MICRGPROCESADORES: TEORIA Y APLICACIONES
981

Directorio de Profesores

M. EN C. MANUEL HSTEVEZ KUBLI
INVESTIGADOR

CENTRO DE INSTRUMENTOS

UNAM

MEXICQ 20, D. F.
550 04 16 550 52 15 ext. 5013

M. EN €. ANGEL KURI MORALES (Coordinader)
SUBDIRECTOR : '
MICROMEX S.A.

ALDAMA 78

COYOACAN

MEXICC 21, D. F.

S54 75 75 658 31 25

ING. MARIC RODRIGUEIL MANZANERA
INVESTIGADOR

[TMAS

URAM

MEXICO 20, D, F.

550 52 15 ext. 4573

ING. JORGE MARCOS BLAZQUEZ PAREDES
INVESTIGADQR

CENTRO DE INSTRUMENTOS

UNAM

MEXICO 20, D. F.

350 04-16 550 52 15 ext. 5013

ING. MANUEL CORREA
DEPTO. DE INGENIERIA

MICROMEX §.A.

ALDAMA 78 -
COYOACAN

MEXICO 21, D. F.

554 75 75 554 24 74 658 31 25

ING. RAUL GOMEZ

DEPTO. DE INGENIERIA

MICROMEX S.A.

ALDAMA 78

COYOACAN

MEXICO 21, D. F.

554 75 75 554 24 74 658 31 25






MICROPROCESADORES: ORTA Y APLICACIONES

1931 -
FECHA HORARIC ' TEMARTID PROFESOR
‘Junes ' . ] . - .
13 de julio 17 a 21 n 1. RESUMEN DEL DESARRQLLO DE MICROPROCESADORES , M. en C. Angel Kuri Morales
- Sistemas digitales
- [nidades Biszicas de Hardware
- Migroprocesadores
~ La familia'80
martes vo-T
it de julio 17 a 21 h 2. EI SISTEMA' GE80 COMD EJEMPLO DE &N HICRGPRE Ing. Mario Redriguez Manzanera
CHSADOR
- Procesador central
Ciclo bisico de operacidn
drquitectura basica
Fuente de poder
Siztema minimo
miércoles
15 de julie 17a2ih SOFTWARE ' . ¥. en C. Angel Kuri Morales
- Acervo de instrucciones
- Compatibilidad en el BOED
r 4
juaves . ' -
16 de julio 17 a2l h 3. UNIDAD DE COMUNICACION SERIE : Ing. Mario Rodriguez Manzan=zva
- E1 510
Cperacidn
Programacitn
vierhes =
17 de julia 17 a 21 h L, UNIDAD TE COMUNICACION PARALELA M. en €. Mapuel Estevez HKubli
- E1 PIO '
Operacifn

Programacifn






MICROPROCESADORES: JRIA Y APLICACIONES

1981 -
FECHA HORARIO TEMARTDO PROFESCOR

sabado

18 de julie 10 a 14 5. SESTON PRACTICA USAKNDO Z80 Ing. Jorpge Blazquez Paredes
- Programacidn y uso de un sistema microprocesador

lunes

20 de julic 17 a 21 6. LENGUAJE EMSAMELADGOR Ing. Mario Rodriguez M.
- Nemotéenicas
-~ Poseudo-operaciaones

martes

21 de julioc 17 a 21 - Macros Ing, Mamuel Correa
- Subrutinas

miércoles . .

22 de julio 17 a 21 7. SISTEMAS INTEGRADGS DE INGENIERIA Ing. Ralll Gomez
- El1 ranal 5-100
- Interfaz serle/paralelo
- Programacién de ROM's
- Sistemas de una tarjeta

jueves

23 de julio 17 a 21 8. BASIC DE CONTROL M. en C. Angel Xuri Morales
- Uso y aplicacicnes

viernes

24 de julin 17 a 21 9. SISTEMAS DE DESARRCOLLOD M. en . Manuel Estevez Kubli

21 bk

- Compiladores
- Intérpretes
- Sipuladores

CLAUSUERA

M. en C. Angel Kuri Morales
Ing. Mario Rodripuez M.
Ing. Manuel Correaz

Ing. Radl Gémes






EVALUACION DEL.PERSONAL DOCENTE

L

- ——— . iy A

P Y — T )

B gy wrr —

{

| D

L = -
! 2 ¢ 89~
ol oz
T zzQ
< a [[mg =Y
= | > | fc g
- -2 [ e385 | o
CURSQ. MICROPROCESADORES: i WS [ 225w =
TEORIA Y APLICACIONES ul =y =0 W =
' o ll 8o i zads il
2CHA: DEL 13 AL 24 DE JULIO 1981 Z w S g q = =
= 2> W s =
O T - 03 )
: — '__= —
CONFERENCISTA
I
I.|M. EN C. MANUEL ESTEVEZ KUBLI
’ - |
2 |IM. EN C. ‘ANGEL KURI MORALES !
B B i
3|[ING. MARIQ RODRIGUEZ MANZANERA
4.{(ING. JORGE MARCOS BLAZQUEZ PAREDES ‘||

[
i

3./[ING. MANUEL CORREA

6.|[TNG. RAUL GOMEZ

M e it F e

A N

| ﬂ
ESCALA DE EVALUACION | g !0 EI

———







1

SU EVALUACIHON SINCERA NOS
AYUDARA A MEJORAR LOS
PROGRAMAS POSTERIORES QUE
DISENAREMOS PARA USTED,

- EVALUACION DE LA

ENSENANZA

TEMA

ORGANIZACION Y DESARROLLO

DEL TEMA -

RESUMEN DEL DESARROLLO DE MI-
CROPROCESADORES

I

GRADO DE PROFUNDIDAD
LOGRADO EN EL TEMA

GRADO DE ACTUALIZACION

LOGRADO EN EL TEMA

|
u

UTILIDAD PRACTICA DEL

TEMA

P

EL SISTEMA zB80 COMO EJEMPLO DE
UN MICROPROCESADOR

SOFTWARE

UNIDAD DE COMUNTCACION SERIE

-—— rp—

UNIDAD DE COMUNICACTOK PARALELA

SESTON PRACTICA USANDO Z 80

-_

LENCUAIT: ENSAMBLADOR

S15TEMAS INTEGRADOS DE

INGENTERI

—

—— e —
~d

e

-

BASIC DE CONTROL

SISTEMAS DE DESARRQLLO

ESCALA DE EVALUACION . | a ID

e







EVALUACION DEL CURSO

@

CONCEPTO

EVALUACION

||| APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS

2, || CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS

3. || GRADO DE ACTUALIZACION LOGRADO CON EL CURSO “

4. || CUMPLIMIENTO DE 108 ‘OBJETIVOS DEL £URSO

5 (| CONTINUIDAD EN LOS TEMAS ODEL CURSO

6. || CALiDAD DE LAS NOTAS OEL CURSO

7. |l GRADD DE MOTIVACION LOGRADO. CON EL CURSO

ESCALA DE EVALUACION DE | A 10







1. iQub le pareci el ambiente en la Divisifm de Educacién Centinua?

MJY AGRADMBLE AGRADABLE ESAGRADABLE

2. Medio de comunicacifn por el gque se enter§ del curso:

PERIODICO EXCELSIOR . | PERIODICO NOVEDADES .
ANUNCIO TITULADO DI ANUNCIO TITULADO DI FOLLETO DEL CURSO
VISION DE EDUCACION VISION DE EDUCACION
CONT INUA CONTINUA
CARTEL MENSUAL ‘| RADIO UNIVERSIDAD COMUNICACION CARTA,
TELERONG, VERBAL,
EIC.
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA INAM *1OS GACETA
UNIVERSITARIOS HOY™ UNAM

3. Medio de transporte utilizado para venir al Palacio de Minerfa:

- [AUTooviL METRO . OTRO MEDIO
# | PARTIQILAR

L

4. {Qué cambios harfa usted en el programa para tratar de perfeccionar el
curso? _ '

3. ¢Recomendarfa el curso & otras personas?

s1 Y







6. iQué cursos le gustarfa que ofreciera lz DivisiSn de Educacién Continua?

¢

7. La coordinacidn académica fue:

EXCELENTE BUENA

8. S5i estd interesado en tomar alglm curso mtm151w J.‘.m&l e5 el horario

mis conveldente para usted?

TS A VIERNES |

DE 9 A 13H. Y | VIERNES DE
DE 14 A 16 H. 17 A 21 H.
(CON COMIDAS)

TN, MYEROOLES |
Y VIERNES DE
18 4 21 H,

W’ - 1
DE 18 A’ 21 H.

VIERNES DE 17 A 21 HJ VIERNES DE 17 A 21 H,
SARADOS DE O A T4 H. | SABADOS DE 9 A 13
DE 14 a 18 H.

QT RO

3. (Qué servicios adicionales desearfa que tuviese la D1v1516n de Bducacibn

Continna, para los ESlStﬂﬂtﬂS?

10. Otras sugerencias:
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1.1 - INTRODUCCION
lil.lt}n;spnsltivos da:ustldnlsﬂ}iﬁn

En el desarrollo de coupﬁhentus & dispasitivﬁs de cualquier-
clase, 1los objetivos bfisicos han sidr siempre aumentar la ve-
locidad, hajar 1a disipacifn, aucntar la complejidad funcio-
-nal. Ahora 8505 uhjutivos parece que hun tomado una nueva
forma que nos llevan & nuevas diraccinnes a medida que la in--
dustrin electrinica se umhlr:a en.’ un nsaltn mayor a las limi-
,tncloncs fundanantales de teﬂnolngia d: intagrac1ﬁn a gran

--_"""Il *r)!.'.ﬂ vy o =

escala.. - . . :" L'“ _g;t

fad

’

El. avance industriul las nemorias din&micas de acceso alea-
toric de 16 K bits (RAM) por la axplotaciﬁn de las técnicas

" de disefio del sunicunductnr oxido-metAlice que Kan probado

ser exitosas al cuadruplicar la capacidad de almacenamiento
aproxinadamente  cada dn: anos. Cada nuevo disefio fue realiza-
_dn ‘con-una- cqlda de " nenurxn nis simple fque antes, una-que:-ti-

_____

-picnmnnte requiara la nitnd de dihan que la&.anterior..

S fhe s - =
T
. Cu 1 -"".'-It

: Sin eﬁhnrgn; con e1 surgimientn'da la’ nemurin RAM de 16 K- bits,-
el putencial parn sivplificaciones’ nnynres de 1a celda de me-
moTria parece que fueron terminada:. El desarrollo de ls me-
moria d1nimicn RAM .de 65 K bits usando los métodos corrientes
de fabricacifn-y técnicas’ de circuités nos 1levarfan a un ta-
mafio dade:mucho muy. grande.para aplicaciones comerciales.
Mientras tanto uﬁ'él'Jiﬁdn, 1a industria jnﬁnnaSE ha intensi-
‘ficado sus esfueTzos en pﬁ proyects nacional que tiene coma .
objetivo no solamente vencer los -obsticulos presentes de la
nueva generacifn de memorias, pero tambifn crean circuitos
MOS con una muy grande integracifn quyas densidades serfan
6rdenosde magnitud mayores que hny:gn dia. Los ingenieros
japongses apbicionan poner una computadora completa en pasti-’



1185 dentto de los préximos dos hﬁugf usando técnicas de re-
dundancia para resolver problemas potenciales de produccién.

Aunque no se han trabajado aun los detalles preéisos la evi-
depcia del 'expertise' de los japoneses en semiconductores

se presentd al inicio de este afloc cuando la Nippon Telegraph
and Telephnné anuncié un RAM exper‘meatal de 65 K birs fabri-
cada con técnicas fotolitegrdficas refinadas sobre un chip
que mide solamente & mm por lade. . /.

Obtener lo his posible del MOS he, sido =na metaz de ios cien-
tificos norteamericanos. Modificaciones en el procesamiento
y 1a estructura del dispositive bAsico MOS canal n nos lle-
varf a varlas versiones de velocidad, cada una enmarcada pa-
ra aplicaciones de RAM de 65 K bits y una microcomputadora
compieta do 16 bits en un chip, en un futuro cercano.

El producto baja velocidad-potencla de MOS complementaric
construfido en subtratos de silicdn sobre sufiro han sido usa-
d08 microprocesadores y.circuitos relacionades fabricados
por Hewlett-Packard para uso en casa. Y en el mundo bipolar
la légica de inyeccidn integrada ha sido aplicada por Fair-
child y Texas Instruments a chips de 4 X bits RAM y microcom-
putadoras de 16 bits. '

1.1.2 Reduciendo para aumentar.

Una [(orma de lograr un comportamiento mayor en circuitos MOS
canial n es através de reducir Ias dimensiones del dispositi-
vo. Tal como lo ha aplicado INTEL, 1ider en la industria en
esta forma de atacar el problemg, el escalamiento ha reduci-
do el producto velocidad-potencia a 1 picojoule, representan-
do una reduccifn en un factor de cuatro sobre el prncesamien-'
to convencional N MO5. Un RAM estfitico de 4 X bits usando
la técnica @antiéﬁe las mismas dimensiones como el original
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de la cowpafifa el popular RAM estftico de 1024 bits, pero

._ logrédndose un tiempo menor de 50 ns. o menos, Intel 1lama

a ese acercamiento HMQS- ampliamente- tenida como la primera
aplicacién comercial del escalamiente hacia abajo en MOS,

El prircipio general de escalamiento tiene aplicacisn a dis-
positivos con dimensiones de' submirrrmetre. . En el principio
ha sido apflcar para lograr qu® _.a componente.tenga 3.3 m

Los ﬁiseﬁadnres MOS {y, para ¢sa materia, los disefiadores hi-

polares}tienen siempre la opcifn de escalar la estructura de

los dispositivos con nbjetb de reducir el producto velocidad-

: porencia e incrementar la densidad. En-teorfa, un disefiador .
necesita solameate reducir las dimensiones-del dispositivo .
Y utrus:parﬁmetrcs por un factor fijo e incrementar Ia mez-
cla del sustrato por un factor, y las caracteristicas eléc-

. tricas dei dispositivo mejeraran -por lo menos en un factor
de escala- @ una aproximacién de un orden. El preoducto ve-
locidad-potencia, de nuevo a un primer orden, se mejorarhn -
por un factor de escala cbico. - ' !

Los efectos de segundo orden, sin .embargo, tlenden a limitar
la cxtensifn del escalamiento, Intel ha establecido en un
dispositivo escalado nominalmente caracterizado por una lan-
givud de canal de 3.5 (micrémetres) {(una figura de mérito
comn, -debido.a su influencia en 1a velocidad del dispositi-
vo]. El producto velocidad-potencia (1 picojoule) pudo ha-
berse mejorado mucho m&s, de acuerdo a INTEL, si el voltaje
de alimentacién se hubiese escalado. Fue mantenido en el
nivel estandar de los sistemas en § V.

Aunyue los dispositivos de INTEL requieren de tales refina-
mientos de fabricacibn como reduccién del grueso de Oxido y
alpunas mejcras en los métodos de aislamiento de dispusiti-r
. vo, las estructuras de los dispositivos bisicos no caambian

Yy se aplican técnicas estandar de circuitos a8 través del am-

-



plio campo de los tircuitos integrados de alta densidad.

Mis atin las geometrias de patrones cada vez mfs finas 1la-
madas para mayores aplicaciones de escalamiento hacia aba-
jo vienen rfpidamente para alcanzar lns métodos fotolitogra-
. ficos que cnntinuananta|pajnran,.y aun patrones genmétriccs'
mis finos se pueden espérar una v#7 ~ng maduren las técnicas
de fabricacién .con luz de electvuues,

&ntonces, Intel espera aplicar‘las'técnicas a las priximas
memorias ¥y microcomputadoras. En los trahajos, por ejemplo,
es un RAM Mos estdtico de 16 K bits que tendrf un tiempe de
acceso de cerca de 50 ns y posiblemente unida Mos de 200 mil,
;obre un ladn:

En un dispositivo DMOS, 1a difusidn exterior de bore de la
fuente crea un voltaje de umbral relativamentc alto adyacen-
te a 1a fuente mientras que la mezcla del tipo-p mis ligera
del material remanente entre la fuente y el sumidero di un -
voltaje m8s bajo para ests porci6én.del.canal. Efectivamen-
te, la regién.de umbral mayor es pequefla y 44 una- trascon-
ductancia alta. La capacitancia se determina por 1a longi-
T il tntal_dul canal.

1.1.3 ANMOS5 con un surco.

Simijar al DMOS hay afin afro, recientemente desarrollado con
técnica de canal corto que emplea canales en forma de V, o
surcos, ¥ llevan el nopbre de VMOS., Las transistores MOS se
forman con canales V marcados en silicio. Los dispositivos
estin en el topo de los canales, los canales se formam a lo
largo de las pendientes, Y+ €N un rasgo particular de ahorro
de fArea superficial, las puertas del dispeositivo we encuen-
trun en €l cuerpe del silicbn, en los bordes de los canales
{en la sima). Como los dispositivos bipolares, VMOS requie-
re de una repifn enterrada en un crecimiento epitaxial.



De acuerdo con los abogados de la,tecnologia VMOS, principal-
mente  American Microsistemas, Inc.. (AMl), f Texas Insrru-
ments, el proceso evits el problema inherente en atentar fa-
bricar canales relativamente cortos y escalar otros parfme-
tros. La misma evaluacién pudrfa hacerse para DMOS. Sin em-
bargn,rla+dispunihilidad.du una te*-srg dimensién vertical al
proceso estandar NMOS, decir p«#: caso los que apoyan la tec-
nologia VMOS, proporciona un grado adicional de libertad gue
puede ser usada para sumentar la velocidad y densidad,

AMI ha usado el proceso” para fabricar RAM estitica de 4 X bits;
_con un tiempo de acceso menor que 100 ns, alrededor de la mi-
tad ‘del tamafio de un chip comparable.en versiones NMOS direc-
tas. Acercindose a produccifn hay ROM de 65 X bits que serdn
dccesibles en menos de 300 ns, ¥y una memoria de solo-lectura,
borrable y reprogramable teniendo un valtaje de programacifa
de solamente 15 volts. | L

- Adicionalmente al cambio estructural survo en vV, el VMOS cla-
ma por un cambio en el procesamiento cop objeto de mantener
la longitud ‘del canal bajo, efectivamente, a un micrdmetro o
algo cercanc. La regidn del canal debe de ponérsele con un
perfil doblemente difundido. El-resultado neto en un.dispo-
sitivo que, entre otras ventajas, puede usarse para reducir
la superficie del area paras l6gica alestoria sobre un tercio
de lo que requieren los: NMOS convencionales.

1.1.4 Enfatizando las memorias MOS.

For mucho el segmento qg l1as componentes orientadas a compu-
tadoras que mas crece continfia siendo en memeorias basadas en
varias tecnologfas MOS. Los productores de memorias RAM di-
ninicas de 4 K bits han emperado a saturar el rendimiento y
tiempas de entrepa, resultandn en un mercado de flujo masivo,
Se han iniciado ‘intentos de la industria de estandarizar el

-



nimero ‘de patas y la interfase.

Los RAM'S dinfimicos, ambes en 4 K bits v 16 K bits, parece
gue han sido tomados sobre los requerimientos del procesador
_central de la computadora- con reduccinnus de todo dramiti-
cas, mi&s algunas mejoras en confir’ilidad, los factores im-
purtantes aqui. Los sistemas hisados en microprocesadoTes
también hacer usc de RAM dinimicos de 4 K bits ¥y 16 K bits,
que sSOn'CcOStosos en tamafios pequefios, Las memorias RAM es-
titicas de 4 K bits se estfn empezando » usar en aplicacio-
‘pes de tiempo rezl aln cuando 1as memorias dinfmicas cuestan
renos,  Sus ventajas Teposan en un acertamiento al ciclo de
éirecciunes sin multiplexar y eliminacin de refrescar, que
permite una transferencia mis répida en aquellos sistemas
bisados en discos, |

Las MOS5 RAM estfiticas han recibido mucha atencibn reciente-
mente. El ano pasado, MOSTEK aument$ su 4104 con tiempe de.
acceso de 150 ns y con un consumo de potencia muy bajo

(B0 mW). [E1 4104 dentro de +10% de margen en 5 volts, y sus
interfases son TT1 para todas las entradas, La llave de es-
te nuevo dispositivo es una celda de cuarro transistores con
‘Tesistencias de polisilicig usando 1a técnica de implantacidn
ténica, El uso de un dispoesitivo MNOS (metal-nitride-oxide
semiconductor) con estructuras para obtener novolutilidad 1i-
mitada ha ganade en interés, con Nitron, NCR, y Geral Instru-
ments cfreciendo una variedad de chips. Sin embargo, proble-
mas de fatiga y de interface compleja aln plagan en disposi-
tivos, tal como tiempo muy bajo de escritura.

1.1.5 Las memorias CCD alcanzan el mercadg.

La primer mewmoria de 65 K bits realizada con técnica disposi-
tive-acoplado por carga (charge-coupled devise, CCD) esth
ahora disponible de Fairchild y de Texas Instruments. Esos



dispositivos en serie ofrecen la habilidad de llenar ]a bre--
che de comportamiento gue existe en.un extremo alta veloci-
dad de los RAM'S, y por otro las memorias magnéticas'de ac-
ceso en serie de baja velccidad. .Supnnicndﬁ que los dispo-
sitivos CCD alcancen bajos costas, estos prometen extender
"la penetracidn del mercado de.las . mema-ias de semicanducto-
res en aplicaciones de alnacenaminula masive, Esas aplica-
clones incluyen sistemas basados en picroprocesadores; ter-
minales, sistemas de diversifn familiar, minicomputadoras,
y memorias auxiliares ripidas en. computadoras grundes;“
‘Las memorias CCD cumﬁn Y :nrrie;tés de 55536 bits tiemen una
relacién de datos mfixima de 5 H bits por segundo y :nnsumen
solamente 300 mW bajo 1as peores condiciones de operacién.
Los chips miden alrededor de 40 000 mil%. La tecnologia de
munufacturae es similar a8 18 de los MOS-RAM'S dinfimicos, y
el tamafio de la celda de almacenamiento es de 0,27 nulz'ﬁhan-*
do geometrfa de 4-6um. | '
oI
5¢ han realizado progrescs & densidades wmayores para las me-
morias CCD. Se espers que alrededor'de ‘los 80's se logren
capacidades del owden de M bits, R

Lés memorias-de burbuja, otro con;ehdiante de estado s8lidoe-”
para aplicnéiones de almacenamiento masivo, La primer apli-

cacibn de 'las memorias de Eurhuja fue el anuncio recientemen-
te heche por La Bell System, ¥ Texas Instruments que han in-

troducido comercialmente chips do 92 K bits y de 80 K bits.

En las aplicaciones de la Bell System, las memorias de burbu-
ja almacenan informacibn en un sistema gue viene de una 1f-
nea telefdnica en casos tales como aquellos cuando un dial .
alcanza un niimero que no trabaja. El sistema, que estd bajo
pruebas en una oficina de Detroit, almacena cada mensaje en
un circuito impreso que tieéne un mAximo de_dos paquetes de

LI



burbujas., Les paquetes del taﬁaﬁu;de la mitad ds una caje-
tilla de cigarrilles, contiene cuatro chip's de burbujas,
cads una capaz de almacenar 68121 bits. Cada paquete tiene
capacidad de almacenar 12 segupdqs de voz digitalizada,

1.1.6 Microcomputadoras en un chiv

L.os microprocesadores han pasado una marca importante, con
la introduccidén de varios fabricantes de modelos que pueden.
describirse comp microcomputadoras en un chip. Contenides
en un solo circuito LS5]1 hay wmuchas de -l1as funciones que se
usan para llamar a un anfitrion de periféricos y circuitos
de interfase, en adicifn al circuito integrado de preocesa-
mientu,éentrl. Ahora, en varios casos, hasta memoria -en
capacidades suficientes para ﬁermi;ir almacenamients de pro-
gramas de sistema y datos a procesarse- han sido puestas en
el chip del CPU. '

La mayeria de los nuevos microprocesadores son versiones mejo-
radas de ofertas anteriores, Entonces, disefiadores de sis-
temas familiarizados con los anteriores pueden programar _
con, esencialmente, el mismo-conjunto dé instrucciones, usan-
do bisicamente las mismas ayudas pafa desarrollo, el nismo
hardware y software y anticipar el crecimiento de un -50% ¥
agn mis alto del 'thrnughpgt'. cuqﬁdo se usan nlevas versio-
nes., Como una simplificacifn adicional estd el que se usa
una fuente Unica de 5 volts. -

Las nuevas microcomputadoras contenidas en si mismas de.8 y
de 16 bits proveé al disefiador de sistemas con disefios 16pi-
cos de propésito general que pueden ser aplicados sobre un
amplio rango de aplicaciones que los micros estdn logrando.

De entre las familias de procesaderes realizados con tecno-
logia NMOS que han avanzado a unz microcomputadora en un solo
chip son Intel 8080, Fairchild y Mostek F8 y Motorola 6800,
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Adicionalmentu hay unidades de 16 bits tal como. la Texas
Instruments S$¥00, que ha sido construida en NMOS y TZL para
aplicaciones militares.

Las miéracnmputadoras recientes de IHTEL ejemplifican un nG-
" mero de mejoras forjadas en la indusrria. Por ejemplo, la
8085, una éeneraciﬁn siguiente 2w sale de la 8080, arqui-
+ tecturalmente se parece a su a.atecesor. Aln en el chip 8085
estén todas las funciones gque s& usan para requerir tres
chips de 1z familia 0080, penerador del relej, controlador .
~del sistema, y el CPU, EI 'B085.increme.ata la relacidn néxi-
ma de dates a 3 Mhz y se puede formar un sistema de micro-
‘computadara minima con un RAM y un ROM nmultifuncidn. Como-
un sistema Jde tres chips el BOB5 proved algunas caracteris-
ticas aumencadss taleS como cuatro ihterrupciones por hard-
ware, 38 Iineas de entrada, y timer de 14 bits. '

Le memoria de programa ha venido & bordo del CPU en diverses
disefios. En &1 CPU de Intel 8748, ‘para uno, residen 1024
bytes de ROM borrable y programable eléctricamente. 5Su dis-
ponibilidad se ve como que ha acelerado el desarrcllo de s5is-
temas como los propgramas generados por el usuario pueden ser’
cargadasf‘curridus y his alin aiieréda, en minutos.

1.2 TECnﬂlugias.5 o -
La' tecnologia’ para hacer electrfnica integrada monolitica es
muy flexible., Redestridimensionales de conductores, aislan-
tes y semicundu:tnres'que realizan funciones electrﬁnicastée
producen por medio de una serie de etapas de procesamiento

de materiajes. Hay muchas secuencias Gtiles que pueden enm-
plearse para fabricar funciones electrfnicas integradas. Ca-
da una de ellas tienen nombres diferentes como su fueran tec-
nologias separadas, no obstante emplean las mismas operacio-
nes generales para depositar e] material semiconductor y
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forman capas con patrones predéterpinadusw
En la é]ectrﬁnica digital, se han desarrollado 405 ramas prin-'
cipales. Se identifican generalmente como Bipolar y MOS de-
pendierido del tipo de semiconductor active que se utilice.

"En 1z figura 1 se tiene una repreésentacisfn gr§fica de las prin-
cipales techo]ugias disponibles » ~. desarrolle de circuitos

« intepgrades de semiconductores.

'y

Miremos més de cerca las tecnologias mis prometedoras.

-

e

A. Procesp MOS

Los dispositivos ‘MOS fueron los primeros que se usaron para la

fabricacibn de wmizroprocesadores de semiconductores monolfiti-
) ]

cos. 5e han .usado diversos wétodos en lo que respecta a, tipo

de canal, material de la compuerta, orientacibén del crist?l,

E‘tc. ! ) H“.:

%

.
r

Fn ta tabla 1 se presenta uns lista de los factores mSs impor-
tantes y de las opciones mfs com@nes.’

1} MOS cunal-p. Esta es la tecnologla MOS original desarro-
llada en la segunda mitad de los afios 60 y obviamente la tec-
nulugfa utilizada para el desarrollo del primefﬁprncesador mo -
nolftico, La Intel 4004 }réa 8008, la Fairchild PPSES’»LH
MProckwell PPS4 y PPSB, La National IMP, y muchos otres produc-
tas de la la. generacifn fueron realizados con un pracesn ca-
nal-p. La misma se utiliza ?xrtunlmente para todos los ele-

a

nentos de procese usados en las calculadores. -

Por lafgn tiempo, la tecnologfa de canal-p MOS ha sido' 1a de
batalla y la mis estable. Sus principales ventajas son buena v
respuesta, buenns records, djspunibllzdad entre otras. "—Las

- A
desveuta]as 1n1c1&1e5 fueron ‘
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En 1la tabla 1 s& presenta una lista de loa factores mia importantes ¥ de

las opcionea mia comines.

1) MOS canal-p. Esta es 1a tecnologia MOS utigipll §E§nrfglln&; an la sa
gunda mitad de los anos 60 y nhvianelte la tgcnui;gin ukilizadn p;ra el
desartollo del primer procesador monolftico. La Intel 4004 } la 8008, 1a
Fairchild PPS25, La Rockwell PPSﬁ_y PPFS 8, Ys Nerional IMF, ¥ muchos otros
productos de la la, gen:r;ciﬁn fueron i1exlizadoa con un procese canal-p.

La miema se utilizg virtualmente para todos les alementes de procesd usados

en las calculadaras.

Por largo tiempe, 1a tecnologfa de:canal-p MOS Lz sido la de batalla y la
mis estable. Sus principales ventajas son buena respuesta, buenos records,

‘disponibilidad entre otras, Las desventajas inicislea fueron’

»

8) Alto voltaje de umbral {vt} debido a la otientacidn del cristal,

funcibn de trabajo de la compuerta-aluminio alta, y &xide grueso.

b) Baja velocidad debidc & una Area grande por compuerta, capacida-

‘des grandes y baja movilidad de carriera.

s

c) WVoltajes de alimentacién altoe que dan por resultados incompatibi

lidad con los circui;n: TTL.

Todas'estas ;euventujau se han superade. Actusalmente la tecnologia de ca-
nal-p tiene bajo Ft y :ompatihili§ad TTL, 8¢ he disminuido la capacitacibn
de traslape y ge ha mejoraéa significativamente su velocidad. Este progre-
sn se logrd debido al uso de material <100>, estructuras alineadas de coR~

puertas-silicio, &xido de estaiio ¢ implantacifn da ionea.

El micraprocesador PALE-16 de Haticaal Semiconductor es un excelente ejem-

plo de lo qua se puede hacer con esta tecnologfa. La principal desventajs



remanente del procese es la limitacidn en veloeidad debido a la baja vele~

cidad de agujeros en dispositives de canal-p.

2} ' Canal-n MJ5. L& desventaja de haja velocidad da loa productos Fle ca= -’
nal-p puede elininarne usando dispoxitivos de canal-n MOS5. La gran wovilf—_
dad de electronesn cumpa£ada con los agujeroz en el wilicon proporciona uns
mejor potencial en la velocidad de conmutacidn em un factor de dos a tres.
Por esa razdn, todos loe microprocesad=z:i¢s de la llamada segunda generacidn
.han.sido disefiados com canal-n. La intel 8080, Fairchild F-8, Motorla
MCBOO, ¥y otras todos representan productos de segunda generacidn de grao ca
lidad. ) _ R .

La idnica desventaja es la sensibilidad a la‘contaminacién que DO ha sido eli

minada, pero por medio de procesos ultralimplos sa ha podido controlar el

proceso.

1} MOS complementario (CMOS). La tecnelogia CMOS se ha considerado como

atractiva pero ¢ara. La atraccidn se basa en las siguientes ventajas
1) Alto factor de forma (igual o mejﬁt que la de canal-n)

?) Extremadamente bajo consumc de potencia {nanowatts en modo estid-

.
tico)

s, 3}, Fuente iinica de valtaje

4} Rango amplio de operacidn con respesto al vnltajE de alimentacidn

¥ la tecperaturs gmbiente.
5 Alta inmunidad al ruido.

Las desventajas responsshles del alto costo son la baja densidad de empaque
taiento comparable con los dispositivos de unicanal MJS y la necesaidad de

volverse un maestro en el arte de hacer ¢l mismo sSubstrato con canal-n ¥
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canal-p para tranaistorea con altes rendimientos. Se han mejorado lea pro-
cesos de cnnt;nl pera la elaboracifn y se han desarrellade las herramien~
tas pars la Implantacifn de {iones que han hecho posible hacer dispositivos
CMOS con tendimientos comparables & la producciln masiva de la tecnologis

TTL.

Compuerta de 5ilicio, implantacifn de iones, § aislamiento de &Sxido ha de-
c;e:idn el &rea por compuerta mignifiszas’.izente comparada con los circui-
tos CMDS inicisles, Sin mbugt_:u. mﬁ.wia'nnl es posible competir en la den-
siéid de empaque con los de la técnica de unicanal. Perc el avance ha eido
significative para permitir el demssrrollo de fauilias grandes S5I y MSI. Re

cientemente, se han producidp memorias ¥y uicruprucesa&nren LS1 (rales como

COSMAC de RCA y IMAL00 de Intersil),
B. Procesos bipolares

El mercado pars circuitos digitnlel bipolares integradcs ha sido significa
tivamente mayor que el de ia tecnolegia MOS, Sin embargo, esto ha sido ex
clusivamente debido & la tremenda canridad de dispomitives S5I y MSI consu
.mgidos por la industria. Hace aproximadamente tres afios se introdujercn las
memorias bipolares y otros productos LSI. Mas recientemente, se ha logra-
do una acelerada penetracifn del ;ercadn para LST con técnicas come la TZL.

Observemos algunos de loa contendientes ¢n 1a tEenica bipolar,
1) Lbégica Transistor-Transistor {TTL)

El mercado para la tecnologfa TTL durante 1975 reportd ventas por 260 mille
nes de délares ¥ para 1980 se estima dal orden de 435 millEnEs de dblares.

La popularidad de ests tetnologia se debe A los siguientes factores.

a) el factor de forma adecuade para lm mayoria de aplicaciones

b} muy bajo coste



c) la disponibilidad de mEa de 300 cipos diferentes
d) up gran nimero de distribuidorea

e) el hecho de que la mayorfa de ingenleros de disefio estin familia

rixados c¢on estos.
' r

Por ¢tro lado, particularmente desde ol punto de visti de la tecnologia

LSI, la tecnologia TTL tiene serias dasrerntiijas.

-La tlplcid;d de empaquatamiento &3 wuy baja, la discipacidn de potencia es
alta, y el proceso es bastante cnﬁpltjo aunque la limitacién anterior ha
s8ido menos cbvia debido & la tremenda expcriencia en esta tecnologia. Ver
siones mis recientes que incluyen la tecnologiz TTL-Schottky ha resuelto
algunos de loz problemas. La densidad de empaquetamiento ha sumentado de
tal Suerte qua actuslmente s& tienen del orden de 300 a 400 compuertas por
chip. El consumo de potencia se ha reducido de 10 oW ; 1-2zMW, con cierto
avoanto en velocidad {4-5 ns en vez de 10 pe) al mismo tiempo. Un buen
ejemplo de lp que se puade lograr con £l estado del arte de la tecnPlogih
TIL sonn algunps de los varics ;rncesadnre- orientados a bits y otfros pro-
duciog LSI diépunihles shora. (Fairchild Mecrolegic, Intel 3001/3002, Memo
risas -monoliticas MMATOL, v AMD Am2901). También, el rapido incremento de

ls lista de fabricantes de memoris RAM bipolar testifican este progreso.

2}. L&gica d& anmisor scoplado {ECL) -

Esta tecnologfa sufre de los mismos problemas que la TTL (potencia‘y densi
dad) y, en adicibn, falta de uyn aspecto que ha hecho a la TTL exitosse, dis

ponitilidad y pom:laridad).-

Sin egharge la tecnologfa ECL no tiene rival en cuanto a velocidad se refie
re. Hay, actuslwente, en el mercado lineas de producciSn estandar con re-

tardos abajo de lns, Otro problema &5 la alta sensibilidad de la tecnologfa



ECL & la temperatﬁrn.
3) L8gica Integrada de Inyedcidn. {IELJ

La tecnclogis IZL 45 la nuevg y brillante estrella en el firmamento de los

semiconductores (LSI-bipolar). Esta cecnclogia fue desarrollada independien

temente por la Phillips en Endhoven Holanda y ern IBM en Bueblingen, Alema-
nia (Eata se depnomina MTL o merged trarr’.tor logic), La razdo clave de que
la tgcnoloéia IZL gel tan prometedors ed el hecho de que parece haber sobre-
pasado los problemas de los péLcdos bipula¥en LSI, propiamente, la baja den
sidad de empaquetamiento y la alta d1{%193c1au nor compuerta, Con tecnolo-
Eil Izl Sa pueden lograr densidades iguales o wejores de las tecnclogias MOS

{>200 :umpuertasfmn ) ¥ dlE?ipaclEn de potencia Que pusden competir con la

CHOS, ¥y al mismo tiempo velocidades bipolares (mejor de 5 us/compuerta).

La alta densidad de empnqdetlmientn ha sido el resuitado de la eliminacidn
de todo el cs;acin consumido por rtuintencfnn Y una suerte de superintegra
cifn en donde loa travsiatores p-p-n ¥y é—nnp ae forman de tal forma que el
ﬁf:a del colector para el transistoT p—o-p también funciona como el Area de
la base del a-p—n ¥y el irea d; la bage del p-n~p estd integrada con el Area

del ewmisor del n-pen.

En 1o que respects & la potencia, se ﬁn mﬂjnraQG én un orden de per lo me-
nog 5 puesto que en vez de ugar 5 volts se usa 1 v, TamhiZn bajo la elimi
nacibn de lag registencias se evita el gasto de potencia, Los valares muy
bajos de capacidades parﬁn@taa y la eficienre inyeccibn de carriers em la

regifn de las bases es otro de los factores. Lla excelente velocidad ge lg
gra de lag bajas capacitancias y el no tener problemas de tiempo de almace
namiento. Otra caracteristica es la faﬂilid;d de mezclar circuitos digita
les y analdgicos. El Gnico aspects negative es la poca experiencia que se

tiene con ests tecnologia.
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1.1.3. Revigidn comparativa

Con emte espectro de opcionas disponibles, veamos algunas de las debilida-
des y fuerzas especificas de esas tecnologfas para el cursc de elementos

procesadores LSI monoliticosm,

La siguiente es una linta, de 10# parimettos de importancia para procesado-

Tes L5T.

a} Area por compuerta
by Velocidad
¢) Potencia por compuerta

d) Coato

-

e) Capacidad de interface hacia el mundo exterior (fuera del chip)

La tabla 2 listz esos parimerros pars las tacnologfas lideres p-MOS, n-MOS,
| )

CM0S, TTL, ECL ¥ IZL. Los valores ¥y lns.ranéon registrados son loa repre-

sentativos para las configuraciones LS1 actuales.

Otras ilustraciones de naturaleza cooparativa se presentan en las figuras
2y 3. En la figura 2 ge preneﬁta_eliretardn de érupaga;iﬁn Ve la potentia
¥ lns_lfnens del producto vetardo X potencia se 'dibuja tambifn. En la figu
. ra 3} se trata de cgg;i;_la %pdicaciﬁn de cémpurt;mientu de complejidad Vs

) ; . - T P _ o= _
retardo, de lo anterior podemos eecribir las giguientes conclusiones.
: :

1) Las tecnologias puede msepararse en dos grandes grupos

- Los procesas MOS densos de bajo factor de forma y los ﬁipula-
res de haja densidad y aire facter de forwa, con la técnica

IzL acercdndose claramente en ambas ATE&E.

2) Por consideraciones de baja-potencia, las tecnologias CMOS y 12L

60n las que pueden escogerse.
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3} Lla cosplejidad de la bipolar no solamente estd limirada por la

densidad de empaquetamiento paro sclo por discipacifin de potencia,
' T .

4) La complejidad de los procesos varian alge, pero las versiones
sencillas de cualgquier tecnologfie no results pecesariaDente en

el factor de forma requerido o facilidad de aplicacifn. También,
la experiencia con una tecnelopt. sa cunlquier otra puede poner

en evidencina algunas de las diferenmeias de proceassmiento.

%) Bl costo =8 una mercla dificil de defizir de Sres por compuerta
y cotpleiidad de proceso (tales como las dadas por el nilmero de
ctapas de enmamcaramiento, el nimers de difusiones o implantacio
nes, lo critico de todas las etapas de procesamiento, ¥ el nime-

't total de experiencias cea la tecmologia particular).

Muchas de esas freas no necesariasents nos llevan a una inferﬁretaci&n BEL
¢illa., Por ajemplo, no obstante que el Area por compuerts aparece ger uns
nedida wuy direétn, e3as son algunas complicaciones. Frimero, aunque =1
fres interna por compusrta pueda ser pequeiia, los requerimientos de bufers
y otras interfacea pueden realizaree solamente con gran dificultad, Mis
alin, ¢] nimerc da-fuentes (o ;;ferEncii!} de voltaje ¥ lineas de reloj &
war totadas & tud;l law conﬁ;ertl- puede hacer este izposible para obte-
oer una densidad miaxima. Al final de cuentas la cantidad de &rea activa
(xl ‘I;l ocupada por trangistores, resistencias, etc) puede ser solamente

una porciSn del rotal del Avea requerids por el chip.

Por ejemplo, los chips de leos microprocesadores mis recientes tienen un
Eres activa de solamente gl 50X del area total del chip, El reste lo ocu-
pa ¢l pacal de interconexién {los buses de 16 1ineas ocupan mucho eapacio),

tTayectorias de bordeo, lineas de potencia, ete.

}



1.1.4. Conelusionesa

Lo miguiento deberf conasiderarse como un reagimen

a) MDS canzl-p. La primar tecnologfa usada en microprocesadores se
ré vtilizada yn largo tiempo. Sin embargo, €s un process bisica

mente obsclete y no ‘se usath nira nuevos disefios con excepcifn

de calculadoras, ; Ct

b) MOS canal-n. Esta es la tecnologis principsl para la gran corrien
it ta de los nuevos disefios para splicaciones de velocidad baja y me
" dia en donde un nfmero minimo abpoluto de chips es de gran impor-

tancia. -
¢) CMOS., Esta tiene uso pequefic para procesadores de unc o dos chips.

d} TTL. 5u uso ge limita a4 e£lementos de proceay'orientadus a la téc
nica de rabanadas de-bite. La tecn?login TTL1es un método costo—
efectivo pata construir controladores periféricos, ; es un buen
acercamiento a usar para emular arquitecturas de miiquinas-existen

Les.

" &) ECL. Este ser§ probablemente ei vehfculo mediante el cual se in
= . troducirin los microprocesadores a.las grandes computadoras. El
énfasis se pondria en la complejidad y el comportamisnto serd pro .

bablemente limitado coma la TTL.

£) IzL. La pregunta principal acerca de la tecnologia IzL BEe centza
alrededor de su novedad y a la falta de un buen entendimiento de
qué es lo que va a proporcionar. Aparece hasta este punto que

IzL cubre el gspectro completo de aplicaciones con la excepcifa



de ECL, v 1a ECL con consumo de potencia cero cuando nopera

(stand by}.1

Cooo punto finalrpudznnl deeclr que IZL LT ] 1; gue tiene mis pottncinl ¥ Ccu=-
hre todas las otras tecoologfas en una extengifn significativa. En adicifn,
&ata tienm la capacidad de interface directa al sundo real analdgico, que

es de gran impnrtgncia, antre otras, i.. warcados de automSviles ¥ de con=

BUmG .



TABELA 1

Lista de las printipalea opciones digponibles en la

Teenclogia MOS

Erapa de proceszo

Opciones dispenibles

Material inicial

silicio
Safiro : -
metal sristalino (spinel)

Orientacifin del cristal

<100* cuho
<111> occaedro

Tipo de dispositive bisico

M5 canal-p
MJ05 canal-u
CHDS

Proceso de depdsito

Difusifn
Doble difusibn

Inmplantacidn de ienes
P

Diel&crricn de la

a N .

3, 2
compuerta - . B .
T - v Sinﬂﬁ *
3
: " , A% T
Electrodo de ls combpuerta Alunminic
Bilicigp

Metz2l refractario

Control del umbral del
campo

Oxido de niquel

Sxido gruese
implantacidn de iencs
frenadores de canal
Sxido undido
protececidn de campo




TABLA 2

Parimetros clave para las tecnologias LST lideres

tecnologia

FPHO3

~n-MOS

CMOS

ITL

ECL

5

Area/compuar
ta (mil?)

8-12

6-8

10-30

=60

20-50

46

Prop retardo/
compuerta
(ua)

>100

40-100

15-50

3-10

G'5-2

»%

Porentis estd
ticalcompuar—
ta

(ow)

2-3

0'2-0"5

<0.001

1-3

5=-15

|«0,.2

Produc cdiin
potencia-yal

(pJ)

200

10-50

1o

10

"1

Nicerc de ata
pac de eoman-
carTamiento

8-9

Nomero de difu
eicnes o Im-
Plant fusrn g

4-5

34

Facilidad da
interfase

Pobre

Razona
ble

Razona
ble

Excelen
e

Excelen

ta
]

A



1.2 TFAMILIAS LOGICAS

r

En los {iltimes 25 afios han nacido y desaparscide diversas familias l8gicas,

basadas en técnicas de construccisn diascreta, monolitica o hibrida. De las

-

tecnologias remanentes, laa mis populares (DTL,TTL,ECL y CMOS) tiene las si

. Ewientas prapiadsdes

Se’dispone de compuertas NANL y NOR
. Se dispone de compuertas AND, OR y OR exclusivo en la mayorfa de
lag series
Se dispone de flip~fiops JIC y D
Niveles 1&gicos rtséaurndua adln.salida de las cowmponentes

S¢ garantiza el nimero de cafgaa a la salide bajo.las peores condi-
ciones "
» Se dispone de contadores, registros, sumadores, deccdificadores, se

lectores de datos y otras funcionea de mediana (MSI) y gran {LSI)

integracibo.

a a1
En esta seccidn presentarvemcs algunos -ejemplos  de- los diversos componentes

disponibles en -el-mercado, . desde:las mis simﬁleafhﬂntarlas uls cﬁmplequ;_.

] 2. =
o a N

Es muy importante uhservar la canplejldad creciente de log ejemplos. El ob

- - r

jetive es poner de manifiesto el nﬁmern.da.:nmpanantes e interconexiones lo

gradas en los diversos casos que se presentan.

1.2,1 Familia légica Serie 54174

Lz familia 1dgica 54174 XX es una serie de circuitos integrados realizados

con tecnologia TTL con velocidad media y alta, La familia incluye un nime-
i

ro amplio de funciones presentadas en diversos paquetes. La serie 54 se ca

racteriza por reper una temperatura de operacidn, con un raungoe qugﬁva de_

¥ 1 ¥ [

- .p’; W "" ﬂ“d}'

:55;F a + 125°C. La serie 74 se caracteriza pot uUn Tango Wenor, que %a de
£

7 T ) T



0*C a + 70°C,

Lz 16gica de la safie 54174 s& define usando LOGICA POSITIVA, usando la

siguiente convercifn: ' - .

VOLTAJE BAJO = '0' LOGICO

« WOLTAJE ALTO = '1' LOGICO

I} SNM00 Compuerta RAND cuadrupl: con dus entradas positivas

3) SN7404 Inversor sextuple

-y -
LI L Y S | It | -

iz

T




4) SK7442 Decodificador BCD a Decimal

-
o

LOGIC DIAGRAM ' . ) .
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El flip-flop SN7470 envia la salida durante lea subida del pulso. Esta com

ponente esth disefiada especinloente para aplicaciones de mediana y alta ﬁE

o
~

locidad, puede ahorrar energf:.

En ¢sta familia se tienen nfs de 300 funciones repartidas entre la tecnolo
. % -

gia TTL ¥ TTL Schottky., Sa dispane de los siguléntes tipos de elementos:

1} Elementos Aritmfcicos

2) Centadores

3) Selectores/Multiplexores de datos

4) Dacodificadores

5) Condificadores :

§) Expansores

7)  Flip-Flop

B) Compuertac NAND/WOR/JAND/DR v Buffers

9) Compuertas inversores AND—GEE;;ﬁ-GE
... 10} Latches i

lil Meporiase

12) Registros

[

1) Elementos AvitmEticos
Los mis importantes son las unidades Ldgicas-Aritmiticas, sumadores

¥ comparadoTes.
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4)

5}

6)

7

8)
"9) _
10)

11)

12)

. Flip-Flops

~Contadores

Son contadored sincronicos de &4 bite, contadores hacia arriba y hacia

abajo con modo de control, contadores de dfcadas, etc.

Selectores/Multiplexores de datos -
Los hay de J6 a1, de Bal, de 4 alyde2alconlos que se puede

cubrir cualquier problema de leicrﬂxﬁnfmultiplexaje.‘

=

Decodificadorea . , : o - R y ) .

& LI

" Se tienen BCD a Decimal, Exceso 3 & decimal, 4 = 16 lSneas, 2'm & 1§-

neas, BCD a decodificader de siets Segmation.

Condificadores

. Hey de 1G lineas a & 1fneas ¥y § 1ineasg a 3

Expansores

-

1 . ) "y o
Expansores de & entradas y de tres. enrradas

-

-
-

Tipv JE, JK maestro-esclavo, tipe D ¥ RS,

%
’ . 'ty
e - PRI

b - - - - -

.Son los componentes estandar = L - . -
wThoos T
AND y R, NAND,NOR, inversores, Latches .
R bl -"- - - . N : - .
HMemorias T

b
*

Memorias de sole lectura (ROM), en dvemoria RAM {acceso aleatoria)
Registros

Hay de 4 y 8 bits, carga en paralelo, en serie.

Entrads en serie-salida en patralelo, entrada en paralelo y salida eu serie.

Exiate, ademis, una variedad muy grande de funciones reslizadas con otras

tecnologias, tales como MSI/TTL, ECL, MOS, ecc.
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iQué e¢s un Microprocesador?

Responder a esta pregunta hubicse sido mds fhcil hace 2 apos
Que hoy dia, iPor qué? porque la industria y la tecnoloegia microe:
léctricas son, quizd, 1las mis cambiantes del mundo, ceonsiderando
cualquier raﬁu del saber humano. Estwu sz debe, siﬁ duda,.a la am-
plisima gama de ﬁplicadioncs de sus derivados y sub-produétns. Es
un hecho aceptado, hoy dia, gque el advenimiente del microproce sador
€5 un acontecimiento de importnncia similar al de_la utilizacidn
de' la energfa eléctrica, a principios de siglo...Eéta afirmacién
podri parecer exagerada a algunas personas. Examinemos, sin embay

go, el desarrollo histdrico de los microprocesadores,, como se mues

tra en la siguilente tabla:

Afio Procesador Tecnologia Reloj Transistores Direccie

(A4iz) namiento
1972 °  R008 PMOS . .5 2000 16 K.
1974° -+ 8080  PMOS - 2 '4500 64 K.
1976 280 NMOS 7 .4 6000 . 64 K.
1978(En.) 8086 v NMOS (VLSI) ° 5-8 20000 M.
1978 (Dic) Z800D NMOS (VLSI) -4 17500 8 M.

1279 68000 - - KMOS (VLSI) 8 68000 .16 M.

En esta tabla observamos sélo los mas representativos de 1os
microprocesaderes: de INTEL, el B008, 8080 y 8086; de 2Zilog el -

280 y Z8000; dc MOTOROLA, el M68000.
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Observamos el dramitico incremente en velocidad y prade de
integracién. De 1972, aifo de la aparicidn del 8008, a la fecha,-
hemos pasado de un ciélﬂ de reloj de 1/2 MHz a 8 Mz, para un aumentot de
16 veces cn velocidad., Asimismo de 2000 transistores, hemos pasa
do a 68000, para un aumento de 34(!!) veces en la densidad bési- _
ca, de 1a unidad. Con los procesadove:s hoy, podemos direccionar -

hasta 16 M bytes, vs. s0le 16 K de un B0O08; un incremento de 1000

veces!

Pero no sélo en el procesador central existen estas capaci
dades. Las memorias han sufrido cambhiecs proporcionales. En 1976,
la memoria mis densa en el mercado era de 4K bits, hovy dia, con
CCD's y mempria de burbuja magnética, tenemos capacidad de hasta

256 K hits en un thip® Un incremento de 64 veces en la capacidad

del almacecnamiento.

De la misma manera, los contreoladores, periféricos, etc., -
se han modificado. El resultado final es que, hoy con dia, con cua
tro 'chips’', tenemos capacidad de cdmpute mds o menos equivalente
a la de una CDC 6600, CGWP narco de referencia mencionamos a uste
des que en 1870, el documento de CDC que describe a esta miquinaz cmpie

za ¢on un capitule que, traducido literalmente, es "Justificacién

de 1as Grandes Computadoras",

La conclusidén de esta introduccién un pocoeo ntreopellada es la

siguiente:



1) MNHoy dia cs posible adquirir capacidad de cémputo a ba-
jo precio en magnitudes gue -hasta hice una década erﬂnldifT:iIEs

de justificar por su complejidad.

2) Los coestos de cOmpute se han reducido dramiticamente. -
La tendencia ecs a seguir disminuyenlc. Con la integracifn que au-

menta, los castes s¢ xhaten.

3) El 'software' es cada ve:r més sofisticado. Los micro—
computadores de hoy aceptan los lenguajes de ayer [éDBDL, FORTRAN,
BASIC, PL/Y, PASCAL, etc.).

4) Leos costos bajos y la alta integracidn propician nuevas
arquitecturas en maquinas 'grandes', Las computadoras del mafiana

serdn arreglos de decenas o cientos de microprocesadores,

rero, apesar de nuestras 'conclusiones', no hemos afin respon

dide a la pregunta inicial. (Qué es un microprocesador?

|
De la anterior discusidn se desprenden varias caracteristi-

cas de los microprocesadores:

1)  Son pequeiios [fisicamente],
2) Son baratos (comparativamente),
3) Tienen capacidad de cdmputo.

4) Poscen memoria.

wd



LEn resumen, pués, podemos decir que un microprocesador es
un computador pequefio y baratoe? Si ¥ no. En la introduccién men
cionamos que ¢s5 hoy mis dificil respondér a la pregunta que hace
algunos afios. Esto se debe a que hay, hoy, varios tipos de micro
procesadores. iPor qué? porque a cambie dc reducir el tamafio (y
disminuir el consumo de energia) pericuwos, también, vciucidad. A
tas 4 caracteristicas de la lista anterior, hay que agregar una -

mas:

5} Son "lentos",

iQué entendemos por "lentos'"? Un micro (procesador) tipi-
€o Actual, tiene un reloj de 2-5 MHz, es decir su cicle bfisico de
de instruccién es de -250'ns. En contraste, las miquinas ripidas
pucden trubajar a velocidades de -5 ns. Es decir, 50 veces mids -

ripido.

Es claro que no en todas los casos (de hecho en wuy pocos}
necesitamos velocidades de esc orden. Entonces los microsistemas
se han subdividido en wvarios grupos, dependiendo del problema a
que estin orientados. Bisicamente, pues, podemos dividir a les

microprocesadores en familias:

a) Microprocesadores rtipidos, "bit slice" (MSI)
b) Microprocesadores orientados a bytes (L,5I)
¢) Microcomnutadoras. {VLS1)

d) Micro-miniprocesadores (VLSI1)

34



Para que nuestra definicién quede completa, pues, hay que

-’

decir que un microprecesador cae dentro de alguna de las anterio-

4

res {amilias.

La definicién de um microprocesador es pues, 1a slgulen-

te:

Un microprocesador es un dispositive electrénico digital de
alta integracidén, que incorpora todas las caracteristicas bisicas
de una computadora convencional; que es de hajﬂ-coﬁtu, bajo consumo
de potencia y que pertenece a alguna de 155 4 categorias mencionadas

' " ‘
anteriormente. _ |

Para que nuestra definicién quede clara, hay que especifi
car qué entendcmos por computador 'cenvencional'.

»

Este cs5 un sistema digital que:

1} Tiene medios de entrada.
2) . Tiene un almaten,. en. donde pueden estar instrucciones o
datos.

3) Tiene una secccidn capaz de ejecutar cflculos aritméticos

y lépicoes.
1) Tiene medios de salidz.
5) Ticne una unidad de contrel, capaz de escoger de entre

distintos cursos de accidn, dependiendc de los datos.



En- este curso nos restringiremos a estudiar microprocesa-
dores del tipo (b) debido a que: _
1) Son les mis usados.

2} Son los mas desarrollados.
3 Son los mids ftiles en el uatexto de nuestro pails,

4} Son los mas baratos.

Con c! ohjeto de introducir al estudioso al campo de los microproce

sadores, sin cmbargo, mendionaremos brevemente, w un representante de las cate

L

gorias a, c y d. P

L ]
iyt

Micreprocesadores 'Bit Slice’.

a1 T

b . o
Este tipo de micros tienen la caracteristica de ser "rehana

das"™ ("slices'") de procesado. Esto significa que c§da elemento

del procesador esti disefiado para un nﬁméfﬁ pequefio de bits (diga-

mos N bits}. De esta manera, uniendo M e?ementus, es posible con-

. . -I; +
figurar una computadora de MXN bits, , !

8

El ejemple que presentamos o5 ¢] procesader serie 3000, de
t LS

intel. Este procesador tiene un ancho (d;rchanada} dq‘Z bits por

Car _
elemento. DPara lograr un computador de 16 bits de ancho ¢5 necesa

ric, pues, ligar o unir 8 CPU's y sus correspondientes memorias vy

' Lz

unidades de control. o Jﬁ *
o P2 ;
- ) “1_ !
! ’ Y 5]
La serie 3000 es, ademis microprogramable. No se debe con

%

§ ;
fundir el término 'microprogramable" con el7de microprocesador. -
c K a oI .

1 : f
é ) .
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Estos conceptos no estin lipados en forma alguna, De hecho la ma-

yor parte de los procesadores "grandes" son microprogramados.

En esencia, el microprograma es un conjunte de instrucciones,
llamada micropasos, que 50n los elementos bAsicos de una instruccibn
de la miquina.

-+

Por ejemplo, 1la instruccién:
ADD A,B (suma A = A+R) -

en donde A y B son nfmeros de punto flotante, consta de una serie de

pasos mis bisicos. Se puede decir que cada instruccidn de midquina:

ADD  A,B

de un procesador microprogramable, es una 1lamada al microcédigo -

{de hecho, a una rutina de Este). '

-

Un procesador microprogramable, pues, tiene en su interior,

~

una pequefia computadora con memoria ROM, en la cual estén los mi-

- -

cropases del-acervo de instrucciones de la mdquina en cuestién.

-

A este tipo de programas se les conoce como !firmware', pa-

ra distinguirlos del 'software' y del 'hardware',

. La serie 3000, como deciamos, es microprogramable. Esto

hace que ¢l disefiador defina su propio conjunto de instruccicnes.



k:|

Ademids, este micro es bipolar. Esto significa que los tiem
' -
pes de conmutacidn (de C a 1y viceversa} son del orden de 30-50 -
macrosegundos (es decir 30-50 x 10 * seg.}, con ciclos bidsicos de

150 ns en el procesador central.

Esto hace que este procesador s¢a ripido y versitil; por -
otrc lado, es caro (relativamente) e implica que, para cada discho,
el ingeniero debe de elaborar su prople conjunte de instrucciones y

su prapia arquitectura y, por supuesto, su propio 'software'.

Es posible, sin embargo, emular otro procesador conocide ¥y
mejorar su 'thruput’® (relacidn de resultados/seg.)} copiando el con-
Junto de instruccienes de algim procesador comercial.

Seria posible, por éjemplo, disefiar un precesador idéntico a
un Z80 con serie 3000. De esta forma tendriamos el 'software' del

Z80 y la velocidad de los dispositivos bipolares.
L7

by

L4

Microprocesadores Orientados a 'Bytes'.

Esteos comprenden al 8080, 6800 y Z80 y son el tema fundamen-

[

tal de este curso.

Sus caracteristicas bisicas son las siguientes:

&

1) CPU en un *'Chip'.
2) Palabras de 8 bits (1 hyte).

3) Bajo costo.



47 Amplio acerve de periféricos,

5} ‘'Software’ de alto nivel ya desarrollado. {compiladores,
intérpretes, ensambladores, etc.) .

6) Pequefioc nimero de integrados para lograr una cenfigura-

cidén bhsica [que cumpla con 1a definicibn de computado-

ra).

‘Puesto que van a ser ¢l tema de las sesiones siguientes, de
jaremos su tratamiento para capitulos posteriores, en donde son tra

tados con gran detalle.
Microcomputadoras.

De 1o que se ha venido discutiendo, parece no ser muy obvio
que a una familia se le l1lame microcomputadoras, cuando todas 1u1
son. En realidad, lo que queremos sefialar es que, en realidad, -
los procesadores antes mencionados conforman -a una microcomputado-
ra sélo mediante el uso ée varios 'Chips'. En esta familia incluf
mos a aquellos circuitos que incorporan tode lo necesario para te-
ner una computadora en-un circuito integrado. Es decir, en un -
"Chip' cstd canccnfradh el procesador, la memoria de programas y -
de dates, los puertos de entrada/salida y la unidad de control.

De aquf que hagamos la distincién entre un microprocesador
{3000, 6800, etc.) y un microcomputador. Ejemplo de este {iltimo
es el procesador 8748 de Intel.} Esta micro posee puertos, CrPu,

64 hytes de RAM y 1K de EPROM, t%do en el mismo circuito integra

‘do.
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Micro-miniprocesadores,

Lo que deseamos seflalar, al acufiar este término e5 que este
tipo de picroprocesadores tienen va, las caracteristicas de un mi-

niprocesador:

a} Palabras de 16 o mis hits de ancho.
b) Amplio espacio de direccionamiento {del orden de Megapo-
labras).

¢} Instrucciones comunmente asociadas a miaguinas "grandes’.

Ejemplos de €sto son el 8086 de INTEL, el ZB000 de Moztek ¥
el 68000 de Motorela.

Estas miquinas incluyen en su 'set' de instrucciones aritmé
tica "complicada" (multiplicacién y divisién), direccionamiento in

directo, et.



Ll

Perspectivas.

Al desarrecllo de los micros hay que asociar el desarrollo de
otro tipo declectrdnica. En particular, la electrénica de la trans
duccidn hace que sca posible atacar problemas del mundo analégico -

en forma digital.

PFor ejcﬁpln, TRW ha desarrollado cenvertidores A/D} (analdgi-
ca o digital) ‘con velocidad de conversifn de 35 mseg. para 8 bits. Compahias co
mo Analeg Devices, por mencionar sdlo una, tienen convertidorcs D/A
(digital a analdpico) de tiempos de conversién de 40 msep para 8 -

bits. . -

Las perspectivas que esto abre son priicticamente ilimitadas
En la figura se muestra un sistema de contrelautomdtico hasado en

un B085 y los convertidores arriba mencionados.

Lot A 1/6 =8 . . I/0 D
T f oL -";...‘ R / -
n ipe D _ RAM.- - 8. . O. A -
5 . M,

. ‘ Este es un control analdgicofanalégico lograde con sélo 5
'Chips’.. iQué tipo de control? El que el programador desee! -
Con sblo cambiar el programa interno, el sistema se convierte en
otro cuwalquiera. Los viejJos problemas de,inestabilidad en con-
troles de miaquinas herramientas se eliminan con un motor de pa-

¥
L L]
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La solucidn de largas ecuaciones diferenciales simplemente pier-
de sentido.
e

Tiempo de respuesta en modo e¢sStable:

-

o

200 useg. '

Hay, en nuestra opinidén dos campos de accibn bdsicos para -
¥

los microprocesadores: el campoe industrial y el campo de la infor

1

mitica. . T .
st

N 3 r

En el campo de la industria, es ficil vislumbrar 1astﬁeper-

p . P - - 4 - " A
cusiones que la siguiente ceonsideracidn podrid tener: L

.
o

}

Cualquier.sistema de control puede constar de una?cﬂmputadg
0

Ta para controlar ¢l procesa.

En el campo de la informitica, es obvio que la cafda de pre

cios en los sistemas de cOmputo debe Tepercutir grandemente, Mias
. N /

adn si se toma en cuenta que no s56le se abaten -laos preciog; sino
R - T

también aumcnta la capacidad de cémputo. » L

Ah

iy
Especular al respecto-en esta firea es factil. Afgunas pre-
dicciones: las computadoras se- convierten en articulos de hogar;
los sistemas de reconocimiente ¥ sintesis de vﬁz permiten ripidos
avances en robdtica; las memorias de dico desaparecen para ceder
su lugar a CCD's y memorias de burbuja; las arquitecturas de compu
L

- oy )
tadoras se ovientan azmulti-microprecesamientos (pioneros en esta
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area son Cm* y Tandem, de propésito especilal, asi como AHR para
LISP);.en resumen, la necesidad de conocimiento en el irea de la
microelectrdnica y, en particular, de los microprocesadores se
présenta como alge inmediato. La tecnologia de los microprocesa

dores estd firme y bien establecida.
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EID - Serial I/0 Controler,

Control de entrada/salida en serie,

Introduccidn.

El desarrolle de microprocesadores ha provocado la implementacitn
de toda una familia de diapositivos“de ihterfﬁs?, tanto para coneg

Xiones en serie como €n paralelo. el

En la linea de productos de soporte del procesador Z-B0 se encuen
tra el SI0, un dispositive programable para controlar la entrada

ofy salida-de datos en serie entre Z-80 y dispositives periféri—

+

cos (ejemplo® CRT, TTY).

En esta pl&tica se presentan las caracteristicas de conexién vy
programacidn del "SIO". (En otras familias USART, UNIVERSAL SIN
CHRONOUS ASINCHRONOUS RECEIVER TRAHSHITER).

' - . r N .
w

™

Comunicacién serie entre microcomputador y periffiricos.

-
i

En el drea de comunicacidn de datos se integran dos tipos de co-
nocimiento, uno software ¥ el otro hardware. En este Gltimec se

-enlistan las siguientes posibilidades:

a).- Tipo de conexién: full duplex, half duplex, simplex.

b).- Tipo de interfase. voltaje, corriente,

¢y, - veloﬁidad de transmisidn y recepcibn.



d).- Nimero de bits,

e).- Conexidn: sincrona, asfncrona, -5' " % ¢ .. Wﬁ}fﬁrﬁ s
£).- Niveles de voltaje. o ;

g).- Nimero de stop bits, ’ ' B ) T .

K}.- Paridad, | - L , , '
i}.- Break generacifén y deteccifn.. -

i}.- _ Errores de deteccibn.

k).- Modem?

Y en cuanto al hardware: ' .

- a),- Tipo de protocolos. (IBM, Bisincrono, HDLC,- SDLC).
b).- Manejo de interrupciones. ) oe
c}.- Modos de direccionamiento.

¢}.- Programacibn de dispositivo.

A continuacifn se¢ muestra la arquitectura de SIO y la disposi-
¢idén fisica de pins, con su significado y el diagrama de bloques

correspondiente.
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1.0 INTRODUCTION

The MOSTEK Z80 product line is a complete set of microcomputer components, develop-
ment systems and support software. The ZB0 microcomputer componsgnt set includes all
of the circuits necessary 1o buidd high-performance microcomputar syitems with virtually
no other logic and a minimum number of 1ow cost standard memdry elements.

The ZBO-S10 {Serial Input/Qutput) circuit is a programmabie, dual-chsnnei deyice which
provides formatting of data for serial data communication, It is capable of handling asyn-
chronous, synchronous and synchronous hit oriented protocols such as 1BM BiSync, HDLE,
SDLC and virtually any other serial protocol. It can gensrate CRC codes in any synchronous
mode and can be programmed by the CPU for any traditional asynchronous formar,

1.1 STRUCTURE

N-chiannel Silicon Gate Depletion Load Technology
Farty Pin DIP

Single 5 volt powsr supply

Single phase 5 volt clock

Two Full Duplex channels

opoaoo

1.2 FEATURES

Two independent ful! duplex channels
Data rates - 0 to 550K bits/eecond
Receiver data registers quadruply buffered; transmitter double buffemd
Agynchronous operatian
— 8,86, 7 or B bits/character : -
— 1, 1% or 2 stop bits .
— Even, odd or no parity
—x1, x16, x32 and x64 clock modes
— Break generation and detection
— Parity, Overrun and Framing errar detection
0 Binary Synchronocus operation
— Internal or axternal character synchranization
— One or twa Sync characters in separate registers
— Automatic Sync character insertion
— CRC peneration and checking
O HDLC or IBM SDLC operation
— Automatic Zero insertion and deletion
— Automatic Flag insertion
— Address fieldtecognition
-~ |-Field residue handling
— Valid receive messzges protected from overrun
- CRC generation and checking
C Eight modem control inputs and putputs
L1 Both CRC-1G and CRC-CCITY {—0 and —3) are implemented

0DO0DAN

O Daisy chain priority interrupt jogic included 1o provide for automatic interrupt vector-

ing without external logic.
All inputs and outputs fully TTL compatible.
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A block diagram of the S10 is shown In Figure 1. The internal structure inctudes a EBD-CPU .

bus interface, internal contret and interrupt logic and two full duplax chennels. The inter-
rupt control logic determines whach channel and which device within the channel is the
highest priority for purposes of the sutomatic-interrupt voctorig. Priority is fixed with

Channel A assigned higher priority’ ‘than Channel 8 and the Receiver, Transrmtter lnd _

External/Status asslgned priority in that order within eath funnel ’ .
R i ek ‘g

The channel logic is shown in block form in Figure 2. Each channsl-has five B-bit control
registers and three B-bit status registers. The interrupt vector Is written into an B-bit register
in Channel 8 and may also be reed from that channel. Tha receiver has thres 8-bit buffer
registers in FIFO arrangement in addition to the B-btt input shift ragister, The transmitter
has one 8.bit buffer register in addition to the 8-bit cutput shift register, The CRC
generatoricheckers are  16.bit .shift registers with appropriste internal feedback
{programmable) for two different CRC codes.

-

CHANNEL BLOCK DIAGRAM * $10 PIN OUT

Figurs 2.0

Figure 2.1
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*Con® auration of Channel B will vary accardig 1o MM"':I option. Sae Section 2.2,
r
Dg D7 System Data Bus (bidirectional, tri-state}
B/A Channel B ar A select {input high is Channe! B)
&
/o Control or Data select {input high is contral}
CE Chip Enable {input, active low)
— i Il - *
M1 Maching Cycle One Signal from ZBO-CPU finput, active low]
o

. b
IORQ Input/Output request fram ZAD-CPU |ingut, active low)



e

IEQ

INT

WAIT/READY A

WAIT/READY B

CTSA, CTS8 .

DCDA, DCDB

RxDA, RxD8
T«A, TxDB
RxCA, AxTB

TxCA, TxCB

RATSA, RTSB

vaun 4 pole Srate s oown tae 230 CPY {input, active tow)

Systern Clock (input)

Resat {input, active low) disables both receivers and transmitters,
Tx DA and T X 08 are foreed marking. Modem controls are foreed
high. Control registers must be rewritten after S$10 is reset and before
any datz is trarsmitted or received, All interrupts are disabled.

Interrupt Enable 1o (input, scthve high)

Interrupt Enable Out {output, lc:iﬂ high} JEf and IED fnrm Y
daisy-chain connection for priority interrupt control.

interrupt Hequest {output, ogen drlxin; M.tive low).

“Ywo pins, one for gach channel, They may be programmed to serve

as ready lines for use with 8 DMA Controller or they may serve as
wait lines to synchronize the ZA0-CPU 1o the S10 data rate,

Clear to Send (2 pins, inputs, active low). When programmed as
AUTO EMABLES, thess inputs enable the transmitiers of their res-
pective channels, |f thess ping sre not programmed as transmittar
enablies, they may be progremmed &3 genaral-purpose input ping,
These inputs are Schmitt-trigger buffersd to allow slow-rise time
inputs.

Data Carrier Detect (2 pins, inputs, ective low.] Thase pins are
simitar to the T3 inputs, except that they are usable as recewer
enables rather than transmitter enables.

Receive Data, |2 pins, inputs, active high.)

Transmit Data. [2 pins, outputs, active high.) . .
Receiver clocks linputs, active low.) [Two pads,_'Enn per channel.
Ses note on Bonding Opticn,) Schmltt-trigger buf[gred.

. - .

Transmitter Clocks {inputs, active low.) (Two pads, one per channe!,
Ses note on Bonding Optian.) Schmitt-trigger huffered,

Request to Send (2 pins, outputs, active low.) When the ATS bit is
sat, the RTS pin goes iow, When the bit is reset in asynchronous
modte, the pin goes high, but oply after the transmitter is empty.
In synchronous modes, RT5 is 8 simple output which strictly follows
the state of the RTS bit.

L

Data Terminal Ready (2 pins, output, ective low.) Pin follows
statz programmed with OTR bit, {Two pads, one per channel.
See note on Bonding Option.}

~N



SYNCA, SYNCB External Character Synchronization (2 pins, input/output, actie] 1'.[1
tow,) 1f the External Synchronization mode is selected, assembly of
characters will begin on tha next rising edge of R x-C.'{f mtemai
character sync modes ara selected, the ping are outputs:that are
sctive during part of the: clock cycles that a syn¢ character is racog-
nized. The sync condition is not latched, o this pin-will be active
gvery time a sync pattern is recogmized, regnrdless of chara:ttr
boundaries. In asynchronous modts, these pins are simple inputs to
the HUNT/SYNC bits in Statuy Register O and may be used for any

b © input function desirad, However, if EXTERNAL/STATUS interrupts
are enabled in the srynchronus mode, then SYNG should not be left
floating as this could cause spurious intesrupts to oceur, = .-

NOTE: When usad as an external synchronization pin, it mutt not
become ‘active for three wstem ‘clock’ cycles aftar the previous rising
edge of A x G. Thit requirement normally can ba met by allowing
SYIﬂC to changa only on the f._nlllrilg edge of B x C.

2.2 NOTE ON BONDING OQPTION:

Dus o package constraints, there are only two ping available for the three signals, T x CB,
R x CE and . They are normaliy bonded so that T x CB and R x CB are one pin,
and R x 1 x GCB and DTRB is an available cutput. Hf there is & requirement for different
clock rates or phases for A x CB and T X CB, they may be bonded indepsndently by sac-
rificing UTWE. See Figure 2,2, ) . . .

DNDING DPTIDN

igure 2.2
MK3I884 P/N MK3885 P/N
S10/0 ' S0
27 |— AxTxCB 27 BxCE -
S0 26 |- TxDB 810 28 TxCB

25 r— DTRB 25 TxDB




Operavon of the 510 i aerermined b!.r ine contents of the cuntmi registers. These muss
be programmed balare any operations can be performed by the §10. Some commands and
1modes may be changed during operation. The device status regn:t;ers can be read at sny time,
* - wy t - r 1Y - ) . . .

3.1 ASYNCHRONOUS MODES « ' LS RV »

Thu recaiver ports are quadruply buffered, i.e. there are three nnrage reglster: in addition tn
the input shift register, This allows additional time for the CPU:1p servica an interrupt af the
beginning of a bieck of high-speed data transfer. The error flags are also quadruply bufiered
and arc loaded at the same time as the character, The RECE{VER OVERRUN and PARITY +
ERRGR flags are not reset unless an ERRCR RESET Command (Command 6) is issued,
END QF FRAME and CRC/FRAMING errors always reflect the state of the character
currently in the buffer and are not resat by ERROR RESET. Thus, when the error siatus is
road, it will reflect an errorin the current word in the receive buffer in addition 1o any parity
or overrun errors received since the jast ERROR RESET Command. in order to keep
rorrcspondence between tha stat of the error buffer and the contents of the receive reg-
isters, the status register should be read before the data {see exception). This iy easily
accomalishad if the vectored interrupts are used since a speclai mmrrupt wctor " gmnr:tud
for errors or and of framu TN - oo T = “

. LWL

If the gtatus is road lf:ar the data is read, thc error data for thn next data wurd will aim be
included if it has been stacked in the buffer, |f operstions are being parformed .rapidly
enpough so that the next character will not vet be received, then the status register will
remain valid, The exception occurs when the RECEIVE INTERRUPT.ON FIRST CHAR-
ACTER ONLY moda is selected, A special interrupt in this mode witl held error data and

the character itself {gven if resd from the buffer) until the ERRQOR RESET, Command i3
issued. This prevents furthar data from becoming avallabla in the receiver untll the Fesat is
issued,

If the INTERRUPT ON EVERY CHAHACTEH mode is selected, the interrupt vector will
be different if error states exist in the status register. I receiver overrun should occur des-
pite the quadruple buffering, the most recent character received will be lpaged, The char-
acter preceding it will be fost, When the character which has been written over other char-
acters is read, the OVERFLOW bit will be set and the SPECIAL RECEIVE CONDITION
vector returnéd if STATUS AFFECTS VECTOR i3 enabled.

I is possible to use the SI0 In a pofled eaviranment, This requires monitoring of the RE

"CEIVE CHARACTER AVAILAEBLE hit 1o know when 1o read a character, This bit is reset
automatically when the receive buffers are all empty. The TRANSMIT BUFFER EMPTY
bit is high whengver 1he transmit buffer is ematy. In pofled operation, it should be checked
betore writing data into the transmitier ta prevent overwriting af data.

ASYNCHRONOUS FORMAT
Figure 3.0

. T !
MARKING LINE | START | Ug D1 Dn | PARITY | STOP  MARKING LINE

X/  nasss 7 ons—*
TRANSITIONS OCCUR

ON A FALLING EDGE MAY BE EVEN, ODD, oR
OF TxC, NOT PRESENT , )

1, 14 0R 2 BITS
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TRANSMISSION - B A

-
-

A data character sent by the 510 will be sssembled 23 follows in asynchronous modu’:

Idle state {no charasters being sent:t is 8 marking line {hight unless a bréak has been pro-,

grammed in the control register, in which case, the fine will remain :pncmg until the SEHD Z

BREAK command has been removed or the chip is reset,

Transmission cannot begin ualess the TRANSMIT ENABLE bit is set. I¥ the AUTO
ENABLES bit Is selected, then CTS must be. low a3 well. If the S bitx/character mode is

seiected, then unused bits (Dg, DE, and' D;-} must be zere in each data byte wnttm Intu'

the S10. . - 4 .

RECEIVING ' Sy :

Asynchronous reception will begin when the RECEIVER ENAEBLE bit is sat. If the AUTO
ENABLES bit is selected, the BCD must be low as well: A low {spacing) condition on
A x D indicates a start bit. If the low persists for % bit time, the start bit is assumed to ba
valid and the data input is then sampled at mid-bit time until the entire character is assem-
bled. This method of detecting a start bit improves error rejection when noise spikes exist
on an otherwise marking line. 1f the X1 clock mode is selected, bit wnchmmzatmn must be
accompiished externally.

3,2 SYNCHRONOUS MODES

Tha various wr_‘mhmnnui mades ai! require a xt clock for transmission and reception.
Cata is sampled on the rising edge of ﬁ C. Transmitter data transitions occur on the failing
edoe af TxC.

In all cases, tha receiver is in a hunt made after a reset [internal or extarnal), The hunt can
begin only when the receiver is enabled. Only when character synchronization has been
achieved can data transfer begin. If there is & loss of character synchronization, the hunt
mode can be re-entered by writing a contro! word with the ENTER HUNT MODE bit set,
The differences in operation of the monosyne, bisync and external sync modes are only in
the manner in which initial synchronization is achieved. Note: The mode of operation must
be selected before the sync characters are loaded, since the registers arg used difterently in
the various modes, .

MONOSYNC; {8-81T SYNC MODE)

Matching of a single sync character, programmaed into Write register 7, implies :harac{ar
synchronization, which gnables data transfer.

BISYNC: [(16-BIT SYNC MODE)

Matching of two adjacent sync characters programmed in Write Registers 6 and 7 impties
character synchronpization, {n both monosyne and bBigync modes, tha SYNG pin wili be
active {lowl any time the sync character sequenca is detected and wili remain low for the
cleck eyvele in wiieh it 1s detecied, 1

EXTERNAL SYNC MODE

"in this mode, character assembly begins on the first rising edge of RxC after the SYNC pin
becames active {low]. 1t should ba held active for ar least three complete clock t:vcles.

In Monesyne, Bisyne and External sync modes, assembly will continue until the SIQ is
resot (either internally or with the Reset pin) or until the receiver is chisallad {by coemmand
ar with 1he DED pin in the AUTO ENABLES mede) of until the CPU sets the ENTEH
HUNT MODE bit,

pl3
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Al DEfl..IH state {aftar a Rewet or. trmlmltler not enabtedl iza rmtrkmg Line, Break may., 4,
be programmed to generata a spacing line, which ' begins. as”soan as proqu'nrnud . 15
regardless af he contents of the send rew:ter -With tha tramsmitier enabled, ‘and after -

modes have baen sslucted, r.hfn‘.m it continuous transrMlssion of the B'or 16 bit tync’ -
character. - D AT WS Ry I A _.q_m_ % -
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' ARSI N .1 3 L
B. Sevaeral Interrupt modes are possible: i, clrden i e i::{.
] L] L] l‘ #.:
1. Transmit Interrupts enabled - every time that the transmit buﬂer ‘becomes empty, T

an intarrupt witl be ganarared if the TRANSMIT-INTERRBUPT ENAELE bt is xet.
The interrupt may be satisfied by ‘either writing amother character’into tha trefm-

,  mitter or by resstting the TRANSMITTER INTERRUPT PENDING bit with thé,
RESET TRANSMITTER INTERRUPT PENDING command {Command §). .lL
the intarrupt is satisfied with this command _and nothing mare is wiitten ipto the ..
transmitter, there will ba no further tEr!smtmrr interrupts, a it i3 the buffer
becoming an’ipt\r that causes the interrupt. When | 3nathar chavacrer 13 wﬂttun ‘the
the Transmitter cai 232N bécome empty and interripi again,

2. External/Status Interrupts enabled - If the’ E'X"I‘EHNAL!ST ATUS INTERRUPT

ENABLE bit is set, Transmitter mnd:tmni such a3 starting {0 send CRC ch:m:turs

- starting to send Sync characters, DCO, SYNC, and £T% changing state cause inter-
rupts, which hava a unigue vector if STATUS AFFECTS VECTOR modeis tullcteq -

) .
En T ‘.z'. ] o



. 3 AII interrupts may bvu di‘.sahled fnr nperatmn ina polted mnda or to pmrant inp.t

rupts at lnapprﬂprlate nmes ina pmgram § execution, . -

i

- . ,,..:i , .t L. L]
if CRC is not enabled, synr.: characiers will automatically be mmnnd whun the trans
mitter has no data t6 send. An interrupt is generated only after the first mmatmall‘v
inserted sync characier has been loaded. tf CRC is enabled, the first time the trany
mitter has ne data 1o send, the 1Bbit CRC is sutomatically sam‘. foliowed by syng
characters. While sending CRC, the SENDING CRC/SYNC bit is sot and the TRANS-
MIT BUFFER EMPTY bit indicates full. CRC is not calculated on the automaticatly
inserted sync characters, but it wili ba calculated on any $ync character sent as data
unless the CRC generator is disabted when that character is losded to the transmit
shift register from the transmit buffer. When the CRC has been sent, the THANSMIT

BUFFER EMPTY bit goes high and an interrupt is generated to ‘indicate that anuther '

message can begin. Control of the CRC generator may proceed as fnllcrw:

The CRC generator shouid ba reset by |ss;u|ng the RESET THANSMIT CRC GENE-
RATOR Command, before any dats is ioaded, After CRC and the entire transmitter
is enabled, data may be loaded. Before CRC is to be sent {but after the first data has
been loaded), the SENDING CRC/SYNC bit must be reset with the RESET SENDING
CRC/SYNC Command,

Because sending of the CRC is inhibited when the SENDING CRC/SYNC bit is set,
the SI0 can be used to automatically insert fill characters within messages instead
of automatically sending the CRC. CRC is not-calculated on syncs automatically

inserted and when the end of the message is reached, the bit can be reset.thus allowing

the GRC to be sent.

"1t the transmitter is disabled while a character is being sent, that character {(whether

Data, CRC or SYNGC)} will be sent as normal but will be followed by a marking line
rather than CRC or sync characters. A character in the buffer when the transimitter is
disabled will remain in the buffer. However, a programmed break will be effective
as soon as it is written into the control register. Characters bemg transmitted, if any,
wili be lost,

In all modes, characters are sent low-order bits first, i.e., Dp before D, etc. for as
many bits as are programmed. This requires right-hand justification  of data to be
transmitted if word lenath is less than 8 bits, If word length is 5 bits ar less, the speciat
technique described in the TRANSMIT BITS/CHAR section must be used for the data

format.

Synchronous Modes (Except SCLE) Receprion:

A,

After programming the mode and sync characters {in that order), the receiver mav. ke

-enabled, 't will then be in the HUNT MODE and will stay in that mode until:

1. A match is made with a single sync character {monosync mode) or
2. A match is made with a dual sync character (BiSync mode) or
3. The external SYNC pin is forced low. In cases {1) and (2] the external SYNC pin is

an ocutput which indicates that character synchronization has been achieved. In case
{2) it is an inpuL,

.. Character assemhly begins after sync has been achieved. Four interrupt modes are

possible,

. NO INTERRUPTS ENABLED - for a purely polled operation or. fnr “off line'

conditions.

I
e
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16 Ema L AT GnadADTER by, This cnade would nl‘:rmallv b
L5 B %k @ sobbvedi ponniy LoD or @ &l oo l:unsiea in.ructicn using the WAIT/
READY output ta synchronize the CPU to the incoming data rate. It couid also
be used with a OMA device. In this mode, the S10 will. interrupt on the first char:
acter and thercafter will only interrupt if errors bre detected. The mode is reset with
the RESET RECEIVE -INTER FIUF'Ti ON "FIRST CHAHACTEFI cummand

¥

v [Command 4], , t '
The first character received afier this cnmmand in issued will 450 causa an intermupt. -

If External/Status interrupts ara enabled, they may interruptiat sny time. Parity

errors do noOt causs interrupts in this made, but End of-Frama IISDLC Mode) and
Teceiver overrun do cause interrupts, . - e o \

3. INTERRUPT ON EVERY CHARACTER — whenever the receiver buffer has a char-
acter an interrupt is generated. Error and specidl conditions generate 3 special vector
if the STATUS AFFECTS VECTOR moda is sefected. A parity error may uptmnali\_.rr

not generate the special vector,
L

+

C. CRC checking generation may be used in tha synchronous modes, T
"1 Calculation™ of the CRC on.a particular character begins B bit times after tha word
© has-been ransferred to the recaive buffer, If CRC is enabled before the next char-.
acter i3 transferred to the receive buffer, CRC will ba calculated on the character, |f
. CRC is disabled befere the time of the next transfer, calculation will proceed on the
word in progress, but the ward just transferred to the buffer wiil not be included.
This sllows starting and stopping CRC checking on the verious characters employed
in BiSyne,

P . -

2. The CRC mav be enabled and disabled as many times as nacusmrv for a given caleul-

//

CRC Codes are salected during the mode selection process, Either the CRC- 16 poly-
nominal X168 + X15 + X2 + 1 or the SDLC polynomial X168 + X12 + X5 + 1 may
be used. In ail except SDLC mode, the CRC calcuiator and checker are reset to all
0's. Transrmtter and receiver must use the same polynomial,

‘ln Munmvnc, Bisync and External Sync mudus, tha CRC/FRAMING ERROR bit

contains the result of the comparison -of the CRC checker 1o *'all teros’ 16 bit

times afier the character has been loaded from the receive shift register 1o the but-

fer. The comparisan is made with each load and is valid only as long as the char-

acter remaing in the buffer, If time increasss down the page, then the !ulluwmg
- - holds: . L. = = -

- - - - .- +

Character "A" Inadtd inio t-'h‘e buffer

. Character "B loaded into the buffer.
If CRC is disabled bafore "'C* is in the huffer it wild nnt be calculated on “B".

Character ’C* loaded inte bufier .

After “£ ig loaded the CHC!FHAMING ERROA it shows thu rniult of the
comparisen thru Character A"

Character "D loaded inta buffer . ., .
After D" is in butler, the CRC/FRAMING ERROR bit shows the result of tha
comparison thru Character ¥B*,

‘Because of the seriat operation of the CRC calculation, the receiver clock [RxC)
must 30 throuyls 16 cycles alter the CRC characier has bean loaded into the receive

buffler (20 cycles after the last bit is at the 510 RxD pin) belove tha CRC celculation
is compalete,



TRANSMISSION SDLC/HDLE MESSAGE FORMAT . LG,
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R4

Lo

FLAG
111110

ADDRESS DATA = FIELD CRC CRC FLAG
B BITS o No. 1 No. 2 01111110

12

SOLC MODE TRANSMISSION:

A.

Normally, the CRC generator should be reset {with the RESET TRANSMIT CRC
GENERATOA commandl before s data block it transmitted. Resat may ocour zny

. time after the CRC of the previous message has bean sent. During the time that CRC is

being sent the SENDING CRC/SYNC bit will be saz, the TRANS BUFFER EMPTY
bit will not be set. After the CRC has been sent the TRANS BUFFER EMPTY bit
is set which will cause an interrupt signifying that the CRC h&s been seny, if trans-
mit interrupts ére enebled.

The idla device state (if the transmitter is enabled} is continuous fiags baing transmitted,
If the transmitter is not ensbled, a marking line iy sent (idle line state},

An abort ssquence may be sent by iswing the SEND ABORT command {Command 1).
This causes at least B but less than 14 one's 10 be sant before the lina reverts to con.
tinuous flags. Any data being transmitied and sny data in the transmit buffer will be
iost.

One to 8 bits per character may be sent, See the Register Description of Write Register
6§, Transmit Bits/Char. for an explanation of how this is accomplished. Since the number
of bits/character may be thanged “on the fly", this feature may he used to fill a data
field with any number of bits. When used in conjunction with the Receiver Residue
Codes, tha 510 may receive » message of any number of bits iength and retransmit it
exactly as received with no previous information about the character structura of the
I-field {if any). A change in the number ol bitt/character will not affect the character in
the process of being shifted out. Characters will be sent with the number of bits prog-

rammed at the time that the character is loaded from the buffer to the transmitter.
As in other synchronous modes, the two byte CRC sequence will ba sent automaticaily
when the transmilier has no more data to tend, { e. when there is no character in the
transmit bufler and the transmit shifi register is empty, When the CRLC sending begins,
the SENDING CRC/SYNC bit is set and a3 status change interrupt is generated if

external/status interrupts are enabled. Thiz may be used as & transmitter underrun indi-
cation. Atier the CHC hat baen sent, the line réverts 10 continuous flags, without shared

2eros, e,

0111111001 11Y110011%13100.,,
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Sty up iecessary mode [only at initial power rml

Reset CRC generatar .
Write first 2 bytes of data [i.e. address and or control bytes)

Resel SENDING CYZ/SYNC bit - —
Writa rest of data '

Afier data is complete, CAC & flags will be sent automatically, and this iequencn
can repeat fram 1. .

F. Extra zeros are automatically inserted in the data stream where required to fulfill the
requirement of 5 ones maximum in & row, except for flags or aborts.

G. When SDLC mode is selected, Reset of the CAC generator is actually a preset to alt 1's.
The SDLC CAC code must be selected, ' .

:»EGLF‘TIDN SDLC/HDLC MESSAGE FORMAT

T oguen 33

{ FLAG ADDRESS | DATA ' FIELD | CRC CRC FLAG
| €1111110 8 BITS e NG NO. 2 01111110
r -

[ty

SDLC OPERATION, RECEIVER

A. Data transfer begins with the first non-flag character raceived after st least one flag

{01111110) has been received if ADDRESS SEARCH MODE has not been enabled.
it ADDRESS SEAACH MODE is enabled, thea a flag followed by either the program-
med address or the global address {1111111) is requirad before dguu rransfer will begin.

1.

B. In SDLC mode, control of the receive CRC checker is auiomatic.

If interrupts are disabled, the presence of characters in tha receive buffer can be
de:ecfted by obsemng the HECEWE CHARACTER AVAILABLE bitin Read Regis-
ter

If the iINTERRUPT ON FIRST CHARACTER ONLY mode has baen selected, this
would normally be used to initiate a block transfer. If the length of the message is
unknown, the SPECIAL RECEIVE CONDITION {End of Frame} interrupt may be
uted 1o exit the instructian’ of software loap, The RESET INTERRUPT ON FIRST
CHARACTER command {Command 4) must be issued befnre an mterrupt for a
following block's first character can be oparatud -7

Flags are not transfarred, The extra zeros inserted in trangmission ara autumatmailv
deleted.

Aharts are detected as 7 or mose one’s and cause a status interrupt [3f enabiled) with
the BREAK/ABORT bit set in Read Register 0. After the RESET EXTERNAL/
STATUS INTERRUPT command (Command 2] has been issued, 8 second interrupt
wiil oceur when the Coninuous one’s condition hat been cleared.

It is reset by the leag-

ing flog angd CRC is calculated up to the finat fiag. The CRC/FRAMING EAROR bit in-

dicates the result of the CRC check and is located in Read register 1.

Il the CRC/

FAAMING ERAQR bit is not set, then the CAC indicates 3 valid meuage A tpecial
check sequence is used for the SDLC check because of the preset tn all one’s, The final
check must bo

OD01 1 0100001111,

13
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. Character length may be changed "on the fly."" 1f address and control bytes are pro- e 19
cessed as B-bit characiers, the receiver may be switched to a smaller character Ieng’th' h

during the time that the first information character is being assembled. This change

must be made quickly enough 50 that it is effective before the number of bits specified

have been assembled, i.e., if the changa is 10 be from the B-bit control ta a 7-bit informa-

tion field character Iength the ¢change must be made before-the first ? blt: of ﬂ'm

I-field have been assembled.

. If address search mode is not used, or if messages have multi-byte addresses, an un
wanted message need not be completely read by the CPU, Once the determination has
been made that the message is not needed, writing the ENTER HUNT MODE bit m‘ll
sutpend reception until another message hesded by 8 flag has been received,

. When the trailing flag is received, an interrupt with a special vector is generated {if
enabled), This signats that the byte with the END OF FRAME bit set has been received.
In addition 1o the results of the CRC check. Read Register 1 has 3 bits of Residue Code
. wvalid at this time. For those cases in which the number of bits in the 1-field is not an
integral multiple of tha character length used, these bits indicate the boundary between
the CRC check bits and the I-field bits. For & detsiled description of the meaning of
these bits, see the description of the Residue Codes in Read Register 1.

Parity checking may be used on data in the information field only if 5-7 bit characters
are used and onty if a half-duplex protocol is being ussed. (Thers are no separate controls
for parity on the receiver and transmitter so parity cannot, for example, be simuitane-
ously disabled for transmitting an B-bit addrets and snabled for receiving a 5-bit I-field
character),



2‘0 4,1 GENERAL

The 280 SI0 is a multi-function penpheral component specifically designed to satlsh,' a
wide variety of serial data communications requirements in Tn:crncumputm systems, s
basic rale is that of a serial to parallel, paralle! to serial t:unvertur.-"l:ontruiler it within that
role it is configured by systems software programming 3o that its function or “personality’’
can be optimized for a given serial data communicotions appl cation,

To program the ZBD-S10 the systems mftware igsues a serles of commands that initialize
the basic mode of operation desired and other commands to qualify conditions within the
mode selected e, Stop Bits, Bits/Char, Sync Charetc, The command structure of the Z80-
5i0 is designed 10 take advantage of the powarfut ZB0 BLDCK L/Q instructions to simplify
srogramming, minimize averhead and optimize CPU interaction sctivities. )
rach af the two channets of the ZBDSID contan command registers that must be pro-
grammaed via system software prior to lunctional cperation. The channel select input (B/A}
anc the controlfdata input {C/D) are the command structure addressing controls, normally

controlled by the address bus of the Z80 CPU., .
CiD B/A FUNCTION ] .
o G Chennet A Data -
o o Chaneal 8 Data
‘1 a " Channel A Commands/Status o oed .
1 1 Channwl B Commande/Status ' '

4.2 WRITE REGISTERS

The Z80-S10 contains eight (B} registers that are programmad (written into] by the system
soltware 1o confligure the functional personality of each channel, Al: Write Registers, with
the exception of Write Register 0, require two bytes to be properly programmed. The first
byte coantains 3 bits which peoint to the selected register {D0-02) the s&cond byte is the
actuai control word that is being written that register to contigure the SI0.

Write Register 0 is a special case. AESET {either internsl command or external inputl will
initialize the S1O 10 Write Register 0, All basic commands (CMDO-CMD2) and CRC controls
{CRCO, CAC1) can be accessed with a singla byte using Write Register 0.

Contained in the first by1e of any Write Register access are the basic commands (CMD0O
CMD2) and tive CRC controls {CRCO, CAC1T) so that maximum system control and flexi-
bLility i3 maintained. :

-,

(6%

N

- -

WRITE HEGISTER 1+ . WRITE REGISTER 3 *
oelos] 0a] DAl Oz L] 0] [©FlpelDs l.LQIO_J o

0 0 © RAEGISTERN e - A EXT. INT ENABLE
o 0 1 HAEGISTER Tx INT ENABLE

1 g : ? 2:;::::23 STATUS AFFECTS
1 0 0 PREGISTEA4 . . VECTOR (CH-B-ONLYS

v 0 1 RALGISTERS 0 0 PRxINTDISARBLE

1 1 a0 REGISTERS =

0 O 0 MNULLCODE e ONLY |

® 1 0 RESEYEXT STATUS IhTERAUPTS 10 INTON ALL Re CHAR G ERS

, f ¥ "

O 1 i  CHANNEL RESET CIPARITY AFFELTS VECTOR)

3 0 O PRESETRa«INT ONFIRST CHARACTER 1 1 INTONALL ix CHARACTERS

¥ 0 1 HESET T«INT PERDING i (PARITY DOES NOT AFFECT

1 1 0 EeAROAR RESET VECTOR)

1 1 %  RETUAN FROM INT ICH-A DONLY)

. HULLTODE ) _

HESET Aw CRAC THESRER - WAIT/AEADY ON R/T

HESET Tx CRC GENERATOR F

, WAIT FN/READY EN

15



WRITE REGISTER 2"

[p7]oslosloa] o3l p2loi[no]
v
V1
vz
v3
va
vs
V6
V7]

INTERRUPT
VECTOR

"rANONLY BE WRITTEN INTO CHANNEL 8

WRITE REGISTER 4

IG?I DEI DE-I D4| DBI D?I D.‘il t;a

l ‘ L—PARITY ENABLE
0,0

PARITY EVENI/COD
. SYNC MODES ENABLE

1 STOP BAIT/CHARACTER
1% 5TOP BITS/CHARACTER
2 5TGP BITS/CHARALCYER
BBITS SYNC CHARACTER

16 BIT SYNC CHARACTER

SDLC MODE (01111110 5YNC FLAG)
EXTERNAL 5YNC MODE

X1 CLOCK MDDE

X116 CLOCK MODE

®I2 CLOCK MDBE

XE4 CLOCK MODE

[ - ]
R~ ]

-
-0 =0

-0 - O

WRITE REGISTER &

[o7Tocelos[pafo3[02]D1] BO) _
L—-S¥NCBITOD
SYNCBIT
. —SYNCRIT 2
L ——sYNCRIT 3
SYNCBIT 4
SYmMCBRITS
SYNCBIT 6
SYNCEBIT 2
*ALS0 $DLC ADDAESS FIELD

]

WRITE REGISTER 3

 [oxlpelos[oalpalpilot oG

|

- -0
Y-

L Rx ENABLE

SYNC CHARACTER
LOAD INHIBIT

ADDAESS SEARCH
MODE (3DLC)

Ax CRC ENABLE

ENTER HUNT MODE
AUTO ENABLES

Rx 5 BITS/CHARACTER
Rx 7 BITS/CHARACTER
Ax 6 BITS/CHARACTER
Ax B BITS/CHARACTER

WRITE REGISTER 5

lo?t osl os| oal bal 2| o1 foe |

n-dq-ﬂﬂ

LY« CRC ENABLE
- ATS
— EBTC/CRC-16

T ENABLE

Tx 7 BITS/CHARAC
T= & BITS/ACHARAC

'-n_.n..-:r

WRITE REGISTER 7

(7] pé[DST04| DA D2|D1IDG]

=

SEND BREAX

Tx 5 BITS {OR LESS)/CHARACTER

TEAR
TER

Tx B BITS/CHARACTER

SYNCRITS
SYNCD!ITS
S¥NC 41T 10
SYMCHIT 11
SYNC RT 12 [~
SYNC BT 13
SYMZEIT 34
SYNC BIT i3

"FORSPLC IT MUST BE PROGR AMIVET
TA "0t Na FOR FLAG RQECOGHNIT RN
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(' S ? The Z2D-5!0 coutans three (3 registers thel ¢an be read to ofMain the status of each
chanael, Staws information includes erroe_canditions, interrupt vector, and standard com-
munication interface protacol signals. To read the conlents of a selected fAaad Register the
system software must first write out to the SIO the byte conraining painter infarmation -
{DO-D2) in exactly the.same manner a a Write Register operation. Then by issuing a «
READ operation the contents of the addressed Read/Status Register can be read byr :hu
ZEl}CPU

The real power in this type of command structure is that the programmer has complets
freedorn alter pointing 1o the selected register af either Reading or Writing to initialize or
test that register. By designing softwara to initialize the ZB3-SID in 2 modular, structured
fashion, the programmer can use the powerful ZB0 BLOCK 1/O instrugctions ngmflcamlv

. simptily and speed his mftware development and debug -
~EZA0 REGISTER 8 AREAD REGISTER 2 {Channel B Only)

Tos] os[pal 03] ozl o1 ol sl os] 04 paf o2

T ; 1 t rl.zﬂx CHARACTER AVAILABLE. I l l 5]_':' ] [ I Dll ';EI.J—'h..l'q‘,;l_1
! ! I L INT PENDING* V1
i ] I e TWBUFFER EMPTY V2.

5 peo . _ ] v3 | INTERRUPT
Loy ' SYNC/HUNT . va [ VECTOA
i B cTs . vs | ? :

SENDING CRC/SYNC v
L BREAK/ABORT V7.

*CAN OMNLY BEREAD BY CHANNMNEL A

 READ REGISTER 1
[o7] psi 0s] pa] pa[ D2] o1 DO}

L—ALL SENT —
- . IWFIELD BITS  I-FIELD BITS IN
INPREVIQUS SECOND PREVIOUS
BYTE BYTE
1 49 0 [ . 3
- 1 L4 .n" 1 a VIR _ 1,3 -4 -
N 1 1 0 o 5 e
- a o 1 0 8
-t a * 1 0 1 aQ 7
oy 1 0 |
A e LIRS N S * B
) c 0 0 . 2 B
. o e PARITY ERROR ~ ~  "RESIDUE DATA_.
Ax OYERRIIN ERADA )
- — - —CRC/FRAMING EARQR ) ' '
END OF FRAME {(SDLC) - ' &

‘4.4 REG)STER DESCRIPTION:
Eacli_channgl contains the following tantral segisters, addresﬁd as commands not data):

Write Register 0, a cormmand register;

Dy DE D5 Oy o 3 Dz D1 Du

—ZRC |7 CRC | B
Roset Rewnt | CMD CMD CMD PNT PNT PNT
Coda Corle .
1 (1] 2 1 ] 2 ¥ 0

\ 17
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PNTg— PNT2 (Dg-D2)

These are pointer hits which tell the SI0 into which register the fa!lnwmg byte is to bﬂ
written..The first byte written into each channel sfter & reset (either by command or wrth

the external reset pin) will go to.write register 0. The byte fuliowmq a read or write tn any

register (not register 0} will be ta register O. L L.,
CMDQ to CMD4 (03-Ds) ' C
These are commands: - . N R
Command | CMD,| CMD, | CMDy N
¥

o a o 0 Null Command (no atfect} N )

1 a () 1 Send Abort {SDLEC Mode)

2 Q 1 a Resat External/Status Intercugts

3 a 1 1 Channel Reset

4 1 o 0 Reset Receive Intermupt on First Character

5 1 0 1 Reset Transmittar lnternupt Pending

"6 1 1 0 Ercor Reset Natches)
7 1 1 1 Return From interrupt (Channel A only)

COMMAND O  (The NULL command) has na affect. It's normat use is to do nothing
. while setting the pointers for 3 follawing byte.

COMMAND 7 ' (SEND ABORT] is used only with the SOLE mode to generate a
: seqquence of B to 13 ones.

COMMAND 2 {RESET EXTERNAL/STATUS INTERRUPTS)L After an external or
) status interrupt (indicating a change on a modem ling or 8 break condi-
tion, for example} the status bits of Read Register O ara latched. This
command reenables them and allows interrupts 10 occur, The latching
allows capture of short pulses on the inputs until such time as the CPU
can read the change,

COMMAND 3 {CHANMEL RESETI). This command performs the same operation a5
an external reset, but only on a single channel. The Channel A Aeset
also resets the interrypt prioritization tegic, All contral registers must
be rewritten after this command. After this command is written, four
extra system {2 clock cycles should be allowed for the S10 reset
time before any additional commands or controls are written into that
channel of the S10.,

-

COMMAND 4 (RESET RECE!VE INTERRUPT ON FIRST RECEIVE CHAR-
ACTER.) If the INTERRUPT ONLY ON FIRST AECEIVE CHAR-
ACTER mode of aperation is programmed, it needs to be reactivated
after each complete message is received, in preparation for the nex(
Message.

COMMAND B (RESET THANEMITTEH INTERRUPT PENDING.] The transmitter

' witl interrupt when it becomes empty if the ENABLE TRANSMIT
INTERRUPT mode is selected. In those cases when there are no addi-
ticnal characters to be sent, issuing this command will prevent further
transmitter interrupts (i.e. until after the next character has been load-
ed into the transmitter),

COMMAND & {(ERROR RESET, LATCHES.} Parity and overrrun crrors are latched
in Read Register 1 unitil reset with this command. This sllows error

accurring in block transfers 1o be examined only at the end of the
block,



FROMINTERAJPIL) Tids commang [which must be

wewic i Chiancer Ab is interpieted by the 510 in exactly the same way

&% it would interpret an RET] Command on the data buys, 1.e. it

would reset the Interrupt Under Service fatch of the internal® device

{receiver, transmitter, etc.) under tervice and thus, by means of the

daisy chain, allow lower priority devices to Interrupt, The internal .
daisy chain may be used even in systems with no exterpal daisy

ehain and no RETI Command by use of this command,

O et it

T sy
Rewrt 4. b ownd '

CAC RESET CODE 0 {Dg) andl CRC RESET CODE 1 {D7)

Togather, these bits specify three resat modes.

CRC Resel Covs a]cm: Resat Code 0

0 Null Code {no zftert)

1 Retet Receive CRC Checker

0 Aeset Transmit CRC Generator
1

[+
£
1
1 Raset SENDING CF_leSYNCImn

r.---o-—--_nﬂ..._-'u

WRITE REGISTER 1 conteins the control bits for the vanuu; mterrupt and W AIT!HE&DY
modesi

- [ T -
[_Dr Oy by Oy 0y Dy 0y Dy
Wail/ Wi Rgady Recewve Focaiva Siatun | Tram Eat
Repdy | HsadyFMNf On intarrupt Inarrept Alfecis Inaccupt Intarupty
l Enable WiaitFN AT Mok 1 Mode { YVector Enabis ~ Enatrin

1 '

EXT iNT ENABLE (Dg)

External Interrupt Enable, allows intarrupts to occur as a resuit of transitions on the GCh,
CTS or SYNC lines or as a resuit of a Break Condition or the beginning of sending CRC or
sync characters. DCU, CTS, or SYNC if not used, should be pulled up 1o VGG to prevent
spurious interrupts from otewring.

TRANS INT ENABLE {4) - -
Transmitter Interrupt Enable. |f ennbrm:l mterrupts will ol:cur whenever the transmmer
buffer becomes empty, ~ =~ * X - - .. i

STATUS AFFECTS VECTOR {D4) {Channel B ondy)

If this mode is selected, the vector returned from an interrupt acknowledge cycle will be
variable according te the fellowing:

Vi b ¥y
.d [ o Ch B Transmil Buifer Emply
' 4] [+ 1 Ch B ExturnatifSiata Changs
Ch B 1] 1 1] Ch. B Racaiwd Charsctar Aveilabla
[v] h] 1 Ch B Special Axceive Canditian .
1 a 4] Ch A Teansmil Bufler Empty
1 0 1 Ch A ExtarnaliStelus Chanos
Ch A 1 1 o Ch A Receive Chatacuer Availanie
1 1 i Ch A Spevial Aecuiva Condition

it this bit is O, the fixed vector programmed in the vector register is returned, |



LA ! - L
REC INT MODE 0 (D3), REC INT MODE 1 {Dy}

. b

Receive Intr:rrupt Mode D and Receive Interrupt Mode 1 together specify the varmu: r.har

acter available conditions: . . s B N -
- - - k. :r ' P
"By | og - ' Yo Ry
REC INT | REC INT _ . - v E ) L
MODE | MODE 1 | MODE 0 - o0
- -
] 1] a Recaiver inerrupts disabisd
1 o- ' Aocelvs intiErugl on Tiret CABBSLIF Dty _ , ..
2 1 1] irtarrop! on ali Avcelve ChmaciersPoricy pifects Visetoe 1
3 1 1 Inte rrup: on (11} Hmm E}immhnw o d-nn not aliect Vecior. '

o b P ¥ aa v t

W/READY on R/T {Dg)
When the W/Ready line is enabled, this bit selects whether it wilt be active when the receiver
is empty (bit=1] aor when the transmit buffer i full (bit =0},

READY FN/WAIT FN (Dg)

When used with the CPU as a Wait line, this hit should be programmed 0", When used with
a DMA as a Ready line, it must be progremmed “1*. The ready function can occur any
time, regardless of whether the 510 is addressed or not. The Wait function is active only i
the CPU attempts to read SIO data that has not yet been received, as would frequently
occur if block trapsfer instructions are used with the qlD oF tries 1o write data while the
transmit buffer iy still full, -

Also, as a Wait function, the output is open drain and occurs from the negative edge of
4. As a Ready fupction, it is actively driven high and oceurs from the positive edga of &,

WAIT/READY ENABL (D7}

The Wait/Ready pin wil! remain high {Ready mode) or floating (Wait mode) until this bit
is programmes 1o one,

WRITE REGISTER 2 {Channel B bnly)

Write Register 2 is the interrupt vector register and il exists only in Channel B. Vg4-V7
and Vg are always returned exactly as written. V1-V3 are returned as written if the “Status
Affects Vector”, Control bit is “D",

WRITE REGISTER 3

Write register 3 contains controt bits for some of the receiver logic,

oy Oy Dg =7 D3 Oy Dy Dy
ACYA | RCYR Enrer AECVR Adcdre iz Sync Char
Binst Bitsf Aulo Hum CAC Search Lot Receiver
Char 0 | Char 4 Enalilog Mol Enabia Mode Inhiit Enabie
¥

RECEIVER ENABLE {Dp) .

AT programmed here allows receiver operations to begin,

|
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Cyng charallefs preceding a mestage will not be iosued into the receiver buffers if this
sation is seleciad. The CRC calculation is not stnpped by the syn¢ character being stripped,

ALIPESS SEARCH MCDE (Dal - .

+{ the SDLC mode is selected, this mode will cause messages with addresses not matching
it programmed address or the global {11111111} address ta be rejected, .2, Do interrupts
+scur unless an address maich occurs if this mode is selected.

RECVR CRC ENABLE {D3) '

|'f!.‘n..l.'n.r€r CRC Enable. If this bit is set, a calculation of CRC begins {or restarts) at the start
the last character transferred from the recewe register to the buffer stack regardlm of
h nuinber of characters in the stack,

EFITER HUNT MODE (Dy)

it choracter synchronization i lost for any reazon, or if in SDLC mode, it is determined
that the contents of an incoming message are not needed, Hunt moda mnv be reentered by

writing a “1" 1o this bit,
AUTO ENABLES {Dg}

If this mode is selected, tha BCD and &S TS inputs are_receiver and transmitter anables,
raspectively, 1f the mode is not salectad, DCD and CTS are only inpuls to their corres-
conding bits in Read Register 0, .

RCVR BITS/CHAR 1 (Dgl, RCVR BITS/CHAR 0 {Dy)

These bits together determine thu numbar of sarlal receive bitz that will be assembled to
form a character,

. These bits may be chanped during the time that a character is being assambled, if it is done

belore the number of bits currently programmed is reachad,

L o] L '
Recever 8us/Characior 1 Racivar Iill?ﬂhll'lml‘ 1] Bita/Charactar f.

g 7 N _'

o 1 1 )

1 . o ]

1 1 [:)

WRITE REGISTER 4

Wrile Register 4 contains control bits affecting both the receiver and transmitter,
]

Dy . Dg Dy "Dy 0y Dy o, By
Clock fleck Swne, Syt f1op Srog Farity
Rele . Rawe Modm Mocey Bins Bita Evan/ Fany
1 o 1 1] L] 0
PARITY {Dp) : !

“if this bit is tet, an additional bit positien {in addition to thase specified in tha bits/char-

acter conirol) is added 1o transmitted data and is expected in receive data,

1 |

-k



AR
PARITY EVEN/ODD (D)

tf parity is specified, this kit determines whethar it is sent or checked a3 even or Pdd parity.

STOPBITS G (D2), STOP BITS 1{D3)

Thesge bits determine the number of stop bits added to each asynchronous character nnt
The receiver always checks for one stop bit.

The speciat {00) mode is used to signify that a synchronous meode is'to be selected.

Swop Bis Swop Bin D
Q 4 Sy ne Mode
O 1 1 Stop Bin Par Chvacter
1 4] 1% Siop Bity Par Charsctar
1 1 2 Stop Bin: Per Characier

SYNC MODES 0 (Dg}, SYNC MODES (Dg}

These setect the various opticns for character synchronization:

Sync Mode 1 Svnc Macs D
a o B-mHt programired gy ne
a 1 18441 progesmmad iyn
1 Q S0OLC Mode (03111110 evae patiarn}
1 1 Extaranl Sy ne Mode

CLOCK RATE 0 {Dgl, CLOCK RATE 1 (D7)

Specifies the multiplier between clock and data rates. For synchronous modes X1 must be
specified. Any rate may be specified for the asynchronous modes, The same multiplier is

used for both the receiver and transmitter,

In all modes, the system cloek (b)) must be at least 4.5 X the data rate. 1f the X1 clock rate

is selected, bit synchronization must be accomplished externally.

Clgck Far 1 Clock Raw 0
Q a Dats Aete X 1 = Cloch Agls
1] ¥ Cuts Agie X168 ~ Clock Anwe
1 o Dawp Aata X712 = Clesch Aas
1 L] Dais Aate X8 + Clock Aste

WRITE REGISTER &

Write Register & contains mostly control bits affecting the transmitter.

Dy Dg Dy Oy Dy 03 @y - Oy
Tramamil T ranemit Tragramit

ainsf Bivgs Send Tranpmal soLcs CRAC
OTR Char O Char | Brapk Enabin CRAC16 RTS Ensble

TRANSMIT CRC ENABI;E {Dqg}

This bit determines whethar CRC is to be ralculated on any particular send character.
If set at the time of loading the character from the wansmit buffer to the transmit shift
register, CRC will be calculamed on the charecter, CRC wil) not Le automatically sent unless
this bi s sct whon the uansmitrer is completely smpty,



-

r-i.i:" ;1‘-1 . ’ ;f-.ur- -

‘?qgeﬂ o Sfenn 0 ke conual gir far the ATS gin. When the HT:- kit is set, the R RTS
27§ atlive {lnw} When the b is reset {to 0), the RT3 pin will go inactive (high) enly

atter the Lransmitier is empty, .

SGLCICRCIG (D) - .. "

{nis bit setects the CRL code uzed by both the transmitter and the receiver. When reset, the

£DLE polynomial ¥16 3+ 12 4+ X5 + 1 is used. (In SDLC mode, the registers are preset to

*4li 1's and a special check sequence is used.) When set. the CRC-18 polynomial X164+
¥ 154 X2 + 1 i3 used, and the CRC registers are reset to “all 0's”

FHANSMIT ENABLE (D3}

VYalz2 will not be transmitted and the TxD pin will be held marking ihigh) unti this bit is
cot. Data or Synce characters in the process of being transmitted wilt be completely sent if
she transmit 2nable bit is reset afier transmission has started. CRC characters will not be
completely sent if the transmitter is disablad during the sanding of a CRC character.

SEND BREAK (Dg)  *

YWhen set, this hit directly forces the T:-:D pin 5paclng, ragardiess of any data being trans-
nitted, When reset, the TxD pin is released.

TRANSMIT BITS/CHAR 0 (Dg), TRANSMIT BITS/CHAR 1_{DE'I'

These bits rogether control the number of bits that will ba sent from each byte transterred
10 the transmit buffer,

! b rr— DE DE
Tranumul Baw/ T ravsmn ﬁ;iif BirsrCing peci
Ehgr%flgr 1 m“:ﬂ
a . Horlem
v} 1 7
1 - 0 ]

Bits to be sent are assumed 1o be right justified. Low order biws {(Dgl are sent first, The

"6 or less’” mode allows transmission of 1 ta 5 bits in a character, +
1 ]
D? D’ﬂ ﬂs D‘_ Dn nz D'l Dﬁ
1 1 1 1 1] [+ 0 o Hendt pnk il
] 1 H 1] a ] D [+] Sarth L e O=DATA BIT
1 1 4] 1] 1] D =] o Sordy qhria bty
1 1] Q 4] ) [n] D v} Syradn [our bitg
a Q L 1] o j#] n] s $anch live biny
DTR [L'I'”

Data Termina! Ready is the controf bit for the DTR pin. When set, DTHR is active {low),
When reset {0) DTR is inactive {high).

23
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WRITE REGISTER 6 ' - 0(

This register contains tha first B bits of a BiSyn¢ sequence. It must be programmed with
the check address {if usad} in SDLC mode, and must contain the sync character in the 8-bit
sync moade. 11 is net used in the external sync mode,

29

Ly _Dﬁ_ De, Dy [+F D oy Eﬂ'_
SYNT S8Y¥Y NG SYNS 57 hid EYN) SN2 5YHN)Y SYND  [MONG CR BLSYNE MOZE
ADT ADE ADE AD ADI ADZ AD1 ADO SDLC MODE

WRITE REGISTER 7

This register contains the second byta of a 16-bit synchronization sequence, or the 8-bit
syne character. For SDLC mode, it must be pregrammed to 03111110 . 1t is not used in
the external sync mode.

Oy Dg Dy Dy 0y D3 o Dp
SIS S¥ N BY NI SYHN12 SYH11 BYHMIO SY NG S¥YNB
0l 5YNC MODE
SOLC MDDE
i 1 j 1 1 1 1 1 o )
READ REGISTER O
This is the register read if the register poingers are {004]).
O, Cq ] Gy D4 03 0y D, Dg
Sanding :rr:n'lmn Ratove
Qreak) CRC Syncf Buller Rrtapt Chad acinr
Aborg Syncy CTS Hunt LD Ermp1y Pending Moaidpbhy

RECEIVE CHARACTER AVAILABLE {Dg}
This hit is set when at ieast one charatter is available in the receive butfers.
INTERRUPT PENDING {D4} (Channa! A only}

Any interrup? tondition present in the entire 510 wlll cause ths bit 10 be set, but itis
present enly in Channel A ang is slways O in Channpel B,

TRANSMIT BUFFER EMPTY (Do)

The Transmit Bulier Empty bit is set whenever the transmit buffer s empty, except when
a CRC character is being sent in 3 synchrongus mede,

[

DCD (D4}

Shows the state of the DCD pin at the time of the last change of any of the five External/
Status bits. (OCD, CTS, SYNC/HUNT, BREAK/ABDAT or SENDING CRL/SYNC.) To get
the current state of the DCOD pin, this bit must be read immediately follawing a RESET
EXTERNAL/STATUS INTERRUPT command. {Command 2.)

SYMC/HUNT {Dy)

In asynchronous modes, this bit is similar to tha DCO and the CTS bits, except that it
shows the state of the SYNC pin. In synchronous modes, this bit is reset when character
synchronization is achievey and is set by writing the ENTER HUNT MODE bit. Uniike the
external pin, the hit remains reset until set by the ENTER HUNT MODE bit,

CTS IDg}

This bit is similar to the DCD bit, except that it shows the state of the TT15 pin,



iy IV ) s Lo .
in'.'asyuc‘* Naous inuens, s o s sae when a “lreas” & detected, Afior the inputs have
Fran reenabive (uy T BESET EXATERNAL/STATUS INTERRUPTS command, Command
) the bit will /D2 reset when the break stops. If EXTERNAL STATUS interrupts. are

i alileq, these changes of state cause interrupts. fn SDLT modé, this bit is set by the detec-
tion of an abort sequence {7 or more 1's). It is nnt used in other synchronous,modes.

Ny

s:NDING GRC/SYNCS (Dg) ' o L b

e

f .l .r +

15 synchironous modes, CRC is automatically sent when the transmitter is empty for the

firet time in a message. Interrupts are generated (if enabled) when this bit is set, but not |

waten résel. |f this bit is set and the TRANSMIT BUFFER EMPTY bit is not set, then the

{.34% character is being sent. . TRANSMIT SUFFER EMPTY am:l SENDING CHC!SYNC
th set imply that SYNC characters are being sent. )

RAEAD REGISTER 1

.

v This -'eg:ster is read when the register pointers are (D01}, Tha pulnters zmtn:m'ntltu'.:all'n,.r reset

14, mum after 3 read from'this register.

. 4 )
5 U7 Pg Cg Dy O3 it Dy .- Pg
i--’-End'm ‘I CRCY Receiver |
» ; Frama Framing Crariun Parity Residus Residor ; Anstdus: ",
1’ 50OLE) Erfor Eror Error Code 2 Cooe 1 " Code O All Sant

ALL SENT {Dg}

in asynchronous modes, this bit i set when all characte& have completely cleared the
transmitter. Transitions of this kit do not cause interrupts. it is abways set in wnchrnnous
mnties t

HESIDUE CODE D ID1} — RESIDUE CODE 2 (D4)

L

These three bits indicate the length of the i-field in the SDLC mode in those cases where
the i-field-is not an integral multiple of the character length used, Only on the transfer on
whrch lhe END OF FRAME {SDLC] kit is sat do these codes haue meaning.

ror a receiver setting of eight hits per character, the codes signify the fallowing:

- T

‘|-figld bits are right-justified in all cases,

- - .
If a [e-:eiue charactar length different from eight bits is used tor the I-field, a table similar
to the above may he constructed for each different character length. For no residue, i.e.,

" the last_character boundary coincides with the boundary of the i-Field and CRC Field,

the Residue Code will always he: .
- Reyigue Coos 2 Ausidue Coue 1 ‘Riyidue Code 0
i N 1 1

PRVPEP R VR, - I-Funid _ . 1-Field
’ ko P raviout In Second
Residuc Coca 2 Heirdus Code 1 Aesidus Coca Q. By Pravious Byte
1° o a - o i - -
0 1 Q 1] A
1 1 a o ]
0 t a ! 0 8
i 0 ' 0 1
. 1 1 0. &
LI 1 1 1 8
4] Q o 2 B

25
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PARITY ERROR (D) o ' S

When parity is enabled, this bit is set for those characters whose parity does not match

the sense programmed, The Bit is latched o that once an error occurs, the hit rernaing et

untii the ERAOR RESET COMMAND, Command 8, Is given. Te
*

-

RECEIVER OVERRUM EAROR (Dg) .

This indicates that more than four characters have been received without a read from the
CPU. Only the character that has been writtan over is flagged with this error, but whan this
character is read, the prror condition is-latched until reset by the ERROR RESET
COMMAND, Command 8, If STATUS AFFECTS VECTOR bit is enahled, the charscter
that has been overrun will interrupt with the SPECIAL RECEIVE CONDITION vector,

L]

CRC/FRAMING ERROR (Dg}

If a framirig error occurs (in asynchronous modes), this bit is set {and not [atched) anly
for the character on which It occurred, Datection of a framing error adds an additional
Y: bit Time to the charagter time so that the framing error will not also be tnierpreted as
a new start bit. In synchronous modes, this bit indicates the result of comparing the CRC
checker 1o the appropriate check value,

END OF FRAME {SDLC) {D7}

In SDLC mode, this bit indicates that a valid ending flag has been received and that the
CRC error and residue codes are valid.

READ REGISTER 2 {Channel B Only)

This register contains the interrupt vector as written into Write‘ﬂegistnar 2 if the STATUS
AFFECTS VECTOR centrol bit is not sat. If that control bit is set, it contains the interrupt
vector as it would be returned were an interrupt from the SI0 to be processed exactly
at the time of the read, If no interrupts are pending, V3 =0, V3 =1, V1 = 1 and other
bits are as programmed, The register may be read only through Channel B.

Dy Cg Oy A Dy 0, D, Gg .

% -
V7 Ve Ve Va4 V3 V2 Yy L

Vo

b

Wy, Y, end V3 are varble U STATUS AFFECTS VECTOR made iy sruivg

31

4.5 280-510 COMMAND STRUCTURE

Py, [ Comumd DATA BITE
=lemi mo | wn o7 o o6 e DA 'Oy Bl
e
a 1 1 a CAC Y [ 2] Dad ¥ Cht 1 g & a a
1 ] a CAC 1 chACQ D T [s i R ] TR ] B
SENDCING Tl ey INT Foumbong
\ iy
1 o rmak (A P CTE TYRCNT i e ET Y AR, RuChpr Ao I
-—
1 t LI [ {4 ] w CAED cwa 7 ChiD ¥ CAD B ] 3
' 1 Q WRaRDY T |t Re DY EN | Wt 0y anm | maimTatade t | Bt Tamate g [$1200 EH0en W]y 5T INT KN
I ' ACH B Ondyl |
1 ] ] Ert Bt runie AL l:ll'l'ltl"ll HaDW RN Enm Parily Erema Kow Capcl 3 Ay Coniie ¥ Ray Caga Al Eamy I
| 1oic : i _l
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4.5 480010 i - T F o Saeb L Y . - -
2 A 3y
CHB DMLY I ' :
- , ]
(- l 1 1 0 CHE 1 CAC b £MD 7 M1 MDa [} b e
1 1 a v - wB vi v ¥ Vi ¥l e
1 L] 1 v7 v v d vl w1 L
| - i 1 4 -a CRC } CRCD two (M0 1 WG q 1 '
L. _ -
v a RaBaifChar 1 | RaBiss/Chae 01 | dvie Rrables |Emwhusutdode)| ReCAC N [damusarcnmd] o L L
:; H !l 1 1 .1 £RE CRE b CMD T cma 1 LMD 3 1 n b
15w Gloth a1 | Clach Raoe 8 | Symcbbos 1 | SyraMate 0 | SvorWint | swpmind  |pedy Eremiod|  Perny
—
La ] 1 1 o CACY CRCO oap 2 CMD 1 Mg 1 b L]
1 ¥ [ B nT Tt | Toltuwr 1 | Somd EREAK TeEN SOLCAERE 18 ATS TolRE BN
La— - - -
1 LI 1 o ERE 1 CRED cmn § (- 71 3| cmb g 1 1 o
1 1 6 | symcmoLe? | arRCROLE S | BYNS/ROLE S | SYNCAIDLE 4 | SYNC/IDLE 3 | SYNCADLE 2 | I¥YNC/SOLE 1 | S$YAC/IDLE O
I_ ¥ 1 1 o (L 1R CRCQ ol 3 oo 1 CMD g L] 1 1
LI a SYML/EDLE 16 SYReSOLE W | AYNCADLE 13 /SYNC/EDLE V1 {SYNESRLE 11 [AYCHOLE 104 SYNCSOLE 9 lv»crlm.r.'ll
- -
4.6 PROGRAMMING EXAMPLE
A rypical start-up routine folfowing an internal or extemnal reset, would be as follows:
BA GO WD Dy Dg D Dy Dy Dy Dy Dy COMMENTS
1 1 1 a Q 4 i} ] Q0 1 Q Pointer gat to Register 28
1 1 i Vs Ve ¥y Vg V3 Vo Wy Yo Interrupt Wector loaded
1 1 1 8 0 s o 1 « B ! Pointer s#1 to Write Register 48 - -
1 1 1 +} 1 X 1] 1 1 ] "Evens parity, 1 stop bit, X156 clock ayynchio
. ) nols mode setecred - -
1 1 1 a a g o o 1 4 -1 Pointer sat ta Write Register 58 ;
1 i 1 o L4/ 1 ] 1 a 1 | 7 bitsftranymif character, tranimitier
1 1 1 c _© 4] | 0 i t 1 Pointer sxt o Writa Hegister 3B
1 1 1 1] ] 1 ] 4] 0 o 1 7 bits/recaive character, DCD sng CTS
enable Aeceiver pnd Transmitler, Receive,
enaided
1 1 1 4] o 0 () 4] D 0 1 Poinisr set 1o Register 18
1 1 1 o o 0 1 1] 1 1 1 Inteirupt on every character, 11atus affect
Vector exiernalfstatus inlerrupis enahled
Channel B is now setup 10 send and receive asynchronous data.
stupy for Channel A follows:
o 1 LI o 0 o H 1 o O Pointer set e Wrile Regicter 44
i 1 [H] o 1 0 D 1) (4] SDLC modo and X1 clock selected, no parity

2
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Programming Example

B/A CD AD D; Dg Og Dy D3 -D; Oy Dy COMMENTS
4] 1 1 D 1 1) 4] 0 1 1 ' 0 Pointer tet to Write Register GA, Heset
. Receive CRC Chocker
a 1 1 AD7; ADg ADg ADy ADg ADy ADy ADp SDLC message addren entered ]
0 1 1 1 o 0 D i} 1 1 1 Pointer set 1o Wrhe Rapister 7A, Reser
' : - mit CRC generator
3 1 0 1 1 1 ) 1 1" 0  SDLC Flagenterad
a | 1 g 0 o o 0 o 1] 1 Pointer set 10 Register 1A,
D 1 1 6 0. o 1 0 T 1 1 Interrupt every :‘.'Mrncur, status  affecrs
.- vecior, external/siatus interrupts enabied
0 1 1 ] Q 0 1 i} ] 1} 1 Pointer se1, to Wihiie Register SA, Reset
- Externat/Status Interropts
Q 1 1 1 1 1 1} 1 ‘0 o 0 SOLC CREC Code selected, B bitsftransmi:
. character, CAC and transmitter enabled
4] 1 1 1] G a D o +] 1 1 Pointer te1 1o Write Register JA
61 1 1 1 | a ] 1 0 1 8 bitsfreceive charactar, DCD and CTS
i enable receiver and transmitter, receiver is
enabled, 510 starches for programmed
address.
Channel A i3 now programmed for SOLC transfers,
] o 1 D D [ D D D D D  Address byts 1o be séni by Ch_ A
0 L] 1 D o D D 0] D D D Address or control byie to be sent by Ch.
o 1 1 % 1 1 o (4] D 1] 1] Reset SENDING CAC/SYNC
pointer to regisier 0, sa CRE can be auto-
ratically sent ar end of racsege.
b
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Y
INTERRUPT ACKNOWLEDGE CYCLE

Sometime after an interrupt is requested by the 510, the CPU will send out an interrupt
acknowledgs {M1 and [ORQ.) During this time, the interrupt logic of the SIQ will determine
the highest priority function which is requesting an interrupt, To insure that the daisy chain
gnable Tines stahilize, channels are inhibited frem changing their interrupt request status
when [T is active (low), 1f the S$10 is the highest priority device requesting an interrupt,
the S0 will place the appropriate intersupt vector on the data bus when IQR() goes active.

N e 0 s A e o o O s AU

D omar mm e am Ve mme s R . B .
1El Y
e wm = = e = wm = —_ e — =

OATA — { vecTOn * -

RETURN FROM INTERRUPT CYCLE

t{ a ZBO paripheral device has no interrupt pending and s not under service, then its IEQ=
IES. if it has an interrupt under service (i.e. it has already interrupted and received an
interrupt acknowiedge) then its [EQ is always Jow, inhibiting fower priority chios from
interrupting. 11 it has an interrupt pending which has not yet been acknowledged, 1EQ
will be low unless an “ED" is decoded 25 the first byte of 3 1wo byte opcode, In this case,
(EC will go high until the next opcode byte is decoded, whereupon it will 8gain go low,
If the second byte of the opcode was a “4D” then the opcode was an RETI instruction.

[}
After an "ED' opcode is decoded, only the peripheral device which has interrupte:f and is
currently under service will have its 'E! high and its 1EQ low, This device is the Eighest
priority device in 1the daisy chain which has received an interrupt acknowledge. Al other
peripherals have |IET=IEQ. if the next opcode byte decoded is “4D*, this peripheral device
will resst jts *" interrupt under service” condition, B .-

Wait cycles are allowed in the &1 cycles, . -

Tq T2 T2 Ty Tq T2 T3 Ts = TN -

s -—1

Po-b7 \Z2/ —\2
13 Jf’-




e
Lo A . -
50. «ti o34 - : U
Vi TE CYCLE : et agn
. . - . ’
iustrated here is the timing assocrated with a data or control by being written into the &
£10, ZB0 output instruclions satis'y this timing, - ' .
" T T3 Tw T3 T4 i
b
CE X CHANNEL ADDRESS X
{ORG \ /
RD —
M1
DATA iN
. X X
-

READ CYCLE
The timing associated with reading data or a status register within the S1Q is illustrated ’
here, 280 Input instructions satisfy this timing,

T Tz Tw 13 Ty

TE . _X CHANNELADDRESS X
e N /
R \ . /

M
DATA O our S ’
. : \ —_—

29
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g Tmiete 2O VICING ' ‘ =

AT IR sees L dnieal nusled (terennt senence which may oceur in the S10.
i s O WEHL sl ol puranm! chips, the ather chips rnm,r be included in the dalw chain
2ith either ngner or Iowar priority than the 510 channels,
LY L
in this sequence the transmitter of. Channel B interrupts and is granted service. Whife it is
twiing sErviced, an externalfstatus interrupt from Channel A pecurs and is granted service,
The service routine for the Channel A interrupt is completed and either the RETI in
struction is executed or the RETI command is written into the S1C to indicated to Channel
/~ that the externalfstatus interrupt routing is complete. At this time, 1the service routine for
the Channel B transmitter is resumed. When this routine is completed, anather RET! in-
v-ugtian is executled 1o complete the service,

CHANNEL A CHANNELA CHANNELA CHANNELB CHANNELB CHANNEL B
RECEIVER TRANSMITTER EXTERNAL.-' RECEIVER TRANSMITTER EXTERAMNAL}
STATUS STATUS
i Hi Hi Hi Hi Hi Hi Hi
1 11 1EO IEl (ED 161 1EQ IEl 1EQ IEN \EO 1EV [EQ ——
¥ Bority Interrupt Daisy Chain bafore a0y interrupt occury,
. ' UNDER SERVICE
1 Hi Hi H; Ri Hi e | - La
| IE} 1EQ IEI 1EQ — IE! (EQ IE] tED |—— IEt IEQ peod! IE] tED
2. Channet B's trangmitter interrupts and is scknowladged,
o . UNDER SERVICE SERVICE SUSPENDED
He 1 Mi Hi t ' Lo Lo L
o -.1 IEl IEDI - {IEI €0 —— tE1 1ED — 1EI 1ED €1 IEQ '1\ tEl (EQ foe
- - - - -
. . 3. Eaternal{Status of Channel A interrupts wipanding servica of Channel B transmitter_ \ !
N bl\
. SERVICE COMPLETE SERVICE RESUMED,
N . .
H H Hi Hi H !
L_l—: Bl 1EQ —— £l 160 IEI 1EQ (1 150 | 151 180 =2 Vel 1g0 22
i . ]

L

4. Cnennel A External/Status routing complute, RET| issued, Channel B transmitter service resn}m'd.

\

SERVICE COMPLETE \

H; Hi Hi Hi Hi i ;
IEt 1EQ ——] IE| (EO (E1 1ED B 1EQ b €1 (€O b i e 120 [

p—

——— -

5. Channel B Lransmrtier’s service rouline complate, sweond AEYI inusd,




7.0 ABSOLUTE MAXIMUM RATINGS® .
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PRELIMINARY

Vottage on any pin relative to GND . ... ... i i iinireianaiianies =03V to +7V
Operating Temperature (AMDIENT TA ..t vrivrarrrneiarsnentsarinen .. 0'C070°C
Srorage Tomperature - Ceramic (AMBIENT) .. .vivevses nnreerersss 85 Cto+150°C
Storage Temperature — Plastic {AMBIENT). ., ... v.evevirinersrrirss—58"Clo+125'C
Power Dissipation .. .oy ver e irnasrrrnaanssdnrsatrasaasbatanss 1.5W

*Commeni

Stresses shove tham Gsied under "ADESIUIE RManmum Rsling™ may caust parmacant damage 1o the device. Tho o a
$TEss tating anly snd luncnons operation of the devics al these oF any giher gondiban above hos mdicaled i the
operational secliont of thiz speeilicanan 13 nol smphed, Expotun 10 yhasket mpasmum citing cond GAl 1or astended

perngdd inay aflet] deviee reliabihity,

1.1 DC. CHARACTERISTICS
TaA=0"Cto20°C, Vo = 5V & 5% unless otherwise specified.

Symbol I Parameter Min, ‘| Tvp. Max. Unit| Tt Condition

1""1'1,-_{: ! Clock Inpot Low Voltage 0.2 40 v ]

ViHe | Cloek Input High Voliage | Vee-2 Voo v
[V I Input Low Voltage i 0.3 08 W |
o Input High Voltage | z0 Vee v ;
¥ VoL Output Low Voltags 0.4 v lgL= 1.8 maA
Vo |  Outpol High Veltage 14 : V' | g = 250pA i
PV i Power Supply Current 140 mA | 1 = 400 nsec !
f"_li_.l : I Input Leskage Current 1Y) A | vy =0t Ve .
1 LOM ! Tri-Srare Outpwt Leakage Conen in Floa i 10 BA | Vout = 24 w Vo

oL [ TreStale Dutput Leakage Curent in Float 10 wA Vour = 0.4V i
I_'LD —l—Data IE!ui Leakage Cusrent in Input Mn-::h 1D f17-9 MU,N{UCE_

1.2 CAPACITANCE

T- 7 25°C, £= 1 MHz

.: s “:‘.v.:.! I Parameler ] Max, Umt Taxt Condition

ER S i Clack Capacitance " as pF Unimwasured Pina

i G Input Capacitance 5 pF Aeturned to Ground

foir ’ Cutput Capatitance T oF
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A.C.TIMING DIAGRAM
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A C.CHARACTERISTICS

Frgure 7.9

T, " 0°C 16 70

Ta = 0°C 10 70°C, Vg = +5V 18X, untaw atherwhe noted
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9.0 ORDERING INFORMATION - 4 2

PART NO, b PACKAGE TYPE MAX CLOCK FREQUENCY TEMPERATURE RANGE
MK3BB4AN 280 -510/0 Plastic 25MHz « * J0'Cro+ 70°C
MK I8B4P Z80 - S10/0 Ceramic ) 2.5MHz D"Cto+70°C
MK 3E8B4N.-10 280 - SIQ/0 Plastic 2.5MHz 40°C 10 +B5°C
MK3BB4P- 10 ZBD - SID/0 Ceramic 2.5MHr AQ'C to +85°C
MK3BB4N-4 ZBOA - Si0/0 | Plastic 4MH2 OCCto+70'C
MK3884P.4  ZBOA . SIQ/0 | Ceramie AMHz rCta+70"C
MK3B85N 280 - 5101 | Plastic 2.5MHz _ﬂ"C ta +730°C
MK3885P Z80-S10/1- | Ceramic 2.5MHz OCrw+70°C
MK3IBEBRN-10 780 - SI0A Plastic 2.5MHz -40°C o +85*C
MKIESEF-10 280 - 51041 Ceramic 25MH2 AP C o +BR°E
MK3885N-4 7804 - SI10Q/1 | Plastic 4AMHz 0 Cto+70°C
MK3IBB5P.4~ ZapA . 51071 | Ceramic AMHz Cto+70'C

MNODTE: See Section 2.2 for explanation of the differences between the MK3I884 and MK 3885

+
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I. INTRODUCCION

Muchos disefiadores deciden incorporar los microprocesadores a Bus
proyectes debido a su reducida ccmplejidhd funcional y bajoc precio.
Sin embargo, los mayores problemas vendrdn durante la programacidn
del microprocesador, por lo que no e&s raro ver proyectos realiza-
dos alrededor de un microprocesador de 30 d&lares y gue ha regueri

do inversiones de hasta 70,000 délares de software,

o

Para desarrcollar un sistema gue iﬁcluya micronrocesador se necesi-
tard por lo mencs una persona del 8rea de electrfnica y otra del -
drea .de programacisn. Una razdn fundamental es que habrd gue deci-
dir la distribucidén de funciones entre hardware y software. De una
forma gene;al, éuantas mds funciones se hagan descansar scbre el -
software, mas flexibilidad de uso y posibilidades de cambio en  su
disefo tendrd el Qistema, tanto en la fase de desarrollo como du-

rante su funcionamiento. Es razonable pasar funciones a hardware -
cuandao el*micruprucesadnr sea incapaz de realizarlas, bilen por su

astructura interna o por su limitada capacidad de proceso.

El mss elemental ingrediente de software y a veces el Gnico con el
gque tiene gue enfrentarse el disenador de un sistema gue incluye -
un microprocesadeor, es el lenguaie de programacidn. Un microproce-
sador realiza 155 acclones gue le especifica un programa. Un pro-

grama estd formado por una secuencia de instrucciones. Una Instruc
cifn es una secuencia de bits gue tiene un significado para la uni

dad de control del microprocesador.



El conjunto de instruccipnes vdlidas para un microprocesador es 1o
que se denomina su lenguaje de mdquina. Programar en lenguaje de mi

quina supone escriblr secuencias de nmeros en binaric gue son di-

rectamante descodificables p0r4105=circuit0§ de la unidad dq.cmn"
trel o interpretables por los microprogramas de la memoria de.con-
‘trol. Son varias las_dificultades'que.se plantean al-programar di-

- -'rectamente en lenguaje de mdgquina; entre.otras tenemos:

, L IR - . b . - e - " Dot . - . - i . .
. 1. Las cGdigos de operacifin son diffciles de recordar en binzrio.

La éndiffcaciﬁnJes lenta y dificil por los ntmercs en binario.

. L]
+

L] - "
2, Las direcciones de los operandos de las instrucciones son diff

.
. 3, T -

ciles de receordar. Muchas instrucciones contienen direcciones
relativas y a la hora de corregir presentan gran dificultad es

pecialmente cuando hay que insertar o suprimir instrucciones.

3. 5i se considera que el programa ne funcionard a la primera -

gy r"-l‘-- "

- . - [ 4 - " . . e ™ _ . L]
' " pruebates diffcil seguir™las ejecuciones de prueka a través de

direcciones en binario. : . : .

. vz 4 - poe T .

4. TE1 Tengiaje de rifquina es el que produce’ mayor gradc de incom-
- e P - " : o - . .

- - - -

patibilidad entre pregramas. Un progriwa escrito en lenguaje -

de miguina s&lo puade ser trasladado a otro microprocesador -

FL™

igual al primero.

5. Al cabo de un cierto tiempo un programs en lenguaje de méguina

es imposible de entender hasta por su propio autor. '

La programacidn en lenguaje de miquira piede sistematizarse y mo’

: o . Y
rarse utilizande una matndolqgfa adecuada,

- [

— ey
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El anflisis previo, la confeccifn de diagramas de flujo, el escri-

bir previamente el programa en algGn lenguaje simb&lico, el confec
cionar tablas de simbolos y el emplec del sistema octal o hexadeci

mal pueden constituir una buena ayuda.

La automatizacisn de estas ayudas a la programacidn se concreta en
la utilizacién de los lenguajes ensambladores., Se debe hacer notar
que con el nombre de ensamblador se conocen dos ¢osas muy distin-

tas. Se llama ensamblador,a un lenguaje simb6lico en que se pueden
escribir progremas para un mlcroprocesader y también recibe el mis
mo nombre el programa traductor.encargado de convertir los progra-
mas escritos en lenguaje simbdlico en programas cbjeto en lenguaje
de mééuina. Fﬂn tres las grandes ayudas que proporciona el ensam-

blador al ﬁrogramador; le permite utilizar neménicos para designar
operaciones; nombres para designar direcciones y para especificar

datos {constantes).

. '
La distancia gque separa los lenguajes de alto nivel del eésamhla—

dor es mucﬂn mayocr gue la gue separa a éste del lenguaje de miqui-
na. Rl_pasgr a programar en lenguaje de alto nivel pasamos a mane-
jar ‘'no ya nuestro microprocesadﬂf, con su estructura de registros,
acumuladores, stacks ypuertos sino upn procesader de estructura dis
tinta, concebido no para ser realizado fIsicamente, sino para adap

tarse a la soclucidn de problemas planteados.

Es necesario programas—-traductores bastante complejos, llamados =
compiladores, para generar programas en cfdige de miguina a partir
[

de sentcncias en lenguaje de alto nivel.
En la eleccién de un microprocesador, casi m&s Importante gque su -

arguitectura o velocidad de trabajeo es la de un buen ensamblador -
v/0 compilador. El presente trabajo da una idea de las facilidades

gue a nivel de microprocesadores existen, princlipalmente en lo re-

FarramMmtra + ‘Soperrcainr Ae alyrs miusl
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LENGUAJE ENSAMBELADOR

El lenguaje ensamblador e3 una herramicenta de software bdsica. Hay

408 tipos generales de programas ensambladores y estdn disponibles

PR T

= - x -

para microcomputadores: cross-asscemblaer y sel f-assembler, Cualguier
microprocesador ahora producido tiene uno o mMAS programas crosss-

. .. v ’

assembler. Comunmente el fabricante de chips escribe un cross-assem

- - R e

bler antes de gque el microprocesador esté fisicamente disponible.

Cross-assafibler son ‘populares porque muchas microcomputadoras. no -
fueron configuradas para manejar convenlentemente operaciones de -
ensamblador, mientras qud las computadoras grandes egulpadas con -
mis iﬁprescrag adecuadas 'y mis espaclo de memoria, ofrecen al pro-
gramador muchas convenicncias. El cross—-assembler estd: preparado -
nara funcionar sobre otra miguina, miniordenador vy ordenador, asi

come crass-asscnbilor, el scelf-asscembler astd escriteo ¢on un siste-

ma de computacidn definido en menrve.

La operacién de un self-assenbler es altamente deccndiente dei - -
equipo de entrada y salida que rodea al microprocoasador, Este sis-
tema de dependencia especf{fica puede algui as veces causar proble-

mas.

Varias de las caracterfsticas de onsambladores son potencialmante

importantes peco lus usuar:os de microcompetadoras, por ejemplo, -
ensambladores relocalizables permiton gue las localidades de moemc-—
ria Jdel programa de lenguaje de miguing sean transparentes para el
usuaric. Algunos snsambladores-conocidos como ensamb]adores.absolg

tos-siempre comienzan a almacenar el programa de lenguaje de magu.
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na €n la misma localidad fija de memoria; otros ofrecen varias al-
ternativas empezando localizaciopnes y permiten algunas limitacio-

nes de ligado de programas segmentades en diferentes localizacio-

nes.

Una caracterfstica de ensamblade condicional estd disponible con -
alguncs proéramas de ensamblador. Esto permite al usuario 'decidir
cual de las varias seccicnes del pregrama serd ensamblada y a en-

contrar el orden mis eficiente para ensamblar,

La capacidad de macros en un programa ensamblader permite al usua-
ric usar una socla instruccisn del lenguaje ensamblador para llamar
a una secuencia especifica de instrucciones del lenguaje de migqui-
na. Esta puede ser una muy fuerte herramienta cuando clertas se-

cuencias son repatidas durante un mismg prodgrama.



I1I1,

LENGUAJES DE ALT(O NIVEL ’ ' . &

La utilizacién de un lenguaije de alto nivel reduce %05 castos de -~
programacidn, incrementa la habilidad del software produéido y sim
plifica el mantenimiento y documentacidn de los programas si lo -
comparamos con la utilizacifn de lenguajes de bajo nivel (miguina

¢ ensamblador) , Cnmq contrapartida, la utilizécién de lenguajes de
altp,nivel supone la utilizacién de voltmenes de memoria que scn -
desde un 10 a un lﬂﬂé_m&yares que- los gque necesitarla éq prcérama

equivalente en.ensamblador, , — o

Algupas ventajas innegables de los lenguajes de alto nivel son:

1. Fiabilidad de los programas. Los lenguajes escritos en algdn -
lenguaje de altc nivel son mucho mis cnmﬁactna. Se entiende mu
cho mis fiAciimente, lo gue hace cada sentencia o grupo de sen-—

tenclas.

2., Répidez de puesta a punto, La velocidad de codificacién para -

un programador viene a ser de unas 100, instruccicnes por dia -

- L -
. r

cidad es indepéndiente del lenguaje. Comd Un mismo programa es
crito en un lenguaje de alto nivel puede tener dlez veces me-

nos lfnes gue uno en ensamblador, el "aumentc de velocidad es -

considerablé.

3. La vida media de los lenguajes del alto nivel sobre los ensam-—
bladores &s otra de las grandes venﬁajas. Mientras el lenguaje
| :
ensamblador cambia para dada arquitectura de microprocesador,

: . i ! . .
el lenguaje de alto nivel es independiente de estos cambios,

e
—

{contando tiempos de preparacifn, denuracién’, ete.).. Esta velo

-
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Desarreollando el compilador adecuado se pueden tener todos los
programas escritos en este lenguaje, adaptados a cualguier nue
va microprocesador. La independencia de los programas resnecto
al microprocesador utilizado para una aplicacién no es s610 al
qo deseable, sincgue es uha necesidad s1I uno no Jquiere yersa -
atrapado por el desarrcllo de software. Actualmente, el desa-
.rrclln de nueva programacidn es mucho mis costosa y lenta que
la adopcién de un nuevo microprocesador, cuando de la adopcidn
del microprocesador puéde ﬂepenﬁer la permanencia en el merca-
do. Si hay que partir de cero a cada cambio, el regultado pue-
de ser desastroso., 51 por el contrario, hemos adoptado un len-
guaje de programacifn de alto nivel y esténdar, podremos apro-
vechar no %ﬁlu la propia experiencia sino la de otrogs grunos -

gue ya sSe hayan enfrentado con experiencias similares.

De los tres puntos anteriores no debe inferirse la inutilidad del
lenguaje quambladur. Un microprocesader puede n¢ contar con compi
ladores. Un lenguaje de alto nivel puede no propércionar acceso a
clertas caracteristicas deseadas del microprocesador. En estos ca-
505 hay gue utilizar forzosamente &l 1enguaje ensamblador. La no -
utilizacidn del compilador puede también venir dictada por medidas
econémicas. El problemas es el eéceso de memoria que para un bHrogra
ma dadec ocupa el.cddigo generado por compilador. 5i Se estd proyec
tando un sistema del gue Se van a vender pocas unidades, interesa
rebajar el costo de programacidn gue es fijo y muy superior al de
la memoria. Si se van aproducir miles de sistemas puede resultar -
rentable usar ensamblador, con lo gue se podrd ahorrar una canti-

dad considerable de memoria. Hay un punto para un cierto nfimero de
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algtemas fabricados, en el gue se eguilibran ambos costes.- O

. ! . .

Dado que el precio de la memoria bajard en loe préximos anos (64KB
por 500 d&lares en 1976 y 256KB por 300 dSlares en 1980), este pun

to no cesard de desplazarse a favor de la utilizacién de lenguajes

de alto nivel. g

h ' -
- [ ] -

En conclusidn, 'en’ an sistema gue incluye un micraprucésadur, gran
parﬁé del disefio y'po; lo tanto de los coatos va ligada a la pro-

gramacidn y depende del~lenguaje de” programacidn utilizado.

¥ . . T R o ' % S A | =
La figura siguiente muestra que la mayorfa de los problemas de soft

ware derivan de programas muy largos - aquellni-que sobrepasan los

64K bytes dg c&digo fuente_- los cuales representan apenas el cua-

-

tro por ciento del total de la programacifn., La IBM ha encontrado

' 20 T 20 o
193"' . . C;O + . B )
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ﬁﬂ- - - -
.r . ] 10 L 10l
50 + ' . . .
MAXIMO DE ERRORES + +
40 4 * POR 1000° LYUEAS
. & A [AS
30 L . .
HOMBRE-MES ['OR |
20 4 1000 LINEAS i 2L i[
10 " CPU HORAS POR i
1000 LINEAS
A o= X t i L ! 0L O

1 3 10 30 100 oo 1000
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gue la_capacidad del hombre en preogramacidn y el tiempo de CPU wor
1000 1Ineas.de cSdigo ensamhlaéar [1n:1uyenﬁo lineas de:comehtarios}
crece exponencialmente cercano con el tamano del programa. Si la -
extensidn del programa es largo se esper;ré un prnmegio de error -

creciente.e inceonsistencias del programa.,,[ -

Otra parte del problema es la profusifn de lenguajes’ de programa-—
cién, muchos de los cuales han sido llamadecs solucién universal a _
su arriko. En realidag hay poca esperanza para esos lenguajes. La
explicacidn es que no son eficientes, dentro de un cqmﬁn dQFOmina-
dor alin ¥ cuando realizardn la transformada rdpida de Fourier, ge-
neracisn ﬁe r;portes Y diseﬁo siﬁpié de f6rmulas. Lo mejor gue se
puede hacer es utilizar el 1enguaje correcto en la” aplicacién co-
rrecta. Easlc es muy bueno para nrcgramas ripidos de 20 1fneas y -
Cohol sigue siendu el mejor para repmrtes f;nanc1eros. Fortran, el
lenguaje técnico mds. faverecido estd ganando nuevoes adeptms con el
éﬁténdar de la ANSI-15%78 qaé‘incluye muchas de las meiocres éaractg
risticas dol Pascal. Sin embarge, el lenguaije ensamblador sique -
siendoc el mis ripido segfin lo muestra la cﬂmparﬁciﬁn de la Figura

-~ : b
1 para la eiecucidn de un programa de matemiticas.

El PL1l, goza de una muy buena cantidad de usuarios ¥y atin sin haber
ganado la popularidad ‘de-Basic, Fortran y Cobol.

- -

51 no Ba estd familiarizadao con APL uﬁo s nuede sorprender de cg

. ]

me con un simple golpe de tecla puede cumplir, 95pec1almente en -

procesamlento de arreglos, funciones complejas.

- . ) . :
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Perc un teclado especial con letras griegas y la mucha potencia de

el lenguaje plantea problemas: si no se usa APL todo el tiempo, se

gastard mds tiempo buscando en el manual las funciones complejas,

que escribiendo un programa largo en Fortran.

TI1EMPO CLASIFICACION DE USUARIC (ESC. 4)-
RELAT IVO FACILIDAD
: DE DE . SATISFAC-
LENGUAJE | EJECUCION ! VENDEDOR | G5O EFICIENCIA | CION TOTAL
APL = 1BM 3.4 . 2.6 3.4
BASIC 3-5 DEC 2.5 2.2 2.4
COBOL 5-10 BURROU-
GHS 3.5 3.1 3.3
. DEC 3.7 2.2 3.5
T "HONEY- : :
WELL 3.2 3.0 3.2
- 1BM
(AUGE) 3.4 3.1 3.3
 FORTRAN 2-3 DEC 3.2 3.2 3.1
- * . 1IBM }
{AUGE} 3.3 3.0 3.3
== | ONA- - -
A SYSTEMS 3.7 3.6 3.8
PASCAL _ . =|ucsp | 3.2 _ 2.8 3.0 i
PL/1 - IMB ! 3.5 3.6 - 3.4° "
FIGURA 1

"n.

Un muestreo reciente de programas ofrecidos para microcomputadoras

en 54 mayor parte paguetes de utilerfa - revelan gque un 37% estdn -
. i

escritos en lenguaje de méguina, 317% en lenguaje ensamblador, 10% -

en Basic, 7% en Fortran vy 3% en Pascal, El resto estd escrito en -

lenguajes muy diversos ({Figura 2).
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MACHINE ASS5EMBLY BASIC FORTRAN PASCAL 13

5 u L . a MC PAQU ETE N

7000 EL
40 | : _ © Hoiaf SOFTWARE
|
0 3 -
20 |
L !
1

. FIGURA 2.
Para todas las computaderas (incluyendo las microcomputadoras), la

mezcla de lenguajes de disefio de sistemas es bastante diferente.
Ensamblador estd atin mis adelantade gue Fortran {ensamblador 46% -
y Fortran 15%), mientras que cfdigo de maquina, Pascal Yy Basic ha=-

cen cerca de un 7% cada unc. -

En aplicaciones de software, incluyendo micros y computadoras, el
lenguaje ensamblador sigue siende principal (40%) seguido por Ba-

sic {30%}, Fortran (B%) ¥ un amplic rango de otros lenguajes.

Electronics Design realizé una encuesta con objeto de saber en don
de se encontraban los ingenieros de software. M&s del 50% de las -
compafifas investigadas empleaban menos de 5 ingeniercos en software

¥ el 15% mis de 40. Figura 3.



50

“40

30

10 +

- -

13

— BT
e .-t . B

1 % oL T .:_:3 - | - ‘*% -
| i | ./

| 77

. o\ 9
:’fﬁ, e [P ] : ﬁﬁﬁ; 'f’//A
AUz Z

NO. DE INGENIEROS DE SOF TWARE

::]1

%

¥

T de companfas

£ de ingcnieros

!

hizo a diferentes companfas.

1

~

Esta gré&fica es producto de entrevistas que Electronics Design
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LENGUAJES DE ALTQO NIVEL EN EL MERCADO

Toda una serie de empresas de software ofrecen 1los lenguajes de alto
nivel de siempre (Fortran, Cobel, Algol y. Basic) con clertas restric
ciones, para los micronrocesadores mdg populares. Estos lengualjes -
tienen el inconveniente de gue fueron creadog en un ambiente total-

mente ajeno a las necesidades de los micronrocesadores.

Pfihera Intel y mis tarde Motorola, han »resentado lenguajes mis -
apropiados a las necesidades de sus clientes, El PL/M, aungue crea-
do ihicialm&nte nor Intel =»ara su serle 8000 existe ahora yara otros
micrqprocesadcres como Motorola 6800, wor ejemploc. En 1975 Motorale
;resﬁntd, el MPL, lenguaje de altoc nivel para 6800, Ofrece como Zaci

bilidades peculiares el ficil manejo a nivel de bit, la nposibilid¢”

L]

de definir estructuras de datos narecidos al Cobol y de incluir sen-

- i i T 4
tencias en lenguaje ensamblador,

4 ] : ‘ '

. . 1 ; ' . .
La generacidn de c8digo-de miquina funciona en 2 pasos. En un nrimer

. f L) v

+aso,. el comnilador genera un “rograma en ensamblador, due luego es
* -

ensamblade obteniendo el c&digo objete. La posibilidad.de conocer el

cbdigo generado y por lo tanto de soderlo retocar tiene como contra-

partida un tiemno de compilacidn mayor,

Plessey tiene el Pl-micropn, una extensién del Algel y Mits dotd a su
Altair BB00 de un super-basic. Toda esta evelucidn en el irea de -
software hizo que mara finales de 1975, Texas Instruments oara su -
nueve Microaroccesador, preparard commiladores de Cobol, Fortran y Ba

T

sic.
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Segﬁn Electronics -Design de Marzo de 1%79 105 paguetes de utileria,

ofrecidos frecuentemente en floppy disks, no pueden prnveer mucha = -
utilidad sl no se estd familiarizado con ellos. Usualmente contie-

nen muchas de las siguientes herramientas de software; ;

- Editores. Ayuda a intfoducir y modificar el prngrima fuente.

- Complladores Y ensamblafcres Traducan el programa fuente a cb-
digo de miquina, S5i se desea dlEEhar sistemas operativcs, en-
cuentre un traductor que imprima o muestre (gdisplay) el cGdigo
fuente ¥ OhJEtD pas?‘a paso Hay usualmente EPatro campos, uno
Dara 1? e;}éue?a,lcddfgpﬂde QF?{EC}QD- ope;undu y;cementarioﬁ.
unrante la depuracifin se desea fr?cuentementa un desensamblador
que retraduzca el Qﬁdign ocbjeto a un lenguaje fuente y la habi-
lidad para mostrar mapas de almacenamienteo y contenidos de re-
gistro,

- Macroensambladeres, Enasambla grupos de instrugciones llamadoa -
per nombre, y trabaja ﬁﬂcha como subrutinas o funciones en len-—
guajes de alte nivel, ) . .

- Cargadores. Tr%ps{;erap el cbdigc ovbjeto de_algdn medio.externc
_{qinta' o] discq} dgntrnrde RAM. Las.ligadqfes-cargadorqg rueden,
adicionalmente- eslabonar juntos @ifgrent&shmddﬁlos.da programa,
y-una caraéterfsticn de relocallzaciln permite cargar dentro de
blogues .de direccifn diferente, tal como fueron asignados por -
el traductor, Obviamente, en este caso, cargador y.traductor de

ben ser capaces de comunicarse., '
. 3

- Intdrpretes, Los intérpretes abq una herramienta muy popular -~
¢on los microprocesadores, Permiten la utilizacidn de gramdti-

- -a. l - :
cas ‘asocladas a compiladores (Basic, APL, Lisp, etc,), nero di-

fieren de €stos en gua procesan el programa fuente sin generar

— e e o o r apr  r gy ma —_—y =
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cﬁdign de maqulna "interpretandce™ las inatfuccinnes del progra-
ma fueute cada vez que este filtimo se ejecuta, Esto impane res-
tricciones en el tamano de la memoria durante ejecucit6n (va que
el intérprete debe estar en memoria durante la ejecucidn de cual
gquier programa) y en la.velocidéd de ejecucidén (ya gue un intér
prete es, en realidad, 'un prégrama gue hace lo que otro le impo
ne). 5in embarge, un intérnrete nuede ser pequeno (hay versio-
nes ﬁe Basic en IK bytes) y ofrece facilidades de depuracifn -
que resﬁltan atractivas para programadores bischos.
Depuraﬁores. Permiten examinar y cambiar contenideos de memcria
Y empegzar ¢ carar la ejecucidn enuna nredeterminada localiza-
cién o condicién {breakpeint) . Otros depuradores auxiliares in-
cluyen trazo y pruebas de fiujo, lcs cuales muestrén cuando -
cierto contenido de direccién cambia y cfmo el control es trans
ferido dentrc de el programa,

Rutinas de Graficabiﬁn..CDnvierte los datos de salida en formas
analdg{cas. Ellos van desde un ;equeﬁh rrograma dibuja una gra-
fica simple sobre un TTY a sistemas complejos gque producen des-
plieguea tridimensionales de mﬁltiplesdcﬂlorea, complementados
con letreros en diferentes tamafies de caracteres,

Manejo de DBase de Datos. Es imﬁbrtante para sistemas gue tienen
gque gporatr socbre un gran cantidad de dates, siempre a ﬁravés de
las manipulaciones que debersin ser muy simples. ﬁgs facilidades
auxiliares de prueba de computadora, control de inventarios y -
sistemaﬁ'ﬁa reservacifn correrén’s +as0 de tortuga sin el acce-

so directo a‘memoria, rutinas de bisqueda y manipulacidén de ca-

denas,
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Librerfas. Son similares a lns sistomas DBM, »pero ellos alimen-—

-

c. B2 TR 3 ta o oo - 4. F T
tan programas mds bien gue datos. Esta utilerfa es bastante: nue
. ' 1 .
va, asf gue a6lo estd disponible para compradeores nrincipales.’
Sistemas Operativos. Incluyen varias de las utilerfas discuti-

das, hardlers nara I/0, rutinas de;comunicaéidn, cargadores de

. - ok +

hoctstrgﬁ'y prngramas’siﬁilareé'éue.haqen todo el trabajo hard-

+

N T e s L =T . & - T

ware, facil.- = - - e o=t e o T - . . T
1 ] . - _ : o 4 t"‘ L e .

Cross-scftware. Permite desarrcllar programas para una computa-

X
oy PO - Yoo ; : .
dora especifica, usualmente una microcomputadora, sobre una com -

? puiadq:; hue%ﬁeq. la cual es usnalmente una mini o tiempo com--

+

_— et ”_ . P e T S R e Lo . . )
partido del centro principal, perc tambifn puede ser un sistema
; K A : . e

desarrolladeo con base en-ﬁicrnprocesadures;

. "
- L]

Simuladores. Sonh Drogramas Cross que.hacen gue una computadora
huesped trabaje como la target machine asf que se puede probar

el desarrolle del software huesped-antes de gue el glstema estd

'dispnnible... '

- P - -
-tn- B N | = - Te * 1 - -
! . . -
' F -
.
[ - -
g i L L " L - - r - -
i . - ,
- ! : t 1 . =
- - .- * . S 3 - w .Fl.-'. - - -
—— - - 2 A . - . [
—T'..-__'E-.. e * S - T e B =y e - - - o e
- 1
- . - * e 1
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44
La Tabla 1 muestra qué paguetes ofrecen algunos vendedores.
815 2B IR | B
HEHHHEHBHEE
2218 | 31312
E 3 21912 |8 |z
| % z |o
1[515 17
| é 2%

|

f
T

1 . -
Armerican Micro—

| Systems

‘The Boston Sys—

! tems Office

“Cam agsmicrosys
tens
Control Data

Cromemea

{ Data Ceneral

Digital Equip-
ment Coryp.
Digital Re—
search (*)

Forth ({*)
Heunkon

Hudge Taylor &
Associates
Ihsas Mamifac—
turing

Innova Systoms
Innovatek Micro
systems -
Imtersit

Micro Informa-
tion Systems

{*} )
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AT THRESSY

HTMSSY I

HAIAATHAINT

HATIANCD
HIYOT ONIANTT

¥OLI@L

210 L3 §- 4T

HOLT NG

OIS

SWLLSAS ONILWVAID

JNIWNIRINYW 35Wd YLD

DIYMLASS S5

SANIOMNd D1 T

SIOANT IS TH

A

r;ﬁcrntec

: Monalithic

! Systems

‘Mostek

| Motorola Mi-
crosystems

v = . -

National Soft
ware Exchange ©
{*)

PRS Corp., (*)
RCA Soled-Sta-
te Division
Rockwell Inter
vnational -

Ryar—~Farland

(*) -
Signetics MOS
UP Dio )
Software Dyna-
mics (*}
Technical* Sys-
tems Consult. |

| Texas Tnstrie
rents "
| Wintek \
Woodley ASSO----
ciates {(*) .
Wyle Raborato-
ries

L e o

LD

f(*}. Indica firmas de software,

Tabla 1
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Loz sistemas cperativos de multilenguaje se estdn volviendo porula.
Tes. Enrel %enguaje del siatema Zilog's PLE se pueden mezclar len-~
' . ! .
-guajgs de ensamblador y de alto nivel y el procesador Technelogy's
PTO permite mezclar varios lenguajes de alto nivel en un sclo pro-
grama. Mientras se usa lo existente en software en una mayor concu-

rrencia, se espera mis Sistemas "mix-and-match" para mantener aba~

jo el costo de software.

Otro medioc barato para el mismo f£in son los "canned" {enlatados) pro

grams. El archivo de software regularmente se paga el solec en un -
i - .

mes siempre por los compradores principales y méAs tarde los pegue-

nes compradoras puaden obtener su sistema de cualguier tienda de -

computador y adaptarlo a los paguetes de software de sus bdsquedas,

APLICACIONES DE LENGUAJES DE ALTO NIVEL EN TIEMPQ REAL

Se ha desarrolladec una ver%iﬁn en tiemno real del lenguaje de pro-
gramacifn Basic para uso dé adquisicidn de datos y aplicaciones de
control. El intérprete esti basado sobre'el Lowrence Livermore La-
boratories Basic con la adicifn-de comandos al medio ambiente de
tiempg real, Este iﬁtérpreta ha sién adaptado a varios sistemas de
microcomputadoras hasados en el Intel 8080, incluyendo un sistema

con un bus de 16 bit de I/0.

-

El set de .nstrucclones extendido de eate Basic de tiempo real fue
definido después de examinar varias versiones de microcomputadoras

de Basic simtflar.

El iﬁtérprete principal requiere de 4,25k bytes para si mismo y de

l,75k bytes adicionales para lgs



TABLAS DE DATGS COMPARATIVOS

- N - - ;‘ F
MICROCOMPUTADORAS Y MICROPROCESADORES:

1
.

ARREVIATURAS
OMA -
INGTR -
K. o
K-8 -
Hdﬁ -
0/5 -
POR ' -
R-T -
T/& -
UNLIM -
WD -

Acceso directo a memoria-

s

Instrucciones
Kilo
Keyboard
Hultiplexor
Cwerating System
Hua paralelo |
Tiempe real
Time-share | .

Unlimited

Falabra

r

Lk

ek



. _ CAPACIDAD PUERTOS DE | FUERTOS DE
FABRICANTE TIPO DE DIREC. ENTRADA SALIDA PERIFERICOS SOFTWARE
stock: diskett
dos systems
Essex Inlerra- | 5X-200 J-K byte 2 lines 1l line Dedicate a|Assembler, For
tional (PMOS) 41 instr. avnlica- |tran: decimal”
tions adjust arithme
tie
General Instru | BOOO 48 reg's 3 1lineas 3 lineas Todas las | BCD arithmetic
ments AEG, {PMOS) 8-b 8-b B-b opclones {8x1 scratch
Germany, 5G5S 3-chips 48 instr, mad. Assembler
Italy on simulator
on Fortran
Mostek 3870 64-X 4 lineas 4 lfneas Todas las |Binario'timer
NMOS-s1i~ 1 instr. g8-b/mort B-b/nort cnciones with programma
gate ble prescaler.
Emulation and
arototyoning
- are PROM based
™

£Z
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Programas de uspario. El paqueté de puntg flotante raquiere'de 1,75

. - K
K bytes. E1 mlicropac tliene un imonltor y un drea de trabajo del moni

tor. la cual ocupa localidades de memoria de la 0000-1020 hexadeci-

mal .

El paquete de punto flotante arranca de la 1100 (Hex} el intérprete
principal a la 1800 {(Hex.], e; com}pn;q de los prbgramas de usuaric -

son a partir de la 2900 (Hex,) y el final de la memdria a 2FFF,

El set de Iinstrucciones en tiempo real incluye, entre otras, las si

Yoot
- guientes: .
STH Pone tiempo de dfa {segundos} )
GTM Toma tiempo de dfa (segundos)
TON Arrance el programa al-tieﬁpo X )
DOT Saca datos (16 bits)
DIN Mete datos (16 bits)
ATO Entrada de Beﬁalianaldgica a digital i .
DTA Salida de sefal digital a Analégica ‘

wd

Multiporogramacién en tiempo real teniendo como software lenguaije -

-

Pascal para sistemas pequerioa. foaae e Teoe T

L L
4.

Un usuario de un microprocesador Pascal puede deQarrﬁlla; software

para aplicaciones de propéaito gene};l usaﬁan una de dos computado-
ras huesped: el usuario simple F5990 klogpyfdisk—based minicomputer,
o) ei multi~usuario 05990 hard-disk based minicomputer. Los micropro
cesadores Pascal comprenden una variedad de herramientas de SoftWa;
re.de soporte, incluyendo un editor lterativo inteligente para pre-

. . Paracidén de fuente, un compilador gue génera ctddigo de intérnrete,



JR———_"

i : 28 : 25
un genearador de cfdige gue suple Fl cpdign objeto primerc, y un in-

térprete de depuracifn {;arativn. Ly 1
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CAPACIDAD

3

) e 1
T - - : PUERTOS5 DE | PUERTOS DE -
| FABRICANTE TIPD DE DIREC. |ENTRADA SREIDH wPERIFERICOS SOFTWARE
IEM 5100 porta| 16K -a 64K |1d4-key-K-B |CRT, tape |CRT, TU, |Basic’0/S, APL
hle -comnu-| byte tape car- CRAM=-TU K-B Tape, |{(Resident) APL
ter (NMOS) tridge Printer printer Jy Basic .
Dec (Western LsL-111 12K 400 I/0: 33 1f | 1/0: DMA CRT (UT-50)Basic, Fortran
DIG MCP-1500 PDP-11-02 custom neas 831-K, Bus { Paper—-tane|IV, Diagnos- °
~ NMOS) instr. Por: DMA wD/5 tics, O/5., T/5.
16: L MUX Macro 11, etc.
RCA CDP-1801 64K 8 ports 8/256 CRT, TT4, |Assembler {nou
(CMOS} 59 Instr. | 250 lfneas | 8-b/ports Paner tane|resident s-pa-
: ] ,cassette ckage CDP,
; 185900,
intel 4004 §~K 16 32  FPaper tape Sin lienguajes
Intellec 4-AMD | ({DNOS) 46 Instr. | 4-b/port 4-b/port k-b"prin-i de"alto nivel
t B : ter
" ¥ I' " . Y At ' ' !
. Intal BO80 (NMOS}|, 64K 44 - 44 . S laTodasnlas [All options
Model MD5 :' 78 Instr. | 4-b/nort | 4-b/port 4| opciones external mem.
“ . excepto nonrelocatable
"t . tape PL/M
Intersic IM~6100 32-k byte | 64/256 64/256 ) Ifndas,las All options ard
(69001 Tawgfn) [ (CMOS) | 60 instr. | 12-b/port | 12-b/port ] opcicnes |available ex-’
. \ ot . . ‘rf! ternally
ME ASSOCIATES | 6502 (NMOS) 64K 2/MOX un- | 2 | { .Todasrlas | Todas las opeig
{JOLT} o ‘139 instr.) lim. B-b/ | 8-b/port onciones nes excepto
: . port ) . excepto lenguajes de
‘ : ! .tape ¥ alte nivel
11Yaisk
| Mostek 5065 (NMOSY¥ 32-K -a -a Requiére- Interfase con-
: " {31 instr. : troller

interface
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CAPACTDAD

[P,

I ) PUERTOS DE | FUERTQS DE
L_FQHRICﬁNTE TIPO OE DIREC. ENTRADA 1-5ALIDA PERIFERICOS SDF?WRRE
| Fzironild 3B50 [(NMOS5)| 64-K 27252 2/252 . Todas las bPebug, text
: 70 instr. 8-b/nort 8-b/nort oncipnas edit, applica-
! . L . o tions programs
’:eneral Instru-{CE-1600 A 64-K 2/unlim, 2/unlim. Tadas las IUKEf programas
nerts Corp. [NMOS) B7 instr. l6-b/port l16-b/port |opciones de aplicacidn
) excepto dis| no macre y al-
, . i ' _ co cassette| to nivel
H“otorola AC-6800 64-K byte 0/104 0/104 Todas las Debug, macro
{Exnrriser) {MHMOS5) 72 instr. 8-b/pory B-b/port opciones Todas las op-
Si-gate | ) (na k-b) ciones, PL/M
vational Semi- |IMP-8/16 64-K 0/unlim, 0/unlim. |Todas las -|Self-assembler
conductor [MMOS) 387 instr. | MUX 8/16-0] 8/14-b opclones y | debug, time
(PACE) s port wort tape car- share, etc. Al-
: tridge to nivel SLN/
i ’ ) PL
datiopnal Semi- (SC/MP 1024 byte O/unlim. C/unlim, Special K- | Pointer addressg
conductor {EMOS) B/disnlay ing autc-index
. P Or custom Hex software
' for economy
. caleculator K-BA
display ’
Plessey Miproc-16 |} 64-K 32/256 Unlim. Todas las [Todas las opcig
{bipolar} 82 instr. l6-h/port with ext opciones. nes except ma-
' (MUX) No cassette|cro assembler
: . tane Na. OF5
Intel, on-chip |B048/8748 g8-K 1/0 resi- I1/0 resi- |Floppy disk|MDS based assen|
MC (MCS5-48} S5i-gate 90 instr, dent dent CRT/K-B bler, editor,
: NMOS 17 lines 17 lines chips monitor {MEKA)
Rockwell PP5-B (PMOS)| 32-K byte §/3¢ 4/30 Todas las do resident me
International 109 instr, | 8-b/nort B-b/port  Jopcionas ex| mory. All othery

Type-T System

T

canto car—-*optimns.

. ——

———— . — i —

az

L2
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PUERTOS DE

- o T CAPACIDAD FUERTQOS DE|
FABRICANTE - TIPO DE DIREC. ENTRADA SALIDA PERIFERICOS SOFTWARE
k ) - tridge APS assemulatorn
‘ + L. and system ana-
' . : lysis module
Scientific Mi- [SMS-300 ] 8-K 1/512 1/512 K-B raver Assembler rest
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MICROPROCESADCR ZBO:UN PASO ADELANTE

El procesador Z80) surgisé como una respuesta de mercado a la enor-

me pupularfdad del.ﬂﬂﬂﬂ de INTEL. En su afdn compet

panla fabricante (2ileg) obtuvo un -roducto excepcilonal,

itivo,

la com-

que es -

adn actual, a pesar de los nuevos procesadores de 16 Bilts.

Veise la siguiente Tahbla;

NO. DE INSTRUCCIONES '+~ ¢

T T

:ﬁegistros de E blts
Registros de ‘16 bits
Ragistres de fndice
Modos de direccién
Direccisn de E/S
Bits de bandera
Voltaje reguerido
Velocidad de reloj mixima
Comvatible con TTL
Modos de interruncién

Refrescamiento de memnria
avtomitico

Velacidad relativa en ejo-
cucidn —_ .

T e =
- -

R L
1
]

- r ek o o

5.86:

H
L]

th DO @ =Y M

+5V

1MHZ

51
2

RO

256
L
+5V,~5,+12v
2MHZ
NO
1

-
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5.3 INSTRUCTION OP CODES

This section describes each of the Z-80 inatruztions and provides tables listing the OP codes for every
instruction, In each of these tables the OP codes in bold type are identical o those offered in the 8080A
CPU. Alio shown is the snsembly language mnemonic that is vaed far each instrzction. All instruction O
codes are listed in hexadecimal notetion, Gingle byte OP codes requice two hex characters while douhie
byle OP codes requise four hex tharsctens, The converdon fraem hex ta binary ls repeated here for
convenisnce.

Hex Binaty Declmat Hex Binary Decirul
0 = DOOO = @ g = 1000 = 8
|« 0001 = 9 = 1001 = s
1 = 0010 = 2 A = 1010 = 10
3 = o1t = 3 B = 101! = 1!

4 = Qloa = 4 C = oo = 2
5 = D01 = 0§ D = 1161 = 13
& - 61 = 6 E = g = 14
T = Q1 =« 7 B o= 111F = IS

Z-80 instruction mnemodnics conalyl of ap OF code and zemo, one or two operands, Inatructions in
which the operand Is implied kave no operand, Instructions which have anly one logical operand ot those in
which enc operznd {3 invariznt {such a3 the Logizal OR Innruction) ate represented by & one operand
mnemonie. Instnyclions which may have two verving operands are reprewnted by two operand mnemonics.

LOAD AND EXCHANGE

Table 5 3.1 defines-the OP code for all of (he B-bit load instructions Implemented in the Z-80 CP)L
Alsa sthown in this tab'e is the type of sddrexsing vied for each instruction, The source of the dita is found
oo the top horizantal row while the destination is specified by the left hand column. Far example, toad
register C from register B uses the OP code 42H, In off of the tables the OP code §3 specified in hexadecimy!
nelstion and the $8H (=000 1000 binury) code is fetched by the CPU from the external memory dutng
M1 time, decoded and then the cegisier transfer is automatically performed by the CPU.

The atsembly language moemonic for thix entire group iy LD, followed by the deslination followed
by Lhe source (LD DEST., SOURCE). Note that seversl combinations of addressing modes are possible. For
example, the source may uso register addressing snd the destineton may be register indireer; such as load
the memary location pointed to by register HL with the contents of cegister D The OF code for this
operation would be 72 The macmaonic for this loud instruction would be 2x Follows:

LD {HL).D

The parentheses around the HL means that the contents of HL nre wied az 2 pointer to 2 memory tocalion,
In all Z-80 Joad instruction maemonics the destination s always listed finat, with the source following. The
Z-80 auembly fanguage haa been defined for ease of programming, Every instruction iy 3!f documenting
and programs wrilten in Z-B0 Janguage ase easy to maintain,

Note in table 5,3.1 that some lond OP codes that wre aveilable in the Z-80 use twa bytes. This It an
efMcient method of memary vlilization since &, 16, 24 or 32 bit insiructions are implemented in the Z-80.
Thus oflen utilized {nstructions such s arithmetic or logical operzilons sre only 8-bity which resulrs in
_ better memory ulilization than s achieved with fixed instruction sizes such ax 16-bits,

All lond ingtructions viing Indexed nddressing for elther the sounce or destinstion locstion
actually use three bytes of memory with the third byte being the displacement d. For example » load
regisier E with the operand pointed to by 1X with £n affset of +8 would be written:

LD E, {IX +8)

23

02



03

The instructlon sequence for this In memory would be:

Addres A | DD
—— 3 OP Code
At sE
. AYZ) 08 Displacemeni operand
I

The two extended addrening instructons are also three hyle insiructions. For example the mstruction 9
Ioad Lthe accumulator with the operand in memery locstion SF32H would be written:
LD A, (6F 32H)

and ity Lnatrucrien sequence would be:
Address A | 34 § OP Coda
A+l 32 | low order addren
A+2 | 6F | high order sddreas

Notice that Ihe tow order portion of the add ress is abways the first operand,

The toad immediate instructions for the genezal purpu:.-e §-bit reglstacs wre two-byts inctrucvdons. Tha

" Instructionlosd register H with the valug 36H would be written:
LD H, 386H

and ity sequence would be:

Address A 26 | OP Code
A+] 1135 | Operand

Loading a memory locaifon using indexed addrezsing for the dectination and immediate addreyning for the
sourcs requires four bytes. For exarnple:
LD{IX = 15),21H

-would appear as;

s = addessa [DD|YT
: E’} OF Coda
- Aﬂfaﬁ_/.
1 displacement ~!5in .

A+2| F )
I,_..l__. sigred (w3 complement )
A+3i20;  operand 10 load

Nolice that with any indexed addrassing the displacement abways follows directly after the O™ eode.

Table 5.3.2 specifies the 16.hit Toad operationn. Thi table is very similar to the previous one, Maolice
that the extend ed addresaing capabilily covers all regiater pain. Also notice that reglstier indizect operatiars
specifying ihe slack polnter are the PUSH and POP instrugiions. The mnemonic for these inslroctiont ls
“PUSH™ and “POP."™ These differ from othar 15.5i1 loads in thst the slack paintaf is avtamatically decow-
mented and incremented as each byte is puhed onlo or popped from the stack rtm:tm‘r For exsmple

the ntLrwcnon:
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L

. PLI AF
Is a cingle byte inatruction with the OP code of F§H. When thus instruction b executed the following

wequence is generated;

Decrement SP

LD (SP), A

Dectament SP
1D {8P), F

A

Thus the external stack now appears as fixllows:

!
{SP} ; F  po— Top of stack

(SP+1)

- -1 - == - T — -
T | | 9] au| o] 0l 0l w, A— ﬁw::: B _
L ) NI R U U DRI SN I NEPA S _ -
ﬁmuu. “ _f
- — —— =l L] - e
L W ] e S it I A VO O 8 O
mm.mn. 2r.lB5. m...ﬂd_m.h:.mu_. %a. _ A
5l 2
i s
nm_u A ENFEEARARE
delele|wjalolale I - T P
“_l___ ilslain -. h. i Brallr.
el e | alald;u|aie 2,00,
dafaw|[stzla]els]n gr.ies
F
b Y e R iy, =TI Tt mall ol el Cl ol s
w| 2 H ] H ] &l x| =r Bz, 2z,
e e —— e = e L — Al am ) e— L.
o 2| el w]a|lsle]nle Erafee
R Sl B e P P v e
al k(o] ]| Y |[s]y!leg | F Bz, |u..] B %
T R T S I T -t —_t
al= 5
*.u - L. L L S IRTRY SV PR FD P
ey H S P ] R
Aol fagdebda]alg) i E[a]. -
e —_— - gk —_— - et
; : 1 ;
- -
IR S SUN . S m -

8 BIT LOAD GAOQLP

iy
TABLE 5.3~1

25
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%E)POP Jnstruction is the exact reverse of 1 PUSH. Nouee 1hgt all PUSH and POP instructions utliize a
16-bit operand and the high ordet by'e is always puthed first and poprped tart, That ina:

PUSH BC IsPUSH B then T

PUg: DB B PUSH D then E

PUStHL uPUSHH then L

POP HL LPOF LthenH

The instruction using ¢xtended immedlate addrecting for the source ?h-ri.nu:ly requires 2 bytes of dais
following the OP code. For example:

LD DE, 3459H
will be:

Addres A 11] OF Code
A+l | 59| Low order cperand to register E
" i dt
A+2 Dﬁ_l-hghmduup_eun o tegisier

Inalt extended bmmediate o exiended sddressing modes, the low order byts shways sppean flrsl after the
OP code.

Tabla 53.3 ligts the 16:bit exchange instructions implemented in the Z-80. OP code DEH aflows tha
programmer 10 switch between the two pairs of sccumulator flag reglstery while DFH wllows the pro-
grarmmer-10 swilch between (he duplicate set of x general purpose registers. These OF codes are oniy dae
byte in length 10 absolutely minimize the time necessary to perform the exchange so that the duplicats
banks can be usted to effect very fast intemmupt response Hmeg,

BLOCK TRANSFER AND SEARCH

Table 5.34 liats the extremely powerful block transfer instructions, All of thess instructions operate
with thrae regntess, :

HL points 16 the sourcs locatlon.
DE pointsto the destination location.
BC Iz a byle counter,

After the programmer hay initiafized these three tegistees, any of thess four insiructions may be used, The
LOI {Lozd and lncremeni) Instruction movet one byte from Lhe location pointed fo by HL Lo the Tocatien
pointed to by DE. Register paing HL and DE are then sulomatically incremented and are resdy 1o poini to
the following Yocations, The by1¢ counler fiz gister pair RC) is aivo decremnented at this 1ome, This instmc.
tion is valuable when blocks of data myust be moved but other typey of procesting are required berween sagh
move. The LD (Load, increment nd reoeat) instructvan 13 40 exténson of the LD ingruction. The wme
load and increment operating is e2peyled volit the byte counter resches the count of Zero. Thos, Dhis wingle
instructicn ¢an mowe any block of duts feom one Jocation to any other,

Note that since 16-bil registess are used, the 1iie of the block can ba up 190 64K byles (13 = J24)
long and it ¢an be movert {rom wny location in memory to any other tocation, Fusthermore the biacks caa
be overlapping since there dre absolutely no Constezimia on the data thai ly vsed In the these régiser baot.

The LDD and LODR Ingcrucilons sre very sim'ar 10 the LDI and LDIR, The only difference is that

register paies FIL and DXE aredecremented afier every move so that a block tranafer starts from the higheu
sddress of the designared biock rathee than the lowesl.
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AFE, l
INEAR. ]
HLY
‘ o LI — Luntal (DA Yot BHILD
D et HL & DE, Dea BC
; o ‘LD — Lagd (D Foae— ML)
aeq, | Ba | s DE, D I, At et G = 0
* §
DESTINATION | on/s | fOE} o "L - Lo D6 =m—(HL] ‘
AB g oy QK Cag BE !
i |3

| £O | LOCA — Lag (D€ bebmeiMi
} lna En.-m.l-nt_n.ulc.l-nﬂu-ﬂll'_-‘-l

Rad HL  Bhinm e s
Ary O pises op duwitination
Ray BC o ety veiumbar
BLOCK TRANSFER GROUN
TABLE 854

Table 5.3-5 specifies the OP codes for the Four block search tnatructions, The first, CPBI (compare and
increment) competes the datn in the sccumulator, with the conwents of the memery location Folaeyd 1O by
regrieter HL, The result of the compare is stored in ane of the flag bits {see seciion 6,0 for a detaii.u expla
nation of the flag operations) and the HL register pair is then ineremented and the byte counies (rogister
pair BC) fa decremented. |

The Intiruction CPIP it merely an extension of the CPT ingtruction in which the tompare is repeated
unil ¢ither o match 1 found or the byt counter {reghier pair BC) becomes erg. This, this single insiruc-
tion ¢an tearch Lhe entize memory for any 8-bl1 character. ' '

The CPD (Campare and Decrement) and CPDR (Cowmpare, Dectement and Repest) are dmitar
instructions, ey only Jiffzience being thal they dectement HL sfler every compare 10 that they gricch
the memoary W the cppatita diseclion. {Th e s2arch Ly start<d sF the higheat locsticn In the memary tlockh.

It should be emphazized again (hit these block Leansfer and compare instructions dre exireme iy
powerful In siring man: yulabion applicapons, L. :

ARITHMETIC AND LOGICAL

Tuble $.3.6 lists all of the 8:hit arithmetic oparalions that can be performed with the sccurmdate:,
also listed are the Increment (INC) and decremeant (]3C) instzuctlens. In all of thése instruciiaas, excepr
_INC and DEC, 1he specified 8-bit operation iy perfomn.d hetwzen the dats In the accumulaies 2ad ihe
source data specified in the table. The rep’s of the operation by pleced in the sceumulator with the excep-
lion of compare (CP) tmat Jea sex the ~coumulator unuflec (8. AD of theas operatlons affect the fisg
register as w renelr of the specifizd operarion, {Seciian 6.0 provides alt of the detsi’s on how the fiz sare
alfected by any instruclion rype), INT wmt OEC instructions specify a register of & memery Jocat A 25
both source and destination nil the resnlt, When 1ha source aperand ls addremsed uting the wdex re; Jem
the dixplacement must follow direetly, With immediata sdarening the sctual opeszad will failocr a)yegtly,
For example the wnstrucion:

AND OTH
would appesr ay;

Address A [ E6] OF Coda

A+1] 07! Doerand

28
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ED “orr [

Aj Ins HL, Dox BC 1

D TN, bt HL, Dy IS

a1 raast vkl BE = 0 ar fimed manply
!'f; PO Dae HL B 3C

[Eu CPOR' Ooa HL B DG

-li]

Y Fapasi uabl LG+ G or find magh
[

HL poisky (o lutalupn W redmry
10 b g pared with ma md i
OO Ty

BZ b by e Ciniigr

BLOCK $EARLCH GROUP -
TABLE 5.5 3

Assiming that the accumulator contained the value F3H the result of 03H would be placed in the
acgumelaler;

Acg pefore operation 1141 001} = F3H

Operand 0000 0111 = O7H

Resull to Acc 000G D011 = 02Y :

The Add instruction [ADD) performs & binary add between the daty in the surce dagaliun ard the

datt in the accumulator. The subtract {SUB) does u binary subtraction: When the add with cany s specified
{ALMC) ar the subtract with carry (SBC), then the carry Nag is alse added or subiracted respactively.
ffaes ard decimal adjust instruction (DAA} in Lthe Z-80 ([ Fully described 1n section 6.0) <llow anthunetiz
operaliong for: '

multiprecision packed BCD numben
. multiprecision signed 01 urggnsd binaiy numoers

multiprecision two's cOmplement signed numbers
Other instructions in thid group are logical and {AND), logeal or {OR), exclusive or (XUt yand compare (CF).

There are five generat purpose arithmetic inttuctions thal operate on the accumulatu: of carry M.
These Mive &re Lsted o talle §.3-7. The decimal adjust insituction can adjust far subtraclian 35 we'l a5 1l 1-
ition, Lhus reaking BOCD atithniet:c operations simple. Mere 1at 10 allow for 1ns operation the Hag N usdl,
Thes flag is sen il (he Yast arithmclc operaton was a subtiat, The negate accumutator (KEG) lustruction
Lurms Lhe lwo's comptement of Lhe number o the accumulalor, Finally nutice that a toset cairy iastrugiion
i nat included in the Z-50 since this operalon can b¢ canly achieved through other Instructions wuch s 2
logical AND of the sccumulatar wih itsslf.

Table 5.3-8 Lsts aV! of the 6-hil asithanatic operabions belween 16-bil registers There kre five grouns
of lstruciions including add with carry and subtract with carry. ADC and SBC affect all of the Mags These
two groups simplify addiess eatculation operations oF olher 1&-bil arithmeltic operations
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ROTATE AND SHIFT -

A major capability of the Z-80 1 ity sbility to rotate or shift data in the sceumulatsr, any genzeal pur-
puse regsier, or any memary location All of the rotate and shift OP codes are shown in table 5.3-9. Also
rerloded in the Z-80 are arithmetic and logical shift operations, These ¢peraticns are uselul in w extremely
wide iange of applicatons including integer multiptication and division, Twa BCD digt rote imstinutions
{KRD and RLD} alicw e digit in the sccumulalor to be rotated with the two digits in a Remary Io.aucn
el 10 by register par HL (See figure 5.3-9) These mstructions sllow for efficient ECD srathumetic

BT MAMIPULATION

!

The I.b'IJI.l.'}I' 10 set, reset and test lndividual bits In a register or memory location is nezded in aimaost
every program, These bils may be flugs in a general puiposa software routine, indications of eate;nal con-
trol conditions or data packed tnlo memory localions b mzke memary ulilization more eflivicar,

The 7-80 hus the atelity to set, reset or test any bit in the secumulator, any general purpass regisre;
of any memoty location with 2 single instruclion, Table 5.3-10 lists the 240 insiructions that are svzlzbie
{ur this purpose. Regsier addieasing dan wpecify the accumulator or any general purpost 1228801 on which
the operotion is to be petlormed. Register inditect and indeaed addressing gre avarlabis (o operate £n
externa’ memory locations. Bil test pperations sei the zero flug (Z) 7 the sested bat is a zero. (Refer to
section 6.0 for further explanation of flag operation).

-

JUMP, CALL AND RETURN

Frgure 5.3.1 " 'm1s a'l of the jump, dxll and ceturn instructions implemented in the Z-80 CPUL A jumn
s a branzh in & propram where the program gounter isloaded with the 15bit value as specificd by one of e
shres available addrexs ng modes (Immcdiste Extended, Relative or Register Indirect) Nolce that the jump
group has wveral duferent conditiony that can be specified 1o be met before Lhe jump will be made IF
thess conditions sre net met, the program merely conlinuzs with Lhe next sequential instiuction. The
conditions are all dependent on the dats in the flag repiaer, (Refer to section 6.0 for detalls on the fag
register). The immediate extended addrewing is used 10 jump 1o any lecation in Lhe memory, Thisine
struction tequires three bytes {iwo to specify the 16-hit address) with the low order address bye first
fol'owed by the high order address hyte,

TN
L]

10



—
—
] L S | r-

FAr—

-~
-
-

L,
e
'

L]

gy il Tkl i
4l|l1|:.—l}n1;!-l-!:|. il p
gl EiaR 8|8
Facialp il ialataiy
i I - I.lg
ARl ol S R
e MigioiT afeigiege
1 t
e I B EHE L
L |
BB EBHBEL
T
Mleleleia(s(etels
e Py 3
= ]| E
14
* ROTATES AND 3HIFTS

TA3ILE 6.3~

For example an unconditional Jump to memary location JE3ZH would be:

Addren A 73109 Code

A+l :'ﬁ

32 1ow order address

A+2 Ii 2] High order addreas

The relative jump ifdtructon uses enly twa bytes, the second byte iy 4 signed two’s complarmani diy-
placement form th¢ exdsting PC. This displscement can ba In the range of 4 179 10 -1 26 and is weeasured
from the sddresy of ths instrucion 07 cude.

Three types of registar tndirect jumps are a'en isohSed, These Mstractions are imypleimen: 53 by loading
the regisier pair HL, or one of the index registers UX o0 1 diroctly Into the B Thiy capadtliy silows for
" progra ivmps to be a funcrion of previous calculations

A call is a special form of 2 jumn where the address «f he byts following the call ivyineedon is
pushed onto the stack befors the jump 1 made, A relu iastrdclion fa tha reweie of 3 cuf! becaic the
data on the top of th 1tack b poppcd direttty e tie 0 toform a jurss address The b wnd return
instructions allow fuf simple sl it e’ nba eyt Faadling, Two Bpeciz! e instn: s ior: have boan
included in the Z-8O fumily of components. Thereturn {rom interrupl mevadion (REYD aad the recurn
fram non maskable interrupt {RETN) are treated in the CPU pg an unconditional retirn ijerdtics! t0 the OF
code COH. The difference ia that (RET!) can be uiod-as ine end of an interrupt routine ané sl 7-30 pariphary)
chipa wiil rocugnure vhia taccation of Wiy ineler 003 tor praag of control of nexted pricuity nterruat handling,
This instruction coupiad with tie ZED pocipheral C2vi.es implomuntation sunpiities tha norme? return from
nestes lesmupl Wit this feature the Cullowing st e onguanct woubd by nucesauy tr L7 om b
interrupting device that the Inteerupl toutlte 15 completed:

iz
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This seven byle sequance can be replaced with the two Lyte RETY instruction i the Z-80. This Is imporrant
gnce interrupt gervice 10me often mugt be minimizsd

To faclinatz program toop onntra! 1ke Instrugton DINZ & can be used sdvantageously. This twe byta,
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Tahle 5.3-12 Lsis the eight UF codes for the rectert instruction This inatruction is a ungle byte cxll to any
aof the aight addresses lisled. The timple mnemonic for these eight eallyis also shown. The value of Lhis in-
struction i3 thuy Dredtiently used routines can be catfed with tha instruction 16 riniMize Memory ussge,
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RESTART GROUP
TABLE 5 3-12

INFUT/OUTPUT

The Z-80 has an extensve 3ot of tnput and CuIput inslruckivas as shown ja tahle 5.5.17 and ol
33-14_The sddressing of the inpo1 or output device can be either absolute gr register indiress, uym by £
register. Nohice that in the regisres sndirect addresting made cita can be transfenisd between the 10 Aeyere
and any af the intecnal tegisters, In addilion eight bloca iransfer ins*ructions have been iinplemens-d, The s
instructions are simi'ar to the memory block Lansfers eacept that they yse cegister pait ITL Lara vonis -0
L MEMOry snnre e {uutpul colrmanda) nr destination (inpul enmmands) while registe) B i watd -ty

Lounter, Regriter € aolds the adiress of the port for which the inpuc or oulpul eomnand is dupited Singa
register R is eight bits 1n length, the O biock tznsfer command hancles up 1o 256 bytes.

!n the inshyuctions IN A, nand OUT n, A the IO device 3ddrzss o appeary in the [ower hatf oi thy sad-
ress bus (A A4) while the accumulator content js Lrosferred in dhe upper half of Use address bus {n 2l s
iter indirect input culpul instructions, including block Y0 transfens the conient of reglatee Cis transterped
ta the lower hatf o f the address bus {(device address) whils the content of regizler s translerred 1o the
upper half of the address bus,
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(PU CONTROL GROUP

The fine! table, table 5 3-15 lustrates the pix general purpose CPU controt inatructions. The NG i 4 v
ugthing inatruction, The HALT instructlon suspends CPU aperation uatil v sebhswequent intomupt 5 coceived,
while the DI and Bl tre usec to lock out and enable interupix The three (v ecrupt mode comumans’s ea1 tra
CPJinlo any of 1ae three avnilable inlerod fesponse modia xs loJlows, I made £erC is sl Tis intemipding
device can insert any instruction on tha 2a° bus and allow 1 CPU to axecute it lode s 2 aim "Ced
rirnle where tha CPU aytomatically execuces 8 restart [Z5T (o locatlon O0MEY 15 1Kt ng exceraes nardwioe
o requirad, (The old PC content s puiiied aalo ths stagk), Mode 2 i the most powerful In that it ebows foe
an indlrect cal} 1o 20y locstion & Mmenory, With this moda the CPU forma a [ A-bit memory sddress whare
the uppar 8-bitx are the content ol tezstes 1 end the lowsr 3-nits are aupplisd by the intarrupting devica,
This addrens polinis to the flest o two sg.oniie! bytes in o t2:le where the address of the tervice routine is
located, The CPU sutematlex!ly oblaine the siarting address 1ad pecforms » € A LL (o this s6dres;.

Address of interrupt (F' [L._ _{”_ I:f-i;:tg,-; :‘n :EE;:F‘ Lble Reg
fefrice ovLae ?e:ipzntl supplies lower sddress
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5.0 FLAGS .

Each of the two 2-80 CPU Flig registers contains sia bits of information which_ Aze st or Tesel by
variaus CPLE pperations. Fowr of thes bils aze 1eslable; that i, they ate uu‘d 1 conditions _l‘nr jump, call or
selurn instrucuions. For example & jump may be desired only ifl & specific bit in the Mag register 13 2L The
Four textable fag bits ace;

. 1) Carry Flag (C}— This flag is the carry from the highest order bit of the _ucumu!atur. For example, the
earry Mlag will be set dunng an add instruction where & carry from the highest bil of the accurnulater
is generated, This flag is also set if & borcow 1s geneeated during a wubtraction instruction, The shift
and rotale instryctions also affect thi Wt : .

2} Zero Flag (2) — This flag is set if the result of the openunn'l loaded & zero into the accurmulator. Othry-
wige 1 Lt ressl. -

3} Sign Flug (S) — This Mag is intended 1o be used with signed numbers and it iz set if the result
of the oretalion was negative. Since b 7 (MSA) rapresents the sign of tie nender (A nagative
number has o 1 iy by 7Y, Lhis flug stores the state of Bit 7 in the zocumula.at,

4 Parity fOverNow Flag {P/V) — This dua! puipose Ntag Indicates the parlty of the resuit in the gecumulator
wher lugical operatinny are perfurmed Tsegh 23 AND A, BY and it sepresen’s overliow wiven signed
iw0's complriment ariitenetic operations are petformed, The Z-80 overflow ilap icdicates thal the
two’y complement number i the accumulaiog is n errae since it hag excerded the maxsnwn L,
sibic {1 27) o1 is iegs Lhan the minimum pesuble (-128) nuombes than cad b reyissen =i (2 tau’s

“eomplement notation, For exampie conswer sdding: )

+120= 011 1000
+105= 101N

C='0 11100000 = -95 (wrong) Overflow has agcneed

Here the result 13 incorrect. Overllow has oocursed and yet there it no carry o indicale *n rrres.
For this caie ihe overllow Nag would be set, Alto consider the addition of lwa nzgative numbrra,

5= Li1l tal
Jh = 1111 O0UD

Ca ] (1101011 = 2] comect

Notice that the ungwer is correst bul the carry is 2t #a that this lag can not he wsed 44500 G
Muw indweator, 1o this case the overfow would not be set. -

For logrcal onerations (AND, CR, XOR) this Mag {s st if the party af the sevii s2ser iy 1o
resel if 1l is odd,

There are 2is0 two non-1estable bity in the Nag register. Borh of these are used fur BOCD soithon=tic, Vi A
1y Ml carry (H) — This I the BCD carry of burraw result from the least slganifi ant tour Lits ol orerrioen.

When using the DAA {Decimal Adjust instruction} this flag is vsed 10 corret the it o 2
previous packed decinal add or sebiract.

2) Subteact Flug (N) — Slnce the algorithm lor cotrecting BCD operations fs ¢HTeient for pliitio,

subitraciion, this flag is veed to specify what type of instruction was exsuted s Lot is,
. DAA operation will be correct for either #ddilion or subtraztion,

The Flag register gan be accesaed by the progrommer and i1 fornnmal is 25 fullows:

CsTzIx{un|xTennTe '

X means flag is indeterminate.
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Table £0-t 1ixts how each flag Bt i affecied by vanouws (U instructions In this t_;hlu':_ 8 'rndicttfs
ihat the instruction @oes nol change the flig, o0 X means thet <hs fy 7065 10 49 indondominue state, a°'lr

. tosany thal it is reset, a *1' means tnat (b1 set and the syiabad “3' muicatag that it it see oy 1238 according (o
" ihie previnus discussion. Faate thal diy NSIFUCLLA ADY & PPeailng in Lhis bie does not 2fledt any of trs flage

Table 6,01 includes o few special cracs Fe? oot be *ozribed 30 Sadily, Hotice thai the dhock gesich
instruction sets the Z Mag if the a5t campare operation indi~ated 3 mar-h belween the source snd line
recumylator dale Alwd, the parily Mag is w2t il the b yte roclize (reginer pair BC) is not squal 1o zexo, This
sa.ng vin of the perity flag is made with the b'ock move instructions. Anolher special case 15 during black
‘roul of oulprt instructions, here the Z Mag is used to indicate e state of register 8 which 5 used as 2 byts
o nter, Notice thal when the 1/ tlock transfer is complets, the 2zra flag will be reset 1o 8 tevo (e 2=0)
while in the case of a block move command the panity {ag is reset when the aperation i camplete. A fina!
myse is when the refresh or I register is loaded inlo the secumulator, the iaterrupt enable flip Nop is deadiad
inta the parity flug so that the complete state o the OV ey, Le saved 1t any time.
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I3 - v
Latruction Cll’-mﬂlﬂ’ iy l| Comments . .
AL ALy, ADC AS :‘I[\’H—Eﬂ t 1 bt add or aid with cacry
SUB », S5C A, 5, CF 1, NEG prav]eirie | Sbisuberact, swbimct with camy, compaze snd

. I i megate eeetmulator

AND 4 el E[P t[0]1 |} Loges! operniions
OR v, XOR 4 Q1:P[$]0]0 | And set's different ap
INC 4 s[t|viziolt | abnincrement .
1% m wlplVls1ts | Abic docrement
ALD DD, o Ploin|e|0X | 16bit sdd
ADC HL gy FREIVIITOIN | 1A-blt dd with caery
TR HE “eltiviein|x 16 Wl subtrael with caery
W2 AT RLCA. RARA RRCA tfi',- &« |00 Rotme accumuleug '
RL a1 m: Rl an, kECm | I PFtlﬂ[ﬂ' Totats wnd shift locanins

WA, SHA mSRE m ! : !‘ j
RLIK RRD 3P 1:0:0 | Rolaie @igt lef1 end right
DAL H :".Ir"_:lilt E Lhectnd adjusl Lcumuiazar

L P ﬁil!viifl ' Complemient acoumulz,
SCF p 1w = Bi0 Seiiny O
EF Liapele MX I Compiemenl carmy
BN (] 413705006 "rpun reghaet ndirect
L Tl QUTT, O N l 'f;.x-?{!ljx ! Hel inpul and outpur
£R; INDR; OTIR, (DR slt)X!In i i Zarird sloterie Za
LD, LD aly, v aig 55 ek ransfer lnstaet.
LR, DGR 2| X|NEAND G WY DR O, ke rwa £ 25
CH, CFta CPD, CPOE + :Et |K{ 4 IX WOk mean b matfructigna

I AL B T Zola=fUL), wthrwael =
' . I : } A= L BC w0 therwma W =1}
LD A, I LD AR #1411 P01 The content tf 2z futerrup: ensste My fion (115
f ! i I by g oed Bte T TV ag )

T b SITGXIN0E 3 The stute o bit bt locstica g = copied th00 Y T 7'y
NEL I tithvish ¢! Hegate neguinulatir

The fullowing notation 3 uid in this table:

Evmbal

<
4
5
Y

3 RAEFELTT Slii= e

Operation
C-I.llrﬂ.l.ﬂ.t ﬂ"‘- =1 if v ﬂﬂflﬂﬂ’nﬂm Ty e v WY U MI.'I!E Wi TR,
Tarn Tag T=11f vy myult of the st erion b 2emo,
Srga fie Sm] UF the BES of S et 1 Be.

Farcy orLweaCuw an Panhp IF) sed o8 un 2¥) chirr ‘hn - Pap Tomfipl Ofc-s porc g sl d g 500
LR RT TSR SRS S U IR Rt UL TUY LN 19 P L iy R ety
e apet e, T o G PRI L G e AL e, VIVl LT T L L ke L
e 2 BT M et preduar AR oriiiow, '

‘Latfecary rp, M U Lo *dd o wnbitinct o o peoduced CAICF Ity 00 Ltsctem Samn ol BIL & G2 oo 81 0ol
I.(‘{'r's,u't.|lrki Big War jf thn nreviouy o on wag w mub it B

1 and N flagy wn wied In ooaune 0o w00 e daognud mtee sl nie o 1234 AT Lu proyady Sramf (e e
WL e pa et O (oremad Fusfvmamg sdifiasn O gty oo o uhgd Oprar g W et 4 h Ly, e

T Hapin afTected bogeenbfd 13 e ol OF Cum operrunga
TRE L 0 e up Dy ST Lo,
LLALURTIE AR LY, T LU
Mg Rrrrs et TY 0 wpamiun,
"o 4 e =" did Y fear,™ '
VIVE am gt W ding Lo ik ot P redilt of tha opacanon,
UV lap Jteeim s Loy Pe e pEACY ] L F phy L Iy
Ly wer of te U seeatenr AR C T, ¥ H L
s 5 bl Yagutran P sl thn s dornpiy, L0008 aRiveael Fur rhop pitlonlg leyiroLlian
A e i bens ot Fut alf T 1 AT g S s wig e Tor Lt i rar Hay,, )
Aoy auue of (oo Pwd wde s pegators UG or BY.
L R RIE S
2k et n reage <, 134

16 5l walug Le raoge =0, FLLEL
Ay S=bit Macuiton for Jlf rhae et dreeung Wendis slomed o the pass ioibar ot ciics .

SUMMARY OF FLAG CPERATIAN
TAHLU 291
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7.0 SUMMARY OF OP CODES AND EXECUTION TIMES

The following section gives s summary of the Z-80 instevctions set. The instiuctions are logcally I-n‘lnmd
into groups 15 shown on lables 7.0-1 through 7,0:11, Each 1ahle shows the sassembly larguags maemones

OP code, the actual OF code, Lhe svmnbolic operatien, the conseat of the flag register folivwing the tress.
tion of each instruction, the number of bytes required for ¢ach insiuction as well as M numoed of Temony
cycles and the tolzl pumber of T states {ex12 03" chok pesinds) tequired for the [etching and cxsaution cf
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NOTES:
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Ensamhliaedort:

La mayorfa de los microprocesadores que se encuentran en el mey
cado tienen como soporte de programacifn programas que facili-
tan al usuvario la tarea de introducir y ejecutar sus programas,
entre Bs5tos se tiene a monitores, editores, ensambladores, tra-

ductores, intérpretes y compiladores,.

El propbsitc de esta plﬁtica serd 21 conocer la actividad del -

' \
programa llamado monitor y la del ensamblador.
Monitor:

Un monitor nos permite por lo regular introducir cédigo a memo

ria, desplegarlo er alghin tipe de display, cambiarle, aumentar-

10 o reducirlo, coplarlo de una seccisn de memoria a otra, obser
var el contenido de 1os registros del sistema, agregar puntos

d& ruptura (break points) para monitorear al programa vy por f!l-

timo ejecutarlo a partir de una direccifbn dada por el usuario.

Este programa {por lo regular pequefio) recibe de un teletipo ¢
pantalla comandos de un carficter, y consta de algunas rutinas
de utileria para apoyar en cierto ‘mode al usuario. Por eiemplo:

conversidn de cddigos ASCII-BCD, BCD-ASCTI.

La entrada comunmeénte se realiza introduciendo en ASCII e! pro-
grama en cddigo de miquina, representacidn hexadecimal, Ias ra-

tinas de apoyo traducen el ASCIT al hexadecimal correspondien-
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te {representacién interna), ocupando 4 bits de cada carlcter.
Una vez terminada la inserci6n del :programa, éste pusde ejecu--
tarse. Esta labor es cempleja ya-que e) usuvaric cada vez . intrg
duce todo el cﬁ&ign del programa en forma numérica, lo cual in-

crementa la posibilidad de falla, ' Tt

Ensamblador:

El programa ensamblador surge de 1a necesidad de facilitar la

interfase entre hombre-mfquina. Varios son sus propdsitos pero
quizfis el mfis importante es ol de facilitar 1a escritura ¥ che-
queo del flujo de un programa, va que la entrada al ensambla-
dor se realiza utilizande mneménicos fiAcilmente reconocibles y
memorizables por el usuario en lugar de los c¢Bdigos de maquina

correspondientes,

Varias son las rutinas que integran al programa ensamblader, la
primera denominada scanner lee una linea de c6dipe revisando
formato previamente establecide. (Libre o fijo) pudiendo dis-

criminar cédiges vilidos de etiquetas.

Ura etiqueta simplemente representa el nombre de una direccisn,

a la que, durante ¢l desarrollo del programa se hard mencifn.

La segunda rutina tiene como finalidad la formacién del cddigo

correspondiente al mnembnico de entrada dejando libres las lo-

calidades que requieran posteriormente ser resueltas.



5-3 WRITING TO THE DISPIAY
bt
The following program causes the character “8" to move

from Tight to left across the display.

2000 3E GO D A,00H

2002 D3 88 OUT  {B8H).A {ACTIVATE ALL SEGMENTS
2004 3E 01 b 4,0IH

2006 D3 8C LOGP: OUT  (BCH),A  ;SELECT FIRST DIGIT
2008 CD 4P 06 CALL D2OMS

200B CD 4P 06 - CALL D20MS

200E CD 4F 06 . CALL DzoMS

2011 €D &F 06 CALL D2OMS .

201k CD 4F 06 CALL D20MS ;DELAY APPROX 100MS
2017 07 RICA - tROTATE PO NEXT DIGIT
2018 18 EC JR  1LOoOP-3  ;LOOP BACK

Enter the program and Execute address EDDG.. Use MON
key to return to ZBUG. This is not a good program to Single
Step through, as the Single Step routines uge the display which

degtroys the “8" character loaded in the firs+t twp instructicns.

5-4 INTERRUPT DRIVEN DELAY

The fcilnwing program uses Channel zero of the Z80-CTC
to interrupt after a fixe& delay, rather than th& software
tining loop (D204S) used in the previous example, This pro-
¢ram uses the 280 Mode 2 interrupts in which the interrupting

“2vice sends in a vector during the Interrupt Acknowledge

5-7
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TeL L et LWt Mimas ose uphre en tuilans de informacidén, la

Letmera 2o codigenr de traduccibn de mnembnico a cbdige de mi-
guina, la segunda (tabla de etiquetas) lleva el recuento de las
direcciones a las que se ha asignado un nombre especial o sea

¢l nombre etigueta.

Ln general la mayoria de los ensambladores 1een'varias veces

(2 veces) el programa escrito en mnembnicos para completar aque
llas localidades que €n pasos nntériures no pudieron ser resuel
ros. A csta actividad 1a bibliografia se refiere como nimero

de pasadas del ensamblador.
A continuacibn se muestra la salida del ensamblador habiendo

ensamblado correctamente un programa cualguiera,
En los listados znteriores observamos la salida del programa en

samblador, en ella la primer ceolumna nos indica la direccién f}1
sica en donde fueron ensamblados los cddigos de mAquina de la
segunda colunna, los gue ha su vez corresponden 2 los mnembni—

cps utilizados por el usuario, en la mismz linea del programa.
Errores:

Otra rutina del programa ensamblador a la cual puede llamarse en
cudalgquier instante es la rutina de error la cual contabiliza los
errores del usuaric haciéndocelo saber al firal. Son errores:
la inclusi&n de mnembnicos no establecidos, la definicién de etl
quetas fuera de la sintaxis aceptﬁdu, los saltes o llamadas a

subrutina a etiquetas inexistentes, etc.

A continuacifn se analizarin los siguientes programas con la fi-
ralidad de introducirnos a la programacidn con los mnemfnicoes del

sistema 2-80, estos programas serin explicados en el curso.
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Accumulator is rotated left once each time the break-

point is.encountered. Reset usinftg 31 to clear CTC.

s INTERRUPT DRIVEN DEIAY

2000 3E 21
2002 ED 47
2004 31 00 23
2007 3E 00
2009 D3 B4
200B 3E AS
200D D3 8&

200F 3E FF
2011 D3 B4

- 2013 3E 01

2015 ED SE
2017 FB

2018 76

2019 C3 17 20

LOOPs

ORG  2000H
LD A,21H
ID I,A pINITIALIZE I=21

1D SP,2300H jINITIALIZE STACK POINTER

ID A,00H

LD {84H),A ;CTC VECTOR

LD  A,DASH . _

OUT (BY4H),A CONFIGURE CTC-SEE PAGE 26
{OF MICRO REFERENCE MANUAL

LD - A,OFFH

OUT {84H),A

b  A,01K :
M 2 f
ET

HALT

JP  LOOP

t TABLE OF INTERRUPT SERYICE ROUTINES

2100 00 22

s INTERRUPT SERVICE ROUTINE !

2200 FB
2201 07
2202 ED 4D

¥l 1ENABLE INTERRUPTS

RICA 1ROTATE ACGUﬁUIATDR

RETI +RETURN FROM INTERRUPT CLEAR
1 CTC

5-9
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5.5 nE2ATE AN INTERRUPT FROM THE PIO ! h :

Place a 10K ohm pull-up resistor from ASTRE (marked near
wire wrap area) to +5 volts, Enter the following program that
initializes the PI0 to accepi an Interrupt on the A Port., Get
a BREAKPOINT at 2200 and Exscute from 2000, The display will
go dark as the ZBO-CPU has executed the HALT instruction.

Take a clip lead and momentarily touch ESTRE to GND, which
will cause a PIO interrupt and the breakpoint should be dis-
played. For more details on thﬁ 280-PI0 opefation, see the
MOSTEK or Zileg PIC Technical Manual.

tPIO INTERRUPT TEST
2000 3E 21 1D A,21H
2002 ED 47 Lb I,A yINITIALIZE I
2004 3E 00 . LD A,00 '
2006 D3 82 OUT (B82H),A VECTOR
2008 3E LF 1D A,4FH JSET UP PIO FOR INFUT
200A D3 82 OUT (82H),A ;MODE - SEE PAGE 25 OF MI-
200C 3E 87 LD A,87H ;CRO REF MANUAL MODE TWO
200E D3 82 QUT ({82H),A INTERRUPTS
2010 ED 58 IM 2
2012 FEB "EI
2013 76 HALT

t INTERRUPT SERVICE ROUTINE TABLE
2100 00 22

5=10



; INTERRUPT SERVICE ROUTINE
2200 PB EI « - ]

,

2201 ED 4D RETI . JRETURN AND CLEAR PIO

5-6 USING THE Z80 STARTER KIT AS AN EPROM PROGRAMMER

Due to limitations in the memory allotted for the zﬁbu
Monitor, (it had to fit in a 2K byte ROM) some restrictions
were placed on the operation of the EPROM programmer. These
restrictions are fully documented in Section 3-13 and should
not hinder the average user of the Z80 STARTER KIT. -

.Shauld a user desire to program the entire contents of
a 2758 (1024 bytes) or a 2716 (2048 bytes) EPRCM, the abave
menticned restrictions need to be ramoved. The following two
examplie programs give the uﬁer the capability of copying any
block of memory to any other block of m;mcry, plus allowing
any RAM locatlon to be the source of data for the EPROM pro-
gramme?.r These programs can be put on cassette tape to be
loaded inte RAM when needed, or they can be put into EPROM
in the PROM1 socket for on-line use.

The first program is a copy utility based on the Z50
bleck move instruetion. It can-be used tc copy & block of
data from any memory location (source dataf to any new mem-
ory lecation (destination data). It can alsc be uaed to copy
the data from an EPROM in either socket PROM1 or PROM2 into
AAM for minor modification before re-programming. To use the
Yollowing program initialize the 280 registers using the REG
XAM key as follows: '

5-11
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Socauce iae Sy 58/2716 EPROMs ecan se programmed a block

o1 section at a time, the capability is provided by the ini-

tislizatlion of 23C2H and 23C3H to start the programming at

any address in the EPROM.

This feature

can ke used to pro-

sram 3 full 2K byte EPROM with less than 1K of RAM in the

4
stanQé?ﬂ kit by programming the EPROM a amection at a time.

2000 3E
.. 2002 32
. 2005 E5

2006 C1
2007 E5

2008 3A

2008 67

200C 3A

200F 6F

2010 3A

2013 57

2014 3A

2017 5F

2018 3E

' 2014 D3
201C 3E
201E D3
201F 3E

01
DA 23

co 23
c1 23
c2 23
¢3 23
25
86
CB

86
80

1 FROGRAM TO MOVE ANY

i SPTARTING ADDRESS IN

Cl2:

Gl2A;

LD A,C1H
LD . (PRFLGC).A

PUSH HL

POP BC

PUSH HL

1D A, {23COH)
ID H,A

LD A,{(23C1H)
LD L,A

LD A, (23C2H)
1D D,A

LD  4,{23C3H)
LD E,A '
LD A,25H
OUT  (86H),A
LD  A,203D
OUT (86H),A
LD A, B0H

5-13.

RAM BIOCK TO ANY
EPROM

1 SET PROM PROG PLG
;) BYTE COUNT IN HL

1 SAVE IT

1 SOURCE DATA

tDESTINATION DATA

tCTC FOR 26 MS
12C/TC, NO INTR

i TIME CONST
tCLEAR DISPILAY, SET



2022 D3 8C OUT (DIGIH),A ;PROM PROG EN = 1

2024 ED AO DI sWAIT STATE INSERTED
2026 3E 00 I A,0CH tUNTIL CTC TIMES TWICE
2028 D3 8C | OUT (DIGLH),A i;CLEAR PROM FROG EN
202A 3E- 03 LD A,O03H tRESET CTC2

202C D3 86 OUT (86),A

202E EA 18 20 JP PE,C12A  1TO0P BACK IF BC-1 NE O
2031 C1 POP BC sRESTORE BYTE COUNT
2032 34 CO 23 1D A,{23C0H)

2035 67 ID H,A

2036 3A C1 23 LD  A,(23CiH) SOURCE DATA

2039 6F D LA

203A 34 C2 23 LD A, (23C2H)

203D 57 1 D,A

203E 3A C3 23 LD A,(23C3H) :DEST DATA

2041 5F 1D E,A

2042 €3 p& 06 JP  (CCS12B yUSE ROM CODE

5-14
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ST LA Y MULVIPLY = 230 LISTING

2g

TINE IN

PRCGRAM  INSTRUCTION .
LABEL IAKESIDNICS OPERAND FIELD COMMENTS BYTES us$EC
1 MLTPLY: Lo BC, 00H :CLEAR PARTIAL SUM 3 4.0
- LD DE BOH ‘BUFFER IN ALTER— 3 4.0
1, Lo HL,00H :NATE RECISTER SET. 3 .- 20
4, EXX 1 1.6
5 LD BC,1800H :LOAD B YITH 24 3 6.0
2 ALCOR: LD AJAPART+2) 3 2.8
7 AND 01H ; RETAUB Lsg 2 28
g, (0 C ;COMPARE WITH PREVIOUS 1 1.6
n, LD C.A ;LSB & SWAP OLD/NEW 1 1.6
13, Jn ZSHIFT ;DOES CURRENT*PREVIOUS? 2 48728
1. DA A 1 1.6
12 LD HL,(BPART+2} 3 4.0
11, JR 2,ADD : ADD IF LSB IS 0 2 48728
4 EXX  SUSTRACT MAND FROM 1 1.4
=" N LY { L‘ T
1 () Uiy | A1) —

L]
[ L AL LL L Y | - —— e -

TRIPLE PRECISION BINARY MULTIPLY — Z80 LISTING (CONTINUED) 7¢

INSTRUCTION

PROGRAM TIME N
LABEL MNEMONICS OPERAND FIELD COMMENTS BYTES  uSEC

15, LD AD :PARTIAL SUM 1 1.5

16. sum’ {HL} :SUB. LS BYTE 1 23

17, LD oA SAVE IT IN D 1 16

19, DEC HL :DECREMENT B PART 1 2.4 :
19, LD A.C 1 1.6 :
20, SBC (HL) ;SUD. IIDDLE BYTES 1 2.8 i
21. LD C.A (SAVEITING 1 1.6 '
22 OEC HL . i 24 .
21, LD AB . 1 16 :
2, $BC {RL) :SUB. M3 BYTE R T 2.2 ;
20, LD 8 A CLSAVEIT IN G 1 1.6
25, JR SHIFTO ;GO TO SHIFT 1 A8 E
27. ADD: EXX :ADD MAND TO PARTIAL 3 1.6
23, s AD 1 5UM i 1.8 .
79. ALD [HL) ;ADD LS BYTE 1 2.8 |
10. LD 0.A ‘ZAVE RESULTSIND i 16 . %
31 DEC HL 1 24 :
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TRIFLE PHECTSIUN BINARY MULT!FLY 280 LISTI.NG iCDNTINUED:‘

PACGRAM  INSTAUCTION TIME IN
LABEL MREMNONICS OFERAND FIELD - COMMENTS BYTES HSEC
32, LD AC " iLOAD MIDDLE DYTE FRCM C 1 1.8
3, ADC {HL) SA‘U’E TING 1 28
aa, LD C.A 3 1.0
35, DEC HL 1 2.4
36, LD A ) 1 15
37. ADC {HLI ;ADD WS BYTE 1 23
3. LD 8.4 . JSAVE ITING 1 1.5
39, SHIFTO: EXX ; SWAP REGISTERS 1 1.6
33, SHIFT: LD HL, APART :LOAD A PART POINTER 1 4.0
A, SRA HL y 24
42, ] NG HL 1 24
a3, - RR (HL) . . 2 6.0
ad, NG HL 1 2.4
45, "R {HL) 2 6.0
46, EXX JEWAP & SHIFT PARTIAL SUM 1 1.6
a7, SAA B 1.2
N e et ot e }'\,ﬂ ) FJ ,JV(' r?,f‘:} ._) e rsaptt e s amt st st
ey R __'_f'! IS ":_.._';. e e s A et 47 4 v Ao bt 1w £ <1 -
TRIPLE PRECISION BINARY MULTIPLY — ZE0 LISTHNG (CONTINUED) B
:
PROGRAM  INSTRUETION TINE ity
LABEL MNEMONICS OPERAND FIELD COMMENTS BYTES MSEC ;
Al _ . AR c 2 12 '
40, RR D 2 12 :
oo, AR E 2 iz
N RA H 7 37
52, nR L 7 17
53 EXX 1 1.6 :
5. DINZ MLOOP ' REPEAT UNLESS DONE 2 5.2/2.2
55, DONE; Exx 1 1.0
G5, Lo HL P JBAVE ACSULY IN MEMORY 3 4.0 'L
L7 LD {HL,O (ETARTING AT P 1 iz .
et INC HL 1 24 :
5a, LD - {HLLE 1 24 f
£o. ING HL 1 2.4 :
AN LD HLLD 1 X :
o \NE HL 1 2.4
53. Lo (HL1E 1 28 ]
‘
e NI SO
- RGN s It N i St L o) ~ —

8o

A p—— - ==

fe mAA g mam saL R s m o4 momEm Wl oETEew

4



Pl TUUR AR HIULTIOLY - 780 L ISTING (CeNnTINvED) 84

-

. ROGRAM  INSTRUCTION . TIVE '
L LABEL MNEMODNICS OPERAND FIELD COMMENTS BYTES f‘-’*f'-‘-
Do ING HL 1 24
e LD {HL}LH + 2.k
i) {0 HL 1 24
RS LD fHL)LL 1 28
SEARCH A MEMORY BLOCK FOR A SUBSTRING ~ 200 LISTING 70 .
PROGRAM INSTRUGCTION TIVE IN
LAKEL MNEMONCS OPERAND FIELD COMMENTS BYTES  pSEC
1. SEARCH: LD HL, BP ;IMITIALIZE BLOCK POINTERA  § 4.0
2, LD 1%, 5P ANITIALIZE SUBSTRING POINTER A 56
3, (Nal D.AsL AMITIALIZE SUMSTRING LENGTH 2 24
4. Lo BCALNGT ANITIALIZE DLOCK LEMNGTH 3 a.0
L. LLOPI: Lo ISVOP] HL AAVE GLGCK PGINTER 3 L
8. P2 LD AIX40) GETSS BYTE 3 1.6
£ cPl COMPATIE WITH BLOCK VALUE 2 G4
I IR ZMATCH =S JHLY = & MATCH FOUND 2 2.8
9. JP PE. LOOPT MNOMATEI CHICK NEXT BYTE. 3 &0
10, Jt LMDBLK-3 | NO MATCH END OF BLOCK 2 AE
1. COMT: Ex AF 4F RESTORE STATUS FRGM CP| 1 1.6
1? Ji MZIENDBLK~$ LLOCK END 14IT BEFQNE SSEND 2 28
13. tNE 1X INCRIMENT SUDSTRING POINTER 2 a0 '
14, I8 PZ-% LHECK NEXT BYTE 2 ap ;
15. ENDALK: LD L 000 NOMATSH HCTURN WITH HL=0 3 'y :
1, Jid DONE —§ ) a8 !
1%, MATCH: EX AF AF" SAVE STATUS FROM CPI 1 18 |
. DEC o DECREMINT $5 LENGTH 1 1.6 !
16, JE NZ CONT-5 | IF NOT ZEN0 CONTINUE 2 a.g J'
MATOCIING F
20 Lo HL 5V DR MATEH HETUIN ALaSVAP k| G4 E
21. DONE: )
Vi

-
T gy
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SiSTEMAS INTEGRADOS EN INGENIERIA

L

Frecuentemente, el diseiador, de un sistema debe de anfrentarse a
. ) 1

la alternativa de diseiar desde el nivel bisico de "chips® o a -
base de sistemas integrados que cumplan una funcién esvecifica.

Estatﬁltima alternativa se presenta con mayor facilidad en el -~
drea de los microvrocesadores porque el “software”™ permite adan-
tar con facilidad un gruno de periféricos a las necegidades de -
un problema especifico, Los oroblemas de contrql industrial: ma-
nejo de dispeositivos electro-mecdnicos, actisticos y opteros; co-
municacién de datos y otros afines, no son mis que el condiciona
mientc y transformacidn de seflales, S1 dato se Huede lograr an -
forma digital {como casi siempre e3 —osible hacerlo} un micronro
cesador es la herramienta mis adecuada. En estes sentido hay gque

considerar los siguientes Puntos:

1}  Velocidad de muestreq.

2) Compleijidad del nroceso.

En base a &s3t0, €8 posible decidir si es factible cavtar y “roce
gar la-informacién a un pamo asuficiente, Para elle hay que consi
derar el tipo de convertidos y el micromrocesador a utilizar.

Hoy dIa,_g; canvurtiQnr mis veloz de sefiales analdgico a digitn-

les utiliza cerca de 50 nanosegundos para obtener 8 bits. Esto -

-

nos permite muestrear a 20 MHE, Sin embargo, un nroceao de onera

cldn sobre este tipo de muestras requarirfa de un procesador con
un ¢iclo de miquina de 50 nicosegundos (si suponemos mil onera-
cionas por muestra). S6lo los nrocesadores m&s sofiaticados (y -
ningfin micro) mson cavaces de alcanzar tales velocidades. El esta
do del arte nos permite manejar anchos de banda reales de hasta

20 KHZ. (Ver 2320}.
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La mayor parte de laa aplicaciones (o al mencs una narte impurtaﬂ
te del esnectro de anlicaciones) no requieren de un ancho dﬁ ban-
da tan'amplic.rﬂl nrogesador Z80, con 4MHZ en su ciclo Eﬁsicﬂ. -
abharca un anche de banda aue:alcanza hasta.40 mil mueatrasfseg:
( 50 operaciones/muestra) para un ancho de banda efectivo de 20
RHZ. Si consideramos 200 aperaciones/muestra, el ancho de banda -

haja hasta S5KHZ.

Una vez establacido el tiuo de proceso, es negemarie selecclonar
el tino de sub-sistemas a usar y la forma de programar el procesa
dor en cuestidn. En el texto g€ menclgnarin disnositives de con-
versitn gue permiten obtener hasta 180,000 Mmuestras/aeg. A midxima
velﬁcidad, el ZB0 nuedas ejecutar cerca de 10 instrucciones/mues-

tra,

ESTANDARES EN MICROSISTEMAS

En la actualidad, cada fabricante de microcomputadoras utiliza -
sus propios canales de comunicacidn interna (o busea), Por razo-
nes hiatdricas, sin embargo, dos-de ellos gobresalen por su  am-

pliEa definiciédn y utilizacidén:

1} Multibus

r-'-!'l.i!l.- ® Vo

2}  §-100

4

El primeéo ea usado p;r INTEL,.NhTIGHRL y algunos ﬁtfpu_fabricaﬂ
tes. El canal S-lﬂd; gin embargo, ha sido adoptado por una gran
cantiﬁad de fabricantes y es en &€l en el que nos enfocaremos. En
las figuras 1 a 4 se muestran las caracterfsticas hel canal S-100
Para nosotroa, el interés de este estdndar radica en el hecho de
que exlisten al NEn;S las siguientes tarietas compatibles con di-

cho canal:



a)
k)
c)
d)
a)
£}
g)
h}

i}
1)
k)
1)

m)

Sistema
Sistema
Sistem?
Sistema
Sistema
Sistema
Sistema

Sistema

con relé&s).

Sistema
Sistema
Sistema
Sistema
Sistema
Sistema
Sistema
Sistema

Sistema

de
de
de
de

de

o

arpcesador central.
memoria (4K} RAM.

memoria (16K) RAM.
memoria (64K) RAM.

memoria [(BK) ROM.

nrogramador de ROM's.,

de

de

de
de
de
de
de
de
de
de

de

Duertos parélelos.

nuertos eléctricamente aisladoa {opto-acoplados ¥y

gré&ficas a monitor,

conversidn a video.

interfaz a grabaddra {cagsette) .
interfaz a disco flexible,

conversidn A/D v D/A.

puertos serie y paralelo.

secuenciadores a base de interrunciones.
interfaz a impresora.

coémauto completo {CPU, RAM, ROM, puertos).

Estas tarjetas o sub-sistemas son producidos por, al menos, 10 fa

bricantes

{lo gque garantiza su permanencia) y fluctlan en costos

entre 200 y 300 d8lares avroximadamente, De esta manera, producir

un dispositive gue muestree una sefial analdgica, est& aislado de -

+

altos voltajes y accione uno o varios motores de waso, imnlica se

leccionar los mdaduleos adecuados (en este caso a, b, h, my ao; o -

bien g, h, my o), fahricar la fuente de noder correspondiente y

nrogramar €l sistema.
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Ante la lmposibilidad de examinar cada subsistema, hemcs seleccio

nado un ejemplo de diseno que utiliza las siguientes tarjetas:

1} CPU (a}.

2) RaM (c),

3) Interfaz a disco (1}.

4) Interaz serilal/paralelo (m).
5) Secuenciados (o).

€} Interfaz a video (7).

El sistema disefado trabaja, simultdneamente, con una terminal in
teractiva, un nar de discos flexibles, una Impresora y 4 monito-

res de video.

El enlace entre los monitores y el micreoprocesador gse logré a tra
vés de otro tiveo de interfaz: el R5~232. Esta interfaz es muy im-
portante en el drea de los microprocesadores ya gue es virtualﬁeg
te universal. La asignacifén y funcicnes de los 'nins' de este ti-

po de interfaz se muestran en las figuras 5 a 8,

LA INTEGRACION DE UN DISEHOD

Si tomamos en cuenta gue existen tarjetas que se ajustan a estdn-
dares internacionales; que existen suficientes de ellas. . para facl
litar el trabajo de desarrollo y que es factible »roducir solamen
te, en%nnces, algunocs mSdulos especilalizados, verempd.la conve-

niencia de aprovechar al mdximo el diseno modular.

El diseno modular es caracterfstico del diseno usando microoroce-

sadores y se puede resumir en loa siguientes pasos;:

1) Identificacisn del problema.

2] Seleccitn de los mfBdules (o sub-sistemas adecuados).
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3} Disefio de algunc (s} que no existan en &l mercado (normalmen-
te a nivel de alambrado ¢ ‘wire=-wran').

4) Seleccidn del lenguaje de programacidn.

5} Programaci&n del sistema,

6) Pruebas en un simulador/emulador.

7) Modificaciones al sistema (Pasa al punto 6}.

B} Implantacifn filsica.

%) Pruebas y ajustes finales,

Como se menciond anteriormante, la mejor forma de ilustrar estas
etapas es usande un ejemolc de disefio. Este ejemplo utilizd mdédu
los estandar, interfaces y adaptaciones y serd descrito en fun-

cién de los 9 nuntos sefialados.

1. Identificacién del problema.—- Se requiere de un sistema gue

permita cantar informaci®én alfanumérica (nombres y ntmeros). Es-
ta informacidn correspundq a perscnas fifsicas a las gue se asigna
un nfimero. Cada ntmero se Elaaifica en alguno de cuatro grunos'.
Los nftmeros deben desnlegarse en monitores alejados del nunto de

canptura y deben de actualizarse-al mismo tiempo Qque se capturan,

Algunos de ellos deben ser eliminados Belectivamente y deberdn -

desaparecer de los monitcres,

2. Seleccidén de los mfdulos.- Se seleccicﬁaron los sigulentes -

mddulos para el diseno;

a) MSdulo procesador z28§0.

b) Dos mddulos de memoria de 16K cada uno.
¢} Un m@dulo de interfaz a disco.

d) Un mddulo de interfaz a consola.

e) Dos mfdulos nara generacidn de los ciclos de relo]l e interrun
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cién, con dos puertos serie gada uno.

f} Cuatro msdulos de conversidn de R5232 a RS170 (video compues-

to).

3. Disefio adicional.- Se utilizaron monitores comerciales gue -

fueron modificades para enlazarse con RS170.

|

4, BSe selecciont el lenguaje ensamblador ya que era necesario te
ner acceso a los Hispuaitivns del siatema selectivamente {(lo que
elimina casai tndﬁa los comniladores) y deberia mer zltamente efi-

ciente (por 10 gue es preferible a -un intérprete),

S. Programaclidn del mistema.- El sistema fue wrogramado en su -

narte de cantacidn (indicada Dor un * y en 3u parte electrfnical.

6. Pruebas en un simulador.~ Las pruebas se efectuaron exhausti

vamente, pero sin orobar atdn el procesc de interrupgiones.

7. Modificaciones al siaéema.

H. implantaciﬁn fisica.- Se enlazd el sistema con los monitores

via cable coaxial,

9. Pruebas y ajustes.- Se detectaron algunos nroblemas de gin-

cronfa y acoplamiente que fueron corregidos.
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Sistema de Despliegue en Tiempo Real

tUtilizandn un Microprocesador.

L]

Introduccibn. .

!

La misién bisica de cuaiquier computadora -micro, mini
p maxi~ consiste en manejar informacién, bien sea en forma numé-
rica, alfabética o alguna otra (imigenes, sonides, etc.). La com
putadora solo puede manejar“%sgﬁ informacién utilizands transduc
tores, de modo que los digites, sénidos, imfigenes, etc. puedan
representarse digitalmente y en forma codificada. Por este sim-
ple proceso de codificacitn (y su subsecuente decodificacibn) es
posible analizar, reproducir, amplificar, distribuir, etc., etc,
alguna de las infermaciones ya mencionadas. En el caso que nos
ocﬁpa, la informacién a manejar es de indole numbrica (nilmeros
de-dncumentos) Y se deseé convertirla en informacibn visual (des
plegindola en monitores). Esta informacidn debe ser manejada,
adicionalmente, de suerte que pueda ser clasificada, recuperada
¥y exhibida (0 desplegada) en medios impresos y visuales en tiem
po real. Es decir, los datos sonr captados, almacenadogf proce-

sados, impresos, clasificades y desplegados simultfneamente, Pa

ra e€llo se utilizan técnicas de interrupcidn en 'ruund;rﬂbin'.
Ademis, es preciso que la respuesta del sistema no se dégrade
en ningin momento. Esto se logrd usando un sistema de 'stacks'
miltiples y procesamiento en paralelo, como se describe a conti

nuacidn.
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. Definicidn del Problema.

En una dependencia oficial, se manejan documentos que
son identificados con un nfimero de secuencia. IEstns documen-
tos se deben captar y los nimeros correspordientes deben ser desple
gados en monitores de forma tal que el pOblico pueda, ficilmen-
te, localizar el nGmero de! documento. Para ello, los documen-
tos {y sus nlmeros correspondientes) se distribuyen en 4 grupos
Y se¢ asigna un monitor a cada-grupo. Adicionalmente en cada mg
nitor, los nfimeros deben aparecer en orden creciente. Cada mo-
niter debe poder despfegar hasta 500 nfimeros. Los nlmeros debe
rdn ser lo suficientemente grandes para ser de ficil observacifn.
La captacién de los documentes debe poder hacerse simultineamen
te con el despliegue en los monitores, y la impresidn de cier-~
tu; resultados parciales (asi como la captacidn) deben tener es
caza 6 nula influencia en el tiempe de respuesta del sis-

tema.

La captacidn de l¢s documentos deberf estar sujeta a
normas de validaciﬁﬁ'? a restricciones de seguridad, de manera
que el sistema no se dafle por fallas de energis u otras eventug
les, Finalmente, la computadora deberf encontrarse en un lugar
fisicamente alejado de la sala de desplieguc. No s5e desea, sin
embargo, agregar sistemas de transmisifin de datos (tales come

médems) para mantener el costo del sistema en niveles bajos.

/0
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Propuesta,

Para cubrir las necesidades anterigres sefialadas se -

propuso el siguiente equipo b#sico:

1).
2).
3).
4}.
5).
6).

7).

8).
9]).
10}.

11).

12).

Un micropracesador Z8&0.

32 k bytes

Un sistema

Interfaz a

Interfaz a

Interfaz a

de memaria real.

de diskettes de 500 k bytes.
disco.
impresora.

consola,

4 interfaces para puertos serie.

Reloj en tiempo real.

4 interfaces RS5-232 a R.F.

lina consola.

Una impresora.

4 monitores.

Para este equipo, por compuesto, fue necesario desa—

rrollar ¢l 'software’ consecuente, que se divide en 4 sistemas

bisicos.

23.

3).
4).

Sistema
dar.

Sistema
S5istema

Sistema

de

de
de
de

manejo de discos ¥ perif&ricns estén-

tiempe compartido.
captacién,

reportes.
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Con excepcibn de 1los mmnitares,.pndu el sistema se -
encuentra cuntéﬁida en un chasis central, con bus 5-100 y tarjg
tas con reguladores independientes. La fuente general del sis-
tema provee de voltajes no regulados. El enlace entre el pro
cesador central y les monitores se efectfia a través de cable cor
xial de 5C ohms. A continuacifn se hace una breve descripcidn
tanto del thardware' como del 'software'. Nos detendremos, sin

embargo, en los puntos que, creemos son de mayor interés.
5. Hardware.

a). Procesador. E1 CPU trabaja a 4 MHZ y es, bA-
sicamente, una versifn mejorada del 8080 de INTEL. Bl autor ha
tenido oportunidad de comparar ambos sistemas y estima que el -

Z80 del orden de 501 mis eficiente que el 8080,

B). Memoria La memoria es dindmica ¥ se encuen-

tra contenida en 2 tarjetas de 16 k bytes cada una,

c). Interfaz a diskette, Esta interfaz, a dife--
rencia de otros equiﬁbs, no utiliza DMA para hacer transferen—
¢ias a y de disco. Esto degrada al sistema un poce en relacibn
con otros equivalentes que si usan DMA. Sin Embargo; la degra-
dacidn es muy pequefia debido a que el CPU poseee instrucciones
de miquina que permiten tambifén hastz 1,6 megabits/seg. (200 k
bytes/seg.). Puesto que la velocidad de transferencia de un -
Jiskette es de 250 k bytes/seg., la degradacién es de un 20%, -

celativa a un sistema que pudiese transferir, en DMA un ciclo
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d}, Interfaz a Conscla e Impresora. Las interfa-
ces a consola y a impresora son, simplemente, dos puertos serie
y paralelo, respectivamente. (Con circuiteria adicional para -

lograr los niveles estAndar R5-232).

e). Reloj en Tiempo Real. El circuito de relej -
en tiempo real es un dispositivo pregramable,’ con un ciclo mixi
mao dé tiempo de 16.32 milisegundos. Este reloj, ademis, tiene
la caracteristica de poder causar una interrupcidn con la cuen-

ta terminal,

Como es conocido para el ZBO, la parte miAs significa-
tiva de la localidad de interrupcién est4 dada por el contenido
del registro del procesador denominado "Registre I", La parte
menos significativa es definida por el dispositivo que causa le
interrupcién (en este casoc el reloj). En esta aplicacién,
[ = 12H {0001 pﬂlﬂﬂ)

y 1la parte dada por el reloj corresponde a
R = 60y (0110 0000,)

-de forma que la interrupcifn nos lleva a la localidad .

¢l» <R>» = JZ&DH

En esta localidad se encuentra un apuntadoer a la rutil
, EY

na de interrupcifn,

1

El proceso de concitenacibn y llamude & Ia localidad
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de servicio de la interrupcidn son dades ppr el 'hardware' del
pProcesador, aut;mﬁticamEnte. .

f}. Interfaz R5-232 a R.F. En esta aplicacién,
los monitores deben ser lo suficientemente grandes como para fa
cilitar la observacidn por parte del usvario. Se especificaron,
pues, pantallas de mis de 19 pulgadas. Comp se sabe, las termi
nales de video esté&ndar no alcanza estas dimensiones. Debido a
elle, fue necesario adaptar un monitor comercial y proveerle de
la lﬁgica necéﬁaria_para que €ste. actuara como terminal de des-
pliegue. Esto implice que, al sistema del tubo de rayos catédi

cos se .le anexen:

1}. Un generador de caracteres.

2). Memoria suficienté para almac;nar la pégina de des
.pliegue.

3). Un genEradﬁr de R,F, tal que la informacidn almacg
nada se concentre én una seflal de video suscepti-
ble de ser "interpretada” por ‘el monitor.

4). Légica de control,

El circuito que se selecciond, hace uso de un micropro
cesador 3870 de Motorola para lograr todas las funciones previas
al punto (3) antes mencionade. Esto permite tener, en un cir-
cuito, toda la electrénica necesaria para, de hecho, implementar
una terminal de video. Por otra parte, €l circuito es compati-
ble con el bus estfindar del computador [S-ldﬂ), lo cuallpermite

caonservar la modularidad del sistema.
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La tarjeta, pues, recibe informacifn serial RS-232 a

e

300 bauds y convierte esta inforemcién en caracteres que alma-
cena en una péigina de memoria, y los cuales envian en una sefial

de video compuesto al monitor de despliegue.

Debe hacerse notar gque 1la informacidn que se desplie-
ga es diferente para cada uno de los monitores y que transmite
a 3C0 Eﬁﬁds impone serias restricciones al sistema. (Para es-
eribdir 4 lineas se pierden cerca de B segundos) sin embargo, por
razones de tiempo de implantacifin {el 5istema, en su totalidad
se¢ implementd en 60 dies) se tuvo que trahajaf con estos siste-
mas lentos. La solucién que se le dif al problema de velocidad

se discute mis adelante._

Un diagrama & bloques de la interfaz a video se mues-

tra en la figura 1.

4. Scftware.

a). Sistema de Manejo de Discos y Periféricos. El
sist-ma operativo'se utilizas para manejar archivos tanto en dis-
cos como aquellos que corresponden a las terminales {de hecho,
cualquier.dispesitivo de E/S, sea disco, impresora ﬁ'algﬁn otro
puede ser tratado como.un archive. Asi se maneja en lenguaies

como COBOL, por ejemplo). Se usan las siguientes rutinas.

1. €Crea archivo,:

21, Selecciona disco,
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+3). Cambia de nombre a archivo.,

4}, Lee de consola.

5). Escribe en consola.

6). Escribe en impresora,.

7). Abre un archive,.

8)., Cierra un archivo..

9}, Lee de un archive.’

10%. Escribe en un archivo.

11)}. Borra un archivo.

El enlace al sistema operativo sigue las convenciones

del sistema CP/M, que se desarroll$ para el 8080 y que se ha con

vertide en un estfindar. (Digital Research}.

b). Sistema de Tiempo Compartido. Este sistema'-
funcivna generando interrupciones gque se reconocen aproximadamen
te cada 2 segundes. La informacidn correspondiente a los nime—
ros que se despliegan en pantalla estd divida en 4 Areas y es
examinada ciclicamente con cada interrupcifn. Con cada ciclo de
'round-robin', se escribe una linea (64 caracteres) si se cumple
alguna de las siguientes condiciones: -

1). Hay informacibn nueva (alghn nfimero fué dado de al
ta o de baja).
2). La cantidad de nlmeros en memoria excede la capagi
dad de despliegue del monitor, (cada monitor dese

pliega 16 1ineas de 64 caracteres cada una).

-
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-

- Los nGmeros Se presentan en orden. numérico ascendente

y se actualizan con cada alta o baja. Es decir, cuando se da -.
de alta un documento, el nfinero se inserta en el lugar cnfres-
pondiente y recorre a todos los subsecuentes un lugar 3 la dere
cha. En el caso ¢e una baja, el .nimero correspondientec se eli-

mina ¥y todns los nmeros -subsecuentes se recorren un lugar a la ¢

- -l -
-

,1zqu1erda. La informacién se "sortea' durante la captac1on, de

' i |.'
manera que este mddulo solamente despliega. 1nformac15nrya actua,

Ta.

v -

llzada.--“‘n L " - T g o2

5 - . : - -

*

+ -u=' JeuComo se menciond anteriurmenté, 1a.ve1dc;§ad_de trans
misién es de. 20 caracteres/seg. Esto implica que se requieren
de un.POCG mis de dos segundos para desplegar 14 nimeros, como

. se ilustra en la figura 2, Si suponemos que.los cuatro monito-
res. requieren de servicio, veremos que el sistema de captacibnm
sélo obtendri el control de procesador marginalmente, ya que las .
interrupciones. se suceden cada 2 segundos.., Esto ocasiona gue el

n

| tiempo de respueta’ se hicierasiftolerantemente grande. Dado que’

1108 mcnitnehlpuedeh.desplegar {eﬁ,dscrolll]mhastaESGD nﬂmerus,

-

* :
o e am e

-~ - no es d1fic11-supﬂnar que al menocs 2 de ellﬂs estan en~act1v1dad

—— == o . <__,_ . _1--_--9-_ - - - —

. ~ o e T M i b u. S o I I

-“constante y él ‘tiemposde: vrespuesta sea; en. promedio. 1naceptable.

Por ello, se adopt# el.siguiente método. -

A N ! . 1 . 1

;rl
c). Sistema de Mfiltiples Stacks. Como es Ceoneci-
-
do, cuande se acepta una interrupcibn, es indispensable guardar
el 'status’ del sistema previo a la interrupcién. Esto. implica,

normalmente, el uso del ‘'stack' para este, almacenamiento. En

operacisn estfindar los pasos que se siguen para el despliegue
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son los siguientesi ) .h 18
1 L O . 1 ;
1), -5e acepta la interrupcidn, footoo TS v

2).~ Se guarda el 'stutus' en el fsrack'.

3). Se toma una linea.de 64 Carﬁcteres de memoria.

4). ‘5i se cumple alguna de las condiciones antes sefia
* ladas se “"escribe” la lfinea en el momento“en tur-
‘no. ' . -
~5), “Se-recupera el '‘status! del ’'stack'. . '

6). Se prosigue en donde habfa entrado la interrupcidn.

T

Eventualmente,.el punto 4 se -lleva, en .ejecucidn,

64 x 1/30 segundos. - (Los -2 segundos que se habian mencionado) . . -

1 ]
L] .
[l - ] .t -
L3 l . "

* .Parn evitar.-una.pérdida de tiempo-tan marcada, se to-
mait las siguientes medidas: - A pia S S P
- . . ' - ¥ P v
- 1).-Se ejecutan los puntes 1 al 4...:5in. embargo,jycuan

do se-escribe un’ cardcter. (el n-Esimo- de H4) se,

guarda este 'status' en un nueve 'stack',.

v 2}. Se habilitan.interrupciones.por:una-condicidén del
UART que indica "carfcter, transmitido™. | « - Py
3). Se regresa al 'stack’ original. - ’ i

4). Se reinstaura ¢! 'status' previo a la interrupcidn.

44
ay

Cuando (después de. 33 300 y segundos) el UART interrum-
pe por carficter transmitide (TRE}, se ini:ia-el'sistema a par-
tir del punto 1. Despuds de 64 interrupciones,, se regresa al

- 4 ;
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modo de reloj {en donde el timer interrumpﬁ) El diagrama de -
flujo se muastra en la figura 3.
N ) i : 4 e

Cun este sistéma,'sﬁ dispone Qu la diferencia entre el
T . - e i ] i .
tiemp> de transmisidn y el de proceso de E/S para precess del pro
J T T S R T S T ..* R '
grama principal. Considerando cerca de I us. por instruccidn,
-\

. .en 33 300 u segs. podemos .ejecutar cerca de 11 008 instruccio—.

.Nes. -+Eumn_xaferenc1a todo el programa es de cerca de 1 500

1 P T & e o _ I s s
instrucciones de ﬂZMEU] am——

"'“"l_... TE O LBIGe"T, npt S 3 Tt
N VI TR R T S 1 S 2 T

El diagrama del proceso seo muestra en la figura 3.

et 3 [P
d). Sistena de Captacidn. La captura de dates se

logra en paralelo con el 51stema de desp11egue en ticmpn real -
REFTR I T Ca ] 1

como ya “se seﬁalﬁ Es esta la parte en la que un nimero se da
bl Mg ? i

de alta o de ba]a. hden&s el mﬁduln de captacifn incluye una

. tav

serie de opciones adicionales que, en conjunto con altas y ba-—

jas son oeho, a saber: .
B T T N I T
. . T e i:n-l r - e | 2R - ke T e .=
1). L {lave. A:tua11zac1ﬁn del pase nl Sistema.
e —y " -l. s apid 14-.p—l L . vln--i_- 4:-1-'-—

"2). M (ensaje. Despliegue de textos en los monitores.
3)._u (espliegue. Vaciado de los contenidos-de archi-

Yo.

4}. G {uarda. Copia la imagen en despliegue de dis-
ca-
-

:54455 Irae. Copia la imagen de disco a memoria..

6}. A (1ta. Toma un documente y lo almacena en un ar

chivo histbrico y tiene, ademfs, 4 opciones:

ey
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i). Despllega el nfinero en el momento indicado.

r

it). Guarda el documento en dlsca. sin d=5p11¢-

Voo S b i L
*

gue.

- .t
] AT Y e

1ii). Toma un documento de.-disco ¥ despliega,

su nlmero en ‘el momento curruspnndiente.
ty . -7 r - .
ig)..Toma todos los documentos de disco Y des -
r 14 - I l. - * +
pliega sus ntmeros e&n ol momento correspon

.r.'

diente.

' .
. . . N -

. . N = St o - ¥ .t . L.-r‘ I T de o -
7). B (aja. Cancela un némero y lo incluye €n un ar-
%

- ‘. -

‘chivo h1stﬁrxcu, con las siguientes opciones:

1). Elimina el nGmero del monitor correspondien

¥ vy s ey . -
te.

ii). Elimina el nGmero de disco.

L] - - 1 -
. C | . - B R

- ' . b ]
a) F (in. C1erra-arch1¥us, dushab111ta reloj e 1nte

] - Ty L -
rrupc1an¢s y entraga cnntrol al sistema upera-
LU T : : ) . -
tivo.

_j‘ Lr [ ] ' R

La opciBn se le indica al sistema tacleanén, simple-

mente, la primera letra. A cont1nuac16n haremos una brevisima

1 4 L 1
F]

descripcibn-de aiguna de las’ opciones. :

-

- La opcibn Llave permite al usuario mcdifica} la cla
ve de entrada al sistema. Ningfin usuario puede ha-
cer uso del sistema si ne proporcigna esta clave au
torizada. '

= : . . . . 4 - - i -
' =~ La opcibn 2 permite enviar textos a los monitores

n L] - - L 1
- : - 1 1
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bajas es posible recopilar la‘siguiente informacién:* -

13

21
" deteniendo, momentfincamente, el 'desplicgue de los

nimeros ¢n los monitores.

— La opcidn 3 permite verificar el centenide del ar—
chivo creado ﬁar ia opcidn ii de la funcidén de al—
tas.

= La opcibn 4 tiene por objeto poder eliminary unas ima-

gen del contenido delcada uno.de.los monitores.- E3

t¢ es necesario cuando se desee interrumplir temporal

mente el despliegue sin tener.que te-cargar todos -

los documéntos.’ % - T .

— Como complemento .2 la opcifn anterior, la opcibn 3
permite restaurar la condicidn de la memoria para
re-inicihr el despliegue,

— Las opciones 6, 7 y 8 se cxplican en su descripcidn.
Hay,. sblo, que hacer notar que toda alta y tolda ba-

ja quedan registradas en archivos gque se manejarin

posteriaoremente. ) o

-'I-l"-- nlhbe ? Lo . - - -‘nl
e}. Sistema de Reportes. A,partir de las altas v

E ) - - o= Al

L_m . . ¢ — -—
T— - . - "

= - 4 - % - -k P : . . B

+

1) . Documentos que estin en disce pero que aln no ‘se
han dade de alta. oo - L

2}. Documentos que estin en despliegue.

3). Documentos que han causado baja porgie han sildo
procesados.

4). Documentos que han causade baja por cancelacidn.

5). Ectadisticas de aquellos documentos que estdn pen’
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dientes de proceso, es decir, aquellos que estiin,

en despliegue,

5., Conclusiones.
]
El sistema antes bosquejado, fue desarrollado tenien-

do.cn mente las sigulentes metas bfisicas:

"1}. Bajo costo. A
2). Corto tiempo de implementacién.
3). Confiabilidad. ' -
- 4Y, Alta eficiencia,
. ~i
Para.lograr alcanzar los cuatro puntos, simultfneamen
te, fue necesario conjuntar equipo y programas que estuvieran -
fuertemente ligados. .Por esta razin, tode el sistema fuc escri
to en cbdigo de mquina utjlizando el ensamblador residente.
Unicamente se escribid un sepmento (el correspondiente al punto
5 del sistema de reportes) en un lenguaje de alto nivel (COBOL).
Coma resultado se lograron eficiencia y economia'en el cBdigo.
Todo el *suftwarp‘ (incluyendo fablas y textos) exceptuando la
parte de reportes, requiere de 5 k bytes. Esta dltima quE.fUﬂ
Ciona "off-line") requiere de 12 k bytes de los cuales las pri-
meras 4 opciones ocupan 3 k y la Gltima (escrita 'en COBOL) re-
quiere de 9 k.
!
De la experiencia adquirida se puede constatar algo

tan trillads ya en la industria electrfnica actual: el uso de mi
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croprocesadores y de circuitos asociados acelera y abarata cnor

memente los desarrollos hibrides (en ieos cufiles 'software’ y -

'hardware' son ambos importantes). Hay que enfatizar, sobre tp

do, que la seleccidn de equipo qué se ajuste a estindares de am

+

plisz aceptacién es un punto clave para la viabilidad de siste—

mas como €l gue aqui se reporta. En nuestro caso esos estinda-

Tes emplezan con el procesador (el Cnmp111dcr COBOL gcnerﬂ cndl

go BD80 que es un subconjunto del Z80), pasando por el canal del

'Dmputador {el BUS E-IUU permltlﬁ canse;u1r el reloj en tiempo

-

real e 1nterfaces sin neces1dad de desarrellarlas) y terminan-

do con el 'software' (el ;umpilador COBOL es ANST, asi como -

Ead +

otros lenguajes; por otra parte usar CP/M permitif usar este -
compilador en particular). Es rqlativamente facil apreciar que

el tlempu de desarrolloc en ctras c1rcun5tanclas hubiera multi-
. 11

plicado el tiempo y sabre*todo eleesfuerzo ¥y costo del sistema.

Es .por experiencias como, €sta que se puede explicar la reticen

"

c¢la justificada a adoptar mﬁqu1naq nuevas que- son 1ncomp1r1ble

- . - "

con otras. * PR b
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CROMEMCO 3K CONTROL BASIC INSTRUCTION MANUAL * . .
d Elements of the Control Basic Language

CHAPTER 3

_Elements of the Control Basic Language
; T .

3.1 Mumbers and Constants

. In Control Basic all numbers are inftegers and must
be less than 32767. MNumbers are stored internally
as 16-bit two's complement (low byte— -high byte).
'For programming and ‘{nput/output,, numbers. are

- T Juxpressed in decimal, hexadecimal,, or, the ASCII
" character code. Haxadecimal numbers are "denoted by
- the character *y*. followed by up to..4 yhexadecinal

digits: For ‘example, %21 -and 33 are bcnth stored
internally as 0019000) ppaeapes; $FFF4 and -12 are
‘both stored iInternally as 1111@lges 1111111). An
ASCII code ({7-Blt) is denckted by a colan (:)
followed by an ASCII character. ' For example, :A
has the value 65 ({or 41H}) and is stored internally
.aither as one byte, 281008081, or as Ltwo bytes,
. elgadenl, seedogag, depending on how Lt is used.

3.2 Varlahles

There are 52 variables denoted by letters A through
Z and A@ through.Z@8. . There is also an array €(I).
The dimension of this array {(i.e., the range of the
index I} is set automatically to make use of all
the memory space that is allocated but left unusad
by the text of the current program (l.e., .® through
SIZE/2; see SIZE function below, AlsSo see section
cw -~ B.l.lyor-8,2.1 on ‘memory allocation.). Each
variEhle and each .element of the array @(I) uses
two bytes of memory si;_q_ged lnw_b:,rte -high byte.

The Same memory Space that {s used to store the
arvay €(I}. can also be accessed, one byte at a
time, through &(J) {or as strings through 3$({J}
where J runs from & through SIZE., That is, &({8) is
, the low byte of @{@), &(l) is the high byte of
w +  8ta)y, &{2} 1is the low byte of @(1l), &{3} 1s the
nigh byte of £(1), etc. Strings of up to 132
characters each can be stored in the same memory
area and are accessed through 5(J). The length W
of the string $({J) is stored in &(J); the 7-bit
ASCIT characters of the string are stored In &{J+1)
through & (J+N). Thus, $(J+N+1) can be another
skring.

B T S
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'The multiple naming of the same memory space 1is
intentional., This not only gives the programmer
the freedom to allocate available memary between
arrays and strings but alsc {s very convenlent for
packing and unpacking data, and for string-
manipulation. ‘

3.3 Functions 1 -t

Control Basie has 1P bullt-in functions, which are

described below. The wvalues returned by these

“functions will always be printed in decimal unless

the user reguests the answer in hex.  This may be

‘done by means' of the format controls of the PRINT
~ command, " section 5.4.1. In the fullowing X and y
. denate varlable ar constant expressions.

- -

Vo« 7 ABS{x)' glves the absolute value of x.

s RND{x} gives a random number Eetwaen 1 andi
' .- " % {inclusive).

T SIZE  glves the numbetr of bytes allocated.
- ~ + to) but left unused by the current.
program 1in the text area. ; See.
section B.,1.1 or B.2.1 for a
di'seussion of memory allocatian.
bl SGN (x) returns a 1 if- x is positive (or
. : ’ . zero} or*a -1 1£'x is negative,

- - - /!

e T AND{i,'y‘]' gives the l6-bit Boolean AND of x
S : . aﬁd'y; !

. OR(x}y)" gives the 16-bit Boolean 1nc1usive
e e L OR of x and Y.

¥
o : .

XOR({x,y) gives the 16-bit Boolean exclusive

Sew . * OR of~-"x and-"y.  Note that
: - XOR(x,%FFtt) gives -the one's
it . x ¢:umplement of x, and -x glives the .

. v two's compl ement’ of' x. {The result

' ' z of this operatien must be “in the
range -32767 < z € 32767. Hence

there is no one's complement of

v o 7FFFH nor two's complement of

’ - 1 EE’BEH.] - )
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r

GET (x) gives the B-bit contents (1 byte) of
memory lecation x. ‘

TIN(X) gives the l-byte value input from..
port x, where f<mx<(=255,

_Lac gives the absolute address uf Elﬁ]p'
o &{B}, and $(9).

B : : y

1,4 Arithmetic and Cnmpare Operators '

B

¥ Control Basic allews the following "operators In
) *uariable and constant exprussinna'

{.. - . ‘ N

e 4 divide. ;-‘; Cux o o '
;H - Pt nultipiy;“or logical AND.™ =
- subtract, or two's cumplemeht.'
+  add, or logical OR.
e .> greater than (compare).
s less than {compare).
= equal to (Ccompare).
§ not equal to (compare).
Yya - gréater than or equal to {compare).
.o S iess'than‘nr equ;1 to {compare).

~ The operations +, -, *, and / result Iin a wvalue
between -32767 and 32767. Results outside this
‘range will® cause an error, and Control Basic will
print "HOW?". All compare operators cesult in a 1
'if true and a 8 Iif false (not true).

In the Logical context, a & is False and any non-
zero value is True. Thus, the add operator {+] is
also- used as loglcal OR, and the multiply operatar
{*} 1is also used as logical AND. For lagical
complement, one may use 0=, - For example:

A+B can mean A COR B.
A*RE can mean A AND E.
g¢=A can mean NOT A.
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4

J.oaf

- -by-bit Boolean
: that if one wants the 16 bit-by
kzﬁe one should use the function AND(A,8) instead

sof the laogical AND just described. The same

applles for Boolean OR and XOR.

Expressions

“
Expressions are formed from numerical elements with
arithmetic or compare operators between them,
Numerical elements include constants (decimal, hex,
or ASCII), varlables, two-byte array elements @ (I},
one-byte array elements &(J), funcrions, and other
expressions in parentheses, A "+™ or a "=" slgn
.can also: be used as a unary operator. The

" hierarchy for evaluating expressions is as fellows:

functiens are evaluated first, then parentheses
{from the innermoest), then multiplication and
division, then addition and subtraction, then the
compare operatiens, Cascaded * and / or cascaded +
and - are evaluated from left to right. Compare
cperators cannot be cascaded., Several commented

examples of both legqal and illegal expressions
follow:

1+2%3 has the value 7, nat 9.

2>1+43 is false and has the value

@ ,(> is used as a compare

gcperator anmd 2 is not

greater than 1+3).

2*%5/3 has the wvalue 3, while
S 2/3*5 is ¢ due to

truncation.

At+-3 . . "is 1Ipvalid, but A>-3 is
allowed.
A<X<B : is 1invalld; ({A<X) * (X<B)

is the proper way o¢f
testing whether- X |is
between & and B,

~_.m (AXBI*X & (A=B)*Y is equal to X if A>8, is

- ggual. to ¥ i{f« A=B, and ls
' equal to 8 if A<B.
(G{B)>=:A)*{&(B)<=:2)*2 + (L{B)>=:0)*{&(8) {=:9)
: has a wvalue of. 2 1f the
) character &i{8) is a letker,
-~ . ) . a value of 1 {f it is -a
. ' : digit, and a value of @
ctherwise, .

18
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| ' CHAPTER 4

Cantrol Basic Syntay

4.1 Control Basic General Syntax
T Ti ) .
" -iThere are a number of special definitions used
throughout this manual as well as -some general
+ rulas of syntax which should. bhe followed when
entering and editing Control Basic programs, The
, definitions of important terms follow:

. r o .

- command - "' o .
Applies to Control Basic keywords which may be
used in gelther direct commands or statements.

! direct command -

: ; Commands which may be typed directly from the
console in response to the Control Basic
promgt.

Statement -
' A numbered line.in a Contral B8asic program
which is composed of pne or several commands.

multiple-command statement - -
A numbered line in a Control Basic program
- which 1e composed of several commands {on the
- ""'same-line}) separated by semi-colons,
‘function - _ C -
-«0One-~of-'ten control structures Intrinsic to
- : Control -Baslc which may be’ used in
expressions, {Nete that commands may not be
used in expressions.)

R— a e -

¢+ gurrent program -
The program which may be entered or edited
directly without first LOADIing it; the pregram
which prints on the censele when “LIST" s
' typed., '

text arteca -

The area of memory reserved for storage af the
current program and the arrays.

11
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There are also a number of rules of syntax to be
followad when entering and editing Contrel Basic
programs. These are sunmarized below:

1. A Control Basic programs conslists of one ot
more numbered statements. The statement
number must be an integer between 1 and 32767,
inclusive,

2. Multiple-command staztements (see abovel must
use semi-celens {;) to separate the commahds.
There are three exceptions to this: GOTO,.
STCOP, and RETURN cannot be followed by a.semi-
colon or other commands; they must be the last
command on any given line,

3. When the direct command "RUN®" is issued, the
Statement with the lowest line number is
executed first, followed by the ane with the
next lewest line number, etc, The statements.

. GOTO, RUN, STOP, GOSUB, and RETURN can alter,

this seguence, hawevar, by causing contrel %o,
branch to a gpecific line number (sae Chapter
5) .

4. Execution ¢of the commands within a multiple-
command statement is from left to right. - The .
IF command is a special case In that if the.
condition tested is false, all commands to the
right of that point will be skipped over and
execution will caontinue with the next line.

5. Spaces {blanks] may be used or omitted freely

but for the following exceptions: constants,

and command and function keywords may not .

contain embedded blarnvs, They may ,be
abbreviated, however; see aectiun 4.2, -

~6. Execution of a running program, or listing of -

. any -type of output may be aborted by pressing..-
the Control-C Key {usually the two keys, CTRL, .

and " C, depressed simultaneously) on the
console input device,

" 7.. Throughout this manual, purtions of example'

pregrams which are underlined. signify that
those expressions are user-typed.

12
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4.2

Abbreviations and Summary of Commands

L]

Control Basic command and function keywbrds may be
abbreviated if desired. Since the Interpreter

stores programs as the actual ASCII ‘characters

which make up the statements and this reguires one

-byte per character (see Memory Allocatiocn

-sections), the abbreviated forms of commands

greatly reduce their memory storage requirements.
This is important LIE the program {s to be stered in

. PROM for future use {(See SAVE and EPROM commands),

For example, the following command line:

.-

18 FOR I=1 TO 19@8 STEP 2.; PRINT I , ; NEXT I
. - . . - .

would perform exactly- - the same function If
abbreviated to the fﬁrm: T

19 F,I=1T0l1P@@5.2;P.1,;NE.I

.

This second line regquires only about half the bytes
for storage as the first line. However, since this
second line is not very legible, it is recommended
that a programmer develop a program using the full-
word commands, and only translate it te the
abbreviated form just prior to programming it Into
PROM.

The abbreviations are formed by truncating several
of the trailing letters and replacing them with, a
period? {.) .~ For example, "P. "BPR.", ""PRI.", and
"PRIN." all stand for .the’ wnrd “PRINT"., 6 Command

" keywords cannot be truncated to a shorter length
‘than’ the minimum abbreviations given ‘below or
‘Contral Basic will print™"WHAT?*T Alsc™ nﬂtu that

the word "LET® in a LET statement may be omitted
altogether. There are three columns in the table
below: the first shows all Control Basic commands,
the second shows only those which may be used in
numbered statements (these may also be used as
direct commands}, and the third column shows the
ten Control Basic Ffunctions. The shortest keyword
abbreviations are:

13
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G

VLRI L EF AN

SDiruct‘Cnmmandq Statements Functions
=AUTORUN AUTORUN=AUTORUN A,.=ABS
’ 3?33253 C.=CALL AND=AND
£.=EPROM G.aGET
F.=FOR F.=FOR s IN=IN
G .=GOTD G.=GCOTO L.=LOC
G05.=GO5UB GOS.GOSUB OR=0R
IF=1IF IF=IF R.~RND
IN,=INPUT TN.=INPUT S,.=SI1ZE
i =LET (implied) =LET {implied) SGN=50N
 L.=LIST ) X.=X0R
Lo, =L0oAD
LOCK=LDOCK
. NEW=NEW
"NE,=NEXT KE.=NE¥T
NU.=NULL
' 0,=0UT 0. =0UT .
P.=PRINT P.=FRINT
PUT=PUT PUT=FUT
0.=QUIT
R.=RDOS
* R.=RETURN R.=RETURN
REM=REM REM=REM
RUN=RUN RUN=RUN
5.=5AVE ,
S;=STEE 5. =5TEP
S5T.=5TCGP ST,=5T0OP
TO=T0O TO=T0
W.=WIDTH

* These commands are found in model MCB-Z216 only.

As defined ,in section 4.1, a command is part of a
statement, which, in turn, is part of. a progranm,
However, when a command is typed at the console
input device without a line number preceding it, it

is a _direct command. _Direct commands are not

stored, by Control #Hasic but are executed
immediately.

The commands listed in the second column above may
be used both as statements of stored programs and

-as direct commands. Thos? not listed in column two

but 1listed {n column one may be used as direct
commands only. There are three groups of special
cases;:

-
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"1, when used as direct' commands, GOSUS, INPUT,
and RUN cannot-be followed by semi-colons and
other commands.

2. "AUTORUN, NEXT, RETURN, REM, STEP, STOP, and TO
are meaningless as direct -commands, Howeyer,
‘NEXT, STEP,; and TO may be used within a direct
FOR command all typed on one line as.shown in
this example:

FOR Ial TO 255 STEP 4; PRINT #%,.,I,; NEXT I

~"3f* when used in statements;” GOTO,” RETURN, and
STOP must be the last command on the 1line

- «+» -~ Y{cannot be: followad H? gsemi-colons and other
. cuTmands} N T-RY . WS e
4.3 Memory Ocganlzation of Control Basic

The text of the current program zs.stored In memory

“one ASCII character per byte, Line numbers are law
byte-high byte l16-bit binary and are stored with
the text ({section B.1.1 or B8.2.1). The amount of

" memory ‘space available for the current program may
be changed by means of the LOCK command (section
'5.:7.1}., The number, of bytes available to -{by LOCK
or by default), but left unused by, the current
pregram may be obtalned with the SIZE function
{section 13.3). These unused bytes are used for
storage of the two-byte, one-byte, and string
arrays (section 3.2). '

One may not use the LOCK command to set Lthe
- boundary at -any page that already has current
- program’ text in {t, nor at any page below Lthe

boctom of the text area. [f the LOCKed area is
exceeded during the entering of a statement of the
current program, Control Basic will print "SORRY"
and will accept no more statement input until more
space is made available, either by deleting some
present lines or by unLOCKing more text area.

Control Pasic allocates storage Iin "pages™, or 256-

byte units, Model CB-388 has roughly the fallowing
organization:

15
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page f - not used

: pages 1,2, and 3 -~ used. for /0 routines,

e } variables, and stack storage ' ,
pages 4§ through 31 - text area for current

program and arrays
e pages - 32 throuwgh 227 and 248 through 255 -
: ‘used for SAVEd program files
- pages ' 228 through 239 - storage of Control
‘ Basic program itself

Model MCB-216 has a slightly different
erganization: -

pages' € through 15 - storage of Contrcl Basic
- program itself
. . -+ pages 16 through, 21 - used far previcusly-
stored programs in PROM
pages 32 and 33 -~ used for variables and- stack

storage . .
pages 34 and 35 - text area for current
- - - b program and, arrays .
- . Pbages 38 through 255 - used for. SAVEQ program
files

‘Much more detailed information on memory allocation

including listings of the data areas {in RAM will be
~ found in sections 8.,1.1 (model CBE-308) and 8.2.1

{model MCB-216]. . e

i
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CHAPTER 5 o,

Control Basic Commands and Stateménts,‘

L

5.1 Aasignment Cthtnds i ; . .

5.1.1 LET Command

*“'The LET command®*can be used to Evaldhtaheipréssinns

‘and store the ,values Iin. variables, the_double byte
f_.artay €{I),.and the, single byte* array .£(J).. More
;1 than ‘'one variable or acrray ‘elemant may.be set.by a
+- aingle LET command.; Some axamples of, the- -use of
; LET are; .

18 LET A=234-5%6, @(A-3}=4%A, &(25)=18

2¢ LET UH-{A(E]+AHD{ABS{H~1],tFF}+ c¥

30 LET AP=Bp=0 _ .
4¢ LET @{8)=-1, &(0) =@

50 A=3, B=2+j

Note that statement 30 will not set both AP and Bg.
te zero. The second equal sign (=) in this command
ia & compare operator ({see section 3.4); thus only
A@ will be altered according to whether Bd is egual
or is not equal to #A.

Note also that "after statement 48 is executed, the

_value -of (@} .will not. be -1. . Thls is hecause

E{2*1) "is thé Same as the low order byte of @({I},
- and &(2*[+l} ‘Is-the.same as.the high order byte of
= 8(I}). s+ Thus &{1} will be-255% and ‘2{9) will be =254,

The word 'LET" is nptiunal Thus statement SP sets
A to 3 and B to &, C o

9.1.2 PUT Command

The PUT command can be used to evaluate expressions
and storz the values (which must be.between 2 and
2535) 1Into absolute memory lecations, The form of
PUT is

PUT(X) = a,b,c,. .-

where a, b, and ¢ are expressions whase values are
. stored in consecutive memory locations beginning

17
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with the address which Is the value of the
expression x. Either single or consecutive memory
locations may be altered with the PUT command. An
example of the use of PUT is

1¢ PUT(%880)=%11 AND(X+2,8FF) ,(X+3)/8108,8CD,%A4,%BC,8CH
286 PUT(X+3} = :H, :0, =W, :D, ¥, &D

where part of a machine lanquage subroutine {LD
HL,X+3; CALL ECA4H; keT}) is PUT into memory
locations &8@8 through %806,=and the string of
ASCII code for "HOWDY <CH" is put Iinto locations
¥+3 through X+B. A bettar way aof unpacking the low
and high bytes of X+3 in statement 18 1is to
inftialize: the two byte array €(1) to the address,
X¥+3, and then use the one byte array, &(I} or
+ &(1+l) as appropriate, to spec1fy low or high byte:

5 LET @(0)=x+3
10 PUT{%ﬂaﬂ]-ill, §¢9) ., &(1}, lCD, 14, $EC, %C9

The counterpart of PUT is GET , but GET is a
function as opposed to a command. GET{x). can be
used in any expression and returns the contents of
. absolute memery location x,

-+

"n

o

18
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5.2 Control Commands

-
L IE R

5.2.1 IF Command S

The IF command consists of the word -IF followed by
an expression, and then followed by one or more
other commands. An example is:

10 IF A<B LET X=3; PRINT 'A“IS LESS THAN B'

The command above tests the value of the expression
A¢B. If it i5 true (l.e., 'If it is not zerc), the
commands {n the rest of the line of this statement
will be executed. [£f the valua af the expresaion
ia- false (i.e., §f 1t is zero},® the rest of this
"statement will be skipped over and ~execution will
continue with- the—next Statement, Hota that the
word "THEN" {8 not u?ed. R

5.2.2 GOTO Command 4

_ The GOTO command consists of the word GDTO followed
3 by an, expressian.' An example is: _ ’

- L] L

18 GOTO 120

«+ This statement causes the program' being executed to
Jump fto statement 120. Note that a GOTO command
cannot be followed by a semi-colon and other
commends. - It must end inta carr1ag- return. The
statement . .

o i i " : A

vi Yess v IE GoTn a*le+a Tert o LT

SV P

- - . L
- - .

causes the praq:am Lo ]uﬁﬁrzo a variable statement
- _number as computed from the value of the
' expression. - _ oz

Indiscriminate use of GOTO Statements makes a
program difficult to Follow and should be avoided.
On the other hand combining short and loglcaltly
related commands {n a single statement can make a
program easler to wunderstand and {a highly
recommended. <Consider the following example of a
game; this program uses many GOTOs but does not
take advantage of multiple-command statements..

- . . J : 3 L -

19
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1p PRINT "NUMBERS, NUMBERS, WHO CAN GUESS MY NUMBERS?*

2a LET X=RND{1@8)}

ET N=0
32 PRINT "I HAVE A NUMBER BETWEEN 1 AND 140"

. 5@ INPUT "YOUR GUESS" G - u
© 68 LET N=N+l : SRR .
7@ IF N>24 GOTO 130
8@ IF G>X GOTO 168
98 IF G<X GOTO 18a - -
. 1@@ PRINT "YQU GOT IT IN", N, " GUESSES"-
. - - 11@_PRINT "LET'S PLAY AGAIN" -~
.- 120 GOT0.29
. 139 IF G=X GOTC 199 )
. 142 PRINT.®NO, IT WAS", X
158 GOTO. 118 . ' <
- .. 168 PRINT JLTRY .A SMALLER HUHBBH'
- 174 GOTO 5@ . o ara - -
188 PRINT "TRY A BIGGER' HUMBEH'
139 GOTC 54

.This is a working program, but It coeuld have been
much cleaner and easier to understand with half of
the GOTO statements deleted and Hith a few of the
other statements combined:

.. . 18 PRINT “NUMBERS, NUMBERS, WHO CAN GUESS My NUMBERS?"
- 28 LET x-nun[laﬂ}, N=§
. . 40 PRINT *I HAVE A NUMBER BETWEEN 1 AND 108"
. ., 5@ INPUT "YOQUR GUESS"™ G; LET N=N+] - v
: . 70 IF {N>2d)*{C#X) PRINT "NQ, IT WAS", X; GOTO ll@
88 IF G>X PRINT "TRY A SMALLER NUMBER"; GOTC 50
9@ IP G<X PRINT "TRY A BIGGER NUMBER"; GOTG 50
168 PRINT 'YDU GOT IT IN", N, " GUESSES"
112 PRIHT "LET' s PLAY AGAIN®; GOTO 2@ .

i
- LT T kT m 4' R . -

. 5.2.3 PoR Cummand

- -
+ L

The FOR and NEXT commands are vsed tec aet up loops
. in Contrel. Basic, The FOR sBtatemsnt consists of
the word FOR followed by a variable or a double
byte array element, an egual sign, an expression,
the word TO, another expression, and optionally the
word STEP and a third expressien. The variable ar
the two byte array element is called the contrcl
variable of the loop. It is sat to the value of
the first expression before entering the loop, The
Second expression is the limit of the control
variable. It is evaluated and stored internslly at
entry. The third expression is the step size, and
it {s alse evaluated arnd stared at entry. It can

287
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be positive, negative, or zero. If the step zize

After"*
execution aof Control Basic

I3 not specified, 1t is assumed to be +1l.
the staep size {2 stored,

continues with the next ‘statement or the next
- comeand of a multiple-command statement.
5.2.4 NEXT Command ‘i f_ ;

The NEXT command cnnsists nf the wnrd MEXT followed
by the control wvariable of the loop. ' The contrel
variable Is updated by the amount of the step size
and, is- then compared with the limit‘of the control
variable. If It is within the limit {inclusive},
.. Control. pasic. will! loop 'back tao- the command that
.follows:the FOR* command- and repeat”’ the’ loop., If
the updated control variable iz outside the limit,
the internal storage for this loop is.cleared and
| Control Basic proceeds to execute 'the statement
: . Wwhich -follows the NEXT statement. The following
example will {llustrate the use of FOR-NEXT loops

uith varying STEP slzes: .

- 1 1 " -

18 -PRINT "TEST™, ) -
.20.FOR T=} 7023 -~ ' =~ #
30 PRINT T, ;
] 40 NEXT T
58 PRINT; PRINT 'COUNT DOWN',
,60 FOR C=10@ TO 98 STEP =) ~ - '~
. 70 PRINT:C; '
- 88 MEXT C .
v - 98 PRINT '~ ,..*; PRINT 'STEF';,
) 188 FOR @ ({3)=1P TD -15" STEP -5
. . 118 PRINT @(3), L. . ‘
. 128 NEXT @€{3) e e .
- " oK i ' . R
> RUN' )
TEST 1 2- 3 o
COUNT. DOWN * . 102 99 93 -
STEP 10 5 a -5 -10 =15

21
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*
o

- -

L2t 1 o
L Notes on FOR-NEXT Loops

P ]
-

3.

¢ P

LI .

1 ]

. - . T 1 . . r A
ThaI'fnlluwing: are. saveral unusual features cf
tontrel Basic, FOR-NEXT loops which. are worth
mentioning, Numbers 4 through 7 below ara not
racommeénded if the user iz attempting to write
clean;, easily debugged code.

1. Thu lonp will be cxecuted at rleast ance ng
‘matter what the initial-value,'step size, and
the limit of the control variable are, *
. - oo ‘ 1 Lo
2. ﬁIf the step sire is-p, the loop will.never end
.. unless the control. variable is-altered inside
] I.II f‘ th-' 166?' 1 s LI T : 1 o -'n I
i':.f _,. .- - . oy . .
“*After 'the loop {a-finished, the control
varlable, will .have the final-: updated value,
* .which is autsida the 11mit. SRS S
1 '
4. Since Contral Basic 15 1nterpretud rather than
complled, 1t i3 perfectly acceptable to put
the NEXT statement physically before the FOR
-Statement -as long as there are GOTOS to nake
Control Baaig “sea* the ‘FOR . befare the WNEXT.
5. It is also ‘acceptable to have unequal numbers
of FORs and NEXTs, as long-as there are IFs
‘ and GOTOs so that Control Basic'will not Y“see”
a NEXT without . first encountering a FOR with
the‘sare centrol. variable.

-+

L]

P = L.

6. It is acceptable to have a. GOTO.ocut of the
loop and later GOTO back Int> the lpoop, It is
also acceptable to have a G070O out of the loop
and never come back into the loop. In the
latter case the loop remains “active”; it
takes some stack space-but is harmless
otherwise, - . -

7. When a new FOR command having a control
: variable that is the same as an old but still
active FOR lgoop is encountered, the old loop

ig purged,

B. FOR-NEXT loops'can bz nested as long as each
level uses a gdifferunt control variable. The
depth is limited nnly hy stack space.
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9, I

a HNEAT commmand for the outer loop is

encountered inside the Inner leop when using
nested POR-NEXT loops, the inner loop is
purged automatically, )

Note that the above apply to Cromemco Cantrol Basic
but deo' not necessarily apply to' other Basic-like
languages.- :For example the fﬂlluwing proqram dnes

not .work.

la

15

29

30

48

5@

- == i - yT6e
’ 7d

a9

- 38

108,

hlthnugh

on many of them:-

'REM TRY THIS WITH BDTH A>d AHD A<E

INPUT A

FOR Jeil TO 3 s
IF A<E GOTO 5@ o
NEXT I R VT
PRINT- J . W -3 Y el

FOR I=l TO' 3 ¢
FOR J=1 TO 3 ,
NEXT J o7
NEXT I

GOTO 15

this program wnrks wlth Contrnl Basic,

it's a blt ebscure.

23
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§ Control Basic Commenmds amd -bamEeds

. | i
5.3 . gubrautihes c L e o, .
5,3.1 GOSUB Command . , .

+he GOSUB statement .is. similar to the GOTO
statement except, that (a) the current statement
humber. and posttion within the statement are stored
internally {this allows- gontrol to-be transferred
back by RETURN)}; and (b) other commands separated
by semi-colons can follow it in the statement. The
following are legal GOSUB statements:

13 GOSUB 128 e D

28 GOSUB A%l@+8 s

JB GOSUB 128; IF T<=28 GOTO. lﬂ

40 REM IF C>P THE GOTO ABOVE WILL NOT BE EXECUTED

l .
Statement 198 will cause the execution to jump to
statement-120; when a RETURN command {see following
secticon) Is encountered, control will tramsfer back
te the next following statement or command of a
multiple-command - statement, Statement 20 will

.cause the execution to jump to-a:varlable.statement

number as computed from ths value of the expre551nn
Atla+B.

RETURN Command

A 'RETURN command must bLe¢ the las! command In a
statement and followed by a carriage return {i.e.,
it cannot be followed by a semi-colon and other
commands). When a RETURN command is5 encountetrad,
itrwill cause the executlon to jJump back to the
command following the-most recent [SUR command.,

An active FOR-NEXT loop in the calling pregram i;

no longer active in the subroutine but wiil be

restored te be active after the subroutine RETURNs
to the c¢alling program. Any active FOR-NEXT loop
in the subroutine ltsalf will be purged
automatically when RETURN is encountered,
variables are always glolal; therefore subroutines
can have no local wvariablos.

GOSURS can hbe nested. The depth of nesting is
limited only by the stick Space and can be no more
than 24 1levels deep, GRS are alse recursive
with the iimitaticn tha: alil variables and arrays
are global, For wwaa le, cenzider khe fancstisga
F(N] of pnsitive intvjutﬁ Torath tran:

74
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F{l)ml . .

v P(N)=NAF(N-1) . far N>l

o . :

One can write the following test ~“program te

illustrate the function F{N} using recursive GOSUBS
funderlined words are user'—typed}: ' .

w3 e, ael@ INPUT 'GIVE ME-A SHhLL PﬂSITI?E INTEGER' H

" 28 GOSUR 1@0 " _ :
_ 39 PRINT,'F(", 1N, "}=', F =~ "'
. . 49 STOP  © e ... MO

. . 168 IF N=1: LET P=l; RETURN ™
118 N=N-1; GOSUB 1@¢@; N=N+1
128 F=N*F; RETURN® -~ T4t

C e - e . R
1 ' .- b v
L -~ QK r i ' = ' B
' >RUN ‘ ’ T
. GIVE ME A SMALL POSITI?E INTEGER: E )
) F{E]-?EH - 4 . “.

Note that F{N) as defined abnve 15 simply the
factorial function.

5.3.3 RUN Command B

The RUN command consists of the word RUN followed
optionally by a page number. The RUHM cumﬁand ils a
subroutine call on a grand scale. 1If K page number
i5 given, {t calls the Contrel Basic program SAVEd
"'{or EPROMed) on that page.% If ‘a page number is not
given,” -it calls the Control Basic program In the
active text area. The RUN and GOSUB, commands
ditfer.in -.that a GOSUB" CUMmand calls a subtoutine
e “that is within ~the same program as the calling
e F 1rnutine,"whereas a .AUN .command¥calls a subprngraﬁ
- ““which is In a ‘Separate- file, *A subprogram In a

separate file has the advantage that it has its own

set of line numbers. Since RUN may he- used in a

statement, the following is a l?gal_prag:am:

i S 16 RUN 48 - ' o
. -~ 2B PRINT "END OF FACTORIAL" '

Thls would run the program given abeve in Section
5.3.2, assuming it had been SAVES on page 4@,
' ,=*Thus, it i3 easy to see how ditfferent programs
could_ share the same set of ‘debugged “*li{brary"
subprograms. : = .

25
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y4e

the RUN command can be nested and is recursive. As
it is for GOSUB, the depth of nesting is limited by

stack space, and one should bear in mind that all
variables and arrays are global,

I AUTORUN Command .

The AUTORUN command is a feature of model MCE-216
Control Basic¢c only. If the first line in a Basic
program stored on page 1#H begins with the command
AUTORUN, then that preogram {(on page 1PH)  will run
automatically each time the computer i{s reset.

The console serial port of the computer will
automatically be set to 9689 bauvd. However, it is
easy for the program to change the baud rate to
angther value,

- . !_n
For example, 1f the following program I= stored on
page 1PH,

1& AUTORUN
280 QUT(Q) = %84
3@ RUN %11

the baud rate will be changed to 398 with one stop

bit {see the SCC Input/Output Register Description

in the 5CC Instruction Manual}, and then the
program beginning ;on page 11H will be RUN. This
process cccurs every time the computer 15 hardware

. reset,

" ft should be noted that during normal execution
{i.e., in. all JLases except after A hardware reset

or powsr-oh) ‘the line beginning with the word
“AUTORUN" is treated as a REMark.

§26P Command

.The STOP command consists of the word STOP followed

]

by a carriage return, It cannct be followed by a
semi-colon and aother commands non the same line,
The STOP command goes with the RUN command {n the
same way that RETURN goes with GOSUB. The
principle difference between the two sets of
commands 1s that RUN-STOP may be used to call a

,Subpregram in, 2 separate file with Its own set of

line numbers,
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5.3.6

STOP returns control from A& sSubprogram ‘to the
calling program (which will continue RUNning);
hoewever, 1f the program which is RUNning when STOP
ls encountered .14’ the current’program In the text
area, eoxecutlon 1s terminated and the prompt is
given, If the end of Ffile is-reached "in a
subprogram before a STOP statement is encountered,
Contrcl Basic will'® also return to direct mode
instead of -to the calling program. An example will
illustrate- the- way STOP*passes:'controal from
subprogram to calling program. The following is a

program which has been previously stared {ShVEd or
EPRQOMed) at page 32;-—

lﬂ PRINT 'THIE IS A PHDGHAH ON - PAGE 32'
. IZB RUN 33 : "
‘1@ PRINT "END OF PHDGRAH DH PRGB 32' !

<. 143 STOP -

and the next listing 18 a program which has heen
previously stored at page 13: .

. ¢ 19 PRINT 'BUT THIS PROGRAM IS ON PAGE 33"’
| 20 STOP - | e

RUNning the’ program on page 32 will produce the
following result:'

¢ OK -

' SRUN 32 P T

" THIS TS A PROGRAM -ON PAGE 32 " N
' - BUT THIS PROGRAM IS ON PAGE 33+ __ _ ™.
,.[END OF PROGRAM ON PAGE 32 j_* - ‘;

" Noke that this will have na effact oh the current

program 'in the text area i{f there "is -one.*~ This
means that one does not need to LOAD a program to

RUN it, a most useful feature ~(see" sectian 5.3.3
for more infurmatlun}

CALL Command

The CALL command is used to call a machine language
subreutine, The word CALL 1s followed by an
expression and then a list of arguments enclosed In
parentheses. - The value of the expression is the
atsolute address of the entry of the machine
language subroutine. The argument list consists of
none, or one or more argquments. Each argument is a
variable, a one byte array element, or a two byte

27
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array element. Loguments are separacted from one
,4 another by.comma., -ang the entire-~list is enclosed
. in a pair of parentheses.. SRR TN

. - 2 . . . i
- The machine language . subroutine can be. stored in
-memory by a lcoader, an ,assembler, a monitor
program, ,or by Ceontrol Basic, itself, To store a
machine language subroutine with Contreol. Basic, ane
may, use the LET or PUT, commands.., The example of
sectien 5.1.2 illustrates this. We can_.now CALL
this .machine language routine to print the word

‘ “HOWDY® on the console with the statement:

.t

= . - . . L LI T

38 CALL 8¢9 r—. S o '

[This-.-example wil) work only 1f there is a consolas
printing routine whose starting address 1s at
ECA4H, as .there is-for model CE-~3P8 Control Basic.]
Note that na arguments were passed {n this CALL
statement. -
* - A wt
’ Argume:ﬁts are passed by addresses and these
addresses are stored in the stack before Contreol
-Basic passes control to the machine language
subroutine. The arguments are stored in a “Last’
In-First Out" or LIFDO format; thus, the lastc
argument .on_the statement line will be the ,first
one POPed off the stack. The number of arguments
is passed in the C register, The Subroutine must
FOP the stack {C) times even If it does not need
- the arguments. Other than this arrangement of the
stack, the subroutine can change all registers
without any, limtatlon. When the subroutine 1is
Finished, it' uses a RET {zd@ instruction) to POP .
the :.ta-::k once more, wWwhich alzZo returns contrel te
. .Control Basic. hnotj.her example lllustrating
- argument*passing is: vl L P
+ ;AR CALL 32808 (A, &{3*B+l), £1(3))
1 oo ¥ -y -
In this examplf. the subroutine Ea; memnry lnr:atmn
2B800H is celled and passed the three arguments, A,
E{3*B+l), and £{(3). Upon entrance to the machine
(fLoutine, the C register contains the number 3. The
_stack pointer points to.the address of €(3}, which
is fallowed by the address of &{3*B+}), the address
of A, and .finally the return address.
) . i
I 1 - 'ri.-

- = " R * * -

2B
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Input and Qutput Commands

PRINT Command

The PRINT command Ls used to print all types of
cutput on the conscle device, including sktrings,
constants in both decimal and hexadecimal, and the

values of variasbles, arrays, and expressions, Its

format is the word “PRINT* followad by a=list of
items sSeparated by commas, The items  in -the list
may lnclude-any of the following: :

_‘_'-.-.

1. Cunstants {decimal hexadecimal, ASCII}. -

At t a

2. ?ariablas (A thraugh 'Z and. A® .through 28)..
) N . 4

3. One-byte, . twu byte, and string.array elements.

e Expresslons formed from any of the above,

arithmetic and compare uperators, and the
legal funcclons,

5. Strings surrounded by matched pairs of single
or deuble quotes, -

6. Format contral characters described later in
this sectlon.

A sample PRINT command follows:=which-shows several
of these items, Note the use of-both.quoted and
unguoted strings, a variable, "and.fa' constant
expression: . . =®

. - 1@ PRINT 'THIS ',. 'un THAT ',~${A+3}, x, 2% 3- 5;4

i . - " R

ok T ‘ 7
>RUN : . <t
THIS OR THAT PLUS -9 S

‘The string array.ﬁ{h+3} has been set elsewhere to

the strimg “PLUS", and the variable X has been
previcusly set equal to -9. K

The items in the print list can also be [format
controls, The allowable characters to use as
format contreols are summarized briefly below,
followed by a more detailed description and some
illustrations.

29
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' specify leading Spaces or hexadecimal ',
, % speci fy number of hexadiglts - - )
- {preceding) specify additional leading_
SPﬂCES . .P': b - r. L [ L
. {succeeding} specify no CR-LF at end of.
= . icem : -

-

tab to a spacific column

The c¢haracter "§" followed by & number n means
print leading spaces {(if necessary} to-make numbera
at least n spaces wide. Spaces can-also be added
by means of extra commas between items.. The format
coentrol “3%%" means print numbers in 4 hexadigits,
whereas ""#%" means print the low order byte of a
number only, iIn 2 hexadigits., A format control
stays' effecti{ve until changed by ancther format
control or until the PRINT command ends. The
default format:+if no centrol is specifled is 6.
The folleowing example will illustrate these points:
. L. 1 L W I T *
) lﬂ PHINT 1,:"‘2; 345' "E?Bg *
. 20 PRINT $3, 1, -2, 345, -6789
n | '45 PRINT I!%‘p lp; _.2;; 345|; -E?Bg A
5@ PRINT #%, ),, -2,, 345,, =-6789

- .+, QK - P v o E
>RUN ' ' -
1 -2 ' 345 -6789
1. -2345-6789" ST ' '
@@PLFFPE@159E57E . ‘ 3

.. BEB1 FFPE @159 ES78 0
g1 FE 59 7B :

.. The 'underline”or back-arrow charactar (ASCII SFH)
is used as a format control to indicate tabbing to

a particular <olumn on the console device, It
should be followed by a number n which is the
column number; this will cause the cursor or print
head to move to that pesition. The print positicons
are,numbered from left te right beginning with 1.

1f n is 1, the cursor {(print head) will move to the
left margin without a 'line feed. For model MCB-2186

of Cantrol Basic, the curser will move to position

_ n_independent - of its present position, i{.e, It may
. Mmove either left or right. Model CB-398, however,

allows movement only.te the right of ' the present
position, - 1 : ! - ! '

+

|
}
J i
/
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4

L

*The PRINT command generates a carriage return and
line feed at the end of the last item 'in ‘the
command. However, 1f there I3 a comma at the wvery
end of the line, the CR=-LF is-not genherated. The
following example will {llustrate both the tab

. Epature just discussed and the suppressed CR~LF:

18 PRINT 'THIS’,

., . o 28 PRINT ' IS ', . ¢ - + -
. %% 3@ PRINT 'PRINTED ON_ ONE LINE . o

- e '1 A9 PRINT 'WE HAVE', _14, fﬂ_- o'y 18, -/
) ‘: DK L if,- * oz I -
: o ,I_.: )RUN oo ; ] e e em
. THIS IS PRINTED uu ONE LINE I
“ YWE HAVE © ¥ 07, e - - et e,

-

Note that statement 49 of this example is somewhat
special purpose fn that it will work correctly conly
with model MCB-216 andywith a console,device which
will print non-destructive_ spaces such as a
teletype. v

5.4.2 INPUT Command

-

The INPUT commaﬁﬁ is used to prompt ‘the operater to
type In an expreSsion or a string .to be saved by
the program in a variable, an array element, or a
string- array. The word INPUT.is followed by a list -
of items {any of the above) separated by commas.
The .items may also be strings- {quoted -Irn single or

r ﬁ}double quctes] or tab: controls sfor .the. terminal.

' These<items.look and:behave exactly likEuthose used

in a .,PRINT statement (see section 5.4.1). For

_JJ'w axamplp, ‘the .underline .or .back-arrow character
{ASCII 5FH) may be used, to_spacify INPUT at a-
particular column on the consele terminal.
Following™ are two exanples. which will illustrate
some of the features of INPUT statements., The
first  example shows GLab control and the second
shows, how to, input character strings (underlined
sections are to be user*typedj

N

T F
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5% Control Basic Commanda anu araLeNEnrs B I o P
Y o B .J ER ] I 1'¢‘-JH *"'4 ‘j]P - _;'.l‘ ot 4
' ot %R A R T .
\ . - t . ] 4 y o= .- a}"; ;-‘f“ ‘lI| e e
o eS0T ?1%53”‘¢; et
. - : rﬂ . ?' !_:‘-;_i.\
1@ INPUT ‘IHPUT JA' HERE" h,, 35,"Aun 'B‘ THERE' o
a . ad, 1y il :," Ta T 41)‘;" . hﬂ, e h e LY
s V1,28 PRIHThIB,tA, '3p, 8 'E x ] Ma N
Ve . o .a. " \ 3
0K . Cra l.;- ey g Ty g
’ JRUN 1y -':a. Cty u;.'.:":?'i' ’ L* o 1-::: A 13'1_ <y -“‘fﬁ o s
“INPUT ‘A’ HERE:123 ﬂgi;ﬁt R VEY g ﬁi;_ﬂf
e, e L R aun*'n'“Tnznz:45sJ ¥ m
123 . 456 ¢ €7

4 - a LT

Note that the quoted letters *A' and 'B' are
considered part of the strings shown because they
are in single guotes and the strings are in double
quotes., This could be revarsed (letters in
doubles; strings in singles); however, '1f both the
stringse and the letters are quoted Hith,the same
symbcl, Control'-Basic will- not understand and will .

print "WHAT?" (see Chapter €)% °* =% & 7 .
lay
16 INPUT "GIVE ME A STRING: ¥, $(23}
- "T + 20 'PRINT "YOU TYPED *, ${23}, "'" -
z 30- INPUT X, @(1) "+ '~ * e ®
40 PRINT X,'€(11 -~ oL .
OK N LI
>RUN I
GIVE ME A STRING: THIS IS A STRING C e et 3
» - \YOU TYPED 'THIS 'IS S‘T‘ﬁ'u'c' T R
- © X13%5+45%6 L " .
. E{TIE .xL t L : “‘F; ! "t "
. , 45 46 - T g

a

In this Exaﬁple the joperator- answered the first

. “‘input inquiry by 'typing “THIS 1S A STRING.®,. Y, :._
- answered the second one by’ "3*5+5*5' iand answered L
the third one by "X+1%. Note that” In‘statament 38 .. §Y
- .+ where a variable and an:-array -elument are the Anput Nl
items, the names of the variables, *X" and "@(11)", *

are alsec Printed automatically by Control Basic as .

> PTORPLS. I1f the operator makes an’ error 1in
response toe the prompt, Control Baslc will also
retry that part of ,the INPUT and’ reprint, the
prompt. ‘'When the input Item {s a string array as
it is in statement 16, there is noc automatic prompt
and whatever the operatur types {5 always accepted.
We now rerunm the Same program gilving sevaral
unusual inputs to seé thélr effect:
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. OK _

. *RUM . :

"GIVE ME A STRING. L
YOU TYPED '%2§1x!
X:1g7h1*

. .- WHAT?

. Cix - s X2 {8209) - . e e e s e
‘ SORRY,  « - 1
PR 3752 T S - |
o weee @(ITT:(344)*5) o Lo s
T, HHAT?. [3 o . ‘
r . e @{1;]:{31'4]*5 1 - o .
- 3 33 PR B S T . #Tt

Pragrammera not wishing to take advantage of the
automatic variable name prompt ¢an supply their own
"in a pair of single or double quotes preceding the
variable or array name without a ¢omma between
them. The next example will illustrate:

1@ INPUT "PLEASE GIVE ME YOQUR ","WEIGHT (IN LBS}" X
‘2@ LET Y={1@*%X+11) /22
3@ PRINT 'THAT IS ABOUT ', #8, Y,‘Y KILOGRAMS"

OK
>RUN !
P . PLEASE GIVE ME YDUR WEIGHT {IN LES) : HUNDRED AND FORTY
WHAT? -
WEIGHT {IN LBS):14@
THAT IS5 ABQUT &4 KILOGRAMS

Noté “that only the prompt "WEIGHT (IN LBS)" is
repeated; the strlnq_“PLEASE GIVE ME YOQUR " 1is
"separated Ffrom the input item by a comma and is
thus not repeated following an incorrect response,
The expression in statement 24 handles the -unit
conversion and rounding in integer arithmetie,

SH.4.3 _ OUT Command

The OUT command is used to output a byte of data to
any I/0 port, The format uf_the command is

DUT(x) = ¥y

i3
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where x 18 the port number and/is an expressinn A

with a value between @ and 255 (9-FFH),‘and_y is an f%;
expression also with & value hctween 8- _and 255. s
which is the actual byte aof data ro’ be autput. ;. R

S Cp

The counterpart of QUT is IH, but IN ii’a functinn ]
rather than a command. - The {nput?functien-~IN(x}  is .
used to read data or status information in from an .
I1/0 port. The port number x is agaln an expression ;
with a wvalue between @ and 255 (8- FPH) . This
function, like any other function, cannot stand for

a command by itself. Thus in the following example
illustrating the use of the OUT command”and the IN
function, statement 18 1z invalid .while -the other
Statements are legal, E .

. .- n v "T ..n:::,
19 IN(3} T o T e
» 2@ PRINT #%, IN{3)7, -8IZE,, LOC d
- 38 LET A-AND{IH{B-I-lf].HB} Lot
40 QUT(B+1}=A' o -k e e W
o .“.1' 1'.I . .; f'.r"". - _“'2 T .II-_,_
.J
T . R
f-l.ruf.i'"*:?' ST T TS . i
L r'rlu‘. ..’Aﬂj’.{'“.qn'ﬁ" Lo . 1.'-'1 ,,.:'
I J-'f LI ' "j"f' ot *' I 4 o
i . \ r1 e h - PR
-’ \‘1:'1‘” . #s f" l-.'*'t"w t -+
- '1
I' I Tt
"E‘ LY ‘_r'l"!‘ 'lll:. + »
el oy
o I ¥ 'r-f_ . X
[ .
™ -
i
- po e i =
+ LI - e :1." -': .y L] u:if .
Ll i . * RN )ﬁ +j T e ) N
¥ % Ir ‘»-ra.-\.h I*_-‘-'l_!':r"ﬂ.
7 4 i I N e
! ! i o 1.1-:}-
' 3 . &1 N v
' o
. - L -
] a-
- ’ . .
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5.5 Nen=-Executable Commands_

5.5.1 REM Command

The word "REM"™ may be used in a Contrel Baslie
statement to denote & REMark line, This "command®
is non-executable and everything following™the REM
-+ ~on that statement line (preceding the CR}) is
. ilgnored by the ‘Interpreter. 'REM may alsc appear on’
the same line with other” commands In a multiple-
command statement; everything preceding the REM
caommand will be executed bot the rest of the line
ig agaln i{gnored. There are several commands which
must be the last command on a line; these cannot he
.- =~ _ folTowed by .even.a REM cnmmand.-~They are: GOTO,
.- RETURN, and STOP. [Alse note that theé word
"REMARK":.may. be ‘used instead-of "REM" if you wish
5ince the letters "ARK"™ are lgnored anyway.] The
‘fellowing example i{llustrates the use of REM:
4
1 REM '
29 REM | *** Title of Program *#+
38 REM =
42 PRINT “"RECIPE"™; REM PRINT "COOKBQOK"

In this example statements 18, 20, and 38 will be
. lignored during execution of the program; statement
48 will cause Contrel Basle to print the word
« - "RECIPE" but not the ward-"COOKBOOK" ., -

"t

5.5.2  AUTORUN Command .

.-Note that. AUTORUN is treated exactly like a REMark
in everyrvcase. except when -the computer hardware
r=-t Te@set ls pressed, in. which ‘case AUTORUN causes the
Centrel Basic program at page 16{%l8) to begin
executing. . .-AUTORUN is..a feature of the "MCE-21§
model of Contrel Basic only. For more information
see section 5.3.4.

SR

[P Y.

5
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Editing Commands (direct only)

NEW Command

A

fﬂe NEW commangd is used to delets the current

" pregram stored in the text area. It ls a2 direct

command which i6 executed by typing "HEW <CR>" from
the console device. NEW is' executed automatically

‘upon entering Contrel Basic {nitially amnd wupon

issuing a LOAD cemmand (sectien 5.7.4).

LIST Command

The LIST command {s used to print some or all of
the statements of the current program in the text
area in numerical order on the conscle device. It
is used frequently in entering, editing, and

verifying Contrel Baslc programs. " There are

several legal forms of LIST; the simplest is to
type "LIST <CR>", which will then list the entire
current program from beginning to -end. A Dore

complete format is

LIST x,n

whare ; is the bﬂginning line pnumbar {a conétant}
and n' is the numbar of lines to be LISTed. Both

.these values are . optional, and the comma {(,) should

be omitted 1f n is. The Ffollowing examples will

illustrate these points further:

LIST 128 prints all statements beginning

\ with line number 128. '

LIST 12@,3 prints at most (i.e., Fewer will

: - be printed it fewar are present})

1 statements beginning with line

. - 120, . - |

LIST ,20 prints at most 2P statements
starting with the beginning line
of the current program.

L.98,1 prints only statement number 98,
if thete is one. 'Note the abbre-
viated form of LIST {Chapter 4},

[ 1

6
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5.7 Storage and File Commands {(direct only)
5.7.,1 LOCK Command ,
The LOCK command i{s used to change the boundary
. between the c¢urrent program text area and the area
. reserved for SAVEIng program files. A sample LOCK
:ommand is | ;- Lt
EL + o
L o7 L.~ LOCK 40 B

5.7.2

‘'which will set the boundary betﬁeen the text area

*and the SAVE area at 2898H {page 4@D=page 28H).
Thus_ pages .4 through 39 {CB-388) or 34 thraugh s

, . {MCBZ216), become allocated to the current program

‘text and pages 4@ through. 255 can’ be used to SAVE
files, The LOCKed wvalue (see "TXTLMT" in Memory
Allocation, section 8.1.1 or B,2.1} is set when
Control Basle {8 cold started ta 32 (28H) for model
*CA-3d8 and. 36 {(24H) for model MCB-2Z16. IE these

~values are ,lowered by means of the LOCK command

after a program has been entered into the text

Y area, Control Basic will print "SORRY” if the page

number specified would include part of that current
program. Far example, suppose the current progcam
tesides in pages 4 through AH. The command "LOCK
$A" will print “SQORRY" but the command “LOCK %8*
will be accepted and executed,

- 44
-

" "YP the 'LOCK command is used to increase the slze of

the current.program area, It is up to.the user to
make sSure that this does’ not' endanger any
previcusly SAVEd,.files, The allbowablé range of the
LOCK command s 5-255 {5H- FFH] fOr CB-188 and 35~

el 255 {23H FFH} for HCB—215. ST T

ok ay-m " -4
LR .-

4 o . 1
SAVE Cnmmand '

The SAVE command is used to save the current
program- in a particular page of memory. , The paqe
number given should be above the LOCKed text area
*and generally coincident anly wlth read/write
meT?ry space. A sample SAVE command’is )

* SAVE 343

whefe the current program will be saved in memory
beginning at 4300H, When the SAVE command is
finished, Control MHasic will print a message

. indicating how many- pages of memory were used. For

37
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5.7.3

-

example the message
-

SAVED ON PAGE %43 TO $45

means that the current program now occupies all of

‘pages 43H and 44H, and, all or part of page 45H. If

the copy does not compare with the- original (for
example, If there is no RAM at the specified page),
Control Basic will print "SORRY". "SORRY" will
alse be printed if one attempts to SAVE a program
in pages @ through one less than the LOCKed number
{i.e., ¢ through 31 for CB-308 and @ through 35 for
MCB-216, as they are inltlally configured}. This
region is reserved by Conttol Basic for varlables,
stack, and the current text {(see section 8.1.1 or
3.2.1}.

The SAVE command may alse be used in conjunction
with a 32K Bytesaver to program 2716 (2516) PROMS.
Remember to turn en the program powel of the
Bytesaver board before 1asuing the SAVE command.
Used In this way, SAVE will take several minutes to
exacute due to the walt states rEquirmi by the
2716's while programming.

EPROM Command

The EPRUOM command may be used to save the current

_program in blank or erased 27808 PROMs. The PROMs

must be loaded onto a Cromemca Bytesaver board
residing In currently addressed memory. A
convenient place to have the PROMs reside when
using model CB~388 of Contrel Basic 1is from

' addresses PBQBH to FFFFH, or simply the top half of

the Eytesaver which c¢ontalns CB-388. A sample
EPROM command is '

EPROM 64

.where the current program will be saved in PROMs

addressed beginning at 4800H (page 64D=page 4PH).

The page number must be gdivisible by 4 (since

2708's are 1K bytes long, or 4 pages), This
command will take several minutes to execute, where
the amount of elapsed :itime will depend on the
length uf_the program beling saved.

When the EPRCOM command i3 finlished, Contrel Basic
will print a message indicating how many pages of
memory were used (2lways T mltiple of four pages}.

38
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IAn example use’ of LOAD 1is

If the copy does not compare ,with the original,
Control Basic will print "SORRY". See the SAVE
command, section 5.7.2, Efor infaormation on
programming 2716 (2516) PROMs. e

LDA.D Command , a Pt

)

Programs which have been saved with “the SAVE or
EPROM commands may be coplied back to the text area
for editing by means of the LOAD command. This
process performs an automatic "NEW"; in other words
the current pregram in the text area is delested,.

-

LOAD 843 - <

aw
]

where the file stored ¢on page 43H (or at 43B0H in
memory) 1s copied into the text area. If no

‘pragram is stored at page 43H, Control Basic prints

"SORRY®*. Also, since the length of any gqiven
stored pregram (s contained In the first two bytes
of the first page (see section 8.1.1 or 8.2.1},
Control Pasic knows immediately if it will £it inte
the text area. If it will not £it, "“SORRY" is
printed and no LOADing takes place. The size of
the text area may be increased ({to allow for
LOADing very long programs) by means of the LOCK
command, section 5.7.1. ' - - e

[ 3
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5.8

5.8.1

Console Terminal Commands (direct only)

WIDTH Command

The WIDTH command may be used to compensate for the
non-standardization of consocle terminals hy
allowing the user to set both a scft and hard
screen width or margin, A sample WIDTH command isg

WIDTH 72,80
which sets the soft margin at column 72 and the
hard margin at column 88, When the soft margin has
been exceeded during output, Control. Basic will
generate a carriage return-line feed sequence after
aAny space character {and thus, at the ends of
words). When the hard margin has baen exceeded, {E
generates an immedlate CR-LF, The values abave are
good choices for an 8g-column CRT, . The default
WIDTH foar Control Basic model CB-368 is 69,68 and
for MCE-216 1t is 72,72. The allowable usable

.range for the first number i{s #-129 and for the
"8econd is 0-254%,

¥

Since WIDTH fs a direct command, it cannot be set

by a statement In a program. However, it is
sometimes useful to be able te change the ,screen
width in a particular program. One method of doing
this is te use the PUT command te alter the RAM
locations where the soft and hard margins are
stored {see "MARGN" in Memory Allecation, section
B.1.1 or 8.,2.1), An example of thia {for CB-3BB)
is

l¢ PUT{3%3E2) » 72,88
which has the same effect as the WIDTH example
above., A similar command may be used to set the
margins for MCB~216:

18 PUT({$21El) = 72,80

49
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5.8B.2 NULL CGMMQ:‘;.:I _ - R *_u‘__.:‘:- ) L

The NULL command {=s used to set the number-of nulls, & _
transmitted by Contrel Basic after- any carriage
return line fead sequence. This allows .the user to

tset’ carriage¥return-time Eug.hardcupyjdevices -such
v as.teletypes,-*A sumple NULL cnmmandiis bl oy
- I '!L.!.ﬂm- : - ?&

L L1} - 4 . . ) h\- I -|'
T‘Jf:' NULL‘f'a e ton n o ’,,‘ d jw. Y
i ie 19 i r3an X R !

ﬂ-r

-1

1t
.wwhlchvicauses Cuntrol Basic tn transmit 3 -null
*. charactersT after’ every CR-LF. The, default -value
‘£or NULL upon’entering Control Basi¢ (either model)

+is @.' The - allawable, usahle range of the..value is
@128, - (- 41 | -
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Introduccidn:

-

-

El término microcomputador ha sido usado para describir virtual
mente cada tipo de pequefio dispositive de cbmputo disefiado en -

los dltimos 5 afios. ) . .

f=2 El-mayor ‘impacto:de'la tecnologia de gran-integracién se ha en-
rcontrado en‘la tecnologia MOS (Metal Oxide Semiconductor), con
ella es posible fabricar sistemas de cémputo utilizando un peque

fio niimero de componentes.

Para tener una mejor comprensibn del funcionamiente de un siste
ma de c&mputn.hasada en un microprocesador a continuacibn dare-
mos una descripcidn mids o menos detallada de 1a arquitectura del
microprocesador Z-80, su funcionamiento interno y su relacibén -

con el mundo exterior.

Cualquier sistema de cimputo consiste de 3 partes:

;

1.~ CPU (Unidad Central de Proceso),

2.- Memoria

3.- ‘Interfases con dispositivos periféricos o (1/0} entrada/sa-
lida.

El CPU es el corazén del sistema, en particular para un sistema
de cbébmputo basado en un microprocesador, este Gltimo serd lz par

te mis importante.



P . <o wepobiszn M bl status word. The
. . o we e il canddrd dnieaate doser while 1he suiput data could
;;.- v ‘._ woy e et slar b T L L, e e eniapie we have wsed 2 ZBO.PIO IFDI' the /O
spcnir, T o gle ot wtirests ta the o bos s shewis andl gaovides the :cq!.:jrc_d 115 bits n.fTTL
cotbam ppbe O Fideter to the 20 P manod for Jedads on (e operation of this eircrit.) Notice in this
ex1mple that with aoly three L8] cirents, usimple estiltutor and 3 singe 5 volt power supply, 4
powe: ful cospeier g been iniplemented,

;\HD[NG MH . . ' - - - v, .

T

I ,
Mt crmpuiter systenis re.uire some amount of external Read{Write memory for data storage and to
imalement a “stack.” Frgure $.0-Y illustrates huw 256 bytes of stalic memory can be added 10 the previous
exampls, In this example the memory ipace s assumed 10 be arganized a3 follows: .

Addren
0Q00H
1K byles
ROM
i | 03FFH
1 256 byles 0400H
1, L] “ - -
' RA D4FFH .

AQDRESS BUS

MAED - 5D ap MAD  AD P WA
1 ks - 5.4 1 TSEx k 1
A AQM o Al A b RAM
t e, WA | cey Wi et Ay
’ L
i do-dy dp-dy Ya-ty

- . DATA BUS
FIGURE 502

ROM & AAM IMPFLEMENTATION EXAMPLE

in this duagram the address spuce ls described in hexrdecmal notation. For s example, address bit Alp
separates the ROM space from e RAM space sa thut it ¢an be used for 1he chip selec! function. Foy
larger anounis of external ROM or RAM, 4 simple TTL decoder will be requised Lo form the chip telacts.

MEMORY SPRED CONYROL

. ————

For mpiy applications, i1 may b# desicable 10 use slow nemories Lo reduce costs. The WAIT line on
the CPU allows the 2-B0 10 operate with 2oy speed monmury. By referring back to seciion 4 you wtl| notice
Hred the heanery aeoess time ey nisments are most seveie doring the M1 cycle instruction fetch. All other
mentory devesses liave an adduiany! one hatf of a chwck eyele 10 be completed, For this reason it may be
desirable 1nsome applicatvas fo add one wail siaic fe e M1 cyele so that slower mentories can be Lved.
Figure 0.3 an example of 5 ample circuit (har will accomplish this lazk. This circuit can be chanped to
add o snple wait a13te to any memury dcess as shown in Fhreure 9.0-4, :

1 o

. .Z;Bﬂ CPU.« Descripcidn del integrado.

El 2-80 se encuentra empaquetado en un circuito integrado de 40
pins {patas), en la siguiente figura se desc;ihe la funciéan de
cada una de ellas y en el texto su actividad y significado elec

rtranico.
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3.0 Z.80 CPUPIN DESCRIPTION

The Z-80 CPU it packaged in an industry standard 40 pin Dual In-Line Packape, The F/O ping ars thowa
In fgure 3.0-7 and the function of each is descnibed helow,

1 .
: ST - e 4
gvsTEM g ORD hlietrand :u A2
CONTROL Y A —— o
- A
[ L2l Ay y, AOORESS
- L3 o Ay s
(aTY - . TR
_“.—ﬁ- Ao
ﬁ'ﬂ' _ni- —-;—-ﬁ- Ayq
o i e
conTraL S i —— Z-Bocry e g5
[T —-L '—'.—'—" ""ll
n T
, NESEY ———
e [ v 4 7 QR L |
Sowr oy \ Feak w2 .
oo )
- -.-—"- -—1!—!- B;
- T - Uy BATA
GND 2 o "'—:""'- By Wus
o o
) LN
ZR0 PIN CONFIGURATION
FIGURE 3.0-1
.-\0-&15 Tristate cutpul, active high, A-A, 5 constitute a | t-rit address bus. The
(Address But) wddress bus povides the address For memary {up to 84K byles) data
exchanges and loe O device data exchanges. [/0 addressing uses the 8 lower
addreas birs 1o altow the wser lo direcily wlect vp 1o 256 input or 256 ourpur
ports. Ag is the least significant address bit. During refresh Lime, the lower
7 bits contain a valid refresh address.
DD'DT . Tristate inpuifoutpt, active high, D{,-,-D;r cofsiitute an 8-bit bidirectionsl
(Data Bus) data hus. The data bus j9 psed for data exchanges with memery and [0
devices,
5._1| Outpat, active rwllgrl indicates that the carrent maching eycle is the OP
i code fetch ¢yele of an instruction ¢xecution. Note thal during execution
(Machine Cycle one} of 2byle opruwles, Miis penerated 25 esch op code byte is f2iched, These
two byte opedes always begin wath C8IY, DDIY, EDH of FDH. M abo
occurs with [ORQ tw indicate 20 interrupt acknowicdge cycle.
MRED Tri-state pulpul, aclive low, The memory requett signal indicates that the
{"emory Request) add ress bus holds a valed 2ddrese for 2 memory read or memory vwrite

operalion,



10RQ
finpul/Cuipul Request)

T
{hiemary Read)

WR .
(Memory Waie)

RF5H
{Pelresh)

HALT

{Halt state}

WAIT
(Wait)

INT
fIterript Reguest)

Wl
1> en Maskable
lntsrrupt)

v
TH stale gutr ot ictive livw, The 10RO wgnal indicates that the lower hall of
lire adurens bos holds a vahd 11O sddress for 2 170 read or wrils operation. An
WORG) stpnal 1s also penerated with an M1 signal when an interrupt is belng
schnowledged to indicale thal an inlerrept response vecior 2an be placed on

the data bus Inlerrupt Acknowledge operations occur during My time whils
IO operations never occdr diring Ml time,

Tri-state oulput, active low, RD indicates that the CPU wants to read data
from memory or an 10 device, The addressed 1O device or memory should
use Lhis signal Lo gate datfa onla the £1*0) data buy,

Tri-state autput, active low. WR indicates 1hat the CPU data bus holds valid
data (o be stored m the add ressed memaozy 01 O deviee.

Qutput, sctive low, RF5H indicates that the lower 7 bits of the addres
bug contain ¥ relreth addresy (o dy pamee memones and the current MREQ
1ignal should be used 1o do & 1etresh read to all dynamic memories,

Ouipur, active low, HALT indicates that the CPU has executed 2 HALT soft.
ware instruction and s awaiting either 3 non maskable ¢or 3 maskable inlers
rapt {wilth the mask enabled} before operation can resume, While halted, the
CPY execures NOMy to maintain memaory refresh activity,

Input, aclive low. WAIT indicates 1o the Z-80 CPLI that the addressed
memory or 1P devices are not ready for a dars transfer, The CPU ¢ontinues
to enter wail states fur as bang as this signal Is active. This signal allows
memaory or [/ devices of any speed Lo be synchronized e the CPU.

Input, uctive low, The Itterrunt Request signal is generated by 170 devices, A
tequest will be honered 2t the end of the current imstruclion if the intemat
sollwiare controlled interopt enable Mp-flop (IFF) it enabled and ¢f the
BUSR{O signal ks nov active, When the CPU aceepts the interrupl, an acknowl-
edge signal {1ORQ during M | time) is sene out 21 the begioning of the next
instruciton cycle, The CPU can respond 1o an inlerrupt in three different
modes 1hat are deseribed in detail in section 3.4 (CPU Contrel Insirections).

Input, negative 2dge triggered, The non maskable interrapl request line has &
higher priority than TNT and is always recognized at the and of the current
tnstruction, independent of the siatus of the interrupt enable flip-flop. NM]
automahically forces the Z-80 CPU 1o rextart to locztion 00651, The program
countes is automatically saved in the external stack so that the user canretum
to the program 1hat was interrupled. Note that continuons WAIT cyeles can
prevent the currenl instroelion (rom ending, and chatl a BUSEG will overnde
a NMi.



RESET

-

BUSRQ
{Bus Request)

BUSAK
{(Bus Acknowledge)

L L
1 {

Input, active low, RESET (orces the pragram cobnler tu zero and initializes
the CPU. The CI'U immalizaton i hudes:

1) Disable the tntermupt enable Nip-tlup
Y St Regivter 1 = UE'!”

3) Set Repiuer R =0y

4} Set Interrepl Mode D

During reset time, the address bas and data bus go 1o a high impedance state
and ull contrel sulput signaly go 1o the inactive state.

Input, active low, The bus request signal is used to request the CPU address
bus, data bus and ¢ri-3tate vuipul control signals ta go to a high impedance
wate 50 that other devices can control these buses. When BUSR O is activated,
the CPL will set theye Buses tp a hiph impedance state as soon as the Surrent
CPU machine cycle is terminated.

Ouilput, active low, Bus acknowledge is used to indicate 10 the requesting
device that the CPL address bus, data bus and wristate control bus signals
have been set ro (heir high impedance state and the external device cun now
controd these aignaly, ‘

Single phase TTL level clock which requires only 3 330 ohm pull-up resistor
to +5 volts 1o meet all clock requirements.

Z-80 Arquitectura Interna.

En la siguiente figura se incluye la arquitectura del C

+

Lt

Ll



2.0 Z-80 CPU ARCHITECTURE

A block diagram of the internat 2rchitecture of the Z-50 CPU s thown in figure 2.0-1. T'Plle diagram
shows all of the majer clements in the CPY and it shauld be ceferred to throughout the following

description,

T
DaTa sut

DATA LU
CONTROL

<_mrunn|. DATABUT 4 ALY

IITRUCTION
PNCOCE
| ]
Czbt - try
SONTAOL £y
CPLAND ALGIITERS
SYETEN cru
CONTROL, ::\) CONTROL
SIGNALY

1 ==l

Z2-80 CPY BLOCK DIAGRAM
FIGURE 2.4-1

2.1 CPU REGISTERS

‘The Z-80 CPU! contains 208 bits of B/W memory that are accestible to the programmer. Figure 2.0-2
ilustrates how thy memory 13 conflgured into eighieen 8-bit registers and four | &-bit cepsters. All 2-80 .
registers are implemeried using static RAM, The registers include 1wo sets of six general purpuse registers
that may be used individually as ¥-bit registers arin pairs as 16-bit registers. Thare are also twa ses of
accurnulator and Nag registers,

Specin! Purpose Registery
I, Program Counter (FCY. The prograim counter holds the | 6-bi1 address of the current instruction being
fetched from memory. The PC is automatically incrementad after its contents have been transierred
19 the sddresy lines, When & program jump occurs the new value is getomatically placed in the PC,
averriding the incrementer,

2, Stack Pointer (5P). The stack pointer holds the T6-bit addresy of the current top of & stack [ocated
anywhere in exretnal system RAM memory. The exterpal stack memory iy organized as a Jast-in first-
out (LIEQ} file, Data can be pushed onto the stack (rom specilic CPU registers or popped off of the
stack into speciftc CPU) regivrers through the execution of PUSH and POP instructions, The data
popped from the stack is always the last data pushed onto it. The siack allews smple implementation |
of multiple leve| intarrupis, unlimited subiroutine nesting znd simptificatlon of many types of data
manpipulation,



Repistros:

El1 CPU ZB80 contiene 208 (bits) celdas de memoria estitica de
acceso aleatoric de lecturafescritura accesibles al pregramador,
ordenadas formando registros segln se muestra en la siguiente fi

gura en donde:

PC.- Contader del programa.
SP.- Apuntador a pila o stack.
IX.-
} Registros de iIndice.
I¥.-
I .- Registro de direccidén de pdgina en interrupciones.

R .- Registro para refrescamiento de memoria.
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Wk NEQ BET ALTEANATE NEG EET
N A
F.a W
AL LA TON n;:m ACCUNULATOR FI.:-EI
A A -
[ c » e
GENERAL
o K [ E rURFOTE
REGISTERE
- H L . g L*
L ]
INTERALPT MR Y
vlETOR HIFHIHI_
1 R
INDHER REGIETER IX -
PECIAL
INDE X KEGIETER 1Y > f‘u"m“‘“,:“
ETALCK FOINTER B¢
MR OGN AM COUNTER MG
P

ZA4D CPU AEGISTER CONFIGURATION
FIGURE 2.0-2

3. Twa Index Registers {IX & TY). The two independent index registers hold » 16-bit base addrers that
is used in indexed addressing modes. In this mode, an index register is used us 2 base 1g point to &
région tn memory from which data [n 1o be slored o1 retrieved. An additional byte i3 ineluded in
indexed intiructions to specify a displacement feoen this baye. This displacement is specified a3 & two's
complement signed integer, This mode of sddressing greatly simplifies many 1ypes of pm;:l.ml.
especially where 1ables of data wre used.

4. Interrupt Page Address Register (1) The 2-80 CPU can be pperated in & mode where an indirect call
Lo any memaory [0cation can be echieved in responte 10 an interrupt. The 1 Register is used lor this
purpose o store the high order 8-bits of the indirect sddress while the interrupting device provides the
lower 8-bits of the address, This feature Allows intesnupt toutines Lo be dynsmically located paywhere
in memaory with absolute minimal access 1ime to the routine,

5. Memory Refresh Register (R). The Z.80 CPU contalns » memory refresh counter to enable dynamic
memories (0 be vsed with the same ease as satic memories. This 7-bit regisier is automatically Incre-
mented eler each instruction fetch, The data in the refresh counter is sent out on the lower porion
of the address bus along with # refresh contro! signa! while the CPU is decoding and executing the
ferched instruction. This mode of refreth is 1otally transparent (o the programmer and does nof slaw
down the CPU operation, The programmer can load the & regster for testing purposes, but this
register is normaily not used by the programmer,

Accumnulator and Flog Regisiers

The CPV includes two independent Ebit accumulaton and siociated B-bit Nag registers, The sccumu-
lator holds the sesutts of -Bit arithmenic or logical operulipng while the Nxg register indicales specific
conditions for 8 or 16-bit operations, uch as indicating whether or not the sesult of an operalion is equal
to 2ere, The programmer selecis the accumulator aad Nag pair that he withes to work with with a single
exchange imatruclica so that he may easily work with gither pair.
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Dos conjuntos de registros de trabajo acceslibles al programader
forman la unidad de almacenamiento internc del CPU, pudiéndose
intercambiar a gusto del pragra@adoy a tray&s de una sola ins—
truccibén lo cual simplificar& el manejo de interrupciones redu-

ciendo el tiempo de atencibn a la rutina de interrupcidn.

Unidad Aritmética/Légica [ULA).

La ULA del microprocesador Z-80 permite la ejecucibn de las si-

guientes operaciones:

Dperacicnes de Acumulador:

Incrementa, decrementa.
Corrimientos y rotaciones.

Prende, apaga o prueba un bit,

Operaciones Aritméticas.

Suma, resta.

Operaciones Légicas;:

AND, OR, OR Exclusiva, Comparacifn.



Danderas:

flarry):

(Zero):

{Negative

5 Z @ B @ P/Y¥ | N | C

Bandera de acarreo: se genera comoe un novcene bit del
acumulador en operaciones de suma y cemo (Borrow} bit

de deuda en la resta.

Bandera que se enciende cuando el resultado de una ope

cifn es zero.

Sign): Bandera de signo. Se enciende si el resulta-
do de una operacifn €5 negativo, esta es una copla del

7 hit o mis significativo del acumulador.

{Parity/Overflow): Para operacipnes l6gicas esta banderz indi-

(1,8):

ca la paridad del resultado. Prendiéndose si la pari
dad es par. Para operaciones aritmfticas en I comple

menta con cantidades seguidas.

Banderas para maneijoc de cantidades en BCD.
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4.0 CPU TIMING ) :
The Z-80 CPU exccutes instructions by stepping through 1 very precise 12t of a few dastc operations.
Thew include:
. Memary read or write
[/O device read oc wrile

q .
Intesrupt scknowledge .

All instritctions are merely a series af these badle operstions. Each of thess basic operations can take from
thtee to six clock periods to complele or they can be lengthened to synchronize the CPU to the speed of
external devices. The baslc clock periods are referred to as T cycles and the basic operations are referred to
as M {for machine) cycles, Figure 4,0-0 illustrates hew a typical inscruction will be mezely a series of
specific M and T cycles. Notice that this knstruclion consists of thres machine cycles (Mt, M2 znd M3). The
fimst maching cycle of any instruction is a ferch ¢ygle which is four, Bve or six T eycles long {unless length-
ened by the wait signa! which wlll be fully described in the next section). The fetch eycle (M1) is used o
fetch the OF code of the next inttrugtion 10 be executed, Subsequent machine cyclex move dats between
the CPU and memaory or /O devices and they may have anywhere-from three to five T cycles (again they
may be lengthened by wail statés 10 synchronize the external devices to the CPU). The following para-
grapha describe the timing which occurs within any of the basic machine syeles. [n section 1O, the ¢xact
timing for each inxtruction is specified.

BASIC CPU TIMING EXAMPLE
FIGURE 4.0-0

All CPU timing can be broken down into s few very simple timing disgrams as chown in fgure 4.0-1
through 4.0-7. These diagrams show the fallowing basic operations with and without wait states (walt states
are added ta synchronize the CPY to slow memory or [/O devices). :

4.0-I. Instruction OF code fotch (M1 cy<le}

40-2. Memory data read or write cycles

403, [P0 read o5 write cycles

404 Bus Request/Acknowledge Cycle

40.5,  Interrupt Request/Acknowledge Cycle

4046, Non maskable Inlerrupt Request/Acknowledge Cyele
40-7,  Exit from 1 HALT instruction

it
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Registrs de instruciiores y Crairol,

Ln cada‘nperaciﬁn de fetch 1a instruccién obtenida es colocada
en el }egistru de instrucciones, el cual es entrada de la uni—
dad de control en donde se lleva a cabe la decodificacitn y se-
cuenciaci®bn de sefiales de control necesarias para la ejecucidn

de la instrucci®n, tanto internas. como externas al CPU.
v : ,

Ciclos del CPU.

-

T Pericdo bAsicoe de reloj.

M Ciclos de méquina,
b M Ciclos de instruccibn.

pre Mg



INSTRUCTION FETCH

Figure 4 0-1 shows the timing during mn M1 cycle {OP code feich), Notice that the PC is placed on the
address bus at the beginning of the M1 cycle. One half clock time later the MREQ signal poes aciive. At this
vime the address to the memory has had time to siabilize so that the falling edge of ) can be used
directly 25 a chip enable clock 1o dynamiz memunies. Tlie T line alse goey active 10 indicats that the
memoty read dala should be enabled omio the CPU data bus, The CPU samples the daa from the memary on
the data bus with the rising edge of the clock of state T3 and this same #dge is used by the CPU (o turn off
the RT and MR signals. Thus the daia hasalready been sampled by the CPU belare 1he RD signal becomes
inactive. Clock state T3 and T4 of a lerch ¢ycle are used to relresh dynamic memories. (The CPU uses ths
time Lo decade and execule the feiched instruction so that ne ether uperation could be performed at this
time). During T3 and T4 the lower 7 bits 6f the address bus contain a memory reiresh address and the
signal becomes active 1o indicale that g refresh read of all dynamic memories should be accomplished. Notice
that a RD sigpal is not generated dusing refresh Lime 1o prevent data from differept memory sepmeats from
being pated oate the dala bus. The MRED wgnal during refresh time thould be used 1o perform a refresh read
of all mamory ¢lemenis, The refresh signal can nel be used by #eelf since the refresh address is only guaran-
teed (o be stable during MREQ time,

| !
' e 1 Cyoe
[ Ty ’ T I Ty ! Tt Ll
! .{ e L"{ | W [ T
LT L L ResRignanoR [}
T P! E J-"—\__
S Vo v N TR R B
N sl s =
CBo - BE¥ ] ' " T r-
_IL | gd ’ ]
RFLH I 1
e ‘

INSTAUCTION QF CODE FETCH
F'GURAE 4.0-1

Figure 4.0-1 A il'usizates how the fetch cycle iy delayed if the memory activates the WAIT line, Dur-
ing T2 and every subsequent Tw, the CPUJ smples the WAIT Jine with the fulling edge of v 17 1the WAIT
ling 15 active at this 1tme, another wait state will be entered duting the following cycle. Using this technique
the read cycle can be lengthened 1o matdy the access tme of sny 1ype of memory device.

12
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las #iguientes piginas resumen la actividad del CPU en funcidn

del tiempo para cada operacidn bfisica o ciclo bisice del 280,

La explicacidn seri complementada durante la sesién currespnnl—
diente del CUTSG y no zhondaremos mis sobre este tema en e&stos
Apuntes,

{iclo M1 Feich -del cbdigo de operacidn.
{figlos de lectura/escritura a memoria.
Ciclos de entrada/salida,

Ciclo de requerimiento y agotacisn del bus.
Cicln de interrupcibn. |

.Liclo Je interrupcifn no enmascarable,

Cicles durante la instrucci®n de alto,
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INSTAUCTION OP CODE FETOH WITH WAIT STATES
FIGURE 4,014

MEMORY READ OR WRITE

Figure 4.0-2 iltustrates the timing of mensory read or write cycles other 1han an OF cade feich (M1
cycle). These cycles are generally three dovk periods long unless wait stales are requeested by the memory
via the WAIT signal, The MREQ sipnal and (he B0 viguat are used the sane as in the ferch cyile. [n the case
of & memory write cyche, :thﬂTé% alsy becomes getive wiven the address bus is stable 3o that il ¢an be
wsed directly as 2 chip e nable (or dynamic memenes, The WIT line is active when data on the data bus i
stable so that it cau be used directly a5 3 R/W putse 10 virtpally any type of semiconductor memory.
Furthermore the WR signat goes inaclive ome half T stule before the address and data bus contents are

changed so that the overlap requirements (or virtwaily any 1ype ol semicond ustor memury type wilt be met.
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MEMORY READ OR WRITE CYCLES
FIGURE 4.0.2
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SogetE U-ZA dlestrates how a WAIT request gpna! will lenpthen any memury rrad or wrlle opera-
tion, Tl vperation iz iwentical to thal proviousy descrbed Tor a feich cycle. Notice in this figure that a
sepiralt 1ead ud 3 separate write cycle are shown in the same figure although read snd wrnite cycles can
never Gcrur emiitaneonsly,

i Ty ‘ T2 Ve I Tu s - T

A = AN -._L I[ MEMGA ¥ Al:ll:ml. - 1
R €D "'J]_‘—\ i I [
o — \ l | I READ

o s 1 . EYCLE
oo~ on \ I =
WH \ L I — }mer

creit
o~ gn T e— P
e e r_—_j: i e s
} I '

MEMORY READ OR WRITE CYCLES WITH WAIT STATES
FIGURE 4.0-24

INPUT OR OUTPUT CYCLES

Figore 4.0-3 tlusirates an [/Q read or YO write operation, Notice thar during /O operations x dngle
wail_slale i automalfcally inseried. The reason for thit is thal during 1/O operstions, tie time from when
the 10RQ signal goes active until the CPU must sample the WALT line it very shart end without this eatrs
state sulficien) time does not exist for an [fO port to decode ity address and achivate the WAIT line if 2 weit
is required. Also, without this wait state it is difficult to design MOS [0 devices that can operate at full
€T speed, Duining this wal state time the WAIT request signal is sampled. During # read [0 operation,
the R1Y line is used to enable the addressed pon onto the data bug just as in the case of a memory read, For
1/ write operations, the WR lint is used a5 2 clock Lo the IO port, again with sulficient overlap Uming
sutormitivally provided =0 that the rising edge may be used aza data clock.

Figure 4,0-3A Hlustrates how additional wait slales may be added with che WAIT line, The operation
iz identical 1o thal praviously desetined, '

AUS REQUEST/ACKNOWLEDGE CYCLE

, Figure 4.0 MNustrates the timing for a Bus RequestfAcknowledge cycle. The BUSRQ signal is
sampled by the CPU with the rising edge of the fast clock period of any machine cycle, If um%m
sitnal isactive, the CPU will se1 {15 address, data and tristaie control sighals to the high impedance state
witli the rising edge of the nex) elock pulse. AL thal 1ime any extemal device can conirol the buses to
transfer data between memory and 1/O devices. (This i5 generally known as Direct Memory Access [OMA)

- nsing ¢yele pesling). The maimum time for the €PU 10 respond 1o 8 bus requaat 1 the lengtl of ¢ machine
cvele and the extemal controller ¢2n mainlain control of the bus f'or a5 many clock cycles a3 is detired,
Note, however, that il very Jong DM A cycles are used, and dynamic memories are being used, the extemal
controller muse also perform the refresh function, This stuation only occurs if very lzrge blocks of data are
transferred under DMA cuntrol Also note that during a bus request cycle, the CPU cannot be interrupted
by either o KA or 2n INT signal,

-
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INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-5 dlustrates the aming associated with un interrupt cycle, The Interrupt signal (INT) is
sampled by the CPU with the rsing edge of the lagi clock at the end of any instruction. The signal will not ba
accepicd if the internal CPV software controlled interrupt enable flip-flop is nol set or if the BUSRY s
is xctive. When the signal is accepted 1 spectal M1 eycle is penerated. Duclng this specilal M1 eycle Lhe
signgl becemes active (instead of the nnrmllmﬁs 1o indicaie that the interrupting device can place an
B-bit vector on the daca bus, Notice that 1wo wait states zre automatically rdded ro this eyele. These tlates
are adcid aa that a rippl ¢ priorly inlerrupt scheme can be sanly implemented. The 1wo weil states allow
sufficient time for the npple signals to stabilize and identify which O device must insert the response
vecior. Refer 10 s2ction 8.0 for delails on how the Interrupt response vector is tiilized by the CPU.
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Figure 4 0-5 A Hlustrates how additionsl wall-states can he added to the intgrrupt response cycle,
Again the oneration iz wdentica! te 1t pravioysly descnbed,
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INYERALUPT AEQUEST/ACKNOWLEDGE WITH WAIT STATES
FIGURE 4.0-5A

NON MASKABLE INTERRUPT RESPONSE

Figure 4.0-6 illustrates the requestfacknowledge cycle Tar the non maskable interrupt. This signal is
sampled at the same 11me a3 1he incerropt line, hul this line has priceity uver the nonmal interrupl and it ¢an
nut be disubled under sultware cuntrol, 1t vseal funcuen is to provide immediale response (o Mpuoriant:
signals such as an imipending pimver (ailure, The CPU reyponse L a mon maskable interrupr i sumilar 1o«
nurnial memory read nperatiun, The naly difference being thut the content of the data bus is ignoreg while
the prucessor automaticatly stores the BC in the exigenal stack and junips tu locatian 0066, The servive
matine Tor the non maskable imterrupt must begin ai this location i this intercupt is used.

HALT CXIT

Whenever g sofiware halt mstruction ks executed the CPU begins exccuting NOP's undl an interrupt i
received feither o nun muashabile or 3 maskuble interrupt while 1he interrep Mip Nop is enabled). The two
e rrupt tines are sampled with e nising cock edge ducing encl T4 state as shown in figure $.0-7, 02 nun
spskable internpl has been recerved o u maskahle interrupt has been received and 1he interrupt enable
HigeNop ised, then tie halt state wall Be exited on the neat rising clock edge, The lullawing cycle wall then
e aninterrupt acknowledge cyele corresponding Lo the type uF intermpt that was recvived. 11 buth are
vecewed af this time, then the non mashable une will e acknowledged sinee il las highest privrity. The
rutpose of execuling NOIP instructions wlife in the alt stane is (o keep the memory relresh signals aclive.
Zewh eyele in the bt state 53wl M1 el cyele excepn that che data received irom the My is
ignoved and 3 NOP instraction is torced inernatly ti the CPU. The halt acknuwledge signal is acove during
s e Lo indicate that the processor s in 1l lah aane,
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1.0 INTRODUCTION

The ZB8Q Paralle! 1/O Circuit is 2 programmable, two port device which provides 2 _TTL
compatitiie inierface between peripheral deviges and the ZBO-CPU. The CPU can configure—- - -
the ZB0-P1O to interface with a wide range of peripheral devices with no other external

logic required. Typical peripberal devices that are fully compatible with the ZEO-P10 include

most kueyhboaerds, paper tape reaclars and punches, printers, PROM programmers, etc. The
ZAG-PIO utilizes W channel silicon gate deplelion foad T.cchnl:llog\.r and is packauyed in a

AQ pin DIP. Major features of the 2B0-PI0 include:

Two independent 8 bit bidirectional peripheral interface ports with handshake’
data transfer control

+  Intarrupt driven ‘handshake® for fast response
Any ang of four distingt modes of operation maoy be selected for a port including;

Byie output
Byte input
Byte bidirectional bus {Available on Port A onlyl
Bit contral mogde
All with interrupt cantrallad handshake

«  Daisy chain prigrity interrupt logic included ta provide for automatic interrupt
vectaring without external logie

- Eight outputs are capable of driving Darlington transistors
All inputs and outputs fully TTL compatible

Sing'e b volt supply and single phase ¢lock required.

One of the unigue features of the ZBO-P10 that separates it from ather interface controllers
is that all Jaia transfer between the peripheral device and the CPU is accomplished under
total nterrupt contral. The interrupt iegic of the PIO permits full usage of the efficient in-
torrupt capabilities of the Z280 CPY during /O transfers. Al togic necessary to implement a
fuily pested interrupt structure is included in the PIO so that additional circuits are not
eanuived. Anothergunique feature of the PIO is that it can be programmed to intefrop:
i TP o the aucurrence of spacifield stawes conditions in the periphecal devier, For
example, 1he PIQ can he programmed 10 iMerrupt if any specified peripho: sl alarm cone
aitrins should occur, This interropt capability reduces the amount of time thal the o
reesar st spend in polling perfipheral status,
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PIO to interfuce directly to the ZBO-CNMU with no otber external fogicHowover, Lurldreas
decoders andfor line Luifers may be required Tor large sysigms. The internal canirol! lmnc
synchronizes the CRU dat bus 10 the pariphaial device interfuces {Port A andd'Port BI.
The two 1O parts (A and B are virtuily, :dennca! ard are used to'interface directly o

peripheral devices. . - % R - f* e
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The Port 1fQ logic is composed of & registers with

“"handshake™ control 10gic as shown in
figure 2.0-2. The regisiers include: an 8 hit data input register, an'8 bit data cutpul register.
a 2 bit mode control register, an 8 bit mask register, an 8 bit inputfoutput select reqister,
and = 2 bit mask control registar,
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The 2-hit mode control register is loaded bv the CPU to sciect the desired nperalln'u mode
(pyte outpul, byte input, byle hidirectionat bus, or bit control made}. All data transfer
between the peripheral device apd the CPU is achieved through the data input and data
putput reqisters, Data may be written into the ouipul register by the CPU or rexl back to
the CPL from the input register b any time, The hangdshake lines associated with each port

are used to coniro! the data transfer betwnen the PIG and the peripheral device,

- ] v

The 8bit mask register end the 8bit input/output select register are used only in the bit
control mode. In this mode any of the 8 peripheral data or ccntrul bus pins Can be prog-
rammed to be an input or an output as specified by the select register, The mask register
is used in this made in conjunction with a special interrupl fealure. This feature ‘allows an
interrupt to be generated when any or all of tie, unmasked pins reach a speeified state
{either high or low). The 2-bit mask control register specifies the active state desired {high
or low) and if the interrupst should be generated when all unmasked pins are active [AND
condition} or when any unmasked pin is active {OR condition], This feature reduces the
reguiremant for CPU status checking of the peripheral by allowing an interrupt to be 2ulo-
matically generated on specilic peripheral siatus conditions. For example, in a system with
3 alarm conditions, an intefrupt may be generaled if any one occurs or if gl thred ocour,

The interrupt contral legic section hundfes all CPU interrupt protacol for nested priority
intérrupt structures. The priority of any device is determined by its physical location in a
daisy chain configuration. Two lines are provided in each P1O to form this daisy chain, The
device siosest 1o the CPU has the highest priority. Within a P1Q, Part A intarruats have
higher priority than those of Port 8. Ia the byte input, byte output or bidirectional modes,
an interrupt can be generaredd whenever a new byte transfer is requested by the peripheral.
In the bit contrel mode an interrupt can be gencrated when the peripheral status matches a
programmed value, The PIO provides for comglele control of nesied interrupts. That is,
lower priorily devices may nol inlerrupt nigher priority devices that have not had their
interrupl service routine completed by the CPLYL Higher priority devices may interrupz the
servicing of lower prionity devices.

“When an interrupt is accepted by the CPU in mode 2, the interrupling device must provide
an 8-bit interrupt vector for the CPU. This vector is used to farm a pointer Lo 2 location
in e computer memory where the address of the interrupt service rauting is locoted,
The 8-bit vector from the interrupting device forms the least significant & hits of the indirect
painter while the | Register in the CPU provides the most significant 8 bits of the pointer.
Each port {A and B} has an independent interrupt vector. The least significant it of thz
vector 15 aulomatically set to a O within the PIQ since the pointer must point o twa ad-
jacent mounory locations for 3 complete 15-bit acdress

The PIO decodes the RETE [(Heturn from interrupt) instruction direcity {rem the CPU data
bus 0 that each PO in e system knows at all times whether it is being serviced by the
CPUnterrupt service routing without any other communication with the CFU,
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Thins b as userd (o transfer all data - romimends betweert e Z80-
CPU ared hor 2BCG-MU. Dpyds thie deast sivnifizan bit of uw has.

. I LR}

B/A Sel Fort B or A Selegt finput, active higli)
This pine delines which port. will be accessed during a gata transfer bet-
weoht the Z80-CFU anct the ZEO-PIO. A low level on this pin'selects
Porl A whily a high levc! seiects Port B, Often Acdress bit Ag from the

. CPU will Le usnd for this selection functic:.

C/D Sel Contral or [2ata Selecy input, active high)

This pin dehnes the 1ype of data transfer (o be performed bwiween the
CPU and the PIC A high level on this pin during a CPU write to the
PID causes the ZBO dvata bus 1o be interpreted as a command for the
part selecled by the 874 Seiect line. A Iow fevel on this pin mcans 1hat
the ZBQ o312 bus is being used to transfer data between the CPU and
the P10, Often Address bir Ay from the CPU will be used fer this tunc-
tian,

CE Chip Enahle {input, active low)
A low Jevel pn this win enables the PIO to accept command or datz
inputs from the CPU during a write cyele or to transmit data to the
CPY during & read cycle. This signal is generally a decnde of four
140 part numbers that encontpass peort A and B, data uno controkb.

0 Systen Clock{input;
The ZBO-PID uses the standard £80 system clock 1o synchronize certain
signals internally. Thisis a single phase clock.

M Mochine Cycle One Signal from CPU {input, accive lovs) .
This signal hiom the CPU is used a5 a syne culse 10 control sever
internal PIO aperations. When M1 fs activy, and the RD signal is active,
the ZBO-CPU is fetching an instruction froem monory. Conversely,
whoen M1 is active and 10RO is active, the CPU is «chnowledging an
interrupt. In additian, the M1 signal es 1wo other functions withia the
Z80-P10,

1. M1 synchronizes the PIO interruat logie.
|

2 When M1 goturs without an active RO or I0RG smnat the
P10 longic enieds o reset slan.

I0RQ Inp-.ltf(JLH'mr Hrngurst from Z80-CPU [input, agtive love

The IDHU signal s med o comjunchion with the /A Seient, 4G
S, TE, snd WD signals w transfer commaneds ond dota betwee
tin ZB{] CHLJ artd the ZBO-PMIO. When UCE, RO and TORD ore oclive,
the port withessen by B/A will transion dara e the U Lo read ajer-
ation). Conversely, when CE ane 1O5D are active but R is Rot achive,
then the poer adileesset! by 845 wall e ritzen into from the CPU with
either dutd_or contral informetiun as specified by the C/D Seleet signal,
Also, if TORQ and TAT ore sarive simaltancously, the CPU s weknow-
becigaineg an nterrupt atal 15 aturiing part witl uultangtically ploce
ity wteniupl veclor on the CF date tags 1 305 tle higowes] devies re
Guesting on inderrugt,
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[EQ

A RDY

Read Cyele S1atus Irom the 280-CPU {input, active low) .
RO is active o MEMORY READ or /O READ operation is in 1 prag-
ress. The KD signal is used with B{A Select, C/D Seleet, €F and TORG
signals to transfer data (rom the Z80-P10 10 the ZBO-CPLL

interrupt Enahle ta {input, active highl

This signal is used o form a priority interrupt daisy chain when more
than one interrupt driven device is being used. A high level on this pin
indicates that no other devices of higher priurity are being serviced
hy.a CPU interrupl service routine,

Interrent Enable Ours {output, active high)

The 1EQ signal is the ether sigal required to form a dmsv chain prig-
rity scheme. 1105 high anly if 1E] is high and the CPU is not vervicing
< interrupl froan thas PEO. Thus this signat Blucks lowar priority de-
vices Troan intereapting while a higher priority device is boing serviced
by its CPU hyerrupl service routine.

Interrupt Reguest {oalput, open drain, active Yow)
When IMT is5 active the Z80-PIQ 35 requasting an interrupt rom the
ZBO-CPL).

Foiet A Bus (bidirectional, tri-state)

This 8 bit bus is used to transfer data and/or status or control infor-
mation between Port A of the ZBO-PIO and a peoripheral dovige, Ag
15 the least significant bit of the Port A data bus.

Port A Strobe Puluwe from Peripheral Device linput, active low!
The meaning ot this signal depends oo the mode of opseration selected
for Port A as follows;

1} Qutpu! mode: The positive edge of this strobe is issuad Yy the
peripherat 1n acknowledge the receipt of data made Fuilable iy
the PiQ.

21 Input mowde: The sirobe is issued Liv the peripheeat ta load i
fromm the poripheral into the Port A input regisier, Data is laad
ed into e PILY when this signal is active,

3] Bidirectional mode: When this signad is active, data L ghe
Port A oartpwil register is gated onto Port A bidirectional data
bus, The pasitive edge of the strobe acknowledyes the rrezipt
of the data.

4} Canrrol mesle: The strolie 15 inhibited internatiy.

Reqisens A Heady {output, active high)
The meaing ol thiz siyaat depends on the modie of operation selucied
for Podt A as Tollows:

“ 1 Owtput mode: This siqnal qoes active to indicato that the Port
A output registor has beent loacdked and the peripheral doty bus
15 stable amd ey for transier 1o the peripheral device.

2} iaput made: This sgnal s active when the Port A input reqister
15 ermply 2nd s reatly o ecoept data from ihe peripharal device,

3] Bidirectional mude: This signal is antive whan data 15 mwildble
in Port A output register for ranster (o the peripher device,
In_this moite dulg is nat pliced on the Pors A data Lus unless
ASTH is active,
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BSTE

B RDY

Ty e e 10 B 5008

A

ok aharea

- Ll
cormemnl m e .

ST A i Tt 1o B UL i

Prt B e (g nn e Ll
Tois B ot L35 15 USLel B Lransed i @aifae siabus o gentrtol info
Mo helwees Pore B oot te PG and*a e miRerat doser. The Porl B
datn bg is capabls of stprienn | Ama® Ly o Darlington
transisinry, B s the least significant it of the bus. Lo
Port 8 Suohe Pulse (rem Peripheral Gevice finpul, actve low)
Tive mueaning of this signal is similar to that of A STB with the foliow-
ing exceplian: Y
In the Porl A bidirectional mode this signal strobes data from e
periphers! device into the Port A input register.

Regisier B Ready {output, active high)
The megnieg of this signal is sirmifar o thet of A Ready with the follov
Y CXEep N

In the Port A bidirectional mocte this signal is bigh when the Porp &
iNpUt registar is empty and redly o accept data from the peripheral

device,
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4.0 PROGRAMMING THE PIO 1
a1 RESET

The Z8O-PIO autamatically enters a reset state when power is applied, The reset state per-
forms Lhe following functions: ’

1] Both port mask registers are reset to nhibit all part data bits,

2} Part data bus lines are set to o high impedance stole and the Ready “"handshake”
signals are inactive {low). Mode 1 is autamaticatly selected.

31 The vector afdress registers arg nol roset,
4] Bath poryinterrept enable flip flops are reser.
5) Both port gutpuk registers are resct,

In addilion to the aulomatic power on reset, the PIO can ba reset by applying an M3 signal
without the presence of a RD or TORQ signal. i ne RD or TORQ is delected during Lil
the PIQ will enter the reset state immadiaiety alior the B signal goes inactive, The purposa
of 1his resel is 10 allow a single exierndl Gate 1o generate a reset without a peswes down
sequence, This approach was required due to the 40 pin packamng limitation. [t is recom-
mended that in Lreadboard systerns and final systems with 2@ “Reset™ push buiton that a
M1 ruset be implemented for the PIO.

1408

CPU RESET —
© — PIQ M
CPU M1

-

A software RESET #s possible as described in Section 4.4, however, use of this methcy
during early system debuy may not be desiratle because of non-functionaf system hirdware
{bus lmflurs or memory for example].

Onee the PO has enterod the internal resel siale it is hefd there until the PIOY receives a
condrol wond Troo e TPLL

4.2 LOADING TIHE INTERRUPT VECTOR

The MO has been dsigned to operale with the Z80 CPU using the mode 2 interrupt ras.
prontse. This modde secpaires that an intetrupt veclor be supriied By the interrupting dovics,
This voetor is used by the CPL to torm thie widress for the interrupt service routine of that
port. This vector is placed on the #80 dala bus rluring an interrupt acknowledge Syele oy
the highest priority rlevice requesting service ar thar time. [Reler to the 2B0-CPL Techimeal
whanual far details on how oninterrupt is serviced by the CFUY. The desired interrup!
woolor i loaded nio (he PIO by wiiting & connrol svord to the desired port of the P10 wiy
the {oflowing format:

D7 DG o5 D4 D3 D2 D1 Do
V7 VG Vo Vil Vi V2 V1 0
£

L
/significs this gontrul o

i1 an WHerrupt vegtor
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4.3 SELECTING AN OPERATINC IO o | 0v :‘--5 RO A Aoty s

A

ahy

N d Yo f,. e

Purt A of the PIO r"mv L operated in any ol Tour l:llsllrh..l mndes- Modt:ﬁimnm: mme;,
Mode 1 {input mode}, Moge 2 (bidirectionul mode)” and Morda 3 l'cr.:-ntrnl mode), 1ot
that the morie nuimliers have been seiccted for mnemnnie. siqni licancy; e 0o0ut, t=1v,

E-Bnmructmml Port B can ﬂpl:ralr- i any uf these mndes cxcept Mods. 2,;6* ",' :. M o
‘u- ..'.“l I" L)
The mode of opReration must be estamlshed by wrmnu a contral word 1o0'the PIO | in 1

following format: o R T R L)

o7 LG Ds © o4 D3 D27 D1v%¥pg :

M1 () { x | x 1 i \ " 5 1 1 X=upused bin

mode word weanifiss mode w_-er 10 he set “

) - -
Bits OY and D6 from the binary code for the desired mode accarding (o the {ollowing

talile: "
D7 DG MODE
4] [y  {output)
0 3 1 tingut)
1 f 2 {bigitecrionall
1 1 1 {canurol)

- NN

Bits D5 and D4 are ignored. Bits D3-00 must be set to 1111 10 indicate *Set Maode

Selecting Mode O engbles any data written to the port eitpog register by the CPU 1o be
cnabled onto the par! data bus. The contents of the output regisier may be changed at any
time Ly thee CPU sivpby by wiiling a new data ward 1o the port. Also the current contents
of the output regisier may be read back to the ZB0 CPU at any time through the Bx&cutmn
ol an input instructian.

Witr Mode 0 active, a data write from the CPU causes the Ready handshake line of that
port to go high to notify the peripheral that data is available. This signaf cemains bigh uatil
g strobw is received from the peripheral. The rising edoe of the strobe generatas an inle=runt
{if it has been enabded} and couses the Ready line to go inuclive, This very sunple hamdshate
is simifar 1o that used in many peripheral devices, '

Selecting Made 1 puts the port into the insut made. To start handshake cperation, the Mg
medicly parfoims an input read operation Trom the poct, This agtivales the Rendy Bine o
the periphieral 10 sigeily that data showld be joaded mto twe emply input registes. The genn
pheral devige then strobes oala to the PO nput reygisier using e strobe ling. Agai., the
rising cape of (he sirobe causes ainterrunt reqquest (if it has been enablo} aneg aeaee -y
the Ready signal, Duta may be stohed inta the input register regardioss of the state o
the Ready siynal if care s taken to prevent @ doto cverrun canedition.

[Acule 2 is o Idirection w data aonsler mosle wloch wses all irur fesndslake finns, Trorpiore
anly Port A may b used for Mode 2 operatinn, Mode 2 G 1enh LALs thie Purt A b,
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4

shake signals for sulput control and tive Port 8 handshake signals for input contral. T us: x
borts A RDY and B REY may be active simultancousty. The only operational difference
botween Mode D andd the outpul- portion of Mode 2 is that daly from the Port A output
registor is oilowed on 1o the port data bus only when A STB is active in ardor 1o achicve a
bidiree tiona) capabsitity,

Maode 3 operalian s intended for status and control applications and dogs not ulize the
hondshake signals. When Made 3 is selectot, the next control word sent to the PIO must
define which of the port data bus lines are 1o be inputs and which are outpats. The farnmna
of the control word is shown below:

v 12

o7 o6 DG D4 o2 G2 D1 Do

107 | 110 | 1ot | t#04 | 1jog | HO2 P HOG | 1HOg

[{ aivy Lit is set to & one, then the corresponding data bus ling will be used as an inpot.
Conversely, if the bit is resat, the ling will be used as an gutput.

During Mode 3 operation the strobe signal is ignored and the Ready line is held {ow, Data
may be written to a port or read fram a port by the Z80-CPU at any time during Mode 3
operation. {An exception to this is when Port A is in Mode 2 and Port B is in Mode 3).
When reading a port, Lhe data returned to the CPU will be composed of input data from
port data bus lines assigned as inputs plus port output register data from those lines assigred
as cutpuls.

4.4 SETTING THE INTERRUPT CONTROL WORD

The interrupt contro! woard for each port has the fellowing format:

D7 {6 D5 04 D3 c2 DM Do
Eaalily AND Hght Rtgky
InIed ruygsl R ! l::h' tolhawy o ! ' ’
L™ PN Fl

W A4
wsed in Mode 3 only  signilies interrept control ward

If hit 07«1 the interrupt enable flip flop of the port is sot and the port may generate an
interrupt. i it D720 the enable flag is reset and interrupts may not He genesated. ! an
intesrupt occurs while 07=0, it will be latched internally by the PIO e#nd passed onto the
CPU when PIQ lnterrunts are Re-Enabled {C7=1}. Bits D&, D5 and D4 arc used mainly with
Mode 3 aperation, howuover, setting bit D4 ol the interrupt contral wored during any mode
nf operation wil cause a pending interrupt to be reset. These three fits dre used 1o allaw
for interrupt eperation in Mode 3 when any group of the 1/0 lines go to certain definerd
states. Bil DG {ANDJOR) defines 1he logicad operation to be perfarrmed in port moniloding.
H bit DG-1, and AND function is specified and if D60, an OR functlion is specilied, For
example, il the AND funciion is specified, all bits must go 1o 2 specilied state bofore n
interrupl will be yeneraied while the OR function will geneate an interropt if any speciiicel
bt goes Lo the active stale,

Cit D% defines the anlivy polarity of the port dota bus fine to he monitared, 1F Lit D51
the pore data hines ate maniteoed for g high state while if D5=0 thay will be monitared

Pme = Die 20 mb. dam

Fl
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Only those parl lines whyse mask bit is zero will be monitered for generating an Wtierrupt.

" The interrupt enalde thp Hop of a part may be set ar resel without madifying the rest o3
the wnterrapt control word by nsing the Tallowiay comiman:

——

Int
‘ )Enabfé X X X o 0 l 1 1‘1

If an external Asynchronous interrupt could accur while the processor is writing the sl .
word to the PIO {03H!} then a system problem may oceur. I interrupts are enableo in the
processor 11 15 possible that the Asynchronous terrupt will occur while the process.: 2
writing the dizable word 1o the P10, The PIQ will geperate an INT and the CPU wili acknow.
ledge it, however, by this time, the PIO will have received the disable word and de-zetivated
its interrupt structure. The resclt is that the PIO will not send in its interrupt vector dou-ing
the interrupt acknowledge cycle be¢ause 1t is disabled and the CPU will fetch an erraneous
vector resulting in a program fault, The cure for this probiem is to dissble interrupts within
tha CPU with the D instruction just before the PIO 5 disabled and then re-enable Interropt s
with 1he Ei instruction, This action causes the CPU o inngre any faully interrupts produciz
by the P10 while it is being disabled. The code sequence would ba: .

' . LD A03H _ : oo
- : DI ; DISABLE CPU _- ‘
CUT iPIQLA ; DISABLT PIOD .

El : ENABLE CPU *



5.0 TIMING ' Y
51 QUTPUT MCODE {MODE Q) ) i

Fiyare 5.0-1a illustrates the timing associnted with Mude O operation. An optput cycle is
always started by the exccution of on output instiuclion by the CPU, A WR® pulse is
generated Ly the P10 during a CPU 170 write operation and is used to latch the data from
the CPLI data bus into adclressuct port’s (A or B oulput register. The rising adge of the
WR* pulse then raises the READY line after the next {aliing edue of I ta indicate that
data s available for the peripharsl device. In mosi sysizims, the rising odge of he READY
siygnal can be used as @ latching signal in the peripheral device, The READY signal wall
remain active until o positive edge is received from the STROEGE line indicating 1hat the
peripherat has taken the data shown in Figure $.0-10. if already aztive, READY will be
tarced low 1% 'b eycles after the falling edge of TORQ if the port's output register is writlen
into. READY wll return high an the first falling edge of 4 alter the aging odae of ORG
as shown in {igure 5.0.1b. This actian guaiantees that READY is low while port data is

changing and 1hat a positive edge is generated on READY whenever an Cutput instruction
is executed,

MODE 0 (IQUTPUTITIMING MODE O {QUTPUTI TIMING
Figuie 5012 - Figure 5.0-1b

- Hﬂ"—,)/ /i\ Wm‘l

rONT QU IPUT . MIKT O IFUT
Tk r fr . i - pmLis]
RLADY - ! READT
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— e —— ——— -—
Wit = RO - ot Lol nhif ¥ s Yl 5D - IR

By connectiing HEADY -TH“UT’:L O powmbive pulse wille a duration of o clagch porncil
can be cicaled as shown in Figure 5.0-1c. The positive edge ol READY/STROBE will nat
yenargle an interupt because the positive portion of STROBGE is less than the witth of BT

and as sueh will nol pamerate e inteniupr due ta e internal 'agic configuration of the
P10,

if the PIO is not in a resot status (e, o control maode has been selected), the output register
may be loaded before Mode 0 is selecied. This allows port nutput lines 10 become active
i a user delined staie, For example, assume the outpuss are desired 1o become active in
adogic one state, the following would b Uie inicializalion seopuionce:

at PIO RESET

LY Load nmuerrept Veoor

b Dolect Mude 1 dinpot) {eutomatic due ro RESET)

df Write FF 1o Data Port

el Setect tode 0 {Outpuis o ta 178"

1) Enalke Interoan if gosired
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5.2 INFUT MODE (MODE 1)

Figure 5.0-2 illustrates the tining of an input cycle. The peripheral initistes this cycle U3k
The STROBE line afier the CPU has perforined a data read. A low level on this fine 1oads
data into the poit input register and e risimg edge ot the STHCRBE line activates the
interrupt request line (TMT) il the interrupt enabls is set and this is the highest priority
requesiing device, The next falling edge of the clock line {4') will then reset the BEADY
line 10 an inactive stale signilving that the inpat register 7s foll and further loading meat e
hibired until the CPU reads the data. The CPU will in the course of its interrupt servis
routine, read thee data from the interrupting port. When this occurs, the positive edge from
the CPU RD signal will raise the READY line with the next low going transition of
indicating that new data can be lgaded into the PID,

Since RESET couses READY to go low a dummy Input instruction may be needed in some
sysiems 1o cavse READY 10 go high the first time in order to s1art “handshaking™.

MODE 1 {INFUT) TIMING MOCE 1 (INPUT) TIMING (MO STROBE lNF‘;J -.,
Figure 5.0-23 o Figuere 5.0-2h
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1t already active, READY will be {orced low one and oneholt i periods Tollcwer e
falling edye of ORG dering a cad o a IO port as showat in Figure 5020 HF the uun
strobis data ko the M0 only when BEADY s high, the forced state of READY o
prevent input register data’ lrom chaneing while (ke CEU is reading the PIO, Reaoy wib
go ligh agans after e rising edoe af the JORL a4 prevassty deseribed.



5.3 BIDIRECTIONAL MODE {MODE 2) : R 16

. i . I
This mosle is merely o combination of Made 0 and Mode | using atl four handshake lines!

Since it reguires ol tour lines, it is available only on Part A. When this mode ts used on
Port A, Port B must be set 1o the Bit Contrel Mode. The same interrupt vector will be
returned for a Mode 3 interrupt on Port 8 aid an input transfer interrupt during Made 2
operation of Port A, Ambiguily is avoided il Port 8 is operawcd in a polied mode and the
Forl 3 mask regisier is =0t 1o inhibit all Ligs.
- +

Figure 5.0-3 illustrates the 1iming for this moda, 1t is almast identical to that previausly
described for Mode O and Mocle 1 with the Port A handshake lines used for output control
and the Port 8 lines used for input control. The difference between the two modes is that,
in Modte 2, data 15 olfowed out onto the bus only -vhen the A STROBE is low. The rising
edge of this strobe can be used to latch the data im0 the peripheral since the Jdata will
rernain stable wnlil after this edge. The input pattion of Mode 2 aperates identically 1o
Macle 1. MNote that bath Port. A gnd Port B must have their interroepts enabled (o achiesve an
interrupt driven bidirectional transfer,

PORT A, MODE 2 (BIDIRECTIONAL] TIMING
Figure 5.0-3
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The peripheral must noL gate data onlo a port data bus while A STH is active. Bus con.
tention is avoided il the peripheraf uses BGTB to gute input data onto the bus, The PIO uses
the 3 STHB low luvel w0 sample this datp. The PO has been designed with a fera hold time
requirerment for (he data when lutching in this mode sa that this simple guting structure can
be user! by the pevipheral. That is, the data can be disableo from the bus immediately alter
the strobe rising edge. Mote that i1 A A STH is low during a read operation of Port A {in res

pance ta a B STH interrupt} the data in the output reqister will e resed iy the CPU insteal
“' “""-' correct o -ta n lhﬂ data input rr:g:slur Jhe {:orrect data is farchoo ln the input rﬂgim r

flunnf] ] 1' P Hewl, |t should Le IJ]DEkL"H fiom IL'Jl.,hlllﬂ the A 5TB mIHH o 11“‘ PIC while

ri.‘iﬂrﬂ‘r’ is low (the CF‘U read will gocur whils BROY is low as the AD signai rewurns BRD'Y
i

* e e

LE
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sdata lines assigned as inputs. The input register will contain da:a which was prm
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The control, mode does Ant unl:ze rhe har; :;hakr: ﬁhala ar"f x rop rmt.port wn:r,- cr port

resd can be executed’at-any tnrm When writing, the Catd will e .at:had inro’ Qutlildt regr-
L51ers with the same fiminy as Mode 0 ALHDY will be frarcad I‘uw wharsm.rar Port'A” iy upe-
Lrated in; Mocte 3. B:RDY: will be hetd low wfmneum POre B ig operated [n Mo 3 unless

. Port A isin Mode 2 In the lalter ¢J!.- the smte -:'.-f B nu*rmt' n:n ht: affected »’r"‘ roo.
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When readmg the PIO, the data retumed 1o thc CFU, WJ" hﬂ campnsect oy output mgl-stef
data from those port'data lines assigned s outputs afid” input register data fmmﬁmpnrt '

rn.-la oyl

.. w . 1, !
iately prior to the falling edge of RD, Seu Figure 5.0-4." R Y % Lrga, A
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An inrerrupt will be generated if interrupts from tha port are enabied and the data on thl
port data lines satisfies the logical squation defined by the B-bit mask conrol registers;
Another interrupt will not be generated untif a charqe occurs in the status af tho logical

. eqquation, A Mod# 3 interrupt will be geharamd only if tha rosult of a Mode3 h;'glc:ai‘ Gper-

ation thanges from fulse to true. For example, assume that the Mode 3 In-gu:al equ:mun iz
an “OFR* function. An unmasked port data line becomes active and an interrupt is requested.
If & second unmasked por! data 'ine becomes active concutrently with the first, a new
interrupt will not be reguested since a change in the result of the Mode 3 Ingical operation
has not occurred. Nore that port pins defined as outputs can contribute to the . logicai
equation if their bit positions are unmasked. !

If the result of a logical operation becomes true immmediately prior to of during M7, an
interrupt will by requestod after the trailing edge of M1, provided the logical equation re-
mains true after M1 recurns ligh.



Figure 5.0.40 is an example of Mode 3 interrupts. The port has been placed in Mode 3
and OR Jogic selected andd signals are delined to be high, All but bits AD and A1 uré masked
out and are not manitored thereby creating a twe input positive togic DA gate. In the
timing diagram AD is shown going high and creating an intesrupt’ {TNT goes lowl and the
CPL responcds with an interrupt Acknowtodne cycle {INTA). The PHO port with its interrupt
pending sends in its Vector and the CPU goes off into the Interrupt Service Routing, Al s
shown guing inactive cilther by itself or perhaps as a rosull of action taken in the Interrupt
Service Routine (making the logical equation falsel. An arrow is shown at the point in time
where the Scrvice Routine issues the RETI instruction which clears the PIO interrupt
structure, Al is noxt shown going high making the logical eguation-true and gererating
anothor interrunL Two impanant points need to be made from this exampig: .

1} A1 must net go high before AQ goes low or etse the logical equation wlll nol go
false — a requirement for A1 to be able 10 generale on inlerrupl,

2} In arnder for A1 1o generatg an intermapl it muost be high after the RET] issued
by AD's Service Bouting clears the PIO's Inteerupt structure. tn other words, if
Al were a positive pulse that ocourred after AQ went low (to make the equation
false) and went low before the RETI had cleared the Interrept Structure it would
have beenn missed. The logic equation must become false afier the INTA for
Al's service and then must be true or go true after BRETI clears the previous
interrupt for another interrupt to ooour.
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MODE 3 EXAMPLE
Figure 5.0-4b

1 EGUATION TRUE
AD

LOGICAL

EQIUATION eq
GOES FALSE UATION TURE
Al \H
5 ‘?\ |
1
AETI 155U D HERE
MODE 3 INTERAUFT CLEARED

t f Al
INT N A‘®—INTEHHUPT
VECTOR IN VECTOH 1N




> 6.0 INTERALEF czrvic s

Some limc after an interagpt i: pguuserad bar e PIE 2an D00 Wil cans oot 2o idterrupl
acknawledge (M1 amnd TROL Drsog s vreg the intz hun {ogie of g 7305 adll determine
the highost prionly port wiith o raouestog 1 interrigl cThie i gimydye she devicn with
its Inforrupt Enabite Tnput high st its Interrupt Enable Ouipii few). To insure that the
daisy chain enahte fines stabilize, dovices are inhibited from chamaing their interrupt request
status when M1 is active. The highest priority ¢daevice places the contents of its Interrupt
vector register onlo the Z80 dala bus duringinierrupt acknowdedge,

Figure G.0-1 illustrates the timing associated with interrupt reuests. During M1 time, no -

new interrupl requests can be gunerited, This gives time jor the Ing Enable signals 1o ripple

through up to four PO circuits. The PIO with 1EI high and 1EO low Juring INTA will place

the B-bit interrupt vector of the appropriate port on the data bus 2l ihis time. .
If an interrupt requested by the PIG s acknowledged, (he requesting port is ‘under service’.
IED ¢l this port wil! remain low until 2 raturn from imerrunt instriction [RETI} i executed
while 1EI of the port is high. If an interrupt request is not acknowlodged, 1EQ will be forced

- high for one MT cycte aiter the PIC decodes the opcods "ED". Thiy action puarantees that
the two byte RETI instruction is decodded by the proner PIO port. See Figure 8.0-2. -

INTERRUPT ACKNOWLEDGE TIMING | o

Figuse 6.06-1 LAST T
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i ——
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Ll -

RETURN FROM. INTERRUPT CYCLE"

Frgure 02 T1 T3 Ty T4 ' T
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DAISY CHAIN INTERHUPT SERVICING , 1." 20
Fiyure 6.0-3 ;

HIGHEST PRIORITY FORT

yn PORT 14 FORT 1B PORT 24 PORT 28
' Hi

| HI [H] 1] Hi
J{EI 1ED IE} IED 1E1 iEQ 1EI 1E(Y s

t. PRIQRITY tNTERRUPT CAISY CHAIN BEFORE ANY INTEARUPT QCCURAS,

UNDER SERVICE

ryer
l HI Hi HI . Lo LD
IET 1IED IE1 1EQ [3] tEQ IE} 1EQ f—m—r——
i |

Z PORT 24 REOUESTS AN INTERALUPT AND IS ACKNDWLEDGED,

UMBDER SEAVICE  SEAVICE SUSPENDED

HI i Lo 1 L0 | Lo
EI IED 1E1 \ED (1E] (ED IEI 1E O e

3 PORT 18 INTERRUPTS, SUSPENDS SERVICING OF POAT 2A.

aqn SERVICE COMPLETE SERVICE RESUMED

I HI HI HI ] LD Lo
{IEI  |ED 1El IEQ 1€l lEur-—--—rEl 1EO

4. PORT 1B SEAVICE ROQUTINE COMPLETE. "RETI" ISSUED, PORT 24 SERVICE AESUMED.

qn SERVICE COMPLETE

Ht HI Hi HI M
1£1 IEC {EI 1ED 1€1 IEC €1 IECH———

e o e ]

S BECONG “RETI™ INSTARUCTION SSUED ON COMPLETION OF PORT 24 SERVICE ROUTIMNE,

Frgure € 0 1 illustrates 2 typical nested interrupt seguence that coutd occur with four ports
caanected in the daisy chain, In this sequonce Port 2A requests and s granted an interrupt.
While this port is being <erviced, a higher priority port {18).requests and is granted an
in:ufrum. The service rottine for the higher priority port is cornpleted and a RET) inst-
ruction is exccuted to indicate to the port that its routine is complete. At this time the
seryice routine af the lower priority port is completed.

4
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7.0 APPLICATIONS

7.1 EXTENDING THE INTL Tl iV e

Without aty external logic, a masimum of four Z3G-Fil cuvicss may be daisy chained
into a priarity interrupt strocture. This limitatien i5 reCunret s0 that the interiant enable
status (IEQ) ripples through the entire ¢chain between the Leqmning of M3, and the beginn
ing o TORT during an interrugt acknowledge cycle, Sinca thy interrupt enahle sLitus cannot
channe diering M1, the vector address rewurned to the CPU s assured to be fram the highest
priority device which requested an interrupt,

If more than four PIQ devices must be accommaodated, a "look-ahead” structure may be
used as shown n figure 7.0 1. With this lechnique more than thirty PIO's may be chained
together using stanclard TTL jogie.

AMETHOD OF EXTENDING THE INTERRUPT PRIORITY DAISY CHAIN
Figure 7.01

Zso-
CPL

{

_ 0aTA BUS .

72 1/0 DEVICE INTERFACE

In this pxampla, the Z80-PIO i5 connected to an 1/D terminal gevice which communicates
over an 8 bit parallel Lidirectional data bus as dtustrated in figure 7.0-7. Moda 2 operatisn
{bidirectional) is selected by sending the following control ward 14 Port A:

EXAMPLE |/O 'NTERFACE
Figyre 2.0-2

o7 D& D5 D4 D3 02 DI oo

} 0 X X 1 L 1 1

MOLDE CONTRQOL



EXAMPLE 1/0 INTERFACE
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Next, the propar interrupt vector is loadad {refer to CPU Manual for details an the opera-
tion of the interrupt).

V7 Vh

W V3

Interrupts are then enabled hy the rising edge of the first M1 after the interrupt mode
word is set unless that M1 defines an interrupt acknowledge cycle. I a mask follows the

interrupl mode word, interrupts are enabled by the rising edge of 1he first AT tollowing
the satting of the mask.

Data can now be transferred between ihe pergpheral and the CPU. The nmlng fur this
transfer is as described in Section 5.0.

7.3 CONTROL INTERFACE

A typical control maile applicanion s illustrated in fiquee 7.0-3. Supnose an industrial
process 15 1o e monitonal, The oceurrence of any abnormal eperaling condition is to be

reported to a Z80 CPU based contral system, The process contro! nd status word has
the follewing format;
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CONTAOL MODE APPLICATION

Figure 7.0 3
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The PIO may be used as foliows First Port A is set for Modr 3 acration Dy weinng the
following constrol word to Porg A,

D7

[

- -

OB D5

T

A ——— T

Whenever Mode 3 is selected, the next contrel word sent 1o tha past must be an 1O select

ward. [n this oxample we wasll to selrct port L'ata fines A5, AJ, and AD a3 innuts and 50 the
following control word s written:

RED

o4

o]




- Next the desired interrupt vector must be loaded (refer 10 the CPU manual far ﬁ&ai1524

D7 D& 05 D4 D3 o2 o La]i]

An interrupt control word is next sent to the porl:

¥ Dg D5 D4 D3 02 D1 (wl4)

1 o 1 1 4] 1 1 1
Enabily CH Actve Mok Y 4
Irrerruper Lagic  High Followt inierrupl Control

The mask word fallowing the interrupt mode word is;

* D7 DG DS D4 03 . D2 D1 Do
0 |

ADDnDOE

Selects A5, AJ and AD to be monitored

o’

Mow, if 2 sensor puts 2 high level an line A5, A3, or AQ, an interrupt reguest will be gene-
rated. The mask word may select any combination of inputs ar outputs 1o cause an inter-
rupt. Far example, if the mask ward above had been;

b7 DB D5 D04 DI 02 D! DO

ODONDEnD

then an interrupt request would alsg occur if bit A7 {special Test) of the output regisger
wias sef.

Assume that 1the following port assignments are to be used:

EOy= Port A Data
E 1= Port 8 Data
E2p= Port A Control
E3p= Port B Control

All port numbers are in hexadecimal notation, This particular assignment of port numbers
is canvenient since Ap of the address bus can be used as the Port B/A Select and Ay of the
address bus can be used as the Control/Dato Setect. The Chip Enable would be the decute
al CPU address bits Az thew Az (111000). Note that if only a tew peripheral devices are
being used, a Chip Enable decode may not be required since & higher order adtlress bit
could bo used direetly.
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8.2 SETMODE

MODE NUMAER

M1 Mu MONE
a i 8] S Qutoat
1 0 1 Input
2 1 ) Bidirectional
3 i 1 " git Contral

When selecting Mode 3, the next word to the PIO must set the 1/0 Register:

L]

-

il,ﬂ’D} IIOEi.UDE Qg | /05 IIDQIIFU',iH';ﬂ

O = 1 Sets fait tg Inpuag
1/0 = 0 Sews bit o Ouiput

8.3 SET INTERRUPT CONTROL o

Elnl AR Heughp | Aine ]r ‘
'IEn;uli ¥ Law §F atloews o 1 I T ‘ !

L =

b =

F 3

USED IN MOBE 30NLY

o

I
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1 the “mask follows™ bit is high, the next contra! word written to the PIO must be the
mask: ) '

L
{;H} MBg | MBg| MOy | Miiq MBp @ MBy | MAp

—

MB = 0, Moot kil
MB = 1, Mask bit Irom heing monitored

Also, the interrupt enable flin flop of & port may be set or reset without modifying the
rest of the interrupt control word by using 1he tallowimg cammmal:

tnl
EnahTr:[ X X x_lru [ 0 ! l !
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90 ELECTRIAL SPELMCA O

9.1 ASSOUIITE MLAGHMUIM AT e

Temperature Under Bizs . Specified operating range,
Storage Temperature —55'C to +150°C
Yaltzge On Any Pin With ~0.53Y 10 +7V

Respect To Ground

fower Dissipotion HW

a2 D.C.CHARACTERISTICS
Tahla 8.2:1

Ta=0"Cto70°C, Voo = 5V + 5% unless otherwise specified

1' Symbol 1 Fatamernr Min ! Max Unit | Test Condition _]l
Vi o Clock Input Low Yollage -0.3 D45 v )
_"-.n"ch ! Claek Impaut High Yoltane Ve 61 "n_{gchj i v !
| ¥ l lnput Low Yoltage 03 ; 0B Y [
[V Input High Voltage |20 1§ Voe GV i i
| Yar Output Low Yaliage ! 0.4 Vo | 1oy = 2.0mA :
'I.I'DH Chutyaut High YValtage 2.4 E W 10H = .25[]}_;{.\ H

| 1,:(: Pevnr Supply Corrent | 70° ma
‘_IU tnpnt Leakaoe Currant v; 10 It.ﬁ. Win=0 tl:l-_‘h"cn --l
h oy Tri-Srate Oiliput Lrakaqe Curreng 'm-FInat | 10 | a4 J Vout 24w Vepe [
ILC":_ iwri S1ae Ouwtput Less age Current in Flni -1 } ‘lu-kwl Vour =94V :
I,.lL'D Data Bus Luakagﬂ'_‘._lﬂuent m Inpul Made | =10 J.Af_ I-.?._ﬂwﬂﬂﬁ_.__!
loHp Darlmnaqton Drive Current 1.5 m ] Ve LAY !
_ ) .- - I Poit B Cnly ! J

" 150mA for 4,10, and 0 duvices.

8.3 CAPACITANCE
Tahle 9.3-1

Ta=25"C, 1= 1MH:z

I Lymbol | Parameter I Max Umit Test Condition _1i

—- | Rt k- —i

Cip . Cloch Canacilance 10 pF Unmeasured fhins i

Cin trput Canacitance f g pF - Aeturred 10 Grownd E

[Cour | Outper Carxiiancs R i
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94A AC. CHARACTER!ISTICS MK3880, MK3880-10, MK3880-20, 280-P10
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Tabie 8.4.18 Ta=0°Cto 70°C, VCL = +5V ¢ 5%, unless otherwise noted
L SIGMAL SYMBOL PARAMETER MIN MAX INET l! COMME N
]
(" Clock Perind ] 400 [ nl s '
UL (T Jos Clocs Putie Wiith, Sock High 110 2000 noc ;
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QUTPUT LOAD CIRCUIT
Figure 2.4-1
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9.5 TIMING DIAGRAM

* Timing measurements are made at the following voltages, unless otherwise specified.
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CESCRIPCION DEL MONITOR ZBUG

ZBUG es ur vrodarama escritce para el 80 de 2048 byties,
2l cual pormite al usuario meter y correglr programas a ni-
vel de lenguaje de miguina., Este programa, esti en una me-
moria del tipo ROM, el monitor ZBUG usa un teclado hexade-
cimal para mgter datos ¥ & despliegues de 7 segmentes para

tener lectura de datos en hexadecimal.,

ElL “BU4G 1ncluye también subrutinas para ¢argar y vaclar
programas, a través de una INTERFACE de cassete gue permite
la utilizacién de grabadoras de cassete, de muy bajo costo.
Un programador de Eproms tipo 2716 de 2 Kbytes se incluye -
en este pequefc sistema y las subrutinas para realizar la
programacifn, se encuentran en el monitor ZBUG. Estas memo
rias una vez programadas se podridn utilizar en los recoptd-
culos gue se proporciconan y asi tener programas de aplica -

ci%n en forma permanente.

Otra caracteristica del monitor es su capacidad para -
diagnbsticos avanzadea como son las trampas mfiltiples [BREAK
POINT), e3jecucisn de instrucciones paso a paso vy la posibili
dad de desplegar y modificar los registros del Z80, todos es

tos diagnfsticos generalmente se encuentrah en sistemas no
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simples, pero gue son de gran ayuvda para el usuario.

En resumen el monitor proporciona al usuario €On un con-
trol completo sebre la ejecucidn, deteccidn v correccldn -

de un programa gue se esté desarrellando,

DESCRIDPCIDN DEL ZBUG:

* HBotén de Reset

Este switch forza al CPU a iniecializarse y empleza la e
jecucidn del pragrama en la direccifn 00004, B! monitor -

recide en los primercs 2 kbytes del! blogue 2e wmomoria.

El monitor inicilaliza el apuntador d¢ Stack en la 23COH.

* Tecla monitor.

‘Esta tecla se usa para suspender la ejecucifn de prodra
ma y regresar el control al ZRUS, (produce una interrup-

2idn del tipo NMI)
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* Tecla examinar memoria

Esta tocla se usa para examinar y cambiar localidades de
un puerto, para su uso entran 2 digitos gue reoresentan la
direccién del puerto, posteriormente, esta tecla se activa

¥ el dato de ese puarto se muestra,

* Tecla examinar registros

Con esta tecla, se pueden examinar y cambiar los siguien-

tes registros: A, B, ¢, D, E, ¥, H, L, I, 1IFF, PBPC, IX, IY
* Tecla examinar los registros alternos

Comz la tecla anterior, se puede examinar los registros

altornog:
1 1 L] b 1 1 r 1
A, B, C, D, E, P, ", L

* Breakpoints

El ZBU6 tiene la posibilidad de poner hasta 5 trampas en
el programa del usuvario, lo que se hace, es cambiar el cOdi

9o operacional del programa y sustituirlo gon un RSTB(CFH)

w3



se guarda el c8digo en una tabla,

Al encontrarse este RSET8, los registros del 780 se guar-
dan en ¢l mapa de regigtros, para ser analizados. El uso
de la tecla paso & paso (single step), cancela todos los

Breakpoints.
* Tecla paso a pase {(single-step)
Esta tecla, le permite al usuario ejecutar una instruccidn

a la vez,de programas que estdn en desarrollo, de esta mane-

ra poder interrogar el Status completo del CPU,

* Tecla ejecutar

Esta tecla, ordena al CPI comen:zar la ejecucidn del progra
ma del! usuvaric en la localidad gue se especifique o enh la --

gque esté apuntando el contador de programa.



- MAPA DE MEMORIA -
2800H NO USADA
27FPH RAM USUARIO
2400 H 1 K BYTE
23FFH TARLA DE BREAKPOTIHNTS
23CIH ¥ MEMORIA DE TRAZADO DEL
CPU
23C0H MAPA DE REGISTROS
23A9H
23A8H AREA DEL STACK
23900
2387
RAM USUARIC
2000
RENE NO USADA
1800
1 7FFH PROM 2
1000 W
OFFFH
DROM 1
0800H
Q7FF

onan

ZBUG MONITOW




DECODIFICACION DE PUERTCS,

Los puertos de ¢nltrada y salida, se encuentran total-

maente decodificados,

DIRECCION DEL PUERTO DISPOSITIVO
BOH - B3H zB0 ~ PIQ
B8H -~ 8BH SEGMENTOS
BCH - BFH DIGITOS
P 10

HOH 251 DATAE REGISTER

g8l PB DATA REGISTER

g2 PA CONTROL KEGISTER

g2 PB CONTROL REGISTER



LIJEMPLO

Escribir al despliegue,

El siguiente prograMa mueve el carvdcter 8 de derecha

a4 ilzguierda, & lo largo del despliegue,

DZ0ms

SEGMEN

DIGITO

HDNITQE

LOOP

ORG

EQU

EQU

Lo

EQD
LD

ouT.

LD
ouT

CALL
CALL

CALL

2000H; Punto de Entrada
ﬂﬁdFH:Subrutin& para retraso de

20milisegundos

88H :Puerto gue selecciona ség-

mentos

8CH ;Puertoc que selecciona el df

gito

66H 7TReentrada al monitor

AL,DOH

{Segmen) ,A;Activa todos los seq -
mentos

H,01H . -

(Digito),AlSeleccicna Primer digito

20ms

D20ms

DZ20msg



0Gi =9

]

CALL [20ms
LA ‘D20ms ;Retardo de aprox., 100ms
RLCA : Rotac16n al siquiente dfgito

he:l Loup ; Regresa

- INTERRUPCIQON POR P10 -

2000 3E 21 LD A,21H
2002 ED 47 LD I,A inicializa I = 21
2004 3E00N LD A, O0
20046 DE 82 ouT {42H) ,A Vector de Interr.
V7 VeVSV4AVIVIVI]D
2008 3E4F LD A,4FH; P10 Modo de operacifin
Entrada 0lXXITIYIX
200h nL3ig2 ouT (82}, A
200¢ 3E87 LD A, B87H Interr, control MODE
MIXXX,0111]
200E D382 our (82) A
2010 . EDSE M 2 Meodo 2 @de interruncifn



2012
20313

2100

2200

2201

-]t;

FB ET Habilitar interrupcidn

T HALT

TABLA DE SERVICIO DE INTERKUPCION

0a22 . Apunta a la Direccidn 2200

RUTINA DE SERVICIO DE IWTERRUPCION

EDdD RETI :Regreso de i1nterrupcldn



DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.AM.

MICROPROCESADORES: TEORIA Y APLICACTCNES

SPECTRUM {The Microcomputer invades the producticon line)
The MC5-48 Single Component Microcamputel

CLECTRUNICS (Two versions of 16-hit chip span microprocessor,
miniconputer needs)

COMPUTER {Architecture of a new microprecessor)

COMPUTER (The intel MCS-48 microcomputer family; A critique)
ELECTRONICS (VLST, LSI, MSI, SS1,)

Julio, 1981

Polecio de Mineria  Calle de Toeuba 5 primerpise  Mixico 1, 0. F. © Tel: 527-40-20 Apdo. Postsl M-2285
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by Witiam R. Blood, Jr. kickoi ing. invegraied Civats (o, L, At

O In the realm of microprocessors, bipolar large-scale
integraied circuitry has evolyed very differently from the
metal-oxide-semiconductor LS| technologies. Its big sell-
ing p-uam is ity speed, which can only be optimized for
any giveo mlcrﬂplwr application if the dﬂlper has
control.of the processor’s bus structure, word size, and
L~ instruction set.-The need for such control has led 1o the
" bit-slice approach in bipolar LI circuits, which i quite
.unlike:the -more gencral-purpose byic orientation of
, -slower MOS microproceasors,
.rt The . fasiest bipolar lechnalogy is cmitter-coupled
logic, and ,ECL is the basis for the M10SOD family of
standard bit-glice parts

’ The 10800 family

' There are nine members in the 10800 ECL biteslice
family. Each handles 4-bit-wide data paths, bul since
cach is designed around the slice concepl, it can paralle)
itself to build a processor of any given word width.
Moreover, each containa data parts for easy mt:rmnncc—
Lion to other LS1 circuits. The family includes:
® The MCLOB00 Basic 4-bilarithmetic-and-logic unit.

B The MC10801 microprogram-control circuil.
© ® The MC10802 timing controller,

Tty
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1. Mwsnasor ﬂmml. Th| Mcmam &l lrltl'uuuu-lnd-lngm unlr m i 1ha heurt of Molorola™a lemity of high-speed emitW-coupies-logic
cirouits. Sruciursd around thres buses, twe Of which B bidiractional, e chip i capubie of hindiing binary $nd Dinany-coded-aacinal oaty.

. W The MC10B03 memory-interiace circuit.

n The MC10804 and AMC10805, which are 4- and 5-bit

level translaton for hooking ECL to TTL.

&8 The MC10806, & dual-access buffer memory,

& The MC10807 S-bit bus transceiver.

& The MCI0808 programmabie multibit shifter,

The parts also hook onto compatible ECL memories, such

as tbe MCM 10144 §,024-bil random-access memory.
The speed of the family is mainly attributable 1o new

circult design techniques, rather than any breakthrough

in integrated-circuii processing. An enample is the inter-

nal logic that operales off a — 2.volt supply, which is

beiler suited thap a 5-v supply 1o the aperation of

muluplcurs registers, and some othér commeonly wsed

logic elemenss. Thase elements can thus be easily inte-

grated with Lhose circuit elements like adders thet ara

heiter buill with the cerirs.gatad BT abrnrinrss svuarad |

by the conventional —35.2-v supply. Funher, since the
10800 farmly of parts employs the same fabrication
process as the MCMI0146 high-speed 1,024-by-1-bit
ECL RAM, they enjoy all the benefits of Jong-established,
high- m&um: pmdur:tm

The ALU chip

At the heart of the family is the MCIOB00 & bit
arithmetic-and-logic-unit {ALU) slice, which was the
first in the family of standard ECL products to be devel-
oped. The chip performs the logic, arithmelic, und shill
functions reqmrnl:l to exccute various machine instruc- .
lions. Because the purt was Lhe first buils with the aew
—21-¥ logic design, circuil complexity wax held w 1he
equivalent of & conservative 350 gales. The urca of Lhe
chip. which empleys standard design rules duubic-

lnvar vmalaliratian v lece alina 1L MW G imaa ==t




T Crcastd'thelr use a5 indusirial coniroflers, An B-bit »

‘siient revolution

There's a guiet revolulion going on in 1he manufacluring

- world that is slowly changing the took of the faclory
floar. Spearheaded by mini- and microcomputer
1echnologies, elecironicy is contralling and moniloring
processes far more efficiently and guietly than clangy
cleciromechanical relays—and wilh minimum  human
supenrlslunn,

- Although the lpplm:.lmn of t'll:ctrunh:s to manufactur.
ing has been somewhat slow, despite the availability of the

lechnology, |:||51.1l'|-cl trends can pe obscn'ed Thes in- |

th.ld-t . -

* & prolifersilon of mk'mcﬂmpultrs in process-contiol® -

applications, mainly brought on by 1keir low prices, Maa-
itilicy of recontiguration. wnd :ulul:nluy For dndir:.lud
functions.

. = A ncw generation of robots for siall-parts assembly,

and (he appearance on the production line of smarier
topols. Some can make machining and processing deci-
tions.,

= An increpse in the upe of elecironic roalt, such a1 lasen
and electron-beam guns, 12 ireatl maierials, '

* New glectronic  data-logging instruments thst now
manilor mote manufaciuring procesies than scores of
human operators formerly did.

» # Orealer uw of computer soflware Ihrough compuier-
aided devign, compyier-nided manufaciuring, and design
ayiomalion i ol lengthy production (imes wnd increase
throwghput Talcs,

A niche tor mlcrncun‘\putam T
The dccl:mng coyl nr mlcrocompmcr products has in.

m:crmompultr syslem on & single prmled—clrcult (P

i~ —Board can now be purchased for $300 Lo $400— lar lower |

Ihan:the 31300 1o 32000 for a minicompuler Lo do the
same 125k, And the microcomputer's use &5 an iadustnal -
concrodler 33 more ¢l fcient; & minicomputes bas far more

- computing power than its applicalion needs, 1o addilion
the microcompuier, with its smaller size—and henr less
costly software program—is easi®r Lo reconfigure (or
changing applications.

Many miciocomputers in industry are being used as
dediczted controllers. Typically several microcompuiess,
cach handling a specific funglion and all tied together by a

« Minicompuler, can be found in a plant. The minicam-
putet perflorms the larger daja-manipulation task and acis
axz an inteeface belween the mictocompilers and 2
monitarning siation, which may be a o2 7 terminal (Fig. 1.
A prinler may alya be included. '

A high-volume application like agipmotive sheet-metal
gauging iltusirates the microcampuler's use. The conven-

FI“.H” Allan = Assoclate Editor

IEEE specirum jasusRY (3%

OO0 E-5234 /70,01 Ql={S 15000

‘Theé microcompuier invaaes
the production iine

‘Machanntuchniquu‘ yield fo the
ution’ of electronics

tional method i3 to pse visual and manual inspeclion when
sampling and checking ¢heet-mewal pants [or corredd
dimenzions. This is done ofMline and only al infrequent in-
tervals, because i1 [akes a relarively long time. With a
microcompuler, several gauging iemyors can be st yp to
scan samples online. The job can be done Taster and mote
frequentiy, snd this ensures thar -fewer our-of.
rpecilicntion sheel.meiel paris will get through. lnapec-
tiont are 130 COre ACCurite.

The low cost of microcompater #c pozrds has, in many
cases, mimplified the servicing of electronic | control
syrtems. A defesiive mitrocomputer board in & dedicuted

" process-control 3ystem can simply be isolated and discard.
* ¢ and 3 replacement quickly put in. Larger and more ex-
. pensive  micrecompuiEn,  however,

repAre  Lrouble-
thooling and repair by service personned 1n the plant; ihe
rc boards are simply (00 cosily o discard.

This poses & problem: planl service personnel are most-
Iy house electricians and ill-equipped to repait complex
slectronie equipment. The vhortage of techpically profi-

' cient majntenance workers it part of & larger problem Lhat

the manufacturing industries Face as the computer is 1p-
plied in its many forms: produgtion supervisoms and

1] Betadan ol s kow So8) and regrogramming Thbily,
tha micotomputer |8 belng vsad in many degicated v
dusirisl applications. Typically sevarsl micrpcompulers
arw tied Into & minlcomauier, which p-lrl'nrm lurgﬂr dele:
manipulmion and anabysts tanks.
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Managers r:-{:li"-' ¥ '.'qu;H stbiconpedtr echndogy
{both hardw e and sofiwa . Lgesisy av ey wee witi the
Prowee . Tt ry hanig?

A nere e L ocrd geebming, wer GP mini- and
Macrew Wupubers ot eoralactanes, o IR s b sales of
single-catd Vo bt Lo wlet by wilh process
vatiables. Typicalls st bogu by connanin Az converien,
o wnveriers, siptval-comduitieas componenis, and
Al gde e circoal Py, S regaoiee Tinle or ner gddiional
cinctarts amd cier be bter Gedd o the s chrectly,
tearle Akl o b ey S ds e dyesigioed T plog v and in-
erbawe Joeetly sl il ming of machecompaler they e
designed for; the bk wsuatly o made i the conguter’s
card-cage housing.

Recenily smant digial programming and coatroller in-
sirumenis for process coawenl have begun O appeal.
Typical of such equipmenn is the microcomputer-based
DICPTIN0 (rom Hokeywell, Forl Washinguen, Pa. I com-
bines in ¢ne hos & vafiableseipoing v4 lime programemer
‘with a three-mnde contioller. The programmer/coniroller
has a keyboard through which an operator can enler and
cortrol process npuls. The woil can slore up 'a nine

sepatae plugran conslsbing of up 1o 300 ramp or soak

segments plus event ywilChes,

Analog Deviges 1n horwood, Mass., has gonc several
steps Turther with a 'oal microcomputer-based, closed-
loap, real-lime mcasurement and conirol system (Fig. 2).
Known as MALUSYM 1l the syslem has o ¢RT and
keyboard and is designed for seieniific and indusirial ap-
piications requiring (he acquisilion, slorgge, compuis
tion, reduchion, presenlation, and oulpuiting of high- and
kow-level sigmals from upiversally wscd sensors {lher-
mocouples, SIrdn gauges, resistive (emperature devices,

“pto.). The syuwemn makes use of, 8 high-level language

called MACBawe, an extension of Basic, 10 allow
nontechnical operalors Lo use il Ay many as 156 channels
of analog input dala can be accommoxlated with plug-in

I} Thie clossd-loop system Irom Analog Devices s
designed lor 1oiel process messurement snd control by
an unphliled opsrator. The ayatam, MATSYM L, interdaces
with all popular indusirial sensore.

"1“2"*.‘

po cards thay pat crheee Jircoly 1o narly mlhmn Pro-
oot vagisbie, e a

Mare robcils are apoweiing

Mew robats Tot fars swembly are praving more alizac-
itee ToF indusihial batch gawembly (nearky 1hree- Toarihs of
ull assembdy opcrauoas in the LS. are of Iht baick-
assembly variciy). Lntil resonily mosl 10Dots WETE bne.d
Lo such Operalions as welduig, parts trznsfer, dic sadivg,
forging, and the operalion of punch prosss. Recont
bt Bove itindect versivns with kigh intelligeoce, They
N recogiee poor metal welds and dmproperly pusi-
tenied puching (uals os well as do the work.

Ad Lhe recent Third Indusirial Robot Condurende and
Exhibition i Chicage, Unimation Inc, of Danbury,
Cona,, mMroduced {he Arst rommescially  available
microprocessor-controlled robot specifically designed for
the assembly of small flems, such #s elctronic com-
ponerils and hargware, Known as Puma {programmable
universal maripulator for asserably), it was developed
joiatly by Unimaiion and General Motors in Detrain,

GM 5 using several Pumas (o small-parcs assembly.
The small rotor can repeatedly pasilion an ebject, slaying

_within & Iolerance of 0.004 in {0.100 mm}, which is only

slightly 1hicker than & human hair. The bean of the §75-1h
(79-kg) robo is a Digiial Equipment Corp. L51-11 micro.
processor, which ceniroly five other microprocessers,
each dedicaied 10 one of five robot arm axes, The motions
correspond 1o waisl roation, shoulder rolmtion, elbow
rollion, wrind beng, and hand rotauon: The rabon van
lift wp te 7.7 1b (1.3 kgh including the weight of Uy end
manipulator, tinder maximum load, its arm-lip velocity is
1.3 [eds (101 condv). Arm and conlroller may be sparaied
from ¢ach orher by ax mych s 16 [T {3.3 meters) by means
ol 2 cable assembly.

Early lssi year the Westinghouse Eleciric  Corp,
Research and Developmem Center in Piltsbuegh submit-
ted 10 1he Mational Sclence Foundation a wecond-phase
proposal on programmable sutomation of baich-as-
sermbly operations. The [irst phase of ihis swdy,
"*Programmable assembly research Lechnology Iransfer 1o
industry,”” was compleied in Octnger 1977, and i led 10
the preliminary design of an automaied system lor small
mators (Fig. 3). Help for the sludy was supplied by 5R1 In-
ternational af Menle Park, Calif.; the Charlgs Siark
Diaper Loborgiory at the Massachuseus Institute of
Techrology i’ Cambridge, ang the University of Mussa-
chuselts in Amherst, !
of the firsi-phase study for the Naignal Science
Foundatlan, Westinghouse conductcd & workd wide review
of programmable-sasemizly iechnology. 1| analyzred sbout
#0 dilferent Weslinghouse product lines efore deciding
on small moiors as the mowl adaplable vo programmable
aulumalic assembly. Abowl 450 different moloe siyles
were assembied enperimentally. The aversge bach size
wht 600, and there were an average of 13 changeovers per
whift, The pikot syciem, known as APAS (adaplable pro-
grammable assembly syytem), wus lested over & theees
monih production schedule. .

Richard . Abraham, Weslinghouse™s manager for
programmable aslemation, explains: " Alhongh Tibs
arcimpoclant in Lhe aditmalioag o bateb-assembly opera-
liens, it s pgually importand o have lowecast, migro-
prewessor-Based vosual-inapeetion sysiens hin cicvking in-
COMIRE Parly and lor wwerikining RIOpEr a«wembly sleps
and siyle changes. 11 it ali imporianl 0 sireks 1he need

[}
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++ ™ for programmable-paris presentation equipmeni and soft-

._“

oy

ware 10 manage lhe changeover required lor different
procduct siyles " ;

Advances aré being made in group conlral af robods,
Al.the Leningrad Polviechniczl Instilute in the Sovin
Union, restarchers have devised a computer syslem that
eonlroly up 1o MY wrying zobols in redl time. The re-
searchit expect 10 incredse this handling capacily 10 40
robo!s as miwe wnphisdical cd machines are developed wilh
bruilt-in controlkers. In 1he presonl projod, an cperalor 3l
the tyviem's comrel panei direds specific robods Lo carry
om dedicaled 1asky and fo take correclive actions, il
RECESSRTY. '

The call concopt

Lasi year the Foundation of Scientific and Endustrial
Research an 1he University of Trondheim n Noreay set
up what it calls the firsi full-scele laboratory produclion
ling 16 wse a cellebar concept. Under this, manulaciuring
operaiions are broken down into “'cells,™ cach al a dil-
ferent plani. Ezch'cell is responsible for the manuluciure

of sperifis subassemnblios Tor 2 particutar prodect. The |

cells are inerconnected by a network of material and
subaswembly  supply  lines. The  Norwegian  praject

manulactiured vomplen diesel-engine pans for Wickman ™

Manulacturing ol Norway,
** In the cellubar concept {Fig. 4) the outpal per manhour.
-ol labar is repored 1o be consicterably higher than that of
convgritional manefaciuring melhods, even when the ad.

divions! cosls ol (he inerconnecting malerisl and

' 18

(A A plot aulomatad sssembly lina for meaulsciuring
small molors has bran designed by Waslinghouse Elec.
tric's Reswsrch wnd Davalopmant Centor as part ot & Na-
tlon Scisnce Foundstion study on . progremmable

Prizg f AT b
pearr | Tgendier

subdisem I:'hfI supply lines are taken inb accalpf Hach cell 5
hab At its Lore onc rubot,

The cell sysiem can be operated day and nighl, requir-
tng worker participation ooty during 1he day. All that is
neeced for unnitended night operation is proper plan-
Ring, so the robod has an ample supply of materials and
enough socage arem lor completed subassemblics. The
robol i3 4 sia-arm model manulaciered by Cincinnati
Milacron, Cincinnadi, Oiia.

Adcording 10 'rof. Oyving Bjorke, head of (he
Narwegian [oundation's production ¢ngincering
labotatory, the celb concepl, wih #s flexibility for
menulacutring dilfferent parts, has proved panicularly
ussll in Norway.

""This cell concepl, ' he shis, 'has been quile beng fgjal
10 us in terms of increasing peoductivity, mainly dug (o

* our 50cizl and geogranhical conditions. Norway is B coun-
try Lhat has a small and scatrered population, which is
desirahlc for national security reasons but is undesirable
for menulaciuring, We capnol gel & large concentration
of shilled warkers in why one indusirial center, This is like
Bringing 1the mouriain to Mohammed i you can’t bring

~Mohammed 0 the meuntmin.'”

" .
‘Lasers for materials ireatment

e v drilling, culling, w:Jdin‘g. reating, or the removai
of materials, the laser can be found taking on more of
these rasks in the plann as s precision and power are in-
ereascd and s price drops Turther, Manufaciurers ars
finding the new lasers more relisble, betler designed for

avlomalion. Assisling have basn BRI Infernatbonal, the
Chaslas Siarh Oraper Laboratory of the Massachuneils In-
siitule ¢l Tecthnology, snd the LUnlverslly ol Mass.
achuseits.
Rey-
Foncar
Riotot 4rm
Coneays
I Y ron Syilem
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With rced i m e i by db edl i proder, G0k laners
e v 1YL vinwy gy beloianes moore popular for
ot wnfiene iy teaiiee. I Lagd, Ber Ireglnend ol
teaafer il i the Bivaest-grow g cogment o all e salies,
el b Lhier dpiicabiceis o oewenrely,

Chg ot ot dymamic aad promsang sivay of g
dinliial Ll applwcations o in phiemiaking lor print-
b, where laster prining turmaroeigs angd [ower vods are
WEd e arad Vatiages . Laser sclneces ary used ) cvpose prig-
nng plaues 2« larpe as d4d by H inches {122 by 152 oy}
. direvtly iram the pastzd-up page, thus eliminating several
in-belwecn s required wilh conveniional methimd.,
Maay medivm- and small-cirguldtion ncmpapcn AL ut-
ing laser platemakers.

There also have been advances 1 computer conirel af

4

j) The coll concept of decaniralized manulsaturlng s
at il core & rpbot progremmed bo work day and nI::L .
tended by hurmans adly during the duy. The pysism i
erbdsed roughpuiz In Job-lat menulastuning. Propossd
by the Foundatien of Sciantiile mnd industrsl Ressarch st
tha Unlversity ol Trondheim in Norwey, i la baeing ysed
with a Cincinnati Milagron six-arm robol 1o MIMIIH‘.'I.HI'I
comples dissal-engine paris.

asers, A6 Wodern Livaite ™ Eagiocering Kosearch Comtar

aear Prepcelaa, M1, a Fehespeerd, computetconirolied
Lawer hirs been doreloped 1 apest-wehd misiatoee-retay ter.
mitals. Vhe laver™s spatoweilong speest o Xt - per seg-
wind ix Four limes Baster tham the [essrance weiding visiete
il replaces. The \}ﬂunl' condsls of 3 XNwoil (duerag
power} pulsed MNa: Y AL incodyminmestiricm-alumin
garnzt) laser and an Y- 1 povirioning ieble, whose posi-
lich BoCUrEcy i wichin MLOM] in 10.0002% cmi. The laser
anel posiliozing table areunder 1h¢ ¢orirol of a
rritrgprocoior, which monilors podilion vpordinares &y
wse of lincar encoders.

Another fuvorite and recent rechnclogical togl for
weiding and hardening metals i3 the dlection-beam gun.
lts usc for selective haal treaning of mewals offers advan-
lages over other Lechniques: i is faver (o uge 1than the
laser, mere accurate than induction-healing syvsiems, and
more  sibeclive in resolution an wandard  Name-
hardening techniques. And @ |3 more ¢nergy efilcient than
all three, These advantages, however, sren’l withouw
drawbacks. Electron-beam sysiems are il very svpen-
MVE,

An  seciron-beam  welding  process wat  recently
developed by Technical Maierials Inc. of Lincols, R.1.,
for webtding lormerly incompalible metals in snips of
unlimired iengohs. The process makes pewsibie the welding
of gold with copper, sitver with copper, insvar with
siaindess sieel, and stecl with copper. The kcy 1o the

wekling process is 2 triode cleciron gun that gencrates the

?: e iw cleciron beam. A high-siabilily aluming insulator i
e b L SRRy shiekied from problem-causing vapors and i precisely
)k posiliones for minimal thermal expansian. Gun operation

L]

is aczomplished with a &3-kV poiential, which comparer
favorably wilh & potential of about 150 k¥ needeg by

. mast eleciron-beam welders, Advanced electrenic con-
Irols for the gun's cleciro-optical focusing syslem are
responsible for the lower poteniial,

Planning
funclpng

Keaping tabs on Lha process

Thanks o microprocessor technolauu ineApENsive
dais-logging instruments are making process control
more scienlific. This, in lurn, has made possible betier
control Gyver procerses, because of the availability of more
aourdie and sysiemalic dalaocolleciisn and  analysis
wechnigues.

Dhata loggers can be found in nearly every indwstrial ap-
plication, froum [ood peovessing and marverialy treatment
lo papermaking and the generation of cigam. The high
spetd and accurale dala-collevison alvani ages now possi-
ble have made absoleic more expensive snd slower equip-
ment, Like pen-chart recorders.

A Iypical data-logging application i3 recorded in the
lites of 1he Joha Fluke Manuflaciuring Co, in Mountlake
Terrace, Wash. To obiaia more contrel aver the final pro-
duct, 4 producer of electrically conduciing aluminpm bus
bary used a Fluke Model 22404 data bogger to kvep track
of terperaties and vidlage Jdutw. The dara were codlegned
i mint-l’m{miull pairs slong coch har e delerring
relative conductivily ax a Euncton ol (e Bar's sliape,
alley, and typo. The reasion for Measuting femipeeralure in
adition 10 vollage wiy Lo provede bedler daln vorrelation,
The inurument alyo manitored the bus bars Tar dangerous
ovtthealing a1 Nive scparale points ¢very second. And it
wil equipped lo nodifly operatadt of overheading and o
; lurn 1he progess of f il pecessary. All of 1he collecind darg
oo T were (2d 1o a minicompuicr Tor anmlysis. v

L
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( The challenge © tachnology iranater

sany "U 5 manvlacluting axperls say the
technology (0 ncrease praduclivly has been herg
o Somg Lime Knowiag how 10 pul 1} to prachical
use fapully 15 raally (e problem, |hey add Tha
laset, tor mxample, Nis baen a rasearch Lool In Tha
labowalory for well Gyvar & decads, but only In Lha
last law yaars hay | peen ipplied succesaidlly in
manulacturing plaals. Swmilarly 1ha miplcampolar
wal avaitable kong balorg I wes appiled in indusiry
on A wide acale.

Ferhaps ke prolieém runs deepsr tnan what (g
pacceivad. Prol. Suslay Oling, cherman of Bradlay
Univarsity's Oepaitment ol Mamilacluring
Technology in Pesfia. I, xod & (vmar practiemg
enginaar wilh #xlansive (ndusinal &aperiance. puls
it this way;:

“US, academic redesrchary and mare practics
produchonimanuiaciuring individuals are nol o
fune with each giher Each groun needs Io gel mota
nvglved  wilh  edch other's saperhances--1hy
academiclan wilth Ihe preduction manufscturing
parson's real-iile adpariences In tha plant and tha
preduclhion perdan wlth the academician’s
Ihegselical contsibutigne, This will al30 an3ufe #n

.

o T

oasier ransituon 1or enginearing qraduales inlo m-
dusiry

Fraf. OIing o5 loragn count s with Mors ad-
vanted ingdustrial appheahons Ol slacironigs than
Ihe U.S —Japan. Garmany, and Horway. (n Ihate
counirigs, he 5ays, academic ang indusinal Deople
wOlk hard in hand Lo solve indusity's problams . in
MANY cases, promohans 10 professoriMps: arg
based on 1he indwiduat’s indusingl sxpeancy a8
well as scianlilic contripunons ln some countries a
piofaszod who leCtures i & umvgrsily Mmay also
woii in industiy 10 agive aulomalon prodizms
Prof. Oyvind Sjofke’s work oh Cellylar manytaciur-
ing, described in thia reporl, i% &0 exampis.

A% part ot 05 IongTange plany, Computer Aged
manulaciurlng inlarnational, a Tezan-Gased
restarch organizalipn, has &N sducktlonindostry
£ommMmitied ol which Pral, Cing 15 charman, {ts ob-
jectiva 15 (@ sUmylate cooparslicn batween in
dustslal, edugatichal, and profesaicnil Qroups
1hrough information exchanges. coMmon releach
areas, facully and slugent exchangan. and 1he
devalopmant of educetional programs [n ComMpute:-
alded design and tompuler aided manulatluting.

/

The trend iy to incorporate mere (ntejligence in data-
logging instruments and 1o provide them with wider
ranges of options, since some of Iheir usees are not
lechnically proficient and indusirial spplications differ
widely.

Grealer usa of CAD, CAM, and DA

Indusiry has sluwly begun 1o make greater uie of
compuict-aided deign (ICADY, cempuier-aided manu-
factuning (CAM), and design awiomation (DA} as
manulaciuring has become more comples and productivi-
ty has nol kepd pace with rising coss lor tabor and
materialt. In countries like Japan, where high industeial
productivity is a naucnal gosl, CAD is vsed in newrly
every induitry. For example, the governmeni-ow ned Nip-

“pon Telegraph and Telephone Corp. recently opened a

service 10 the pubhc that provides via selephone the sup-
pﬂrlmg saltware for develuping 151 microprocessor pro-
grams. The informatkan cames Irom the duia banks of »

* national computer.

Ajihough toial use of CAT and CAM —thr completely

*. gutomated factory-—is s1ill far off, manulaciuring eaperts
- ~are emphasizing the polentinl- of cach technique. Corn-

puler Aided BMunulacturing lniernatlonal af Arlinglon,
Tex. 4 restarch arganizasien counposed of leading
winldwide industrial companigs. has been developing
computer programs wid manulaciaring sirategies 10 hielp
aulcimiale proguction sysiems. These are imtended 10 lead
1o higher manu GEoiuring prodmtiviy.

One wuwh program s CAPP {computer-aided process
planningk. a program {hat finks ©AL and CAM. CAPR
leaturcs & paris-codding scheme thal allows almesl any
parl in a factory o be described from a Tew Tundameniy)
Boormetnic shapes. Wih s Ll terminal and 8 keyhoard, a2
designer it 3 plam using CTAPP can ¢all ug a1 ole, or

Jeven greals instantly, a2 part necded B manolacturing.

Thers ix O Recd [ir DIMC-COMATEGE Kig i g dfiw-
ings. Al al thy pail’s manuladonng characlennlicy ary
described in detail on the € w1 sworeen.

Ak — T mra i W gl A el b ki O el

One reason why more industrial manulactarers dan't
use mare progeanis like CAPP s the high iniial cost of
sollware preparation and generation. Alihough CAPP
has proved cost-eflective lor industrial applications, i i
being used in fow job-lot companies, They are Skepiical of
investing the 3100 000 necded Iypically e build jus &
clasilyiing data bawe with CAFP, For a 10 000-iem job
lut, M 1o K weehs are povded 1o huild (e classilying dala
ban, and aboul ong-third of this ime i speme plaaming
how Le pul such & data base 1egeiher, ’

Automating the design of pC boards

An area im manpfaciuning where zpplication of Lhe
computer's power fas made notable progress is in the
design of ¥ boards. Here DA, denign autdmalion, i us-
ing the compuicr nol only 10 generate precisian design
data {euch as 1-board artwork) but alwa 10 lay oul op-
timally the circudl yomponents and interconneclions on

dhe board, With CADR, compuler-aided design, compon-

enl placement and irlerconneciion are perlormed
manualiy. - - -

DA has been applied suceessfully in the design ol demse
rc boacds with high-speed 105 ke FO1 jemilercoupled
logict, a job wirtually impossible to achieve withou! 1he
computer's aid. Given 1 hogic diagram of such bayic data
v the components 1o be used, The size ull the PC board,
and 1he requircd wiring, a 13A program can produce inies
connection panerns for the mast complex mulljleyersd #C
boards,

A leader in applying DA g Po-board design,
Aulomaled Sysderms Ine. in El Segunda, Calif,, recenily
iniaducsd a woftware module {Place 1) thar makes it
purs-ibd to rowdc the intercannections far large #¢ bosrds
af tugh densits, o4 Job e previously oould not be deng
auiomiar Uy e cvample, usang che Moo 1T mudule. 2
nesprer can by pol o catds @ jarge av 13 By TR inches
13 by a6 o owadh W di derend devices, s s done hy
wiphisicatsd bocinngues that allew (e somiputer 1o g2oun

citeait elements according N similar bunglions, L
1



THE MCS5-48" FAMILY

048 — MICAQCOMPULTER WITH Rk
8748 — MICAOCOMPUTER WITH EPROM
2035 — MICAOCOMPLUTER WITHOUT ROM
2243 — 10 EXPANDER

B1%5 — ROM PACHGRAM MEMOAY AND 110 EXPAHDER

B755 — EPAQM PROGAAM MEMORY AND 140 EXPANDER

B155 — DATA MEMORAY AND (/D EXPANDER

* The Basic Family will be expanded with additional I/
and processor elements.

* Most 8080 peripherals and standard memory products

are directly compatible.

ON CHIP FEATURES

BT CPU

1K WORDS OF PROGRAM MEMORY
54 WORDS OF DATA MEMORY

27 WO LINES

INTERVAL TIMER/EVERT COUNTER
OSCILLATOR AND CLOCK CRIVER

RESET CIRCUIT

INTERAUPT CIACUIT

s Totally self contained, Allf that is reGuired is 5 Volts.

SPECIAL FEATURES

+ SINGLE 5V SUPPLY
« 40 PiM DIP

+ PiH COMPATIBLE AOM AND EPRDM

+ 1.5 usee CYCLE

« ALL INSTRAUCTIONS 1 GR 2 CYCLES

* SIMNGLE STEP
* JLEVEL S5TACH
» } WORKING REGISTER BANKS

» AC, XTaL, OR EXTERMAL FREQUEMCY

ESQURCE
* -30R- 15 CLOCK GUTPUT

s Alf contained on the singia chip.

* {ow power slandby on ROM version.

MNalas!
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., WRITE
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. Anaws inputs and ou!pur to be mixed ¢n a single port.

. AH output porls can alsa be read for diagnostics and
rempurary srorage puUrposes:
R s

L

MCR-40 PROGAAL MEMDRY RLALF

i

I L
040 l . !’ EEL iy
amr I ¢ Hiwao
’
" . b
EXTERRAL e M
b o[ e
1] ——
T e 3
QRLHP ;
L
i
d
. f '
7 +
) . ‘
' | - — LOCATION T = TIMER
3 ' ! d IMTERA LT 4 (CTOAS
' ! - PRHCOA A AL
_ L ] i
A a1 ¥
- . ¥ .
- 1 ¥ M - LOCATION 1 - [XTEMNAL
- INTEARUS TYECTOMS
- I i PAGI R AL ME RE
, .
1
. MARLT R CTORE
o7 [o]0]e]a]zl1]0 PADOR AN HERE
ADDALES
P

i :
,» B035 ali address references are exlernal.

1
» 8048/8748 address references beivw 1K are internal and
¢ all references above 1K are automaltically routed to the
-axtarnsal bus. f

« % r L iel70% of all applications fali below 1K,

113
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» Tha 12 bit program counter can addrass 4K of program

moernory.

o Last bit of program counter can be darncﬂy mampummd
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.. Addftfona! pages of 256 x 8 can be exrarnaﬂy addrassed.

* Second register bank and stack n';srr,cuhhj are optional.
aliowing rasident memory 1o be from 32 x 8 to 56 x 8.
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s Bank switch is done with one command.

® Stack ztores the program counter and sr:arus word.
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PROGAAM COUNTEN STACK T - Nptes:
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» B lovel stack provides lor genaerous subrouting nesting.
* Program status word is stored next to program.counter

in tha stack.

e Tha atack depth is optional. Unusad slack locations may

be used for data memory.

PROGRAM STATUS WORD (PRW| te T

vl l:u nace ETALE POINT IR

¥

Lo

M|= |

» Status word can be directly manipulated by the software.

EIRT

ChARY

SUEILLARY CARRT :

FLAG & A
AEQUTLA Lamy 20 LEY

» Machine state is aulomalically restored after a return

from Interrupt.
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® Tast1{( T'.f } is specified to be countar fﬂpul if thar aption
i3 selacted. )
e Alf oplions can be selectad under software contrai'
e Timer or countar can ba prus&t raad srappﬁsn‘ and
started.
» Timerfcountar overfiows at 255. causing sar flag or
" optional interrupt.

CIAGRAM OF 0043 CLOCK UTILITIES
o

bﬁg i [l

T *r

. on
TIST= 1084 “'ﬂ,m T
. L

XTaL ¥
i O “.“;_“, % i [} i)
Tt

S
B p I
o ar

— @ ALE signat Js always avaﬂabra as a clock nurpuf

s Tost 0 {TQ) may be specifled to ‘be clock out. under
software control, -

- .

HETRUCTION CYCLE
20 uwes GVELE
i s, 4 4y s, ) 5
",;"",F_i DECOCE LMELUTION T
OUTPUT ADGALES | hC. PG OUTRUT ADORI 55 N

& All instruction cycles consist of 5 internal states.

¢ Overfapped operation aliows for fast instruction
axecution.

NoiBs!

T
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MC5-48" CYCLE TIMING

R . C 4 . ) I
_____

IF I XTERMAL PROGHE &AM
MAMORY M ILH

. ) —
el
ADDALE TALC PG . DORERL T I mtﬂ wilITE

roR1 321 n x ADGmY K X_w:ﬂ N_X AoENim X_ FOAT i) { ::;:.11:':::5“ FETEN }

¢ One period of ALE designates a cycle.
¢ Port 2 1/0 data is restored after external memory fetch.

¢ Cycle timing is compatible to standard and custom
meamory and /0 devices. - =

POWER DOWH SEQUENCE B MNotes:

POMER RPPLY i T, . .
|

FROCESNIA

|
WTERAUPTED 1 {
POWER 3Py | | FCHRIM AL
PAIL CHAL b —|— o — __ POWiA 4.
| 1 T SLOUIMCE
| | I FOLLITWY
I .
NESET : |
] T F[| - _
bATA LAVE ALCCESS TO
AQUTINE DATA HAM .
[XECLITED INHEITED ©

« Power down mode allows dala 10 be maintained in 64
RAM registers while removing power from remainder of
circuitry.
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TESTING any DEBUG Notes:

;. . 1
.- =
. . Sk
(s 1-1 . FURHLT
WTHENT h v
LLL M T TN
A ener 72 o ciaguiTay
e FIRCULTRY )‘ T

e (—|
T.

EOGE TRICATRED
4T LATCR

* FA pin altows for a separation of inlernal meamory and
CPU. '

* All program exacution can be rouled outside to & debug
or test memory for quick modification.

HMGLE ATEP TIMING

T . "ii . - ] . \ - /
i T : i

o CATA BB o e mir o e e s A e i o e ( -

L | ACHVEEYELE WToR CYELI | IR CYELE

v Singfg step allows processor 1o executa one instruction
al a time, While stopped. address of nex! instruction is
avallable externaliy,



SPECIAL INSTRUCTION SET FEATLURES Noles:

FCR 3O ARITHMETIC:
Dweimal Adjai &
Swap 4-DH Mibbixs ol A
- Exchange lowss nibipley of & and Aegisier
Aotsiy A Wit or dAghd with or witheul Camy
FOR LOO®UP TABLES: : -
Laad A trom Page 3 of ACM {Address i A)
Load A irom Cwrenl Page of ROM [Address in A}

¢ The 4 bit oparations allow MCS-48 to perform with many
of the advantages of the 4 bit microcomputers.

* L ook-up tables facilitate the implementation of complex
algorithms with a minimum ol execution time. _

-

SPECIAL INSTRUCTION SET FEATURES

FOR LOOP COUNTERS: .
Dycrpmeni Register and Jump (1 nat zaro.
FOR BIT MAMIPULATION: '
AND io A (imenediate dala o Aegiater)
OR 1o & [imemallate catd o Register)
L _ KQR to A (Immedise dala or Register)
AND to Output Ports
OR o Qutput Porls
Jump Conditionally on any bi In A

* Bit rnanipulation essential for 1/0 operations and logical
design with microcomputers.

s Loop counter allows program loops to be implementad.

WSING A LOOP COUNTER

LOAD BINARY &
IN REGISTER AT

k

In n'oln u[s o|:

= BEGIN

10 BE

] EXLLUTED
I & TIMES

OJNE RI BEQIN



¢ Full mamory and 1/0 expansion prow’ded without exira )

EXPANSION CAPABILITIES " Notes:

Program Memaoiy [to 4K words)
Standard RFON .
Slandard EPHOM
ACM and 111G
EPACM and 11D

Oata Mamosy {15 320 wiprds]
Slancard RAM
Low Power AAM
RAM and I'0H

InpulOutpu! [unemiled)
MCS-42 110 Ezpander
WC5-A0 1:C Duvices
Pesipheral Microprocesnars

Special Inlerlaces .
MCE-£D Parlgherals

logic.
* Both standard and custom products available.

EXPANDING
PROGRAM MEMORY

CELT 1K x B EPRQOK

8306 1K 1 B ROM

A75S ZK 2 b EFROM with (/0O
a)ss 2K 2 8 ROM wilh 110
a1 2K a § ROM

s Joth standard ROM/PROMs and custom AOM/PROMs
ara available for program memory expansion.

EXPANDING MCS5-45"" PADGRAM MEMORY
USING STAMNDARD MEMORY PRD?UCTS

)
AL aF g T T =
H :
B4R el f o — e 11‘> AGDA LSS

. B A s
P —‘——.' ] LATCH ROM

s [Py [ 2t

vn = — [+

TISING TE b HDW

¢ Basic 3K program memnry systern as shown.
* 8212 damultiplexas aduress from bus.

* Port 2 contains high order address lines that are static for duration of the (ranslter,
alter which port data is resiored, .



EXPANSION CAFPABILITIES Notas:

Pragram Mamary {10 4K words)
Standard ROM - '
Standard EPRCM
ROM and 115
EPAOM and 11O

Dals Mamory (to 320 words)
S1ancard RAM
Low Power RAM
AAM and 1/0

Ingut/Qutpul [unlimiled)
MCE-43 IfO Expander
MECS-20 150 Devices
Periphesal MiICIOproc4ainrs

Spetial Interlacis
MC5-20 Peripherals

e Full memory and I/Q expansion proviged without extra
fogic.
s Both standard and custom producis available.

. EXPANDING
PROGRAM MEMORY

BTOB 1K x A EPAOM

308 1K 2 8 ROM

BYES IK x B EPAGM with I¥ 3
8355 2K 1 B ROM with 17O
KR ZK z A ROM

* Both standard ROM/PROMSs and custom ROM/PROMSs
are available for program memary expansion.

EAPANDOING MCS-48" PADGHAM MEMORY
UsinG STANDARD MEMOAY PROGUCTS

POAT X 22

BodE B I S —— t1 N ROTRELS
. A %

LATGH ROM

A pu— OATa
R a our

My L\r : o

~EHALL 2N 4 B RO

s Basic 3K program memory syclem as shown.
s 8212 demulitiplexes addresy from bus,

e Port 2 contains high order address finas that are sranc for duration ol the transler
aftar which port data is restored. ;
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& Compalible with most static RAMs, including low power

5101,

* 8048 afso contains a low power standby pin for the

FJ 1)
a1
£
BaLss

EXPANDING
DATA MEMORY

256 x 4 Static AAM

254 x 4 Slalic RAM

256 1 4 CMOS Static RAM
256 £ B AAMTImat 50

rasident 64 x 8 data memory.

s

GME INTEAFACE TO 258 ¥ B STANOARD WMEMORIES

)

W14 [= 1]
EYRR 7 0] A
AT g
(=) AW
l ¥
A T
—_h
READ FAOM EXTERMAL DATA MEMORY
aL§ | ] | |
o R
[ [14 FLDAIIHGHADD&EH“ Xﬂ-‘lr-‘lX_ FLOATING
;

w

WA

BUE

FLOATING

WHRITE TO EXTERHAL DATA MEMORY

I

FLI.-lﬁ.ILNE! .-'A.ﬂLIHES.'EK FLOATING X DaTa H FLOATING

T
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i

BuJs

——me

SRR 20 8048 INTERFACE T 256 X 3 SThnoARD MEMORIES

L1y
— :E:rn- CEDW

LEY )

I ALE
Fur N
AR
5048 gm
POAT
!
i

T

» Equivalant 1o liva standard components.
s Saveral 81555 can be used to expand data memory.

e | :

TraalA W

._.-‘-...__... TiMEA OUT

» The timer fealure is programmable, simitér to 8253,

e Tho /O is also programmable, similar to B255,

= A [arge selection of devices are availabia Io provide

B243
a1z
B2s5
3155
2355
arss

EXPAMDING 1/O

1/0 Eupanider [14 lnea)
O Laich (& 9w

Ganeral Purpa s 143 (34 Hoee]
RAM with 110 {20 lines)  * © ™

ROM wiin' i/Q {16 lines) -
ERRCM wilh IFD {16 lines)

_ Simpie input and output facilities.

- rntegranng 1O _with. memory provides far minimum,

p&ckag& cobnt. ™
" #°8285 provides optional 110 stiobgs.”

f'h I

o

14

Mgrias:

27
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MDA CLDﬁI ;. C::—L_—D
0048 ouTs e C‘:::‘—}
' fu? HFI>IH}
[T CZD ni%um; ,
B CI::)

L
L

. Expansion can also take place on bus port,

+
L]

. L]
OUYPUT EXPANDER THiING

nG ¥ L L] TR
——-——\ /_.
] - L LTRT ]
al oht L 3l -ty
Wl DL W | D

e

ADDAESS W-ITE DATA lll-ll-'l'il

' +

' . R P
¢ Several 8243s may be appended 10 the port 2 4 bit bus,
- Addressing is accomplished via chip select.

# Program line strobes data.. | .

1 -
T

Notes:
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THE TRAFE 20 48AT 7 TI0 T 4 LTI Notes.
Yoo

‘_} 5 wIs5.3355 A
""- - — "_ﬂ]-’
FES T !
——Tv
L 1 .
l i n)d i
Eyﬁﬂhﬂj MLE nn:.: ® "
S P
+=|r!|Ill :.DH |
A =] I0A EPRTN "
L L L] — . @
\‘_u = 1 wH
—
ALE | 3 / A3
wa M H KM
(173 L
-] —t =
nurs < i [ > e T
- T . -
- E_D s yrunr
pup LT &
L AR EE MAM .
4 . PENT
1 ) F] <
. FikaEn i
' o 1
e Systemn provides: - — VibA -

3K word Program Memory - == ' ouF
320 word Data Memory T
53 I/O Linas ' s

- 1
2 TimeriCounters
INTERFACE TQ MCS- 30 PEAIPHERALE \
]
i . rORT
| =7 L]
v PERIFHEAAL . |lA_
4 dF ALy IWTERPACE FONT
: RE moe .
’ =] . ’
w * - 3 ﬂ]{.hl'l'
:r B T . < = N pm.';
) [=
; - =
. QFTION M - T
rx Ay
'L 1] e Ay PCAE
| F+ &
FRGGAA MR E
FMEALMHER
we INTERFACE e
; i Al
Wi A 1 Rt
L
¥ Gy L !

QOPTICN »l

s JPTION R1 - Ports are ziaresserd a8 daia RAM
* OPTION #2 - Ports are cddressed via oulput port

18
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“sPeCIaL BerlipHERALS ' , Notes: .- 23"
1 f 62;{:;

B214 Prigelly Indepruapd
8251  USARY '
81719 Ktrnu,nmfnuplar !
£i5) InErul Timer

e Whila mast MCS-80 p&r.‘pharafs are MCS5-48 compat-
iblg, the unes shown are he most popular.

. Feriphera.fs raduce ,ysrem cost by providing fow
componunt count and sgec,:anzad intertaces.

- o
KEYHOARD/DISPLAY INTERFACE

@uvmuu
¥
Nt —-—°<]—;--'-INT Intuts
e Cil T
o Prenf GG
R e TP T L
nmn L FY
[ . LY ROANG A ouTruTe
LT . Ao EFLAY
LRI nErLATY
"R 'Rl *n 4 A ouTeat
mik . o GATA AIDHRLAY
b 11§ A
” a CUTHIT
oo L

v Provides easy interface 10 a 64 key matrix and twg 16
digit displays.

-

-,

WLkl ERPANTION CAFARAITY

N
HiH e
T PR | it It I
It JL J0
< "o i .. S

g L1 T

10

wa [ Sw

I]E]Lj\}

* A/f modes of expansion may be used simultaneousiy.

Pkl ) b

-
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¥
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TP (SR T TR F-'-ru\i:- _“
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15 o ey PE
Byl e ow] 66 oM ‘r'f 1685 143
1K w = - . e :
PROGRAM MEMORY [NOM} [ ; R .
§ '.!; ‘;.- 3_:
* Tha BO35 allows the user ta match h!s pragram Mmemory
raquiraments exacliy, . L
. ;
| . Ea—'_:"? -
' nevaupuzmsunmn-r j
! L]
N r
- - ! - INTELLEG .humhlir , :
=T ™ s UPP PROM Pro-urlmrmr : Lo
« PROMPT 48 o
* ICE-48° A
* LUaesy Library oy
* Apphcation Englrsen -
= Tralning Coursns . { *
- F
)
PR

& Develcpment support is as important as components.
s MCS-487lraining is avaifable and, affords the best .

opportunity ta learn the family. T
T
'#.:-:1~
' oy b
E L
. ' 8
»orod



. “PROMPT L8 FEATURES
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Ter oo g T ayasEpRoM Prograsminer : .
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Technlcal art:cles —
Two versuons of

16-bit chip span

microprecessor, m:mcomputer needs

Largar 43—pm package addresses 8 magabytes of rne*m::lr*yr

regulanty nf instructmn sei makes programming easy

-lll-i 1

———
.~ T by Masatoshi Shima
CA mmmpmc:smr “would gain ready meeeptanes if it
could fil immediately i into applicetions of curreny 8. ¢nd
16-bit micraprocessors and zl.be rame: lime have an,
advanced . architecture thay war capandable 10 ensure
long product ifetime. The Z80OO from Zilog Inc. mests
the first goal :anl_v —and does’'so with 10 times the
throughput of existing: micr .« TO meet Lhe

- ™

. setond goal, the ZBOOO hay departed I‘rorn the traditional

44

3

da

byic-o:iented microprocessor duign and moved toward
ihe more regular architecture of minicomputers.

Wilh many of the archilectural fealores of minis and
some pluses as well, Ihe Z80OO is designed for minicom-
puter as well as microcomputes applications. To begin®
with, it bandles seven data (ypes, [rom bil 1o word:
strings, and offers eight s¢lectable addressing modes. Its
Bl distinct operation codes combine with the varipus
duia types and. addressing modes 10 form-a rich 414-
instruction sci more powerfui than thay of owst mini-
computers. Morcover, the get cahibitz 2 high degree of
regulasily: more than S0% of the. instructions can use
any of five main addressing mades with 8-bit byte, Iﬁ-hu
word, and 32-bit long-word data Lypet.

Amon; ils architectural resources are o large number
of on<chip-regisices™—24 . 16-bit registers ia all “that

_ﬂrli,millils.'.a.llyI reduce the number of memory references” *
needed-iniprogramming. Sixlecn of-those lrcgisters are F
g:n:ral -purpose, and all except anc can be uied 43 index " ¥

registers without restrictions - **- -3

Also aiming -at- mmlmmputﬂ - applications is the
Z8000'5 large direct-memory.addressing c2pability of 3
megabyles. Instead of treating i as lincar space, howev-
er, the ZBOD0.organizes memary inlo & set of |28
segments of wp 10 65,536 bytes cach. A segmented space
is ¢loger to the way the prageammer uses memory — each

- .-

: procedure and data space, cither local or global, resides

) Two vuﬂnm

in itk own segment. To further facilitate use of all 1hat
space, 4 memory-management chip will work with the
Z800Q in performizg the dynamic relocation and memd-
ry predsction neetcd in x large syalem. :
.-y
- 1

.But because the Z800C must salisly :m;llng migrupro-
coasur needs, two versions are ofiered. Besides the 48-pin
memory-segmented version with 23 lines that addresses

Zdng e, l‘.“-uptrrno. oxef

Expansion is guaranleed I"rnm ke 40-pin to thc 48-pin
version: Lhe s:gm:mod ZB00O can run any nonscg.
mented code in any one of its _t}B SLZMEnts using 1
tnad- program-stalus insltellicn.

Finally, the ZB000 boasts two operating modes,
system and”normal, thal keep operating-system and
applications programming ,$¢paraile, as in COmMputer
systems. Fach mode has o separate stack, and the
arrangement isolates global features like privileged
instructions from normal programming. il

An n-channel melal-oxide-semiconductor chip buill
with scaled-down depletion-load silicon-gale technology,
the ZBOOO squeczes abaut 17,500 transistors into 4n area
of 238 by'256 mils. Its density — 148 gates per square
millim:lcr—surmﬂu that af’ pr:viaus MiCTORrOCEASOry
(see also "Genealogy of the Z8000," p.83). The chip
uses a2 S-volt- supply and requires -a single-phase
4:megaheriz (250-nanasecond)} clock for timing. As at

n-nu Thi 16 Lit FRDGO canirel pmcassmg w13 Buil 'ﬁ'l!h e
‘n-cranrd deplanpn-lodd &loen- garn technology The chp, which

¥ megabytes, a 40-pin chip is offered with 16 lines to™ crams abour. 1752 Wanssions 1o & 238.-by-256-md of 39.3-

address 64 kilobytes —the equivalent of one segment.

Eactronics /December 21, 1978

" rnilkmater SSUAGR Bida. Pt B densty O aboul 148 gales . mme,
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EANTROL I FERMLIFT
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. Sumr WPUT et maTe” ; '
LA EIEHHH DECOUMLING -
L Twe warklasn. The 28000 fts PricI GprOCUTINE . with ity -
A0-pany wlm wdm. which has 15; h.m

ddreenng B4 kibvies of nmnwy The m&l Aboin
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least Lhree clock cyr.lt‘.:ﬁ in the central prw wnit are
_Tequired for ane memory cycle, the Z400O memo-
ry devices with & cycle time of 750 ny and an decen time
of 430 na.

Az shown in Fig. |. the zsmu has in addition to its
address and data buses and clock, and; powergupply

inputs 3ix types of control buses: bus-timing, sltus,
Cru-siste, interrupl, bus, and multiple: _mr
contral. The three bus-1iming contral outputs Toordinate

the dala flow over the chip's address/data, line. An
sddress atrobe signals thet addresses erg:vajid, and a
data 11robe times the window for valid datd-in .lr.u:l out of
the CMu. The memaory-request line is a timing l:;n:l ihat
esses interflacing to dynamic memory.

CPU status . g

The next hus provides information on the cru (1 :tlms
A read/wrile line gives carly status of the fuﬂhmm;
cycle, whils a normal/sysiem line indicatcs wh;:h af the
two modes the Cmsy is in for the current r:yclc. A
word /byte Jine indicates whether the CPU iy mnumg 16
bits of dats or § bits. The four status-control lines form &
4-bit word that indicates several bus slatuses, including
memory-request, “stack, firel- and subsequent-word
instruction fetch, interrupt uknnwludgmcnu. internal
cperstion, and olhers.

The next of tha control buses are thm cPUttate
Inputs. The reset line initializes the cru.=A Mail'line
uignals the cpu thal data teansfer is not zeady. "The Hop
line halts inernal cPu operation (although ‘dynamic
memwory i3 &till refreshed). The CPu can bc stopped each.

l -
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L nrraam Inane

L Rogieters. Eixiwen 8-S ragmiers are organiped ko high snd kow
Oyted (R angd RL), 32-bit long-words [RA), wd G4-0it quad-waords
(RQ). Four words, newding the Drogrm counted, conlsin the
Plﬂvlmlllit-llﬁd fwo More ponl (0 G PEw=DEOgraim-£ T AT .

time the fires word of an instruction is fetched.

A pair of lines governs the control of all the Z8000's
buses. Driving the bus-request input low instructs the
cMU 10 put all its address/data, bus-timing, and status-
control lines inlo g high-impedance state so that other
devicen can usc them. The CPY signals it has relinquished
control with its bus-acknowiedge output.

Another pair of lines is used with certain instructions
ta coordinate multiple-microprecessor systems. The
multi-micro outpal line izsues 3 request, while the inpa
line recogrizes ourside requests. Thus eny CMPU in &
multiple-microprocessor system cen, for example,
cxclude all other asyrchronous Crus from being able to
&CCeds & critica] resource,

Firally, there are three interrupt inputs and, in the
segmented vertion of the 28000, a trap input. Interrupts
are asynchronous cvenis triggered typically by peripher-
als needing the Cpu't atlention, and iraps are synchro-
nous ¢venis resulting from the execution of specific
instructions that occur each time the instruction i

- executed with the same set of dawm. The rwo are bandler

in 8 similar fashion by the Z800O. -
The. ZBO0D is w regisier-ariented machine, placing
littde constraint on the vse of it 16 gr.neﬂl-purpnu

FaT
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generation B-bli devices to the fourth-generation Z80O00
have been bath swill and dramaiic. Cevelopmaents have
besn guided alternately by lechnology smitstions and try
iha hardware and soltware demands of user. " )

MIMMWNINMI&DHMW
the BOOE developsd In 157+, ware tachnologicsl Liatei-
Oxice-SHMICONAIGIC: BHocass) wad relatively rew and
E41 Mrriti 10 Circdt COMPiaxity. AHO, MICIOCOCEERONE Wiy
actually olichoots of caiculstor designs, being deveioped
by samiconductar &nd ROt compulr housee 50 pectonm-
e and teatures left much 1o ba desrad.

Advances In processing GV MicToproces:

. BOr designers B pawarlul ool with which to bulld the naxt

generalion of MICrOpYOCAsson —nchintel slicor-guie

MG that boosiad clrcull speeds by & incior of Tour ovwar
p-channgd ischnplogy. Thus, the 8080, bern In

16974, began the second ganaralion &f miaropiocresors.

By the time tha third gensmiion of mcropfocesson
entered 108 Jesign stage, users had bacome more sophis-
weated and wers involved i high-evel tanguages. Data-
procassing Bppacallons glew in popidarity, and the cisk.
Oparating aysiern wis infrodoced. H was thoss software
fAGUINEMMIIS thal indicated the arses neading improve-
mart, and the ZB0 Ao exsed thir probism with sofiware-
onented leatures it added a Mrge mumber of new kst
Lions and B second regizter sel, twd inchex regisiers, and
better intamupt handing. Stil, becauss the 280 maintaing
WoUrEe-Coda  compatibity with the BOSO, . many criical
bottenacks were lnhecited,

The ZBO marked [ha final ix:ﬂohnum ot the criginal
microprocadacr struciurd and irtruction format. Artempts
10 add capabiithes walk] requine two or thras 8-Bit [nsiruc-
tion fetches —and 8:.cesdingly POOr Use of mamory band- |
width and apace. Wiveover, the Increasing popularlly of
high-level languepid. pla & demand for much jarger
sddressing space fusled by the plummeting costs of
mamory, OUEtripped th capabifities ol en 8-bit micropro-
cessor. The varlous trends toward larpe programs, .
compiea d:strtbutnﬁ htulgmt mm ] advarcad
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memary mansgemant all pointsd 10 & 18-Bit architaciure,

{ Bul t was Ziog Inc's conclusion that & chip wih
minkcomputer parformance could not iast 8 decade with-
Ul 32-bit operaiions and memedy sagmaniatioh. Thus it
choss |he more advanted approach at 1he 28000,

. The 1able compens microprocessors. Th companion
praph indicatse relalve parformancs; though the sguation
provicet no abeckines, i serves 8S an indicator for bath
hargwers dnd softwire since it tsked nstroctions,
Loosting. data bypes and spoeed info BCoount.
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3, Architeciure. The 23000 Booals Ioughpul with & locok-ahead insiruclion deeocer i accelarator on s nletnal bus. Thanks in pan <
e ragralarity ol Ihe Inginchon sal, an nalrslion -;lu.l]r begmn BascuUlon whll-l It i mtm IM NUrUCLICH ragilie:,

registers. [ndecd, with but one cx::phun {th: su.ck
pointer). no regisiers are evee implied in an instruciion’
and none whatcver have special restrictions. Bottlenecks
found in early microprocessor designs, like dedicated
accumulators, are thus avoided, so that progamming is
efficient and straightforward. All §6 of the L&-bit regis-
ters [R-R 4} can be used as accumulators. Al except Ra

inslrections can mampulatc the stack poinier, since il
in the general-purpose regisier group, '

" The two rupning modes of 1the Z800G each bavs a cop,
of the stack pointer—one for the system mode and
another for the normal mode —as implied by the prin 4
vegisiers R, " and Rys” in Fig. 2. Although the itacks a;.
scparated, the normai slack registess can be acoessed 1

can be used m3 index-regisicrs, base registers, and a3 . the eystem mode by uaing Lhe loadcontrol-word instrue:

eemory pointers for indirect addressing,
A Bexible regleter architecture

* Anshown in Fig. 1, the flexibility of ihe regsiers is -

efforded by u unigus arrangement of overlaps and pairs.
The L& B-bit registers {RHs:-RH, and R1L,-RL,}, all of
which may be used a5 accumulalors, 2re overlapped with
the first eight 16-bit registers (Ry-Rs). The eight 32-bil

Jong-word registers (RRe~RR ) are register pairs, and -

the Tour 64-bit quad-word registers {RQy-RQ 1), which
are used by a lew instruclions such as multiply, divide,
and extend sign, are register quadruples.

In the nonscgmented version of the chip, the last

. 16-bil eneral-purpose registes, Ry, is the stack pointer.

In the segmented version, the last two registers; R, 2nd
Ry {or long-word regisier RR.). are needed 1o held the |
stack pointer, with Ry, storing Lhe segment number while

Ry conlains Lhe offser, The anly instructions shal use the !

stack polnter exclusively are call, ¢all relalive, return,
and return {rom interrupt; the push and pop instructions

¢an use any regiiler us a stack pointer. However, all

-— —

- " . -

]

tion. Having two sets of stack poiners facil.tates 1ash
switching when iaterrupts or traps occur. The normal
stack s always kept clear of system information, since
the inf:mation saved cn the occurrence of interrupts or
lraps is always pushed on the aystem s.ack before Lhe
new program siadus is loaded. -

En addition to 1he gencral-purpote regisicrs, there ar-:

-the. programestatus regisiers, which contain -the flags,

control bits, wnd program counter, In the 40-pin no-
segmented version of the ZR000, the program stalus s
held in two 16-bit regisiers: the first is,the fag ard
wonieol word, the second is Lhe program counter. in "ae
segmenied version, program status is a Jull four words
the flag and control word, & (wo-word program Counl:,
nnd 2 ward reserved for future use, - -+

Another registzr holds the pnlnl:r for the new.
LrOZTAm-siaius aneh, [t comprimes two words in Ihe
scgmenicd version and one word 1n the nonsegmented
version, Lastly. a refresh register contains a 9-bit cou
ter for automatic refresh of dynamic memories.
The ZBOOD excoules instructions by stepping threw=h

b - —

. Elsctroaies /Decambet 21, w78
%

b



'

" Raguter. - U CORIEM O bhe regrter 1
WA oyt ol o ' -~ '
- ! - -
' 2 . - . e amrem- -
RS | S it v Vhar comibent ol thw boCalon whne
Ircrac {ymplatar - . air nn D regele -
' P J—a. | il P’ phal -J - P .
o . a - - - . 4
. — D S 3 L
T rELruCLon " - . . :
. : . . = v T conent o L bcateos whons
Dot 1 i bl b M LNl patrustin
- it gl . gl . .
T . . ‘ . bt
. S ko Ts . -
Immagacs " | L — U Y w e MTCLOn. .
L - - y L] - -
oparand I .. N \ .
- - > ] . \
1 rr
e 1 i tha content of 17w KoCatsn wingse
Indes™" o SR o T nckdrant 1R tha
el IPLPUCT O, G by Thr OAIPRT
- of Lha wothing, regerie
nn-lri_ﬂd
- . - s e T Y
L, . ) 1Pk EONTI O (i LOCRIsGN wihoss
el . nctryct s e 19 (he ook O e
FIES — progrem couniar, ol by che
- . . - ARt . thar LT R
- detplacamant od - Dparsrd
. - __.:_ . T e ——tn - L , ..
3 - .
B Toomrst . -.1""?“3."' o TJ:F - - l: E.: ) uaun.:-n .- =
_'___:_,_ ,."“ . Doweret Lh:nnl;nl ol the kycaipn ahow
-1- ieruiion, f-—a] | ddedceet - - - + “ aacsu 1) The ackrmm b Cha P,
’!'.'l'!”"‘-*-— - — - GRBE DY T Suapibeaaent in the
chiphesrc + oped wed
- . .
{ragimart .

\ mmmmm  irr o —nnn e | —ERITLELION o R g g — et " thap CONINE o Chy kocaison wivtie
U a1 - . kIl o bha sl W0 LPm raguEiT,
lh-.mn“ P ) L ) offun Oy IR depplacyrrand i Ut
. .,t: 3 ' PO p i )

' - = LY
S s \ .
. L o  siplecamant +- g
1 1. - A .
L ; . \ .

mmwmmmmlmmhuwn umwﬁmmwﬁﬁwmpmlanmmlmurww A
mmwmmuclmmmpu oll eight mmmw uthummmuﬂvnmdukm

N 3

arpme T

Thectrenics/ Dacember 21, 1974

1

\



. =t

6

s Vet am e Ry - ;;J. , .
__p.q...._ -.-‘_-ﬂ-h- “"*:"'“.-.:ﬁ.;.m" T o L , :I"! AN Pt L. b e, b
'l'lnn‘rmﬂ".'t"- SIS - B ORINER N e D b i e Q¥Fser |
N T R -. o - .' i 1 W A e W e NEw 5%(“‘.ﬂ ‘.
e o i AR . e o .
.t || el T ot I B r "'E"' '; Sk - FYIR
m o irdm an mm ey 2" Al .
Eart AL T F 1 I AFFE" ,r_\ l‘:u.L.l. ./ N
——— P . o =
[Elll] -.'r; :- W .L] s L] |ln- [T ; I L] i'ﬂ.}il" ﬂl g [ ] 1
- RELALIn r # :
I . JUs= RELA! 1{5_‘__'_'_ QEFSET L.,_.“. e !
. um L el e ek mgzumm :
b " ‘ 1. m[lrﬂ“'l AND JiwP 11; Y Im It‘IG L] FarpEGkn | ™
e ol i
£0N £ 'it I l nfinpCTIGE
1} O nracan | ™
15 - RS T NI Vi
MERAL VEFURLETIIN FDHRAT —mme
R AL Z By rrgmem ™
2 —— — r——r TaLr
T L]
BOEOR  AGGMEN wcone  fwy) sourct [EGnikunce o ovatoant 1%
—_ - s WTERALT
AL s s e S B I wowvectoarp |
E:grmn AARNEEI-S  orcong SIIRE -ﬂﬂ"“ﬂ“ WWTERRUPT
o * * A *
ADDRESTING v - L
LODE I L . . n=— UEW T —
REGHTER 4 @ I I ul wevA
. = L " 1
INMECIATE 1 0 - I M £
QIRECT . ot } FRAMIUACE =0 @ 2 8 L. VECTORER: » n
INDIREET ‘ ‘ .ilrILEFp:rﬂl.l
MEGSTER B 6] pcacninee Lot 0 g ‘o
KDEXED - 0 1° vt ¢ oo WEW PL
(Y .__r_.“‘_ : ."_1 ; t PG+ PEQG NAM COUNTER
- 1]
-

£ Inatruciion brmate. Tight lormal {a) uses only one 1 I:Hf‘wutd. by
gudeuled quichl, 4na Syups_ memony. Goneral lormat

bylen. words, or lofig words, Gpecitias the addressing gh
2 miarnss-mode bits 0 th SOLIGS register MUMbe.

a s¢i of the fallowing basic mackine cycles: mc' I'I:!.I.']
or Write, input/ouiput-device read or write, aid ikternal
dats execution, Since the memory cycle uses thra&clock

¢yclea Lo fetch 1h¢ instruction or data from
write dals into memeory, ezch machine cycle

minimum of ihree clock cycles, though for- otl_mph_::

Operalions il can cxlend ta as many as cight. .

The matter of timing i : '
Ideally, for optimum throughput, all umr o tite

thotld be memery-cyeling time; ne clock cyclés Thould

be wasled on other phases of (he snstruciion cyclc. Simu-
lations of & wide variety of benchmark programs have
shown that, en the average, the sective memory cycle
time (a!30 called 1he bus-utilization time or bus efficiea-
cy) of the ZBOOO is 80% 1o 85% of 1he instruction time
and up 10 90% if jump instructions are excluded. This
efficiency is a significant imprevement ever lht 65% o
0% of the $-bit ZEC micropracessor.

One reasan for the high eficiency of the i3 il
book-ahesd instrudtion decoder and accelerater, ";hiwn in
the wrchitectural bicck' diagram of Fig. 3. Since the
lack-ahead is tied to the intcrnal bus, and tinge the
Iasgruction wet is very regular, an instruction can sctually
begin cxecutios while it is siili being stored in the
isztruction regisicr. The look-ahead makea for.u signifi-
cant improvement i throazhizut, for examgls, in the
tazm of direct and fndexzd memary addrezsing (the meal

uently used addressing modes after register address),
bich the ZE00O docs not requirs any additiopal clock
o decode the instrection ie Jeciding whether it U
or long off 521 The Iuad-r:giilcr-tuhr:g,ismriiﬂnrun-

L.,..,_._. i) WET L mr T T TR - R R = e

L Progrem eiatus, Tha few-program-staius ares poWniar 5 feo
worch kong: Hel T okl mignifazant E1S in 'he BeGond word speciy the
gty OfF &6 IRl N MMy frOM Wwhich the ne « ROgram san g
i St In MSPONSE 10 INterrunty Snd brape.

ticn has been optimized to require only the thiee clavr
cycles of ils memory access. In most instructions, in fact,
the dats-manipulation time is fu!ly overiapped with the -
feiching of the first word of the next instruction.

. Throughout the design of the Z8000, meticulous
attention was paid to accelerating and optimizing each
insiruction in proportien to its statistical importance.
Some instructions and data references are aligned in 2
single word 10 speed execution, siznplify logic, and get a
targze range when the pelotive addressing mode is used,

To furtker Increase ececulion speed, as well as 1o
redycs memory usage, the most frequently used instruc
tions in the ZBOOO have beerf coded as one word. Amaong
these are fump relutive, decrement and jump on non-
zero, load immedizte byle, load immedialz word, snd
cali relative. Mareaver, the sophisticaied, interruplible,
preprogrammed block and string insiructions can
gatCute memory-to-memary data manipulations as fasi
as BER,000 byles per scoand.

Extrs inalructiona

A number of powerful instructions not found on
previous micreproczosors were added to the ZBOOO
reperioire, There zre those that handle the aew drw
tvpss—instrectiors like multiply and divide thal manip-
tinte 33-bit bong-worda—and othcr instructions that
load and s1are muhlpfc words. And there are instructions
that incremant and decrement the contems of any regis-
ler or memory location by any nomber irom | to 16
Fizalty, muottiple addressing modes for the push, pop,
lrad, 144 stoce insiructions snhance performance.

An imporiam part of microprocessor design is thc

Electronics / Docerper 21, 1578
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Even e n‘Hnlmurn syslem based on a 28000 minm-pmcw
sor axpcies natruclions fast and s sasy 1 program.
Soon to be avallable is & lamily of assacisted chipn that
will extend thess advanlegls 1o complax 28000-tased
computer sysiems and natworka,

The membars of the famly Inciude: N
® Tha Z-MMU mamory-matadement unit Ihat likes cars
cf memory segmenialion . end protection and address
translation.
® The Z-UPC univirsal prlpherel coniolier, 8 28 t-nalt-
chip microcomgular used &e o gonaral-purpon mam-
mable perpheral device wilh the 2000,
& The Z-CH3 counter and parailells/C:chip, with:thres

purts 2nd & &-bit 1/ 0 pot, .

T - Tha Z5000 tamily S

programmatble 1B-bil countars, Two 8-bit bld#mluml (Fle

33 .

B Tha Z-30 serisH/O circull, which has two full-duphex
channels ane s capable of handing axynchronous and
blaynchronous profocots et data rates of up 1o BBO e
Bytes par gecond.
2" tha Z-MBU micropiocaesas bufler unit. '8 128-by-8-bit !
frst-In, frsi-out butisr that can ba cascaded to any depth
0 Connect E8ynchronous parabal procnmv m the zm
when multiprocesging.
® Tha Z-FiFC) test-n fiestout huifer mémory, also, f28 by
8 bita, for lmandlnn the Z-MBU depth or intarfacing 170
paxta [0 use equipment,
" The Z-bua RAMSs; & pair of FaNdOM-ECORSS MemOry .
thips—a 2,048-by-8-blf hdly stelic RAM and a seit-r
ratrashing & QU6 fry-f-bit pﬂudn-ﬂatl: AW — l'or smll‘
4

local cioregh.

" .
- . PO

instruction format,” since logic complexity (and hence
chip size) depends hravily upor its eomplixity. Design-
ing inwo-the instrection stt toral softwere regularity”

{where afl instrections-canuie ull dawn- *types and
addressing modes) is ideal, lhﬂ that goal is l:me towudl

* “which the 28000 has striven.

Qi the cight sclectable nddr:mn; modes {tee I.lhlc‘_l.
ihe five main modes— register, indirect register, immedi-
ate, direct address, and indexsd address—an be used
with meatly zil instroctions, excepting a2 lew such s
rotale and shify iastructions. The three other addeessing
maxtes — relative address, base addrets, and base indered
zddress —have been added 1o all load and store instruc-
iions. To save memory space, the relative addressing
mode applies additionally to jump, call, and decrement
and jump on non-rero insiructions. Some instructions
have buili-in auilcincrementing and auto-decrementing
addressing modes. Fimally, & load-addresa imstruciion,
which can use all of the cight addressing modas, suppers
even the nrml ﬂph!!llﬂtﬁd npcrmd-nddm;m; sehemes.

imtl'm'tian fermiats . . o

The fofmals for 28000 instruciions are shown in
" fig."4) The 2 mosL significant bits in the instriction word

:: determine whether Lhe tight inatiuction formal {a) or the

g-.,ncrnl instruction Tarmat (%) is uscd. Uss of the ughll}'

}Eddf.‘d- insteuetion —z single word — reduces instruction-

memry usage and speeds exscullon,

As'long as the 2 most significant bits are not both bs,
the general instruction lormat epplies. Thase 2 bits in
conjunction with 1he sourca-register ficld in the instruc.

_tion are sufficien| fnr 5pcc|f3rm|; any of the five main
.addressing modes.” As shown in Fig. 4b, an sll-zero

source specificalion distinguishes immediate o direct
addressing from indirect aad indexid addressing, buth of ~

" which zefuire a source register. Sourre und destingiion-

register fields in the instructisn format are 4 bits wide
for addressing the 16 pencrat-purpese regisler,

The 23000 does not have memory-le-memory atith-
mciic instructiont, However, it performs memorys1o-
memory transiers on & sophisticated set of preprogram-
med block-transfer and string-manipulalion insiructions
and offers sture immediale, push immediate. and
compare immedivie imstructions, That arrangement

_ ¥
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provides & more mmpa:t instruction format with more
op codes available for ndditional instructions than would
be postible -with -the general memory-to-memory
nddressing mode used in the Dighal Equipment Corp.
PDOP-11 rnmmumpuur which has two sets of addmu;

Codes amd register fields < .

internpts end traps

The Z8000's seven intercupts and traps, both isternal
and external, are armanged in pricrity. The three inter-
rupts are 2l eaterns] iepuis: nonmaskable interTupt,
vectoved interrupl, «and nonvectored interrupt. The
vectored and nonvectored interrupts are maskable. Of

1the four traps, the ealy extermal one is the scgment ioput,
which is found in only the 48-pin segmented version of
the chip. The remaining theee raps oocur when certain
instructions limited 10 1he system mode are called in the
norial mode, or for the system-call instruction, or foran .

—illegrl instruction. The descending priority onder of the

traps and inlerrupls s: internal teaps, nonmatkable
inl.em.pm segmen| lrap. and vectored and nmv:ctnrﬂ!
“ipterruptt -

When an interrupt or Irap ocgurs, the program status,
which is contained. in.lwa 18-bit words in.the nonseg-
‘mented version aad three words io the segmented
version, is pushed onto the system stack fallowed by an.
additionsl word* This extra word typicnll:.r indicates the
reasan for the occurrence.

In the case of an internal Lrap, the reason word i u thl:
first word of (hé trapped instruction. in the case of the
segment trap and for al! interrupts, the reason i the
vecior on Lhe daie bus that is read by the cpu during the
inierrupl- or Lrap-acknowiedge machine cycle.

The previous program status Lhus having been pushed
"on Lhe system stack, & few program siatus is (ciched
from the aew-progrdm-stutus table {Fig. 5) thut is speei-
fied by the new- prograsm-status arca pointer. As in Fig’
2, that pointer s the most significant byie in the new-
program-status arca pointer register. In the case of the
segmented version of the Z8000, the pointer is Lwo words
in all—1hke segment number is specified by the 7 most
significant bits of its second word. Afier Lhe interrupt or
“the \rap has icrminated, & reset ssquence is entered. A
new program stalus is Lhen leiched from a fixed location

‘o7
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. Adkiras represeniaiton. Gagmanted addresosl apos &8 3 long
word {32 Buid} whbn feptianlad N g regsier o o rgmory (6. B an
RN, hOwere, B0 SCNRAS CAN by m ngpa word (D) O & kg
word (&) d 1t o unthen tha ekl 258 locanong of & sagroent.

.in memoary al the b:gmnmg of segment . 2

Facilivaling 1he separation of ap-eratm;—lyﬂ:m pro-
gramming from applications programming are the
system and normal operaling modes of the Z500. The
distinction is made by privileged instructions, which can
anly be cxecuted in the sysiem mode and are trapped:
whea encountered in the instruction Bow of normal-
mode operalion. Those instructiont include all
ingut/ouipul instruclions, haly, enable/disable interrupt,
load control word, store control ward, load new program
stalus, resurn from interrupt, and all multiple-micropro-
eesadf inttructions.

High-level 1anguages, sophisticatzd operating nystems,
large programs and data bases, and decregsing memory
prices are all acveierating the trend towards .larger
MCTROFY EPECE 30 MicTacompuier sysiems. But even when
it is available, questions are roitad: how i it best

. acceased by & programmer? and whal memary-manage-
. menl mechapism best allows the system 10 manage its

memsory on the user’s behalf? In answer, the ZBOO0O
pro & scgmented addressing scheme.

segment aumber is an unsigned 7-bit integer
ranging from 0 10 127; Lhe offset is an unsigned 16-kit
integer ranging from O 10 63,535,

When represented in a register, a segmented sddress i is,
always a register pair or long word (Fig. 6a). The. lwu
words may be manipulated separately or 1egether by tn:r
of the word and long-word register operatioas. Al

scgmented eddresses exisl in memory as a long word.

A segmenied address in &n instruction, however, has
vz different forns: cither with a long offset {Fig. 62}, in
which the address occunies lwa words, or with a shon
offsct Lhal i on= word. The short offset, which, as shown
in Fig. 5, implies that the mos) sipnificard § bits of the
oiftel are all zero, can be used whenever the address is

a8

¥, Hamuary masagemeanl, The Z-WLU memdey-rdrsgeersot chip
Ca1 i Gauk B memony rekocation from. logica! (o pit el aodoess by
BOCng 1N 10-tal olingd valur 10 B Z4-DN bane acdeend SERaCate
with #ach segment. Two 7-LikiUs handie a8 128 segimants.

. .within the first 256 locations of 4 acgment. That Tepre-

1entation permits very dense encoding of addresses and is
convenicni not oaly for indexed addressing, bul for direct
addressing when thort data segments are wsed or when
subroutines start st the beginning of & segment.

Those addresses manipulated by the programmer,
used by the insiruclions, and appearing at the outpul of
the ZEOOO are called Jogical addresses. Transfoeming the
logical addresses, which comprise the segment and offscy
concatenation, into 4 24-bit physicsl address is the job of
the Z-MMU memory;-management unit (see “The
ZB00O family,” p. 87).

That ransformation of iogical addreas into a physical
address, called relocation, is performed by this chip as
thown in Fig, 7. A 24-bit origin or base is logically
aptociated with esch segment. Ta form the 24-bit physi-

. cal nddress, the Z-MMU adds the L16-bit offset 10 the

base for the given segment. (In operation, tha Z8000
sends cut the segment number hall a clock period ahcad
of the |1&-bit offset address to compensate for the time
the unit needs 10 do this.) Thus the Z3000 can direstly

¢ address half of a | 6-megabyte physical memory space.

In addition ie reiggation, the Z-MMU provides
segmenl manazemrent: wnd protection leoen ungesired
writ=over, Esch such unit stores 64 segment entries thay
consitt of 1he segment base wddress gnd its stiributes,
afze, and status. Segments can vary In size from 236
bytes 1o 64 kilobytes in increments of 256 byles.

Usiag 2 pair of these units wiith the ZS000 accommo-
dates all of the 128 segment numbers. Moreover, severid
Z-MMUs can be used 10gether 10 accommodule several
transtation tables, althcugh only u singic pair may be
enabled 4l any one time. 0
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componeais (CPU, CPU support chips, paripberala,
sad memaries) which supports the 28000 architec
ture. The sccount of how arthiteclurd) goals were

Increased capabilities,” |
architectural compunbmty, and
dlearly definzd interfaces were
the chief architectural gaals of
Zilog's new ZB0O0 microprocessor
family. Herz is an account

of how those goals were met

for two members of that family—

the 28000 CPU and the MMU.

Our approach was H :upd Iym architecture
which sttempts ta provide new componenty, snhane-
ad flltur'l.l and new functions, whils protecting the
user’s jnvestment in herdware and softwwrs, The

~ selectad and echieved for two key members of I.h.'lu.. Z800C family supports & s tingle unifisd azchitecturs

farnily—the 24004 CPU and the memsory rARAge,

ment unit—illustrutes how much of u. thallenge
microproceasor architacture represents Lo the semi.
conductar industry. MOS Lechnology shuwa enor.
mous potential; bur it in still dilficull to use bocause
of limitations on pin count, power duaipn tion, epeed,
and complexity.! .

Since this discuspion is runmcud to technical .
ispues, wo will oot alhde Lo Lhe many additional fac-
tors (marketing connideratlons, human considera-
tions, sall-imposud restrictions, ebe} which maks er-
chitecture such a lagrinating and dif Houle diadpline,
Furthtrmore, no sttempt has baen mads to ox-

for all umatl, medium, and high-end user applications
which are implémented vsing a mix of componants
withul: the 2ame family.

The goala of the Z8000 architeciure can be grouped
into throe categories; incrasncd capabilitien, architac-
tural compatibility over 4 wide ranga of processing
powers, and increased clarity. In all thess casen the
rasulting azchitectural features apply either tc the
* basic architecturs (that seen by an spplications pro-
grammar) or Lo system architecture (that seen by &
-wysters deaignar or an np-n!.ml l:.rlum program-
marh,

—r - ; haustively destribe tha ZADOO arehilecture gnd com
pwice pooents,: Interecsted readers sheuld con sult the
* ek 4 yherific rmanunie for a more complete deacription.’

P - L

huund ﬂp-.'hiﬂuu. All nlsl.in; B-blt’ micre-

procssscrs and many 16-bit minicomputars suffer

“The geats of !fm ZB000 erchitectiro;
*lncreasad capebliitties, Brohiteciura)
: compltihllilr. Incroased clerlty

Tha pn.mlry reason for mtmducm.u & pew sysiam
architecture is to significantly improve the control
- and proceasing capabilities of mici opmestsors while
maintaining their pricafporformaucs advantages.
. ‘Technical sdvances have permitied the imnlamanta.
tion of aubstantislly incressed processor power, but
the moat significant molivetion foc & new compaonent
- family is gooerality. Qnly through sueh o famiiy
could wu provida for architecturully cornpatible
growth over & wide renge of procasaing power re
qguirtmepts,

00 i B TG TUO0 L O Ty -

from Baving 1 small addresi space. 50. onw of our

gouls way to provids accets to o large sddress space
ﬂHW.Amndpd-uwwwﬁlm‘w
BOUTEM i termmm of regisiers 116 genarsHpurposy
EB-Lil registers), in terms of data types (from bits to

372 bita), and in termy of sdditional instnctlons com- .

pared to existing microprocessors multinly wnd
divide, multipla register saving instructions,
sprecinlizad instructions for compilar suppoet st

Tolucilitats compinx applicationsit way important
to support rultiprogramming with good hardware
auppart of task awitching, intervupts, traps, and two
" eXecution medes. Operating systams &lso required o
good hards are protection system

Fintlly, we wantsd Lo increase overall sy stem per
formance. This resulted in the choice of gn implamen:
tztion ysing a 16-bit-wide data path to memary.
SOMPUTER
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" design a unified architss tyre compalil e over & wide
range of processing powsra. [T we anticpate usr
growth from small to large systams within & {amdy
archatacture, then suchan Lppruchund;aifimdr
increase its 1ifa.

The two wvursiona of the Zlﬂﬁﬂ'th-lﬂr-pm
unsegmented and & 48-pin segmanied vertion) are
doaigued Lo achieve this goal, but many other
featuras contribute indlrectly to the Bmily cem-
patibility. For amsll eplications an unssgmested
ZA000D with one or more B4 K-byte sddress epsces can
ke vsed. For madivm applications, a7segmented
ZROOG pid che memory mansgement unit sllows
direct uccesy Lo 4M bytes of uddress space. For large
spplications o segmeniad ZAOAD and multipld sakry of
MMUs allow Lhe use of several 8M-byte address
apaced.

Sinee the segnented L4000 can run jn an unseg-
mentad mede, hoth ayatems are compat!ble. Finally,
to actfeve even larger processing power bhrough
hardware replicntion, the architecturs provides basic
mechanisms for both multiprocessing and dis-

~ tributed processing. | i

Clarliy, Cl:.;:y in & architecturs is & ml:aun of
how well key interfaces are defined and specified.
-.This is an elunive but Important goal in a family

. where new and unforesesn componants will 'bl l.dd.td

durirlg the life of iLs uch:uctm .

T ! T"

TR

We fl:ll; bus pmtncula were po importlnt
.. that we developed an Independent ,
specification for the Z-bus slong with the
' individunl device manunls.

- PR | | el "

Clecity in termos of the basic architecture mosns
regularity and extendability of the instrusiion wet, as

- well o8 the general and almple handblng of tha

" operating system interfaces. Clarity in terios of the
avatem erchitecture maans & well-defined method of

» communicution between the varlong comporents.

Thu Wey Link betvwoen thess componenis i the Z-bus,
which ia a shared systarn bua. in the section on com-
munication with other devices, we describe soms of
the varicus typea of bus protocols. At Zilog wa felt
this wes so important thet we devaloped an indapar
dent speciffcation for the Z-bus along with the in-
dividunl device manuajs !

- éﬁmpa;lsnn with alher system architactures

-

We ere convinced that the differences betwoen
microprocessnr syatem architecture and large come
puter aystem urchitecturs are oot sufficlent to re-

Fenroary 1973

quire g ditlu ea deviy naprosch, although thay o

tsinly inflwemee the datads of design tom

Thalast section of 1nis paper deals with implemants-
Boa tradecffe and [Lustrates some particuler com
prozmises. ([n & fow places we mix Implemantation
coneitarations with descriptions of architeetursl
tracacite, Dewjite the importancs of sepatating ko ur-
chitecture Iroin its implamantation, we Kwnd that
this separation is oftan sbsnt during the actual e

- then of m new archipactury }

Two diffsrences Letwesn mvmr.lml mputlr
eystazie and mieroprocessor systeme have the
Mt impact: price structure and cctmpoaent

adary diMfarences. For high-end L8] eystems, it
r.-.mku semee 10 have one unified architecture, but
unlike thelr computer family countsparts (IBM
360/37¢, PDP-11) ditferent implementations cannot
be fistified cn a prica/periormance basis. Spesd and
performancs grs malnly dependest oo the stats of
technology, and therefors, for a given applicatlon, &
usar will waste the speed willingly sines anothar
alowar implecantation would cost the same. This
does ot exclode different verglons of ons implaman-
tation, which reflect only diffarent Last and produc
thon criterin such as packuge Lype, functional Lom-
parscure ranga, and svah spesd rangs.

Most computar wystarms have both extarnal and i
ternal intarfaces. External intarfaces which definn
systam boundarive are often standerdized jo.g., tiw .
[BM channelintarface or the DEC unltwas). The intar-
nalintarfaces ofmoat minlor large computersystema
are aspantially hidden. In contrast, the component
boundaries of & microproceasor-based sy stem repre

* o gant wetial interfecan, and most users must be famil-

lar with tham s well sa with sxternal interfaces.
Because tha component intarfachs are more visible
‘and oftan must be mors general, the microproceasor-
orienied aystem bus smer e ap o kay standardizs-
tion link to allow a widlr mix of eomponsnts and
designs.

The beslc architecture

Address space copsiderations. It is advaptagsous
to have more than one address space, with sach ad-
dresa space 8 large ss powgible. In the 23000,
mumory raferences and 110 ralarences sre viewed an
referances to diffarent address apacas. The /0 aparcs
is discuased in Lhe section balow on comumunication
with other devices. Memary rafarences may bw in-
atructions or dats and stack scoasses, with each typa
of access poasible In sither sy stam or normal modss.
The ZAOOO distinguishes betwean sach of these
reforenca poanibllition by uveing diffsrent cambina-
tionw of [t stetus Jines. Separating the various ad-
dress spacas can he used Lo increass the total number
of addressabie bytes and to achisve protection. Tha
wizs of each address space depands on the verslona of
the Z3000 ussl The €0-pin package version alows
each address space Lo be at moet 64K bytes, tha
4#-pin package version allows anch address space to
ba at moet BOOOK hytas.
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‘The 40~pin veraion la intonded for systems, often
used ag dedicsLad systemy, where the program and
dats spaces are smull, in this cave, relocation ia not
ceually important. Using the diffarent s
spaces, ons bas w wimpls wiy Lo nddress in up
to 4 x 64K bytes iwith s mpypimem of 8 :M!Ehytn]

Somw simple protaction ly schieved by -pmun{ '

theuse wpacos in hardwats,

The 48-pin vergion with cae or mory MHUHI inr
tended for the madium o large tpplica Fhere
relocation and Ladicr memary pro L:§
tunt.? In thase cases, status information
used Lo sepurute belwsen address spaces by Lsing
multipls MMUs. But it isalscessential o
detailed muwdry protection raguired {1t
touse tha 48-pin versun without an MMU.
nigh-end epplications, the address spaces
that ope i3 sutikely toexhaust them E 7
large computery shows that BM bybes
sdequate. The gurrent implamentstion of
uzds M-byie adilress spaces, but the
providea for 31-bit address (21 4TH bytas).
. in beth veryions, the 28000 allows direct 1:1:&“
10 cuch wddross ypucy. Direct access meard) that the

addivazes used in instructions or registery have

muny bite ss the sddress space size rwg '.I‘f&ht
schemas the sffective addrean s 8 combina of u
ahortar field in the instruction and other wxtension
bits ofter found in an imphisd registar. Despits the

shorter addross flalds, we balieve this “ingirect "
cocn’” mui_lwt hytes, because extrain oS .1
must 1oad and save the implie \

which are Lypically in short supply. W,

Hegiscers. The Z3000 ia primarily a memory-ic-
register agchitecturs. This characteristle does not en-
tirely exciude other organizations, and mechanisra
sxist in the ZROH0 Lo support them. For exsmple,
memery-l-mmemory operaticns aré sup lor
strings, wherens alack operations ars supportod foe
procadire and process changes. This choice provides
upwerd compayibility with the 780, & _ragister ar-
chitecturs alsn rasmis . in goxd performance, since
regietur aiceygcs wrv mode at & greater speed than
mamary accassss in the current inplementatin:

Exparients with registerorisnted machines smems
roconfirmthut fm:r n-in-rl.'l-purpu-l-&upaurl ook
enough aod that u "'proper” number is be sight
and 32. The Z5000 supports bytes, wofds (16-it),
and long words (32-bit}, and & few inatructions even
use quadruple-ward fd-bitl deta clemepts. IF we
ihoosn 18, LE-biL registers slluw eight 32-bii registers
a1 well a3 four 64-bit registers (Figure 1{:5ince ud-
druases are 32 bita, the naceasity of ot Bant dght
32-bit registars was obvicuw. The impact of the 4-bit
register Held on the instraciion formiat depends wso
on the number of address modes ana opergngs. Six-
toen registers allowed a reasonable trpdeoll, whareas
32 registers would have resulted in tog faw om-wurd
inatruclions.

With 0o minor restrictionany register canhevsed

by Bny inslruction se sn accumuiater, source
opurand, indek, or memsary pointer. This regulgrity of
- L

T
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the structure is fo impartant that it is worthwhile Lo
secrifies any posslble encoding improvements in in-
struction focmants which could result from dedicating
registers to epecial functions, Encoding improve
mants based on ipstryction frequency, so that fre
quent inatrictiony uae one word, wrs more sffsctivaln
saving spriw mthmt. heving a negstive lﬂir.t on the
architaciure,

_

" Why net hsve specislized registers? The

difficulty liea in the fact that the
restrictions caused by dedication are
inconsistent with one another. -

Most appEcations dedicate the availabla registers
to rpecific functiona For example, moet high-level
languages require o stack pointer and a stack frame
pointer. Then why not. one might argus, have
spocizlized raginters? The difficulty Lies in the fact
that the restrictions caused hy dedication are incon-
sistent with one anothar. 1f the architecturs sipplies
nnl:.r geeral-purposs registars, the user is ree w0
“dedicata them to ypecific usagen for his application
without reetrictions. This is impottant in Lthe contaks
of microprocessors where yser applications are not
well known wod where high-leval langusges ars suill

infrequently.

or example, the 28000 gliows softwars stacks o
be implementad with any registar. There are slso two
hardwara aupported etacks, but the registars used
are still general-purpote snd can participats in any
operation. There is no allocated wtack frame pointer,
since any register can be vaed by means of the proper
combination of sddresaing modes. Tha savings resliz-
wd by tegister apecialization are unstiractive when
the given function can still be performad aimply. Tha
loas that would result from restricting the npplica-
tiond would be too great. In contraat, significant gav-
inge reau]t from excluding RO from use sz an intdex or
memory pointer. This exclusion allows ons 1o distin-
Zuigh betwwen the indexed and direct widressing
modps which use the sams combination of the inr
struction wddress mads fisld. The price s small, gines
RO still can be an scumulstor or source ragister and
15 others sccumulstor, indes, and/or memocy
pointars ure available. In this came the restriction
made senae.

Anather decivion tobe made sbaut regiators ie thedr
size, Since the srchitecturs bhandlss multiple data
tvpea wa roust have mudtipls dute register slzas,
which can bobd sach data typs. The solution of the

prnbjem is implamented in the architecturs by palr-.

ing registers, two l-byte ragisters make & wond
register, two word registers make a loag word
regigier, eto.

Drata types. Usars would lﬂu- to have ns many
directly implemented dats typea a1 poasible. A data
Lype is supported when it has s hardware reprossnts

COMPUTER
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tion and instructiona which directly apply to it. New
data types can always be aimulated in: terms of basic
dutu typas, but hardware support pravides faster snd
more convenlent operations. AL the same time, & pro-
tiferation of fully supported data {yper complicates
the architecture mnd the implementations.
The ZA00) supporta several primitive types in the
architectore end provides sxpansion mechaniama.
~The basic data typas ara abvioualy the ones expected
to be used most frequently. The extended dats types
arw built using axisting data types wnd manipuuud
using wxisting instructions.
The hasic data type is tha hyte, which I: also the
basic addressable alement. All other data types nre
“refarencod uning thelr first byte address and their
iength in bytes. The architecture also supports the
following data types: bytes (8 bitsj, wards (16 bita),
“long words 132 bits}, bytes, and word stringa. In addi-
tion, hita are fully supporied and addreseed by
,pumber within & byte or word. BCD digita are sup-
ported and represented ss two 4-hit digitsin 1 hyt.e.
One consequence f thia data type urganization is
th.nl. byta, wbﬂl und long-woril regiaters are needad

F'hruw 15

I'...nluppwt. th;!m. The ZA00D even providas quadruple

. Tegister—another extension—used in long-word

maripulatbon.

Oiher data types are supported by using one of the
preceding data typea; for sxample, addresses are
manfpulated as long words, and each element {seg-
ment number or of{sst] can ba manipuisted 22 n byte
or & word. Instructions ars one to five-word | strings,
the program status is four words, ste.

As the famlly grows, support for new data types
will be addad. The wrchitacturs will nesd o support
them in ita regiaters or in mamocy if they do not fit In
ragistera (my atrings are implernented today). But
most irnportant, the architecturs will h.lutumpport
the addition of new instructicna tn it repertaire.

Ilutrucﬁurnl. In deaigning sn instraction format
the architect must decide how to allocate a Limited
number of bits to the apcods flald, addross mods Tlald,
mod gthur operand subfields. . Instruction usage
statistics are the best source of data toInfluence dack
aiens abaut instrut tion wet foronat.! %7 Bahind their
usage liex n atrong technical position: we do not

13
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v Addressing moder Tha Z-BOQ'D hl.u ui;ht sddress-
ing modes: registar (R), indirect register (IR), dirver
oddress (DAY, indexed |X), immadiore (1M}, bose ad-
dregs {BA), base indexed (BX), and relative address
{RA). Severa] othar addressing modes ere inplisd by
lpmftlmuuﬂmnmhumtummﬂlm

- o

WORDS  decrament.

Althrogh a very large nuniber of addresaing modes
is beneficial, nnage statistics demonstiate Lhat not sl
combinations of operands, addrass modes, and
operstors ars meatingful * The five basic eddrevsing
modesof R, IR, DA, X, and IM are the most frequent.

Figw 2. E.llmph: of Insuruciion formata Inon.ugrunlld vlrﬂml. ly ussd und apply tu mo#t instructions with more

Ll

x

-bol.iwu that any one of the varioys instruction ast
structuras—ragister crisnted, mamory oriented,
stack oriented, ayrmmatrical, or ssymmetrical,

i —ars dways bettar whan used exchisively, Thus
the task of the architact is ¢o decide what his most im-
portant goals are, and {or sech of them sdapt the best
feetures of the various atructures so that on the
sverage, and for his set of poals, an optimum wolution

can ba found. W do not balisve that the opthmuns will

be very aharp: [t will be mors ke & range of applics-
thons lor which the resulting composits structurs
works well. Wa dacided Lo use a registar atructurs for
- cormpatibilivy, multiple word instructions far spud.
mernory-to-memory instructions for strings, stack
etructure for process control and prorsduts support,

, . "short” instruction for byts depaity improvemant,

)

oL,

Instrucrion format consideration. The ZE0O0 has
over 110 dintinet instruction types: saveral jnstrue-
tion formate are ilhastruled in Figurs 2. The opeode
held spacifica the type of instruction (for example,
ADD srd LD The mode fisld indicates the address

. ing modes (for exampla, Register (R), Direct Address

{DA). The data element type (W/B) and register
designator fields complets the basic instruction
Belda. Long werd instructicns vse s different opcodas

‘= walus hom their byteor word countepart. Freguent

=~ instructions ase ancoded ln w single woed, and lens fre-
“quent insiructions which use ‘more than' two
operands use Lwo words. Thers are often ndditional’
fieldn for special slements such ea immediate values
- of condition code descriptors (CCy. Instructions can

than one address mode. For two-operand instruc-
‘tipna, statistics show that most of the tima the
deatination ln » registar. Othar cases of addressing
mode combinations and [ess bagic addraysing trodesy
are associated with instructiona. Thus, the
frequent combination of sutodecrament for the
dastination operand with the five basic sddreas
e [or the source operand iy providad by the PUSH
irstruction. The combinstion of :utqummnt ad-
drespng modes for both epurcs and - destination
oparands is one of tha block move jcstructions, In
wagance, the addrass mode fiald space has been traded
for apeode fald space. This allows more instructicns
and combinations while staying within a one-word
format.

The price for this tradeot! is the mfrequem. occur-
rence of pairs or triples of instructiony mmul.lung L
miming nddreswing mode, This gitusrion occurs in
most inetruction sete in any case. ]

Code dansiry. Bacause current microprocessors are
restrictad to primitive pipeline structures, their
speod ia larpely dependenit an the number of executed
inspruction words. Therefors, code density is not only
important becsus of program size reduction but wlso
bacavss of speed improvemant. Ooa would like Lo en-
code in the araallest number of bita the most frequant
inatructions. The basic instruction size increment
was chowen Lo be & word for ressons desling with
alignmant, speed penaltisa,and hardwars complexi-
ty- Thua the most frequent one and two-operand in-
struclions taka one word in their register or register-
to-reginter forma. Leys frequent instructions or In-
strucLicny which nse more. thnn two upnrmd: une at

- ™ deaignara one, two, or three opernnds uxphr.'ll:ly The ~ least Lwe wards, *

"inAtruction THRANSLATE ANDTEST i the only one with
four cperands and ia slso the anly one with an implied
register operund,

Several restraints can guide the proper choire of an

- instryztion tormat, A large number of opeodes (used

o reserved] is very important: having a given in-
struction implementad in hardwars saves bytes and
Lproves apesd. But one vsually needs to concen
trate more on the complitents of the operations
available on a particular data typo rather than on ad-
ding more and mors esoteric instroctiona which if us-
od frequently. will not wignificantly affect perfor-

" mance. Great care must ba given o the problem of ex-

punding the jnstruction set 8o, for example, new da‘a
Lypas can be added.

The 28000 goes even further by selecting mivesal
special instructions as “‘short” instructions which
take only one word, when normally they would talie
two worda, These instructions, such as LOAD BYTE
REGISTER IMMEDIATE #nd LOAD WORD REGISTER [M.
MEDIATE {for amall immediate values), CALL AELA.
TIVE. and JUMP KELATIVE, are so [requent statistical-
Ly that they deserve such vpacial treatment.

A or-word JUMP RELATIVE abd DECREMENT AKD
JUMP ON NON-ZEAO &l 30 Rave & very significant impact
on sposd. The short offser mechanism used by ad-
dresses land described below] is also designed Lo
allow opng-word sddresses. Compared Lo pravious
ML TOPr(CER 403, the largust reduction in size and in-
cruase in apued results from the ZROD)'s consistent

L W)
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Juval Iangunges wi't allow It;nsl.n.m' ireedom frowm ar-
chitectural doperdon: y o il improve sase of pror
puranag® 1oy cnay gl o m,:u:u .4 i edapt & com-
DULSr aft e ture o cieculs & '.:-nrutu‘mr bigh-level
laoguoge sfficiontly ! Most progremauing lanpuages
act 08 & filtar and cen be cuppestad by o aubsst of
avuilable hardware wich grozter efficiency.’® But affi-
ciency for ono particalar kigh-ies el lenguaye is likely
to lead toineliciency for unrelated lenguages. The
28000 will be used in o wide variety of applications,
and we know Lhai 8 larra number of 1sers will atit be
using asermbly langueges. Siace the L8000 is &
gentrol-purpose 'm{'rop.rucnh.t:r language nipport
bas been provided only through the intlusion of
fratures desigued o mirimize typical compilation
end codi-gemeration probltms, Among thess ia the
regularity of the Zo000 addiusding piodes and daca
ty pea. Tl zdilreasing structure provided by segroen-
takon tiound support provedurss Lhat resolt from
structun-d programming. Actees to parameters and
local variabled on the procedure siack iz supported by
indoa with short pifset pddoens mode as well as base
address and bass indesed sddreas miodes. In addi-
tion, addresa writhmetic is «ided by the INCREMENT
BY 1 TO 9 and DECREMENT BY 1 TO 14 inatracticns.
Teating of dats, logical svalustion, initistration,
and curmpurison of data are made pazaible by the in
structions TEST. TEST OGNDITION OODES, LOAD 1M-
MEDIATE INTO MEMGLRY, and COMPARE [MMELIATE
WITH MEMORY. Compilers and nsssmblers

) manipuiute character strings frequently, and the in-

stnictions TRANSLATE, TRANSLATE AND TEST, BLOCK
COMPARE, and COMPARE STRING all raault in dramatic
specd iimprovemnents over softwars aimulations of
thess importanl tasks, espoclally for cortain types of
langusges. In addition,’ any register can be uned as s
alack poinker by the PUSH and POP instructiona.

Segmentation. In order to provide for convenient
code geasration and data accewy, arddresses must wlao
be easy Lo manipulats, Architectures wicth direct ac-
cess to memory typically use a linear address spaca,
w0 that aduress arithmetic may be usad on the antire
addrass. [0 this case, sddresses are manipulated as
ona of the data types of the seme size. This removes
Lhe nead todistinguish an addreas as s new data type.
T comtrast, the ZB000 has & oon-Lnear addreas space.
Addresses are made of (w0 parts: & 7-bic segmant
pumber and s 15-hit offest. Only tha offsst par
ticipates in sddresa withoatie, The segmant ot bar
is easentinlly & pointer to & part of tha intel addresa
apace, which can vary iu size trom Lo B4 K byiss. Tha
hardware represenlalion of & sepmented addressis a
leng wurd or & reginter pair {Figure 3) which allows
the eany manipulslion o each part of the addreas,

The segmented addressss ora one of ths key
mechaniena usad to support both large and smaidl
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wortts [Figues 3} howarss, thete la tiso o shert offanl lorm Ml b
cnly one word ([Flgue 3.

mernory wystam3 elficiantly. The two versions of tha
28600 implarnentation, the 40-pin unssgmantsd end
the 48-pin segrneated, allow Lhe maintsnance of the
architectura] compatibility and sass the growth be

" tween these two applization groups. The sagmanted

address space guarantees that eack 64K-byte ad-
dreas space of the 40-pin varsion bacomes one of tha

‘segmenta of the 45-pln varsion. Each 46-pin vecsion's

168-bit addrusn bacomnen un offasat within the segment,
and a mode exists in the 46-pin packege version in
which 40-pin version code can be sxecutad, Farther
more, compatibility with any cuorrent 8-bit mlcre-
procenscr such as the Z80 s eany, and a new micro-
computar mich as the 24 can address external data in
a shared seganent with the 28000,

The hardware parformance of the Z8000 b also o~
proved by sddress segrientation Since & wegment
Bumber doex nat participats in arithmatic, It can ba
put on the hus before the result of an addresa com-
putation iy available. This feature allows the use of
MMUs with easentially no impact on memory eceass
tiroa by sllowing it to funetion in parallel with the
CPU. I%ﬂwﬂﬁwmlhnhm bacause oo
Iy u [B-hit must be performed Becauss of
the distinetion etween tha segrent number and ita
offsst, ona can use shorter addresess without soft-
warsconatrainta. Short addresses can use & short of -
st [fewer than 256 bytas) mnd thersby reduce pro-
Erem dze {Figure 3.

Pioally, it ia vary sasy to sesociate with sach of tha
1 28 sagrnarts of the addireas space the protection snd
dynamic relocation leaturss deairahly for larger sys-
tems. Relocation allows a wser to writs his spplicetion
uxing logical sddrenses independdent of any physics
addreasas. Relocatian is wasential, for szempls, in
disk-bassd genwral dsta proceasing system with
several usars, Helocation la not sssential for
dedicated epplications with code typically reaiding in -

15
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ROM. Users whose total memory pesds wre goenll are
at=o unlikely 1o need relocation. -
o summary, the choics of » scgmentad “address

-apace hus provided—at low cost and with few prac.

tical Bmitacions—s powetful aclution to the problem
of user growth, relocation, end protaction as weil an
virtual memory implerentation. We balleve that a
linear address space coald have schisved thess
resulis but at & conviderably higher price.

1

Tha ny.ﬂam archlleciure

Protection [acilitles. The ZBOCD protection
facilitien can be divided into aystem protection
featurss and memory proteciion fesmtures. Ex-
petiunce with large computers has damonatrated the
udvaniage of having at Jeast two execution modes
witly dilferent wecess righis wo hardwars facilities.
The ZE0O provides the sy stem and normal modes for
this porpuy:, A simple protection system results

from thy presence of these two modea and their

- -
-0 41
-~ - -
e o T L o P L TP FYAT I 3 N D | ¥ '
rupta, Lrapd, and mide changes, Programs in nocmal

made which attempt ta execurs s privileged instrue-
tion will cause & trap snd a change L 1ystem mode.

* Thae awitch from user Lo s¥stem made can slso be

caused by tha systers call instruction, These
machanisms enforce protoction und belp In designing
raliable and efficient operuting systems with clean
uzer interfaces. Several other traps are required to
schisve & consistant system: segmnentation crap,
privileged] instruction trap. and usdefioed instree-

" tion trap.

A desirable memory protection scheme is one for
which protection informetion fread only, read write, -

" exacuts anly, wystem only, sizé of dats or code, ete.)is

saaily associated with the dats and code structures of
a given spplication, Tt iy also ope for which o lurge
number of different types of protection inforsution
can be verified.

The relocation-and memory protgction
mechanisms deacribed sbove gra provided by an ex-
ternal device: the memery managemantunit. Topro-
vide relocution and protaction feztarss directly on

" the Z800C would have demanded tyo much simplifica-

tion The sxternal M M1} bas the furthes advantage of
providing for easier growih by the addition of com-
ponents, The Z8000 40-pin packuge dots not have Lo
carry the burden of the vnused advaneed relocaticn
and protection features, although some form of pro-
taction can be echivved by hardware peparation of the
different address spaces. With multipls MM1s, the
48-pin package user can control the relocation and
protection complexity desired in his application.

The memary mansgemant unit The MMU par-
forme threa functions: (1) address transiation of
logical address to phyaical addrusa using dynamie

.relocation, (2) memary protection, wnd (3} segrment

management. Tha addreases manipulated by the pro-
grammer, ysed by the izstructions, and cutput by the
Z8000 are caliod logical addreases. The MMU uses
these logical addrasses, composed of 8 7- bit sagment
nurober and 16-bit olfset,wnd transforms them into a
24-hir. physical gddresa {Figure 4}, A 24-bit origin or
base s logically wasocisted with sach segcant. To
form a Z4-bit phynicaladdress, thy 16-bit off set ia ad-
ded to the basa for the given segmant. In affect, with
the help of ooe memory management device, the
ZBG0D can address &M bytes directly within a
16M-byie physical mamoery space. The reasons for
the choics of alarge physical sddress space ineluds an
expectation that large systems will want Lo Uss sxtra
bits for complex resource management purposss.
Esch veguvent is given o nwmber of attributas when
it is indtinlly entered into the M MU, Whea a memary
raferenos is made, the protactlon mechanises chacks
thess attributes againat the statua information from
Lhe CPU. If a mismatch otcurs, & trap is ganerated
which interrupts the CPU. The CPU can then cheek
tha MMU ascatus registers Lo determing the caum of
the trap. Segment awtributes include segment size
and type {read only, syswnm only, execute only, in-
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valid DM A, invalid CPU, eic.) Jthir segnwnt protes-
tion features include & wrile warning rone useful for
Btacl: operationa.

Whon & memory protaction violstlon {n detected, s
write inhibit Ilne guarsatess that memory will not be
incorrectly changed The iavalid DM A and CPU bits
indicate that the entry conngt be vaad by the DMA or
CPU! respectively, because either tho asgment
numbet i illegal or thy segraent entry fo not loaded.
This fast fosture, i1 conjunction with the sagment
hisiory informatio:. izeginent *'changed’ and weg-
ment “referenced’” hita) wnd i sagmentation trap
me-konfam, allows tiw implemantation of 4 virtual
degrnanied memory Ly Lo

The MMU comuy in a 45-pin packegw (Figurs 5.
= Tho chip lipiuts are Lis e gament ourmber, the upper 8
bits of the offsat, und etatus information from tha
CPU. The putputs from the scgment chip are the up-
per 1b bits of thx 24-bit phywical address and tha
segmentation Lrap line. Sinct the remory manage-
ment device prosesses only the upget B bite of Lhe of |-
aet, the Jower B bita go directly to memory. This is
equivalent to having zeros [n tha 8 lower bits of the
24-bit origin. Thus, tha memory management device
only nesds to store thu cpper 16 bits of sach base nd-
drens. Sypment limit protection {s dons io the
memary management devicn, and thus sagmants can

ted in increments of 258 bytes.

h MM atores 84 segmoent entries that conadst
of the segment base address, ite sttributes, alzs, and
status. A palr of MMUa support the 128 segments
avallabls in an addreas space. Additionai MMUs can
" beuasd to nceommodale multiple tranalation tables.
Using the status information providad with sach ref-
erence, pairu of MMUa can be ensbled dynamically.

The memory monagomont device functions con-
stanily whils memory referances are made, but its
transletion und protaction tables ars loaded and un-
loaded a3 an [F0 periphetral. To achleve this, the
memory manasgemsnt device has chip sslect, nidress

strobe, deta strobe, und resdiwrita Linas. The ZRO0O

spotin! byte 110 inaLructions that uss the upper byts

of the dats bus can lowd or undpad the memory:

managzement device,

Mode switchlby: lotrrrupt and trp handling.
Frem smal) sacte in dedicated process control ap-
glicetionn Lo lurye users in general-purpose data pro-
cesaing applications, aaynchronous svents suchesin-
termupta and aynchronous events like traps must be
handled When these events octur, the state of any
turrenily ececuting program muast be saved during
what is penarnlly callnd a task switch or process
awiteh, The uscrn benclit from the availability of
many interrupis wnd treps. Thay also beoefit from a
[ant, saay, and uniform handling of process swritch-
ing.

Periphercala using interrapta have widely varying
cohatraints on infermipt processing time. To sclve
this problem. peripherals with tha same charac-
teriscica are often aasociated with one of severalinter-
rupts. A prionty enforced among the several intar-
rupts alluws the requircd procesaing lime to be
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guarnnissd Enatiing or disabling the varioas Llatee
ripda in the macheninm nsed to enforcs this process-
ing priority,

In the 28000, we felt that thiwe levels of Interupts
were Mfficient. A non-maskable Enterrupt representy
n catastrophic event which requires special handling
to preserve gystem Integrity. In sddicion there are
two maskeble interrupts: non-vectored interrupits
and veetored interrupts, which cotraipond to a flxed
mapping of interrupt processing routines and to a
variable mapping of interrupt. procsssing routines
depimding on the vector presented by the peripharal
to the Z5000.

Both intarrupts and trapa result in slmilar process
switchaa, [nformation relatad to the ald process (lts
program status) {3 saved on & apecial system stack
with s coda deacribing tha reason for the wwitch.. This
allows recuraive task switches (o oceur while leaving
the normal atack undisturbed by syster informa-
tion, The state of the new proceas {ice new progrum
atatus) iy loaded from & spacinl ares in mamory —the
progrem status area—deslgnatod by o polnter rask
dent in the CPL) {sea Figurs 8}

Thause of the stack and of & pointer to the program
status mrea are specific choices made to allow ar
chitectural compatibility if new interrupts or traps
are added to the architacturs. The chalce of the twy
modes of axscution has u strong impact on the design
of clearyser interfaces. Exparience has shown that in
largw aystamna the normal mods instruction set wnd
the user Interfaces together constituta the most im-
portant sdement in achisving archlisctural com-
patibility.

Communicstion with oiher devioss: the Z-bus. The

';Z-hu: is tha shared bus which Links el the com-

Fommta of the ZBOOGQ Eamily.* The variecy and perfor-
mance requizements of the components are so dif-
T:rnnt that iz Fact the Z-hua is cornpossd of Tive buses:

\
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a memory bus, an 140 bos, an interrapt bos, and twe
rasouInce request buses |Fl]u.'l"lﬂ

The Z-bus is called a " shared”’ bus hocauss marll
compotaats can e it A bus user in & CPU or a pe
ripharal which can usually gensrate one of more buy

tranasctions such ey memory data request or an 170

request. [dantical bow transsctions cannhot take place
at the sarsw Lims, but serialisetion mechanisme aligw
sequentinl usa of the Z-bus, Architacturally, the
buses can be grouped into two siructures. The 1O
structure uses the IO boe and the interrupt bus. The
memory striccurs uses the memory bus with or with-

out sddreas extensions. Both strustures can uee the .

rescurce request bus and the mastership request bus, -
Each bus consiats of & set of aignals and the pro- _
tocols which presids over Lhe various types of tran-

= sactions. Part of sach protocol is the timing relstion-

ship between relavant signals, The 26000 CPU pro-
vides most of thess timing relations. The advantage
of such & choice ja tha significunt reduction in the
number of companents required to build such »
aystam, One consequence is that bus transactions
cannat be abortad or delayed fresly zsince some
davices, aspecislly memory, have gpecific timing con-
struints. The most important considaration for the
Z-bus is the nsed to interface to raultiplexsd addreas
and duta lines of the Z3000 CP U which rmuat fit in 40
and 48-pin packages. The Z-bus maintaing theas
multiplezed addrees pnd data Lnes, Vary Little speed
could be gained by demultiplexing these lines for

mamory references since memoties are themselves

multiplexed. The moat importane advantage of a
multiplaxed Z-bus in the direct sddressability of
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peripheral internal reglsters This faature allows the
construction of complaz periphernls which meintain
a uumpla program Lnteciace,
The Z-bus in known as & transparest or asyn-
. chronous bua. Z8H0 components do not require that
. their clocks be aynchronized with the CPU clock. The
aignals used by each tranasction provide all thy
necesanry timing. This concept is [mportant: it
allowa, for sxample, 1/O refersnces Lo be independent
of the spesd wod clock fregquencies reguired by othar
Z-bua transactions,

10 bus varsus memory bus The L0 and memory
buses are tha most impoctent. The 28000 family ar-
chitscturs distinguishes batween memory and [0
spaces and thus requires spacific O inatructlons,
This architectura| separation allows betisr protec-
tion and has a nicer potential for extension. The 1O
ind memory buses use & i6-bit sddresa/data bus,
which allows 16-bit /O nddresses nnd B- or 1&-bit
dats elements. Mamory sddresses are 16 bica for the
4(pin packuge or extended to 23 hits using the sg-
munted veryicn. Thua, the memary bus iz in fact &
logical address bua, The increased speed require -
menlLs of future microprocessorn is likely to be chiav
ed by tailoring mamory snd 110 references to thair
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mespoctive chamctediplic reflerence patterne ml:l by
using simultensous [0 and nemary raferencing.
These future possibilities require an wrchitecturel
separation today, Mamory-mapped /O i stil! possi-
ble, but we fas] the loss of protaction and potentlal az-
pandability are tog aevare to justify memory-mapped
1/G by itaedf,

Both the /O and memory buses peed pddress, dats,
wnd control eignals. One important implarantation
decizion waes 10 oveclop the signals used by the
menary and [0 buses on the same 25000 CPU pins,
with the cbvious sxception of tho stams signals used
to distinguish betwesn the two types of bus requests.
Fuor the current ZS00¢ kuplementation the resulting
reduction in number of pins is ignifcant, In contrast
the impocsbility ol doing concwrrent memory and
VO referencing is not very significant since their
spoeda ore asventielly the same.

In addition, merunt vy and paripherals both beoefit
from ihe svailabiity of sarly status information
definlng the bus trapsuciion type {0 versus
ey, rend veriud write] ahecd of che sctual tran-
saction 8o that bidirectionsl drivers and other hard-
ware elements vau b ennbled befors the reference,

. The statua Lines af the 23000 CPU pmvu!u this type

Of purly statug.

The 10 szructure. Since many plriphurall a9 comr

noctad with ons CPU, tha /O bus s shared and
sariallzation muast be provided, Ona solution lovolyves
using & mastar/aleve protocol. ‘The CPU ls & master
which can initints an L'O transation at wny time. The
peripherals ure slaves which participate in 4 transss-
tion only when requested by the master, In arder to
find out if » peripharal naeds tobe sarviced the master
can poll esch i turn. Tha Z-bus also provides & faster
way of getting the sitantion of a master an intarropt
bits. In contrast, with the /O transaction data bas,
each peripheral sharing the intermupt bus may “try"*
taugait simultensously, Theinterrupt bes pees an in-
terrupt line, interrupt acknowisdge Line, and two
myors lines used to form n daisy chain. The daisy chain
i & implementstion of o distributed arbitration
policy between the requesty. Priority of processing is
determined by the position in the daisy chain, and
periphorals can bo proempiad. 1nterrupt vectors are
used to determine tho identity of the pariphatala re-
questing service via an intarrupt,

Othar buser. The two resouzce reguest buses are
wsed Lo request the control o fthe Z-bus from the CPU
and to request coniral of any ganeralizred rescurce,

The 28000 CPU or any Z-bua compatible CPU doaa
not nead to request Lha bus to pceass it e a master,
wod is, thapefore, the default master. Other devicas
can request bus mastership, but they must go
through a non-preetaptive distributed arhitration us-
ing apother dasy chain, The CPU wlways pelin
guishes tie bua ot the end of ity current bua transac-
Gion,

The resource request chain in 8 generalization of
that concept in which each resource requestor has
equal importancy and can use the resource in g non-
preemplive mannet. This mechanisn in the ZE000
CPU permite one ta inplament in software the kingd

-~
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of extluzion and serinlization mechanisms needed for
multiple distributed systams with criticsl resource
sharing.

Multiprocesslng. In the contaxt of today's large
mainframe systema charactapitad by multipls pro-
cossea sharing ons proctascr, one 1s tempted to
design distributed procsssing systems with manhy

low-cost microprocessors running dedicatad pro- - -

casses. Such an spproach distributes Intelligents
towards the periphecals, results in modolarization,
and parmits easier devalopment and growth. Unfar-
tunstely, (o the past, the problem with such an ep-
proach has heen soltware and st hardware. Thits ons
cannat be expectad to provide detailad solutions in
hardware to u softwere problemn that has pot been
solved yei. Howavar, somw basic mechanisma have
teen provided to allow the sharing of address spaces
lurge segmented sddress spaces and the external
MMU mako this poasible, and a resotirce requeat bus
ia provided which in conjunction with software pro-
videsthe excluslon and serlalization control of ahared
critical ryources, These mechanisme and new
peripherals like the Z-FI0 have been designed to
allow easy asynchronous communicationh batween
different CPUa.

Implamentation iradeolis

The key famlly declaion: producihility. Confronted
with the problem of designing a new LSl-based
system architecture, we could have ignored package
size considerations by accepting packages with 64 or
more piny, o we could have {gnored mass production
tachnology constraints by uaing die sites larger than
260 mdls pquare. Such solutions are often justified in
the lmplamentation of an sxisting computar sy stam.
The compansat boundaries, package limitations, nad
technologicel limitations are secondary bo achieving
the goal of sxsct membarship in the computer family.
But if one were Lo dealgn & new system architectura
with the same lack of conatralnts, the individual corn-
ponrenit would nol be price-competitive—only the
total wystem would be, A new aystem architecture
baped on this approach could snly be used to deaign

“yet another traditional computer.

The Z8000 family provides basie, general-
purpose blocks out of which n system
solution to most problems can be
implemented.”

The ZS000 family market is intended to be much
broader, and each component of the family must be
economically viable. The staged intraduction of com-
ponents which are gecnomically viable by themselves
allowe us to serve the market from very small con-
figuralicas to very largs configurations by waing
Mora cofponenta, in any combination. Not only do
wa beleve Lhat this approsch does not restrict
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syetam architectural possibilities, but we akeo belive
that the famlly will be mors alfective h-uuuu{twﬁl
grow with its customer,

Tha Z3000 lamily doss mﬂm:wmm
vide apecific archltscturs: solutions,  often -im-
plemaentad in hardwars, to all aystem architscture
problemas, Inetead, it provides basie, genatol-purpose

" blocke out of whith & system solytices to most pro-

blams can be implemsnted. The mult-microproces-
sor angd distribated systam capebilitien of the ZB000
family [Hustrale the use of open-ended mechanizms
ta solve a varisty of wrchiteciura) problams, while the
mamory mansgerment of sddress space ilustrates a
specific problem supported by a specific solu-
tion=tha M M. Howsver, other solutions more ap-
propriste to s particular problem can be used wid an
advance in the stale of the et might be meppad into s
naw device for the family.

This vision of Lhe fxmily oftan results in com-
ponpnts mors powerful and complax than an appiics-
tion ray require. The user should not tales Lhis es a
causg for alarm, but rather as the reancn his applica-

. tions growth will ba sacler.

Basic CPU Ilmplementaiion decisions, The 23000
sarrently usea s 16-bit dats busiFigure Bl, an internal
rugister wrray of 16-bit registers, and s 16-bit parailal
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ALU, These implementatioa decisions, which wirs
guided by the tachnological and practical considera-
tiony, hove & strong impact on performance.

To wchieve good petformance with the instruction
format end date type snvisioned for Lhe ZROOO, only &
16-bit bus seens adoquute; & 32-bit bus would hava
necessitated using wn unacoeptable 56-pin or larger
package. Optimal performace is obtained with Lhis
ehoyen bun width il the wize of the frequanUy used
register-to-register oparations becomes one word.
‘The choice of ALU and internal register widtha iz a
teadeof! batween speed of the moat Brequent opera-
tions and the chip ares neaded to imploment & wider
ALLU or dats path insids the CPU.

. None of these implementation decislons should
limit the architecturs, Instructions are from one to
five words long, and data types aiid sddresses are not
tirmited to 15 bits, For axample, 32:-bit words are one

- of the main data ty pes of the machines, and addrasacs

occupy two words., The oddress mechaniam il-
lustrates the strong distinction betwaan an architec-
ture and lta implemantation. The architectural od-
dresa reprasantation uses a 32-bit word of which 8
bita are reserved and ! is a short formatlong format
deacriptor. Thus, the ZB0GE architectury provides up
to 31-bit addresses, but gnly 23 ww currently im-

piernmted and 23 pine of the :umnr.pmhanm
allocated to wddresses.

MMU wadoofls. The MMU and its relation to tha
ZAos0 CPU iustratatradeoifs that & microprocessar
architoct aod designer Cesm must make to ansure
component manuincturability.

To achieve the gomls of good architectural com-
patibility for high-end vy stumns, il was nacassry Lo in-
clude the protaction snd reocation mechanicms
described above, But if all desired featurss wars im-
plemented as 1 one-chip CPUMMU combinstion, it
wegld have bewn too Jarge and, coerefore,
uteconcmical. And if & reduced set of fsatures ware
Implemented, it would have been architecturally too
primitive. Thus, the choice wus mada Lo maintein all
features und wew two chips, This naw organization
has several significant advantages, wuch us &
capakility for multipls MM Us, and allows the sccess
of n DMA daviens Lo the MMU, -

Given the choics of wn sxtarnal MM, the next st

-of decisions concerna package sizs and cirtuit spoed.

Havirg sach relocated segment start oo a word boun-
dary would have reguired a 64-pin package and i very
fast 24-bit sdder fin Inct, w 16-bit adder and 8 bita of
carty propagution). ln contrust, the deciséon Lo start
segrnenls on 256-byte boundariss allows the use of &
4B pin packags, o fast 8-bit sdder, and 8 bits of carry
propagetion. The latter sclution la techoleally
supwrior end plaves pructically no resLriction oo the
erehitecture. Segment granularity can be viewsd an
&n implersentat;on restriction and oot uy an wrchitac-
tural rescriction.

Making the 8 low-order bits of the of fss godirectly
Lo memmory alsa sigmificantly reduces memory sccsls
time, Since dypamic memories use these bits {irst,
maost of Lhe MMLF relocation time is hidden during &

GOMPUTER
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normal memory sccess. Tha avallability of segment
tmobars sarlier thun tha associsted offset bita nen-
forons thin sdvantage aad sllows the MM to resull
in ssseptiafly no memory sctaps wpesd raduction
E-:hHHUnhyllnnquirn!thlnuhrbn-
and segrnent sirs velue This i lmportant: it In

desirsble to pack ay ftany wntrise as possible par

MMU. With 84 entrigs & 2K-bll memory is needed,
which is technologically difficult in view of the

The fact than an MMU is only connscted to the up-
per byta of the data bus requires the use of special 1O
instractions for lts loading wod obliges us to replecs
the possible use of an automatic demand loading of
sutries by sxplicit instructlon loading, To compan-
ante for the Lime penalty associated with the loading
of patentially unused sntcies, multiple MM1ls tre
used. They not anly allow the iImplementation of 128
entries, byt pairs of MMUs ¢an be automatically
anabled by the systam and normel mods pine affsc-
ting & full environment switeh at slsctronic apesd.

We fea] this sxamply [lustretes one [mportant
dasign spprosch: to compromiss as little as possible
on sdvanced architactural features but to mecapt
compromises which result in implementation sane in
onder to achlrve scononical Sanponents
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Conclusion

Tha erchitectural sophistication of the vew 16-bit
micTopricessors i rapidly approaching the level of

‘the minicomputer and large computer. Problems

such ay component {amilies, large sddress spaces,
bus standards, [/0 structurss, software investments,
and architecturs] compatibility are being dirsctly sd-
dressed. Sore of the solutions Lo thess problens are
known. and therwforg the transition from B-bit micro-
processors was relatively easy. But tha challenges
ahead—networks, disiribuied processing, naw ap-
plicativna—are much harder. The impact of micre-
processors 1a alreedy snormaous, but we feel they: will
achleva the oftan-predictsd computer ravolution only
aftar these naw probilems ace solved, B
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Tha Intel MCS-48 lamily of single-chip microcom:
puters contains al least nine differgnt microcomputer
chips having & cominon instruction et but different
amounts of on-chip read-orly memory, ' read!
write memcry, and inpulicutpat |ses Table 1), Ae-

) Tabla 1,
MC5-48 microcompularn,
ON-CHIP ON-CHiP
PACKAGE  PROGRAM CATA
PART F SIIE . CMEMORY.  WMEMORY 1O
(pina) (et} 1Eyies) flunits )
10} ] 4 15 ROM - -7 7
aran L] 1K EPRQM" - &4 i
A5 &0 no " LT A n
BE W K ROM* 92" u, . r
.o, ] Lh] A" Y i o
L r- 3§ ] L1E A ol |
2 L] Fa il ] 2% plus 2 d-tut AFD come.,
| 1] 40 1 ROM 7] 15 phus maaisd 1yb. Wi,
T4t 45 1% EPROM B4 15 phyt master sys. il

* Expandabin Wy 4K willl exletiil Chn
** Pigg 256 Dyoes o move of exiernad data mamany with ertena chegy

Tabie 2.
MCEA wxpender chips.
Oh-CHIP QW-CHIP
PACKAGE PROGAAM  DATA
PafiY ¢ SLE- MEMCRY WMEMOAY /0
{pins) (Epins) {Drtaz) (s}
3355 an 2% ADM L) 15
arss - ¢k EPACM  noma 16
IS5/ 40 nane 56 T PluE merf el
[+ 1 h] ol N ™ it )
22
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A system designer and teacher,
who has made liberal use of
microcomputers in his own work
and whose students have designed
8048 processors, reviews the

- capabilities and limitations of the

MCS-48 family of microcomputers.

cording to Intel, the MCS46 family waa originally
aimed primarily at the *'4-bit market' —users of In-
tel's 4040 und other low-cost microcontrollers. A
cent eniries into the family jthe 8021, 8022, Bi41, and
BT41) wre increasingly wpecialized for low-end micro-
coniroller applications. The MCS-48 family bas mat
this market very well.

The MCH-48 family was alag sirned et & second mar
ket—applications that require an expandable, single
chip, general-purposs microcomputer. Aa shown in
Tubis 2, savaral sxpansicn chips are available to pro-
vide kn MCS-48 computer with up to 4K bytes of pro-

" gram ROM, 2568 or more bytss of axternal RWM, and

ss many L0 bits ay » devigner would ever need. 1z wd-
dition, the external 'O bus of the MCS48 family
allows sasy interfacing of stnnderd BDE0/8085-com-
patible peripheral chips. Neverthalasn, the architac-

“ ture of the MCS-48 Eamily makes it difficult to uss in
v many gepersl-purposs applications, where & more

cepable B-bit architscture o ragquired

Baslc archliecturs

Figure 1 shows the basic srructure of an MCS48
mitrocomputer chip. (Tabla 1 givea the facilities
available for sach of ths micrecomputers in tha
MCS548 (gmily that had besn anoocunced by lats
1578.) Tha ficat ;ember of tha family was introduced
inlate 1976 —the 3048 with 1 X bytes of an-chip ROM,
64 bytes of RWM, timarfcounter, and 27 1O bite. A
detailed description of the entire family san be found
in the user's marual published by Incel.!

The MCS5-18 is » singloe-scoumulator architecture,
Program memory and data memory are Jogically and
physically asparated {thus, the MCS-4E is not & von

‘COMPUTER
}
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Neumann "maching!). Tha maximum program &d- . +s
dress apace (Including nxterzal ROM) supportad by i
tha architecturs is 4K bytes. There are & mazimurn of _] s .
256 bytes of oo~chip {internall data memary, of which . )

128 bytes are implemanted In the carrent famadly ™ W= ¥}
leador, the 8049. Inaddition to intarnal data memary, |
the MOS8 dirvctly supports 358 bytes of sxternal . . ﬁ

data mamory. _

Moat MCS-48 [amily members have 27 O pins, ar-  INT —9C

ranged as three 6-bit ports, two test inputs, andanitr o= a .

terrupt inpat Additionat pins wre provided for such RESET : ch . - PR

funclions as poweron reset, single-stepping. and ue] lev[aclroles] =] 50 |rsw

mamnoty and 110 expanslen strobes. (ne B-bit port I R NCCOMULATOR . r.‘:bmz:

end part of u second are usad to form & multiplaxed g 1 :

address and deta bus for 140 and memaory sxpansion. T i
The MCS43 has & singlelevel intarrupt system T ) Ko 0307

Ko P22t

{nnly oxe interrapt in serviceat & tine) and sccepts in-
tarrupts from two esources—its internal timer T -
coanter and an external interrupt input pin. Inter ) —
rupt colls and returns mutometically push und pop ] D=t PSEN
the program countar end eaztaln internal status Qage =" m paTA Pt B

MIMORY
using u stack in the intarnal data memory. ’ O-IX oy, S4-T95 by

—=g ALE

Program store and program control

The MCS-48 architecture supporta & maximumof ’ -.'L

4K bytes ; in -
Figure 2. v :ﬂ:;f;o;':{":r;::m Figure 1. Baalo structurs o » typlcal member of ntel's MCS48 Tamily

organization shows that the MCS-48 way originally ol microzomypyters.
designed as » 2K-byte machina, with the second

2K-byte capability added as & clumsy nfterthought. ADDRESS P
This creates two problems with the addressing mech- LY 1% ) “:r::'
anism. e
First, the progrum countar is really only 11 bits and - - §
thos addresses instructions only within a 2R-byte = ' 5o :
bank of program store. Jumnp and subroutine eall in- . &gF

structions likewise specify an 11-bit address. The
problem, then, ia how to provide a 12th addresa bit

Intel's solution ia us follows, Provide an interna) :ﬁ' —_— i

flag. MH, that can be set and cleared by two inakrue- e s

tions (SEL MBI and SEL MBJ, reapectively). Whenaver R .

2 jump or subroutine call is exacuted, take the 11 low- : ﬁ —_—

order PC bits from the instouction, and boad the high- .

order bit. from MB. On subrovtine calls and returns, .. .. - =]--+ - 8

push and pop the entire 12-bit address. -~ . e —
There are some problems with this solution, Fmt; - F - \____:_.; T T

in a general sequence of jumps and calls in a 4K sys- P :

term, we don't atways know whera we came from, and _ awe o

therefare we don't know the current velus of MB. So AFF

Ln general, a SEL MBi instructlon must precede every £ 1

jump or call. Naturally the programmer can some- 2| & o B—

times avoid this Instrection on » case-hy-case basia, i E L

but thia is wnothar thing Lo worry about. e i . H ¢
Having soived the frat problem, we think we un- e e .

derstand the addressing mechanism until we write  Z | 3 - AFF

our first interm:pt routine, Then wa woke up in the . I

middle of the night thinking, *\Whoopa! MB can't be & 100

read a5 part of the processor stats PSW. But MB 5 OFF

must be set to e new valus in ordet todo jumpa within . o

the interrupt routine. How can the old value be re- L L 000

stored on return?” We Lie awake a few hours dreaming
up posaible solutivne— don't use calls or jumpainin-  Figure 2. ME5-48 progearm memory.
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How 10 choose a microcomputar

Thacs 3re At loadl fux taciors to CON$De in Choos-
i 0 MECrSeoMmpute jar microcompulas famiiy) for
A feedlag ] o plic il i

L]

Capatdity, Thir pis misl Piven el HOM, HIWM,
O capratnlily, o speecal D Saalefy Y sl
al 1k apphcaton, plus a dgsign:-margin HOM,
AWM, and U0 capatiily can be delermingd 1rom ha
manoisciurer's Liwalue, whils apped i5 Dogt deter-
minad irom DENCHIMark programs 12icemd o [ha
glvan apgiication.

Wilh soma «Ga, 1he amount &l ROM, RWM, and
Ul ¢can be increassd by using extra chips. This ex-
pandabilty helps if tha b s ity undereslimat-
at of |l Ihe markeling dapartment changes the re-
quiremants. Il \ne application pushas the sbeciula
memaory Henite of ihe LG, i becomas more difficull
(and expenRive) Lo develap the programe. -

EaLensibilliy, The designer mud Sonaidar whelher
HProyng varaions af tha G will ba ollsead. A uC-basad
producl designed in 1979, (or axdmple, might be rede-
signed o 1981 1o reduce cost or fo add leatores. |1
would Inan be gearatle ¢ @liminaie extra ROM, RWM,
Ang L cMips |of Svoid haiving 30 add Lhem OF pich & di-
jetenl uCi by usng & naw verdion ol 1he oiginal v wilh
Lha ax1ra ¢ Apatihly Guilt in. Of coutss, many producia
80 nol underge thg aveluticn; bul if product svolytlion
1% expected, \Re architeciural imill of the salected 4O
Bk D Sxamnd gl ol poleniial Bpplicatian re
quiremaents. One can expeci lower hardwars and sofi.
ware devetopmenl cobls ang, probably, lower man-
laciuring costs |l the enhanced product usSes an up-
graded versian ol Ihe origingl pC [slhes Ihan 4
complalaly new ons,

Cost. In mos! sreas ol tha privald Sgctor, minimiz.
ing caoal is & gual, and mumimizing w& cosl umuaily
MaAns minimeing 1he numbear ol IC packegas, Coal
in what pravenis the dedignas from picking & Cray-1

N rARpOnS 1G 1he Lirs1 lactor sbove, of an IBM 370N
mEpanss 10 the sscond faclor, )

1! tha job i+ weit delinsd and no product snhance-
mend 1% anthsipaied, W iy relatbvely @asy 1o find a
minimum-tosl LT that will de Whe job. Oiherwsa,

(MM 88 many  noe s iradeotls 16 b condidered,
<A fimphed WG archiacivie usually impliea a smgier

TOIC e ansd lowar chip cost, bul I May atso 1equire
more chips 10 supporl | [ater. {For sramala, a .C
wiiloul 3 WAIT/READY line may 08 more ditficult 1o
Interface 10 some Iypey of pangherals or mameory ]
An expandaila 4L will tacifitate ater product evolu-
i ilf_ the produst e successiull, Bul may increase
initiat producl cost becavse o «nsiruction efliciency,
memory £120, V0 pns, of spead sacriliced Dy \he chip
gasiyners 10 make sipansion ar gnhancernent
poasibla.

Availabilily. Many manylaciyflng crgamzations ra-
Quirg 3 Secono Kurca (or ail comanens, both 1o en-
sure 1hat padts will ba avadlatie, avanal Sorme disasior
bel2lls one S0urce, and 1a 2njoy Ihe nonmyl tenefiisal
COMEpellwon i & freg markat,

The designer of # naw product 15 oflen lempted 1o
stlect balwean 2 .0 wilh one oF twD S0UrCes ang ome
with 20 3aurces [yel—"Wi'll nave SAMBHES (N L
monlhs™ 1T is naky 1o cintml tnany pard unless yoor

T

] - 1}
purchasing dapaitman) can order (and receivel 100
piecas (1M & isinoular's shelf, ManulBCturess Ayve
bagt Krdwn 10 SIp schedules And ¢van CANGw DAy,

On the uihar hand. markating ang cost lscioes can
mulrvate Ma sideclone of o nol-psl- avalable o very
LT e L TR PR S TR [ IR PR TR R D T
plpe it o et e e Al e e ol
ity Lot i SO iy sand corsily s by, ol l!i.lf (I
chespar 1 1he I 1Un DACsUSE 4 alIowS 3 more &th-
cupnl design with lewer IC pachages.

Expected product hiatne shouhd alpg be :nmptud
will tha Sxpacind Wielime of Lhe wC. Evaf if il 8 in-
aapenpiye currantly, a wC thal hay begn argund for a
faw yuars May 08 & Dad choica: producion Quaniities
may fail 00 Dricos rise in & 19w more yohrs &S wer
chips are phiased inlp new designs, Of course, this
dosan't apply H your company alone is ordering
100,000 PICes Dar yaar.

Suppodl tooin. Hardwars and 30/ ware 5upparl tools
are asaantlat for timaly devalopmant of & WC-Dased
product. Tha suppor 100l of a pewly inlroquced »&
cannot b sxpecied 10 be k3 exlacsiye or relinble &3
Ihong ol 80 AWaishad o 1amty. Thes snciurages |1he
use of an #atEbhghed LC if Quick devalopment IS naed-
£9, 0 an ax1enable C tamily wilh rausadie teols L
progucl wvolutlon is sxpecied.

Most 3ingle-thip wC& are programmed in aasembly
Languags. Bnd & {eod Macroassembier s & Tusl. Most
manultaciursts pupply 30Mtwans too|s 1hat ryn on that
own developmant Aystems. Howavar, il (hete &iemor
than one OF two Qrogrammars on the prog#ct, (ha resd
lor goga teat BSOS, SIMuialors, and document1ahion

facildes Makes (| 08 A FADIE 1O run &H software suppor!’

igols on & Large centrai compuling 'acility. Tha ap-
propriate "Cross agsemblars” and s/ muletord may or
may ngt G olieced by 1he chip manciacturer,

Dynng aroduci development it Is obyioushy
FeCes LAY 1D LAS1 AN CRANGE PrOgram s running G the
product herdwars. Since most siagle-thip wGa
Wi Imalely 4B nash-OrGgrammable RO 10 BIOTS ther
progiams, AnoINer MeAns i3 nesded tO $L0re mng
changs pHogrems during devakopmant without madung
naw mashd Some 4Cy baes pincompartible vergions
with ga-chip EPROM insiead of AGM thel ailcw s reuse
of 11 pC chip with gitterent programs. Many have pro-
visiand (&7 using saarnad EPACM Chips instead of tha
on-ghip ACDM, It production quanttties e low, ar il
softuwars CARAGES Bk azpodled aftar produc! introduc-
Iron, EPACM varpizns may b dssential.

Besiger EPROM [acilitias, 1ha maln $uppont 1000
provided by the chrp manyisciurer o 1h n-gireurt
emulaton, which storos 1he eofiware program in Lha
AWM of a dmvelopmanl 2ystem and amulates ihe wC
thmq.'lnh. & Cahlw and plyg insesied in place ol 1he &G
1ha prodyCl. An emuolalor i a usedul 1ool lor debugng
el e e B B SO0 warg, Hoow gver, welh i wTs, il
may ngt DO availakie a5 3000 34 Whe WG chipy are, and
avenall 13, it may 3Ldl have bugs,

Speciliec Incimicsl isiors. Many specific 1echmcsl
laciors can b sxamined v gelemmirung whelbar 3 .G
will 2o |h# [ob &t hand — Dowes CONSNTPHION, Speed.
TTL compatibahily, Datxage sie, ingiructwon sel How:
ever, onc® L 13 Sateimaned Ihal the &5 can do 1hae job,
tha oiher FaC10rS 3Dove tond 1o aquil or Salwegh [he
technicyl " niceness’” ol 1hd LC chip architaCiure.




tarrupt routines; determing (he value of MB experi-
mentally by doing & jump to n fixed location and ase-
ing whather it winds up in MBO or MB1; keep a soft-
wars ¢opy of MH, updating it (with intsrrupta dis-
abled, of course) svery time we doa SKL MBI taksall
the coda fit in 2K, an we sapected to do 2t the start of
the project: and 80 on. The next morning we raad the
fine print todiscover Lhat the MUS-48 forces the most
significant bit of the program counter to 0 dunng sl
interrupt routines. We should put all of our interrupt
eode in the bottamn 2K of memmory and not touch M3;
in fact, we should farget that MB exiatal

The requirement to put interrupt code in the bot-
tom 2K makes the MCUS-48 very difficult touse a2 a
4K maching in a real-time application. Wot only must
the basic interrupt service routine be in the bottem
2K but also any utility rostine that might be called by
it—that is, any code executed before an intarrept re-
turn instruction Iy executad This could be welt over
half the code in an Interrupt-driven enviroaroent.

But the main problem we find with MCS-48 peo-
gra:t store, after writing half of cur gpplicstiony pro-
grams, is that the address space is just too small,
With only twochipsiand soon with just one, I'm surel
wa can fill the entire 4K-byts nddress space of the
MCS-48 with eode for our griginal application, new
fostures, disgnoatics, and-—af course—patches

Conditional jumps epecify an 8-bit target
address in the current page; it would be
far more useful to have a signed offsel

from the current address.

The srinvel halving of the cost of I mamery Im-
pliga that wvery yoar we will need another nddresabit
for the maximum-size application program [(sinca
most evolving products tend to use the decreassd
memory coat to increase features, not to reduce pro-
duct costl. Clearly, then, a 4K limit i too low for any
new nrchitactyre, ¢ven n singlechip microcomputer,

Besides the 2K memory banks, program stors is
alao divided into 2566 byte pages. Conditions) jumps
specifly an B-bit targat wddrass in the curreat page. It
wonild be far more uaeful Lo have s signed offset from
the current address; this would increase the like
lihood of being able to use the short jump address,
since maatl branch targets are within 128 bytes of the
branch instruction.? Mare importantly, it would
eliminate the partitioning problem created when
many procedurcs must be packed inte the memory
space and split across page boundarios.

The only indirect jump jnatruction also uwaa Bn
A-bit targel address in the current puge. Very
strangely, Lhiy inatruction uses an 8-bit value in the
sceumulator noL as the target address, but a5 & point-
&r to a programeslore byle in the curreat page Lhat
contains the targel address. 5o the page conlLuining

. theindirect jump instryction must also contain all of

the routines Lo be jumped to, as well as a silly hitle
table that contains their slarting addresses in tha
page. Thia not only wastes space and thoe, but,
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worse, makes it impossible to dynamically compute &
target address xftor ansembly time, since the jump
table is in ROM. In my recent vxperiance, threw ax-
perienced programimners have coded MCS48 indirsct
juripa improparly, balleving "' The manusl must have
u typo— Lhe contents of the accumulutor must be the
target ddress itsell."" Tn any cass, inat ructions aup-
porting indirect jumps wnd calls any where in the pro-
gram storg 112-bit addreas) would be far more useful,

Arithmeilc and logical opsrations

The MCS-4B cantzins a single accurmulator in
which arichmetic and logleal operations take place.
Unary operations on the accurmulator are an follows:

intreroent,

decremant,

clear,

one's complement.
declmal adjust,

awap nibbles,

rotace lefe,

rotate left with carry,
rotate right, and
rotate right with carry.

Binary operationa combins the accurmilstor and an
operand specified by ona of the addressing modes de-
scribed in the next section. The binary operations are:

add, )
add with carry,

AND,

O and

exchuaive OR.

There are alac “data-move'’ operstions that load or
atoee the accumulator,

The main difficulty with MC5-48 operations ia not
the aperations themaelves but the lack of condition
codes Tor testing Lheir results. Only the aceumulator
can be tested for 2ero or nugative, and an everflow hit
i1 not provided. muking comparisons of signed two's-
complement numbers very [rustrating.

Opetrands

Most date moves and binary operations use sn on-
chij readtwrite internal data memoery {see Figure 3
acceasible by two sddressing modes: REGISTER and
INTERNAL REGISTER {“IMRECT. The three other ad
dressing modes are EXTERNAL REGISTER INDIRECT,
IMMEDIATE, and ACCUMULATOR INDIRECT.

In HEGISTER mode an operand is contained in a
register apecified by a 3-bit lield in the instruction. A
flug hit BS. set by & SEL K instruction, specifies one
nl Lwa g-LiyLle register banks, corresponding Lo inter:
nad data memoery ncatinns (R7 F B is 0 and 2431 0f
145 i 1. Thee specified reggaater may I loadid wich un
itnmediale value, moved Lo or [rom Lhe accumulacor,
combined with Lthe aceumulator by arithmetic or
local operations, incremenied, decremented, or
used By a lpop counter,
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Flgurs 3. MCS-44 intemal data mamory,

INTEANAL REGISTER INDIRECT allows aither RO or
- R in the current register bank to be used as an 8-hit
painter to internal data memory . The addressed byts
rmay be loadsd with an immediste value, moved to ar
from the sccumulatar, combined with the sctumu-
lator, or incremented [but for some obscure reascn

_axista in the instruction set). -
o Locations 823 of che internal data mamory are re-
setvad for a triurn address stack {3 enlries, 2 bytes
per entry). These locstions ere written by interrupts
ard subroutine calls and resd by interrupt and sub-
routine return instroctions. The stack |8 too amall,
making it hard to write proeedural code, which is im-
portant in larger programa { 2K-4X bytes]. The pro-
Erammer must cunstantly worry sboul calling se-
quences ond generally wnable interrupts only ot the
top ievel of the program to avoid overflowing the
stack.

There are nd instructions to direetly push or pop &
byta. However, tha stack can be eather incon-
veniently written or read by sxtracting the stack-
pointer field fram the PSYW, building the appropriate
mddreas, and using INTERNAL REGISTER INDLRECT

ol

, The architucture slse supports u‘p Lo 256 bytes of
external duta memory iwhich resides on a sparate
chipl, accessed by EXTERNAL REGISTER INRIRECT.
tnode. Either RO or R1 in the current regisier bank
may be used #s an 5-bit pointer to externa) data
mamory: tha addressed byte mey be copied into the
sciumulator or written from the accumulator.

Since pointers are contained in 8-bit registars, the

maximum amounnt of directly sccessible dats mem-

ory supporied by the MCS-48 architeciure lo 256
bytes internal plus 256 bytes external. However,
bank switching vis /O bits can be used Lo address
any desired amount of additionat extarnal data
memory.

The modes for remding operands from program
store are rather lmitad. [n IMMEDIATE muxit an
operard ia containad in the byte following the in-
atruction; immediate Gperands can either be foaded
into ot combined with the accumulator or be Josded
into internal data memary with REGISTER or INTER-
NALREGISTER INDIRECT modes.

[n ACCUMULATOR INDIRECT mod ¢ the accumulator
i used a3 an B-bit pointer L5 an aperand in either the
current page or page 3 of program store; only one {ype
of operation uses thls mode, and it loads the sccumu- .
lator with the specified operand. :

A tumber of instructions specify some " special”

' opersnds implicicly, such as the program status

word, 14) poris, Umerfcounter, carry bit, and two
1-bit Mags, FOund F1. o

The MCS-48 addresaing tnodes ara simple, but they
provide most of the facilities o program needs. Still,
Lhere are nome deficiencies. Tha moat sarious prob-
lern is the way in which operanda in pregram stare
nre addreased. Since program stors only in the cur-
rent page and in page 3 can be read through a pointsr,
sithar ook up tables must all be located in page 3 or
the code that reads sach table must be in the seme
page ay the table, This is inconvenient if more than
one 256-byts translation table is paeded. It also
makes it difficult to do o ROM chechaum self-test
routine—a checksum subroutine would have to ba
pinced in every pageof program store(nnd since thers
is noindirect aubrogtine call, the main chacksum pro-

. gram would have ta contain & separate call Inatrue-

+not deéremented, even though the necessary “hole” =" tian to each page's checksum routinel.

For st programs, the method of indirectly ad-

dressing data memeaory through 80 and R1 is accept- -

ahle, but, for some data-striciors manipulation s, oo
wishes for one or two more registers that could be
nsed ay pointers.

The 256-hyte timit on directly addressable internal
date mamory iv too low, The B04% already containg
178 bytes of RWM, and Intal should scon be abla to
provide the Jull 258 bytes of RWM on one chip. Tha

. architecture cannot make straightforward use of

technology improvements far more R¥WAL once this
Limit is reached. .
Input/output snd inlerrupis

Mout ML 548 microcomputers have three B-bit o
ports, as shown in Figure 1. Twe. of the ports {1 and 2]

COMPUTER



are “quasi-bidirectional,” &n interfacing errange-
ment shdwn in Figure 4. This type of I{0 port wae
first introduced in the Fairchild FA.2 In this arrange-

- muenl, sach 1/0 pin is both an open-drain output end

&0 input pin with s highrimpedanes pirtlup 1o the Jogic
1 level. When a pin ia wsed for eutput, the correspond-
ing inpeit baffer is unused except, posaibly, for chack-
ing thae cutput value. When s pin s used for input, the
correaponding cutput bit must be set to logic 1 so
that the 10 device drives only the high-impedance
pulivp, This can be contrasted with a tristate 110
port, which provides both sctive pullup and active
pulldawn in output mode and high Impedancs ia in-
put mode. Elactrically, tristate [0 is more destrable,
but it requires extra control bits Lo sat the LA dirse-
tion for each port or bit. 'otel han improved the quasi-
bidirectional design by hriefly providing active
rather than pazaive pullup whensver a 1 is written to
the port, which speeds up 0-to-1 traneitions.

Wit quasi-bidirectional /O mesnos to the pro-
gramuner is that input deta on Lhe port is Jogically
anDed with the current ouiput. Ports 1 and 2 are set
toall 1's st wystem reset, and the programmer muat
leave bita intended for inputs set at cutput valua lat
wll times. The third port (bus) has conventional
tristate cutputs and can be used for cight atrohad it
puata, for alght strobed outputs, or for lddingﬂtuml.l

program or dakts memory.
Four oparationa on the ports are svailable

read input value inte sccumuletor [IN),

load output latch frum secumulator {oUTLL

luzu:ll AND output lsteh with unmudim mask
(ANL), and

logical 0% output latch with immediate mask {ORLY,

The logical oparations aliow & program Lo saf of
tlear any bit or group of bits In one instruction.
However, since the maek by an lmmediate velua in
progrem stoee, the hits to be set or cloared must ba
known st apsambly time. Otherwise, a copy of tha
cutput value must be kept in date memory, eombised
with the mask by logica) operations on the sccumu-
Lator, und loaded inla Lhe port, |{n general, the quasi-
bidiractional interfuce prevents simply reading the
port to gel the old value of the cutput latch )

A novel "sapandar-port”’ arrangainent sllows four
axternal 4-bit 10 porta Lo be added to an MCS-48
uAiNg u Hveewira interface. Again, four operations on
the porta are available:

read input value into acewmulstor,

lond output latch from aceumulator,

logical AND output iateh with sccumulator, and
logical i putput latch with sccumulator,

On'y the low-order four bits of the sccumulator are
used in thesa operations. For these ports, dynamis
selection of raask hita is peasible because the mask is
inthe nccumuluter. On the other hand, d ynamic selec
tion takea mure overhesd becouse the accumulator
must ba loaded with the mask {anid then poasibly re-
stornd Lo ita old value|.

Both the an-chip and txplnde:r 1!0 port instruc-
tiona conlain Lhe port number ns an immadistas value
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Figurs L “Qussl-bidirectionsl™ U0 port.

in the instraction; it |s not possible to apacify the port
number dynamically in & register. This makes it im-
poasible Lo write reusables 1/O handlers for idestical
devices on differant ports of the MCS-48 or of the
same expander chip. The sama prmoblern gxists in the
MCS-48's older brother, the BOBD. Howsver, it 1o lass
serioly in the MCS-48 for two reasons, Firs, the
MCS-48 is Intended far smallar applications leas Liks-
iy tosnploy many copies of the same 1'0 devics, Sec-
ond, the available 10 expansion da sllow
dynamic devica sslectlon when sach device uses a
separate 10 chip.

The procassar architecture directly supports only

256 bytes of external dats mamory and four extarnal -

4-bit 10 ports. However, the amount of external data
memory and 11D ¢an be incressed to say practical
amount using on-chip 1/G-port bits to implement
program-controled baxk switching.

I addition to the 1/0 ports, an MCS-48 has three
additional inpat pina that ¢an be tested by condi-
tional jump instructons. All ara multipurposs
pins—TO, which can be 36t up &3 1 clock output under
program control: T1, which can be used as the nput
to the on-chip timer/ecamter: and ths extercal inter-
rupt input.

Tha MCS-48 secepts interrupts from two sources—
2 level-sansitive inpul pin and an on-chlp timer/
counter. When sn interrupt is serviced, the 12-bit PC
and four atatus biLs (carry, half carry, flag O, register
bank select) wre pushed onto the internal stack.
Depending on the source, a jump Lo either Jocation 3
or location 7 is taken. The intarrupt system is single-
level: interrupt service routines cannct be inter
rupted, An intarrypt return insteuction restores the
PC and status bits and allows further interrupta tobe
acs viced.

At the Lims of this writing, the T1 interrupt input is
grnerally useleas for counting or timing &syn-
chroncus exleérnal events, because the current chip

18
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Figurs 6. Typs 1 bus sonirol slignals.

faatures a poorly designed synchronizer Lﬁa
sometimes misses input odges and henca skipa
counts. This is Lthe second time in six months that |
have sgen an LSi chip whose designers wers ap-
parently ynaware of problems in synchronizar deaign
{Lh olher was Lhe Z0O-810, which Zilog has since fix-
ed). | would suggest Lhat chip designers read some of
the papers on Lhe subject** and 1hat acudemics warn
their studenia of Lhe increasing Likelihood of ayo-
chronizaiion problems in modecn system design.

£

Ease of programming

Compared toesome of Lha oldear 4-bit and 8-bit micro-
processorn, the MCS-43 ia anica maching Lo program,
bt it lsgves much to be desired compared with an
M&801, u Z8, or aven an 8085. The single-sccumulator
architacturs, -the lack of index registars, and the |
absence of even a direct date memory nddrmssing
mode means that tha prograsumer must constantly
be moving Lhings back and t'nnh betweens Lher ac-
cumulapor, the two “pointer’” registars R0 and R,
and thirrest of the dats memory {and kesping t2ack of
them!). One may write macros Lo sase the burdan
somewhat, at the sxpenss of moee inaflficient coda in
the cramped addreas space. For axample, ane can
write ® macr to simulate a direct dats-memory.

addressing mocle:

LDA MACRO MEMADDR
WOV KD, M ENMADDR
MOY AnR0

ENDM

rlullnltwabulu g
(or. different sirobas for dlﬂgpnl pltobu}

-

- A MICrOproceRsor mmy and I.I'ﬁ bus haa many
| . Wentllylng charactynstics-—data and scidrass waed
langih, multiphicosd or pooPuttiphied sdorese and
SLEtUL, SAnArate OF memory-mapped U0, and offers 361
hhwnﬂnqmlwlu Mﬂpnwlrnﬂ-ﬂhﬂm

MTROQMTLL, -

Latun oadl Ihﬂmllnhnl-qutlTrpoI{w Hinteriace,
uad by tha intel S0BS, BOBE, arvd MCB-48 lamiliee. As
~shown In Figure 8, (heta are bwrd mutuslly saglusivs
. “pontrod pulsss, T and W, that Indicate & read or write
operation.

Wa'lloall tha second techinique Type 2 (0r 21, used by
- mmnmmwmwmmmm

« amlly, (Parhags it ahbuld be Typs W bedsing the

U, NS00 come Tirsl, Dut X looks mone Lie 2 It s atsc
‘uﬂhmmwmmmum

“n Flgure &, there by & single controd. pulsa, KED, and 8
. o] atona) BN that Indleatas which typs of oparation

"l 1y takow plac ¢ This 1iming of Fuww Ly sdmiiar 1o thal o1 an
* miirgus wipral,

Figure T shows how o use s Type Zproce st witha
'Tml paripharsd chip, The decoding. shown in the

TILSIWM 2-10-4 decoder (Lhin Swen iegwes AN BxLr
mlm Wngut for distinguishing bmum memory wnd

O W garitach, Axsuming that processor and periph.

_wilhs TypeZ peripharal chip. The logical anp of b and

_sarve os Tew, but ita timing 1a a probiem. The Type Z
. paripheral sxpescis BA% Liming 1o b almiler In

would sty dabay he iralllng sdge of FMEQ onil long
aitor My (A had pOns swiy -—aQ0in & Srobm, .

. Tha glganesl way o uss & Type ! processtr with
Type I paripharsl chigs te to yal ah address bne b .
T, FOf gmamob, U Mkl Mdontilcand Sdt of B WO~

< tighirg can be saslly implemanted withrons-half ol B TTL - ‘perhemly 1o Yypa 2

ofil speads gre comparable, hp(s should be NG prob-
{mmt in $atjatying the timing raqulrernant of glithes tv
ECAIR or { ha paripheral Ship,

Flguiy & ghows sn atlempt 10 use 8 Type procegsor

WH rom the procsssor nicaly produces fEG for e
Tyne I paripharsd. A haa the oorres! 10p vilue Lo

cheracter (0 an sodiaas signal, thal iy, Jt should be
valid long paices the BET pulss sopaars, The only

Wl COUld gmpure this would be 10 arthhicially deley

long anough jor A to satisly the setup time of Faw. Un-
fortunately, much & deley (unless highly seymempinic)

port Bddmes cOuid be feaervd &3 W, Hardwss
dacoding of aciusl port umbare wouk] u e The highe-
order blta; than soitware woulkl have ko ensure hai
wrltnllwrfluudadupmm and reads
usad svemn, :

The conclusion s u&;nhum 10 oonnac Type)- 4

DUt thet the reversd f
can be difficus. lnm]utthtwl.t turfmd Oul omu .
tivirs mathod to 1his w i
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Figurs & Typs T bus control signats.

To use much macros, however, the programmer must
give up some regivters for use by the mecros, Tn tha
above example, macroa woilld ues RO, lewving only
R1 available to the program as a polntar variable.
{Bulfer copying and other routines requiring two or
more pointeta gat Lo be w problem.}

The lack of symmetry in the instruction set alse
creates programming hoedaches. For vxample, why
are Lhare INC R4, DEC Ro, and 18C gk fnstructions, but
not DEC gko? Or, why can we conditionally jump on
C.Z. 70, and T1 ¢conditions trus or false. but on F0. F1,
TF, ard aecumulatar bita only true? Except for ae-
cumulntor hits false, the proper “holes™ axiat in the
inatruclion st in fact, i probably Look more logis to
turn the instructions off than to st Lhem work, I have
been told that thess “unimportant” laatructions

Jeave room for fulure enhancements, but any worth-
while architectural snhancements wouid reguire
changes more sweeping than a few special-purpose
opcodas.

While nice programs can be written for the
MCS-48, they take mote effart than thowss written far
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Figurs 8. Unacceptable 110-Z interiace.

a "'genaral-purpose”” architecture. Programming dil-
ficulty and expense also increase as we bump agsinat
the memory limits of the 8048, If we are writing ons
short (< 1H-bytet program and shipping 51,000 units
with it, the programming sxpenss 1 quite justifiable.
If wa wre writing 10 diffarent 2K- to 4K-byts pro-
grama, sach of which will be shipped with 6000 unite,
we might be better off selacting a cleanet {albait maore
expeniva) machine,

Some electrical charactaristics

The MCS-43 uses Intsl's reliable a-channel nilican-
gata MOS process. Several second sources for the
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family’ have been announced—AMD, NEC, Signe  PROM programmer is being used. The moaitor has s
tics, Siamens, Intarsil. RCA. Both Intersil and RCA  nice syotax that allows us ta open a location, change
have anfounced plase {or CMOS varsions of MCS-48  it, and coptinue to the next location with a amadl
chipa. numbsr of keystrokss. In 1CE, t0 read and dun.gl

The MCS-18 chipsupa n aIngil +5 volt supply and  four jocatlons, we must type Imaching r.y-,p-
have logic input and cutput levels that are fully TTL  liped):

compatible. As with all MGS micraproceasors, the  CHYTELGTOMT ' °
output drive 1a limited —-cypically four or five low- Gladtim Q1K IAH BFH BY
power Schotiky {LSTTL) unit Joada. - * CHYTE L= T.0T.FF8A

MCS-48 chips contain an oscillator to generate the  To do the sarme thing in the PROM gu.mm the
processor clack inominally € MH1) from an external Programmer Lypes: p-m
crystal or RC circuit. [t is also powsible 1o connect sn

exiernal clock direcily to the oscillator inpuc. The - * DISPLAY PROM Laa TO 147
cacillat h BF 54 -
output of the foeds » divideby-threo mms AT PPAA

countat whase output (nominally 2MHzhcontralathe o oy, synlax, ong wastes keystrokes, andit's eazy

intarnal atates of the processor. Sinca the divide-by- Thi
thrse counter cannot bo aynchronized extarnally, proe :gﬂlo::ﬂr;]c‘k :Inﬁll. :':d;ﬁ:nmhﬁ:ﬁng has lnu;‘t:

ceasor 1D connot be referenced vary well Lo the tnd
6-MHz clock for tricky interfaces, w?m Processors flu Pﬂanl: printed addrassos and dats in hex, whils
; programmer has assumed inputs ln deci-
be run lock-step from e commen clock in a Lt mal snd printed cutputs in hex lexcept for Input FT,
plicatad microcumputer (suthor's pat projact). which the PROM programmer rejects because it
: looks like an assermbler aballh
. Another constant annoyancs is that the MDS ac-
The MCS-48 family satisfied the usual  ceptsonly the RUB character for daleting charactars
Intel strategy of being the first in the  {echoing the deleted character; backapaca is not sup-
marketplace with an imperfeet but useful ported 1t would bave been aasy encuigh Lo support
-« © * product.. {: . - both erase characters, making both teleprinter and
. . CRT usars happy.

The MCS-48 chips hava an activedow resst Input  Concluslon
pin connectad to an interas! high-impedance pullup
rexistor and Schmite trigger. Thus, power-on reset The MCS5-48 microcormputer family was & reason-
- canbesceomplished by an external | mF capacitor. It ablacontribution tothe state of the ayt whanit weain-
in n little more difficult to add a logic-controlled reset  troducted in 1978, in spite of its flaws, it achiaved its
ifor example, by » watchdog timer), since apen-col-  deaign goals and satisfied the usual Intel strategy of
lsctor gr discrete transistor drive i required. And  being the Brst in the marketplace with an imperfect
- unlean the driver circult is sophisticated, a logic-  but useful product. .
commanded rasat will disable the processor for along Tha MCS-48 iz an acceptable cholce for sapplics-
time, due to the time conastant of the power-on resst Lions with injtls] satimeted requiraments of leas than
eirpudt - ahout 200 maec In any case, reset destroys 1K bytas of program stors, 64 bytes of date mamory,
tha state of the processor. It would be nice to have a mdmlyouonwdufnrmpmmmmbudn&
. - honmaskebie interrupt (ns in the BOAS| that could be- . oped. . Deglgners whose applications require more
vaed for epplicetions mch as watchdog timers, memary of different programs in different chips
should mewk & mors. general-purpods architectyrs,
sach as the 28 or 630],

[ have spent moch of this article complaining that
the MCS-44 i» not a general-purposs §-bit microcotyr
_ Intel supports twa major development toals forthe.  puter. This may seam unfair, 2incy soass people at In-

MCS48 Iamily—a cross assembler and an in-tircuit  tel claim the MCS-48 was never intanded o go much

emylator, 1CE, both of which run on an [nta MDS  beyond the old 4-bit market S50 why criticize it on
microcomputer development aystem Unlfortunately,  that bagis? First, 1o help designers who might ocher

Intel does not support any MUS-48 assamblers or  wise be tampted touse it in u larger application {Ints)

simuylstors Lhat rua on o large computing aystem, 8 sales engineers frankly recommend thedr three-chip
necessity for any large development project.  S085 systamin such cases). Second. to help designers
However, they can be obtained from indspandent who hava slraady sslected the MCS-48 for a lazger ap-
software houses snd consultants such as Microtec.  plication. Third, because discussion of general
Intel MDS saftware for the MCS-48 [acke the con-  system requirements should benafic futurs aystam
sistency one uxpecta from 2 good sct of software  desigmers and chip designers alike. Finally, bacause
toals, For example, there aze at lanst three very dif-  [ntal does not now offar a clean architeciurs suitable
ferent syntaxes thal an engineer of programmer  fuwr the more general-purpose, singlechip. sxpan-
might use Lo changethe valueof u memory locationin  dable microcomputer market, and [ think they
the M DS, depending on whethet the monitor, ICE, or - should. W )

— - *
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r

1 COMPUTER



- QB (

12

Acknowladgments

I appreciate the comments of my colleagum during
the preparation of this articls, sspecially those from
Pram Jain, Paul Prantz, Ed Yarwood, sod Dave
Stasrna. The commants of the revivwers ware also
very helpfu). Thapkes go to Dennis Allison for sug-

gwating this article ovar & year ago. and to Bernard -

Peuto and Len Shustek for making me finish 1t. Of
course, special thanks go to Intel for bringing ue the
MC5-48.

Some of this material was prepered whils [ was a
lecturer at the Digital Systams Laborstory at Stan-
ford University, Othar matarial is adapted from my

toxtbooks, Microcomputers, Vol 1: Architectureand . 3 |

Progremmirng and Microcomputers, Yol 2 System
Hordware Design, to be published by John Wilsy &
Sons in late 1970, All ppinions expressed in this arti-
ls are my own.

Referances

L. intel Corporstion, MCS48 Pamily of Singls Chip Micro-
computers Ueer's Manual, Santa Clars, Calif, July
1w7a

1. L J. Shustak, “Am.l.y:hl.nd Parformares of Compotar
Instruction Sets,” FhD dlssertation, Steriord Dalver-
sity. Jeo. 1970, available frem Unhrtﬂh;r hlicrofilme,
Ann Arbor, Mich,

3. 1. F. Wakarly, “H;crummpuurlnpruuﬂutput Architac-
ture,” Compuler, Wol. 11. No. 2, Fab, 177, pp. 26-93.

4 T.J).Chaney, 8 M, Oroatain, and W. M. Littisfisld, “'Ps-
ware the Synchronizer.” pressntad ae COMPCON-72,
1EEE Ceamput. Soc. Conl., Sat Franceco, Calif., Sept.
1314, 1972

5. T.J.Chaneyand C, B. Molner, " Anomabous Bahavior of
Symehronizer and Arbiter Circuite,” [EEE-TC {Cox-
reap.J, Val C-X2, No, 4, Apr. 1973, §D. 411491

8 M. Pachoucelk, “Anomalous Revponss Timaes of Topat
Synchronizers, " JEEE.TC, Yol. C-25, No. 2, Fab. 1975,
PR 133-138

-

Johw F. Wakerly Iv an Indapandent con-
scltant xod 3 Jecturer st Stam foed Lini-
varsity, whars from 197410 1978 ha wae
W an assistant profsssor of electrical
IS onginearing. He har publivhed many
B Lachnical artickw in the arsus of conr
putar reliability, microproceseors, and
By digital systema education, and la the
e guihor of twa texthooks, Logic Design
. Projeces Uring Standard Integrated

Circuits lWr]a'y 1976} and ‘Error-Detetang Codes, Self
Checking Circuits, and Applications (Elswviar Morth-

© Holland, 1978,

Wakerly recolved the BEE degrse from Marquette
Universiny in 1970 pnd the MSEE apd PAID from Staniord
Univeraity in 1971 and 1973, respactivaly, He wana Hertz
Foundation Fellow 4 his siudies &t Sianford. Heia a
mamber of Lhe LEEE Computer Society, ACM, Sigme Xi
Teu Heta ¥, and Egn Kappa Nu.

Fatiruary 1579

Senior -
Systems..
Engineers

& Software

Specialists

We Have
Exceptional
Opparitumtias
n

RSYSTEMS CONCEPTS
sSYSTEMS DESIGN

sIMPLEMENTATION
and CHECKOUT

Computer Sciences Corporation, with pwer
10.000 employees, is the leader in the Informa-
ticn Sciences Industry. Let thaleaderincroduce
you £O truly chall#nging assignmants in your
Spocia ities. Work with some of the finest mnds
in your figid. ~

The System Scincea Division has meny chai-
Bnging cargar DRPOrtuNiLtias for personnel st
the senior and intermediare kevel in:

Caompuxar Performanca Evalustion
Matwork Modaling f Simutasion

Hardwars/Softwars Tradeoff Evaluatian

Distributive Procassing
Microgrocassar Configuratian Deslgn
Computar ta Computapr Cemmunicatlons
Software Enginesring

Oparatianal Analygiz and Suppore
_Command Control ang Communlostions

Join & corporation that has sceadily grown in
sze Bngd ability 0 solve complex in!urrruum
kciances problems.

CBC otfars competitive seferinn and a
coamplete bansfits package, including &
iibaral relocation policy. For immediate
canaideration, pleaty sand resumas

or cail:

STAFFING DEPARTMENT 3402-CM
Collect: (307115891548 or
Yoll Frea: BDD-530-0842

COMPUTER }im tivmomn Grm
e SCIENCES Sl 20

Thep Wil

. mEmMTIGN An e Qi Frarienr iod \



i EXTENQER  WEXT AQDAESS - IRETRULTHIN CONTRAL .
. T T TN Ty . v 5 i
[ a
l I.; ) .
5, —=n craTus ._I_ — ) e b BRANCH
G —  CoNTAOL : MEAT-ADOSESS LOGIE
C5; — LDGIC i
Gy == . — Y, IRANCH ERABLE
STaTug 1 ; o ek
CONTADL . g " . H
Tolg.l - Pl el oy gy : *
¥ T w o r—- . .
. :F ;I L he ! " 1 -t b
=t ‘4 4 | LasTin ' T CARNY INFUT
. Ri PEAT =1
P | ™ ﬂ;-_rlT‘:‘im AEGUTER INCREMEMTEN ]
" k r |ix,-tan A} == CARAY QUTMUT
. [} . . w 4 .
neet e, | ot b
LT TR NPT) ) P e, - .
ESET fri M) " b b ..ﬂf W .
AESET —e0) M . CORTADL:
i - MEMORY
. I ADDAELSE
\ n[&rﬂlﬂ . .
) - INSTRUCTION '
b S ool N B (L '
- T )
~ ALL AEGISTERS ": v - . !
- . y
. - e ] ] ] BUFFLR o= O3y ERaBLE 1
d H
- 1
- - - N ]
STATUS LU o, B Y oy CONTROL MEMORY ;
, \QUTPUTS . A1j3 SELECT ACDAESS '

k

2 Camtrolies. The MC 10801 micropregrim-conirol chin, which i BIEo 8 4-0o-wids 3808, Qaneraist the Microorogridn arikeas &nd provides
tha logic Hir COMplele sequance Control. Frve BOArees Duses nISAACS 10 MCIRErOQHT memary, [a Other paria wnd 10 axternsl skt poainte

The 10800 operates with three data porta, as showa in
Fig. 1. The I and the O buses uee both 4 biy wide and
bidircctional. The chird, the A bus, 8 & 4bir-wids
input-only port. Control of the ALU Is by 17 select lines,
ASq through AS.. The select lings contraf all circuit
fun¢tions and determine Lhe source and destination for
ALU data. A Full se1 of condition-code outpuis, which
include parity, carry, overflow, and rero-detect, simpilify
branch 1esting. ‘Unique zmong :bit-slice - processar
T-=~clements is the 10800 ability te perform both binary

and binary-voded-decimal (BCD) arithmetic with equal~

- eage and speed. Direcl BCD writhmetic i3 gaining in
poputarity in business computers, process controllers,
and et systems where human ipterfsce 13 most ofilen in
s BCD foymat. The chip alst lestures a yignal overflaw
shift network thay indicates when an arithmetic lefu shift
has prampted a sign-bil change.

The MCI0801 microprogram-contral chjp is the
CoOmpanion part to the processor element acd carrics out
the sequencing of operations. The development of the
10801, which packs 550 equivalen: gates onto a 25,000
square-mil chip, procceded all the more confidenity
because of the high yiclds already oblzined with Lhe less
complex 10800 past.

The 10801, also & 4-bit-wide slice, is shown in Fig. 2.
The control-memory-address register CRy holds Lhe
microprogram memory address, while the remaining

Electronics /February 1. 1979

. blocks in the figure provide logic for the sequencing
operation. Register CRy, called the repest register, 5 a
special feature thal adds greatly to the 10301's spesd
and Aexibility. Aszide from s wefulness ns 2 eycle
counter, which allows single instructions or subroutines
10 be execuied a specific number of times by automati-
cally keeping Lrack of loop counl, testing for end count,
ahd remzining in or leaving the loop on test resubt,
register CR, further provides a rewura destination” for
microprogram ml:rrupl:

Register CR, is set up 10 hold a mnchm: inurn:tiun
stariing sddress or an interrupt vector. Register CR,.
however, is umigque to the 10801 in that i interfaces
micTOprogram conirol to cxteenal test points. The rq;u
ter ¢an be fuaded wilh any given bits of siulus informa-
tion, whercupon il will test those bits fer conditional
micmprngram jumps. Marcover, ils conlents cun be set
or cleared under program control 1o signal the proces-
sor's slatus. Finally, CR, can hold Lhe page address in g
word. or page-orgunized microprogram. In that case,
memory address regisler CR; wouid hold onty Lhe micro-
program word address.

Registers CR,-CR: form » four-word lasi-in, first-out
{LIFO) stack for nesting subroutines within a program.
With the logic built inio the 10801, aperation of 1he LIFO
is compietely automatic. I needed, however, the LIFC
can be exlended or tested for full stack through the I bus*
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or.the O bus ports. Two branch inputs —the branch (B)
and extended branch (XB) —supply stalus for condition-
al micropsogram jumps.

- The whole part is led together with L& instructions
" ihat are built inlo the nexi-addras logic block. These
instructions, listed in Table !, coacrol 1the source for each
new microprogram word address and have been designed
to save bath microprogram memory size and develop-
metit time. For example, an 8-%il shilt in the ALU can be
done with only Lwo microprogram words—a repesl-
subroutine iastruction (RSR} to oad the repeat number
(8) into register CR,y, and a repeal instruction {RP1) to
perlorm the cight shilts.

Coatral of timing

Ctock control, ofien one of the most complex segments
of processor dasign, is implementad with o single chip—
the MC10802. As shown in Fig. 3, the chip contains the
logic to generate muluiple pheses, simplify system start
and stop, and provide some diagrosiic capability.

The 10802 1akes 2 clock imput, usually from 3 crystl
oaciltaror, and splits the signal inlo scparstic phases with
its four-phase shifler biock. The number of different
phases can be programmed for lwo, three, or four
phases. The go/hall, run/maintenance, and starl inputs
control sysiem atan and stop operttions. The single-
cyelessingle-phuse input helps with disgnostics by
advancing the sysiem one ¢lock phase ar a complete
eycle for cach siariing signal input, Finally, & synchron-
izer network built into the part cases intetfacing 10 thn
start inpul.

Hooking the bit-slice processor to slower memory and

peripherals calls Tor the MC10803 intesface chip. The

part i designed for maximum speed: it can simulta-
nesasly route dala while addressing e memory or
peripherals. With 600 equivaient gales packed into s
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21 0% -syuarzamil sicn the 0803 i actually denser
W 1o SO3G1 microvsszoller, The oiference is due o
4 les, cwmplen meialiradon paticrn used in the memry
interfpee ehip.

The 10803 has is own AL Alse orgaoized as 4-biy
slices, several 108035 may b connectad in paralicl 1o
meet any particulss systom dala and address rogquice-
menls, AS Ehown in Fig, 4, the cirewdt "has daty and
address -ports for inter(acing to peripheral equipment,
plus the § bus apd O bus for connecting direcily 10 clher
10800 parts. In additian, a fifth port with pointer inputs
Lo the ALU tan be uscd as a source of :ddrm madifiers
or comstanis for memory addressing.

A memory-address register hplds 1he memory address
while 3 memory-data register buffers incoming or outgo-
ing datn. A separste Jour-word register file siores infor-
malion that is needed in the course of memory address-
ing, such &3 the page addresses or the value of the
program counler, indey register, or stack pointer.

Some select inpuls to ihe data-interface logic have
conirol of a 1otal of 17 data-1ransfer operations between
buses and registers. Other select inputs control the func-
tion of Lhe ALU and determine the source and destinalion
of data through microfunclions and destination-decoding
logic. Although the AL is normally used for memory
addressing. it can perform seven basic functions —add,
subiract, OR, AND, cxclusive-OR, shift-left, and shift-
right —-on & wide variety of dota sources.

Cerlain syslems ¢an lake advantage of the 10203 10
reduce paris count. A peripherai contrclier, for example,
trapsfers and formats dais and usually requires linle
arithmetic capability. Such 4 sysiem uses the 1080} both
for input/output (1/0) control and a3 its main ALY,
ehmmntmu the need for a 10800,

Tying the perts into & system

The simplicity with which the parts of ihe 10800
bi-slice family can be assembled inlo a microprogram-
mable L&bit minicompuler or signal processor is evident
from Fig. 5. Ahhough structures will vary depending an
the spplication, the example jllustrates ceveral key
features. Eleven LSE chips, together with a few medium-
scale integraied parts and supporting high-speed memo-
ry devices, arc all \hat is required.

Buy poris on the FOR00, 10801, and 10803 direcily
interconnect. The 10801 microprogram conwroller sup-
plies an .address 10 microprogram memety, sciecting one
microprogram word. Each word is divided into groups of
bily calied fields {represented by the broad srrows w
boitom}. Each ficld independently controls a syslem
wecuion. Since all fields nre present at the same time in
each microprogram word, the various sysiem sections
tan operate simulizneoualy for maximum system specd.

A system {unction performed by all the fields in one
microprogram word is called a microinsiruction. Several
microénstructions may be required for one machine
instruction. System performance, therefore, is deter-
mined by the number of microinstructions in 8 system
and the speed of each microinstruction. Microinstruction
eycle time for w 16-bit VHBO0-family-based system is
aboul 100 nanoseconds.

The operation of the system in Fig. 5 can be explained

Elsctronics /Feoruary 1, 1973
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in terms of the relationship of microprogram fickds to the |

_ 15} blocks. Twe ficlds controiling the 1080) gengraje
eath pew_microprogram address. An instruction field
sctects one of the 16 program-flow instructions given in
Table 1. and once selected. all logic needed 10 pxecute
the instruction is contained in the 10301, However, some
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mstructmns Foyding Iddlllﬂﬂu' ml"urmtwn Yor cx:n'15 q
|1I= 4 jump-to-neal-address ur jump-lo-subrovtine
instruction reyuires o destination, which is supplied by
the mepl-address myicroprogram field. An important

Aeature of the 10R] is the ability to route acal-address

date through the O-bus port for aLl or memery imter-
face consmnis, bil-mask patierns, and offsets when the

field in ot required for microprogram flow,

‘Brapch control is 2 third feld swociated with micro-

-program addressing. Mosi programs have 10 ‘maks 2

largt number of flow decisions either from ALU coadi-
Lion codes, such a3 mdctq_:twn. overflow, and sign bit,
or from exiernal lest points. Under command of the
control field, those stalys signals aze multiplexed into the
10801 branch ‘inputs through control -jogic. Branch
instructions that have been buill inle the 10801 include
branch on-coadition, bum:h w subroutine, and brasch
and modily.

The 10800 performs thmcpc. logic, and shift opera-
tions on data within its ALU, register fle, and/or memo-
ry inlerface. The bus structuse af the processor in Fig. 5
alsq allows the ALU to generale microprogram addresses
thfough the T bus, if requijred. Moseover. ihe ALU will
aptrile in :ﬂh:r ’nmarg or B0 data formats s
controlled by the ALY microprogram fizld.

Unlike mosi ather tnpolar bit-slice families, the 10800

_ Tamily leaves the register file as o scparate block. The
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sdvaniages of Lhat are the possibility of file enpanzion 1o
any size and the Aexibility of organizalion. Bui mast
important is the ubility of the ALU and mempry-interface
circyits to share the register Rle without Lying cach other
up. Some of the devices that may be used for the
register-file block include MU10145 18-by-4-bil RAMS
and the MC 10806 dual-address stack,

The L080] inicrinces te peripheral cquipment through
data and addeess ports. The 1 and O buses can route 14O
information directly to or from the required internal
processor circuity. An azchilectural strengih of the lami-
ly is the 10E03s ability 1o transfer data and 1o generate
memery addreises independent eof ALY operation. When
nol used for 170 control, Lhe ALU in the 10803 can even
be paralicled with the main ALV for double-precision
arithmetic.

Beyond the main compenents already discussed that
are required for processor design, bus-intesface parts an
well an specinl-purpose LS1 circuits are needed to solve
sdditiona! zystem problems. The MCI0804 through
MCLO808 fail ino those catcgories.

More circults

The 10804 and 10B05 wre bidirections) level transia-
tort for hooking ECt buses to ransistor-transistor logic.
Many high-speed ECL processcis will peed to interface 10
TTL-compalible peripherals. Other ransistors, such as
the 10124 and 10125, handle the interfacing of individu-
al address and control lines. The 10804 wnd LOSDS offer
complete inlerfacing with translation of bidirectional
data buscs, The 10804 is & 4-bit-wide part in & 16-pin
package, whilc the 10805 handles 5 Bits in & 20-pin
package. The Lwo can alse be combined to permit effi-
cient translalion of 9-bil data bytes. Figure 6 shows the
inlernal logic used by bolh Lypes for each bit.

A MECL/TTL selecl line controls the direction of dsa
theough the circuit. That combings with an putlput
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disable 1o force the TTL side into o three-state mode and
ECL 10 an equivaicnt low-logic-leve! output, An internal
latch holds daia in either direction. The latch-bypass
input routes data around the laich for faster Lranslation
tirne of 10 transfer deta while holding information in the
latch. The 10805 is also designed (o drive o heav
capacitive load and, as such, can interlace an ECL
processor direcily to MOS main memory with high 1pecd
and 3 minimum of paris.

A usehdd variation

The MC10807 5-bil transceiver was produced when
the demand arose for an ECL circuit with 10805 lunc-
tiosality, but without TTi-level translators, This circuii,
shown in Fig. 7, is identical with the 10805 but has ECL
signals an both portt. The buffered bidirectional ECL
driver/recsivers allow compiex ECL but networks to
maintain & full transmission-line environment.

The MCLO804 dual-nddress stack represents 4 mile-
stone in standard ECL LS products. Although equivalent
gate coum is pot entirely pertinent as & descrnipiion of a
memory-type parl, arcuit complexity can be judgod
from the chip’s large 35 500-mil-square arca. Again,
experience gained with the 10300 family has allowed
circuit complexity %3 (o increass that the 10506 is almaos!
two and o balf times larger than the 10800,

The 10406 is intended primanly as a dula buffer
besween the high-speed ECL processar and glower periph-
crals; however, 2 versatile dual read/write bus sivuclure
alzo allows the ciecuit 10 function as s l&st-in, Orsi-out or
firse-in, first-oul stack, or as a 10B00-syatem regisicr file.
The 10804 has two bidirectional date buses, the A and
the B bus, each with access 1o & 32-by-9-bit memory
{Fig. 8). Having output register laiches in serics wil
both data buses gives the circuil & master-slave appear-
ance where the memory cells are master stages and Lhe
lalches are slaves.
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§. Tranalsiors, The WC 10804 anc 10305 bidirectional evel Irensia-
lork nteriace ECL wnd TTL croults The crcull for & 4ingie Bt W
Ehown 1ha INlamal letch can be Lmed 1o compansaty kor en ECL bus,
which may e much Laster than the TTL side.

L1 -

The A- snd B-address inputs each select & memory
word for the corresponding buses. Separate clocks and
write- and data-enable lines control read and write oper-
ations for ench side. Parily checking is automatic on the
9.bit data word and optional on the address inpute.
When parily is used, the wrile eperation is prohibited on
any address with incorrect parity. Parity can be bypasted
in thoae sysiems not requiring it.

The ability to wrile from both dala poets could lead to
priority prablems: writing different data on the A and B
dala buses inlo the same word address could cause logs
of one or both data words, In order to aveid such an
occurrence, address-contention jogic in the 10306 ooks

at wnlc-cublu and addresses 10 detect and indicaie’

address conflicts,
Multibit :hm-r

The MC10808 programmable multlple-hlt shifier is
another example of standard 151 that solves a system
problem. Using aLu circuits, which shift data only 1 or 2
bils per microinsiruction, becomes time-consuming when
data must be shilicd many places for such jobs as
formatting, bit testing, or normalizing Aoating-point
numbers. The 10508 shifts dats any number of bits in a
single 10-n3 pass,

Each circuil iy a 16-bit shifier organized as shown in”

Fig. 9. The algorithm used can be combined with the
ECL wired-GR feature for unlimited expansion—4 chips
for 3 32-bit shiller, 16 for a &d-bit shifter, and w0 an.
Since expansion is in a horizontal manner, only Lhe delay
of a single part results, regardless of shifier size.

. The number of bils shifted is programmed through
scale-Taclor inpuls. Data-shifl inpuls select one of the
cight pessible shaft 1ypes ¢r autput controls listed in
Table 2. Two of the shili-right and -lelt instruciions
(SRC mnd 5:.C) program Lbe scale factor a5 & 3's comple-
ment anmber, controlling both direclion and distance of
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T. Tronaowiver. Bascaly 1ha same Iogic used in the 10305 lewsl
trarsiior, vy WC10B0T S-bei trambten-s has M-ECL npuis end
OUIPUIL. Having & Lrantcaball 31 8 WADH SACkEgE BN PO savaral
Oriithy NEGuCEs enout probiemt and Cp Cound,

shift. A sign-biL input controls the sign-bi1 polarity and
thus allows the circuit to operate in cither positive or
negative logic formats.

With the additionsl 10800 chips, the exiremely high-
performance processor of Fig. 10 ¢an be built. Transls-
tars 8! interface points give Lhe processor TTL-compati-
ble inputs and outputs. A 10806 data bufler holds 32
data words, allowing the TTL bus to be siower 1than the
ECL sysiem microinstruction cycle time. The 10805 dual-
bus structure casily adapts 1o the bidirectional date bus,
50 Lhat both incaming and oulgoing diia can be stored.

Oblaining highsr parformanca

The data bus following the 10806 buffer is routed
directly to the microprogram conteol. Compared 1o
Fig. 6. this bus siructure saves instricljon-execulion time
since a starting address nced nol go through memory
interface, bul Lhe ALU no leager has a direst path’to
MICrOpTOgram contrl.

The sysiem also uses the 10806 for & register file. The
first half of » microinsteuction reads a register file via
the O bus, and Lthen the second micrainstruction hall
routes ALU resulls 1o memory interface or back to regis-
ter file with the 1 bus. O bus latch, interna¥ 10 the 10300
holds the O bus input during Lthe s¢cond 10 eliminale race
condilions within the aruU. The other register file port
roulcs data through the shifter 10 the ALl A bus, 16
memory interfuce, @r Lo microprogram contrnl, The
10808 shificy 3 placed in freal of the Ay Tor single-pass
shift and tost, Data shifting through the part only takes
about 10 ns, and thercfore the serics arrangement has
little eflect on microinstruction ¢ycie 1ime. Moreover,
the same microprogram ALU teld can contral both the
10808 and {0800 for o very powerlul ALV Tunction set.

A pipeling register is placed between microprogram
memory and Lhe data-handling LSI circuits to reduce
microinsteuction cycle time. The cegisier permits parallel

T 108



r

- ‘ WRITE ENABLE  ADATABUE  BOATABUT  EMAMLE WRITE
LS EWARLE A Ay Al Mgy =P 1 ENARLE
YA - * [ .
. i s .
. omvias] - r DAIVERS T .
‘- T
. WNITE WRITE -
~— * . GAIVERS pavins fre—— —¢
& ADDAEES i T § ADOALTS
xr * |
A . ot . ok ' .
e TR LODER uidoRs armay | [ couen Uy ol
Aw—— - ; r——
) e amm "o READ AN Al - -
AapoResx | T |7 i_ ] AEAD _I [ EEQ
. AMD DATA . AMG DATA
PLAITY - . i FARITY
. [HLCKER " CHECREN
AOUTPUT HurruT :
] i LATCH LaTeH [ | T
e TR I ’ T EARDA
ALRAQA .
. ‘r. 0 FLIPFLOP - I : * FLEELGe [ LERROR
el ¥ . _ T .
- : = v 1 acomcsseowrewmaw [yt 4
CLOEK & o i ML s S CL0cx
GLEAR
. ADD £0

FRLF™N

;m'fnnmimMuummnmmm“mmmumruwmmm The Susi-port

mmmmmm:mmmwumw“mmmm

| — ke b wprm o .

15 QATA (RPUTE

SHIFT TYPE
5T, 5Ty 11, , A -
[} i,.. Il‘ I‘, L Y - g 4 ¥ hhln.h
BHIFTTYFE DECOCEA i l l ]
r
| ' ’
~ b .
. INPUIT OATA MULTIALERER
BCALE :
FACTCA .
——|  ECALE
e .
y UGN SELECT LOQIC :
. N ’ s I ¢
¥i=— s . N b '
8, ——m—el  OECOOER & o

58w mT

l,lhlhl Ammm.mu-um- e WG 1GE0E gty l&mwmnmﬁ&mmwhﬂ,hhmmnmw

—p—

CUyMUT OATA MULTWM EXEA

11

B

uliu“uu L R ) hhh

'
i 16 DATA DUTHITS

Cascaciabia ke (he oiher Lit-5bce parts, 1ha ciiwt can be sasily axpanched 10 liped word 32e8 8t nd kacrilics in 5086,

e v T i
- f

s -

o

Elpctronics /February 1, 1875



w3

. D245
e e vy .y \ . ..
k]
TIMING . g TA
10862 CLACE DATA ox
BUFFER -#
. 1NGE -3 B
MICRD ALY
PROGAAM ) .
CONTALLER : MEMORY )
g1 INTERF
NESISTEN ALE
= FILE 1oy
10804
SHIFTER
CONTROL Lt
ADDAER
e bty P L b o L, WA sl - inas | ¥
* n
a £ %
5 a g MPELINE REGISTEN
- [
g = -
E
ARAKEH ALY INTERFALE
GECODE DECODR DECODE
NEXT NEMORY
1| angaiss BRANCH ALY NEGISTEN FILE INTERFAEE
MICADPAOGA AN MEMORT
L ——r

e Bupaipdocbbor, Hockng It 10808 in sariey with The 10800 ana suppdrting the 10806 with TTL ranslalors crokles an wxiremsly

POt DEOCHRSOr . The casagh 505 IS & Chpalice: rigted 10 redcs Cych Limas, Dl s oprogram Seld dacodeng 16 cul word ength

ERRLE T - 1y s TR

R Ty I I Y]

TN O R AT M
e - - . ' Fa owwms Nmmrar 1 n kA

ALE -~ ARITAMETIC SHIFT LEFT

ARS ARITHRETIC SHIFT A#GHT

Rt T ROTATE LEFT

ART -  AQOTATE AIGHT

BAC =  SHETHIGHT &% COMPLEMENT
sLC SHIFT LEFT » &5 COWMPLEMENT
ohA CUTPYT DnSABLE
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operalion between microprogram control and the rest of
the processor. Whilc the ALL, register file, and memory
inteslace are £xeculing one microinstruction, the J080]
is generaling & new micraprogram memory address.
Pipelining is optional in a system built with the 10800
family —the 10801 interfaces directly to the micropro-
gram in cither case. .
A haal feature of the high-performance processor of
Fig. 10 is the use of branch, ALU, and interface-decoding
logic. Those blocks zllow a relalively wide pipeline regis-
1er feeding a large number of 1.5y control inpuls 1o be
driven [rom a narrew microprogram word. For example,
a G-bit microprogram Neld can select T oof 64 AL
insttuctions. The AL logic, however. thiy require 12 la

Elwctronica/Fabruary 1. 1979

20 central inpuls. The fanout is performed in decode
logic commeonly built with fast 10139 programmable
read-only memorics {PROMS). [n additica to reducing
microprogram ize for cost remsons, decoding iogic
allows microprogram fields 10 be structured for easier
programming. The decoding lngic does aet slow system
performance since il is possible to ge (rom clock to the
10801y address ouipat through microprogrammed RAM
or PROM and from decoding logic to pipeline register, all
withih Lhe cycle time of one microinstruction,”

Fulurs ECL LS

Mutorgia hax developed 3 MECT. 10,000 Macrocelt-
array inegrated circeit that b compatible with the
10800 parts and wllows rapid devetopment of highespeed
LS1 ¢ircuils wilh campiexities of up W 750 equivalem

" gates. Although the Macrocell array will be used W

devclop specialized circuils for specilic ¢usiomens and
systerms, Lhe advanlages of Lhis 1.5 concept will also lead
(o new standard products in the 10800 famity,

The plins arc thus Lo use new circuil developments (o
build on the 080 family yather than around it New
funciions umjcr consideration include an advanced §-bil
arithmetic-and-logic and a very high-speed, capandable
LEI arfay multiplicr. These gircuits, plus the Macrocel)
array concept,; will be lealured in an article on ECL LS1 0
the neat jssuc.
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DEFW LIMT . . .. - - ..

e ESTATICOS w»x

DERH LIMTO_ .

=
& -

[ S — A ' + mir

Foyv? DEFW LIMTO+400H
DEFY LIMTi+4004. . .. . . ) ..
DEFY LIMTZ2+4D0H
DEFW LIMTI3+400H .
r - Y " - - - ma a4 ..o
MOMITQOFR: DEFW 0
IMACEN? LD (HLY«140 iNUEYO. INTERWILG..442.3.8ECS. e ..
' PUSH EC I2.75 .
FUSH DE 2.5
EX OF AT il
(E e ¢
FUSH A&F
FLUSH HL. - T S -
FUSH EC i2.75
FUSH DE 1075
FLSH IX e R .. . e —— — _—
FUSH IY PRL7S

wwl MACENA RECISTROS
[ e
ITHM1:

[ TY»ING
MDD IYreE(D .
LD Ds {IY+1}
LE Er{IY)
LD TX.IDY
NHOD Tx EL
LY Hy (TX 412
LD La(IX)
FUSH ML

st HL»OE
FOF HL

JR CrTME

F2& MTCKOSECUNDS

rINGC(TIY (.

——aa 1 e mEmA e — —m

DE = DIR.

DE INSERCION
JIDVCIY - oY =0
JHL = DIK. DE VENTANA . _
FIDY, ~ INS

0Ky STCUE

i CALCULA “MUELTA

LD HL»FDOW
Pl M F0
LI Es (HLY
IMC HL

LD Dy {HL)

POV

LD HL r—400H

AabDD HL,DE

CALL ESCILIM
LD A (MONLT
CF &

LD As~2 . _

noD 2

PODF 1Y
PO Ix
FOr DE
PLF BC
-FOF HL -
FOF AF _.

LD {MONITOR),

PHL.= TOWCD . . L

ER
KD

PESCRIEE UNA LINEA ,

"INUEVO MONITOR
' -?MH

LT
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ESCLINEA:

IM4F 1S

'‘CASE :

IMSs

[l

PR LUTIMNA DE CTR{ALD EM

ANILLO:

1 LM

PR
i L

LT

LD E&4

LD Ea(HED
csH M.

TEYTE & ESCRIEIR
FESATT S

LD M (HUONITORD

Hhl. L

FUSH HL
DD HL » b
SO HL ML
FuF DE

S0 Tl e
LR T P S i
Ay e
EX (4R e HL
L OO et
JPCHL)
ISPATI
CaL MOMLE
N | F W b
il MAMZET
JROAME
CAaLL mUNdT
S IMS
Lall MiNAaT
(S el
THZ M,

I P 1
DJNZ IMAF]
FOF DE

vl

i

FEw!

FCAGE PUMNITOR

o
e}
-
4
=

PRECUPERA (SF)

CALL ANILLD

LD (IXYreL

FACTUNLIZA TDW(IY .

LD (1x+Ll)eH

RET

FUEH HL
FUSH Hi.

MEMORT

P (SF1)~ (8P =APUNTADDOR A LA LIMEA

LY B e S0 LT TOIR )

LD DE,FOV
ADD F_» DIZ
LD E»{HL},
IMNC HL

LD Ds (HL)

LD H.»AREA-400H

ODD HE s D
LD EsH
LD CelL.

LD HL f=AREA

ALY HLfEC
ExX DiZ+FIL
O v

R A

SEC Hi.»EBC
O HL
RET MZ

X DE»Hi,
RET

CY =0

»OFFSET

tEC = FUL(I)

SHL = TDL(T) — €Y = 1
iDE = TDL(T)

e — A A r——— . % 1

3TDW = FDL 7 . _ _
FEECUFERO . APUNTADOR_ORIGINAL A LINES . _ . _:

PBORRLTTMA DE ALMAGEN DE LLALE
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EARL:
Enkad:
CHrD 2
mAGH T
[ I s
T2
CTL3:
cCTLA:
FORTL:
FORTZ
FORT3:
FORT 4
TXRDY!
TIHER?
]

HONL

ba

MOMN4

FERTFERTCOS

FUERTOS ;

PRI

arl

EQU .749H
e 94N
EQ &7H
Em) &3H
0 AOQH
Ery Pk
EOU 80K
ECH) 90H
EQU &1H
EO) 7M.
EGU 81
ECW 9L
Ery S
EQU 4%H

TH AT
Akl TXRDY
JROZeMONY

L AL

QUT FORTL.A .
RET

IM ALCIL2
AND TXRDY

JR Z2MON2

LD AsC ..
OUT FORTZ2:A
RET

- L.
IN ASCTLE °
AMD TXRDY
SR Z e MOND

FSOFTWARE ADDRESS REVERSE

- ] -

Lid At -

OuUT PORTI A
KET

I A (CTL4E)
NND TXRDY
JROIrMING
LI Al

OUT (FORT4) o6y

RET

LD A

OuT Snklen
OUT SHiRZyn’
LY fe®

LI CyOpmMD "

g

¥

FRESET L IMTA EMAELE

1

-

CALL FUERTOH SiRESTART A LOS 4 FUERTOS

XOR A
LD CsMASK

CALL PUERTOS ;SIN TMTERRUFCION EN LOS 4 PUERTOS
;1300 EAUDSs 1 STOP
GEAUD FORT_ON. DUTEUT........

LD A 344
LD CeCTLY .
GALL FUERTOS v
JR FRFCS
L Erg

EX AF»AF"
LD AT

AIERIFY RIS

. - L3 PUERTOS - e o

in'=t DE PUERTD INICIAL
SEXONErAFS. L FA = _EALAERA _DE CONTRON




1 HET R
1 - . .
CPRFRS AR MRS ,
i CALL. MONL L C L. e e e
Call MONZ
CALL MOMNG
cCaLl, MOM4 : e =
b Al
LT MASEC e A FHAEILTYA TIMER1
HELG ¥ 2 ety . e —nn
OUT TYIMER A i PRIMER FERIODO
LD fA212H
Ll Lefy Pl=12H (1ZXXH) e o = =
I FMEIE 20
T THAEILTITA IHYERSEUFCIONES
RET ] ) e e
}
TSTH! DEFS &4
STACHK SAREA DEL STACKH PRINCIFAL e e e o -
TSTKZ2! DLEFS 20
‘SThI seEn DE SECLINDED STACK
T15TACILE DIEFE 2 . e o e

L2STACH:?: DEFK STAKE
INTCNT DEFE 0

+ - - e amie ceem
IMONITOR?: LD Ae (INTEMT)

Ok &

e e e R NZ e MNT - . T,

TIM Ae&3FH rRESET TEE

XOR A

_OUT &2H:A | . FDESHABTILITA TIMER L. ... .. ...

LD & 20H _ :
MOMCODIE OuUT &32H»A rEMAELE TEE, DISABLE TIMER

LD fAr—54. .- - —— . _ .

LD (THTLCNT) A
MNT 3 LD n«C

OUT FDRT1l:nA  FESBCRIEE EYTE

JROSOWVE i GUARDS MEDTO AMEBIENTE
MOMNLT LD #Aré3MH

L CMONCODE+L Y o gh e e mn s

LD AFORTI

LD {HNT+2 )03

JR IMONITOR _— e e — 1
H .

MONZT LMY fe?3H

LD ¢(MONCUDE+1} a0 o » LT

LD AvPORTZ
LD (MNT+22s0
JdR IMDAITOR L : e
¥
MON3T LD A»BIH
A e LD (MONCOBE+1) 9@ - ceee. .
i LD ArFORT3

F ! LD (MNT+22sA

SR IMONITOR ... e v e e ——— i —

i MON4T:-. L Ar93MH

- LD (MUONCODE+I Y. o e e e e i —

S " LD AfFORT4
LD C(MNT+2YsA :
IR _ TN TR o
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oy -

- L THTLY b
. ,*_LD_LEDNInDDElAﬁ_lﬂﬂ LiM HﬁRrFN DE 149 MS.
LI ryrl
OUYT &3H»A tENAELE INTERRWFT TIMER
ExXx O DO
RET
Lh T3 P RNFIMN®x
FILLER: DEFS 1240H-103H-LAST
¢ e - : - - -
; S S ———
i ORGC 1240M
VECTOR:. .. ..DEFH INTERVALL
FILL LY DEFS B
FUORG 124AH
INTLI . DEFW IOINT e e .
FFILL2: DEFS 14
FORG 1278H
IMTZ2? ,DEFW LOINT _ -
FILLLZ: DEFE 14
FORG 1280HM
TNT3: DEFH IQIMT Ll e
FILL 42 DEFS 14
iDRE 129AH
INTS - DEFW IOINT — e rrm—
FILLS? DEFS %

t+ORG 12Al6H ..

i ———~MENSAJES DE ERROR-~——

MERR (¢ DEFE
MERRD ¢ NEFL:
CDEFRf: DEFE

DEFE
MERF:? DEF&
MERS ¢ DEFE
AERRS DEFE
MERRS $ DEFE

DEFE
DESER 2 DEFE:
MERR4 DEFE
MEGRY DEFE
MEFCFEr DIEFE:
M EE Dz

DEFE
ENCA DEFE

DI E:
CRLF: BEFE

EHD ORDENES

CReLF»!

TEXTSTE €L NUMERD DE CONTRA-RECTEQ'
CR+LFs 'NO HAY DATOS EN MEMDRIA'
'COMANDO NO EJECUTADD

CRel Fs

CRyLF ' DATD MAL TEDLEADLQ'

ND %!

'NO HAY IMAGEN

sCRsLFs 2" .
EM DISCO!
s LFy ' %!

sCReLFr'%
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CReLFe '8 HAY. AT DE aALTA EM_DLSCO sLRelLFa 5"
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LRl Fo
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INTRODUCTION TO THE CROMEMCO SINGLE CARD COMPUTER

The Cromemco Single Card Computer {SCC) is » sophisticated
microcomputer with the following layoutf

TO/FROM EXTERNAL DEVICES

PR} m = —a o —

1 J2 g3 u
! 1 .1 "
Parallel Parallel Farallel] | Sertsl [
1/0 ) 1/0 1/0 I/0 I‘
Port (JAH Port @BH Port @Li Port Op-@2H
! ! !

. . I " H . 1 - -1 B - .= ' I . -
2808 | e e ————— e € 5100
CPU ! | I Bus

. ' 1 | t
J 1 t 1
ROM RAM IHTHRVAT IKTERRUPTS
MEMORY MEMORY TIMENS

Ad@E=-1FFFH 2@@P-23IFFH Ports @5-@6H  Port @3H

The 8-100 tus interface allows convenient expansion of the system
1¢ Aesired. " The SCC 1s guaranteed to work with all of Cromemeco's 5-100
product:, ihc1&ding analog I/0, color.graphica; and RAM/ROM memory.

¥
-

™ - -

. oA ™ - - - 4 -

Fragrém eié&ution_begins B3 S0ON.A5 poOWer is-apbiied {after_an

) P oo i T E . - . = L] "
sutomatic pouer—nn-reset}. " ERETRE R

s - a
The SO0 in Aelf-contmined except for the user-supplied powver

supplies. These pover supplien may be unreguleated and should supply
+B volts ut 1.24, +1B volts at 100MA, and -18 volts at 5O0MA.



The following sections cover progremaing infurmation. incliuding
the Z-B0 CPU technical manusl and informstion about the I/0 registers on
the SCC; a fuﬁctinnnl_descript{on, ;ﬁich expleins the operetion of each
" compenent in the SCC; and the 5-100 interface, which describes the bus

interfoace characteriatics of the S5CC.

5CC INPUT/OUTPUT REGISTER DESCRIPTION

In the following sectlons, each I/0 port (reglster) will be

diacusaed, )
4
PORT ADDRESS IN/0UT . DESCRIFPTION
L IN Etetus Heglater:

DT né b5 Dh D3 D2 0
Tranamit BResd Int. Start Pull Ser- Over-
Buffer Datea Pend- Bit Bit inl Run
Empty Aveil, ing Detect Detect BV Yor

The functions of these flags are indicated in the folloving sections.

DT Transmitier Buffer Empty (TBE}:

: # Fiep %F hit T indicates that the transmitter date buffer i Teady
to ngqut s nev byte. TBE goem high as sson as the serial transmitter
begins o ;end the byte currently in the buffer. Bince the transmitter
is "double-buffered”, the user may respond to the TBE sighel and load the
buffer even before tha previous hyte had been tetally transmltied. TBEE
sle2o activates interrupt request 5. TBE iz cleared when the buffer is

losnded and 15 set by the RESET command,

D6 Receiver Data Available (RDA}:

A high in bit 6 indicates that a byte of data is available from the
receiver buffer. This flag remain® high until the buffer is read. A

fu
'

Bilm s M YNy 1t

g

Frane
Error



RESEl' command clears the flag, If the buffer im not resd by the
time the next byte from the recelver ie ready, the new byte will write
over the old byte and the overrun error flag will be set. RDA also

activates interrupt request b,

D5 Interrupt Pending [IPG):

"A high in ©bit 5 indicates that one of more of the eight interrupt =
request sources bas become active. This flag goes high at the same

-

time as the interrupt regquest pin of the ™S 5501.

ph Start Bit Detect {GBB):

"A high in hié Lk indicates that ﬁhé serial receiver has detectuld
a start bit. This bit remains high until the full cheracter has been
received., SBD is cleared by RESET command. This bit is provided for
test purposes,

D3 Full Pit Detect (FBD):

The FBD flag in bit 3 goes high one full bit time sfter the
start bit has been detected. This bit remains high until the full
charecter has been received. FBD ip ¢lesred by a RESET command.

This bit is provided for test purposes.i— — -

r— R - - -

acor- i, . K
- —

D2 SeFial Receive (SRY)

A high in blt 2 indicates high level on the serial data input line.
A lov in bit 2 indicetes a low level on the serial data input line. SRY
is high when no data is being received. This bit is provided for break

detection and for test{ purposes,



Dl Overrun Error [ORE):

A high in bit 1 ipdicates that the recelver has loaded the receiver
data buffer before the previpus ¢ontents were read. ORE 1s cleared

after the status port is read or by the RESET commend.

D¢ Frame Error {FME):

A high In bit @ indicates an error in one or both of the stop bits
which "framed" the last recelved data byte. ¥ME remainas high until a

valid character is received.

¢ OUT Baud Rate Reglater. Lomding this register sets the baud rate

and stop bits for seriul receive and transmit data. Bit

assignment is as follows:

7 b6 B5 D D3 p2 D1 op
STOP  96¢d  hLBg 2L 1204 g1 15¢ 119
BITS .

DT STOP

A high in bit T selects one stop bit for serial receive and
transsit data. A low in bit T selects two atop bita.

DE-D@ BAUD RATE

A high in one of the lower Seven blta selects the
correaponding baud rate. If more thun one bit is high, £h¢
highest rate selected will result. If none of the bhits are high,
the serls) treansmitter and recelver will be disebled. {For special
purpcses, these bacd rates can be octupled -- asse the description

of HBD in the command register.}

1 IN Receliver Datn, This register rontains an assenbled byte ol data

from the serial reglster.



1 OQUT Tranamitter Data. This register is loaded with data for the

L R o

2 IN

2 aut

serial 'transmitter.

- o . - 1.3

Not Assigned. Reading thie port causes nc response from the
SCC. Thia address-is avallable for other parts of the

computer aystem.

o w—w a an

command Register. The format for the command register is

as followa;

Bt A

amlo——-latched-aomc———o - ,

D7 D6 DS- -.Db- D3  D2: DL. D
Not Kot . _ . HIGH INTA+ RSTT

Used Used Test BAUD Enable Sel, Break ! Reset

05 Test Bit {TBS):
f 1 . - . - . .

A high in bit 5 dilsables the 1nternnl interrupt
priority logic and then enuhlea the internnl clock . fhﬁ§;
the signal on the INT pin of the 5501 becomes a TTL level .
clock of 1562.5 Hz {(12.5 kHz it HBD is high =-- see DL High
Baud_helnv}. TBS should he ;au for nnqmal Fperltian.

ph High Baud (EBD):

A high ir bit U octuples the rate of the internal
clock. This causes the interval timers to count eight
times fﬂster and the serial data rates.to 1ncr¢nnu
eight-fold, When bit 4 ia high, baud rates up to 76. B

are avallable for high speed data tranafers.

D3 INTA Enable [INE):

A high in bit 3 allous the 5501 to respnnd tu an Interrupt

Acknowledpe by gating n Reatart instructlnn intu the data bus
*h



TIMERS

The SCC provides five internal timers, vhich are mccessed through- -

the five timer command ports and a timer status port which 1s comnon
to the UART stmtus port. Each tiper accepts a byte vhich represents a
delay count {@-255) té be counted down by the timer cauck. - When the
count reaches zero, the "fpterqupt Pending" statua bﬂ; i3 set,
Alternatively, the timer m;y be used to generate an éctg;l interrupt to
the CPU-if the intersupt system ia being used. Maximum delay 1s,16.32

milliseconds. -
INTERRUFIS

.The BCC provides two sets of interrupt structures: a maskable
set and a single non-maskablé interrupt (ﬁifl.- The HMI signal will
elveyd override program execution. This ;iégal is available to the
user on 5-10Q pin 12 as ﬁﬁf.. e o |

.t . - x
. .

e

The meskable ipterrupt set can intarrupt program sxecution
only if the CPU has executed 'ine enable intarrupt instruction. Then,

program execution may be interrvupted undar one of eight conditions:

17 Timer 1 timeout
2} Tiwer 2 timecut
1) INT (external request)

L] Timer 3 timeput

5}‘ UART receiver drta grailable
6] TART tronsmitter botfer empty
T} Tikmer 4 timecot

8) Tiwmer S timeout

These conditions ars listed in the order of priority with the most
impartant first. If two eonditions become true together, the condition

vith the bigher priority gets CPU pervice first, Each of the eight

‘1

"gondltions is enabled by 8 apecifte bit in the interrupt mask reglster on the SGC

P B

Ko



I/0 PORT SUMMARY

Tatle 3.2 puwsmarizea the allocetion of BCC I/0 ports.

PORT ADDRESS

gd v
#1
g2
@3
@5
g6
a7
pa
@9
PAH
¢BH.

TABLE 3.2: ALLOCATION OF I/0 PORTS

INFUT FUNCTION

VART Status
UART Revr, Data
Kot Used
Interrupt Address
Parallel In {J3)
Aot Usegd

Hot Used

Not Umed

Hot Used

Not Used
Parallel In (J1}
Farallel In {J2}

QUTPUT FUNCTION

Baud Rate

UART T%, Data

UART Command

Interrupt Mask

Parallel Out (J3)

Timer 1

Timer 2

Timer 3

Timer b4

Timer 5

Parallel Out {J1)

Parallel Out {J2)
{5

THE 8-100 BUS INRTERYACE

This section deals with the implementation of 5-100 slgnals by the
SCC. A eseries of charts showsp the behavipr of the bus during each

posaible type of CPU cycls.

These charts are vatterned after those in

the Z80A Technical Manual {included with this manuel) for easy

reference.

A surmary of bus pinout 1s'found in Table F.l.

One S-100 signal does not occur normally on the %80, namely PSYRC,
This signal, which signnll the beginning of & nev machine cycle 13

------

in triggered by the falling edge of either signnl and stayns high until
the next rising edge of the cloekx {ﬁ?}.

Wavelorms for an instruction fetch are shovn in Fij@rts 1 and 2.

suvelforms for cther memory cycles are shown in Figurea 3 and h; I/O

cycieu are shown in Figures 5 and 6.
and hold acknowledge segquence.
followed by an interrupt ecknovledge eycle,

Figure 7 shows a hold request
Figure 8 shows an interrupt request
Figure 9 shova the

response to NMI and Pigure 10 showe en exit from halt.

Y



Croimemes SCL" System Bus Sthuctune
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TUART Digital Interface.

—— m— — g — - — j—— =l ——

Introduction

The Cromemce TU-ART (Twin Unwersal Asyn.
chrengus Receiver and Transmitter] provides two
channgls of duplex serial data exchange; two channels
of parallel data exchange; and ten interval timers, Sta-
tus information is awvailable through polling or by
interrupt. In addition, each interval timer activates
an jnterrupt and two interrupt request lines are
brought out for the user. The TU-ART has its own
crystal-controlled clock and interfaces to the S-100
bus asynchronously so that CPU clock frequency is
not critical. The TU-ART incorparates two TMS
SO NMOS 1/O Controtler chips.

!.1 Definitions

Throughout this manual the twe TMS 5501 chips
will be referred to as “Device A" and “Device B,
Device A (IC 4) is the leftrmost chip. Device '8 {I£ 5}
i5 the rightmost chip. Device A is nearer the heat
sink and drives serial conrector J4 and parallel connec-
tor 12, Device B is located ta the right of Device A

and drives serial connector 45 and parallel connecror
J3.

1.2 Switch Selectable ﬂptioﬁs
Addressing The TU-ART

The system CPU views the TU-ART as a dual assem-
bly of inputfoutput ports with interrupt capability.
The CPU normally reads data or status from the
TU-ART via the 5-180 bus by executing an IN A,
{part) instruction, and writes data or commands to the
TU-ART by executing an OUT (port], A instruction,

There are fourteen 1/0 ports used for data transfers,
t nands and status by Device A, and another faur-

) teen by Device B (see Figure 2). The user may indepen-
dently switch select Device A and Device B /O Base
Addresses {the four most significant 1/O address bits):
the four least significant bits of the 10 address on the

51900 bus then determine the offset from the selected
base address,

The base address of Device A is selected by DIP
switch pasitions 6 thru 3; the base address of Device B
is selected by DIP switch positions 18 thru 7 {see Fig-
ure §). Notice that positioning a switch ON conditions
the TU-ART to respond to a logic @ on its associated
address line; an OFF switch corresponds 1o logic 1.

Far examgle, if 2P switch positions & thru 3 are ~
ON, and pesitions 18 thru 7 are OFF, then the TU-’
ART Deviga-A Command Register is mapped into out--
put port @2H, and the Device B Command Regigter 15~
mapped into autput port BF2H.

Mote that Device A bits A7, AB and AS also cantml
D7, DB and D5 of the TU-ART's 288 mode 2 Inter-
rupt Acknowledge response vector,

Interrupt Mode

When this switch {position 1} it ON, the TU-ART
operates in the B@8Q interrupt mode: one of eight
“Restart’ ingtructions is gated to the data bus during
an [nterrupt Acknowledge cycle. Since the TU-ART
can interrupt from one of 16 different sources, it is
necessary to poll the devices if the TU-ART is in 8080
mode {see ""Operation Using BOBD Mode Interrupts™).

When switch position 1 is QFF, the TU-ART re-
spends in Z-B@ made 2. )n this mode, the TU.ART
supplies a byte to the data bus during interrupt
Acknowledge that, is used as the lower eight bits of 2
merory address. The Z-B@ supplies the upper eight
bits from the I register and automatically reads the cor-
responding memary location, as well as the next loca*
tian, to find the starting location of an interrupt
routine. (Refer o Section 3.1 and/or the Z.89 CPU
Referance Manual, Zitog, 1977, for details.)

Normal/Reverse Address

When this switch (position 2} is ON, it allows Device
A and Device B to swap base addresses by means of
an oculput to one of the parallel ports {Software
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Address-Reversel, This aliows either Device A or
Device B to be driven by a software driver whose port
assignments are frozen in memary. Setting the switch
0N connects the MSB of Device A's paratlel output
port ta the Reverse Address control so that addresses
may be flipped under software contral. To flip ad-
dresses, cutput a byte with D7 high to Device A's
paratlel outgut port. To return to normal addressing,
output a byte with D7 low te Device Bs parallel out-
put port, When switch position 2 is OFF, the Address
Reverse switch is disconnected from the parallel port.
The Address Reverse signal is brought out to pin 1

’

of J2 and J3. When the Address Reverse switch is’
pin 1 will show the state of the TU-ART:

Pin 1 =@ means Reverse Mode,
Pin 1= 1 means Normal Mode,

When the Address Reverse switch is OFF, pin 3 of
J2 or J3 may be grounded externally to place the TU- -
ART in reverse Mode (Hardware Address-Reversel.
Do not ground pin 1 of J2 or J3 while the Reverse
Address switch is ON as this will conflict with opera-
tion of Device A's parallel port.

Figure1 TU-ART Switch Settings

IM2 (Z-BO Interrupts}

Hardware Addrex Reverse

-

Ad =1

Cavice A AB=1
Base Address

AG =1

L A7 =1

[ Ad =1

Device B As=1

Base Address AB = 1

AT =]

——— IM@ (8280 Interrupis)
—— Software Address Reverse
—— A4=p

— A=

— A6=0

—— A7 =]

— A4={

——— AS=]

— - AG=0

— A7=

Caution: Base addresses O2H and 3BH are used by LECT: and 5@H is used by Cromemco’s PRI Printer
Cromemco’s 4FOC Floppy Disc Controller; 48H is  [nterface,
used by Cromemece memory boards with BANK SE-

I
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1.3 Interrupt Priority Bhaiil

When more than one TU-ART is used in a system, it
is necessary to coordinate the Interrupt Responses
in order to prevent bus conflict during Interrupt
Acknowtedge cycles. This is done by first connecting
J1 PRIORITY OUT from the highest prionty TU-ART
to J1 PRIORITY IN of the next highest priority TL-
ART, then connecting J1 PRIGRITY OUT of the
second TU-ART to J1 PRIQRITY IN of the next TU-
ART, and so on_until all TU-ARTs are connected. The
J1 PRIORITY N pin of the highest priority board is
left unconnected. Device A is internally prioritized
over Device B on each TU-ART.

1.4 Status Bit Selection

r

The connection of status flag bits to data bits is
done on the PC board at the location of the status
socket below J4. Cromemeoo software conventions
assign O6=Receiver Data Available {RDA), and D7=
Transmitter Buffer Empty (TBE}. For specialized
assignments {[ike more than one bit per flag) see the
following “Status Socket™ section,

Status Socket .

The status flag bits availahle on input port @ are
connected to the data bits by foil traces in the
"status” socket located between IC'3 8 and 3.

The flag assignment used hy all Cromernco soft-
ware is discussed in the section entitled "Register
Description.”

If necessar;,;, the flags may be assigned to different
data bits. This may be most easily done as follows:

1. Notice that the flags are arranged aleng the’
left row of pads and that ‘the data bits are
arranged along the right side row of pads Note
aiso that only those B traces connecting the
right and left pads are not covered by the solder
mask. There are 5 traces which pass through this
area which are covered.

2. Use a razor blade or a sharp knife to cut all 8 of
the traces connecting the left and right rows of .
pads. Be very careful not o cut the traces whith
are covered by the solder mask,

-

3. Install and solder a 16 pin IC socket in the 2
rows of pads.

4. Install @ 16 pin “component header” in the
socket.

. Using small {24 or 28 Awg] insulated wire
connect the flags fon the left] to the desired -
data bits {on the right) on the component’
header,

6. The component header is now a “pilug” for your
particular flag assignment. Several different
{lag assignment “‘plugs” can be prepared in the
same menner and used at different times to suit
the requirements of the software being exe-
cuted.

Any given flag may be assigned tc more than ons
data hit. However, each data bit can have only one Tlag
assigned to it,
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1.5 Interface Options -

TTY20 mA

To drive a Teletype, the following connections
should be made {at J4 or J5 for Qevice A or B res
pectively}:

TU-ART ASR-33 TTY

JALS PIN 23 connects (o Terminal strip “BL™, termbnsl
#7 {current into printer)

S PIN 25 connects to Terminal strip “BL"™, terminal
' #E {raturmn currant from printer)

J4A5 PIN 17 connects to Terminal strip “BL™, tarminal
#4 {currant into keyboasrd)

A5 PIN 24 connects to Terminal srip “BL", terminal
#3 {roturn current from
keyboard}

Caution: 120 VAT is slso present on terminal strip “BLY
at tarrmunials £1 and #2.

RS/2320

An RS232 terminal {such as 8 CRT) may be plugged
into an interface cable directly out of J4 or J5. The
TU-ART assumes the role .of data-set {computar} in
this case. See Figure 8: Terminal to TU-ART Cable
for this connection.

Parallel1/0

The parallel port output drivers may be tri-stated
by grounding pin B of the parallel port (J2, J3). A
bidirectional bus may be implemented by simply
wiring the input and outpul lines together and using
pin 8 to control the direction of data flow. Pin B low
implies data input to the TU-ART and pin 8 high
implies data cutput from the TU-ART.
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Figure2 Summary0f TU-ARTI/0 Port Addresses
OFFSET AT AG Ab A4 A3 AZ A1 AP FUNCTION
g - e 0 0 0 IN Device A status register
B 2 0 & o QUT Device A baud rate register
1 g 0 @ 1 IN Device A receiver data register
1 g 0 @ 1 OUT Oevice A transmitter data register
2 Bevice A I B QUT Device A command register
3 B avice a 4a 1 1 IN Davice A interrupt address register
3 ase A',ddmﬁ @ 4 1 1 OUT Device A interrupt mask register
4 [see Fig. 1) 5 1 o o IN Device A paraflel port
4 @1 9 @ | OUT Device A paraliel port
5 @ 1 @ 1 | OUT Device A timer 1
B g1 1 e QUT Device A timer 2 .
7 g1 1 1 OUT Device A timer 3
g 1 4 ¢ 4 OUT Device A timer 4
9 1 8 & 1 OUT Device & timer 5
i ) d 9 @ @ IN Device B status register
p 8 @ o2 0 OUT Bevice 8 baud rate register
1 0 2 @ 1 IN Device B receiver data register
1 P O 0 1 CUT Device B transmitter data register
2 e e 1 g QUT Device B command register
3 Device B g 8 1 1 IN Device B interrupt addreass register
3 Base Address @ 8 1 1 QUT Device B interrupt mask register
4 {see Fig, 1) 2 I 0 @ IN Device B parallel port
4 g 1 ¢ b OUT Device B parallel port
5 B 1 8 1 CUT Device B timer 1
& 110 OUT Device B timer 2
7 B 1 1 1 QUT Device B timer 3
8 1 8 @& & OUT Device B timer 4
| 1 8 @ 1 OUT Deyice B timer & 1
NOTES:
All of the following unassigned ports are free for sys- i
tern use: IN 2, IN 9 through IN 9, IN 18 through o
IN 15 and QOUT 18 through OUT 15,
If Device A and Deavice B are set to the same base |
address, Device A will override,
Device A is 1C 4.
Device B is IC 5,

L]
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TUART Register Descriptions

2.1 Offset IN/OUT Description

Each of the twenty-eight. TU-ART registers is
viewed as an 1/O port by the system CPU. The func-
tion of each register is discussed in the following sub-
sections. The sub-section headings consist of an 1/0
port address offset, foliowed by either “IN” or “OUT,”
followed by the TU-ART register name. The descrip-
tions given below apply equally to Device A registers
and Device B registers, Refer to Figure 3 for a sum-
mary of TU-ART register formats.

82N Status Register

The CPLU reads the contents of this register to de-
termine the status of the Device AfDevice B serial port.
The status bit assignments.may-be altered by cutting
PC foil traces and installing a jumper wire header {see
Section 1.4),

| o7 o5 | o= pe |o3 foz | m o8
Transmit| Fead 1nt Siart Full S Chvinr: Frarme
Builar Data Pend it Bit al Fun Error
Empiy Ayal, ") Detagtr | Dotacy | Roy Etrar

D7 Transmitter Buffer Empty {TBE)

& high in bit 7 indicates that the transmitter data
buffer is ready to accept a new byte. TBE goes high as
soon as the serial transmitter begins to send the byte
currently in the buffer. Since the transmitter is “‘dou-
ble-buffered,” the user may respond to the TBE signal
and load the buffer even before the previous byte
has been totaily tramsmitted. TBE also agtivates
interrupt request 5. TBE is cleared when the buffer is
foaded and i5 set by the RESET command.

D6 Receiver Data Available (RDA)

A high in bit 6 indicates that s byte of data is avail-
able from the receiver buffer. This fiag remains high
untii the buffer is read. A RESET command ¢lears the
fiag. If the buffer is not read by the time the naxt byte
from the receiver is ready, the new byte will write over
the old byte and the overrun error flag will be set.
RDA also activates interrupt request 4.

D5 Interrupt Pending (IPG)

A high in bit 5 indicates that one or more of the
#ight interrupt request $ources has become active, This
flzg goes high at the sama time as the interru ot request
pin of the TMS 5581,

D4 Start Bit Detect (SBD)

A high in tit 4 indicates that the serial receiver has
detected a start bit. This bit remains high until the full
character has been received. SBD is cleared by RESEY-
command, This bit is provided for test purposss -

D3 Full Bit Detect (FBDH}

The FBD flag in bit 3 goes high one full bit timi
after the start bit has been detected. This bit remains
high until the full character has bean receved, FBD i5
cieared by a RESET command. This bit i3 provided
for test purposes.

D2 Serial Receive {SRV)

A high in bit 2 inditates high level on the serial data”
input line. A low in bit 2 indicates a low level on the
serial data input line, SRV i5 high when no data is be-
ing received. This bit is provided for break detection
and for test purposas.

D1 Ovarrun Error {ORE)

A high in bit 1 indicates that the receiver has loaded
the receiver data buffer before the previgus contanis
were read. ORE is cleared after tha status port is read
of by the RESET command.

D@ Frame Errar [FME]

A high in bit @ indicates an error in one or both of
the stop bits which “framed’ the last received data,
byte. FME remains high until a valid character [s re-
cajved,
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#8 OUT Baud Rate Register

The CPU loads this register to set the bzud rate
and stop bits for serial receive and transmit data, Bt
assignments are as follows:

D7 |D6 |D5 |D4 |D3 | D2 | D1 | D@

STOP| 9620 | 4800 | 2408 ( 1200| 300| 150110
18ITS

7 Stop

A high in bit 7 selects cne stop bit for sarial receive
and transmit data. A low in bit 7 selects two stop

bits.
D&-DB@ Baud Rate

A high in one of the lower seven bits selects the
corresponding baud rate. If more than one bit is high,
the highest rate selected will result. If none of the bits
are high, the serial transmitter and receiver will be
disabled. (For special purposes these baud rates can be
actupled—see the description of HBD in the command

reqister.}
A

P1 IN Receiver Data

The CPU reads this register io obtain the assembled
byte of data from the serial receiver.

A1 OUT Transmitter Data

The CPU locads this register with a data byte for
" serial transmission,

B2 IN Not Connected

Y
Reading this port causes no rasponse from the
TU-ART. This input port is available to ather parts of
the computer system,

82 0UT Command Register

The farrmat for the command register is as follows:

fatched

Dy |06 |05 | D4 D3 D2 D1 |Dp

"INot [ Not HIGH [INTA | RST7
Lised |Used | Test | BAUD |Enabile | Sel.

Break |FI eset

D& Test Bit {T85)

A high in bit B disabies the internsl interrup? priori-
ty logic and then enables the internat clock. Thus, the
signal on the INT pin of the 5501 becomes a TTL
level clock of 1562.5 Hz {312.6 kHz if HBD is high—
see “D4 High Baud” below], TB5 should be low for
normal gperatian. .

D4 High Baud {HBD)

A high in bit 4 octuples the rate of the Internal
clock. This causes the interval timers to count eight
times faster end the serial data rates to increase eight-
told, When bit 4 is high, baud rates up to 76.8K baud
are available for high speed data transfers.

D3 INTA Enabla {INE)

A high in bit 3 allows the 5501 to respond to an
Interrupt Acknowledge by gating a Restart instrue-
tion into the data bus at the correct time and resetting
its internal interrupt request latch.

A low in bit 3 prevents the 5501 from detecting
an INTA cycle. Bit 3 shouid be high far normal oper-
ation.

D2 BR5T7 Select {R57}

A high in bit 2 connects the MSB of the paraliel
input port to the interrupt request latch for the
lowest prigrity interrupt {interrupt 7). A low-to-high
transition on the MSB of the paralle! input port {PI7)
will activate the interrupt request latch,

A low in bit 2 connects the output of Timer 5 to
the interrupt request latch for the lowest priority inter-
rupt (interrupt 7). When the timer count reaches zero,
the interrupt request latch will be activated.

C1 Break (BRK}

A high in bit 1 holds the serial transmitter output in
the low state (spacing). RES will override {see “DD
Reset”™ below).

A low in bit 1 allows narma! operation. BAK should
be low for normal aperation.

D9 Reset {RES)

A high in bit @ causes the following actions:
3} The Serisl* Receiver goes into search mode;
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RDA, SBD. FBD, and (ORE are sat to zero.
The contents of the receiver buffer are not
affected.

b} The Serial transmitter output is set high {mark-
ingl. If D@ and (3% are both high, the RES
function will override, RES sets TBE high.

c! The interrupt register is cleared except for the
TBE interrupt request which is set high.

d} The interval timers are cleared,

RES is not latched.

B3 IN Interrupt Address

The CPU reads this register to obtain the encoded
address of the highest priority interrupt currently re-
questing  service. This address is identical to the
“Aestart’” instruction op-code for the interrupt
acknowledge. Thus, the register contents may be (in
order of service priority):

CONTENTS SOURCE
C7 Timer 1
CF Timer 2
D7 Sens
OF Fimer 3
£? Receiver Data Available
EF Transmitter Buffer Supply
F? Timer 4
FF Timer 5 or P17

This register is provided for servicing interrupts wia
poiling. After the register is read, the correspanding
bit in the interrupt request register is reset. |f the re-
gister is read when no interrupt is pending, it will
read OFFH,

B3 OUT interrupt Mask

o? D& e | D4 03 D2 o Da

Timar5{Timerd } TBE | ROA|Timerd | Sens | Timer2 | Timer!
P17

The contents af this register are logicatly *"And'
with cutput from the interrupt request register on the
5531, A high hit in the interrupt mask allows the cor-
responding request to pass on into the priority encod-
er. A low hbit in the interrupt mask inhibits the corres
ponding interrupt fram passing any further. Since the
interrupt requests are latched independently of the
state of the mask, an interrupt may be requested while
the mask bit is low. The request will be retained until
the mask is changed and the request allowed to pass
on {assuming ng AES command in the interim}.

84 IN Paraiiel input

This register contains the data presented at J2 (Da-
vice A) or at J3 {Device B). The input data must be
stable 75 ns after Input Strobe goes low, The peripher:
al supplying data to the TU-ART can indicate data,
available by activating the SENS line {or by raising the
MSB of the parallel input if the RS7 bit in the com-
mand register is high).

When using Z-8@ biock input commands, it is not
necessary to supply data at full speed. The input peri
pheral should. simply pu!l dawn the WAIT line (pin 2
of J1 or J3) whenever Input Strobe goes low ano
should nat let WAIT go high until the next byte is pre-
sented to the TU-ART. {The TU-ART will not read
this byte until Input Strobe goes low again.}

B4 0UT Parallel Output

This register coniging the datz which drives the
parallel putput buffars. The output data is guaranteed
stable 1,45 pusec after the falling edge of Output
Strobe. The TTL output buffers which drive J2 (De-
vice A) and J3 (Device B) may ba put in a high-impe-
dance state by putling down on Disable {pin B).

When using the 2-8@ block output commands, it is
not necessary o recaive data at full peed, The output
peripheral should simply pull down the WAIT line
ipin 21 of J2 or J3) whenever Output Strobe goes low
and not et WAIDT go high unti! the output peripheral
has had timea to “digest” tha data.

85 IN Not Connected

Same as Input @2.
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A50UT Timer 1

The CPU outputs a “count’ to this register to start
Timer 1. This count is degremented by 1 every €4
useconds after initial loading. When the count reaches
zerg, bit @ of the interrupt request register is set and
the timer disabled, Since the maximum count is 255,
the longest interval is 256x64 usec. = 16.32 mser.
Aceuracy 15 plus @ and rinus 64 gsee, Loading a count
of zero causes an immediate interrupt reguest to the
ifMterrupt request register. Loading a new count while
the timer is counting re-initializes the timer without an
interrupt request. If HBD is high in the command
register, the timers will count 8 times as fast.

BE IN Not Connected

Same as {nput @2,

" B6 0UT Timer 2

Operates in the same fashion as Timer 1.

87 IN Not Connected

Came a5 Input B2,
.
L Y

87 QUT Timer3_

Operates in the same fashion as Timer 1.

B8 IN Not Connected

Same as Input @2,

A8 QUT Timer 4

Cperates in the same tashion as Timer 1,

#9IN Not Connected

Same 28 Input 82,

B3 0UT Timer5

Operates in the same fashion as Timer 1.

BAH-BFFH IN And GUT Not Connected

Addressing these 1/0 ports causes no response from
the TU-ART. These 1/ ports are available to other
parts of the computer system,

Figure 3 Summary Of Register Formats For TU-ART, Each Device

i S S —
; T
DFFSET‘ FUNCTION ! D7 ! 06 | D5 Lm D3 I Dz | D1 I D¢ :‘Egk
1) IN STATLS TBE RDA IPG SBD FBD SRV OQRE FME §
8 OUT STATUS STOP 9600 4800 2400 1200 309 158 119 7
1 IN SERIAL MSE Direction of shift ~ LSB 7
1 QUT SERIAL M3B Direction of shitt ~ LS8 7
2 OUT COMMAND - - - TB& HBD INE RS7 BRK RES 78
3 IN INT ADDR ] 1 la» 12+~ (@ 1 1 1 8
3 OUT INTMASK T5/PI7 T4 TBE RDA T3 SENS T2 T 8
| IN PARALLEL MSB | LSB &8
4 CUT PARALLEL MSB LS8 8
5.9 OUT Timer 1.5 MSB [Delay=count x 64 usec, HB=0) 9
{OCelay=count x 8 usec, HBD=1) I

- m=mpun| L

- - W
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Interrupt Operation

The TU-ART offers sophisticated interrupt capabili-
ties, including on-board priority enceding, interrupt
generation, interrupt acknowledgment, and daisy
chain expandability. These features, in conjunction
with the Cromemco 4 MHz 2-80 processor, make very
high throughput possibfe.

IMPORTANT

Bath channels of the TL-ART must be proper-
ly initialized. An uninitialized TU-ART may gen-
erate spurious interrupts! Further, the rest of the
gystem Must be interrupt compatible (ail Cro-
memco boards are, slthough the 8K Bytesaver
requires the interrupt modification shown on the
8K Bytesaver schematic),

A description of interrupt operation follows for
both the Z-B® and BEBJ type interrupt modes.

3.1 Gperation
Using Z88 Interrupts

When the TU-ART is used with the Cromemco ZPU,
all 16 af the possible interrupt sources on the TU-ART
can generate & unique response without the need for
chaining the interrupt requests and polling the re-
sponses. This means fast response from interrupt
request to service routine and, when coupled with the
4MHz Z-80, an extremely powsrful realtime system
can be implemented.

A "high priority’ interrupt request is one which
takes precadence over lower priority requests. This is
shown in the following table where the interrupis s&r

viced first are at the top.
It is, of course, possible to use the interrupt

mask of gach Device to selectively enable and disable
the sources of interrupts (reference the description of
OUT 23, Interrupt Mask, in the previcus section.
Rermember that the INE bit in the status register mus
be high for correct operation of Interrupt Acknowl-
edge cycles, Also, he sure that the Z-80 has executed
the interrupt mode setting” command @EDSEH

Table 1 zs0{Mode 2) Response

Prio TU-ART's {Hax}
riority Z-80 INTA Hespanse , Saurce of intermrupt
T T
0Y | D& | D 1DAIDI | D2|D1| DD
15 {Highest) 0 |0|@]@d |0 | Device A, Timer 1
14 @ 1 0/@ |18 ; DeviceA Timer2
13 @|o|1|e|@ | Device A, BENSA
12 ~ | o |l w| @[B1F11]8 | Device A Timer 3
1 f < | < ol1}@e]|9/| 0 | Device A, RDA
10 K] G E @|1|@| 1|0 | DeviceA TBE -
g cl Sl zlel1l1]0]|0| Devicea Timers
, 8 n g s @ | 1|11 ][ ¢ | Device A, Timer5 (PI7}

7 'E E E 1 [+ I - I . Device B, Trmer 1

& ol & a1 612110 | DeviceB, Timer2

5 a1t ol &l11efl1[e]|e| Devien, SENSE

4 | u 21 | @311 @ | DeviceB, Timer3

3 @1 &A1 |7]p|0|a | Devices, ROA

2 1 1 & 1 7 Cevice B, TBE -
1 111110 @ | DeviceB, Timer4

‘ @ [Lowest) 1 1111 | 8 | CeviceB, Timer5 {P|7}
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Hm2ey and the interrupt enable command OFBH

‘E1”). Both of these instructions must be executed

gach time the Z-80@ is RESET.

Assuming that both the 288 and the TU-ART have

been initialized, the reception of a byte of serial data

at Device B would initiate the following sequence of

EvVEnts:

a} The assernbied byte is loaded into the recelver
data buffer.

b} The RDA status bit is set and the interrupt

.. request register [bit 3} is ser.

* ¢) If bit 3 of the interrupt mask of the Device in
question is a one, the request passes on to the
priority encoder, If kit 3 15 a zero, no further
action occurs until the mask is changed.

dl The priority encoder compares alt incoming in-
terrupt requests and sets its output to the value
of the highest priority incoming interrupt. Thus,
since Device B receives the serlal data byte in
our example; the pnority encoder will sat jts
output to “priority 3" if Timers 1, 2, 3, and
SENSB from Device B are inactive or masked
oul.

e] Device B’s INT pin goes high, which in turm pulls

PINT low an the 5-100 bus.

f} The Z-BQ checks the interrupt line a1 the end of
the current jnstruction, and finding the {ine
active, goes into an Interrupt Acknowledge
fINTA) cycle. :

gl The occurrence of the INTA cycle Is detected
by the TU-ART which then transmits PRIQRI-

Ty OUT = B to connector 41, This temporarily
disables Interrupt Acknowledge from lower
priority boards. |f no board with higher priority
is holding PRIORITY IN tow, and if Device A
has no interrupt pending, then Device B gates
the proper Z-B@ INTA response vector onto the
data bus, In this example, Device B would place
18H logically ORed with (A7) (AB) (AB) GOA00
from Device A's base address on the data bus.
The corresponding bit in the interrupt reguest
tatch is reset,

h} The Z2.-B9 reads the INTA response byte and
appends it to the byte in the | register. This
then forms a sixteen bit address which points
tp the first of two sequential hytes in memory
which in turn designate the actual starting ad-
dress of the service routine, The CPL zutoma-
tically exacutes a CALL 1o this starting address.

3.2 Operation Using
8888 Mode Interrupts

When the TU-ART is used in Z-8@ interrupt mode @
it is necessary to “‘chain™ Device B through the SENMS
input on Device A. This requires one of the eight INTA,
responsas, AST2 BD7H], 1o be serviced by a routine
which palis the status and interrupt address registers
of Device B. The remaining seven INTA responses are
serviced imrnediately. The resulting priority assign-
ments are shown in Tabile 2,

Table 2 z8p (Mode 8) Response

Priority EHIT': ;:ﬁ-; ’H[:::L 8 Souca of Imerrupt
15 (Highestl C7{R5TQl Device A, Timer 1
14 . CF {RST1) Deyice &, Timer 2
13 D7 {R5T2I Device B, Tirmer 1, .
12 D7 (RSTZ) Device B, Timer 2
11 D7 (A$T2) Crevice B, SENSE
10 D7 [RST2) Device B, Timer 3

9 D7 IRST2) Device 8, RDA

8 D7 |RST2) Deavica B, TRE

T D7 (AST2} Device B, Timer 4

B 7 {RST2! Cevice B, Timer 5 (PI7}
5 07 {RST2) Device B, SENSA

4 DF (RST3} Device &, Timer 3

a E7 [AST4) Davice A, RDA

2 EF [R5TS] Devica A, TBE

1 ] F7 IRSTE} Device &, Timer 4

[ @ {Lowest) FF |[RST7) Device A, Timer 5 [FI7)
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It is of course, possible to use, the interrupt mask of
each Device to selectively enable and disable the
sources of interrupts (reference the discussion of
OUT @3, Interrupt Mask, in the previous section).

it is not necessary to reset the ' INE status bit of
Device B to zerc even though Device B can never re-
spond directly to an lnterrupt Acknowledge {INTA)
cycle. The INTA status information is not fed to De-
vice 8 if B@ED® mode INTA has been selected on the
Option DIf Switch, Therefore, the 5981 never at-
tempts to drivae the bus during INTA.

No wiring changes are necessary to disconnect the
INT pin of Device 8 from the PINT driver and to
connect it to the Device A SENS pin. All this is done
sutormatically when 8080 mode {NTA has been select-
ed on the Option DIP Switch. Note that SENSA at
J1 15 still connected, Pulling this line low will gener-
ate an interrupt request. The Z-80 must execute the
£! instruction (QFBH) after resets or interrupts before
an interrupt may take place,

The sequence of events carresponding to Device B
receiving a byte of serial data are as follows:

al The assembled byte is loaded Tnto the receiver
data buffer,

bl The ROA status hit it set, the interrupt re-
quest register bit 3 is set, and the IPG starus
bit is set in the devige which received the charac-
ter [Device B in this example).

c) If bit 3 of the interrupt mask of the device in
fuestion is a one, the interrupt request passes
on to the priority encoder. If bit 3 s a zero, no
further action occurs until the mask is changed.

dl The priority encoder compares all incoming
interrupt requests and sets its output to the
value of the highest priority incoming interrupt
Thus, if Device B received the serial data hyte
in our example, the priority encoder will set its
output to pricrity three if and only if Device 8%
Timers 1, 2, and 3 and SENSB are inactive or
masked out

- el Device B's INT pin goes high which in turn acti-
vates the SENS pin of Device A.

fi 1f bit 2 of Device A's interrupt mask is a one,
the interrupt request will pass on to the priotity

12

h)

i)

k)

i)

encoder. If bit 2 is a zero, no furthér action
occurs until the mask is changed.

The pricrity encoder in Device A compares all
incoming interrupt requests and sets it cutput
to the value of the highest priority incoming -
interrupt. In our example, the nterrupt from -
Davice B activates the SENS input at Device A,
This interrupt wil! have top priority if and only
if Device A’s Timers 1 and 2 are inactive or
masked aut. '

Device A's INT pin goes high which in turn gulls
PINT low on the 5-10@ bus.

The CPL checks the interrupt Vine at the end of
the current instruction and, finding it active,
goes into an !nterrupt Acknowledge {INTA)
cycle.

The occcurrence of the INTA cycle is detected by
the TU-ART which then transmits PRIORITY
QUT = P to J1. This temporarily disables Inter-
rupt Acknowledge from lower priority boards
If no board with high priority is holding PR!-
ORITY (N jow, Device A will gate an 8080
INTA response ontoe the bus. In this example,
Device A would place §D7H on the data bus
{RST2). The corresponding bit in Device A‘s
interrupt request register is reset.

The Z-8@ reads the INTA response byte and’
performs & CALL to location 10H, the starting
address of the RET2 service routine.

The service routine located at starting location
1@H, reads the status register of Device B. If
IPG is zero, no interrupts are pending in Device
B so that the interrupt request must have
originated from the SENSA line. The service

_-routing branches to the appropriate subroutine.

if IPG is one, Device B has an interrupt pend-
ing which must be serviced. The source of the

_interrupt is determined by reading Device B’s

Interrupt Address register. In our example:-the
Interrupt Address register would contain E7H.
When this byte is read, the corresponding bit
of tha interrupt request register will be reset,
The tarvice routine has now determined the true
cauta of the interrupt and branches to the ap-
propriate subrauting,
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Operating Instructions

Operating the BYTESAVER |l board simply involves
inserting from one to eight 2708 PROM devices in
sockets ROMO - ROM7 [any sockels may be used or
left unused), setting four awitch groups to configure
the board, plugging the board into a convenient 8-100
bus slot, then appiying system power, To program a
FROM, you wifl additionafly need to run software
dascribed in Section 3, PROM PROGRAMMING IN-
STRUCTIONS.

2.1 Switch Options-An Overview

The BYTESAVER Il is configured by setting four
switch groups located along the top edge of the board
{see Figura 1). To provide an operational overview, and

for later quick reference, the function of each switchis
briefly explained in thls saction.

PROGRAM POWER TOGSLE SWITCH

The PROGRAM POWER switch turns the +33.5 volt
dc to do power supply ON and OFF. Position this
switch ON before PROM programming; position it OFF
when done to prevent inadverlent re-programming.

PROGRAM ENABLE SWITCGHES

The eight PROGRAM ENABLE switches individually
enable and inhibit programming sockats ROMO thru
ROM7. An ON switch engbles programming; an OFF
switch iphibits programming. These swilches may be
atternately viewed as MEMORY PRQOTECT switches,

Figure 1: SWITCH LOGATIONS
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preventing any memory write Operations when in the
OFF position,

To enable and disable socket programming, associ-
ate the board socket numbers (ROMO-ROM7) with
the numerals printed above the switch DIP (7 tothefar
left, O to the far right).

BANK SELECT SWITCHES

The eight BANK SELECT switches map the BYTE-
SAVER Il into any combination of 64K-byte memory
. barks {bank O - bank 7). Setting a BANK SELECT
" switch ON fogically places the board in the corres:
pondingly numbered memory bank; an OFF switch
logically removes the board from a bank. Again, as-
saciate the bank number with the numerals printed
above the BANK SELECT switches, not the numerais
on the QIP proper. .

ADDR/CONTROL SWITCHES

The ADDR!CONTROL switches control several dif-
ferent functions (see Figure 2).

The BANK ENABLE/DISABLE switch enables multi-
ple 84K memory banks {bank 0 ~bank 7)when ON, and

disables multiple banks when OFF {normal direct 64K
addressing)

The DMA ENABLE/DISABLE swilch gnables DM.
OVERRIDE when ON and disables DMA DVEHH]DE
when OFF. For normal direct 84K DMA addressing,
position the swilch OFF. When performing DMA with
memcry banks enabled, lurn the switch CN. Tha DMFA
INFQUT switch is active only when DMA OVERRIDE is
enabled, with DMA OVERRIDE enabled, the BYTE-
SAVER i will respond directly to a OMA in the board’s
18-hit address range by hoard enabling if DMA is IN,
and by board disahling if DMA is OUT, regardless pf
current active memory bank status at the time. This
leature efectively permits the user to define one
board out of several stacked in different memory
banks as the DMA board (the one with DMA IN}, and the
boards in other memory banks as non-DMA boards
{the one with DMA OUT] .

The WAIT STATE switch is used to match the CPU
Cycle tima to the 2708 PROM 450ns {max) memory
access time. Positioning the WAIT STATE awitch ON
introduces one wait state during each machine cycle,
the CFF position introduces no wait states. When
used in a Crememeco systam with a ZPU running at 4

Figure 2; ADDR/CONTROL SWITCHES
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MHz, position the switch ON. The switch may be left
QFF when operating at 2 MH2,

The three high order address select switches A13,
Al14and A15 memory mapthe BYTESAVER N intoone-
of-eight BK-byte memory “blocks.” Setting all three
switches OFF maps the BYTESAVER llinto the lowest
aK-byte block of memory (0DD0H - 1FFFH); satting all
switches ON maps the board into the highest 8K-byta
block (EQQDH - FFFFH),

EXAMPLE 1

Suvppose you have a 4 MHz Cromemeo system,
and you want to mamaory map your BYTESAVER Il
into the highest BK-byte memory block (EQGOH -
FFFFR) As a standard practice, you decids to program
2708 PROMSs in socket ROMT only. AlSo assume
thera is no othef mamory overlapping the uppermost
8K of memory, so multipfe memaory banks are notl
required. :

For memory read operation, the BYTESAVER N
switch settings would then be as shown in Figure 3.

To program a 2708 PROM in socket ROMY, el
swilch sellings ramain the same except ithe PROGRAM
POWER swilch, which must ba turned ON. m '

The following example Alustrates all of the BYTESAVER
it special features, ;

EXAMPLE 2

Suppose you se! your Cromemco ZPU card for 2
MHz operation, and assign your BYTESAVER ! to
memory block 4 (8000H-9FFFH). Again a5 a sian-
dard practice, you program 2708 PROMs in socket
ROM 7 only. 1

Also assume another Cromemco memory board
with BANK SELECT exists for DMA transters omlyin -
overfapping memory 8000H - BFFFH, bank 1 {a ~
1882 RAM card for axample). You than decide to
map the BYTESAVER Il into memorybank Q 5o that il
will ha gnabled on a system RESET or a Power-ON
Clear {se€ Sectian 2.5 Far delails).

Figure 3: EXAMPLE

1 SWITCH SETTINGS
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The correct BYTESAVER Il switch seltings tor this
configuration are then shown in Figure 4. 8

The sections which immediately follow discuss all of
the BYTESAVER |l special features and operational
modes iouched upon in this section in greater detail.

22 Addressing The Bytesaver I}

Addressing a byte on the BYTESAVER Il invglves
four levels of selection: choosing a memory bank, a
memory board, an fC chip, and finally choosing the
byte-on-chip. )

Memory banks are addressed by the CPU outputting
a contred word 1o an integral QUTPUT PORT 40H
contzined on each BYTESAVER il board. Board, chip
and byte-on-chip are all decoded from the sixteen bit
addrass sent out by the CPU on the S-100 bus.

Since the board capacity is BK. bytes, board selectis
generated by the high order address lines A13, Al4
and A15. There are eight ROM sockets, 5o the next
three high order address lines A10, A11 and A12 are
used to hardware generate chip anable (selecting

ROMO-ROMY), and 1he remaining ten addresslinas
AQ-A9 are used to address one-of-1024 bytesona
2708 PACM (see Figure 5).

Figure SBYTESAVER 11 ADDRESSING

Execute QOUT (40}, A —Select bank 0 - bank 7
. combinalion
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Ald
A13

Atz ]
A1
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BYTESAVER lls
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A
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AR

AS -
Ad Select one-nf-1024

Al bytes
A2
Al
Al

Figure 4: EXAMPLE 2 SWITCH SETTINGS
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2.3 Board SELEGT/GCHIP Select

The three high order S-100 bus address lines are
hardware compared to swilches A13, Aldand A15in
the ADDR/CONTROL switch group. Any switch ON
cofresponds to a selected logic 1 on i18 corresponding
address line; any switch OFF selects a logic 0 on its
corresponding address line. The eight switch setting
combinations and their correspanding BYTESAVER I}
memory block assignments are tabulated balow.

Takle 1
SWITCH HYTESAVER 11

as | oAk | oma MEMORY ASSIGNMENT

OFF OFF OFF | 0000 — 1FFF: BLOCK G
OFF OFF ON | 2000 -~ 3FFF: BLOCK 1
OFF ON  OFF | 4000 — S5FFF. BLOCK 2
OFF ON  ON | 6000 — 7FFF: BLOCK 3
ON  OFF OFF | 8000 — SFFF: BLOCK 4
ON  OFF ON | ADOO — BFFF: BLOCK 5
ON ON  OFF | C000 — DFFF; BLOCK 6
ON ON  ON | E0O0 — FFFF: BLOCK 7

Each ROM socket ROMO - ROM7 spans a 1K-byte
swath of memory. Address lines A10-Al12feed aone-
of-eight decoder (IC 1€ in the BYTESAVER [} Schematic)
to generate select signals for each ROM sockel. The
entlre 84K address space may then be spanned by
eight BYTESAVER |l boards. Figure & iflustrates such
an arrangement along with the ad dress Fange sp anned
by each ROM socket.

EXAMPLE 3

Suppose you programmed four 2708 PROMS wilh
Cromemco’s Z-80 MONITOR and 3K Control BASIC,
Tha Z-80 MOMITOR spans addresses EQ0OH - E3FFH,
and Control BASIC spans E400H - EFFFH. To lpad
these programs, you would then place the four
programmad PROMSs in sockals ROMO, ROM 1, ROMZ
and ROM3 on a BYTESAVER il assigned to EOOQH -
FFFFH with A13=1 Ald=1 and AT5=1.m

Carefully note that another memory module may
not be mapped into the “hole” created by an empty
BYTESAVER 11 ROM socket. The BYTESAVER Il reads
an empty ROM socket as memory cata OFFH, and
actively drives the $-100 D bus ines D10-D17 at logic

f : Y1 AGE
Figure 6: EIGHT BYTESAVER 1is SPANNING THE 64K ADDRESS SP
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1 levels thereby creating a Dl bus conflict when
compeating with ancther memory module,

2.5 Memory Banks

BANK SELECT is an gptional board feature which
effectively allows memory expansion beyond the CPU's
64K direct addressing range. This foature may ba
completely disabled by switch selecting BANK DISABLE
In the ADDR/CONTROL switch group. When this is
- done, the eight BANK SELECT swilch settings become
irralevant. In this mode the BYTESAVER |l exists only
in the assigned 8K-byte memory block of the CPU's
B4K direct addressing range for memory read, PROM
programming and DMA operations.

To enable memory banks, switch select BANK ENABLE
in the ADDR/CONTROL switch group, When this is

done, the BYTESAVER Il is loglaally placed in one or
mora B4K-byte memory banks with the eight BAN'

SELEGT switches, and bank addressing is softwar
controlled by executing the OUT (40H), A [D:r' equivalent}

Z-B0 ingtruclion. . )

Memory may be stacked up toeight banks deep{see
Figure 7). Positioning one or more BANK SELECT
switches ON places a BYTESAVER Ul in each corrgs-
ponding memory bank. On the other hand, positioning
alt switches OFF completely ramoves the board from
the memory map (excap! possibly far DMA transfers—
see Section 2.8).

As stated above, memory banks are activated and
de-activated under software control, Each BYTESAVER
U contains an integral QUTPUT PORT 40H which
latches the bits of the control byte output to it by the
CPU. Each set bit {logic 1) enables its corresponding

I_’igure I: THE WMEMORY MAP WITH MULTIPLE MEMORY BANKS
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memary bank, and each reset bit (logic 0) disables its
ank. Control byte bit 7 {MSB) controls memory bank
7. bit 6 conlrots memory bank G, etc,

If the BYTESAVER 1 is switch mapped inta any of the
banks activatad by the control byte {lagical OR), the
beard responds when addrassed and thus is placed
“in" the memory map. When this condition occurs, the
green LED indicator lighis. Conversely, if the BYTE-
SAVER I is switch mapped into no bank activated by
the output control byte, the board will not respond
when addressed and thus is “out” of the memory map.
When a control byte inactivates the board, the green
LED indicator goes out, and more specifically, the
board responds by tri-stating (floating) all of its output
lines. Thisbohavior allows bwo or mora memaory boards
with BANK SELECT to occupy the same of overlap-
ping 16-bit address space but in diterent memory
banks, provided only one board is memory bank active

at a time, and all other boards are inactive. Memary
bank conflicts may result If:

) Two or more address averlapping memory boards
are switch assigned to the same memory bank, or

b) Two or more 16-bit address overlapping memory
boards assigned to disjoinl memory banks
are simutaneausly activated by the same control

byte.

EXAMPLE 4

Suppose two BYTESAVER s are both mapped
inte the upparmost 8K of memory, and theirmemory
bank switches are sel as shown in Figure 8. The
resulting memory map is then shown in Figure 5.m

Figure 8:

EXAMPLE 4 SWITCH SETTINGS
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To coniinue the same sample, the sample programs
ahead iNustrate how to memory bank enable ang

disable the two boards.

s Executlng the instructions below activate<
memary banks 2 and 3, and de-activates
cther memary banks. The instructions the..
place both board A and board B in inactive
memory banks (both boards inaccessible).

ADDR

OBJECT

MNEMONIC

| COMMENT |

0002
0004

JE0C LD A,00001100B
D340 QUT  {40H).A

‘LOAD 000C 1100 INTO REG. A
.OUTPUT CONTROL BYTE TO
PORT 40H

;NEXT INSTRUGTION

Figure 9: EXAMPLE 4 MEMORY MAP
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* Execuling the instructions below simultanegusty

activates both boards Aand B, and thus is illegal.

ADDR | OBJECT MNEMONIC COMMENT
0000 LD AJ0000001E | ;LOAD 1000 0001 INTO REG. A
0002 OUT  (40H)A -OUTPUT CONTROL BYTE TO
0004 — PORT 40H

:NEXT INSTRUGTION

= Executing the instructions below places board A
in an active memary bank, and board 8 in an
inactive memory bank {board A available for

memory read, PROM programming and DMA,
transfers; board B inaccessibie),

ADDR | OBJECT MNEMONIC COMMENT
0000 | 3E01 | LD ' A00000001B | ;LOAD DOCD 0001 INTO REG. A
0002 | D340 |OUT (40H)LA :OUTPUT CONTROL BYTE TO
o004 | — |- ' PORT 40H

~NEXT INSTRUCTION -

.
i

s Executing the instructions below places board A,
In an inactive memaory bank and board B in an
active memaory bank (board Ainaccessible, board

B avallable for memory read, PROM pmgrammlng
and DMA transfers).

ADDR| OBJECT MNEMONIC COMMENT
0000 | 3E60 [ LD A01100000 |:LOAD G110 0000 INTO REG. A
0002 | D340 | OQUT (40H)A :OUTPUT CONTROL BYTE TO
. 0004 - | - PORT 40H
_ :NEXT INSTRUCTION

2.5 SELECT BANK 0 0n RESET Or
POWER-ON-CLEAR (POC)

When system power is first applied, or after a
subsequent system RESET, the BYTESAVER 11 will
respond in one of two different ways. It multiple
m&mﬂry banks are DISABLED, the board will remain
""" the memory map in the CPU's 64K-hyte direct

ddressmg range.

If multiple memory banks are ENABLED, menmw
bank & is automatically hardware activated by a system
RESEToraPOC, and bank 1 -bank 7 are de-activated.

Thus, & RESET or a POC to the boards in Example £
would activate board A, and de-activate board B. '

2.6 Direct Memory Access

A davice may request direct memory access 10 the
BYTESAVER Il by asserting the 5-10C bus lineg pHOLD
low. The CPU grants the request by driving line pHLDA
{hotd acknowledge} high. When control line pHLDA is
high, the daevice then may directly drive the 5-100bus
address lines and control lines {(which are tri-stated
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during DMA transfers when pHLDA is high), and use
the data bus lines for reading or writing without CPU
intervention. The device may then translor data at a
rate lirmited only by the memory access time.

The general featuras of a OMA transfer are then;

» Fast asynchronous read or write access to memory.

s The DMA device should net be responsible for
many overhead tasks {(such as memory bank
switching) to keep the memory access as quick
as possible. B

» The acecess is diract-—no CPU intervention to
slow the transfer.

« The DMA devica must be capable 5! conirolling
and driving the tri-slated address, data end con-
trol busses.

In ling with this general philosaphy, the BY TESAVER
II's DA response behavior is controlled by two switches
in the ADDR/CONTROL switch group; DMA OVERRIDE
angd DMA INJOUT. There are four possible switch

setting combinalions; each is tabulated and discussed
below.

The first table entry indicates the board behay
with DMA QVERRIDE DISABLED {note that in thiscase
the DMAIN/QUT switch setting is imelevant). Here, the
key phrase is “correctty addressed;” the BYTESAVER
ltwlll respond for memory read, write (PROM program-
ming} or DMA transters onty when it is in an actlve
mamory bank {if multiple memory banks are enabled),
and the S+100 bus address falls within the board's
assigned BK block of memory. The board in elfect
does not diferentiate between a DMA data transter
and a normal readfwrite cyclo in any way.

The BYTESAVER It does differantiate betwean DMA
and por-DMA transfers with DMA OVERRIDE ENABLED,
as shown in the last two table entrigs. A typlcal
application demonstrating how DA OVERRIDE works
is shown in Figure 10, T

Here, two BYTESAVER ils are assigned to the same
18-bit address space with swiiches A13, Al4and A15;
board Ais assigned to memory bank 0, and board 8 to
mamaory bank 1 {any othar Cromemco memory boards

Tahle 2

BYTESAYER Il RESPONSE

DMA OVERRIDE : DMA IN/DUT
ESWITCH SWITCH
DISABLED IN or OUT
ENABLED aur

ENABLED IN

Board enables whan
correctly addressed
for either DMA or
non-DMA transfers. '

Board enables whéan
correctly addressed
for non-DMA, fransiers
{norma! operation);
board disables during
any sysiem DMA
fransfer,

Board enables whan
correctly addressed .
for non-DMA trans-
fars; board enablas
when the DMA de-
vice addresses the
board's assigned GK
block of memaovy,
regardless of which
banks were active
before the DMA re-
quest.
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with BANK SELECT and DMA OVERRIDE could also
& used in the exampie). For non-DMA transfers, both

ards are available for readfwrite operations when
waTecty addressed (board A is in memory bank O at
EDOGH — FFFFH and board B is in memory bank 1 at
EOCCH — FFFFHI.

When the GPU grants an asynchronous OhA request
by driving the pHLDA line high, board A automatically
disabies and board B enables when the S-100 bus
address is in the range EQDOOH - FFFFH, regardless of
which board was in an active memory bank before the
request.

Thus, the DMA OVERRIDE feature is seen as a
means of overriding logical memory bank bounda-.
ries during a DMA transfer. This provides afastway
of vectoring the DMA device 10 the DMA board (the
one with DMA IN) and disabling all npn-DMA boards
(the ones with DMA QU without burdening the DMA
device with any overhead memory bank swilching
responsibilitigs.

it should be noted that akter the DMA transfer is
completed, both BYTESAVER ils revert back to the
same memory bank status which existed bafore the
DM A transfer.

Figure 10: DMA OVERRIDE EXAMPLE CONFIGURATION
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PROM Programming Instructions .

The 2708 is an 8,182-bit ultravigliet light erasablo
and electrically programmabile read-only memory chin.
The 2708 is erased, thereby forcing all bits ta the logic
1 state, by exposing the chip's transparent quartz
window to intense ultraviolet radiation. Consult the
2708 manufacturers literature for detailed erasure
procedures.

To program a 2708 PROM, insert an erased 2708
into a PAQOGRAM ENABLED BYTESAVER Il socket
with the system power OFF, turn ON the system
power, turn the PROGRAM POWER switch ON, then
axecute one of the Cromemco system programming
commands describad in the following sections. I the
PROM is {0 remain in the same socket alter programs
ming, the socket would thanbe PROGRAM DISABLED.
The PROGRAM POWER swilch should be turned OFF
after programming to pravent inadvertant re-program-
ming of other PROMS on the board.

Each 2708 byte is programmed by selectively changing
logic 1 {(erased) bits to the logic O state as required by
the palttern being programmed. 27085 may be re-
programmed without intervening erasure provided no
atternpt is made to change logic 0 bits back to the lagic
i state—oniy compiete EPROM erasure can force this
transition.

~ TheCromemco PHOM programming software de-
scribed below writes a source code byte to each 2708
address in sequence. This process is then repeated
until all 1,024 bytes of source Codde data have been
writhen 1o the PROM 360 separate tmes. The BYTESAVER
Il responds to each memory write oycle by farcing the
CPLU into an idle state by asserting the SPU pROY line
low, driving the cight 2708 data asutpii pins with the
source code byte, and applying adigitally counted 192

usec PROGRAM PULSE (low for 16 usec, highfor 176 ’

usec) to the 2708 PROGRAM inpu! pin while the
CS/AWE line is held at 412 volts. Upon completion of
the 192 usec interval, the pROY ling s again asserted
high, and program execution resumes. Programming
time for one 2708 is then approximately (192 usec/byie)
% {1,024 bytes} x (360 programming passes) =
seconds.

Specific 2708 programming examplas appearin the
next three sections. Section 3.1 illustrates how to
program 2708s using Cromemca’'s Z-80 MONITOR,
DEBUG and RS system commands, Section 3.2
discusses programming using 3K Control BASIHS, and
Section 3.3 illustrates how to program 2708s from Z-
80 Assembly Language code.

3.1 Programming From DEBUG, Z- 8[1
Monitor Or ROS

DEBUG (on disc package model FDA-S/L), Z-80
MONITOR {model number ZM-108) and ROS {model
number ZA-BO8) all support a one ling 2708 program-
ming command. The respective command formats are
ilustrated below:

-P £000 E3FF FCOO<CR> (DEBUG)
‘PEQOC E3FF FODO<CR> (Z-80 MONITOR)
PROM, E000, E3FF, FODO <CR> (ROS)

where <CR> stands for pressing the RETURN key.
Each command would result in programming a PROM
locatad at FCOOH - FFFFH with source code located at
EQO0OH - E3FFH. Altarmatively, these commands could
have been entered as:

-P EDOO 5400 FCOO <CR> (DEBUG)
P EQQO 5400 FCO0 <CR> {(Z-80 MONITOR)
PROM, EQDQ, S400, FCOO<CR> (RQS)

using the swath operator.

The tirst two arguments in each command define the
source code starting location and extent in memory,
The source code location may be specified in terms of
absolute addresses asinthe first three examples, orin
terms of a slarting address and a swath width as in the
last three. The third argument defines the 2708 starting
addrass on the SYTESAVER Il. The size of the source
lile {its swath width} and the 2708 starting addrass
must be an exact multiple of 400H {the addresses
must end in either 000H, 400H, 800H or COOH) or the*
command will be rejected angd an afror measage
igsued. .

After pragramming the 2708, the source coda is ™
compared to the PROM contents, and any discrepan-
cies are printed out according to the format illustrated
below:

EOQO 2C 2D FCQO
E2BC 03 03 FEBC
EJFF €8 EDL FFFF

This printoul indicates the source code byte 2CH at
EOOOH was incorreclly programmed into the 2708 as
20H at address FCOOH, elc. !f there ara discrepancius,
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often reprogramming the 2708 with the same source
code will change “stubborn” bits to their proper state.

If there are no programming errods, the user is prompted -

for a new command.

EXAMPLE 5

Assume you have 2K-bytes of devsiopmesnt sofl-
wareg located al 1000H - 17FFH which vou want to
stors in 2708 PROM. Two erased 2708s accupy
sockets ROME and ROM7 on a BYTESAVER |}

"assigned o memory arga EQDOH - FFFFH. =~
_ To program the PROMS, you would then PROGRAM
ENABLE sockets ROME and ROM7, turn the PRO-
GRAM POWER switch ON, and issue cne of the
following commands, dependmg on which oparating
systam is running: :

-P 1000 17EF FBOO<CA> = or (DEBUG)
-P 1000 SB0O FBOG<CR>

:P 1000 17FF FBOO<CR> or  (2-80

:P 1000 S800 FBOO<CR> MONITOR)
PROM, 1000, 1 7FF,FB00<CA> or (ROS)

FPROM,1000,5800,FBOO<CR>

Aftar programming is gomplate, the PROGRAM
POWER switch should be turfed OFF. m

Storing a disc file program in 2708 PROM |s usually
accomplished by reading the disc source file into
RAM, then executing the DEBUG “P" (Program Proms)
command to write the RAM data to PRCM located
elsewhere in memory. A patential problemexists when
programming 2708s with a *.HEX" extansion object
file using this procedure.

Moving a source fite from disc to RAM is accomplished
using the “F’ {specily fite name) and tha "R" {read disc
file} DEBUG commands. These commands wili attempt

to foad the HEX file from the disc into RAM beglnning -

at the address specified by the “ORG" statement
contained in the source code. The addrass s defined
may not be RAM at all, or the area specified may be
inconvenient for other reasons. To circumvent this

probiem, the .HEX file should be read into a convenient

RAM area by specifying an appropriate displacement
as the argument of the DEBUG “R" command {see
next exampie). Forfurther details, refer to Cromemce's
Macro Assembler Manual. |

EXAMPLE 6

Suppose you have a program named SAMPLE
which is "ORGed" at 9200H. You use Cromemco's

ASMBE program 1o create a HEX object fife on disc.
You would like to read the HEX file from the disc to
RAM starling at 200H, and then 1o use this daifa to
program 8 2708 PROM residing at FCOOH - FFFFH.

With DEBUG running, you would then type:

“FEAMPLEHEX<CR™>

This spocifies the lile name as "SAMF'LE HEX"“Then
fypa:

~-R7000H _

This reads the tle from the disc with a displacement
of 7000M4. The displacament 7000H is addad 10 the
ORG operand 92004 to yield the loading point
Q200H+7000H = 10200H=0200H when the carry is
discarded Then lype:

-P 200 5400 FCOO<CAR>

This command programs the 2708 at FCO0H with
the source code localed at 200H — 5FFH.m

i

3.2 Programming Frum- 3K Gontrol
BASIC '

3 K Control BASIC imodel number CB-308) program
text may be stored in 2708 PROM for subsequent
loading and exas':utiun by issuing an EPHDM" direct
command.

To SAVE a Control BASIC (CB) program in a 2708
PROM:

a} Determine the length of the C8 program text
using the CB SIZE function value.

b) PROGRAM ENABLE sockets containing erased
2708 PROMs,

¢} Turn the PROGRAM POWER switch ON.

d) Issue an EPROM ppp command whers “ppp" is
the 2708 PROM starting “page” address.

€] After receiving a CB message indicating success-
ful programming, turn the PROGRAM POWER
switch OFF.

3K Cnntrc:-l BASIC logically partitions memaory into
“pages,” where 1 page = 255 bytes. Pages ¢ and 1
{0000H = 01FFH) are not used by CB; pages 2 and 3
{D20C0H -~ O3FFH) are used for varigbles, tha input
buffer and the stack: pages 4 thru 31 {0400H - 1FFFH)
are normally used for CB pregram text and arrays: and
pages 32 on (2000H - end of user RAM) are normally
used io save CB program liles {see Figure 11).

The 'EPROM ppp’ command is used to program
27085 wilh the CB text area for later execution, the
‘LOAD ppp’ command reads a file from memory back
inta the text area for editing, and the ‘RUN ppp'
command initiates execution of the program lext
located at page ‘ppp.’
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The page number arguments of the EPROM, EUN
and LOAD commangds are specified in decimal. Forthe
EPROM command, ihe page argument is the starting
address of erased 2708 PROM. This number must be a
mutipie of 4, and sulficient erased PROM should start
at this address ta contain all of the CB program text. If
the CB text does not completely fill any 2708, the
remainder of the PROM will be filled with data 00H, and
thus the unused area i8 mot available for other
data or CB text.

To determine the CB program text length, first clear
the text area with the NEW command, then execute

the CB program shown beiow which evaluates and
outputs the SIZE function value. The StZE function
evaluates to the number of bytes allocated to, but laft
unused by the program text.

>1 PRINT SIZE
>2 STOP
>RUN

7142

The output {7,142 decimal in this examp'e} gives the
size of the unfilled CB text buffer. This number should
be recorded lor later reference. The size of the unfilled

Figure 11: GONTROL BASIC MEMORY MAP

ADDRESS PAGES
. i FFFFH Y
- L
- _ ] =
- z ]
€ OO0H -
- + 32-255 (20H-FFH}
B8000H _—
4000H | -
CE FILES
2 000H )
B PROGRAM
TEXT AND BRRAYS 4 -31 {04H-1FH)
0000H I 0-3{C0H-03H}
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TUART‘glhI Interf'tce

Introduction |- *

The Cromemcd TLLART [Twin Liniversal Apyne
chrenaul Facriver beid Tranwmitier] provider fwa
channely of dypltx erial gita wxchange: e chanAg
ol paralle! dats exthange: and ten bnterval tmers Stp-
b informaign 11 Beadably wpuw polling o By
wierrepl. |n w3dTloA, each interval LmEr ectivale
wn interrupt and  beo ancerteypt request lineg wre
twought sul 1 the yuer, The TU-ART hat It2 own
eryital-camirgllpd Sfock and interfacey to the 5100
Eui arynchroioutly i that CPU clock frequency is
nat erizvical. Thae TUAAT Incorparates o TMS1

SE01T NMOE 1D Conralter chipe . .

v

L

1.1 Definitions

Throwghoyt this manyal the twd TMS G501 chipa
will by relurred 12 11 “Devica A” wnd "Device 0.7
Dirvica A [P 4018 the lefumpst chip, Device B {IC §)
1w the righemedt chlp, Oevice A .5 noarer the hesl
wrth and drives ekl connectoe J4 pod parallel canree-
tor 2. Devign B 10 bocareg w0 s righl ol Drevier A -
3wl Srooey periat SOANCTor J5 and paral'ef conmnchr
n . .

1.2 Switch Selectable Options
Addressing The TU-ART

n

The rystern CPLF vimws the TULART 39 3 dudl astem-
bty of inputfagtpul ports wih nterrupl capabslity,
The CPLJ nmovrndfly seacs data or stafos Trem the
TU-ART wia tha 5102 buy by erpcylig an (N &
{peert] in sty n, dnd wriles dats or commancy (o the
TUART by pavculing an OUT Ipgrt], A inmtruciion.

* There ara fputieen 0D parts visd for da08 transiar,
com mands and 1t by Devlee A, and another Tours
vwen by Oevicy B [ua Flgure 2, Thi wied may indepen.
dently waiteh selecl Devien & gnd Ouvics B 1D Soia |
Addreias {ive Tour man wgreticant L0 abdreas binh;
the lour Jems ugnafacany bits of the 1D sddreu on he ~

P

—

S-1Ed bu'l 1hen n‘etermme tha n"sll: Trum the slected
basa addreyy

Thr basa acidress gf Divice & ls sl ted hf [+l
vwteh g ot B thru 3. the base sdereis of Orvicr 3

i sefacied by DIF swingh postion 10 thr 7 sy Fiy -

ure Th Kot ca that poslioning § twitch QR condiliann

the TU-RAT o respond 103 10gic § on H swoeinced |

o ress [ine; mn OF F saitch oorresnords o logle 1.
Eor snampls, it BI1° pwilch poEtions G thrg 3 e

" O, and pegitiont 18 thru T oare DFF, then tha TU-
. AAT Drewict A Command Frgiler it maggped intg o t-

pul port 2, and 1re Deyica B Eurnmmd Pgrter it
mapped LS tutout port BFIH,

Hate vhat Device A bits AT, AR e n5 alsa eontrol
7, D6 and D5 of the TU- ART' 280 mode F [nler
rupt Ackncwledgs LD 1T

Interry piMode 1

Wwher thls qwltch fogsitlon Th v ON, the TULART
operates |r the 8050 inwrrupt mode: ang of a'pht
“RAestart” imdryciies U3 gated 1D The datd bur durlng
o Interrupt Agcnowtedge Crc Sloce e TUART
can inerupt Irom ape af 1§ dilferent sources, o iy
pecesiary 1o poff the deviges 1 10 TULART i o BOEY
made {e¢ “Dperation Using 8380 Moce laterrepta™ )

‘When twitch positian 1 It OFF, ke TU-ART e
spords In Z-89 mode 2, |0 thiy mode, the TU-ART

soppbes & byte to the d40 But durmg hmerrupt -

Arknowhedor thet 9 yped 28 Ust loweer gait bite ol »
memory didiess The Z-B0 weplics the upper tight
bty Preoem thee | regivter and auiematica’ly reads the cor:

resoenehng memory locargn, 81 waoll i1 the nent [ee-,

lipn, to Fing tha searting localion of en inpeerupt
racting, [fhelar 14 Section 3.1 endfor the 280 CPU
Fretargnct Manusd, Zilog, 1977, for details )

L |

Normal/Reverse Address

v

Y =t
Whan thin awlteh {pesitign 77 11 OM, [t altouwy Dhvici
A zed Dwvicr B 10 nvap biwr wididtst by mpsns of
a mipyl 1 ane of the ol ponx [Soltwas

TUART Digital Tnterface

AddraspReverssl! This altgws either Cevlee & or
Dtwice B 10 be driven by g sofoware drheer whose pory

T . Anipnmentl zre Proden in memary. Seiteg the swincy,

GN conneclt the K58 of Device A1 el ceiput
Pt 10 The Aeverse Add-e contral oo thal addressep
may be flpoed undet soltware contral, Ta Cip 3.

crasies, oulput o byly whih D7 high to Device A ,

pardlfal putput pert. To retyrs e Aermal addressing,
cutput 1 bytr with D7 law w Device B4 perallel gyt
Pl porl. When switch poction 2 is OFF, the Addren
Ruvrse mar boh i dicnrnected Trom U paratel port
The Addrem Feversd 1ignzl Tt broughy out to pin

of J and J3, Whea the Address Peyarss pwilch [WON,
r Y wilahow (e pdte af the TRLART:

Fin 1= @ rewey Revers Stode,
Fin 1 = 1 rmgsns Normal Made,

" When the Addresy Reverse necich Ik OFF, pin 1 ol

A2 o I may be prounded exterrally 1o place the T,

ART in reverie Mogt (Hardwsy Addren-Reverse,

Do net ground p'a T ool J2 or J3 while the Revire
Agdrest mwiteh i1 ON 85 Thor will £on Mt with opers.

* tion 6! Devite A's paratlal port,

Figure1 TU-ART Switch SeHings

Crution: Bas sddrecey 20 snd IO 20w urad by
Cromamea's 4FDC Fleppy Disc Controller: d0H |$
wied by Crormemeo memody boardt with BANX, SE.

' bz .
1622 [Z B3 Inlerrupls) . - 133 {BREE I -
. : . . E: mteruply
Hardhware Addoeg Revere ——— LT [:j W — So{tearr Addren Ry
Owiice s | AB-1—— j * — A¥=9 Lo
B Addreis | ' T i ' )
A= [ —— :jm All=g
: o b AT —— _[_____|m. ATuR
e O | —— s
* Dwvice B .AETI'——-' NE }- AS=0
Add t . o
Sl RUNE I S D ENERE
o AT — s | —— ar=9, .
- ° -‘kn.. J.. '

LLCT; and 58K 11 ueed by le'l'l-tmnni PRI Printer
|nterfaca,

"
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r 1.3 Ihlerﬁp‘l P}Inrity chain

S I PRIGRITY

D )
* " Mg oy e ona TUART is used b o sysiom_ i
b nacamary W coordiats the laterupt Response
in o 19 privent bur eonllic] cuting Inlerupl
Acknowledes cycivn Thr in dooe by lird conecling
fram the higheat polenity TU-ART
w J1 PRIGEITY (H af te nexl highet priciity T
ART. then conncting J! PRIDAITY OUT ol vw
pacard TU-ART to 11 FRIDAITY [N af the nexi TU-
ART, wnd sa ¢n il mH TU ARTE gra conneclisd. Thy
J1 PRIGRITY TN pin ol tha highen priority bead
Wi urmonnecisd, Davica A i inoeenally priootized
Cheyice B on sach TU-AAT.

1.4 Status Bit Selection

The coraction of s Mag bitd 1o dale Bils by
dewwt an e PO bosnd 41 tha ceuon of fha statuy
wrhat briow M. Cromemes oltwsrs DEwEnbony
mgn D= Fwciresr Cata Avaaebla [ADA], 3nd D7

Tranwrsttar Buffer Empty ITREL For weelsliyed

mrruenls [lke mears fhan one blt par flsg) s the
Tollowing “SLat Sock i metn.

Status Socke!

Tre gann fag bity svsdebie an ioput pont B
MNHMHHHHMM
et ekt locrted Detwrsen 1C0 B and B,
Tha My smignmend umd by 8l Cromaren Kb
W dimaed b the mclion enticed “Kaginer
Descriestion.™ ] .

e
tha

Lrgmeomee

= It nacrsry, the Nag mry b spignad o dillpeset
. o rrvcst ity o an 1ollowes.

-

Mo that ol
right and WL pady wos noA cowerad by thie solcier
mask, Thars s B Iracas which pass through o

2. Lhtlua;rhhdiulﬁrptnillmwlﬂlnl

the trecwi conrwcting the kit and right cows ol *

pads, Ba very carehk not 1o cut lhe traces which
#a covwradd by 1he sokr mesk,

3 Insall rli'mld-rlilpi:-l I wocket b tha 3
'rnrintplil_. . .

a TT;WMHMIWM?M

particst Mg amigrament. Severel dilferant

fag mmigrmad “plugy” can be praparsd i the
ooy prumrnnesr sl s a1 <iTFerwert i ke
D reGuirsmanty of the mftews by gy
i,

mﬁ;lﬂth-ir-dum#mw_

data biL Howwer, sich
swigral 10 1,

i1 e hiwe Dy (el Hag

]
- -

[N

15 Interiate Options

TUART Digital interf, ce

N L.
r20mi
. Ta driva u ToWtype, the Followlng conmections

shoutd be mpde (xt M o0 J5 for Devics A or B e
pacibvily}!

TU-ART AXR-T3} TTY
Than o, :

JAE MM 1T ponracts e Tirbadd strip “BL", Wivimel
. #T {ourmant nto prinkerd
v i Lo

M FH TS peenacty tn Tarekiasl 1k "L, iereeinal

b W Dtn et b g
T L

MU N YT sorvectd wt Tormsesl nig TELY, ;md
B0 L trewt e il

FEETI B | '

M PN T8 gpnnrt W Tortial wriy "L, il
T I LA e, v
L]

Cowplent: T2 WAC Iy sl prinaid e i iy ~mL ™~
o, ot kel 1 mel #2.

An REYXT 1eembnel (ach sa 8 CAT) sy b phogoed
¥mo en Wnlerisce cable dicwcdy out &1 M oor 3, T
TU-ART wemurien the rele o detesrt [oompai in
thid comn. Sen Figore B Terwianl s TU-AAT Cable
(o hin connectipn, '

E
Paraliel 1/0
| '
The paalid port Sulput deivers iy b ripcytad

“by ourding pin B of the paraliel port {02, J3). A

bidircLlonsl But may be mplemenied by pmply
wiring the inpul snd output firnl Toprder wd wiing
Mn B ta conrod the direction ol data Mow. Pin & ke
Impilay dein input to tw TUART snd pin B high
il dala output from e TUHART,

v
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Figure2 Summary 01 TU-ART /0 Poit Addresses °

OFFSET

AT AR A% A4 Ad A2

A1 Al

FUNCTION

ﬂﬂﬂﬂlﬁb;umu-.-ﬁh

[ —

Crevica A
Base Addressy
{ven Flg. 1)

e SR DGR S e

R .

N
our

N
aquT
ouT

i
qur

IN
auT
ouT
auTt
our
oot
ouT

Devlew A pthtui regisler

Dwvicy & boud rale register L
Duvled A recovar data reg'ster
Dwvlen A transmiliar dala register .,
vl A carmmand register

Cvler A [niereunt adid resy registar
Cwvler A Intarrupt mack Tegster
Diryice A parallzl port .
Dovice A gara'tal porl

Dwvice & timer ! .

Dopvice & timer 2 -
Dhevics A Timer 3
Drvics A fimgr 4
Durview A tevgr 5

O e OB C B e L L MR e e

Oevice B
Basr Addrtn
NwrFrg 1l

—eaEmEARRRE O GO

T ok ok ok ok e R R LR ES HE—'—'—‘—‘—nﬂﬂ-ﬂﬂﬁ'Iﬂﬂ
L - A [ R N A —

- —a F —= PR TSR el ek F ek wa W M)

IM
11} 4
)
our
2UT
L)
OuT
I
auT
ouT
ouT
ouT
ouT

. DuT

Dvien B 1i8iuy register

Davren B baud cate regisier

Oy hoar B redabivet AATH Fin STST
Dwavice B treswniticr dats regisier
Davlea A commard regutee

D lca B intarmyp) address regester
Crevica B inrermug mask register
Owvica B puralle' port s
Ureice B parallal port Tt
Oavice B tmer .

Qevca bt mar 2

Cuwice B imer 2 -
Duyice B firner 4 .
Davics B tamer 5
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1o, e o InterruptOperttions | o
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 3.4Dperation 1,

The TU.ART a'Frm. tophliicarsd Infernrpt capabily. | Using 789 [ntgrruptsl b

tles, Including on-board priosisy encoding, interrupt
penerailon,  interrypl mckrpwledgment, aed  daisy
chaln eapandotsilty, These Peatures, In confunction

wilh tha Cromamea 4 MHr Z.02 procenior, make very

high throughput pessibly. 3 N
o : I T T P
I . S - i Ly
I. IMPORTANT b

Both charnaty of th TIULART mug be praper-
ly imitializad, An uninithlized TU-RAAT may gens
arabd outout Interrgory! Furiher, I rrit of the
trilem musl br interrupt compable [t Cra-
myrgo basrdy are, #lthough the BX Byletrer

X Byt schematicl. . oo

N |
- v A dexcriptian of interrupl cpealion Tollows lor
both the 280 and I8 type INTHIUM modes ..}

‘eguiret the INTErenT modilicetion thown on the

B

Yhen thu TLEART s used willh U Cramermco ZPr), ¢

. AT 18 g Lhe possitla Interiupl sovrees on the TURART
'tan garerale B unigut responde wilthout Lthe nead far

. thaining the Imarrupgs reguens and palling the re.
pores, L THL meame [nt recponse Irom smterrupgr

" request oo sore'ce roudloe and, whon ceupled with the

AV Hr Z-83, an extremely powsiyl realdime system ;

can b imp emented .
A “high prios.ly” Interrypl requast 51 ane which

shown in Ihe follow ng table whers the inle-rupts o
viced Tirdt ard a1 ke [0, * "F

LIt B, of covry, pondly ta use the [cterrupt
mash of 4™ Device 0 selectively epabilin and J sably
the souroes of ipuerupts irefpoancy th desnpTon of
OUT Q3 teterrwpt Mak, i the prvitus wckong,

- Remenber hal the INE bt in the slalus megster must

by high for conpct oparslion of Intemupl Ackignal.

eope CyClen Al be syce that ihe ZH8 by expouted -

the ddmecrupl mede  wcling commmand bEEDSEH

MNOTES:

Al of the following unll:ig;wd porty are free for tye _
term wse: IM 2 BN 5 through TN B, 1IN 1@ through N -
IN 15 ard OUT 10 through QUT T4, -

If Devicr A arx] Quvice B wre st 1o tha Mme bawe

Device A 20 A,
Dvica Biz IC 5.

acdress, Device A will ot iy,

-1 . . Tabhle1 I80{Mode 2) Response , v .
ot e ——— .
T . ) TUART 1 {Hen
Prlarity ZE9 INTA Rarponse Sourcs ol Interrupd 1
. 07 | D6 | L5 [ 04| 03|D2| D1 DA
. . . o
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Frocegsaofr Typer
Cleck Freﬁunncys

Ingtruction Setp
ROM Capacity:
ROM érpe:

RAM Capacity:

RAM Type:.
UhhT Typer
Serlal I/0Q Pork:r

Paralle] Porte: |

Intecval Timers:

Intercupta:

Buslﬂgmpatibiliffl

Power Requirementni

Jperakting Environmant:,

SCC TECANTCAT, Siéﬂlllﬂﬂzlﬂﬂs.

IR0-2 .,
1.000 MRz .

158 Instructions including the 78
‘member BOBO0A CPU instructien pet

.8 EBytes spanning -addreda range
0do0ll - 1FFFH. ] : |

Intel 2716 EFROM, TI 2516 EFEOQM, or
equivalent {user supplied) '

1 Kﬂyten1s§ahninq'addren: range .

000 - 23FFN . .

1045 Static (included)
- THS 5501 ar eguivalent

RS-232 er 20 mA current .loops
#oftware gelectahle Frem 110 ta
16,800 Navd, ore or bwa Stop hiks

24 lipes of input dats organized as
three parallel 8-bit ports: 24 linea
¢f ocutput data orcanized as three
parallel A-blt ports

5 Independent iimefa with rangse 0 -
16.12 pmSec and 44 uSec resolution

All three %HQ ‘intercupt moden
‘euppeorted {IM O, IM 1 &-IM 2}
prioritized IM 0 AST vectora may he

" oadtomatically supplied by elght 5CC

 lnterrupt spurces

. Cromemce Standard-104 fS-lﬂﬂl

+8 YDC B 1.75 Amps {max)
+18 vDC # 100 A (rax)
=18 VD @ 5¢ pA {Dax}

B ~ 55 degrees Celsius
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Since the 2714 hap & mamory accesn timé of 450 nSac while the
" |

- CFY ecyele time Lis 250 nSeq, the SCC avtomaticazlly inseris one wait

; i
state during all memory cequest machine cycles to the lowest B

- f Lo . H . i ]
EBytenm of memory [(UU0CA - 1FPPH} where 2716 EFROM memory regides,

Note that these walt statew will pot be ingerted if the ECC memaory
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The BCC read{vritn menary phyuicall? can!iltl ur two- lulﬁ 1 l
by l—bit static nAHu occupying nuchntu ICJI and IC!S. since the

4045 nenory accent time im 750 niec (max),- heo wait ltnte: are

IC3S containg the hiqh-nrder nybble
Hh;n

reguired for thuau devicel.
of each RAH byte, and IC3 conteins 2ll 1uwiardur nybblts.

tha

power 1s first aspplisd te ths 5CC, RAH'cunt!nhs should

;Squ;d :;ndnn.:_-- . ) " e .

. . ' - ' "

Tha 8amount of memory avaliahle to thn'scc may be sxpanded by
narely pauqqinq additionnl RAM or ROM uemorg cards 1nta the BCC
“The ldditiunal E-100 buw =ulplt1h1e menory

controlled 8-100 bus,
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nay;ﬂvurlip, h; di:jnintrilth or by contlguous with the ECC on-

. " i
It im the external mesaryly

héaidtnEHo:y.
insert walt vtates by Eonéraliinq £-100 bux lina RDY,

i1t

. | . iv. .
-k L F— . I- K .i . i |:

' Inntnlling e:turnal mcnury uhich cvurlapn tha sCC Jbﬂﬂﬂﬂ -

EIFFH nencry area Glves riat tn thl iituatinn 111untratud in
[ k toa
riqurt 5:1 rﬂr ntnoty rtldl. the SCE reade datn only from'lts oOn-

helrd n-u:y 1n th- ldd[ll! hangu uuunu ~ 11FFE; &nd from the

L]

ttt-rnnl E-100 bu- 1n thi nddrlll I:nngt 210DH = FFFFH) any
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}
v |rt-rn11 memary ':.liding in’ the ooodnR - 23rFH ares i: limply

i
1gnn:ed. rn:‘memory writes, the FCC wrltes data to itw on- bnlrd
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Flgure 51 MEMORY OVERLAPPING THE SCC

Addltlonal memory may hbe added upltd the rBOA*s G4 "EByte
dicect addresalng limit, and by Incorporating Cromewmco’s memory
producta with Bank Selrct, memory may be expanded fuather te 512
FBytes organized ae elght ‘banks’ of &4 FEBytes each., Croaezco
nenury. boards with Bank Select [RAM Boardsi 4rZ, 16EI, 64E1)
EFPRON Doards: Bytesaver I, 1EXPR, 32X Bytesaver) are mapped into
any combination of Memery Bankm [Bank 0 thru Bank 1) by asetting mn
aight position 83i1de switch on tha card. Banks are enabled and
dimabled under moftware control by outputting & bank selsct
conteol byte to port QUT ARH, an integral output port on each

Cromemca produck with Bank Eslact, If & logic 1 bit (DO thru G7)

14
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in the ban} seleck cun?rol byEé matches any Mempry Bank the board
ls mzppad 1into, the nenﬁry board becones aActive ard im b

sWitched "Lnto’ the memory na;. Conveceely, 1f there ia no match
between any bank activated by the contrel byte and the banka the
bosrd iw mapped inte, the board gows {nrctive, and thUl.ii
switched 'out of" the memory map, Pinally note in connectlon with
the nanh Selact feature that' BCC en-board nrmory ix notf Y

Ealect cnntrnllia.l An example will 1llustrate the Foregolng

"1dean.

EXAMPLE 1
‘Suppuue a 16F RAM board, with the Ewitch mettlhge shown in

Flgure 6A, is co-resldent with an S¢C in an 5-100 bum, The switch

settings map the 16K% into the addreps range O00OR - JFPFH {the
lowest 16 EBytes of memory) Ln Memory Banks 1 and Z.. .

{a} ‘'When power i{s first applied, 8CC memory uncunditiunallr
enables, The 16FZ responds to a POC by cnabllng enly 1Ff it is
mapped -inte Bank O, and disabling cthetwloe., <Thus, the 16KF inm
switched ocut of the memory map in reaponse to B POC. The Eysten
memory map immedlately followlng & FOC iw shown in Plgure &b,

- [b) How supposa the following kwa instructions, remiding in c

ROM O, are exscuted:

ACDR  OBJECT MHEMONIC COMMENT
0000 3E82 Lb  A,10000010E SENATILE BANK 1 & BANK 7
0002 . D340 QUT  40H,A FOUTPUT CONTROL BYTE

The 16RI is mappad into ona of the banke activated by t .
bank eelect conttol byte (Bank I}, thum {t i& mwitched inte the
memory map (Flguee 6C) .,

{e) Finally aBsums thse rullnuing two ipatructisne, also residl
in BCC ROM O, mpw expocubed;

COMMERT

ADDR  QBRJECT HNEMQONIC
1004 3JE0l - LD A&, 00DOO0OLD jENADLE ONLY BANE 0
40Gs D340 ouT  AOH, A - JOUTPUT CONTROL BYTE

Since the 16E3 is not mapped into Bank 0, it is switched
) 15 .
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of the memtry map in responee to the control byts, and the memory
map reverts back to that whown in Flgura 6b, .

1 F:::::}::::..-.- P

1l parryl BT pamm 1 el lr——l

e
l— EEELYLANT TO ARANF

' - . tul
o HECRY wETIS WEMGAY REARE

R LI
. - . 1 ! P '\.
V. |
o - .
' L J ki -
o Whoro Lt - A . - . . ..: F
Zap I N <
[. L [ iy ' . P
_ . - : p—
- -
-
- d
f "‘_ - - Ly AN by
Te o
' oy noe .
2 . —_—
wad v Tres [ yiweam [T prare [FF1 fum iun FeA Siw
; . e
R . ol
pn R 4 g AR . i LR T LR L
. b
. -
. ] . A = II'.' o
S .1

T T ETTL]
Plgure §: EXAMPLE 1 SWITCH BETTING & MEMORY KAPS

Although the ECC on-boatd memary does not reapopnd to Pank
sulact,l a func:innally' equivalent scoftware controlled memory
enable/dlasble option is'p:ovidnq. The Mrmory Disahle eptlon 1
exmzcimead by cutting the wxieting foll trace betwesn the Ewo

aolder pada 1:be1?d '‘DISABALE' on the BECC board legend {sex Figure

7).+ With the trace cut, high order bit D7 of SCC1PIII11I1 parck.

14
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CUT DM centrols the 5CC memory enable/disable function, Betting

bit D7 to logic 1 dimables SCC MEMOrY ¢ reaettlnglﬁit 0T to logle ©
enablep ECC memory, Elther o POC or m RESET unéondltionullv
tnablea the on-boatd 5CC memory, eince either & POC of an active
low level on £-100 bus line RESET resets all parallsl port QUT 0AS
bits to logle 0. If the Memozy Dimable krace L1s left in itm
£actory whipped cloeed conditlon, or §F it is later ce-installed,

bit DT of port OUT DAR ham no effect on SCC memory enable/disable.

R : - EXAMOLE 2

Adiugme the name 16%Z RAM and BCC confiquration aa in Example
1, end almo asputte Ltha 5CC Memory Dlesble option ip Aslected by
cutting the foll trace.

fa} After power is rirat applied, the 16K3 aptonatically dinablen
Eince 1t is not mapped inte Bank 0, snd the 5CC on-board memery
uncenditionally enables =ince al) bits of port DUT OAE are refet
to logic 0, The resnlting memory wap is shown In Figure 1A. Note
that an 5-100 RESET after power lg applied produces the mape map,

{b] Now suppoes the fnllnwiné feur inmtructions, realding in SCC
ROM 0, are executeds: ' .

MNEMONIC

ADDR OBJECT COMMENT

aGge  3EM2 LD . A,lb0000108 rEMABLE BANK T & BAHK 2
0oo0n2 D340 our 00, A AQUTPUT CONMTROL BYTE
aC0o4  JEBO Lb hlOngoopdp $SET RIT D7 TD LOGIC 1
o0pG qJLﬂh . ouT TAll, A tDISARLE SCC MERORY

The flrwt two jnztructions petlvate the 16X7 mince it 1Ia
BEsuned pwlich-mapped into Bank 2, and the pext two Lnatryctlicns
disable all SCC memory by sekting bit D7 of port OUT ORH to loglic
1 (Figucre 7B). Hobe that after the tour ingtructions above Are
expcutod, the IBDA will fatch the nexk cpcode Erom 16 KEI RANM
addeess QOOBH {the next ecguential addrean). Thua provieions muet
Ee mide to malntaln program continuity when banpk awltching in thin

ashlon, '

{c) Finally auvppose the following two inskructienp, cealding in

SCC ROM O, are saxecubed: -

=3
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ADDR  OBJECT

ogoe .3EED

QUOA DIDA |
Sinca no

in the map.
{Figure 7c).

kAT REAEE

HWE

LD
ooT

MOHIC

A,000000008

OaH, A

COMMENT

tRESET BIT D7 TO LOGIC ©
JENABLE ECC MEMORY

Bsnk Select control word is cutput, the 16RF remaine
The two instroctions above also ensble ECC mymory

L1L IRl

M EET WRTEY

whmdar il abl R Ml mT T

. - Wi, I
° . L | - LY Ly
e ' U S e N g e
= k] F y - s .
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Figure Ti  EXMMPLE 7 MEMORY MAFE
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8 sSupplesentary Infommatlon . .

8.1
8.1.1

CROACACH {Tod I4d AETENALEN varslen #1.1%

CHAPTER 8

Supplemantary Information

Cantrol Aasig model CB-3108

Memory hllocatien {(CB-30A) -

The listlng which follows 1z & detailed outline of.
memary allocatlen Eor Control Baslec madel cE-128,

The takle on pyxje 1 maps an enktlre G64K system. OF
this, the mlinlmum requlred 18 RAM from 18dH to

1FFFil and the Control Basle Interpreter lrself in.

ROM from E494H to EFFFH. The rest of memory (may
be elither ROM or RAM} except the unuaed jporctlen
from @ to LTFIl may ba used to ators program Ellas
and routines, Page 2 of the 1lsting 13 a detailed
bhreaskdown of the RAM from 20dH to 3IFDH, which
contains Control Basle variables, stack, input

buffer, and conmgla parxnetsrs.

FMIE ddN]

I8 Contenl Banio Yaclsblaw and Hamary Allocetlan

i)

[ 1 EI] Capyeight {c) 1976, LTS Cransnce, Inc,

LIl

L 111 .

BRRY g *FY pyapey Usage (probably MAM wnless sthapwlss ncted) Ll

el g

AFFY ; FRAEP=FITr mre Mt uedd

[ T3 B P LFF urw far the 1FD ¢oukines

LT TR Fi wirr ava For varlablen, irput line, and atTach

BE1Z 4 WaER=1PRF ace Por Control Beslc Eest & acray FUDD

4911 | ZEDE-OFFF dew nob uned Buk wey be uked far saved Ellen

Fil4 | EARE-EIF sre For systes sonlitsr and pot uned hersw [ROM]

! " 9L ¢ CApd~-CFEE pee lar Control Basmic IAtsarpreber |ROM)
BILE | FARO=FFPF avé nok uwed byt diy D vaad for maved Zllua
r

FLlRF gard 1GMAR  4411] (L 1] g ETART OF [/Q MDCUTINZIY IW ALW
:I!lt} AFil sgTRAA B Iy L] § *ROTTON OF Tam” FGR VANIARLEE, ETC.
1ranil JET3 TITRAA EQU (1 LL] 3 BOTTCH OF "TLCIT Ranm™
(el 1] 811 TOMRAM  EOQN T r TR OF AAm* USED BT COMTADL [TV ] 14
[ LLL]] 24 BpTADm  EQY JE4VER 1 *BOTTOM OF ROW" Eﬂl‘tlllltli.:. ch
(read} IS TOPACH EQY BOTA DA BCRIE 4 FIMET FREE LOCATION PAET ToF BF

[T} { I [ ] ACW" JUIED BT RND FuecTi(w)
(1 LLF] PELT NOMETA  EQV [ LF1 1] ] 1 MOMITOR wARA-START FOINT

CHOMEMED IK CONTROL BASIC INSTRUCTION MANUAL "

v

¥ Suppl emanktary Information -

CROMIMCH CODCN EAM AGSEHBLER waraion 41.1%

Ok M

Ir Cantral Pasle Werisblew and Wumary Allocatlen

1aret
L]
LX)
L1l

FIRL
LEIL)

LR}
110k
1111
niL
3Ll
LRI
[ B 13
1106
L i1
LRI

e
"Ik
Ird
FiFl
Fir
s
nirh
1A
BIrG

nre
aan
LUt

LIT]]
I
L TTR]
[LFE1]]
(e
(rec)
[[REi14]
TITH
[LILAN]
T
LTI
[LLT YY)
1AL
T
(Hary)
T
I H]
{91LC)
I
T
UL T
1TIH]
T

LLLLE

)]
[FTTH!

[ IR =]

" BOTRAN .
493}l VARBCMI DEFA Falrl L] VARIARNLE A= huD bd-x¢ ETOMMGE
LLYF] nera 1 [XTAh BYTE FOM IMPUT BUFFER

FTIMACE FOM INPUT LINE WEUTFLRE

Ew: OF IKFUT BYFFIR

ENTRA BYTLE TOK STACK

SOFT LImIT FOA STACE

TQF CF STACR .

FETOFACE FOR 40 750 IWSTRUCTECW
ETEMACE FON THE RETORH TRETRMCE
MiamBER DF HULLS MFTEh CH=LF

FCFT TFRAHIKWAL WIDTH '

MARD TLNMIWAL WIDTH

COLYMH TOUMTER FOR MARSTHA

EMITEN FON WlB[BLE QUTRUT

CURKEAT LIHE HuMAER STOMRGE

EAVES BTHER POINTEM DURINS T ppwt
davcd BTACH FOIwWTEM DURING "Colum*’
TEMP, FTOR, OF CUMRALHT 'HEATY ¥am,
TCePF., BTEA. POk spom, FOR TCALL*
BRYES BTACE POEINTER DYATHG ' INPET!
AQCRESE OF 'FOB' LOUP VARIABE
‘STLF' BIZZ oW "rom' LGOP

LIMIT OF "FOR* LN vaRIABLE
TEMF, ITOR, OF "CURRNE™ [N "FOA°
TELT POINTEN TEmPE. GTQF. I8 "FOA*
AR, POINTER USED Iw AND FUNC,
BYORME OF TRAT POIKTIM ADDA.
TEXT AREA LIMIT [5AMZ ME '1 .

1d}) BUFFEA: DEFR 11}
A0 prFENE IQVW
i bt ry
PRI STNLMTI DEFR
I9)T STACH [ 1+11]
FEJN JOINE: DEFN
1r3¥ [FCTr DEFD
048 wULLST TEFD .
WEd] mAPGHY  BEFE
L1 RN PLFE
Y QCHGy =144 |
BEAd QCSky REXD
P24% CUERNTY DEFR ,
APAE ETERUML DEFN
IFd? ETNGOE, DERE
w4l veANEST  InOU
113 CALEE Iqu
WIS DTNIMF DCFE
#15) LOPYAR EETR
aF:: LOpEmy oErFi
"r5) LGRLAT) BEFd
M54 LOFENy DEFE
M55 LEPT: Lkl
a05% RANENT) GLCFE -
APt TETECH: BEFR
#FSR TEYLAT) CETE

Sl Ol Nk g i e I ke Bl et e e e g e
- . '-'-'—-I-h-h-‘—h‘-qﬁhhhh—‘ﬁh“

M UWLESE CHANGLD W 'LOCE'}

LE1Y] - mgy TETRAN ) -

P64 TATUKF: DEFD ] t POIRTEN §0O UMFILLEDT TEAT

OFEY TCET: CEME a 1 ETART OF ACTUAL TENT [GTURMIE
OF FISET LINE WiMBLR)

Also shown on page 2 1m the beginning of the text

aresd for the current ptogram, The text area ims
, organized as follows; any stored program (by means
af the SAVE or EFROM commands) la organized this
i BAME WAy
B The First two bytes of tha flrst Fage palnt to
the flret available byta after the program
text relatlve to 4004, ' '
2. The next two bytesa cantaln the line number of
the £izst line in blnary {low byte-high byte]. .
This ls followed by the text of the Eirst 1Lne
and a =single @DH, or CH, at the end of that
line.- .
1'. Eubseguent lines of text duplicate the form of

thia firat line:r 2-byte binsry lina huober,
ASCII text, CR-~byte. -
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8 Supplements. Inhformatlon
. . € Supplemantary Infzematlon
'I Lo .
CRAOAERCT COOR $4® AECEMNLEN wwrelan 81,15 PAIE ML
M fontral Basle 1/0 Foutlnea In Kad . CROMERCO GOON IBE MESEMBLER varslon B1.1% FREE AFE)
- . utlnus IA NAM ! .
g —_— - . . S - n cnntn:l._lull 1/0 Po )

' Wing rop s cr rc § CHECKE FOR GPRACE CHARACTER (PR FE=LF
tdawn) APN4 C5TAT [41T] ¥ | CONEQLE ATATUY PORT [fM) . | 55 . 1 AT FIRST GFACE AFTER NOFT )
rig] PERS CEATA  EQU ciTaTIL f CONEILE CaTA PONT |1HADYT IisN CORANL 1% ouTEd b CALL I, CALF . [ GUTRUT CM-LF 1P FOUND
iae THIC TRE agu A b TRANEMITTER-MUF FEA-ENPTY WARE Al M an ror Ar I RESTORE REGISTERS
e} LY EQu L ¢ WECEIVEN-Qata=hAvA]LANLE WABK L HIBC XL Ll i [y . .
1P87F) 4400 PFETRIF EQu ' | RRRITYETALP mARL d180  FEED cr . ch . r CHECE FOR CARRIAGE RETUME

' 111r c ner [ H p REITURN TO COWTRAOL EASIC EF MOT LR
{l::]} arle Efu o3 3 MIELT CONTAQL=C CMANACTEN | " )
Low 11 ] 2 RMSCII LINE FLILD 104 - FUS M AP 1 SAVE AF-AEG.
[0 [-]] P NSCED CuMA [ AGE RETUAM "' g1LN iERn 'T12] LD M LF 1 IF cr, EXpD LINE FEED ALED
irll cTeL  Egu wru J ASCIE CONTAOL=0 CRENACTER 1161 Corann 1044 OUTWUL) CALL  QUTCER . 3 LTHIZ IE RITURSIYE)
. Hid IR oy Tid 1 AITLI BPACK CHARACCER fICE  INELRD s . LD A, WULLE) # CET MIMEER OF WULLE
. slee oY (11711 FUsA 14 3 BRYE BC-AEG.
el BRLE wULLE  Rgw Hin 1 MU, OF MULLE ATPER CR=LF [] BYTE} TR 1017 T T .3 PUT NILL-COUNT [MTD w-REG.,
1r3E2] FIlT marGH  EQU e ) HDFT TIMAINAL WEDTH [l BITE) alcm 17 HEL RTCTl EUR & ! § OCLIAR A=ALCG. TO A MOLL
. fElE r WMAD TIRALAAL WIDTN I OTEE e 1% EC . ) DECREMENT WLL—CCUNT
{0 IE4) FRLY O wy Ixin | COLUmN COUNTER FON AXRCINS |1 EYTH) vice ramzmd CALL - P O TCER F QUTEUT WULL LF COUNT MOT= @
19353} 2 ocEw tou T | EWITCH FORM VISINCE SUTFUT (1 NRTE M pacml J¥ _ C.OuTCHE J E=FLA} EET BT ouUTCEM TF EAFE
il | ITHIS 7B CMANGED BT TiPiMd CTAL=D }  CWANMCTER wAS WULL
[LART]] 4027 RATAAT Q@ rEilMm J CONTHOL BASIC waRM-3TAIT LOCATECW Fipy €3 'TEE] rer - § MEZETOME REICISTERS
- o PETA EEDOUTS POF - AF '/
ey o1 | [ 21} aLT . - 3 BLTURm 10 LOmTAOL RAEIC
[EL 1Y 1113 CRLF| LD A, CH P AR PRaLP RGUTIRE **4 . .
. .
DETCRAI FUER  hrF FOTR QUTPUT CNARLCTEN ROUTINE #0& - - .~
o LRl ] 3 SPELR WISIRLEFIAYIEIRLE Bwiten ek bl L, CETAT r %*" CHECK FOR IRPUT ROUTIHE ®&4
on A PIF BIT=1 I3 EET. COTPUT CHARACTER FiDE Gl uLh t GET RICEIVCA-DATA BIT
JF P ENGOUT ¢t 17 MDY JET, DOR'T CUTRPYT CRAACTER . oA LI I p RETuEn TO CONTACL BASIC 1T WOT READT
M CSTAT J CULCE COMSELE $TaTu$ sics oEal A, COATR P READ CHANNCTLR FATW COWEQLE
T ) BLT TRAWME=ItTLR-SUFTEN BIT i IETF PEIRNIR r ETRIP PARITY BLT
I.0FTCLR J LBOF T3 wWhIT IF WOT NEADY BICF TEOF CIALO J CHECK FoM CONIMOL-D CRARACTER
AF ¢ NETRIEYE CMANAR=TLR Al CIECE] NiLERREIN y IF WOT CTAL-O, DO FURTHER CRECEIWG
AL 1 SAVE RTCIETIAS MITEE LT L [ - 3 COWMTROL-O ToSELES WIS AINVIE. EW1TCA
~F ' . ai? ar 1 TUGGLE BIT-T
FATRALP ¢ ETHIF PANITY BT J1ER 1ICSRE o) A g ETOAE YIEIRLE/IMVIEIBLE EwlTCH RACK
E:’-Thl § GUTPUT CHLRRCTON TO £CHiDLE FlER DAL = CEELAF 3 IuFDT AMOTREA CRARMCTER
. r CNECR PaON CummisiE mitohu L !
WL, NG f POIAT 30 COLKMN-COUNTER - . IILE FERD 4vh] CllI1N CF CTRLE (3 CHECH FDOR CONTROL-C CEMRMWCTERL
NZ. OuTCdd ¢ KRIF IF CMsUsCTER 1% wat CR e o 'TL I ] RET [ 1] p BETURN TO COMTAH. BAXIC 1F WOT 1 <
{4LE, 2 t INET. COLLru-COUNTER |F wIw Limg 11FN £ mwy aF - WITART 4 EF CTRL=C, RAOAT FRUGRAR AND WARR-
:'P": . J CHECK FOR FRINTARLT CRARACTIR . -0rM ©. 1 WTAAT CONTROL BAREC
ORTE AN SEIF IF WOT FRINTANLE .
. FAL] : GIT COLEmM-{OUMTER . talray Vi FIASTTREX IOF "4 - ¢ FERET FALY ATTE OF NEMGAT
1ALy r AMG ICAE=EmT T FOR PRINTANCES . r - - .
AL, {ArM;E) 1 @ CETE mARD MDD L CETE EQPT MmN .
1 | CHICR FOR WAVIE] NLACRID EAAD mASCLE rers ’ )
S ] J FORCE QUTPUT CR=iF 17 EO
|3 § CNECK FOR SAYI WG ALACHED AOFT muRMm  © ¢
A OWTCLE r EELF [F WOT TET REACEED . )
At ¢ OET CHARACTES MCAlW
o t AED PUT BACH
- - -

53 ‘ : ’ . ' sS4
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CRoMERSD ChOE FIA WGEEMBLER r-nl“ 1,15
HTADGL TRBLE

COMTA
CINLE
[ L1 ]
oUTC IR
AETHAT

Ml
]
FiLL
dlak
E4IF

CHRILN WlEE
CIRLO Mr
il ] [ 141
GUTCSE  RICE
1] 4 | L)

LHEINP
It
DC B
ouTCRR
Wi

¥104
LA,
s
L1k
s

CACMEWCD o ERE AEACMELER varsien §1.17
CHCOER REFEAENCE LISTING

[DATA
rue]ld
CReIpF
cA
CHLF
CSTAT
£TALC
LTALD
“EmiuT
FIRELF
Lr
HARGH
AuLLE

CITCIN
uUTCId
Tl
OUTC3IE

DpUTCH N
ouTHUL

FETRIF
ok
RETARTY
E;
i

arnt
183}
e
an:
4d 11
il
[ RN )
LLAR ]
ani
YR
L1 I}
7
rle
i
e
[ IR Y]
il
135k
WksT
[ 1]
LLFE
106l
mwH
et
LLF¥s
[ LFY ]
el

I arkl

e

[ L]

[IFAmIFI L))
LTRL

redd Bi11 ath
LAY

i

[ LR

]

ey

[LLE]

[ 101 )

e Fald PIRE
1] '
(IR Y]

[ JRL]

il Fudl
Tl

kL FETH

(IR T}
LLLL
M
il P
"y

L1

cR

FIRITF
e
WTWIL

18 g
LI
LA
L -3

AOL BASIC IHSTRUCTIDH MAMUAL

ALk dind
CALr
ir

L LTl
FHITALP

100
A
T1A3
mir

| CETAY

RAN,E

CAOMEMCO 3K CONTROL BASIC IHSTRUCTIUH MANUAL

8 Supplementary Informatleon

2.2
. 2.1

Control Basle model MCB-216 . ~

Memory Allocatlon [MCB-Z16)

The listing which follows is an wutline of memory
allovcatlon fer Control "Pasie model MCR-216
equivalent to that of mection 8.1.1, .The minimum
memory requirements to run this mor'e] are RAM From

. 20000 teo 2IFFH and the Conttol Basle Interpreter

and Menltor In REM f[rom B to FFFH, the exact
cohfiguratlon of the Crememco Single Card Computer.
Mempory from 18398 .to 1FFFH is usually ROM (as on
the SCC) and may be used to xtore praviously SAYEd
Programas, Locatiops 2488H to the angd of
addressable memory may be used for EAVEd or EPRGOMed
Frogramg and -may -be slther ROM or RAM, Pagqe 2 nuf
the listing ia & datalled breskdown of the RAN From
20@@H to 21FEH,; which coptaine Coentrel Baslc
variablea, wtack, input bulfer, and consgols
parametoars. .

CAmENC) COOR FRN ASSISBPLER waraisn F2.3% " FACE BEBL
M Cankral Jugld Yariabiew end Wenaty Allsdacles [xce-214)

1

12Zmen
24an
19421y

180}
{00 3

LN

LLLLN Cupyelght (] 1¥76, 197Y Crouvncs, Inc.

LTI .

i - -

.l:-l: F *' mpnory 07494 (peébahly AARM unlesn stherwles anptad) "*F

bl : FIRE-p4i2 wre for BCC Monltey (ROM)

il H42)-kFF¥ pre Ifor ECC Cantrn] Remig Intarpratay [AOW}

¥FL] 3 1OF9-1PTF arw [or PAYId waer prograre [urually Q)

FILd | ZRRF-2IFE aca for warbables, Input Bime, am] glach

WLy 3 1IFE-2)FF mrw [or Cwmtrol Saelc tear & accay K1)

Fald g J400-FITF &r% nok wasd et way by upad for nayed fllmm

HIY BYTRAR  IQY Irr b "ROTTOM OF Ram™ FOR vhRInELiER, 9.
ARIE TQFEAR  EQW P11 )] 1 *roF oF RART virs by COMTRGL RARIC
PI¢ BOTRDN  ECU 12 § "BUTTOM OF ROm™ CONTAIRING CR

031 ) Tha Cellévifg wre l-"d far Llntarface ta the BOC Mondtard
131 mOMITR EQU LLE ] §F ELT ROMEITDR WARM-§TAAT LOCAT]Oa
FREY IMITTUART BOW »u t TMART CMETIALIIATION ROUT. l-lh:lﬂlll
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rRoMEACD CPON INN AGRIMBLER verdion §2.1% gk reml

X Cantfal Dumks Yailaalew and mesary Allecptlan {WCE-Fi8]

" e oal ROTHAAN
Tl Ji1d VARBGM: COIF3 1+ {281} J YAAIAALE A-1 &NHO li-ll_ltﬂ'lﬂl
a0 RAPL} (131 “BEFS 1 J EETHa BAYTE [ON [NPUT lbrlli“
16y (418} pal BUFFEM: DIFE, 111 | STCAMGE PR IMFUT LIKE BUFF
{IDEE} FPI11 BUFEND Zg) 1 i EHp ar IHENT lurr[E
BEE  (#R2A] 1411 OEFE ir | LATRA EYTES JOW STHACK
Lid  (e1cH} #15 STELAT) oIFY ire-4 | J9PT LMY FOR STACR
[FILEY) [TRTRET LT 2 1-1T) 1 I THF OF STACE
[R-LORTELLY] BRI pLri [ i MESEmvED FOR ROCE S
IcE  {(d4arl) 910 ARSELGA 0L b r § FOR CoLDr=; WON-§ [OR WA H!ﬁ"
lofr (4983) MY 10151 BTy 1 r BTORACE FOA A% 170 [NETARCT -
1El  {dFERL1) i94) IDRETr DLFY ) j ETORNGE FOR tWE RETURN ExETR
‘1E3 [AE@L) pEAL HULLYYD prifld i § HUMBLR CF harLle hrELﬂ CR:«LF
'IE1 [RAEL) et MAEGHL  BT3 ] )y EOFT JCRMIHML WEQT N
EA ridL) viil oery 1 J HARD T(RAMINML wIDTH s
1gs  (naRn] [ TIR A oErs 1 ¢ ChLUey cauM{Ch FOR mARCINY |
TR % pcsa perk 1 | BTICH rom vISINLY CLTPUT
[LET  (amk?l avdd COPPWT DEFS 1 g CURRALLT LInE MUMREEK sn:lnnlII \
tley {89923 1041 STERUNY OEFS T b EWWES STACK FOINTER CURIMG qtu;u'-
ixs  LIRR3} a84% 5TECDEs pIrYS S 1 ERVES gTaACKk FOEMIER DUI}HG ?n R
{dlED) FRAY YATHAT  EGU ¥ ' g TLHF, 5TODR, CF CUARLCHT Hn‘ﬂ‘ 'ﬂ:l.
ziceh Ie% R ChLDE EQu [ 3 j TCAP, STOR. FORA AOCA. FOR Entl ..
Elel [WRAIY *RYL FETFINF| DEFD | J EAYEZ s:ncliruiffln PURIMNG "IMPUT
FIEF [HARE) il LORYARM GEFD 1 | ABCAL5Ss aF ‘roR 'Lna! :;::#ILI
1171 [TTRH] P51 LOFIWCY DEFd H r *LTEP* 31Ir FQA "FCR
LTy Iill?l ¥HYd LOFLATY DErS 3 r LimiT o¥ "FORT Eunv v‘?ll'tfrnn*
SR TEET LT H| Jd3% LOFLM) DLIE I y TIMF, sSTOR. OF "CURENT' IN i
F1FT  (ARR1] 4036 LOFFT) DEFY T 1 TEET roInTI®R TENF. srun.nr:ulc
11Fy (187} #BYT RANFPNT) DEFA ) ¥ APUA. POINTECM U9ED IW WM -
Jien  (wdBZ) sl FATBGHI EFd H )y ETORaCE ©F TOWT FOINTER IEHI. .
VI 11F] s TLTLAT: BEFR H ¢ TEET maLh LIMIY tstﬂf ag ‘THPIAH
[ L] 1 KMLESE CHARGED BT TLOCAY]
.
(HLFF} Il TETHMAN Egu 1
TEXT AMEE
FF (PRI pid3 TETUNF) DEFS 2 ¢ PIIWTIN TO UNFILLED
:;ll :}lalf I0ed TEXIT)  DEFE 1 t bTaET OF ACTUAL TEXT (KTORAGHE
[ 1LY ¢ OF rrAGT LINE WUMALA) .

Alsc EBhown on page 2 of the listlng abeove ls tha
beginning of the text area for the current pregram,

The text area Ils organlzed sa Efollowa; any stored

program {by feans of the SAVE or EPROM commands) 1am
organlzed thla same way!

The firgst two bytos of the flrst page peint te
the flrst, avallable byte after tha program
text relatlve ko 2LFFH,

1.

the next two bytes contaln the line number of
the Eicst line In blpary (lew byce-hlgh byte}.
! Thls 18 follewed by the taxt of tha flrat llna

: and a alngqle @DH, or CR, #% the '”‘d. of that

ilne.

.

‘Subsequent lines of text duplicata the fom of.
this Eirat Linsr 2=bytw hinlny line number,
ASCII text, CR-hyte. >

87 '

3.

Jiesaver 1

malch, tha program HAL TS wilh DOH In Reg A; if ary
tryle does ngt match, the program HAETS with FFH in
tReg. A Inactuat use, the HALT instructions would ba
replaced by a branching Instruction to Ihe nexl code
" sagmant. Tha program may sasdy be placed #lsewhers

= wa TR el T e A

fgea
LK
gode
edg
eadn
edeC
eaEF
edale
edtl
egl12
@815
BRlG
goLa
feln
apic
421D
BR1E
gp2a
ge23
25
gRI7
#¥22la
2e2a
] 4]
82D

Inmemory provided (e abackite jumg indluclon b m-

w3sembled to poiil i the new EXIT poinl. B

u3ar's rasponsibilily to tost the contenly of Reg. A tor
-eucceasiul varileaion and tnhe the approprisie action.

2798 EPAOM FROGRAMMER

THIS SAMPLE PAOGRAM PROGAAMS TWO 2748 PROMS
IN SOCKETS ROMG AND ROM7 ON A CROMEMCO -

BYTESAYER 1T MEMOAY ROARD.

THE SQURCE CODE

IN THIS EXMMPLE IS ASSUMED LOCATED AT 208K - SFFH.

f20@)
[082a)

{FCedt

710092
1102F8
016098
EDBR
ES
2A2004
28

7C

BS

2e2B

El
Z0ER
gtaona

JEFF
76
JEdR |
16
EEd1

EQURCE:
SHATH,
EPAOM ;
FGMITR M

VYERLFY: ~

EAROR
EXIT:

PASEED:

EQU
EQU
EQU
LD
Lo
LD
LOIR
PUSH
LD
DET
LD
OR
LD
]
JR
LD
DEC
DEC
LD
CeD
JFP
JR
LD
HALT
LD
HALT
™
END

2088

tSOURCE CODE START Al
paaH {SOURCE CODE LENGTH .
BRFCPH ;2708 PROM START ADDR,
HL,S0URCE i LOAD SOURCE ADDR,
DE, EFAOM ;2B START ADDR,
ac,SWATH shND SWATH FOR ALOCK XFER
JWRITE SOURCE TO 2794
HL 1SAVE LAST SOURCE+] ADDR

HL, {FASGES) .

;GET PHOGHAMMING PABSY

HL JDECREMENT IT
RoH JTEST FOR PASSIn@@pai
L JVALID ZERQ FLAG

{FASSES) . HL
HL

{RESTORE PASSH
TAESTORE LAST SOURCE+]

WI,PGM2THA JRASSS MHQT BO0BRH--GO BACK

PO, SWATH (DONE=-=READY TO VERIFY

L {FOINT TO LAST SOURCE ARDR

DE . $POINT TO LAST 27dE AQDR

A.(DE) - JGET 2708 DITE AND
(COMPARE TO SOURCE BYTE

POLEXLT _#DONE IF {BC)=22380H

Z.YERIFY JHYTES MATCI-=-HEXT BYTE

A, #FFH ITMISMATCH--LOAD REG, A
pRWITH FFH AMD HALT

A, HAH JSUCCESS--LOAD REG., A

* JWITH B4H AND HALT
k17 ¥ . }INITIAL PAEGI~316d

FGM2758






irtel’  siicon Gate MOS 8708/8704

8192/4096 BIT ERASABLE AND ELECTRICALLY

REPROGRAMMABLE READ ONLY MEMORY

® Fasi Programming —

Typ. 100 sec. For All BK Bits
» Low Power During Programming

® Accepss Tima—450 na

® Slandard Power Supplias—

+ 12V, =5¢

"

Thee tearet QIQA BT o o Pigh mperd 31920056 bit srobabir snd alve bWy raprog Em

wharn Limt rurn e wsf patiem u riet? R ALAEGN b ST DOF L] e A,
-1 ] with (1 emp w1

T ETOBI dew pach sped by & T4 P dusl-d-fins pach sge

foghl 1 grem thal But Gt A el LIS £ 2% Tt b i fimes i T chi KL

ot 1 rpliey et teom Tty wl PrebieTry indipthy weliny

8 ol b ultracinhel

g K g g wmnﬂq.hlnﬂm-nﬂﬁ

ey BTON.

« 8708 1024x8 Organlzation
» 6704 512x8 Organlzation

m Static— Ho Clocks Reguired
w Inputs and Qulpuls TTL

Compalibia During Both Read
and Program Modes ,

- & Three-Slale Oulpu)— OH-Tie

" Capabilily

sy MO s [EPACIM Y bbby kil

Thop 11 srvapared Dt ot T o I ik

Tha BTOARTOH iy ke stud ettt TH rmepn W -chwrera i it L healegy -

#FIN CONFICURATIONE

=] b ]
..E. LI nES
wh LI I
a LI 1-f Y
o[ " [ ilwa
Miull [ -
w]s =[] s
= R = [N
w1 e
wni]+ =)
L] = 1 ul
L~ [ u e
=y
-y,
FiN HAMES
LT W-.ﬁﬂ_"__
Ty e L i—
Floe | xuwd i b I |

BLOCK DUAGR R

B4 BUTRIT
LI
e
_— Limi Ayt maHA
— --'-' Y - e Pl
J—
F [——
- . -
—
—] .
: - - - .
—_—] e . S
F L-—’ -

SILICON GATE MOS5 8708/8704

Abpolute Maximum Ratlngs®

Tomper ntury Lotor Blaw .0 oouu e Fradaarraiaaas +18°C ta 18570
atee Tompermuee ...l Frrdaaaaemsaan HA'C i+ 175°E
AR Trput oF Crutpan Vil agey whi Nscwtt o Vg

lusespt Progrem] .., . ..... rraanarrrinninnasa HIVR-AIY
Progiam IAgal 30 Mg . oo b ee e e rrarass YEV i -AIY
ey Woltaes Ve srd Vg with Raapt1 W Vg - . ' ... H§W i =LY
Voo whh R IO Mg v crvn i rammnnnnracsns WOV iy -0L0W

Powt Daspation ., .. .- SRRt e

AEAD CPERATION
D.C. and Qperaling Characterlstics

"EOMMENT

e S Wrs Vet vater A et o s g
o™ g p 4 dorkd P e gt S B Pl fhritg
Thin N # uwm ravhag anly ol fume el m Rriga
o g kit B ey gl S

Vowwr ifr bl b W il e e o iy
tfam b i bt et b slemie
i malng b by PP —
Al Spviay myliplpiiny, -

Ty = O0°Cqg 70°C, Ve« +5Y 1%, Vpp e 4TIV pEN, Vg = -BY 15%, Vg = OV, Unlen Otheemim Moted.

5

Frmibel [ IT— Mia,  Terdll My | Uen Condi1lani
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This proposed standard eliminates many of the problems in the
S-100 bus and upjrades it for 16-bit microprocessors. It is
offered here for public commment before submission to the'

IFEE Standards Board.

v

g Stcmdcxrd Specmcohon for S IOO
| Bus _In’rerfoce Devices .

IEEE Tack 696.1/ D2

' Kells A. Elinguist, InturSystems Inc.
- - Hownerd Fullmer, Parasitic Engineeriug Inc,
David B, Gustavson, St.ﬂnfnrd Linentr Accelerator Center
; George Murrow, Thinker Toys

Introductory comments by the positive truelogic lines, dropped from a situation
Raokert (3. Stewart, Chairman ;= where a e would be seriously rounged ine few hours ~
IEEE-CS Computer Slandards Commitles ta Lhe present situation where I can work for days oo
end without an observeble error.
Wa have observed a new typographic convention in ==
T'he tollo wing draft of a proposed atandard forthe  publishingthe proposed standard. The use of an over
5100 buy [s the culminat ion of over 8 yesr and s helf  ber to denote eloctrically low active or negative Lrue
of effort Lo eliminate many of the bua's prablems and — logic lines has been replaced by n postfix naterisk to .-
- to upgrade it to be guitable for 16.-bit microproces-+— avoid confusion with Boolean negation and permit —-
sors. The address bus has been extended to 24 bjts, Lyping on word processing ayst~ma. This ls verbal. |
thedata inand datasulbusesgangedtoformalé-bit  Bed by Lhe wond “'star,” replacing the prior word

wide deta Lua for 16-bit Lransaclions, and two addi-  “bar.” The Buslean negetion averbar can Le optional-
t_Iona.lhandaha]-.ingljnu:,nddedtnpermit:inttrrnixing Ay replaced by aprefix minus sign, with parenthesesif =
of 8- and 16-1it memory eardy, -+ - needed,

. A binary epcoded multiple master arbitration bua The named authors of the shndnrd were evenly
pertils up to 16 masters on the bua, The necessery _ divided »s ta whether the asterisk should be included =-
togic can ba |mpIeme_~ued in° one chlp-ﬁ.ddlr.mn.-.]"-m lagde e Lquatmns and siate diagrama es well s i~
ground lines, a power foil tine, and an error line have  electrical signal nomes and timing disgrams. Twe
been added. Three lines teemed NODEF—for not tobe  euthors believe that Lhe asterisk, when thought of as
defined -heve been allotiad to zllow lewway 1o im- — a designator rather than as the pegation operstor, =
pl:mentcrs For specialized Usa” Soch use must be  £dcs clarity and consistency, and léssens the nired to
ppecified in all Lterature. Five Linea are RFU—re-  remember o look up the electrically sctive lovel when
aerved for future use, Some Lines formerly used for’ “conwverling from logic to electrical representations,
front panel purposcs have teen deleted with the in™= Sach use makes jogic state disgrams more directly - -
=« tention that such lines ean beat be handled by A""u*eful far interpreting oscilloscope o logic apalyzer ~-
juroper enble from the CPU card tothe front pasnel. A - _wavelarms.
DMA protuce! ia specified which provides overdas of Thaagtyrr two authors fel that the inclusion of the )
the control Hies at the boginning gndend of the tran- = asieriakin Llie namlrnlﬂ.]ﬂg‘lc ataleor varahle js ke .
mition between permanent &nd temporary mesters. |y to carry with it the implicziion of logical negation,
- This allaws the addreay, data, and conirdl Luses to — thus causing the Jogie slatements Lo be interpreted —
aeltle belore information fa transfeped. — - - Incorrectly. Furthermate, they azsert that many de —
As abit of personal testimony. I implemented tha  signers thud mostly interms of clectrical levels, with
new [IMA protocol en my own system, which in- high being Live, which again causes Togic statements
cludes 2 Dtigitel Systema dual floppy disk interfaced  to be interpreted incorrect]y, They Dropase ta resalve
T waMITS Alwalr 8300, using DLLA Tor disk transfers T this hazard by removing the electtical information—
The =oft error rete, presumably due to glitching on _ i, the aaterisk, from the variable name whenit inus-_
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ed inalogie conleat aaopposed toan electrical or tim-
ing conLext, .

A compromise has been reached where the aateriak
ja not yeed in the context of iogic equations, but iy in-
cluded elsewhere in the document. We solicit feed-
back irem che readers on these two poincy of view,

The 5-100 bus subcommittee has been ably chaired
by Grorge Morrow and Howard Fullmer. Both of
them provided invaluable technicsl insights which
have been incorporzted throughout the draft stan-
dard. John Walker of Marinchip Systema supgested
the method of using 16-bit memory and interface
cards interchangezbly with B-bit cards. David
Gustavson and Leo Paffrath of SLAC suggeated the
bus arbitration scheme which has also been im-
plemeniyd on the Department al Energy’™s Fastbua.
Howard Fullmer suggested the DMA overlap pro-
tocol which lowers glitching noise. Kells Elmqguist of
Inter3vscems offsred e critique of the dralt pub-
lished in Mey 1978 tn Compater and provided many
useful suggestions lor improvemenl. Ha carefully in-
vestigated numergpus timing and electrica! alterna-
tives and resolved many open questions relating to
the standard. Kells wrote the final version of the draft
for submission to and revision by the subcommitoes.

The IEEE Computer Society is publishing this
standard in draft form to allow you Lo camment upen
it prior to subpmission to the |[EEE Standards Board
for adoption es an IEEE standard. For example,
should the data bus be extended 10 32 bits, and if 3o,
how? Y our commenta should be seat o George Maor-
row by August 15, 1919, with copies 1o Gordon Fotee,
Mr. Morrow's address is:

George Morrow
Thinker Tays
5221 Central Avenue
Richroond, Califernin 94804

If you would Like to participate in other standard-
ization efforcs af the Micreprocessar Standards Com-
mitces, please contact its chairman:

Gordon Force
Lagical Salutions
1125 Amur Creek Court
San Jose, Californie 95051

Finally, preparation of this proposed standard has
benefited from the contributions of many individuala
end companies. We indeed thank them all.H

The proposed standard
1.0 Geperal
1.1 Scope

Thisstandard applies toincerface s¥srems for com-
PUlEr 5y i(em componentd interconnecied vin a 100-
line paratlel backplane commarly known as che 5100
bus,

Ie applies o microprocesser computer svSIams. of
pertions of them, where
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11 Data exchasnged among the interconnecimd
devices is digital 1 distinct from analog).

21 The total number of interconnected devices is
amall {22 or fewer).

3} Thertota) trensmission path length among inter-
canrected devices is electrically short 1257 or
least. That is. tranamission line propagation
delays are not importang.

4) The maximum data rate of any signalon the bus
is low {less than or equal to 6 MHa). |

1.2 Object

This standard is lntended:

1 To define & rational, generalpurposs interface

system for designers of new computier system

comporents thas will ensure their compatibility

with present and future .5-100 computer

yyaLems,

Toprovide the microprocessorcomputer system

user with eompatible device families which will

communicate in an unambiguous way without

modification, irom which & modularly expand-

able computer system may be construcied.

To enable the interconnection of independently

manulactured devices into & single ayacem.

4) Ta apecily terminalogy aod definitions related

to the aystem.

Todefine p system with the minimum number of

reatrictions en the performance characteristics

of tlevices connected to the ayatem

8} To define s 3ystern that, of itself iv of relatively
low cost. and allows the interconneetion of low
cost Cevicey,

T To defins p syatem that i3 s23y to use,

3

—

&

1.3 Delinitions

The [ollowing definitions apply for Ltha purpose of
this stondard, This section containa only general
definitions. Detailed definitions are given in other
sections ay appropriate.

1.3.1 General aystem terms

Compatibility. The degree to which devices may be
intarconrected and usad withoutr medification, when
designed o5 defined in Sectiony 2. 3, and 4 of this
standard,

Interface. p shared boundary between parts of a
computer 1¥ytem through which informatlen is coa-
veyed .

Interfoce yysreme The device independent func-
tional, electrical and mechapical elemencaof an intar
fuce necessary to effect unambiguous communica-
tion among a 2ot of devices. Driver and recriver cir-
cuity, signal Ene descriptions, timing and rantrol con-
ventiony, message transler protocols, and lunctional
logic cintuits are typical interface system elementa.

Py — Su S ecT T3 Ao






Syatem. A set of [nterconnected elements con-
stituted to achieve a given vhjective by performing
specified functions.

1.3.2 Signals and paths

Astert. To drive a sipnal Line to the true stete. The
true state is either a high or law state, 58 specified for
each signsl.

Bidirectional bus. A bus used by any individuz
device, or get of devices, for the two-wey tranymis-
gion of messages, that is, both inpuat and cetput.

Biv-paraliel. A set of concurrent data bits prresens
on a like number of 2ignal lines used tocarry inflorma-
tion. Bit-parallel data bits may be acted upan concur
rently ns 2 group or independently 23 individusl data
bits. .-

Rus A set of signal lines vsed by an interface
syalem, to which a number of devices are connected,
and over which messages are corried

Byre. A set of bit-paraflel signela comesponding ta
binary digits operated on 25 a unit. Sonnotes a group
of cight bits wher the must significant bit carries the
subscript 7 and the least significant bib curries Lhe
subaeript &

Oytesrrial A sequence of bit-parzllel dats hytes
used to carry information over 8 comman bua,

Fligh siare. The elecirically more positive signal
level vsed to mssert a specific message content
gosociated with one of two binary logie states.

Low staer, The electrically lras positive signal level
used 1o azsert & apecific meysnpe content masoeiated
with one of twn binary logic stales.

Signal The physical representation whichcanveys
deta Irom one peint to another. For the purpose of
thlastandard, this applies to digital electricsl signala
only. .

Signal tevel. The magnitude of 2 signal when con-
sidered in reletion to an arbitrary relerence
megoitude {voltage in the case of this standard).

Signal line One of & set of signal conducterainan
interface syatem used to transfer messages amenggin:
terconnected dovices,

Signal parameter. That parameter of an electrical
quantity whose values or sequence of values convey
information.

Unidirectional bus. A bus used by a device for ohe-
way tranamission af messages, that is, either input
only ar output ooly.

Word A setof bit-parallel signals corresponding to
binary digits and opereted on a3 a unit. Usually con-
notes s group of 16 bits where the most signilicane bit
carries the subscript 15 and the least significant bit
carries the subseript 0.

1.4 State disgram notation

Enchstate that an interface lunction can assumeis
represented graphically by a circle. A mnsmonic is
used within the circle to identify the state

All permissible transitiona between states of anin-
terfnce funciion are represented graphically by ar-

Preliminasy —Subyect 1o Revision

rows between them. Each transition betwegn atates
mey be qualificd by an expression whos=e value must
be either true or [alse. If & state tran=ition iy noi
gualified by an expression it is assumed that trangi-
tien from one state to anather will poour sfter & mini-

mum time period, asindicated in the timing specilica-

tiona. An interface function must enter the state
pointed 1o if and only il the driving expression
becomea true, or in thecase of o time dependent tran-
sition, a5 s00n A% the minimum specified time hes
passed.

EXPRESSION 1

EXFRESSION T

An expression consists of Lwa parts, a driving ex-
pression and a driven expression. separated by =
slash (). The driving expression ia mandatery and
specifies Lthe conditions necessary for the state Lran-
sition. The driven expression is optional and ia uved
tn indicate signel Lransilions as s result of the stote
transition. A signal trensitipn is indicated by the
signal name follewed by 2n eqqai sign [=), [oliowed
by an indication of the siate attained by tha siznel as
a result of the transition. A driving expression con-
gsiats of pne or more messages used in conjunction
with the operators AND (bt OR [a+b), and NOT
i—al. Precedence isdelined by parentheses, Anezam-
ple expression is: {driving driven

A+ [B+C) | D=F{ALSE) E=TIRUE)

HAANDIBORC) istrue, then Dvis forced falzeand E
ia forced true, and the atste transition tekes place.

15 Logical mod electrical s1ate relniionships

This standerd makes a distinction between Lhe
logica! function of & signal and its electrical im-
plementation Al equations in this standard are logic
equations, nat electrical equations (unless otherwise
stated), and are written in terma of lagic statea, The
use of the term “active™ for the purpoue of this stan.
dard is synonymous with the Jogic state true.

There are two types of electrical implementation of
the logic states:

Active high signals. Active high signals are
representod without a suffix after the signal name
muemonic li.e. ABCD.

BNARY  ELECTRICAL  ELECTRICAL
LOGIC STATE  STATE  SIGhal LEVEL STATE
' CORRESPONDS TO
FALSE{Fi 0 <&V, CALLED THE L
LOW STATE.
CORRESPONDS T
IRYE MY 3 2.0 V.CALLED THE H
HIGH STATE.
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Active low sigraly ' Active low asignals are
reprezented with an esterisk suffix after the
mnemonie lLe. ABCD*),

BINARY ELECTRICAL ELECTRICAL
LOGIC STATE STATE iGN AL LEVEL STATE
LLRAESPCRDS TR
FALSE [F) 0 *2. 0¥, CALLED H
THE HIGH STATE,
CARRESPAONDS TO
< AN, CALLED L

TAUE (T} 1
: THE LGW 3TATE,

Intranslating a logie equation intoan elegtrical im-
plementation. care must be taken ta account for the
gctive-high or active-low character of the slectrical
signel. For example, the logic equation

MWRT = pWR » —s0UT, tlogic equation)
when implemented electrically, becones
MWRT = |—~pWR* « —sOUT, telectrical equation)

since pWR" is the electrical signal carrying the pWR
infarmation on the hus.
Mote that this i equivalent to

MWERT = —ipWR* + sQUT, iclectrical equation)

by deldlorgan’s theorem: condequently, & single two-
input NOK gate is sufficient to implemene MWRT, if
tt meeta the loading and drive requirementa.

The wilge or change of electrical value ¢f an ¢lec-
trical signal on 2 timing diagram which causes s tran-
sition change of the variable as & logic veariahle from
false tg true is:

Signat Edgr
active high rising
active low falling

Lagic equations in state diagrams are written io
_tertns of logic atare, not elecrical state.

The sulfix asterisk """ is pat & negation operator,

It ia 2 designoior (like a comment or footnotel at

+ tacked toa name telling the reader what tharelating.
ship is between the truth state and the electrical
staca, Thatis. thia variableis true when the ineon the
bus is low.

A prefix minus sign """ repredents the logical
negation operacor and is equivalent to the use of an
averbar. Parenthesed are used 1o enclose the negated
variable when required fer clarity.

L5 Interlace aystem overview
1.6 I Inrerface system objecrive

The overall purpose of the interface svstem is to
provide an effective communication Link over which
messzges are ciried in anunambiguous way among

e group of interconnected devicea,
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Messagesinan intesface system belong Lo sither of
two broad cacegories:

1 Messages used to marage the interface syatem
itsall, ealled interface messages.

21 Messagesused by the devicesinterconnected by
the interface sysiem, and carried by that sys
tem. but not pert of the interface system itaelf
fi.e. datal These are called device dependent
messdges.

The interface system herein described comprises
Lhe necessary functional and slectrical =pecificationa
for interface messages 1o effect the objective of this
standard, but it is beyond the scope of this standard
ta specify the nature or meaningiother thar electricsl
signal leval ol devics depeadent messages,

L6.2 Fundamentaf commuriication cﬂpr-lbl'fftfis

Anefiective communication ink requires t we basic
functional elements ty arganize and manage the Aow
of information among devices:

1} A device ecting as s hus master,
2y A device seting as & s slave.

All data transfer cammunicationy betwesn 2 bua
master amd o bus slave are carried out in terms of a
generalized bus cycle penerated by the bus master
and respanded Lo by the addressed bus flave.

Inthe context of the interface aystem described by
this acandard:

11 Adevice acting asabus manter has the vepabili-
ty to address ell bua slaves, or same portion of
them, by generating al! intecface messages nec-
essary to effect a bus evcle, and has the copabil-
ity to transier device dependent messages to or
from the oddreased slave as a part of that bua cy-
cle.

-21 A device acting 43 3 bus slave monitors atl bus
cycies, and has the capabilicy, thus, to be ad-
dressed by the Lbusy moster nnd to tranalfor device
dependent massages to or from the bus master,

+

Eus master end bus slave capabilities ocour both
individually and collectively in devices intercon-
nected via the 5-100 interface system.

LE3 Message packs gnd buas strucrure

The 3100 interface aystem conaists of  set of
sighal lines waed to cerry all information, interface
messages and device dependent messages among io-
terconnected devices,

The bus structure is organized into eight sety of
tignsl Lnea: '

1l Data bua— 16 sigmat lines,

2! Addresybhus— 16 ar 24 signa! lines.
3 Statys bus- 8 aignal linex,

4) Coneral output bus— 5 mignal liney,

51 Conerol input bus— 6 signal liges,

&l DMA control bus— 3 sigral liges,

W Yectared interrupt bus— 8 3ignal lines.

i Utilicy bus—

20 signal Liney.
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2.0 Funciional speclication '
2.1 Functional partiticn I

Functional devicss interconnected via theinterface
systermare divided imotwo broad classifications, bus
masters and bus slaves, secording to their relation-
ghip to the generation and reception of interface
" messages. '

Devices acting as bus masters are responaible for
the initintion of ali bus cycles, and for the generation
of all sigrals necessary forthe conduction of an coam-
biguous bus cycle. These siyrnals are termed type M
signals. and eensist of the nddress, status, and con-
trol buses. Device dependent messages are transmit-
ted and received on Lhe data bua, ’

Bus masters are subdivided into two classifica-
tions, permanent masters aud temporory mastera. A
permenent bus master Igencrally a CPU) s the high-
et priorily master in the interface system. A tem-
porery ciasler may request the bus from the perma-
nent master for an arbitrary number of bus cycles,
and then returns control of the bus to the permanent
master. Thetransler of bus control from o permunent
master Lon temperory master and back (o the perma-
nenl master [ termed a DM A cycle,

The dilference between a permanent bus master
and a tLemporary bus master is that:

1] Culy one permanent mascer tnay exist within
the interface system, whereas up to 16 tempo-
TECY IAsters may co-cxisl in a single system.

2} A temporary master is not subject toa DM A ey-
cle, that ix, there are no nested DALA operations.

Devicen ncting aa bus slaves gre bus cyele rocep
tors, A bus slave monitors all bus cveles and. if sd-
dressed during a pardcular bua cycle, accepts or
sends the roquested device dependent messape on
the data lines, While bus masters must generate a
specific set of signals in order to assure an unam-
biguous bua eycle, a bus slsve need only examine and
generete that subset of bus signals necessary to com:
municate with bus masters.

2.2 Signal lines
221 General

The bus ia o collection of measage patha defined
relative to the current bua master. They are:;

1) Address bus.

2} Status bes,

3) Data inputioutput bus,
4) Control output bus.

&) Control input bus.

6] DM A control bus,

7l Vectored interrupt bus,
B) Utility bus.

The nature and use of each bus {s specified in the
following sections.

Preliminary — Subjzct th Reasion

D22 Address bus

The address bus consists of 18 or 24 bit-parailel
signal lines used to select a specific lecation in
mermory or & specific inputfoutput device far com-
munication during the current bus cycle.

All bus masters must assert at least 16 address
hits, hut may as=rrt 24 addrrss bits if eatended ad-
dress capability is desired, Validity of the address
bus is defined in 2.7.3.

Table 1 sutnmarizes address usage for various bus
evelea,

' Tebis 1. L
Addrens usuge for diffarent buys cycles.
STANTARD EXTENDED ©

CYCLE TYPE ADDRESSING  ADDRESSING
MESOAY READ
MEMORY WRITE . | 40815 AQ-AZ3
M1 (OP-CODE FETCH)
"J”u’;%' | sa-a7t AD-A1S
WIERALPT ACEMNLYLEDGE KDKE KOHE
HALT ACKNOWLEDGE - MOME NOKE
123200

2221 Standerd memory addicrsing

The standard memory address bus consists of 16
Lines specifying 1 of 64K memory Ipcationa. These 15
lines are named AD through ALS, where A5 is the
most siznificant bit.

2222 Frtended memory cddressing

The extended memaocy address bus conaists of 24
linea specilying 1 of 16 million memory locations.
Thesa 24 lines are named ADthroueh AZS, where AZ3
{9 the most significant bit. )

. 2223 Srandard inputioutprt deyice addressing

The standard 170 devite eddress bus consists of &
liney, Af} through AT, specifying 1 of 256 170 devices.
A7 is the mest sipnificant bic,

NOTE: The 0 device address has traditionally
becn duplicated onto the high order address byte,
Al5-A8. While thia in considered acceptable pro-
redure, it i1 not recommended [or new desigts as it
tomplicates expansion to exiended /O device ad-
dressing.

2224 Extended inputioutput device gddressing
The extended L0 device pddress bus consists of 16

liney, AQ thuough AlS, specifving 1 of 64K devices,
A15 is the meat significant bit.

223 Searus bus

The status bus consists of eight lines which iden-
tify the nature of the bua cyele in progress, and
qualify the nature of the addresy on the address bus.
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- - 1
The mnemonics for statun lines alwaysbegin witha
lower-case &,
The & atatus lines are

1} Memory read— aMEMR,
% Qpeode leich— LRSI

3) Input— sINP,

4] Ouiput— sOUT,
5) Write cycla— WO,
&) Interrupt acknowledge—~ sINTA,
7 Halt acknowledge— sHLTA,

E] Sixteen-bit data vransfer request— sXTRQ®. |

The & lines i the status bus must be generated by .
the curreot bus master _
Validity of the status bus i given in 2.7.3.

281 Bratus momory wrile

One reievent atatus signel is not directly available
on the bus, but may be created by the combination of
two others, Statua Memaory Wrile is defined as:

aMamory Write =
(—=0UT) - sW0O, llogic equation)

that i, SLALUS memory write is rue 'Hrfu.rl sOUT is
I'a]-:e and WO bwrite) is brue.

2232 51ctus usage chart

Table 2 pives the atatys word definition for all 228 Coriref uu:pu: bus - T
possible bus cycles, (W) refers to word {16-bit data ) !
path) eperations; (B} refers to byte (3-bit data path) — The 5 lines of the contrel output bua determine the

operations. H=hLigh state Lelow state. X=don't
care, .

= n

Table 2,
Status usage charl. . .
- [+ -
2 s e L. = 2R
oy = )
STLiys BITS = 7 z X g 2 35 =x%
EYCLE TVPE _ . _ _ .
MEMIRYREAD - __ (B} H-L H™"L L L L _HT
M H L #H oL L L L L
NP-CODEFETCH (M _H_H_H. £t L-L_L_H  _
W) H N M L L L L L
WEMORY WRITE B L L L L L L L H
v M.L-1 L L—-L-L L L
QUTPUT- M L L LH L Lt L.n
" (" L L'"L H L 4+ L L
INFUT By L L H & H L L H
. i L L H L H L E L
ISTESRLPT {1 L.X H_L L H L H
ACENOWLEDGE ™) L X H L L H L L
PELT ACVHDWALEDGE—— 1 X~ H -L—L*L-H L -
wWHERE:
M o= HIGH STATE
rL o= LOWSTATE —~
I - OONTLEEE -
o= 1E-8.T GRERETION -
= 80T GPLRATION e -

- -

224 Dotz bus —
[Jaia input and dua output are always specified
relative to the ctrrent bus master. Data transmitbed -
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by the current s master toa hus slaveia callad data
cutput. Davy received by the current bus m;terfrum
a bus slave is calied data inpur.

The data s consiats of 16 lines grouped as two
enidirectional 8-bicbuses for byte operationsand asn
single bidirectional bus for 16-bit word operations.

2241 Byre operations

Two unidirectioral 8-bit bueses are yvsed for byis
data translers. Data output appears on the data out-
put bus (D00 DCI'T} where DT ix the most S:IETH.I.Fv
caul bit.

Data input nppear: on :,hz data input hus
IDIG-DITL where DIT is the most significant hic

2.2.4'.2 Ward operan'uns . .,

For 16-bit data transfers the DI and the DO buses
are gpanged together, creating & single 16-Lit bidiree-
tional bus. Twu signal [ines control the ganging of the
data buses, sixteen request =X THRG*) and sixteen
ascknowledpe ISEXTHN®), When bolh of these ines ars
truefin the low state), the data buses nre ganged with
D00 correspndiog to DATA 0 and DT corre
sponding te DATA 15, the most yvignificant bit

Complete specification of the B16-bit protocoi is
given in 2.6 -

timing and movement of Jata during any bus cycle.
The mnemonics far the control output lines always
begin with a lowercase p.

_The five linea are:

.11 pSYXNC, which Indicates T.he siert of 2 new bus
. cycle.
21 pPSTVAL®, which In conjunction with pSYNG

indicates that s:able address and status may ba -~-——

sampled from the Lus in the correne cyele.

3) pDBIN. a generalized resd strobe that gates
data lcom an addressed slave onka che dala bus.

4} pWER", a generalized write steobe that writes . T ..

data frem the data Lus into an addressed slave,
_ 51 pHLEA, the haold acknowledge signal that in-
dicates tothe highess priardity temporery master

- = that the permaenl master is relinguishing con. = -—-

tred of the bua,

The control autput signals are aubject to the func- °
tional and timing dtsc.fﬂmes givenin 2.7, 3.8, and 3.9,

228 {?un trol inped bues

The six liges of the control input bus allow bus °

slaves La synchronize the ¢perations af bus masters

with conditjons internal 1o the hos alave e g, data meeee .

nat ready) and Lo reguest epe-ations of the perma-
nent master (e ., mte'rup.. or hoid).
The six rontrol inpur Lines ere:

nRbYy . . .
) XRDY—---m —— - - .

- m—— - - e oW - - -

Trelrmeary— 5ol
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3 INT*
4 NM]*
E] HOLD*
£ SIXTN*

2281 Ready lines

The ready lives are used by bus slaves to sym-
chronize bus masters to the reaponss spesd of the
alave. Thua cycles are muspended and wait states Ln-
serted until both resdy lines wre axsarted.

The RDY kiow Ls the general ready line for bus
glaves, Tt is xpecified a3 an open collector Line.

The XRDY line i3 a speclsl ready lina commonly -
usad by froat pane! devices to stop and aingle step
bus masters. Asit is pot specifind a5 an open collector
Lize, it should not be used by other bus I].I\"H-. sincen
bus conflict may exist. a .

B, a7

2282 Interrupt Lnas v

'.-"'_ 1 Lo

. Tha two interrupt lines, INT* and NMI*, are used
to request aervies from the permanent bus master.
The INT™ line may be masked off by tha buy
master, usually vis an interns! software operation. If
the master accepts the interrupt requeat an the INT®
line, it may respond with an interrupt acknowledge
bus cycle, accepting vectoring information fram the
dats bus. The INT* line is often implemented as &

“group interrupt” line in conjunction with the vec-.
tored interrupt buy. In this case, INT* indicates the -

presence of ope or more vectorsd interrupt requests.
Tha M1 * line iy & o maskable interropt raquest

Line, that is, it mey not be masked off by the bua-
muaster. - Accepting an interropt oo the NMI™ lina -

priority raquestsr.

need not generate an interrupt acknowledge buw cy-
cla

||.’. -

* 4) DMA3J*

Tha SIXTN® line is apecified as an cpen collector
Line. Detalled specification of the use of this line 13

givenln 2.8,

227 DMA coatrol bus ;

The ¢ight liney of the DMA control bus are used in
conjunction with contrel bus signels HOLD® and
pHLDA. Thay arbitrate among simultsnecus re-
questa for control of the bua by temporary masters
and disabls the signal drivers of the permanest tus
master, thus effecting ap orderly transfer of bus con-
trod

All eight Lnes of the DMA control bus are up-uclf od
a3 open callector lines.

Tha eight DM A mr.rd Enes arw

." 1) DMAD*

2) DMA1* ~
) DMAZ® .

&) ADSH*
- 6y DODSB*
7] SDSB* - .
& CDSB*
Detailed spmil"uhun of the use of thm linea is
givenin29,

2271 DMA arbitrctan

Tha four lines that l.rbitl‘lur waang simultanesus
requeats for bus control by temporary toasters are

"DMAD® through DMAS®, The encodsd pricrty of -

requustars is aaserted on these lines and, after set-’
tling, they contain the pricrity number of tha highest

Dutailed -ptdﬁuunn of this process iy given in

_An interrupt request oo the INT® Eos [ynxsertedas . 2.8.3.

a leval, that {4, the Une is asserted ontil intermupt ser--
vice is received. An interrupt request on the NMIY
tine, on the other hand, is psserted a3 a negative ging
edge. since no interrupt scknowledge cycle oeed be

generatad.

Both these liney are apecified a3 open collector

Lines.

22 6.5 Hold reguant

-~

The hold requeat line, HOLD™*, is usad by tam-
porary bus masters to requeat conitrol of Lhe taus from
the permanent bus master, The HOLD® line may be

masked hy the permanent bus master to prevent tem-

porary nasters from gaining bus control.

The HOLD* line tx specified 82 an open collector
line, and may only be psserted ot certain times. See
283,

226 4 Sixteen acknowledpe

The sizteen acknowledge line, S[XTN®, is a
response o the status signal sizteen request
1sXTHQ*), and indicates that the requested-16-bit
clata cransfer is poanible.

‘ Prebmwriary-—Subyet] (& Person
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2272 Buy tronsfer signals Lot
Four signaly are available oo the bus to disabla the
line drivers of the permanaat bua master. They are:

1) ADSE*, address disabla

2} DODSH*, dats out dizable,

) EDSB*, status disabh.

4i CD5B*, contrel output dissble.

Use of thess lines is tightly specified during the
transfer of the bus from a permanent master to s tem-
porary inaster, a3 given in 2.8.2, and any transfet In-
wvolving the contral output lines should follow a
similar

The address, data, and status signals from the per-
manent master may be disabled and replaced using
thene signaly ay long &4 the contents of these buses in
valid for the current bus cycle a3 though no replace
ment bad ocourred.

228 Vectored intarrupt bus

The cight lines of the vactorsd interrupt bus are
used in conjunction with the geoeralited vectored in-
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terrupt request, INT®, Lo arbitrate emong eight
lavels of interrupt regquest prioritiss. They are
typically implementad a3 inputs to & bys slave which
masky and prioritizes the requests, asserts-the
generalized intecrupt request to the permanent bus
muster, and responds to the interrupt acknowledge
bus cyele with appropriste vectaring dats.

The eight Lines of the vectored interrupt bua are
VI0* through VIT®. where VIQ* is considered Lhe
highesy pricrity interrupt. .

The wectored interrupt Lines should ba Im.
plemented as levels, that is, they should e held ac.
tive until service i1 received.

205 Systam utilities
L2321 System power

Fower i 5100 systems s distributed ta bua de
vices as unregulated voltages. A tocal of nine buy
lines are paed:

11 +38 volus, 2 ines.
21 +16 volus, | ne.
2 =16 volts, 1 line,
4) GROUXD, § Lines.

Ground lines are distnibuted acroas the adge
connector such that low impedance grounds are
available on both sides of the edge connector, and on
both sices of the circuit cards,

Power Lines are subiect to the specifications given
ind.2, .

2232 Byarem clock

The systemclock, @, [s generated by the parmansent
rmaater, The contral timing for all bus cyeles, whether
they are cycles of the permanent master or cycles of
temporary mastérs in control of the bus, must bae
derived from this clock,

This signal is never transfecrad during & bus ex.
change operation.

228ICLOCK

This clock is specified 22 a 2-MHz (0.5 percent
tolerance) aignal with noretationahiptoany ceher bus
sigral, It is to be used by roungers, timers, baud-rate
EelErators. ete.

2.2.84 System reaet funcrions
System revet funetions are divided ioto three Lines:

i RESET™, resets all hus masters,

2) SLAVE CLR*, resets all bus slaves.

31 POC", pawer-on clearisactive only on power-on,

and psscrts SLAVE CLE* and RESET"

The POC* sjgmal is specified us heving a minimum
active period of 10 rasec,

RESET* and SLAYE CLE* are specified a3 open
collector lines.
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D295 Memory write strobe

The memory write ateobe, MWERT, must be gener
ated somewhereinche system. Itis usually generated
by front panel Lype devices. but ia gptionally
generated by permanent masters or mother boardsin
systems without front panela. Care must ke taken
that it is gentrated ot qnly ane point in & given
syatem.

Memory write is defined z2s:

MWRT = pWR « —sQUT (logic equationt
22885 Phartom tlauws I

A line, PHANTOM®, ia provided for u;rerl‘,aying

. bua alaves et o common address location, When this

lina iz activated phantom bus slaves are epabled and
normal bua slaves are disabled.
This line iy apecifiad as an open collectar line.

2297 Error

The line ERROR* {3 & generalized ervor Line that is
nsserted when an error of some sortiie., parity, write
o protected memory) is oceurting in the current bua

cycle.
This line [ specified as an open collector line.

2238 Menufoeturer apecificd lines

Three lines which can be specified by individual
manulacturers are provided on tha lnis, Thesd lines,
termed WIIEF Inot Lo be defined), akould only be oy
plemented ay options, and shall be provided with
jumpers sa that poasible conilicts mey be eliminated.

Any manciacturer MUST specily in detailany use
of these linea. Signels on these lines are limited Lo §
valt legic tovels.

2299 Power fait (PWRFAIL")

The power fail line indicates impending power {uil-
ure, ahd remains true until power is restored and
POCH i3 trua.
bog re Reserved ines ({RFER

The [ive remaining Enes are reserved for funire use
and moy oot be used for eny purpose.

2210 Pir liat

Pin connections to the card edge connector shall
conform o the bat given in Table 3.

2.3 The permanent master loterfues
231 Genernl
The permanent master interfacs provides the capa-

Bility ta tranafer device dependent messages to and
from all bus siaves, 1t is responaible lor the geoera-
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Tabin 3. 5100 bus pin list.

FN KO, SIGrAL & TYPE ACTIVE LEWEL DEECRIPTION
1 + 8 YOLTS 1B} Inslantanezzs minkmom gradtss tan 7 valts, Insanlaneoyry maowmim st
THN 25 »0NS, ABrE70 Moy Was [haa 11 vors,
2 + 16 VOLTS [B) In$laniaseous mindmum greater 11an 14,5 volls, INsantansous Masamum
183 than 35 wolls, dverage maumygm [ess than 21,5 veils,
3 XROY (&) H Ona ol BT rezdy inzuts ttoe Coreertl bus masier, The bus & rexdy when
. baih these reddy inSuls are L. See pin T2,
| Wi {5 L f.C Vegtored inlerrupt line O,
5 YI1*¢5) L 0o Yeclarad [nlarrupt lina 1.
5 Yi2=(33 L 0.c Vaglared fnzarrupt lna 2.
T Y- (5] L o.c Yiettore: et bre 1,
] Yia*{5) L g.Cc Veglored imterrupt Ina 4. '
8 YI3T (5} L n.c Weclared intwrrupt hne 5,
10 YIB*[3) L Q.c Veclored inf=riupt Foe &
1 ¥ir-[5} L 6.c Wegiored intarrupt ke 7.
12 HKI*[8) L §.e Nam-matkahle Werrupt.
13 PYRFAIL B L Power Rl bus stgnat. (Ses Sectlan 2.10.1 regarding pseudo open-
[{Jahul o HTTY ]
14 DI2A3" (M) L 0.C, Temporary masier priosty b 3.
15 Al (M) H Exlended afdress b 18.
16 ATE (M) H Extendrd address bt 16,
17 AT (M) H Extended address 1 17,
ik 30 U L oL, The controd signal 12 cratdn e B slatus $égnals,
13 COSE- (M) L 0.C. Tt copnlic! Signal 15 Cisable 1me 5 confrol outpul Elgrals,
20 GHD [B) Common wilh pin 108,
g | HDEF Hol 13 be cehned, Maagtactorer mogst specty any uaa n detall
'y ADSR” M} L. 0.LC. The covised sighal Lo disabie Whe 16 adoress sigrats,
o D05 (M} L n.C. Thm contret signal 12 disable 138 B dals culput sqnals.
e | L ELH H Thee master 1'ming sgnal o0 e bus.,
L PETWAL* (M) L Stalys vallks sireha, i
Fy pHLGA (M) H A condral 30ral used In conjuncon wilh HOLR® 19 coocdingle bis mayier
fransler Ccoeralions.
T RILJ Resetvird lor (yture vsae,
k]| FFU Reserved tor fulure use.
s A5 (M) [ Adgress st 5,
3 &4 (M) H Rooress bit 4,
k)| LANL) i Addrass bt 3,
32 A5 (M) H Address bit 15 (mast sigrulican e non-extendes addressing )
i3 A12 M) K Andress bl Y.
1| AS (M) H Address bH 2,
3 DX (17 DATAL (IAFS) M Data put bit 1, bfderectlonal dala bit 1.
s [0 (RA1FDATAD 1 F5) H Data aut bl 0, bidirecuang) dals bit 0,
LH AMD M) H Aoorest B2 10,
it D4 [HLDATAL R/ H Tuta out b1 4, Sidlrectiongd gtz tit 4,
1 D05 (MIFDATAS (W75 H Cata out bl 5, Ligwecnonal dala bil &,
0 DO5 (HI/DATAS (MA5) H Daka out bl &, hideectonal gata bit G
1 2 (S DATAY (K75 H Esta by B 2, bedirechong] dana o 10,
17 C13 1583/DATATY IMFE) H Dala kn kil 3, Eadirechznal dala b 11,
&3 D7 (5)/DATATS 18125 H Diata In BT, Bldrachiznal gzia e 15,
&4 LMY W) H The stius sigral which Indicares that tha current cycla s an
op-cece Irizh,
1% 0UT {M} H Tha sLitus tiynal ddenLhying the Jatd Irany'er bus cycle 13 an
putpul devica,
48 1HF (W) H The status sigrat Keatifying e dzl Iransler but Cycle Irom in
npol gevice,
4T SHEMSR (M) H The s signal ienstying bus cy—Ses whith tansfer cala brom memony
10 & bus master, whech are not fRIserupl acxnowh A8 Ndirechon
I=lch Ccytleds).
1® SHLTA [M}) H The status sgnal which acknow!ecges thal & HLT insiruzton Fay been
expCuted, . .
L] CLOCK{A) 2 MHE {05% 40-B3% ooty cyole. Mot requirsd 1o be aynchienous with
any other bug sgral,
b1 GXO (B} Comenen with pin 100,
b1 + 5 VOLTS 18) Common wh pn 1, .
£ =16 YOLTS (B3 InsBRENE0US maximum kesy than — 14.5 volts, ing antarseus minkmum
Greaiar than = 35 volis, average muwmum grezler than —21.5 wolts,
53 GHD 1B Commvan with fin 102,
£d SLAYE CLR® (8] L f.c. A reae) 13030ty re st bt sigves. Musd ba Arthve wilh PDC" 20 may 3130
e ceneralza by exlernal reans,
&5 DM AD" (M) L 0. Temporary masisr pronty bl 4.

Fretiminany —Subyect 19 Aeviscon
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Piy MO,  SrGMAL & TYPE - ACTIVE LEVEL DESCRIPTEON

LT L[TETR ] L QL.  Temparary masier pranty bi 1.

5r CMAZ™ {M) L 0.8,  Tamporary misied pranly bil 2.

R LITRO™ (M) L The Ltarrs signar whh requesis 18-bif slaves 13 adsert SINTH®,

&9 Al9 (M) H Ecienced audresy it 15.

[T} SIXTH* {5) f a.c. Tha gignai g=nerateg by 15-h:k dldves in responsd o tha T6-Bd raqued
srgrd 3XTRY",

£ AZY (M} M Extenced adcress i 20,

g2 AZ1 M) M Extenoar acdress oo 21

63 A2Z (M) H Exiended accress bt 22,

64 AZX (M) H Extenced acdcess it 3,

6% KEEF Ml ta b celined gl

13 KOEF %ol ta bt gRlned Siad,

&7 FHANTOM (M/5) L Q.C. & bos L0l whooh tuzables namdl Sree gaaced ang enables phantom
tlaves—primariy usad dor D AUAPRNG Syslarms wilhout Rardward

- fronl panels.

65 MWHT {BJ H PR - = SEUT flogic eqguatios), The sgrad musl fallow pWF.' by rot 2o0Y
tean 30 £x. [Ser cole, Saclion 2.7.5.3)

&3 RFU Reserved Iof latyreyse,

10 GO . Commaon with mn 150,

” REL Resareed for uture vis,

12 ADY (3 K f.c Sed commenrs dof fun 3.

T3 INT™ |5} L 0.6 The peumary inferrugt requesl Bgs shgaal

T HOLD* M) L ac Tha conlra sipral wsed in conmnchon wilt pHLDA [ cocresinaly bus -
MASIEr WARETM oCRratong, . .

15 RESET*{B) L i.C. Tha resel swgnal o resel burs M3sier devites. This signal * .
mudl B acive with POCT gnd mdy atéo e generaled by
petemal mens.

T8 nSYNG (M} H Tha contral skl ideqbbang B3;.

Tr pveR™ (M) L The conrrl Sigral sgmbyng he Cresance of
vald 22°2 on DO Eyy or gata Dus.

78 poOAIN (M) H The comteod Saral shal reguests dala an (Mg QI
EUs & 018 bys em the cerfdily addressed slava,

¥ AQ [M) H Aggeesy B O (faast sordcant).

a0 At b} H Aocrats b |

4 A2 (M) H Acaresy bl 2.

22 Af M} H Arddress bl B,

a3 AT (M) H Addrass oo T .

a4 AN (M) | Agdrads bt 3, *

L1 A3 M) H Aodreas Bt 131

£S5 AT4 (M} H Acdrays It 14,

E7 A11 M) H Acdress bt 11,

£a LAz tM1/FDATAZ iM45) H Cara gut &1 2, bicirscilonal data bit 2.

23 Q03 M) FDATAT (M/5) H Cala gut bl 3, Bogirechgaal data bt 3,

=] QA7 (MIOATAT? (/%) H Laaowt B}, Gudeschonl dawd 7,

5t 01 153 0ATAY2 [MEFS) H 03 i B 4 20 Balwectnnal g2l bl 12,

%3 Cas (SWOATATY (S5 M T4 i B1 5 ane begwssuongd cata Gt 1.

a3 DL (S1/DATAYS [M/S) M Dta m bil 6 and Dawectonat ¢ata bt 14,

9 Oy 5V DATAT (Mig) H Cata ln 4l 1 acd begwectiond) cdra it 9. .

5 01 {5)70ATAD (MsE) H Cata In bl f jleast wgaiteart tae -0t 2ata) and
Gelrechongi o =1 4,

=5 SINTA (M} H TE4 53hud sgral wenthyng the Bl nmul cpoeli that muy
1G1erm A0 accasted viEfTuc] resulal preasanied ga INT™,

&7 SN (M) L The SLafes Signal Wannbying 4 Bus Cycts whicn frinsiars
43U fram 3 Eus MaAler |3 § Alawa,

2% ERRGR* 15} L 0.0,  The Swy strs Sl agribpng 33 B0 COnCA Sanng
AFESAT] Dy TyCe.

53 Pac* 8 L Tan Dowsr-on Ciear fiongl lor gl DS deviees: when this
Foudl Qoes 10w, of MUl sy low dar 31 133t 10 maeds,

] RN Syrtam ground.

tion and timing of all bua ¢ycles while it haacontrol of
the bua, and is capable of genuvrating al! poasible bus

cyclen.

trol of the bus is always retumed to the permanent
INasLer,

232 Permanent masier gtare diagrom .

The permanent master normally haa control of the

bg I8 may relinguish bus control toa temporary bus
fmaster viza a bold operacion for an arbitrory number
of evelea, Uponcompletion of the hold eperation can-

duly 1579

The permf:nznt maseer interface shall be im-
plementad 2o as to conform to the state diagram
givenin Figure 1.
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2.3.3 Permanent muster state deseriptions
2331 Bus stare |

The initizl bus siate, BSy, is the state in which the
status and eddress buses sre in trapsition to theip
values for the new bus cycle. pSYINC goes truein the
middla of the BS, alate, Indicating the beginning of a
new buy cyele,

¢

2332 Bus srate 2

BHus state 2, BS,, is the stale during which the ad-
dress and status lines become stable, When they are
guaranterd stable the pSTVALS®, status velid strobe,
is activaled.

The ready lines and the sixteen ncknou]mlge hne

are sampled during the BS; state, -

2333 Wﬂl'! state

The wait state, BS,, is eatered if the ready line
sampled in BS; indicates that the addressed Lus
slaveis nel ready lor data transfer. The ready line i=
sampled once every clock eyele until a ready condi-
tjon is indicated, When the rendy conditivn s in-
dicated the BS; state s completed and the BS; state
entered,

N The RS, state s thus used to synchronize bus
cycles generated by Lus mastera with the respanse
speed of assoried Lus slaves,

2334 Busstare § ~— - . -

data Lransfer actually takes place betweenthe master
: and the |ddn,ssed z.hwe, —_

- -Hmﬂ'!pﬂ.r—l-i
1 Therp B J Porefrh gpeslagd [omee D Befmert g gmd B8 4 armiivy

L 0| e DN Eornhon pogae o ] e o %] rgeanty S Pl ol
13 w0 aender ol pptilriy ¢ JMT -] 2w rE b e
L 3 M LEn oyl g - L e e AR
m'#‘ﬂ‘ﬁw#m'-mr

Figura 1, Fermanen! masies stals dhgram

1
4

. m -3 om e W am oam -

Bus state 3, B3, is the bos state during which the -

Puelimizary — SeEjes ;0 Covrsion

2335 Idle bus states

- Alter completion of the BSy state, the master may
enter ono or more idle bus states,

While in an idle bus state the generalized duta
strobes, pWHR* end plIR1N, must not be active, and
pSTVAL* musi not be asseried in conjunction with
pSYNC aclive.

2338 Hofl accept

Permanent masters must be confgured te condi-
Lionally accent hold operalions from temporary
trasters. This funetioeg may be gated off under Lard-
ware or soflware contiol, Lo silew indivisibis teat gnd
set operations. If hold is ensbled and active, the per-
manent master will enter the hold state HS Tollowing
a B5, state, and pHLDA will be asserted.

Thepermanent masterremainsinthekeld stateun-
til the hold request HOLD® becomnes false. )

Hold operations alwayy take prigrity over inter-
rupt apeerations.

2337 fn:¢~rn:pr aceeal

1f hold request is not active, if execution of the cur-
rent instruction s complete, and if inLermopla are
enabled and an interrupt is bring requested, then tha
permancnt master accepts the Inlerrept request at
the pod of tho 138, state, [o the ease of a vectored in-
terrupt, the neat bus cycle may be an interrupt
acknowiedge bus cyele, [nthe case of a non-mashable
interrupt, the rezponse is usually a transfer to a
predotermined ]Dca!.mn -

- i
i
234 Required signals for permanent masters

2341 Qutput signols

RN PO,

- The following signals are output signels from per-
fanent masters Lo bus slaves: \
[

AD-AZ3T

1

) All status signals,

31 All control output sigmels,

4} Data gutput signals |# or 16 depending oo pro-
cessor Lyl .

5 &, the systemelck, - - —

2342 Fnput signals_
The foilowing signals are required input siymals to
prrmanent maiiers:

. 1) The contre! input signals, excepr NMI* and
SIXTH"
2) Data input signals i§ or 16 depwnding on pro-
cussor Lyl
3} The four disable signals ADEDY,
S05p . 158
4} EESET™.

DNODSe

t AJEthrough AZD err optional of permensat maslerl. -
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238 Dummy masjering .

*

In cases where 2 numbar of processors co-sxist Ina
single system 43 temporary masters, [t may prove ine
efficient from & aystemas pointof view to melemmt.
perToanent mur.lr

1n such a caseitls permissible that the pemmt
master be implemented a3 & dummy, that Ls, as &
device that conduets no bus eycles, but only suppliea
an arbitration interval so l‘.h.lt the DMA control hu:l
may settle, < _

The dummy master uku coatrol of the bus h—
tween temporary mastery, asazerting che control out-
put bus In the null state, and passes the bus to the
next requester xfter an I.rb:trtum interval of coe’
clock cycle

Required putput signals for dI.Imm_f masLers are
the contrel output signaly, and the system clock @,
Input signals are HOLD™ and CDSH®. = '

2.4 The temporary master [nierfucy
24.] Genarnl

The temporary master interface provides the
capability to tranafer device dependent messages to
tand from a selected set of bus slaves. The ternporery
master thus differs from the permanent meMer
that it nesd not penerats all possible bus cycles,

The temporary master requests control of the bus
from the permanent master. Ifthe bus [s granted, the

* temparary master |8 peyponsible for the generstion.
and timing of a8 bus cycles until it returas control to

' the permanent mastar, ..

Since up Lo 16 tamporary MAsLATS may cO-£Xist jam - -

single s¥stem, u protocol has been daveloped to wr-

bitrate among simultaneocs bus requasts. Degallad =

'lpldﬁtlt.lﬁn of thiz protocal is given in 253+

2,4' 2 Temporary mos I‘rr rtatr dicgrom

The tamporary “mestar Interface - shall: b-l iz~

plemented 30 35 to conform to the state diagram
pvenia Figers 2,

n

2 4.3 Temporary master state deseriptions - .

2431 Arbitration (ARE} -

if mors chan one temporary master is present in the
py3tem. bus requesters must arbitrate for the bus us
givenin 2.8.3.
During the arbitration sequence, bus regquestsrs
try 1o adsert their pripriciss on the wrbitration bus.
. and the contents of the arbitration bus are compared
with esch requester’s priority. o
If the contents of the arbitration bus is of higher
prierity than che Jocally actempind priority asaer
eion. Lhen g higher priority requescer {s present inthe
systern, and the low priority requesier removes Its
low ocder bity from the arbitration bus, Thus, alver
some settling time, the prinrity of the highest priority
requestes §3 present op che arbitration bus. This re
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quester ls granted the bus on the rising edge of hokl
acknowledge. -

24.5.2 Bua transfer ﬂ.nru XS Fand XS5 1T}

Since the bus has positive pﬂ]l.l'i.t-}" coatrol :1;1“.1:.
sxtreme carm must be taken in bus transfer cpers
tions o aveid erroneous pulaes on the controd lines.

In genaral terma, this la aecomplished by specify-
ing that both the permanent masier and the tem-
porary master drive the control lines in specified lol'il:
states during the bus transfer.

Detalled :ponﬂc..tinn of this operation is given in __
2.8.2.
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2438 Bus cyele

The definition of bus cycle states js the same as

that for the permanent master interface, piven in

2.3.5.1 through 2.3.3.4.

An erhitrary number of bus cycler may be per-
formed by the temporary master before reluming
contrel to the permarent mester.

2.44 Reguired signols for tempamry masters
2441 Qurput signols

The loliowing are required outpat signals fore tem-
porary master interface;

1} Address lines AU-AZ3T.

2} Allstabua signals.

3} Al control putput aignals 1, -
4) Data outputlines,

5] DM A achitration Lines DM AQ®- l'.]"f{ﬂ:}"
&) Hold request, HOLD*.

2442 Input signaly ~

Tho following are required input signals for & tem-
porary master interfate:

T Moir: Temporary raesters must penerate ALGAZL they need only
peoetaly felyay or kews oo Lhese & biser. boswever,

Tt Nore- Tempeary maslers ihoyld provide @ jumper on the
PETVAL® tina, an H660 CPUs of old design do not transer thes line
with (b contrel outpgt [ines. In this coae pll oY nasters pas the
pare PSTVAL® sighal,
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Figure 3. Temporary masler siate diagram.
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1} The ready lines, RDY and XRDY.
2! Hold acknowledge, pHLDA, -
31 Nata inpyr lines.

4 The syatem clock, &,

2.5 The slave iptarfnce
A slaveodevice responds toa bus cycle initiated by a
bus master. dlemary and inputiput put devices are ex-
amples of bus slaves.
A slave device may request service by o bug master
by gencrating &n IBLETTURL request. "

2481 Slave interface stare dicgram

The slavninterfpce shall conform, in general, ta the - .
atatediagram given in Figure 3. Slaveinterfaces need
not have both read and wrike capability,

252 Slove siate definitions

‘252 ] Staveidle state

The slave idle state, 5, is & pessive state with
respect to the bus,

The slave monitors the stream of bus evcles to
deterrnine if it is selecled for the corrent boa cyvcle
" The slave may Lie perlorming internal operations
while: ip the idle state.

The assertion of SLAVE CLR* forces all slavesin-
Lo the idle state,

2.5.2.2 Slave setup

A slave moves from the sleve idle state to the setup
state, S, when it has leen addresced by the curmnc
s cvcle. This ia an operation intrmal to the save
which zets up & data transier with a birs master. 1{ a
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alave can tolerate spurious transitiony from the idle  ctransfer may be accomplished by two sequential

atate to che setop state, then the device select signal  single-byte transfers.

may be decoded statically fromthe address and status

buaes. If a device cannot tolerate apurious cransicions, 2,62 &bit data paths

the davice select Une ahould be devoded in conjumnction

with the scatus valid strobe, pSTY AL The current bus maater requests an B-bit transfer
I s¥ynchroniration is required by the slave before by not asacrting sXTRG®.

the daca transfer may taka place, the ready line ix Dvta daca outpot, from the master toche addressed

anserted false during this stace until the device is  glave is assertsd on the data eutput bus, DOD

ready lor data tranaler. through DT,
. Byte data input lrom the addreysed slave Lo the
2523 5qve read current bus master is easerred on the daca inpug hus,

DI0 through DIT.
Data from the addressed slave ia gated onto the
data bus during the slave read state, 5, The gener- 283  16-bit daca pathks
alized read strobe povernathe transition tethisstate,
When device select becames faise the slavereturns The current hus master requesta a 16-bit tranaler

to the idle acate. by eyserting 3 XTRQ". .
1 the addressed slave {s capable of 2 16-bit paralle
2524 S5lzvewrite data transfer, it asserts SIXTN= as shown in the tim.

ing dingram (see page 520,
Deata from the current bus master {2 written into Sixteen-bit daca transfer is then tonducted via the
the slave during the active period of the geceraliied ganged data buses, where DO = DATAD, and D17

write sttobe, pWHRY, = DATALS.
When device select becomes false the slave returns
o the idle state, . . 264 Memory organization
2505 fnrerrupt request aicie . Memeory devicea capable of bath B-bit and 16-bit

parallel dats tronsfers are organized, as shaown in
If a slave requires service by abus master, eninter-  Figure , 29 two banks of B-bit memary. s high-byte
rupt request may be generated by ihe slave The in- — bank and a kw-byte bank. These data hacks may be
terrupt should be held active until the slave is ser- activaced either tagether or separately, depending on
viced or until SLAVE CLR" Is asscried. the candition of the sixteen request atatus line,
sXTHG*
2.5.3 Required signals for tlave interfaces
2841 Byte references
Slave interfaces meed only receive and generate
that subset of bus signals necessary for communica- When s XTRQ” is not asserted, memory reflerences
tion wicth masters. are single-byte tranafera.

2.6 S'15hit date tronsfer protocnl
Tar-STalE DAvERS

281 Generd | owitw bont
LR LEL
Impismentation af the 3/16-bit data tranafer pro- WRTE
tceol ollows both 8-bit and 16-Lit parallel dota M R
transfera over the bus, and hence allowa both B.hit
mascars and 16-bit mastert and slaves tocoexistine
single system. For 1B-bit cranslers the two unidirec LoWrTE .
tienol B-hit data buses are ganged to forn a single WHITE
15-hit bidirectional data bus. l.l"
Two lines ars a3signed tacontrol the ganging el the .
data bus: w1 -0

. 1L w4 by gt P reers | R b e
1) aXTER", status auipyt from the master, which T he g ey e e

indicates o request lor 3 15-bic data tramafer. 1 h;“
21 SINTN®. an acknowledge izput te the master. bm FLE L - -
which indicaces that a 16-bit dats transfer is Ll R
{ - 4 T N
possible. "t .:.:‘ :::x-::urw'u-m-
Ty = h"l-d'“r.'t"‘.:“' i
Use of the sixteen acknowledge Lige SIXTN® per- bar - Cebrmn oy - [ TGS i

mite the vze af current design £-hit memery bosrds
without medification- When SIXTN " ialalse, 2 16-bic  Figure 4. &18.bl1 memary geganizailon,

July 1573 PrwTa ALy =Syl pat 1T Reviasd
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The proper location in memory ia selocted by the
addrexs output on addreas lines Al through AlS
iA23 for extended oddressing sy stema), while the AD
line selecta the high byte or the low byte, AQ equaia 0
splecty the high byte of the 16-bit word, while AD
eguala I selects the low byte of the word.

See Figure 5 for address usage,

in theB-bit mode, data output from the master, on
the 1O hus, is connected to the data input lines of
both memory banks; the low-bytedata input lines ere
conhecied directly to the X0 bus. and the high-byte
dats input lines are conpected Lo the ) bus via &
two-lorone ruuitiplexer controlled by sXTRG®,

Dats cutput from the memory barks 15 routed to
Tri-Statet bus drivers A and B in Fijure 4. One af
these drivers is enabled when the rvad strobe is ae-

- .tivated, drepending on the condition of AD. The se

lected biyte is thus available to the master on the DI
v bta, -

. - > - -
BEG42 Word references

When sATRQ* s aszerted by the master, and
SIXTW* i3 asterted by the slave, memory references
are doull~hyvie ransfers.

Addresalines Al through A151A23 inextended ad-
dress systems} select the proper word from memory.
The condition of the Al bit does not enter into the
tecoding or addressing for word refcrences.

See Figure 5 for address usage,

in the 16-kit mode, dats output from the buy
master is 853erted on the 16 sipnal linea of the DO s
and the DN Lus, The rmultiplexer oo the data ioput
lines now routes the high-byte data, on the DN bus, to
the data inpot lines of Lhe high-byte bank. Low-byte
data, on the DO bus, is connecled to tha deta [nput
‘lines of the low-Lyis bank,

Data cutput from the memory banks is routed
thecugh bullers A and T to Lheir respective data

el State pa w trademark of Nulional Semiconductor,
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Flguvre 5. 81 E-bit addrass and data usage.
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paths. Both A amd C will be enabled by the read
strobe,

245 Sixtesn acknotcivd ge (SIX TN

implementation of the sixteen scknowledpe line
allows the use of B-hit memory boards [noa 16-51t
system without modification, byt with a reduction in
maximum system bandwidth,

Il & 16-hit master requestan 16-bit trapsfer, betthe
nddressed slave is not capoble of such a transler, the
aixteen acknowledge lines will not be asserted.

The master will respand inane of two ways, by gen-
erating anerrer trap or by conducting the transfer in
byle-serial fashinn.

2687 RAyreseral response

If the =izxtren ackoowledge line is not ectivated

. gfter a spectfivd peried, cirenitry may be incdudod an

b mesters to conduct the requested 16-bit transfer
a5 tbwo consecutive by le operations, thus assembliog

the requested 16-bit word while holding the masterin | -

a wait state,

For this procesa to eceur, the sixteen acknowleden
Line muat roect the Himing specifications for the resdy
line inputs.

2.6.8.2 Error reaponse

1F circnitry does not exist on the inaster to conduct
therequested 16-bit trongfer 28 {wo consecutive byte
operations. snerrof condition shall result immediate-
Yy, with ERROR" asserted

2.7 Fundementul kus eycle timing

‘\

2.2.7 General

This section deals with the fundamental timing
eoncepls involved in the stondard buscycle. Detaited
specification of the titning paramelera dizscussed in
this seciion is given in 3.8 and 3.9,

The standard bus cycleis 2 pseudo-synehronousey-
cle, that js, the timing of the control signals bears a
specified relationahip to the master system clock 9.

All data transfess, including read or write cveles, 8-
or 16 .bit transfers. memory or input/output device
transfers, end interrupt acknowledge are conducted
on the bus as & standarg bus cycle. T

Figure § showa the fundamental timing [or & atan-
dard bus cycle, with & single wait state inserted by
the addressed slave,

272 Address ond stetus buyes

The beginning of 8 rew bus cycleisindicated by the
nisiag edge of the pSYNC signal, which closely fal-
lows the rising edge of the aystem clock, &.

The address and status buses arechanging to their
values [or the new cycle during the beginning of the

* Ser paoyuble rrcrphion, section 2 T.5.3.
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pSYNC intervsl. Shortly nfter they can be guaran-
teed stable on the bus, the stztus valid strobe,
pSTVAL®, is asseried. pSTYAL®, decoded in con-
jupction withpSYNC, indicates to all bus alaves that
stable address and stalus may be sampled from the
bus. ‘

The position of thé 122tuys valid strobs within the
PSYNE interval iy independent of the system clock,
@, This affordy the designer of bus masters con-
siderable flexibility in interfpeing different pro-
ceszors ko the bus, The status valid strobe should be
positioned within the pSYNC interve!l such Lhat the
deley between pusranteed status on the bua and the
activation of the status valid strobe is as close to the
minimUit apecification as poasible, thus maximizing
memory and device ecceas time, T

Ia order to prevent false cycle starts in bus slaves,

oniv onenegative edge of the status valid sirobe may .

oceur while pSYNC i asserted,

Address end =tatus Informetion is thu: stable on
the bus from the negative tranaition of tha status
valid strobe during pSYNC, and i keld stableuntila
speciflied peried aftet the trailing edge of the data
strobe (pDBIN in the read case, and pWR* in the
wrile casel.
decoding of the gddress and skt mfurmatmn will
not ocelr ot the end of the bus cvele.

2 7.9 Beady and rixtecn acknowledgr lines

-~

B

The sixteen acknowledge ling, since it may be used
to place the bus master in°a wail state while & re-
quested 16-hit irenafer is conducted in bytererial
fashion, % subject to the same timing constraints as’
the ready lines.

The ready lines are first sampled by the bux masker
onthe rising edye of the system eleck during the A5 2
state, and i active, the master enters a wait state, -
sampling the read y lint once every clock i::ycTe on the
rising edge of the syatem elock until the :Iaw. eisready
for data transfer,

A minimom serup iime before the rising edgeof the
s¥stem clock, and a minimum haeld time after samp-
ling must Le met for the proper operation a:’ thetendy
lines.

The time between the sctive edge of thc sutus_

valid strobe and the sampling of the ready line mny be

very short, Hence, it is recommended practice not to 7

meke arseriion of the ready line dependent on
pSTVAL®.

Dizta cutput, addresd, and status aze heid atable
during wait states, —. .

274 Rr’ﬂ.tf cycles

2541 Genwral

There are four types of read eycles: opeode fetch
tM1), muemary cead. input, znd interrupe echknow-
tedge. These cycles are abl similar with rexpect Lo tim-

"Nove The #1 aigral ectpul from cune ol B0 prcesaor brandy
roreds all the pjecificaticnt ap o vtad e vabid sirobe, Feotr, theua
roncd s el 1he tga ceele sprnaficarlen wilhout moedifies o,

July 1078

Thiz bhold time ensures that lalse &

ing, but make different use of the statuy bits and thae
address bus, See Tables [ and 2.

2742 The read sirobs

The generalized read strobe pDBIN faused Lo guta
data from an addressed slave onto the data bus dus-
ing aread operation. The resd strobeis asserted trya
by the bus master alter 2 minimum specified Lime
from the asserlion of the statns valid strobe,

Tt ia held trus during any inaerted wajt 3tates, and
relurns Lo the lalee state, relurning Lhe data bus to
the high impedance state, shortly before the addresa
and statis buses are allowed to change,

. 27.5 Write cycles

- =

2781 Genernd

- “r
- LY

There are bwao possible types of write cycles on the
bus, 8 memery write cvele aid an output cyele

These Lwo cycles ere similar withzespect Lo timing,
but make different use of the status bits and eddress
tua. A speeia] write strobe, MWHT, 12 grnerated for
metmory cycles.

D752 TAhe write stmle

The generalized write strole, pAWWR®, i3 used to
- writw data fron the datg Los into the addressed bus
glave, The write strobe may be asserted by the master

. after the completion of the pSYXNC interval _
Diata cut on the data buy must be guaranteed valid
== fur 2 specified period both before and aftarthe activa-
“tion of the write strobe. Hence, either the leading or
the trailing edge of the wrile strobe may be used to

strobe data intg the addressed slave,

Address and status information must be held valid

——Ior ® specified peried of time froc Lhe trailing vdge of = -—

the write sirpbe.”
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27253 Mrmory write strobe - - - ..bus control from the permanent bus manter to a tem-

. porary bus master for an wrhitrary number of bus
While the genernlized write strobe is actlvated forall  cyeles, nnd thureturn of control to the permanent”

write cycles, the memocy write strobe s activatad for  master. .

memoty writs cycles only. The memory write strobais  Thesa two operations ars: '

usually generated by front-pane] devices, if they exist .

in the xyatem, as 8 function of biza memory write or a 1} The bus trenafer protocal

front-panel depasit. If front-penel devices do not exist - 2} The arbitration protocol among simultanecus - -

the memory write strobe must be generatad bus requesters,

somewhers in the system, but st anly one point. This

cirouit ehouid be designed such that it generutes the  2.82 Buy trunsfer protocol .

memaocy writs strobe for all bus masters. Jumpers -
shall be provided to allow extre circuits to be disabled. 2227 General '
The memory write atrobe, MWRT, in delined an: Co .
TRT o ‘-.__ i (= - = rWhen s temporery bus master haa been grar’
MWRT pW‘R sOUT. ﬂumn 'q“mm the bus by the permanent bus master, control must
that ia, mmmrywnt.e is true when pWR ia t,rue:nd be transferred Lo the tamporary master in such o way
#OUT ix fulea that apurious aignala are not generated on the control
The memory write strobe muost follow the pWR?*  output lines, causing false bua cycles. Since some of
strobe by not more then a apecified perdod.t . thecontrol gutput signals are of positive polarity, ex.
. . .. treme cars must ba taken [n:this operation. In
2B Specinl bus operatiopny -~ - ¢ =2ent penersl, the ppecified bus trensfer- protocal ae-

complishes this by having the permanent master and

281 G!I-l!l"ﬂl w s the temporary master drive the control cutput linea

fa. o simultanecusly at specified levels during the bus
This uct.um describes two lp&cm] bus operaticns  tranafer.
related to DM A operations, that is, the transfer of
25822 Bus transfer atate dingram g
*

thdetr; Historicitly the MWRT sirobe by bers gerwraiod by front- - . .
panal drvice to sicomplish the drpodt function La such s cane, the ' . -
MW RT strobw iw anseried while the front-pamsl holds the CPU in The bus trans fer operation shall be Inplemented so
wait siair during » memery rend cyche, Mot that Lhe statos willin g tgconform to thebus trangfar state ﬂilgr.tm g‘i\l'
dicate n read ¢yely and Lhe pUBEIN sirobe will be nctive, in Fi 7

While thiz is sccvptable procedury for B-bit systame. and Sbaix gure /.
marnoraey shoald resposd Lo MW AT a1 wull nx pWAR®, & Le no popr-
misaite im 1E-bi. wysimi s o conflict will wxinl om the bldirmtional zujﬂu; n-nmftr’mu definitions
data buz. A fronl- pndﬂuﬂhhﬂmﬂidﬂhwlllmw -

, o il tad inio the ., .

maaler, of inLegTs P‘U : 28281 Idix

LI I

itk ;-: =1 The idle state vignifies that the temporary muster
_.-,, ) .-?rf;zr 3 iseitherinvolved in internal pperations. and does .
: -;A’ii‘—:—:r} ~ require the bus, or that it s waiting for.the bus to
7  becoms free 30 that it may sssert 1ts bos request. ..

28282 Arbitrarion

1f & temporary master desires the bus, and HOLD
is fales and pHLIYA iz false, the temporary muster
enters the arbitration saguapce,  wherne it conteats
with other bua requeatars far control of the bos.

Detaited specification of this process ia given in
2.8.2.

28235 Hurx grent

Privority assertions oo the arbitration bus settle in
the interval between the assertion of » bold rec, -
and a hold scknowledge. At the rising edge of the hold
acknowledge signal the bus is granted to the highest
priority requester, enabling the bus transler opera-
tion for that requester.

1f the bus iz not granted t.n & requester, that re-

h quester returns to the idle stata,
Figurs 7. Bus tramafer stale glagrem, . The bus grapt state is termed MINE. P

Freliminary = Subiect th Rrvizon COMPUTER






28234 Transfer stateone, XS T

The bus tranafer sequence begins with trapyfer
state one, N5 [ The bus transfer control ciccuit
asserts the following signals tng:thur

11 ADSBE*
21 SDSB*
a popsue

disabling the address, status, and data ourput
driversof the permanent bus master and enahlingthe
control cutput drivers of the temporary maste. Both
the permanent master and the teqiporsry master are
now driving the concrel output lines. These lines are
required to have the [ollowing levels during this time.

Signal Logic yrate Electrical leval
11 pSYNC F . L
21 pSTVAL" F . Ht
31 pDBIN - F . L. -
4 pWR* F ot H
5 pHLDA T H

The trznafer state is terminated by the assertion’
by the bus transfer contral circuirn) of the COSE*
[ine, disabling the conerol drivers of the permanent
master ind enabling the address, statuy, and daca put
drivers of the temporary master. The Lemparary mas-
ter now hag commplete control af the bus and begingiea
fFizst bus cyele,

28235 Buy cyclea

Any number of standacd bua cycles are then con-
ducted by the temporary bus master. Bus cootrol [s
never ransferred betwesn cycles When the Lem-
parary master is dane, the process proceeds to X511,
tranafer scate two,

28258 Transfer atace tuwo

Tranaler state two, XS 11, iathe mirrorimage of the
zequencain X5 1. The statr beging wich the release of
the CDSE* signal, enabling the cantrol putput drivers
of the permarent master and disabling the address,
atetus. and daca output drivers of the tempaorary
master.

Both the temporary master and the permanent
master drive the conorpl output lines for the =
mainder of X511 at the levels prescribed for XS5 1.

The azate i3 ended by the release of other disable
signals and HOLD®, enabling the address, atatus,
and data oug drivers on the perzanent master, and
disabling +he control gurput £rivers of the temporary
master. The permenent master now has camplete
control of the bus and the temporary master returns
to the idie state.

2.8.24 Bus transfer timing relationships
28241 Generaf

The furdamental timing relationships for » bus

e ROCE 10 wectioa LA L,

July 1979

tranafer and a single DAA buy cyele ere given in
Figure 8.

Relationship to the bus tranafer states is shown in
boxes at the bottom of the figure.

Detailed apecificationof these timesis givenin 2.10
and Table 5.

28242 Tigr

A minimum time betwean the rising edge of the
hold scknowledge sigzal end the assertion of the
disable sigrala in X5 [ allaws time fo; campletion of
the preceding bus eycle. |
28243 Ty,

The time that both the temparary master and the
permonent master must drive the control gutput

signals had'a specified minimum to assure 8 smocth -

hus transler.

Aasertion of the XFER I signsl. or 'CDSB' is
specified relative to the rising edge of the ayatem
clock, @, w0 thet the assertion of thia signal may be
used by the temporary master as a cycle start signal

28244 Ty,

The “dene’ signel is o signal internal to the tom:

pocary master, Thia signal should not be ayseried un-
til the kold tirme for data oucput, status, and eddress
signals ip the standard bus cycle hay been met.

28245 Try
Completion of the reveras bus transfer XFER 11

shall precede the release of the pHLUA signal by a
minimum apecified time.
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2.8 3 Bux arbitretion protoce!

In a system which allows more thon she master to
use the system bus, for example a CPU permanent
master and several tempaorary mesters such as DMA
controliers ot multiple CPL =, some means must be
provided to determine which device will boallowed to
control the bus st any given Lime.

The bus arbitration syatem uses four bus lines for
arbitrating among 16 tempaor ary masters. These lines
are driven by apen collector drivers, and ere pulisd
high by pullup resistors, Each temporary master has
a unigue priorty number which [t aaserts on the grs
bitration bus at an apuropriate time, A higher binary
nomber indicetes a higher priasiey.

The temporary masiers cOmpare the priority ap-
pearing on the active-low oprn-eolioctor bua with the
priority they are asterting, starting with the most
significant bit. If disagreement is detected by any
temporary maater at any given hit position, then
another lemporary master must be asyerting that
priorily kit and thus must have's higher priority, In
that coase all Jess significant bits are removed by the
detecting tomporary master. AL more significant
bits agree, and thus need not be removed, and the bit
which disagreed must have leen n 0 and thus was pot
naseried. Leaving the sgrecing bils osserted redaces
aystem nolzse caused by the redistgbution of diving
currents in the bus, and specds seecling of the correct
prioril¥ on the arkitration bus, This proceas 15 & con-
tinuzous asynchronous parallel process, not 0 sequen:
tial Lit-Liy-bit proecyss 85 it sy seem from the above
description. I neorrect compdrisons will nceur and be
removed as the bus lines settle for 6= long o5 lour bus
deloys inat related Lo Lhe choico of four buslines) plus
lagic delays.

The four lines which comprise the arbitration bua
are DM AO* through TIATAJ®, where DM AJI® {s the
mmost significant bit. These lines, in conjunction with
HOLD* and pHLDA, contre! the bus arbitration pro-
i+ 3. B

2.8.3. 7 Bus arbitration implementation

An implernentation of the bus arbitration protosol
is shown in Figures 9a and 9b.

Any implementation: shall abey the rules sum-
merized in section 28.4. )

2A%2Bus arbitration statedeflnitions

25321 IWANT

The IWANT state is an internal state for & tem-
porary master which has determined that & bua ac-
cess i necessary pnd thus wishes co arbitrate for b
control.

Temporary mastera rmay nol asssrt their priorities
nor rempve thern pr arbitrary times, or the arbitra-
tion bus may ke in transition when the result is need-
ed. A temporary master may assert its prierity and
the HOLD® bus request paly if {1} pHLDA ia not
nsserted ithe permanent master has the bust, and {2)
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HOLD* {3 not elready axnerted. This guarantess an
ampla tim# to satthe tne arbitration bus before the
graniing of the bus un the rising edge of pHLDA.

This scheme usually results in the first requester
winning the bus. Only if simuitaneous bus requesea
pecur will the arbicration have any effect. This,
however, is not inprobakle, since multiple unaue-
ceasful requesters will become synchronired by
waiting (or the falling edge of pHLDA.

28322 Priority comparr states

The priority comparison states, C3 through GO, are
the siaiws where each requesier compares the priori-
Ly it i3 attempring to assert on the arhivration bus
with the priority actually on the arbicration bua.
Though CAthreugh COare shown and described an ne-
quential. they are actuelly parzllel proceases. While
disagreemeant oecurs at any bit pasition, less signifi-
cant bits are removed from the arbitration bus. [f no
disagreement persists afier the scttling time, the re-
quester haz the higheae prioricy and will be granted
the bua on the rizing edge of pHLDA, proceeding to
the state"MINE", where the bus transler begins. All
requesiers continue to assert their prioritiss on the
arbitration bus until the falling edge of pHLDA.
Thusthe prierity number of the currene bus masteria
avaitable on the DMA bus while pHLDA is crue. [f
the permanent master hay the b, pHLDA will be
false

Acempora~y master that wins the hus continees 1o
assersits priority and HOLD® until ita buseyclesare
complete. A temparary moaater that losesthe bus con-
tinues to a33€rt its pricrity bits not turned of[ by the
arbitration process, it must remove ity a3sertion of
the HOLD* line, aochac the winmermay indicate that
ltis linished by releasing HIOLD®. Alosing requesater
in this stal«e in azid to be in the " WAIT" state.

2.83.3 Bus arbilration timing refarignships

Figure 10 shows twa posaille cases of the bus or
bitration procedure. The firat of these is a case whery
the requester has no competition; it requeats the by y
and the by is granted, The second case showa the re
quercer waiting for the bus (o be free, achitrating for

the bus and lasing, and arbitrating for the bus and -

winning.
28331 Nacompetition

When the tamporary master determines thac it re-
quires che bus, it raises the internal signel [WANT.
In this case, the riring edge of IWANT Ffada the
FHLDA signal nmasreried, meanisg the permanent
master has the bus, and the HOLD* 1signal unas
serted. meaning that no gther devicea are requesting
the bus, The temparary master may then assert the
HOLLD" signal and assert ita pricocy on the arbitra-
tionbus The ISLIE signal is the resule ¢f the arbitra-
tion process. end ia asserted if rone of the Bowise
companisons on che arbicracion bas fail. Thia arbitra-
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tionresultivclocked by therising edge of the p HLDA
sigriel, creating the bus grant sigonel MINE.

\When the tempoarary master is finished with the
bus, the 1WANT signal is released, releasing the
HOLD* signal and resetting the bua grant aignal,
GIINE. The permanent minster releases the pHILDA
signal, and ail assertions are removed fram the ar
bitration bus.

28312 Wait-lpsewin

In this axemple the requester raises its TWANT
signal. but finds the hus siready bus: " and must walt
ter assert it bus request and priority until the falling
edpe of pHLDA.

The tequester arbitrates for the bus during try 1.
but gnatber requester hasa higher priority and the nr-
bitration result 15ME s low at the rising edge of
pHLDA, indicating a 1024 in the arbitration process.
The lpsing requester removes ita assertion af the
HOLD* signal. but continucs to assect the nen-con-
flicting high-order bits of 118 lesing priacity until the
falling edge of pHLDA. At the falling edge of
pHLDA, the process repeats, but this time results In
a win lor the refuester,

2.84 Summuary of arbitrution protocel

Figures A and 9B represent an example, not a re
quired implementation. Aoy implementation which
obeys the et may be used. The rules which must be
obeyed by o temporary master g

1} HOLD® may be asserted only when it is not
elready asserted and pHLDA in taw.

21 HOLD* must be rernoved when pHLDA rises if
another controller has osserved higher priority,

3) HOLD* mustbe removed when the cantroller na
longer needs the bun.

4 Priority ravst be asserced whensver HOLD® (s
aaserted, end must remain esserted until the
next falling edge of pHLDA,
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B} The priority level must be user-selectsble by
switches and asseried by open-collecior drivera
on bus lines DL AZ*-LIN ADY.

The most significant bit of the pricrity level {ap-

pearing on DAA3®) must be cornpared with the

priority asserted. If the line is szserted low bt
not bv this temporary master, allleas significant
prierity bit sszertipna must be removed.

Similarly, bita DMAZ®, DMAL* nnd 13MAQ"

must be oxamined and possible less significant

conflicting bits removed,

T} Hoolines are asserted low except thove asaertad
by this temperary maester aiter suilicienl sel-
tling time, this temmporary master haa highest
priority and may take the bus when pHLDA
rises,

8] Logic implementations must be such that et
tling of the arhitration cireuitry and bus will be
compleled between the assertionof HOL1™ and
the rise of pHLDA.

]

2.9 Interrupl protocel

The purpose of so interrupt aystem is to allow
peripheral devices Lo saspend the eperstion of s bus
master in an orderly woy nod Lo request that the
master aervice the requesting peripheral When ser-
vice is complete, the bus master returns o the opera-
tion from which it was inlerrupted.

The Interrupt protocol is comprised of an B-level
vectared interrupl system and a non-maskable inter
rupl. A complying master peed only implement
INT*

29.f Vectored interrupes

2811 Vectored interrupt requests

Eight lovels of vectored Interrupt requests are
issued on the vectored interrupt lines, VI0* Lthru
YI1*, where V10* I the most sigrificant interrupt
privaity level. Yectored interrupt requests, however,
may be rotated, inesked individinelly, or “fenced cut"
by Lhe interrupl contrel slave, and heace the priority
levels nre not fixed. Requests on the V1 Lines should
be waserted pa lovels, that ia, they shouid be held ac-
tive unti service is received. A slave which xaserta g
¥1 line need take no further action Lo genersLe an in-
terrupt. 1t is assumed that il interrupt acknowledge
cyeleaoccur, pninterrupt contraller somewhere inthe
system will reapond approprictaty.

The peneralized interrupl request line, INT®, isim-
plemented as a communication line bet ween the inter-
rupt controfler and an interruptable master. Any
#love or interrupt controdler, using the INT® lina,
must respond oppropriately to any interrupl ac-
knowledge cycles. The interrupt controller ia not re-
quired touse INT®. A vectored interrupt may oocur
without INT* ever being asscreed.

2.81.2 Interrupt achnowledge

The interrapt acknowledge cyele is g standard bus
resd cycle. The interrupt acknowledge cycle requests

Fretimirg ry — Sutyect to Aevsion

vectoring information from the interrupt controlier
to be nsserted on the data bua during pDBIN.

Since no addresa information is saserted durinp an
interrupt acknowlege cycle, only one incermupt con-
troller may exist on the bua. If multiple interrupt con-
trollers exist, they must either be “daisy chained™ to
avoid possible bus conllicty, or polled by the bus
master.

2,82 Non-mashable interrupt (VALY

The non-maskable interrupt is &n optional contral
input to bus masters. This inlerrupt is not mmaskable
by & seftware instruction, and takes priority over
wther interrupt requests. The NMIF Lne may be used
in the implementation of the special condition
lines ERROR* and PAWRFAILLY.

NM1%izan opencolicerarline. Thebus ma ster shait
respond to negative going Lransitions on the NhI*
lina, N
2.10 Special candition fines

Two sperial condition lines, PWERFAIL" and
ERRCR®, are avpilable on the bus. Their vae ia op-
tionul. -

2101 Powerfoil pending (PWRFAILY)

This line indicates an impending system power
fuilure. It is specified that this Line shail ba netivated
ut least 5O msecs hefore the local voltagn regulators
drflt oot of specification.

The line stays low until the power-on ciear sipnal s
activated. This {tnplies Lhat cither 2 normaliy closed
relay or & battery powered circuit drive the power fodl
tine. The circuit deiving this line must mect tha clee-
trical specifications for an open caliector line,

L2102 ERROR*

This is # penetrbized error line that indicates Lthat
the current bua operation is producing sn error of
some s0rt lie., memory parity error, write Lo pro-
tected memory, inability o accommodate B-bit
slaves, otc)

The ERROR* line should baimplemented san Lrap.
All relevant informetion sbout the emorcausing
cycle—eddress, dota, status, devies nember (for Lem-
porary mastersi—should be letched on the falling
edpe of ERROR®.

ERROE" is implementad ax an open collector line.

3.0 Electrical specilicatlons
3.1 Application

This section defines the electrical specifications for
interface devices to be used in 5100 bus systems,
Proper operation of these devices nlsodepends ontwo
other factors:

11 Short physical distance between devices,

2) Relstively low electrical noise.
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The ¢lectricel apecifications for the bus driver and  3.4.2 Drver specifications
receiver circuits danct imply a particular technology,
unless otherwise noted -
All specifications apply over the Lemperature
rapga T, = 0°C to TOC,

Specifications [or bus drivers shall be aa lollows:

Low atate {¥g k'  Output voltage less than or
< 7 equal to +0.5 volts at 24 mA

-7 ' alndk curzent
3.2 Pawer distribution .

High atate [Vy,y); Cuiput voltageifor active and
Tri-Stete dHivers] greater than

Fower in 5100 systems is distributed 2s uaregu- ar equal to +2.4 volts at 2 mA

leted DC power at thres voltages, +8 volts, +16 -
volts, and —16 velis. Because these voltages zra gn
adiacent Lines it is relatively easy to short these ljnes
oncard remaoval. Therefore, bleeder resistors orother
constant loads sufficient to discharge uJ.I th.ree sup-.
plies r:pui.'ly are recommended.

The leawaga current for Tri-State drivers in tha
high-impedance state is specified as not greater thas
+25pA. L 10T

The internal ca pu::twe load of a driver shd] not ex-

- ceed 15 pF at 25°C whether in theachvearlhehl;h
. mecdancestate ., i
S e s The rise and {all times of bus drivera ahould ha
minimized, aubject t03.3. Innocase should theriseor
fall times exceed 50 nsec 2t rated capacitive load

321 +8& voit specification - T

Instantaneous minimum must be greater than +7
volts, instantsneous mazimum less than 25 volts,
and mverage maximum less than 11 volta.

3.5 Receiver specilicationg
The specifications for rectivers on Lhe bus shall be
as fallows:

J22 +18 voir specification

Iratantazecus minimerm muat be gresterthen 14.5
volis, instentancous maximum less than 25 volts, Low state: A voltage less than ar equal to +0.8
and average maximum less than 215 voits, -~ — volta shall be recopnized 21 a low

N state.
323 =l uoll specificalion : High atate: A& voltzge greater than or equal o
+2.0 volta shall be recognized as »
Instantanecus maximum must be lrae than —14.5 e Ligh state. -
volts, instentaneous minimum greater thea =35 -
volts, and’ average minimum’greater than®=21.5"" Bus recaivers shall source no more than 0.5 mA st
volte, ; ..+« 0.5 volts und sink no more than 50 4A at 2.4 valty, 777
. . Bus receivers shall havediode clampeircuits topre-

1.3 General signal discipline vent excessive negutive voltage excuraions, ——
) Additional noise immunily i3 aflorded by the use of

Other than the power lines noted above, all signals Schmitt type receiver circvits, Recommended hys-
on the bus are limited Lo positive signel levels bee - teresis for such receivers shiould be greater thao or
tween 0 voltaand 4-5 volis, end tnay not hme waded  equal Lo 0.4 volta,
rise or fall timea leas than 5 nyecs.

3.6 Bidirectione] signuly

A4 Driver requirements

Somia interface signels, such 25 the dala bus, are

J.4.0 Driver typea - comibined Tri-Siate drivers and receivers. For ench
- - Tanetion thess devices muost meet the same specificn-
Theee Lypes of bus drivers are defined: - -~ tions ag separate drivers and receivera:

The total internal capacitive loed for a line trany-
1} Anactivedriver, t*ther inthehighstateorinthe _ cejver shall not s#xcesd 20 pF at 25°C,
low state grin transition, which las the capebili-
iy o accept currect in the low =tate end to pro- 37 Cud level hus loadiag —
vide current In the high state,
Anopencotlector driver, which will not secept or At the cerd level, the following specificationa sp-
providecurrestinthe high state A 100 = 5% plv:
pullyp re=istor Lo +5 volt or equivalenst must be

z

provided samewkere in the system for epeacol-’ 11 The tatal capacitive load on any bus anut 5hlIl
lector Hoes, T4is recommarnded that these pullup ~ == "not exceed 25 pF. 722
rexistors be provided an the bus |lowever, im- 2} A card mey not source more than 0.5 mA At 0.5

plementation on the pem:nen master it alsp  — - valltnorsink more than BOpA at 2.4 veltsonany
scceptable, | sipnal line pxcapt for DO AD DAIALI" DMALZ®S

3t ATr-Statedrver. which hasthecapmbilitvtobe DMA3Y PHANTOM®, and PAYRFAIL®. On
inthebigh-impedance state as wellasinthehigh - these lines a card may not sotrve more than 04
and low rtates. - A, AL 0.5 volts, .
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X 7.1 Bus termination

All bus linea ezeept the power and ground lnes
may be terminated to reduce bus noise waing & circuit
equivalent to

BUS LINE Tl n +_/"‘\-
o= e v

whers Vm 2.6 volta = 0.2 volta und & {n no less than
12001+ &%I.

and termlnation scheme using o circuit equivalent to

+5y

A
3

. R,
0P WLLECTC!H _aus umj H; _{’_\

whern Vo2 6volta 2 0.2 volta B = | SKO* 5%, and
R, should be boless then 1800 {* 6%).
3.8 Read cycle timing specilication

" Figure 11 depicts the read cycle timing wavefonmna
with the pertinent timing peramelers shown. Table 4
specifies these parameters. .

3.9 Write cycle timing specilication -

vim =+ ‘me=. Figare11bdepicts the write cycls timing waveforms -

with the pertinent timing parameters shown Table 4
spacifies these parampetera.

- Opencollector lines may have s comhination pullup -

2,10 Ready and slxteen request timing specificatlon

Figure 12 depicts RDY, XADY, ard SIXTN® tim- ~
ing wavelorms during read and write cycles, with per
tinent timing parameters shown Table 4 specified
thesn parametora,

3.11 Hun transfer tlming -pedﬁciﬁun

Figure § depicts bus transfer timing waveforms
with the pertinent timing parameters shown. Table 5
specifies these parameters.

4.0 Mechanical specillcalions
4.1 Application

" 7This section defines the mechanical specifications
for standard interface aystems, ¥ .

42 Connector type

iy e P E

* * The card edge connector i3 a 100-pin {dual 50} con-

nector with contacts spaced on 0125 centers. It in
nominally designed for pri.nud edrenit boards 0.062*
thick.

The connectar ia subject to the apec:ﬂcltjona in
4.2.1 and 4.2.2,

4.2.1 Electrical considerntions
1} Voltage rating: 200 volts DC, minimum pin to
2) Cyrrent rlf.in‘g: 2.5A per contact
3) Contact resfatance: 50 o? maximum at rated

corrent after 100 Insertions. !
4) Inaulation resistance: 1000 MQ minimum

i.!.! Connector rpacm;

Connectors should be uplce-d 0.75 inches —0.01 in-
ches center to canter.

- " F 1

Figure 176, Read cycle fiming diygram,
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Table 4, Readiwrite cycle Uming paramaters,

MIH [HSECS)  MAX [NSECS)

oy © FERIOD ’ 166 -+ 2000 -
Lvw © PULSE WIDTH HIGM . ST : 0.4ty .
ton ® PULSE WIDTH LOW P | Oy
gy OELAY & MIGH 70 pSTHE MIGH; S - n T oD
. DELAY & LEWY T pSYNE LOW s .
By ESYNG PULSE VADTH HIGH = : T ;
trery PSTYAL" LOW FRIOA 10 @ LOW QURLS pSYRE 0 Too.
Y PETVAL" PULSE WIJTH RiGH . 50
&3 SETVAL™ FULSE WIOTH LOW . 53 . -
gy PSTVAL® FALLING FOGE PRIQR TD z5YNC HIGH 0 B
] ADDRESSES STASLE FRIDA TO pSTVAL' LGW DURING pSYACHISH © 7o .
Wif STATUS STASLE FRIDR TO pSTVAL' LOW DURING pSTHC HIGH ap .o
e POSIN PULSE WRITH HIGH - tom, FOFT o,
on DELAY pSTVAL LOW 10 pOEIN KGN, : Mg ww e
agy DELAT pDBIY LOW TO pSYNE HIGH : r g, .+ T - 7 )
i HGLD TIME FOR AGDRESSTS AND STATUS AFTER ;DEIN LOW == % - e
iz JELAY pDEIN LOW 10 SLAVE | DRIVERS MI-Z ) : 7540,y
Yon? DELAY pOBIN MIGH TO SLAVE 01 CRIVEAS ACTIVE 10 25+ 0.1y
Laze CELAY »ETVAL® LOW TO DATA VALID EPECIFIED BY MANUFACTURER.
. WORST CASE KAXIWUM FOR ALL
ELAVES AND ¥/ORST CASE
KIKIMUW FOR ALL MASTERS.
LiF CATA VELID SEFUF TIME TG p0B!S LOW
o WA PULSE WiOTH LOW 0.2, i
i CELAY pSTVAL® LGW TO ghA* LOw - . 0w - -
taugy CELAY pWA™ Rrin 70 £SWNC hiGH - L I
Y SETUR TIME [O vALID T0 pwa’ LOW 0.1y ’
Lorasa FOLD TIME SESAESSES. STATUS, A%0 DO FROM pwd® HIGH 0.2% :
Lonna™ CELAY pwiR™ LW T MWRT PiGH: DECAY pAA G4 1O MART LOW = s nm e 30 e _
Tme == = SETUP TIME FOY. IR0Y, S1ATh® T0® FibinG — —_— e Man -
T HOLD TIME ROY, 507, SIXT: AFTER & RISING 70 :
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Bus trensier iiming parameters. -

e DELAY pHLDA TD ADSD", SOS8", DODSE” ¥ . .
) TIME BOTH TEMPORARY AND PERMANENT MASTER DRIVE THE EDHTML v T .
QUTPUT LINES | ol . L
Low HOLD TIME ADDRESS, STATUS, MD D-ﬂﬁ. ouT DUHIHG GMA CYCLE 0l |, - ;
g, SETUF TiME, END OF BYS TRANSFER TO pHLOA RISING EDGE 4]
4.3 Board size specification shewn In the figure is pin 0. Pin 100 apposes plo

' 50 on the back side of the board.

Circuit beards shall conform tothe board size :peci-
wnwnce--ogcofications given in Figure 13. The adge connector pin

5 125 MAX i

-8

ﬁ.W.U'H.lI -

Q1 MW —- 0125 WAY —a

"_';L_

Total board depth ahall not exceed 0.658%,
Nominal board thicknesa is ﬂ.0§2 "

51

EIWERaL DiMENSKNE
- Flgure 1% 5100 board mechankes] parmmaters, . o . -
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Today's microprocessors exhibit powerful computing capabilities. Their characleristic

- dg'ﬂi’rfncf-s JSavor each mackine for a distinct portion of the applications specirum,

" - .
¥ " . -

An Arch1te.cturall Compansoﬁ

- of Contemporary 16-Bit - -
L Mlcroprocessors o

. _ .

] The evolution of microprocessor archiiecture during
the past decade has progressed al an incredible pace,
FID:I’I_I the primitive 4004, introduced in 1971, 10 1he pres-
ent spectrum of sophpticaoed microprocessors! the
growih has been swift, dramaiic, andd almest revolu-
tionary. Today's producis passess astonishing compula-
Lional capabililies and suppori primars memorics of upto
&AM byres. They incorporaie, high-level Tanguages and
echnical inravatlions anly 1ecently introduyced ::rh-Iarg:r
mainfranwes, Microprogessor-based sysiems now offer
Tacilities for direct support of muliiuser/multiiask en-
vitonments and sophistealed operating sysiem  im-
plemental kons.

The cunent single<hip, 18-bit mictoprocesser mark:t

"has three major contenders:

= the BO36 (IAPX 86) designed by Iniel; sccond-
sourced by Mostek in the US and by Siemens in
Furope; ’

* the ZEDXD): designed by Zilog: second-sourced by
© T AR ke US, by b(.:‘.FJ’ATFS in Hiutepe, and by
. Sharp in Asja;

* the MOHS00D: designed by Molorela: second-

spurced by AMDapd Rockwellin the US, by ETCLIS
in Europe, and by Hitachi in Asia,

- Several of these devices are also belng produced by major

systems houses Tor intermnal wse, To additten, Naiicnal
Semiconducior has recently announced the NS00
microprocessor chip lamily, seheduled 10 be introduced
during 1981, In the following paragiaphs, we examing
and compare the archilectures of the three processors, &
section s devared to the preliminary dala anthe Nauunaf
| 60K serics.

General characleristics .

The charagierislics of 1he microprocessors heing
dizeussed here are summarized in Table 1,

CH IR en ) P anze ) s 18 1 900 IEEE -

"Hoa-min D. Tmng'znd Amar Guptz‘r

Massachuscus Insiitute of Technology

The 2086, OF e three processers, the Iotel 5088 is the
oldest and simplest. Basically, it is an improved, 16-bit
versiom ol the BORO, an BQ30-type multiplexed bus is ex-
panded fo a 16 bl evizinal bus, As in the B080, (he in-
steuctions arc hyle-griented. One of the major enhance-
e s is asin-byte instruction prefetch quese. This baller
feeds inglructions to the cxeenddon unil in eight-bit
seprnents. The queue decreases address hus/dala bus idle
times by piclciching dara, 1hus increasing processor
specd. The BOSS regisicr struciure is very similar 1o the
A080°s. Registers in both machines are special-purpose,
Rooted in a basic design philosophy requizing storage cf-
Miciency, special-purpose registers allow implicd register
addressing in most instructions and permiz shoriened in-
siructions. kol acddressing modes are the same in both
machines. An address space of ane megabyre i im-
plemenied in the EOES through a memaory segmentalion
scheme using G4 sepments, Memnory scements of Bp to
64k bytes can be placed an an eight-bit boundary, allew-
ing a rmagximum of one megabyie to be addressed, Ty bas-
ing the tezinentation and addreswsing mechanisms on 16
bins, Intet has preserved close compatibility beiween the
086 and the £030.

The 5086 has %5 basic mstructions of which 2 substan-

“tial number ate only eight bits long. Tn the Tow 16 bit in-

struciions, anly (he first cight bils are used for aperation
coules; the additional byte specifies data displacement. In-
structions longer than two bytes use the remaining bytes
for specilying dua. The £086 instruciion sel s an ex-
panded version of the 8050 instrudtion ser, Heags ROEQ
code can be converted easily 1o 8056 code. Many en-
hanced programming fearures are availablein the 8084 1n.
sltuction s¢t. Dase segmenk regisrers have been added ta
Mrovide sofiware suppor for cerlain operaling sysiem
funclions and lor #xiended addressing range. Changing
these seprment repisiers allows the pragramamer odo pro-
cess swans with relarive ease. Internally, vhe BO3G retains
an eigla-bic instrudtion path similer 1o the EQ30's, The
ALU s 16 bits wide, like che 2050"s ALY, Thos, the 3036
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The rmachine's 110 basicinstructjons are eiher 16 0r 32
bitx long, 2nd the insiruction set s word-aricnied with
sector operaliens sirongly represenied, Thesd Instrug-
lions are the basis of the performance of the 28000, as is
~ most evident 1o the block operations. A single 32-bit Tn-
struciion is used for set and move operations, w hile in the
£036, six single-byicinsiruciions musi be used. For furure
expansion, the designers of the ZEOCD have leh one regis-
ter unused and unassiened, With1he present 4. MHz clock
speed, the fastest and the slowest instruciion times wre
.75 microseconds and 90 microseconds, respectively. A
6.5 s wersion is being made available,

The MCOLRND, Thedesigners of ihis microprogrammed
mathine have chosen 1o implement a very wide engine,
The cxternal 18- b Busis molifplexed from Lhe 32 bits in-
llde lh:cnglnt Awide, 32-bit ALU has been coded asthe
wser machine, Unlike the general. purpose registers of the
SE000, the 16- by 32-Lit registers of 1he GRODO are pantiy
thaned into cight address regisiers and eight dararegisters.
Matorola hat made a great offor Lo design the cagine
with a very regular ipstroction sct, making available
several general addressing modes For most instruclions.
This design petmits casy implementation af sincks and
quenes without special Instruclions, Twe 32-bit stack
. + painlcrs 2re provided for aidingin sysiemscalls. A sperial
flag regisier can be s (o mase the machineinio a debug-
ging. single-step made For pragram developmeny. Tiaps
Forr epal instauctieons can be vnsed Tor saflware exiension
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. oF the basic insiruction sei and for I‘!ualiﬁ"g-po':m OpHera-

. .
tions. Besides reducing software des clopment problems,
the traps allow sofiware comparibilicy with future h I.I'dv
ware improvements. -
The MOREUD supporis $&basicinstrucrions and 14 ad-

dressing modes, The tmal number of instruclions 1s
misicading, however, becanse many instructions per form

“reiple funciions and are encaded dilferemly. The number

615 an antiface of the aswsembler. TRatrucion sizes vary

. Irom ane 1o five wards, The address Lus uses 27 bits lor

word addressing, providing an addressing capatulity of
16%1 bytes, .

Architectural detalls .

" Basic principles of nperafinn. The baﬁv;' slructare of
the Iniel BQ86 s shown in Figure 1. The 50384 {and the
BOBS)C P consists of two separate processing units, the
execunion uni, or EL, and the bus inter face unil, or B4,
cannecied by a 16-bit ALU daa bus and an cighi-bil G
bus. The EU obtains insiructions froin the instiverion
prefetch guewe, 10, maincained by e BJU, and execiics
insiruclions wsing the 16-bit ALLL Execurton af insirue-
lions invelves mamtchaned of CPU siatus apd conlrel
logic, mapipularion of general regisiers and instrucrion
operands, and manipulatipn of sepment olfwer addresses
within 16-Lit imits. Tie B accesses meinory and periph-

cerdl deviees through I’(_‘qili‘:ili to1he BIW, which is the see-

ond processing unil, performing all bus opetations forthe ~
EU an a demand basis. This involves generating physical
addresses Trom segmenp register and offser values,
ieading operands, and writing results. The BIW 5 alwo
responsivle for prefelching instrugiions from the M3
whenever possible, 10 keep the ELF busy with preferehed
insiructions under norma? conditions, and for resetting
the 1 whenthe EU transfers conirol ta ansiber location,
The execution unil and 1he bus imerface unit operate in-

" dependenly of cach aiher, enabling the 8085 10 ovetlap ’

instruclion fereh and eaxccution.

The 28009 is a random logic-based CPLU; is basic
struciure isshownin Figure 2. Theinternal 14-bin darabus
is weed for imernal addressing and dala communicarion,
The instructions are fewched throvgh the Z-bus interlace
and exccured by Lhe instruction execute conlmal unit.

L_,‘Th;ﬁughput s enhanced hirowgh “limned” mpelining,

which allows prefctching of 1he Aex single-word instrucs

. Hon for the st word o f the pext meltivord instruciion)

frem the memory into the instruction beffer. This cocurs
only during execution 6l the currentinsiruction, provided

* the currenl insiruciion docs ey regquire the buos to ¢om-

plete the exocuion ¢ycle, Mo insfruction prefeiching oe-
cilrs when (he bus is asaigned 1o another bus master, The
&b A LU manipulates data and peperates lopical affset
addreytes jn 1he general-pur pose regtsier block In aceors
dance with the instruction exccured. The CFU watas and
eonirol Tlags are mainrgned in the peogram siajus
repivrers, and the CIU, which €an operale in 3 syslem
mode or normal mods, can esveowe privileped ingruc-
tions only in the svsierm mode, Interropts and w1zps are
handled by1heexcepiion-handling connel nnit, andihere
i5 provision for muliple ineerrupr 1ables. A reflresh
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Figurs 2. Basic siruciure of the ZBOOG. )
counler provides |he refresh comiral iogic with timing in- (branching} by prefeiching instructions associated with
fermation lor CPU-deiven memory refresh operanon. the most likely branch condition, The MOGS0D0 &xecu-
The MC68000 is architacturally quite distinct from the  tion unit is & dual bus siructure that performs both ad-
others. s block atruciure i shown in Figure 3. The dress and data proccssing. The CPU may run in éither a
microcode-based CPU is ceniered around & Micrepro-
gram-conuralled execution onit. The conirol store arca
size is minimized through the use of a two-level contral
structure. Al level one, the machine insiructions are pro- AT T R AT s m p oy e T s M e ey v e
duced by sequences of micra-instrucions in the micro- . '
contrel store. These micro-insiructions are accually ADDRESS | MMCRD CONTROL |-
pointers {addressest to nano-instructions in the papp- JWSTRUCTION | o] (NSTRUCTION ST0RE
store at level iwo. The nanu-co!'ll:ml S101¢ FORI3INS an ar- AEGISTER DECODE ESTIMATED SIZE
birrarily ordered se1 of uwnduplicated machine-siate con- 5Dx10
urol words, which coniro! the exccution unit. Allinforma- S . :
tion that is machine instruction staiic (Liming-indepen- REGMSTER BHANCH SELECTION [
dent)bypassesthecontrol siore and istransmitted directly %EES EETTIEJDNH :
to the execution wnit. In all, abow 22.5K Bils of control CONDITIONALS - ADORESS i
store it uscd, 50 percent less than the control stoze re- ) ;
guited lor a smnle_-levcl nmplrmcmauar!. However, the CONTROL | nanp controL |
iwo-level siruclure inereases Lo12l access time, Anatiempl '
. N~ £XECUTION UNTT - ‘
has been made 1o overcome this by means of a pipelined r esTimaTED Size |
architeftere, in which the instruction ferch, instruction 280x 70 '
decode, and instrection execute cycles are fully over- ——= — T T i
lapped across every macre-instruction boundary, An at- P T e o e =R RS e e
terypl has alsa been made to minimize delaysin looping  Flgura 3. Basie strueturs of the MCBADO0. i
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. . offser regisier, and 1he 7001 alsn comtains onc 16 it

ks

supervisol mode with privileged instrioctions or inauser
mode. Although inicrnal datz paths are all 32 bits wide,
the pack aging limitation en the number of pins cansirains
data paths to and from memory ta be only 16 birs wide,
The 64 pins are cumpnstd af 23 pins for address bus, 16
for data bus, five for asynchronous bus control, (hree for
bus arbiiration control, thyee for imernipt conirat, three
forsystemconteod, theee for pn iphicrat contraol, three far
processor slatus, 2nd the remaining five for pouc: supply
ground and for clock, The chip specifications provide for
Moating-point and siring operations, but Current versions
da nat “have these features because of wechnological
limitations on cireuil density and size. At present, these
unimplemented insirveticns cause traps for software

" emulasipn. Onverall, the N80 CPLU implemenis as

large a sulset of the complere &3000 System architecture
as 1s feasible vnder carrent 1cchnolagy. 1 is expegted that
cn-chip memery. fasier clock spreds, cusiem micropro-
gramming, and facilities for run.time changes i micro-
program will be provided by Mowerola docing the lifetime
al the £3000 architecture. .- ] t

Regisier orpanizatipn, The Tniet 8034 exceution unil
contains four 16-bir pointer and index regisiers and lour
16-bit dz1a registers addressable on an individual byte
basis. These cight regisiers are used imphculy by the in-

siruction sel, providing compact encoding at 1he cost of ©

reduced fexibitity, The HIU coniaing one 16-bit instrug-
tien painter, which containg the offser of the neat instruc-
tion to be fewched. This pointer is updated by the BIL but
cannot he direcily accesscd by programs. The BILY alwo
contains four 1e-bit dedicated segment regisiers for scg-
ment base addrensing, which enablet proprams 10 access
up o four 64K -byte segments a1 a 1ime. Finally, the EUY
contains st ane-bit status flaps and theee anc- kit comml
flags.

The Z800] lamily is characierized by sixi¢en i6-bit g:n-
eral-purpose registers. Al czn be used a5 accumulators,

and all but one tan be used as index poiniers or memary |

puinters. The ane exception i5 an estape mechanism (o
address changes. The gencral register architecture avoids
bottlenecks inherent in Jedicaled or implicd registers.
Register grouwping and averlapping provide for bye,
double-word, and 64-bi) registers, Two registors are used
as implied siack pointers For system mods and normal
mode, Al ZBO0G family chips contain onc 16-bit segment,

segtnent number register, The Z8CO1 also comains a
16-bit reserved register, twp 16-bif program s1atus arca
pointers, ape Yo-biv flag and mmrol regisier, 2nd ont
1&-hit relresh couater.,

The MOGEODD has eigh 32-bil dala registery, seven
32-bit address registers, and two implied 33-bit siack
pointers, The data regidters can be pddocssed as byie
registers, word registers, or double-word repisic!s, The
address repisiers are used Tor 32-bit hase addressing,
3rEwsoltware slach operations, and word and long word
addresy operaions. The implied srack painiers are used

Torid.barbase addressing and forword andlonp ward ad- -

drest operations, The MCaS02Y 4lto contzins a 32-bil
program counier and a 16-bil siztut register. The pro-
gram counter addiesses one large lincar address space

¥

-

- 4

from a full 32-bi address, bul only 24 bits are zvailable in
the present version, There is ne segmentaion at the CPU
level. The status regisrer conigins one user byte and one
sysiem bye. The user byte containg Nve contral bila, in-
tluding the cxiend bit for euended operations. The
systemn byle containg a trade mode bit, a supervisor staie
bit, and a (hree-bl inferrupt mask, i

"Sastem Mriciore. 'i'hc EOR6 Unilizes I;uo:}pcs al muhi-
mas'lcr buses, the Jocal bus and Ihe sysiem bus, Micropro-
Cessors are always connected m a local bus, and memory
and I/ ysually resideon a sysiem but. Thetwo busesare
linked by interface components, the number of which
depend s onihe sire and complexity of the sysiem. Onthe
lacal hus, the address and data fines are multiplesed 1o
reduce (he number of processor pins. Signal s coordinate
up 10 thige processors with an imphed pricrny struclure,
Og-chip arbiurarion logic ¢nabln baoth :ndcptndcm prua
cessorsand copridessos to sharc the bud, The system bus
is finciionally and elecirically compatible with 1he latel

taltibuy and pravddes lor interconnection of multiple
processing miodules, This bus s compased of address
lines, dita Tines, comtrol lines, interrupt Jines, aied arbitra-
Lion lines. Because it iy modular in design, only a subael
mz¥ be implemenied, according 1o the needs of he ap-
phcation, Allmemory and I/0rmod ules on the sysiem bus
are accessibile 1o all the processing inodules. . -

The Z.businterconpects A E000 famaly cnmmncms ina
master/slave fashion. The C'Us pbey the Z-bus prolocol
dircenly al the chip Tevel, and no eatra ciroudiry is necded
to generale bus signals, Mueliplesing of addiess and daa
minitmizes pin count withouwl significant per formance loss
in "'read-oriented'” applivations. Demultiplesing is per-
formed when peceysary within the individual modules.
The dafsy chuln serial poority philosophy resolves inter-
ruptsfiraps, bus reguests, and requestt flor shared
resources. The Z-bus is zlways cenirolled by one of the
devices, which, on request, granis conteal 1o legal bus
maslers [or bus trapsactions, Multple CPUs communi-
cae on a bus-1o-hus basis, vsing the FIFO input/output
interface wmits, of F10s. M u}u plc FI1Os; 11.13-' be mnnmcd
1o one Z-bus,

The MCERO0D Family is mppnnrd by 1wo different
maaslerfalave-based muliimaster buses for interconnse-
Lion of components—Iihe local bus and the glabal bus,
The local busconnects micropracesser, memory, and 1/0
devices to furm individeal microcempurier modules, and

. the global bus interfaces 1o varipus focz] buses through
bus arbitration rodules. In the minimum version, the.

lacal bus vses rransmission and cantrol lines as they ap-

pear directly @i the CPU. The extended sersion of the,

lgcal bus, the Versabus, designed (o suppont all future
versions of the 88000 family, wmilizes additional contral
Tines. .

temory. The one megabyte of real addressing space in
Lhe 5026 1% 1r¢ared as 3 group of sepfents, cach segmenl
&N byies inosire. Fout scgments are addressable @1 one
e, providing up e K byies of code, 84K bytes for
wack, and 128K baies for dara. The staning addressisob-
tained through segment registers. Sefmentalion fermits
writing of posilion-independent prugrams. Two postion;
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of the memory are dedicaled and reserved. Physica] ad-
dresses are generated by shilting (he sepiment base value
fagr bits to the left and adding the offer, [n the case of
programming <ode, the offset is obtained from the in-
siruciion peinter, and, inthe case of operands, itisthe re-
sull of calculation based on the addressing mode. This
erganization of memory does not provide e2sy manage-
ment and protection, )

On the ZEDOO chips, addresses are always caxpressed in
bytcs. Single byies can be read and written using the
byie/word cutput lne. The eight megabytes of directly
addressable memory is split up as 12§ segmenis, each of
4K bytes. The 23 address lines (on the ZEOOI) provide a
seven-bit scgment number and a 16-hil segment offsel
pointer. The two address pans can be manipulaied sep-
arately ortegether by allitheavailable word and long word
operations. The CPU generates proceysor status jinforma-
tion, which enables the address range 1o be increated
beyond its nominal limils by physically separating code,
data, and stack spaces in system and pormal modes [B ®
BM byles = 4BM bytes). Exnternal logic is needed for this
memory extension. The ZB010 memaory management ufit,
or MMU, can be used with the ZEDOI microprocessor (o
inprove and expand memary addressing capabilitics,
randomly relocaing all 128 segmenits in the six address
spaces with irangtation 1ables lor each space.

The MCHE00D has 23 address lines, providing a 16M-
byte addressing capability. The address space is finear
wilh no inlernal yegmentation. Although words are nor-
mally addressed, single bytes can be rcad or wrilten wsing
upper and lower data strobes. Instructions and mutiibyte
data zre always aligned on even byte boundaries, Simitar
lo that of the ZBO0Q, the processor states information
sepanates address space into Tour areas: the supervisor pro-
gram, the supervisor data, the user program, and the user
daia. The propesed memory management unit, MCGE4AS1,
would support sephisticated management and proteciion
of 32 variable-sized segments, ranging from 256 byies in
LEM bytes in increments of 256 byies, and would allow
tzapping of unaythorired accesses, Without the MMU, it
is possible to equip the MC6800G with 2 simplt memory
proteciion mechanism by separating user and supervisor
space into high and low memory.

Seack organlzation. While Iruel 2086 sysiems can have
many stacks, 2ach bess than or equal to 63K bnes, onlythe
current stack iv dirceily addressable. Gther stack pointers
are Jocated in memory and ate implemented through the
stack scgment register, S5, Thus, muliple concurrent
stacks are not {easible on Intel systems.

[n coolrast, the ZEDOD ¢can have mulliple concurrent
wacks; stackscan be locawed 2nyw here in memory and are
addressed via slack pointer registers. Any register exeopt
RO can serve ms 1 ttack pointer by means of PUSH and
POP. Callreturn, interrupts, and traps use implied stack.
The system st2ck can be accessed only in system mode,
« whereas ithe normal stack ¢an be acoeyyed in both modes.

The MCH8DOG has 1wo implied siack pointers forusein -
user mode and supervisor mede. Muhiple concurrent user
fiacks and gueues can be cocatcd and mamtained by

employing the address regisier indirectly with paiL-
increment and predecrement addresting modes.
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170 mechanisms. The Intel 8086 has a 64K-byte (32K
wotds)separale 1/0 space. A memory-mapped 140 capa-
biliiy that can respond Like 2 memory device iy aviilable
for linking }/O devices, but dniel does nol recommend its
ust for the Muliibus, Any memory relerence instructian
can be used 1o access an 170 device, providing addivional
programming Mexibility. Word-based devices thould use
even addresses for maximum throughput Intel hag
reserved eight locations for Tutere products. High-speed

140 operations can be carnied out with traditional DMA

controllers. Intel also offers the B08S [OP, an indepen.
dem processor with (wo DMA channels and an insiruc-
tion sal waitorsd for 140 aperations,

The 28000 famity CPUs support two different I.-’D ad-
dress spaces of 64 bytes through special 140 instruc-
tiong, which can be excoured only in the system mode.
Standard 170 instrugtions transfer dara between the CPU
and peripherals, and special 340 instructions transfer

data to wnd [fom expernat CPU support chipa Processor

stargs information enables separalion of address spaces.
The [0 addressing scheme i3 identical (o the basic
memory addressing scheme. For DMA operations, two
signals, bus request and husl acknowledge, are avajlable,
[nhibited from controlling the bus during DMA opera-
ticns, Lthe CPU mus wah for the bus to be g,wcn upbyihe
OM A controlier, -

The MC6B000 potacsses no scparate [!D space. AN1/O

-is memory-mapped and all 150 protection must occur ai

the memory proteciion evel. Three signals, bus request,
bus grant, and bus grant acknowledge, allow master
devices to gt contred of the bus for DMA operations, The

three signals are wsed by potential bus masters o decide

who will be the next bus master. The actoal arbitration
protocol handles overlapped arbitralion and data trans-
Ter and resolves mubiiple simulldbeons bus requests, The
CPU has been designed 10 operate in cenjunction with the

MC68450Q, a direct memory access controller scheduled 1o |
“be avajlable during 1381, which will allow Ylock transfer

rates of up to four megabyies per seccond.

Salware, As mentioned previously, the BOB%Is an im-
proved and expanded version of the B080. The 8080's
basic gight-bit instructions have been retzined, and ex-
panded with extended instroction lengths when peccs-
sary, For efficisnt code, 1he insiructions mast aften ex-
ecuted are only a single byie long, Imptied register ad-
dressing also reduces code size. T allow for expansion of
the instruction sei, an “escape’’ facility is svallable for
uansferming conttdl 1o & coprocessor, The BOAS insimpe-
tion set provides automatic repetition of many oon-
decision-making inwruciions, large I/0 space with
regisier indirecl sddressing, decimal operations, error
traps, and software rraps. The addressing highlighes of

the 8086 include the ability 1o finely segment memory, -

and the facilities Tor indening with displacernent and
withoul displacement.

The ZEDID achicvey biph speeds through random logie
encoding. Codeisspace-efficient bezavse the instructions
mo%t ofien execated are shonestin jength, and becayse it
distinguishes hetween long branches and shon branches.
The ZHOOD also has an cxpandable insiruction set. Unlike
the 8084, 1 does nor wse implied reginters. Zilog provides
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16 cotnpletely g:nc;él régislers and consciously avoids
- specialized ones. The instruction set facilitates multipre-
pramming throwph a contexr switching facility. Other in-
siruction highlights include signed 32-hit muliply and
divide, decimal aperations, multiple load, vecror-based
instructions, and the 1ett and se1 jpstruciion, which i
. espeoially valuable in muliiprocessgr applications. Ad-

- dressing schemes include indeaing, with and withoul dis-~

pMlacement, and muhiple ingremeny indexing. Muhiple
stacks, segmented memery, and the very large address
space (48N byles) case programming ¢ffort. Finally, the
user/supervisor stacks ake all hardwired. - - -

- The MCEECO0 has arepularinstryciion seland provides
multinser supporl.. It emphasizes space-efficient code
through " quick" instructions and shorl jumps on loops.

I

The MCGED0D offers the advantape of eacelienl debug”

tools like single-slep execution, traps on jllegal insiruc-
tions, and debupg mode. The instruction set can be ex-

 panded by temasking the micrécode or by Lraps. Context _

. " 7. switching faclizies mulliprogramming, and the lest and

plications. Other advamages indude complex push and
popcapatnlities, the 12.bitinternal siructure, #nd instruc-
Lions for muliiple load and signed muliiply 2nd divide, It
is possidle 1o address 16M byies direcily and 84M bytes
thiough funclional seprmemtarion. Post/pre increments
decrernent Fagitivies are available Tor most instroctions.

Real time control applications are aided by multilewel inter- ’

tupt 2nd seven auto-vector interrupt upabililil:s: .
. P
Mafional 16000, Natiepal Semiconducior has an-
nounced a Famity of 18-bit migroprocessors, angd sample
production is expected 1o begin in 1981, The 16000 series

consists of the N$16008, NS16016, 2nd NS16032 pro-

cessors, O (hese, the NS08 and (the NS A6 are very

" simitar, each offering an inernal data AU bus 16 bits
wide and a diregt 2ddressing range of 84K byles. Further,

cither of these two chips can operate in Two distingt |

l‘m}dﬁ - P
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{1} native rnndc in whuchlhctwu processors have 100
basic instructions and are directly companhlc with
the NS 16032; -

. f2) 8030 Cﬂmrlﬂtlbﬂ:lt} mode, which’ pl‘l'r:n.lr.s d:rccl
emulation of the 3080, mlh a speed four 1imes 1that
. of the 080, - - ) - T

» -

1-*

Transfer from one mede 1o anciher within a program is
implemented with an ESCAPE instruction. No scparare
{ranslaror and asiembly programs are needed.
The NSI600R and NS16016 processory are designed 10
bewdge the gap berween the 8080 and Lhe high-end mem-
< bersolthe NS16000 family. The NS16004 and 1£016 have
I16-bit address pointers that are vpward|y compatible
through sofiwaretothe 16031 addiess space. The primary
diff erence beiween them is thal the NS16016 has a 16-bit
data bus, whereas the MN516008 has only an ¢ighr-bit daa
bus and is primanily suicahle fof bicin sysieins wigh cight:
*bit-wide memory and peripherals,

The 8516012 achieves 2nadd ress range of 1251 bies

bymeans of 2 memory management unil, or MMU. How:
over, it does not have an E0%0 compalibility mode, The
RS2 hasandnternal darg ALU bosthar is 32-bits wide

¥,

L * instruciion aids in mubiprocessor and daia-hase 'ap-H

also by any Mbcrobus tumpnuhle cr
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and & direct address range of 1651 hyies using 24-bit ad-
dress potntery, Unlite the 16032, the 16008 cannot be sup-
plemented with an AU 10 increase the address space.

_ Al the Naional microprocessors have eight general-
purpase registers thal can be used (without any restrie-

tions) as base regisiers and index reguters. Instrucions
are nol register-specific and can make use of every rele- -

vant addressing mode, including scale index {powerliut
when using high-level lapguages), exteenal address (used
to eenstrict modular spfiware), and memory relalive.
Furthermore, the symmeiry between registers and memo-
ry means thal cach memory location can serve as an ae-
cumulater or bise repisier as needed. The N51008)
Moating-paine unit, of FPU, has an additienal set of eight
Eeneral- purpose regislers, supplementing lhe GPR3 on
the masier processar. The MMU, MEIG0N82, canscrveasn
second slave processor. ., : -

The main CPU has eighi drdicated rcglslcrs program
Lounler rtg:sur processor Matus Il.‘!]!lﬂ' user slack

pointer, intcrrupt stack pointer, frame poinler, siatic -

base vegister, mod regisier (for module mapd, and inter-
rupt base regisier, The MMU provides eight dedicated
registers, and the FPU pravides anc floating-point statuy

register. The NS16000 family ofTers several symmetricad-

dressing modes, includting op of slack addroessing,
memeary relalive addressing, external oddressing, and
scaled indexing. Matianal is unigue in providing modular
software capabililies Nar the new microproccssors, per-
mitling a user todevelop a soliware package independent

., of all orher packages 2nd withog regard tmndnlduﬂ ad-

dressing. This provides flexibility in system design and
lower programming costs. The ROM code s (owally
relocarlable znd casy 10 access, Within the system, a
module consists af rhree componénts: a code componet

{contains the code 1hat the processor eaccules in a given i

module),, a stalic data component (conwaing  local

variables and dawa for the particular module), and a )

linkage component {containg all information required ta
link references from one module 1o angtiier). .
Malignal has ziterppted 1o provide as much compay ibil-

ity as feasible. The foating-poinl urit, the RS1E08T, 5

compatible with the proposed IEEE floaving:point lor-
mats by means of its hardware und sofiware [catures. It
cah be driven nat anly by National microprocessons but
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Severd microcompuners canligured around |6-bit mi-

CIOProcessors are now available, Iniet Corparation offers |

the SDR-E6 based on the 026, Zilog offecs the 28000 De-
velopmend Module based on the ZB002, and Motarola af-

fers the MEX-63. K DM based on the MC62000. Severalin- |

dependent sysrem houses offer equpalent syslems, The
broad fentmes of various syslems are suanmarized in Table2,

Mulliprocessor capabilities

To inciease counprlational bandwidth and/or system
resiliepce, integraijon of scveral micreprocessars in i

- +
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slngle sysicm frequently becomes necessary. The overall
throughput and efficiency of such sysiems is directly
dependent on the hardware and sofiware intorconseniion
mechanisms supporied by the basic microprecessor
chips. Many dilfferenl nlgrconnection systems have
evolsed over the vears, bt the single timeshared bus of-
fers dislingt advantapes 23 an inlerconnection mechanism
for muliimicroprocessor 1ystems. Under such & $Sheme,
differen moedules can share the bus resource equaliy ona
time-multiplexed or demand-mulliplexed basis, Howey-
er. the internal design of the present 1&-bit microproces-
sors does ol facilitate eMMicient concurrent operation pi a
lacge numter of processors on such a bus.

Int1e] 2086, The Multibus is the siruciure for interfacing
Intel™s E080/85786 products. 11 suppons a one-megabyte
address space, The B2E9 bus arbiter controls Muhibus ac-
cesses by multiple masters. The cantrol tines are destgned
according 10 a masier-slave concept: 1 master {proCessor)
in the system takes control of the M uliibus; then 1he slave
device ([FC or memory), upon recognizing its address,
acls upan the command provided by the master. An 2syn-
chronous handshaking protocol allows modules of dif-
fereny spoeds Lo use the bus. Although the basic definition

in the bus standard specifies only twot ypes of uniis—bus
masters and bus glaves—the system alw can include "in-
telligent™ slaves, which cannol controd 1he bus, but put
mote procestng power into the bus slave. Multiple
masters can be connegted in either v daisy chain priority
scheme or in @ parallel priority scheme.

Coordination features of the B08§ multiprocessor in-
clude

* the 8289 bus arkiter, which decides which masier
may use the bus during the next cycle;

+ the bus lock sipnal, activaled on execution of lock
prefix instructions, blocking interrupas and requests
by ather processors until the lock sequence is com-
pleted;

= semaphore using the lock prefix in conjuncrion with
the XCHG instruction; = - -

= synchronization to an external eveny using o WAIT
instruction and rhe test inpat signal; x

= ‘escape instruciion allowing other processors 10 ob-

- tain an instruciion and/or & memery operand from
" the host; .
« (wo bidirectional request/grant lines, used to share ”
*the local bus Between one host and two other pro-

b

Tabhis 2.

Micrecempuier characierstics.

ADVANCED  ADWANCED

MICRI KICRO

COMPUTERS COMPUTERS  I56L

INTEL N

ITEL  MICAODA-SYS MOTORDLA 210G

95/40E SES411E B6A12A SDE-86 — MIMEEK —-MEX-GB-KDM 05 5101-0t

GEMERAL .

PROCESSOR LISED AMING2 26000 MBS 2086 2 L] E&000 78002

WORD SIZE (RITS) 16 15 15 1 16 g 11
ACDRESSING . N .

ADURESS SIZE [BTS) 16 16 -- R 20 H 'l | 14

TOTAL MEMORY ADGRESSABLE (BYTES) bE, 160K M M Ll 15k . EdF

AMT. OF Rakk On CARD{BYTES) Bk K kTt 4K, 126K, A2y, 32-4BK

AMT. OF ADM ON CARD (BYTES) 012K 8K 0-37% 2y O- 15K [ N1y 4-16K

D4 CAPABILITY NO -¥ES YES YES YES HQ YE5 .
FREQUENCY, ETC, .

CLOCY, FREDUERCY (MAHT) 4 . F| 5 25w 50 ¥ ] 259

SLFPLY YOLTAGES +5.4+12 +5 +1F  +5 412 +5 +5 +12 +5 412 +5,+12

BOARD SIZE [N} B.75x12  £75%12 B.79x12 12x135 12x13 ATaxkI4 11x14 .
10 CAFARILITY .

Bus 1YPE SPECIAL  MULTIBUS WULTIBUS SPECIAL - SPECIAL  EXORCISER  SPECIAL

PARAELEL 170 LINES 244 T4 | L1 2+ A7+ A+

HABER OF 140 POATS ? ? 1 | N ran ?

MAX |10 RATE (K BALIDY 4 19.2 k1.0 48 hin 25 19.2
ADOTE, HWARE DETRILS .

INTERRLPT PROVISIDNS YES YES YES YES YES ° ¥YES YES

MULTIFROCESSING CAPABILITY HD - YEB YES HD ¥ES YES KO

KO OF TIMERS | 5 . 7 4 a 5
© BWTS PER TIMER 16 16 16 ¥ 16 16 ]
SOFTWARE

GFERATING SYSTEM YES YES YES ¥ES NQ YES YES

HIGH-LEVEL LANGUAGELS) YES YES ~ ¥YEB YES KD YES YES

ASSEMBLER YES YES YES YES YES Yis YES

DERUGG:NG AIDS YES ¥ES ¥ES YIS YES ¥ES ¥ES

APPLICATION PACKAGES 1] [T} ¥£s N ND D YES
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cass0rs via a handshake sequence—request, grapt,
relcase;

* the £23% hus conmtroller That ouiputs sysiem bus
cignals compalible witk Multibus.

v

FE0M. Twa different multimicroprocessor techa-
niszns are possible on the Z5000. Zilog has desizn=d a
FIFO bulTer communicarion module, which¢an run each
processor 4§ 3 separate syman and pass messages back
and forth through buffers to achieve wtal sysiem came
munication. The processors acs very looscly conpled, and
any high-speed resource sharing i virteally inpassitle.

The second muMiprocessos tnedlrmism coploys o
signal pins called niceo-in zod micro-sut {51 and MO}
for implementatipn of a daisy-chained, safiwarc.con-
trolicd, plobal priority scheme, A processor examinss the
¢hait for busy condition (glebal resource allozaiien
locked). 1T the buas is nat busy, 1the processor plades a re-
ques] inlothe chain and then re-examines i alter asenling
detay (10 prevent eaces), The resull ufthcépcrnliun i
ported with a Mag haadled in sultwiare, Thus,wilianap-
prapeiate sollware deiver, a single global locking scheme
tzn be implemented. tlowever, the Lime reguircd to oper-
aerhis loshing mechziisen rules oul dny Ligh-seeed come-
municatian,

Mullimicroprocesser operation with the Z8K0 is facili-
1ated by the Tollowing Teatures:

« Joursperial, privileped “multiaicro't instructions —
KUHT, MBLEG, MRES, and MAET;

= pins for bus roquest, bus acknowledpe, mulblimicro
in. multimicro oul, and wgment Lrap;

* et and set instructions, TSET and TST

s speciv] autpul invcudions;

* s arbitranion mechanisms,

+ normial and system modes;

s prosision for asynvhropous S-bus o Z-bas com-

munizalion ysing the #5038 Ik

sunple eaternal 550 logic (o establish actual dasy-

chain; -

semaphgn e wsing TSI {iest and set} (o senchronize

sofiware processes hal ceguiie exclusive agcess Lo

cotlain dita of insIuctions ab ene rinie;

sharing of large memory by various processors under

the mcmory mapagement scheme,

On the Z8000, 5is op-cirdes have been reserved for ox-
" 1ended fsstrociions (o be wsed in conjunclion with ea-
{ended processing unils (CORESITISON).

MCGECRD. Ina Motorale environment, cach processor
has a Ioral bus with lacal memery and peripherals. A
glotal bus conneets all local buses lopether thigugh bus
arbirration modules (Baslsh A processor 3s [ree (o oxe
goute a1 Tull speed in s own bus space unnl it neads
something from aaother processor's arca, or wniil
another device necds samething from the fermer's do-
min, This is now airue mu piprocessing sysies, b rather
aconnecied provp ol indisidual microcomputer systems.
Betpnrors are not oqually avzilable 1o each processa:.
Any access invalving e plobal bus akes loager than a
sitnple lacol aecess. Acoess from the global bus back 1o o
lacal busis pbrainedtheough a Db LA operation . There are

no suoctly global, shared resonrees, acd (he mechanism is
suitable only far low, nonlecal access rates, Also, there is
nothing WO prevent Several processers [rom making col-
Linuonus ACCesses (R10 One processar, effesliv e’y stopping
that processorentin€ls. Withhe prroriy ot e global Lus
fixed, 2 processer with the lowest priority may never get a
global transaciion started or complersd,

MCEEGDD mullimicropiocessor opsration is facilijared
by

» husarbitragion modules{BAMs), which provide sup-
port in clobal bus mehiprocessar design;

* the TAS {tewt and seiy instruction:

+ signals for bus regoesy, bus prant, and bus grant
achnawledge, which proside necessary inpus signals
for arburation parposes. Such arbiration requires
some cxiernal hardware,

Interlocked multiprocessor communication is achigved
through an indivisible read-modify-write cycle. Far this
purpgse, the TAS istruoion is wsed, and (he address
strobeis daserted duvughoat (he evelesoinhibit ather bas
mernbers from accessing the bus. The bus arbitraiion
handies overlapped bus arbitration znd fransmission:
howeser, i is nod very power ol Tor muliple P05 The
cxtended hus acbitiaiien providoed by Yeoisaboes is more
porver Tul, et dhe inherent masterSskve nalare of its pra-
locol presents a major bolleneck a3 the numnber of pro-
Ces5005 MICTEases,

NS IGO0, The NSO serics wses local boses and

' sysiem buses. The local bas tan conneet the NSIRR32

CHU to the NS16031 Noaing ol nne, Ve NS1E0E2
MEtngry nrtagen il Mo, and e NS00 1IMA con-
trolior, “The sysiem bais w uscd lor comimumicationg o
other processors and global memony, and 2k e the bus
arbiter and the indgniupt vconirel anil. The lwo bosescom-
mianmicdie Horouph drivers™ and Uaddress latch®™ cire
cuitry. N W5 too carly to comment on speciiic syucm
capabilitics and potential boitlenech s of the Nationad bus
protpcols,

Sulliprocessing overview. Toall the 16-b1t chips, sup-
port {of multiprocessing is rather primineee, and one must
comstiowsy as il the sarjous pitlfalls meentioned above,
Marional Semiconductor 18 1as 1o make known the de-
unls of its more sopinstizated mechanisms, Amaong the
ciher mulhiprocessors, the amount of resguree sharing in
the BO5& Metlibos design is mode restriciesd 1han that in
the MTCHEERHocal glubal bus strwarare, Although el re-
soueces o the system buos can be acvessad by any masicr,
lacal pus respurges are diretly accesable only by the resi-
dent 086, A Torthes consiraint umposed by Moliibus is
the ised master-stave retarienship of deviees on the
svuterm bus, lrmiiing ince rprocessor communication e the
les el of mailbox messages iz elnbal memaory, Multibus,
like the MCOEO0D localfglabal struciure, is subjes to
wiuration by high-priveity devices. Individual transac-
tions on Mulnbus are moch fzaer than those on the
SICES) bys for we reasons: Teiches Trom MC&3000
[ogal memoey involve contenpion sath the local processor,
waide dlultibus global inemery felelws do nol; MCEE000
inter-BAM communicaion adds 1we adduieand steps to
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the piobal memery access procedure, The ZED0D oflers
special signal pins, Mland MO, aad four special instrec.
tions 1o suppot Imaliiprocessing.

Selection strategy

In selecting a microprocessar for o panticular applica-
tion, onc musl analvze a spectrum of issaes, biln
technicat and nonechnical, Lew ns consiudzr the relevany
techmical issues lirsl.

Technical Faugs. The aperational speeds of all the
16-Lit microprocessors have improved over the previous
pencration BQS0, 280, ang MCBEDG processors, The
shoilest execulion [assaming sufficiently 125t memors ) is
400 s Tor the RDBG, 750 ns fur the AR, and 500 ns (oc
the MECARED, 11 2ll ihree micreprocessars, expeznde ad.
dress ranges allow larpe nipmery sics 1o be directly ac-
cessed. The upper limtin on dicealy addressable memory g
oite megabiyie on the BO3G, 455 bytes on the ZEK, 2nd
fedhd bytes oo thie APC LSOOG, Such larpe nicmory s e re-
quires same Torm of mandgement. The itérnal sepiment
repisters of the EOS6 proaide infernally comieolled
MEMmary manapsment via tglocation. Thorh the Z800and
the MOCGRNRE are esipned 1o ke used sith an ester el
memery managemen: chip, which allows ineréased wng-
tion by increasing silicon arca. Theie managomenl units
can telocate, check hounds, and chieek Tunclions of a1l
referenges o support very sophistivied memary wnf-
ping and preection Nuweilifics,

The E036 and ZH50) have separate 10 uddr:ss.mg. Facil-
ities, while the MCGRED waes mematy-mapped 170, Sep.
arate I/ space inakes sysem meoty desien and main.
apement easicr, Memory-imapped 1A Olows L metwry
relerencing instructions W also be 10 referenced. | his
saves instructions, bul the 170 cannot be protecied at the

instrugrion level, it can be protected oaly at the memoary
tevel.

A valuvable feature of the Z8003 and MCHEDD proces-
sors is the implementation of supervisor/uter inode sapa-
rations, allowing the proteciian of certally instrucijons
and separare systemuser stack poineers. The 5036 does
nof offer such facilities. Al ke Z8000 and the
MCGSD00 can handle 32-1it eperands.

The basic speed of fostracion cuecut{on iy an inpoe-
tant gelecion eriterion. Aswilzble independent bench-
math studics do pol cover the 5516000 seties, which is not
yel cominer cially available, Hencr, we must wse the
figures published by Nalional Semiconducior, The speed
data, listed in Table 3 Lor Lhe Fowr microproccssors, must
be interpreted with causion, Actuat throughpot is a I'um'-
1on ol (e exacl 1nsTUClion SCquende, dnmlacrm:m;
data lencths, clock Meequeney, and vt fac1ors. Also,,
the nombers nay represent a sliche posiive bias in Favor
of Natjonzl. Guverall, the MOCES¥D (s the best on 1he
varioys branch operatipns. For simpte data iransfer
aperations, e NS 16032 and the MCHE00) are superion o
the BOAG aud e LEOO0

The direct address sires supported by the various
micteproesssors are considerably dillerent, making the
nwichimes sintahble for differont application ajeas. Simple
texd editing, Loy example, generadly requites less menany
than cdata-base anagement, and memoty requice:penis
increase indireey propertion leihe punber of vserssionuol-
Laneoudy on-lipne, Thus, each piocessor hasiis own appli-
calion niclie (see Figuee 4). The saphisticated addressing
modes and sepmcotation seleemes wsed in kath the
MICGE00 and the ZE00) Fannilies simplify 1 ke implemens
tation of larpe programs, Comersely, the smal? adidiess
space of (e MELGODE and 1w N316016 prevent s theie use
Tor ahy larie ved b propraes.

Sofware is anolher facior dzrermining .q:rplucnuon
suilability of the varicus microprocessors. The 28000 is

Tahla 3.
Execulion speads {in merosecends) ol 16-bit microprocessors.
GPERATION LATA TYPE L0846 26000 BCERDON ME1EG2
, REGISTER-10- Y TEAGRD 0.47 0.75 0.50 0.

REGISTER MOvE DOUBLE-VYORD - o Bd 1,75 0.50 030
MTHDRY-10- BYTEANGHD 40 - 3.50 .50 1.04

REGISTER MOVE DOBLE-NORD CBl - 4.25 2.00 1.40
KEMORAY-TQ- BYTEMYDRD 1.00 1.00 250 1.60

KERORY MO DOUBL E-5 TR0 14 M) k.50 375 40
ADD BAE NORY BVIEFADRD .60 am 1.50 1.10

TO REGISTLA PAWBLE-YIRD 7.20 525 2.5 1.50
COMPARE MEMEAY BYTEAVORD 7.00 7.5 3.00 1.80

T0 K ENORY DOUBLE-%URD 14 00 9.50 4.00 760
LLTIFLY BYTE 1100 ms htd 2.80

MERQRY TO - WRD 2300 1640 E.75 4160

KIEMDRY GOUBLE-WORD 15 20 £5.15 43,400 .60
CONDITIONAL BRASCH TAEX 1ED 1.50 T 175 1.49

BRANCH ERANCH MNOT TAKEN 0.B) 1.50 1.00 070
MODUEY ILDEX

ERANEH IF 2ERD BRANCH TAKEN L 220 275 125 1.2
BRANCH 10 ’ .

SUBROLTINE 1.0 i .95 2.50

..
LL ] -
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Figura & Applicallon niches lor 16-BIt migroprocessars,
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1
b

best suiled o word processing and Lot edtining applica-
tions because of s sophisticated siring Insrucyjun repet-
e, Ophe etler hasd, the MCO8ME ks this capabili-

ty bl efrers execllvn support Torhandding interrupts and

thus s suilable ior real-time and control systems and also
for muhitasking. The perceived markel Tor Lngel BObA 51 5-
teins s largely 1o upgaashe carlier fntel products and 1o
serve s o steppingslone (o 1a-5it apphivations. 7he Na.
tional proclucts, according to current specifications, are
agluaciive agoost the tange because ol their direct upward
comptilility wich che el BOS00 na well o thelr String-
processing and interoupd-hending capabilities,

Anoather major evaluation dimension is the availabilivy
and type of suppon chips, Suck claps creatly Tacititate
particulir funclions—e. g oy managerent, s ar-
bitraion, foxng-point aperations, array processing,
and a wholr spearrom of 140 operations. Albough afl

chip venders are invelved in tle development of “copro-
cessor,'” 'slave, " or supporl chips, only a lew such chips
arc commerctally availabfe. Sincethe 2036 hasbeen inex-
istence much longer than the other processors, it posses-
o5 A distingt sdvantage in this realm, Table 4 presents a
listing of the vasious supporl chips. In most cases, Lhe new
16-bit microprovessors will interface with sucport chips
desizned earlier fur cighi-bin mpicroprocessars. This may
resulp, Twswever, in a suhstantinl pecfenmanee lass, aslhe
carfier chipsuse relaively obsolere technolopy, operaie at
low et speeds, and uie fewer data lines. The new chips cas
more (1:an the carhier ones—thus the prce-peelonmance
trade-oflfs of the 1wo options must be considered in the
desizn of any new system. -

The software com ersion cous of upgrading 1o a 1 6-bit
MCEQPHOCESSOn fHe 0 insiphilivant, & svilem presently
ustng an intel 2050 must convert cither Lo an Indel 5036 or
a mNational Scemicanducior 1608/ 16016, These alter-
nutlives will yvield a speed bicrease of a Tactor of 4-6. 1103
prrssilile 1o ebtiin higher speeds with an W316032 or a
Moterala 65000, but the cosis of rewriting sofiware plus
the zssnciated costsof delmipeing can more than ol fscl the
gain, Likewise, the only apprssprioge wpward path fom
an MCes0 is w an MCaSN0. The #5000 has a basic
siructure dilfferent {rom the previous 780; kence, one
must fully aoalyse present propgrams before making a
Iinal choige,

The major Tcateres discussed in ihis section are listed
and evaluared in Table 5 {5 is excellent; B is good; Cis
Tair; [* 15 poor).

Cuommercial issees. The availability of vendor suppon
and second sourcipg s eneal, especilly for high-volume
systems, (second sources lor the 16-bic mcroprocessor-
based systens were hisivd in Lhe second parapraph of Lhis
article ) I is unsise 1o depend on A single sonroe for the
supply of all chips. 5o far, no secood «gnree hay been
idengificd For the MNuagonad micreprocessors, and this con-
straint st be kept in mind.

W come finally ta the pertinent issue of new product
sersus obd product. The lntel 8025 has been available
singe 1978, 11 Ailog BOGD sinee 1999, and the Molorala

Table 4,
Suppar! chips lor 16-BIl microprocessors.
TYPE OF CHIP WIEL EXER 2 MLEES0) RS1600)
MEXQRY ML AGEYENT JEMD E8+51 WS1R0BF
[SCT USEAELE ‘W /NS E008]
EUS ARBITER 5288 FEGD 78002 HE16024
MAT EE USLD
FLOATING-POINT - BO&Y GEOOLY. R515081
DA GGHTRDLLER BOSO/8237 TG bB4SD HE1G0R3
INTERRUFT COSTROL UMIT 52594 H316202
IO PROCESAORAINTERFACE Apad TEO3S
PERIFHIAAL COSTROLLER BOATAIBYIIA 2E034 65120 =
FLOPPY CI5s COYTROLLER BAAIBET-BSRNTE
CRT CONTAZLLER g275 18052
ARAAY PROCESSOR
BUBBLE +EMORY CONTROLLER 68453
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5000 sinee JTanuacy 1980, The number of Intelusersis the
largest. Henee, the company ‘s specttum of support chips
is 2lso Lhe largest, and thereis amuch low er prababilicy of
a bug in the soltwace. The MOGEK can use the Targe
nupber of support chips designed eaclier for the MCHE0D
family. Haweser, sery few support chips desizoed eaclu-
sively Tor the SCAS0M are presentiy available. Naiional
Semiconductor supparl pronducts will be availahle this
year. But by uthantime, niel willalso has e new IAPX series
products, which wilt offec higher speeds. widar data paths,
and supetior addressing faciliies. Mlicroprocessing is a
dymamic world, and we can always expeot newer 2nd mare
powerful chips. @
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Technical articlz

Single-c! E;@ n-RI0S micrccompuler

nrocesees sign

i N real i‘fﬁme

Analog inputs and ocutputs surround high-speed pipelining processor;
user builds filters, oscillators, other analog systems with E-PROM soltware

by M. E. Hofl and Matl Townsend, nerCop., Sania Cuea, oot

{3 Digital processing of real-time analog sipnals. aftrac-
live because the waveforms can ke manipulared like
numbers under program contrel, has been confined 1o
especialiy configured  hegh-speed processors thar can
handle the caleulmions neccssars. Now, just as the
micreprocessar pul low-cos0 compiting power inlo the
hands of the lopic designers, a device from Intel Corp. is
offering analog system designers 3 new wul: programma-
bility, in the form of ks single-chip reai-time signal
prowessor, the 29200

The chip was corcenned out of 3 pressing need (or a
pregrammable ciccvil W senve the varows prowocals amd
modulating wehniques wsed in Lclecommanicalions
circuits, It combines amoz-to-dighal cand digitalo-
analag converters with a spadially sontigured microcam-
puier 1o build a device »ith a unique icstruction set, one
capable of pregramming entire analog subssstems.

The kind of functivns the 2920 ean perform—
Rliering, modulatng, 1!..1.:.::1:1-_.*. limiting. mixing, and
more — wsually roguire Jots of passive components, opera-
tional amphificrs, and other such Jiscreie and linear
devices, Wil few outboard componenys, the 2930 van
build such compies devices as modems. equalizen., tone
sources, aned 10ne receivers; Lthe 220 con abvo be used for
such nonlelephonis appHedipns A5 provess controllers
and mater ar senamotar drisers.

Programmabiliny 5 wha gives che chip s grean
advaniagz: the conterts of s on-board erazable
programmable read-only memars (L-FROM) cusiomices
it for exch application. '

Significant differancas

The processer in the 2320 ditfers gicniticantly from a
convenlivial gereral-puipon: mivoprecesor. There s
some resemblamee: P'u\‘t\:-"s hiﬂi‘ al daa Trom a
camnentiional ad comerier at ke .._h,p s inputl and Feeds
the result 1o an vutrut d-a vomerter, However, the hinds
of calewiztions readad for signal provessing ditfer preatly
from thasz of data provesing.

Soreaer, since the operanion s based on g recl-time
sampling system. the 2920 must run theough it ennire
program cach time 1oredvives & dats sample lrom the
npul a-d converter. The program ewccunmn lime deter-
mincs the sampling rate and thad in wn restricts the

Electronica /hlarch 1, 1975 '

aperalion of Lhe microprocessor in cerlain ways.

In general, a fixed rale 18 necessary bevause the char-
acieristics of any simulated analeg sysiem are affeeted
greatly by it—in fac1, even smull perturbations in sample
rate can add inlolerable noise 1o a system. Therelore, the
ume in which the 2920 runs through is program has
perforee 1o be fised.

Cut 1o fit

Ta achieve that, the 2920 exceutes each instruction in
the same amount of Lime, regardless of the operation,
Also, 1o cnsure thay the total program ¢xccution lime
will never vary, 0o conditional-jump Tnstructians are in
the instruction Tepeilaire (save (or the jump from the
end of the program back 1o the bepinning). Condnional

1. Analng microcompuline. Cnlre analoq sobsysiems can be
prrogramnimad wih Inted's 20 ieal-lmge dapal sigeal processed. The
47 000-milY dewte surrgends a specul Centeal procossing unit with
a-d and d-a converlers, all pnced E-PRCAL program confrol,
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IKSTRUCTERN
RATE '[
E I ROGRAK
[ - - FROGRAK.
2 = e | _Vottace
m = TG . . INFUT
=  LCRYSTAL . ERASABLE FROGRAMMAFLE READ BNLY MELORY
2 m“::‘g::l“‘ ! 1132 74 BT WOHDS!
u k]
= roguzy [ — 4= fibeman
~ COURTER | _
j_ [
RESET:END OF I
FROGRAN oo
OvLRFLE(F
) RaND0N ,q SCALLR
= +5 Y — ] AFCESS 13 BLr
h WEDDRY AR{THYETIE
i 5V = [y
g 0 2% BIT LOGIC BYIT
= o W KOS}
o
-
-
oyl ——— ey — — o o — e — — P it ——— g e vt e e — Ty — —
CONTRDL LOGIE
- ! _ |—_u
= AGTPUT — =
4 oI g IS T .
CONVERTER fl”““. —1=! AALOG
SAMELE AN A y
WOLD, AND _  OuTPLIS
bt I — 1LPUT P . Ak
ANALDE | ——— BULTIFLE XER " i .,é"'”" -
INFUTS | Al aupLiRIbRs | |
] samrLE AnDHOLE CMPLAATOA i
l l - REFEREECE fe——r
EXIERKAL CAPACITOR vOL1AGE BEMULTIPLEXER
INPUT CONTROL

2. Archileclure. The 2970 ks programmed w-ih 2450 n3iucions, up to 192 of which arg $lored n E-FRORD The gigelal seghon fochrees
Iregituctons 10 bods] throghmut and injerfaces wiih the anatog seclon through 1he dala (egesler, whch appEarns a5 MEMony Kxoalon,

operutors, however. do allow logical operations to be For digital provessing of anaiog signals on a sampled
carried out without any varizlion occurring in the  basis, the microprocessor must be extremely fast if any
[EORram cxccution ime. )
Allhough these techniques do somewhat restrict  dictates thal a cantinuous system can be accoraiely
programming, they establish a fixed sample rate. based  simulated on a sampled basis only if the sampling rate
on the time nceded to cxecute onc pass through the  exceeds twice the highest frequency present in the
program. The rate can thus be computed simply as the  sipnals being processed —and mest pracrical situations
jnstruction esecution rite divided by the number of  ealt for an even higher sampling rate,
instructions in the program.

"

decent bandwidth s 1o be attained. Nyquist's theory

Cn 1op of that, since all the caleulations asseciated
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Simulating with sampling systems

The aperaticn of the 2920 [nds s bams in samplng
Iheary, which states that a continuous function (o wave-
lorpn) can be accurately represented by & Lrain of pariadic
sarnples, as long as INe samphng o done with high enough
lrequency’. i s the nigh samplnd rate seguved —and Mo
diticoll &I, the wmmense compulalonal grng Délwesn
samgles —that has resteicted the diglal processing ol
analog signals 16 lull-blewn machines The 2320 solves 1ne
nurnber-crunching pretlem wath a pipelined aschieciure
and a clever mulliohSanon alpordbhm 1hat regquires many
tewpr carelnes and sleps than the shiff-add algorithms wilh
- which most compaiers muoltiply numbers.

The ALL active biter shawn below i A has a frequency
response thal produces a complex-Conugate par of
poles. The charalieristcs ol the fller—is transler lunc-
lion, gain, and pale locations—are gven by the equations.
. Tha contnucus Mg can pe srvalaled by the sampling
syslem in B. The cwcked X5 repeesenl mudtiplers, 1he
circled X s an addern, and (he blocks with 277 repiosant
timing delays af one Sample pericd. CoeHtigients jf and 3.
control the Ller's kequency paramelers. while coeflicient
G adjusis ils gam.

The equaiions ta the righ! of the higure gve tho simu-
lated l0or's respanse. Allhaugh a sampling Syslem, the
lilterr wolld SanHate exaglly the canlmuous Juncton i A,
were Ihg samphng done al intmue requency: cocthcient g,
= 2e™" approathes e yalue 2 25 1ha sample penod
tends la zorg, similarly, coelliciont f; =
approachos — 1, Howeyer, a1 hinde sampling bequensies,
small s N thost coellicionts can Cause Signihicand
changes i the chatactenshes ol 1he iller, ang all anthme-
tic must theretorn bé performed with bigh precision,

A genernl-purpose digdal compuior 15 able 1o simulate

— E—i‘lf

A
® L Wou 1
ewt,
AN e —D— Yin AU S R iiLe
l J_ " [ o GALN r A
Yin g Vour  MAXIMUMGATH = M.'H-,-"ﬂ‘
l T l AT 11 Ve AR TS RIALT
VPLANE POLES AT -RAL
H i-,;‘i.‘l.f. = AT ?

1he sampliryy stage in B with 1hves cqualiong:

o=

= o

o= g+ S+ G
where tha variables 1o the left ot each equals Sign are
nssigred the valves 1o 15 right, Note that each multihea-
uon invplees one vanaple and ong value thal i bxed by
ihe design of the Lier, Struclons i the 2830 are se| vp
to acd or subiract a vanable from anoiher where the frst
varabfa is scaled by A power of two. Thus a smgle nstrye-
tlean could take any ol the 10RDwng 1orms:

x = {2 .
R L
X = x— 2"

The useluiness of scalng DY powers of Iwd 000 becomes
clear. The coetlcierts can be expiessed w sums and
differences of powers ol Twd, as n 1he examples:

= 1.7656 = 2121474
gr = —009414 = =294 2-T—7-* ;
G = 0.00793 = 2-1-2-% '

which the 29720 can porlerm quickly and willh 3 minimum
ol circwits. The {lier siage of B i5 carred oul direclly with
2920 irdtroc bon n tabke D A lelt-shadl of 106 pouivalen) 1o
muttiplying by 2, a rignd-stdl &l 6 multiplies by 2-4, and
50 on, The mremaonics LOA ADRD, and SUD represen
lzad, add, and sublracl operating coles.

This- melhod perrits much lasier moltiplications by
constants than a convenlional shill.add multipler gould
achicve Uit espeoally cllective hony because such nwlli-
plications dominato diygilal-filter cakeurations,

Fer 2 Templ Joa-r i
py  WHERE 14 5AMPLE PERIND
LR ¥
| LR TIT R T
o BAIN = GiLl=3, -3z
BA AR GadY = G+ g
LY TR )
AT I 12T 2
ron P D1 =daih )

- c

oo b2 O 3

TnsTucnion
Operatign | Sgurce | Destinatean | Sl Comments
13w 4G kaes! | 16 Leisl | A bied

LDA ¥ s o BT 1D Y2 T ¥

LDA ¥s ¥ rone | egualent 1oy, =y

LD ¥ ¥a lef ]

sue ¥1 ¥o right 2

ADD ¥ rn rght § | nowe havl g 7By,

5u= ¥z e nane

ADD ¥r Yo right ¥ .

SUB ¥z ¥o ’i'ijl'- A | row have pg = EI Fis
2 ¥7

ADD x Yo right B .

SUB ., ¥a Frght 10 | vaw havt vg = 2, ¥y -
F1Fz 4
Ga
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1KUY SELECT

T0 SUCCEESIVE
APPRORIATION
LOGIC

WM
(1aF a0
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vOLTALE

_J._. COMPARLIGR
— NEGATIVE | DICITALTD-
T
— POSITIVE Loy
* YOLT&AGE =0 ¥

A Blgn bln Adging a sigh tit 1o tsc B-bil conversions yields @-tut
precision. The 2920 vses @ 1hp swich 10 supply a correct polandy
signal from the sample-and-hod capacdor (2t 1o the comparator
uted lor successives ano oumalion anakeg-bo-cigial converaon.

with the production of an ouiput sample must be
performed with cach sample wabken, the microprocesser
must have an cxiremely high-speed number-crunching
capability, Even o 10-Kiloberte bundwidih, for cxample
would require sampling ab least at a 20-k117 rate, or oncs
every 50 microscconds. A program of, sav, 100 instruc-
Lions, which was cxecuted at a rate of 30 microseconds
per sample, would requirc an averupe instruction-cyels
fime of 500 ns—a speed that few minicompulers can
boasl.

But the 2928 can do it all on a 47.000-square-mi! chip
(g, 13 which, moreover, is built with a standard n-
channel metal-oxide-semiconducior process.

Divided in three parts

The 2920, as diagrammed in Fig. 2, divides into three
mzjor subscctions: program memory, the arithmetic {or
digital-processing) trertion, and the znalog input and
oulpu! conversion section, The . FROM program memuory
controls batl the analog conversion and digital scclions
of the chip.

Four analog inpuis enter and ciphl anzlog outpuls
leave the-2920. A multiplexer allows the four znalog
inpuls to shiare the inpul sample-and.hold  circuit.
Analog-to-digital conversion is performed by successive
approximation with the ootput d-a converter, which is
the resistor-ladder type, A demuollipleser provides cipht
bufTerced outputs, cach of which has its own sample-
and-hold circoit. The daa repister links the analog
sections to Lhe digaal portion af the chip.

Unueial arithmatic

The microprowessor in the 1920 comprises 2 two-part
scraichpad random-access memory, a binary scaler, and
an atithmetic-and-logic unit, (The daia register vsed by

the amalog portion of the chip is actually part ol the.

KAM, 50 that the processor sees the inpuis and outputs os
an address lecation in memery.)
Althouph the precision of the a-d and d-a converters s
9 bits, intermal arithmetic s with 25-hit precision, since
accommodaling the buildup of small round-off error
over Lime requires much higher precision in the interme-
- diate calculations than Tor 1he hinal value. Should an
arithmetic overflow occur, the processor saturaies: in
othcr words, it aulomatically and instantaneously

“LI_FF_, ) % M _Fr\_ % RO 4
H e
.Ii i =
..,.J:_ L‘L.. \ ] J—'J:L__, ROW 3
'LIJ'| : ‘_I*L{ —
. : |
..Fil_F"'L. $ L ..r_":...[.r' L % S oLk
[
M. —— ROW L
L= - o Saiail
al ILL‘ T3 JLI = % L
1
1
- 1 1 o 1 4 , j
b "l" REFERENCE L'O-"s'ﬂ'!'IIEH
COLLMYS VOLTAGE outruT

d. Folded jfaddaer, Tre 25205 Gnalog-lg-dignal cdmverler uSes a
resistve ladder, Ioiged inlo 3 square array. That confiurabon min-
mres (e ¢focls ol HOCESS INCONEATENC L B Tomparaiure A noe
1he suriacto Of the chip, 1hUS dnpoving dverall acLmracy.

replaces Lhe result with Lhe largest sterable value.

To handle the arithmetic, each of the A0 localions in
scralchpad Ran s 25 bits wide, Addressing, however, s
with & 0-bit word; the sedditionad 24 addresses seleeg
predetermined constunis xnd the analog scetion's data
register. To boost throughput, the Rav was desipped
with dual-port cells that ¢an be addressed through cither
of their poris,

The L:PROM cutn store up ta 152 instructions of 24 bits
each. The instruction fermal has five contiguous ficlds;
the digital operater, the seurce addecss, the destinution
address, the catent of shifting, and the analop aperator,
Such a wide word may be likened 10 2 microprogram
word in a computer with a control store, for it performs
several opcrations at once. In this ¢asc, they are
complcte memory-lo-memory operaliens.

The lower Limit

At the 2020's Tastest operating speed. each insiruction
exccutes in 400 nanosceconds. The Lirpest program the
2920 can handle— 192 instruclions —executes in 7648 us,
and thus yields a minimum sampiing rate of approxi-
mately 13 kHz, The worst-case bandwidth ol the chip,
according to Myquist then, is aboul 6.5 kHa,

Shorer programs will, of course, provide higher
sampting rales. Alse, lechniques Bike staching mulliple
copics of a routine can boost the sampling frequency :md
hence the possible bandwidth.

To maximize speed of calculation, the 2920 signal
processof pses pipelining 1echnigues. Four instrections
are letched from E-PROM at once, and the feich opeca-
tion for the next four overlaps execution of the previous
four instructions. Marcover, the arithmerie operalions
are equipped with carry-lookahead across Il‘lt lull width
of the accumulater,

The atithmetic-and-logic unit {ALU) carries out Such
basic operations as data movement, additien, sublrac-
tion, absolute magnilude, and several logical operations.,
Each elementary machine instruction (ciches twe oper-
ands from the scraichpad kRast) passes the frst through
the binary sealer, perforns the selected arithmetiv Tune-
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is a widcned 8080 with enhanced addressing aad insirue-
ion prefeich. Inall, 23 addressing modes are supporied.
wih actoch frequency of 3 MEHz, 1he fasiest instruction
timne 15 0.3 microseconds.

The 75000, A register-rich | 6-bil processar, the ZE003
is pot an enkancermnent of Zileg's 250 family and has aclif-
ferent imternal siructure, The 28000 is based an aregular
regisicr use and a symumeLric instruction set. !ls operating

s¥sLerm support is far more sophisticated than that avail-
able on eight-bit machines. An entire seL ¢ f regisiers con-
trels sysiems calls and maraces process swaps. Inierpal
regivters allow 32-hidouble-word aperazigns. Trapsofil-
legal addresses and illegai instructions serve as debueging
tools through the use of an expanded flag register, also
permitiing software enpansion of the instruction sci. The
ZEDOD i3 2 true 16-bi machine, a8 data snd insiructian
paths &ce 16 bits wide, .

YTable 1.
Spaclitcallons of 16-bil micraproceasors.
&086 P BAOOD 1003516016 16032
YEAR OF CORAERCIAL tNTRQDUCTION 1578 1974 1820 i 18481 1981
KO, OF BASIC INSTRUCTIC!S 95 10 . &1 100 100
%0, OF GENE RAL-PURPOSE REQISTERS 14 15 16 ] .}
FIN COUNT 40 48740 Ed a0 48
MREGT ADDRESS RANGE (BYTES) mm 48N " TGM S B42A GAKSIGM 160
®UMBER OF ADDRESSING MODES ]| 5 1 9 -1
BASIC CLOCK FRECUIENCY SKMH1 .53 9MHz 3-EMHr YOMH; {CAiHz
{4-BMHE )

SYSTEN STALGTURES

UNIFORS ADDRESSARILITY - . »

RODULE LEAP AND MODULES M . M

YIRTUAL .
PAIMITIVE DATA TYPES

BITS * . * .

INTEGER BY1E QR wWORO Ll - . F -

INTLGER DQUBLE-ORD . . »

LOGICAL BY1E OR WORD ' . . . . .

LOCICAL BOUBLE-WORD - -

CHARACTER STRINGS

- {BYIE. “ORD) . - + . .

CHARACTER STRINGS -

(DOUELE-SORD) . . .
BLD EYTE . ] - . - ]
8L vWORD * -
L0 DOUBLE WOAD .
FLOATLNG-POINT, ’ . .

DATA STRLICTURLS
ATACKS . ] » . .
ARRAYS * a
PACKED ARRAYS . *
RECORDS 1) 1 » - -
PACKED RECORDS . * -
STRILGS . - » -

PRIVMITIVE CONTROL OFERATIONG
CORDITIDN CODE PRLAITIVES L] = » .
JUKF . - . * " m
CONQITIONAL BRAMCH . - - M .
SINPLE FTERATVE LDDP CONTATL . L] - L] .
SUBRGUTIME CALL * . - . .
MULTIWAY BRANGH . . .

" CONTROL STRUCTURE i : _
EXTERNAL FROCEDUSE CALL " - .
SEMAFHORES . ] - . . .
TRAPS * ' ] L] - - ]
INTERAUPTS L. . . . * .
SUPERYVISOR CALL . . . - .

OTHERS . )
USER MICRDCGDE - v . . .
RERUG MODE .

"B BEGMENTS OF B EACH

May1oga .- .

- — B | i ——



-

)



iPUT AUTONATIC
{NPUT . .
it »  LOwPRSS W GAIN
BISRAL FILTER CONTROL '
a 1'
% ARROW
o "an sty wave || coweass - VERTHCAL
MIXER L RECTIFIER ] FILTER ™ outeut
]
FOLYAGE- WAVEEDAN
COXTROLLED [~
OSCILLATOA WADIFCATION [, s
L 3
. HORIZONTAL
— " QUTAHIT
SAWT DO T .
OSCALLATOR

5. One-chip apocirum anatyzrer. The 2820's resources are sufieenl lor budding am BUdW specirim afayzer. The anpul sgnal s
gan-Gantroled, than helersdyned with 3 swepl ascillator; The detpcied sum sigisl dewves The verleal npul of an oscilloscapa,

tion, and replaces the second operand with the resulis of
the operation, .

The key (o the 2920°s high-speed, high-precision arith-
mekic i3 bhe biniry scaler. Unlike the wsual shifi-add
multiplicrs, which require a cyele per bit, the 2920 uses
sequences of scaled additiens and subtragtions {see *Re-
aliving a complex-cenjugale pelz pair,™ p. 307} in
multiplying variables by constants to reduve the aumher
of cycles 1o about a third, (Since most flters used in
analog applicalions are fagd, multiplicatians are wsually
by constanis.} } ;

The hinary sealer modifies 2 value massing through i
by in eifect multiplying it by a power of twa, or 24, where
horanges [rom +2 10 — 13, I, as a resull, the product is
greater than 25 bits {and hence 100 large for the RAM),
the ALU saturates and provides z signal on its overfiow
output pin_ The averfiow ouiput is useful during system
detugping for deternuning when scaled variables are pul
of range.

Conditional apticns

Some of the A1.U's basic operations can operats condi-
tonally, using selected bits of the data regisier normally
associated with a-d ond d-a conversions, The multiplica-
tien or division of one wvariable by another is made
possible by conditional addition and subiraction. respec-
tively. Finally, condilianal operations can perform legic
and can generate discominuons transior (unctions.

The a-d and d-z conversions are given  9-bil
precision with the addivon of a sign bit. A ipswich
circuit, which is shown in Fig. 3, provides the double
eeonomy of appending the sign bit while at the same
time allowing the 2920 signul processor 1o use only 2
single positive-vollage reference.

The d-a converter is built around the folded resisior
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string and switch array shown in Fig. 4. TFelding the
resistor string lessens the converter's sensilivity to
termperature and protess varialions across the surface of
the chip. That, coupled with the fucts thi processor
timing 1s ervstal-controlled. thal the converler’s accura-
cy is cstablished by an cxicrnal reference voltage, and
that all internal caleulations are digitul, mids up 1o an
analog subsystem that is Tur stabler than folly analeg
counterparis. 1

The resources of Lthe 2920 are sullicient to provide the
equivalent of up to 40 poles of Htericg, or 20 complex.
conjugiate pole pairs. That amuaunl is cnough to put many
comples analag systems, including o dual-lone mubtifre-
queney (DTMF), or Touch-1oneg, receiver on jusl a single
chip. .

The power of the 2920 is dramaiized by an audio
spectfum analvzer. which can dusplay the frequency
responsg of a circuil under test an an oseilloscops, Cne
such amalyzer is diuprammed in Fig. 5. 1L generates
vertical and horizontal ouipuls for dicect comrncclion to
Lhe oscillescope and uses heterodyning Lo min the input
signal with the signal from a swept ascillatar.

Sequence of evenlts

The input signal 10 be analyred is first Ritered with a
simple external néiwork 10 femove high-frequency
compongnis that could cause aliasipg, or the generation
af spurious signals, Once in the 2920, the signal passes
through the cquivalent of a vwo-pdle Tow-pass Rlter lor
lurther band-Wimiting. Next it is modulaied, prior to
mixing. by an aulomalic gain contrel —simply a division
algarithm whaose divisor is derived by passing the abso.
fute magnitude of the signal through a low pass tilter {10
gel Lthe weighted avetage).

A second pertion of the program simulates a pair of
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6. Two poles. Spectal anabss Ol 8 Smple Seoond-oraer  Mies
sechon centered sl 400 Hz dspliys Sharip bandpats chasactenties,
The Iwoepole Mler wses 10 instructions ot tha 2220's E-FPADM
program memory, leaving 182 inslrochions [or grher iter lungtions,

oscillators, sthe first f which determines the speclrum
_scan rate —hence, the horizental sweep frequency of the
oscillascope —and the second of which simulates a vole-
ape-controlled sscillulor {voo) driven by the first. It is
the second oscillater, swept Lthrough the range of inter-
¢sl, thal beats against the inpul signal in Lhe nuxer.

Dealing with aliasing

‘oth escillators produce lincar sawinoth wavelorms,

. beeause the program computes sampled waveforms
lfor these simulaed oscillators, aliasing distortion could
be a problem if harmenics in the sawlogih were 1o
inlgract with 1he sampled frequency and produce
spurious frequency cumpanents.

For that reason, the output of the scecond oscillator
underpocs a nonlincar transformation in order to approx-
imale a sinusoidal wavelform, The 2920 performs the
renlinear cransformation with a piccewise:lincar approx-
imation that ecmbines absolute-magnitude functions amd
the effects of overflow saturation in the ALLL The first
oscillator, it may be noted, needs no such transformation
because it operates at such a low frequency that any
harmonics high enough to react with the sample rate are
insignificant,

Good mixer .

The mizer vses a multiplication routine to combineg
the oulpul eof the second oscillztor with the Altered,
amplitude-controlled signal under analvsis. The ouiput
of the multiplier contains sum and difTerence frequen-
cies, Only the sum frequency is. of interest for the
analysis, and 3 narrow-band filer cxtracts it from the
mizer's composite signal. The amplitude of the sum
frequency corresponds exaculy 1o the input signal level at
a_frequency determined by the diferenee betwean the

¢y f{requency of the narrow-band filier and Lhe
uency of the vCo.

The 2920's absolute-magnitude algorithm performs in
effect a Tull-wave rectification of the narrow-band lilter’s

R £ S T e Ly '
Haad ool y mﬁm
Moduyle Vo NTRCH L
it ein s
Irpmar Dilter g 0 E
Automalc gain caniral 12 1
Sweep ostillator - ' 1 1
Voltege controlled cu ot 7 1
Vireslorm maodiler 10 1
Miner 11 - 0
Narrow band filver 0 3
Feculier 1 "0
Lowpasa liter 0 7
Total 111 17

autput: Finally, 1he signal is lowpass-Rltered 10 drive the
vertical display. Zince both horizantal apd wverricil
display outputs of the 2920 are delivered as sampled-
and-held signuls, some simple caternal filiers may be
used te smooth the display.

The flers esed in the spectrum analyzer are single-
pole or complex-canjupate-pole recursive scetions. Mul-
tiple pole tillers are simply cascades of basic sections.
The 2920 can also simulale bnite impulse-response
filters, and can implement zeros cither independently or
belween pole seclions.

The analyzer has a frequency ranpe of 300 1tz 1o 3
kilohertz, swepd 10 times per second, with a resalution of
about 100 Hro The narrowband Hlier is cenlered al
4.3 kz. The sampling rate is about 13 kHz.

Room lo spare

The table shows the amount of pregram and seratch-
pad memory allocated to each block lur the given param-
clers, {Dilferent parameters foe the functional blecks in
the analyzer might change the amount of 2920 memory
used in cach, however.}

Since the program does nol occupy all the kRaw and
E-PROM available, mere functions could be wdded ar,
alicrnatively, the sampling rate could be raised to as
hich as X0 kHz. As another option, maltiple copies of
input sampting and Gtiering algorithms could bz inserted

. teinerease Lthe effective sampling rate, thereby allowing
wsc of a simpler anti-abiasing filler external o the 2928
- signal processor’s front end.

The 2920 is scheduled for production in the latier pan
ol this year. Since the chip is a microprocessor and then
some, il must be supporied at least aos adequaicly as
current digital microprocessors. Support plans esll for an
assembler and simolator that will be resident on the
[niellec microcomputer development system. :

Beeause the arithmelic associated with the design and
optimizatton of ‘digital filiers is exwremely complex, a
design-aid software package capable of interpctive lter
design and aviematic compilation inwo 2920 assembly
language is zlso planned. Those packases will equip
analog sysicm designers with all the conveniences vsers
of conventional microprocessors are by now accustomed
to enjoy. o

.- . Electrenics s March 1: 1979
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on MIiCropProcessors

Single-chip micrccomputers with 1 mlllmn h:ts of information,
English-languags programming, and canned sofiware are seen ahead

One millian devices on 0 single silicon chip by 9837 mams
of 1024 kbils wilh prices a3 iow 15 0.002 cen| per bit? Hoth
developmnents will be poisible in the newu decade wilh a
new generation of very-large-scate integrared efrculls-
Microprocctioss and refdied components will be bullt on
thess JCL wiik new gircult-detign lechnigues and advanced
fubrication procenssr. Among:Lthe liktly products are
single-chip micrecamputert with a3 much as 256 kbwa of
ctecrrically sranable memory,

Contrasd Lhis progress with preaent silicen chip densities
of less than 100 000 devices and price at least ar order of
magniiude higher than 0.002 cent per bl L+

Furure 1Ca of high complexity wil! be ictimanely linked
to the microprocessar, Thia iy because thit device, with Jis
fexibiliy, opens up large-volume applications {2nd thus
low cofts pey function). Uneil the microprocessor's ad-
¥eni, ¢ manulfacturers were in & dilernma: they needed (0
incTease (¢ densities 10 lower function cosis, bur in deing
50, they Marted creating compley 108 thal were limited in
applications {and hus resricted in volume nad coscly),

Radlical changens aroe ahead

Stralghe-line projeciions of )C complexities have been
accurstely lorecas (see Fig, |, based Jargely on a similar
Mgure presented by H, W. Spence and R. W. Rozeboom
at the 1977 Iniernatioral Conlerenes on Microlithog-
raphy). Recent crends in i design and processing (Figs. 2,
J) suggest that these increases in complexity will conrinue,
Thit gives rite (0 inferesting speculaiions abow the shape
of future 101,

For example, the present ic power dissipeiion of | to 2
W, imposcd by conventional packaging, is bound to mare
thap double to handie the higher densities. Thus radicailly
new packaging ideas will evalve, which in turn will dictaee
new deaign wandards,

‘One possibility is the gradual abandenment af the 5.V
standard for TTL s, Sitwe the demand for lower powet
dissipalion and closer on-chip Yine spacing is tied 10 lower
opetating voliages, future high-density s are likely to
operate Bf rew siandards of Jor 1.5 ¥, Such voliages are
compurible with those of baireries, which are likely to be
used incrensingly in Jupure 60 sysiems.

Misrowatt power-gissipation levels witl be necesysary for
each gaie 10 achicve the high densitizy, [n addidion qregid
designers will demand iniernal paie speeds belagw 1 0y,

But achieving million-¢om ponem densifies will require
more than Just Jower aperdting voltages, Wlith advancesin
fabricatian and equipment, it is cerrain thal the peesent

barrfer of lum 1€ line widths and spacings will be over-
come i production. Twodayer mepal interconnections on
the chip will become the zule racher than the sception,

In w0 processing, plasmas sre now replacing wet
chemicals for deposition, cxidation. and aiher stzps. This
is tnaking passible finer an-chip ling geometrics and jower
protessing cosis. This trend wili fniensily.

NMOS technology Indicated

tenOs techaolagy £an be che vehicle for fuiare 10y, And
oS i3 & likely supplement. more 3@ than now. CMOS'S
majot drawbacks of slower operating speeds and larger
cell tizes, compared with M&IOS, sre being resalved |

Speeds from 20 1040 MHz {denending on power-supply
voliage) are possible if silican-gare 1echnigues, inucad of
meizl-gate, are used. Up 1o 100-MEBHZ aperafion hay been
achieved in the labaratory with isolgizd-subsirate of
dizlectrie-solarian deaigns. i with tuch speeds should
become commercizlly available by the early 13805, Angd
LMO5 cell sizes can be rediced by such devign innovalions
a3 the use oF & single MOS cloment in The ourpul sage, in-
stead of the cfassical complementary tranvistor pair.

The futura architeclure _

Preseqr 1€ complexities of 30 000 o 80 000 devices per
chip can suppon, betides memiory, a fult range of very
pawerful, 16-bit peripherat chips. The penpheral chips of
the 1980s could cantain companents for direc memary
acceys, (he bus arbitraror, memaory segmeniaiion, and 1he
peripheral processor. The peripheral-processor com-
ponents are likely 1o be programmed by the user for ap-
plication in Noppy-disk or CAT contriilers, dedicated pro-
Cessors, memory sharing, and tpecial commaonication pro-
tocols.

-

[1) 8y 1908, xy with éﬁmpluﬂi“ of one milllos devices .
per chip will be pastible, Mitrocomputiers handling 32-bit
opvations kie ona Mmanilestation
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‘Ufhm wa eondider that the mast powerful cemiral pro~
oesling unit weailible uset the equivalent of six million
devices, the possibility of building single-chip crus of ane
million bits caa be fully appreciated. Mare likety, fuluce
microcomputery will be zppanioned as follows;

* 100 D00 devices For the Cru,

* 400 000 devices Tor 170 adapters.,

* 513 00D deviges for an electrically crazable nomt {og
RAM/ROM $plitling),

Faiden: io memory will be powerful firmware In the
form of a high-level-language compilerfinterprerer and,
probably, the most uaiversal lechnical language: English.
The CPU could have an ED0-10-2000-waord voczbulary,
maklag it possible to nsrruct it directly in English, Receas
speech-synthesizer (T3 point the way.

Tha cru will probabiy by 15 bila wide and fearore a
2hn3 cyels time, The /G arca will provids many direct in-
puts and guiptits lor interfacing ro the oulside world,
With the type of crganization projecied, such a micro-
tomputer 3ystem could have arificial inteligence. -

L may

How to raduca soltware cosis

Producing more powerful compuiing machlpe deo
bol, in itself, cresce w market for them, even if the con
dost not increass in proportion with the lacreased
capability, This Ia clearly indicated by sales of 16-bi
ticrocompuiery, which are only siurting to be used by
select cusiomers for sophinticaued spplicstions. Less
powerful &bii microcomputer spplications, on the other
hand, have been growing significandy, and 4-bil micro-
compurer saley are lierally exploding.

A reajor reason for such hesitant expansion of Lé-bit

micrgtomputers i3 the cost of sofiware, Ax x rule of

thumb, the generation of an avernge line of soflware coti
spproximately 310, One way 1o reduce sofiware costs i1 (o
slmplify programming.

From a hardware siandpoini, the cost of computing

powes is dropping so drastically that by 1984 the ezpabili-
iy of an |BM 1800 mainframe compurer will be availakls
far abaut $100 (Fig. 4). This creats an irnetisgible incen-

tive for semiconductor manufscturers 10 plunge ahend-

with ¢ver mare sophisticated designs, so 1hay new markets
for microcomiputers can open up. This is nol an wtzempt
ta replace farger compurerny with (6, 32-, and it
microcomputery; rather it is a wellressarched plan for
king advantage of the rapidly decreasing pricesperfor-

mance ratio of 103 1o anticipate and stimulare the micro--

computer market. [t calls far wing the increased device
eomplexilies to simplify the operstion of powerful crus,

A Tew years 2go the rrend was to build more powertul
CPUS every year, often in big mainframes. Then tuddenty
the microcompuier appeared with » downgraded iU but
many 10 ard memory capabilities on 1he chip. Semicon.
ductor manufaciurers (uened (0 this market, lzaving
16-bir cPus 10 & comparilively ymall market. The 4-bit
and B8-bii micrpeompuier market began 1o lake off
because of casier use and lower caste,

The third-ganaration microcomputer

The next generation of microcompurers=the third
generation—will be 8-, 1§+, and J12-bir sysicms with ar-
chitectures strucwured (or programming simplicity insvead
of program length. Programmed with  high-feve
languages, they will feawure minicomputer-like anchizec-
fures and powerful lnstruction seta, (Present single-chip
microcompulery are scond-generation syslems.)

Twa harbisgers af third-generallon microcampaters
#re tha Motorota MGSCA, now availabte, and MM&E DOO,
which will b= avallable sherly. The M630% ix an B-bit
microcomputer with 15-bit internal arganization, sad the
MES OO s u E6-bit microcomputer with 12-bit inlernal
arganization. The major features of both are wrchilesy
tures that suppor positioas-independent code and re-
entran1 programming. Such leatures will have a far-
reaching impact on the way microcompuiers are wied.

The position-indzpendmnt code allows wrilten soltwara
Lo be execyted in any location of the microcomputer's nd-
dresi mag. The ce-entrant feature permits interruption of
a ghven program location in the addzexs map, and the
return 1o che proper sddress from a subroutine, Together
these two design features fend themselvas 1o modulat pro-
gramming, thus making poisible *'¢anned software.™

With canned sofiware, a large ranges of subprograma, 4
to B kbytes long, will become available from semiconduc-
tor manufactierers aod other sources ot very low prices.
An zgplicalions program <an then be developed by selec-
tion of the deyired sofiware, Program eontinuity ¢an be
provided with sharl, simple *“*patch® programs af high-
level instyuctions. This technigue can <ut the cosn of pro-
pamming by s erder of magnitude, )

The avalilability of standard firmware in the form of
Fully debu gged ROM-resident programs will enabls wiers 10
build inexpensive software librarics and ta split program-
mHng 1aske into small, manageable modules. This, in um,
will reduce programeting rime and the knowledge needed
for micracampurter applications. The microcsmpurer will
then reach millicna more of polentizl vzers,

Ta increase fexibilily and expand throughput, thied-

[2] Bezign Innovailons reaulting In wmall & ce!l alcas (A)
and procesaing innovations 1or liner line-width and spacwe
tontre! {H) are Lha toots al future high-danalry K.
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TEERSALion microcomputers wili be supporied by
languasicompaibic software that pormits movemen:
fr?nv 3-bil operation ta 16 bits and back again. Since the
microvomputer will handie high-level fzaguages effi-
cienctly, the user’s safiware I'brary b not compromised
by a move from an B.bil tn 2 1555t micrpcampuIer, o
even te a 12-bi systeem,

Will this compatibility apply 2eress the board from 4 to
32_ bixs? Pro%akly not. Low-end, <-bit MicTOCOmpurers.
with mass use, will tend to be more kardware-sensicve.

Since they will be used in 2pplicationt where a single pro- |

gram will serve millions of pars, a small savings on hard-
ware s2n quickly offset program develapment costs. At
this point wuch microcomputery wilt sell below Sl in laree
quantities, | TR

- e

Improvements [n processing needad ..

In vizw of the far-reaching nature of the microcom-
puter revelution, progress must br made in processing
technology to reach ths expecied goals, Table I compares

the progres in prosessing in the past fow years with what®

. wiil be nexded ty put a millian devices on a chip by 1935.
Similarly Table 1l shows IC electrical Specifications and
the improvementt expert=d in emerging processing
rechnologies,

The market intoads resulting frem exploding
misTocampuler applications are Jisged in Table 11 By
193] the microcomputer market will be worth we't over 52
billion in the Uniied Stotes and will represent nearly one-
third of the domesric IC market, Microcompaters will ac
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count for over 20 percent of the world semiconduciar
market, compared with only 9 percent in 1978, A v2id
question s how will the semidonductar industry respood
to this explosive demand? By spoetacular increases in pro.
ductivities, Let ut dllusirare: )

'n 1956 the number of good dies par 3-inch wafer
(GD/ WF) was around 200 for an avernge chip surface of
160 % (&0 mils. Three basic considerations Hmif the possi-
ble pood dics from whal is oblainsd at the end ol the pro-
duction t:ne: - . P

1. Waler yleld (B, - -2 o SRR

2, Assembly wield (A3, " v S omree
* 3. Final tese yietd {570, * -+ 7 e

In 19768 th= average values of micraprocessor yields
were: Wy, 40 percenty Ay, 80 percent; and F7y, BI per-

B -

cent. By the Tarmula | . :

T, . Good finkshed products (GFP) =
WL {GEOVE) (1) (AY) (FTy}

e af, t L

it is possible to caleulate the approximale number of good

finished preduces per wafer. Thus the 1976 overall yield
per waler was B

(200} (0.8) (0.8) (0.88) = 34 units

This means that with 10 000 wafer stans, 7y was passible
to manufacture 540 000 microprocessors.

I. Comparative 1C procesaing data -

Parametar * 1976 - 1976 ~ 1585
Die sizm [mIl%} B0k 1m0 2E0WIZE] 450 x 45
(produciion leve! ' o
rmmd} A0x40 BI35x8353. 11.d=x11.2
Resalutign em) - .
iproduction lasvell . B 3 MR |
_ Bavico per gle co
{ncnmurhory) 10 000 BODOO . 1 000000
Wafer size -
{Inchay N 3 4 SR
eooE e . c{riaban -
L tachnology)
. Comparatlve 1C performenca data
- 1 - r RESIE = 1085
SAERER s 14 I 1940 |SBHOS!
. [NMOS  {(MMOE T oIMOs
Pargmetat procesi] procass] processes) ”t
Speed, na . .
tinternal gata} ] 2 A
Power dlasipalian, .
ivd {(Der GATE) b | 05 0.23 -
Spesd-powar .
produel, pt 18 1.0 0,2.':.'
Powar disalpallgn .
par pacugge, walts 1 1.% 3

* Echatllky bartier MO S'dlalecidc-imalslion MOE

[, The world market value for micracomputers

1978 1579 1980 1981 1582 TOE)

Fercmnlage of tolal
semicanductor markst S8 128 1464 1325 1?7 N2

Percentage of 1C markel 149 208 225 231 244 203 7
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Lat*s sce whar the situatian will be in 1979 (or the same
©otypo of preduct (160 x 160 milsh Manulacturing by then
) will be done an 4-ipch walers. Since the ratio af 4-inch o
Jinch wafers is approximawly 1.5, the 200-chis ma
irn'l.:m per wafer will increase b MO At the same time we
. un eapect the follawing yicld values: Cam
Wy = 50 percent B
Ay = S percont .
Fly = 90 p:remt SERTRCRPC

This resules in (3600 (0.9) {CI 9 (0. 90} = 13% good
flnished products per wafer,

With the same wafer-start capability, it s now possible -

10 manufecture 1 450 000 microprocessors, or nearly
three times mare than n 1978, without extra production
CAQACILY.

IT we apply the abave calculation to the 250 = 250-mil -

chip sizes eapeeted For 1979 prodists, we find:
Die¢ surface ratio = 250 X 250 = 2,48 ©.

e L. 160 % 180
Waler surface retio = 47 = 177 {from 3* tﬁ.d inch)
— Jl - ——— -t-.-.-...uu.._..-r - .

Possible :oad dnn per wafer = JOG x 1,77 = 145

' ,|-- a M r,e - . o
2. e et b Selfs dIagnostI!:s {or gruater retlahi!lty

- At

Usiztg 149 ax :hc vlluc af vield, we Zave:
CFP = (145 (0.4) (0.9 (0.9 = 38

R ——

Therefare even iF we muldiply the circuir compleaity by
i {an inereate from 10 000 1o 20 000 devices per chip), the
same 10 000 wafer srams will yleld 580 000 pieces—more
than the 543000 pieces available from today™ less-
complex 160 = 160 mil circurs.

Thiz same progression should apply for the years
beyond 1979, so that by 1985 it is reasonable 10 expect
square $-inch walers with a new method of generating
menacrysldl silicon-—ribbon technology. Here, oner a
Yrcer remelly pobycrysiiiine silfcon after the silicon has
been grown, the silicon it drwn out in fibbon form. Al
this point, with a small increase in yield, it is still possible
10 expect more Lhan 100 good Mnished dies per waler for
systems of mill:an devices-per-chip complenity, or 330
good finished dies far microprocessors al’ 1979 mmplm«
ty.

Thmfure productivily increases, r.nupkd with strli;ht-

- e IR "f-",';' Lim =

IV, Faliure tatas and mean time hn'h'wun fallu'm
{MTEF) tar Materaln MCEEDS micropracessor
{teramic packane, 70*C amblent temperature)

ling predustign expansien, should previde the qu;m:tynf
microccmpuliers necded by the marker, o
Hellabmw on tha upswing o Lo

One linal facet impanant to the expanding waﬂd ofiC .
chip cnmplem:ﬂ is reliabilily. Just ug power ditsipaian
musi be greatly reduced w0 accommodaie ene millian
devices on 1 single chip, s0 must reliabilliy be imeroved
by several orders of magnitude. -

IT one were 1o build a microprocessor af modern cam.
plexity using simple, plastic-packaged TTL gates, it would
have & mean Limg between faiture of only a lew mionibs,
By contrast, the mean time between failure of a2 commer-
cially available Mororola MO cru, a device with
3000-gate complexty and parkaged in cerzmic, was 877
years latt yesy xnd is projecred 1o reach 1500 this year.
This clearly shows the reliabiiity advantage of LS.

As shown in Table [V, reliability s evoclving asymp-
tonizally, with a failure rare of 107" as & rrend. Put even if
wr cannot realistically expect an' imarovermenl in this
value for all new IC3, we can at least expect to see Lhis
value reached By new microprocessors of increased com-
plesity, With & million devices per chip (300 (00
equivalent gates, and 2 T2flure rate af 107%, the come
sponding fi 0 Lrisdx ID'" p:r gate.

-

The impreytivnes of thete reliabilivy figures is ferther
magnified by Lhe lact that the prics will be [ow enough 1o
allaw the use of redundant systems equipped with seil-
diagnotics. Should a Failure ococur, it will be invisible,

Self-diapnasiic M=atumes will become necessary for twe
maior reasons: manufarIunng costs and . end-system
rellability.

Thie increasing mmplemur of 12 products maku their
fina! testing very difficuli. The neeessanly large number
of packzpe leads will not allow convenient internal access-
g, and this mokes testing costly. One =olution is to have
internal circuliry, comveniently located on the chip,
devoted souely 1o functional testing of 2l or part of the
circelr, The testing of the product then becomes rasr.:r
and more rellable,

The neat logical step i3 to ‘wse this Lest function en the
ehip more than ence in final tening and o make it
available to the end user, At a given time intzrval, a test
soquence of all microprocessors wsed in end equipment
can be initizted and 2 go/no-go message ransmilled o
the wser, whe can immed!arely know if the equipment is
fally operational. Angiher altermative is to design the
system with redundancy of functions (a definite possibilia
1y In vicw of the evolutien of the price/performance ratio
of microprocessors). As soon as a defect is detected,
a_nqthcr pathway will be used, L

- Year Fallurg ralw | MTBEF, hours
(pareant! 1000 Rours) (years)

1974 12¢ 78 000
4 tt m

1675 axn C 2000
. 23

158 .- Q.12 . EX3 DOO
13

mry 008 * 00 H00
(194}

1978 2013 7 T0G 000
: e

1979 0.008 18 f6E a5

{1001

Danle! Queysang Is world markal deve'gprent
rhanager 1or mlcrosysiems and mecrocompanents
at Molgrala Semiconductor Products. Phoonix,
Arfz. Ha |olnea Mplorota in 1945, becoming
markeiling manager for France in 1972, then Euro-
paan micraprocessor marhketing manazger In 1875 i
Garmva, Swlizerland. Dalore golng to work for -
Matorzla, he wes employed by a French company
ihat dealgned digital equipment for the French
Atomic Commission, Mr, Querssac recaived an
slactronics degtee from CsllDge Dun'elgnmcn!
Techniqua Ir Paris in 1959, a
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PROGRAMA QUE DEMUESTHA EL USO DE UN PUERTO EN PARALELO
PROGRAMABLE ~P10- Y LA GENERACION DE INTERRUPCIOWES FPOR
EL PUERTO, USANDO EL MODO 2 DE INTERRUPCION.

PROBLEMA ;

Cansiste en leer por el puerto A del P10 4 switches gue dan un
valor binario y compactado a un digitoc BCD, este valor BCD se -
procesa a través de una tabla para sacar &) cbdigo de 7 segmen-
tos gque deberd prender el display por medio del puertoc B. Todo
esto sclo sucede si hay upa peticidn de interrupeiln en el pucr
to A del P190.

* Programa para copnvertir un

=
r

* digito "BCD" en 7 segmentos.

FIOADR EQU B80H ; Registro de datos -PA-

PIOACR EQU 82H ; Registro de control -PA-
PIOBDR EQU 81H
PIQBCR EQU 83H

Registro de datos -PB-

-

Reglistro de control -PB-

bt

- PIOAIV EQU 00H ; Vector de interrupcidn -~PA-
TABLA EQU 2240H ; Tabla de BCD & 7 Sedq.
TEMP EQU 2250H ; Apunta (IX)Temporal
SUBINT EQU 2200H ; Inicio subrutipa Interrup.
TABINT EQU 2100 : Tabla vector de Interrup.
ORG 2000H ; Origen del programa

20 00 3E 21 LD A, 21H

20 02 ED 47 LD I, & ; Inicializa Vec.Int.

20 04 3E 00 LD A, OOH

20 06 D3 82 - OUT (PIDACR),A; Vector Int, (PIOA)

20 08 3B 4P, LD A, AFH

20 QA D3 82 ' OUT (PIOACR),A; PIOA Entrada

20 0Cc  3E 87 LD &, B7H

20 DE D3 82 OUT (PICACR),A: PIOA Habilita Int.

20 10 3E OF LD A, OFH

20 12 D3 83 ouUT (FIOBCR),A; PIOB Salida






20 14
20 17

20 1A
20 1C
20 1D
Z0 1F
20 21

22 00
22 03

22707
22 OB
22 0D
22 OF
22 10
22 11

22 15
22 18

22 1A
22 1B

21 00 22
22 00 21

ED SE

FB

3E 7F

D3 81

00 Ll
c3 21 20

21 50 22  SUBINT
DD21 40 22

DD22 50 22
DB 80

E6 OF

86

T

DD2A 5022

DD 7E QO
D3 Bl

FB
ED 4D

LD HL, SUBINT ;

LD (TABINT},HL:;

IM 2 H
El

LD A, 7FH

QUT (FIQBDR), A;
Hop

.-

_—

Direc.subrutina de servi
cio,

Almacena la Direcc. en la

tabla.
Hodo 2 de Interr.

‘Mabilita Interr.

Prende s0la el LED

JP LT ; Programa principal
* ; Subrutina de servicio de inte-
rrupcitn para el P10 A
ORG 2200H

LD HL, TEMP
LD IX, TABLA ;

LD (TEMP),IX ;

IN A, {PLOADR) ;:

AND OFH :
ADD A, (HL) H
Lo {RL},A. ;
LD IX, (TEMP} ;

LD A, (IX + 0);
OUT (PIOBDR},A;

EI H
RTI H

Regil de indice con Inic.

tabla

Lo guarda temporalmente
Lee el "BCD"

Lo enmascara

Se lo suma al Reg. Temp.
Carga ¢sta suma

El IX toma el valor de
Temp. .

Se carga el valor en for
ma indezada

Se manda el dato al dis- .

play.
Habhilita Interr.

Regreso de interrupcidn

-------




H

L
Ay
P
LI
"o
-
+ o
[ 35

-



2240
41
42
43
44
45
46
47
48
49
4A
4B
AC
4D
4E

45

21 00

Bl
CF
02
233
cC
Ad
AD
8F
80
a4
BO
BO
BO
BO
BO
80

ORG

81n
CFH
92H
86H
CCH
A4H
AOH
BFH
80H

- B4H

BOH
ROl
BOH
BOH
BOH
BCi

L)
* . Tabla de conversi&n BCD
7 segmentos

2240 H

-

(= T = = B IR (TN W B - R VT IR B S s

Entradas no validas

: Tahla de servicio de interrupcién

oo 22

Desplieque de 7 segmentos:

0 LED



i

[ Il



P10 BDR

 Jut

L

Ll

LED _ _
- a b C d e £ ] g
S I
7 6 5 4 3 2 1 0
= Prende Ssegnmento
= Apaga segmento
1 003¢,0001 = 81 o
1100,1111 = CF =1
1001,0010 = " 92 2
. 1000,0110 = §6 3
1100,1100 = CC 4
1010,0100 = hd !
1010,0000 = A0 o
1000,1111 = §&F 7
1000,0000 = B0 8
ig00,0100 = B4 9








