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1 .  GENERAL DESCRIPTION 

SCOPE 

Th i s  ma nu a l  is des igne d t o  as s i s t  a t r a i n e d  eng ine e r  in loc a t i ng and 
co r r ec t ing p rob l ems tha t  ma y oc c u r  wi th  the SVI-3 1 8 / SVI-3 2 8  and Ma rk I I .  
Spec ia l ly deve l ope d se l f-study and t r a i n i n g  cou rse s are ava i la b l e  f rom 
Spe c t ravi deo In t e rna t i ona l L t d .  ( he re i na f te r  re f e r r e d  as ' SVI ' ) ,  and 
be fo re a t t empt ing to se rv ice  the compu t e r  the eng ine e r  sho u l d  have 
comp le te d one of the s e  c ou r s es . 

FEDERAL COMMUNICATIONS COMMISSION RADIO FREQUENCY INTERFERENCE STATEMENT 

WARN ING : Th i s  e qu i pment  ha s been ce r t i f i e d  to  comp ly w i th the l i m i t s  for 
a C l a s s  B comput ing devi ce , pu r suant to Subpart  J o f  P art  1 5  of 
FCC ru l e s. Only pe r i phe ra l s  ( compu t e r  i nput/ou tpu t dev i c e s ,  
t e rmina l s ,  p r inte r s , e tc . )  ce r t i f i e d  to comply  w i th the C l a s s  B 
l im i t s  may be at tache d to th i s  compu t e r . Ope r a t i on w i th non 
-ce rt i f ie d  p e r iphe ra l s  is l ik e ly to r e s u l t  in i n t e r f e rence t o  
ra d i o  a n d  TV rece p t i on .  

(SVI) SPECTRAVIDEO INTERNATIONAL LTD., HONG KONG 

F i r st E d i t i on 
S ec ond Ed i t ion 
Th i r d  E d i t i on 

May ,  1983  
Octobe r ,  1 983 
Ma rch , 1 984 

This  document cont a i ns the l a t e s t  inf o rma tion ava i l a b l e  at the  t i me o f  
pu b l i c a t i on .  However S V I  rese rves the r i ght t o  mod i fy t h e  c o n t e n t s  o f  th i s  
ma t e r i a l  at  any t ime .  Also , a l l  fea t u re s , funct i on s , and ope ra t ion s  
d e s cr i be d  he re in ma y  n o t  be marke te d  by SVI i n  a l l  p a r t s  of the wor l d .  
The re fore , be fore us ing th i s  docume n t , consu l t  you r nea re s t  dea l er o r  SVI 
for  t he informa t i on that i s  app l ic ab l e  and cu rrent . 
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CHARACTERISTICS 

The fo l l ow ing l i s t s  the charac ter i s t i c s  o f  and acce s s o r i e s  for SVI-3 1 8 /  
SVI-3 2 8  home compu t e r .  Re f er t o  th i s  sec t i on du r i ng any p roc e d u re tha t 
re quires  check ing t he compu t e r  aga i n s t  i t s per formance or power 
s pec i f ic a t ions . 

POWER SOURCE 

POWER CONSUMPTION 

TEHP ERATURE 

HUMI DITY 

DIMENSIONS ( mm)  

WEIGHT 

OPERATOR INTERFACE 

AC 1 1 5V +- 1 0% 60 Hz  
AC 200V +-1 0% 50  Hz 
AC 2 2 0V +- 1 0% 50 Hz 
AC 240V +- 1 0% 50 Hz 

1 7W ( exc l ud i ng op t i ona l i n t e r face s and per i phera l 
dev ices ) 

1 4W ( Mark I I )  

0 0 0 0 
Ope r a t ing 0 - 3 5  C ( 3 2 F - 95 F )  0 0 0 0 
S torage 15  - 60 C ( 5  F - 1 40 F )  

Serv i ce hum i d i t y  80% or l e s s  

405 ( L ) X 2 1 8  ( W )  x 7 7  ( H )  

4 Kg 

The s t a t u s  ind ica t o r  l igh t s  te l l  when powe r is app l i e d  to the compu te r ,  
wh en t he compu t e r  i s  bus y  do ing ca l c u l a t i ons , when the comp u t e r  i s  
pe r fo rm ing inpu t / outp ut ope ra t i ons , and whe n wa i t i ng to s top a t  the end of 
t he current M i c ro-s o f t  B a s ic l anguage i n s t r uct i on in  re sponse to p re s s i ng 
the s t op key . 

User- d e f i nab l e  func t i on keys a l low the ope rator  to branch to any o f  ten 
spec i f ie d  BAS IC programme l oc a t ions when pre s s ing one of these keys . There 
are te n keys to spec i fy ten programme loca t i ons . Ano the r  ten loc a t ions are 
u se d  i f  t he ke y s  a re pre s se d  in con j unc t i on w i th ho l d ing down a SH IFT key .  

The a l phanume r ic ke yboard is u s e d  for entry o f  BAS I C  programme language 
s t a t emen t s  and da te . The numer ic ke ypa d p rovides conve n i e nce when enter ing 
nume r i c  data into  the compu t e r .  The ba s i c ca l c u l a tor func t ions  are a l s o  
rea d i ly ava i l ab l e .  When used a s  a ca l c u l a t or w i t hou t runn ing a B a s ic 
programme , the ENTER key cause s  the ca lcula t e d  re s u l t  to print on the 
d i sp lay . 

POWER SWITCH 

The power switch is a rocker switch use d for app l y ing power to the 
SVI-3 18/SV1 -328 and Mark 11 . 
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POWER INDICATOR 

The power indicator is an LED that monitors the +5V supply. When on, it 

indicates the presence of power to the SVI-318/SVI-328 and Mark I I .  
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2. SYSTEM INTRODUCTION 

This manual is arranged in the following sections: 

1. General information about the SVI-318/SVI-328 and Mark 11 personal 
computer and its peripherals, including model humber and feature kit 
descriptions. 

2. Information on how to remove and replace the major assemblies that make 
up the computer. 

3. How to use the diagnostic module, an explanation of the diagnostic 
messages and which parts to replace. 

4. Tables and charts showing plug/pin assignments, test points and the 
location of the major components on the controller board. 

5 . Schematices and parts identification information. 

For detailed information on how to repair the disk drives, printers, or 
any other peripherals refer to the approperiate service publication. 

To r emove the cover refer to Figure 2-1 and use the following procedures. 

1 .  Be sure the on/off switch is in the off position. 

2 .  Disconnect the power supply. 

3. Disconnect any peripherals. 

4 .  Remove the seven retaining screens. 
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4. Remove the seven retaining screens. 

5. Remove the cover. 
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6. Remove the screens on the metal cover. 

7 .  Remove the metal cover. 
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To r e-a s s e mble, u se the above pro cedures  in the rever se order. 
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2 

3 

4 

5 

6 

1 

8 

9- 24 

25 

* SVI-318/SVI-328 and hark II EXPANDER BUS SIGNAL DESCRITPION * 

NAME : 

CNTR L 2  

+12V 

-12V 

CNTRLl 

WA IT 

RST 

CPUCLK 

A15-AO 

RFSH 

I/0 : 

0 

I 

0 

0 

I 

I 

I 

0 

0 

DESC RI PTION : 

+ 5V powe r supp l y .  300mA current i s  av a i lab l e  for 
a l l  pe r iphe ral  cards. 

Spec t rav i deo game adaptor fo r co l e co gam es CONTROL 
s i gna l ( norma l l y he ld HIGH by a 3 . 3K ohm re s i s tor ) ,  

Th i s  s i gna l , when t h e  game adap t o r  i s  i n  use , 
con t ro l s  the da ta tran s f e r  be twe en the CPU and the 
adap t o r  du ring the ex t e r na l I / O  addre s sing . 

+1 2V power supp ly . Max imum current i s  lOOmA for 
a l l  p e r iphe ral  card s . 

-1 2V power s upp ly . Maximum current is  SOmA for a l l  
pe r i phe ra l cards . 

Spec t rav ideo game a dapto r  for co leco  game s 
CONTROL s i gna l ( norma l ly held  HIGH by lK ohm 
re s i s t or ) .  This s i gna l , wh en pu l l e d  LOW ( i. e .  
Wh en t he adaptor i s  i n  u se ) ,  d i sab l e s  a l l  inte rna l 
( i . e .  SVI-3 1 8 / SVI-3 2 8  and M a rk II ) I /0 addre s s  
decod ing , and inv e r s es A1 5 .  

Ind i c a t e s  to Z80A CPU tha t the addre s se d  memo ry 
or I / O  dev ices  a re no t ready for da ta t rans f e r .  

Whe n th i s  s igna l  i s  pu l l e d  LOW the CPU beg ins a 
RESET cyc l e. Du r ing t h i s  RESET c yc l e, the address 
and data  bus ent e r  a high impendance s t a te and the 
con t r o l  s igna l s  e n t e r  th e i nac t ive s t a te . 

Bu f f ered  s y s tem c lock of f requency 3 .58MHz . 

Bu f f e re d  ADDRESS BU S .  Th is i s  a 1 6-b i t  a dd res s bus 
p rov i d ing addre s ses for memory data  exc hange and 
I / 0  dev ice da ta exchange . 

Buf f e r e d  REFRESH s i gna l for the dynam ic RAM 
expand e rs on ly . This s i gna l indic a t es that the 
lower 7 b i t s  of the add res s bus con t a i n  a refresh 
a dd re s s  for the dynam ic RAM. 
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PIN: NAME: 

2 6  EXCSR 

2 7  M l  

28 EXCSW 

29 W R  

30 MREQ 

31 IORQ 

32 

33-40 DO-D7 

41  CSOUND 

4 2  INT 

43 RAM DIS 

44 ROMDIS 

I/0: 

I 

0 

I 

0 

0 

0 

0 

I 

I 

i 

I 

D!SC1UP1 ION: 

Th i s  is the ex te rn a l  CPU-from-VDP READ se l ect 
signal , an d i s  use d  by S pec t ravideo game adaptor 
for colecoyM games. 

B uf fere d  MACHINE ONE CYCLE s igna l .  This s ignal  
in d i ca tes that O P  code fe tch cyc l e  is the cu rren t 
machine cy cle . 

Th i s  i s  the ex te rnal CPU- toVDP WRITE se lect s i gnal , 
and i s  use d  by Spe c t ravideo game adap tor for 
colec o  game s only .  

B uf fe re d  WRITE s ignal . Th is s igna l  in d ic a te s  that 
the CPU da ta b us h olds val id data for storage in 
the a dd re s se d  memory or I/0 device . 

B u f fered MEMORY REQUEST s ignal . This signal 
in dica tes when t he a ddre s s  b us is ho lding a va li d 
memory a dd re s s . 

B uf fe re d  INPUT/OUTPUT REQUEST s igna l .  This s igna l  
in dica tes the lowe r 8 b i t s  of  the addre ss b us are 
hol din g a val id I/0 device address , an d is at  h igh 
s ta te ( i . e . inact i ve) du r ing the INTERRUPT cy c l e . 

B u f fe re d  READ signa l . Th i s  s igna l  in dic a te s  tha t 
the Z80A CPU is wan t ing to read da ta f rom memory 
or an I/0 device . 

B u f fe red b id i rect i onal DATA b us . This is an 8 b it 
b id i re c t i ona l data b us for data exchange between 
memory and I/0 device s . 

Aud io input s ignal f rom the S pec t ravideo game 
a da p t or for coleco game s . 

Gen e ra te d  by I/0 dev i ce s  to req ues t  in te rrupt to 
Z80A CPU . 

P ull ing th i s  s ignal LOW disables the SVI-3 18/ 
SVI-328 an d Mark II u se r  RAM . Th is l ine i s  he ld 
h igh by a 1K ohm re s i s tor to +5V .  

Pull ing th i s  s ignal LOW d i sables the SVI-3 18/ 

SVI-328 and Ma rk II BASIC ROM on b oa r d .  
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PIN: NAME: 

45 0 

46 0 

47 0 

48 0 

49-50 GND 

DESCRIPTION: 

Buffered MEMORY BANK CONTROL signal. 
Pulling this signal LOW enables the bank 32 por ti on 
of the memory (32K, Addr.-- 8000H-FFFFH), and ��= disables the user RAM on board through the RAMDIS 
sig nal . 

Buffered MEMORY BANK CONTROL signal. 
Pulling th is signal LOW enables the bank 31 por tion 
of t he memory (32K, Addr,-- OOOOH-7FFFH), and --........,.. 
disa bles the BASH-: ROH on board through the ROMDIS 
signal. 

Buffered MEMORY BANK CONTROL signal. 
Pulling this signal LOW enables the ba nk 22 por tion 
of the memory (32K, Addr.--8000H-FFFFH) and 
disables t he usser RAH on board through the RAMDIS 
signa l . 

Buffered MEMORY BANK CONTROL signal. 
Pulling this signal LOW enables t he bank 21 portion 
of the memory (32K, Addr.-- OOOOH-7FFFFH) whi ch is 
t he lower portion of SVI328 user a ddress able 
memory, and disables the BASIC ROM on board . 

System electrical ground. 
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3. DIAGNOSTIC TEST AND TROUBLE SHOOTING CHART 

A cartridge is available to test the SVI-318/SVI-328 computer hardware: 

1. CPU and OUTPUT BUFFERS to the EXPANDER 

2. USER RAM 
3 .  VIDEO RAM (VRAM) 
4 .  P ROGRAMMABLE SOUND GENERATOR (PSG) 
5 .  SOUND CHANNEL 
6 .  VDP INTERRUPT 
7. CASSETTE LINE (CASW/CASR, ME/RE) 

8. KEYBOARD LI�E (OUTPUT/INPUT) 
9 .  JOYSTICK 1 AND 2 

Using the Test 1Progra.e 

1. To use the testing programme, be sure the powe r is off, plug the 
cartridge into the GAME CARTRIDGE SOCKET, the ke yboard and the cassette 
interface into the socket, and then switch on. 

The programme wi ll print the below me s sa get 

** SVI-318 COMPUTER TESTING RESULT ** 

If t he printer falls to print t he me s sage, it indicates that errors may 
occur in any one of the fo llowings: 

i) CPU 
ii) OUTPUT BUFFERS 
i li ) USER RAM 

2. I f  no errors occur in the t e s t ing of  the USER RAM, the message 'USER 
RAM OK' i s  printed. However, if an error does occur, the message 'USER 
RAM ERROR' is printed and the following information will be given: 

ADDRESS: XXXX 

DATA WRITE: YY 

DATA READ: ZZ 

add re s s  of the memory location at which 
an e r ror is  fo und. 

data written to addressed location. 

data read from the addressed location. 

Test pattern set written to the memory is OO , Ol , 02, • • . • •  FC,FD,FE. 

3. If no errors are fo und in the te sting of the VRAM, the message 'VRAM 
OK' is printed. However, if an error does occur, the message 'VRAM 
ERROR' is printed, and the following information will be given: 
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ADDRES S: XXXX 

DATA WRITE: YY 

DATA WR ITE: YY 

address of the memory loca t ion a t  wh ich 
an error is found. 

da ta wr itten to the loca t ion addres se d  by 
the above address . 

data read from the loca t i on addre s se d  by 
the above address . 

Te st pa t te rn set: OO , Ol,02, . • • • • • FC,FD,FE. 

4 .  If no errors occur in the testing of PSG, the messa ge ' PSG OK' i s  g ive n, 
and fol lowed by three tones. However, if 'PSG ERROR ' is g iven , i t  means 
tha t  the PSG ch ip is not funct ion ing propert y. 

5 .  S o und Channe l is on f or few seconds ( no list ing g iven in th is stage ) .  

6. VD P INTERRUPT tes ting: 

VD P INTERRUPT OK 
VDP INTERRUPT ERROR 

7 .  CASSETTE L INE tes t i ng: 

VDP chip funct io ns p rope r l y .  
VDP chip is not func t ion ing prope r l y .  

If there is no error, "CASSETTE LINE OK" message is prin ted , otherw i se 
"CAS SETTE L INE ERROR" message is p r i nted to  indica te CA SSETTE LINE i s  not 
func t i on i ng p roper l y. 

The re a re our ways to te st  CASSETTE LINE, the proce dures are as fol low s: 

(a ) input CASW=O ( low ) ,  ou t put  CA SR=l (hi gh ) ,  if not , "ERROR , TEST 
1----CASW /CASR" message is p r inted input ME=O ( low) , ou tpu t R E= l  
( h i gh )' 

if no t ,  "ERROR, TEST 1----ME /RE" messa ge is printe d .  

( b )  input CASW=O ( low ) ,  output CASR=l (high ) ,  if not ,  "ERROR, TEST 
2---CA SW / CA SR" is p r i nte d input ME=l (h igh ) , output RE=O (low ), 
if no t, "ERROR , TEST 2----ME /RE" is pr inte d .  

( c )  input CASW= l  (h igh ), ou tput CASR=O ( l ow ) ,  if not , "ERROR TEST 
3----CA SW / CASR" is p r i nted input RE=O ( low ) ,  ou tput ME:l (h i gh ), 
if no t ,  "ERRO R TEST 3----ME / RE" is pr inte d .  

( d) input CASW=l (h igh ), out put CASR=O ( low ) , if not "ERROR ,  TEST 
4----CA SW / CA SR" is p r i nte d input ME= l (h igh ) , ou tput RE=O ( low ), 
if no t, "ERROR,  TEST 4----ME /RE" is pr i nte d .  A "CASSETTE L INE 
TEST ING COMPLETED" is pr inte d at the end of the tes t, th i s  
mes sage i s  p r i n ted when e r ror occurred on l y .  
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8 .  KEYBOARD L INE t e s ting:  

I f  th e re is no e r ro r, "KEYBOARD LlNE OK" me s sage is printed, otherwise 
"KEYBOARD LINE ERROR" me s s a ge is printed to indicate  the KEYBOARD LINE 
is not  func t ion ing p rope rly . 

This t e s t  is check ing al l 10 outputs and 8 inp u t s, each ou tput and 
input a r e  co r r esponde d ,  a message w i l l  p r int  t o  in d i c a t e  which 
c o r r esp ond ing outpu t / input line has error. 

The e r ro r  me s sage for corresponding output/ inp u t  line as follow : 

( 1 )  " E RROR OU1'PUT 0 / I NPUT 2" 
( 2 )  "ERROR OUTPUT 1 / INPUT 1 "  
( 3 )  "ERROR OUTPUT 2 / I NPUT 7" 
( 4 )  "ERROR OUTPUT 3 / INPUT 6" 
( 5 ) " ERROR OUTPUT 5/lNPUT 6" 
( 6 )  "ERROR OUTPUT 6 / INPUT 5" 
(7 ) "ERROR OUTPUT 7 / I NPUT O" 
( 8 )  "ERROR OUTPUT 8 / INPUT 4" 
( 9 )  "ERROR OUTPUT 9/ I NPUT 5" 

( 1 0 )  "ERROR OUTPUT 1 0/ INPUT 7" 

All ou tput=O (low ) ,  input 1 ( h i gh ) 

A "KEYBOARD LINE TEST ING COMPLETED" me s s a ge is p r in t e d  at the end when 
erro rs  occur only . 

9. JOYST ICK te s ting: 

JOYST ICK 1---) GREEN CUR SOR 
JOYST ICK 2--- ) RED CURSOR 

l[ erro r in (7 ) , ( 8) and ( 9 ) , check PSG and PP I .  

10 . In CP/M 2 . 2 2 ve rs i on sy stem d i sk e nclo sed mem t s t . com memory test in 
CP /M mode 

BIOS loca ted at E600 
wh ich s t arts above t h i s  p rog ramme and end s at B I OS .  

S t art ing a dd r e s s  (H EX ) 09BB 
Ending add re s s  ( H EX ) E5Ff 

(1 ) B i t stuck high or low te s t  
(2 ) Adjacent  b i t s  shorted test 
(3 ) Checksum ( 5 5AAH pa t t e rn )  t e s t 
( 4 )  Wa l king b i t  le f t  t e s t  
( 5 )  Wa lk ing b i t r i ght test 
(6 ) Add rEss line t e s t  
(7 ) Random numb e r  test cycle: 1 , 2, 3 , 4 , 5 , 6,7 , 8  
(8 ) HI cyc l e  t e s t  - 4K b l ock: 
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SA200 MAINTENANCE EQUIPMENT 

A l i gnme nt D i sk e t t e  

The SA124 a l i gnme nt d i sket t e  i s  us e d  for alignment of the SA200 . The fol l ow ing 
a d j u s tme n t s  and ch e c k s  c an be ma d e  us ing the SA12 4 . 

a .  Rea d/Wri t e  h e a d  ra d i a l  adjus tmen t  us ing trac k 16. 

b .  I ndex Pho to de t e c t or a l i gnme nt u s ing track 01 . 

c .  Tra ck 00 is  re corded w i t h  a 12 5 kHz signal ( 2F ) . Th i s  t rack i s  u s e d  to 
d e s igna t e  i f  t he h e a d  is  pos i t i one d over track 00 when t he track 00 
i nd i c a t ion i s  t ru e. 

d. Tra ck 34 ha s a 125 kHz signa l (2 F )  re corded, and s p e c i f ie s  i f  the h e a d  
i s  pos i t ione d ov er t r a c k  3 4 .  I t  i s  also u sed for r e f erence purposes.  

Ca u t i on shou ld  be  exerc i s e d  not to d e s troy pre-recorded a l i gnme n t  tra c k s. 
The se track s are: 00, 0 1 , 15, 1 6, 17 and 3 4 . T he wr i t e  p ro t e c t  t ab shou l d  
a l way s be i n s ta l l e d  on t h e  SA12 4 t o  p re ven t  acc i d ent a l  wri t ing on the d i s k e t t e. 

Exerc i s er 

The exerc i s er u s e d  on t h e  SA2 00 cons i s t s  of an 809 exe rc i s er w i t h  a spe c i a l  
c ab l e  s e t . Th i s  exerc i se PCB c an b e  u s e d  in a s t and a l one mode , bu i l t  i n to a 
t e s t  s t a t i on , or u s e d  i n  a t e s t er for f i e ld service. 

T he exerc i s e r e nab l e s  t he u s er to per form all a d j u s tment s  and checks requ i re d  
on t h e  SA2 00 d r i ve. I t  ha s no i n t el l igent  d a t a  hand l i ng capabi l i t ie s  b u t  can 
wr i t e  a 2 F  125 kHz s i g n a l  wh ich is  t he record i ng fre q uency used for amp l i t ude 
che cks on th e SA200 . The exe rc i se r  can also s t ar t  and s top the d r iv e  motor, 
and e n ab l e s  rea d  i n  t he SA200 to a l low check ing of proper read back s igna l s. 

DIAGNOSTIC 

I n t roduc t i on 

In correc t op era t i ng proce dure s ,  f a u l t y  programm ing , dama g e d  d i ske t t e s, "sof t 
e r rors" crea ted by a irborne con t am i nan t s ,  and ot her ext erna l c a u s e s  can produce 
error s fa l s e l y a t tribute d to drive fa i l ure or m i s adju s tme n t .  Un l e s s  v i s u a l  
i ns p e c t i on o f  the d r i ve d i s c l os e s  a n  obv ious m i s a l ignme n t  o r  b roken part, 
attempt to re pea t t h e  f au l t  w i t h  the or i g i na l  d i s ke t t e ,  t h e n  a t t emp t to 
dup l i c a t e  t he fau lt on a second d i ske t te. 
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"Soft  E rror" De tecti on and Cor re c t ion 

Sof t errors are usua l ly cause d by: 

a. Airb orne contaminants tha t  pass be tween the rea d/w r i te head and the d isk . 
Usua l ly, these contaminan ts can be remove d  by the ca rtr idge se l f-clea n i ng 
wipe r. 

b. Random e lec t r i ca l  no ise that usua l ly las ts for a few m icroseconds . 

c. Sma l l  de fects in t he w r i t ten da ta and / or track not de tected dur ing t he 
w rite opera t ion tha t ma y ca use a sof t error du ring a read .  

d. W orn or de fec t i ve l oad pad .  

e. Improper g roundi ng of the powe r supp ly, dr ive, and / or hos t sys tem.  

f. Im pr oper mot or s peed. 

The fo l l owin g proce du res a re re commende d t o  recover f rom the above men t ione d 
s of t  err ors: 

a. ?e-read the t rack ten times or unt i l  da ta is recove red . 

b. If data is not recove red af te r per form ing s tep (a ), access head to 
adjacent track in same d i rec tion previous ly moved, then re t u rn to 
des ired track . 

c. Repeat step ( a ). 

d. If data is no t recove red, er ror is no t recovera b le .  

Wri te E rror 

If an error occurs duri ng a wri te operat ion, i t  w i l l  be detected on the nex t  
revo luti on b y  doing a read opera t i on, commonly ca l led a "write check ." To 
correct the er ror, anothe r  w r i te and check operation mus t be done . I f  the 
wri te operat i on is not success f u l  a f ter ten a t temp ts, a read ope ra t ion should 
be a ttem pted on another t rack to determine w he the r the media or the dr ive is 
fai 1 in g. If the e r ror s t i  11 pers ists, t he d isket te shou ld be rep lace d  and the 
ab ove pr ocedure repea ted . I f  the fa i lure st i l l  e x is ts, cons i der the dr ive 
defecti ve. If t he fa i lure disappears, cons ider t he orig i na l  d iske t te de fec t ive 
and disca rd it. 

Read Error 

Mos t  errors tha t occur w i l l  be "soft errors ." In these cases, pe rfo rmi ng an 
error recover y proce du re w i l l recover the da ta. 
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Seek E r ror  

a. Stepper ma lfunction 

b. Carriage b i nds . 

c. To recove r f rom a seek erro r ,  reca l ibrate to track 00 and perform anothe r  
seek to the origi na l  track . A nother a lternative is to perform a read I . D. 
to dete rmine on which track the head is located and compensate according ly . 
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ELECTRICAL/FUNCTIONAL 

E qu ipmen t Se t -Up 

Co nnec t t h e  powe r supp l y  and modu l a t or to  the compu t e r  and the TV rece ive r 
( se l ec t  the r i gh t channel and the TV-Sy s t em ) . Turn on the lowe r swi t c h ,  the 
"POWER ON" LED shou ld l i gh t  up and "SPECTRAVI DEOtt logo p rompt on the screen and 
chang ing c o l our t h ree  t imes . 

Basic Funct i ona l Check 

1. T ype t he fol low ing p rog ramme : 

10 FOR X = 1 to 254 

20 ? CHR $ ( X ) ; : NEXT : GOTO 1 0  

( P re s s  tENTER' in each s t a t ement ) 

2. P ress "F5" ( To run t he p rog ramme ) 

3. Obse rve that  all cha rac t e rs and grap h ic s ymb o l s  wi l l  be disp l a ye d  
repea t e d l y .  P e r f o rm shock t e s t  du ring t he p rog ramme .is runni ng and 
make s u re the p rog ramme w�l l  no t be in terrup t e d  or t e rmina t e d  by the 
s hock in t he te s t . 

4, P re s s, " STOP" , ob s erve that  p rog ramme is  temporary s topped by th is . 
P re s s  " STOP" aga in and no te  that  t he prograinme w i l l  cont i nue . 

5.  Pre s s  "CRTL STOP" , the  p rog ramme should  te rmin a t e d  by th is command 
and t he "OK" p rompt reappe a r .  

6. Pre s s  "F4" ( L i s t  t h e  p rogramme ) and ob s e rve the p rog ramme con t e n t  i s  
l i s te d  out w i t hout e r r o r .  

7 .  Move t h e  cursor w i t h i n  a l i ne and then p re s s  " I N S / PASTE" , t ype i n  
seve r a l  characte rs a n d  obs e rve t h a t  t he cha rac t e rs a re inse r t e d .  

8. Pre s s  "DEL/CUT" to  d e l e t e  t h e  cha rac t e r  und-er the cu rsor . 

9 .  P re s s  "CLS /HM'' and obse rve that  t he scre en shou ld be c l e ar and the cur sor 
appe a r  a t  the l e f t-top pos i t ion . 
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1 0. Pre ss "F4" and observe the programme content is l i sted out . 

1 1 .  Type "NEW" and pre s s s  "ENTER", t.he pre s s  "F4" aga in to con f i rm the 
program;; i s  c leare d from the memory. 

1 2. Pre s s  each key to check that the character s are correctly disp laye d .  

1 3 .  Pre ss "CAP LOCK" and then pre ss severa l key s to check the cap ita l 
le t ters are pr i nted. 

1 4. Pre s s  "SH IFT" and then s imu l ta neou s ly pre s s  severa l keys to check the 
cap ita l letters are pr i nted .  

1 5. Pre s s  "LEFT G RPH" /"RIGH GRPH" and then s i mu l taneou s ly pre s s  severa l 
key s  to check the graph ic symbo l s  are d i s p laye d .  

1 6. Turn the power o f f. 

Diagno s t ic Test 

1. Connect the su per expa nder SVI-601 to the computer . 

2. Insert t he pr inter in ter face SVI-802 cartr idge in any one of the s lot s 
ex cept s l ot

.
6. 

3. Connect the pr inter SVI-901 to the pr inter inter face through a flat 
cab le . 

4 .  In sert the "Tes ter" cartr idge into the cartr i dge slot  of the computer. 

5. Turn t he power on . 

6. Observe that the fo l low ing me s sage shou l d  be printed from the pri nter . 

SVI-3 18 computer te st ing result: 

User RAM OK 

VRAM OK 

PSG OK 

VDP !NT OK (after three tone s  from the TV) 
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1. Thr e e  c r o s s-ma rked co lour  cu rsors  shou l d  be app e a r e d  on the TV scr e e n . 
Connec t t h e  j oy s t i ck to socket �onnec t o r  1 i n  the right  han d  s id e  o f  
t he un i t .  

8. Move t h e  joy s t i ck in d i f f e r e n t  d i rec t i ons and make sure tha t the cursor 
fo l low s t he same m o t i on. 

9. P re s s  the  f i re button on th e j oy s t i ck and an exp l o sive sound shou l d  b e  
h e ard . 

1 0. Repea t s t ep 8 to 9 f o r  j oy s t i ck socket  connec to r  2 and the b u i l t - in 
j oy s t ick pa d .  

11. P re s s each key in t h e  keyboa r d  and a co n t i nuou s tone sho u l d  be  hea r d .  

1 2. T u rn t he compu t e r  off .  

Ca s s e t te  In t er fa ce Te s t  

1. Co nne c t  t h e  data  ca s s e t t e  SVI - 903 to the compu t e r  through the cas s e t t e  
i n t er face s ock e t  a t  t he back . 

2 .  Tu rn on t h e  powe r .  

3. Type "SOUN D  ON" and p re s s "ENTER" . 

4. Ins e r t  a " Co l our  P a t t e rn" t ape into  the  c a s s e t te . 

5.  Type "CLOAD" and p re ss  "ENTE R ". 

6. P r e s s  " PLAY" b u tton on the c a s s e t t e . 

7 .  The p rogramme in t h e  tape i s  being loaded  i n t o  t h e  c ompu t e r. P res s  
"STOP "  but t on on t he c a s s e t te a f t e r  "OK" reapp e a re d. 

8. Type "CSAVE "BAR"" and pre s s  "ENTER". 

9 .  Pre s s  'PLAY and RECORD ' bu t t on s  s imul taneously on the ca s s e t t e  a s  
d i r e c te d f rom t he compu t er. 

10 . Pre s s  " S top" but ton a f t e r  an " OK" app e a r e d on_ the scre e n . 

11 . Typ e  "NEW" and p re s s "ENTER" . 

12 . Rew ind t he t a pe in the cas s e t te .  
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13. Type "CLOAD "BAR'"' and pre s s  " ENTER" 

1 4 .  P re s s  the "PL.AY" but t on on the �a s s e t t e  a f t e r  the "FOU ND : BAR" and ' OK' 
appe a re d  on t he screen . 

1 5 .  P re s s "STOP" b u t t on o n  t he ca s s e t te a f t e r  t he "FOU ND : BAR" and ' OK '  
appe a re d  on t he s c r e en . 

1 6 . P re ss "F5" to run the p rogramme. 

1 7 .  A co l ou r  pa t t e rn w i t h  mus ic no t e s  w i l l  be ob serve d ,  p re s s  "CRTL STOP" 
to s t op t he programme . 

18 . Typ e "LL IST" and pre s s  "E NTER" , then the p rog ramme wi l l  be l is te d  f rom 
t he p r inte r .  

1 9 .  Turn off the powe r .  

D is k  Bas i c  Tes t 

1 .  In s e r t  the d i sk co n t ro l ler  ca r t r i dge SVI-801 to the s l o t  SK6 in the 
super expande r .  

2 .  Connec t 2-d i sk drive SVI-90 2  t o  the d i s k  con t ro l l e r  through the f la t  
c ab l e s . 

3. In se r t  the BAS I C  d i s k  to the d i sk d r ive A. 

4 .  Tu rn t he d isk l ock t o  ve r t i ca l  pos i t i on and t u rn on t he power in  
compute r .  

5 .  Typ e "F ILES " and p re s s "ENTER" . 

6 .  Typ e "RU N" 1 : NOMIS"" and p re s s  "ENTER" . 

7. Observ e  that t he p rogramme "NOMIS" w i  11 execute w i t hout p rob l em .  

8 .  Pre s s  "CRTL STOP" to t e rm ina te the prog ramme . 

9 .  Type "NEW" and p re s s  "ENTER" to c lea r the memory.  
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1 0 .  Type t he f o l lowing pro g ramme : 

1 0  SCREEN 1 

20 CI RCLE ( 1 2 8 ,  96 ) ,  80 , 1 1  

30 PAINT ( 1 2 8 ,  96 ) ,  1 1  

40 GOTO 40 

( P re ss "ENTER" a f t er e ach s t a tement ) 

1 1 . Type " SAVE" 1 : C I R"" and p re s s  "ENTER". 

1 2 .  Aft e r  the screen shows "OK", t ype "FILES" and p r e s s  " ENTER" , the " C I R" 
fi le shou l d  be included in the l i s t
-
.
----

13. Type " LOAD" 1 :  CI R"" and p re s s  "ENTER" , wa i t  un t i l  the compu ter  p ri n t s  
"OK II. 

1 4. Pre s s  "FS " .  ( Run t h e  p ro g ramme ) 

1 5 .  P re ss "CRTL STOP" to s t op t he p rogramme . 

1 6. Type "�" and p re s s " ENTER" to  cl ear the memory . 

1 7 .  Type "KILL " l : CI R"" and pre s s "ENTER" to e r a s e  the f i l e "CI R" , wa it 
unt i l  t he computer  p r i nt "OK". 

18. Type "FILES " and pre s s  "ENTER" , ob se rve tha t the f i l e  "CI Ru shou l d  
di sappe a r .  

1 9 .  Turn o f f  the powe r . 

CP /M D is k  Tes t 

1. Insert  the  64K RAM ca rtr idge in t o  any s l o t s  of SVI-6 0 1  s up e r  expander 
except SK6. Set  the swi tch BK2i and 02 ON . ( De l e te th i s  s tep for  
SVI-32 8 ) . 

2 .  Insert  the  CP/M d i sk to the  di sk drive A and the copy d i s k  ( Bl ank d isk ) 
to  t he d i s k  d ri ve B. 

3 .  Lock the doo r s  in bo th drives  and turn on the power in compu ter . 

4 .  Wait unt i l  "A " shown on t he screen . 
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5 .  Type "D I R" and press "ENTER" , the direc t o r y l i s t  shou l d  be appe a r e d  
on t he .  s c r e en .  

6. Type "DDT" and press "ENTER", ' DDT VERS 2. 2' i s  shown . 

7. Type "L" and p re ss "ENTER". ( Repea t this s t ep s i x  t ime s) 

8. Type "D" and press "ENTE R". ( Repea t th i s  s t ep three t i me s ) 

9. In bo th cas e s , a m e s sage of mac h i ne l anguage shou ld  be obse rve d .  

10. P r e ss "CRTL C "  t o  stop the p rogramme . 

11 . Type "SVFORMAT" and p re s s  "ENTER" . 

1 2 .  Type " B" to f o rma t the di s ke t t e  in drive B and p re s s  "ENTER" . 

1 3 .  Wa i t  un t i l "verifying t r ack 3 9" i s  shown on t he scr een . 

1 4. Type "!i" an ·d p re ss "ENTER", wa i t  un t i l  command 'A ' reappear  on 
t h e  s c re en . 

15. Type "DIR B:" and p re s s "ENTER" to l i s t  the directory in the copy 
d i sk e t t e in d r i ve B to  con f irm that t he copy ing is comp l e te d .  

16. Type "ERASE B :*. *" and p re s s  "ENTER" to e r a s e  the f i l e s  in the 
d i ske t te in d r i ve B. 

17. Type "r" and p re s s  "ENTER" to co nf i rm and wa i t  un t i l  command ' A  
reappe a r  on t he s c r e en . 

18. Type "DIR  B:" and p re s s " ENTER" . Note that "No F i l e s "  shou l d  be 
ob s e r ve d  to  show that t he e ra se is  OK . 

1 9 .  Turn o f f  the powe r .  
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TllOUBLE SB001'IRG CHART 

SYMPTON 

N o  pow e r  

No s o und or 
p i c t u re 

No  p i c t u re 

No func t i on 

N o  p i c t u re or 
sound 

POS S I BLE CAUSE 

Power swi tch not 
t u rne d  on 

Pow e r  cable not 
conne c t e d 

Wrong TV channe l 

Loo s e  video  cab l e 

TV vo l umn and co lour 
t oo l ow 

No ma s t e r  c l ock 

+ 5V 
+1 2V 
- 1 2V 
-SV 
RESET 

No ma s t e r  c l ock 

Inte rrupt 

ROM c h ip se l e c t  

Use r RAM ch ip se l ec t  

Wrong TV channe l 

Loo se  video cab l e  

VRAM ch ip se l e ct 

VDP in terrup t  

3.13 

REMEDY 

Tu rn on pow e r  sw i tch wh ich i s  
on right-han d s i d e  o f  the 
mac h i ne . 

Be sure t he pow e r  c ab l e  i s  
connec t e d  to  the compu t e r  and 
r e p l ace the brown fuse . 

S e l e c t  c o r r ec t  TV channe l .  

Be s u re a l l  video  cab l e s  a re 
s e cu re ly fas t e ne d .  

Ad j us t  TV the vo l umn con t r o l  
and co l our  l e ve l  o f  your TV . 

Use  o sc i l l o s cope t o  check IC23 
pin 4 and IC36 P in 39 . 

C8 and 7 805C p i n  2 
C 1 1 4  and 7 8 1 2 C  p i n  3 
7 9 1 2 C p i n  3 or  79L05 p in 2 
7 9L05 p i n  3 and C85 
IC3 7 pin 26 

IC36 pin 3 9 , 3 8  and IC3 7 p in 6 

IC3 7 p in 1 7 ,  1 6 ,  1 9  and 2 0  

IC36 p i n  1 6  

IC3 1 p in 1 1 , 1 2  

IC 1 - 8 and I C 1 7 ,  18 , p in 3,  
4 ,  1 5  

S e l ect correct TV channe l 

Be sure a l l  video cab l e  are 
s e cure ly f a s te ned 

IC9 - 1 6 ,  p i n  3 ,  4 ,  1 5  

IC36 , p i n  1 6  
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Memory bank ram s i z e  t e st program 
Make su re you ha ve 64K ram ca rd 

10 REM 
20 REM 
30 REM 
31 REM 

One ha ve BK2 1 on , t he o ther ha ve BK31 on , (i n  32K op t i on )  

40 CLEAR lO, &HDOOO 
SQ I 
60 B2 =&HD042:B3=&HD044 
70 FOR K=&HDOOO TO B3 
80 READ A$:POKE K , VAL ( " &H" +A$) 
90 NEXT K 
1 00 DEF USR2=&HD0 1 1  ' T EST BK 2 1  
1 1 0  DEF USR3=&HD02B ' TEST B K  31 
1 20 '---- IN IT RAM AREA 
1 30 FOR I =B2 TO B3+ 1 
1 40 POKE I , O 
150 NEXT I 
1 60 A=US R3 ( 0 )  
1 7 0 A=USR2 ( 0) 
18 0 PR INT" BAffi< 2 1  =" ; 2 5 6 * ( PEEK( B2+1 ) ) +PEEK ( B2 ) 
1 90 PR INT''BANK 31 =" ; 2 56* ( P EEK( B3+ 1 ) ) +PEEK( B3 ) 
200 STOP 
2 1 0  REM --- DATA ----
220 DATA 2 1 , 00 , 00 :REM ' CHKS I Z :  LD HL , O  ; 0- 7 FFFH 
230 DATA 7E :REM I CPL 
250 DATA 2F :REM I LD ( HL )  , A  ; WR ITE 
260 DATA BE :REM I CP ( HL )  
2 7 0  DATA 2 F  :REM I CPL 
2 80 DATA 77 : REM ' LD ( HL ) , A ; SAVE BACK 
290 DATA CO : REM ' RET NZ 
300 DATA 23 :REM 1 INC HL 
3 1 0  DATA 7C :REM 1 LD A , H  ; EXIT FOR HL=8000 
3 20 DATA FE , 80 :REM I CP 80H 
3 3 0  DATA 20 , F3 :REM ' JR NZ, CHKSZ1 
3 40 DATA C9 :REM I RET ; HL= SIZE 
3 50 I 
360 I PS G , PORTB: ROHENl, ROMENO, CAP , BK32 , BKJl , BK22, BK2 1 , CART 
370 I D7 D6 05 D4 D3 D2 D l  DO 
380 I IN PSG DATA : 90H 
390 I OUT PSG DATA: 8CH 
400 1 OUT PSG LATCH : 88H 
410 I 
42 0 DATA F3 :REM 1CHK2 1 :  D I  
430 DATA 3E , OF :REM I LD A , OFH : PORT B 
440 DATA 03, 88 :REM ' OU T ( 88H ) , A  LATCH 
450 DATA DB , 90 :REM ' IN A ,  ( 90H ) CURRENT BANK COND 
460 DATA 47 :REM I LD B, A B=OLD BANK COND 
470 DATA E6 , FD :REM I AND 1 1 1 1 1 1 0 1 B  BANK 2 1  ON 
480 DATA D3, 8C : REl-1 I OUT ( 8CH) , A  
4 90 DATA 2 1 , 00 , 00 : REM I LD HL, OOOO no mea ning 
500 DATA CD, OO, DO :REM I CALL CHKSIZ RESULT IN HL 
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5 1 0  DATA 22 , 42 ,  DO :REM I LD ( BK2 1 ) , HL SAVE RAM SIZE 
520  DATA 7 8  : REM I LD A , B· A = ORG BANK COND 
530 DATA D3 , 8C :REM I OUT (8CH )  , A  
540 DATA FB : REM I EI 
5 50 DATA C9 :REM I RET 
560 
570 DATA F3 : REM I CHK3 1: D I  
580 DATA 3E , OF : REM I LD A , OFH PORT 
590 DATA D3 , 88 : REM I OUT ( 88H)  LATCH 
6 00 DATA DB , 90 : REM I IN A ,  ( 90H ) 
6 1 0  DATA 47 : REM I LD B , A  
6 20 DATA E6 , F7 : REM I AND 1 1 1 1 0 1 1 1 B BANK 3 1  ON 
630 DATA D3 , 8C : REM I OUT ( 8CH) , A  
6 40 DATA CD , OO , DO :REM I CALL CHKSIZ RESULT IN HL 
650 DATA 22 , 44 ,  DO :REM I LD ( BK3 1 ) , HL DATA SAVE 
660 DATA 7 8  : REM I LD A , B  ORG BANK COND 
6 7 0  DATA D3 , 8C : REM I OUT ( 8CH) , A  
680 DATA FB : REM I EI 
6 9 0  DATA C9 : REM I RET 
700 DATA 00 , 00 :REM I BK2 1 :  DS 2 MEMORY S I ZE OF BANK 2 1  
7 1 0  DATA 00 , 00 :REM I BK2 2 :  DS 2 MEMORY S IZE OF BANK 3 1  
720 FOR l=&HKOOO TO B3 +1 
730 LPR INTHEX${ 1 ) ; " " ; HEX$( P EEK ( I ) )  
740 NEXT 
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1 0  SCREEN 1 
20 FOR I=O TO 20 
30  CIRCLE ( 1 2 8 , 96 ) , I*5 
40 NEXT I 
50 LINE ( 0 , 0 ) - ( 2 5 5 , 1 91 ) , , B  
60 LINE ( 0 , 0 ) -( 2 55 , 1 9 1 ) ; L INE( 2 5 5 , 0 ) - ( 0 , 1 9 1 ) 
70 
80 
90 ----------- check & p l o t 
1 00 FOR Y=O TO 1 92 STEP 7 
1 10 LP RINT CHR$( 8 ) ; 
1 20 FOR X=O TO 2 5 5  
1 30 

A=&H80 1 40 
1 50 
1 60 
1 70 
1 90 
2 1 0  
2 2 0  
230 

FOR B=O TO 6 ' PLOT 7 DOTS 
A=A+ABS ( POINT ( X , Y+B ) =1 5 ) *2 ( B )  
NEXT B 
LP R INT CHR$(A);  ' PRINT 1 BYTE B IT PATTERN 
NEXT X 

LPRINT CHR$( &HA ) ; ' NEXT LINE 
NEXT Y 
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4. TIIEORY OF OPERATION DESCRIPTIOR 

SYSTEM ARCHITECTURE 

The Spectrav ideo SVI-3 18/SVI-328 and MarK II home computer is a 
computat ional tool based on a Zi log BOA microcomputer system Figure 4-1. 
The Zilog 80A microproces sor uni t  ( �P)  provides control  logic , data 
manipu lat ion and computat ion capability to the SVI-3 18/ SVI-328 and Hark II 
home computer .  The./-' P uses contents of read-only memory ( ROM) to specify 
how the computer is to pe rform. An Micro-Sof t Basic computer language 
in terpre ter is implemented as code store d in the system ROM device s . 
Temporary da ta and results  of computations can be stored in random-access 
memory ( RAM ) .  Data in RAM can also be�P instruct ions , but is more of ten 
Basic language programme instructions and computational data .  

Bit pa tterns i n  ROM specify the type o f  activity to be performed b y  the 
�P. The se ins truc t ions ( b it patterns ) cause various operat ions to be 
pe rformed .  

( 1 )  Read the data at a speci f ie d  address  locat ion and place it  in an./' P 
reg ister .  

( 2 )  Write the dat a  f rom an�P register to  a speci f ie d  addressab le  
location may be RAM, VDP , PPI or PSG . 

( 3 )  Per form computat iona l or data comparison procedu res on speci f ied data . 

( 4 )  Jump or branch to a loca t ion other than the next success ive memory 
location to re trieve the next ins t ruct ion for programme execut ion . 
The se jump or branch operat ions a re of ten determined by inte rrogat ing 
the re su lt  or status of an arithmetic  or logica l computat ional 
operation .  

( 5 ) Stop and wait  for interrupt . 

( 6 )  Branch to and return f rom subrout ines . 

(7) Branch to a vectored routine to service interrupt s  and system res tart 
operations . 

The Zilog 80A �p uses a 64K address space . The lower 32K is  dedicated for 
ROM devi ce and peripheral interface devices  such as PIO and VDP . The upper 
32K is dedicated for RAM devices (SOOOH - FFFFH in hexadecimal notation) . 

The various e lements that share the 64K address space possess unique 
attributes .  

CPU ARCBIT!CTUU 

A block diagram of the internal architecture of the Z-80 CPU is  shown in 
Figure 4-2 .  The diagram shows a l l  of the major e lements in the CPU and it 
shou ld be re ferred to th roughout the fol lowing descrip t ion . 
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CPU RESGISTERS 

The Z-80 CPU �on t a i n s  208 b i t s  o f  -R /W memory tha t are acc e s sab l e  to the 
p rog ramme r .  F igu re 4-3 i l l us t ra tes how th i s  memory is con f i gured  int o 
e i gh t een  8-b i t  re g t e r s  an d fou r 1 6-b i t  reg i s t e r s . A l l  Z-80 reg i s t e r s  are 
impl emen t e d  us ing s t a t i c  RAM .  The reg i s t e r s  inc l ude two se t s  of  s i x  
gene r a l  purpose reg i s t e r s  that ma y b e  us e d  i n d i v idua l l y  as  8-b i t  re g i s t e r s  
o r  in  pa i r s as  1 6-bit reg i s t er s . The r e  a r e  a l s o  two se t s  of  accumu l a t o r  
a n d  f la g  reg i s t e rs .  

SPECIAL PURPOS E  REGISTERS 

( 1 )  P rogramme Coun t e r  ( PC ) .  

The p rogramme cou n t e r  ho l d s  the 1 6-b i t  a dd re s s  of  the current 
i n s truc t i on be ing f e t che d f rom memory . The PC is  au toma t ica l ly 
increme n t e d  a f te r  i t s  con t e n t s  have been trans f e r red to the add r e s s 
l i nes . Wh en a programme j ump occu rs  t he new va l ue i s  a u toma t i c a l ly 
p l a c e d in the PC , ove r r i d i ng the incrementer. 

( 2 ) S t ack Point e r  ( SP ) .  

The s t ack po i n t e r  ho lds the 1 6-b i t  a dd re s s  of  the current  top o f  a 
s t ack l oca ted anywhe re in ex t e rnal  sy s t em RAM memory . The ex t e r n a l  
s t ack memo r y  i s  or igan i ze d  as a la s t- in f i r s t -ou t ( L I FO )  f i l e . D a t a  
c an b e  pushe d  o n t o  t he s t ack f rom spec i f ic C P U  reg i s t ers or popped o f f  
o f  t h e  s t ack in t o  spec i f i c  CPU reg i s t e r s  th rough the e�ecu t i on o f  PUSH 
and POP i n s t r u c t ions . The d a ta popped f rom the s t ack i s  a lway s the 
l a s t  data pushed on to i t . The stack a l l ows s imp l e  imp l eme n t a t ion of  
mu l t i p l e  l e ve l  i n t e rrup t s , un l im i te d  subrou t i ne ne s t ing and 
s imp l i f i cat i on of  many type s of data man ipu l a t i on .  

MA IN REG SET 

ACCUMULATOR FLAGS 
A F 

B c 

D E 

H L 
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ALTERNATE REG SET 

ACCUMULATOR FLAGS 
A '  F'  

B' C '  

D' E '  

H '  L '  J 
GENERAL 
P URPOSE 
REG ISTER 



INTERRUPT MEMORY 
VECTOR REFRESH 
I R 

INDEX REGISTER IX 

INDEX REGISTER IY 

STACK POINTER S P  

P ROGRANHE COUNTER PC 

Z-80 CPU REGISTER CONFIGURATION 

F ig. 4-3 

( 3 ) Two Ind e x  R eg i s t e rs ( IX and I Y ) .  

The two independent  index reg i s t e r s  ho l d  a 1 6-b i t  ba s e  addre s s  t ha t is 
u se d  in indexe d a dd r e s s ing modes . In t h i s  mod e ,  an index r e g i s t e r  i s  
us e d  a s  a ba s e  t o  po int  to a re g i on i n  memory f rom wh ich da ta  i s  to be 
s t o re d  or r e t r i e ve d. An a dd i t i ona l byte i s  i nc l uded  in i ndex e d  
in s t r uc t i on s  t o  spec i f y a d i sp l aceme nt  i s  spec i f i e d  as  a two ' s  comp le
me n t  s i g ne d  in t e ge r. Th i s  mod e  of a dd re s s ing grea t ly s imp l i f ie s  many 
t yp e s  of prog ramme s ,  e spec i a l l y  whe r e  tab l e s  of data are  use d .  

(4) I n t e rrupt Page Add r e s s  Reg i s t e r  ( I ) .  

The Z-80 CPU can be ope r a t e d  in a mode whe r e  an ind i re c t  ca l l  to any 
memory l oc a t i on c an be ach i eve d  in r e s ponse to an i n t e r r up t . The I 
Reg is ter i s  use d for th i s  pu rpose to s to re the h igh order 8-b i t s  of 
t he ind i rect a dd re ss wh i l e t he i n t e r r up t ing dev i ce p rovides the l ower 
8-b i t s  of the a dd re s s . This fea t u re a l l ows int e r rupt rou t ines  to  be 
dyn am i c a l ly l oc a te d  anywhe re in memory w i th a b s o l u te m inima l access  
t ime to the  rou t i ne .  

. �  



( 5 )  Memory Re f r e sh Reg ist er ( R ). 
The Z-80 CPU conta i n s  a memory re ftesh counter to ena b l e  dynamic memories 
to be used wi th the s ame e a s e  as stat ic memori es. Seven b it s  of this 
8-b i t  regis ter are automa t ic a l ly inc remented after each ins t ruct ion fetch. 
The e i gltth b i t  w ill remai n  as p rogramme d as the result of an LD R, A 
i n s t ruc tlon. The data in  the re f resh counter is sent out on the lower 
po r t i on of t he addre s s  bus  a l ong w i th a refresh control signal while the 
CPU is dec&d ing and execu t i ng the fet che d instruction. Th i s  mode o f  
re f r e sh i s  to�� ly t ran sparent t o  the p rogrammer and does not slow down 
th e CPU ope rat ion. The p rogrammer can l oad  the R re g is t e r for t e s t ing 
purpos e s, b u t  t h i s  reg i ste r is  normally not used by the programmer. 
Du r i ng re f re sh ,  the co ntent s of th e I re g i s t er are placed  on the upper 8 
b i t s  of the addre s s  b us .  

ACCUMULATOR AND FLAG REGISTERS 

The CPU inc l udes two independent 8-b i t  accumu l a tors  and ass oc i a t e d  8-bit f lag 
regis t e rs .  The ac cumu l a t or ho l d s  t he resu l ts of 8-b it  ar i thme t ic or l og i c a l  
ope r a t i ons wh i l e  the f l ag reg i s t e r  ind i c a t e s  spe c i f ic condi t ions  for 8 o r  
1 6 -b i t  ope r a t i ons , s uch a s  ind i c a t ing whe ther or not t he re s u l t  of an op e rat ion 
i s  e qu a l  to zero . The p rogramme r se lects the accumu lator and flag pa i r  that he 
w i sh e s  to work wi th a s ing l e  exchange i n s t r uc t i on so that he may e a s i ly work 
w i t h  e i t h e r  pai r .  

GENERAL PURPOSE REGISTERS 

The re are two ma tche d s e t s  of general  purpose registers , each s e t con t a i n i ng 
s ix 8 -b i t  reg i s t e rs that  may be used indiv idual ly as 8-b it  reg i sters or as  
1 6-b it reg i s t e r  pairs by the programmer . One set is ca l l e d  BC, DE and HL 
wh i l e t he comp lement ary s e t  is ca l led BC ' ,  DE ' and HL' . At any one t ime the 
p rog ramme r can se l ect  e i ther se t of registers to work with through a sing le 
exchange command for t he ent ire set . In sys tems where f ast  interrupt response 
is re qu i re d ,  one se t of general  purpose registers  and an accumula tor / f l ag 
reg i s t e r  may be reserved for hand l ing th is very fa st rout ine . Only a simp le  
exchange commandss nee d  be  executed to  go be tween the rou t ine s .  This  grea t ly 
reduces interrupt servi ce time by e l imina t ing the requirement for saving and 
re tr ieving reg is ter contents in the external stack during interrupt or 
subrou tine process ing. The se genera l  purpose registers are used for a wide 
range of appl icat ions by the programmer . They a l so simp l i fy programm ing , 
espec ial ly in ROM based systems where l i t t l e  external read/wr i te memory i s  
ava i lab le . 
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4)tlT1DIETIC AHD LOGIC UNIT (ALU) 

The 8-b i t  a r i thme t i c. and l o g i c a l  in s t r uct ion of the CPU are execu ted in the 
ALU. Int erna l ly t he ALU c ommun i c a t e s  w i th the reg i s t e rs and the ex te rna l data 
bus on the interna l data  bus . The type o f  funct ions per forme d by the ALU 
inc l ude : 

Add 

Subtract  

Log ic a l  AND 

Log i c a l  OR 

Logic a l  Exc l u s ive OR 

Compa re 

Le f t  or right sh i f ts or rot a t e s  
( a r i thme t ic and log i ca l ) 

Increment 

Decrement 

S e t  b i t  

Re s e t  b i t  

Te st  b i t  

INSTRUCTION REGISTERS AN D  CPU CONTROL 

As each i n s t r uc t ion i s  f etche d from memory , i t  is  p l a c e d  in the ins truc t ion  
reg i s t e r  and decode d .  The  c on t r o l  sect ions performs t h i s  func t ion and t hen 
gene rat es  and supp l ie s  a l l o f  the  cont rol s i gna l s  nec e s sary to rea d  or wri t e  
da ta f rom or t o  t h e  reg i s t e rs ,  c ont rol  the ALU and p rovide a l l  re quire d  
exte rna l cont rol  s igna l s .  
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Instruction Set 

The Z80 m i c rop roce s s or h a s  o ne of  t he mo s t  power f u l  and ve r s a t i l e  
in s t ruc t i on se t s  �va i lab l e  in any 8-b i t  microp roce ssor . I t  inc ludes such 
un i que ope r a t ions as a b l ock move for f a s t ,  e f f ic i ent d a ta t rans f ers  
within  memo ry or be tween memo ry and  1 / 0 .  It  a l s o a l l ows ope r a t i on s  on  any 
b i t  in any l oca t i on in memory . 

The ins truc t ions a re div ide d  into  t he fo l low ing categor ies : 

C 8 -b i t  l oa d s  

[J 1 6 -b i t  l o a d s  

[] E xchange s ,  b lock trans f e r s , a n d  searche s  

[] 8-b it  a r i t hme t i c and logic ope rat i ons 

[: Gene ra l - pu rpose a r i t hme t i c and CPU con t r o l 

[: 1 6-b i t a r i t hme t i c ope rat i ons 

[J Rot a t e s  and sh i f t s 

c= B i t  se t ,  re s e t , and test  ope r a t ions 

C J umps 

[J Ca l l s , re t u rns , and re s t a r t s  

[] Input a n d  output ope ra t ions 

A va r i e t y  of  a dd re s s ing modes are imp l eme n t e d  to pe rm i t  e f f i c ient and fast  
d a t a  t ra n s f e r  between var i ous reg i s te r s , memory l oca t i ons , and i npu t / ou tput 
dev i ce s .  The s e  a ddre s s i ng modes inc l ud e : 

[] lnme di a t e  

[] lnme dia t e  ex t ended 

c Mod i f ied page zero 

c Re l a t ive 

c Ext e nded 

.--
Indexed I L..;. 

c Reg is t e r 

r Reg is t e r  ind i rect  � 

c lmpl  ie d 
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Symbolic Notation 

Symbol 

s 

z 

P /V 

H 

N 

H & N 

c 

0 

X 

v 

p 

r 

s 

Operat ion 

S ig n  f la g .  S = 1 i f  t he MSB of the r e s u l t  is 1 .  

Ze ro f la g .  Z = 1 i f  t he re sult of t he ope ra t i on i s  0 .  

Par i t y  or over f l ow f l a g .  Pa r i t y ( P )  and ove r f l ow ( V )  sha re the 
same f l a g .  Log i c a l  opera t i ons  a f f ec t  th i s  f l a g  w i t h  the par i ty 
o f  the re su l t  wh i l e a r i thme t i c ope r a t i o n s  a f f e c t  th i s  f lag w i th 
the ove r f l ow of the re su l t . I f  P / V  ho l d s  pa r i t y , P /V = 1 i f  t he 
resu l t  of t he opera t i on i s  even , P /V = 0 i f res u l t  i s  o dd . I f  
P /V ho l d s ove r f l ow ,  P /V = 1 i f  the re s u l t  o f  the op e ra t ion 
produce d an over f low . 

Ha l f-ca rry f l a g .  H = 1 i f  the a dd or subtract ope ra t i on p roduc e d  
a c a r r y  i n to o r  bo rrow f rom b i t  4 o f  t he a ccumu l a t or . 

Add / Subtract  f l a g .  N = 1 i f  the p re v i o u s  ope r a t i on was a 
sub t ra c t . 

H and N f l a g s  are u s e d  i n  co n j unc t i on w i th the dec i ma l  a d j u s t  
i n s truc t i on ( DAA) to p rope r ly c o r r e c t  t h e  re s u l t  i n to packe d 
BCD forma t fo l lowing a dd i t ion  or subt r a c t ion us i n g  ope rands  w i th 
pack e d  BCD forma t . 

Ca r ry / L ink f l ag . C = 1 i f  the ope rat i o n  produc e d  a carry f rom 
t he MSB of t he operand or resu l t . 

The f l a g i s  a f f e c t e d  accor d i ng to the re s u l t  of the opera t i on .  

The f lag i s  unchanged by t he opera t i on .  

The f l ag i s  re se t by the op e rat i on . 

The f lag i s  s e t  by t he ope ra t i on . 

The f l ag is  a "don ' t  c a re . "  

P /V f lag a f f ec te d accord ing t o  t he ove r f l ow re s u l t  of the 
ope ra t i o n . 

P /V f l a g  a f f ec t e d  accor din� to the pa r i t y  re s u l t  o f  the 
opera t i on .  

Any one o f  the CPU reg i s te r s  A ,  B ,  C ,  D ,  E ,  H ,  L .  

Any 8-b i t  loca t i on f or a l l  the a dd r e s s ing modes a l lowed for the 
pa rt icular  i n s t r uc t i on . 
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s s  

i i  

R 

n 

nn 

Any 1 6-b i t  loca t ion for a l l the add re s s ing modes a l l owed for 
that ins t ru c t i on .  

Any one o f  the two index reg i s t e r s  IX o r  IY . 

Re f re sh c ounte r .  

8-b i t  va l ue in range < 0 , 25 5  > 

1 6-b i t  va lue in r ange < 0 , 6 5 53 5 > 
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SVI-3 1 8  AND SVI-3 2 8  I / 0 PORT LOCAT I ON 

I / 0 PORT 

l OH 
l l H  
1 2 H 
20H 

2 1 H  

2 2 H  
2 3 H  
2 4H 
2 5 H  
26H 
2 8H 

2 9 H  

2AH 
2 BH 
2CH 
2 DH 
30H 

3 1 H  
3 2 H  
3 3 H  
34H 

38H 

SOH 
S l H 
58H 

80H 
8 1 H  
8 4H 
8 5H 
88H 
8CH 
90H 
96H 
9 7 H  
9 8H 
99H 

R /W 

w 

w 

R 
R 
w 

w 

w 

w 
w 

w 
w 

R 
R 
R 

w 

w 

w 

w 

w 
w 

w 

R 
R 
w 

R/W 
R/W 
R /W 
R 
w 

w 

w 
w 

w 

w 

w 

R 
R 
w 
w 

R 
w 

w 

R 
R 

DESCR I PT I ON 

WR ITE DATA PORT 
DATA STROBE 
STATUS ( B IT 0 = "0" FOR READY ) 
RECE I VER BUFFER REG I STER 
DI V I S OR LATCH ( LEAST S I GN I F ICAN T )  
TRANSMITTER HO LD ING BUFFER REG . 
DIVI SOR LATCH ( MOST S I GN I F I CANT )  
INTERRUPT ENABLE REG I S TER 
INTERRUPT I DENT I F I CAT ION REG I STER 
LINE  CONTROL REG ISTER 
READ MODEM CONTROL REG I STER 
LINE  STATUS REGI STER 
READ MODEM STATUS REG I STER 
RECE I VER BUFFER REGI STER 
( LEAST SIGN I F ICANT )  
D I V I S OR BUFFER REG I STER 
TRANSMITTER HOLDING BUFFER REG I STER 
DIVISOR LATCH ( MOST S I GN I F ICANT ) 
INTERRUPT ENABLE REG I STER 
I NTERRUPT IDENTIF ICAT I ON REGISTER 
LINE CONTROL REG ISTER 
MODEM CONTROL REGISTER 
LINE STATUS REG ISTER 
FD- 1 793 STATUS REGISTER 
FD- 1 7 93 COMMAND REG I STER 
FD- 1 793 TRACK REG ISTER 
FD- 1 7 93 S ECTOR REG ISTER 
FD- 1 7 93 DATA REGISTER 
READ INTRQ AND DRQ 0 / P  P INS 
DISK SELECT REGI STER 
( B I T  0 = "0" TO SELECT DISK 1 

B I T  1 = "0" TO SELECT D I S K  2 )  
DEN S I TY SELECT REG ISTER 
( B IT 0 = "0" FOR DOUBLE DEN . 

B I T  0 = " 1 "  FOR S INGLE DEN . )  
ADDRES S REGI S TER SELECT 
CRT CONTROLLER REG I STER ( RO-Rl 7 )  
CRT BANK CONTROL 
( = OFFH BANK ON , = OOH BANK OFF ) 
TMS-99 18A WRITE MODE=O 
TMS-99 18A WRITE MODE=1 
TMS-99 18A READ MODE=O 
TMS- 99 18A READ MODE=l  
AY-3-89 1 0  LATCH ADDRE S S  
AY-3 -89 1 0  WRITE 
AY-3-89 1 0  READ 
WRITE 8 2 55 PORT C 
WR ITE 8 2 5 5  CONTROL WORD REG ISTER 
READ 8 2 55 PORT A 
READ 8 2 5 5  PORT B 
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PR INTER 
PRINTER 
PR I NTER 
MODEM 
MODEH 
MODEH 
MODEM 
MODEM 
MODEM 
MODEM 
MODEM 
MODEM 
MODEM 
RS-232  

RS-232 
RS- 2 3 2  
RS-2 3 2  
RS- 2 3 2  
RS- 232  
RS- 2 3 2  
RS-232  
RS- 2 3 2  
FLOPPY DISK 
FLOPPY DISK 
FLOPPY D I SK 
FLOPPY DISK 
FLOPPY D ISK 
FLOPPY DISK 
FLOPPY DISK 

FLOPPY DISK 

80-COLUMN CARD 
80-COLUMN CARD 
SO-COLUMN CARD 

VDP 
VDP 
VDP 
VDP 
PSG 
PSG 
PSG 
PP I 
P P I  
PP I 
P P I  



PIN DESCRIPTIONS 

BUSACK 

BUSREQ 

HALT 

!NT 

I ORQ 

Add re s s  Bus ( ou tp u t , ac t ive H igh , 3- s t a t e ) .  A0- A15 form a 
1 6 -b i t  a ddre s s  bus . The A dd r e s s  Bus p ro v i d e s  t he a dd r e s s  for 
memo ry data  bus exchange s ( up to 64K by t e s ) and for 1 / 0  device  
exchanges . 

Bus Acknow l e dge ( ou tp u t , ac t ive  Low ) . Bus Acknow l edge 
ind i c a t e s  to t he re que s t ing de v i ce t h a t  the CPU a d d r e s s  bus , 
data bus , and con t r o l  s i g na l s  MREQ , I ORQ , RD , and WR have 
e nt e re d  the i r  h i gh- impe dance s t a t es . The e x t e r na l c i r cu i t ry 
can now cont r o l  the s e  l i ne s .  

Bus Re que s t  ( inpu t , ac t ive Low ) . Bus Reques t ha s a h ighe r 
p r i or i t y  than NMI and is a l wa¥ recogn i z e d  a t  the end of  the 
current  mach i ne cyc l e .  BUSREQ f orces  t he CPU a dd r e s s  bus , 
data bus , and co ntro l s i gna l s  MREQ , I ORQ , RD , and WR to go 
to a h i gh- impe dance s t a t e  so th a t  other  dev i c e s  can con t r o l  
t he se l ines . BUSREQ i s  norma l ly w i re-ORed and r e qu i re s  an 

. externa l pu l l up for the s e  app 1 i c a t  ion s . Extended BU SREQ 
per iods  due to e x tens i ve DMA ope r a t i ons can p r event the CPU 
f rom p rope r ly re f re s h ing dy nam ic  RAM s . 

Da ta Bus ( input / ou tpu t ,  ac t i ve H i gh ,  3 - s t a t e ) .  D� - D 7  
cons t i t u t e  an 8-b i t  b id i re c t i ona l data bus , use d for data 
exchanges w i th memory and I / O .  

H a l t  S t a te ( ou t p u t , a c t i ve Low ) . HALT ind i c a t e s that the CPU 
has exec u t e d  a Ha l t  in s t r uc t i o n  and is awa i t ing e i t he r  a non
maskab l e  or a maskab l e  i n t e r rupt ( w i th t he mask e nab l ed )  be fore 
ope rat ion can re s ume . Wh i l e  ha l t e d ,  the CPU execu t e s  NOP t o  
ma inta in memory re f re sh .  

In t e rrup t  Reques t  ( inpu t , ac t ive Low) . In t e r rupt Requ e s t  i s  
gene rated  b y  I / 0  dev ices . The CPU honors a requ e s t  at  the 
end of the current inst ruc t ion if the i n t e rn a l  sof tware
cont ro l le d  inte rrupt enab l e  f l ip- f lop ( I FF ) is e nab l e d . !NT 
is norma l ly wire-ORed and re qu i r e s  an e x t e rnal  pu l l up for the s e  
app l ic a t ions . 

Inpu t /Ou t put  Re que s t  ( ou t pu t ,  a c t i ve ·Low , 3 - s t a te ) .  I ORQ 
indicat e s  that t he lower ha l f  o f  t he a ddre s s  bus h o l d s  a va l i d  
1 / 0  add re s s  fo r a n  I /O rea d o r  w r i t e  op e ra t ion . IORQ i s  a l so 
gene ra te d  concu rrent ly w i th M l  du r idng an i n t errupt acknowl edge 
cyc l e  to ind i ca t e  that an i n t e r r up t  re sponse vec t o r  can be 
p lace d on t he da ta b us . 
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MI 

MREQ 

NMI 

RD 

---

RESET 

RFSH 

WA IT 

WR 

Machine Cyc le  One ( output , act ive Low) . 
MREQ , indicates that tbe current machine 
fetch cycl e  of an instruct ion execut ion . 
IORQ , indicat es  an interrupt acknowl edge 

M1 , together with 
c�le is  the opcode 

Ml , together with 
cyc l e . 

Memory Request ( ou tput , act ive Low, 3-state ) .  MREQ indicates 
that the address  bus ho lds  a va l id address for a memory read 
or memory wri te operat ion .  

Non-Maskab le  Interruf!_( input ,  ac t ive Low) . NMI has a h igher 
priority  than INT . NMI is always  recogni zed at the end of  
the current inst r uc t i on ,  independent of the sta tus of the 
interrupt enab le  f l ip-f l op ,  and automa t ica l ly f orces the CPU 
to re start  at loca t ion 0066H .  

Memory Read ( ou tput , ac t ive Low , 3-state ) .  RD indicates 
the CPU wan ts  to read data f rom memory or an 1 /0 device . 
addre ssed I/0  device or memory should use th i s  s igna l to 
9ata on to the CPU data bus . 

Reset ( inpu t ,  active Low) . RESET initial izes  the CPU as  
fo l lows : 

that 
The 

gate 

It re se t s  the interrupt enab le  f l ip-f lop , clears  the PC and 
Reg i s ters  I and R ,  and sets the interrupt s tatus to Mode 0 .  
During re set time , the address  and data bus go to a h igh
impendance state , and al l cont rol  ou tput s igna l s  go to the 
inactive state .  Note that RESET must be act ive for a 
minimum of three fu l l  c lock cycles  be fore the reset  opera t ion 
is  comp leted .  

Re fresh ( output , act ive Low) . RFSH , together w i th MREQ , 
indicates  that the lower seven b i t s  of  the system ' s address 
b us can be used as a re f resh address to the system ' s  dynamic 
memories . 

Wai t  ( input , ac t ive Low) . WAIT indica tes to the CPU that the 
a ddre s sed  memory or I/0  devices a re not ready for a data 
transfer .  The CPU cont inues to enter a Wa it  s t a te as long as 
th is  s igna l i s  ac t ive . Extended WAIT periods can prevent the 
CPU f rom re fre sh ing dynamic memory proper ly .  

Memory Wr ite ( output , act ive Low, 3-state ) .  WR indicates that 
the CPU data bus ho lds va l id data to be store d  at the addressed  
memory or I/O location .  
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THE VIDEO DISPLAY PROCESSOR TMS-·9918A OR 992.9 

TMS-99 18A or 9929 ·voP gene r a t e s  a l l  con t ro l , s ynch ron i z a t ion and compos i t e 
v i d eo s i g na l s . I t  a l so co n t ro l s  the s t ora ges , re t r i eva l and re f re s h  o f  the 
d i sp l a y  d a t a  s to re d  in  t he s c reen memory . 

The VDP u s e s  a 1 0 . 738  MHz c r y s t a l . I t  gene r a t e s  a l l requ i re d  in t e rna l c l o ck 
s i g na l .  The CPU C l ock i s  s u pp l i e d  by  the VDP and i s  ob t a i n e d  by  dividing  the 
1 0 . 7 3 8  MH z C l ock by 3 .  

The re  a re t h r ee con t ro l  s ig na l s ,  CSW , CSR and ' MODE ' , f rom t he MPU . The s e  
inp u t s  a r e  us e d  to cont ro l t h e  ope r a t i ng mode o f  t h e  VDP . C SW i s  the MPU -
to V DP w r i te se l e c t  s ig n a l . CSR i s  the MPU - to  - VDP r e a d  se l e c t  s ig na l . 
' MOD E ' i s  the  s i gna l wh i c h  d e t e rm in e s  the source  or de s t i na t ion o f  a rea d or 
wr i te da ta t ra ns f e-r re d to  t he d i s p la y  memory RAM . 

V id eo D i sp l ay Mod es  

The V DP d i sp lays  an image on the  screen  tha t can be s t  be env i s ione d as a s e t  of 
d i sp la y  p lanes  s andw i ched toge the r .  F i gu re 4-4 show s the de f i n i t i on of each of  
the  p l a n e s . Obj ec t s  on  p l an e s  c l o se s t  to the  v i e wer have h ighe r p r io r i t y . I n  
c a s e  whe re t w o  e n t i t i e s  o n  t w o  d i f f e re nt p l anes  a re occupy ing t he s ame s po t  o n  
t h e  sc re e n ,  t h e  ent i t y  o n  t h e  h ighe r  p r i o r i t y  p l ane w i l l  show at  tha t p o i n t . 
F o r  an e n t i t y  on a spec i f ic p la n e  to  show t h roug h ,  a l l  p l an e s  i n  f r ont of that 
p l ane mus t be t r an s p a r e n t  at  tha t p o i n t . The f i r s t  32 p l ane s ( F i g u re 4-5 ) each 
may c on t a i n  a s ing l e  s p r i t e .  ( S p r i te a re p a t te rn ob j e c t s  whose po s i t i ons on 
the sc r e e n  are de f i ne d by  ho r i z ont a l  and ve r t i c a l  coo r d i na t e s  in VRAM . )  The 
a r e a s  of t he Spr i te P l ane s , ou t s ide of t he sp r i te i t se l f ,  a re t ransparent . 
S ince t h e  c o o r d i na t e s  o f  t h e  s p r i t e  are i n  te rms of p i xe l s , the sp r i t e  can be 
p o s i t i o ne d  and move d about v e r y  a c cu ra t e l y . S p r i te s  a re ava i l ab l e in t h ree 
s i z e s : 8 x 8 p i xe l s , 16  x 1 6  p i xe l s ,  and 32  x 32  p i xe l s .  Beh ind  the S p r i t e  
P l a ne i s  t he P a t t e rn P l a ne .  The P a t t e rn P l a ne i s  use d for t e x t u a l  a n d  g raph ics  
ima g e s  genera t e d  by the Text , Grap h i c s  I ,  Graph i c s  I I , or Mul t i c o l ou r  mode s .  
Beh i n d  t he P a t t e rn P l ane i s  the backd rop , wh ich i s  l a rger i n  a rea t han the 
o t he r  p l a n e s  so t h a t  i t  form s  a bo rder aroun d the other  p la ne s .  The l a s t and 
lowe s t  p r i o r i ty p la ne is  t he Ex t e rnal  V ideo P l ane . I ts i mage is  de f ined by the 
ex te rn a l v i d eo i npu t p i n .  The backdrop cons i s t s  of a s in g l e  co l ou r  use d for 
t he d i sp lay bord e r s  and as t he de fau l t  co l ou r  f o r  t he a c t ive d i s p l ay a rea . The 
d e f a u l t  co l ou r  is s t ore d  in the VDP reg i s t e r  7 .  Whe n  the backdrop co l o u r  
reg i s t er con t a i ns t he t r an spare nt cod e ,  t he back d r op au toma t i ca l ly de f au l t s  to 
b l a ck i f  the e x t e rn a l  vi d eo mode is no t s e l ec t e d .  

4 . 39 



The 3 2  S p r i t e P l anes a re u s e d  f o r  the  3 2  s p r i t e s  in the Mu l t i co l our and 
Gra p h i c s  modes . The y a r e  no t used i n  the Text  mode and are a u toma t ica l l y 
t r an s pa re nt . E ach of t h e  sp r i t e s  c an cover  an 8 x 8 ,  1 6  x 1 6 ,  or 3 2  x 3 2  p ixe l 
a r e a  on i t s  p l a n e . Any p a r t  o f  the p l ane no t cove r e d  by the sp r i t e  i s  trans
pa re nt . A l l  or pa r t  of e a c h  spr i te ma y a l s o be t ra n s p a r e n t . Sp r i te 0 is  on  
the ou t s i d e  o r  h i ghe s t  p l a nP , and  sp r i t e 3 1  i s  on  the p l a ne imme d i a te l y  
a d j ace nt t o  Pa t t e rn P lane . Whenever a p i xe l i n  a S p r i t e P l a ne i s  t ransparent , 
the co l ou r  of the ne x t  p l a n e  can be s e e n  through that  p l ane . I f ,  howeve r ,  the 
sp r i t e  p i x e l is non-t ranspa ren t ,  t he c o l ou r s  o f  t he low e r  p l a nes  a re au tom a t i
ca l l y re p l a c e d  by the sp r i t P  co l ou r .  The re  i s  a l s o a r e s t r i c t ion  on the numbe r 
o f  sp r i t e s on a l i ne . On ly f ou r  sp r i t e s  c a n be ac t i ve on any hor i z on t a l  l ine . 
Add i t i o n a l  sp r i t e s  on a l i n e w i l l  be automa t i c a l l y made t ra n s p a r e n t  for  tha t 
l i ne .  On ly t ho s e  sp r i t e s  t h a t  a re a c t i ve on t he d i s p l ay w i l l  cause  the 
co inc i d ence f l ag to  se t .  The VDP s t a t u s  reg i s t e r  p rov i d e s  a f l a g  b i t  and the 
numb e r  of t he f i f th spr i t e whe never t h i s  occu rs .  The Pa t t e rn P l a ne i s  u s e d  in 
the Tex t , Mu l t i c o l ou r ,  and G raph i c s  modes fo r d i s p l a y  of t h e  g rap h i c  pat t e rns 
o f  cha r a c t e rs . Whenever  a p i x e l  on the P a t t e rn P l a ne i s  non- t r a nspa re n t , the 
ba ckd rop co l ou r  i s  automa t i c a l l y  rep l a c e d  by t h e  Pa t t e rn P l ane  co l ou r .  When a 
p i xe l in the Pa t t e rn P la ne i s  t ransparen t , t he b ackd rop c o l ou r  can be seen 
through the  Pa t t e rn p l a ne . 

The VDP ha s fou r v i d ed co lour d i s p l a y  mod e s  t h a t  appe a r  on the Pa t t e rn P l ane : 
G r ap h i c s I mode , G r aph i c s  I I  mod e ,  Text mod e , and Mu l t i c o l ou r  mod e . G raph ics I 
and G raph i c s  I I  modes  c a u s e  the Pa t t e rn P l ane  to be broken up i n t o  g roups o f  
8 x 8 p i x e l s ,  ca l l e d  pat t e rn p o s i t i ons . S i n ce t he fu l l  i ma g e  i s  2 56 x 1 92 
p i xe l s , there  a r e  3 2  x 3 4  pa t t e rn po s i t i on s  on the s c r e e n  i n  the g raph ic  modes . 
In G r aph i cs I mod e ,  2 56 pos s i b l e pat t e rns may be de f ined for the 768  pa t t e rn 
p o s i t i ons  wi t h  two un ique co lours  a l l owe d for each pa t t e r n de f in i t i on . 
G r aph i c s  I I  mode p rov id e s , t h rough a un ique mapp ing scheme , 768  pa t t e rn 
d e f i na t i o ns for the 768 pa t t e rn po s i t ions . G rap h ic s  I I  mode a l s o a l l ow s  the 
se l e c t i on of two uniq�e co l ou rs for e ach l i ne of a pa t t e rn de f i n i t i on . Thus , 
a l l 1 5  co l ou rs p l us t u anspa rent ma y be u s e d  in a s in g l e  pa t te rn pos i t ion . In  
Text  mod e ,  t he P a t t e rn P l ane i s  broken i n to g r oups of 6 x 8 p ixe l s ,  c a l l e d  text 
po s i t i ons . The re are 40 x 2 4  text  po s i t i on s  on the screen in th i s  mode . In 
Tex t  mode , sp r i t e s  do not appe ar on t he s c r e en and two c o l ou r s  are de f ined for  
the  ent i re s c r e e n .  I n  Mul t i c o l ou r mode , t h e  s c r e e n  i s  broken i n t o  a g r i d  o f  
64  x 48 pos i t i o ns , e a¢h o f  wh ich i s  a 4 x 4 p ixe l .  W i th in each p o s i t i on ,  one 
un ique c o lou r is a l l owed . 

rhe VDP reg is t e r s  de f i ne th e ba se add r e s s e s  for seve ra l  sub-b l ocks w i t h in VRAM . 
The se sub-b l ocks f o rm t ab l es wh ich a re used  to  p roduce the de s i re d  image on the 
TV sc r e e n . The Pa t t e tn Name Tab l e ,  the P a t t e rn Gene ra tor  Tab l e  and the S p r i t e  
Gene r a t or Tab l e a re u � e d  to  f o rm t he sp r i t e s . The cont e n t s  of t h e s e  t ab l e s  
mus t a l l b e  p rovided b y  the micropro ce s s o r . Anima t i on i s  ach ieved by a l t e r i ng 
t he cont e n t s  o f  VRAH ln re a l  t i me .  
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T.·1 S - 9 9 l8A VDP Term in a l A s s  i g n:ne n t  s 

S i g n a t u re 

C CO-CD7 

�!OD E 

CSR 

c sw 

RDO R D 7  

AD0-AD7 

RAS 

CAS 

R / w 

XTA L1 , 
XTA L2 

G ROMCLK 

RES ET / S YNC 

D e s c :- i o t. i on 

C P U  da ta b us ( COO ) i s  t h e  mo s t  s ig n i f i c ant  b i t  

CPU  in t e r face  mode se l e c t ; u s u a l l y a p ro c e s s o r  a dd r e s s  
l i ne . M o d e  d e t e rm i n e s th e sou rce o r  d e s t i na t i o n  o f  a 
re a d  o r  wr i t e da t a  t r a n s f e r .  Mode i s  no rma l l y  t i e d to 
a C P U  l o w  o r de r  add ce s s  re a d .  

CPU-VDP re a d  s t robe . C S R  i s  t h e  CPU-f rom-VDP rea d 
s e l e c t .  When i t  i s  a c t i ve ( l ow)  the  VDP ou tpu t s  8 b i t s  
on D0-0 7  t o  th e C P U . 

CPU-VDP wr i t e  s t r o b e . CSW i s  the CPU- f rom-VDP w r i t e  
s e l e c t . When i t  i s  a c t i ve ( l o w ) , t h e  8 b i ts  on D0-07 
a r e  s t r o b e d  int o the V D P . 

+ 5 vo l t  supp ly  

G ro und Re fe r enc e 

VRAN re a d  d a t a  bus  ( RDO i s  the mo s t  s i gn i f i c an t  b i t ) 

VRAM a dd re s s / d a t a  b u s ( m u l t i p l exed  h i gh and l ow order 
VRfu� add re s s  and ou t p u t  data by t e s ) 

ADO i s  the mo s t  s i g n i f ica nt b it and i s  used only for 
da t a  and no t fo r  add re s s i ng . * 

VRAM row a dd re s s  st robe 

VRAN co l umn a dd re s s  st r o b e  

VRAM wr i t e  s t robe 

1 0 . 7 + MHz crys t a l  i np u t s . **  

VDP out put c l ock XTAL/ 24.  Typ ica l ly not used 

RESET - Th i s  p i n is  a t r i l e ve l i nput p i n .  When it is 
be l ow 0 . 8  vo l t s , RESET in i t i a l i z e s  th e VDP . Whe n  it 
is above 9 vo l ts , RESET is t he synchr o n i z ing i np u t  for 
e x t e rna l vi d e o .  The VDP is  e x te rna l l y ini t ia l i z e d  
whe ne v e r  t he RESET i npu t i s  a c t i ve ( low) and mu s t  b e  
he l d  l ow fo r a min imum o f  3 m ic r o s e c on d s . The e x t e rnal 
RESET s ynchron i z e s  a l l  c l ocks w i th its  f a l l ing e dg e , 
se t s  the hor i zon t a l  and ve rt ica l coun t e rs a s  known 
s t a t e s , and c l ea rs VDP reg i s t e r  0 and 1 .  The video 
d i sp l a y  is au toma t i ca l l y b lank e d  s ince the  BLANK b i t 
i n VDP reg i s t er 1 bec ome s  a ' 0 ' . The VDP , howeve r , 
cont i nuous to re f resh the VRAM eve n through the disp lay 
i s  bl anked .  Wh i l e  t he RESET i s  a c t ive , the VDP d oes not 
re f re sh VRAM .  
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S i g n a t u re D e s c r i p t i on �--����----------�----�-L--�--�----- -------------------------------------� 

** 

EXTV I D  Ex t e rn a l  v i d e o  i np u t  

C P U CLK NTSC c o l o u r  b u r s t f re qu e n c y  c l o c k . Typ i ca l l y no t use d .  

I N T  C P U  in t e r r up t  o u t p u t . T h e  V DP INT ou t p u t  p in i s  used  
t o  g e n e r a t e  a n  i n t e r r u p t  a t  t h e  e n d  o f  e a c h  a c t i v e 
d i s p l a y  s c an , w h i c h  i s  a b o u t  e v e r y  1/60 s e c o n d  ( c o l o u r  
b u r s t f re quency/6 0 , 1 92 ) . The INT ou t p u t  i s  a c t i v e  
wh e n  t h e  i n t e r r up t e n a b l e  b i t  ( I E )  i n  V D P  r e g i s t e r  1 i s  
a ' 1 '  a n d  t h e  F b i t o f  t h e s t a t us re g i s t e r  i s  ' 1 ' .  
J n t e r r up t s  a r e  c l e a r e d  whe n t h e  s t a t u s  reg i s t e r  i s  
r e a d .  

COMV ID NTSC c ompo s i t e v i d e o ou t p u t . T h e  compo s i t e  v i d e o  
ou t p u t s i g n a l  f rom t he VDP d r i ve s o n  NTSC c o l o u r  
mo n i t o r . T h i s  s i gna l i n c o r p o r a t e s  a l l ne c e s s a r y  
h o r i z o n t a l  and ve r t i c a l  s y nc h r o n i z a t i on s  s igna l s  a s  
we l l  a s  lum inance a n d  c h r o m i n a nc e  in f o rma t i on .  I n  
mon i t o r  a p p l i c a t i o n s , t he re q u i r e me n t s  o f  t h e  mon i tor 
s h o u l d  be s t ud i e d  t o  de t e rm i n e  i f  the V D P  c a n  be 
c o n n e c t e d  d i r e c t ly t o  i t . In some c a s e , i t  may be 
ne c e s s a r y to p rov i d e  a s i mp l e  i n t e r f a c e  c i r c u i t  t o  
ma t c h  t be VDP o u t p u t  v o l t a g e s  w i th t he mon i t o r  
s p e c i f i ca t i on s . To d r i v e  a s t andard TV tha t 
i s  n o t  out f i t te d  w i t h a c omp o s i t e v i d e o  i npu t ,  the 
s i gna l can be run in t o  the TV ant enna te rm ina l s  by 
us ing an approp r i a t e RF modu l a t or on the VDP outpu t .  

T h e  leas t - s ign i f icant a dd re s s b i t , AD7 , i s  w i re d  t o  AO of the dy nam ic 
RAM s . L i k ew i s e ,  A D 6  i s  w i re d  to  A l  of  th e RAM s . Ca r e  mus t  be exe rc i s e d  
in a s su r ing p roper or i e n t a t i on o f  t he TMS - 99 1 8A a dd re ss ou tputs  t o  the 
dy nam ic RAM a dd re s s  input s .  

Wh en d r iven ex t e rna l ly ,  bo t h  inputs must  be d r i ven . 
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TM S - 99 2 9  V i d eo D i spl ay Proce s so r  

Th i s  P re l im ina ry Spec i f i c a t i o n  o f  the Til S - 99 2 9  i s  to b e  con s i d e re d as  a n  "ADD 
ON " to the ba s i c  TMS-99 1 8  spec i f i c a t i o n . The TilS-99 2 9  i s  e f f ec t i v e l y  ident i c a l  
to  t h e  TMS-99 18  func t i ona l l y  a n d  on l y  has  t h e  co l ou r  v i d e o  s e c t i o n  tha t i s  
d i f f e re n t . 

The TM S - 99 1 8  p ro v i d e s  a compo s i t e  co l o u r  v i d e o  s i g na l ou t p u t  tha t i f  dr iven by 
a s u i t a b l e  amp l i f i e r  ca n go  d i r ec t l y i n t o  any co l o u r  v i d e o  mon i t o r . The . co l our 
bu r s t  f re que nc y i s  the  VDP o s c i l l a tor  i np u t  f re q uency d i vided  by th ree . 
Ex te rn a l  v i d eo m i x ing w i t h  an e x t e rna l re f e rence  sou rce can a l s o be ach i ev e d  by 
i n pu t t ing t h i s  e x t e rna l s ou rce d i re c t ly  i n t o  the TMS-99 1 8 .  

I n  t h e  TMS-9929 the co l ou r  and luminanc e / s ync in f orma t i o n  i s  p rov i d e d  on thre e  
p i ns r a t h e r  than a s ing l e  p in i n  t he f o rm of two c o l ou r  d i f f e re nce s ig n a l s  and, 
one l um i nance s i g na l  w i t h  a l l  the ve rt i c a l and hor i z ont a l  t i ming inc l uded . So 
we h a ve R-Y , B-Y , and Y r e s p e c t i ve l y .  The two c o l ou r  d i f f e re nce s igna l s  are 
us e d  then by an exte rna l quadra t u re modu l � t o r  video enc ode r .  It  i s  ou t s i d e  the 
V id eo D i sp lay P roce s s or that  t he compo s i te c o l ou r  v i d eo s i g n a l  is g e u e r a t e d  
i n t o  a PAL or Secam compa t i b l e  TV s i gna l . The exte rna l v i d e o  m ix i ng i s  a l s o  
done o u t s ide a n d  i t  i s  the THS-9929 t o  d e c i de wh en th i s  mode i s  e n t e re d .  Th i s  
i s  ach i e ve d  by a spec ia l l eve l d i s t i nc t i on ma de by the R-Y and B-Y VDP outpu t s .  
When e x t e rn a l  v id e o  i s  e n t e re d  the se two ou t puts  g o  t o  the e qu i va l ent o f  the 
s ync pe rce ntage l eve l o f  the b lack-wh i t e  swing in the luminance ou tpu t , i . e .  
t he c o l our d i f f e rence outpu t s  a re norma l ly sw ing ing between t he l um i nance 
b l a cm-wh i t e  vo l t age l eve l s  and it is on ly  in the e x t e r n a l  video mode tha t the se  
ou t p u t s  g o  to t he re se rve d  " s ync" leve l .  

P ha s e  locking of the VDP to  the e x t e r na l PAL burst f re quency i s  de s i rab l e  i f  
i n t e r -hum o r  c rawl e f f e c t s  want t o  be m i nim i z e d .  The TMS-9 9 2 9  o sc i l la tor c lock 
mus t s t i l l ,  howeve r ,  be ma i n t a i ne d  w i t h i n  i t s  p re s c r i be d  l i m i t s  of osc i l lator  
ope r a t i on .  CPUCLK si gna l is  no  l onger ava i l ab l e  i n  the  Eu rope an TMS-9929 . 

The P ro g rammab l e  Sound Gene r a t or ( PSG)  i s  eas i l y  in t e r face d to any b us 
o r i e n te d  s y s tem. I t s f l ex i b i l i t y  makes i t  use f u l  in a pp l i ca t i ons s uch as mu s ic 
s ynt he s i s ,  sound e f f e c t s  genera t i o n , aud i b l e  a l a rms , tone s ig na l l ing and FSK 
modems . The ana log sound outputs  can e ach p rovide 4 b i ts of log a r i thm i c  
d i g i t a l  to analog sound conve r s ion , g re a t l y  enhanc i ng t h e  dynam ic range o f  the 
sound s p roduce d .  

In order t o  per fo rm sound e ff ec t s  wh i l e  a l l ow ing the p roc e s s o r  t o  con t i nu e  i ts 
o t h e r  t ask s , t he PSG can con t i nue to produce s ound a f ter  the i n i t ial  command s 
ha ve be e n  g iven by the contro l  p roce s s o r . The fac t tha t rea l i s t ic sou n d  
p roduc t i on of t en invo lves  �ore t h a n  one e f fect  i s  s a t i s f ie d  by the three 
independen t l y  co n t ro l lab l e  cha nne l s  ava i la b l e  in the PSG . 
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SVI-3 1 8 / SVI-3 28 AND MARK I I  RAM/ROM DESCRIPTION 

T he S V I - 3 1 8 / SVI-3 2 8  and �la r k  I I  ba s i c  un i t  ha s 3 2 K  ( S OK ) *  b y t e s  o f  Random 
Acce s s  t·1 emo r y  ( RAl-1) d i v i d e d  i n t o  two group . You r i n s t r uc t i o n s  or p ro g r amme to 
comma nd the compu t e r i s  s t o r e d  in 1 6K ( 64K ) '"' o f  RAM . Ano t h e r  1 6K is  s t r i c t l y  
f or u se by  t he V D P  t o  s t o re d i s p l a y  i n f o rma t i on ( c a l l e d  VRM-1 ) . 

The me m o r y  i s  comp r i s e d  o f  e i gh t 4 1 1 6  ( 4 1 6 4 ) *  dy nam ic memo r y  c h i p s . The c h i p s  
a r e  re f re sh e d  ev e r y  M l  c y c l e .  RAM ch ip enab l e  by t h e  RAM b l ock s e l ec t o r s . 
The y go h i gh t o  enab l e  a b l ock o f  RAM ( 8  RAI'l ' s  pe r b lo c k )  o r  du r ing a REFCLK 
cyc l e  t o  re f re sh the RM1 ' s . Each RAM ch i p  enab l e  s i gna l goe s to the c h ip 
enab l e  i n p u t  f o r  t he r e s p e c t i ve b l ock o f  RAM ' s .  

RMl w r i t e  f rom the R/W - 0 and MPX s i gna l . Whe n  low the RAM ' s  wi l l  acc e p t  data  
f rom t he b u s - t he RM1 ' s a re r ea d ing t he b u s  ( R /W = 0 i s  h i gh , rea d ) . When 
h i gh the RAM ' s w i l l o u t p u t  d a t a  t o  the  bus  - the RAI-l ' s  a re w r i t ing  t o  the  bus 
( R / W  - 0 is  l o w ,  w r i t e ) .  

ROM 

Th i s  memo r y  i s  comp r i s e d  o f  two 1 6K x 8 ma s k e d  ROM c h ip s . I t  con t a i n s  the  
BAS I C  i n t e rp re t e r  p ro g r amme as w e l l  as  t he mon i t or prog ramme . 

F o r  t h e  SVI-3 18 / S V I -3 2 8  and Mark I I  FCC samp l e  and ear l y  p roduc t ion samp l e s , 
t he s e  two ROH c h i p s  w i l l  be re p l ace d by  f ou r  8K x 8 EPROMS c h i p s  and an  
a dd i t i ona l sma l l  PCB ca r ry ing t h e s e  fou r c h i p s  w i l l  be used  t o  p l ug int o  the 
o r i g i n a l  ROM s ock e t . 

ROM bank co n t ro l  by  the Bank S w i t c h  Add re s s  Dec o d e r  in the backpack . I t  
enab l e s  t he 3 2 K  ROM B ank on t he CPU board , ROM 1 t h rough ROM 8 .  W i th no 
backpack on ROM 1 t h ro ugh ROM 8 a r e  a lways  enab l e d .  

* S V I - 3 2 8  
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16384 x 1 BIT DYNAMIC MOS RANDOM ACCESS �!EMORY ( 41 1 6 )  

The 4 1 1 6  i s  a 1 63 8 4  wor d s  b y  1 b i t  Dy nam ic MOS RAM . I t  is  des i gne d f o r  memory 
ap p l i c a t i on s  whe re ve ry  l ow co s t  and l a rge b i t  s t orage a re impor t a n t  de s i gn 
ob j e c t i v e s . 

t h e  4 1 1 6  i s  f ab r i c a t e d  u s i ng a dou b l e-po l y - l a y e r  N- c hanne l s i l i c on gate  p roc e s s  
wh i c h  a f f o r ds h i gh s t o rage ce l l  dens i t y  and h igh pe r formance . The use of 
dy na m i c  c i rc u i t r y th rougho u t , inc l u d i ng the s e n s e  am p l i f i e r s , a s s u re s  m i n i ma l  
pow e r  d i s s i pa t i on .  

Mu l t i p l e x e d  add re s s  in p u t s  p e rm i t  the 4 1 1 6  to be packaged i n  the s t a nd a r d  1 6  
p i n du a l - i n- l i ne package . The 1 6  p in package p ro v i d e s  the h i ghe s t  s y s tem b i t  
d e n s i t i e s  and i s  av a i l a b l e  i n  e i t h e r  ce ram ic  o r  p l a s t i c " Nonc r i t ic a l  c l ock 
t i m i n g  re q u i remen t s  a l low u s e  o f  t he mu l t i p l e x ing t echn i que wh i l e  ma i n t a i n ing 
h i gh p e r formance . 

65536 x 1 BIT DYNAMIC MOS RANDOM ACCESS  MEMORY ( 4864) 

The 486 4  ut i l i z es  a t h r e e - po l y  N-channe l s i l i c on gate  p roc e s s  wh ich p rov i d e s  
h i gh s t o rage ce l l  dens i t y , h i gh p e r f o rmance and h i gh re l i ab i l i t y .  

The 486 4 us e s  a s i ng l e  t r ans i s t o r  dynam ic s t o ra ge ce l t  and a dvan c e d  dynam i c  
c i rc u i t r y  th roughou t ,  i nc l u d i ng t he 5 1 2  s en s e  amp l i f i e rs , wh ich a s su r e s  t ha t  
power d i s s i pa t i o n  i s  m i n i m i z e d .  Re f re s h  cha r a c t e r i s t i c s  have be e n  cho s e n  t o  
max i m i z e  y i e l d ( low c o s t  to us e r )  wh i l e  ma i n t a i n ing comp a t ib i l i t y  between 
Dy nam ic RAM gen e r a t i ons . 

The 4 8 64 three-s ta te ou t pu t  i s  c on t ro l l ed  by CAS , ind ep en d e nt of RAS . A f t e r  a 
va l i d re a d  or read-mod i f y-wr i t e  c yc l e , d a t a  i s  he l d  on the ou t p u t  by ho l d i ng 
CAS low.  The d a t a  ou t p i n  i s  re t u rne d to the h i gh i mpendance s t a t e  by  
re t u rn i n g CAS to  a h igh s t at e . The 4864 h idden re f r e s h  f e a t u re a l l ows 
CAS t o  be he l d  low to ma i n t a i n  ou tput d a ta wh i l e  RAS is used to e x e c u t e d  RAS 
on l y  re f re sh cyc l e s .  

Re f re sh ing i s  ac comp l i s he d b y  p e r f o rm ing RAS o n l y  re f re sh c yc l e s , h idden 
re f r� sh cyc l e s ,  or no rma l re a d  o r  write  c yc l e s  on the 1 2 8 a d d re s s  comb ina t iuns 
of A0 t h rough A6 du r ing a 2 ms p e r i od .  

Mu l t i p l e x e d  a dd re s s  inpu t s  pe rm i t  the 4864 t o  be packaged i n  the s t an d a r d  1 6  
p i n dua l - i n- l i ne package . The 1 6  p in package p ro v i d e s  the h i ghe st  s y s t em b i t  
dens i t i e s  a n d  is  compa t i b l e  w i t h  wid e l y  ava i l a b l e  a u toma t e d  han d l ing equipmen t . 
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PROGRAMMABLE SOUND GeNERATOR AY-3-89 10 

The AY-3 -8 9 1 0  i s  a r� g i s t e r  o r i ent e d  p ro g r amma b l e  sou n d  gene r a t o r  ( PS G ) . 
Commun i c a t ion be tween t h e  p ro c � s s o r  and t h e  P S G  i s  ba s e d  on the conce p t  o f  
me mo r y-mappe d 1 / 0 .  Co n t ro l  comma n d s  a r e  i s s u e d  to t h e  P S G  by w r i t i ng to  16 

me mo r y-ma p p e d  reg i s t e r s . Each of the 1 6  reg i s t e r s  w i t h i n  the PSG i s  a l s o 
r e a d ab l e  so t h a t  t h e  m i c ro proce s s or  c a n  d e t e rm i n e , a s  ne c e s s a r y , p re s e n t  s t a t e s  
o r  s t o re d  da t a  va l u e � . 

A l l  f u nc t i ons  o f  the  PSG a r e  con t r o l l e d  t h r o u g h  i t s  1 6  reg i s t e r s  wh i c h  once 
p ro g ramme d ,  gen e r a t e  and s u s t a in th e sou n d s , t h u s  f re e i ng the s y s t e m  p roc e s s or 
for  o t h e r  t asks . 

SOU N D  GENERAT ING BLOCK 

The Bas i c  B l ocks in the PSG wh ich p roduce  t h e  p ro g ramme d soun d s  i nc lu d e : 

Tone Gene ra t o rs 

N o i se Gene ra t or 

M i xe rs 

Amp l i t ud e  Con t rol  

Enve l ope Genera tor  

0 /A Conve r t e r s  

p r oduce the  b a s i c s qu a re wave t one f re quenc i e s  for 
e a ch cha nne l ( A , B ,  C ) . 

p roduce a f re qu e n c y  modu l a t e d  p s e udo random pu l se 
w i d th squa r e  wave ou t p u t . 

comb i ne the ou t p u t s  o f  the T one Gene r a t o rs and the 
N o i s e  G e n e r a t o r . One for  each channe l ( A ,  B,  C ) . 

p rov id e s  the D / A  c o n n e c t o rs w i th e i t he r  a f ix e d  o r  
va r i a b l e  amp l i t ud e  pa t t e r n .  T h e  f i xed amp l i t ude i s  
under  d i re c t  C P U  c o n t rol l t he va r i ab l e  amp l i t ude i s  
accompl i sh e d  by us i ng t h e  ou tput  o f  t h e  E nve l op e  
Genera t o r .  

p roduces a n  enve lope  pa t t e r n  which can be use d t o  
amp l i t ude modu l a t e  t he ou tput  bf e ach m i x e r .  

the three D/A Conve r t e r s  each p roduce up to  a 16 

leve l ou tpu t  s i g n a l  as d e t e rm i ned by t he Amp l i t ude 
Coot ro l .  

To ou t p u t  da t a  f rom t h e  C PU bus to a pe r iphe ra 1 dev i c e  connec t e d  t o  1 /0 Port  
A wou ld re qu i re on ly t he f o l low ing s t eps : 

1 .  La tch a dd re s s  R7  ( se l e c t  Enab le reg is  t e d  

2 .  W r i t e  da t a  t o  PSO ( se t t i ng B6 o f  R 7  to " 1 " )  

3. La tch a dd re ss R 1 6  ( se l ect  20A reg i s t e r )  

4 .  Wr i t e  dat a t o  PSG ( da t a  to  be ou t p u t  o n  I / 0  P o r t  A)  
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To i n p u t  da t a  f rom I / O P o r t  A to the CPU b u s  wou l d  re qu i re the fo l l ow i ng : 

1 .  La t c h  a dd r e s s  R7 ( s e l e c t  Enab l e  re g i s t e r )  

2 .  Wr i te da t a  t o  PSG ( s e l e c t  B6 t o  R 7  r:o ' ' 0 " ) 

3 .  La t c h  a dd r e s s  R 1 6  ( s P l e c t  lOA re g i s t e r ) 

4 .  R e a d  da t a  f rom PSG ( d a ta f rom I /0 Port  A )  

N o t e  t h a t  once l o • d e d  w i t h  dat a i n  the i n p u t  mo d e ,  the d a t a  w i l l  rema i n  on the 
I / 0 Por t s  un t i l  changed  e i t h e r  by l o a d ing  d i f f e r e n t  d a t a , by app l y ing a r e s e t  
( g r o und ing t he Re s e t  p i n ) ,  o r  b y  sw i tch ing to t he i nput  mode . 

AY-3-8 9 1 0  P ROGRAM�� BLE S OUND GENERATOR P IN ASS IGNMENTS 

DA -- DAO ( i npu t / ou t p u t / h i gh i mpe ndance ) :  p i n s  30--3 7 

The s e  8 l i n e s  comp r i se t he 8-b i t  b i d i r e c t i on a l b us u s e d  by the m i c rop r oc e s sor 
to se nd bo th da t a  and a dd re s s e s  t o  the PSG and to rec e i ve da t a  f rom the P S G .  
I n  t he da ta  mod e , DA7 --DAO c o r r e s p ond t o  Reg i s t e r  A r ray b i t s  B 7 --BO . I n  the 
a dd re s s  mod e , DA3 --DAO s e l ec t  the  reg i s t e r  # ( 0-- 1 7  ) and DA7 --DA4 i n  
c on j un c t i on w i th a dd re s s  inputs  A9 and A 8  f o rm t he h i gh o r d e r  a d d r e s s  ( c h ip 
se l ec t ) .  

AB ( i nput ) p i n  2 5  

A9 ( i npu t ) p i n  24 

A dd r e ss 9 ,  A dd r e s s  8 

T he s e  "ex t r a "  add re s s  b i t s  a r e  ma d e  ava i l a b l e  to enab l e  the pos i t i o n i ng of  the 
PSG ( a s sign ing a 16 word memory space ) in a t o t a l 1 , 024 word  memory a re a  r a t he r  
t h a n  i n  a 2 5 6  wor d memor y  a r e a  as d e f i n e d  by add r e s s  b i t s  DA 7 --DAO a l one . I f  
t he memor y s i ze does n o t  re q u i re t h e  u se o f  t h e s e  ex t ra a dd re s s  l i nes they ma y 
be l e f t unconne c t tl d  a s  e a ch i s  p ro v i d e d  H i t h  e i t h e r  an on-ch ip pu l l  down (A9 ) 
or pu l l - up ( AS )  re s i s t o r . In "no i s y" envi ro nmen t s ,  howeve r ,  i t  i s  rec ommended 
t h a t  A9  and AS be t ie d  t o  an  ex t e rna l g round and +5V , r e s p ec t i ve l y , i f  they a re 
no t t o  be us e d .  

RESET ( i npu t ) p i n  2 3  

F o r  i n i t i a l i z a t i on / powe r-on pu rpos e ,  app ly ing a log ic  "0" ( g r ound ) to the Re s e t  
p i n  w i l l re s e t  a l l reg i s t e r s  to 1 10" . The Re s e t  p i n  is  p rov i d e d  w i th an on-c h ip 
pu l l - up res i s t o r .  

CLOCK ( i nput ) p i n  22 

Th i s  TT L-compa t i b l e  input supp l i e s  the t i m ing re fe r e nce  for the Tone , N o i s e  and 
Enve l ope Gene ra t o rs . 

BD I R ,  BC2 , BC1 ( input s )  p i ns 2 7 , 28 , 29 
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Bus DI Rec t i on ,  Bus Co n t ro l  2 ,  1 

The s e  bus cont ro·l s i gn3 l s  a r e  genera t e d  d i re c t l y by Z80A s e r i e s  o f  m i c ro
p roce s s o r s  t o  cont r o l  a l l  e x t e rna l and i n t e rn a l bus ope ra t i ons  in the P S G .  
Whe n us i ng a p ro c e s s o r  o t h e r  than t h e  Z 8 0A , th e s e  s i gna l s  c a n  b e  p rov i d e d  
e i t h e r  by  compa rab l e  b u s  s i g na l s  or  by s i mu l a t i n g  t h e  s i gna l s  on I / 0  l in e s  o f  
t he porce s s o r .  

Th i s  c ou ld s imp l i fy t he p ro g ramm ing of  the b u s  c o n t r o l  s ig na l s t o  the  
f o l l ow ing , wh ich  w ou l d  on l y  re qu i re t ha t  t he p roce s s or g e ne ra te two bus  
c on t r o l  s i gna l s  ( B DIR  a n d  BC l , w i th BC2 t ie d  to + 5V ) : 

BDI R BC2 BCl  PSG FUNCT I ON PSG 

0 1 0 INACT IVE . FROM ---- - - B D I R  
0 1 1 READ FR I N  PSG . - P RO CE S SOR + 5---- BC2 

1 0 WRITE TO PSG . - ----- BCl  
1 1 LATCH ADDRESS 

ANA LOG CHANNEL A,  B ,  C ( ou t p u t ) 

Eac h  o f  these  s i gna l s  i s  th e ou t p u t  o f  i t s  c o r r e sponding m i x  o f  T4 , and 
p ro v i d e s  an up to  1V  p eak-peak s ignal  rep r e s e n t ing t he comp l ex s ound wave shape 
gene ra t e d  by the PSG . 

I OA 7 -- IOAO ( i npu t / ou t p u t ) 
I OB 7 -- I OBO ( i npu t / ou t pu t )  

I n pu t / O u tput A7 --AO , B 7 --BO 

p i n s  1 4--2 1 
p i n s  6-- 1 3  

Eac h o f  t h e s e  two p a r a l l e l  inpu t / ou t p u t  po r t s  p ro v i d e s  8 b i t s  of para l l e l  data 
to / f rom t he PSG/ CPU bus  f rom/ to  any ex t e rna l d e v i c es conne c t e d  to  the lOA or 
lOB p i n s . Eac h pin i s  p ro v i d e d  w i th an on-ch ip pu l l -up re s i s t o r ,  so tha t when 
i n  t he " i npu t "  mod e ,  a l l  p i ns w i l l  rea d norma l ly h i gh . The re f o re ,  the 
re comme nded me t hod for sc ann ing e x t e rna l swi t c he s ,  for examp l e , wou l d  be to  
g ro und t he input  b i t .  

TES T p i n  3 9  

T EST 2 p in 26 

The s e  p i ns a re f or us e r  te s t  pu rpo s e s  only  and should  be l e f t  open - do not use 
as  t i e-po i nt s .  

p in 40 

Nom in a l  + 5  Vo l t  power supp l y  to  the PSG . 

Vs s p in 1 

G round re ference for the PSG . 
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The P rogrammab l e  Soun d Gene r a t o r  

The P S G  AY-3-8 1 90 gene ra t e s  a l l re qu i re d  sound under  sof tware con t ro l . The r e  
a re t w o  8-b i t  I / 0  p o r t s  wh i ch a re p rogramme d a s  fo l l ow :  

Po r t  A Prog rammed a s  input  po r t  and i s  us e d  for the inp u t  s i gna l from two 
j oy s t icks  con t ro l l e rs . 

Po r t  B Programmed a s  ou t p u t  po r t  wh ich i s  us e d  to  ou t p u t  the bank con t r o l  
signa l s  f o r  t he memory ch i ps . 

De t a i l  s i g na l s  f or t h e  p o r t s  a re l i s t e d  in the  t ab l e  be l ow :  

AY-3-8 1 90 I / 0  Port  A 

DO 

D 1  

D 2  

D3 

D4 

D S  

D 6  

D 7  

J oy s t ick 

---- -

---- -

-- -- -

do 

do 

do 

J oy s t ick 

-- -- - do 

-- - - do 

-- -- - do 

1 

2 

AY-3-8 9 1 0  I / 0  Port  B 

DO Bank 1 ( Game 

D 1  Bank 2 1  

D 2  B ank 2 2  

D3 Bank 3 1  

D4 B ank 3 2  

( I npu t  Por t )  

1 No Con t a c t  

0 = Forward 

0 = Backwa r d  

0 = Le f t  

0 = R ight  

0 Forward 

0 = Backwar d  

0 = Le f t  

0 = R i ght 

( Outpu t  Port ) 

Ca r t r idge ) 

D 5  Cap Lamp ( Keyboard  Cap  Lock)  

D6  ROM 2 enab l e  1 = D i s ab l e ;  0 = Enab l e  

D 7  ROM 3 enab l e  1 = D i s ab l e ;  0 = Enab l e  
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THE PROGRAMMABLE PERIPHERAL INTERFACE. 8255A 

The 8 2 5 5A PP I i s  u s e d  to s t robe the ke yboa r d  l i ne s ,  to  int e r face the j oy s t ick 
f i re b u t t on swi t c h , the p a dd l e  and to cont ro l the ca s s e t t e tap e system.  The 
por t s  a re p rogramme d as f o l low : 

Po r t  A 

Po r t  B 

P o r t  C 

Prog ramme d as input  por t .  B i t  0-3 are u s e d  for  the pa dd l e  i npu t , 
b i t s  4 and 5 a r e  u s e d  for  the j o y s t i ck f i re sw i t ch i np u t  and b i t s  
6 and 7 a re u s e d  f o r  s igna l s  f rom t he c a s se t t e .  

P rogrammed as ou t p u t  port  and i s  u s e d  for keyboa rd read  data . 

P rog ramme d a s  output  p o rt . B i t s  0-3 ou tpu t s  BCD d a ta f or keyboard 
scann i ng . B i t s  4-6 ou t p u t s  con t ro l  s i gna l s  for  the ca s se t t e . B i t  
7 i s  used to m i x  PSG s ound da ta . 

The func t i ona l co nf i g u ra t ion  of the 8 2 55A i s  p ro g ramme d by the system sof twa re 
so t h a t  norma l ly no ex t e rnal  log i c  i s  nec e s sary to i n t e r f ace p e r iphe ra l d e v i c e s  
or  s t r uc t u r e  s • 

Da t a  Bus Buf f e r  

Th i s  3 -s t a t e  b i d i re c t i ona l 8-b i t  buf f e r  i s  us e d  to  in t e r f ace the 8 2 55A to  the 
s y s t em da ta b us .  Data  i s  t ransm i t te d  or  rece i ve d  by t he b u f f e r  upon execu t ion 
of input or  output  i n s t r uc t i ons by the CPU . Con t ro l  wo rds  and s ta t us infor
ma t i on a re a l so t rans f e r re d  t h rough the d a ta bus bu f f e r .  

R ea d /Wr i t e and Cont r o l  Log ic 

The func t ion ·  of th i s  b lock is to ma nage a l l  of the int e rnal  and e x t erna l 
t ra n s f e rs of both Da ta and Con t r o l  or S t at us word s .  I t  accep t s  i npu t s  f rom the 
CPU Add re s s and Cont ro l bus s e s  in turn , i s s u es  commands to  bo th of the Con tro l 
G r oup s . 

( C S )  

Chip  S e l ec t . A " low" on th i s  input pin  enab l e s  the commun i c a t i on be tween the 
8 2 55A and the CPU . 
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Rea d .  A " low'' on  th i s  input p i n  enab l e s  the 8255A to  send the data or status  
in f o rma t ion to  the  CPU on the  data  bus . In es sence , i t  al l ows the  CPU to " rea d 
f rom" t he 82 55A. 

( WR )  

W r i t e .  A " low" on th i s  input p i n  enab l e s  the CPU t o  w r i t e  data or  con t ro l 
words  i n t o  t he 8 2 5 5A.  

( Ao and A1 ) 

Po r t  Se l ec t  0 and Port S e lect  1 .  The s e  inp u t  s igna l s , in con j unc t ion w i th the 
RD and WR inpu t s , con t r o l  t he se l e c t i on of one of the three ports  or the 
cont ro l wor d reg i s te r s . The y are norma l ly conne c t e d  to  the l eas t s ignif icant 
b i t s  o f  t he a ddre ss bus (Ao and A1 ) .  

8 2 55A BAS IC OPERATION 

- - -

A '• Ai RD WR cs INPUT OPERATION ( READ ) 

0 0 0 1 0 PORT A = = =� DATA BUS 

0 1 0 1 0 PORT B ====7 DATA BUS 

1 0 0 1 0 PORT c = = =;;:; DATA BUS 

OUTPUT OPERATION (WRITE ) 

0 0 1 0 0 DATA BUS = = -� PORT A 

0 1 1 0 0 DATA BUS = = -:� PORT B 

1 0 1 0 0 DATA BUS = ===? PORT c 

1 1 1 0 0 DATA BUS == =� CONTROL 

DISABLE FUNCTION 

X X X X 1 DATA BUS = ==9 3-STATE 

1 1 0 1 0 ILLEGAL CONDITION 

X X 1 1 0 DATA BUS = ==9 3-STATE 

( RESET) 

Re s e t . A "h igh "  on th i s  inpu t c l ears the con t ro l  reg i s ter and a l l  port s  (A,  C ,  
C )  a re s e t  t o  t he inpu t mode . 
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G roup A and G roup B Contro l s  

The func t i on a l  conf igura t i on o f  each  po r t  i s  p rog ramme d by the s y s t ems sof t 
wa re . I n  e s s e nce , t he CPU " ou t p u t s "  a con t ro l  word to the 8 2 5 5A .  The control  
wor d co n t a i n s  i n f o rma t i on such  as  "mode" , "bit  se t " ,  " b i t  re s e t " ,  e t c . ,  tha t 
in i t i a l i z e s  t he f unc t i ona l configura t i on o f  t he 8 2 5 5 A .  

E a c h  o f  the  Co n t r o l  b l ocks ( Group A a n d  G roup B )  acc e p t s  "commands"  f rom t h e  
Read/Wr i te Con t rol  Log ic ,  r e c e i v e s  "cont ro l  wor d s "  f rom t he i n t e rna l d a t a  bus  
and i s su e s  t h e  p rope r commands to i t s  as soc i a t e d  por t s . 

Con t r o l  Group A - P o rt A and P o r t  C upper ( C7-C4)  
Co n t r o l  Group B - Port  B and Por t C l owe r ( C3-CO ) 

The Co n t ro l  Wor d  Reg i s t e r  can on l y be wr i t t e n  in t o . No  Read ope ra t i on of  the 
Con t ro l  Word Reg i s t e r  is  a l lowe d .  

P o rt A ,  B and C 

The 8 2 5 5A cont a i n s  t h r e e  8-b i t  por t s  ( A ,  B and C ) . Al l can be conf igured in  a 
w ide  var i e t y  of  f unc t i on a l  charac t e r i s t i cs by t he s y s t em software but  e ach has 
i t s own spec ia l fea t u re s or "pe r s ona l i ty"  t o  fu r t he r enhance the powe r and 
f l ex i b i l i t y  of t he 8 2 5 5A.  

Por t A .  One 8-b i t  data  ou tput  lat ch/buf f e r  and one 8-b i t  da t a  inp u t  l a t c h .  

Port  B .  One 8-b i t  da ta inpu t / ou t put l a t c h / b u f f e r  and one 8-b i t d a t a  i npu t 
buf f e r .  

Por t C .  One 8-b i t  da t a  output latch/buf f e r  and one 8-b i t  data  inp u t  buf f e r  ( no 
la tch for  input ) .  Th i s  po rt  c an be d i v ide d i n t o  two 4-b i t  port under the mode 
con t ro l . Eac h  4-b i t  por t  cont a i n s  a 4-b i t  l a t c h  and i t  can be use d  for the 
con t ro l  signal  outputs  and s t a t us s igna l i np u t s  in conj unc t i on wi th p o r t s  A and 
B .  

Mode S e l ec t i on 

The r e  are  t h r e e  ba s ic modes of ope ra t ion that can be se l ec t e d  by the sys tem 
s of twa re : 

Mode 0 - Bas ic Inpu t / Outpu t 
Mode 1 - S t robe d Input /Ou t pu t  
Mode 2 - B i-D i re c t iona l  Bus 
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Whe n t h e  re s e t  i n pu t goe s " h i gh "  a l l  po r t s  w i l l  be se t t o  the i np u t  mode ( i . e . ,  
a l l  2 4  l i n e s  w i l l  be i n  t he h i gh i mp endance s t a t e ) .  Af t e r  t he r e s e t  i s  removed 
the  8 2 5 5A ca n rema i n  in  t h e  inpu t mode w i th no a dd i t i ona l i n i t i a l i z a t i on 
re q u i re d . Du r ing t he e x e c u t i on o f  the  s y s t em p ro g r amme any o f  t he o t her modes  
ma y be  s e l e c t e d  u s i ng a s i ng l e  ou t p u t  i n s t r uc t i o n . Th i s  a l l ow s  a s i ng l e  8 2 55A 
to s e r v i ce a v a r i e t y  of  p e r iph e r a l  d e v i c e s  w i th a s imp l e  sof t w a re ma i n t enance 
rou t i ne .  

The m o d e s  f o r  P o r t  A and P o r t  B c a n  be  se p a ra t e l y  de f i n e d ,  wh i l e  Po r t C i s  
d i v ide d i n t o  two p o r t i o n s  a s  re q u i re d  b y  t he P o r t  A a n d  P o r t  B de f in i t i ons . 
A l l  o f  the ou t p u t  reg i s t e r s , i nc l u d i ng the s t a t u s  f l i p - f l o p s , w i l l  be re s e t  
wh e n e v e r  t he mode  i s  ch ange d .  M o d e s  may b e  comb i ne d  so  t h a t  t h e i r  f unc t i o na l  
de f i n i t i on can  be " t a i l o r e d "  t o  a l mos t any l / 0  s t r uc t u re . For i n s t ance , Group 
B c a n be p ro g r amme d  in Mode  0 to mo n i t or s im p l e  s w i tch c l o s ing s or  d i s p la y  
compu t a t i o n a l  re s u l t s , G ro u p  A cou l d  b e  programm e d  in M o d e  1 t o  mon i t o r  a 
k e y bo a r d  o r  t a pe r ea d e r  on a n  i n t e r r u p t-dr iven b a s i s . 

The mode de f i n i t i ons and po s s i b l e  mode comb i na t i o ns ma y s e em con f u s i ng at f i rs t  
b u t  a f t e r a curs ory r e v iew o f  t he comp l e te d e v i ce ope ra t i on a s imp l e ,  log i c a l  
I / 0 a p p ro a c h  w i l l s u r f ac e . The de s i gn o f  t h e  8 2 5 5A h a s  taken i n t o  account 
th ing s s uc h  as  e f f i c i e n t  PC  board  l a y ou t ,  cont r o l  s igna l de f i n i t ion vs PC 
la yout  and comp l e t e  func t i ona l f l e x i b i l i t y  t o  supp o r t  a l mo s t  any p e r iphera l 
d e v i ce w i th no ex t e rn a l  l og ic .  S uch d e s ign r e p r e s e n t s  t he max imum use of  the 
ava i l ab l e  p i ns . 

S ing l e  B i t  S e t / Re s e t  Fea t u re 

Any o f  the e i gh t b i t s  of  Por t C can be S e t  or  R e s e t  us i ng a s i ng l e  OUTpu t 
ins t r uc t i on .  Th i s  f e a t u re re duc e s  s o f twa re re q u i reme n t s  in Con t r o l -based 
app l i c a t i o ns . 

Whe n P o r t  C i s  be i ng u s e d  a s  s t a t us / con t r o l  for Port  A or B ,  the s e  b i t s  can be 
s e t  o r  res e t  by us ing the B i t  S e t / R e s e t  ope rat i on j us t  as  if t hey w e re data  
ou tput  port s .  

Inte rrupt Con t ro l  Func t ions 

Whe n the 8 2 5 5A i s  p rogrammed to ope rate  in mode 1 o r  mode 2 ,  con t r o l  s igna l s  
a re p rov ided that c a n be used a s  i n t e rrupt re que st  i npu t s  t o  t he CPU . The 
i n t e r rup t re que s t  s i gna l s , genera t e d  f rom por t  C ,  can be i nh ib i t e d  o r  enab l ed 
by s e t t ing or rese t t ing the a s s o c i a te d  INTE f l ip-f lop , u s ing t he b it s e t / re se t  
func t i on of port  C .  

This  func t i o n  a l lows the P rog ramme r to d i s a l low or a l l ow a spec i f ic I / O  device 
to inte rrupt t he CPU w i thout a f f e c t ing any other device in t he int errupt 
st  rue t u re . 

INTE f l i p- f l op de f i n i t i on :  

( BI T-SET) - INTE i s  SET - Inte rrup t  enab le  
( B IT- RE SET) - INTE i s  RESET - Inte rrupt d i s ab l e  

N o t e : A l l  Mas k  f l ip-f l op s  a r e  a u toma t ica l l y re s e t  du r ing mode se l ec t ion and 
devi ce Re s e t . 
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8 2 5 5  Por t A ( Input Por t )  

DO P ad d l e  o r  Tab l e t  Inpu t 
D 1  Padd l e  or Tab l e t  Input 
D2 Padd l e  o r  Tab l e t  I nput 
D3 Padd l e  or Tab l e t  Inpu t 
D4 T r i gger  Sw i tch ( B u t t on )  of Joy s t ick 1 J 0 == P r e s se d  
D5 Tr igg e r  Sw i tch ( Bu t t o n )  o f  Joy s t i ck 2 J 1 == No Connec t  
D6 Cas s e t te Ready ( 0 = Ready , 1 == not ready ) 
D7 Ca s s e t t e  Read Data 

8 2 5 5  Por t B ( Input P o r t ) 

DO - D7 ----- Keyboard Read Data 

8 2 55 P o r t  C ( O u t put Port ) 

DO - D3 
D4 
D5 
D6 

D7 

Keybo a r d  BCD Output Da t a  ( Fo r  Keyboa r d  Scann i ng ) 
Ca s s e t te Motor On ( 0  == Motor On , 1 == Mo t o r  O f f )  
Ca s s e t t e Wr i t e Data 
Ca s s e t t e  Aud i o  Cont r o l  ( 1  == Enab l e  other channe l in ; 

( 0  == D i s ab l e  other  channe l i n )  
Mix  P S G  S ound Da ta 

8 2 55 Con t ro l  Word (Wr i te On l y )  

In i t ia l  S e t  D 7  D 6  D5 D4 D3 D2 D 1  DO 

1 0 0 1 0 0 1 0 
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THE PROGRAMMABLE COMMUNICATION INTERFACE 8250-B 

INS8250-B FUNCTIONAL PIN DESCRIPTION 

The fo l l owing des c r i b e s  the  func t i on of a l l INS8 2 50 inp u t / ou tput  pins . S ome o f  
the se d e s c r i p t ions re fe rence i n t e rn a l  c i rc u i t s . 

NOTE : In the  fo l l ow ing descr i p t ions , a low re p re se n t s  a l o g i c  0 ( 0  vo l t  
nom ina l )  and a h i gh re p re se n t s a log i c  1 ( + 2 . 4  vo l t s  nom ina l ) . 

Input S igna l s  

C h i p S e l e c t  ( CSO , CSl , CS 2 ) ,  P i ns  1 2 - 1 4 :  When CSO and CS1  are h i gh and C S 2  i s  
l ow ,  t he c h i p i s  se l e c te d .  Ch ip  s e l e c t i on i s  comp l e te when t he decoded c h i p  
se l ec t  s i gna l i·s la tched  w i t h  an ac t ive ( l ow) Add re s s  S t robe ( ADS ) i npu t . Th i s  
enab l e s  commun ic a t i on between t he I NS8 2 50 and t he CPU . 

Da ta Input S t robe ( DI STR , DISTR ) ,  P i ns 2 2  and 2 1 : When DISTR i s  h i gh or D I STR 
i s  l ow wh i l e the chip  is se l ec t e d ,  a l l ows the CPU to rea d  s t a t u s  informa t i on or 
d a t a  f rom a �� l ected  reg i s t e r  of t he INS8 2 50 .  

N o t e : Onl y an act ive DISTR o r  biSTR inpu t i s  re qu i re d  to  t ran s f e r  data f rom 
the INS8250 du r i ng a re a d  ope rat i on . The r e fore , t ie e i t h e r  the D ISTR 
input  pe rmane n t ly low or the  DISTR input p e rmanent ly  h i gh , if not u s e d .  

Da ta Ou t pu t  S t robe ( DOSTR , DOSTR ) ,  P i ns 1 9  and 1 8 :  When DOSTR i s  h igh o r  DOSTR 
i s  l ow wh i l e  the  ch ip is s e l ec t e d ,  a l l ows the  CPU t o  w r i t e  da t a  or con t r o l  
wor d s  i n t o  a se l ec t e d  reg i s t e r o f  t he INS8 2 50 .  

No t e : Only an a c t i ve OOSTR o r  OOSTR inp u t  i s  re qu i r e d  to  t rans f e r  da t a  to  t he 
INS8 250 du r i sng a wri t e  op e ra t ion . There fore , t ie e i t h e r  the DOSTR 
input  pe rmane n t ly low or t he DOSTR i npu t p e rmanen t ly  h i gh , i f  not u s e d .  

A dd re s s  S t robe ( ADS ) ,  P in 25 : When low, p ro v i d e s  l a tch ing for t he Reg i s t e r  
Se l e c t  ( AO ,  A1 , A2 ) and C h ip Se l e c t  ( CSO , C S 1 , CS 2 )  s igna l s . 

Not e : An ac t i ve ADS input  i s  re qu i re d  when the Reg i s t e r  S e l e c t  ( AO ,  Al , A2 ) 
s i g na l s  are no t s t ab l e  for the  du ra t i on o f  a rea d  o r  wri t e  ope ra t i on .  
I f  n o t  re qu i re d , t ie t he ADS input pe rman en t ly l ow .  

Reg i s t e r  S e l e c t  ( AO ,  A1 , A2 ) ,  P i n s  2 6-2 8 :  The s e  t h r e e  inpu t s  a r e  u s e d  dur ing a 
read or wr i te o pe r a t i on to  s e l e c t  an INS 8 2 50 reg i s t er to  read  f rom or wr i te 
in t o  a s  ind i ca t e d  in the  tab l e  be l ow .  N o t e  tha t the s t a t e  of the D i v i sor  Latch 
Acce s s  B i t  ( DLAB ) ,  wh ich is  t he mo s t  s ig n i f icant  b it of the L i ne Con t r o l  
Reg i s t e r , a f f ec t s  the  se l ec t i on o f  ce r t a i n  INS8 2 50 reg i s t e r s . The DLAB mus t be 
s e t  h i gh by t he s y s t em s o f twa re to acce s s  t he Baud Gene ra t or D iv i sor L a t c he s . 
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DLAB A A A REG I STER 

0 0 0 0 Rece iver Bu f f e r  ( read ) , T ransm i t t e r  
Holding Reg i s ter  ( wr i t e ) 

0 0 0 1 Inte rrupt Enab l e  

X 0 1 0 I n t e r r upt  Iden t i f i ca t i on ( read  onl y )  

X 0 1 1 Line Con t ro l  

X 1 0 0 MODEM Con t ro l  

X 1 0 1 L i ne S t atus  

X 1 1 0 MODEr·f S ta t us 

X 1 1 1 None 

1 0 0 0 Divi sor  Latch ( l e a s t  s ignif icant by t e ) 

1 0 0 1 D iv i s o r  La tch ( m o s t  s i gn i f ica tnt byte ) 

Ma s t e r  Re s e t  ( MR ) ,  P in 3 5 : When h i g h ,  c l ears  a l l  t he reg i s t e r s  ( except the 
Rec e i ve r  Buf f e r , Transm i t t e r  H o l d i ng ,  and D iv i s o r  Latches ) ,  and the con t r o l  
l ogic o f  the INS825� A l s o ,  the s t a t e  o f  va ri ous output  s igna l s  ( SOUT , INTRPT , 
OUT 1 ,  OUT 2 ,  RTS , DTR ) a re a f f e c ted by an a c t i ve MR input . ( Re f er  t o  tab l e  
1 ) .  

Rece i ve r  C l ock ( RCLK) , P in 9 :  Th i s  input is the 1 6x baud ra t e  c l ock for the 
rece i v e r  s ec t i on o f  the ch ip . 

S e r ia l Input ( SI N ) , P in 1 0 :  S e r i a l  data input f rom the commun i c a t ions  l ink 
( pe r i phe r a l  dev i ce , MODEM , or d a t a  s et ) .  

C l e a r  t o  Send ( CTS ) , P in 3 6 : The CTS s igna l  i s  a MODEM con t ro l func t ion inpu t  
who s e  c ond i t i on c an b e  te s te d  b y  t he CPU by rea d ing b i t  4 ( CTS ) o f  t h e  MODEM 
S ta t us  Reg i s t e r .  Bit  0 ( DCTS )  o f  the MODEM S ta t us Reg i s t e r  indic a t e s  whe ther  
t he CTS  input h a s  change d s ta te s ince t he p revious read ing o f  t he MODEM S ta t u s  
Reg i s t e r .  

No t e : Whe neve r the CTS b i t  o f  the  MODEM S ta t us Reg i s t e r  changes s t a t e , an 
inte rrupt is gene r a t e d  if t he MODEM S t a t u s  I n t e rrupt is enab l e d .  
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Dat a  Set  Rea dy ( DSR ) , P in 3 7 :  When low , ind i ca t e s  tha t the MODEM or data s e t  
i s  re a dy t o  e s tab l i sh t h e  commun i c a t ions l ink and tran s f e r  d a t a  w i t h  the 
INS8 2 50 .  The DSR s i gna l i s  MODEM-control  func t i on input whose con d i t ion can 
be t e s te d  by t he CPU by r e a d ing b i t  5 ( DS R )  of t he MODEM S t a� Reg i s t e r .  B i t  
1 ( DDSR)  o f  the MODEM S ta tus Reg i s t e r  ind i ca t e s  whe ther the DSR inp u t  has 
changed s t a te s ince t he prev ious read ing of the MODEM S ta t us Reg i s t e r .  

No t e : Whe neve r the DSR b i t  of the MODEM S ta t us Reg i s t e r  changes s t a t e , an 
i n t e rrupt is gene rated if t he MODEM S t at us Inte rrupt is enab l e d .  

Rece i ve d  L i ne S ignal  De tect  ( RL SD ) ,  P in 38 : When low, indica t e s  that t he d a t a  
ca r r i e r  has  be en de t ec t e d  b y  the MODEM or  d a t a  se t .  The RLSD s i gna l i s  a 
MODEM-con t ro l  func t i on input whose cond i t i on c an be t e s ted by the CPU by 
rea d ing b it 7 ( RLSD) of t he MODEM S t a t us Reg i s t e r .  B i t  3 ( DRLSD) of the MODEM 
Sta tus  Reg is t e r  ind i ca t e s  whe the r the RLSD inp u t  ha s changed s t a t e  s ince the 
previ ous rea d ing of t he MODEM S t a t us Reg i s t e r .  

Note : Whe neve r the RLSD b i t  o f  the MODEM S ta t us Reg i s t e r  changes s t a t e , an 
inte rrup t  i s  genera ted if t he MODEM S t a t us Interr upt i s  enab l e d .  

R in g- Indicator ( R I ) ,  P in 39 : When low, indica t e s  that a te l ephone r ing ing 
s i gna l  ha s be en rec e i ve d  by the MODEM or data se t .  The R I  s igna l i s  a MODEM
con t ro l  func t i on input who se cond i t i on can be t e s te d  by t he CPU by rea ding b i t  
6 ( R I )  of the MODEM S t a tus  Reg i s ter . B i t  2 ( TER I ) o f  the MODEM S ta t u s  Reg i s t e r  
in dic a t es whe ther t h e  R I  input h a s  changed f rom a low t o  a h igh s t a te s i nce the 
previou s  re ading of the MODEM S t a t u s  Reg i s t er . 

No te : Whenever t he Rl  b i t  of t he MODEM S t a tus  Reg i s ter  chang e s  f rom a h igh to  
a low s t a t e , an inte rrup t  i s  gene r a t e d  i f  the  MODEM S ta t us Int e rrupt i s  
enab led . 

Vee , P in 40 :  +5-vo l t  s upp ly . 

V5 5 , P in 2 0 :  G round ( 0-vo l t )  re f e rence . 

Ou tput S igna l s  

D a t a  Terminal Rea dy ( DTR ) , P in 33 : When low , informs the MODEM or data set  
that  t he INS8 2 50 i s  ready to commun i ca t e .  The DTR ou tput s igna l can be set  to  
an ac t i ve low by EE£gramm ing bit  0 ( DTR ) of the  MODEM Con t ro l  Reg i s t e r  to a 
h i gh leve l .  The DTR s ignal  i s  s e t  h i gh upon a Ma s ter Re s e t  ope rat ion . 

Re que s t  to S end ( RTS ) ,  P in 3 2 :  When low, informs the MODEM or d a ta s e t  that  
t he INS8 2 50 i s  ready to  t ransm i t  d a t a .  The RTS ou t pu t  s igna l can be s e t  to  an 
ac t i ve low by programm ing bit 1 ( RTS ) o f  the MODEM Control  Reg i s t e r .  The RTS 
signa l is s e t  h i gh upon a Mas t er Reset  Ope r a t i on .  
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Ou t p u t  1 ( OUT 1 ) ,  P i n  3 4 :  Use r-d e s igne d output  that  can be s e t  t o  an act ive 
low by p ro gramm ing b i t  2 ( OUT 1 )  of th e MODEM Con t ro l  Reg i s t e r t o  a h igh leve l .  
The O u t  1 s i gna l i s  s e t  h i gh up on a M a s t e r  R e s e t  opera t i on . 

C h i p  S e l e c t  Out ( CSOUT ) , P in 2 4 :  When h igh , in d i c a t e s  that  the c h ip has been 
se l e c t e d  b y  a c t i ve CSO , CS 1 ,  and CS2  inpu t s . No data  t rans f e r c an be ini t i a ted 
un t i l  t h e  CSOUT s i gna l is a l o g ic 1 .  

Drive  D i s a b l e  ( DDI S ) , P i n  23 : Goe s low whe ne ver the CPU i s  read ing data f rom 
t he INS8 2 50 .  A h i gh- le ve l DDIS ou t pu t  c an be used to d i s ab l e  an e x t erna l  
tran s ce i ve r  ( i f us ed be tween the  CPU and I N S 8 2 50 on the D7 - D o  Da t a  Bus ) a t  
a l l  t im e s ,  except when t he CPU i s  r ea d ing da ta . 

Baud Out  ( BAUDOUT ) ,  P in 1 5 :  1 6 x  c l ock s igna l for the t ransm i t t e r  sec t ion o f  
t he INS8 2 50 .  The c l ock ra t e  is  e qual  to  t he ma in re f e rence os c i l l a tor  
f re quency d i v ided  b y  the  spe c i f ie d  d i v i sor in  the Baud Gene ra t or D iv i sor  
La t ch e s . The BAUDOUT may a l so be used  for t he rece iver s e c t i on by t yp ing th i s  
ou t p u t  t o  t h e  RCLK input o f  t h e  c h i p . 

In t e r rupt  ( INTRP T ) , P in 3 0 :  Goes h i gh whe never any one o f  the  fo l low ing 
i n t e r r up t t yp e s  ha s an ac t i ve h i gh cond i t i on and is enab l ed v i a  the IER! 
Re ce iver  E r r or F l ag : Rece iver Data Ava i l ab l e : Transm i t t e r  H o l d ing Reg i s te r  
Empt y ;  and MODEM S t a t us . The INTRPT s i gna l i s  re s e t  l ow upon t h e  app rop r i a t e  
i n t e rrupt  se rvi ce o r  a Ma s t e r Re s e t  ope r a t i on .  

INS8 2 50 L i ne Con t ro l  Reg i s t e r 

The s y s t em p rogramme r spe c i f i e s  the  forma t o f  the async h ronous data 
c ommun i c a t i o ns exch ange v ia t he L i ne Con t r o l  Reg i s t e r .  I n  a dd i t i on t o  
co nt ro l l i ng the forma t , t h e  prog ramme r ma y re t r i eve the con t e n t s  o f  the L ine 
Con t r o l  Reg i s t er for i n spec t i on .  Th i s  f e a t u re simp l i f i e s  sy s t em p rogramm ing 
and e l i m ina t e s  the  ne ed for  separate  storage in s y s t em memo ry o f  the l i  
cha r a c t e r i s t i cs .  The contents  of t he L i ne Cont ro l  Reg i s t er a re indicated i n  
tab l e  2 and are descr ibe d be l ow .  

B i t s  0 and 1 :  The se  two b i t s  spe c i f y the numb e r  o f  b i t s  i n  each t ransm i t t e d  or 
rece i ve d  s e r i a l  characte r .  The encod ing of b i t s  0 and 1 is fo l l ows : 

B i t  1 B i t  0 Wor d  Leng t h  

0 0 5 B i t s  
0 1 6 B i t s  
1 0 7 B i t s  
1 1 8 B i t s  
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B i t  2 :  th i s  b i t  spec i f i e s  the numbe r of �s top b i t s  in  each transm i t t e d  o r  
rece i ve d  s e r i a l  charac t e r .  I f  b i t  2 i s · a log ic 0 ,  1 S t op b i t i s  gene rated o r  
checked in the t ransm i t  o r  re ce ive data , re spec t i ve l y .  I f  b i t  2 i s  a l og i c  1 
wh en a 5-b i t  word leng th i s  se l e c t e d  v ia b i t s  0 and 1 ,  1 - 1 / 2  S t op b i t s  are 
gene r a t e d  or checked . I f  b i t  2 i s  a logic 1 whe n  e i t he r  a 6 ,  7 ,  or 8-b i t  wor d  
l ength i s  se l ec te d , 2 S t op b i t s  a re gene r a t e d  or checked . 

B i t  3 :  Th i s  b i t  i s  the Par i t y Enab l e  b i t . When b i t  3 i s  a logic 1 ,  a Par i t y  
b i t  i s  gene r a t e d  ( t ransm i t  data ) or checke d ( rece i ve d a ta ) be tween the l a s t  
dat a wo r d  b i t  and S top b i t  of t h e  se r ia l  dat a . ( T he Par i t y b i t  i s  u s e d  to 
p roduce an even or o dd number of l s  when the d a ta word b i t s  and the P a r i ty b i t  
are summe d ) . 

B i t  4 :  Th i s  b i t  i s  the Even Par i t y  S e l ec t  b i t . When b i t  3 i s  a log ic 1 and 
bit 4 is a log ic 0 ,  an odd number of log ic l s  i s  t ransm i t te d  or checked in the 
dat a wor d b i t s  and Pari t y  b i t . Whe n  b i t  3 is a log ic 1 and b i t  4 is a logic 1 ,  
an even numb e r  o f  b i t s  i s  t ransm i t te d  or checked . 

B i t  5 :  Th i s  b i t  i s  the S t i ck Par i t y  b it . When b i t  3 i s  a logic  1 and b i t  5 i s  
a log ic 1 ,  t he P a r ity  b i t  i s  t ransm i t te d  and then d e t ected  b y  the rece i ve r  as a 
l o g ic 0 i f  b i t  4 i s  a logic  1 or as  a log ic 1 i f  b i t  4 a l og i c  0 .  

B i t  6 :  T h i s  b i t  i s  t he S e t  Break Con t r o l  b i t .  When b i t  6 i s  a log ic 1 ,  the 
se ria l output ( SOUT )  is forced  to  the Spac ing ( logic  0) s t a t e  and rema ins  the re 
reg a r d l e s s  of other t ransm i tt er a c t i v i ty . The s e t  b reak i s  d i sab l e d  by s e t t ing 
b i t  6 to a log ic 0 .  Th i s  f e a ture enab l e s  the CPU to a l e r t  a term ina l in a 
comp u t e r  commun i c a t ions  s y s tem.  

Bit  7 :  Th i s  b i t  i s  the D iv i so r  Latch Acc� s s  Bit  ( DLAB ) . I t  mus t  be set  h igh 
( log ic 1 )  to acce s s  t he D iv i sor Latches of the B a ud Rate Gene rator dur ing a 
Rea d or Wri t e  ope ra t i on . I t  mus t  be se t low ( l ogic 0 )  to  acce s s  the Rece ive r 
Bu f f e r ,  the T ransm it t er Ho l d ing Reg i s t e r ,  or  t he I nt e r r upt  Enab l e  Reg i s t e r . 

INS8 2 50 P rogrammab le Baud Ra te  Gene rator 

The INS8 250 conta ins  a p rogrammab l e  Baud Ra te  Gene r a t o r  tha t i s  capab l e  of  
tak ing any c l ock input  ( DC t o  3 . 1  MHz ) and d i v i d ing i t  by any divi sor f rom 1 t o  
( 2 1 6  1 ) .  The ou tput f re quency of the Baud Gene ra t o r  is 1 6 x  t h e  Baud ra t e  
[ divi s or # = ( f re quency input ) - ( baud r a t e  x 1 6 ) ] .  Two 8-b i t  l atches s tore 
the d i v i sor  in a 1 6-b i t  b inary forma t . The se D iv i sor Latche s  mus t  be loaded 
du r ing i n i t i a l i z a t i on in order to i nsure de s i re d  ope ra t i on of  the Baud Rat e  
Gene rator . Upon loading e i ther o f  the Div i sor Latche s , a 1 6-b i t  Baud counter  
i s  imme d ia t e l y l oade d .  Th i s  previouss l ong counts on init i a l  l oa d .  

4 . 60 



Tabl es 3 and 4 i l lus t rate the use of die BS'ud Rate Genertor with crysta l 
f re quencies of 1 . 8432 MHz and 3 . 072 MHz respect ive ly . For baud rates of 38400 
and be low the e r ror obtained is  minima l . The accuracy of the des ired  baud rate 
is dependent on t he crys tal  frequency chosen . 

Note : The maximum operat ing f requency 
Howeve r ,  when us ing divisors of 
is equal to the divisor in MHz . 
then t he maximum f requency i s  1 

rate be greater than 56K Baud . 

Line S ta tus Register  

of the Baud Generator is 3 . 1  MHz . 
3 and be low , the maximum frequency 

For example , if the divisor is 1 ,  
MHz . In no case shou ld the data 

This 8-b it reg ister  provides stat us informat ion to the CPU concerning the data 
t ransfe r .  The contents of the Line S tatus Reg ister  are indicated in tab le 2 

and are descr ibed be low .  

B i t  0 :  This b i t  is the receer Data  Ready ( DR)  indicator . Bit  0 is  set  to  a 
log ic 1 wheneve r  a comp le te incoming character has been rece ived and t rans
ferred into the Receiver  Buffer Registe r .  B it  0 may be reset t o  a logic 0 
e i ther by the CPU reading the da t� in t he Rece iver Buffer Reg is ter or by 
wr i t ing a log ic 0 into it from the CPU . 

Bit  1 :  This bit  is the Ove rrun Error { OE )  ind icat or.  Bit  1 indicates that 
dat a  in the Receiver Buf fer Reg ister  was no t read by the CPU be fore the next  
character  was t ransferred  into the Receiver Buffer Register , thereby des troying 
the previous characte r .  The OE indicator is re set whenever the CPU reads the 
conten ts of the Line S t atus Regi s t e r .  

Bi t 2 :  This  b i t  is the Parity Error ( PE )  indicator . Bit  2 indicates tha t the 
rece i ved da ta character does not have t he correct even or odd parity ,  as 
se lected  by the even-pa rity-se l ect bit . The PE bit  is set to a logic 1 upon 
de tection of a par ity e rror and is reset to a logic 0 whenever the CPU reads 
the contents of the Line S tatus Registe r .  
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D i v i s or Used to 
De s i re d  Baud Ra te Gene r a te 1 6  x C l ock 

so 2304 

7 5  1 5 3 6  

1 1 0  1 047 

1 34 . 5  857  

1 50 768 

3 00 384 

600 1 92 

1 2 00 96 

1 8 00  6 4  

2000 58 

2400 48  

3 600 3 2  

4800 24 

7 2 00 1 6  

9600 1 2  

1 9 2 00 6 

3 8 400 3 

56000 
I 

2 

T a b l e  3 .  B a ud Ra t e s  U s i n g  1 . 8 432 MHz C r y s t a l . 

Percent  E r ror D i f f e re nce 
between De s i re d  & Act u a l  

-

-

0 . 02 6  

0 . 058  

-

-

-

-

-

0 . 69 

-

-

-

-

-

-

-

2 . 86 

N o t e : 1 . 8 43 2  MHz i s  t h e  s t an d a r d  8080 f re q u e n c y  d i v i d e d  b y  1 0 .  

6 . 64 

--



D e s i r e d  D iv i s o r  U s e d  to Gene r a t o r  
Baud 1 6  x C l ock 
Rat e 

50 3 8 40 

75  2 560 

1 1 0 1 7 45 

1 3 4 . 5  1 42 8  

1 50 1 2 80 

300 640 

600 3 20 

1 200 1 60 

1 8 00 1 07 

2000 96 

2400 80 

3600 53  

4800 40 

7 2 00 , 2 7  

9600 20 

1 92 00 1 0  

38400 5 

Tab l e  4 .  Baud Ra t e s  Us ing 3 . 0 7 2  MHz Crys t a l . 

6 . 65 

P re s ent  E r ror 
D i f f e re n t  Be tween 
De s i r e d  and Ac t u a l  

-

-

0 . 02 6  

0 . 034 

-

-

-

-

0 . 3 1 2  

-

-

0 . 62 8  

-

1 .  2 3  

-

-

-



RS- 2 3 2 I n t e r face Spec i f i c a t i o n  

S i g n a l  Charac t e r i s t i c s - EIA  RS- 2 3 2 C 

1 .  R ec e i ve 

a .  Mark 
b .  Space 

2 .  T ra n sm i t 

a .  · M ark 
b .  Space 

- 3  to - 2 5  vo l t s  
+ 3  t o  + 2 5  vo l t s 

-8 vo l t s  w i th 3 K  ohm l oa d  
+ 8  vo l t s  w i t h  3K Ohm l o a d  

M a x i mum s h o r t  c i r cu i t  cu r r e n t  
Term in a t i n g Impe ndance  

500 rnA 
3K t o  7K ohm 

S ig n a l  Cha r a c t e r i s t i c s  - O p t i on a l  20 rnA Cu r r e n t  Loop 

Whe n us i n g  the  Te l e t yp e  Mode l 3 3  or  s i m i l a r  data t e rm i na l emp l o y ing a 
cu r re nt i n t e r f a c e , t he da ta t e rm i n a l  MUST be s e t  up to ope r a te i n  the 
F u l l -Dup l e x  20 M i l l i ampe r e  N e u t r a l  con f i g u ra t i o n .  Re f e r  to the re l a t e d  
e qu ipment man u a l  f o r  i n s t r u c t ions . 

TERMINAL In t e r face P i n A s s ignme n t s  - E I A  RS-23 2 C  

P i n 

1 
2 
3 
5 
6 
7 
8 

20 

1 6  
2 5  

Func t i on 

P ro t e c t i ve Ground 
T ransm i t t e d  Da ta ( Data  In ) 
Re c e i ve d  Data ( D a ta Ou t .) 
C l e a r  to Send 
Da ta  Set Rea dy 
S igna l Ground 
Da ta Carr ier  De t e c t o r  
D a t a  Term ina l Rea dy 

Rdy / Busy Outpu t  ( R dy=OV , Busy=+SV ) 
Sta rt / Stop Inpu t ( S tar t=OV , S t op=+5V ) 

( 1 6 and 25 a re o p t i ona l features ) 
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MODEM / CPU Int er f a ce P in As s i g nme n t s  - [IA R S- 2 3 2 C  

P in 

1 
2 
3 
4 
5 
7 

20 

1 6  
2 5  

Func t i on 

P ro t e c t ive Ground 
T r a n sm i t te d  D a ta ( Data Out ) 
Rece i v e d  Data  ( Da t a  I n )  
Re que s t  to S end 
C l e a r  t o  Send 
S i gna l G r ound 
D a t a  T e rm i n a l  Ready 

R dy / Bu s y  Output  ( R dy=OV , Busy= + 5V )  
S t a r t / S top Inpu t ( S t a r t =OV , S t op=+ 5V ) 

( 1 6 and 2 5  a re o p t i on a l  f e a t u r e s ) 

The Hodem / CPU in t e r f a c e  ca b l e and conne c t o r  con f o rm to EIA RS-23 2 C  and 
Eu rope an C C I TT V . 2 4 s t anda r d s and i s  a 2 5-p i n  ( DB- 2 5 P )  conne c t or .  The 
ma t i ng conne c t or , loca t e d  connec t o r , loc a t e d  on the da t a s e t  or  acou s t i c  
coup l e r ,  shou ld be a DB- 2 5S o r  e qua l . S igna l s  to p i ns  4 and 20 are 
supp l i e d  by the SV I-805 . 
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6845 CRT CONTROLLER 

SYSTEM BLOCK D I AGRAM D ES C R I P T ION 

As shown in STM-00 2 - I , the p r i ma r y  func t i on of the CRTC is to gene rate  re f r e s h  
a dd re s se s ( MAO-MA 1 3 ) ,  row se l e c t s  ( RAO--RA4 ) ,  and video mon i t or  t i m ing ( HSYNC , 
VSYN C ) and D isp l a y  E na b l e . Oth e r  func t i o n s  inc lude an int e rna l cursor reg i s t e r  
wh ich ge nera t e s  a Cu r s o r  outpu t when i t s  con t e n t s  compa re to the curre nt  
Ref re sh Add re s s . A l i gh t-pen s t robe inpu t s i gna l a l l ows cap t u re o f  Re fresh  
Add re s s  in  an i n t e rn a l  l i ght pen reg i s t e r .  

A l l  t im ing in t he CRTC i s  d e r i ve d  f rom t he CLK input . In a lphanume r ic 
te rm ina l s , t h i s  s i gna l i s  the  charac t e r  ra te . Cha ra c t e r  ra t e  i s  d iv i d e d  down 
f rom v ideo ra te  by ex t e rnal  H i gh S peed T im ing when t he video f re qu ency i s  
gre a t e r  than 3 MH z .  S h i f t  Reg i s t e r ,  La t c h ,  and MUX Con t ro l  s i gna l s  are a l s o  
p rov ided b y  ext e rnal  H i gh Speed T im ing . 

The p roce s s or commun i c a t e s  with  the  CRTC th rough a buf f e r e d  8-b i t  Dat a  Bus by 
r ea d ing/w r i t ing i n t o  t he 1 8-reg i s t e r  f i l e  of t he CRTC . 

The Re f re sh Memory add re s s  i s mu l t i p l e xe d be tween the P roce s s o r  and CRTC . Data 
appea r s  on a S e c ondary Bus wh ich i s  b u f f e re d  f rom t he p roce s so r  Pr imary Bus . A 
numb e r  of approa che s are  poss i b l e  for s o l v ing �onten t i on s  for the Re f re s h  
Memory . 

1 .  Proce s sor a l ways ge t s  p r i or i t y  • 

. , 
2 .  Proce s sor g e t s  p r i o r i t y  acce s s  any t i me , b u t  can be synchroni z e d  by an 

i n t e rrupt to  p e r f o rm acce s s e s  on ly du r ing hor i z on t a l  and ver t ical  r e t race 
t i me s .  

3 .  Synchron i z e  p roce s s o r  by memor y  wa i t  cyc l e s . 

4 .  Synch ronize  p roce s s or to chara c t e r  r a t e  ( S e e  F i gu re 4-6 ) .  The 6800 MPU 
fam i l y  l e n d s  i t se l f  to th i s  conf igura t i on because i t  ha s con s tant cyc l e  
l engt hs . Th i s  me thod p rov ides  z e ro burden on t he p roce s sor because there  
i s  ne ver a cont e n t i o n for  memory . A l l  acce s se s  are " t ransparent" . 

The s ec ondary d a t a  bus  concept  in no wa y p rec l udes  us ing the Re f re s h  RAM for  
� t he r pu rpo s e s .  It  looks 1 ike any othe r RAM to th e P roce s s o r . For examp l e , 
us ing App roach 4 ,  a 64K byte RAM Re f re sh Memory could p e r f o rm  re f re sh and 
p rog ramme s t orage func t i ons transparent ly . 
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CRTC D E S C R I P T I ON 
( F i gu re S TM- 00 1 - I : CRTC B l ock D ia g r am) 

T h e  C RT C  cons i s t s  of  p rogrammab l e  hor i zon t a l  and ve r t ica l t i m i ng gene ra t o r s , 
p rog ramma b l e  l i near add re s s  re g i s t e r ,  p rog rammab l e  cursor  l o g i c , l ight pen 
ca p t u re reg is t e r ,  and cont ro l c i rc u i t ry for in t e r face to  a proc e s s o r  bus . 

A l l  C RTC t im ing is  der i v e d  f rom CLK , us ua l l y the ou tpu t of an e x t e rna l dot rat e  
coun t e r .  Co i nc idence ( CO )  c i rc u i t s  con t inuou s l y  compa r e  count e r  con t e n t s  to 
the c o n t e n t s  o f  the p rog rammab l e  reg i s t e r  f i l e ,  RO-R1 7 .  For ho r i z on t a l  t im ing 
gene r a t i on ,  comp a r i sons r e su l t  in : ( 1 )  Ho r i z on t a l  sync p u l se ( HS )  of a 
f re q uency , pos i t i on ,  and du r a t i on d e t e rm i ne d by the reg i s t e rs . 

The Hor i2on t a l  coun t e r  p roduce s H c l ock wh ich d r ives the Scan L i ne Counter and , 
Ve r t i c a l  Con t rol . The conten t s  of t he R a s t e r  Counter  are cont i nuou s ly compared  
to  t h e  Max Scan Line  Add re s s  Reg i s t e r . A co inc i dence re s e t s  the  Ra s t e r  Counter  
and c l ock s t he Ve r t i c a l  Coun t e r .  

Compa r i s ons  o f  Ve r t i ca l  Coun t e r  cont e n t s  and Ve r t ica l Reg i s t e r s  res u l t  in : ( 1 )  
Ve r t i c a l  s y nc p u l se ( V S )  o f  a f re quency and pos i t i on de t e rm ined by the reg i s t e r  
- t h e  w id th i s  f i xe d a t  1 6  ra s t e r  l i ne s i n  the ve rt ica l con t ro l s e c t i on and i s  
n o t  p ro g r ammab l e ,  ( 2 )  Ve r t i c a l  D i sp lay o f  a f re quency and po s i t i on d e t e rm ined 
by the re g i s t e r s . 

The Ve r t i c a l  Co ntro l Log ic has  othe r func t i ons . 

( 1 )  Gene ra t e  row se l e c t s , RAO-RA4 , f rom t he Ras ter  Count for  the correspond ing 
in t e r lace or non- in t e r lace  modes . 

( 2 ) Extend the number  o f  scan l i ne s in the ve rt ica l to t a l  by the amount pro
g r amme d in  the Ve r t ic a l  T o t a l  Ad j us t  Reg i s te r .  

The L inear  Add re s s  Gene rator  i s  d r i ven by CLK and loc a t e s  the re lat ive 
pos i t io n s  of  cha racte rs in memory w i th the i r  po s i t i ons on the s c r een . 
Fou rt ee n  l i ne s , MAO-MA 1 3 , are  ava i l a b l e  for addre s s i ng up to fou r page s 
of 4K char a cte rs , 8 pa g e s  of 2K chara c t e rs , e tc .  U s ing the S t a r t  Add r e s s  
Reg i s t e r ,  ha rdware scro l l i ng th rough 1 6K cha rac t e r s  i s  pos s i b l e .  The Line a r  
A dd re s s  Gene ra t or repea t s  t h e  s ame se quence o f  a dd r e s s e s  f o r  each s can l ine o f  
a c ha rac t e r  row.  

The cu rsor logic determ ines  the cursor locat ion , s i z e , and b l ink i ng rat e  on the 
scre en . A l l  a re prog rammab l e .  

The l i gh t pen s t robe g o i ng h igh ca uses  the cu rrent . content s o f  the Addres s  
C o unt e r  t o  be la tche d in the L i ght P en Reg i s t e r .  The con t e n t s  of the L i ght  Pen 
Reg i s t e r  are subseque n t l y  re a d  by the Proce s s or . 

I n t e rna l CRTC reg i s t e rs  a re p rogrammed by t he p roce s s or th rough the d a ta b us , 
DO-D7 , and the contro l  s i gna l s - R/W, CS , RS and E .  
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REG ISTER FILE DESCRIPTION (See Tab le 2 )  

N ineteen reg isters in the CRTC can be acce ssed by means of the data bus . 
Reg i s t e r  address ing and lengths a re shown in Tab le 2 .  

Add re ss Register 

The Add ress  Reg ister is a 5-b i t  write-only register  use d as an " indirec t" or 
"po inter" reg i s te r .  I t s  contents are the address of  one of the other 18 
reg i s ters in the f i l e . When RS and CS are low, the Addres s Reg ister i tse l f  is 
addres sed .  When RS is high ,  the Reg i ster F i le is acce ssed .  

Hor i z ontal Tim ing Reg i s te rs RO , Rl , R2 and R3 

F igu re 4-7 shows the vi s ib le display area of a typ ical CRT moni tor giving the 
point of reference for horizonta l  reg i s te rs as the left  most displayed 
cha racter  pos it ion. Hori zontal registers are prog ramme d in "character t ime" 
un i ts w i th respect to t he re fe rence . 

Hor i zontal Total  Reg ister  ( RO)  

Hori zont a l  D i sp layed Reg i ster  
( Rl ) 

Hori zont al Sync Pos i t i on 
Reg ister  ( R2 )  

Hori zont a l  Sync W idth Reg ister 
( R3 ) 

This  8 b i t  wri te-only reg ister  determines 
the hor izontal f requency of HS . It  is  the 
tot a l  of di splayed plus non-displayed 
character t ime un its minus one . 

This  8 bit  wri te-only register dete rm ines 
the number of displayed cha rac ters per 
hor i zontal  l ine . 

This 8 bit write-only reg ister determines 
the hori zontal sync pos it ion on the 
hor i zonta l l ine . 

This  4 bit  wr i te-only reg i s ter determines 
the width of the HS pu lse . It  may not be 
apparent why this width needs to be pro
grammed.  Howeve r ,  cons ider that a l l  t iming 
widths must be programmed as· mul t iples of 
the charac ter  clock per iod which var ies . 
If  HS wid th we re fixed as an intergal 
numbe r of char�cter times , it  would vary 
with charac ter rate and be out of tolerance 
for ce rtain mon i tors . The rate pro
grammable feature a l lows compensating HS 
width . 
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VERTICAL TIMING REG ISTE� R'4 ,  R5 , R6 , R7 , R8 and R9 

The po i n t  of re ference for ve r t ica l reg i s t e r s  is the top cha r ac t e r  pos i t ion 
di sp l a y e d .  Ve r t ical  reg i s t e r s  are p rogramme d in cha ra c t e r  row t ime s or scan 
1 i ne t imes . 

Ve r t ic a l  Total  Reg i s t e r  ( R4 )  and 
Ve r t ic a l  Total  Adj ust Reg i s t er 
( R5 )  

Ve r t ic a l  D i sp layed Reg i s t e r  
( R6 ) 

Ve r t i c a l  Sync Pos i t i on ( R7 )  

In t e r l a ce Mode Reg i s t e r  ( R8 )  

Max imum S c an L i ne A dd re ss 
Reg is t e r  ( R9 )  
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The ve r t i ca l  f re qu ency of VS is dete rm ined 
by bo t h  R4 and RS . The c a l c u l a t e d  numbe r 
o f  chara c t e r  l ine t ime s is  usua l ly an 
integer  p l u s  a f ract i on to get exac t ly a 
50 o r  60  Hz ve r t i c a l  re f resh rate . The 
integer numb e r  of cha ra c t e r  l ine t imes 
m inus one is prog rammed in the 7 b i t  wr i te
on ly Ve r t ica l Tota l Reg i s t e r ;  the f rac t ion 
is  p rog ramme d in the 5 b i t wr i te-only 
Ve r t ica l Scan Ad j ust Reg i s t e r  as  a numb e r  
o f  scan l i ne t imes . 

Th is  7 b i t  wri t e- on l y  reg i s t e r  dete rmine s  
the numbe r  of  d i s p l ayed cha rac te r  rows on 
the CRT screen , and is p rog ramme d in 
characte r  row t i mes . 

Th i s  7 b i t  wri te-on l y  re g i s t e r  determine s  
the ve r t ic a l  sync po s i t i on w i th respect t o  
the re ference . I t  i s  p rog ramme d in 
cha racter row t i mes . 

Th is  2 b it wr i t e-on l y  reg is t e r  con t ro l s  the 
ras t e r  scan mode ( se e  Figure 4-9 ) .  When 
b i t  and b i t  1 a re rese t , or b i t  0 is res e t  
and b i t  1 se t ,  the non- i n t e r l ace ras t e r  
scan mode i s  se l ec t e d .  Tw o  inter l ac e  modes 
a re ava i lab l e .  Both a re inter laced sync 
ra s t e r  scan mode i s  se l ec t e d .  Also  when 
b i t  0 and b i t 1 a re se t ,  t he inte r l ace sync 
and video ra s t e r  scan mode is se l ec t e d .  

Th is  5 b i t  write-on l y  reg i s t e r  det e rm ine s 
t he numbe r  o f  scan l i nes per  cha rac ter  row 
inc l ud ing spa c ing . The p rogramme d va l ue 
i s  a max a dd re ss and i s  one l ess than the 
numbe r of scan l ine s . 



OTHER REG ISTERS 

Cu rsor S tart  Register ( Rl O)  

Cu rsor End Reg ister ( R1 1 ) 

S ta rt Addre ss Reg ister ( H  & L )  
( R1 2 ,  R13 ) 

Light Pen Reg ister ( H  & L )  
( R16 , R1 7 )  

Cursor Reg ister  (H  & L )  
( R1 4 ,  R1 5 )  

CURSOR 

This 7 bit  write-only register con t ro l s  the 
cursor format ( see Figure 4-8 ) . Bit  5 is 
the b l ink timing control . When bit 5 is 
low,  the b l ink f requency is 1 / 1 6  of the 
vertical  fie ld ra te , and when bit  5 is 
high , the b l ink f requency is 1 /32  of the 
ve rtical  f ie ld rate . Bit _6 is use d  to 
enab le � b l ink.  The cursor start scan 
l ine is se t by the lower 5 bits . 

This 5 bit  write-only reg ister sets  the 
cursor end scan l ine . 

Start Add res s  Register  is a 1 4  bit  write
only reg ister  wh ich determines the f i rs t  
address  put out a s  a re fresh address  after 
vertical  b lank ing . I t  consi sts of an 8 

bit  lower reg iste r ,  and a 6 b i t  higher 
registe r .  

This 1 4  bit  read-only reg ister is  used to 
s tore the contents of the Address Reg ister  
( H  & L)  when the LPSTB input pul ses high . 
This reg i s ter  cons ists of an 8 bit  lower 
and 6 b i t  higher register . 

This 1 4  bit read/write register stores the 
cursor location .  Th is . reg i s ter  cons ists  of 
an 8 b it lower and 6 bit  h ighe r  registe r .  

The Cu rs or Sta rt and End Registers  al low a cursor o f  up to 32  scan l ines in 
height to be p laced  on any scan l ines of t he cha racter b lock as shown in Figure 
1 0 .  Using Bits  5 and 6 of the Cursor Start Register , the cu rsor is programmed 
w.f th b l ink pe riods of  16  or 3 2  t imes the f ie ld pe riod . Opt ional- non-b l ink and 
non-di splay modes can a l so be se l ected .  When an external 2X b l ink on 
characte rs is required ,  it may be neces sary to perform cursor b l ink externa l ly 
as we l l  so that both b l i nk ra tes are synchronized.  Note that an invert /non
inve rt cu rsor is eas i ly imp lemented by programm ing the CRTC for b l ink ing cursor 
and exte rna l ly invert ing the video signal with an exc lus ive-OR . 
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The c u rs o r i s  p o s i t i oned by changing the con t e n t s  of reg i s t e rs R14  and Rl S .  
The c u rs o r  can be p l a c e d  a t  any o f  1 6K charac t e r  pos i t ions , thus fac i l i t a t i ng 
ha r dware pag ing and scro l l i ng thr ough memory wi t hou t loss  o f  the curso r ' s  
orig i n a l  pos i t i on .  

INTERLACE / NON- INTERLACE DIS PLAY MODES 

An i l l u s t ra t i on o f  the 3 ra s t e r  scan modes of ope ra t ion is hown in Figure 4-1 2 
No rma l s ync mode i s  non- in t e r lace . In th i s  mode , each scan l i ne  is  re f reshed  
a t  the  ve r t i c a l  f i e ld ra t e  ( e . g . , 50 o r  60 Hz ) .  Frame t ime i s  div i d e d  into  
ev en and odd al t e rna t i ng f i e l d s .  The  ho r i z on t a l  and ve rt i c a l  t i ming re l a t i on
sh i p  r e s u l t s  in · t he d i s p l aceme nt of scan l ines  in t he odd f i e ld  w i t h  r e spect  to 
th e e v e n  f i e l d .  Whe n the same in fo rma t ion is pa i n t e d  in bo t h  f i e l d s , the mode 
i s  c a l l e d  " I nt e r lace Sy nc , "  t h i s  is a use ful  mode f or enhanc ing readab i l i t y  by 
f i l l i ng in a cha rac te r .  Whe n the even l i ne s o f  a charac t e r  are d i s p l a y e d  i n  
t he even f i e ld and t h e  o dd l in e s  in t he o dd f ie l d ,  the mode i s  c a l l e d  
" In t e r l a ce Sync and Video " .  Th i s  l a s t  mode e f f ec t ive ly doub l es the charac t e r  
d e n s i t y  on a mon i t or of  a g iven bandw i d t h .  T he d i sa dvantage o f  both i n te r l ace 
modes  i s  an  appa r ent  f l icker e ff ec t , wh ich can be re duced by ca re ful  mon i t or 
de s ign . 

The re a r e  re s t r i c t i ons on the por gramm ing o f  CRTC re g i s t e r s  for int e r lace  
ope r a t i on :  

( 1 ) Hor i zont a l  t o t a l  cha rac t e r  count , N ht mus t be odd ( i . e . , an even numbe r 
o f  cha rac t e r  t imes ) 

( 2 ) For In t e r l ace  Sync and V ideo mode on l y ,  the max scan l i ne addres s ,  N8a  
must  be odd ( i . e . , an  even number o f  scan l ines ) 

( 3 )  For I n t e r l ace  Sync and V ideo mode on ly , the Ve r t ica l D i sp l a yed Tot a l 
cha r ac t e rs must  be even . The p rog ramme d number , Nvd • must  be one-hal f  
the ac tua l number  re qui re d .  

( 4 )  For I n t e r l a ce Sync & Video mode on l y ,  the Cu rsor START and Cursor End 
Reg i s t e rs must bo th be even or bo th odd . 

L I GHT PE� 

The cont e n t s  of the CRTC Add ress  Counter are strobed into R16 /R1 7 Light Pen 
Reg i s te r s on the next high to low CLK trans i t i on a f ter  LPSTB goes  h igh . In 
mo s t  syst ems , the l ight pen signal wou ld  also cause a p roc e s s o r  interrupt 
rou t i ne to read Rl6 /R1 7 .  S low l ight pen re sponse re qui res t he proces sor 
so f tware to modify the capture d  add ress  read f rom R1 6/R1 7 by a ca l ibra t i on 
f a c t o r .  
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PROGRAMMING CONSIDERATIONS 

In i t ia l i zat i on 

H a r dware Scro l l i ng 

6845 CRTC PIN DESCRIPTION 

Proce s s o r  In t e r face 

Reg i s t e r s  RO -R l S mus t  be in i t ia l i z e d  a f te r  
power i s  t u rne d on . The p roc e s s o r  nor ma l ly 
l o a ds t h e  C RTC re g i s t e r s s e quent i a l l y  f rom 
a f i rmw ar e tab l e . H e nc e f o r t h , RO-R l l a re 
no t cha nge d in  mos t sy s t em s . The 6800 
pro g ramme in Tab l e  3 and F i gure 1 2  shows a 
t yp i ca l CRTC i n i t i A l i z a t i o n . 

Reg i s t e r s R 1 2 / R 1 1 c o n t e n t s  de t e rmi ne wh i ch 
mem o r y  l oc a t i on i s  t h e f i r s t  d i s p l a y e d  

cha r :1c t e r o n  t he S (  r e e n . S i nce t he CRTC 
L i ne a r  Add re s s  G e n e r a t o r  count s f ro �  t h i s  
beg i nn ing c ount , t h e  d i s p l aye d p o r t  i on , ) f  
the scre e n  m a y  b e  a w i n d ow on any 
co n t i nuous s t r i ng o f  c h a r a c t e r s w i th in ;� 
1 6K b l o ck o r  re f re s h  memory . By c e i : i e 1  i ng 
the R 1 2 / R 1 3  p o i n t e r i n  t h e  m i ddl e o f  t h e 
ava i l a b l e  memory s p a c e , s c r o l l i ng up or 
down i s  p o s s ib l e  • . .  by l i ne ,  pag e , or 
cha ract e r .  

T he CRTC inter fac e s  t o  a p roce s sor b u s  on the b i d i rec t i ona l data  bus  ( DO-D7 ) 
us ing CS , RS , E ,  and R/W for  con t ro l  s ig n a l s . 

Dat a Bus ( DO-D7 ) 

E na b l e  ( E )  

C h i p  S e lec t  ( C S )  

The b i d i re c t i ona l d a t a  l i n e s  ( DO-D7 ) a l l ow 
d a ta t ra ns f e r s between t he CRTC i n t e rna l 
Re g i s t e r F i l e  and the p roce s s o r . Data  bus 
ou tput d r i ve r s  a re 3 - s t a t e b u f f e rs wh ich 
rema i n  in the h i gh impedance s ta te exc e p t  
when t he p roce s s o r pe r f o rms a CRTC read 
ope r a t i on . A h igh l eve l on a data p in is 
a log ic a l  " 1 " .  

The enab l e  s i gna l  is  a h igh impe dance TTL/ 
MOS compa t ib l e  i npu t wh ich enab l e s  the dat a 
bus input /o u tp u t  bu f f e r s  and c l ocks d a t a  to 
and f rom t he CRTC . Th i s  s ignal is usu a l l y  
derived f rom the proc e s s or c l ock , an d the 
h i gh to l ow t ran s i t i on is the act ive e dge . 

The CS l in e  i s  a h igh impe ndance TTL/MOS 
compa t i b l e  i nput wh ich se l e c t s  t he CRTC 
whe n low to re ad or w r i t e  the int e rna l 
Reg i s t e r  F i l e .  Th i s  s igna l should  only  be 
ac t ive when the re is a va l i d s ta b l e  addre s s  
be ing decoded f rom the p roce s s or .  
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Reg i s t e r  S e l ec t  ( RS )  

Re a d /W r i t e ( R/W ) 

CRT CONTROL 

The RS l i n e  is a h ig h  Lm p e n d a nc e TTL/MOS 
compa t i b l e  i n p u t wh i c h  s e l ec t s  e i t he r the  
Add re s s  Re g i s t e r  ( RS = "0" ) o r  one o f  the 
Da t a  R e g i s t e r s  ( R S = " 1 " )  o f  the i n t e r na l 
Re g i s t e r  F i l e . 

The R/W l i ne i s  a h i gh impe d a n c e  TTL /MOS 
compa t i b l e  inp u t  1-1h i c h  d e t e rm ine s whe t h e r  
t h e  i n t e r n a l Re g i s t e r  F i l e  g e t s  wr i t r e n n r  
re a d . A wr i t e  i s  a c t i ve l ow ( "0" ) . 

The C RTC p rov i d e s  ho r i z on t a l  s ync ( HS ) , ve r t i c a l s y nc ( VS ) , a n d  D i sp l a y c · d  
E n a b l e  s i g na l s . 

Ve r t i c a l  s ync ( V  SYN C )  

Hor i z on t a l  S y nc ( H  SYN C )  

D i s p l a y  Ena b l e  

Th i s  TT L compa t i b l e  ou t p u t  i s  a n  ac r i ve 
h i gh s i g n a l 1-1h i c h  d r i ve s  a re mon i t o r  
d i re c t l y o r  i s  f e d  t o  V i d e o  P r o c e s s i ng 
Log i c  f o r  c omp o s i t e g e n e ra t i on . T h i s  
s i gna l d e t e rm i n e s  the ve r t i c a l po s i t i o n  n f  
t he d i s p l a y e d  t e x t . 

Th i s  TTL c ompa t i b l e  o u t p u t  i s  an ac t i v e  
h i gh s i g n a l wh i c h  d r i v e s  the  mon i t o r  
d i re c t l y o r  i s  f e d  to V i d e o  P roc e s s i n g  
Log i c f o r  c omp o s i te g e n e r a t i on . Th i s  
s i g na l d e t e rm i n e s  t he ho r i z on t a l  pos i t i o n  
o f  t he d i s p l a y e d  t ex t . 

Th i s  TT L compa t i b l e ou t p u t  i s  an ac t iv e  
h i gh s i g n a l  wh ich  i n d i c a t e s  the CRTC i s  
p rov i d i ng a dd re s s i ng i n  the a c t i ve D i sp l a y  
A rea . 

REFRESH MEMORY/ CHARACTER GENERATOR ADDRESS ING 

The CRTC p rov i d e s  Nemory Add r e s s e s  ( HAO-�!A l 3 ) t o  s c a n t h e  Re f r e sh RAN . A l so 
p rov i d e d  a r e  Ra s t e r  Add re s s e s  ( RAO-RA4 ) f o r the c h a ra c t e r  RON . 

Re f re sh Memory Add r e s s e s  
( 1!AO-MA 1 3 )  

Ra s t e r  A dd re s s e s  ( RA0-RA4 ) 

The s e  1 4  o • I l p u  t s  a r e  u s e d  to  re f re s h  the  
CRT s c r e en w i th p a g e s  o f  data  l oc a t e d  
w i t h i n  a 1 6K b l o c k  o f  re f re s h  memo r y . 
T he se  o u t p u t s  d r i ve a TTL load and 3 0pF . 
A h igh l eve l on NAO-HA 1 3  i s  a log i c a l  " 1 " .  

The se  5 o u t p u t s  f rom the i n t e r na l  Ra s t e r 
Coun t e r  a dd re s s  the Cha r a c t e r  ROM f o r  th� 
row of a c h a rac t e r .  T h e se  ou tpu t s  d r i ve 
a TTL l o a d  and 30pF . A h igh l eve l ( on 
RAO-RA4 ) i s  a l o g i c a l  " 1 " .  
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OTHER PINS 

Cu rsor  

Cl ock ( CLK) 

L i ght Pen  S t robe ( LPSTR ) 

.Yc..c. • G 
RES 

Th i s  TTL compa t i b l e  ou t p u t  i n d i c a t e s  Curso r  
D i sp l a y  t o  e x t e rna l V i d eo P roce s s i n g  Log i c . 
Ac t ive h i gh s i gna l . 

The CLK TTL/MOS compa t i b l e  inp u t  i s  used  to 
sync h r on i z e a l l CRT con t ro l  s i gna l s . An 
exte rna l dot co u n t e r  is u s e d  to  de r i ve t h i s  
s i gna l wh i c h  i s  us u a l l y  the charac t e r  ra t �  
in an al p hanume r i c CRT . The act ive t ran
s i t i on i s  h igh to �ow . 

T h i s  h i gh impendance TTL/MOS compa t i b l e  
inp u t  la t c he s  the cu rre n t  Re f r e s h  Add r e s s e s  
i n  the Reg i s ter  F i l e . Latch ing i s  o n  the 
low t o  h igh edg e  and i s  synchron i z e d  
inte rna l ly t o  cha rac t e r  c l ock • 

The RES i nput i s  used  to R e s et the CRTC . 
An inp u t  low l eve l on RES fo rces  CRTC i n t o  
fo l low ing s t a t us : 

( A )  A l l  the count e r s  in CRTC are c l eared 
and t he dev i ce s t ops  the d i s p lay 
ope ra t i on . 

( B )  Al l the ou tpu t s  go down to low l eve l .  

( C )  Con t r o l  reg i s t e rs in CRTC a re not 
a f f ec t e d  and rema i n  unchanged . 

Th i s  s i gna l i s  d i f f e rent f rom o t he r  6800 
fam i l y  in the fo l l ow ing func t ions : 

( A) RES s i gna l has capab i l i t y of res e t  
func t i on only  when LPSTB is  a t  low 
l eve l .  

( B )  A f t e r  RES has gone down to  l ow l eve l ,  
output s i g na l s  o f  HAO-MA1 3  and RAO
RA4 , s ynchron i z ing w i th CLK low l eve l ,  
goes down to low l e ve l .  ( At l e as t  1 
cyc l e  CLK s i gna l is nec e s sary for 
reset . )  
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( C )  The CRTC s t a r t s  the D i s p l ay ope ra t ion 
i mme d ia t e l y a f te r  the re l ease o f  RES 
s igna 1 .  

--

RES LPSTB OPERAT ING HODE 

0 0 R e s e t 
0 1 Te s t  Node 
1 0 Norma l Mode 
1 1 N o rma l Mode 
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FD1 793 FLOPPY DISK CONTROLLER DESCRIPTION 

The F lo ppy D isk Forma t t e r  b l ock d i a g ram ( STM-003-C ) .  The p r i mary  sec t i on s  
i nc l ude t he pa ra l l e l  pro c e s s or i n t er face and t h e  F l oppy D i sk i n t e r f ace . 

DATA SHIFT REGISTER - Th i s  8-b i t  reg i s t e r  as semb l es se r i a l  data f rom 
the  Rea d Da t a  inpu t ( RAW READ ) du r i ng Re a d  ope ra t i ons and trans fers se r i a l  data 
to t he Wr i te Data ou t put  du r ing Wr i te ope ra t i ons . 

DATA REGISTER - Th i s  8-b i t  re g i s t e r  is  us e d  as a ho l d ing re g i s t e r  du r ing D i s k  
R e a d  a n d  Wri t e  ope ra t i o n s . In  D i s k  Rea d ope ra t i ons the a s s emb l e d  d a t a  by te is  
tra n s f e r re d  in para l l e l  to the  Da t a  Reg i s t e r  f rom the  Data  Sh i f t  Regi s t e r .  I n  
D i sk Wr i t e opera t ions i n f o rma t i on is  t rans f e rre d in para l l e l  f rom the D a t a  
Reg i s t e r  to t h e  Da t a  Sh i f t  Reg i s t e r .  

Whe n execut i ng the Seek command the Da t a  Reg i s t e r  ho l d s  the addre s s  of the 
de s i re d  Track pos i t i on .  This  reg i s t e r  i s  l oaded  f rom the DAL and ga ted� onto 
the  DAL und er proce s sor contro l . 

TRACK REGISTER - Th i s  8-b i t  reg i s t e r  ho l d s  the track number o f  the current 
Rea d /Wr i t e h ead pos i t i on .  It is  incremented by one e very t i me t he head i s  
s t ep p e d  i n  ( towards track 7 6 )  a n d  decreme n t e d  by one when t h e  head i s  stepped 
out  ( towards track 00 ) .  The c on t e n t s  of t he reg i st e r  a re compared with the 
re c o r d e d  track number in the ID f i e l d  du ring disk  Rea d ,  Wr i t e , and Ve r i fy 
ope r a t i o ns .  The Tr ack Reg i s t e r  c an be l oaded  f rom or t r ans f e rre d  to the DAL .  
Th i s  Reg i s ter  shou ld no t b e  loaded whe n the device is bus y .  

SECTOR REGISTER ( SR) - T h i s  8-b i t  reg i s t e r  ho lds  t he a dd r e s s  o f  the d e s i re d  
se c t or po s i t i on .  The con t e n t s  o f  the reg i s t e r  are compar e d  with  the recorded 
sector numb er in the ID f i e l d  du r ing d isk Read or Wr i te ope rat i ons . The S e c tor 
Reg i s t e r  contents  can be loade d  f rom or t rans fer re d to  the DAL . Th i s  reg i s t e r  
shou l d  not  b e  l oaded wh en t he devi ce is b us y .  

COMMAND REGISTER ( CR) - Th i s  8-b i t  reg i s t e r  ho l d s  the command pre s ent l y  be i ng 
execu te d .  This  reg i s t e r  shou ld not be l oaded when the dev ice is  b us y  un less  
the  new connand is  a force inte r r up t . The command re g i s t e r  can be  loa ded f rom 
t he DAL , but  not rea d on t o  the DAL . 

STATUS REGISTER (STR) - Th i s  8-b i t  reg i s t e r  ho l d s  device  S t a t u s  informa t i on .  
The mean ing of the S t a t us b i t s  i s  a func t i on of the t ype of command previous ly 
exec ute d .  This  reg is ter  can be rea d  ont o  the DAL ,  but not loaded f rom the DAL . 

CRC LOGIC - This  log ic i s  use d  to check or to gene ra te the 1 6-b it Cyc l ic 
Re dundancy Check ( CRC ) . the po lynom ia l is : 

G( x)  = x16 + x 12 + x 5 + 1 
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The CRC i n c l u d e s  a l l i n f o rma t i o n  s t a r t ing w i t h  t h e  addre s s  ma rk and up to the 
CRC cha r ac t e r s . The CRC re g i s t e r  is p re s e t  to one s  p r i o r  to d a t a  be ing sh i f ted  
t h rough t he c i rcu i t . 

ARITHMETI C/LOGIC UNIT ( ALU )  - The ALU is  a se r i a l comp a r a t o r ,  inc reme nt e r , and 
dec reme n t e r  and is u s e d  for reg i s t e r  mo d i f i c a t i o n  and compa r i s ons wi t h  the d i sk 
recorded  I D  f i e l d .  

TIMING AN D  CONTROL - A l l  compu t e r  and F l oppy D i s k  In t e r f ace con t ro l s  are 
gene r a t e d  th ro ugh th i s  l o g i c . The inte rna l dev i ce t i m ing i s  gene r a t e d  f rom an , 
e x t e rna l c ry s t a l  c l ock . 

The FD 1 79 1 / 3 ha s two d i f f e rent  modes 
D DEN . Wh en DDEN = 0 ,  doub l e  dens i t y  
den s i t y  ( FM ) i s  a s sume d .  

of ope r a t ion acc o r d i ng to the s ta te o f  
( NFD ) i s  a s sume d .  When DDEN = 1 ,  s ing l e  

M.t\'1\ 
AM DETECTOR - The add re s s  ma rk detector  de tec t s  I D , data and index a dd re s s  
marks du r ing r ead and wr i t e opera t ions . 

Whe neve r a Rea d o r  W r i t e  comma �d ( Type I I  or II I )  i s  re c e i ve d  the FD 1 79 X  
s amp l e s t he R ea dy inpu t . I f  t h i s  input i s  log ic l ow t he command i s  not 
exec u t e d  and an i n t e r rup t is gene ra t e d .  A l l  type I commands are per forme d 
reg a r d l e s s  o f  t he s t a te o f  t he keady inpu t . A l so ,  whe neve r  a Type I I  or III  
command i � rece ive d ,  the TG43 s i gna l ou tput  i s  up d a t e d .  

PRO CE S SOR INTERFACE 

T he i n t e r f ace to t he p roce s s o r  i s  accomp l i she d  th rough the e i ght Data Acce s s  
L i n e s  ( DAL)  and a s so c i a t e d  cont r o l  s igna l s .  T h e  DAL a re used to t rans f e r  Data , 
S t a t u s , and Cont ro l wor d s  ou t o f , or into the FD 1 793 . The DAL are three s t a t e  
buf f e r s  that  are  enab l e d  as  ou t p u t  d r i v e r s  whe n Ch ip  Se l ect  ( CS )  a n d  Rea d 
E na b l e  ( RE ) are ac t i ve ( low log i c  s t a t e ) o r  ac t a s  inp u t  rec e i ve r s  when CS and 
Wr i te Enab le  ( WE )  a re ac t i ve .  

Wh en t ra ns f er  o f  da ta w i th t he F l op py D i sk Con t ro l l e r  i s  re q u i re d  by t he host 
p roce s so r ,  t he d e v i ce a dd re s s  i s  decoded and CS i s  ma de low. The a dd r e s s  b its  
A l  a n d  AO , comb ined w i t h  the s igna l s  R E  du r i ng a Rea d ope ra t i on or WE du ring a 
W r i t e  o pe r a t i on a re i n t e rp re te d  as  se l e c t ing t he f o l l ow ing reg i s t ers : 

A1 -AO 

0 0 
0 1 
1 0 
1 1 

READ ( RE )  

S t a t us Reg i s ter  
T rack Reg i s t e r  
Sector Reg i s t er 
Data Reg ister 
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WRITE ( WE )  

Command Reg i s te r  
T rack Reg i s t e r  
Sec tor Reg i s te r  
Data Reg i s t e r  



Du ri ng D i rect Memory Acc e s s  ( DMA ) t ype s o f  data  trans fers  be tween the Data  
Reg i s t e r  of t he FD 1 79X and t he p roce s so r , t he Data  Re que st  ( DRQ ) ou tput i s  used 
in Dat a  Tra n s f e r  contro l . Th i s  s i gna l a l s o  appears  as sta tus bit  1 dur ing Read  
and Wr i te ope r a t ions , 

On D i s k  Read operat ions the Da t a  Reques t is  ac t ivat e d  ( se t  h igh ) when an 
a s s e mb l e d  s e r i a l  input byte  is t ra n s f e rred in para l l e l  to  the Data  Reg i s t e r .  
Th is b i t  i s  c l e a r e d  whe n the Data  Reg i s t e r  i s  re a dy by the p roce ssor . I f  the 
Da ta Reg i s t e r  is .  read a f t e r o ne or more cha rac t e rs are l o s t , by having new d a t a  
trans f e r r e d  into  the reg i s t e r  p r i o r t o  p roce ssor  rea dou t ,  t h e  Los t  D a t a  b i t  i s  
s e t  in  t he S t a tus Reg i s t e r . T he R e a d  ope r a t i on cont i nues unt i l  the e n d  o f  
se c t o r  is  re ache d .  

On D i s k  Wr i t e  ope ra t ions the data  Requ e s t  i s  ac t i va t e d  when the Da t a  Regi s t e r  
t rans f e rs i t s  cont e n t s  t o  t he D a t a  S h i f t  Reg i s t e r ,  and requi res a new d a t a  
byte . I t  is  re set whe n  the Dat a  Reg i s t e r  is loaded with  new data by the 
p roce s so r .  I f  new da ta i s  n o t  l oaded  at t he t i me the next s e r i a l  by te is  
re qu i re d by the F loppy D i s k ,  a byte  of zeroes  is wri t t e n  on the  disk e t t e  and 
t he Lo st  Da t a  b i t i s  s e t  in t he S t a tus Reg i s t e r .  

A t  t h e  comp l e t io n  o f  every conunand an INTRQ i s  genera t e d .  INTRQ is  res e t  by 
e i ther r e a d ing t he s t a t us reg i s t e r  or by l oa d ing the command reg i s ter with a 
new conunand . In a dd i t i on , INTRQ i s  gene r a t e d  i f  a Force inte rrup t  comma n d  
c ond i t i on is met . 

FLOPPY DISK INTERFACE 

The 1 79 3  ha s two modes of ope rat ion ac cording to the s t a t e  of DDEN ( P in 3 7 ) . 
When D DEN = 1 ,  s ing le  dens i t y  i s  se l ec te d .  In  either ca se , the CLK i nput ( P in 
24 ) is a t  2 MHz . Howeve r ,  when in t e r fac ing with the  m in i - f l oppy , the  CLK input 
is s e t  a t  1 MHz for bo th s ing l e  dens ity  and doub l e  d en s i t y .  When the c lock is 
a t  2 MHz , the s t ep p ing ra t e s  o f  3 ,  6 ,  1 0 ,  and 1 5  ms are ob t a i nab l e .  Whe n  CLK 
e qua l s  1 MHz the se  t imes a re doub l e d .  

DISK READ OPERAT IONS 

Sector  l e ngths of  1 28 ,  256 , 5 1 2  or 1 024 are obta inab le  in e i ther FM ro MFM 
forma ts .  For FM ,  DDEN should be p laced to logical " 1 " � For MFM forma t s , DDEN 
shou l d  be placed to a logical "0" . Sec tor lengths are de t e rm ined at format 
t i me by a special byte in the " ID" f ie ld .  I f  this S e c t or l ength by te  in the I D  
f i e l d  is  zero , then the sector  length is  1 28 byte s . I f  0 1  then 2 5 6  byte s . I f  
02 , then 5 1 2  bytes . I f  03 , then t he s e ctor l eng th i s  1 024 bytes . The number  
o f  s e c t ors pe r track as  far as  the FD1 79 is conce rned can  be  f rom 1 to  255  
s e c t o rs .  The number  of  track s as far as  the FD1 79 is conce rned i s  f rom 0 to 
255 track s . For IBM 3 740 compa t i b i l i t y ,  sector lengths a re 128 bytes with 26 
s e c t o rs per  track .  For System 34 compa tibi l ity (MFM ) , sect or l eng ths are 2 56 
by te s / sector with 26  sectors / t rack ; or lengths of  1024 byte s / sector  with 8 
sectors / t rack. ( See Sector Length Table ) 
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For r ea d  ope r a t i o n s , t he FD 17 93 re q u i r e s  RAW READ D a ta ( P in 2 7 )  s ig na l  wh i c h  i s  
a 2 5 0  ns pu l s e  pe r f l ux  t r ans i t i on and a R e a d  c l ock ( RCLK ) s igna l t o  ind i c a t e  
f l ux t ra n s i t i on s p a c ing s . T h e  RCLK ( P in 2 6 )  s ig n a l  i s  p ro v i d e d  b y  some d r i ve s  
bu t  i f  no t i t  ma y be d e r ive d e x t e r n a l l y by Pha s e  lock l oop s , one sho t s , or 
c o unt e r  t e c h n i qu e s . In a d d i t i on ,  a Read G a t e S ign a l is p rov i de d  as an ou tput  
( P in 2 5 ) wh i c h  c a n  be u s e d  to i n f o rm pha s e  l o c k  l oops whe n  to ac qu i re 
s y n c h r o n i z a t i on .  Wh en r e a d ing f rom t he me d i a i n  FM ,  RG i s  ma d e  true when 2 
b y t e s o f  z e r o e s a r e  d e t e c t e d .  The F D 1 7 9 3  mus t f i n d  an a dd r e s s  ma rk w i t h i n  the  
ne xt  10  by t e s ;  o t h e rw i se R G  i s  r e s e t  a n d  t he s e a rch for 2 b y t e s  of  z eroe s 
be g in s  a l l o v e r  aga i n .  I f  a n  a d d re s s  ma rk i s  found w i t h i n  1 0  b y t e s , RG rema i n s  
t rue a s  l ong as t h e  FD 1 7 93 i s  d e r i v i ng any u s e f u l  i n forma t i on f rom t he d a t a  
s t r e am .  S im i l a r l y  for MFM , RG i s  ma de ac t i ve whe n 4 b y t e s  o f  "00" o r  "FF" a re 
d e t e c te d .  T he FD f 7 93 m u s t  f ind an a ddre ss mark w i t h in t he nex t  1 6  bytes , 
o t h e r w i s e  RG i s  re s e t  an d  s e a rc h re s ume s . 

Du r i ng re a d  ope ra t i ons ( WG = 0 ) , the  VFOE ( P in 33 ) i s  prov i d e d  for pha s e  l ock 
l o op s y n c h ro n i z a t i on .  VFOE w i l l  go ac t i ve whe n :  

( a )  Bot h  HLT and HLD a r e  T r ue 
( b )  S e t t ing Time , if p rogramme d ,  has  exp i re d  
( c )  th e 1793 i s  insp e c t i ng d a t a  of f the d i sk 

I f  WF /VFOE i s  no t u s e d , l eave op e n  or t i e  to a l OK res i s t o r  to +5 . 

D I S K  WR I T E  OPERAT ION 

Whe n wr i t i ng i s  t o  t a k e  p l a ce on the  d i sk e t t e  the W r i t e  Ga t e  ( WG )  ou tpu t i s  
a c t i va te d ,  a l low ing cu r r e n t  t o  f l ow i n to t he Read/ Wh i t e h ea d .  As a preca u t i on 
t o e r roneous w r i t i ng the  f i r s t  d a t a  b y t e  mus t b e  l o a d e d  i n t o  the Data Reg i s t e r  
i n  r e s p o n se t o  a Da t a  R e que s t  f rom the  FD1 7 9 3  be fo re the Wr i t e  G a te s ignal  can 
be a c t i va t e d .  

W r i t ing i s i nh i b i te d  wh en t he Wr i te P rot e c t in put i s  a log ic  low, i n  wh ich  c a s e  
an y W r i t e  command i s  imme di a t e l y t e rm i na t e d ,  a n  i n t e rrupt i s  g ene ra t e d a n d  t he 
W r i t e  P ro t e c t  s t a t us b i t  i s  s e t . The Wr i t e  Fa u l t  inpu t ,  wh en a c t i va t e d , 
s i g n i f i e s  a wr i t i ng fau l t cond i t i o n  de t e c t e d  i n  d i sk dr ive e l ec t r o n i c s  such as  
f a i l u r e to d e t e ct wr i t e  cu rre nt f low when the Wr i t e  G a t e  i s  a c t i va t e d .  On  
d e t e c t i on of  th i s  f au l t  t he FD1 7 93 t e rm i n a t e s  t he cu rrent command , and s e t s  the 
W r i t e  Fa u l t  bit ( b i t  5)  in the S ta t u s  Wor d .  The Wr i t e  Fa u l t  i np u t  shou l d  be  
ma d e  i na c t i ve wh en t he Wr i te Ga t e  ou tput b ecomes inact i ve .  

For w r i t e  ope r a t i o ns , the F D 1 7 9 3  p rovides  Wr i t e  G a t e  ( P i n  3 0 )  and Wr i t e  Da t e  
( Pin 3 1 ) ou t p u t s .  Wr i t e  d a t a  cons i s t s  o f  a se r i e s  o f  500 ns pu l s e s  in FM 
( D DEN = 1 )  and 2 50 ns p u l s e s  i n  MFM ( DDEN = 0). Wr i te D a ta p rovides  the u n i que  
a dd re s s  ma rks in bo th forma t s .  
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A l s o  du r i d ng wr i t e ,  two a dd i t i o na l s ig na l s  a r e  p rov i d e d  for  wri t e  p recompen
sa t i o n .  The s e  are EARLY ( P i n  1 7 )  and LATE ( P i n  1 8 ) . EARLY is act i ve t r u e  whe n  
th e W D  pu l s e  a p p e a r i n g  o n  ( P in 30 ) i s  to b e  w r i t t e n  ea r l y .  LATE i s  ac t ive  t rue  
whe n  t h e  WD pu l s e i s  to  be wr i t t en LATE . I f bo t h  EARLY and LATE are l ow whe n  
th e WO pu l s e  i s  p re s e n t , t h e  WD pu l se i s  to be w r i t t e n  a t  nom ina l .  S in c e  wr i t e  
p r e c ompe n s a t i o n  va l u e s  va ry  f rom d i sk ma nu f ac t u re r  t o  d i sk manu f ac t u re r ,  the  
ac t u a l  va l u e  is  det e rm i n e d  by s e ve r a l  one sho t s  or  de l a y  l in e s  wh ich a r e  
loc a t e d  exte rna l to  t h e  FD 1 793 . The wr i t e  p re c ompe n s a t i on s i gna l s  EARLY a n d  
LATE a re v a l i d  f o r  t he du ra t i on o f  WD in b o t h  FM a n d  Mfll f orma t s . 

WR ITE ?RECOMPENSAT ION 

Wr i t e p re c ompe n s a t i o n  ( wh ich  coun t e ra c t s  th e ' d r i f t i ng ' when f l ux  t ra n s i t i o n s  
a re p l a ce d  c l o s e  toge t h e r  o n  t he more c r ampe d i n s ide t racks ) i s  ava i l ab l e  t o  
the  u s e r  on any  t rack s th a t  he fee l s  ne c e s s a ry .  

STATUS REGISTER SUMMARY 

A LL TYPE 1 READ READ READ WRITE WRITE 
B I T  COMMANDS ADDRE S S  S ECTOR TRACK SECTOR TRACK 

S 7  NOT READY NOT READY NOT READY NOT READY NOT . READY NOT READY 

S6  WR ITE 0 0 0 WR ITE WRITE 
PROTECT PROTECT PROTECT 

s s  HEAD LOADED 0 RECORD 0 WR ITE WRITE 
TYPE FAULT FAULT 

S 4  S EEK ERROR RNF RNF 0 RNF 0 

! S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 I 
I 

S 2  I TRACK 0 LOST DATA LOST DATA LOST LOST DATA LOST 
DATA DATA 

S l  INDEX DRQ DRQ DRQ DRQ DRQ 

so BUSY i BUSY BUSY BUSY BUSY BUSY ' ' 
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STATUS FOR TYPE 1 COMMANDS 

B I T  N AME MEAN ING 

5 7  NOT READY Th i s  b i t whe n  s e t ind i c a t e s  the dr ive is no t ready . When 
re s e t  i t  ind i c a t e s  that th e drive i s  ready . Th i s  b i t  i s  an ' 
inve r t e d  copy of th e Re a dy inp u t  and logica l ly ' o re d '  w i th i ' MR . 

56  P ROTECTED Wh en s e t ,  i n d i c a t e s  Wr i t e P r o t e c t  i s  act ivate d .  Th i s  b i t  i s  
I an inve r t e d  copy of WRPT inpu t . i 
I 5 5  HEAD LOADED Whe n  se t ,  i t  ind i ca t e s  the he a d  i s  loaded and engaged .  Th i s  I b i t  i s  a log i c a l  "and" o f  HLD and HLT s ig na l s . 

I 
54 5 EEK ERROR Wh en s e t ,  t he d e s i red t rack was not ve r i f ie d .  Th i s  b i t  i s  

re s e t  t o  0 whe n updat e d .  

5 3  C RC ERROR CRC en coun t e r e d  i n  ID f i e l d .  

5 2  TRACK 00 When s e t ,  ind i c a t es R ead/Wr i te head is po s i t i oned to T rack o .  Th i s  b i t  is an inve r t e d  copy o f  the TROO inpu t . 

S l  INDEX When s e t ,  indicates  index mark detected  f rom d r i ve . Th i s  
b i t  is  an inve r t e d  copy of the IP inpu t .  

SO BUSY Whe n se t command is in p ro g re s s . When re s e t  no coiiiDand is 
in progre s s . 
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STATUS FOR TYPE I I  AND I I I  COMMANDS 

B IT NAME HEAN ING 

S 7  NOT READY · Th i s  b i t  whe n s e t in d i c a t e s  the drive i s  no t rea dy .  When 
re s e t ,  i t  i n d i c a t e s  tha t the dr.i ve i s  rea dy . Th i s  b i t  i s  an 
inve r t e d  copy of the  Ready input  and ' ore d '  w i t h  MR . The 
Type I I  and I I I  Corrnnands w i l l  no t execu t e  un l e s s  the dr ive 
i s  r e a dy .  

S 6  WR ITE On Read Recor d : N o t  U se d .  O n  Read T rack : N o t  U sed . On 
P ROTECT any W r i t e : I t  i n d i ca t e s  a Wr i t e  P ro t e c t .  Th i s  b i t  i s  res e t  

wh en upda ted . 

s s  R ECORD TYPE/  On Rea d  Record : I t  ind i c a t e s  t he record- t ype code f rom data  
WRITE FAULT f i e l d  addre s s  ma rk . 1 = De l e t e d  Da ta Mark . 0 = Data Mark . 

On any Wr i te :  I t  indica t e s  a Wr i te Fau l t .  Th i s  b i t  i s  
re s e t  whe n upda t e d . 

S4 R ECORD NOT Wh en s e t ,  i t  ind icates  that  the d e s i re d  t rack , s e c t o r , or 
FOUND ( RNF ) s i d e we re not found . Th is b i t  is re s e t  whe n update d .  

S3 CRC ERROR I f  S4 i s  se t ,  an e r ror i s  found in one or more ID f i e lds ; 
ot herw i se i t  ind icates  e r ror in data f i e ld .  Th i s  b i t  i s  
re s e t  whe n update d .  

S 2  LOST DATA Wh en se t ,  it  ind icates  t he computer d i d  not respond to DRQ 
in one byte t ime .  Th is b it is re s e t  t o  z e ro when update d .  

S l  DATA REQUES T  Th i s  b i t  is a copy of  the DRQ ou tpu t .  Whe n  se t ,  i t  
indicat e s  t he DR i s  fu l l  on a Read Operat ion o r  the DR i s  
emp t y  on a Write ope rat ion . Th is b i t  i s  re s e t  to z e ro when 
upda ted .  

so BUSY Wh en s e t ,  command is und e r  ex ecu t ion . When re s e t ,  no 
command is  under execu t io n . 
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Dat a O rgan i z a t i o n  on t h e  D i sc  Me dia  

The d i s c ca r t r i dge con t a i n s  a magne t i c ox ide-co a t e d  d i s c , wh ich i s  vi s i b l e  
thr ough acce s s  ho l e s  i n  t h e  p l a s t i c j acket . The ho s t  s y s t e m ,  through the D i sc 
D r i ve , r e c o r d s  data  on the  d i s c  at addre s s e d  locat i on s . G iven the addr e s s  o f  
dat a o n  the  d i s c , the  read /wr i t e  he a d  qu i c k l y  loca t e s  a n d  re t r ieve s the de s i re d  
da t a .  A s  t he di sc s p i ns , s e r i a l  b i na ry d a t a  is  recorded ( or rea d )  on 
co nc e n t r i c  c i rc l e s  ca l l e d  t r ack s . Be low p i c t u re shows t rack 00 on the ou ter  
e dg e  o f  the  di sc ; the i n ne rmos t t rack i s  t rack 40 .  Each  of the  tracks  is  
d i v i d e d  i n t o  se c t o r s , wh i c h  are ma rke d by one  ho l e  punche d in  the d i s c . An 
a dd i t i ona l ho l e , INDE X , oc c u rs app ro x ima t e ly 1 8 0  degre e s  be fore sec t o r  0 
( se c t or locat ion depen d s  up on the re l a t ive po s i t ion of the rea d /wri t e hea d  and 
t he index sensor ) .  E ac h  t r ack s ta r t s  w i th a p u l se i n i t i a ted by the Index ho l e  
wh i l e  e a ch sector  s t a r t s  by a pu l s e  in i t ia t e d  by a sec to r  h o l e .  N o t i c e  tha t 
t he phy s i c a l  l ength o f  s e c t o rs va r i es  d i rec t ly in p rop o r t i on to  the d i s t ance o f  
th e t r ack f rom t h e  ce n t e r  o f  t h e  d i s c , d a t a  b i t s  a r e  c l o s e r  together o n  the 
h i gh e r  numbe re d  t r acks . 

Doub l e  D e n s ity 

Dou b l e  capac i t y  can be ob t a i ne d  by use  o f  MFM ( modi f ie d  f re quency modu l a t ion ) 
me thod o f  �ncod ing d a t a  on t he d i sc .  

HFM 
1 B I T  CELL 
2 S EC 

CELL ENCODING 

8 0 I I I I 
:...n.. n...: 

' � 
NO PULSE NEEDED FOR ZERO 
I F  PRECEDED BY A ONE . 

MFM d i sc encoding forma t . 

4 . 88 

SERIAL BIT STREAM 

( I I I I o I o I o I •J 
1 I I I t 
1 I I I f I 

• 



SA200 DISK DRIVE 

FUNCTIONAL OPERATIONS 

The fo l l owing paragraphs def ine the func t i ona l as we l l  as the t iming re l a t ion
s h i p s  of t he ope rat ions for the SA200 .  

Power S e quenc ing 

App ly ing de powe r to the SA200 can be done in any se quenc.e . Howeve r ,  du r ing 
pow e r- up , t he WR ITE GATE l i ne mu s t  be he l d  in a c t ive or at a h i gh l eve l .  Th i s  
w i l l  p revent po s s i b l e  "g l i t c h ing" o f  the me dia . Af ter  app l i ca t i on o f  d e  powe r , 
a 3 50 ms de lay shou ld be int roduced be fore any ope r a t i on i s  per forme d .  Af ter 
powe r ing on , in i t i a l  po s i t ion  of the rea d /w r i t e  hea d  w i th re spec t to the data 
t r ack s on t he me dia  can be read in t he header I D  f i e l d .  I n  order t o  a s sure 
prope r po s i t i oning of the read/wr i t e  he a d  a f te r  powe r i ng on , a step out 
ope r a t i on shou ld be per forme d unt i l  t he TRACK 00 l i ne become s act i ve 
( reca l i b r a te ) .  

D r i ve S e l ec t i on 

Drive se l ec t i on occurs whe n the app ro p r i a t e  DRIVE SELECT l i ne i s  ac t ivated and 
t he p roper se l e c t  j umpe r  b l ock is insta l l e d .  

Mot or On 

In or der for the ho s t  s y s t em to read or wri t e  data , the de dr ive motor mus t  be 
t u rne d  on . Th i s  i s  ac comp l i she d by a c t iva t ing t he MOTOR ON l ine . A 3 50 ms 
de l a y  mus t be i n t ro duce d a f t e r  ac t iva t ing th i s  l i ne to a l l ow the motor to  come 
up to speed be fore rea d ing or writ ing c an be accomp l i she d .  

The mot o r  mus t be t u rned o f f  b y  the ho s t  system by deac t ivat i ng the MOTOR ON 
l i ne .  T h i s  shou ld be done i f  the d r i ve ha not rece ived a new command w i th in 2 
second s  ( 1 0  re vo l u t i on s  o f  di ske t t e ) a f t e r  comp l e t ing the execu t i o n  of the las t 
command . This  ensures max imum mot o r  and me d i a  l i f e _.  

T r ack Access ing 

S ee k ing the re a d /wr i t e he ad f rom one t rack to ano the r is accomp l i shed by : 

( a ) WRITE GATE be ing inac t i ve . 

( b )  Ac t i va t i ng the DRIVE SELECT l ine . 

( c )  S e l e c t ing t he de s i re d  d irect i on us ing the DIRECTION SELECT l ine .  

( d )  Pul s i ng the STEP l i ne . 
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Mu l t i p l e t r ack acce s s ing i s  ac comp l i shed b y  repea t e dly  pu l s i ng the STEP l ine 
unt i l  t he de s i re d  t rack h a s  b e en reache d .  E ach p u l se on the  STEP l ine w i l l 
cause the read/wr i t e  he ad to move e i ther one t rack in or one t rack out , 
d e pend ing on t he DI RECTION SELECT l i ne . DIRECTI ON SELECT is  t r i ggere d  by the 
t r a i l ing e dge of the s t ep pu lse . Hea d movemen t  is  in i t ia t e d  on the t ra i l ing 
e dge o f  t he s t ep p u l se . 

S t ep Out  

W i t h  the DI RECTI ON SELECT l i ne at  a log ica l one leve l ( 2 . 5  to  5 . 2SV) , a pulse  
on t he STEP l i ne wi l l  cause t he r ead/wr i te head to move e i ther one t rack away 
f rom th e centre of the di sk towards t rack 00 .  

S tep In 

With the DI RECTION SELECT l i ne a t  a m inus log i c  l eve l (0  t o  0 . 4V) , a pu l se on 
t he STEP l i ne wi l l  cause t he read/wr i te head to move one t rack c l oser to  the 
centre o f  the d i sk towards t rack 39 . 
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P IN 
NO . 

1 

1 9  

20 

2 1  

40 

PIN NAME 

NO CONNECTION 

MASTER RESET 

POWER SUPPL I ES 

COMPUTER INTERFACE : 

2 WRITE ENABLE 

3 CHIP SELECT 

4 READ ENABLE 

5 ,  REG ISTER SELECT 

SYMBOL 

N C  

MR 

Vs s  

cs 

RE 

AO , A 1  
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FUN CT ION 

P in 1 i s  inte rna l ly conne c t e d  to a 
back b i as genera tor and must be l e f t  
open b y  the use r .  

A log ic low on this  input re s e t s  the 
device and loads HEX 03 i nto the 
command reg i s t e r .  The Not  Readr_ 
( S ta t u s  B i t  7 )  i s  re s e t  du ring MR 
ACTIVE . When MR is b rought to a 
l o g ic h igh a RESTORE Command i s  
execu te d ,  reg ar d l e ss o f  t he s t ate o f  
the Re� dy s i gna l f rom the drive . 
A l so ,  HEX 0 1  i s  l oa de d  into sec tor  
reg i s t e r . 

G round 

+ 5V +-5% 

+ 1 2V +-5% 

A log ic low on th i s  inpu t gates data 
on th e DAL into the se l ec t e d  reg i s t e r  
when C S  is  low. 

A logic  low on th is input se l ec t s  the 
chip and enab l e s  compu t e r  communi
ca t i on with the device . 

A log ic low on th i s  input cont ro l s  the 
p lacement of data  f rom a se lected 
reg i s t e r  on the DAL when CS is ·  low . 

The se inpu t s  se l ect t he reg i s ter t o  
rece ive t ra ns f er d a t a  o n  the DAL 
l i nes und"e r  RE and WE con t ro l :  

- -

A1 AO RE WE 

0 0 S t a tus  Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 S e c tor Reg Sec tor Reg 
1 1 Dat a  Reg Data Reg 



P IN 
NO . PIN NAME SYMBOL FUNCT I ON 

7-1 4 DATA ACCESS LINES DALO-DAL7 E ight b it inverted Bidirect ional bus 
used for t ransfer of data , control , 
and s t a t us . Th is  bus is rece iver 
enab l ed by WE or transmitter  enabled 
by RE . 

24 CLOCK CLK Th is input re qui res a f ree-running 
squa re wave c lock for internal t iming 
re ference , 2 MHz for 8" drives , 1 MHz 
for mini-drive s .  

38 DATA REQUEST DRQ Th is open d rain output indicates that 
the D� contains assemb led  data in Read 
ope ra t ions , or the DR is empty in 
Write  ope rat ions . This signal is 
reset when se rviced by the computer 
through reading or loading the DR in 
Read or Wr ite operat ions , respec
tive l y .  Use 10K pul l-up res is tor to 
+5 . 

39 INTERRUPT 
REQUEST 

FLOPPY DISK INTERFACE : 

1 5 STEP 

1 6  DIRECTION 

1 7  EARLY 

18 LATE 

INTRQ 

STEP 

DIRC 

EARLY 

LATE 
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This open drain output is  set at the 
complet ion of any command and is 
reset when the STATUS regi s ter  is 
read or the command reg ister is 
wri t t en to . Use 10K pu l l-up res istor 
to +5 . 

The step output contains a pul se for 
each s t ep .  

Direct ion Output. is act ive high when 
stepping in , act ive low when stepping 
out . 

Indicates that the WRITE DATA pulse 
occuring while Ear ly is act ive (high) 
should be shif ted ear ly for wr ite 
preco•pensation .  

Indicates that the wr ite data pulse 
occuring while Late is act ive (high) 
should be shif ted late for wr ite 
precompensation .  



t---�-�-�--+_P_IN_N_AM_E _____ I--S_YM_B_O_L_��--.�-+-;;��T�:_}-2�N==· ·�_._ .. ��·· --�=--------·-� 
2 2  

2 3  

2 5  

2 5  

26 

27 

28 

29 

TEST 

HEAD LOAD T IMING 

READ GATE 
( 1 79 1  / 3 ) 

S I DE SELECT 
OUTPUT ( 1 79 5 ,  
1 7 9 7 )  

READ CLOCK 

RAW READ 

HEAD LOAD 

TRACK GREATER 
THAN 43 

TEST 

HLT 

RG 

s so 

RCLK 

RAW READ 

HLD 

TG43 
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Th i. s  i Tlput  i s  us e d  f o r  t e s t i ng J ' u r 
p .Yc c s  only a n d  sh o u l d  be t ie d  tu + 5 V  
o r  l e f t  o p e n  by t h e  u s e r  un l e s s  int e r 
f" ,· . .  :: f -1.:; to voi�":e  (' O i l  a c t u a t e d  m• t o r s . 

When a log i c  h i gh i s  f o und on tl e HLT 
i np u t  the head is n s s ume d to be 
engage d .  

A h i gh l e ve l  on th i s  ou t pu t  i n d  ca t e s  
t o  the data  s e p a r a t o r  c i rc u i t ry tha : 
a f i e l d  of z e ro s  ( o r  ones ) h a s  I een  
encountere d ,  and is  used  fo r 
s y nchron i c z a t f on .  

The log ic  l e ve l  o f  t he S ide Se l <  ct  
Ou t p u t  i s  d i r e c t l y  con t ro l l e d  b) t � �  
' S '  f l ag i n  Type I I  o r  I I I comm< nds . 

Whe n  S - 1 ,  SSO i s  s e t  t o  a l o g  c 1 .  
Wh en S = O ,  S SO i s  s e t  t o  a l o g · c 0 .  
The S i d e  S e l ec t  O u tp u t i s  on l y  
upd a te d a t  t he beg i n n ing o f  a Type ! 1  
or I I  I command . I t  i s  f o r c e d  t<' a 
l og i c 0 up on a HASTER RE SET c on d i t i o n .  

A nom i nal s qu a re-wave c l ock s igna l  
der ive d f rom the d a t a  s t r eam mu�; t be 
p rovided  to th i s  i n pu t . P h a s ing 
( i . e .  RCLK t rans i t i o n s ) re l a t ive to  
RAW READ i s  impo r t a n t  b u t  p o l a r i t y  
( RCLK h igh or  l ow ) i s  no t .  

The d a t a  inp u t  s igna l  d i rec t l y  f rom 
t he d r i ve .  Th i s  i nput  s ha l l  be a 
negat i ve pu l se f o r  each recorded 
f l ux t rans i t ion .  

The HLD ou tp u t  c o n t r o l s  the loa ding o t  
t h e  Rea d-Wr i te h e a d  ag a i n s t  the me dia . 

Th i s  ou tput inf orms the drive tha t l i  
Rea d/Wr i te head i s  pos i t i oned betweP 
t racks 44- 7 6 .  Th i s  ou tpu t i s  v2 l i d 
on l y  du r ing Read and Wr i te Comm�nds . 



P I N  
NO . P I N  NAME 

30 WRITE GATE 

3 1  WRITE DATA 

3 2  READY 

33 WRITE FAULT 
VFO ENABLE 

34 . TRACK 00 

3 5  INDEX PULSE 

SYMBOL 

WG 

WD 

READY 

IP  
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FUNCT I ONS 

Th is ou tput is ma de va l id be fore 
wr i t ing is to be performe d on the 
d i ske t t e . 

A 2 50 ns ( MFM ) or 500 ns ( FM) p u l se 
per i t s  trans i t i on . WD con t a i ns the 
un i que Add r e s s  ma rks as we l l  as data  
and c l ock in bo th FM and  MFM forma t s .  

Th i s  input indicates  d i sk rea d l i ne s s  
and i s  samp l e d  for a logic h igh 
be fore Read or Wr i te commands are 
pe r forme d .  If Ready is l ow the Read 
or Wr i te ope rat ion i s  not performed 
and an inte rrup t i s  gene r a t e d .  Type 
I opera t ions a re performed regard l e s s  
of the s t a t e  of Rea dy . The Rea dy' 
input appea rs in i nve rted format a s  
S ta t u s  Reg i s t e r  b id 7 .  

Th i s  is a b id i rect i ona l s igna l  use d  to 
s ign i fy wr i t ing fa u l t s at the dr i ve , 
and to enab l e  the externa l PLD data 
s e pa r a t o r .  When WG = 1 ,  P in 33 
func t i ons a s  a VFOE outpu t . VFOE w i l l  
g o  low du r ing a read ope rat i on a f t e r  
the hea d  ha s loaded and se t t led ( HLT = 
1 ) .  On t he 1 79 5 / 7 ,  i t  w i l l  rema in l ow 
unt i l  the l a s t  b i t  o f  the second CRC 
byte in t he ID f ie l d .  VFOE w i l l  then 
go h igh un t i l  8 bytes  (MFM ) or 4 bytes 
(FM) be fore the Address  Mark . It  w i l l  
then g o  act ive un t i l  the last  b it o f  
the second CRC byte o f  the Data F ie l d .  
On the 1 79 1 /3 , VFOE w i l l  rema in l ow 
unt i l  the end o f  the Data F i e l d .  

Th is input informs the FD 1 79X tha t  the 
Read/Wr i te head is pos i t i oned over 
Track 00 .  

Th i s  input info rms the FD 1 79X when the 
index hole is encounte red on the 
d i sket te . 



P I N  
NO . 

3 6  

3 7  

P IN NAME 

WRITE PROTECT 

DOUBLE DEN SITY 

SYMBOL 

WPRT 

DDEN 
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FUN CT I ON -� 
Th i s  input  i s  samp l e d  whenever a W r i t e  �
Command i s  rece i ve d .  A log i c  low 
t e rm i n a t e s  the command and s e t s  chc I 
W r i t e P ro t e c t  S t a t us b i t .  

Th i s  p i n se l e c t s  e i th e r  s ing l e  or  
dou b l e  den s i t y  opera t ion . When llDEt-: 
�ou b l e dens i t y  i s  se l ec t e d .  Hhen 
DDEN - 1 ,  s ing l e  dens i t y  i s  se l e c t e d .  
Th i s  l i ne mus t be l e f t  open on the ,II 

I 1 7 9 2 / 4 .  

i _I 



CENTRONICS INTERFACE 

1 .  Input / Outpu t Conne c t or 

P I N  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18  

U se a co nnce t o r , AMP CHAMP 3 6  BAIL LOCK TYPE , to i np u t  data int o  t he 
P r i n t e r .  P in con f i gu r a t i on and i t s s i g na l s  o f  the recep t a c l e  in l e f t  r e a r  
of the  Printer  a r e  d e s c r i b e d  be l ow .  

S I GNAL P IN S I GNAL 

STRPN E 1 9  T�HSTED PAI R  GND ( PAIR WITH 1 P I N )  
DATA 1 20 TW I STED PAIR GND ( PA IR WITH 2 P I N )  
DATA 2 2 1  TW I S TED PAIR GND ( PAIR WITH 3 PIN ) 
DATA 3 22 TW ISTED PAIR GND ( PAIR WITH 4 P I N )  
DATA 4 23 TWISTED PAIR GND ( PA I R  WITH 5 PIN ) 
DATA 5 24 TW ISTED PAIR GND ( PA I R  WITH 6 P I N )  
DATA 6 25  TW ISTED PAIR GND ( PAIR WITH 7 P IN ) 
DATA 7 26 TW ISTED PAIR GND ( PA I R  WITH 8 P I N )  
DATA 8 2 7  TWISTED PAIR GND ( PAIR WITH 9 PIN ) 
ACK 28 TW ISTED PAIR  GND ( PAIR WITH 10 PIN ) 
BUSY 29 TWISTED PAI R  GND ( PAIR WITH 1 1  PIN ) 
GND 30 GND 
NC 3 1  IN IT IAL ( PAIR WITH 1 4  P IN )  

--

GND 3 2  ERROR ( PAIR WITH 1 5  P IN )  
GND 33 GND 
GND 34 CLK ( PAIR  WITH 33 P I N )  
CHASSIS GND 3 5  TEST ( PAIR WITH 1 6  PIN)  
+ 5V SOmA Maximum 36 +5V 

No te : 1 .  The comb ined output o f  p i ns 1 8  and 36 is 80mA maximum.  
2 .  NC stands for no connect ion . 

4 . 96 



2 .  Inpu t / Output S igna l s  

( 1 )  Input signa l s  t o  t he P r i n t e r  

* DATA 1 
DATA 2 
DATA 3 
DATA 4 
DATA 5 
DATA 6 
DATA 7 
DATA 8 

* S TROBE 

* IN IT IAL 

8-b i l  da t a  s i gna l s . 
S ig n a l  " H I GH" repre s e n t s  Log ic  ' 1 ' .  

T h i s  st robe s i gna l i s  us e d  to re a d  in 8 b i t s  of da t a . 
Da t a  i s  re a d  i n  when t he s i gna l g oe s  ' LOW ' . 

Th i s  s i gna l i s  u s e d  t o  s e t  the P r i n t e r  to an ini t i a l  
s t a t e  and i s  norma l l y "HIGH " . B r ing i ng the l ine "LOW" 
and re t u rn i ng i t  "H IGH" s t a r t s  the c l ea r ing act ion wh ich 
s e t s  t he P c i n t e r  to  an i n i t i a l  s t a t e . 

Th i s  s i gna l i s  us e d  for the se l f-p r i n t ing t e s t  wh ich 
is e x e cu t e d  by b r ing ing t he l i ne "LOW" . 

( 2 )  O u t pu t  signa l s  f rom t he P r i n t e r 

* BUSY Th i s  s i gna l i n d i ca t e s  the BUSY s t a t us of the Print e r .  
Wh en "HI GH" t he P r i nt er  cannot accept  d a ta . 

* ACK Th i s  s i gna l i s  used  to ind i c a t e  that the P r in t e r  i s  
awa i t ing da ta . 

Not e :  The BUSY and ACK s i g na l s  a r e  a lway s  outpu t when the P r in t e r  
accep t s  da ta input . 

* ERROR A p r i n t e r  e r ror  cond i t ion cause s th i s  s i gna l to go 
"LOW" . Wh e n  t h i s  happens a l l  the cont r o l  c i rc u i t s  
inte rna l to  the P r i n t e r  ha l t . Ther are two ways t o  
c o r r e c t  t h i s  s i t ua t i on .  

Turn the P r i n t e r  of f - and then back on two seconds 
l a t e r .  

Input t he INITIAL s i gnal  

An ERROR occurs if the dot t iming goe s ba d .  

This  i s  a 400 KHz c l ock s i g na l . I t  can b e  use d with  an 
int e r face if neede d .  
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( 3 )  E l e c t r i c a l  Cha r a c t e r i s t i c s  

( 1 ) S igna l l e v e l s  

A l l  i n p u t / o u t p u t  s i gna l s  a r e  TT L l eve l .  

"HIGH" l e ve l  
" LOW'" l e v e l 

+ 2 . 4  - s . ov 
+ 0 . 0  - 0 . 4V a t  th e P r i nt e r  inp u t  te rm ina l s 

--
' 

Tf 

' '------.J I I I 
T --:  � 

Tr 

( 2 )  Inpu t /Ou t pu t  c ond i t i o ns 

Tf and Tr = 1 00 ns or l e s s  
T va l ue shown on the t iming 

cha r t  

Inpu t / o u t p u t  s i gna l s a r e  pu l l e d  u p  w i t h  1 0  k ohms . 

* Input s i g na l s  

The input load cor re spond s to one 74LS04 

* O u t p u t  s i gna l s  

The ou t p ut c o r r e s ponds to  a 7 4LS04 . The recommended output 
l oa d  corre sp ond s t o  one LSTTL l oa d .  

' 
' 

+S ( V ] 

t oo n  '.. t ok n  
�---r����--+-�----� Input  llOOOpF,_ ' 

t._ These are attached only 74LS04 equivalent 
to the INITIAL and S�T:::-:R=-o-=-=-sE==
signals. 

+S ( V ) 

-<{>--------ii I Ok il  
0 Outpu t 

74LS04 equivalent  
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( 3 )  S igna l cab l e  l eng t h  

Max imum l en g th i s  two me t e r s  w i t h  the fo l l owing s i gna l s  form ing 
twi s te d  pa i rs w i th the GND .  

STROBE , IN IT IAL , BUS Y ,  ACK , ERROR , CLK 

( 4 )  T im ing Cha r t  

( 1 )  Da ta input  

DATA 1 -8 -----�[-- - - - - _L._l ___ ___. 

0 ,us (min) .. 1 ·� 14 1 .0 ,us (min) I 

L 
s=T=-:::RO=BE u u 

0-0.5 ,us _ =t+;+-l .O-}� 00 ,us --�..__- ---�-1·-- 0 ,us (min) 

r BUSY --------���4 ____ T_b _ ___ ��� 
ACK 

Tb ; CHARACTER CODE 
CR/NL / DC4 CODE 

u 
•I I .. 5- I O ,us 

100 s or more 
PRINTER + CARRIAGE RETURN 
( about 3 >'econds max imum) 

Re fe rence : CR = ( o ,  D ) , NL = ( 0 ,  A ) , DC4 = ( 1 , 4 )  

{ 2 )  INITIAL s i gna l inpu t t im ing 

INITIAL 

BUSY ------J 

ACK 

4 . 99 

MAX. about 2sec , 
ss,--

-
---.

.bJ. 



*1  Du r i ng T i , the INIT IAL l i ne i s  " LOW" and the p r i n t e r  i s  
he l d  in a re s e t  s t a t e . The in i t i a l i z at ion se quenc e 
s t a r t s  exec u t ion  a f te r  the l i ne goe s "H IGH" . 

*2 Af te r  the P r i n t e r  f i n i shes  exec u t ion of the 
i n i t i a l i z a t i o n  se quence th e BUSY l ine goes "L1)W" . 

( 3 )  CLK s igna l 

( 5 )  S e l f-Te st P r i n t ing 

500 - 600 ns 
� 

r-----------, r-----------, 

I-- 2 .5 J.LS f = 400 KHz 

Bring ing the TEST l i ne "LOW" s t a r t s  the se l f- t e s t  p r int ing wh i c h  
cont inues unt i l  i t  i s  r etu rne d "HIGH" . 

( 6 )  Cha s i s  Ground 

As s t a t e d  in [ 6 ]-3- ( 3 ) , al l o f  the s i gna l l ine s shou l d  be twi s t e d  
p a i rs w i th t he s ignal  g round l i nes , b u t  it  i s  furthe r  recommended 
that the ca b l e  be sh i e lded  and tha t one t e rm ina l be conne c t e d  to 
t he CONTROLLER CHASSIS  GND and t he other c onnec te d  to the FRAME 
GND on the con t ro l l e r  side . 
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5 .  CIRCUIT SCHEMATIC AND COMPONENT LAYOUT 

5 . 1  
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