flags: 
( f )  

C N C  (carry) b3b2 3 
CPO ( pa rity)  b3b2 3 
CP (s ign) b3b2 3 
CNZ (zero) b3 b2 3 

D l  

E l  

JMP b3b2 3 

Condit ional  jump i nstruct i on s  for true f l ags:  
( f) 

JC (carry) b3b2 3 
J P E  (parity) b3b2 3 
J M  (sign) b3b2 3 
JZ (zero) b3b2 . 3 
Conditional jump i n structions for  fa l se f laqs: 

( f )  
J N C  (carry) b3b2 3 
J P O  (parity ) b3b2 3 
J M  ( sign)  b3b2 3 
JN Z (zero) b3b2 3 

PC H L  
POP PSW 

POP rd 
PUSH PSW 

P U S H  rd 
R E T  

M CYCLES/ 

STATES 

5/1 7 

5/1 7 (Pass) 
3/1 1 ( F a i l )  

5/1 7 ( Pass) 
3/1 1 ( Fa i l )  

1 /4 

1 /4 

3/ 1 0  

3 / 1 0  

3/1 0 

1 /5 
3/1 0  

3/1 0  
3/1 1 

3/1 1 
3/1 0  

A - 10 

D E SC R IPTION 

[ (SP) - 1 ]  [ ( SP)-2] �1 PC) , (SP)+-(SP ) -2, I P C l � < b3 > < b2>.  
transfer PC to the stack address g iven by SP,  decreme nt  SP 
twice, and j ump uncondit iona l ly  to address given i n  bytes 2 and 
3.  

I f ( f ) = 1 ,  [ (SP )- 1 ]  [ (SP) -2] �( P C ) ,  (SP )-(SP l -2 ,  (PS)-<b3> 
< b2 >. otherwise ( P C ) � I P C ) +3 .  I f  the f lag specif ied ,  f ,  is 1 ,  then 
execute a ca l l .  Otherwise, execute the next i n st ruct ion .  

I f  ( f ) = 0, [ (SP) - 1 ] [ IS P ) - 2 ] -IPC ) ,  ISP) ·- I SP l -2 .  I P C l ·-< b3 > 
< b2>.  otherwise ( P C ) - ( P C ) + 3 .  

D i sable i n terrupts. I N T E  i s  driven fa lse to i nd i cate that n o  
i nterrupts w i l l  b e  accepted. 
Enable i n terrupts.  I N T E  is driven true to ind icate that an 

. i nterrupt wi l l  be accepted. Execution of th is  i nstruction is 
delayed to a l l ow the next i nstruction to be executed before the 
I NT input is  pol led. 
IPCl+-< b3 > < b2> .  j ump u ncondi t i onal ly  to address given in  
bytes 2 and 3 .  

I f  ( f ) = 1 ,  IPC)�-< b3 > < b2> .  otherwise ( P C ) •-IPC) + 3. I f  the f l ag 
spec i f ied, f, is 1 ,  execute a J M P. Otherwise, execute the next 
instruct ion . 

I f  ( f ) = 0, I P Cl+-< b3 > < b2> ,  othewise (PC)+- (PC) + 3. 

( P C ) -( H L) 
( F ) +- [  (SP) ] , ( A ) +- [ ('SP ) + 1 ] ,  ( S P ) +-(SP)+2,  restore the last 
stack values addressed by SP i nto A and F. I ncrement SP twice. 
l rdl)+- [ ISP ) ] , ( rd H )+- [ (SP) + 1 ] ,  (SP)+-(SP ) +2. 
[ (SP) - 1  ] +- ( A ) ,  [ ( SP) - 2] +- ( F ) ,  (SP)+-(SP ) -2, save the contents 
of A and F i n to the stack addressed by SP. Decrement SP twice. 
[ (SP) - 1 ] •- ( rd L l .  [ (S P ) - 2 ]  +- ( rdH l .  (SP)+-(SP) -2.  
(PC)+- [ ISP ) ]  l iSP )+  1 ] ,  (SP)+-( S P ) + 2, return  to  program at 
memory address given by last values in the stack. The SP is  
incremented by two. 



M N E M O N I C  OP E R AN DS BYTES 

Cond i t iOnal return onstruct ions for t rue flags: 

( f )  
RC (carry) 
R P E  (par ity ) 
R M  ( sign) 

RZ (zero) 

c 
p 
s 
z 

Condi t iona l  return I nstruct ions to r  l a lse f lags : 

( f )  
R N C  ( ca rry) c 
R P O  (par i ty )  p 

R P  ( s ign) s 
R N Z  ( zero) z 

RST 

S P H L  

2.2.6 R E G I STE R G R O U P  I N S T R U C T I O N S  

M N EM ON I C  OP E R A N DS 

O C R  M 

O C R  ' a  
D C X  'b 
I N R M 

t N R  'a 
I N X  ' b  

L H L D  b3b2 

L X I  rbb3b2 

MV I M,b2 

MV I rab2 

MOV Mra 

MOV raM 

MOV r a 1 '  a2 

S H L D  b3b2 

X C H G  

X T H L 

BYTES 

1 
3 

3 

2 

2 

3 

M CYCL ES/ ,. 

STATES 

3/1 1 ( Pass) 
1 /5 ( Fa i l )  

3/1 1 f Passl 

1 /5 ( Fa l l )  

3/1 1 

1 /5 

M CYCL ES/ 

STATES 

3/ 1 0  

1 /5 
1 /5 

3/ 1 0  

1 /5 
1 /5 

5 / 16  

3/ 1 0  

3/1 0  

2/7 

2/7 

2/7 

1 /5 

5 / 16  

1 /4 

5/ 1 8  

A - 1 1 

DIEIC .. IP'T ION 

I f ( f ) = 1 ,  ( PC I ·- I (SP I I  J (SP+ 1 l ,  (SP I-(SPI +2 .  I f  the f lag 
spec if ied, f ,  is 1 ,  execute a R E T. Otherwise, execute the next 
i ns truct ion .  

I f  ( f ) = 0 ,  ( P C I - I (S P I I J (SPI + 1 l ,  ( S P I·- ( S P I + 2 .  

J ( SP I - 1 1 I ! SP I - 2 1  · ( P C )  (SPI ·  (SPI - 2 ,  (PCI ·-OOOOROg where 

R i s  a 3 bit f ie ld in RST (RST�3R 7gl . Transfer PC to the stack 

address given by SP, decrement SP twice, and jump to the 

address specif ied by R .  

(SPI •- ( H L I .  

D E S C R I P T I O N  

(M )-( M )- 1 ,  decrement the contents of memory locat ion 

specif i ed by H and L . j Z,S,P,C 1 \ 
( ral •-( ral - 1 ,  decrement the contents of register 'a · l Z ,S,P,C l f 
( rb) •- - ( rb) - 1 ,  decrement double registers B C ,  D E ,  H L, or SP. 

(M ) •-(M ) +  1 ,  i ncrement the contents of memo ry location 
spec if ied by H and L .  \ Z ,S ,P ,C 1 I 
( ral•- ( ra l+ 1 ,  i ncrement the contents of register 'a · \ Z,S,P,C 1 I 
( rbl •-( rbl+ 1 ,  i ncrement double registers B C ,  D E ,  H L, or SP.  

( L 1 - l < b3> < b2> I ; ( H  1- I < b3> <b2 > + 1 l .  load registers H 

and L with contents of the two memory locations specified 
by bytes 3 and 2. 
( rbH I·- <b3 > ; ( rbL I •-< b2> ,  load double reg1sters BC, DE, H L, 

or SP immediate with bytes 3, 2, respectively. 

( M I ·- < b2> . store immediate byte 2 i n  the address spec i f ied by 

H L  

! ra l<-< b 2>. toad reg ister 'a immediate with byte 2 of the instruc· 

t ion . 

(M )-( ra l .  store register 'a in the memory locat ion addressed by 

H and L .  

( rai ·- (M ) ,  l oad register 'a w i t h  contents of memory addressed by 

H L. 

( ra 1 1 •- ( ra2 1 .  l oad register 'a 1  wi th contents of 'a2 · 'a2 contents 

rema i n  unchanged. 
l < b3> <b2> 1 - ( L I ;  l < b3 > < b2 > + 1 l i - ( H ) ,  store the contents 
of H and L into two successive memory locations spec i f ied by 
bytes 3 and 2 . 
( H ) - ( 0 ) ;  ( L I ·- ( E I ,  exchange double registers H L  and D E  

( L)- J (SPI I ,  ( H I - I !SPI+ 1 l , (SPI = ( S P I ,  exchange t h e  top o f  the 
stack with register H L. 



2.3 I NSTRUCTION SET OPCODES A LPHABET I C A L LY LISTED 
POS I T I V E -LOG I C  

R E G I STE R H E X  OPCODE C L OC K 

M N E M O N I C  B YT E S  DESC R I PT I O N A F F E C T E D  � � C Y C L ES* ---
ACI  2 Add i m mediate to A with  carry t c E 7 
A D C M Add memory to A with carry t 8 E 7 
ADC r Add register to A with carry t B 8 8 4 

c 8 9 
D 8 A 
E 8 B 
H 8 c 
L 8 D 
A 8 F 

A D D  M Add memory to A t 8 6 7 
A D D  r Add register to At B 8 0 4 

c 8 1 
D 8 2 
E 8 3 
H 8 4 
L 8 5 
A 8 7 

A D I  2 Add i mmediate to At c 6 7 
ANA M 1 A N D  memory with At A 6 7 
ANAr A N D  register with  At B A 0 4 

c A 
D A 2 
E A 3 
H A 4 
L A 5 
A A 7 

A N I  2 A N D  i mmed iate with At E 6 7 
C A L L  3 Call  unconditional c D 1 7  
cc 3 Cal l  on carry D c 1 1 / 1 7  
C M  3 Cal l  on minus  F c 1 1 / 1 7  
C M A  C omplement A 2 F 4 
civic Complement carry :!: 3 F 4 
CMP M Compare memory with At B E 7 
CMP r Compare register with A 

B B 8 4 
c B 9 
D B A 
E B B 
H B c 
L B D 
A B F 

C N C  3 C a l l  on no carry D 4 1 1 / 1 7  
C N Z  3 Cal l  on no zero c 4 1 1 / 1 7  
CP 3 Ca l l  on pos i t ive F 4 1 1 / 1 7 
CPE 3 Ca l l  on par i ty even E c 1 1 /1 7  
C P I  2 Compare i mmediate with At F E 7 
CPO 3 Cal l  on pa r i ty odd E 4 1 1 / 1 7  
cz 3 C a l l  on zero c c 1 1 / 1 7  
DAA Deci mal adjust At 2 7 4 

• Two poss i b l e  c y c l e  t i mes ( 1 1  / 1 7 )  i nd icate i n st r u c t i o n  cycles  dependent on c o n d i t i o n  f l ags.  
1 All  f l ags I C ,  z. S. P .  C l ) affected . 
:i. O n l y carry f lag  affected . 

A-1 2  



POS I T I V E -LOG I C  

R E G I STE R H E X  OPCO D E  C L O C K  

M N E M O N I C  B Y T E S  D E SC R I PT I O N  A F F E CTED � � C Y C L E S  ---

DAD B Add B&C to H & L T  0 9 1 0  

DAD C Add D&E  to H& d 1 9 1 0  

DAD H Add H&L  to H& L)  2 9 1 0  

DAD SP Add stack po i n ter to H & L :i: 3 9 1 0  

OCR M Decrement Memory � 3 5 1 0  

DCR r Decrement Regis ter � B 0 5 5 

c 0 D 
D 5 
E 1 D 
H 2 5 
L 2 D 
A 3 D 

DCX B Decrement B&C 0 B 5 

DCX D Decrement D& E 1 B 5 

DCX H Decrement H&L  2 8 5 

DCX SP Decrement stack poi nter 3 B 5 

0 1  Disable i n terrupts F 3 4 
E l  Enable i n terrupts F 8 4 

H LT 1 Ha l t  7 6 7 
I N  2 I nput D 8 1 0  

I N R  M ' I n crement memory ' 3 4 1 0  

I N R  r I ncrement register � 8 0 4 5 

c 0 c 

D 4 
E 1 c 
H 2 4 

L 2 c 

A 3 c 

I NX 8 I ncrement B&C  register 0 3 5 

I NX D I n crement D I;!< E  register 3 5 

I N X  H I n crement H & L  register 2 3 5 

I NX SP 1 I ncrement stack poin ter 3 3 5 

JC 3 Jump on carry D A 1 0  

JM 3 Jump on minus F 1 0  

JMP 3 Jump uncondit ional c 3 1 0  

JNC 3 J ump on no carry D 2 1 0  

JNZ 3 Jump on no zero c 2 1 0  

JP 3 Jump on pos i t ive F 2 1 0  

JPE  3 Jump on par i ty even E A 1 0  

JPO 3 Jump on pari ty odd E 2 1 0  

JZ 3 Jump on zero c A 1 0  

LOA Load A d i rect 3 A 1 3  

LDAX 8 1 Load A ind i rect 0 A 7 
LDAX D 1 Load A i ndi rect 1 A 7 
LH LD 3 Load H&L  di rect 2 A 1 6  
L X I  B 3 Load i mmediate register pa i r  8&C 0 1 0  

LX I D 3 Load i mmediate register pair D&E  1 1 0  

LX I H 3 Load immediate regi ster 2 1 0  

L X I  SP 3 Load immediate stack pointer 3 1 0  

::: o n l y  c a r r y  f l a g  a f f ec t e d .  
" :-: A l l  f l ags e x cept c a rry affected.  
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POSI T I V E -LOG I C  

R E G I S T E R  H E X  OPCOD E C LOCK 

MNEMO N I C  B YT E S  DESC R I PT I O N  A F F EC T E D  \!llyl2.i.l � C Y C L E S  

MDV M,r  Move register to  memo' y B 7 0 7 
c 7 
D 7 2 
E 7 3 
H 7 4 
L 7 5 
A 7 7 

MOV r,M Move memory to register B 4 6 7 
c 4 E 
D 5 6 
E 5 E 
H 6 6 
L 6 E 
A 7 E 

M OV q ,  r 2 Move register to register B , B  4 0 5 
B ,C 4 
B ,D 4 2 
B , E  4 3 
B , H  4 4 
B , L  4 5 
B,A 4 7 
C,B 4 8 
C,C 4 9 
C,D 4 A 
C , E  4 B 
C , H  4 c 
C , L  4 D 
C,A 4 F 
0,8 5 0 
D,C 5 1 
D,D 5 2 
D , E  5 3 
D , H  5 4 
H , L  5 5 
D,A 5 7 
E,B 5 8 
E ,C 5 9 
E , D  5 A 
E , E  5 B 
E , H  5 c 
E , L  5 D 
E ,A 5 F 
H , B  6 0 
H,C 6 1 
H ,D 6 2 
H ,E 6 3 
H ,H 6 4 
H , L  6 5 
H , A  6 7 
L,B 6 8 
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POS I T I V E - L OG I C  

R E G I ST E R  H E X  OPCODE CLOCK 

M N E M O N I C  B Y T E S  D E SC R I PT I O N  A F F E CTED � � CYC L E S* 

MOV ' 1 ·  r2 Move register to register ( cont in ued) L ,C 6 9 
L ,D 6 A 
L ,E  6 B 
L ,H 6 c 
L , L  6 D 
L ,A 6 F 
A,B 7 8 
A,C 7 9 
A,D 7 A 
A ,E  7 B 
A ,H  7 c 
A ,L 7 D 
A,A 7 F 

MV I M  2 Move i mmediate memory 3 6 1 0  
MV I r 2 Move immedi ate register B 0 6 7 

c 0 E 
D 6 
E 1 E 
H 2 6 
L 2 E 
A 3 E 

NOP No operat ion 4 0 0 4 
ORA M OR memory with At B 6 7 
ORA r OR register with At B B 0 4 

c B 
D B 2 

E B 3 
H B 4 
L B 5 
A B 7 

OR I  2 OR  immediate with At F 6 7 
OUT 2 Ou tput D 3 1 0 
PCH L  H &  L to program counter E 9 5 
POP B Pop register pair B&C of f  stack c 1 0  
POP D Pop register pa ir D& E off stack D 1 0  
POP H Pop register pair H& L off stack E 1 0  
POP PSW Pop A and f l ags off stack t F 1 0  
PUSH B Push register pa i r  B&C c 5 1 1  
PUSH D Push register pa i r  D&C D 5 1 1  
PUSH H 2 Push register pai r  H&L  on stack E 5 1 1  
PUSH PSW Push A and F lags on stack F 5 1 1  
R A L  R otate A l e ft th rough carry :.: 7 4 
RAR Rotate A r i gh t  th rough carry :;: F 4 
RC Return on carry D 8 5/ 1 1 
RET  Return c 9 1 0  
RLC  Rotate A lefd 0 7 4 
RM  Return on  minus F 8 5/ 1 1 
RNC Return on no carry D 0 5 / 1 1 
RNZ Return on  no zero c 0 5/1 1 
RP Return on posi tive F 0 5/1 1 

" Two poss i b l e  cyc les t i m es ( 1 1 / 1 7 )  i n d icate i n st r u c t i on c y c l es dependent an c o n d i t i o n  f l a gs.  
1 A I I  f l ags I C ,  Z ,  S .  P ,  C 1 ) affected. 
:1: 0 n 1 y c a r r y  f l ag a ffec ted . 
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POS I T I V E -LOG I C  

R E G I ST E R  H E X  OPCODE C LOCK 

M N E M O N I C BYT ES DESC R I PT I ON A F F E CTED � � CYCL ES* 

APE Return on par i ty even E 8 5/1 1 
RPO Return on par i ty odd E 0 5/1 1 
RRC Rotate A r ighd 0 F 4 
RST Restart 1 1  

Pc�oooo1 6  c 7 
Pc�ooo8 1 6  c F 
PC·-00 1 01 6  D 7 
PC�001 8 1 6  D F 
PC•-0020 1 6  E 7 
PC•-0028 1 6  E F 
PC�00301 6  F 7 
PC�00381 6  F F 

RZ Return on Zero c 8 5/1 1 
SBB M Subtract memory from A with borrowt 9 E 7 
SBB  r Subtract register from A with borrowt B 9 8 4 

c 9 9 
D 9 A 
E 9 B 
H 9 c 
L 9 D 
A 9 F 

SB I  2 Subtract i mmediate from A with borrowt D E 7 
SHLD 3 Store H&L di rect 2 2 1 6  
SPHL 1 H& L to stack pointer F 9 5 
STA 3 Store A d i rect _3 2 1 3  
STAX B Store A ind i rect 0 2 7 
STAX D �tore A indirect 2 7 
STC Set carry :!: 3 7 4 
SUB M Subtract memory from At 9 6 7 
SUB r Subtract register f rom At B 9 0 4 

c 9 1 
D 9 2 
E 9 3 
H 9 4 
L 9 5 
A 9 7 

SU I  2 Subtract i mmediate from At D 6 7 
XCHG Exchange D& E,  H&L  registers E B 4 
XRA M Exclusive OR  memory with At A E 7 
XRA r Exclusive OR register with At B A 8 4 

c A 9 
D A A 
E A B 
H A c 
L A D 
A A F 

X R I  2 Exc lus ive OR immediate with At E E 7 
XTH L Exchange top of stack H&L E 3 1 8  

· Tw o  possible cycles t i mes ( 1 1 / 1 7 )  ind icate i nstruct i o n  cycles dependent o n  c o n d i t i o n  f l ags. 

� A l l  f l ags ( C ,  Z, 5, P, C 1 ) affected . 
·!· O n l y  carry f lag  affected . 
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3 .  TMS 8080 E L ECT R I C A L  A N D  M EC H AN I C A L  SPEC I F I CAT I ONS 

3.1  ABSO L U T E  M A X I M U M  R AT I NG S  OV E R  OPE R ATI NG F R E E -A I R  T E M P E R ATU R E  RANG E 

( U N L ESS OTH E R W I SE N OT E D ) *  

Supply vo l tage, Vee ( see N ote 1 )  
Supply vo l tage ,  V o·o ( see Note 1 
Supp ly  vo l tage , Vss ( see N ote 1 )  
Al l i nput and  output v o l t ages (see Note 1 )  
Cont inuous  power di ss ipat ion 
Ope r a t i n g  free-a i r  temperat u re range 
Storage temperatu re range 

-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 

1 . 5 W  
0° C to 70°C 

-65°C to 1 50°C 

· S t resses t1e y o n cl t h ose l i sted u n d e r  " Ab so l u t e  M a x i m u m  R a t i ngs" m a y  c a u s e  perm a n e n t  d a m a g e  to t h e  dev i c e .  T h i s  is a stress r a t i n g  o n l y  
a n d  f u n c t i O n a l  o pe ra t i o n  of t h e dev i c e  a t  t h ese o r  a n y  other c o n d i t i o n s  bey o nd t h o se i n d i cated i n  t h e  " R eco m m e n d ed Opera t i n g  
C o n ri l t i o ns" sec t i o n  o f  t h i s  spec i f i c a t i o n  i s  n o t  i m p l i ed .  E xposure t o  a b s o l u t e -m a x i m u m -rated c o n d i t i o n s  f o r  exten ded per iods m a y  a f fect 
ctev • ce r e l i a b i l i t y .  

N O T E  1 :  U n d e r  abso l u t e  ma x i m u m  ra t i n g s  vo l tage v a l u e s  a r e  w i t h  respect t o  t h e n o r m a l l y  m o st negative s u p p l y  v o l t a g e ,  V B B  ( s u bstrate ) .  
T h ro u g h o u t  t h e  rema i n der o f  t h i s  data sheet,  v o l tage va lues  are w i t h  respect t o  V s s  u n less otherwise noted . 

3.2 R E COMM E N D E D  O P E R AT I N G  CO N D I T I ONS 

Supply vo l ta ge ,  VB B  
Supply voltage, Vee 
Supp ly vo l tage ,  Vo o  
Supp ly vo l tage, Vss 
H 1gh -leve l i n put vol tage , V I H  ( a l l  i nputs except clocks) lsee Note 2 1  
H i gh- leve l c lock i nput vol tage , V I H io l 
Low-leve l i nput  vo ltage , V I L ( a l l  inputs except c locksl lsee Note 31 
Low-level c lock i nput vo ltage ,  V 1 L lol ( see Note 3) 

Opera t i ng  free-a i r  temperature ,  T A 

M I N  N O M  

-4.75 -5 
4.75 5 

1 1  .4 1 2  
0 

3 .3 

Vo o -1 
- 1  

- 1  
0 

MAX 

-5.25 
5.25 

1 2 .6 

Vee+ 1 

V oo+ 1 
0 .8 

0.6 
70 

3.3 E L ECTR I CA L  C H A R ACT E R I ST I CS OVE R F U L L  R AN G E  O F  R EC O M M E N D E D  O PE R AT I N G  C O N D I T I O N S  

( U N L ESS OTH E RW I SE N OT E D )  

P A R A M E T E R  T EST CON D I T I O N S  M I N  rvpt MAX 

I I 
I nput current (any input  except 
c locks and data busl 

v 1  = o v to Vee � 1 0  

1 1 10 1  C lock input current v 1 1o l  = o v to Voo ± 1 0  
I I I  OB I  I npu t current ,  data bu s V I ( DB I  = 0 V to Vee - 1 00 

Address or data bus input V l (ad) o r  V I (D B I - Vee 1 0  
l l ( holdl current du r ing ho ld V l (ad l  o r  V I I DB I  = 0 V - 1 00 

VoH H igh- leve l output vol tage loH - 1 00 !-lA 3.7 

VoL Low-level output vol tage 
I OL (DB I  = 1 .7 mA,  

0.45 
loL = 0 .  75 mA (any output except OBI 

I BB ( avl Average supply current from Vas  -0.01 -1 
l ec(avl Average supply current from Vee 

Operat ing at tc ( r,>) = 480 ns,  
60 75 

l oo l avl  Average supply curren t  from Voo 
TA = 25 ' e  

40 67 
Ci Capa ci tance ,  any i npu t  except c lock Vee = Voo = Vss = o v, 1 0  20 
Ci (,_> ) C lock mput capacitance Vas = -4 .75 to -5.25 v, 1 = 1 M Hz,  5 1 0  
Co Output capaci tance A l l  other p ins  at 0 V 1 0  20 

1 A l l  t yp 1 ca l va l u e s  are a t  T A 25 C a n d  nom m a l  v o l tages.  

U N I T  

v 

v 
v 
v 

v 

v 
v 

v 

· e 

U N I T  

IJ.A 

IJ.A 
IJ.A 

IJ.A 

v 

v 

mA 

pF 

N O T E S : 2.  A c t ive pu l l  u p  res istors o f  n O JTi i n a l l y 2 kH w i l l  be sw i t ched o n t o  t h e  d a ta b u s  when DB I N  i s  h ig h  a nd t h e  d a t a  input vo l tage i s  
more p o s i t ive t h a n  v 1 H m i n .  

J .  T h e  a l gebra i c  c o nv e n t i o n  w here t h e  rnost negat 1 ve l i m i t  i s  d e s i g n a ted a s  m i n i m u m  i s  u sed i n  t h i s  speci f i c a t i o n  f o r  l o g i c  voltage 
levels  o n l y .  
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3.4 T I M I N G R E QU I R E M E N TS OV E R  F U L L  RANGE OF R ECOMM E N D E D  OPE R AT I NG CON D I TI O N S  
(SE E F I G U R E  2 )  

M I N  

tc(<t>) Clock cycle t ime ( see Note 5) 480 
t r (</l)  C lock r ise t ime 5 

tf (<t>) Clock f a l l  t ime 5 
tw(</l 1 ) Pu l se width ,  c lock 1 high 60 
tw(¢2) Pu lse width, c lock 2 h igh 220 
td(<.'> 1 L·¢21 Delay t i me, c lock 1 low to clock 2 0 
td(<t>2-¢1 ) Delay t ime, c lock 2 to clock 1 70 
td(¢ 1 H -¢2) De lay t ime, c lock 1 h igh to c lock 2 ( t ime between lead.ing edges) 1 30 
tsu ( da·<P 1 )  Data setup t ime wi t h  respect to clock 1 50 
tsu (da-<;,2 ) Data setup  t ime wi th  respect to c lock 2 1 50 
tsu ( ho ld)  Hold i nput  setup t ime 1 40 
tsu ( i n t )  I nterrupt input  setup t ime 1 80 
tsu ( rdy )  Ready i npu t  setup t ime 1 20 

MAX 

2000 
50 
50 

th (da )  Data ho ld  t ime ( see Note 6) t PD ( D B I )  
th ( hold) Hold input ho ld t ime 
th ( i nt ) I n terrupt i nput  hold t ime 
th ( rdy ) Ready input ho ld  t ime 

N O T E S : 5. t c ( ¢ )  = td ( ¢ 1  L-¢2 1 + tr ( ¢ 2 1  + tw ( ¢ 2 1  + t t ( r,\2 )  + td ( \)2 -¢ 1 ) + tr ( r,\ 1 ) ·  480 ns � te l \'> I � 2 000 n s .  

0 

0 
0 

U N I T  

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns  

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

6 .  T h e  d a ta input sho u ld b e  e n a b l ed us ing t h e  O B I N stat u s  s ig na l .  N o  b u s  c o n f l i ct can then o cc u r  a n d  t h e  d a ta hold t i me 
req u i rement is t h u s  assu red . 

3.5 SW I TC H I NG CHA RACT E R I ST I CS OV E R  F U L L  R A N G E  OF R E COMM E N D E D  O P E R A T I N G  CO N D I T I O NS 
( S E E  F I G U R E  2) 

PARAM E T E R  T EST COND I T I ONS M I N  MAX 

tpD(ad) Propagation delay t ime ,  c lock 2 to address outputs 
tpD(da) Propagat ion delay t ime, c lock 2 to data bus 

Propagat ion delay time, clocks to control outpu ts 
C L = 1 00 pF ,  

tpo(cont) 
Propagat ion delay t ime, c lock 2 to D B I N  output 

RL = 1 .3 k!! 
tpo (DB I )  
t po ( i n t l  Propagat ion delay t ime, c lock  2 to INTE output 

to 1 Time for data bus to enter i nput  mode 
D i sable t i me to h igh- impedance state 

tpxz dur ing ho ld  (address outputs and  data bus) 

T h e  t ime t h at t h e  add ress o u tp u t s  a nd o u t p u t  d a t a  w i l l  re� a i n  st a b l e  after W R  goes h i g h ,  tw A a nd tw o ;;;, td ( r/> 1  H -\'12 ) ·  
The t i me between add ress o u t p u ts beco m i n g  stable and W R  g o i n g  low, t Aw �  2 tc ( cp) - td ( Q 1H ·¢2 ) - t r( Q) - 1 2 0 n s .  

The t i me between o u t p u t  d ata beco m i ng sta b l e  a nd W R g o i n g  l o w .  t o w  ;;;, tc ( r) ) - td ( <) 1 H  ·r)2 )  - t ,  i <P ) - 1 50 n s .  
The f o l l o w i n g  are releva n t  w h e n  i n terf a c i n g  to d ev i ces req u i r i ng v 1 H m i n  of  3 . 3  V :  

200 
220 
1 20 

25 1 40 
200 

tpo (OB I )  

1 20 

a)  Max imum output r i se t ime ( tTLH l from 0.8 V to 3 .3 V is 1 40 ns with C L as spec if ied for the propagat ion de lay t imes above . 

U N I T  

n s  

n s  
ns 
ns 
ns 
ns 

ns 

b) Maximum propagat ion delay times when measu red to Vref( H )  = 3 V ( i nstead of 2 V ) wil l be 60 ns more than as speci f ied above with 
CL as specif ied. 

TMS 8080 
OUTPUT 

3 V  

C L i n c l udes probe a n d  j i g c a p a c i t a n c e .  

LOAD C I R C U I T  
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3.6 T E R M I N A L  ASS I G N M E NTS 

3.7 MECHANICAL DATA 

I N D E X  
DOT 

TMS 8080 

A 1 0  
Vss 

D4 
D5 4 
D6 ' 5 
D7 6 
D3 7 
D2 : 8 
D 1  ,_ 9 
DO ' 1 0  

Vss 1 1  
R ESET 1 2  
HOLD 

I NT ' 
o 2 [ 

I NT E L  
D B  I N  

WR . 
SYNC 

Vee · 20 

A 1 1  
A 1 4  
A 1 3  

; A 1 2  
36 � A 1 5  
3 5  J A9 
34 · . AS 
33

1J
A7 

32 : A6 
3 1  � A5 
30 , A4 
29 i A3 
28 J V DD 
27 ' A2 
26 : A 1  

AO 
WAIT  

23  _. R E ADY 
2 2  <JJ 1 

H L DA 

40-P I N  C E RAMIC PAC KAG E 

N O T ES :  A. The t r u e-posit ion p i n  spac i n g  is 0. 1 00 between center l i nes. Each p i n  centerl i n e  is l o cated w i t h i n  0. 0 1 0  

o f  its t r u e  l o n g i t u d i n a l  posit ion relative to p i n s  1 and 40. 

B .  A l l  d i mensions a r e  i n  inches u n l ess otherwise noted. 
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Appendix B 

TMS 5 5 0 1  Multifunction Input/Output Controller 
TAB L E  O F  CONTE N TS 

1 .  I N TRODUCTION 

1 . 1 Descr ipt ion . . . . 
1 .2 Sum mary of Operat ion 

2.  OPE R AT I ONAL AND F U NCTIONAL DESC R I PT I ON 

2 . 1  I nterface S igna l s  
2 . 2  TMS 5501 Commands 

2 . 2 . 1  Read Receiver Buffer 
2 .2.2 Read Externa l  I nput  L ines  
2 . 2 . 3  R e a d  I nterrupt Add ress 
2 . 2 .4 Read TMS 5501 Status 
2 . 2 . 5  I ssue D i sc rete Com m ands 
2 . 2.6 Load Rate Register 
2.2.7 Load Trans m i tter B uffer 
2 . 2 . 8  Load Output Port 
2 .2.9 Load Mask Regi ster 
2 . 2 . 1 0  Load T imer n 

3. TMS 5501 E L ECTR I C A L  A N D  M EC H A N I CA L  SP ECI F I CATIONS 

3. 1 Absol ute Max i m u m  R ati n gs 
3 . 2  Recommended Operat i n g  Condit ions 

L I ST OF I L L USTR AT I O NS 

F igure 1 TMS 550 1 B l ock Diagram 
F ig u re 2 
F igure 3 
F igure 4 
F igure 5 
F igure 6 
F i gu re 7 
F ig u re 8 

D ata B u s  Ass ign m ents for TMS 550 I Status 
D iscrete Com m a n d  Format 
Data B us Ass ignments for R ate Comm ands 
Read Cyc le  T im ing  . . 
Write Cycle T i m i n g  
Sensor/1 nterrupt T i m ing 

I nformation contained i n  t h i s  publ ication is  bel ieved to b e  accurate 
and rel iable. However, responsi bi l i ty i s  assumed neither for its use 
nor for any i n f r i ngement of patents or  r ights of others that may 
resu lt  f rom its use. No l i cense is  granted by i mp l i cat ion or otherwise 
u nder any patent or patent right of Texas I nstru ments or others. 
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TMS 5501 MULTI FUNCTION IN PUT/O UTPUT CONTROLLER 

1 .  I NT R O D UCTI O N  

1 .1 DESC R I PTI ON 

The TMS 5501  is  a m u l t ifunct ion inpu t/o utput c i rcu i t  for use  with T l  's TMS 8080 CPU.  I t  i s  fabr icated with the  same 
N-channel s i l icon-gate process as the TMS 8080 and has compat i ble t i m i n g ,  s igna l  leve l s ,  and power supply 
requirements. The TMS 5501 provides a TMS 8080 m icroprocessor system with a n  asy nchronous comm u n icati ons 
interface, data 1 /0 buffers ,  i nterrupt control  l ogic,  and interval t imers .  

I

N

T8SYNC C E  

CO

N

TROL 
AO A3 

4 

00-07 

F I G U R E  1 -TMS 5501 B LOCK D I AG R AM 

The 1 /0 sect ion  of the TMS 550 1  contains an eight-bit paral l e l  input port and a separate e ight-bit para l l e l  output port 
with storage register. F ive p rogrammable interval t imers provide time i nterva l s  from 64 JlS to 1 6.32 ms .  

The ·i nterrupt system a l l ows the processor to  effectively commun icate with  the interva l t i mers,  externa l  s i gna l s ,  and the 
com m u n i cat ions i nterface by prov id ing  TMS 8080-compati ble i nterrupt log ic  with mask ing  capabi l ity . 

Data tra nsfers between the TMS 550 1 and the CPU a re carr ied by the da,ta bus and contro l l e d  by the i nterrupt, ch ip 
enable,  sync, a n d  address l i nes.  The TMS 8080 uses fou r of its memory-address l i nes to select one of 14 commands to 
which the TMS 5501 wi l l  respond.  These commands a l low the CPU to :  

read the receiver buffer 
read the input port 
read the i nterrupt address 
read TMS 550 1 status 
issue discrete commands 
load bau d  rate register 
load the tra nsm itter buffer 
load ttie output port 
load the mask register 
load an i nterval t i mer 
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The com m a n ds are ge nerated by execut ing memory refere ncing i nstru ctions such as MOV ( register to memory)  with the 
memory address bei ng the TMS 550 1 command .  Th i s  prov ides a h igh degree of f lex i b i l i ty for 1 /0 operat ions  by l ett ing 
the syste ms programmer use a variety of i nstruct ions.  

1 .2 SU MMARY O F  OPE R AT I O N 

Addressing the TMS 5501 

A convenient method for address ing the TMS 550 1  i s  to t ie  the ch ip  enable i n put  to the h ighest order address l i ne of 
the CPU's 1 6-bit address bus  and the four TMS 5501 address inputs to the four  lowest order bits  of the bus .  This ,  of 
cou rse , l i m i ts the syste m to 32,768 wo rds of mem ory but in many appl icat ions the f u l l  65,536 word memory 
address ing capa bi l i ty of the TMS 8080 is not requ ired.  

Co m munications F un ctions 

The co m m u n icati ons sectio n  of the TMS 5501 i s  a n  asynch ronous transm itter and receiver for serial com m u n ications 
and prov i des the fol l o wi ng f u nct i ons :  

Program m a ble bau d  rate  - A  CPU command se l ects a baud rate  of 1 1 0, 1 50,  300, 1 200, 2400,  4800, or 9600 baud. 

I nco m i ng character detecti o n - The receiver detects the start and stop bits  of a n  i n co m ing cha racte r and p l aces the 
character in t he rece ive buffer .  

Character transmiss ion - The transm itter generates start and  stop b i ts for  a characte r rece ived from the CPU and 
sh ifts it  out.  

Status and  command s igna l s - Via  the data bus, the TMS 5501 s igna l s  the statu s  of :  fra m i n g  error and  overrun error 
f lags; data in the receiver and  transmitter buffers;  start and. data b i t  detectors;  and  e nd-of-transm i ss ion (b rea k )  s ignals 
from external  equipment .  It  a l so issues break s igna l s  to external equ ipment .  

Data I nterface 

The TMS 5501 m oves data between the CPU and external  dev ices through its i n ternal  data  bus ,  i n put  port ,  and output 
port.  When data i s  present on the bus that is  to be sent to an externa l  device , a Load O u tput  Port ( LOP) com m and from 
t he CPU puts the data on the XO p ins  of the TMS 5501 by latch i ng it  i n  the output port. The data remains  in the port 
u nt i l a nother LOP command is rece ived.  When the CPU req u i res data that is p resent on the E xternal  I nput ( X I )  l i nes, it 
i ssues a command that gates the data onto the internal  data bus of the TMS 5501 and consequent ly o n to the CPU's 
data bus at the cor rect t i me dur ing  the CPU cycles. 

I nterval Ti mers 

To start a cou n tdown by any of the f i ve i nterval t imers,  the program selects the part icu lar  t imer  by an address to the 
TMS 5 50 1  a n d  loads the re qu i red i nte rval into the t i mer v i a  the data bu s .  Loading the t imer  act ivates it and it  cou nts 
down in  i ncrements of 64 microseconds.  The 8-bit counters p rovide i n tervals  that vary in d urati on  from 64 to 1 6,320 
m icroseconds.  Much longe r  i nterva l s  can be generated by cascading the t i mers through softwa re . When a t i me r  reaches 
zero , it generates an i nter rupt that typica l ly  wi l l  be used to po int  to a su brout ine that performs a serv ic ing fu nct ion 
such as  pol l i ng a per i phera l  or  sca n n i ng a keyboard. Load ing  a n  i nterv a l  v a l ue of ze ro causes an i m medi ate i nterrupt. A 
new va lue  loaded wh i l e  the i n terval  t imer  i s  counting over r i des the prev ious  va lue  and  the interval t imer starts cou nt i ng 
down t he new i nterva l .  When an i nterva l  ti mer reaches zero it rema ins  i n active unt i l  a n ew i nterval  i s  l oaded . 
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Servicing I nterru pts 

The T M S  5501 provides a TMS 8080 system with several i nterrupt control functions by receiv ing externa l  i nterrupt 
s ign a l s ,  generati n g  i nterru pt s ignals ,  m asking out u ndersi red i nterrupts, establ ish ing the priority of interrupts, and 

generati ng R ST i n structions for the TMS 8080. An external i nterrupt is rece ived on p i n  22 , S E N S. An additional 

external interrupt can be received on pin 32, X l 7, if selected by a discrete command from the TMS 8080 (See 
F igure 4 ) .  The TMS 5501 generates an interrupt when a ny of the f ive i nterval ti mers cou nt to zero . I nterrupts are a l so 

generated when the rece iver buffer is loaded and when the transm itter buffer is empty . 

When an i nterrupt s ignal  is received by the i nterrupt register from a parti cu lar source,  a corresponding bit is set and 
gated to the mask register. A p attern w i l l  h ave prev iously been set i n  the mask register by a l oad-mask-register comm a nd 

from the T M S  8080. This  pattern determines wh ich i nterru pts wi l l  pass th rough to the prior ity l ogic .  The pr ior ity l ogic 

a l l ows an i n terrupt to generate an R ST instruction to the TMS 8080 only if there i s  n o  h igher prio rity i nte rrupt that 

has not been accepted by the T MS 8080. The TMS 5501 priorit izes i n terrupts i n  the order shown below: 

1 st I nterval  Timer #1 

2nd I nterval  Timer #2 
3rd External  Se nsor 

4th I nterval Timer #3 
5th R eceiver Buffer Loaded 
6th T ransmitter B u ffer Emptied 

7th I nterval Timer #4 
8th I nterval T imer #5 or an External I nput ( X I  7 )  

T h e  h ighest prior ity i nterrupt passes through t o  the i nterrupt address logic, w h i c h  generates the R ST instructi on t o  be 

read by the TMS 8080. See T able 3 for relationsh ip of i nterrupt sources to R ST instructions and F igures 6 and 8 for 
t iming �el ationships.  

The TMS 5501 provides two methods of serv icing i nterrupts; an interrupt-driven system o r  a p o l led-interrupt system .  I n  
a n  i nterrupt-dr iven system ,  the I NT signal of the TMS 550 1 i s  tied to the I NT input of the T MS 8080. T h e  seq ue nce of 

events w i l l  be :  ( 1 )  The T M S  5501 receives (or generates) an i nterrupt s ignal  and readies the appropriate RST 

instructio n .  (2)  The T M S  5501 I NT output,  tied to the TMS 8080 I NT i n put,  goes high s igna l ing the T M S  8080 that an 
interrupt has occured. ( 3 )  I f  the TMS 8080 is enabled to accept i nterrupts, it sets th e I NTA ( i nte rrupt acknowledge) 
status bit h i gh at SY N C  time of the next mach ine cycle. (4) If the TMS 5501 has previously rece i ved an i nterrupt
acknowledge-enable command from the CPU (see B it 3 ,  Paragraph 2 .2 .5) , the R ST instructio n  is transferred to the data 
bu s. 

I n  a p o l l ed-i nterrupt syste m ,  I NT is  not used and the sequence of events wi l l  be: ( 1 )  The TMS 550 1 receives (or 

generates) an interru pt and readies the R ST instruction.  (2)  The TMS 550 1 i nterrupt-pending status bit (see Bit 5, 
Paragraph 2.2.4) is  set high (the i nterrupt-pending status bit and the I N T  output go h i gh s imu ltaneously) . ( 3 )  At the 

prescr i be d  time, the T M S  8080 po l l s  the TMS 5501 to see if an interrupt has occu rred by issu i n g  a read
TMS 5501 -statu s  command and reading the i nterrupt-pending bit .  (4) If the bit is h igh , the TMS 8080 wi l l  then issue a 

read-interru pt-address command, which causes the TMS 5501 to transfer the R ST instruction to the data bus as data for 
the instructi on be i n g  executed by the T MS 8080. 

1 .3 APP L I CATI ONS 

Communications Terminals 

The f u nctions of the TMS 550 1 make it particu l ar ly useful  in TMS 8080-based com m u n i cations termina ls  and general l y  
appl icable i n  systems requ i r i ng periodic or random serv icing o f  i nterrupts, ge nerati on o f  control s i g n a l s  t o  external 
devices, buffering of data, and transm ission and reception of asynchronous ser ia l  data. As an example,  a system 
configuration such as shown i n  F igure 2 can function as the control ler for a term ina l  th at governs e m p loyee entrance 
i nto a p l ant or secur ity areas within a p lan t. Each terminal  is identif ied by a central computer through I D switches. The 
central system suppl ies each term ina l 's RAM with u p  to 1 6  employee access categories appl i cable to th at term i n a l .  

These categories a r e  compared with an employee's badge character when he inserts 
,
h i s  badge into t h e  badge sensor. I f  a 
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m atch is not fou n d, a reject l ight wi l l  be activated. I f  a m atch is found,  the ter m i n a l  w i l l  transm it the e m p l o y ee's badge 
nu m ber  a n d  access catego ry to the central  syste m ,  and a door u nlock so leno i d  wi l l  be activated for 4 seconds.  The 
centra l  computer  then may take the transm i tted i nformat ion and reco rd it  a l ong with t ime and d ate of access .  

The TMS 47 00 i s  a 1 024 x 8 ROM that conta ins  the system program , and the TMS 4036 i s  a 64 x 8 RAM that  serves as  
the stack for the TMS 8080 and storage for the access category i nform at ion .  TTL c i rcu its contro l  ch ip -enab le  i nformation 

· carr ied by the address bus.  Signals f rom the CPU gate the address bits f rom the  R OM ,  the R A M ,  or  the TMS 5501 onto 
the data bus at the correct t ime in the CPU cycl e .  The c lock ge nerator cons i sts of four  TT L c i rcu its a long with a crysta l , 
needed to mai nta i n  a ccu rate ser i a l  data assembly and  d i sassembly with the centra l  co mputer .  

The T M S  5501 h a n dles the asynchronous ser ia l  com mun ication between the TMS 8080 a n d  the centra l  system and 
gates data from the badge reader  onto the data bus .  I t  a lso gates contro l  and statu s data from the T M S  8080 to the door  
lock a n d  ba dge reader  and  contro l s  the t ime thil t  the door l ock re ma ins  open .  The TMS 550 1 s ign a l s  the TMS 8080 
when the ba dge reader or  the com m u n ication l i nes need service. The funct ions that the T M S  5501 is  to perform a re 
sel ected by a n  address from the TMS 8080 with the h i ghest order add ress l i ne  t ied to the TMS 550 1 c h i p  e nab le  i nput  
and  the four  l o west order  l i nes t i ed  to the address i n puts .  

2.  O P E R AT I ON A L  A N D  F U N C T I O N A L  DESC R I PT I ON 

This  deta i led  descr ipt i on of the TMS 550 1 cons ists of : 

I N T E R F A C E  S I G N A LS - a def i n i t ion  of each of the c i rcui t's externa l  con nect ions  

COM M A N DS - the address requ i red to  select each of  the  TMS 550 1 com mands and a descr ipt ion of the response to  
the  co mmand .  

2 . 1  I NT E R F A C E  S I G N A LS 

The TMS 5501 commu n icates with the TMS 8080 v i a  four address l i nes :  a ch i p  enab le  l i re ,  an e ight-bit b i d i rect iona l  
data  bus ,  an  i nterrupt l i ne ,  and  a sync l i ne .  I t  co mmun icates with system com ponents oth er tha n  the CPU v ia  e ight  
externa l  i n puts ,  e i ght  externa l  outputs,  a ser i a l  recei ver input,  a ser i a l  transm itter output ,  and an  externa l  sensor  i np ut .  
T a bl e 1 def i nes the TMS 5501 p in  assi gnments and descr i bes the funct ion of each p i n .  

S I G NATU R E  PI N 

C E  1 8  

A3 1 7  
A2 1 6  
A1 1 5  
AO 1 4  

SYNC 1 9  

RCV 5 

TAB L E 1 

TMS 5501 P I N  ASS I G N M E N TS A N D  F U N C T I O N S  

D ESC R I P T I O N  
I N P UTS 

Ch i p  e n a bl e-When C E  is low, the TMS 550 1 add ress deco d i n g  is i n h i b ite d ,  wh ich p revents 
execu t ion of a n y  of the TMS 550 1 com mands .  
Add ress bus-A3 th rough AO are the l i nes  that are addressed by the TMS 8080 to select a part icu la r  

1 TMS 550 1 funct i o n .  

Synch ron i z i n g  s igna l -T h e  S Y N C  s igna l  i s  i ssued b y  t h e  TMS 8080 and  i nd icates t h e  beg inn ing  o f  a 
mach ine cycle and  ava i l abi l ity of mach ine statu s. Wh en the SYNC s igna l  is active ( h igh ) ,  the 
TMS 5501 w i l l  mon i tor  the data bu s bits DO ( i nterrupt acknowl edge) and  D1 (WO, data output 
fu nct i on ) . 
Rece iver ser i a l  data i n put l i ne-RCV must be he ld  in the i n active ( h igh ) state when not rece iv ing  
data .  A trans i t ion f rom h i gh to low wi l l  activate the  recei ve c i rcu itry . 
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SIG NATU R E  

X I O 
X I  1 
X l 2 
X I  3 
X l 4 
X I  5 
X I  6 
X l 7 

S E N S  

XO 0 
xo 1 
xo 2 
xo 3 
xo 4 

xo 5 
xo 6 
xo 7 

X M T  

D O  
D 1  
D 2  
D 3  
D4 
D 5  
D6 
D 7  

I N T  

Vss 
V s s  
Vee 
VD D  

¢ 1  
¢2 

P I N  

39 
38 
37 
36 
35 
34 
33 
32 

22 

24 
25 
26 
27 
28 
29 
30 
3 1  

4 0  

1 3  
1 2  
1 1  
1 0  
9 
8 
7 
6 

23 

4 
1 
2 
3 

20 
2 1  

TABL E  1 ( continued) 

TMS 550 1 P I N  ASSIGNMENTS AN D FUNCTIONS 

DESC R I PT I O N  
I NPUTS 

Externa l  i n puts-These eight external inputs are gated to the data bus when the read-externa l - inputs 
funct ion i s  addressed .  Externa l  input n i s  gated to data bus  b i t  n without convers i o n .  

Externa l  i nterrupt se ns ing - A transit ion from low to h i gh at S E N S  sets a b i t  i n  t h e  i n terrupt 
register ,  wh ich,  if e nabled,  generates an i n terrupt to the TMS 8080. 

OUTPUTS 

External  outputs-These eight external  o utputs a re dr iven by the comp l ement of the output  
register; i .e . ,  i f  output register b it  n i s  l oaded with a h igh ( l ow) from data  bus b i t  n by a l oad
output regi ster command,  the external  output n w i l l  be a low ( h i gh ) .  The extern a l  outputs change 
o n l y  when a load-output-register function is add ressed . 

Transm itter se r ia l  data output l i ne-Th is  l i ne rema i ns h igh when the TMS 5501 is not transm itt ing .  

DATA BUS I N PUT/OUTPUT 

Data bus - Data transfers between the TMS 5 50 1  and  the TMS 8080 are made v ia the 8-bit  
b i d i rect ional  data bus .  DO is the LSB. D 7  i s  the MSB.  

I nterru pt-When active ( h i gh ), the  I NT output i n d i cates that at  l east o n e  of the  i n terrupt condit ions 
has occu rred and  that i ts correspond ing  mask-register b i t  is set. 

Ground reference 
Supply vo l tage ( - 5  V nom inal )  
Supply vo ltage (5  V nom i n a l )  
Sup pl y  vo ltage ( 1 2  V nom i na l )  
Ph ase 1 c lock 
Phase 2 c l oc k  

POW E R  A N D  C LOCKS 
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2 . 2  TMS 5 5 0 1  COMMANDS 

The TMS 5 5 0 1  operates as input/output device for the TMS 8080 . Func-
tions are initiated via the TMS 8080 address bus and the TMS 5501  
address inputs . Address decoding to determine the command function 
being issued is de fined in Table 2 .  

TABLE 2 
COMMAND ADDRESS DECODING 

When Chip Enable Is High 

:&2 #1 
5501 5 5 0 1  
PORT PORT 
NO . NO . A3 A2 Al AO COMMAND FUNCTION PARAGRAPH 

16  0 L L L L Read receiver buffer RBn -..Dn 2 . 2 . 1  
17 1 L L L H Read external inputs XIn -..on 2 . 2 . 2  
18 2 L L H L Read interrupt address RST -..Dn 2 . 2 . 3  
19 3 L L H H Read TMS 5501 status ( S tatus )-Dn 2 . 2 . 4 
20  4 L H L L I s sue discrete commands See Fig . 4  2 . 2 . 5  
2 1  5 L H L H Load rate register See Fig . 4  2 . 2 . 6  
22 6 L H H L Load transmitter buffer Dn -TBn 2 . 2 . 7* 
2 3  7 L H H H Load Output port Dn -xon 2 . 2 . 8  
24  8 H L L L Load mask register Dn -MRn 2 . 2 . 9  
2 5  9 H L L H Load interval timer 1 Dn-.rrimer 1 2 . 2 . 10 
26  10 H L H L Load interval timer 2 Dn-.rrimer Q 2 . 2 . 10 
2 7  1 1  H L H H Load interval timer 3 Dn·-.rr ime r 3 2 . 2 . 10 
2 8  1 2  H H L L Load interval timer 4 Dn -'!' imer 4 2 . 2 . 10 
2 9  l J  H H L H Load interval timer 5 Dn -+'!'imer 5 2 . 2 . 10 
30 14 H H H L No function 
3 1  15  H H H H No function 

* Important 

0 1 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 

RBn Receiver buffer bit n 
Dn Data bus I/O terminal n 
Xln E xternal input terminal n 
RST 1 1  ( 1A5 ) ( 1A4 ) ( 1A3 ) 1 1 1 ( see Table 3 )  
TBn Transmit buffer bit n 
XOn Output register bit n 
MRn Mask register bit n 

TABLE 3 
RST INSTRUCTIONS 

DATA BUS BIT INTERRUPT CAUSED BY #1 TMS 5501  
2 3 4 5 6 7 
H L L L H H Interval Timer 1 Power Up 
H H L L H H Interval Timer 2 User Timer 
H L H L H H External Sensor Keyboard 
H H H L H H Interval Timer 3 Repeat Key 
H L L H H H Receiver Buffer Rx RS- 2 32 
H H L H H H Transmitter Buffer Tx RS- 2 32 
H L H H H H Interval Timer 4 Bell Timer 
H H H H H H Interval Timer 5 of  CRT Executive 

Xl 7  
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The fo l lowing paragraphs def ine the functions of the TMS 550 1 commands .  

2.2. 1 Read receiver buffer 

Address ing  the read-receiver-buffer f u nction causes th e receiver buffer contents to be transferred to the TMS 8080 and 
c l ears the rece iver-buffer- l oaded f lag.  

2.2.2 Read external input l ines 

Addressing the read-externa l - i nputs function transfers the states of the e ight external  i np u t  l i nes to the TMS 8080. 

2.2.3 Read i nterrupt address 

Addre ssi ng the read i nterrupt address fu nction tran sfers the current h ighest pr ior ity i nterrupt address onto the data bus 
as  read data.  After the read operatio n  is completed, the correspo n d i n g  b i t  in the i nterrupt reg ister is reset. 

If the read- i nterrupt-address function i s  add ressed when there i s  n o  i nterrupt pend ing, a fa l se i nterrupt add ress wi l l  be 
read. TMS 550 1 status function shou ld  be add ressed in order to d eterm ine  wheth er or not an i nterrupt cond it ion is  
pending.  

2.2.4 Read TMS 5501 status 

Address ing the read-TMS 550 1 -status funct ion gates the var ious status cond i t ions  of the TM S 550 1 onto the data  bus. 
The status condit ions,  ava i l ab l e  as ind icated in F igure 3,  a re descri bed in th e fol l ow i ng paragraph s. 

B I T: 7 6 5 4 3 2 1 0 
STA RT F U L L  I NT R PT X M I T  RCV S E R I A L OV E R R U N  F R AME 
B IT B I T  PE N D I N G B U F F E R  B U F F E R  R CVD E R R O R  E R R O R  
D ET ECT D ET ECT EMPTY LOAD E D  

F I G U R E  3-DATA BUS ASSI G NMENTS F O R  TMS 5501 STATUS 

Bit 0, framing error 

A h igh in bit 0 i n d icates that a framing  e rror was detected on the l ast ch aracter received ( e i ther  one or both stop bits 
were in error) . The framing error f l ag is  u pdated at the end of each ch aracter .  B it 0 of the TMS 5501 status  wil l  remain 
h igh u nt i l  the next v a l id ch a racte r i s  received. 

Bit 1, overrun error 

A h i gh in b it  1 i n d icates th at a new ch aracter was l oaded i nto the receiver buffer before  a p revious character wa s read 
out. The overru n error f l ag i s  c l eared e ach time the read- I /O-status function i s  add ressed or a reset command is  i ssued. 

Bit 2, serial received data 

Bit  2 mon itors the receiver ser ia l  data i nput l i ne .  Th i s  l i n e  is p rovided as a status input for u se i n  d etecti ng a break and 
for test pu rposes. Bit 2 is n orm a l l y  h igh when no data is  being received. 

Bit 3, receiver buffer loaded 

A h igh in bit 3 i nd ici ates that the recei ver buffer is  l oaded with a new character. Th e receiver-buffer-loaded f lag remains 
h igh u n t i l  the read-receiver-buffe r fu nction i s  addressed ( at which t ime the flag i s  c lea red ) .  Th e reset function a lso clears 
th i s  f l ag. 

B-9 



Bit 4, transm itter buffer empty 

A h i gh in b i t  4 i nd i cates that the t ransm i tter buffer regi ster is empty and  ready to accept a character. Note ,  h owever, 
that the ser i a l  t ransm i tter register m ay be in the process of sh ift ing out a ch a racte r .  The reset funct i o n  sets the 
transmitter-bu ffer-em pty f l ag h ig h .  

B i t  5 ,  i nterrupt pending 

A h igh i n  b i t  5 ind i cates that  one  o r  more of the i n terrupt cond i t ions  h as occured a n d  th e correspond i ng i n terrupt i s  
enabl ed. Th i s  b i t  i s  the status  of t h e  i nterrupt s igna l  I NT. 

Bit 6, full  bit detected 

A h igh i n  b i t  6 i nd icates that the f i rst data b i t  of a receive-data character has been detected . Th i s  b i t  rem a ins  h igh u n ti l 
the ent ire ch aracter has been rece ived o r  u n ti l a reset is i ssued and is p rovided for  test p u rp oses. 

Bit 7, start bit detected 
A h igh in b i t  7 i n dicates t h at the  start b i t  of an incoming data char acter h as been detected . Th i s  b i t  rem a i n s  h igh u n t i l  
the ent i re  ch aracter h as been r eceived o r  u n t i l  a reset i s  i ssued a n d  i s  p rov ided f o r  test pu rp oses . 

2.2.5 I ssue d iscrete commands 

Address i n g  the d i screte comm and fu nct ion  causes the TMS 5 50 1  to i nte rpret the data bu s informat ion acco r d i n g  to the 
fo l lowing descr ipt ions .  See F ig u 1·e 4 for  the d i screte com mand form at .  B its 1 through 5 are l atched u n t i l  a d i fferent 
d i screte command i s  rece ive d .  

N O R M A L LY LOW 

B I T  : 7 6 5 4 3 2 

NOT NOT T EST T EST 
I N T. 

I NT .  7 
U S E D  U S E D  B I T  B I T  

AC K .  
S E L ECT 

E N A B L E  

H :  E n a bles i nte r rupt acknowledge j 
L :  I nh i b i ts i n terrupt ackn owledge 

H :  Sel ects X I 7 -
L .  Sel ects mte1 va l  t 1mer  5 -

F I G U R E  4-D I SC R ETE COMMAND F O R M AT 

Bit 0, reset 

A h igh in b i t  0 wi l l  cause the fo l low ing :  

1 0 

B R EA K  R ESET 

[ H :  
L :  

Reset 
No act ion 

r- H :  L Sets X M  
� .  

T output low 
L. H Sets X M T  o u t p u t  h igh 

1 )  The rece iver buffer and reg i ster a re c l ea red to the search m ode i nc lud ing  the recei ver -bu ffer- l oaded f l ag ,  the 
start- bi t-detected flag, the fu l l -b i t-cletected f lag ,  and the overrun-error flag. The rece iver buf,fer i s  n ot c leared and 
wi l l  co n t a i n  the l a st cha racter received. 

2)  The transm i tter  data output  i s  set h igh  ( m a r k i n g ) .  The t ra n sm itter-bu ffer-empty f l ag i s  set h i gh i nd i cat i ng that the 
transm i tter buffer  i s  ready to accept a ch aracte r from the TMS 8080. 

3) The interrupt regi ster i s  c l eared except for the b i t  correspond i ng to the transmi tter buffer i n te r rupt,  wh ich is set 
h i gh . 

4) The i nterva l  t i m ers are i n h i b i ted . 

A l ow i n  b i t  0 causes n o  act i o n . The reset fu nction has  no affect on th e outp u t  port,  the externa l  inputs, i n terrupt 
ack nowledge enable,  the m ask register,  the rate register,  the t r ansmitter reg i ster, or the  transm i tte r bu ffer.  
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Bit 1 ,  break 

A low in b i t  1 causes the transmitter data output to be reset low (spac i ng ) .  

I f  b i t  0 and b i t  1 a re both h i gh , the reset function w i l l  override . 

Bit 2, i nterrupt 7 select 

I nterrupt 7 may be generated e i ther  by a l ow to h igh trans it ion of external  i nput  7 or by i n te rv a l  t imer  5 .  

A h igh i n  b it  2 sel ects the i nterrupt 7 sou rce to  be  the trans i t ion  of externa l  input  7 .  A l ow i n  b i t  2 selects the  
i n terrupt 7 sou rce to be  i nterval t imer  5. 

Bit 3, interrupt acknowledge enable 

The TMS 550 1 decodes data bu s (CPU status ) bit 0 at SYNC of each m ach i ne cycle to determ i ne if an interrupt 
ack nowl edge is be i ng i ssued.  

A h igh in  b it  3 enables the TMS 550 1 to accept the i nterrupt acknowledge d ecode .  A l ow i n  b it  3 causes the TMS 550 1  
t o  ign ore the i nterrupt acknow ledge decode. 

B i t  4 and bit  5 are u sed o n l y  d u r i ng test ing  of the TMS 550 1 . For correct system operat ion  both b i ts must be kept l ow. 

B i t 6 and bit 7 are not used and can assu me any val u e .  

2.2.6 Load rate register 

Address i ng the l oad-rate-regi ster fu nct ion causes the TMS 550 1  to l oad the rate register from th e data bus and i nterpret 
the data bits (See F igure 5) as fo l lows. 

B I T: 7 6 5 4 3 2 1 0 
STOP 9600 4800 2400 1 200 300 1 50 1 1 0  
B I T ( s) baud baud baud baud baud baud baud 

-H : One stop b i t  
_ , . L .  Two stop b1ts 

F I G U R E  5-DATA BUS ASS I G N M E NTS FOR R AT E  COMMANDS 

Bits 0 through 6 ,  rate select 

The rate se lect bits ( b i ts 0 through 6)  are mutua l ly  exc lus ive ,  i .e . ,  o n l y  one b i t  may be h igh . A h igh in b its  0 thro ugh 6 
w i l l  select the bau d rate for  both the transm i tter and rece iver c i rcu itry as def i ned be l ow and in F ig u re 5 :  

B i t  0 1 1 0 baud 
B it 1 1 50 baud 
B i t  2 300 ba ud 
B i t  3 1 200 ba ud 
B i t  4 2400 baud 
Bit 5 4800 baud 
B it 6 9600 baud 

If more than one bit i s  h igh ,  the h i gh est rate i nd icated w i l l  resu l t .  If  b i ts 0 th rough 6 a re al l  low, both the rece iver a nd 
the transm itter  c i rcu i try wi l l  be i nh i b i ted.  
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Bit 7, stop bits 

B it 7 determ i nes whether one or two stop bits are to be used by both the transm itter and receiver c i rcu itry .  A h igh i n  
b i t  7 selects o n e  stop bit. A l o w  i n  b it  7 selects two stop bits. 

2.2.7 Load transmitter buffer 

Address ing the load-transmitter-buffer function transfers the state of the data bu s i nto the transm itter buffer .  

2.2.8 Load output port 

Address ing the load-output-port fu nction transfers the state of the data bus into the output port. The data i s  l atched 
and rem a i ns on XO 0 through XO 7 as  the complement of the data bus u nt i l  new data is  loaded. 

2.2.9 Load mask register 

Address ing  the load-m ask-reg ister function l oads the contents of the data bus into the m ask reg ister. A h igh in data bus 
bit n ena bles i nterrupt n .  A low i n h i b its th e corresponding interrupt. 

2.2.10 Load timer n 

Addressing the load·timer-n function loads the contents of the data bus into th e appropriate i nterval t imer.  Time 
i ntervals of from 64 llS ( data bus = L L L L L L L H )  to 1 6,320 I.IS ( data bus H H H H H H H H )  a re cou nted in 64·1.1S, steps. 
When the count of i nterval t imer  n reaches 0,  the bit in the interrupt register th at corresponds to t imer  n is set and 
an i nterrupt is generated .  Load ing al l lows causes an interrupt immed i ate l y .  

3. TMS 5501  E L ECT R I CA L  AND M EC H AN ICAL SPEC I F I CATI ONS 

3.1  ABSO LUTE MAX I MU M  R AT I N G S  OV E R  OPE R ATI NG F R E E -A I R  TEMPE R ATU R E  RANGE 

( U N L ESS OTH E R W I S E  N OT E D ) * 

Supply voltage, V CC ( see Note 1 )  
Supply voltage ,  V D D  (see Note 1 
Supply vol tage, Vss ( see Note 1 )  
Al l  i nput and output vol tages (see Note 1 )  
Conti nuous power di ssipation 
Operating free-a ir  te mperature range 
Storage temperatu re range 

-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 
-0.3 V to 20 V 

0 0 0 0 1 . 1  w 
0°C to 70°C 

-65° C to 1 50° C 

• stresses beyo n d  those l i sted u n de r  " Abso l u te M a x i m u m  R a t i ngs" may cause perm a n e n t  damage to the d ev i c e .  T h i s  is a stress r a t i n g  o n l y  

a n d  f u n c t i o n a l  opera t i q n  of the d e v i c e  at t h e s e  o r  any other c o n d i t i o n s  beyo nd those i n d icated i n  the . .  Reco m me n d ed O p e r a t i n g  

C o n d i t i o ns" sect i o n  of t h i s  spec i f i c a t i o n  i s  not i m p l ied.  E xposure t o  absolute·m a x i m u m -rated cond i t i o n s  f o r  extended periods may affect 

device rel i a b i l i t y .  

N O T E  1 :  U n der a b s o l u t e  m a x i m u m  r a t i n g s  voltage v a l u e s  are w i t h  respect to the n o r m a l l y  m o s t  negative s u p p l y  voltage, V 8 8  ( s ubstrate ) .  

Throughout the rema i n der of t h i s  data sheet, voltage values are w it h  respect to Vss u nless otherwise noted.  

3.2 R ECOM M E N D E D  O P E R AT I N G  CO N D I T I ON S  

Supply voltage, Vs s  
Supply voltage. Vee 
Supply voltage, Vo o  
Supply voltage, Vss · 
H i gh-level i nput vo ltage, V 1 H (a l l  i nputs except clocks) 
High-level clock i nput voltage, V r H (¢1) 
Low-level input  voltage, V r L (a l l  inputs except clocks)  (see Note 21  
Low-level clock i nput voltage , V 1 L I<PI (see Note 21 
Operat i n g  free-a i r  temperature, T A 

M I N  NOM 

-4 .75 -5 
4.75 5 
1 1 .4 1 2  

: 0 
. 3 .3 

V oo - 1  
- 1  
- 1 

0 

MAX U N I T  

-5.25 v 
5.25 v 
1 2 .6 v 

v 
Vee+ 1 v 
V o o+ 1  v 

0.8 v 
0.6 v 
70 o e  

N OT E  2 :  The a l g e b ra i c  convention w h er e  the most negative l i m it i s  designated a s  m i n i m u m  i s  used i n  t h i s  spe c i f i c a t i o n  f o r  l o g i c  v o l tage levels o n l y .  
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3.5 SWI TC H I NG C HA RACT E R I STICS OV ER F U L L  RANGE OF R ECOMM E N D E D  

OPE R AT I N G  CON D I TI O N S  (SE E F I G U R ES 6 AND 7 )  

PARAM E T E R  TEST COND I T I ONS M I N  MAX U N I T  

tpzx Data bus output enable t ime 200 ns 
C L = 1 00 p F ,  

Data bus output disable t i m e  t o  h igh· impedance state 1 80 tp xz ns R L = 1 . 3 k! l 
tpD External  data output propagation delay t ime f rom r,>2 

TMS 5501 
OUTPUT 

3 V  

__JL = 1 .3 k H  

T C L = 1 00 pF 

C L i n c l ud e s  p r o b e  a n d  j ig c a p a c i t a n ce 

LOAD C I R C U I T  

1+--------- tc ( r;•) --------1"4 ----1 1-- tf ( r,'l) 
I I I f I 

200 ns  

tw(  r,'l 1 ) ---<l�•t----•llo!t t r( (,'>) --1 r+- I ""1"'...._---i.,oll- td ( <;'> 1 L -<,'>2 ) 
$1 A ' -V" �--i-' -.------,---,:--1 I �I ;....._i,:,::;::;�i+===:; .. :r,---41 . t ( ) • I I I 

1 I r 1> .., r-- � 1+- t t(r;>) 
$2 td($1  H-</>2) : I· : � .. , td( </>2-<;'> 1 ) v � '& o: 'h i CE I i• � I I 

S Y N C  I 
I tsu ( da) ���·�---�--1"'1 

I 

DO � I 
t h ( da) -;1.,. ___ .,�.,. 1<11----.1-----1- t P ZX t p X z ---1+--! ! ) H i-Z k I OUTPUT DATA �A L I D  �, H I ·Z 

tsu (da) I• .,1 th(da)  1• .. r I I 
D 1  � ! � ..... : __ H_i ·Z---!(k! OUTPUT DATA YA L I D  �1-Z 

I I I I I I 
D2-D7 

AO-A3 

E X T E R N A L  
I N P UTS 

�I H i -Z IKn-,,-------r-: ------..AHI 
DON'T C A R E  - OUTPUT DATA V A L I D � - . H I -Z 

I• •I tsu (ad) I• •I th ( ad) 

����r---------R-E_A_D_F_UN_C_T_IO_N_A_D�· D_R_E_s_s __________
__ �

�����O
�

N
�

' T
�

C
�������S<� 

1,. •t tsu ( X I )  1.. •I t h ( X I )  �-----E_x_T_E_R_N_A_L_IN_P_u_T_D_A_T_A-----��n{� 
N O T E :  F o r  cj)1 or 92 i n p u t s ,  h i g h  a n d  l o w  t i m i n g  p o i n t s  a re 90% a n d  1 0% of V 1 H ( (l ) ·  A l l o t  h e r  t i m i n g  p o i n ts a r e  t h e  50'-Yo level.  

F I G U R E  6- R EAD CYCLE TIM I NG 
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. .  , ·· · -

r �.J :'\ fi L E  

1 ) 0 . D 1 

E X T E R I\JA L 

��------'/ �!<'------

W'l I �9:0Jii� I �I � I � I 
I I 

_____..r. I "1\. I I 
I I I -+----.1 I 

� I 
1 1 su ( rlal  :• •t l h ( da l li• �·II 

� I � I NPUT DATA . . -I I I 1 �293J�f�K� I NPUT DATA : � �'"(arll l h ( arll i• �· � WR I TE FUNCTION ADDR ESS � tpD •• •' 

------------------------P_R __ 
\_i_l o_u __ 

s_E_x_T_E_R __ 
N_A_L __ 

o_u_T_P_u_T __ D_A_T_A ________________________ .J�NEW DAT A 
' ) T F F n � . ·, 1 rnH·f • :•2 i n n • J t S . )·, i q h  n n d  I Q \�J t i m 1 n q  P O i n t s  il r e  9 011 a n rj 1 0",.. of V I H I •."'� I .  A l l  o t h e r  t i m i n q n o i n t s  ;t r e  t h P  !)()>l le vP I _  

F I G U R E  7 -WR ITE C Y C L E  T I M I NG 

..__ 1 w ( sens  H )___,._ l w ( sens L)---1 
_L � �  s E N  s 0 R ------1"! "\ T I 

14--------- 1 d l sens- in t ) ----------o� 

I N TE R R UPT ,-----------------------� 

RST I N STRUCT ION 
ON DATA BUS 
I S • · e  N o tt '  I I 

N O T E S  T h e  R S T  . n � l r u c t , o n  o c c 1 1 r<;, rt u r • n g  1 h e  o u t p u t  rl et t a  v a l 1 d  t • rn e  o f  1 n e r e a d  c y c • e .  

A l l  t • m • nq PO • n t s  nre 50'':. o f  V I H · 

F I G U R E  8 -SENSOR/I N T E R RUPT TIM I N G  
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APPENDIX C 
5 0 2 7  CRT CONTROLLER 





FEATURES 

CRT Video Timer-Controller 
VTAC 

CRT 5027 
Preliminary Product Description 

0 Ful ly  Prog ram mable Display Format 
Characters per data row 

PIN CONFIGURATION 
Data rows per frame 
Raster scans per data row 
Raster scans per frame 

0 Ful ly P rog rammable Monitor Format 
Horizontal Sync 
Vertical Sync 
Composite Sync 

0 Programmed via:  
P rocessor data bus 
External P ROM 
Mask option ROM 

0 Standard or Non-Standard CRT 
Monitor Compati ble 

0 Scrol l i ng 
0 Generation of Cursor Video 
0 I nterlaced and Non-i nterlaced 

Operation 
0 Vertical Data Positioning 
0 TTL Compatib i l ity 
0 High Speed Operation 

0 COPLAMOS® N-Channel Si l icon 
Gate Tech nology 

General Description 

A2 A1 

A3 AI! 

cs Hll 

R3 H1 

R2 H2 

GND H3 

R 1  H4 

RIJ H5 

OS H6 

CSYN H7/DR5 

VSYN DR4 

DCC DR3 

Voo DR2 

Vee DR1 

HSYN DAft 

CRV 081'1 

8l 081 

087 082 

086 083 

085 084 

The CRT Video Timer-Controller Chip (VTAC) is a user programmable 40-pin COPLAMOS® n channel MOS/LSI device 
containing the logic functions required to generate all the timing signals for the presentation and formatting of interlaced and 
non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above. 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting,  such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. The data row 
counter has been designed to facilitate scroll ing. 

Programming' is effected by loading seven 8 bit control registers directly off an 8 bit bidirectional data bus.  Four register 
address lines and a chip select l ine provide complete microprocessor compatibility for program controlled set up.  The device 
can be "self loadef:l'' via an external PROM tied on the data bus as described in the OP ERATION section. Formatting can also 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal . The contents of these two registers can also be read out onto the 
bus for update by the program.  
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MAXIMUM GUARANTEED RATINGS* 
Operating Tem perature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0°C to + 70°C 
Storage Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 55°C. to + 1 50°C 
Lead Temperature (soldering, 1 0  sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 325°C 
Positive Voltage on any Pin ,  with respect to ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 1 8 . 0 V  
Negative Voltage on a n y  Pin ,  with respect t o  ground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0 .3V 
* Stresses above those l isted may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

· ·  

ELECTRICAL CHARACTERIST I CS (T A= ooc to 70°C, Vee= + 5V ± 5%, Voo= + 1 2V :t 5%, unless otherwise noted) 

Para meter 

D.C.  CHARACT ERISTICS 
INPUT VOLTA G E  LEVELS 

Low Level ,  V1L 
H igh Leve l ,  V1H 

OUTPUT VOLTA G E  LEVELS 
Low Levei-VoL for R�-3 
Low Levei-VoL all  others 
High Levei-VoH for Rl3-3 
High Levei-VoH all others 

INPUT C U RR E NT 
Low Level, I 1L 
High Level .  I 1H 

I N PUT CAPACITANCE 
Data Bus, C1N 
Clock, C1N 
Al l  other. C1N 

DATA BUS LEAKAGE in I N PUT MODE 
l os 
l os 

POWER SUPPLY CURRENT 
I cc 
loo 

A.C. CHARACT ERIST ICS 
DOT COUNTER CARRY 

frequency 
PWH 
PWL 
tr. If 

DATA STROBE 
PWos 

ADDRESS,  C H I P  SE LECT 
Set-up time 
Hold t ime 

DATA B U S-LOAD I N G  
Set-up time 
Hold t ime 

DATA 'BU S-REA D I NG 
TDEL2 

OUTPUTS: H(.J-7.  HS. VS, BL, CRV. 
CS-T DEL • 

OUTPUTS: R�-3. D R0-5 
ToEL3 

Min. 

Vcc - 1 . 5 

2.4 
2 .4 

0 .2  
35 

1 90 

Typ. 

4.0 

1 0  

1 50 

1 00 
50 

1 00 
75 

1 00 

1 00 

1 .0 

Restrictions 

Max. 

0 . 8  
Vee 

0 . 4  
0 . 4  

Unit 

v 
v 

v 
v 

pf 
pf 
pf 

ma 
ma 

MHz 
ns 
ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

f.!S 

Comments 

l oL = 3 . 2ma 
I DL = 1 .6ma 
l oH = 80�-ta 
l o,... = 40�-ta 

TA = 25°C 

Figure 1 
Figure 1 
Figure 1 
F igure 1 

Figure 2 

Figure 2 
Figure 2 

Figure 2 
Figure 2 

Figure 2, C L = 50pf 

Figure 1 ,  C L = 20pf 

Figure 3.  C L = 20pf 

1 .  Only one pin is  available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 
the standard WRITE and R E A D  control signals from most microprocessors must be " NORed" externally to present a single 
strobe ( OS) signal to the device. 

· 

2. An even number of scan l ines per character row must be programmed in interlace mode. This is again due to p in  count 
l imitations which require that the least significant bit of the scan counter serve as the odd/even field indicator. 

3. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal syric pulses. 
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Operation 

The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic syste m .  The device is programmed by the user i n  one of two ways; via the processor data bus as part of the 
system initialization routine, or d u ring power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1 .  The information contained in these seven words consists of the following: 

Horizontal Formatt ing:  
Characters/Data Row 

Horizontal Sync Delay 

Horizontal Sync Width 

Horizontal Line Count 

Skew Bits 

Vertical Formatting : 
Interlaced/Non-interlaced 

Scans/Frame 

Vertical Data Start 

Dall Rows/Frame 

Last Data Row 

Scan�/Data Row 

Device Initialization: 

A 3 bit code providing 8 mask programmable character lengths from 20 to 1 32 .  
· · The standard device wil l  b e  masked for the following character lengths; 20 . 32, 

40, 64, 72, 80, 96, and 1 32 .  

3 bits assigned providing u p  to 8 character times for generation o f  "front porch" .  

4 bits assigned providing up to 1 6  character t imes for generation o f  horizontal 
sync width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

A 2 bit code providing from a 0 to 2 character skew between the horizontal 
address counter and the horizontal blank and sync signals to allow for retiming of 
video data prior to generation of composite v1deo signal. The C ursor Video signal 
is also skewed as a function of this code. 

This bit provides for data presentation with odd/even field formatting for inter
laced systems. It modifies the vertical t iming counters as described below. 

8 bits assigned, defined accordi ng to the following equations: Let X = val u e  of 8 
assigned bits. 

1 )  in  interlaced mode-scans/frame = 2X + 5 1 3. Therefore for 525 scans, 
program X =  6 (000001 1 0) .  Vertical sync will occur precisely every 262 . 5  scans, 
thereby producing two interlaced fields.  
Range = 5 1 3  to 1 023 scans/frame, odd counts only. 
2) in non-interlaced mode-scans/frame = 2X + 256. Therefore for 262 scans. 
program X = 3 (000000 1 1  ) .  
Range = 256 t o  766 scans/frame, even counts only. 

In  either mode, vertical sync width is fixed at three horizontal scans ( ""  3H).  

8 bits assigned providing scan l ine resolution in vertical data positioning with 
respect to vertical sync. The Data Row Counter is reset at vertical sync and will 
not begin counting until the scan line selected by these eight bits. 

6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 1 6  scan lines per data row. 

Additiona l Featu res 

U nder m icroprocessor control-The device can be reset under system or program control by presenting a 01 0 1  address 
on A(;J'-3 . The device wil l  remain reset at the top of the even field page until a start command is executed by presenting a kl 1 1 1  
address on A{a'-3.  

Via "Self Loading"-ln a non-processor environment, the self loading sequence is effected by presenting and holding the 
1 1 1 1  address on A"·3, and is in itiated by the receipt of the strobe pulse ( DS). The 1 1 1 1  address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one mi l l isecond). The timing 
sequence wil l  beg i n  one l ine scan after the 1 1 1 1  address is removed. I n  processor based systems, self loading i s  in itiated by 
presenting the 1 1 1  {8 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 

Scrolling-In addition to the Register 6 storage of the last displayed data row a "scroll" command (address 1 1  (11 ) 
presented to the device wi l l  increment the first displayed data row count to facilitate u p  scrol l ing in certain applications. 
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Pin No. 

25- 1 8  

3 

39, 40, 1 , 2  

9 

1 2  

38-32 

7, 5, 4 

3 1  

8 

26-30 

1 7  
1 5  

1 1  
1 0  

1 6  

1 4  
1 3  

Symbol 

D B.0-7 

cs 
A(6-3 

OS 

DCC 

H{!-6 

R 1 -3 

H7/DR5 

R¢' 

DR¢'-4 

BL 
HSYN 

VSYN 
CSYN 

CRV 
Vee 

V DD 

De$cription of Pin Functions 

Input/ 
Name Output Function 

Data Bus 1/0 Data bus. I nput bus for control words from microprocessor or 
PROM. Bidirectional bus for cursor address. 

Chip Select Signals chip that it is being addressed 

Register Register address bits for selecting one of seven control 
Address registers or either of the cursor address registers 

Data Strobe Strobes D B,0-7 into the appropriate register or outputs the 
cursor character address or cursor line address onto the data bus 

DOT Counter Carry from off chip dot counter establishing basic character 
Carry clock rate. 

Character 0 Character counter outputs. 
Counter Outputs 

Scan Counter 0 Three most significant bits of the Scan Counter; row select 
Outputs inputs to character generator. 

H7/DR5 0 Pin definition is user programmable. Output is MSB of 
Character Counter if MSB of Characters/Data Row word is a 
" 1  ", otherwise output is MSB of Data Row Counter 

Scan Counter LSB 0 Least significant bit of the scan counter. In interlaced mode this 
(Odd/Even Field) bit defines the odd or even field . In  this way, odd scan lines of 

the character font are selected during the odd field and even 
scans during the even field. 

Data Row 0 Data Row counter outputs. 
Counter Outputs 
Blank 0 Defines non active portion of horizontal and vertical scans. 

Horizontal Sync 0 Initiates horizontal retrace. 

Vertical Sync 0 Initiates vertical retrace. 

Composite Sync 0 Active in non-interlaced mode only. Provides a true RS-1 70 
composite sync waveform. 

Cursor Video 0 Defines cursor location in data field. 

Power Supply PS + 5 volt Power Supply 

Power Supply PS + 1 2  volt Power Supply 

Timing Diagrams 

HORIZONTAL TIMING 
START OF LINE N START OF LINE N • 1 

V�l/ZOZZZI�(!/v(�f?ZZI/ZOD nulzi/Z/7 

VERTICAL TIMING 

TEAS PER DATA LINE 
HORIZONTAL SYNC DELAY 

(FRONT PORCH) 
HORIZONTAL SYNC WIDTH 

HORIZONTAL LINE COUNT H --

START OF. FRAME M OR ODD FIELD START OF FRAME M · 1 OR EVEN FIELD I SCAN LINES PER FRAME ---------l 
___n�__._V�ZI:....L.I...L..Z ....... ZZ:....L.Z...L..Z ....... Z Z:....L.Z...L..Z ....... Z/_,_/...L..Z ....... Zic...L./_,_/L...<II:....L./_,_/L...I.ZI:....L.!.L....II'--'!l....__.n V7lZ 

1-- �- ACTIVE VIDEO � l--.J 
VERTICAL DATA__J DATA ROWS PER FRAME • L VERTICAL SYNC START �3H 

TABLE 1 
BIT ASSIGNMENT CHART 

HORIZGNTAL LINE COUNT SKEW BITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW • 

REG _ ,  � I i I � I REG 
3 1 * I � I I � I REG 

6 .__I ...L-.-.L.-1 ___.� l_..___.__i ........__._I__,� I 
MODE: INTERLACED/ H S,YNC WIDTH H SYNC DELAY 
NON INTERLACE,tl 1 

REG 1 1  7 1 6 1 i 
SCANS/DATA ROW 

REG 2 1 I� I i 
I�  I� 1 ' I� I REG 4 1 �I 
CHARACTERS/DATA ROW 

l�IITJ!I REG s l; I 
SCAN LINES/FRAME i I� I 

VERTICAL DATA START 
I I� I I I 
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CURSOR CHARACTER ADDRESS 

REG 
7 1 �I 

REG a l  

I I� I 
CURSOR ROWiADDRESS 

I �  I i I� I 



A3 A2 A1 Ag 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
0 

0 

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

0 0 
0 1 
1 0 

0 0 
0 1 
1 0 

Register Selects/Command Codes 
Select/Command 
Load Control Register 0 
Load Control Register 1 
Load Control Register 2 
Load Control Register 3 
Load Control Register 4 
Load Control Register 5 
Load Control Register 6 
Processor Self Load 

Read Cursor Character Address 
Read Cursor Line Address 
Reset 

Up Scroll 

Load Cursor Character Address 
Load Cursor Line Address 
Start Ti ming Chain 

Non-Processor Self Load 

Description 

See Table 1 

Command from processor instructing C RT 
5027 to enter Self Load Mode 

Resets t iming chain to !QQ lef1 of page.  Reset 
is latched on chip by D'S and counters are 
held until released by start command. 
I ncrements address of first displayed data 
row on page. ie; prior to receipt of scroll 
command-top l ine = 0, bottom line = 23 . 
Af1er receipt of Scroll Command-top l ine = 

1 ,  bottom l ine = 0. 

Receipt of this command af1er a Reset or 
Processor Self Load command will release 
the t iming chain approximately one scan l ine 
later. In appl ications req uiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command . 
Device wi l l  begi n  self load via PROM when 
DS goes low. The 1 1 1 1  command should be 
maintai ned on A0-3 long enough to guaran
tee self load. (Scan counter should cycle 
through at least once} . Self load is automati
cally terminated and t iming chain i nitiated 
when the all "1 's" condition is removed, in
dependent of DS.  For synch ronous opera
tion of more than one CRT 5027, the Dot 
Counter Carry should be held l ow when this 
command is removed. 

NOTE:  During Self Load, the scan counter states corresponding to the nine load command addresses will load 
the appropriate register. Therefore if reseting of the cursor X and Y position registers is  required via self 
load the PROM words for address 1 1 0� and 1 1 � 1  should be prog rammed as all zeros. 
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AC TIMING DIAGRAMS 

FIGURE 1 VIDEO TIMING 

DOT COUNTER I 
CARRY � �-------------------------------------------Jj 

��------------------PW L ----------------------��------- PW H------� 

H�-7 
H SYNC. V SYNC. BLANK. 
C U RSOR VIDEO. 
COMPOSITE SYNC 

�-------TDEL 1 -------� 

DBJl'-7 
READING OUT 
OF DATA 

FIGURE 2 LOAD·HEAD TIMING 

FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 

H SYNC ------------� 

Rll-3 
DRil-5 ------------------------------t---------� 

Figure 4. SELF LOADING SCHEME FOR CRT 5027 SET-UP 
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