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RESUMO

Es te  t r aba lho  cons i s te  no p ro j e to  e const rução de um e -
'qu ipamento,  baseado em mic rop rocessador ,  com funções de su -
por te  à observação astronómica em te lescóp ios ,  rad io te lesco-
p ios ;  e t c . . .  -

Funções como re l óg io  s i de ra l  e c i v i l ,  ca l a r  um as t ro  da
do o nome na cons te lação  ou  dado o nome vu lga r ,  e c r i a r  um
menu de observações com hora de i n i c i o ,  duração e pos i çao  do
as t ro ,  permi tem au toma t i za r  a operação do ins t rumento  usado
na observação.  -

Funções como a t l as  que  rea l i za  um banco  de  dados com as
t ros  e coo rdenadas  e mapa que pe rm i t e  a i den t i f i cação  das co
ordenadas de um as t ro  qua lquer ,  pos ic ionado no campo do i ns -
t rumento, são funções de apoio à observação, subs t i t u i ndo
con fo r tave lmente  o anuá r i o  as t ronômico e se rv indo  a tê  como
ins trumento de pesqu i sa .

Com uma concepção  po r tá t i l ,  es te  equ ipamento  pode se r
u t i l i zado  no  campo, com toda  f ac i l i dade ,  ou  mesmo cons t i t u i r -
-se na  mesa de con t ro l e  de um grande i ns t rumen to .  Em qua l -
quer  caso ,  a au toma t i zação  dos  p roced imen tos  de ca l  agem e a -
companhamento pe rm i t e  l i be ra r  o as t ronômo pa ra  uma função
mu i t o  ma i s  impor tán te  e ag radáve l :  a obse rvação  do fenómeno.

-
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1 .  INTRODUÇÃO

O desenvolvimento da e le t rón ica  vem permit indo a automa
t i zação  de um grande número de funções ,  pe lo  uso de c i r cu i -

“ t os  in tegrados  em l a rga  esca la  ,com capacidade de processa -
men to .  São p r i nc i pa lmen te  os  m ic rop rocessado res  que  exp lo -

di ram o mercado de  ap l i cações ,  desde jogos a té  grandes mã-
qu inas  compu tado ras .

Com ba i xo  cus to  e a l t o  g rau  de compactação, es tes  c i r -
cu i t os  favo recem a rea l i zação  de pequenos  con t ro l ado res  a -

cessi íveis a ap l i cações  amado ras ,  em todos  os  se to res  de t ra
balho. =

Par t i cu la rmen te ,  em as t ronom ia ,  uma ap l i cação  impor tan-
te  cons i s te  na ob tenção  de um con t ro l ado r  de i ns t rumen tos &
observação para  a automat ização de todas as funçoes de pos i
cionamento e acompanhamento do i ns t rumen to ,  ass im como fun-
ções  re l ac i onadas  com equ ipamentos  acessó r i os  do t i po  came-
ras fotogrãf icas,espectômetros e atê mesmo a cúpula do ob -
se rva tó r i o .

Alguns obse rva tó r i os  com inst rumentos p ro f i s s i ona i s  de
grande po r te  j ã  dispõem de mesa de con t ro l e  com comandos
de natureza e l ê t r i ca -e l e t r ón i ca  e em alguns casos com capa-
c idade  de p rocessamen to ,  não só  pa ra  o con t ro l e  dos  movimen
tos  dos  “ instrumentos como pa ra  o t ra tamen to  dos dados co le -
t ados .



Agora ,  com o con t í nuo  ba ra teamen to  dos  c i r cu i t os  i n te -
grados em la rga  esca la ,  es tã  ao alcance do astrónomo ama-
dor  a implementação de um equipamento como o mostrado a se
gu i r ,  que tornará mais con fo r tave l  a ope raçãode seu i ns -
t rumento ,  aumentando sua d i spon ib i l i dade  à observação do
cêu .



I I . CARACTERÍSTICAS GERAIS

Es te  equipamento f o i  concebido de modo a con f i gu ra r - se
àuma conso le  para con t ro l e  do ins t rumento de observação,com

+ + *
as  segu in tes  ca rac te r i s t i cas :

d l . Dimensões reduz idas ,  com boa po r tab i l i dade  pa ra  uso tam
bêm no campo.

Al imentação ún i ca ,  com padrão de 12  vo l t s  para pe rm i t i r
a a l t e rna t i va  de a l imen tação  com ba te r i a  de automóvel .

Ent rada  de  dados a t ravés  de  t ec l ado  a l fanumêér ico com 3

se t s  de  ca rac te res :

- l e t ras  e numeros
- l e t r as  g regas
- ca rac te res  espec ia i s  -

Saida de dados através de d isp lay  alfanumêrico com se t
de ca rac te res  i dên t i co  ao  t ec l ado  e ba r ra  de con t ro l e
para i n te r face  com d i fe ren tes  t ipos  de motores do i ns -
trumento de observação.  '

Con junto  de funções rea l i zadas  em tempo rea l ,  sob coman
do do ope rado r :

- TIME: r e l óg io  s i de ra l  l oca l  e c i v i l  com p rec i são  de
osc i l ado r  &qua r t zo ,  com ace r to  de ho ra ,  minuto
e segundo .



- ATLAS:

- CALAR:

- MENU :

banco de dados equ iva len te  a um anuár io  as t rono
m ico ,  implementados po r  um s is tema de módulos
de memória como uma l i b ra r y ,  consultados tec lan
do-se o nome " c i en t í f i co "  do as t ro ,  ou ainda o
nome vu lga r ;  r espos ta  das coordenadas un i ve r -
sa i s  do as t ro  aparecendo no d i sp lay .

pos i c i onamen to  do ins t rumento no  as t ro  se lec i o -
nado pe lo  operador ,  a t ravés da tec lagem de nome
do as t ro ;  as duas coordenadas un ive rsa is  são co
locadas  automaticamente sendo que a ascenção re
ta  é co r r i g i da  pe la  ho ra  s i de ra l  l oca l  dando lu
gar ao ângulo ho rá r i o .

r ea l i za  automaticamente uma ro t i na  d i á r i a  de ob
se rvação  com ho rã r i os  de  obse rvação ,  duração da
observação e as t ro  a serem observados;  no ho ra -
r i o  p rev i s to  o as t ro  e ca lado ,  e ao f inal  do
tempo p rev i s to  pa ra  a obse rvação  o i ns t rumen to
re torna à posição de repouso, onde as tensões
mecânicas sejam mín imas;  são 25 as t ros  que pode
rão  se r  armazenados numa memór ia  t i po  " sc ra t ch -
pad " ,  antes de uma sa ída  pa ra  o campo ou  em uma
ap l i cação  onde os pon tos  a serem observados não
es tão  con t idos  nos módulos d i spon íve i s ,  po r  se
t r a ta r  de as t ros  espec ia i s  ou  cen t ros  de r e -
g ioes  que se  dese ja  es tuda r ,  obse rva r ,  f o t og ra -
f a r ,  e t c . . .



I I I .  ARQUITETURA DO EQUIPAMENTO

Es te  equ ipamento  tem como cen t ro  de dec i sões  e con t ro -

l e  uma un idade  cen t ra l  de p rocessamen to  (CPU) 8O85 de  f ab r i -

cação INTEL, t rabalhando a uma veloc idade equ iva len te  a
3MHz.

A conf iguração da memoria d i v ide -se  em 1K by tes  (1024)
de memória de dados do t ipo vo la t i l  (RAM), Z2K bytes (2048)de
memória de programa (EPROM), 2x256x8 bytes de memória de ma-
t r i z  de caracteres  do d i sp lay  (EPROM).

Os in tegrados  do  t i po  1 /0 ,  que se rvem à en t rada  e sa i -

da de dados,  são usados pa ra  à in ter face com o t ec l ado  de 532
teclas e o display alfanumérico e para o controle dos moto-
Tes de ca lagem.

Outros in tegrados  pe r i f é r i cos  são usados como-decod i f i
cadores para  as memór ias,  l a t ch  da ba r ra  de dados para  a ten -

— der à mu l t i p lexagem com as linhas de endereço,  gates para  16
g ica-combinac iona l  de se leção ,  e contador  de 14 b i t s  para
rea l ização do re log io  de tempo rea l .

O s i s tema  de modulos de l i b ra ry  cons t i t ue -se  de pas t i -
lhas  de memória do t ipo EPROM de 2K by tes ,  cada  qua l  compor -
tando da ordem de 250 as t ros ,  e c i r cu i t os  i so l ado res  das ba r .
ras internas ao p rocessador  permi t indo a t roca  de módulos du
rante a operação no rma l ,  sem perda do con tex to ,  através de
um soquete t ipo es fo r ço -ze ro .



Os dr ivers  do d i sp lay  servem de i n te r f ace  ent re  o con -
t ro l ado r  e o d i sp lay  a l fanumêr ico de 16 segmentos.

O diagrama de b l ocos  do c i r cu i to  e o f luxo de in forma-
ções en t re  b l ocos ,  es tão  mostrados na f i gu ra  1.

O b loco  CPU contêm toda a i n t e l i gênc ia  do equipamento,
com um se t  de i ns t r uções  bem de f i n i do ,  con têm os  reg i s t r os

de memória, a unidade a r i tmê t i ca - l og i ca  (ALU), a lóg ica  de
i n te rp re tação  das i ns t ruções  e correspondentes m ic roprogra -
mas com a sequência de execução.

O b loco  LATCH rea l i za  a separação da ba r ra  de dados e
endereço nas linhas mu l t i p lexadas  da CPU 8085,

O b loco  MEMÓRIA DE PROGRAMA contêm os programas em l i n
guagem de máqu ina  que r ea l i zam todas as  ope rações  do  equ ipa -
mento. Todas as i ns t ruções  são gravadas nes te  t i po  de memó-
r i a  que é do t ipo não vo lá t i l ,  de modo que em caso de des l i -
garmos o equipamento, não são perd idas  es tas  i n fo rmações .

O b loco MEMÓRIA DE DADOS contêm as tabelas dinâmicas,
os f l ags ,  os reg i s t r os  de dados e o s tack  usado na  man ipu la -
ção de subro t inas  e i n te r rupções .  São pos ições de memória vo
l1âátil e po r t an to  a l t e râve i s  ao  longo do p rocessamen to .  '

O'bloco MEMÓRIA SCRATCHPAD, TIMER, 1/0 ê realizado por
uma única pas t i l ha .  A par te de memória é tambêm usada para
guardar  dados a l t e rave i s  e par t i cu la rmente  pode se rv i r  aâárea
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usada na  função MENU. O t imer  i n te rno  é u t i l i zado  pa ra  a im
plementação do re l óg io  c i v i l  e s i de ra l  gerando in ter rupções
no p rocessado r  a i n t e r va los  de 1 m i l i segundo .A  pa r te  de 1 /0

serve  de en t rada e sa ida  pa ra  a ba r ra  de comando do i ns t ru -
men to ,  recebendo  s i na i s  de um sha f t - encode r  usado  no npos i -

. cionamento e gerando pu l sos  pa ra  os d i ve rsos  enrolamentos
de um s tep -mo to r  ou  chaveando a a l imentação de um motor  s im

c rono .  À

O b ioco  SOQUETE ESFORÇO-ZERO recebe os módulos de me-
mor ia  usados  nas funções  de consu l t a  (ATLAS) ,  pos i c i onamen-
t o .  (CALAR) e também na  função MENU. Cada módulo . cons t i t u i -
- se  nun mesmo t ipo  de memória de programa,só que usada como
área de tabe la  f i xa  (banco de dados).

O b loco  ISOLADOR p ro tege  as  ba r ras  in te rnas  ao equipa
mento ev i t ando  que a i n t r odução  de módu los  com o equ ipamen-
to l igado possa  car regar  as l i nhas ,  causando a pe rda  do
p rocessado r  e consequen te  p re j u í zo  na  execução  das t a re fas
programadas.

O b loco  DECODER ge ra  as l i nhas  de se leção d i sc r im inan
do O acesso a d i f e ren tes  pas t i l has  de memoria e de 1 /0 .

O b loco  CONTROLE de DISPLAY E KEYBOARD pe rm i te  o con -
t r o l e ,  independente de sobrecarga  da CPU, dos d i spos i t i vos
t ec l ado 'e d i sp lay  rea l i zando  as funçoes de va r redu ra ,  an t i -
bounce , f i f o ,  e t c . . .

O bloco MATRIZ DE CARACTERES decod i f i ca  o código usa-



do na i den t i f i cação  dos ca rac te res  (pa r t e  em ASCI I )  em 16
segmentos  necessá r i os  ao d i sp lay .  Es ta  ma t r i z  é também cons
t i t u í da  de memór ias do t i po  EPROM e sua decod i f i cação  f o i d :
f i n i da  de modo a a tender  ao se t  de ca rac te res  p re tend ido  pa
ra  es ta  ap l i cação .

O DISPLAY é do t i po  a l fanumêr ico  do f ab r i can te  HP,com
pos to  de  16 segmentos  e 2 pon tos ,  com anodos mu l t i p l exados
(ca todo  comum), pe rm i t i ndo  a imp lemen tação  de todo  o se t  de
caracteres necessários à apl icação.

O TECLADO, é do t i po  de ca l cu lado ra ,  con f igu rado  con -
ven ien temen te  pa ra  a ap l i cação  em uma ma t r i z  de  4x8  com 3
n íve i s  de funções :  supe r i o r ,  cen t ra l ,  i n f e r i o r  - associadas
a cada  t ec l a .
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IV. DESCRIÇÃO DO HARDWARE .

Os c i r cu i t os  envo l v i dos  nes te  p ro j e to  são basicamente
"componentes  LS I  ( La rge  Sca le  I n teg ra t i on )  vo l t ados  pa ra  a -
p l i cação  em microprocessadores .  São maquinas sequenc ia is  e
pas t i l has  pe r i f ê r i cas  de supo r te  que con f i gu ram um compu ta -
do r  com a un idade  de p rocessamen to  cen t ra l ,  as memór i as ,  as
po r tas  de 1 /0  é os  d i spos i t i vos  de en t rada  e sa ida .

O diagrama de i n te r l i gação  en t re  as d i f e ren tes  pas t i -
l has e o c i r cu i t o  comp le to  se  encon t ra  na  f i gu ra  2 .

Baseando-se no diagrama em b locos  da f i gu ra  1 ,  podemos
re lac i ona r  a cada um dos b l ocos  as segu in tes  pas t i l has :

CPU: 8085, XTAL, 16gica de rese t
LATCH: 74175, INVERSOR

SCRATCHPAD: 8155
DECODER: 8205,.NAND

MEM. PROGR: 2716
MEM.DADOS: 2114, lógica de seleção

ISOLADOR: 8216
CONT.DISPLAY: 8279, 8205 -

MATRIZ CARAC.: 2716 Y ;
DISPLAY: HDSP 6504, 75491, BC557
TECLADO:, TIPO CALCULADORA NOVUS.

Todos os data-sheéeets destes componentes se encontram
no ANEXO IT .
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O f luxo da operação des te  equipamento começa após o re
se t  da CPU pe lo  acionamento do bo tão  de rese t .

A pa r t i r  daí  a CPU (8085) começará a executar O p rog ra
ma res iden te  em EPROM (2716 ) ,  i n i c i ando  na p r ime i ra  pos i ção
de memória e seguindo i ns t rução  à i ns t r ução  de acordo com
a sequência do programa.

Durante a execução dos programas,a CPU poderã se r  i n -
. terrompida pe lo  r e l og io  de tempo .real r ea l i zado  pe lo  t imer

do 8155, ou pe lo  8279 quando qua lquer  t ec l a  fo r  p ress ionada .

A CPU, tão  l ogo  possa ,  atenderãá es tas  in te r rupções  exe
-cu tando programas espec i f i cos  que v isam a a tua l i zação  do

tempo c i v i l  e s i de ra l ,  e-.o atendimento a comandos do opera -
do r .

As memórias de dados compostas po r  2 pas t i l has  com o r -
- ganização de 1024x4 b i t s ,  armazenam os parâmetros al terãá- »

ve i s ,  como f l ags ,  r eg i s t r os  de ho ra ,  m inu to  e segundo ,e t c . .

Em função dos comandos do operador ,  novas ro t i nas  são
a t i vadas  rea l i zando  as funções desc r i t as  no  cap í t u l o  I I .

« :) !A pas t i l ha  8279 rea l i za  soz inha  o con t ro l e  do t ec l ado
e do d i sp lay ,  fazendo uma varredura sobre as t ec l as  e rece -
bendo arespos ta .nas linhag: de r e to rno ,  e mu l t i p i exando  as
linhas comuns do d isp lay  a uma taxa compatível com a pe rs i s
tênc ia  r e t i n i ana ,  v i sando  m in im iza r  consumo e o número de

*

1
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por tas  pa ra  os segmentos.

São necessá r i as  i n te r f aces  pa ra o d i sp lay  que pe rm i t am

"d r i ve "  pa ra  os l eds  de cada segmento e pa ra  o re to rno  de
cor ren te  do catodo comum de cada ca rac te r .  No p r ime i ro  caso
foram usados os "d r i ve r s "  75491 e no  segundo os t r ans i s to -
r es  BC 557 .

' Out ro  pon to  a inda  re l ac i onado  ao d i sp lay  d i z  r espe i t o
ao grande número de segmentos deste  d i sp lay  alfanumêérico /
(16+2 pon tos )  que ex ig i u  i n t e r ca la r - se  en t re  o 827º e o dis
p lay ,  uma ma t r i z  que r ecebe r i a  um ende reço  de 8 b i t s  e r es -
ponde r i a  com um dado  de 16  b i t s .

Considerando-se es te  endereço como o cód igo ASCII  de
cada ca rac te r ,  o se t  de ca rac te res  t e r i a  no  máximo 128 ,  sen
do que o con jun to  de l e t r as  gregas e ou t ros  símbolos espe-
c i a i s  poder iam es ta r  d i s t r i bu ídos  pe los  ca rac te res  de con-
t r o l e ,  sem u t i l i dade  nesta  ap l icação.

Ass im  bas ta r i am 2 pas t i l has  de memór ia  o rgan i zadas  na
forma de 256x8  b i t s ,  e que a i nda  t e r i am 128  pos i ções  vagas.
Foram usadas i n i c i a lmen te  1702 que possuiam es ta  o rgan i za -
ção mas necess i tavam de duas fontes  de a l imen tação ,  uma po ;
s i t i va  e ou t ra  nega t i va .  Como t inhamos a i n tenção  de a l imen
t a r  o equ ipamento apenas com 12V ,  e com um c i r cu i t o  de fon -
te s imples,  trocamos para a 2716 .

-

Es ta  memoria apresenta  8 vezes a capacidade da an te -
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r i o r  embora cus te  bem menos e & de f âc i l  aqu i s i ção .  Às se -
te  pág inas  de 256 by tes  res tan tes  poder iam se r  usadas pa ra
d i f e ren tes  se t  de ca rac te res  conforme a lingua de or igem ou
a ap l i cação  espec í f i ca ,  bas tando  pa ra  i s so ,  mudar um es t ra -
pe.

Quanto  ao  comando dos mo to res  e à l e i t u ra  dos  sensores,
"22 b i t s  de po r t a  de entrada e saída programaveis estão a

d i spos i ção  de qua lque r  t i po  de i ns t rumen to  e ou t ros  equ ipa -
mentos acessor ios.

Na s imulação apresentada são usados:

2 b i t s  de saída para comando dos dois "s teppers"

- 1 para o "s tepper "  de ângulo horâário
- 1 pa ra  o " s teppe r "  de dec l i nação

8 b i t s  de en t rada  pa ra  os sensores. de quadrante dos
do i s  " s teppe rs "

- 4 pa ra  o " s teppe r "  de ângulo ho rá r i o
- 4 pa ra  o " s teppe r "  de dec l inação

. | '

O hardware é expans í ve l  em termos de memória podendo
receber a té  mais 6K bytes de RAM e/ou EPROM, podendo assim
se conver ter  num pequeno s i s tema  de desenvo lv imento .

-
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V. DESCRIÇÃO DO SOFTWARE | : :

O con jun to  de p rog ramas  que eéstão r es i den tes  no  equ ipa

mento constam des te  cap í t u l o ,  ass im como aqueles con t i dos
nos módulos d ispon íve is .

A l inguagem assembler ,  forma mnemonica das i ns t r u -
ções  em l i nguagem de máqu ina ,  f o i  usada  pa ra  o desenvo l v i -

mento dos programas,  u t i l i zando -se : para t a l ,  um s i s tema de
desenvo lv imen to  com capacidade de montagem, debugger e g ra -
vação dos programas em l inguagem de máquina.

Es te  con jun to  esc r i t o  em l inguagem assembler do p roces
Sador  8085, es tã  composto de uma sé r i e  de ro t i nas ,  algumas
de i n i c i a l i zação ,  ou t ras  at ivadas pe lo  comando do operador .

O se t  de ins t ruções  do microprocessador  8085 cons ta  do
ANEXO [ .

Quanto à es t ru tu ra  dos módu los- l ib ra ry ,  in ic ia lmente /
p rev i s ta  a u t i l i zação  de pas t i l has  de EPROM com 2K by tes  de
memória, especificamos cada astro com até 4 caracteres a l fa
numéricos e /ou  l e t r as  g regas ,  de acordo com convenções i n -
t e rnac iona i s .  * '

Ass im,  com as coordenadas associadas a cada as t ro ,  na
forma BCD, são neçessa r i os  8 by tes  na  ca rac te r i zação  de ca -

-
da as t ro :

- 4 by tes  ASCII  de espec i f i cação  do as t ro
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- 2 by tes  BCD de coo rdenada  ascensão re ta
- 2 bytes BCD de coordenada declinação

I s t o  f i xa  em 256 o número de as t ros  po r  pas t i l ha  de me
moria de 2K by tes .  Com o uso de pas t i l has  de 4K ou 8K bytes,
es ta  capacidade pode se r  dup l i cada  ou quad rup l i cada ,  respec
t i vamen te .  Considerando-se que es tas  memórias são de uma
mesma famí l i a  e seguem o mesmo padrao  de pinagem, o ha rd -
ware  pode  ace i t a r  f ac i lmen te  as memór ias  2732 (4Kx8 )  ou  2764

( 8Kx8 ) ,  e nes te  caso chega r i a  a armazenar dados de mais de
mi l  as t ros .

Out ro  aspec to  com re l ação  à cod i f i cação  das coordena-
das do  as t ro  d i z  r espe i t o  ao s i na l  da dec l i nação ,  ou se ja ,
a sua  i den t i f i cação  no  hem is fê r i o  ce les te .  Para  não  se
gas ta r  ma i s  um by te  de i n f o rmação ,  ass ina la - se  na  coo rdena-
da ascensão re ta  um b i t  de s i na l ,  co r respondendo à dec l i na -
ção do as t ro .  Assim, graças à d ispon ib i l idade no va lo r  maxi
mo da ascensão re ta  ca3bs97) ,  o b i t  7 do by te  de ho ra  é se -
tado no  caso  do  as t ro  es ta r  l oca l i zado  no  hem is fé r i o  su l .

Quanto ao mapeamento de memória e de 1 /0  temos a Sse-
gu in te  t abe la :

DISPOSITIVO, : ENDEREÇAMENTO OBSERVAÇÕES

MEM. ROM PARAR A Q7FF PROGRAMA

MEM. ROM SPA A QEFF MÓDULOS
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pISPOSITIVO | ENDEREÇAMENTO OBSERVAÇÕES

MEM. RAM 18P0 A 1BFF DADOS

MEM.RAM = 38P0O A 38FE SCRATCHPAD

- MEM. 1/0 - o 31909 CONTROLE 8279

MEM.1/0 3909 ADO 8279

1/0 8 CONTROLE 8155

1/0 Ns  PORTA A 8155

1/0 3A PORTA B 8155

1/0 Ú | 3B - PORTA C 8155

1/0 NS, 1. TIME L 8155.

1/0 | 3D TIME H 8155

t- 2
MEM 1 /0  s i gn i f i ca  pos i ção  de en t rada e sa ida  mapeada em

memoria.

Quanto às ro t i nas  de calagem, es tas  dependerão do t i po
de i ns t rumen to  de obse rvação ,  da  mecân i ca  de acompanhamento,
dos  mo to res  e senso res  usados  na ca lasem ráp ida .  Po r tan to  es ta
ro t i na  pode ra  se r  adap tada  pa ra  cada  caso ,  sem res t r i ções .
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No nosso caso ,  os " s teppe r "  são espécies de re l ês  de
passo ,  equ i va len tes  a s t ep -  mo to rs  de passo  pouco  p rec i so ,
da ordemde centêsimo de vo l t a .  : -

Para o "s tepper"  de ângulo horâário,a precisão E&é de
14,4  m inu tos ,  e pa ra  o " s teppe r "  da dec l i nação  a p rec i são
E de 3 º36 ' .  Por tan to  no p rocesso  de calagem, os " s teppe r "
são pos ic ionados  no va lo r  igua l  ou  imediatamente supe r i o r  à
coordenada em ques tão .

De um modo ge ra l ,  todas as ro t i nas  apresentam toda f l e
x i b i l i dade  no t ra tamento  dos comandos do operador ,  de modo
a t o rna r  comodo, seguro es imp les  a t roca  de informações ho -
mem-mâquina.
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VI .  CONCEPÇÃO DO EQUIPAMENTO

Os c i r cu i t os  fo ram montados  em p laca  un i ve rsa l ,  com os
p inos  f i ados  com KAINA poss ib i l i t ando  recon f i gu ração  quando
necessar ia.

Es ta  pequena p laca  de 4 un idades  pe rm i t i u  a po r t ab i l i -
dade des te  equ ipamen to ,  quando co locado  numa ca i xa  de ac r i -
l i co  com cosmética p róp r i a .  Um t ec l ado  f ixado na tampa, uma
aber tura para os f l a t - cab les  da ba r ra  de comando, umà passa
gem para  a introdução do módu lo - l i b ra ry ,  e um botão acess i -
ve l  externamente para  o r ese t ,  são ca rac te r í s t i cas  de monta
gem do equipamento.  |

Demais de ta l hes  es tão  -nas fo tos  au to -exp l i ca t i vas  mos-
t radas  a segu i r .

a
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VIT .  OPERAÇÃO

Para  u t i l i zação  do equ ipamento  deve -se  i n i c i a lmen te

p rocede r  com o " co ld  s ta r t "  do  controlador.

Para t a l ,  i n s ta l e  os f l a t - cab les  dos motores e senso
res  na ba r ra  de comando da conso le .  Conecte o p ino  "banana"
de a l imen tação  na l a t e ra l  pos te r i o r  da conso le  e l i gue  os
12V.

Em segu ida ,  ape r te  o bo tão  de rese t  para  i n i c i a l i za -
ção da CPU de todos os  componentes pe r i f e r i cos .  Es te  bo tão
se  encon t ra  na l a t e ra l  pos te r i o r  da  conso le ,  à d i r e i t a ,  sen

do de d i f í c i l  acesso para ev i ta r  r ese t  indevido.
Li

A par t i r  d i s t o  j a  es ta rã  c i rcu lando no d isp lay  a men
sagem que i den t i f i ca  o equ ipamen to ,  desc revendo  as funções
ex i s ten tes  e ap resen tando  o cód igo  a se r  t ec l ado  pa ra  a t i -
va - l as :  :

TIME
ATLAS
CALAR
MENU

" 
' 

pn

* 
in

 
NH

Os comandos do operador  são en t rados  v i a  t ec l ado ,  es
te apresentando as seguintes ca rac te r i s t i cas :
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TECLAS DE CONTROLE

+ .seleciona o se t  de  ca rac te res  ac ima  das  t ec l as

+ seleciona o se t  de caracteres sobre as tec las

+ se lec i ona  o se t  de ca rac te res  aba i xo  das  t ec l as

— cu rso r  usado na  ed ição  e cor reção dos dados

TECLAS ALFANUMÉRICAS

4 1234567890. =+-/<>t$SPC
e ABCDEFGHIJKLMNOPORSTUVWXYZ.

+ aByYAercndkAuvVEOnpoTUNUW?,

TECLAS MORTAS

+

3X3 ( l i nhã  3 e co luna  3 )

7X1 ( l i nha  7 e co luna 1) "



St £

A função TIME deve f aze r  pa r t e  do processo de i n i c i a -
l i zação  do con t ro l ado r ,  j á  que a ho ra  s i de ra l  l oca l  e a ho -

ra  c i v i l  l o ca l  são  u t i l i zadas  no p rocessamen to  de ou t ras

funções.

Assim após o reset ,  teclariamos:

t l ,

j ã  que po r  de fau l t  es tão  se lec ionados  os  ca rac te res  sobre
as t ec l as .

O processador ecoarãá o algarismo 1 e sinalizarãá o re -
conhecimento com o apagamento do d i sp lay ,  aguardando a en -
t rada de novo comando.

Neste  momento, apenas 2 comandos são ace i t os  pe lo  pro
cessador: "

S ou

Cc,

sendo o p r ime i ro  para  ace r to  da ho ra  s i de ra l  l oca l  e o u l t i
mo pa ra  ace r to  da  ho ra  c i v i l  l o ca l .

Í t

Qua lque r  ca rac te r  ( sa l vo  $ )  t ec l ado  nes te  momento se -
rá  ecoado no display,  mas sómenteo C ou (S será aceito. O
processador  responderá com o va lo r  de ho ra  c i v i l  ou  s i de ra l
dependendo do comando t e r  s ido  C ou S .
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Es te  va lo r  poderá  ser um l i xo  qualquer ou  um valor
corre to  que es tã  sendo consultado.

O formato da apresentação no d i sp lay  e HHMM.

O p rocessado r  agua rda rã  qua lquer  a l t e ração  que sO se

conc re t i za rã  com a subs t i t u i ção  de todos os ca rac te res ,  mes
mo que co r re tos .

Ass im ,  caso  se  dese je  a tua l i za r  a : ho ra  s i de ra l ,  a se -

quência se r i a  a segu in te :

-S
+1 2698

Observe que o ca rac te r  te rminador  é o do l l a r  $ ,  sendo
es te  usado em todos os  casos ,  como terminador  dos comandos
dent ro de uma função ou  como te rminador  da  p róp r i a  f unção :

De um modo ge ra l  te remos:

- terminação de comando com +$
- terminação de função com 1$$ .

Po r tan to ,  pa ra  abo r ta r  a função TIME bas ta rã  abo r ta r
o comando em cu rso ,  t ec l ando -se  $ ,  e em seguida abo r ta r  a
própr ia função, teclando-se outro $ .

Caso nenhum comando es te j a  em cu rso ,  ê necessa r i o  por
t an to ,  apenas um $ .
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: Resum indo ,  pa ra  a i n i c i a l i zação  dos  re l óg ios  s i de ra l

e c i v i l ,  teriamos a sequência:

+11
-C
+1 2008
-Ss
+9H3458$

As ho ras  e m inu tos  são carregados nos reg i s t r os  do
processador  e os segundos são zerados in te rnamente ,  imed ia -
tamente após a teclagem do $ .

A função ATLAS pressupõe a u t i l i zação  dos —modulos-
l i b ra r y .

Assim, coloque o módulo característ ico do t ipo de as
t ro  que  se  dese ja  obse rva r  e t ec l e :

. 12 ,

Oo processador ecoarã o algarismo 2 e s ina l izarã o reconheci
mento  com o apagamento do d i sp lay ,  aguardando a en t rada  do
nome do as t ro  a se r  pesqu i sado  no banco  de dados .

. Nes te  momento ,  caso  se ja  t ec l ado  o $ ,  a função e a-,
bo r tada  sem se rea l i za r  qua lquer  pesqu isa .

Em caso de, teclagem do nome do as t ro ,es te  podera  te r
até 4 caracteres e devera ser terminado com $ para encerrar
comando e i n i c i a r  a pesqu isa  no módulo p resen te .
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Como exemp lo ,  pesqu i samos  as coordenadas  da es t re l a  aq
Centaurus :

+2

+aeCEN1$

No d i sp lay  apa rece r i am c i r cu lando  os  va lo res  das coo r -
denadas un i ve rsa i s  - ascensão re ta  e dec l i nação .

Caso o módulo usado não se ja  o apropriado ou mesmo não
contenha o as t ro ,  a mensagem c i rcu lando no d i sp lay  informa-
r ã  que o "ASTRO NÃO ESTÁ NO ATLAS".

Es ta  mensagem é abor tada  t ec lando -se  o $ e colocando o
equipamento à d i spos i ção  para  uma nova en t rada .

I ns i s t i ndo  no mesmo as t ro ,  p rocure  o módulo ma i s  ade -
quado ,  e i ns ta l e -o  no equ ipamen to .

O módu lo  pode rá  se r  i ns ta l ado em qua lque r  momento ante
r i o r  à t ec l agem do $ ,  usado  como te rminador  do nome do  as -
t r o .

Em função do t i po  de as t ro  e da estrutura dos dados de
cada módulo, a entrada poderã se r :

. [| 1

- à espec i f i cação  do, as t ro  pe lo  nome " c i en t i f i co "  ou
vu lga r ,  pe lo  cód igo  de ca tá logo  (MESSIER, NGC, . . . ) ou
pe lo  nome-propr iedade.

-
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- a da ta ,  d i a  e mes (DDMM) pa ra  os as t ros  com movimen

to p róp r io  s i gn i f i ca t i vo  como p lane tas ,  sa té l i t es ,
so l . . .  ;

Os módulos podem se r  t rocados  durante a operação do
equ ipamen to  sem pe rda  do p rocessado r ,  de  modo que d i f e ren -

t es  t i pos  de as t ros  pode rão  se r  consu l t ados  du ran te  a mes -

ma operação.

A função CALAR apresen ta  todos os  comandos' ope rac io -
na i s  da  função  ATLAS apenas com resu l t ados  d i f e ren tes  .Apos
a teclagem do $ te rminador  da  espec i f i cação  do as t ro ,  e
fe i t o  o cá l cu lo  do ângulo ho rá r i o  do as t ro ,  em função da
ho ra  s i de ra l  e em segu ida  ca lado  o as t ro .

Quando a ca lagem se  comp le ta r ,  apa rece rão  c i rcu lando
no d i sp lay  as coordenadas ascensão re ta  e dec l i nação .

Da mesma- forma que na função ATLAS, caso o as t ro  não
se ja  encon t rado  na  l i b ra r y ,  aparecerâá no d i sp lay  a mensa-
gem de "ASTRO NÃO ESTÁ NO ATLAS". Com o $ ,  es ta  mensagem
será  abo r tada ,  i n i c i ando -se  novo c i c l o  de calagem.

A função MENU vem atender  as segu in tes  necess idades:

- c r i a r  uma programação de observação,  de modo a auto
ma t i za r  o mais poss í ve l  uma sequência de observa -
ções ,  como no caso  de um obse rva tó r i o  com acesso àa
vá r i os  astrônomos ou uma sequênc ia ”de fo tos  a serem
tomadas no cêu com i n te r va los  de terminados.



36

- pe rm i t i r  a ca lagem de as t ros  que não se  encontram
na  l i b ra r y ,  como no caso de as t ros  espec ia i s  , as t ros
com movimento própr io  percept íve l  que tem pos ições
a l t e radas  a cada d ia  ou  a inda  pos ições  ou  regiões
no cêu sem as t ros  assoc iados .

Para en t ra r  na função MENU tecle

4

Agora pode-se en t ra r  com a té  25 as t ros  com o seguinte
formato:

HORA DE INÍCIO DA OBSERVAÇÃO HHMM
HORA DE FIM DA OBSERVAÇÃO HHMM
HEMISFÉRIO DO ASTRO 'N'º ou  'S '
ASCENSÃO RETA DO ASTRO HHMM
DECLINAÇÃO DO ASTRO GGMM-

Cada dado deve se r  terminado com $ e para abortar a
função,  o $ deverã se r  o pr imei ro  ca rac te r  do dado.

A cada chamada da função MENU, novas observações pode.
rão se r  i nse r i das  a té  que se  comp le te  os  25 as t ros ,  quando
novos dados serão  re j e i t ados .  Como rese t ,  um novo . grupo
de 25 observações poderã ser  i nse r i do .

À execução se darã  a pa r t i r  da  l i be ração  da  função se
gu ida  da tec lagem de $ ,  quando a cada minuto  o processador
compararãá o valor da hora c iv i l  com os in íc ios  de observa-
ções p rev i s tos .  Toda vez que ex i s t i r  uma calagem pa ra  aque
l a  ho ra ,  o as t ro  ou reg ião do cêu é posicionado no campo
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do i ns t rumen to  e pe rmanece rã  ass im  a te  que chegue a ho ra
de f im  de observação.  Neste momento, desde que o astrônomo
tenha dado o ava l  pa ra  o processador  - t ec lando  o $ ,  o ins
t rumento re to rna  à sua pos i ção  de repouso e f i ca  aguardan-
do nova calagem.

Es te  procedimento con t i nua  a té  esgo ta r  o programa de
obse rvação ,  embora a qua lque r  i ns tan te  o ope rado r  pode rã
consu l t a r  out ras funções, bastando pa ra  i s so ,  t ec l a r  o seu
codigo.
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V I I I .  NOVAS FACILIDADES

Novos recu rsos  pode rão  se r  ac resc idos  a es te  equ ipa
mento cons iderando a inda a capacidade oc iosa  de memória e
processamento des te  microcomputador .  De sobra  a inda  temos
va r i os  p i nos  de 1 /O  que podem se rv i r  para  con t ro l e  do meio
ex te rno .

Dent re  as novas f ac i l i dades  implementâáveis, que ago
ra  me oco r re ,  es ta r i am:

1 .  Criação de novas funções como a MAPAja i dea l i za
da ,  que se rv i r i a  pa ra  mapear  uma reg iao  do cêu ,  de te rm inan -
do as coo rdenadas  dos as t ros  ou  pos i ções  no cêu ,  pa ra  as
qua is  es ta r i a  apontado o ins t rumento de observação.

2 .  Comando de movimentação da cúpu la  do obse rva to -
r i o  em conjugação com a ca lagem dos as t ros ,  ga ran t i ndo  o po
s ic ionamento  co r re to  da j ane la  de observação da cúpu la .

3 .  Comandos manuais de calagem dentro da função CA-
LAR e

4 .  Comandos espec ia i s  para con t ro le  de ob tu ração e -
l e t r ôn i ca  de diafragma de câmeras f o tog ra f i cas .  !

* Mu i t os  ou t ros  pode r i am se r  l i s t ados  v i sando  cada
vez  ma i s  au toma t i za r  as ope rações  envo l v i das  na  p repa ração
para o r eg i s t r o  e observação dos as t ros .

Pa ra  i s so  devemos cons ide ra r  uma d i spon ib i l i dade  de
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memória de programa da ordem de 400 by tes ,  de 12 p i nos  1 /0 ,
de mais de 512 bytes de memória de dados e pinos de decodi-
f i cação  que pe rm i t i r i am  expand i r  a memór ia  de  p rog rama  e /ou
dados e o d i sp lay  a l fanumér ico  pa ra  mais 4 ca rac te res ,  fac i
l i t ando  o processo conve rsac iona l  de ou t ras  funções .
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IX .  PESQUISA COMPLEMENTAR

A con t i nuação  des te  t raba lho  pode rá  segu i r  nas  direções:

1 .  apr imoramento  de  a lguns  de ta l hes  de  p ro j e to .

2 .  inc lusão  de novas f ac i l i dades .

Quanto ao i t em  1 ,  um ponto que t o rna r i a  comoda a ap re -

sen tação  dos  dados no d i sp lay ,  se r i a  i nc l u i r  o pon to  dec ima l

nas ho ras ,  nas  coo rdenadas  e t a l vez  onde se  f i ze r  necessá r i o

nas  mensagens .

Para  ta l  bas ta r i a  ap rove i t a r  os  128 by tes  vagos  na  ma-

t r i z  de ca rac te res  para  os ca rac te res  pon tuados ,  j a  que nes -
te  d i sp lay  o ponto  é colocado a esquerda de um con jun to  de 7
segmentos.

Deve -se  t rocar  na  ma t r i z  de ca rac te res ,  a cod i f i cação
de a lgar i smos  de modo a que e l es  ocupem o con jun to  de 7 seg -
mentos da d i r e i t a .

Deve -se  ac rescen ta r  ao c i r cu i t o  um d r i ve r  a t r ans i s to r
sob re  a l i nha  A3z (p i no  28)  da  pas t i l ha  8279 ,  com em isso r  1li-
gado ao anodo do segmento DP (p i no  2) do HDSP-6504 e co le to r
l i gado  ao +5V at ravés de um res i s to r  l im i t ado r .  o

Assim toda  vez  que se f i ze r  necessa r io  a colocação do
pon to  dec imal  j un to  ao a l ga r i smo ,  o so f twa re  p rov idenc ia rá  u
ma mascara do código ASCII com 080 de modo a endereçar o se-
gundo grupo de 128  by tes  da  ma t r i z  de ca rac te res .  Nes te  g ru -
po es ta rão  repe t idas  as cod i f i caçoes  de todos os ca rac te res ,
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fundamenta lmente  os  a l ga r i smos  (de  BÀ a B9 ) ,  de modo que no

d i sp lay  t e remos  o a l ga r i smo  como norma lmente  apa rece r i a ,ma i s

o pon to  dec ima l  aceso pe lo  acionamento,  por  fo ra  da ma t r i z ,
da l i nha  Az sobre a d r i ve r  d i sc re to .

Quanto ao i t em  2 ,  algumas das novas f ac i l i dades  se r i am
aquelas l i s t adas  no cap í t u l o  an te r i o r .

Uma rea l i zação  impor tan te  se r i a  a conversão das coo rde -
nadas equa to r i a i s  em a l t oaz imu ta i s ,  podendo se rv i r  de base
para uma calagem de grandes te lescópios,  onde a mecânica ex i
ge uma montagem a l t oaz imu ta l .  Out ra  ap l i cação  se r i a  a adapta
ção  de mecanismos s imp les ,  usados  em pequenas l une tas ,  maqui
nas fo tográ f i cas  para fundo de cêu e binóculos caçadores de
cometa,  pa ra  funcionarem com calagem e acompanhamento automã
t i cos ,  usando-se a conversão de coordenadas.

Considerando-se que es ta  conversão envo lve  t ransforma-
ção na  base de funções t r i gonomét r i cas  e que os m ic rop roces -
sado res  são  e f i c i en tes  em con t ro l e  de p rocessos  mas re l a t i -
vamente l en tos  em funções ma temát i cas  ma i s  comp lexas ,  t a l vez
se f aça  necessá r i o  o uso de um coo-processador matemâát ico , t i
po AMD 9511 ,  compat i ve l  com a es t ru tu ra  des te  p rocessado r  e
com operadores matemáticos os mais d i ve rsos .  Out ra  so lução é
a de consegu i r - se  implementar  um a lgo r i tmo  u t i l i zando  somae
sub t ração ,  e f i c i en te  e com p rec i são  de ordem de m inu to .
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X.  CONCLUSÕES

As conc lusões são t i radas  a pa r t i r  da r ea l i zação  p rá t i -
ca  des te  t r aba lho ,  de seu desempenho ope rac iona l  e de suas
vantagens na  operação de i ns t rumen tos  de observação.

Quanto às van tagens  l i s t amos  as  segu in tes :

1 .  A l t o  grau de automat ização - -
2 .  Central ização de comandos
3 .  Ba ixo  cus to  e a l t a  con f iab i l i dade .
4 .  Po r tab i l i dade
5 .  Baixo consumo de fonte un ica
6 .  Fac i l  operação
7 .  Comunicação Homem-Mâquina em l inguagem de al to nível

Quanto ao desempenho ope rac iona l  o equ ipamento  mos t rou -
- se  e f i c i en te ,  com respos tas  rap idas  aos comandos do ope ra -
do r ,  m in im i zando  os  comandos e r rados  a t ravés  de  comandos de
ed i ção ,  tornando a ope ração  segu ra  e conve rsac iona l .

Concluímos que a rea l ização p ra t i ca  deste trabalho mos-
t r ou  a impo r tânc ia  do uso  de con t ro l e  de  p rocessos  ap l i cados
à as t ronomia  onde cada vez  mais se f az  necessá r i a  a automat i
zação e o processamento dos dados p roven ien tes  de co le to res ,
desde um pequeno t eodo l i t o  a tê grandes redes de rad io - t e l es -
cópios .
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ANEXO 1



. CHAPTERS '
THE INSTRUCTION SET

5.1 WHAT THE INSTRUCTION SET IS
A computer, no matter how sophisticated, can
do only what i t  i s  instructed to  do. A programis
a sequence Of instructions, each of which i s
recognized by the computer and causes it t o
perform an operation. Once a program i s  placed
In memory space that i s  accessible t o  your
CPU, you may run that  same sequence of  in-
structions as of ten as you wish to  solve the
same problem or  to do the same function. The
set of instructions to which the 8085A CPU wi l l
respond i s  permanentiy fixed in the design of
the chip.
Each computer instruction allows you to ini-
t iate the performance of a specífic operation.
The 8085A Implements a group of  instructions
that move data between registers, between a
register and memory, and between a register
and an 1/O port. I t  also has  arithmetic and logic
instructions, conditional and unconditional
branch instructions, and machine control in-
structions. The CPU recognizes these instruc-
tions only when they are coded in binary form.

52 SYMBOLS AND ABBREVIATIONS:
The following symbols and abbreviations are

used In the subsequent description of the
80865A instructions:
SYMBOLS MEANING
accumulator Register À
addr 16-bit address quantity — *
data 8-bit quantity
data 16 16-bit data quantity :
byte 2 The second byte of the Instruc-

tion
byte 3 The third byte of the Instruc-

tion
port 8-bit address of an O device
rn, 2 One of the registers A,B,C,

D,E,H,L

*AIll maemonics copyrighted O intel Corporation 19786. 5-1

DDD,SSS

RP

st

The bit pattern designating
one of the registers A,B,C,D, .
E,H,.L (DDD =des t ina t ion ,
SSS = source):

DDOE or
Ssss
111
000
DO!
010
011
100
101

One of the register pairs:
B represents the  B,C pair w i th -
B as the  high-order register
and  C as  t he  low-order
register;
D represents the D,E pair wi th
D as the high-order register
and  E as  t he  l ow-o rde r
register;
H represents the H,L pair witb
H as the  high-order register
and  L as  t he  low-order
register;
SP represents the 16-bit stack
pointer register.
The b i t  pattern designating
one o f  the register pairs
B,D,H,SP:

REGISTER
NAME

rF
IM

O
O

U>

REGISTERRR EAR
oo — BCoi D-E10 He1 SP

The first (high-order) register
of a designated register pair.
The  second  ( l ow -o rde r )
register  o f  a des ipna ted
register pair.
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PC 16 -b i t  program coun te r  5. The boxes describe the binary codes that
register (PCH and PCL are comprise the machine instruction.
used to refer to the high-order 6. The last four lines contain Information a
and low-order 8 bits respec- the execution of the instruction. The num
tively). of machine cycles and states required to ex

SP 16-bit stack pointer register ecute the instruction are l isted first. Hf the |
(SPH and SPL are used to  refer struction has two possible execution times,
to  the high-order and low-order as in a conditional jump, both times are
8 b i ts  respectively). listed, separated by a slash. Next, data a

dressing modes are listed i f  applicable. The
'm Btmo! she registe nos teu last line l ists any of the five f lags that are af.

t o  right) 9 fected by the execution of  the instruction.

LABEL 16-bit address of subroutine. 5.3 INSTRUCTION AND DATA FORMATS
The condition flags: Memory used in the MCS-85 system |s orga

rá Zero ired in Bbit bytes. Each byte has a unique location inf
Ss Sign piysical memory. That location Is described by one

a sequence 0f 16-bit binary addresses. The 8085A can
P Parity address up to 64K (K = 1024, or 210; hence, 64
[34 Carry represents the decimal number 65,536) bytes

memory, which may consist of both
AC Auxiliary Carry read-write memory (RAM) and read-only memo:
( )  The contents of the memory (ROM), which Is aiso random-access.

location or registers enclosed — nata jntne SOBSA is stored in the form of 8-bin the parentheses. .Us  ferred t o ”  binary integers:
- s transferred to DATA WORD
A Logica! AND | TT  TT  [|

. Exclusive OR D; Ds Ds D, D; Dz D; Dy
A Inclusive OR
+ Addition . MSB LSB
- Two's complement subtraction When à register or data word contains à bina

Multiplication asian umber ae writt br Int +e“ ” () nm are en. in [-) "- .  ls exchanged with BITOis referred to as the Least Significant Bit (.SB)
— The one's complement(e.g.,(A) — andBIT7(0fan&bitnumber)isreferredtoast

n * "Therestart number O through 7 Most Significant Bit (MSB).
NNN The binary representation 000 — AnB8BO0B5A program instruction may be one, two Of

through 111 for restart number three bytes in length. Muttiple-byte instructions
O through 7 respectively. be stored in successive memory locations; the address

The instruction set encyclopedia is a detailed . tao! i s  aaa useu as tha address ol ihe
description of the 8085A Instruction set. Each on the particular operation to be Executado
Instruction 1s described i n  the following man- : pa pe D I
ner: Single Byte Instructions
1. The MCS-85 macro assembier format, con- TT  T TT  TT

sisting Of the Instrudtion mnemonic and D; D, | Op Code
operand fields, i s  printed in BOLDFACE on
the  first line. "

2. The name of  the Instruction i s  enclosed in Y ne !  tions
parentheses following the mnemonic. Byte D '  TT  T TA  Do  Op Code

3. The next lines contain a symbolic description One
of what the instruct ion does. LM io pus pu gu

Byte Data or4. This i s  followed by a narrative description of  Two D; D; Address
the operation of the instruction.

- *AN mnemonics copyrighted O intel Corporation 1876. 5-2
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. Three-Byte Instructions
B [NS DS o aa as |
do D; Do | Op Code

Byte T ITT IT1T |
Two | Dr Ú Do |) Data

or
F I  TT IT IA  AddressThas | Dr D

5.4. ADDRESSING MODES:
Often the data that is  to be operated on is stored in
memory. When muiti-byte numeric data is  used, the
data, like instructions, Is stored in successive memory
locations, with the least significant byte first, foliow-
ed by increasingly significant bytes. The 8085A has
four different modes for addressing data storedin
memory or I n  registers:

* Direct — Bytes 2 and 3 of the instruction
contain the exact memory ad-
dress of the data item (the low-
order bi ts of the address are in
byte 2, the high-order bits in
byte 3). :

+ Register — The instruction specifies the
register or register pair in which
the data | s  located.

e Register Indirect — The instruction
specífies a register pair which
contains the memory address
where the  data i s  located (the
high-order bi ts of  the address
are In the first register of the
pair the low-order bi ts in the
second).

+ immediate — The instruction contains
the data itself. This I s  either an

| 8-bit quantity or  a 16-bit quanti-
" |  ty  (least significant byte first,
; most significant byte second).

Unless directed by an interrupt or branch in-
' Stitutlion, the execution of  instructions pro-

ceeds th rough  consecu t i ve l y  increas ing
Memory locations. À branch Instruction can

s; Specify the address of the next instructlon to be
& executed in one of  two ways:
= ;  e Direct— Thebranchinstruction contains

SE the address of the next instruc-
EN : tion to be executed. (Except for

o the 'RST' Instruction, byte 2
CU contains the low-order address

and byte 3 the high-order ad-
dress.)

*AN mnemonica copyrighted OlntelCorporation 1978.

* Register Indirect — The branch instruc-
tion indicates a register-pair
which contains the address of
the next instruction to be ex-
ecuted. (The high-order bits of
the address are i n  the  first

, register of the pair, the  low-
order b i ts  I n  the  second.)

The RST instruction | s  a special one-byte call in-
struction (usually used during Interrupt se-
quences). RST includes a three-bit f ield; pro-
gram control | s  transferred to the instruction
whose address i s  eight times the contents of
th is  three-bit field.
5.5 CONDITION FLAGS: -
There are five condition flags associated with
the execution of  instructions on the 8OS8SA.
They are Zero, Sign, Parity, Carry, and Auxiliary
Carry. Each i s  represented by a 1-bit register (or
flip-flop) in the CPU. A flag i s  set by forcing the
bit to  1 ;  i t  is reset by forcing the bit to  O.
Unless indicated otherwise, when an instruc-
t ion affects a flag, i t  affects it in the following
manner:

Zero: If the result of an instruction
has the value O, th is  flag i s  set;
otherwise i t  i s  reset.

Sign: If the most significant bit of the
result of the operation has the
value 1, th is  flag i s  set; other-
wise It Is reset.
If the modulo 2 sum of  the  bits
of the result o f  the  operation às
0, (l.e., i f  the result has even
parity), th is  fiag is  set; other-
wise i t  i s  reset (1.e., i f  the result
has odd parity).
I f  the instruction resuited In a
carry (from addition), or a bor-
row (from subtraction or a com-
parison) out of the high-order
bi t ,  this f lag i s  set; otherwise it
is  reset. JÁ

Auxiliary Carry: 1f the Instruction caused a
carry out of  b i t  3 and into bit 4
of the resulting value, the aux-
HNiary carry i s  set; otherwise It ls
reset. This f lag i s  affected by
single-precision addit ions, sub-
tractions, increments, decre-
ments, comparisons, and logi-
cal operations, but i s  principal-
ly used wi th additions and in-
crements preceding à DAA
(Decimal Adjust Accumulator)
Iinstruction.
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5.8 INSTRUCTION SET ENCYCLOPEDIA
In the ensuing dozen pages, the complete
BOSSA Instruct ion set i s  described, groupad I n
order under five different functional headings,
as follows:

1. Datá Transier Group — Moves data be-
+ tween registers or between memory

tocations and registers. Includes moves,
loads, . stores, and exchanges. (Ses
below.)

2. Arithimeatlic Group — Adds, subtracts, in-
craments,  o r  decrements da ta  | n
registers or mamory. (See page 5-13.)

3. Loglc Group — ANDs, ORs, XORs, com-
pares, rotates, o r  complements data In
registers or between memory and à
register. (See page 5-16.)

4. Branch Group — Inltiates conditionat or
unconditional jumps, calls, returns, and
restarts. (See page 5-20.)

5. Stack, O, and Machins Control Group
— Includes Instructions for maintalning
the stack, reading from input ports,
writing to output ports, setting and
reading interrupt masks, and setting and
ciearing flags. (See page 5-22.) :

The formats described In the encyclopedia
refiect the assembiy language processed by
Intel-supplied assembler, used wi th  the  Intellect
developmeant systems.

5.8.1 Data Transfer Group
This group of instructions transfers data to  and
from registers and memory. Condition f lags are
not affected by any instruction in this group.

! MVI M, data

MOV r, M íiMove Írom memory)
tn) — (H) (L)
Tha content of  the  memory location, whose
address ts I n  replsters H and L, is moved to
register r.

U | Tr I 1
LH 1 D D DJ i I 1  1 o

Cycles: 2
States: 7

Addressing: reg. Indirect
Fiags: none

MOVM,s  .  (Moveto memory)
UH) (L) — (À)
The content of register r is moved to the
memory iocatlon whose address is |h
registers H and L. : ;

Cycles: 2
States: 7

Addressing: reg. Indirect
Flags: none

MY! r, data (Move Immediate)
tr) — (byte 2)
The content o f  byte 2 of  the Instructlon |s
movad to register r.

! | | | |
O GD D D|J j |1  1 o

data

Cycles: 2
States: 7 .

Addressing: Iimmadiate
Flags: none

(Move to  memory immediate)
MOVA,2 :  (Move Register) (HH) (L)) — (byte 2) i i

tr1) — (ra) i The content of byte 2 of the Instructions
The content. o f  register 12 18 moved to moved to the memory location whose ad-
register 11. à ! dress is  i n  registers Hand L.

H | | | I U | | | |] | !o 1 |D  Do D j s  s s Oo o 1 1 0 1 1 o ||
Cycles: 1 ' data
States: 4 (8085), 5 (8080)

Addressing: register Cycles: 3
Fiãgs: none States: 10

Addressing immed. reg. indirect
Flags none

*Al mremonica copyrighted Ointel Gorporation 1878,
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LX! rp, data 16 (Load register pair immediate)
(rh) — (byte 3),
(1) — (byte 2)
Byte 3 of  the instruction i s  moved in to the
high-order register (rh) of the register pair
rp. Byte 2 of  the Instruction i s  moved into
the low-order register (ri) of the register pair

LHLD addr (Load H and L direct)
(L)—-((byte 3Xbyte 2))
(H)-—((byte 3Xbyte 2) +1)
The content o f  the memory location, whose
address i s  specified i n  byte 2 and byte 3 of
the instruction, is moved t o  register L. The
content o f  the memory location at the suc-

mm. s ceeding address i s  moved to register H.
Ee. | " U | Í J | U | LU Jd

0 O IR  P jO  o o 1 [+ 1 o 1 [+ 1 o

' low-order data low-order addr

high-order data high-order addr

” Cycies: 3 Cycles: 5
" States: 10 States: 16

' Addressing: immediate Addressing: direct
$ Flags: none Flags: none

$ LDA addr (Load Accumulator direct) SHLD addr (Store H and L direct)
t (A) — ((byte 3)byte 2) (byte IXbyte 2)) (L)
7 The content of the memory location, whose (byte 3Nbyte 2)+1)—(H)

address is  specified in byte 2 and byte 3 of The content of register L i s  moved to the

ss
b. EEc53: Al moemonies copyrighted Olntel Corporation 1976.
no

5-5

* the instruction, is moved to register A. memory location whose address is
I T  AI Tr — > "  specified in byte 2 and byte 3. The content

FA o o 1 1 1 o 1 o of register H i s  moved to the succeeding
* memory location.
E. T 1 J T |« low-order addr 0 O 1 0 0 0 1 O
4.
& high-order addr low-order addr

& Cycles: 4: States: 13 high-order addr
ã ' Addressing: — direct :
É Flags: none Cycles: 5

; States: 1: STA addr (Store Accumulator direct) Addressing: diect
(byte 3Xbyte 2)) — (A) Flags: — none
The content of the accumulator is moved to
the memory location whose address is !3 —specilledinbyte2andbyte3oftheinstruc: — LDAX mM (Load accumulator indirect)+ — tion (A) — ((rp))* | T T | es me | The content of tha memory location, whosesl), o 1 1 o o 1 o address is  In the register pair  rp, is moved

E to register A. Note: only register pairs
| r p=B  (registers B and CO) or  r p=D

k low-order addr (registers D and E) may be specified.

Fr high-order addr o o RP  1 0 1 ' 0

Cycles: 4 Cycles: 2
States: 18 States: 7

Addressing: direct Addressing: reg. indírect *
Flags: none . * . .  Flags: none.

TN
T 

es
o 

Ta
n
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STAX mp (Store accumulator indirect)
((rp)) — (A)
The content of register A is  moved to the
memory locatlon whose address i s  in the
register palr rp. Note: only register pairs
MPp=B (registers B and .C )  or  rp=D
(registers D and E) may be specified.

TA T | E
o o R P o o 1 o

Cycles: 2
States: 7

Addressing: reg. indirect 2
Flags: none

XCcHG (Exchange H and L with D and E)
(H) — (D)
(L) — (E)
The contents of registers H and L are ex-
changed with the contents of registers D
and E.

Cycles: 1
States: 4

Addressing: register
Flags: none

5.62 Arithmetlc Group
This group of instructions performs arithmetic
operations on data in registers and memory.
Uniess indicated otherwise, all Instructions in
this group affect the Zero, Sign, Parity, Carry,
and Auxlilary Carry flags according to the stan-
dard rules.
Al l  subtraction operations are performed via
two's complement arithmetic and set the carry
fiag to one to indicate a borrow and clear It to
indicate no borrow

ADDr (Add Register)
(A ) — (A) + (1)
The content of register r Is added to the
content of the accumulator. The result is
pláced in the accumulator.

1 T I I ! |
o o o 0 i j iS  SS SS

Cycles: 1
States: 4

Addressing: register
Flags: Z2,8,P,CY, AC

“All mnemonics copyrighted O intel Corporation 1978.

ADD M (Add memory)
(A) — (A) + ((H) (L)
The content o f  the  memory location whose
address |s contained in the H and L
registers I s  added to the content o f  the ac-
cumuilator. The result is  placed in the ac-

— cCumulator.

Cycles: 2
States: 7

Addressing: reg. indirect
Flags: ZSPCY,AC

ADI data (Add immediate)
(A) — (A) + (byte 2)
The content of  the second byte of the in-
struction is  added to  the content of the ac-
cumulator. The result is placed in the ac-
cumulator.

Cycles: 2
States: 7 :

Addressing: immediate
Flags: Z,S8,P,OY, AC

ADC r :  (Add Register with carry)
(A) — (A) + (1) + (CV)
The content of register r and the content of
the carry bit are added to the content of the
accumulator. The resuit is ptaced in the ac-
cumulator.

| UU | J ] ]
1 o o o .  1 Ss 8 Ss

Cycles 1
States 4 ist

Addressing register
ZS,P,CY, AC

2 
ca

ld
as

 
st

ud
io

 d
et

id
a 

SA
RL

 vd
b. d

at
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io
 

m
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ADC M (Add memory with carry)
(A) — (A) + ((H) (LI) + (CY)
The content of the memory location whose
address | s  contained I n  the H and L
registers and the content of the CY flag are
added to the accumulator. The result is

SUB M (Subtract memory)
(A) — (A) — ((H) (LU)
The content of the memory location whose
address i s  contained In the H and L
registers Is subtracted from the content of
the accumulator. The result is  placed i n  the

placed in  the accumulator. —  acoumulator.

| U ! T 4d U | | T 7 " T " U
1 0 0 o 1 1 1 [ 1 o o 1 o 1 1 o

Cycles: 2 Cycles: 2
States: T States: 7

Addressing: reg. indirect Addressing: — . Indirect -
Fiags: Z2,8,P,0Y,AC Flags: P,CY, AC ]

* ACI data (Add Immediate with carry) SUI data (Subtract immediate)
(A) — (A) + (byte 2) + (CV)
The content o f  the second byte of the In-
struction and the content of the  CY flag are
added to the contents of the accumulator.

(A) — (A) — (byte 2) :
The content of the second byte of the in-
struction I s  subtracted from the content of
the accumulator. The result Is placed in the

The result is  placed in the accumulator. * accumulator. : -

" | T TT 1 T T FT  T U U U U
1 1 [o o 1 1 1 o 1 1 0 1 ' O 1 1 o

data data —.
1

Cycles: 2 Cycles: 2 |
" : States: 7 States: 7 .
ás “ Addressing: immediate Addressing: immediate
+ Flags: ZS,P,CY, AC Flags: Z,S8,P,CY, AC

. SUBr (Subtract Register) SBB r (Subtract Register with borrow)
' (A) — (A) — (0) — (CY)* (A - (A - (N )

- — Thecontent of register r i s  subtracted from
1” the content of the accumulator. The result

The content of register r and the content of
the CY flag are both subtracted from the
accumulator. The resuit is  placed in the ac- -= ls placed in the accumuilator.

s : : cumulator.

T T T T TA  P l  1 I Fa )1 0 o 1 0 | lS  S'sS 1 0 0 1 1 /8  S S | .

Cycles: to
” States: 4 jet atos aoo : ressing: — register Address] ' register; Flags:  ZSPCYV,AC | Flags ZS,P.CY,AC

- * -*Al mnemonics copyrighted Olnte! Corporation 1978. 5-7
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' SSB M (Subtract memory w i th  borrow)
(A) — (A) — ((H) (L)) — (CY)
The content of the memory location whose
address | s  contained I n  the H and L

: registers and the  content of  the  CY flag are
both subtracted from the accumulator. The
result i s  placed i n  the accumulator.

— Cycles: 2
2 ”  States: 7

Addressing: reg. Indirect
Flags:  ZSP,CY,AC

»

SB1I datas (Subtract immediate with
borrow)

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

data

Cycles: 2
States: 7

Addressing: Immediate
Flags:  ZSPCY,AC

NR (Increment Register)
n - i n+1
The content of register r is incremented by
one, Note: A l t  condition flags except CY
are affected.

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

Cycles 3
States 10

Addressing reg. Indirect
Flags Z2,8,P.AC

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

Cycles:
States: 4 (8085), 5 (8080)

Addressing: register
Flags:  ZSPAC

DCR M (Decrement memory)
(H) (L)) — (H) (L) — 1
The content of the memory location whose *
address is  contained in the H and L
reglsters is decremented by one. Note: All
condition flags except CY are affected.

Cycles: 1
'States: 4 (8085), 5 (80860)

Addressing: register
Flags: 2,8,P,AC

*AN monemonics copyrighted OtntelCorporation 1976.

Cycles 3
States: 10

Addressing: reg. Indirect
Flags: Z2,8,P,AC
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.

INX mp (increment register pair)
(rh) (rl) — (rh) (el) + 1
The content of the register palr rp às in-
cremented by one. Note: No condition flags
are alfected.

Cycles 1 |
States 6 (8085), 5 (6080)

Addressing register
Flags none

DCX mp (Decrement register pair)
(rh) (ri) — (rh) (el) — 1

A The content o f  the register pair np | s
: decremented by one. Note: No condition

flags are altfected.

[| I I | |
é 0 OR P i  o 1

&

á Cycles 1
States 6 (8085), 5 (8080)

Addressing register
" Flags none

DAD rp (Add register pair to H and L)
(H) (L) — (H) (L) + (rh) (r))
The content of the register pair rp 1s added
to the content of the register pair H and L.
The result is placed in the register pair H
and L. Note: Only the CY flagis affected. It
is set if there ig a carry out of the double
precision add; otherwise i t  i s  reset.

Cycles: 3
States: 10

Addressing register
Flags Y

" *All mnemonics copyrighted Otntel Corporation 1978.

DAA (Decimal Adjust Accumulator)
The eight-bit number In the accumulator is
adjusted to form two four-bit Binary-Codad-
Decimai d ig i ts  by the following process:
1. 1f tha  value o f  the  Jease significant 4 b i ts

of the accumulator i s  greater than 9 or HW
the AC f lag |s  set, 8 is  added to the ac-
cumutator. :

2. 1f the value of the most significant 4 bits
of the  accumulator is  now greater than 9,
or i f  the CY f lag is  set, 6 Is added to the
most significant 4 bits of the. ac-
cumulator.

NOTE: All flags are afiected.

Cycies: 1
States:
Flags: ZSPCY AC

5.6.3 Logical Group
Thia group of instructions performs logical
(Boolean) operations on data I n  registers and
memory and on  condition f lags.
Uniess indicated otherwise, all instructions in
this group affect the Zero, Sign, Parity, Auxiliary
Carry, and Carry flags according to the stan-
dard rules.

ANAr (AND Register)
(A) = (A) À (1)
The content of register r is  logically ANDed
with the content of  the accumulator. The
result i s  placed in the accumulator. The OY
flag is  cleared and AC ls set (8085). The CY
flag Is cleared and AC is set to tha OR'Ing
of bits 3 of the operands (8080).

Cycles: 1
States: 4

Addressing: mgista Í
' Flags: 2,8,P,CYy,AC
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ANA M (AND memory)
(A) — (A) A ((H) (L)
The contents of  the memory location
whose address i s  contained in  the H and L
registers ts logicatly ANDed with the con-
tent o f  the  accumulator. The result i s
placed i n  the accumulator. The CY f l ag i s
cleared and AC is  set (8085). The CY flagis
cleared and AC is  set to the OR'ing 01 blts 3
of the operands (8080).

"Cycles: 2
States: 7

Addressing: reg. indirect
Fiags: 2,8,P,CY, AC

ANI data (AND immediate)
(A) — (A) A (byte 2)
The content of the second byte of the in-
struct ion i s  logicaliy ANDed wi th t he  con-
tents of  the accumulator. The result i s
placed in the accumulator. The CY flag is
cleared and AC is  set (8085). The CY f l ag is  -
cleared and AC |s set to  the OR'Ing of bi ts 3
of the operands (8080).

data

Cycles: 2
States: 7

- Addressing: immediate
Flags: ZS,P,OY, AC

XRAr (Exclusive OR Register)
(A) — (A) vº (r)
The content of  register r i s  exclusive-OR'd
with the content of the accumulator. The
result i s  placed i n  the àccumulator. The ev
and AC flags are clearad.

Cycles: 1
States: 4

Addressing: register
Fiags: ZS,P,CY, AC

*AU MÚnemonica copyrighted O nte! Comoration 1978.

XRA M (Exclusive OR Memory)
(A) — (A) v (IH) (L)
The content of  the memory location whose
address | s  contained in the  H and L
registers i s  exclusive-OR'd wi th the con-
tent o f  the  accumulator. The resuit is
placed in the accumulator. The CY and AC
flags are cileared.

Cycles: 2
States: 7

Addressing: reg. Indirect
Flags: Z,S,P,CY, AC

XRI data (Exclusiva OR immediate)
(A) — (A) vv (byte 2)

- o
 ata

da
 na

do
 no

ita
da

 
nte

nd
ita

 Ha
 lia

oh
 da

li 
is

to
 +

Ú
A

ES
 

O

The content of the second byte-of the in- |
struction is exclusive-OR'd with the con- '
tent of the accumulator. The result is
placed in the accumulator. The CY and AC
flags are cleared.

TT AT | ! |U 1 T
1 h A | o 1 1 1 o

data ' :

Cycles: 2
States: 7

Addressing: immediate
Flags: Z8,P,CY,AC

ORAr (OR Register)
(A) — (A) V (1) '
The content of register r is  Inciusive-OR'd
wi th  the content of  the accumulator. The
result i s  placed in the  accumulator. The CY
and AC flags are cleared.

Cycles: 1
States: 4

Addressing: register
Flags: Z2,8,P,CY, AC



THE INSTRUCTION SET

ORA M
(A) — (A) V (0H) (L)

(OR memory)

The content o f  the memory location whose
address is  contained in the H and L

registers is  inclusiva-OR'd with the  content
of the accumulator. The result i s  placed In

' the accumulator. The CY and AC flags are
cleared.

Cycles:
States:

Addressing:
Flags:

OR! data
(A) — (A) V (byte 2)

2
7
reg. indirect
Z2,8,P,CY, AC

(OR Immediate)

The content o f  the second byte of the in-
struction i s  inclusive-OR'd w i th  the content
of the accumulator. The resuit i s  placed in
t he  accumulator. The CY and AC flags are
cileared..

I I T !
1 1 1 U 1 ' o 1 1 ! o

data

Cycles: 2
States: 7

Addressing: Immediate
. Flags: Z,S,P,OY, AC

CMPr (Compare Register)
(A) — (1)
The content of register r is subtracted from

- | the accumulator. The accumulator remains
unchanged. The condit ion f lags are set as
à result of the subtraction. The Z f lagis set
to 1 IN (A) = (1). The CY flag is set to 111 (A)
< ().

Gycles:
States:

| Addressing:
o .  Flags:

É+
oã

1
4
register
Z,8,P,CY, AC

PAN mnemaonics copyrighted Ointe! Corporation 1978.

CMP M (Compare memory)
(A) — ((H) (L)
The contant of the  memory location whose
address | s  contained in the H and L
registers i s  subtracted from the  ac
cumulator. The accumulator remains un-
changed. The condit ion flags are set as a
result o f  the subtraction. The Z f lag (is set
to 1 H (A)=((H) (L)). The CY flag is set to 1H
(A) <((H) (L))

Cycles: 2
States: 7

Addressing: reg. indirect
Flags: ZS,PhCY, AC

CPI data (Compare immediate)
(A) — (byte 2)
The content of  the second byte of the in-
struction i s  subtracted from the  ac
cumutator. The condit ion flags are set by
the result of the subtraction, The Z f lag is
set to 1 if  (A)=(byte 2). The CY flagis set to
1IA)<byte 2).

— data

Cycles: 2
States: 7

Addressing: immediate
Flags: Z,S8,P,CY,AC

RLC (Rotate left)
(An +1) — (An) (Ao) — (A7)
(CY) — (A7)
The content of  the accumulator is  rotated
left one position. The low order b i t  and the
CY flag are both set to  the value shifted out
of  the high order bi t  position. Only the CY
flag is affected.

] I I IT | | |
o o Oo o o 1 1 1

Cycles 1
States. 4
Flags ov
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RRC (Rotate right) CMA (Complement accumulator) z
(An) = (An+1 )  (A7) -= (Ao) (A) = (A) o
(CY) — (Ao) The contents of the accumulator are com.*
The content of  the  accumulator às rotated plemented (zero bits become 1, one bite:
right one position. The high order bit and become O). No flags are affected. 3
the CY f lag are both set to  the  value shifted À
out of the low order bit position. Only the - | — | | | ;
CY flag is attected. o o " 1 q 1 1 Í

4

“ qo  o 1 USE "
. bh Cycles: 1

States: 4 :
i Ftags: none

Cycles: 1 : = ' =
States: 4 7
Flags: ev !

CMC (Complement carry)

o &X o 1 ! ted. No othere ag |s complemenRAL (Rotate left through carry) flacs are affected.(Ana 1) (An); (CY) (Az) 9
(Ao)--(CY) :
The content of the accumulator i s  rotated | | INS NS | | I
left one position through the CY flag. The [) [) 1 1 1 1 1 1 ,5 .
low order b i t  i s  set equal to  the CY flag and
the CY flagis set to ne value Suite out o f  e
the high order b i t .  Only the CY flag às af- Cycles: 1
ftected. States: 4

Flags: ov
OT T Leça De U | -o o o 7 o 1 1 1

sTC tc (Set carry) "
: Y= -1

Gales: i Tha CY fiag l8 set to 1. No other fiags are
Flags: CY affected.

| o T 7 T | o T I LU
RAR (Rotate right through carry) o 1 1 1 1 ?
: o e 1)(CY) — (AJ) R

A? — 1The content of  the accumulator is  rotated Cycles: 1
right one posit ion through the CY flag. The States: 4 .
high order bit Is  set to the CY flag and the Flags: cv
OY f l ag i s  set to  the value'shifted'out of the
low order bit. Oniy the CY flag ls affected.

Cycles: 1
States: 4
Flags: ov

*AN mnemonics copyrighted O inte! Corporation 19876. 58-12
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5.64 Branch Group
This group of instructlons alter normal sequen-
tial program f low.
Condition fiags are not affected by any instruc-
tion in th is  group.
Tha two types of  branch Instructions are uncon-
ditlonal and  condi t ional .  Uncond i t i ona l
transfers simply perform the specified opera-
tion on register PC (the program counter). Con-
ditional transfers examine the  status of  one of
the four processor f lags t o  determine i f  the
specified branch is to be executed. The condi-
tions that may be specified are as follows:

CONDITION cec
NZ— not zero (Z=0O) 000

2Z— zero(Z=1) 001
NC— no carry (CY =0)  010

C— carry (CY =1 )  011
PO — parity odd (P=0) 100
PE — parity even (P=1 )  101

P— plus (S=0) 110
M— minus (S=x1) 111

JMP addr (Jump)
(PC) — (byte 3) (byte 2)
Control i s  transterred to the instruction
whose address is  specified in byte 3 and
byte 2 of the current Instruction.

Í U T | I LU y
1 1 0 Oo o O 1 1

low-order addr

high-order addr

Cycles: 3
States: 10

Addressing: immediate
Fags: none

“AN mnemonics copyrighted Olntel Corporation 1978. 5-13

Jcondition addr (Conditional jump)
It (CCO),

(PC) — (byte 3) (byte 2)
I f  the specified condition i s  true, control is
transterred to the Instruction whose ad-
dress i s  specified i n  byte 3 and byte 2 of the
current instruciton; otherwise, control con-
tinues sequentiaily.

Í TA  — TA
1 1 Cc Cc c l i o  1 o

low-ordar addr

“high-order addr

Cycles: 2/3(8085);.3 (8080)
States: 7/10 (8085), 10 (8060)

Addressing: immediate
Flags: none

CALL addr (Cai!)
(SP) — 1) — (PCH)
(SP) —2) — (PCL)(SP)— (SP) — 2
(PC) — (byte 3) (byte 2)
The high-order eight bits of the next in-
struction address are moved to the
memory location whose address i s  one
less than the content o f  register SP. The
low-order eight b i ts  of  the next instruct ion
address are moved to the  memory location
whose address i s  two less than the content

-— of register SP. The content of  register SP i s
decremented by 2. Control is  transferred to
the instruction whose address i s  specified
i n  byte 3 and byte 2 of  the current instruc-
tion.

TT  TT  TT
1 1 0 o 1 1 o 1

low-order addr

high-order addr

Cycles: 5
States: 18(8085), 17 (8080)

. immediate!Addressing: reg. indirect
Flags: none
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Ceconditlon addr (Condition call)
1 (CCO),

(SP) — 1) — (PCH)
(USP) — 2) — (PCL)(SP)— (SP) — 2
(PC) — (byte 3) (byte 2)
H the specified condition ls true, the ac-
tions specified Ih the CALL instruction (see
above) are periormed; otherwise, control
continues sequentially.

U U
ec Cc c i !  0 Oo

low-order addr

high-order addr

Cycles:
States:

Addressing:
Flags:

2/5 (8085), 3/5 (8060)
8/18 (8085), 11/17 (80860)
immediate/!
reg. indirect
none

(Return)
(PCL) — ((SP));
(PCH) — (SP) + 1);
(SP) — (SP) + 2;
The content o f  the memory location whose
address is  specified in register SP  Is moved
to the low-order eight b i ts of register PC.
The content of the memory location whose
address i s  one more than the  content of
register SP is  moved to the high-order eight
bits of register PO. The content of register
SP Is incremented by 2.

"Al mnemonica copyrighted Olntei Comoration 1978.

Cycles 3
States: 10

Addressing reg. indirect
Flags none

514

Rcondition (Conditional return)
If (CCO),

(PCL) — ((SP))
(PCH) — ((SP) + 1)
(SP)— (SP) + 2
I f  the specified condition |s true, the ac
tions specified i n  the RET instruction (ses
above) are performed; otherwise, control
continues sequentially.

| | I | |!
1 1 CC CC CcCjo 0 O

— 2 "

Cycles: 1/3
States: 6/12 (8085), 5/11 (B06O)

Addressing: reg. Indirect
Flags: none

RST nm (Restart)
(USP) — 1) — (PCH)
(SP) — 2) — (PCL)
(SP) — (SP) — 2

7 (PC) — B*  (NNN)
The high-order eight bits of  the next in-
struction address aro moved to the
memory location whose addrass is  one
less than the content of  register SP. The
low-order eight b i ts  of  the next Instructlon
address are moved to the memory location
whose address | s  two less than  tha content
of register SP. The content of register SPis
decremented by two. Control | s  transfterred .
to the instruction whose address |s eight
times the content of  NNN.

1
| | | | yU

1 IN  N NJ )  1 1

" Cycles: 3
12 (8085), 11 (8080)
reg. indirect
none :

States:
Addressing:

Flags:

151413121110 9 8 7 6 54 3210

o 0/0 /0/0/0/0/0/0/O|NJNINIO0/0/O

Program Counter After Restart '

|



THE INSTRUCTION SET

PCHL (Jump H and L indirect —
move H and L to PC)

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

Cycles: 1 -
States: 6 (8085), 5 (8080)

Addressing: register
Flags: none

5.65 Stack, O, and Machine Control Group
This group of instructions performs 1/O, manipu-
lates tha Stack, and alters internal control
flags.
Unless otherwise specified, condition flags are
not affected by any instructions in this group.

PUSH mp (Push)
(SP) — 1) — (rh)
(SP) — 2) — (r))
(SP) — (SP) — 2
The content of the high-.order register of
register pair rp |8 moved to tha  mamory
location whose address |s one less than
the content of register SP. The content of
the low-order register o f  register pair rp |s
moved to the memory location whose ad-
dress |s two less than the content of
register SP. The content of register SP is
decremented by 2. Note: Register palr rp =
SP may not be specified.

F IT  IATA1 1 /R  P lo  1 0o ' 1
Cycles: 3
States: 12(8085),'11 (8080)

Addressing: reg. indirect
Flags: none

PUSHPSW (Push processor status word)
KSP) — 1) — (A)

: (SP) — 21 — (CY), ((SP) — 2, — X
32  (SP) — 2))-—(P),((SP)- 24X
6; + (SP) — 2), (AC), (SP) - 2 — X

(SP) — 2)a — (2) , (SP) — 21) — (S)
(SP) — (SP) — 2 x: Undefined.

:' TA maemonica copyrighted OintelCorporation 1978.

The content of register A is moved to the
memory location whose address | s  one
less than register SP. The contents of the
condit ion flags are assembled into a pro-
cessor status word and the word | s  moved
to tha memory location whose address is
two less than the content of register SP.
The content of register SP is decremented
by two.

Cycles: 3
States: 12(8065), 11 (8060)

Addressing: reg. Indirect
Flags: none

FLAG WORD |

Dr; Ds Ds Di Ds Dz D; Do

SS /Z /X [AC IX |P IX ICOY

X: undefined

POP mp (Pop)
(rl) — ((SP)
(rh) — ((SP) + 1)
(SP) — (SP) + 2 !
The content of  tha memory location, whose
address | s  specified by the content of
register SP, | s  moved to the low-order
register o f  register pair  rp. The content of
the memory location, whose address |s one
more than the content of  register SP, is
moved to the hlgh-order register of register
rp. The content of  register SP  i s  in-
cremented by 2. Note: Register palr rp =
SP may not be apecified.

Cycles: 3
States: 10

Addressing reg.indirect
Flags: none



THE INSTRUCTION SET

POP PSW (Pop processor status word)
(CY) — A

(SP) — (SP) + 2
The content of the memory location whose
address | s  specified by the content of
register SP i s  used to restore the condition
flags. The content of the memory location
whose address i s  one more than the con-
tent of register SP is moved to register A.
The content of register SP is incremented
by2.

1 1 ' 1 ' 4 ' o  o o

Cycles: 3
States: 10

Addressing: me: Indirect
Flags: ZS,P,CY, AC

XTHL (Exchange stack top with H
and L)

(L) — (SP)
(H) — (SP) + 1)
The content of the L register 8 exchanged
with the content of the memory location
whose address |s specified by the  content
of register SP. The content o f  the H register
is exchanged w i th  the content of the
memory location whose address is one
more than the content of register SP.

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

Cycles:
States:

Addressing:
Flags:

IN port (Input)
(A)— (data)
The data placed on the eight bit bi-
directional data bus by the specified port is
moved to register À.

J I Ns Í | |
1 1 [ 1 1 o 1 1

port

Cycles: 3
States: 10

Addressing: — direct
Flags: none

OUT port (Output)
(data) — (A)
The content o f  register A is placed on the
eight bit bi-directional data bus for
transmission to the specified port. ?

DT TT TA
1 1 o 1 O O 13 1

| I | " | I
1 1 1 o [+ o 1 ' 1 port

Cycles: 5 , Cycles: 3
States: 16 (8085), 18 (8060) . States: 10

Addressing: reg. indirect Addressing: direct
Fiags: none Fiags: none

"Al mnemenitca copyrighted Gintel Corporation 1976. 65-18



THE INSTRUCTION SET

response to
hibited. (8065)

(Enable Interrupts)
The Interrupt system ias enabled following
the execution of the next instruction. inter-
rupts are not recognized during the
Instruction.

Cycles: 1
States: 4
Flags: none

NOTE: Piacina an El instruction on the bus in
ÍNTA during an INA cycle is  pro-

DI! (Disable interrupts)
The Interrupt aystem i s  disabled immedil-
ately following the execution of the DI! In-
struction. Interrupts are not recognized
during the DI instruction.

Gycies: 1
States: 4
Flags: none

NOTE: Piacing à DI Iinstruetion on the bus in
response to during an INÁ cycle |8 pro
hibited. (8085) o

HLT (Hait)
The processor is  stopped. The registers
and fiags are unaffected. (8080) A second
ALE is generated during the executlon of
HLT to strobe out the Halt  cycle status in-

formation. (8085)

| Td  T | I I I
219  1 1 :19  O 1 '  1 OÉ —
Ee  Cycles: 14+ (8085), 1 (8080)
Ss  States: 5(8085), 7 (BOSO)
i e  Flags: none

os NOP (No op) .:
Ff No operation ls performed. The registers
h and ftags are unaffected.

; *AU mnemonica copyrighted Ointet Corporation 1878. 5-17

Cycles: 1
States: 4
Fiags: none

RIM * (Read interrupt Masks) (80685 only)
The RIM instruction loads data Into the  ac-
cumulator relating to Interrupts and the
serial input. This data contains the follow-
Ing information:

* Current interrupt mask status for the
RST 5.5, 6.5, and 7.5 hardware Inter-
rupts (1 = mask disabled)

* Currentinterrupt enable flag status (1
.=  Interrupts enabied) except Iim-

mediately following a TRAP Interrupt.
(See below.)

* Hardware interrupts pending (le.
signal received but not yet serviced),
on the RST 5.5, 6.5, and 7.5 lines.

* Ser ia l inputdata.
Immediately following a TRAP interrupt,
the RIM instruction must ba executed as a
part of the service routine if you'need to
retrieve current interrupt status later. Bi t  3
of the accumutator i s  (in th is  spacial case
only) loaded wi th the Iinterrupt enable (IE)
f lag status that existed prior to  the TRAP
Interrupt. Following an RST 5.5, 6.5, 7.5, or
INTR interrupt, the interrupt flag flip-fiop

. refiects the current interrupt enabie status.
Bit 6 of the accumulator (17.5) Is loaded
with the status of the R$ST 7.5 flip-fiop,
which | s  always set (edge-triggered) by an
input on  the RST 7.5 input line, even when
that interrupt has been previous!y masked.
(See SIM Instruction.)

7 . o

Opcode: o o ro  t a i l o t a ' t ,

Accumulatos
Content
After RIM: SID |MS|MS|185| E pus mesfass|

L tt—) L —

Tenterrupt Maska
Interrupt Enabis Fiag

Interrupts Pending
Serial input Data

Cycles: t t .
States: 4
Flags: none
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SIM (Set Interrupt Masks) (8085 only)
The execution of the SIM Iinstruction uses
the contents of the accumulator (which
must be previously loaded) to  perform the
foltowlng functions:

* Program the interrupt mask for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts.

* Reset the edge-triggered RST 7.5 in-
put latch.

* Loadthe SOD output latch.
To program the  interrupt masks, first set ac-
cumulator bi t  3 t o  1 and set t o  1 any b i ts  O,
1, and 2, which disabie interrupts RST 5.5, =
6.5, and 7.5, respectively. Then do a SIM in-
struction. I f  accumulator b i t  3 i s  O when the
SIM instruction | s  executed, the interrupt
mask register wi l l  not change. If ac-
cumulator bi t  4 i s  1 when the SIM instruc-
t lon  i s  executed, the RST 7.5 latch às then
reset. RST 7.5 i s  distinguished by the fact
that i t s  latch l s  always set by a rising edge
on the RST 7.5 input pin, even i f  the jump to
service routine i s  inhibited by masking.
This latch remains high unti l  cleared by à

N, by à SIM Instruction with ac-
cumutlator bi t  4 high, or by an internal pro-
cessor acknowledge t o  an  RST 7.5 interrupt
subsequent to the removal of the mask (by
a SIM instruction). The RESET IN signal
always sets a l l  three RST mask bits.
I f  accumulator bit 6 is  at the 1 levei when
the SIM instruction i s  executed, the state
of accumulator bit 7 is loaded into  the SOD
latch and  thus becomes available for inter-
face to  an externa! device. The SOD la tch is

* unaffected by the SIM instruction if b i t  6 i s
O. SOD is  always reset by the
signal. .

Accumulator” g 5 4 3 2 1 OContent

So Isopísoe| x jar mse|u7 MES M5.5
FAST 5.5 Mask

AST 6.5 Mask
— LAST ?S Mask

L i  Mask Set Enabio
L — RR eset RST 7.5 FlipFlop — -

Undefined
SOD Enabie
Serial Output Data

Cycles: 1
States: 4
Flags: none

*Alt Mmonemonics copyrighted<. inte!Corporation 1976. 5-18



8085A

' BOSDA/B8OSSA INSTRUCTION SET INDEX
Table 5-1

BEESA | 0006A GOSA | 0onsA
AC! DATA CE dem 2 7 HJ OX  ARPOATAIS |OORPEONTdANNIO| 3 10 | 10 jeaR
ADC REG 1000 18583 1 4 4 NOV REGAREG JoIDODSSS 1 4 6 djFº
Aoc us se ' bj 7 MOV MAEG 111 08SS ' H 7 jEW
ADO RES 1000 O0SSS 1 4 8 MOV REGM G1DO D i  t 7 7 jrFa
ao E 1 7 1 MV!  — REGDATA [oONDOSNNOdNM | 2 7 7 jFA
ADI DATA CE és 2 r 7 NV MODATA  [36em 2 ww | 1 jFAW
ANA REG 100 1 4 4 saor so 1 4 à |r
AMA " as 1 1 /57  ORA REG 1011 05SS 1 a 4 fr
AMI DATA ES dota 2 7 7 ORA %éM º“ 1 7 7 [FAR
CALL LABEL co sser 3 n i ! "  OR DATA FE dama 2 7 7 FR
ce LAREL DC ssér 3 [ns tim OUT PORT D3 dama 2 1 | 1 jrRO
eu LABEL FC adár 3 [sn favo PCNL E) 1 8 e |s
CMA 26 1 4 4 [1 2) 118P 0001 1 [40 | ww Far
cuc 3* 1 4 4 PUSH RP UnMPoNoI ' np [nn lswwe
cuP REG 1091 21888 1 4 4 nao nv t 4 4 fr
CcMP à se 1? 7 H RAR 1F 1 4 « |F
ENC — LAGEL D4 ador 3 | 818 Erva sc os 7 | 12 | 511 asas
CNT — LABEL CA sder 3 [818 En RET o 1 1w | 10 jFRA
cró ABEL FA ssár 31 Ene foz RIM (SONSA enhy) — [2 1 4 - |r
CPE — LABEL EC addr 3 fans fimo ac  o 1 e | a fr
th DATA FE date 2 H) 7 aa A 1 [em | sm [sseARº
CO LAREL EC odér 3 [an nm asc ne 1 ez [51 ssa
cz LADEL CC ado 3 | ns  fim asnz A) 1 [12 | sn  (ssa
DAA F3 + 4 4 [a ) 7 [ wm | 51  [8sRA
DADO AP 00RP 1001 1 nu jiu. nec "“ 1 [en | sm |ssrA
OR AEG DOSE $10? 1 4 Ss so E) 1 2 | 1) [/sARº
OA à s 1 n im  aac or 1 4% 4 |F
pCX =P sORP to! 1 6 5 ar MOUTH 1 2 |n lsww
o FI 1 4 4 az -) 1 [062 | l8saRº

FB 1 4 4 50 — aAES 1001 1888 1 4 4 |F ]
mr n t % 7 se sE ' 7 7 [a
m" PORT 08 deus 2 ui in Se DATA DE emo 2 |) 7 |
MA REG OSS 8100 t 4 $ SHLD —ADOR 24  3 1 | 16 lFaANWW
We à» su 1 n i .  SIM (0O0SA caiy) n 1 «T+ - |r
mx 00HP 6011 t 8 5 sen [) + 176 s |
e LABEL DA adde 2 [no xe STA —ADDR 326 3 13 [| o lFRAW
mm LASEL FA adés 39 [of STAX Ré - josax som 1 7 [ 7  few
JP (ABEL esse 3 e ls sre nv 1 4 4 |r
JC  LABEL 02 s6es 3 [7d mo Sue — REG 100) 0685 1 4 a |s
MZ O  LABEL CT soos 3 "rod o ss s ' 1 7 Ea
” LABEL FL adér « 3 [ od  SU DATA DE data 2 7 7 jFAR
PE tADEL EA ade 3 [7 lx xcHS es .  1 4 4 e
O  LADBEL E? stér 3 [7 xÃA REG 1010 1588 1 4 4 dr
g LADBEL CA sé 3 ne  |" xRA À AE 1 1 7 [FR
LDA ADORA 34 s6oe 3 v i s  XM DATA EE de 2 7 )  7 fra
L0AX RP 08X 1010 1 7 7 xTHL >) 1 1 | 18 [ERAWW
AUHO ADOR 2h see 3 U) s

Machine cycie types:
F Four clack period instr lotch

: s Sin Clock perínd instr tetch
a Memory ted .
' VO rem
w Memory wnte
9 UO wie na .
86 Eus idie
x Varisbio oc epuansi binary degia b
DOO — Ginarydúqitsidentilviaçadestinatica regis — É = 000, C = 001,0 = 010 Memuni=110

Binary digits identityiag à sources register Es  HE NO 12101 AS IIO
ar BC=60,NL 10

Meter Por = opor spent
* Five check penod eustrucies fetch enth OOSGA,
Tt The ineger nactene cycle aa
va extra READ cycle (A) wi eccur toc ha comditias wma BOSSA,

"Al mnemonics copyrighted intel Corporation 1976.
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80B5A

8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE
Table 5-2

or or or oP or or
CODE MNEMONIC CODE MNEMONIC | CODE | MNEMONIC | CODE MNEMONIC [CODE | MNEMONIC | CODE | MNEMONIC

00 | NOP 28 IDCX H 68 [MOV DMI! ADD C AC | XRA NH D7 |AST 2
o LX| B.DI8] 20 TINA L 57 [MOV DAJIB? jADO OD AD |[XAA LL DS [RC
02 |STAX B 20  ÀDCR t 68 |MOV EB i183  jJADD E AE [XARA M pe -
03 EINX B 2E (1MVI LDB 68 [MOV EC |s  ADO H AF IXRA A DA [JC Adr
04 (TINA 8 2F JCMA 5% [MOV EDJIaS jADO LL 80  | ORA BE DB jiN DS
06 [DCR 30 [SIM 58 IMOV EEJ[J68 jADD M B I  |ORA C DC jCC Adr
OE | MV! BODS 31 LX) SPDIG) SC IMOV EH |8  ADD A B2 | ORA D DD |-
07 | ALC 32 [STA AS 60 IMOV EL  [88 jADC & 8 I  JORA E DE |SBI De
os |- 33 [JINX SP SE jMOV EMjJESS JjADC C B4 [ORA KH DF |AST 3
os DAD à = INR M SF MOV EA  GA ADC D BS  ORA LL £o RPO
OA | LDAX B 35 [DCARM 60 |IMOV HBJ8B  JADC E 86 [ORA M E I  (iPOP W
OB | DOCX BB 36 [|MVI MDB 61 MOV HCIBC JjJAOC KH BJ [ORA A E2 [SPO Adr
OC [INR Cc 37 |8TC 62 [MOV HDJ8SD [ADC L | 88 jJCMP à EIS [XTHL
0D | DCR CC a j- 69 |MOV HEJIBE jADC M 88 [jCMP CC E4 [CPO Agr
DE JMVI CDS = DAD SP 64 IMOV HHIBF  [ADC À BA [JCMP D ES [PUSH H
OF | RAC 3 LDA Adr 65 |MOV HLIS) [SUB & BB JCMP E EG jANnNI DB
10 |— 38 |DCX SP 66 |MOV HMÍS !  sup (CC BC JCMP H E? |AST 4
" LX  DDI6| 3C JINR A 67 IMOV HAÍS?  [SUB D BD jCMP L EB .|RPE
12 [8STAXK D 3D [DCR A 88 [MOV LB j JS3  [SUB E BE [CMP M ES jPCHL
13 [| INX D 3E [MVI ADB 69 [MOV LC IS  |SUR H BF [JCMP A EA |JPE Adr
"so INR [e 3F  CMC 6A | MOV LD j ISS  Sus L co ANZ  EB xcHG
15  | DCA 40 [| MOV B,B BB |MOY LE£E196 ISUB M C1 [POP 8 EC [CPE Ad
16 [MVYl DOB 41 MOV BC 6 IMOV LH i IS7  [SUB A C2 [INZ Adr ED |- "
17 | RAL 42 | MOV BD 6D [MOV L i  1/98 1SS8B E C3 |JMP ADJ EE |XAI DB
18  - 43  MOV BE  BE MOV LMi8SO Ses e Cc4 CNF  Adr EF  RST 5
18 | DAD OD 44 | MOV BH 6F IMOV LAÇJSA [58B D CS | PUSH 8 FO [RP
14  LDAX D 4 MOV BL  70  MOV MBJ/ OB SAB E Cc6 | AD I  D8 | F1  POP PSW
18  DCX OD 4e MOV BM rá  MOV MCÍ SC SBB H c?  RST o F2  JP Adr
1C | INR E 47 [MOV BA  72 |MOV MDISO |SBB L cê | R2  F3 [oD)
1D | DOR E 48 | MOV CB 73 |MOV ME SE [SBB M Co |RET Adr F4 [CP Adr
1E [MV] EDS 49 | MOV CC 74 [MOV MHISF  [SBB A CA | sz FB [PUSH PSW
1F  RAR 4A  | MOVY CD 76 MOV ML IAO ANA BB .  ca  rI- FE  [ORI os
20 R IM  4 MOV CE 76 HLT  A ANA C ce  | c z  Adr | F7  RST 6
20 LUX! HIDI6] 4C | MOV CH 77 [MOV MAI AZ ANA OD CD CALL Adr FE [ARM
22 | SHLD Adr 4D | MOV CL  78 [MOV ABJA I  [ANA E CE [ AC) DA | FO |[SPHL
23 INX H 4E [|MOV CM 79 [MOV ACJAS JANA H CF [RST 1 FA [JM ade
24 INR  H a4F MOV CA 7A  [MOV ADIAS  JANA LL DO | ANC FB  E I
25  DCR H 50 MOV O8  7B  MOV AE IJ IAS  ANA M D1  POP D FC  [CM Adr
26 MV)  H,D8 51  MOV D.C 7C MOV AH A7  ANA A D2 | JNC Adr FD  |- )
27  DAA 62  MOVY D,D TD |MOVY ALI AB xRA  EB D3  [| OUT DS | FE  Lea] De
28 |- 53 | MOV DE 7E IMOV AMI A9S IXRA C D4 [| CNC AMI FF IAST 7?
29 DAD HH 54 MOV D,H 7F  MOV AAÇJAÃAA [XRA D D5 | PUSH D
2A | LHLD Adr 55 | MOV OL 80 1ADO AB [XRA E .  DE [| Sul Dê

DE « constant, or togical/arithmatic expression that evilustes D16  = constent, or logical/erithmetic expression that eveluates
to an E-bit dates quentity. ta à 16-bit det quantity,

Adr = 16-bit address.

*AU mnemonics copyrightao Gintel Corporation 1976.
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BOSSA INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

*AIl mnemonics copyrightedo intel Corporation 1976.

Table 5-3
Instruatica Cada (1) Instraction Cada (1)

Memenic Dacrístoo — by Da Og Dá D3 Da Oy Oo Mm Mecmanic = Demrigtioa 07 De O; Dá Da Dr Dj Oo Pow
MOVE, LOAD, ANO STORE ”
MOVIE Moveregetor te cogitar 4 tt DD D D &% s$ tt HM ez  Caibi sa aero 1 1 8 O 1) 1 0 0 5H
MOVMS MosTtememrtomemery & 1 1 t O $$ $$ SS S$S4 CNE Csit on ne 2ero 1 1 O à O 1 O o su
MOVIM Monmenonytoronter E 1 0 DD D 1 t O Sá cr Col na positiva 4 1 % 1 O | O oO sm
us: Monmimmediam ogiter =  & D D D 3 1 O $4 eu Call eo mins 1 4 9 1 % 1 0 oO 6u
MVIMO  Mosimmedienmenoy OD O 4 1 GO 1 t O $4 cre Call na parity even 1 1 1 O 1 1 O o 5M
UMES0 Londeansdimençter — 9 0 0 O 0 0 0 1 56 cmo Coil en parity add 4 1 & O | O 0 6H

MeBAC RETUAN
Mo Load ievrediata registar [L L) [L) 1 [À [:) o 1 48 RET Nenurn 1 1 [ [ 1 [À E) 1 5H

PAHDAE RC Rama en carry Y 1 O tt 1 O O o SM
Um Losdimmedianengimr — O & 14 O G GQ O 1 6% ANC Retura na no cory Tt 1 6 1 O O O O 5H

Pr HaL nz Bewmenneo — 1 1 0 6 1 O 0 DU SH
STAXS Ste Aledinci e a oo  no . )  o ss auz Retera en ne zero 1 1 6 8 O o O DO SM
STAXD — Store Aindiroct O dd o 1 O O | O 8 ” Remem 06 positiva 1 Tt 1 1 0 0 O DO SM
LOAXE — LosdAindie! ve  da  3 6 1 0% AN Tatera su minas 4091 1 5371 9 0 0 SM
LOAXO — LoudÀ indirect O & O 1) T O | O 56 nPE Remenonparivama — 4 1 3% & 1 O O O EM
STA Store À direct E O 1 t oO O t! O sa aro Return uu pariêy odd 1 1 1 68 0 0 0 Su
L IA  LondAdina BG 1 1 1 a ) O 568, RESTART
sMLO Star HA L direct OD O 1 O O O 1 0 SE .-. Restart VT  A A A 1 1 1 SM
LMLD, LoneHãLdimc O o 1 8 1) 6 1? 0 56 INPUT/O
MCHS Ene DR EHAL 1 1 3 &O 1 O 1 1 54 " blá 11  G t  51 0a t im

STACK OPS oer Duwpus 1 1 é 1 O O 1 1 SH

PUSHO  PabrmgamPor BÊ 1 (| O GO O 1 O | 618 INCREMENT AND DECREMENT -
Comi mas Incremeas regieter O E DD DO 1) oO o 8

PUHO  PahmpnsPaDA 9 9 O | O 1 O 1 6 DOER Decrementrognter O 0 DO DO DB | O 18
E em vuck mau  Incromant memory DB O tt tt O 1 0 O SG

PUBH H Push registar Pair H À 1 1 1 $ 0 1 O tt 6H DCRM Decrmaeçat memory O O 1 tt O 1 O 1 SG
L va mei INXO incrament BA O * 6 O o Ga G ) 1 SO

PUSH POW PushA and Flags VT  91 1 dO [E O 1 EM magia :
ou nach mexo Incramaent D & E O oO & 1 0 0 t 15

POPR Pope Paic DA 1 tt O O O O O 1) SS e... —
Caftsnck MXN  incrementHdlL O O t 0 a 1 159

POPO — PoprepeerfoicDS 41 1 O 1 BD O O t SH regra
E ati stock - .

e DCXE  DermeenbAl e o o 8 tt oO 1 185
MAN Ten PárchA 4 Tt 1 0 9 e o 5 o ou  DeemedoãE OE O 110  1 tH
TOPPER Fan Acod Fiog o t  oro: e e e ve  OM Omnia bc RN Ds. DU DU SU UU

pack - ADO |
AML — Esxtongetopel VT  1 O O a Tt 1 SM ADON  AddmpumrcoA 1 8 0 0 68 5S SS  56

et HaL ADCI AdempentooA 1 08 0 0 1 ES E SS 56
um H&Llwackpen  — 1 9 9 9 1 dO O t 66 with eumy
EXISP comida BD 8 2% 1 à O O 1 8 ADOM — AddmemonçtoA 1 8 EC O oO 1 1 O 56

pinos AOCM  Atdmensreioh 1 0 0 O 1 1 1 08
MMXSP  incomentotachaentor E E 1 6d & & | | 5 vit carry ?
DOXSP Dereeenesenck O O 1 tt 1 é 1 1 SO am Add taumdias to À 1 t O O O 1 1 0 54

coin ac Add imonadicto te À VC  A O 4 1 1 08
UM? nas mc

O  ASMERCNMHAL % 0 O O 1 O O t 5a
x — e o .  : ; : : : : : : e DADO —ASSDOSEGHAL 8 O O 1 1 dd O ! 6
me denponeecem IO 7 9 0 1 '8 0 1 8 SM DADWN —AGHSLHRAL e a t  o É a o 16
& emp sm zero 9 01 0 8 1 8 18H  AD SP Asa stack pointer 1x O E Tt (| 1 6 O | 54
nz Jdemp eo ne nero 4 1 6 O O oO 1! o SE
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BOSSA

8085A INSTRUCTION SET SUMMARY (Cont'd)
Table 5-3

Inttrucion Cade (1) tInseructinaCade (1)
Masmanic —Descriptian dy) Da be da D3 03 Di Do fom tinemenic — Deseripaion dy Da De Dá 3 D3 Dj Do Pop

ser Subtract immnadiate 41 1 0 1 1 1 1 O 8 ac  Rotate À right O 0 0 0 1 % 1 | EM
Itom À váth borrew AL Roter À iolt mreugh O O 6 TT à tt 1 1 6H

LOGICAL eu
ANATO Andreginenwii À 4 8% tt O o 8 SS E SO RAR MomuArigment O O O 1 4 1 1 1! SH
ARA Exclusiva OA register 1 GO 1 & ' SS ES 8 Sm em

na
ORA: OReptervithA 1 0 1 1 O S S E SM SPECIALS

COMP  CompwengpensitnA 1 O 1 1 1 SS 8 SS SM eua Comploment À 06 6 10  1 1 1) 1 65R
ANAM AndmemonçesthA 1 0 1 0 0 1 1 06H  ste Se cem LARS Ras Eua E E E E DS
XAAN ExhaneDReemoy — 1 0 1 O UV 1. 1 O $ i  cue Complemont corry OT  Tt Tt 1 1 14H

ema DAA Decimal adjust À O 0 1 0 8 1 1! 189
OMAM — DA memontwithA 41 0 1 tt é 1 1 0 8M
CMPNM — CompenmomentithiA 4 GG 3 4 1 1 1 O 6H CONTROL ?
au AndimeadiemithtÀ — 1 1 1 O O 1 t O GM [ Encbia inerruats Um Bos Eu E E Ds us E
nar EncimieOR imensdisto — E 1 4 O 1 1 1 O 6M or Disatie tatorruot 1 TH  1 8 6 116

ma nor Noeperstion oO o o oO 0 é 0 66 SN
om OnimeadaenithÀ = 9 9 1 3% O 1 1 6 SN mr um e r  tt a 1 1 q SW
en Compara immodicte FOOT TT 1 1 1 1 .0  SH

RA . MEW SOSSA INSTRUCTIONS ,

ROTATE nm Rond laterrupa Mask O oO 1 8 O dD O O bM
LIT Remi À tete O 4 oO 0 01  tt 1 SH om Set bnorrups Mina O O ! 1 O 8 oO o sm

NOTES: 1. DOS es 88: 8 000, C 001, D 010, EUT1, 6 100, L 101, Memory 190, A 111.
2. Two possible cycle times. (6/12) indicate lnstruttion cycias dependamt ou condítica Nega.

*AN mnemonics copyrighted O inte! Corporation 1976.
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inte!
— 8OB5A/8085A-2

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

E Single +5V Power Supply E Four Vectored Interrupt Inputs (One |s
Nº 100% Software Compatible with 8080A non-Maskabie) Plus an 8080A-
E 1.3 us Instruction Cycle (8085A); compatible Interrupt

0.8 us (8085A-2) E Serial In/Serial Out Port
mM On-Chip Clock Generator (with External :Crystal, LC o r  RC  Network) E Decimal, Binary and Double Precision

Arithmetlic
NE On-Chip System Controller; Advanced

Cycie Status Information Avallable for E Direct Addressing Capability to 649k
Large System Control Bytes of Memory

The Intel€ BOBSA ls a complete 6 bit parallel Cantral Processing Unit (CPU). Its instruction set lg 100% software compatibie
wi th the 8080A microprocessor, and i t  is designed to improve the  present 8080A's performance by higher system speed.
l t s  high level of  system integration allows a minimum system of three 1C's (8085A (CPU), 8156 (RAM/IO) and B355/8755A
(ROM/PROM/I0))] while maintaining total  system expandability. The BOSSA-2 i s  a faster version o f  the SOBSA.

The BOSSA incorporates a l l  o f  the  features that  the 8224 (clock generator) and 8228 (system controller) provided for tha
8080A, thereby offering à high level of  system integration.

The SOSSA uses à multiplexed data bus. The address às split between the 8 bit address bus and the 8 bit data bus. The
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface wi th the SOSSA.
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RES. ARRAY

L STACK POINTER

enconam counteR  M*
PENA | EVstáscos : SSeNbodedtáTOSun
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TUMBA AND CONTROL 3

nu— a: ser | ADORERE GUSTER NE [ Data /aDoness autres")
* Gem CONTROL ETATUR 0 DMA T !

AEADY METER o ADF=A
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Figure 1. BOSSA CPU Functional Block Diagram
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BOSSA/8085A-2

x O )  4010 Vce
x2 O2 391) HOLD

RESET OUT EX3 381 HLDA
soD D4  3763 CLK (OUT)
so Os 365 RESETAN

TRAF Ole 35 READY
AST7.5 7 DD  10/8
REST 65 DÃO 2h  ss
R$T 6.5 Co  2215) RD

INTR C10 315) WR
inta On  A xb  ALE
ADO CE$12 2206 &
AD1 EX13 280  Als
AD2 CÃ14 27 Au
AD3 315 2615 A13 à
ADCa ED16 2515 Az
ADS CE 17 240  An
ADE ER 16 235 Ato
ADJ EX 19 2P  As

: vas 020 21D Ag

Figure 2. SOSSA Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION
The following describes the function of  each pin:

Symbol

Ag-Ais
(Output, 3-stete)

Function

Address Bus: The most significant 8
bits of  the memory address or the 8
bits of  the 1/O address, 3-stated dur-
ing Hoid and Halt modes and during
RESET.
Multiplexed Address/Data Bus: Low-
er 8 bits of  the memory address (or
1/O address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. I t  then becomes the
data bus dur ing  the second and third
clock cycies.
Address Latch Enabie: It  occurs dur-
ing the first ciock state of a machine
Cycle and enabies the address to get
latched into the on-chip latch of  pe-
ripherais. The failing edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:
JO/MS: 89 Status

1 Memory write
Memory read
1/0 write
1/O read
Opcode fetch
Interrupt Acknowledge
Hait

"
Te

ra
 

O
4s

so
o

HH
KH

KO
22

 
.-.

O
.O

AX
KH

O
AL

As
1O

.O

* = 3-state (h igh  impedance)
X = unspecífied

Symbol

(Output, 3-etate)

Function

S1 can be used as an advanced RÁN
status. IO/M,So and S1 become valid
at the beginning of  a machine cycle
and remain stabie throughout the
cycle. The falling edge OT ALE may be
used to latch the state of  these lines.

READ contro!: À low level on RD in-
dicates the selected memory or V/O
device is to ba read and that the Data
Bus is  available fo r  the data transtar,
3-stated during Hold  and  Halt modes
and during RESET,

WRITE control: A low teve! on WR in-
dicates the  data on the Data Bus is to

. be written i n t o  tha selected memory
or 1/O location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during

* - RESET.

* HLDA

62

(Output)

É
MHREADY is high duringareador write

Cycle, It indicates that tha memory or
peripheral is ready to send or  receive
data. If READY is low, the cpu wi l l
wait an integral number of clock
cycles for READY to go h igh  before
completing the read o r  wr i te cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the  use o f  the bus  às soon as
the completion of  the current bus
transfer. Internal! processing can con-
tinue. The  processor can regain the
bus on ly  after the HOLD is removed.
When the  HOLD is  acknowledged, the
Address, Data, HD, WAR, and IO/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that i t  will relinquish the
bus i n  the next clock cycle. HLDA
goes low after the Hold request is
removed. The cpu takes the bus one
haif clock cycle after HLDA goes low.

INTERRUPT REQUEST: is used as a
general purpose interrupt. 1t is sam-
pled on ly  during the next  t o  the last
Clock cycle o f  an  instruction and dur-
ing Hold and Hait states. I f  i t i s  active,
the Program Counter (PC) will be in-
hibited ffom incrementing and an
INTÃ will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service rout ine. The INTR is enabled
and disabled by software. Hi is dis-
abled by Reset and immediately after
an interrupt is accepted.



8OBSA/8085A-2

8O85A FUNCTIONAL PIN DESCRIPTION (Continued)

Symbol Function Symbol Function
INTA INTERRUPT ACKNOWLEDGE: |s Schmitt-triggered Input, allowing(Output) used instead of (and has the same connection to an R-C network for

timing as) RD during the Instruction power-on RESET delay. The cpu |s
Cycle after an INTR is accepted. It  can heid in the reset condition as long as
be used to activate the  8259 Interrupt " FESETTR is applied.
Chip o r  soma other interrupt port. |

RST 55 RESTART INTERAUPTS: These three RESET OUT Indicates cpu is being reset. Can be
As ao; (Output) Used as a system reset. The signal isTs  inputs have the same timing as INTR nchronized to the proc. r clock
RST 7.8 except they cause an internal RE- - sy ze  processor c; ; . -” and tasts an  integra! number of clock(inputs) START to be automatically inserted. periods

mm ra  nom RSS Inerrupis is X1, Xo X1 and X2 are connected to à crystal,
in ts havea higher ó“ : neo (input) LC, or RC network to drivetheinternal
INTE ” 3 a higher priority clock generator. X1 can also be an. In addition, they may be indi- ; :vidually masked out using the SIM external clock input from a logic gate.
instruction The input frequency is  divided by 2 to

ó give the processor's internal oper-
TRAP Trap interrupt is a nonmaskable RE- ating frequency.
(input) START interrupt. 1 is recognized at

the same time as INTR Or RST 5.5-7.5. ex Ciock Output for use asa system
Itis unaffected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enabie, It has the highest priority X1, X2 input period.
of any interrupt. (See Table 1.) sio Serial input data line. The data On this

RESET IN Sets tha Program Counter to zero and (input) line és loaded into accumulator bit 7
(input) resets the iInterrupt Enable and HLDA whenever à R IM  instruction is  exe-

fiip-fiops. The data and address buses cuted.
and the control lines are 3-stated dur- SOD Seria! output data line, The output
ing RESET and because of the asyn- Output) specif
chronous nature of RESET, the pro- ( SM iTaet orTasatas led by thecensor's internal registers and flags | Ímay be altered by RESET with unpra- Vec +5 volt supply.
dictablo resuits. isa Vss Ground Reference.

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY

. Address Branched To (1) .
Name Priority When Interrupt Occurs Type Trigger

TRAP E )  24H Rising edge AND high lavei unti! sampled.

AST 7.5 2 3CH Rising edge (latched).
RST 6.5 3 34H High level until sampled.

ARST 55 4 À 2CH High level unt i l  sampled.

INTR 5 See Note (2). High levei unti! sampied.

NOTES:
(1) The processor pushes the PC on the stack before branching to the indicated address.
(2) The address branched to dapends on the instruction provided to the cpu when the interrupt ls

acknowledged. :



.8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER

NM 256 Word x 8 Bits 2 ' E 1 Programmabie 6-BIt 1I/O Port

E Single +SV Power Suppiy W Programmabie 14-Bit Binary Counter/
E Completely Static Operátion Timer
NI Internal Address Latch NM Compatible with 8085A and 8088 CPU

E 2 Programmabie 8 Bit 1/O Ports E Multiplexed Address and Data Bus
W 40 Pin DIP

The 81565 and 89156 are RAM and 1 /O  chips to be used in the 8085A and  86088 microprocessor aystema. The
RAM portion i8 designed with 2048 atat ic cel la organized as  256 x 8 .  They have a maximum access time-of 400 na
to  permit use  with no wait atates in BOSSA CPU, The 8155-2 and 8156-2 have maximum access t imes of  330 ns for use
with the BOBSA-2 and the full speed 5 MHz 8088 CPU.
The 1/O portion consists of thres general purpose 1/O ports. One of the three porta can be programmed to  be status
pina, thus allowing the other two ports 10 operate in handshake mode:
A 14-bit programmabis counter / timer is  jalso included on chip to  provide either à square wave or terminal count putas
for the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
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8155/8156/8155-2/8156-2

8155/8156 PIN FUNCTIONS
Symbol!
RESET
tinput)

tinputi

Eunctlon
Pulse provided by the B6085A to ini-
tialize the system (connect to SOBSA
RESET OUT.  Input h igh  on th is  line
resets the ch ip  and initializes the
three |I/O ports to' input mode. The
width of RESET pulse should typically
be two 8OBSA c iock cycle times.

d-state Address/Data l ines that  inter-
face with the CPU lower B-bit Ad-
dress/Data Bus. The B-bit addressis
latched in to  the address latch inside
the 8155/56 on  the falling edge of
ALE. The address can be either fo r
the memory section or the 1/O section
depending on the IO /M input.  The
B-bit data is  either written into the
ch ip  o r  read trom the  ch ip ,  depending
on the WA or RD input signal.
Chip Enable: On the 8155, this pinis
CE andis ACTIVE LOW. On the 8156,
this pin is CE and is ACTIVE HIGH.
Head control: Input low on  this l ine
with the Chip Enable active enablas
and ADo 7 buffers. 1 IO/M pin is low,
the RAM content w i l l  be read out  to
the AD  bus.  Otherwise the content
01 the selected 1/O port or  command/
Status registers wi l l  be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Address/Data bus to
be written to  the  RAM or I /O ports and
command/status register depending
on (O/M.

Symbo!
ALE
tinput)

10/M
t input)

PAo-7(8)
tinput/output)

PBo-r(8)
tinput/output)

PCo-st6)
tinput/output)

TIMER IN
tinput)

TIMER OUT
toutput)

Vec
Vss

Function
Address Latch Ensble: This control
signal latches both the address on the
ADo-7 lines and the state 01 the Chip
Enabie and IO/M into the chip at the
falling edge of ALE.
Selects memory if low and VVO and
command/status registers Hf high.
These É pins are general purposa 1/0
pins. The in/out direction i s  selected
by programming the command
register.

These 8 pins sje general purpose I/O
pins. The in/out direction is selected
by programming the command
register.
These 6 p ins  can function as  either
input port, -output port, o r  as  control
signals for PA and PB. Programming
ia done through the command reg-
ister. When PCo-s are used as  contro!
signais, they will provide the fol-
lowing:
PCo — A INTR (Port A interrupt|
PC — ABF (Port A Buifer Full;
PC2 — ÀSTB Port À Strobe)
PC3 — B INTR (Port B Interrupt)
PC. — BBF iPort B Buffer Full)
PCs — B STB (Port B Strobe)
input to the counter-timar,

Timer output, This output can be
either à square wava or à pulsa de-
pending on the timer mode.
+S5 volt suppiy.

Ground Reference.



NM.  ”
8205

H IGH SPEED 1 OUT OF 8 BINARY DECODER

n 10 Port or Memory Selector : = Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

sn Minimum Line Reflection — Low
Voltage Diode Input Clamp

= Simple Expansion — Enable Inputs

= High Speed Schottky Bipolar
- — Technology — 18ns Max Delay = Outputs Sink 10 mA Min

= Directiy Compatible with TTL Logic a 16-Pin Dual In-Line Ceramic or Plastic
' Circuits : Package

Tha Intel* 8205 decoder can be used for expansion of  systems wh ich  utilize input  ports, output ports, and memory
components with active Jow chip select input. When the 8205 i s  enabled, one of i ts 8 outputs goes “low", thus a single
row of a memory system is  selected. The 3-chip enabie inputs on the 8205 allow easy system expansion. For very large
systems, 8205 decoders can be cascaded such  that each decoder can drive 8 other decoders fo r  arbltrary memory
expansions.

The 8205 is  packaged in a standard 16-pin dual in-line package, and ita performance is specified over the temperature
range of 0ºC to +75ºC, ambient. The use of Sctrottky barrier diode clamped transistors to  obtain fast awitching spesds
resulta i n  higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION : LOGIC SYMBOL
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8279/8279-5 EM22
PROGRAMMABLE KEYBOARDIDISPLAY INTERFACE “**

e MCS-85'" Compatible 8279-5 = Dual 8- o r  16-Numarical Display

= Simultaneous Keyboard Display aOperations = Single 16-Character Display

=» Scanned Keyboard Mode | = Right or Left Entry 16-Byte Display
= Scanned Sensor Mode RAM
= Strobad Input Entry Mode " Mode Programmabie trom CPU

mu B-Character Keyboard FIFO

n 2-Key Lockout or N-Key Rollover with
Contact Debounce = Interrupt Output on Key Entry

= Programmabie Scan Timing

Tha intel* 8279 | s  à general purposa programinabie keyboard and display 1/0 interface devica designed tor use  wi th
Intelº microprocessors. Tha keyboard portion can provige à scanned interface t o  a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or à strobed Interface keyboard, auch as the hall effect and
ferrite variaty. Key deprassions can be 2-key lockout o r  N-key rollover. Keyboard entr ies are debounced and strobed i n
an B-character FIFO. (ft more than 8 characters are entered, overrun status i s  set. Key entr ies set  the  interrupt output
line to tha CPU.
The display portion provides a scanned dispiay interface for LED, incandescent, and other popular display
technoiogias. Both numeric and alphanumeric segment displays may be used as well as Simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. Tha RAM can ba loaded or interrogated by the CPU. Both
right entry, calcutator and le f t  entry typewriter display formats are possíble. Both read and wr i te o f  tha display RAM
can bs done wi th  auto-increment of  the  display RAM address.

PIN CONFIGURATION . | LOGIC SYMBOL
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intel
2114A

1024 X 4 BIT STATIC RAM
| 2114AL-2 | 2174AL-3 | 2114004 | 211444 | 211405

Max. Access Time (ns) 120 150 200 200 250
Max. Current (mA) so 40 ao 7O 7O

Pd

ua HMOS Technology

Low Power, High Speed

Single +5V Supply +10% .

=

= identical Cycle and Access Times

a

= High Density 18 Pin Package

= Completel!y Static Memory - No Clock
or Timing Strobe Required

ma Directiy TTL Compatible: All Inputs
and Outputs

= Common Data Input and Output Using
Three-State Outputs

mà 2114 Replacement

Thainte l  2114A i s  a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high performance
MOS technology. l t  uses fulty DC  stable (static) circultry throughout, i n  both the array and the decoding, therefore It requires no
clocks or reireshing to operate. Data  access is  particularly simple since address setup times are  not required. The data is read
out nondestructively and has the same polarity as the input data. Common input/output p ins  are provided.

The 2114A is designed for memory applications where the high performance and high reliability o!HMOS, low cost, larga bit
storage, and simple interiacing are important design objectives. The  2114A is placed i n  an  18-pin package for  the highest
possible density.

I t  is directly TTL compatible in all respects: inputs, outputs, and à single +5V supply. A separate Chip Select (TS) lead allows
easy selection of  an individual package when outpuis are or-tied.

PIN CONFIGURATION

Ev
LOGIC SYMBOL BLOCK DIAGRAM
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intel : 2716
16K (2K x 8) UV ERASABLE PROM

sn Fast Access Time = Pin Compatible to Intelº 2732 EPROM
— 350 ns Max. 2716-1
— 390 ns Max. 2716-2
— 450 ns Max. 2716
— 650 ns Max. 2716-6

= Simple Programming Requirements
— Singles Location Programming
— Programs wi th One 50 ms  Pulse

Single +5V Power Supp!= Single +5Y Power SUppiy = Inputs and Outputs TTL Compatible
a Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power a Completeiy Static

The Intelº 2716 is a 16,384-bit ultraviolat araseble and electrically programmabie read-only memory (EPROM). The 2716
operates from à singie 5-volt power supply, fas à static standby mode, and features fast single address location program-
ming. I t  makes designing with EPRÓMs faster, easier and more economical.

The 2716, with its single 5-volt supply and with an access time up to 350 nºs, is ideal for use with the newer high performance
+5V microprocessors such as intel's 8085 and BOB6. The 2716 is also the first EPROM with a static standby mode which
reduces the power dissipation without increasing access time, The maximum active power dissipation is 525 MW while the
maximum standby power dissipátion is only 132 m'W, à 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handied by TTL signais. Program any location at any
time—esither individually, sequentialiy o r  at  random, with the 27165  single address iocation programming. Total programming
time tor all 16,384 b i t s  is only 100 seconds.

PIN CONFIGURATION MODE SELECTION
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