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¿Q.l6 le paredó el tmiliente ~ la Divisi6n de Edncadón Continua? 

HJY AGAA!l\BLE AGRAI>\BI.l! 

1 
Z. l>edio de com.mic.aci6n por el que se entor6 del rurso: . 

PERIODIOJ EXCELSIOR PERIODICD NJVED,A.Dffi 
ANUNCIO TITULADO DI ~CIO TlltflJU)) DI RJll.E1U DEl. aJRSO . 
VISION DE E!UCACidl VISIO'I DE EI:OCACIC#l" 
OJNJ'Ir.'UA CONfUUA 

. 

rARI'EL MENSU\1. RADIO !WIVERSIIY\D CCM.JNICACIOO CARTA, 
'I'E1.EKNJ, VERBAL, 
m:. 

REVISTAS TIDIICAS RlLIEIU AMJAL CARTELERA lNAM ''LOO GACETA 
UNIVERSITARIOS K>Y'' UNAM 

3. Medio de ~ransporte utilbalb para venir al Palacio de Mi.nerla: 

i ¡~ 1 ~- 1 
OTRO MEDIO 

4. ¿Q.Jé ambios haría 45ted en el prograiiB para tratar de pc:.rfeccionar el 
curso? · 

S. ¿Recorrendarfa el curso a otras personas? 

SI 
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6; LQué c~-usos le gustarfa. que ofreciera la Divisi6n do &tucaci6n Continua? 

' 
7. La c;oordinaci6n académica fue: 

BUENA 

8. Si está interesado en tomr algún curso intensivo ¿Claál es el horario · 
más cOflVI!J..iente para usted? · 

13 H. Y 
DE 1 B H. 
(a:i'J a:MIW) 

VIERNES DE 17 A 21 H 
SABA!X)S DE 9 A 14 H. 

. 

DE 
H. 

VIERNES DE 17 A 21 H. 
SAllAOC\S DE 9 A 13 Y 
DE14a1BH. 

OTRO· 

9. ¿Qué servicios adicionales desearía que tuviese'la División de &Jucaci6n 
Continua, para los ll:Sistentos? 

--------
10. OtTaS sugerencias; 
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1 ,.1 , INTRODUCCION 

t."t.t·.:D~spositivos de'eatdo-s6lido 

• En el desarrollo ·do coap~ncntos y dispositivos de cualquier· 
clase.-los_objetivos bhicos han_sidi- siempre_ aUillentar la ve

locidad. bil.jar la disipación. ot:·.,-.:ntar la complejidad funcio-

• .nal. Ahora esOs objotivos paro~e qUe h.m tomado una nueva 
ÍOÍ"IIIB 'que !loS llevan a riueyas direccioneS 8 medida i¡ue la in-· . . .... . -

dustria olectr6nlca se embarca Cin.'un asalto mayor a las limi-·. - . . 
_taciones fundamentales de teenótO¡ia de intograci6n,a gran 
escala ... _ :,;,_-¡;-,.:.-.;,"~¡·,-;'·'''·'.·.-._·:_: .. :-•: -:~!,· '-~' 

. •' ' . .. 
El.avance industrial atas aemorias dinámicas de acceso atea· . . . 
torio de 16 ("'bitS {RAM)" por la explotaci6n de las técnicas 
de diseno del sC121.ico~ducto~ oxido-~edlico que !ian probado 

ser exitOsas al cÚadrupÚcar la ~~pacidad de alma.cenamient~ 
aproximadamente cada dos anos. C8da nuevo dise~o fue realiza-. ' .. 

-.do--con-una· c4;1ida de ·mea~l-i'B.mtS simple .que antes,- una -que:·tl· 
·Pic8lli~nt~---~~~~i'~~e- la ~i~ád' d.e dibujo cÍue. ta .. anterior.-. 

. - . ' .:'· .- :.-; ... _:,, ... : ·"' ' ·. . . - - - ' .. 
. 

SiJ!;.elllbargoo' con el surgimiento-de la' memoria· RAM de 16 K-bits,· 

el.poteneial par~ sTmplificaciones·maYores de la celda' de me· 
moria parece que fueron terminadas. El desarrollo de la me-. - . : 
moria din4111iCa RAM _de .65 J; bits usando los -mátodos corrientes 
de fi:bricaci!Sn- y técnicas·· de circuitOs noS lleVIirian a un ta

mado dadO,mucho.muy_¡randé.Para apliCaciones comerciales . ........... . . 
Mientras Únto e~-el.Ja~!Sn, 18 hidustria japonesa ha intensi

'ficado sus esfuerzos en ?n proyecto nacional que tiene como. 
objetivo no.solamente vencer los·obst!culos presentes de la 
nueva generación· de memorias, pero ta111bi6n crean circuitos 
NO~ con una muy grande integración auyas densidades serian 

6rdenosde magnitud mayores que hoy _en d_la. Los ingenier'os 

J!!POn~ses .~mbi.cionan poner una co'mputa~~ra completa en pasti-' 
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llas dentro de los pr6ximos dos anos/ usando técnicas de re
dundancia para resolver problemas potenciales de producción. 

Aunque no se han trabajado aun los detalles precisos la evi
d.e¡¡cia del 'exp.ertise' de los japoñesos en semiconductores 

se presentó al inicio de este afta cuando la Nippon Tel~graph 
aml Telephone anunció un RAM expe'"'Iae,¡tal de 65 K bitll fabri· 

~ada con técnicas fotolitográfica~ refinadas sobre un chip 
que,naide 60lamento 6 111111 por lado; :. 

Obtener lo in:is posible del MO.S ha, sido •.ma mota de~ los cien

t.ifi..:os Jlorteamericanos. Modificaciones en el procesamiento . . . 
y la estructura del dispositivo blsico MOS canal n nos lle· 
varti a va_rias versiones de velocidad, cada una enmarcada' pa

ra aplicaciones de RAM de 65 K bits y una microcomputadora 
compl_eta dCJ 16 bits en un chiP, en un futuro cercano. 

El producto _baja velocidad-potencia de MOS complementario 
couHrufdo en subtratos do sil1c6n sobre sufiro"han-·sido usa~ 
dos _~icroprocesadores y.circuitos relacionados fabricados 
por llewlett-Packard para uso en casa. Y en el mundo bipolar 
la lógica de inyección integrada ha sido aplicada por Fair
child y Tex"as ·Instruments a chips de '4 K bits RAM y microcom
putDJoras de )6 bits. 

l. l. 2 Reduciendo para aumentar. 
. 

Una [orma de lograr un comportamiento mayor en circuitos MOS 
canal n es atruvés de ·reducir las dimensiones del dispositi
vo. Tal como lo ha aplicado INTEL, llder en la industria en 
esta forma de atacar el problema, el escalamiento ha reduci
do el producto velocidad-potencia a 1 picojoule, representan· 
do una reducci6n en un factor de cuatro sobre el procesamien
to convencional N MOS. Un RAM estltico de 4_ ](bits usando 
la técnica manti~e las mismas dimensiones • como el original 

2 
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de la compañía el popular RAM está~iCo do lOZ4 bits, pero 

._ Iogránd!Jse un t'iell!pO menor de SO n's. o menos. Intel llama 

• 

a ese aeercamiento HMOS· ampliamente-tenida como la primern 
aplicación comercial del escalamiento hacia abajo en MOS . 
.1!1 priri!;ipio general do escal_amil:;nto tiene aplicación a dis-· 

po'sitivos con dimensiones de- submi.-r-:-metro. En el prin~;ipio 

ha sido apll~;ar para lograr qu,. _.,a componente-tenga :5.5 m . 

L~s diseftadores MOS (y, para ~sa materia, los diseftadores bi
polares)tienen siempre la opción de -escalar la estructura de 

. . 
los dispositivos con objeto de.reducir el producto velocidad
poten.cia e incrementar la densidad. En-teoría, un diseñi.dor._ 
necesita solaaente reducir las dimensiones'del dispositivo· 
y otros parámetros por un factor fijo e incrementar In mez· 
cla del sustrato por un factor, y las caracteristicas eléc
tricas del dispositivo mejoraran -por lo menos en un factor 
de escalac a una aproximación de un orden. El producto ve
locidad-potencia, de nuevo a un primer orden, se mejorarán 
por un factor de escala clibico. 

Los efectos de segundo orden, sin .embargo, tienden a limitar 
la extensión del escalamiento. lntel ha establecido en un 
disposíti'Yo escalado nominaHnente c"aracterizado por una lon
gitud de ca_nal_de 3.5 (mi!;:r6metros) (una figura de mérito 
<'omún, debido a su influencia en la velocidad del disposúí
vo). El producto velocidad-potencia {1 picojoule) pudo ha
b<·rse mejorado mucho máS, de acuerdo a INTEL, si el voltaje 
de alimentación se hubiese escalado, Fue mantenido en el 
nivel estandar de los sistemas en S V. 

Aunque los dispositivos de INTEL requieren de tales refina
mientos de fabricación como reducción del grueso de 6xido y 
algunas mejoras en los métodos de aislamiento de dispositi
vo, las estructuras de los dispositivos básicos no cambian 
y se aplican técnic1as estandar de circuitos a través del am-

\ 
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plio cámpo de los tircuitos integrados 
' 

de alta densidad. 

M~s aan las geometrias de patrones cada vez mAs finas lla
madas para mayores aplicaciones de escalamiento hacia aba
jo vienen rApida~ente para alcanzar les métodos fotolitográ-

4 

-. ficos que continuamente mejoran, y aun patrones . ' 
geoml!tricos 

' 

121ás finos s_e pueden esperar una v.-~ ~•1e maduren las tl!'cnicas 

de fabricación .con luz de elec~·•·~ue~s, 

E~tonces, Intel espera aplicar.las'tl!cnicas a las próximas 
mcruorias y rnicrocomputador_as. En lo:. trabajos, por ejemp_lo, 

es en RAM Mes estático de 16 K bits que tendr4 un tiempo de 

acct'SO de cerca de 50 ns y posiblemente unida Mes de 200 mil, 
' sobre un lado. 

En un dispositivo DMOS, la difusión exterior de ~oro de In 

fu.mte crea un voltaje de Ul!lbral relativamente alto adyacen

te a la fuente mientras que la mezcla del tipo-p más Iig'era 

J~l material remanente entre la fuente y el sumidero dá un 

voltaje más bajo para esta porción.del.canal. Efectivamen

te, la región-de umbral mayor es pequefta y dá una·trascon· 

Juctancia atta. La capacitancia se determina por la longi· 

t!hl total del canal. 

1.1.3 NMOS con un surco. 

Similar al D~!OS hay aún otro, recientemente desarrollado con 

técnica de canal corto que emplea canales en forma de V, o 

surcos, y llevan el nombre de VMOS. Los transistore¡, UOS se 

forman con canales V marcados en silicio. Los dispositivos 

cst:in en el topo de los canales, los canales se forman a lo 

largo de las pendientes, y, en un rasgo particul<~r de ahorro 

..!e lirea superficial, l¡::s puertas del dispositivo ~.u cncucn

trun en el cuerpo del silic6n, en los bordes de los canales 

(en la sima). Como los dispositivos bipolares, VMOS requie

re ..!e una región enterrada en un crecimiento epitaxial. 
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De acUerdo con los abogados de la,tecnologh VMOS, principal· 

l!lente·-American Microsistemas, Inc.:(AMI), y Texas Instru

ments, el proceso ~vita el problema inherente en atentar fa
bricar canales relativamente cortoS y escalar otros parAme· 
tros. La misma ev3luaci6n podr!a hacerse para DMOS. Sin em
bargo, la .dispor.ibilidad de una t .. !'··era dimensión vertical al 

proceso estandar NMOS, decir r•H caso los que apoyan la tec
nologia VMOS, proporciona Ut• grado adicional de libertad que 

puede ser usada para aumentar"la velocidad y densidad. 

AMI ha usado el proceso' para fabricar RAM estAtica de 4 K bits; 
con un,tiempo de acceso menor· que lOO ns, alrededor de la ml
tad'de~ tamano de un chip comparable. en versiones NMOS direc
tas. Acerc~ndose a Producción hay ROM de 65 K bits que serán 
accesibles en menos de 300 ns, y una memoria de solo·lectura, 
borrable y reprogramable teniendo un voltaje de programación 
de solamente 15 volts. 

Adicionalmente al ca111bio es'tructural survo en Y, el VMOS cla· 
ma'por un cambio en el procesamit!'nto con objeto de_mantener 
la longituJ ·del canal bajo, efectival!lente, a un micrómetro o 
algo cercano. La región del canal debe de pon6rsele con un 
perfil doblemente difundido.~ EI-resul tado neto" en un dispo
sitivo que, entre otras ventajas, puede usarse para reducir - - . - . 
la superficie del Brea para lógica alePtoria sobre Un tercio 
de lo que requ~eren Ios·NMQS convencionales. 

1.1.4 Enfati~ando las memorias MOS. 

Por mucho el segmento ~e la_s componentes orientadas a compu
tadoras que mas crece contin6a siendo en memoria~ basadas en 
varias tecnologias MOS. Los productores de memorias RAM di
náaicas de 4 K bits han empe:ado a saturar el rendimiento y 

tiempos de entrega, resultando en un mercado de flujo masivo. 
Se han iniciado "intentos de la industria de estandariz;¡r el 
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número 'de patas y la interfase, 

l.os RAM'S din5r.-.icos, ambos en 4 K bits y 16 K bits, parece 

que han sido tomados sobre los requerimientos del procesador 
central de la computadora- con reduccinnus de todo dramáti
cas, mlis algunas mejoras en c:onfi:•:.-.lidad, los factores im-

portantes aqui. Ln;; sistemas bJsados 
también hace~ uso de RAM dinámicos de 
q4e son: costosos en tama!\os pecjuel\os, 

t~ticas de 4 K bits se estin empezando 

en microprocesadores 
4 K bits y 16 K bits, 

Las memorias RAM es
~ usar en aplicacio-

·pe.<; de tiempo re:~l aún cuando las memorias dinámicas cuestan 

!r.enos. Sus ventajas reposan en un acortamiento al ciclo de 

direcciones sin multiple1ar y eliminación de refrescar, que 
permite_ una transferencia más rápida en aquellos sistemas 
busados en discos. 

Las HOS RAM est:iticas han recibido mucha atención reciente· 
mente. El año pasado, MOSTEI aumentó su 4104 con tiempo de· 
acceso de ISO ns y con un consumo de potencia muy ·bajo 
(80 lliW). El 4104 dentro de +10\ de margen en S volts, y sus 
interfases son TTl para todas las entradas. La llave de es· 
te nuevo dispositivo es una celda de cuatro transistores con 
resistencias de polisilicio usando la técnica de"implantaci6n 
tónica, El. uso oe un dispositivo MNOS (mctal·nitride·oxide 
semiconductor) con estructuras para obtener novolutilidad li
mitada ha ganado en interés, con Nitron, NCR, y Geral Instru
ments ofreciendo una variedad de chips. Sin embargo, proble· 
mas de fatiga y de interface compleja aún plagan en disposi· 
tivos, tal como tiempo muy bajo de escritura. 

1.1.5 Las memorias CCD alcanzan el mercado. 

La primer memoria de.65 K bits realizada con técnica disposi
tivo-acoplado por carga (charge·coupled devise, CCD) estA 
ahora disponible de Fairchild y de Texa5 Instruments. Esos 
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dispositivos en serie ofrecen la habilidad de llenar la bre·· 
cha de comportamiento que exi.llte-·ó;;,,:un extremo alta veloci· 
dad de.los RAH'S, y por otro las memorias magnéticas' de ac· 
ceso en serie de baja velocidad •. Suponi~rtdo que los dispo· 
si ti vos CCD alcancen bajos costos·, estos prometen extender 

·la penetración del mercado de.las.m~~~~ias de semiconducto
res en apliCaciones de al!lacenamir;.¡tO masivo, Esas aplica-

• ciones incluyen sistemas basados en microprocesadoreS, ter
min3les, sistemas de diversión familiar, minicomputadoras, 
y.'memorias auxiliares rápidas en~C:~mputadoras grandes;·· 

---"Las memorias CCIJ común y cOrrieñt'es de 65536 bits tienen una 
telaci6n de datos máxima de S M bits por segundo y consumen· 
solamente 300 mW bajo las peores condiciones de operación. 
Los chips miden alrededor de 40 000. mil 2 La te~nologia de 
m~nufactura es similar a ]a de los MOS-RAM'S din«micos, y 

el tamaño de la celda de almacenamiento es de 0.27 nu1 2 usan·· 
do geometría de 4-6~m. 

- ' 
S~ han realizado progresos a densidades ~ayores para las me· 
mori<~s CCD. Se espera que alr'ededor·de ·los ao-•s se logren 
<.:<~pa..:idades del ordt:n de H bits. 

L<~s memorias-de burbuja, otro contendiente de estado s6lido,' 
para aplicaciones de al~acena~iento masivo. La primer apli
cQci6n de ·las memori.ls de bur~uja fue. el anuncio recientemen· 
te hecho por La Bell System, y Texas Instrumonts que han in· 
traducido comercialmente chips de 92 K bits y de 80 K bi'ts. 

En las aplicaciones de la Bell System, las memorias de burbu· 
ja almacenan informaci6n en un sistema que viene de una 11· 
nea telef6nica en casos tales como aquellos cuando un dial 
alcanza un n~mero que no trabaja. El sistema, que est4 bajo 
pruebas en una oficina de Detroit, al~acena cada mensaje en 
un circuito impreso que tiene un m.Aximo de dos paquetes de 

. . . . 



burbujas. Los paque'tes dol talllaflo_,de la mitad de una caje
tilla de cigarrillos, contiene cuatro chip's de burbujas, 
cada una capaz de almacenar 6812I'bits. Cada paquete tiene 
capacidad de almacenar 12 segundos de voz digitalizada, . . 

1.1.6 Microcomputadoras en un eh~~ 

• !.os microprocesadores han pasado una marca importante, con 
111 introducción de varios fabr{cantes d:: modelos que pueden. ' . - . 
describirse como microcomputadoras· on un ;::hip. Contenidos 
en un solo circuito LSl hay muchas de ·las funciones que se 
usan para .llamar a un anfitrion de perif4iricos y circuitos 
de iuterfose, en adición al circuito integrado de procesa
miento.~entrl. Ahora, en varios casos, ha~ta Mellloria ·en 
capacidades suficientes para per111i~ir almacenamiento de pro
gramas de sistema y datos a procesarse· han sido puestas en 

el chip del CPO. 

La mayoria'de los nuevos microprocesadores son versiones mejo
radas de ofertas anteriores. Entonces, dise~adores de sis· 
temas familiarizados con los an'teriores pueden programar 

' con, esencialme~te, el mismo-conjunto de instrucciones, usan-
d<.l básicamente las mismas ayudas para desarrollo, el mismo 
hardware y ~oftware y anticipar el crecimiento de un SO\ y 
aún m!i.s alto del ''throughput', cuando se usan nuevas versio-. . 
nes. Como una simpJificaci6n adicional está el que se usa 
una fuente única de S volts. 

Las nuevas microcomputadoras contenidas en si mismas de-8 y 
de 16 bits preve~ al disefiador de siStemas con dise~os 16gi
cos de propósito general que pueden ser aplicados sobre un 
amplio rango de aplicaciones que los micras est!n logrando, 
De entre las familias de procesadores realizados con tecno
logía NMOS que han avanzado a una microcomputador& en un solo 
chip son Intel 8080, fairchild y Mo~tek F8 y Motorola 6800. 
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AUicionalmcntu hay unidades d~ 16 bits tal como. la Texas 

Instruments S~OO, que ha sido construida en NMOS y T
2

L pa~a 
aplicaciones militares. 

9 

Las miCrocomputarloras recientes de JNTEL ejemplifican un nú~ 

inero de mejoras forjadas en la indust.,.ia, Por ejemPlo, la 

8085, una generaci6n siguiente !!~~'· sale de la 8080, aiqui-

• tecturalmente se parec:e a su a,¡tecesor. Aún en el chip 8085 

est~n todas las funciones que se usan para requerir tres 
chips de Ia"famiiia COSO, generador del reloj, controlad~r 
dtol sistema, y el CPU •. El ·aoss_.incre~:~e.lta la relación mlixi

mll dtl datos a 3 }.t}¡z y se puede formar un sistema de 11ticro· 

co~putadora minima con un RAM y un ROM multifunci6n. Como
un sistema Ut tres chips el 8085 proveé algunas caracter1s· 
ticas aumentadas tal~:s como cuatro interrupciones por hard· 
~ure, 38 líneas de entrada, y timer de 14 bits. 

La memoria de programa ha venido a bordo del CPU en diversos 
disei'los. f;¡ el CPU de Intel 8748, ·para uno, residen 1024 
bytes de ROM borrable y programable eléctricamente. Su dis
ponibilidad se ve como que_ha acelerado el desarrollo de sis
h'ni«S co~no los programas generados por el usuario pueden ser· 
cargados;· corridos y más aún alterada, en minutos. 

1.2 Tecnologías.; 

La· tecnologra' para hacer electrónica integrada monolitica es 
muy flexible. Redes tridimensionales de conductores, aislan
tes y semiconductores que reali¡an funciones electrónicas. se 
producen por medio de una serie de etapas de procesamiento 
de materiales. Hay muchas secuencias útiles que pueden em
plearse para fabricar funciones electrónicas 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 el material semiconductor y 
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for~an capas con patrones predeterminados., 
. ' 

En la electrónica digital, sa han desarrollado dos ramas prin
cipales. Se identifican generalme_nte como Bipolar y MOS de-. 

pendierido del tipo de semiconductor activo que se utilice~. 

En la figura 1 se tiene una representación grAfica de las prin
cipales tec'nolog~as disponibles o "'· desarrollo de circuitos 

• integrados de semiconductores. 

' ' \ 
~!iremos mli.s de cerca las tecnolog!as más prometedoras • .. 
A. Proceso MOS 

Los tlisPosith•os .,.lOS fueron los primeros que se usaron para la 

fabricaci6n de mi~roprocesadores de semiconductores monOliti-
' co~. Se han -usado diversos métodos en lo que,respecta a.tipo 

de c:~nal material de la compuerta, orientaci6n del cris'tal, • • 
etc. ~ ; ' 

En' la tabla 1 se pre5enta una li5ta de lo5 factores 111is impor

.tantes y de las opciones mlis comúnes.-

l) ~lOS cli.nai~p. Esta es la tecnolÓg!a MOS original desarro

llada en la. 5egunda mitad de los atl.os 60 y o~viamente la tec

nologia utilizada para el desarrollo del primer~procesador mo

noUtico, La Intel 4004 Y.~a_ 800_8, la Fairchild ,P,PSZ5:'r'La 

-~ochoell PPS4 y PPSB, La National IMP, y muchos otros produc-
tos de 

nal·p. 

mentas 

la la. generaci6n fueron realiudos con un proceso ca-. '· .._ 
La misma se utiliza virtualmente para todos los ele· 

de proceso usados en las calculadores. 

Por largo tiempo, la tecnologi& de canal·p MOS ha sido' la de 

batalla y la mlis estOlble. Sus principales ventajas son buena , 

respuesta, buenos_ record_s, 4J.sponibilidad entre otras. ·-Las .,.. '" . ·-·· _, 
desventajas iniciales fueron 

• 
., ¡ 
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- En la tabla 1 se preaenta una liata de loa factores ~a ~portanteP Y de 

laa opeionea =ia c~Gnea. 

1) MOS canal-p. Eata ea la tecnolog{a MOS original deaariollada en la ae 
1 j ' 

gunda mitad de loa años 60 y obvia.ente la tecnologla utili~ada para el 

desarrollo del primer procesador monolS:tico. La. In te! 4004 "y la 8008, la 

Fairehild PPS25, La Rockvell PPS4 y PPS 8; l~ ~ational lKP, y muchos otros 

productos de la La. generaci6n fueron •~~ti~doa con un proceso canal-p. 

La mí~ ae utili~ virtualmente paro todos loa elementos de proceao usados 

Por largo tie10p0, la teenoÍogú. de~canal-p MOS h.: '>ído la de batalla y la 

mis eatable. Sus principalea ve~tajas son buena respuesta, buenos recorda, 

·diaponibilidad entre otras. Laa ~eaventajaa inieialea fueron· 

• 
a) Alto voltaje de umbral (Vt) debido a la orientación del cristal, 

función de trabajo de la eompuerts-aluminio alta, y óxido grueso. 

b) Baja velocidad debido a una área grande por compuerta, capaeida-

des grandes y baja fi>OVílidad de· cardera. 

e) Voltajes de alimentación altos que dan por resultados ineompatib! 

lidad con los circuitos TtL. 

Todas•estas deaventajaa se han superado. Actualmente la tecnología de ca-

nal-p tiene bajo Vt y ~ompatibilidad TTL, ae ha disainuido la ~apacítación 

de tradape y se ha Dejorado aignifieativU>ente su velocidad. Este progre-

so se logr6 debido al uso de ma.terial <100>, estructuras alineadas de coca-
' 

puertas-silicio, óxido de e•taño e implantaCión da ioneS. 

El microprocesador PALE-16 de National SeQiconductor ee un excelente ejem-

plo de lo que ae puede hacer con esta tecnolog!a. La principal desventaja 

•. 

' 
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"· 
r~man~nte del proceso es la li~itación en velocidad debido a la baja veLP

cidad da agujeros en dispoaitivoa de canal-p. 

2} Canal-n HOS. ~ d~sventaja de baja velocidad de loa producto& de ea- · 

nal-p puede el~in~rae usando diapoaitivoa de canal-o MOS. t. gran ~vili-. 

dad de electrones cacparada con los agujero~ en el ailicon proporciona una 

mejor potencial en la velocidad de conmutación en un factor de dos a tres. 

Por esa razón, todos los microproce~~~~~c~.dc la lls~da segunda generación 

.. han.aido diseñados <COTI canal-o. L.< intd 8080, Fllirchild F-8, Motorla 

MG800, y otros todos representan productos de segunda generación óe grao ca 

lidad. 

La única desventaja ea la aensibilidad a la·conta.inaci6n que no ha sido eli 

minada, p'!ro por medio de procesos Ultralimpios se ha podido controlar el 

proceso. 

3) MOS complementario (CMOS). La tecnologta'CMOS se ha considerado como 

atractiva pero cara. La atracción se basa en las aiguientes ventajas 

l) Alto factor de forma '(igual o mejor que la de canal;-n) 

2) ExtremAdamente bajo consuma de potencia (nano~atra en modo está-

' tico) 

, 3). Fuente única de voltaje 

4) Rango amplio de operación con respecto al voltaje de alimentaci6n 

y la te!Operatura ambiente. 

S) Alta incunidad al ruido. 

Las desventajas responssblea del alto costo aon la baja densidad de empaque 

tamiento comparable con los dispositivos de unicanal MOS y la necesidad de 

volverse un ~estro en el atta de hacer el mismo substrato con canal-o y 



caoal-p para transistores con altOI rend~ientos. Se hin mejorado loa pro-

cesoa da control par• la elaboración y se han desarrollado laa herramieu-

ras para la implantación de·ionea que h1n hecho posible hacer dispositivos 

CMOS con rendimientos comparable• a la producci6n m&aiva de la tecnolog!a 

=· 
Compuerta de Silicio, i=plantaci6n de iones, y Aislamiento de 6~ido ha de

crecido el' área por compuerta eignifi:t.•.:r-.ente comparada con loa circui-

ros CMDS iniciales. Sin embargo, to~v!a'no ea poaibl8 competir· en la den-

sidád de empaque con loa de la técnicá de unfcanal. Pero el avance ha sido 

significativo para permitir el deasrrollo de !h~iliaa grandes SSI y MSI. R~ 

eieotemenre, se han producido memorias y microprocesadores LSI (ralea eoao 

COSMAC de RCA y IH6100 de lntereil). 

B. Procesos bipolares 

El mercado para circuitos digitales bipolares inte¡radoa ha sido aignific~ 

tivamente mayor que el de la tecnolog!a MOS. Sin embargo, esto ha sido e~ 

clusiva~nte debido a la tremendl cantidad de dispoairivoa 551 y MSI cona~ 

-mides por la industria. Hace apro~imad~nte trea años ae ~tradujeron las 

memorias bipolares y otros productos LSI. Máa recientemente, se ha logra

do una acelerada penetración del mercado para LSI con técnicas como la T~. 

Observemos algunos de los contendientes en la técnica bipolar. 

1) LÓgica Transiator-Transiator (TTL) 

El mercado para la tecnolog!a TTL durante 1975 report6 ventas por 260 millo 

nes de d6lares y para 1980 se estima del orden ' de 435 millones de dólares. 

La popularidad de esta tecnologia se debe a los siguientes factores. 

a) el factor de forma adecuado para h !Myoria de aplicaciones 

b) muy bajo costo 

' 
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d) ~n g~an nÚGero da distribuidores 

e) el hecho da que la mayor!& de ingenieros de diseno están familia 

Por otro lado,-particula~te deade al p~to de vista de la tecnología 

LSI, la tecnologia TTL _tiene seriaS de~•·~~~c>jas. 

•La capacidad de empaquetamiento e; ~~y baja, la diacipaci6n de potenCia es 

alta, y al proceso es bastante camplajo aunque la ltmitati5n anterior ha 

sido ~nos obvia debido a la tremenda e~pcrieneia en esti tecnolog!a. Ver 

sionea ~~ recientes qua incluyen la tecnologia TTL-Sthottky ha resuelto 

algunos de loa problemas. La densidad de empaquetamiento ha aumentado de 

tal auerte qua actualmente se tienen del orden de 300 a 400 compuertas por 

chip. El consumo de potencia se ha reducido de 10 mw a l-2mw, con cierto 

aumento en velocidad (4-5 na en vea de 10 oa) al mismo tiempo. Un buen 

ejemplo da lo que se pulida lor;nr con el estado del arte de la tecnología 
' 

TTL,son algunos de loa varios procesadores orientados a bits y otros pro

ductos LSI disponibles ahora. {Fairchild Macrologic, Intel 3001/3002, Mcm~ 

riaa·~oltticaa HM670l, y AMD Am2901). Ts=bién, el rápido incremento de 

la lista de fabricañtea de memoria RAM bipolar testifican eate progreso. 

2) L6¡ica de amiaor acoplado (ECL) 

dad) y, en adición, falta de un a&pecto que ha hecho a la TTL exito&a, dis 

ponibilidad y popularidad) ,• 

Sin embargo la tecnolog{a ECL no tiene rival en cuanto a velocidad ae refie 

re. Hay, actualmente, en el mercado líneas de producción eataodar con re-

tardos abajo de lns; Otro problema e11 la alta sensibilidad de la tecnologta 

-.. . ' ., ' 

'.'·~.t. •. 
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ECL a la temperatura. 

3) L&gica Integrada de InyeCcióa. 

La taenoloata I~ aa la nueva y brillante estrella en el firmamento de loa 

semiconductores (LSI-bipolar). Eata eecnolog~a fue desarrollada independi~ 

t&IDI!nta por la Phillips en Endhoven Holanda y en IBH en Bueblingen, Alama-

nia (hta se denomina MI'L o merged tu,.,r'"tot logic), La razón clave de que 

la tecnoloita 1~ se~ tan prometedora "' el hecho de que parece haber sobre-

pasado los problemas de los mEto~oa bipolarea LSI, propia...,nte, la baja de!!. 
,. o. 

y la alta di\~i.p&ei51!. por CO=PU&tta. Con tecnolo-sidad de empaquetamiento 

~Ú. 1;_ se pueden lograr densidades iguales o mejores de las tecnolog{as MDS 

(>200 compuertas/~2 ) y dil[eipaci6n de potencia que pueden competir con la 

CHOS, y al mismo tiempo velotidade& bipolares (mejor de 5 na/compuerta) • 

La alta densidad de empaquetamiento ha aido el resultado de la eliminación 
• 

de todo el espacio consumido por resintenciaa y una suerte de auperinregra 

ei6n en donde loa transistores n-p-n y p-n-p ae forman de tal forma que el 

área del colector para el transistor p-a-p también funciona como el área de 

la base del n-p-n y el área de la base 'del p-n-p está integrada con el área 

En lo que raapecta a la potencia, ae ha mejorado en un orden de por lo me-

noe S puesto que en vez de usar 5 volea se una 1 v. También bajo la elimi 

naci6n de las reahtenciaa se evita el. gasto de potencia •. Los valorna IIIUY 

bsjos de capacidades paris~tsa y la eficiente inyecei6n de earriera en la 

regi6n de las baaea ea otro de lea factores. La excelente velocidad se 1~ 

gra de las bajas capacitancias y el no tener problemas de tiempo de almace 

namiento. Otra caracter!atica es la fa<::ílídad de 10.ezclar ~;ír<::uitos dígíta 

lea y anal6gicoa. El úni<::o aspecto negativo ea la poca experiencia que se 

tiene con esta tecnolog!a. 

( 
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1.1.3. 

dea y fuerza& especificas de esas tecnolog!aa para el curso de elementos 

procesadorea LSl ~nollticoa, 

L& aiguiente ea una lista. de loa parámetros de importancia para procesado-

res LSI, 

a) Area por compue:rta 

b) Velocidad 

e) Potencia por compuerta 

d) Costo 

e) Capacidad de interface 'hacia el mu.ndo e:xterior (fuera del chip) 

La tabla 2 lista esos parámetros para las tecnolog!aa l!derea . ' 
' 

p-MOS, n-MOS, 

CHOS, l'TL, EC1. 
2 

y 1 L. Los valorea y loa rangos registrados aon loa repre-

1entativos para las configuraciones LSl actuales . 

Otras ilustraciones de naturaleza comparativa se presentan en las figuras 

2 y 3. En la figura 2 se preaenta_el retardo de propagación Va la potencia 

y las líneas del p~ducto retardo X potencia ae"dibuja tambi~n. En la fi~ 

ra 3 se trata de ~u~rir la ~ndi~a~i5n de comport~micnto de complejidad Va 
- _., "" .. 

- ·-retardo, de lo anterior podemos escribir.laa siguientes con~lusionea. 

1) Las tecnologtas puede separarse en dos grandes grupos 

2) 

Loa procesos MOS densos de bajo fs~tnr de forlQ. y los bipola-

res de b~ja densidad y alto factor de forma, con la té~nica 

I~ acercándose ~laramente en ambas áreas. 

P~r consideraciones de baja-potencia, las tecnologías CMDS 

son las que pueden escogerse. 

2 

'" 

' ., 
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3) La e-plejidad de la bipolar no aolamente ead lWt.ada por la 

densidU de a~paquetamiento p~~ro aolo por diacipaci!Sn de potencia • 
• 

el factor de fo~ requerido o facilidad de aplicaci6u. También, 

U experiencia c:ou una tecnoln¡•;l". ~s cu.alquier otra puede poner 

en evidencia algunas de las diferencias de procesamiento. 

5) El costo ea uaa mezcla dificil de definir de área por co=puerta 

y complejidad de proceso (tales coao la• dadas por el número de 

etapae de enmaac:aram:iento, el oÚ!nero de difusiones o implaotaci~ 

nel, lo critico de todas lea etapaa de procesacdento, y el nGme-

·ro toral de experienciae coo la tecnolog!a particular), 

Huchea de esas ireaa no necesariamente nos llevan a una interpretación sen 

cilla. Por ejemplo, no obstante que el irea por compuerta aparece aer una 

'IM<iida muy directa, eaae aon. al¡~maa complicaeiones. l'ri.ml!ro, aunque el 

.t:ru i.Dten>a por .:ompuerta pueda &llr peq,uaña, loa req,ued.mientos de bufers 

y otraa i.Dterfa.;ee pueden realiuue aol&~~~e.nte .:on ¡Tan difi.:ultad. Míe 

aGD, el númaro de·fuentea (o referen.;iaa) de voltaje y líneas de reloj a 

ear rotada& a todaa laa <;o~~~puertaa puede h&cer eno :il:poaible para obte-

atr una de.n.aida4 mixiiM. Al fiaal de .;uentas la centidad de área activa 

(el lrea ocupada por tr&asiatores, reaistenciaa, etc) pUede ser solamente 

una por.:i6n del total del área requarida por el chip. 

Por ejemplo, loa ehips de los miercproeesadores mln recientes tienen un 

'r•a a.;tiva de aolamente el 50% del area total del chip, El reato lo o<;u-

pa el Qetal de intereonexi6n (los buses de 16 lineas ocupan mu.:ho eapa.:io), 

rrayectoriaa da bordeo, l~nea& de potencia, et.:. 

\ 
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1,1,4, Conel~aionea 

Lo siguiente deberli: considerarse CQIIlD un reaúmen 

a) KlS canal-p. La pri..mo!r tecnolog!A u.ada en 111icroprcx:epdores u 

ri utilizada un largo tiempo. Sin embargo, ea un proceso básic~ 

mente obsoleto y no ·ae usar§ ~•ra nuevos diseños con excepción 

de calculadoras, 

• 
h) MOS canal-n. Esta ea la tecnología principal para la grao corrien 

ts de los nuevoa diseños para aplic~o.cionea de velocidad baja y "!:!:. 

dia en donde un oG.ero m'LnimD absoluto de <;hipa ea de gran impor-

taru:ia. 

e) CMOS, Esta tiene uso pequeño para proceaadorea·de uno o dos chipa. 

d) TTL. Su uso ae limita a elementos de procea~ orientados a la téc 

niea de rabanadaa de-bits, La tecnolog{a TTL es un ~todo costo-

efectivo para construir controladores periféricos, y es un buen 

acerc~iento a uaar para e~lar arquitecturas de aiquinas·existen 

tea. 

e) ECL. Este será probablemente el Vehículo mediaite el ·cual se in 

o 

• traducirán loa microproceudores a. l<1a ¡¡:randes co~~~putadoras. El 

énfasis se pondr!a en la complejidad y el eomportaaiento será p~ 

bablemente limitado como la TIL. 

,>,.. La pregunta principal acerca de la tecnolog!a t
2L se centra 

alrededor de au novedad y a la falta de un buen entendimiento de 

quS ea lo que va a proporcionar, Aparece hasta eate punto que 

I 2L cubre el espectto completo de aplicaciones con la excepci6n 
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de ECL, y la ECL con consumo da porenc:.ia cero eU&lldo llD ,pera 1 

(nand by). 

Como punto final podelOICia deeir que I~ ea la que tiene mla potencial y eu-

bre tod&a lea otras tecnolos!aa en una extencl6n aigaifieátiva, En adieL6n, 

éste tiene la capacidad de interface directa al mundo real analógico, que 

es de gran importaneia, entre otras, •·~ marcados de autom6vilee y de con-
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I'AliLA. l 

Liata de la& prinCipales opciones disponibles en la 

l'ecnolog!a KlS 

- - . . • 
Etapa '" proceso Opc:ionea dispOnibles 

Material inicial silicio 
Safiro ' ' 
metal ~ristalino (spinel) 

. 
' 

Orientacil5n dd cristal <lOO> """" 
' ' 

<111> octaedro 

Tipo •• dispositivo bisico '"' canal-p 

"'" canal-o 

"'" 
Proceso •• depósito Difusión 

Doble difusión 
Implantación do iones 

' 

Dieléctrico •• h sio2 
. 

' . 
cootpuerta . S. N

4 
• . . . • '3 

. . Al
2 

o, . . • . 
. . 

Elect.-odo •• h "-Otopuerta Al=inio 
Silicio 
Metal refractario 

Control dd wobral dd Oxido •• niquel 
ClllllpO óxido grueso 

implantación •• iones 
frenadotes •• canal 
óxido undido 
proteccción •• o=,., 
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ParSmetroa clave para las tecnolo¡!aa LSl 11darea 

tecnolog{a ""' -n-KlS ""' 
o\rea/compuer 
ta (11i11) - 8-12 ·-· 10-30 

,,, retardo/ >lOO 40-100 15-50 .,_..,,. 
(u) 

Potencia está ,_, 0'2-0'S <0.001 
tica/compuer~ ,. 

(~) 

Produccd:án 200 lQ-50 J 
potencia-val ,,..., 
NÚ<:Iero de o u S ' 7 
pas da eOIIILI-
carllllliento 

Número de difu 2 J 4 
sionea o ~ 
planti<'-'~·••s 

Facilidad da 
interfasa Pobre lbu:~ Ra.:ona 

blo ble-

m. "" ,z,. 

' ' ' 

'~u-60 20-50 4-6 

3-10 O'S-2 >S 

1-J 5-15 <0.2 

10 10 ' <> 

' 

7 ,_, S-7 

4 4-S J-4 

be ele~ Ezce~:!! BUeña ,. ,. ' 

' ' -
' ¡' 

. ' "" t «.;-.,.;,¡,·;o-, 
1 • \ t; 

' 

. 24 . 

' ' 

' • 
' . 
" ' 
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1.2 FAMILIAS LOGICAS 

• 
En loa últi=os 25 años han nacido y desaparecido diversas familias l6gicaa, 

ba._daa en técnieaa de conatrucci6n discreta, monol{tica o h!brida. De las 

tecnologha remanentes, las ds pop~larea (DTL,!'TL,ECL y OIJS) tiene las si 

¡~ientaa propiedades 

Se"dispone de compuertas NANtl y !mil 

Se dispone de compuertas AND, OR y OR exclusivo en la mayor!a de 

las series 

Se ~ispone de flip-flopa JlC y D 

' Niveles 16gicoa restaurados a la astida de las c~nentes 

Se garantiza el número de cargas a la salida bajo.laa peores condi-
.. 

Se dispone de contadores, registros, sumadores, decodificadores, ·~ 

lectores de d&toa y otras funcionea de mediana (MSI) y grao {LSl) 

integración. 

En esta sección presentaremos algunos-ejemplos de· los diversos componentes 

disponibles en ·el-mercado;·-deade:lae 'más simples hasta-las ús compleja_s. . . . 
• 

Es muy importante observar la complejidad creciente de los ejemplos. El oh 
. - .... 

jeti~o ea poner de manifiesto el nGmeró ds.componeñtes e interConexiones lo 

gradas en los di~ersos casos que se presentan. 

l. 2.1 Familia l6gica Serie 54174 

La facilia lÓgica 54174 XX es una serie de circuitos integrados realizados 

con tecnolog~a TTL con velocidad media y alts. La familia incluye un núme- • 

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

por tener una temperatura de operación, con un 
:!: -,. 

rango que va ·,d~,<" , • ;?} · 
·<¡ t·J.·~~ ... ~'Ii~4··. t·' 

La serie 74 ae caracteriza por un rango mériOr._'<jue va' de'~! ' . ,.Jf,;~"f,:"' . . 
..... ~ 



La ló:¡iea de la aat'ie 54174 u defi.De uund.o LOGICA PO~ITIVA, a .. w!.o la 

siguiente eouvereión: 

VOLTAJE l!AJO "' 'O' LOGICO 

VOLTAJE ALTO • '1' LOGICO 

1) SN7400 ~puerta NANO cuadrupl~ con dos entradaa poaitivaa 

-------

•. 

2) SN7402 Compuena N<lll euadruple con doa entrad.aa poaitivaa 

-' . ' • 
• 

J) SN7404 Inveraor autuple 

" ' ~ 

• ·'· ' 

1 ' 1 • • 
' 
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,, SH7442 Decodifi~dor Jcn a tlec::úul 

' . I.OGIC DllloORAM 
-~-·UUICO-TO-OKNo! 

-

~ • 
• " •• 
• " 
• • 
' " • • " . - • • 

--

Este es una componente realizada 000 

diana escala) 

5) SN7470 Flip Flop " 
• 
~ • ·• 1 

' 
"'i 

f r i¡ 
f 

' ·¡ . ' • 

' 
' • 

• - ! ·!-• -• - . -1-• - • ! • • nr-¡¡ - • • - .¡ +-~~ • 
• • 
• • ¡ . 

' 
--. 

tecnología 
rn. "'' • J,;j 

• tJ 
~· a~~ 
-~ r ~¡F ,, ' l 

1 \, 
• !i 

. .. . ~ 
" 

, . 
• 
' }· 

1 
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Jo K o Qn+l Preset Clear Q 

. • o o Qo o o 1 
1 o 1 1 o o 
o 1 o o 1 1 
1 1 Qo 1 1 o 

• 

El flip-flop SN7470 envía la aalida durante U subida del pulBo. Eata .:om 

ponente .... ea: diae:ñada esp.,dal11100nte par_a aplicodonea de mediana y alta ve 

loe~~' puede ahorrar energfa. 

En ea~ faailia ae tienen ~ de 300 funcionea repartidas entre la tecoolo 

' g{a TTL y TTL Schottky. se diapone.de loa aiguiénrea tipos de elementos: 

1) Ele=entoa Aritmétieoa 

- 2) Contadores 

3) Selectoree/Mul tiploaoru de d.atoa 

4) Decodificadores 

' 5) Condifieadoou 

6) !Kpansore.s 

7) Flip-Flop 

8) Colnpuertas NAND/NOR/AND/OR y Buffsra 

" Compuertas inversores AND-OR/ ANii-011. 

lO) Latthea 

11) Mecloriaa 

12) tesi&tros 

'·· Loa áa importance"a son lea unidades Uigicu..Arit!:l.i!tic:as, aumadores 

y tocoparadores. 
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2) Cont&dorea 

" ' - Son contadorea aincronicoa de 4 bita, contadores hacia arriba y hacia 

abajo con modo de control, contadora& da dacadaa, etc. 

3) Selec:tores/Multipluores de datos 

Loa hay de 16 a 1 1 de 8 a 1, da 4 a 1 Y de 2 a 1 con loa qoe ae puede 

cubrir cu.alc¡uiar probleua de aeler~.1.6níorultiplezaje.' 

4) {)ecodificadoroa • 
Se tienen BCD a Deciaal, Exceso 3 a ded....,l, 4 a 16 Hnea .. , 2'a 4 U:-

neaa, BCD a decodificador de siete aegm~o,;;oa •• 

Condificadores 

~y de 10 Unua • 4 
' 

l!neas y 8 H'neaa a 3 

6) Expansorea 

- Expansorea de 4 entradas y de entradas 

7) Flip-Flops 

Tipo JX; Jlt maeatrG-esclavo, tipo D y RS. 

8) . ,. 
.Son los componentes estandár · 

-· ·' 

"' inversores, Latchea 
• 

' 
))) ' 

Memorias de solo lectura (ROM), en memoria RAM (acceso aleatorio) 

12) Registros 

Hay de 4 y 8 bita, carga en paralelo, eo serie. 

Entrada en serie-aalida en paralelo, entrada en paralelo y aalida en serie. 

Exiate, ademiB, una variedad muy grande de funciones reali~adaa con otraft 

-tecnologías, tales como MSl/TTL, ECL, HOS, 'e:tc, 
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¿Qué es un Microprocesador? 

Responder a esta pregunta h11hicse sido miis f!h:il h;lC'L' 2 ai10S 

que hoy día, ¿Por qué? porque la industria y la tecnología microc: 

Jéctricas son, quizá, las más cambiantes del mundo, considerando 

cu:1Iquier rama del saber humano. Es1v ~~Jebe, s~n <luda, .a la nm-

plísima gama de aplicadioncs de ~us derivados y sub-productos. Es 

un hecho aceptado, hoy dia, que el"advenimiento del microprocesador 

' es un acontecimiento de importancia similar al de_ la utilización 

de· la energía eléctrica, a principios de siglo .. Esta afirmacíón 

podrá parecer exagerada a algunas personas. Examinemos, s1n embar 

go, el desarrollo histórico de los microprocesadores,. como se muc!l_ 

tra en la siguiente tabla: 

1 97 2 

1 9 7 4 • 

1976 

Procesador 

&008 

8080 

zso 
197S(En.) 8086 

1978(Dic) 28000 

1979 68000 

Tec:nolog'ia 

PMOS 

PMOS 

NMOS ' 

·- l'oo'f.!OS {V!. SI) 

l\MOS (VLSI) 

·¡..'MQS (VLSI) 

• 
• 

Reloj 
[Ml•) 

• S 

z 

4 

5-8 

-4 

" 

Transistores 

2000 

14500 

6000 

20000 

17 500 

68000 

Direccio 
namientO 

16 'K. 

64 K. 

64 K. 

J 11. 

8 M. 

16 M. 

En esta tabla observamos s6lo los más representativos de los 

microproces¡¡dores: de INTEL, el 8008, 8080 y 8086; de Zilog el 

280 y ZSOOO; de MOTOROLA, el ~168000. 
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Observamos el dramático incremento en velocidad y grado dt 

integración. De 1972, aiio de la aparición del 8008, a la fecha,-

' 
hemos pasado de un ciclo de reloj de 1/2 ~llz a 8 M-Iz, para un aumcntot de 

16 veces en velocidad. Asimismo de 2000 transistores, hemos pas~ 

do a 68000, para un aumento de 34(!~) veces en la densidad bási- ~ 

ca, de la unidad. Con los proccsado\c:; hoy, podemos direccionar -

hasta 16M bytes, vs. sólo 16 K de un 8008; un incremento de 1000 

veces~ 

Pero no sólo en el procesador central existen estas capaci 

dades. Las memorias han sufrido cambios proporcionales. En 1976, 

la memoria más densa en el mercado era de 4K bits, hoy día, con 

CCD's y memyria de burbuja magnética, tenemos capacidad de hasta 

256 K bits en un l:hip' Un incremento de 64 veces en la capacidad 

del almacenamiento .. 

De la inisma manera, los controladores, perifé.ricos, etc., · 

se han modificado. El resultado final es que, hoy en día, con cua 

tro 'chips', tenemos capacidad de cómputo más o menos equ_ivalenttl 

a la de una ene 6600. Como ~:~arco de referencia mencionamos a ust~ 

des que en 1970, er documento de COC que describe a esta má-quina empi~ 

za con un capítulo que, traducido literalmente, es "Justific;lci6n 

de las Grandes Computadoras". 

La conclusión de esta introducción un poco a tropel lada es la 

siguiente: 

/ 
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1) Hoy día os posible adquirir capacidad de cómputo aba-

JO precio en ma¡:nituUcs •¡uc-hast~ hace nna d~cada eran <lifícile~ 

de justificar por su complejidad. 

2) Los costos de cómputo se han reducido dramáticamente. -

!.a tendencia es a seguir rlismint;yen•~c. Con la integracilin que au

menta, los costos se ahatcn. 

3) El 'software' es cada vez más sofisticado. Los micro-

computadores de hoy aceptan los lenguajes de ayer (COBOL, FORTRA:-:, 

BIISIC, PL!I, PASCAL, etc.). 

4) Los costos bajos y la alta integraci6n propician nuevas 

arquitecturas en máquinas 'grandes', Las computadoras del mañ;~na 

serán arreglos de decenas o cientos de microprocesadores, 

Pero, npesar de nuestras 'conclusiones', no hemos ¡tún respo!l 

dido a la pregunta inicial. ¿Qué es un microprocesador? 

' • 
De la anterior discusión se desprenden varias característi

cas de los microprocesadores: 

1) Son pequeños (físicamente), 

2) Son baratos (comparativilmente). 

3) Tienen c¡¡pacidnd de cómputo. 

4) Poseen memoria. 
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¿En resumen, pues, podemos decir que un microprocesador es 

un computador pequeño y barato? Si y no. En la introducción mC!l 

cionamos que es hoy más difícil responder a la pregunta que hace 

algunos años. Esto se debe a que.hay, hoy, varios tipos de micro 

procesadores. ¿Por qué? porque a cambio de reducir el tamaño (y 

disminuir el consumo de energía) per·~~i.,,)~, también, velocidad. A 

las 4 características de la lista anterior, hay que agregar una 

más: 

5) Son "lentos". 

¿Qué entendemos por "lentos"? Un micro (procesador) típi

co ~ctual, tiene un reloj de Z-5 MHz, es decir su ciclo básico de 

de instrucción es de -250'ns. En contraste, las máquinas rápidas 

pueden trabajar a velocidades de -S ns. Es decir, SO veces más -

rápido. 

Es claro que no en tod~s los casos (tic hecho en 1nuy pocos} 

necesitamos velocidades de ese orden. Entonces los microsistemas 

se han subdivhlido en varios grupos, dependiendo del probl_cma a 

que están orientados. Básica111cnte, pues, podemos dividir a los 

microprocesadores en familias: 

,¡ Microprocesadores rápidos, "bit slice" (~\SI) 

b) Microprocesadores orientados • bytes (L,SI) 

e) Microcomr>utadoras. (VLSl) 

d) Micro-miniproce~adorcs (VLS 1) 
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Para que nuestra definición quede completa, .pues, hay que 

decir que un microprocesador cae dentro de alguna de las anterio

res familias. 

La definición de un microprocesador es pues, la sigui en-

t e : 

Un microprocesador es un dispositivo electrónico digi~al de 

alta integración, que incorpora todas las características básicas 

de una computadora convencional; que es de bajo costo, bajo consumo 

de potencia· y que pertenece a alguna de las 4 categorías mencionadas 

anteriormente. 

Para que. nuestra definición qu<,>de clara, 

car qué entendemos P.or computador 'convencional'. 

Este es un sistema digital que: 

1) Tiene medios de entrada. 

hay que especifi 

2) Tiene un almacen,. en. donde pueden estar instrucciones o 

datos. 

3) Tiene una sección capaz de ejecutar cálculos aritméticos 

y lógicos. 

4) Tiene medios de salida. 

S) Tiene una unidad de control, capaz de escoger de entre 

distintos cursos de acción, dependiendo de los datos . 

.. • 
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En- este" curso nos restringiremos a estudiar microprocesa-

dores del tipo (b) debido a que: 

1 ) ''" lo' más usados. 

1) Son '" más dcsn rroll ~dos, 

3) So o '"' más útiles '" el ;;u,ttc.xto do nuestro país. 

4) So o '"' más baratos. 

Con el objeto de introducir al estudioso al campo de los microproc!:. 

s~dorcs, sin embargo, mcmJi,,narcmos brevemente, u ,.n, representante de las cate 

godas a, e y d. 

~licroproccs;~dorcs 'Bit SI ice'. 

' 

f ¡ 
1 
\ ,. 

Este tipo de mi~ros tienen la e;~ raéterís ti ca "de ser "rehan<~ 

das" ("slices") de procesado- Esto significa que c~da elemento 

del procesador está diseí'iado para un núme-ro pequeño de bits (diga-

'. mos N bits). De esta manera, uniendo M elementos, es posible con-

figurar una computadora de MXN bits. 
., 

1 
• 

1 
El ejemplo que prcscnt;~mos es el pr.occsador serie 3000, de 

Intel. Este procesador tiene un ancho (o0 rebanada) de' 2 bits por 

' ' . ' .~ 
elemento. Para lograr un computador de 16 bits de ancho es necesa ., 
rio, pues, ligar o unir 8 CPU's y sus correspondientes memorias y ,, 
unidades de control. ' ''· " 

' 

' " ' fundir o! 
• 

\ 

.. < 
' 

• .. 
t )}J 

serie 3000 es, además'microprogra!nable. No se debe con 

~· ' rt;rmino ,"micropro¡:ramable" con erl::'de microprocesador. : ,. , - ' 

j • . 
~ ~: ~~ ; 

• 
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' " 
Estos conceptos no están ligados en forma alguna, De hecho la ma-

yor pa_rt~ de los procesadores "grandes" son microprogra111ados. 

En esencia, el microprograma es un conjunto de instrucciones, 

llamada micropasos, que son los elementos básicos de una instrucción 

de la mAquina. 
• 

• 
Por ejemplo, la instrueci6n: 

ADD A,B (suma A m A+B) 

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

pasos más básicos. Se puede decir que cada instrucción de máquina: 

ADD A,B 

de un procesador microprogramablil, es una llamada al mi"crocódigo -

(de h7cho, a una rutina de ~ste). 

un• 

Un procesador microprogramable, pues, tiene en su interior, 

pequena computadora con memoria ROM, en la cual están los mi-

cropasos del· acervo'de instruccio.nes de la máquina en cuestión. 

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

ra distinguirlos del •software' y del 'hardware'. 

La ser~e 3000, como deciamoS, es microprogramable. Esto 

hace que el diseñador defina su propio conjunto de instruCciones. 
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Además, este micro es bipolar. Esto significa que los ticm 

pos de conmutaci6n (de O a 1 y viceversa) son del orden de 30-50 -

.macrosegundos (es decir 30-50 x lO-' seg.), con ciclos básicos de 

150 ns en el procesndor central. 

Esto hace que este procesadn~ ~üa rápido y versátil; por 

otro lado, es caro (rclativamen~·!;') e implica que, para cada discflo, 

el ingeniero debe de elaborar su propio conjunto de instrucciones Y 

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

Es posible, sin embargo, emular otro procesador conocido Y 

mejorar su 'thruput' (relaci6n de rcsuttados/seg.) copiando el con-

junto de instrucciones de algún procesador comercial . 

• 
Sería posible, por ejemplo, diseñar un procesador idéntico a 

un Z80 con serie 3000. De esta forma tendriamos el 'software' del 

Z80 y la velocidad de los 'dispositivos bipolares . 
•• 

• 
Microprocesadores Orientados a. 'BYtes'. 

Estos comprenden al 8080, f:o800 y ZBO y son el tema fundamcn· 

tal de este curso. 

Sus caractcristicas básicas son las siguientes: 

• • 
1) CPU en un 'Chip'. 

2) Palabras de 8 bits (1 hyte). 

3) Bajo costo. 
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4) Amplio acervo de periféricos. 

5) 'Software' de alto nivel ya desarrollado. {compiladores, 

intérpretes, ensa~bladores, etc.) 

6) Pequeno número de integrados para lograr una configura· 

ción b§sica (que cumpla con la definici6n de computado· 

ra). 

Puesto que van a ser el tema de las sesiones siguientes, d~ 

jaremos su tratamiento para ~apitulos posteriores, en donde son tra 

ta-dos con gran detalle. 

MicrocomputaUoras. 

De lo que se ha venido discutiendo, parece no ser muy obvio 

que a una familia se le llame microcomputadoras, cuando todas lo . . 
son. En realidad, lo que queremos seflalar es que, en realidad, 

los procesadores antes mencionados conforman-a una microcomputado-

ra sólo mediante el uso de varioS 'Chips'. En esta familia incluí 

~os a aquellos circuitos que incorporan~ lo necesario para te-

ner una computadora en-un circuito integrado. Es decir, en un 

' 'Chip' está concentrado el procesador, la memoria de programas y 

de datos, los puertos de entrada/salida y la unidad de control. 

De aquí que hagamos la distinción entre un microprocesador 

. \ d . d 01 {3000, 6800, etc.) y un m1crocomputa or. EJemplo e este timo 

es el procesador 8748 de lntel. \ Esta micro posee puertos, CPU, 
1 

64 bytes de RAM y lK de EPROM, todo en el mismo circuito integra 
1 

·do. 
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Micro-miniprocesadores. 

Lo que deseamos seftalar, al acuftar este término es que este 

tipo de microprocesadores tienen ya, las características de un mi

niprocesador: 

a) Palabras de 16 o más hits de ancho. 

b) Amplio espacio de direccionamiento (del orden de Megapa

labras). 

e) Instruccio'nes comunmente asociadas a máquinas "grandes". 

Ejemplos de ésto son el 8086 de JNTEL, el ZSOOO de Mo~tek y 

el 68000 de Motorola. 

Estas máquinas incluyen en su 'set' de instrucciones aritmé 

tica "co!llplicada" (multiplicación y división), direccionamiento 1n 

directo, et. 
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Perspectivas. 

Al desarrollo de los micras hay que asociar el desarrollo de 

otro tipo de electrónica. En particular, la electrónica de la tran~ 

ducción hace que sea posi_ble atacar problemas del mundo analógico -

en forma digital . 

• 

Por ejemplo, TRW ha desarrollado convertidores A/D (analógi

ca o digital) 'con 'Velocidad de conversi6n de 35 mseg. oara 8 bits. Compañías e~ 

mo Analog Devices, por mencionar. sólo una, tienen convertidores D/A 

(digital a analógico) de tiempos de conversión de 40 mseg para S 

bits. 

Las perspectivas que esto abre son prficticamente ilimitadas 

En la figura se. muestra un sistema de control automático basado en 

un 8085 y los convertidores arriba mencionados. 

o A I/0 .• 8 I/0 o • 

~. ~ 1 ' o R 1 ... -. 

-e ~ • - o RAM 8 o A 

S M. 

Este es un control anal6gico(anal6gico logrado con sólo S 

'Chips'. ¿Qué tipo de control? El que el programador desee: 

Con sólo cambiar el programa interno, el sistema se convierte en 

otro cualquiera. Los viejos problemas de, inestabilidad en con

troles de máquinas herramientas se eliminan con un motor de pa-
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La solución de largas ecuaciones diferenciales simplemente pier

de sentido. 

Tiempo de respuesta en modo estable: 
• 

200 IJSCg. 

Hay, en nuestra opinión dos campos de acción básicos para -
• 

los microprocesadores: el campo industrial y el campo infor 

miitica. 

En el campo de la industria, es fácil vislumbrar 

cusiones que la siguierite consideración podrá tener: 

las reper' ' 
\~ -~ 

Cualquier-sistema de control puede 

ra para controlar el proceso. 

cons.tar 
-; ¡ 

•• 

,, una¡computad.Q_ 

1 
' En el campo de la informática, es obvio que la ca~da de pre 

dos en los sistemas de cómputo debe repercutir grandementf'_, Más 
• 1 

aún si se toma en cuenta que no sólo se abaten -los prec1os, sino 
! ' 

también aumenta la capacidad de c1imputo. 

Especular al respecto-en esta área es fácil. Algunas pre

dicciones: las computadoras se-convierten en articulos de hogar; 

los sistemas de reconocimiento y síntesis de voz permiten rápidos 

avances en robótica; las memorias de dico desaparecen para ceder 

su lugar a CCD's y memo~ias de bu;buja; las arquitecturas de compu 
L .~ ., 

tadorns se orientan a~multi-microprocesamientos (pioneros en esta 
' 

' 



-

_, 
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área son Cm" y 'fandcm, de prop6si~o especial, a si como AllR para 

LISP);. en resumen, la necesidad de conocimiento en el área de la 

microelectrónica y, en particular, de los microprocesadores se 

presenta como algo inmediato. La tecnologia de los microprocesa 

dores está firme y bien establecida. 

• 
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SIO • Serial 1/0 Controlar, 

Control de entrada/salida en serie, 

Introducción. 

El desarrollo de mic:roprocesadores ha provocado la implementación 

de toda una familia de dispositivos', de interfase, tanto para cone 

xiones en serie como en paralelo. 

En la linea de productos de soporte del procesador Z-80 se encuen 

tra el 510, un dispositivo programable para controlar la entrada 

o/y salida·de datos en serie entre Z-80 y dispositivos perif6ri-

cos (ejemplo: CRT, TTY) • 

En esta plática se presentan las caracter1sticas de conexión y 

programación del "SIO". (En otras familias USART, UNIVERSAL SIN 

CHRONOUS ASJNCHRONOUS RECEIVER TRANSMITER) . 
' ' .. • •• 

Comunicación serie entre microcomputador y perif6rico~. 

En el área de comunicaci6n de datos se integran dos tipos de co

nocimiento, uno software y el otro hardware. En este último se 

. enlistan las siguientes posibilidades: 

a).- Tipo de conexi6n: full duplex, half duplex, simplex. 

b). • Tipo de interfase: voltaje, corriente. 

e).- Velocidad do transmisi6n y recepci6n. 

' 

¡ 

• 
' • 
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' 
d).- Ntlme·ro de bits, 

e) ' - Conexión: s'incrona, as~ncrona. -.:' 

f).- Niveles de voltaje. 

g).- Ntlmero de stop bits, 

11}.- Paridad, 

i).- Break generaci6n y detección .. 

j).- Errores de detección. 

k).- Modem? 

Y en cuanto al hardware: 

' 

• • ' " . 

. . • 
• ' " .. • -.¡ '1 (· .. 

' l• ·•¡_ • 
1 ._ ••• "¡'~-

' 

a).- Tipo de protocolos.(I_BM, Bisincrono, HDLC,· SDLC). 

b).- Manejo de interrupciones. . . 
e).- Modos de direccionamiento. 

d).- Programación de dispositivo. 

• • 

A continuación se muestra la arquitectura de SIO y la disposi· 

ción fisica de p1ns, con su significado y el diagrama de bloques 

correspondiente. 
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1.0 INTROOUCTION 

' ._ The MOSTE K Z80 product line i3 a complete set ol mlcrocomputer components, developo 
ment systems and supoort software. The Z80 mltroeomputer component set includ" all 
of the circuíts ne-c:essary to build hlgh·oerlorm~~nce mlcroc:omputer sv-tems with virwally 
no other logic anda mínimum numbl!r ollow cost sundard memó'ry elemenu. 

The 280.510 (Serial lnput/Output) circuit ita progremm~ble. duill·channel deviee whlch 
provides formatting of data for serial data communication. lt is capable of handling asyn
chronous, synchronous and synchronous bit orientad protocols such n 18M 8iSync, HDLC. 
SDLC and vinually any other serial p.rotoeol.lt can gene,.te CRC codes in any syncluonous 
mode and c:an be programmed by tha CPU for any trlditional asynchronous forma t. 

1.1 STRUCTURE 

O N·channel Silicon Gate Depletion Load Technology 
O Forty Pin DIP 
O Single 5 volt power supply 
O Single phase 5 volt clock 
O Two FuU OupleJ~ channels 

1.2 FEATURES 

O Two independent fui! dupleJ~ channels 
o Data rates- Oto 550K bits/second 
O Reeeiver data r~isters quadruply OOflered; transmlner double bulfered. · 
O Asynchronous operation 

- 5, 6, 7 or 8 bits/character 
-1, 1% or 2 stop bits 
- Even, odd or no paríty 
-x1,x16, x32andx64clockmodes 
- 8reak genennion and detection 
- Paritv, Overrun and Framing error dete-c:tion 

O 8inary Synchronous operatíon 
- lntemal or e~temal character synchronization 
- One or two Sync characters in separste regiitert 
- Automatic Sync character insertion 
- CRC generation and checking 

D HOLC or 18M SDLC operation 
- Automatic Zero insertion and de!etion 
- Automatic Flag inwrtion 
- Address lielctfecognition 
- I·Field residue handling 
-Val id receive me=,ges protected from overrun 
- CRC generation and checking 

O !:ight modem control inputs and outputs 
Ll Both CRC-lG and CRC-CCITI ~-0 and ~1) are implemented 
O Oaisy chain priority interrupt logic included to provide for autom1tic interrupt vector· 

ing w<thout e~ternallogic. 
O All inputs and outputs lully TTL c~mpatible. 

1 

¿ 
···' 
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A block di3gram of the SIO is slu)w/1 In Figurt 1. The interna! nNcture inchJdes a ZSQ.Cf'U. 
bus intl:l'face, interna! control and interrupt logic oY\d two full dupltK dlennels. The inter
rupt control logic determinn which. ehannel and which device withln the C:hannel ia Ü'le 
hi!Jhest prioritv for purposes of the'automatic·interrupt "~ori~g. Prioritv is fi){ed wilh 
Charinel A assigned"hi!tler priorito/than Cham~el B·and ~the Receiver, Transmitter end 
Exteuiai/Status assigned prioritv in that onler within 'each dlannet. , • • 

' · .• ,.- . ¡. ....... . '\ 

The ehannel logic is shown in block lorm in Figure 2. Eaeh channel-ha1 fivtt 8-bit control 
registe~ ill1d three S. bit stau.•s re:j¡iste11.' The lnterrupt veCtor ls written i!lto 111 8-bit revister 
in Olannel B and may also be rlilld from thlt ehennel. The'receMtr ~~ three 8-bit buffer 
registe,., in FIFO arrangement in adcHtion to the 8-bit' input $hift reginar. The ti'II'Wnltter 
has one S.bit DUfler register in additicn to the'8·bit outpUt 5hift register. ,The CRC 
generator/eheckers are 16·bit . shift registers with approprilte interna! leedbllck 
(programmable) for twO difieren! CRC codes. 

CHANNEL BLOCK DIAGRAM • 
flw.ttO 2.0 

SIO PIN OUT 
Figuro 2.1 
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' 
System Data Bus (b!dire<:tional, tri·ll-'tl 

Channel B OrA sclect (input hl¡tl is Chann~l Bl 
• 

Control or Data select {input hi¡;¡ il control) 

Chip Enabla {input. active low) 

' 

" 
" 
" 
" 
• 
" 
" 
" • 

" • • " 
" 

M achine Cycla One Signal from Z80-CPU {input, active lowl 
' ' lnput/Outp~t request from ZSO·CPU linput, active low) 

• 

·-
-· 

. . 

, 
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L,c;, 1!0 

RE5ET 

IEI' 

"o 

---CTSA, CTSB 

DCDA, DCDB 

R~DA,RKDB 

hDA, TKDB 

----f\15A, RT5B 

DTRA,O"fifB 

'·'"·'C• i. \")~ ~>aoc.¡ •• .Yil I.>C /.b'IJ CP~ (ÍnpoJ\, ..Cti\re Jow). 
., 

Syttem Clocl< (input) 

Reset /input, ¡c;tive low) disablq both receivers ·and trliFISmitters. 
T " DA and T X DB are forecd marl<ing. Modem eootrols are foreed 
high. Control registers must bll rewritten after 510 is reset and bllfore 
any data is transmitted or received: AH interrvpts ate disabled. 

, , 

lnterrupt Enable In (input, ..:tW. hi~) 

lnterrupt Enable Out (output, eeil.,.. high) IEI and lEO form a 
da isy·ch a·rn connection f or priorlty interrupt control. 

, 

lnterrupt Request /output, open draln. eetiva low). 

·rwo pins, one for eoch channel. Thev may bll progromi-ned to serve 
a~ ready lines lar use with a DMA Controller or they may serve as 
wait lines to synchroniza _the Z~O·CPU to the 510 data rote. 

Clear to Send 12 pins. inpuu, active low). Wh'in PrOgrimmed u 
AUTO ENABLE5, thesa inputl enable the transmitters o! their res· 
pective channels. lf these pins 1re not programined as trarnmltter 
enables. they may be progrommed n general·purpose input pins. 
These inputs are SchmitHrigoger buffered to allow slow-rise tima 
inpuu. 

Data Carrier Oetecl /2 pins, inpull, active low.l The.e pins are 
similar to the m inputs, e><ceJ)1 that they ara usable as receiver 
enables rather tllan transmiller enables. 

Receive Data, /2 pínli, inputs, aciive high.) 

Transmit Data. (2 pins, outputs. active hi~.) , , 

Recelver eloclu Unpuu, activt low.) (Two pads, One p.er ehannel. 
See note on Bonding Option.) Schmltt-trivger buf~~ed. 

• 

T ransrnittu Clocks linputt. active low.) (Two pads, ene 1)41r channel. 
See note on Bonding Option.) Sehmin·trigger buffered. 

ReQuest to 5erd 12 pins. outpllll, acti~ low.) When the RT5 bit .it 
set, the RTS pin goes low. When the bit i• reset in asynchronous 
mode, the pin goe~ hi!lh. but only alter 1he transminer is empty. 
In synchronous modes, ffi isatimpla outpul which strictly foHows 
the state ol the m bit. 

Data Terminal Aeedy (2 pint, output, ac:tive low.) Pin follows 
state progr~mmed with DTR bit. (Two pads, ene per ci'rai'IMI. 
See note on Bonding Option.) 

' 

,, 

¡ 

' ' ' 
, ' , 
1 
1 
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SYNCA, SYNCB 

.... 

' 

• 
E~terna! ChariCÍtr Synchronization (2 plns, ioput/cru;put, Kt!Q~. 
tow.) U the Externa! Svnehroni:atlon mode is selected, assembly o?' 
eharaete,-, wlll begin cin- tha neKt rising edge -of R x·C. tf interna! 
character sync mode1 are selected, the pint are,OIItputl¡that are 
Ktlve during pert of tN elock eyeles tha1 '¡¡ svnC d!aracter ií ra::Og:-
nized. The svnc condition is not latchecJ, so this pin will be active 
!IYery time il rvni: patte'rn' is reeognized, regardleu of charieter 
boundaries. In asynehronous modits, these pins ere simple inpUti to 
the HUNT/SYNC bitt il'l StMu's~Aegister O end may be used for eny 
input functlon desiracl. However, if eXTERNAL/STATUS interrupu 
are enabled in the awnchronus mode, the'n SYNC should not ¡, left 
floating as this could cau~ -sputious lnrerrupts to oeeur. .• 

NOTE: When used asan external¡¡ynchronization piñ, it mUit not 
beeome ·acti~e for tlue& system"clock" cyclll$ alter the previous rising 
~~ "l'f""i(""""C. Thi1 requirerT.ent normally can be met by allowing 
SYNC: to changa only on the f,allil)i edge of Rii""C. 

2.2 NOTE ON BONDING OPTION: 

Due lo packayTcÁBstrainu, thert are only two pins wailable for the three signals, T l! CB, 
R x CB and . "1jey ara normally bonded so tllat T K CB and R l! CB are one pir., 
end R x 1 l! CB and TRB is an li'Jailabla output. lf there is 1 requirement for different 
cloek rates or phases for R l! CB and f X: CB, they may be bonded indepandtntiy by s.ac· 
rlfieing t:iTRll. See FigUre 2.2. . • · · 

SONDING OPTION 
' Fiau,.2.Z 

MK3884 P!N MK3885 P!N 

SI0/0 SI0/1 

27 AKhCB 27 ""'" ... 

510 26 Tx08 510 26 = 
25 DTAB 25 TxDB 

---·----··-~~-

1 5 
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Or.• r.~t,nn Di :11~ SIO i; a~tl!rmincd by tne contents of the control rcgisters. These must 
be progr"mmed bolorc anv cipera¡ions can be perlormed by the SI O. Some commaÍids ~nd 

, modes m ay bo chnnned during opt!ration. The device netus regi"ers can be read at any time. \,) . . ~· . ' . ' . 
:n ASYNCHRONOUSMODES • ; " , .•• · 

.. ' ,. 
Th<! recei~r poru are quadruply buffered, i.e. there are thrte ltorage registe~ in llddition to 
the input $111ft register. Th is allowslldditional time for the CPU: IQ seiVIca an· interrupt ot the 
beginning of a block of high·weed dau transfer. The el-ror flags are al$0 (luadruply buffered 
and are loaded at the :.ame time as the charaeter:The RECE!VER OVERRUN and PARITY 
ERROR flags are not re-set unless an ERROR RESET Command (Command 61 i1 iuued. 
END OF FAAME and CAC/FRAMING errors always refleet the st.ate of the character 
currently in the buffer alld are not re$!! b!f ERROR RE.SET."Thus, whan the errOilllltul is 
rcad, it wi\1 refleet an errOr in thecurrmt word in the receive bufhir in addition to any parity 
or overrun errors reeeived sinee tl\e last ERROR RESET Cornmand. In order to keep 
r.orrcspondcnee bctween tl\e $lat ol the error buffer and lile conlllnts of the re<eivlt reg
isters. the status register $hould be read bcfore tl\e dal!l {see e~tceptlon). Thlt is e3slly 
accomplished 11 the vectored interrupu are used slnce a special interrupt vector is generated 
for errors or end of framu. ' ,_. l . ,- ' ~ , · ,, 

' .. · . ' . 
lf the Jtatus is read 11ter the dat1 is <.ad, the error da11 for.the next..U.t~~·:·~·:;'~~~:,;,~~~ 
included if lt 1\as been Jtacked in tl\t buffer. 11 operations are bein¡, 
enough w 
rf!main valid, 

issued. 

' 
from the buffer) until the ERROR 

prevents furthar data from becoming available in 
Command is 

Reset is 

11 the INTERRUf'T ON EVERY CHARACTER moda is seleeted, the interrupt vector will 
be difieren! if error States e~tiSt in the status register. lf receiver overrun should occur des· 
pite the quadruple buffering, the mos1 recent character reeeived will be loaded. The char· 
acter pre>:eding it will be lost. When the cl\aracter which hu been written ov~r Other char
actcrs is read, the OVERFLOW bit will be !ll!t and the Sf'ECIAL RECEIVE CONOITION 
vector returned if STATUS AFFECTS VECTOR is enabled. 

lt is Possible to use tl\e SIO in a po!led environmant. This requires monitoring of the RE 
"CEIVE CHAAACTEA AVAILABLE bit to know when 10 read a character, This bit is "s.et 
autometically when the rcceive buffers are aH empty. The TRANSMIT BUFFER EMPTY 
bit is hiyh whenever the trensmit buffer is emp¡y. In polled operation, it should be che>:ked 
befor~ writing data into the llansmitter to prevent overwriting of datl. 

ASYNCHRmJOUS FORMAT 
Figu•• 3.0 

¡¡ 

• 

MARKING LINE ~RT 1 Do 0 1 li! 1 ON PARITY 1· STOP 
--,\!t,~~N-.-,~.~,.-,-O~R:~,-"~,~"-;C7~~ '\ 

MARKING LINE 

TRANSITIONS OCCUR 1, 1% OR 2 BITS 
ON A FAlliNG EDGE MAY BE EVEN, 000, OR 
OF TkC. NOT PRESENT 

7~ 
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TRANSMISSION 

A data characnr sent by tlle 510 wiU be .-mbled a foiiOWi in asynchrO!'IOUs modn: 

ldle nate {no characters bein!l sent) is a marking !ine {hi{tll unless a bréak has beln pro-, 
grammed in the control regi~ter, in whicll c.se, the line will remain spacing uritil tht SENO 
BREAK command has been removed or thG chip is reset. "' 

Transmis$ion cannot begin unless tha TRAN5MIT ENABLE bit is set. lf the AUTO 
E NAS LES bit ls selected, then CTS must be low as wall. lf the 5 bia/chariiCU!f mode is 
selected, then unused bits {Os, Ds. and'D7) must'be·í:ero in each data byte wrimin lnto 
theSIO. \ . ·"' •·' 

RECEIVING ·' 
• 
" • 

Asvnchronous reception will b~wflen the RECEIVER EN AS LE bit is set. lf the AUTO 
ENASLES bit is selected, the DC0 must be low as well: A low ~spacinQ) cor>dition on 
R x D indica!~ a start bit. lf the low persists for% bit time, the start bit is assumed to be 
valid and the data input is then sempled at mid·bit time until the entire character is anem
bled. This method of detecting a start bit improv~ error rejection when noise splkes exist 
on an otherwise marking line. lf the Xl clock mode is selected, bit $Vnchronization mun be 
accompli$he-d externally. 

3.2 SYNCHRONOUS MODES 

The various syilchronous modi!S all f¡1;ire a x1 clock for transmissiori and reception. 
Data is sampled on the rising edge of x . Transmitter data transitions ociur on the falllng 
edge of TxC. 

In all cases, the receiver is in a hunt mode alter a reset (interna! or e~etemal), The hunt ean 
begil"l only when the receiver is enabled. Dnly when character rynchronization has been 
achieved can data transfer begin. lf there is e loss Of character rynchronization, the hunt 
mode can be re-enterad by wrlting a control word with the ENTER HUNT MODE bit se!, 

The difterences' in operation of the monosyllc, birync and e~t!rnlll ¡ync modes are only in 
the mar~ner in which initial synchronization is atnievlld. Note: The moda of operatiOI'I must 
be selectcd befare the sync characters are loaded, since the registers are used dllferently in 
the various mode$, 

MONOSYNC; (B·BIT SYNC MODE) 

Matching of 3 single sync character, programm&d into WriW register 7, impliescharKter 
synchronization. which enables data transfer. 

BISYNC: (16·BIT SYNC MODE) 

Matching of two adjacent sync characters progr8mmed in Write Reginers 6 and 7 implies 
ch~r•cter synchronization, In both monosvnc and tiisync modes, the SYNC pir. wlll be 
active llow) any time the sync character sequence is detectad and will remain low for the 
cloü cycle il"l which it is deteeted. 

EXTERNAL SYNC MOOE 

'In this mode, chJr¡¡cter a$$embly beglns on the first rising ed~e of R~C alter tite SYNC pin 
beco mes active llowl. lt thould ba held active for n least three complete el oc k cycles. 

lll Monosync, Bi$Vnc and E~ternal sync modes assemblv will continue until the 510 is 
ru'nt leithcr irltern•llv or with tl>e Reset pin) or 'until the rC"Ceiver is disalliCd (bv command 
or with tlw bco pin in the AUTO eiNABLES mode) or until the CPU sets the ENTER 
HUNT MODE b1t. 

.. 
• 

' ' 1 
• 



.. .. . ·- ' • -· ' 

.SYNC 
CHAAACTER . . .. 

' • 

-- ' . 

DATA - ' . 

. ' ... 

~-·;·;·, 
,:• 1 -,-.~·:.·· ... A ',• ·'-•j ' • ' ·' 1 ' " ' . . . . ' -

' " . CRC ,CRC • ,L 
'fi!LD 'Ct:f~RACT~~ CHARACTEFI • •• ' ?:r r't-• .,;.\'NO. Zp,:•· .. . _. ,: N0.1 :~ 

.. .. -.. 
' .• ' •• . . •' V": •!'• ·, 

' -:·, ~.;;-.,., .. 
•• ' •.. ·t.,¡,.,.._. -. . ,: -~; -~ .. ~ ' . 

':-•. . . - . '"'"~-
.. . .... ¡:_,. " 

. . ' .. ' -· . .,;_, 
BiSY~lC MESSAGE FORMAT Un-terflal Syn~ Dtmct) '· e · ·.- OP110NAL •- .-: '· •• ' ,• ~ .,. 

' ' 
. ,_, - •• !<_. •• 

' l. SYNC SYNC 
¡cHARAC:ER CHARACTER 

' 
. 

DATA'· 
. 

FIELO • 
'·. CRC ·· .CRC 

CHAR.ACTrA CH.ARA.CTE'R , . -- . 
.. ' 

' H , ....... ' 
" • ' ' ... ' ·, 

' 

'·•· 

·' 

• 

"·' 

NO. 1 NO. 2 .-
. ,_ ,. " · . ..! ., ; 
'~ •:- ··'·"' ,, 

l -_ _.,,1:¡ • '·~ \ 
' .. , ... .... , , .. , ,. ...... .· ·•' " ;•, 

-~-~·-·\y ... ;,¡ . :• 0 
'--~~. --;· ,,·;.,\·.,..:, ..... ~ . ... " . "''···· ',.,. .. ~-...... ,.r.-....... , .J ~1 
• .• -._,.:,•· •J ~ .... :.·;,.· '· 

j 

A.l Oefault nate-lafter a Retet or trartllrtlitter not enabled) is a marldng ' 
be pr()'4ramm~ to generate a spacing Jine, whic!'l 1 begins· ai''ioan •s 
l'eGinlleil al the eontenu cif tila .-nd teg¡ner. With the trammiller 
modn hwe 'bclen sellk:tt'd, "Wf&Uit'il eontiiluow l.rll'lsnilinion Of 
c!'laracter. • -..... ':·!_..:· • 

•· . ..;.·~;:~.~·:.. ·- '· ~ 

B. Severallnterruptmodnarepoal_~: 
; ...... 

1. 

2. Exteroai/Status lnterrupts enabled -~l(tlle"E'X'rERNAl/STATÚS lNTERFIU~T 
ENABLE bit is sol, Tran5tllit!er eonditiar'ls .Uch /ll.ltaning ta send CRC eh•iactir$; 

· starting to send Sync eharacters, OCO, 'SY"N'C, and ffl ehltlgln¡j state CIIUsi in ter· 
rupts, which have a ,,¡ni que vector if STA TUS AFFECTS VECTOR madeislellll:te'd. ' 

' ;: 

· .. ., 
-. 

·" • 

• 

9 

.. 
• 
' 
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c. 

...,..,... ' .... . ' . :- '-.'\.', 

3. · All interrupt$ may be disabled for operation in a polled mode orto pi'INent 1_,...:. 
ruptl at inappropriate time.¡ in a program's execution . 

• 
lf CRC is not enabled, $YI'lC eharaeters will automatieally be inserted when the trans
mitter has no data tó send. An intetrupt is generated only after thti first autcimaticaly 
inserted sync i:haracter has been loaded. lf CRC is enebled. the,first'time the traiis
mitter has no data to send, the 16-bit CRC is automatically $8nt,-fol!owed bv.svne 
characters. While sending CRC,. the SENDING CRCISVNC bit is sct al'ld the TRANS· 
MIT BUFFER EMPTV bit indieate$ full. CRC is not calc:ulated on the autllmltiea!Jy 
inserted sync charaeten, but it will ba c:alc:ulated on any s'(ne character sent u <~eta 
unless the CRC generator is disabled when that c:haraeter is loaded to the transmit 
shift register from the transmit buffer. When the CRC has been sent, the TRANSMIT 
BUFFER EMPTY bit goes high andan interrupt is generated to'indicate that another · 
message can begin. Control of the CRC generator may prOCeed as follows: · 

The CRC generator should be reset by issuing the RESET TRANSMIT CRC GENE
RATO A Command, belore any data is loaded. After CRC and the entire trafiWlitter 
is enabled. data may be loaded. Before CRC is to be sent jbut alter the first data has 
been loaded). the SENOING CRC/SYNC bit must be reset with the RESET SENDING 
CRC/SYNC Command. 

Bocause sending of the CRC is inhlbited when the SENDING CRC/SVNC bit is set, 
the 510 can be used to automatic:ally insert fill charac:ter$ within messages instead 
of automatieally sending the CRC. CRC is not caleulated on syncs automatically 
insertad 3(1d when the end of the message is reac:hed, the bit c:an be reset.thus al!owing 
theCRCtobe~nt. 

O .. lf the transmitter is disabled while a character is belng sent, that character (whether 
Data. CRC or SYNC) will be sant as normal but w11! be fotlowed by a marking line 
rather than CAC or sync characters. A character in the' buffer when the transmltter is 
disabJed witl remain in the buffer. However, a programmed break witl be effec:tive 
as soon as it is written into the control register. Character$ being transmitted, if any, 
~~~~~- . 

E. In ~11 modes, character$ are sent low-order bits first, i.e., Do before 01. etc. for as 
many bits as are programmed. This requires right-hand justification of data to be 
trans.mitted if word len~th is less than a bits. lf word length is 5 bits or less, the spe<.:ia! 
te<::hnique described in the TRANSMIT BITS/CHAR se<:tion must be used lor tha dah 
formal. 

Synchronous Modes (E><cept SDLC) Reception: 

A. Alter programming the mode and sync characte,-, (In that order}. the receiver may be 
unabled. lt wlilthen be in thc HUNT MODE and wilt stay in that mode until: 

l. A matcl1 is made with a single sync character (inonosync mode) or 

2. A match is made with a dual sync c:haracter (BiSync mode) or 

3. The e>:ternal SYNC pin is forced low.ln cases (1) and (1) the externa! SYNC pin is 
~n output which ir¡dic:ates that character sync:hronization has been ~chieved. In case 
(31 it is an inpu,t. 

8._ Characwr assembly bcgins alter sync has been achieved. Four interrupl mode~ are 
possible. -

1. NO INTERRUPTS ENABLEO - for a purely potted operation or for "off line" 
condition.. 



' ' 

' . 

-· .? ,"? 
~~.?,-~7:;;· .:" ... · •,;,,_l!l~CTEH '.•~ll\', ·~~" ,nodot wo"ld n"o~JII~-h<!~ 
•.;~';' to '·'··· ¡ J ... n •. "·' '''''""~ lú~¡:> or ~e:;·~:, toJrisleJ in·.tructicn using th" WAIT/ 
RE!,Lll' output to syncnmni~~ the CPU 10 the incoming dlll tate. lt could al&a 
ba usc>d witl• n DMA dcvice. In this mO<Je, the SIO will.interrufll on the first ehar;• 
acter ~nd 1hercnher Wlll only mterrupt if errors ~re dete<:ted. The mode is reset with 
the AESEr AECEIVE ·INTERRUPTo ON '·FIRST CHARACTER command' 
(Comman.d 41. , . . -•.' ·.- · • 
The forst character received efter this eommand 11 i$$Ued wlll al m ~se an intetrupt. • ' 
11 E~ternai/Sta!Us interrupts al'tl enabled, they may intérrupt:at •nv timo. Parity 
errors do not cau5t interrupts in this mode, but End-of-frtme (SOLC Mode) iiln.:l 
<eceiver 0\/errun dg cause intetf\lpU. .; 

J. !NTE RAUPT ON EVE AY CHARACTER - whe~r'tha reeelver buffer has 1 ch11r· 
actcr ~n imerrvpt i5 generated. Error ~nd special eonditions generate a special vector 
if thc STATUS AFFECTS VECTOR moda is seleeted. A P•itv error n'IIV optionauv·r 
notgenerate the special vector. 

c. CRC r.hecking !)<!neration may be u sed in tha 5ynchronous modn ' . 
' 

• l. Calcut.ition • ol the CRC on a particular char~cter begins 8 bit tima$ 1fter tha word 
has·lll:fn uanslencd to the receive buffer. 11 CRC is enabled befare the next char·. 
actcr is transferred to the receive b!JIIer. CRC wil! be ea!eullted on the ch1racter. JI 

. CRC is disabled bclore the time ol the next tran'lfer, calculat(on will procead on the 
word in progress, but the word just translerre.:J to the b.Jffer wlll not be included. 
This allows starting and stopping CRC cllecking on the variou1 character5 employed 
in BiSync. .· 

2. The CAC ~ay be cnabled and disabled as many timet as necesury for a give'n calcul· 
¿ation. · · · · 

/

J.· CRC Codes are seleeted during the mode selection process. Ehher the CRC 16 polv· 
nominal xl6 + XIS + X2 + 1 or tha SDLC polynomial X16 + X12 + XS + 1 may 

;1\ . be used. In all except SDLC mode, the CRC calculator and choeker are ~et to all 
/ . Q's,.TranSn'litter and reeeiver must use the 5ame polynomial. 

- 4. ·In Monosync, Bisync and Externa! Sync mode5., the CRC/FAAMING ER,ROR bit 
contaíns tlle result of tlle comparison·of the CRC checker to "elluros" 16-bit 
time¡ attar the character lla~ been loaded from the receive shift rtgister 10 the buf· 
fer. The comparison is made witll each load and is valid only at long n the char· 
ac:ter remains in the buffer. lf time increasa down the page, then the following 
1\otds: • 

Character "A"Ioaded into the buffer 

. Cheracter "B" loaded into tila buffer ... 
11 CRC is disabled belore ·:e" is in the buffer it will not becelculated on "8". 

Gharacter "C"Ioaded into buffer ... 
Alter "C" i~ loaded the CAC/FAAMING ERROR bit lhOWI the r~ult of the 
comparison thru Chara¡;ter "A" 

Ch~raeter "O" loaded into buffer .. , 
Alter :·o" is in buffer, the CRC/FRAMING ERROR bit shoWI the result ol the 
comparison thru Cllaracter "8". 

Bccause of the seria! opcr .. tion ol thu CRC calcul"ion, the receivar clock (RxC) 
mun !}O throuyh 16 cyclcs alter the CRC character hu been lolded into the receive 
buffer (20r.yclos alter thc IJst bit is" tlie SJO AxD pin) beiO<e the CRC calculation 
is complete. l 

• 

·, , 

j! 

" 



TRANSMISSION SOLC/HDLC MESSAGE FORMAT 
Flgutt 3.2 

17 
){, 

FLAG 
01111110 

ADORESS 
8 BITS 

DATA .. , .. 
1 

FIELD CRC 
No. 1 

CRC 
No. 2 

FLAG 
01111110 

• 

12 

SDLC MODE TRANSMISSION: 

A. Normally, the CRC generator should be reset (with the RESET TRANSMIT CAC 
GENERATOR eommand\ befare a date block is uansmitled. Reset may occur any 

_ time ~her the CRC ol the previotn message h.u betln sent. Ouring the time th1t CRC is 
being sent the SENOING CRC/SYNC bit wiU be set, the TRANS BUFFER EMPTY 
bit wiU not be set. Alter lhe CRC has been sent the TRANS BUFFER EMPTY bit 
is set whieh will cause an interiupt tignifying that the CRC has beon sent, il trans
mit interrupn are enabled. 

B. The id le devÍce rute (i f the transminer is enabledi is continuous flags baing transmitted, 
1 1 tha transmitter is not enabled, 1 m.arldng line i1 sent Odlt 1 ine ltllte). 

c. An abort sequence may be sent bY i$$Uii'IQ the SENO ABORT command (CorTumnd 1). 
This causes at lust B tlut less th111 14 one's to be sent belore the 1ine rev.!rU to con
i:inuous llags. Any data being tren~itted end any date in the trensmit bulle~ will be 
lost. 

D. One to 8 biU per character may be ~ent. See the Register Dncription of Write Register 
5. Transmit Bits/Char. for an explanation ol how this isaccomplished. Since the number 
of bits/character may be chan~d '"on tha fly", this feeture may be used 10 fill a data 
field with any number of biu. When used in conjunction with the Receiver Residue 
Cedes, the SIO may receive 11 message of any number of bits length Jtnd retransmit it 
exactly as received with no pravious inlormetion about the character structure of th~ 
1-field (if ar¡y). A chan¡¡e in the number of bitsfcharacter will not affect the charact.:or ir. 
the process of being shifted Out. Characters wlll be sent with the number of bits prcg
rammed at the time thet the ch'"tteter is loaded from the buffer to the transmittef. 

E. As in other synchronous modes, the two bvte CRC sequence wiiL be sent automaticallv 
when the transnritter has no more dau to send, J.e. wt>en there is no charocter in the 
transmit buffer and the transmlt shift register is empty. When the CRC sending begins, 
the SENDING CRC/SYNC bit is set a11d a status change interrupt is ¡¡enerated if 
external/status inmrrupU ere enabled. Thi! may be used as 8 tran~mitter underrun indi
cation. Alter the C RC ha1 baen sent, the 1 ine- revem to continuous flag~, wíthout 5hared 

.zeros, i.e .... 
01111110011,1110011111100 ... 

, 



-- •• --r;• •.. 
!!S ... ~·-'~' -,1 ,,_,.,·.;-,;: v.•. , ~;,,, n·~i ~-·~¿e;J a, 1oii~·N~>: 

O. s~, "P 11ecess3rv rnode (only at initial pgwer onJ 
1, Re~\ CRC ¡¡cnerator 
2. Write lirst 2 by tu of data li.e. addren aOO or control bv'hl•l 
3. Reset SENDING CYCISYNC bit. 
4, Writa rest of data ' 

• 

5. Alter data is complete, CRC & fla¡s wlll be sent i!Uiorn&tie.lly, and this see,uence 
can repeat from t. - -

F. Exua zeros are ootomatical!y inserted in the data stream wtlere required to fulfill the 
re<;uircmerot of 5 enes maximum in a row, eJCcept for flags or abons. 

G. When SOLC mode is selected, Reset olthe CRC generator is acwally a prnet 10 al! l's. 
The SOLC CRC code mu11 be selected, 

HCt:PTION SDLC/HOLC MESSAGE FORMAT 
'~~"Jl .. 

/T . ,. . '. 

• 

r·-·-rlcA;;G~T-A,Oo"o;;R;;EOs<s<-;D;;ACTCAc--<il". -;F"ICELCoO·-,.¡rCc"R"c;;--¡--C0R°C;;--,--;,o;LcAc;G;-, 
L_i_:_]_l._,lci"IO'-._,-'B"B,IT"S'--'---"ci" __ 111 ____ .J.L"·No0o.¿I_"I __ N"-"0~.2,__,__;01clclclcii"O" 
-~~-----------------

SDLC OPERATLON, RECE IV EA 

A. Data transfer begins with the first non· flag character reeeived after at lealt ona flag 
(01111110) hiiS hcen reeeived if ADDRESS SEARCH MODE has not been enabled. 
lf ADDRESS SEARCH MOOE is enabled, theil a flag fol!owed by either the program· 
med addren or the global addres1 ( 1111111) ii required befare d~U ¡l'llndlll' witl begin. 

1. lf interrupts are di~bled, thct presence of characters in the reeeive buffer can be 
detected by ol»erving the RECEIVE CHARACTER AVAILABLE bit in Read Aegis-
ter O. · • 

2. lf th11INTERRUPT ON FIRST CHARACTER ONLY mode hiS b4Jen selected, this 
would I\Ormally be used to initiate a block transfer. 11 the tength of the message is 
unknown, the SPECIAL RECEIVE CONOITION (End of Frame) interrupt may be 
uscd to exit the inwuction' of software loop, The RESET INTERRUPT ON FIRST 
CHAAACTER command (Command 4) must be i~ed belore an interrupt for a 
fol.lowlng block's lirst i:haracter can be Oi:ier'aiid. ' 

3. Flags are not translerred. The extra zeros inserted in tran$flli$Sion ara automatically 
delatad. 

4. Aboru aru detected as 7 or more one's and cause a status interrupt (if enabled) with 
the BREAK/ABORT bit set in Aead Register O. Alter tha RESET EXTEANALI 
STATUS IN TE RRUPT command (Command 21 has bef:n is!.lled, a second interrupt 
wlll occur when the coninuous one's condition has bean cleared. 

B. In SOLC mode. control of tha receive CRC che<:kei- is autDMatic. lt is reset by the lead· 
ing fiJg and CRC is c~lculated up tothe final flag. The CRC/FRAMING ERROR bit in· 
dicatcs the result of the CRC check and is located in Reilld register l. 11 tha CRC/ 
FRAMING ERROR bit is not set, then the CRC indicates a Vdlid meuage. A special 
che.; k sequcnce is us~d for the SDLC cheek beeau~ of the pre¡et to all one's. The final 
check 1nuu be 
0001110100001111. 

13 
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C. Chan,.;ter length mav be changed "on the fly." 11 acldreu and control bytes are pro. •l·, ." -19 
ces$ed as S-bit charao::ters. the reeeiver may be switched to a smal!er character lengttr 
during the time that the first information character is being auembled. This change 
must be made quickly enoogh so that it is effective befare the oomber of bits specified 
have been assembled, i.e., if the eh"'ge is 10 be from the S-bit control to a 7-bit inforn'la- · 
tion field character lengttl, the change must be madi! before-the first 7 biu of the 
1-field have been 11$$embled. ~ ._' - ' 

D. 11 addres,; search mode is not used, or if me$$8ges ~ multl·byte addresses,' an u~ 
wanted message need not be completely reld.by tlle CPU. Once thoe determination has 
been made that the message is not needed, writing,the ENTER HUNT MOOE bit wm 
suspand reception until another meSWge hellded by • flag !las been received. • 

E. When the traillng flag is reo;eived, ~n interrupt with a special va:tor is generated (if 
enabled). This sigr¡a\s that the byte with the END OF FRAME bit set has beerúeceived. 
In addition 10 the resulu of the CRC check. Read Register 1 has 3 bits of Residue Code 
val id at this time. For those cases in which the number of bits in the Hield is notan 
integral multrple of the character length ustd, these bits indicate the boundary between 
the CRC check bits and the l·field bits. For a detalled description of the meanir>g of 
these b•u, see the description of the Residue Code$ltl Read Register 1. 

F. Paritv checking mav be usad on data it1 the information field only if5-7 bitcharacters 
are u sed and only if a· half·duplex protocol i$ br!ing used. (There are no separata controls 
for parity on the receiver and transmitter so parity cannot, f01 example, be simultane
ously disebled for transrnitting en S-bit addreu and anabled lor receiving a 5-bit l·field 
characterl. 

' 

• 

" 

\ 
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2.0 '·' GENERAL 

• Th<> ZSO SIO ;, a muhi-functíon peripheral component sp~cificallv designed 10 s.atlsfy a 
wide v~rietv ol serial data communications req<~iil!menh in '!nicrocomputer sy¡tems. lts 
basic role is that ol a serial to parallel, parallel to serial converier/controller buf within that 
mle it is configured by wuems ~hware orogramming so that iti function or "per50ñality" 
ca" be optimized for a given serial data communications a¡¡plic:ation. 

' . ' 

To program the ZBD-SIO the systems .aftware iuui!'S a series ol commands that initialize 
thc bask: mod~ ol operation desired and oth!r comm1ncll to'QUalify coñditioni within th"e 
,.-,Me selecteci Le. Swp Bits. Bits/Char, Sync Char·etc •. The commanil wucture of the zao. 
SiO ¡, designed to take advantage of the I)OWerful ZBO BLOCK l/0 irmructions to 5implify 
programming. minimile overtlead and optlmiu CPU interac_tion'.Ctlvitia. · . _ 

;::,.,n of the "YO channels of the 280-SIO cont~in command regi~ter~ that must be pro
;;ramm<'d via worem softw;ne prior 10 fÚJlCtiooal operation. Thechann.el seleúinput (B/Al 
an¿ the control/data input (C/Ó) ant the commar.d •tructure addressing controls. normally 
cootrolled by the addreu bus of the 280 CPU. 

o ., 
' 

' o -

' 
4.2 VJRlTE REGISTERS 

01 ...... 1 80111 
Ch.,.,.l A Commancii/Siatus 
Ch..,nol B Commondt/SIIWI 

._ - . -

The 280-SIO contains eight (8) re-gisters that are programmed (written into) by the system 
so!tware to configure the functional personali¡y of eaeh channel. AU Write Registers. with 
t.le e~ception of Write Register O, require two bytes to be proparly programmed. The first 
byte contains 3 bits which point to the 5elected register {00-02) the second byte is the 
actual control word that is being written that register to con ti~ re the SI O. 

Write Register O is a special case. RESET (either intemal command or e~ternal input) wiU 
initialize the SIO to Writa Register O. All buic commands (CMDO-CMOZI and CRC controls 
ll:ACO, CRCll can be accessed with a single byte using Write Regisur O. 

Contained in the first byte ot any Write Register aecess ere the basic commands (CMOO
CMOZ) and the CRC conuols ICRCO, CRC1) so that ma~imum svstem control and fle~i· 
i>ility is maintained 

• 

= WRITE FIEGISTER n • WRITE REGISTER 1 
o]oo " " " " '' 00 

o o o 

/'7 

1 o o 

1 
o ' o ' 

1 
' o 

' o 

' o 

AEGISHRn 
Al<liSHA 1 
Af<HSHA 2 
REGISHA l 
AEGISHR 4 
AlGlSTER ~ 
AEGISTEf\8 
REGISHA 7 

[Q'jJ ó]T05~¡]0@ - . 
•• · ~EXT.INTENABLE 

T• INT ENABLE 
STATUS AFF<OCTS 

VECTOR (CH-e ONL Yi 

' 

o o o 
o o ' o ' o 
o ' ' ' o o 

' o ' 
1 1 ' ' ~ 
O u IWI.L~OOE 

' o ' ' ' o 

' ' ' NUlL COOE 
SU.IDABOfl 
fi~SET EXT. 
CflANNFLR 
RESeTR.IN 
A!:SET hiN 

T ISOLCI 
STATUS 11•HAAUI'TS 
L>FT 
TON FIRST CllAfiACTEA 
T PENOING 

lRROR fiOSfT 
RrTURN FFlOM •NT ICt<-A ONLV) 

. ., 

G e R• INT DISABLE 

e Rx INTON FIRST CHARACTER 
ONLY , 

1 e INTON ALL R• CHARACTERS 
IPARITY AfFEJ.;TSVECTORl 
INT ON ALL Rx CHARACTERS 
(PARITY DOES NOT AFFECT 
VECTOR\ 

n 1 ouOHTA• CRcnu:c~ER ·~::_ ______ _!L~;;~~~iW;AIT!AEADY ON RfT 1 O f\HH T. ene G~NERATo)R WAIT FN/READY FN 
1 1 kESETSENDio~GCRCr.;,NCLATCI< 

----· WAIT/READY ENABLE 



.. • ' 
WRITE REGISTER 2 • 

'CII.N ON L Y OE \\IRITTEN INlO CliANNEL 9 

WRITE REGISTER 4 

SYNC MOOES ENABLE 
O l 1 STOP 8\T/CHARACTEA 
1 B 11'> STOP BJTSICHARACTEA 
1 1 2 STOP BIT$/CHARACTEA • 
8 BITS SYNC CHARACTER 

O 1 16 BIT SYNC CHARACTER 
O SDLCMODE!011111105YNCfLAGI 

1 1 EXTERNAL SYNC MODE 
X 1 ClOCK MOOE 
X16 CLOCK MODE 

O X32 CLOCK MODE 
X64 CLOCK MOOE 

WRITE REGISTE A 6 

• AL~O SOLC 

16 

WRITE REGISTE A 3 

() O R~ 5 BtTS/CHAAACTER 
1) 1 A• 1 BITS/CHARACTER 
1 O Rx 6 BITSICHARACTER 
1 1 A• 8 BITS/CHAAACTEA 

WRITE REGISTER 5 

WRITE AEGISTER 7 

' ·~ . ' 
"''":' :"~ : 1 ~ • 

i 13 
1 ; t. 

~·· 15 'fOR SOLC IT ~IUST B~ PllOG~.-,.v.,,•;.·:-
10 "01111110'' mR FI.AC 11ECOGNI1 1;), 



;,:• '\f< '-' ·;:·~;. ~ 0(; 

"'' ~-· 9 ., The Ztlü-SIO c;:,,¡au" tnro:c t31 r~itu~ th~t can !>;! re~<l to obtain !he <lillUS ol each 
~hao'lCI. St~w• information inc!uOOs error.condition$, imcrrupt vector. and standard com· 
munic¡¡tion i<Herf¡¡ce protoco! sign,ls. To read thc coments of a selectod Read Rll'!JÍ$'18f !he 
s;ost~m ~hware must fim write out to the SIO tho byte con~aining pointcr informaiion
(00-021 in ex~ctiY the.same manner as a Write Register operation. ThGn'by Í$SUÍJ\!I a • 
READ oPeration the contents of the eddre$5ed Read/Status Reginer e.n be read by the 
ZSQ-CPU. - -'· 

TI1e real powtlr in this type ol conunand strueture is th.n the programmer h.n tQITlPiatt 
!medom alter pointing to the selectlld registe• of either Reading or Wriling to initialize or 
kit that register. By rlesigning software lo inilialize the ZB0-510 in 1 modular, strucwred 
fashior>, the programmer c~r> use the powerf1.1l ZSO BLOCK 1/0 irmructlor>s tO sigr>ificamly 
simplily and sp~eC his :;oftware deo.oelopmer>t and debug. • .• 

~:iAtl F<EGISTffl O READ REGISTER 2(ChDr>rlel8 Or~ly) 

07 06 os 04 03 02 01 00 

! 
¡ 1 
'L 
'-

SENOING CFIC:ISVNC 
BREAK/ABORT 

•CAN ONLV BE R~AO BY CHANNEL A 

o· 
• ' ' o 

o o ' -- • ' o . ' o ' ' ' ' . ' o o o 

, 

SENT 
l·fiELO BITS 
INPREVIOUS 

BYTE 
o 

• o . ' -
o 
o 
o 
o 

" , 
' ERROR 

ERROR 
ERROR 

1-FIELO BITS IN 
SECONO PREVIOUS 

BYTE 

' ' ' • 
' ' ' ' •RESIDUE DATA 

• 

" " V> 
v> 
v• 
vo 
vo 
V' 

INTERFIUPT 
, VECTOR . . 

,_, 
' 
,, 
' 

FRAME (SOLC) ; ~> . ' 

4.4 REGISTEA DESCR!f>TION· 

Eacll_c~armel contains thc following control reginen, addreuad ascommandslnot data): 

Writa Aegi,tar O, a command registcr: 

o, o, o, o, o, o, o o, 

"'' '~-'. Roo<\ Rooet CMO CMO '"' "' '" "' ~"' CMe 

' o , 
' o , 

' o 

1 17 
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. ' • ... , ~ ... , ,,.: . . . 
... 

These are pointer bin which teU the SIO"into which register the followitl!l byte Í$ to ~" 
writum .. Tha firn byte written into each channel alter a reset (either by command or with 
tha extemal reset pin) will go to.write" register O. The byte followinO a read or Wriiil to"any 
register (not re9ister O) will be to registerO. .'. 

' 
These are commarxls· • •• • .,... _ _, 

CMD2 

' ' ' ' ' ' ' ' • ' ' ' ., 
' ' ' 

COMMANOO 

COMMANO 1 

COMMAND 2 

COMMANOJ 

COMMAND 4 

COMMANO 5 

COMMAND 6 

• . 
OMD¡ ""'o ' •• 

' ' Null Command [no olftct) • 
' ' Send A1>on ISDLC Modo) ' . 
' ' Rose! E><IO'rnai!Stll~l lnt~rrupn 

' ' Cl1onnel Roset 

' ' Re .. t R.,..; .. lnterrupt en F ir¡t 0\aroc:ter 

' ' Roset Transmlmor lntel'fUptl'onding 

' ' Er«>r Re,.t natchosl 

' ' Rotum lrom !tnorTuPI IO>amel A onfv) 

(The NULL command) has no affeet. lt's normal use i1 todo nothing 
while setting the.pointefl for 1 following byte. 

[SENO ABORTl is used only wlth the SOLC mode to generatl 1 
..,quence: of 8 to 13 ones. 

{RESET EXTERNAL/STATUS INTERRUPTS). Alteran externa! or 
5tatus interrupt Undicating a change on a modem fine ora break cOI'Idi
tion, lor example)_ the status billl of Read Register O ~ra hnched. Thls 
comm~nd rtenables them aod a!lows interrupts to oo;c;ur. The lltchi"'il 
al!ows capture of shon pulses on the inputs until sueh tima as !be CPU 
can read the chan~. 

(CHANNEL RESETJ. This commend perlorms the 13me Operation M 
an externa! reset, but only on a sin~le ehannel. The Channcl A Rewt 
al$0 resets the- interrupt prioritization logic. All control re-gisters must 
be rewritten alter this command. Alter thiHommand iswritten:lour 
extra svstem 1•1•) cloek cycles should be altow&d lor the 510 reset 
time belore any additional commands or controls are written i<tto that 
channel of !ha 510. 

(RESET RECEIVE INTERRUPT ON FIRST RECEIVE CHAR
ACTER.) 11 the INTERRUPT ONLY ON FIRST RECEIVE CHAR· 
ACTE R mode ol operation is programmed. it needs to be rcactivated 
alter each complete m•ssage is rcceived, in preparation for tht next 
message. __ 
(RESET TRANSMITTER INTERRUPT PENOING.l Th~t transmitter 
will i.-.terrupt when it beeomes cm¡>tv if thc ENABLE TRANSMIT 
INTERRUPT mode is sclected. ¡.-, those cascs"whe.-. there are no addi· 
tional characters to be sen!, issuing this command will preve.-.¡ lunher 
tr~n~itter i.-.terrupu li.e. until alter the next character has bten loaj
ed iol"to the transmiuer). 

(ERROR RESET, LATCHES.J P.1rity and overrrun errors are latchcd 
in Read Register 1 until reset with this command. llüs ~llows crron 
occurring in block transfers to be examined only at the cnd of the 
block. 

23 1 
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1 
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• . ... ' "• ~' :1:~; ~.,0,111 'INTErli..Jt'l.l ~-,,¡, c.Jmman~ (which mu~t be 
,,.,,,,,¡ir. Cha•1Mi Al is ;,w:,-.. -~¡00 b\' thu SIO in e•actly the same w~y· 
~~ it would inter¡:;ret an RETI Comm~nd on \he d~ta bus. 'i.e. it 
would reset the lnterrupt Under Scrvice laten of the internal·device 
(receiver, transmitter, etc.) under service and thui, 'by mean> of the 
daisy chain, allow lower prioritv device;"to imerrupt. The interna/ 
daiw chain may be used even in systems with no extemal daisy 
eh a in and no RE TI Command by use of lhis command, 

•. 

t::RC RESET CODEO IDsl and CRC RESET COOE liD7) 

T ogether, these bits specify three reset modes. 

ICfiC ¡:¡~,..¡ COOe 1 CRC RHOt Codt O 

• • o o Null Codelnoafle<t) 

1 ' 
, R ... t Receive C RC Checker 

1 , o AH<t T raMmit CRC G~nerotor 

• , , Ro>tt SENOING CRC/SVNC lotch 

' 
WRJTE REGISTER 
modes. 

1 contain$ the control biu for the variou5 inrerrup¡ and V<.'AIT/READY , 

• -- -
1 

o, o, o, o, o, o, o, o, 

1 
w ... 1 W/Roodv R'"'"" Rocal .. StoM Trono ... 
Fl•odY Fl"dvFNI " '"""UPI '""'"'"' Al!t<to '"'"'""' '"''"""" 

1 
Enooto WootFN "" Modo 1 ·-o Vo«or Enoblo Enobto 

EXT INT ENABLE IDo) 

e~ te mal lnterrupt Enable, allows interrupts to occur as a re;ult ol tramitions on the 15CD. 
CTI:: or S"'i"NC lirtes or B$ a resu!t of a Break Condition or tl'le beginning of sending CRC or 
sync characters. IJCU, CTS'. or 'S"7JiJ"C if not used. should be pulled up to Vcc to prevet'\1 
spurious irtterruots from ocxuring. 

TRANS INT ENABLE (01) 

Transmiuer lnterruot Enable. 
buffer becomei cmpty, - -

11 enabled, - - interrupts will occur whenever the transmitter .. 
STATUS AFHCTS VECTOR ID2I (Channel B only) 

lt this mode i$ ll!lected, thc vector returned from an interrupt .eknowledge cvcle will be 
variable accurding to the following: 

,, ,, '• . o o • e> O Tronom•t a"u"' ~-• • • , Ch B E"ornoi/Stot"' Clo""ll' 

'"' • ' • Oo. B A.ocao .. c .... ,.,., A,..¡lobloo 

• , , Ch B Soecl•l A««•o CondllOon 

' • o Oo A T.anooM 8y!lor Emt>tv , o , Ch A E>.Oornoi/Siotuo Chon¡oo ,, . 
' 

, • Ch A Roc"vo Chdt0<\0< A""•lll>lo 

' 
, , Oo A SOO<"'' 11oc:""' Condlloon . 

lf this bit Í$ O, ttle fixed vector orogrammed in the vector regiuer is retumed .. 

,, , 

" 

V 

) -
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Fl:EC INT MODE O (03), fl:EC INT MOÓE 1 (04) 

Receive lnterrupt Mode O and Receive lnterrupt Mode 1 together specily tne various char·. . . , .... -
acter avaílable conditions; . · ' · ., 

''• • 1 . '",_ . . • . ' . 
' • ' ' ·. • • • •• o, o, ' ' '· ' '" ; 

REC INT REC INT . . 
' •• . ·• MOOE MOOE 1 .MODEQ ' 

. 
' • . 

o • • R<t<liiiOt <nlorno>ll ~IIOOiod 

' • • Roo:olvo ;"'"''""' on llnl .,.,.,..,., """' ' 
' 

' ' • ln11m>PI on oll A,..l\10 Cl,.rocl.,._,ofllv ,u.,, v- ' ' 

' ' ' '"'""'P' on on R-••1 0.0<0CI«1.,.,il'/ "''"' <lool no1 al!ttt Vtttor. 
. . ' 

W/READY on R/T CDsl 

When the W/Ready line i! enabled. this bit selecu wh&ther it wil! be active when the receiver 
is empty (bit•l) or when the transmit buffer is full {bit =O). 

READY FN/WAIT FN {06 ) 

When used with the CPU as a Wait line, this bit stlould be programmed "0". '.1.1hen u sed wlth 
a DMA as a Ready line, it must be programmed "1". The ready funetion Can occur anv 
time, regardless of whether the SIO is addre$Sed or not. The Wait funetion is active only if 
the CPU attempts to read SIO datll that tlas not yet been received, as would lrequently 
occur il block transfer instructions are used with the SIO, ot tries to write data while the 
transmit buffer is stilllull. 

Also. as a Wait function, the output is open drain and oceu~ from the negative edge of 
<1•. As a Ready function, it is actively driven high and occurs from the positive edge of <l>. 

WAITIREADY ENASL (D7) 
' 

The Wait/Ready pin will remain hígh {Ready mode) or floating (Wait mode) until this bit 
is programmed to one. 

WR!TE R EGISTER 2 (Channel S i:ll'lly) 

Wríte Register 2 is the interrupt vector register and it exists only in Channel B. V4-V7 
and V o are always returned exactly as written. Yt-VJ '"' returned as written if the "Status 
Allects Vector"". Control bit is "0". 

WRITE REG1STER 3 

Write register 3 contains control bits for sorne of the receiver logic. 

o, o, 1 o, o, ,, ,, o, o, 
ACVR RCVR EntO< f1ECVA .. """" sv"" e"'' 
B";l o"'' Aulo """' '"' """'" 

,_ 11 ... ; ... 
c ... o e"" \ En•l>lot 

·~· E""'" ••• lnM>t [n>blo 

• 
RECEIVER ENABLE (Do). 

A "1 " PW\Ir<llnmcd he re allows re-ceiver operations to begin. 



• 

10 ( 

• 
;- ... ·-: .. : :.·,.-:: ......... ..• J. ·- ,. . r· , . . ,•' ' ·.. ~ ' ' 

2.t{vnc ci.'M~c.•r" ¡.,ccc<Jm~ d "'~~"~ W:ill not be io~o~<J into the receiver b~llers if this 
;:,ption ·~ ~elec1ed. Th~ CAC calcul~t•on '' not uopped by !he ~yne ch~racter be .no¡¡ itrippe-d. 

A(i<lP.ESS SEARCH MCDE ID2~ • 
,! the SDLC mode i5 selected, this mode will cause menages with addll!Ues not metching 
tne programmed address or 1he global ( 11111111) addreu to be iejii'Cted, i.e., no iMerrupU 
~..ccur unless an address ma1ch oecurs if this mode is selected. 

~ECVFI CRC ENABLE (D3) 

:>~;;e;v~r CRC Enat>le. 11 this bit is 1.1!1, a taleulation o! CRC begint (or restarts) at the nart 
,~¡ :he lost character transferred from the receive regiuer to the bllller stKk r~rdleu o! 
•h~ number of characters in the stac!<. 

ErJTER HUNT MODE 1041 

:1 character !ynchronization is Ion lor any renon, or il in SDLC mode. it is determined 
that the contents o! an incomlng m~SSollge tre not needed, Hunt moda tÍlty be reentered by 
writlng a "l"to this bit. 

AUTO ENASLES !Dsl 

• 
li this mode is selected, the ~ and m inputs are receiver and tr1nsminer enables, 
r.:spectively. 11 the mode is not s.elected, OCO and ffi are only inpua to their corres
ponding bits in Read Register O. 

RCVR BITS/CHAR t (D6t, RCVR ~lTSICHAR O (DJ} 

Theie bits together determine tha number of Jerlal racelve bits that wlll be assembled to 
lorm ·e character . 

. Th"ese bits m ay be chan¡¡ed during the tima thlt a charaeter i1 beil"l¡¡tuembled, 11 it is done 
t.elore the number ol bits currentlv programmed l1 reached. 

o' ,, " 

Roe•,.•• 8ou/Cha<><l<o 1 Rouovor e;u/Chi'OOH< O Bo!o/Ch.,.Ktor 

• .. . . 
' • ' ' • • 

' ' • 
WRITE REGISTER 4 

Write Register 4 corito iM control bits alfeetin"g both the receiver ll"ld ttDI"IYI"Iitter . 

,, o, '• . ,, ,, o, '• o, 
Clock Cl<><k s,.,. ''" .. ~ ··~ 

, ..... 
R01o lla10 ·-· ·-· ''" Blu E .. o/ ,.,,. 
' ' ' • ' ' ""' 

PARITY (Dol 

• • • 

11 this bit is ~et, ~n addillonal bit po,itlon {il"l addition to those specified in tila bin/char
acter control) is 11dd~d to transmitted data and is e!lpeeted in receive data. 

2 ,. .a 

• • '-' 

21 
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' ... - r .• 
PARITV EVEN/000 (01) .27 ?1 

~ . ..- .... 
11 pariry is specified, ttlis bit determif'lttSwhether it is ~ent or checked as even or odd parity. 

' 
STOP BITS O ID2L STOP BITS 1 {OJ) 

These bits determine the number of stop' bits added to each awnchrOI'Ious character llllflt. 
The receiver always checks for one stop bit. 

The speciat {00) mode is u sed to signify thata synchronous modl! ino be selected. 

o, o, 
S!OP 8"1 1 StoP'"' O 

o o sv .. Modoo 
o ' t Stop a;, Po< e~ ..... ,., 

' o 1% Slop Soto Pu Ch""""' 

' ' < Sto Bm P"' e"'' .. '"' 

SYNC MODES O !D4), SYNC MODES !Dsl 

These select the various options lor character synchronlzation: 

Sync Modo 1 Syn< Mo"' O 
o o a ... , P'OD<"'"""'d , ... 
o ' 16-1><1 P•--d IYn< 

' o SOLC Modo 10111 1 110 ,. .. ""''*'~¡ 

' ' éollmorSvn< M-

CLOCK RATEO IDsl. CLOCK RATE 1 (0]1 

Spedlies the multiplier between el oc k and data rates. For svnchronous modes X 1 must be 
specified. Ar.y rate may be speeified for the a~r.chronous modes. The $ame multiplier i1 
used for both the receiver ar.d trar.smiuer. 

!r. all modes. the system clock (•~) mun be at lean 4.5 X the data rate. 11 the Xl dock rate 
1 d b"t h f 1 b l"shed 1 11 rs r;e eete 

' ' S)o'nC ror.oza ron mui e accom~~: r e~ ernl ,. 
C<<><k Rolo t croe• Ro" o 

o o Oooo Roto X 1 • C<o<k Ro" 
o ' l)oro Ro" ><15 • croe• Row 

' o Duo "•" ~11 • C<•• Roto 

' ' Doro"'" ~1' • croe• Roto 

WfiiTE REGISTE A 5 

Write f'l"9ister 5 cor.tains m11stly control bits affeeting the trar.smitter. 

o, o, o, o, o, o, o, .... 
¡,..,., .. r,. • ...,, y, • .,.,..;, 

8oul B"o/ "M y, •• .,..., SIILCJ '"' "" <~O c .... , B•••• Enol>lo CRC16 'n ··-
TRANSMIT CRC ENABLE lDol 

" 
This bit determines whethcr CRC"is to be calculat~d or. ar.y r:rarticular scn<.l character. 
lf set nt tlw trme of lo,Hiin~ the rlr~racter from the 1/~r.smit buffer to the trar.smit shift 
regi•ter. C:RC will be c~lculm"d on the ch~rocter. CRC will not b~ automatically semi unless 
this bit" >el whrm th~ IJ¡Hr<rnitrcr is com¡>letcly empty. 



,.,.;_,n., , •.. .,.. ... ' ,, 

.?Ja.,,, :u >••,,;; :~., l'O"li:JI 011 for the RTS ¡::in. Wt1en thu "rü"S bit í:; set, the RTS 
,;col octive (low). Wh~n th~ bll i:; 1eset {to 0), the kTS pin will ¡¡o inactivit {high) only 
otter lhe transmitter is cmrnv. • 
!..G""""L"C/CRC16 (02) 

l"his bit wlects the CRC cede used by both the tranimitter and th• receiver. When reset, the' 
.';'."llC oolynomial x16-+ xt2-+ x:> .j. 1 is used. {In SOLC moda, the regiuers are presetto 
'-,u l's'" anda s.oecial check sequence is used.) When set. the CRC-16 polynomiil x16 + 
~:15-+ X2_-+ 1 is us.ed, and the CRC registersare reset to "•11 O's", ' 

,.l-IANSMIT ENABLE ID3l 

:}Jta will not be transmilled and the TxO p•"n wlll be held marking lhigh) until this bit is 
~t. O~t~ or Sy~:c tharacters in the proc:ess of being transniiued wllt be completel{sent it 
1he transmit •noble bit is reset alter tran~mi$>ion has started: CfiC chlfatte~ will not be 
rompletelv sent if thv tran•mitter is disabled dÚring the :oending of • CRC charactú. 

'.",lhcn set, this bit d:rectly !orces the TxO pin spacing, rag.ardl<!$s of any data being trans-
mitted, Wl1en re:oet, the TxO pin is released. • ' 

TRANSMIT BtTSICHAR O !Os). TRANSMIT BITS/CHAR 1 ID&) 

T~ese bits together control the number of bits that will bll sent from each byte transferred 
to the tran.smit buffer, 

Bi~ to be sent are assumed to be right justified. Lo~ order bits iD()) are sent fi~t. The 
"'5 or let<;"' mode allows transmission of 1 to 5 bits in~ character. 

o, o,. o, o, o, o, o, o, 

, , , , o o o o ................. 
' ' ' o o o o o ,._ ,_ ..... 
' ' o o o o o o ~- ·~- "'" 
' o o o o o o o _,_,,,, 
o o o o o o o o So- ......... 

OTR (07) 

Data Tcw•in111 f1cady i1 the control b;¡ for the""'i5TR pin. When set, OTR i$ active (low), 
Whcn resct 101 OTA is inactive (high). 

23 
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•' . 
WRITE REGISTER 6 oc 
This register contains the first 8 bits of a BiSyne sequ~tnce. lt must be programmed with 
the check address {if uS!ld) in SDLC mode, and mun contain the sync charac.ter in the8-bit 
¡ync mode lt is not used in the e~ternal sync mode 

' ' ' 
,, " ' ' ' 

29 

' 
SYN7 SVNG SVNS SYN. 

"' "' 
.,, 

"' 
SYN) ,v...~ 

"' "' 
sv .. , 

"' 
SYNO 

"' 
MONOOR Bl SYNC MO:! 
SDlCNOO! 

WRITE REGISTE A 7 

This register contains the second byte of a 16-bit svnchroniutlon sequence, or the 8-bit 
sync character. For SDLC mode, it must be programmed to 01111110. lt is not used in 
the external svnc mode 

'• '• '• '• ,, ,, ,, '• 
SYNlS S Y N lO SVNll SYN12 S YNI 1 SYNIO "~ SVNB 

' ' ' ' ' ' ' ' 
READ REGISTE A O 

This is the regiuer read if the register poin¡en are {000) 

'• '• '• '• ., ,, ,, ' '• '' 

S.>do ... T'""""" ·-· 11••••1 CRC/ Syoc/ s .. u .. t~to""PI CJ>M ..... ·-· s .... "' """' ~' b ..... -~~ .... -
~ECEIVE CHARACTER AVAILABLE IOol 

This bit is set when at lcHt one charac:tl!r is available in the re<:eive butfe<1. 

INTERRUPT PENOING I01l (Channel Aonlyl 

01 SYNCMOQ~ 
SDLCMODE 

Any interrupt condition present in the entire SIO will QUA thit. bit to be set. but it is 
present only in Channel A anct is always O in Channel B. · 

TRANSMIT BUFFER EMPTY (02) 

The Transmit Buller Empw bit Íi set whenever the transmlt buffer ls empty, exeept when 
a e RC character is being sent in"' synchronous modt. 

Shows the state of the Da) pi o at the time ol the last cllangct of anv of the five External/ 
Status bits. (OCO, CTS, SYNC/HUNT, BAEAK/ABOAT or SENDING CRC{SYNC.) To gel 
the curren! S!dle of the DCO pin, this bit must be re~d immediately following a RESET 
EXTERNAL/ST A TUS INTEARUPT command. (Command 2.) 

Sn!C/HUNT 1041 

In asynchronou~ onode~. this bit is similar to thc DCD and the CTS bits, except that it 
shows !he statc ol the SVNl:: Pin. In svnchronous modes, this bit is rcset when character 
wnchronization is nchievc¡.t and is se! by wroting the ENTER HUNT MODE bit. Unlike the 
exteroal pío, the hll rem~ios reset until ~~by lh~ ENTER HUNT MODE bit. 

CTS !05) 

This bol is simil~r to tht DCD bit, exccpt thal it showl the statc of thc C'fS pin. 



• 

----

•t ~u . J l' 
"'~ ' " - .. . - . ln ~,1.,,~: 1 .-!'l.1 ,_,,, ;:,~<'·es ;¡,,, :.,, ., s~: "hm a [¡•eo' ''-' uct~ctPd. A,~, tlle ioputs have 

> .--,.. rL•tmoo:~" tU, ch., HSSC~- [J\T~ FiNhUST A TUS t~JTE F: RUI-'TS com.n1dnd, Cor'omand 
::1 tne bit will .b~ re;et wheo the break stops. 11 EXTERNAL STATUS interrupn-are 
, r:oi..leo, the~e i:hJnges ol stJte cause ioterrupts. In SDLC modo!, this bit is set by the detec• _ 
tion of Jrl abort sequence (7 or more 1's). lt is not used in other synctíronous,modes; 

., 
SCNDING CRC/SYNCS (06) ' 

,, 
t:-, ,ynchocmous modcs: CAC is automatically sen! when uie transmitter ;; empty for the 
lor~! time in a message. lnterrupts are generated (if eoabled) when this bit is set,,but not 
w·:cn rese:. 11 this bit is set and the TRANSMIT BUFFER EMPTY bit is not se!, then the 
C.:·~ character is being s'ent. TRANSMIT BUFFER EMPTY and SENOING CRC/SYNC 
:.::. ¡f, set imply that SY N C characters are being $11nt. · ·'· 

RFAO REGISTER 1 

• 
This register is read when the register pointers are (001). The pointers automatically re$11! 
tn (000) alter a read from' this register. 

' - ' ' ' ' 

r ' 
' 

o, '• '• '• ,, ,, '• ' 
. ,, 

-

1 
·~ndO! CRC/ Roeo•"'' ··- ... ..,, .. O..rron Poruv RuiOuo R01i<ll>o Roskloo· 

' 

' ' ' 
i oSncCI Error Error ~""' 

_, .... ·-· AU Sont 

ALL SENT (Do)-

In asynchronous modes, this bit is set when all ch~r~eters have oompletely cleared the 
transmitter. Tr~nsitions of this bit do not cau$11 interrupts. tt is always set in synchronous 
modes.' 

RESIDUE CODEO !D1l -. RES1DUE COOE 2 (DJ) 

These three bits iodicate the length of the J-field in the SOLC mode in thosa cases where 
the !·field is notan integral multiple of the character length u$11d. Only on the transfer on 
wh•ch the' END OF FRAME (SOLC) bit is $111 do these codes have meaning. 

Fur a receover settmg of eight bits per character, the codes signify the following: 
' 

-1-- ·- . - --- - 1-Fol'd- I·Fiold . 
In P'""""' In So<010d 

R"idoo """" 2 Ro.,dolo Codo 1 Ro10d01 Codo 0 ev .. P<Ovo<MJI Bvto 

' 
1 ' 

- • ' • - • ' 
1 • ' • • • 

' ' • • • 
1 

• 1 • ' • • 
' • ' • ' 

l 
, ' ' 

,, • ¡ 
' ' ' ' • 
' • • ' • 

'J-fiCid bits are right-justified in all cases. 

' lf a ~eceive char~cter length different from eight bits is used for the 1-field, atable similar 
to the above may ba constructed for uch difieren! character length. For no resodue, i.e., 
the last_character boundary coincides with the boundary o! the f·Field and CRC Field, 
the Residuc Code will Jlways he: 

A"i<loJo cC,,., 1 

• 1 



PARITY ERROR ID4) 
. . 

When paritv is enab!ed, this bit is 5et for those characte~ whose parity does not match 
the sense programmed, The bit is latched so lhat once an error occu~. !ha bit remains set 
untilthe ERROR RESET COMMANO, Command 6, lssi~. . ' ' 

• 
RECEIVER OVERRU~l ERROR (05) 

This ir~dicatcs th~t more tharl four charac:tel'3 have been received without a read from !he 
CPU. Or~ly the character that has been written over is flagged wlih thís error, bu 1 wher1 this 
character is read, the error condition is·latched until reset by the ERROR RESET 
COMMAND, Commar.d 6. tf STATUS AFFECTS VECTOR bit ls enabled, the character 
that has been overrur1 will ir~terrupt with the SPECIAL RECEIVE CONDITION vector, 

CRC/FRAMJNG ERROR (Da) 

lf a framiliQ error occurs (irl awnchronous modes), this bit is set (and not tatched) only 
for the character on which it occurred, Detection of a framing error adds an additional 
V. bit time to the character time so that the fram'mg error wHI not also be interpreted as 
a new start bit. In svrn:hror~ous modes. this bit indieates the rewh of comparing the CRC 
checker to the appropriata check value. 

END OF FRAME (SOLC) ID7l 

In SOLC mode, .this bit indicates that a va!íd ending flag has been receillftd and thlt the 
CRC error ar.d residuo codes are v1lid. 

READ REGISTE A 2 {Char.nel B Only) 

This register cor~tains tl>o ínterrupt vector as written into Write'Regi«er 2 il !he sTATUS 
AFFECTS VECTOR control bit is not ~t. 11 that control bit is set, it contair~sthe interrupt 
vector ~s it would be returned were an ir~terrupt from the SIO to be processed exactly 
at the t•me of the read, lf r10 interrupts are per~ding, V3 =O, V2 3 1, V1 • 1 and other 
bíu are as programmed. The register may be read only through Channel B . 

. ,, '• '• '• ,, ,, o, '• 
"• "• "• "• . , • ., • '• • "• . 

•V 1, '"2· ond V3 a<o "'""'' JI STA TUS AFHCTS HCTOR modO >0 '"""'"" 

31! 

4.5 ZSO·SIO COMMAND STRUCTURE 

~ "' " 

r:l· • • coc 1 

·~· ~· -· ~· • • • 
• • • ~· coco 

~· ~· -· • • • -
o • ..... ,_ S~NOI"'I> m 'y""'-' ........ 

·~··- o .c ... ··~ i • COC"Y"" ~ ....... ICM ,_,, 

¡.-¡. . " • . • COCI ~ eto< • 
·~· -· -· • • • 

' o ""'"'o"'~ .... ,,_o.,• ,. .. ,UhoNT OoiNT ..... o1 

~····-· 
''"",.,,.,V f,,_1fN ....... ~ ' !DO ....... ' ' 

• • • E"'l ~•h·•"o 
oc··~'"'"" 

"" ' """""" ..... ........ - • .. c..o.. On e~,. o . .. ._ . "" •.. , ' 

" 1 



:~"{"L> ' 
1 ' 1 ' • ene 1 coc ' ~ .. ~ .. ~ .. • ' • ' . -../ 

' ' • ~ .. •• .. ~ .. .. .. 
--

' • ' .. .. .. .. ~ .. .. .. 
-·- . 

o ' • • CRC 1 ORCO -· ~ .. -· • ' ' 
' • • ...... !C .... 1 "'""~c....n ..... - ..... -- """""'" -- ·-LO 1~" 

..... --
¡ ' ¡ 1 ' • =· • CROO -· ~ .. -· ' • • 

' ' • """" ··~ 1 -· ·-· .... -1 ........... '-"~1 
_ ..... • ... ;, ... ot<kld ..... 

. -.. - . 
~-¡ 1 ' • CRC 1 ORCO _, _, _, 

' • ' 
' ' • "" .... .....,...., ''"'"""'"o .. ....... ..... ~C11 "" ····~ '" -

8 
. . - . 

' ' • c•c 1 ~" -· ~·· -· ' ' • 
" ' • $YHC/10LC 1 ><HCISOLCI IYHC/OOLC S ............ c • IYNctiDLC3 OVNCIIO<.C 1 IVHC/00\.C 1 IYHC/ICLCO 

r.l· ' • <•e 1 -" -· ~ .. _, 
' ' ' 

' .. ' • ''""'""""" "'1oCIUILC " IT10CIIDLC ll STNC/lCU: ,. .. HCISO<.C 11 
""""'''"" 10 

.. " <ISOI. e ' """""'"' 
-, 

' 
4.6 PROGRAMMING EXAMPLE 

j 

A 11/pical start-up routine loUowing an interna! or e:<temal re~oet, would be 31 follow1: 

t>1A CiD '" '• ,, ,, '• ,, ,, '• ,, COMMENTS 

' ' ' ' ' ' ' ' ' Pcinter 111 te flegister 28 

'• ,, ,, '• ,, ,, '• ,, ln!Orrupt Voe!or looded 

' ' ' ' ' ' ' ' ' Poinlor Hile Writo Rog'""' 4B 

' ' ' ' ' ' E .. n P""V, 1 IICP bit, }( 16 e loe k ~ovnchrc· 
r>CUS modo ,.II'C,e<l 

' ' ' ' ' ' ' ' ' Poinl<r '" 10 W"'" Regoner 58 /J 
' ' ' ' ' ' ' ' ' 7 biU/tronomit char;octer, uansmilter 

' ' ' ' ' ' ' ' ' Pcint<r 111 \O Wrno Req"'"' 38 

' ' ' ' ' ' ' ' ' ' bito/reeoi•• charaet•r, '" ''" '" enabl~ Re.;elvor and Tran•m•!l<', R~coi._, 

<!MUI<<I 

' ' ' ' ' ' ' Pcintlr oet tO Regiuer 18 

' ' ' ' ' ' ' ' lntouupt en evory dlarOCIOf, ""'~' ollocu 
VectOl ""'•rnal/nan" ;,.,err~p\0 enohiO'd 

Channcl 8 is now 5etup to send and recei~e asynchronous data. 

Hup fo1 Channel A follows: 
~ 

' ' o ' ' ' ' ' ' ' Poin1tr U! te W"to Rogi><er 4A 

' ' ' ' ' ' ' ' SDLC modo •11<1 X 1 clock oolecto<l, no ~"'V 

21 

1 



Programming Exampte' 

\... •fA OJO " ., ., '• '• ., ., ., '• COMMENTS 

' ' ' ' ' ' " ' ' ' Poinwr ., to Writt ReGiste~ &A, Aem 
Recei-.. CRC O..Chr 

' ' .,, "• "• "• .,, A!>2 .,, ADo SDI.C m&.,a\10 addre11 entored ·• 

' ' ' ' ' ' ' " ' ' t Pointer set to Wrlto Regisref 7A, Re'"t 
mil CRC ge~rotor 

' ' ' ' ' ' ' ' ' ' ' SOI.C F!og enterod 

' ' ' ' ' ' ' ' " " ' Pointer sello Regist11 lA 
• ' ' ' ' ' ' ' ' ' lnllrrupt ... ,., cllaroc:ttr, status affocu 

vect"', uternal/ot~tuo inltrrupts enabled 

' ' ' ' • ' ' ' " Pointoor U"l. to Writo ROQiottr 5A, R ... t 
E~ternai/Stotuo ln\OrrupU 

' ' ' ' " ' •• " " SDlC CRC Co~ s.oiKted, 8 bitoftransm" 
e~aracter, CRC ond tronomlttor enobled 

" ' " ' " " ' " ' ' Pointer se¡·'" Writl RogiUer 3A 

" ' ' " " ' bitsfrecoive clltrKtlr, '" '"' m 
enoble recei••r and nenomitter, reeei•er is 
enabled, "o .. archol •• Ptogrammod 
•dc!•eos. 

Channel A is now progrirmmed for SDlC transfeB. 

' " o o o o o o o o Add..,s byte to be sent by O.. A 

" " ' o o o ' o o o ' Addreu or conuot bvte ro blscnt by Ch 

" ' ' ' ' " " " " " Reset SENOING CRCISYNC 
POinter to re.¡¡i01or O, oa CRC con be auto· 
maticoll~ sMI otond ol "'"'0.000· 

" 



INTERRUPT ACKNOWLEDGE CVCLE 

Sometime after an internJpt is requested bv the S lO, the CPU will send out an inter11.1PI 
acknowtedge lUí and rnml.l During thistime, the ioterruptlogic of the SIO will d~terml~e 
the highest prioritv fun<:tion which is requesting In interrupt. To lnsure that the da1sy cham 
enable tines stabilile, channets are inhibitcd lrom changing their intern.Jf}t request status 
wt1en M1 is active (low). ¡¡ the StO is the highest priority device reque~an inter~pt, 
the SIO wlll place ¡he appropriate lnterrupt vector on the data bus when lORO 900'1 actiVe. 

-- -
'" 

RETURN FROM 1 

11 a l80 peripheral device ha1 no interrupt pending and is not under service, !hen its lEO• 
IEI. 11 it has an interrup¡ ullder service (i.e. it ha, alrelldy interrupted artd received an 
interrupt acknowledge) then its lEO is aiWl!VS low. inhibiting lower pri<Jrity chip-s from 
interrupting. rt it has an interrupt pending wt1ich has not yet been acknowledged, rEO 
will be low unless an "EO" is decoded as the first byte of a two bvte opcode. In this case, · 
lEO will go high until the neKI opcode bvte is decoded, whereupon it will i>ga~Ín go low. 
11 the $etond byte ot the opcode was a "40" then the opcode was an RETI instn.~ction. 

' Alteran "EO" opcode is decoded, only the peril)heral device wllich has interrupted and is 
currently under seNice will h,..e its IEI high and its fEO low. This device is the highest 
prioritv dwlce in ¡he naisy chain wt1ich has received an intern.Jpt ocknowledge. Al! other 
periploerals have IE!•IEO. 11 the neKt opcode bvte decoded is "40'", thisperipheral"device 
will re~·~t its " intcrrupt und~! sel"\lice" condition. • 

Wait cycles are ~llowed in the Mi cvcles. 

Oo-D7-------------(~·~,~~-----------------(=•~o~)----------------------
-- -- .. 

'" ' -------' 
"o 



-......... . 

~•o.rTE CYCLE 

lilustratet! here is tt>c timin') assoc•~ted with a data or eontrol byte bein11 wrinen into the 
~_;ro. ZBO output instruction~ ~ati••v this timing. 

"=====xc=='~"~A~·~·~·~"~'~'~'~'~"~=x~-----

m:--------------------------------

OATA---------------~'------''C' ______ _r'--------

• 
READ CYCLE 

The tio'ling associated with re~ding data ora status register within the S lO is illustrated 
here, ~~O Input instructior~s ~atistv this timing. 

-

• _ _j 

" ---

DATA ----------------<~O~U~·~:>------

1 

29 
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35. 

}¡·,· ~ ~ , ,.-.;' ,. 10 ;, .. -:• •:." ·• . :•,;;:~a• "•!I~J Lnternopt scc:ucnco wldch may oeeur in th~ SI O . 
. ~ ,•,,:~m ;.,;,, ·~"~'": p~riphe•ol chips, the oth~r cilop; mny be included in thedai!>y chain 

-.. :th eoth~r ~igrter or low~r prioritV !llar> theSIO channels. ' · 

' :n ttlls .requence, the transmitter of.Channel B interrupts and is granted service. White it is 
b•:ing':;Crviced, an external/status interrupt from Channel A oeeurs and is granted.service. 
The serviee routine lor the Channel A. iroterrupt is completed 1nd ehher the AETI in
<'noction is I!Kecuted or the RE TI command is written into the SIC 10 indicated to C!'l~nnel 
;, that the e K tern~l/status interrupt routine is complete. A t this time, the service routine ~or 
tl•e Chanr.el B tr~n5tTiitter is resumed. When this routlne is completed, another A_ET! in· 
~- -,,c!ion is "xeeuted to complete the $<!N ice. 

OiANNEL A 
HECEIVEII 

CHANNEL A CHANNEL A 
TflANSMITTER EXTERNALf 

STATUS 

CHANNEL 8 
RECEIVER 

CHANNEL 8 CHANNEL B 
TRANSMITTER EXTEflNAL/ 

STATUS 

., 1 "' ~· ·L 

• 

" 
lEO ¡ Hi 

! 

"' i fli 
!El lEO 

"' "' IEI lEO IEI lEO 

"' "' IEI lEO 1[1 lEO 

") _ C~annel B'f lronsmo!1tr onll!rrupts lnd Ól K~nowladgA<l, 

UNDER SERVICE 

"' "' "' IEI reo 1[1 lEO !El lEO 

UNOER SERVICE 

"' Co .. 
~ IEI lEO IEI lEO '" "0 

SERVICE SUSPEI\'OEO 

1 -lEO 1 "'. "' l'E~ "' "o 
1 - • 

Co 
tE! lEO 1[1 lEO "' '" "0 - ~ 

' 

~ :--L.:J-- -
3_ [>te•n•I/SUuuo el C~onnel A onternrPII IUitotndin~ u!rvi"" el ChJnnel B tron1miUer .\ 

1 

SERVICE COMPLETE 
\ 

SERVICE RESUMED 
' 

' "' "' -"'- "' Co ' re1 reo IEI lEO IEI lEO '" "o IEI lEO '" "o 1 ' - ' 4. r,,,n.,~l A E "'"rnai/Statuo routone complote, R ET 1 IJIUed, Chennel B lrlnlmitNt U!tvice re•~•ned. 

' \ 
\ 

SERVICE COMPLETE • 
'" "' "' "' "' "' ' ' IEI lEO IEI lEO IEI lEO IEI lEO IEI lEO . IEI 110 

5. Ch•nnel B tronsm•Uo_r'o ,.,.,,. '""uno complote, , .. <>nd R ETI ;11ufd. 

• 

~ 

" 



7.0 ABSOLUTE MAXIMUM RATINGS• 

Voltage on nny pin relative to GNO ....•.•.•.•.•..••••.••.•..••..•• -O.JV to +7V 
Qperatin\1 T ~mncrnture (Amblen\) T A •.•.•.••••••••.••••.•.••..•.•..• O" C to 70" e 
S10rage To•mpcrature. Cero1mic (Ambient) .•..•.••••....•..••• , .••. -65'C to +lsO•c . . ~ . . 
Stori!!)e TPmpernture- Plusuc {Amblent) •..•.•.. ,,,, •....• , ••.•••• -55 C lO +125 e 
Power Dis~ipJtion •...•...••.•.•...•.•.•.•... , , ; •.••.••••.• , • , .•.•••.• 1.5W 

•eo ...... , 

SI,.OOOO """"' , .. ~ .. <i>1t<l unOOo ""AbiOiuiO "'"""'""' f'l•olng"" ""'" ,.., .. 00"" ..... "' di"''OO 10 '"' """"'" Th" •1 o 
.,, • ., '"'"'' onlv anU luno:~oon"' op""''"" of oho <lo"OI •f '"''" or onv Olho• '""~"'"" '"""' ltl0'" ond,.OI<CI "' •"• 
oOO<OiiOnal ~·<loono of '"" ..,..,,f.,oooon •• nol omploo~. Eopoou" 10 •""'k>tt "'"'""""' """~ <<>ndoloOOt lo• 0o10n~t<1 

pouo<lo "'-'V '""'' <Ir•«• "'''"''"". 

7.1 D.C. CHARACTERISTICS 

T A~ o· e to 70"e. Vec ~ SV ± 5'!6 unlenotherwisesoecilied. 

Symbol 

Cloc~ 1 

' 

' 

, .. 

7.2 CA?ACITANCE 

·----
Sv.- ~ ,,, 
·;,¡. 

e!~·· 
e, ' .. 

1 p,,,,., •• 
1 Clock C•paclta<H:e 

1 

lnwt Capa<otao"ICf 
Output C..~aciunce 

Mox. 

" ' " 

M ... 

U~11 Te11 Condit>on 

•• Unmuoured Pmo 

•• Returned to Ground 

•• 

3'7 

PRELIMINARV 
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-
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• 

:!4 

TEST POIIVT 

FROM OUTPUT >---r--+---~'~':·~_:_JR1 • 2.111:0 
UNCER TEST 

-

\ 
': 

• 



A. C. TIMING DtAGRAM 
Figuro 7.4 
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A. C. CHARACTERISTICS PFIEL!M!NARV 

Fo9uoe7.5 
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9.0 OAOEAING INFORMATION 

PARTNO. 

\,._., MKJB84N zeo. s•o1o 
MK3884P ZBO · 510/0 
MK3884N-10 ZBO • 510/0 

' MK388SP ZSO • 510/1· 
MK388SN-10 180-510/1 

MK3885P 4 

PACKAGE TVPE MAX CLOCK FREQUENCY TEMPERATURE RANGE 

Plillie 
Ceramic 
Pli!Stic 

2.5MHz ., o"C tO + 1rt'C 
2.5MHz O"C to +-70"C 
2.5MHz 40"C 10 +65"C 

~----t-----2 f--~ 

2.5MHz 

~"'----+---2-SMHzf-----j 
Ceramic 4MHz O"C to +70'C 

NOTE: See Seetion 2.2 for explanation of the diffo:ranees between tfle MK3884 and MK3885 

• 

-- . --

·--

• 
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1. lNTRODUCCION 

. ' " 

Muchos diseñadores deciden incorporar los microprocesadores a sus 

proyectos debido a su reducida complejidad funcional y bajo precio. 

Sin embargo, los mayores problemas vendrán duro!lnte la programo!lción 

del microprocesador, por lo que no es raro ver proyectos realiza-

dos alrededor de un microprocesador de 30 d6lares y que ha requeri 

do inversiones de hasta 70,000 d6lares de software, 

• 
Para desarrollar un sistema que incluya microprocesador se necesl-

tará por lo menos una persona del área de electrónica y otra del -

área .de programación. Una razón fundamental es que habrá que deci-

dir la distribución de funciones entre hardware y software. De una 

forma general, cuantas más funciones se hagan descansar sobre el -

software, más flexibilidad de uso y posibilidades de cambio en su 

diseño tendrá el sistema, tanto en la fase de desarrollo como du-

rante su funcionamiento. Es razonable pasar funciones a hardware -

• cuando el microprocesador sea incapaz de realizarlas, bien por su 

estructura interna o ~r su limitada capacidad de proceso. 

El más elemental ingrediente de software y a veces el Onico con el 

que tiene quu enfrentarse el diseñador de un sistema que incluye -

un microprocesador, es el lenguaje de programación. Un microproce-

sador realiza las acciones que le esoecifica un programa. Un pro-

grama está formado por una secuencia de instrucciones. Una instruc 

ci6n es una secuencia de bits que tiene un significado para la uni 

dad de control del microprocesador. 
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El conjunto de instrucc~ones válidas para un microprocesador es lo 

que se denomina su lenguaJe do m:lquina. Programar e" lenguaje de m~ 

quina supone escribir secuencias de ndme+oS en binario que son di-

rectamente descodificables por.los-circuitos de la unidad de con-

trol o interpretables por los microprogramas de la memoria de. con-

'trol·. Son .v<Jr ius las di fi cultddes ·que. se plantean al'·programar di-

·'rectamente en lenguaje de-máquina, entre;otras tenemos: 

. . ' ' 1'. Los de recordil.r en bini!rio. 

La codificaci6n es lenta y dificil por los ndmeros en binario . 

• 
2. L<>S direcciones de los operandos de las instrucciones son dif! 

J. 

ciles de recordar. Muchas instrucciones contienen direcciones 

relativas y a la hora de corregir presentan gran dificultad e~ 

pecialmente cuando hay que insertar o suprimir ~nstruccioncs . 

'si se corlsidera qu'e el • 
provrama no funcionar<'~ a lo primera 

. - . . . . ' prueba··es. d 1 f !ci l' ·seguir ~las ejecuCiones de prueba a trav~s de 

-direcci"oñeS en ,binil.rio.- -· • • 
• -;:~+·-·-.:. . . • . . 

4, -El lengUa jf! de r.t~quina es el- que~-produce~- mayor grado 
~ .. de incom-

• 
patibilldad entre orogramas. Un orogr<·~•a escrito en lenguaje 

de m.1qu~na sólo :Ju.:.de SE"J; tr;,sladado a ot.~;o microprocesador 

igual al prime~;o. 

5. Al cabo de u'n c~.e~;to tiempo un p~;ograma en hmguaje de máquina 

es impos1ble de entender hasta por su propio autor. 

La programdción en lenyuaje de mliquir.a pUede 

\ rarse utilizando una mo,tndologrd adecuada, 
' \ 

• 1 
' 

--
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El an~lisis previo, la confección de diagramas de flujo, el escri

bir previamente el programa en algün lenguaje simb6lico, el confec 

cionar tablas de sfmbolos y el empleo del sistema octal o hexadeci 

mal ?Ued~n constituir una buena ayuda, 

La autornati2aci6n de estas ayudas a la programación se concreta en 

la utilización de los lenguajes ensambladores. Se debe hacer notar 

que con el nombre de ensamblador se conocen dos cosas muy distin-

tas. Se llama ensamblador,a un lenguaje simbólico en que se pueden 

escribir prOgramas para un microprocesador y también recibe el mis 

mo nombre el programa traductor.encargado de convertir los progra-

mas escritos en lenguaje simbólico en programas objeto en lenguaje 

de m~quina. son tres las grandes ayudas que proporciona el ensam-

blador al programador; le permite utilizar nemónicos para designar 

operaciones; nombres para designar direcciones y para especificar 

datos (constantes). 

La distancia que separa los lenguajes de alto nivel del ensambla-

Cor es mucho mayor que la que separa a·~ste del lenguaje de ~áqui-

n<~. Al pas<~r a progr<~mar en lenguaje de alto nivel pasamos a mane-

Jar·no ya nuestro microprocesador, con su estructura de registros, 

<~cumuladores, stacks ypuertos sino un procesador de estructura dis 

tinta, concebido no para ser realizado f!sicamente, sino para adaE 

tarse a ld solución de problemas planteados. 

Es necesario programas-traductores bastante complejos, llamados 

compiladores, para generar programas en código de m.'!iquina a ·¡,;;¡rtir 

de scntcn<:ias en lenguaje de alto nivel. 
En la elecci6n de un microprocesador, casi más importante que su 

arquitectura o velocidad de. trabajo es la de un buen ensamblador 

y jo compilador. El presente trabaJO da una idea de las facilidades 

que a nivel de microprocesadores existen, ~rincipalmente en lo re-

;,, ... ,_,·,, 
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!l. LENGUAJE ENSAMBLADOR 

El lP.nguaje ensamblador es una herr;;¡nlJ.Cnta de software básica. l!<l.y 

-los tipo" .,genenllcs de. :_>rogr"'"""' on,;.:tmbladores y están disponibles 

para microcomputadores: cros~-assemblcr y self-assembler. cualquier 

microprocesador ahora producido tiene uno o m<I.S programas crosss-
• 

assembler. Comunmente el fe~bncantc dr.: chips escribe un cross-asse~ 
·-

bler antes de que el microprocesado¡· esté f!sicamente disponible. 

Cross-asseiubler son ·papulare"S'"pOI-qu"e muchas ·microcom;mtadoras. no·--

fueron configuradas ~ara manejar cvnvenicntemente operaciones de 

ensamblador, mientras qué las computadoras grandes equipadas con 

más impresoras adecuadas ·y m.1s espacio de memoria, ofrecen al í)ro-

grama<lor mucha~ convuniem::ia,;. El crn,;s-ussemblet" está· pt"eparaclo -

~>ara func~onar noLru ott"a m.:'iquiJM, "llr'lordcnadot" y ordenador, as1 

como cross-assemblor, el sclf-asscmblcr está escrito con un sista-

ma de computac;6n definido en rne1o::e. 

La operación de un self-asserr.bler es <'lltamentP. dep:::ndiente del 

equipo de entrada y salida qc:e rodea <~1 microprocesador. Este sis-

tema de dependenci¡; espec1fica ;""-'de algu. lS veces causar proble-

mas. 

Varias ele l'"s c<>ract•~r.fsticas <J,• ""!.O"'mblLJdores son ¡>atencialmmlte 

ensnmbl<~dorB,; rel•Jt;alc;,:LJblcs pcrmit"'n que las locdliC.ades de mt•mo-

ria UCJl proyr-ama de lcrv;¡UtlJ" tlc m.~quina ~can transparentes para e_l 

usuario. Alge~nos ,,nsambladores-conocülos como ensambladores absolu 

tos-siempr·-' comic:nzan a dlmacenar e;. pcograma de lenguaje de má::¡u~-

• 



' 
na en la misma localidad fija de memoria¡ otros of~ecen varia• al

ternativas empezando localizaciones y permiten algunas limitacio

nes de ligado de programas segmentados en diferentes localizacio

nes. 

Una característica de ensamblado condicional está disponible con -

algunos programas de ensamblador. Esto permite al usuario 'decidir 

cual de las varias secciones del programa será ensamblada y a en

contrar el orden más eficiente para ensamblar. 

La capacidad de macros en un programa ensamblador permite al usua

rio usar una sola instrucci6n del lenguaje ensamblador para llamar 

a una· secuencia específica de instrucciones del lenguaje de mgqui

na. Esta puede ser una muy fuerte herramienta cuando ciertas se

cuencias son repetidas durante un mismo programa • 

• 
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III. LENGUAJES DE ALTO NIVEL 

La utili~aci6n de un lenguaje de ~lto nivel reduce los costos de -

programación, incrementa la habilidad del software producido y si~ 

plifica el mantenimiento y documentación de los programas si lo 

comparamos con la utilizaci6n de lenguajes de bajo nivel (~quina 

o ensambludor). Como contrapal·tida, la utilización de lenguajes de 

alto.nivel supone la utilización de voldmenes de memoria que son-

desde un 10 a un 100% mayores que- los que necesitaría un programa . ' : - . . 
equivalente en.ensamblador. 

Algunas ventajas innegables de los lengUajes de alto nivel son: 

l. Fiabilidad de los programas. Los lenguajes escritos en algdn 

lenguaje de alto nivel son mucho más compactos. Se entiende mu 

cho más fácilmente, lo que hace cada sentencia o grupo de sen-

~P.ncias. 

2. Rapidez de puesta a punto, La velocidad de codificación para 

• 

J. 

un programador viene a ser de unas 100. instrucciones por d!a 

(contando tiempos de preparación, de:>uraci6n", etc.). Esta velo 

cid~ad es i-nd~p¡;ñdien-t"e'-·del lengua"je. co!ñO\¡n mismo programa es· 

crito en un lenguaje de alto nivel puede tener diez veces me-

nos l!nes que uno en ensamblador, el·aumento de velocidad es-

considerable. 

La vida media de los lenguajes del alto nivel sobre los ensam-

1 
bladore!l es otra de las grandes ventajas. Mientras el lengua)e 

' ens¿:¡mblador cambia ?ara ¿ada arquitectura de microprocesador. 
1 

el lenguaje de alto nivel; ~s 

\ • 
1 

' independiente de estos ca~~ios. 

J. 
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Desarrollando el compilador adecuado se pueden tener todos los 

programas escritos en este lenguaje, adaptados a cualqu~er nue 

vo microprocesador. La independencia de los programas res~ecto 

al micro~rocesador utilizado para una aplicación no es sOlo al 

go deseable, sinoque es una necesidad si uno no quiere verse -

atrapado por el desarrollo de software. Actualmente, el desa-

rrollo de nueva programación es mucho más costosa y lenta que 

la adopción de un nuevo microJ.)rocesador, cuando de la .,¿opción 

del microprocesador ~uede depender la permanencia en el merca-

do. Si hay que pa'rtir de cero a cada cambio, el resultado pue-

de, ser desastroso. Si por el contrario, hemos adoptado un len-

guaje de programación de alto nivel y estándar, podremos apro-

vechar no s.6lo la propia experiencia sino la de otros grupos 

que ya se hayan enfrentado con experiencias similares. 

De los tres puntos anteriores no debe inferirse la inutilidad del 

lenguaje ensamblador. Un microprocesador puede no contar con comp~ 

ladores. Un lenguaje de,alto nivel puede no proporcionar acceso a 

ciertas características deseadas del microprocesador. En estos ca-

sos hay que utilizar forzosamente el lenguaje ensamblador. La no-

utilizaci6n del Compilador puede también venir dictada por medidas 

económicas. ' El ¡:>roblemas es el ej;ceso de memoria que para un progr~ 

ma dado ocup11 el código generado por compilador. Si se está proyes 

tanda un sistema del que se van a vender pocas unidades, interesa 

rebajar el costo de programación que es fijo y muy superior al de 

la memoria. Si se van aproducir miles de sistemas puede resultar -

rentable usar ensamblador, con lo que se podrá ahorrar una canti-

dad c"onsider-able de memoria. Hay un punto para un cierto n11mero de 
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' . 
sistemas fabricados, en el que se equilibran ambos costos.· 

' 1 

Dado que el precio de la memoria bajar~ en los próximos años (64KB 
' 

por 500 dOlares en 1976 y 256KB por· 300 dOlares en 1980), este pu~ 

tono cesar~ de desplazarse" a' favor de la utilizaci6n de lenguajes 

de alto nivel. 
• 

En conclusi6n, 'eil· un sistema que incluye un microprocesador, gran 

parte del di se'ñO y por lo tanto de los costos va ligada a la pro

gramación Y depénde del~lenguaje'de· programación utilizado . 

• 

La figura . . 
' -4 • - ~ ' i1 

siguiente muestra qu_e la mayor!a de los " ' problemas de soft 
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~- que la capacidad del hombre en programación y el tiempo de CPU por 

1000 l!neas de código ensamblador (incluyendo l!neas de· comentarios) 

crece exponencialmente cercano con el tamaño del programa. Si la 

extensión del programa_ es largo se esperará un ~remedio de error 

creciente.e· inconsistenci<~s del programa .. ~ 

Otra parte del problema es la profusión de lenguajes' de programa-

ci6n, muchos de los cuales han sido llamados solución universal a 

su arribo. En realidad hay poca esperanza para esos lenguajes. La 

explicación es que no son eficientes, dentro de un común denomina-
' ' 

dar aún y cuando realizar4n la transformada rápida de Fourier, ge-

' neraci6n de reportes y diseño si~ple de fórmulas. L6 mejor que se 
- . . -

~uede hacer es utilizar el lenguaje correcto en la·aplicaci6n ca-

~· rrecta. Basic es muy bueno para ~rogramas rápidos de 20 lineas y -

Cobol sigue siendo el mejor para reportes finan6ier0S. Fortran, el 

lenguaje técnico más. favorecido eStá ganando nuevos adeptos con el 

est~ndar de la ANSI-1978 que incluye muchas de las mejores caract~ 

r1sticas del Pascal. Sin embargo, el lenguaje ensamblador sigue 

' ' "-' 

siendo el más r~~ido segün lo muestra la comparación de la Figura 

1 para la" eje<;uci6n de un programa de matemáticas·. 

El PLll, goza de una muy buena cantidad de usuarios y aGn sin haber 

ganado la popul~ridad 'de ·B~si<;, Fortran. y Cobol. 

' -
Si no se está familiariz<Ido 'con APL, uno se nuede sorprender de ca ··. 
mo con un simple golpe de tecla puede cumplir, especialmente en . ' 

procesamiento de arreglos, 
• 

funciones complejas. . . 
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Pero un teclado especial con letr-as griegas y la mucha potencia de 

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

gastará más tiempo buscando en el manual las funciones complejas, 

que escribiendo un ~rograma largo en Fortran • 

. 

TIEMPO 

~ 
:2!!_DE \!2-- 4) 

' 
RELATIVO 

' OE SATISFAC-
LENGUAJE EJECUCION VENDEDOR uso EFICIENCIA CION TOTAL 

APL - '"" 3.4 ' 2.6 3.4 - . . . 

• ' . 
BASIC 3-5 ose 2.5 2.2 2.4 

1 
COBOL 1 5-10 BURROU- . 

' GHS ),5 3.1 3. 3 
' • DE e u 2.2 3.5 . 

• 
WELL 3.2 3.0 3.2 

. 1BM • 
(AUGE) 3. 4 3.1 3. 3 

. . . ' 
FORTRAN 2-3 ose 3. 2 3. 2 ').1 . 

' ' . 
(AUGE) 3.3 3.0 3.3 - - ONA 
SYSTEMS 3.7 

. 
3. 6 3. ' . -

PASCAL . . 
~ 3.2 2. ' 3.0 

' 
. - . ---·--

1 

-
PL/1 3.5 

. 
3.6 

. 
3. 4' -. <MB 

FIGURA 1 

Un muestreo reciente de programas ofrecidos para microcomputadoras 

en su mayor parte paquetes de utiler!a - revelan que un 37' están 
' 

escritos en lengUaje de máquina, 37% en lenguaje ensamblador, 10~ 

en Baste, 7% en Fortran y 3% en Pascal. El resto está escrito en 

len~uajes muy diversos {Figura 2). 

' 

e 

\ 
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o MC PAQUETE_ 

TODO EL 
SOFTWARE 

Para todas las computadoras (incluyendo las microcomputadoras), la 

mezcla de lenguajes de diseño de sistemas es bastante d1ferente. 

Ensamblador está aón más adelantado que Fortran (ensamblador 46% 

y Fortran 15\), mientras que código de máquina, Pas~al y Sasic ha

cen cerca de un ·7% Cada uno. 

En aplicaciones de· software, incluyeñdo micras y computadoras, el 

lenguaje ensamblador sigue siendo principal (40%) seguido por Ba

sic (30%), Fortran (B\) y un amplio rango de otros lenguajes. 

Electron:iCs Design realizó una e_ncuesta con objeto de saber en don 

de se encontraban los ingenieros de software. Más del 50% de las -

l.._'' compañías investigadas emr,leaban menos de 5 ingenieros en software 

y el 15~ más de 40. Figura 3. 
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Esta gr<!fica es producto de entrevistas que Electronics Des1-g1< 

hizo a diferentes compañ!as. 
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IV. LENGUAJES DE ALTO NIVEL EN EL MERCADO 

Toda una serie de em?resas de software ofrecen los lenguajes de alto 

nivel de sier:1pre (Fortran, Cobol, Algol y. Basic) con ciertas restn.c 

e iones, cara los micro?r-Ocesadores mcl.s po:JUlares . Es tos lenguajes 

tienen el inconveniente de que fueron creados en un ambiente total-

mente ajeno a las necesidades de lcis micro~rocesadores . 

• 
Primero Intel y mlis tarde Motorola, han ,,,.esentado lenguajes mlís 

apro,:>iados a las necesidades de sus clientes. El PL/!1, aunque crea-

do inicialmente ."or Intel :'ara su serie 8000 existe ahora r-a~:a otroo 

microprocesadores como !~atoro la 6800, ~or ejemplo. E:n 1975 t-\otorol<" 

~res~nt6, el MPL, lenguaje de alto nivel para .6800. Ofrece como )O~l 

bilidades :-eculiares el fácil manejo a nivel C::e bit, la nosibilid<~ 

de definir estructuras de dat?s ·>arecidos al Cobol y de incluir sen-

tcncias 'en ' ' lenguaje ensamblador . 

• 
La <;erieración de código· de máquina fu'nciona en 2 pasos. En un ':'rirner 

• • • • 
;>aso,. el cornnilador genera un ..,rograrna en ensamblador, que luego es 

• 
ensambiacto' obtenieildo" el código objeto. La posibilidad.de conocer el 

código generado y por lo tanto de ?Oderlo retocar tiene como contra-

partida un tiem~o de compilación mayor. 

Plessey tiene el Pl-micro~, una extensión del Algol y Mits dotó a su 

Altaír BBOO de un super-basic. Toda esta evolución en el área de 

software hizo que cara finales de 1975, Texas Instruments cara su 

nuevo micro,Jrocesador, pre~ar~rá corn':'iladores de Cobol, Fortran y_Ba 

sic. 
,. 

---· ..... ' 
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Segtl.n Blectronics ·Design de Mar~c:. de 1'179 los paquetes de utiler!a, . 
ofrecidos frecuentemente en floppy disks, no pueden proveer much~ -

utilidad si no se est~ f~mlliarizado con ellos. uSualmente contic-

nen muchas de las s1guientes herramicnt_as de software; 
• 

editores. Ayu?a a introducir y modificar el programa fuente. 

Compiladores y ensambladores. Traducen el programa fuente a có--- .. -~ . . . ·- . ' . - -

digo de máquina. Si se desea diseñar sistemas operativos, en

un traduct?r que impr1ma. o muestre (display) el código cuentre 
" 
fuente y objeto paso a paso. Hay usualmente cuatro campos, uno 

" - .. .. _. ~- -

para la etiqueta, código de operación, operando y comentarios. 
··• : ' ' "l . .... . . -

Durante la depuración se desea frecuentemente un desensamblador 

q_ue retraduzca el código objeto a un lenguaje fuente y la habi-
' 

lidad para mostrar mapas de almacenamiento y contenidos de re-

gistro,. 

Macroensambladores, ensambla grupos de instrucciones llamados -

por nombre, y trabaja mUcho como subrutinas o !unciones en len-

guajes de alt~ nivel, . . 
ca:'!'!~~r_e~s. Tr~n_sf_i_ere!l el código 1 0bJe~o de.algCin meó_io,externo 

• • • 
(cinta o disco) dentro de RAM. Los ligadorea .cargaóores ?Ueden, . . -· . 
adicionalmen_t~- _e_slabona_r juntos diferentes. módulos .de programa, 

y una característica de relocalizaci~n ~ermite cargar óentro de 

bloques -de óirección diferente, tal como fueron asignados por -

el. traóuctor. ?bviamen~e, en este c~so,_ cargador y.traductor de 

ben ser ca~aces óe comunicarse . 
• 

Intérpretes. Los intérpretes sOn una herramienta muy popular 
' ' . . 
Con los microprocesadores, Permiten la utilización de gr~m<lti-

• 1 - ':..,.; 

cas· asociadas a compiladores (Baste, APL, Lisp, etc-,), oero ói-

fieren Ce éstos en que procesan el programa fuente ain generar 

---- ----·-~·· -' ... 
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!ti ,, 
código de máquina "interpretando" las instrucciones del progra

ma fuente cada vez que este dltimo se ejecuta, Esto impone res

tricciones en el tamaño de la memoria durante ejecución (ya que 

el int~rprete debe estar en memoria durante la ejecución de cual 

quier programa) y en la.velocid~d de ejecución (ya que un int~r 

-prete es, en realidad, 'ún programa que hace lo que otro le imp~ 

ne). Sin embargo, un intér~rete ~uede ser pequeño (hay versio

nes de aasic en 3K bytes) y ofrece facilidades de de?uración 

que resultan atractivas para programadores bisoños. 

Depuradores. Permiten examinar y cambiar contenidos de memoria 

y empezar o ~arar la ejecución en una ?redeterminada localiza-

ción o condición (breakpoint) . Otros depuradores auxiliares in-

cluyen tra~o y pruebas de flujo, los cuales muestran cuando 

cierto contenido de dirección cambia y cómo el control es trans 

ferido dentro de el progr4m4, 

Rutinas de Grafica'c'iOn. Convierte los datos de salida en formas 

anal6gicas. Ellos van desde un 9equeño rrograma dibuja una gr~-

fica s"imple sobre un T'l"i a Sistemas complejos que producen des-

pliegues trldimensionales de maltiples colores, complementados 

con lCtreros en d1ferentes tamaños de caracteres. 

'la nejo de Uase de Datos. Es im:>ortante para sistemas que tienen 

qlle or,Crür :>obr"e un gran cantldad de datos, siem!_)re a travl!s de 
• 

las man:ipuJac1ones que deberán ser muy simples. Las facilidades 

auxilianos de prueba de computadora, control de inventarios y

sistemas' d., reservación correrán'a paso de tortuga sin el acce

s"o directo a·memoria, rutinas ·de b!isqueda y manirulaci6n de ca-

• 
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" "1'1 ·-' _.. '8 

Librerías. '"n similares " los ' si!>tc:mas DBM, ;;>ero ellos' ·al i'men-

.,¡-_·..¡• , .. ,;" "" 
tan programas más bien que 

. ,., ;, ' ,, ''· 
datoS. Esta utiler!a es bastante nue 

. ' va, así que s6lo está disponible para compradores 9rincipales.· 

SistemaS Operativos·. Incluyen varias de laS utiler!as discuti

d.is, hardlers !"'ara r;o; rUtinas de;comunicaCi6n, carsadores de . ~ - , ' - ' . . . . 
bootstrap y ¡Jrogramas'similares que hacen todo el trabajo hard-

Ware',fácil,

' 
' .. 

' 
- . ~ 

Cross-sO'ttware. Permite desarrollar programas . . para una computa-
< - - ' • ' 

dora específica, 
> ,, ~ ! . . -

usualmente· una miciocomputadora, sobre una C:6!!!c 

putadora hue~Ped, 1~ cual es iisu.ilmente' una mini o fieinpo com--

--- -- ---~--~--+ --------+-~- ' .. 
partido del centro principal, pero también pUede ser un "sistema ' . . . ' - --.-
desarrollado con base en-niicro 1~rocesadores-. 

Siirtuladores. Son .~rogramas cross que. hacen que una computadora 

huesped trabaje como la target machine as! que se puede prObar 

el desarrollo del software hu~sped-antes de que el siStema est~ 

disponible. 

.. 
.. . . .. .. 

' 
-. •• 

,_ --=-f-- .. _ ·-
• ,_ 

._, 
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La Tabla 1 muestra qu~ paquetes ofrecen algunos vendedores . 

• 

j 

11\rreri~ Mic~ 
.1 systems 

- ' The Boston Sys-
1 'tems Office 
:'·can, <~ssmicrosys 
1- -
1 Control Data 

1 CrcrremxJ 
Data General 
Digit.al Equip
rrent Corp. 
Digital RE
search (~) 

Forth {*) 

"""""~ Hudge Taylor o. 
Associa.tes 
Ihsas .'•lanufac
bmoq 

! Innova SysUm> 
1 Innovatek fuero 
1 systems ~ 

1 lnt..,rslt 

1 

Mlcro InfOIII<l
t~on Syst.ems 
(.) . 

' . 

' 
' - " ••• 

'. 
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~ ~ 1 ~ 
~ 

a ~ " H n 
• 

~ 1 5 íi ~ § ¡ ~ -

i • 

~ " • 

~ 

1 1 
• 

~ • 
~ . 

• 

v ' 

! . . . . . . . . 
1 
Micmtec • 

: -'lol1Cilithic 
! Systems . • . 

1"'"""' . • . . • . 
: Motorola ':ti-
1 =:_ys_~ .· . • . • . • ¡ .... . . . • • . 

• . . . 
Naticnal Soft • 
ware Exchari;¡e '-. - ' .- . • . . - • • . . . • 
{') 
PRS"Cor'p. ,., . . .. . 
RCA Soled-Sta-
te Division - . . • . 
Rockwell Inter -.national . . . . 
Ryan-Far land. ,., . . • . 

1 Sl.gnetics /lOS 
UP Dio • . . • . • . . 
Software Dyna- • 

mies (") · . . . . • . 
nichnical · Sys-
t.ems ConSul t. . . . . . . . . . . . • 

Texás ins~ . 
. • 

~neo - . . . . 
Wm""' - .... ~-- . - . - -. . •. . . . 
Woodley Asso--- - -

ciates {.) . 
Wy le Raborato-
ries . . . 

(*) · !ndica firmas de software. 

Tabla 1 

• • 
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Lo~ ~i~temas operativos de multilenguaje se ast4n volviendo ~opula· 

• • res. En el lenguaje del sistema Zilog's PLZ se pueden mezclar len-
' 

guajes de ensamblador y de alto nivel y el procesadot Technology's 

PTO permite mezclar varios lenguajes de alto nivel en un solo pro-

grama. Mientras se usa lo existente en software en una mayor concu-

rrencia, se espera m.!!s Sistemas "mix-and-match" para mantener aba-

jo el costo de software. 

Otro medio barato para el mismo fin son los "canead" {enlatados) pre_ 

grams. El archivo de software regularmente se ?aga el solo en un 

mes siempre por los compradores princi?ales y m!s tarde los peque

nos compradores pueden obtener su si~tema de cualquier tienda de 

computador y adaptarlo a los paquetes de software de sus bdsquedas. 

~- APLICACIONES DE LENGUAJES DE ALTO NIVEL EN TIEMPO FEAL 

Se ha desarrollado una versión en tiempo real del lenguaje de pro

gramación Basic pa_ra u~o de adquisición de datos y a?licaciones de 

control. El intérprete est4 basado sobre el Lowrence Liverrnore La~ 

~oratorias Basic con la adición-de comandos al medio ambiente de 

ciempo real. Este intérprete ha sido adaptado a varios sistemas de 

m1crocomputadoras basados en el Intel SOSO, incluyendo un sistema 

con un bus de 16 bit de I/0. 

El set de ~nstrucciones extendido de este Baste de·tiemro real fue 

Ggfinido después de examinar varias versiones de microcomputadoras 

de Basic similar. 

El int~rprete principal requiere de 4,25k bytes para si mismo y de 

L,75k bytes adicionales para los 



TABLAS DE DATOS COHPliRATIVOS. ' 

,_ 
• 
•. ! 

' • . . . 
MICROCOMPUTADORAS Y MICROPROCESADORES' 

ABREVIATURAS 

DMA Acceso directo • memoria-
o 

INSTR Instrucciones 

' Kilo 

,_, l<eyboard 
.-e 

MUX Multiplexor 

0/' O:>erating Systeia • 
' • 

''"' '"' port~lelo 
R-T Tiempo real 

TI' Time-share • 
UNLIM Unlimited 

wo Palabra 

~ 

• 

• 

• 

• 

' • • 

• 

J 

• 

" 
• 

• 

. ' 
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,------,---,-----,-----,----·-,----,-------, 
FABRICANTE 

Essex Ir_:"r-"a
tional 

General Instru 
ments AEG, 
Germany, SGS 
Italy 

Mostek 

TIPO 

SX-200 
(PMOS) 

8000 
( PMOS) 
3-chips 

3870 
NMOS-si
gate 

CllPAClDAD 
DE DIREC. 

J-K byte 
41 instr. 

48 reg's 
8-b 
48 instr. 

64-K 
70 instr. 

PUERTOS DE 
ENTRADA 

2 lines 

3 Uneas 
8-b 

4 líneas 
8-b/::>ort 

PUERTOS DE 
SALIDA PERIFERICOS SOFTWARE 

1 line 

3 líneas 
8-b 

4 líneas 
8-b/:oort 

-. - " 

• 

Dedic11te 
a~J:->lica
tions 

Todas las 
opciones 

Todas las 
o:_>ciones 

stock; diskett 
dos systems 

a Assembler, For 
tran; decil!l<ll-
adjust arithme 
tic · 

BCD arithmetic 
48xl scratch 
!_:>ad. Assembler 
on simulator 
on Fortran 

Binario"timer 
with programma 
ble prescaler-:
Emulation and 
:lrototy_oing 
are PROM based 

- . - -

---L----'---~ -- .... ·-·- -

,, 
N 
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" Programas de usuario. El paquete de punto 

' ' ' 

' - v.;. 
flotante requiere de 

" K bytes. El micropac tiene un monitor y un' o!lrea. de trabajo del 
. . - . ,, 

1,75 

moni 

ter. 'la cual ocupa localidades de meinoria de la 0000-1020 hexadeci-

mal. 

El paquete de punto flotante arranca de la 1100 (Hex) el int~rprete 

principal a la 1800 (Hex,), el comienzo de los programas de usuario-

son a partir de la 2900 (Hex.) y el final de la memoria a 2FFF. 

El set de instt'ucciones en u,empo real incluye~ entre otras, las si 

guientes: 
. . '.. ' -- . -

STM Pone tiempo de d!a (segundos) 

GTM Toma tiempo de d!a (segundos) 

TON Arrance el programa al tiempo X 

DOT saca datos (16 bits) 

DIN Mete datos (16 bits) 

ATO Entrada de señal analógica a digital 

DTA Salida de señal digital a 
"' . .. 
analOgica 

Multiporogramación en tiempo real teniendo como. softWare leng~je 

1 Pascal para sistemas pequeños. ' .. ,. "• 

Un usuario. de· un microprocesador PaScal puede desarrollar software 

' 
para aplicaciones de Propósito general usando una de dos computado-

' ras huespcd; el usuario simple FS990 floppy-disk-based minicomputer, 

o el multi-usuario 05990 hard-disk based minicomputer. Los micropr~ 

cesadorea Pascal comprenden una variedad de herramientas de softwa-

re-de soporte, incluyendo un editor iterativo inteligente para prc

_paración de fuente, un compilador que genera código de int~rprete, 



·-

. . . 24 

un gener~dor de c6d.igo que _suple al código • • 
obj~to primero, y un in-

t4rprete de depuración iterativo. 
• • 

.. . • .. 
' ' 
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CAPACIDAD /PUERTOS DE pu'fRTOS DE
1 '1 

~é'C'ó""''''C"AN"é:T~EC. ~-¡~_:T_~'é'~O~-I~O~E_:O~'~RE~CC.c_~ECN:T~M~O~A'_~+'=''"'ó"WoA"_~~·~· ::_"E'R'''':E~Rc'::C_:O~S~•-,,-CS~O:C~TI<A.,CR:Ec_~i 

' 

IBM 

Dec (\~estern 

DIG !-ICP-1600 
NMOS) 

Intel 
Intellec 4-A..'ID 

. Intel 
Nodel :-!OS 

5100 ¡:.ort~ 
ble ·comru
ter (~MOS) 

LSL-111 
PDP-11-03 

CDP-1801 
(CMOS) 

400~ 

(D.". OS) 

16K ·a 64K 
byte 

32K 400 
custom 
instr. 

64K 
59 Instr-. 

' ,_, 
46 l:1Str. 

' ' BOBO (~:105) 1 ·64K 
' 78 Instr-. 
• .. 

14-key-K-B 
tape car
tridge 

J/0: 33 H 
neas 
Por: DMA 
16: L MUX 

8 ports 
250 lfnecs, 

" 4-b/port 

• 
44 . 
4-b/?Ott ' 

CRT, ta,:>e 
t;RA.'I-TU 
Printer 

I/0: DMA 
833-K, Bus 
I'ID/5 

8/256 
8-b/¡>orts 

" ~-b/port 
. 

' ' . • 
4-b/port ' 

CR':', TU, 
K-B Tape, 
printer 

CRT. (lJT-50 
Pa.pei-tac>e 

Basic'OjS, APL 
(Resldent) APL 
y Basic. 

Basic, Fortran 
IV, Diagnos- • 
tics, 0/5. T/5 
Macro 11, etc. 

CRT, TT4, Asser.lbler (non 
Pa::>er' ta.-,e resident s-pa

.cassette ckage CDP, 

~Pape!" tape 
k-b'prin
ter , 1 . ' 

~ Todas•,las 
opciones 
exce:fito 

185900. 

Sin lenguaj .. s 
de-.ilto nivel 

AU options 
external rnem. 
nonrelocatable 
PL/M 

' ' 
1 

' 
!ntersic 
(69001 'l'awgfn) 

' IM-6100 
(CMOS), 

32-k bJ•te 
60 instr. 

64/256 
12-b/port 

64/256 • 
12-b/port: 

taPe,. 

Todas .las 
opciones 

All _options ar.1 
ava1lable ex-

ME ASSOCIATES 
(JOLT) 

Moste k 

6502 (NMOS) 64K 
r ' 139 instr'. 

• • 

5065 (NMOS 32-K 
51 instr. 

L_· · ___ ¡ __ · _¡_ __ 

2/MUX un
lim. 8-b/ 
port 

-· 

2 
' 8-b/port 

• 

-· 

_,. ' ·' ternally 
' " ,! 

.Todas • las Todas '"' opci 
o:>ciones "'' excepto 
excepto lenguajes do 

_tape y alto nivel 
'disk 

Requiere- Interfase·con-
interface troller 

' 

' . 



( 

1 - - -------

L_<: ~B-Rl ~-~~-'"_' __ 

j Pair;:,nild 

:;~:~era: Instru
nents Corp. 

:-:.:.:orola 
(E:xr¡rctser) 

::ational Semi
conductor 
(P.l'<CE) 

:Jationill Semi
conductor 

lntel, on-chip 
MC (MCS-48} 

3850 (m-tOS) 6~-K 

CF-1600 A 
(:-<MOS) 

:-\C-6800 
(NMOS) 
Si-gate 

lMP-8/16 
(NMOS) 

SC/MP 
(PMOS) 

Miproc-16 
{bipolar) 

70 i:1str. 

64-K 
87 instr. 

64-K byte 
72 instr. 

64-,.K 
387 instr. 

1024 byte 

64-K 
82 instr. 

( 

2(252 
8-b/port 

2/unlim. 
16-b/port 

0/104 
8-b/port 

0/unlim, 
MUX 8/16-0 
port 

0/unlim. 

32/256 
16-b/port 

8048/8748 8-K l/0 resi-
Si-gate 90 instr. dent 
NMOS 17 lines 

2/252 
8-b/!Jort 

oc 

2/unlim. 
16-b/1;)-0rt 

0/104 
8-b/port 

0/unlim .. 
'8/H-b 
port 

0/unlim. 

Unlim .. 
with ext 
(MUX) 

1/0 resi
dent 
17 lines 

ERIFERICOS 

Todas las 
o:>ciones 

Todas las 
opciones 
excepto dis 
co cassette 

Tod3.s las 
opciones 
(no k-b) 

Todas las 
•opclones y 
tape car
tridge ' 

Special K
B/dis;>luy 
or custom 

Todas las 
opciones. 
No cassette 
ta~ 

Floppy disk 
CRT/K-B 
chips 

( 

SOFTWARE 

Debug, text 
edit, applica
tions programs 

0/S, programas 
de aplicación. 
no macro y al
to nivel 

Debug, macro 
Todas las op
ciones, PL/M 

Self-assembler 
debug, time 
share, etc. Al 
to nivel SLN/ 
>L 

Pointer addres 
ing auto-index 
Hex software 
for economy 
calculator K-B 
display 

Todas las opci 
ncs except ma
cro assembler 
No .. 0/S 

MDS based asse 
bler, editor, 
monitor (MEXA) 

Rockwell PPS-B (PMOS) 32-K byte 4/30 4/30 Todas las No resident me 
Internation<~l 109 instr. 8-b/,!lort 8-b/port opciones ex mory. All othe 
Type-r Systecm:__l ______ J_ ______ L__ ·--'-------'~ce,.,to 3.': .. :.:: ___ o:'t~~---~--

. i 



' . .. - .. . ' ' ' ' CAPACIDAD PUCRTOS " PUERTOS DE ' FABRICANTE- TIPO' DE DIREC. EN~'RADA SALIDA PERIFERICOS SOFTWARE 
. 

. . ti-idge APS ,ass~!l!l;;l.at;o 
' .. 

' ' ' L· ""d system """ ' lysis module • 
' ' . ' 

Scientific Mi- S~!S-300 H 1/512 1/512 ,_, :·auer Asser:lhler resiJ 
crosystems (MC- (b1polilr) • •, "' requi- 8-b/port 8-b/pol"t tape dent oc non::-es 
51:-1) ied den t. Relocata 

1 ' ble macro appl 
• 

' • . cations _pro-

' ' 
grams 

Texas Instru- TNS-99il0 32-K . 1/256 1/256 Todas '"' vo memory roer-; 

ments (990/4) (N"'OS Si- " instr. 16-b/port 16-b/port opciones _e! ged oc separat 
g<ote) ceo:,-co car- Portable ANSI 

,) ' • . trid9e Fortran asse.,..- ' 
. ' ' ' ' bler. All o::--' . ' tions . -·· 

' 

' ' 
Texas lnstru- SBP-9440 32-K 1/256 ' 1/256 S ame Mismo software .. -· . 

(32L-16 69 16-b/yort 16-b/port Airborne na vi-· ments instr. ' bit) . gational 'lroce 
' .. • 

, . ssor, guidance 

' ' ' system . 
• • ' 

Texas Instru- SBP-0400 A 12L-MM oo- Data-in Data-out User's Assembler 00 

ment~ (12L-4,bit) me requeri 12-b 12-b peripheral PROMS accordin 

bipolar do 512 - 'o user' s 
instr. ' 

needs 
' " • • re si-Signetics 2650 (NMOS 32-K 2 2 Todas las Fortran 

(2650-PC 1000) de?lE.-tion 77 instr. B-b/port G-b/p'ort opcione~; den t. 
mode) ' Assemb1er abso 

' 
.. 

J 
' lute memory-, 

' ' ' 
. ,debug 0/SJ . 

' ' ' ' ' . . . . " (16/32-b) • 

.. 

••• 

,, e 
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NEC (Ja?ar;) 
(PDA-80) 

, , 

Elect•-c·C~ic 
Arr<>ys 

Adavanced micro 
devices (rallY 
arc:1itecturel 

Zi lag 

, ' 

MOS Tech, Inc. 
, 

Micro Nova 
Data General 

~!PD-80800 

(N~OS) 

EA 9002 
(N:-105) 

'"' 2900 
(Schottky 

, ' 
T'l'L-LS1) 

64-K ' 

' 78 1nstr. 

" requ1-
ced 
46 instr. 

" requi-
·red u ser 
definid ' 

e 
' 

,, ·- --~-- -,---·-- ---
1, ""M OC 1 '""'" OC . 1 ENTRADA SALIDA PERIFERICOS SOFTWARE 

·! ·------- -+----~t---'----i 
1 

2_/1, 280 1/1, 280 
8-b/~ort 8-b/?Ort 

Sta:1o':arc: Standa~:d 
E/0 E/0 

290 5/6/7 2905/6/7 
type bu' 
tranceiver 

' 

Todas las 
opciones 
No k-b 

' 

Todas l<l.s op
ciones. Memory 
not.relocata
ble. No imkin'g 
loadei 

Controller All options. ' 
applica- -Fortran emula-
tions tor editor. 

All options AMD ASM micro 
program. Assem 
bler: user-'s 
own software 

--

Z-80 
(NMOS) 

64-K Option 44 
128 instr. 8-b/port 

O?tion 44 Todas las 
8-b/port 1 opdiones 

Software CO"'P~ 
tible to 8~ OOA 
R-T disk 0/S, . 
files of any 

MCS-66021· '2-K 
6612 (NMOS 57 instr. 
si-gate) 

MNova 
(MNOS si
gate) 

H 
word 

47 line , 
1/0 contra 
ller -

, . •, 

47 line Todas la.s 
I/0 contra opc_i<;mes 
ller 

sizes macro- N 
assembler, Ba- CO 
sic, PL/2, 16-
bit BCD add,' 
subtract 

Not compatible 
to 6800 softW~ 
re. More ins

-tructiÜn with 
single-byte of 
code -. oecimal 
mode 

bra.ry, multi- 1-' 

R-T 0/S Basic 
Extensive E.Jli--

'>ly/divide __., 
___L 
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MICROPROCESADOR ZBO:UN PASO ADELANTE 

El procesador ZSO surgió como una res~uesta de mercado a la enor

me J"'?Ulari'dad del SOSO de INTEL. En su aflln competitivO, !a coro-

pañ!a fabricante (Zilog) obtuvo un ~reducto excepcional, que es 

a~n actual, a ~esar de los nuevos procesadores de 16 Bits. 

Ve!se la siguiente Tabla: 

NO. DE INSTRUCCIOllES 

Registros de S-bits .... 

Registros de ·16 bits 

Regist'rcs de .:Cndiée 

Modos de dirección 

Dirección de E/5 

Bits de bandera 

·• ;' 

Voltaje requerido 

Velocidad de reloj m~ima 

Com•latible con TTL 

Modos de interruryci6n 

Refrescamiento de memoria 
autom&:tico 

relativa en eje-

-

Velocidad 
cuci6n - ----- -. 

·' 

' 

-6800 

72 

2 
' 1 

' o 
6 

<5V 

!MHZ ., 
2 

NO 

5.96,__ 

8080 

" 
7 

o 
7 

256 

5• 

+SV,-S,+llV 

2MHZ 

NO 

1 

5,46 

• 

-2 

lO 

256 
6 

TSV 

411HZ 

" 
4 

" 
1.0 

' 
1 
• 

··~ -...,.- -
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5.3 INSTRUCTION OP OOOES 

This .. otlon deocribn ea eh of rlte Z-80 lmtru~IION IJid p....tdls lablu listín¡ the OP codn for cwry 
\Niructlon In e~ch of rhne toblos lho OP codesln bold type ore idendc.t! to lhGU off e red In lht 8080A 
CPU. A \so ;hown ls !he u•embly l¡n~a¡o mnemonlc th.ot !1 uwl for tach inslll!ction. Al! instructiool 01 
codos 1re ILmd In h•~•dectmal nn•t'ion. :llngle byte OP codet rcqu!re IV<O hn ctr.racten whilc d:.wz~t. 
by Le OP eodn rcqul<e four he~ <h•r.a.:tcn. 1"1w c.onwrliM f!om he:.; 10 b!l"Lary 14 repU.!<d he« for 
eUdwnience. 

Hu Binlry """""'' ·~ ·- ""'"" o - 0000 - o • - '""" - • - ""'" - ' ' - '""' - ' 
' - """ - ' A - !DIO - " 
' - """ - ' • - !DI! - " • - """ - • e - ""' - " 
' - DI DI - ' o - ]10] - " 
' - 0!10 - ' E - 1110 - " 
' - 01 !1 - ' •• - 1 11"1 - " 

z..ao rnstruc:tiorí ..,·,..,..,anin eontltl of an Ol' code and ura, GIIC or two opcrand .. ln•uueho ... in 
wh!dt rhe operand ls implicd la~ no operand. bW.IUetlolll whit:h ha"" only ou losicol op<rarod otlh ... ia 
whlch onc operand !J lnvariiJII (•uch q tho lo&aJ OR lnltfUCllon) 111 rtp~nted. hy a oru: <>pc11.11d 
mnemoruc. lnsiJUClioN whieh moy hnet...., nryln¡ operando &re ~eoe.rted by two op<r>nd mncmonico.. 

LOAD AND EXCHANCE 

Toble 5.3·1 deflnes·!ht OP coclc for all of U.. 8-b!l l.,.d lnstructions lmplcm"'ltcd in the Z-&l ePI J. 
Ah.o r.hown In lhh rab'.e illl\e 1 ype of oddreuln¡uted for tach lrurruction. Tht sOurce of !he d•u is found 
en rht lop hori:.on!al row while thc dcslinatlon is spocified by !he lcfllund column. For ""'"'P~. lood 
re&i•tu C from rtgi11or B Uset lhe OP code 4!H.In al! of thc ttblel 1M OP codo h•pectfied "tn hc:u~"'""'' 
noiJ(Ion and lhc 48H ("'0!00 lODO btnary)cO<!e is fllc:hed by the CPU from !he u.tcmlll memO')" dut•tl& 
M 1 tlm<, rfecoded 1nd then lhe «¡:ister traNfer is outomllical!y peñornrcd by thc CPU. 

The as...mbiY lan¡ua¡cmnemonlc (o¡ this en tire group is lD. foUowcd by ¡be deslinauon followed 
by !he rourtc (U> DEST ., SOURCE). N ore thll scvml eombinlllono of a<idteasin! moJes are posstbl<. For 
o:umple, the so urce m ay u .. rcglo!Cr 1ddrcasi"! and rhc dosunlllon moy M regi11cr in~t<Ctt; such •• !old 
!he mernory locarion porntod to by r<SJs!erlllwith the conren!l. o( rcglrtcr D. Thc OP co<k for rlus 
ope,.uon would be 71. Tho mncmonic for lhilload insrruc1ion wou!d be 11 fol!ows: 

lD(HL),D 

Thc pllcnthuu oround the Hlmeans that tho COftltnlo ofHL ore uscd .,.. pointcrto a mcmory tocar ion. 
ln al! Z-80 )c~d lnlfluetlon mnemoolc.s tite dcJtinatíon '' alw1yslistcd fim, wilh !he sourcc foliowrn&. The 
Z-80 auembly !onsu•&• lu.• be en dcfined for cuc of pro¡r1mming. E""ry instr...:tlon " .. rr Jooumtnting 
•nd programl wnrten in z.so llniWIJ< ""cuy lo m1inuin. 

1 

No re In roble S .J.J that 10me load OP codos th.st are a .. ihlbleln !he Z--110 uac two bytcJ.•This Js lll 
effieltnl mclhO<! of memory ullllzotion slilce 8, 16,24 or 32 bit instrl>Ciionlato rmplcmenlcd in !he Z-80. 
Thus oflcn ullhud lnorruwonosuch •• orlthme!ic or lagical opcraUono 1re only !~i!Jwhlch n:sultslr> 
better memory utilizo !ion than llochlcvcd wlth 0•~ lnstrucr!on olz.cloueh u !6-bil&. 

Al! lood lru:true<ions u¡int lndexcd oddreuinK for <lther tilo wun:1 or deslin1Uon locaUon 
aotuolly use thre~ byte< ofmemol)' with th< thnd bylc being rhc dbpl1cemcnt d. For eump~ 1 !ood 
rtiÍ31<1 E wirh rhe opcrand pointed ro by !X wilh an off!!! or~s would bt writtcn; 

LDE,(!X+8) 

" 

02 
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Tho inotructl"" wquenoc fcr this In ~oty Wiluld be: 

. ' 

A""• A ~D} · OPCodo 
A+! SE 

A+2 08 DloploctiJICfll <>pcn.nd 

The ¡,..o u tended oddre .. Jng 1nsuucUons oro abo thtee byte lnUtuellon 1. F 01 u""ple lhe Urucllon 10 
l~d th•o«umulatorwillt th.c operand in mtniOI)' loxation 61'32H would N WfiUCft: 

lDA,(6FJ2H) 

111<1 it¡lnmuction .. q~n.;c would be: 

Addreu A ~A 01' Codo 
A+l 32 Jowordoroddrua 

At2 6F hi¡tt wder oddteu 

Not~ thot thc tow order portien of tbe addrOA ls llw'Y• tht fllll opennd. 

The !ood !mmcd!Jte inuructiom for th•l•""••l purpooc &-bli n¡blon 1ft tWO-b)'k lnllru~.'JM 
lnstroeuonle>~d re¡IJtcr H wuh the volue l6H would be wrhtcn: 

and it¡sequencr would be; 

Acldrcu A [261 QP Cede 

A+J § Opennd 

lDH, l6H 

Loo<linl o memory ]oc.nJon uoinJ indexed lddreuint ten lhe d .. tini.UDII and imntc<liolo addt.,,,,l '"" l!!t 
sourco requ""' fcur bytct. Fcr cumple: 

l.D{IX ~ IS),2JH 

· would oppcll 1,; 

Addreu A ! DO p-· > OPCode 
A+l/36./ 

A+
211 

FJ i di>plaoomenl (·H ¡, . 
litr.ed two'a .:omplnnc11t) 

A-tJ ~ oper1nd 10 lood 

Nol!ce th11 wl!h ony indexed oddreuing the dlsp!aeementalwloya fol!awa dnctly lfltr the O!> wdt. 

T•ble 5.3·2 1pedfles !he !6·bll load operationt. Thi111blel1 rery aimllar to !he prniooa....:. Noll~• 
lhat th< • xtend ed •dJre,.;ng capabiloty cover1 oll regio ter pol11. Alao notlor thll ro¡lntr lndlf<el cper.llkull 
q>e:ofyin! the stock polntu ue the PUSH and POP lntlruetioru. Thc mnemonic (« thue iftsiR>Cilc>n,lls 
''PU~·r •nd MPOP."' 1heae d1ffer (rom olher 16-~lllo..:laln lhll tbo noek polnllf loo.,t.:u.ntQUy ~· 
menled ond .incremonlod U <'i<.l\ b yle i1 push td 01110 uf popped from tho 1\ao;t NIIPCI:tn.:•y. For u-pilo 
the innr.,cnon: 

' -~ 



PU!~l AF 

lo o <ingle by•• uulrucU<>~ wilh the OP codo cf FS!I. When !lus instr~cHon b executed !he fo~owin& 
.. quence ;, gen<raled; 

O.cremont SP 

W (SP), A 

O."emenl SP 

lll (Sl'), F 
• 

Thuo the externa! ~lac~ "'"" appcors u follows: 

. 

1 

1 

• 
• 

! 
. 
' 

' .. ',_ .... 
' 

:-uo 
, .... 
~-· 

{SP) 1---F---L-Top of 11&clt 

(S P+ l ) ¡--¿---i . 
Cj 
! . 1 

>-·~ 

H 

¡:;;;¡;;::· • ·i·~-• " 1: 

' 1 ' 
• • 

' i 
i'_• 

' 1 1 ' 
:- 1 

1·· 

i ••• • ¡ ... • 

' 

• • ' . • • • 
¡:. • ' • 1 • • • • • '' 1 1," 
• • 1• :-- • • • 
• • " 1• • ., . 
• .. ¡· . .. i .._ .. .. . ' 

• 1 
1 • • ' .. • ' 

• • ••• • "1" . ' ... •• • . . • ,. 
¡. 

' .. 
1 ' 

' 

' 

' 

' 1 ' 1 
'·~ : ' • ' • 

' 1 

1 

' 
8 BIT LOAD GROUP 

'LO' 
TABLE 5.3-1 

,. .¡_¡; " ' . ... • ' ' 
• ' ' 

i 1 ... 

' ... • 
f? • , . • ' ' 

' 1 ' 

' 

i 1 

' 1 1 

1 
• 1 
' 1 
' ' • 

i 

' 
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The POI' lnltru,tion 11the euct rove~ of o PU:J-1. Notlcc th&t all PUQt &M POI' 1n$1rue!Jolll u.u.ac 1 
16-bn opcrand a!ld the hi¡ll order b~\e is •lw2JII """'o.;! firulnd ~Jan. That b a: 

f'USH Be JsPUSH B then C 

PUSI: DE 1> PUSH -') tlw:n E 
f'U51 HL io PUSH H titen L 

POI' HL ls POI' L then H 

The lnstructlon uai"' exundod immcdlata ~drusln¡ f01 !he 10un:. <;>twl.aully R<¡uira l byreo of dala 
foii<JWin¡ the 01' code. For uunplo: 

LDDE,06S9H 

wU! bo: 

In all extended lm-dillo o¡ utendod 1ddfl!ul111modea, !he 1- ordtr byU 1lw1pappun tlnl an.r 11M 
OP eode. 

Toble 5.3-l litll tite 16-blt udlanp muruc!lO<Jalmplemented lllllui z.ao. CH' co<k 08H anow. the 
propommer 10 ..,.¡¡~h berw .. n ¡~e twO po!r1 of oecumulator !la¡ reatJten wh!!e D9H al~llbc pro
srammet·IO ""'itch betwcon lhe duplica le set of J!~ &<neral purpo« rt&!t!<tl. Thu• OP codnart anly 0111 
byte in lensth to at.,olutely minimlu !he llmo neccwry ID perform tha exchanfiiO thot the dupUc:aw 
banl<s can be.used to effocl .,ry fLS!inturupt fl!lpGIIlO timos. 

BLOCK TllANSFER ANO SEARCH 

Tibio S .l ... 11111 !he utremo!y poweriUJ block lransfor Jnttructlolll. AU of lheH lnJitucl.!onll oporote 
wt!h _!h.roe ro¡ioteu. 

lll po!nllto tbo ""''ce !oca!!on. 

DI! p<>lnloto tbo 4allllltion IOCIIIon. 

BC ls a by le countor. 

After tite pro~rammrr hu initia!!Ud t!lue th.r..e 'ittlslffl, any or theH rour ln1t111etlons moY bt wcd. Thc 
LO/ {Load ond 11\ucm•nt) lnstru<lion m.:> .. l Ol'lt hte from !he!QI:.Ition 110inl~ to by HLto <holocatl.oa 
poin<1:d 10 by DE. Rt¡ist.r p1i11 IIL and DE ore !htn lu\omarleally inc:rcmenu4ud ore ro~ y t.: poin< lo 
t~e followln¡ loation•. Th• ~y¡e counl·~ freJis!rr palr RC) 11 liJO 4ecrcrnenkd 11 thb time. Thi1 m.t:rox
tion is nluob!• when bloci;s of do !.o muo•. '>e mo-.ed bu1 .:.t~r lyPtl of proualrll are "'<fU!nd btiWctn cah 
moYO. Tht LD!It (~. inc....,..nland re~>t.~t) iJUI!ll~tO•n is 4n e:rncnllon of th• LD!Inur~~ellon. Tho wr ... 
tood 1nd incremer.t operatinn ir '~1>"11<~ ,.,.r;tlfoo byte rnunter fOachn U.. .:ounl of um. Th"'. U.io .;• 
in•U\Icticn con mo.., any block of dato from one l"'atron te 1ny othcr. 

,.Note 1h1t lince l6·bit ••Bl<lcflare "std, tho .U. or tho block un be up 10 64k. byle¡ ( 1 t: • 1 024) 
Joosand it con be m~~ úom ony locllinn in rnemory to 1ny othtr loe~tion. Ftnthcrmwe th.t bl.xb tiA 

be overJ•ppinJ 01nu ~~""' lro obll>lu•ely no ~Oilll<llllll on ""' dl11 tllat b uiG<l In \he thrtot ·~~· paas. 

The LOO ond LDDR hUirUCIIDtll "" •my similar !O tloo LDiand LOIIt Tho only dUTtr"'!ICI b lilac 
regisler pli•o •! l In~ 'll;. or• d ecromon<~ afler eotry ntowe 10 tlutt a block tnnafer ttarll frot~~ ~~~ hl~l 
1dd"'11 '!r !he du•¡nottd block mhco llun tht lowell. 

26 
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NOn, n.. "'"'•r••·-""'""'""......,,_ 

.. 
1 " ¡~, .. .. 

• 
"' 

' 
1 • 
\Ru. 
~ I"DIR. 

,., 

• 

18 BIT LOAD GROUP 

''" 'PUSH' ANO 'POI"' 
TABLt S.l-2 

" 

, .... _I(OAOD~UEI~O .. oc' oi~M<. 
" 

• ' 
1 

• 

' g·; 

' -~ 
Q'll 

:•·1·;.¡ 

EXCHANGES 
'EX' ANO 'EXX' 
TABU 5.3-3 

" 

" " 

' 

" .. 
" " 

-

' 

1 
1 

' 1 

¡ 
' 
~-1.\URt>CfiOt-• 
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0'1 

' 

; 

1 

l <o I'I..DI'-U..UII- .. U 
~ "" IIL. ()(, Doo IC 

" "U>lll.'- .._,IDII-IOIU 1 • ... .. l."' l>oo le, --IC•I ... ' ·~o.~., ~· <o '1.0<.' " ..... !OU-IHU 
~ :..., ·•' L N, ""IC . 

' ---·-
" I'LD~~-- L-(Oi-f>ol.l 

" o.,'"· • ct. "'' oc. -· .... ac • • 

111. - .. -oc _ .. _ ......... 

BLOCK TRAN,FER OROIJP 
TABLE 1!.3-4 

IC ~--"' 

Ttb!e S.J-5 ~~ifle• rhe OP codo• fcr1hr four block S<llcb lnttrucUons, Tht fin!, CPI (~ornp.,o •nd 
!ncroment) temperes the d111 In 1:-te "'cumulator, wllh lho con•enll of 1ht m<mory locatlw. ¡><>Luo~ to t.) 
•eg¡stlr HL Tho ¡eluh of tho compare lootor<t ¡,, one of thc flq blto (nt u.c:Hon 6.0 for • deti:L.: upb 
nuion of the lb¡ opor~t•Onl) and the HL ''i"'" pa.r lo thl:n lncrcmented &nd tho byte counw (re¡tllor 
poir BC) Jo dect<men\od .. 

The In U rucÍion C!'!P ll: me«:ly tn utonllon of tiLa CPIIuuruct!on In whlch tht campare lt reptaled 
11ntil elther 1 match b found or !he by11 tO\Intu (ro¡bltt plir BC) becomu uro." Th111, this sln¡le indru~~- -1 
tlon can re,rch Lho en tire momory for lny a.bll char~cter. · · 

Tbo CPO (Campar-= ond O.aemont)ond CPOR (Co,.pue, De.:tcmonl and Repql)are dmlla, 
l¡utru<!luno, ~'"" onl>' Jiffcocnc• b<ir>ll~al 1/wy ~"'"'"' ot UL •fl•• cYcry e<om¡wc 110 Lhat ~)' .., .. a. 
!.M mcmory "" l~e e>ppoli'~ di.,.r.lie>n. {'!11 e .._, tdt. '.$ 11~<1--'. u 1M hl~oal l«atlcllln tht! ""'mory t-loclr\. 

lt she>uld bc emp~o:;~d l,i>ln t~lt tllcre bk.c~ lrot•d<r an\1 compar. m;tn.ctiont ate nlr<tll<l>' 
pawerful ll1 ti tin~ m o n;;ul• Gon aprl•<• l'l>ns. 

ARrTHMETlC ANO LOGICAL 

T •bit S.3-6 IÍ.taa\1 e>f the 8-blt arHllmttlc opo11 Uona llutl e~n be pcrfarmt:d wlth 1M oc<:Urin.•lolo;, 
aho listed 1ft lho lncnmcnt (JNC)and doe•cmont ~P>:C) ~IIJUcl(c:u.ln al! o( th ... lns~ol<>.l$, t •<<pi 

• ___ INC and DEC, 1ho opoolf'ied S-bit opor~tum' la pcrform.:d t>ttWnn 1M dal.lln th& accwnulnr.r aM lhe 
soultc ~orarpceifi<d in tlle llb!t. 'ni• rcn~~ of !lit <>p<r~tlon 1• pltll:d tn the IC:CUmu!.ator wnh lt.t """P· 
¡ion of compare {CI>J 1 ~•1 le. 1<~ lh< ,ecu,.,ulalor U'l.ofr"< ~~~ _ A~ of lhtu opcullom affect th< 'l•t 
ro&istcr u 1 rnuh-of the JP«If'icd <•pttllion. (S.ct!llrl 6.tJ poovidn alt of thc dclll!i. fXl ho-... !~.e lh,.sue 
affrr.ted by an)' ~ns!ruct!on ryf><).ltJ~ •n•: O IX' ;n,rouctwM >pcdfy a rc~t!er or 1 momory ;_,-.¡,,,u 
bot!lsourc< and deJ11r.> tion ,.r <~'• r<Jirlr, When 1~• ..,urce ,>porand lt lddre""d uNn¡Jhe "d•~ re, "'" 
lh• dlrplaccment m~l! fo!lo-... d;" rtl)'. Wilh lmmdi•t• l~.d•t,.lnl 1M "tu~r o~t:<nd -...ill f.·..:!;;..;r ~; ,..,; tly. 
Fe>r •~ampl• Lh1 rniltLU:<Iun: 

ANOO?H 
would appur u: 



" ~·· " '"' .... -"" 
•o "Cf'IW', ... HL,""' K 

" --•111;•0• .... -"" 

" 'UD' ~;~oo "'- 1 •e 
~ 

•o ' '(;PCA'Ooo HL. DC 

180 • ~'"'" •••·• l'O • O adlod '"'"'~ 
1 

Hl. _. .. lo'"'"- ~ "N'"""' ............................... ... -~ 
--=~ .... ._ ... 

IJLOCI( SEAR(.H GROUP 
TABlf. t..:•-1 

. . 
• 

1 
• 

.'1 ~;uming lhatthe occumUI!Ior Cont:uned the valuo F3H rito reo~ll of03fl would bo plaood in lb.o 

aceumul>tm: 
Ac~ befare operation 
Opcr¡itd 
Resuh ro Aec 

11J100i!"'F3H 
OOOOOIJJ ~ om 
0000 0011 • 0311 

The Adfl imUue<ion (ADD) pcrformsl bin.ary &dd behv<en tite data in !he sour<e loC>.l1'-'1'l •rd !he 

' .. ~ 

d¡u on t~e •ccumu!4Lur. The oubttocl {SUB) de><s l bln>ry oubtractlon: When the adrl wltfl c•n ~ •> >¡=·.~ <d 
(AI.'C¡ ~• the suMr.ct with carry (SBC), then the carry nos ti alsc addod or '·''baacted ro•;>e<~:.oly. f!.~ 
rJ,o,:¡ •r<l docomal OdJüSl instructoon (DAA} in Lho Z,.80 (fuil)' do>et1bed in ooctjon 6.0! <ilow .m!tunoli~ 
opcrol•ons for: 

multiprtdsion pack.od IICD o~mbe~ 

mullipi'I!Cision two ·, con>plomem oigned nwnberl 

Other in1tructíon< m thil&roup •r• loJi,c:ol ond {AND), lo111c•l or {OR), o><clu.., .. or (XUKJ and com p.o<e (CI'). 

Th<I< aro Ove gen oral purpQIO a.rithmetic '"'" ""''""' lhat opero te on the 1 ca.uHulatur m ca.r'Y r-'J· 
Thue r. .. ••• Ull••' •n t•'•k 5.3·7. Tluo ~dm•l adj>at in,uucuon an 1djun for oubtractl<ln u w~'l" •Jj. 
o\oon, lh!11 making BCD .,,lhm<t:c UI'Ofllions Jim¡>!t. N!•ro 11¡>1 10 il:ow fot thu ~P"r;t ion th< li•; N '· ~-..J .. 
Thu fbg" ••• if lhc !ut >tithm<IJC oper>t•.on wna su~••···•. The n.<gal< occumul•lur (l'óCG; iu""'don 
'"'1"11$ lho 1 wo's """"''''""'"' of !he numb<r •n the accumul>tot. Fin.;! y nutice thu a 1. ,u e:. u y in>!<UCII~R 
"'no! tncludod "' tho l,hO oin"" tluo operaUOll C., be ••11ly ochie....,d th<OU"I othot lnO!fltt!iOnt •uch .U~ 
lo¡¡.c.;al ANO of the accumulatur wuh it>t~lf. 

nblo 5.3-B ltsts •ti of !he 16-bJI lfilhnle!to OI'<'UIIOit:r betwe~n l6·bil r~glucr>. Ther~ &ro ftve groupl 
or lnmuct•Dll• inclul1ttoQ odd wllh c.;arry .,d sublract wu h t>.t~y. ADC and .S9C off ce\ al! of thc fb8~ Th•"' 
two &rOUp> Jirnpltfy •ddrc" calcul••ion o per>liom or cther 16-b•l amlunolic oporation~ 

os 
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¡ 
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00 
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ROTA TE ANO SIIIFT 

.. ' 
IOURCI 

~ DI ! Hl • " 
. • 

1 ~ • • • • 1 
1 
1 'IOD' " 00 00 00 " 
1 

• .. • • . 
" " .. .. 

• ' " • 
.....,Won<C:.UR'I'MO "' 1 " 1 lO ¡ fO " ........ "' ··~ ~ " " ,. 

1 
' 

! suewn .. .:..uv .... o "' 
1 fo¡fo~Ell " ¡•n fU.WI ·~· 1 1 <! u 112 n ' ' 

1 1 01 ' 1 
1 •• ~· ' 

~ I~CMUOL'IT ~·· 11' -ZJ~ 1-~-~-::¡ 

" ' ' . . ' .. ..,.. .. - i 1·;.-:,.¡ 00 ' D<::IOI!MONT ~" e. '~ 11 •• ' f· ' 1 " ' ' . ' .. . " ' ---·. 
18 BIT AA!TiiMET!C 

T ABI.E 6.3-6 

1 

1 

1 
1 
' ' 

" 

~ 

• 

.. • .. 
" 

1 

1 

• 
"' 

A ma¡or capabolily of 1lu: Z-80 u 1\J obU1ty 10 roLa!~ or lluft dolo in !he •ccwnulotor, •ny 1<ncrol plll• 
r~se reg¡otor, or any momcry loe.Uo!L AU of the ro tate ond lhlft OP codos .re shewn ÍJI t>~lo S.~-9. Al<~ 
· "''"~ed in tllc Z-80 ore oro!h.me!ie and loJical s!ufl opcra!inn1, Thts< Opcrations II'C usef<•l in lll tx!temely 
v.:~e '""~" of .. pphoa!Jono incllldinl ltlleJOr mu!Up!~etUon and d~Vbion. Two BCD dl(lll rot•!olnllri>I:~IOM 
t.:RO L~d RL::l) .u.:"' 1 digit in !he ""eumuloLor te bc ro!ll~ wHh the two diB;u in • r.oemo¡y lo •• ~~·· 
)»..•1• '<~ !O by oeg¡s!Or p.U. Hl... lSec rol"'e S.}-9}. Tl\ac lllllfUC!ICN 'a!!ow [c:r offic<ent EC!) '"1!\:r<Uic 

II:T ,\IA."UPULATIOI'/ 

The abilny 10 .. ,, rac1ond 1cot Individual bita In 1 rc¡i1tor cr memory locotion ;, ne:d.:~ in •Irnos< 
cvcry pro11ram, Thcsc bit> may be fl•p m a general pu<poso scflw••• routino, indk•lluno of <>le:r.•l r.,· .• ,. 
trol cond¡Oons ur dar• paácd mto momory loo;olions lo ma~c tn.omory uulizati~n "'"'' <lli.;l<nt, 

T~ 7,80 h.,¡, t!.o •h·~ily to "''· ''"'' or '"'' ony bJ! ia rho oocumularc<. ony gcncul purf'(lr;e "!.'''"' 
oz any memory lo<ltion ,·ith • linf'C inltruction. Tohle S .J.¡ O li11> tho 240 iru:ructiono th&t ¡¡¡0 >n!l <llic 
f,,, tNs purpos.e. Regisltr oddu>J.in~ con opeoify th< o<cumu!ato<"' ony genero! putf">l.t. «.;;•'"'' en whicll 
tllc uperotion ;, tu be rerformeo'.. !tcg¡oter induce! md indt>ed a~dre.,in¡¡ l<c ovO>hbi: <u oper•t< '~ 
exremo! memury locarion:~. llittest cperotions settllc Ufo 14¡ (Z) tf the >C>Icd bn b o U<O. (Retct to 
><Cllon 6.0 for funhcruplmation of !hK opera !ton) • 

ll'MP, CAI.l ANO RETURN • 

Fogu•c S.J.J' •osu oll o( rhe jump, '"U ond '"'"'"in m u.:< ion• implemen~ed in ll•• z.~(J CI'V. Ajump 
;, a bran:h in a prn¡:fam wh••• !he pto&,.m (Ounter islo.t~ed wnh \he l S.bil n!uc u lpc:C!Iil:d by Otl< cf "•" 
::>!"« •••i~ble oddrc..,_~g mo<!<S (lmmcdiat.o Extended. Rdttivc 01 R<&illct l~d.ire.:t). Notooc thtt t~ ¡ump 
gro~p hu """'ol dJfe,ent condinon111111 c:uo be opeeifled to he met befare thejump ..,u 1,. mado.. lf 
t.~e,. con<htiono "" nut "'"'· thc progum merely conlinuea wnh tM nnt sequen ti.: in>! o o..:< ion. ':'J\1: 
condllinn• a<e oll de¡o<ndent o~ !he C. la in \he fla& ter,:>ler. (Rder to occtoon 6.0 for <lela!!• o.. the ílaE 
«¡¡isler). The lmml'óote extended add!cwng is uor:d lo jump to ~n)' :DC.ltlon in thc ==rv. Thi1 ;,... 
stlucuon "'~"""' 1 ~<« bytes (two lo •peclfy tlle 1 6-bit addrtu) with tbe low ordcr o~drcu bytt fuot 
fcl'c>wed by the lúgh ofder od<!lc" ~yt•. 
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'· 1 

1 
! 
' ' 

\ 
1 
1 

1 
1 
1 

1 
' ' 
1 
' ' 
1 

1 
1 

' ' ! 
' 
1 
¡ 
' 
1 

1 
1 

1 
1 

¡ 

1 

.. 
• 

- 1 1 .- 1 1 

1 
• ---

~ 

ROTATESANDIHII'T$ 
TA!!LEI5.3-t 

For cxamplo an uncond.uional Jump lo me!DOI)I ioc:ltio~ J.E32H would be: 

Ad4rea A 1 ~ 1 fll' e~ _ 
A+l; ~Ji ].,wot.!eraddr .. a 

A+ 2 \ 3~! HJ¡b or(l6r &ddre .. 

•• 

Tho relat!YO jump inJinl<hon u .. sonly 110(1 byto., ""' tocofwl byu isao.ip<! IWO'I -.opl"""''l '""'
pl&cament f orm 11-.e c>:atin¡ f'C. Th!o ~liploeemeat caa be In tbo rmp of't 119 lo -1 ~6 and 4 -..1 
from 1hc oddr .. , or oho il'lltru<:oon Vt c..odo. -

Tlu .. type1 of rc¡lu.r tnollro'l j"mps "'" ;.'•~ 't.o'"~"1 ThtlllnltrU"ctions llo iniJl.>"-l'l> >J by~ 
tho reJi•'·"' po il' HL or one of !'>! ;odu ••Jitttt• rx '"' ~'1 l*l,octly Jnto lb. f'C. 1'hll cap>t>l!<ty ~JI-• f.,. 

· prop111" jumPJ lo be • 1\uu:•ic>n o'preriouo ca!cubtionL · 

A caU ls • JP«i,ol '01m of 1 jum' wllue the addr~n•L r!ie byw 10\law\nz tl11 .:.o1l io:.\:n.'ftil». is 
pushed onto the 1Uclt ":><foro 11w jw:~pumadt. 1.. ~<tu.~ ~~u .. ,íctioQ h 1~ '"""'"' .. r • ~! ~ tlw 
data on the rop of t.~: •!.U. is po~,....: .:isccUy imc. th~ K: :ofoua ajlmo,) oJ4r.,... Ttw .::;.11 Uld ••tllfn 
inouuctiuno aUo'" f,-t •~~"·l'~~ •~ ·,, ~·='"'' .,.,• ¡., ..... ~,,; f .,A,r:;,,¡. T-~! rtiU<II úutn.::•~<>r·: :.no. "
incb~ed in U. e Z.80 f•m.ily of ~Oiti¡Ko!l<nti. Thout~orn t,om ln!enw¡¡lirlwuction (R.ETI} "'lll tl>o r&tllm 
from non m.uluoble intolfU¡Jl (RETN) 1re ttut*ll ;~ Tt~ O::I'U u an uncww;lllian.i .-etllrn i(Jti,lhl 10 th<o OP 
codo C!JH. Tho dilferenco u that (Rilfl) can be u\.«! a, '"• ond <..f an i11Wt10p1 <C.>Iilln.o W ..U 7-iO l"ril>to.QI 
chipa wi•l roe<.lll'"'" lho •••o=..loO!l ol lloh inth• '<<¡.¡., 1,,. ¡>ul~ ,r .ontr<.l o{,..,l.<d priOU!y Vl\~rr~«tluftdl~ 
Thio instruW<>n c""J>l•o\ wHh 11 .. Z..W ped~hoat ~'"'·•• 1111plomnt&üoa ~ ... tho nOI't!'IL! raum frwa 
ncllt¿ ~~Urrufl. Wotlo :.utthis ft>l"'' t~e Ívii<>Win~ S<.!r ~''- •"l"""U wo...l.! b., ,.,...,...,). :u ;;,{_.,m l!oo ._..,· 
in«rrupt'n¡ d•'rice !1111 th• lnlenuptroutlnc 11 complered: 

" 
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13 
' Lll A, n 

,'Jlff "· .\ 
' ' l!fllblt l~l:rll>,ol 

R<tuzn 

• 

ptoW.fll ..,,.;.up~ bdo;• 
¡~·r•lno ll uilt<'. 

,.ot•fv ¡xril'lla.ll t~.>t ur.1ce 
1 "~""" il comploto 

• 

nu. .. ,.,. byu l"'l'""'"' can be <e¡J>ccd wJIII \he ,_byte RET11tutructlon llltha Z-30. 'Ibl. lo lmpomnt 
sine• intorru~~ ocrVlcc ¡Jme ol'ten mu¡t ~ núnimla!l 

To f•~llitat• pro;um loop D"ntr<>l ·~· Jn•t•ucrlon DJNZ e :an b. usod tdvtnt.,.oully. Th4 '""' hf\1. 
1 •"•tive !U"'l' in1tructlon decrem<o'!t'to Ji rep.i>tor ••1~ : ·,, .iUm¡>"'CCilrllf tho 8 re¡ilter h-.1 not kcn &a. 
r .. rn!ld lo •ere. The rel•li•e displ><.<moenl 11 u¡ ••·•ood « • "~r.od two'a COII'Iplen¡~t~~l numbcr, A limpio ~· 
ol'.;•l• of ,u"'' ml~hl bo: .;- ~ 

N.~•l 

~1• 2toNt9 

"•IO.N+ll 
~- • 12 

•w 

' -
' ''· ... ' 

>oW 

-' 

' ~ 1 

' 

., 

··~· 

, 
. , 
., 

lnalluctlon 

L.D fl, 1 

(J;Jform 1 •equo~c.e 
<>f jn._otrucl •O~.f 

•• 

•• 
·. ' 

• 

Cunun.n~o 

: 1<1 n re.U.or to .:ount of 1 

; hop '" b< perl'om>od 111tml 
;lujumpfromN+12toN+l 

: 

-. '""~r....;. ••• 1 -..... , .... ··¡··· .... 1""'" 

JU~,P. CA.llond RllT'JRH 0ROUI0 
TAIIL~!l~ ·" 

-· -
1 

i ' • 
1 ' ' ' 

' . 
• 

: 

• -



' ' 
hblc S.:J.-12 ~n• 1ho <•ghr tll' codes ter !he r:.!•rt in>U~oricfl. Thio in&lruction iso &in¡lc byte c.ll ro any 
oftlte ct¡ht od~r<>>nl,.ted. The limpl~ mn<rnonic: for th""' '"ht ealls i• o!oo shown. The w.lue of tha on
muc!tnn i> ¡t • ., { r<<!U<ntly u~ed touUnOI \.oln be ~;olkd with thll tnotruaion te mütimizc memory u..,.,<. 

¡:DI! 
!~! a 

1 ~· 

¡-.1, a j ·~n r 

' l:~; ~ 1 
·~rr tr • 

' ' • loo•-..¡"" : ·~•n•· 
" ,_M ' • : a>><.w ! n 

--~ • • 1- ' ' • ·.----< 

~ 
•• 1 • ... ,w 

1 ~ ¡ " ; ··~n <r 
1 

1 ' , .... , " 1 ~" 1 

RESTART GROU, 
TABLE 5..3-12 

INPUT/OUTI'UT 

Thc Z-80 h~• on utcn".e ><1 cf Input and Out pul tnolruc~n'll .. >huwn in loble ~ .~. 13 ,,.¡ • oLt; 
~.J-14. The t~drc»•ng nf thc tnpu! "' oulpul dc.,oc c•n 0, ouhor •b•ol"'" ur ••Ri>ttr indnc;•, ,., ..... ''" r. 
t<gi1ler. No toce t~<l 111 !he r<g,.,cr 1nUirl'l:l oddre,..in~ moJo <!Jto e>n be lfomfcu«.l bc<;oocn rh• !Jf) :•.-.nt 
•"J "''Y of the Ull<<nll l<g~<too <. In •JJ Ilion ei&h< blc.:~ 1 rou•fer hl>'ruellono lla.c becr1 iuoplo.ntnh!. "P."" 
i~muc1iono 110 """~"!o lhe m<Ol<lfY biQck tranofc" Ucopl l~a! !he y use <<ZI>l<r p.1i1 !!l :.,, a!'" 1;>: .,. 
'"" memory "'" "·' ! o•utpu t <U"'"''"'i>) <>< delllna• «.m ltnpul t~mmand') wloiio regi"~·· O " ""'J ,, .. .,.:, 
<.uunr-r. Ro~'''" <:,; :oolcl, <lo<.~~"" of lho pon for wluch lhe tnpu¡ u. f>Uiput cQ1,¡.n¡nol u ~'-''"J ~.,._, 
•tgi>l« 11 i•e.l(h< bJIO '" longlh, •h• 1/0 ~:.,..k ''""'f~'"'""<ll¡nd h1ll~les up te 256 bytes. 

ln the <nll 1 uctions IN A. n Jnd OUT 11, A tho 1/0 do.;cc :lddre"' o ilppe.a" ;,. ,.,. lowu hJ tf 0 ¡ '''" .>~.!· 
ress bus {AI)"A1 ) wllli< lh< accumul>tor eontent illr:onof<n<tl in lile upp<T half of ¡;,e ad~re" bu, In •ti, ,,~ 
i>tor induoc 1 inpu1 o u tput 1nSI ruclions, including bloc:< !/0 lrontfon thc: «>'ruont 0r ,.11 .,1., e " tr,,.,1, 11 , 1 
to the lower ¡.,¡r ~f thc address bU> (d•viCO addross) whole the coo1cnt nf l<~i>lt< ll is tr•n•f<ll<ol 10 '~" 
upper half of lht .. ~dlt"' bus. 

" 
1 
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·~ OUTI .... nDN 

• 

Cl'TJ COI'ITROL GROUP 

~ 

1 1 • 

• 
' " • ' ' o 

1 
! 

IOII'I,JnW' • 
1 

' ' o • • 
i 

• • • ' • 
1 ' " ' 

' 1 
' ! ' 

j "U~r-1_,,,., 
looNL,Dool 1 ! 
,NI~'- ..... l .. HL, 
Dooi,Rlri .. TI•- ... 

INPIR '"" .,,. ... _,,.,.,1'1'. 
l>ooHL,Dool 

1ND~'-INP\IT, Doo Hl,. 
Poo .. urou" -

INPlfT GROU<' 
TAI::OE li.3-1l 

• ""' • < oO ',, .. ~) " 
m 
• 

' m 1 • ' 
" • 
" -• 
" • 
" • 
m 
~ .. 
m 
• -· " 

CX"W"I! 

M 

" ~ 

Tho tin&ltoble, tibie S .3·15 1llu11ratu tho1!x general purpolt CPU o;onlr<:JI lnt.!I'\ICiiOIII. Tbo NO~ i1' .!•> 
.,.,,¡,¡¡,8 lnolrucuon. Thc HALl' inlllu.ttlon IUipeodl CPU ope1a1ion une,¡ • S<!b,.qutllt lnwn • .,: :. '..:.iv•ol. 
whjJ~ tho Dl•nd El u~ ""'~ to lock out wd en.a~)o btt.r•;;r :~ Th• thru r,,,,,.,,pt mode <:<l>l'•"'""'' ••' lho 
CI'!i lnto lny d. lile tlu'oe a~ilable inl&.huplle<J><.'ru.: mo~• • •s JoJio;VJ. lf p,,,,J.; •ro il •1 '"'' ID'-~m'~~}J~ 
de vice~~~ l.tii<JI u•y in•Tn¡Ciion on ll\o ~.>': hu• u.-1 >!:<.ow l)co O'U lo Uc:">k h.lood.l i• • .U:.0 '-'-ot! 
"'.'"'• Whc:e U.. CPU autom.oUc:aUy noa.o<ll re1\.trt {~ 10 locl.tlon 0038H .o •hit nO .... <&~:u; twd>~¡:oc 
1> roc¡uiud. (Tho o!d PC con!cnt is p~~~~~,¡ <11110 tha olaokJ. ~Wd• 2 la U.o 1'10\1 pc.-rfu.lln that Jllll<.wo tc. 
·~ indltKt c&llto any locatlon In incn.urv. W,lh thts ml>dlt tlw CI'U formo 1 1 /i..blt mcnicty ~ddrta.l wb.ut 
•hf UPP*' 1-blu are 1M can~~~ .. r ••rJ•11• 1 1nd lho IDW~t l·l>itt ... lllp¡>U.d by lhoo lrttun~ptblf do -.leo. 
lhi!addreu poln\11., !he nnr 0: two .... ,_.~llol byt01 in • tf.;!e .,..hott thc a~dnor o( thc ICfYiu routino ls 
)O(:Itcd, Th• CPU tutomadully obl&lllt rho ola Mini addres; l.Cid pedonn1 • r ~ !...L to th4 Wdrc$:1. 

'' 

' 
·~ 
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' 'Oim"- """"'' 
1 ..... c. floo• 

'OTIR' • CU;I'UT, h~ ~L • 

' 
!loo t. •f•OAT 1 f 0~0 

•o<mr- ovr"'-'T ¡ .,.. .. ._., 
' 

... 
UQtiTIR "' 

• • ' ' . i " ' l~ll 
1 ' 

¡,_D. 
1 

·---; 
lol ~ 

1 1 1 ' • 
€Ql!.Dii0 1 RUL '" " " " E~ \ • 

1 lhl>. • .. • 11 5!1 •• ., 
i ... '" 1 

1 
'"' ' ' 

'"! 
r 

1 
... 

' ' ·~!>. 1 

~· ! -~ 
' 
... '" ' ·~"- 1 

1 
' 1 

OUTPUT C.EIOUP 
TA.BL~ 5.3-H 

¡~- • 
1 

1 ...... ._,. • 1 
' 

, Q,,.o,.e¡_E INT '1011' ¡ " 
' • 

: EN .... U l~l'l~lr !' f~' 
' ' 
! ( -

i IHI~HOOOIO , iD .,...,. •e 

1 
' 1 
1 

' ' 1 

' 
1 

' 

SUINTMOC>CI .,,,,. " " 
CAU l'() LOUJION !mi,. 

1 

" ,. '~"'"'<:'1' t.o.Lt. """o R• can~ 
''-•'0 O IIOfS F~O>o U"'ER~U;"I"''IQ 
·''-"•Ci. ~ .. 1'01" ""· 

\ 
' 

\ 

MISCELLANEOUS CI'U CONTROL 
T ABL~ 5.3-15 
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:;..o FLAGS 

' ' • ' . 
F.ocll of ¡he two Z..80 CPU Fl.og regil!Us ccntai1U ,¡, bi11 of in[()fn'lation wbkh &to JO\ or m"' by 

;auou• CP!J op<r&liCnl. 1'0111 "f 111<"' bi\1 "'" teotable; th~l 11, \!ley Jt< uoed &l tond!tiono for jump, a.ll 01 

"'"'" ;n;!rucuons. For egmple a¡ump moy ~ d'>ired only ill opccific bit in the lhl re¡pster io oet. The 
fouf , •• table nos bits~; -

1 ' 

1) Corry FI•J (C)- Thil flag is the carry from the hi&hest orokr bi! of tho &ccumulator. FOI',nample, the 
~ry fla¡ will be Id dunng an add inllruction wlle•~ a c:arry fiom tlu: lti¡.~eU bit ofthe occumul.otor 
ilocneratcd. Th.il fla¡ is obo .. , if 1 ""'"'"',. ~·ncr&ted dutin& o oubtnclion in:tfa¡:lion. Thc ohút 
1~d ro tato inotruct\GJ!s &!so affed ¡h;,. b1!. 

2) Zero Fla¡ {Z)- Thll flag is .. t ~f the 1Cwlt of U.. opera ti.,.; lo&ded a zcro \nto lhe ac.cum\llata<. Otht~· 
~~~ lsre.e\. 

3) s•gn Fl•B (S)- ThU ll•g" !ll!Cnd<d to be u..:d wHh olgned numbeu and 1¡ io ''' iftl--e reo~!! 
of ~he o~erotion w•on<¡¡ouve. Sin ce b>t 7 (t.rsn) ropro<Cn:s the !.ign cf ti>o "un.!><r (A"'~'".,." 
numbor has • 1 "' bu 7), lhis 11>~ ''"'"' !h< ""!' ~r bit 7 1n th< •ccumulo ... r. 

4) P:a'ity/Ove!~<>w Fbg \P/Vj- ThiJ du•l IJU•l'"'"' /lag !twlicalcs l~e ~rlty of t!:e ~S!llt In ~"-• IO:\Lmulotor 
w"·<P luticai operu;,,n; ar. p<O"furmed (1•••~ u AND 11, S} ond it rcpre1.<n'> cwr~.ow '"~'·" "~"'~ 
''"'"'' ccmpltrncm 11 ;¡'unctic Cp<:r.ricns ore pnformod. Tlu: Z.&O cwrfl(lw r"l..r ,.,~¡""'" 1~1 tb 
twc'> ccmplcrf'.<nl m.mbtr in t:,e o.:cumul!1U> is in tn.)t sin~ 11 Itas nca:~•~ !he r:>o~.;c.utn ;-. 
>ib¡c ( t ¡ ~·¡¡ 01 is ieu th•a !he ntinimum p<.I<IDic {·128) J11.m1bu t~n <;>A bo "'' ""' • ,{ '·' t ~u·. 

· <<>mp<cment ncllt'no. For eurnp:.O e<>"'"'" odd1ng: · 

+120 .. 
+lOS • 

011110(\() 
QllQ!fl!\1 

e~ O 11100001 ~ -!IS(wrons)O....tlowhnao:n"d 

He re th< ruult rt incorrect. O..rllow h>s cccurr<d wd ~tthere il no any ¡g ~•~b:e"" ""''· 
Fcr <hil "'"' lh< o•otflow nas w<>uld be'"'· Al«> ccntid.er tho o4dition of '""" n:¡::.1"~ ro.1rnbn •. 

·S" lll!11Jl1 
•JbE IJJ]OOrJO 

C ~ 1110 JO! 1 • ·~l c:onect 

Nolicc 1h41 !he '"""" ¡, cor~c1 but 1ho c•rrr b ¡,o 110 that thi• fl•g can no r he ""'d ~· ;.., 0 ..... 
flvw inJoo.tor. Jn lhrt c~u- the overflow would no! k .. t. 

l'ar log•o•l <>:><<ohons (o~.ND, OR. XOR) thb 11•8 b 1<! if the p>rity ,ofth> ._,.,;, :, '''"e:·. : · 
,....,tiflliso.ld. 

Thcro oro olso twc n<>n·t-'toblo bitl rn !he fla1 rrgj""· Both of !he .. are u><d fur BCD .,.,¡,.,,¡¡,.,1,,., 
1) ll•!f carry (H) - TIJ1 b !he 8CO couy 01 b ... rrow rc<~111 from lile !cut ol¡¡olfu J.nl t{lor ~'" ,,; "~' ,. , .,.,. 

When <>>io~ thc D,\A (Decimdl Adjult inolruclion) thio flag is u,.d 10 ccrrecl tn;: ,.,u!t ~·' 
P'""'"" ¡o.cked dcoo11»1 •Jd 01 •~b!fa.:l. 

2) SLJ\lt,cact Flog(N)- Sine< the al¡otit~m for correctlng llCD opor.\Íonl ¡, ~~~·:·wnl f"• a·~~;:¡,. " 
l<>b""'"""· thi1 f\~g h uteJ 10 opc<:~ír ... 1r01 typo cf inuructicn "•' u::~t'~ :...,, .~='t.: o\ . 

. tJ,v, op<rotiuu ,..,¡¡ bo curr<CI fur <Hher lddi(lon cr wbtU~ticn. 

X moana flog loln~e~etmlntle. 
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T•ble 6.0-1 bm """" eu:h 0..1 bll ¡_, aflttttil by .,,;...,,(.1-U in.u.u;ti<lns. In UU. ublc 1 ·~· indlcatel 

tll.:l\ the inmuclio~ en<s riQL c> .. n~e :he l!1~ an 'X' me>n< :\..!• •_\, f:,~ ¡ou \O on inJ:.om.Uut< <lile, 1 'D' 
. rn :Jn! thot it iorud, • '1' meo,.. tnU it 1; >< 1 In~ the >Y•'•b..J ·:' <nJtc.tiOI tna\ iliUet .,, ,. .. , oo;<;Ordlll& lO 
· !l~< Previnu¡ dhcuuion. ¡.:.,¡• tha\>"1 in"""''•'•n not ~pp.,.,u,¿ ~.u,., ub:• dou 001 zffc:~ any ofu-! OoiL 

TaJ;.a 6.0.1 incl\1<\q 1 fcw ,~,.¡ "''' " ': 1. '' ·'.\ ~< ~" ·:rib<d k. ,\,,ity, Notico thu thc Olo<>d;_ Uo>orO:. 
tn<truclion s.ets tho Z r .. , if tho tan campare or<ution indt~ored a mao;h bet'""n tho "-"'u an<: tC..: 
><cumuLo ter <lol.li.. "l..:o, 1ne paril1 no& ;, ""' if ;!, t 1r~ ro~",' (rqi.,co pur Be) i:s not .>Qlllllto uso.. Thi> 
""· nt ,. " e' the ¡><nty r.o¡ls m.& with t~e b '<><;k muve inst...c:tions. A..othcr qxo;i•l ""' ¡¡ dwing bk.clc. 
·r·:•ut or "'"P' 1 instructions, h.,-e !heZ 11•8 io uto~ t<:> indic,ote tho na u of •ttUter 8 wtUc.h" us<d 111 byte 
o .. unw. Notie< thot when th! 1/0 block tun~for t. complete, tho uro ru8 wi\1 be reset to ar.ero (le. )-ú) 
wh•le in lh< ca .. of • bloá move comm•nd the p.ority n.g ;, r<!OI wllen tlle operat.lon h campl<l<. A frn.ol 
;"''" ;, when tho <"!roo~ or 1 agístcr "l<>•dod '"'" th< a<:eumul•tor, the imerrupt en.oble flip ll"~ ,;le;;,,~;oJ 
rn•.o th< p•uty fl•g 50 lhat the complete >ti\e ~,"•!.• C!'l.' eo .. ~. ''""J •tan y time. 
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7.0 SUMMARY OF OP CODES ANO EXECUTION TIMES 

Tllo faUowing section g¡ve• o •~mmary of tho Z.&l inst~U<.!I"~" ,.t. T~ inot.u.;t;oM t.tt :O~y ananpd 
into group1 u shown on 1>blu 7.0.! th.rough 7,0.1 !. EaCb t•\>lo 1how•tM uson,bly lar.g.,..ge mnemOI'~ 
OP eode, tM actu.al 01' .;ode, thco •~mbolio op<r>toon, tho e<on;oot <>f 1!'10 i\1¡ r~¡l""' foi;ow•nr ~he •rr~:>· 
t•on uf u eh in•Uoction, the numl><r of byt« requir<d for eac!L irL1L<uction u wolla• th~ """'l'<' iJl mt;mory 
cyde• an~ t!le tot>l ""'"~"' of T <tate• {ex" rn•' d ...... l P"•io<h) <~qui,.J f<>< tb.a iotá.in¡ ond euwtio<> <.f 
uch in•truction. Caro h.a1 betn Ukeo to mUo cath t.ILble sc!f.cllplanltOI)' without requinn1 lA Y ero.., <cffll
<nce wrth the t"'t cr oth<r tabi<L 
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1 NOTES: 
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RETURN 
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llflJIN fiDI 
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RESTART 
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INSTAUCTION 

1 
' 

1 
' 

1 
- __ j 

NOTES: 
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INPUT GROUP 

'" f'- ' 1 I'OOT 

Q GJ (Cl "' GJ LJ '"'" .J 

CJ D 

··-·····- ------------------- -· -----
¡¡,, /Bll '-'''' uopu! <1~1.1 loum ilUV t><HI tu '"'V o•i•¡ht loit 
Lf>U "''1"1"' llu<> "luninatin•¡ lhc holll"'""'k iu thu /·~'-'"''' ,,¡_,,.,,_ 

BLOCK INPUT 

1 01l 1 '" 
I~(M(ll'lY ~" 

--- . 

.1 • 1 

' BYTE ,Q!,JH 

'.to.c tll. oec e 
~ 111C t<t -OEC B. ll(PEAT IF B •O 
., U:C "' • IJEC B 
<, Ul l, "' DEC B Ai::I'EAT 1~ Bt O 

----1 e 

NOTES: 

. ' NOTES: 

...... ··- ···--·· -· 
1 :.,. IJil" ¡, Input or O"tput ¡.,~tr~<;tooos can ll~ thmu¡ht ol 

.,, ,, "Snttw,ow" DMA, 0Jt" ;, "''-'"~d hont d I>Niphcr,tl "' 
,.,, ... ,;,v ,,, "'"re of ~ ¡¡s/Elvt~. 
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BLOCK OUTPUT 
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• 
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NOTES: 

• 
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' • ' 
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UNDEFII>.EO 

• ..CD 1 SliiTAACT 

HAU' CARRY 

' fAAm'IOVERFI.OW 

NOTES: 

o 

HOW TO SAVE MEMORY BYTES IN VOUR 
8080 PfiOGRAM WITH,THE ZSO 
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Device 
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Ensamblador: 

La mayoria de los microprocesadores que se encuentran en el me~ 

cado tienen como soporte de programación programas que facili

tan al usuario la tarea de introducir y ejecutar sus programas, 

entre listos se tiene a moñitores, editores, ensambladores, tra-

ductores, int~rpretes y compiladores. 

El propósito de esta plática será el conocer la actividad del -

' programa llamado monitor y la del ensamblador-

).!oni tor: 

Un monitor nos permite por lo regular introducir código a mem~ 

r1a, desplegarlo en algún tipo de display, cambiarlo, aumentar

lo o reducirlo, copiarlo de una sección de memoria a otra, obser 

var el contenido de los registros del sistema, agregar punto~ 

de ruptura (break points) para monitorear al programa y por Ci:

timo ejecutarlo a partir de una dirección dada por el usuario. 

Este programa {por lo regular pequeno) recibe de un teletipo o 

pantalla comandos de un carácter, y consta de algunas rutinas 

de utileria para aroyar en cierto ·modo al usuario. Por e.iemfllo: 

conversiiSn de códigos ,\SCII-BCD, BCD-ASCII. 

La entrada comunmente se realiza introduciendo en ASCII e1 pro-

grama en código de máquina, representación hexadecimal, l<tS rl1· 

tinas de apoyo traducen el ASCII al hexadecimal correspondien-



,. 
te {representación interna), ocupando 4 bits de cada carácter. 

Una ve~ terminada la inserción del;programa, éste puede ejecu-

tarse. Estn labor es compleja ya- que el usuario cada vez intr.2_ 

duce todo el c6d~go <.!el programa en forma num!!rica, lo cual in

crementa la posibilidad de falla. 

Ensamblador: 

El programa ensamblador surge de la necesidad de facilitar la 

interfase entre hombrc-miquina. Varios son sus propósitos pero 

quizfis el mfis importante es el de facilitar la escritura y che-

queo del flujo de un programa, ya que la entrada al ensambla-

dor se realiza utilizando mnemónicos f4cilmente reconocibles y 

memorizablcs por el usuario en lugar de los códigos de máquina 

correspondientes. 

Varias son las rutinas que integran al programa ensamblador, la 

primera denominada scanner lee una linea de código revisando 

formato previamente establecido. (Libre o fijo) pudiendo dis-

criminar códigos válidos de etiquetas. 

u~a etiqueta simplemente representa el nombre de una dirección, 

a la que, durante el desarrollo del programa se hará mención. 

La segunda rutina tiene como finalidad la formación del código 

correspondiente al mnemónico de entrada dejando libres las lo

calidades que requieran posteriormente ser resueltas. 
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5-J WRITING TO THE DISPLAY 
' The following program causes the character ~a- to move 

from right to left serosa the display, 

2000 3E 00 LD A,OOH 

2002 DJ 88 OUT (88H) ,A ¡ACTIVATE ALL SEGt~NTS 

2004 3E 01 LD A,OlH 

2006 D3 8C LOOP1 OUT (8CR) ,A ,SELECT FIRST DIGIT 

2008 CD 4F 06 CALL D20MS 

20GB CD 4F 06 CALL D20MS 

200E CD 4F 06. CALL D20li!S 

2011 CD UF 06 CALL D20MS 

2014 CD 4F 06 CALL 020!/!S ¡DELAY APPROX iOO~!S 

2017 07 RLCA rROTATE TO NEXT DIGIT 

?.018 18 EC JR LOOP-$ ¡LOOP BACK 

Enter the program and Execute addresa 2000. Use MO~ 

key to return to ZBUG. This is not a good program to Single 

:; tcp throug~, as the Single S"';ep routines use the display whic.'l 

'-'es"';roys the "8" character loaded in the first two instructio:".S. 

5-4 INTERRUPT DRIVEN DELAY 
• The following program uses Channel zero of the ZBO-CTC 

to interrupt after a fixed delay, rather than th& software 

t!.r.1ing loop (D20:•lS) used in the previous example, This pro

~~am uses the Z80 Mode 2 interrupts in Whioh the interrupti~ 

·.:.~vice senda in a vector during the Interrupt Acknowledge 

5-? 
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_,lLll,;..;:. ¡]p. traJucci6n de mnemónico a c6digo de má· 

q,Jina, 111 segunda (tabla de etiquetas) lleva el recuento de l.as 

direccione~ a las que se ha asignado un nombre especial O sea 

el nombre etiqueta. 

~n general la mayoría de los ensambladores leen varias veces 

(2 veces) el programa escrito en mnemónicos para completar aqu~ 

llas localidades que en pasos anteriores no pudieron ser resuel 

~os. A esta actividad la bibliograf!a se refiere como número 

de pasadas del ensamblador. 
A continuaci6n se muestra la salida del ensamblador habiendo 

ensamblado correctamente un programa cualquiera. 
En los listados anteriores observamos la salida del programa en 

samblador, en ella la primer columna nos indica la direcci6n fi 

sica en donde fueron ensamblados los c6digos de máquina de la 

segunda columna, los que ha su vez corresponden a los mne~6ni-

~os utilizados por el usuario, eñ la misma linea del programa. 

1 • 

' 
• 

• 
' • • 

• 
' • 
• 

f 
• 

Errores: r 

Otra rutina del programa ensamblador a la cual puede llamarse en 

cualquier instante es la rutina de error la cual contabiliza los 

errores del usuario haciéndocelo saber al final. Son errores: 

la inclusión de mnem6nicos no establecidos, la definici6n de eti 

quetas fuera de la sintaxis aceptada, los saltos o llamadas a 

subrutina a etiquetas inexistentes, etc. 

A continuaci6n se analizarán los siguientes programas con la fi· 

nal1dad Je introducirnos a la programaci6n con los mnem6nicos del 

sistema Z·BO, estos programas serán explicados en el curso. 

' 
• • 



Accumulator is rotated left once each time the break

point is.encountered. Reset usi~g S1 to clear CTC. 

¡INTERRUPT DRIVEN DELAY 

ORG 2000H 

2000 )E 21 LD A,21H 

2002 ED 47 LD l,A ¡INITIALIZE !=21 

2004 J1 00 2J LD SP, 2JOOH ¡INITIALIZE STACK POINTER 

200? JE 00 LD A,OOH 

2009 DJ 84 LD (84H) ,A ¡CTC VECTOR 

200B JE A5 LD A,OA5H 

200D DJ 84 OUT (84H) ,A ¡CONFIGURE CTC-SEE PAGE 26 

¡OP MICRO REPERENCE MANUAL 

200F )E FF LD - A,OPFH 

2011 DJ 84 OUT (84H) ,A 

2013 JE 01 LD A,01H 

2015 ED 5E lM 2 

201? FB LOOPt El 

2018 76 l!ALT 

2019 CJ 17 20 JP LOOP 

¡TABLE OF INTERRUPT SERVICE ROUTINES 

2100 00 22 

1 INTERRUPI' SER VICE ROUTINE 

2200 FB El ¡ENABLE INTERRUPTS 

2201 07 RIOA ¡ROTA TE ACCIDo1UlATOR 

2202 ED 40 RETI tRETURN FROM INTERRUPT CLEAR 

¡CTC 

5-9 
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~-,;, :::r:;,;'~f,1'E Ml TNTERRUPT FROM THE PIO ' 
Place a 10K ohm pull-up resiator·from ASTRB (marked near 

wire wrap area) to +5 vol te. Enter the following program -that 

initializes the PIO to accept an interrupt on the A Port. Set 

a BREAKPOINT at 2200 and Execute from 2000, The display· will' 

~o dark as tho Z80-CPU has executed the HALT instruction. 

Take a clip lead and momentarily touch ASTRB to GND, which 

will cause a PIO interrupt and the breakpoint should be dis

played. For more details on the Z80-PIO operation, see the 

MOSTEK or Zilog PIO Technical Manual. 

¡PIO INTERRUPT TEST 

2000 JE 21 LD A,21H 

2002 ED 47 LD 1 ,A 1 INITIALIZE 1 

2004 JE OD LD A,OO 

2006 DJ 82 DUT (82H).A ¡VECTOR 

2008 )E 4F LD A,4FH ¡SET UP PIO FOR INPUT 

200A D) 82 DUT (82H) ,A ¡MODE - SEE PAGE 25 OF !U-

200C )E 87 LD A ,87H ¡CRO REF MANUAL MODE TWO 

200E D3 82 DUT {82H) ,A 1 INTERRUPTS 

2010 EO SE IM ' 201.2 FB El 

.201] 76 HALT 

1INTERRUPT SERVICE ROUTINE TABLE 

2100 00 2.2 

.5-10 
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1INTERRUPT SERVICE ROUTINE 

2200 FB 

2201 ED 40 

EI 

RETI 

.. 

• 
1RETURN ANO CLEAR PIO 

USING THE Z80 STARTER KIT AS AN EPROM PROGRAMMER 

Due to limitations in the memory allotted for the ~~UG 
Mon~itor, (it h~d to fit in a 2K byte ROM) sorne restrictions 

were plaoed on the operation of the EPROM programme~, These 

restrictions are fully documentad in Section J-1) and should 

not hinder the average user of the zeo STARTER KIT. · 

Should a user desire to program the entire contenta of 

a 2758 (102.4 bytes) ora 2716 (2048 bytes) EPROM, the above 

mentioned reetrictions need to be removed. The following two 

example programa give the user the capability of copying any 

block of memory te any other block of memory, plus allowing 

any RAM location to be the source of data for the EPROM pro-

grammer, These programe can be put on cassette tape to be 

loaded into RAM when needed, or they can be put into EPRO~í 

in the PROM1 socket for on-line use. 

Thc first program is a copy utility based on the ZSO 

block move instruction. It can-be used to copy a block of 
. 

data from any memory location (source data) to any new mem-

ory location (destination data). It can also be usad to copy 

the data from an EPROM in either socket PROM1 or PROM2 into 

;¡_\M for minor modification befare re-programming. To use the 

:ollowing program initialize the Z80 registers using the REG 

o$XAM key as follOWSt 

.5-li 



·i,·.:·<'-H'_:"- ~no ,''i.~iJ/2?16 EPROMs can ::¡e prograrruned a block 

•:r sect-ton ata time, the capability is pl"ovidcd by the iñi-

iialization oí 23C2H and 23C3H to start the programming at 

any address in the EPROM. This reature can be used to pro

!¡ram :1 í'ull 2K byte EPROM wi th less than lK of RAM in the 

~tand~ct kit by programrning the EPROM a eection'at a time. --
zPROGRA~ TO MOVE ANY RAM BLOCK TO ANY 

¡STARTING ADORE SS IN EPROM 

2000 JE 01 Cl2z LD A,OlH 

.. 2002 32 DA 23 LD (PRFLG) ,A ¡SET PROM PROG pu; 

2005 E5 
' 

PUSH HL ¡BYTE COUNT IN HL 

2006 Cl POP BC ¡SAVE IT 

2007 E5 PUSH KL 

2008 JA co 23 LD A,(23COH) 1 SO URCE DATA 

200B ,, LD H,A 

200C 3A Cl 23 LD A,(2JC1H) 

200F 6F LD L,A 

2010 JA C2 23 LD A, (2JC2H) ¡DESTINATION DATA 

2013 57 LD D,A 

2014 JA C3 2) LD A, {23C)H) 

2017 5F LD E,A 

2018 3E 25 C12A¡ LD A,25H 1 CTC FOR 26 MS 

'201A 03 86 OUT (86H) ,A 1ZC/TO, NO INTR 

201C 3E CB LD A,20)D 

201E D) 86 OUT (86H) ,A ¡TIME CONST 

201F 3E 80 LD A,80H 1 CLEAR DISPLAY, SET 

5-13. 
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2022 DJ se OUT (DIGLH) ,A ¡PROM PROG EN = 1 

2024 ED AO LO! ¡WAIT STATE INSERTED 

2026 JE o o LO A,OOH ¡UNTIL CTC TIMES TWICE 

2028 DJ 8C OUT (D!GLH} ,A 1 OLEAR PROM PROG EN 

202A JE· O] LO A,OJH tRESET CTC2 

202C DJ 86 OUT (86} ,A 

202E EA 16 20 JP PE,C12A 1LOOP BACK !!'' BC-1 NE O 

2031 C1 POP BC ¡RESTORE BYTE COUNT 

2032 JA e o 2J LO A,(2JCOH} 

2035 67 LD H,A 

2036 JA C1 2J LD A, (2JC1H) rSOURCE DATA 

2039 6F LD L,A 

203A JA 'C2 2J LD A, (2JC2H) 

2030 57 LD D,A 

20JE ]A CJ 2J LD A, (2JCJH) ¡OEST DATA 

2041 5F LD E,A 

2042 CJ o4 06 JP CCS12B ¡USE RO:W CODE 

• 

S-14 
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.. . ·-e,-:.:::-,; r ,:.J; ?:\~ >.;\JL ·;¡"L Y- 230 LIST:NG og 

~1:CGRAM INSTflUCTIQN TIME IN '-
LA!JH. /M'.:~~.:QNICS OPERAII:D FIELD COMMENTS BYTES .uS~C 

1, M~TPLY: " IJC,OOH ;CLEAA ~ARTIAL SUM ' '-" 

" " OE,OOH ;BUFFI!Il IN AL HA- ' 
,_, 

'· " llL,OOH ;NAn AEGISTER SET. ' . - ••• 
'· "' ' 

,_, 
' " !lC,1800H ; LOAD C WITH l4 ' 

,, 
~- MLCO?: " A,IAPART+21 ' 

,, 
'· ANO "" ;RETAUB LSB , ,, 
•• " ' ; COMPARE WITH PIIEVIOUS ' '-' 

'· " '·' ; LSB & SWAP OLO/Ni:IV ' '-' 

"· m Z,SHIFT ;bOES CURAENT•I'IlEVIOUS1 2 4.8/2.8 

"· " ' ' '-' 
1 ?.. " HL,(BPART+2) ' ••• 
" "' Z,ADD ;AODIFLSBtSO , 4.8/2.8 

04. "' ; SUBTRACT MANO FROM ' '' 

TRIPLE PRECISION BINARY MUL TIPL Y - Z80 LISTING (CONTINUEO) 'i''f 

PROGRA~ INSTRUCTION TlM€ lN 
LASEL MNEMONICS OPEAAND FtELO COMMENTS BYTES J.<SEC 

"· " .. ; rARTIAL SUM ' u; 

"- '"" (fll) ;SUS. LS BYTE ' 
,, 

"· " '·' ;SAV~ IT IN O ' 1.6 . 

"- "' "' ;DE01EMENT 8 PART ' , .. 
" " '·' ' '.o 

"· "' '"" ;SU~. MIOOLE BYTES ' 
,_, ' 

"· " '·' ;SAVE IT IN C ' 
,_, 

"- OEC "' ' 
,, 

,_ ... " '·' ' '' "- "' !Kll ; SUB. MS BYTE ' '-' 
2'J. co '·' ;SAVEITIN~ '.o 
2G. " SHIFTO ;GOTOSHIFT ' '·' 
"· AOO: '" ; ADO i\IAND TO I'AnTJAL ' 

,_, 
" " '·' ;SUM ' '-' 
7.9. "' IHLI : ADD lS BYTE ' 

,_, 
" " '·' ; :S A 'lE RESULOS IN O ' '·' ' 
"- '" • "' ' u 

' ' 

=---- --~-~-----=-~-R?~-?.0~=::.-__ -- .-:.---:::-:. 
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TRIPLE PRECISION BINAR V MUL TIPL V - ZBO LISTII'G (CONTINUEO) Bo 

PP.OGRAM INSTP.UCTION TIM~ IN 

LAtH A\!'<(~'ONICS OPERAND FIHD · COM:~ENTS BYTES 1' S!C 
• 

" '" '·' ; ~C!AD MIDDLE BYTE FRCM C ' '·' 
"· '" !HL) ;SAVEITINC ,, 
3-:. '" '·' ' " --" "' "' ' 

,, 
~G. " ,, 

' '" n. '" IHLI ; AOD MS DVTE ' ••• 
"· '" ... ;SAVEITINO ' 

,_, 
3~. SHIFTO: '" ;SWAP AEGrSTEAS ' '·' 
-~- SHIFT: '" frL. APART ; LOAD A PART PQINTfR ' ••• 
~l. '"' IHLl ' 

,, 
" '" "' ' ... 
"· "" IHLI ' ••• 
" '" "' ' '·' 
~~- " '"" ' 0.0 

"· "' ;SWAP& StiiFT PARTIAL $UM ' '.o 

"· '" • '' 
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TRIPLE PRECISION BINAR Y ML'L TIPL y- ZSII LISTING (CONTiti!UED) S 1 

INSTilU~liON 

MNEMONrCS OP~RAND FIELD COMMENT$ 6VHS 

"" ' ' "" ' ' "" ' ' "" " ' "" ' ' "' DJNl M LOOP : REPEAT UNLESS CONE ' "' 
'" Hl,P ;SAV" AtsULT IN MEMORV ' " (f<LI,B ;STAIHING AT P 
INC "' ' '" 11-lL).C ' '" "' 
" (Hl),O 

'" "' '" IHLl,E ' 

TI~.IE IN 
~SEC 

'·' 
'' ,, ,, 
" 1 ,r, 
~ 2/3.2 

1.0 

" .., 
,. 
•• 
••• 
'' 
'·' ••• 



' ~R(.>(;'lM~ I!I;S~RUCTION Tl!olt: 'N 

(.\3~~ M!I!EMOII:ICS O~ERANO FI~LD COM~ENTS BYTES 11SEC 

¡.:. '" "' 
,. 

""' " IHL).H ' '·" ,;:; 11\!C '" , .. 
. ' " IHL).l ' '·' 

SEARCH A MEMORV BLOC:< FOil A SUBSTA!NG- ZttO L!STIII!G 90· -PllOGRAM INSTAUCTION TIME IN 
LABEL MIIIH1DNiCS OPEAAND FIELD C0MMENlS avns .«SEC 

1, SI:ARCH: " HL. BP ; INITIALIZE ~LOC~ POINTER ' ••• 
' " IX,SSP ,iNITIALI~E SUBSTI!ING POINTER • ' ' '· " D.SSL ·lr.IITIALIZE SUIISTRII;G LENGTH ' " • " IIC.BLNGT ;INITIALIZE BLOCK lEt!GHI ' •• 
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SISTEMAS INTEGRADOS EN INGENIERIA 1 

Frecuentemente, el diseñador1de un aiatema debe de enfrentarse a 

la alternativa de diseñar desde el nivel' b!aico de •chipa• o a 

base de sistemas integrados que cum?lan una funci6n·espec!fica. 

Esta dltima alternativa se presenta con mayor facilidad en el 

4rea de los microprocesadores porque el •software• permite adan

tar con facilidad un gru~ de periféricos a las necesidades de -

un problema espec!fico. Los oroblemaa de control induatrial1 ma-

nejo de dispositivos electro-mecanicos, acdstioos y opteros¡ co

municaci6n de datos y otros afines, no son más que el condiciona 

miento y transformación de señales. Si dato se ?U&de lograr en

forma digital (corno casi siempre· es :"()Bible hacerlo) un micror>r~ 

cesador es la herramienta m!a adecuada. En eate sentido hay que 

considerar loa siguientes nuntoa: 

1) . Velocidad de muestreq. 

2) Complejidad del ~roceao. 

En base a ~ato, es posible decidir si es factible ca~tar y ~roce 

sar la·informaci6n a un ~aso suficiente. Para ello hay que consi 

derar el tipo de convertidos y el micro~rocesador a utilizar. 

Hoy d!a, el convertidor m&s veloz de señales analógico 4 digita

les utiliza cerca de 50 nanosegundos para obtener 8 bits. Esto -

nos permite muestrear a 20 MHZ, Sin embargo, un proceso de oryer~ 

cidn sobre este tipo de Muestras requerirfa de un procesador con 

un ciclo de mAquina de 50 ~icosegundos (si suponemos mil o~ra

cionss por muestra) • 56 lo los ~roces adores m!s sofisticados (y -

ningdn micro) aon ca?aces de alcanzar tales velocidades. El esta 

do del arte nos 9ermite =anejar anchoa de banda reales de hasta 

20KHZ, (Ver 2920). 

• 
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La mayor parte ge las apl~caciones (o al menos una ~arte importa~ 

te del es9ectro de a~licaciones) no requieren de un ancho de ban

Ua tan amplio, ;El ?rocesador ZBO, con 4MHZ en su ciclo b4sico 

abarca un ancho de banda ~ue' alcanza hasta.40 mil mueatras/seg; 

( 50 operaciones/mUestra) '=>ara un ancho de banda e'fectivo de 20 

KHZ. Si consideramos 200 oDeraciones/muestra, el ancho de banda -

baja hasta 5KHZ. 
·• 

Una vez establecido el tipa de proceso, es necesario seleccionar 

el ti?O de sub-sistemas a usar y la forma de programar el preces! 

dor en cuestión. En el texto se mencionaran dis~sitivos de con

versiOn.que permiten obtener hasta 180,000 muestras/seq. A m!xirna 

velocidad, el ZBO ?Uede ejecutar cerca de 10 instrucciones/mues-

tra, 

ESTANDARES EN MICROSISTEMAS 

En la actualidad, cada f3bricante de microcomputadoras utiliza -

sus propios canales de comunicaci6n interna (o buses) , Por razo

nes hist6ricas, sin embargo, dOS"de ellos sobresalen por su aro

plica definición y ut1lizaci6n: 

1) Multibus 

2) S-100 
. . .... '~ , . ... 

El primero es usado ~or INTEL, NATIONAL y algunos otr~s fabrica~ 

tes. El canal s-100, sin embargo, ha sido ado~tado por una gran 

cantidad de fabricantes y es en o'!l ·en el que nos enfocaremos. Er. 

las figuras 1 a 4 se muestran las características del canal S-lOC 

Para nosotros, el intero'!s de este est~ndar radica en el hecho de 

que existen al menos las siguientes tarjetas compatibles con di

cho canal: 



a) Sistema de ¿rpcesador central. 

b) Sistema de memoria (4K) RAM. 

e) Sistema de memoria (16K) RAM. 

d) Sistema de memoria (64K) Rk~. 

e) Sistema de memoria (8K) ROM. 

f) Sistema ryrogramador de ROM's. 

g) Sistema de puertos uaralelos. 

3 

h) Sistema de .-.uertos eH!ctricamente aislados (opto-acoplados y 

con relés). 

1) Sistema de gr<Uicas a monitor. 

j) Sistema de conversien a video. 

k) Sistema de interfaz a grabadora (cassette) . 

l) Sistema de interfaz a disco flexible. 

m) Sistema de conversión A/D y D/A. 

nJ Sistema de puertos serie y paralelo. 

o) Sistema de secuenciadores a base de interrurciones. 

pJ Sistema de interfaz a im~reaora. 

ql Siste~u u~ c6m~u~o completo (CPU, Rk~, ROM, puertos) . 

EstaS tarjetas o sub-sistemas son producidos r>Or, al menos, 10 f~ 

bricantes (lo qua garantiza su permanencia) y fluctüan en costos 

entre 200 y 300 dOlares a·_~roximadamente. De esta manera, producir 

un disoositivo que muestree una señal ana16gica, estl! aislado de -

altos voltajes y accione uno o varios motores de ~aso, im~lica se 
~ ~ 

leccionar los m6dulos adecuados (en este caso a, b, h, m y o¡ o -

bien q, h, m y o), fabricar la fuente de noder corres90ndiente y 

nrogramar el sistema. 
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Ante la imposib~lidad de ex~minar cada subsistema, hemos seleccio 

nado un ejemplo de diseño que utiliza las siguientes tarjetas: · 

1) CPU (a) • 

2) MM ( e) ' 

3) Interfaz • disco (1) • 

4 ) Interaz serial/paralelo (m) • 

5) Secuenciados [o ) • 

6 ) Interfaz • video ( j ) . 

El sistema diseñado trabaja, simult~neamente, con una termina~ i~ 

teractiva, un par de discos flexibles, una impresora y 4 manito-

res de video. 

El enlace entre los monitores y el microprocesador se logrO a tra 

vSs de otro ti?O de interfaz: el RS-232. Esta interfaz es muy im

portante en el área de las microprocesadores ya que es virtualmen 

te universal. La asignaciOn y funciones de los '?ins' de este ti-

90 de interfaz se muestran en las figu~as S a 8, 

LA INTEGRACION DE UN DISE~O 

Si tomamos en cuenta que existen tarjetas que se ajustan a es tan-

dares internacionales¡ que existen suficientes de ellas.para faci 

litar el trabajo de desarrollo y que es factible ~reducir solamen - . -
te, entonces, algunos m6dulos especializados, veremoS la conve-

niencia de aprovechar al maximo el diseño modular. 

El diseño modular es caracter!stico del diseño usando microproce-

sadores y se puede resumir en los siguientes pasos; 

~) Identificación del problema. 

2) Selección de los m6dulos (o sub-s:tstemas adecuados). 
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3) Diseño de al~uno (sl que no existan en el. mercado (normalmen-

te a nivel de alambrado o 'wire-wra~'). 

4) Selecc16n del lenguaje de programación. 

5) Programación del sistema. 

6) Pruebas en un simulador/emulador. 

7) Modificaciones al sistema (Pasa al punto 6). 

B) Implantaci6n f.tsica. 

9) Pruebas y ajustes finales. 

Como se mencionó anteriormente, la mejor forma de ilustrar estas 

etapas es usando un ejem~lo de diseño. Este ejemplo utiliz6 m6d~ 

los estandar, interfaces y adaptaciones y sera descrito en fun

ci6n de los 9 ?Untos señalados. 

1. Identificación del problema.- Se requiere de un sistema que 

perl!lita ca.otar información alfanurn!!irica (nombres y n6meros). Es:.. 

ta información correspond~ a personas f!sicas a las que se asigna 

un nümero. Cada ndmero se clasifica en alguno de cuatro gru?Os•. 

Los nümeros deben des~legarse en monitores alejados del nunto de 

ca~tura y deben de actualizarse· al mismo tiempo que se capturan. 

Algunos de ellos deben ser eliminados selectivamente y deberán -

desaparecer de los monitOres, 

2. Selecci6n de los módulos.- Se seleccionaron los siguientes 

m6dulos para el diseño; . , Módulo procesador zso . 
b) Do• módulos de memoria do 16K c11.da uno, 

el U o módulo do interfaz • disco. 

d) U o módulo do interfaz • consola. 

o) Doo m6dulos 'lar a generación do lo• ciclos do reloj o interru2_ 
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ci6n, con dos ~uertos serie cada uno. 

f) Cuatro módulos de conversión de RS232 a RS170 {video compues-

toJ . 

3. Diseño adicional.- Se utilizaron monitores comerciales que 

fueron modificados para enlazarse con RS170. 

4, Se seleccionó el lenguaje ensamblador ya que era necesario te 

ner acceso a los 1dispositivos del sistema selectivamente (lo que 
1 

elimina casi todo·:~ los comoiladores) y debería ser altamente efi-
1 ~ 

ciente (por lo que es preferible a -un intérprete). 

S. Programación del eistema.- El sistema fue ?rogramado en su 

~arte de captación (indicada ?Or un* y en su parte electrónica). 

6. Pruebas en un simulador.- I.as pruebas se efectuaron exhausti 

vamente, pero sin ?robar a~n el proceso de interrupciones. 

' 7. Modificaciones al sistema. 

8. Implantaci6n f!sica.- Se enlaz~ el sistema con los monitores 

v!a· cable coaxial. 

9. Pruebas y ajustes.- Se detectaron algunos problemas de sin-

cron!a y acoplamiento que fueron corregidos. 
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sistema de Despliegue en Tiempo Real 

1 Utili~ando un Microprocesador. 

Introducci6n, 
1 
'.' 

-' 

.. 
•• 

La misi6n básica de cualquier computadora -micro, mini 

o maxi.- consiste en manejar información, bien sea en forma numé-

rica, alfab6tica o alguna otra (imágenes, sonidos, etc.). 

putadora solo puede manejar·~s~a información utilizando transduc 

tares, de modo que los digitos, sonidos, imágenes, etc. puedan 

representarse digitalmente y en forma codificada. Por este sim

ple proceso de codificación (y su subsecuente decodificaci6n) es 

posible analizar, reproducir, amplificar, distribuir, etc., etc. 

alguna de las informaciones ya mencionadas. En el caso que nos 

ocupa, la información a manejar es de indole num6ri~a (nOmeros 

de do~umentos) y se desea ~onvertirla en informa~i6n visual (de~ 

plegándola en monitores), Esta inform3ci6n debe ser manejada, 

adicionalmente, de suerte que pueda ser clasificada, recuperada 

y exhibida (o desplegada) en medios impresos y visuales en tiem 

po real, Es decir, los datos son captados, almacenado~, proce

sados, impresos, clasificados y desplegados simultáneamente. P! 

ra ello se utili¡an té~nicas de interrupción en 'round-robin', 

Además, es preciso que la respuesta del sistema no se degrade 

en ningún momento. Esto se logró usando un sistema de 'stacks' 

múltiples y procesamiento en paralelo, como se describe a conti 

nuación. 
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1. Definici6n del Problema. 

En una dependencia oficial, se manejan do~umentos que 

son identificados con un n~mero de secuencia. Estos documen

tos se deben captar y los l"Úrreros correspondientes deben ser desple 

gados en monitores de forma tal que el público pueda, fácilmen

te, loCalizar el número del documento. Para ello, los documen

tos (y sus números correspondientes) se distribuyen en 4 grupos 

y se asigna un monitor a cada· grupo. Adicionalmente en cada m~ 

nitor, los números deben aparecer en orden creciente. Cada mo· 

nitor debe poder desplegar hasta 500 números. Los números deb~ 

rán ser lo suficientemente grandes para ser de fácil observaci6n. 

La captación de los documentos debe poder hacerse simultáneame~ 

te con el despliegue en los monitores, y la impresión de cier-

tos resultados parciales (así como la captación) deben tener e! 

caza o nula influencia en el tiempo de respuesta del sis

tema. 

La captación .le lo,; documentos deber.« estar sujeta a 

normas de validaci6n y a restriccione~ de seguridad, de manera 

que el sistema no se dafte por fallas de energia u otras eventu! 

les. Finalmente, la computadora deberli encontrarse en un lugar 

físicamente alejado de la sala de despliegue. No se desea, sin 

embargo, agregar sistemas de transmisi6n de datos (tales como 

módems) para mantener el costo del sistema en niveles bajos. 

10 
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z. Solución Propuesta, 

Para cubrir las necesidades anteriores seftaladas se -

propuso el siguiente equipo b!sico: 

1). Un microprocesador _Z80. 

2). 32 k bytes de memoria real. 

3). Un sistema de diskettes de 500 k bytes. 

4}. Interfaz. a disco. 

5). Interfaz a impresora. 

6). Interfaz a consola. 

7). 4 interfaces para puertos serie. 

8). Reloj en tiempo real. 

9). 4 interfaces RS-232 a R.F. 

10). Una consola. 

11). Una impre~ora. 

12). 4 monitores. 

Para este equ~po, por compuesto, fue necesario desa-

rrollar t!l 'software' consecuente, que se divide en 4 sistemas 

b.!isicos. 

' } . Sistema ,, manejo de discos y perif!ricos están-

dar. 

2 ) • Sistema de tiempo compartido. 

') . Sistema ,, captación, 

4 ) • Sistema de reportes. 



i~ ¡¿ 
Con excepción de los monitores,. todo el sistema se -

encuentra contenido en un chasis central, con bus 5-100 y tarj~ 

tas con reguladores independientes. La fuente general del sis· 

tema provee de voltajes no regulados. El enlace entre el pr~ 

cesador central y los monitores se efectúa a través de cable coa 

xial de SG ohms. A continuación se hace una breve descripci6n 

tp.nto del 'hardware' como del 'software'. Nos detendremos, sin 

embargo, en los puntos que, creernos son de mayor interés. 

3. llardware. 

a). ProcesadDr, El CPU trabaja a 4 MHZ y es, b4· 

sicamente, una versión mejorada del SOSO de INTEL. El autor ha 
' tenido oportunidad de comparar ambos sistemas y estima que el -

ZS.O del orden de 50\ mlis eficiente que el 8080. 

b). Memona La memoria es dinámica y se encuen-

tra contenida en 2 tarjetas de 16 k bytes cada una. 

e). Interfaz a diskette. Esta interfaz, a dife~ 

rencia de otros equipos, no utiliza DMA para hacer transferen-

cias a y de disco. Esto degrada al sistema un poco en relaci6n 

con otros equivalentes que sí usan D~~. Sin embargo, 1~ degra

dación e-s muy pequef'ia debido a que el CPU poseee instrucciones 

de máquina que permiten tambi~n hasta 1.6 megabits/seg. {200 k 

bytes/seg.). Puesto que la velocidad de transferencia de un 

Jiskette es de 250 k bytes/seg., la degradación es de un 20\, 

:elativa a un üstema que pudiese transferir, en DMA un ciclo 
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de.4 MHZ. 

d), Interfaz a Consola e Impresora. Las interfa

\ces a consola y a impresora son, simplemente, dos puertos serie 

y paralelo, respectivamente. (Con circuiter1a adicional para -

lograr los niveles estándar RS·ZJZ). 

e). Reloj en Tiempo Real. El circuito de reloj -

en tiempo real es un dispositivo programable> con un ciclo máxi 

mo de tiempo de 16.32 milisegundos. Este reloj, además, tiene 

la caracteristica de poder causar una interrupci6n con la cuen

ta terminal, 

Como es conocido para el ZSO, la parte más significa

tiva de la localidad de interrupción está dada por el contenido 

del registro del procesador denominado "Registro I". La parte 

menos significativa es definida por e~. dispositivo que causa la 

interrupci6n (en este caso el reloj). En esta aplicaci6n, 

I • 12H (0001 001 OB) 

y la parte dada por el reloj corresponde a 

R • 60 
H 

rle forma que la interrupción nos lleva a la localidad 

En esta localidad se encuentra un apuntador a la ruti 
' 

na de interrupción. 

1:;1 proceso de conc¡_tenaci6n y llam:1da a la localidad 

' 
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de servicio de la interrupción son dados p9r el 'hardware' del 

procesador, automáticamente. 

f). Interfaz RS-232 a R.F. En esta aplicación, 

lós monitores deben ser lo suficientemente grandes como para Í! 

cilitar la observación por parte _del usuario. Se especificaron, 

pues, pantallas de más de 19 pulgadas. Como se sabe, las termi 

nales de video estándar no nlcnnza estas dimensiones. Debido a 

ello, fue neceSario adaptar un monitor comercial y proveerle de 

la lógica necésaria para que éste. actuara como terminal de des· 

pliegue. Esto implica que, al sistema del tubo de rayos cat6di 

cos se .le anexen: 
' 

1). Un generador de caracteres. 

2). Memoria suficiente para almacenar la página de des 

pliegue. 

3). Un generador de R.F. tal que la información almace 

nada se concentre en una se~al de video suscepti

ble de ser "interpretada" por ·el monitor. 

4). Lógica de control. 

El circuito que se. seleccionó, hace uso de un micropro 

cesadÓr 3870 de Motorola para lograr todas las funcione.s previa::> 

al punto (3) antes mencionado. Esto permite tener, en un cir

cuito, toda la electrónica necesaria para, de hecho, implementar 

una terminal de video. Por otra parte, el circuito es compati

ble con el bus estlindar del computador (S-100), lo cual permite 

conservar la modularidad del sistema. 

., 
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La tarjeta, pues, re~ibe informaci6n serial RS;23Z a 

300 b&uds y convierte esta inforamción eil. caracteres que alma-. 

cena en una pAgina de memoria, y los cuales env!an en una señal 

de video compuesto al monitor de despliegue. 

Debe hacerse notar que.la información que se desplie

ga es diferente para cada uno de los monitores y que transmite 

a 3CO bauds impone serias· restricciones al sistema. (Para es-

cri~ir 4 lineas se pierden cerca de 8 segundos) sin embargo, por 

ra:ones de tiempo de i~plantaci6n (el sistema, en su totalidad 

se implementó en 60 dfas) se tuvo que trabajar con estos siste

mas lentos. La solución que se le di6 al problema de velocidad 

se. discute m!s adelante. 

Un diagrama a bloques de la interfaz a video se mues

tra en la figura 1, 

4. Software. 

a). Sistema de ~{anejo de Discos y Periféricos. El 

sist·-·ma operativo •se utiliza para manejar archivos tanto en dis

cos como aquellos que corresponden a las terminales (de hecho, 

cualqUier.diaopG.si-tiv.o de E/S, sea disco, impresora o algGn otro 

puede ser tratado como.un archivo. Asi se maneja en lenguajes 

como COSO_!,_. _por ~e111plo). Se usan las siguientes rutinas. 

1). Crea archivo.· 

2) ~ Selecciona disco. 
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. 3) . Cambia ,, nombre ' archivo,· 

4) • Loo ,, consola. 

5) • Escribe on consola. 

6) . Escribe on impresora. 

7 ) • Abre un archivo. 

" ) . Cierra un archivo .. 

9) • Loo ,, un archivo.· 

1 O) • Escribe on un archivo. 

11 ) . Borra un archivo. 

El enlace al si~tema operativo sigue las convenciones 

del sistema CP/M, que se desarro116 para el 8080 y que se ha con 

vertido en un est!ndar. (Digital Research). 

b), Sistema de Tiempo Compartido. Este sistema 

funci vna generando interrupciones que se reconocen aproximad amen 

te cada Z segundos. La informaci6n correspondiente a los núme-

ros que se despliegan en pantalla está divida en 4 áreas y es 

examinada ciclicamente con cada: interrupción. Con cada ciclo de 

'round-robin', se escribe una linea (64 caracteres) si se cumple 

alguna de las siguientes condiciones:· 

1). Hay información nueva (algún número fue dado de ~l 

ta o de baja). 

~). La cantidad de números en memoria excede la capaFi 

dad de despliegue del monitoT, (cada monitor des• 

pliega 16 lineas de 64 caracteres cada una). 

' 
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Los números se presentan en orden. numérico ascendente 

y se actuali~an con cada alta o baja. Es de_cir, cuando se da -. 

de alta un documento, el número se inserta en el lugar corres-

pondiente y recorre a todos los subsecuentes un lugar a la dcre 

c:ha. En el caso de una baja, el-número correspond~entc se eli

mina y todos los números ·subsecuentes se recorren _un lugar a la 

."i"zquierda. La información se,"sortea" dur"ante:l:~:~~captación, u'c 

manera que este módulo solamente despliega.informaci6n•ya . -• -
aCtU!!_, 

i.ú:adá.-.. -· .. ' 
• 

j_~Como se mencionó anteriormente, la velocidad.de trans 

misi6il eS de- 20 Caratteres{seg: Esto implica que se requ~ere!l 

de un poco m4s de dos segundos para desplegar 10 números, como 

se ilustra en la figura 2. Si suponemos que .. los cuatro manito· 

res. requieren de servicio, veremos que el sistema. de captaci6il 

s6lo obtendr.!i. el control Pe procesador marginal!llente, ya que las 

interrupciones. se suceden cada 2 segundos, , Esto ocasiona que el . . . . 

' 

tiemp_o de· respueta' se hi'ciera.intoleritnt~me~t*':- grand~. Dado que'_ 
• 

• 

• ~los monitoeS~pueden.desplegar {en~.!scroll!_)_hasta,SOO números, -.. ·-. ····---- -· -· ---
- no es dificil·· suponer-· que al. menos 2' de~ellos están en-actividad: 
·-·---":-.--~>..,. -.,.-_ .-- --~ ,_._.__,'""""'!":~~·- -- :,-, -- ;:_·--· 

constante y Eil 'tiempo• de: 'respuesta sea;' en promedio~inaceptable. 

Por ello, se adoptó el- siguiente método. ,., 

' . 
e). Sistema de Múltiples StackS. Como es conoci-

• 
do, cuando se acepta una interrupción, es indispensable guardar 

el 'status' del sistema previo a la interrupción. Esto. implica, 

normalmente, el uso del •stack' para este, almacenamiento. En 

operaci<'in estándar los pasos que se siguen para el despliegue 



,. lo's 
' :o 

siguientes: • 18 

• 

1 ) • So 

2) :· So 

3). Se 

' ' 
acepta ¡, lnt~rrupci5il. 1 ' ·• 
guarda el 'st"¡¡tus' on el 'st3.ck'. 

toma una línea -de 64 caracteres de mer.~oria. 
• 

4). Si se cumple alguna_de las condiciones antes sefta 

ladas se '"escribe" la línea en el momento"en tur-

-no. ' . 
--5).-Se·recupera el .'status' del 'stack'. 

ó). Se prosigue ~n <.lende habh. entrado· la interrupción. 

Eventualmente,.el punto 4 se lleva, en ,ejecuci6n, 

64 x 1/30 segundos. (Los • 2 se¡;undos que se habían mencionado), 

• 

Para evitar-una-pérdida de tiempo-tan marcada, se to·-

... 
' , .. 

t), ·Se ejecutan los puntos-¡ al 4."·,, Sin- embargo,·,cua!!. . 

do se-escribe un' c~rktor. (el n·ésimo· de 64) ~e1 

guarda este •'status' en un nuevo '•stack' ,. 

• 

• 

. . 2} . Se habilitan. in te ¡·rupc iones._ por 'Una·, condi e ión a~ 1 , , 

UART que indica "carácter, transmitido". , • j 

3). Se regresa al 'stack' original. 

4). Se re instaura el 'status' previo a la intenupci6n. 

-
Cuando (después (!e. 33 300 ~ S<Jgunllos) 1el UART interrum-

pe ror carácter transmitido (TRE), se inicia el· sistema a par

tir del punto' 1. Después de 64 interrupciones,, se regresa_ al 

• • 

-

' 
' 



• 

• 

. ' . -
. 

. ' • 

• • 
19 . . . ' . 

modo de reloj (en donde el timer interrumpe). 1!1 diag:raJU de • 

flujo se muestra en la figura 3. 
1:> '(¡_ .1 

• 
Cvn este sistema, se dispone de la diferencia entre el 

• ~ '!L' •• 1 

tiem~J de transmisión y el de proceso de E/S 
"• •. .J.,,, ..••. •·. -. 

para proceso del PI'2. 

instrucción, grama principal. Considerando cerca de 3 ~s. por 
·• 

_ ~n_ 33 300 u segs. podemos .ejecutar cerca de 11 000 instruccio- _ 

-~es. {Coma_xeferencia, todo el programa 
, "'' ·~ •r "'' _., ... •· 1 ' f' 

instrucdones de A~MSO), -~--¿ .... , --·~ ~-le.- ·~ .v .... ·-~-- .. _, -1· • j. ' ' ~ . 
es de cerca de 1 500 

• • 

!. '' ~ -~I:"V ""!)- ... ,.,. . ··"': ' . 
El diagramá del proceso se muestra en la figura 3 . 

. 

' . • ·n' ' .. 
d) . Siste~a de Captación. La captura de datos se 

logra •• paralelo con el siste111a ,, despliegue •• tiempo real . 
. • • ' ~~ ... -.. ' ' • • . como r• ,. senal6 . •• esta ,, parte •• ,, quo un nfimero ,. ,, 

" .. - .. ' ' de.alta o ,, baja. Además ,, 1116dulo ,, captación incluye una 
• • •• 

serie de opciones adicioni.les que, en ,conjunto con altas y ba-

jas son g_e!ro, a saber: 
o;!:;e-..I-.: ,.-,t>='!..!:!'..: ~:. _t-- . . • • 

• '· ~ ' .. 
·-- ~ .... -f-1> -·~ .: ... -' . -.·~- ;. • •••• 

pase al 
-....___· ¡.t. 

- ... ~ 

1 ) • L. {lave. Actualizaci6n '" siste111a. 
• -· . . . ·- -t .. ___ _ 

2) . M {ensaje, Despliegue de teitos en los inoni tares. 

• 3). D (espliegue. Vaciado de los contenidos-de archi-. . 
vo. 

4). G (u_a_rda. .. Copia la imagen en despliegue de dis-• . . 

_..5-J~;.:r :{.r!le· Copia la imagen de ~~seo a memoria .. 

6), A (lta. Toma un documento y lo almacena en un ar 

chivo hist6rico y tiene, además, 4 opciones: -
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20. zo 
i). Despliega el ndmero en el ll'IOI!Iento iniiicaJo. 

ii). Guarda " docu~r~eñto '" disco, sin despl i~-
• ' ;; ' '. ' 

gue. 
• 

' ' . ~-
ii i). Toma un documento de--disco , despliega. 

su número en'el I!IOmerito correspondiente.· 
.¡> • 

i!?) •.• Toma todos los documentos de disco y des-

• • 

!· . ! • 

pliega sus números en el momento ~orrespo~ 

diente, 
• 

. . ,, ' " . 
7), B (aja. Cancela un número y!? incluye en un ar-

• • '· 4 
·chivo hist6rieo, con las siguientes opciones: 

! ) . Elimina ol número del monitor correspondien 

' .· . . . ' ... ~ • 

"· 
ii). Elimina ,, nCimero do disc:o. 

• • • • . - ¿ ' ' . • ~ 

' • 
8), F (in. q~rra . .arcbivos,-deshabpita reloj e inte 

•• • .. 
rrupciones y entrega control al sistema opera-

. ' 
tivo. 

. ' < ' . ' 
. ' 

• 

La opci6n se le indica al sistema tecleando, simple· 

mente, la primera letra. A continuaci6n haremos una brev1sima 
' ••• . . '· - -descripci6n-de a~guna de las opciones •. 

• 

.' 

-

J ' . 
La opci6n Llave _perni'ite al usuario I!IOdificar la e la 

ve de entrada al sistema. Ningún usuario puede ha-
• cer uso del sistema si no proporciona esta clave au 

torhada. 
.' 

La opci6n Z permite enviar 
. . 
textos . ' a los monitores 

• 

' 
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21 
deteniendo, momcnt.1ncamcnte, el'dcspltcguc de los 

números en los monitores, 

l.a opCión 3 permite verificar el contenido del ar-

chivo creado por la opción 11 de la función de al-

tas. 

La opción 4 tiene por objeto poder eliminar unu ima

gen del contenido de:cada uno .. de.los mon-itores .. • f",; 

to es necesario cuando se desee interrumpir temporal 

mente el desplie-gue ·s1n tener. que re-cargar todos -

- ~ . .. , . 

Como comple~ento a la opción· a~tefior;la-opci6n 5 

permite restaurar la c_ondici6n de la memoria para 

re-iniciar el despliegue, 

Las opciones 6, 7 y 8 se explican en sú descripciór...' 

Hay,_ s61o, que hacer notar que toda alta y to,\a bn

ja quedan registradas en archivos que se rr.anejarfin 

pos ter ioremente . 

• • o ' • 
" -

- e) . .Sistema ,, Reportes, - - - . 
posible rec:opilar ,, ·siguiente 

~ .• partir de"l::~s altas v 

información:.'· 
--"_-'o ~-~-

• . 
• • - • 

1). Doc:umentos que están en disco pero que aún no ·se 

han dado de alta. •• 

2 ) • Documentos '"' están '" despliegue. 

Docunientos 
• . -3). '"' h'" causado baja porque han si Jo 

procesados. 

4) • Documentos '"' h'" causado baja· por cancelaci6n. 

5)·.- E~tadtsticas de aquellos documentos que estin re~ 

• 



22 

. . . dientes de proceso, es d'ecir, aquellos que estru1. 

en despliegue. 

S, Conclusiones. 

• 
El sistema antes bosquejado, fue desarrollado tenien-

do .en mente las si.guientes metas blisicas: 

1). Bajo costo. 

2). Corto tiempo de implementación. 

3). Confiabilidad. 

4). Alta eficiencia. 

• 

Para. logiar alcanzar los cuatro puntos; simultáneamen 

te, fue necesario conjuntar. equipo y programas q'ue estuvieran -

fuertemente ligados. Por esta razón, todo el sistema fue escri 

toen c6digo de mliquina utilizando el ensamblador residente· 

Unicamente se escribió un segmento (el correspondiente al punto 

5 del sistema de reportes) en un lenguaje de alto nivel (COBOL). 

Conio resultado se lograr:on eficiencia y .economia 'en el c6d igo. 

Todo el 'software' (incluyendo tablas y textos) exceptuando la 

parte de reportes, requiere de S k' bytes. Esta 111 tima (que fun 

clona "off-line") requiere de 12 k bytes de los cuales las pri

mcrus 4 opciones ocupan 3 k y la Ciltima (escrita ·en COBOL) re

quiere de 9 k, 

-

-
De la experiencia adquirida se puede constatar algo ··. 

tan Úillado ya en la industria electr6nica actual: el uso de r.~i 

' 
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ab'arain • 

croprocesadores y do circuitos asociad')::> ac,clera y cnor 

memente los desarrollos hibridos (en los cuáles 'software' y -
• 

'hardware' son ambos importantes). Hay que enfatizar, sobre to 

do, que la selección de equipo que se ajuste a estándares de am 
• 

plirr aceptación es un punto clave para la viabilidad de siste--

mas como el que aqu'í se reporta .. En nuestro caso esos estámb · 

res empiezan con el procesador (el-compilador COBOL 
- ' - -·-- ~ -

genera. cód.l. 

ro 8080 que es un subconjUóto del ZBO), pasando por el canal del 

• 
~omputador (el. BUS S-100 ¡iermiti6 cOnseguir el reloj en tie1~po 

real e interfaces sin necesidad de desarrollarlas) y tcrmin:~n-. . . -.. 
do cci'n el 1 software' (el compilador COBOL es ANSI, así como 

• e 
otros lenguajes; por otra parte usar CP/M permitió usar este 

compilador en particular), Es relativamente fácil apreciar que 

' el tiempo de desarrollo en otras circunstancias hubiera rnulti-. ~ ' .•. 
pl.icado el tiempo y sobre .todo el~ esfuerzo y Costo del sistema. 

F.s .por experiencias Como, esta que se puede explicar la reticen 

cia justificada a adoptar máquinas nuevas que- son 1ncomparible~ 

con otras: • 

. "'· - • . , .. ' 

' .,. ·--·-:+·· ·- . .)' .... 

--'-. . . . 

• 

' 

• . , 
¡ ,. ' 

- • 

• ,_,-·_:¡ 

• 

' 
• 

\ 
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CROMEMCO 3K CONTROL BASIC INSTRUCTION MANUAL 
3 Elements of the Control Basic Language 

3.1 

' ' 

1 .• 

·, 
J. 2 

' 

CHAPTER 3 

Elements of the Control 8as1C La~guage 

' 

Numbers ~ Constants 

• In Control 8asic all numbers are inteqers anO must 
_,_ be -less th<tn 32767: Numbers are stored internally 

as l6..:bit two's complemsnt (lOw byte-high byte). 
For prOgramming anO 'input/output,~'iiUI!'Ibers. are 
o'xpreSsed in decimal,_ hexadecimal,, or._the ASCII 

"ch,úactir code. Hexadecimal. nmñbers are" Oenoted by 
the character ;'~- foll'owed" by __ up to·.:4-~h"exadecimal 
OigitS~ For"Eixample, '21'-anO 33 are--'both stored 
internally as 1Hll000i11 000001HHI; 'FFF4 and -12 are 

'both stO-reO ir'itefnall:{ as llll0lll!o 11111111. An 
ASCII code (7-bit) is Oenoted by a colon (:) 
followed by an ASCII character. For example, :A 
has the value 65 (or 41H) and is storeO interna11y 
.either as one byte, 11111000111, or as two bytes, 
el01130Ql 1 011000eflll, dependí ng on how 1 t i s u sed. 

,rt 

• 

.. 

Variables 

There-are 52 variables Oenoted by letters A through 
Z anO AO through.Ze. There is also an array @{!), 
The Oimension of this array (Le.·, the range of the 
index !) is set automatically to make use of all 
the me~nory space th<llt is <11llocateO but left unuseO 
by the tÍ!xt of the current proo;ifam ( i.e., .0 through 
SIZE/2; see S!ZE function below. Also see section 
B.l.l,_or-8~2.·1 on ·memory alloc<lltion.). Each 

'Var"i'áble" and each .element _of the <11rray @(!) uses 
two bytes of rn~mory st_C!.!:ed low_byte-high byte. 

~ . 
The same memory space that is-·'used to store the 
array @(I). can also be accessed, one byte ata 
time, through &(J) (or as strlngs through S(J) 
where J runs from 0 through S!ZE. That is, &(0) is 
the low byte of @,(0), &{1) is the high byte of 
@(01),, &(2) is the low byte of @(1), &(3) ls the 
high byte of @(1), etc. Strings of up to 132 
charaC:ters each can be st.ored in the same memory 
area and are accessed through S (J). The length N 
of thc string ${J) 1s stored in &(J); the 7-bit 
ASCII chilracters of the strlng are stored in &(J+l) 
through &-(J+N). Thus, $(,HN+l) can be another 
str ing. 

7 
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•The multiple n11ming of the same memory sp~ce 1s 
intentionlll. · This not only gives the programmer 
the fre~dom to 11llocate !IV!Iilable memory between 
arr11ys añd stdngs but also is very convenlent for 
packing and unpacking data, 11nd for s"tilng 
manipulation. 

3.3 Functions 

' 

' 

' 

' .. '. 

' Control Basic has lB built-in functions, which !He 
described belciw. The v11lues rsturned by these 

"funct1ons wil-1 lllw.iys be pdnted iri decimal unle"ss 
the user requests the answer in heX. .Thls may be 

"done by me11ns~ of the format control& of the PRINT 
~ command, · sect10n 5.4.1. In ttíe foll'owlng x and y 

del!ote variable or· constant expres&ions~ 

' . 

' 

. . . 
';_ ~ 

' ' 
' 

ABS{x)" 

RND{x) 

SIZE 

• 
SGN {x) 

gives the absolute value of x. 

gives 11 raridom number between 
x (iric1usive:) •· ' 1 and 

gives the numbei of bytes alloCated. 
tO:· but" left unused by -the current. 
program in the text ares. , See
section 8.1.1 or 8.2.1 for ll 
di"scussion of memory allocstion • 

returns a 1 
zero) or'11 -1 

if., x is _pos1tive 
if x is negatlve. 

(oi 

ANO(x,y)' gives the 16.:.bit Boolé11n ANO of x 
alid'y; 

OR(x~y)·~ 

' . 
XOR(x;y) 

' 

" 

gives the 16-bit 
ORofxandy • 

Boolean 
' . 

lriclusive 

gives the 16-blt. Boolean exclusive 
OR of·• x ;,nd·' Y.•. Note that 
XOR(x,\FF,t~) giVes ·.the orie's 
complemertt of x; and -x gives the .. 
tWo's complement' of' x. (The resu1t 

• • 2 of this operation must be in the 
range -32767 < z < 32767. Hence 
there is no one•S coi!Íplement of 
7FFFH nor two"'s complement of 
801Hlli.) 

8 
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oov 

(;ET(x) qivea the B-bit contenta (1 byte) of 
memory location x. 

··-~ • 
• 

qives the 1-byte value inpu~ from ., 
port x, where 0<•'lc< .. 2SS. 

e oc gives the absoluta 
&(B), and $(il). 

addreaa of @ (6) , 

• 
3.4 Arith!ñetic and Compare Operators 

•• 

. " 

__¡.. 

'" 
Control· Baste o!lllows the following 

•variable and c~nstant expressions: 
· operators 

e· r '"' • 
. / divide • - '"' 

' . -. - lllult!ply·, "or loglc-al Al!lb.-

&ubtro!lct, or two'a compleme-nt • 

. " ' 

+ 

> 

4dd, or l_ogical OR. 

greater than (compare). 

"< less than (compare). 

equal to (Compare). 

t not equal to (compare). 

• 

"" 

• 

,->.. greater than or equal to (compare). 

"<,. less-thlln"or _equal to (coñipa¡:e). 

'" 

The operations +, -, *, and 1 result in a Vlllue 
between -32767 ond 32767. Results outside this 

·t"ongi! will' cause on error, and Control Basic will 
print -How?". All compare operators result in a 1 
'if true llnd a e if false (not true). 

In the Logical context, 11 0 is False and any non
zero value is 1'rue. Thus, the add operator (+) is 
also used as logical OR, and the multiply operlltor 
(*) is also used as logieal ANO. For logical 
eomplecrient, one may use e•. · For example: · 

A+B can mean 
A*B can mean 
0=A ean me.;~n 

A OR B. 
A ANO B. 
NOT A. 

9 



CROMEMCC 3K CONTROL t•.,\S~C f'!:O:'T''~:~"! (\:~: J!A"!L•I\L 
3 E:léments of the Control !lasic l.~r.r;;utqa 

1 4 

) - 5-' f 

.. • • 

Note that if one wants. the 16-bit-by-bit Boolean 
O"• should use the funct.ion .AND(A,S) instead 

ANO, " b d Th •of the logici.'ll ANO just des~rl e • e same 
;~pplles for Boolean OR and XOR. 

Expresslons 

' E:xpressio!ls are formed from numerical elements with 
arithmetlc or compare operators between them. 
Numer leal elcments lnclude constants (decimal, hex, 
or ASCII), variables, two-byte array elements @ (I), 
ene-byte array elements ~(J), functions, and· other 
expresslons In parentheses. A. "+• or a •-• slgn 
.can also· be used as a unary operator. The 
hierarchy for evaluatlng expressions ls as follows: 
functlons are evaluated flrst, then·- parentheses 
(from the innermost), then multiplicatlon and 
division, then addition and subtraction, then the 
compare operations. Cascilded * ilnd ¡ or casc<~ded + 
and - are evalua-ted from left to right. cOmpare 
operators c<~nnot be C<~Scaded. Several commented 
ex<~mPl'es of both leg31 and Üleqal expresslons 
follow: 

1+2*3 
2>1+3 

2*5/3 

A+-3 

A<X<B 

hiiS the value 7, not 9. 
is false and has the value 
C ,(> is used as a compare 
operator and 2 is not 
qreater than 1+3). 
has the value 3, while 
2/3*5 is 0 due to 
truncation. 
·is invalid, but A>-3 is 
allowed. 
is invalld; (A<X) * (X<B) 
is the proper way of 
testing whether~ X is 

betwecn A and B. 
(A.>_B.l_*X \ (A"'B)*'i is. equal to X if A>B, 

eqLlal· to 'i if. A•B, and 
equal to 0 i f A< S. 

(&(8)>=:A)*(&(8)<,.:Z)•2 + (&(8)>=:1'1)*(&(8)<•:9) 
has " value· of. 2 if the 
charilcter &(8) is a letter, 

• 

10 

" value of 1 if it is ·a 
digit, and a value of 11 
otherwise. 

' 



• 

' Oú 
CROMEMCO JK CONTROL BASIC 
4 Control Basic Syntax 

INSTRUCTION MANUAL 

. ' 
CHAPTE:R 4 

Control Basic Syntax 

• 

4.1 Control Banic General Syntax 
---~ j ~; 

· IThere are a number of specia1 definltions used 
throu<Jhout this manual as well as ·sorne general 
rulas of syntax which should_ be followed when 
entering .!lnd editing Control Basic prograrns. The 
definítions of irnportant terms follow: 

• . •. ¡ . . . ... 
command - ' 

Appl·ies to Control Basic keywords whlch may be 
used in either direct commands or statements. 

direct command -
commands which may be 
console in response 
prompt. 

typed directly from the 
to the Control aasic 

statement -
A numbered line in 
which is campo sed' of 

a Control Basic proqram 
one or severa! commands. -- . 

multiple-command statement -
,.; numbered Une in a Control Basic 
which ls composed of severa! commands 

-.... •• same·Iiñ"i!l"separated by seml-cOlons. 

program 
(on the 

'functlon -· -· . . ' 
-•One'-·or~·ten control structures lntrinslc 

Control -saslc Which may bo!""--Used 
expressions. (Not"e that commands may not 
used in expr"ess!ons.) 

currént progrdm-

" ' " bo 

The program which may be entered or edited 
directly without first tOAOing it; the program 
which prints on the con5ole when •r.tST" ls 
typed. 

text arca -
The area o( memory reserved for storage of the 
current program and the arrays. 

11 
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Thet"e are also a nuo•o:.>t:r of rules of syntax to be 
followed when entei"inq and editinq Conti"ol Basic 
programs. These are su::~lllilrized below: 

1 • A Control ·aasic proqrams consists 
more numbered statements. The 
number must be an _integer between 1 
inclusive. 

• of one or 
statement 
and 32767, 

2. Multiple-comr:~and statements (see above) must 
use semi-colons (¡) to separate the commands. 
There are three exceptions to this: GOTO,. 
STOP, and RETURN cannot be followed by a.semi
colon or other commands¡ they must be the.l3st 
command ori any given line. 

3 • 

4 • 

5 • 

7, 

Whe"n the di rect command "RUN" is issued, the 
statement with the lowest line number is 
executed fi rst, followed by the one wi th the 
next lowest Line number, .etc. The st.'ltements, 
GOTO, RUN, STOP, GOSUB, and RETURN can alter.u 
this sequence, however, by causinq control to 1 
branch to a specific line numbet"· (see Cha.pter 
5) • 

Execution of the commands within a mulfiple-., 
command statement is from left to I"ight. The 
IF command is a special case in that if the ~ 
condit!On tested is false, all commands" to the
right of that powt wlli be skipped ovei" a.nd 
execution will continue with the next line. 

' Spaces (blanks) inay be used or omitted freely" 
but foi" the following excepticins: constan-ts, ' 
and command and funetion keywo"rds may 'not, 
contain embedded blar.~s •. They may :D"i 
abbreviated, howcV<H¡ see ~ectiori."4.2. 

Execution of a runninq proqram,or li-stin9 of 
any· -type of output may be aborted by pre!;_slnq.-:.: 
the Control-e kt!Y {usu~lly the two keys, CTRL 
and · C, depressed simultaneously) on the 
console input device. 

TJlroughout thi,; manual, ¡::ortions of example 
proqi"ams which are underlined. signify. that 
those expressions are user-typed • 

• 
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4.2 Abb(eviations and Summary of Commands 

Gúc 7 
• 

Control Baste comtnand and function keywords 111ay be 
abbreviated if desired. Since the Interpretar 
stores programs as the l!Ctual ASCII 'chilracters 

-·which make up the statements and this requires one 
byte per character (see Memory Allocation 

- -Sections), the abbreviated fonns of commands 
greatly reduce their memory storage requirements. 
This is import-ant if the program is to be stored in 
PROM for future use (see SA.VE and EPROM comrri11nds). 
For e:.cample, the following com-mand line: 

• 
13 FOR I=l TO liHlB STEP '2-; PRINT.,I , ; NEXT 1 . , 

would perform exactly· the same funct'ion if 
abbreviated 'to the form: 

• 
10 F.I•lTOl000S.2;P.I,;NE.I 

, 
Thls second lin.e. requires only about half the bytes 
for storage as the first line. However, since this 
second line is not ·very leqible, lt is recom111ended 
that a programrner develop_ a program using the full
word commands, and only translate it to the 
abbreviated forro just, prior to programming lt into 
PROM. ., 

~· -
The abbreviations are fonned by trUncating several 
of the tndling letters and replacing them with, a 
pe"riodl (.). 4 For example, MP.", ~PR.",~"PRI.", and 
"PRIN." all stand for -the' word "PRINT". Command 

~ ~ keywords cannot be t(un-cated- to a shorter length 
- .• :·than the minimum abbreviations given -b-elow or 
-_ .-= Ca nt ro 1 Ba si e··;,;¡ 1 1" pr'i"n t=-" WH-'T? • ';

4 

Al so_._nOtu the~ t 
• thc word "t.ET" in a t.ET state,~ent me~y be" omitted 

altogethnr. There are three colum'ns in the table 
below: the first shows all control Basic commands, 
the second shows only those wh ich may be u sed in 
numbered statements (these may illso be used as 
direct commands), and the third cOlumn shows the 
ten Control lle~sic functions. The shortest k.eyword 
abbreviations are: • 

13 
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Ú·~·.. t)Dirt!ct'Cornmands Stat.:!ments Functions 

'' 

• AUTORUN~AUTORUN 
C.~CALL 

E."E:PROM 
F ... FOR 
G.~GOTO 

GOS.•GOSUB 
IF=IF. 
IN.~INPUT 

=LeT (implied). 
t.."-t.rsT · · 
LO. a[.QAD 
LOCK"LOCK 
NF;W=NEW 

'NE,•NEXT 
NU.=NULL 
O, aQUT 
P.=PRINT 
PUT'"'PUT 
Q.=QUIT 

* R.=RDOS 
R.=RETURN 
REM=REM 
RUN,.RUN 
s.=SAVE 
·s·, :STEP_ 
ST ."STOP 
1'0"''!'0 
W •. =WI DTH 

• AUTORUN•AUTORUN 
c.=CALL 

F.=FOR • 
G.=GOTO 
GOS.GOSUB 
lF"'IF 
IN.=INPUT 
~u: T (implied) 

NE.ooNEXT 

O.=OUT 
P.=PRINT 
PUT=PUT 

R ... RETURN 
REM=REM 
RUN .. RUN 

S.=STEP 
ST, "'STOP 
TO=TO 

1>,, "'ABS 
ANO.,AND 
G.•GET 
IN,.IN 
L."'LOC 
OR•OR 
R.•RNO 
S,•S!ZE 
SGN.,SGN 
X.•XOR 

* These commands are found In rnodel MCB-216 only. 

' As,defined,in section 4.1, a conomand is part of a 
statemcnt, which, in tur"n, ls n"ct of· a progclll!l. 

- HÓwevCi; . When a 'comm..,nd is typed at the console 
input device without a line number preceding it, it 
·¡·s a ~direct command. _Direct commands are not 
stored __ by· Control CJ~.5ic but are. executed 
immediately. 

The commands llsted in the second column above may 
be used both as statements of stored programs and 
as direct commands. Thr.r;~ not Usted in coltimn two 
but listed in column one may be used as direct 
commands only. Therc are thrce groups of special 
cases: 

' ' 
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-. 

<.3 

·l. When used as direct' comm3nds, GOSUB, INPUT, 
and RUN cannot"· be followed by semi-colons and 
other commands. 

2. AUTORUN, NEXT, RETURN¡ REM, STEP, STOP, and TO 
are meaninqless as direct -commands. However, 
NEXT, STEP; and TO may be used within a direct 
fOR command t~ll typed on one 1iríe as .shown in 
this example: 

FOR I'"ll TO 255 STEP 4; PRINT 1\, ,1.; NEXT I 

'3f•· when used 
STOP must 

• • ·. ·•1 (ciinriot be· 
commands). 

" 

in statements;·· GOTO,'" RETURN, and 
be the last cocitm!lnd on the line 
fo11owed b"y semi-colons and other _, .. _ .. ,. ~ ... 

Memory Orga11i zation of Control Basic 

The text of the current proc;¡ram is stored in memory 
one ASCII character per byte. Line numbers are low 
byte-hiqh byte 16-bit binary and are stored with 
the text (section 8.1.1 or 8.2.1). The amount of 

· m"i!inory ~s-pace available for the current program may 
be changed by means of the LOCK command "(section 
5~7.1). The number, of bytes availt~b1e to-{by LOCK 
or by default), but 1eft unused by, the current 
proc;¡ram may be obtained with the SIZE function 
{section 3.3). These unused bYtes are used for 
storage of the two-byte, ene-byte, and str!ng 
arrays (section 3.2). 

One may not use the LOCK command to set the 
boundary illt -any paqe that already has currer~t 
p!-ogram text in ft, nor at ar~·y pa"ge below the 
bottom of the te)[t area. tf the LOCKed area ls 
exceeded during the entering of a :.tatement of the 
currer~t program, Control Baslc will print •soRRY" 
¡¡nd will accept no more statement input until more 
space is made available, either by deleting sor.~e 
present Unes or by ur~LOCKing more text area. 

Control Basic alloca.tes storage in "pages", or 256-
byte units. fo!odel CB-308 has rouqhly the fo11owir~g 
org<Hlizatior~: 

15 
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' . 

' 

)" l. 

. , 

' 

page !l - not used 
pages 1,2, ancl 3 - used• for I/0_ routines, 

variables, and stac:k storage 
pages 4 through 31- text area for current 

program and arrays 
pages 32 through 227 and 240 through 255 -

used for SAVEd program files 
pages 228 through 239 - stor,.ge of Control 

aasic program itself 

Modcl MCB-216 11as a slightly different 
organization: 

po~~ges: e through 15 - stor<llge of Control Basic 
program itself 

pages 16 through, 31-; used for previously
stored programs in PROM 

pages 32 and 33 - used for variables and· stack. 
storage 

pages 34 and 35- text area· for current 
l· program and. arrays . 
pages 36 through 255 - used for. SAVEd program 

files 

·Much more det~iled 
includlng listlngs 
found in sections 
(model MCB-216). 

. . 

•• 

information On memory allocation 
of the data areas in RAM will be 
8.1.1 (model CB-398) and 8.2.1 

. . 

' 

. . 

\ 
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5. 1 

S. 1.1 

5. l. 2 

CHAPTER S 
' 

' Control aa'·sic Cominands and Statem~nts, 

Asslgnment Commands ' ' - .. • 

'''"The 't.ET commarid'can be used to evai~'ate'-~Xpr~;·sions 
·- ·and stóre the values in va dables·,. the double byte 
~- . - . . . -· - . 

, array @(l),.and-_the .. sirlgle byte· array .&(J)., :-tare 
-~-thill-n "oile varl.!ible or airay'.;¡e.ñent Pltly,be set.·by a 
,!: single_,LET coirlma"nd."' Sonie Oxalnpl"es of, the-~use of 
-. "t.!T a're; -~ · · 

le 

" " " " 

LE'!' A•234-S•6,_@(A-3)•4*A, &(25)al8 
LET Ull•{A<B)-1-AND(ABS{X-1) ,\I"F)+:* 
LE'!' Ml=BB•Il 
LET @(8),.-1, _&(0)•111 
A•3, B•2*A 

' 

Note that statement JB will not set both All and Bll_ 
to zero. The second equal siqn (=) In this command 
is " comp.!lre operator (see section 3.4); thus only 
A0 wlll be altered according tó wh'ether B0 is eqllal 
or is not eqUt~l to 0. 

Note also that ·after statement 40 is executed, the 
_ value. ·of @ (ll) _will not 0 be .-l. ____ This. is because 

&(2*!) _'is"the- iame -as the 10W order byte of @(!), 
and &(2*[+1). ·is·the.st~me as.the high arder byte of 

"-- @(I). ~Thus &(l)~will be-255 and~@(ll) will- be -256 • 

The word •LETft is optional. Thus st¡¡tement 59 sets 
A to J and B to 6. 

PUT Commatid 

The PUT command can be used to evaluate expressions 
and stora the values (which mu"st be.between 0 and 
255) Jnto absolute memory locations. The form of 
PUT is 

PUT(X) • a,b,c, ••• 

where a, b, and e are cxpressions whose Villues are 
stored in con!>ecutlve memory locatlons beginning 

17 
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with the address whích is the value of the 
e:.:pression x.. Elther single or coneecutive me~r~ory 
locations may be alter-ed with the PUT command. An 
example of the use of PUT !s · 

10 PUT(%800)~\ll,AND(X+J,\FF) ,(X+3)/\108,\CD,lA4,\EC,\C9 
20 PUT(X+3) • :H, :0, :W, :O, :Y, lO 

• 

where part of 11 machine languaqe subroutine (LO 
HL,X-t3; CAL!.. ECA4H; H~T) is PUT _into memory 
locations \800 through \806, .... and the strinq of 
ASCII code for "HOWDY <Cin" is put lnto locations 
X+J through X+B. A better way of unpilcking the low 
and· high bytes of X+J In statement lB is to 
lnitialize• the two .bYte 1irrlly @(I) to the 3ddress, 
x+J, and' theñ usé the one. byte array, &(I) or 
&(I+l) as appropdate, to specify low or high byte: 

' 
5 LET @(I:I)•X+3 

11:1 PUT('8.1:11:1)•_U,l, &(1:1)' .&(1), •co, tA4, u:c, %C9 

The counterpart of PUT is GET , 
function as opposed to a command. 
used in any expression and returns 
absolute memory location x, 

' 

. ' ' 

' ,. 

but GET is a 
GET(x). can be 

the co.ntents of 

• 
• 

. ' 
, • 

• 

·, 

" 

• ' 

• 
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5.2 Control Commands 

S. 2.1 

5. 2.2 

' • 

IF Command 

The IF eomma nd 
an expression, 
other eomiiiands. 

. ' 
consista of tha word -IF followad by 
and then followed by one or more 

An ex.!lmple is: 

lO IF A<B LET x~3; PRINT 'A ~IS LESS THAN 8° 

The cOmmánd above tests the value'of the expression 
A<B. If it ls true (i.e., -If it is not zero), the 
commands in the rest o{ the Une ·af -this Stlltemef\t 
will be executed. If the- valus of· the expression 
is- blse (i.e., if lt i's zero),:_t~!l rest of this 
statement will be sklpped ovar 11nd-executlon will 
continua wi th· ·the-·next State"meni: -· · No.te that the 
word "THEN" is not used. "' ,._ --

• • 
GOTO Command 

The GOTO command consists of the· wrd GOTO fo11owed 
by an. ex¡?re"ssion; An example is: 

10 GOTO 120 

This statellient 'causes the proqrañi· being executed to 
jump to statement 120. Note that. a GOTO command 
cannot be fol1owed by a semi-colon and other 
commends. ~ It must end in 'a carriaqe · return. The 

· statemerit 
. . . -

• .,.:: ~.~, ' 10 GOTO . . . . ' . -
A*l0+Íl 

' ·---- '-
., .. 

. . . ·- ...... 
causes the pro<¡~ram to jump to a variable statement 
number .as computed from the. value of the 
expression: · - .... '· '·--=-· "''" ··' 

IndiScriminate use of GOTO statements inakes a 
proqram d_ifficult to .follow and shou1d be av6ided. 
On the other hand combinlng short and loqically 
related commands in a single statement can make a 
progr_am ,easier to under_stand and is highly 
recommended. Cons ider the followi og example of a 
qame; this proqram uses many GOTOs but does not 
tak~ adv~ntage of mu1tiple-command statements.-

' 

19 
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5. 2. 3 

8 Rs Wllo e "' GU.ES.S "Y "UMBERS?" lD pRJNT "NUMBERS, NUJII E • · ....., r• " 

28 LET X•RNO(l00) 
39 LET N•l!l 
4 a'PRINT "1 HAVE A NUMBER BETWEEN 1 ANO 189" 
se INPUT "YOUR GUESS" G 
68 LE'l' N•H+l 
78 IF N>2d COTO 138 
88 IF G>X COTO 160 
98 IF G<X COTO 188 

108 PAINT "YOU GOT IT !N", N, " GUESSES"
llll PRINT ,•U:T'S Pt.AY AGAIN" 
121!1- COTO. 20 • 
130 IF G•X COTO 180 

. 148 PRINT."NO, IT WAS", X 
150 GOT0-118 
168 PRINT ... TRY -A SMALLER NUH'BER" 
179 GOTO SIJ . •" ._ 
180 PRINT "TRY A BlGGER' NUMBER" 
198 COTO 58 

Thia is 11 worklng program,_ but it could .have been 
much eleaner and eo~~sier to understand w1 th half of 
the COTO statements deleted and wi th 11 few of the 
other statements combined: 

,. 18 PRINT •NUMBERS, NUMBERS, WHO CAN GUESS MY NUMBERS?• 
28 LET X•RND(l99), N•0 
49 PRINT •¡ HAVE A NUMBER BETWEEN 1 ANO 108" 
50 INPUT •youR GUESS" G¡ LET·N•N+1 • 
7óJ IF (N>28)*(GfX) PRINT "NO, IT WA.S•,, X; GOTO llS 
80 IF G>X PRINT "TRY A SMALLER NUMBER•; GOTO 59 
90 IF G<X PRINT "TRY A BIGGER NUMBER•; GOTO 50 

188 PRINT "YOU GOT IT IN", N, " GUESSES" 
118 PRINT "LET'S PLAY AGA;N•; GOTO 28 

- r ..:- •• . . 
!Q! CO!llllland 

The FOR and NEXT command.s are used to aet, up loops 
.. in Control Ba"sic, The FOR state~r~itnt cionsi.sts of 

the word FOR followed by a variable or a double 
byte ar"ray ele-nt, an equal sign, an expression, 
th .. word TO, another expression, and optJonally the 
word STEP and a third expressicn. The variable or 
the two byte array element is calle"d the control 
variable of the loop. It is aat te the value of 
the first expression befo re enterinq the loop, The 
second expression is the limit of the control 
variable. It is evaluated and stored intert'l.ally at 
entry. The third expression is the step size, and 
it is also evaluated a~<<l s~"'red at entry. It co.n 

' ' -

-

·-
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• 

• 

be positive, neqative, or a:ero. If the step size 
is not specifhd, lt la assumed to be +l.' After• 
the step size is atorad, execution of Control Basic 
continuas with the next "st.'!ltement or the next 
command of a multlple-command statement. 

NE:XT Command -
The NEXT command consista of the word NEXT followed 
by the control variolble of the loop. • The control 
variable ls updated by the amount of the step size 
and. la· then compared with the li'ml-t 'of the control 
vadable. If it is within the limlt (inclusive), 
Control. easic .. will looP "back to-the command th"t 
.follows~the FOR' command· and rii)eae··thé:~ loop. lf 
the updated control varhble ls OUtside the limit, 
_the internal storage for this loop 1s -.cleared and 
Control Basie proeeeds to execute "the statement 
which -follows the NEXT statement. Thé. followinq 
example will 1llustrate the ·use of FOR-NEXT loops 
with varying STEP sizes: 

H!--PRINT •TEST• 1 ' 

29-FOR T•l TO J 
39 PRINT T, 
49 NE:XT T ' 
5~ PRINT; PRINT 'COUNT DOWN', 
69 FOR C•U9 TO 98 STEP ..;¡- ~ 
79 PRINT•C~ 
80 NEXT C • 
90 PRINT 1 

• .-.'¡"PRINT 'STEP•·; 
190 FOR @(3)=-U TO -15-STE.P -·5 
119 PRINT @ {3), 
12B·NEXT @(3) 

"" o• 
>RUN' 
TEST 
COUNT
STEP 

• 
' 

21 

' 

' 

•• 

• 

• 



' •• 

• 

• ' 
16 
"' CROHEI'tCO )K COWTROL BASIC H.'STHt•cr:nl! f".\:;t;,\L• .. 

5 ContE"ol ·aasi.:: Comr."~n~D ;,:,:- "·l.~t·~·~''"r.¡.. 

5.2.5, 

1 • 

o ' 

. ' 
' FOR-NEXT Loops ' ' ' 

The loop will be cxecuted at."<least' once nv 
'niatter wh<1t the initiilll·value-.' step s!ze, and 

tl'ie limit of the control variable 11re. • 

.-.·"l'l",: ··- i 
• 2, If the step site ls-0, the loop will·never end 

,,' unles~. the,control- variable is·altered inside 
, , · the loop. , . ' , ,. , , , r1 :· •(· .. ~ 

,. . . 
J. 'After 1 the loop is-flnished, the ' cont!'"ol 

•• 

s. 

'· 

• 
7. 

8. 

variable, will -have the f!nal·'updated valuE!, 
wh-ich is outside the limit• ·' • ~- · ' . ., 

Since Control Baste is int~rprete~ rather than 
compiled, lt is perfectly acceptable to put 
the NEXT statement- physicilllly befare the lc'OR 

-st11tement- as long as there :a-re OOTOs to rnake 
Control Basic •see" the FOR.before the NEXT • 

•, • 
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 ~see
a NEXT wi thout. fJ rst encounter i ng a FOR wi th 
the' same control. variable. 

' ' . •• 
lt is acceptable to have a. GOTO. out of tho'! 
loop and la ter GOTO b'ack. int~ the loop. It is 
also acceptable to have a Go;·o out of the loop 
and never come back into the loop. In the 
liltter case the loop remains •active•; it 
tak.es sorne stack spilc:e·,but is harmless 
otherwise; · 

W~en a new FOR command hllvinq a cont!"ol 
variable that is the same as. an old but still 
<liC:tive FOR loop ls encountered, the old loop 
is. purged. 

FOR-NEXT loops ·can b~ nested as long a.'! 
leve! uses a diffoH,•nt control variable. 
depth is llmlt"!d r:.nl;' by :;tack 'lpace. 

ca eh 
'fhe 
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·. 

. - -

• 

• 

.9. If a NEXT commmand for the outer loop is 
encountered 1nside the inner loop when usinq 
nested FOR-NEXT loops, the inner. lD?P is 
purgad automatically. 

Note that the <1bove i!lpply to Cro:nemco Control ·aasic 
but do· not necess11rily apply to' other Basic-like 
lanquaqes.· :Foi example the following progn1in; does 
not .work .on ma-ñy of them:~! ' 

" '"' "' THIS 
15 INPUT A 

" FOR J .. l TO 3 

" !F A<O COTO se .. NEXT ' se PRINT-J 
~60!1 FOR 1•1 TO 3 

" FOR J"l TO 3 .. NEXT J 

~ " NEXT ' "' GOTO 15 

Although this program 
it's a bit obscura. 

• i:,. .• - .. 

- . -
-~~- ~-

... -.... 

.. . . 

23 

WITH BOTH A>B AND A< e 

--· . . 
' "' , .. ., ' ~ 

~<.:~ • ·-..... 

' . 
wl th cOntrol . . . 

• 

' 
----

Basic, 

• 
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• 
subroutines •• 
cosus· Command • 
The GOSUB statement -ls ·.similar to the GOTO 
statement except, that (al the current stat"ement 
numb"er_ and pos! tion wi thin the statement ar-e stored 

'· internallY (this allows• control to- be transforred 
back by RE:TURN); and {b) other commands separ¡¡ted 
by semi-colons can follow it in· the statement. The 
following'_ are lec;¡al GOSUB statements; 

10 

" " " 

GOSUS 120 
GOSUB 1>." l IHB 

. . 

GOSUB 1211; IF C<=-ól GOTO.l0 
• • 

REM !F C>0 THE GOTO ABOVE WILL 

' 
NOT BE EXECUTEO 

Statement lO wlll c;¡ouse the execution to jump to 
statemeñt-120; when a RETURN command (see following 
section) is encountered, control will transfer back 
to the next following ,;tatement or command of a 
multlple-command · statement. statement· 2~ "will 
cause· theA execution 'to jump to·,a :variable. statcmcnt 
number as computed from the value oC the expression 
A*l0+B. 

RETURN Command 

A ·Rf:TURN command 111ust t.t! the las:· command in a 
statement and followed by a carriage return {i.c., 
it cannot be followed by a semi-colon "'"el other 
commands). When a Rf:TURN command is encounterod, 
it .. will cause the executlon to jump back to the 
command Coilowing the· mosL r(lc<>Í'lt "'~SUB command. 

An active FOR-NEXT loop iro the calling progrom is 
no longer active in the subroutine bUt will be 
restored to be ..,ctive after the· subroutine RETURNs 
to the 9ollin9 program. Any active FOR-NEXT loop 
in the subroutine Jtself will be purgf'd 
automatically when RE'rURN is encountercd. 
variables are always gloi}al; tnerefore subroutines 
c11n have no local vari;;b].,s. 

GOSUBS can be ncstctl. 'i'he <heplh of nestinG is 
limited only by the st.,;ck space and can be no more 
than 24 levels deep. Gri,;IJR.'> are <llSo recur.'.i\/e 
wíth the limitatí,,l"' tl.Qt i11'. var1ables dnd e;¡r.:.ys 
are global. For ''""'''·, '•' .. ;on,;iJet t.i1c Lm--::Llo,., 
F(N) ot p.-,sít'-''e !ntt•ry::.<~: : 1CI\ t>,~r.: 

-

• • 



1 

• • 

CROMEMCO JK CONTROL SASIC_ INSTRUCTION MANUAL 
5 control B11sic Cornmands find Statements ' 

F(l)•l ~ 
,F(N)•N•F(N-1) ,for N>l 

orie can wr ite the following test ~proqram to 
illustrate the function F(N) using recursive GOSUBs 
(underlined words are user-typed): 

• 
... -~' ·"'· ,..,li:I.INPUT 'GIVE ME-A SMALL 'PQSITI'ÍE~INTEGER' N 

-2i!GOSUB100 •• • ·'·: 

5. 3. J 

.. 
~---

• 
' 

' 

30 PRUIT,'F(','tl",N, ')•'_, F 
40 STOP •-·--· • - ... , -

109 IF Nool .LET F•l; RETURN · 
lll:l N•N-1; GOSUB 101:1¡ N•N+l 
1211 F•N•F; RETURN"" '"": ,.~,.-- ·-

o• 
>RUN 

.._ -·- ---
·' 

GIVE ME A 
F(6)•728-

SMALL POSITIVE INTEGER:6 
' . " 

Note that F{N) as defined 11bove ls simply the 
f11ctorial function. 

RUN Command • • H 

• The RUN command consistS of the word RUN followed 
optlonally by a page number. The RUN co!rÚ11and ls a 
subroutine CiOll on 11 grand sede. If 11 p.:ige number 
is given, !t calls the Control Baste 'program SAVEd 

'·'(Or EPROMed) on that page.~ If a page number ls not 
given .. -it calls the Control Basic piogi<im in the 
active text area. The AUN and GOSUBr c001mands 

,__ di~fer,..in -that a cosua· commaf!d cillls LJ s.ubroutine 
. that is within~.the same programas the_calling 
'\ ' - - . . _:._routine,.,._whereas !1· .AUN commnnd.,.calls a subprogt""m

·-·which is In a ·separate· file, ·A subprogram in 11 
separate file has the advantage that it has lts own 
set of line numbet"s. Since AUN may be· used in a 
statement, the following ls a legal program: 

' . ' ' . . . 
10 AUN 41:l ' '' 

' 20 PA!NT 'END OF FACTORIAL" 

Thls would run the program glven above In Section 
5.3.2, .assuming ,lt had been SAVE:d on page 4il. 

-''Thus, lt ;!l e.J:;y to see how ditferent programs 
could. share the same set o[ 'debugged • ·~tbrary" 
~ubprograms. 
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The RUN command can be nested and la recursiva. As 
il is for GOSUB, the depth of nesting is lflllited by 
stack. space, 11nd one should bear in mlnd that all 
,variables and arrays are global. 

AUTORUN command. 

The AUTORUN command is a feature of model MCB-216 
control easic only. If the first Une in 11 Basic 
program stored on- page 10H begtns with the c:ommand 
AUTORUN, then that proqram (on page lilll)" will run 
automatically each ti~e the computar ts reset • 

• 
The cons'ole 
a u toma t 1 ca 11 y 
e11sy for the 
another value. 

' 

serial 
be set 
program 

port of the computar will 
to 961lll baud. However, it is 

to ehange the billud r11te to 

For example, 'tf the following program is stored on 
pago HIH, 

lll AUTORUN 
21l OUT(Il) "' ,84 
Jll RUN Ul 

'"' bii!Ud 
bl< (see 

'" th• 
p~ogram 

process 
re se t. 

rata wUl be changed to 3Sil wi th one stop 
the SCC Input/Output Register Deserlption 

SCC Instructlon Manual}, and then the 
beginning ,on page llH will be RUN. This 
occurs every time the cOIIIPUter fs hardware 

It .should be notad that d<.~ring normal execution 
(i.e., in. all cases e¡¡-cept after ~ hardware reset 
or powei-on) ~the line beginning wfth the word 
~AUTORUN• is treated as a REMark • 

STOP Cominand 

The STOP command consists of the word STOP followed 
by a c.:~rriaqe return. It c11nnot be followed by a 
semi-colon and other commands nn the same line. 
The STOP comm.!lnd goes with the RUN command in the 
same way that RETURti goes "'ith GOSUB. The 
prineiple difference bet..,een the two sets of 
commands is that RUN-STOP m.!ly be used to Cillll a 

' subproqram in, a separa te fil<~ with its own set of 
· 'line numbers. 

·. 



UUí i!..' 
CROMEMCO 3K CONTROL BASIC INSTRUCTION MANUAL 
5 Control aasic Commands and Statements 

• • 

"' 

5. 3.6 

' 

. . . 
STOP returns control froll'l a subprograni · to the 
calling program (which will continue RUNning); 
however, if the program which is RUNni119 when STOP 
is encountered .ts' the current'program in' the text 
area, execution is termlnated and the prompt is 
given. If the end of file' is·rellched.·[n a 
subprogram befare a STOP statement is encountered, 
Control Baslc wlll' al so retUrn to dlrect mode 
lnstead of ·to the calllng program. An example wlll 
ill'ustrate- the· way ,STOP' passes··control frOm 
subprogram to calling program. The following is a 
program which has been previously stored (SAVEd or 
EPROMed) a_t page 32:--

.· 

.\O 

' 20' .,. ... 
PRINT "THIS IS 
RUN 33 
PRINT "END OF 
STOP 

A· PROGRAM ON'PAGE 32~ 

PROGRAM. ON PAGE 32" 
' ' 

llnd the next llsting is a program which hlls been 
previously stored at page 33: 

10 PRINT 
29 STOP 

'BUT THIS PROGRAM IS ON PAGI!:· 33°. 
' 

RUNni119 the' program on pllge 32 will produCe the 
following result: 

' OK · 
1 >RUN 32· "•· ·• 

-., THIS IS'A'PROGRAH·ON PAGE 32 ~ 
. • BUT THIS PROGRAM IS ON PACE 33' 

: ·END OF PROGRAH ON PACE 32 , ' 
o-r~ .• , • - -·•'. -~ .. -. -.- --.·· - ... 

NOte th<ltt this wlll have no effect on the Current 
program ·in the text <ltrea tf th-ere ·is ·one • .___ This 
means that one does-not need to LOAD a program to 
RUN it, a most useful featUre -csee~·section· 5.3.3 
for more information) • 

• 
CALL Command 

The 'CALL command is used to call a ma'chine language 
subroutine. The word CALL is followed by an 
expression and then a list of arguments enclo~ed in 
parentheses. The value of the expression is the 
absolute address of the entry of 'the machine 
language subroutine. The argumcnt list consists of 
none, or one or more arguments. Each argument i!l a 
variable, a one byte array el ement, or a two byte 

' 
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' 

•. 

• 
acray elemen::. '··-'1'--'m>!:lt:> 
<lnother by .comm¡,,_, -anc! Lht 

_in, a pair of _pareñtheses.-

iH~ separ<Jted 
entire-li.st is , ... , 

·' J r .. , 

' ' . 

from une 
enclosed 

The machine language. subroutine can be, stored in 
memory by a loader, an .assembler, a r~~onitor 

oprogram, ,or by Control Basico itself. To store a 
machiile language r;ubrou"tine with Control. Baste, one 
maj; llse the LET or PUT, commands., The exo~~mple of 
section 5.1.2 illustrates this. We can .. now CALL 
thi's ,machina lariguage routine to print the word 
"1HOI'!DY• on the c?nsole ~o~ith the statement: 

"; J • ' )!J CALL \81Hl 

[This·e~ample,.will work only 1f there is a consola 
printing routine whose starting address is at 
ECA4H, as .there is·for model CB-308 Control Basic.] 
Note that no arguments were passed in this CALL 
statement. 

. ¡, ·' . 
Arguments are passed by addresses .and these 
addresses are stored in 'the stack befo re Control 
Basic passes control to the machine language 
subroutiñe. ' The arguments are s-tored in a ~Last 
In-First Out" or LIFO format; thus, the last 
arg,ument .on, th.e ~t¡;¡tement line,,will be the ,first 
one POPed off the stack. The number of arquments 
is passed in the C register, The Subroutine' IDUSt 
POF the stack (C) times eve\1 if it does not need 
the arguments. Other than this arrangement of the 
stack, the subroutine can c:hange all reqisters 
without any limitation. When the subroutine is 
finished, it' useS a RE:T (ZSII instruction) to POP 
the stack once more, •,.¡1\ich alf:o returns control to 
.Control Basic, 1\nother example illustrating 

~ aigurilent,¡Jas;;ing is: •a ~.-..- ,- .,_ 

' 

' .. H'l CÁLL \20(l0 (11, ·--'--- ~ 
' ~ {3_*B+l), __ @ (3)) .... ,., .. ,. , .. 

ln this example the SLLbroutine at memory location 
20(l0H is called anci passed the three arguments, A,. 
t. (3•8+1), 01nd @ (3). U pon en trance to the machine 

,routine, the C register contains the number 3. The 
stack pointei points- to .the 'address of @(3), which 
is followed by the- address of &{3•B+l), the address 
of A, and .. finally the retUrn address. .. 

' 1 
" ' 

1 
,, 

' • ' 
• 

" 
1 

• 
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5.4 

5.4.1 

.. -,-

. " ' . 

• 

,,.,-

' Input and Output Commands 

PRINT Command 

The PRINT command is u sed to pr int all types of 
output on the. console device, inc:luding strings, 
constants in both decimal and hexadecimal, and the 
values of variables, arrays, and expressions. Its 
format ls the .word •PRINT• followed by a" list of 
items separated by commas. The items in -the llst 
may lnclude any of the.following: 

l. 

2. 

3 • 

• • 

S. 

• ,. --·--
Constants (decimal, hexadecimal¡ ASCII)~ ·• 

. . . 
Variables (A th~:ough .z and. A0~through .Z0), 

• • 
One-byte '· . two-byte~ and st~: i ng ,a rray-el ements. 

Expressions formed from any of the above, 
arithmetic and compare operators, and the 
legal functions. 

• Strings surrounded by matched pairs of single 
or double quotes, 

6. Format control characters described later in 
this section. 

A samplc PRINT comm11nd 
of these items. Note 
unquoted strings, a 
expression: 

10 PRINT 'THIS 

" >RUN 
THlS OR THAT PLUS . . 

follows~which·shows severa! 
the use· of· both .. quoted and 
variable, ~and·.ra• constant 

~. . . 

2*3-5/4' 
• • .. ~ .. 

·9 5 

'The string array ,$(A+3) has been set elsewhere to 
the string ~PLUS~, and the variable X has been 
previously set equal te -9. ~ 

• 
The items in the print list can also be format 
controls. The allowable characters to use as 
format controls are summarb;ed briefly below, 
fo'llowed by a more detailed description and sorne 
illustrations. 

29 
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. . 
• 

' 

specify tcading ~pac~s or hexadecimal 1 

• 
' 

specify number of hexadlglts.· -
(preceding) specify 11ddltionol leading~ 

"'• , r ' .,,, spaces • , 

' 
(succeeding) speci ty no CR-LF ot end of. 

' item 
tab to a apee! fic- colu111n 

The character "1" followed by e number n means 
print le,..ding sp,..ces (if necessary) to·make numbers 
at least n spaces wide. Spaces· can· al so be added 
by means of extra commas between items.· The format 
control .,,,. means print number11 in 4 hex.,digits, 
whereas ·•tt• means prlnt the low arder byte of a 
number only, in 2 hexadlglts. A format control 
stays• effective· until changed by another format 
control or until the PRINT comm.,nd _ends. The 
default fonnat•if no control ·is specifled is 16. 
The following example wlll illustrate these points: 

, 

•• 

1 . 1' " • • 

" " " ... 
" 

OK 
>RUN 

PRINT 1,.-2, 345, -6789 ., 
PRINT 13, 1, -2, 3-45, -6789 
PRINT "'' l 1 -2, 345, -6789 
PRINT ·t%\, 1, ..:2, 345, -6789 
PRINT f%, 1,, -2,·, 345,, -6789 

• 

1 -2 345 -6789 
·1 -2345-6789 1 

~0~1FFFE0159ES7B 
00~1 FFFE ~159 E578 
01 FE 59 7B 

' ' ' . 

The 'underline .. or back-arrow chai"ácter (ASCII SFH) 
is used as a format control to J .. dicate tabbing to 
a particular column on the console devlce. It 
should be followed by a number n which is the 
column number; this will cau"se the 'cursor or print 
head to move to that po.sltion. The print positions 
are,·numbered from left to right beginning with l. 
If n is 1, the cursor (print head) will move tO the 
left margin without a ·Une feed. For model MCB-216 
of Control Baslc, the cursor will move to posltion 
n,lndependent of it.s present positlon, Le, it may 
move -either left or right. Model CB-308, however, 
illlows movement only to the right of· the present 
position. 1 ~ 

' 

1 
1" 
1 

• 

• 
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•The PRINT command generates a carriage return and 
llne feed at the end of the 1ast item ·in 'the 
command. ¡¡owever, if there is a comma at the very 
end of the line, the CR-r.F is ·not generated. The 
following e:.cample will illustrate both the tab 
feature just discussed and ,the suppressed CR-tF: 

" PRINT 'THIS', 

" PRINT ' IS ' o> ' .-
30 PRINT 'PRINTED ON, ONE \[.INE'. 

' ·" _PRINT 'we HAVE', 111, !O.= O',. - - - . " 
' , OK •• 

> .!!.\!.!( r • , . • ' · 
Tll!S IS .PRINTEJ?. ON ONE "LINE 

.. YWE HAvE e ~ e . l' tt. -. 

.'· . . .. 
' ... 

' _, 
1 0' 

•• ' 

1 1' 

Nóte that statement 49 of this e:.cample is somewhat 
speci.sl purpose in that it will work correctly only 
with model MCB-216 and¡with a console,device which 
will print non-destr,uctlve spaces such as a 
teletype. • • 

5.4.2 INPUT Command 

' The INPUT command ls used to prompt 'the operator to 
type in an e:.cpreSsion or a str!ng .to be saved by 
the program in a variable, an array element, or a 
string· array. The word INPUT, is followed by a llst 
of items (anY of the above) seP•H<~ted by commas. 
The ,items .!"~Y also be strings· {quoted -In single or 

.... double quótes) or t.:ob · controls: for,,,,the·. termin.:ol. . .... . . . . .. . . . - . 
. These·;items.look and;beh.:ove exactly like•.those used -· ... - in a .PRINT statement (see section. 5.4.1)'. For 

- ·~ t!Ka.mplc;-- the .underline ,or -b.:ock-arrow ch<~~racter 
-"~ . -· •. (ASCII .5FH) may be use_d, to~_spocify INPUT at o 

' 

p .. rticu1ar column on the console terminal. 
Follówing'"a!e two oxarnples_ which Will illustrate 
somo of the .fe_atures' of INPUT statements. The 
first example shows tab control and the second 
shows ·how to, input char.1cter stri"ngs _(underlined 
seCti~ns are to be u!.er-_typed): 

1 
l 1 
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-,K 1 .Jil'"''O' ~.- · · ·'- r· · · ., · .. - ··t:Ac ~ . . .. - ~ '."'-~ ---~~ .".~·-: .. -~----···:·· .. 
sasic· Commands ~no 3t.n.:<:-ment.s.J ··•'· 

.,. • ' ' ·' "' ,•¡, 
.. 

','¡>¡ ' . • 

1~ ..... ,, .• ,•.,- ... . ':'• . .. .. 
' " .'n,'' • · · '· •l' 

' 

• 

' 

, __ •~-<1:' -~-· -~ 

" •,¡ ·"" 
' 

.,.~ .... ¡' 

. ' ' ' 't . é';, ,,, ..•• -.•. 
', v .. -;_ -~1 -~ . 
" "' . 1 .... . 1· 1' • • 

• 
•• 

.. lil INPUT •INPUT .'A' flERE~. A, .. ' 38, :~AND ·'S' THERE•__,s 
· 2B 'RINT'I", ,A···•··3" a•:t·i':~,~ .. ,.,-,~:4""-'' Ni. q .·'1. -~·~.....,.-- e;· 
• ~ • "' - ·-- ,. > "-"'"' •.f'. ,-_ 

•. t ,- •. ' -~- ';\• -~ .. -- • k' • '· • ·,' •:· . . ,. '• ., - . \ . ~"·~.-• • • • • -~ •• • • •• '-' .. <: .-. ..... .. .., -- • ~:~o· ' . ',~,('''¿· 
~ '• '•~t,-";.í!l'l'<).. I)'T•··,~,·~'I"' 
~ ' •'¡io•-:J -,'"' • ~·"''.\~J. !..' '' ·' d~-' 

OK 
>RUN " • • 

'INPUT 'A' 
' 

'HERE:l23 ~é:!. ,."'~ , ..-• .,¡ ~ , · 
••• : .~ .r. ~.,.,¡ ,i! 1ANPHB'"TAERE!456.~";· .... ~ • • 

:456 .. • -- ,-1 ' 
' . ·- .. 

. 123 l ' • ,, 

Note that the quoted lett"ers· 'A' and 'B' are 
considered part of the strings, shown because they 
are ir:"~ single quotes and the .strings are in double 
quotee. This could be reversed (letters in 
doubles; strings tn siilgles) ¡ however, 'if" bOth the 
stringe and the lett'ers are quoted wt'th th'e• seme 
symbol, Control'•Basfc wlll~ nbt Undersfand' and will 1 ~ 
prlnt "WHAT?" (see Chapter"6)'". ~-!.' :,t·- ~, ~ 

OK 

10 INPUT 
2P "PRINT 
JP· INPUT 
4P PRINT 

>RUN 
G!vE ME A 
·YOU TYPEO 
X:3*5+5*6 
@ (11) :X+l 

"G!VE HE 'A 'STRING:" •, 
"YOU TYPEO ••- $(23) .. , , 
x, @(11). •:- ' -
X,'@(ll) '" 

\• 

~~~3}: 
. ·• .. . -'r-' 

' 

·. -·· r • .''r 
STRING: THIS ISA STRING. 
'THIS 'IS'"""A"STRTNG;· · ·· -....... ,. .. 

·' ' ,. 45--46 .·:.· .. ' 
···~ • 

• 

., 

• 
' 

In thls example the ,'operator• a~sweréd· ··the- flrst 
-_Input inquiry by 'typing "THIS IS A STRING.",:· 

answered the second one by "3*5+5*6",1and 'at\swered 
the third one by "X+l". Note that'-~tn''stat$ment 39 
where a variable and an•iirray' el~:meftt are 'th"e"' inPut 
itemS, the names of the variables, •x• and' "@{11).", 
are. also printed automatically by Control BaSic as 
prompts.- If the operator m11klis 11n' error in 
response to the prorñpt, Control Baslc Will also 
retry that pllrt of, the INPUT and • reprint. the 
prompt. · · When the input item is_ a string a_rr11y 'as 
it is in staternent 19~ there is no automatic prompt 
11nd whatever the oper'ator types is always accepted. 
We _now rerun the Same program giving several 
uriusual inputs to ~ee their effect: 

. ~~ .. ... ' 
• 

' 1 
I 3~ 

í 

• 

' ' ' 

• 

• •• 

V 

' 
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>RUN 
GÍVE ME A STRING; %?3!* 

'0" T\'PED '%?11* 1 

X:%?#!~ 

WIIAT? 
¡ \ X:Z/0 

- ,·, HO~ 
" -.. , X:El(8009) _, 

SORR\', '' ,_ 
> ' X: 2+1 

--~-
,, @ (11): (3+4) *5) 

' '' 
WHAT?. 

' 
'·> ., @(11): (3+4)*5 ' 

S • 4 • 3 

3 35 

Proqrammers- not wishinq to tak.e advantaqe of the 
automatic variable name prompt can supply their own 
in a pair of single or. double quotes preceding the 
variable or array name without a comma between 
them. The next example will illustrate: 

10 INPUT ~PLi'~ASE GIVE ME \'OUR ", "WEIGHT (IN LBS)" X 
20 LET Y~(l0*X+ll)/22 
30 PRINT 'THAT IS ABOUT ', ~0, Y,l~ KILOGRAMS" 

O< 
>RUN 
PLEASE GIVE ME \'OUR WEIGHT (IN LBS) :HUNDRED AND FORTY 
WHAT? 
WEIGHT (IN LBS) :140 
THAT IS ABOUT 64~LOGRAMS 

Noi'é that only the' prompt "WEIGHT (IN LI>S)" is 
repeated; the strinq "PLEASE GIVE ME YOUR " is 

·separated from the- input ite"' by a comma and is 
thus not repeated fo1Jowing an incorrect response, 
The expression in statement 2(!1 handles the unit 
conversion and rounding in inteqer arithmetic, 

OUT Command 

The OUT command is used to output a byte of data to 
any I/0 port. The format of the command is 

OUT(x) = y 

)) 



. ' 

' 
... .. ··,'• ' 

where lC is the pO'rt number andt'is an 'eipression ,· ~:l-.· 
with a value between il and 255 (9-FFR) ,_:and y is 11n .-·~· 
expression al so with a: value betWeen IJ' a'nd 255, ··- i.:· ~ 
whlch is the aetud byte of data tOt;be".oútPUt; ¡.•: • ~ ,- • 

. ' ,~-- .¡· ....• -~' 
• ~- ·•v '. - .,_ , -~ , 

The eounterpart of OUT.is IN, but IN is·a~·funetion·., , .• 
l'"ather than a com~t~and. -The input'lfunetion"IN(X}·is • 
u sed to re lid data or stl!tus infonnatiori tñ. · from <in ... 
1/0 port. The port number- x is llgaln.an expression 
with a value betwaen il and 255 (8-FFH). This 
function, like any other function, cannot'Stand for 
a comm;~nd by itself. Thus in the folloWi.lg exa111ple 
1llustratill9 the use of the OUT comllland''and the' IN 
function, statement 18 ls invalid .whlle ·the other 
statements are legal, 

HIIN(3) ,11 
213 PRINT U; IN{3)', .. i -SIZE,"; 

·313 LET A•AND(IN{B+l') ,UI3) 
413- OUT{B+l)•A' t·~ - ·¡, 

~ •.i•'l:•'¡ 

e oc . ' 
• 1 

. ' ·' . ' . 
.. ' ·-·";,¡ 

' .. ··~····~- ·.. ,.~·-·,'·· 
'•' '· ~~·"'·· -'~ -... ~ • ' > • <·r-·;.·: .. :. •• ' 

' 

' 

' . 

1 • ' •,,,,._. .. ' ' ~. 1 ,,... ., 

·• ' ... 
. . ,, ' .. 

' \.' .. ' • 
:";-·- ' 

• 

"'"; 

' 

• . ' 

•• 

• 

' 

' 

' 

• 

' 
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5.5 Non-E:xecotahle Commands .. 
5.5.1 REM Command 

• 

The word "REM" may he used in a Control Baslc 
statement to denote a REMark line. Thls "command" 
is non-execotable and everything following'·the REM 

.-, ·on that statement line· (preceding the CR) is 
ignorad by the 'Interpretar. ·REM may al so appear on· 
the same line with other' eommands in a moltiple
command statement¡ everything preceding the RE/'\ 
comm~nd will be executed but the rest of thli line 
is again ignored. There are severd commands which 
must be the last comm~nd on a line¡ these cannot be 

.. roiiowed by .éven a REM command. - ·They are:- GOTO, 
RETURN, ~nd STOP, [Also note ·that the- word 
"REMARK"•.may-.be 'used instead- of- "REM" if you' wlsh 
since the letters "ARK" are ignored anyway.] The 
followJng example illustrates the use of R~M: 

10 RE/'\ 
28 REM u• Title of Program "** 
Jil REM 
48 PRINT "RECIPE"; REM PRINT "COOKBOOK" 

In this e:<ample statements 11'1, 29, and 39 will be 
ignored during executlon of the program¡ si:atement 
4il will cause Control Basic to print the word 

•"REClPE" but not the word• "COOKBOOK",··· 
• 

5.5.2 AUTORUN Comma nd • 
Note that AUTORUN is treated e:<actly like a REMark 

....... - iñ everY•c.3se except when .i:he computl!!r hiírdWare 
~·-- reset is pressed, in. which case AUTORUN causes the 

Control B~sic program at page 16{\~B) to begin 
executing.-·-AUTORUN is--a feature of the'MCB-216 
mo'del of Control Baslc only. For more information 
see section 5.3.4. 

' 

1 
35 



" ' OC • 3U 
CROMEMCO 3K CONTROL 8A.S:C lN~Ii<üC.li0/.1-I'IANUA:. 
5'Control Basic Coonmanii~ ;:¡,-~ :;,¿:,_;; .• ;.r.r.,. 

< - ~ ' 

!>.6 Editing Commands .t!!)rect only) 

S. 6 .1 

• 

5. 6. 2 

NEW Command 

The NEW comm11nd is tJSed to delete the current 
program stored in the text area. It is a direct 
command which is executed by typing •NEW <CR>• from 
the console device. Nf:W is· executed aUtomatict~lly 
upon entering Control Basic initilllly and upon 

· issuing a LOAD command (section 5.7.4). 

LIST command 

• 
The LIST command is used to print some or 0111 of 
the statements of the cur-rent progr11m in' the text 
area in numerical arder on the console device. It 
is used frequently in entering, editing, and 
"verifying Control 8asic programs. • There are 
severa! legal forms of I.lST; the simplest is to 
type ~r.IST <CR>", which will then Ust the entire 
current proqram f_rom beginning- to -end. A 1110re 
compl"ete format is 

LIST x,n 

where x is· the beqinninq Une number (a conStant) 
and n' is the number of lines to be !.ISTed~ Both 
these values are.optional, and the comma (,) should 
be omitted 1! n is. The following examples will 
il1ustrate these points further: 

I.IST 120 

!.1ST 1211,3 

I..91l,l 

prints all statements beginning 
with line number lf0. ' 
prints at most (i.e., fewe'r wUl 
be pr intedit- fewer are· present) 
3 statements beginning with line 
l2B. . 
prlnts at most 2B" statements 
starting with the 1beginning Une 
of the current program. 
prints on1y statement number- 911, 
1 f there is one. "Note the abbre
viated ionn of LIST (Chapter 4). 

]5 

' • 

• 

• 

• 
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s.7 

5. 7. 1 

Storage ~!!!! Commands (direct onlyl 

~ command 

The LOCK comm.,nd is used to change the boundary 
between the current program text area .ind the area 
t-eserved for SAVEing program files. A sample LOCK 
c'?mm.l_nd~ 1 s ..-,. 

. . . 
• • ... ,_ ---LOCK 41l -. 

::which Will set the bound,ry betWeen the'' te;t area 
'and the SAVE area 11t 2BI!flfl (paga· HlD•page 28H) • 

. , , Thus. pagas •. 4 through 39 (CB-308) -or 34 through 39 
(MCB:!.216), become allocated to the current prograrn 

~ '· 'text an'd pagas Hl through 255 ca-n' bé' U sed to SAVE 
files; Th·e LOCKed value (see •TXTLMT" in Memory 
Allocation, section 8.1.1 or 8,2.1) is set when 
Control Basic is cold started to 32 (2<1H) for model 

•Ct!-3<18 and 36 (24H) for model MCB-216. If these 
Values are .lowered by means of the LOCK cornmand 
after a prograrn has been entered into the text 

S. 7. 2 

1. area, Control aasic wlll print -soRRY~ if the page 
nurnber specifled would include part of that current 
program. f'or example, suppose the current prograrn 
resides in pages 4 through AH. 'I'he command "LOCK 
%11" will print "SORRY" but the command "LOCK \B" 
will be accepted and executed. -

··-·yp·the-"toCK command ls used to lncrease'the size of ,. 
the CLH rent. program area, 1 t ls up to. the l!ser to 
make s'Ure ,that this does'not' end'einger any 
previqusly_SAVE:d,files,- 1'he __ all'owable range of th<J 
r.OCK commflnd is 5-255 (SH-f'f'H) for CB-308 and 35-

.,.._, 255'-_(23H-f'f'il) for MCB-216. - , . ' 
•o -."[ ..-v•- 1 ~... ••-• .. " . . 
~ command 

The SAVE commarH! ls uced to save the current 
program· in a particular page of memory, The pac;re 
number given should be above the LOCKed text ared . . - . 
an? generally colncident only with read/write 
memory Spdce. A. s<~mple SAVE: command'is 

• 

-' 
SAVE \43 

wher'e lhe 
beginning 
finished, 
indicating 

• 
current prograr.~ will be saved in memory 
at 43AilH, When the SAVE command is 
Control Ha~¡(c will prlnt a messag-e 

hoh" mc.ny piHJ<l,; of memory we~e used, For 
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Bnslc Com.113n:i". <..r.~ Clt 11\.-'.'·•• ntt. 

5.7.3 

' . 

example the message 

' SAVED ON PAGE \43 TO ,45 

means that the eurrent program now occupies all of 
·p¡¡ges 4JH end 44H, and, all or part of page 45H. If 
the copy does not compare wlth the- origin11l (for 
example, if there is no RAM at the specified p11ge), 
Control Baste will print "SORRY•. •soRRY• will 
also be printed lf one attempts to SAVE !1 program 
in pages e through one less than the LOCKed number 
(i.e., 0 through 31 for CB-308 and 0 through 35 for 
MCB-216, as they are inltii!!lly configurad). Thfs 
reglan is reservad by control Basic for v11rhbles, 
Stllck, illfld the current text {see section 8.1.1 or 
8.2.1). 

The S1<VE cómmand may also be used in conjunctlon 
with a 321< BYtesaver to program 2716 (2516) PROMs. 
Remembe'r to turn on the program power of the 
Bytesaver board before Jssuing the SAVE command. 
Usad In this way, SAVE wlll take severa! minutes to 
execute due to the walt states required by the 
2716's while programmlng. 

EPROM Command 

The EPROM command may be used to save the cur rent 
program in blank or erased 27B8 PROMs. The PROMs 

'must be loaded onto a Cromemco BYtes11ver board 
residlng in currently addressed memory. A 
convenient place to have the PROM.s reside when 
uslng model CB-3118 of Control Baste is from 
addi~tss'f>s FllllBH to FFFFH,. or simply the top half of 
the BytesaYer which contain» CB-31:18. A sample 
EPROM command is 

EPROM. 64 

where the current program will be saved in PROf'ls 
addressed beginning at 40UIH (page 64D"'page 4i!H) • 
. The page number must be diYisible by 4 (since 
2708's are lK bytes long, or 4 pages). This 
command will take sever"l minutes to execute, where 
the amount of clapsed time will depend on the 
length of. the program bcir•r¡ c;dV'ld. 

When the EPROM command l"' finished, Control aasic 
will print a ,nessagl' ir«li.-:ating how many pages of 
mcmory were used (<llwcoy,; ":. .~.·.ltiple of four pages}. 
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5.7.4 

If the copy does not co11pare, with the origino~~l, 
Contcol Baslc will prlnt •soRR'I'•. See the SAVE 
command, section 5.7.2, for infonnat!on on 
progr.,mmlng 2716 (2516) PROMs. 

LOAD Command ·-
Prograins which hive be en saved Wi th • the SAVE or 
EPROM commands may be copiad back. to- the text are a 
for editing by means of the LOAD command. This 
process performs an automatic "NEW"; in other words 
the _current program in the text area is delatad. 
An example use' of LOAD is . ' . . 

-., 

LOAD \43 

'where' the file stored on page 43H (or at 430BH in 
memory) is Copiad into the text area. If no 

'program fs stored at paga 43H, Control Basic prints 
•soRRY•. Also, since the lenqth of any qiven 
stored proqram is contained in the first tWQ bytes 
of. the first paqe (see section 8.1,1 or 8.2.1), 
Control Basic knows immediately if it will fit into 
the text area. If it will not fit, "SORRY" is 
printed. and no LOAOing takes place. The size of 
the text area may be increased (to allow for 
LOADing very long proqrams) b·y means of the LOCK 
command', section 5.7.1. · • ~ 

• • 

• .. . . 

]9 

• 
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• s.a Console Terminal Commands (dlrect only) 

5.8.1 WIOTH ·command 

The WIDTH command mey be used to compensate for the 
non-standardization of consola termlnals by 
allowinq the user to set both a soft and hard 
screen width or margin. A sample W~DTH commllnd is 

WIDTH 72,813 

which sets the soft margin ai column 72 and the 
hard margin at column 80. When the soft margin has 
been exceeded during output, control· easic will 
generate a carriage return-line [eed sequence after 
any space chara.cter (and thus, at the ends of 
words). When the hard margin has been exceeded, it 
generates en~immediate CR-LF. The velues ebove are 

J good choicea for an ee-column CRT. The default 
WIDTH' for Control Basic model CB-31:18 is 61:!,6fl and 
for MCB-216 it is 72,72. The allowable usable 

. range to'r the first number is fl-129 and for the 
aecond is' fl-255. · 

' Since WIDTH is a direct command, it cannot be set 
b'y a statement in a program. However, it is 
sometimes useful to be able to change the ,screen 
width in a particular program. One method of doing 
this is to use the PUT command to alter the RAM 
locations where the soft and hard margina are 
stored (see "MARGN" in Memory Allocation, section 
B.l.l or 8.2.1). An example of this {for CB-3il8) ,. 

10 PUT(\3E2) • 72,8~ 

which has the same effect as the WIDTH exa111ple 
above. A similar command may be used to set the 
margins for MCB-216: 

lB PUT(\21E3) • 72,88 

" 

., 

• 
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5 .a. 2 ' (J-:· ,-~--~ .. ·.1· . - -- -- ' • 
' The NULL c::ommand is used to set the number-of nulls,.~ •• 

tr.!lnsrnitted by control B.!lsic ¿¡fter"'"ariy" c::¿¡rdage 
return-line fead sequanc::a. This allows .the user to 

•se t '.e:: a r r 1'11_ge :·re t Ürn ~ t iine fo ~; ha r'd_coPi'J~'eVi!=~S . s uc::h 

' as -teletypes;- '-·A sllmple· NULL command_ is ~, "< .. J~-•; ... ~ 
:. • ... ' • ..,, t !%.... • ' ·-
:·J~-- NU.LL'(;· •. ~"' .,! '- ,':~H.~> ! ·• 

,:. ".1'1 '' .. ll·'" ,,, .,~ a ' • ~•IJ11 -1 
... wh1ch?tc.,Uae"8 Coñ'tr"Oi• Basic:: 'to. transmit 3 .-null 

e:: ha r.!c::te rs r a fte~r' iiVe ry CR..: LF. · · ThÉi·,- de fa ul t· .,ya 1 u e 
·for NULL u'pon1 ant'idng cOntl-ol Basic (aither model) 
is 0.' The ·allowable', usable ritnge of the .. value is 
0-128. 1" ok ' ' 

<~r• r":J o' )J:¡::d op o~ ,:J, .,. -.-. --'~-..,. 
,._,.L., ..117 ,,oJI~ • '"' !· L ..-~, •• 
1 :¡~~-·J .1• 11 • 1'1W 'o¡r. , __ 1 
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Introduc:ci6n:: OL~ 1 

El término microcomputador ha sido usado para describir virtual 

mente cada tipo de P,equeflo dispositivo de c6mputo diseñado en -

los últimos S años. 

¡~_, El" mayor -·impacto .. de' la tecnolog1a de gran· integraci6n se ha en

~cOntrado eñ'la tecnologia MOS (Metal Oxide Semiconductor), con 

ella es posible fabricar sistemas de c6mputo utilizando un p~~ 

ño número de componentes. 

Para tener una mejor comprensi6n del funcionamiento de un siste 

ma de c6mputo basado en un microprocesador a continuaci6n dare-

mos una descripci6n más o menos detallada de la arquitectura del 

microprocesador Z-80, su funcionamiento interno y su relaci6n -

con el mundo exterior. 

Cualquier sistema de c6mputo consiste de 3 partes: 

1.- CPU (Unidad Central de Proceso). 

2.- Memór'ia 

3.- ·Interfases con dispositivos periUricos o (I/0) entrada/s,¡-

lida. 

El CPU es el corazón del sistema, en particular para un sistema 

de c6mputo basado en un microprocesador, este último serli l;s. ;::a.!. 

te más importante. 



1 

• -,,," .. ,,, ,¡,, ''T''I ;,.~"bol '"tusword. The 
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e• re t.:•. r:,, .... ¡J-. ""'"' ,,,.,,._.,, "' '''" •'·"· ¡,,. ''':'""''' '"" poo,.d•.• th< rcquued J6biu ofTIL 
, 0,,., '"~:-· :;n. r '"'" 10 ,¡10 1. •:1 1•¡¡• "''"" ,¡ 1'0, Jo:,,¡,"" ¡l•c oporott<m of thos e~rcuot.) Nouce on thb 
u1r1plc ti>OI """'' ,,.¡y oi.,Oe L ~1 drcolllS, • >Jm plo ''''"11'' IOJI onJ o s'¡n¡;)c S vol! powcr oupply, 1 
ouwo<lul ,., .. ,pt•o<r liJO ~c<n onorl•u•cnLcd. 

ADDING RA."f . • . . 
M•'" cn'llputer 'Y"'''" ,,.1 ulrc somo anlOUI11 

1
of e11.tcrnal R<odfWritc mcmory for dato stor~gc llld to 

1mplo:rn<~•• , "" od." 1' 1guro 9 .0-~ ill ust roi., ¡,0,.. 250 l!ytoo of ~a tic mt,nory can be addcd to the pfi!Y!ous 
e><Jn'npl,, lo thi> "'"m pie rhe rnomory <paco """umed 10 be orp.n1Ud 11 follows: 

•. 
• 

"'H!ci · .... 
"• ... 
" 
-¡ 

. 

¡ Ag•4g • . 

'" • 1 

"'" 
• . • 

"o-d, 

!K bytu 
•oM 

Add:roa 
OOOOH 

OJFFH 
<><DOH 

04FFH • 

~OCRUS BUS 

. ~:.., 

-~ "· ~O !e 00 

~-· .. ... .,. ;¡;¡ 
~ "' ,., 
DATAIUS 

~IGUA~ S.0-2 
AOM & RAM IMPLEMENTATION EXAMPLE 

"t.- AJ 

00 "· ""' ~-· ••• 1"!!... "M " 
~.-"' 

In lh" d•agrorn li1e odd""' •p•c<" lo doleribod"' h<.,dwmal nou!ion. For lhu •••mple, oddrus bU A¡o 
«PJral<llhe IWM sp.ce frnm 1he RAM spocesolhJ< 1IC>n b;: w.d f<lr the ohip "'lecl funclion. Fot 
IJrg<r Ollloun" of <"'<ft.:Ii RO'.l or RAM, a Slmple TTL doc<>dOf will O. requ11ed LO fonn <he ohip .. I..:IS . 

. "BIORY Srf.ED CONl'ROL 

F,>r mall)" ap:>hc>1ions, it ""Y be de<!,.ble ro uoe ,low n>omories Lo reduce co<ts. The WAi'fllnG on 
oh< CPU .1llc>v..< d>c 1-·~0 1 '' <>pot.lle w11h a»y speoJ """''''Y. lly relornn g b•ck 10 s.o<lrOn 4 yuu w•ll no!ice 
1 h .u ~~e '"'""''Y J<<<<s !Jill< "'~"'"""'"'"' -''" "'"" ><>·oro dur~ns tl1o M 1 cydt inllruct i<>n felch. All cth<r 
"""''"v Jc,.,.,.,, hJ>e jn '"!dn ,,,.,¡ ""' h>lf u! , "'" ~ cy<lo ¡u be .:umpkted, For lhis ri,.on Í! may bo 
Jo>>r.ohl, "' ,,,ne -'Prl"-''"''" '" .odJ '"'' ".1'1 ''-'" '" 1l1t 111 cyde so llllll olnwor momor~os .:an b< u...-.1. 
Fi~"'" '>.o.J "-'" u:""Pi< nf _,""'Pie ""•'Uil "'-'' w,¡¡ a.:<ump!tlh lh" 1 .. k. n.,. ClrCUil c:on be c!un¡ed ro 
>~d > Sl!o¡le w,n """tu 01') '""'"-''Y"''""' "",Jo<>~<n "' flo'u<" 9.().4. . .. .. 

.Z·BO CPU.~ Descripci6n del inlegiado: 

( 

El Z-80 l'ie encuentra empaquetado en un circuito integrado de 40 

pins (patas), en la siguiente figura se describe la función de 

cada una de ellas y en el text_o su actividad y significado ele.f_ 

trónico. 

( 
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3.0 .Z-80 CPU PIN DESCRIPTION 

~ Z.SO Cf'U iop..:hced ·,n an indlllt•y otand"d ~O prn Ou>l lft.liM l'xka,e. Th< 1/0 pin1 :m""'"'" 
In fiprt 3.0·1 and rhe '""~""" ofe>dl il dos~,bod bel""'· 

•• ..... 
~· "" co~no• ~ 

"" 

"" 
""' -· ~ -· iiii' 
~ 

""' 
~ <-=.,....,. IUU:i 

• •• 
~· 

~'1 
(\!a.:hine Cycle one) 

MREQ 
C\Jemoty Requesr) 

" 
" • 
" " 
• 
" 
• 

" " 
• 
• 
" 

• 
" " 

l·BOCPU 

l·IOPIN CONFIGURATION 
FIGURE 3.11·1 

• 
" • • • 
• • 
" • 
• • 
' 
' ' • 
• 

.. 
" " • 
' • 
" " 

~ 
•• 
' ' ~ 
' ' ., AOO~OSS 

' "' ' . .. ... ... ... ... . .. 
~ 

•• 
• • •• ~ .. 
•• M 

~ 
•• ., 

Ttl·slatt o<Up.!l, acti•• high. AI)·A 1 S conotirure 1 1 6-bir address bus. The 
tddre" bus prn.Wu ti .e addr<., for memory (up ro 64K byr-.) dora 
exchances ond f<>< 1/0 de" ce dato uchonges. 1/0 oddw,lrng usts rht 8 ¡,...., 
add,.., bns ro ol!ow rhe "'"' rodif<clly «leer up ro 256 input or 256 ourpur 
pom. Ao io rht leo01 Ji¡ntficom add•eu bn. Durin& reff<:r.h time, the lowe• 
7 bll1 conrJin • volid rcfreih add'""· 

Tol ... ore inpur{outp<u, acrr.., hi&h. Do-O, con.rirure ., S-bit bldirer:tlon.ol 
d111 bus. Tire rlatl bus i1 used fur dar.. exchon¡<l wilh memory and 1/0 
de• ices. 

Ourpur, ocll.., '""'· Kr1 rndicltn thar tht current mo<:hrnt cycle is the OP 
code fetch cyde of on rnstrucriun ~•ecurion. ~·ore thot durmg eucut ron 
of ~-byte o¡>.:vd<1. m "~"'""'"'"d "'eoch op codo by le is f<t<:hed. n .... 
!WO byte <>¡>-~."<Ido!> alway> b.o¡;on wrth. Clll!. 0011, EOI! or FD!l M[ oho 
occun wnh lüitQ tu mdtc.to •o ¡ntenup! odmowlod&• cycle. 

Trl·stale ourput, aclr•e law. The memory '"'~""" siiJ'Ia! india. res thot rhe 
O<ldrel$ bus hold> • ••1«1 oddr<<S for • memory rad o• memory "'lll" 
ope~ation. 

1 

• 



'iORQ 
(ln~ut/Output Requen) 

'LO 
(\!emory Rood) 

w, 
(_\\emory Wme) 

'IALT 
(H•IL $Late) 

WAIT 
IWalt) 

:Ni" 
[!noe"''P' Requeo<) 

~~~ 

¡:-,c'n Ma1koble 
Jr.o~nupt) 

G 
7" s!a • o• •r u< =·•li•e In-•·. TI« i{iRQ signo! indico te o thal th~ lower holf or 
Lite 3MP<ll 'J"' fwlUs • vahd 1/0 o~ddre<< foro 1/0 '''d or wnoe oper•tion. An 

"iOi{'O" <L~nal os alm ~eno"lod w<lh '" ~11 "~n~l when on interrupt "beln1 
ac~owlod¡;ed to indíc;ote Ll••t an interrupt response veciOL c:m be placed 011 
lhe dot~ bu~ ]noenupt Acknowted~e ope.utioos occur duun¡ M l hme wlule 
1/0 ororatmno neYor orxur during M¡ tomo. 

Tri·<L•te ou tput, ""'"" '"""·RO indkot .. t!u t the CPU wont< to tead dato 
from meonory ur an 1/0 d"'ico. The addte<«d 1/0device or memory ;hould 
u,. lhio so¡n•l on &><e d,:a onon the CI'U data bus. 

T ri·slote out put. acli>c low. WR ind '""'"' that the CPU dota bus holds nlid 
do u ro be S!o,ed '" the add reued men>ory ot 1/0 d<\'10<. 

Output. •<tive low. ~ indioat"' Lh>tthe lower 7 bitl of the oddt~ 
bus cOJltolll o r<hello o<!drus for dynoon1o mronunes and the curren! ~~REO 
tignol •hould be u>ed to du a TO!r<>ll tud lo all dynamic mcmorJ<r.. 

Output. act r>t low. JiAi:T ondicaLes thot the CPU hao e•ecuoed o f!Al T soft• 
"''" tn>lructton ond is awoitm~ eiLhcr o non ma>koble or • moskoble inl<r· 
!\lpl (WtLh the ma>k enabled) beforo operotion con rot.ume. Whtlc hal"d. the 
CPU execur., NOI"s to mointa<n mrmory reh"h activity. 

Input. aclt\'e Jow. W,\JT indtCote> tu the Z-80 CPU that Lito 1ddre.,.d 
memory 01 1/0 de voces ato not rudy fur a datotranofer. The CPU continu., 
lo cnl"' WOJ\ slo~teo for aslnn& as tlm signo! lo act.-e. Thio ,¡~na] allowo 
memory or !/0 de \'Ices of any speed to be l)'n<hroniud to the CPU. 

Input, •<Li>e low. Thc htt•rrupt Roques! sogn>l "generaoed by 1/0 devices. A 
tequeS! woll b< ~ono>red >1 the end of the curren! tn<lrlJ<Iion ¡f the ¡nternal 
ooltwa re ccnLrolled ontetrupt enable BoP-flOJ> (1 F F) " enabied and tf thc 
BU5RQ oi~n~<>l o~cli~. When the CPU ace<pts Lhe inlcrrupt. on acknowl· 
ed~e sil«' al /lORO during M 1 lime) il ten\ out"' oh e bevnnmg of th< •••t 
inotructton <rd•. n,, CPIJ "'" •«pond ro •n interrupt '" thr.:e differcnt 
n•ode< oha1 are desoril>W in dcuil m "<tion 5.4 (CPU Connol lnstrucMru). 

Input, negal\ve "<lR< uig~ted, The non m><~oble tnterrtrpl requeu J¡ne hu o 
ht~er pnonty th"tt TN'f ond "alwayo r<eogt>,od a\ tho ond of oh• curren! 
>notructton. ondepentlont o! th e ot3luo of tito intetTUpL enabiO fltp·flop. ~ 
outomaLJcally for«•lhe Z-80 CPU lo teot311 Lo IO<allon 0066¡¡. The pro,¡rom 
couno« " auoom>L i<ally >.1vod in Lho externa 1 Slack w Lito\ 1 h< "'"' can re tu m 
to the pr<>g~am thot w" onterruptcJ. Not~ that conllnUtl!t> WAIT cydes "" 
provent the curren o Íl!ll<trCLoon fwm end>D&. ond tltll a iiiJSRO w¡JI o>ernile 
aNM!. 

• 

• 

• 

• 



BUSRQ 
(Bus Request) 

BUSAX 

, .• 1: 
U\.:t '1 

Input, >ctive luw. HESET (o>r.:et tl\0 pmg"m coonter tu uro and initio.lizoo 
t~e CPU. Tite CI'U inlluh¡ ''"'" utduJo.: · 

1) !)1s;¡blcthc ""<rrupt on;blellof'"llop 

2) S.t Regi110r 1 • 00 11 
3) Su Rcg11ter R ROQH 

.t) S.tlntormpl .\!<.>de O 

During rc><t time, tloe odclren bus ond d;U bus go lo 1 hi¡:lt imped;mce ototc 
and oll oontml ou lput "S"''' 1<> 10 the ino.:tove stote. 

Input, achve low. The bus !C<jliUI signo!¡, us<d lo '"'~'":'• CPU address 
bus, do" buo ond ui-<tote uutpUI control signols lo 
>tate so that uther dovkes cJn cuntr<>l tho>O buus. 
th< CPl' will "' tlt .. o bu'"< tu, lti~!. intpedJI\!:0 •tole 3S 
CPU machtne <Y•I• iolermonatod. 

" ~orront 

(Bus AckiiO\II'Ied&e) 
Oo.>tput, activelow, Bus ocknowledge i1 w.cd lo indicale lO the re<¡UUitnB 
d..,ice thotthe(PU oddr<>s bus, doto bln ond tri-stat• control bUs sjgnalo 
ha•e bun $ellO lheir high impe~an« Slale and lite u;lernal de>~C< .:an now 

• 
control tl«se •ignols. • 

SlnsJ• ph ... TIL ltvel cloc:k whielt rtquUu ol'lly 1 330 ol\rn pull·up rw«or 
to ~S vol!> 10 m«t aU ~loe k requi!em<n1S. 

Z·SO Arquitectura Interna. 

En la siguiente figUra se incluye la arquitectura del C?:;. 

-~ 

• 



! ·' ' 8 

2.0 Z-80 CPU ARCH!TECTURE 

A. block db1,.m oftho intoma! uchltecture of t~ Z-l!O CPU h "'""'"in flrun: 2.0-1. The cliogum 
shows all Qf !he mo¡nr el~menu rn 1he CPU orul otlhould be te ferro~ lo thruuahout the foltowmg , 
dt~coipuon. 

" .......... ..,.,n,. 
"""'""' ~·~ 

2.1 CPU REGISTERS 

.. ... 
..... ~.111 

o•ruus 
CO~T•OL 

r ...... ... '"""""'ou••111 
-~-DICODO 

• 
"" CONTOOL 00 

~ 
o¡crnou 

CONTIOOL 

¡¡¡ AOD•oa ..,..,...,, _ ...... ...,, ..., .......... 
Z-80 CPU BLOCIC DIAGRAM 

FIGURE Z.Q. T 

~o 

Tbe Z-30 CPU containo 208 bits of R/W memory that ore ac<essit.le to tbe propmmer. Figure 1.0-1 
illll#rltes hMI th!l m....,ory 11 contlgurod into eigtuecn 8-bir rcg;,¡ten >nd four J6.bit re¡~uen. AU Z-80 
n¡isten ore implemocted """' otatic RAM. The reg,.tcn irn:ludo two ~ets of oix genenl purpuse rogouers 
that may be uud mdrvidually as ~-bit regLO len o r 1n poin as 16-bit reKisten. Thore are al$0 IW•l >e !S of 
.ccumulator ..,d nog regJJters. 

Spccllll Pllrp<>W ll:qi01en 

1, l'fosram Counrer (PC). The prostom counw hold• the 1 fi..blt 1ddre .. of thc eu.rnnt rnotruction being 
fetclted fr<>rn memory. The PC is •• lomol•e>.lly mcrcmtn ted ahor its cont.:nll ha~• becn transfcrred 
ta !he addreal,co, When 1 pt"'ramjump occurs rhe new •alue iJ 1utomauc.ally placod in !he PC, 
ooerridi~~& the incrementer. 

2. Sracl< Pointer(SP). The md< poonter holds the 16·bit addroq of tho currrnt top ofa otook locatcd 
anywhereln e.oornol ryOicm RA~I memory. Thc ut<.,oolotack mcmory io or¡anizcd as olast·rn foro!· 
out (UFO) file. Da!> con be pushod onto tho ouck from spccinccl'tl registero or popped ofi of thc 
llack inro specoik CPU re¡,.rer> thruu¡h the neCUIH)n uf PUSH •nd POP inmuctions. Thc CJ!a 
popped from the stack is alw•Y• the l•ot data poshed onto 11. Tioe stack alloW3 simple imp\cmento!lon 
nf multiple leve[ in!<rrupts, unlimlled subroutme nnting and olmplificatlon of many types nf data 
monipu!ation. 

' 

- -

'' 
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Registros: 

El CPU ZSO contiene 208 (bits) celdas de memoria estática de 

acceso aleatorio de lectura/escritura accesibles al programador, 

ordenadas formando registros según se, muestra en la siguiente fi 

gura en donde: 

PC.- Contador del programa. 

SP.- Apuntador a pila o stack. 

IX.-
} Registros de !ndice. 

IY.-

1 Registro de direcci6n de página en interrupciones. 

R Registro para refrescamiento de memoria. 



• 
" 

10 

• 
' • 

. 
'""'"""'' OIIMOOY 
VICTOO ........ _ 

' • 
IMIIIX OIGIITIR IX 

. 

•-• O<Gonu IY 

ITACK I'OI~UO • 

............ <:Oul<1110 l'o; 

Z.fD CPU IIEGISTEII CONFIGURATI~ 
FIGURE %.0-2 

3. Two lndn Rqist ... (IX A IV). The two lndependentlnde~ ngi$tors hold 1 16-blt base addrns tlu.t 
io uoed In lndoxed addrnsin¡ mocleo. In th" modo, on lndu. regio<OJ it ~sed a 1 base to polnt to 1 
••&ion In memory from whlch da tolo ro 1>0 r1oud 01 rotJie-Rd. An addhlonll byte is illeluded 111 
mdeU<! iniUuelionsto spcdfy 1 dioplocement from thio baw. Thio dioplaa:monl it o¡>o<:i!'ied 11 1 two's 
cornplemcnl ll~ned integer, Thit mode- of l<ldrewn¡ l•••tly <implifou many 1ypu of pro¡runa, 
espe;:1a!ly 'lfhtto tablet of <hll are uoed. 

4. lntefl'tlpl l'lp Add""" Recloler (1). The Z-80 CPU can be opented In a mode where an lndlrtct call 
10 •nY mcmory location can be achloved in rupom.e to on m~rrupt. Thc 1 IU¡klcr is u sed (cr th.is 
purpose to otore tkc high ordcr 8-bhl ofthe •ndirtctaddress whilc the inlerruptinz de>"!Co prcwideo the 
Jower 8-l>ilo of lile oddrtA. Thil fnwr~ aHowo inlurupt routines lo be dyntmieolly loc>~ed anywhen 
in memory wilh obwluu minimalacuutime lo the routino. 

S. Memory Rofresll Re¡:isler (R). Tllt Z-80 CPU contalns a memory refresh eountft to mobte dynamic 
memone110 be used with thc wnc ease ao I!OIJe memories. litis 7·bll rc¡lsler is automaticllly lncro· 
mcnted of1er cach inllruction felch. The dota in lhc refreslt countcr is .. nt out on the lower porllon 
ol tl>e •ddruo bu1 olonG with 1 refr .. h conuol•i¡n;l whilo the CPU is dtcodinsand exccutinl thc 
fcrched rnorruction. Th11 m ocle of refr .. h " torolly tranlp>tcnt to the pro¡rammer and di)Co not ilo• 
down thc CPU operuion. The J'I'OJnmmcr an load the R J<pster fo< uottn& p1UJ>0S<1, but this 
rcgi.ltcr il normolly nOt u .. d by the pro¡rommu. 

Accumulator ond FlaJ Rr¡lslcro 

The CPIJ rnclud .. two indeptndent 8-l>it '"umuloiOJoond ot:$0CiaLed K·bll n,., registe,., Tbe OCC\Imu· 
]olor buido rhe JCiults of l:l·bir oritlunelrc or lugicol operotionl while the n.a "'1Pfleo indrcotn specifiC 
conditlono for 8 or 16-bir opcrouons,ouch u indiciiiMK wheth~r ornOIIhe rnuU ofan Oporotion io oquol 
to uro, n,. prosron>mor sclecll the x.:unur.lotor an.d !lo¡ paif Uu.t he wlsh .. to wD<l< wi!h ,..¡¡h aoin¡lo 
nchangc inmucli<>r> 10 lhat he mty tallly 'rll<>rll w!th tilher palr. 

• 

.. 

-



·-
1 ·11 - . 

Dos conjuntos de registros de trabajo accesibles al programador 

forman la unidad de almacenamiento interno del CPU, pudiéndose 

intercambiar a gusto del programador a trav6s de una sola ins--. . . -

trucci6n lo cual simplificará el ma~ejo de interrupciones redu· 

ciendo el tiempo de atención a la rutina de interrupción. 
' 

Unidad Aritmética/Lógica (ULA). 

La ULA del microprocesador Z-80 permite la ejecución de las si

guientes operacio~es: 

Operaciones de Acumulador: 

Incrementa, decrementa. 

Corrimientos y rotaciones. 

Prende, apaga o prueba un bit. 

Operaciones Aritméticas: 

Suma, resta. 

Operaciones Lógicas; 

AND, OR, OR Exclusiva, Comparación. 



1~ 

!lanl.leras: 

S z 1 0 1 " 1 •_J_I_"_v_LN_J__c-' 

(Cn1ry): Bandera de acarreo: se genera como un novonu bit del 

acumulador en operaciones de suma y como (Borrow} bit 

de deuda en la resta. 

(Zero): Bandera que se enciende cuando el resultado de una opc 

ci6n es zero. 

(~egativc Sign): Bandera de siRno. Se enciende si el resulta~ 

do de una operación es negativo, esta es una copia del 

7 bit o más significativo del acumulador. 

{Parity/Overflow): Para operaciones 16gicas esta bandera indi

ca la paridad del resultado. Prendiéndose si la pari. 

dad es par. Para operaciones aritm~ticas en 2 comple 

menta con cantidades seguidas. 

(11,5): Banderas para manejo de cantidades en BCD. 



- 4.0 CPU TIMING 
1::! • 

The z..so cru uecut01 instn~ctiona by ltcppin&tlull<lj't • YC1)I pr«lle sct oh fC'W b11lc op:radcou. 
The,.. i~lude: 

M01110oy rad or wrltc 

!JO dcvlco read or wrl~ 
• lnttnupt~~~:knowled1e 

Alllnstruct!Gnl oro merely 1 •riel of tha.t bulc operltlom. Eoch or !he• buic D¡>ecnotlona can take frcxn 
three to six clock perio•:h to complete or theycon be lengthened to synchroni:e the CPU lo the 1pnd of 
externa! devrco•. The batlc dock perlod1ore refened lo 01 T cydeoanU ti>< buic operliUOnlart tefenod to 
u M (for mochine) cyclro. Fi¡urr 4,0.0 illuurotu huw a tyt>t.:ol inotruction will be merely a seriu 11f 
sped!ic M and T cyde•. Notice that tltit lnmuction con•im of three mochine cycles (M 1, M1 ond MJ). The 
fir$1 mochine cyclo of any 11111 ruction is o forch cycle whlch is four, live or 1!X T cycles long (un leas len&th· 
ened by the wort sigr1ol which wlll be fully deocribrd In the next section). The fetch cycle (M 1) is used to 
fetch the OP code ot' th< next lnstruction ro b• exeotJted. Subsequent m:M:hine cycl"" move data between 
!he CPU and memory cr 1/0 devku and thoy m ay h.oveanywhere·from three to live T cyc!H (opin ¡hcy 
may be leng,thened by wait IUtn 10 l)'nchronU:e !he externa! devlces to the CPU). T1le foUowin1 para• 
¡rapho dO>cribe the llmlna w~lcll ooc~n wlthln any of !he baoic machllle .:yc!es. In oec«on lO, the tucl 
timinl for each inm~e!lon iii¡)Cclfiod . 

• 
'• •• •• --•• 100-·-

•• '• •• '• '• 

IIASlC CPU TIMINQ EXAMPLE 
FIQURE 4,1).(1 

'• •• 

A\1 CPU timlng can be broken down lnto 1 few Vf>ry olmple timlnz di•&r&ms as lltown In npro 4.0.1 
!hrou¡h 4 .Q.7, TheH dlagrams ohow tl\t followin¡ bu le opera!lortJ wi!b md withoul walt 11.111:1 (walt 111111:1 
are odded ta l)'nchrcni~e thcCPU to llow memooy or 1/0 dnlces). 

4.0.1. lnotructlon OP Clldo fotch (MI cyd~) 

4.0·2. Mcmory data reod or wrhe cyclu . 

4.0·J, 1/0 read 01 WIÍII e~ lO> 

4.0-4. Bus RequC$t/Acknowledp Cyde 

4.0.S. lnterrupt Reque•t/Ackllowlcd¡tCycle 

4Jl<6. Non mashble lnterrupt Roquest/Ackllowlcd¡t Cycle 

4.0·7. Exit from a HALT inmtJCtiDII 

" 
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En cada operaci6n de fetch la instrucción obtenida es colocad~ 

en el registro de instrucciones, el cual es entrada de la uni

dad de control en donde se lleva a cabo la decodificaciOn y se

-::uenci"acHSn de senales de control necesarias P.ara la ejecución 

de la insF-rucci6n, taitto internas coao externas al CPU. 

• 

Ciclos del CPU. 

T Periodo básico de reloj, 

~ Ciclos de mdquina, 

~: 1 .... M3 Ciclos de instrucción. 

• 

-
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INSTRUCTION FETOf 

Figure 4.0-l shows th< tim'rns duringan M 1 e~cle {01' eode fetcl!). No1ico tlut lhe J>C is placed on the 
oddre" bus al the bcginning of lhe MI cycle. One half cl~k timo lo ter \he "iJREQ ~~""' aclivc. Atthil 
ume the address to_the memory hu lud time to mbrll>-f"' that the f•ilonged~ o(Mm c-Jn be u .. d 
d<rcctly os o chrp enable clook tu dynomrc momon••- Tho'Jil5[illl: olou JD<'> active ¡o indtc"'e thalthe 
memory road dJia should bo enoblcd onto l~e CPU d01a bu o. The CI'U nmplu the dota from the momary on 
the data bus wr1h the n<ing edge of lhe cl<>ek of SIJte Tltnd thil somo ed~e ;, u;od by the CPU to twn off 
the RD and MRQ "gnah. Thus lhe d01a hnolre•<IY be m L1mpl~ bji l)te CPU bofore theliTi <i&Jlal bowm<l 
;noctive. Clock Sta'' TJ and T4 of a fetcll cycle "" u .. d to rerr .. h dyJUmk memorios. (Th< CPU uses th'" 
üme to decode ond e~ecule lhe fe~ched onslruclo"" 10 thol nu lnher upetolion rould be performed ot lhis 
lime). Duron~ TJ and T4 lh<lower 7 bill of1he oddres.s buo ~nnlorn a memory rofruh oddre .. and lhe RfSH 
signo! bocome• aCI i>e lo indicole 11\a 11 rofmll reod of all dyiiJmic memories •hould be occompli$hed. Notice 
¡hal a RD .,~nal is not genemed d"¡[¡"~Q''"h 1~ lo prrveol dna from differonl mcmory s.egmeots from 
beins sated onto !he dala bw. Th• , R $itrul duron¡ rdresh lome lhauld be u .. d to pe~f Olm a refresh read 
of all memory elernen15. The rdresh "gnal an not be uscd by ,,.lfsonceth• refrosh address is only guUiii>

t«d to be stable d urong /il"m lirn<. 

1 
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000- ""' ,, 
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" 1 1 

1 1 

INSTAUCTION OP COOE FETCH 
FIGUAE •• D-1 

Figuro ~.0·1 A '~"'""'"' how lhe fetoh cycle io dcl>yed Jf the m<moty ICti•ateo !lo e WAifrme. Dur
ing T':' o11d .,..,,y sub,.quenl Tw. the CI'U s:tmples lhe WAIT Jme wuh lhe f•ll•nc edse o fofo. Jfohe WAJT 
lino ,. .cu•e ot lh" 11me. anothor wou >tole woll be enwed dunn1 the fullowmg cy<le. Usin¡ lh!llechniq"" 
doe read cycle can be 1engrh<ned 1<> motd• !he "ce» 111110 of •ny 1ypo of m<mory devico. 

" 

• 
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1.,.,; <;i.r,toit:nte5 p.'igin"s resumen In actividad del CPU en funci6n 

del t:l':l'IPO para cada operación blisica o ciclo básico del ZSO. 

Ln explicación será complementada durante la sesión correspon-

diente del curso y no ahondaiemos m4s sobre este tema en estos 

' apuntes. 

Ciclo M1 FeFch del código de operaci6n. 

Ciclos de lectura/escritura a memoria. 

Ciclos de entrada/salida, 

Ciclo de requerimiento y agotnci6n del bus. 

Cic!,, de interrupción. 

Ciclo Jc interrupción no enmascarable. 

Ciclos durante la instrucción de alto, 
' 

' 
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INSlliUCTION 0'C0D! FETCH W'llH WAIT STA TES 
fiGURE ,,0 lA 

ME!IORY REAO OR WRITE 

Figur~ 4.G-2 lllum~t~• lh~ tlrninJ uf A!CAI<>!)I rud '" wrlle c-y.;ln othe1 1han an QP oodc feo eh (M 1 
cycl.<). ~ cy<:leo ore &!n•r:~lly thrce duo;~ ~....!,211• 111111 unleu woot oto tu ore requeoted by 1M mem<>ry 
•11.1he WAIT oi¡nal. no e ~1l{t?R'8)'1 ond lh< Rl) oi~u,! ore uoed 1he un~e as in <he fetdt c')'.:le. In <he c:a .. 
oí 1 n•cmory wrne ,-y de. o he .1 alw b<<lOiltl IC!Iot wh<n <he addreu bu o" ol<lble so thottl con be 
u>ed d<f<CIIy 01 • dup.< noble f,, dynanlic tn<m<>net. The Wi'f hne " ocl i•c wl1en d:lta on the don buo i¡ 
S!able <O <hot 1! c~e u>Cd dircctly •• o RfW pul>< 111 '"rtu:lily "'Y IYpt uf stmicooducl<>t noen11>ry. 
Funhermore <he WR oig""l gueo in•.:liw oJPI< h•lf T 11•1< b<: fme the odd rrso and d•ta bll5 <;unten" ore 
chongcd •o tila! lho O\'Orlop rc~uircmoom fur •ntuolly ony o y pe uf IOrlli<onducour n•cmmy type will be mtt. 

• ..... ,. 

... _... ..... _ 
- ....... Codo 

•• •• 
~ 

•• • • '• 
- • 

¡---
.. . ..., .. ~""" "''""'"' """" 
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1 
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DA ""'" 1 • 
·n:.·-T- -::¡: -T- -r..Jl-f ___ ----r---1 - -- -- ----f-' ·t--- :-

MEMOAY A U. O DA WAITE CYCLES 
FIGURE 4.0.2 
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, ·a'" •l.ll ~A <llu>llotu how • WA1'f rtq~"t ~vul .. m lon~!h<n ony memury iud or wrlre opera

r.o,._ 11,, L•¡.trJI~on ;, ,<lcnllc•lto 1~31 pr<Vl~u.Jy ~<«rJ.bod for a le1ch cydc. Not•ce in thio n,.,, Lh.u 1 
''P"'"" ""~ :.n~ • sep•••te wme cycle ue lh""n in <he "'"'' fi¡ut< olthough rcad •nd wme cycln un 
"'"'" "'"'" <~me ~_tllleously, 

• 

'" OAIA 0U5 

'""'"' 

... 
oa•a •1.1\1 
IDo~ <>1 
,;¡¡¡ 

1 '• ., '• 1 '· ,, ,, 

~ f-. 
1 

r-
MO..,OY ADOO. ' 

. 

1 
1 

•;:)-

1 o.ouour 

_1 ---- -i -,- - ---- - -- --f---ilJ __ ::LJ:"_rn:·r--· ---1---
IIIIEMORV REAO OR WRITE CYCLES WITH WAIT ITA TES 

FIGURE 4.0-ZA 

INI'UT OR OlJTI'IJT CYC'LES 

) .. ~ cvcu 

}""'" C«l 1 

fi1ure 4.0.3 Ulunr•teo In 1/0 read or 1/0 ...-.J<e ope~Uon, Nodce tll.u durinJ 1{0 optraUo111 a dnclt 
""'¡~ ~ outi>malfc:alty lnsened. The rcuon fcr t!W is lh..!!..!!!!o:inll/0 operlliono, lll e time from when 
1he 1011.0 signol ¡oea oe-ri"" untillho CPU must .. mp!o tho WAIT !ine U wry shon ond ...;1hcut lhil u m 
""'' sufr.<:ienl rime does no( exiot fur an 1/0 pon lo Oecod< in oddr.., llld a~uvate !he WAIT 1i111 lf a wo:it 
"req1<ired. Also, wllhu•n this wa!t 1111e it ~oult '" d"''Pl MOS 1/0 dellices 11111 '"" operate 11 full 
CPU....!f!.<<d. Ouunt 1h11 wau 1111< Ume the WAIT 1<qu"'1 si,nll;. sampled. 0\lrins a rud 110 oper1Uon, 
•he RITim• is "'"d lo en::!!!!_! he add1essfd pon 01110 11"' data bUI¡ustas on the cose of a memo <Y rud. For 
1/0 wrue opero"""'· thc WR line is usrd as a clock lo the 110 PO<l, aeain wllh •ufflclenl overt.p t!ming 
""' om., ll~ally pro•idod so 1h11 !he rising ed&e may be used u a data clook. 

F•s•n• 4.0.3A Jllustruoo how add!tiona!wa!l rlaleo moy be addod wllh the WAifl!no. Tho Ol'ftltlon 
"ideull<•l to that pre.,ot.,.ly descrlbed. 

nus REQUEST/ACKNOWUlDGE CYCLE 

• F1guro 4.0-4 lllus1"'1"' the tlnllng for • Bus Reqt>W/Mknowled~ cyde. The BU SRO ·~ 
"'"'pled by the CPU with tite risinRed&e of the lasr clocl.. periodo{ 1ny ""'dune cycle. Jf the BUSRQ 
"~".J "ac1ive. !he CPU will oetllloddren.data ond lri·srote conttol si¡n•l• 10 lheltl¡h lmpedancc sta!e 
.,,.¡,tito """g od,e of the nut dodr. pLII ... At •hol time ony exlem:tl device con cont1ol the buoa Jo 
"""""' do•• betw .. n m~rnury ;md 1/0 d~vlces. tTilis i•~enorally knuwn •• O.r .. l Memory A=ss (DMA) 
mmg <rde l!e.lin~). Th• n>>'rmum time for tilo CPU to , .. ponJ to 1 buo roques.!" the len11h of 1 machln< 
··~de '"'~ !he uoenul '''"' ruller Cln mainlaon control of <he bus for .. mony dock cycles a i1 dHired. 
!\"~1<. """"<ver. lhor of vel)' Ion¡ DMA cydn lte ,...d, >nd dyrumlc memurr .. are bcin¡ u~td.lho n!emal 
con:mllor "'"" olou perform lhe ref•nl• functio.>n. This 011ualio" only oo:curs if ~ry lt'l" bloo:ks of d•ta 1re 
lmn,fetrtd u\\dOf DM~IJuL Abo noLe !1101 du.ing • bus ro.¡uert cycle, Lhe Cf'U Cll\nD\ bt inltll'Upltd 
by Ollloer .1 NMI or •n JNT ¡j¡naJ. • 

.. 
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INPUT OH OUTPVT CYCLES 
FIGURE 4,0-3 
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INPUT OR OUTPUT CYCLES W!TH WAIT STA TE$ 
FIGURE 4.0-JA 
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8US REQUEST/ACKNOWlEDGE CYCLE 

FIGURE4.0-4 

INTI:R RIJPT REQUEST/ACKNOWLEDGE CYCLE 

Figure 4.0·S ~lunratn the <mllnlossocloled 
sampled by the CI'U with the rioilll ed1e of the lut docK 
occept«< rf rhe intemo.l CP\1 enabk i . 
Í1ocuve. Whon 
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FIGURE 4.0.5 
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Fi¡ure 4.0-~A lllusrraros how addulun11 _,, tt>lc• """be ad<kd h> thc inlcnupt roopon" cy~le. 
Apin tho opcralinn i• rdonticulru rh•t pt~V">usly d....:robcd . 

• 
= ....... 
= •• -.... ,, -

~· 
' DAU iuo .... 
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• . , 
1 •• . ••• '• • '·· '• •• • . 

' ' 
• ' • OIOOUM-

1 1 
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INTERAJ.JPT AEOUEST!ACI(NOWLEOGE WITH WAIT STA TES 
FIGURE 4.1).5A 

NON MASKABLE INTERRUI'T RESPONSI 

-
' 

' 

--· 

figure 4.().6 illust rate< the «\jliC'It/ad;,no>•MdF cyde for the non nu.okoble inll:nupt. Thb lll!llllo 
samplod at the "'"'" unre n lhe in«rrurt hn<, hui ohi• hnc ha< priun1Yu""r the nuronal interrupl ~nd lt .;on 
nt.l be Ji,.,bkd umler wl '"'"" cunlto~. 1!> ,,..,1 fun<tu.>n is 1<> pru.,de mrmtdiate responll: tu rmp<>rllnt 
,;gn;h .udt asan rnopondinB puwor l•oluro.l1>o CI'U re,p.,.,c '", non mo.bble imerrupt ill<m•lor U> • 
nurm.l mcmory reod "P""'"'"· Tho oonly Jotlo•re"'c bcing 1ha1 lhe .:onlcnt uf lhe d>la bus is IJIIUIC~ wh<le 
thc PI<><O"'>r autOIIIall<ally "'""' lhe 1'(' ;,. lhc o"crnal """~ and juniPI_ tu I<J<a!lun 00b6¡r Tho KN!<'e 
o!lulinc fu, lhc nun mJs~oblo 111101r11p1 11110" ~1"1 •t lluo tuo:oth.•t if 1h1< mle!<upl is liSOd. 

HALT [XIT 

'MIC<Ievcr a soflware 11.111 ln""":tiun lo ewcutc~ lhc ('I'U h<Cins cxe"u1111~ NOP's untll on intorn1p1 ;. 
•<:<<ivcd leu l101 a nun "'"'~''hlc "' , m••kublo iiiiC"'Ipl wh1le 1 he 1111crntp1 llip llup " enJblcú). Thc IW<> 
'""""P' liuc; J1c """'r:,u wilh 111c "'"'S du.k cúgc J"'"'~ e:~ eh T 4 o<.llc .. , ohnwn i11 tlgu<c 4.0-7, lf • nun 
,,,.,,¡, .. ~le "" e• rupl h•• n, .. , «•'CI'CJ "' a ona•kJhl,• in1crr11p1 '"" h<e 11 <C<'CIVCU ,,J 1hc 1n1errupt enabk 
:i•;•·llt>p "'"'· 1hen 1hc h:~lt ''·"' w¡IJ he ''"•'~~ "" 1hc """ .,,; .. ~ dn.-1. co.Jgc. Thc loll<>wilog <yde w11i oh en 
''10 an mrorrupt """""'lc<i~c e~ ele '""""'I""ÚIII~ 1" lhc 1ype "f IIIICHIIPI 1 h•l wa• rcc-civccl. 1 f bollo "" 
oc.;<O>OÚ •1 1 loa 1i01o. llo<n thc 111111 "'"~.1hk ""~ \01111 be acknowl~llb'Cd """" 11 ¡.,, hi¡;h<:>t pri111ily. Th~ 
ru<p<>«> uf c~c.:ul in~ NOI' in>llllCIIIIn• "'hile in 11"' 1w1t •la le Íl lo> ¡_c0p o he nl<'lll!lfY rcl "''" >ÍJ!oalo :o<l ;.., . 
~"d' cyd< in <he hJII ., .. ,. "• """";1l M 1 (10"1'1 <ydc •--•r• 1ha1 1ho dato rccciwJ rn•n tllc ""'"""Y is 
·~norocl :oncl a )..Ql' iml rnclion> ;, l<>«c.i nllorn;,lly "-' 11,. O'U. Tl1o h:olt ¡u:k....,wtcJge oiJnal l.i """"" dunn¡ 
:~1" lime 1<> inJk:oro lhat !he P""'"""' ''in ohc halo <!ale. 
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NON MASKABLE INTERRUI>T RECUEST OPERATION 
FIGURE 4.0·6 
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1.0 INTRODUCTION 

The ZBO F'arallel 1/0 Circuit is a programmable, two port dt>Vic'e which provides a TTL 
compatilJID irH~rfacc between periphcral devices and the ZBO·CPU. The CPU cJn configure~·
the ZBO-PIO to interboe with a wide range ol pcriphcral devices with no othc• externa! 
logic re~uircd. Typical pcripheral deviccs that are lully compatible with the Z80 PIO include 
most kcybndrds. paper tape readors and punches. printers. PROM prourammcrs, etc. The 
ZB(}PIO utillzes N chJnnel "licon gate depletion loa<J tcchnology and is packa~cd in a 
40 pin OIP. Majar featurus ol the ZSO·PIO include; 

Two indcpcndent 8 bit bidirL"Ctlonal poripheral interfoce poru with "h,rndshake" 
dula transfer control 

1 nterrupt driven "handshake" for fast response 

Any one of tour distinct rnodes ol operJtion muy be selocte-d for a pon including. 

By:e output 
Byte Input 
Byte bidirectional bus lAva Fiable on Pon A only) 
Bit control mode 

All wrth interrupt controlled handshake 

Daisy choin priority interrupt logic inclucled te provicle for autom~tic mterrupt 
ve<.:tnrin~ wrthout externalloaic 

Eight outputs are capable of driving Darlington transistor¡ 

All inputs and outputs fully TTL compatible 

Sing!e 5 volt supply and single phase c!ock required. 

On~ of t1>e trnique feature¡ of thc Z80-PIO that separares it from other interface controllers 
i> that all c!ow transfer between the per1pheral deoice nnd the CPU is accompkh"d Hnder 
totd~ mwrrupt control. The intermpt loaic of the PIO permits lull usage of the efficiem in· 
tc;rrupt capübil111es of thc Z80 CPU during 1/0 transfers. Alllog1c necessarv to imp'ement a 
fully nestcd intcrrupt structure is includ"d in the PIO so tl\at uclditional ci"uit~ ore not 
'~'luired. AnGthe~nlque featuw of t11e PIO is thJt rt ca11 be rrroqramm~d to rnterro¡>: 
;;.,, ~I'U "" tlw·ncr.urrenGe ol o¡'"crlrr.d ¡t,aus c~nditions in the per1ph~r:rl d~'ir". For 
exampiP. th~ PIO Ci1n· IJe prowarn•ned to •ntcrrupt 1f dOY s~ccified pllfiphc:al ,,l,;r~, con
nFtoono shnuld nccur. This intcrrup\ capclbilrty re<Jnccs the ~moont ol time th~t rile prc
c,·w>r m<J<t speF1rl 1n poll1n~ pcri~'wr~l stdtus. 

' 
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Port'B 1/0 lo,¡ic. oHitl intcrrur.t ;,¡:¡,",trcl 1•."(1iC. Ti •• Cf"U ous ;,1\t,f . ._;,, lo¡¡ic ~lllh'JS (l,e 
PIO to ;,¡c.-f.•ce <lir•~CII'I to the·Z!lO·C~U with no o\her e~\eonollnriic.~How,.,..cr;-.".ddre•;;. 
docoders amJ/or liF1C t•uffc" m.ly l>e fCIJu<red lor l;¡19~ 5V$teol'll. Tlll! imcm;,l cn<ltrol'lo!tic 
•vnchroniZ<'> the C~tJ da1.1 lna 10 the pe•i¡•hc•ol <Jcv•ce interfa<oe~~(Port A o111d'Port 61. ~
The two 1/0 ports (A ~mi B are ~irtually,identical and are uied lo'interl.x" !lirec:tly to .,,, 
pcriphe1al dcviccs. • " . .._~- •• 1' ·- · ' ;. 
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The f'ort 1/0 IOlJÍC Í5 compo~d of 6 r~gi$ters with "handshake"' controllog;c as shown in 
figure 2.0-2. The rugistur5 include: an a bit tlatil input register, an·a bit data output register. 
a 2 bit mode control mgistcr. 3n B bit mask register, an a bit input/output select re~ist€r, 
anda 2 bit m.1sk control regi~tor. 

i'ORT 1/0 BLOCK DIAGRAM 
Figu1o 2.0-2 . • 

~· '"""" 
~ '""" "'"" -· ' ........ ( ""' . ... '"'"' ""'" 

. • 

n ""'" ....... , ... ov ... , -

1 
... 
~ ... ~ 

1 ... --- i :"' ~ ,,,.,..,, 
••• • ... 

-------. .-'"''"'' 
... 

"''"' 1 ~ ''"' ... 
'""" 

J "'"'·'"'" -<> """"''" .,__ ......... , 
""""' "''- < 

" ... 
,!.'!CO:L 

"" .......... .... .. ,..._,.., .. , 

\ '"""'""' 1 ""' ' 

• 1 
. ' ,,_¡(·,, 

""'* • -'~ _. 

• 

~~--------



-----· -, " ---· "----·- ----·- .... 
'' : \ . . . . . ' 

nw 2-bit modc coriuol r~~i~tcr is loatlcd by the CPU to s.clt'Ct the desired op~¡.atin'!l inodc 
(byte output, byte input, Uytc bitJircctional bUs, or bit control mode). All.data translcr 
between the peripher~l device arnJ tlw CPU is ocllievc:d through the data input and, dat~ 
oowut rr~iw:rs. Dat~ mav be ·written into the out pul register lJy the CPU or re;xll>ack ID 
the CPU lrom thc input •~Dister :a any time. Thc handshake lincs asrociomd with e;xh port 
are u sed to controlthe <.lata trantfer bl!twren thl! PIO and the (leriJ'IIleral devicé. · ' ' 

The S.bit mask renister ~nd thc 8-bit input/output sclcct register are used only in the bit 
control motle. In this motlc ¡¡ny ol the 8 pmipheral tlata or· cootr'olllus pins can be prog
rammed·to be ~n input oran output as specified by thc wlect rc!)ister. Thc mask register 
is used in this mode in conjunction with a speciol intonrupt faature. Thio leature 'allows an 
interru"t to be ncnerated when any or all"of th.!,únmaskeQ pins r<M:h a spccified st~te 
!either high or low). The 2-bit maik control register spccifics the iJCtivc >taie dcsircd lhigh 
CH low) and if the interrupt sl'lould be ¡¡enerate<1 wllen all unrñukcd pins are acti·;e (ANO 
conditlon) _or when any unntaskcd pin is active !OR condition]. This feature reduces the 
requirement for CPU status checking of the peripheral by allowif19an interru¡~t 10 bt! auto· 
matically generatcd on spocilic peripheral stotus conditions. For ex¡¡m¡;le, in a system with 
3 alarm conditions, an intcrrupt may be gcnerau~d if any one occurs or if alt three occur. 

The interrupt control logic soction hondles all CPU interrupt protocol for nested )lfiOrit~ 
interrupt muctures. The priority of any <.levice is detcrmined by its l>hysical IOCJtion in a 
daio.v chain confiQuration. Two lines are providcd in each PIO to form thisdaisy chain. Thc 
Uevice doscst to the CPU has the highest pnority. Withir. a PI O. Por! A intilrrupts hil\IC 
higher priority than thos~ of Port B. In tile byte 1np~a, byte output or bidircctional modes, 
¡¡n mterrupt can be gencratcd whenevcr a ncw byte trnnsfer is requested by the peripheral. 
1 n the bit control mode an interrupt can be ger.crated when the peripheral sta:usmJtches a 
prO!)r~mmea value. The Pi O provid~s for complete control of neswd im~nupts. That ls, 
lower priority devices may not imcrru;n hi']her priority dcvices th~t have not had their 
imer:upt service rootine completed by th~ CPU. Higher priority devices may interrupt the 
servicing of lower priority di!Yiecs. 

Wl•cn an interrupt is accepted by the CPU in mode 2, thc intcrrupting devit:e must provide 
,m 8-bit imcrrupt vector for the CPU. Tllis vector is used to form a poimer 10 a lacation 
in thc ~onoputer mcmory whcrc tlm ~<.JJress of the interrupt scrvice rout1ne is locJtL-...1, 
Tll>! 8-blt vector trom tilO interrupting device forms ¡he least siynificant 8 b1ts of thc indirt!<:t 
pointer while the 1 Regis\t'r in !he CPU provides the n•os¡ si<¡nificall! 8 b-1ts al thc poin\C!. 
Each pon (A ar1d B) has ;m independent inteorupt vector. The l~ast si~nificant bit of th~ 
vector is olutomatlc~lly set to a O wilhin the PIO since !he poimcr must poin( ro twél ¡.,¡. 
jaccnt mcmory locations for J complete 113-b<l ~U• es>. 

Thc PIO d.:codes thc RETI (Hcturn from interrupt) instruction dirl.'l;tiy f;.,m the CPU o:lJta 
tluS so tl1Jt cach PJO in tne system knows at all times whether it Ü; bcing s.!<VÍC~ f>y tl:c 
CPU ·interrupt service rautine witho-ut any other cnmmunication with tne CPU. 

' 
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A dio<)"''" ul ¡¡,, L,j¡•J'ilJ ""' ·' 1 · .,.,,., .. p O¡ ·'•· ·:·· n •;._.,,, :;·¡,; ·::"o .,,;¡ir •. t ~.;:;·,~·<'• 
thc )tlflCI>><t <•1 '.1.h i"·''· 

B/A S~l 

CID Scl 

ce 

.,. 

M' 

l.uO CI'IJ [),1[,1 '~•" ,;.\,;~:~'·''""'''· lois<.llc) . 
11::; n"' "u;erl ¡., tr.,,~¡~, .111 .J.nc~ ,,,.¡ ~0~""·''"1~ bol!I">I'Nt 11•,, 7.il<1· 
CPlJ ,,,,¡ ¡lt~ i::llO·Piu. Do 1S thl·J.,,,t s·~oii,•;Jin l"t ol ti"' hu, . .. 
Por\ fi ur A S"lect (inptll, octive :o:gll) 
Thil pi~o dclinc, 'Ailich port.will 00 Jccaued durinq a 081~ rr~n1fer bet· 
wncn 11\e i::IIO-Cf'U .1nd 1hc zeo-PtO. A low l~vel on this ¡•in·$1!le<:15 
Pml A whiloJ ~ high levcl .e:c"Ct5 Pon B. Olten AC:drcss Llit Ao from the 
CPU willl>ll us~d lor Jhis~elox:t<on !unctio;{. 

Co~trol nr Dat.1 SeiP<:o liroput, active hiqh) 
This p'tn dcf'oncs the lypc of d~la trander 10 be performed OwlwCI!n the 
C.PU ~od the PIO. A high IL'>Id on this pin during d CPU wriu~ lo thc 
PIO c.w!.Cs :ha 7.80 <lata b<Js 10 be ir>terpreu~d as a command lor !r>J 
poli 1-Ciuclcd by thc OlA SPiect linc. A low level on this pir> mcans thJt 
thc ZBO OJI~ bus is being uscd to transfer data between lhe CPU and 
tho PIO. Often Addrc-:;s bit Al from the CPU will be used for this JUnC· 
lío o. 

Chip Enahlc (input, oct•ve low) 
A Jow kvr.l on this ¡¡in cn,,bles the PIO to accept command or data 
input; from tite CPU durm~ a write cycle or to lransmit ddla 10 t.~e 
CPU during a read cycle. This si~nal is generolly a decnde of lour 
1/Q porl nunthers that encumpass riort A and B, <Jata ;mo control. 

::;y,wrn Clod(input: 
The ZflO PIO uses thll so.m<Jard 280 systern dock to synchronizc ccrt~in 
si~nals interroally. This is a srngle ¡;h~<e clock. 

M...;hine Cvclc One SignJI fmm CPU (input, acrive lm·,) 
Tlris sigMI hom the cru is usL-d as a svnc ~'ul!<l ¡o control sw~• ,1 
'mtcmal PIO oper<tlion>. Whcn Ml is Jetiv·, ~r.d thc R::l signa! is active, 
thc ZBO CPU is letching aro ins~ruction lr~··T. n:~:nory. Converwly, 
whcn Ml is active and_IORO is acti•:e, the CPU i:. ..cknowledg"•ng Jn 
interrum. In addition, lhc Ml sign~l :,~, two 01her lunctiont within tnu 
ZBO-PIO. 

" .. 
MI svnehroni,~s !he PIO i'ltcrn .. ,JIIOglc. 

Whcn MI ocurrs will,rnrt Jn aclive RO or lORO si!,lnJI lhe 
I'IQ fo[jiC Cn)CI5 ~ róül >ICIIO. 

1 n¡" •1/0<i 1 i" 1 r 11 ~que,¡ f rom ZBO·CPU Ir nr>Ut, ,,e :i;·~ luv' i 
lh~ iOTili :;i•Jnnl ;, ~~·''' 111 tonjunction wllh 11~, filA $eiC~I. •;_1¡; 
SellCl, "Ci:', ;•nd ·,m sir¡n.ds w lr~n>IN cuor:tn•ln<i' ,,n<.J d~l• ioeiWc·~n 
lho• 280 CI'U .on<l ll>c 280-1'10. l"ih~n CE. 11:'0 nn<.l TORli' ;:re .ocli''"• 
th~ porl ,,ddrr""" by B/A w¡¡J tr<IOiiPr UJrd te thc Ci'U ( .1 m;,J ,,,,,,. 
¡,¡ion). Conv•·r~cly, when Cf; onrJ lu:;Q are actilffl IJVI i'ib' is not iiCIIV~. 
u.cn tlw fhlJI ad<lrn;sflll by 8/f. willl.><: ·:¡rin~n >mo !t<Jm th~ CPU w'oth 
"'lhcr d~<.l nr comml inlorm.•tiun ~s ~¡..ccified t;y the C'/D Sc!I'Cl s:¡,ro;;J. 
Al;o, il ió1'fd ,1nd W ~'";.-;:in ;;mulrancousl•¡, !loe CPU i~ ;..cknuw. 
lcdginoJ an 'oniCffUJl! ~~ ,,¡ 1!, ' i:1 ~cn"U¡H ing )l<:lr t "i 11 ~~ IJorn~!i;:n!ll· ¡JI<l(;J 
ih omc'"'ill v~clor (•n tl>e C!''J <J¡ora :.,s ;¡ it i; 1k• hiunc~l d~vico1 rc
<.;oJCSllr•'; <rn iod~Jiupt. 

• • ..., 
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flu~LI_Cycle StJtus lrom the ZSO-CPU (in
1
o
0
ut, active low) _. .'-, O!::J 

11 fW is ¡rctive ~MEMO AY R~AD or 1 READ oper~toon rs rn proo
ress The -RO si(tnJI is usd wtth ~/A Selcct, C/D Súl~ct, Ct J11d"i6R-d 
si~¡nJis to trJnsfcr U<>tJ (r<>m the Z80-PIO to the Z80-CPU. 

lrucrrupt Enahlc 1~1 (in¡¡ut, r.ctive hiohl 
This Signa! is u:;cli tn Iom> J priority inmrrupt dJisy ChJin whcn mOfe 
thun one intcrrupt tlrivcn dc.,ice ¡, bein{J usc.l. A hioh ftlvel on this pin 
imlic3tC!i thm '"' other tlc•·iccs of highcr prillrity Jre bci"'.j ~r.iced 
hy .a CPU inttrr up t scrvicc rou tine. 

lnterrupt Enoblc Out (output. active high) 
Thc lEO si(lflJIIS tite• nthcr sional fC'llLÍn'<.J 10 form J dJisy chJin prio
rity schcme. lt i; hi~h only iiiEI is high ~mi tile CPU is not ;~rvicing 
"" int~'"'Pi lroon tlois 1'10. TIUJS thi; sign"l hl<>ck¡ lnwor ~ooomv de 
voces Ir()'" iow"""l•tin~ while a hi~hcr priority ol~.·vir.<• ;, IJ~in!l ocrvic~d 
b{ its cru lllt<:lflopr sm-vic" routine. 

lnlerrupt Hcqt•csl hmtput, op~n dn:in, activ~ low) 
When lrJT is Jttive the ZRO-PIO is re<¡uestill!f Jn intcrrum lrum the 
ZBQ-CPU. 

Pwt A ílus (lJidm~<:tional, tri-state) 
This 8 bit bus is u<e() to transfer data and/or St<JUIS or coMro! ;nfor
m¡¡tiun between Port A ol !he ZBO-PIO and J ¡¡miplwral do-Jtc~. Ao 
'' tl1c l~aot <~~nilicJm IJit <JI th" PortA duta bus. 

PortA Stroh~ Plllcu froon Pcfopheral Dcv'oce l'onput, act'ovc lowl 
The mc.1ning ot this signal depenth on the mode of op~ratiun sdE:Ctrn::i 
for Por¡ A as follow1: 

1) Output mOIJc: Thc positive !ldge ol this strobe is issue.-1 'N the 
pPripheral tn acknowledge the receipt ol dma madc ¡rJ~ilable hy 
the PIO. 

2) ln¡.ut modc: Th~ strnbe is issucd lJy th•: pcriph~r:olto ¡,,~.• :l~t' 
fruon thc pcripllCml into the PortA inrlllt rugistm. 0,,¡,, ¡, !u;d
ccl into ilhl l'IU wlwn this si~nnl is activ~. 

31 Bidirunion;d onode: Wheol this sinn;,l i> ,o¡,ti~c. ,J.n~ 1""" th•; 
Port A <lllt¡•nt rc~ister is ~oted onto Port A bidircctonncll dn:n 
bus, Tloc positiw cdge of lile strobn ;oánowlcducs th~ ooc~i¡•t 
ol the rl,ll.l. 

4) Control mod<•: Th<~ stroiJu is i"hihitC<J inu:rn~lty. 

Re~ist~t A lle.uly {OUI¡'IUI, :><:\Íif{' hi\)h) 
The onc~ninu ot thi; sio¡nul <kpenr!s on thc rnotlc ni Ol)l'rJtion sdc..:tc'<l 
for Po<t A as fulluw;: 

1) Üli1J)<Jt onu<le: Tlns sir¡nol ~oes .1ctive to inrlicatc thJt th~ Pon 
A output ''-''iÍStr.'r hn• !leen loatl<'d and thu periphenl d.it.~ bus 
"staiJli' oJihl•cwly for tramf•~r 10 o he pcripher31 devicn. 

2) Input mo<f•.: Tlo.s ,,.1.,,¡ ;, activ~ whcn thc PortA input re~<o:er 
i< ""'PIV Jnd os reurty to """''PI OJI~ frorn 11.~ pcriphcr.11 device. 

31 lli<lircction~l mude: Thi1 SO!JlJI is ...-:tive wh~.n d~tJ i~ Jv-uil.ible 
in PoJ\ A out pul r~'!)istcr for trJnsh:r to tnc pcnph~r:ol <lcvice. 
¡, ,¡,;, onO<tc <bt.o ;, root ¡>l.o:o;_j on thc P"n A dJt" \Jo• Utllc., 
A-Sft! i1 ~ctivu. 
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ir a11' i>l '" >. 'le. ·~ th.: [e¡¡,¡t, ,¡flll i f i~·'" 1 l\i t uf thc bus 

·-u 
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Pon S :":uut•c Pul><: (rom Periphcr.ll Dcvict· :if<;.>UI. act.vc lowl 
Tole mc•.onin~ of this siíJnJI is similar :o that of fi"'STB with ti>€ !ollow· 
inl) ~>Ce¡>tioll; ~ 

In t11c Port A tJidOft>:tionJI mode this •ignal strobes data from t~l.! 
peripher~' device into the Pon A input re~istcr. 

Rcgist"r B Acrldy (outrut, ~<:tive hiohl 
Thc rnu_..,·,,¡¡ ol th'tss'tgnol is s"orndJr to tl>rll of A Ready with tll~ foliO\\" 
ioY c~ce¡,,i<.>n: 

In thc Port A bid,.ectional modc thi~ ~•Gn<ll io high whcn lhu Pon -'. 
input regi~wr is erPptv and r~¡¡¡ly l!l ;>;cept data from the p~riphccal 
dcvkc. =::-=:==::: . .,.----------------·-

PJO PIN CONFIGURATION 
f<IJUIO 3.0·\ 
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4.0 PnOGRAMMJNG THE PIO 

4.1 RESET 

Tl>c ZBO-PIO atUomatica\ly entors a resct stat~ whcn powcr is aj,plil.!d. The ~~et state per· 
forrns the followin~ function.: 

1) Both port mn;k r~'<)ÍstCr5 ~re resct to inhibí! all port ciJta bits. 

21 Pon data bus lincs are sct toa lligh impedJnce W\lC and the Reacfy ''handshake'' 
siunals are ÍrldCtlve {lowl. Mode 1 ioJutomaticolly selcctcd. 

31 The vcclor n<idress rc~istcrs are not rcsct. 

5) 8oth purt output ret;iswrs are rcsct. 

In addition to th~ lllllOmiltic nowcr on rew1. thc PIO can be reset by applying an 1\t"ol si<¡nal 
without thu pr<•scHce of a RD or lUl1Cl ~ignul. 11 no RD or iORLi Í! detect<'d du"n~ l.il 
¡he PIO will cmcr th~ rc,et state immcdiatcly alter thc MI signa! ~o"" inactive. The ¡Jurpos~ 
of this resut is to nllow a single externa! gatr. to ~cnorate a r.-set without a power down 
scr¡ucncc. This ap¡uoach was r~'Quired duo to thc 40 p1n packaging limitation. lt is ré'Com
mencfcd that in l•readboard systrms and final sys1ems with J "Reset" push button that a 
M1 rc¡e¡ ba lmplcmPr>led for !he PI O. 

'11' 

A wftwarc RES~T is possible a~ describcd in Section 4.4, how1!11er, uoe ol this :nethcd 
during carly svstcm dcbuv may not be desiraLic bccause of non-func1ional system h~rdw;;re 
(bus hu 1 fcrs or mcmory lor ex ample). 

Once thc 1'10 ha~ entPr~d the intNnal rcset "'"" iris heid thctc until the PIO rec,·ivr,; o 
<:•>ni rol WUld lnun !IU' CPU. 

4.2 LOADING TtiE INTEARUPTVECTOR 

Th•! 1'10 h." l1rcn dn~igncd ID opNul~ witlo rlu• ZBO CPU usin~ the modc 2 intcrnt¡Jl ·~S· 
ponsc. This rnod .. "·quims thut all ont•"'"'lll v~ctur !JC '"pf'llicd by the intarrUPI<"!I •:cvi~~
TI•is vector is use<l l>y the CPU to lorm thc .•l<lre" for the ir.terNpt service ro.uin.e ni t~at 
f'IO<l. This vector i• placen on the 7.80 dJta l>t<l rturing an interwpl acknowledg~ ~·¡r.le u·r 
:he highest priority <ll'vice rcqucstin~ scrvir.r. ~~ th~t time. (R~Icr to thc 28Q.CPU Tt·d•iliCill 
MJnual for dctail~ on how ~n in:crr~pt is 'c'v¡nd lJy the CFU)_ The desirM in:errcp~ 
wnor is load~<J in;o lile 1'10 by wr¡¡¡nr¡ a ~ontliJI .vord to 1he desired pon ol thc PIO ·,,-¡,¡, 
t!lc 1oflowintJ forrnJt: 

~----~--~-

" " oc "' " "' 
" "" "" "' "' _1 "' 

-- ~~~~-----~~~-
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-. ··- ~ ..... . ._..,_., -~- '! 

~- C •: '-''·'" .r: ~!, ... · ' •. , t ·•··";" "•)·:, .-: • •• •. , _ '~-•u V l'tc>l:•: !u.l;i.:.i im~ thc 
·.•<•nw "'~"'"'- ;',1 ·•·r(;,1,: iYb•:>•··>>:J•1c :í·~~- :~n·v·•,·: ·;' {!"lf ;,r.,n·~ti<li)lio(r wo:l 

' . .o; ,1 ,,."' ~·, !"< •• :. h> -.:~· .. , ;, ·> ~ '''"' ;-,' " •"-J'"" in :_; ·~ r.,, rr.J• ;,\ ov·_• 
~ .. ,.,.. ... . ., 

' ' 
' . ' . ' . ' ,. ' .-_ ~\ .,-,' . •t 

•'' ,,. ~~" • ·1 -, .. -t; • ' 
"\ ... ' -· •"-"l<' • ...... '1 • • - . • -¡ •• • 

Pon A al 1hr. PIO ~~~V be ope<J\L'(J on ~ny o/ four dislln.:t modt·~: Modc O (OulflUI mo;:~c:, 
Modc 1 (in¡;ut mo<l~ L Mode.' 2 (llidircction¡¡l mo~e) :· a.,_,l' Mod~ J (CÓ'ltffil modc). · r: .JIJ 
tllal thc molle "'""l•ufl have bcnn scirctc•<.l ror·mnommnu; si~nil•cailcu; i.'~.-0-•0ut, 1~1,• 
2~Bi<.Jiroction:JI. Port B can opcr~tl' in ony oí thcse' modes cxcept Mode 2.,t·· r,·: ·'' 

- ....... , ........ ;.···-,.··· 
• 1· • 

Th.c modC of opcr~tion 
following format. 

O> "' 
"' r.1o 

rnuot \.>e estat.lished t>y writi<>U a control word to'.the· PIO m t~'l 
.. · . ..., •... , . , ... *-v·~ ·.• 

• ' . .. ~ .... : :~ ··-_, -.· . 
" o• O> O>· 01 •. -.~oo 

" ' L ' ' ' ' x-~"'""d bi• 

- ' Bots 07 and 06 hum th~ binnry code for th~ deslrOO mode aecording to tl\e follo-.<HI\9 
table: 

"' 00 MODE 

" " O (outpul) 

" ' 1 (inP<Jl) 

" ~ (bidioeC!•on•IJ 
3 (control) 

Bit~ 05 and 04 ate ignored. Bits 03-00 must be se! to 1111 ¡o" indrcdt'~ 

SI/ICCtong Mod~ O enables any dot~ writtcn tu th~ pon ~~•t;>L•t rc'}Íill<f by the CPU lo t>.· 
cnabled onto the pon data bus. Thc con ten u oí the out!llt\ rc~<ster may be changl"d at any 
ti m~ by the CPU simply bV wnting a nEw dat,, worrlto th~ port. Also th~ current cont~nts 
ot the output r~is1cr mov t.>a rcad bnck to thH ZBO CPU~~ any tione through the axecution 
of an mput instruction_ 

With Molle O octtve, ~ data writ~ lrom the CPU c¡¡uscs the Ready h1ndsh¡¡ke-linc of :hal 
potl to go high to notily the vcri¡lheral that <1.11a is .ovailahle. Th¡¡ sign,>lren>ains hig11 \ontil 
.1 strobt< is rec~ived frum the pc·ripl1er,11. Thc oi1i11~ cdu~ ot the strobc ~eneratcs ~n inte·rurt 
(r! it hus bc~n ~n,1bl"d! and c.ouscs thc ncudy lrne to <JO on,K:tivc. This vcry simplehat•dsha~~ 
os similar to th~t liSCd in nmny periphcral dcvices. 

S¡•lrctinu Modr 1 put: t:1e pon into th~ iniJ<rl mO<IC To Sl-111 hamlshoke r-p~ralo<m, tl•e :_y¡) 
nl<'•~ly perfnum ~n input reMI oprr.1tiun tourn \11<' pon. Tl•is .1~tiv~1Cs th~ RN<IV li·><~ '-' 
the peripllcr;ol 10 si<¡nily tl1aT d.tto stwuld h~.lomiPd into thc tm~lv input tc~stc<. The r.o" 
plwr;>t rkvicc !11en stwhes dOta mm th., ¡lon mput n'\jÍSII'I u;;ng it>e >trohc lmc. A~Ji;,_ 1b• 
ri•ing c<IOC Of ti1C SI!OIX! C.IUICS JO ÍlltCfn.J!ll lt'<)UCit (jf ÍIJ\,15 hcen rn~i>lcd) JncJ t1CJL!¡,-,, ,_ 
thc Re.ltly ~ignal. D.rt~ rn~y be stWh('[l into thc input rq:ostct rcgvrdl•••: ot thP. stcnn n• 

-. ~ . ! .. 
'1 l 

1\,~,, . '. ·¡ 
'~"'-' 

' 

' ' 
,_ -· ' --

the flcudy <i!,n;ol ti c,rre is r.•kN\ to ~H'V''"' "tl.lln overrun rondition. -

I,J.-,,tc 2 i• a l>i<tircctiun ,; •bt.l !r,1mlcr ono.t•: wluch usrs ~11 ""' lt;,n,J·.h '"'' r;n~s. TI•Ne,, . ., 
onlv Pon A ""'V¡,. u~cU (or Moolc ") o¡1•''·""'"- Moll•· :' "1"" ,;,,. u1" ti•c Purt A i\~,;.~ . 
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makc siun"ls for output control and thc Port 8 h,1ndsl1ake signals for in¡lut control. T~uo; • 
both A HOY ~nd ll RDY mav h~ active simullo,..,oustv. The only opcrJtionJI ditl~rencc 
IX'twc'<1n Molle O drHI thc output portian al Mod~ '2 ís that Uat.~ from thc Pon A o"tput 
register ;, ¡rllow"d on to thc port cl~ta lnts only whcn ASfB is active in onl~r w <lChic'Ve a 
llidircc tioro,rl CJp.,bilay, 

Mode 3 <>pcration is intcndcd lar status anrl control applications and docs not utililc tlm 
halldshakn si~n,rls. When Mode 3 is sclcctn<l, thc next control word scnt to thc PIO """¡ 
define which of thc pmt dat~ bus lines are to 00 inputs and which are output~- Thu I<Jrm.u 
of thc control word is shown bclow: 

D' D> D< D' D> DO 

1107 1/06 10/~ 1104 1/03 1102 1/0¡ tiOo 

11 "''Y bit i> set toa one, then thc correspondi11g <lata bu; linc will be u sed as .-n input. 
Converscly, ilthe bit is reset. the linc will be u:>ed asan output. 

During MO<Ie 3 opcmtion the suobc signal is ignore{! and the Rcady line is held low. Data 
may be written toa r>ort or re<Jd from a port by the ZBO-CPU at any time during Mode 3 
opcration. fAn exception to thili is when PortA is in Modc 2 and Port 8 is in Modc 3). 
When reading a port, the data returned 10 the CPU will be composed of input data from 
pon daw bus lin~s assi~ned as inputsplus port output register data lrom those lines assi,.ned 
as outpu ts 

4.4 SETTING THE lNTERRUPT CONTROL WORD 

Tlw interrupt control word for cach porl has thc following formal: 

D' o• o• " D' o, D> DO 
¡, (,,.,,. 

""DI .. •• hl ...... , 1 o ' "'"""'" Do ••• toiO..w, 

"'"~U\ Modo 3 only "~"•l••••ntorru~t cOI!!rol word 

11 bit 07•1 thc inwrrupt enablo flip llofl ol the f!Ort is S<Jt and the port may (lenerate c,n 
intcrrupt. lf bit 07~0 \he eMble flag i• rrset and imerrupts mav not lm gcnerJtc<l. 11 dn 
intctrupt occtHS wh1l~ 07~0. it will be latcl•ed intnrnally by thc PIO ¡,nd passed onto thc 
CPU when PIO ltttcrrupts are Rc·Enabled!D7~1). Bits 06, DS and D-1 a• e uscd m~inly wd1 
Modc 3 opcrullon, ll()wwer, sctting bit 04 ol the 1ntcrrupt contiol worrJ during any morJe 
nf operntion w•ll c~usu o pnnU1n9 interrupt to be resct. Thesc thrcc bits me used tn allow 
for intcrrupt cpcration in MoJe 3 wh~n Jny group of the 1/0 lines go to cert~in del•nerl 
s!Jtes. Bit 06 {ANO/O A) defines the logic~l opcration to he r>erforrned in port rPonitming. 
11 bit DG·l. ,md ANO function is specified and i1 06•0, on OR hmction is spucificd. Fur 
"xumpl". if thc /\NO Junction is spccilictJ, all bits must ~n to ~ '''""'¡¡,'t) stat~ buloru ''" 
intcrn't'l will he •¡en~rotr.d while thc OR ltmctior• W1ll !l<'riC<~\C an ir.turmpt il any spccili~•l 
hil go<:< to thc :r.li~c stole. 

¡;¡¡ O~> ddittns tlw o~•;tivu polnrity of the por! d,,¡a bus line lt> he n1onitorcrl. lf bll 05•·1 
thc putt rt;,¡a lmc•s ;11e mnnit<>rc'tl lor" high statc whilc if os~o tl1ey will be monit•J<c<l 
for a low sl~tc. 
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Qnly thore port lin~s \'Jhose mas~<: bit is zero wi/1 be monaored lor gellcrating 31l interrupt. 

•• 

The interrupt enJI•I•' tl•p tlop' ola nort mav b(! set '" rt"Set without modifving r.,~ '""''o\ 
rhc irueowpt corllrol word by ~>siny¡he followi.,~¡ commJnd: ________ ,_ __ -- ,-

-~ lnt X 
Enabl~ X X o o 1 1 1 

11 an extcrnJI Asynthronous intenupt could occur while the procc'5SO< is wnting th~ rli;.,.: .. 
word to the PIO j03H) ¡hen" syst~rn prolJiem may oceur.lf inteuupts'ure enableo in''"' 
processor it is possoble that ¡he Asvnchronous interrup¡ will ocwr while the pro.:en-.-; :, 
writing 11\e diS<~ble word 10 !he PIO. The PIO will generate an INT and !he CPU will ac~nm.,. -: 
ledgc it, howevcr, by this time, the PIO will huve received the di sable word and de-activated 
its interrupt wucture. Thc result is that the PIO will not send in its interrupt vector d·,·ir:<¡ 
the interru>~t aCknowledge cycle be(cause H is disablo:d and the CPU will fetch an errorleO\" 
v~ctor resuhing in a program foult. The cur~ lor thi> problem is !O disabiP interrupts wit'•in 
thti CPU with the l)l inmuctoon iust l>efore the PJO is disable<.l and then re-enable intcrrur,¡; 
with the El instruction. This action causes the CPU ¡o;~""'" any faully interrupts ;lroduc;.:: 
by ¡he PIO while it is being disabled. The code seq~é·"'" VJoufd be: 

' ' -
LO A.OJH 
DI~. 
OUT (PIOJ.A 
El 

DISAEl!..E CPU 
OISAfh_O PIO 
ENABU: CPU 
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5.0 TlMtNG '. ' '-''- \ 

5.1 OUTPUT ,~¡JODE ~MOOE 0) 

Fiyure e; O· la iiiLJ~tratrs tl1u 11min~ ussocintcd with MU<tc O opcrn~ion. An m•tp_ut cycle is 
alw¡¡ys startcd hy the cxccution of "" ou¡;:.ut 111<11UClion by tllP CPU. A WR' pul>~ is 
gl'ncrntcd llY tl1e PtO during a CPU t/0 wri:e opcratio" and is us~d to latch thc datJ !rO<'' 
the CPU !IJtu l!us in !O ',¡dclressc•d port's {A m Bl out¡Nt re~istcr. The rising Cri!Jc' of the 
WR' pulso then ri.iscs tite READY line alter the next IJIIing ed<¡e of •1• to indicJtC th.1t 
dnta is nvailahlc for thc pcriphenl device. In most ,ystc<ns, thc rising c<l')e of the READY 
si~t~al can be uscd CJS o lutchiflQ siqnol in the ¡1eri~•hcrat dovice. The READY signJI will 
rcmain ~~tive uonit " positivc edgc is r~cci"etl fronl IIW STfmeE line ind;cating tila\ the 
p~riphcrJ! toJ< tJkcn tl>c ddta shown Ln Figure 5.0·!~. if alrcadv ~ctive. READY will b~ 
lurceJ low 1'1.· •1• cyclcs alter ti1C fJIIi"!l cdge of IÜRO if the port'5 output renister 1s w!!_!!~n 
\11\o_ RI:AOY will r~l\JI\l high on thr lirSI falli11n cdge of •1• alter m, rising cd~e o! lORO 
as •hown in figure 5.0-lb. Thi• action gui¡~n(eo• tl'lat READY 1; low while ¡'lort dJ\.t i< 
dl<Jn!)lnq ami II>Jt o po•itivc edqe ;, gcn~rJtcd on READY whenevet Jn Cutput illmuction 
is cvcut~tl. 

MQDE O IOUTPUTl riMING 
Fo~uoc 5.0 1• 

" "' " " 

MUDE O iOUTPUTl TiMiti!G 
Fl~ure 5.0·\h 

" 
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' UL_FLJt __ 
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. '"""' 
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' 
' 
' 

~ .. -
"' • 1 "" "'" .. """ 
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,,,,-¡¡,¡· .. , .. 
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By coru>cclinu llEADY to SffCUrú~ "P<»1UW ¡;ulw o;i:ll a durati'lll of o;w d•,;~ 1'1'"'~-d 
can be cocated a• sl•IJWO in FigUre !i.O-lc. The ¡msJti•c c~!qe ol RF.I'IDY/Si'ROLÚ': will 11m 
\lenur"tc en inu:' rupt bocuu~~ tl1c ~ooiti•c pmtirm of !i'fRCfar: is l~ssthan thl: width of f.:H 
ami iiS stoch will not :1"'\C"'"' on inle11up¡ Uu~ to the 1nternal i<"l'JÍC confi~'"~tion of lh~ 
PI O. 

11 thc f'IO is not in a ro•sot •tntus (i.e. "control rno<Jc lw; IJecn >elected). the output reqistcr 
mav be lo,.lc<l bclorc Mode O is "'lc-ct{<l. This al!ows por\ output linL'S to bocome ac:ive 
in a "''" <Jcfincd swt~. For e~am¡;le, nssume thc outpu:s MC d•:stred to become a<: ti><~ i~ 
a1ooic onc SliiW, lile lollowi11~ woul(l b•: th~ iniroalil.Jiinn sc<¡no.nce: 

af PIO R[Sf:T 
b) Lo.;d Lnturm111 Voctnr 
e) ~;ch:ct Mt•<ie 1 li 11put) J¡•utomatic d,.e ro RESETl 
d) Writ~ FF to D3tJ f'oll 
e) Sclcct ~Audc O (Outpons 'ID lo 'Ts") 
1) l:n;d;lt: lntt'ro.Jnt il cksin·d 
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~"-""""'''" '"" 

----------·-····· 
5.2 INPUT MOO!; (MODE 1) 

F igu re 5. O· 2 i llu ~trate> th~ t io nin!l o f an inpu 1 cycl ~- The peripheral initiutcs this cycle tHÍn\¡ 
Tlo~ SfAbBE linc ~her tne CPU ha~ pcrtoronell ~ ddt~ rcad. A low leve! on this lino IM<h 
data into tl>e PO<\ input re~iMer ¡mtJ tllc rosin~ ~d9e ot the STffOti""t l1no nctiv~te• tl1~ 
inturrupl request line_ll~lTI il the interrunt enol•l" is set af\d this is tha highest prioriTy 
r~'<¡uesling dt!Vice. The ne~t f~!!in9 edge of the clock lone (•l•l will Then rcset The READ'" 
li<>c 10 an inactive stato <igni!ving that li1e ir>pUT "·~i•ter i> lull anclfurther lon:ling m~;t 1•·• 
101l1ib11ed unt•l thc C:PU '"'"'' the clat~. Thc C:PU will m ¡he courw of its interrupt sen,;~~ 
rout111~. rc,¡d tlw rJ;llo lrou"l tbe onterru¡Hinu pon Wh~n !1"~<~ occurs, 1he po;itrvc edg~ '""" 
th~ CPU RO ~ignal will raiw !hC READY lm~ with the nc~T low goin~ uan~ition <'f •1•. 
incJ•catiPg that new data c"n be looded imo th~ PI O. 

Since RESET cJuscs REAOY to go low a dummy Input instruction mJy 00 necded in sorne 
systcms ID cause READY to go high thc firottime in arder to stort "hondshaking". 

=:-:-:::=·----MODE 1(1NPUT) TIM!NG 
h~u<e 5.0-2> 

MODE 1 (INPUTI TIMING (NO STROBI:: IWU •. 
Foguro 5.0-2b 

.. - .. .... ... .. . " ... 

' 

'""". ----·-------- .. ----
" ' ---C---------------

'" .. " ,_ "·'· -- .. -... ~ ..... ; ..•. -·--

11 ,11rcady .octiv~_R_~ADY .v,ll Uc forc~tl tow <>n~ n<Hi une-hull ·i• t""'ur.Js lnl¡cw···r ol•:· 
blllll(l 1•dur~ of IOfl(l dt:rinq a rCJ<I ola 1'10 pon~> st1own on ~igur~ !).Q-7!•. lf ¡1¡~ ,,,,_, 

strnl:.·s da¡,, in tu thc f>tO onl·( wloen AEADY ;, hio¡h, !loe lor··e<l <tate al BEADY . "' 
Pll:VC!\1 in¡>ut fl'!)i\lrr dJta'lrOn1 chan•:i_l2:.) y.·~¡jj., tl:c C~U i< fU,'<!in<l tbc PIO, RcJ~~- ,._.,:, 
go h•Dfl -'•1•"" Jfh:r rh.: ri~in¡¡ "dG'' nf thc 101Hl ;:-, prJ~.":uLIII\' dnscrillNI. 
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This mo;Jc is rncrdy '' comhination ot Moc!e O alld Moda 1 usin9 a!l four haridshake lines: 
Sincc it rct¡Ui<es <•ti tour linc~. it is availalllc only on PortA. ~Vhcn this modc i~ u;e<l on 
Port A, Port B must be 5Ct to th~ Bit Control Morir. The same ir"lterrupt vector will be 
retumecJ lor a MOI1e 3 intcrrurn on Pon a a11d nn input uandcr imerrupt during Moda 2 
opcration of Pon A. An¡J,guity is uvoidcd il Port 6 is opermed in a polled morlc and the 
l'ort U maok rc~i·:~< Íl co•t to inhihit aiiiJits. 

Figure 5.0-3 lllustt.Jtes tlm timing for this motlc. lt is olmost idcrltical to that prcviously 
dcsc,jbud lor Modc O ond Modc 1 with the Port A l1and~hnke lincs used lar output control 
and the Port B Jincs uscd Jor input control. The cfilf<>rcncc between thc two mmles isthat. 
in Mode 2, tlota is ¡¡llowed out anta !he bus only whan the A STRóBt is low. Th<> rosing 
cdgc of this strol'c can br lJSCd to latch th~ d,tta into th~ peripheral sine~ the úJIJ w,ll 
rerna¡n stahle urHil al!cr this cdgc. Thc inplll p::ution of Mode 2 operatcs identic..JIIV to 
Modc 1. Note that both Pon. A ;Jml Pon B rnoot hdve thcir im~rrupts enabk>d 10 ,lChi~oc an 
intc11upt drivcnbrdircctionoltronder. 

0e~O~HT0'7A. MODE 2 (BIDIRECTIONAL) TIMING 
Ftgu« 5.0-3 

••• .. ,. 
. "" ' 
"'"lA -------------" UA!A ...... 
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----~---~- -·-==:=-=-=~~;::~=-=: "Thc pcriphcml must not gme dala amo a pon tl~ta bus whd« A ~T8 is nctiv~. Bu< cnn-
tcnti~n is avoidcd il thc peripher;l! uses 8 STB to ~~le input data onto thc bus. The PIO tJ~cs 
the ~-1 STB low lcvr•l 10 s.1mple Hm d·1W The PJO hu• becn desiqneci W1t11" ~ero hold time 
reqLJircntcnl for tlm data when l;otchin~ in thrs mode so that this simple ~<•ting strocwrc can 
~ uscrl I>V thc púlit>hcral. Th<>t is, thc datJ can be disabk"(J lron1 the lllls .mmedi"t?IY ~~~~~ 
thc strol;c risin~ c<I!JC. Note that if A ST[i is low during o rcoU opcration of Pon A (in •~<
pomc to a1fSTfí inwnupl) Uw dJt~ ir> tlleoutput re~istur wrlll•e rec,d I•V thc CPU instC~<I 
olth~ corree e tl"•la '" thc dJt~ input tl-gistcr_ 1hccorrect <1~1" ¡, lntch~<J in thc input ti'gisu:< 
i! iust rJnnOl lm fl',..-1 hy the CPU wf-.ilr A-SlT! i: fow. H \he A-STH si<¡nal ~úu!d qo lo·,v 
dwin<.J n CPU ll~ .• d. ti ~10uiU llc ulockud fwm 1u.>.;hinu ¡¡,,-¡¡·sra inp11 .t of 1hc PIO wh·l~ 
UflDY islow lthc CPU rCdd will occur whih' fHl[)Y is luw as the Ro' ~i9nal r<·turns[!H[)"( 
hiDh). 

• .. 
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l'';p· '' _., -~~- ¡, l-.. J• ¡-, ' • • • .. ~-' • ' .. ,· 
' ' CONtHQL w.:,u;: ~r.:OL:C ;ri •• 

,, r • : ~,. , .• r - • •., 
\ -........ , .. , ..... ' "·., • • 1 • •• •• • • • • 

'Thi.'COnúoi:morJc cloes·not IHiiizé'rhc hAndl~¡.:c 
reat.l c~n l.J4! e~~cuted'at-:.ll'( tii~: \.,hcn w•ttir.~. 

~ter~ witl> the same timifl~ as' MOdiO.' ~:~~:0!~;:;:.¡:;~~ .trarecl in ;Mode 3.'- B·¡;lDY.'will be lit! Id 1 · 
PortA is in Moda 2:rn thc latiL'feá!lll;the 

· _,r. Jl. 
Whcn reading' the PrO, the data returncd to the 
data trom thosa'port;duta linvs as outpuu 

~data lines assigned as inputs. · register will 
i¡¡iely prior to the !."<lgc of Fili\'1'1! 

. ' 
• ' . ...;,1 ··-~· • • 

" 

MODE3 . _.,. . • 
· Figutt 5.0-~ ; . . , •. 

• • 
. ' " ·!i 

. _,,._ 

•• 

~--~··· ····- •' .. ·, \. 

' • 
' ·. 

··.- ·. 

., . 

''" . ' . . 

.. ,, i~~~~~~~¡j~~~~;:;:~:¡~==~~~~~::~~~;:~~~~~~~~~~~~~ 
OATA8U$- DATAWOROI DAT.o.WOfl02 

iÑ'f 
DA U MA TCii OCCURS HER~-

'" 

~. • 
• - '' l. •• ; 

•• 
' 
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An iP'lt~rrupt wlll be gcnuratcd if interrupt~ front tho port arl er.abled and the data on thlr 
port dJta llnes satisl•es the logic:al aquatior> Ul!fine-d by the 8-bit mask control rcginfn.· 
Another interrupt wilf not be gcneiau1d umH a chanqe oCcurs in thi! 'status' of th~.Jogkal 

. equation. A Moda 3 intcrrupt will txl gerí~ratod only it ¡he rosult of a Mo'dlt.it.;lgica!' o¡w
Jtion changas lrom f,olso! to true. For e>i.mÍ..ple. a;sume that tho Moóe JJ.)gicaJ cqÚJÍion is 
M "OR" func!ion. An un•nasked POrt ditu rone becomes ,.;iivé alld an interrupt is requ!J:i.ied. 
11 a sccond unmasked IJOrl data line becomes ~ctive concurremly with the first, a_new 
interrupt will not be rcQuest~d since a chanua in rhc r~1ult of the Mode 31{)'Jical operatioo 
has not occurred. Note !ha! pon pins defined ilS OU!¡JIJIS c"an contribute 10 tlll.t·logical 
equa tion if thcir bit posit ions are unmas'wd. · 

lf thc rcsult of a log"ocal opar~tion Oecome> lrue immcdietely prior 10 or during "Mi, ;m 
in¡ernJPt will Oa rcquesl••d ;¡fter the trailing cdge ol Mf. prDIIidcd thc logieal eqwation re
m~•ns truc M ter Ml returns high. 

.. 
' 

-...; 

• 

• 



'. Figu•e !i.041l i5 an cxJmnlc of MOOe 3 intcrrurus. Thc port ha5 becn plao;~'d 111 Modc 3 lo 
and OA lu~ic sdL'<I<·d <ond si!)nJIS are defined 10 lle high. A\1 hut bits AO and A 1 ~re Ol,lsl<.ed 0 
out and .ore nou mwwured lherel!y creating a twu Íllput po>itive IO<¡ic OA gatc. In ti\~ 
timing <lia~·~m AO is shown umng hi9h and crcatinq "" imcrrupl' (ÍÑf goes low) Jlld the 
CPU rcsponds with an lntcrrupt Acknowlcd!JI.! cyclc (INTAl. The PIO Por\ with its intNrupt 
pending s~mls in its VL~tor uml thc CPU goes off into tlm lntcrrupt Service Routine . .l.O is 
shown guing inactiv<1 l'Llher by itsclf or p~rhaps as a '""lit of actoon taken in lile lntclrllp\ 
Scrvice RoutiM lm~kinn thc logical equation false). An ~rrnw is shown at the point ;, time 
whcrc the Scrvicc Rooainc oswes 1he RETI instn.Jctiool which c!eJrS the PIO i;,terrupt 
structure. A 1 is ncxt sll<)Wn ~oing high m~king the logic~l ~QUo1l<on·true and generatin.J 
anothur interrupt. Two impo,ant pomts need to 00 mude lrom th1s exampie; 

1) Al mus! no\ go high Llclore AO goes low or elw tke logical equation will no\ go 
false-a requirementfor A 1 to lle able 10 gener,ne an interrupt. · 

2) In arder lar A 1 to gcnerate 8l'l interrupt ot onust be high ~fter thc Rí:Tl issued 
bv AO's Scrvicc Routinc clcan thc PIO"s lnwrrupt structure. In other words, if 
.\1 wcre ~ positivc ¡lulsc that occt<rred altm AO went low (!O make the CQ<J.ltion 
lalsc) and wcnt low Llefore thc RETI had dcared the lntcrrupt Structure it would 
have bcen missed. The logic cquation muot bccome false after the INT;., lo• 
AO"s scrvi~e and thcn must be truc or go true alter RETI clear$ the nrevious 
inwrrupt for another intcrrup¡ to occur. 

MODE 3 EXAMPLE 
Fi~un 5.0 4b 

'"' 

INTA 

, EOU.o.TIO" TRUE 

LOOICAL 

EOUATIO"' 

GOH{ALSE 
f0UATION TURE 

1 RETi ISSU( [1 '"RE 
/ MOOE 3 i~HRnuer Cl!ARED 

VfCTORIN V!CTOA iN 

( 

" 



Somc time Jltcr Jn intcr'l.'ll' ¡, ·~:;t•>'''Q:! !>·; ·'·r f'•!i. : ,., c::·~J -v:~· ~~n," :•·.·: '" :.11~rrupt 
ocknowlcr~()<! [MI Jnd f()"p·m. ')•""'"~1 ti.;> :·r--~ :!•r ir,::,~.,· i•H;ir:o! "'' ··:,-_, ,;:¡determine 
the higl•cst rriority pott whi~:, ,¡ r~<ru~!it.'lg ·t:> into·rru;•t ¡·¡¡,¡,, ¡¡mp'\' :h" d"vicc wit!o 
its lntcrrupt En,1hl~ Input hi~'' .1.od its lotcrru¡.>t E.t.liJLe Ü>J:¡w: k:wl. Tn i"surc that thc 
daisy chnin cn,lhle line$ stab"d"•l•), ,!(..,.ices are inlrit>ited frorrr r.h;m.tirrg their Í;")lerrupt reque$1 
st~tus wbcn Mt is active. The hiorllest prioriry device placcs the contcnt> ol it~ !ntem•Pt 
VI:(;!Or re<Ji$ler onto thc Z80 d~ta bus dwing rme<ru pi ac~nowl edge. · 

Fiuure G.O 1 illustrates the tlminn associa;ed with illlcrru~t requcsiS. During Mt time. no 
nt:w "1ntcmtpt req.,ests c.m l,c ~C!ncr.1tml. Th15 giws tHne 1m 111e 1111 Enable s•un;~ls lo rip.,le 
tl1rough up to lour PIO circuils. TI• e PIO wilh IEI hiuh ond 1 ED low Juring tNT A will place 
the S-bit intcrrupt v~..;¡or ol the appropriatc port on ti le dJt~ bus al this lime. 

11 an irrrcrrupt rcqucstffi hy the PIO is ackoowled~cd, !he requestin9 pon is"under scrvice". 
lEO olthis pon will rcmain low until a retum lrom imcrrunr ln<tntctic>fl (RETI) is c~ecuted 
while IEI ol thc port islligh. 11 MI intcrrupt requcst ;, not ac~noWil'dged, lEO wiltlle torced 
high lor onc M1 cyc!e alter the PtO Uecodes thc opcoda 'EO'. Thi1 acrion ~arant~es that 
thc two byte RE TI instruction is dce<>ded by thc proner PIO port. See Figure 6.0.2. 

INTERAUPT ACKNOWLEOGE TIMING 

'" 

•ORO 

"' 

, .... , 1 

'"'" '• ,, 

e__ __________ _ 

lfl""l"'-c---------~----------------

AETURN FROM INT~RRUPTCYCLE" 
Fr~ut• (; 02 1 1 

2.ri_n::.rL.risfsL. ., 

"' 

Oo-07------C:;•~·::/--c---------{::;••~]'------------

"' 0[0 ", .. .,, """"" "U,.. ... ''"' '" 
~lo~ '•-'>"w'" ••••• '""'"'"' "'" .. _ ....... ,. ·~~· " .. , ........... ~ 
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OAISY CHAl N INTERHUPT SEAVICii\JG 
Foyurt 6.0-3 

>tiGHEST PRIOiliTV PORT 

r .. , f'()RT 1A J'()f!Tl!!' 

'" '" '" "' '" 

PORT 2A 1'01112!!' 

'" "' '" "' "' '" 
l. PRIQRITY INHARVPT DAIS Y CHAl N BEfO RE ilNY IOITEARUPT OCCURS. 

r· Hl "' "' " "' "' "' '" '" "' "' '" 

UNOER SERVICE 

2. PORT 2A REOUESTS MI !rYTfRAUPT Al'lO 15 AC~NOWlEDGEO. 

' .. UNOER SERVICE Si::AVICE SUsPeNDED 

1 "' '" " " "' '" '" "' '" '" '" "" 
J, PORT 18 INTEIIRUPTS. SUSPENOS SERVICING Of POAT 2A. 

.. , .. SERVtCE CQO.<PLHE SEAVICE RESUMEO 

1 "' "' ¡ .. 1 "' 

"' 

" 

" 

4 PORT lB SEIWICE ROUTH>IE C0MP1.EH. ""AHI" ISSUEO, POAT 2A SERVICE AESUMEO. 

.. , .. 
i "' "' "' -" "' '" '" '" IHI '" !F.O '" '" 

senvrce COMPlETE 

20 

5 SECO '>lO "'R~TI" INSTRUCTION tSSUEO ON COMPUTION OF POAT 2A ~ERVICE ROUTINE. 

Fi~ure 6 O :r illustrdtcs J typical ne5ted interrupt sequenee tl•at coutd occur wirh lour por!> 
~o.llrcoct~d in thc duisy r.hain. In this ~qucr~ee Pon 2A requesn and is <rr~mcd ~n imcrrupt. 
While this pon is l>eing <erviced, n higher prioritv pon {1S).request5 afld ;~ gr.1nte.J "" 
iflt~rrupt. The ..,rvice routifle lor thc higher prioritv POrt is complett'd imd a RE TI inst· 
ruction is cxll<:uted to imlicJte to the port that its routine is complete. Al this time the 
service routinc ot thc lowcr priori IV rwn is comploted. 



'Zl 

Without ,,ny ext~rnal logic, a rr.o_,imunl ._.¡ tou~ ZJQ.r;G c~~ic~s mat be clai;y dli!Ín~d 
into a prirui¡y inwrrupt ltructurc. Th•s limitJticn is rc'<:uorC'!J ro that l!_l'!_ inu·m•Pt enal>le 
status (IEOI ri¡J¡;>Ies through thc• entire chain l.>etween tf•<' t.o~~"lnin!t oi /vi:, :mrl¡he !Jecinot 
ing ol rrrm:l d1;ring ~n iour.rrupt .leknowledr,c cyclc, Snoce thu inte(fupt en.1h:~ ;¡,,(LIS cannot 
chanac dorring MI, ¡he vc·ctor J<l<üe>$ rctUinPU tu th~ CPU os dSSured tu be lrom thP. hig'lCSI 
priority ri<!VICC wh•ch rcqt•cstcd an intorrupt, 

•· 11 more than lour PIO devices must bo aeeomrnodated. a "look-ahc~d" structure may k 
used as shown in f,gure 7.0 1. With thist...:hnique more than thirty PIO's ma·{ be chained 
togethcr using standard TTL logic. 

A METHOD OF EXTENDING THE INTERRUPT PRIORITY DAISY CHAl N 
fl~"'" 7.0, 

r 
• .. ~ 

l'-
e: 

r;;; 
' 

' 
J ·'' ::.; 

' H~ 
'" 

jr.;a 
'"/•o "' lJ::o ' ",'.,. ~ "' ~ 

'" " '" , .. '" '" L 

"~ 
''" DATA '" . . 

7.2 1/0 DE VICE INTERFACE 

. r-
1 

1 

In t~is o><arnple, t~e Z80·PIO ·,, connected 10 ~rr 110 terminal device w~ic~ ~ommunic3t~s 
over Jn 8 bit par~llel !Ji<lir.r¡;¡ion"l <iota hus as iltustrnted in figu<e 7.0.7. Mod~ 2 operatk;r. 
(bidimctional) is sclected by o.endina the following control word ¡o PortA: 

EXAMPLE 1/0 INTERFACE 
Fi!lllfO 7.0·2 

02 

1 

06 os 04 03 02 DI DD 

o X X 1 1 

MOOt CONTROL 

--.. ----------~----- ------~--
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EXAMPLE 1/0 INTEHFACE ,, 

""'" 7.0·2 
.o, ROV r---

""' 
V . . . 

1 1 

B ~ov [)o 
.1 ' · Bi,rc 

' 

~ t 
o o ' 0/II.O.RUS ' ' ' ' ' ' " " 101!0 ZBO.PIO o zao cPu 

1 
POATOIIIABUS -

MK3880 "' MKJ881 

-
'" 

'" 
"" '" ~i nn•.!iNAl 

! 
l ADQ~US 

:! AOO~ESS BUS 
~ ""' 

OtCOOE~ 

··--~ 

:\"eKt. thc proper interrupt ve.::tor is looded (refer to CPU Manu31 for details on Ute opera· 
tion of the intcrruptl. 

1 

1 

' 

: 1 
~ '! 

' 

• 
i 
' J 

·-------------'-----

ve V5 V3 V2 v• o 

lnterrutns are then enablcri hy the rising edge of the first MI alter the irm·uuot mod~ 
\\Ord is set unle;s that MI defines an ir>tcrrupt ac:knowledge cycle. 11 a mas~ . ..J.ollowl t.te 
inwrrupt mode word. interrupts are enabled by the risin9 edge of the first MI lollowing 
th~ setting of the mosk.. 

Data cJn now be ua11sfcrrctl betwee" the pcropheral Jfld the CI'U. The timing fur thi' 
transfcr is '" descril.>tod in Scction 5.0. 

7.3 CONTROL INTERFACE 

A typicJ! control rnnde J¡>pl1c~t10n is illustrated in li<nore 7.0.3. Supnose '" industrial 
uroces• is ¡r¡ l•e 111<>nit<>":tl. Thc occurrl'flCe ol any abnormill Operatinr¡ conctition is to be 
reponed to ~ 2110 CI'U l>.oS<'Ll control system. The proccss control :,nd status word has 
th<l lotlowi"G format: · 



' 2:l -- ···----··---------
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CONTROL MQO[ APPLICA"fiQr..• 
hgur• 1-0 3 J>ORT A 

"' 
i 
1 
' ' ' 
1 ··~ -.-
1 

., 
~··----

" ~ 1U~~•1N_!~ 
. . 

' "'-" HIC ~l"' 

r--., 
~·" "<eU<lRIU 

""''" ··~ V '"O<""~" •·•lal ., """ "" "Sf'" ., 
~· "" •• """' '" • 

! •• V 
POE$S AC" 

' ... ~ ,. " ' . ' 

_j ,, . 
"""~" ~!>OR"S 

otcoo•• 

'· 
The PIO may be used as foliows. Fir$1 Pon A is ..,¡ for Mo1~ 1 ·•:o•·r,noon :,y "'riring the 
lollowing cooltrol Vl!llrd ro l"ort A. 

. ' "" 
' ' ' 

-----
Whenever Mode 3 is S<'lo;ct~d. the nc>t control word scnt 10 tlm pon rnust Lle an 1/0 •el~ct 
word. In this c><~mplc we woslo to sdrct port (!Jto lin~s A5, 113, Dod AO os 1nnuts ant.l 10 ,~,,~ 
followin~ control wc>rO is wriu~w 

"' 
" 

i 
' . 
' ' ' 
' ' 
1 
1 

' ' ' 
' 
' 
' ' ' ' 

------------. -·--- -------------------------



·-
· Next the dc~irt'd internmt vector must be lo~dcd (refcr JO \he CPU 

" " 00 

vo 

An interrupt control word is r.ext sent 10 thc pon: 

06 03 02 00 

1 o o 1 

~nobl• OA ""'""" "'·"' 
'""""1'" 1.000< H•Gh foil~ ... '"'""""' eon,..,, 

_____ T,,_,_m_a_sk word lollowing the interrupt modc word is: 

• 07 02 o o 

1 1 o 1 

Selects A5, A3 and AO to be monltored 

Now, if a sensor outs a high level on lineAS, 1\3, or AO, an interrupt reouest will be !)f!ne· 
rated. The mask word mny select any comb'¡nJtion of inputs or outputs to cause an ínter· 
rupt. Forexdmple, if the mask worrl at>ove had been; 

06 03 02 01 o o 

o 1 o o 1 o 

---------------·· 
then an imerrupt reQ<ICSI would also occur il bit A7 {special Test~ of !he output rr.<J''ter 
was set. 

Assume that the following port assignmcnts are to be used: 

EOHK Port A Data 
E 1 H- Port 8 Data 
E2H~ PortA Control 
E3H• Port B Control 

All port nu•ltbcrs ore in hc~allccimol no1atio11. This porticular Msignment of port numbcrs 
is convenicnt since Ao of thc addre" llus can be uscd .as the Port 3/A Select a11J A¡ olthe 
address bus CJil be UK'<Í as thc Control/Data Select. Tl>e Chip Er>able woutd be the de<:u<Je 
ni CPU a-<ldrcss bits A¡ thrtr A] (111000). Note that if only a lew peripheral devices are 
being u.ed, a Chip En~blc tkcO<J~ m~y not be required since a hi~>er order address bit 
could be us.cd dircctly. 
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6.2 SET MODE 
----~------~ 

~-' -'--M-,o-'~-'_j~'_cc__IL_-'--'--' -' 

MQDE NUMilE'R "' M o MODE 

" " " ·Outo~t 

' " InPut 

1 " Bid•rection•l 
1 B•t Control 

When selecting Mode 3, thc next word to thc PIO must ¡et the 1/0 Regi1ter: 

1/07 1/06 .llos 1104 1/0J 1/0;> 

1/0 • 1 Set< bit to ln¡HII 
1/0" OSets l.ll! \ll Outnut 

8.3 SET INTERRUPT CONTROt 

. '"' AND/! H"lL/ '""'' ' ' En ..... "'' 1 l~~ 1 ello.., 

USED IN MODE 3 ONL Y 

' 

t/~-Jr;0~ 

1 
' 

1 ' 1 ' 
1 

~~ 

-



' 
11 the "mask follows" bit Í$ hioh, the I'IC~t control word writtcn 10 tha PIO mus\ be the 
mask: 

MB • O, Mu,itur bit 
MB'" 1, Mask hitfrom heing n•onitored 

26 

---------------------~-

" 

Airo, the illterrupt enal¡le flip flon of a ¡>Qrl may 111' set or rcse1 without modilying the 

rest of the imer~unt control word by using 1he to!rc"c"c'c'"'"c'c'::'c"c'"c"c'c"c'c' ---~~---

' ' 

• 1 

1 

! 
' 
1 
• 

' 1 



T~mperawre Under Bia• 
S:ora~e Tem1Jetature 
Volt~ge On An"{ Pin Wit': 
Respec\ To Grow"l 
''ower o;,;p~tion 

9.2 D. C. CHAHACTERISTtCS 
Tobl• 9.2·1 

1A E O"Cto70'C, Vcc~5v' 

• 150mA lo< -4 .• 10. •n<l ~O <!o•O:••· 

9.3 CAPACITANC[' 
hhlo 9.3·1 

TA~25"C,fm1MHz 

1 Symbo\ 1 

r:--. 
~ 
[Cour·-· 

Clock C•r>oci\once 

lnpu\ c"''"'"•nce 

Outr•ut C"''"'""""cc 

----·- ·---·-·-·-

Specified operating range. 
-65"C to ~1SO"C 
-fl.3V to + 7V 

.6W 

5% urole51 otherwisc >P~cili~d 

••• ... 

' 
1 

1 Unit Tut Ccndotlcn 

S<•o .... .,.,.., lhuM '"'"' ""'""' """'""'"'" ""'"""""' R,,...., •. "''' ,..,, ................. ,d....,. . .,. 10 '"' d••o<<. Th" ~o 
""" "'""' onlv '"'' luo~'"""'·' CI'O•.•·~n ol "" ••~><o o<""""""' on,- "'""' '"'"'"'"'" ul><l•< '''"" ondol"" on lhO 
"""""""'' "'""'"' n! '"" •n~ok.,.·nn •1 ""'" """'""J. hO<o~·" 10 oO<O"u•• '"'.,'""'" '"""" '"'"'"'""' lO< '"''"""'' 
.~ ...... "'"" •''""' ,, .. .,. ' " ····"·'·'. 
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9 4A A C CHARACTEA!STICS MK3880, MKJBB0-10 MKJB80.20 ZBO·PIO 
' ' 

Tablo9.4·1A T A~ o"C to 70"C, +5V • 5%, un!ess othcrwilll noted 
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DESr'tlPCION DE'-' MONITOR ZBUG 

ZBUG es ur. ''r~-c¡,.-;o~" escrito para el ZBO de 2048 by~es, 

el cual permite al usuario meter y corregir progr~~as a n.t

vcl de len<Juajc de m5quina. Este programa, est5 en una me

moria del tipo ROM, el monitor 7.BUG usa un teclado hexade

cimal para meter datos y 6 despliegues de 7 segmentos para 

tener lectura de datos en hexadecimal. 

El ;-.gL'IJ .tncluye también subrut.tnas para cargar y vac.tar 

programas, a través de una INTERFliCE de cassete que permite 

la utilización de grabadoras de cassete, de muy bajo costo. 

Un programador de Ep10oms tipo 2716 de 2 Kbytes se incluye -

en este pequeño sistema y las subrutinas para realizar lcl 

programación, se encuentran en el monitor ZBUG. Estas ~cmo 

rías una vez programadas se podr.1n utilizar en Jas rccC!Jtl!·· 

culos que se proporcionan y as1 tener programas de aplica -

ciOn en forma permanente. 

Otra caracterrstica del monitor es su capacidad para -

diagnósticos avanzados como son las trampas mOl tiples (BREAK 

POJNT), ejecución de instrucciones paso a paso y la posibili 

dad de desplegar y modificar los re<Jistro!'l del ZAO, todos es 

tos diagnósUcos generalmente se encuentran en sistemas no 
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simples, pero que son d~ <Jren u y oda paril el ~,.,uar:io. 

En resumen el monitor proporclOn<~ al usuario con un con

trol completo sobre lD. ejc"!lr.!.1n, rJ,;Leccüin v corrección -

de un programa que se esté desarrollando. 

DESCRIPCIQN DEL ZBUG: 

~ Botón de Reset 

Este switch forza al CPU a inicializarse y emp1eza la e 

jecuci6n del ¡.nngr.-una en l1> dirección OOOOH. Bl monitor 

recide en los pr1mcros 2 kbytos d~l bloque ~e ~:moría. 

El monitor inicializa el apuntador de Stack en la 23COH. 

* Tecl.:> monitor. 

Esta tecla se usa para suspender la ejecución de progr~ 

ma y regresar el control al ZBuC, (produce una interru!_J

ci6n del tipo N~I) 
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• Tecla examinar memoria 

Esta tecla se usa para examinar y ca.rnbiar localidades de 

un puerto, para su uso entran 2 d1gitos que represero~an la 

dirección del puerto, posteriormente, esta tecla se activa 

y el dato de ese puerto se muestra. 

* Tecla examinar registros 

Con esta tecla, se pueden examinar y cambiar los s1guien-

tes registros! A, B, C, O, E, r', H, L, I, IFF, PC, IX, IY 

* Tecla examinar los registros alternos 

Com::. la tecla anterior, se puede exam1nar los re.;;istros 

alternos< 

' ' ' ' A, R, C, D, E, F, 11 l. 

• Breakpoints 

El ZBU6 tiene la posibilidad de poner hasta 5 trampas en 

el programa del usuario, lo que se hace, es cambiar e!. códi 

go operacional del programa y sustituirlo con un RSTB(CFH) 
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se guard¿¡ el código en una tabla. 

Al encontrarse este RSTB, los registros del 7J3(J !ie guar-

óan en el mapa de regh,tros, para s,.r analJ~<1dos. !:;! uso 

de la tecla P<~so a paso (single step), cancela todos los 

Breal<:points. 

* Tecla paso a paso (sJ.ngle-step) 

Esta tecla, le permite al usuario ejecutar una instrucción 

a la vez¡ de programas que estjn en desarrollo, de esta mane-

ra poder interrogar el Status completo del CPU. 

* Tecla eJecutar 

Esta tecla, orden;;~ al CPU comen'lar la ejecucitl'n rh!l progr~ 

ma del usuario en la Ioca"-idad que se especifi'lue o en la --

que esté apuntando el cont~dor de programa. 



- MAPA DF. MP.MORIA -

21300!l 

27PFH 

2400 " 
23F'FII 

23C!H 

2JCOH 

23A9H 

23!18 fl 

23901! 

2~~"' 

200~ 

lFFPll 

JBOO 

l7FFH 

lODO H 

OFF"'H 

0800H 

07n' 

000~ 

"' USAD/, 

R>M USUARIO 

1 K BYTE 

TABLA " BREJ.KPOII,TS 

Y MSMORIA DE TRAZADO 

c'u 

MA>A De REGISTROS 

AREA DeL STACK 

RAM USUARIO 

ND USADA 

PRO~! 2 

?ROM 1 

ZBU G I'O:JI'i'O'< 

.· . --

neL 

- ·-
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DECODIFICAClON DE PUERTOS. 

r.os puertos de ~·ntn>da y sill ida, se encucnt.ran total

mente decodificados. 

DlRECCION DEL PUERTO 

''" 
BBH 

BCH 

BOH 

Bl 

B2 

BJ 

B3H 

BBH 

BF!l 

' 10 

DISPOSITIVO 

¡>,80 - PlO 

SEGMENTOS 

DIGITOS 

DATA REGISTER 

DATA REGISTER 

CONTROL kf:GISTER 

CONTROL REGISTER 



-

3:; 

L:JEM)?LO l : 

Escribir ~1 despliegue, 

El siquiente Drograma mueve el car~cter 8 de derecha 

a izquierda, a lo largo del despliegue. 

D20ms 

SEGMEN 

DJG!TQ 

LOOP 

CQC 

EQU 

EQU 

'º" 
LO. 

OCT 

OCT 

C!ILL 

CALL 

2000H; Punto de Entrada 

064Fll; Subrutina para retraso de 

20ml1isegundos 

88H ;Puerto que selecciona seg-

m en tos 

8CH :Puerto que selecciona el df_ 

gi to 

66H ~Reentrada al monttor 

11,00!1 

(SegmenJ ,/\:Activa todos lo>< seg -

mentas 

H, OlH 

(DfgitoJ ,A: selecciona -Primer d!gito 

D20ms 

D20ms 

D20ms 



OOi 

CA.I.L P20ms 

-tA.LL D20ms 1 Retardo de 01prox .. lOOms 

RLCA ; Rotacu'\n a.l siguinntc dfgito 

LOUP ; Regresé\ 

- INTERRUPCION POR PlO -

2000 " 21 LO A,21H 

2002 " " LO I ,A inicializa 1 • 21 

2004 3EOO LO ll' 00 

2006 " 82 OUT (82!-1) ,A vector de Interr. 

V7 V6V5V4V3V2Vl O 

2008 3:0:4 F LO A,4FH;Pl0 Modo de operaci6:1 

Ent¡·¡,da OlXXIIII 

2 0011 0382 OOT {82}, A 

200C 3E87 ll,871l rnterr. control MODE 

200E 0382 OUT :a2) ,A 

2010 ED5E !M 2 Modo 2 de i10terrurci6r. 



2012 

2013 

2100 

2200 

2201 

" Habilitar interrupc~6n 

IIALT 

TABLl• DE SERVICIO DE IN'1'ERl;UPCION 

0022 Apunta ~ la Dirección 2200 

RUTINA DE SERVICIO DE INTERRUPCION 

ED4D RETI ;Regreso de lnterrupci6n 
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DIVISION DE EDUCAC/ON CONTINUA 
FACULTAD DE INGENIERIA U.N.A.M. 

MlCROPRilC!;~:,,no~tES: TF.URIA Y J\PLICM:Tl'NES 

SPECTRUM {TI"lc MiciC>Computer invades the production line) 

Thc MCS-·18 Singl~ Componen! Microcomputei 

LLECIRtiNJCS ('J'I.·n versions of 16-bit chip span microprc·cessor, 
minicünputcr needs) 

CCMPIJfER (flrchitectLrc of a ne~o microprocessor) 

ffitruTER (The intel ~CS-48 microcomputer frun:ily; A critiqHe) 

ELF.C11<CNJCS lVLSI, [.$!, ~ISI, 551,) 

Julio, 1981 

Polocio d~ Minotío (olio do Tocubo S ~¡.,,, ~ioo Mi~ico 1, O. f_ • Toh 5!1-~-9:0 Apdo. Pootol M-9:285 
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SSI 
by Wllllani R Blood, Jr. - .... ..,._'""""'"-- ...._ 

O In thc r~:~~lm of microproccsson. bipolar larp-tcalc 
inte¡ratcd circuitry hu cvol•cd •cry dil!"erently rnxn the 
mctal-oKide-semicooductor LSI t..:hnolo¡ia. Ita bis sell

. 'inc poin\- is iu speed, whio:~ o;on ooly be optimiw.l for 
' any giYcn inicroprocc:aor appli~:~~tion if tbc deaiper bu 

conLrol-of thc' prOCCSIOr's bltl w·ucture. YI'OI'd ~~ and 
L· -. instruction oet.-The nccd for •uch control b11lcd lo the 
, ,.-_ bii:slicc appro.ch in bipolar LSI ~ircuitl, wbicll il quite 

_unlikc;thc -more IC!Icral-PIIrposc byte ori~taliOll of 
, ·, slowor MOS microproocuon. 

-~ ~ Tbe . futcll bipolar t..:hnoloiY i1 emlttcr-couplcd 
!ocie. añd.ECL is thc baaU f01tbc Mi0800 family of 
standard bit:ilicc parts. 

The 1CIIIIICI famUi 

' 'Thcrc are ninc mcmbcra in thc 10800 ECL bit·slia: 
family. Each handles 4-bit-wi4c d-'• paths. but 1incc 
cach is de.igned around thc •licc cooccpt, it can porallcl 
Jts=lf to build a proccuo1 ot any &ivcn word -..:idth. 
Morcover, cach contaild dala poru for ea• y U.tcrco!IJICOo 
tHÍn to othcr LSI circuiu. Thc fa mil y includa: · 
• Tbc MC lQSOO ba•ic 4-bil arithmctic-and·l"'lic uniL. 
• Tbc MC1080l microprogram-control circuil. 
• Tbc MC 10802 timins controllcr. 

' ·-· 
' . ' . 

·1''"'· 

---.--

----· 
' -···.!.'-· 

--... 
' .---

. ... 

• 
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1. , OVERFlOW 1 ! 
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a Thc MC10803 memor)-intu(acc circuit. 
• Tba MCI0804 and MC!0805, whic.lr. an1 4- aad S-bn 
1~ tn1111Liton for book.ing ECL to TTL 
• 1De MC\0806, a dul-acca.~ butrer mc,_y, 
• 11le MCl0807 S·bit b...s tranKCi~cr. 
• Ttw: MCI0808 prosrammabk: multibitohiftu. 
T1oe paru ab.o hook on1o compatible ECL IOielnOria, tiiCh 
u !be MCM 10146 1,024-biE random-aocaa mcrnory. 

Tbe 1pccd olthe fam.ily i1 mainly anributabla to nP 
cimail deoi¡n tcchniquu, rathcr Ehan any brcalr.tbrou¡b 
in illte¡rated..:iTcuit proces•ing. An cumple is !he inter
na! lo¡ic Lbat operateo off a - 2-volt oupply, which ;, 
bellcr tui!ed than a S-v supply LO Ehe opc:ratioo of 
muhiple>cn, rcgi•t•n. and somc olhcr commonly u>a! 
IOJÍC elcmcnll. Thosc elemento can ibuo be e&lily inlc· 
g,.tcd with thooe drcuit elernenu Jike adder• that aro 

· · bett.or h~lh ..,;¡h •h~ ,.,;,...~•••~ ~,.., · '''"~""•• ""'""''"" : 

Uti'I/II!Jl 
alllOOI 

1 

b)' the conv~ticnal -5.2-V lupply. funhu, 1iac:e thc 
10800 family cf pans emplo)'l the samc fabric;ation 
ptOCm u tbe MCMI0146 hi¡h-1pccd 1,024-by-l·bit 
ECL RAN, dw:y enjoy aU tbe bcndiu cf 10111-ed.l.bliohcd, 
hi&b•vol1:.:11e p:QI!t<MjM • 

TMALU-
At tbc hcan of the family Íi thc MCIOliOO "'bit 

arithmctio;..uul-lo¡ic-u.nit (ALU) tllc:c, IO'bicb · wu tbc 
first in tbc family cf itaftdard ECl proclucu to be dc:vel
opcd. 1M c;bip pc:rform1 the lo¡ic. arithmctk. u•d 1hift 
functions requircd ~.0 c~ccutc variou1 ma~hinc in>truo
tioru; Bcci.= thc po.rt wa~ 111<: fir>t buih with thc ...,.,. 
-l-~ logic dellign, circuit complciity w•• hcld w thc 
equivalen\ of a conoorv•tiVo 33-0 gat.,., Thc arca uf the 
chip. whtch employ> >tandard dc:iign rule• , · doublc'· 
lo~• -•••"'"''"" :, t •. • .~ •• '< n"" ........ _.,, 
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·Tne m1crocompu1er mvi:luea 
the production line 
'Mechanotachnl~uea· yleld to the 
'sllent revolutlon of elac:tronlcs 

Thrr<'' • quid re•olution ¡oin& on in 1ne rnuulocturina 
~orld !hat is ,Jo,.¡y chat~¡ina the look of thc f.ctory 
floor. Sp.,.rheoded by mini- ond nrlcrocomputa 
ltchnol<>s•es. eln:tronko io tcnuoUina &!Id 01001!lorin1 
procn .. s lar mofe dfocionlly and q,.jc!ly tlwl cWI¡y 
doclr<><ll«hani<ol rcla)'>-And with minimum llll.man 
oupervision •• 

Although 'the Op¡>licatio:o ol tlcctronk:i;to m~nula<tur• 
ong h>< b .. n somowhal olow, dupil< the a"vaiLabiHiy ol thc 
ltchnolo¡y, di•ti0\01 trtnds ean ~ obsc"'ed. Th..e In· 
dude: · ,· • , . · • 
• A prolifr"''"" of m!croccmpuiOrs in pr~nttcl' · 
lpplico1ions, mainly br0<1Jht on by th<irlow prlces, 1\a• 
ibili<y of t«<ntlaurotic>n. ond IUitability far dtdlcltod 
lunctiom. - ' ' 
• A n<>" acneration ol oobou 1<>< sniall-patti HKIIIbly, 
ond lh< appeararm, on !he i>rc><luction liM ol ..,..n., 
rot>oto. Sorne QR makc mochonins and pr"""!RJ dcd-....... 
• An rncr....e in !he"'" of cloclronic Lo<>ls. ooch u .. ..,., 
and cle<non-b<am ¡un>, 10 lr<al ma!crla\s, 
• N•~ del:non.c da1~-lo¡~in¡ inwumenu thll now 
mon,lor moro manufoelurin¡ prO<r>S<O lhan so:or .. ol 
human <>p<ra!0<1 fe<merl' did. 
• Or<al.-r u~ of <0111puler lOftwore lhroup coml"ll<1· 
aidtd desi1n, COIIlll\ll<'l'·lidtd manuforturin¡, an<l d<SIJn 
auu>malion 10 <Uil<'II¡Lhy production Lima and i11<<<U< 
lhrou¡hp<ll ul<>. 

A nlche lor mlcrocom¡iutere. .. . . . . 
•,·t The de<\inin¡ """ or micr<>o:ompu!er product> hao in· 

.:croa>ed•lheor U>< al indu11rial conuolle,.,, i\n 8·bll 
microcompUier 'Y"<m on o >ingk prillied-dréuil (Pt') 

~- --bO..td cin no;,. be putchao(<l for S:lOO Lo $400;-far low« • 
lhan•lhe ll~ lo S2000 for a minicurnpul<r lo do !he 
,_.,.,!.,k, And !he mictoCompu"t<r•o u.< asan lndu,.rial • 
e<>nuoll<t io more dfo<ienl; a mink..,..pul<r bas far m<><< 
«>mpotb~ ,.,.,..., 1han ia applic.olion ner:d<. In addilion 
lhc micr<>romporor, witlo "' •maller >ize-""d h<nce le" 
"""1)' !Ohwar< P<o¡ram-io e .. ier lo r.-conf1¡ure for 
<hanprn~ applr<alion>. 

Mon• micn,comp•rt<r> in indullry are O.ing ustd a> 

dcdrcated con<rolle,, Typ"ally ~<veral micto.;ompu~eu, 
<o<h handling a spwfoc funclion and all tied toa<tlo<r by J 

,mini<ompuler, can lle found in o plant. lile minicom· 
pur<t perlorm> th< lar¡er d.ala-manlpulation la>~ ond ..:11 

~, •• inwfocc b<luen lhe microcompr.ue" ond • 
monitming ""'"'"· whiclo mi~ b< • .-. f terminal lfiw. 11-
A ~nnl<r m•y al><> b< includ«l. 

A hi¡h-volum< apphc"' oon hk< 4Uiomouve oll .. l·mctol 
gau¡rn¡ tlluo<rat., rll< mkf<>o:ompulcr'o ""· Tho """"""' 

tional me1hod is Lo u>< Yi<ual ond manual in,peclion when 
1&mplin¡ ond chockin¡ <ll<<l·me~al pan, ror OOTrtel 
dimctlir<>lll. Thlo is doM ofnint &lid only &L inf......,rnlln· 
«rvolo, br!c&Lrsc il Lokn a rdau•tl~ lor111 time. Wltll a 
microcompulllf, .. .-..-al pu¡jn¡......,.. con b<., up lo 
"""' wnpkl onli~>e. The ¡ob ca:o b< dooe faster ud mou 
frequen1ly, ond thlo enourts Lhat r.,.., 0111·<>1· 
rp.cmcation obc'l:l·rnel&l pono ,.¡U aet LhrouP. lupec
tiono = alJO nou .ccurJI<. 

The low cm• of micror:ompuler "' board> ho, in mony 
caon. limplif\«1 lile K<YiciiiJ; of dcctronic, <on.,ol 
lfllctnl. A dcfr:o1ívr microcomputer ~rd illl dodicoL«l 

· ptoecll·control oyotem can olmply b< loolated anddUc&rd• 
• ed and 1 n!p!aa>nenlljulckly pu< In. Lltpc and """" ,_. 

penSioc ~l"'tcn, ~~~. requin! troublt· 
_,,. an<1 rcpair by ...-vlee l""f$fMd in tbe plarlt; tlw 
I'C ~ .,.· .imply too ""'ly lo dliQ&'d. Tlli•,.,... a problrm; plaru ..mcc per>Onnel .,.. ....,... 

ly llou1< rledrÍ<:IIn< and ill..:qulpped Lo repoit compltx 
olec<roolc equipmenl. The ohonoae olter:lonicoUy profi· 

'cien! main...,anee worken lo pan ol • lafF problcm thal 
lhi monufacturinJ iAd<Htri<> focc •• Lito CO<n¡l<llrt i< 11>" 
pli<d iA its m.,.y·formo: produ<1iot1 1uper..;oon alld 

'~n ...... ,, 

Roger Alten Assoctare Editor """'"'"--Y 
'· 

"" '"'"'"'" """"' '"' " 

' 



manos•" n·t "Í"" ' '4'''·" ·"' '·" 'P"i ., l<<~o-•lugy 
Cb~oh hJrd~ •. , • ""·' '"¡'"'"'" o •1"''-"·l '" oho;· ••~ _,.;¡¡¡ tho 

pro.·r· e "'' "·'"'''' 
A•• o·,'í •. .,.,, d.,,,,.,,.¡,,. u..: o.t .-r.im- anJ 

""'""- '"'''""'' .,. , ... ,.,,,"'"' •. "''" ,;..., ;, 'a!.-, cr 
<~n,;l<-<.,J <" '' ¡ • ..,.,¡, ¡,,, '"'"'·"''"- ~ilh r'"'-"'' 
•ar.ab!<• l1·roc~ll. ·~·''o . .,,.¡,"'"'";,, A,¡J <""''"'"· 
1> ~ '"""'"'""• "f-••1-<-•nJ":'"•'·'~ '"mronon", and 

n '"' "' •k , "' , ,. "c. " 1 " _ -, '"' .,- ""q" i .,. r , " k '" "" •dd '""""' 
,., ... , .. , ·""' ''"' k ¡.,,,.,,, ... ,~¡ '" ,¡,,. "'"'"" Ólf<"<tly. 
N,··" h ,¡ 11 • "' 1, n ¡,,._, oh . ., , J<'•Í~ ,,-J 1 " pi ug uu " " ud ¡ n . 
,,,,_,,.,. ,,,,..,.,,, ""'' lh< ,,¡,,. "' ,.¡,,..,-,.mpulcr ohcy'o< 

d<"gno·d l<>r; lh< hn> ¡••uall1" '""d' Í<l 1ho ronopu<cr"• 

tard ... •,;< """""'· 
Rt<<nlly '"'"" d>gllal prognmmool ond «>nl<ol1•t m· 

mumon" /or pr<K<" ccmrol lu.>< b<~un !o appcot. 
T,pic~l of '"'" <quipm<nl is tll< microcompulor-ba>N 
DCP7700 f r<>m Hur.<y~·ell, fofl Waüoin~tQn, Pa 11 com
bine• '" <>n< h<>• • •·•uablo-,.lpoir,r ''timo programm<r 
"wuh a üutr·mnJ< conrmllor. 1 ho rmsrommor/conl roll<r 
)las a ~c¡Oo;rrd thr<>ugh wn,.•h on opomor can cnler and 
CMI!OI P'"""'' .npul<. The unl/ can "or< up •o nin< 
><p:lf~« pou~'""" con>i.;tíng uf up lo 2IAl ramp 01 ..,_.l. 

oqmcnl> plu< <><ni '"'"'h<>. 
Analo~ Dr>~«• on NorwOO<I, M•" .. ha• gonc .e-rrar 

Sl<p< funh<r ~"h • •ooal microcompulor·ba~<d, da..<l
loop, f<ll-limc mca•UI<m<nl and <onuol ''"'m (Fog. 2) 
Kno .. n •• MAl WM 11, tho •YSI<m ha• a ('RT and 
lcoyboord and i< dc>ignrd for «irntif"' and induSirial ap
phoauono r<quoring lh< a'q""'"""• •lorago, «>mputa
IÍ<>n, roducllon, prn<nlation, ond Oulpunina oflli¡h-and 
k>--<-·1<'<1 "'""'' from univcr .. lly u><d senson. flh<r· 

'mocoupleo, maon gaog.,, '"'""' tomP<rotur< d .. ;,.,, 
<1<-1. Th< 'Y'""' m.o.k<> use of,o lli~ll-le""l lanauo¡o 
c.l\od MACBa11c, an """"on uf lla•ic, 10 allow 

nonoochni<ol ope1•to" 10 "" i1. "' many "' 2l6 channo~ 
of anolo¡ "'P'" da" con be accommodoted w11h plu~-m 

121l~lo eloood-loop >y>tom trom o\nolog D,.tceo to 
6 .. tgnoG lot totol ptoeua mooa.,rornont ond oontrol bJ 
on ""oklthtd oporotor. Tho oyttom, MAC$YIIt ll,lntofloceo 
wll~ •11 pop.,lor rll<lu•lrl•l .. nooro. 

"' c><d• ¡¡,~, '"'"~"''' Jo•c-;•ly to r>C•tly l-IIY, ~~-n l><,o

<rllt ''"""'l:•. 
l'oio1r" robo•i& 1><>• iiPIIIr••ing 

N<w robo" ¡"' ~""' """'~ly are pro> ins mor< lll:oC· 
a>< l<>r ir..:!"""'' bat<h o•vmblf <n•••ly thl'"· fuuflh< of 
oll a.oemDiy opotall<>11• in oiK U.S. aro of !~.!·~,,~. 

"'"""bly"•ari<l)l- Unlll '"''"''Y mo" robot<-~ U\1.1 
lnr •...:h Oli'C'<OIÍ<II<' "' -..<1~"''· par!• tran•fcr, di< '".,¡¡,.,. 
fM~in¡, and 11~< nr<r:llinn nt punch 1""'"'"'· llc.:oo\1 
'"""" hove "'<luJe<! """'""' ,.¡¡ 11 high inl<lh~en,c. 1 hoy 
•~" r<c~~n¡,~ 1"~" oncl~l .. dd\ anJ mo¡lt'upo.·rl¡ ~'<'"" 
1iuncd ~tWChint: luoh ~· wcll •• do IIK ..... k. "t tiK ._,., 1 hird lndumill RobO! (.onlcrtrl(< '"" 
E-lhLbitoon "' Ch1ca¡o. Un1mollot1 lnc. of Darlbury, 
Conn., \J\u-o<luttd IIK f¡r" o;omltl<fo:illly ""'"illoblo 
micr<iprocnsor-conlfollrd roi)Ot spccifi<'llly dooi¡ned for 

lho a>~<mbly al omoll !lomo, '"'" l'.fkclfonic c:om
poru:nl< and hardur<. l(no..-n., Puma CprOJr•mmobi< 
•ni><rs•l monipulator lot u><mbly), i1 "'"' dc~eloptd 
jointly by Unim>lioo and Gcnorol Motan in 0clfOil. 

GM " "''"1 uvoral Puma• f<>< •mall-pam aosemblf. 
Th< >rnall roOOt oan J<pca!odly pruuion an ob¡«!, olayin¡ 
'*lihtn a '""""""' of O.t)Ool in (0.100 mml, .. bit;b io only 

· sh¡holy lhick..- thln a human ha11. ThciKart el olio lll·lb 
<J9·kll rob<ro ;, 1 1>1&1111 Equipmcnt Corp. LSI-11 mi.cfo
pr<><<,.ot, "loich conuol• rovo o1hor mi<r"''<<><n.cf>, 
each ~oJico10d 1~ ono of rovo robo! arm un. Tkc mol iOn> 
cou<•pond 10 """' rolotion, •houldor r011tion, clbo,. 
rooooion, ,.,¡,. kcnd, and har>d rooauon: Tho u>boo '"" 
lifl up to 7.71b o.~.,,_ indudon¡lll< ..... h. of ;,. <nd 
manopulooor. Under ma•imum lood, i1> oim-lip "locily Í\ 
),) fll• (101 cm"l- "rm an<l coolfcllor moy b< ""'"'"'«! 
/tom .. ,lo <>oh« by u much a• 10 ft U.l m<lor>l by mnn• 
o< o oabl< O>!<mbly. 

E•tly IISI yoor lhc Wn1ing1Íou1< Elccuoc torp, 
R<><arch •nd Do,.lopm•n• C•nter in Piuob"<lh •ubff'LI· 
trd 10 1he National Sdo~~« Founda~ion a occond·phase 
propo¡al on pro¡rommabl• au!oma!ion al ba!Ch·a•· 
...,bly opctalion•. Th< flm phose of lhi< 01ud¡. 
"PrC>~t&mmab!e ·'"""bly rro..-ch I.Chnolo¡y lranofer lo 
indullry," '""' compl<lcd in Octob..- 1971, ond illed 10 
1hc ptclimlnary lin•an of on outomao«< o}"Oiom for omoll 
molo" CFi¡.)). Holp for 1h• 1-/Ud' ... , oupplioQ by SRiln· 
t<rnalional or Monlo Pork, C•hf.; cite Chorlt> S1arlt 
Doaptr Loborolory 11 lh< Mo.,achuseUI lnllitulc of 
T<Chnolog, on"C•mbrid¡o, ancl th• Univcnily o/ Ma .. a
clluo<UO in""'"""· 

.., ,,_..,, ¡wt o:r <kc 1u01-phaoe >!udy for clr.o NatioJII.I Sr:i(IICC 
Founoli!IQ~, Wn<inalro""' ronductod 1 w<>tld"''* I'CVI<W 
al pro,rommob"ie-u'!<mbiJ oechnoiOIJ. 11 analyl«< ab<>;.ll 
t\0 diffor<nt Wn1in1h0u .. pr<Kiu<l lin" bdoro dooid1n1 
on •mili mooor; •• 1h< moOI odaplablo 10 prolfammobl< 
aut~matic "'"mbl~. Ab<>ul 450 difforonl rr>OI(It >IYin 
wore .... mbl«< «P<rimen!ally. Th• uero¡¡• bo~eh <in 
"'"' 600, ond thett ..-ero on avorq• of 1) chan&<o•cn por 
•hift. H< pilot oyuom. kno"'n u APAS (adop\ablc pro
¡rammabl< a<Uff'bl' oyot<ml, "'" lmod o•er 1 !hr~ 
monlh productlf)n Kil<d•lt. 

Rool>ord G. Abrallom, Wollin¡n<>""''' ma~-'&"f lor 
prt•3r•mmablo aulumotl<>n, "'"'"'"" "1\lth<ln~h mbo~• 
~·• 1mponan1 in oll< aultml•tion <>! batdo-;o,,.-,,hl) "1"''"· 
"""'· it ¡, cqu~ll¡ 1mponan1 w h;ove lo~·,~•l, """"' 
P""'""'-b""d '""•1-in,pe<l '"" ')''""" '"' ,,,.,kin~ '"" 
,,,;;,¡ "'"" anu l<>r ""-"""'"'"!1 propor "''""'b!y """' 
and "YI< <han¡<•. 11 ¡, alw import•nl 10 ""'' '"" necd 
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lulvon<<> are b<tn¡ made 1n 1110u~ conlrol of rol>ol>. 
Al-lh< Unin~rad Pol)'leohnkol lnnmne in lh< SO>i:o 
Unio<t, rntt.n:fttn havo d....;o.ed • compulot <ymm üu.l 
..,.,ro¡, up lo m .. noins robo" in , .. , rime. The ••· 
... ,...,_ ••rec• lo onnea .. thi> handl•n1 cap&cilyto *l 
rol>n" · .. mCif< "'l'huliuld machm.,; ""' d.vdopcd W11h 
l>uilr-in «'"""llo.~' In 1~ "'"""' pro¡,.,, an <>peralor al 
,~~e,'~"'""''' "'"'"ol pantl dirm• •r•:af~~: robo<> ro carry 
ouo dodi<aled la>k> on:l ro take «Urt<li~ a<lioru, of 

Thl ce11 concapt 
l"'' yur 1he FoundahOn or Sciennr,. and !ndu>lri.ol 

R<..,ltch ao 11>< Unwrr<ily of Trondhrim In No,....y ,., 
up "'""' 11 oalls ü,. f~rsi full->cole laboralory produclion 
lino 10 U>< • cdlul>r conc<pt. UDder lhi>, manufac1Urin8 
o¡><rolion> are hrol;en down inlo "«11•:· tach al a dtf· 
ftttnt pfant. Each'coll ;, rnpon<iblt for tht manufacturo 
of <P<"fi< •ubo"<mbho. fOt • partkoulor pmdt~<L The 
«lh are lntticnnnrcted by a network of material ond 

• <uba"tmbly '"PPi)' hn... The , Nor,.egian pro¡tct 
...,. monufa<'u<ed <Omple\ -dirsel-engine part> fot Wiclman-

Manufaotunng or ~orway. . -- -
' •- In the cellular conoopt (fig. 4) the output per manhour. 
.of lahor ¡, «pon<d to 1>e con>i<lerably ht,htr than that of 
comtnllonal manufactunng meth<>d!, """ whtn tht ad· 
ditionol com of· th< interconncctin¡ materiol and 

• 
• 

• 

13lA pllot outomo!Od u .. mbly lltw1 lO< monul...:turl"'l 
omoll molo11 hu t>.on do>igno<l by Woolln¡¡l>oull EIK• 
lrl<o'o Ru .. reh o..d Dnolopmlnt Cante< 11 p1rl ot 1 No· 
llonol So:tonco Foundlllon otlldy on PfOQ'Immoblo 

" 
••• . . 

(., ''' •· '"'"- ,.,. ~•·•~om'""' ""'" '" ~"''"""" '"" 

•u~.,.mbly <upply ¡¡,,., orttaktn t~tio il~¡}ec~ ceD 5 
~., lt it> '~" on< •·•but. 

Tht .:ell >Y>I<m tan l>e OP'tottd doy and ni1h1, rfOiult· 
ln1 "othr ~utklpotion onl) du•in11he doy. All tNtt is 
n~td for unau<n<ltd nillu operllioa 11 prOPt"t" plll.Q
nin¡, ,., ¡bo robo! hu u ;omple •~pply of mat«i&h and 
<n<><>Jh >IO<IJ< ., .. ror complcltd oubulcmDii<>. Tite 
robot ¡, o •i•·&nn modol monufoctured b~ Crncinno1i 
M•llcron, CiMinnoti. ot.io. 

A''-"'"'dUIJ 1<> l'ror. Oy•itld li¡otke. t>eod nt the 
Norwo1i~n f<>undotion"• production <<>¡>n<ttin¡ 

labotOtory, '"" , .. n ·~n<q>l. "''" '" ne>ibllity for 
manuraeu•M• dolltrent pono, NI> pro\OUI poni<ul;uly 
uoef~l in Nc,.,.oy. 

''Thi> oel! concrpt ... hr uy¡ ... h11 been quito beno ff~ial 
10 u• in l<tm< of oncru.•in1 ptoductl•lty, moillly due 10 

• our «>Ciallnd ¡eo¡rophkal rondition•. Nor>O&y i> o roun· 
11)' lhll ha• 1 •m1U ond i<llt<ttd po¡>Uiotion, whi<h i< 
dO<iroblr fcr nalional>tcutity rtaiOn> but Í< unde•irable 
for manufactunn¡. We cannOI ¡et 1 llr¡e concmltaHOn 
cfskilltd IW>tk<" tn ony ont lndu•triol centor. Thu i¡ hkt 
bron¡in~ t ht mountoin lo Mchammed lf y0\1 con't brin¡ 

~Moh•mm<d lo the mountoin ... 

• losers lor meteriels lrealment 
Ur" dttlhn~. cullin¡. "tldinl. lf<ltin,. cr lh< Jtmovol 

of mattnol•. tho lascr can l>e fcund tak>na on more of 
th<'< •a.k• in tht plano •• 110 proci<icn and pOwor •rr in· 
"'"''d and it> price drops furlhor. Monufoctur<rs are 
~ndin11 the ""' ltl<!r> mero «liable, beller dni¡ned fo-r 

IU\omollon. AIOIIIIng hl'l booft SRI lnlltt>OIIonol. \111 
Ch"'l"" Storlt oro~r lolta<IUM'1 atibo Maouclluoollll"" 
olllull el tocflnotogy. ond lho Utlloonlly pi !llo .... 
ochuoollo. 

·-.... 
~-"""""'"'"_.,,_ 
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indu<""' "" , ,.,,.. '"""'" '" '''"' ""' o han lh~ oe rrc•i<>II.,Y 

····'·"'' 
Wuh "'' •'."' "";'' ""'"" •·" "' '"" •"" fl'"'"', ~-, l, ll'.t" 

'" ,,.,. ' 1) 1 ~- ''"'"'' ""' b,-_.,,,,.~ """" 1>01'~4· lO< 

,, ... , ·"'"n" ·"' 1 '"'"'"'''· '" '''"· '""'' lr<•lfru;"l ol 
'""'"'"''" ,,,. '"''""-~"'" "'" ··~"'""' "'.u ~a ... "'"'· 
""'' '" >hou •rr:''"'"'"' "', . .._.,.,e~,. 

"'"' "' ''"' """' <lynan>io· .111<1 "'""'"'"' ••··~• of io
<lu•IOi.¡l '""'' .11'14""'''"'' "'" pl;ucm.okon1 lur print· 
¡.,~ ... ,,.,,< la•IN r< """'11 >u"'·'"'""<l• ~nd IO*C't ,..,..¡, lf~ 
'"""" .oJ•·anoa~<>- l.01><1 =""''"' ar< u><'d 10 <•PI>"< rrio
oon; rto~o.- o• lar1< a• ,¡g by NI >O<h« (lll by lll rno) 

<!"""') '"'"' >h< pa>~:~·ap r•8<. >hu• diminotin1 '"'"'"' 
;,.b<l~«n '"~'' «quired ~uh .onvonlionol mabo.l>. 
Many mcdium- •nJ 1molkor<ol•>ion now•popcr< oro u•
in¡ , ... , rtaoornakc,., 

Th<<< al•o ~••• becn advan«• on cumpu<cr oonuol or 

l•llllo ~011 o~noopl ot Cooonuoll•-.1 monutoctwrtno hoo 
ot IIJ o~ ro • robol P<Ogrommod lo "'"'k do~ ond nlg~l, ... 
ludod ~y l>umono only c!urln~ tilo do~- TM 0101.,. .,. 
crouoo l~rougllputo In l"""lot "'onulacturlrog. Propooood 
by lllo Fou-ndotlon ol S.Honlltle ond lndu.trtallleMOfCh ol 
tilo llnloorolly ot Tronclhol"' in Notwoy, lt la bllng uoood 
wlth o CJnelnnotl M~ocron .U·orm robot to "'onulKhn 
complo• diooot-ongino pano. 
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lll~ri. "'' Wc•lcm ~l..:< .. ·, ~n¡i,.ctrin~ ~'""'"" (.",,.,.,.
ntM Pr.n.ot·r,1. 1" 1 • f,,,•O·>pwl. ""npu«r-canuollod 
lO"-'' ha• ¡,,_.,,. ~. ,,.,,.r<•l r" .,...,,_~ dd rnitoial ur<-' do·.- 1<1· 
mortol<. l'hc l>•rr'• '1''" ... ,:.hn~ •r<«l "' ;!ti ""'''' r<• ,.,. 
..,,.¡ ¡, tour tim"' '"""' tila~ 111< "''"'·'""" ~••U·n~ 1) ••= 
u ••Piac«-. rno 'l'''"m ""'"'" ~t' • .!IXI-~au t>•«•k 
""""'f pulla! Nd·Y Mi <noO<Iymi,me>ttrlum·alumlnU~•·' 
'"'""')la..,- on<1 •n X- r po•nion<ftl toblo. -..-tro .. 1'(1><· 

ti<>n aa;ur..:y i< ..-ir~in rl_tn'lj in lO.OODlS cm). TM lO>a 
aM pcn.iti<>cin¡ table aro· und..- tl\f rontrol o( a 
mscm~. "~óch m<lnitoro pot.itioa .:oordin•<t> 0¡.
...., of ltncor .,.:odero. 

¡I¡,DQII'Itf fa1<0rioc ond "''""' occ~nalo,p..,_¡ <ool for. 
~•ldinl and h!trdoninJ m<t&h 11 tilo clco.1rllfl·N&m &Un. 
l<o US< for !OIOCli•e beat troatin¡ of motall Cfffl< _.o.,n. 
ta¡cs ovu other toohniqu•" io io fa<t<r to u111 obau th< 
la-..r, moro '"""'•'~ than induet ion•h.:atin1 '·'"C11l'. •nd 
ntoro odccti>« in rcsolutl<>n oh•n llanclard tlam<
hordonl<~¡ to<hniqu<>. And il 1• moro<n<r¡y oll1don• ohan 
o,!l ohr ... lñe« advant&J<I, ho,.ovor, oret>"l -..itholll 
d<owboeko. EIOC1ron·beam 'Y"""'' aro 11iU •ery nptll-

An flo<uon·boarn "'old<nl prO<tu ~•• rccently 
dcoolopod by Tcchninll>laterialo In<. of Lin.;-oln, R.)., 
ror wcldins lormerly ineompatiblo nottal< in mil" or 
unhmnt<l tenatb•. no Pft><:<>> .... ~••l"""blothe-...W•nl 
of JOid with cup¡~e<, >il•er ..-l!h COf'>'<1', '""' ~"h 
"ainlc>o >1ccl, and <1<<1 ..-oth eopper. Tlw ley 10 <he 
...d.!ina procou i• a ttiodc ele<.; ron '"" that ¡oncrao,., obo 
dcclron Nam. A hi,h->i.Ob<llly alumina <n>ulotoo io 
>11iokl<d foom problom·oauoin¡ vapon and 1< rrcci<ely 
po.ition«< for minimal tllt<mal ••pan•ion. Gun Operotion 
;, ao;omphdtod -..oth • 61).kV potontial, •hkh "'"'110'"' 
la1<0robly with a potential of ab-out 1$0 kV ... ~e-o b~-

... mo" olee<r<>R·beom ~·old•"· Ad•an~d cl«troni<' ~n· 
trol• ror tho ¡un'• olomo.optloal fO<uoin¡ '~"""' are 
ra¡>on>iblo for tho l<>wcr pOiontial. 

.. 

K .. plngt1b1 on lhe proce" 

Thanh 1~ miao¡»oceu<>t tcchnolou, '""'Pf""'" 
data.)o¡¡i:o& iourrumcnt• a« Ñkin¡ protm ellfttrol 
moro ocientiftc. Thio. in turn, 1\11 modo poni~l< "'"'" 
oontrol """' proen.... bea.1110 or thc ovail&bility or moro 
ar:c-urotc an~ l)l$t<moti< W.to-eollcc<ion and onal)'>lo 
ICCitniq ..... 

Dota ~o¡¡.,, <>IR N fuuod in neooly ~coy ind~<l!ial ap. 
pln:otion, horn food P<oo.-n•inl &nd ma1<t11lo tr .. tmcnl 
to p.OJ><rmatin& and 11\f ICII<IItioo of <tcam. Tho ho¡h 
opee<l and accurat< dOJa..:oiiMM>n a~van<•l"' no-.. pm.,. 
bl< 1\ow modo olnoloto moro o•pcn•i•c •nd •lo-..or «¡uip.. 
m<nl, likc ¡><n..:han rcco•dm. 

A typkal dola·lo~¡in¡ •ppli<:alton ¡, occord<d in 11\f 
lo l., of '"' John Fluko Monuraotul<n¡ Co. in Mountlako 
Tcrra,c, Wa;h. To obtain mooe control ovcr th< finol pro• 
du", o pr<><luocr ololcctrócally •·ondue<int aluminum bu< 
bo11 u<td a Fluko M<>Jcl2240 ... d•oo k>uor tu >wt> trae); 

uf tcrr.p•""""" oud "'~'""' ~"'"· Tlw ~"'" ""''" , . .,11,-.:11-d 
10 (>OiR!·f<>r·!"Hitl ll"lf\ •lt>n~ ""<h i'o.t! '" ~l'l<llliÍI>< 
rclativo <t>ll~uc1ivity » • fun;tt\tn otl ""' h,.,·, •lt;t('O:, 

•lloy. ond typc. Tbc ''"""" ror "'""""¡"• """""'""""in 
a<ldlloon to >oiiOlO ""' lo pro•Mk ~l<t <Lato c-ond•tion: 
"rh< in"'""'""' al>O m<lRII<>r<d lh< bu• "-" for <lanFrou• 
.,.,.<hCOitRI 01 li•< \C'prlfOI< pointo ..-ory ICCOncl. And il 
"'"' ot¡uopp<d to n<>lify """'"'"" of o•orllutin1 and •o 
turn oh< ~·<te<>• off '' n«:<>1&1)'. All or '"' ~l«t<d t4ta 
worc f«< <e a mini<cmr>ut<T for •t~~~lyol•-

"" ,,,,_ ''" ...... . . . • • 

• 
' 
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Thll <:hallenge ol technology tr1n11er 

MO"f ·u S manulaotur.nq O<P~rla '"' tho 
"·"'''""'"'" to oncroa•e producll'oly hao~""" 1\ere 
1<>• "omo lmoP Knowong huw lO ~ut 11 lo pr•chcol 
uso r.p><lly os roally '"" p<Oblum, tOOy a<ld lile 
IA,et. tor e•ample. nao""" • rooearch tnolln the 
lat>olalory lO< well o•or a aocado. bu! only In 11\o 
tast tow '"""hu ot r.een app\lod socc .. otully '" 
monulacturlnQ PIO<'III Somrlarly 11\e mrnlcampulet 
"'"" .,o<lablo lOng be lOto 11 wos opp\locl in m<lulll'j 
on a ,.,oo scale. 

Perhops Irte proOiom runs do-r tnan ,.hot lo 
percei>Oo PraL Gut10v Olling, eh'""'"" el Btoote, 
Uni•ersoty'o DIPI!ImoM ol Mo,..lacturlng 
Te<Mclogy on Peo!ro. lll, ond o lo:><mo< procHr:ong 
engtneor '""" .,tonsovolnduoonato,.,..tenco. puto 
illh<O woy: 

··u.s. acodM"" rel .. <er>ero and 111010 oroctlo;.ol 
prooucllolllmonuloc:lurong tndovlauolo or• nol on 
1uos w11~ eoch olhor. Eacn ~roup no~olo gol ma<o 
onvolved wrlh oacn oll>er'o u~orlonc~l-lhe 

aca~em•clan "''" lho producllon monufocourlng 
porson·s real-lolo ••P"rloncoo In lho plonl ond tno 
prcducbon par•on wltn tho acadomlcron·o 
lhooro!leal conltlbutlono. Tnil wlll a:10 on•uro on 

Tbe rr<nd 1> lo incorp<>rat< more int<lhsen« In dola
logginR inmumenl< and \o prevido thom wilh widOf 
ranROS of o¡>11ono, <in'ce wmo of lh<tr uo<rl are not 
l<ehnicall~ pro~"'"' ond indu..,iol opplicoliono diffcr 
"id<ly. . 

Greal&r US<.1 of CAD, CAM, •nd DA 

_. !nJu<~ry ho, 'luwly l><¡un lo mo>c lr<al<l uiC of 
,-omputr:t-oiJcd d.-.i~n !CI\0), comru,.r-aided manu
focturing (CIIM). •11<1 <losi¡rl OUIOUI&ÜCU (0-'J ;, 
manufaciUI!n~ h.:r.• b<.'l:<>lll<' more comple, and prr>du.tivi
ly hn no1 lopl pa<t" ,.;,h ri>in¡ co.r1 rru labor Índ 
matenol•. In countri<> "''Jopan, ..-hero hi1h industrrol 
procluctivil)' i• • national ~o.al, CAD io u><d in n<Orly 
..,...,. indu"'Y- For oumplo. <~e II""Oinm,nt-ow ned N.ip
pon Tol<"!lraph and Telephone Ccrp. <=nll~ c¡><n<d a 
'"rvice 10 the publrc th" rrovid<> •il 1<i<phone th< •up-

·-" _ • _._ p<>rling 'olt"are lor dn<lupins '" mi~topt«e>'or pro
, • ~ - grO,;;-,, Th< mform.,icn """"' lrom the <lota bonh or • 

' ' ¡· • 

nallonal <omPut<r • 

- Although '"'"' "" of CAD and CAM-th< ocmrletel) 
· _ automat«< factory-" "illlor off, manufaoturtn- e•p•m 

,_·aro emphooizrng the po>l<ntial uf '"'~ '"hni<¡ue. Com. 
put<r 1\idod Manufacturing lnt<rnatlonol of Arlington, 
Te, .. a «><arch mgani•oticn eorn¡ro,<d M leading 
wotiU"i<l< indtr>trial compani", illl bO<n dev<lnpj.,g 
computo< pr<'gr 4nh .101d manufac1111i"' IIWo¡¡><< '" help 
aotOrM" ptOdiKIIOn IY"<m<. These ore inl<nded lO I<Jd 
1<> hi8h" munufacourin¡ l"od.O.'II>ioy. 

Onc ><o.:h rrc~rom ¡, CAPP (eomp<rtor-aided proc." 
pl;rnnin~). a rrogram lhal iin•• CM) ond CAM. c;¡~,pp 
featurO> a pam-codinlj ><h<m< lhal o!lowo alm""' an) 
pall in a fa,'IOij lO be d01<1ib<-J frCm ,r f .... funclom<Oiul 
IC'Omctrre '"'~><'- Wuh o<' 1 l<rmrnJI ••d a ~ql>u.rO, • 
de>r~ner '"a pl.mr o>rng CAPI' can coll upar~"'"· or 
<><n ,·rc>to i""'"'ly, a P•rt neNe~ l<ll n>anul"r"""•
Th<re i• no nccd f.,, rrmo.·con,,omor.,r ""1;11<r.rin~ Jraw. 
in~'- All of '"' pall'• manul•.:lurrng <~ara.tcri''"'' are 
ci<>ertl><d m deoail on o he r "' -.creen . 

..... - , .. -·~-..... -- ..... -·- ... 

O 
... 

·l· '- 7 
oasrer lransrtoon lor engoneorm9 qroduolo> intc >O· 
dustry " 

P.ol OUong cotos lm~•rrn counl ""' "''" m"'" oG
•arn:ed rn~u'"'"' awhc•l•ons m o<oclrcn•c> lh•n 
lho U.S -Jap•n Geomon,, and Norw~y In lholl 
countrres. he'""· acadomrc and •Muslroal Pooplo 
WC~ril nan<l rn Mt<O to ••••e <nduwy·s pro~lomo In 
many casos. promolrun• !o prcl .. sorsh•P• oro 
t>oH<I en 1~0 tnd,.Kluars rndu01"11 oxporronco u 
"""as •c.enlrloc tcntrri>UIICn• In somo CI>Unlrr~•• 
p•oiOs!OI ..mo lectores '" o un"""'' moy ollO 
""'" in lndustry lo S<>•• aulCmlhCn prOC<oms 
Prof. Oyvind ll¡olkes -..cr• on collulor monulactur· 
;ng, d"'eribed in'"'' rot)Oil, 10 on euml)lo. 

1<1 po.rl ol •1• 1ong~an~~ plan•- Computor ._,1)10 
;.; .. n~t•clullng lnternauonal. • r ..... ~ ... d 
ros&aren org•nrzatro~. n .. an O<lucatlcnllr>duolry 
commilloé el .,n,cn P<ol. Olhng " cnl"mon. llo cl>
jecllYo rs te st•mulale CODP.I&llon botwoon in· 
auotllal, educallonal, and prcle•"cnal group• 
lhrotr~h in!ormal10n e>changeo. commcn '~'"'"'" 
area>. laeully •nd otu<>ont ••cnanG•• ond lho 
dovalupmonl oledueolionol programa In c<>ti1Pulor· 
al<lod ~e•l~n and eompuler-orOod "'"""'""'"''"~-

One ,..,on why mor< ondu1lrial manufoolul<ll don't 
use more pro¡raM l1ko CAPP·¡, th< hi1h inioiol cmt ol 
soflv.aro pr<paration and generaticn. Althou1h CAPP 
ha' prov«< ,-.,sr.offocti« for indumial applicotion<. ti i1 
tw:mg u>ed in low jol>-lot oomponi«. Thoy are rkeptiCI.I cf 
in•cstin¡¡th< SIOOOOfl n•-.:<i<d lyp.oally 10 bu1ld juu o 
_,,.,;ryn>¡ dotaba"' with' /\PP. l'or o lOOOJ.uom job 
1~1, Jllto -10 ,., .. ., .1re "''"''..; ID ntrrld tho d;..,ifyin• d•to 
ha"', and abool ono-thir~ .,r ohi, limo" \¡><111 ploJ~nin¡ 
hnw to pul >Uch a dala ba'< I<>¡¡Oth<f. 

Automallng the dasign of PC boarda 

An "''" in manufooluiiRi wh<f< applir:al1on cf tM 
;:omput<r'> powcr ha• mado notoble prCIIbl io In lh< 
d<>i¡n of 1'<- l>e>otd>_ Hero o ... dnian automation, i• u•· 
ing the compul<r not onl¡ ro aenerare prttision dosian 
dotl l<och ,. 1"·-t.oord .,,.,,;,¡ bul alw 10 loy out O¡>
ltmally tho ,-,,.,¡, componenh ond rnr.rC"Onnoction> on 

.tho boarJ. WHh CAP, compUIOr-aided de•i¡n, ocmpOn
<RI placemenl and inler,-onnection ato petlormod 
manua)l). 

DA"" b<en •PPiied '""'"fully rn the deoian olden>e 
re bu>rds w11h hi~h-•pc<d 1cs l>k< "' t<mr<tot•coupltd 
lo~io)," job Vlltually impmsible lo achi<'< withcul th• 
comput<r'• ai<l. Given a logic dlagranl ol 1och b.1i< dota 
"' the oomponcn" 10 be "'<d, lhc ''"uf lh< P(' boar<L 
and lh< requirotl wllin~. A \lA proftam '"" prcduee inll<• 
cOM<ction pall<l"' lor th< mmt ,omplox muloila~ued K 
boord,, 

A looJ« rn apply1n~ DI\ 10 P<"·bcard <l<<lllft, 
AutOm..i<~ ~)''''"'' lnc. in El S.gundo, C•trr .. reconll~ 
introJ.co~ a -.oft~ar<' ro\oJule !Placo 111 thll mak<l Í! 

f>V>·ibl, '" '"'·« rhc intorconne'linn' fcr tara• f't' board• 
ol !rr~h J.-"""··' j,.lr <MI pr<•iou•lr "'"Id not be dono 
autnmari•·'"' l ur '"'""''''•· "'"'~ lh< 1'1"'-<' 11 mu~uk. • 
~•"''l''•<r can 1>> ""' ''' ,-,,d, "' l•r,,• "' l~ n, lK in<h<1 
1 )1> b) 41o ""1 ~·• O J!• 1 ~.! l<rChl J'"'"''"'· lln' " ~""' h¡ 
"'r""'"-""-.J '''-'""4~c-. thol al~>w llr< ,,mr>ul« '" ~wup 
m,urr ekmc"'' .rceurd>n~ U,> >imilar lun<l '''"'· • 
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THE MCs-48'" FAMILV 

SDU.- loUCROCO~PWTtA "'ill·l AOIH 

1741- ~ICROCO~PWHA WITii EPROM 

8035- ~ICAOCO~PUTER \NITHOUT 110M 

12<l- 110 HPANOEA 

Bl~~- ROI.O PAOGAA~ ~E~OAY ANO 110 f.IPANOEA 

17~5- EPA OM PAOGFIAM MEMOAY ANO \10 O:PANOfA 

U~S- DATA MEMOAY ANO \10 UPANOtll 

• The Basic Family will ba expanded with addilionel/10 
an::l processor e/emants. 

• Most 8080 peripherals and standard memory products 
ara direc!ly compatible. 

ON CHIP FEATURES 

"" PROGRAM MEMOAY 

DATA MEMORV 

CLOCK OAIVEA 

ClRCUIT 

• Total/y se/f contained. Al/ that is rer.;urred 1s 5 Volts. 

SPECIAL fEATURES 

+$INGLE SV SUPP\.Y 
• 4D PIN DIP 

• PIN COMPATIBLE ROM ANO EPROM 

• ~-S"'"" CVCLE 
• AlliNSTAUCTIONS 1 OA l CYCLES 
• SINGLE STEP 

• ILEVH STACK 

• 1 WOAKING REGISTER BANKS 

• AC, •TAL, OA EHEANAL FR<OUENCV 
SOUACE 

• ·lOA. IS CLOCK OUTPUT 

• Al! contained on the sing.'a chip. 

• Low power t.limdby on ROM vers10n. 

' ' Notes: 1 • 
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~:~_L !.'lnputs and outputs can·be'mixed on 8 sini;le port. . . . 

•. 
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• BuS cari-be used to provide a standard ih-tOI'face for 
expansion oi /atched In one chip app/ications. 

' • Al/ 1/0 lines are TTL r;:ompatible. ' 
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• Al/ major f"oofk<oa 

oh the single chip . 
elements are integrated .. ' .. ... ' 
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' • Allows inputs and ou/pu/ to be mixad on a single port. . . ' 

• Al/ output ports can also be read for cJiagnostlcs and 
témporary storage purpO,es; 
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'"""'-'- , .... ~., 
'""""'-"'vocrooo .., ......... . 
OU<' V.OtQOI ,_ ....... . 

~~ ' ~ ¡ ¡ . 
.• 8035 al/ address raforoncas ara externa/ . 

. • 8048/8748 addrass rofarJncos below 1 K are intornaland 
• al/ refarances above 1K Sra automatically routad to the 
·,extorna/ bus. f 

,. , :•: 70% of al/ aoolications tiJ¡¡ bf.!low /K. 

• 
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• The 12 bit program counter can aádr&ss:4K of program 

memory. • · 
• • La8t bit of program counter can be ditectly manipu/a19d 

by the lnstructlon software. .: 
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• Aádltlonal pagas o;,,~':' :.~::~ .. ~:·;~;;t;;;•d~~;:~:.~. 
• Sacond reglstar benk and stack ate optional. 

allowln'g res/dent memory lo be from B lo 56 x 8. 

• Bank.swlrch ls done with one command.' 

• Stack stores the program countsr and status word. 
' 

\ 
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1/ 
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-

. -



- _,.. 
'" -" " '" • .. •• .. 

" • • 
•• ... 

" " '" " 
•• '" ' 

" - "'• .. • - ~. - • - •• 

• 8 leve/ stack providas lor generous subroutina nesting. 

• Program status word ls stored mnct to program.counter 
in the steck. 

• The 1tack depth is optional. Un usad stack /ocations m ay 
be uaed for data memory . 

-
... OQilAM STATUS WOIIC ("'Wt 

, .. '"'"""'' ""'' "''""" 

" '"'" .. """''"'-'<>••· .. '""' ...................... 
•• 

• Status word can bo direclly manipulateei by /he software. 

• Mechlne sta/e /S eutoma/ice//y restored alter a return 
from lnterrupt. 

• 
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• 

''"'"""' . ........... .. 
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• Test 1 (T1 J ls :;pe::/1/ed to be counter Input if that optlon 
/s ulactad. · 

' • Alf optlons can b& selectad under software control. 
• Timar or counta; can be preset, reed, · fJtoppid, snd 

fJtarffld. 

• Tlmer/co"unter overflows at 255. causlng set flag or 
opflonal lntarrupt. 

-.• 

tll" G A • M Cf" 11041 CLOCII IITUTID 

' 

-· ......... 
-·-

. ........ --·-
ALE s/gna/ls a/ways ave/labia as a clock output. . . 

• Test O (TO) may be spec/f/ed to be clock out under 
software controL · 

' .. 

• Al/ instructlon cycles consist of 5/ntiJrna/ states. 

• Overfapped operation al/ows for fast instruction 
executfon. 

• 

/.'3 

• 

·~ 

' 

• 
·• 
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MCS•48'• CYClE TIMING 

• One periodo! ALE designares a cycle. 
• Port 21/0 data is restored atter externa/ memory fetch. 

• Cycle timing is compatible lo standard and custom 
memory and 110 devices. 

' 
POWfR OOWN &EOUENCf 

-·· """'". --~::::::::.,..:~'---'--'-
••<>e<s:.n• 1 
ONHfAUO'JID 1 

1 """~" 
1 '"'". "" 1 ·- -- -- >CQUI~" 

---+---ji 1 '""'"'' ., .. , L: ___ _ 
"",. ... ~. 
AQUT'Ni 
<>E<'!"D 

.c<<$510 
DA!u.u.l 

"'"""'"' 

• Power down moda allows dala lO be t7taintained in 64 
RAM registers while removing power froin remainder ol 

"--' circuitry. ' 

No/u: 

(. . 1'3 
IV 

1 
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"l"ESTINC. Al\ U OEf>UG 

. 
• Tl ro ·~ "1- ~ .. .,.~ .... •• "" CIOC<J.rO• 

-!- '" <••euor•• 

1000 T~IGGIOEb ..... , .. .,.. -
-· • 

""'"""" •• • .. ,_ . 
•ro -" "" b 

1 _,. ..... ,"' 1 
{). . . . 

• EA pln al/ows for a separation of interna/ memory and 
CPU. ' 

• Al/ pragram e:recution can be routed oulside toa debug 
or test memory for quick modificatlon. · 

... CIC! ITE!P fi"'NCI 

•. __ ./ 
.---, 

"0..1·-----------------

-·------"----~--=-..:.." ____ >C 
"'"''''"' 

'" Single step allows processor lo execute one instrucrian 
el a lime. Whi/e stopped. addross of noxt ins/ruction is 
avallable external/y. 

• 
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SPECIAl JNSTRUCTION SET FEATtJR.ES 

,011 ICO AIIITHMETIC: 
Dote"""' A4juol A 
S•o;~ o-1>11 ~llollloo ol A 

-hchan~ loooot ,.._ ol A """ Rovfllo< 
Rololo A ~ Ot rlg~t ~lh ot wilhout Cony 

FOil LOOO:UP TABlES; . 
load A lt(IOII POgo J ot ROM (A<Idtwu 01 A) 
l.ood J. ttom C"""nt P- ol ROM (A- in A.1 

• The 4 bit operaUons allow MCS-48 to perform with many 
of the advantages of the 4 bit microcomputers. 

• Look-up tablas facilitate the implementa/ion of Comp/ex 
algorilhms with a mínimum of execution time._ 

• 
SPECIAL INSTRUCTION SET FEATURES 

FOil lOOP COU~TERS: • 
Ooa.....,. Roglllot .,..¡ Jump 11 nat .. ,o. 

FOil BIT MANIPUI..ATION: ' 

ANO lo ol (-ti <11.10 0t ..... g<olot) 
OR lo ol (-111 llall 0t IIO"(IIo,_,) 

_ 1011 1o .o. (lm-.o .sau or Rogillor) 
ANO lo Output Potts 
011 lo Output Po<to 
Jump Condllan.olly on on1 1>11 In A 

• Bit manipuletion essential for 110 operations and logical 
deslgn, with microcomputers. 

• Loop counter allows program /ooos lo be implementad. 

USING A LOOP COUNTEII 

<0A0BI ... ~Y' 
IN R<OtST<R R> 

' 1·1·1·1·1·1·1·1·1 

"'"'" l 10 "' 

J
iX!.WfEO 

"'~" 

L---WNl "'·"'"'" 

Notes: 
15 
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EXPANSION CA.PABILITIES NO/i!S: 

Pro~rom "'•mory ¡ro 4K wo.rd•) 
Srondord ROr.o 
SloMord EPIIOM 
ROM ond I!C 
rPROr.o ood 110 

Doro ,...,..,.,lid )20 wordl) 
S<ar.Nrd AA"' 
l- Powor RA"' 
IIA"' ..,d 110 

ln~u1!0ulpul lun•muod) 
"'es-u 110 E•PoMer 
IOC$·80 Ir O 0<,<<> 
POIIph.rol r.orcropiOC*UOII 

Sp.-e/or lnr.noorn • 
MCS·8~ Perlphoro/0 

. . ' . 
• Fu// mamory and 110 e:xpansion provided without extra 

logic. 

• fjolh standard and custom products avaiiaoie. 

EXPANDING 
PROGRAM MEMORY 

1108 IK x 8 UROM 
IJOB IK o B ROM 
87SS 2K o 8 EPROM wll~ 110 
nss 2K • e ROM wllh 110 
8118 2K o 8 ROM 

• Bolh standard ROM!PROMs and custom ROM!PROMs 
are available lar program memory expans1on. 

' ,_ 

''''" ..... 

EXPANOING I.!CS·48"" PAOGAAI.I MEMORV 
USING STANOAAO L!EMORV PP.OOUCTS 

~?----~-----"1 
'"' '" .. -·-· --------

"'' lAI~H 

-

• Basic JK program memory system as shown. 

• 8212 domull1plexes ¿¡Ju're:.~ lrom bus. 

' ' 

1 '/ 

" '"""" ,,,. 
"'" ... 

"' .. 

• Port 2 contains hrgh onl<H addres5 lines that ara stai!C for duration of the transler. 
afiar which por! dat¡¡ is '"slo1ed. 



• 

EXPANSION CAPABIUTIES 

Pro~rom \lomory (lo 4K ""'do) 
Standard ROM 
Stan""'rd fPROM 
ROM ond IIC 
Ti:PAOIA ond 110 

Dora MomOfJ (lo l20 ,.oról) 
Su••.t.rd RAM 
Low Po"'er RAM 
RAM ond 110 

lnpui/Outpul (unlrmil..d) 
MCS-45 110 E•p•ndet 
MCS·!O 110 Oo•lo~o 
Pet1ph«10l Mrcroprouoro" 

~lallnl...,..,... 
MCS-80 Perlphorolo 

• Fu// memory anCJ 110 expansion prov1ded without extra 
logic. 

• F;Joth standard and wstom products available. 

EXPANDING 
PROGRAM MEMORY 

8108 IK' 8 EPROM 
8308 tK , S !'lOM 
!7S! 2K o 8 EPROM wlth 110 
8JSS 2K ' 8 ROM wllh 110 
8316 2K ' 8 !'lOM 

• Both standard ROM!PROMs and custom ROM!PROMs 
are available fór program memory expansion. 

Noi9S: 

HPANDING MCS-48'" PAOGAAM MEMORY 
USING STANDARD MEMOAY PfiOOUCTS 

• ~ -"'" ''"' ~ ~ 

¡-~-----'"' "' "" 
~ 

u. Te~ 

~ 

"" • ~ 

'"" 

.. ~ ..... .,~ 
• Baslc 3K program memory sy~/em as shown. 

• 8212 demultiplexes a.ddres¿;· lrom bus. 

" -·· .,,¡ 
"'" ... •• • 

,f7 
¡!? 

• Port 2 conta1ns high arder addrAss linos that are static for duration ol the transfer 
alter wh1ch port data 1s r&stored. 

'" 



• 

• 

• 



\ 

EXPANOING 
OATAMEMORY 

UOI 251• 4 Stollc AAI.I 
1111 Z~•~StollcRAM 

5101 2H • & CUOS Stot>e RAM 
UU 7$1 • 1 JIAI.IITI...,/110 

• Compalibla witn most static RAMs, including /ow powor 
5101. 

• 8048 a!so ccn!aif!S a /ow powor s!andby pin for the 
residen~ 64 'X 9 deta memory. 

loO<!• o .. HRfACl TO Z5t J 1 STJI. .. O.lRO YUIORif$ 

~-- o o " .... .... ,. ¡.,~ ... ~p., ... lf - -· .... 11U/2101(0 ., .. • t1' ,,.,ea - "" .... ""' ~··· 
~ ' ... , . ., - •• - -- i ., -

O•TA 

WAlTE TO EHfiiNAl PATA l,lfi.IOAY 

'" .. 
tCOAfiN<I 



< . 
2J) 8048 INTI.:"'f4('( T('; ,'SS)(~ '.TIHuJAfHI MEo.10RI€S ' 

.. 
• 

' ,,.~ ,..... , ... ... ""''" .. IoM! ., .... ...,. 

! 
• EquiValent to ffva standard components. '" 

·, 

• Severa/ 8155s can bfJ usad lo expe.nd date memory. 

• The timar feature is programmllble. si}rl//ll.r lo 8~53. 
• Thú 1/0 is also programmable, similar to 8255. 

~ ·--·· 

EXPANDIJ.IG 1/0 --- . 
8243 1/0 o<•pond"' (16IU.n) 
8212 l/0 l~<h ¡e llnoo) 
62~5 G•n•nl ~.,.110 (24~•••1 
.155 RA'-Iwllllll0(2allri0.) ·, • '· '' ~ 

835~ AOU "'''", 110 pe llnoo) 
8755 ~PROM wolh i/0 (1611noa) 

• A /arge 'selectlon of derlices are avai/ab/!1 to providfl 
. ~implf!~ ir:_p_ut and O!Jiput facilities . 

. • _lntegratlng 1/0 with. memory provlde!!;_ tor minimum. 
- package coimt. -· · • -
___ .¡ . . .. - .• ...__ 
•- 8255 prov1des opt10naii!O strobes. 
'1' '-· . 

• 

.. 
• 

• • 

:.u 

-· 

• • 
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• 

,. 

' 

-

;· 
-• E/lpansion cana/so take placa on Dus port. 

...... 
'}-· . -" 

.. .. u 

"}"" " -· .. • • 
" -

.Jt.-~ 

' Severa/ 8243s may be BPPfJ[IdBd ro /he port 2 4 bit bus. 
Addressing is accomplished v_ia chip sa/ect. 

r Program /in e strobes data.; j 

' _., "' 
\ - '' 

-
.. _ .. 

_, 

-

. 

• 

' ' 

' 

' 

; 

• ~0\ol COST ,, ··~·~$10 .. . 
. .. l 

~ 
'· . .. 

o 
• ' 
• 

:A> ·r , ':.....; 
• v' 1 • . •• • • ::; l ... V:..y . . 

"' •• -· it i L_ 
' .. e . 

' 
" 

" 

. 
o • ' • 

~ • 
·~ V: - ~ • 

IY\ ...... .. .. • 

'// 
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r .. r ro,~, 1: : : \!""".''" -' or' 
~1~,.= 

•• !-W$TEU · 1 ... .. ~ ... . 

• · System provldes: 
3K word Progrsm Memory 
320 word Date Memory 
53 1/0 Unes 
2 Tlmer!Counters 

. 
.li 
M~ . .. ... -l~r-

~P. 

• -- . . 

• 

. 

. 

p 

' . . • • 

' ., - . 

• 

... 
~ 

""""" ........... " ""''"'"" ·~""''-C< 
~ . 

1 
• 

' ' 

. .;; 
" • -l<A> 
• • a ... 

• • 
OP1'10H 11 

~ ' . 

""' • 

""' • 

' "' •• 
~· •.;; 

5:> 
""' • 

. .. 
"' ' .. 
~ • • 

"''GRA-..a<.O 

"'"""''"AC ....... ~ . 
~ 

" 
•• 

" _L 

OPTION o1 

~ i 

""' • 
""' ' 

• OPT!ON 111 - Ports are i.idaressed as dala RAM 
• OPTION #2- .oortJ ;,re <:ddtassed vía output port 

" 

..::' 

• 

' 
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• SPECIA!..' fe1tPH~RALS . . 
~21• 

il2!, 

112>9 

•au 

I'<IOiily "''•r<upl 
US.llll 
~.,o.;..,.w.:liopl•t ..t 
lnt"'"! TI,_ -. 

• Whlla most MCS-80 pariphtJrals are MCS-48 compat
ible, /he unes shown ,¡reJh'a most popular. . - ' . 

• Parlpherats reduce sy.Srem cost by provictlng low 
compOniJnl count and s~C(alizad Interfaces. 

• 
' ' KfYBOAFIOIOISPI..lY !JHEF1f4Cf . 

... 
' •• 

- .. 
' "" ' - • ., . 

' 

'"' 
~ 

•• ···-.. --· g 

~ .. - " 
"' 

~ 
• ....... o 

''""'" ••• 
~" 

P5 ~ ""'""'" 
~· 
b 

• Pro~ides easy interface 10 a 64 key malflx ano two 16 
digit displays. • 

" 

. ' • 
UCl- .. UP .... OIONC ....... O.IT't 

" 

Notes: ' 

f.t 1 . ·¡¡· B ID~ '7 ........ 1 '"' _X 1 '=~ -·· 1 
..... ., .... ,. ... • 

-... ~ 
_ _jr _jr H 

•• <J. u 

~ ••• "" ...... "'"'""""'"""' 

:;> .... :oo- B 
. 

' .. L ' • '"'""' ""'"" ·-' ¡__j . .. ,.,.., .... o ..... 

l~ 
. 

~ ... " •• • 
~ 

' = = ' 

23 
;¿-· V--~ . . 

' ' ·--·-
~' 000 

• 

• Al! modc:i ot ~xpansion ma.v be used simultaneousty. 
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' ! 
' ¡ , 
• ' 
' 

.. ·' 
' 

= 
'" 

•• 
" ' 

-. ,,..-

1 
•• 

1 - ..... 

:f-~-l 
.,.. 1 

, . 
• .... "~ 

" 

-.... . ,.,., -i 
• 
~ 

' . 
· ..... • 

' ~ 4 ... 
M 

• ~ 

---·· ·r~-.,.. .. ' .... "" 
• • 

-~ ..... ,_,,_, ;, ' . ' 

· '!i •r ·f,' '•'t 
1 -~· 

' • Thfl 8035 allows /he userto matchh/s program memory 
roquiroments.oxaclly. ~ 

·¡' ___ _,____. _ _:___~+' ,.:,.' c-7---. ., 
!-..:: :-: 

• r 
,, 
' 

• • 
' OEVELOPMENTSUPPORT 

_ o INTEUEC 0 #loolrtlbiO< 
w o UPP PROM PrÓ(Iiortl ..... 

o PROioiPT U 
o ICE-4e' 
o Uo..-o Ubrory 
o AppiiCAtloft ~ 
• Ttolnlng Coura" 

J· • 

' .. 

., f ·. 
' ~' t- 1 ' . • Develc.pmanl support is as importan/ as components. 

• MCS-48~/rainlng is avai/able and,alfords the best 
opportunity ro learn the family. ~-' 

:· 

' ' ' .t ' . ' 

' 
j' 

' ! 

' ' 
' ., 

" 

' ·~ 
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--

' ·. 
~-· _, " ... 

,_ 
• .. .. 

. .. 
~-.. -- ·-- -----

' . .. , . 

····· 

..... 
· • 8748 EPROM P""!r.....,.... ., ' . . 

• . Ho• Koyboord/Displly 
• Rnl Timo bocutiiiOI 
0 Singlo SltP '· 
• a Brto&k Pt>nu l 

·;·';q.: ,., ; · : • •. E>-..,;,.,Í/Modlfv ~11ftwñll RIQka.u 
.. , . • • TTV·h•l~riKo (« 11~:021 

• IW• le~ t.o.d/Oumfl !TT't'l 
• All 1/0 Poots .;,ilobloiD u';.,, .. .. , 

• Low cost. 
o Self contc.itr&d btinch top en_closure. 

•• 

.. 
-~ .... . 

• 

.. . 

. ' .. 

prompt 48 . . . • 

·-
., . . ,. 

' 

.. 
, .. -- -·· . 

• -· 

. -

·---· ,,, 

. . -. 

-:-q- b·-C ';:~;~~~¿¿~fid•''MitR·O~O-NP·üf'E~ ~ 
_ -----· OEVELOPMENT. 8\'S'n.M FV.TURt;S 

..... -~_,-: . ' .,. ··"· .. • 
• "•••~-:~, "'es-u "'""'Q .o.;,..,b~ 
• U~ ... ...., PROI>I Pf---~ 
• IC!-4o• 
• !lit~ Oroull~~ ~Y''""' 

• • tll~h t~oo~ ~orlpt...r.llo 

"' . 

-. 

• A salf contain•.>L'· mir.1nsnmputer 
oratory. 

o()'V~Iopment 
A •' 

.., 1"' · .•• .. 
lab-

'·-· -~ 

'' ~~les;25 
::zl, 

' 

' 

• " .- ,•' 

. ' 
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largar, ~8-pin package addresses 8 mega bytes of memóry; '"' 
t ......... i_egufarity~of lnstruction sé~ makes,programming ~asy ~-·~ . ' ' 

''' . - ~ ,...,. . 
by MaSIItoshl Shlma. z.q...,. ""-""' C••( ~ . . - .. 

O A .micropr~twoold gain rcady ~~·ptanec if.ii 
oould ~~ immtdiately- ii11o appliQtions of curren¡ 8·"lnd 
16-bh micro¡iroccuors ·a::.d at.thC l:II:C•IÍmc h.ivc an 
advanced.ard.ite<:turc thar wu c•pand&~le to ensure' 
lof,¡ prod~~~;t !ifetimc. Tbe Z1000 rrom Zilow loe:. mcea 
thc first goal oaoily-and does'so with 10 times the 
tllr011ghput of c1Utin¡· micr~. To mcct thc 

. ICCond goal, the Z&OOO hai dcparled from the traditional 
bytc·o.icnttd microproccUor doiign and moved toward 
lhc more rc¡u!ar an:hitetturc of minicomputcn. ' 

With many of thc orchitectural featura nf minio and 
tome pluseS •• -wcu, the Z8000 i1 dc•i1ilecl for ininicom
putcr ao wc\l aS miCroo;mnputo: applicarions. T o begin · 
wilh, it handlcs sevca data typcs, frcm bill 10 word 
ltrinp, and offc,. cighl 5electablc addreuing modos. lis 
81 diuil>ct opci'acion-cod.SMbinc with lile •arious 
d..ata types and.addrcssins moda to.form·a rkh 414-
¡,..truc\Íon sct niOfC powerful cban lbat ol most mini· 
computus. Mou.wcr, tbc 5CI ubibit• a bisJI de¡rcc of 
rc¡uluicy: mon: iban 90% ot !be inslrunions can use 
u y ot fin main addressíng moda with 8-bit byte, 16-bíL 
wonl, and 32-bit 1ong·word data typc:s. • 

Amon1 ÍLs u<:hilectural rcsoutce1uc i largc number 
of on..ehíp·rc~i>•c.-.'-24 16·bi• rcl\iotcn in a\L..:.cbat 
drarnatig,lly rcd~ce thc numbcr of m~inot~ rdcreñocs • 

....:...:,._ nuded·in·proyomming. Si~Le<:n of-thaoc•regl5tcn are 
• • gencri1·purp<)IC. and all ••CCpt oni: can' b< used ·.-, indá 

- regi5tcn witboul rCJiriotions.~ ·• · .,;, ... ;:, ~ 
Also aiming ot-minicomputer.applicllion• ;, tbc 

. ~. Z8000's·lugc diroct-memory-oddre.sing c.pability of S 
mtgaby!u. lnstcad of uo.alin1 itas linear o pace, J>o,...,_ 
cr, lhc ZSOOO organizeo memory in¡o 1 5CI of 128 
5egmen1• of up 10 65,516 bytu eoch. A segme~~ted opace 
il elaocr to the woy \he programmer u..,. mc:mory-each 

, procedure and data opacc, eithcr ioc;ll or ¡1obal, resides 
in iu own scgment. To funher facilicatc use of oll'tb:u 
opact, ~ m:mcry-managemcnt .;hip wLII wo:k with the 
Z8000 in pc:rformi~¡ the d~nami<: rei(IC.Ition ond mem(l
ry prCH-:ction needed in 1 largo •YJLem. 

Twov~ 
' 

• 
' Ex;un•ion io ¡~Jrantud from !be 40-pin to tbe 48·pin 

vertion: the oe¡:menlcd ZKOOO can run any IIOMC:g· 
mc~tcd' oodc in any onc of its 128' scgmenu ~~>ing a 
!oad·pro¡r ~m·•latuo inmucticn. -

FinaUy, tbe ZSOOO bouu ¡.,.o operatin¡ modco. 
IYJU:m and·normal. thL tcc:p opc:ratin¡-syuem lnd 
oppli.:a•iono pro¡rammin¡, ·5C¡>arale, as in computcr 
systcms. Each modc has 1 5Cparatc stack,, and the 
arnngcmen1 iool•tes global fntures like privilqcd 
instruCiions f rom norma! programmin¡. 

An n-channel melal-o•idc· .. miconductot <:hip built 
with scalcd-down dcpletion-load siliron-ga!c technolo¡y, 
thC Z8000 ¡quo:úes about 17,50() transiston into In arca 
of 238 b~'256 mi\s. lto dcnsit~-148 gate~ pc:r ~u.rc 
millimeter-sur~~assu thaL or pre•ious microproccaaors 
(su •bo "Gcncalog~ of thc ZSOOO," p. &l). The chip 
~••• • S-•olt· oupply ond r~iii~ ·a sinale-pbaoc 
4'megahertz (2SI).nanoserond) dOck fOr timing. Af, at 

· llut beCa U><: !he Z800() ffiUi\ "llilfy exioting micro pro· 
ccw>r need•. two >cr>ion• are off e red. Bcside• the 48·pLn D•~••· tho ·~ ,;, teooo • ..,,., "'~"'"';.¡¡ ""'' •• OUIIL •· ,;, ,.;;, 
mcmory-OoCgment..; >CtsÍon wÍ•~ 2l linu Lbat addresOoCs O<'""""' ""~'""'"' IO>d "'""'"gala le<Moiogy Tt>o ~- M>lcfl 
11 megabytes,·a 41).pin chip;, offered with 16 lino; to''•••m• •t>oo•.o>.~on "•""'""'" "''o • 1:l<I·Oy·256-mil at :N3-
address h4 kLiobylc•-thc equiYa!enl of OJIC segmcnt. -,...,..,;,,., . ..,.u••••••.l.h.,odon~ty~la~ouL ,.8g¡¡Ltsirnm•. 

" 
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lcut three dock eyCio=; ID the ceni;..l p~Jh'!!nit Ir• . C01,,.., "'"' 

_.requircd for 011e memory cycle, tbe zaooo ~mema- · ";;;;;::-;;;:=:;;:;;;;;;;;;;;:;;;;;;;;:;;;;;;;;;;::;;-; 
· ry de--iecs"with a eycle time o/750 JU and iñ ._time l.'rel t.n. Si<l"" !&-bOl reg•torurur;anladiniO/olgllancllow 

oi4J0 111. 
7 

- CJIM (AH ond IIL). 32-l>lt Klng-..o<<la IRA). ond 6<1-011 """'""-
Aoohown in Fi¡. 1. the Z8000 has in addition to ita (RCl). ,._,. -- lnck>lllng tJio progo-0111 couot.-. """'.., 11'111 

addreu a !Id data buses and dock. and; ~l'fUpply ~ -~- 1wo moo-o paonotG lho ~00"..,._.,.,.. ._ 
iapull oía typeo of control busco: biu;tim::t:"ir , 1111111, 
aoti-rute. inLerrupt, bUJ, and multlplc·\ÍI·. r'iiécssor 
control. Thc thr.:e bu<-rimins CO!Itrol outpull rdinatc 
!he doLa ftow o•cr tbc 'bip'o oddreu/dau:lina. An 
addrw rtrobe sia111.lr thlt addrcaes ar,-·v~. ~lld 1 

dal-l otrobe times the ..,.;ndow for Yllid dní:io alld out of 
lile CI'\J. Thc mcmory•r"'lucatlille irr a timinj ii¡na! th&t 
au:a interfacin¡ todynamic ritcmary. · 

CPU o .... • 
, • 

. ' . 
Tbo tte.u bul pr<ll'ldca infonnaúo.tt. on ti>Í: CPV"••IItUJ. 

A radlwr rtc 1 rne trvtl carly rtat11.1 of tbri" foitbcqnins 
c:yclc, wbUe 1 nounallsystem line indicatCI w~b Q{ tbe 
rwo modc:& thc CI'\J is in for thc atrn:rrt cyd~ A 
wwdlbytc Jinc indiu!CI whctber tbe Cl'll ;,. aOÍ;cqizr¡ 16 
bill ofdata ora bits. The four •lltll.l--controllille~ forma 
4-bit word that indi'"tcs ~e•eral bw llllusCI, 'Jncludinl 
ZKtnO'ry·requell, 1\ack, filll· and subsequcnt·word 
lnstructioñ fetch, inturupt acknowled¡mC!Iul internal 
operatlon,and oLhcn. - ', ' 

time tbc ftnt word of an irutrucuon is fctcbcd. 
A pair of Jines ¡overn~ ¡he control of 1lllhc Z8000'1 

bueo. Drivin& the buHcquest input low iosttuets tlt.e 
cru 10 pul al! its addrcatdata, bus-timin¡, alld Jta\111-
caatrol liiiCI ioto a hiah-impcdance •tate so tbat ocher 
dc.-i"" car. use tbcm. Thc CI'\J <i¡111la it hu relinqui,;hcd 
Cllfttrol ,..¡¡¡,ita bus-acknow!cd¡e output. 

AIIO!her pair of lineo is IISCd ..,.ith ccrtaio instntetioGI 
to ooordilllte multiplc-mic:ropi'OIZIIOI" I)'Sieml. Tl:te 
multi-micro out puL Jine iuua a rcqiOCII, while tbe inpat 
liM rccosni= outsidc rcquesto. Thuo any cPU in 1 
multiple-mi,ropi'O<:euor •yncm eorn, for cx.mplc, 
••dude all other uyM:hroiiOUJ CPUI fi'INII beiDj: able 10 
IOOCIII critiCI.] rUOIII"QI. 

Finally, tbere are three inLerrupt inpuli and, in !he 
qmcrucd oenion ofthc Z8000, a trap input.lntcnupts 
are uynchi'OIIOUI eoenll mg¡ercd typieally by peripbcr. 
aJo ncedinathe CI'O"I antntion, and traps a,.., synchra
nous c-.cnu r .. uhin& from thc nc¡;u¡ion of •peciJic 
inouv,ctioru that nccur cach time tbc imtrllCiion Ir 

• cxecutcd with 1hc ume 1et of dala. The two &lll balldleot 
The nc•t of tho control bu1e1 .,..; tbice CPU•IIatc 

.li:rpull. The rem line initializu the C!'IJ.•A Fait'línc 
ol¡nab !he c,u thll data m.n.d'er is no\ rcidy. Thc nop 
linc h.olto intcrn•l CPU operation (ahbou¡¡h 'dynamk. 
mcmory io llill rcfrcshcd). Thc CPU '"" be Jtoppccl ca_ch. 

-. . - .. , ' 
.. ~ , .. .. -'l \:(J 

in aoimil&r f11bion by tbe Z8000. _, 
The Z8000 is 1 regitLer-orientcd machine. placia¡ 

little COII$\nint on the uoe o! iu 16 a•ncn.l-purpo.e 
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t:~. :=:, ~·~· =~-~-~~~-··' 
t. Arclllleclui.. li>e Z8000 """"" llw~l w~O a look--_d """UCI""' _, ...0 •c;c-&\or 01'1 ,, • ., ....... bur.. T ..... In ... ~,. 
lho ~~~ ot lhe U>$\oochon .. ,_ an ""''ru<'""' KhJal)' \>Oog<tlt. """'"'""'- ~ .,..,¡.;...,g ,,.. """uc\lon rogiOt.,, 

" ' ' . . . . 
n:¡iste... lnd~cd, wi1h but une eoccpLion · (thc st.ack ÍllllnM:tiona un manipula1c tbc st.ack pointcr, IÜ« it'~ • 
pointcr). no reg•sLcrs are c•cr implied in an instNCtion · in thc ~ncral-purpc~~C rcgiller group. • 
~ n<ln<: "hatc.or ha. e •pecial rulrictionl. Bottlcacck.s ' • Thet~ n~nnin¡ modes of1hc Z8000 each hu: 1 top. 
f011nd in early microproo;essor daigns, likc dedio:atcd o( thc ltt.ek pointu-onc for thc &ystcm mO<!c anJ 
accumuluou. Me thw a•<>idcd, 50 lhat pio¡n.mming is ar>Othcr fOI' thc 1111rmal mode -u impli«l try thc prin d 
d!icicnt and >traightferwud. All 16 of the 16-bitrcgi•- rc¡ÍltCI'I R., ''and Rn' in Fig. 2. Altbough thc ;~.:U~;. 
ten (R.-R.,) can be: uscd u accumulators. AJL uccpt Ro scparatcd, tho normai oLack registcn: ca.a be: ••=•d ''' 
can he uscd u indn· registcr1, baoe rc¡iltm, and u • thc 1)'$\Crll modc b~ u.: na thc load..::ontrol-wonl instrw: · 
li:!Cmory pointcrs for indirect addrcuin¡. tion. Havin¡ two oeu of i\ack pointcrs faa1:atca taO'· 

.... Lb'-' • . hl _ _. rll •wltchin¡ wbcn intcrru~l> or tr&pl OI:Cilr. Thc norm"! 
,. rilO ter are 1.-.;•U 5tack ¡, alwl)" kcpt dear of s)'ltem lnrormation. •incc 

Ao shown in F1g 1, tha h•ibility of ,he rc¡¡OOLer> i• the inh·mation oavcd an thc oa::urrcncc of <nterrwptr ~
all'ordod by" uniquc arrugcmcnt of ovcrlap• and pairs. · trap$ is alwayl pushcd on thc aystcm sai:k Dcfore thc 
Tbc 16 8-b!\ rcgiotcu (RHo·RH, and RI.,-Rl,), all of ncwpro111m llatuolaloadod. ' 
which may be uscd as accumulaton. are o•crlapped witb In acidilion to tbc ¡cncral-purpoK re¡islCfl, thcrc ar: 
thc Ant eight 16-bit rcgisters (RrR, ). Thc cight 32-bit tbc. pro¡ram•otatu• resisten, whicb contain thc !lag> . 

. loot¡-word rcgi•tcrs (RR0-RR,,) ar~ rc¡i¡tcr pain, and control biu. and proa.nm oounlcr. In the 40-pin no,,. 
thc four 64-bit quad-word r~¡i¡tor< (RQ1-RQ,). whi<:h se¡mentcd .-enion of tl!c 28000, tbc pro¡ram stat~• ¡, 
uc uscd by a few instructions such u multiply, ~ividc, beld in two 16-bit rc¡istcrs: thc fint is,the Ra¡ ¡, .. ¡ 
aad utcnd sign, are regís ter quao:lruplcs. oontrol word, thc sccond is thc progn.m C<luntcr. ln ·.;e 

In thc nonscgmcntcd ··ersion of tbe chip. the Jau ~¡mentcd •mion, pmgram •~t..s is a fwU f011r word>' 
16-bit gcncra\·purpose rcsimt, R.,, J. thc •tack pointer. thcllas 1nd C<lntrol wonl, 1 two--word program coun\c:, 
In thc oc:gment«< •cuion, tbe last I"'O rcsiJtcrs, 11.,. 2d all<! • ward racrvcd for future use. · • 
Ru (or long-word rcgister RR,.). are necdod 10 hC:d thc, Another rqistcr holda thc pointcr for tbc ncw· 
stad pointcr. with Ru storind the oegment numbc:r while ~ro¡ram-•tat.a area. lt comprioocl_ t•o won!s in 1 h• 
R., con taina thc offset. The only instructionothat u•c thc · Jc¡mcM«< '""ion and one word Ln thc nonJcgmemro 
atack polnter cxclmi•ely are call. catl relati•e, rcturn, •er•ion. Lutly. 1 rcfrcsh rcgister containa a 9-bit COt 
...0 rctum from in<crrupt; Lho push and pop instructions ter for automatic rcfresh of dyn.amic mcmori ... 
Clln use any registcr ~• a 1\ack pointer. Huwcvor. atl Thc Z8000 •••~ul .. in•truction> by stcpping thro .. -:;7• . . . 

-- -.. 
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' 
.C. IMttuclkln "':""""· ligl¡t '"'""'' (o) """'onty one~t>(w<><<llo 
~...,.10<1 qulckly, """ .. ,.. momn.-y. Guf\Ofal IOm'lll f1 b 
byiA -dO, <>< ~Di\¡¡ w<><CIO. 0p.c.IMio1No o®ress.r.e· h 
~---·~•bil!oi.di"""""'""'-'"'~- ; , . ' . . 

• • • 
1 &Ct of Eh~ following ba•ic nucbne cyclcs; ftl$~ read 
or WJÍtc, inp~lloutJIII!-dc~ice read or writ~ 1~ _i'1errial 
data CUW!i<m. Since thc memory cydc uses tbr"f cloo;k 
cyclco Lo fetch thc ÍMiruction or data from ~r) 01 "to 
writc dilll into mcmory, e.~ch macbine cydc u.o·-·, 
miflimum of ihr .. dock cydes, tboo¡.¡b roi cdrnpJc• 
GpCntiO<I> it can cUend tn a• m.any ucight. • : -

Tt.m.llerollimlng , • 
' . ' - . 

ldcally, for <>p~imum throughput, all insa~ tinic 
C.CUid be mcmcry-c;·ding time: ~.o dock o;:yclh ihould 
IICI WU!ed on othcr phlse> of thc iutruction eydt. Sím•· 
IJ.tiolu: of 1 •idc nricl} of benchmark pro;r•ms h•e 
¡llown tMt, en the aver•ge, thc :!l"ecti~ ::;lC.'!':Ory cyo;lc 
time (also callo<l the bu•-uhliution ume or bus cl'l'\cicn
cy) 11! thc 28000 i• 80% to S~% of the instn~«tion time 
alld up lo 90'1 i! jump instructions are excluacd. Thli 
lllllcicncy is a lignifican\ imprcvement cver thc ó5'l !O 

70S o!thc S-bit zac mioropr<>eessot. ~- . 
One ruwn fot the high dl'ic'.cr.~y !Jl thc Z1gOtl Í5 il:o 

lao:!ll:·dtead inmuCtioit dccoder and ae<:elerawr, ·ob4"'n lil 
tbe architectui'al block dtagnm of Fig. 3. Since tht 
loD.k-ahud " ticd lo thc inte,nal blU, and IÍn<:e th• 
IDICntction Le\ ;, very regular, an iMtntction can •<:~uall~ 
bc&la e~ecuüoo _.,.hile it ;. nill bc:ina storCd In tlle 
~tion reaiitcr. Tht look-ahead makeo for.• •iaaifi. 
U!ll improvemcnt in thrna;;!.;->~t, for cam~l:, in tt.< 
U o! <!irect ar.d indnd mem:>ry addr=in¡; (:he mo.: 
kllt~~ently u~ addreuing modes after rc¡if.ter addr.,.), 
IR¡,irbich thc 28000 doc. no: rcquir: any addition:.l clod 
<ritJ1A lo d<:COdc thc tnsltucti~n ir. ;:!ecidint wh.:;tter itl.l 
~ ot Ion¡ olf¡e¡. The 1oad-regi$ter·to-rc¡isU) innruc-

, - '· 
•• 

l. "- _.._ fl>o ~ogr0111-$11IV> "'"" po\11'0' $ 1"0 

""'O. long; IN 7 ""'"lllllgo:dc.lnl Cllo ;.., •'>o oecon~ _., opoc:tl)o '"" 

t>ogWW>; ot.., - n "-Y ~om wM<:t> tOo ,..,. ¡¡mg"'"' 110~~ 
10-n ._,o II~WNp~~lf'<llro¡>o. 
ticn h.u tocen Ol)limizcd to f<4Uirc onl) 1hc th<ee eh~ 
cycla ofill mcmory ao;as.ln most instructions, in fact. 
tbc cl&._·rnanipulatíon liP>C ÍJ f~li) OYerlappcd. .,.itb tite · _. 
fct~;hi!IJ oltbc tint wonl of t~c ncu ÍMtruclion. 

•. Throu¡bllut tbc dai¡n of thc ZSOOO. mctic:~~lou• 
attct!IÍOII wu l"'id 10 accelcrating a~.G opumizir.g '""'~ 
inAructÍOII in ptoportion 10 ill St31istical imponaoce. 
Sorne iMtnortion• 8nd data rcfcrcnccs are aligncd in 3 
single ""ord 10 •pccd •~ecutioo, simpli!y logtc, ~nd ge: a 
lu¡:r range .,.hcn thc rdctivc addressing modc is uscd, 

To fuÍ'Ihcr in<:.rc.>sc e.<ecution spu.i, as .,..¡¡ as to 
reduce: IIIQnOI"f IISI¡c, thc mou !rcqucmly uscd ÍIUitrUc· 
t\ons in thc ZIOOO havcl>u<f codcd u onc ... otd. Amn~a 
thue '" jump rei.atiot&, dccrentent and jump on ll<>O• 
zero, load immcdiatc byte, load immcdiate ... ord, and 
c:all rclati'/1:. MorCQ•cr, thc sophisticatcd, intcrruptiblc, 
preproJI•mmcd block and <tring inuructian$ can 
uca~tc m<mOry-lo-mcll\lllf data maniptllations as fut / 
as ~88,000 bytes pcr ....cond. 

Extra inallucllaola 

A numbcr o/ power!'ul inmuctinn• nol found on 
prcl'iow mic:reproc=oon wcrc added ta tnc Z&ooo 
rc¡:er\olre. Th~ ~re !hase tht hndlc thc nc .. d.ttM 
tyr-.a-ir.olfUC:tlcJ,rlikc multiply and dwide that manip
ullle ll·bÍt lonJ•WOrdJ-a~d othcr instructiono that 
lood alld ~~~"'m u/tiple word•. And thcrc are i~uruct;o~s 
tluot Ulw-o;muot •nd ~~remcnt" the c.:.ntems of any regio
ter or memory !ootion b) an¡ number from 1 to 16. 
fiiUity, multiplc ~ddrcuing moda fo.- the fiU>II. pop, 
load, ¡,1:! mrc inmuct;ons cnha~Co! perform.oncc. 

An impgiU.nt l"'rl o[ micro~r<'CC;SS<Ir d=W¡n Í5 lile 
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L • , , w--~ --oppMI -.. ,~c:n;¡ 7~.;,;.;.,.:~::~.:,;,::;,;:;:,~~;;;,~~;· ~;;":m:.;,;.;,;,;,,.:;,;,;:;,,.::,~ .. ~-! 
- (32 bol>)- <op...,104 In o r....,.w <#"' ._¡{¿J. ~ • .., toll'"" <>.oC lile........,.., <lliOc&ID\ !ton\ logk:ol to phJtocal- t1J 
- -· 0t1 --<Al\ 1>t o 11ro!¡1o .....xd {b) oro"""" Wdltlg IN ti-bol -..U !O o 2<-1111-- <! 
-.:1 ~~ ~ ot ~ '""""' tl'lo lor&l 256 IOC&o""" al o üll"**l- OOIIIIncll _...,.. t.., Z·UUUI '*-.. 12& ...,,,.oto. 
.;~ ¡nc:mory ~tibe bc'innin1 of ••1mcnt O. : 

Facilitatina tkc scparation of opcratinl·l)'itcm pro
arammin¡ from applications p.ro1rarnmin¡ uc the 
t)'llcm and r>Ormal opcrating modos of thc Z8000. Tkc 
dUtinetion is madc by privilegcd inmuctions, volt1ch can 
llllly be cr.co;¡¡tcd in tlu: l)'llcm mode aMI are trappecli 
wbc::l encountacd in tt.. instl'liCtion llow of IIOfTIIal
mode opcration. Tbou in11n~tion1 include all 
inpttloutput inilruction•, halt, enablcldiublc intcrrupt. 
looad wntrol word. 1\0rc control WOI"d.load ncw pro¡ram 
111.1111, rcturn from iMcrrupt, and all multiplc-mlcropro-' 
-lnatr~ctlon•. 

Hl¡h-lncllan¡¡ua¡ca. l<lphisti..a tod opc,...¡¡~ aystcms, 

.wit.bin thc fim 2S6 Locatioal of a oe¡mcnt. niat rcprc-
1Cntati011 permito vcry dense: cncodilll of addraocs and i• 
a;~~~vcnicnt not onl)' for indexe<~ oddrcuin¡, but for di~ 
addressin& whclllllon d.lta se¡mc11t1 '" Y$ed or "'IM:n 
s•brou.tina ltart llthc bqia¡¡in¡ oi a sc¡mau. 

·~chfp 

' 

larp pro¡,...ms and dato blu,. and 4ocrcuin¡¡ mciiiOf)' . , 
p¡ll:ea •~ all a«clcratina thc trcnd toward: -lar¡u 
I11CIIIOI'y 5pacc in mi<:ro::omputer 1ystems. B11t tval wbc11 

Thooc: addrweS ~nipvlav:d by tbc pra¡n.mmer, 
usccl by tbe inmucuons, ond appcarin¡at the output <1f 
thc Z8COO are called lotiicallddrcua. Troruforml1111he 
lo¡icaloddra&Cl, whi<:h comprise the ICJII'IUI and oll'sco 
e~~~~atenuioo., inoo o 24-bit pllysicll addtesl ilt~c job or 
thc Z-MMU memor¡-manqement unlt (HO "'1llc 
Z8000 family," p. 81) . 

That uaruformation of lo¡ical addrcu into 1 pb)'li.:al 
ad.:lr~ eal!od reloce.tion, i> pcrfonned by tbit c:bip as 
sbown i~ Fi¡. 7. A 24--bit ori¡ia or baH i1 lo¡ic:ally 
usoo:iated with u~k Hlmcnt. To form the 24-bit pb)'li

. cal addrcu, thc Z·MMU add.i t.bc 16-bit oii"Ht to \be 
baoe for tkc IÍ""n H¡mcnt. {la opcratioD. tkc Z8000 
sendl Clll the K¡mcnt number half a cloc:k pcriod ahcad 
of the 16-bit offKt addrcu to oompcnsatc for the time 
thti unit nce<l• to do this.) Tbw the Z8000 Cf.n dir«tly 
addrcu kalf of 1 16-me¡abytc ph)'lical mcmary ape.cc. 

' l!r' ,, 
. ' ' . 

it la available-, questions are niloOII: bow a it be;\ 
. ICCPI'ed b)' a programmcr? and what mcmory-mana¡c-

1. ment mechanism b.r:o\ allows tRc •yotcm tu m.llll&l ill 

1 

IPiftlllr)' on tkc u .. r's beltalf? In anowcr, the Z8000 
propoau 1 u¡mcntod ad4rcs.irt¡IChMit. 

Thc Himen\ numbcf is a~ 11nsi¡ncd 7-bit intc¡a 
,
1
. 1 raqina from O hl 127; tt.. otrxt ;.; an unJi¡nod !6-bit 

intc¡Cl ruiÍIII from Oto 6~,)35. 1 
When rcprcaentcd in a rc¡uter, ase¡mcntcd 'rldrc:<.~ it 

alW&)'II re¡istcr p.air or long word (Fil. 6a). Thc two; 
worG:a may ~ m&Aipulatcd "'paralcly or togcthcr b)o any 
ol thc W<lrd and lon¡-word re¡i1tcr opcratiOI"II. AU 
scsmcntcd addrc:sses uilt in mcmory u a lons wor-d. 

, A Hamcn\cd addru¡ in an instr-..ction. howner. bs 
' !-dillc<ent forms: cither -..;:~a lonli olf•ct {fi&· !'.:),in 

"'hieb thc addr .. , oe<:llpics two words, '" with a 'hort 
otrsct thJt is onc W<lrd. The •btlrt offut, "'hich, u shown 
in Fi¡. bb, implics th11 thc me<l sig~o~c;~ r.l ll biu of tlu: 
oll"sct are al\ uro, can ~ uscd whencver the addrcn it 

In additiwr. to rt:l!?f~lion. the Z·MMU pr~1 
xpcnt mona~IJ'cnt•tnd protcction from un¡jpiRd 
writ=·c~. E.l(h tuc~ unit olores 64 oe¡mcnt cntñca tbu 
wnsiu nf tb~ segmfnt biH tddrcn tnd it.< ttlribu.tc~ 
slzc. ud sr..tlü. Sesments can val")' In lizc from 2!6 
bytes to 64 kilob)lc& in incrcmcnu of256 b)otrs. 

U•ing a p;~ir ..t tl1c..: unit.< w1th the Z8000 accommo
oiatc• •11 of tbc 128 .. gmcnt numbcr>. Mol"llOW:r • .evcral 
Z-MMUs can be u'<Cd toi!ctbcr to •ccommodatc severa] 
tron•l•tion tabl ... althcu¡h only a •in¡lc pair may be 
cnablod lltny o11e time. O 

' 
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increased ciz¡)abilitieS, · , 
iu-chitectural compatibility,' and 
Clearly defined inter{ac'eS wére 
the chief architectural goal's of 
Zilog's new Z8000 tñicToprocessor 
family. Hen is an account 
of how those koals were met 
for two members of that /amily
the Z8000 CPU and the MMU. 

T!... ~ ;~ly;, a uw "t o1 'miaopro..at,. o..i ¡pp.óacb- ii~ ~ ~ oysi..n an:hlt.tctuN 
c.unponent.. !CPU, CI'U oupport chip o, paipbonlo. whichatu.mpt.'l tap.ov¡.ieneW-Com¡)oaenu., tllh&ne-
ud nwnorl.osl "'hich aupporta thto Z8000 r.r<:bit..c- od fMt.no, a<><l ,... l'unetlmll~ wbil1 ~ tl>e 

f tuno. The aci:ount of how an:bitecl.unl goalo ....,; . uar'o in~atmOnt in- Utdwu. a!ld Jooltw..-.. Tha 
8elect.ed. ond ""h••vcd for two kfly ,..,.¡,. .. o1 tbi1 , Z800(l fomily 1111pport.i iliD¡Ie Un.lfled uchl-tW"e 
family~t.he UOOO CPU ond the mell>Ory man~~g• for all omall, med.ium: &nd hlgiHI\duoerl¡iplic.uionl 
aitnt unit~Wuo\J"Bi.M how • much of 1 ehtoU..nga' wh1ch aro iln~Dt.i Uoini ,¡ lllia of CO!DpOI>mU. 
mitroPr<><'.eoóo:r an:hiteeture ropro .. nu to tho .. mi. .;,.,.Nn th• Ame l.liñilY. . _ . 
Conductor h>dU•try. MOS l.<lehnolf>lD' P,uwo onor· Tru. goal• of tho Z8000 an:hltectlln' can b.¡roupod 
iiwuo poUtnt.io..l; bu~!\ io otül dill!cult to UN bo<.au.., into thn>e cátej¡oriU: inaoaoeciC.P'ObilltMI. arehlta
oflimltationll on pin count, ¡iowor dinl¡~~~tloJi, tp.eecl, turo.J corni"'tibillty over 1 Mde nnp ol procouin¡' 
and complu.ity.' , poWui: &Ud iilcreU:iod cli:rity'. In all t.heM C.No tl>e 

S!Dt:e tbü d.iecuooion is •••trkt.i to technicol. 1'98ult.irili architectuial f011tw"eo opply eithR to t.he 
1Nu011, .,. will not 1l!ude r.o tbe ....,)' &dditior~~~l t.C' • baok Ucl.itoicture (tb.n - by u 1ppllat.lou pro
to,. (l!lll'kflling conoidoudono, bumm CODolder.. ¡rainiD.rl or t.D oy.t.am arcbltectul"' (th.~ ..... by _1 
tiono. ..,¡¡.¡~ restrictiM-1, et.c.) wRich mab ar- -IIJ'•I.em dMiper or ui Op.ratúlt Í)'ltam ~ 
cltit...:lunt oucl.alooeito~tln¡¡ and dlf&ultdhdplhoe. -~ · · 
Furt.Mrznor .. no atterript hu bHn nwlt to U· 

...:;¡.,. ..,.. , haU.t.ively d...mt:. U...Z8000 ardUtect.ure a.d """" 
• <".:...... ponnu .. J;..tlrL'l~ read.ro o~odd <oMulf tb~ 
; '--~ ':. o¡,..d.fu: .. ..,.,,t. for •.,.,.., comple!<l duuiption.U 

·-.::... . -- ·- -
Ii.uo Md0.~0...' AU U.lotlllj' 8-blnnia& 

pi .. ~ ud ;.;-.-.,.- 16-bit tnll'licompii.~·INf,. 
trom lo.a~ • .....U iddr..i opaca. So. cm1 ol OW' 
¡o&awu toptOYido _. to alup odib'- opac-
18V loytal. A ~ goo..l •u to pnMdol _., r. 
1011\'CW i:l - of recismt U6 ~ 
1 &-bit ~. in - of ,;.u, typetlhom bite to 
32 bital, &lid i:l !sm.J of oddi~ ~·- . 
pared to ui.W.. ~ (t;>U!dpi)' Uld 
divido!, "'ult.ipl. regi•ter aavi111 lt .. trud.!Olll, 
&p+"i•l'tAd ~ IOf'compilu oupport...,_~ 

iofocilitc»e=m;olu applia!tloaoil. •uill>portut 

• 

" 

. -. ~ .. 
-TM fiO'.IS ol 11'111 Z8000 !rchlltetafll: 
tnc:rn~.Sd ca~bltltlu. lff:l'l!lttl~onl 

- compallbUily,lneroa$8dt!Mity . . . ' n.. primaty ,.,...,., for int:'Oducina: 1 _. oyotem 
arcbiU.CtUN;. to oo.gnific111Uy imprcve \he eon!.rOI 

- and proo:e .. in,g copo.bilili.., of miel oproceuor~ ,.hile 
mo..lnt&Wng thcit pri..,rporloun.,.ct odvant.oop. 
T..:ht.ic&lodviiiC<oS havo perm!tl.ed tU lm~l.a· 
tion of oub..l..!ntillly brn•oed pt"""otor powft, b.!t 
t.h~ moot oignif!CIOnt 11>0tlvoti~n foro now eomponeat 

-lo.inlly io go>>ero.iity. Only 1.h:o~~h ludo u fam.i.ly 
cov.td w~ providu lo: ..rdolt.o<tuuiliy CQmp•tiblo 
¡rrowü' over a ,.,;J~ '""S' of pto.caoolng power re
quinoment.o. 

• 

t<> ouwort- !'>U!~ Mtb ll""i banlw ... 
•upport. of tito!t .-ltdún¡r, iatem~pto, U'opo, ud two 
u""""tion l'I>Od8:!. Opc&ting oyttema aloa rtoqlliJwd. a 
¡¡ood hMi],.ue protectlon oysttn>. 

Fint.lly, -. '"...t..d to i"""'"'oe over..U oy nem pero 
forTn!U>ce. Thio ..,oulted ia the cholceof an implomea
t.>.tio!l uoin¡¡: a 16-l>it.-wid.o do.ta p.otb to me.....,. • 

COMPIJTEA 
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' . f...,. 1. CPIJ ,.gloton (o-c¡....,tO<I ... alon). 
• J" .... 

'• 
~Ion ond !nottuetlona whleb direclly apply t.o i~. Naw 
dot.o typa...,. olwoya W oimul&t..:l in t•..,.. of b1.0io 
d. t. typo., but hudwa"' oupport pravidelo fasterand 
m<>lfl conv...Uont operati<mo. At tM oame time, 1 pro
lifer~tion of fuUy IUpported d.au typea eomplicatn 
the archit.octure lUid t.he lmple~Mnl.at.ions. 

Tbo Z8000 oupport.o ......,..,.¡ primitive tn- in tho 
archlr..eture oond provid.,. ezpanalon mechaDlom.o. 
The buJe dal.l typeo a:ra obviouoly theon01 upected 
to b. uoecl. mon froquently. The utended dau typeo 
ve bullt ual,.. ul1tlna data tYPN o.nd nlalllpll)at..:l 
~•lna a:r.lotina Jnotr\lctiona. , 

The baoic data type ls the byte, which 11 abo tbe 
buic adotr.uoblt alemant. AU other dato. typeo ace 

·refofflnood uoing thelr firot byte addreoo and thalr 
l~ngth in byteo. The ~~rohiteeture aloo oupporto tha 

· foUowinr data typo•: byta (8 bite], wnrdo 116 hito), 
· l~ng wordo(32 hito), byt<lo, and wnrd otringa.ln addi· 
tion, hito are fully. oupponod and addrueed by 

, number withln a byte or word. BCD digi~'"'"' JUp
port.ed and r••pro•enl.t>d oa two 1-b!l d>g,UI 111 1 byte. 
On~ wn.equenoo ,¡ thi• data typ" o,rgani<ation ia 
tii.IL byte, word, ~nd lon¡¡·wotd regi•tero'"'"' need..d 
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.. 
toaupport them. The zaooo ........ providM'quadrupl. 

. regbtor-&DOÜulr utenoinn-uMd In loJirword 
manipulat.lou. 

Otherdate typeo are rupported by llling one ol tM 
prec:eding data types; lar e:umple. acldrases a... 
manipulated .. long wordo, and each element (Mg· 
ment numberor offMtl can be manipulated •• a byte 
or a w<>rd.. l...tzuctiona ..-. ona to fiv•'lftlrd ltlillal, 
the Pf'DII'&m atatll.l io fow- worda, .ec. • 

Aa the funlly gtOWI, ltlppO<'t for ,_ dJotl. t:rpo1 
wiU bt addoad. 'lb uchit.ecture will need to wpport 
them in ita regiotuo or in mMIOr}' if they do 110t fit ID 
regiotero (u otring:o are lmplaJIIented tod.oy). But 
l>'lOOt import.ont, the arohitecwno will havo to oupport 
the addition olnaw inotructioDI to ita .-.pertoinl. 

JDMnootl0111. In d~g In instructJon 1-.ot 
the an:hit.ect mn•t deeica bow to allocate alimltMI 
numberofbit.o to theopcodtfMid.add.reM~flald. 
aod ochar open.nd oubí,.,Lds. . lnat.ru<:Uoa ~~~ 
tt.otioU<> are the b<•t 0011""' ol doota to !nn....,.. decl
oilln• about inotruc tioa oet formal.'· o.' BabiDd thoór 
usage Uu a otrong tFhnic•' pooition: .,. do ncK 

• • 

' 
" 
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' - ' . . .!!':!c'::!'l:!::o:i'!=!!'r:::::;::''!"=l "- ÑldniiÚll ........ ,.. zsooo has ei¡¡ht .odreu-L ~ 1 ~ biC .Dodu: .. ,;.~r tRI. i...W.Cr .q;..u.uRI.-<Wwr 

• ad41wu (DA~ Whud lXI. Lm..,.didu (Uol~ bcr.H lid· 
OI'COOf dnulBAI, bao indond (BXI. ud Nlari.,..,.u¡,.,. .,. ·~~~~~~~~o~ó~oªOªó ~-~·~·:.·~~~~~~~:·:il (RAJ. Sevor.il oAAu addnuia¡ ...00.. ar. implied by AID Ulll. . Cl • . - - TWO · ~ iftluuctÍOIIIIUdo u autciüu "' 01 11110-

. ---- -1- clecnmM~. ' 
___ ,._.__,_., ~_j AlO>nugh .i vory larp m1n1ber ol addr.,.,..n¡rmod"" 

~o• 
.111 ct:.RA!I-111 d! ,CC.- !?' .- ~~~ 

ia beneficia!, 1111q1 ol.ol!.il&ics demonouate t.hat 1104. .U 
combinotlon1 of operando, addrtn mod01, ond 
o¡>erlt.<lrl '-"* m..nin¡ful•.Thi n.,. buic addrn•lna: 
inodtsol R. 1 R. DA. X, and 1M aro U.. moot fnQuel\t• 
~ uNCI and 1ppl)' t.o mo1t lllltn.Letions wit.b more 
th.on' o,.. Mldr"*" ~ p,. two-operand lnotnle-

. . ~ -
Flgln Z. bunp'-• of ln•ll,..llon 1...,..11 (noroM¡¡"*'Md ... ,.¡,¡. 

• 

, tlono, •ta~ ohow U..t moH ol th.o tima tM 
... dut.inltiClll la ........... ou..r tuell ot ul<lruaing 

"ohort'" Í115lructian lar 
m. 

lar speed, ._.. 

moda comblllallonl aDd l8u buii lddi'HIIh\a"I!>OCIN 
ore usoci&ted Mth lpKi&l ÍDSti'IICt.iQM. Thuo, tbe 

c~Müutloa Opv111>d wlt.b 1M 6v1 bQic ..u!nlo 
mocl.&forW t<JUJWOptnllldQopt'CJV.idecl by the PUSII 
U..t.nletlon. Tbe combiD&tíoa ot •~ot ad
~ JJIOC'In for both ..owa aDd ~ 
opcando lo ...,. of tM bloc:lr. '""'"" jnatnlcüou. 111 
1 1 ·ee,th.o•ddrulmodefieldopo.cebubemtnded 
fCit opo:c>de fo.ald ~ This allowo more inotruct.icno 
and eombinatlonll whlle 1~ within 1 ........ ord -... 

TIM price for tblo tradooff ia the infrequent c.:cur
tenoo of pt.ln. or triplH of lnsttiiCtíoJU oimulo.!.ing 1 
tnluln¡ oddte,.ia¡ modo. Thl1 aitlUOtioa occur• Íll 
m1111t inlttiiCÚOn letlln any CIIH- .. ,. 

lnsttwiÍ<>n /<>l""lflal OaJllld.ratioiL The Z800G hoo 
aver 1111 diotiDC"t iaotructiaa t¡rpea; ..... .-al iaatn:u:· CO<h41111t)'. Bect.~~t~~ eumoat~ are 
tio:m fannataart WU.tnled in~ 2. Tbe opeode ""'tricted ti> pri!Ntivt pi~ ~ thllr 
field lplcifios 1.1.. typo of iMtnM:tlaa (far uample, epeoedbluplydlpladentonthe~ofeucu.ud 
ADD oad LO~ Thlo mode foeld Ílld.Íciteol.be addros• inotniCI.Iaa I'I'OI"do. 'l"btnfon, codedsn&itybi>Ot oflly 

. iqmodeo (lar uamplo, fte¡iaw !RI. Direct Addreso lm¡>OrUpt '-o11111 af PRIIflmalu reduel.ion butÑO 
IDA!. Tbe d..ta eltmult typo (W/BI aad reg;.tlr t...:ouMofopoolldimJII"O"ll"*'LOn•wouidliketl>.,.. 
desipator fielc!. comploto tilo buic: instnu:tioa ccid. in tho omollm DLIII>be.-of bits the m1111t freq.-t 
fieldo. t......;:~ laiU"I.Ietiaao uN o dlff""""t opcDdi in.otnu:tia111. Tho bulc innruaiaa oise iJicnma>t 

·- .,a]u, ¡,..,.., theú"byuor wardc:ouatorp.rt. Fr-.queat •u thoMn ti> bo 1 wonl for ,......, ... dKIIna orith 
- ins"""tiano ""''"""oded In Oai"'llword,and te .. t.. otipl,..nt.. opood ponoltlooo; and lw-dwaio-Camplul-
• queM in"'r"ctinno wb!cb uoe ·mare thioa' tWO- ty. Thuo thco m- froqi.o~~nt añe-and tW~iolld ¡,.. 

aperando UM twu wardo. Then·ore nften o.dditionol 11-NtlioM t.oko OM word in tholi n.g,sw or Ngiltef'
field.e for opociol olemento ouch ulrrimediate volues l.o-tegi.•ter formo. Leis frequent insi.rUi:tioR. or ¡,.. 

' -or condition codo deocripton (CCI. lnstructions caa ltniCLiono wllkh oM .,.... tb.on two oporat~Ólollllllt 
-- de.oian~l(l o<~e, two, orthrte oporando explidtly. The- 16oot two w~rd•. · · ' 

inotructio~ 1"1lANS~ATE ANDTEST iol-he only oné with Tbo Z8000 ¡oeo ove!i fw-thor by aaloctinj oovoral 
fow- operondund io oloo thoonly cine with ln ilnplied opee:ial in.tructioao •• "ohort"" inotn.lctiono .. hid. 
nglater operaod. takl only OOé wonl, whCI nonNl!y 1-hey wauld tab 

Sevoral rlitrointo con guide t.be proper choi-e of an t;.o ..,rdo. The11 lnltruct.iomo . .uch u LOAD BYTI 
- Wtrucl-ion Jo,.,..L A lar¡e numbel- of opcodeoo (....:! IIEG ISTU IMM~UIA T.!: aDd LOAD WOIIO IIEOJSTEI 111· 

or ......-vedJ io v.o-y JmpOrtant: hoving o given ¡,.. IIEDIATE Hor omo.U lmmediate valu.,.J. CAU.II~LJ.
otnKtion implemeatad in lw--d•.,., ... v .. bytes and nVE. ond JUNP llELJ.TIYE. ....,"" f.-ec¡uent otatíadcal
i.mpn>v"" o...,.d.. 811t one IIIUally n_,¡o to _-; ly thotthoy d1_.,.1 ovcb opee:ial ~lmenl-- · 
tr•U lnOn! on tM -~ of lhe opol"llÍOnl A ono-wor<l JUMP IIZLJ.TIVE and D~Mr!Jo"T AND 
ovo.iloble 011 1 particular data typo ulh...- tho.o on ad- JUWPON NON UAO.JoohoYII vay oignifiant i.mpoct 
dingmareand,_.,eool-erlcinouuotionowhloh,ifu~ on opeood. Th~ ohort off- mad.aniam u....:! by o.d-
ed 1.-ec¡uently, WtU oot. oignilitontly affeot perfor- dre .. es land dexribed bdoi'J io al.oo deaignod to 
mo.ru;e. Gle.neon muot bol ¡iv., to tM problem ol u· .UOw o,...wo.-d oddno-. Compared to pn!Yiaul 
po.ndin¡:- th~ innruction aet 10. l<>t ..:omple. now da '.-o micropr<--<••=•. tho largiiSt reduction Ln ouellnd Íll· 
typo~ """ b.o oddod. Cl- in •p·.d ,.ult.t fram .u.. zaooo·· Caaoiot..,l 

r "'-··•·• 

COioLPUlEfl 
-· .. 



' .•. .. ' : ... . ...... 
''"'" : .. " ... '" ,.,,_,,,., .. ,.; o -, 

' ---~------' 
",, • , "' ...... 1 • ,, , , .. :. "' ,.n l•l ... _,. , ·' ,.,_,, •. 

lb¡,~ j, u~J ,', "' .~,·· '·'•"/"" ~ ]' .; :,.ic; •. ¡;oo.v,,·"~~ 
"""'" J, d,." o,n,,¡, "'" t.~·,,, ••·••--•~ly l•n8u•ge ~•> high· 
lu·.ol hon¡r••~··• ,..¡•: uil"" ~'"""'' in·•do<n lro•n ar
ü it,.:t"rol c:<¡>a ,¡, ,._ ¡· .,.J .. -:.u :mpr<""" .,,.,,., d pr<>
¡;~r. .. nio~.• l¡ ,., •·••Y ""'1 ,.:m~Ji~~ ~~- od.ap~ ~ ttlm· 
pu(~l ar<«'<"'- <ur~ '" ,..,cut.: " ~arwculot high-level 
lanor.>og<> •ffi<ton~l-1.' Mo>l prGi'"IÜn~i.ing languo¡es 
&el u o /,Jt.or lUid con t~ oup""'te<l by & ouhsat o! 
avo.ilohl<l h&rdwuo wi'h ~;,aJ~r dfidoncy." But offi. 
don•y for ono ~artlNI..- tJ¡r.h-ie> ol J.ingua;¡e ¡, likoly 
to l""d 'u Indo .ci•.,<Y fut u ""'la~ Jangua,... The 
7.8000 will he u .. ..J in a widu vuie~y olappUcation.o. 
and -..oln'''" t ''"' a lu¡, .. fl<lll'•bor of """"' will 'tillbe 
uoing an•"tbl¡• Jangua¡<'. Siuo t.he Z&OOO ¡, a 
gent-r .. l-¡.urpo .. mirroproc""-o.tr, Jan~ ruppon 
hu hecn p"((vi.-!<d only thtoU~h :bo induoioll of 
lu.Wtt> J .. il<'<od "uo rrJr~..,;,_. lypiul cr:m>Pil&t.iOo 
ond r«<c-c.-n•'"""n problt~. A...,ñg t.hes. i.a the 
n¡¡ula.-lt}' al'"" ZI!OOO ,dd,.....;n,¡ ModO.I&rld data 
t) PN· T1 .• z~.tr ... i .. ¡ •tructt.te;.ovided by oegn>en· 
tation ••-~~:J ~u¡>[><>rl pr<>Ct>dt.,.,. thal noult lnnn 
nruoturo-.::! pro"nnaniog. A<U!! to ¡>UOJI>eters aad 
local v&rio bloJ on t.hoo p""eJ""' ""' ok lo •uppon.ed by 
iD<Ioa .,. tJb ohort olbet odd:""" moda u ...U u base 
addrue end bua i1>duo.J oddraoo nu:d.._ la oddi· 
tioll, oddro .. artthm~~uc jo ..J~cd by LltG tNCII2MEt-rT 
8Y l T0 ll and O~Cil~MEN1'11V t 'l'O 11 ""tn.tetloao. 

T,.ting of d•w. lo¡¡icalavalu&tlOil, lnlt.lolimU<Itl, 
1n<l <»mpori""o DI data &rO made pa30ible by lbe in. 
&truCt.iono T~bT. TI;ST CQNDtTlON 000~5. 1.0 .. 0 Ul· 
WEDl"TE JN1'0 MEMOIIY. OIK! OOWPA/1.! IMMEDI .. n; 
Wl'l'll M~MOHY. CompUera and ·uumblero 
manipul.tota chUacter •tritrll fAQUently, &Jid thii ln· 
otluctiono THMIBUTE, TUNSl.A'I'S ,_NO TEST, BLOCK 
OOWP .. ~&, end OOWPARE STRINO all reouJt Jndr&m.~tJe 
1~ ltnprovement• over oofhl&rl oinudotloN of 
tl\eY importan! t_...k!s, eopeclally lar c..rtaiD IJ'IN$ of 
I.Anguoge~. l n oddit.ion,' a~>Y r.glat.er can be uoed .. a 
otaclt. paintar by the PUSII ond I'OP lutructious. 

S.¡meautJ,.., In orderto provide fo< conv.t 
code geaorotiDJ> and dota'"""""· 1ridruMo lllllltabo 
be '""'Y to man!pulau. Arcbitaoturao ..-jth dinoct ac
cua to m•mory ty¡Ílc&Uy uwallnr.ar addraa 1p11e1, 

oo <hat adJrus arit.hmetic m~ y be u-:1 011 tbe mt1no 
addnol.. Ji. lb.Jo .,..._ oddr.,._ &IJI manipul&ted "* 
01111 o/ tbe dota lypa al Lb& &&me aiu. Thi.a ........va 
tbe~ todiotiaguioh •~ 1ddnuua n<tWdata type. 
J~c:ontraot, th•ZBOOOh&ao ...,.,_lioMr.ddtau~ 
Addno- a.-. modo <>llWO p&rU: o 1-bi' oer-t 
.,....,t,U Utd • lll·bi~ ~/fNt. Only l.lwt alfllt Plf' 
liclpau. in olidtaharittun.tle. n,. Mg....,.t numboor 
¡, ~uentio.U~ o p<lintar lO o 1>-0rt ol tboo tt>tal addtao 
lpaet, whi~bcan vory U. ola !romO to IUK bytu. Tho 
lw-d"'"'" r.prcoenlloUon of • oe~mtnted addruo io a 
long wu.-..1 Dr • rn¡.;>ota• po.ir <Figulll 3), ..-hleh allowo 
u .. uioy manipulotion .,¡ uth part al the addnw. 
Th~ ""¡rrtl"""-'11 ad<ln-•- ~"' no• of the key 

meo:hanimt.o n.ood to aupport both larp and omall 

• " • EL s¡¡;u!~T ~~ 1 1 1 

" • ,,, 1 \íffSl)" 1 
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rnomocy oyot-aml dllciM\lly. The t•o veniOJ>o of tha 
2.8000 implerneotation, ihl 40-pln UOMJD>I~ted ll:ld 
the 4!1-pi:> ~ted. allow tbe malntall&ll<:e of t.he 
ID"Chiteetural c:ompo.tibllity &lid - t.he irowth t>.
·t- theoe two oppllcatlo:a p;~~~po. Tho oqment.ld 
oddlua opa .. fr\IU&IIteel tbet ..eh 84K-byta od
"-• opace ol tbe 40-pln veroion becomM one o! tho 
oegrnenta olthe4&-pln vsrfÍOII. Each 40-pln ~•oi<m'a 
16-bit addraeo becomu Mn offMl..-jtbin tbe oec=-at. 
ud a mode .W.ta ln the 48-pln P<lclt.aae voraion ln 
wblcb 40-pln vfton code can be ueeuted. Purtber
moN, compotlbllity with uy CIII'NJ1t 8-blt micro
~ lllcb .. t.b• Z80 la...,., &lid • ...., mlcro
computor Jllleh •• tha Z8 un addreu uUnt.&] dota Jn 
• ohored oeP,.,.t ..-jth tho Z8000. 

The lw-dw..-e perforDWlO& ofl.lwt zeooo lo aloo lm
proved b¡r oddresa oegmontatlon. Sin<:e o ao¡ment 
munber doM liGt partlcipata m orltlunet.ir:,lt un b<t 
pul on the bua belonr Lb& .....Wt alaa addral com
putottioo io ov&iloblo. Thl1 f•tun allo-<ta the 1111 of 
MM:Uo witb .,....,tially no impoct on melllllf)' ~ 
ti,... by &IJowina' i< to functioct m para11o1 with t.he 
CPU.IIIduJn.l:apen.UorlooaoleofiiiM becauoe ozt
ly • 18-blt oda!tioa muot be perlormed. Bean1.11 o1 
!.be distinetioJ> beta m tbe ...,.....1 nwaber and lLI 
on-. """ cur 11M ollrorw ocle! 11 withou~ ".oft.. 
wonconauaintl. Sbort~c:a.a Ullllbort off. 
.. lfooror th&ll 256 bytu) l&lld .. wb¡ -'- pro
¡nmo!&ajF!p-e3~ 

Flnllly, it ¡, ""')' ...,- lD u la .. ,..¡t.h MCb al thl 
1 i8 ...-uottbe addruo ~tbe P> cr ~e:~ km and 
dynamic -e'c=otion f11tureod.!Nblo lor l&t-pr .,-.. 
tamo. lt&locatlon &llowo • uMrto wtita 1tio appllcotion 
"""'llogical ~ inct.p.ndm,olony pbyokel 
addreuao. Raloc&_tion 18 •~~ntial. for uamplo. in o 
disk-baNd ~ dat:a procMIIn¡ 1)'- wlth 
•~vera! u ..... a. Reloc:atii>n lo not etMOtlol lor
dedicllt.ad app!b.tlou with code typlcally Nliditt¡ 111 

" 
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HOM. US<:to whoH total~ ....S.~n~ _,¡¡..., 
aho unlil<oly to nMd rekation. __ . -;, ___ , , 
.' 111 oumnw-y, Ua cl>oiee of o ~tad addrao 

. 1i14Ce 4• P."""ided-at low eoot alld with f- pnoc-_ 
ti<;&lllmil-lltiona-o poorerlui odulion to th• problem 
ot uaer growth. nlocatóon, Uld protec:t>cm u ..U u 
vinu&l m""'ory lmpl-tatloD.' We b.llfit U..t • 
liDMr oddnou opaco eoWd h&vt Khieved theM 
ruul\.11 but oto cenoiderably hi¡ber prica. 

Th• tyalern arehlleclu,.. 

ProhclioQ ftclllllu. The Z8000 prot•ction 
faciliti• ean t.. div!dtd. into oyotem prOUoei.ÍI;In 
ftatur'" anC llltmory protoctio11 f"t\11'1111. Es· 
per!.nco with lar¡¡e computen bu dt!no~~tt.n.r.ed tbe 
odvon .. ;¡o• of havinsot le.ut two exocution modas 
witb di/f~nt •ecoo• ri¡¡b¡, to hardwano f&cilit.i ... 
The ZBOO<lprovidu the •Y!IU!mond nonnol mod"" for 
thia putf>Uo<'. A oimplo prol-llction '"Y•tem r6Sulu 
from <ho p""""'ce of th- two modo• &nd tbeir, 
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-~.,.,...,~. • :...f.n~ -·•,,...~ -.o .,.,;, . ·~- .nwr
rupU. traps, an4 IJ>O<kdl&..,.., f'nlcnmt 111 ncnnaJ 
...OO. .. hioh attempl. to necu~o~ 1 privilqtd irduue
tioD will cau"' a trap ancla eha~~p 10 .,._.mlliO<Ie. 

· n.. •wlld> from uoer "' •Y- ...,.¡e ean ~oo t. 
nuoed by ~~ .. ~l'IU!m uU \uuuction. Tbese 
II>Clw>iom&enfCII'al~..ru!htlpln~ 
nll.&bl. &ad effidomt opentiJI;: q~~W~U wit.h clan 
11a« lnterfacu. S.Vual ocbtr trapo are ....._uinod 1.0 

.o;hieve • I'O""'oteat 8fSI.em: .. g¡~~~~~~u.tion trap, 
privile¡¡;..d ínstruc:tiOA trap. UWl UlldefiDed instlue
tiontn.p. 

A dninoble manory proUd.iW> ..,¡,....., 11 on• for 
which prot.eetioD inf""""tioo ¡,....,¡ only, .-:1 lfrita. 
eucuuo only. o:r-te,.OIIIy. liwGf ~1..1 or~ etc.\ il 
euily aaociated wilh t.he data u.d code•tnlctureoot 
• givm application. 1t io abo ODo for which al.ara• 
nwn!;l@r of diff...,t typeo of protecUon infotmation 
<:a~> be veriti.d. 

Tha ulocation -a11d mamory protactioa 
mech•ni•m• dacribed &baw&NI pravlded by on U· 
wnal devioce: tbe mOJl>Ory ~~~o~.~~apmontunit.'Topro
vide reloco.tion ami prQUci.Wn fNI.uru d.i:ectly on 
t.heZ8000would ba.-.d_.nded womuch.W.pliri<A
Llcm. Tbu:u.emal MMU h111 the fl>rlbe< adv&Dtoll"of 
plO'I'idiD& for euier pOWth by tbe ad<lit.iaa uf com-
1>0Jl8Dt&. The Z6000 41).p¡n paclup dc.u not luove w 
uny the burden ol U.. unllled advaDl*i relocal.ic:l 
and protoclion f""tU.... olthon¡h MilDO lorm of prt>
tection ean be actu.vtd by lwdwore oeparal.ioa.ollho 
differmt ~ ·~- Witb multipll MMU., thl 
4&-piJI ~ user eatt conucl the reloation ud 
protecUIID c.ompluity dBoirol;l iD hisapplicaUon. 

Tite ....._, ~~ lmit. Th• MMU pe-
formo tlueo functioll!o: lll addrqa Ullltlo.t.lo.o> of 
io¡¡ical addreu to phy-.lcal adclrMI uolng dynamic 

. i.locar.lon. 121 memory procectlon, oDd 13) ...,..,t 
.unage=nt. The ecldreuu mantpolllt.td by U.. proo 
&runmer. u...:! by tha i~•tn><:l.iolul. u.d cutput by tht 
Z8000 are c.a1led logical ~ Tb MMU vM. 
theo.e logicU •ddreo.-. C<lmposed ot &1-bit .......,nt 
nvm¡,.;,. olnd !&-bit Olf .. t:lhd ul..a.tormo thern into • 
24-bir. phyoicol add:r....; !Figure 41. A 24-bit origiD or 
b .. e !o logically uoOciated w¡¡.b MCh Mgn-.0nt. To 
fono • 24-bit p.b.yoicaladdn:oo, thol&-bit oUaoot load· 
de<! to the bu& for U.. ¡ive~ oej¡iOtilt. In .tl..:t. with 
the holp of """ memory managament deviee, the 
Z8000 can &ddn:n 8M byteo dlreetly o;ithin • 
16M-byte pbyoical momcry opoca. Tbe reuo»o for 
the ehoiee of alargto phyo.ical &dclt ... opace md11de u. 
e~pec:tation U..tlarge ~yotem& will wlllt w u11 utra 
bita for oomplu rcooW'te ldaJI.S&'•IIIOnt purp<IHI. 

Ea oh oe¡¡ment ;, gi""" • num btr of • t.tributoo wben 
it ¡, inltlo.lly enteno;i into tba MMU. Wbon a memory 
raf.,enoo is m&de, the pr~toctlan mecbal>lom cbec:ka 
th""' attributeo o.pinot tbe &\.&1111 inf<><m&t.iOJ> from 
tho CPU. lf a miom&tc.b occurs, a uap i•saneroted 
wh.icb inte<rupt• tho CPU. The CPU can th111 cho<:k 
lho MMU otatu• registOI'I to dot.rmine the cou .. of 
the lr~p. Segment ot.tributeo includ~ se¡¡n>ont oiu 
and type !read only, •r••= only, exe=t.! only, in· 
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v.Ud DMA. inv.Ud Ci>ü, c<e.l J~kr o<gru.nt prctee
ti<>n fe.tlll'e4 include 1 wrilAI "'"'ni"K 1.0111 1181lflll for 
ot..tc:!!. operUÍ<tno. 

Whon o ""'"''"Y p"'"'=üon vlot.tlon lo dlltected, 1 
write lnhibit ll.M gu.r ... ueo Wt II*DOey ..W act bt 
bw:ornoctly clwlged. Tht lnvt.lld DMA and CPU biu 
lndicooe. th.ot the enuy CllliiiGt be uoed by tbl DM¡\ or 
CPl! rupe.:tl"ely, bo.:ouoe ol<her tho oo¡pnent 
number io illogal or lh~ leJiaent 1011Uy l11>0l loaded. 
'Mllo ¡.,.¡ f,..tu..,, 1~ =•iunctlon wlth the .....,ent 
hi"""" lnformotio., l:•t•n<111t "elwlpd." and ~ 
mcn: "Nfe!'CICfl<!" bit.tl)•nd. U~o~ oe¡¡mentatlorJ b"op 
m...-.. L:urlom. ollow• ti"" lfliPI"""'nt.atioa oJ 1 ~ 
••¡;rn.¡mled me<~>D<'J' c¡••.<et<~.. 

Tht MMU con¡.,o in • 48-¡>ln pacbp 1~ 51. 
· T:og cl>ip ¡,,~,, ore'"" ""'""""'' nurnber, t.be upper 8 

bita of l.bt offoat. ..nd ouwo ll>fonnatlon lrom the 
CPU. íM ootpuuo tren• the ..::pant tblp ano tbo u~ 
par -,b bit.. .;.f th• 2~·bit ~hy>ieal oddruo onol the 
.. ~utíon tnp Line. Sine~ the n><mDf)' maaap 
tn-~t<kv;ce pr<>..""ü- only !.he IIPI* 8 bil.l of LbeoU· 
.... the low•r 8 b1!.1 go direcc.ly lo IIWI>IIfY· Tbb io 
equiv.lent to hlvi.a¡ urot In 1M 8 lanr bib ol tbe 
Z~·bit <ori¡:ln. Thuo, tbo "'""""" manapmeDt ón-b 
only ..-la lo owrub .. u:>Per 16 blt.o of e.dt. buud· 
drfts. Sq¡m<"ol limie ~l.loa b dODO lo tbe 
merr.ory ""' ""te:nen e d~ce. ud t.h.,. ooqa>enll c:aD 

be protected ;,. incrm>eneo of ue byte.. 
kb MMU otono e4 M~ZW~t .,tr\u tbat ccullt 

ol tboo 01¡proeae b•• od.dnoo, lt.lttrlbut., olzo, ud 
•t.e.tuo. A p..Jr of MMllo oupport eboo 128 .. .,....to 
avollable 111 lo addluoopace. Addltional MMUo con 
be uaed to Bctommod.al-8 multiple translo.t.lon tabln.. 
UoiD¡ t.he ot.otu• inlormation providad wlth uch nf
erenoe .. pair • of MMUg """ be enablad d.ynamical.ly. 

'nle memoJ)' manageroent devlce flmctiona CQn· 
lta.Dtly whlle momory nloronceo .,., made, bllt Ita 
uanot.tlon •nd protec:tlon to.blM .,., loada:! ud un· 
loadad •• 1n 110 peripheral. To ochleve thlo, the 
momory man&i<'mlll>tdwiu bao chlp..&.et, •dclt-u& 
otrobe, d.ol.l •t.rllbe, aod tüdlwrite linu. Ttuo Z8000' 
opccWl byte 110 inol.rUction• tboot u" Lhe upper byte 
of tha data buo tan luonl or unl""d t.he memory 
mona¡¡:.ment d•vke. 

Modo ""ikhloll: labm:pt ud trap h1Ddlh11. 
f"rc.m llnJll Ul<to In df>dieatecl protiJQ 1'0111>1>] 1p
S>lJeoticno to Lor11• uoen in genenl-IHII"'P<I" dota S>>O
oesolllgoS>plic&tlo,.., uynthroaw.oev.,l.laucl!ooin
U>rnlpll .nd oynchmno1u evUit.a like l.rlpa muot be 
hendled. Whfll t.hcee ev""tl occur, tM otol.l vi ony 
curnonl.l)' ·~o.:utin¡¡ program muot be ...,ad duri:Jg 
•h.ot 1! ¡:e~ly ealll!d 1 tul< owi«:h 01 ptOCe:OI 
owltdl. Tho uocn berwfit from tbe av&ilabWty ol 
many ln<.enUpU o.DJ t.ropt. Th-r obo t...flt fto= • 
lut.. oa•y . ..,¡ uniform h&ndlin¡r of ¡><1>CIII nit.ch· 

"in¡:. 
I'Hipheralo uslng interrupto ha ve wldely vaeying 

oon•trainc.a on into.rrupt ptuo:e~o!ng tl:M. To oolve 
thio problem. p<riphenh wlt.h tht1 oame ch&rOC
terioUco are ol t~n assoc:iated wlth ono o! oevorol inter· 
Npto .. A prioríty ~nf<.>tcod omon¡ the 01verol inter· 
Np\.J oULwo th~ reo.¡uirod procolooln¡ time to be 

,_ ,. 

. 
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V 

guueteld. Enob!ín¡ or dioebliD¡ tbe vr.riOCIII.aUI' 
01.1f!t1 il tbe mechonillm uoed r.o enforce thia proce~• 
ID¡priortty, 

la lhe Z8000, we felt d•ot t.tu.. levob oll.atuupto 
wenllllflciomt. A 11<»1-...W~ fllll...,pl reprtM!Itl 
• catutr<Jphi<: event ..-hloh requlJu opoldolliPdll,.. 
r.o preooerYI! l)'otolm lnte¡riey, In addltio11 tMn 11"1 

two muko.ble illterrupta: non·uKtor.<í /,.u,.,.pt.o 
ond UIK!Ond i>llerrupu, whkb tol't'Wpond t.o 1 fbad 
me.ppin¡ of lnterrupt procaoiD¡ rouW... ond t.o 1 
v&r!able me.pplng of iot.errupt.proc-.lng rcutinu 
dependlng on. the vector pr...,nt.ed by tM perlpheral 
r.o !he Z8000. 

Botb ln~pto ud tripa .....uit In olmllar proco~oo 
owltcbao. lnfonnat.io11 rolat.ed to tlw old procaollt:o 
program ototaul !o oevad on 1 opeclo! oyot.rn o\.Jd< 
w:ilh 1 cododuc:riblngtheruson !01 the owitcb .. Th.lo 
allo..-a recunive tuk owitáes to ocetrr w~ Leo.vin¡ 
tbe l>l)1'ln8) o\.Jck undiaturhad by oyot.m informa
liaD. n.o .t.ate of the MW procea1 (ito new ~ 
ototusl ia loaded frcm • ef*:ial.,... in ...-y-tboo 
~ rtot..- oru--de•lp.o.t.ed by 1 polntor ,_¡. 
de~~t m o.. CPU ~-~e~ 

Tbe ,.. of tl>o otock IJid ot a poillter t.o 1M pro¡ram 
ot:otuo orea are opec:itie ohoieeo made t.o &llotr ar
clútectw'al OIXIIp&t!bnity if ..-lntanJ.pto or trapo 
.... added "'the on:bitec:Wre.,.. cbalco ot the 1.., 
moda o! uecutioll bu 1 WU>g lm.p~e~. cm the d.orip 
ofciMt>u...,.intaiOCH. E~1101hu obown tbnln 
lar¡floyar.oma the nonnol ~ illattuetio.D oee .nd 
U.. .,..- lnla"fant topthor co<*llu.too U.. rnott ¡,.. 
pootant olement in octU.vlng ,..,¡,¡toctooro! com
paUhilie,-.. 

.. Cammll1lkolio&l witb othcr d...-lceo: tbo z.¡,.,., The 
'Z.buo l1 the ohered W. •hic:h ll.ab .U the com
fonento of the ZSOOO f•mily, • Tbo Yorlety &n<l pufor
~ requiramento. of tlw componento aro oo cllf· 
\"'""nt th.o. t in f oct the Z..bu• io com poted olllv. hu-
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1 memory hu•. "" 1/0 buo, .,. botwn>p~ buo. aad toro 
rnoiii'CII requeot buseoiF~7). 

Tbt Z.buo is callod • '"ohartd'' OO. bocluu ievoral 
"""'"""'"1.1 0111 UH k. A buo u-lo 1 CPU or 1 pe
rlpharalwhich canlltll.llly pDII"III ODt or more buo 
~ ouch u munary dot.l rwquw. or ul/0 
rw¡.-t.ldoz>tial ¡, b1!11oac\klcu- take place 
at tbe- U..... but ._joli•IIM _.b.,iomo allaw 
ttqllllltial 11M of U.. Z.buo. Archlt.oo:Wrally, U.. ¡>etipblrallntanal net-a- Thio famno lllowol.he 
bu.- eo.a be lf"d!*i lnuo two .uucwreo. Tbl 110 toNtfi>CIÓOII ol complu. perlphenla wWch lll&int.aln 
-tuno...., U. 110 buo ud lhelllcerrupt bU&. The 1 .m.plo Pf'IIFI'II lnl.ll'face. 
memofl'ltnletllroUHOc.hoom.......,.buowithorwith- TIM Z.but lolmowo u a.l.ranoportllt or atyn: 
out oddr-eu utenolono. Both oc.ru=t.uno~ CID uoi tb<r , chrotiout bllo. Z8000 (.Omponint.ldo not noq11in r.hot 
"'oourcerequest bua ond lho ma~teuhip rOqu.,.t h11o. · , Uleirelocko be •ynehronind wlth theCPU cl<ick. Tho 

Each buo <D.Wau of 1 .. , ol o!¡nlh and tho pro- ~_ioignalo uood by each tranuction p~ido •!! th• 
\Oill>lo whlch pre~W. ov..- lht vuiou1 typel o! u-an· niiCiooory tlmin¡. Thio eon""pt io lmportltlt: lt 

·' ....UO.... P..-1: of oach ¡u«.acoilo tU UmínJ1'111otion- allowo. forUIIIIplo. 110 Hf......Ceo u. be lndependoat 
ohlp bet.ween ...... ont IÍIJ'Wiio. Tho ZI!OOO CPU pro- al U.t opMd ud clock tnquoncieono¡Wted by othu 
ridet mDtt of U.UI Uailir.1 "'lot.ioDt. The odvanl.lge Z.buo tnnood10III. 
of ouch 1 chcóao is U,. oignificaoo roduction ID tbe 110 bu• ~.,..., ""'""'"' bl<o. Tl>e UO aftd mamo.,. 
oumber of componento required w build auch o bUOMIJ't tM m<>11 importo.rrL n.o Z8000 fornliy at· 
oyota>. Que COJIMQ""""" is U..t bv.o t.n.nsactio<ul chit.ecWI"I dlotin¡ui•ba betw.., a>r!IIIOI}' ltld 1/0 
CllUIOt be abortMI or dtbytd frM!y IÍDCe aome •pii<U ond llruo r-.¡\lÍnlll opKific l/0 iootNCtloAI. 
clovleoot. especially a>amory. hovetpecifiC Wnlng con- 'l'hio on:hlt«Wttl oeparotioo allowa bett.ot pn>tec
ttrJlnta. 'The moet importt.nt couiderotion for lhe tion o !Id h.ou nU. po~<mti&l for utoa"'O" Tho 110 
Z.buo io the ...ed. to iaterlo.,. to multiplued oddnwr and "'*"""" bu- uu 1 16-bit ~clota but, 
aftd dot..lineo el U.. ZSOOO CPU whiclunuot fit In ~o- which ollowo 16-blt l/0 ,..s.u- ond 8· o:r 16-bit 
ood 48-pin paclr:o¡u. Tbo Z.buo mali>talno the•e dato oi<omento. Momory ..u!re~Hll ate 16 bitl lar tho 
multiple~ addteoo ond dota Unro. Very llttle opeed 4()-pin po.ckogo o;r u!.ended to 'Z3 bit.l using tho MJ• 
could. be gained by domultiploKÍnll theu linos lo;r mented voroion. Thuo, the memary buo io ln fact 1 
.....,mcry referenuo oinct memori .. ..., tbemNI.ves logicol oddreoo buo. Tbe increaHd opeed requlre- · 
multipluod. '!'he moot lmport.PI advanto¡e of a m~nL> offuturo microprocesao1'11 io lil<aly tobo acbitv· 
mllltlpla .. d Z.buo io U.. diract oddreooobility ol ed i>y toilorinlr ......-.ory IJid. 110 ,..¡.......,.. to t.btlr 
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ntiPOW'"!' ch.olnw:t.ari$\k releno~ pe tUrno Uld by 
IUln& ttmult.ttneauo 110 Uld moroory Nlermei.D¡. 
Tbeao futuro poolib!liti.o requlre 111 udlitectunl 
oepan.ticm today. Memo.y·.,..pped 110 llot.W poNi.· 
ble. but wtfMI ~he lo"' <>fpniU.etiotlt!ld potentlalu
po.ndablUty aro toooevoNtojuot.lly llliDIO<Y·,...ppod 
110 by it:eelf. 

Both thei/0 tnd mem<>ry hUNo ued oaddroo .. dalt, 
•nd control oi¡rn.olo. Ono importtnt lmplemllltat.loll 
doo:laion ••• to ovubp tbe ai¡¡nili u.ed by the 
"""""'>' and 1/0 bu..,. oo th6 ame zsooo CPU piu. 
witll the obvlauo ucepticm of lho rtatus oi.p.W UMd 
tod.Utinpiab t..r.- the twotypeo olbu.orlqlle&tl. 
F<>t U.. Clln"etl< ZSOOCllmpkmoo:>tat>oa U.. ....,.¡Jtmg 
red-.>tt.lon in nu111ber of pino lo o!plllcant.. blwntnst 
!he lm~bility oi dDin¡;: coaeurrc~t lllt>nOI")' ud 
110 ref.,..ncin¡ lo n« ve:y oi¡onificlnt sU>o:e tboir 
sp.......do .n .....,ntlt.lly tlle ....,._ 

1 n odd..t ion. _.,...,. """ o.nd perip hen.\o both be<>e!it 
from the ovoil.ob.Jlty <>1 euly at.ttluo lnfonnation 
dofinl.o¡: t~e bu> t.ranor•ct.lon type U/0 versus 
"'"'·~·.ty. t~..d vuuuo wrltel &heAd ol tha oteval tnD
""ctlml so thlot bidlnottlonal driwro and otlulr hard· 
ware elemeot> '"-"• b<> <no.i>led befote the telarence • 

. The otaluo ]j...,o o! tho Z8000 CPU provide t.blHype 
ol ...,..,. o!..ltuo. 

Tilo J,o "'"''"/uro. Since tnany ptrlpherlll ore con-· 
r>«:ted. with ont CPU. !he 110 bou lo olwed. and 
aarW!zaticm muat bo provlded. 0... ootut.lonhlvol.
usin¡ 1 mlal.lltloll.ve protoc:Ol. Tbo CPU 11 e -
whicll CID i.>it.lata 111110 traD.Mt.i<ln ot any time. 'nle 
perlpherals 1te ol.ovoo whleh pruddpat.rhlo trmsac
tioo Dllly when nquuWd by t.hl"'"""*"""· la order to 
fiDdoutif a peripboral...-lsto bo .-v\cld tho....a. 
c.on poU eacll ia wm. Tbo'l.-bu1 Wa~ 1 futer 
woy af ¡ettin¡ tho&tt.ont.ioool o maoter: m intam~pt 
btto. In CliiDtrNI., with tht\10 t.nnooctlon cL.ta bu .. 
neh perl~ olwin¡ the int.etr\lpt bu.o -Y "t>y'' 
tou110 it oimWtaneauo!y. Tholntarrupt bol ~min
terrupt line. lnterrupt ocltnowlodge Une, md t1JO 
........., liDel used to ferm ~daioy chain. 'lMdaliiY chain 
;., &ti lmplemcntoUon el ~ di•trihuted lll'bitratlon 
pnlicy between ~be requvot>. Priorlty ofproe.nlng b 
d&termined by the po•ition in t~o daloy thain, ond 
perlpberolo can be p""'mpted. lntot1"1lpt vectorure 
uoed to determine tho identity el U... perlphlll'olo...,. 
quest.ln¡oervi<~ v;a anlntarrupt. 

Otloor b~•u 1"luo two ,..,..,,.,.,. nq""*t buoos.,.. 
lloed tlJ req\14101 Uutcont:ol oftht 'l.-bu> frcm the CPU 
o!ld to roqunt conl.rol ol In)' ¡onerollzed ............... 

Tho Z8000 CPU or ony 7.-buo ccmpeUble CPU doo>o 
not ...-1 lO feqllMt u .. bu oto .-u ltu • mo.01.er. 
&tld is. thl.-.fore. Uut dofoWt IDIIt.r. Otl>er dovic:a 
c.on nque•t bou mo.rttnhlp, but tbey muat go 
th:ollgb a D<>n·pfOemptlve dl.otrlbulbi IU"bitnotiollu• 
in& onat.her d.aioy choiD. 1M CPU oiwaya relin
quiabeo the bu• at tha md of lto curnnt bua tronsac· 

""'· The resource r«¡ueot thain Lo 1 ~,...,..lizatioo. of 
that contopt in which .. eh reo<>urce nqueato:r ha• 
equal impt>rt.anco and con >1M> tho '""""""' in a non· 
Pf""mpuv~ manncr. T~i• m..,harúom in the Z8000 
CPU p<rn1itÓ on~ to ltnpt.>m•nt in O<lftware thc ~ind 

February 1979 

of ntlu.;on a!ld ocrialiutiort P>eeh&Júams ...eded fllr 
multlpl.o ~tributad oyottmo .,¡u. c:ritical ri80W"CI -.. . 

M"ultlprocorule¡. In tht eontoxt ot today'l largt 
mainl,..,.., oy~tltnl dwoctor!ud by multlplo pro
- oharitr¡ ono proeouor, one la tem.pted to 
doolgn diltributtd prOce.oin¡ oyotamo with llllll) 
low-.:oot micropt otQO"I ruoning dedic.oted pro
_.. •. Sucb m opproaeh ~tributoo lnl:e1ligentor 
tow&tda tM poriphetab, .....Wu In modlllorlu.tioe, 
..,d pormlta eulc dtvelop~~~eat md ¡n:rwt.b. Ullfor-. 
t~~~~&taly. La~ put, tlw probkm. witb wch.., ap
proochbuheontoltwltemdnothardwaro. Thuoono 
CIDDOt ht npoctod to pnMdt d.ui1ed. dutiol>o in 
twdwlte to 1 lk>ltware pn;>hlem tha.t hoo not t.eD 
oolved yet. How•~•. """" bo.sic m<clwlialno ho~e 
t.eo provlded toollow t.ht lharin¡ of oddrutr spoeeo: 
largo te¡mented .ddreNr apoca md th.! extenol 
MMU molr;o thl.o pculblo, ond • ~ NQueot bus 
iA pro\idod whic.b in conjunction with ooltw..., pro
video t.lur oiCI.oulon .., d o erlolluticm control of ohared 
criti<ol ,...,.,...,,. Th- "'tchanlomt and mrw 
peripherola liko the 7.-FIO Nove t.eo deoi¡ned. t.o 
allow euy uyechronoua eommunic.otiorr. botwten 
di!f....,tCPUo. 

lmplement•tlon tradeol!s 

Tbo koy f....tb" d1cllloa: prodlldbWiJP. Cotlho.ated 
wiUI thl pn;¡bl.m o! dtllpia¡ • - l.St-bued .,..c.am ~b!•octun. - COIIld. ba~elporod po.d<op 
sizeCOASi4erotlono by ocaptift¡ P'ciraa- with 64 « 
-pilla. ... - cou.ld hl~• !II"''f"d ...... produetion 
taclut.olo¡¡y o:oastrlillta by uai:tl¡ die .U. Wpr thaD 
260 trdl.o ..,.._ S..cll oolot.iono ore ott.juotifled !JI 
tht ~t.-t.lon of an e:Wtll>a: c:omp~~W oysta=. 
1M eo"'S'QMMI"t bound&rieo. pa <kage limltatiorr-. ond 
tlc:hnolo¡¡icol Umltation.o ..., M>C<>ndary 1:o ochieVlng 
th• goolol anct. mombo.rahip !JI tl>o eomputer lanuly. 
But if one ...,.. to d .. !gn 1 new oyst.em architec:t"'"' 
wtth ~he ••mo l.oclt of eon.otralnto, tho individuo! eom· 
pot~t~~~t would not bo. priee-competitive-only th<J 
tctal .,.otem would bo. A n..,. I)'Jlem ardúteetur9 
bued on thlo appr<rach could only be Ulld to d~ 
· yet aoothu tfldlticmol computer. 

Tbe Z8000 !U~Jily prov!du ba.otle, generll· 
purpOH blodu out of whicb a 6yBtem 

r;oluUr.m t.o m06t problems c:an be 
implemented. · 

The 1..8000 ltmlly" marlr:ot io intel>(t.d to be mucll 
brooder, ond Nch eompone<~t of tbe fomily muot 1>1 
economically viabl.o. The oto¡ed introduetion of com
ponenb whlc.bonocc~ viable hy thmaelvu 
allowo uo lO........, the marktt hom very •maU eon
figuraLi<mo tlJ vor)" lup conrogurat.lons by \liÍ"' 
more componOflU, in ony combiMtion. Not only do 
w~ bolieve Lhrtt thia opp,..,.ch dou not reatrid. 

" 
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oyll.llman:hil.el:turalpoaibllilia. ht .. u.. be!Wvo 
thu tluo famlly wiU t.. mon elt.::tive ....,,. lt will 
...,..witb Ita ou.t.oma'. ' 

Tbe Z8000 femlly doM aot ~· ~ co P"" 
vide opecillc _ l.l'chlt.ectunl· oolutiona,' ofte11 ¡_..,.. 
plaaMDt.od in bardwu., to .u ·~ ~ 
problema.illltad.lt~bMlc,~ 
blodoo out of whith 1 l)'ol.llm oohl\loolto- P""' 
bleru '*' t.. ¡,.p• 1 '*'- ,. ..,.,¡g.¡¡¡¡j¡;¡op ...... 
- ...... dlatribv.tad I)'IWII c:apebilitieo of U.. Z8000 
famll,!! Wuauo¡,e ~ ,... of opoa....ded IM<huJ.mo 
co.w ... , vr.riet)' of orcbl~Ultal problema. whlllttbe 
........,.,. 11\&Upmefl\ of addr.a apac!l iJluatnat 1 
oi)4!C(tlc problem ouppoct.ed by 1 .¡>ecif'tc oolu· 
li<D-tba MMU. Howwer, <Kher oolatioDo mon •1" 
pnlpriote to 1 pan.icular problam cu be ..-el a~>!~~ ID. 
adviD.celn U..lrta!.eofU..ottJD!abt be~ ~a 
-a.~ fottluo faallly. 

n.J.a viaiaot. of tba f&müy ohan rwulr.a in com
pon"'t.a m,... powerlul md complas thaa.,. appllca
llon ""'Y roquire. Th• u- ahould DOlo tab tbla u a 
aou"' for olann, but utborulluo n.o1011. hU applica· 

. Uooi ¡rowth will be ....t.. 

Bulo CPU lmplo,.onloUoa dodalooo. The Z8000 
eumontly uou o !&-bit dot.o buo(Figunllll,.., interna! 
l'ql1tcr uray of !&-bit regioten, ando !&-bit parallal 
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ALU.~ imploment.atlczr. ded.liolu., whlch...,. 
guidocl by tbe t.echnolo¡ical aJid pn.t\lcal...,•jdv .. 
tioM, b.a..,. • f\fGII¡ imp&ct OJ> pe:iorm&llee. 

To ~. ,_. perf~ witb tho intLNCÚOll 
fcrm&t al>!ll dat.o type tnvioioDfd fot the Z8000, on!J' 1 
!&-bit buo _,. acleq,..ee; o 32·bit buo W<lllld he..., 
neceooit.at.od uoin,g Jn unootcept.ohle 66-pin or larpr 
pACkage. Optimal perfor....C.. il obWned witb lhio 
~ buo widtb il the oiu of the Traqueal.ly uoed 
re¡¡leti!J'\<>orq¡illter opHotionl bocom•o ono word. 
'lbe c.hoice of ALU .,d inti.taal ngilter widtho io o 
l.nldeoff betw•o .peecl of tbt IPO!It fnquent oporl• 
tiollo and. \he chip aru ..-ied to implen!ln\ 1 widor 
ALU or dat.l! patb inaid.. tb. CPU. 

None of \b.eoe lmplem•ntatioon doclo!o"" ohould 
limit the arclút.ec:ture. lnoU"UCtÍOI\1 &N from one to 
five wordo long. and d.at.a typaand od<lnloeoare not 
liiDited to 16 bito. For oumplt, 32·b.!t wor<b are oae 
of themain dota typeoof tho mKilÍ1181, oadaddroooeo 
oceupy two wordo. The Kdn,. mKhonlom il·. 
luotntM the tt.'Ong dl.t.incdon bet....,. ao arclLit.ec:
ture aJ>d 11.1 imp......,tatlon. Tho U'c.hit.:tural'IJ.d; 
dr- tepNM~~t.ation u- 1 U·bit wwd of whlcb S 
bita &N .... rva:! and 1 io o ohor\ forma\l!on¡¡; fortt>l.t 
deecripto<. 'I'hua, tho Z8000 o.rchi\t!Ctun provldn up 
to 31·bit addreo- but gnJy 23 ..., curN~~tl)' im· 
plo ..... \l!d MJd 23 pU.. of tbe CIU't'lll\ padr.age &N 

alloc.otad tu addre-. • 

MMU 1.rod110fl .. 'I'he MMU and !t.a rolatiaot. lo the 
ZSOOOCPU Wusuot.a1Ndeoffo thot omkJ"Oproc....., 
OOJC.hit.ec:t ond ~ \4oam lfiUIIt m.U,o to lnJIUI 

componeat muufactur.billty. 
To ~ U. ¡oU of ¡¡;ood arc-hit.ec:Wllli com· 

potib.!lity lor higlt«<d oy-., it "'" _,. to ;,.. 
dudo the pnx.octioa ond nloel!l.lon ~M<henicma 
<iacribed aboYa. But il all de.irod f ... tw'll ....., im· 
plemented u o OJ>Khip CPUIWM.U colllbln.tJ,o, !t 
wo,.!d hove tiu11 too ¡.,. .. 111d, tfllrlforo, 
u••ac•m<>"'icol AM lf 1 riOCbleed""" of f•wn• w~r~ 
Unplementod, it ....wd b.a,.. t.11 an:hitectarally too 
prilnilive. Thuo, the eho;ce wu ,.c;~o to mo41tain .U 
fu\llre!l ""d ,... two chlpo, 'l'hio DIW orpni&aÜOII 
h.u se~e .. l oignífic:oat odvl.ll!.epo, ou~h u • 
capability for Dlllitipll MMU., ond allowttheocceoo 
of o OMA de..a lo tbe MMU. · -
Gi~en tbe choice af an uf.e>'Dfl MMU, \he Dl:ll

·Of dM'i•ÍM 0 CODCeml packaae liso ond circuJ\ lpea:i. 
Hovin¡¡;•ch reloeawd oe¡¡;t~~on\ 11.111; ""' wonl boun· 
duy .. ould haverequited o 64-pinpKI<apo.ad 1 vuy 
lüt Z4·bit odder lin !oct. 1 1&-b•t addu ond S b!~.e of 
cany pn>paption). In o:ontnot. U. docioion 1.0 ot81\ 
~U OD ue-b)'l.ol bowodar!u .U..wo tba UH of 1 
48·pin poo:kop, 1 fue &-bit odder, and 8 bit.a of ean')' 

PI'OJIIi'&l.lon. The lotur oohltion 1• technlcaUy 
oupwior ond plocee p .. cúcally M -tril;tion "" U. 
arc.!Lit.ec:t!IJ'O. S.gmant g-n.oulority can bo vl"'od 11 
on imple!DIJit.o!.lon reatrictio.oond IIOt 11 on o.rehlt.K
tural reotriction. 

Mokm g the 8 low.ordor bito of the offoel. ¡¡;<> direcl.ly 
Lo memoq ol!iCi oigniflcantly reducea momory •ecHo 
time. S.ooo dynamk memon.., u.., t~eH bir.a fint, 
mo•t oJ \~e MMU <•li.:atioJI l.im<> ia bidden durin¡ a 
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Conclllllon 

Tb.llrdlil«tural.aphioúaotlotl of""' ...... !&-bit 
~...,..;. upidly ·~ Lbe level. ol 
-u.. mialcomputer aJWi larp C0111putet. Problemlo 
IIICh u componen~ familia, larp o.dci.Mo ~ 
buJ ot•ndard•. 110 atNduru.IKiftware b:a-nll, 
and arcbltectunJ com~tíbility"" bCn¡ diroaly Ml
dreued. Son>~ of the oolutloa. t.o theM ~ve 
lu!own . .,..¡ thenot',.. thelnrllitlo:u. , ....... 8-b!taUcn>. 
proo:hll>n .... relotlvely 8Q3'• But tho chalieD&ee 
ebead-netwwko, diottibuted P•OC ·'"g, """' &J>
pllcat!on&-au much hudu. Tho impact ol mJ.,.... 
pt<>CUOOro lo elre-dy enormouo. but wo f~l they wUI 
"hleve the ofta,..pndict.ed ~»a>puter rev<>lution Ollly 
aftu l.heN Dnl ptablema ano ll<llved. 11 

.. 
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A system designer and teacher, 
who•has made überal Use o{ 
microcomputers in his own work 
and whose students haue designad 
8048 processors, reuiflWS the 
capabilities and limitations of the 
MCS-48 family of microcomputers. 

Tt... lnUtl MCS-48 lmrnily of ain¡¡l~hlP mJcro<:>ofQo C<>ldln¡: to lnt.l, tbe MCS.8 falrúly wu ori¡lnally 
pur.enconl.lin•otleaot nlnedU!ertnt rnlcrocom¡>IIC. ~limad prl.....tlly at tbe "4-hit IIW'ke!.'' -u-. ol In· 
chip.o h.ovin¡ a conunon inttnlct.icn tet but dlfferent tel'o 4040 and other low-a>it mil:rwontron.n. a. 
1mountt of on·chip t•ad·only 111emorj, · t .. dl eontentriulntothe11.11Ülyjtbe8021,8022,8G<II,and 
write memory, 1111<1 inpul.loutput 1- Table 11. At.· 87411 are incna.U:.gly opeci•H•..t lar low ... nd mlao-

Toblol. 
J,IIC5-Q m~Kompu1a1o. 

ON·CHIP GN·CHIP 

coatrollet appllc&t.looL 'lb. MCS-48 faqilly bu mol. 
t..hlom.oorkn very ..... u. 

TbeMCS-481amilywuahoaimedlt&HCOIIdmar
bt-applicat.Jona that requi.-en up&Ddable, oi.riP., 

~ACAAGE P~RAM "" 
chlp. paer.:J-pwpoae rnicrocomputer. Ao ohcnm in 
Tablo 2, MYeralu.panoion chipo""' availabla to pro
~ lll1 MCS-48 com¡>~~ter wlt:h up to4K by'*> oiP"'' 
¡ram ROM, 268ormore bytM of ~ RWM, ond 
llm&DJ' 00 blt.tuad"l¡¡a•waWd ..,.....d,.ln oQ. 
dltlon, tluo utarD.ll 110 bu.o of tbto WCS-48 fu:dly 
allow~ euy lnwfacin¡ of llt.ol>d&nl80801~ 
P~otlbl. peripheral ohipo. ).;evel"lbtlml, U.. archl
. wr. ot u.. wcs..r.a family ma~<a lt dlffic:ult 1.0 .... m 

, "'IUIJ' s-al·purp<>H appHo"ion• wh...., a m<n 

SllE . MEMCIIY. MEMO~ Y "' ~~ .. 1 (II'H) (1¡101) 11-) 

• ~~ ~011" • •• " • !K fi'IIOM' 64" " • -· ... 
" • lK ROII' 116"' " • ., ... 118" " " • I!ROM • " Cllpable&-bi.t..-.:hi~ll~ . .. u • .. ll plus li-Dol A/0 ..... 

• " ROII • 11 ""'' .... , ... , •• "'"· • 1~ EPI'Il'-' • 11 pt¡IIIIWif 1¡1. 11111 . 

• ~ 10 4K •0!1 .. ..,,.., cn.p> B11lc ateblteclura 
..... ;!56 ..,.. ., -· o! .... mol dolo - - _ ... ,...,. 

PACIWlE .... "' ~-· - .. 
oru .. 
11Wio6 4Q 

"" .. 

To<Mo2. 
MCS.U u¡>o<>dot c~ipl. 

Ftaure 1 obowo the baaio ltniOI.Ure of &D. Mcs..t.S 
miU«omput.er chip. rr.blo 1 giv• the !.cilitieo 
ava~!.ble la< .W. ot the mil:ru:omput.ers-ln the 
MCS--18 lamily U.. bad beaD ID""'!Doed by lelO 
1978~ Th& flrat mombtrof U.. family wu lnuoduoa:l 
in luo l 976 - tha 804111'ith 1 K hytn of on--cbip ROM, 
64 byr.eo of RWM, timar/""""ter, .nd 27110 biti.. A 
detaiJed deocriptiOD of the ODtire !&mlly catl bo fowld 
In tho ,...,. •• mo.o\lal publif.hed by ¡o¡eLI 

0~-C~IP O~·CHIP 

-~' ... 
WlMO~I lltWORV 
¡~,.¡ (1)"1 .. ) 

21 ~011 -2K EPROW 
~· 

~· 
,. 

'"' -
"' (W.I) .. .. 
21 pM l<mooto..,lot .. Th~ MCS.l8 i• o oingl .. actwm~latot an:hitaoture. 

Pro¡¡:nn'. mornory and data memory are l<>gically 11>11 
phyoÍ<.OUy aeparated (thua, U.. MCS-48 J. nota VOII 

.,,. • .,., ,...,,, ..... ,..... "" )1.>.~. COMPLITEA 
' 

1 



Neumenn 'macbine!). '!'hG muhnum prccram ad· 
druo opoee (l,..ludina" utamal ROMJ ouppOrtld by 
tburehltecturwt.~K byteo. Thereue 1 mnünum o1 
2M byteaol ond.lp (lnt.omah data memory, olwblch 
tU byt:M ore lmpllment.ed In tM c:urnat fllllll)r 
\eader, tU804&.1naddlúon tolnt.wn.l data -ry. 
tluo MC~8 ~tly aupporu 2&8 bytq ot utemal ~. 
cbta memory. 

Moot MC&48 famlly rnembon havo 271/0pla.t, ... 
rangeclu throe s-bit portl. twotnt illputo, udu IDo 
t.tupt inpUt. Addit.io.W pino ano provUWd for ouch 
fw>c\.ione ""' pow.....,. .-, ol~ot.lippln¡f. ancl 
momory ud 110 upanolo"a otr"ObM. 09 &-bit port 
ami part ol & oeeomlono uoed to fom¡ 1 mu)!lp)•nl 
ad.dreoa ud d.t.a buo for l/0 and memory e~ 

Thl MCS-48 h.ao a oi,..S.Jev.! int.tupt -r.tam 
(Otllyc,..lnterNpt in ...-viceot • ú,...Jand ~l& !Jo. 
l&tn!pl& from two ooUI"UII-11.1 intamal t\m.-1 
cnwtor and "" utenl&lint.om.>pt inpUt pin. lllt.or
Npt ealll ud returno Blltocn&tleally puab aDd pop 
tho prcgn.m ccunlllr &nd -taltt lntern.&lotatu.llll' 
uin¡¡; • .uoek in the intemal cbta mii'<IIIQ'-

Program store ""d program control 

. . 
•• 

"" IIIIIOIIY 
6oi·"''O,. 

The MCS48 architectu.e oupporto a mulmun:i.or 
4K bytes of program otote, confiiU"ed •• .1>0\lnlln 
Figure 2. However, 1 clooe Jcok 1~ prciP"......un Flgu,.l. 11110 IIJuctu,. o1 .ryplcal .... mt..t ollnloro tou::s..qtomU~ 

b 
.~ ol mlcrooompul4orw. · · 

organization o owo .... at t.b.e M~8 .. ., orlgiiWJy 
deslgned ao 1 2K-byte IIIAChlM. Mt.b. lhe _...¡ 
2K·byt.e capabillty lddod u 1 cb.un&y afterthougbt. 
Tb;.creo;tu two prob),..... Mtb th1 addru&ln¡¡; mecb--Flm,lheprogromcountert. roolly only 11 bitaand 
U.... addre•oes inat.Nctlol\l only .,.¡t.b.IJI 1 2K-byt.e ·-
bankofprogram oton. Jump and oubrouW..alll;,. 
otNet.io~ likewioe opec~ty ... 11-blt ..tm-. na 
problem. then. i• how \0 ~· 12th...scu- bit. 

lote!'& 10lution lo u foUcwo. Prevido u internal 
llag. MB. that can 1M oet O.nd dund by t .. o ;,..truc
Uona(SEL MB! andsi:L WIIO, rfl!*'Lively). w¡,..,.ver 
a jumpor aubrout.iaecall isexecuted. t&ke the lllow
order PC bits from the inat.ructlon, lnd load the high
order bit from MB. On aubroutine colb al>li rel.ut"llll, 
push ud pop the entire 1 Z-bi~ oddrM•. 

Thore are aome prol.ole"'-' wlt.b. th.io oolutlon. Firat.·
In a general oequonco of juonp• •nd eolio in 1 4K oya
t.lm, we don'! alwayo know wh~ro w• oamelrom, ond 
therefon "'" don't know thtcurnnl voluoof MB. So 
In general., a SEL M6; insU·ucLion muot priiCf>de every 
jump or oan. Naturully the progr&mmer can iocnne
tlrnes avoid t.b.iJ, ln•t.ruotlon"" oca ... by-aoe buio. 
but this ;, anotMr th!ng to worry abcut. 

Havlnc ~ftd the llnt prnb~ ... e thlnk ... un· 
dontand the addlwdn¡ ,..,n..nlom untll we ..nt.e 
our first intetNpl routine. Th•n we wake up in t.ho> 
middle of th<> night thinki111. ''Wboopal MB cu't ¡,., 
nadas part of th~ pl"(l("esaor ot&ta I'SW. But !>lB 
"""t be""'- too """' valualn ordortodo jumpa within 
the lnterrupt rout:r.~. How can the old volue bo re
noredon return1"'Welio awalio & lew hcura dteo.mlng 
up po .. ible 10lut.imoo- <lon't ''"" r•.l.b <>r jumpo in in· 
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ten'upt rmltineo; detomúno the volue of MB experi· 
n'leDt.all)' Dy doing ~ jump tu~ liud Jocmtion and ..... 
lng whether it windo up In MBO or MBl; keep a .. tt.
won copy of MB, updatlng lt ('With intarrupt.l di ... 
ablecl, of <:0\lr"") tV41ry thM ore do a SKL Wl!j; 11\akaall 
the codo m In 2K, 11 '"oapected todo •t the .eanol 
the prajert; and ., on. The r>ut rnoming•t ....... tlwl 
fi "" print to d;,...,vtt Lhat lhe M C&-4 8 '""""" tbe mosl. 
oignificant bit of U.. prognom tount.er t.o O durin¡¡ oll 
interrupt routhteo. Wtlhould put al! af our iDterrvpt 
eode in the bou.am 2K of "'""OIY and not touch MB: 
In fKt...., abould !argot that MB e.ristsl 

The requirement to put intenupt codo! in the bot· 
tom 2K m11keo the MCs-48 very diflicult touHaoa 
4K maclúne in a '""!-time appUcabon. Notonly muot 
the baok: l11t.rtv.pt ...,.vice routlne be in tho bottom 
2 K but aloo any utilit y rouU"" t hllt might b. calltd by 
it-th&t io, any code oucut.o<l befo.., an lllt.em!pt ,... 
toro inltruction 1• uocu*-. Thl.s c:ouJd be wtlll .,..... 
hall tho codo in.., in~.an~pt-driven envircnmenl. 

But the main problem "'' lind witb. MCS...8 pm. 
gn.m atore, dter writing IWf of our •pplia~ pr& 
gnms, ia thu tho add:eu opace i• j1111t too .....U. 
Wít.h.only twochipoland ooon with justone, l"m .,..¡ 
"''can ftll thll ~ntire ~K·byte ..ldreso Ji>*CO of U.. 
MCS-48 w:itb «>de fot 0111"" ~ oppllcadcn, new 
fe1tur01. dil¡nootieo. a nd-c 1 couue-par.cheo. 

Cnnditional jurnps specify an 8-bit tuget 
addte$8 in the <:urrent page; it would be 
far more useful to have a signed ofbd 

from the eurrent addreN. 

Tbe o.nt~ul ho.lvlng of the cost of IC IMIIIO<Yim· 
pHao th.t ov.:ry year wt wUl need o.not.lw ~U bit 
lar the mol<!mum-slu applieotion prognm lsince 
moot evolving producto ~ to u.., the docreued 
memory c.,.t to inorea•e lcotures. not to l'Oduce pro
duct c.,.tl. CleOU"Iy, then. o 4K limit io too low lar uy 
new flrcbite<t\uo, even a llngle-chip riricrocomputfr. 

Beo!d ... t.h.e 2K memory ho.nlu. program otort io 
oleo divided into U&-byl.e p&lf'!l. Conditional jumpo 
opoeify o.n 8-bit t.ar¡;ot oddren in U... curnnt pap.lt 
woold be faz <nOno uoeful toba ve a oigned off..,t frcm 
the CW"TWnt oddreao: tllio wouid incre.ue the lile.,. 
libood of being able to uoe the ohort jump oddft ... 
oime ~t br~Lnch tugeu ""'within 12~ byteo ofthe 
branch instruction.1 More imporwontly. it would 
elíminate the partitioning problem created when 
many procodurco muot be pocked into the momory 
opaco and oplit acrou pago b<.undari"" 

The only indirect jump instruct>on aloo uooo on 
B·b1t targe\ oddreO> ln Lhe curren\ P•&•· Vory 
ot111n~ly. thi• ino\nJction use• an 8·bit vellll! in tho 
ottumu!ator ML u th• tar¡:eL addre ... buL u a poinL• 
er toa pJ"ogram·•lote byl.e in lhe cur.-.nt ~ge lho.l 
eot~tains the tar¡;~L 11dd..,u. So the pa~ c<ml.uin:nr. 
the 1nduec1 jump in~truc¡;,n musL also cont.ain oll uf 
the mutin.o• Lo 00 jum¡.d to. as well•• a sil\ y httle 
table thn eontaino their ol.~~tting addteo.scs 1n th" 
p¡tge. Thi• not only wul.es •pace ond ti,ne. but. 
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worsa. makoo itimposoible todyriamically compUte • 
t.argot oddru• dtot ouembly t!me. W.C. tho jum¡i 
toblo lo in ROM. In my r«ont upen.nc., threl U.• 
pariencod pro~ammort hovacodld MC8-48lndlrlct 
j~n>polmproparly. be!!tvlnr "'Tht manuol muat havo 
o typo- Lhe 1:0ntent.o of tlu! acCYmYlotnr muot tt. t.h.o 
1.1!•1(<1 add.-eao itoelf."" In ""Y C&H. onotructlons oup
portlng indirert j umJIIl and a.Uo ony wben in the pro
....., otono U2-bit addreul would befar mono usdul. 

Arlthmetlc end loglcal operatlon• 

The MCS4a contains a oingle a«Umlllator in 
whkh arithmetic and Lo¡¡leal openotiono &ake place. 
Una:y opentiono on tho aecumulotor aro u lollow1: 

JnuerDOat, 

·~· olou. 
one"o c:omplement. 
dodmolodju.st. 
IWlp n.ibbJes. 
rou.ta left. 
roto.teleft withuny. 
rot&te ri¡¡bt, ud 
rot&te right with uny. 

Blnary operatlona combine thl oocumuletor and a n 
oprrand spw:ified by one of the addruaing model! de
scribe<~ in the neiL section. Tbe biftll"y operatlonoa:re: .... 

oddwlt.h.uny. 
-.~o. 

""" uduoive 011. 

Thore""' oleo "'data·movo" OperoUwul that ~01 
atohl tbe aecumulator. 

The main difficulty with MCS.48 operations i•not 
th~ operations th&onselvu but tho lack of condilion 
cod•s lor tosting their •eoulto. Only th a<:o~muletor 
can be te>ted for •ero or no¡;ouvo. and an overflow b1t 
Íl nut provided. <Uking compariaono ohi¡¡nod two"o
complement numbera Vill")' lruoC.,..tU... 

Operands 

Mosl data mov .. and binary operallons uoe an on· 
rhip uad/write interna! data memory ¡,.... F"igure 31 
oe<essib!e by two oddressing modes: K~GI~"T~K and 
INT>:KNA~ Ho;GI>"TE~ l~lllRfCT. Tht th""' otber ad· 
dn'soing modes are ¡;xt~H.,A~ ~t;CoSn:K !NDIRECT. 
1M MEDIAn. and ACCU.\1Ul.ATOR INOIHEC"T. 

In H()ISTER mode an oparond io eontained in o 
re¡::i•ter specified by a 3-bit heid in Lhe inotruction. A 
fl•~ h1t BS. oet by a StO!,'"'' inotnJction. '"""'''"" one 
ni \WO H·Ly¡., re¡:"ter ~>•nh. coon.pond>nll" to in ter· 
nal •lata memory ("""tóon' fl.1 if liS'" O am.l ~4.;¡¡ if 
HS b l. The specifi.d "'"'""'' may he loodc'<i with on 
Í!nm.L'<ilalo volue. mo-.'<1 t.o• "' lrom th• acrumulolOI. 
rombinecl with the acrumut.otor by arithmetic ot 
lo~ocol u¡ocratiuns. incr•manLtd. decremente<!. or 
uS<"d "'a loop counter. 

" 
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The orchiu•aun> ~¡.., &Upport.i up 1.<> 2&6 bytM of 

O:<ternal <ilota momorylwhi<:b n.todea oo 1 .. P"'"' 
chip!, acceooed by EXTEIUIAL REGISTER INDIR.Et'l' 
mode. Eithu RO or Rl iu the c:umollt. rql~ bank 
may bo u...:! 11 on S·bit poiater c.o uumal date 
ma>oey; t.holoddreo....:l byce may be c:cpied iaC.O the 
accumulatot or ..nttan from the accumul&tor. 

s;...., poinlen..., coatained iu !!-bit rqio~ the 
muimum omount of mr.ctly IIXe!llible dote llllfl>· 

oey oupport.ed by the MCS.•S uchitecwre la 2.56 
byteo intornal pluo 2&6 byt.u extarruol. Uowevor, 
bonk 1wH.chin¡ vio 1/0 bita can be uMd \.11 add:eoo 
any duirod amount of addil.ional e•t.IU'nll dato 
memoey. 

The mode. lor read.ia¡ Opetandl from. pn¡¡rem 
otore lf'll rather llmlted. In IW.MEDIATJ: modo l.fl 

ope.Úd ;, eonWned ia Uoe byte folkiwin¡ the ¡,.. 
slructio,; immediate Opl!ran<!& can either be l1111ded 
into ar oomblntd with t.hol aocumulatot ar be Joodod 
into inWnaJ dota n>emOt)' wit.h RWIST~R 'm II<Ttll· 
NAL R~OI!ITER INDIIIEC"I' modes. 

• 
' 1 

In ACCIIMULATOR iNOIIIECl' modt the leC\OmW.t.or 
is usod u en B·b!t pointer toan ope.,nd in eith•r tbt 
current pago or pa¡e Solpr<>grama.ore: onlyone~ype 
of opuatkm IIHI thlo modo. and it l~• t.holac<:~~mu· 
lator with the 1pe<ifiod operand. 

. A .......-. of hutnxtlcni opecify 11111>1 "opeci.ol" 
operoncb lmpllel~. meh u the pro¡ram otac.u. 
.......t. 110 porta, timerlcounter, carry bit. and nro 
¡.¡,¡t 11ags. FO arod Fl. 

The MCS.•S oddf'luin¡ modeo""' limpie. butthey 
provido moot o! the beiliti.,. a ¡>I'O&l'llm no.odo. Still, 
there""' oome deficienciell. 'I'he moot •riou• pnlb
lem io the woy in whlch operand• In pro¡;:rarn 110,.. 
"'• oddrened. Since program oi.On! only in t.holcuf' 
rent 1"'11" &nd in pa¡e 3 can be read t.hrou¡rb • polntar, 
eitlw lookup teblu muot •ll be locatad. in Pli" 3 or 
the oode that rudo ach table muot 'o. in l.hiH11>1 
paee.., t,h. t.o.blo. n.;.;, iDconveni•~ lf moro tban 
eme 2S&byte tronsloúon tabie ;. aeeded. lt abo 
maku it diffiCIOit t.o dO • 110M checll111m eelf·test 
routine-a ch"<'koum oubrouti!le wllllld h.o.ve 1.0 be 
plaeedinn•ey pageof prognun ot.oreland ol10e11 theN 
io no indiroct oubroutine eall, the main cheek1um PI'D' 
gram would hu oto contain a oepuate calllnstruc· 

lNTI:IlHAI. ft&lil:n-t:R U;DJKECT allowl .a!O,. R0 or 
Rl inl.heeum:ntro¡i!w b&nktobou..:lu&QS.blt 
poinw to inwnal data memo>)'. Tbo od.u....d. byta 
m~~y be loadtod with an immediota v&luo. moV8d to or 
from ;be occumulotor, ~bined with tht ICCIImU• 
t.tor, or lnc,..m<tnlod ¡but lO< oomo obocuA ruoon 

• not d..crement«<; even Ulough l.he n<OCIION.ry ''bol• '':: 
uiota in the inotruction oeJI. -
_ Locationo8-23 o/Jbe inl.enlal datio moa>ol'y.,.. re
.......,.¡ for a .. turn addroo• otack !8 eourin, 2 byi.A 
per entry). TheM locationi'ore,.-ritten by interruplo 
al>d wb<outin~ nlls and ,...d by int.emlpt and rub
..,Utine return inltl'\!ctio:lo. Tho auck ls too o....U. 
malcing lt hard to wnte prrcodurol codo. wl>lcb illm· 
pwt.u>t in largor progra!llo 1 2K-4K bytul. Tho pro
anmrner mv.ot cunotantly wony obout ...,lliog ae
quenct!o ond ¡¡~nerally enoble interrupU only at Jhe 
top leve! of tho progum t.o avoid overflowi~>g the ' 
atuk. 

There lrtt no lnoJructiooo to dirlctl,y Plllh 01 popa 
byta. Howevor, tho 111ek un be rothll< ineon· 
veniooltly wri11.en or 1Md by utraetln¡ the at.ock· 
point.er field lrarn the PSW, buildina thllp~ata 
oddrau, and uoin¡ IN'Tio:RNAL IIJ;<JiSTU INDIR.Et'l' ...... 

ti<m to eoch po¡o'o chl!Ckoum rOutine). -
For most progr•ma. tho meLhod of lndír..:tly .0._ 

dres•ins det.o. m~mory through RO end Rl io """"P'· 
•ble, but. for oomedote-structure <t~~.nlpulatlcnt, 0011 
wi5beoo ¡.,. or>e DI' two mor~ re¡¡iot.on thet could be 
uoed ao point.on . 

The 256-byl~ llrnlt Oll din>etly &d.tr.able In~ 
data momory i• '""Jo,., n... 8049 a\readJr eontaino 
128 byt.n <>f RWM, and lntel should lOGb be ablo 1.0 
provid~ the lull258 bytes of RWM on ono cllip. Tluo 
architecture cannot make "t...J¡htfo.,.an:l u .. of 
tochno]ogy \mpro.......,nta for ~ RWM ante tbio 
limit io reacbod. 

lnpuuoulpul•nd lnterrupll 

M'"'t MCS.48 ml.crocompuUr& have tbrw 8-bit uo· 
ports.uahown inFi(lW'e l. Two-oftheportail &lld21 
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'"' WIIITE r· ... 
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Flgln L Type 1 - -.1101 ........ 

- A mtcroprocoooor ........,..,. and 1/0 11111 1'111 ......,. 
ldwllllylllg c~~Qet ... llca--<11111 ..... addfMI
ien¡¡th, Jnlllil¡lllxed 01 ~ - 111111 
_...__ta«~IID,MCI-.1 11 
.. lnlontli"G '!' lolll! ti two ~~~~~ ciOcll-
tfi(IIO>W"'""""''II. · • - ., 

t..l uo catlll"lo tlllttlobniqu .. Typo 1 1011¡ lflt..-1-. 
liHd 111- tho tnllt eou, fml. and .. CII41aMIIIM. Aa 

• .,.,_n In Flgu>o e, 1......, .,. two mutullly ••""'-
• -Oormol pul'""· lmandWill, 1111.\lncllaoloa rud«wrlla 

Oplll.\1011. 
' , Wa'llealltM....--Iquf~l{O<I)...._¡b)l 
- U.ZIII>gD, Dll.::DJO,.nclal.obl' 1)'1 MOIOIOI.8e00 
''-i~Y. ~ lt alll>uld bo Tm"' ~ ... 

,._ '-- '""' ~ul z Joob lllllflllllloe 2-J-11 11 .... 
-~-........ """"""" DJ" t.fCS..la l"f ..,_.._ Aa ......... 

"lfll'l;.nt, ,,.,.,. lo a oiftgle conlnllpba, 1Im,...., o 
.._. olgonal~-U.tltllllao!uwhlchtypoDI Oplrll..., 

-leto'-ko~-TMUm¡ngDIIWo ll.,..lartou..tolon . -·~nat. 
_ Flll'fth-llowtoua .. t~z,_.-,.uha 

." ;'T)'ila- 1 poo1pllorJI GNP, TM d~~~:Ddlllfl. ollown In IM 
:.-· .llgtq ...,IM .... IJ' lmQiemontod wiUifllli.IWfollo m. · 
· ... 7UIJ0duai2·1<W--(thla_,lu_onootra 
-~ -IIOIIn¡lut lO< Gllii"GG'Iafti!IQ bo'-_.., ...... 

r .. tul'ft • pOOrly deoigaed synchrgalz.tr ~a.;l 
-Ume• miON• in¡>ut edgu and he<~~:e llkipo 
eounta. Thio io tho _,nd time in oix mon~ t.hat 1 
t..ve swn 1n t.Sl chip whou doeign<~rl WON op-

. ~Uy u,..,.,,., of problema in •rncluoniw dl!lign 
U.MOlher wu the ZIIO-SlO, wbich Z&Lo¡¡ hao o.lnco fiK
edl. 1 wculd ougpat thd <bipdnl¡¡ne<o rad oome of 
Úle papero on tiMo oub¡ect•• and lh.ot academicl worn 
lboir atudent.~ of U• ;...,.....;q Ukelilw>od of ay,.. 
clua>iz.a\.ioa ~ in modern ~aum do~ 

Ene of prograrnming 

Compare<~ to oome Gl tM older 4 ·bit and 8·bit mi<..O: 
~ro, the MCS·48loaniee machín• to pr~am, 
hut lt leov" muc:h t.o be deaired <XIIIIPI'fed •ith In 
M6801, a zs, or1nn an 808.5. Thosiogt.a«~~mul.otor 
nrhl!grtnra. U.. luJ; of lndu re¡¡iaun.. 1nd tht 
1bHac:é of """" 1 direct data memory odclrniÍI!¡ 
mode rn.na lhat l.ho proerammer 1111111. conttantly 
be movl"': ~~ ¡,..,.k 1nd fon.b betw.n Lho ac
eumo,tlat.or, tillo two .. point.er" regiswo RO 1nd Rl, 
•fl<l U.. ..u of l.bo dot.r. memOl'J' (and ~uotp,n¡c.rock of 
thoiiñ!~ Oile ""'Y ..,.;ta -macroS tO MM tlwt bllrdoon. 
aomewh.lt., 11 t.ha npon .. of mott1 inellicieM code In 
tbo cr.mpood -.!<!rato ~aee. For uample, on• can 
write 1 miCI"(( to aimull.ta a dinl:t date·mmi<IIY• 
addrn•'"'I mod10: 

LDA WACKD .. EMADDl 
WOV flll. fWEWADOR 
MOV ... IU 
ENDM 

IIO'Ij'·jlwll .... ~ IIIJI PI '01 ...... """" 
aral~ .. _,...,.., ~ lllo!,tlcllll no probo 
lam In "tlolri"D 1111 tlrni"'J ~aq""'-t ol 11"*""' 
ptO>;&NoOr Df , ... pwtplloriJ f:l>lp. 
F~o8.,.,..oonollemplloWHaTypel~ 

wlllla Tr ... ZI*iPI!o.ralchlp. TI'Wio¡¡lc&IMDDI eand 
-WIItiajo lho ~- 1\Uiy produc:. ~ tor U. 
Tr..-1 ~-l'i:l ,..._ 1111-1 ~ ...... 10 
. - u lfww. OUt \uo llmlrla ._ a Pf<'lillll'l. TI'W TJpe Z 
perl¡>r.r.J npocll 11/W llmlng lo 111 olll'llllr In 
~toon ooct'"" ~Jial. tlll.l..,ltollould bo_ 
Yalld long~.,... 11\o 1m! Pl'i'"II>PN"· T"" ""11 ~ 
'"coultl.,......lhlow<>uiCI bo toll'tlfict&IIJ' dotaylml 
lofta "*'Dh ID< ji& la .. ttoly lho oell,lp !IMI of IWo, 1.1,_ 
1~, "'"" a dlloy {ltAiea hfOI\IIIU~"""'*"'l 
-'11 atoo • ..., 1111 lralllllg ..so- 01 lllCI unllllor!CI 
a!Wiliw.t..d ..... -.-g&lll.pr>lb-. .na.--·.., 10 uu a. T~~ wiUI 
T\'Pe.Zi*lpftwoldliga·IO-M-- -··· IWI. F« ..-- U.. .._. oiQnlflcMI 1111 al Ulol 110 • 
por\ -- CCIIIIG 111 1 1 1 ... u h .... ..,.... 
doocodlnQDI_por\ ___ M>UIGIIMtllol\ithof-
Oid« bita; U..n .ollw&ll ...,.ild_ .10 1nau<1 tflot 
wiiiH 1tw.y1 ..- ockl part ""1 u-. and -uua...... . .. -

Tht eoticl.,.fl!n lllfl;f:l,ll. ........... \0__,1 T~potl·' 
~tto\'ypUp,li_'' '>llulthlllllo,_.. . 
Cito be dllltcull.ll llllljUitlbowttrll...,_ 0111 Df-
1/WI MllhOcl tOII'IIo~·- -• · · .-'¡ 

'· 
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To u• rudl rnatr011, ~- t.bt J)tOAnmmer muat 
give up oome ,...prr.eno t.. ooe by t.h• """"""·In the 
above eumple, mac:roo would ...., RO, loav!ne only 
Rl nail.oble to the progn.m u • polntar var:bobl.. 
(Buffer ' •nd other routlnu r uiri 'eopyl 11' eq ng twoor 
more polntero ¡11; to bol• problomJ 

The LKk ol .ynnnet.ry In U.. inotnocelon oet aleo 
creat.e• Pf'OBI'&mming heedachoa. For nample. why 
1"' tbon 1 NC R.o. DEC 110, afld 1 NC OllO !n •truct.ons. bllt 

""' DEC o !lO! Or, why can we condit.ionally j11111p on 
C.Z. '1'0, .nd TI eonditioao tn11orlaloe. butonFO, Fl, 
TF, 11nd &eeUmulatot bits only tnle7 E•cept lO<' ae
cumulat.oc b!to fabe, the prcp<'r "holu" exiot In the 
inotruclion M!t: in Fac~ lt prob•bly t.ook more logic to 
turn the !nurucUon• off t.han toln Lhem ...,.k.J llave 
"""" told thet. theae "un!mporu.nt" lnotruction• 

.lea ve room for future enhancemmta. buteny worth· 
whiU. udlit«tur•l enhon«,...nU would reqllire 
clw>gel ....,.., .... ~ t.han • r .... •pecia!.~ --· While nice l'"'lfUJQ .. n be written for the 
MCS.48, they take moreeffott thon thooe writt<m for 
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Flo¡juro e. Unaccoptoblel·ro-ZinllfiiCI. 

1 ''pnoroJ.purpooe'' orehitecUift. f'roeremtrilitB dlf· 
ficulty ond upenseolaoinc,.... •• - bumpop!Dit 
lbo memory limita of lho 8CH8. lf n.,. writin¡¡ """ 
lhort (< IK.:t>yt.l procnm ond ohi¡:lpiQ,¡ 60,000 untt. 
wlt.h lt, U.. prOgromminge,.,..... 11 quite jlUtlfioble. 
lf •e ...., wrltin¡ 10 diflorwnt 2K· lo 4K·byto pro
groma, -=h of which wl!l b"'hJpped. with6000u11lto, 
we might be betteroff oelec:llllj' oeiMMt(albelt nro .. 
uponoive) machi""' 

The MC5-18 uoeo lntel'o ..U.bl.rr 10-<:hann<l oillr:on• 
gata MOS P~- Severo! oecond soun:es for the 



• 
.. --- • 
l 55 

¡.;,illy• ¡,;..; i-11 ~-AMD, NEC. ~ PROM _,-oll!muiJ.beitlgu.d. 'T!wmonjr«huo 
tica, Siemenl. ln~n. RCA. Both ID~ Uld RCA .UC. ayatu U...t ollowo .uta open 1 katiaD. chup 
hl.v.,.msoui>C8dplal>of<>rCMOS-IIoasofMCS-48 "- aad C<mtinue to !.he nut lacdlon wiUI 1 amall 
~hipa. , • , """"bw of Uyo~ In ICE, t0 NOd ond clwlp 

1'!w MGS-48 chipa UIOI 1 olaglo +5 valt ouppl)o md four loeotlcmo, wt - type rmej:b!• ~ IIIICiolr-
hlve top: Input and output lowell th.ot ore Mly Tn. lli>edl: 
oompoubt.. Ao with oll MOS mloraproceooara.. t.he "' 
gutput driv~·¡, limit<od-typkaUy four ar flve low· 

• CDY'IT. l<H'O ¡n ° 
ciiuu • Ol u lAH BrH ltH 

power SchoUky HA<;'I"l'lJ unit loadlr. 
MCS--C8 chipo coñWn oñ OKillator 1.o goner•te U.. 

proceo_. dOck (IIÓrni..r>..U)i 6 MHl) fTam oa utem.ol. 
ayau.l or RC clrcuiL: lt io obo~blo tocoan«t llll 
ut.emo1 clock dlreo;tly to lhe _.;nttor inpuL The 
011tput af t.he oodll•tor 1-'t o divld6-by-t.tu.... 
COIIDtar whOH autputlnominolly 2 MH•lcontroll the 
lntornal oL.Itel of the proceooor. Sinco t.he divid•by.' 
throe cou nter cannct be oynckronizer:l u.L-Irnoib", pro
Cooaot 110 Cl!nnot 1M ,..,¡erencec~ Vflr'J ,...¡¡ to tbe 
6-MlU cl""k f<>r 1-rid<y lnterlaoei>,IIOI'Cin ,.._..,... 
bot ......, m lock·otep fro111 • r:ommoa clock In • t.ri
p!iu.~ microcc~aputor lau1bor'o ptt proj..:t~ 

The MCs-48 family satisfied tbe u.aual 
Intei strategy of being the fint in the 

muketpiace with an. imperfeet but uHfu.l 
• • product. ~ :: 

1M MCS.8 chipo havo., oct!ve-lo..- noet laput 
pln eormiOCtld to ., lfltll'll&l higJ>.impeoh""' puihl.p 
.-..bi.O< and Sdualt.t trlg¡er. Thuo, power-on ruet 
can beoccomplioheol by., utemall mFcop&cilor. lt 
io olittle""'"' diffL~:ult to &dd alogico(<)Jit.rolleol nM!. 
(lor uampl!!, by • ••~o<:hdog timer), alnce apen-co!· 
lec:tor or dloCHte \r&nAiotor drive io requlreol. And 
ualeu U.. driV<Ir drrolt ie tophiJ,Llcatld, • logic
tornm•ndeol ,._ ..;ndJoo,bl!! t.ll.e pt 00t for oJo.,. 
time, d\lfl to the \.11M <:Otlllt.lnt of the ~- noet 
clrewt-obout 200 1M«. In III'J'cut."'*dntloy" 
lha .uteofthll"""*"-· lt wO<Ild; bo abto baveo 

• _ noniñ.Uuble Lnterrupt (o5 In the ll08SI that COIIid be 
uoed 1or appüeoticno ruch u wotthdo¡ t.hnen. 

• 
O.VC~IoPrÍienttool• 

1 oto! aupporu t wo ""'jar deve!CII>"''"t tooll far the 
MCS-48 l•mily-&.,..,.. .....,blor Al>d oa ln-cireuit 
anulator. ICE. both o1 wbieh tu o.,.,.,. Lntel MDS 
rni<:ro<:ompuw .a.~cloptnent oy •tem. U al <>rtua.otely, 
lnt.eL doea not oupport any MCS..8 uoemblero or 
aimulatou thn ruo on alarge com!Nt.lfla IJ'I\.em, • 
DI<:<!Oiity lor any torre d~valopmant projo<:t. 
However, t.hey .. n be obt&iood from independent. 
ooftware houon ond conrultantl ou<:h •• Mlcroter:. 

lntel l.lDS ooftwon for tho MCS-48 lock. 1-hor coa· 
oiotency .,..., ~XP«IO from a good 1<>< al ooflwo.ro 
tooll. For uomple, tben o.re ot leaot W... VIOI'}' dif· 
lerent oyntu.eo thll on eogi"""'" or pro¡¡nmm<"T 
11\ight uoe to e henp lho ~alue of a <MII'IOt)' Location In 
U.. MDS, deponding on wh~thet the nooniUll', ICE, <>r 

• cuYTi: ,.-.~,,.n,n,I.A 
Todo the ..m., thi.n¡¡ In t.be PROM pi'),.......... tbo 
Pro¡nmn>ll' typta: 

-~ kdoo Lib., &UUr>ble:r llbell~ 

• 

~ conlt.llllt """oyanc:e ie thot the MDS..,. 
ceptloaly the RUS eh.oroct.er lOO' det.tin¡ clw-ocwa 
(echoln¡ t.bo deltteol dw"octerl; bo.tk&poca io not aup
porteol.. lt .,..culd bne been OliO)' oncugh to ouppon. 
both .,._.. clwactera.. making both teleprinter .ad 
CRT....,.h&ppy. 

Conc:Ju•lon 

Tbe MC5-48 miaocomputar f&a>Lly wo•• .-...-. 
• bLe c:ont.ributioa to tht oL.ote of U.. &tt .,.. h&n lt wu in· 
troduted in !916, In opite of it.s n.. .... lt achlaved iU 
dulgn goalo and oaÜoiied t.he 11-f\W Ictelotrategy o1 
bting the fir•t in thlltW'ketpl.ac:o wi&J> lllllmperfe;t 
bvt uuful producL 

1"'* MGS-48 lo ., occaptablt cholce fcr oppllca
tioa.o with lllltl&letim.l~~u ofloe• t.b.u. 
lKII)'taof~tU!I"UII IIOn, M~ofd&le Q, 

and cmly""' or two di.fl..-c. PfOPJN 1-0 be c18vttl-
• oped •. ~ wlwoo opplicotlonl requin mon 

mt:lnOry or difieren\ pro¡nmo In dlfferent ehlpo 
ohould ... k o """'. gener&l-purp>N architol<:t.ure, 
1\lcl> •• the Zll O<' 6!101. 

lluovo 1pent. mueh of tb.ioarticle compWnilill U...t. 
tho M CS.& lo noto ¡eoer&l-purpoM 8-bit. mla
putoo". ThU m.oy .-m unfm, WICI - peo>pl1U la
te! clalm the MCS48 "''" never lntecdeol w ro much 
beyODd the old "bi' n>arkot. So why critici3e it on 
th&t hooobT FinL to httlp deoignen wlw llli,¡bt ot.bti
Wioe be tempted to "" it in olar¡er opplicol>oa lintel 
saleo engineero frankly I'(ICOlDmlnd their t.hr.-cbip 
8085 lyotem la ouch euaaJ. s.:ond. to lwLp deoignen 
.,..lw ho.ve ol.ru.dy oolec~ thrl MCS.48 lar olor¡er ap
plic&tlon. Thlrd, ~uee diKU&oion o1 ,....,.¡ 
~yotern requ¡,.moato ohould ben.lllt fllt...-. oyote:a 
desigo:rert ond cllip designan &lilr.o. FinoUy, beceuoe 
lntel.W... ....t """' clf.or: a clem on:ltiteo:wro rultahloo 
'"' tbe mor~ eonenL·~· sinele-chip. •"P""' 
dohle miCn~CCmputer matkeL and L thlnk tbey 

~ ohou.Ld. • ' 
• 

COMPUTER 

'. 



1 

! 
' 1 

1 
1 

• ocr !;& 
Acknowllldgmente 

lappreciatei.M"W-I.tof my oolleqvM el:urin¡ 
the pnopuaÜOD ol \hlo a.ticla. ""'""'i·lly o-. ftoal. 
f'l-em J.W.. Paul Fnnu, Ed Yat11'00d, ucl O.V. 
SUaru. Tbe tof<llMIIt.. of the ~ ... aJ.o 
._y Mlplul. 'I1IaDkl ao to IlenJIU Allllon lor oug
patlng thia articl<! OYfll' 1 Y""' ago. Uld to Barnanl 
Peuto aad Len Shuatek lor makin¡ me flnlob \t. 01 
coune. opeciallhankl p to lntel for ~ ue tbe 
lo(cg..¡,s. 

Some of tbillll&tolrlal ... pzoopo:111d whlle 1 WQ a 
locturw at the ~tel e,._. Labordoory at SI.&D
ford Univera.lty. Qehu ~J~~~tarialil..:!apt.d from my 
teatbook$, Mic,.,.,mpuUrl, VDLJ: Are-'ít«tunr....., 
Prorrammln.r and Microcompuun, VoL 2: Sy•Um 
Hudw<IF• Dulrn. to be pu.bu.hed by Jolm Wiley & 
Sons m Late 1 979. All oplnio~~a 811pi"'INC ID thia 1111· 
ehoaremy,.... 

Reterancet 

!. J. F. Wol<orly, "Micr""""'putor IDpur.tlliKIIIII ArdUt.oo
tu,..," Comp~•••. Vol. U. No. 2, Fob. LQ1l, pp. 2&93. 

4. T. J. Chol>f)', S. M. ar....mn. and W. M.UttJofiold. ··a. 
.,...., tbo S)'fl~.~ ~wd .. 00MPCON·7l, 
l EEE C.O...J><I<. So<. C..ol., SU. f'ludoro. c.Ji.l., 8opl.. 
Lz.J~. 1~1. 

~- T. J. Ch.r.MroDdC. E. Mol:la:. "AMmolaqollobaYiorof 
S)'l><hronizer oad Arbltor Orculto.'' fBBB-TC IC«
rMp,], Vol C.l2, No. 4, "-Pf•IQ13, pp, ~11-4$2. 

8. M. Pechoucok, '• Anomoloou Raponw Tlmu of lapul 
Syncbrnni=o," IEBE-TC, Vol. C-U, No. 2. Fob. 111'!6. 
pp. 13H39. 

Joluo r. Wokoriyt.u I>Hiopoaclonl """' 
oultoDI..,d olo<turwol -IOI'd Uni
•orolly, wkorolrorn !9'1~"> 19'18howu 
an ouioton\ poofoooor ol oloctrical 
oniJi,...-inJ. Ho hu pubUot..l IWiny 
\odlnloool ortidoo (n \ho u.oo Df ..,..,. 
P" ........ bW\y, mi<rop·-- .. o:od 
dJ&i!.al •Y- edocal.iOn, ud lo tho 
o..U.C. el'""' <ntt-ko. ~ O.olp. 

Cir<•lts IW<loy. ~~~ ·~:::::: c!.'is!#. 
Chu~inr n"'"''~ 4nd ;lpplitooli4no IEIMvloor Nonh
lfoll.ond,l9J~i. 

Wokerly roeolvod U.o BEE 4taroo lroiD M:orquot<o 
Uol""'""l 1n 19Jn oi>d t~• lo!SEE oi>d 1'1>0 f...-. StoniO<d 
U .Un'"•' Y 1n 1911 oi>d 19TJ, roo-tlv.ly. th ""o lleru 
Fooi>dotion l'oUcw dunq IWi otud.io• O\ SUnford. th" o 
_,bo.r ol tho !El:: E Computer ~y. AOl. Si- XL 
To~ B<to l'i. ond E:to Koppo "<u_ 

"' ". Senior 
Systems. 

Engineers 
&Software 
Specialists 

WeHave 
Exceptianal · 

Oppartunitiaa· 
in 

•SYSTEMS CONCEPTS 
•SYSTEMS OESIGN 
•IMPLEMENTATION 

and CHECKOUT 
Coo-l.puw Scii!!nce& Corporatia11, .,;tt. 011er 
1 O.OCIO employees, 11 tlle ~Bderin the lnfiJI"'N. 
tion S<::•ences lndustry. Lllt th11leader •ntroduc::a 
you te ti'i,lly cNillangonQ essignments in your 
,pee.aOtleS. Worl< w•th someolthefinl!stmncls 
inyourfield. · · 
lile S'{ltem S<::il!nc;n Di111siOII ha& .... Íiy (;NI· 
lenging car-eer ~Ui!s flll' pei"SQI"'I''II1t 
thi!l seroor and lllterrrediote IIM!I in: 

Campu,•r Parr .. rmanc. lval..adon 
N•tiAiork Modallng/91mu!acfon 

Hardware/Soh:wara T radaoff Ewalt~•"•n 
Dlnrlbucf~• Pr-oeanlng 

MlcropNeaaur Conllguracian Dlalgn 
Co.,putar te Computar Com......Uuc~o>oa 

Soh:wor• EnglnHrlng 
Op•rall•n•l A~>&lyai• a lid S11pporC 

• Comma!Od Conlrolancl Communlooclon• 

Jc¡n a corporat•on that nos steedily grown in 
.,,.., and abii•W to s~lve comple• infarrnatlon 
ICiences ~roblems 

. CSC atfan ~omp101:lclve ••l•ri .. •nd a 
"""'pla'- blnafiU paeUga, includlng a 
UIMral Nloenlon pollcy. For t.Mdllta 
eonaldaruion, plaalla .. ,.,¡ """"'"" 

ar c.H: 

STAFFING DEPAATMENT 3402-CM 
Colloe~ 13011589-1548 or 
Toll Free: BOD-6311-0842 
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lho logoo 10<"""'1'111~• _.....""""'" -·--011011eoo lo mierop<og<.,. .....,.,.,.,, ro otner P"~•..,., ¡o .. -1001 ¡>01oll. 

Thc 10!00 ojler~t•• wítb tbrte cllt• poru, u ohown in block! in thc fi1urc JltO"Íde lo¡ic for thc ~~ 
Fi¡. l. Thc: 1 1nd 1hc O buses uc both 4 biu wide and opcratio)Q. Rt¡isU:r CR,, u.Ued the rcpal rqlstor, 11 1 
bidircctional. Thc rhird, tbt A bw. Íl • 4-bir-widc opcQal fau.<rc thl 1dd1 ¡rcatly to thc 10101'1 apee<! 
illput-only port. Control oftbe ALU 11 by 17 ~~:lccTlinca. tnd ftnibility. A•idc from iLs uocfulnw 11 a'cycle 
ASo lhrouah AS,.. Tbe sclcct linea control alt circuit countcr, whi'h allow• ~ingle instructio11.1 or subroutines 
fuPCtions arid determine tbe oou= alld dcstination for to be: exe<:utcd a specific numbcr of ti!IICI by iutomati
.-.LU data. A full w m wnc!iti<on~ lllillpllll. wblch cally k=J~io¡ !rack of lo>O¡¡ o:ouat. tenin¡ for cnd count. 
includc parity, Qlrty, overflow, and lCfO-dcu:ct,limplify alld rt:ma.ining in or lcavin¡ thc loo¡¡ on teS! rault, 
branch _ti:otin¡. Un1que amons ·bit·al~ee.praccuor rcsi51er CR.1 turthcr providcs a rctu.rn destinatiO...~for 

~ w clcmetill is thc l 0100'1 1b1hty lO pcrform both binary micropro¡ram Íntcrfllpls. ·•· 
and binary-codcd-dccimal (IICD) aritltlrMiic with equal- Rq:iltcr CR1 i1 sct u¡¡ to hold a macbinc hmnu:tlcwl 
use alld apea!. Oirect BCD .ritlt.meúe 11 sainln¡ in otartlnl addrcsa oran intcrrupt wcctDf. Rcail\c.r CR,. 
popularity in business cor!tplllc.rl, proceu controllc.n.. ~r. is uniquc to tbc 10101 in tbat j¡ interfaces 
and ICIIIYJIC:ms .,.here h~m~an lnt8fface is mO&I oncn in mi<;ropro¡ram eot~lfOito cxtcrnaltes\ poinu. Thc rqjs. 
a IICO forma t. Thc chip alm faturcs a si¡nal oocrflow ter ean be lu•dcd with ~ny givcn bit> of •t~tu• informa. 
shift network that indicatcs '*hoR an arithmctic ldt 1hift tion, whcrcupon it wil! le>! thooc bit• for c<>nditional 
bs promptcd asi¡n·bit chan¡c. micrnprogr•m ¡umpo. MoKOVer, ito contcnt, """ be .. , 

Thc MCIOSOI micropro¡ra~ntrol chip is tbc: or clarcd undcr pr~am control lo •i¡,..lthc proca
COIOPIIriÍOO pan to tbc proccssor elemc~t .,d carrics out oor'o ot.atu.s. fin•ll~. CR, can l>old thc pa¡c addras in a 
thc 5CQV.Cncin¡ of opcrati0111. Tho deYclopmcnt of the word· or p.•gc·or.Mnizcd m"'roprn¡ram. In that ~ 
10801. which packs SSCI equi•alent ¡ates onto • 2S,OOO. mcmory addrcu rc¡ister CR, would llold onty tite micro
squaro·mil chip, procoedcd all tho moro oonfidendy proaram .,.ord addrcss. 
becituK of thc hi&h yieldt airead y obtaincd witb tbo less Re&isun CR,·CR, fonn • four-word lut·in, fil'll-out 
complcx lOJI.OO PI'"· (UfO) st~cl< for ncstin&subrou.ti!ICS .,.¡tbin 1 precn.:n. 

Thc ]{)8.()1, alto a ~-bit-aide sli~;e, is1bown in Fig. 2. With !he logic bv.ilt into tbe 10801, opcration Ófthc UFO 
Thc conlrol-mcmOly·lddre.so rcaistcr CRo holds the ;, complctcly automati~. lf nec:dcd, howcvcr. tht UFO 
microprO&ram mcmory addres., whilc tbc rcmalnin¡ cail be utendcd or tcstcd for full stack lhrou¡lt the 1 bw' 

l!loctronlca/February 1. 1979 '" 
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or tM O bus pom. Two branclo inpuls-lloe brar>eb (B) 
and extended branch (Xii) - supply otatu for o;ondition· 
al microprogram jumps. 

Tbc .. bote p:on iJ ticd tugetlocr witb 16 irutructioru 
thal are buill into the ncxt-addrc:u 1ogic block. Thcse 
illllruaiona. !lsted in Tab!c ! . cocuro1the~<~~~rcc for caclo 
nc:w microprugrom word add<CII and ha•• b«n <IC$i&ned 
to oawe b<:oth microprcgnm memory size an<l deo<elop
rnenttimo. For oumplc, an 8-bit shift in tM ALU can be 
done with 0111) two micropr,...am w!llds-a n:peat• 
subroutinc instructiO<O (RSR) lo load ohe rcpc;~l number 
(11) in10 regisocr CR, and a repc;lt in•lructiO!I {RPl) lo 
pcrform tho ei¡ht ohifu. 

eoatro1 ol tlmlng 

C1oo;k roomol, oncn onc: of 1he most wmplu.ICJme!IU 
of procusor dc:loign, io implemcnted with 1 1in¡le cbip
the MC10802. A5 obown in Fi¡. l. the chip contains lhc 
logic 10 1enc:rue muhiple phues, •imp1ih system 1\arl 
1nd otop. and prol'ide sorne clia¡IIOit\(: ct.pabi1ity. 

The 10802 takcs 1 elock inpul, usu.ally from 1 crptal 
oscillator, ond opH11 the signo! imo ICplr&le phucs with 
ill f011r-phue shift~r block. The number of differenL 
phaiCI can be pra¡rommed for two, lhreo, or fo~r 
phuc:o. The IOIIIah, run/maintenancc, ond ollrt inpuU. 
control oynem stan and stop operatioru. The slngie
~yclo/sin¡:le·phau input helps witb diiii>Oiilct by 
adnn~ing the •ystem one clock phase or a cotnplete 
oyc;le for u.cb naning signal input. Finally, 1 oynchron· 
izer ILCiwork built into the par\ cua intcrl1cin¡ 10 \be 
start input. 

Hooking the bi1-1lioe procusor to slo•cr mernory and 
pcripherals ~alls ror Lhe MC 1 0803 interfaoe chip. Tlle . 
part io desi¡ncd for maximum •pc.cd: it can aimu11J· 
nCO<&>Iy route d3la '"hile addro:s$ing tM: memory or 
peripllerab. With 600 oquiviiCRI pLC$ pocked into 1 

"' 

'-

2l.()..); .. "'u~o:-onil •1«. tb~ :oso3 is aotually de~~SCr 
\h • .,, .. ,., : !),¡¡) 1 microc;."o: ol!or. "fh< aiifcrcnce is duc 1~ 
~ b:. •'.mplc• mct;li,uiun ¡:attorn u"d in thc m«t"") 
intcrf;oce chip. · 

Tit<; IO&OJ h~· it• o"n Alll. ,\lw or~J<IÍ7~-d a• ~-bio 
slic.:s • ..:ven] 101103• m•) !>.: c<~nno.."'\.:J in p.ar•lld h> 
mcct ~ny p:orticul.or >)>ICm •l~ia and addr.,.,. •O<.Iuirc· 
m<nu. A• •hown in t'ig. 4. thc ~ircuil 'ha• <lat~ ~nd 
•ddreu .pons for intcrfocing lo pcriphcral cquipment, 
plus tbc 1 bus ond O bus for eonnecting dirccdy tu other 
J{)j¡OQ po.n..ln o<ldotion, a lifth por! wnh pointor lnp.uts 
to lh~ ALU tan be u>cd a. a ¡ourcc of addn:u modifiers 
or o;onstaniS for mcmory ad<lr"•ing . 

A memory-addross regioter ho1ds H>e memory addre" 
•hile 1 memory-data ,..,&ister buffcrs incoming or outgo
inl dall. A ~paratc four-word re¡:istor file nor" infor
mation thu io nccded in the course of mcmor)" addrcu
ing. sueh u tbe page addr~\IC$ or the -.lu~ of thc 
program counter, indc~ regio ter. or sta~~ poin1er. 

Somc sclec1 inpuU lo tite dala-interface 1ogic have 
c:ontrol of a total ofl7 da11•11ansfcr opi:ntioru bctwcen 
buses and rcgi.Jtcro. Othtr <elect inputs contrcltM fune· 
tion of tbe ALU and determine thc source and destinaticn 
of data throoop microfunctiono and deslination-dCG<>ding 
logic. A1though the ALU io normal!) w.cd fcr mcmor)· 
addrcuin&, it can pcrform ie\'cn b.osic functiolli-add, 
aubtract, OR, ANO. ••dusi~C-OR, shift-ldt, and >hifl· 
ri&hL -011 a widc •a.riety of do1a sources. · 

Certain IYotemo Cl&n tai<e ~dvantag< of thc 10803 10 
rcduoe pans eount. A pcripheral ronuoller, for uample. 
ll&l!ifm 1nd formau <1111 and usully rtquir .. linl: 
arithmetic capability. Such ~ I)'Stcm uses the 1 D8fll buth 
for input/outpul (110) control and u iu main ALU, 
climinat~ng \he need for a 10800. 

Tring tM p.,q into • •rll•m 
Thc simplicity with whieh th~ p:o.ru of ¡he 10600 

bi!.-llic¿ famil) can be assc:mblecl into a micrO)IIOgr.om
mablc 16-bit minico.,..putrr cr signa! procc"or i• evidcm 
from Fíg. S. Ahhough llrU<"!UrC$ will vary dcpending on 
tbe application, tbe u.ample illustr&ICI ¡everal kcy 
futura.. Eleven \.SI doijls. togcthcr with 1 few ma!ium· 
ICI!Ie intc¡rated pt.r!S and ouppor<ing high-opccd mcmo
ry devices. are a U that is ~ulrcd. 

Bus ports un tbe 10800, 10801, and IOSOJ dircct\y 
interc:onr>cel. Tbc 10&01 micro)IIOgram conuoller sup
pli" u addta$ 10 micrcpro&ram mcmory, >Clccting one 
mi~roprosram ... on1. Er.ch won:l is divided in1o 8'0111>' of 
bi\1 ealled fields (repn:~enled by the broad arrows 11 
b<:oltom). Each field indepcndently contro\s a oyotem 
oection. Sincc 111 fields ••• prucnt 11 lhe oame time in 
eadl microptOJnm wonl, lhe nriOII.I IY•••m oections 
can operate oimultancoualy for muimum I)IICm 1pccd. 

A syncm functlon pcrfDrmed by 111 the 1\dds in onc 
microprcsnm word i• callee! a microinJ~ruction. Severa! 
microinslnlctlons may he rcquirod for one machinc 
instructicn. S)'Stelll pcrformanoe, therd'orc, ÍJ dcter· 
mined by the numhet of microinstru,liono in a oyo1em 
and ¡be 1pccd of each microinstruction. M\croinstrucuon 
cycle time for 1 16-blt 10801Hamily-Dased syilem i1 
abo\oL 1 00 nanoocc::on<l5. 

Thc ope rltion cf thel)'llcm in Fog. 5 can be ••plaincd 
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AOOUSS IOTEOfAt{ 
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·~ A"ITO<IOHIC SHIH OIC><l 

"" R~TAI! lófT 

""' AOIAH "<GHT 

"' SH"T~IGI•T 2'S CO ... l! IO!><T 

no S>I"T l!f 1 • 2'S COWLUI[~T 

oo• OUTP~l DoSAal E 

~ SIGN liT Al AlLOUTPUTS 

operali<>n beoween micropm8ram control and !he r«l or 
!he proceSloor. Whilc the A~U. regi>IU fo1e, Jnd mcmnry 
interface are cxecuting ene microinmuction, the 10801 
is ~enerating a new microprogram memory addreu 
Popdining i• opli0>1a1 in a oystem t...ilt witb the 10800 
fomily-thc 10~01 interface< directly te'"" micropro-
8<am '" either case. 

1\ hnol fcature of th~ high·pcrformaoce proccosor Or 
Fig. 10 i• the u>C of btonch. A t. u, and interface-dccocling 
lllgoc. ThO.. block< .tilo"' a rel~ti•ely widc pipeline regis-
1Ct feoding a largo number of t SI control inpuu lo be 
drivon from a narrow mioroprogram word. For O<amplc, 
a 6-bil microprogram focld can sclect 1 of 64 Al u 
in<tru~tiooa Thc At.lllogic. h""'cvcr. tnay requirc llta 

20 o;ontral input•. Thc fanaut is pcrformeó in docode 
logic commonly t...iU with fut 10139 pro¡ramznable 
rcad-only mcmorics (PRO~!). In addiliOII 10 redi'Cing 
micraproaram •i•e for rost reuon•. dccodin1 loiic: 
allo"'s microprQKnm ñelds te be •tructured fot c:uicr 
programming. The decoding hogic doe> no1 •low l)'ltcm 
performance >Ín<:c it i> JX»-Jiblc te go from clock te the 
10801'> addrr;>o oulput tbrou¡h micropro¡runmcd RAioC 
or PROM and fi'OIII dea>din¡lo¡ic te pipeline rcgistcr, tll 
within thc cycle time of 0111: microinmucliOII. • 

Fo,Uure ECL LSI 

Mutornla ha> d ... clopcd 1 MECl. 10,000 Macroa:ll· 
arr•y ÍnLcgraLod circul! that ¡, uom¡.;tliblc with 1b.: 
1 OMOil p.Lrt• and alluw, r• pid clcvdu¡>mcnl nf high-spce<l 
t.S! cirtuih ,.,¡¡, cnmplcxJtic' <>l up tu 7SO cquivalcnl 

· gatc>. Ahhuu¡h thc M~crocell •rray will be uscd '" 
d ... clop spcci.lli7cd cin:u11' for •pecillc cusL<omcn afld 
>)"l<m>. tht ad••ntag~., or thi> o .so concepc "'ill also lud 
lo ncw "•nclard produc" in tht 10~00 famtly. 

Tite plan.' are o hu> to u;c nc"' circuil dcvclopmcnlotu 
build un thc IOI!.t](] t:.mil) r•ther than around it Nc,. 
fu~~<:lion• ur.dcr cansiderltion include on ad .. ncc:d l·bit 
arithmctic-and-logic ~nd a very high-spced, upalldablc 
t.sl 11rtay multiplitr. Tlle•e circtitl•. plus thc Ma~ll 
arra y contc¡ll; will be featurcJ in on a rticlc en ECt LSI in 
lile ne.o.t i>.>uc. O 
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' .. ·----HL. ::. ··••'::'P>E"-••<o••<tOTOQQPOL,lt>Ml'"IQC~EOl.l--"-==--------------f\\ --- ~-

D'. ,... DIR, DEL • OE L'OI'fTAA-t'.:EC:rE!O \_V ' ·~ L~ • 
' . ' 
' 
' 

SALIDt'\! 
HL O XI-\, DE COLOCl\CION ...• 
8C - f'l~. fl .. 'liNTf\O{Jf;: DE INSERClON 
DE ~ OIR. DE INSERCION 
A .: FF SJ. Yfl SE ENCUENTAA EN -MEI'ICikl.f\ 
A <-~ O SI HO S~ ENCL!E~HRI\ EN HE:MORXI"' 
1'1' -NUI'IERU DE I'IONITOR 
J:Y..-OIR. DEL • DE COI'HRI'I-RECIBO 

cr:: EOU DDH 
LF: EQU.OAH 
M::MtM: EQU 1500H 

TNc)J:CE: OEFEI O lEN ESll'l VAF-:TI'IBLE SE I'ILMI'\CEN/'1 ioL CfiMic:TO 
iPúP. MONITOR (BITS 3•2•1 & n> 

COLOCA: 

Cl: 

LO AoL 
LO (I/'!OICEl•A H\"' 
EX AFrAF' 

NUMERO DE MatUTOR 

PUElH HL. 
LD DE • IDL 
AOO HL•DE 
EX OEoHL 
LO E::C •INS 
F'OP HL 
AOO HLtBC 
PUSH HL 
LO C• (HL) 
INC HL 
LO E:, OiL) 
EX l)f:,HL 
LO Et (HLl 
IriC 1 !L 
Lll Do (HLJ 
EX I . .'~C.·:IL 
F'USH HL 
01~ (\ 
S!::C HL • ~:C 
h)f• L"O: 
.JR Z·C31-'l 
~·UtlH DE 
t:.:-::<. 
POP HL 
F·USH IX 
F'ilP Ot.=: 
LU 8.5 
EX OE,HL 
LD {'¡, (DI:) 

CP <HU 
~1:'\ :~.c2 

-~~~ tiC, C:J 
;·IDL : I'".!M 
EXZ 
LO 1-11... r6 
1'100 HLoDt:: 

iOE"" tiDLtill 

iHL "" tiNSCil l 

iBC,INStD 

aw,.,.rou 11 

¡ tSf'l,l:OLO:l Nt!S'JO 

:Il)L ., INS ? 
iDE-lDLtl:l 
iFIN 

l HL' "':COL u: l 

iOE' .. (NUHl 

ilDL 
ilDL ...., 
; l!:·L > 

NUM 
NUM 
~!!.'M -- FU! 

' ... 

LD f'., L 
ANO lFH 
CP lEH 
.JR NZ.Cl 

_ INC HL 
'INC HL 
.JR Cl 

- ·-·----------··-

···-···-···· ···--
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"""" '" JR " E" 
XQf( " ; t!O c.::r:s~ ··. 
EX L\E ,HL JHL • IDL(Tl 
LD Do8 
LD r::.c IC'E -l.I'IOi(l) • Pllf' EtC IElC .. \lNiHil' 

• F'UBfi IX ' . 
POP H ¡¡y - (t'IUM) 

RL::r 

' JSUBRUTINA DE OESf-'1...1'\ZAMIENTO E J:I'ISt:tiCJ!l~l n U't Emt-.:1\01\l 
iA LA ENTR(IOI'It 
, O~ ~ OIR, ULT!Mf'l 
i lo<C ,.., o:m, L~E N'UN 1 t'llXJf( IJ~ l.t''JU(t.:Hll-1 

fH... <- DIR. PR:II110:RI"' ' ' •• LA 

' ' 

I ( ..,. DIR DEL 't O !NUEJ<: 1 1~H 
SALIDA: 

EL NUMERO HA SIDO IN:::;Ef<H\00 Y E~ ~~t.DOUE SE Htl fo:ECORRIOO 

'INSERTA: PUSH E:C 
F'OP IX 

ro: 

U.> E:C,6 
PU'JH HL 
LO fhO 
LO L.•E 
AUO HL•OC 
LD f'I•L 
MIO 1FH 
CF" 1EH 
JR ~!ZriO 
:H!C HL 
lNC HL 
P!.JSH HL 
EXX 
Ul fiLá"OV. 
!::::< r'tF", AF ' 
LD 8," 
'- :.> r:.t'1 
rL0D HLoOC 
L!) E, iHL) 
Ir!C H,_ 

ilX.= UN'.:lUJ) 

i iSPl l ,.., -1-DLCf: 

iHL..,. l.rltHI'•J> 

if~C''" MU~·Irtlf< 

LO D•\fiLl iul:'·-~''l:··.'t~.1 

·······---------

LL\ H!....,f'lf.:Efl-'tOOH i'lfJC," · o.•, Lllllcr1S 

10P5: 

I'IL'I! HLoOE iHt.'·• fl}L•:J; 
¡ .. ·/ J! • • • " 

St·c HL>DE 
Et:X 
.JI' tu.,~Uf'•';> 

L.l l Ulo: , MERR9 
CflLL PRI:NT 
F"UP. 1'\F 
RLr 

-LO <IXl •L 

iDL' · 'W:(IJ,:;"¡ :· 
'1 l:t: "!):••)• 

.LO <D(lll•H. t {ItJSIJ.i: r!o.•_:·.1cl 
F'IISH DE 1 (S~·;·>.)-- Hi,~.C! 

·· · EXX 
-~- .... ·.- .F"OF' HL. l HL'""'lt:'c'.l~ 

f"!JI' DfZ l)i';''")!Ji..'.J, 
DEC HL 

_oE.c__oE _____________ __ 

( '" r. 

Ctii"!THIU(l 

······-- -------~ --- -····· 

---- -------- .......... ____________ .. . 

_ ____ , . ._ ______ - .. 

• 
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--- _.Jfl:_ Lo-L'L- ---''~'"""'•'A"'"''>"'••'-'""'"~,'CTU>•"----------
EXX 
LO HoD 
LO .LoS 
OEC DE 
DEC DE 
LD f'loCOE:l 
CP Z1H 
.JR NC,:u 
DEC DE 

1 DE= INSCI-1),4 t?> 
' 

-~ ·s,.(:R-;LF~'?' 
; NO, SI\LTfl, 

l':::C DE • S.I. f'\.JUSTI'!, 
¡QE ,._ INSCI-U.'l 

:Il 1 , LO E:c,q 
1'!00 HLo8C 
EX O€oHL 
LO E·C •5 
LOOR 

lHL,., THS(I),t¡ 
lHL . ..., HI~HJ:-1)."'1 L OE,.INStl:l.4 

I2: 

' 

PUSH Hl. 
EXX 
POP I-IL 
OR A 
SE:C HL•OE: 
.JR Zoi'I 
E. XX 
Ot:C HL .. 
LO Ao tHLl 
CP 21H 
..IR NCoi3 
OEC HL 
l'l~C ~1L 

DEC DE 
LO fu tOEl 
CP 21H 
.JR NCoi:?: 
DEC !)E 
DEC Df. 
.JR I2. 
INC DE 
PU\OH IY 
POP HL 
LO E•Co'5 
l..DIR 
Rl::T 

l HL '=IHS <I l t-ruEVO 
;cy "' o 
l.INS ,.. IOL ? 

JHL .,. INSti-1) .'l .. 

IA.JLISTf'l 
WE ~ INS(J:l,.q_ 

ii'!.JUSTI'< 

lOE .,. IDL 

1HL "' tNUfoO 

; ~>UE•I·(UTINA D" !>OkfU''!OO Y OESf·Lf17.1'\MI~NTO, 
; !'! LA ENTRf.!Dfl: 

DE "" DIR, ULTIMA 
DC ., l'1R, f'OHIIE!': !!E. ~NSERCIUN 

; HL n DIR. PR~MERn 
; A Ll'! SALIDf'!: 

DEL 8LOOUE Hl'l SIDO ELIMINADO E.L NUMERO INO:!CI'!DO 

' tlU.rTAl LO ~"<•E 
ANO lFH 
.JR NZoOO 
DEC DE 
OEC DO:. 

oo: PUSH E:C 6 .. 
LL' t;:c,-6 
EX DEoHI. 
AOO HLoErC 
Púl'' l X 
LO tJX+llrH 

l32 o .. 6"'1 '-- --~- ---~-------- --·---

-·--------- --- --- ----------

iHL.--~ IN!:i.II) ... NUEY_Q_ 
il.X "" (!Nli(I) l 



'.H: 

sE:C HL, DE 
,¡R ,o:,Q:l 
LO fjL•ó 
r,DO tiL, DE 
LD ,.,,,_ 
I'.Nl) h"H 
<: F· 1 F:.H 
,JR ~u~u:! 
1 •IC HL 
J NC Hl. 

¡ Itl'J o- XDL ? 

;11•. ,• 10LC1•1l 
Q" •• • PL'SH E;C ; ( ~~F') l.NSC!) 

ti2F'5: 

Cl3: 

!,_1) t:.C • ó 
L_!HR ' 
!-'~!SH HL. 
U) t'\ ' F: 
M'D l~"H 

Ci-" lEH 

r~·c C'~ 
l:'~C o;::: 
PUf." HL 
0:0::-'. <SP) •HL 
L..D E:,H 
U) C•L 
OR" 
~-f-'l: ~~L,L)E 
>'OP HL 
.JR N2:,(tl 
U.l HL ,FRt'\ME 
~D E:C, :•, 
'- 'l.l R 

; SUBRUTINt'\ D'.: ESTRUCTURA ---- T1'1J, 2 ~if~Cf;. 

i Q 12::J"'IE:E'5t;'~9CRLF 

MCMORJ"n: E·-·U MEMI!"I 
:'iEMW~l"t'l ,.. '.>O l !Nt.:.rOS 

~:~ssr: 
~.lET1! 

Jf.; STRS!:T 
U-' fh5 
~'l.ISH [:t: 
E:<;}( 

iLOCnLIDt'IO OS TRf\8AJ0 
\Ci)TTNli'\S ¡ 't ~,f':l,r<S 

• 

S'l'l! 
PIJI ' ()f: 

'--L' I~C, ~ 

OOf"'.-, LOCt\Lll.)t\0 ~:N OONOE SE COF"Ifl(f"IEMORJ:AJ 
i6 EGPI'\C.WS I"'OR CONTI~A-RECI80 

LD HL,F"Rfii1E 
l_f)]'l~ 

PO:.L.: 1'1 
...Jti: NZ,STl 
Pli'3H DE 
L'-X 
>"OP DE 
RET 
CAl.,L SETl 
LD'.A.r' 
LO <DEJ.A 
.lNC DE 
Ln <DEl•A. ·-·' 
H!C DE 
CI'ILL SETl 
EOX l)E,Hl. 
LO (HLJ,CR 
INC HL 

>APUtiT() o'\L MMCO. DE. REFERENCIA. 
iCOI'l.f~ 0 .. MN<CO n MEMU~'.U'I 

iOF.:CkEME~ITI\ r:;:L CONTADUI~ 
iSICUE EN EL LOOP i 

lOE "" DE' 

- ... _ ... -'-- -..... - -··- ·---·· . ,_ .. 

.• LO . tHLl• J..F ___ _ 
n1r ~~ • 

.-·-·-----,· 

"-----· 

• 
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003! 

l. .•• 

lA LA 

' ' ' '' lA LA 

• 
' • 
'' 

-..JJO:-ü.uu..
EX DE oHL 
LOIR 

IOE~<RECORO) ~-HL~CRECDR0~1) 
~~~~COMPf'ICTA~•• 

EX OE.HL 
I.D CD~.lCPTR) oHL 
LO A· CNUI'1REC) 
DE.S to 

. .. - ............... . 

LO <NU1'11'<EChA 
LO OS, II*"UT 
CI'ILL PRINT 
SCF lCY""1 - SI SEi ENL:O~lTRO 

ENTRADA: 
E:C TAMI"INO DEL BLOQUE ; 
HL ~ OIR, OEL UL TD10 C~MCTEEL DEL. BLOilUE. 
IY " ' ' ' • •. • DE LA CADENA 
C' = TAMAI•IO 01::: U'\ CAOENA., 

SALIOf'l: ~. ·• 
-PARIDAD F'I"'F~ !H SE lrNI:O~ITf..'O 
I1L .,.. OJR, DEL PRIME>;: I"."HC'-1 (-1) 

-F"I'Ik.lDAL' l.I'IPAR SI NU St 0lCDNTRI1 .. ------ .. 
iDESTRUYE: 

' BUO! 
euscn: 

E!U1: 

E:C,OEoHL,BC' 'r A 

EXX 
LO BoC 
EXX .... ·--------· 
F'USH IY 
POP DE 
LO fh <DEl 
CeüR 
I~S T F'O 
JI"< Nz,euü 
EXX 
OJNZ E:U2 
EXX 
m;T 

E!U2! E:XX 

PUTMNT! 

OEC DE 
LO A, (l)E) 
CPO 
~'R E:U1 

Cf',LL Hmi.!. 
• Cr'ILL HON2 

CALL HON3 
CI"'LL MON'l 
RET. .. 

•• 

.. - .. 
.. ·---.... ...,.-

. j . • 

'l --------------MENSr'lJE ------------------------------·--
]IRUTINI"'S USfiOAS: 
]l ACCEPT 

·1' 
i~MENSI\JE: LO A, CINTCNT l -·~---·.!.. ........ 

" 

' 
1 

OR A IHAY INTERRUPCION PENDIENTE? 
,JR NZoMENSI'lJE Hli! !UGLIE CHECANOO 
OUT HASK• A ... ; ENMf'ISCf'\Rfl . .It!TERRUP.CI.OI'!ES. ______ ... -----·---
Cf'ILL At:CEPT 
LO DEoCRLF 
Cr"''I.L f'RlNT .. 
l..D Ao<TN~·Ul> 
CF" C'TLT 

--~ ··-·-·· .. -~---· 



., , .. 

l'¡ 
' 

LL2: 

1 OTR 
LO DErLLM•i 
Ct1d, FRfNT" 
Co'll.L r"\CCEI" 1 
LO D!~rLLM:.:! 

CfiLL F"fUNT 
Cf'ILL F (H(Mo~! 
Co'!LL Vf\L.:ll.ll"l 

L.D 8Co5 
LD 01:::, CL'"l'.'E 
U) HL.dNf·¡of 
UHI"\ 
LO 0EoLU1E: 
('("¡LL F·Rl.NI 

; ·¡ h ''"':..FIEr~E 
; W 1 :~A: VEZ. 

; E.:mmn L.IN[;;n 

r.:r'.Ll. 1 I.ITI~IO:T' ; 1 "f!N E~! OTSCO 
f·:E: 1 
LO L.IE •Ll.ML: 
Ct1LL PP.INI 

-·-·-····-· ···--·-··· 

.Jk LL.l __ '·· 
LLMl: Dl:::r'"l·o: 1:1"( , 1 . F , • 1 E.CL.ftE U'l \.LAVE ' , Ck , L.F, ' $ ' ¡ ~'l'lf\A !~1 JUR 1" ···~:·til "1': J.i · 

LLM:!: U(FU '.'f,' '>L"fül.f", '$' i~'T ~ •.~::1-a.ICN. 1.'".:-. 
LLI-.3: DEFli CR rLF, · OESEfl C{lM'...'l.f\R Ll'l !...LfiVE( 5/N).~ ~ CR• LF, ''!>' 
L L. M"!: 
LI.M~•: 
LLM6! 
LLM7! 
U.M8: 

í'I~F\:;1 CF\ ol.F, ' 1 f"Ct.EE SI.J /IUE'.'I'I Ll.fi•.'E' • l:k • LF • ''J' 
llr.:n:·r·;r,,¡y, '')in~I~'H'I r. _¡~:t:I..EI"1F( SU ~IUE•JA Ll.fl')(' ,e~:, u', '1 
Or.:.r:·L: C~:, Ll'", 'LLN.'t:: l"lCTU!"lL.IZ:'"!C'I"l' • CR• LF •-' 'J' 
DEI'"8 CRri.F, "NU H:.CLEU LO M.l~MU' rCf\oLFr 'f.' 
DE•'B CR oi.F, 'üESEi"' A!OICNf\R CLA•.'~?' , CRoLF, '" ' 

LLM'I: \)U'C:: C~:.L .. I', 'TI.CCLEJC LA NUEVI'l r;Lt'l'.'(' oCR.r.LF., '$' 
L U<:f>! 
LL.M~:: 

ry· .. '"'L.: CF; •l. f'", • ~'l.Jf~LVI\ A TE:CLE.f1R U'l NUE'll"' CLA'.'S' , 1:X: ,uc, ' ·~ · 
O': t'f< CR ,¡y, 'NUEVn CUI•JE f\SXCN('IOA' • CR, LF, '! ' 
> '!éf'B CR .LF, 'NO TECLEO t. A MXLMI\ CLI"''.1E' ,cR, L.F r '<: ' 

CONlr"\01)1\: Dl'l:·~: :!~.~j 

' 
;(ll .. f'"IO:.I:Nl:::H·J:u SON 't SECWI(105 . . 

lNT<:RVI\LO: l"l!~;¡¡ f\J'" 

' ' 

~·r•DH fll , 
Lt) HL,CDtlrAL·dR 
L•EC (HLl 

1
1 

LO Ao::?.55 
OiJl (.TIMERl di. 
,_r,·, Z•.f.MAGLCN 
¡·n¡~ HL 
t·op AF 
E.( 
r\ET 

iSU8RUTlNA DE INTERRl!PCJ:ON 

iU···l-'t!l 

; ES lli RUTlNA REC.I;8C- OE. L" SELtlL DEL TIMER .UN COMN>IOO F'I\RA •... -
;JPROCESAR Lfl lNFORr11'1C.l\JN LIE SUS t¡ llf';f:AS DE MEMORll'l 
,!·lOME: !::QU OCH :CARACH:.R C·E CONrRDL(o'l CASt't '( 80f~R/'Il 

, LIMTO! EQU .. MEMIM ····-------· ---'··-·· --·-·-·---
. L"lM"f1 ~ EI'.U MEMTM~·I"'I~EA 

LIMT2! I~IIU MEMIM•I"lf!ICA.,:t: 
LIM"I3! -- EllU MEMIM~tii>:Et:.:&3.. .. _ 
LIMT'I: EflU MEM.tl'l~ (lREA•"' 
'"'"' OlNt11'1J.CO~> "'"' 
J:DL: OI~FW LHHI) 
f'DU OE.FW LIM"Tl 

Dt:YW LIMl::?. 
__ Ql;nL un r 3 

L)""· :• 1 ·~···· 

·- -· -- . 

' ' 



• 

' . 

DF.FW 
DEF¡.,o 
OISf,;l! 
DL':F'W 
L•LFW 
DEFW 

-----------------Q:J--- ·--~ ... ~---··~~ 
LI!'\T2 -,., . 

:wv: 

t•• ESTt'lTICOS "'" 

LIMT3 
l.IMTO. -.-· ··--~
LJ'MT1 
U:HT:! 
L!MT3-. -------

FOV! OtFW LIHT0~100H 
OEF~! LII1T1±.400H. 
DEn! L:ri1T2+"100H 
OD'W LIMT3+"11l!IH . 

MO~liTOR: DEFW O 

' 

·-------····· 

IM~CEN: LO <HL>•140 
PU!>H F:C 
PUSH DE 

io''IUEVO. INTERVALO •• ( t2 .:3. SECS. L. __ -
:2.7!:i 

EX 1'\FrAE' 
t'XX 
F'USH AF 
F·USH HL 
PUSH BC 
F'!.JSH DE 
Pt.:SH IX 
PUSH IY 

;2.75 

" 
;z.7s 
12.75 
i2.75 
i3.7::0 
;3.75 

:; ••l"oLMfiCENA RECISTROS 126 MICI~!lSEGUNOOS 

' IMl: 

' 

' IM2: 

t.D BC•(I10NIT0Rl 
I..D IYoiNS 
1'100 IYrBC 
LO Q, <IY+l l 

. - - ----~ 

LO EoC:IYl iOE ~ OIR. DE INSERCtON 
LO IXriDV 
r.oo IX, e:c ::ro•J(Jl - CY -:Q 
¡_[) flo (IX~ll 
LO Lr<IXl JHL ~ OIR. DE VENTANA 
PUSH HL 
Sl:C HL o DE liD'.' - HlS 
PDP HL 
JR CriM3 ;of:,• SIGUI:: 
; Cr"'LCUU\ ','UEL TA 
LO HL, FQ•,• 
('¡I')D Hl_, ¡;e 
LO E:o(HLI 
J:NC HL 
LO O, (Hll 
LO HL•-'lO(IH 
1'\DO HL.OE 

;FOVU) 

Cr'\LL ESCLINFA 
LD i"'• (MO~il:lm'() 
CP 6 
LIR NZoiM"t 
LO Ao-2 ·- --- ~-·-·- ···--·---·····-~--

1\00 2 ;NUEVO MONITOR 
LO (MONITOR) , 1\ 

--· ,· ---···'· _. .... 
POP IY 
f-•DP IX 
r:·m·· 01::: 
POP E:C 

__ •. POF"HL -·· 

··---------

- ------·-·-·-·-----

.POP flF -··-------------

------·-···--··-----·-



' .. 
' '¡ ' 

' "' 
1~' U'· ru :· 
,,: r 
!<tl 

t:SCL !NEf\: LO [:, 6'1 
Lú t> {1-ll. l 
f'USH HL ; SP /l:I 

IH'IP 1: 

'ci'\SE: 

L<) fiL, 01UNJ.l0Rl 
~11"•1. L 0-•-1 
F'USfl HL 
1\t'O HL • Hl. ; ;r 2 
~.:)-) HL • HL. 
f·uf-• DE 
(o\"¡f.) 0·11-. 1)1.'. 
r 'J r:-::,cr.t;r,·_ 
n•JD II'..•~C 
s:x <o;~· J • HL. 
~-< (~~p) oH!_ 

JP <HL) 
lSP/L!.l 
cm t. Mm!l r 
,jf( l M:·;, 
C<l<.t.. MIIN2T 
.IR d:M~: 

CAL!... MW4::11' 
-.'f;: Ii".~ 

t:l'il.l.. MflN'1T 
C( (SI"),I·IL 
TNC 111. 

iCY 

;cy 

iCY 

iCY 

" 
" 

" 

" 

,, 

" 
' 
" 

LO e, (HI_) 

DJNZ IM'IF-'1 
POF· DE ¡ RECUf-'ERn CSF-' l 

··-----~ 

C:"\I_L AN rL.LO 
LO <IXl •L 
LD cu-:~u •H 
fiEl 

H'\ClUf\LlZA IDVCU 

. ' 
'"'"'RUTl'Nfl DE ClRI:ULO DI MEMO[:;:Jf'l*• 

flN ELLO! -- .- . ' PUSH HL 
F'USH HL ¡ ( Sf-• 1 ) - ( SP2l""I'\PUNTI'\DDR A Lfl Lnj~)"\ 

'-'·' HL, ( M•-u•nnm > 
LO DE,FDV 
AOO HI_,I}E JCY'-.0 
LO E, <HLJ. 
.-wc HL 
LO o, <HLJ 
U) HL,AI<C::fi--'IOOH lOFF$1:1 
.-.oo 111-•L'E 
LO E:,H 
LO C,L. ¡(:(: • FUL<ll 
LO HLo,-MEfl 
f\Dt) HL • E:C 
EX DI~,HL 
F·[JF' IIL 

--·-·--·---
lHL " tDL<I:l - CY -' ilJE -'[Ol.(l:) 

OR F'l 
lJO'.' " t'DL ? 

• 

. . 

S8C HL•t:C 
f-•Of" HL 
RET NZ 

;RrXUf'ERl'l .N"Ut.JTilOOR..ORIGZNAL. fl .LINEA __ .:... .. _: 

EX OE,HL 



' 

'• 

.---~~~------------------~QJ '"' ', 

; ""'""'"' 
SARl: 
Sfll!i::!! 
LI'H•!D: 
Ml\!31<: 
CTLl: 
r:TL.:!: 
CTL3: 
CTL"l: 
F'ORT1: 
PORT:!! 
F'ORT8: 
I''OI~T'I: 
TXF:OY! 
rlHER! 

' HON1: 

:; 

MONZ: 
' 

MON3! 

'' ' 
HON"I: 

EOU.7"1H JSOFTWfiiRE nDDRESS REVERSE 
sou '9"lH 

EO" 6:!f-l 
EQU 6:.JH 
m u 60H 
EOU ;• Ufl 

"" "" EOU 90H 
EOU 6>H 
EQIJ 71H • 
EQU 8l.H 
EClU 9lH 
EI:JU üUH 
EOU ¿,sH 

IN A.CTL1 
fii~!D TXROY 
.JJ;; z,MQNi 
LO A•C 
OUT PORT1 tÁ _ 
t.:ET 

IN AoC1L2 
ANO TXRDY 
.IR ZoMONZ 
LO A•C 
OUT PORTZ o/\ 
RET 

:IN AoCTL3 
N'D TX~:Ot 

.IR z,MON3 
Lll A.c 

. '· 

OUT POR f3 d\ 
~:ET 

Ul A o {ClL"'l 
f'INO TXRDl' 

... 

J'i: Z, MclN'I -~ 
Ul r~.c ~ 
OUT (f'•Qf(T'Il ,t'J
eET 

-- -... 

PER:IFERTCOS! LO f'l,Q 

PUERTOS: 

PRl! 

OUT SM1of'l 
OUT S('¡f(ZoA' 
Ll1 flo9 >RESET L INTA ENf'lf.:U:: 
LIJ C t CM~!O -. "... 
CALL PUERTOS t:RESTAtH f¡ LOS "1 f·'UERTOS 
XOR A 

LO CoMflSK ~----·-~-- ··-··- ,. 
Co"ILL PUERTOS i SIN INTERRUPC:ION EN LOS '1 PUERTOS 
LO Ao841-t :1300 8AUOS, 1 STOP 
LD C•CTL1 _:;E'I'IUO f'Of~L.J:lN.DUIE:UT..._ ..... _ 
CALL I''I.IEI\T'OS v" 

.JR F"RFCS 
LD. E:•"f 
EX AF,fiF' 
LO A.c 

.. EK.I"'E•AF.'_ 
oll') 1('\ d\ 

-- ! "f .f.'VF.;;RTQS .. ----- ---- ---·· .. 

1A"~• DE PUERTO INICIAL 
.iA."::...f:riL.l'Jf:!HA..DE CONJRCII 



" " • e· 
• . -:: -

.-~ 1 ,, 

. ' • . . 
• • 
:F'RFCS~ 

' rsn:: 
STnCf(l 
1'STK2l 
'srflt(:n 
TlSTf\CI(l 
_!::?:STI"'Cf:: 
INTCNT: .. 
' IMONITORl 

U'• t:,IICIMI~ 

C:'\LL ~,QNl 

CI'\LL MON:O 
Cf'lLL MON3 
Cf\Ll. M0tl4 
l_f) f'lol 
1.11.11 Mr'lSI<, f'\ 
m:.t.; 
OUT lTMERoA 
LO ('h 12H 
'-D :r.n 

DEF"S 64 

IHI\"'.IL'Hf\ l.!:MIO:f(l 
i A-o255 
¡ F'RIM.ER F'ERlODO 

j MIIDU Z110 
; flt\l.:::rL.! !"1'1 J:rlTERI~UPClONE.S 

; MEA OI:L 5H'ICI( .PRINClPtiL 
DL:FS 20 
Jl'o~'-:t:f'l I.JE UECI.JNOIJ Sll'lei'~ 
DEF!O ,, 
Ol'.:l'"~l 51 f\K2 
OEFE: O 

LO A, (!NTC~In 
or~ A 

.••.• _ •. .JR NZoMNf 
IN f'lo63H 
XOR fl 

iRESET TE:E 

,MONCODEl 

MNT: 

MONlTl 

' MONZ !': 

' t10N3T: 
. . -

; : 

_ ou·r 63H "' 
LO Ao20H 

.. fDESHA8ILITfi.TIMER L ........ . 

OUT lo::lH, A 
LO Ao,-6"1. 

:Et!l'l8LE TE:Eo DISABLE TIMER 

LO ( I~l rCNTl di 
LO n.c 
OUT ~·pfi:flll~ 

,Jr..: SA•.•r¿ 
LO Aoi-3H 

lE~>CRIE:E O'YTE 
; CU1'1RDt'i M~CDIO 

LO <MUNLOOE~l),f'l 

LO A,F·ORT1 
LO ütNr~2)oA 
.JR l.MONITOR 

U) {'lt 73H 
CD CMONCUDE+l)ol\ 
CD l'ltPORT2 
<D CMNT~2),f'l 

"' !.MONITOR 

CD A•f33H 

'" C MONCOOE -..1) , A 
CD AoPORT3 
CD CMNT·~~)of'l 

JR IMONXTOR 

t\ME:IENTE 

1· HON.ttl':·. LO Ao'>I3H 

·,_ • • ' 1 

' 

CD 
CD 
CD 

·---·---~·15' 

-

CMUNCOOE+l) of\. 

AoF'ORT4 
CHNf.,.2)oA 

....... -- ------

TM 'JNl:'[Qfi:..__ _______ _ 

---··----,---- ·- . 

----·- ------



.. 
' 

' 

L.LJ-H•~\J -@-··-__ .. ---7' ~D____( CONMD08!U-'-'•"''-''UO>A'-U''•"'-''"'"'··COE.,Nl..L0UE'--!L66:33LtHOSL' ·~- { --
r_o o'\•1 
OUT ó3H,A 
EXX 

tENABLE INTERRUPT TIHER 

'" ' ---- ·- -- ........ -------- -·-··---- --' L/'IST: t.:'><FIN*• 
FH.LER: DEFS l2ó0H-\ 03H-LI'\ST 

·------------------------
ORC 12óOH 

VECTOR:. _ .... OEFW INTER'JALD 

' ·------------------------
' FILL1 l OEF'S 8 
H:JRG 126AH 
INTl: OEFW 
FILL.:!: . DEF'S 
;QF~C 127AH 
INT2 l ··- . OEFW 

IOINT 

" 
!OINT 

·- ...... ______ -

FILL3! OEFS 1"1 
:oRG 122AH 
INT3! OEFI-I 
FILL'+l OEFS 
iORG 129AH 
:tNT"' l OEFW 

' FILL5l OEFS 
IORG 12AllH 
:----MENSA~Es"oE 

MERRil l O EFE: 
MEHRl. l DEFB 
I:DERf>: OEFB 

DEEB 
11ERR2 l O EFE: 
MEf(f\:~ l o~:FB 

t.SR"-'l O EFE: 
MERR5! DEFB 

OkOFB 
DESEI~f~ l DEF'B 
MERR"': OEFB 
ME~R7: OEFB 
M!:.F\f(B: OI~FB 

M 1~~,1~'1! OI~F~: 

OEF8 
CNCI'\: DEFB 

OEFE: 
CF:LF: IJEFB 

END ORDENES 

. 

IOINT 

" 
lOlNT 

' 
ERROR----

CR,LF, 'NO $,' -· ..... 
'~CXISTE !::':L NUMERO OE 1 :UNTRA-REC.ll~O' , CR ,¡,F, '$' 

CR,LF, 'NU HAY DATOS EN MENOR!A' •CR•LF 
'COMANDO NO EJECUTADO' ,cR",LF,_'$' 
CR.LF,'ND HAY IMAGEN E~l OI!iCD'•CR•LF,'$' 
CR,i_F,'lli"'TO MAL TECLEI'IL'O',CF:,LF,'11' 
CRoLF, 'SE. EXCEOIO EL f'tRIOOO MAXDID DE f'Al:D' oCR•'-f• ·~' 
CR •LF, 'SE HA EXCEDIDO 1..1' CAPI"'CIOAD MI'\X!MA' 
'DE AL MI'\CENAMIENTO' , Cf( ,LF, '1i' 
CR,LFo'NO HIIY. 01'\TOS DE: ALrl'l EN_Ql:SCQ',I..:f(oLF.o.'$'. 
CR.LF• 'FTN DE MCHI'.'D OE ALTAS' oCF:•LF, '$' 
CR, LF, 'CDMI'VIOO NO RECONOCJDO' , CR, LF • '$ ' 

CR,r_~·,·c:uflL ES SU COMI'\NI.lO 'I',CH,LF•''t' 
CR.LF, 'NUMEF:O HAXIMU UE CUN'TRA-RECIE10S EXCED!.[JO' ,Cf>•i-'_
•..,,.•NUMEfW NO .1NS!"o:Rll"lll0'><""'' ,t;RoU:, '$' 
'SHiTEMA DE NO flFlCr.C:WN DE ORDENES DE PACO' 
Cf~>I.Fo 'fll)l'EI_ S.C. -¡•,>/\'' ,t:;f(oLFoL.F,I_F, '!F' 
CR.I.F, ''lo' 

------ -- ------ -- - - - -- -

------ . --------'----------- --- - ---·--
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•· . 
INTRODUCTION" '1'0 TlfE CRON»!CO SIIIGLE CARO COMPI.I'l'ER 

The Cromemco Single C&rd Computer (SCC) is a sophisticated 

microcomputer v1th the folloving layout: 

n 
! 

Pardlel 
I/0 

"ro/I"ROM EXTERNAL OEVICES 

·- .;. . ,-..., 

" n 
l t 

Pe.r&llel Par&llel 
I/0 I/0 

" t 
_ Serial 

I/0 

Port llAJ! Port llBH Port 0411 Port 01l-ll21i 

t • 1 1 1 

---~~-:. __ _: ___ :.:_~--}----..:--------{-------_-:_:.~:.-1----· < > i~~o 

' 1 1 

1 :ORY 1 
21l!il!il-23FFH 

llf'l'f:RV Al 
TIME~ S 

Ports iil5-iil9it 

1 Iti'l'ERRUPTS 1 

Port 0311 

The S-100 bus interface allovs-convenient expansion of the.system 

if rl.er.ir.;d. ·'!'he SCC 1s guaranteed to 1o10rk vith all of Cromemeo's S-lOO 

pro~uct~, 1'ncl•;<itnr: analog I/0, color.graphtcs; and RAM/ROM memory. 

·. 
.... _. -~ "- _ .. 

The SCC in ~"lf-contain~d c><cept for the user-supplied pover 

t.uppLi.:s. Th<!oc pover supplien may be wtregulated and should supply 

•8 volt~ "t 1.:>1>., +lB volts at lOOMA, and -18 volts at 50MA. 

- ' . 

• 

¡ 
,f ., 
•• _, 
·¡ 
l 

• 

' • ' 
' ¡ 
! 



The follovint: si:ctions cover progru,roing intonr.ation, including 

the z-60 CPU technical manuo<l and inform&tion about the I/0 reghtera on 
•. 

the SCC; a functional_description, Vhich explains the operation of each 

co~ponent in the SCC; and the S-100 interface, which describes the bua 

interface characteristics of the SCC. 

SCC IN?UT/OU'l'PUT REGIS'l'ER DESCRIP'riON 

In the folloving sections, each I/0 port (register) vtll be 

discuned. 

~flDDRESS INLDUT . DESCRI?l'ID!i 

•• '" Status Register: 

" 
,, 

" 
,,, 

" " Transmi t Read lnt. Start Fun Ser-
Burrer Data Pend- "' '" 

,., 
Dnpty Avail. "' Detect Detect Ro V 

01 

OVer-

'"" li;rr 

The tunctions of these flsga are indicatcd in the following aections. 

DI Transmitler Buffer Empty (TBE): 

• 
1 

A high 1n bit 7 indicates that the tran~mitter data buffer is ready 
,1",1'" 

to accept a new byte. TBE goea high as aoon as the serial transm!tter .. ' . 
begins to send the byte currently in the buffer. 81nce tbe transmitter 

h "double-buffered", the user lllll)' respond to the TBE Qignal and load the 

buffer even befare the previous byte has been tot.·.lly transmltted. TBE 

also activates interrupt re~uest 5. TBE is cleared Vhen the buffer is 

lo~ded and is"set by the RESET command. 

06 Receiver Data Available (RDA): 

A high in bit 6 indicates that a byte of ds~a. is ave.ilable t"rom the 

receiver bufl"er. This flag t"emains hlgh untll the buffer is read. A 

' 
....... "" ~~.... 1t 

• 

,, 

..) 

-- --
' ' ...; 

.. 



RESE.'l' co!Mie.nd clears the flag, Ir the buffer h not read by the 

time the ncxt byte from the recelver ia ree.dy, the nev byte vill vrite 

ovar the old byte and the overrun error flag vlll be aet. RDA also 

activates interrupt request ~. 

D5 Interrupt Pending (IPG): 

A high in bit 5 iridiCates that orÍe oi' 1110re of the eight interi-upt -

request aourcea has become active. This flag goea high at the same 
• • 

time as the interrupt request pin or the TMS 5501. 

D~ Start Bit Deti!ct (SBB): 

·A high in bit ~ indicate' that tbe nerill.l rece! ver has detect.· l 

a ntart bit. Thls bit remsin' higJ:I until the t'ull character has be<;n 

receíved. SBD h cleared by RES.:I' comm.and. This bit h provided ror 

test purposés. 

DJ Full Bit Detect (FBD): 

The FBD flag _in bit 3 goes high one,t'ull bit time after the 

start bit has been detected. Thls bit remains high until the f'ull 

character has been received. YRD ia cleared-by a RES.:I' c~d. 

Thia bit is prevido"~- ror·test purpoaes.;- _-

D2 s~rtal Receive (SRv)'f-

A high in bit 2 indicates high level on the serial. data input line. 

A lov in bit 2 indicates a l.ow level on the serial data input line. SRV 

le high vl;en no data is being received. This bit is provided ror break 

detection and for test purposes. 

• 3 -



Dl Overrun Error (OR¡.;): 

A ~igh in bit 1 indicates that the receiver has loaded the r~eiver 

data buffer before the pr~vious contenta vere read. ORE is cleared 

arter the status port is read or by the RESET command. 

D@ Frue Error (FME): 

A high in bit ¡!1 indicates an error in one or both of the stop bits 

vhich "framed" the last rece! ved data byte. ?ME reJD&ins high until s 

valid character la received. 

¡!1 OUT Baud Rate Register. Loading tbis register seta the baud rate 

and stop bits f'or serial receive and transmit wi.ta-. Bit 

assignment is as follovs: 

1 " 

D7 STOP 

" 
"' 

" "' 

A high in bit 1 selecta ene stop bit f'or serial receive and 

transoit data. A lov in bit T selecta tvo stop bita. 

06-D\:l BAUD RATE 

A high in one of the lower seven bits selecta the 

corresponding baud rate. If more than one bit is high, the 

highest rate selected vill result. Ir none or the bits are high, 

the serial transmitter and receiver vill be disabled. (For special 

purposes, these baud rate~ can be oetupled -- see the description 

of HBD in the command rcgistcr.) 

Receiver Datn. This register oontains an assembled ~e of data 

from the serial register. 

- ~ -

' 
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• 

' .... 

1 OUT Transmitte~ Data. Thia register is loaded ~ith data for the 
~~-- .,. 
"'serial 'trsns .. ttter. . : - . ' , ' 

'" Not Assisned. Reading thh port. causes 00 response <•= '"' scc. Thh &ddress " available ro. other p&rts or '"' computer system . 
. 

' "" Command Resister. '"' foi'm&t ror the C:Oilllllllnd reghter is 

as follova: 

--~---71atched----------

07 D6 . ~:. -~- 04- . •03 02; !!!_. ,, 
"' .o, HIGH INTA • "'" U sed U sed Test """' Enable Se l. Break : Reset 

" •• 

05 Test Bit (TB5): ·, 
•• • • • 

.. . 
• A high in bit 5 dlsables the internal interrupt 

- . ' . 
priority logic and then enables the interna! c::lock. Thus, 

the signal on the INT pin of the 5501 becomes a TTL level . 

clock or 1562.5 Hz (12.5 kHz it' HBD is high -- see D4 H1S"h' 

Bau<l belo11). TB5 ahould be low for no~l ?peration ~ 

Oh Hish Baud (HBD): 

A high iri. bit 4 octuples the rate of the internal 

clock. This causes the interval timers to count eight 

times fsster and the serial data rates.to increaae 

eight-fold. When bit 4 ie high, baud rate~ up to 1'6.81C 

are available for high apeed data tra.n~fers: 

D3 IHTA Enable ( lHE): 
. .. -··· .. • • 

A high in bit 3 allows the 5501 to respond to an lnterrupt 

Acknowledge by gst1ng a Restart 1nstruction into the data bus . ; 

- , -

• 
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The SCC provi~e& tive interna! timers, vhieh are aeeeSsed through· 

the Uve tim"r coawand porta 11.nd 11. tl01er stEltua· port. vhlch h eo....OI'I 

to the UART status port. Eaeh tlmer accepts a byte vhlch representa a 

del&r count (~-255) to be counted dovn by the ti~r clock. When the 

count re&ches zero, the "inter~upt Pendlng" status hit is set. 
' ' 

Altern&tively, ~he ,timer Jnay be uaed to genera.te an &:ctual interrupt to 

the,CPU-if the iuti!r.-Upt sys'.cm In being us.,d. Maxlínum delay is,l6.32 

milliaeconds. 

lN'l'!o:HRIJPrS 

.. The SCC prnoid<:s b10 ~et~ ot interrupt structures: a maslta.ble 

aet &nd a Slngle non-...,.skabl~ iuterrupt (_NMr) .. Tbe lfMI signal vlll . . . 
alV&yl override program eXecutlon. This s_ign&l 1a available to t.he 

user on 5-100 pln 12 as NMI. 

The masknble interrupt set. Clln l.nt~rrupt progrOUD execution 

only ir the CPU ha' executed 'tne enabte int~rrupt in,truction. Then, 

progr~ execution may be interruptP.d und~r ene or eight condition•: 

" ' ~·1mer ' time out ,, Tl 111er ' timeout 

3) INT (external requebt) 

Í;) ~imer ] timeout 

5 ) VA.~'!' receive:c d"ta ll'tB<!•lb!P 

6) TJAR't' tr~nsmitt.~r- b•ll ,.~,. [Oipty ,, 
Tir:-.~r 

,, 
tu<eo••t 

8) Titller 5 tim~ollt 

These condjtiona are list~J in th~ arder of priority vith the most 

important !'hst. I! two condttlons bc~ome true together, the condition 

vith the higher prior ity get~ CPU aerdc'C f!.rst, Each o! the eight 

' -m 

· condltions h ~n11hled by a sp.s:r~,, bit in the interrupt mask regi~ter "" the SCC. 
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I/0 PORT l:il.QOU.RJ 

Table 3.2 awo:marbea tbe allocation ot SCC I/0 porta • 

• 
• 

VJ!LE 3.2: ALLDCATIOI or I/0 POR'l'S 

PORT ADDRESS Im1l' P'UBC'l'ION OUTPUT FUNCT!Oif 
~g! ! ' UART Status .. "' R&te ,, UAR'l' Revr, Data UART TX, Data 

1 " Not Ueed UART COIIIIII&Ild 

" Interrupt Addreaa Interrupt Maak 
·04 P&rallel In (J3) Parallel Ch>t (JJ) 

" '" Ueed Timar ' " llot Usad Timer ' " llot Und Timer 3 

" lfot Uaed Timer 4 

" !lot Used Timer ' '" FIU'allel ,. (Jl) Pal'allel ""' (Jl) 
~BH· P&i-allel '" (J2) Pa.rallel. ""' (J2) 

' ' TK8 S-100 I!IJS Ili'TERJ'ACE 
•• 

V Thh section deab vith the implementatiOD or S-100 aignala by tbe 

SCC. A 11eriu of" chartl ahol? the behavior ot the bus during each 

paesible type ot CPIJ eycle. 'l'heae charla a:re patterned atter tbo.e 1n 

the z8oA Technic&l Manual (included vith thb 'll.anual) tor eaa:y 

reterence. A BlliiiiMI'Y ot bus pinout b tound in Table ~.l.. 

One S-100 aignal doea not occur noru.lly on the ZSO, nmael)' PSYBC, 

This dgnal, vhich dgnab tbe beginning ot a nev machine eyele b ·' 

aynthesbed trom the M'iiEQ and IORQ signals in. the tollovin¡ va;y: .. PS!Po 
' ' ' -··· . 

ia triggered by the fallin.¡ ed¡e or either signal and atays hi¡h UDtil 

the next riein.g edge or the cloek (~) • . . . . 
Wavero""" ror an in.struction retch are ahovn in. Pi~ a l and 2. 

~-ave!Or1119 Cor other memory cydee are ahovn in. Figures 3 and 4; I/0 

cyclea are ahovn in. Fi¡urea 5 and 6. Figure T aboW"I a bold requ81t 

and hold acknovledge eequenee. Figure 8 ahoW"I an in.terrupt raqu81t 

folloved by an. in.terrup~ acknowledge eycle. Pi¡ure 9 11hbva tbe 

reapon.ee to IIMI_ and Figure 10 lhowe an. esit tra11 hs.l.t. 

/6 

• 

' 

• 
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The Cromemco TU-AAT (Twin Univer!iill Asyn-
chronou• Receiver ~nd Transmitter] provides two 
ch~nnels of duplex serial data exchange; two channels 
of parallel data exchange; and ten interval timers. Sta
tus information is available through polling or by 
interrupt. In addition, each interval timer activates 
an interrupt and two interrupt request !ines are 
brought out tor the U$1!<. The TU·ART hn its own 
crystal-contro!led cloek and interfaces to lhe S-100 
bus asyochronously so that CPU clock frequency is 
not critica!. The TU-ART incorporales two TMS 
5501 NMOS 1/0 Controller chips. 

1.1 Definitions 

Throughout this manual the two TMS 5501 chips 
will be referred toas "Device A" and "Device El." 
Device A OC 41 is the leftmost chip. Device"S OC 51 
is the rightmost chip. Device A is nearer the heat 
sink and dr<ves serial connector J4 and parallel connec· 
tor J2. Device B is located to the right of Oevice A 
and drives serial connector J5 and parallel connector 
J3. 

1.2 Switch Selectable Options 
Addressing The TU-ART 

The system CPU views the TU-ART as a dual assem
bly of inputloutput ports with jnterrupt capability. 
The CPU normally reads data or status from the 
TU-ART via the S-100 bus by executing an IN A, 
(port] instruction, and writes data or commands lo the 
TU-AAT by executing en OUT (port), A instruction. 

There are fourteen 1/0 ports used for data transfe". 
< nands and status by Deo.oice A, and another four· 

1 lt't•< by Oevice 8 (see Figure 2). The user niay indepen· 
dently 5Witch select Device A and Oeo.oice B 1/0 Base 
Addresse. (the- tour most significan! 1/D address biu); 
the four least significam bits of the 1/0 addrus on the 

' 

S-100 bus then determine the offset from the sele-cted 
base address. 

The base address of Devica A is selected by OIP 
switch positions 6 thru 3; the base addres; of Oevice B 
is selected by DIP switch posltions 10 thru 7 (see Fig· 
ure 1). Noti~ that positioning a switch ON conditions 
the TU-ART to respond toa logic 0 on its associated 
address line; an OFF 5Witch corresponds to logic 1. 

For example. if DIP switch positions 6 thru 3 are • 
DN, and positions 10 thru 7 ere OFF. then the TU·" 
AAT Oevi~A Command Register is mapped into out·· 
put port 02H, and the Device B Command Register is·· 
mapped into output port 0F2H. 

Note that Device A bits A7, A6 and A5 also control 
07, 06 and 05 of the TU-ART's Z-80 mode 2 lnter· 
rupt Acknowledge response vector. 

lnterrupt Mode 

When this switch (position 1) is DN. the TU-ART 
operates in the 8080 interrupt mode; one of eight 
"Aestart" instructions is gated to the data bus during 
an lnterrupt Acknowledge cycle. Since lhe TU-AAT 
can interrupt from one of 16 different source5. it is. 
necessary to poli the deo.oices if the TU-ART is in 8080 
mode (see "Qperation Using8080 Mode lnterrupts••). 

When switch position 1 is OFF. the TU-AAT re
sponds in Z-80 mode 2. In this mode. the TU-ART 
supp1"1es a byte to the datd bus during lnterrupt 
Acknowledge tha~ is used as the lower eight bits of a 
memory ~ddress. The Z-80 supplies the upper eight 
bits from the r register and automatically reads the cor
responding memo,Y location, as well as the next lo<:a' 
tion, to find the starting location of an interrupt 
routine. (Refer to Section 3.1 and/or the Z-80 CPU 
Referente Manual, Zilog, 1977, for deta ils.l 

Normai/Reverse Address 

When this switch (position 2} is DN, it allows Device 
A ~nd Oevice B to swap base addresses by means of 
an output to one of the parallel pons (Software 

• 



AddreS$-Rever!il:!l. This allows either Oevlca A or 
Oevice B to be driven by a software driver who!il:! port 
assignments are frozen in memory. Setting the switch 
ON connects the MSB of Oevice A's parallel output 
port to the Reverse Addreu control so that addresses 
may be flipped under roftware control. To flip ad· 
dresses, output a byte with 07 high to Oevice A's 
parallel output port .. To return to normal addressing, 
output a byte with 07 low to Oevice a·s paratlel out· 
pul port. When switch position 2 is OFF, the Addreu 
R~Nerse switch is disconneeted from the parallel port. 

The Address Reverse signal is brought "out to pin 1 

of J2 and JJ. When the Address Reversa switch is" 
pin 1 will show the state of tha TU·ART: 

Pin 1 - 0 means Reverse Mode, 
Pin t ~ 1 means Normal Mode. 

When the Addra.s Reversa switch is OFF, pin 1 ol 
J2 or JJ may be grounded externally to place the TU· 
ART in reverse Moda (Hardware Address-Reverse). 
Do not ground pin 1 of J2 _or JJ while the Reverse 
Address switch is ON as this will conflict with ope~ 
tion of Oevice A's parallel port . 

• FJgUre 1 TU-ART Switch Setlings 

1M2 (Z-801nterrupts) 

Hardware Address Reverse 

A4 • 1 

Device A AS~ 1 

Base Address 
A6 • 1 

A7 • 1 

A4 • 1 

Oevice 8 A5 • 1 

Base Address AB = 1 

A7 • 1 

Caution: Base addresseJ OOH and 30H are used by 
Cromemco's 4FOC Floppy Oisc Controlle-r; 40H is 
us!!d by Cromemco memory boards with BANK SE· 

2 

1M0 (8080 lnterrupts) 

Software Addreso; R~rse 

A4• 0 

AS• 0 

A6-' 
A7 •0 

A4• 0 

AS• 0 

AB• 0 

A7• 0 

LECT; and 50H is used by Cromemco·s PRI Printer 
Interface. 
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, .J lnterrupt Priority Chain 

When more than one TU-AAT is used in a system, it 
is necessary to coordin~te the lnterrupt Responses 
in arder to preven! bus conflict during lnterrupt 
Acknowledge cocles. This is done by fim connecting 
JI PRIORITY UT from the highest priority TU-ART 
to JI PRIORITY IN of the ne~t highest priority TU· 
ART, then connecting JI PRIORJJY ÓUT of !he 
se<:ond TU-ART to JI PAIORITY IN o! the next TU· 
ART, and "'on until all TU-ARTs are connected. The 
JI PRIORITY IN pin of the- highest priority board is 
lelt unconnected. Device A is internally prioritized 
over Oevice B on each TU-ART. 

1.4 Status Bit Selection 

The conne.:tion of status flag bits to data bits is 
done on the PC board at the location of the status 
socke! below J4. Cromemco software conventions 
assign 06=Receiver Data Available (ROA), and 07• 
Transmitter Buffer Empty (TBE). For specialized 
assignments (tjke more than ·ene bit per flag) see the 
foUowing "Status Socket" section. 

Status Socket 

The Status flag bits avai!able on input port 1!1 ¡re 
connected to the data bits by foil tra~ in the 
"Status'" socket locatiM.l between IC's 8 and 9. 

The flag assignment used by all Cromemco soft· 
ware is discu .. ed in the section entitled "Register 
Dascription." 

, 

lf necessary, the flags may be a$:1'tgned to difieren! 
data bits. This may be mo:¡t eMily done as follows: 

1. Notice that the ffags are arranged along the"" 
Jeft row of pads and that "the data bits ara 
arrangiM.l along the dght side row of pads. Note 
also that only those 8 traces connecting the 
riftlt and lah pads are not covered by the solder 
ma:sk. Tllere are 5 traces which pass through this 
area which are covered. 

2. Use a razor blade or a •harp knife to cut all8 of 
the traces connecting the left and right rows of ·. 
pads. Be very careful not to cut the traces whicl) 
are covered by the wlder mas.k. 

3. lnstall and solder a 16 pin IC socket in the 2 
rows of pads. 

4. Insta!! a 16 pin "componen! header" in the 
socket. 

5. Using small (24 or 28 Awg) insulated wire 
connact the flags (on tha laft) to the desiriM.l · 
data bits (on the right) on the ·componen! • 
header. 

6. The componen! header is now a "plug" for your 
particular flag anignment. Severa! difieren! 
flag assignment '"plugs" can be preparad in the 
same manner and used at dilferent times to suit 
the requirements of the software being exe· 
cuted. 

Any given flag may be a.signad to more than ooa 
data bit. Howavar, each data bit can ha~ a only one llag 
assigned to it. 



1.51nteñace Options 

TTY2DmA 

To drive a Teletype, the following connections 
should be milde (at J4 or J5 for Oevi<:e A or 6 res. 
P:tetively): 

TU-ART ASR-33 m 
J4l.J5 PIN 23 eonnocts to Terminal wio "BL", termlnol 

#7(cu,ont inl<> prinlllt) 

J4/J5 PIN 25 connocto lo Torminol strip "BL ", terminal 
#6lroturn amont from prinl") 

J4/J5 PIN 17 c011ner:U to Torminll strip ''8l-, t.rminol 
#4 (amont into koy~td) 

J4/.J5 Pll\1 24 connects to Terminol llrip "Bl", torminol 
#3(roturn curren! trom 
keybnard) 

C.ution: 120 VAC is olio pro,.RI on tormin.ol ouip "Bl" 
ot torminolo #1 ond 1(2. · 

4 

RS/232C 
An RS232 terminal (wch as e CRT) may be plugged 

into an interface cable direetly out of J4 or J5. The 
TU·AAT aSS>Jmes the role .of data·set (computad in 
thi1 case. Sea Figure 8: Terminal to TU·ART Cable 
for this eonnection. 

Parallell/0 
The parallel port output drivers may be tri-stated 

by groooding pin 8 of the parullel port (J2, JJ). A 
bidirectional bus mav be implemeoted by simply 
wiring the input and ou1pu1 lioes together and using 
pin 8 to control the directioo of data flow. Pin 8 low 
implies data input to the TU-ART end pio 8 high 
implies data out pul from the TU-ART. 

' 
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Figure 2 Summary O! TU-ART 1/0 Port Addresses 

OFFSET A7 A6A5 A4A3 A2 Al A0 FUNCTJON 
. 

0 0 0 0 0 IN Oevice A status register 
0 0 ' ' ' OUT Device A baud rate register 

' ' • • ' IN Device A receiver data register 

' ' ' • ' OUT Device A transmitter data register 
2 0 • ' ' OUT Oevice A cammand rcgistcr 
3 Device A 

' • 1 ' IN D!!vic<> A interrupt address register 
Base Address 3 
(see Fig. 1) ' ' ' ' OUT Devlce A IJ\terrupt mask register 

4 ' ' • • IN Device A paraltel port 
4 ' ' ' ' OUT DeviceA parallel port 
5 ' 1 ' 1 OUT Oevice A timer 1 
6 0 ' ' 

. 

' OUT OeviceA timer 2 
T ' ' ' ' OUT Device A timer 3 
6 ' • • ' OUT Device A timer 4 
9 ' • • ' OUT Device A timer 5 

0 • ' • ' IN Device B status register 
0 ' ' • ' OUT Oevice B baud rate register 

' • ' ' ' IN Dl!llice 8 reeeiver data register 

' • ' ' ' OUT Oevice B transmitter data register 
2 ' ' ' ' OUT Device B command register 
3 Device B ' ' ' ' IN Device B interrupt address regiuer 
3 Base Address ' • 1 ' OUT Device B interrupt mask register 
4 

(seeFig, 1) ' ' ' • IN Oevice B parallel port 
4 ' 1 • ' OUT Device B paraUel port 
5 ' 1 ' ' OUT De~ice B timer 1 
6 ' ' ' ' OUT Davice B timer 2 
T ' ' 1 1 OUT Device B timer 3 
8 ' • ' ' OUT Device B timer 4 
9 ' ' ' ' OUT Device 8 timer 5 

NOTES: 
AU of the following unanigned ports are !_ree for sys-
tem use: IN 2, IN 5 through IN 9, IN 10 through 
IN 15 and OUT 10 throug!l OUT 15, 

lf Device A ~nd Device B are set to the same bne 
address, Device A wiU override. 

Device A is IC 4. 

Device Bis IC 5, 

5 

. · .. 

• • 
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TV-ART Regíster Descriptions ................. ...._.;.,;;;.;..;;:.;;..;;;;;;~,;;,.;;;;;~.;;;;............................. . 
?-1 Offset IN/OUT Oescription 

Each of the twen'ty-eight . TU-ART registers ·~ 
viewed as an 1/0 port by the system CPU. The func
tion of each register is discussed in ¡he following sub
sectiom. The sub-sectíon headings consist of an 1/0 
port addreSl! offset, foUowed by either "IN" or "OUT," 
followed by the TU-ART register name. The descrip
tions given below apply equally to Device A registers 
and Oevice B registers. Refer to Figure 3 for a sum
mary of TU-ART ro;oginer formats. 

B;BIN Status Register 
The CPU reads !he contenu of this register to de

termine the statu• of !he Devke A/Device 8 serial port. 
The sta!IJs bit assignments,may be altered by cuning 
PC foil traces and installing a jumper wire header (see 
Section 1.4). 

~ To> D>_~L Dl_ ~ -¡ '"" '"" ~ ..,,.. "-"'' "'' .. , ,,, "-•• 0ot0<1 .?~ "" '""' 

07 Transmitter Buff~r Empty (TBE) 

A high in bit 7 indicates that the transmitter data 
buffer·,. ready to accept a new byte. TBE goes high as 
soon as the serial transmitter begins to setld the byte 
currently in the buffer. Since the transmitter is "dou
blli-buffered," the user may respond to the TBE signal 
and load the buffer even befare the previous byte 
has been totally transmitted. TBE also activates 
interrupt request 5. TBE is cleared when the buffer is 
loaded and is se! by the RESET cor:nmand. 

06 Receiver Data Available (ROA) 

A high in bit 6 indica tes that 8 byte of data is avail· 
able from the receiver buffer. This flag remains high 
until the buffer "read. A RESET command clears the 
flag. lf the buffer is not read by the time the neKI byte 
from the receiver is ready, the new byte will write over 
the old byte and the overn.m error flag will be ser. 
RDA also activates interrupt request 4. 

6 

05 lnterrupt Per>ding (IPG) 

A high in bit 5 indie<~te5 that one or more of the 
eight interrupt reque~t sources hes becorne active. This 
flag goes high at the same time as the interrupt re(J.Ie<t 
pin of the TMS 5501. 

04 Start Bit Detect (SBD) 

A high in bit 4 indicates that the serial receiver ha~ 
detected a start bit. This bit remains high untilthe full 
character has been received. SBO is cleared by RESET· 
command. This bit is provided for test purposes. 

03 Full Bit Detect (FBDI 

The FBO flag in bit 3 goes high one full bit tim•. 
alter the start bit has been detectad. This bit rem~ins 
high until the fui! character has been received. FBD is 
eleared by a RESET command. This bit is proviúed 
lor test purposes. 

02 Serial Receive (SRV) 

A high in bit 2 indieetes high level on the serial data· 
input line. A low in bit 2 indicares a low level on the 
serial data input line. SRV is high when no data is be·, 
in-g received. This bit is provided lor break detection 
and for test purposes. 

01 Dverrun Error {ORE) 

A high in bit 1 indicates that the receiver has !oaded 
the receiver data buffer before the previous contents 
were read. ORE is cleared alter the status port is read 
or by the RESET command. 

00 Frame Error (FME) 

A high in bit 0 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 ls re· 
ceived. 
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88 OUT Baud Rate Reglster 
The CPU loads this register to set the baud note 

and stop bits lor serial receive and transmit data. Bit 
assignments are a• follows: 

07 O< 05 D4 03 02 01 oe 
STOP 9600 4800 ,.,. 1200 300 150 110 
BITS . . 

07 Stop 

A high in bit 7 selects one stop bit for serial roceive 
and transmit data. A low in bit 7 selects two stop 
bits. 

06-Diil Baud Rate 

A high in one ol the lower seven bits selects the 
corresponding baud rate. 11 more !han one bit is high. 
the highest rate selected will result. 11 noneolthebits 
are high, the serial transmitter and receiver will be 
disabled. (For special purposes these baud rates can be 
octupled-see the description of HBO in the command 
register.) 

81 IN Receiver Data 
The CPU reads this register to obtain the assembled 

byte of data from the serial re<:eiver. 

11 OUT Transmitter Data 

The CPU loads this register with a data byte lor 
serialtransmi$$ÍOn. 

B21N Not Connected 
' Reading this por! causes no response from the 

TU-ART. This input port is availabla to other partsof 
the computer system. 

B2 OUT Command Register 

7 

05 Test Bit (TB5) 

A high in bit 5 disables the interna! interrupt priori
ty logic and then enables the interna! clock. Thus, the 
signa! on the INT pin of the 5501 ,be<:omes a TTL 
level clock. ol 1562.5 Hz (12.5 k Hz il HBO is high
see "04 High Baud" below). TB5 should be low for 
normal operation. 

04 High Baud (HBO) 

A high in bit 4 octuples the rate of the interna! 
clock. This causet the interval timers to count eight 
times faster and the seria! d~ta rates to increase eight· 
fold. When bit 4 15 high, baud rates up to 76.8K b~ud 
are available lor high speed data transfet"l. 

03 INTA Enable (JNEJ 

A high in bit 3 allows the 5501 to respond toan 
lnterrupt Acknowledge by gating a Restar! instruc
tion into the data bu• at the corree! time and reretting 
its interna! interrupt request latch. 

A low in bit 3 prevents the 5501 from detecting 
an INTA cycle. Bit 3 should be hi¡¡h lor normal oper
ation. 

02 RST7 Select (RS7) 

A high in bit 2 connects the MSB of the parallel 
input port to the interrupt request latch for the 
lowest priority interrupt linterrupt 7). A low-to-high 
transition on the MSB ol the parallel input port (PI7) 
wi!l actívate thc interrupt request letch. 

A low in bit 2 conneeu the output ol Timer 5 to 
the interrupt requestlatch for the loweJI priority inter
rupt (interrupt 7). When the timer count reaches zero, 
the interrupt request latch will be activatad. 

01 Break (BRK) 

A high in bit 1 holds the serial tranvnitter output in 
the low state (spacing). RES wlll override (see "00 
Reset" below). 

A low in bit 1 allows normal operation. BRK should 
be low for normal operation. 

011 Reset (RES) 

A high in bit 0 causes the following actions: 
a) The Serial· Receiver goes into search mode; 
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ADA, SBD, FBD, and ORE are set to 2ero. 
The contents of the re<::eiver buffer are not 
affe<:ted. 

b) Th~ Serial transmitter outpul is set high (mark
ing). 11 00 and Dl are both high, the RES 
function wil! override. RES sets TBE high. 

e) The interrupl register is cleared except for the 
TBE interrupt request which is set hlgh. 

d) The interval timers are cleared. 
RES is not latched. 

B31N lnterrupt Address 

The CPU reads this reginer to obtain the encoded 
address of !he highest priority interrupt currently re
questing service. This adclress is identical to the 
"ReS!art" imtruction op-code for the interrupt 
acknowledge. Thus, the register contents may be (in 
order ol service priority): 

CONTENTS SO URCE 

" Timer 1 
CF Timer 2 
D7 "'"' OF Timer J 
E7 Receiver Data Available 
EF Transmitter Buffer Supply 
F7 Timer 4 
FF Timer 5 or P17 

This register is provided lor serv1cong interrupts vía 
polling. Alter the regirter is read, the corresponding 
bit in the interrupt request register is reset. 11 the re· 
gister is read when no interrupt is pending, it will 
read 0FFH. 

B3 OUT lnterrupt Mask 

" " ~ ~ " " o• 00 

Timor5 Timer4 "' 'o' Timer3 ,.,, Timer2 Timor1 

"" 

Thu contents ol this register are logic:.lly "Anct'::! 
with output from the interrupt request register on tht 
5501. A high bit in the interrupt mask allows thecor· 
re!;ponding request to pe!!$ on into the priority encod· 
er. A low bit in the interrupt masl< inhibiu the corres
ponding lriterrupt from passing any further. Since thé 
interrupt requ~s are latched irniependently ol the 
$tate ol the m~, an lnterrupt may bu requnted while 
the mas.k bit is low. The request will bu retained until 
the mask is c.'langed and tt.e reqyest allowed to pass 
on (assuming no RES command in lhe interim). 

B41N Parallellnput 

This reyister contains the data presented at J2 (De· 
vice A) or at J3 (Device B). T.'le input data must be 
stable 75 ns alter Input Strobe goes low. The periphei
al $Upplying data to the TU-ART can indicate data. 
wailable by activating the SENS line (or by raisin-g the 
MSB ol the parallel input if the RS7 bit in the com· 
mand register is higl"l). 

When using Z-80 block input ~:~·;:''¡ 
neces~~ary to supply data at full sr 
pheral should simply pul! down 

it is not 

of J1 or J3) whenev:~",;'¿;;_,;,;¡;~ goes ano 
should not let WATT!! next byte is pre· 

to TU·AAT will not read 
goes low again.l 

84 OUT Parallel Oulput 
This register data which drives the 

p¡orallel output data is guaranteed 
stable 1.45 ¡.tsec of Output 
Strobe. The TIL output (De· 
vice Al and J3 (Device Bl 
dance Jtate by pulling down on 

When using the Z-80 block 
not necessary to receive data 
peripheral should simply 
(pin 21 ol J2 or J3) whenever 
and not !et WAIT go high until 
has had time to "digest" the data. 

851N Not Connected 

Same as Input 02. 
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J5 OUT Timer 1 
The CPU outpuU a "count" to this register to start 

T'1mer 1. This count is decrementad by 1 owery 64 
,useconds alter initial loading. When the count reaches 
zero, bit 0 of the interrupt request registet is set and 
the timer di$<1bled, Since the maximum count is 255, 
the longest interval is 255x64 ¡.¡se<:. ~ 16.32 msec. 
Accuracy 'os plus 0 and minus 64 psec, Loading a count 
of zero causes an immediate interrupt rl'C¡uest to the 
.imerrupt request register. Loading a new count while 
the timer is countir>g re·initializes thit timer WithoUt an 
interrupt request. lf HBD is high in the commarnl 
register, the timers will couflt 8 times as fas!. 

861N Not Connected 
Same as Input 02. 

B6 OUT Timer 2 

17 OUT Timer 3 
Operate$ in the sama fashion as Timer 1. 

88 IN Not Connected 
Same as Input 02. 

88 OUTTimer 4 
O perales in the same tashion as Timer 1. 

891N Not Connected 
Sameaslnput02. 

B9 OUT Timer 5 
Operates in the same fashi011 as Timer 1. 

Operates in the same fashion as Timer 1. 8AH-8FFH IN And OUT Not Connecled 

87 IN Not Connected 
S~me as Input 02. 

•• 

Addressing these 1/0 ports causes no response from 
!he TU-AAT. These 1/0 ports are available to other 
parts of the <;Omputer system . 

Figure3 Summary Of Reglster Formats For TU-ART, Ea eh Oevtce 

OFFSET 1 FUNCTJON 07 D6 oslo4!oJ 02 01 DO 
AEF. 
PAGE 

' IN STATUS TBE ROA IPG SBD FBD SRV ORE '"' 6 

' OUT STATUS STOP "" "" 2400 "" "' 150 110 7 
1 IN SERIAL MS8 Dire<;tion of shift LSB 7 
1 OUT SERIAL MS8 Oirection of shlf1 LSB 7 
2 OUT COMMAND . . . ... TBS HBO INE RS7 BRK RES ,. 
3 IN INT ADDA 1 1 ... 12"· ... 1 1 1 8 
3 OUT INTMASK T5/P17 T4 TBE ROA T3 SENS T2 T1 B 
4 IN PAAALLEL MS8 LS8 8 
4 OUT PAAALLEL MSB LS8 8 

59 OUT Timer 1·5 MS8 fDelay•eount x 64 .usec, HBD,0J 9 
fDelay.,count x 81'sec,HBD•1) 

• 
" " ·~T.; .. -:-.;::;:;-
• ' • ,_, 
• ' ' ·~~· ' ' ' ''"1 • ' ' 

,_M, 
' ' ' ·~ ' ' ' ' '" ' ' ' ·-· ' ' ' ' 

,_.,.,, 

• 
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Interrupt Operation 

The TU-ART offers sophisticated irÍterrupt capabili
ties, induding on-board priority encoding, interropt 
generation, interrupt acknowledgment, and dai!!y 
chain expandability. These featuros, in conjunction 
with the Cromemco 4 M Hz Z-Biil proeessor, make very 
high throughput possible. 

IMPORTANT 

8oth channels of the TU·ART mus! be proper
ly initializad. An uninitialized TU-ART may gen· 
erate spurious interruptsl Further, the res! of the 
¡ystem must be interrupt compatible (all Cro· 
rnemco boards are, elthough the BK Byte5aver 
rl!quires the interrupt modification 5hown on the 
BK Bytesaver schematic). 

A d!<Seription of interrupt operation follows for 
both the Z-80 and 8080 type interrupt modes. 

3.1 Operation 
. . 

Using ZBB lnterrupts 
When the TU-ART is used with the Cromemco ZPU, 

all 16 ol the po$Sible interrupt sources on the TU-ART 
can generatu 11 uniQue response without the need for 
chaining th.e interrupt reque«s 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 powerful realtime systert\ 
can be implemente<!. 

A "high priority" interrupt requen is one whiCh 
takes precedence oVer lower priority requests. This is 
shown in the following tabla where the interrupts Sér· 
viced first are at the top. 

lt is, of course, poosible to use the interrupt 
mask of each Device to wlectively enable and disable 
the sources of interrupts (refenmce the description of 
OUT 03, lnterrupt Mnk, in the previous sectionl. 
Remember that the INE bit in the status register mu~ 
be high for corree! operation of lnterrupt AcknoWI
edge cycles. Also, be sure that the Z-80 has executed 
the interrupt mode setting· command 0E05EH 

Table 1 ZBD (Mode 2) Response 

Priority 
TU-ART's (Hexl 

Source of lnterrupt Z-80 INTA Responw 

07 06 05 04 DJ 02 01 DO 

15 (Highestl • • • • ' Device A, Timer 1 
14 • • • 1 ' Oevice A, Timer 2 
13 • • 1 • • Oevice A, SENSA 
12 ' ~ ~ • • 1 1 ' Oevice A. Timer 3 
11 < < < • 1 • • •• Oevice A, ROA 
10 

e e e 
~ " " • 1 • 1 • De-vice A, TBE 

9 < < • 1 1 • ' Oevice A, Timer 4 < < < 8 • • • ' 1 1 1 ' Device A, Timar 5 (P17) 

·' ' 
u 

7 > 

' ¡ 1 • ' ' ' Device 8. Timer 1 
6 • o o o 1 ' ' 1 • Device B, 2 
5 > .• > 1 ' 1 ' ' Device B, • • • 4 ~ " " 1 ' 1 1 ' Device B, Timer 3 
3 ~ ~ 1 1 • ' ' Device B, ADA 
2 1 1 ' 1 ' Oevice B, TBE 
1 1 1 1 • ' Oevice B. Timer4 
0 (Lowest) 1 1 1 1 ' Device B, Timar 5 (1'17) 

" 

,. 
' 
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"'1M2") and the interrupt enable command 0FBH 
'El"). Both ol these instructions muu be executed 

eaeh time the Z-80 is RESET. ... ----- ---- · 
A$SUming that both the Z-80 and the TU-ART havé 

been initialized. the re.;eption of a byte of serial data 
3\ Device B would initiate the following sequence of 
events: 

a) The assembled byte is loaded into the receiver 
data buffer. 

b) The ADA rtatul bit is set and the interrupt 
request register (bit 3) is set. 

· el" lf bit 3 ol the interrupt mask of the Devica in 
question "os a one, the request passes on to the 
priority er>coder. 11 bit 3 is a uro, no lurther 
action ocCurs until the mask is changed. 

d) The -priority encoder compares all incoming in
terrupt requests and sets its output to U. e value 
of the hi9hest priority inooming interrupt. Thus, 
since Device B rece·...,es the rerlal data byte in 
our example; the priority encoder will set its 
output to .. priority 3" if Timers 1, 2, 3, and 
S'ENSB from Device B are inactíve or masked 
out.. . 

e) Oevice B's INT pin g.oes high, which in tum pulh 
PINT lowontheS-100bus. 

f) The Z-80 checks the interrupt line at the end of 
the curren! instruction, and finding the line 
active. goes into an lnterrupt Acknowledge 
{JNTA) cycle. 

g) The occurrence of the INTA cycle is detected 
by the TU-ART which then transmits PRIORI-

TY out - 0 to connector Jl. This temporarily 
disables lnterrupt Acknowledge from lower 
priority boards. 11 no board with higher prioritv 
is holding PRIORITY iÑ low, and if Device A 
has no interrupt per~dir~g, then Device 8 gates 
the proper Z-80 INT A respor~se vector or~to tha 
data bus. In this example, Device 8 would place 
18H logically ORed with (A7) (A6) (AS) 00000 
from Device A's base address or~ the datll bus. 
The correspandirig bit in the interrupt re-quest 
latch is reset. 

h) The Z-80 reads the INTA response byte and 
appends it to the byte in tha 1 register. This 
than form• a sixteen bit address which poinh 
to the fim of two sequential bytes in memory 
which in tum designate the actual starting ad· 
dress of the serYice routine. The CPU automa
tically exeeutes a CALL to this starting address. 

3.2 Operation Using 
81188 Mode lnterrupts 

• 

When the TU-ART is used in Z..S0 interrupt mode 0 
it is necessary to .. chain" Device B through the SENS 
input on Device A. This requires one of the eigh! INTA 
responses, RST2 0D7H), to be serviced by a routine 
which polls the status and interrupt address registers 
of Device B. The remaining seven INTA responses are 
serviced immedlatety. The resulting priority assign
ments are shown in Table 2. 

Table 2 Z88 (Modé 0) Response 

Priority 
TU-ART"s (Hu) 

Sauce of lntft<rupl f:lll8tlt>I_TA R .. pon .. 

15 (Highestl C7 (RST0J Owice A, Timer 1 

" CF IRST11 Oevice A. Timer 2 

" 07 (RST21 Dwico 8, Timer 1 . 

" 07 IRST2J Oevice B. T1mer 2, 

" 07 IAST2) Oevice B. SEN"S!! 

" 07 (AST2) Owice B, Timer 3 

' 07 lRST2) Oevice B. ROA 

' D7IRST2) OeviCII B. TBE 

' D71RST21 Device B, Timer 4 

' 071RST21 Oevice B, Timer 5 (Pi7) 

' 07IRST2) Device B, S~ 

' DF IRST31 Device A, Timer 3 
3 E7 (RST4) Oevice A, ADA 

' EF (RST5) Oevice A. TBE 

' F71RST61 Device A, Tim..- 4 
0 (Lowest) FF IRST71 Device A. Timer 5 IPI7) 

11 



11 is of cou .. e, possible to use, the interrupt mask of 
each Device to selectively enable and disable the 
sources of interrupts (referente the discussion of 
OUT 03, lnterrupt Mask, in !he previous ~tion). 

lt is not necessary to reset the:INE status bit of 
Device B to ¿ero even though Device B can never re
spond directly to an lnterrupt Acknowledge {!NTA) 
cyde. The INT A status informatlon is not led to De· 
vice B if 8080 mode INTA has been se!ected on the 
Option OIP Switch. Therefore, the 5501 never at· 
tempts to drive the busduring INTA. 

No wiring changes are necessar~ 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 
automatically when 8080 mode INT A has 1 
ed on the Option DIP Switch. Note th8t at 
Jl is still connected. ?ulling this line low will gener· 
ate an interrupt request. The Z-80 must execute the 
El instruction (0FBH) alter resets or interrupubefore 
an interrupt may take place. 

The sequence ol events correSponding to Oevice 8 
receiving a byte of serial data are as follows: 

al The asscmbled byte is loaded into the receiver 
data buffer. 

b) The ADA status bit is set, the interrupt re· 
quest r"9ister bit 3 is !11!1, and the IPG status 
bit isset in the device which received the charac
ter (Device 8 in this example). 

e) 11 bit 3 of the interrupt mask of the device in 
quHtion is a one, the interrupt request passes 
on to the priority er.coder. 11 bit 3 is a zero, no 
further action occurs until the mas!<. is changed. 

d) The priority encoder compares all in~ming 
interrupt requesu and sets its output to the 
value ol the highest priority incoming interrupl 
Thus, if Device B received the serial data byte 
in our , the encoder will set its 
Output to i 1 if Device B's 
Timers 1. , 
ma~ked out 

·e) Device B's INT pin goes high which in turn acti· 
vnes the SENS pin of Device A. 

f) lf bit 2 of Device A's interrupt mask is a one, 
the interrupt requeu will passon tO the priority 

12 

encoder. 11 bit 2 is a zero, no furthér·itttíon 
occurs until the mask ;, changed. -

g) The priority en<:oder in Device A compares ¡¡)) 
incoming interrupt requHII and sets its ootput 
to the value of the highest priority incoming · 
interrupt. In our ex~mple, .the interrupt from 
Device B &ctivates the SENS input at Device A. 
This interrupt will have top priority if and only 
if De111'ce A 's Timers 1 and 2 are inactive or 
maU:ed out. 

h) Device A's INT pin goes high which in turn pulls 
PINT lowontheS-100bus. 

i) The CPU checks the interrupt line at the end o~ 
the curren! instruction and, finding it activec 
goes into an lnt:errupt Acknowledge (INTA) 
cycle. 

¡¡ The occurrence of the INTA cycle i~ detected bY 
the TU-ART which then transmits PRIORITY 
OUT • 0 to Jl. This temporarily di$3bles lnter· 
rupt Acknowledge from lower priority boards. 
lf no board with high priority is holding PRI· 
ORITY IN low, Device A will gata en 8080 
INTA response onto the bus. In this el<ample, 
Device A wou\d place 0D7H on the data bu• 
(RST2). The corresponding bit in Device A's 
interrupt request f"9ister isreset. 

k) The Z-80 reads !he INTA response byte and' 
performs 8 CALL to locatio'n 10H,"the starting' 
addri!S$ of the RST2 service routine. 

1) The service routine located at starting location 
10H, rl!lldS the status regi5ter ol Oevice B. lf 
IPG is zero, no are pending in Device 
8 so that the must_ have 
origirn~ted from the line. The service 

routine branches to the appropriate subroutine. 
lf IPG is one, Device B has an interrupt pend

ing which must be serviced. The source of the 
interrupt is determined by reading Oevice 8's 
lnteirupt Address register. In our example;-the 
lnterrupt Address r"9ister would contain E7H. 
When this byte is read, the eorrespondir>g bit 
of the interrupt request r"9ister wiU be reset. 
The service routine has now determined the true 
cause ol the interrupt and branches to the ap
propriate subroutine. 

. ~--~ 
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Operatíng Instructions 

Operating the BYTESAVER 11 board simply involves 
inserting lrom one lo eight 2708 PROM devices in 
sockets ROMO- ROM7 (any sockets may be used or 
left unused). settmg tour switch groups to configure 
!he board, plugging !he board into acoovenient S-100 
bus slot, then applying system power. To programa 
PROM, you will additionally need to run software 
described in Section 3, PROM PROGRAMMING IN· 
STRUCTIONS. 

2.1 Swllch Opllons-An Overview 
The BYTESAVEA 11 ls configurad by setting four 

sw1tch groups tocated along !he top edge of the board 
(see Rgure 1 ). T o provide en operational overview, ancl 

lor laterqulck reference, tho function of each switch is 
briefly explained in thla section. 

PRO&RAM PDWER TO&GLE SWITCH 
lhe PROGRAM POWER switch turns the +33.5 vol! 

de lo de power supply ON and OFF. Position lhis 
switch ON before PROM progra.rnming; posilion itOFF 
when done to prevent inadvertent re·programming. 

PROGRAM ENABLE SWITCHES 
The elght PROGRAM ENABLE switch es individually 

anable and inhiblt programmlng sockets ROMO thru 
ROM7. An ON switch ensbtes programming; an OFF 
switch inhibits progra.rnming. These switches ¡nay be 
alternately vlewed as MEMORY PROTECT switch es, 

Figure 1: SWITCH LOCATIONS 

1 
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pieventing any memory write operations when in the 
OFF position. 

T o enable and disable socket programmlng, associ
ate !he board socket numbers (ROM0-AOM7) with 
the numerals printedabove !he switch DIP(7 tolhefar 
lefl, Oto the lar nght). 

BANK SELECT SWITCHES 
The eight BANK SELECT switches map the BYTE· 

SAVER 11 irl!O any combination ol 64K-byte memory 
. banks (bank O - bank 7). Set!ing a BANK SELECT 

SW11ch ON logicatty placas the board in the corres· 
pond•ngly numbered memory bank; an OFF switch 
logically removes the board from a bank. Again, as
sociate !he bank number with !he numerals printed 
above !he BANK SELECT switch es. not the numerals 
on the OIP proper. 

ADDR/CDNTROL SWITCHES 
The ADDR/CONTROL switches control several dil· 

lerentlunctions (sea Figure 2). 

The BANK ENABLE/DISABLE switch anebles mulli· 
pie 64K memory banks (bank o-: bank 7) when ON, and 

• 

dlsables multiple banks when OFF (normal direct 64K 
addressing). 

The DMA ENABLE/DISABLE switch enables DM. 
OVERRIDE when ON and disables DMA OVERRIDE 
when OFF. For normal direct 64K DMA addressing, 
position the switch OFF. When perlorming DMA wilh 
memorybanks enabled, tu m the switch ON.Th-e DMA 
IN/OUT sWitch is active only when DMA OVERRIDE is 
aneblad. With DMA OVERRIDE enabled. !he BYTE· 
SAVER 11 w11t respond directly toa DMA in the board"s 
16-bil address ranga by board enabllng il DMA ls IN, 
and "ey board disabling il DMA is OUT, regardlass ol 
curran! active memory bank status at the time. This 
leature etlectively permlts the user te define ene 
board out el several stacked in different memory 
ba.nks as th• DMA board (theone wilh DMA IN), and the 
boa.rds in other memOI)' bai1ks as non-DMA boa.rds 
(the one with DMA OUD. . 

The WAIT STATE switch is usad to match the CPU 
cycle time to the 2708 PROM 450ns (max) memery 
access time. Positioning the WAIT STA TE switch ON 
introduces ooe wait state during esch machina cycle; 
!he OFF position introduces no wait states. When 
used in a Cromemco systam with a ZPU running al 4 

Figure 2: ADDR/CDNTROL SWITCH ES 

SWITCH 
NU"'B~II fUNCTICN 

' BAN~ ENABLE '" • EN~Bl€0 
OFF •DI SABLEO 

' OMA OVEARIDE '" <ENABLEO 
OFF •OISABLEO 

' QMA IN/OUT '" • DM~ OUT 
OFF • OMA IN 

• WAIT $TATE '" • ONE WAIT STA TE 
OFF • NO WAIT STATES 

' Al~ BLOCK SHECT '" "(Al~• Hl) 

Off • (Al~ •LO) 

• Al4 BLOC~ SEI.ECT '" >(AI<•HI) 

OH•IAI~•LO) 

' Al~ BLOC~ SELECT " • (~"' Hl) 
OFf' (Al) • LO) 

• NOT USED 

• 



MHz, position the switch ON. The switch may be lelt 
OFF when operallng al 2 MHz. 

The three high order address select switchesA13, 
A14andA 15 memorymapthe BYTESAVER 11 intoone
of-eight BK·byte memory "blocks." Setting allthree 
switches OFF maps the BYTESAVER 11 into ltle lowest 
BK-byte block of memory (OOOOH- 1 FFFH); setting all 
switches ON maps !he board ínto the h1¡¡hest BK-byta 
block (EOOOH- FFFFH). 

EXAMPLE 1 

Suppose you ha va a 4 MHl Cmmemco sysfem 
and yo u want to mamory map your BYTESA VER 11 
into the highest BK·byta memory block (EOODH -
FFFFH). As a standard practica. )'O u decide lo program 
2708 PROMs in socket R0M7 on/y. Al5o assume 
there is no othar memoryoverlapping the uppermost 
8K o/ memory; so multiple memory banl<s are no/ 
raquired. 

For memory raad operation, /he BYTESAVER 1/ 
switch sattings Wou/d lhen be as shown In Figure 3. 

To ptOfJram a 2708 PROM in socket ROMl, al/ 
switch setlings remain the sama a!CCf!PIIhe PROGRAM 
POWER 5Wilch, which must be turnad ON. • ' 

The loUowíng example ~h.Jstrates all of !he BYTESAVER 
1! specialleatures. 

EXAMPLE 2 

Suppose yo u sal your Cromemco ZPU card tor 2 
MHl opemlion, and a5sign your BYTESAVER 11 to 
memory bloc/< 4 (8000H-9FFFH). Again as a sran· 
dard prac/ice, you program 2708 PROMs in sockat 
ROM7 only. 

Also assume another Cromemco mamory board 
with BANK SELECT exists for DMA /ranslers only in 
overlapplrrr;¡ memory 8000H - BFFFH, banl! 1 (a 
l8KZ RAM card, tor example). You then decide lo 
map the BYTESA VER 11 in/o memory bank O so lhat il 
wi/1 be aneblad on a syslem RESET ora Power·ON 
Clear (sae Seclion 2.5 tor details). 

Figure 3: EXAMPLE 1 SWITCH SETTINGS 

BK BYTESAYER 

"" 

• 
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The correct BYTESA VER 11 switch sel/ings lar this 
conlir;;uration are then shown in Figvre 4. • 

The sections which immed1alely follow discuss all of 
the BYTESAV~ 11 special features and operational 
modas touched u pOn in this seclion in greater detail. 

2.2 Addressing The Bytesaver 11 
Address1ng a byte on the SYTESAVER 11 involves 

loor levels of selection: choosing a memory bank, a 
memory board, ao IC chip, and fmally choosing the 
byte-on-chip. 

Memory banks are addressed by !he CPU outputting 
a control word to an Integral OUTPUT PORT 40H 
contai11ed on each BYTESAVER 11 board. Board, chip 
and byte·on·chip are all decoded from the sixteen bit 
address sent out by !he CPU on the 5·100 bus. 

Since !he board capacity is BK bytes, board select is 
generated by the high order address linea A13, A14 
andA 15. There are eight ROM sockets, so the next 
three high order address lines A 1 O, A 11 andA 12 are 
used to hardware generate chip enable (selecting 

ROMQ.-.ROM7),and !he remainlng ten addresslines 
AG-A9 are o; sed to address one·of-1024 bytes on a 
2708 PROM (sea Figure 5). 

Figure 5 BYTESAVER 11 ADDRESSING 

Execute OUT (40), A}-Select bank O- bank 7 
combination .,, .,, Setect or~e-of·eight .,, BYTESAVER lis .,, .,, Selact one-of-eighf 

A >O 2708 chips 

A9 
A8 

" A6 
A5 Select one·of-1024 .. 
A3 bytes 
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AO 

Figure 4: EXAMPLE 2 SWITCH SETTINGS 

•o••o' 
SK BJ'TESAJIER JI ea''' 

• 

" 



2.3 Board SELECT/CHIP Select 
The three higiJ order S-100 bus address tinas are 

hardware comparad lo switchesA13, A14 andA 15 in 
!he ADDR/CONTROL switch group. Any switch ON 
corresponds toa salected logic 1 on itscorresponding 
address line: any switch OFF selects a logic O on its 
correspondir1g address line_ The eight switch seWng 
combinations and their corresponding BYTESAVER 11 
memory block assignments are tabutated below_ 

Table 1 
SWITCH &nUAVER ti mlm-r ... MEMORY ASSIGNMENT 

OFF OFF OFF 0000- 1FFF; BLOCK O 
OFF OFF ON 2000..:.. 3FfF; BLOCK 1 
OFF ON OFF 4000- 5FFF; BLOCK 2 
OFF ON ON 6000- 7FfF; BLOCK3 
ON OFF OFF 8000 - 9FFF; BLOCK 4 
ON OFF ON AOOO- BFFF: BLOCK 5 
ON ON OFF COOO- DFFF; BLOCK 6 
ON ON ON EOOO FFFF; BLOCK 7 

Each ROM socket ROMO- ROM7 spans" a 1 K·byte -
swath of memory. Address lines A 1 O- A 121aed a one· 
of-eighl decoder (1C19 in the BYTESAVER ll Schematic) 
to generala select signats lor each ROM socket. The 
entlre 64K address space may then be spanned by 
eight BYTESAVER 1t boards. Figure 6_itlustratas such 
an arrangement along with the address ranga spanned 
by each ROM socket. 

EXAMPLE 3 

Suppose you programmad tour 2708 PROM S wilh 
Cromamco's Z-80 MONITOR and 3K Con/rol BASIC. 
TheZ·BD MONITOR spansaddressasEOOOH- E3FFH," 
and Control BASIC spans E400H- EFFFH. To load 
thasa programs, you would !han place /ha tour. 
programmad PROM S in socka/s ROMO, ROM 1, ROM2 
and ROM3 on a BYTESAVER 11 assigned lo EOOOH-· 
FFFFH wilhA13=1,A14=1 andA15=t.• 

Carefutly note that another memory module may 
not be mapped into the "hole" created by an empty 
BYTESAVER t1 ROM socket. The BYTES A VER lt reads 
an empty ROM socket as memory data OFFH, and 
actlvolydrives theS-100 DI buslines01o-D17 at logic 

Figure 6: EIGHT BYTESAVER lis SPANN!NG THE 64K ADDRESS SPACE 
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1 tevcls thereby creating a DI bus conflict when 
competing with enother memory module. 

2.% Memory Banks 
BANK SELECT is en optional board leature which 

etfectively allows memory expansion beyond the CPU's 
64K direct addressing range. This foature may be 
complctely disabled by switch selecting BANK DISABlE 
In the AODR/CONTROL switch group. When this is 

· "OO,e, the eight BANK SEL.ECT switch seHings become 
irrelevant In this moda !he BYTESAVER 11 exists only 
In the assigned S K-byte memory block el !he CPU'a 
64K direct addresslng ranga for memory read, PROM 
programm'1ng and DMA operations. 

To eM.ble memory banks, switch select BANK ENABLE 
in the ADDR!CONTROL switch group. When this is 

done, the sYTESAVER 11 is loglcally placad in one or 
more 64K-byle memory banks with !he eight BAN' 
SELECT switc11es, end bank addressing is softwar, 
controlled by eJ<ecuting the OUT (40H), A (or e(1.livalent) 
Z-80 instruction. · , ' . 

Memory may be stacked up to eigl"lt banks deep (see 
Figure 7). Posi\ioning one or more BANK SELECT 
swltches ON placas a BYTESAVER ll in ea eh corres
ponding memory bank. On the olher hand, positionlng 
al\ switches OFF CQmpletely removes the board from 
!he memory map (eJ<tept possibly for DMA transfers
aee Section 2.6). 

As stated abovc, memory banks are activatcd and 
de-acti~ated under software COI'l!rol. Each BYTESAVER 

11 contaíns an integral OUTPUT PORT 40H which 
latches the bits o! the control byte output lo it by the 
CPU. Each set bit {logic 1) cnables ils correspondlng 

Figure 7: THE MEMORY MAP WITH MULTIPLE MEMORY BANKS 
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-nemory bank, and each res el bit (logic O) disables its 
ank. Control byte bit 7 (MSB) controls memory bank 

7. bit 6 controls memory bank 6, etc. 
11 the BYTESAVER 11 isswitch mapped into anyof !he 

banks act,vated by the control byte (logical OR), !he 
board responds when addressed and thus is placed 
"In" !he memory map. When this condition occurs. the 
green LEO indicator ligh\s. Conversely, if the BYTE· 
SAVER 11 is switch mapped into no bank activated by 
the output control byte, tha board will not respond 
when addressed and thus is "out" of the memory map. 
When a control byte inactivates !he board, the green 
LEO indicator goes out, and more specilically, !he 
board responds by tri·statlng (floaling) all of ils oulput 
1'1nes. Thisbohavior allows two or more memory boards 
with BANK SELECT to occupy the sama or 0\lertap· 
ping 16-bit address space bu! In difieren! memory 
banks, provided only ene board is memory bank actJVe 

al a time, and all other boards are inaclive. Memory 
bank conflicts may result lf: 

a) Twoor more address overlapping memory boards 
are switch assigned to !he saml! memory bank, or 

b) Two or mOfe 16-bit addressovertapping memory 
boards assigned tO disjoint memory banks 
are simullaneously activated bythe sama control 
byte. 

EXAMPLE 4 

Suppo6:e two BYTESAVER 1/s are both mapped 
in lo /he uppermosr 8K o/ memory; and theírmemory 
bank sw,tchas are se/ as shown in Figure 8. Th9 
resulling memory map is /han shown in Figure 9.• 

Figure 8: WMPLE 4 SWITCH SETTINGS 
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To continua the same sample, \he sample programs 
a[lead illustrate how to memo¡y bank enable and 
disable the two boards. 

ADDR OBJECT MNEMONIC 

0000 3EOC LO A,000011008 
0002 D:MO OUT (40H),A 
000< - -

' 

• Executlng thc instructions below activatec 
memory banks 2 and 3, and de-activates 
other memory banks. The instructions thb .. 
place both board A and board B In inactove 
memory banks (both boards inacccsslble). 

COMMENT 

;LOAD 0000 1100 INTO REG. A 
;OOTPUT CONTROL BYTE TO 

PORT 40H 
;NEXT INSTRUCTION 

Figure 9: EXAMPLE 4 MEMORY MAP 
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• • Executing the instructions below simultaneous!y 
activa tes both boardsAañd 8, andthus isillegal. 

ADOR OBJECT MNEMONIC 
~ 

COMMENT 

0000 LD A,10000001B ;LOAD 1000 0001 INTO REG. A 

• 

0002 OUT (40H),A 

ooo• -

• Execl!_ting the lnstructions below places board A 
in en active memory bank, and board 8 in an 
inactiva memory bank {board A availabte 101' 

ADDR OBJECT MNEMONIC 

;OUTPUT CON"t ROL BYTE TO 
PORT 40H 

;NEXT INSTRUCTION 

memory read, PROM OlOgramming and DMA 
translers; board B inaccesslble). 

COMMENl" 

0000 3E01 LD ' A,OOOOOOOIB ;LOAD 0000 0001 INTO REG. A 
0002 """' OUT {40H),A 
()()()< - -

• becuting tl1e instructions below pjaces board A 
In an inactiva memory bank and board 8 in en 
active memory bank (board A inaccessible; board 

ADDR OBJEGT MNEMONIC 

0000 3E60 LO A,01100000 
0002 """' OUT (40H),A 
ooo• - -

~ 

2.5 SELECT BANK 8 On RESET Or 
POWER-ON-CLEAR (POC) 

When system power is lirst applied. or alter a 
subsequent system RESET. the BYTESAVEA 11 wlll 
respond in one ol two difieren! ways. 11 multiple 
memory banks are DISABLED, the board wilt remain 
"in" the memory map In the CPU's 64K·byte direct 
ddressing ranga. 

11 multiple memory banks are ENABLED, memory 
OOnkO is automatiGaiiJ' hardware activated by a system 
RESETor a POC. and tiank 1-bank 7 are de-actlveted. 
• 

10 

;OUTPUT CONTROL BYTE TO 
PORT 40H 

·-;NEXT INSTRUCTION · 

B avallable for memory read, PROM programming 
and DMA transfers). 

COMMENT 

;LOA00110 0000 INTO REG. A 
;OUTPUT CONTROL BYTE TO-

PORT 40H 
;NEXT INSTRUCnON 

. ~ 

Thus, 11 RESET ora POC to the boarda in Example .;-· 
would actívate board A, and de-actívate board B. 

2.6 Dlrect Memory Access 
A devlce may request direct memory access lo the 

BYTESAVER 11 by asserting !he S-1 00 bus llne pHOLO 
low.The CPU grants the raque si by-drivíng line pHLOA 
(ho!d acknowledge) high. When controlllne pHLOA is 
l'ligh, the de~ ice tllen may dlrectly drive tl'le S·100bus 
address lines and control llnes (which are lri·stated 
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during DMJ!I transfers when pHLDA is high). and use 
the data bus lines for reading or writing without CPU 
intervention. The device may then transfor data al a 
rata limitad only by the memory access time. 

The general features of a DMA transler are then: 

o Fast asynchronous read or wnte accoss to memory. 
o The DMA device should not be responsiblefor 

many overhead tasks (such as memory bank 
switching) to keep the memory access as quick 
as possible. 

•The access is direct-no CPU ir¡tervention to 
slow the transfer. 

• The DMA devico must be capable ol controlling 
and driving the tri·stated address, data and con· 
!rol busses. 

In line with lhis general philosophy. !he BYTES A VER 
ll"s DMA respOnSe behavior is controiled by two switches 
in the ADDRJCONTROL switch group; DMA OVERRIDE 
and DMA IN/OUT. There are tour possible switch 

setting combin.ations; each is tablllated and discussed 
below. 

The first tabte entry indicates !he board beha\ 
with DMA OVERRIOE QISABLED (note that in this case 
!he DMA IN/OUT switch seWng is irrelevant). Here, !he 
key phrase is ··correcttyaddressed;-the BYTESAVER 
llwlll respondfor memory read, write (PROMprogram· 
ming) or DMA trMslers onty whon it is in an active 
momory bank (tf multiple memory banks are enabled), 
and !he S· lOO bus address falls within the board's 
assigned SK block of memory. The board in elfect 
do as not dltferentiate between a DMA data transler 
anda norm<1l read/write cyclo in any way. 

The BYTESAVER 11 does ditferentiate between DMA 
and f\On·DMA transfers with DMA OVERRIDE ENABLED. 
as shown in the last two table entries. A typlcal 
applicatioo demonstrating how DMA OVERRIDE ~ 
is shown in Figure 10. • 

Here. two BYTESAVER ns are assigned lo the same 
16·bit address space with switches A 13, A 14 andA 15; 
board A is assigned lo memOf)'bankO. and board B lo 
memory bank 1 {any other Cromemco memoryboards 

Table 2 .. 
DJIIA OYERRIDE DMA 11/DUT BTTtSAIER 11 RESPONSE 

S\lllTCN SWITCH 

DISABL.ED IN or OUT Board enables when 
correctly addressed 
fm eother DMA or 
non-DMA transfers. 

ENABLED OUT Board enables when 
conectly addressed 
tor non-Q\tA transfers 
(normal operation); 
board disables during 

'"' system DMA 
transfer. 

ENABLEO IN Board enableswhen 
correctly addressed 
for non·DMA trans-
lers; board enables 
when tho DMA de-
vice addrosses !he 
board"sassigned 8K 
block of memory, 
regardless of which 
banks were active 
befare the DMA re-
quest. 

11 



with BANK SELECT and DMA OVERRIDE could also 
"'" used in !he example). For non-DMA translers. both 

1rds are avaitable for readtwrite operations whcn 
w....,.ectty addressed (board A is in memory bank O at 
EOOOH- FFFFH and board 8 is In memory bank t at 
EOOOH- FFFFHl. 

When the CPU grants an asynchronous DMA request 
by driving the pHLDA fine high, board A automatically 
disables and board 8 enables when the S-HlO bus 
address is in the ranga EOOOH- FFFFH. regardless of 
wtlich board was in en active memory bank befare !he 
request. 

Thus. the DMA OVERRIDE feature is sean as a 
meam:oloverridlng logical memory bank bounda
riesdurlng a DMA transfer. This provldesa lastway 
of vectoring the DMA device tothe DMA board (!he 
one with DMA IN) anddlsabling all non·DMA boards 
(!he o nos with DMA OUT) w1thout burdenlng !he O MA 
device with any overhead memory bank switching 
responsibilities. 

11 should be notcd that alter the OMA transfer is 
completed, both BYTESAVER \ls revert back to the 
same memory bank status which existed before the 
DMA transfer. 

Figure 1 O: DMA DVERRIOE EXAMPLE CDNFIGURATIDN 
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PROM Programming Instructions 
"""""""~"""' 

The 2708 is an 8,192-bit ultraviolet light erasablo 
and electrically programmabl!l read-only memorv chio. 
The 2708 is erased, thereby forc•ng all bits lo the logic 
1 state, by exposing !he chip's transparent quartz 
wmdow to intense ultraviolet radation. Consult the 
2708 manufacturer's literatura for detailed erasure 
procedures. 

To programa 2708 PROM. insertan erased 2708 
into a Pf'IOGRAM ENABLED BYTESAVER 11 socket 
wíth the system power OFF, turn ON the system 
power, turn the PROGRAM POWER switch ON, then 
execute or1e of the Cromemco system programming 
commands described in the following sections. 11 the 
PROM is to remain in the same SOCket alter program· 
mmg, tilesocketwouldthenbe PROGRAM OISABLED. 
The PROGRAM POWER switch should be turnad OFF 
after programming lo preven! inadverter~t re-program· 
ming of other PROMs on the board. 

Each 2708 byte is programmed byselectively changing 
logic 1 (era sed) bits to the logre O state as required by 
the pattern beir.g programmed. 2708s may be re
programmed without intervening erasure provided no 
attempt is made to changa logic O bits back to !he logic 
1 state-onlycomplete EPROM erasure can forcethis 
transition. · 

The Cromemco PROM programming software de
scribed below writes a so urce coda byte to each 2708 
address in sequer~ce. This process is then repeated 
ur.til all 1,024 bytes of source Code data have been 
wntten to !he PROM 3EO separata bn1eS. The BYTESAVER 
11 responds to each memory write cycle by forcing the 
CPU into an idle state by asserting the CPU pROY line 
low, driving the ~rght 2708 data output pins with the 
source coda byte. and applyrng a drgrtally cour.ted 1 92 
usec PROGRAM PULSE {low for 16 usec, h1gh for 176 
usec) to the 2708 PROGRAM input pin while !he 
CSIWE line is held at +12 volts. Upon completion of 
the 192 usec interval, !he pROY line is again asserted 
high, and program execution resumes. Programming 
time for one 2708 is then approKimately (192 usec/byle) 
x (1,024 bytes) x (360 programming passes) = 70 
seconds_ 

Specific 2708 programming examples appearin the 
next three sections. Section 3.1 illustrates how to 
program 2708s using Cromemco's Z·80 MONITOR, 
DEBUG and ROS system commands, Section 3.2 
discusses programming using 3K Control BASIC, and 
Secllon 3.3 rllustrates how to program 2708s from Z-
80 Assembly Language code. 

" 

3.1 Programming From DEBUG, Z-80 
• Monitor Or ROS · 

DEBUG (on disc package modal FOA·S/l), Z-80 
MONITOR (modal number ZM-108) and ROS {modal 
nomber ZA-808) all support a one line 2708 program
ming command. The respe~:tive command forma la are 
illustrated below: 

-P EOOO E3FF FCOO<CR> 
:PEOOOE3FFFCOO<CR> 
PROM, ECOO, E3FF, FCOO <CR> 

{DEBUG) 
(Z-80 MONITOR) 
{ROS) 

where <01> stands for pressing !he RETURN key. 
Each command would result in programming a PROM 
locatad al FCOOH- FFFFH with source code lo~:ated at 
EOOOH- E3FFH. Altematively, thesa commands could 
llave been enterad as: 

-P EQC() 5400 FCOO <CR> 
:P EOOO 5400 FCOO <CR> 
PROM, EOOO, 5400, FCOO<CR> 

using !he swath operator. 

(OEBUG) 
(Z-80 MONITOR) 
(ROS) 

The hrst two arguments in each command define !he 
source code starting localion and e)(!ent in mamory. 
The source coda local ion m ay be specifíed in terms of 
absoluta addresses as in the first three examples, or in 
terms of a starting address and a switth width as in the 
las! three. The lhird argumant defines the 2708 startíng 
address on !he BYTES A VERIL The slze ol the source 
frie (its swath width) and the 2708 starting address 
mus! be an exact multlple of 400H {!he addressas 
mus! end in E!ittief OOOH. 400H, OOOH or COOH) or the 
command will be rejected and an error message 
issued. 

After programming lha 2708, !he source coda is ·• 
comparad lo !he PROM contents. and any discrepan
cíes are printed out accordlng to !he formal illustrated 
below: 

EOOO 2G 20 FCOO 
E2BC 03 05 FEBC 
E3FF C9 ED FFFF 

This printout indica tes the source coda b}le 2CH al 
EOOOH was incorrectly programmed into the 2708 as 
20H at address FCOOH, etc.lf there me discrepanci<~s, 
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often reprogramming !he 2708 with the same soorce 
code will changa "stubbomw bits to thelr proper state. 
11 there are no progranlining err6iS. !he user is p"rOmpted -
for a new command. 

EXAMPLE 5 

Assume you ha ve 2K-bytes ol deve/opment sol/· 
ware /oca/ed el IOOOH- 17FFH wh/ch you want to 
store in 2708 PROM. Two erased 2708s occupy 
:;_ockets ROMB and ROM7 on a BYTESAVER 11 

· assigned lo memory area EOOOH- FFFFH. --
Toprogram /he PROMs, youwould lhenPRDGRAM 

i=NABLE sockets ROMB and ROM7, turn /he PRo
GRAM POWER switch ON, and lssue one o/ the 
fo!lowing commands, depending on whlch oparaling 
syslem is running: 

·P 1000 17FF FBOO<CR> " (DEBUG) 
·P 1000 SBOO FBOO<CR> 

:P 1000 17FF FBOO<CR> "' (Z-80 
:P 1000 SBOO FBOO<CR> .MONITOR) 

PROM, /000, llFF,FBOO<CR> "' (ROS) 
PROM.IOOO,SBOO,FBOO<CR> 

• 
Altar programming is c;ompltHe, the PROGRAM 

POWER swirch shou/d be turnad OFF. • 

Storing a di se lile prograrn in 2708 PROM ls usually 
accomplished by reading !he diSC sourca lile into 
RAM.Ihen execulingthe DEBUG "P" (Program Proms} 
command to write the RAM data to PROM located 
elsewhere In memory. A potent,al problem e~ists when 
programming 27088 with a ~-HEX" axtension object 
file using lhis procedure. 

Moving a source file ffom disc lo RAM is accomplished 
using the ··p• (specilyfile name}and !ha "R" (read disc 
file) DEBUG commands. These commands will ettampt 
to load !ha .HEX fila lrom the disc into RAM beglnning -
at the address specilied by !ha "ORG" statement 
contained in the source coda. The address so delined 
may not be RAM at all, or the area specified may be 
1nconvenient for othar reasons. Te circumvcnt this 
problam. the .HEXIileshouldbe read in toe convaniant 
RAM area by specifying en appropriate displ;ocement 
as !he argument of the DEBUG "R" command (see 
next cxample). For lurther details, reler to Cromemco"s 
Macro Assembler Manual. 

EXAMPLE 6 

Supposa you ha ve a program namad SAMPLE 
which is ""ORGed" al 9200H. You usa Cromemco's 

.. 

ASMB program lo e reate a .HEX object file en di se. 
Yo u would like lo read /he .HEX file from the di se lo 
RAM starting at 200H, and then lo use this data to 
programa 2 708 PROM residing al FCOOH- FFFFH. 

With DEBUG running. you wou/d !han lype: 

·FSAMPLE.HEX<CR> 
This spacillaS !ha lila na me as"SAMPLE.HEX." Than 
lypa: 
·R700DH 
This reads !he fila from /ha di se witha displacemant 
of lOOOH. The displacemenllOOOH is addad lo /ha 
ORG oparand 9200H lo yiald /ha loading point 
92001-i-t-1000!-1= 10200H=0200H when the carry is 
discardad. Then /ype: 
·P 200 S400 FCOO<CR> 
This command programs the 2708 al FCOOH with 
the sourca code lor.ated at 200H- 5FFH.• 

3.2 Programmlng From 3K Control 
BASIC 

3 K Control BASIC (modal number CB--308)program 
text may be store-d in 2708 PROM for subsequent 
loading and executlon by issuing an .. EPROM" dlrect 
command. · 

To SAVE a Control BASIC (CB) program in a 2708 
PROM: 

a) Determine the length of the CB program text 
using the CB StZE function value. 

b) PROGRAM ENABLE sockets containing ernsed 
2708 PROMs. 

e) Turn the PROGRAM POWER switch ON. 
d) lssua an EPROM ppp command whare "ppp" is 

the 2708 PROM starting "pageH address. 
e) Atter receiving a CB message indicating success· 

fui programmlng, turn the PROGRAM PQWER 
switch OFF. 

3K Control BASIC logically parti!ions memory ifllo 
"pagas."' where 1 paga= 256 bytes. Pagas O and 1 
(OOOOH- 01 FFH) ara not u sed by CB; pagas 2 afld 3 
(0200H - 03FFH) are used for variables, !he input 
buffer and !he stack; peges 4 thru31 (0400H-1 FFFH) 
are normally usad for CB program text and arrays: and 
pagas 32 en (2000H- end of user RAM) nrc normal !y 
u sed ro sava CB program 1iles (see Rgure 11}. 

The "EPROM ppp' command is used to program 
2708s wilh !ha CB text area fOf later execution. !he 
"LOAD ppp' command reads a file lrom memory back 
into the ted area for editing, and the 'RUN ppp' 
command initialas execution of the program rext 
tocatad al paga "ppp.' 



The page r!Umber arguments of !he EPROM, RUN 
and LOADcommandsare specif•ed in decimal. Forlhe 
EPROM command, \he page argument is the starting 
address of erased 2708 PROM. This number mus! be a 
multiple of 4.and sullicient erased PROM should start 
at this address to contain all ol the ca program text.lf 
!he ca text does not completely lill any 2708, the 
rema•nder ol \he PROM will be follad with data OOH and 
thus the unused area is not available for other 
data or ca te~t. 

To determine the Ca program text tength. first clear 
!he text area wilh the NEW commnnd. then execute 

!he ca pl"ogram· shown below which evaluates and 
outputs the SIZE lunction value. lhe StZE function 
evatuates to the number o! bytes allocated lo, but left 
unused by \he program text. 

>1 PRJNT SIZE 
>2 STOP 
>RUN 
7142 

' The outpu\{7,142 decimal in this exampte) gives !he 
size olthe unfilled CB texl buffer. This number should 
be recordad lor laterreference. The sizeollhe unfilled 

Figure 11: CONTROL BASIC MEr~ORY MAP 
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T.U-ARTjgitotllnterface 

lntrtxludíon 

Tho c,,.. ..... o TU.on iTwln U"'"'"'' .o.,.,. 
''"""""' ~'"'"" '"" r"""""'d """'"" ""' 
"''""''' of d""'" ,.,;,¡ dm '''~'"9<' two '"'""''' 
•' "'""'' ............. ,""' '"' '""'"''' ' ..... 51 .. ... '"'"'"'"-·" ......... .,....,, ......... "' '" 
'"teqvpL 10 ... ,!Ion, "'' ln!,..,,l ~'"" oo:t~"" 

'" '""'"'"' '"" ..... '"""''"' "''""1 1'"" '" 
"'""'"' ""1 tot tho '"'· T"< TU·AAT "" lt> own 
<ryml """""'" '''"" Ond '"'"1"" lo tho S 100 
"'' "'"""'""""''' 10 '"" CPU ''""" ftoquon<l' " 
no! """"'· l"' T\MAT ,_,.., ,.. TMS 
SSOlt N \lOS 1/0 0:00~ .. ,.,. <"•PL 

1.1 Detrriillons 

T'oto''''"'"' th;t '"'""'1 t'< tw6 TMS 5>01 th'P' 
w;ll bo .,1.,,,. ro " ·o .. ~, A"' ond ""O'"'" O-"" 
""'" A IIC <1 "th< ltfunolt <hlo. "-''" B IIC Si 

,, '"' "'''"'"" thlo. o.,;" A ., """ '"' ""' 
''"' ond dt~ol "'~' '"""""" ¡4 1">d '"'"'' """"'" ...- n. o .. a u '' ""''"' ,. ,,.. •11>• ol o ..... A· 
,..,¡ oo;.,-, ,..;,• <OOW>e<too JS '"" ,..,,,,,, "'"""'"'' 

" 
1.2 Switch sereCtable Options 
Addressing The TU-ART 

Tho ..-~•m CPU ""''tOo ru.ur oto dotl ,,,... 

bty of '"'"'/'"'""' ""'" w >" '""""" •oo•b•lllv. 
Tho CPU no<mo!l; "'"' d•tl "' """' ''""' <'< 
TU-ARI ,;, <Oo S-tCII b<n by t•O<I>l ng on LN A, 

loonl ''H""'""'· ,.,. "'"" "'"., ''""'"'""'' lo ,.., 
TU·ART >1 , • ...,, ... " OUT IODt<l. A .nH'"<tion. 

~ '""' '" '""''"" 110 "'"' '"" ....... '""''"• 
,.,..,.,,""' ond """'o;""'" A, ond '""'"" ''"'" 

"'" "' ""''" " r ... ""'" 11. 1"""' "'" •••••"'· 
dooU; ..-..... "''" D.,t<o> A 100 00""' B 1/0 ""' 
.....,,...., '"'' '""' ...,n ,..,.,,..,, 110 ....,.,, "'"'' 
.,, 1 ... , ,..,, ~.,..r...,., "'" "' '"' 110 - ...... "": 

.. 

·: . ' 
S·l ~~ but """ ""'"'""' "' oll>11 f<om tho ,.rwtd 
"'" ....... . f"• """ '"""" ol Otvl<t ~ 11 >~tOod by OIP 
ow"leh -1ion1 6 "'"' l; t'o """ "'*'''" of o ..... • 
;, ,..,., .. b1 OIP ""'"'<' ,.., .. " te <"ru l ¡,.. Flf-

"" 11. ho\ <t "" oo<ll•"'"" '""""" ON "'""""""' 
"" TU-AAT <a""'""'' 101 lo¡lc e on tto '""''"'. 
'"""" ''"'' on O'F w.l~ch "'"'">nOnO> <o lool< 1 . 
• ,., """"''· ,1 011" ...... ,, """""' r; '"'"J •.• 
0~. ">< oaO<•ont 10 tO.o 7 '" OFF, tOt" too TV
ART o .. ~. A C""'mond R'1"""""'-''•tOO.t-

: "'',...,~m.'""'" o .. a • o:-.....,. "'V'""" 
...._ .. """''"''"' ""'' ~'1>1. No" onot 0"«< A b'll Ar, M o..O AS o loa '""ttol 
07, 06 ood OS ot o.Oo TU MT"1 UJ modt ¡ loto•· 
rupt A<koowl .... '"pon,."""· 

lnt~rrupl Mode 

Wh<n thlt t~l!<h ioo>itlan ti "ON, "' TU-ART 

ap""" In tht B<lSO '"""""' "'""" "" al '"' ""'"'"" ""'""""'' •, .,,..¡ to "'' dotl ""' du•lno 
"' In"'"'" "''""'"'~ <1<'<. SOO L">e TU·ART 
"" ;.,,.,,.., IO<tM ""'al 16 "'""'"' "''""'' '' ;, 
""',.">o oalt tOo""''"' ti >Oo TIMRT ''<O !llS~ 
modO ¡,.. "'Opm,;on u''"' !33~ """ '"""""'''! 

Whon !wt!<lt P""''" 1 1¡ 0". <'·• TU-ARI ·~ 
'"'"'"' lo Z 60 "'""' 2. In th•• modo, tho TU ART 
"'""''" • ""' to '"' do~ !M ""'-"'1 lnlO<''I>OI 
M'"""""" tnOl ·t """ "'" 1.-r '""' bllt ol o 
""'"""' ....,.,, '" z ltl' "'""''" "' "'""' •·vn• 
b " 1•""' "" t "''"" '"" '"1"""''"''' ..... '"' .,..,. 
""'""'"" nllmat; '"'"'o o," woll" '-'' "'"' loeo
"""· to l•od '"' ""''"' '""""" o! '" loto•!oOI 
tou:.no, 1/ttll< oo S«!;on 3,1 oocl/o• !Oo Z-80 OPU 

~'"""'" Monv ... l;loo. lO' l. !O<"'""<! 

Normal/Reverse Addrcss 

...... '"""""th loo><"'" '1 lo DN. ltoltawt o .. u 
A o<l ""~' 1 10 "'"" "'" '"""""'"''"''"'o! 
"' ... ,., !O ......... "'""" """' ¡s., ..... 

1 
! 
1 
• 

! 
• 

Addt.,t·R"'t ... l,' T-'• oltow> tllhot 0"1" A 0 , 

o .. ~,"'"»<"""'""' • '"''"'" ''~''""""' '"'' 
''""""''"" ... looun '" "'""""' s. ..... '" '"'""· 
ON ""'""'" ,., .->a o< O'"'k' ~ t t>O"I'd '""""' 
,.., lO '"' """"' A>ld•Ht <ontral •• "'" '""""'' 

,.., bt ft ""'' """'' "'"'"'" '""''"'· lo "'" >d· 
"'""'· ""'""' • "'" wl>h D7 ~; ... to Oe.ico A't 

P'""'' ""''"' 00" lo "'"'" •• ""'""' '""""'"~ 
""'""' • b•" .,.,, 01 lo..- oa u .. ;" n ""'"'' ...,,. 
1''" oa>C ""''" t~it<h !)(IL,OO 1 ¡,OfF,'"' Adó-on 

.......... '"' hd_nne<'[ ... '"'"' "" ...... 1 ""'" 
'"' A<IO""" R .. e•M 09'01 1o .,..,..., ""ID o:n t 

o! n ond JJ, Whoo ''' Add•m ""''" ""'"" f..ON. 
"" t ~·u'"'" t'o 1111< o< tho TU ART; 

-

Pon 1 • 1 "''""' """" '-'ode, 
"" 1 • ' '"""' ""'"''' ... ,. 

•• 

WOeo '"' Add•t>t Rtvett< wdch 11 OFF. pln 1 ot 
Jl"' J1 m.,~~ ¡•oond"" '"""'"' to oloc• •.OtTU· 
MT in '"''"' \toe" IK,.d..-Oto AOdtt~-R...-.,..1. · 
O. no: 11'0«..0 o n t of J"/ o.- JJ wholt"" """" 
"""''" "''"" io 0N 1t <'-> will toMiC1 *'"' ""''' 

· """ ol Ue.i" A"• "'""'' oatt. 

Figure] TU-ART Switch SeHinDs 

" . -
tM1[Z-lll tnto""Ottl ---

o .. ~oo~ ¡ :::; = 
!>""""'"' M•t-

-
_ •. '• Al•T--

' . 

. 

' 

1 

... ,_ 
A!•1-

M••-' 

~1·1-

' 

·~,o . :_ '" ·=-. '! =·'=-· =· ==· ="e=:!• 

=· =' Al • 9 • 

C"'"""' ~oto""'""'' tltM onO 30H m'""' bv ltCT; ond S~H lo""" b; "'"'"""""'' PRI Pdn<et 
e,...,,.,.,, •. , <FOc "'"''" o,. """"""'" •~>! u lol<rl'"· 
""" b' C••"'•mro "''"'"" ... ,., w•th DAN~ SE· 

-·'"" 
' 
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'llh\RT 

~ 1.31nterrupt Prlorily Chaln 

-\. 

---. .....,..,.ru.o.~TQ•'"""''"'...,.·'' 
lo __., .. - ......... '"'"""'' ·-... 
... - lO -· '"" tonllio:l ......... '""''"•' 
--<Y!!!!- T~~ " """" o..- '"~ -lino 

:JI P~IORITY OUT'"""""'~ ....... "'lo<'" TU-ART 
10 JI PRIORITY /llol lhO ""' """"' p<o<><•" llJ. 
.O.RT. lhon .,....., .... JI PRIOR.LTV OUT ot "" 
- Tl>.O.~T lo JI PRIORITY IN ol lho "'"'TU
ART, .... oo on ""'' '' TU·ARTo"""'"'""tod. Tho 

'JI PRIORITY fll p;o oltllO """'"' OóOO"Ily lx>Oo'dio 

Ioft """"" ........ Doo ... " " """'"'"• ........ ..,¡ 
Doo"" a on '""' TU-ART. 

lA Status Bit Selectlon. 

n.o __,.._ ol ...,.,. llof o;,. 10 "''" oh• ., 

..,... .., "'" Pe: - " "'" ...,...., or "'" """' _., - ... _ c.- ......... -
- 0(1-R- Oato A.- IRD.O.I, 101<1 Dl• 
To~'"' .,,., ._., ITIEI- '"' -..,¡ . 
......,... ...... _, ..... ""' bll ... n.,! - .... 
_"SU ... Soc>OI" ... -

Tho - .... ""' - ... """'' """ ..... ...... ""'""'"""""'" ................ ... ~_.- -~~--IC'oll'l<ll. Tho..... . ................ c.- .. ... 
lo - "' .................... -~-

Dw>O>tioo•" 

• 

\. _ ........ -.................... 
Ioft ,_ ol podo ,.. NI "" doto '"" 010 

,.,.,...t o1ono "" """' oiolo ""' ol - Hoto .... ""' .... ""'• ' , __ ........ 
·~· ond lo!< ..... - ... _ ... by ""-...... n.-·-5~""'""""-"'"""""'" ..,,.,;u,.....,_-..r, 

, 
2. u.o o ,._ bloolo ..- o '"'"" Onlloto ..,, ,. t ol 
"",__. .. <too lo~'"".._,, ....... ' 
- Do......- torolul '"''lo oul U.o tt•- -..kltk 
.,. ..,.....¡by 1111 ookloo .,,., 

,_ IMton .... ;.,_ o 11 o¡;, IC -~~ In lhO 2 .,_, ...... . 
.. ._.. ............. _ ... ,_,,, -.... . 
a, """' - t:IO ,.. :11 """ ....... ,.. ,..., 
_, "" llo;o .... ""' lokl ..... --.... ""' "" .._,,, .. ""' .... _ .... , -· . 

,_ n.o .... _ .... - ;, - .......... ""·-- .... -~ -~ ··"-· ............. .._.. .., bo ......... "' ... ___ .......... --...... 
"" ""' ••••t> o! h .,,_. bollot .... 
-~ 

""" - lloo ...... bo _... ....... - .... 

dolo "'" -·-..... 1>11-'-- -~~~o ........ 

1.51n1Criai:~iopilons 

• mmmA 

• . .0. A$»7 '""'"* (- oo o CAn .... bo
lmo "' lrto .. o- .- ••~<~~• '"'' o! .1< "' .r.l. '"' 
1U-AAT ,....., ... ,.., ot do<O ... 1-...-1.., 
.,;, ,,._ Soo f9>ro 1; T ......... lO TU .... AT ~ , .. ,,,, , ...... ,".... . 

· To - o Tololypo, "" klt""'lrlfl ...,_, ..... 
"""""bo modo !ot JO oo J6..,. Oovico A,. a ... 
po<tlwoly!' , 

Parallall/0 
.,.. 

J.IJI-33 m 
' ' ' ' .......... _ ................ -... -......... 

;n__,~ ...... ,.., 

' ' 1 ' ' ' .. 
JI/ • .,.,._ .. ''""'"" ·-·u·.

~ ....... _..__, 
' . ' ' ... , .... ,_ .. ,_ ......... __ ... __ _ 

" ' ' ... , ....... - ... - ....... ·-.-··---- .... ~ ... ·------...··-··-... 

• 

' n .. ""'"'' por~ '"'''"' <k~ ..,.,. bo ''' ,,.,,. 
by ~"""""'" olo 1 •' '"' ""''"'..,. !.11, J11 " 
bldoooetio.,. M mov bo lmo'""'"""' bv '"""'• 
"'''"" ""' ,.,.., ..,. """"'' n .... -""' ""' ••no 
ptn 8 10 """~"' """''""'""' ol ''"' n-. Pon 1 -
..... ... dolo -· to ... TIJ.AftT .... pln 1 ...... 
........................... TIJ.ART, 

.. '.: 



• 



' ' 
Figure2 summary or TU·AAT 1/ll Pcr1 A!ldresses 

,, 
1 

" ' --·--·- ' ·----·- ' ' 

1 
.) . 

OFfSET Al A6 A'i A4 AJ A:l Al Al FUNCTIO~ ' 

' ' ' ' ' '" O.,lto A """' "1'"" 

' ' • • • '" 0..-lto A b"d "" "1'"" '' 
' ' ' ' ' '" Ohl<t A ""' ,,, doto •eg "" 

' • ' ' ' • •• Oo;l<o A '""''"""' doto "''"" 
' 

' • • ' • ... 0"1" A <ommood •eg•ller 
' ' 

o .. ;, A 

' • ' ' '" o"'" A '""""' ,,,,.., '"'"""' 

' 
u ... ,., ..... • • ' ' ... o ... r .. A '"'""'"' .,., .. '"'"'' • , ... "•· 11 ' ' ••• '" 0.-.l<t A om"lol '""' • • ' • • ... O"'" A 0"'"tol 1""' • ' ' ' ' ... o.,;.,""'""' ' 

' ' ' ' • ... 0"'"""'""~ ' 

' ' ' ' ' ... 0..·<1 A tóm" 3 

• ' . ' • ... O..~tAt"""' ' 
• ' ' ... ' OUT O..<o A ""'"5 

' ' • • • '" 0..1oo0 "''"' , .. ,.,, • • • • • .. . o..;., u-........ ., .. 
' ••• • ' " O..ko B '""'''"'' O•'l ''9""" 
' ' ' • • ' ... O.. loo " ''''"'""'"d ... ,..,_ 

' • • ' • ... l)noko U .. m,.,.nd «1'<'" 

' • ' ' ' '" o .. , .. u'"""""' ........ ,..;n .. c .. ~co u 
' • ' ' ... c-,,;oo S l•w•uoo '""" ,..,, .. , ' ' 

u ... """"'"" • _,,... r,_ '' • ' ' ' '" o ... oo B "''''"' oon • ' ' ' • ... u,;" u.,.,,.,.""" 
• • ' ' ' ... o'"" s '"'"" 1 • ' ' ' • ... o'"" u ' '""' 

' ' • ' ' ' ... o'"" u '''"" J ' 

' ' ' ' ' ... oo;;eos•·""'' 

' ' ' ' ' . OUT o""'' u '''"" s 
' NOTES, 

Arl o! th• '""""'"' ""'"'';.,.. ""'""' ''" '"' tv• ' ttm uto IN '· 1-' • lh<ouoh lN g, IN tf """'"' ' ' 

IN 15 '"" OUT 11 tl"ou"' OUT t!. 

11 o .. ;" A '"" o.,;.,. B '" wt 10 tM oomo .,_ 
.,.,..,, n .. ,.,. A wil< ....,ido. 

' 
O..•ctAio!CO. ' ' 
o.."'u~•c•- • ' •, 

•' . 
' 

• 

Interrupt Opera\ ion-

' ' 
' ' 

n,,' TU·MT """' '"""'"'eorod '""""" eooobil. ' 
tlts, lrclu<ilo¡ on b01<0 ''''''" ""'"";"'· iot.,rupt 

"'"'""·"· '"""'" "'""~''''"""'· '"' "'"' 
oh•ln "''""'" ll<v. Thno ''""'" ;, ""'""""" 
,.;Lh ti• o Cromomco 4 MHo <·81 pooco"oo· M<ke '"' 
hl¡h '"""""'"" ,., •• ,, ·1 • ' ./ ..• · .. ,_ 

' ' ' 
' . 

IM>'QRTANT 

9oth cl>onoot> ot ,.., TU-ART mu1< be 0'"""'" 
·,, '"""""'· An ""'""lolln• TU-AAT n'IY .... 

'"" O>u•lout '"'"'"'"' '"''"'· '" '"' of :ho 
"'"'" mu>t bo '"'"'""' '""''"'"blo loll Coo
,......., bo"d' "'• ,,._ ""' S~ s,,..,...., 
.._.,.,, "" ;,, .. ,.., ............. """'""" ""-a .. a., .... ,. ....,.,..,~,. • 

• . . A d-t;,n oL '""""'' ...,..,, .. tol'-' Lot 
"""' t1>t Z-80 ond 8H0 OVO< '""""'' mod.._ -· l 

1 • • • 

3.l,Operatron 1, 
Usin!J ZDil lnl!!rrupts 

Whon th• TU Mil ,, ""' ~ILIL "" C'"'""""" ZPu. 
oll 18 ot "" OOI>Iblo <nlt><U01t"'"'''" the TU ART 

: ''" .,,,,.,. , ""'""' """"" wiLho"' Lho "'"" '" 
<holnloo tho '"'"'"'' """'"' ond poli"'! Lho '•
'""""' , Tr ;, "''"' l>>t '"00"" lmm '"'"'"01 
''"""'·<o "''" "'"''"' '""· ~''" oouoi.O w:tó tho 
•~"' •e•. '" '''"'"''' ""~"'V' "'"''"' '''""' 
con '" imo "'"'""'"- • 

A ·-,"' o•iO'.L{" '""""" """'" ., aoo ~•ú; 
,.,., ''"""'"' "'" '"''''"''"'''"'"'"e Tn 1" 
"''"" '" oho tollo .. "' toblo """ '"' '""''"'""' 
·~'"""''"""''"· ' ., 

, 1t k, ot ""'""'· .. ,.,,, ta "" "" '"''''""' 
'""' ot ,.., o .. ,., ro"''«~"''""'''·~ • ,..,, 

..., """""o!'"'"'""''"''"""'"'""''',.., ot 
OUT 03. '"'"''"'' ..,,,., "' <'o .,,.:ou, ""'"""!. 
R""nnt>« '"' ,_,, INE b·l '" ""'"""''""''"''""" .. ............... , ._ ......................... ,_ 

- "''" Al .. , bo "''' '"" "' l-U O.ot '"'"'"' 
"' """"UPI mooo ""'"' '"'""'''"' , OED5EH 

' 
-Table 1 zao !Mod~ z¡ Res~ons~ 

" ' ' ' 

TUARl">IHool 
Sou• .. o('""''""' ' ''''"" Z-·~ LNT A """""" 

" " o; " " " o o.~ ' 

' ,. 
11 l~l;hml • • ' ' ' Q.,looA, r,,.,. ' 

' " • ' ' ' , 0"'"'"· "'"" 1 

" ' • ' ' ' • Q.,I<>A, """ " ' 
, 

' 
, 

' ' ' ' o.-. ... A. ''"'"J 
" • ' ' ' • O""" A, ROA 

' ' ' ' , • O"~' A. TBE, " ' ' ' '' ' ' o..~. A.r .... • ' < < < ' ' ' ' 

' • ' j ' ' ' ' • o .. ;., A. r ... ,l!ml 

' • ' ' • ' • o...ioo B. ro ... ' ¡ • • " " ' • • ' ' o .. c.a. T...,•1 

• • " " ' ' ' ' ' ' O..l<t •• n-~-n: 
" • . ' " ' ¡ ' ¡ • ' ' ' ' O..koB,T-3 

' ' ' • ' ' o .. lco 0, ROA 
' ' ' 

' ' ' • O..ko B. TOE J ' ' " ' ' ' ' • ' o .. au.r..,,.• ' t¡U.:...,¡ ' ' ' ' • 0.. ... B. T""" 5 1m1 

' ' ' 
" • " 

" ' 
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SCC INSTRUCTION MANUAL 

,.,, .... 
"""'"" .... ,.. 

"' ........ "" 
'"' •• ........ ~ 
,., ... ., ..... , 
'"' .. 

'"'"" '" 
"' ''""'" ""' "' .. '" 

'''"'"- ;:¡:; . .. ... ~. --· •• ••• 

' 

........ 
-- . ' 

Figure 1 ' 

, .. ~,. ~·•• eo~""''" . 
... , ""'' 

j 

"'"'"' '"' ... "' ....... 
. 

M(MOAY ••• ... ... .. ... "'" ''"'' ......... ......... .. _ ..... . 
''''"'' .. "" '"' . ......... .. .......... ••••••• 

. 
""'' .. . .. , ..... , . 

•• ... _ .. 
' ! 

'"""'" ""'"' 
"""""' ' ' -~·· ' ....... .......... .... -'" • . .... .... .... ... 

·-·· . •oo• .. , "" 

""'" . .... "" ... 
"""'""' .... , ....... . .... "" ... . ......... . . ... 

r '" ........ ~ ....... 

. 

. .. ·- '"' ......... 
.. . ---- .... --- .. .,. 

.. ...... ..... . .. . ...... ~ .. ••••• ........... ' ........ 
~-"''""" ' ... .. ..... 

' "'" .. . ..... 
' ........ ..... ........ ,. . ........... ' . .. . 
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SCC INSTRUCTION ~~NV~L 

SCC TCCD~IC!I SP~C!fiCAIIONO 

Proceoaor Typer 

Clcck rrequftneyr 

InBtruct1on Setr 

RO~ Typer 

OMT i'y¡>er 

Parallel Pc<tor 

Interval Ti~e••• 

Interruptor 

~u· c~;patlbilityr 
Pcver Requirementoo 

Jperatlng llnvironlllento. 

'. ' 

no-~ 

158 lnatructiono lncluding the 78 
·~•m~er SOEOA CPU lnstructlon oet 

8 ~Dyt'es oponn!ng ·Od<heoo rango 
000011 - lFFfll, 

lnte1 2716 ~PROM, TI 2516 EPROM, or 
oquivolent (user •~~plied) 

1 ~Byte• .. opa'nning 'addreu rango 
200011 - 2lFFH 

4045 Static (1neludecl) 

·, TMS 5501 or e<¡uivalent 

RS-232 or 20- 10A current ·loop¡ 
•o!tware oe~ecta~le free> 110 to 
16,800 Daud, ore or tvo stop ~lts 

24 lineo cf inP'"~ dHo organl<ed u 
threo parallel 8-bit ports: H lineA 
cf cutptJt data orr;anhed as three 
parallel 8-~lt ports 

S indepondent tlmers with ranq~ O-
16.3~ ~Sec and 64 usec reoclutlon 

~ll three 280 inte«upt mod~o 
ou~ported (IM O, ¡;¡ 1 •--IH 2)¡ 
p<iorltized l~ O RST voctou may be 
automaticolly ou~plied by dgl>t SCC 

, int<>rrupO gources 

Crcmemco Standa.d-HO (S-100) 

~8 VOC @ l.JS ~~ps (max) 
+18 vnc f lOO mA (~ax) 
-18 VDC @ 50 mA lcax) 

' 

" 

SCC INSTRUCTION HANU~L' 

' -. '· -' 

' ' 

' 1· 

' 
1 
' 

.rig~•· 

' 1 

,.,. .... """'"'" ., ... , "'" 

,, 
"' HEMORY 

' • 

'· 
' 

' ' ' ' 
"" ' 

' 
Since the 2lH ... • muory occeu ' " time "' "" nsec "hlh '"' CPU cycle time h 

shte during all 

~Byteo cf memory 

' 250 nSec, the SCC autc~atically inserto one"vait 

' 10emory requeot ~achine cyclos to the loveot 8 
.. ' ! ; ' 

(OOCOH - lrfffl) vhere 2716 EPROM !OO!':O<Y ruidU, 

lnoerted ·u tbe scc ,....,ory 

" 





' 

-:. 

SCC INS'I'Rc JN MAiruA.L . .. .. 

"· 
111 NAI'I'S JUKPER OPTION 

... .... .· 
Tbo SCC readjvrHo ae01ory phya!cally ccnliiU ot tvc-UH 1 l 

by-4~blt otatic RAMo oceupylnq oodoto ICH and.IClS, Slnce the 

•c45 uaory acceu Ú11e 11 150 nseo (max),- no 11a1t otatéa are 

requlred ter the&e_ devlceo, 1Cl5 contalnt tho hiqh-Ord~r nybblt 

ot eoch RAH byte, and ICH contdna all lÓ,.:ordo< nybblu, Whan 

povu h flrot applhd to tho scc, th RAH'contonto al'tould bo 

ou..,.od rond011, . .. 
·' .. 

:1'111 nount ot Olellory nollabh to the' 5CC moy be upanded by 

aeuly pluqqlnq addltlonol'RAH or Wll mO~nory cHdl into tho ~ce 

controlhd 9•100 buo, Tho oddltiona.l 8-lQO buo' .,.,.,patible aeoaory 
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'" INST~UCTION ~~u • 
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••Y: ovo<hp, .. dhjolnt .Vtth,l " .. contlquouo Ylth '"' '" 
,_ 

boaid onory . a ,, 
'"' ' . nternal auory~o ruponolbUlty " . . 

lnoert vdt 
' . . . 

ot.ltu by controlllnq RDY, " lihl 

neceoouy, for 4 11n1 operotlon,."-,. .. , ,. 

. . 1 ' i ' .. 
. ·:no~dllng extornal '"•~ory' vhlch cverlopo.,t~e _scc 

1
oo_oou_ 

llPPH memcry oru v~_veoj rlo~- t; th~ 0dtuatlc~ :uluotrotod in 

Pi9uro 5_.. POr u.,ory.reado, the scc rudo data only frCOI'itl en

.·.- board' m;,¡oi-r'."tn'.tbe addr~11 /unge' CCOOR ~ 1JFYR; áiul. hOOl tho 
. .. ·! ' 1 ' 

S•lDO buo 'In thl addrlll .rango' lHOH ~ PUFII¡ ony 

utO<nal ~;,,..;,;. .'ruiding-. In\ th~ coocn- llPfH i.uO h'. 11~ply 
lgnored;;;_Po:. mOmlry writu, ~h~ sCC wrltoo dato io ito c~·bo&rd 
memory ond to th ·.·~tornd S-tño' bU.- ~~·¡lor•ll•J, 'aHhou<¡h'nii:.1n<¡ 

. ' 
to the SCC .ROl! au¡ 0000H • lrrrH' doeo not alto< tho 2716 EPROII 

' . contento. stated another voy, the SCC 'llaUno' te cnly ltl ovn 

· Ullory when the 
.- ' i • .. mory addro10 h in th ron<¡o OCC~H- 2JPFn, ond . 

) 1 • • 1 ' •• 
•omorY lo 'tranoparent' to all •omcry vrlh 

• 
.-. en-board llAH 

operot1cn1 (empty en-board ROM 'o,ockito aro .doo tronopuont to 
• ••mory vritu), 
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Figure S1 KEMORY OVERLI\PPJNG l'HE SCC 

1\cldlt!Mel rooory may be odcled up .to the UDI\'e U ·~ayte 

di<ect addreealnq Jilnlt, and by lncorporatlng crcmu.co'a "'"'""'Y 

prcclucU v!th l!ani. Selcc•, memory 0101 bo upanded further to 512 

lBytoo organl~ed u elght 'banko' of U ~Bytos each. C<o:!l~:aco 

IPROK lloarclo1 Byteuver ll, UKPR. ll~ Byteuver] are .,opped lnto 

any cornbinatlon of MeOtcry Ben~• [Honl< D thru Bank 71 by settlng on 

oiqht pooltlon elide switch on tho Cllrd. llanks are enahled and 

dUabled undn ao!tvau control by outputtlng o bank .. hct 

control byte to port OU'I' ,gH, on intogrlil output E"'<t on •••~ 

CraaeiOC::o product vtth IIIUlk Sohct. U o lotic 1 bit (PO tbru 07) 

" 
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SCC INSTRUCTIOII MANUAL 

in tbe benl< ulect control bytio .. tchu any ~oaory Oank the board 

i& mappod into, the ae01ory board boc01101 active and lo t~ 

awltchod 'into' tho ao10ory ..,p. Conuredy, U there h no •otch 

betveen any ban~ octhoted by the control byte and the ben~l tho 

board lo .,appod IHo. the board 9<>n lnrniu, and thue h 

l"ltched 'out of' tho •~ry 11op. Flndly note 1n connoction vith 

the Unk Sdoot t .. hre thot· SCC on•boord .,..,O<Y h n<ú'. ,_ 

hlect eontrollod. 

"id .... 

M nalhph w11l Uluotuto the fore9nln9 

Suppoae a 16U IUIK bond, with the awltch oettlnqa shown ln 
figure 611. la co-usldent vlth on SCC In on ll-100 bua. 'rhe svltch 
sett!n~~ map thr 16U tnto the addreos ranqe oooon - JFFFH <tho 
lowest 16 lUytes of llemory) in K~mory San~l l and 2 •. 

(a) "when ¡¡ower la flrst ap¡¡lied, SCC MOMry unconditlonolly 
enabl... Tho 16lt reoponds to a POC by onabllng only 1f 1t lo 
mapped ·tnto U~nk O, and dtubllng otllerwloe. Thua, the 16~1 lo 
swltched out of tha <o•mory· map in responso to a POC. The ayatoiO 
lhemory map lmmedlately followlnq 1 POC lo ahown in Figure 6b, 

[b) Now ouppou the followlng tvo iutructlono, reddlng In 
~OK O, are •••cuted1 

ADDR 

0000 
0002 

OB.HCT 

3Ea2 
. 0340 

1me~o~rc 

A.lOOOOO!OB 
40H,A 

COKHE~T 

¡tH~OLE'BAIIK 1 ¡ I!Aii'lt 1 
¡OUTPUT CONTROL IIYT~ 

l'he UK' h <ooppod lnto ono of the banko actlvated by t 
bank oelect control byto (Bank 1), thuo it h ovitched 1nto tha 
IOefOO<Y r.1ap (Fi9ure 6C). 

(e) Finolly aaswne tho lollcwin9 tvo inotructiono, alBo ruidl 
in SCC ~OH o, are e•oeuted1 

OBJ&CT 

lEO! 
Pl40 

M~EKONIC 

.r.,ooooooon 
'OB,A 

COMI\~NT 

¡ ENAIILI DIILY BANJ( O 
¡OUTPU'I' C01!1"110L BJTB 

61nca t.lla uis· J• not Nppocl Jnto Jan- a, it 1• avltcbod 





of the roeroery ••P in ru-ponn to the conhol byu, an4 th• oi.,.orr 
~-p reverta back to that ohown In Fl9uro 5b, 
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1Uthou9 h the SCC on-boatd !leroory don not ru-pond to 11an~ 

S:elect, a f'unctlonally' equlvalent ooftvare ccnt<olled '""'"ory 

enablo/d!Uble optlon h provlded. The "rmnry pl•ohlt optlon lo 

uerctoed by cuttin~ the n!otln9 foil trace bltv .. n the t"o 

ooldn padl llbeled 'DISABL~' on the SCC board legend {ou Flqure 

1), WHh the trace cut, hlgh ord&r bit D1 of SCC paulld port. 

" 

SCC Ili3TR!IC1'IDII !WftiAL 

OUT O,o.!l cont<ols the SCC• aoeroory eublo/dloable functlon, Settinq 

bit Dl to l09lc 1 dloobleo SCC memoryJ reoettln9_blt Dl to lo9lc D 

enobleo SCC mernory, Elther a roe or o R~S~'l' uncondJtlonolly 

enoblu the on-boatd SCC mo,.ory, elnce elthH a !'OC or an acthe 

lov leve! on S-lOO bus llne ~ESET , .. .,._ oll porallel p<><t OUT O.o.H 

H the "lle01ory Dlubl" trace 11 Jeft In Ita 

factO<Y ohlpped clooed condttlon, or H tt la lote< re-lnoUlhd, 

bit DJ ef pe<t OUT DAN hao no effect en SCC m~ory enable{dlsa~l.,, 

,O.oou~e th ume HKZ !l.'oH and SCC conflqoutlon aa In txnph 
1, and a)oo uau"'e tbe SCC ~omcry Dlooble optlon lo aelocted by 
euttlnq the fotl t<aeo. 

la) llfter -pover h rlut applhd, the l6U autc~>atlcolly d!Ubleo 
stnce lt lo not mapped .lnto Dan< O, and the SCC on-boord 01e-.ory 
uncond!tionolly onables Bln<:o al) blU o! -port DUT 01.1! ore reaet 
to loqle O, The resoltlng roemo<y mop le ohovn In rt~ure lA. Note 
that on S-lOO RESET.ofter power lo opplled produces the oame "'"P· 

{b) Now soppooe th~ follo,.Jnq four lnetruetlcno, ruldlnq In SCC 
ROM O, are oxecuted:.' · 

IIDDR DBJECT ~NE~ON!C CDMMENT 

oooo JE!2 '". ,O.,IOOOOOIOS rtl!MLE 111\lrX 1 ¡ !lll!lK 2 
0002 0340 M IOH,A ¡OUTPUT CONTROL OYTe 
0001 nao '" A,l0000000!1 JSET a!T DJ TD LOCIC l 
0006 !!l.OII M 01\l!, ¡o, ¡OIS~LE SCC Ht~ORl 

Tb. flrot tvo tn•t<uctlona actlvate the HU dnc., 1t h 
""""'"~d awltch-mapped lnto Dan~ l, Bnd the next two !notructlcu 
dhable di SCC memory by ultlnq bit 07 cf Pott OUT ONl to loqic 
1 {rlgu<e lB), Note that after the four lnot<uctlons obovo are 
oxecutod, tMe ZBOA "'JI fotch tho next cpcode ho,. H U llo\11 
addreu 000811 (the next oequentlal addteoo), Timo \><OVhlona IDUOt 
be ~ode te molntain progrom ccntinulty when bon~ owltchlng In th!e 
foshlon, · 

{e) Flnolly nppoae the followlnq t100 tnat<.uctlono, , .. ldlnq in 
scc 1<011 O, ore noeuted< ,_.~ 
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ADD~ OeJ~CT 

0008 
OOOA 

3E00 
O lOA 

Sincfl na 
In the ••P· 
(rlgur• le). 

MNf.MO~IC COHMEUT 

... 

A,OOOOOOOOB 
O,O.U,A 

t~ESET SIT 07 TO LOG!C 0 
tEU~LE SCC KEMORY 

Salect control •or4 11 autput, the 16~1 re•alnl 
twa Jn.tractlana abau allo enable SCC •no<J 
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CROfltHCO ]K , .ROL &AS IC INSTRUCTION MANUAL 
1 Suppl•ent .. ry lnforaetlon , 

CIIAPTER B 

Supphmnntary Infor,...i.lon 

1.1.1 

Control B•slc ~ CB·)ll8 

MePory ~llo~at!on (CD JOB) 

The 11sUn9 "hlch follo"" h a dHalled outling of· 
m~mory allocatlon for Control Dulc mod~l CB·JO~, 
The table on P•"l" 1 ~apg nn ont!re 64K system. O! 
thls, the m!nlmum requlred 1s R~H from l80H to 
lfFfil and the Control Baslc Interpretar ltself In 
ROM froc> E40tll to EFFFH, Th• <est of .. emory (My 
be elther R0!1 or RAII} ncept the unused portlon 
from 1 to l1lll ""Y bo used to atou pro<¡U.III fllu 
and routlnu, Pa9e 2 ot the lhtln<¡ h • detalle<! 
buakdown ot the RAII h0111 2UH to JFOH, wtr.lch 
eontalns Control Baole varhbh• 1 •t•ck, Input 
buffer, and coneoh par&'lleteu. 
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"01<'' I!U tOO •ooo• <OOt ,,.,, ........... ,,.,,.,, 
••••· ''""· •• '<u••"'" '" .,.. . 
TUl OO!Of<l ""'· OTO'· 10 "fOO' 
'-"00, ''""'" OO<!l ¡o OND niOOO, ''"""""' .. "" ........... . .......... ''"" , ..... " ., 

OOLEOO '''"000 OY 'LO<I'I 

.... """ .... . .... , .... "''"" .. .. .... ""' ... . ~ ..... 
' ' 

.. , ...... """"~ .. .. 

....... ><<o•< '''' ....... . .... 
or non ""' '"'"'"' 

Aho sho>m on 
aru lo< the 
or91nhed as 
ot the SAVE 

page 2 
curnnt 

follo"•• 
o. EPRO/'I 

h the b"9lnnlno¡ ot the text 
p<oqram, The te.t a!ea la 

!21!. stored pro<¡rem (by meon• 
commands) ls or9enhed thls 

,aaooe ""Y' 

'· 

'· 

The flut t ... o bytes of the 
the tlrot evolloble byte 
te.t relot!vo -"..'! !!!_!!. 

tlrst ,poqe polnt to 
•tter the progro., 

The next tlo"O bytu contaln the llne nuO>ber of 
the flat l!ne In blnory (low byte•hlqh byte). 
Thh ls follo..,ed by the tnt o( th• flrst Hn• 
lnd a dno¡lo &OH, or CR, •t th •nd of tbat 
llne.-

Subsequent 
thh tiut 
ASCII tut, 

llnu ot tut dupllcn• th• 
llnu 2·byte blnary lln• 
CR-byt• • 

" 

!o.,. ot 
numt>ar • 
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CROI'IEIICO lll CONTROL BAS!C INSTRlJCTJON MANUAL 
8 Supple~untary Infor10atlon 

1,2 Control ~ 111odel 1\CP-216 

•• 2.1 llemory Allocatlon (HCB-216) 

Th~ llst!n9 Whl~h follows ls on outlln~ of momory 
allocatlon ,ter Control ·a••lc ,.odel MCB-216 
equlvalent to thH of •~ctlon 8.!.1, -The 01!n!r~u• 
'"""'"'Y requlr,...~nts to run thls mo~el ore RAM fro• 
288~1! te 2lffl! and the Control Baslc lntorpretH 
and Monitor In ROM from n to fffll, the exoct 
conf!~uratlon of• the Cromemco Single Cud Compute<. 
IIC!Rory f<OIO leUII .to IFFfH h USlll'lly IHJ1 (IS en 
the SCC) and r11y be used to •toro prevlouoly SAVEd 
prog ram1. to~atlons 2488H to the end of 
oddresuble memo<Y may be used for SAVEd or EPROHed 
programa and·101V be dthe< RQ1 or IIAI!. P•~• 2 O! 
the llstl<19 la a detalle<! brelkdoWJI ot U1e RM f•-
2188H to 21FEH, whlch c:ontelna Control Bode 
variobleo, •t•ck, Input buthr, end coneole 
paumeten. · 
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Oto"Oi lOR "' OEIOOX '""'""'"" 

""'"' """"' ""' <O•I.F "" """'"" """ .... "'""" """ ''"""' ''""'" '" ......... . """ ... ""'" ""'"' O '""""' Ll"' 011"'0'" 01'<"00 ' '"" '"" ~'"'" .... .., ..... 
1 '"" '"" "'""" '""' '"'"''. 
1 ""' "'" "'"'""' • .,,. ""· 1 :;::; ;;~;; :~:.::;•;,.:~:0 ·::;;:.... 
: ...... , or 'TOI" lOOP""""' ' .,,,,. '''' .... ,, ...... 
1 Uol< Ot "101" LOOO voOIOIOO 

' ""' "'*· or ''"""'" '" •rw 1 ,,,,· .,,,,,. ''"'· •• , •• '' ., ... 

' ..... '""" """ ...... c. 
1 "'""' or '"' '''"'" ''"" '"" ..... ,,.,. '"''" ... ,_. ...... , ......... ''""''' 

POI.TOO TO ""ILL!D fl» .... 
''''' OF ACTV•L T<XT IITOOOOI 

O< TO•IT L"< '"'"" 

Aho sho><n on p•ge 1 of the llatlnq obove !s the 
beglnn!ng o( tho tut o roa for the cun~nt progum. 
The tnt an• !s or~anhed os !ollow01 ~ storo~ 
pr09ru. (by Jleons of the SAVE or !PROH coouoands) h 
orqonlzed thla sa.,e ><3YI 

'· 

'· 

The f!rst two bytoo of the !lrst paqe polnt to 
the flr,t. ovolloble byte ofter the progum 
t••t relotlve to 2LFFH. 

The next two bytu contaln th<> llne numbu ot 
tho f!rot llne In b!nary (lo>< byte-hlqh byte), 
Thls la followed by the tut <>f U,-, !lrot lln• 
ond a dnqh &OH, or CR, at the end o! that 
lino, 

·subs'equent llnn ot tut dupllcata tha fo,. af. 
thl• Uut llnu ~-byU blnuy llna nu.,bar, 
,.scu taxt, CR-byu. • 

" 

=lch. lhe program IW._To wllh DOH loi Reg A; il any 
byle doeo no1 match. ltle ?'09'"""' HAl h wlll'l FFH n 

1 Reg. A. In actu31 use. the HAL T lnSirucllono would b-e 
replaced b)' • branchlr;g lnstouct<Jn to lho ne<l c<>de 
pgmont. lha prog•am may eoSiy b-e placad elsewl>ere 

h m......ory pniYided lile absolote iTJ!TCl W.Situei:.OO b ,. 
usembled to po'ni.to lhll new EXrr po1n1. ll 
"''""' reopOOslblllly 1<1 teot lhll contenlll ot Reg. "!or 

. euooconful vor~lcoliOn Wld W.. lha opproprU.te act1<n 

' ' ' ' ' 

UBB 
~~01 

ea36 
0009 
u cea 
000C 
ea ~F 
eeu 
Ull 
DCI2 
11015 
e e 15 
B a 1 B 
~B lB 
10 le 
9~ 10 
B a 1 E 
BB2B 
ea2J 
a025 
8827 
1028 
U2" 
08211 
1120 

21D8 EPROM rROCRA1!11&1l 

TH!S SMPL& PROCRAM PRÓCRA/15 'IWO 2798 PROMS 
IN SOCK&TS ROM6 .>.NII ROI't7 CN .!. CRort&MCO 
!IVTESAV&Il 1t 1\EI!ORV noARD. THE SOURCE CDDE 
IN THIS EXA.'!PL& !S ASSU/1&0 LOCATED ~T 1UBI! - 9FFH • 

(Dl~B) SOURCE1 "" 2BBH tSOURCE CODE START AD 
IUBB) SWATil1 "" 80Bit 1SOURCE CO!JE LENGTH , 

.(fCUI EPROK1 "" ffCUH ¡2708 Pllort START .!.DOR. 
21UU PGIIHUo " HL,SDURC! 1LOAO SOURCE AOOR, 
ll~BF8' " OE,EPROH, 1 <7BS START AOOR, 
oaees " BC,SW~TH ¡~NO S"~ATII fOR BLOCK XrER 
toa~ LO IR ¡WRITE SOURCE TO 2108 

" PUSH '" ¡SAVt LAST SOURCt+l .!.Oillt 
2A20111 " HL,{P.!.SS!S) ;GET PROCRAII/11NG PASSI 

'" "" '" ¡O~CRE/1ENT lT 

" " ••• 1HST fOil !'ASSI•BBnen 

"' "' ' ¡VALlO <ERO fLAG 
222811 . " {PASSES) ,HL ¡RESTORE PASSI 

" ~· "' 1RESTORE LAST SOURCE+I 
20E8 " NZ,PGM2711 1 PAS~I NOT BBBBI!--GO BIICK 
e1~en '" . nc, SWA'I'II ¡OO~F.--nf.~O~ TO VEIIIFY 

" '" '" ¡POWT TOLAS'!' SOUIICE AODR 

" VtRirY1 "' "' ; POINT TO LAST 2108 ADDR ,. 
" A, {DE) 1GET 27P8 BYTE AliD 

EOA9 "" 1COMPARE TO SOURCE BYTE 
E228U " P<I,EXIT , ¡DONE " lBC)•BBaBH 
2BF7 '" Z,VORIFV ¡BYTES MATCII--liEXT BYTE 
nrr ERROR o '" A, lfFH IMISM,.KH--~OAO REG, • 
" H"LT ¡WlTII HH .>.NO HALT 
JEif ~XITo '" A,llll ¡SliCCESS--LOAO REG, • 
" II"LT Jt-IITH 8tH ""O KALT 
un '"ssu, ~ "' JlHlTIAL PASSI~l61 

'" PC1127U 
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Low Power Durlng Pro¡¡rammlfl!l Compalrbla Durlng Bolh Read 

Accvss Tlme-450 n1 
end Program Modes 
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This proposcd standard eliminates many of the problems in the 
S-lOO bus and upi.Jrades it for 16-bit microprocessors. It is 
offered Itere for public comment_ befare submission to the · 

IEEE Standards Board. 

~~n~~ n~~~ 

Standard Specification for S-1 00 
Bus Interface Devices 

IEEE Ta•k 696.11 02 
K o lis A. Elrnquist, InlcrS~·•toms f nc. 

How~rd Fullmor, l'arnsitic Engineering loe. 
lla vid B. Gusla--<On, Sllmf ord Lioent ,\ccelnator Center 

Georg e J\lurmw, Tbinhr Toys 

lnt>-O<Iuctoty com"l~nts by 
Roberl G.Stewnrt, ClrHirmnn;-
IEEE-CS Compu!er Slnn<lards Cornrnitlee 

lhepo•itive truelo~'ic ~nos, dropped lro:n o 5itualioo 
where n file would \>0 »•riously tmmgod in o lcw houu 
to lloo present siluotion where 1 con work for doy• on 
eod without an ob•enoble error. 

• 

We ha•·• obsen·...d a new typogTophic roovontion in :~ 
Tbe foUowing droft of a propo .. d ot.ondru-d for tho pub!isloingthe pro¡>O;od stand~rd. Thense ol nn o•·e,-. 

S.l 00 bu o is t],e m!rn inothm of over o Y<·~r and " h•lf bor (() de.,ote dedr\cally low active or nogntivc lrue 
of offort 1.o oliminflte many of tbe bu'• problemo ond- logk llnu h .. beon r•placed by o po•lft>: ut•risk to-
l.o upgrade it to b.. •nitable for 16-bit microproce•··- a> oíd co~!n•ion with Boolean negetio~ ond permit-" 
,.,._ Tho oddr .. s bu• has L«., e~tend«!to 24 bit•. typin¡; on word proce.,ir.g •y•t.-rn•- "Iñio b verbal-
thedotainanddataoutb,,esgangodtofonna!G-bit hed by the wm-d "'•t.ar," roplociM theprior ""Ord 
wide det.o buo for 16-bit tran••otions. ond two n<ldl- •• bnr."" Tho Aool<•nn nog•tion o,.,., bar can ~. option.ol-
tional band,]ooJ;.ing !in es •dded to ¡>ermít iotcnnixing !y r<ploced by a prdi. minus si gil." ith P"«nlbeM• if...::....: 
of 8- ~nd 16-l.oil memory c.ord!.. - • needed. 

A binary onroded multlple rna•t.er a:bitrotion buo The nomed outhou of tho ot.ondord wer< ••·•nly 
prtmits up t.o 16 m .. ters on the buo. Th~ Ue<essory divide-d •• (() whelher the asteri>k should be included "--w 

lo¡;io .. c.oli 1.0· iiñPJe;;;e;¡tÍ>d in""ofiO: Chip;: AddltioMl := ;,; lóóC tquo-tiOnS ¡¡ñd 51:8.{,-di•l:'"•m--;-il, well •• in= 
ground lino•. o p<>wer foil lino. ond an error line h..-o el~ctrk~l •ig-nal no me• a"d timing dio¡;Tomo. Two 
b.-.o odd.-d.. Thr..., lin•• termed NDJ-;1' -f<>r not t.o be eu<horo belleve th• t the ••terisk, ..-hen thousht o! u 
dofrne-d-have ¡,..,,. ollott"<! l.o allow ¡...,woy lO 1m· - • d•oignat.or rather th•n •• tho nog.tion op...-ot.or.
pleii.<-lit<u for sPi-cialiie<l -u,:¡- SU<h Use" mu"St" be-iid¿, cla!itY •nd Coñi.;_;tency. ~nd lés.Tri;" tho ñ""...,d l<l ~ 
o¡.>erifie-d in allliterotnto. l'j,-. lineo ue RI'U-t<!- cememboror!C>Okupth<>·le-ctri<all)"•<ti,·e!evolwhen 
oerve-d"for future """· Some Iines lorm<•rly use-d for- -conv•rtir.g /rom logic t.o ei.,.,tric.ol repro!<nt.olioo•. 
front Panel purpo••• ha ve ].-en dolot..d.-" itb lho in:-:.- S<icb "il•e mokeo logic o l-ote di• gramo more dir<ootly • 
t<ntion tbat sucb lineo """ h<!l be hondled by •- u>ofullor interproling oscillo•<OP< or logic •nalyzer -
jureper <-oble from lhe CPU <_.rd t.o tho front panel. A -_ w•.wform•. 
D~lA prot...;ol 1$ specifiod whic'o prO\"ides overJ., ¡>o/ The o! h• r two nut],ors f"d that the indus\on of t he 
th~ COJ>ttollilles al the boginntng and end M t],o tran- - a>leri•k in l],. nemo• .,¡ ~ logic ot.oie or varia~le Í> lik<!
oiliort betw,..,n permato<nt and t.-mrorary me'"''"· !y to r.orry with it th~ irnplie.ation ol logical n•g•tio~. 
This al.!ows the add,..,. d•t.a. aod convoll.u,., t.o-th~• cousing thelo¡¡-io >UI.ern•n<• t.o bo Ínkrpt<'-«1-
..,ttl• befo"' inlormation ;, tronslerred. -- incorr.-.::tl¡". 1-"urthormore. they ''""rt thot monY de--

A• a bit olpersonal t.ostimonr. 1 imrkment•-d tho ''.¡¡ner> th \>>k most!y in ten::".> ol ··leclrkal levo· h. "ith 
n<W DMA prntoco! o¡¡ tn)' ov.n s¡·sl-tm. ,_-CJch in· hiEh \~·in¡: 1:-ue. "hich ·~•in '-'"""' logic >l.o!o·ment• 
dudes o Digüol Sy!te;m duRI flopp¡· dio k inlPrfac.-d to be int~rp«t.-d in<orr<ootly. They ¡>tc[>O>< t.o r<>ol•e 
toa M 1 TS Altall" 6800. u• in e D:.lA Jor di•~ '"""-!len.-.-,hi, huord by r.-mo,-in¡; the d..:trk.,J i~!orm•tioo,-
Tb~ ooft ..--ror nte. pruurnably dn• t.o ¡;!i'-Ching on _ i e .• the "' t~ri>k. lrom the ':maLle name .. -ho~ it is us- _ 

• 
COMP\.ITER 

---~-- - . . 
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..J in alo¡¡i< c<mlulu Oppooed t<>u electricol ortim· 
ing c<m<nl. 

A compro mi•• ha• been reaohed wh•no the utori•k 
i• not uo.d in the coMen o! logio equatioM, but io in· 
clud.d el$<w¡..e'"' in the document.. We oo~'cit f~· 
back fn>m the ru.den on the•e two poinu of view, 

The S.!OO bu• •ubcommittee has b!<!n ably choired 
by Grorge ,\forrow and Howard Fullmer. Both of 
<hem Pr<>vided invaluoble techoico.J in•ighU which 
hove t>een i~<orporot.d throughout !he drafl lt.an· 
clac<!. John Walker of ~larir.chip Sys<emo •uggcst.ed 
the method ol u•ing 16-btl memory ancl interloca 
cardo in"rchange•bly with 6-bi< card•. David 
Gusta•·•on ancl Leo Poffrath of SLAC sugge>ted the 
bu• orbittation ochem• whlch hu atoo b«n im· 
plomen<..! on the O.paHrnent o! Energy·, Futbu'
Hov.·ard Fullmer suggo"od the D~!A overlop pro. 
toco! w hich lov.·er> ~htohing noi$0. Kell, Elmq•!iot of 
\ntorSy,.ern• olfered o critiquo cf tl·.e draft pub
li•hod in ~!o y 1978 in Computtrond prov;dod many 
mdul •ugge>tions lor irnpro•·emtn!.. He carefuUy in
""'tig'lod numerouo timing •nd electrOcal alterno· 
tives and resol•·ed mony open quostio,,, r<latin~ te 
the "andard_ KeU• wrcte <he final """ion oftho drafL 
for •ubmi.,ion to and r<vis\On by the •ul><:ommÍlL!<!

Th• IEEE Corr.pu~r Soc1ety io pubfuhlng thls 
standard in draft form t~ allow you te commen< u pon 
il prior lo ;ubmi,ion to th• lEf;E Star.dnrd• llo"cd 
for adopdon oo an IEEE •l>ndocd. For uomple, 
ohould lh• óta bus bo 01tondod to 32 bi'--S, ond 11 "'· 
how? Y our commen" •hould be S<n< to G""rge M"" 
row by Au~-,¡stl.~. 1979, Wlth copies \oGordon Foreo. 
Mr. Morrow'o addrou i.: . 

G""rgo Morr<>w 
ThinlrerToyo 

~221 Coottal Avenue 
Richmond, Co],fomio 9481)~ 

lf you would tike to partidp.ot• in other standard· 
ization e!forr• o! rho :.ticroproc.,sor Standord• Com· 
mi u ... pi•••• contatt "' c!>airm.ol\: 

Gordon Force 
Lo¡ricol Solutiono 

1125 A mur Creek Coun 
San Jo,., C&li!ornio 9~051 

Final! y. p.-.poration o! rhio propoood otandard h11• 
benelitod !ro m tho contr~bucions of m.ony individual• 
ond componies. 1-1' e indeed thonk th•m •11. a 

The proposed standard 

1.0 General 

1.1 Scopt 

Thi• , tandard appl1u to intorloco •vote m• for com
put<r oynem corr.ponento L~rorconi>Ktod vl.a a ! 00-
line para U el bockpl.ar.o commorJy k no .. ,_.__. the 5-100 
bus. 

l t •ppliu to mlcroproce.,or computor sy,.em5. or 
pcrt!Ono o! thern. whon 

Juiy 19>t 

.',(• 

11 Dou uchangod omong <~e inton:onnected 
devic., io dig¡tallos diJlinct from analogl. 

21 The total num~r of inten:onMct.ed dovic., i.o 
o mal! 122 or !owerl. 

3! The tOUI]ltonmri,.ion puh length omonginl<!r
conr.e<:t.ed davice• i.o olecukotly •hor<; 125" or 
le.,). That is. uon•mi.,ioo lino propogotioo 
del ay• ore not import.ant. 

4) The maximum data '""' of ony sig-na! on tho buo 
io low Uuo th.on or oqual t.<> 6 ~IH~~ 

1.2 Objeol 

nús standard islnt.ended: 

11 To define • ralion&l. ¡onero~purposo interface 
oy•tem !or d0$Íg-r>ero of new computor oyotem 
componenU thot will on•ure theU' compotibility 
with pro><nl and futu"' .$-100 cornput.er 
oy•l<!m>. 

• Zl To provide tho mlcroproce.,orcomputer sys"'m 
u>er wi<h compatible de vice familioo which wül 
communicate in on unombiguous "'"Y without 
mo<!ifi<.ation. !rom whlch o modularly upand· 
oble corr.puter 'Y"""' may be conot.nlclod. 

31 Toe noble th• interconñect¡on of in~opendenlly 
mano l•ctuted d<>'"" into o slrtglo 'Y"<m. 

4) To •P""ifY "'rmlnolo¡¡y ond delinitiono relate<! 
to the •nl<!m. 

~1 To defino o 5yotom wi<h the mínimum numbet of 
re•<r10<Íono on the p<rlorrnanoo chotocteriotics 
of de>1<eo connected \o tbe sy•«m. 

61 'l'o der.ne o oyotern th~t. of i"•l!. ;, of rolotivoly 
low cost.. ond ollo", tho in<erronnoctloo of low 
cost ~ev;c.,, 

j) To def1no o •Y"""' thot lo uoy lo uto. 

1.3 O<finitiono 

Th< lollowing de!inillOns opply lor tho purpo•< of 
thi• st.ndard. Tlüs ,..ction containo only general 
de!initio:>s. Do"'ilod definition• ore ¡¡ivon in olher 
>«:tlon.s •• ap¡mlpriat.e. 

Co,pan'biiiry. The degree to "'hich devl<os m.oy be 
int.orroru-.e<:tod ond mod wnhout mOC!ficotion. wMo 
d"i!:f>ed •• dof!llod "' Se<tion• 2. 3, IUtd 4 of lhit 
standard. 

{nur[aco. A 5horod boundary betw«n parto of o 
compul<!r SY,l<!m. tt-.rou¡;h ,..hlch izlfor.natlon Lo con· 
veytd.. 

Jnur[aco ''"'"'- The device i.~¿ep<ndent fu""' 
tionol, ele-<<ric.>L and me<hanicolelomen'-' of an in..,r· 
foco """essary 1.0 olfect unombigu""' comrnunioa· 
tion amor.s o'"' or dovic.,. on,-., a.-.d ro<oi,-er cit· 
cuiu, •ip.al !inoducriptiono. uml:>g and control coo
"'""""'· me.,ago tran•f<r protocols, and lun<tiollal 
lo¡¡ic dn:uito aro typical interface sys<om olem<nlO. 





. . 

Sy>!6m. A oot o! interconnetu.-d elomonts con· 
stituted t.o ochien a pven objective by P"tlonning 
opecifio<llunctiono. 

1.3.2 Sigrwl• ~nd poth• 

Au.rt. To drivo a si¡;nal ~neto the true stato. The 
truo otate io eith<r o high or low state. $0 speci!ied lor 
each sigru¡l. 

Bidir<~tionol bus. A buo us<'<l by any individuo! 
dc,·ioe. or se1. o! do,·ices. for the two-way trM•mis· 
•ion o! moosor.••· th~t i•. hoth input ond outpm. 

Bi<·p<li"Oii<~ A oot o! concutton\ dota btt• prc•ent 
on a like nurnber o! sign~llinu u•o<l tourry informa· 
tlon. Bit·piU"allel data htt• may be acwd u pon roncur
rently ...,; a gmup or indcp<:nd,ntly •• indi,·idu<>l data 
hito. 

Hu•. A oet o! signa] lineo \Loo<l by an intorloce 
oyotcrn. \o which a numbcr of dcvicos oro connocted. 
and o,·er which me .. ages are curied.. 

Hyl<. A set of bit·pacallel !i¡;nalo correspOnding to 
binary digits oporatcd on a• a uní t. Connouo o ¡;roup 
ol oi~ht bt" whort• t he most sir,nif Lean t. btt mrrios the 
•ub.•cript. 7 nnd thc lenst signifiL"an\ btt curries the 
5Ub>Cript !l. 

lly< ... •mol. A oequence o! bit.·parallel dat• bytes 
U!ed to carry inf<lfr.ution over a oommon buo. 

Jliflh otate. Tho t"!octncolly more positivo <Í!"'al 
lo,•ol usod to ns""r\ a ;pccitic messoge oonten! 
a!sociatod with onc o! two hmor)" logic st.n.\co. 

J.<>w .ra". Tho dectricaUy h•O! positi,·e signollevel 
u sed to a .. en a opecilic m~"•C• conten\ usociated 
with one of two birury lo1;1C ;tatoo. 

Si¡¡">Ji. The physical r<pr<o•·ntotion which convoyo 
dot.o lrom one point. to anothec. For thc purpn.<c of 
thlo •tondard. this applies to diL~tal electri<~<l si ¡;no!• 
only. 

Siflrwl l<>~tL Th• ma!"litude of o •ignal whon con· 
sidercd in relotion to an arbitrary releren<e 
ma!"litude lvolt.a¡:e in the case ni this standard l. 

Sirnollin<- O no o! a seto! >i¡;n•l conductoro in an 
il1terlace sy•tem u 'od to tramf.r mc!Sage. among in· 
terconn..:tod do,;ces. 

Sir,¡ P""""""· That. panmet.er o! an electrical 
quantity whooe ,·aluoo or oequence of >olueo con,·ey 
!nformation. 

l!~idi,...«ionaf bu>. A bu• '"od by~ devke for on,. 
woy tr~nsmis•ion of rnesoa~s, tlutt is. eithor inpu~ 
only or output only. 

Word. A seto! bit·parallel•i¡mol• eorre.ponding t.o 
binary digi'" and operat.od on •• a u ni t. Usually <On· 
no~• o group o! 16 bits where tfto moot •igrufic:tnt. bit 
carrie• the ouhscript l5 ond t~e lea•t st~"TLificant btt 
carriu the oubS<ript O. 

l.~ Stat< diogram notation 

Eoch o tate thot on interface lunction can aMume C. 
r<pre,.ntod ¡;;raphicaUy by a drde. A mnemonic is 
u S«! ,.;,hin the circle to identify the ot.:lt.e. 

AU p<rrrri.,ible tranoition• between st.ates o! an in· 
t.erloce function are tepreoentcd ¡;raphtcaUy by ar· 

rowo between thom. F.ooh tron•itiotL betw«n otot•• 
m o}" be qualilied by on upre.,ion who.o value must 
be either tn:e or foloe. 11 a st.n.te ttaooition is not 
qualilio<l b}" an ~•pre,.ion tt io asoumed that tranoi· 
tion ftom one st.ote to onothor will occur alter a mini· 
mum time pmod. u indioated in tho t.iming spoctlico· 
tiono. i\n interface function rnu•t entor the state 
p0inted to il and only il the drivmc e•pteuion 
b«om•• t.rue. or in the cue o! a time dependen\ tn.n· 
sition. os S<>On as tho mininmm OJ>i'Cifio<l time hao 
pasood. 

[XPR[SSION 1 

/ ' 
" " •. . 

/ 
EXPRESS!ON 2 

An .. pre,.ion con!i>I.S ol two parts. a driving ••· 
pT<"soion and a drinn uprusion. sepiU"ated by • 
olao~ (/). The driving expreosion io rnond.ot.ory ond 
spedfi., the «mditioM u«:e>Mt.V for the st.o.\c ttan· 
sition. Tho drivcn cxprc<ston is optionul and io u>ed 
to indica te si¡;nol tronsLitons •• a «•ult o! the •LOto 
transitton. A si¡;nol ttonsition io indJcated by the 
signa! name !ollowo<l by on equol ,¡gn ("'). !ollo.,.ed 
by an indkation of the >t.ote atU.ino<l l.oy tho si~nol ao 
a resulto! the tronsition. A drit·inr, ~xP'ession ron· 
si"• ni MC or moro rnossagos mt~l in ("u=>junction 
with the operatorJ ANIJ (a• bl. ül\ la+bl. and :->OT 
1-al Prectdence i•ddined b,· parcnthe3eo. ;.n eun>· 
ple cxprcosion is: (drivin& dn~...,¡ 

A • (B+Ci 1 D-FIALSEI. E"'TIRUEI 

JI A ANO lB OR Ci i•true. th<n O is forced falseand E 
is forcod true. and tbo •tate ttanoition takes placo. 

Thi• otandord moho a di•tinction b<twun tho 
logical lunetion o! a oi!"lol and ito electrical im· 
p lem•n ta tion. A U equa t. ion o in this ot.o ndard o re lo¡¡ie 
equation<. not eleotrio.al •quationolunle5S othcr,.iu 
•t.ot<<ll. ond are writtcn in terms o! lo¡;k st.otes. The 
use of th• t~rm "'active"" lor the purpo>e of thio otan• 
dard i• synonymous with the logie ot.ote true. 

Thorc are two t ypo:o of electri col implementatioo ol 
the logie ot.o~s: 

ActiL•< high •ign41•. Active high signolo aro 
rcpresontcd without o sulflx ofl<'r the signa! name 
mnomonic (i.e. ABCD!. 

\OGIC SI~!E 

f.ll.Sf (FI 

IRUfm 

eoN~l E\ECTR:C~L ElfCIR!CA\. 
Sl~l[ ~IG~"L lEVE\ STATE 

CORRESPONOS TO 
O <.1 V. CIJ..lED l~E l 

lOW SIAl~. 

CCRRES?O~DS 10 
1 >lO V.C•LLEO 1~!: ~ 

~IGH STATE. 

P10 '"'" naty - Su~ect to "'""""" 
COMPUTER 

'1 
' 





' ' ! 
¡ 

Acliv• low •ir~•l•- · Ao~lvo lo.. oiro.Jo ore 
,...preoenled .. -ith an asteriok •ulflll: alur <he 
mnemonio ILe. ABCD"J. 

BIN~RY EtECHICAt EtECTRICAt 
lOGIC STATE STA TE SIG"llf<El ST,aE 

CCñRESPC~OS'Til 
fAlSE lfl • ~1-0 V, "'-lUO " THE HIGH STAT<. 

CORRESPCNOS 10 
TRUE(T) ~ 1 V. CAllEO ' THE llll'l SUTE. 

In tran>loting a logic equ&<ion lnto an ol""lriool im· 
p]e¡;¡entotion. <aro mu.t be takon to account lor tho 
acti,-.. high ,.- acth·o-low charo<t<r ol the el.,trical 
signa!. For examplo. thelogic equnion 

MWRT"" pWR • -oOUT. llogic oquotionl 

when implemente<! eloc-tric..Uy. becom., 

MWRT • 1-p\VR"I • -sOUT, lelectrico.l <"<¡uation) 

•inco pWR • ¡_, the ele<>trkaloigno.l <::trt)"ing the pWR 
iolonnation on the bu o. 

Note thot thio i• equiv.Jent to 

MWRT _.· -lpWR• + oOUTI. (ole<trical equotionl 

by de~lorgon ·, th..,rem: consequen<ly, 1 oinglo two
input :"-;Ql\ gato io OU /fidont to imploment M 1\"RT. il 
it m"''-' tholoading ond dri•o roquLTeruen"; 

The edge or ch.lngo o/ e!<-<tricol value dan ele<· 
!rica! •ignal on • tirrlngdi~gr.,n whith causes a tr=· 
•it10n chongo of t~e variable •• alog:c ,-an.blo f:-om 
fo.J.o lO truo is: 

Si¡;""f 
OC'-Í\'0 hJ¡h 
active low 

Ed¡;o 
ri•ing 
falling 

i.<lgic equationo in sute diogram.o ort written in 
<•=• of lo¡pc "-•<•. not e!ectncalstate. 

The oufli• o>terisk ..... is nota M&•<ion operotor. 
lt is a d.,ignn,or llike a commont or footnolel at· 
toch«<to o no me. tollint the ..,,¿., what tho rolotion· 
ohip ¡_, betw .. n the UUth o<ote and tho eiO<tri<al 
ota<e. That io. thío variableio truo wh~n tho Uneon the 
bu o, low. 

A pr.fix rninuo oign '"~'" "'P'"""'-' tho logicol 
n~gation OP"'""' and is oquh·olont to the use ol on 
ovorbar. P...-entC .... os are u•«i to ondoso the nept«< 
\·ariablo "'hon roquitod for d._rity. 

The onroU purpooo o/ the iMorfoce oystom i• to 
Pnl>i~o an of~l!<:ivo comr.:u:tico\io~ lio.l< o'·or ..-h;cil 
me,.ogoo on <>---ned 1n ""u~•mbigi!O>Jo woy omoog 
• r-oup of in<er<onno-ct.C <ÍeVlceo. 

Me,.ageo in an intorlace opto m belong to eithorol 
two brood cat<gorios: 

11 Meso•~><• usod <o mor.age the interface system 
i"el/. collod intorlooe mosoageo. 

21 Me.>Ogosooed b)' theé"·ic., intecconno-ctodby 
the interface oys:orn. ar.d caniod by lhot sys
tem, but no< porto/ the intorfac~ oystem itoetl 
li.e. dotal. ThoH ore calle<! d<"i« dopendent 
me .. age•. • 

Th~ interface •ystem herein describod comprioe• 
tM nen.,aty lunctionol ond electric•l•pedficoticno 
/or interface mosoageo to oflect the obj ecti>o o/ thi• 
"'ndnrd, but it i• beyond the ""P' of thi• otnnd"-rd 
to specify the nature or meaninglather than electtical 
•ignal.lovell el dc,·l<o de¡.e~denl me"a~. 

/.6.2 F undomentol <omm"rticotjon oapabililin 

A n ef fO<th·e communica tion ~ nk req uire• t wo ba •k 
lunctlo""lelement• tocr¡:;anize ond mana!>" tho flow 
of inlormation among devicoo: 

11 Adeviceactingaoobusmn>ter. 
21 A devie< acting u o bus ,j,vo. 
Al! do ... trln>fer ccmmunications betweon a buo 

mast<r and • bu• slO"e are carri'd uut in termo of a 
genoralite<i bu; cyde gonemtod by the huo n•aoter 
ond reopendod to by the add, .. ;.,; bus •lovo. 

In the conten of tho interface •>·stem describod by 
thi• otondud: 

11 A dovice acting oo 4 bu• m"'"' ha' th~ o·opo~i~· 
ty to oddress a U bu o >la>·os. or oc me pertion of 
them. by ge~eratin~ all interface meosagoo ni!<· 
"'"'Y l<1 effe<t • bus cydo, ""d ha• the ropo.bil· 
ity 1-0 tron,fer do•·ice dep•ndent mo,.ago• to or 
from the oddrc.,ed •lave as o part ol that bua cy· 
do. 

· 21 A dovice octing u o bu o olovo monit-oro all bus 
cyd.,, ond h., the oapability. thu>, to be od· 
dro>OO<! by tho \¡u o run>ter ond to ~ranofor dovic• 
depen~on< no.eo•agO• to or frorn the buo ma>ter. 

Buo m.ooter and bu o o lave copabllitie. occo.tr both 
individually ar.d oollo-ctiv<ly in devi<u inter-oon· 
nected via tho S· lOO it.t<rfaoe oyotorn. 

The S.lOO intoclaco optem con>i>to o/ o oel of 
oignol limo u><d to corry al! i~larmotion. intor/;oe 
me>Oageo ond dovice dependent muS<Ige• amen~ in· 
'""or.no-cted de•i<.,. 

The bu1 otructuro io organi.zN in<o eigh< oeto o/ 
oignollines: 

11 Da'"' buo-
ZI ACdron bus
~~ S<>tuo buo-
41 Control o~tput buo-
51 Control ir.put buo-
61 D~IA oonttcl buo-
71 V«tor.C in<errupt bus~ 
81 Utility buo-

!6 oi¡¡n&] linu. 
]6 or ?< •i¡;na! linoo.. 
8 oign.>l hn ... 
~ oigno.llinu. 
6 oignol !ir.• o. 
8 oi,rr...J ~nos. 
a oi¡¡nal tm ... 
20 >lgnol!in.,. 

" 



-



2.0 FuneHonal spocllication 

2.1 Functional partition 

Funotional dovir~• intorconnootM vio tho interface 
sy"crn aro di,·ided in tu two brood da"'i firation•. bus 
rnutero and bu• •la,·••. according 1<> their relation· 
olúp to th~ generotion and roeeption of int.<-rfoce 
messase•. 

Do,·icr• octing oo bu• mastcro aro responsible for 
the initiotion of o.ll bu o cycle•. and for the generotion 
of aU siw-als """"'""'Y fo, the conduction of an uno m· 
bi~'\loUs b\ls cydo. Thesc si!:nnls aro tcrmed typo ~~ 
signals. ond consist of thr oddrcss. sta<us. and con· 
ttol buse•. Devi<e de¡><ncient messag~s are ttansmit· 
!.<-<! and re<eiv..d on the data b\l•. 

Bus mostcro ate oubilivtdod into two cla5>ifka· 
tions. permanent mo!trr• ond "-'mporory mast.cr.. A 
~onenL bu• m.ost<r l¡;er.orally a CPU! is the higb· 
oot priority master In Lhe int•rface •Y>t~m. A t~m· 
porory mo•trr moy roquost lh<> bu• from. tho petma· 
non! master for an atbitrory numbcr of bus cyd<s. 
and then rotutns cont.rol o! thc bu• U> the p<rmanont 
moster. Th" ttansfet of bus control lrom n potmnncnt 
mnster to" tPmpormy mast~r ond back to the p<"rma· 
ncnt mostcr io te<m..d a D~IA cycle. 

The differ<noe botw...,n a p<rmancnt bu• master 
onda temporary bus master i• that: 

11 Only one !'<'•mancnt ma•~r ,.,. .. }" nist within 
the ínt<rface syst<m. ... horea• up lO 16tcmpo
rary tnostcrs mny w·rxiot in a sm~lo syoten>. 

2) A temporary mnotcr b not subj~t toa D.\lA cy· 
cle. that ;,.. therc are no ne•~ D.\1,\ Ofl"tatlono. 

Pevke• ncting as bus sln•·os nre bu• cyde rc-ccp
lOto. A bu• ol.a•·e monitor; al! bu• cydu ami. il ad· 
dre•oed during a pDtticular buo q·cle. accepto or 
...,nds tho roque"M de.·ice dopcndent messob,. on 
thc dot.a lmo•. Whilo bus m"''"" mu,¡ &<'neratc a 
'P"dfio ~t of •iw-als in order to a .. uro an unam· 
bi¡¡ucu• buo ryde.a bus ''"'"" nf"ed only nomine ond 
¡;cnera•ot~ot oub>et of bu• •ign~ls neco~sary lO oom· 
municate with bus mostcts. 

2.2 SigMl llnoo 

2.2.1 Gcnora.l 

The bu• io a collection of mo.,ag<: potho definod 
relativo to the current buo maoter. They an; 

11 A,;dreu bu•. 
2) Statu• bu!. 
31 Dat.a inpu~·output bu•. 
41 Con,rcl output buo. 
~1 Con"ol input bus. 
6] D~!Acontrolbus. 
11 V<"<to•ed interrupl bu•. 
SI Utility buo. 

The nature and use of eaoh bus is sp«ifi.d in the 
lol!c,.ing O<"Ctions. 

2.2.2 Addr<Sj bu• 

The addreu bu• con!ists of lE ot 24 bi•·paraU•l 
oignal linu u•ed to oelec\ o sp"""ific location in 
mcmory or a •pedfio inputloutput dovioc for oom· 
munication dunng ¡l,o curren! bus cyde. 

All bu• most•ro must a!!ert a< lean 16 add'*" 
bito. but mt.y """' 24 addre" bits if <> tend..-d ad· 
drt•" copobility is deslT..-d. V"bdtty of tho oddro" 
bu• is ddin.-d in 2. 7 .J. 

Table 1 summarius addressus.oge tor vo.riou• bus 
cyde•. 

Tobl" 1. 
M~ ton •nvo lor ~ll!oton1 b~• cycln. 

CYCLE TYP€ STAJJ!M.RD é.ITEIIOEO 
A!l0Al:SSI~3 AOORESSLIG 

"E"IlilY ~EJ.P 
• ] AG·AIS ME.,ORY WRIIE f.O·A2J 

,, IOP·COOI. fETCH] 
INf'UT 1 AIJ.AII .W.AIS OUT PUl 
IIUERRUI'T AC•'IQWlEOOE ~O~E UONE 
HAL T AC~J;OWlEDI>E NONE ~·a~E 

]uoll.2l 

2.2.2.1 S1ondard m•mory odd<e .. ing 

The •t.ondatd memory nddreS5 bu• con•i•ts of 16 
~nos •pecifying 1 of 6; K memory locatJon3. Thos~ 15 
lineo"'" namod AO through Al5. wbo,., J\15 "tho 
mosl si:;nificant Lit. 

2.2.2.2 Ecrlendod m<mary cddressin¡¡ 

Tho HlendM memory addcos• bu; conoi•t• of 24 
lin ... •pecilying 1 cf 16 millio~ mrmory loeations. 
Thoso 24 lineo are namPd AO thrc~gh A23. where A23 
i• tho most si¡¡nificant bit. " 

The •taodord 110 de vice oddt<'" bu• consists of 8 
linn, AO through A 7. •pecilylng 1 of 2~6 110 devices. 
A1 ls the mo>t oignificant bit. 

NOTE: Tho 110 do,ico addr""' ha• troditionolly 
be<n dupUcAted onto the high otd<r oddress by"'· 
A15·A8. Wbile tlúo io cc<::sider«! arceptable P'"" 
t:edu"'· it is not r~ommend..d for new desig~~; as it 
compbcates oxpansion lo ext.~nd•d JIO device ad· 
dre.,ing. 

The uteodod 110 de"o"ioe oddress bu• consists of 16 
~ ... AO through Al~. •P<'Cih~ng 1 of64K de,-iceo. 
Al5 is the moot oignifionnt bit. 

2.2.3 s ...... bl<l 

Tho statu• buo ronsiot.o <Jf eight line• which id en· 
tify the natun o! the buo cycle in progre ... and 
<¡uo.llfy ~ ouun of th• oddreoo en <he address bu•. 

COMPUTE!! 

l 

1 

¡ 





' 

1 

1 

1 
1 

1 
' 

1 
' 
1 

1 
' 

' The mnemonics foro tatuo lineo alwor• begin with a 
lower-cuo o. 

The 8 ot.ll<>> Une• ue: 
1) )l.femory reod-
2) Op-<ode l•·tch
JI Jnput-
41 Output-
51 Wri<e cyde-
6) lr.terrupt acknov.ledge-
71 Haltacknowlodge-
8) Sixt...,n-bit dauo tra~dor roqu .. t-

•MEMR. 
.~ll. 

•lNP. 
.ouT. 
.wo•. 
•INTA, 
oHLTA. 
oXTRQ• .. 

The 8 linos on tho ola tu• bu • must bo ¡;ener•t•d by 
tho current bu> m.,..,,;_ 

V ahdity of the ol~tus bu o ;, gi•·•n in 2.7.3.-

One r<ie•ant outu< oignol io not dire<tly ••·oilable 
en thebu<. bmmaybeueat.,J by thecombiMtion of 
two otbe", Stotuo Mernory \\'rile is ddlned .,, 

o~lemory 1\'rite = 
¡-,OUT) · sWO,IIo~ic <-quation) 

tbat is, ot>llus rn<·rnury "file io lrue v.hen sOUT is 
101,.; ~nd oWO lwrito) is true. 

2.2.3,2 Slclu< ~·•~< chort 

Tahle 2 gives tho •tatus word definilion /or .U 
¡>o>Sóle bWI cyd<5. (\\) re[en to "·ord 1!6-bit dot.O 

by th• curm>l bus master lo a bus slave i• oolled da U 
output. DaUt rocei•ed by the currenl bu• maoler /rom 
a bu• sla •e iS call..:l data input. 

The data, bu o oonsi•lo of 16 linoo g¡-oupod os two 
unidircctionol8·bit b"'"' for by te Of"rations a nc! ao a 
oinglo Lidiroctional bu• for !6·bit "'ord operations. 

Two m;idirectior.al S·bit bu'"' ore used for byu. 
data t<>nsfero. Data output app<OOr> on th• data out
put bus IDOO·D07), where D07 is tl-.e mo<t signjfi. 
catlt bit. 

Data input oppean on the dat..1 input buo 
IDID-0171. wh~re 017 isth~ most si¡¡rificant bit.. 

. . 
. ' -

For lt>bit dota tran•l•ro the Dl and the DO bu'""s 
are g•n¡;ed t<>S<' hor, <reotin¡; a sin~ le :6-bil Lidheo
lion~l bus. Tw<l >i¡;nollines control Uoe gan¡;ing of the 
dat.a buS<o, sixteen roque" (oXTRQ•¡ ond oi>leen 
ockno~ led¡;e(S!XT:"o:•¡. l\1oon bolh o/ th<>" Une• o.re 
true (in thelow otatej, the doto bm<> ore ganged ,.¡¡b 
DOO cor.ospmtding lo DATA O ond Dl7 corTe
sponding to DATA !S, the most oi¡¡ni!i<>.nt bit.. 

C.:.rn¡>lete speci/kation of the Sll6·bit pro:ocol is 
¡;iven in 2.6. 

poth) op<ration.; ¡S) re/ero to byte (8-bit da"' pUhl =- The 5 lineo o/ the control output b"..' d<termine the _ -· 
opecotio<l!. li ~cJgh o tal<. L "low sUlte. X~ don 't timin¡; •nd movun<nt o/ <lata rluring any bu o cyde. 
care. ' The mnernonio• for the control ootput heo alwayo 

• b<gin with alo,.·er-<:ase p. 

'• 

< o ' > e • ~ ; ~ 
, 

' 
e 

ST.<.TUS 8t!S. - - > • ' ' " " 
GYCC( T'IPE 

~(MO~YREAO· __ (IJ H-l H"l l"l l.H: 
IWlHLHtllll 

OP·C;)OEiflCH_.I!J_H_H_H. t: l Ll.H 
j\'i]HHH\llll 

ME~ORrWRITE 111 l l l l L l l H 
IWl·l-l l l-l l l l 

OUIPIII ltllllHLLtn 
('llJtt""tnlltt 

INPUT (illlHtHllH 
IWlllHLHlll 

I~H~RUPT (!JllH.tlHLH 
•Cx:;lll'óUD(;E ¡W) l l H l l H l l 

~<UA("liWLE%(--x•x-H-t-l•L·H X 

"'"'"" 
" • "'"" STATt • t • tCW S'>Tt 
1 - "''""! w- ,..,.rv•H•no• 

- 1 • '·"' OPIAAno• ~ 

22.4Dorcbus-

The fi~elineo are: 

.11 pSY:->C. whioh inJicotu tito olor! o! a no"'' bus 
cyde. · 

2) pSTI.'AL". which in conjunction "ith pSY:-.:C 
it>di<>!e> tloot s:able •ddre,. and '"''"' moy be·'--
,amp]eJ !ro m ti'" bu o in 'he corr<nt cycl•.-- _ 

3) pDUIN. o g•n•roli<ed re•d otrob.. that gote• 
doUI /,cm on oddrossod ola~· e ont.o <he data bu•. 

4) pWR•, O g<·neralliffi ""rito Oltobe thot wriU!•-·-· 
d"'a f<orn the dato bu• into on address<!d olhe. 

~~ pHLOA. tho hold ocknowl..d¡o oio:>ol that ;,. 
dk>t•• to-the high.,t ¡>riority <e,o¡>Oruy "'"''"' 

- ·- thot t~e p<rmar.<nt m"'"' ;, rtlinqdshin¡: con·----
ttol o! tbo bu•. 

Tho control outrut signa!> ore •ubjKt to tho !une·· 
1ionolond timin¡: disdplin<> ¡;5wn in ~.7, J.8. and J.9. 

n.o •ix ~""' o/ the rnntrol input bu• allow Lu• 
,¡~""' to oyno:hroniu the opec•tio"' of bus ma>ters 
with oondition< in.-mal tO tbo bu• slave ie g. dota 
not , .. dyl. a~d t.o roqueot opec.tions o! tho pottn<t
n<nt .,.,., te. g .. inwrup: or toid). 

The si.< ror.trol iu~U! Un""'"' 
Da:. input a1~ cl,., omput ore a]~·ayo >pecifl.d 11 HOY ____ _ 

r<lotiv"e lo the ct>crent bu> mooÍtr. DotO tton.,nitt.d :.:___:_ 21 X RDY __ ---

·---





31 INT" 
41 NMI 0 

5) HOLD0 
61 SIXTN° 

• 

. . 

Tho ,..dy U.... &re used by bu.l &laves 1.0 .,..... 
c:hro<dl.e bu• ,.,.,Len to tho •••pon"" opeed o! the 
ola ve. ']'hus oycleo &re ouopended and walt stateoln• 
oerted until both reody linn .,... uMI'ted. 

Tho RDY liDIO t. the general ready line lar bu. 
slav01. h ls optdfled u an open tollec:tor line. 

The XRDY lino lo o opeclol ready Una commonly 
u...:l by front panel devlceo 1.0 ot.op and o!nglo ot.ep 
but ,..,ten. Ao lt b 1>0t spedliod u u o¡ÓeD co!Ject,. 
Une. U ohould not be used by cther buo.Uves, ain,.. o 
buo confllct moy eilit. 

• • 
~-

.. 
; The twointem.~ptlioes, JNT• andNMI", are uoed 
to n!QIIelt sesviee lrom the penn.on..,t buo maota'. 

Tbe INT" lino INIY 1:>o maoked ofl by tho buo 
ma.ott:r. u.uolly vio o.n inuma! ocflwueoperation. lf 
themaotir accept.ll the intem.>pt requeot on tho INT" 
line, it moy respond with o.n intemlpt acknowledge 
bus cytle, .o:eptin¡: vut.oring informatlon from tho 
data bus. Tbe INT" line U ofteu. implernent.ed u 1 
"'group intemJpt"" lino in conjunctio:l with the v..,.. 

n.. SIXTN• Une lo opec!lied 11 a:n opon eollectar 
lino. ~taUe<lopecificotlon o! the uoe ol thlo lino b 
g!ven In 2.1. 

2.2.7 DMA"""'"'' b"' 

Tho ei¡¡;bt liDoo el the DMA c:onUol but are und in 
coojunetioa w!t.h con~ buo oi¡¡nili HOLD" &Dd 
pHLDA. Thoy arbitrat.e unOIIJI' olmult.o.noouo r. 
c¡uesta for control of the bu• by t<omporary m.uteu 
aad d.i.oable tho oignal drlven of tho permanHit M 
111111~<~". thu. ellectirlg an orderly tnmfer ol buo..,.,. .... . -

Ali elgbt llnu of the D MA control bus are opecified 
u opon coUoctor llnes.. 

Tho eigbt DMA eontn>llineo ..-: 

1) DMAO" 
21 DMA1° 
31 OMA2• 
41 DMA3° 
51 ADSB• 

. 61 DODSB 0 

· 71 SDSB 0 

81 CDSB• 

·. 
.. . 

DetaDed opedficatloo of the u .. of theoe linn lo 
¡¡ive~~ in 2.8. 

2.J.1.J DMA u6ir"'ti<Mo 

ton<! interrupt bu•. In thlo cue. INT0 indicat.es the ; Tbo tour lineo that arbitro te &rZIODI" oimultaneot11 
preseoco of one or ~~>ore vKtmwi inten"v.pt requeou.. ~ooU ICO" buo control by temporal)' maour. .,.. 

n..NMI•IineUo non-mulubleinWTUptrequa:t - DMAO" throurb DMA.S•. "Tho encodod priority of· 
llne. that U, it ..,.,. not b. muked off by the buo - 1"11<¡UIIterl lo uoerted on thOH lineo ond. ofter Ht-· 
.,..u.r. · Accepting an lnr.errupt on the NMI•- lino~ tllD&", tbey cOñt&li theprlority numberof the hlghur. 
need not genera\.11"" intenupt odmow!odge buo cy· priority 1"11<¡Uat.". 

- de. Doto.iled opooc:lfiation of thio proceu i.o ¡¡iv.., in 
An ln\.ernlptrequeot on thoiNT" lino luuerted u - 2.8.!. • 

ale""!. that ¡._ thellne !• uoerted untll !nt.erT\!pt oor- · 
vice lo ncoived. An intemlpt ""'ull on the NMI 0 

li-, on the other hond. is o.saerted •• • uptive&"'>inr 
edge. .U... no ID\.ernlpt odmowledgo c:ycle oead be 
genorotad. 

Both tbese lineo .,., speclfled 01 opon col!ecc.or .... 
Tbe hold ""'u .. t line. HOLD0• lo uae:l by t.llm

pormy buo ,....ten "'ft<JU<•lcontrolof tbo buo from 
thepenn.onent buo ma!ter. Tbo HOLD• lino may be 
""'sked by the pemaneot bus mutert<J prevent tem- · 
porvy "'""t.en from pininr bu o conuol 

Tbe HOLD" lino lo specif.ed u an opeo co!lector 
Une. o.nd may only be~~ ot urtaln times. See 
2.8.3. 

Four oirn-Oio.,... avoil.obl. rm' the buo t<1 d!ooblo tho 
lino drivers of tho pumonont bWI mo.oter. Tboy ua: 

ll ADSB•, .ddr.i dl...W.. 
2! OODSB•. d.ota out dl...ble. 
SI SDSB•; otatus diablo. 
~1 CDSB•, control output d!oab\e. 

U• of U... lineo io tlrbtly opK!f.ed durina U.. 
uonaferofthe huo from • pennan<nl muter 101 t.llm
ponry ma•ter. u ¡¡iven in 2.8.2, and •ny tn.nofer ht
vclVÚ>&" th• control output lines ohould follow 1 

oimllu ptotocol . 
Tbo oddreso, dota. &Dd otatw ,.;pols from the pero 

manrnt master moy be dioobled and replaced uoing 
U>no ol¡nol.. 01 Ion&" u the cm>tll>tl of these bWI"" lo 
n.]jd for tbc .,........, bus c:yde u thourh no rep~.o.,... 
.-nthod~ 

Tbe oi1t.,.en o<knowledge line. SIXTN•, io 1 

respoD.H 10 the otatUll oi¡¡ns.l ai...teeo ""!Uest 
lsXTRQ•J. oD<I tr>dicatcs that U>e requested-l&·bil 
d.ota trono!..- is ponible. 

2..28 Vutondi~wn•pl6,.. 1 

no ~t liDoo of u.. ~ !ntan~pt buo .,... J 
uoed in cm>ju,..U.,n with thr _.w.ed v~ ht- ~~ 

Pro-fJ-S..ti,KJIOJ~ev,s.., C01ojP\ITfFI 

1 





1 
1 

1 

• 

totrupt roqueo\, !NT', 1.0 arbltuto omong oight 
lovol• of interrupt roqu"t prioritiu. Thoy aro 
typioally implomonted •• ir.puu toa buo !lavo whkh 
muk! ond prioritizeo tho requesu, uoer\!· the 
gonerallz...d bterrupt requ"t to the ¡><rmanont bu, 
""-'""'· and respondo to the iDtorrup\ acbowlod~ 
bu• cydo with opproprioto voetoring da <.a. 

'The eigOt ÜM! of tilo vecto"'d intorrupt buo ""• 
VIO' througC. \'ll'. whoro VIO' ¡, conoidor...d <he 
highest priorit_v lnte!Tilp\. 

The voctorod intem.~pt W.u should ha !m. 
plomentod a o leveb, t~.U io, thoy ohould be hoid a~;. 
ti ve untoloer,;ce io '"""ivod. 

2.29 Sy<t•m urilitiu 

2.2.9.1 SyJt•mJ><>"'~' 

Power •'n S-lOO systemo is distnbutod lo buo d.
vices •• unr<gulo~ vol!.ag<s. A toul of nino buo 
lino• are us«<: 

1) +8 volu, 2 ~o ... 
21 +!6volto,l !ine. 
31 -!Gvob,l Une. 
41 GRQu¡.;o, 5 lines. 

Ground Ur.u aro di>tnbutod ocrou tho o<lg< 
conn.,tor ouoh th;>t low imp<dmc. ¡;roundo .,.. 
ava,loble on both ,¿., of tho <Jge conn«tor, and on 
both -,¡¿., of thodn:uit oord;. 

Pow« Uno;Oie oubj..:t to the >pe<ifiation• giveo 
in 3.2. 

The sy s t em dock, Q, ls g<n• ratod by the porma "'"1 
muter. The control tOr.Jng foral\ bus oyoles, wheth..
they ""' cyd•• of the permanent maotor or cydes <>1 
tempc'"'Y '''"""" in control of the bu•. mu!l b.o 
derh·ed from this dock. 

This signa! io nover tron•ferred during a bus "-"· 
change op<r.ltion. 

2.2.93CLOCK 

This dock io >pe<ifled ., a 2-MH< 10.5 porcont 
tolorancel signa] withno rol•tionohip to ony oth<r bU! 
>ipal. 1t io «> b.o uud by countor>, timo,... baud·nte 
gonttatoro. otc. 

22.91 Syurm r<UI funcrioru 

System '''"' funotions a.-. divided i.o.t<> thteo Un": 

ll RESET•. teot\0 ..U bu• mulero. 
21 SLA VE CLR •. '""'' &!l bm ,J.avu. 
31 PQC•. pawoHm durisod•·oonlyonpowO<-<ln. 

ar.d """" SLA\"E CLP.• .,,d RESET'. 
Th• roe• •L!fl\•1 ;, •p·•·dfie-d •• hh-ir.g a mínimum 

aoti•·• p<riod cr lO =oc. 
RESEP ond SLA \"E CLR• aro >p.-<ifiod u ope~ 

coUoctor llnu. 

July 1919 

Tho memory write "ro~. ~1\I'RT, must M geno,.. 
ated oomewhfre in the ·~·st•m !t is uouatly g<nerated 
by !ront ¡>anel lypo device<. but ¡, opuonoUy 
gen•rated by p<rmanent muten or moth<r board o In 
syotems without front pone!.. Care muot be t-oken 
that it is genocated at only ono point In o given 
syotom. 

M<mnry write io defined u: 

MWRT • pWR • -oOUT Uo¡;ic equotionl 

2.29.6 Pha~lo-tt ;lo u•• 
A lino, PI!ANTO~!·, ;, prov'd"d for uvertay!ng 

bus •lavu oto <ommon adJre,.location. When thU 
line io aoti\"ated phantorn buo slovoo On< enobled orni 
normol buo oloveo ore disobled. 

Tbis Uno ;, ope<1fied u an "!"'" colle<lor line.. 

2.2.9.7 Error 

Tht line ERROR • ls o genenlin·d error Uno thot is 
os!orted when on <rror of sorne •ort li.e .• pority, wdte 
!.0 prot.<-ctod rntm<>ryl ;, oo<urring in the curnnt bus 
cyde. 

Thio lino lo o¡:e<l!ied •• on opon tolleetor lino. 

Tlu-t-t lines whioh ••~ be opodfied by ind:vidWI.! 
monulocturoro ore P'"'"'ded nn th" bu,. Th·"" lino•. 
termed NDEF l~ot !.0 be dofmed'. •1-.ouH orJy b-e !m· 
plemented ao optiono. ond •h.sll b• provide.J wit~ 
¡ump'to •o thot po.,ible co,llk~> '""Y be oluniooted. 

Any rnanubcturor ,\lUST sp..:ily ín dotoila~y use 
of thneli~n. Si&nalo on th••• ~neo oco\imit..:l Lo~ 
voltlog!c lo•·els. 

22.99 Powor {aíiiPWRFAIL'} 

U.. paw@r !aillino indicat~s imponcimg pawor fail· 
ure, ond remoin• true until pawor is r<oi.Ored ond 
roe• ;, tn.~•. 

The !h·e romaicizlg linos are ,.,.,., . .,¡ !or futuN UMt 

ood moy oot b• UO<d /or any purpo••· 

22.10 Pin liJ/ 

Pi.o. connt<tion! to the cnd .dg< oonnoc<or oh&!! 
conform :o tho b" S~"v•n ín Tablo 3. 

2.l Tho pormanon\ mu\<r lnterfou 

2.3.1 CtMnll 

Tbo pormont~t mo><<e in :orla« pro,io!os the <&¡>a· 
bility 1.0 tr>n•f.r devico dependen< """•geo to ond 
from &U bu> ,:aves. lt ;_, roopallSrble lar tho gonou• 

" 





Toblo 3. 5-100 bu o pln Jlot 

f'l~ NO. SIG"AL & I'I'Pl ACTIVl LfóEL OlSC~If'TlON 

' +! VOLIS IBI los!>n<ao•"'-'• m.nl::to't\ 1"'"" """ 11'011!. kl"'"L;ooooom•xJ:nwm "" 
Nil15 .,~ •• '""'' '"" .. , • ., .... ""' 11 """'· 

' +15VOLTSIBI lnSI'"'"'""' m'"'"'""' ;""" :.>an 1 U '"'"'· '"'~""""'"' ""'"'"m 
lm tn,n ll '011!. "'"'' m<>.1mom lm '"" /1 .1 vCI\1. 

' XROY (SI " Ono ol t~o ,.,;y ~n:·'" 1:> ~" <""" '"" r. .. '"'· Th '"' ~ .-..;¡ ""'" 
WJo t'<>< tUl y'"~"' m'"" Sol¡:'" T1. 

• VIO'(S) ' o.c. \'«torod in1orruo< ""O . 

' VI1'(SI ' 00 v'"'"" ''"'""P' ''"' 1. • Vl1'(51 ' o.c. V""''" ~.:onup< Ji" 1 . 

' l'll"ISJ ' o.c. \'e<t<lf"O~ lfl'<ttuOI ""' 3. 

• VII'ISI ' o.c. \'«:LotO<l '""'"P' lrno l. • V15'1Sl ' 00 V"IO<O<l I".~Ottu~ii"O l. 

" V16 "(S) ' o. c. Vrclot<O '""""" tr.o 6. 

" 117'/SI ' o. c. VO<IO<OO intOt<upt '"' 1. 

" N\11'/SI ' o. c. Non· ... sk•!llo ~IO<nJp!. 

" f'l'l~fA"'IBI ' PowOt 1•11 '"' l~noi.(Soo Socllon 1.10.1 •"ll•rdln~ p"udo opon· 

ooll""' '·"""' 

" DIIAl' (M) ' o.~. T•m;»r•'l" ,.,..,., rc.o."llf bl3. 

" ~16 (MI " b:1<nae<1 o~l"" bit 11. .. A16 (MI " Exi<JIIJOO odl"" b.t 16. 

" A\I(MI " b:teJIIJed al:rm ~" 11. .. sose· lf.ll ' o.c . Tilo oonuol <i!;nol" '""ll'l L'>O S"''"' '"loa!•. 

" cose- IMI ' o.c. Toe tonU" '';"" 1> ''""" '" 5 control ootpu< ''1"''· , GND IBI Common wllh P'" IQ~ 

" N OfF N oliO 1>o O<l.ne<l. M>""!ooMer m""·-~ ony ""In dfllil. 

" I.OS8' (MI ' O.C. TM ....., .. >i¡;oat 10 4>""':>' 100 16 11d10" signo!S. 

" OOOSB' (MI ' o.c. T~.o <ontrO! "i"'l 10 '"ObiO '·" 6 d•ll oulput ''~~"''· 

" '"IDI " Too"""" >·m~n¡ "i"'llor '"' ~"'· 

" pSTVAl"lf.ll ' SU.<u> >~110 '""""· • ~lCJ\ 1 .. 1 " A CIIOUOI •;pr .. l ust<l ~ <011¡\JIItl:OO ~,¡~ H0l0' 10 toor"""lo t•JO m>;ior 

'""'1" ''""""'· 
" "'" ~.,.rvtd 1011u1uro m. 

" FJU A<S<N«l 101 lu!Urt ""· 

" A5 (M) " A<lorn• t-15. 

• AO (M) " '"""'"' 1>'1 •. 

" Al IMI " AndiO" 0113. 

" ~15 (MI " Adlrm M 11 (111001 l~ruiiW'I lot non·.,tondtJ '"'""'~-1 

" A12 IMI " """"" 0.1 11. .. 1-9 (MI " AOo"" on 9. 

" 001 IMIIDAJA1 IIMSI " DolO owt ~i11. ""''""''""' '"' bll !. 

" [JO<J IMJIO.O.TM (ll/SI " tll.lo out bll O.~"'~"'"""" d>l> M O. 

" A\0 (1.1) " A<:OIISS t.1 10. 

" 00< lfAI/OAIA< ¡M/SI " Da:. M o 1 4. eod~<:HO!IIl dOto ~~ <. 

" 001 (MIIDA.IA\i"'SI " O.t.i '"1M 5. "'"'"'"'"'' dll> M 5. 

'" 006 IM)/OAIA5 (M/S) " tll.l> '"M S.~'""'"'""' dOt.i 0116. 

" IN! (S)/0~1A10 (MIS! " tll.ll In 0<1 <. llli:~O<Oooat COII llrl10. 

" tll (S)/DAIA\1 (tri/SI " Dall ~ Olt J. tAOiro"">nol 0011 0.: 11. 

" W (S)/0ATA15(MISI " Dat.i In 0111. Old"'"'""" oau 1>1115. .. oM 1 (I.IJ " Tho '"'"' >l¡nol ~'''" tndiUro> ,,., 11>0 '""'"'<)<lo lo 011 
Cll>"<ll<i• ,'""· 

" •OOT (MI " Tho slltus <l~not l:lenL~IIij too data l!ons!er bus cytl< 1:>., 

oulpul "'""· .. IINP (M) " lt.< '"'"' '~"'ll:lnlll¡lnij ,., ~.,. ~ansr" bus <y~o ''""' an 
kliiOI c..,.,.. . 

" '"'EI.IR(M) " Tho '""'' "'"'' "''"'ty1ng bu• q:ln "'"'" ~onoter "" lrom m"""')" 
10 • bos "'"'". ~""'" '" n01 '"'""P' '"""""~'9' '"""'uon 
lol<h cy<l<l>l. .. s~LlA (lrl) " Tho ou<o• '~"'' .. ~...,, "'"""'<e;n ,.., a ~llinouuo:ton ~ .. , lloon 
ue<ut!<l. .. CLOC~IBI • 11r1HI (0.\\',) <O 5."1% O•<t cyUo Na! ooqulr!<llo bo •¡n<h!Onous ~~" 

'"' ''"'' ""' ''~'"''· • GNO (8) Co<:l."""" ~·"'pul 100. 

" +1 VOUS IBl Con'.mon ~-::.~ ''" 1. 

" -16 VOLlS IBI '"'""""""' ""'"mum ,.,. tn.on -10 won•. lnnn"'"""' mlr.l:num 
~, .. ,., 1/"l.l.o - 35 •0111. ''"'>' m"'""""' 9'"''" <tu.n -11.5 >">111. 

" GNO !BI eo-nr...n ~'·' prn 100. 

" SL>.VE clll· 191 ' Q.C. A ,.,.,.l;oatt:> "'"'t~u~"' l.!usl ~ '""' "'"' P!l:" •:>J ""' '"" 
bo ~'""""'O¡"'""'' ~uno. 

" DMM' IMI ' O. C. Tom;ooruy """" pr>Or.l) 1>< O. 

Prollm•"''"I-Su~,ocl 10 ~'~""" COMPIJTER 





' 1 
1 
' ' 

< 
PON NO SrGNAL & TI'PE- •CTIVE lE\IEl OESCRIPnO.~ 

" QMAI')II) ' a.c. ¡.,""'...., """""" ""'"'" b.t \. 

" Cl.ll2' ¡o.!¡ ' o. c. Tnpor¡ry ,._.,,., J)I'ICniJ 011 2-

" v;THQ• , .. , ' Too $tiloS srgn" "'~' '"'1""" 16·M "'"' <0 •mrt SIXTN', 

" A19 ir.!) " Ex:.no<d "~"" Ort 19. 

" SiliN' (S) ' o<. Tho llin.ll '""'"~ ly 16·0<1 ·~"'In ff!;>on .. " ll'l 16-1>'1 ""lUO>I 
oo¡;O>l o.<IR~·-

" l2~11.1) " Ext!oc<'l •~,:,.,, 1>1 21l. 

" .,, 1111 " t<10r.~.., aodrm 011 11. 

" Al1(11) " .. A1l (I.C) " .. NCEf 

• '"" " PK>N 101.1 ' 1" /SI ' "' .. "'WRT (SI " 1 lo!l,... oWW .., 041 """' 

" "'" , G~O (SI 

" "'" " AOY ISI " "' " \NI' )SI ' Q.C. 

" HOlO' 1 .. 1 ' 0-(. 
" """"'"'"' !NO 

" RESET'IBI ' o.c. 
Tho "'" so;o,1 """' "'' "'"'" """'" Thl> ·~·~ 

"'"'' ~ "''" wrU. PCC' '"d "''Y'"'" g<nml<d b) 

""mil"""'-
" oSYNC (Joll " Tllt '"""'" s~o>~ ~u~; BS,. 

" owR' 1"1 ' ,,. '~""' ·~, ... '"l'"""'9 "" ~ ........ ol 
•ol~ oa"' oo DO OUi "o~., lo>. 

" oOBIN IMJ " Tho ton1!~ ••gr•l "" IOQ"'" dJLI on I'O 01 
OU> 01 C>tl bol i:Om '"' cctiO.ttl¡ «ldr<>>Od <11,.. 

" AO Ir.!) " I<IO<!U t'l ~ (~<1 1<;"-"':aoij. 

" ~~ ¡lo!) " .1.4<:r<U ll!l l. 

" ~l ¡1.1) " """"' bil 2. 

" A5 ¡M) " Morm M 6. 

" Al ¡.~) " Mor"'"'' 7. 

" .O.! (lol) " .I.Cd/0" ~11. 
o; .O.IJIMI " '-<:drt» "" 13. 

" .. ,. (~) " '-<:d!l .. ~~ "· 

" "'" '"" " Aodreu M 11. .. COl IMIIDAIA< (MIS) " D-ar.'" tll 1. "'"""'110 .. 1 .... bit l. 

" COJIMJ/DAIAJ(~ISI " c.r. "'""J.~'''"'''''"~"""" l. 
" 00/ ¡Y]/0>1-'1 I'IISI " r~~ ""'"' r. '~""""""1 "''"' ~~ 7. 
" O" (SJ/GA.W11fAISI " 0.."1 "t•. "'' ""'"'"",.," •• ,. llolll. 

" Cl!i IS)I(I.IIA1li"ISI " r.,." 1.1 > '"" '"'"""""" e•·• r¡.o 11. 

" OL! 151/CAIAU IIJ/S) " o,,.'" 0.1 6 '"" 1.:•mo"'1 "'"'"' "· 

" Gil ISLIOATAl (MIS!. " O.:• In bll 1 "·' b~"'""""l om M 9. 

" 01~ ISIIOAU3 (MIS) " O•t> In"'' a (1"" ><;o.li<.l<! :>< H•t'>!il •~>~ 
to::.recW..li "'"' ~ 3. • .. ~r.o. IMI " '" """' ...... .::""""'~ "" "'" "'""' oy<:•lll <11>1 ""7 
~~~""" """'" ""'"'' '"'"" '""" .. '" •~r·. 

" •Wll" , .. , ' ThO '"'"' "'"' ~onll!yiO? > '" C)Cto wA1tn V <O""' 
"''"' ,,,., • '"' n"""". >1'"· 

" !~FlOR" (SI ' o. c. Th• ., """' ... .., ,,..,,.,.,,¡ '·' """ ,~., """ ~"""11 
'""" ""' ""' " >"Y.:" !BI ' ¡,. ""*""'" "'"' ,>;,..llor '" "'" '"''"" .,., e.• 

'" G=<n 161 
~~"1 1"'' '"'· •1 """>\.Ir lavo 1or >1 ,..,, 10 .,, .. ,, 

s,,, .. ~"'"'· 

tion and ti:ning o! all bu• <yd., whil• it ha> rnr.trol o! troJ o! lhe bu• ;, alwoy• retumod to the ¡><rmoneot 
the bu•. ond i.! copoblo o! 8"n"roting oll po,.ible bus 1naster. 
<)"de•. 

The per.no~enl m• >loe ~ormally h• control o! the 
be•. 1 t m ay rell~qui•h bu• conl!ol too 10mpora.-y boa 
r:~aster , . ., a hold opcr.":on for on orbitrof)" number 
ol oyclu. ¡,·pon completion o( <he hold oper•<ion con· 

The p<rm~r.ent """" intorfooe •hall be im· 
plementod oc u t<> <onform to the '"'" diogram 
¡i•·en ln fi¡>Jre l. 

• 

• 

" 





' 

1 

1 
• 

J 
1 

1 
1 

• ·--

• 

Thc initial bus !late, RS 1, is the stato il> "'hich the 
st..tus and •Jdre•• buses ore in transition to their 
val o es for thc new bus cycle. pSYNC g<>es true in the 
middle of the BS¡ o Late, ioilicatin¡¡" the beginning of a 
new bu o cyde. 

2 3:1.2 Bu• sto,.2 

Bus ot.al.e 2, BS,, is the •tale •luring which the ad
drcos and sl.atuslines becomc !!.able. Whcn they are 
&'\larantec~ st.oblo \hcpSTV AL', status "•lid otro be, 
ís •ctiv.u,d _ _ 

n,e ,..,dy lineo ond tho si~~n acknowlod!:"' lino 
are >&m¡>ltd during the BS, ot.a¡,, 

233.3 Woil >lar. 

Tl>e wtd! stat.o, BSw• is enl..orod i(the rca.Jy Jine 
sampled b BS, indical.es that the addrcssed bus 
st..'" 1> not ready for data tramfer. The ready line is 
;ompled once e.·ery cl<><:k cycle 1mtil a rc•rly rondi· 
tjotl is indicatcd, When the r<ndy condilion is in
dicatod ihe BS~ st.ato is cornplct«l and the llS¡ st.ate 
ente<..d. 
Th~ ns~ st>lte io thus u;od !.o synchmni.e bus 

cycleo ~,·norat<>d by bus rnastcro witfl tho ro•¡x>nse 
spe..d of ""or\od buo ola veo.· 

2.3.3.4 Bu• .tate 3 -· 

lluo >t>lle3, l:IS¡, is thébu, oto lO during whioh the · 
da t.. !ron• f<r actu•lly takc_, ploco bctween t],c master 
and thoaddr<>..d •lave. --

, __ -_:...-:.-: 
.... : t'' 
-

- ·-·-- -~·-·-

'"' 

' ·~· .. ..._. ''""''' ... ·~ ~ ................. ""'~--... . ,., ........ ·-~~·~~·· .. , """""'" ,.....,, ........... ... '" ......... ~ ..,._ .... ..,...., . ~ ~-..... .. ·"' ........... -~--·""-"'·~ ... .._. . ....... ...__ ............ "'"', 

•• 

2.3 3.S !di< hu• .rotu 

· After completion of the RS3 st.o.te, the master may 
en ter ono or more idle bus •t.at<eo. 

Whilc in an idle buo sU.Io the ccncralizcd datA 
otrobeo. pW R • and p!Jill ~- muot no! be octivc, •nd 
pSTV AL" mu•t not be uoerkd in conjunction with 
pSY¡i;C actiVe. 

2.3.3.6 lloM ace<pl 

Pennancnl mast~rs mu,t be conligur..d to condi· 
tionally acc•·rt hold operalions from tcmp<>rary 
!T10ste,_ TI>is functiun ma)' be galc..:l off undcr l.nrd· 
ware ot sofl wnre cuntwl. lo •ilow indivisihl# kot and 
,.¡ operation•. If hold i• enobled and acti,e, tloa P"'· 
manen! maotor will entu the hold ol..!lte HS follow!n g 
• ns, ol..!lte, and pH LOA will he .,,..rt.ed, 

Theperrnnnent master ,,malos in tho hold sl..!lto un· 
tilthe hold r•·quost llü!.ll" be<:o1oo• f.Jse. ' 

l!old opcratior.s alwayo take priority over int<er: 
r~pt oper•tion~ · 

2.3.3.7 1 nurntpr aa<pl 

lf hold re<¡ U<" is no! a< ti ve, il ex<cution of !he cur· 
t-.:nl imtruction is complete, and if in!.e=rt• ar• 
enabled and an in t-e"~ PI is heing ....-¡u~stHi, then tho 
permanc~>t mO>ter accepls the intcrrupt rcqucst at 
tho ond of tho ns, state. 1 n the ""'" of a v<"<to'<•d in· 
terrupt, tbe nnt huo cyde rnay bo an int.errupt 
ackno .. iedge bus e¡.· ele. In the case of a non·ma•kablo 
inlerrupt, the re>pome i• n•ually a transfer to a 
]" o.letermiJ>ed IC>Cn(iQn. 

2.3.4.1 Outpulsig"':l• ' 
• Thc followin'g >ignal; ore output •isnols from' P<·r
monent rnaoters to bws ola' e;: 

11 AO-A23t 
21 All>tatU. si¡;nalo. 
3] Al! control outpu t si~-nalo. 
~] Dal..!l outrut >i&nal; ¡Sor 16 <fepenili~g oo pro

e~'""' IYI"'l-
~) 0:0, the s) otem de..: k. 

2.3.4.2 Input &i¡¡nd;_ 

The foiJo.,_·ing signa!• are rc-quir.-.:1 input •i¡;-,olo!.o 
perrnanent trtaoter>: 

JI Tbe cor.trol ir.p~t oi¡;-nols. e%c<pt NMJ• and 
SIXT:>•. 

2) Da:.. input ,;L-,<-l• !S or_l6 ¿e¡wndi~¡¡ o~ pro
<-essor t) pd. 

31 The r,ur di<>ble oi¡;nols ADSil', DODSB•, 
SIJSB•. C!lSB•. 

4) RESET". 

CO./Pl'H~ 
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In cueo whuu numbor of proce.,.on co·uiot hu 
oingle syotom as temporll}' muten, lt moy provt !& 
ol!icien t 1 rom o oyOte!llo polnl-01 vio• to lmplomenu 
pemum<'ll\ ,.....,., - · 

In such a ,... .. it lo petmiuible th.ot tho pe......,....t 
mnter bo lmplement.cl u 1 dwnmy, that la. u a 
de vice thot conducto no bus cydoo, but only oupplld 
1n o.rbitrot!on int<rvo] oo that tho DMA control b""' 
moy Hltlo. • • 

The dummy~ t&keo COAU<ol of'th. bu. bo
tween trmporacy m.oou.-.. a .. ertin¡ tho ccntrol out• 
pul bus In tho nuU O tate, ond pao.Mto tho busto tho 
nut r.quooter oftu an o.rbimtion llltHVal of ono 
tlo<k cyde.. • 

Reqnin<l output.-ol¡nab for dummy masten u. 
th.o ccnt:ol outpUi 'oigruo!o. and tbo tyll.om do<1t •· 
Input -.l¡nal.o are HOLD• and _cosB•. "'"' 

• • 
2.4 Thr lomporary mutor lntorfo .. 

The temporoty mooW !ntetfo<:<> providos tho 
copability to LriUlS!et dovico d~pendent "'"' ... "'' to 

'a!ld from o stloct.d Ht of bus ol.oves. The Un>por&r)' 
tnuur \ hut dlff.,., from tho pe<m.onont IDIIO<or in 
that it nHC! no\ pneroto aD po,.Jblo blll cydes. 

Th• temporacy maot.m- requestl control o! lho buo 
!rol'! the pormonent mooter. lfthe bu• U ¡rantod. tho 
temporal")' ~~>Utc<ls reoponsíblo for thl pa.,..tion. 
and timio¡ of oD hu> cycllo uotilit roturns """ud to 

·U..ptnnonfl\trnuto:r... -- __ 

quesw lt ¡nnt.ed the buo en tbo rioln¡ odp o! holcl 
acknowltdp. 

2.4.3.2 B•• '"'n•f•• ~tatu !XS I ""d XS ll/ 

SU... ih. bu• bos pooltiw polui.ty eonu-oloi¡nolt.. 
utn!mo cano must t.. t.akon in buJ ttansfer ope ... 
ticnl to avcid '"'"'eoua pulou on tht eonttcl!inot. 

In ¡entra! temu. thb lo ocoornpliohod by opedly· 
lo¡ tbot botb the pormooent mutet ond tho tom• 
ponry muttr drivo tM eon<rollil>et ln opocifiod \o¡!c 
otatu durin¡:lho bu. tnÑfet. _ 

Det.oDod spKif~eotloa of t.hia opuatlon ls ¡ivon ID 
2.8.2. . 

' 
.•"'; 

' ... -- . • . _, ... 

. .... ................ 
..,, •"V.Uo(WI 
............ ($ 
... o ""''ISO ........... ..... ..,.,. ..... ..,.,., .... .... = .... ...... . 
... ,Q VIO'$ ... , . .,.. ... 
..... HIIO"I!i ..... .............. ............. ,.... 

' ,. 
. • 

' 

.. 

·' -

" ' ' ' ' ' ' ' ' ' ' 

.. 

l • .. 

' • <. . .,, 
" ' . • ' ... ~ • •• ' ... ' .. ·2 

• . . • .. 
• 

............ ""' ... .. _,, ..... .., ...... """ ... .. .._.vt. CUO' !10 ..... .,..... . ..., ........... , ..... ... , ............ 

..... AXlAQ' .... ..... ... ............... .............. 
... ... "211'11 .............. ...... ...., ... 

Sinco up to 16 ten>porary muten m.~~y co·ni>t lo 1 - -
sln¡le. •Yttom. 1 protoc:nl hu heen doveloped to or
blttate amon¡ oimultanoouo blio nquooU. Dtt&llod :;-

..... ......... . 

..... - ... !Wl.-

""'" A1J!Wl ..... _. .... . ..... _ .... -
.- .. ~. •• " -
' ,· .•.. 

- ......... """ . 
,.,oo·NDV .. 
.... , . ..,,,.,oN·............... 
::::::,';., . . optcificatioa o! thill protocol ;, ¡;...,. b> 2..8.3.-· ... '""""".:. ·. ... ., ""' . • . 
... "-NC€1' ~ 

. ... " 

... :' 
' ' ' . .. ; 
" . . l '" 

" " . ·" .... 
' •• ., .. . -..... _ ......... '- -,. 

... Zl' -· (MI..:;• .... ,. ..• ~ ... '1 ....... !81_ 
- .. , .. ~ ,,. 1111" 

...To"MOID'INI• '• 
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' "I"he tomporary · .,.,tllr Interface · ohall' be ·1m-~ 

plemented. 10 as ti> eonform to tbo ol&te dio¡n.m 
¡iveo út. Fi¡un 2. 

2.4.3 T~mpo""Y"""''' w"oducripdotU --

11 mort U..n ooe temporal")' ,.,ter ;, preoent in U.. 
oyS<em. buo nqueS<eu mun orbiU"I!.I for the huo u 
¡;ven in 2.!.!. 

Ourin¡ tbe otbltnu.loa oequenco, bu• n<¡U .. tert 
Uy to ot..,-t l.beir prioritlft on 0.. orbitntion bu.. 
and tho eonteaU of <.he &tbltntion buJ are comparod 
,.¡¡h each requ.,ter"o priority, - · 

11 the contente ol tho arbitution b\lo ls o! hi¡bet 
priority U..n the locolly attemptod pricrity uoor• 
tion. then 1 hi¡"her priority requeour io preoent in tlw 
oyotem. aad the \ow priority nquootet l"e"""'n lu 
\ow order hin fn>m tbo arhitr.tioo but. Tlmo. oftor 
t<>me ~ttlin¡ time. tht priority o! <bt hi¡heo t priori!)' 
rtqU.,\tt lo pruent 011 tht nhi<ratlc_n bus. Thlo o. 

... IS:OITVAl'!l"'~ .................. 
~-~·-

•• -· ~ 
" ..... ...... " ... ""·"'""'- " 

"'"'' AllNI H -:Q A11!NI H 
..... AU(NI H ..... """" " ..... ,.,,,..,..,...,.,_ " 
..... DOII!NOO.O.T.o,p- 11 
p~JJ A>Q.... H 
"'"" OOOO ....... bO!WII M .... ,.,.....,...,,,_ M ...... ,.,.,......"''"""-" 
"'"" 000-TA>G- " 
.................. , ..... M 

....... ... ........... _ M ..... ........ .. 
.., "' oDIIT lNI M ...... .... ~... . .... ........ f.W.... .. 
..... ........... -·M 

-. Cl.OCl< .. 
..... GMO 

..... pn..c:INI ..... -· .... ..... _ ..... -· ............. ........... ............ -............ ....... ,,... ..... """"' ...... ., ... ........ ""' ...... , "" . ..................... -

.... I>O>i ... OOTOJI-• ..,., ,.,,,.....u••..,., ... _ .......... ........ _ .. ,_ ....................... 

..... '"'<S>'D""..... "'""""" .. ~~"~~ ................ 
'"'" oWO· (WI .... .,._.111 
..... -·· ............. 

··-: ... ... ..,.. . -.. " 

' " " " " " " " " " " " " " " " " " " " ' ' ' 

-



1 
1 
1 

1 
1 
1 
1 

• 
. . 

~ ' ' . 1 
' 

• 

1 

1 
1 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 



.. 

Thr defini<ion of buo cycle stat., i• th~ oame •• 
that for th• permanr•nt master interface, ¡:iven in 
2.3.3.! through 2.3.3.5. 

An a:rbltrary numb.,r el bus cyrl<' may be Per
fctmed by the tempOrary m••t~r before t<Lurnin¡; 
control to the ¡><rmanent mas<.er. 

2.4.4.1 Output signa!• 

Tho lotlowL~g areroquired outputoigno]s for a tom· 
porary master inurface: 

1) Addres>linos A0-A23t. 
2) All •tatus •ignolo. 
3] AU control output ai¡;nals U. · 
•1 Data outputlino•. 
51 D~IA arbitrnt,on linr·• D~!AO'· !)~IAJ•. 
61 llold >eque•t. HOLD•. 

2.4.4.2 1 nput sig~o(, 

Tho follov<ing ore required input •ignals fot a tem
porary master interfa<e: 

¡ Noh Tom"''"'> "''"'""""" .... '"'A \I>A<J,lhor ...,¡only 
RO..,.'"~~.,., or ""''.., , ..... A~ ... ,_ oo-...,. 
tt ,,-.,,. Tmpo<"> "''""' '"""'d ""'"d' o Í"'"""' "" tbo 
pST\' AL • ''"'·" •••• cru, or "'~o,,;.., do""' '""'"" '"" ""' 
w¡l], lho '""""' ""'~'"' l,oo~ lo <loi< <O>• olll"< """" """ '"" 
"""'~~~V AL • """'l. 

.~ .. ···-·-·---~·:·.-- ...... ---.---~·-····-,...,., .. , 
·\' """'"''" ., ·-,.: 

---- . ' . . ' -· . 
! -·--- ,_ 
' .... 

' ' .. 
- ;-

" 

,. 

-·· '" 
"' 

1'11-"'"'!'''"'-1 
!'1 1 ·DOMo • ""-< 
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., 

., .. '_, 
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~ ._:·•"' 
-, "·' . ~ ; . . ... ' 
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1) The ready lino•. RDY ancl XHDY, 
21 Hold acknowledge, pHLDA. 
31 Data input ~nos. 
ti Tho syotern dock, <1>, 

A sino d.-·ice rosponds toa bus cycle initiated by A 
bu• mau~r. ~! ernory and inpu~outpul clevkes areu
omples ol bu• slaves. 

A o!ov~device may roquost oer>i<e by • bu o ma•ter 
by genoroting a'n intorrupt request. 

25.1 Sldvt iMorfact """ dia¡Nl171 

The si ovo interl oc o ;h oll confnrm. ;;, f:!'neral. to the 
•l<it-c dial"'• m given in Figuro 3. Sla_,e_intorlaces need 
not hne both read and writ.e cap•bili!f. 

2.5.2 S/av• otate definiti<m• 

·2.5 21 Siduoidle •'"" 

The slave idle sUtte, S, i• a pa"i''" ;tate with 
r<•poct to lho bus. 

The slave monitors the strrsm o! bu• cydu to 
determino il it is ,el<-<tO<I for t~u c~n-t>ot bu• cyde. 
· The slavo may l>e p•rformh,g ioternJI operotiun• 

whik in tho idlosl-11<~-
The u""rtion of SL,\V E CLR• force• aU slavco in· 

W the idle •tat.e. 

2-ti 2.2 Slov< .-tup 

A ol•s• mo, ... from tbo ole ve id le •l-lll.e to tloe ""'"P 
stote, S,. whon it has l~<en ~<ldre;ced ~-v th" our..,.nt 
bus qde. Thh is an o~"''"lion intemal to tho s~.nvo 
which set.. up o dato tr~rufer with a bu• ""''"''- \fa 
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Fl~~'" 3. Sino lnlo<heo 01111 <llo~.-am. 
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olove con (0].,....., opuriouo ""-noit.io"-' from tht idle 
ot.llte t.o t~o .. tup '"'"'· t.':en t.~o dtvice oe!oct oiiNl 
,,,. 1>< d~.d '""tic.otly lrom the oddreoo and '""'u' 
bu;o;. !f a dovke cnnnot tul"""' opuriouo <ranoi<ion.o, 
the don~ oeloct line ohould boede<:OOed in «mjunct.ion 
with t.':o o tatuo valid ouol><. pSTV Al. •. 

IJ o.vnchroniLatioo io r"'luited by the olave bofo~ 
the dota tranolor <=y t.!lko place, the , .. dy line io 
0 , 0 rtod falso d~rhg thio oUI<e until tho dovico ¡, 
r.ady for dau tron>le,. 

2.5.2.3 S la o~ road 

DaUI /rom th• oddreowi ,¡., .• ;, gated ont.o the 
doto bu o durinr the olne rud suto, S,. The gono,.. 
ali>..d reod strobe ¡;o-.mo tht transition to thio OUIU. 

Whon devico oolect b<com<> fal>< th• ola ve re turno 
to the id le >tato. 

2.5.2.4 S loo~ wril< 

Dota lrom tho curren< bus"''"'"' lo "Titten lnto 
the olnve during tho active ~riod ol the g.c.eroWed 
wdto strob-e, pWR•. 
Wh~n de.·1cc oelect becom" falso tho olo..-o re turno 

totheidlootMe. 

tronofor m.oy b<! OOC<lmpli•hed by two .. quont.ial 
single-byte tra!Ufero. 

The curnnt bu• montr roqu .. u on S· bit tronsler 
by not "'"rting sXTRQ•. 

nyto dato outpu\ ltom tbe mast<r to the addr<ooe.:l 
slave ¡_, aooerted on tho doUI output bus, 000 
through 007. 

Dyte dotA input lcom the oddruoed •lave Lo tho 
~urront bu• ma!ler ;, """"ed on tho doto input buo, 
DIO through 017. 

2.6.3 16-bildotapa<A• 

Tb• curren< bu• mo5t<e reque•<• a \6-bit tran•for 
by uo~rting •XTRQ•. 

lf the odd.-ened si ove¡, capablo o! • 16-bit p4111llel 
data tmnslor, ít aosortOSIXTN", u ohown in tho tim· 
rng dio gro m 1 .. o pago SZI. 
Si~t.,.n·bit do"' tran•fer io then tonducted vio the 

gangeddatobuseo,whoreDOO,. DATAO,andDI1 
~ DATA\5. 

2.6.4 M o mor-y orga~i<olio~ 

2.S.251nf<T"-'P' "q"'" I!Cto Momory de>·ic., oapable o! l>oth 8-b1t ond 16·bit 
porallol datA tran.<lero aro orgdr.ll•,d . ., ohown in 

J f o olove r<quir•• oondce b;- a bu o ma•tor, an intor· f'ig\tre •1, o; two banlco of 8·bit memor¡. o high-byto 
rupt r<QU<>t moy b<! ¡¡~n~ratt<l by,:ho slov"'- Tho Í.O.·- b.>nk anda l<>w•byte bonk. Th .. • data ba~h moy 1>< 
tern~pt should bo hold activo unhl tho •l•n ¡_, ,.,. octivated eithor togoth<ror oepuot<ly, depondingon 
vicecl, or until Sl.A VE Cl.R' io a,.crtod.. tho conditíon of the oixte<n roqu•ot ""'"" line, 

sXTRQ*. 

2.6.4 1 Bytt l't(tr•n<to 
Slave intorfoc.o need only recein ond gonerote 

thot ><~h>ot of bu o oignolo ne<:essary for communica· Wh•n oXTRQ' i> not o"erted. m<mory ref•tenceo 
tion with maoters. lll'< omgl<'byt< tronolero. 

2.6 8/JS.hit doto tmo>lor p<otocol 

2.6.1 o., • .w 
lmpl~montation of the 8116-bit do"' tranoloc pro

te<ol ollow• both S·bit ond 16-bit poraU•I dota 
tranol<r> over the buo, and honce ~llowo both 5-bit 
rn .. ,.,. and !S.bit maoton ond ol.-oo to «H"'"' in a 
oin¡¡lo o;-steO>. roe l6·bit transl•ro t.~o two unidirec
tlonnl S·bit dota buses aro gangod Lo lo"n a oi.,gle 
16-blt b1Cire<t1on•l dat.3 bu•. 

T"'O linos aro usigned to control t.ho goc.gingol the 
data bus: 

11 oXTRQ•. stotuo ou:put frorn the """"· which 
indico<eo a ~~•ot lor 1 ¡.¡..bit dou ,,.,.¡.,_ 

21 SIXT:->•. an ockno,.l.dge icput to the!n4Uer. 
wl-"<h indicotoo tha¡ • 16·bit dau trar.olu io 
poO>iblo. 

Uoo ol th< •Ut...-n ad<nc"led~• ~~~ SIXT:->' ~·
mJt• th< "'• of tl>n•~t ¿.,¡¡¡n .0-0it m<mory boord1 
wirhout mo6ficotion. Whon SlXT;o; • ¡_, falso, a 16 bit 
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The pm¡wr locoti~n in momory ;, ••io<:ted by the 
oddreoo output on addre,. lineo Al through Al5 
(A23 /or ooter.ded oddreMin¡: 'Y>I<mol. while tho AO 
Hne oeloet! the hi¡:h byte or the low byte. ,\0 oqual• O 
oeloct' tho bigh bylP o! tho 16-bit wurd, wh1lt AO 
equal• l aelects thelow byto o/tbe "'ord. 

See Fi¡;u,.., 5 lor addre•• uoage. 
In theB-bit modo, d•t• output !rom the ma""'· ~n 

the DO hu•. i• et>nne-eted to tho dat.a input lino• o! 
t>oth motnory bonk•: thelow·b~;te data input lineo.,.., 
conne<ted <iiroctly 1.0 the DO bus. ar.d the high-byt.e 
data input lin"" ••• connt"Cted to tho no bu• via. 
t wo-to-ollO nmltiploxer controll«i by sXTRQ•, 

Dat.o output from the momory bar.ks is routed to 
Tri-St.&w.t bus dri,·ers A and B in Fic:ute 4. Ono of 
!hose drivoro is enohled when tho r<•od >trObe i• oo· 
tiVHl~d. <{ependin~ on the condition of AO. Tbo •e
ledod byte is thus available to the maner on tho DI . .,. 

• • 
2.6.4.2 fl' "rd refe.-.:nc.s 

When aXTRQ• lo asserted by tho moster. and 
SIXTN• ¡, &'!ert•rl by tho si ove, memory roferencos 
01 o douhh•h)·le tron•fors. 

Addte,. ¡;,._.,A 1 throu¡;h A \5 (A23 in extended ad
dre» •yotemsl sel..:;t th e propcr .,·ord from momory. 
The condition o! the AU bit does MI ontrr into thc 
dcrodinr, '" oddres_,¡ ng for word relo'<noos. 

See Fi¡¡ure 5 lor addre•• us.:~ge. 
In the 16-bit modc, du.o outpot lrom the buo 

master io "'"Prtod on tho ]6 sir:nol line• ol the DO l•u• 
ond !he DI Los. TJ,., lnultipl<•xor oo tho dota input 
lines now routes the hi¡;h-byte da U., on \loo DI bu o, 1.0 
th• dat~ input linos of the hi¡;h·byte bank. Low-byte 
data, on the DO bus, io conneo:ted t.o tloo dat.a input 
·linos oltbo low-Lytu bank. 

Dala output lrom the memory banks io rout.ed 
tlu-ou¡;b bollero A and C to their ros~tive dat.o 

rT•I-Mot, " o '""'"'"' o(-~"'""'' S."'i«>odV<tor. 

;. ~-::- .. _, ::·: . . 
l' . :-.. ' .. 

-· .. , '":" :-- ;-.-.~.-,;:_ ;~~-.., :-· ·- ,, ' 
' ' 

"'""''""'""" ¡>:>- . ., ... 

~·1 .,.,.,.. 1 ¡·-
;- :·:--.--~ --,;...¡J ~ . . . . 

,_m . ., "' 

- ... 
; · .. 

"'"" 

.. "'"' "' .... ...,,,,..,, 

• '. > .·, • 

~-!>~;.·: 

----~"': - -. . -- .. 
·-' 

Fl¡¡~,. 5. 9116-bll oddro .. oro<! doto u .. ve. 

pnths. Both A and C will be o~obled by the read 
•trobe. 

Jmplementatio~ o/ the •~'<leen odmowledge line 
a]]ow• the u1e of 8--bit memory boru-d• in o !S-bit 
sySh'm without mod.Jfioatinn. hut Wtlh o rrduotion ;,, 
moximum s.'·•tem bondwiclth. 

1 1 1 16-btt mo><er requeotsa 16-bit translor. b~t th• 
oddressed ola ve;, MI oopoble olouch • trono/e,_ the 
sixloen acknowl•dgo lineo will not ho B>Sort<"<l. 

Thc m»t« wiil ,e.pond in o no ott wo way•. by ¡;en· 
eroüng an ~n-or trap ot by conducting the ¡rons/.,- in 
b¡·l.e-•oriol la•hion. 

2.6.!>-J 8yt..strial •~•pons• 

1f the 3ixtoeo acknowledge lino io not ootivatcd 
_ alter o apedlio•d period, cirouitty rn"Y be ind ud ed on 
bu• master• lo conduot the tegu•stc"<l 16-bit traru!er 
as two con>ecUti,·e byte ope,.,tions. thu• ... emblicg 
th~ '"''"<Sted 16·bit word whilo holding the m.os«or in 
a "·oit ,tiite. 

For thi; pl"QOO!• to occur. the ,;__.!..,o acknowledge 
line mU•t meet tho timing spoci!lcati~ for the ready 
line inputs. 

1 f drcuitry does not uisl on the tnost.er to c:onduot 
t~o n·quosted lO-bit trn,•ler •• t w~ consecutivo byte 
o p<'<ntion•. on otror oondition shoU r~!t.o\timrn«iiot.e. 
ly, with ER!\0!\' a;>ert.e<~. 

2.7 Fundomontul bus oydo timln!! 

This sect.ion d,.als with !he lundomental timing 
con«'P" involvod in the •tandard bus oyde. Detailed 
opeeification of the tirrung parai!l<'Ur; discuued '-" 
thi• oeetion is ghon m 3.8 ond 3.9. 

The otandord lms cyde i• apseudo-oynclu-onous o y
de, thot is. the timing o/ the control oi""al• bears a 
spe-c\foed re!;otíonohip 1.0 th• ma>ter •yst.e=o dock<;~. 

All dota t.tansloro, includin¡; read or write <ycleo, 8· 
or 16-hit traru,f~r>- momory or inpu~'output devke 
trano/oro, otnd in..,rn:opt acknowledK• ru-e conduct.ed 
on the bu• as • otandou-d bus cycle. t 

Fi¡;ure 6 •howo tho lundomental timing lora 1'-'-h· 
datd bus cytlo, ""ith • oingle wait $1.-0\e insorto<l by 
the oddre•'Wd tlavo. 

The W¡¡inning ola now bu o cycle io ind.ic•t.ed by the 
risiog ed¡::e ol the pSY~C signai. -..-hkh dooely fol
lo,..·• the ri•in¡; ed¡:e of the •Y•tern dock, 11>. 

The oddr<O> and statu.• buoe• •r• danging to their 
valueo lor the now cyde during the beginning ol the 
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pSYNC !nte,.,.ol. Shortly alter thoy can be guaun
teft! otable on tho htl•, tho ot..atus V>lid "robe, 
pSTVAL', i• ,,ottod. pSTVAL', decod.d in con· 
junction with pSY r,:c, indica tes lo all bu• •la veo that 
>table •d&e., anJ oto tu• may be •ampl.-.l /rom the 
bu•. 

n •• ro•ition o/ th• ''"''"' ,-.~d strobe .. ~thin the 
pSYKC inleo"\"ol h lnd•p•n¿eot el the >y>tem clocl<. 
"'· Thi• affon:!o tho deoiguer ol bus m"'''"'" coo
,;derahlo flexibility in inted•dng- d.iffeHnl p,..,.. 
ces.or> lo the bu•. Tho >latu• volid !lrobe ohould be 

"l">•ition.d within th pSYI-OC int~rvalsuch thot the 
dolo. y betw""n gu.,-ant.e.d st..ltus on the bus ond the 
octivation of the oto tus nlid otro•~• is •• do•• to the 
,;nimum •pecifico tion •• po,;¡,lo. thus maxi,;zing
memory ond d.-·ke occess time. 1 

b orokr to P'-'""'' fahe cyde sUrto in bus ola veo. 
o~ly o"e negoti,·e O<!" of the "otuo •·alid stcobe moy _ 
occur w~ile pSYNC ¡, """'tod. 

lng, but moko dil!e<ent uoo o/ the status bi,. and tho 
oddress hu•. SH Tobles l ond 2. 

The generaliiod read stmbe pDe IN ;, usod lo gota 
data lrom on a~dros>.d ,¡._,., cnto the dot.o buo dur
ing a read operat\ort. The reod "rob• \o o»erted trtle 
by tb~ bus mo•ter alter • minim~m 'l''•cifiod timo 
from the as><r(ion of tOe >lotuo 'alid otrohoo. 

l t io b•lJ tnl< during ony in•ert.ed wait •t.ate.. ond 
f<tU<M to the !o he ;tate. ,.:urr.ing the d~l.a buo to 
th e higb imp<"donce ~'-" l<. ~~ ortly be foro the addreso 
and status buoes ore allowe~ .lo chango. 

2.71!.! G<nmú 
. 

Th<re aro twn ¡><>>sihle typ., of ,.-rit.e cycl<> on tho 
bu•. a m•mory write C}"clo ond •n oulput cyde. 

n .. e '"" cydeo ue >imilar,.;th re•pect to timing, 
but m• k e ó/!ot<nt use of the sWitus bilS ond addre,. 
bus. A specia] writ" strobo, MWI!.T. ;, G'nerated for 

Addt<!O ond <totus ln/o:-rn,tion is thus st.ble on 
the bus from the nogati'O tr&Daition cf tha ot.>.tuo 
'"•lid otrobe during pSYNC, lUid is hld •t.oble until • • 
'Pffiliod period altor the trailing .dg-e el tho dota 
otrobe lpDBIN in the reod """'· ond p\YR' in tbe 
"rir.e c~••l. TI-jo bold time •~sur., thot fobe 
olecodin~ of the edd.:e" ond '"''"' inlormotion wiU 
"'" oceur ot !he •~d ol the bus cy<le. 

· m<~no,yc~d••· · 

2. 7.1!.2 TM uHÚ# ,,...,¡. 

.. Tbo gen.,allzod write strobe, pWR•, i• use<! t.o 
- wrilo data from lhe ~ata~"' in lo the •dclr•"~ bu o 

The >ixteon acbo.,Jodg• lino, oince it rnAY bo uood •lo ve. The .,.,.¡te otrobe moy be ""''<ed by the master 
to pl~c• tho buo m"''"' in o wait ot.ote ..-hil~ a re- . altor tl>e complotion of the pSY:-.'C in te,.,· aL
questod IS.bit :ron•f« io conduetod in hytNerial • Dotaoutonthedat.abuomuotbeguarant<.Wvolid 
[.,hion. io oubject to ti" o. me lim\n¡; conotroint• as- for • •pedfied period both be/ore and after the activo
the ready lineo. --- ·- tiOn of thé"Writo otrob<. He neO, oithU th< lo0di<1i or 

The ro•dy lL~•• or< llr¡t •amplod by the bus muter tl>o ttailing odp of the ..-,.;¡e >!robe moy be usod to 
on the rioing .dge o/ the o yo te"' cl<:<:kdurin~ the BS 2 >ttobe dota into the addreuod slovo. _ 
o tate. and 11 ~cthe. the master en ten a "-oit olA te, Aclclre<Sand •Utus ir.form"'ion "'"'' beheld volid 
>1.mpling the re !Id y 1\no once ovecy cloek cyde on tho:;: Jor • >P<'<if~ed l"riod of lime lrom the trailing odge o/-::
ri•ing edgo o/ the •y• le m do.: k until tloe ,lave i• reody the write "robe." 
/or d~'-' <ron.f•r. 

A m.inimum ,.tup timo lo<!ore the ri>ing .d~ol the-:
'Y"""' <lo.: k, •nd • mlnimum hold time ofte' ••m¡>
lin~ lnU' t le m<t for \ho• prop•r nP<"ta tion of the r.ady 
lineo_ 

The time lo<tween the ootive ...Jge of the ototus _ 

'1 " n. - "· " 

-------------
1" al;d ' t r.>be O nd t he ••mpling of t h< <O od y lioo mo y be 
I"<'Y >hort. ll•noe. it ;, r<'<Omrn•ndod pc.c<k• not to- • 
moke •"•ction of tl.o ready line dependen! on -
pSTVAL'. 

D•"' ""'P"'· ,¿¿,_.,, ltZld ot.atu• ue held •tobl~ 
duri;._g woi< ''-'"''·-· - :~~;~:: ~~:c;7'b~~ .. ~~~~~~ ~ .. ~=-=-=-=-~~~"-=-=_: __ ::_ 

TI-,,,. ><e fcur t¡'P"S el re-ad g·de.: op-code fot<h 
1\ll]. mcmury read. input. and int••rrupt .dwow
l<dge_ Th,. cydeo •re aJI sirrulu with '"f'K: lo tim-

. ~ ... "'"' ., ,;.,.., ""''"' """"" ..,.,.,"' .000 ,...... .. _ ¡,.,..,, 
"'~" •U o> .• o;-if~•"""' •• • ""u ,,¡Od '"""'·"'""·''-M 
0..o.J o "'H 1 \ 0< ;.., > C_> Ú> >;>•ni" " loo ~ ' l f.o" 1 m<4¡;<o 000. 

J"Jy ,~,~ 

__ ., __ ----- -. -· 

~ fooo•• 
~ l,., ... -; 

=x 
~~-4¡ 
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1 

o l 

- • ·· buo control from tbe pumonont buo moolllr too tem
porory buo mutoc fcc on ..-bltrary numbOI' of buo 
cy<le•, ond tho retutn cf control to t.hepemw~en\ • 
mooter. 

Wbileth. ¡.nonlizod wrlt.o olrobe io o~Uvotg) for o.ll 
.mee cycleo, tbe molDO<)' wrlt.e otrobe ls octlvated for 
memary writ.ocycleoonly, Tho me!DO<)' wrlle otrobe !o 
uoually ¡¡enented by front·panel devWoo, !f thoy hiat 

Th.,. two ClpOI'Otlons on: 

in Uto ll)'>t.em, u 1 function of bu• memory writ.o or 1 U The buo t.ro.nofec pr'OtOCGI. 
- • front·pe.nol deposit. lf front-ponel devieet do not hiat ~,- 2] Tho ..-bltnt.tiOd prot.ocol aman¡¡ oimult.&Deoul 

tbe momo<)' write llrobe must be generot.od bua r-equul«'a. 
ll<l<DOWbero in tbe oyotem. but ot on!y ono polnt. nu. 
citcuit ohould be deoi¡¡Ded oueb that Lt pncnoteo tboo 
memory writ.o otn>be fot o.ll buo maotets. Jumpon 
ohiD be pn>Vided to o.llow oxt.n circuit.o to bedi ... b!ed. 

The memory wrill! otrobe, MWRT, lo delined u: 

MWRT- pWR ·• -.oUT: U-;,¡l~ oquoli<>~ 
tbot is, 1110mory write io truo ... heo pWR 11 troe and 
.OUTis foloe. · 

The momory wrlte otrobe muot follow the pWR• 
otrobe by not more tbon 1 opedfied period. f 

• o 

28.21Gntral 

•-· WheD 1 li!mporary bWI I%UIOtel' hl• bottn ¡r.u. 
c.ho buo by U.o ponn&D""'t buom.ooter, 0011\.rol must 
be tronderred to tbe ten>porary maoterin oucho "'"7 
thot opuriouo oi JlUII• are nDI. ¡eneroted on the contrnl. 
output lineo, couoing false buo cycl ... Sin~eoome of 
the conlrol output ol¡¡nalo lnl. of ¡iositivepolarity,Cll• 
en .... .,.,.. muot be takm ho;thlo opan.tloD. In 

-.. 
. 

• ~·-·~"' pneraL U.. opedfled W. tr ...... fer·protoa>l oe
compliohes t.hlo by havin¡ tbo pennanentmootei'J.Dd 
tbe tempor-ary muter drive the <:»otro! 0\ltputllneo 
olmultaneouoly ot opecified levelo dwin& the bwo 
tranofer. 1'bi. oecti<;ln deseribu t"'o opedal buo open.timuo 

rdat.ed to DMA opentlono, thot 11, tbe tronsfu of 

'"'-' H~ ..... WWRT o«<bo!o» ...... ..-•104 by f.-. 
,..,.¡.;..;... to o«<mplub ,,..,_., ''"""""'- lo oo<llo<o ... U. 
WWRT """'" ;, ........ ~¡,;¡, tO. -1-poool holdo 10. CPU lo o 
~,;, ,,.,.o.,ior • '"''"""', .. o <r<M. No\<'""' tho '"'" wU!Ot
dnto o ,..o cy<1o oM tho pDBI~ '""bo wUI bo .. ~.._ 

Wlúlo"""' ,, ............. ,...........lor "" ., ........... "" 
- o1ooo1o1 '"""""" to MWRT., ...U "pWR•, k lo--
-l>loiol ...... '>',_,,.,_wlll.,.;ot-tloo~ 
dou .... Af,..l-po""""""'""im,..._oto<lct'-"'_......,. 
"'"''"'·"''"-o...:lioU>thoCPI,I. 

.. 

"' 
.. . . . " . ·--- ---·-·. 

- '. -, __ /,_,...,_. 
' .. ·.· .. .; . _,_, 

28.1':~· l~{fT ',""' d~- ·-

Tito buo trono fu 'opuation oho.ll be implemente<! 10 
u to ~onform to the bus tranlfec ot.ote dlogrom¡lven 
Ln F!gun 7. 

28.23.1 Idlo 

11 o temporary lnA!ter desirQ U.. buo. ond HOLD 
11 false ond. pHLDA U fa!M. tho tempot"ll}' I%UI5tCr 
onl.uo tbe otbitroli<>n ""'1""11010,, 111bue !t c:onteot.o _ 
with ol.boc buo requ.,t.éi'S fcr cont.rol cf the buo. 

Detailed •P""ifioation of thJo p...,..a U ¡lv.., ID. 
2.8.3. 

28.23.3 Bu• ¡¡-1 

Priority .... l'tions on U.e Ubltnttlon buo Htlle ID. 
tbe Lnw-vol bet,.een tbe oooortion of o bold re<, 
ond o hold oc ~o:,no..,ledgo,. At U>o rislng edgo, of tbe bold 
ockoowledgo, oi¡nal tM buo ;. cronted to tbe hi¡heot 
priority roquooter, enablln¡ the buo tronslot <>¡>er"a· 

ticn fm thltroqu .. tcc. 
11 tb• buo U not cro.nted too requ .. ter, th.ot,. 

queol« ntUl1to to tbe idle otot.a. 
11>o buo ¡ront otote ¡, tetmed MINE. 

COMPUTER 
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2.8.2 .• ?.4 Tron•f-' ""'' on<, XS 1 
The buo trano!O< "''~"'"'" be¡¡lno ,.¡¡h tnno/or 

o<ate one, XS l. Tb. buo <r=f.r con<rol ci<cuit 
userto the follo~·ing oignalo togothor; 

11 ADSB" 
21 SDSB• 
31 ooosn• 

disabting the addre,, statuo, and data cutput 
dñv<rs o[ tho pormonent bu• "'""" and enablingthe 
control output drivers of the temponry m.ooter. Both 
the perrn~ec.t maoter and the te:nporary mas<Or.,.. 
now dri,·ing the con"ol output lin.,. íhese lineo are 
roquired to ha.· e the /ollo~·ing le velo durin~ thio time. 

Si¡¡=/ 
11 pSYl'C 
21 pSTYAL" 
31 pOI! IN 
~~ pWR• 
~~ p!!LDA 

Logic $/4,. 

' ' ' ' ' 

El•ctricol/rv<l 
e 

"' L 
H 
H 

The <ronof.r o tate;,. torminated by the assertion' 
lby tho bus tmnofor control dr<uitl of the CDS!l" 
line. dioahling tho wntrol dnve"' of tho permo,.nt 
mas\ er a nd enabting theaddruo. >tatu s. and dat.o out 
drivorS of the temporary mo>l<'- Th, temp<orory m.,· 
tor now h,. cmnplete <ont,ol of the b~• ond begino ;., 
fi"t bus cyde. 

2.8.2.3.5 ¡¡,, cyd .. 

Any numb.r ol !tandorcl bu• oyc\01 "" then ron· 
ducted by the tempor:u-y b~• ma"er. Bus control lo 
never tfanslerrod bet-.•.-t••n crd ... When the Lem· 
porary mast•r is done, the proce» pr<>eeeds to XS 11. 
<rao•ler state two. 

2.8.2.3.6 Tnuo<{or """ ru.-o 

Ttot!•ler state twa, XS 1 !. io the mirror image olthe 
><qu'"'" in XS ! . The ""'' b•¡:in• with the roloooe al 
tho C l>S B • oignal, •~• bl1 ng the cant rol ou t pu t ¿n, oro 
o! tho l''"'""""nt ,....,., ond <lliabUng tho oddruo. 
o tatuo. and dota output drivers al the temparuy 

m•""'· 
Both the tomporory m;otor and the permonont 

master drive th• COntrol wtput lin•• lor the "'" 
moind<r ol XS !1 at thele .. ls pre,cribed lar XS l. 

The ""' io onded by tho releo .. o! othec diooble 
oig-nnl• ar-.d HOLD•, enobling the addn.,, >tatuo, 
and dato out drivors o~ tl·.o p<moanont "'-"'"'· and 
di s a b!in g 'he control ou <pu t dn ,-., • of t he t< :<>porary 
muter. The p<m>aneot master now h•• complote 
oantr<>l of the bus •nd the t01nporary moot<r roturno 
to tho idie otato. 

Th~ fur.damont.al t~-nil>g rolation•lúp• lor a bus 

-s.. ,., •• _. '"<1-1•• !. 

.Jyly 1919 

tranolor ond a oingle DMA buo cyole •ro given In 
Fig-Jro a. 

Relotion•hip to th• bu o tnn>f<r stat., lo •1-.ownln 
bo••• at the bot'tom of theligure. 

Do to il ed , peoi !ka tion of t hoo< ti mes i o giv <n i n 3 .1 O 
and Tablo ~-

A mínimum time b-etw.,n the ri•ing ed~ of tho 
hold oobowledge oi~al ond th< a"<rtion ol tho 
disab\o ,;~__.¡. in XS 1 olklws time for C<>mpletion o! 
tho procediog buo eyde. 

28.2.4.3 T0 v 

Tho timo thot l>oth tho tompor-ary moot<'r and \he 
pe:-mnn•nt mastor rr.ust drive tho cantn>l output 
01gnab h.oi a op•<ifiod mínimum to """" • omooth 
hu• tranoler. 

A•><rtion of the XFER !! oignol. or CDSB", lo 
sped!iod relotiv• to the rioing edge of the •yotom 
dock, e. oo that the assortion of thi• oigotal may be 
used by the temporory rnu\<r ••_ a cydo •t..-t si¡nal. 

Tho "done" >ignol i• o oigno.l intern-1 t.o the to•n• 
poury mastor. ThJo úgJ'Ial should not be n~rted un· 
t.il tho hold time for dato output, •'-"'" .. a~d oddreu 
•ignalo in th• o<.ndard bu o cy·ole hao b<:on met. 

2.8.24.~ T,..¡ 

Compl•tion ol the rev•"• bus trnn•!or XFER !1 
•hallpreoede tho re le• se <>f the pHLUA oignoJ by o 
mínimum >pecified time. 
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FlguTo 9a. Ous a,bll<a!lon dl•grom. 
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.. "'"" 15 

'"'"""" ''""" ,, '"'",.¡' 
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r. ''" '"""""" 

Flgu•o gb. Buo orbl"•llon ''""'PI•-

2.8. 3 Bu• ru-bir"'rion protocol 

In A system "hich ollow• mor< thnn one master to 
"'~ tho system bu,, for eumple a CPU pemoanont 
mutoc and se,·oral temporary ma""'" •uch a> D~IA 
contro!lers ot multip!e CPU•. sorne m<an• must be 
provided to dotorm!1!e "'hi<h device ~;ll bo nllo"od to 
controlthc bu• oc on)' ¡;iven ti011e. 

The bus arbitration syown u•cs lour bu• Un"" lar 
arbitratin¡¡ among l G temporary mulero. Theselinu 
aro drit'On by open coUoctot driw:.:->. ~nd ore pullo<! 
hi¡:h by pullup rooistors. Ea eh tempor;,ry mostor hao 
n unir¡"e priority r>umbor whkh it """''' on the or• 
bitrn¡ion bu. atan appropriote time. A higher binar)" 
numb<>r indicotcs a lri¡;her priority. 

' The temporuy ma;<oro c<>mp>ce the prioritv ap
pearing on tho ootivt"low opon-colloctor bus with the 
priority the_v "'" o<'ertin¡¡. starting with thc most 
signi/icant bit. 11 disagreemcnt is dcl<"ttf'd by aoy 
t.emporary m.uter at any gh·en bit position. then 
onothcr temporory master must he a•o<rting tbat 
priority bit and thus must )¡nvo a hi¡;hor priorit.v. In 
that cose all ¡.,. >Íb'l1ifJcont bits ore remnt·ed by the 
detooti~¡; tcmporory rna>tor. All moro signif¡cant 
biu OL'l'e<, and thus ~eed not be r•rnot·f'd. and the bit 
which disagn....d mus\ hat·c l>t'<'n o O and thus wos oot 
""""rl<•d Leovinr, the o ¿,-,olng ¡, ts """'' ,-d rt'duce• 
system noi.<e c~u"'<l by t~'" reJistnbution of drü·rn¡¡ 
curronh in tho bus. and sph-<.IS settlin¡; o! the t<>rre<t 
priodty on t~e arbitrotion bu o. Tlüs proc~u ;, ~ oon
linuous osynchronou• pam]lel process. nut n scquon· 
tia! hit-üy·bit pru«·" "-' 1\ JllllY ;eem frurn the "b<Wo 
doscription. 1 noorr<ct comp•nson• will n<cur and be 
romo,·<'d as th~ bus line., setlle loras Ion¡; oslour bu• 
dolo y.• lnot .-.-latt<!tothechoieo of lour bu• linos) plus 
lo¡¡icdelnys_ 

Thc four ~nos whi<h co¡npri;e tic e nrbitro tion buo 
ar~ UMAO* tl>rou¡;h D~!AJ". where DMA3" is the 
'""'' oigni/icant bit. Thes~ lin~s. in oonjunction with 
HOLD• and pHLDA. control the bus arbitration pro
cess. 

An implementa !ion o/ the bus arbitration pnn..,ol 
is shown in Fi!(Uros 9a and 9b. 

Any implomenttltion·shall ot>toy the roles •urtl· 
l!ai"Íled in section 2.8.4. : 

• 

2.8.3 2 Bu• tJJbirmrion srm~ d•ftniáon• 

2.8.3.2-1 IWANT 

The IWANT state f• an intornal state for a t~m
potary master which h.os dot•·rmined that • bu• ac· 
ce .. is nocossary •nd thu• wishos to arbitro!< for buo 
<~um 
Ton~porary master> moy not uurt their prioritiu 

nor remo•• tbem ot arbitrary times. or th• arbOtra
tion bus may he in transition whon the r~oult is !leed· 
od. A lemporary master maY usert i~ priotitt- and 
the HOLD" bus rft~UUI ooly illl) pHLDA h not 
u"'rted lt.he penn~noot ma•t.er has tbe busl. aod 121 

Prc1¡ml .. ry--S u~¡t<IIO' '""" COMI'UTEF! 

' 

1 





• 

HOLD" io no~ o!ready ""~rt...d. Thi> Jll'"""'"' an 
arnplo time to sett.le tno ubitration buo befo~ tht 
gnr.ting ol the bu o on tho rioin!!' .d~o of pi! LDA. 

Tluo ochomo uoually rooul<..s in tho fint reque>ter 
"'innin¡; the bus. Only if oimultanoouo bu o n•que"' 
occur will tho arbi<rotion havo any .tf1'<:t. Thi>. 
however, is nct Unproboblo. >ince multiple Un>uC· 
co,.ful roqueotero .,ilJ ~omo oynchronizod by 
wonlng for tho lolling od¡e of pHL.DA. 

2./J.J.2.2 Priori.ty comporr >lo In 

The priori 1 y cornpori son·"~ tes , C3 throu gh CO, aro 
th• «ates whero oach '"'~""""' rnmpueo the priori· 
ty it io attompting to """' on the arbitrntlon bus 
wüh tho priority actuolly "" the ocbúotion buo. 
Though C3 thn>ugh CO oto oho~-n and ducribed •• ,.,.. 
quentbL tboy are actuaUy parall<l proce.,eo. \\"hilo 
disag<<'<"nent occms at any bit position, less si¡;nili· 
con< biu aro removed from tho o.rbi.,odon bus. 1/ no 
Jj,~g,-eernont po"i"• nftor the sottling time, the re
que> ter hoo the lugh~ot priority and wiJI be gr>nted 
the bu• on the ri•bg edgo of pi!LDA, prC>O<eding to 
the stau ''!,fl :-:E'', whe~ the bus tran>f<r be¡;hu. All 
requesten continuo to AS!ert t~.eir prioriti" on the 
orbi"ation buo until tht• folling edge of pi!LDA. 
Thuo the ~dotity number of the ourrent bus"'"""' is 
.-·o.ilable on the D~!A bus wbi!e p!lLDA ;, true. !1 
the p•mnonont ma.ter hu the buo, plll..DA "ill b<t 
f•be. 

A temp<Orn--y master that win> the bus mntinueo to 
••><" ;., priority and HOLD• until iu bu• cydo. "'" 
oomplete. A tomp<Jracy muter that losu the b~s oun· 
tinue! to onert it; priGrity biu r.ot tumed off by tho 
acbitration proceS3. but muot romove ito usertion of 
the HOLD• tin•. •o thnt the winner may indica te that 
lt is fmishO<I by rolensing IIOLD•. A loOLng roquo•tor 
in tlu• otat~ is •oíd to la in tbe "W A IT" """-

2.8 3.3 B~• orbilro!io~ limi"g r./orio"•~ip• 

Fig\lrO 10 ohow• """ po.,il>l• oaoM o/ tho bus or• 
bitcotion pro<:odure. The ILrol of th<>o is a ca• e wh~ro 
the requ<>t« hos na oomp<titio~; i< requ .. u tbo bu• 
and the bu• is !i"'>n«d. Tho '""""d oas .. how• the,.... 
qu"'"' waiting for the bu• tobo r"". ••bitrahr.g for 
the bu! and iooing. ~nd orbi.,ating for the bu! and 
winning. 

• 
tion "''ult io docked by tho rioing tdge ofthe pHLDA 
oig:¡.J, oreoting the bus grant •ipal ~~ l ~E. 

Whon tho t<m;><>rary m.>stet io finiohed with tho 
bus, tho lii'ANT signa[ i• releo•«!. releasing tho 
HOLD• >ignal and reootling tho bus !i"'ant oign.J, 
M !NE. Tho pormanent n>ostor releo! .. the pl !LOA 
oignal. and oll osseruon• ue removed from tho u
bitntion buo. 

In thio uomple tho requeoter raio"' ito lWANT 
oignaL bu< fondo the buulr<ady bu•; • and rnuot walt 
to "'''"' ito bu• toquen and priority uotil tholalllng 
edfeofp!ILDA. 

The r.quootor arbitratos for tho bu o Juring lly 1. 
butanoth<r roquester hao a higher priority and the or
bit.--.tion ruult lSME io low at the rioin¡; odge of 
pHLDA, indioatin¡; • looo in the arbitlation procesa. 
The looing rt•quester r<"moves it> noertion cf tho 
HOLD• oif(llol. but continuo. to , ... " tho r.on-oon· 
flicting hi~h·order b>l:l of iu losmg priMity unlll tho 
!aWng «lgo e[ pHLDA. At the faiUng edge o/ 
pHLDA, the pro.:••• r<p<>to. but tlúo time ruulto 111 
a win for the requester. 

2.//.4 S~mmary a{ OTbitN/iOn pro tocO/ 

figureo 9A and 9B r<¡>r~e~t an enmple. neta,... 
quirod implom•ntotion. Any implemenution whioh 
obeys tho r\lll'• may bo uood. The rulo o "hieh muot b<t 
obeyed by o temp<Orary mosterare: 

U HOLD" nuy be usort<d only wbon it lo not 
alroody ""ert.ed and pllLDA i•low. 

~1 HOLO• rnust be romo,·<.-d wh<Ol pllLDA dooo if 
onothor oontcollor h., assertocl high•r priority, 

31 HOLD• mu,.bo removed whenthooontrollerno 
Jongor n...d• tbo bu o. 

il Ptiority r:>uot be uoor<td "·henever HOLD• lo 
a .. ertod. ond muot r<main ""ort.ed untll th• 
nut folling edge of pl!LDA, 

~o· 

0'<0•_ A . ..... 
''"'--"" 
"" 

• _,.\1 

1 

When the tempor.ry mootor d<t.rmin" thot it ,,. ~•·' "" "" 
qulr" óe bus, it rOJseo tho interna! >~g-n•l [W A:-IT. 
In tt.i• ""'"· the r;,;~g «!ge of !WA:-;T fbds tbe 
F!i LOA oi¡¡::ol u~a>!<ct«!. mnni"g the perm.ac.ont 
"'"""' hu the buo, and the HOLD' oig-nal uou· 
oorted. m<oning that no o<hr done" aro reque,ing 
tho b~•- Tho tomporory maot<r "'")' thoo '"""' the 
I!OLD• >ignol ao~ "'"" ito prionty en the ub:tra· 
tion b~•. The !S:.¡ E "Po! i• the ~sult o! tho oub"u· 
tion P•O<on. ond ;, assertod il r.oM of tho hit·,.¡,. 
<ompamono en the ''bitrotion bu• fail. Thi• ;>rb>tr.J• Fl;uro 10. Bu o arblt<Otl.;n Umln; dlo;•omo. 
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~~ The priority Je,·el mun be us.nel<'Ctabl~ by 
•wiU:hn ond osscrt.<>d by op•n-<oii<'Ctor drive" 
on bus lineo D~IA3'·D~I,\0'. 

Gl The mosl •ign,fic.<nt bit of the prionty leveliop
pearingon D~IA3'1 must bccomporo<l with the 
priority .. oorvd. !! the line is .,.,,.,¡ low but 
not by thi• !O!n¡>orary muur. ollle .. SiPJilicont 
priority ~it os.crtiono must be romo,·t"d. 
SUn.ilarly, bits DMA2'. D~lAI'. nnd D~IAO• 
must Uc e.omined onJ poMible less •ipulicont 
con!licting bits romovod. 

7) lf no lineo"'" os ser tOO !ow~x..,pt thO>eu•erted 
by th.io tPmporor:;· mo•tcr alter sufl"icient sel
tlins tim•. this temporory l":laster hu bighest 
prmrity nnd moy ~ko the bus when pllLDA 
rises. 

B] Lo¡;k impl~ment.>tiono muot be such thot set· 
tli"¡; o! the orbitnotion drcuitry ond bu> will bl! 
complcto<l bctweon the 05!0rtiono/ll0Lll' and 
the riso of pl !LDA. 

2.9 lnterrupt wotocol 

Th~ purp<>se o! &n intefTllpt >ystem i• to ollow 
pcripherol dHicos to <U>pend the op<rot.ion of o bus 
n>ootRr in nn utrl<·rly wny nod to tC!JUCst thot the 
n1oster •orvi«• \he requostin¡: J>t·riphernl Whon ser
vice i• comple<c. the bu• mA>tcr retmn> to thc o¡><to· 
tian from which it was intcfTllptod. 

The intorrupt protocol io romprised of an S·lewl 
vecUlrcd inlt"rtll]>\ systcm and a non-rr..,koblc i~tel' 
rupt. A oom¡olyinr; mn>l.t•r nt-cd only implcmenl 
JNT*. 

2.91 V.-cto..-d i~t•rrup<s 

29.1.1 Veotot"Cd interrupt ,-,.qu~-•t• 

Ei¡;ht leve!• of vectorod lntrmtpt tC!Jue•t• uc 
l,.ued on th~ n-cUlred intcrrupt lines. VIO• thru 
VI7•. where VIO* ;, tbe m<»t si¡;cifiamt lnt.trn.tpt 
priority lewl. \" «torr-d inl <fl1Jp\ roque.ts. ho,. t·ver. 
may bl! rotatcd. mnsked individ1mUy. or ""f•ncod out • • 
by thc ioterrupt c<>rotrol >lave. •n<l be~c• tho priority 
lov•l• otre not Hxcd. Roque"' on the VI line• ohould 
be u .. n.d u lovd•. thst i•. th•y •hould he held ac
tive until sen·ice is r~>eeived. A •lavo wbkh ~'"""-"a 
Vlline n.OO t11.ke no furtber ootion lo g<neca'-" an in
tcrrupt. ) t " """umod thot if in< errupt acknowl<-d~e 
tydeo occur. on int<m.>pt controUor oon-.ewhere in th" 
oy•~m -..-ill rupond appropriat~ly. 

The ¡;enerAii•ed inU.rrupt roqueot lino. lNT•. ls irn
ple=n t.ed u o commu:>ica tion lino bet ,.-~n t h o in tcl' 
rupt controller und an m<.errtopU!ble ma""'· Any 
slove or interrl'pt controUer. u>ing the INT' line. 
must re.pond oppropnately to any int<tTUpt ac· 
knowlodg"" cyd••· The l~tetTUpt cont,oU.,. io not re
quirod lo u .. 11->T'. A \"O'Ctoted interrupt may occur 
,..ithout J¡.;"T' evor being uscrted. 

The inU.tTUpt acknov;·j<-d~e cycle ls o stlllldard bu• 
r,...d cycle. The intem1pt acl<no,.·led!1" cycle roqu .. u 

\"O<toring informntion lrom tho interrupt controUer 
te be """ted on tho data bu o durir.g p!JBIN. 

Sinte no addr ,.,. idormation is .,sertcd <luring nn 
intorruN ocknowlt•ge cyclo. only ono int<rrupt con· 
troller may cxi>t on the bu•. lf multiple interntpt con
ttoUers exi><. they must either he ""daioy chained"" to 
avoid posoible buo conflicto. or poUed by U>e bno 
mooter. 

2.9.2 Non·masAoble interrupl (NM1') 

Tho non·masUble intenvpt isan optional control 
input to bu• m••ters. Thi• intem>pt is no\ moskable 
by a 'oftwace instruction. ~nd l~kes prionty ovor 
"\her intotTUpt re~uest,. Tho NM l <lino mny bo used 
in (he implcmentation of tho ·opecial co~d.:tio!l 

~nes.ERROI\' ond PWRFAIL*. 
N ;..11 • is an opcn coUcctor line. The bu , m• '' er sh al! 

respond to n•!>•li•·e going trnn01tions on tho NMJ• 
lino. · 

• 
2.10 Sp~ci::i ro~di<ia~ Un .. 

'l'wo spcc,.] condition lino•, PWRFA!l.• and 
Elti\OR•. are nvoiloblo on the bu •. Thcir use i• op
tionuL 

2.10.1 Power-{oil p•nding fPI\'RF A!L"J 

Thi• line indicotos •n impondin, systom pow~r 
!oiluro. It is •pccLfJOd c~nt tld• linv .<bail ho nol i-.1t.ed 
al lca;t 50 rnsocs be foro thc locnl voll.ngn rr·gula<ou 
drilt out o! •pccilication. 

The line ol.ays low until thP pow<!-<>n C:e~r !i¡¡n.ol ls 
activou:d Th.io itnplie• that cither a normally d<>•ed 
ro !ay ora b•tcery powered dm.Jit drivc tho P<'"'"' fcil 
lino. The circuit driving- th1' lme muo! rr>L·ot tho clec· 
trien! spedficatlons lor on opon coUe<:tor lino. 

2.10.2 ERRan· 

This is a genor•li>.ed ctroc line thot indic.1!.<• that 
tho current bus operntion i• produdng •n t•tror of 
oome oort !i.e .. momory parity error . ..-rile \0 pm
t.O'Cted memory. inobility \0 accommoclat.e &-bit 
o!av.,, etc.) 

The El\ROR' line •hould bo implemen:ed a; o trop. 
Al! rolcYont information about tho error-causing 
oyde-oddress. doUI. st.otu•. do vio e numbcr lfor t.em· 
poriU"f mostet5l-should he letched on the Jall.ing 
od~e of I::RROR•. 

ERROR" ls imploment.ed u on open coUeotor lino. 

3.0 Electric~l specifica!lons 

3.1 Applkstion 

Thls ..-ction d•fine• the eleotrical opccification• for 
interface deviceo to be u•ed in 5-100 bu• •yotems. 
Pro per operat ion o/ theS< de> ;e o • o !so d epend • on t wo 
othor foctoro: 

!) Shott phyoical diotance hetwoen dO\;ce:o. 
21 klativoly low de<tric.al ncix. 

'"""""''"1-Sw<>¡oot to RtvtS'on COMPIJTER 

... 



• 
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The olectric.ol •p•dfications [or the bu o Jriver ond 
«<•i vor ci ''-"" i t> do not implt • particular te-e hnology, 
unles1 otherwi!< not.-d. 

AU spe-ci~kotion• opplt over tho temperature 
r•ng• T, = o•c 1o 10 •c. 

Pow<r in 5-100 •YOtern> is distributeJ n u:u-<gu· 
loted OC powor ot thr~ voltog.>•. +8 •·olt$, +15 
~olt•. o mi -16 ~oh o. Because these •·olto&""' lll"• on 
oJjo«nt line• it is relotively ... y ID >hort theso linu 
on carcl ro"'o"L 11><rc~oro, bleod<r r-.i•tors '" other 
con•t•nt load• >Ufftdent lo disch•rlf" oll three oup-". 
p~•• <>pidly .,. r..:ommend.-d. -

3.21 +8 oDit 'i'•dfic.i "o" 
' 

lnstont>.neou• mínimum muot be ¡¡r .. tor t!-.an +7 
vo!t•. inotantanoous ma.Jmum le<O thon 25 YQito, 
and ovora¡;e mu.imum leso than ll ,-oiU. 

ln•tanturouo minim~m mu>l be ¡¡reolecth<n 14.5 
volts, in•toot"""'"' rr.aximum leso than 35 volts. 
and .-orogo ,-,ujmum Ir>> than 21.5 volt>. 

3.4.2 Driuu <p<dfkation> 

Low •tate ¡V od=, Dutput voltago l<>O thon or 
equal lo +0.5 volts ot 24 ntA 
sL"l.kcunent. 

High otate tV~HI: Outpu~ wolug• !/or octive and 
Tri-Stoto dt-iv•r>] greater Uoan 
or equol to +2.( volto ot 2 ntA. 

Th• l•olca~o cun.nt'for Tti·Siat.e drivers in tho 
high-i mpedonco ;t•te ¡, 'pocified os not gro•ter \han 
±25~A- • • ' .. 

The int.<cnol copacitivelood ola d.ri,-or oholl nct rx· 
ceed 15 pf ot 25 "C wh<ther in the ut.ive or the high• 
impodoncestato. • ,,__ 

Tho ri•e and !all times o! Lus ru-;,.,., ohould ¡,., 
tninimi:..-d_ >ubject lo3.3. 1 n no co•e •hould tJ,e ri .. or 
fill timos uceed M nsec al rat..d e>-pociti_. lo.od.. 

Th~ spe<:ific•t.iono lor re<ctÍ><r> o~ tho bu• sholl ¡,., 
•• follow.: ' 

Low >tale: 

liigh otote: 

A vol lago 1<» than or oquol t.o +0.8 
volto ,ho]] bo recogni:..d ., a low .... , ... 

lnsl.;>nt..o.Mous muimum must beiPO> tban -14.~ _-;:...'-' 
V<>lto, ln•t..~t.onoouo minimum grut<r than -35 

A ,-oluge ~-reoter thon or equol lo 
+2.0 volto sl>oll he recogni>ed •• o 
hish •tato. 

,.,¡,._ ond .,_., .. ¡;~ rn.i.•>iiDum • pea~er than • -21 .5 --Uus r..c~i,·•ro shaU •o~rc• no mm o thon 0.5 mA n--
volto. • 0.5 volto Oñd •ink i1o "ñ>Ore than 50 ~A ot 2A volu. :. 7"_ 

Bus rooeiveJS sboll ha.·ediode clamp oircuits to pre
v~nt ucuoin no¡;otive ,·olt.oso euunion•. -

Additlcnol noiso in>ti~un.iL~ is anordod by tho u,., of 
Other th.on tho power lin<S not<od abo,· o, all •iG"•lo Sc~mitt•type renl•·or circuito. R~omm<n¿.,; hys· 

on tho buo ore limil<d to pOoitiv~ ,ignol l"vd; IN>- • tereoio lor '"'h .e«ive"' ,¡""'Id be !;""''"' tOoo or 
twc-.>n O •·olto onJ +5 vol:., tnd rnay no! h~<·e :oode<l <qua! LO O 4 volto. ' 
ri,. or lall timeo ¡,, than S no«: o. 

3.41 Drioer <ypu 

3.6 Bidir•ction•l >ignol• 

Sorno lnterloe< •ignols, surh 0> the d•to bus, an 
coonbinod Tri-SUte &¡ver> ar.d reoeiv.rs. For ooclt 
ftlnction th~•~ de~ lo. o muo< mo;,t t1e .ame >f""CiGca
lio= •• .. 1''""'' drivo" and t.-ceher..--· 

The total interno! <.apacilive load for • Une trano· 
1) An acth·e driver, tither in the high olato ot ¡, tho _ oeiwr oh o U not .-e-> 20 ~f at 2~ •c. 

low ot•" or in <ronoition .... ruct hu thHopobili· 
\y tO O<<e~l <W"te~t in th~ low >tale ~"d \O pro- • 3.7 Co.rd-l<vrl boo looding-
,-iclo t"\lrrent b t~• hith •<•t<. · 

21 Att oper. colleotordn•·er. whkh "'iU r.ot '"'~' or Al tl.c cud 1" •l. the followbg ,pe<iflcotiono op-
rro•ide •~,.,.,~, in the h.igh ''-""-A 10000 :!: s-:-. p1y: 
puUup Ceútor to +5 •-olt or oqoi,-•Jor.t """' be 
pro,·id.d ..omow~ .... in the optem ~or op.o col· 
lector tin.,, Jt ;, r~comrnrnd.d thot tOe' e pollup 
"'i"Qrs be pro•-iC.d on the buo. l!O'"<'"et. irn• 
plm:tototion on the p<tm>nent mU\<r ¡_, ol•o 
a«<pt.oblo_ 

3) A Tri-Stat< driv<r." ~_;'~- ho, the c.¡;, hllit ~ to t>e 
in \J.< b,¡;h·irnp<·dao" """o' W<U., in t~.e hi~h 
•nd lo"''-"'-<>. 

July '919 

• ··------ ---~ 

11 Tho totAl c;~ocitheload on •~Y bu• input •hall-
-.::::_··not•·><:....d25pF."::.:- -· "-

21 A c-"rd "'-'Y not wo.:r<e moro'"""" 0.5 or-A ot 0.5 
'o::.s DO"Oni. "'""' tl-_., éO ~A ot 2.~ volto on ony 
,¡¡;n.o~¡¡,.,, ""1'' !<X D.'·IAO•. D~!A 1 •. D!>1A2 °,
D.\IA3'. Pl!A~Tm!'. Uld P\'."1\FAIL•_ On 
ti'"'" lineo • rud ""-'Y not oou.-ce m o" than O~ 
tnA at 0-'i volto. 

' 
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All buo Un .. ucept the power ond ground Uneo 
,..y bo unnin.oted t.o reduce tN. noloe uoizlg o c!Kuit 
oqul~alont to 

- . 
• " • 

when V .. 2.6 volto:!: 0.2 vo!to .,d R lo no !eol tban 
ISOQI:!: 6'!1.1. • 
·- OpencoUoct.orllnu,..y havttocombU,Uonpullup • 
IDd termlnltlon ocho""' using o c!Kuit eqaivokat ~ 

3.10 Reody ond ol•teo~ tequeot timin¡op«ilicotlo-a 

Fl¡¡ure 12 doplcto RDY, XRDY, ondSIXTN° tlD>' • 
lnrwaveformo durln¡; r-u.d and wtltecycl ... wlth pet'
tlnent Umin¡ pa:romet<n JhoWD. Toblo 4 opec:iliot 
tlut"" pa:rarnetera. 

3.11 Huoltanofet tlmln¡opodllcotloa 

Flgwo 8 depicto bus ltanoler timin¡ wovefon» 
wlth the putinont timin¡;-pa:rometeno sbo"""- Toble 6 
opedfloo these pa:ron>etera. 

4.0 Mechanical speclllcallon• 
4.1 Applieotloe 

Thloo.ection defines the mecluoaitalopecilicatioiiJ 
for otlndard interface oystema. ' ... 

' 
~ 4.2 C....ooc\0>" typo 

OIU COLtECTOA SUS UHE 

···~ 

wbeno V•2.6 volt. :!: 0.2 volt.o, R1 .. I.~Kll:!: 6'llo,ond 
R, should be 110 less thoa I!I.OIJ 1:!: 6'!1.).. 

-Y~ !lo depU:t. the r-u.d cycle tlming waveformo 
.-ith the pertinont timizlg pantmola"O ohown. Tt.ble 4 
opocili.., thell<l pa:rameten.. 

3.9 Wrlte oydo tlmln¡¡ op«i!iCIJtloD • 

-·. Fipr<o ltbdepict.o thowtltec).do tl.mlng--... ve:formo • 
.-ith the patinrnt tim.inr paramew-o ohoom. Tt.ble 4 
opecilieo tb- pa:rametera. 

.... ,,._.·. . 
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- The card 0<t¡¡. COIIIIK\or 11 1 IOD-pin !dual 60/ COit

niiCtOt wlth conucto spoced oD 0.125 • cenun. 1t 11 
ncmin.Uy deoi¡¡ned for prin\.ed drt:u!t boarda 0.062' 
tlúck. 

The <:Cnnoctor lo oubject. to th• opKific:otloDll in 
4.2.1 &nd 4.2.2. 

4.11 E~Nri=l ~n•id<nllion• 

1) Voliage rotlnr: 200 volto DC, 11\inimum pin t.o ... -
2] CurTent no.tin,¡: 2.5A pet C<IDt&<:t. 
31 ContaCt r-es!otanao: 60 -,ng rno.timum ot no.ted 

Cll!TODI oftez- 100 !nsertiono. ' 
4) lnoulation rviotance: 1000 MQ mi.nimum. 

u1 c.,~ll«"" •JiOrlrtl . _., . 
CoDnocton obculd bo opoted O. 7~ incl>eo -0.01 fD. 

cheo center to conter. 

' --1 .--· •• ·: 

--11-
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1 

,"r ·--··¡ ----. ~.-:' . ·-

..:--rt=::J ..__, 1-., -•• 
Flgu,. 110. Rood cyolo tlmlng dlo;,.m. 

1 ...,, ,..,....... 11-f 
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Toblo ~- Roodl,..rlto e¡elo \!mino puomo loro. 

~ HRJOO • 

<> PUL5E WIOIH HIGH 
• PUL$!. WIOTH lOW 

~<l.A~'" HIUH lO pSYNC ~IOH; 
~!UY • LOW 10 ~S"t lOW 

;SYNC PUL SI. WLUJH HICH 
pSTVOl' 1.0W fi<IOR 10 Q \OW 1l'JRI"~ pSYI<C 
pSTVAV PULSE WIJTH HIGH 
¡;~TVOl" F~LSE WLOTH (QW 
oólVAl' f•Lli~G f!M;l: P~IOR 10 ;SYNC HIGH 
AOORI.SSES Saou FRIOR 10 ;SlVAL' LGW OURI!<O p$Y,,C HlfiH • 
STATUS STASLE fRIOR JO pSlV~L',lOW OU!iiNG pSYNC HIGH 
pOSo• PULSE WIJTH HtGH 
OiLoiY pSNAl' Lil'W 10 pOS:N fiiGH 

ll<Ul ;t!!l'l LOW TO pSY~C "IGH ' 
H0l0 me¡ fCR A!l\IRCSS!S ONO !lA TUS Af1!:\ ;O~IN \OW ~ 

~EU.Y ;OBIN lllW 10 Si.AV( C·l ORIVf'.$ Hl-~ 

O(lAY pOBIN "'"' 10 SlOVE 01 C'IV!.~SAcm¡; 
C·E\.AY ;STVAL' LCW JO O•T< "AliU 

C•:J. V<liO SE! UF liME 1~ ;~G" lOW 
;"R' PUlSO WtOTH lQW 
CELJ. Y pSTII.ll.' lGW TO ~ .... lOW 

;;¡u. y rwR· '-'~~;o ,s,.c """ 
5fiUI TIME txl V<\10 10 rw~· lO.Y 

CO~O TIME <C~AESIEI. SalU5. ••;~ 00 "~" rw¡¡· "'~H 

• 

C[l.AY r"'R' L(:W 10 PJ.Y!T t-'~H; Of.[J.f rfiW "•G• TOl~Ol LOW- ·~ 

'ifTUP II'IE '"'· "0Y, STllh' 10 • Ft\1~~ -~ 1':.~ - -
"OUl TTPJ< ;;;¡y_''~'- Stn:,· <fi[~Q "I'"G "lfil 

···- -· ··------ ·--· 

... 
:r~ 

lll~.(NSECSJ 

'" 
"'" 0.<\:, 

" 
0.~-

o 
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" " 
' "" ' 20 ' - ..... 

•• •• • 
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7HO.II;t 

10 2h0.T\:, 
5'1:Clfl!0 BY l"._Uf<CTIJRR 
WCRST CASE"'-"'"""' fOR ~ll 
51_.1,.\"{$ A" O YIORST CASE 
~INI~U~ fOI\ AL\ ~-11(1\S_ 
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Flgu,. 1%. nmlng ol RDY, ~RDY, ond $IXTN' durlng rood ond wrl!o cyeloo. 

Toblo L 
8uo ttonotor Umlng pofOinototO. 

Dt:L.U pHLOA 10 ~OSB', SD$!', DOOSI' 
T1MJ: BOTH lEMPO~~~ ANO Pl:RMANENT MASTEP. ORM: TitE tONTRO\. 
OUTPUT LINES ' 
HOLO 11M E .WDRéSS, STATUS, lo.NO ().l. lA OUT OURINQ DMA CYCLE 
SETUP TIME, ENO Of SUS TRAASfER lO pHLOA RISINQ [OGE 

.. 

• 
0-~ ., .... 
• . 

.~ tii thefigure!oplll 60. P1n IDO cpPo- plD 
60 on the boock oído of the boud. 

~- Cir<~>lt bcanio ohall confonn to tbo board .úze opecl-
~ ~------Ji .. rocatlono ¡ivon In Figun 13. Tho «lgo connoc:tor pin 

Tola! board depth ohall not noeed O.ü '. · 
Nominal board thickneoo lo 0.062 •• ..... 

~: .. ,.·-¡ ........ ::·~~F -,LJ,Jlr.:.L.I-.1lll _., ... 

~:!l=: ...... ·· ..... , •. ,. ·• =+r· .. t. --
o"! [1\~--···-;·:·<·::::\:;.o,\'· !..!l! ·r L}lli 
,,.. ', Om~-<¡-·''.'~-'··-"•¡•t: •ttl ''\ O•OCI -i-0001" .. _Mt$Al.OGOUII(!OJ 
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. , __ _. ----+ ~:~~i:'u~;TI.'i'-
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Today's microprocessors exhibif powerjuf computing capabililies: Their characleristic 

differences favor each machine jor a dislincl por/ion of !he applications spcctrum. 

An Architectural Comparison 
of Contemporary 16-Bit 

Microprocessors 
Hoo-min D. Toong.and Amar Gupti 

Massa( bu>cll> 1 nsritutc of T cch nology 

. T he ovolution of microproce<sor ard>il«rt>re durin! 
rhe pa>t d«;adc has pro&ressed al an incr~drble !"«. 
From lh< primirh e 4004, inrroduccd in 1911, 10 1 he pr<s· 
enl 'speclrum of >ophiiiÍ<lrnl micro¡"'"""ors: th< 
growth ]1as boen swifr, drama11c, and olmos! rovo[u. 
tinrrary. T od•y's produers JlO»OS> a>lonioloing cÓmpula· 
1ional capabolilicsa nd >uppOrl prim>rj momories cft>pto 
6-lM b¡1<>. The)' incorpor•ro.high-le•d l>n&uages and 
I«hnical innm·ations oniY • «<ni]) intr;>dur<d on iargcr 
mainfra1nes. Microproe<""''basod sy.l1crn! now olf<r 
1-«ililios for dir«l >up""<l of mulrimcr/mulrita>l. en· 
vhonmenl1 and sophistl<•led o['<ralin¡ >Y>l<m im· 
pl<mtnlal ions. 

Thc curr~nl sinol<-<hip. 16· bir miuopro«>><>r marhr 
'has rhroo "''jor contondcn: 

• rhe B086 (iAPX 86): ~csigned by lnl<l; sccond
soureed by Mo>1<1< in lh< US and by Siemons in 
F.urope; 

• the Z8f00: designcd by Zilog: seoond·sourced by 
AMq in 1he US, by SGS/ATES m Et>t~pc, at>d by 
Sharp in A<io: 

• rhe ~ICMIXXI: d<>igned by ~lolorolo: •ccond· 
!Our<ed by ,\~ID and Roe\. ~di in 1lre US, br f.FClS 
in Europe, and by Hir.chi in A~a. 

So•oral of thcsc doviccs are also bdn~ prod,.<t<l by ,najor 
sysroms hou"' for inO<rnal ""·In ad<iirion, Na~ional 
Semiconducror has rccenrly announ<ed rho NSI6C\!() 
mi<ropr<><<»or chip lamily, o<hedukd 10 be introdu<ed 
during 1981. In lhe /ollo~in¡ f>M•&••phs, "'' ""mine 
and compare lh< archileolur<! of thc '~"' rr<><<»ofS. A 
scction i> do>'O"d ro rhe prdimin.11}' dar a on 1 bc N'l 1onal 

1 (/)(1() "''"· 

Geneial cha¡aC1eris1ies 

The char•<IO,illics of 111< ml"oprocc<>ors \r<ing 
,li«msed here or< su m mar i10J in Table l. 

The W~6. or 11•~ thr« ""'"'"'o''· th< 1 nt<l 80&6 is the 
oldest and simple<l. lla<kally, it i< an imp!O\·«<, ]6-bit 
vminn uf oh e MSO, an goSü t)'pe multipk«d boJ<¡, ••· 
pomlcd '"" 16 bil n«o;,,,¡¡,,,, '"in the ~osn, th< in
otruction> "" b¡ 1<-0rJentcd, One of ohe rnajor enbanco-.
'"""" i> a ,¡,_byte im"uction prd"ch queu<. Thio buffer 
f<c<l< inslrueüon> lo lb< exo:~noion unit in ei~h!-bio 

><sment>. Tlo< q"'"' d<eiOa\CS a~d"" bu<id•la ~us idlo 
timos by ptdmhing Jata, lhu• incre.,,n~ pro""or 
spood. ·¡¡,, 80i6 regi>tcr "'"'llore i< vcry similar to the 
sOSO'>. R<gi>l<" in bmh rnachin« •« spcd•l·rurpo~<. 
Rool<d in a ba>i< ~<sigo philooophY tcquirint "orac< <f. 
fo<icnc~. >pcdal·pUrpoS< rcgi>l<r> allow implic~ rcgi>tet 
ad~rc,iog in nwsl inirruclion> ond por rni: >hnrtcaod in· 
slrLJCdon,. ~¡, •11 oddre.,ing moolcs are thc >ame in bolh 
machín"'. An acldr«s spa<c o/ oue mcgab¡re is im· 
plcrncn1<d in rhe 80~6 rhrou~h a mcmory "'~menr>1Km 
schcmc u>ing MK l<gmenl1. ,\l<tnOr) ><~m<nt> of up lo 
1>4 ~ b¡1c><an be pl•ced on >n ci~hl·bir hound.ay, allow· 
ing a "'·"im"m nf onc mcgabyrc "' be .oddro>cd. By b.t<· 
ing 1hc scg~ncn0>1inn and oddrcl!ing rncchanilnlS on 16 
bi,., 1 nrcl ha> rr<«f'led dos< com!"ribrlir¡ be¡"''" lhc 
8036 añd rh~ SOSO. 

Thc 8<»'6 ha> 95 ba;ic insrruotlons, or ~ hkh a >ub>t•n· 
rial numbcr •re only <iglll bit> long. In rhe /m 16 bll in· 
>lru<Oion<, o ni)' rh< ¡¡,, ci&hl birs "'"u sed for "l""lion 
codos; 1 he aü~ir ional b)l< >P«ifies dar a displ.Jccm<nr. In· 
srruerion> lonE<r rhan IVoO b¡1« u>< rhe r<m>ining b¡1es 
for >P«ifying d313. Thc <01!6 insrruerion ><1 i< •n «· 
r>-ndcd '"'i"n ol rhe I!OSO in>11u<11on "'· ll<n« 0080 
cod< <.1o be «>n><rl<d o»ily '" ~llS6 codc. ~I.H>Y <n· 
¡, nced progra111n\in& feo>"'" ar< "''ailablc in lh< 80ió in. 
sllucrion "'· !la se segm<nl l<'ti>l<r> h01e b«n •Jded to 
pro1ide oor'""" >up¡-orr for cwain oper~ling >)>l<m 
function; and for "rendcd addr<;>in;; ron~<. Changing 
lh«e ><~mcnt r<fi""' allo1'' lll< I""Erammn 1 n ~o rro· 
ce" '" op< '' ¡, ~ 1 eh! i1 e """· 1 ni" nall), s be fOSG ,.,,;,, 
ao <i¡hr·bH Í<l>lrll<lion p:uh simil.<r lo rhe fOSO's. The 
,, LU is 16 bi1> ~id<, h~< rlre wso·, ALU. Hu<. tho >ru6 
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The machinc"s 1 JO ba>Í< in•rruelion> >.rceirh <r !6 or Jl 
bi" Ion¡. and rhe insrtucrion ¡<! i• word-oácnred "'Íih 
l«!Or operarions srron&ly ~<rrc«nred. Th<>< inmu_.. 
rions "" theba•i• of rhe rerfurnrance ofthe zsooo;., is 
"'"" cvidcnl i•r rhe bloc\ o¡,oralion•. A •ingle 32-bit in· 
!Uucrion i> u<ed for ser •nd m0\'0 op<ration>. ~ hrlc in rhe 
&086, si< •in¡l<·b)1CÍn>11UCiion• mu5t be u>-<d. For fu¡ut< 
~xp>.mion, thc d<5igne¡; ol th< Zf(i(X) hal-e kfl o oc regio; 
rer unu5<d ond una5SÍ~ned. \\'ith 1 h< prco<nl ~.M 1-17 dock 

'J'<-ed, rhe fa.I<Sl •nd ¡he olo~e>l inmucrion tim<5 \Ir< 
O 75 miclo5e<Ond> and 90 mi<ro,.condo. rnpe<lil·ely. A 
6-.\!ll, v<nion is b<ing mode --•~•blc. 

The ~~C~~OOO. Th e deoigners of 1 his rnicrorrogramnred 
ttr.t<hinc ha" chosen to implemcnr" ''"Y "idc <ll~ine. 
l'he ntemal16· bir hu• i• mulliple.ed from rhe n bit> in· 
oiM rhcongin<. A widc, J2·bi1 ALU has b..., eod<d asthO 
u><i"maohinc. Unlilr rhe general- pt'fpo« re~illcr> ofr he 
ZSOOO, ¡he 16· by 32-bit r<~ÍII<<' of lhc 6R()()I) "'< partí; 
rloncd into ciglu •ddrcS> regi<1<rS anú cighl da <o, regi>rers. 
. \lororoi.:J. h"' rnod< a ¡¡re..r cffon \o d"iln rhe cngin< 
,.;¡h a '<f)' r~sular in>IIUCiiOn S<t, moling a\Oilabl< 
,.,oral ien<~ol addressing nrod<5 for rnosl "¡n>Hu<lion,. 
Tlris de,igo n<1t11i" eosy rm¡'lo.rrenla.ion nf ""ct> ,nd 

q"'"" ~ "utroul sp«iaJ '""""','""'· T'o"O )2-bil sraá 
pcinrer> are pro,·id«l for aidin1 in !}'51<m;<•ll•. A ipcdal 
fla5 regi5tcr con be ser ro m~•e rbc m achine in lo a dobug· 
~ing. •ingle-"'P mode fot pro& raro dc-·dorrn<o\1. Tra r• 
f"r 'rll<g'l mwucli<>ns con he tr<t·U r or 'ofl war«>tO.,ion 

. of rho basie ioiiTU<tion ser and for nooriñg-¡¡c;nl opera· 
- - ~, 

·.-~-·· - 0' y,. '""-"• '"," ·~"""' .. ' ~~ ._ • »:- -¡ 
' . , . 
. ¡ EXECUJI(]I¡ U'"lf¡EU) BUS INI[~FACE UN11 ¡BIU) .. 

C!N!RAt 1 SEG"' 
AlGIST{AS- AEGIS 
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tion>. Bnidt5 reduein¡ >oft~·orc d.-. elopmenl rroblem>, 
thc traro ollow 50!1\>>.J< co.mratibilit)' ~ irh f uture hotd, 
"O!t improvement5. 

Tloe MC~BOOO <uppon, l6 b asleinmue~ions and 14 ad
dr<>5in¡ mOdt5. Tire 1n1al number of inmucrion5 ¡, 
mi<lcadin*, h<>"-<' cr, be<au>< manyin>uucr'><>n• pcr form 

-rrirl~ !un<! ion> and are encoded differenrl¡·. The numl><r 
Y<;, an aJr'rfacr o/ rh< ""mblcr. ln"'"'"on si•es I'MY 

from MOlo r.ve "or<Js. Tl10 addrc<> bu• ""' 2J bi" for 
~ord addre.,ing, providrn¡ an addre«ing <ap•biliry of 
16~1 b)1<S. 

Archiloc!ura! delal!s 

B»i< principies of npor>tl~n- Th< ba>i~ <lructure of 
rhe lord 0086 i< <ho"n in Figm< l. Thc ~086 (and rhe 
8088) C P 1] <unsi>!S uf r "" .oparat< pruco.,ing unir'· lhe 
<Xe<urion unir, or EU, and rhe bu• intor face unir, or BIU • 
c<>nn<tl<d by a 16-bit ALU da< a bu> and ~n <itla-brl Q 
bus. The EU nbtain> inslrucrion> from rhe in<lrUC1ion 
pt<ferch quc.re, JQ, m.lirHained b}' tlr< ll)U, and exocOII<S 
in<lru"ion! 101ingrhe 16-bit ALU. E>wulon Ofins:ruo
"""' rn,ol•<> mainrcn~n« of CPU >loto> and eonlfol 
logic, manipularion of groera] r<&ÍSI<ro ond inmunion 
operancl>, and manipularion of <egm<m o ff<<t addm>cs 
~·ith in 16-l>iL limit>. Tll< r: i! M'<""'' n><mor) ánd poriph· 
er rll devio" rhrough rcquÓ<L< ro rhc llJU, 11hich is rhe ><<· 
ond procc,.in8 unir, perfurming all busop«a<ions for !he 
EU on a d~mond ba<l•- Thi• in,·ol>o> g'"cra<ing phy>i<al 
•ddre"<> from scgmcar rogi"'' and offscr "aiLJO!, 
rco~mg oprr.mds, ond "ti! in~ rosulrs. 11>< !HU·, also 
r<>ponsiblc for prefcrehint inmucrion> from rhe JQ 
whcnevcr po"ible,ro hep rhe EU bus y w"rrh pr<fetched 
ln,.ruclion< undcr normal condilion>, ond for re>-<rling 
1 he JQ whcn rhe EU r1;ns[,•r< con >rol lo OJJclihCr locar ion, 
·¡he cxccurion .,nir aod rlrc "'" inrnface unir operare in-

WON d<pcndenrly of N<h olh<r, enabliñg the 808610 ov«l•p · 
¡¡~ in>rru<tion fcr<h and "«l•lion_ 
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. t Tire "/.f(<>'J i• a random·logic-ba>od CPU; ;,. bask 

, '""'""' iS>hown in Figrrrd. Tire mtrrn.,ll6-bir dar a b os 
~ 
0

;_cOC '· i• ir>cd for irrrirnal addrc.,irrg .rnd dal" <ommunkar ion. 
A~O~ 

GEN! 
!SS l.<"l 11 ~ O><D .i ·- The in>rrucl ion> are ferchcd 1 hrough rhe 7.-b "' inr<rf•ce 

RAitO.~ " '' -t Ji ~· 
BUS •nd exe<u¡ed by rhe innru«ion e><cut< ronrrol unir. 
R(lt • BUS .... ~: (Thuiuthpul is cnhan<<d rhr~ugh ""lirni~ed"" pipclining, 

¡ . ~ .. • .. : ''hichallo~>prcf<~chingofrlrcri<"'insl<-~Ordiml~tJC• 
__. 1 . tino (o! lito r"" word ofrlro ne." molri~"'d inwue¡ron) 
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from tire meriloo· inro lhe in<lru<tioo buffer. This oo;uro 
11{;!10~ • 1 onl)"during nccuüon of th< eurrenr in muer ion, pro' id<d 
u¡ rhe eur'-nl inwucrion ~oc> nn¡ requirerh< bu< lo eom

pkre rhe 0\<C>Oiion O)'OI<. No imrruction pr<f<·IChmg oc
<'"" ~!>en ¡he brts ;, ,.,;gned 10 ano<h<r bu¡ m-auer. The 
1 h·Uir ,\ LU manipul<l<> dala and ~<n<rate<lori<•l <>ff><t 
addrn;n in rlre general-puf ¡>o5< rc~\>1er bloc\; in •«OI• 
dance ~ ith rhc in!lruCliOn .-eeur<d_ The CI'U """' and 
cnr.rrol nog< ore mo'rnroined 'rn ¡he 1""~'""' ""'"' 
rcgi<r<r>, arrd lh< CI'U. "lri<lr can oporol< in a S).<l<m 
m~de or normal moM. can 0\CCW< plilll<~od in<llUe· 
¡ion o only in <he ·~·"""' modo. 1 nrw u pi> and U<r< are 
b.mdl<d by 1 h«><<p:in"·h>mllill~ ,·on11 ol rrn:r. and rh<~< 

1[3¡ 
1 . ~ 
1 

-· ·-· . 
is p¡ovi>ioll for nrul1ipk iruetrur• robt«. ,\ ¡<frc<h 

IEH!<UCRO 

1 

1 

l 
1 

1 
1 



. -1 

1 

1 

1 

1 

1 

1 

' " •1 ' 

1 

1 

1 

1 

1 

1 

1 



1 

• 

' -~. -·---. -. --~-··- --. . . . '- . 

' 

I~STRUCTION 

RI'GISJ(R 

" CO•TflOL 
R(GISHR 

INSTRUCHCN 
lNCQO(R 

"" ~Nl!IOl 

lOOI<.lHEAO 
INSIRUCTION DECIJO(R 

"' .t.CCUEI\llOR 

FlAGS 

""""~(TI~ 
'" LOGIC UNII 

• R(GlSTER 
• "" fll[ 

' 

.. 

! 
' ' 
" .. ,_ ........ ,. ·- --·-· -~-- -- - i~: ... · • .o-' .• • :._ ..::.,-'-~---' •• ..;.. --· ; .::.. _.:.:._;:..:.. ..... : .. : ,,;-.. --~ 

fl~uro 2. Bnl<: Olruclure or tho zaooo. 

countcr provid., ¡he rdrcsh conorollogk whh timing in
fmmarion for Cl>U-dri-.n memory rd rcsh opera1ion. 

Thc :>IC68000 ;, archi!<<turally quite diSoinct from thc 
othtro. !¡, bloc\. <tru<turc is !hown ;, Figure 3. Thc 
mkrocodc-b"'<d CPU ;, ccnlercd around a micropro
gram-controlled c.o<ution unit. The conuol 5lOr< """ 
>izc is minimizod through tOe ust of a two-l<•tl control 
<tructur<. Atlc•<l onc, ¡he mochinc inmucüon• aro pro
duct<l by !.«jU<IIC« of micro·in>tructions in rhe micro
conlr<>l S10r<. The>< mkm-inmu01io11• are aO!uolly 
point<f5 (addrcs"') to nano·instrucllon• in tho nano
stcre a< le><l rwo. The nanc-<onrrol "oro <;onrains an &r· 

biuarily ordercd sn of unduplicoted machine·SI"'' con· 
uol word•." hich conlrolthoc.ccurion unir. All rnforma· 
tion rhat ;, machinc inmu01ion stOlic (timin¡-indq><O· 
dcnr ) b ypa;,cs 1 h <con trol "oro a nd ;, rran>mill ed d ir ect 1 y 
10 the e~ecution unit. In all, about ].LSK bil> of control 
<~ore lo u><d, SO r<rcent leu than thc control"'"" r<· 
quired for a >in¡le·l<vol implemcntarion. Ho"<ver, lh< 
r v.·o ·l<>·d muct u re i n<rca<<S t o!>l acco" r im o , A n a ro cm pt 

hao been m•de to 0''"""""' rhi• by mean• of a Pir<lined 
01chirr<rur<, in "hich the insuuttion lttch, innrucrion 
d~e. and innrut'lion ne<ute cycb or< fully o'Tr· 
lapp<d acro" <><ry macro·imtrur:tion boundo.f)'. An at· 
tcmpt has also be<n madc ro minimi" do!• y• in loopin¡ 

"''' 1981 

(branchin11 by prdetchin~ in>1n.r01iono a>«>eiotcd v.ith 
the moot likcly branch condi1ion. The MC68000 <.ecu
tion unir io 1 du31 buo otructur• that r<rformo both ad· 
dtess and doto pr<><n<in1. The CPU may run rn <llher a 

---,-' 
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>up<rvisor modc wilh privileg<d in>tmctions orina"""" 
mode. Alrbough inrcrnol d>ta ¡>aths ar-e al! J2 birs wide, 
th< pacf aginglim'llorioi. on oh e number of pía< consirainr 
dala p.11hs lo and fru!O memo o y to be u ni) 16 bhs "id e. 
Th< 64 pins are <ompriS<d of2l pinsfor address bus. 16 
for daÍ• bus, fire for asynthronous bUs eonrrol, rhr~ for 
bu> arbir raoion conlrol, rh,.., for inr<>rúpo conrrol, ih1o< 
for sy>tcm mwot, lill" fot p;, iplrcral conlrnl, rhree for 
processor Sial u>, and the miroinin¡ fi« for ¡;.,..-er supply 
ground and for doc<. The chip >p<cifkation> pro,idc for 
noatin~-poin< ond suing operations, but cumno .ersiuni 
do no¡ hoVe lh"c f<>lurc> bo.;aul< of t<chnOiogical 
limimions on citcuit density .:nd ;iLe. At presen<. these 
unimplemented insrrU<lions causo trap> lor soflware 
emula•ion. o,érall, rh< MC68f0)0 CPU im[>lem<nl> as 
IB<g< a sub''' ol !he «""Pk" 68CúJ 'l stem archit<rture 
a> is lea>•blo under current rcchnolo¡y. h i> np<cted that 
en--chip memory, fa<1er dock >p<ed<," custotn mi<<Opro· 
~romming. •nd facilhies for run-t\tll< eh ang<> in mkro· 
rrogram" ill be prMid<d by ~lo"'wla during 1!1< J¡fetime 
of lh< 6S000 archite(IUIC. , 

from a full H-bit addreis, but only 24 bit O are .-·ailable in 
the pro>enl venion. There is no <<¡;meno;tl 'ron ao th e CPU 
lo;el. The stalos rcgi\l<r conroins on< U><r b)l< and one 
'Y"'m b)1e. The u ser b)1< contains fl1·e conrrol biu, in
<iudin¡ rhe cxrend bit fo1 "rcnd<d operation>. The 
s¡-sl<m b)1< coo,.in; a trado modo bit, a supervisor ll•lc 
bit, a nd a lh rce-bir "•olerrupt rn><k. 

. . . 
· s; .,,,¡, >lrit<loJrr. 'Ínc fOÍ!6 ;;;;¡;, .. 1"..o t)pcs of mullí· 

rna<t<r bu,.<, th<l<>tal bÚ, and !he 'Y" cm bus. Microi>ro
,,,;OIS are al" a)'; 'onn<ctcd ¡(,_a local bu<, and rcJ<tnory 
and 110 u>ually mide on a >)'"<m bu<. The h•o bu><> are 
lin~«< by interface componen~<, 1he number of .. hi<h 
d e¡><nd s on o be ,;,, and eompleúy ol lhi >) S1 ern. On !he 
local 11!1>, the addre" ood dala lincs "" nHJI!ipl"ed lO 
r<dUe< 1 he numb<r of procos!Or pins. S'•&nal <coOrdina!< 
up to thr<O proc<>IOn with an implied priori1y struelure. 
O~·chip aibiua1ion lo~io e~ablo> both itodep<nde¿l ¡iro
co«ors an~ copr"<c"o' > tÓ shore 1 be b.,¡_ The <yst<m bUs 
Í< fu neo ionallr and oiOwi<ally eomp>.tible wilh 1h~ lntel 
Multibu> and pro''><~<> for intw:oM«Iion of multirk 
procossins n1odules. This bus i< composed of addre" 

Re~i>lot or~ani,.,lun. nie 1 nrd BOa6 .-w;rion unrl lines, d,r; lines, cnllltnllme•, i111orru ~~ linc1, and arb ·,,,._ 
«•nlain> four 16-b',¡ poinler and indox tegi>len and fuur rion linos. Bocaul< it Í> moduJ¿r in d<>ign, MI)' a sub>or 
ll).b!l data rcgi.,cr; addm . ..,ble on an individual byte rmy be impl<mentrd, aecordinB ro the noo:ds of rhe ap
ba<i>. Th<>e eight r<gi.,en are u>rd impf•c'ul)' by o he in· p[,cition. Al! mrmor)' and 1/0 mod U los on the >)·steon bur 
>lfll(lion ><1, prmidin¡; rompocl rntoding a¡ rhe co" of' :ir o "'«"rl•k ro •11 !loe proco>~ii1g Íllodulei ... 
rrducÓd lk"bilh). l h< !!1 U conr oin> one 1 6-bio instruc· The Z-b "' "rntorconnecl> i:S(i)Q f.1mil)' compor>cnl> in a 
riun poinl<r. which coma in> tho off><l of thc n<>l in>rru<:- matt«l>l>'"< fa<hion. TlrcCl'U> ob<y rhe Z-bus prole<ol 
!ion to be fetched. Thi< poinrcr i> uP<l•led b)' !he DIU but dirccti)' at lhe chip Jc,·cl, >nd no e.ira <ircuil ry is nerded 
,annot be dir<COl) "'""'" by prosrams. Tire ¡¡¡U al><> 10 gouerol< bus "~ u;,ls. M ul,.rl«i"& of add«<S and Jolo 
c<lntoins f<lllr 16-bit d<"<ib1cd •<gm<nl rosi"'" for sog· 
ment b"a>< addre,.in ¡, "hich cn:.ble< p!Of<a<n> to "'"" 
up 10 four 64K·b)te ~<&mena ar a time. Fin> ti y. lh< [U 
con1ains six onc·bir >1 ''"' lla~< and oh roe onc-bit control 
n~ss-

The ZSOOO family i< chardcl<riz<d by<ixrecn 11). bit gen
eral-purpose regi<lm. All can be used as aoxumul><o<5, 
and al! bu! one can be usod os rnde, poi<urrs ur ,ncmurY, 
puintcrs. TI« one <><:<PI ion is an ""''"" mcchanism for 
addre>S chanie<. Thc f<Oeral regi>ler architectur< avoid< 
bolll<riecb in~<renr in dcdic-al<d or implicd ;e¡;i<l<rS
Re¡i"" ¡;rouping and ovcrlappin& r,rmide for b}1e, 
dr><Jble-word, and 6-l-bil rcgi<lm. Two 1ogi>1m ore u,.d 
•• implied •rack pointers lo< >¡·>tem rnOde and normal 
mode. All Z8000 fomil)' chips contain ene t6-bir ><gmcnl, 

• offscc regí""· and.th< 7$001 also conoaiiis one 16-h\r 
oegn><nl n•nnh«·<egi<t<r. Th< zsml also coruains a 
16·bio "''""d re¡¡i>ler, two 16-bit pro;¡;ram """' '"" 
po'mre,., onc ll'>bitllag"and con!fOI rcgimr, ond one 

16-hir ,.r,.,h '"""'"· 
·¡ h< MC6S0):) has eiglu Jl-bil dar a r<gi>tcr>. ><'<0 

3l·bir addrc" l<¡i<len, and '"O implred 3l-bÍt s:ack 
roinl<rs. Tire dan rc~hrcn can be add,c»<d •• b)1< 
regi>l<rs, wood •<Ei<lers, or ~oublc-"ord "E'"'"· Th< 
adclro<S "gisl<r< aro Ol<d for !2-bir \•as• add~<«ing, 
32· b'rt soft"·•re !lac~ op<tarions, ood word and long "Ofd 
addr«• orc-rarions. The impli<d >ta<l. poin"" ~re u sed 
fo r 12 -bil ba1r .;ddrossin~ a nd for wor d ond long" ord ad· · 
dre" or<,.rion<. He ~~o.swo al<o coor2ins • J2-bit 
pro;ram couorer >nd • t6-bit ""'"' regi<tcr. The pro
gram counoer aódre<s<> onc la;¡;c linear add,cs> >pac< 

--- --~-

minimil<l pin count without si¡nir.Cant p<r forman« l<n> 
in '"read-oriented"' application•. Dcmulripl"ini is p<<· 
formc-d ~<h<n n«<»OI)' \\iohin the individual rnodul". 

• Thc daisy cl1'.iÍn ;erial prior'r¡y ph'rlosophy «>ol•os Ínter· 
r<JPI<Itraps, bu< requ<>t>. and reque<!S for shar<d 
rc>ourcn. Thc Z-bu• is all\·ay> conorolled by one of the 
de~·ices, "hich, on reque;¡, ¡;r>nl! conrrollo k¡;al bu> 
maSI<rS f<>r bus "'"'''ctions. ~lul!ipl< CPU• communi
cate on a bu<- ro-bus basi;, uoin~ th< !"IFO inpul/Oulput 
int<J lace unio;, ot 1-10>. M uhiple 1-IOs may be<onnected 
roonoZ-bus, · 

The MüiCúJ fan1il)' is "'Pr~ned by¡"" tlrffercnl 
O\a"<~i>la•c-based mYirima•ter bu¡.., lor "•nterconnec
tion of compon<nl<-rhe !mal bu> and the ¡lcbd bus. 
Th< loco.! bu>eonnem mic_roproco"or; rncn1my, ond J 10 
dol·i," 10 f.,rm individual mierocomruoor rnoduleo, and 
o~e glob•l bu> interfaces ro \3riou> krcal bu,., throu¡¡h 
bu> arb;,rao'"'" modul<l. In rhe -m~nimum ,-.rsion, tito
local -bu• "'" oran>mi<>ion and control Jin<! a> rh<)' ap
P'·" diJ<e!ly a¡ the CPU. 1lr< <>ICnded ""ion of lhe. 
local bu!, the Ver ... bu•. de>igncd to suppon all luoure 
~er>ions ol o he IJSO:<J family, uoiJite< addi•ional con <rol 

T•nc•-

~!<tnon. The o o e m<¡ob)t< ol r<31addre<>in¡ space in 
the W.i6 i> 1 rear<d •• a ¡roup of se; memo, cach "¡ment 
(,__,~ b)l<S io >iz<. Fou< <e¡menl< ore add,eiSablo ao one 
o in~<, proviJing up lo r.-n; b¡!O! of <•>de, ó-IK b¡10s for 

""'', and t18K "''" fOr daoa. The >1auing •ddre<>i>ob
tainrd :hrou~h «~ment re¡is!Ors. Segmeno•tion permia 
'"iting of po>il ion-iod;ponde<ll pr~>~rams. h o ponions 
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<>[¡be memory "" dcdicated and r<>el""ed. Physioal od
dJns .. ore l<n<rated by >hiftin¡the ><¡oncnt b..., •alue 
lour bin to the kft and adding the off le!. In the cau of 
prop-ammin¡ <ode. tht off«! t. ob11ined from thc ln
llruction pointer, and, in th< case of <>r<rands, it is th< rt
ouh of calculation based on the addrt,.Ínl mode. Thi> 
oraanilation of memory doe> not pro•·ide easy mOIJa¡t· 
ment &nd pr<>I<.C~ion. · 

On ¡he ZBOOO chips, addrc<ses are alw&)" exprn,.d in 
byt«. Single b)tes can be r<ad and wrilten usin¡ the 
byte/word outpu¡ line. The tight megab)'le< of dire<tly 
addr<=~bk memory ;, split up as 128 KJ.l'l'""• each of 
641i: b)tes. The ZJ addrnslinn (on 1he ZWJI) pto•'.de a 
,.ven-bit «~m<nt number onda 16-bLl Kgm<nt ofr«t 
pointer. Thetwo addron ~"'can be manipulat<d ,.p. 
oral ely or 101" her by all L be a vailable " ord ond km¡ "'ord 
cpc:no.tion<. The CPU gener lt"' prcen.Oiltarus inf crma • 
tion, which enables the addre" rango re be inorea~ed 
b-<yond its nominallimns by ph)"ically ><:por a< in& code, 
data, ond otacl spaces in sysrem and normal modes (6 >< 
8M b)"I<S ~ 48M b)"I<S). E>re<nallc¡ic io need«< fcr this 
memcry extensicn. The Z8010 mm>ery mana~<mrnt unir, 
cr MMU, can be u><:d ,.-irh rhe zaoo1 microproccssor ro 
imprc•e and expand memMy addr<ssing capabihtieo, 
randcml; re\ocating all l2B ugment< in the '"' addrus 
rpacn with tron.Jation tobl"' for each ¡paoc. 

The MC6WOO has 23 oddr= lin.s, pro•iding a 16M
byte addrcssing capabihty. Tite addross wacc is linear 
with nc internoloegm<ntolicn. Ahhough wordo are ncr
molly addreucd, single byt., can be read or writtrn u.U.¡ 
upp<r ond lc"er data mobes. lnmuCiicno and multib)"le 
data are alwoy• a\igned on even byte boundari<5. Si molar 
Lo th•t of the ZSOOO, the proce,.or "atus information 
oepara¡euddr<» space inro four ar=: ¡he: SUp<tVÍ><>f pro
Jfam. lile superviSOr dara. thc: U>n PTova>"· and the user 
dar o. The prop<»ed mcmory managem<nt unir, MC61!-1l1, 
wou\d support •ophi<ricated managcmenl and prorecrion 
of 3lvariable-si10d se¡men\S, rangin¡ from 256 bytes lo 
16M byt"' in inorcmento of 256 b)1es, and would aUo..
trapping ofunauthori•.ed otcesses. Withoutth< MMU, it 
is P""ib\e 10 equip th< MC6&>:Xl wilh a oimple meonory 
protecrion m.chanism by ooparatin~ "'" and supc,.,..isor 
o~into hi&~ and low memory. 

Stock orgonlfJllon. Whilelntel 801l6 •Y'•=• tan ~ave 
mon)' ""el:\, each le" than or equal to6-IK bytes, only the 
turr<nt sta<K io direcoly addre.,abte. Other 11ack ¡¡ointen 
ue loeated in mcmory and are implcmented througb ohe 
stack "grnrnt t<gi5ler, SS. Thu•, mulnple concurront 
srocb are not fe.,ibte on lntel S)'S\ems. 

In contra", lho Z8000 c~n have muhiple roncumnt 
Slacl:s; staclocan belocarod anl"' hore in memory and are 
addr.ssed ,;., stacl ¡¡ointer regi""''· Any regi"er e>:O:pl 

RO oan ser> e os a <racl poinl<r by mo•n• of PUSH and 
POr. Call murn, inoerrupt<. and trap• use implied stocl. 
Tho 'l'5lem stock can b<: accesud onty in 'Y"'"' mode, 
.,.hc:rnsthe normal <tack can b<: ac=oed in both mocles. 

The MC68000h• '"" implie-d <rack pointers fOl' ""in· 
usor modo and supervi•or mode. Mulliple conrurrent u .. r 
S\ach and qu<ues can bo «<atcd and maintoined by 
nnplo);nK the add'"' reaister il'ldorealy ..-ith pou
ine«menr and predccrcmenl addr<>Sinl modes. 
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110 m<chonUmo. The lnre\ B0!6 h3..1 • 6-IK·byte (JlK 
wotds) ,.par ate 1/0 spoo:. A memocy-mapped 1/0capa
bilily that am '"'pond tik< o mcmocy d....X. U available 
fcJ linkinal/0 dovl( ... bu1 lntel dces not •«<>mmrnd its 
u" for th< Multibus. Any m<mory referente inoirucrion 
oan be "''d to at:ee" an 1/0 devio:, pfoviding additional 
programming fle\ibait~. Word·bued devkd should uu 
...-en oddr.sses fOl' mV<imum throu¡:hpuL lntel has 
resm-«1 elght locationslor lurure proclucrs. Hl~h-speed 
· 110 operation• can be carried our with uadotional D~1A 
conuolkn. lnt<l o.loo offen lh< S0B9 IOP, an indeprn· 
dont processor v.irh two DMA cbanneU andan i:t.,ruc· 
tion ser. railot«< for 110 opeutiono, · 

The Z&>:Xl family CPUs oupport twO differentl/0 ad
dr<» opao<S of 64K bytes throuJI< •peciall/0 in.,ruc· 
rions, which oan be <>CCUted only in the s)"lern mocle. 
Standard 110 imttuCiioru tronsfer dala be\wtnt the CPU 
and p<ripherat•. ond •p«i.al l/0 in<rrucriono transfer 
dat4 to ond !ro m ~•terno! CPU oup¡¡orl chip~ Proc .. sor · 
Slatuo information enabks separation el address >paces. 
The 110 address.in1 ><heme is idrntical to th< b:l1ic 
mcmory addrc .. m& o<b<me. Fcr DMA opc:rarions, r-..o 
signols, bu• request ond bus acknowlcdge, ore avai\able, 
lnhibited from conuollin¡ ihe bus durin¡ DMA op<rO· 
rions, the CPU muS\ "'alt r., the buoto be Ji.en up b~ thc: 
IJMAconttoUer. ~ 

The MC6!10011 pouesses no ,.parare 110 spa«:. AU 1/0 
· is ntemory-mapped and alll/0 prn1ection mu>l occur al 
the m<mory protecrion 1...-el. Thr« siHnals, bus «qu.,¡, 
buo vant, and bu1 vant ;u:);no,.·ledge, oUow ma<r<t 
dovicesrogtl conucl ofth< bus for DMA op<rarions. The 
thro.o signal> are uocd by po10ntial bus ma"en to decide 
"'ho will be the ne.r bus ma'l1<t. Tho actual arbitiarion 
pJOio«tl bandles O>er1app<d arbittation and data trano
f<r and r<50iv<5 mU1tiple >imu1taneous bus requts~.s. Tlte 
CPU has been desi¡n«it o op<tate on con ju ncr ion wir h th e 
MC6B4l0, a direct memory aco:ss <ontroller scheduled lo . 
be availabk durina l9a 1, which will ..Uow block Uonsf<t 
yata o! up \o lour megabyt"' P<f S<COnd. 

Softwore. A o mentione-d pr...-iously, rhe 8086i• an im
prov«i and expanded •ersion of lho 8080. The 8080's 
basic eiahr-bir instructioos have been rerained, and Oll· 

panded "'ith extended i:u>rucrion leng11ts ..-hcn oco:s
sary, FOT efficient code, the inmucrioo• most often Oll· 

ecute-d are only a <ingle byte lon1. lmplied rc¡;i51or ad
dri.,in¡; aloo redu,"<Scodesize. T o •llow for c•r•n•icn el 
!he inmucrioo .a, on ··,....pe" flcilily is o.ai1ab]e for 
uansfming control lo a copro<n501. The 8086 inmuc· 
tion ser. provide• auromalic «p<lition cf many non
dtci•ion·makin¡ inmucriono, large 1/0 space with 
re¡iol<r indÍfeCI add~eS5in!. dtcimal op<rarions, mor 
uaps, and ..,rr .. are naps. The addr<»in¡ highli¡hts o! 
rhe 8086 include tho obilit)" to finely •o,;m<nr memory, 
and rhe focilities for inde>in¡ with d"placemenr and 
"i!hout di•pla«m<nt . 

The ZWOO achóe•eo hi¡:h •pc:eds •h•o~gh random 1oP= 
<ncodin1. Cocle ¡, •pa~fficicnl becau" the insn~ctioos 
most oft<n execut<d are shortell in lenglh, and bt:eause ir 
dostinrui!h<l bet ween long branch., and shon branchco. 
Th• Z8000 a1oo has on .. pandabl• inmucrion "'· Unlike 
!he !-086, it docs nor u" i:nplied f<¡iuorJ. Zilol pro,;d<J 
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16 coonploroly gene;al r<gi>tors and consciously avoids 
opociali.cd """'· The inmuction "'' lacili1>tcs mullipro
¡trammÍn! lhrou~h a conlnt switC'hing facility. Olltcr in
"'""ion highlighiS indudc signed 32-hil mul1iply and 
dhidc, deómal operatinn;, multiple load, vector·ba~td 
inmuctions. •nd the ten and S<l inmuc¡Íon, "hich is 
<>pedaUy valuabl< i,i mulliprocesoor opp!ic-ations. Ad· 
dr<>SÍn& >e~ emes indude in4cxing, whh ond whhout di S· -_ 
placemcnl, and mul1iple incremcnt '~ndn'~ng. ~lllltiple 

stac~<. segmomed mcmory, aod lh< vory largc address 
>pace (~SM b)1") <ue programmin& <flor l. Fonal!y, lhe 
u•er/su¡><rvi<or >l•cl.• "" a U ha,-dwir«<. 

The MC68ll:l0 has a regular inmuct ion w anó prmid" 
nmlduscr lupporl.. h crnpho<>i,., SP·><•-efficient code 
through "quio<" Ín>tructions aii~ •hon jump< on loops. 
The ,\!C6~00'l offors lhe ad.anta~e ol <>«llenl debug • 
tOOis like sin¡le·"'P necution, '"~' on illegal inslrue
tions, and dcbug mnde. The inmucli<\n !<l can bO ex· 
panded by ,.r.,,,~ing tlt< miercieode or by tups. Con1<>1 _ 
'"itebin¡ f•<~ÍI>t<< mulliproz_rammin¡, and 1be 1<>1 and 
"'' itlmuct ion aids in multipr<>cessor and dat•-~a>e ip
pli,'alion•. Oth<r ad~anlair!indl>d< compln pmh artd 
roP<·•P.bilit ios, l he J2-bi1 Ínl<roal>tru<ture, ••nd imlruc
lions for mult iple load and >i¡n«< mull iply an<l divide. !t 
i> fl05•ible lo addre" 16M b>'" dir<Clly and 6-IM byte< 
through functK>nal "'grnm~adon_ Po>i/pre incremcntl 
d"'oem<nl facilt1i« are a\'ailable for mo>t inmuc1ions. 
Real timeeon!rolapplicationuroaided by mullii<V<I ínter· -
tU¡>! and '""" auto-va:tor inlerrup¡ <>pabtlilics:. • 

,. 

' aod a dlr<<t addre" rang< of 16~1 b¡1<< using 24-bit ad· 
dr<" pointeu. U oro le lhe !6032, ¡hcl{{>)! cannol b""l>' 
plemen!<d "ith an ,\I~!U 10 in crease th< addr<;< spatc. 

All th< Nllional m'ioroprMesoorS ha\'e cighl general· 
purpose regiSiers tbal can be ltsed ("HhOUI any r<>lriC· 
tion>) a< b.,. t<gi'ler• and index regisms. ln>truct\ono 
are no1 regi>l<l·>fi<'Cilic and can m a~ e u<o ol t•·ery r<lc· 
\'Ont addressing mode, induding !<ale index (poworlul 
wh<n u,lng high·l<vellanHua¡es), <>l<rnaladdrt" {u sed 
lo construot modular solo"arc), and m<mory relati•e. 
Funhermor~, ¡he •ymm<ll)' ber~ecn ro¡Í<I<" and memo
'l' m<>n> that oaoh m<mof}' location can >erv< a< an oo-
cumulnlor or h.<So regÍ>L<I a! nceded. The NSit/J81 
noating-point unit, or FPU, ha< an additionaJ set of <i&hl 
~·neraJ.purpo<e «giSI<,., <upplem<ntinJ lhe GPRs en 
11t< ma<l<r proc<>o.or. Thc M~1U, l-XSJ61)82, can ""e •• o 
seCond ,lavc pro«"(". , 

Tho main Ct'U hao eight dcdicatcd r<IÍ!l<r" pro¡ram 
<oun¡er regisw. pr<><<S5<tf illtU> ~<V•t<r, user >1ack 
pointer, in~e[rupt Olacl. point<r, frame poinler, >IO!ÍC 
ba>e l<gi!ter, mod regisl<r (1 or module m•rl, and inl<r· 
ruPI base regi>l<r. fh< M;r..1U provi<k> oi¡hl dedicatod 
regi>ters, and the !' PU provid<O onc floating-point "''"' 
rogiu<r. The NSI&«< famil)'offors S<V<rals)·mm<tri<Od· 
dr<»ing mod<O, including t~p ol stac~ addre.,io¡, 
m<mory relativo ad<lressing. ,.,lcrnal o<lJrO!>ing, and 
scalod inde.ing. Na1ional ;, unique m providing modular 
solt"·are capab'.iti.es for the new microprocc""'"· per. 
miuing a u ser 10 de~ olop a soll ~ ><< pac~agc indrpend<nl 

- ·;.. ·• ,. ···- ' 
.. of all oth<r paokag<> and witiHlOII r<gard to ;.,J;,:,dual ád-

N•tional 161)(10. NO[ional Semic'"'"'"'or h•• :m· dr<"Í"8· This pruvid" ncxibili¡y in sr•tcm d<>ign and 
nounoed a f•m•ly of 1 ó-bir mi<roprocc"o". and oampl< lowcr programmin¡ «><IS- _ The RO~! cl>de is ror.ally 
prodm.1ion is e>p«l<d to l>tgin in 1981. Th< 16(\)(1 .. ,in rdocarable and <>•Y ro a<:<t.,, IViihin rhc S)>l<on, o 
consim of rhc ,...;SI60:J8, I'SI6016, 2nd NS160l2 pro· module<on.<i•"ofrhrcocompon<n<S:acodccomponoru 
''"'ors. Of 1 he~c, rhe NS 1 (,()()g a r-.:l th e NS 1 f>() 1 (, "'' "'Y ' · (e<lOtain! lhc_ codc 11>31 the proccl\ur <><cures in a gi-.n 
sirnilar, cach off"in'g an inrcrnal dala A!.U bus 16 bi" module) •. a staric data <ompon<nt (contains lo<al 
wide and a dir«:taddros~ng raO&<<>f 64K b)1«. Furth er, variables and dar a for lh< particular. modul<). ond o 
rirhcr of th"'e 1"0 -chips un opera« in IV. o di>tinc< linhge com¡><>O<OI {OOOiaios all informal ion roqoirod 10 
modos: · ~ '" link t<forcnces from one rnodtole lo anollror) .. 

(1) nativo m~d<, in :,..hich tl>e two processors hav~ 100 
ba>ic inmu<lions an<l >t< dir<etly compauble with 
thci':SI6()J2;. . 

{2) 8080 compatibilit)' mcde, which P'""'" direol 
<mula! ioll of lhe !080, "'ilh a w«cl luur 1 inl<! that 
oflhe !OffO. 

" 
j ,.n>fct- from one ffiode lo anolhcr "ilhin a program ·,; 
implem<ntid wilh on ESCAI'Ji inmu<lio~. No "P""" 
lran!I>T<>r aod a><Ombl)' pro~ram! are n<ed<d. 

Th< NS!6008 and NSI6016 pr<>«s>otÓ ar< d"i~ned 10 
br;.J~e <he ~·P beiiVt<n lhe 8080 and lh< high:end mem· 
bm of1he NS 1 (,f((l/amil)'. Th< NS 16008 ond 1 6016 hove 
16-0'¡[ aód'e" poirllcrs lhat M< upwardl)' cnmpaLiblo 
lhiou~h •ofm "e ¡o lht 16032 adJm• >poco. T~c primary 
d ~~ erenco he'""" th<m is 1 hal 1he ;--;st l<l16 h•• a 16-bit 
data bus, ;.,.h,;,., the ·"'516001 ha. onl¡· an cight-bH d,a 

bu> and is pri ma¡'O y >uitabl< for ""in >¡ """' ";, h cishl; 
• bH·I' iJe momory and pcriph.ral!. 

Th< NSJWJ2 ochine-s on adclres> <Htl< o/ ]2.\1 b)1<' 
bymeans of a mtmOI) m>oa¡cm<nt uni1, or M ~!U. How• 
<>cr, i1 do" nm ha\'e an 80!0 '""1palib1lil1 mode. Tho 
NS ¡¡,(Jjz ho< an hll<rnal da" ,\l. U bus lh'l ¡, 12-biis" iJo 

NaLÍ<>OOI has altempl<d 10 proviclca>much compatibil
ily •• re"oible_ The n<>J.IinS-P<>•n• """· 1he t>:SI6081. io. 
compalible wilh the propo>ed WEE no•1in~·poin1 for. 
mal> by rncans of ;., l1ord''"" ;nd sOftware [catur<' )¡ 

ca" be Jrivcn nO< only by N"ion>l mic!Opre<e"or; but 
also by any Microbu,..ompatible CPU.-·.· , • 

• 
·-"'· . .,. ·- .: .. 

~~-~ . . 
Microcomputers . . . • 

·' - .. 

Se<erol m·ocrocompul<" conr.gured around l~bit mÍ· 
ctOpr<:><e"o" are no" availahlo. ln1d Corporation offcrs . 
lh<SD~·S6 ba~<d on thefDS6, 7tlng Mfm 1hc ~WOO De. 
voloprncn! ~lo¿ u le bli.l<d on !he Z80:l2, o nd Moto rola o 1-
Im th< ,\1 EX-6S-Jo.:D~1 based on ¡he MC60!XX). S01 eral in· . 
dcp<nd<nl <ys¡<m hou"'s ofiÚ «¡Ui>al<nt >)~l<ms. Thc 
bn>ad lcO!Ule>Of<:lrioU! S)'SL<m> '" ;un.mariled in Table2. 

t,\u!liproccssor eapabi !ilies 

Tu Ín<l '"" compul ot ional band~ idth andlur 1) <l<m 
re>!li<nc<, ime&ralion of •«eral microproc<,.ors in a 
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ol<~glo s)mm f~equontly bocom" nocmary. Tho overáll 
throughput ond dfldoncy o! su<h Of>l<mo is diroo-tly 
de: p<11den1 on obc bat dw al< aod oof "' 01< intotconn=ion 
mechani•m• suppon<d by th< b:uio miCIOploe .. sor 
chip>. M•ny differ<nt inleteonn<Ciion >)~Iom• havc 
ovol>cd ov<r o he yoar>, bu1 thc >in¡l< tim.,har<d bu, of· 
f ors d Ó>linCI od' antag<> a> on inl<r<<mneC~ion mech Onism 
for multimicropra«.,ol >)'1tcm>. Und<r >uch • «heme, 
diff<renl modul" can >ha re the bus rosourc< <qually on a 
time-multiplc'ed or dcmond-mulliplc>«i b.,;,, Ho,.cv
ct. 1he imcrna.l de>ign of 1hc pres<nt 16-bil microp_roeos-
''"' d<>« Mt faeilitatedfLcirnt conourr<nl Op<lltion of a 
lllt< num \>ct o f pro<c"o" on >uch a hus. 

lntel M86. Thc ~lultlbuo Í> lh< muCIUr< for inlerfa<ing 
lnl<l'> SOSO/Sl/86 pre>duCIS. h suppons a one-mtgib)'le 
addre" spacc. Tho 82~9 bus arbitor control> Mullibu> ao· 
""'"by ¡nulliple ma>l<r>. Tho controllin« are d«<gn«< 
according 10 a m.,,.,..lavo <onocpl: a mM!<> (prOCcssot) 
in lhe sySI<m oa~csconlrol of lh< Mullibus; 1hcn 1h< >lave 
d.-ice (1/0 or memoryl. "J>O" recosnizing il> address. 
ocl• UJ>OR lhe<ommand providcd by lh< mastor. An asyn· 
chronouo hand•hakinl prolorol allow• mocJuln of dif
Ieren\ s¡>«<<• to u >e o he bu>. Alohoulh lh< b:osioc defrni<ion 

in thc bu> Uandard specifies only <wo types of uni,.-bu• 
mastcro ond bus •lave•-lhe 'l">l<m o \lo <&n ln<lude "in· 
lelligau" •la•e., wbich eannol conlfollhc bu•, but put 
mor< pro<e,.in¡ power in1o lb< bu• slavo. Multiplc 
ma>tm c•n bo <onncol<d in <ithor a daisy cbain prioritY 
ochemo or In 1 paraUel p1iorioy schtmc. 

Coordinotion fcatu1n of 1be 8086 multi¡>IoeenOr in· 

-·~ 
• lh< S289 bus arbil<r, which do<ides which tnasltr 

may U>< the bu• durin11he nut <)'de; 
• 1hc bu• loe); signa.l, &Ciivol<d on ox«Ution of lock 

prcfrx inmuction•. block in& iniCrrup" and tcquesiS 
by oth<l p<oce...aro until iltelock >equenot i• com· 
plcred: 

• ..,aphote using o be loe k ,.,.¡¡, in conjunc1ion ..-ith 
the XCHG inmuotion: ~-

• •ynchroni>ouon 10 an ntcmal evenl using o WAIT 
in>tt~t<tion and lh< teu inputlilnal; 

• ·escape in>lnmion ollo,.·ing oth<f proce»or> 10 ob
lain an inSiruclion and/or a memory op<lond from 

· 1hc host; 
• owo bidttectional f<IJUO.tlyano lincs, u>«< 10 >bate· 
"th< loca.l bus beooecn one hot.l ond two oobtr pro-

Toblo 2. 
Mlorocnmpu\et chor•oleri•lloo. 
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tho rlobal momory •«•" proo<dur<. Thc ZSO(Xl ottors 
sp<oiol signa! pino. _,11 and .'10, aad four Sr<etal mm u c. 
tious to ••rron rnuhiprocto<1ng. 

Solcclion slrategy 

¡, sdectin~ > micrurro«"'" for n p>niculor app\ica. 
tion, nnc rnust anol,.,< o 'P'"'"'" <>1 i.suco, h<Hh 
u:chnicat and nM«chnical. L<l ns <ontiJor the relo1·ant 
t<chnical ;,.ue• forst. 

Technir>l 1"""· Thc oporatior,,l sp<'<d• of nll thc 
16-~it microprocmo" havo unpro><<i 01 or thc p!CI"ious 
&<norotion SOSO. 7.SO, and .\IC6SOO proc<,sots. Tho 
sho1tcst e>ecullon (a"umins 5ufr.ci<llth 1 "' memor)) is 
400 "' for thc HDSr,. 7ó0 ni fur th' fmXI, and 300 ll' lor 
th< ~\CMtJOO. In all thrc< rnicropn>c"o"o", «r,nd<d o d. 
dr<'>i rang« allo"' l>rE< mcmor;· ,;1<\ 10 be dir<Cll)" ••· 
«"<d. Tlr< upp<r \imu on direcrl)· a~dt«s.:tbk mcmor~·" 
o1>< mct"b)l< ''" rl>o BOS6. ~0'11 h¡·tc·1 on 11\0 ZOC.~l. ~n~ 
MM byte\ mi ti" ,'1 fCr,;;mO. ~"''' lart:c l"'mury '1"'"' <O· 

quir<5 somo lm 1ll of mana~cmcnl. file 1n1<rnal S<~<ncl\t 
rtr.isto" ol tho WSG rro,idc intcrnol\y <onuollcd 
morn<>r) monarcrncnl ,.¡, 1 ctocoti~n. llol h 1h< ZS(.(•J.•n d 

thc MCGSI1,XI oro do>irncd 10 be tl'l"d """ ,,, "'"' "·'1 
memory m.moscmcn' cilip, ""htch aii<J""' '""'a<«<tnnc. 
ticn b¡· incroasins •ilr<on arca. lll<>< m~n.ls<mcnl unils 
con rolocato, <h<tl hoond,, and che<~ lon<Loon• al :111 
rcloronc" 10 ;1lppon '""1 <oplli\Lit",'"" """'"01}" lll'P· 
ring and pro\Ccllon r.,dlit ict. 

The 8036 and I.M>.. t) h »<separa!< 1 /0 addr<s; in~ fa< it. 
hi••· whilc lh< .'11CL,(>.JO ""'s memo<y·m;tp¡:>ed 110. S<r· 

or;llc !lO spoco "'"'·'"' 1)"\ICll\ """'"' ,. Oc•i~n al'd maro. 
•r.omonl coti<r. ,\Iom<" ;' "'·'~pcJ 11( l ,tilo"' •LII11l<'""'' y 
rdorcncing in<true~ion• lo al.a be 110-r<l«on<ed. 1 his 
''""' in•uuctions, butth< 110 cannot b< prnl<etcd al !he 

in<lrUcrion l<~d: il ean be rrotoctcd on)y ot thc me mor y 
lov<l. 

A valuabk foa1ure of <h< 7.S(l(X) and ~IC60oo:J pro«,. 

sor\ it thc im¡-icmcntarion ol "'"'" ""' hl\<r n>odc sepa· 
ra<ion,, allcnvi"S tilo prmoc<ion ~t crnoil\ ln>lruCiio·,, 

and ocp~ra<e •)stemlu«r ""'~ p.otnl<"· Thc S0$6 do., 
nor oHcr such ¡,.;¡;,;.,. Al,o, th< zro:oJ and <he 
~ICGSOOO can lllndlo JZ-hil op<rand<. 

1llc ¡,,¡, 'l'«d nf inmucdon c'mlliOil i> "" impO<· 
~ant sel«l10n critcnon. Alarl,l>io i11d<p<ndent bcnch· 
mar\. otudies do not ,.,,.,, <he.'-:~ l6f•.'l «ti<s, 11 hi<h ;, not 
)<t com1ntrdall.1 0\"ailabl<. !lenco, 11"< mu" "" th< 
n~uro• publi5hctl l>)" :-:otLOfl>l Scll\"t>nduCI,)f. 1 bo >pe<d 
da~ a, l!md in Tabk J i"or lh< tour microrroci'"ors, musl 
be intcrp:O!Cd 1111h cau:ion. Actual lhr<>UillPUl i< a f une· 
tion of 1ho nac1 rn<!fuction 5<quone<, displacemÓnil, 
data length,, clt>ellrcquon<:)"• and UlhO! 10<1"''· •\l•o. 
th< nurnbe<' ""Y roprc5en\, tli~ht pmiri" b101 '" fa,w 
of Naliono\. (J•ora\1, th< ~lCóS(i)O i.!. th< be<\ on lh< 
,·ariau; braoe~ oporotians. For "mpl< da13 nantfor 
OPWIIlOil<, 1hc NS 1 60)2 and lh< ~fC681)foJ are ;u~O!ior \0 
tilo ~(13~ and tloc• ZEoo:J. 

Tllc dircel oJJrc" sir« '"Prort<d by tho , . .,,¡""' 
microrroctt<O" ore consido!Obly difforont, ma~in& li1< 
n-.drines ''"'""'' f or dJfferor1l nrrlioadmr 31 ca;. Simple 
IC<I cJ>tmg. 1 01 "'1m pi<·, t~cncr ,<11)" rcquÍIO< ICI' lll<"fll<IIY 

thon dd<a-how '"·"'"g"n<nl, Oll~ mcm•JtY roqu"''"'"" 
in<rc~t< in dLro<l proparuon totho nurnbcr of uwrssi1nnl· 
tan<<lu<iy on·hlt<, Thus. oach ploce<>or ha\¡,, o" n arpli· 
c:rlioro nicle< ("e l·,~uro 4). 1 he «lplus<icorcd oddros;ing 
mod<• ond '<1'·"""'"""" O<"lt<n,.; '""1 i11 hnth <he 
MCl).S(oXI and <he Z~OOJ lanuh<l ;imrhf¡· 1 h< impkmon· 
tal ion of l>rr.e r•osram;. Coll><,dy. lh< •m~\1 adJ1<" 
wacc of th< NS 1&008 and 11><' NSI60 16 l'"'"<lll > ¡¡,,;, uso 

for ·'"Y l.u¡;<· IOÜ" pru~r ·""'· 
Softwaro ¡, ano1her faCIOf d.,erminin~ ;oppli<:.l\ion 

lUll>billl)" ol lhe 1 ariou, microproco,.on. Tho ZID.}) ¡, 

hblo J. 
becution •pe~d• {on mlcro•ocoRd•) ot lb bit mtcroprooo .. ors. 

OPERMIO'~ l>hl~ ¡¡p¡ 8086 18000 MC68800 NSióOJ1 
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MOD:FV I~;OE< 
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Figuro 4. Appl1callon nicho• lor 16-blt mleroproco.,ors. 

bo<t >uiL<d 1 or ~ ord procc.,in~ ond 1«1 e<li1in~ oppli<O· 
1ion• ~~""' of m \.ophu1i<:otod "''"~ inmuco iun rcper
loio o. O u 1 he o1h<! hand. Lhc ~ ICioSL>l<l l.lCks tloi1 copabili· 
1)" bul r>fl c1' CX<'dlc•IH "'PP"" 1 '" lm1dli ng intorrnp" and 
thm ;, >uioablc lor real-lime onJ conuol 'l""'"" OO\J ol"' 
for muhito>ki"~· "1 he pcre<i'<·d mar k el for In id¡;¡¡¡,¡,<) •· 
ton" is I.JrfCiy "' "P<<'·"'" c:Lri!Cr lrucl prmlum :md tn 
,,,,., '" :o "cpping"onc '" l6-bi1 oppli'"' io111. ·¡ he Na
oionol produm. oocording lo currrn1 >p«il ioalion>. ore 

"'" acr i•·c "'"" \ll< ranr.c bocou" of 1 he ir dorc.1 "P""'d 
wrnpcc\lb1IL1y ",¡, tl1c ILJic·l SOSO, "v.cll "' 1l.oir Slring
proc"•ing "ml irH<rtupt·h:ondlrng cap~bilili«. 

l'onothor rnajnr e>aluaojnn d'"><n<ion ¡, o he a>,,ilabiloly 
and \)"J'C o! '"1'1""' 'hip<. Such li<il'' gr<"011y r.,,.,:llal< 
parr icul.u 1 unrllom-c ~-. mcmo<y '"""agcn\cnl. l>ra ar
bilraoion. noatin~·pOrnl op<r~tion>. ana; pr<:-<c»in~. 
anda "hole spwrum of 110 op<rarion>. l'olthough al! 

chip <·rn<lor> are in1 olvrd in lito dovelopmcnr of "'copro
«»or. •• • ''b' <.'" or >ur~orr clups. onl; a f<"- >uch chip> 
are commcrcüllr "' a!labic. Sinoe o he ~1),\6 ha• b«n in<<· 
i"'"" mu<h lon~<r lhan o he o1hor rro;e"""· Íl po><C5-
'" a <Ji <Lineo od• ""'"~' in thL> r<.Lim. Tablc 4 prcsenls a 
li>1ins or lhe •a:iou• suppon ch,rs. ln mo" caso.. ¡he ncw 
16--bir mkropro..--.:"o" "ill interface "ilh su¡;p<>rl chil'S 
desi¡;nod corl10r fu¡ 01ght·bn rnicroprocessor; l11is may 
I<'>Uil. h<•~ 0\ or. in a snb<tanl"l r«forrnonto la", "'th< 
earlior <hips uso relJOio <1) ob"'lct< l«hnolor)·. operaoe at 
lo"<r sp<O<l>. ond ""' f<""" dat> lincs. Th< mv. chipsco" 
morell.an 1he r.1rlier On<>-1hus Lh' rri"·rrrf<lll!lanr< 
trade-~ff• of <he i"O oprioll> "'""be comidorcd in \he 
de<lgn of an¡- ""' >)S!<m. 

The oof11• are "'"' <r<mn com of ur~rodmg lO a 16-bit 
micro¡>rMe»or at< 1101 illsi~lti!io'aoH. ,\ 1)"5\<"m pr<SmLly 
u•ing an lnt<l 0001) mu>t con•<rt <Llhcr 1<> an ln:el SOSii or 
a ¡..:ational Somi<ondutoor J(o(•JS/1(.()16. Th= oh«· 
n•ll\"0> WLII l ield n lp«d iH,.l c·>'C of ,1 1 :LC10f of ~-6. ) 1 is 
po<>i1k '" cob""'' IH~hcr spo·cJs "ill\ "' C'Sir.oJ2 ora 
Moror~la 6SUXI. but oh< com of ""ruin& «>f1woro plu> 
rho ""<Xiai<d com<>f debu~~~"~ con rnmothon off"t rho 
gam. Likcw10c, 11•< nnl)· apl'l"l"i'" "P"·'"I palh foom 
"" ~ICMiOU is tu"" .\IC6Hi1J. Tho /.WOO hos a ba<io 
mucrur< <lifrcrml from 1hc prCliou> '1.110; ~onee, one 
mul\ lully anal)"!< l'r""'"' pwgr>rns beforc makins a 
lin•l dwkc. 

fh< major fo~lur« discu,.oJ m lhi< •ection are li<tcd 
and cvalua!<d in 1ablo :; (,\ i> e\C<IIcnt; U ¡, ~ood; C i> 
L•ir; D ;, poor). 

Cnmm<rd•l i"""· ")he ovailabJiity of •·cndor '"l'f'O" 
and .ccond <ourcin& i<e,HÍ<ol. '"'ccially for ho~h-• olumc 
\)"'""''· (SL·<onJ "''"''''"'!loe 16-iJil rnk~<,rrun·"or
bo"'J ')>LO LOS "'" li"c-d U\ lit< >econd por•~mph Of Lhi< , 
anide.) h i> """ i<o 10 dc;><nd on a >in~ k "'"'« for o be 
>npply o! oll chip<. Su lar, llO ~econd Wllrco holl \oeon 
ido<\1 11 Lnl lur oh o N.11Íon.1l nllrro•proce~«ll>. ond 1hi1 con
straim ntu<l be l.<pt in mind. 

W e mm< finally lo Lho rcnincnr ''"" of ncw producr 
'""'" okl produ". lhc lnld 00>6 ha< bocn a•atlabk 
>incc 1970. olre Zolt>~ WOil >in<' 19i9, anol lito ~lolotola 

Jable 4. 
Supporl chips lor 1G bll microprooessoro. 
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6SIXXlsin<r Januar)' 1980. 11" r>umborof lru<l """ is lh< 
latf<Sl. \tone<, the eomp:m¡ '< <;>«trum of <Upp<>!! chips 
is al<o th< lor~<'l. ond thcrclS a m u oh lo"<! probabthty of 
a bug in th< soft"a«. Htc ~ICóSLW con u«: thr l.~rgo 
numb<r of "'P~Ort chip> drsi¡;ncJ carli<r for tho 'lt.:/•SOO 
[amily. JI O" r\<t, 1 01}' ¡,,. <Upf'C"l c!lip• de<ign«J O>Olu
>Í> <ly for thc 'IC6StXIJ aro pte,.nti)' .-·aihble. 1'-'ol ional 
S<inkortduetol ><rpport piO<IucL< l'tll be a1·aLI"~k this 

)<ar. But b)' tlrat tinlO, In< el "illai'>O ha> r "'" i.-\1':\ "''" 
p1o<IU<ts, "hioh" ill offer hi1hcr <p«d<. "ider da:J roths, 
Md <upetrot oddrr<1i11~ l:1"l11i<• 'licroprnoc·"i"~ ¡,a 
d¡1l;lmic \\01 Id, and "o can al"'"l' npcrt "'"<1 and rnorc 
f>O"'flul chtp,_IJ 
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Slmulaling with sampling systcms 

'"' opcrat•on o• :ne 2920 [;MS LIS baSO$ in samp!.ng the samphng stage in 8 V>Lih three cquatoons: 
theory. wh1ch S latos that a c-on:.nuous tunct1un (O! waw>-

y, a Y• torm) can b~ accuratety r<•presentM by a tra1n ot pem<11c 
samptes, os lo~g as \he samp,ng os done w•t~ h•gh enwgh Y• ~ Y' 

lrequercy. 11 is the n~¡;n sampl¡t>g rate tt"QLJL<fr<l-aM m<>< e l' = ¡!,y.+/l.y,+G• 

diMLCUII Sltll. '"' •mmen>e computaBonal gr.nd between where tna variables to the telt ot caen equals s•gn are 
samples-thal ho1S rest,ctcd '"' ~lg"~' processlflg •• !I>Signod thO va!ue< to Lt< rL~hl. Note that eact> m~lliPI•oa-
anatog SLgnai>IO lull-blown macn;nes nm 2920 so!ves n·.e toon LnVol'e$ on~ ,.,.~., and Ot\11 value thal Os l1x<><1 by 
numt>er-crunch.-.g prCblem woth a popeloned a!ch.tecture tM des;gn ol :ne t.iter. lns:rucuons "' t.'le 29:>0 me set vp 
aml a ctever mull•ol•cahcm atgont~.m tMI reQuL<e-s many 10 aed or subtract a VJ<roble trom ano:her wnere the l"st 
lewcr c•rCLIIIS a M steps thon thc shllt·add algor.rnms wotn vanabfo r< soaled by,, power ol IWO !hu• :, Stngte on~truc-
wh1ch m oso comnuters mult•~ly numbers 11011 coutd ta~e any oltne lottowrng lom>S: 

Tt>e RLC actNe l.lter <hown below"' A has a ltequeocv 
X • )'(2') 

•espon•o ·~· prtXIuces • compjex~on¡u~olc ~· o• . 
poles. Tne c"a•actenst.c> ol the t.l1er-ot; transler tune-

X~ X+ )'(2') 

\Ion. goin. and pole locat1ons-ore g'""" by the equahons_ 
X ~ X- )'(2') 

Tha coniLnC>O<J!I I'ICI can toe $Lm-.>latod by the SO<mpl•ng 1M usetutrLess ol scahng t>y pO'HO<S ol :.vo soon becomes 
.,.,.tem '" R '"' e• ele<! " '"P'""""' R"OJ!t>pi'C<~ '"' t:lear. '"' coeHocoent$ ~o M e<ptelóSed "' - ·~ CLfCiüd ~ is an adder. and thC blot•« w11n _,.---• reptcsent d•~erences ot pcv.ers ollwo. as •n \M examples: 
ILm1ng tlcloys ol one S,lmplc pe<LOd Coeii•C,efliS ¡lo nnd ¡3, 

~. ~ 1.7656- 2'-?-'+2"' 
CM\r(ll tt-.e 1.1\er"s lre<;uency paramete1S. wh>le coeii1Cren1 ¡!, ~ -0.99414 ~ -2'+2-'-2"' G ad¡tJStS rls gaLn. 

G ~ 0.00793 ~ ?"'-2"" ' The cquallons to lhe fLghl of the l•¡¡u<c g....-e tho SLmu-
lated l•ltr•<"> r~sponse IIIIMugh a '"mpl•nQ sy;tcm, the wt-.1ch lhe 29?0 can porlorm qu1c~ly and w•ll> a m1nimum 
ILite• wo,IC sunul~to c>octly 1110 ccnttnuous lunct•on on A. Ol ClfCU>lS The l•lie• st.1QO ot B 1$ "'"''"~ out a .. ectly wilh . were tr.e samplong done al on!•n•to lrcouercy: cocti.C .. nt ¡!, 2920 in<tru<;ILOn rn ta~ln O A lnlt-onoit ot 1 >S cQLKvalenttO 
~ 2c"" appooacl>es tho •~lue 2 as tMc s.ample pe11od mult•p\ylnQ by 2'. a 11ght-snolt el 6 mult•phe-s by 2·•. and 
lends .. ZQfO, sirn1larty, coelhclcnl ,,, - -~-"' 00 OO. '" mncmon•cS LDA. ADD . ,.,,<~ su~ rcprc,ont 

.,:-. 

• 
opproochcs -t. Howevcr, ol '"'"" >.1mpl1n•; hcqucnc•es. lood. add, ¡¡nd subliact Opcrat•n<t cO<Jes_ 

small """'" >0 '"~ coelhCocnts can C3lJSe signrhcant Tnis metntXI re•m•ts m~cl\ 1~>10< multrplicahons ., 
<:h3ngl!S.., IM characte•oshcs ol the l•ltor. ono allo11thme- constan¡; !Mn a convcnt•oml !;i>lt·ada rooi"P~C'f cootd 
tic must tllc!cloro be Perlormod w1lh h•Q~ r•cc•;~on. 8ChLOVO tt is t<eec>olly "ltecl1vo t•c"' bccouse >uch "'"lli-

A ~oncrol·purpo<c d1g•h1l CO!nputor 15 fJble lo "mulate rt•c"1Lons domL<laio dl~ilnl-llllcr cotoulot•ons . 

• • ~. •>• •'ooo>! ,,._,,. 
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3. Slgn bit. M~•ng a ••gn "''lo OO<-c 8-b" ~O"'"'''""' r•eld< 9-U•t 
p<t<:jo,on_ lhe 2920"""" a 11op """" 10 su~ply a '"'"'<t·poi.v•IY 

<l¡¡Aall•om too "'""'1<-and-,_ capac.l<>< (Oetll lo '"" oomoa•a101 
L>$<'d lor s.uooO$$Ó, .. appiO.,mlll•on anaOC>¡¡-Io>-d•Q•Ial convo"""" 

with !he produclion of an ou!put s~mpk mus! be 
pcrformed with cach umplc 1aken, the microproce.,or 
mus! ha•·e an nlrcrnd)' high·,pccd numbcr-crunching 
capohilil~. bcn a 111-ldolwrll hanJ"idth, for cxamplc 
would rcquire sampling~tlc~st al a "O·kll7 role, oroncc 
every SO micro.ccond>. A pro~ram of. <J>. IUO in<truc
tion., which wos nccutcd al a ratc of SO microseconds 
pcr >amplc, ~<Ould rcquirc an average inslruction·C)Ck 
time of 500 ns-a spocd thal fcw 1mnicomputcfS c~n 
boa< l. 

1\utthc 2?20 c~n do it nll on o H.OOO·•quJrc-mil chip 
(Fig. 1). which. mur<OI"cr. IS Uuill ~llh a >Wndard n
clrnnncl mct~l·o,idc-•cmiconductor procc .... 

Divided in lhrce parls 

The 29/0. a< diagrornmcd in Fig. 2. divirlc< into throc 
majOr sub•ection>: progra~n rncmory. thc arithmetic (or 
digit~l-procc.,ing) J!Orlion. ond the anolog input ond 
out pul con•·cf'ion .c<tion. Thc f.I"R0\1 pro~r "m mcmory 
control' bmlr tire analu~ convc11ion ond drt:ital •cetion< 
of thc clrip. 

l"our annlog input< cntor and cight annlog outputs 
lea>e the·2920. A multiplc,er aiiO\\S thc four analog 
inputs 10 sh.<re thc ir>put ""nplc·and-lwld cncuit. 
Anolog·to·digital conversion is rcrformcd b¡ succc"i'·e 
&ppro,im~tion v.Lth thc output d·o comertcr. \\hich is 
the resinor·IJddcr t¡pe. A dcmuhiplc'<r pro,·ides cight 
bufTcrcd outputs. coch of ~hrclt h.O< rts o"n somple· 
and·hold ~ircuit. Thc d~ta rcfi<tcr links thc analag 
uction< lo the digital portion of tlo~ chip. 

Unusual atilhme\ic 

The rnicroprnccssar in the 2920 comprises a 1\!o-port 
sctatchpad r~ndom-acccs. rne:nory. a btnJI! •calcr. and 
an arithrnctic·and-lo~ic unit. tThe data rc~istcr use<! by 
thc analog portion of thc chip is actually pan of the. 
RIIM. <O thattbe procc;,or >ees thc inpu!s and outputs as 
an addrcs. location in mcmof\'.) 

Althougb the precision of tÍte a·d and d-a con,·crtc" ¡, 
9 bits. intcroal arithmetic is "ith 25-bllptecision. sincc 
accommod.Hing tite buildup of small round-ofT error 
ovcr time rcquircs much highcr precision in thc tntormc· 

· diate c.lcubtions than for the flnal ~alue. Should an 
arithmctic o.-er~ow occur. thc proccssor saturntcs: in 
other words. it automatic"lly and instantaneously 

:¡-

•· Fol~o~ loddor. IM 2920 s """''O<J '"""'g''"' ""''""''' r "'"' • 
'"'"'"'" IO~dO<. IOidod ""o • "'l""'" "'"Y lMt conl.gu<at«>ff """'" 

,.., .. '"" ~"""" ot P''""'"" ••:<>"'"'"""""' •"" tomper•t'"e aetoso 
tl>e SU<Iaco ot the cnrp. tnus omprO'If>ll ove<all oceo<aey 

rcplaccs thc rcsult "'ith the la rgest •toroble 'olue. 
To hondlc the arithmetic. cach of tht ~() loc~tions tn 

scrat<hpad I<AM is 25 bit> wide Addrc"ing. ho"c,·cr. ;, 
\\itlr a 6-bit word; thc atlditional H :tddrc"c< >dcct 
prcdcl<rminccl con<lants ancl thc anol<lg scotion"• d~to 
rcgistcr. To l>oo>t throughput. thc MA'l ""' dc>igncd 
"ith dual·port collsthat con be oddrcsscd through cithcr 
ofthcir pnns. 

1 he F·PRO\t c.tn storc up to 192 in•lructiom nf 2~ bits 
eaeh. The in•truction form~t hJs fr•c contiguou• foelds; 
the digital opcrator."the >OU<CC oddrc". thc de<tination 
addrc«. tite cxt"nt of shifting. and the :11\Jiog opcrator. 
Such a widc word may be lrkcncd lo a microprogram 
word in a com¡iutcr with a control storc. for 11 pcrfOrtn5 
sc,·eral Opcrations al once. In this Cose. they "'" 
c~mplcte mernory·to·mcmory opcrations. 

The low<!r llmil 

Al tho 2920"• (,.test opcrotin?. spccd. cach in•truction 
c'ccutes in ~00 nano<ccnnd<. Thc l.rr~C>I pro~""" thc 
2920 can l,;ndle- 1 92 instruction<- c•ccutcs in 16.~ ~''· 
and thu• \"ields a minimun> <amplin~ rate of appro•i· 
motel;- l3.kl11 .. 1he wur.t-cose band\\idth of the chip. 
accordin¡: to Ny~ui>l thcn. ;, about ~5 liiL. 
Shon~r programs "ill. of cour""· pro,·idc higOcr 

oampling ratos. Al•o. techniqucs lile stacl.ing multiple 
copies of a routinc con l>oo;tthc s~mpling frequency añd 
hcnccthc pos>tblc bond"idth. 

To ma•imi7c •pecd of c~lculation. thc 2920 •ignal 
processor uscs piptlining tcchniquos. Four inmuctions 
are fctched from f·PRO\t nt once. and the fetch O¡>erJ· 
tion for the next r~ur o•·erl:rp> cxecution of thc rrcvious 
four instructions . .\lorcuvcr. the arithmetic operatiuns 
are cquipped "ith earry-loo~ahead acr= thc full \\Ídth 
of the accumulator. · 

1hc orithmctic-ond logic unit (ALU) corrics out such 
basic opcrations as data mmcmcnt. addi1inn. subtrac· 
tion. absolute magnitudc. and ,_, . .,,¡ lo~ic.l opcrations. 
Ench elemcntor)" m~chine instruction fctchcs 1"0 oper
ands from the scrotchpad R,\\t; P"'"' the fHS! through 
thc binary scoler. pcrfof!ns thc selccted art!hmcti,• func-
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;,. 3 widoned SOSO with enhonoed addre«ing and in>lruc-
1¡00 prdeteh. In a U, 14 addr<,.ing mod<> are<upponed. 
\\'tth a do<~ frcquency of 5 ~1Hz, th< fast«t inmuetion 

1imr ir OA microsecond>. 

Thr 7.6000. A re~i•t<r·rich 1&-bit rro"''"''. th< ZBOOJ 
;,. notan onhan"mont of Ztlog's ZSO fomily and h .. a ~if
f<rent interna! wuctur<. 1110 ZSOOJ t< boS<d on a regular 
regill« U>< and a S)'mm<trk instrmtion ret. 115 opc:rotm~ 

>Yst<m '"N>Orl io far mor< <ophi,.ieotd thon thor avail
able en eirht-bit machtn«. An entire ><t of ro¡:i<t<ri ron
Uol> >)"«<m< <:11\s and mana~<> proees> '""P'- ln~ernal 
rogntrrs atlow 32-\lit d<'ttbl<·"- ord orera:Jon,, T rap•of ti· 
legal addre;..:s ond ilto~,¡ in,ruettons <en< a> debu~ging 
roo!> through the ""' ol an e.panded nag re¡:imr. >iw 
ro:rmitting <Ofl"'Or< r.p3n>inn of th< i~>rruetion m. The 
ZBOOO ;, a true 16-botmochmo, a< dotaand in<tn>etion 
pao h< are 16 bit< wide. 

Tobl& 1. 
Spoelllcallons of 16-bil mlcroproe .. so1,._ 

8086 lóOOO 08000 \DUOS/\6016 , 60)2 

YfM Of CO-'-"·'E~CIAL MROOUCTIO-~ 1918 ¡g¡g 1980 \98\ 1981 
~0. Of SASIC l~oSIRUCIIC,':S " "' " •• •• 
~0. 01 GEl;[ 1\Al-PUI!POS( ~[GtS!f:;S " " " • • 
PtN COU.'/1 " U/40 " " .. 
noR(CI ADDRTSS RMIGE (~YTES¡ '" ~3M' 1tM/64M ·G4KI1GM '" ~UMBEROf AOD~fSSHJG MOOES " • " ' ' BASIC ttOCK fR(O!JH¡c¡ ~""' ~-~·39UH1 ~-8UHl \OMHl IOMHz 

(4-liMHt) 

SYSTfM SIRIICIUF.ES 
UNifOR-'1 A00RESSA81LI1Y • • • 
J.!OOULE L!AH~D >IOOUtES • • 
VtRIUAI. • 

PRII>!IIIV[ DATA TYP(S 
ans • • • • 
tNllGtR 8Y1[ OR \'I(IRO • • • • • 
I~HGER OOU8ll-\','DRD • • • 
LOGICAL 8Y1l OR \','ORO • • • • • 
LOCICAL OOUat [·WO~O • • 
CHARACH R S TRt'.GS 
· CSYIE. WOROI • • • • 

CHAAACltR STRHIGS 
IPOtiBt l-\'IOROI • 

seo ova • • • • • 
eco vroRo • • 
8CO OOU8LE ·WORO • 
ftOAit~l;-!'(llN!, • • 

• • • • • 
• • 
• • 

• • • • • 
• • 

• • • • 
PfllMlllV[ CO';TROl OP!RMIO';S 

CO~DITID'I COOE PRLMlltV[S • • • • 
JUMP • • • • .. 
C0~01110'1AI. 81\A,JCH • • • • • 
Stlo'PLE llEIIAliVE lOOP WIJ!RCl • • • • • 
SUeROUll.\{ C~\l • • • • • 
MUllt\\'AYSRA~CH • • 

CONT~Oi. STRUCJURt 
[XI[R,;AI, fi:OCEDU~[ CAll • • 
5HIAFHDRES • • • • • 
TRAPS • • • • • 
rmER<1UPTS • • • • • 
SUPERVISOR CAI.l • • • 

OlHERS 
US[~ MICROCODE • 
DESUG MODE • 

'fR~"t'l~Of l1t E.<C" 

1-by 19Sl .... " 
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'""' 1-
AUT~~AU~ -\0\',''"' """ f\ll!R ~"""' 

'"'""'" - run w•vt 1- UJ",\?..SS "·'"''" '"'"" """ ""W<ER mn• 

~OlllU(-

1- <;"'""""" -. '"""""!0 ~OOIF\CAUO• OSC\tlATOR . ' 

"' '" . 
IAWTOOTH 

OICULATOR 

5. One·chop •pGclrum •noly<or. TOO 2920'' <osoutoos aro '"""''""' lor buoldmg •n oud•U spe<Hcm ''"'")zer. Tho .opul sognol lo 
goon-cont<olled. 1hen Mlerooyned ~''"a swep\ ""''~·""" lhe delocled S>Jm ><gMI "'"'"' 10. '"""'"' onpul ol.m ""'''"'seop<. 

tion, and replaccs !he sccond opc:rand with the rcsuh• of 
thc opc:ration. 

Thc kcy lo lhe 2920's l1igh-spccd, high-prcci,ion .lrilll· 
mclic is thc binary sc~lcr. Unlikc !he u<ual shifl·aJJ 
mullirlicrs, which rcquirc a C)·dc por bit, thc ~920 uses 
scqucnce< of I<Cale<l addi¡iun< and suhlraC!ions (scc ''Rc
ali¡ing a cumpln-conjug~lc polo p>ir," p. 107) in 
mull ipl)'ing va< i.1 bb by cor" 1.1 n l> lo rc<luc·c thc nu rHhcr 
of qcle> lo ab-oul a third. (Sincc mo>t fLIIOr< mcd in 
an~log applicalions are f¡,~d. multiplicalions are usually 
by con"ants.) . 

Thc binary •calor m"'lifoos a •·aluc r-~><ing through i1 
hy in clfcct muhiplying il by a powcr uf [\\'n, nr 2', \\locro 
'rangc> from +2 lo -13. lf. as a rc>ull, 1b~ pruJuct i' 
grcater lhan 25 bit' (and bcnce 100 largc for lhc R,\\1), 
1hc /\LU S.luratcs and pro• id e< a signa\ on its averno" 
ompul pin_ Thc m·crl\o" nu1pu1 is u.cful during sys1cm 
ele bugging f or dctcrminJ ng "loen >C~Ictl '·" 1a blc> nrc ou\ 
of range. 

Conditional optlons 

So me of tire Al.U's ba,ic opcrations can opera le condi· 
lionally. using >clcctcd bil> of tbe dala rc~i""' normal\ y 
a!sa<:ialcd wi1h a·d and d.a convcrsion<, Thc muhiplica
toon or di,i<ion of onc •·ariabk b) anolhcr i• nudc 
possiblc b)' conditional addition and subl!ac•ion. respo."<'
li•cly. l'inally, condition;~\ opcralions c:on perform logic 
a nd can genora\e Jiscontr nuous 1 ramf cr functions. 

The a·d ~nd d-; con>cr<ion< are gi1cn 9-bil 
preci<ion ,.¡¡¡, the ~ddition of a sign bit. A llip-s"ilch 
circui1. "hich is sbo"n in Fig. ], pro1idcs !he double 
oconomy of ;,rrond1ng 1hc •ign bil "-hile al 1h< SJmo 
lime allowing 1hc 2920 signa! procc><or lo use onl)· :1 

>in~lc ¡>O>ÍIÍYC·\OIIa~c r<forcnce. 
The d-a convcner is buih around lhc foldc-d rosiotor 

Elect<onico/MorcM \, \979 

string and '"i!Ch array sho"n in Fig. 4. Folding tbc 
rc<i<lor s1ring )c"cns 1he con•·cncr"s >en>ilivily to 
1empcra1urc and ¡~roce" vari;lliun< .JCrm> lhc >Urf~cc of 
lhc doip. Tlul, couplcd wi1h ¡he fue" !IW proccssor 
timing is cry,¡a\.conlrollcd. 1ha1 lhc con1cr1or's accurO· 
cy is C<lahli>hc-.:1 b)' an cxle<n.JI rdcrcnce •·ohagc, and 
1ha1 all in1crn.1l cak"L11ion' are digi1JI, O<ld< up 10 an 
analog _,ub<Y"""' lhai i< far >l.lbb rh.>n frolly analog 
counlcrparls. 

1 he rcsourcc< of !he 29~0 are snllicienl lo providc thc 
cquivalenl of up tu 40 pcolcs of folrerir.g. or 20 complcx• 
conju~.Jlc pok p.1ir<. Thol amuunl is cnouglo lo pul many 
con>plc, an~log 'Y>lCrn>. includi"!'- a du.ol-lonc n1ultifrc· 
qucncy (DT.\IF), or Touch-lonc, rCCCI\'CT on ju>l" single 
chip. 

Thc powcr of !he 2920 is dromn1izcd by an audio 
spcctrum anat~·lcr. whicll ~an display lhC frcquency 
rcspun;e uf a circuil undcr IC>l "" an <>><illo>eopo. Onc 
su~h ~nal]'lCT IS Ji"gr.lmmcd in Fi~. 5. ll generales 
veruca\ and horilonla! ou1puts f~r tlorecl conncction to 
lhe osci)Joscope and "'"' hcl<rod}·ning '" mi• rhe input 
signa! l'o-ilh 1hc signa) from a S\\'Cpl <><ciltator. 

Sequence of evenls 

Thc inp~t signa! 10 be anal)'lc-d ;, firsl fihC<cd "'ilh a 
simple e<lcrnal n<lwork lo remo,-~ high·frcqucncy 
componen~> that could cause aliosing. or thc generation 
of spurious SLgn.<l>. Once in lhc ~920. lile oigna) pa;su 
through lile cqui•alen1 of a l\\O·pole ]O\\·p;!<> filt.r for 
furtbcr band-hmilillj!.. Sext it is modulalcd. p<ior to 
mixin~. bv an au1oma1ic gain conrrol-sinrpl¡· a dj,-i,ion 
algorirhm "hose dl\·i,or is dcri1·cd by pa»ing lhc abso
\me m.Jgnitutle of thc sign.!llhrough a lu"P"" liher (10 
gel !he ""ighted avcr,¡gc). 

A second porrion of the program simu\ates a pair of 
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LO:roj;ecftñit:lg Wll..Stl's Bm¡pac1 
on rnüc:rop:rocessoil's · 

., 

Single-chip micrccompulers with 1 million bits el lnlormation, 
English-languags prcgramming, and canned software are sean· ahead 

Ono mi Ilion d.-...lces on ft lin¡l~ silicon chip by f9U? """'s 
of !0~4 kbin wil h prlca .u low u 0.002 con¡ P.r bit? Bn1h 
dc-o-tlopmcnl1 wiU ~ PO'>iblo in the""' decode •ilh • 
MW J01t0folliOn Of nty·lar~e->CIIt Jntt¡f~led drroits. 
/loh"'>pro<:n.oo" and rdoud compononu ,.¡11 be b~Ut on 
!htu JCI w;¡h new oit<"uiHlcti¡n lech"lquO>Ind advanc<d 
flt>ricaLion proc:..,ot. Amon¡.th< lik<ly producn ••• 
oinJit-ehlo mkrocomputm w\th .u much u lJ6 kb·,., 0 f 
o!ecttlclllieri..U.bl• m.-mory. 

Conuaa tt>i$ proJtN '*ilh pres<nl oilicon chip <knoioi .. 
Df ln¡¡ho.n 100 CJC(Idovicn~.nd prlca a• lo..,t an ord<r of 
maanilude hi¡her 1han 0.002 con1 P<T~· bit. 

Futu111 Kl of hl¡h tomplexitY wlll be lntimattly link<d 
lo lile mieropr<><:euor. Thi• b b!clll$< 11111 <Ú>ico, ,..¡¡h Ju 
Onlbohtr, Dpms up Larl•·"'ll.,. appliauions (ond o hu• 
low toal pcr JUnctionJ. Until th< mlaopnxuoor'l 1d• 
~<nt. IC mlnufacturer~ wo~ In • datmma: thoy n~td 10 
ln<Tuw u; donsiti .. 10 low"' f~n<lion co»u, bu1 in doina 
so, t~c-y 11111td crn.tlnl '''""PI~• tL'J lh&t "''~ limi!ed in 
appllcatiDno (and ~~~· rnui~;~td in ~olumc and c~wly). 

Radical changea ere ahaad 
S!rlllhl·ilno PtDioctiono cf 1<: comploxitics h••• becn 

aceu,..cly rom:ut (sCI! Fi¡:. J, b"'cd lor¡oly on • similar 
llaur~ prncnttd by H. W. SpmÓ. .,d R. W. Rozeboom 
u tht 1977 Jnt<n>a~lonll Ccnfotti\Cc on Microluhoa· 
raphy). Recent tr<ndl in IL' dni¡n and proccu.ing (Fi¡o. 2, 
l) ouuntthllt~nelncr•""" in comple•ity .,;¡¡continuo. 
Thi1 1ivn ril< 10 imoroslina specula1ions abou1 ¡ho shape 
o( furure IU. 

FDr oumplc. the prn<fttiL' ~'""' diuipoLion or leo l 
W. lmJ>OXCI b)o con~cntiDnal pockqina. i1 bound to mo~ 
than do<~ble to hand!e 1hc lti1hor d<ftoilin. ThLU rodkally 
,.... l"'<'k•ainll ;d.,. willcval•e, ..-hich In tum will di<tat< 
n....- dnlan 111ndndo. 

Cno ~uibilitY io tbc •••dual alwldollm<rll of the J. V 
Sllndtrd for rrL 10. Sin.;c 1hc dcml:td for lo-n Pll'"<' 
dissll)lli<m 111d <IDI<r on-<:hip !in• 1pocin1 b titd lo le'"•' 
opcntinl •DIIU.,, fu1ure hi1h-<lonoi1y IL1 "'" Jik<ly ID 
Opetllc lf Mw olandardl of l or 1.5 V. Such VOIIIJICIIt< 
compatible '"ilh th""' or banorics. '"hlch lrc likcly ID b< 
uscd in<:r~a.inaiY in fururc r.:.· sySicmo. 

MicrD'"atl l><l"'"'·<lluipation lnob ..-111 be ncMoary (or 
each ¡a¡ oto .m;..,. tho hi¡h den•itia. In addilion tim.il 
dni¡n<rl ..-il! domand inl<rnll ¡ato opee<lo bclow l ni. 

Bul IChi...-in¡ milllon-<:omponcm d<ftillón ..-;u require 
moreth•n ju., ¡"'""' opcrl!in¡ ~ollla<>. Wllh ad•ancco in 
fobrication and t<¡uipmtnt, it i> nl'!ain that rh~ ptnent 

' 
barrltr of li'm 1(; lino '"idlh> and •pocin¡s ..-;11 bt o~••· 
como in productlon. T..-o·l~l" me¡ al in~rn;onnCC~Ian• Dn 
th< chip wi!f l>ocometho rulo nuhcr rhan th< uctption. 

In IL" prO<=in¡, plasma\ "" no'" !<p!adn¡ w<t 
ch<mlc•lo for d<pc•itlon, D•idation. and ol h<r ucps. Thll 
;, mol in¡ po"ihlc lincr on-chip lino a«>mocri<o ¡nd lower 
pra<:=lna com. This !rcn4 wiJJint<n>lfy. 

NMOS teehnology l"dieated 

I<MOS tcchnDion un bo ,;,, ••hid• for (~tu~ IU. And 
o1os il a lil.oly ouppl<monl. more'"''"" nQ\0. c•IOS'I 
major dra"b~ds of llowet opera1in¡ <peedo l:td la•••• 
ceil li>n, comp..-«! with ,..,OS, ~,. be in¡ ....,lwd. 

Specdo f<om 20 10.~ M Hz (do;><ndin¡ Gn ~-.._.,pply 

YOlt•l<) are pmsible if oilkon-¡ore ,echni<¡u ... '""'"d of 
meul·l•t<. ore u>ed. Up ID 100-MHl operation hu l>ec:n 
achi .. od in !he JabotltOfY wilh i<al .. td·Subm.>tc or 
d•electric•I<Oiati<ln dc•i¡no. 1<~ "'ith <uch sPtfti• •hould 
beca,.. i:ommon;ially .. ai)able by lh< c~!y 1980.. And 
U.IOS ctii!Íl<l can be re<luc«l by •uch dC'\i¡n inno.-atiDns 
"'lho UH ~fa oin1le ""''" olcment in thoou¡pul ""1"· in· 
otead of th< da11ic•l campl<m<nlary """''""' poir. 

The lutur& arehlleclure 
Prnent oc compl<•i¡jC'\ Df ~O OC(loo 80CJC(I devic"' por 

chip an suppon, bnidn ""'mory. a full nnae of 'cr)' 

JIO"<rful, 16-bit pcnphora! chiP<. Th< periphrral chiP< of 
1he 1980. <ould con¡ o in caonponenU for dorm memory 
"""""• tho bus atbitrator, mcmory se¡mtntOI ion, On<ilhc 
P<fÍphcral proccs.wr. Th< I""'Phcrat.procnsor oom· 
ponents ar<lihly 10 bo pro¡nmmcd by di• """' fDf apo 
pl;cation in Roppy-diol; or rn contre>l!en. dtdio:&ttd 1>«>
cnooro, m<mory sharin1. and Op<cial <DmmunicaliDn pro· 
tocols. 

[1! By 1984. "' ,;_j¡h .:....,pl••llleo ol u-n• miiUa.o drttcn 
~· o;hlp wHI W poooi.IM. '-!I"">C>mpul"" nenellf19 J~·bot · 
upwol,...,o •••""" moniteotallon. ... 
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• Wh.., ,.. coruidcr ohat tho mo>t l>')wcrflll central pro
ccuin& unit M""il.:tblc u ... thr rqui•olono nf oi~ mitli<>n 
dcwlcH, oh~ P<Wibility of buildin¡ oin¡le<hip CPUl .,¡ onc 
milli011 biu aA b. fuU1apprccioual. More lik<!), futute 
microcompulcn ,.¡ll b. •pponionala:. follo,..: 

• IOOOOOd .... ica for lho c~u. 
• 400 000 d..,k.,. for UO adopttro. 
• 112 000 a .... ~ec, for an <:lectrinJly .,....blo aow (oo 

""''•OJo! opliulnJ). 
Raldcno in momory ..;u b.o powuful flrmware h! th 

form of a. high·lov•l·l•nxuaao compilcr/in<ttpretct and, 
J)fob•bly, thc mon univen.>l t~hnicallan¡uqc: En¡liSh. 
Thc <;PU a>u!d haYll an IUX).¡o-~crd -bu!oty, 
mJk!n¡ it poulblc to ilwrua h d11ectly in En¡lil.h. Rccc<l! 
IP«Ch-lo~nlhalur 10 poi no th• way. 

Tho O'U wi!J probably be' 16 bill wido and feature a 
20ono cyclc time. The 110 atea 10!11 pl'll•idc ml.ny <lirect In· 
puu and ourpuu for intorfxin¡ to tbc ouuidc wodd. 
Wilh thc In>< of oraaniution ¡nojca«<, oucb a mkro
CI>J<Iptltct 1)11.., could ha•• anilici.al inl<Ui¡..,.,._ 

How lo raduea eoltwara to5I.S 
. -. ' ' 

Ptoduclni more poworful ccmpudn¡ m.chlaa d(I<S 

1101, In ltKit, Cft:lll a m&i'kel for lh<m, nen lflhc cost 
dOQ not incrtUO in P«'ponlcn ,.¡,h th• itiCtalcd 
ca¡>ability. Thil lo cJearly indi<*lcd by Ala of 16-b~ 
rnh:rocomputcn, which are only 11uti111 to ~ usec1 by 
sr!on cwtom.:n for sophiltl<*!al tpp!itationo. Lcu
po•nful 8-bio "*'""""'""'., awlic:RiioM, on tilo 01hcr 
Mnd, hove botn IJO.,..¡,.i oisnill<:~!U1y, ond 4-bit micro
computct u.l<1 u~ 1hctolly ~xplodin¡¡:. 

A mojar'""*"" for ouoh hesitan! upanlion of 16-lilt 
mkr<>romputctl lo ohe cou of 10ftwuc. A.o a rule cf 
lhumh, tbe ¡ennatlon of"" •-••• li,... of ooftware """-' 
JpprcAima«ly $10, One way to red u~"''''*""' cost.s io to 
•lmplify pl'll¡rammins. 

Fr<>m a h;u-dwa~ scandpolnl, 1he coot of computin1 
pown io droppin110 dra.slioally ¡)¡.¡¡¡ by 1914 t~e capabi1i
ry of an JBM 1&00 mainfra.me compuict ,.IJI ~ avalla.lill 
for about S100 (FlJ. 4). Thio orates an irraiodhll! incert
ti~• for ocmiconductor manufaotu,...., to plunae ahcad 
.,;¡h """' more oophi11icatcd daians. so o hu new marke11 
for mi<:rocnmputen can open wp. This lo not &11 w=pt 
10 ~- W.ct compon<n ,.¡¡h 16-, 32·, and 64-bil. 
mlcrocomput<n: rather it io 1 "'•!1-l'CSCil'Chcd plaa for 
ta~in& ad~an•••• of ohe rapidly docreasina prieelpetfor· 
man~ ratio of ICS oo antkipato and otimula1e !he miao-· 
computci markel. 1¡ ci.tts for w.inJIM inqcasod dC'ria: 
cc.mpluilics to limplify <h~ opmuioa ofpowafa1 0'1/1, 

A. few yean •10 ¡he on:nd ,.. .. lo build more powctful 
CPtJI evcry year, oflcn in bia moinframcs. Then $1tdd""IY 
!M mierotompwoct appcarcd with a ®>on¡radcd CPIJ but 
m.a:oy 110 and memoryapabiUilcs oa thtclllp. Smtkon· 
ducoor manuf;~CSuren turncd to tltis markel, 1eavinl 
16-bio CPUs oo a companuivriy Ull.o!lmarket. The "-bit 
and 8-bit mkrocompulct mo<kel br¡an 10 takt off 
becaw~ cf eaoier uso and lowcr callo. 

The thlrd1Janar•llon mlerocomputer 
Thc nnt pnctation of mlrn>Oompuocn-lhe lhird 

'"""'"'ion-wlll bo 8·, 16-, ond JZ-hi¡ ~crm witb U• 
~hlttt~Urts struaurcd for provammin¡simplil:ity instnd 
of pri>¡ram lcnJCh. Pro¡rammed wlth ~i1h-le..,i 

ian&u•llts, thcy •iU fea.tun minia>mpWct-liU archi!«
turcs and po•ctful lnstruetion ..,,, (Ponmt sin¡le-dtip 
mk:'roeomputen r.n I«<nd·Jcncnlion o)'>tcms.) 

T"'<< horbill¡ctS of thlrd·pnen.t!on mlqocontpUICU 
are rho Motor el a M6809, now av~ll~bT•. •~d M6.1 000, 
.,hich will be availablo ohoNly. Thc M6~ i1 •~ 1-bit 
m~mputer wi1h 16-liit Interna! otl-\fliutio"' ud tbo 
M68 OCO ¡,a 1'-hif microc:omputtt >oith 12-bit i~lerna.l 
orpo1iza1ion. Thc mojor feaourc:< of both an an:hitcc• 
tures that suppcfl.'po•itkln·lndel><'J'd<nt codo ud rc
ail<illlt proi<•mmin¡. Such r ... tures will ha•~ a far
rachina imp~.<~ on che \Oly mieroccmpwten ate W<d. 

Th• po$ltlon-indcpmdrnt code allows wriuen soft, .. u 
to be ~ec~tcd in any 10Ciltion of thc microoomput<r't ad· 
dr.,. map. Thc rc-cnuont fnture p..-miu intcrruption of 
a &l•eo pro¡¡"am loca~on In the addr.., m.ap, and thc 
rcturn oo che proper 1dd:css front a subroutin•. To¡ethcr 
ohcset""' dcsi1n fwurnicnd th...,..l>"csto modular pro
vamrnin¡, 1hw m:Uln¡ pouible "canned wflwarc." 

With canned K>fl'"•••· a lar¡te r-anae of IUbptOI<&nu, 4 
to 8 kbytoo lona. will becomc IYail.-blc from .. mi1:0nduc· 
tor m:utufactW'C1>' ud ooher ""'""' at ><ry low priooo. 
A.n application.o pro¡n.m can tb.., be d..,eloped by .. 1e<· 
tion of tho doli.rcd ICfiiOit~. Pro¡ram continuioy Cl.n be 
pro•ided wlth ohcn, limpio ''potch" pro¡ramo of hilh
lcocl ln.otructio:tl. Thll tecbniquc can ctlllhe cc»t of pro· 
....,...;~, by an ocdct of #UIJIIÍU•dt. · 

Tho a•allabillty of 1ti.Jl<b.rd fltiJI\OIR In thc ro,., of 
fully dcbugcd U)M-miduu P<OIJI'&I'II >olll enabll usen to 
build innpendvuofi\Olf' llbrarits and to •plit provam
,.;nltotkl into mWl, """''leable modules.. Thio, In 111111, 
..;n n:<lucc pro¡nmmina time ond <he kno,.lcd¡e n.-.dcd 
for mlc:roconiptt1ct applioalions. The microcompuict .,¡!1 

!he>! rndi mlltkln.o more of polential "'""· 
To ii'ICI'c:ue llnibility 11rd expand throughput, ihlrd-

121 ~IJI' lnno""tl""l noulll"9 In omoll oc: col! olzu lA) 
and J>O'fiCOSIIng lnno•atlono tor lino< lln•wldlh and op.co 
-lrol!Dl•,.. tMlooil allulur• hlg~danolty oc:a. 

' -

' 
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• 
¡~n~r~uon mi~rocompuu., will bo <Uppcru:d by 
l>n~~~~:..:om¡o>:i~le softwor~ t~o~ r<m~a =••n,.o: 
(tom S-bit o;><nti<>n te 16 bitt ud bac~ o~ain: Sin ce t~< 
mi"a,:omputtr will hand:. high-lo"l i>nguo~•• 0rr,. 
ci<n<lly, ~~-• u«:r'¡ '"'''''"fe I'Lbraty ;, not compromi~ 
by a mo•e fror:> on 8-bitto o 16-~it mi<rQCOr.:puar, or 
n-en'" a l2-bit system. 

Will thi• compotibility opply ocrou the board frcm 4 te 
32 bi:.? Pro~obly n~t. Lo"'-<:nd, '"bit miorocompuw>. 
with mus u.s... wil! !Ond to be more h>rd"ot<·l.<n•it:~•
Since thoy .,;¡¡ be uled in oppl:cationl where a ;inJI< rro- ·. 
¡r~m will <<rvt mitlion• of poru, a •m•ll I>Yir.ss on hard
wue (":ln qukkly off~ progn.m devdopmont auu. At 
thi• point 1uch mkrocompu«n will ••11 bolow SI in l>rgo 
quantiti"'. . •· 

-- ~'>-

lmprovemenls In processlng netdad ... ..; 
In ~iow of !.ho ror-rooc~ins nature of th~ m;or<>eoOÍ

put..- revol"tion, pro~r= m~•t b• m~de in prooouin!l 
tochno1otyto reaoh t~= <t<:>«to,j 1oa:•. T1!>le 1 oom~>rot 
the pro¡tt"' ln pro<: .. >in& in the pa>l. {cw yean ~ith "'Mt' 
,..;:1 be ntt'detl to put a mi~t!<io d"iccs on • chip by J9!S. 
Similarly Toblo JJ •howo IC eloe!rical Spo:cHicalions a.od 
IM ímrro~emrnts UJ>«t.d in omerf'.n¡ procc-uin¡ 
tochnoiogits. 

The morket lnroods "ienltirg from ••plodlns 
rciaocompu¡.,- applkatimu lre Uotod in Table 1!1. By 
191] the mlaocomputer market wi:t !>e wonh we~: over !2 
billicn •n the Unitod Stal .. and will r<pre;ent n<>rly one
th!rd cf tho domnric te marht. Mierocomputtn will ac-• ·~·,-,--'----, 
::~ 

}'M[ . ~r 
~ 

1911 

lOcoU 
IQcall , 
""11• po/)o"Jocan 

19>3 "" 131 Th• .vcluU011 el ••oo col! !l!nlrom 1400 ~m' lo 400 ""'' 
J,Otholutolght yurolt on ttomplo ol how oc ~nign ;,_ 
no .. lleno ••• bound la lncr .. ,. luturo tllip dtnoltl••· 

. ,_.. . 

·~· 
19/C 191~ 

cotmt for o•er 2D po:rcent or the wcrld >emict>n.d1JoC1ar 
mnth!. eompared with only 9 pcn:cnt irt 19J!. A. n/.4 
qu .. !ion ;, how ~>illth~ ><mio:<>Joduotor in~u<ltY r<<~orrd 
'" thi> oxpio<ive domand? úy •rco\aoul>r in<r<"-'<< ;, pro• 
ducti•itioo. l.<,t U< i:lustcote: 

In !976 thc number cr goad ~¡., per ).;nch ..-arer 
(GDIWFJ ,.,, oround 200 rcr an '"'"'~• chip surfooc of 
160 x 1 GO rnils. Thr .. ba<ic coo.iJ"o!ionr limil tho possi
ble tood diOJ f,orn what Ó> oblain«l ot l~o cnd of the pro
due~ion t:no: · 

t.w.r.,·~Teld(Wy). '·" ""·'' 
2. Auembly yiel~ Vly). •·· .. , ·' 
3. Final t~t Y" Id (FTy). • - •· - • · · · 
In 19'15 the averagc valuel af microprcco«or yiold~ 

werc: Wy, 40 percom; Ay, 80 percon!; and FTy. 8'l J>Or-
ccnt.ll~thofo!mul~. .,-., . ' •·'· . 

• Good flnl>hed J)foducts (0FP) -
, •. {GFIWF) {Wy) (Ay) (FTy) ' . 

' ·. _ .. 
1t 1> pouible to calculzte ihe ap~cximalc numb<r ot JOCd 
tinished prcducu per wafer. Thu• the 1976 c•<rallyicld 
perwaf"wa< ,. ·' 

(200) (0.4) (0.8) (O.!'l) • $4 uniu 

Thio mean< that with 10 000 wafer nano, it wa< possib\e 
lo manufacture 'l40 000 rnicroprec<<<oro. 

l. Comparallve 1C pracesslng data 

1'111,-,e!er 

Die silo (mil') 
(produc!lon levol, 
mm•¡ 

Flesol~!ion !¡.m) 
(productlon lavel) 

Onlco per Ole 
(nonmomory) 

Waf~, silo 
1!n<Mil •• 

Speed.ns 
(Interna! ~ate) 

Po""' dt .. lpation. 
mW (~et cate! 

Spee<l·powe• 
produtt. nJ 

Pawor diUIPIIlcn 

·~· 160xtro 

•.ox•.o 

• • 
"~ 

' 

. . ... -
:. 1970 . 
(NMOS 

p•<><es•l 

• 
' 
" 

por Pltt•ace. warto ' 

1979 
·~· 2~0><2~0 45Ch 450 

6.35xS.3'- '11.•x11.¿ 

' 
~~ 

• 

•ooo 
(HMOS TI 
procoss) 

' , 
'·' 
u 

' 
>1 000 000 

. ' -¡rlbbon 
tec~nolc9y) 

' ... 

"" (SBMOS/ 
OlMOS 

proce .... l-

. - ' . ... 
0.25-

' 

111. Tho world marhl •aluolor mlcrocomj,ultrs 

1'1-rcentao~ ol total 
Nf'lieondutl~r mar~et 8.8 126 u.• l~.s 17 ~.:! 

Percen!age oiiC m••~el t•.s 20.6 22.~ 23.1 24.~ 2e.5 



lot ·, •eo '"hr th~ >itu~ti~n willl>o in 1909 (,... thH>m< 
l)'pc o r produ,t ( 160 " 1 (.() mi 1<). ~ ,,nuholuring hy th<n 
~<ill be dono on 4-in'h ""k". Sin« ti" r~tio of 4-in<h ro 

·J-in<h .. aren i< ~ppro<imor<Ty J.S. the ::'00-et.i~ m;v~
imum ~r "''" will incr<"'' 1<> )(,(), At 1ho <.>me time w• -•!:ñ ~-'P<~Ithe followin~ )ic1d o·oJu«: ,. 

Wy n lO porcent 
A)' • <;(! f'<IC<nl 
FTy ~ 90 percent 

Thio rcsulro in (J60J (0 . .!) {ll.9) {0.90) • 14S aood 
t!ni>he<l producu per ,.af<r. 

With 1he •ame waf•Nt•n cap•bility, it b now J>Q<>tblo 
10 manufocture 1 4SO 000 micropr~cn.<on, cr neorly 
th...,. rim" morethon In 1976, withoul oxtr~ prcduction 
<llPI<ity, 
H- apply the •bov<' calculalion ro t~elSO >< lSO-mil 

f;!¡ip sizcs tx¡le<:t«< for 1979 prcdll:t.<, "'' n"d: 

... 
Wafor ourface r>tio .. 4' .. 1.77 (from 3 1<> 4 inch) ,, . . .. _ .. _ ......... ~---
Ponibl< 1ood di" por "'•fer '" 200 >< 1.71 .. 14~ 

··:'':··'-'l.44 -... 
....... - ... - .. ...!-.!. 

U1ln1 14$ a. che value al yield,,.. !-:~..-: 

CFP • (14S) (0.~) (0.9) (0.90) • 58 

The.cfore ~en if we !"ul<iply ¡he circuir comrle.tity by 
1 (;m lncrnse from 10 0C0 te 80 OXl devicto per c~.ip), the 
.ame JO OCO wafcr <!Orto will yleld 380 0C0 piec,.-more 
1h1111 the 540 000 piecos a>oilobte frcm t<>day's l<!<· 
campl" 160 >< 160 mil drcuits. 

Thi> .amo pro¡re,ion ohould apply for tho ~ats 

b<yend 1979, >O that by 198~ it is re;uonable ro ••P«t 
square S-in<h wafers with a new merbod cf ¡erreraring 
monocry>tal siticon-ribban techno!ogy. Here. cntt • 
la...- remellO pclyays<~line siUcan afre. thc •ilioon ha< 
1><-en grawn, the siticon ir drawn out in ribbon fonn. Al 
chis J>Qinl, "'ilh a rmall incrcasc in yield. itl• nill )XIlslble 
ro oxpecl more lhan 100 ¡ood llnished di" por wafer for 
sy<~emo or million d"'ic"'·P<f-<=hip compkxity, or J30 
aC>Od finiohe<l dics for mioroprocasots of 1979 compl<•i· 
ry. . - . 

:nrm:raro ptodu<llvity incrcascs, coup~·-with orrol¡ht• 

' 
IV. Fa!lure files lnd mean lime bolwaen lallure 
(MTBF) lor Molero!• MC~soa ·mi~roprocusor 
(eeramlc piCki!)G, 70"C amblefll lemperature) 

Ye•• __________ Je!<"" 

1R75 '·' ¡:!;)) 

1D78 '" == 
'"'' "n '" "'""" (101) 

"" 0.013 '== 
""' "" o.= 1800&~86 

11~01! 

!in~ produ;tion t>plmion, <hcuJd pro vi~< the (\UJntityo f 
micrúcvmpOil<r< r><oúe<t by rhc m>rk". 

Rellabitity ot'l \h9 upswit'lg 

One final raw Tmponant lo t~e "'Plnding woriJ of tC 
thip compl«it~ is reliabilily. Ju" :rs powcr di11ip>tion 
mus¡ be gre>tiY roduce<l lo a<eomm<><b.<o ene m,1JLo~ 
d.-.iecs en a olnale chip, so m~•t a!iabi:;:y bo lmpra~ed 
by •<>er:rJ ordon of maanitude. 

ff onc wer< to build a mkroprocouor of modorn com• 
ple•ity usiog !impl<, plostk·p~ck>ged TT~ ¡ate•. lt wculd 
ha ve a mean lime b<tw«n failure of c~ly a fe-w n10n1h>. 
By oontr>.ll, 1~e mean time between failure cf a com:ner· 
<i>lly """:ab~e Mororola MC6800 en:, a device with 
:lCÓJ-aal' eompiU:ry "'"! p~rl:oged in eerami'c, wos In 
~""'1m yur ;md 1< praJ«<ed 1<> n:A<It 1900 this )"<3l. 

Thi• dcarly ,¡,.,.,., 1he relilbiiitY advar.¡age of l.St. 
Al shown in Table !V,,reliab:lity 1• o>clving "-'Y"'I'" 

toti;ally, with a failure tate of Hr u a tren d. nut <•m ;r 
•• c;:nno! r.:rJistic>t:ly .. pe<:! an· im~rovcmonl in this 
valoe lor alt now lO, we can ot Je¡ut "P<Cl lo ••• this 
vol u< r<:lcl1ed Ir)' new miaoproce,.oro of increo.>ed com• 
pl .. ity. With a million d,..-ices P<' chip (300000 

-.quiYalent ¡atcs, llltd a r.Uure ra:e of 10''. the co,.,... 
opon~ing fc: .: ;, l ><!o-" per ¡~te. 

Solf·dtagnostlcs for greatei rotlahlllty 
The lm~rrni•<n<!i:! of th= ,-,f,ablUty figures i• furtlt..

"''i"ificd b~ lh< fa01 that th~ pno: wi:J below enough to 
allow th~ u•~ of r<dundant •ymm• equipl""d with «lf· 
dia~no'li"'. Shauld a failure oe<~r, it .,.¡¡¡be invisible. 

Scll--diagnostk featurn wilt become n«:essary for ''"" 
m~jor rea.ons: m:>nufaeruring com and. end·o)'Siem 
rell"b'!ity. 

r;,. lner•"''"' complnity of te ~roducu makos thdr 
fir.a: tt>ting vny ~iffi~ult. Th• n.;;euarily iar¡e numbcr 
of ~acbge leadr .,¡IJ nol allow ccn•cnient interna! a=s· 
in¡. ond this makes teslin¡ co•rly. Ono •olulicn i< te ha ve 
intem:rJ drcultry, con~eni<ntly loco.t.-d en lh• ohip, 
~...-or.-d so:cly ro funcrional rcstin¡ el .oll or p;Vt al the 
drc~lt. Tire testing of 1he pmduct thc~ ber;omcs roner 
and mere rellable. . . 

Tire ncat1c¡ital mp is ro use thi• lest function on the 
e.~ip more than """" in fin~! '"'in¡ and ro m:tke ir 
a.ailablero the end tU<t. Al a given rime int:rvaJ, a t<>l 
'"'!Uttttt of all micrcprocesson u5ed in end equipme,.¡ 
ean be initiarod Ud~ ¡cinC"!<> message tran!miued to 
rhe wcr, who can immodlart!y know lf th< e<¡uipm<nr is 
foUy Operational. Azlo<het altemarive ;, te desi¡n tlle 
•Y3tcm "'ilh redundancy ol funcrions (a definitc pouibili· 
sy In vicw of the '""'turion of tile pr.ce/performance ra:i:. 
cf microprooe.,ors). As '""" as • defect i1 dcrocred, 
t!t'!lher p;uhwoy witl be u.sed. + 

Oanlol Ouoyonc ls worl<l' marltot ~e,e•opmflnt 
manager lor mlorosystem• and mocrocomponents 
at Motorola Semiconductor Producto. P~oonlx, 
Arl:t. Hs jolniO Molomla jn t(l.tl5, becomtn~ 

marltotln~ mana~et ter France In ti12, tMn E"'"' 
t)tln mlcroproce•sor markot.n~ mana~er In ti15 i<1 · 
Gonev:o. Swlturtand. Oolo•~ ~o'"O to worl\ !or 
Motorola, M wo~ emptoyed l:y a Frene~ com~any 
t~at dostv<~od d'Otl3l equ'pment !or tno Frene~ 
Atgmlc Commlsslon. t.~r. Cueyua~ rocoi•O<! an 
eltctron;ca de~tee lrom CotiO¡;t o·en<et~nmenr 
Tec~nlq~& 1~ Parrs In 1 9~9- ~' 

.... _..,._ 

• 



_.- - . 

• 

• ' 

~DIVIS/ON DE EDUCAC/ON CONTINUA 
~~FACULTAD DE INGENIERIA U.N.A.M. 

MICROPROCESADORES: TEORIA Y APLICACIONES 

PRACTICA 

• 

SABADO 18, 1981 

Pol .. ;o d• Mlne•í• Coll• de Ttcubt $ polm•r ploo Mhlco 1, D. F. T.l, 521-.40-20 Apdo. Poolol M-2.285 



' 

' 

• 
' 



--

• 

• 

PROGRAHA QUE OE:.IUESTRA EL USO DE UN PUERTO EN PARALELO 

PROGRA:-11\BLE -PlO- Y LA GENERACION DE !NTERRUPCIOi'IES POR 

EL PUERTO, USANDO EL 11000 2 DE INTERRUPCION. 

PROBLEl-IA: 

Consi~tc en leer por el puerto A del PlO 4 switches que dan un 

valor binario y compactado a un digito BCD, este valor BCD se -

procesa a través de una tabla para sacar el código de 7 segmen

tos que deber~ prender el display por medio del puerto B. Todo 

esto solo sucede si hay una petición de interrupción en el puc~ 

to A del PlO. 

; * Programa para convertir un 

* d!gito "BCD" en 7 segmentos. 

PIOADR EQU BOH ' Registro de datos -PA-

PlOACR EQU S211 • Registro de control -PA-
' :' ' 

PIOBDR EQU 81!! ' Registro de datos -PB-

PIOBCR EQU ''" ' Registro de control -PB-
PIOAIV EQU OOH Vector de interrupción -PA-

TABLA EQU 2240H Tabla de BCD A 7 Seg. 

TEMP EQU 2250H ' Apunta (IX) Temporal 

SUBINT EQU 2200!! ' Inicio subrutina lnterrup. 

TA!JINT EQU 2100 ' Tabla vector de Interrup. 

ORG 2000!1 Origen del prograll\il. 

20 00 3E 21 LO A, 211! 

20 02 EO 47 LO 1, A Inicializ;a Vec.Int. 

20 04 3E 00 LO A, OOR 

20 06 D3 82 OUT (!?IOACR) ,A; Vector lnt. (PIOA) 

20 08 3E 4F. LD A, 4FH 

20 OA D3 82 OUT (PIOACR) ,A; PIOA Entrada 

20 oc 3E 87 LD A, 87H 

20 OE 03 82 OUT (PIOACR) ,A; PIOA Habilita In t. 

20 10 3E OE LD A, o'" 
20 12 D3 83 OUT ( PIOBCR) , A; PIOB Sil.lida 
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1 
20 14 21 00 22 LD HL, SUBINT ' Direc. subrutina de serví 

cio. 

20 17 22 00 21 LD (TABINT), HL; Almacena la Di rece. en la 
tabla. 

20 lA ED SE IM 2 ~lodo 2 de Interr. 

20 lC FB El ' Habilita Interr. 

20 lD )E ,. LD A, 7FH 

20 le 03 8l OUT (PIOBDR) ,A; Prende solo el LEO 

20 21 00 Ll I'OP 

C3 21 20 " Ll ' Programa principal 

• Subrutina de servicio de in te-

rrupci6n para el PlO A 

ORG 220011 

• 22 00 21 50 22 SUBINT LD IJL, TE:·\P 

22 03 DD21 40 22 LD "· TABLA Regi de índice con Inic. 
.tabla 

22:07 0022 50 22 LO {TE~\P), IX Lo guarda te;nporalmente 

22 OB OB so w A, {PlOnDR) ' Lee al "BCD" 

22 00 " oc ANO OFII ' Lo enmascara 

22 OF 86 AOO A, (IIL) " lo '=· al Reg. Temp. 

22 lO 77 LO (HL), A carga esta suma 

22 ll DD2A 5022 LO IX, (TEMP) ' El E toma al valor de 
Temp. 

22 15 00 7E o o LO A, (rx + o ) ¡ E e carga al valor en foe 
ma indezada 

22 18 03 8l OUT (PlOBDR) ,A; se manda el dato al dis-
play. 

22 lA FB " ' Habilita Interr. 

22 3B ED 4D RTI ' Regreso da interrupción 

... 
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• 
• ' Tabla de conversión BCD a 

7 segmentos 

ORG 2:240 H 

2240 " "" ' o 
41 CF cee ' ' 42 " "" ' 
" 86 86B ' 3 

44 ce CCB 4 

45 A4 MB 5 

46 AO AO!I ' 6 

47 " "" 7 

48 80 80!1 ' 8 

49 84 "" 9 

• 4A BO BDB Entradas no v1ilidas 

48 no BOl! 

4C BO BOB 

40 BO BOB 

" BO BOH 

4$ 80 BOII 

• 

' Tabla de servicio de interrupción 

21 oo 00 22 

Ihspl.ieguc de 7 segmentos: 

O LED 
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PlO BDR 

,-, ,_, 

e _, 

,_ 
e• 

-, 
' 

-, '-, '-

13 

- ' -

1 000,0001 ~ 81 ~ o 

11001 1111 "' CF =""'1 

1001,0010 >= • 92 = 2 

1000,0110 = 86 = 3 

1100,1100 

1010,0100 = A4 = 5 

1010,0000 

1000,1111 • BF • 7 

1000,0000 • so • S 

1000,0100 • " • 9 

' 1 

' 1 






