
UNIUERSIDAD DE LAS PALMAS DE GRAN CANARIA 

ESCUELA UNIÜERSITARIA DE TELECOMUNICACIÓN DE LAS PALMAS 

TRABAJO FIN DE CARRERA 

TITULO: DISEÑO DE UNA UERSIOH BIT-SLICE DEL PROCESADOR «£32010 

ESPECIALIDAD: EQUIPOS ELECTRÓNICOS 

AUTOR: D. LUIS HIGUEL BENIIE2 DIftZ 

TUTOR: D. JAUIER L0PE2 CURBELO 
CO-TUTOR: D. ANTONIO NUNEZ ORDONEZ 

FECHA y ANO: A 1 DE NOUIEnBRE DE 1989 



UNIVERSIDAD DE LAS PALMAS DE GRAN CANARIA 
ESCUELA UNIUERSITARIA DE TELECOMUNICACION DE LAS PALMAS 

TRABAJO FIN DE CARRERA 

TITUL01 D1SEHO DE UHA VE:Vi!OH BIT-SLICE DEL PROCESADOR YMS3201il 

ESP[CIALll.>AP: EQUIPOS El.:CTROHICOS 

AUTOR: D. LUIS MIGUEL B:tl!EZ DIAZ 
ITClfA Y ANO: A 1 l)[ HOUl:-tBRE DE 1989 

.JT01f1 !>. JAIJ!Ei LO#EU CURBELO C~TViOR: D. ANTONIO HUHE2 0D1lNE2 

CALIFICACION: TRIBUNAL: 



B Del documento, los autores. Digitalización realizada por ULPGC. Biblioteca Universitaria, 2006 

< 

o: 
o 
íú 

M E N O R I A 



MEMORIA 



A lo la.r¿o de la clgulsnte memoria se 

han desarrollado siete capítulos, empezando por el CAPITULO 

O, en el cual se trata de dar una visión generalizada de las 

técnicas utilizadas a lo largo del proyecto, tales como 

BIT-SLICE, pipelining, microprogramación, etc.. 

En el CAPITULO 1 ya nos introducimos en 

lo que viene a representar el proyecto PLUTO y se realiza 

una descripción de la arquitectura HARVARD. Seguidamente en 

el CAPITULO 2, se describe pormenorizadamente el hardware de 

la máquina a emulular TMS32010 (target). En el CAPITULO 3 se 

ven las diferencias o particularidades que tiene la máquina 

PLUTO frente al TMS32010, viéndose esquemas de diagramas 

internos y timing. En el CAPITULO 4 se trata de describir el 

microprograma de la máquina y una breve introducción a la 

simulación de la misma. Por último en el CAPITULO 5 se 

realiza una breve evaluación de la máquina con la realización 

de alguno de los data path más críticos. En el CAPITULO 6 se 

muestran las referencias bibliográficas consultadas y 

finaliza esta memoria con un apéndice con los chips más 

representativos de la máquina. 
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0. INTRODUCCIÓN. 

En el largo proceso que constituye la 

realización de dispositivos integrados, nos encontramos con 

que, en síntesis, podemos dividirlo en una serie de fases o 

niveles. Una primera fase contituiría aquella en la que un 

grupo de ingenieros se ponen de acuerdo en la realización de 

un dispositivo y en qué tácticas seguir a la hora de 

llevarlo a cabo; por supuesto, habrán distintas opiniones a 

este nivel, ya que habrá que aclarar la finalidad, 

prestaciones, coste, productividad, características del 

dispositivo, etc..., del proyecto global. 

Después de este primer obstáculo, y ya 

definidos los objetivos (target) a seguir, se da paso a un 

segundo nivel en el cual entra en juego el ingeniero de 

diseP!o. Es aqui donde partiendo de la nada el ingeniero, 

basándose en una combinación de técnica y habilidad logra 

dar vida a una primera versión del dispositivo. Esta versión 

pasará luego por el ojo de mira de otros ingenieros 

especializados entre los que se encuentran los ingenieros de 

simulación, los cuales someterán a prueba una y otra vez al 

dispositivo, cambiando y modificando aquellas partes del 

mismo que se observen que no cumplan al 100^ con las 

prestaciones previstas en un principio. Al término de la 

simulación, tiene la palabra el fabricante que se encarga de 

su Implementación final. 

El presente proyecto cubre aquella 

segunda fase o nivel del proceso de realización de un 



dispositivo integrado. En este caso el dispositivo ee trata 

de un microprocesador de tecnología avanzada CMOS. Con lo 

cual nos hemos ahorrado horas de controversia sobre qué 

dispositivo realizar y cuáles deberían ser sus 

características. Cabe preguntarse qué utilidad podría 

entrañar la realización de este proyecto. 

Hay que hacer notar que España no tiene 

tecnología para realizar microprocesadores y que existe muy 

poca bibliografía que entre en detalle sobre la realización 

de circuitos electrónicos de este nivel de complejidad a 

nivel de diseño; aunque sí hay suficientes referencias sobre 

las técnicas más comunes para la realización de 

dispositivos. 

Este proyecto pretende llenar, dentro de 

lo posible, ese hueco que existe entre la teoría y la 

práctica del diseño de sistemas digitales complejos. 

Valiéndonos de técnicas como son la microprogramación^ 

iraplementación bit-slice, el 'pipelining* y otras, se trata 

de crear un sistema digital que se asemeje lo más posible al 

microprocesador de 32 bits TMS32010 fabricado por TEXAS 

INSTRUMENTS; es decir, se trata de hacer una versión que 

cumpla la especificación de ese microprocesador. Esto 

permite verificar y evaluar el sistema con la ayuda de los 

programas de calibración y herramientas de soporte software 

existentes para el TMS32010. Y permite estudiar 

modificaciones del diseño para una realización posterior 

integrada y producida en serie, siendo este diseño un primer 



prototipo. 

Por otra parte, debido sobre todo a que 

este proyecto quedará implementado en tarjetas estándar, es 

de observar el fuerte potencial didáctico que representa la 

realización e implementación del presente proyecto. 

Todo ello justifica la puesta en marcha 

y realización del proyecto. Esta memoria intenta describirlo 

pormenorizad amentér cumpliendo con las normas que a tal fin 

han sido aprobadas por la E.U.I.T.T. de la Universidad de 

Las Palmas de Gran Canaria, tanto las técnicas utilizadas 

como el diseño empleado. 

0.1. - Técnica BIT-SLICE, 

Se hallan disponibles en el comercio 

formas conceptuales distintas de combinar circuitos para 

formar un sistema de base electrónica. La más simple es la 

combinación de circuitos MSI (integrados a media escala), 

con componentes como registros, ALU's, desplazadores, etc.. 

Cada uno de ellos en una pastilla, esta forma se muestra en 

la figura.1; y luego se interconectan los componentes para 

formar un sistema electrónico (p. ej., una computadora). Así 

se han construido muchos de ellos, debido a la gran 

variedad, rapidez y bajo costo de las pastillas MSI. 

El principal inconveniente en construir 

sistemas a base de componentes MSI es el gran número de 

componentes necesarios, que ocupan numerosas tarjetas de 

circuitos impresos, consumen mucha energía y disipan 

abundante calor. Otra técnica consiste en 'emplear rodajas 
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Fig. 1 Tres modos de construir una computadora, (a) Chips MSI. (b) 
Rodajas de bit. (c) Chip LSI. 



de bit' (BIT-SLICE). Cada pastilla de rodaja de bit tiene, 

por ejemplo, 1 bit de registros, ALU y otros componentes. La 

figura.2 muestra el aspecto interno que presenta una rodaja 

de bit de ALU de 1 bit. Podríamos fácilmente extender su 

disefío para añadirle, p. ej., 16 registros de 1 bit, un 

desplazador de 1 bit y otros componentes de 1 bit de ancho. 

Tomando, p. ej., 32 de esas pastillas y poniéndolas unas al 

lado de otras, obtendríamos una máquina con 16 registros, 1 

ALU, 1 desplazador, etc.. todos de 32 bits. 

En esta forma podríamos construir una 

máquina de 16 bits con sólo 16 pastillas. Las rodajas de bit 

dan al diseñador la posibilidad de construir fácilmente una 

máquina de cualquier longitud de palabra. También podemos 

encontrar pastillas de 2 6 4 bits. En general, la 

utilización de rodajas requiere menos pastillas y mucho 

menos tiempo de diseño que la de circuitos MSI, pero 

normalmente produce máquinas más lentas. 

Una tercera forma de combinar los 

componentes consiste en poner el procesador completo en una 

pastilla (figura.1). A pesar de que reduce de modo 

extraordinario el número de pastillas (a una eóla), adolece 

de desventajas. Primero, la tecnología necesaria para 

integrar un gran número de componentes en una pastilla es 

diferente de la utilizada en los circuitos integrados MSI, o 

en los de rodaja de bit y suele producir máquinas más 

lentas. Además, las técnicas de diseño y fabricación son 

extraordinariamente complicadas y costosas. Por el 
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contrario, cualquier competente ingeniero en electrónica 

puede diseñar un sistema sencillo con pastillas MSI o de 

rodaja de bit sin demasiados problemas. Desde el punto de 

vista del fabricante que espera construir sistemas durante 

aRos, quizá merezca la pena dominar las tecnologías 

necesarias para hacer procesadores en una pastilla. Sin 

embargo, seguramente no le interesará a una empresa que 

necesite sólo una máquina de empleo especial. Asi pues, las 

opciones son: utilizar un procesador disponible en el 

comercio, contratar una compañía especializada en el diseño 

y fabricación de una pastilla de propósito especial y 

construir el procesador con componentes MSI o de rodaja de 

bit. í 

Las limitadas prestaciones de los 

circuitos bit-slice pueden ser mejoradas incrementando el 

ancho de las rodajas. El mayor nivel de integración da por 

resultado mayores prestaciones reduciendo el número de 

retrasos fuera del chip mientras preserva la flexibilidad 

que ha hecho a los sistemas bit-slice tan atractivos- Sin 

embargo, como los niveles mayores de integración lo hacen 

posible, dos problemas inherentes con las arquitecturas 

bit-slice fijarán su velocidad límite. El primero estará 

relacionado con los retrasos fuera del chip inherentes en 

cascada. Por ejemplo, la cadena de acarreos es normalmente 

la ruta más lenta de una ALU. Rompiendo esta cadena en 

rodajas introduce retrasos fuera del chip en la ruta 



crítica 

£1 segundo problema es que las 

necesidades funcionales de muchos sistemas no se adaptan 

bien a las rodajas. Los barrel shifters y dispositivos de 

prioridad son especialmente dificultosos a la hora de poner 

en cascada. Desafortunadamente, la capacidad de ejecutar 

desplazamientos de n-bits y hallar la posición del primero 

son de gran importacia en api icacionets que requieren gran 

número de manipulación de campos de datos, tal como 

procesamiento de datos, gráficos, manejo de bases de datos y 

control adores. Estas son precisamente las aplicaciones que 

por causas de velocidad llevan al uso de dispositivos 

bit-slice. Las prestaciones del sistema están comprometidas 

no sólo porque estas operaciones se realicen bit a bit, sino 

también porque muchos algoritmos de alta velocidad no pueden 

ser implementados con eficiencia. 

O. 2. - PIPELINIWG. 

Examinemos las instrucciones de control 

utilizadas en una unidad de control de microprograma, que se 

caracteriza por la búsqueda en solapado de la próxima 

microinstrucción. Esta técnica se conoce también por 

'pipelining'. El diagrama de bloques para la unidad de 

control de microprograma tal seria el de la figura.3. La 

diferencia fundamental cuando lo comparamos con otras 

arquitecturas que no utilizan esta técnica es la existencia 

del 'registro pipeline', a la salida de la memoria de 

NOTA: *n ingles 'crillcal dala palh' 
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microprograma. Por ciefinición, el registro de pipeline (o 

registro de micropalabra) contiene la microinstrucción 

actual que está siendo ejecutada por la máquina. 

Simultáneamente, mientras esta microinstrucción está siendo 

ejecutada, la dirección de la próxima microinstrucción está 

aplicada a la memoria de microprograma y el contenido de esa 

palabra de memoria está siendo buscado y puesto a la entrada 

del registro pipeline. Esta técnica de pipeline puede ser 

utilizada para mejorar las prestaciones de la unidad de 

control de microprograma. Esto es así porque el contenido de 

la palabra de memoria de microprograma que se necesita para 

el próximo ciclo está siendo buscada sobre las bases de un 

solapado con la ejecución actual de la presente palabra de 

micromemoria. El ingeniero de diseño debe valorar (tomar en 

cuenta) el hecho de que algunos registros contienen los 

resultados de la microinstrucción ejecutada anteriormente, 

algunos registros contienen la presente microinstrucción que 

se está ejecutando y algunos registros contienen datos para 

la próxima instrucción que se ejecutará. 

0.3. - IMOX^t una unión de TTL y ECL, 

El proceso Imox consiste en una 

estructura avanzada de óxido aislado desarrollada por 

Advanced Micro Devices para llevar los requisitos de 

2 
NOTA: SMOX • ion-iMplant«<l/micro-OXi<l* isolalion 
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3 
reproductividad de las zonas muertas en más de 50.000 mils 

cuadrados. Emplea transistores de implantación totalmente 

iónica, emisores en barrera y dos capas de interconexiones 

metálicas. Suponiendo las mismas características 

dimensionales, Imox puede producir dispositivos con menos de 

la mitad de área y dos tercios del área substrato-colector 

de un transistor Schottky de baja potencia. Dimensiones más 

pequefSas y regiones de aislamiento inerte reducen 

significativamente las capacidades de los dispositivos e 

incrementan la velocidad potencial. 

La implementación elegida hubo de 

combinar una estructura de dispositivo de óxido aislado con 

circuitería ECL interna y entradas y salidas TTL. La técnica 

llevada a cabo por los ingenieros de AMD engloba el 

equivalente a alrededor de 2.500 puertas dentro de 78.000 

mi le cuadrados de silicio, usando un mínimo de tres mieras y 

un pitch de metal de 8 mieras. 

Al igual que todos los procesos de alta 

escala de integración, Imox es una unión entre 

aproximaciones de circuito y proceso. La razón de que la 

circuitería interna de los dispositivos AMD utilizados en 

este proyecto sean implementados en ECL, mientras que las 

entradas y salidas son todas compatibles con los niveles TTL 

estándar con adaptadores a la lógica ECL interior, es porque 

los procesos ECL tienen la capacidad de crear estructuras 

complejas con una excelente relación potencia-velocidad por 

3 
NOTA: imil «quival* a O. 029 mm 
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medio de cableados de puerta»> 

o.4.- Ventajas de una máquina micropro-

gramada. 

Muchos de loe procesadores más 

corrientes están diseñados usando técnicas de 

microprogramación, en los cuales una gran parte del control 

del sistema es llevada a cabo por memorias de solo lectura, 

normalmente PROMs, más que por matrices de puertas y 

flip-flops. Esta técnica normalmente reduce la cantidad de 

dispositivos del controlador, le da una estructura altamente 

ordenada, al contrario que los sitemas de lógica aleatoria. 

Más aún, debido al firmware, más que al hardware, la 

microprogramación permite alteraciones que simplifica 

substancialmente los cambios del conjunto de instrucciones 

de una máquina reduciendo los costes de postproducción. Esto 

es vital ya que amplia el ciclo de vida del producto y 

permite que los dispositivos sean cambiados rápidamente para 

amoldarse a las demandas de los usuarios. 

Aunque el concepto de microprogramación 

ha existido desde hace 25 años, no fué hasta que introdujo 

AMD la familia Am2900 que entró en un uso más amplio. Hoy 

por hoy, en un diseKo de un nuevo sistema, un diseñador 

puede elegir entre microprocesadores con un conjunto de 

instrucciones fijo, el 8080, 8086 y Z8000 pueden ser 

ejemplos válidos, y dispositivos microprogramables. Las 

ventajas del primero incluyen un menor empleo de cálculo de 

12 



dispositivos, tres o cuatro dispositivos, y conjunto de 

instrucciones prediseKadas. De esta forma los diseñadores 

pueden comenzar a un nivel de diseño más alto con respecto a 

la resolución total del sistema. Con un procesador 

microprogramable, un diseñador puede definir un conjunto de 

instrucciones a su medida que es ejecutado mucho más rápido 

que un conjunto fijo, pero a expensas de un más alto empleo 

de dispositivos. 

Ya que el firmware implementa funciones 

especializadas, también puede ser usado para autotest. Los 

tests tales como verificación del sistema y diagnóstico de 

la velocidad, además de ayudar al personal de reparación al 

verificar el sistema. 

Cada dispositivo en la familia 2900 

ejecuta una función básica del sistema y es guiada por un 

conjunto de líneas de control de una microinstrucción. En la 

figura.4 se ilustra una arquitectura de un sistema típico. 

El sistema se compone de dos partes: la parte de la 

izquierda contiene la circuitería de control, y la de la 

derecha contiene circuitos de manipulación de dat.os. £1 

bloque de la ALU se compone de la ALU, registros asociados, 

lógica de ruta de datos, control del movimiento de los 

registros a izquierda y derecha y circuito de 

carry-look~ahead. Los datos son procesados al moverlos desde 

la memoria principal (no se muestra) a los registros 

asociados, ejecutando operaciones y retornando los 

resultados a la memoria principal. Las direcciones de la 

13 
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memoria pueden también ser introducidas o sacadas a través 

del registro de dirección de memoria (MAR). Cuatro bits de 

estado son capturados en el registro de estado después de 

cada operación. 

Cuando se opera» una secuencia de 

microinstrucciones almacenadas en ROM se ejecuta para buscar 

una instrucción de la memoria principal. Esto requiere que 

los datos del contador de programa, almacenados en un 

registro de trabajo de la ALU, se envíen al MAR y sean 

incrementados. Los datos que devuelve la ALU son cargados en 

el registro de instrucción. Luego, el contenido del registro 

de instrucción pasarán a través de una PROM o una matriz 

lógica programable para generar la dirección de la primera 

microinstrucción que debe ser ejecutada para llevar a cabo 

la función deseada. El salto a esta dirección ocurre por 

medio del secuenciador. 

Varias microinstrucciones pueden ser 

ejecutadas para buscar datos de la memoria, ejecutar 

operaciones con la ALU, verificar overflovvs, etc.. Luego se 

realiza un salto de regreso al ciclo de búsqueda de 

instrucción. Allí puede haber también saltos a otras 

secciones de microcódigo. 

15 



CAPITULO 1 

1 . - ESPECIFICACIÓN DEL HARDWARE. 

1 . 1 . - V i s i ó n g e n e r a l de l a a r q u i t e c t u r a » 

La f a m i l i a TMS320 u t i l i z a una 

a r q u i t e c t u r a Harvard m o d i f i c a d a por r a z o n e s de v e l o c i d a d y 

f l e x i b i l i d a d . En una a r q u i t e c t u r a Harvard e s t r i c t a » t a n t o 

l o s d a t o s de l a memoria como l o s d e l programa r e s i d e n e n d o s 

zonas s e p a r a d a s , p e r m i t i e n d o un s o l a p a m i e n t o t o t a l de l a 

búsqueda y e j e c u c i ó n de l a i n s t r u c c i ó n . La m o d i f i c a c i ó n 

i n t r o d u c i d a por l a f a m i l i a TMS320 de l a a r q u i t e c t u r a Harvard 

p e r m i t e t r a n s f e r i r d a t o s e n t r e l a zona de d a t o s y de 

programa, i n c r e m e n t a n d o a s í l a f l e x i b i l i d a d d e l d i s p o s i t i v o . 

E s t a m o d i f i c a c i ó n n o s a b i l i t a para que d a t o s a lmacenados en 

l a memoria de programa s e a n l e í d o s por l a RAM, e l i m i n a n d o l a 

n e c e s i d a d de una ROM s e p a r a d a . También h a c e p o s i b l e que 

i n s t r u c c i o n e s i n m e d i a t a s y s u b r u t i n a s u t i l i z e n v a l o r e s 

computados. 

El d i s p o s i t i v o TMS32010 d i s p o n e de una 

ALU de 3 2 - b i t s y un acumulador piara s o p o r t a r l a d o b l e 

p r e s i c i ó n , en a r i t m é t i c a de complemento a d o s . La ALU 

c o n s i s t e en una un idad a r i t m é t i c a d e p r o p ó s i t o g e n e r a l que 

opera b á s i c a m e n t e s o b r e l a s p a l a b r a s d e 1 0 - b i t s que s e toman 

de l a Data RAM o que proceden de i n s t r u c c i o n e s i n m e d i a t a s . 

Además de l a s i n s t r u c c i o n e s a r i t m é t i c a s u s u a l e s , l a ALU 
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AÍIP Au«<l(4'V «^ilHlP' (Kj'Otíi 

ARO ' Auatitarv '«qifler O 

ARl - AuBilijry registfr 1 

OP - 0«t» oage Do-mc 

PC - Proqttm COunter 

P - P íegijier 

T • T reg>ttPf 

TMS32010/C10/C15/E15 Block Diagram 

F i g u r a . 8 , 

17 



puede e jecutar operac iones Booleanas, dando con e l l o mayor 

manlobrabllidad en l a manipulación de l o s b i t s , requerida 

por e l control ador de a l t a ve loc idad. El acumulador almacena 

l a s a l i d a de l a ALU y e s caso f recuente que sea una de l a s 

entradas de l a ALU. Opera con una l o n g i t u d de palabra de 

3 2 - b i t s . El acumulador, aslnnismo, e s t á d i v i d i d o en l a 

palabra más s i g n i f i c a t i v a Cbits del 16 al 31!) y l a palabra 

menos s i g n i f i c a t i v a Cbi t s del O al 153. Las i n s t r u c c i o n e s 

estAn a b u l t a d a s para e l almacenamiento de t a n t o l a palabra 

más s i g n i f i c a t i v a como l a menos s i g n i f i c a t i v a del 

acumulador en memoria. 

El mul t ip l i cador e j e c u t a una 

m u l t i p l i c a c i ó n de 1 6 M 1 6 b i t s en complemento a dos con un 

resu l tado de 32 b i t s en un s o l o c i c l o de i n s t r u c c i ó n . El 

conjunto del mul t ip l i cador c o n s i s t e en t r e s e lementos: e l 
4 

r e g i s t r o T, e l r e g i s t r o P y e l array mul t ip l i cador . El 

r e g i s t r o de 16 b i t s T, almacena temporalmente e l 

mult ip l icando; e l r e g i s t r o P almacena e l producto de 32 

b i t s . Los va lores del mult ip l icador provienen o b ien de l a 

memoria de datos Cdata memory^ o provienen directamente del 

d ireccionamiento inmediato producido por l a palabra de 

4 

NOTA: normalmonl* la paVabro 'array' cuando • • habla d* 

dispostlivoa • • rofisr* a un conjunto d* células di»pu*0la* 

ord4»nadainenl* y d* «alructura aimilar uno* a otro*, 
diapu*atos oal para eena*guLr an conjunte una 

macroaatructura oparativa, qua an aat* coao • • trata da un 

multiplicador. El aquivalanta »rt coatallano aarla 'matriz'. 
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I n s t r u c c i ó n MPYfC Cmuli iply 1 nunedlate!). Es te mul t ip l icador 

que c o n t i e n e e s t e d i s p o s i t i v o permite e jecutar operaciones 
5 fundamentales del t i p o DSP t a l e s como convolución» l a 

c o r r e l a c i ó n y e l f i l t r a j e de se f ía l e s . 

Están d i s p o n i b l e s dos desplazadores 

Csh i f ters^ para l a manipulación de da tos . El desplazador en 

barr i l o 'barre l s h i f t e r ' e j e c u t a desplazamiento hacia l a 

i zquierda e n t r e O y 16 lugares sobre palabras de l a data 

memory que serÁn cargadas en l a ALU. Este desplazador 

permite l a e x t e n s i ó n de s i g n o y r e l l e n a con ceros l o s b i t s 

menos s i g n i f i c a t i v o s para operac iones a r i t m é t i c a s en 

complemento a dos. El desplazador p a r a l e l o del acumulador o 

' p a r a l l e l s h i f t e r ' , e j e c u t a desplzamientos hacia l a 

i zquierda de 0 ,1 ó 4 p o s i c i o n e s de todo e l acumulador y l o s 

lugares que r e s u l t e n es tar e n t r e l o s 16 más s i g n i f i c a t i v o s 

son l o s que in troduce l a data RAM como datos procedentes del 

acumulador. Ambos desplazadores son ú t i l e s para c u e s t i o n e s 

de e s c a l a y e x t r a c c i ó n de b i t s . 

El d i s p o s i t i v o TMS32010 dispone de una 

RAM de datos COata RAM3 en e l propio d i s p o s i t i v o de 144/250 

palabras y de una ROM/EPROM de 1. 5K/4K palabras d i s p o n i b l e 

S 
NOTA: DSP «igloa quo id*nliflca «I lralami*nlo digital d* 

••Kol*a pora «I qu* fué diacKodo bdaicam»nl* «at* 

diapoailivo. (Digital Signal Procaaaing>. 

6 
NOTA: la 'axtanaión da aigno' conaiata Tt rallanar con al 

bit más significativo los datoa qua faltan pora complatar al 

nuavo formato, qua an aata caao •m da a2-bita. 
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t a n t o d e n t r o como f u e r a de l c h i p , según su r e f e r e n c i a , 

d e s t i n a d a a d e s a r r o l l o de programas . 

El di s p o s ! t i vo TMS32010/rMS320Cl O 

o f r e c e dos modos de o p e r a c i ó n d e f i n i d o s por e l e s t a d o de l 

p i n MC/MP: e l modo mi c r ocomputador C n i v e l a l toD o de 

mlcroprocesador C n i v e l b a j o ? . En e l modo mi cr ocomputador , l a 

ROM I n t e r n a del d i s p o s i t i v o e s mapeada d e n t r o de l e s p a c i o de 

memoria h a s t a l o s 4fC de p a l a b r a de memoria d i s p o n i b l e . En e l 

modo m l c r o p r o c e s a d o r , t o d o l o s AK de memoria e s t á n 

d i s p u e s t o s ex t e rnamen te . Pa ra e l p r e s e n t e p r o y e c t o s e ha 

e s c o g i d o e s t e ú l t i m o modo de func ionamien to . 

El d i s p o s i t i v o TMS32010 c o n t i e n e una 

p i l a de c u a t r o n i v e l e s en hardware pa ra a lmacenar l o s 

c o n t e n i d o s del con tado r de programa d u r a n t e l a s 

i n t e r r u p c i o n e s y l a s l l ama da s a s u b r u t i n a . Se d i sponen 

i n s t r u c c i o n e s p a r a a lmacenar t o d o e l c o n t e x t o de l 

d i s p o s i t i v o . Las i n s t r u c c i o n e s PUSH y POP p e r m i t e n un n i v e l 

de e n l a z a d o s o l a m e n t e l i m i t a d o por l a c a n t i d a d de Data RAM 

d i s p o n i b l e . Las i n t e r r u p c i o n e s u t i l i z a d a s en e s t e 

d i s p o s i t i v o son e n m a s c a r a b l e s . 

El d a t a bus i n t e r n o de 1 6 - b i t s puede s e r 

u t i l i z a d o p a r a e j e c u t a r f u n c i o n e s I / O en dos c i c l o s . Los 

p u e r t o s de I / O son d i r e c c i o n a d o s psor l o s t r e s b i t s menos 

s i g n i f i c a t i v o s de l a l i n e a de d l r e c c l o n a m i e n t o . Además, una 

e n t r a d a de c o n s u l t a p a r a t e s t e o y o p e r a c i o n e s de s a l t o CBI03 

y de i n t e r r u p c i ó n CINT> han s i d o I n c o r p o r a d a s p a r a 

i n c r e m e n t a r l a f l e x i b i l i d a d de l s i s t e m a . 
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1.2.- Diagrama dp bloqu»s. 

El diagrama de bloques que se muestra en 
7 

e s t a s e c c i ó n da una v i s i ó n de l o s bloques y ruta de datos 

p r i n c i p a l e s que s e e s t a b l e c e n en e l i n t e r i o r del procesador 

TMS32010. Más d e t a l l e s de e s t e diagrama de bloques s e i rán 

dando en l o s s u c e s i v o s apartados s i g u i e n t e s . 

1 . 3 . - Sumario del hardware i n t e r n o . 

El hardware i n t e r n o del TMS32010 

implementa func iones que o tros procesadores e jecutan p>or 

medio de programas software. Por ejemplo, e l d i s p o s i t i v o 

c o n t i e n e hardware s u f i c i e n t e para r e a l i z a r en un s o l o c i c l o 

una m u l t i p l i c a c i ó n de 16K16 b i t s , desplazamiento de datos y 

manipulación de d i r e c c i o n e s . Esta Implementación hardware 

tan f u e r t e nos da potenc ia de computación de l a cual no s e 

d i sponía anter iormente en un s o l o ch ip . 

En l a t a b l a adjunta s e presenta un 

sumario del hardware i n t e r n o del TMS320Í0. Esta t a b l a , l a 

cual i n c l u y e l o s elementos de procesamiento i n t e r n o , 

r e g i s t r o s y buses , e s t á a l f a b e t i z a d a en cada grupo 

func ional . Todos l o s símbolos u t i l i z a d o s en e s t a tabla 

corresponden a l o s s ímbolos u t i l i z a d o s en e l diagrajna de 

bloques de l a s e c c i ó n a n t e r i o r , de l a s s e c c i o n e s p o s t e r i o r e s 

y de todo e l presente proyecto. 

7 
NOTA: «n Ingina 'Dala Poth' 
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1.4.- Organización de la mamorla. 

El dispositivo TMSSaOlO utiliza una 

arquitectura HARVARD, en la cual la memoria de datos y de 

programa residen en dos zonas diferentes. El TMS32010 ofrece 

una memoria RAM de una arquitectura de 144/256 palabras de 

16 bits de datos dispuesta en el propio chip, y una memoria 

de programa ROM de 1. 5K/4K palabras. Esta sección describe 

tanto la memoria de programa como la de datos del TMS32010, 

las transferencias de datos, mapeo de las memorias, los 

registros auxiliares y los modos de direccionamiento a 

memoria. 

1. 4.1. - Memoria de datos. 

La memoria de datos consiste en una 

memoria de tipo RAM Cvéase la figura.9^, dispuesta en el 

propio chip de 144/256 palabras de 16 bits cada una. 

Para ampliar la memoria de datos, los 

datos deben ser almacenados fuera del chip, y asi leídos 

posteriormente por la RAM interna cuado se necesiten. Dos 

PATOS d* 1 nst-rucclonos. TBLR/TBLW e IN/OIJT, »st.&n 

disponibles para llevar esto a cabo. La instrucción TBLR es 

capaz de transferir valores desde la memoria de programa, ya 

sea con una ROM interna o una RC94/RAM dispuesta fuera del 

chip, a la data RAM interna. La instrucción TBLW transfiere 

valores desde la data RAM a la RAM de programa que está 

situada fuera del chip. Estas instrucciones necesitan tres 

ciclos para que sean ejecutadas. Cuando se usan el par de 

instrucciones IN/OUT, la instrucción IN lee datos de un 
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periférico y los transfiere a la data RAM. Con algún 

hardware adicional» la instrucción IN. Junto con la OUT, 

pueden ser utilizadas para leer y escribir desde la data RAM 

a gran cantidad de direcciones externas de almacenamiento 

como un periférico. Este método es más rápido ya que las 

instrucciones IN y OUT necesitan sólo dos ciclos para 

ejecutarse. 

1.4.2.- Memoria de programa. 

La memoria de programa tiene una 

capacidad de 1. 5K/-4K palabras en el TMS320Í0. La ROM de 

programa de hasta AK permite la ejecución de programas a 

gran velocidad sin la necesidad de utilizar una memoria 

externa de alta velocidad. 

La sel&cción del modo de operación de la 

memoria d» programa. &s seleccionable por el usuario por 

medio del pin MC/f^ Cmicrocomputerymicroprocesor^. 

Seleccionando MC-^P high pone al dispositivo en modo 

microcomputador. Seleccionando MC/MP loxa pone al dispositivo 

en modo microproceaador. 

En modo microcomputador. sólo las 

posiciones de O a 1523 de la ROM en el TMS32010 están 

disponibles para el programa del usuario. 

Las posiciones 1524-153S están 

reservadas ix>r Texas Instruments por motivos de testing. La 

arquitectura del dispositivo permite una memoria de programa 

adicional de 2.5K palabras residente fuera del chip. 
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Docd pinas de s a l i d a es tán d isponib les 

para d i recc ionar l a memoria externa. Estos pines» del 
Q 

A. .CMSGD al A-CLSB!>, contienen las salidas buffered del 
11 O 

contador de programa o de la dirección del puerto I/O. 

Cuando una instrucción está en fase de búsqueda a una 

memoria externa, el MEN Cmemory enable^ se activará para 

habilitar a la memoria externa. La palabra de instrucción 

entonces es transferida al procesador por medio del bus de 

datos CexternoZ). 

Cuando se está en modo microcomputador, 

el procesador selecciona la memoria de programa interna. La 

activación MEN estará activa en este modo y las lineas de 

dirección de A. . a A. seguirán conteniendo el valor actual 

del contador de programa aunque la palabra de instrucción 

haya de ser leída de la memoria de programa interna. Hay que 

hacer notar que MEN nunca está activa al mismo tiemp>o que WS 

o DEN. Esto es asi ya que, MEN estará LOW cada ciclo de 

reloj excepto cuando una instrucción I/O está siendo 

ejecutada por las instrucciones IN, OUT o TBLW. En estas 

instrucciones multiclclo, MEN está LOW durante los ciclos de 

reloj en los cuales WE o DEN no están LOW. 

1.4.3.- Transferencia de datos. 

El TMS32010 tiene instrucciones para 

8 
NOTA: 'buffered' «s una «xpreaión ulillzada pora «xpreaor 

qu* una magnilud «ald reforzada o potenciada. 
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funcionas de transforenclA de datos que utilizan 

eficientemente la RAM Interna. La función I»10V Cdata mov»:> 

es útil para Implementar algoritmos que utilizan la 

operación de retraso z , tal es el caso de convoluclones y 

filtros digitales donde los datos son pasados por una 

ventana de tiempo. 

La función DMOV permite que una palabra 

sea copiada desde la actual posición de la data RAM en la 

siguiente posición de la data RAM mientras que los datos de 

la posición direccionada están siendo operados en el mismo 

ciclo. La instrucción LTD Ccarga el registro T, almacena el 

producto anterior y desplaza datos!) utiliza la función de 

desplazamiento de datos. 

1. 4. 4. - Mapeo de las memorias. 

El dispositivo TMSSaOlO tiene tres 

espacios separados de direcciones para memoria de programas, 

memoria de datos e Ix'O. como se muestra en la figura. lO. La 

memoria de programa está configurada de acuerdo con el 

estado de MC/F^. 

1. 4. 5. - Registros Auxiliares» 

El dispositivo TMS32010 tiene dos 

registros auxiliares de 16 bits CARO y AR13. En esta sección 

hablaremos de la función de cada registro y como se 

seleccciona, carga y almacena cada registro. 

Los registros auxiliares se pueden 
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utilizar para direccionamiento indirecto de la memoria de 

datos, almacenamiento de datos temporales» y control de 

bucle. El direccionamiento indirecto permite el 

posicionamiento de la dirección de la memoria de datos de un 

operando de instrucción dentro de los ocho bits menos 

significativos de un registro auxiliar. Los registros son 

seleccionados por un solo bit llamado 'Puntero de Registro 

Auxiliar' CAuxiliar Register PointerD que se carga con el 

valor O ó 1. refiriéndose a ARO o a ARí, respectivamente. El 

ARP forma parte del status register, y puede ser almacenado 

en memoria. 

Cuando los registros auxiliares son 

autoincrementados/decrementados por una instrucción de 

direccionamiento indirecto o por la instrucción BANZ, los 

nueve bits menos significativos son afectados. Esta parte de 

un registro auxiliar es un contador de nueve bits, como se 

muestra en la figura. 11. 

Los siete bits más significativos de un 

registro auxiliar, o sea los bits del 9 al 15, se quedan 

inalterados por cualquier tipo de operación de 

autoi ncr ementad ón/decr ementad ón. 

Los registros auxiliares pueden ser 

almacenados y cargados desde la memoria de datos por medio 

de las instrucciones SAR Cstore auxiliary register? y LAR 

Cload auxiliary register3. Esto resulta útil cuando 

queremos almacenar un contexto de la máquina. SAR y 

LAR transfieren el valor completo de 16 bits a y desde los 
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r e g i s t r o s a u x i l i a r e s i n c l u s o cuando a l di r accionamiento 

i n d i r e c t o y l a cuenta en bucle u t i l i z a s ó l o una parte del 

r e g i s t r o a u x i l i a r . 

La i n s t r u c c i ó n BANZ permite que l o s 

r e g i s t r o s a u x i l i a r e s s e u t i l i c e n también como contadores de 

bucle . BANZ examina s i algún r e g i s t r o a u x i l i a r c o n t i e n e 

valor cero . Si no, l o decrementa y s a l t a . 

1 . 4 . 6 . - Modos de d irecc ionamiento a memoria» 

El "DPISSSOIO puede d lrecc ionar hasta AK 

palabras de l a memoria de programa y has ta 144/^56 palabras 

de l a memoria de datos . Tres formas de d irecc ionamiento de 

operando de i n s t r u c c i ó n pueden ser u t i l i z a d o s : 

d irecc ionamiento i n d i r e c t o , d irecc ionamiento d i r e c t o y 

d irecc ionamiento inmediato. En l a f i gura s e muestra e l modo 

de operar de cada uno de e l l o s . 

En el modo de d irecc ionamiento d i r e c t o , 

e l puntero de página de memoria CDPD s e l e c c i o n a o bien l a 

página O, c o n s i s t e n t e en l a s p o s i c i o n e s de memoria s i t u a d a s 

entre l a O y l a 127, o l a página 1 , c o n s i s t e n t e s en l a s 

p o s i c i o n e s de memoria s i tuadas e n t r e l a 128 y l a 144/255. La 

d i r e c c i ó n de memoria de datos CdnnaD, e s p e c i f i c a d a por l o s 

s i e t e b i t s menos s i g n i f i c a t i v o s de l a i n s t r u c c i ó n 

concatenados con e l DP, d irecc ionan l a palabra deseada 

dentro de l a página. Hay que hacer notar que K* forma p a r t e 

del s t a t u s r e g i s t e r y por e so puede ser almacenado en l a 

memoria de datos . 

El d irecc ionamiento i n d i r e c t o u t i l i z a 
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l o s ocho b i t s menos s i g n i f i c a t i v o s de l o s r e g i s t r o s 

auxl l ia ires como d i r e c c i ó n de l a memoria de datos . Esto e s 

s u f i c i e n t e para d irecc ionar todas l a s 256 pa labras; no s e 

n e c e s i t a ningún método de paginación con e l d irecc ionamiento 

i n d i r e c t o . El r e g i s t r o a u x i l i a r actual e s s e l e c c i o n a d o por 

e l puntero de r e g i s t r o a u x i l i a r CARPD. Además, l o s r e g i s t r o s 

a u x i l i a r o s puodon sor autoi ncr*mantadoX/^decr»m*ntadox 

durante cualquier i n s t r u c c i ó n con d irecc ionamiento 

i n d i r e c t o . Hay que hacer notar que e l incremento/decremento 

ocurre después de que l a presente i n s t r u c c i ó n haya terminado 

su e jecuc ión . 

Cuando s e u t i l i z a una i n s t r u c c i ó n con 

direcc ionamiento inmediato , e l operando v i ene i n c l u i d o en l a 

propia in s t rucc ión . 

1 . 5 . - Unidad Central Aritmética Lógica CCALID. 

La unidad centra l a r i t m é t i c a l ó g i c a 

CCALLD cont i ene un mult ip l icador p a r a l e l o de 16*»16 b i t s , una 

unidad ar i tmét i ca l ó g i c a de 32 b i t s CALID, un acumulador 

CACCD y dos desplazadores . Esta s e c c i ó n d e s c r i b e l o s 

componentes de l a CALU y sus funciones . En l a f i g u r a . 1 2 s e 

observa e l diagrama de bloques de l a CALU. 

Los pasos s i g u i e n t e s ocurren en l a 

implementadón de una operación t i p l e a de l a ALU: 

1 / Los datos son buscados desde l a 

RAM por e l data bus Cinterno^. 

2 / Los datos pasan por e l 'barreí 
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shlftar' donde pueden ser desplazados hacia la Izquierda de 

O a 16 bits, dependiendo del valor especificado por la 

Instrucción. 

3/ Los datos entran en la ALU sobre 

los cuales se operan y se cargan dentro del acumulador. 

4/ El resultado obtenido en el 

acumulador se hace pasar a través del 'parallel shlfter* que 

se encuentra a la salida del acumulador para ayudar en los 

resultados a escala, y 

0/ El resultado es almacenado en la 

data RAM. Ya que el acumulador es de 32 bits de ancho, ambas 

mitades deben ser almacenadas separadamente. 

Una de las entradas a la ALU está 

siempre cargada con el acumulador, y la otra entrada puede 

ser cargada con el registro P del multiplicador o el bar reí 

shlfter que es cargado con la memoria de datos. 

1. 5.1. - Desplazadores CSHIFTERS3. 

Se dispone de dos desplazadores para 

manipular datos: un 'barrel shlfter' para desplazar datos de 

la data RAM a la ALU y un 'paralleí shlfter' para desplazar 

el acumulador que va a la data RAM. 

El barrel shlfter tiene una entrada de 

16 bits conectada al data bus CinternoD y tiene una salida 

de 32 bits conectada a la ALU. El barrel shlfter produce un 

desplazamiento hacia la Izquierda entre O y 16 bits sobre 
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todas l a s palabras de l a memoria de datos que son cargadas 

a, r e s tadas de o sumadas al acumulador p>or l a s i n s t r u c c i o n e s 

LAC, SUB y AOD. El desplazador r e l l e n a con ceros l o s b i t s 

menos s i g n i f i c a t i v o s y r e a l i z a e x t e n s i ó n de s i g n o , de l o s 

d i e c i s e i s b i t s de l a palabra de l a memoria de d a t o s , a 32 

b i t s ; por medio de un desplazamiento a r i t m é t i c o hacia l a 

i zquierda . Esto d i f i e r e de un desplazamiento l ó g i c o hacia l a 

i zquierda donde l o s b i t s a l a i zquierda del más 

s i g n i f i c a t i v o son siempre r e l l e n a d o s con ceros . Una pequeRa 

cantidad de c o d i f i c a c i ó n s e r e q u i e r e para l l e v a r a cabo 

desplazamientos hacia l a derecha t a n t o a r i t m é t i c o s como 

l ó g i c o s . 

Los s i g u i e n t e s ejemplos muestran e l 

funcionamiento del bar re í s h i f t e r : 

• La p o s i c i ó n de memoria de datos 20 c o n t i e n e 

e l número en complemento a dos: >7EBC. 

La i n s t r u c c i ó n LAC Ccarga acumuladora s e 

e j e c u t a , e s p e c i f i c a n d o un desplazamiento hacia l a i zqu ierda 

de 4: 

LAC 20,4, 

El acumulador contiene entonces el siguiente 

número de 32 bits en complemento a dos: 

00O7EBC0 

Ya que el bit más significativo de >7EBC es 

un cero, la parte alta del acumulador fue rellenada con 

ceros. 

• La posición de la memoria de datos 30 
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contiene el número en complemento a dos: >8EBC. 

La Instrucción LAC se va a ejecutar, 

especificando un desplazamiento hacia la izquierda de 8: 

LAC 30.8 

El acumulador entonces contiene el resultado 

de 32 bits con signo del siguiente modo: 

FF8EBC00 

Ya que el bit más significativo de >8EBC es 

uno, la parte superior del acumulador fué rellenada con 

unos. 

Existen instrucciones que ejecutan 

operaciones con la mitad inferior del acumulador y una 

palabra de datos sin la extensión de signo de la palabra de 

datos C por ej., para tratarla como una palabra de 16 bits 

más que una palabra de 322). Los mnemónicos de estas 

instrucciones finalizan normalmente con una *S', indicando 

con ello que se suprime la extensión de signo CADDS, SUBS, 

...5. Junto con las instrucciones que operan sobre la mitad 

superior del acumulador, estas instrucciones permiten la 

manipulación de números de precisión de 32 bits. 

El par al leí shifter se activa sólo con 

g 
la instrucción SACH . Esta instrucción hace que el 

desplazador se cargue con los 32 bits que contiene el 

acumulador. Los datos son entonces desplazados hacia la 

izquierda. Los 16 bits más significativos del desplazador 

NOTA: Sier* Hlgh-ord«p ACeumulaior wordl 
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son almacenados en RAM, resulizando con ello una pérdida de 

los bits de datos de mayor orden. El contenido del 

acumulador no cambia. El panel leí shifter puede ejecutar un 

desplazmiento de 0,1 6 4 solamente. El desplazamiento de 1 y 

A se utilizan con operaciones de multiplicación. No está 

directamente implementado el desplazamiento a la derecha. El 

siguiente ejemplo nos muestra el funcionamiento del 

desplazador del acumulador: 

• El acumulador contiene el siguiente número 

de 32 bits en complemento a dos con signo: 

A34B78CD 

La instrucción SACH se ejecuta, 

especificando un desplazamiento hacia la izquierda de 4 

sobre la parte alta de la palabra del acumulador antes de 

que sea almacenado en la memoria de datos en la posición 40: 

SACH 40,4 

La posición 40 de la memoria de datos es 

entonces cargada con el número en complemento a dos: >34B7. 

El acumulador aún contiene >A34B78CD. 

1.5.2.- ALU y acumulador. 

La ALU de 32 bits y el acumulador 

implementan un amplio abanico de funciones aritméticas y 

lógicas, la mayoría de las cuales se ejecutan en un solo 

ciclo de reloj. Una vez que se ejecuta una operación en la 

ALU, el resultado es transferido al acumulador donde otras 
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operaciones tales como desplazamientos pueden llevarse a 

cabo. Los datos que se introducen en la ALU pueden ser 

puestos a escala con el barreí shifter. 

La ALU es una unidad aritmética lógica 

de propósito general que trabaja sobre palabras de datos de 

16 bits, produciendo un resultado de 32 bits. La ALU puede 

sumar, restar y ejecutar operaciones lógicas. El acumulador 

es siempre el destino y el operando primario. El resultado 

de las operaciones lógicas se muestran en la tabla de la 

figura. 13. Un valor de la memoria de datos CdmaD es el 

operando de la mitad inferior del acumulador Cbits del 15 al 

OD. Es el cero el operando de la mitad superior del 

acumulador. 

El acumulador de 32 bits almacena la 

salida procedente de la ALU y es normalmente también una de 

las entradas a la misma. El acumulador est¿ dividido en dos 

palabras de 16 bits para su almacenamiento en la memoria de 

datos: la palabra de mayor orden Cbits del 31 al 16:> y la 

palabra de menor orden Cbits del 15 al 05. Las instrucciones 

SACH y SACL se utilizan para almacenar el mayor y menor 

orden de la palabra acumulador en la memoria de datos. Estas 

instrucciones pueden ser utilizadas en la implementadón de 

aritmética de doble precisión. 

Un desplazador a la salida del 

acumulador ofrece un desplazamiento hacia la izquierda de O, 

i ó 4 lugares. Este desplazamiento se ejecuta mientras el 

dato está siendo transferido al bus de datos Cinternoí para 

39 



Accumulator Results of a Logical Operation 

FUNCTION 

XOR 

AND 

OR 

ACC BITS 31-16 

!0).XOR.(ACC (31-16)) 

(O).AND.(ACC (31-16)) 

(0).OR.(ACC(31-16)) 

ACC BITS 15-0 

{dma).XOR.(ACC (15-0)) 

(dnna).ANO.(ACC (15.-0» 

(clma).OR.(ACC(15-0)) 

í"! g u r a , 1 3 , 

4 0 



su almacenamlentci. El contenido ddl acumulador no cambia. 

Cuando la palabra de mayor orden se desplaza hacia la 

izquierda, los bits menos significativos son transferidos de 

la palabra de menor orden, y los mAs significativos se 

pierden. Cuando la palabra de menor orden se desplaza hacia 

la izquierda» los bits menos significativos son rellenados 

con ceros, y los más significativos se pierden. 

El acumulador también tiene la 

posibilidad de simular el efecto de saturación en sistemas 

analógicos. Esta capacidad se ha implementado usando el modo 

de saturación de overflow, que se controla por el bit del 

status reglster OVM Coverflow modeD. El modo de saturación 

del acumulador se activa o se desactiva marcando o aclarando 

el bit OVM, respectivamente, a través de las instrucciones 

SOVM y ROVM. Si OVM está activo y si de la operación del 

acumulador resulta un desbordamiento CoverflowD, el 

acumulador se carga con el número mayor positivo o con el 

menor negativo, dependiendo del signo de los operandos y del 

resultado actual. El valor del acumulador en saturación es 

>7FFFFFFF CpositlvoD ó >80000000 Cnegativo5. Si OVM está 

reset y ocurre un overflow, el resultado desbordado se carga 

en el acumulador sin modificación. CNótese que en las 

operaciones lógicas no puede haber desbordamiento.^ 

Es particularmente deseable activar el 

modo saturación cuando el contenido del acumulador 

represente un valor de sefKal, ya que sin el modo de 

saturación activado, los desbordamientos causan 

41 



discontinuidades indeseables en la forma de onda 

representada. Cuando el modo de saturación está activado» el 

comportamiento del acumulador se asemeja a la tendencia de 

un sistema analógico al limitar o saturar a un nivel máximo 

cuando está sometido a seffales execesivamente grandes. 

Cuando ocurre un desbordamiento, el bit 

OV del status reglster está activo, independientemente de 

que si OVM está o no activo. La instrucción BV^ , la cual 

salta sólo si OV está activo, puede ser utilizada para 

permitir a los programas tomar decisiones basadas en si ha 

ocurrido o no un desbordamiento y actuar en consecuencia. 

Una vez puesto a uno, OV se quita sólo por medio de la 

instrucción BV, o cargando directamente el status register. 

Ya que OV forma parte del status register, su estado puede 

ser almacenado en la memoria de datos utilizando la 

instrucción o cargada utilizando la instrucción LST^* 

Esto nos permite que el estado de OV procedentes de 

diferentes contextos sea almacenado con independencia, si se 

desea, y examinado fuera de los segmentos de código en 

tiempo critico. 

El TMSaaOlO tiene también la posibilidad 

10 
NOTA: Branch on OV«rflow 

11 
NOTA: Slor* Slalu» r*gi»l*r 

1 2 
NOTA: Load s t a t u s r*glel*r 
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d» ejecutar instrucciones de salto que dependen del estado 

de la ALU y el acumulador. Estas instrucciones CBLZ, BLEZ, 

BGEZ, BGZ. BNZ y BZ) producen un salto que se ejecutará si 

la condición especifica es cierta. 

1.5.3. - Multiplicador y los registros T y P» 

El TMS32010 utiliza un multiplicador 

hardware de 16x16 el cual es capaz de realizar un producto 

de 32 bits en un solo ciclo de máquina. Los dos registros 

siguientes están asociados al multiplicador. 

• Un registro temporal de 16 bits CTD que 

contiene uno de los operandos del multiplicador, y 

• Un registro de producto de 32 bits CP^ que 

contiene el producto. 

Para utilizar el multiplicador» debe ser 

cargado primero un operando en el registro T del bus de 

datos Cinterno^ haciendo uso de una instrucción LT, LTA ó 

LTD. Luego, las instrucciones MPY ó MPYK dan el segundo 

operando Ctambién del data bus interno:^. Si se utiliza la 

instrucción MPY, el valor del multiplicador es un número de 

16 bits. Si se utiliza una instrucción MPYK el valor es una 

constante inmediata de 13 bits contenida en la palabra de la 

instrucción MPYK. Esta constante de 13 bits se Justifica 

hacia la derecha y tiene extensión de signo. Después de la 

ejecución de la instrucción de multiplicación, el producto 

se almacenará en el registro P. El producto puede ser 

entonces sumado, restado o cargado al acumulador por medio 

de las instrucciones PAC, APAC, SPAC, LTA o LTD. 
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Hay que hacer notar que l o s conten idos 

del r e g i s t r o P no pueden ser re-almacenados s i n a l t e r a r 

o t r o s r e g i s t r o s . Se ha aconsejado a l a s i n t e r r u p c i o n e s que 

no sean e jecutadas hasta después de que sea e jecutada l a 

i n s t r u c c i ó n MPY/MPYK. Por c o n s i g u i e n t e . l a i n s t r u c c i ó n de 

m u l t i p l i c a c i ó n deberla siempre e s t a r seguida por una 

i n s t r u c c i ó n que opere con e l r e g i s t r o P para pasar lo al 

acumulador. 

1 . 6 . - Control del s i s tema. 

El control del s i s tema en e l TMS32010 s e 

l l e v a a cabo por e l contador de programa y l a p i l a , l a seHal 

de r e s e t ex terna , l a s i n t e r r u p c i o n e s y e l s t a t u s r e g i s t e r . 

En e s t a s e c c i ó n s e hablará de l a función de e s t o s 

componentes en e l contro l del s i s tema. 

1 . 6 . 1 . - Contador de programa y l a pi la» 

El contador de programa y l a p i l a 

h a b i l i t a n l a e j e c u c i ó n de s a l t o s . llamadas a subrut ina . 

in t errupc iones e i n s t r u c c i o n e s de l e c t u r a / e s c r i t u r a de 

tab la . El contador de programa CPC5 c o n s i s t e en un r e g i s t r o 

de 12 b i t s que c o n t i e n e l a d i r e c c i ó n de l a memoria de 

programa de l a próxima i n s t r u c c i ó n que s e va a e j e c u t a r . El 

TMS32010 l e e l a i n s t r u c c i ó n de l a p o s i c i ó n de l a memoria de 

programa d irecc lonada por e l PC e incrementa e l PC para 

preparar l a s i g u i e n t e pre-búsqueda de i n s t r u c c i ó n . El PC s e 

I n i c i a l i z a a cero cuando s e a c t i v a l a l i n e a de r e s e t CRS5. 
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Los d i s p o s i t i v o s TMS3S010 u t i l i z a n una 

a r q u i t e c t u r a HARVARD en l a cual l a momoria de datos y l a 

memoria de programa res iden en dos e s p a c i o s separados» 

permit iendo as i un completo solapado de l a búsqueda y 

e j e c u c i ó n de l a i n s t r u c c i ó n . En l a f igura . 7 s e muestra e l 

so lapado de l a pre-búsqueda de l a i n s t r u c c i ó n y e jecuc ión . 

En e l f l a n c o de bajada de CLKOUT, e l contador de programa s e 

carga con l a d i r e c c i ó n de l a i n s t r u c c i ó n Cload PC2D para que 

sea pre-buscada mientras l a i n s t r u c c i ó n actual Cexecute 13 

s e d e c o d i f i c a y comienza a e j e c u t a r s e . La próxima 

i n s t r u c c i ó n s e busca entonces Cfetch 2D mientras l a 

i n s t r u c c i ó n actual continua ejecutándose . I n c l u s o mientras 

o tra pre-búsqueda ocurre Cfetch 3D, ambas l a i n s t r u c c i ó n 

ac tua l Cexecute 2D y l a i n s t r u c c i ó n anter ior e s tán aún 

e jecutándose . Esto e s p o s i b l e g r a c i a s a l a l t o grado de 

p i p e l i n e de su e s t r u c t u r a in terna . 

Para permit ir e l uso de l a memoria de 

programa externa» l a s s a l i d a s del PC son pasadas por un 

buffer y enviadas al bus de d i r e c c i o n e s e x t e r n a s , A. ^ a A-. 

Las s a l i d a s de PC aparecen en e l bus de d i r e c c i o n e s durante 

todos l o s modos de operación. Los nueve b i t s más 

s i g n i f i c a t i v o s del PC CA_ a Â D t i e n e n s a l i d a s únicas 

as ignadas a e l l o s , mientras que l o s t r e s menos 

s i g n i f i c a t i v o s quedan muí t i p l e x a d o s con l a s l i n e a s que 

d i r e c c i o n a n l o s puer tos . PA2 a PAO. El campo que d irecc iona 

l o s puertos e s u t i l i z a d o por l a s i n s t r u c c i o n e s de I/O, IN y 

OUT. 
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La memoria d e programa e s t á s i e m p r » 

d l r e c c l o n a d a por e l c o n t e n i d o d e l PC. Los c o n t e n i d o s d e l PC 

pueden s e r cambiados por una i n s t r u c c i ó n de s a l t o s i l a 

c o n d i c i ó n d e s a l t o que s e e s t á examinando r e s u l t a s e r 

c i e r t a . De o t r o modo, l a i n s t r u c c i ó n d e s a l t o s i m p l e m e n t e 

i n c r e m e n t a r á e l PC. Todos l o s s a l t o s son a b s o l u t o s , más que 

r e l a t i v o s , e s d e c i r , un v a l o r d e 1 2 b i t s p r o v e n i e n t e de una 

p a l a b r a i n s t r u c c i ó n d e s a l t o e s cargada i n m e d i a t a m e n t e e n e l 

PC para l l e v a r a cabo e l s a l t o . Cuando o c u r r e n 

i n t e r r u p c i o n e s o l l a m a d a s a s u b r u t i n a s , l o s c o n t e n i d o s d e l 

PC son p u e s t o s e n l a p i l a para a s e g u r a r n o s l a d i r e c c i ó n d e 

r e t o r n o que nos l i g u e e l programa a n t e r i o r . 

La p i l a t i e n e una a r q u i t e c t u r a de 1 2 

b i t s de ancho y c u a t r o n i v e l e s de f o n d o CLIF03. La p i l a d e l 

PC e s a c c e s i b l e m e d i a n t e e l u s o de l a s i n s t r u c c i o n e s PUSH y 

POP. La i n s t r u c c i ó n PUSH pone l o s d o c e b i t s menos 

s i g n i f i c a t i v o s d e l acumulador e n l o más a l t o de l a p i l a 

13 CTOS^ S iempre que l o s c o n t e n i d o s d e l PC s o n p u e s t o s e n e l 

TOS e l c o n t e n i d o a n t e r i o r de cada n i v e l son d e s p l a z a d o s 

h a c i a a b a j o y s e p i e r d e e l c o n t e n i d o d e l a c u a r t a p o s i c i ó n 

d e l f ondo . Por c o n s i g u i e n t e , l o s d a t o s s e perderán s i 

s e i n t r o d u c e n más d e c u a t r o d a t o s s i n un pop p r e v i o CstacJc 

o v e r f l o w ^ . Ocurre e x a c t a m e n t e l o mismo en l a o t r a d i r e c c i ó n , 

o s e a , con POP. La i n s t r u c c i ó n POP s a c a e l TOS y l o d e p o s i t a 

en l o s d o c e b i t s menos s i g n i f i c a t i v o s de l acumulador. 

1 3 
NOTA: Top of stock 
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Cualquier pop después de t r e s pops s e c u e n c l a l e s l l e v a r l a o l 

valor del cuarto y ú l t l n » n ive l de l a p i l a . Todos l o s cuatro 

n i v e l e s de l a p i l a cont ienen entoces e l mismo va lor . 

S iguiendo a una i n s t r u c c i ó n POP, e l TOS puede ser desplazado 

a l a memoria de datos cuando s e almacena l a palabra menos 

s i g n i f i c a t i v a del acumulador C i n s t r u c c i ó n SACLD. Esto 

f a c i l i t a l a ampliación de l a p i l a por medio de l a data RAM. 

E>e l a data RAM, puede fác i lmente ser copiado a l a RAM de 

programa externa u t i l i z a n d o l a i n s t r u c c i ó n TBLW. De e s t a 

forma, l a p i l a puede ser ampliada a n i v e l e s muy grandes. 

Hay que hacer notar que l a s 

i n s t r u c c i o n e s TBLR y TBLW u t i l i z a n un n ive l de l a p i l a ; por 

c o n s i g u i e n t e , s ó l o t r e s en laces de subrut inas o en su caso 

t r e s i n t e r r u p c i o n e s pueden l l e v a r s e a cabo s i n que ocurra un 

desbordamiento de l a p i l a . 

Para manejar subrut inas e i n t e r r u p c i o n e s 

de más n i v e l e s de e n l a c e , parte de l a data RAM o RAM externa 

puede ser adaptada al manejo de l a p i l a . En e s t e c a s o , e l 

TOS es sacado inmediatamente al comienzo de una subrutina o 

rut ina de in t errupc ión y almacenado en RAM. Al f i n a l de l a 

subrut ina o l a rut ina de i n t e r r u p c i ó n , e l valor de l a p i l a 

almacenado en RAM e s introducido de nuevo en e l TOS antes de 

retornar a l a rut ina pr inc ipa l . 
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l.B.2. - RESET. 

El reset CRS> es una interrupción 

externa no enmascarable que se puede utilizar en cualquier 

momento para poner al TMS32010 en un estado conocido. 

Normalmente RESET se utiliza después de alimentar la 

máquina, cuando se encuentra en un estado en un estado 

aleatorio. La entrada de RESET debe de estar activada un 

mínimo de cinco ciclos de reloj. 

Poniendo la seRal RS LOW, hace que el 

TMS32010 termine su ejecución y fuerza al contador de 

programa a cero. RS afecta a varios registros y bits de 

estado. Cuando alimentamos, el estado del procesador se 

encuentra indefinido. Para un funcionamiento correcto 

después de la alimentación, una señal de reset debe ser 

puesta a nivel bajo para garantizar un reset del 

dispositivo. La ejecución del procesador comienza en la 

posición O, que contiene normalmente un estado B CsaltoD 

para direccionar la ejecución del programa a la rutina de de 

iniciali^zaclón del sistema. 

Después de recibir una seRal RS, toman 

lugar las siguientes acciones: 

1/ Las lineas de control DEN, WÉ y MEN son puestas 

a HIGH. 

2/ El bus de datos D. c'Î fv se pone en estado de 

alta impedancla. 

3/ El contador de programa CPO es puesto a O, y 

el bus de direcciones A. .-A. se direcciona con ceros después 
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del siguiente ciclo d& reloj desde la activación de RS. 

4/ La interrupción se desactiva» y el registro 

flag de interrupción se resetea a O. 

El TMS32010 puede estar en estado reset 

indefinidamente. Nótese que los bits de estado ARP, DP y OVM 

no son inicial izados por reset. Por ello, es fundamental que 

estos bits sean inicializados por software por el usuario 

después del reset. 

1.6.3.- Registro de estado CStatus Register). 

El registro de estado consiste en cinco 

bits de estado. Estos bits de estado pueden ser 

individualmente alterados por medio de instrucciones 

habilitadas para ello. Además, la instrucción SST ofrece la 

posibilidad de almacenar el status register en la memoria de 

datos. La instrucción LST carga el status register desde la 

memoria de datos, con la excepción del bit INTM. Este bit 

puede ser cambiado de valor sólo por las instrucciones 

E I N T / D I N T . De esta forma, el estado actual del dispositivo 

puede ser almacenado en las interrupciones y llamadas a 

subrutina. 

La tabla adjunta muestra las 

instrucciones que afectan los contenidos del status 

register. Nótese que varios bits en el status register están 

reservados y son leídos del registro de estado como unos 

lógicos por la instrucción SST. 

NOTA: Enabl*XDlsabl* inl«rrupl 
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Los contenidos del status register pueden 

ser almacenados en la memoria de datos por medio de la 

instrucción SST. Si la instrucción SST se ejecuta utilizando 

el modo de direccionamiento directo, el dispositivo almacena 

automÁticamente esta información en la página 1 de la 

memoria de datos en la posición especificada por la 

instrucción. Asi, una instrucción SST utilizando el modo de 

direccionamiento directo puede sólo especificar una 

dirección entre las 16 posibles en el TMS32010 ya que la 

segunda página de memoria contiene solamente 16 palabras. 

La instrucción SST no modifica los 

contenidos del status register. La figura.14 muestra la 

posición de los bits del status register tal como aparecen 

en la posición apropiada de la RAM de datos después de la 

ejecución de SST. 

La instrucción LST puede ser ejecutada 

para cargar el status register. LST no supone que los bits 

del status register están en la página uno. asi que DP debe 

estar puesto a uno para que la instrucción LST acceda a los 

bits de estado almacenados en la página uno. El bit modo de 

interrupción CINTMD no puede ser alterado por la instrucción 

LST. Sin embargo, todo el resto de los bits de estado pueden 

ser modificados por esta instrucción. 

1.7.- Funciones de entrada^sallda. 

El TMS32010 contiene una variedad de 

funciones diferentes de I/O para utilizarlas en comunicación 
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con disposlti%'os externos . Los 10 b i t s del bus d© datos 

p a r a l e l o pueden ser u t i l i z a d o s para e jecutar func iones de 

I /O en dos c i c l o s u t i l i z a n d o l a s I n s t r u c c i o n e s IN y OUT. Los 

puertos de I /O es tán d lrecc ionados por l o s t r e s b i t s menos 

s i g n i f i c a t i v o s del bus de d i r e c c i ó n CPA2-PA0D. Además, una 

entrada de p o l l l n g para operac iones de t e s t e o de b i t y s a l t o 

CBIOD y una entrada de In terrupc ión CINTD han s i d o 

incorporadas para aumentar l a f l e x i b i l i d a d del s i s tema. 

La e n t r a d a / s a l i d a a o desde un 

p e r i f é r i c o e s l l e v a d a a cabo por l a s Ins t rucc iones IN y OLTT. 

Los datos son t r a n s f e r i d o s sobre e l bus de datos Cexternoi> a 

y desde l a memoria de datos por medio de dos a c t i v a c i o n e s 

independiantes : a c t i v a c i ó n de datos CDEND y a c t i v a c i ó n de 
2 

e s c r i t u r a CWED 

1 . 7 . 1 . - Modo de operación entradaXsalida» 

Las t r e s p a t i l l a s de d i r e c c ión de puerto 

sacan l a d i r e c c i ó n del puerto durante l a s i n s t r u c c i o n e s IN y 

OUT. La ^ejecución de una i n s t r u c c i ó n IN genera l a a c t i v a c i ó n 

bEN para l a t r a n s f e r e n c i a de datos desde un d i s p o s i t i v o 

p e r i f é r i c o a l a RAM de datos . La i n s t r u c c i ó n IN e s l a única 

i n s t r u c c i ó n mediante la cual s e a c t i v a r á DEN. La e j e c uc ión 

de una i n s t r u c c i ó n OUT genera l a a c t i v a c i ó n de VS para l a 

t r a n s f e r e n c i a de datos desde l a RAM de datos a un 

d i s p o s i t i v o p e r i f é r i c o . ÍÍE s ó l o s e a c t i v a con l a s 

2 
NOTA: activación do datos «n ingina 'data «nabl»' 

activación d* «acrilura «n ingina 'wril* «nabl*' 
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i n s t r u c c i o n e s OUT y TBLW. 

Mientras l o s t r e s b i t s menos 

s i g n i f i c a t i v o s del bus de d i r e c c i ó n CPA2-PA0D s e u t i l i z a n 

para l a d i r e c c i ó n del puerto por l a s i n s t r u c c i o n e s IN y OLTT, 

e l r e s t o de l o s b i t s más s i g n i f i c a t i v o s del bus de 

d i r e c c i o n e s CA. . a A^^ son puestos a cero l ó g i c o durante l a 

e j ecuc ión de e s t a s i n s t r u c c i o n e s . 

1 . 7 . 2 . - Operaciones con Table Read^Table Write» 

Las i n s t r u c c i o n e s TBLR y TBLW permiten 

que l a s palabras sean t r a n s f e r i d a s e n t r e e s p a c i o s de 

programa y datos . TBLR s e u t i l i z a para l e e r palabras desde 

l a ROM del ch ip in terna o desde l a ROM/RAM externa al ch ip , 

a l a RAM de datos . TBLW s e u t i l i z a para e s c r i b i r palabras 

desde l a RAM in terna a l a RAM externa del TMS32010. 

La e jecuc ión de l a i n s t r u c c i ó n TBLR 

genera l a a c t i v a c i ó n de MEN para l e e r l a palabra desde l a 

memoria de programa. La e jecuc ión de l a TBLW genera l a 

a c t i v a c i ó n de WE i n c l u s o s i e l d i s p o s i t i v o e s t á en modo 

microcomputador y una TBLW s e e j e c u t a a una ptosición de l a 

memoria de programa interna . 

La a c t i v a c i ó n de l o s p ines MEN, DEN y VE 

s é excluyen mutuamente. Ex i s ten algunas importantes 

cons iderac iones para aque l lo s diseRos que u t i l i c e n memoria 

de programa. Ya que l a s i n s t r u c c i o n e s OUT y TBLW usan 

solamente l a sefíal WE para ind icar v a l i d a c i ó n de datos , 

e s t a s i n s t r u c c i o n e s no pueden ser d i s t i n g u i d a s una de otra 
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desde e l punto de v i s t a de l a s a c t i v a c i o n e s de i n t e r f a c e . La 

e j ecuc ión de i n s t r u c c i o n e s TBLW e s c r i b i r á n datos en l o s 

p e r i f é r i c o s , y l a e j ecuc ión de OUT r e e s c r i b i r á en l a memoria 

de programa entre l a s p o s i c i o n e s O a 7. Ya que e s ]x:>sible 

u t i l i z a r TBLW para e s c r i b i r del mismo modo en l a memoria de 

programa e n t r e l a s mismas pos ic iones» e s aconse jab le e v i t a r 

mapear l a memoria de programa y l a s I/O a l a vez en l a s 

p o s i c i o n e s de O a 7. 

1 . 7 . 3 . - P a t i l l a de propós i to general CBIO)» 

El TMS32010 t i e n e un pin de propós i to 

general que e s controlado por software. El pin de BIO e s una 

entrada de control de s a l t o . 

El pin de BIO e s una p a t i l l a externa que 

soporta examen de b i t y operaciones de s a l t o . Cuando l a 

entrada BIO s e a c t i v a Ca n ive l baJo>, l a e j ecuc ión de l a 

i n s t r u c c i ó n BIOZ hace que s e produzca un s a l t o . El pin BIO 

e s ú t i l para manejar e l e s t a d o de l o s d i s p o s i t i v o s 

p e r i f é r i c o s . Es espec ia lmente ú t i l como una a l t e r n a t i v a a l a 

u t i l i z a c i ó n de una in terrupc ión . 

Para l o s s i s t e m a s que u t i l i z a n entradas 

as incronas para e l p in BIO en e l d i s p o s i t i v o TMS32010, s e 

requ iere un hardware externo para asegurar una e j e c uc ión 

adecuada de l a i n s t r u c c i ó n BIOZ. Es te hardware s incron iza l a 

sePSal de l a entrada BIO con e l f l a n c o de subida de CLKOUT en 

e l TMS32010, 
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1 . 8 . - Interrupclones• 

El TMS32010 t i e n e una entrada de 

Interrupción externa para l a comunicación con operaciones 

externas en tiempo c r i t i c o . La Interrupc ión puede ser 

generada o bien por l a a p l i c a c i ó n de un pulso nega t ivo o 

b ien por un n i v e l bajo l ó g i c o al p in de entrada de 

Interrupción. Todas l a s in terrupc iones en e l TKSSSOIO son 

enmascarables por medio del uso del b i t de modo de 

in terrupc ión del s t a t u s r e g i s t e r y v a r i o s b i t s de máscara. 

Para l o s s i s t e m a s que u t i l i c e n entradas 

as incronas para e l pin de in terrupc ión ClhTD en un 

d i s p o s i t i v o TMS32010, s e requiere un hardware externo para 

asegurarnos e l correc to funcionamiento de l a s 

Interrupciones . Es te hardware s i n c r o n i z a l a seRal de entrada 

I NT con el f l a n c o de subida de CLKOUT en e l TMS32010. 

Un diagrama s i m p l i f i c a d o de l a 

c i r c u i t e r í a i n t e r n a de in terrupc ión de l o s d i s p o s i t i v o s 

TMS32010 s e muestra en l a f i g u r a . 8 . Nótese que e l TMS32010 

CMOS n e c e s i t a f l l p - f l o p s de s i n c r o n i z a c i ó n externos para l a s 

in terrupc iones y BIO. 

Cuando l a s Interrupc iones e s t á n 

a c t i v a d a s , una in terrupc ión s e vue lve a c t i v a o bien debido a 

por una t ens ión de entrada negat iva en e l pin ÍNT o cuando 

un pulso n e g a t i v o ha s i d o almacenado en e l f l a g de 

interrupción . CINTFD. Si e l r e g i s t r o de modo de in terrupc ión 

CINThD e s t á pues to a cero , s e v a l i d a una sefüal de 

in terrupc ión a c t i v a Cinterrupt ac t iven en e l i n t e r i o r del 
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procesador. 

El procesador comienza e l s e r v i c i o de 

in terrupc ión causando un s a l t o a l a p o s i c i ó n 2 de l a memoria 

de programa. El s e r v i c i o de in t e r r upc ión s e r e t r a s a r á en 

cada uno de l o s s i g u i e n t e s casos ; 

1 / Hasta e l f i n a l de todos l o s c i c l o s de una 

i n s t r u c c i ó n muí t i c i c l o . 

2 / Hasta que l a i n s t r u c c i ó n s i g u i e n t e a MPY ó MPYK 

haya s i d o completada, o 

3 / Hasta que l a i n s t r u c c i ó n s i g u i e n t e a l a ElNT 

haya s i d o ejecutada Ccuando l a s i n t e r r u p c i o n e s hayan s i d o 

previamente desactivadas!) . Esto permite que l a i n s t r u c c i ó n 

RET s e e j e c u t e después que l a s i n t e r r u p c i o n e s s e vuelvan 

a c t i v a s al f i n a l de una rut ina de in terrupc ión . 

Cuando una rut ina de s e r v i c i o de 

in terrupc ión comienza» e l TMS32010 transmite una seflal de 

reconocimiento de in terrupc ión que prese tea e l r e g i s t r o INTM 

Cdesact ivac ión de in terrupc iones^ y ac lara e l f l a g de 

in terrupc ión CINTFD. Una i n s t r u c c i ó n DINT o un r e s e t 

hardware pondrá también e l r e g i s t r o INTM a uno, desact ivando 

l a s i n t e r r u p c i o n e s , mientras que l a i n s t r u c c i ó n El NT 

ac larará e l r e g i s t r o INTM Cponer a cero5. Las i n t e r r u p c i o n e s 

continuarán s iendo almacenadas mientras e s t é n desac t ivadas . 

Nótese que DINT o ElNT no a f e c t a n al INTF. 
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CAPITULO 2 

2 . - CARACTERÍSTICAS DEL PROCESADOR PLUTO. 

La t a r j e t a m ic rop rocesado ra de 

a p l i c a c i ó n PLUTO c o n s t a de 440 d i s p o s i t i v o s d i s p u e s t o s como 

c i r c u i t o s i n t e g r a d o s con a r q u i t e c t u r a b l t - s l i c e . En c o n j u n t o 

s e han u t i l i z a d o l a f a m i l i a l ó g i c a TTL e s t á n d a r , aunque l o s 

d i s p o s i t i v o s AMD i n t e r n a m e n t e d i spongan de a r q u i t e c t u r a 

b i p o l a r ECL. 

A c o n t i n u a c i ó n s e p rocede a d e s c r i b i r 

l o s d i s p o s i t i v o s u t i l i z a d o s en e l p r e s e n t e p r o y e c t o : 

- Am29705, Am29707: 

El Am29705 c o n s i s t e en una RAM de d o b l e 

p u e r t o con una a r q u i t e c t u r a de 1 6 - p a l a b r a s de 4 - b i t s cada 

una» c o n s t r u i d a u t i l i z a n d o p rocesamien to avanzado de 

Scho t tky de ba j a p o t e n c i a . Es t a memoria RAM s e c a r a c t e r i z a 

por dos p u e r t o s s e p a r a d o s de s a l i d a t a l que c u a l q u i e r a de 

l a s dos p a l a b r a s de c u a t r o b i t s puedan s e r l e í d a s desde 

e s t a s s a l i d a s s i m u l t á n e a m e n t e . Cada p u e r t o de s a l i d a t i e n e 

un l a t c h de c u a t r o b i t s con unA e n t r a d a común de a c t i v a c i ó n 

del l a t c h CLED que c o n t r o l a l a s ocho s a l i d a s . El d i s p o s i t i v o 

c o n t i n e dos e n t r a d a s de a c t i v a c i ó n de e s c r i t u r a C^^ y estA 

diseKada pa ra que l a s e n t r a d a s de WEl y LE puedan s e r 

c a b l e a d a s y e j e c u t a r l a o p e r a c i ó n de l a RAM en e l d i s p a r o 

por f 1 anco. 
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El dispositivo dispone de un campo de 

direccionamiento A totalmente decodlficado de cuatro bits 

para direccionar cualquiera de las 16 palabras de memoria al 

puerto de salida A. De la misma forma, la entrada de 

direccionamiento B se utiliza para seleccionar 

simultáneamente cualquiera de las 16 palabras para su 

presentación en el puerto de salida B. Todos los datos de 

entrada nuevos se escriben en la palabra de cuatro bits de 

la RAM seleccionada por el direccionamiento B. Las entradas 

D se utilizan para cargar datos de refresco al interior del 

dispositivo. 

El Am29705 dispone de salidas 3-S de tal 

forma que varios dispositivos puedan ser puestos en cascada 

para asi incrementar el número total de palabras de memoria 

dentro del sistema. El puerto de salida A se encuentra en 

estado de alta impedancia C3-S^ cuando la entrada OE-A está 

HIGH. De igual forma, el puerto de salida B se encuentra en 

estado de alta impedancia cuando la entrada OE-B está HIGH. 

Cuatro dispositivos pueden estar en paralelo utilizando 

solamente un decodificador Am251sl3d para el control de 

salida. 

Cuanto más se controle las entradas de 

activación de escritura más versátil podrá llegar a ser la 

RAM. Cuando ambas entradas de WE se encuentran en LOW, los 

datos de refresco son escritos en la palabra seleccionada 

por el campo de direcciones B. Cuando al menos una de las 

dos entradas WE está HIGH, ningún dato es introducido en la 
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RAM. 

El Am29707 es un circuito idéntico al 

Ani20705, excepto que cada puerto de salida tiene una entrada 

activación de latch separada. Se puede conectar ademAs una 

entrada de activación de escritura CWE23 directamente al lEN 

del Ain29203 con lo cual resulta una mejora con respecto a 

los ciclos de tiempo que ofrecia el Am29705. La entrada 

W E / B L E puede entonces ser conectada al reloj del sistema 

di r ectamenté. 

- Am25ls381. Am25ls25i7: 

El Am291s381 es una unidad aritmético 

lógica/generador de función que ejecuta tres operaciones 

aritméticas y tres operaciones lógicas sobre dos palabras de 

cuatro bits. El dispositivo puede también forzar una salida 

OOOO Caclarado!) o lili CpresetD. Estas ocho operaciones son 

seleccionadas utilizando tres entradas de selección de 

función SO, SI y S2 como se muestra en la tabla de la 

3 
f i g u r a . 5. Se u t i l i z a un comple to a c a r r e o a n t i c i p a d o s o b r e 

e l campo de c u a t r o b i t s en e l i n t e r i o r de l d i s p o s i t i v o . 

Cuando l o s d i s p o s i t i v o s s e e n c i e n t r a n d i s p u e s t o s en c a s c a d a . 

un comple to a c a r r e o a n t i c i p a d o muí t i n i v e l puede s e r 

implementado u t i l i z a n d o un generador de a c a r r e o avanzado del 

t i p o ' 182 y l a s s a l i d a s 6 y P del Ain251s381. Si e l acarreo 

de s a l i d a C , . s e u t i l i z a s e , s e e n c u e n t r a d i s p o n i b l e en e l n+4 

Am291s2517. 

3 
CeuTy-t.oo)e-Ah»ad 
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El Ani251s2517 es una unidad aritmético 

lógica/generador de funciones que ejecuta tres operaciones 

aritméticas y tres operaciones lógicas sobre dos palabras de 

cuatro bits. El dispositivo puede asimismo forzar una salida 

0000 Caclarado^ o lili Cprésete. Estas ocho operaciones son 

seleccionadas utilizando tres entradas de selección de 

función SO, Si y S2 como se muestra en la tabla. Se utiliza 

completo acarreo avanzado sobre el campo de cuatro bits en 

el interior del dispositivo. Cuando los dispositivos están 

dispuestos en cascada, el acarreo de salida CC ..3 se 
n+4 

conecta al acarreo de entrada CC 3 del s i g u i e n t e 

d i s p o s i t i v o . El Am2Sls2517 puede asimismo detectar overf low 

en complemento a dos. La s a l i d a de overflow C0VR3 s e d e f i n e 

lóg icamente como C - ® C .. ^ n+3 n+4 

- Am25ls252i: 

El Am251s2521 e s un comparador de 

igualdad capaz de comparar dos palabras de ocho b i t s para 

ver su i^gualdad con l a f a c i l i d a d de ser ampliado a más b i t s 

o h a b i l i t a c i ó n externa. La in troducc ión de dos entradas de 

ocho b i t s y además una l ó g i c a a n i v e l bajo en l a E_^ da como 

r e s u l t a d o una s a l i d a a n ive l bajo E-^__. 

La expres ión l ó g i c a del d i s p o s i t i v o 

puede ser expresada como s igue : Ej-j—, = CA-OB-DCA^OB iCAgOB^^ 

CAgOBOCA.OBpCAgOB-DCAgOB :>E . Se comprueba que e s t a 

expres ión e s vá l ida donde A -̂A— y B^-B- son expres iones que 

pueden ser tanto negaciones como af irmaciones . Esto también 
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e s c i e r t o para pares de términos, por ejemplo: A^ puede ser 

comparado con B^ al mismo tiempo que A. e s comparado con B. . 

Es s ó l o fudamental que l a polaridad de l o s términos pares 

sea mantenida. 

- Am2QiO: 

El controlador' de microprograma Am2910 

e s un secuenciador de d i recc ión des t inado a contro lar l a 

secuencia de e j e c u c i ó n de l a s micro ins trucc iones almacenadas 

en l a memoria de microprograma. Además de l a capacidad que 

t i e n e de acceso s e c u e n c i a l , o f rece s a l t o condic ional a 

cualquier micro ins trucc ión dentro del rango de 4096 

micropalabras. Una memoria LIFO C l a s t - i n f i r s t - o u t 3 o f r e c e 

asimismo re tornos desde microsubrutinas y capacidad de 

r e a l i z a r buc les e x i s t e n c inco n i v e l e s de en lace de 

microsubrutinas. El control de buc le e s t á d i s p u e s t o con una 

capacidad de cuenta de 4096. 

Durante cada micro ins t rucc ión , e l 

controlador de microprograma da una d i r e c c i ó n de doce b i t s 

de cuatro fuentes d i f e r e n t e s , a saber: ID el r e g i s t r o de 

d i r e c c i ó n de microprograma C / J P O , e l cual c o n t i e n e 

normalmente una d i recc ión una p o s i c i ó n mayor que l a 

d i r e c c i ó n a n t e r i o r ; 2D una entrada CdirectaD externa CD5; 3D 

un r e g i s t r o / c o n t a d o r CRD capaz de retener e l dato cargado en 

l a micro ins trucc ión anter ior ; o, 4D una memoria LIFO de 

c i n c o p o s i c i o n e s . 
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- AmSSslO: 

El Ani25sl0 c o n s i s t e en un c i r c u i t o de 

l ó g i c a combinatoria que acepta un dato de cuatro b i t s y 

desplaza e s t a palabra O, 1, 2 o 3 p o s i c i o n e s . El número de 

p o s i c i o n e s de desplazamiento v i ene dado por por e l campo de 

s e l e c c c i ó n de dos b i t s S^, Ŝ .̂ Una entrada de a c t i v a c i ó n a 

n ive l bajo contro la l a s s a l i d a s 3-S . Esta c a r a c t e r i s t i c a 

permite l a expansión del desplazaTniento más a l l á del número 

de lugares con un s ó l o r e t r a s o . 

Por medio de una in terconex ión adecuada, 

e l Am25sl0 puede ser u t i l i z a d o para desplazar cualquier 

número de b i t s cualquier número de p o s i c i o n e s hac ia arr iba o 

hacia abajo. El desplazamiento puede ser tanto l ó g i c o o 

ar i tmét i co . 

- Am2925: 

El Am2925 e s un generador de r e l o j de 

propós i to general d i s p o n i b l e en un s o l o chip . Está 

controlado por c r i s t a l , y c o n t i e n e l o n g i t u d e s de c i c l o s de 

r e l o j microprogramables para dar una mayor ve loc idad sobre 

l o s c i c l o s de r e l o j f i j o s . El Am2925 genera cuatro formas de 

ondas de s a l i d a d i f e r e n t e s simultáneamente para a c o p l a r s e a 

l a s neces idades de l a f a m i l i a Am29CX) y o t r o s 

s i s temas microprocesadores, t a n t o b i p o l a r e s como MOS. Se 

pueden generar hasta ocho formas de l o g i t u d e s de c i c l o 

d i f e r e n t e s u t i l i z a n d o l a s entradas de long i tud de c i c l o 

CCycle Length) L, , L^ y L^. 

El o s c i l a d o r i n t e r n o al Am2925 o f r e c e 
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una frecuenc ia de hasta 31 MHz. Mediante un ' b u f f e r ' s e 

o f r e c e l a s a l i d a al ex ter ior» P^, además s e o f r e c e l a s 

cuatro s a l i d a s de f a s e s de r e l o j contro ladas , C. , Cg, C^ y 

El s i s t ema de control de func iones 

Inc luye RUN, HALT, SNGLE-STEP, INITIALIZE y READY/WAIT. 

Además, l a entrada FIRST/LAST determina donde pueda 

l o c a l i z a r s e una parada ChaltD asimismo l a entrada Cy 

determina e l punto f i n a l de l o s c i c l o s de espera. WAITACK 

Indica que e l Am2925 s e encuentra en e s tado de espera . 

- 74f05: 

El *F85 e s un comparador de magnitud e l 

cual puede ser ampliado c a s i a cualquier long i tud . Compara 

dos grupos de cuatro b i t s en código b i n a r i o , BCD o en 

cualquier o t r o código monotónlco y presenta como s a l i d a l o s 

t r e s r e s u l t a d o s de magnitud p o s i b l e s . Las entradas de 4 - b l t s 

t i e n e n peso CÂ -» A-3 y CB -̂» B^D, donde A^ y B^ son l o s b i t s 

más s i g n i f i c a t i v o s . 

La o p e r a t i v a del 'FQS s e d e s c r i b e en l a 

t a b l a de función , que muestra todas l a s p o s i b l e s cond ic iones 

l ó g i c a s y e s t á representada en l a f i g u r a . 6. 

- 74/257: 

El *F2S7 tiene cuatro muí ti pl exores de 

dos entradas idénticos con salidas 3-S que seleccionan A 

bits de datos de las entradas bajo el control de un pin 
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Truth Tnblos 

Comparing 
Inputt 

A3, B3 

A3 > B3 
A3 < B3 
A 3 - B3 
A 3 - B3 
A3 • 83 
A 3 * B3 
A3> B3 
A3 - B3 
A3 • B3 
A3 - 83 
A 3 * 83 

A2, 82 

X 
X 

A2 > 82 
A2 < 82 
A2 • 82 
A 2 « 6 : 
A2 - 82 
A2 - 82 
A2 - 82 
A2 • 82 
A2 - 62 

A l , B1 

X 
X 
X 
X 

Al > 81 
M < 01 
Al • 81 
Al - 81 
Al • Bl 
Al - Bl 
Al - Bl 

AO, 80 

X 
X 
X 
X 
X 
X 

AO > 80 
AO < 80 
AO • 80 
AO • 80 
AO • 80 

Catcadlng 
inputt 

A > B A < B A ' B 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
H L L 
1. H L 
L L H 

Outpult 

A > 8 A < B A > 8 

H 1 1 
1 H 1 
H L L 
L H L 
H 1 1 
L H 1 
H L L 
L H L 
H L L 
L H L 
L L H 

1*1 Rurn. 6 . 

A3 • 63 
A3 • B3 
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común, el de selección do datos CData Soloct CS3D. Las 

entradas I. son seleccionadas cuando la entrada S está LOW 

y las entradas I. son seleccionadas cuando la entrada S está 

5 
HIGH , Los datos aparecen a la salida en forma no invertida. 

El *F2S7 es una implementadón lógica de 

un conmutador de dos posiciones de cuatro polos donde la 

posición del conmutador viene dada por los niveles lógicos 

que se dan a la entrada de selección S. 

- 74/245: 

El 'F245 es un transceptor que se 

caracteriza por sus salidas compatibles de bus 3-S 

no-inversoras tanto para recibir como para transmitir. Las 

salidas de la parte B son todas capaces de aceptar hasta 

64mA y de dar hasta ISmA. produciendo muy , buenas 

características capacitivas. El dispositivo se caracteriza 

también por disponer de una entrada de activación de salida 

COutput Enable COE55 para un cableado más sencillo y de una 

entrada de enviar/recibir CSend/Receive CT/R35 para el 

control de dirección. Las salidas 3-S, B^-B-, han sido 

diseñadas para prevenir salidas de carga de bus si se deja 

de alimentar al dispositivo. 

- 74/i 39: 

El *F139 e s un 

A 
MOTA: N l v * l Bajo 

5 
MOTA: N i v « l A l to 
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demultlplexor/decodlficador doble de 1 a 4, de alta 

velocidad. Este dispositivo contiene dos decodificadores 

independientes; aceptando cada uno dos entradas con sus 

órdenes correspondientes CA^-A. D y dando cuatro salidas con 

activación exclusiva e invertida C&^ ~^n^* Cada 

decodificador tiene una entrada de validación activa a nivel 

bajo CÉD. Cuando E es HI6H, cada una de las salidas es 

forzada a HIGH. La validación puede ser utilizada para 

aplicaciones de demultiplexión de datos de entrada de 1 a 4. 

- 74/725: 

El 'F725 consiste en muítiplexores 4 a 1 

diseñado para muí tiplexión de propósito general. Los 

selectores CS. y S. D de control de entradas controlan las O 1 

lineas que serán seleccionadas, tal como semuestra en la 

tabla de función. 

2.1.- Arquitectura HARVARDi 

La tarjeta mi croprocesadora PLUTO 

dispone de una arquitectura HARVARD modificada, al igual que 

el dispositivo ThdSSaolO de Texas Instruments; en la cual los 

datos de la memoria y los datos del programa se encuentran 

en dos lugares separados, permitiendo con ello un completo 

solapado del ciclo de búsqueda CPETCHD y de ejecución 

CEXECimOND. En la figura. 7 se muestra el solapamiento del 

ciclo 'PREFETCH' de la instrucción y de la ejecución. Sobre 

68 



s 

CLKOV/T 

LOAD 
PC 1 

FETCH 1 

EXECUTE 1 

LOAD 
PC 2 

FETCH 2 

t 

EXECm 

.OAD 
=C 3 

FE 

^ 
TCH 3 

•E 2 

ji_rn 

EXECUTE 3 

Harvard Architecture 

F i g u r a . 7 » 

69 



e l f l a n c o de bajada d» CLC4COUT. e l contador de programa CPO 

s e carga con l a d i r e c c i ó n de l a i n s t r u c c i ó n CCARGA PC23• que 

será pre-buscada mientras que l a d i r e c c i ó n actual CEJECUCIOI 

ID s e d e c o d i f i c a y comienza l a e j ecuc ión . La próxima 

i n s t r u c c i ó n e s entonces buscada CPETCH 23 mientras que l a 

actual i n s t r u c c i ó n mantiene su e j e c u c i ó n , i n c l u s o mientras 

o tra pre-búsqueda sucede CPETCH 3^, ambas l a actual y l a 

anter ior e s tán aún ejecutándose . Esto e s p o s i b l e debido al 

a l t o grado de p l p e l l n e de su e s t ruc tura interna . 

70 



CAPITULO 3 

3»-DISEWO HARDWARE DEL SISTEMA PLUTO. 

El sistema PLUTO realiza una versión del 

dispositivo microprocesador TMS32010. Se ha optado 

primariamente en dividir la arquitectura del sistema en tres 

grandes bloques, a saber: parte de control Ccontrol1erD, 

parte de manejo de datos y operativa, y, por último, la 

parte del secuenclador. Mediante la elección de dispositivos 

adecuados se ha tratado de diseRar cada una de estas partes 

para que en conjunto dieran idéntico resultado que el 

dispositivo TMS32010. tanto a nivel de hardware como a nivel 

de software. 

Las técnicas utilizadas son básicamente 

las descritas en apartados anteriores; se ha intentado 

mejorarlas y adaptarlas a las necesidades del actual 

proyecto. Seguidamente se va a tratar de profundizar en las 

particu].aridades de cada una de las partes de que se compone 

la máquina PLUTO. 

3.1.- Parte de control. 

La técnica utilizada para implementar 

esta parte de la máquina es la microprogramación y pipeline. 

Por una parte, al tratarse de una máquina micr©programada 

necesitamos, primero, un lugar donde guardar ese 

mieroprograma Cmemoria de microprograma^ y, segundo, un 
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programa que r e a l i c e o c o n t r o l e l o s p a s o s a s e g u i r por e s t e 

mlc rocon t ro l ado r Cel microprogramaD. De l a e s t r u c t u r a de l 

microprograma ya s e ha h a b l a d o en a p a r t a d o s a n t e r i o r e s , 

vamos a c o n c e n t r a r n o s en e s t e a p a r t a d o en l a t é c n i c a de 

p i p e l i n e y como s e ha a d a p t a d o a l a máquina PLlTrO. 

Como ya s e ha d i c h o , l a t é c n i c a de 

p i p e l i n i n g i n t r o d u c e l a v e n t a j a de combinar f l e x i b i l i d a d y 

r a p i d o z . Para l l o v a r ox ta c a r a c t o r i s t i c a a su más a l i o g rado 

s e nos ha p r e s e n t a d o e l r e t o de ver s i éramos capaces de 

minimizar l o s t i empos de e s p e r a del s e c u e n c i a d o r . 

Como r e s u l t a d o , s e ha l l e g a d o a l d i seRo 

de una v e r s i ó n p i p e l i n e a dos n i v e l e s . E s t a c o n s i s t e en l o 

s i g u i e n t e : como u n i d a d e s , y t a l como s e mues t r a en l a 

f i g u r a . 18 y en e l p l ano r e f e r e n t e a l a p a r t e de l 

m lc rocon t ro l ado r Choja no 5D, tenemos l a memoria de 

microprograma, a su s a l i d a , y c a p t u r a n d o l o s d a t o s que l e da 

l a memoria de microprograma tenemos un r e g i s t r o de p i p e l i n e . 

Por o t r o l a d o l a e n t r a d a de l a memoria de microprograma 

p r o v i e n e de dos f u e n t e s p r i c i p a l e s d i f e r e n t e s , que s e 

s e l e c c i o n a n median te un MUX. La p r imera f u e n t e c o n s i s t e en 

l a s a l i d a de una memoria de d o b l e p u e r t o , e l cua l s e t r a t a 

de l primer n i v e l de p i p e l i n e CFILED; a d i f e r e n c i a de l a 

e s t r u c t u r a p i p e l i n e c l á s i c a que en e s t a p o s i c i ó n t i e n e un 

r e g i s t r o o r d i n a r i o . La segunda f u e n t e c o n s i s t e en l a s a l i d a 

de l o que s e ha denominado en l l a m a r e l INSTRUCTION PILE; 

e s t a e s o t r a memoria que c o n t i e n e d i r e c c i o n e s de s a l t o a 

microprograma c l a v e s , o s e a , l a s de desbo rdamien to 

72 



PLUTO (BIT-SLICE ÜERSION OF TMS32010) 

FROn 21 REGISTER 

LOGICñ 

CP CK 

Atl 29ie-ñ 

PIPELIHE REGISTER «2 

B O E I 

RICROSEaUErKIHG-COHTROKB-R) 

F i g u r a . 1 8 . 

73 



Covdrflow), Interrupción, dacodlfIcaclón d» los bits menos 

significativos del registro de instrucción y direcciones de 

microsalto para las instrucciones de salto. A la entrada del 

FILE se encuentra un microcontrolador AÍ42QÍ0 que nos ayudar A 

a la hora de realizar saltos a mlcroprograma. También hay 

que tener en cuenta a la Mapping PROM que nos dará 

información sobre las direcciones de mlcroprograma a partir 

de las cuales se ejecutarán las instrucciones del lenguaje 

ensamblador. 

Asi todo dispuesto, el mecanismo 

funcionará de la siguiente manera. Supongamos que estamos en 

ejecución secuencial, la Mapping PROM saca a su salida el 

dato de la palabra de dirección de microprograma, pasa a 

través déla Am2910 por la entrada D y lo saca hacia su 

salida para que se cargue en una de las dos posiciones que 

utilizamos del FILE, el Am2910 genera esta dirección más 

una, o sea, la incrementa. Al mismo tiempo que ocurre esto, 

el FILE direcciona a la memoria de microprograma, que nos 

dará el dato en forma de mi cr opal abra, de la próxima 

mlcroinstrucción a ejecutar y a la vez en el registro 

pipeline. que se encuentra a la salida de la memoria de 

microprograma, está presente la palabra de micromemoria que 

actualmente se esta ejecutando. En resumen, lo que está 

sucediendo es que en el registro pipeline tenemos la 

presente mlcroinstrucción CND, la micromemoria estará 

buscando la CU+l'!) cuya dirección se la está ofreciendo el 

FILE y a su vez en la otra posición del FILE se está 
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introduciendo l a d i r e c c i ó n del dato N+2; y a su vez e l 

A]n2910 c o n t i e n e l a d i r e c c i ó n de micro ins trucc ión N+3. 

En l a f igura . 20 s e muestra un diagrama 

de como s e van e jecutando l a s m i c r o i n s t r u c c i o n e s , obsérvese 

que además de tener en funcionamiento A n i v e l e s de 

m i c r o i n s t r u c c i o n e s , no e x i s t e ningún tiempo de espera. 

Este es e l funci onami neto secuenci a l , 

pero veamos qué ocurre en e l caso de que s e produzca un 

s a l t o a o tra par te del microprograma. Supongamos que e l MUX 

de entrada a l a micromemoria cambia y da paso al INSTRUCTION 

FILE; en l a misma micro instrucc ión l a micromemoria s e 

d i recc iona por e l INSTRUCTION FILE CN+ID, e l FILE s e carga 

con CN+2!>, que procede del Am2910 que incrementa e l dato de 

INSTRUCTION FILE que l e l l e g a por e l bus asoc iado, 

desact ivando as i e l ^ de l a Mapping PROM. El Am2910 

cont i ene l a N+3, s i n perder por t a n t o ningún c i c l o de 

espera. Con e l l o s e l o g r a que l o s s a l t o s tengan el mismo 

número de tiempos de mi c r o l n s t r a c c i o n e s que con e jecuc ión 

s e c u e n c i a l . 

En l a i mpl ementad ón f i n a l , como s e 

muestra en l a s hojas de diagramas e l é c t r i c o s , s e observa 

como s e ha procedido a l a in terconex ión f i n a l de l o s ch ips 

b i t - s l i c e y de sus c o n t r o l e s ; t en iendo en cuenta sus 

c a r a c t e r í s t i c a s que s e descr ib i eron en uno de l o s primeros 

apartados del p r e s e n t e proyecto. 

3 . 2 . - Parte de manejo de datos y opera t iva . 

Es l a parte más a f í n o que s e i d e n t i f i c a 
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mejor con los datos ofrecidos por el fabricante, TEXAS 

INSTRUMENTS. PrActicamente. se ha tratado de respetar esta 

arquitectura ya que si no la respetásemos la mAquina 

perderla su propia identidad. 

Es de destacar que esta es la parte en 

la cual más se ha empleado la técnica bit-siice, la ALU, 

desplasadores, data RAM, etc. . . , son ejemplos de ello. 

3.3. - Parte del secuenclador. 

En esta parte se ha empleado un segundo 

microcontrolador Am2910 para ayudar a la parte del 

secuenciamiento a nivel de instrucción. Es de destacar en 

esta parte de la máquina, una nueva estructura original que 

lleva a cabo los conceptos de cola y pipeline asociados, se 

trata de la estructura de registros ZO, 211 , Z2 y registro de 

instrucción. En ellos se guardan las instrucciones n. n+1 y 

n-i-2; con lo cual tenemos en el microprocesador ejecutándose, 

en mayor o menor medida, tres instrucciones en un mismo 

ciclo. A la vez, hay que hacer notar que la instrucción n se 

ejecuta realmente aunque la instrucción n+1 está 

procedíendose a su decodificación y la n+2 está llegando al 

microprocesador; pero veamos esto con un poco más de 

detalle: supongamos un secuenciamiento, el registro de 

instrucción se acaba de cargar con la instrucción procedente 

de la memoria de programa, gracias a la Mapping PROM su 

opcode hace ya tiempo que está decodificado, a la vez que 

ocurre esta transferencia al registro de instrucción el 
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registro 21 se carga con ol contenido do ZO. Todo esto entra 

a formar parte de una de las fases de que consta el 

plpellnlng a nivel de Instrucción; una segunda fase ocurre 

cuando el registro Z2 se carga con el contenido de Zl y ZO 

recoge la Instrucción procedente de la memoria de programa» 

nótese a su vez que en esta segunda fase se procede a la 

decodlficaclón de la siguiente Instrucción a la actual, que 

se va a ejecutar. Las dos fases de plpellnlng se realizan en 

el mismo periodo de la instrucción. 

En el diagrama adjunto de la flogura. 16 

se establece como se van ejecutando las fases del pipelinlng 

sin pérdida de ciclos de espera. 

3. 4. - Reloj. 

Para Implementar el sincronismo en 

PLUTO, se ha optado por el razonamiento siguiente. Debido a 

que existen un máximo de 9 microinstrucclones por cada ciclo 

de CLKCXrr de instrucción» y debido a que la ruta critica es 

de 150 ns. , obtenemos que cada instrucción se ejecuta en 

1200 ns. ; pero teniendo en cuenta» al mismo tiempo» que 

existen tres instrucciones dentro de la máquina; nos resulta 

un promedio do 400 nx/l nstrucción que equivalen a 2. B MHz. 

Las fases necesarias para acondicionar 

todos los elementos que constituyen PLUTO se muestran en la 

figura. Para implementar las fases se ha optado por el 

método de retraso por puerta y selección de fases» por medio 

de dispositivos estándar TTL tales como el 74F04 y el 74F9e. 

Se ha intentado respetar al máximo las 
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condiciones de seríales externas propias de l a máquina 

TMS32010. 
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CAPITULO 4 

4 . - SOFTWARE DE CONTROL DE PLUTO. 

4 . 1 . - MICROPROGRAMA. 

Para l l e v a r a c a b o e l microprograma s e 

ha o p t a d o por una e s t r u c t u r a en l a c u a l s e agrupan l a s 

m i c r o i n s t r u c c i o n e s de t a l forma que l a s i n s t r u c c i o n e s que 

r e a l i z a n f u n c i o n e s a f i n e s e s t á n J u n t a s . A s i , sumas y r e s t a s 

e s t á n más J u n t a s en e l microprograma que sumas y s a l t o s . 

Para i n d i c a r quó e s l o que van h a c i e n d o l a s i n s t r u c c i o n e s s e 

muestran unos e j e m p l o s en l a s s i g u i e n t e s f i g u r a s . 

Por o t r o l a d o hay que hacer notar que s e 

ha r e s p e t a d o l a f u n c i o n a l i d a d d e l a s i n s t r u c c i o n e s 

o r i g i n a l e s . Para l l e v a r a cabo e s t e microprograma me he 

ayudado d e l programa MICRO y e l e q u i p o hardware VAXll /^50. 

El microprograma ocupa 2 6 4 p a l a b r a s de 

62 b i t s ^ cada una y e s e l que s e mues tra a c o n t i n u a c i ó n . 
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bpc ^ bpc+i 
20 a- addbus 4- Mar 

22 4- zl • 
napp.proM 4- 21 

RAtl 4- ACCL 

2l 4 -20 
inst.reg. 4- 22 

«ar 4 - bpc 

r Brancb 
de 

direccionaniento 
Vdirei 

Trabajar 

status register 
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SUB 

Brancb 
de 

direccionaniento 
A 

Reservar Sus para la RAtl 
ac 4- 1 

aalu i- acc 
aluMux 4- snift+xs+d 

bpc 4- ipc+l 
20 4- addbus 4- «ar 22 4 - 2 l 

fiapp.proM 4- : \ 

acc 4- a ninus b 

2l 4-26 
¡nst.reg. 4- 22 
Mar 4- bpc 

Branc)) 
de 

direcciónaniento 
\ dire( 

B 

/ I Trabajar 

y status register 

95 



Brancb 

de 

direccionaniento 
A 

Reservar Bus para U BAR 
ac f- X 

aluMux 4- snift+xs+d 
bpc -i- bpc+1 

z8 <- addbus 4* «af 
22 4- 21 ^ 

napp.proM 4- il 

aluout 4* aninusb 

reservar bus acc 

ijes no 

dbus 4- acch 
dbus 4- accl 

balu 4- shift-xs+ 

aalu 4-

acc i- atuoutput 
dbus '4- accn 
dbus 4- acct 

balu 4- shift-xs+ 

din 
aalu 4- e«'t 

Brancb 

direccionaniento 

status register 
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Branc)) 

d( 

direccionaniento 

Reservar Bus para U KAR 
ac 4- 1 

aalu acc 
aluttux ^ sMft-xs+dtUl 

bpc 4- bpc*l 
20 4t- addbus ^ nar 

rtapp.prort •^ 2t 

acc '4- a ninus b 

2i 4- 18 
jnst.reg. 4- 22 

Mar 4- bpc 

Brancb 
de 

direccionanitnto 
B 

Trabajar 

status register 
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SDBS 

Branc)) 

de 

direccionaMiento 

Beservar Bus para U RAtl 

aalu 4- acc 
aluMUx 4- sbift-x£-dtl61 

bpc 4r bpc+1 
20 4t- addbus 4- «ar 22 ^ 2 1 
Mapp.proM -^ 2 i 

acc ^ a ni ñus b 

2l ^ 28 
inst.reg. ••- 22 
Mar •4- bpc 

Brancb 
de 

direccionaniento 
Y dire< 

B 

Trabajar 

status register 
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yoK 

Brancb 

d» 
direceionaniento 

A 

Reservar Bus para U fiAtl 
ac 4- 8 

aalu ̂  acc 
aluMux 4- sl>ift-xs-dH61 

bpc 4r bpc+1 
z0 4t- addbus 4- nar 

22 4-zl 
napp.proM •̂- il 

acc 4~ a xor b 

inst.re?. -^ z2 
nar •4- bpc 

Braneb 
de 

direceionaniento 

Trabajar 

status register 
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22 4- addbus 4- nít 
instrej 4- addbus •4- nar 

bpc 4- bpc+1 

^ ' 

«ar 4" bpo 

1 ' 

2 3 ^ 2 2 
MappproM 4- 22 

20 •<-• addbus 4- Mar 
bpc 4- bpc*i 

' ' 

Mar 4- bpc 
22 4- 20 

' ' 

AM29i0a 4- Mappprort 
tilt 4- «appproM 
upMeM 4- napp.pron 

22 4- 20 

lOO 



instruoiion 
iiln«otn«r 

z8 4-ié ÍS .̂ 

I f i l t 4-4-ie..i7 
ionfs 

_ I í f bu* ••-Miir 

MproM 4-22 
no 4-e 

acc 4- clr 
z2 ^ ze 

inst. re?. 4- z3 
Mar ^ bpc 

TrAbiJar 

status register 

1 Q 1 



2ALH 

Branch 

dir»ccionaniento 
A 

Kes«rvar Bus M M U HM 
*oc ••- elr 

aluMux 4- shift-xs+dI161 
bpc •4- bpc+1 

20 4- addbus 4- Mar 
23 4- 22 

Mapp.proM 4- 22 
a_alu 4- 0. .0 

acc 4- a xor b 
22 4- 20 

ln$t.r»9. 4- 23 
Mar 4- bpo 

Branch 
d* 

direccionaMiento 

Trabajar 

status register 

102 



ZALS 

Bmneh 

dirtcoion«niento 
A 

Reservar Bus par* U RAH 
aoc 4- oír 

aluMux -4- shift-xs-d 
bpc •4- bpc+1 

z9 A- addbus 4- Mar 
23 4- 22 

Mapp.proM <- iZ 
a_alu 4- 0..6 

acc 4- * • b 
22 4- 20 

inst.re?. 4- 23 
Mar 4- bpc 

Trabajar 

status register 
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instruction fiU 4-10.. 17 
«ln«etn«r dir*eoion*s 

zB 4-adarfss ms 4-nt.t 
z3 4-z2 

MproM 4-i2 

aec 4- elr 
z2 4- zí 

iftft. r*9. 4- 23 
M*r 4- bpc 

*_*lu4-
alunux 4-

acc 
j>reí. 

Trabajar 
status register 

IO4 



Brunch 

dir»ocionaMÍ»nt« 

Reservar Bus Para la MU 
y T register 

bpc 4- bpc*l 
20 • - addbus 4- «ar 

23 ^ 22 , 

T re?. -4- RftH 
22 4- 26 

inst.re9> 4- 23 
Mar 4- bpc 

Branch 
de 

direecionaniento 
B 

Trabajar 

status register 
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k.direecionani«nto 

Reservar Bus i>«ra U XAH 
y T r*«lft*r 
luilu 4- too 

b_alu ^-prejí 
bpc 4- bpc+1 

ze 4- addbus 4- Mar 
z3 4r 22 

«app.proM 4 - 22 

acc 4- a • b 
I reg. 4- RAH 
22 4- ze 

inst.r«9. 4- 23 
«*r 4- bpc 

Branoh 
de 

direeoionaniento 
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Briineh 

direcoionaMitnto 

Reservar Bus pirk U RAH 

a_ailu 4- «00 
'_alu 
bpc 4- bpc+1 

b_alu 4-m9, 
bpc 4- bpc+1 

itl 4- addbus 4- Mar 
z3 4- 22 

Mapp.proM 4- 22 
badrafi 4- badraM • 1 

ir*9. 4- Tw 

acc 4- * • b 

portb 4- porta 

z2 4- z8 
inst.r«9. 4- 23 
«ar 4- bpc 

/ I Branch I d* 
\ dir*ccionani*nto 

6 

Trabajar 

status re9ist»r 

107 



Bmneh 

^direcoionviitnto 

K«s»rv«r Bus pitk U RAH 

bpc 4- bpc+1 
z0 •<- addbus •<- Mar 

z3 4- 22 
Mapp.proM 4- z2 

pr#g, 4- t « rtrt 
22 4- 20 

inst.r»9. 4- 23 
M»r 4- bpc 

Branch 
de 

direcoionaniento 
B 

Trabajar 

status register 
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flPVK 

r»s*rva r t n t r a d « del M U H . 
«I inst. r«9> 

bpc 4 - bpc • 1 
2§ 4- z2 

ttprort 4- z2 

p reí. <- i reg. « (inst reg) 
z2 4- 20 

inst. reí. 4- 23 
MW 4 - bpc 

109 



PLUTO.SRC 

1 1 0 



title Proyecto fin de carrera Luis-Tomás; 

machine 62; 

C 

M Descripción del formato de microinstrucción # 

0MMMMitMMMMa3fMMMMáHrM»M0M*MMM»M 
# Descripción de l o s campos M 

»MififM»MíHHttMitfifMílHlfiltíltMMMitM0MMirMMMM 
M Secuenclador de Instrucc ión # 
»»MífMM»ífjtfifM»ffMMMMif0ítifMMMifMMit*MM 

cjs = 
crtn = 
cjp =3 

cero 
uno 
dos 
tres 
cuatro 
cinco 
seis 
siete 
high 
low 

1; 
10; 
* 

=0; 
= 1; 
=2; 
= 3; 
=4; 
= 5; 
= 6; 
= 7; 
= 1; 
= 0; 

1 1 1 



con2910 field lensth=4, place=0, defauli=crtn» format=l; 
8_cc field lensth=l, place=4r default=uno, format=l; 
8_oe field length=l, place::5r default=uno, format = l; 
b_ci field length=l, place=6» default=cero. format=l; 

112 



* Secuenciador de microprograraa # 

M REGISTROS # 

M Acumulador # 

activar =0; 
desactivar =1; 

M Registro ZO # 

] 

rzOo field length=l, place=7, default=desactivar, forinat = l; 

C 

M Registro Zl M 

Jt Registro Z2 # 
»0*ÍfM»MiHfMM»MMM 

] 

[ el registro Z2 toma los mismos valores que el registro Zl 
as que no hace falta genera 

r un campo para controlarlo. 
] 

C 

M Registros que direcciona ARP y DP # 
»*MMSMM»»»ifMM*MMM0MMMMMMMM»M»*»ifMM»»* 

3 
microl field length=lf place=8r default=cero, format=l; 
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micro2 
ar_load 
ar_cet 
ar ud 

field length=l, place=9, default=cero. forraat=lJ 
field length=l, place=10, default=cero, format=l; 
field length=l, place=ll, default=cero, format=l; 
field length=l, place=12, default=cero, format=l; 

0 Instruction Register M 

M Registros asociados al multiplicador # 

M Registro MAR M 

man field length=l, place=13, default=desactivar, format=l; 

Intm 
intmg 

ovg 

ovra 
ovmg 

arpg 

dpg 

eint 
dpaux 

M Status Register # 

f ie ld length=l , place=14, 
f ie ld length=l , place=15. 

defau l t=desac t ivar , format 
de fau l t=ac t iva r , format=l; 

= 1; 

field length=l, place=16, default=activar, format=l; 

field length=l, place=17, 
field length=l, place=18, 

field length=l, place=19, 

field length=l, place=20f 

field length=l, place=21, 
field length=l, place=22. 

default=desactivarf format=l; 
default=activar, format=l; 

default=activar, format=l; 

default=activar, format=l; 

default=desactivar, format: 
default=desactivarf format: 

l; 
1; 

M MEMORIAS » 

M Mapplng prom # 
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inactivo =0; 
leer =1; 

mprom field length=l, place=23, default=inactivo, format=l; 

C 

# ULTIMA MICROINSTRUCCION # 

3 

ultmicro field length=l, place=24, default=inactivo, format=l; 

C 

* File # 

] 
activo =1; 
desactivo =0; 

C 

* Data RAM # 
»MMfi*MM*»Mif0 

drwe_ble field length=l, place=25f default=uno, format=l; 
droe_a field length=l, place=26, default=uno, format=l; 
droe_b field length=l, place=27, default=uno, format=l; 

C 

M Instruction File # 
»MMMM»0if»»M»M¡ffiíf»MMM 

] 
ifoe field length=l, place=28, default^desactivar, format=l; 
ifregi field length=l, place=29, default=desactivar, format=l; 

C 

] 

0 Multiplier * 
000000*0000*0» 

enx field length=l, place=30f default=desactivar, format=l; 
eny field length=l, place=31, default=desactivar, format=l; 
C 

000000000000000000000000* 
0 Arithmetic Logic Unit 0 
0000000000000*00000000000 

cle_ar =0; 

aluop field length=3, place=32, default=cle_ar, format=l; 
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MMMMMMM*MMMM 
M Shifters # 

cero 
uno 
dos 
tres 
cuatro • 
cinco 
seis 
siete 

= 0; 
= 1; 
=2; 
= 3; 
=4; 
= 5; 
= 6; 
= 7;] 

oe2 

extsg 

C 

field length=l, place=35, default=desactivar, format 

field length=l, place=36, default=desactivo, format= 

M Multiplexers (MUX) # 

= 1; 

1; 

M MAR MUX # 

mmcontrol field length=l, place=37, default=cero, format=l; 

# RAM, ALU, ACCH, ACCL MUX # 

# Next Branch Address # 

M Latches (7474) # 

M RAM address counter # 
M»aí(»ir»írjrMíríríf0»Máf/rM»MMM 

rload f ie ld length=l, place=38, default=desactivar, format=l; 
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rcet 

C 

] 

C 

] 
buff 

C 

] 
den 
mem 
wei 
C 

field length=lr place=39, default=desactivar» format=l; 

# Instruction Register + 1 counter # 

* BUFFERS # 

field length=l, place=40, default=desactivar, format=l; 

# Control outputs M 

field length=l, place=41, default=desactivar, forraat=l; 
field length=lf place=42, default=activar, format=l; 
field length=l, place=43, defaultídesactivar, format=l; 

# Control del MUX de decodificaci n para ov, int, ALU output 
# ar, instrucciones y bit? 

overflow 
int 
aluout 
areg 
cinstr 
bit? 
reset 

= 1; 
= 2; 
=3; 
=4; 
= 5; 
= 6; 
= 7; 

ifmux field length=3, place=44, default=cinstr, format=l; 

* Faltan los controles de los MUX y los BUFFERS * 

total =?; 

cmux 
buffl 
buff2 

field length=3r place=4?, default=total, format=l; 
field length=3, place=50, default=total, format=l; 
field length=3, place=53, default=total, forraat=l; 

117 
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M Nuevas ideas # 

registro que va a la entrada del Instruction File par 
mantener la informaci n el tiempo que se quiera 
] 

qO = 0; 
ql=l; 
q2 = 2; 
q3 = 3; 

bm_ret 
i load 
icet 
iu_d 
ioe 

f ield 
field 
field 
field 
field 

length=2. 
length=l. 
length=l. 
length=l, 
length=l, 

place=56. 
place=58. 
place=59. 
place=60. 
place=61. 

default=qO, format=l; 
default=de8activar, format=l; 
default-desactivar, format=l; 
default=desactivar, format^l; 
default=desactivarr format=l; 

C 
campo que activa o desactiva el aut mata que se ha de 

do para los saltos de microinstrucci n 
] 

S Definición de microinstrucciones M 

instl instr b_ci=high, ifoe=0, r20o=desactivar, drwe_ble=uno, 
droe_a=cero, droe_b=cero, bm_ret, s^cc, s_oe, 
aluop, cmux, buffl,buff2; 

inst2 instr 
ifregi=activar. 

bm_ret=q2, ifoe=0, drwe_ble=cero, droe_a=cero, 

droe b=cerOr s ce, s oe, ifmux, aluop, cmux, 
buffl, buff2; 

inst3 instr bm_ret=ql, ifoe=l, drwe_ble=cero, droe_a=cero, 
droe b=cero, s_cc, s oe, aluop, cmux, buffl, 
buff2; 

inst4 instr 

instS instr 

drwe_ble=cero, droe_a=cero, 
droe b=cero, mari=activar, cmux, 
buffl, buff2; 

ifoe=l, bm_ret=ql, drwe_ble=cero, droe_a=cero. 
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i fregi =activar, 

inste instr 

inst7 instr 
ifregi=activar. 

instS instr 
ifregi=activar, 

inst9 instr 
ifregi=activar. 

instlO instr 

instll instr 
ifregi=activar. 

instl2 instr 
ifregi=activarf 

instl3 instr 
ifregi=activar. 

in8tl4 instr 
rload=cero. 

instlS instr 
rload=cero, 

instie instr 
ifregi=activar. 

instl? instr 

instlS instr 

instlS instr 

droe b=cerOf s ce, s_oe, ifmux, aluop,craux, 
buffl, buff2; 

s_oe=cero, drwe_ble=cero, droe_a=cero, droe_b=cerOf 
rzOo=activar, mprom, cmux, buffl, 
buff2; 

ifinux=l, bm_ret=q2, ifoe=0, drwe_ble=cero, droe_a=cer 

droe_b=cerOf s_cc, s_oe, aluop, cmux, buffl, buff2; 

ifoe=l, bm_r©t=ql, drwe_ble=cero, droe_a=cero, 

droe b=cero, s . c c , s oe , ifmux, aluop, cmux, 
b u f f l , buff2; 

ifmux=2, bm_ret=ql, i f o e = l , ovg=0, drwe_ble=cero, 

droe_a=cero, droe_b=cero, 8_cc, s_oe, aluop, 
cmux, buffl,buff2; 

rzOo, drwe_ble=cero, droe_a=cero, droe_b=cero, 
mari, mprom, 
cmux, buffl, buff2; 

ifmux=2, bm_r©t=q2, ifoe=0, drwo_ble=cero, droe_a=cer< 

droe_b=cero, s_cc, s_oe, aluop, cmux, buffl, buff2; 

bm_ret=qO, ifmux=5, ifoe=l, intm=0, drwe_ble=cero, 

droe_a=cero, droe_b=cero, 6_cc, s oe, cmux, 
buffl, buff2; 

b_ci=high, rzOo=desactivar, ifmux=bit7, ifoe=0, 

bm_ret=q2, aluop, s_cc, s_oe, cmux, buffl, buff2; 

drwe_ble=cero, dro©_a=cero, microl=uno, micro2=uno, 

droe_b=cero, bm_ret=ql, cmux, buffl, buff2; 

bm_ret=ql, drwe_ble=cero, droe_a=cero, droe_b=cero, 

cmux, buffl, buff2; 

b_ci=high, r20o=desactivar, ifmux=bit7, ifoe=l, 

bm_ret=qO, aluop, s_cc, s_oe, cmux, buffl,buff2; 

aluop=3, bm_ret=q2, ifoe=0, drwo_ble=cero, droe_a=cerc 
droo_b=coro, cmux, buffl, buff2; 

bm_ret=ql, aluop=4, 
cmux, buffl, buff2; 

bra_ret=ql, aluop=4, 
cmux, buffl, buff2; 
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in6t20 instr <iro©_br droe a» drwe ble. mmcontrol. cinux< 
buffl, buff2; ••••'; . 

inst21 instr s_oe, s_cc, ovmg, ovm, aluop, cmux, buffl, buff2; 

inst22 instr con2910, s_cc, s_oe, cmux, buffl, buff2; 

in6t23 instr s_oe=l, dpaux, droe_b, droe_a, drwe ble, 
arpg=l, dpg=l, 
cmux, buffl, buff2; 

inst24 instr intra, intmg, cmux, buffl, buff2; 

inst25 instr drwe_ble=0, droe_a=0, droe_b, 8_oe=l, 
cmux, 
buffl, buff2; 

inst26 instr cmux, buffl, buff2; 
C bpc <- bpc+1 ] , ; S 

inst27 instr ifoe=0, bm_ret=q2, ifregi=activar, - ,• 
ifmux, cmux, buffl, buff2; SJ"f 

inst28 instr bm_ret=qO, drw©_ble=cero, droe_a=cero, 
droe_b=cero, cmux, buffl, buff2; 

inst29 instr bm_ret=qO, drwe_ble, droe_a, droe_b, 
microl, micro2, ar_load, ar_cet, ar^ud, dpg, ovgr aluo 
s_oe, cmux, buffl, buff2; 

inst30 instr drwe_ble=0, droe_a, droe_b, rcet=cero, 
rload=uno, i- fí 5 
cmux, buffl, buff2; 

inst31 instr s_cc=0, s_oe=0, b_ci=l, mmcontrol=low, bm_ret=q0r 
mari=activar, 
con2910, cmux, buffl, buff2; ', •• 

\ : • ?.' 

inst32 instr bra ret, rzOo, cmux, buffl, buff2; - I Sí^ 
~ * ''i'-'i'i 

'^'. ''-

instSS instr s_cc=l, 8_oe=0, b_cl = l, -i/!.; 
bro_ret, rzOo, cmux, buffl, buff2; ^ ̂i-:̂  i 

inst34 instr bm_r©t=qO, con2910=cjs, s_cc=low, s_oe=low, b_cl=unOr 
mar i=activar, V í;*̂  ' 
cmux, buffl, buff2; '-, í Á J ? ^ < 

inst35 instr con2910, s_cc, s_oe, cmux, buffl, buff2; ? v ; í 

inst36 instr ultmicro=l, mari=activar, s_oe=low, ifoe=uno, mpróm=le 
mem=desactivar, den=activar, 
drwe_ble=cero, droe_a=cero, droe_b=c©ro, 
aluop=5, rzOo=activar, ar_load=uno, 
ar_cet=cero, micro2=uno, 
bra ret, cmux, buffl, buff2; 
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MICRO EPFL Versión 1.2 
15-NOV-1989 Pagina 1 

1 
2 
3 
4 
5 
6 title Proyecto fin de carrera Luis-Tomás; 
7 
8 machine 62; 
9 
10 
11 C 
12 
13 

15 M Descripción del formato de microinstrucclón # 

17 
18 NOTA: los apartados que no contienen campos están control! 
19 por hardware. I 
20 ] , I 
21 i 
22 i 
23 I 
24 [ 1 
25 MM»»*M»»»»»»M»»#ífífÍlfa»»*»»MMtít 
26 # Descripción de los campos # 
28 ] I 
29 I 
30 \ 
31 i 
32 [ I 
34 M Secuenciador de Instrucción * 
3 5 *0**M»1f»M*if0ífMM»ifgMg*Máf*M*0MM*M 
36 ] 
37 
38 0001 cjs =1; 
39 OOOA crtn =10; 
40 0003 cjp =3; 
41 
42 
43 0000 cero =0; 
44 0001 uno =1; 
45 0002 dos =2; 
46 0003 tres =3; 
47 0004 cuatro =4; 
48 0005 cinco =5; 
49 0006 seis =6; 
50 0007 siete =7; 
51 0001 high =1; 
52 0000 low =0; 
53 
54 
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MICRO EPFL Versión 1.2 Proyecto fin de carrera Luis-Tomás 
15-NOV-1989 Pagina 2 

56 con2910 field length=4, place=0, default=crtn, form 
57 s^cc field length=l, place=4, default=uno, forma 
58 sloe field length=l, place=5, default=uno, forma 
59 b~ci field length=l, place=6, default=cero, form 
60 
61 
62 C 

64 M Secuenciador de microprograma M 
6 5 MMM»»íf»»MÍHfifa9itMMiHHfMMMífMM»»MMM0» 
66 ] 
67 
68 
69 
70 C 
7 1 M**»íf»M0»*Mif* 
72 # REGISTROS » 
73 *****MMMÍHf0»« 
74 ] 
75 
76 C 
77 M*ífif»M»»íHfif»MM 
78 M A c u m u l a d o r * 
79 Íf»MifM*M»»M*»*« 
80 ] 
81 0000 activar =0; 
82 0001 desactivar =1; 
83 
84 
85 
86 [ 
87 ífM»»MMíHt0ififif»ífM 
88 if R e g i s t r o ZO # 
89 if»fi0ílHf)fif»»»fiMÍHt 
90 ] 
91 
92 rzOo field length=l, place=7, default=desactivar 

format=l; 
93 
94 C 
95 M*ifMMít»»ifíf»MitfiM 
96 # R e g i s t r o Z l # 
97 »Mfi»»itM*ifM*ifMif» 
98 ] 
99 

100 
1 0 1 
102 [ 
103 0iHfiHf»if»MifM»ilfilfM 
104 0 R e g i s t r o Z2 M 
105 »»/fífílfMMMifM»»ífM» 
106 ] 
107 
108 [ el registro Z2 toma los miemos valores que ( 
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registro Zl 
109 
110 
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111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
12€ 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 

format=l; 
146 
147 
148 
149 
150 
151 
152 

format=l; 
153 

format=l; 
154 
155 

format=l; 
156 
157 

format=l; 
158 

format=l; 

] 

1 

] 
microl 
micro2 
ar_load 
ar_cet 
ar_ud 

C 

] 

í 

C 

] 

C 

] 

mar i 

C 

3 
intm 

intmg 

ovg 

ovm 

ovmg 

M Registros que direcciona ARP y DP # 

field length=l, place=8, default=cero, form 
field length=l, place=9, default=cero, form 
field length=l, place=10, default=cero, fon 
field length=l, place=ll, default=cero, fors 
field length=l, place=12, default=cero, fortí 

# Instruction Register # 

M Registros asociados al multiplicador M 

* Registro MAR # 

field length=l, place=13, defaultzdesactivaí 

M Status Register * 

field length=l, place=14, default=desactivaT 

field length=l, place=15, default=activar, 

field length=l, place=16, default=activar, 

field length=l, place=17, default=de6activai 

field length=l, place=18, default=activar. 
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159 
ififj 

format=l; 
161 
162 
163 
164 

format=l; 
165 

formato 1; 

ñrpg 

dpg 

eint 

dpaux 

fieid ienath=l. plaüe=i$. <?.efftult=ftCtiYftr. 

f i e l d l ength= l , place=20, d e f a u l t = a c t i v a r , forr 

f i e l d length=lr p lace=21, d e f a u l t ^ d e s a c t i v a r , 

f i e l d l ength=l , p lace=22, d e f a u l t ^ d e s a c t i v a r . 
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166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 

format=l; 
183 
184 
185 
186 
187 
188 
189 
190 

format=l; 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 216 format=l; 

0000 
0001 

0001 
0000 

] 

* MEMORIAS M 

M Mapping prom # 

inactivo 
leer 

mprom 

:0; 
:l; 

field length=l, place=23, default=inactivOf 

0 ULTIMA MICROINSTRUCCION # 

ultmicro field length=lf place=24, default=inactivor 

3 
activo 
desactivo 

[ 

*0MM*áf0M 
* File # 

= 1; 
=0; 

* Data RAM M 

drwe_ble 
droe_a 
droe_b 

C 

] 
ifoe 

field length=lf place=25, default=unOr format: 
field length=l, place=26, default=uno, format: 
field length=l, place=27, default=uno, format: 

M Instruction File M 
Íf*M»0*M*iHfMM»»MMM*M* 

field length=lr place=28, default=de6activar. 
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217 ifreal field lenath=l. place=29. default=desactlvar, 
format=l; 
218 
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219 
220 
221 
222 
223 
224 
225 

format=l; 
226 

format=l; 
227 
228 
229 
230 
231 
232 
233 0000 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 

format=l; 
253 
254 

format=l; 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 267 268 

] 

enx 

eny 

C 

] 

cle_ar 

aluop 

C 

* Multiplier # 

field length=l, place=30, default=desactivar, 

field length=l, place=31, default=desactivar. 

M Arithmetic Logic Unit M 

=0; 

field length=3, place=32, default=cle_ar, forrr 

cero 
uno 
dos 
tres 
cuatro 
cinco 
seis 
siete 
oe2 

extsg 

M Shifters # 

:0; 
:1; 
:2; 
:3; 
:4; 
:5; 
:6; 
:7;] 

] 
mmcontrol 

field length=l, place=35, default=desactlvar. 

field length=l, place=36, defaultsdesactivo. 

* Multiplexers (MUX) » 

* MAR MUX JH 

field length=l, place=37, default=cero, forma" 
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269 C 
270 if»*áfifMítM»0if0íf0»it»if0íHfM*MMMif» 
271 # RAM, ALU, ACCH, ACCL MUX # 
272 MM*ÍIHHHHHfiHfMiHfM»ilf»llfÍf«M*»*«»« 
273 ] 
274 
275 r 
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276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 

format=l; 
296 

format=l; 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 

format=l; 
310 
311 
312 
313 
314 
315 
316 

format=l; 
317 

format=l; 
318 

format=l; 
319 
320 
321 

M Next Branch Address # 

] 

C 

] 

rload 

rcet 

C 

3 

C 

] 
buff 

] 
den 

mem 

wei 

* Latches (7474) # 

M RAM address counter # 

field length=l, place=38, default=desactivar,] 

field length=l, place=39, default=desactivar,í. 

0 Instruction Register + 1 counter # 
00*0MM0MM000Mif»M*]fM00M*mM*M0M»0*MM00 

0*000000000 
0 BUFFERS 0 
00000000000 

f ie ld length=l, place=40, default=desactivarf 

0000000000000000000 
0 Control outputs 0-
0000000000000000000 

field length=l, place=41, default=desactivar, 

field length=l, place=42, default=activar, 

field length=l, place=43, default=desactivar. 

133 



322 9MnMn»»»1f1fMM1t»M1f1t»MM»MM»M»»íg»»MM»M»»»M»»»»**»»»Íf»»tfMMMM»ÍfM 
323 M Control del MUX de decodificaci n para ov, int, ALU outp 
324 M ar, instrucciones y bit? 

326 
327 ] 
328 
329 0001 overflow =1; 
330 0002 int =2; 

134 



© Del doajmento, los autores. DiglEslizadán realizada por ULPGC. Biblioteca Universitaria, 2Ü06 

MICRO EPFL Versión 1.2 
15-NOV-1989 Pagina 7 

Proyecto fin de carrera Luis-Tomás 

331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 

353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 

format=l; 
373 

forraat=l; 
374 

format=l; 
375 

format=l; 
376 
377 
378 
379 

0003 
0004 
0005 
0006 
0007 

0007 

0000 
0001 
0002 
0003 

aluout 
areg 
cinstr 
bit7 
reset 

i fmux 

= 3; 
=4; 
= 5; 
= 6; 
= 7; 

field length=3, place=44, default=cinstr, for 

M Faltan los controles de los MUX y los BUFFERS # 

] 

total 

cmux 
buffl 
buff2 

C 

:7; 

f ie ld length=3, place=47, defaul t=to ta l f forir 
f ie ld length=3, place=50, defaul t=to ta l» forir 
f i e ld length=3, place=53, def a u l t = t o t a l , forrp 

] 

M Nuevas ideas # 

registro que va a la entrada del Instruction File para 
mantener la información el tiempo que se quiera 

qO = 0; 
ql=l; 
q2 = 2; 
q3 = 3; 

bm ret 
i load 

icet 

iu_d 

ioe 

field length=2, place=56f default=qOr format= 
field length=l, place=58r default^desactivar, 

field length=l, place=59, default^desactivarr 

field length=l, place=60, default^desactivar, 

field length=l, place=61, default=desactivar. 

[ 
campo que ac t iva o desac t iva el autómata que se ha deq 
do para los s a l t o s de microinstrucción 
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380 
381 
382 
383 
384 
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385 
386 
387 
388 
389 
390 
391 
392 
393 

394 
395 
396 
397 

398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 

411 
412 
413 
414 

415 
416 
417 
418 

419 

420 
421 

422 
423 
424 
425 

426 
427 
428 
429 
430 

# Def in ic ión de micro ins trucc iones M 
ítífífMMMMíf»M»if0MifMitt»»fi»Míf3fílHlfMaMMMMMíf»M 

instl instr 

inst2 instr 

in8t3 instr 

inst4 instr 

inst5 instr 

inste instr 

inst7 instr 

instS instr 

inst9 instr 

instlO instr 

b_ci=highf ifoe=0, r20o=desactivar, 
drwe_ble=uno, 
droe_a=cero, droe_b=cero, bm_ret, 8_cc, s_Oi 
aluop, cmux, bufflfbuff2; 
bra_ret=q2, ifoe=0, drwe_ble=cero, droe_a=c© 
ifr©gi=activarf 
droe b=cero, s ce, s.oe, ifmux, aluop, cmux 
buffl, buff2; 

bin_ret=ql, ifo©=l, drwe_ble=c©ro, droe_a=ce 
droe_b=cero, s_cc, s_oef aluop, cmux, buffl 
buff2; 

drw©_ble=cero, droe_a=cero, 
droe_b=cero, mari=activar, cmux, 
buffí, buff2; 

ifoe=l, bm_ret=ql, drwe_ble=cero, droe_a=c©; 
ifregi=activar, 
droe_b=cero, s_cc, 8_oe, ifmux, aluop,cmux, 
buffl, buff2; 

s_oe=cero, drwe_ble=cero, droe_a=cero, 
dro©_b=cero, 
rzOo=activar, mprom, cmux, buffl, 
buff2; 

ifmux=l, bra_ret=q2, ifoe=0, drw©_ble=cero, 
droe_a=cero, ifregi=activar, 
droe_b=cero, s ce, s oe, aluop, cmux, buffl 
buff2; 

ifoe=l, bm_ret=ql, drwe_ble=cero, droe_a=ce: 
ifregi=activar, 
droe_b=cero, s ce, s oe, ifmux, aluop, cmux 
buffl, buff2; 

ifmux=2, bm_ret=ql, i f o e = l , ovg=0, 
drwe_ble=cero, i f r e g i = a c t i v a r , 
droe_a=cero, droe_b=cero, s_cc , s_oe, aluoi 
cmux, b u f f l , b u f f 2 ; ~ 

rzOo, drwe_ble=cero, droe_a=cero, droe_b=cej 
mari, mprom. 
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431 craux. buffl. buff2J 
432 
433 instll instr ifmux=2, bro_ret=q2, ifo©=0, drwe_ble=cero, 

droe_a=cerOf ifregi=activar, 
434 droe b=cero, 6 ce, s oe, aluop, cmux, buff 

buff2; 
435 
436 instl2 instr bm_ret=qO, ifmux=5, ifoe=l» intm=0, 

drwe_ble=cero, ifregi=activar» 
4 37 droe_a=cerOf droe b=cero, e ce, 8 oe, cmux 
438 buffl, buff2; 
439 
440 instl3 instr b_ci=high, rzOo=desactivar, ifmux=bit7, ifoi 

ifregi=activar, 
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441 

442 
443 

444 
445 
446 

447 
448 
449 

450 

451 
452 

453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 

465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 

instl4 instr 

instl5 instr 

instl6 instr 

instl7 instr 

instl8 instr 

instl9 instr 

in8t20 instr 

inst21 instr 

inst22 

inst23 

inst24 

inst25 

instr 

instr 

instr 

instr 

inst26 instr 

inst27 instr 

inst28 instr 

inst29 instr 

bm ret=q2, aluop, s ce, s_oe, cmux, buffl, 
buff2; 

drwe_ble=cero, droe_a=cero, microl=uno, 
micro2=uno, rload=cero, 
dro©_b=cero, bra_ret=ql, cmux, buffl, buff2 

bm_ret=ql, drwe_ble=cero, droe_a=cero, 
droe_b=c©ro, rload=c©ro, 
cmux, buffl, buff2; 

b_ci=high, r20o=desactivar, ifmux=bit7, ifc 
ifr©gi=activar, 
bm ret=q0, aluop, s ce, s_oe, cmux, 
buffl,buff2; 

aluop=3, bm_ret=q2, ifoe=0, drwe_ble=c©ro, | 
droe_a=cero, j 
droe_b=c©ro, cmux, buffl, buff2; | 

bm_r©t=ql, aluop=4, | 
cmux, buffl, buff2; | 

i 
bm_ret=ql, aluop=4, | 
cmux, buffl, buff2; | 

s 
'6 

droe b, droe a, drwe ble, mmcontrol, cmux, i 
buffl, buff2T I 
s_oe, s_cc, ovmg, ovm, aluop, cmux, buffl, i 
buff2; i 

con2910, s_cc, s_oe, cmux, buffl, buff2; 

6_oe=l, dpaux, droe_b, droe^a, drwe_bl©, 
arpg=l, dpg=l, 
cmux, buffl, buff2; 

intm, intmg, cmux, buffl, buff2; 

drwe_ble=0, droe_a=0, droe_b, s_oe=l, 
cmux, 
buffl, buff2; 

cmux, buffl, buff2; 
bpc <- bpc+1 ] 

ifoe=0, bm_ret=q2, ifregi=activar, 
ifmux, cmux, buffl, buff2; 

bm_ret=q0, drwe_ble=cero, droe_a=c©ro, 
droe_b=cero, cmux, buffl, buff2; 

bm_ret=q0, drwe_ble, dro©_a, droe_b. 
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488 microl, micro2, ar_load, ar_cet, ar_udf dp 
ovg, aluopr 

489 8 oe, cmux, buffl, buff2; 
490 
491 inst30 instr drw©_ble=0, droe_a, droe_bf rcet=cero, 
492 rload=uno, 
493 craux, buffl, buff2; 
494 
495 instSl instr s_cc=0, s_oe=0, b_ci=l, mmcontrol=low, 

bm_ret=qO, 
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496 
497 
498 
499 
500 
501 
502 
503 
504 

505 
506 
507 
508 
509 
510 

511 
512 
513 
514 

515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 

inst32 instr 

inst33 instr 

inst34 instr 

inst35 instr 

inst36 instr 

end 

mari=activar, 
con2910, cmux, buffl, buff2; 

bra_ret, rzOo, cmux, buffl, buff2; 

s_cc=l, s_oe=Of b_ci=lr 
bm_ret, rzOo, cmux, buffl, buff2; 

bm_ret=qO, con2910=cjs, s_cc=low, s_oe=low, 
b_ci=uno, 
mari=activar, 
cmux, buffl, buff2; 

con2910, s_cc, s_oe,̂  cmux, buffl, buff2; 

ultmicro=l, mari=activar, s_oe=low, ifoe=un 
mprom=leer, 
mem=desactivar, den=activar, 
drwe_ble=cero, dro8_a=cero, droe_b=cero, 
aluop=5, rzOo=activar, ar_load=uno, 
ar_cet=cero, micro2=uno, 
bm_ret, cmux, buffl, buff2; 
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Este fichero contiene 32 definiciones 

ACTIVAR 0000 ACTIVO 
AREG 0004 BIT7 
CERO 0000 CINCO 
CJP 0003 CJS 
CLE_AR 0000 CRTN 
DESACTIVAR 0001 DESACTIVO 
DOS 0002 HIGH 
INT 0002 LEER 
LOW 0000 OVERFLOW 
Ql 0001 Q2 
Q3 0003 RESET 
SIETE 0007 TOTAL 
TRES 0003 UNO 

de{constantes 

0001 
0006 
0005 
0001 
OOOA 
0000 
0001 
0001 
0001 
0002 
0007 
0007 
0001 

ALUOUT 

CINSTR 

CUATRO 

INACTIVO 

QO 

SEIS 

0003 

0005 

0004 

0000 

0000 

0006 

48 definiciones de campos 

ALUOP 
AR UD 
BUFF 
CMUX 
DEN 
DROE_B 
EINT 
ICET 
IFOE 
INTMG 
lU D 
MICR02 
MPROM 
OVMG 
RLOAD 
ULTMICRO 

ARPG 
BM RET 
BUFFl 
CON2910 
DPAUX 
DRWE.BLE 
ENX 
TFMUX 
IFREGI 
lOE 
MARI 
MMCONTROL 
0E2 
RCET 
R200 
WEI 

AR.CET 

BUFF2 

DPG 

ENY 

ILOAD 

MEM 

OVG 

S_CC 

AR^LOAD 

B_CI 

DROE_A 

EXTSG 

INTM 

MICROl 

OVM 

S OE 

y 36 definiciones de instrucciones 

INSTl 
INST13 
INST15 
INST19 
1NST20 
1NST24 
INST26 
INST3 
INST31 
INST35 
INST4 
INST8 

INSTIO 
INST14 
INST16 
INST2 
INST21 
INST25 
INST27 
INST30 
INST32 
INST36 
INST5 
INST9 

INSTll 

INST17 

INST22 

INST28 

INST33 

INST6 

INST12 

INST18 

INST23 

INST29 

INST34 

INST7 
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rLUTO.MIC 
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t i t l e MICPLUTO? 
b i n a r y ; 
l i s t i n g ; 

C 

M I C R O P R O G R A M A C I O N 
D E 

P L U T O 

] 

C NOTA: el direccionamiento inmediato se realiza mediante la micro 
"instl", que se halla localizda en "abs", cualquier micro que necesite 
direccionamiento inmediato irá a abs y luego a la subrutina 
correspondiente. Aunque abs es de direccionamiento inmediato, es la 
única micro de este tipo de direccionamiento que retorna. ] 

reset: inst29(,,0,,,,,,,,,,,1,1); 
inst32(0, 1,0, 1,1); 
inst31(3,0,l,2); 
inst32(0,0,0,1,1); 
inst32( 1, 1,0, 1,3); 
instl2( 1, 1,0, 1, 1); 
inst36( 2,3,1,1); 

abs: instlC 2,1,0,0,3.1,1 ),mari=0; 
lnst7(1,1,0,3,1,1); 
instlKl, 1,0,3,1,1); 
inst36(2,3,1,1); 

add: instl3(O,1,O,4,1,1); 
inst29(,,0,,,,,,,1,4,,0,1,l),extsg=activo; 
inst7(l,l,0,3,l,l); 
instlK 1,1,0,3,1,1); 
inst36(2,3,1,1); 

addh: instl3(0,1,0,4,1,1); 
inst29(,,O,,,,,,,1,4,,2,1,1),ext8¿ = activo; 
inst7(l, 1,5,3, 1, 1); 
instll(l,l,5,3,l,l); 
in8t36(2,3,1,1); 

adds: in8tl3(0,1,0,4,1,1); 
inst29(,,0,,,,,,,0,4,,0,1,1); 
in8t7(1.1,5,3, 1.1): 
instlK 1, 1, 6, 3, 1, 1); 
inst36(2,3,l,1); 

a_nd: instl3(0,1,0,4,1,1); 
inst29(,,0,,,,,,,1,7,,0,1,1); 
inst7(l,l,0,3,1,1); 
instlK 1,1,0,3,1,1); 
inst36(2,3, 1, 1); 
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lac: instl3(l. 1,0.4.1,1)J 
inst29( , , 0 , , , , , , , 1 , A , , 5 , 1 ,l)fextsg=activo; 
inst7( 1,1,0,3,1,1); 
instll(l,l,0,3,l,l); 
inst36(2,3,l,l); 

lack: instl6(l,l,0,0,2, 1); 
inst29(,,1,,,,,,,1,4,,O,2,1),extsg=activo; 
inst7( 1, 1, 0. 3, 1, 1); 
instlK 1,1,0,3,1,1); 
inst36(2,3,1,1); 

o_r: instl3(O,1,0,4,1,1); 
inst29(,,0,, 1,6,,0,1,1); 
inst7(l,l,5,3, 1,1); 
instll(l,l,5,3,l,l); 
inst36(2,3, 1,1); 

sach: instl3( 0,1, 0,4,1,1); 
inst28(0,3,l),oe2=activar; 
inst7( 1,1,0,3,1,1); 
instlK 1,1,0,3,1,1); 
inst36( 2,3,1,1); 

eacl: instl3(0,1,O,4,1,1); 
inst28(0,4, 1); 
inst7(l,l,0,3,l,l); 
instlK 1,1,0,3,1,1); 
inst36(2,3,l,l); 

sub: instl3(O,1,0,4, 1, 1); 
in6t29(,,0,,,,,,,0,3,,5,1,1),extsg=activo; 
inst7( 1, 1,0,3, 1, 1); 
instlK 1, 1,0, 3, 1, 1); 
inst36( 2, 3, 1, 1); 

sube: instl3(O,1,0,4, 1, 1); 
in«tl7(0, 5, 1 ): 
inst7( 1, 1,0,3, 1, 1); 
instlKl,l,0,3,l,l); 
inst36(2,3,O,1); 

subh: instl3(0,1,0,4,1, 1); 
inst29(,,0,,,,,,,0,3,,2,1,1); 
inst7(l,l,0,3,l,l); 
instlKl,l,0,3,l,l); 
inst36(2,3,l, 1); 

subs: instl3(O,1,0,4,1,1); 
inst29(,,0,,,,,,,0,3,,0,1,1); 
inst7( 1,1,0,3,1,1); 
instlKl,l,0,3,l,l); 
inst36(2,3, 1,1); 

x_or: instl3(O,1,0,4,1,1); 
inst29(,,0,,,,,,,1,5,,0,1,1); 
inst7(l, 1,5,3, 1, 1); 
instlK 1,1,5,3,1,1); 
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inst36(2,3,1,1); 

zalh: in6tl3(l,l,0,4,l,l); 
inst29( ,,0 1,4, ,2,1,1); 
inst7(l,l,5,3,l,l); 
instlK 1, 1,5,3, 1, 1); 
inst36(2,3, 1, 1); 

zals: instl3(l,l,0,4, 1, 1); 
inst29(,,O,,,,,,,1,4,,O,1,1); 
inst7(l,l,5,3,l, 1); 
instll(l,l,5,3,l,l); 
inst36(2,3, 1,1); 

It: instl3(0,1,0,4,1,1); 
inst29( , ,0 I,0,l,0,l,0),eny=activar; 
in8t7(l,l,0,3,l,l); 
instll(l,l,0,3,l,l); 
inst36(2,3, 1,1); 

Ita: instl3(0, 1,0,4, 1, 1); 
inst29( ,,O,,,,,,,0,4,1,1,1, O),eny=activar; 
inst7(l,l,0,3, 1, 1); 
instlK 1,1,0,3,1,1); 
inst36( 2,3,1,1); 

Itd: instl3(0,l,0,4,l,l); 
inst30(1,0,0,1,1); 
inst29(,,0,,,,,,,0,4,1,1,1,0), eny=activar; 
inst7( 1,1,0,3, 1, 1); 
lnstll( 1, 1,0, 3, 1, 1); 
inst36( 2,3,1,1); 

mpy: instl3(O,1,O,4,1,1); 
inst25(0,0,0,1),enx=activar; 
inst36( 2,3,1,1); 

mpyk: inst25( 1,0,1,6),enx=activar,b_ci=uno; 
inst36(2,3,1,1); 

Ist: instl3(0,l,0,0,l, 1); 
in8t23(l,0,l,l,0,l,l); 
inst7(l,l,o,3,1,1); 
instll(l,l,0,3,1,1); 
inst36(2,3,l, 1); 

88t: instl3(0,l,0,0,1,1); 
inst23(0,0,l,0,0,l, 1); 
inst7(l,l,5,3,1,1); 
instlK Ir 1. 5,3,1, 1); 
inst36(2,3,l,l); 

dmov: instl3(O,1,0,4,1,1); 
inet30(0.1.0.1.1): 
inst7( 1. 1, 0. 3, 1. 1 )j 
instll(l,l,0,3,l, 1); 
inst36(2,3,l,l); 
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in: lnstl3(0.1.0.4.1.1); 
inst20(0,0,1,1,0,5,5),mem=desactivar,den=activar; 
inst7(l,l,5,3,l,l); 
instll(l,l,5,3,l,l); 
inst36(2,3,1,1); 

out: instl3(0,1,0,4,1,1); 
in6t20(0,0,1, l,0,6,6),mem=clesactivar,wel=actlvar; 
In6t7(l,l,0,3,1,1); 
instll(l,l,0,3,1,1); 
lnst36(2,3, 1, 1); 

tblr: instl3(0,1,0,4,1,1); 
inst22(cjs,0,0,0,4,4); 
in8t20( 1,0,0,0,0,5, 5 ),(nem=de6activar, den=activar; 
inst35(crtn,0, 0,0,1,1); 
inst7(l,l,5,3,l,l); 
instlld, 1,5,3,1,1); 
inst36(2,3,1,1); 

tblw: in6tl3(0,1,0,4,1,1); 
in6t22(cj8,0,0,0,4,4); 
inst20(0,0,1,1,0,6,6),mem=desactivar, wei=activar; 
inst35(crtn, 0,0,0,1,1); 
inst7(l,1,5,3,1,1); 
instlld, 1,5,3,1,1); 
inst36(2,3,1,1 ); 

lar: instl3(0,1,O,0,1,1); 
inst29( 1,,0,0,,,0,1,,1,0,,0,1,1); 
inst7(l,l,6,3,l,l); 
lnstll(l,l,5,3,l,l); 
inst36(2,3,6,l); 

larkí inst29(,,0,0,1,0,1,,,1,0,O,0,1,1 ),b_ci=uno,mari=0; 
in8t7(l,l,5,3,l,l); 
instlld,1,5,3,1,1); 
inst36(2,3,1,1); 

larp: instl3(O,1,0,4,1,1); 
inst29( 1,,0,1,O,,,,,1,0,1,0,1,1); 
lnst7( 1, 1, 5, 3, 1, 1); 
instlK 1, 1, 5, 3, 1, 1); 
inst36(2, 3, 1, 1); 

Idp: instl3(O,1,0,0,1,1); 
inst29(l, ,0,,,,,,1,1,0,1,0,7,1); 
inst7d,l,5,3,l, 1); 
instll(l,l,5,3,l,l); 
inst36(2,3, 1,1); 

Idpk: inst29(,,O,,,,,,1,1,O,O,0,1, 1),b_ci=uno,mari=0; 
inst7d,l,5,3,l,l); 
instlld,1,5,3,1,1); 
inst36(2, 3,1,1); 

sar: instl3(O,1,O,O,1,1); 
inst28(0,1,1), microl=cero, ar_load=uno; 
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b: 

banz: 

bgez: 

cali 

inst7(l,l,5,3,l,l); 
in8tll(l,l,5,3,l,l); 
ínst36(2,3,l,l); 

in8t32(0,l,0.1,l}; 
In6t31(3,0,l,2); 
in6t32(0,1,0,1,1); 
in8t32(O,0,0,1,1},8 oe=0,b ci=l,mari=0; 
in8tll(l,l,0,3,l,l); 
inst36(2,3,l,l); 
inst27(4,0,l,l); 
instll(l,1,0,3,1,1); 
inst36(2,3, 1,3); 

inst27(0,0,l,4); 
instlld, 1,0,3,1,1); 
inst36(2,3,1,1); 

inst32(O,1,O,1,1); 
in6t31( 1,0,1,2); 
inst32(0,1,0,1,1); 
inst32( 0,0,0,1,l),s_oe=l,b_ci = l,mari=0; 
instlld, 1,5,3, 1, 1)7 
inst36(2,3, 1, 1); 

# S U B R U T I N A S # 

subabs: inst2(1,1,3,2,3,1,1); 
instSd, 1, 1,0,0,1,1); 

subaccl: instSC1,1,2,O,1,1); 
6ubacc2: in8t5(1,1,1,O,O,1,1); 

subovr: inst8(1,1,1,4,O,O,1); 

subint: in6t32(O,1,O,1,1); 
inst31(3,0,1,2); 
inst32(0,1,O,1,1); 
inst32(1,0,0,1,1),b_ci=l,s_oe=l; 

subdira: instl4(O,1,1); 

subdirb: instl5(5,2,1); 

6ub8ubc: in6tl8(6,1,1); 
in8tl9(7,l,l); 

subzac: in8t29( ,,0,, 1,1, ,0,1,1); 
inst7d,l,5,3,l, 1); 
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subapac: 

subpac: 

subspac: 

eubdint: 

subeint: 

subnop: 

subpop: 

subpush: 

subrovm: 

subsovm: 

eubsaltos 

cala: 

instlK 1,1,5,3,1,1); 
inst36(3,3, 1, 1); 

inst29( ,,0,,,,,,,0,4,1,1,1,1); 
inst7(l,l,0,3,l,l); 
instll(l,l,0,3,l, 1); 
inst36( 3,3,1,1); 

inst29(,,0,,,,,,,0,4,1,3,2,2); 
inst7( 1, 1,0,3,1, 1); 
instll( 1, 1, O, 3, 1, 1); 
inst36( 3,3,1,1); 

inst29( ,,0,,,,,,,0,3,1,1,1,1); 
inst7( 1, 1,0,3, 1,1); 
instlld, 1,0,3, 1, 1); 
inst36(3,3,1,1); 

inst24(l,0,0,l, 1); 
inst36(3,3,1,1); 

inst24(0,0,0,l,l),eint=0; 
inst36(3,3,1,1); 

inst36(3,3, 1, 1); 

inst21< 0,1,1,1,4,0,1, 6),buf f=activar, iload = 0; 
inst7(0,l,0,3,l,l); 
i n s t l K 0 , 1 , 0 , 3 , 1 , 1 ) , ioe=0,con2910 = 3; 
i n s t 3 6 ( 3 , 3 , 1 , 1 ) ; 
inst21(0,l, 1,1,0,0, l,7),iload = 0; 
inst7(0,1,0,3,4,4 ),con2910 = 3; 
instll( 0,1,0,3,1,1), ioe=0,con2910 = l; 
inst36( 3,3,1,1); 

inst21(l,l,0,0,0,0,l,l); 
inst7(l,l,0,3,l,l); 
instlld,1,0,3, 1, 1); 
inst36( 3,3,1,1); 

inst21(l,l,0,l,0,0,l,l); 
inst7(l,l,0,3,l,l); 
instlld,1,0,3,1,1); 
inst36(3,3,l,l); 

inst33( 0,1,0, 1, 1); 
inst33(1,0,0,1,1); 

inst32( O, 1, O, 1,1); 
inst31(3,0,1,2); 
inst32(0,1,0,1,1); 
inst32(1,0,0,1,1 ),b_ci = l,s_oe=0,mari = 0; 

inst34(0,4,5); 
inst32(0,l,0,l,l); 
inst32(O,O,O,1,l),b ci=l,s oe=l,mari=0; 
instlld,1,0,3,1,1); 
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inst36(3,3,l,l); 

subret: inst32(O,1,o,1,l); 
inst31(10,0,l, 1); 
inst32(0,0,0,l,i); 

J"ííu('í;í;o°;3\'í,';Tr""-°^='-^-"-' 
inst36(3,3,l,l); 

end 
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15-NOV-1989 Pagina 1 

1 title MICPLÜTO; 
2 binary; 
3 listing; 
4 
5 C 
6 
7 M I C R O P R O G R A M A C I O N 
8 DE 
9 P L U T O 
10 
11 ] 
12 
13 [ NOTA: el direccionamiento inmediato se realiza mediante la micr 
14 "instl", que se halla localizda en "abs", cualquier micro que necesite 
15 direccionamiento inmediato írB a abs y luego a la subrutina 
16 correspondiente. Aunque abs es de direccionamiento inmediatOf es la 
17 única micro de este tipo de direccionamiento que retorna. ] 
18 
19 
20 
21 
22 0000 3C27DBC8F66260BA reset: inst29(,,O,,,,,,,,,,,1,1); 

11110000100111110110111100100011110110011000100110000010111010 
23 0001 3C245BC8FE6260BA inst32(O,1,O,1,1); 

11110000100100010110111100100011111110011000100110000010111010 
24 0002 3C445BC8FE6240C3 In8t31(3,O,1,2); 

11110001000100010110111100100011111110011000100100000011000011 
25 0003 3C245BC8FE62603A inst32(O,O,O,1,1); 

11110000100100010110111100100011111110011000100110000000111010 
26 0004 3D645BC8FE6260BA inst32(1,1,0,1,3 ); 

11110101100100010110111100100011111110011000100110000010111010 
27 0005 3C245BC8D06220BA instl2(1,1,O,1,1); 

11110000100100010110111100100011010000011000100010000010111010 
28 0006 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
29 
30 
31 0007 3E25DBC8E26240DA abs: instl(2,1,O,O,3,1,1 ),mari = 0; 

11111000100101110110111100100011100010011000100100000011011010 
32 0008 3E259BC8C06260BA inst7(1,1,O,3,1,1); 

11111000100101100110111100100011000000011000100110000010111010 
33 0009 3E25ABC8C06260BA instlK 1,1, O, 3, 1, 1).: 

11111000100101101010111100100011000000011000100110000010111010 
34 OOOA 3E25DDCDF1E2461A inst36(2,3,1,1>; 

11111000100101110111011100110111110001111000100100011000011010 
35 
36 
37 OOOB 3E266BC8CE6260DA add: instl3(O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
38 OOOC 3C245BDCF66360BA 

inst29(,,O,,,,,,,1,4,,0,1,l),extsg=activo; 
11110000100100010110111101110011110110011000110110000010111010 39 OOOD 3E259BC8C06260BA inst7(1,1,O,3,1,1); 11111000100101100110111100100011000000011000100110000010111010 
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40 OOOE 3E25ABC8C06260BA instlK 1, 1, O, 3, 1, 1); 
11111000100101101010111100100011000000011000100110000010111010 

41 OOOF 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

42 
43 0010 3E266BC8CE6260DA addh: in8tl3( O, 1, OM^ If 1); 

11111000100110011010111100100011001110011000100110000011011010 
44 0011 3C255BDCF66360BA 

inst29(,,O,,,,,,,1,4,,2,1,1),extsg=activo; 
11110000100101010110111101110011110110011000110110000010111010 

45 0012 3E259BCDC06260BA inst7(1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 

46 0013 3E25ABCDC06260BA inst11(1,1,5,3,1,1); 
11111000100101101010111100110111000000011000100110000010111010 

47 0014 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

48 
49 0015 3E266BC8CE6260DA adds: in6tl3(0,1,0,4,Ir 1); 

11111000100110011010111100100011001110011000100110000011011010 
50 0016 3C245BCCF66260BA inst29(,,O,,,,,,,O,4,,O,1,1); 

11110000100100010110111100110011110110011000100110000010111010 
51 0017 3E259BCDC06260BA in8t7(1,1,5,3,1,1); 

11111000100101100110111100110111000000011000100110000010111010 
52 0018 3E25ABCDC06260BA inst11(1,1,5,3,1,1); 

11111000100101101010111100110111000000011000100110000010111010 
53 0019 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
54 
55 OOIA 3E266BC8CE6260DA a_nd: inst13(O,1,O,4,1,1); 

154 



MICRO EPFL Versión 1-2 MICPLUTO 
15-NOV-1989 Pagina 2 

11111000100110011010 i m O O 100011001110011000100110000011011010 
56 OOIB 3C245BCFF66360BA inst29(,,0 ,,1,7,,O,1,1); 

11110000100100010110111100111111110110011000110110000010111010 
57 OOIC 3E259BC8C06260BA inst7(1,1,O,3,1,1); 

11111000100101100110111100100011000000011000100110000010111010 
58 OOID 3E25ABC8C06260BA instll(1,1,O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
59 OOIE 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
60 
61 OOIF 3E266BC9CE6260DA lac: instl3{1,1,O,4f1,1>; 

11111000100110011010111100100111001110011000100110000011011010 
62 0020 3C26DBDCF66360BA 

in8t29(,,O,,,,,,,1,4,,5,1,1), extsg = activo; 
11110000100110110110111101110011110110011000110110000010111010 

63 0021 3E259BC8C06260BA inst7(1,1,O,3,1,1 ); 
11111000100101100110111100100011000000011000100110000010111010 

64 0022 3E25ABC8C06260EA instll(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 I 

65 0023 3E25DDCDF1E2461A inst36(2,3,1,1); | 
11111000100101110111011100110111110001111000100100011000011010 i 

66 I 
67 0024 3C286BC9DE6260DA lack: instl6(1,1,0,0,2,1); I 

11110000101000011010111100100111011110011000100110000011011010 I 
68 0025 3C285BDCFE6360BA | 

inst29(,,1,,,,,,,1,4,,O,2,1),extsg=activo; I 
11110000101000010110111101110011111110011000110110000010111010 I 

69 0026 3E259BC8C06260BA inst7(1,1,O,3,1,1); I 
11111000100101100110111100100011000000011000100110000010111010 1 

70 0027 3E25ABC8C06260BA instll(1,1,O,3,1,1 ); | 
11111000100101101010111100100011000000011000100110000010111010 1 

71 0028 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

72 
73 0029 3E266BC8CE6260DA o_r: instl3(0,1,0,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
74 002A 3C245BCEF66360BA inst29(,,O,,,,,,,1,6,,O,1,1); 

11110000100100010110111100111011110110011000110110000010111010 
75 002B 3E259BCDC06260BA inst7(1,1,5,3,1,1); 

11111000100101100110111100110111000000011000100110000010111010 
76 002C 3E25ABCDC06260BA instll(1,1,5,3,1,1); 

11111000100101101010111100110111000000011000100110000010111010 
77 002D 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
78 
79 002E 3E266BC8CE6260DA sach: inst13(O,1,O,4,1,1>; 

11111000100110011010111100100011001110011000100110000011011010 
80 002F 3C2C5BC0F06260BA inst28(O,3,1),oe2=activar; 

11110000101100010110111100000011110000011000100110000010111010 81 0030 3E259BC8C06260BA inst7(1,1,O,3,1,1); 11111000100101100110111100100011000000011000100110000010111010 82 0031 3E25ABC8C06260BA instll(1,1,O,3,1,1>; 11111000100101101010111100100011000000011000100110000010111010 83 0032 3E25DDCDF1E2461A inst36(2,3,1,1); 155 



11111000100101110111011100110111110001111000100100011000011010 
84 
85 0033 3E266BC8CE6260DA sacl: inst13(O,1,O,4, 1,1); 

11111000100110011010111100100011001110011000100110000011011010 
86 0034 3C305BC8F06260BA inst28(0,4,1); 

11110000110000010110111100100011110000011000100110000010111010 
87 0035 3E259BC8C06260BA inst7(1,1,0,3,1,1 ); 

111110001001011001101111001000110000000110001001100000-10111010 
88 0036 3E25ABC8C06260BA inst11(1,Ir O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
89 0037 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
90 
91 0038 3E266BC8CE6260DA sub: instl3(O,1,0,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
92 0039 3C26DBDBF66260BA 

inst29(,,0,,,,,,,0,3,,5,1,1),extsg = activo; 
11110000100110110110111101101111110110011000100110000010111010 

93 003A 3E259BC8C06260BA inst7(1,1,O,3,1, 1); 
11111000100101100110111100100011000000011000100110000010111010 

94 003B 3E25ABC8C06260BA inst11( 1,1,O,3,1,1); i 
111110001001011010101111001000110000000110001001100000101110lOl 

95 003C 3E25DDCDF1E2461A inst36(2,3,1,1); I 
111110001001011101110111001101111100011110001001000110000110101 

96 i 
97 003D 3E266BC8CE6260DA sube: inst13(O,1,O,4,1,1); | 

111110001001100110101111001000110011100110001001100000110110101 
98 003E 3E345BCBE06260BA inst17(0,5,1); I 

11111000110100010110111100101111100000011000100110000010111010 i 
99 003F 3E259BC8C06260BA inst7(1,1,O,3,1,1 ); I 

11111000100101100110111100100011000000011000100110000010111010 I 
100 0040 3E25ABC8C06260BA inst11(1,1,O,3,1,1 ); I 

11111000100101101010111100100011000000011000100110000010111010 I 
101 0041 3E21DDCDF1E2461A inst36(2,3,O,1); I 

11111000100001110111011100110111110001111000100100011000011010 i 
102 2 
103 0042 3E266BC8CE6260DA subh: instl3(O,1,0,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
104 0043 3C255BCBF66260BA inst29(,,O,,,,,,,O,3,,2,1,1); 

11110000100101010110111100101111110110011000100110000010111010 
105 0044 3E259BC8C06260BA inst7(1,1,O,3,1,1); 

11111000100101100110111100100011000000011000100110000010111010 
106 0045 3E25ABC8C06260BA inst11(1,1,0,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
107 0046 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
108 
109 0047 3E266BC8CE6260DA subs: inst13( O, 1, 0, 4 , 1, 1); 

11111000100110011010111100100011001110011000100110000011011010 
110 0048 3C245BCBF66260BA inst29(,,O,,,,,,,O,3,,O,1,1); 
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11110000100100010110111100101111110110011000100110000010111010 
111 0049 3E259BC8C06260BA in6t7(1.1,O,3,1,1); 

11111000100101100110111100100011000000011000100110000010111010 
112 004A 3E25ABC8C06260BA lnstll(1,1,O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
113 004B 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
114 
115 004C 3E266BC8CE6260DA x_or: lnstl3(O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
116 004D 3C245BCDF66360BA inst29(,,O,,,,,,,1,5,,O,1,1); 

11110000100100010110111100110111110110011000110110000010111010 
117 004E 3E259BCDC06260BA inst7( 1,1,5,3,1,1>; 

11111000100101100110111100110111000000011000100110000010111010 
118 004F 3E25ABCDC06260BA inst11(1,1,5,3,1,1); 

11111000100101101010111100110111000000011000100110000010111010 
119 0050 3E25DDCDF1E2461A inst36(2,3,1,1); | 

11111000100101110111011100110111110001111000100100011000011010 i 
120 I 
121 I 
122 0051 3E266BC9CE6260DA zalh: inst13(1,1,O,4,1,1); i 

11111000100110011010111100100111001110011000100110000011011010 ¡ 
123 0052 3C255BCCF66360BA inst29(,,O,,,,,,,1,4,,2,1,1); | 

11110000100101010110111100110011110110011000110110000010111010 I 
124 0053 3E259BCDC06260BA inst7( 1, 1, 5, 3, 1, 1).: 1 

11111000100101100110111100110111000000011000100110000010111010 i 
125 0054 3E25ABCDC06260BA inst11(1,1,5,3,1,1); I 

11111000100101101010111100110111000000011000100110000010111010 1 
126 0055 3E25DDCDF1E2461A inst36(2,3,1,1); ! 

11111000100101110111011100110111110001111000100100011000011010 ¡ 
127 I 
128 0056 3E266BC9CE6260DA zals: instl3(1,1,O,4,1,1); i 

11111000100110011010111100100111001110011000100110000011011010 " 
129 0057 3C245BCCF66360BA inst29(,,O,,,,,,,1,4,,O,1,1 ); 

11110000100100010110111100110011110110011000110110000010111010 
130 0058 3E259BCDC06260BA inst7(1,1,5,3,1,1); 

11111000100101100110111100110111000000011000100110000010111010 
131 0059 3E25ABCDC06260BA instlK 1, 1, 5, 3, 1, 1 >; 

11111000100101101010111100110111000000011000100110000010111010 
132 005A 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
133 
134 005B 3E266BC8CE6260DA It: inst13(O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
135 005C 3C045BC8766360BA 

inst29(,,O,,,,,,,1,0,1,0,1, O ),eny=activar; 
11110000000100010110111100100001110110011000110110000010111010 

136 005D 3E259BC8C06260BA inst7(1,1,O, 3, 1, 1); 
11111000100101100110111100100011000000011000100110000010111010 

137 005E 3E25ABC8C06260BA inst11(1,1,O, 3, 1, 1); 
11111000100101101010111100100011000000011000100110000010111010 

138 005F 3E25DDCDF1E24 61A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

139 0060 3E266BC8CE6260DA Ita: instl3(O,1,O,4,1,1); 
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11111000100110011010111100100011001110011000100110000011011010 
140 0061 3C04DBCC766260BA 

inst29(,,0,,,,,,,0,4,1,1,1,0),eny=activar; 
11110000000100110110111100110001110110011000100110000010111010 

141 0062 3E259BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 

142 0063 3E25ABC8C06260BA instll(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 

143 0064 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

144 
145 0065 3E266BC8CE6260DA Itd: instl3(O,1,0,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
146 0066 3C245B48F46260BA inst30(1,O,O,1,1 ); 

11110000100100010110110100100011110100011000100110000010111010 
147 
148 0067 3C04DBCC766260BA 

inst29<,,0,,,,,,,0,4,1,1,1,O ),eny=activar; 
11110000000100110110111100110001110110011000100110000010111010 

149 0068 3E259BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 I 

150 0069 3E25ABC8C06260BA instll(1,1,O,3,1,1); i 
11111000100101101010111100100011000000011000100110000010111010 I 

151 006A 3E25DDCDF1E24 61A inst36(2,3,1,1); f 
11111000100101110111011100110111110001111000100100011000011010 i 

152 g 
153 006B 3E266BC8CE6260DA mpy: instl3(O,1,O,4,1,1>; i 

11111000100110011010111100100011001110011000100110000011011010 I 
154 006C 3C205BC8B06260BA inst25(O,O,O,1),enx=activar; f 

11110000100000010110111100100010110000011000100110000010111010 I 
155 006D 3E25DDCDF1E2461A inst36(2,3,1,1); I 

11111000100101110111011100110111110001111000100100011000011010 ° 
156 I 
157 I 
158 006E 3CC45BC8B86260FA mpyk: inst25(1,O,1,6 ),enx=activar,b_ci=uno| 

11110011000100010110111100100010111000011000100110000011111010 i 
159 § 
160 006F 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
161 
162 
163 0070 3E246BC8CE6260DA Ist: instl3(O,1,O,0,1,1); 

11111000100100011010111100100011001110011000100110000011011010 
164 0071 3C245BC8F67A60BA inst23(1,O,1,1,O,1,1); 

11110000100100010110111100100011110110011110100110000010111010 
165 0072 3E259BC8C06260BA inst7(1,1,O,3,1,1 ); 
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11111000100101100110 imOOlOOOllOOOOOOOllOOOlOO 110000010111010 
166 0073 3E25ABC8C06260BA inst11(1,1,O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
167 0074 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
168 
169 0075 3E246BC8CE6260DA sst: inst13(O,1,O,O,1,1); 

11111000100100011010111100100011001110011000100110000011011010 
170 0076 3C245BC8F43A60BA inst23(O,O,1,O,O,1,1); 

11110000100100010110111100100011110100001110100110000010111010 
171 0077 3E259BCDC06260BA inst7(1,1,5,3,1,1); 

11111000100101100110111100110111000000011000100110000010111010 
172 0078 3E25ABCDC06260BA instll(1,1,5,3,1,1); 

11111000100101101010111100110111000000011000100110000010111010 
173 0079 3E25DDCDF1E2461A inst36(2,3,1,1>; 

11111000100101110111011100110111110001111000100100011000011010 i 
174 i 
175 007A 3E266BC8CE6260DA dmov: instl3(O,1,O,4,1,1); | 

11111000100110011010111100100011001110011000100110000011011010 i 
176 007B 3C245B48F86260BA inst30(O,1,O,1,1); I 

11110000100100010110110100100011111000011000100110000010111010 8 
177 007C 3E259BC8C06260BA inst7(1,1,O,3,1,1); % 

11111000100101100110111100100011000000011000100110000010111010 I 
178 007D 3E25ABC8C06260BA inst11(1,1,O,3,1,1); 1 

11111000100101101010111100100011000000011000100110000010111010 i 
179 007E 3E25DDCDF1E2461A inst36(2,3,1,1)? 1 

11111000100101110111011100110111110001111000100100011000011010s 
180 I 
181 ¡ 
182 007F 3E266BC8CE6260DA in: instl3(O,1,O,4,1,1); | 

11111000100110011010111100100011001110011000100110000011011010 i 
183 0080 3CB45DE8F26260BA 

lnst20( 0,0,1,1,-0,5,5 ), mem=des activar, den = activar; 
11110010110100010111011110100011110010011000100110000010111010 

184 0081 3E259BCDC06260BA inst7(1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 

185 0082 3E25ABCDC06260BA inst11( 1, 1,5,3,1,1); 
11111000100101101010111100110111000000011000100110000010111010 

186 0083 3E25DDCDF1E24 61A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

187 
188 
189 0084 3E266BC8CE6260DA out: instl3(O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
190 0085 3CD857E8F26260BA 

inst20(0,0,1,1,0,6,6 ),mem=d9sactivar,wei = activar; 
11110011011000010101111110100011110010011000100110000010111010 

191 0086 3E259BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 192 0087 3E25ABC8C06260BA inst11(1,1,O,3,1,1); 11111000100101101010111100100011000000011000100110000010111010 193 0088 3E25DDCDF1E24 61A inst36(2,3,1,1); 11111000100101110111011100110111110001111000100100011000011010 194 
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195 
196 0089 3E266BC8CE6260DA tbln instl3( 0,1, 0,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
197 008A 3C905BC8FE626081 inst22(cjs,O,O,O,4#4 ); 

11110010010000010110111100100011111110011000100110000010000001 
198 008B 3CB45DC8P86260BA 

inst20( 1, O, O, O, O, 5, 5 ),mefn=desactivar, den=activar; 
11110010110100010111011100100011111000011000100110000010111010 

199 008C 3C245BC8FE62608A In6t35(crtn,O,O,O,1,1); 
11110000100100010110111100100011111110011000100110000010001010 

200 008D 3E259BCDC06260BA inst7(1,1,5,3,1,1) ; 
11111000100101100110111100110111000000011000100110000010111010 

201 008E 3E25ABCDC06260BA Inst11(1,1,5,3,1,1 ); 
11111000100101101010111100110111000000011000100110000010111010 

202 008F 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

203 
204 
205 0090 3E266BC8CE6260DA tblw: instl3(O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
206 0091 3C905BC8FE626081 inst22(cjs,O,O,O,4,4 ); I 

11110010010000010110111100100011111110011000100llOOOOOlOOOOOOli 
207 0092 3CD857E8F26260BA j 

inst20( 0,0,1,1,0,6,6),mem=desactivar, wei=activar; i 
11110011011000010101111110100011110010011000100110000010111010 i 

208 0093 3C245BC8FE62608A inst35(crtn,O,O,O,1,1); 8 
11110000100100010110111100100011111110011000100110000010001010í 

209 0094 3E259BCDC06260BA inst7(1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 

210 0095 3E2SABCDC06260BA instll(1,1,5,3,1,1 ); 
11111000100101101010111100110111000000011000100110000010111010 

211 0096 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

212 
213 
214 0097 3E246BC8CE6260DA lar: inst 13(O,1,O,O,1,1 ); 

11111000100100011010111100100011001110011000100110000011011010 
215 0098 3P245BC8F66370BA inst29(1,,O,O,,,O,1,,1,O,,O, 1,1); 

11110000100100010110111100100011110110011000110111000010111010 
216 0099 3E259BCDC06260BA inst7(1,1,5,3,1,1>; 

11111000100101100110111100110111000000011000100110000010111010 
217 009A 3E25ABCDC06260BA instll(1,1,5,3,1,1); 

11111000100101101010111100110111000000011000100110000010111010 
218 009B 3E39DDCDF1E2461A inst36(2,3,6,1); 

11111000111001110111011100110111110001111000100100011000011010 
219 
220 16o 
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221 
222 009C 3C245BC8F6634ADA lark: 

inst29( ,, O, 0,1,0,1, ,,1,0, O, 0,1, 1), b_ci=uno, mari=0; 
11110000100100010110111100100011110110011000110100101011011010 

223 009D 3E259BCDC06260BA inst7( 1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 

224 009E 3E25ABCDC06260BA inst11(1,1,5,3,1,1 ); 
11111000100101101010111100110111000000011000100110000010111010 

225 009F 3E25DDCDF1E24 61A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

226 
227 
228 OOAO 3E266BC8CE6260DA larp: inst13( O,1,O,4,1,1); 

11111000100110011010111100100011001110011000100110000011011010 
3C24 5BC8F66361BA inst29<1,,0,1,O,,,,,1,0,1,O,1,1)? 
111100001001000101101111001000111101100110001101100001101110101 
3E259BCDC06260BA inst7(1,1,5,3,1,1); í 
111110001001011001101111001101110000000110001001100000101110101 
3E25ABCDC06260BA inst11(1,1,5,3,1,1); f 
11111000100101101010111100110111000000011000100110000010lllOlOi 
3E25DDCDF1E2461A inst36(2,3,1,1); g 
11111000100101110111011100110111110001111000100100011000011010§ 

229 

230 

231 

232 

233 
234 

235 

236 

237 

238 

OOAl 

00A2 

00A3 

00A4 

00A5 

00A6 

00A7 

00A8 

00A9 

3E246BC8CE6260DA Idp: inst13(O,1,0,0,1,1); 1 
111110001001000110101111001000110011100110001001100000110110 lOl 
3C3C5BC8F67360BA inst29( 1,,O,,,,,,1,1,O,1,O,7,1); | 
111100001111000101101111001000111101100111001101100000101110101 
3E259BCDC06260BA inst7( 1,1,5,3,1,1); I 
11111000100101100110111100110111000000011000100110000010111010¡ 

00A8 3E25ABCDC06260BA inst11(1,1,5,3,1,1); | 
111110001001011010101111001101110000000110001001100000101110lOi 
3E25DDCDF1E2461A inst36(2,3,1,1); § 
MlllOOOlOO101110111011100110111110001111000100100011000011010 

239 
240 
241 OOAA 3C245BC8F67340DA Idpk: 

inst29( ,,O,,,,,,1,1,O,O,0,1,1),b ci=uno,inari = 0; 
11110000100100010llÓllllOOlOOO11110110011100110100000011011010 

242 OOAB 3E259BCDC06260BA inet7(1,1,5,3,1,1 ); 
11111000100101100110111100110111000000011000100110000010111010 

243 OOAC 3E25ABCDC06260BA inst11(1,1,5,3,1,1); 
11111000100101101010111100110111000000011000100110000010111010 

244 OOAD 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 

245 
246 
247 OOAE 3E246BC8CE6260DA sar: instl3(O,1,O,O,1,1); 

11111000100100011010111100100011001110011000100110000011011010 
248 OOAF 3C245BC8F06264BA inst28(O,1,1), microl = cero, 

ar_load=uno; 
11110000100100010110111100100011110000011000100110010010111010 

249 OOBO 3E259BCDC06260BA inst7(1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 

250 OOBl 3E25ABCDC06260BA instlK 1, 1, 5, 3,1, 1); 

161 
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11111000100101101010111100110111000000011000100110000010111010 
251 00B2 3E25DDCDF1E2461A inst36( 2,3, 1, 1>; 

11111000100101110111011100110111110001111000100100011000011010 
252 
253 00B3 3C245BC8FE6260BA b: inst32( 0,1,0, 1, 1); 

11110000100100010110111100100011111110011000100110000010111010 
254 00B4 3C445BC8FE6240C3 inst31(3,0,1,2 ); 

11110001000100010110111100100011111110011000100100000011000011 
255 00B5 3C245BC8FE6260BA inst32(O,1,O,1,1 ); 

11110000100100010110111100100011111110011000100110000010111010 
256 00B6 3C245BC8FE62405A 

inst32(0f0,0,1, l),s oe=0,b ci = l,mari=0; 
11110000100100010110111100100011111110011000100100000001011010 

257 00B7 3E25ABC8C06260BA inst11(1,1,O,3,1,1 ); 
11111000100101101010111100100011000000011000100110000010111010 

258 00B8 3E25DDCDF1E2461A inst36(2,3,1,1 )? 
11111000100101110111011100110111110001111000100100011000011010 

259 
260 
261 00B9 3E244BC8CE6260BA banz: inst27(4,0,1,1); 

11111000100100010010111100100011001110011000100110000010111010 
262 OOBA 3E25ABC8C06260BA instll(1,1,O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
263 OOBB 3E65DDCDF1E2461A inst36(2,3,1,3); 

11111001100101110111011100110111110001111000100100011000011010 
264 
265 OOBC 3E840BC8CE6260BA bgez: inst27(O,O,1,4 ); 

11111010000100000010111100100011001110011000100110000010111010 
266 OOBD 3E25ABC8C06260BA instll(1,1,O,3,1,1); 

11111000100101101010111100100011000000011000100110000010111010 
267 OOBE 3E25DDCDF1E2461A inst36(2,3,1,1); 

11111000100101110111011100110111110001111000100100011000011010 
268 
269 OOBF 3C245BC8FE6260BA cali: inst32(O,1,0,1,1); 

11110000100100010110111100100011111110011000100110000010111010 
270 OOCO 3C445BC8FE6240C1 inst31(1,0,1,2 ); 

11110001000100010110111100100011111110011000100100000011000001 
271 OOCl 3C24 5BC8FE6260BA inst32(O,1,O,1,1); 

11110000100100010110111100100011111110011000100110000010111010 
272 00C2 3C245BC8FE62407A 

inst32(0,0,0,1,l),s_oe=l,b_ci=l,mari=0; 
11110000100100010110111100100011111110011000100100000001111010 

273 00C3 3E25ABCDC06260BA inst11(1,1,5,3,1,1); 
11111000100101101010111100110111000000011000100110000010111010 

274 00C4 3E25DDCDF1E2461A inst36(2,3,1,1); 
11111000100101110111011100110111110001111000100100011000011010 
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276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 

289 

290 
291 

292 

293 
294 

295 
296 

297 

298 

299 

300 
301 

302 
303 

304 
305 

306 

307 
308 

309 

310 

311 

312 

00C5 

00C6 

00C7 

00C8 

00C9 

OOCA 

OOCB 

OOCC 

OOCD 

OOCE 

OOCF 

OODO 

OODl 

00D2 

00D3 

00D4 

00D5 

E 

# S U B R U T I N A S # 

] 

3E25BBCAC06260BA subabs: inst2(1,1,3,2,3,1,1); 
11111000100101101110111100101011000000011000100110000010111010 
3D241BC8D06260BA inst5(1,1,1,0,0,1,1); 
11110100100100000110111100100011010000011000100110000010111010 

3D245BCAF06260BA subaccl: inst3(1,1,2,O,1,1); 
11110100100100010110111100101011110000011000100110000010111010 f 
3D241BC8D06260BA subacc2: inst5(1,1,1,O,O,1,1); i 
11110100100100000110111100100011010000011000100110000010111010 g 

o. 

3D201BCCD06260BA subovr: inst8(1,1,1,4,0,0,1); | 
11110100100000000110111100110011010000011000100110000010111010 I 

3C245BC8FE6260BA subint: inst32(0,1,0,1,1); | 
11110000100100010110111100100011111110011000100110000010111010 % 
3C445BC8FE6240C3 inst31(3,O,1,2 ); I 
11110001000100010110111100100011111110011000100100000011000011\ 
3C245BC8FE6260BA lnst32(O,1,O,1,1 ); \ 
11110000100100010110111100100011111110011000100110000010111010 i 
3D245BC8FE62607A inst32( 1,O,O,1,1),b ci = l,s_oe = l; § 
MI10100100 IODO 10110111100100011111110011000100110000001111010 

3D245B88F06263BA subdira: instl4(O,1,1); 
11110100100100010110111000100011110000011000100110001110111010 

3D2ADB88F06260BA subdirb: inst15(5,2,1) ; 
11110100101010110110111000100011110000011000100110000010111010 

3D275BCCFE6260BA subsubc: inst18(6,1,1 ); 
11110100100111010110111100110011111110011000100110000010111010 
3D27DBCCFE6260BA inst19(7,1,1); 
11110100100111110110111100110011111110011000100110000010111010 

3C245BC9F66360BA subzac: inst29(,,O,,,,,,,1,1,,O,1,1); 
11110000100100010110111100100111110110011000110110000010111010 
3E259BCDC06260BA inst7(1,1,5,3,1,1); 
11111000100101100110111100110111000000011000100110000010111010 
3E25ABCDC06260BA inst11(1,1,5,3,1,1); 
11111000100101101010111100110111000000011000100110000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 
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313 

314 

315 

316 

317 
318 

319 

320 

321 

322 
323 

324 

325 

326 

327 
328 

329 

330 

00D6 

00D7 

00D8 

00D9 

OODA 

OODB 

OODC 

OODD 

OODE 

OODF 

OOEO 

OOEl 

00E2 

00E3 

3C24DBCCF66260BA subapac: inst29(»,0.»,,,,,O,4,1,1,1,1); 
11110000100100110110111100110011110110011000100110000010111010 
3E259BC8C06260BA inst7(1,1,O,3,1,1 ); 
11111000100101100110111100100011000000011000100110000010111010 
3E25ABC8C06260BA inst11(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

3C49DBCCF66260BA subpac: inst29(,,O,,,,,,,O,4,1,3,2,2 ); 
11110001001001110110111100110011110110011000100110000010111010 
3E259BC8C06260BA inst7(1,1,0,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 
3E2 5ABC8C06260BA inst11(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

3C24DBCBF66260BA subspac: inst29(,,O,,,,,,,O,3,1,1,1,1); 
11110000100100110110111100101111110110011000100110000010111010 
3E2 59BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 
3E25ABC8C06260BA instll(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 s 
3F25DDCDF1E2461A inst36(3,3,1,1 ); 
11111100100101110111011100110111110001111000100100011000011010 

3C245BC8FE6260BA subdint: inst24(1,O,O,1,1 ); 
11110000100100010110111100100011111110011000100110000010111010 
3F25DDCDF1E24 61A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 
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331 00E4 

332 00E5 

333 
334 00E6 

335 00E7 

336 
337 00E8 

inst21(0, 1, 1, 

338 00E9 

339 OOEA 

340 OOEB 

341 
342 OOEC 

343 OOED 

344 OOEE 

345 OOEF 

346 
347 OOFO 

348 OOFl 

349 00F2 

350 00F3 

351 
352 00F4 

353 00F5 

354 00F6 

355 00F7 

356 
357 00F8 

358 00F9 

359 OOFA 

360 OOFB 

3C245BC8FE4220BA subeint: inst24(O,O,O,1,1),eint=0; 
11110000100100010110111100100011111110010000100010000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

3CFE5BC8F66260BA subnop: inst29(,,O,,,,,,,,,,4,, ); 
11110011111110010110111100100011110110011000100110000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

38C4 5ACCFE66609A subpop: 
1,4f O,1,6),buff = activar,iload = 0; 
11100011000100010110101100110011111110011001100110000010011010 
3E2 59BC8C06260AA inst7(O,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010101010 
1E25ABC8C06260A3 instll(0,1,0,3,1,1),ioe=0,con2910 
01111000100101101010111100100011000000011000100110000010100011 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 
38E45BC8FE66609A subpusht inst21(O,1,1,1,O,O,1,7),iload=0; 
11100011100100010110111100100011111110011001100110000010011010 
3E919BC8C06260A3 inst7(0,1,O,3,4,4), con2910 = 3; 
11111010010001100110111100100011000000011000100110000010100011 
1E25ABC8C06260A1 instll(0,1,0,3,1, 1), ioe=0, con2910 
01111000100101101010111100100011000000011000100110000010100001 
3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

3C245BC8FE6060BA subrovm: inst21(1,1,O,O,O,O,1,1); 
11110000100100010110111100100011111110011000000110000010111010 
3E259BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010111010 
3E25ABC8C06260BA instlK 1,1,0,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 
3F25DDCDF1E2461A inst36(3,3,1,1); 
111111001001011101110111001101111100011110001001000110000110IC 
3C245BC8FE6260BA subsovm: inst21(1,1,O,1,O,0.1,1); 
11110000100100010110111100100011111110011000100110000010IIIOIC 
3E259BC8C06260BA inst7(1,1,O,3,1,1); 
11111000100101100110111100100011000000011000100110000010IIIOIC 
3E25ABC8C06260BA instll(1,1,0,3,1,1); 
11111000100101101010111100100011000000011000100110000010IIIOIC 
3F25DDCDF1E2461A inst36(3,3,1,1); 
111111001001011101110111001101111100011110001001000110000110IC 
3C245BC8FE6260DA subsaltos: inst33(O,1,O,1,1); 
111100001001000101101111001000111111100110001001100000110llOlO 
3D24 5BC8FE62605A lnst33(1,O,O,1,1); 
111101001001000101101111001000111111100110001001100000010IIOIC 
3C24 5BC8FE6260BA inst32(0,1,0,1,1); 
111100001001000101101111001000111111100110001001100000lOlllOlC 
3C44 5BC8FE624 0C3 inst31(3,O,1,2 ); 
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11110001000100010110111100100011111110011000100100000011000011 
361 OOFC 3C245BC8FE6260BA inst32(O,1,O,1,1 ); 

11110000100100010110111100100011111110011000100110000010111010 
362 OOFD 3D245BC8FE62405A 

inst32(l,0,0,l,l),b ci=lfs_oe=0,mari=0; 
11110 loo 100100010110111100100011111110011000100100000001011010 

363 
364 OOFE 3CB05BC8FE6240C1 cala: inst34(0,4,5); 

11110010110000010110111100100011111110011000100100000011000001 
365 OOFF 3C245BC8FE6260BA inst32(O,1,O,1,1); 

11110000100100010110111100100011111110011000100110000010111010 
366 0100 3C245BC8FE62407A 

inst32(0,0,0,1,l),b_ci=l,s_oe=l,mari=0; 
11110000100100010110111100100011111110011000100100000001111010 

367 0101 3E25ABC8C06260BA instll(1,1,O,3,1,1); 
11111000100101101010111100100011000000011000100110000010111010 

368 0102 3F25DDCDF1E2461A inst36(3,3,1,1); 
11111100100101110111011100110111110001111000100100011000011010 

369 0103 3C245BC8FE6260BA subret: inst32<O,1,0,1,1); 
11110000100100010110111100100011111110011000100110000010111010 

370 0104 3C245BC8FE6240CA inst31(10,O,1,1); 
1111000010010001011011110010001111111001100010010000001100lOld 

371 0105 3C245BC8FE62603A inst32(O,O,O,1,1); I 
111100001001000101101111001000111111100110001001100000001110ici 

372 0106 3C245BC8FE6240FA | 
inst32(O,1,O,1,l),mari=0,s_oe=l,b ci=l; S 

11110000100100010110111100100011111110011000lOOlOOOOOOlllllOld 
373 0107 3E25ABC8C06260BA inst11(1,1,O,3,1,1); I 

11111000100101101010111100100011000000011000100llOOOOOlOlllOld 
374 0108 3F25DDCDF1E2461A inst36(3,3,1,1); | 

1111110010010111011101110011011111000111100010010001100001101(1 
iS 

375 S 
376 I 
377 I 
378 I 
379 i 
380 i 
381 
382 
383 end 
384 
385 
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MICRO EPFL Versión 1.2 
15-NOV-1989 Pagina 9 
Tabla de simbolos 

MICPLÜTO 

Este fichero contiene 93 definiciones de constantes 

ABS 
ADD 
ADDS 
A ND 
BANZ 
CALA 
CERO 
CJP 
CLE AR 
DESACTIVAR 
DMOV 
IN 
INT 
LAR 
LARP 
LEER 
LST 
LTD 
MPYK 
0 R 
Ql 
RESET 
SACL 
SIETE 
SUB 
SUBACC2 
SUBC 
SUBDIRB 
SUBH 
SUBOVR 
SUBPOP 
SUBROVM 
SUBSALTOS 
SUBSUBC 
TBLR 
TRES 
X OR 

0007 
OOOB 
0015 
OOIA 
00B9 
OOFE 
0000 
0003 
0000 
0001 
007A 
007F 
0002 
0097 
OOAO 
0001 
0070 
0065 
006E 
0029 
0001 
0007 
0033 
0007 
0038 
00C8 
003D 
OOCF 
0042 
00C9 
00E8 

^ OOFO 
0OF8 
OODO 
0089 
0003 
004C 

ACTIVAR 
ADDH 
ALUOUT 
B 
BGEZ 
CALL 
CINCO 
CJS 
CRTN 
DESACTIVO 
DOS 
INACTIVO 
LAC 
LARK 
LDP 
LOW 
LT 
MPy 
OUT 
QO 
Q2 
SACH 
SAR 
SST 
SUBABS 
SUBAPAC 
SUBDINT 
SUBEINT 
SUBINT 
SUBPAC 
SUBPUSH 
SUBS 
SUBSOVM 
SUBZAC 
TBLW 
UNO 
ZALH 

0000 
0010 
0003 
00B3 
OOBC 
OOBF 
0005 
0001 
OOOA 
0000 
0002 
0000 
OOIF 
009C 
00A5 
0000 
005B 
006B 
0084 
0000 
0002 
002E 
OOAE 
0075 
O0C5 
00D6 
00E2 
00E4 
OOCA 
OODA 
OOEC 
0047 
00F4 
00D2 
0090 
0001 
0051 

ACTIVO 

AREG 

BIT7 

CINSTR 

CUATRO 

HIGH 

LACK 

LDPK 

LTA 

OVERFLOW 

Q3 

SEIS 

SUBACCl 

SUBDIRA 

SUBNOP 

SUBRET 

SUBSPAC 

TOTAL 

ZALS 

0001 

0004 

0006 

0005 

0004 

0001 

0024 

OOAA 

0060 

0001 

0003 

0006 

00C7 

DOCE 

00E6 

0103 

OODE 

0007 

0056 

Tiempo de ensamblaje 5530 ms 
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0000 3C27DBC8F66260BA 

0001 3C245BC8FE6260BA 

0002 3C445BC8FE6240C3 

0003 3C245BC8FE62603A 

0004 3D645BC8FE6260BA 

0005 3C245BC8D06220BA 

0006 3E25DDCDF1E2461A 

0007 3E25DBC8E26240DA 

0008 3E2B9BC8C06260BA 

0009 3E25ABC8C06260BA 

OOOA 3E25DDCDF1E2461A 

OOOB 3E266BC8CE6260DA 

OOOC 3C245BDCF66360BA 

OOOD 3E259BC8C06260BA 

OOOE 3E25ABC8C06260BA 

OOOF 3E25DDCDF1E2461A 

0010 3E266BC8CE6260DA 

0011 3C255BDCF66360BA 

0012 3E259BCDC06260BA 

0013 3E25ABCDC06260BA 

0014 3E25DDCDF1E2461A 

0015 3E266BC8CE6260DA 

0016 3C245BCCF66260BA 

0017 3E259BCDC06260BA 

0018 3E25ABCOC06260BA 

0019 3E25DDCDF1E2461A 

OOIA 3E266BC8CE6260DA 

OOIB 3C245BCFF66360BA 

OOIC 3E259BC8C06260BA 

OOID 3E25ABC8C06260BA 

OOIE 3E25DDCDF1E2461A 

OOIF 3E266BC9CE6260DA 

0020 3C26DBDCF66360BA 

0021 3E259BC8C06260BA 

0022 3E25ABC8C06260BA 

0023 3E25DDCDF1E2461A 

0024 3C286BC9DE6260DA 

0025 3C285BDCFE6360BA 

0026 3E259BC8C06260BA 
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0027 3E25ABC8C06260BA 

0028 3E25DDCDP1E2461A 

0029 3E266BC8CE6260DA 

002A 3C245BCEF66360BA 

002B 3E259BCDC06260BA 

002C 3E25ABCDC06260BA 

002D 3E25DDCDF1E2461A 

002E 3E266BC8CE6260DA 

002F 3C2C5BC0F06260BA 

0030 3E259BC8C06260BA 

0031 3E25ABC8C06260BA 

0032 3E25DDCDF1E2461A 

0033 3E266BC8CE6260DA 

0034 3C305BC8F06260BA 

0035 3E259BC8C06260BA 

0036 3E25ABC8C06260BA 

0037 3E25DDCDF1E2461A 

0038 3E266BC8CE6260OA 

0039 3C26DBDBF66260BA 

003A 3E259BC8C06260BA 

003B 3E25ABC8C06260BA 

003C 3E25DDCDF1E2461A 

003D 3E266BC8CE6260DA 

003E 3E345BCBE06260BA 

003F 3E259BC8C06260BA 

0040 3E25ABC8C06260BA 

0041 3E21DDCDF1E2461A 

0042 3E266BC8CE6260DA 

0043 3C255BCBF66260BA 

0044 3E259BC8C06260BA 

0045 3E25ABC8C06260BA 

0046 3E25DDCDF1E2461A 

0047 3E266BC8CE6260DA 

0048 3C245BCBF66260BA 

0049 3E259BC8C06260BA 

004A 3E25ABC8C06260BA 

004B 3E25DDCDF1E2461A 

004C 3E266BC8CE6260DA 

004D 3C245BCDF66360BA 
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004E 3E259BCDC06260BA 

004r 3E25ABCDC06260BA 

0050 3E25DDCDF1E2461A 

0051 3E266BC9CE6260DA 

0052 3C255BCCF66360BA 

0053 3E259BCDC06260BA 

0054 3E25ABCDC06260BA 

0055 3E25DDCDF1E2461A 

0056 3E266BC9CE6260DA 

0057 3C245BCCF66360BA 

0058 3E259BCDC06260BA 

0059 3E25ABCDC06260BA 

005A 3E25DDCDF1E2461A 

005B 3E266BC8CE6260DA 

005C 3C045BC8766360BA 

005D 3E259BC8C06260BA 

005E 3E25ABC8C06260BA 

005F 3E25DDCDF1E2461A 

0060 3E266BC8CE6260DA 

0061 3C04DBCC766260BA 

0062 3E259BC8C06260BA 

0063 3E25ABC8C06260BA 

0064 3E25DDCDF1E2461A 

0065 3E266BC8CE6260DA 

0066 3C245B48F46260BA 

0067 3C04DBCC766260BA 

0068 3E259BC8C06260BA 

0069 3E25ABC8C06260BA 

006A 3E25DDCDF1E2461A 

006B 3E266BC8CE6260DA 

006C 3C205BC8B06260BA 

006D 3E25DDCDF1E2461A 

006E 3CC45BC8B86260FA 

006F 3E25DDCDF1E2461A 

0070 3E246BC8CE6260DA 

0071 3C245BC8F67A60BA 

0072 3E259BC8C06260BA 

0073 3E25ABC8C06260BA 

0074 3E25DDCDF1E2461A 
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0075 3E246BC8CE6260DA 

0076 3C245BC8F43A60BA 

0077 3E259BCDC06260BA 

0078 3E25ABCDC06260BA 

0079 3E25DDCDF1E2461A 

007A 3E266BC8CE6260DA 

007B 3C245B48F86260BA 

007C 3E259BC8C06260BA 

007D 3E25ABC8C06260BA 

007E 3E25DDCDF1E2461A 

007F 3E266BC8CE6260DA 

0080 3CB45DE8F26260BA 

0081 3E259BCDC06260BA 

0082 3E25ABCDC06260BA 

0083 3E25DDCDF1E2461A 

0084 3E266BC8CE6260DA 

0085 3CD857E8F26260BA 

0086 3E259BC8C06260BA 

0087 3E25ABC8C06260BA 

0088 3E25DDCDF1E2461A 

0089 3E266BC8CE6260DA 

008A 3C905BC8FE626081 

008B 3CB45DC8F86260BA 

008C 3C245BC8FE62608A 

008D 3E259BCDC06260BA 

008E 3E25Aa.CDCÓ6260BA 

008F 3E25DDCDF1E2461A 

0090 3E266BC8CE6260OA 

0091 3C905BC8PE626081 

0092 3C0857E8F26260BA 

0093 3C245BC8FE62608A 

0094 3E259BCOC06260BA 

0095 3E25ABCDC06260BA 

0096 3E25DDCDF1E2461A 

0097 3E246BC8CE6260DA 

0098 3C245BC8F66370BA 

0099 3E259BCDC06260BA 

009A 3E25ABCDC06260BA 

009B 3E39DDCDF1E2461A 
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009C 3C245BC8F6634ADA 

009D 3E259BCDC06260BA 

009E 3E25ABCDC06260BA 

009F 3E25DDCDF1E2461A 

OOAO 3E266BC8CE6260DA 

OOAl 3C245BC8F66361BA 

00A2 3E259BCDC06260BA 

00A3 3E25ABCDC06260BA 

00A4 3E25DDCDF1E2461A 

00A5 3E246BC8CE6260DA 

00A6 3C3C5BC8F67360BA 

00A7 3E259BCDC06260BA 

00A8 3E25ABCDC06260BA 

00A9 3E25DDCDF1E2461A 

OOAA 3C245BC8F67340DA 

OOAB 3E259BCDC06260BA 

OOAC 3E25ABCDC06260BA 

OOAD 3E25DDCDF1E2461A 

OOAE 3E246BC8CE6260DA 

OOAF 3C245BC8F06264BA 

OOBO 3E2S9BCDC06260BA 

OOBl 3E25ABCDC06260BA 

00B2 3E25DDCDF1E2461A 

00B3 3C245BC8FE6260BA 

00B4 3C445B€8FE6240C3 

00B5 3C245BC8FE6260BA 

00B6 3C245BC8FE62405A 

00B7 3E25ABC8C06260BA 

00B8 3E25DDCDF1E2461A 

00B9 3E244BC8CE6260BA 

OOBA 3E25ABC8C06260BA 

OOBB 3E65DDCDF1E2461A 

OOBC 3E840BC8CE6260BA 

OOBD 3E25ABC8C06260BA 

OOBE 3E25DDCDF1E2461A 

OOBF 3C245BC8FE6260BA 

OOCO 3C445BC8FE6240C1 

OOCl 3C245BC8FE6260BA 

00C2 3C245BC8FE62407A 
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00C3 3E25ABCDC06260BA 

00C4 3E25DDCDriE24ClA 

00C5 3E25BBCAC06260BA 

00C6 3D241BC8D06260BA 

00C7 3D245BCAF06260BA 

00C8 3b241BC8D06260BA 

00C9 3D201BCCD06260BA 

OOCA 3C245BC8FE6260BA 

OOCB 3C445BC8FE6240C3 

OOCC 3C245BC8FE6260BA 

OOCD 3D245BC8FE62607A 

OOCE 3D245B88F06263BA 

OOCF 3D2ADB88F06260BA 

OODO 3D275BCCFE6260BA 

OODl 3D27DBCCFE6260BA 

00D2 3C245BC9F66360BA 

00D3 3E259BCDC06260BA 

00D4 3E25ABCOC06260BA 

00D5 3F25DDCDF1E2461A 

00D6 3C24DBCCF66260BA 

00D7 3E259BC8C06260BA 

00D8 3E25ABC8C06260BA 

00D9 3F25DDCDF1E2461A 

OODA 3C49DBCCF66260BA 

OODB 3E259BCéC06260BA 

OODC 3E25ABC8C06260BA 

OODD 3F25DDCDF1E2461A 

OODE 3C24DBCBF66260BA 

OODF 3E259BC8C06260BA 

OOEO 3E25ABC8C06260BA 

OOEl 3F2 5DDCDF1E24 61A 

00E2 3C245BC8FE6260BA 

00E3 3F25DDCDF1E2461A 

00E4 3C245BC8FE4220BA 

00E5 3F25DDCDF1E2461A 

00E6 3CFE5BC8F66260BA 

00E7 3F25DDCDF1E2461A 

00E8 38C45ACCFE66609A 

00E9 3E259BC8C06260AA 
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OOEA 1E25ABC8C06260A3 

OOEB 3F25DDCDF1E24 61A 

OOEC 38E45BC8FE66609A 

OOED 3E919BC8C06260A3 

OOEE 1E25ABC8C06260A1 

OOEP 3F25DDCDF1E2461A 

OOFO 3C245BC8FE6060BA 

OOFl 3E259BC8C06260BA 

00F2 3E25ABC8C06260BA 

00F3 3F25DDCDF1E2461A 

00F4 3C245BC8FE6260BA 

00F5 3E259BC8C06260BA 

00F6 3E25ABC8C06260BA 

00F7 3F25DDCDF1E2461A 

00F8 3C245BC8FE6260DA 

00F9 3D245BC8FE62605A 

OOFA 3C245BC8FE6260BA 

OOFB 3C445BC8FE6240C3 

OOFC 3C245BC8FE6260BA 

OOFD 3D245BC8FE62405A 

OOFE 3CB05BC8FE6240C1 

OOFF 3C245BC8FE62$0BA 

0100 ,3C245BC8FE62407A 

0101 3E25ABC8C06260BA 

0102 3P25DOGDF1E2461A 

0103 3C24SBC8FE6260BA 

0104 3C245BC8FE6240CA 

0105 3C245BC8FE62603A 

0106 :3C245BC8FE6240FA 

0107 3E25ABC8C06260BA 

0108 3F25DDCDF1E2461A 
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CAPITULO 5 

B. = SIMULACIOM Y EVALUACIÓN DEL PROYECTO* 

Para una primera evaluación analítica de 

la máquina mlcroprocesadora PLUTO, se han realizado los 

siguientes cálculos acerca de las rutas de datos más 

críticas: 

5.1. - Data Patht 

Para e l c á l c u l o de l o s d a t a p a t h s e ha 

buscado l a s r u t a s más c r i t i c a s para ver y c a l c u l a r a s i l o s 

tlemp>os de cada m l c r o c i c l o , con e l l o s hemos r e a l i z a d o l o s 

s i g u i e n t e s c á l c u l o s : 

• SECUENCIAMIENTO DE MtCROINSTRUCCION: 

a S e c u e n c l a l : 

Am29707 A • YA 1 3 . 0 0 ns 

74F357 S • Y 1 0 . 5 0 ns 

Am27s21A C a c c e s s tlmeD 3 0 . 0 0 ns 

74F374 C s e t u p tlmeD 1 0 . 0 0 ns 

Data p a t h s e c u e n c l a l = 6 3 . 5 0 ns 

D S a l t o : 

7-4F2S7 S • Y l O . SO n s 

Am27s21A C a c c e s s t ime? 3 0 . 0 0 ns 

74F257 S • Y ns 
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Ain27s21A C a c c e s s t lmeJ 30 . OO na 

74F374 C s e t u p tlm©3 1 0 . 0 0 n s 

Data p a t h d& s a l t o * 8 0 . 5 0 n s 

• OPERACIONES ARl"mETICAS/1-OGICAS: 

• Sacar un d a t o d& l a RAM d e d a t o s y sumar lo con e l 

acumulador: 

74F257 S • Y 10 , SO n s 

Am29707 ClecturaD 1 3 . OO ns 

Am25sl0 Cshi f tD ns 

74F257 S • y 1 0 . 5 0 ns 

ALU 88 . OO ns 

Am29707 C e s c r i t u r a D 2 5 . 0 0 ns 

Data p a t h = 147 . OO ns 

D Sacar un d a t o d e l r e g i s t r o P y l l e v a r l o a l acumulador: 

74F373 Csetup^ ns 

74F257 S • Y 1 0 . 5 0 ns 

ALU 88. OO ns 

Am29707 Cescriturad 25.00 ns 

Data path = 123.50 ns 

• M u l t i p l i c a c i ó n d e l r e g i s t r o T c o n dma: 

74F257 S • Y 1 0 . 50 ns 

Am29707 C l e c t u r a í 1 3 . 0 0 ns 

MULTIPLIER 8 5 . 0 0 ns 

R e g i s t r o P CsetupD 1 0 . 0 0 ns 

Data p a t h = 1 1 8 . 5 0 ns 
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• SECUENCIAMIENTO DE INSTRUCCIÓN Y COLA: 

• Relleno de la cola: 

74F373 (mar) 5.00 ns 

74F257 S • Y 10.50 ns 

Memoria de programa 120.00 ns 

Registro ZO (setup) 10.00 ns 

Data path = 145.50 ns 

D Carga de TBLR: 

74F373 (mar) 5.00 ns 

74F257 S • Y 10.50 ns 

Memoria de programa 120.00 ns 

Am29707 (escritura) 25.00 ns 

74F257 S • Y 10.50 ns 

Data path = 171.00 ns 

Basándonos en estos datos tenemos que: 

1.- La ruta critica es la que 

corresponde a la operación aritmética/lógica de 147.00 ns. 

2.- La frecuencia de reloj interno 

(CP), tras dejar un margen de seguridad de 3.00 ns, es por 

tanto de 1/150 MHz =6.66 MHz. 

3.- La productividad de instrucción 

del cauce es de una instrucción por ciclo (productividad de 

pico s productividad media) y en el caso de instrucciones de 

salto es de una instrucción cada 3 ciclos. 

6 
NOTA: «s i* palh s« realiza «n Ires ciclo». 
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5. 2. - SIMULACIOM. 

El siguiente, es el resultado de la 

simulación realizada con el paquete software SILOS. Dicha 

simulación se ha llevado a cabo en colaboración con otro 

proyecto afín a este realizado por D. Tomás Bautista 

Oelgado, dedicado más exaustivamente a la realización y 

simulación de la máquina microprocesadora PLUTO. 

Se analizan, asimismo, tres 

instrucciones, ADD, AND y MPYK. Dos de ellas referentes a 

operaciones aritméticas y lógicas y una tercera que trabaja 

con el multiplicador y registros afines. 
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MACHINE PLUTOJ 

CONSTAN? 

cero =0; 
uno =1; 
dos =2; 
tres=3; 
cuatro=4; 
cinco=5; 
8el8=6; 
8iete=7; 
ocho=8; 
nueve=9; 
diez=10; 
once=ll; 
doc©=12; 
trece=13; 
catorce=14.: 
qulnce=15; 
high =1; 
low =0; 
incrementar =1; 
decromentar =2; 
cargar_ar =1; 
cargar_ari =2; 
cargar_dp =3; 
cargar_arp =4; 
sal_ar =5; 
sal_arl =6; 
descargar_ar =6; 
escribir =2; 
leer =1; 
l_eer =3; 
overflow =1; 
interrupción =2; 
sal_alu =3; 
aur =4; 
instrucción =5; 
bnum? =6; 
reset =7; 
cjs =1? 
cjp =3; 
cret =10; 
8aldat=l; 
no_op=0; 
clear =1; 
compa2 =2; 
aminusb =3; 
aplusb =4; 
axorb =5; 
aob =6; 
ayb =7; 
preset =8; 
primero =1; 
segundo =2; 
qO =0; 
ql =1; 
q2 =2; 
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q3 =3; 
iii =0? 
idi =l; 
lid =2; 
idd =3; 
did =4; 
dii =5; 
activar =0; 
desactivar =1; 
activo =1; 
inactivo =0; 
constl =8000h; 
const2 =7fffh; 
const3 =Offffh; 
subc2 =6; 
subcS =7; 
branch =0; 
copiar =4; 
cargar^flags =5; 
salvar_flags =6; 

REGISTER 

[^MM*Mif»M*MM data.bus MMMMMMMMMM) 

arp<l>; 
ar0<16>; 
arl<16>; 
dp<l>; 
ov<l>; 
ovm<l>; 
ovmm<l>; 
act<l>; 
bit7<l>; 
accl<17>; 
acch<30>; 
p<32>; 
t<32>; . 
i_nt<l>; 
res_alu<l>; 
r_eset<l>; 
drcount©r<8>; 
ctel<32>:=8000000h; 
cte2<32>:=7fffffffh; 
Cte3<32>:=00000002h; 
cte4<12>:=l; 
a_l_u<32>; 

( # # # # # # # # # # program_bus M*MMíf»MMMM) 

mar<12>; 
counter<12>; 
20<16>:=0; 
zl<16>:=0; 
z2<16>:=0; 
instreg<16>; 
bpc<12>.: 
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(M»MM»»Jf»»« con tro 11 er tf»MM»MMMMM) 

apc<12>; 
pipliregl<32>; 
piplireg2<32>; 
piplireg3<32>; 
piplireg4<32>; 

•> instfilreg<8>; 
rfichero<12>; 
test<2>:=l; 

BUS 

intprobus<16>; 
intdabus<16>; 
instbu6<16>; 
addressbus<12>; 
databus<16>; 
alu_a<32>; 
alu_b<32>; 
am2 910b_bus <12 >; 
am2910a_bus <12 >; 
sal_alux<32>; 
ovrtest<l>; 
inapc<12>; 
exov<8>; 
exint<8>; 
©xsal_alu<8>; 
exaur<8>; 
©xb7<8>; 
exreset<8>; 
©xsubc<8>; 
exbr<8>; 
bshift<32>; 
dar<8>; 
mibue<12>; 
mrbus<12>; 
mmbus<12>; 
sal_acc<32>; 
©sal_acc<32>; 
filebue<12>; 
instfilbue<8>; 
2lbus<8>; 
bnumero7<l>; 
bnumero5<l>; 
bnumero4<l>; 
bnumero3<l>; 
bnumeroO<l>; 
a<l>; 
b<l>; 
c<l>; 
d<l>; 
©<1>; 
f<l>; 
accshift<32>; 
aur©g<l>; 
br<l>; 
drcounter bus<8>; 184 



data<16>; 
marbue<12>; 

MEMORY 

(########## memoria de microprograma interna al TMS 32010 ##########} 

mi cromemt Of f fh]< 62 >:rf i chero; 

iM»M»M*MMMM memoria principal externa al TMS 32010 

mem_prin[0fffh]<16>:addressbus, 

0: 03a0h, 04a0h, 79a0h, 9009h; 

»M»MMMM«MM') 

(MMMMMMMMMM data_bu6 MMMMMMMMMM) 

dataram[0fffh]<16>:drcounter_bus, 

0: 0002h, 
1: SbOeh, 

16: OOffh; 

(MM»»M*»*»M cont r011er M*»*M*MM*M) 

instfi[0ffh]<12>:instfilbus. 

0-
2 
3 
4 
7 
33 

^ 68 
80 
128 
129 
130 
136 
137 
138 
139 
140 
141' 
142 
143 
144 
156 
157 
160' 
224 

0C8h, 
. OCah, 
Odlh, 

: 0c7h, 
0f8h, 

: 0c9h, 
OdOh, 

: Oceh, 
0e6h, 

: 0e2h, 
0e4h, 

. Oc5h, 
0d2h, 

: OfOh, 
0f4h, 

: Ofeh, 
0103h, 

: Odah, 
0d6h, 

: Odeh, 
Oech, 

. 0e8hr 
Ocfh, 

: Ofah; 

mapp ingt0ffffh]<12>:zIbus, 
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0 

32 

88 

16 

8. 

64 
72 

56 
2. 

48 

127 
.15; 
96 
97! 
121 
.47-
126 
122' 
.95 
80' 

. .31 
100 
98 
99-
120 
101 
102 
106 
108 
107 
109 

.159 
123 
124 
105 

..71 

. .79 
103 
125 

. .57 

.113 
104 
111 
110 

. .49 
249 
244 
253 
248 

. 07h,( 
Obh,| 

. 10h,( 
15h,[ 

. lah^l 
lfh,| 

. 24h,| 
29h, 1 

. 2ehr1 
33h,| 

; 38h,! 
3dh, [ 

: 42h, 
47h,[ 

: 4ch,| 
51h,I 

: 56h,| 
. 5bh,| 
: 60h, 
. 65h,| 
: 6bh, 
. 6eh,| 
: 70h, 
: 75h,I 
: 7ah, 
. 7fh,| 
: 84h, 
í 89h,[ 
: 90h, 
: 97h,| 
: 9ch, 
! OaOhi 
; 0a5h 
: Oaah. 
: Oaeh 

Ob3h, 
: 0b9h 
: Obch, 
: Obfh 

:==ABS] 
==ADD] 
:==ADDH] 
==ADDS] 
•==AND] 
==LAC] 
:==LACK] 
==0R] 
:==SACH] 
•==SACL] 
•==SUB] 
•==SUBC] 
:==SUBH] 
'==SUBS] 
•==XOR] 
•==2ALH] 
:==ZALS] 
•==LT3 
:==LTA] 
:==LTD] 
:==MPY] 
•==MPYK] 
:==LST] 
•==SST] 
:==DMOV] 
:==iN] 
:==ouT] 
:==TBLR3 
:==TBLW] 
•==LAR3 
:==LARK] 
Cs=LARP] 
C==LDP] 
t==LDPK] 
[==SAR] 
[--B] 
[==BAN2] 
C==BGEZ] 
;[==CALL] 

STACK 

f lchoro[16]<12>; 

(#**•####### program_bus M*MMM»MMM*) 

pila2910a[5]<12>; 

(########## cont r o 11 er **Míf»*M***) 

pila2910b[5]<12>; 

INPUT 

entrada<16>; 
b lo<1>: 
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i n t < l > ; 
r s< l> ; 

OUTPUT 

8 a l i d a d b < 1 6 > ; 
s a l a b < 1 2 > ; 
w_en<l>; 
d _ e n < l > ; 
in_en<l>; 

FIELD 

{MMMMMMMífíHf s e c u e n c i a d o r de i n s t r u c c i n ítMüfMM^MMitM) 

c o n 2 9 1 0 = < 0 . . 3 > ; 
s_cc=<4>; 
s_oe=<5>; 
blcl=<6>; 

iMMMMMMMMMit s e c u e n c i a d o r de microprograma MM^MMMMMMM) 

(MMMífM»»MMíf acutnu 1 ad o r MM»MMMM»MM) 

{»g*ífMjfM*g* r e g i s t r o zO if*M»MM*»M*) 

rz0o=<7>; 

(########## registro z\ gí»Míf»M*M*M') 

{^MMM0*M/f00M r e g i s t r o s que d l r e c c l o n a arp y dp MífMMiftMMMM) 

a r p d p = < 8 . . 1 2 > ; 

{áUfáflfifMMMMM i n s t r u c t i o n r e g l s t e r # # # # # # # # # # ) 

{^iffffM»ffMMM r e g i s t r o s a s o c i a d o s a l m u l t i p l i c a d o r # # # # # # # # # # } 

iM»»MM»MMMM r e g i s t r o mar MMMMMMMMMM) 

mari=<13>} 

(,»M*»0aMMM0 s t a t u s r e g i s t e r # # # # # # # ^ # # ) 

intm=<14>; 
intmg=<15>; 

ova=<16>í 
ovem=<17>; 
ovmg=<18>; 
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) 

arpg=<19>; 
S(ilpg=<20>J 
e i n t = < 2 1 > ; 
dpaux=<22>; 

i,it»»M»ifMM0M mapping prom MMMMMMMMM»') 

mprom=<23>; 
ultmicro=<24>; 

(MMMM»M*M»M f i l e »M»M0»MMa0) 

( # # # # # # # # # # d a t a ram # # # # # # # # # # ) 

daram=<25 . . 27>; 

(########## instruction file ##########) 

ifoe=<28>; 
ifregi=<29>í 

(*»0MM*MMMM mu 11 i p 1 i er »MMMifM0*0«) 

mult=<30..31>; 

i**M«M»*»MM A L U MMMMM»****') 

a l u o p = < 3 2 . . 3 4 > ; 

{,MMMM»«M** s h i f t e r s jUnmuHfMifMM) 

oe2=<35>; 
e x t s g = < 3 6 > ; 

i*»«»M*M*M* mar mux #####^####) 

mmcontro1 = < 37 >; 

{.SMMifMMMMMM ram, a l u , a c c h , a c c l mux # # # # # # # # # # } 

{M3fM*MMM0MM l a t c h e s ##-r##-r####) 

i»**M*MM»M* ram address counter MM«M«MM***^ 

rload=<38>; 
rcet=<39>; 

{^M»if»M»»M»M buffers »*MM»*M»MM') 

buff=<40>; 

[,M»MMM»»»*» control outputs ##########) 

den=<41>; 
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mem=<4 2>; 
wei=<43>; 

(########## control del mux de decodificftclon ffífíííííí) 

ifmux=<44..46>; 

{MMMMMMMMMM c o n t r o l e s de l o s mux y d e l o s b u f f e r s MMMMMMMifMM) 

cmux=<47 . . 49>; 
b u f f 1 = < 5 0 . • 5 2 > ; 
b u f f 2 = < 5 3 . . 5 5 > ; 

{,MM»M»MM0MM o t r o s MMMMMMMMMM) 

b m _ r e t = < 5 6 . . 5 7 > ; 

{^MáfMMffMMMMM i n s t r u c t i o n r e g i s t e r +1 c o u n t e r MMMMMMMMMM"^ 

i l o a d = < 5 8 > ; 
i c e t = < 5 9 > ; 
i u _ d = < 6 0 > ; 
i o e = < 6 1 > ; 

MICRO_OP 

IF r s IS 

low: BEGIN 
IF bpc IS 

0 : BEGIN 
a d d r e s s b u s : = z e r o ; 
m a r : = z e r o ; 
b p c : = z e r o ; 
zO:=raem_pr in ; 
z 2 : = z l ; 
z l b u s : = z l < 8 . . 1 5 > ; 
ara2910a_bus:=mappi ng; 
rfichero:=am2910a_bus; 
apc:=am2910a_bus; 
bpc:=INC bpcT 

END; 
BEGIN 
addressbus:=zero; 
mar:=bpc; 
zl:=zO; 
zlbus:=zl<8..15>; 
instreg:=z2; 
am2910b_bus:=z2; 
apc:=INC apc; 
instfilbus:=instreg<0..7>; 
instfilreg:=instreg<0..7>; 
bpc:=INC bpc; 
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END; 
2: BEGIN 

addreeebue'. -ma.r', 
mar:=bpc; 
zO:=mem_prin; 
22:=zl; 
2lbus:=zl<8..15>; 
am2910a_bus:=mapping; 
rf ichoro:=am2910a_bus; 
apc:=am2910a_bus + cte4; 
bpc:=INC bpc; 
mar:=DEC bpc; 

END; 
3: BEGIN 

2l:=zO; 
zlbus:=2l<8-.15>; 
in8treg:=z2; 
PUSH fichero:=apc; 
apc:=INC apc; 
instfilbus:=z2<0..7>; 
instfilreg:=z2<0..7>; 
bpc:=INC bpc; 
addressbus:=mar; 
mar:=INC mar; 

END; 
END_IF; 

instfilbus:=instfilreg; 
END; 

high:BEGIN 

bnumero?:=instreg<7>; 
bnumeroS: = instreg< 5>; 
bnumero4: = i nstreg < 4 >; 
bnumero3: = i nstreg < 3 >; 
bnumeroO: = i nstreg < O >; 
intdabus := zero: 
Intprobus :.= zero; 

IF buff2 = 2 : am2910b_bus:= 22; 

IF buffl = 4 : 
IF buff2 = 4 : am2910b_bus:= accl<0..11>; 

IF ioe = O : am2910b_bus := counter; 

IF con2910 IS 

cjp: IF s_cc IS 
hígh: BEGIN 

IF s_oe = low : marbus:=bpc; 
IF b_ci = high : bpc:=INC bpc; 

END; 

low : BEGIN 
IF s_oe = low : marbus:=am2910b bus; 
IF b ci IS 
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cjs: 

cret 

END.IF; 

IF s ce 
high: 

low : 

END_IF¡ 

high : bpc:=INC am2910b_bus; 
low : bpc:=am2910b bus; 

END IF; 
END; 

IS 
BEGIN 

IF s_oe = low ; marbus:=bpc; 
IF b ci = high : bpc;=INC bpc; 

END; 
BEGIN 
PUSH pila2910b:=INC bpc; 
IF e oe = low : marbu6:=am2910b 
IF b_ci IS 
high: bpc:=INC am2910b_bus; 
low : bpc:= am2910b_bue; 

END IF; 
END; 

IF s_cc IS 
high 

low 

: BEGIN 
IF s oe = low : marbus:=bpc; 
TF hZa - high: bpc: = INC bpc; 

END; 
: BEGIN 

intprobus:= POP pila2910b; 
IF s_oe = low : marbus:= intpr 
IF blci IS 
high: bpc:= INC intprobus; 
low : bpc:= intprobus; 

END.IF; 
END: 

bus; 

END_IF; 
END IF: 

IF s oe = low : 
BEGIN 

IF mari = O : 
IF i load = O 

END; 

mar := marbus; 
: counter := marbus; 

IF mmcontrol IS 
high: BEGIN 

addres8bus:=instreg<8. 
m en:=cte4; 
IF buffl IS 

10>; 

5 : 

6 : 

END_IF 

IF buff2 = 
BEGIN 
d_en:= 
w en: = 

END; 
IF buff2 : 
BEGIN 

d_on:-
w en: = 

END~ 

5 : 

zero; 
cte4; 

6 : 

cto4 ; 
zero; 
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END; 
low: BEGIN 

addressbus:= mar; 
m_en:= zero; 
d_en:=cte4; 
w en:=cte4; 

END; 
END_IF; 

IF rzOo IS 
activar: BEGIN 

2l:=20; 
zlbu8:=zl<8. 
instreg:-z2i 

END; 

15>; 

desactivar: BEGIN 
zO:=mera_prin; 
z2:=zl; 
zlbus:=zl<8..15>; 
END; 

END IF; 

IF buffl = 5 : 
IF buff2 = 5 intdabus:= entrada; 

IF arp IS 
0: aureg:= arO<0-.4> OR ar0<5..8>; 
1: aureg:= arl<0..4> OR arl<5..8>; 

END.IF; 

IF buff2 = 4 : 
IF instreg<8..11> IS 

trece: IF acch<15> IS 
0: br:= cte4; 
1: br:= zero; 

END IF; 

doce: BEGIN 
exsal_alu:= acch OR accl; 
br:= zero; 
IF acch<15> = O : 
BEGIN 
br:= cte4; 
IF exsal alu = O : br:' 

END; 
END; 

zero; 

seis BEGIN 
(*bio*) 
br:=br; 

END: 

once: BEGIN 
exsal_alu:= acch OR accl; 
br:= zero; 
IF acch<15> IS 
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1: br:= ct©4; 
0; IF exeal alu = O 

END IF; 
END; 

br:= cte4; 

diez: BEGIN 
br:= zeroi 
IF acch<15> = 1 :br:= cte4; 

END; 

catorce: BEGIN 
exsal_alu:= acch OR accl; 
br:= cte4; 
IF exsal_alu = O : br:= zero; 

END; 

cinco: BEGIN 
IF ov IS 

l: br:= cte4; 
0: br:= zero; 

END_IF; 
ov:= zero; 
END; 

quince: BEGIN 
exsal_alu:= acch OR accl; 
br:= zero; 
IF exsal alu = O : br:= cte4; 

END; 
END IF; 

IF ifmux IS 

branch: 

overflow: 

interrupción 

( 

BEGIN 
exbr:= zero; 
exbr<0>:= NOT 
exbr<l>:= NOT 
exbr<2>:= NOT 
©xbr<7>:= br; 
exbr<6>:= br; 
exbr<5>:= br; 
instfilbus:= 
instfilreg:= 

END; 

br; 
br; 
br; 

exbr; 
exbr; 

BEGIN 
exov:= zero; 
exov<0>:= ov; 
exov<6>:=acch<15>; 
instfilbU6:=exov; 
instfilreg:= exov; 

END; 
BEGIN 
exint:= zero; 
exint<l>:= i_nt; 
instf1lbus:=exlnt; 
i nstfiIreg:=exlnt; 
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END; 

sal.alu: BEGIN 
exsal_alu:=zero; 
exsal_alu<2>:= res_alu; 
instfilbus:=exsal_alu; 
instfilreg:=exsal alu; 

END; 

aur: BEGIN 
exaur:= zero; 
exaur< 5 >:= aureg; 
exaur< 6 >:=aureg; 
exaur<7>:=aureg; 
exaur<0>:= NOT aureg; 
exaur<l>:= NOT aureg; 
exaur<2>:= NOT aureg; 
instfiIbue:=exaur; 
instfilreg:=exaur; 

END; 

instrucción: BEGIN 
instfilreg:= instreg<0..7>; 
instfilbus:= instreg<0..7>; 

END; 

bnum?: BEGIN 
exb7:= zero; 
exb7<4>:= bnumero7; 
exb7<6>:= bnumero7; 
exb7<7>:= NOT bnumero?; 
exb7<5>:= NOT bnumero7; 
instfilbus:= exb7; 
instfilreg:= exb7; 

END; 

reset: BEGIN 
exreset:= zero; 
exreset<5>:= r_eset; 
instfilbus:= exreset; 
instfilreg:= exreset; 

END; 
END_1F; 

IF buffl IS 
3: IF in6treg<8..10> IS 

0: intdabus:= acch<0..15>; 

1: BEGIN 
intdabus<l..15>:= acch<0..14>; 
intdabus<0>:= accl<15>; 

END; 

4: BEGIN 
intdabus<4..15>:= acch<0..11>; 
intdabus<0..3>:= accl<12..15>; 

END; 
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END_IF; 

4: BEGIN 
intdabus:= accl; 
IF buff2 = 5 : am2910b_bus:= intdabus; 

END; 
END_IF; 

IF arpdp IS 
descargar_ar: IF instreg<8> IS 

0: intdabus:= arO; 
1: intdabus:= arl; 

END_IF; 
END_IF; 

IF buffl = 2: 
BEGIN 

intprobus:= instreg<0..8>; 
bnumero?:= zero; 
intdabus:= intprobus; 

END; 

IF buff2 IS 
6: intdabus:= intprobus; 
7: intprobus:= intdabus; 

END_IF; 

mrbus<0..6>:= intprobus<0..6>; 
mrbus<7>:= dp; 

IF arp IS 
0: á&rt- arO; 
1: dar:= arl; 

END_IF; 

IF cmux IS 

iii..idd:. BEGIN 
IF rioad = O : drcounter:= dar; 
drcounter bus:=drcounter; 

END; 

did: BEGIN 
IF rload = O ; drcounter:=mrbus; 
drcounter_bus:=drcounter; 

END; 

dii: BEGIN 
IF dpaux = O : mrbus<7>:= zero; 
IF rload = O : drcounter:=mrbus; 
drcounter bus:=drcounter; 

END; 

END_IF; 

IF daram = l_e©r: intdabu«;= dataram; 

bsh i f t := in tdabus; 
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IF extsg = activo : 
BEGIN 

IF intdabus<15> = 1 
bshift<0..15>:=zero; 

bshift := NOT bshift; 

IF instreg<8 
cero 
uno 
dos 

tres 
cuatro 
cinco 
seis 

siete 
ocho 

nueve 
diez 
once 
doce 

trece 
catorce 
quince 

bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 
bshi 

. .11> 
ft<0.. 
ft<l. . 
ft<2.. 
ft<3.. 
ft<4.. 
ft<5.. 
ft<6.. 
ft<7.. 
ft<8.. 
ft<9.. 
ft<10. 
ft<ll. 
ft<12. 
ft<13. 
ft<14. 
ft<15. 

IS 
15> 
16> 
17> 
18> 
19> 
20> 
21> 
22> 
23> 
24> 
.25> 
.26> 
.27> 
.28> 
.29> 
.30> 

intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 
intdabus; 

END IF; 
END; 

IF cmux IS 

iii: BEGIN 
alu_b:= bshift; 
alu_a<0..15>:= accl<0..15>; 
alu_a<16..31>:= acch<0..15>; 

END;~ 

idi: BEGIN 
alu_b:= p; 
alu_a<0..15>;= accl<0..15>; 
alu a<16..31>:= acch<0..15>; 

ENI>; 

lid: BEGIN 
alu_b:=zero; 
alu_b<16..31>:= bshift; 
alu_a<0..15>:= accl<0..15>; 
alu a<16..31>:= acch<0..15>; 

END;~ 

Idd: BEGIN 
alu_b:= p; 
alu_a<0.•15>:= accl<0..15>; 
alu a<16..3l>:= acch<0..15>; 
IF buffl = 2 : 

IF buff2 = 2 : 
BEGIN 

accl:= zero; 
acch:= zero; 
alu a:= zero; 

END; 
END; 
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did: BEGIN 
alu_b:= bshift; 
alula<0..15>:= accl<0..15>; 
alu a<16..31>:= acch<0..15>; 

END; 

di i: BEGIN 
alu_b:= bshift; 
alu_a<0. . 15>:- flccl<0..15>; 
alu a<16..31>:= acch<0..15>; 

END; 

subc2: begin 
sal_alux<0..15>:=accl; 
6al.alux<16..31>:=acch; 
alu_a := leí sal.alux; 
alu_b := ZERO; 

end; 

8Ubc3: b e g i n 
a l u _ a : : 
a l u _ b : : 

end; 

END_IF; 

IF daram IS 
c o p i a r : BEGIN 

d a t a : 

: I s l a _ l _ u ; 
: c t e 4 ; 

:- dataram; 
d r c o u n t e r _ b u s : = INC d r c o u n t e r ; 
datara[n:= d a t a ; 

END; 
c a r g a r _ f l a g s : 

^ 

s a l v a r _ f l a g s : 

BEGIN 
d a t a : = dataram; 
dp:= data<0>; 
arp:= data<8>; 
ovra:= data<14>; 
ov:= data<15>; 

END; 
BEGIN 

drcounter_bus<7> := c t e 4 < 0 > 
d a t a : = c t e 2 < 0 . . 1 5 > ; 
data<0>:= dp; 
data<8>:= arp; 
data<13>:= i _ n t ; 
data<14>:= ovm; 
data<15>:= ov; 
dataram: = d a t a ; 

END; 
e s c r i b i r : dataram:= i n t d a b u e ; 

END IF: 

IF buffl = 6 : 
IF buff2 : 6 salidadb:= intdabus; 

IF arpdp IS 
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cAraar_ar: IF instrea<8> IS 
0: arO:= intdabus; 
1: arl:= intdabus; 

END_IF; 

cargar ari: IF instreg<8> IS 
0: BEGIN 

arO:= zero; 
arO:= instreg<0..7>; 

END; 
1: BEGIN 

arl:= zero; 
arl:= instreg<0..7>; 

END; 

END IF; 

cargar_dp: BEGIN 
dp:=instreg<0>; 
IF buffl = 7 : dp:= intdabus<0>; 

END; 

cargar_arp: BEGIN 
IF instreg<l..7>=64 : arp:= instreg<0>; 
arp:=instreg<0>; 

END; 

sal_ar: IF arp IS 
0: dar:= arO; 
1: d ar: = ar 1; 

END_IF; 

END.IF; 

IF aluop IS 
clear: BEGIN 

sal_alux<0..31>:= zero; 
accl<0..16>:= zero; 
acch<0..16>:= zero; 

END; 

compa2: BEGIN 
sal_acc<0..15>:=accl<0..15>; 
6al_acc<16..31>:=acch<0..15>; 
esal_acc:=zero; 
IF sal acc<0..15> IS 
0000h:BEGIN 

IF sal_acc<16..31> IS 
8000h: BEGIN 

IF ovm<0> IS 
0: sal_acc:=sal_acc; 
1: esal acc:=DEC sal acc; 

END_IF; 
END; 

END_IF; 
END; 
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END_IF; 
6ftl_aooi=N0T 6ñl_acc; 
sal_acc:=INC sa l_acc ; 
accKO. . 15>:=sal_acc<0.. 15>; 
acch<0..15>:=sal_acc<16. . 31>; 
IF esal_acc IS 

7fffffffh: BEGIN 
accKO. . 15>:=esal_acc<0. . 15>; 
acch<0..15>:=esal_acc<16..31>; 

END; 
END IF; 

END; 

aminueb: BEGIN 
IF buffl IS 

5: BEGIN 
bshift:= zero; 
bshift<15.. 30>:= intdabus; 
alu b:= bshift; 

END;~ 
END_IF; 
sal_alux:= alu_a - alu b; 
IF buffl IS 

0..4: BEGIN 
accl<0..15>:= sal_alux<0..15>; 
acch<0..15>:= sal_alux<16..31>; 

END; 
5: BEGIN 

a_l_u<0..15>:= sal_alux<0..15>; 
a 1 u<0..15>:= sal alux<16..31>; 

END; 
6..7: BEGIN 

accl<0..15>:= sal_alux<0..15>; 
acch<0..15>:= sal alux<16..31>; 

END; 
END_IF: 
res alu<0>:=sal alux<31>; 
IF buffl IS 

5: BEGIN 
ovmm:= ovm; 
ovm:= zero; 
exsubc:= zero; 
exsubc<2>:= sal_alux<31>; 
exsubc<0>:= NOT sal_alux<31>; 
exsubc<6>:= sal_alux<31>; 
exsubc<l>:= NOT sal_alux<31>; 
in8tfilbu8:= exsubc; 
instfilreg:= exsubc; 
IF ifoe=0 : am2910a_bus:=instfi; 
IF mprom IS 

i nact ivo: am2910a_bus:= am2910a_bus; 
leer: am2910a bus;=mappine; 

END_IF; 
IF bm_ret IS 

q2: BEGIN 
IF ultmicro IS 

1: BEGIN 
filebus:=POP fichero; 
filebus:=POP fichero; 
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END_1F; 
END; 

END 
END; 

IF; 

END; 
END_IF; 
rfichero:= am2910a_bus; 
PUSH pila2910a:= apc; 
inapc:= am2910a_bU6 -*- cte4; 
inapc:= inapc + cte4; 
apc:= inapc; 
PUSH fichero:- am2910a bus + cteAi 
END; 

aplusb: BEGIN 
sal_alux:= alu_a + alu_b; 
accT<0. . 15>:= sal_alux7o. 
acch<0..15>:= sal_alux<16 
res alu<0>i=sal aTux<31>; 

END; 

15>; 
.3l>; 

axorb: BEGIN 
sal_alux:= alu_a XOR alu_b; 
accT<0..15>:= sal_alux<0..15>; 
acch<0..15>:= sal_alux<16..31>; 

END; 

aob: BEGIN 
sal_alux:= alu_a OR alu_b; 
accl<0..15>:= sal_alux<Ó..15>; 
acch<0..15>:= sal_alux<16..31>; 

END; 

ayb: BEGIN 
sal_alux:= alu_a AND alu_b; 
accl<0..15>:= sal_alux<0..15>; 
acch<0..15>:= sal alux<16..31>; 

END; 
END_IF; 

IF intmg = O : i_nt:= intm; 

IF ovmg = O : ovm:= ovem; 

= O 

IF aluop IS 
clear..ayb 
BEGIN 

f:=zero 
IF ovg 
BEGIN 
a<0> : 
b<0>: 
c<0>í 
d < O >: 
a<0>: 
b<0>: 
e<0>: 
e<0>: 

= alu_a<31>; 
= alu_b<31>; 
= sal_alux<31>; 
= a AÑD b; 
= NOT a; 
= NOT b; 
= a AND b; 
= e AND c; 
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c<0>:= NOT c; 
í̂íŜ iz a AND cí 
f<0>i= d OR e; 
ov:= f ; 

END; 
IF f = 1 : 
IF alu_a<31> IS 
1: IF alu_b<31> = 1 : 

IF ovm = 1 : 
BEGIN 
acch<0..15>:= ctel<0..15>; 
accl:= zero; 

END; 
0: IF alu_b = O : 

IF ovm = 1 : 
BEGIN 
acch:= cte2<0..15>; 
accl:= cte2<16..31>; 

END; 
END_IF; 

END; 
END_IF; 

IF int = O : 
IF i nt = O : 
BEGIN 
mar:=cte3; 
bpc:=INC cte3; 
addressbus:=cte3; 

END; 

am2910a_bus := zero; 

IF ifoe=0 : am2910a_bus:=instfi; 

IF mprom IS 
i n a c t i v o : am2910a_bus:=am2910a_bus; 
l e e r : ain2910a_bus:=mapping; 

END_IF; 

IF bm_ret IS 

qO: BEGIN 
rfichero:= POP fichero; 
PUSH ficheroí= apc; 
apc:=INC apc; 
END; 

ql: BEGIN 
filebu8:= POP fichero; 
filebus:= POP fichero; 
rfichero:= filebus; 
inapc:= POP pila2910a; 
PUSH fichero:= i nape; 
apc:= inape + cte4; 

END; 
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q2: IF buffl IS 
0..4: BEGIN 

IF ultmlcro = 1 í fllebusísPOP fichero; 
rfichero:= am2910a_bU6; 
PUSH pila2910a:= apc; 
inapc:= ain2910a_bus + cte4; 
inapc:= inape + cte4; 
apc:= inape; 
PUSH fichero:= am2910a_bus + cte4; 

END; 
6..7: BEGIN 

IF uitmicro = 1: filebus:=POP fichero; 
rfichero:= am2910a_bus; 
PUSH pila2910a:= apc; 
inapc:= am2910a_bus + cte4; 
inapcs= inape + cte4; 
apc:= inape; 
PUSH fichero:= am2910a_bus + cte4; 

END; 
END_IF; 

q3: BEGIN 
IF uitmicro = 1 : filebus:= POP fichero; 
rfichero:= am2910a_bus; 
inapc:= am2910a_bus + cte4; 
inapc:= inapc + cte4; 
apc:= inapc; 
filebus:= POP fichero; 
PUSH fichero:= am2910a_bus + cte4; 
END; END IF; 

IF buff2 = O : t:= intdabus; 

IF mu 1 i = d oe : 
IF buffl IS 
0: p:= t*intdabus; 
1: BEGIN 

instbus<0..12>:= instreg<0.•12>; 
p:= t*instbus; 

END; 
END IF; 

IF buff2 = 3 : 
IF buffl = 1 : 
IF arp IS 
0: ar0<0..8>:= DEC ar0<0..8>; 
lí arl<0..8>:= DEC arl<0-.8>; 

END_IF; 

IF micromem<ll>=activar: 
IF micromera<10>=activo: 
BEGIN 

IF buffl = O : ovm:= ovmm; 
IF bnumero? = 1 : 
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IF bnumero5 = 1 : 
IF arp IS 

0: BEGJN 
ar0<0..8>:= INC ar0<0..8>; 
dar:= zero; 

END; 
1: BEGIN 

arl<0..8>:= INC arl<0..8>; 
dar:= zero; 

END; 
END.IF; 

IF bnumero4 = 1 : 
IF arp IS 
0: BEGIN 

ar0<0..8>:= DEC ar0<0..8>; 
dar:= zero; 

END; 
1: BEGIN 

arl<0..8>:= DEC arl<0..8>; 
dar:= zero; 

END; 
END_IF; 

IF bnumeroS = O : 
IF bnumeroO IS 
O: arp:= zero; 
1: arp:= cte4: 

END IF; 
END; 

salab ;= addressbus; 

END; 
END_IF; 

END MICRO 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

SILOSS-

MACHINE PLUTO; 

CONSTAN? 

cero =0; 
uno =1; 
dos =2; 
tres=3; 
cuatro=4; 
cinco=5; 
8eis=6; 
8iete=7; 
ocho=8; 
nueve=9; 
diez=10; 
once=ll; 
doce=12; 
trece=13; 
catorce=14; 
quince=15; 
high =1; 
low =0; 
incrementar =1: 
decrementar =2; 
cargar_ar -1; 
cargar_ari =2; 
cargar_dp =3; 
cargar_arp =4; 
sal_ar =5; 
sal_arl =6; 
descargar_ar =6; 
escribir =2; 
leer =1; 
l_eer =3; 
overflow =1; 
interrupción =2; 
sál_alu =3; 
aur =4; 
instrucción =5; 
bnura7 =6; 
reset =7; 
cjs =1; 
cjp =3; 
cret =10; 
saldat = l.: 
no_op=0; 
clear =1; 
compa2 =2: 
aminusb =3; 
aplusb =4; 
axorb =5; 
aob =6; 
ayb =7; 
preset =8.: 
primero =1; 
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S6 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

SILOSS-

segundo =2; 
qO =0; 
ql =l; 
q2 =2; 
q3 =3; 
iii =0í 
id i =1.: 
ild =2; 
idd =3; 
did =4; 
di i =5; 
activar =0.: 
desactivar =1; 
activo =1; 
inactivo =0: 
constl =8000h; 
const2 =7fffh; 
const3 =Offffh,: 
subc2 =6; 
subc3 =7; 
branch =0; 
copiar =4; 
cargar_flags =5; 
salvar_flags =6; 

REGISTER 

{.MMMMMMMMíTM data_bus 

arp<l>; 
ar0<16>.: 
arl<16>.: 
dp<l>; 
ov<l>; 
ovro<l>.: 

•• ovmm<l>; 
act<l>; 
bit7<l>; 
accl<17>; 
acch<30>; 
p<32>; 
t<32>; 
i_nt<l>; 
res_alu<l>.: 
r_eset< 1>.: 
drcounter<8>; 
ctel<32>:=8000000h.: 
cte2<32>:=7fffffffh; 
cte3<32>:=00000002h; 
cte4<12>:=l; 
a_l_u<32>; 

(^MiUfifififMMJlfM program_bus 

mar<12>; 
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112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
14 6 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 

SILOSS-

counter<12>; 
20<16>:=0; 
2l<16>:=0.: 
22<16>:=0; 
in6treg<16>; 
bpc<12>; 

(g»»»M»M«M« controller 

apc<12>; 
pipiiregl<32>; 
pipiireg2<32>; 
pipiireg3<32>; 
piplireg4<32>; 
instfilreg<8>; 
rfichero<12>; 
test<2>: = l.: 

BUS 

intprobus<16>; 
intdabus<16>; 
instbus<16>.: 
addre8sbus<12 >; 
databus<16>; 
alu_a<32>; 
alu_b<32>; 
am2910b_bus <12 >; 
am2910a_bu8<12>; 
8al_alux<32>; 
ovrtest<1>; 
inapc<12>; 
exov<8>; 
exint<8>; 
exsal_alu<8>; 

^ exaur<8>; 
exb7<8>; 
exreset<8>: 
oxsubc<8>; 
exbr<8>; 
bshift<32>; 
dar<8>; 
mibus<12>; 
inrbus<12>; 
mmbu6<12>; 
sal_acc<32>; 
esal_acc<32>; 
filebus<12>; 
instfilbus<8>; 
2lbus<8>; 
bnum©ro7<l>; 
bnumero5<l>; 
bnumero4<l>; 
bnumero3< 1>.: 
bnumero0<l>; 
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168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 

12:25:08.79 PAGINA 4 

a<l>J 
b<l>.: 
c<l>; 
d<l>; 
e<l>; 
f<l>; 
accshift<32>; 
aureg<l>; 
br<l>; 
drcounter_bus<8>; 
data<16>; 
marbus<12>.: 

MEMORY 

{MMMMfiMifMMM memoria de microprograma interna al TMS 32010 

186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

micromemCOfffh]<62>:rfichero; 

iMifMaífiUttMMM memoria principal externa al TMS 32010 

raem_prin[0fffh]<16>:addressbus, 

0: 03a0h, 04a0h, 79a0h, 9009h; 

(M»MatM»»ítMM d at a_bus »M*»M0ÍM»M* ) 

dataram[Offfh3<16>:drcounter_bus. 

MMMMMMMÍfM» 

0: 
1; 

16; 

0002h, 
8b0eh, 
OOffh; 

(MUtirMMllUfiltif» c o n t r o 11 er M¡fifJHf0irifjf») 

i n s t f i C 0 f f h ] < 1 2 > : i n s t f i I b u s , 

0 
2 
3 
4 
7 
33 
68 
80 

128 
129 
130 
136 
137 
138 
139' 
140 

. 0C8h, 
: OCah, 
Odlh, 

: 0c7h, 
OfSh, 

: 0c9h, 
OdOh, 

: Oceh, 
0e6h, 

: 0e2h, 
0e4h, 

: 0c5h, 
0d2h, 
OfOh, 
Of4h, 
Ofeh, 
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224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 

SILOSS-

141: 0103h, 
142: Odah, 
143: 0d6h, 
144: Odeh, 
156:•Oech, 
157: 0e8h, 
160: Ocfh, 
224: Ofah; 

mapping[Offffh]<12>:zlbus, 
127: 07h,C=: 
0. . 15 

96 
97 
121 

32..47' 
126 
122 

88..95 
80 

16..31 
100' 
98 
99 
120 
101 
102 
106 
108 
107 
109 

128..159 
123 
124 
105 

64..71 
72..79 

103' 
125 

56..57 
112..113 

104 
111 
110' 

48..49 
249' 
244 
253-
248 

STACK 
-1. EPFL. DPTO. El 

Obh,[ 
. 10h,| 
15h, 1 
lah. 
lfh,| 

: 24h, 
29h,| 

. 2eh, 
33h,| 

: 38h, 
3dh,| 

. 42h,| 
47h,| 

• 4ch, 
51h,| 

. 56h, 
5bh, 1 

. 60h, 
65h, 1 
6bh, 
6eh, 1 

. 70h, 
75h,l 
7ah, 
7fh, 1 

: 84h, 
89h,| 
90h, 
97h,| 
9ch, 
OaOh, 

. Oa5h 
Oaahí 

' Oaeh 
0b3h, 

. Ob9h 
Obch, 
Obfh 

.ECTROÍ 

:ABS3 
==ADD] 
:==ADDH] 
•==ADDS] 
:==AND] 
==LAC] 
:==LACK] 
'==0R] 
:==SACH] 
.==SACL] 
:==SUB] 
•==SUBC] 
:==SUBH] 
•==SUBS] 
:==XOR] 
•==ZALH] 
:==ZALS] 
:==LT] 
:==LTA] 
:==LTD] 
[==MPY3 
•==MPYK] 
:==LST3 
==SST] 
:==DMOV] 
:==IN] 
:==ouT] 
:==TBLR] 
L==TBLW] 
:==LAR] 
L==LARK3 
C==LARP3 
C==LDP3 
C==LDPK3 
C==SAR3 
C==B3 
[==BAN23 
[==BGEZ3 
![==CALL3 

íICA Versión 2.4 PLUTO 
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280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 

SILOSS-

ficherotl6]<12>; 

i^PMMífMMitM/f* program^bus MMM*MM»MM*) 

pila2910aC5]<12>; 

(»MMlf»»»M»M cont ro 11 er MM»»»MMiHr{M) 

pila2910b[53<12>.: 

INPUT 

entrada<16>; 
b_io<l>; 
int<l>; 
rs<l>; 

OUTPUT 

sal idadb<16>.: 
8alab<12>; 
w_en <1>; 
d_en<l>; 
m en<l>; 

FIELD 

{^MMMMMMMifífM s e c u e n c i a d o r de i n e t r u c c i n tMífiUfífiUflUf) 

c o n 2 9 1 0 = < 0 . . 3 > ; 
s _ c c = <4>.: 
s_oe=<5>.: 

^ b_ci=<6>,: 

ÍMMSMMMMMMM s e c u e n c i a d o r de microprograma ífifítMMMMMítM) 

( MMM/fMMMMUHt a c u m u 1 a d o r M»MltMMM*M» > 

(#,######### registro zO MMMMMifMMM») 

r20o=<7>; 

l,Mg»fiÍfltÍfMíf» r e g i s t r o Zl MMMMMMMMM*"^ 

iMMifM0M»»»M r e g i s t r o s que d i r e c c i o n a arp y dp »*»»ifM»M»M^ 

arpdp=<8 . .12>; 

1. EPFL. DPTO. ELECTRÓNICA V e r s i ó n 2 . 4 PLUTO 
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336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 

SILOSS 

(########## instruction register ##########) 

(########## registros asociados al multiplicador MMMMMMMMMt) 

{,it»M»MMMMífM registro mar ##########) 

mari=<13>; 

{*ífMM»M»ititM status register ##########) 

intm=<14>; 
intmg=<15>? 
ovg=<16>; 
ovem=<17>; 
ovmg=<18>; 
arpg=<19>; 
sdpg=<20>; I 
e i n t = < 2 1 > ; I 
dpaux=<22>.: f 

? 

{^MMitUfMMMMMM mapping prom tMífMüfififMMM) 
s 

mprom=<23>; \ 
ultmicro=<24>; ! 

i,ifitMíHfM»MMM f i l e ]»Jf»»aMifMM») 
í 

i^Mit»MM»3ltM*M d a t a ram ###*##*«#•#) 

d a r a m = < 2 5 . . 2 7 > ; 

{, MMltfifMifM/faM i n s t r u c t i o n f i l e MfiMM/HtjrMMM) 
i ( 

- ifoe = <28>,: 
ifregi=<29>; 

( ÍfMM»MM3f0]f0 mu 11 i p 1 i er MífMifMM»]fMM) 

m u l t = < 3 0 . . 3 1 > ; 

{JTMMMMfilttMM» A L ü IfMJfMMlfífMMíf) 

a l u o p = < 3 2 . • 3 4 > ; 

(»M»aiHf»MMM sh i f t e r s MMM^MMMif» ) 

oe2=<35>; 
extsg=<36>; 

(##/###ir#.̂ # mar mux MMifMMMMMMM) 

-1. EPFL. DPTO. ELECTRÓNICA Versión 2.4 PLUTO 
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392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 

mmcontrol = <37>.: 

{^MMfiMM»»Mifif ram, alu, acch, accl mux »MitMff»MM»M) 

(»»M»MMM»»M 1at c h es »M»MMM»MMM) 

i»*Mit»M»íf»M ram address counter MM»íHfMMM**^ 

r load=<38>; 
r c e t = < 3 9 > ; 

{,»MMMMM»if»M buffers *MM»»»»*»it) 

buff=<40>; 

<,MM*MMMáfMMM c o n t r o l o u t p u t s # # # # # # # # # # ) 

den=<41>; 
mem=<42>; 
wei=<43>.: 

{^iffiáUfMiffiMMM c o n t r o l de l mux de d e c o d i f i c a c i o n MMíUfiUfíHfMM^ 

ifmux = <44. . 46>; 

(########## controles de los mux y de los buffers ##########) 

cmux=<47..49>; 
buff1 = <60. .52>; 
buff2=<53..55>; 

( # # # # # # # # # # o t r o s # # # # # # # # # # ) 

bm_ret = <56. . 57>; 

{, it*if/tMMMM¡fM i n s t r u c t i o n r e g i s t e r +1 c o u n t e r 

i load = < 58>.: 
i c e t = < 5 9 > ; 
iu_d=<60>; 
ioe=<61>.: 

»»áHfítM*MMM) 

MICRO_OP 

IF r s IS 

low: BEGIN 
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448 IF bpc IS 
449 0: BEGIN 
450 addressbus:=zero; 
451 mar:=2ero.: 
4 52 bpc:=2©ro; 
453 zO:=mem_prin; 
454 z2:=zl; 
455 2lbus:=zl<8..15>; 
456 am2910a_bus:=mapping; 
457 rfichero:=am2910a_bus; 
458 apc: =am2910a_bus.: 
459 bpc:=INC bpcT 
460 END; 
461 1: BEGIN 
462 addressbus:=zero; 
463 mar:=bpc; 
464 zl:=zO; 
465 2lbus:=2l<8..15>; 
466 instreg:=z2; 
467 am2910b_bus:=22; 
4 68 apc:=INC apc; 
469 instfiIbus:=instreg<0..7>; 
470 instfiIreg:=instreg<0..7>; 
471 bpc: = INC bpc: 
472 END; 
473 2: BEGIN 
474 addressbus:=mar: 
475 mar:=bpc: 
476 zO:=mem_prin: 
477 z2:=2l; 
478 zlbus:=2l<8. . 15>; 
479 am2910a_bus:-mapping: 
480 rfichero:=am2910a_bus: 
481 apc:=am2310a_bus + cte4; 
482 bpc:=INC bpc" 
4 83 . mar:=DEC bpc: 
484 END: 
485 3: BEGIN 
486 zl:=zO; 
487 2lbus:=zl<8..15>; 
488 instreg:=z2; 
4 89 PUSH fi charo:=apc: 
490 apc:=INC apc; 
491 instfilbus:=22<0..7>; 
492 instfilreg:=z2<0..7>; 
493 bpc:=INC bpc: 
494 addressbus:=mar; 
4 95 mar:=INC mar; 
496 END; 
497 END_IF; 
498 instfiIbus:=instfiIreg; 
499 END; 
500 
501 
502 high:BEGIN 
503 
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504 bnumero? í = instreg<7>.: 
505 bnumero5: = instreg<5>; 
506 bnumero4:=instreg<4>t 
507 bnumero3 : = instreg<3> .: 
508 bnumeroO: = instreg<0> : 
509 intdabus :- zero: 

510 intprobus := zero: 
511 
512 IF buff2 = 2 : am2910b_bus: = z2.: 
513 
514 
515 IF buffl - 4 : 
516 IF buff2 = 4 : am2910b_bus:= accl<0..11>; 
517 
518 IF ioe = O : am2910b_bus : = counter.: 
519 
520 IF con2910 IS 
521 
522 cjp: IF s_cc IS 
523 high: BEGIN 
524 IF s_oe = low : marbus:=bpc; 
525 IF b ci = high : bpc: = INC bpc: 
526 END; 
527 
528 low : BEGIN 
529 IF s_oe = low : marbus:=am2910b bus; 
530 IF b_ci IS 
531 high : bpc:=INC am2910b_bus: 
532 iow : bpc: =am2910b_bus.: 
533 END_IF: 
534 END: 
535 END_IF.: 
536 
537 cjs: IF s_cc IS 
538 ^ high: BEGIN 
539 IF s_oe = low : marbus:=bpc: 
540 IF b ci = high : bpc:=lNC bpc; 
541 END: 
542 low : BEGIN 
543 FUSH pila2910b:=INC bpc; 
544 IF 6 oe = low : marbus:=am2910b bus; 
545 IF b_ci IS 
546 high: bpc:=INC am2910b_bus; 
54 7 low : bpc:= am2910b bus: 
548 END IF; 
549 END; 
550 END_IF; 
551 
5 52 cret: IF s_cc IS 
553 high: BEGIN 
5 54 IF s_oe = low : marbus:=bpc; 
555 IF b_ci = high: bpc:=INC bpc; 
5 56 END; 
557 low : BEGIN 
558 intprobus:= POP pila2910b; 
559 IF s_oe = low : marbus:= intprobus; 
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595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
874 
875 
876 
877 
912 
940 
943 
981 

1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1154 
1156 
1157 
1162 
1181 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1215 
1217 
1227 

asig.: 
test : 
as i g. : 
asig> : 
aeig-
test ' 
test 
asig. ' 
test 
test ' 
asig. 
a6ig> 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
as i g.. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
asig. 
test 
test 
test ' 
asig. 
as i g. * 
asig. 
asig.' 
asig. 
as i g. : 
test ' 
test : 
test : 

W_EN 
MÍCROMEM 
ZO 
Z2 
ZIBUS 
MÍCROMEM 
ARP 
AUREG 

. MÍCROMEM 
MÍCROMEM 

: EXOV 
INSTFILBUS 

: INSTFILREG 
. MÍCROMEM 
: MÍCROMEM 
. MÍCROMEM 
: MÍCROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MÍCROMEM 
: MÍCROMEM 
: DRCOUNTER BUS 
: MÍCROMEM 
: BSHIFT 
: MÍCROMEM 
: MÍCROMEM 
: ALU B 
: ALU A 
: ALU A 
: MÍCROMEM 
: MÍCROMEM 
: MÍCROMEM 
: MÍCROMEM 
: MÍCROMEM 
: MÍCROMEM 
. I NT 
: MÍCROMEM 
. OVM 
: MÍCROMEM 

I NT 
. AM2910A BUS 
MÍCROMEM 

: AM2910A BUS 
MÍCROMEM 
AM2910A BUS 
MÍCROMEM 

: MÍCROMEM 
MÍCROMEM 
RFICHERO 
PILA2910A 
INAPC 
INAPC 
APC 
FICHERO 
MÍCROMEM 
MÍCROMEM 
MÍCROMEM 

0 
7 
0 
0 
0 
50 
0 
0 
53 
44 
0 
0 
0 
50 
8 
50 
53 
0 
7 
0 
0 

47 
38 
0 
25 
0 
36 
47 
0 
0 
16 
50 
25 
50 
8 

32 
15 
0 
18 
0 
32 
0 
0 

28 
0 

23 
0 
56 
50 
24 
0 
0 
0 
0 
0 
0 
53 
30 
53 

0 : 
7 : 

15 : 
15 í 
7 ; 

52 -
0 -
0 : 

55 : 
46 -
7 ' 
7 ' 
7 

52 : 
12 : 
52 : 
55 : 
6 
7 
0 : 
7 

49 : 
38 : 
7 

27 : 
31 
36 • 
49 : 
31 
15 
31 
52 : 
27 
52 
12 • 
34 : 
15 • 
0 

18 • 
0 

34 : 
0 : 
11 
28 : 
11 
23 : 
11 
57 : 
52 : 
24 : 
11 
11 
11 
11 
11 
11 ' 
55 : 
31 : 
55 : 

~ 
-
-
r 
— 

.-
:r 
s 
: = 
; — 
— 
z 
~ 
: -
--
:-

: = 
. = 
» ̂  
z~ 
• ^ 

:-
z-
» ̂  
: : 

: = 
:-
: -
j -

: ~ 

z-
z-
z-
z~ 
z-
z-

: = 
:r 

; = 
: = 
z-
: ~ 

: = 
: = 
z-

: = 
: = 
: = 
z-
: -
, -
, ~ 
-

, -
-

z~ 
:-
:z 

00000001 
00000001 
000079A0 
000004A0 
00000004 
00000001 
00000000 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000003 
00000001 
00000000 
00000000 
00000000 
00000000 
00000003 
00000000 
00000010 
00000000 
00000001 
00000000 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000000 
000000C8 
00000000 
000000C8 
00000002 
00000001 
00000000 
000000C8 
OOOOOOOF 
000000C9 
OOOOOOCA 
OOOOOOCA 
000000C9 
00000001 
00000003 
00000001 

I NT 
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1234 
1235 

sal id 
1269 

paso 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

test 
test 
a 6 : 
asig. 

5. 

test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : 1 
593 

eal id< 
594 

asig. 
a 8 : 1 
asig. 

salida 7 : ̂  
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
855 

asig. 
test 
asig. 
asig. 
asig. 
test 
test 
asig. 
test-
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
as i g. ' 
test 
asig.' 
test 
test ' 
asig.• 

: MICROMEM 
: MICROMEM 
5ALAB 
: SALAB 

: RS 
: BNUMER07 
: BNUMER05 
: BNUMER04 
: BNUMER03 
: BNUMEROO 
: INTDABUS 
: INTPROBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
^_EN 
: M EN 
D EÑ 
: D EN 
a EÑ 
: W EN 
: MICROMEM 
: 20 
: Z2 
: ZIBUS 
: MICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
: EXOV 
: INSTFILBÜS 
: INSTFILREG 
: MICROMEM 
: MICROMEM 
. MICROMEM 
: MICROMEM 
MRBUS 

: MRBUS 
ARP 

: DAR 
MICROMEM 

. MICROMEM 
DRCOUNTER BUS 
MICROMEM 
BSHIFT 
MICROMEM 
MICROMEM 
ALU B 

11 
10 

11 : 
10 : 

= 002 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 

53 
44 
0 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 

25 
0 
36 
47 
0 

11 

0 : 
0 
0 
0 
0 
0 

15 
15 
55 : 
52 : 
61 -
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 ' 

0 ' 
7 : 
15 : 
15 : 
7 • 

52 : 
0 : 
0 : 

55 : 
46 = 
7 : 
7 : 
7 : 

52 = 
12 : 
52 : 
55 : 
6 : 
7 : 
0 : 
7 : 

49 : 
38 : 
7 : 

27 = 
31 : 
36 = 
49 = 
31 : 

ZZ 

:z 

• ̂  

:r 

: = 
r 
: 
r 

= 
= 
z 

: = 
:r 
--
: z 

: = 
: = 
: = 
2 Z 

: = 
= 

= 

— 

= 
.= 
z 
= 
= 
:r 

: = 
= 
: = 
.= 
= 
= 
= 
z 

: = 
= 
•r 

= 
= 
z 
z 
z 
z 
z 
z 
z 
z 
z 

= 

00000000 
00000000 

00000002 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000002 

00000000 

00000001 

00000001 
00000001 
000079A0 
000004A0 
00000004 
00000001 
00000000 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

RS 
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856 
857 
912 
940 
943 
981 

1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1156 
1157 
1162 
1171 
1172 
1173 
1174 
1175 
1176 
1215 
1217 
1227 
1234 
1235 

asig. 
aeig. 
test 
test 
test 
test 
test 
asig. 
test 
aeig. 
test 
test 
asig. 
test 
test 
asig. 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test ' 
test 
test 
test 

salida 6 : £ 
1269 asig. 

ALU A 
: ALU A 
MICROMEM 

. MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

: I NT 
MICROMEM 
OVM 
MICROMEM 

: INT 
AM2910A BUS 

: MICROMEM 
MICROMEM 

: AM2910A BUS 
MICROMEM 

: FILEBUS 
FILEBUS 

: RFICHERO 
INAPC 

: FICHERO 
APC 

: MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

. MICROMEM 
JALAB 
: SALAB 

0 
16 
25 
50 
8 
32 
15 
0 

18 
0 

32 
0 
0 

28 
23 
0 

56 
0 
0 
0 
0 
0 
0 
53 
30 
53 
11 
10 

= 002 
0 

15 
31 

, -
( ̂  

27 = = 
52 : 
12 : 
34 : 
15 : 
0 

18 : 
0 

34 : 
0 : 

11 • 
28 : 
23 : 
11 
57 : 
11 
11 
11 
11 ' 
11 
11 • 
55 : 
31 : 
55 : 
11 : 
10 : 
> 
11 

: = 
z-
:z 
:r 
* ̂  
:r 
-

: z. 
z~ 
z 

:-
:r 
~ 
: z 

= 
= 
-
•z 

z 
z 

zz 
:s 
:z 
:z 

: = 

= 

00000010 
00000000 
00000000 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000001 
0O0OOOC9 
OOOOOOOE 
OOOOOOOE 
OOOOOOOF 
OOOOOOOF 
00000010 
00000001 
00000003 
00000001 
00000000 
00000000 

00000002 

INT 
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paso 6. 

44G 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

teet ' 
asig-
asig-' 
asig. 
asig.' 
asig. 
asig.' 
asig. 
test 
test 
test ' 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : ) 
593 asig. 

salida 8 : I 
594 asig. 

salida 7 : \ 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
704 
706 
707 
753 
775 
782 
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: INSTFILREG 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
: MICROMEM 
t DRCOUNTER BUS 
: MICROMEM 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
0 
6 
0 
5 

13 
58 
37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
4 
6 
7 
5 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 
25 

0 : 
0 
0 
0 
0 
0 

15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 

11 
6 : 

11 
5 : 

13 : 
58 : 
37 : 
11 

0 

0 

0 
7 : 
15 
15 
7 

52 : 
0 : 
0 
55 : 
46 : 
7 
4 
6 
7 
5 
7 • 

7 
52 : 
12 : 
52 : 
55 : 
6 
7 
0 •-

7 
49 : 
38 : 
7 

27 : 

: = 
; = 
= 
= 
, -

•z 

-

: = 
: = 
: = 
: = 
:r 

: = 
: = 
= 

z-
-

--
:r 
:: 

: = 
» ̂  

~ 

• -

; ~ 

:r 
» ̂  

• • 

; -
:r 

: = 
*• 
:: 
:s 

= 
= 
z 
•z 

s 

= 
= 

:~ 

: = 
• -

•-
~ 

, r 

: = 
r 

\-
:r 
-

•-

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000000 
00000003 
00000001 
00000004 
00000000 
00000001 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000001 
00009009 
000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000006 
00000000 
00000001 
00000001 
00000000 
00000000 
00000050 
00000050 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000004 
00000001 
00000000 
00000007 

RS 



824 
826 
852 
887 
888 
889 
912 
940 
943 
981 

1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1154 
1156 
1157 
1162 
1181 
1183 
1184 
1186 
1186 
1187 
1188 
1189 
1215 
1217 
1227 
1234 
1235 

asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
asig. 
test 
test 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 

salida 6 : i 
1269 

paso : 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

asig. 

10. ^ 

test ' 
asig. 
asig.' 
asig. 
asig. 
asig. 
asig. 
asig. 
test • 
test 
test 
test 
test ' 
test 
test ' 
test 
test ' 
asig. 

salida 9 : Y 

: BSHIFT 
: MICROMEM 
: MICROMEM 
: ALU B 
: ALU A 
: ALU A 
: MICROMEM 
: MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

: I NT 
MICROMEM 

: OVM 
MICROMEM 
INT 
AM2910A BUS 

. MICROMEM 
AM2910A BUS 
MICROMEM 
AM2910A BUS 
MICROMEM 
MICROMEM 
MICROMEM 
RFICHERO 
PILA2910A 
INAPC 
INAPC 
APC 
FICHERO 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

;ALAB 
SALAB 

RS 
BHUMER07 
BNUMER05 
BHUMER04 
BNUMER03 
BNUMEROO 
INTDABUS 
INTPROBUS 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
ADDRESSBUS 

í EN 

0 
36 
47 
0 
0 
16 
25 
50 
8 
32 
15 
0 

18 
0 

32 
0 
0 
28 
0 
23 
0 
56 
50 
24 
0 
0 
0 
0 
0 
0 

53 
30 
53 
11 
10 

31 
36 
49 
31 
15 
31 
27 : 
52 : 
12 : 
34 : 
15 : 
0 

18 : 
0 

34 : 
0 : 

11 
28 : 
11 
23 : 
11 
57 : 
52 : 
24 : 
11 
11 
11 
11 
11 
11 
55 : 
31 : 
55 : 
11 : 
10 : 

= 003 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 

11 

0 : 
0 
0 
0 
0 
0 

15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

r ~ 

r = 

: = 
• •-
: -
: ~ 
z~ 
z-
zz 
z~ 
z-

; = 
: = 
: = 
: = 
: = 
= 

I ^ 

: = 
z. 

z-
zz. 
Z "Z 

z 

= 
= 
z 
-

= 
:r 
zz 
Z-

: = 
zz 

z 

• z 

z 

= 
z 
z 
z 
z 
; = 
:-

: = 
:r 
:r 

: = 
: = 
: = 
: = 
: = 
•• 

00000000 
00000000 
00000004 
00000000 
00000010 
00000000 
00000007 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000000 
OOOOOOCE 
00000000 
OOOOOOCE 
00000002 
00000001 
00000000 
OOOOOOCE 
OOOOOOOD 
OOOOOOCF 
OOOOOODO 
OOOOOODO 
OOOOOOCF 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 

INT 

RS 
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593 as is M EN 
salida 8 : D_EH 

594 as ig. : D_EH 
salida 7 : W_EN 

595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
730 
731 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
805 
806 
822 
824 
826 
852 
855 
856 
857 
912 
940 
943 
964 
965 
981 
1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1156 
1157 
1162 
1171 
1172 
1173 
1174 
1175 
1176 
1215 

asig. 
test 
asig. 
aeig. 
asig-
test 
test 
asig< 
test 
test 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test V 
asig. 
test 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
test 
test 
asig. 
test 
asig.' 
asig. 
asig. ' 
asig. 
as i g. ' 
asig.' 

test : 

: W_EN 
: HICROMEM 
: 20 
: Z2 
: 21BUS 
: HICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
: INSTFILREG 
: IHSTFILBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
: MICROMEM 
: DRCOUNTER 
t DRCOUNTER BUS 
: MICROMEM 
: BSHIFT 
: MICROMEM 
: MICROMEM 
: ALU B 
: ALU_A 
: ALU A 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: DP 
: MICROMEM 
MICROMEM 

: MICROMEM 
, I NT 
: MICROMEM 
. OVM 
: MICROMEM 
. INT 
: AM2910A BUS 
MICROMEM 

. MICROMEM 
AM2910A BUS 

: MICROMEM 
FILEBUS 
FILEBUS 
RFICHERO 
INAPC 
FICHERO 
APC 
MICROMEM 

0 
= 1 

0 
= 1 

0 
7 
0 
0 
0 
50 
0 
0 

63 
44 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 
0 

25 
0 

36 
47 
0 
0 

16 
25 
50 
8 
0 
50 
32 
15 
0 
18 
0 
32 
0 
0 

28 
23 
0 
56 
0 
0 
0 
0 
0 
0 

53 

0 • 

0 

0 
7 : 

15 
15 
7 
52 : 
0 : 
0 

55 : 
46 • 
7 
7 

52 : 
12 • 
52 : 
55 • 
6 
7 
0 •• 

7 
49 : 
38 
7 
7 

27 : 
31 
36 • 
49 • 
31 
15 
31 
27 -
52 : 
12 • 
0 
52 • 
34 • 
15 : 
0 
18 : 
0 
34 : 
0 : 
11 
28 : 
23 : 
11 
57 : 
11 
11 
11 • 
11 
11 • 
11 
55 : 

z 

; 

— 
: — 
-
; -
• -
z r 

:r 
; r 
: -
:-
1 .> 

; r 
z-
~-
zz. 
--

; r 
z~ 
» ̂  

: = 
: = 
: -
: r 

: = 
: r 
z-
z-z 
: -
• ̂  
' •-

: = 
: = 
: = 
; -
:r 
: = 
:: 
, ~ 

:s 
t •• 

:r 
: = 

: = 
: = 
= 

z~ 
-
¡ ~ 

-
z 

= 
, z 

: = 

00000000 

00000001 

00000001 
00000001 
00009009 
000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000005 
OOOOOOAO 
OOOOOOAO 
00000001 
00000003 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000000 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000010 
00000000 
00000000 
00000001 
00000003 
00000000 
00000001 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000001 
OOOOOOCF 
OOOOOOOC 
OOOOOOOC 
OOOOOOOD 
OOOOOOOD 
OOOOOOOE 
00000001 

INT 
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1217 
1227 
1234 
1235 

test 
tast 
test 
test 

: MICROMEM 
MICBOMEM 

: MICROMEM 
. MICROMEM 

salida 6 : SALAB 
1269 asig. 

paso 11. 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : 1 
593 asig. 

salida 8 : I 
594 asig. 

salida 7 : 5 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
730 
731 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
822 
824 
826 

asig. 
test 
asig. 
asig. 
asig. 
test 
test , 
asig. 
test 
test 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
asig. 
test 

SALAB 

RS 
: BNUMER07 
BNUMER05 

: BNUMER04 
. BNUMER03 
: BNUMEROO 
INTDABUS 

: INTPROBUS 
, MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
«!_EN 
: M EN 
D EÑ 
: D EN 
ff_EÑ 
: W_EH 
: MTCROMEM 
: 20 
: 22 
: 21BUS 
: MICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
: IHSTFILREG 
: INSTFILBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
! MICROMEM 
: DRCOUNTER BUS 
: MICROMEM 
: INTDABUS 
BSHIFT 

: MICROMEM 

30 31 
53 && 
11 11 
10 10 
003 
O 11 

:= 00000003 
:= 00000001 
:= 00000000 
;= 00000000 
= 00000003 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

0 
0 

1 
0 

1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
0 
50 
8 
50 
53 
0 
7 
0 
0 

47 
38 
0 

25 
0 
0 
36 

0 : 
0 
0 ' 
0 
0 
0 
15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 

0 
7 : 
15 
15 
7 

52 • 
0 
0 
55 • 
46 • 
7 
7 
52 
12 • 
52 
55 • 
6 
7 
0 
7 

49 
38 
7 

27 • 
15 
31 
36 

: -
r 
-

, -
-

, -
z 
¡ : 
• -

: = 
: = 
:z 
z-
z~ 
z-
;-
zz 
• « • 

: = 

• ̂  

: = 
: = 
: -
( ̂  
: z 
: = 
r = 
; z 

: = 
:r 
• ̂  
* » 
zz 
zz 
zz 
:r 
: = 
• ̂  
:r 
1 *• 

rr 
:r 
: = 
: z 

: = 
: = 
: = 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000001 
00009009 
000079A0 
00000079-
00000001 
00000000 
00000001 
00000001 
00000005 
OOOOOOAO 
OOOOOOAO 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000003 
00008B0E 
00008B0E 
00000001 

RS 

252 



828 
828 
829 
831 
836 
852 
855 
856 
857 
912 
940 
943 
981 
1077 
1078 
1079 
1080 
1102 
1102 
1104 
1104 
1107 
1110 
1111 
1126 
1144 
1152 
1154 
1156 
1157 
1162 
1165 
1166 
1167 
1215 
1217 
1227 
1234 
1235 

test ' 
asig. 
asig.' 
test 
asig.' 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig.' 
asig. 
asig.' 
test 
asig.' 
test 
asig. 
test 
asig.' 
test 
test ' 
test 
asig.' 
test 
test ' 
asig. 
test ' 
asig. 
asig. 
asig. 
test ' 
test 
test ' 
test s 
test ' 

salida 6 : í 
1269 asig.• 

INTDABUS 
; BSHIFT 
BSHIFT 

. INSTREG 
BSHIFT 

• MICROMEM 
ALU B 

: ALU A 
ALU A 

: MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 
SAL ALUX 
ACCL 
ACCH 
RES ALU 
MICROMEM 
I NT 

: MICROMEM 
OVM 

• MICROMEM 
F 

' MICROMEM 
F 

• IHT 
AM2910A BUS 

: MICROMEM 
MICROMEM 

. AM2910A BUS 
MICROMEM 

• RFICHERO 
FICHERO 

> APC 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

>ALAB 
SALAB 

15 
0 
0 
8 
4 

47 
0 
0 

16 
25 
50 
8 

32 
0 
0 
0 
0 
15 
0 
18 
0 
32 
0 
16 
0 
0 
0 

28 
23 
0 

56 
0 
0 
0 

53 
30 
53 
11 
10 

15 
31 
15 
11 
19 
49 
31 
15 
31 
27 
52 
12 
34 
31 
15 
15 
0 
15 
0 
18 
0 

34 
0 
16 
0 
0 

11 
28 
23 
11 
57 
11 
11 
11 
55 
31 
55 
11 
10 

= 003 
0 11 

= = 

* • • 

r r 
• —• 
-z 

: -
: z 

= = 
= = 
= -
rr 
• -K 

: -
: z 
* — 
:r 
: z 
zz 
• ̂  

r = 
« ̂  

sr 

= r 

= = 
: z 
zz 

= = 
* ̂  

= r 

: = 
: r 

: = 
r = 
z = 
zz 
r = 
= r 

: z 

00000001 
FFFr74Fl 
00000000 
00000004 
00008B0E 
00000000 
FFF8B0E0 
00000010 
00000000 
00000003 
00000001 
00000000 
00000004 
FFF8B0F0 
OOOOBOFO 
0000FFF8 
00000001 
00000000 
00000001 
00000000 
00000001 
00000004 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000000 
OOOOOOOD 
OOOOOOOE 
OOOOOOOF 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

I NT 
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paso 12. 

44& 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

teei 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
teGt 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : 1 
593 asig. 

salida 8 : 1 
594 asig. 

salida 7 : ' 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
874 
875 
876 
877 
912 

asig. 
test 
asig. 
asig. 
asig. 
test 
test 
asig. 
test 
test 
nsi fi. 
ae Ifi. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
tOGt 
test 

', RS 
: BHUMER07 
: BNUMER05 
: ENUMERO4 
: BNUMER03 
: BHUMEROO 
: INTDABUS 
: INTPROBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
; MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
^ EN 
: M EN 
D EÑ 
: D EN 
fí EÑ 
: W_EH 
: MICROMEM 
: ZO 
: Z2 
: ZIBUS 
: MICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
; EXOV 
INGTFlLIiUL. 

: INSTFILREG 
: MICROMEM 
: MICROMEM 
. MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
. ARP 
: DAR 
: MICROMEM 
: MICROMEM 
: DRCOUNTER BUS 
: MICROMEM 
; BSHIFT 
: MICROMEM 
MICROMEM 

: ALU_B 
ALU A 

: ALU_A 
MICROMEM 
MICROMEM 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 

25 
0 
36 
47 
0 
0 
16 
50 
25 

0 : 
0 
0 
0 
0 
0 
15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 

0 
7 : 
15 
15 
7 

52 : 
0 : 
0 
55 : 
46 : 
7 
7 
7 

52 : 
12 : 
52 -
55 : 
6 • 
7 
0 : 
7 

49 : 
38 : 
7 ' 

27 : 
31 : 
36 : 
49 -
31 ' 
15 : 
31 • 
52 -
27 : 
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; z 
-
r 
r 
r 
-
~ 

•z 
:r 
:r 
: z 
:; 
:-
:; 

: = 
•z 

^ 

•" 

» •-

r 
:r 
> z 

z 
¡ = 
:z 
•z 

= 
:r 

: = 
-
-
z 

tz 
:z 
:z 
:r 

= 
« B 

:z 
r 

:z 

: = 
= 
:r 
: 

:z 
:z 
z 
z 
z 
z 

:z 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000001 
00009009 
000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000003 
00000001 
00000001 
00000000 
00000000 
00000000 
00000003 
00000000 
OOOOBOFO 
0000FFF8 
00000001 
00000000 

: RS 

254 



940 
943 
981 
1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1154 
1156 
1157 
1162 
1181 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1215 
1217 
1227 
1234 
1235 

test 
test 
test 
test 
asi¿. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
asig. 
test 
test 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
tOGt 
test 

salida 6 : £ 
1269 

paso : 

445 
504 
506 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

asig. 

L3. 

test 
asig. 
asig. 
asig. 
asig. 
asig.. 
asig.' 
asig. 
test • 
test 
test • 
test 
test ; 
test 
test : 
test ' 
test : 
asig.• 

salida 9 : h 
593 asig. ' 

salida 8 : E 
594 asig. : 

salida 7 : V 
595 
599 
607 

asig. : 
test : 
asig. : 

MICROMEM 
: MICROMEM 
, MICROMEM 
: MICROMEM 
I_NT 

: M T C R O M E M 

OVM 
: MICROMEM 
I NT 

: AM2910A_BUS 
MICROMEM 

: AM2 910A_BUS 
MICROMEM 

: AM2910A BUS 
. MICROMEM 
: MICROMEM 
• MICROMEM 
: RFICHERO 
. PILA2910A 
: IMAPC 
. INAPC 
: APC 
FICHERO 

: MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

: MICROMEM 
>ALAB 
: SALAB 

RS 
BHUMER07 
BNUMEROE. 
BHUMER04 
BNUMER03 
BNUMEROO 
INTDABUS 
IHTPROBUS 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
ADDRESSBUS 

I EN 
M EN 

) EN 
D EN 

/ EÑ 
W EN 
MICROMEM 
ZO 

50 
8 

32 
15 
0 
18 
0 
32 
0 
0 

28 
0 

23 
0 

56 
50 
24 
0 
0 
0 
0 
0 
0 
53 
30 
53 
11 
10 

52 : 
12 : 
34 : 

z-z 
z-
: -

15 = = 
0 
18 : 
0 
34 : 
0 : 
11 
28 : 
11 
23 : 
11 
57 : 
52 • 
24 : 
11 
11 
11 
11 
11 
11 
55 • 
31 : 
55 : 
11 • 
10 • 

= 003 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 

11 

0 : 
0 
0 
0 
0 
0 

15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 

0 
7 : 
15 • 

^ 
:-
; 
; i 

:-
: -
: r 

; -
z-
. -
z~ 
z~ 
zz 

: = 
~ 

'. -
. r 

; = 
= 
rr 
z-
z-
:-
z-

; — 

z~ 
- ~ 

-

= 
: 
; -
-
~ 

z-

: = 
: = 
: = 
:r 
:r 

: = 
: = 
:-
-» 

= 

- • 

= 
: = 
= 

00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000000 
000000C8 
00000000 
000000C8 
00000002 
00000001 
00000000 
000000C8 
OOOOOOOF 
000000C9 
OOOOOOCA 
OOOOOOCA 
000000C9 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000001 
00009009 

INT 

RS 

255 



608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
855 
856 
857 
912 
940 
943 
981 
1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1156 
1157 
1162 
1171 
1172 
1173 
1174 
1175 
1176 
1215 
1217 
1227 
1234 
1235 

asig.' 
aeig. 
test 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
asig. 
test 
asig. 
tOGt 
test -
asig. 
to&t 
test 
asig. 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test • 
test 

salida 6 : S 
1269 asig. 

paso 14. 

Z2 
21BUS 
MICROMEM 

• ARP 
AUREG 

: MICROMEM 
MICROMEM 

. EXOV 
INSTFILBUS 

: INSTFILREG 
MICROMEM 

: MICROMEM 
• MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
: MICROMEM 
: DRCOUNTER BUS 
: MICROMEM 
: BSHIFT 
: MICROMEM 
: MICROMEM 
: ALU B 
: ALU A 
: ALU A 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: I_NT 
: MÍCROMEM 
: OVM 
. MICROMEM 
: niT 
. AM2910A BUS 
: MICROMEM 
. MICROMEM 
: AM2910A BUS 
MICROMEM 

: FILEBUS 
FILEBUS 

: RFICHERO 
INAPC 

: FICHERO 
APC 

• MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

JALAB 
SALAB 

0 
0 

50 
0 
0 
53 
44 
0 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 
25 
0 
36 
47 
0 
0 
16 
25 
50 
8 
32 
15 
0 

18 
0 

32 
0 
0 

28 
23 
0 

56 
0 
0 
0 
0 
0 
0 
53 
30 
53 
11 
10 

= 003 
0 

15 : 
7 ; 

52 : 
0 : 
0 • 
55 : 
46 : 
7 • 
7 5 
7 • 

52 • 
12 : 
52 : 
55 : 
6 • 
7 
0 : 
7 

49 : 
38 : 
7 
27 : 
31 
36 : 
49 : 
31 
15 
31 
27 : 
52 : 
12 : 
34 : 
15 : 
0 

18 : 
0 

34 : 
0 : 
11 
28 : 
23 : 
11 
57 : 
11 
11 
11 
11 
11 
11 • 
55 : 
31 : 
55 : 
11 : 
10 : 
! 
11 

-
z. 
.-
:r 
~ 
:z 
:; 
-
-
-
: z. 
:r 
:r 
:z 
-
r 
:r 
-
:r 
: ~ 
•^ 
:r 
r 
:r 
:: 
, -z 
r 

; = 
: = 
:r 

: = 
:r 
: = 
= 
: = 
> = 
: = 
: = 
w 

:r 

: = 
• = 
: = 
• = 
r 

= 
= 
= 
= 
: = 
: = 
:r 

: = 
: = 

r 

000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
OOOOBOFO 
0000FFF8 
00000000 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000001 
000000C9 
OOOOOOOE 
OOOOOOOE 
OOOOOOOF 
OOOOOOOE 
00000010 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

INT 

256 



445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

test 
asig. 
asi¿> 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : ) 
593 asig. 

salida 8 : I 
594 

salid< 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
704 
706 
707 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
874 
875 
876 
877 
912 
940 
943 

981 

asig. 
1 7 : 1 
asig. 
test 
asig. 
asig. 
asig. 
test 
test 
asig. 
test 
test 
asig. 
asig.-
asig. 
test 
test 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
test ' 
asig. 
asig.' 
asig. 
test ! 
test : 
test : 
test ' 

test : 

RS 
: BHUMER07 
BNUMER05 

: BNUMER04 
: BNUMER03 
: BHUMEROO 
. IHTDABUS 
: IHTPROBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
Á EH 
: M_EH 
) EÑ 
: D EN 
V_EÑ 
: W_EH 
: MICROMEM 
: ZO 
: 22 
: ZIBUS 
: MICROMEM 
: ARP 
AUREG 

: MICROMEM 
. MICROMEM 
: EXIHT 
INSTFILBUS 

• IHSTFILREG 
MICROMEM 

: MICROMEM 
MICROMEM 

• MICROMEM 
MRBUS 

• MRBUS 
ARP 

: DAR 
MICROMEM 

: MICROMEM 
DRCOUHTER BUS 

: MICROMEM 
BSHIFT 

' MICROMEM 
MICROMEM 
ALU B 
ALU A 
ALU_A 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

MICROMEM 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 
25 
0 
36 
47 
0 
0 
16 
50 
25 
50 
8 

32 

0 : 
0 
0 ' 
0 
0 • 
0 
15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 

0 
7 : 
15 
15 
7 

52 : 
0 : 
0 
55 : 
46 : 
7 
7 
7 

52 : 
12 : 
52 : 
55 : 
6 • 
7 
0 : 
7 

49 : 
38 : 
7 ' 

27 : 
31 • 
36 : 
49 : 
31 
15 '. 
31 " 
52 : 
27 : 
52 : 
12 : 

34 -. 

:r 
-
-
z 
-
-
-
; -
:r 

: = 
:-
--
z-
z-
•-
--
:-
» —• 

^ 

. = 

: = 
; r 

, = 
: = 
: = 
: = 
= 
:r 
:z 

= 
-
-

:-
: = 
: = 
: = 
r 

= 
:-
. -
z-
'.-
-

:-
= 
:: 

: = 
= 
~ 
~ 

:-

: = 
: z 
:-

:r 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000001 
00009009 
000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000002 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000003 
00000001 
00000001 
00000000 
00000000 
00000000 
00000003 
00000000 
OOOOBOFO 
0000FFF8 
00000001 
00000000 
00000001 
00000000 

00000000 

RS 

oe^rr 



1102 
1102 
110-4 
1104 
1107 
1144 
1152 
1154 
1154 
1156 
1157 
1162 
1181 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1215 
1217 
1227 
1234 
1235 

sal id< 
1269 

test 
asig.' 
test 
asig. 
test 
tool 
asig. 
test 
asig. 
test 
asig. 
test 
test 
test 
asig. 
asig. 
asig. 
asig.' 
asig. 
asig. 
test 
test 
test 
test 
test 
1 6 : S 
asig. 

MICROMEM 
I_NT 
MICROMEM 
OVM 
MICROMEM 
I NT 
AM2910A BUS 
MICROMEM 

. AM2910A BUS 
MICROMEM 

• AM2910A BUS 
MICROMEM 

. MICROMEM 
MICROMEM 

• RFICHERO 
PILA2910A 

. IHAPC 
INAPC 

: APC 
FICHERO 

: MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

: MICROMEM 
;ALAB 
: SALAB 

15 
0 
18 
0 
32 
0 
0 

28 
0 

23 
0 

56 
50 
24 
0 
0 
0 
0 
0 
0 
53 
30 
53 
11 
10 

15 : 
0 • 

18 : 
0 
34 : 

0 •• 

11 
28 : 
11 
23 : 
11 
57 : 
52 • 
24 : 
11 
11 
11 
11 
11 
11 
55 : 
31 : 
55 : 
11 : 
10 : 

= 003 
0 11 

:r 

= 
:r 
-
:r 
: • : 

r 
:r 
r 

:~ 
~ 

:-
i -

:z 

= 
= 
= 
-
. -
-

• -

:-
:r 
z-
z~ 

: ~ 

00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000000 
000000C8 
00000000 
000000C8 
00000002 
00000001 
00000000 
000000C8 
00000010 
000000C9 
OOOOOOCA 
OOOOOOCA 
O0OO0OC9 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

INT 

258 



paso 15. 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

test 
aeig 
asig 
aeig 
asig 
aeig 
asig 
aeig 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig 

salida 9 : 
593 asig 

salida 8 : 
594 asig 

salida 7 : 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
855 
856 
857 
912 

940 

asig 
test 
asig 
asig 
asig 
test 
test 
,1(1 i a 
t06t 
test 
asig 
asig 
asig 
test 
test 
test 
test 
aeig 
asig 
test 
asig 
test 
test 
asig 
test 
asig 
test 
test 
asig 
asig 
asig 
test 

test 

: RS 
: BNUMER07 
: BNUMER05 
: BHUMER04 
: BHUMER03 
: BHUMEROO 
: INTDABUS 
: IHTPROBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
.: ADDRESSBUS 
M EN 
. : M EN 
D_EN 
. : D EN 
W EÑ 
. : W EN 
: MÍCROMEM 
. : ZO 
: 22 
.: ZIBUS 
: MICROMEM 
: ARP 
: AIJRFG 
: MICROMLM 
: MICROMEM 

.: EXOV 
: INSTFILBUS 
.: INSTFILREG 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 

.: MRBUS 

.: MRBUS 
: ARP 
. : DAR 
t MICROMEM 
: MICROMEM 

.: DRCOUNTER BUS 
: MICROMEM 

.: BSHIFT 
: MICROMEM 
: MICROMEM 
: ALU B 
: ALU A 
: ALU_A 
: MICROMEM 

: MICROMEM 

O 

o 
O 
o 
o 
o 
o 
o 

53 
50 
61 
O 
4 
5 
6 
5 

37 
O 

O 
O 

1 
O 

1 
O 
7 
O 
O 
O 

60 
O 
O 
53 
44 
O 
O 
O 

50 
8 

50 
53 
O 
7 
O 
O 

47 
38 
O 
25 
O 
36 
47 
O 
O 
16 25 

O = 
O 
O 
O 
O 
O 
15 
15 
55 
52 
61 
3 
4 
5 
6 
5 

37 
11 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 
00000000 

RS 

o := 00000001 

o 
7 
15 
15 
7 

52 

o 
o 

5Í. 
46 
7 
7 
7 

52 
12 
52 
55 
6 
7 
O 
7 

49 
38 
7 
27 
31 
36 
49 
31 
15 
31 
27 

00000001 
00000001 
00009009 
000079A0 
00000079 
00000001 
00000000 
00000001 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
OOOOBOFO 
0000FFF8 
00000000 

50 52 == 00000001 

^t^q 



943 
981 

1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1156 
1157 
1162 
1171 
1172 
1173 
1174 
1175 
1176 
1215 
1217 
1227 
1234 
1235 

test 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
test 
test 
asig. 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 

salida 6 : £ 
1269 asig. 

paso 16. 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
554 
555 
568 
570 
570 
571 
574 
592 

test ' 
asig. 
asig. 
asig. 
asig.' 
asig. 
asig.' 
asig. 
test ' 
test V 
test : 
test 
test • 
test 
as i g. ' 
test 
test ; 
test 
asig. ' 
test 
test • 
asig. 

salida 9 : K 
593 asig. 

salida 8 : [ 
594 asig. ' 

salida 7 : V 
595 
599 
601 

asig. • 
test : 
asig. : 

: MICROMEM 
: MICROMEM 
: MICROMEM 
: I NT 
; MICROMEM 
: OVM 
. MICROMEM 
: INT 
. AM2910A_BUS 
: MICROMEM 
MICROMEM 

: AM2910A BUS 
MICROMEM 

. FILEBUS 
FILEBUS 

: RFICHERO 
INAPC 

: FICHERO 
APC 
MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

. MICROMEM 
;ALAB 
SALAB 

RS 
BNUMER07 
BNUMER05 
BNUMER04 
BNUMER03 
BNUMEROO 
INTDABUS 
IHTPROBUS 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MARBUS 
MICROMEM 
MICROMEM 
MICROMEM 
MAR 
MICROMEM 
MICROMEM 
ADDRESSBUS 

1 EN 
M EN 

>_EÑ 
D EN 

/_EN 
W EN 
MICROMEM 
21 

8 
32 
15 
0 

18 
0 

32 
0 
0 

28 
23 
0 

56 
0 
0 
0 
0 
0 
0 
53 
30 
53 
11 
10 

= 003 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
0 
6 
5 
13 
0 
58 
37 
0 

= 0 
0 

= 1 
0 

- 1 
0 
7 
0 

12 • 
34 • 
15 : 
0 

18 : 
0 

34 : 
0 : 

11 
28 : 
23 : 
11 
57 : 
11 
11 
11 
11 
11 
11 
55 : 
31 : 
55 : 
11 : 
10 : 
t 
11 

0 : 
0 
0 
0 
0 
0 
15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 

11 • 
6 : 
5 : 
13 : 
11 
58 : 
37 : 
11 

0 

0 

0 
7 : 
15 

: "Z 

:r 

: = 
1 •» 

: = 
: = 
: = 
: = 
^ 

: = 
:r 
-

:-
-
-
; = 
-

, = 
= 
:: 

: = 
: = 
:r 
:r 

r 

: = 
= 
z 
r 
r 

= 
-
-
: = 
:3 

:z 

: = 
:-
z-
-
: = 
'.Z 

z~ 
z 
:r 
'.z 
; z 

z 

z 

z 
:z 

00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000001 
000000C9 
OOOOOOOF 
OOOOOOOF 
00000010 
00000010 
00000011 
00000001 
00000003 
00000001 
00000000 
00000000 

00000003 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000000 
00000004 
00000000 
00000000 
00000000 
00000004 
00000001 
00000000 
00000003 

00000000 

00000001 

00000001 
00000000 
00009009 

INT 

RS 

260 



602 
603 
613 
616 
617 
622 
681 
730 
731 
753 
775 
776 
777 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
874 
875 
876 
877 
912 
940 
943 
981 
1084 
1085 
1086 
1102 
1102 
1104 
1104 
1107 
1110 
1111 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1126 
1144 
1152 

ae i a. 
asig. 
test 
test 
asig. 
test 
test 
asig. 
asig.' 
test 
test 
test 
asig. 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
test 
test 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
asig. 
asig. 
asig. 
test 
asig.-
test 
asig. 
test 
asig. 
test 
asig. 
asig. 
asig.' 
asig. 
asig.' 
asig. 
asig. 
asig. 
asig. ' 
asig. 
asig.' 
asig. 
test ' 
test 
asig. : 

ZIBUS 
: INSTREG 
MICROMEM 

: ARP 
AUREG 

• MICROMEM 
MICROMEM 

' INSTFILREG 
INSTFILBUS 

: MICROMEM 
MICROMEM 

: INSTREG 
INTDABUS 

: MICROMEM 
MICROMEM 

: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
. MICROMEM 
: DRCOUNTER BUS 
. MICROMEM 
: BSHIFT 
MICROMEM 

: MICROMEM 
. ALU B 
: ALU_A 
ALU_A 

: MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

: MICROMEM 
SAL ALUX 
ACCL 
ACCH 

• MICROMEM 
I NT 

• MICROMEM 
OVM 

: MICROMEM 
F 

• MICROMEM 
A 

. B 
C 

: D 
A 

• B 
E 

í E 
C 
D 
F 
OV 
F 
I NT 
AM2910A BUS 

0 
0 

50 
0 
0 
53 
44 
0 
0 
50 
8 
8 
0 
50 
53 
0 
7 
0 
0 

47 
38 
0 

25 
0 

36 
47 
0 
0 

16 
50 
25 
50 
8 
32 
0 
0 
0 
15 
0 
18 
0 
32 
0 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 
15 
52 : 
0 : 
0 

55 : 
46 : 
7 
7 

52 : 
12 : 
8 : 

15 
52 : 
55 : 
6 
7 
0 : 
7 

49 • 
38 : 
7 

27 ; 
31 
36 : 
49 : 
31 
15 
31 
52 : 
27 : 
52 • 
12 : 
34 : 
31 
15 
15 
15 : 
0 

18 : 
0 

34 : 
0 

16 : 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 : 
0 : 
11 

r *-
1 — 

> ̂  

: = 
:r 
» ̂  
: -
z-
; -

-
z~ 
:-
z-
-
:r 
: = 
: = 
, -
•-
* >-
:r 
:-
* ̂  
:z 
: -
z-
:r 
, -
: r 

-
z-
z-
z-
z-
:r 
= 
: = 
-
:r 
-

z-
z. 
:r 
-

z-
-

; = 
z 
¡ r 
-
. r 

= 
; -
-
-
-

' z 
:z 

: = 
= 

00000079 
000079A0 
00000001 
00000000 
00000001 
00000001 
00000005 
OOOOOOAO 
OOOOOOAO 
00000001 
00000006 
00000000 
00000001 
00000001 
00000001 
00000000 
00000000 
00000000 
00000001 
00000003 
00000001 
00000001 
00000000 
00000001 
00000000 
00000003 
00000000 
OOOOBOFO 
0000FFF8 
00000001 
00000000 
00000001 
00000006 
00000005 
FFF8B0F0 
OOOOBOFO 
0000FFF8 
00000000 
00000001 
00000000 
00000001 
00000005 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
00000000 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
entrada 3 
00000000 

I NT 
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1154 
1156 
1158 
1162 
1181 
1183 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1215 
1217 
1227 
1234 
1235 
1237 
1238 
1239 
1240 
1242 
1243 
1250 
1261 
1262 
1263 

test 
test 
asig. 
test 
test 
test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 
asig. 
test 
test 
test 
asig. 

salida 6 : i 
1269 asig.' 

: MICROMEM 
MICROMEM 

: AM2910A BUS 
MICROMEM 

: MICROMEM 
MICROMEM 
FILEBUS 
RFICHERO 

• PILA2910A 
INAPC 

• INAPC 
APC 
FICHERO 
MICROMEM 

• MICROMEM 
MICROMEM 

• MICROMEM 
MICROMEM 
MICROMEM 
ENUMERO7 

• ENUMERO5 
ARP 
ARO 
DAR 
BNUMER04 
BNUMER03 
ENUMERO0 
ARP 

;ALAB 
SALAB 

28 28 
23 23 
O 11 

56 57 
50 52 
24 24 
O 11 
O 
O 
O 
O 
O 
O 

11 
11 
11 
11 
11 
11 

53 55 
30 31 
53 55 
11 11 
10 10 
50 52 
O O O 
O 
O 
O 
O 
O 
O 
O 
003 
O 11 

O 
O 
8 
7 
O 
O 
O 
O 

:= 00000001 
:= 00000001 
- OOOOOOIA 
:= 00000002 
:= 00000001 
:= 00000001 
= 00000010 
= OOOOOOIA 
= 00000011 
= OOOOOOIB 
= OOOOOOIC 
= OOOOOOIC 
= OOOOOOIB 
;= 00000001 
:= 00000003 
:= 00000001 
:= 00000000 
= 00000001 
:= 00000001 
:= 00000001 
:= 00000001 
:= 00000000 
= 00000002 
= 00000000 
:= 00000000 
:= 00000000 
:: 00000000 
= 00000000 
= 00000003 

POP 



paso 17. 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
554 
555 
555 
568 
570 
571 
574 
592 

test ' 
asig. 
asiS'' 
asig. 
asig. ' 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
asig. 
test 
asig. 
tOGt 
test 
test 
test 
asig. 

sal ida 9 : ) 
593 asig. 

salida 8 : ] 
594 asig. 

salida 7 : 1 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
735 
736 
737 
738 
739 
740 
741 
753 
775 
782 
789 
794 
795 
797 
798 
802 
810 
811 
822 

asig. 
test 
asig. 
asig. 
asig. 
test 
test 
asig. 
test -
test 
acig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
asig. 
asig. 
teot 
asig. 
test 
test 
asig. 
test 

R5 
BHUMER07 
BNUMER05 
BHUMER04 
BNUMER03 

. BNUMEROO 
INTDABUS 

: IHTPROBUS 
MICROMEM 

: MICROMEM 
MICROMEM 

: MICROMEM 
MICROMEM 

: MICROMEM 
: MARBUS 
: MICROMEM 
: BPC 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
A EN 
: M EN 
D EÑ 
: D_EN 
ff EN 
: W EN 
: MICROMEM 
: 20 
: 22 
: 21BUS 
: MICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
: EXB7 
'. Ey.B7 
: EXB7 
: EXB7 
: EXB7 
: INSTFILBUS 
: INSTFILREG 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
: MICROMEM 
: DRCOUNTER_BUS 
: MICROMEM 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
0 
6 
0 
5 

13 
58 
37 
0 

- 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
4 
6 
7 
5 
0 
0 

50 
8 

50 
53 
0 
7 
0 
0 

47 
38 
0 
25 

0 : 
0 : 
0 : 
0 • 
0 : 
0 : 

15 : 
15 ' 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 

11 ' 
6 : 

11 ' 
5 : 

13 : 
58 : 
37 : 
11 

0 

0 

0 

r 
— 
r 
— 
-
— 
-
-
:c 
:r 
:-
:r 
:-
;-
-

z-
-

z-
z-
z-z 
z-
: r 

¡ -

: -

: -
7 = = 
15 
15 
7 

52 • 
0 • 

0 
55 
46 • 
7 
4 
6 
7 
5 
7 
7 

52 • 
12 
52 
55 
6 
7 
0 
7 

49 . 
38 
7 
27 

: -

: = 
: r 
z-
:-
; r 
z-
z-
: T 

: -
: -
: -

: = 
: = 
: = 
:;: 

: = 
: = 
:z 

: = 
: = 
:r 

: = 
: = 
:r 

: = 
r = 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000000 
00000004 
00000001 
00000005 
00000000 
00000001 
00000001 
00000000 
00000004 

00000000 

00000001 

00000001 
00000001 
00000000 
00009009 
00000090 
00000001 
00000000 
00000000 
00000001 
00000006 
00000000 
00000001 
00000001 
00000000 
00000000 
00000050 
00000050 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000002 
00000004 
00000001 
00000001 
00000007 

RS 

263 



824 
826 
852 
887 
888 
889 
912 
940 
943 
981 
1102 
1102 
1104 
1104 
1107 
1144 
1152 
1154 
1154 
1156 
1157 
1162 
1181 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1215 
1217 
1227 
1234 
1235 

sal id. 
1269 

paso 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

asig 
test 
test 
asig 
asig 
asig 
test 
test 
test 
test 
test 
asig 
test 
asig 
test 
test 
asig 
test 
asig 
test 
asig 
test 
test 
test 
asig 
asig 
asig 
asig 
asig 
asig 
test 
test 
test 
test 
test 
a 6 : 
asig 

18. 

test 
asig 
asig 
asig 
asig 
asig 
asig 
asig 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : 

: BSHIFT 
: MICROMEM 
: MICROMEM 
: ALU B 
: ALU A 
: ALU A 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: I NT 
: MÍCROMEM 
. : OVM 
: MICROMEM 
: IHT 
í AM2910A BUS 
: MICROMEM 
: AM2910A BUS 
: MICROMEM 

.: AM2910A BUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 

.: RFICHERO 

.: PILA2910A 
: INAPC 

.: INAPC 
: APC 
.: FICHERO 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
SALAB 
: SALAB 

: RS 
: BNUMER07 
: ENUMERO5 
.: BNUMER04 
: BNUMER03 
: ENUMERO0 
: INTDABUS 
: INTPROBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
M EN 

0 
36 
47 
0 
0 
16 
25 
50 
8 
32 
15 
0 

18 
0 

32 
0 
0 
28 
0 

23 
0 
56 
50 
24 
0 
0 
0 
0 
0 
0 

53 
30 
53 
11 
10 

31 : 
36 : 
49 -
31 : 
15 : 
31 • 
27 : 

-
: r 
-
~ 
-
-

\-
52 = = 
12 : 
34 : 
15 : 
0 ' 
18 : 
0 

34 : 
0 ; 

11 
28 : 
11 • 
23 : 
11 
57 : 

:r 
:r 
:r 
z 

: •z 

-
•-
: -
-
: ~ 
-

--
-
:r 

52 = = 
24 : 
11 
11 
11 
11 
11 
11 
55 : 
31 : 
55 : 
11 : 
10 : 

= 004 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 

11 

0 : 
0 
0 
0 
0 
0 

15 
15 
55 : 
52 : 
61 : 
3 : 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

: = 
-
~ 
-
; z 
-
; r 
;z 

: = 
;: 
:r 
:z 

c 

:r 
r 
r 
; r 
~ 
. -
-
~ 

z-
:~ 
z-

: = 
:s 

: = 
:r 

: = 
: = 
^ 

00000000 
00000000 
00000004 
00000000 
OOOOBOFO 
0000FFF8 
00000007 
00000001 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000000 
OOOOOOCE 
00000000 
OOOOOOCE 
00000002 
00000001 
00000000 
OOOOOOCE 
OOOOOOIC 
OOOOOOCF 
OOOOOODO 
OOOOOODO 
OOOOOOCF 
00000001 
00000003 
00000001 
00000000 
00000000 

00000004 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000004 

I NT 

RS 
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1217 
1227 
1234 
1235 

test 
test 
test 
test 

! MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 

salida 6 : SALAB 
1269 

paso : 

445 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

asig. 

L9. 

test 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
asig. 
test 
test 
test 
test 
test 
test 
test 
test 
test 
asig. 

salida 9 : 1 
593 asig. 

salida 8 : ] 
594 asig. 

salida 7 : ' 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
730 
731 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
822 
824 
826 

asig. 
test 
asig. 
asig. 
asig. 
test 
test '. 
asig. 
test 
test 
asig. 
asig. 
tOGt 
iOGt 
test 
test 
asig. 
asig. 
test 
asig. 
test 
test 
asig. 
test 
asig. 
asig. 
test 

: SALAB 

: RS 
: BHUMER07 
: BNUMER05 
: BMUMER04 
: BNUMER03 
: BHUMEROO 
: INTDABUS 
: IHTPROEUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: ADDRESSBUS 
Á_Eíi 
: M EH 
D EN 
: D EH 
tf_EN 
: W EH 
: MICROMEM 
: ZO 
: 22 
: 21BUS 
: MICROMEM 
: ARP 
: AUREG 
: MICROMEM 
: MICROMEM 
: INSTFILREG 
: INSTFILBUS 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MICROMEM 
: MRBUS 
: MRBUS 
: ARP 
: DAR 
: MICROMEM 
: MICROMEM 
: DRCOUNTER BUS 
: MICROMEM 
: INTDABUS 
: BSHIFT 
: MICROMEM 

30 
53 
11 
10 

= 004 
0 

0 
0 
0 
0 
0 
0 
0 
0 

53 
50 
61 
0 
4 
5 
6 
5 

37 
0 

= 0 
0 

= 1 
0 

= 1 
0 
7 
0 
0 
0 

50 
0 
0 
53 
44 
0 
0 
50 
8 
50 
53 
0 
7 
0 
0 

47 
38 
0 

25 
0 
0 
36 

31 : 
55 
11 : 
10 : 

11 

0 : 
0 
0 
0 
0 
0 
15 
15 
55 : 
52 • 
61 : 
3 • 
4 : 
5 : 
6 : 
5 : 

37 : 
11 

0 

0 

0 
7 : 
15 
15 
7 

52 : 
0 
0 
55 
46 • 
7 
7 
52 
12 
52 
55 • 
6 
7 
0 
7 

49 
38 
7 

27 
15 
31 
36 

:r 
:-
: = 
:r 

: z 

: = 
; r 

= 
. -

z 
• ~ 

z 
; -
:r 
:z 
:r 
:r 
zz 
zz 
:r 
:r 
:r 
; r 

> ̂  

: z 

: = 
: = 
: r 
: z 
: r 

zz 
zz 
; z 
z z 
:z 
• ̂  
• -. 
- r 
: r 
:z 
rr 
• ̂  
: z 
--
l -

z z 
zz 
: = 
;r 
: = 

:r 

00000003 
00000001 
00000000 
00000000 

00000004 

entrada 4 
00000001 
00000001 
00000000 
00000000 
00000000 
00000000 
00000000 
00000001 
00000001 
00000001 
OOOOOOOA 
00000001 
00000001 
00000000 
00000001 
00000000 
00000004 

00000000 

00000001 

00000001 
00000001 
00000000 
00009009 
00000090 
00000001 
00000000 
00000000 
00000001 
00000005 
OOOOOOAO 
OOOOOOAO 
00000001 
00000000 
00000001 
00000001 
00000000 
00000000 
00000000 
00000002 
00000000 
00000001 
00000002 
00000003 
00000000 
00000000 
00000000 

t RS 
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852 
855 
856 
857 
912 
940 
943 
981 
1096 
1097 
1098 
1102 
1102 
1104 
1104 
1107 
1110 
1111 
1126 
1144 
1152 
1154 
1156 
1157 
1162 
1165 
1166 
1167 
1215 
1217 
1227 
1234 
1235 

test 1 
asig. 
asig.' 
asig. 
test 
test 
tost ' 
test 
asig. ' 
asig. 
asig.' 
test 
asig. ' 
test 
asig. 
test 
asig. 
test 
test 
test 
asig. 
test 
test ' 
asig. 
test ' 
asig. 
asig. ' 
asig. 
test ' 
test 
test ' 
test 
test ' 

alida 6 : £ 
1269 as i g. • 

MICROMEM 
: ALU B 
ALU A 
ALU A 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
SAL_ALUX 
ACCL 
ACCH 
MICROMEM 
I NT 
MICROMEM 
OVM 

: MICROMEM 
F 

: MICROMEM 
F 

: I NT 
AM2910A_BUS 

' MICROMEM 
MICROMEM 

• AM2910A BUS 
MICROMEM 
RFICHERO 
FICHERO 
APC 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 
MICROMEM 

SALAB 
SALAB 

47 
0 
0 
16 
25 
50 
8 
32 
0 
0 
0 
15 
0 
18 
0 
32 
0 
16 
0 
0 
0 
28 
23 
0 

56 
0 
0 
0 

53 
30 
53 
11 
10 

49 
31 
15 
31 
27 
52 
12 
34 
31 
15 
15 
15 
0 
18 
0 
34 
0 
16 
0 
0 

11 
28 
23 
11 
57 
11 
11 
11 
55 
31 
55 
11 
10 

= 004 
0 11 

z~ 
» — 
•.. 
J s 

z-
--
--
--
« •• 

• ̂  
• » 

--
* — 
~-
{ z. 

r s 
; r 
z = 
= r 
= r 

: z. 
-s 
zz 
: z 
= = 
• ̂  
• ̂  

: = 
r = 
z = 
rs 
zz 
r r 

: z 

00000000 
00000000 
OOOOBOFO 
0000FFF8 
00000003 
00000001 
00000000 
00000007 
00000000 
00000000 
00000000 
00000000 
00000001 
00000000 
00000001 
00000007 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000000 
OOOOOOIC 
OOOOOOID 
OOOOOOIE 
00000001 
00000003 
00000001 
00000000 
00000000 

00000004 

INT 

267 



paso 20. 

44S 
504 
505 
506 
507 
508 
509 
510 
512 
515 
518 
520 
552 
554 
555 
568 
574 
592 

teet 
as i a 
asig 
asig 
asig 
asig 
asig 
asig 
test 
test 
test 
test 
test 
test 
t ost 
test 
test 
asig 

salida 9 : 
593 asig 

salida 8 : 
594 aeig 

salida 7 : 
595 
599 
607 
608 
609 
613 
616 
617 
622 
681 
696 
699 
700 
753 
775 
782 
789 
794 
795 
797 
798 
802 
805 
806 
822 
824 
826 
852 
874 
875 
876 
877 
912 

asig 
test 
asig 
asig 
asig 
test 
test 
asig 
test 
test 
asig 
asig 
asig 
test 
test 
test 
test 
asig 
asig 
test 
asig 
test 
test 
asig 
test 
asig 
test 
test 
asig 
asig 
asig 
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0 
53 
30 
53 
11 
10 
00^ 
0 

12 : 
34 : 
15 : 
0 

18 : 
0 

3 4 •• 

0 : 
11 ' 
28 : 
23 : 
11 
57 : 
11 
11 
11 
11 
11 
11 
55 : 
31 : 
55 : 
11 : 
10 : 
1 
11 

:-
:-
:r 

:r 

:r 
: z. 
~ 
:r 
:r 
r 
:r 

= 
-
-
-
; -
-

z-
:-
t-
t~ 

z-

; r 

00000000 
00000000 

oóóoóóóo 
00000001 
00000000 
00000001 
00000000 
entrada 3 
00000000 
00000001 
00000000 
00000000 
00000001 
000000C9 
OOOOOOIE 
OOOOOOIE 
OOOOOOIF 
OOOOOOIF 
00000020 
00000001 
00000003 
00000001 
00000000 
00000000 

00000004 

INT 

0 0== entrada 4 : RS 
O 11 == 00000005 
O 7 := 00000000 

24. paso : parada vista 
Comando desconocido 
SIM> Comando desconocido 
SIM> SIM> SIM> SIM> FIN: 
Tiempo de procesado : 

estS seguro ? (S/N) 
6.9 segundos 

Fin de la simulaci n 

SIMULADOR RTL SILOSS 
EPFL - DET(UPC) 



S.3 . - EVALUACIÓN FINAL. 

Cabe r&sefíar aquí a modo de eva luac ión 

f i n a l l a s ventajas e Inconvenientes que carac ter i zan al 

s i s tema d i g i t a l PLUTO. 

En l o que respecta a l a s ventajas 

debemos Indicar que todos l o s d i s p o s i t i v o s u t i l i z a d o s en 
7 

e s t e proyecto e s t á n representados en c é l u l a s estándar , 

conteniendo cada una de e l l a s un c i r c u i t o l ó g i c o plenamente 

carac ter i zado en términos de tamafío f í s i c o y c a r a c t e r í s t i c a s 

e l é c t r i c a s propias de cada fabr icante . E l l o es de 

importancia c a p i t a l a l a hora de r e a l i z a r un c i r c u i t o 

in tegrado de t i p o semlcustom. Esta c l a s e de c i r c u i t o s s i r v e , 

en e s e n c i a , para reemplazar directamente a v a r i o s c i r c u i t o s 

in tegrados de pequefia y media e s c a l a de i n t e g r a c i ó n , 

incorporándolos sobre un único c h i p , de t a l forma que un 

chip 'semlcustom' VLSI puede reemplazar a mAs de 100 ch ips 

estándar i n d i v i d u a l e s . 

Asimismo, avanzar en l a e s c a l a de 

i n t e g r a c i ó n supone mejorar gran parte de l a s c a r a c t e r í s t i c a s 

del s i s t ema , como l o e s en l a ve loc idad , que puede ser del 

orden de 1 a 10 veces más rápido. 

Como único inconveniente cabe reseñar e l 

a l t o c o s t o que supone r e a l i z a r s i s t emas d i g i t a l e s complejos 

con t e c n o l o g í a b i t - s i i c e , ya que l o s módulos componentes 

deben r e a l i z a r s e con más c i r c u i t o s integrados que s i no 

7 
N O T A : • • Vo qu4» s « s u a l » dsnominar 'STANDARD CELLS'. 



fuese implementado con esta tecnología. 
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•Inlrodúetlon 

m 

block libtied "control logle". Frtqu«nlly Ihli li • PnOM or PLA. 
\n th« CJK a( lh€ Am3910, ll ll bullt Inio lh« chlp. Thi BA (UId 
li a brtnch iddreii or tli« «ddrtst of i iubroutlr>e. 

PIPELINING^'••"• ' '' " " . , " . ' 

Tht addre» for iha microtnttrucllont Is ganeratsd bv tht 
lequtnctr, iltrting from i dock «dgt, Thi iddran goal (rom 
tha i«quancar,to tha ROM ind, an accaii lima talar, Iha micro-
Injlrüetlón I ' al tha. ROM output». • ; . 
A pipallna ragiilár li a raglitar placad an tha oulpui o( tha 
mlcroprogram mamory lo aiiantlally ipllt Iha >Y<tam In Iwo, 
Tha pipallna raglttar contalnl tha mlcrolniiructlon curranlly 
báing axéeuled 0 . (Rafar lo tha clrelad numirart In PIgura 4.1 
Tha data mtnlpulatlon control blti go oul lo tha syitem 

a porti 
tha laquencar Q) to determina Iha addreii of tha next mJo' 
Initructlon to be executed. That addreii Q) ll lant to tha RO' 
and Iha next mlcroinnruction (4) síti at Ihe Inpui of tí 
plpollno re<}l9ler. ^o^whlle tho. 290tC5.ara-exncuting one i 
slruclion,.Iha next Insliucllon Is bsing lolched.ltomJSOM; Nc 
tharthera li no lequantlal loglc In Ihe lequencer betweenî  
telad 'inei and tha outpul. Thit it important becausa thtltr 
Q) to (5) to @ to (4) muít occur during a jingle dock cyd 
Ourlng tha lama tima, tha loop.from (T) to (5) muit occuf 
th« 2901CS. Thoao Iwo pelhs tire róughiy tho snme (orouf 
200ni wont caía for a |6-bit lyitem). Tfia preienca o( tr 
pipallna ragiilar allowi tha microlnstructlon felch lo occ 
In parallal wlth tha data oparatlon ralbar than larlally, allov>> 
tha dock frequency lo be doublad 

: Am2901 B • Am2901 C • Am2901 C-1 

Flgurt 4. 
i *ow«* t« tu t \ 

ÍL 

TE 

OMftaHHJla ^ 

MteroMitructloA cwrftndv b f ln f «Ntcwitd 

S«Qu«ftc*r control l l^t* M U C I towre* of 
n«Bl mkfoIftitrweiioA iddraM ' ' 

N a i i intarolniírufflIeA •«Mrf i i 

N«Rl mlerelni í rwetMi 

Siaiui b l l l I rom ewrf i n i ml<roln«uueil«n 

SMtuí b t l i froTl I n t mlcrolnitnKde^ 

V 

s 
AL 

J£ 
o« 

u fooiNia--
• T i n * 

« IM' f t l ION 

11 P»00*AM 
eontwoiw*" 

M9IO» MttWO"* 
AOO"(«l*tOllM« 

ir 

The syjiem ihown In Flgur* i worka es followl. A tequsnes 
of mlcroinilruetlooi In tha PROM li axacutad to felch an 
Inilriictlon (rom malo mamory, Thli raqulral thal tha program 
counler, olton In a 290IC worKIng reglsler, be aent to Ihe 
mamory addra» raglttar and Ineramantad. Tha data ralurned 
from mamory l« loaded Into Iha Innruetlon ragiiter. Tha 
contenti of tha Initruction raglilar h paiiad ihrough a PROM 
or PLA to ganarata tha addreti o( tha flrit microinnructlon 
v»hlch muit be axacutad to perform tha required (unciion. 
A branch lo thli addrait occuri Ihrough tha laquancar. S«»aral 
microintiruclloni may b« axacutad lo lalch data (rom mamory, 
parform ALU oparatloni, latí (or ovarflow, and «o forth. Than 
a branch wlll ba mada back lo tha Initructlon (atch cycla, Al 
thli point, Ihara may ba branohtt lo alhar laclltini of mIciO' 

coda, For axampla, tha machina nilglit tan fot an liileír 
hará and obtlln »n interrupl tervlca rouiine addreii ir 
anothar mapplng ROM rathar than jtart on Ihe naxt madi 
Initructlon. Thara ara obvloutly many |>oiiil)illtlai. Throi< 
oul thit dala book,, In appUcailon notai, and withln i 
ihaatt, toma tuggetted techniquat will.ba (ound. 

Áddillonal appllcation notet ara In preparation and ara plin 
lof publicatlon. Advanced Micro Oevlccl' Applicationi' r 
It availabla to antwer quaitioni and próvida tachnical atiiitt 
ai wall. Thay may be raachad by calling (40BI 732'24(XI. 
outilda California inOOl SDS-S'ISO. Aik fnr Am2900 F» 
Applleulnni, 

Four-Bit Bipolar Mícroprocessor Sllce 

DISTlNCTlVt CHARACTERISTICS 

• Two-eddres» archltecture -
Indopendent slmuHaneous aocets lo Ivro worlúng 
reglslors s.̂ vos machine cycles. 

• EIght-lunctlon ALU -
Porforms addition, two sublractlon operalions. and flve 
logic lunclions on iwo source operands. 

• Flexible data source selectlon -
ALU dala is selecled from Tive sourcs parís for a total of 
203 source operand pairs for every ALU function. 

• Lefl/rtght shlft Independenl ol ALU -
Add arxl shift operalions tako only one cycle. 

• Four íl(»liis rings -
Cnrry. ovorflow, loto, nnd negiltivo. 

• Expandabls -
Connoct any number o( Am2901s togelher for longer 
word lenglhs. 

• MIcroprogrammable -
Three groups of Ihree bits each for source operand, ALU 
furKIion. and doslínalion control. 

• F»at - , . 
Am2901C is up to 33% fasler than Am290lB. Tho 
Am290lC meéis or exceeds all of Ihe specídcatlons (or 

• lh«Am29018. 

• IMOX -
Am290tC is processed wilh AMO's proprielary 
IMOX~ Procesa. " 

MICROPROCESSOR SLICE BLOCK DIAORAM 

J ' L '••' . 'V-'- • 

}j--^r—\l 

GENERAL DESCRIPTION 

The Am290 í industry standard four-bil microprocessor sHce 
Is a hIgh'Speed cascadable ALU intended (or use In CPUs. 
peripheral controllers, and programmpble microixocesscrs. 
The microinsiruction n^iitjíliiy o( Ihe Am290l permita etfi-' 
elent emulallon o( almost any digital computing machine. 
Th(> device, as shown In the block diagram below, consistí of 
a 16-word by 4-bil two-port RAM, a high-sp«ed ALU, indine 
assoclated shifting, dacoding and mulliplsxlng dreuitry. Thr 
nine-bil microinsirucilon word Is organiíed inlo Ihree groups 
of three bits aach and selecta Ihe ALU source ap«r«nds, Ihe 
ALU function. and the ALU destinatlon regisler. The micro--
processor is cascadable with fu> looli ahead or with nppie 
carry. h.is three-stale outputs. and próvidos varloua status 
llag oulpuls from the ALU. AMD s Ion-implantad 
micro-oxide (IMOX) procesair^ Is usad lo fabrícate the 
40-lead LSI chip. 

Tha Am290lC is a plug-in replacament for the Am290IB. 
bul is 33% faster than the Am29018. The Am2901C-l'ls a 
speed selecled versión ol the Am290tC offarlrig a 
20 - 30% snoad improvemenl rn critical palhs. 

RELATEO OEVICES 

Pan No. Ocserlptlon 

Am2902A Ca/ry LooK-Ahead Oarwator ' 
Am2904 Stalua and Shilt Control UnM ' 
:̂->?gtOA Mlcroprogram Confroaar I 

Arrt;9i4 Vaclorao Prtorily Inlenupl Con̂ oaer | 
Am?fll?A Búa Tranacc'ver 
Amjgtl PIpeIne Ragtater > 
AniZíM Oclal Regisler 
Am»22 Condtlon Coda UMX 
AnOm Syatem Clact Oenarator 
Am2940 - '-~-'-í)MAAadre»s'Oar>ef«ior 
Am2952 BMtrecDonal t/0 Port 
Am27S3S Reglatarad PROM 

For apoiicatlons inlormation sae the last pan of Ihla data 
sheat and chapters III and IV o( BU Silo* MIcroprecaiior 
Deilgn, by Mick and Bríck, McGraw Hill Publlinera. 

IMOX ll n irrtflomnrH ol Advnncou Micro DOVICM 
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DETAILEO Am290tC MICROPROCESSOR BLOCK DIAQRAM ' 

^^^^M9^S 
% 

A n i 2 9 ü i a / 2 9 0 1 C / 2 9 0 1 C - 1 

PIN O E F I N m O N S 

A Q O ^ « 'our addrass inpuls 10 Ih t rvgister slack used to 
9«t«cl one r«gí$l«r whos* comenta ara dlsptayad Ihrough 
Ihe A-pon. 

B Q . ] Tha four addr^ss inputs to Iha raglster slack usod to 

; I4 i«ci on9 r tg i i t t f whoi« coni«nti ar* dliplayad Ihrough 

^ Iha B-porland inio which n«w dala can b« wrltlan whan 

ih« clock ¿009 LOW. 

•o-a ^^^ " ' " * instroclion control línea. Uaed lo determine wha( 
dala sources wiU be applied to ihe ALU {loízh what func-
t n n the A t U wHI parform 034$). ar^d whai dala ia to be 
deposiied ín Ihe O-regisler or th« register stack (l^rs). 

O3 A shjft lina at the MSB of ihe Q register {Q^) and the 

RAM3 register stack (RAM}). Eiectrícatly Ihese línea are thres-

State outpuls connected to TTL Inputs inlernal to the 

device. When the destlnalíon code on Ig7| indícalas an up 

shift (oclal 6 or 7) the ihree-staie outpuls are enabled and 

Ihe MSB of the O r«i, .ler is avaílable on the Qj pin and 

Ihe MSB o( the ALU c .iput is avaílable on (he R A M j pin. 

Olherwise, the thíee-siata oulpula are O F F (high*imped-

anee) and the pins are electricalty t S * T T L inputs. When 

the destlnalíon coda calis (or a down shift, the pins are 

usod as tho dala inpuls lo Ihe M S B o( Iho O raglster (oclal 

4) and RAM (oclal 4 or S). 

Q Q Shín linas like O j and R A M j , bul at the LSB of the 

R A M Q Q-(egisler and RAM. These pins are tíed to the O3 and 

RAM3 pins o( the adjacent device lo transfer data be* 

tween devices lor up and down shifts of the Q register and 
ALU data. 

Do-3 Oirect data inputs. A lour-bit data flekt whtch may be 
sefected as one ol the ALU dota sourcea for enlering dala 
ínto the device. OQ ÍS the LSB. 

ARCHITECTURE 

Â dttaiiad block diagram of the bipolar microprosrammabltt 

micfoproceitor tiructurt Í i ihown in piourt 1. Tht circuil it a 

|[Mrbit ilice caicadabla to any numbar of blt i . Thartfóra, all 

;(lau pathi within tha círcuit «ra four bits wida, Tha two kv/ 

tltmanti ín tha Figura 1 block díagram ara th« 16-word by 4-bii 

^2p{Kl RAM and tha high-í'petd A L U . . 

0«ia in any ol tha 16 wordt o( tha Flanüoin Acceil Memory 
|(RAM) can ba raad from the A-porl of tha RAM at controllad by 
ih« 4-b(t A addreii lield inpui. Likewita, data in ^ny of tha 16 
MHdi of Ihe RAM ai dafined by tha Q aüdrosi field Inpul can ba 
timultanaoütiy read from iha B-port of tha f lAM. Tha lama coda 
'can ba applied to Ihe A telect fietd and B seloct fiaid in whích cas* 
ihi identlcal fila-data will tppear ai bolh tha RAM A-port and 
8 port ouiputs iimultaneousiy. 
I • . . 
Wtien aneblad by the RAM wfite enable (RAM £N( . new data ii 
ilwjvi wnuoit inlo tha tilo ( W O D I ) ilofinttil Ijv iho O Aildroii líekl 
of Iha MAM. XU» MAM 1I4U IM|HI ( I IU I I I Í i , ihlvvii hy • Dlniítil 
mttlitMlHO"'. I l i it uiMriilHtnlInn U ii\»<l ifi úii l l KIK Al IJ oiitr»il 

»H)il ilMiltnil, thit ll>in« liiiiiti iiM>hl|»U« u irhania alhiwl Iha 
J*li lu t)« ililItdLf u|i una bll piJiMIoii, ihlfiu I iluwii OMÉ lili (iiiil' 
llon, or 1)01 ihified In ailhar direction. ' ' 

Thi RAM'A-port data outputt and RAM B-port data'outputi 
(lii*« leparata 4-bit Idlchéi. Thets laichei hold ihe RAM data 
whiU tha dock inpui it LOW. Thít eliminatet eny poiiibie reoa 
tondiiioni thal could occur while now data it baing wrllten into 
thiHAM. ;, i 

I - ' : ' • • ' : 

T>ie high-speed Arithrrietic Logic Unit (ALU) can perform thras 
htnvy arithmetic and líva logic operations on tht iwo 4-bÍi ínput 

Vo.3 The four data outputs. These are Ihree-slale oulput linos. 
W h e n enablod, thoy dlsploy eílhar the lour outputs of iha 
A L U or the data on the A-port ol the register siack. as 

-^. determined by the destínation code t|7g. . 

' 51) Oulpul Enable, When ^ l i HtGH, the Y ouipuls are OFF; 
- ^ when OT la LOW, the Y outpuls are activa (H iÜ f l « 

LOW) . •• , • . ; 

G. P The carry genérate ñnó propágale outpuls of Ihe Internal 
ALU. These signáis ara used with the Am2902 lor carry-
lookahead. ' 

O V R Overflow.. This pin Is logically the Exclusive-OR ol tht 

carry-ln and carry-out of the MSB of the ALU. Al Ihe most 

signífk:ant end of (he word, this pin indícales (hat (ha 

result of an arithmetic Iwo's complemenl operalion has 

overllowed ínio the sígn-biL 

F • O This isanopencollectoroutpul which gooaHIGH(OFF) i í 

Ihe data on the four ALU outpuls FQO are all LOW. IR 

posítive loglc, it Indícales the result of an ALU operalion It 

l e ro . 

I F3 The most significanl ALU oulput bit. 

Cn The carry-ln lo (he intornal ALU. 

^n- f 4 T.ha carry-out of the Inlernal ALU. 

C P The dock Inpul. The O register and register slack oulputi I 
changa on the ctock LOW-to-HIGH transition. The dock j 
LOW time Is inlemally the write enable to the 16 x 4 RAM j 
which compromisos the "master" talches of ihe register'] 
Slack. WhlIe (he dock Is LOW, (he "slave" latchos on tha j 
RAM outpuls ara closed, stonng ihe data prevíously on.] 
tho RAM oulputs. This aDowa synChrorK)us masjor-slnva | 
operalk^n of the register stack. J 

wordi R and S. Tha R ínput lield is drtven from a 2'ÍMput niultí* 
pícxer. while tl>a 5 inpul tíeld ¡t driven from a 3-tnput multí-
pluar. Boih muhiplexers alto heve an inhihil capabiliiy; that is, 
noibu ii i>jitvil. Tli i i It 0(|uÍval«)Ml lo • "toto" totnca opet^int. 

ftelerring to Figure 1, (he A L U fllnput multiplexer has the RAM 
HApori and Ihe díreci data inpuii (O) connectad as inputi. Like* 

Iha A L U S'lnptii niultiple'xer hai Iha RAM A p m i , the 
flAM 1) port anü Iha O reuliler coftnecteü e^ li ipuu. 

•• " . 1 I • " . i • 

Thit multlplexer scheme giveí the eapability of seleciing various 
piiri of tha A, 8 , O, Q and "O" inputs at tource onerands to ihe 
ALU. Thaia five Inputs. when taken two ai a lime, result in tan 
poiiíble comblnetions of lource operend pairs. Theia combin-* 
itiont include AS. A D . AQ, AO, BO. BQ. BO, DQ, 0 0 and QC. 
Il ii apparant ihat AO, AQ and AO ara somewhal redundan! wiih 
BO, BQ and BO in that if the A address end B addrett are the 

Ihe idenitcal functíon retultt. Thus, there are only teven 
oomplatcly non-redundent lource operand pairs for ttie A L U . 
Th* Am2901 mícroprocesior implements eight of ¡hese pairi . 
Th« microiniiructipn inputs used 10 lelect the A L U tourct 
cperandi are the IQ. \\, end 1^ inputi. The definítion of ÍQ. ]\. 
nJ I ; for the atght lource operand combinaiions ate as thown in 
Figure 2. Alto thown it the octal code for each selection. 

iTh* two source operands not fully described es yat are ihc O in> 
1 ^ jiid Q ínput. The D inpul ii ihe four bit wiile di'act data 
(fithi iiiput. Thii pon It uttid to lnt*(t all dcia Into lh« woiklnu 
^ngiitiri intíde the d«vic«. Likewiie, this inpul cen ba utad In iha 

ALU to modify any of Ihe internel data tiles. The Q register ii a 
tttpviie 4-btt tile Intended primarily for multiplicaiion and 
Ijtnuon routinei but It can alio be uted ai an accumulitor or 

üng register for tome applications. 

• ALU iiielf is e high-tp«ed arlthmeilc/logic operator capable 
I ptrforming ihree binary arithmetic end flve loglc functíons. 
y»\y. I4, and Ig niicrolniiructlun Inputi aie uied 10 laUcí iha 

A L U fún :tlon. Tht definition of thtte inputs Is shown In Fi|furé 3. 

The octal code ti also thown lor reference. The normal techntque 

for caicading the A L U of severa! devices Is in « look-ahead cerry 

mode. Carry genérate, O, arKl carry propágate, P. are outputs of 

tht davirc for ui« wlth a carrY-Jook-ehead-generaior tuch as the 

Am2902 . A carry-out. Cn44, is Uso generattd and 1$ avaitable 

ai an output lor u i t as tha carry f l ig in a status rtgiitar. Boih 

carry-ln (Cn) arid carry-out (Cn+4) >rt activa H I G H . ' 

The A L U hat tlwee other staiut-orienied oulputs. These are F3. 
F * O, and overflow (OVR) . Tha F3 oulput 11 ihe most signifícant 
(lign) bit of tht A L U and can be uted to determirte positiva or 
negailve retultt without enabling the ihree-ttate data outpult. 
F3 It non-inverted with retpeci to the tiíjn bit output Y 3 , The 
F " O output is used for zero deiect. t i Is an op«n>collector oul
pul and can t>c wira OR'ed beiween microproceuor sllcas. F • O 
it H IGH when all F oulputs are LOW. The overflow output (OVR) 
It uted to lleg arithmetic operations that txcted iht availabte 
Iwo's co nplement number ranga. The overflow output (OVR) 
it H iGH when overflow exitit . That It, when € , ,43 and C^^^ are 
onl lh« tAina |M)l«títy. I 

fh« At 11 «UlA niMlHii II tnttiatl lo i*v«ial i l«itln*ll i itti l i can !•• e 
' iliiid niÉt|tul til ih« (l«*lt:* «lili I I can • t iu IM* llntail In llM MAM IM 

Ihe Q letjittar. Eiyttt poitible cunibioetiuní of A L U üetitnaitun 
lunctioni ara avaílable at dallned by the Ig, \-j, and Ig micro-
inttruction inpuit. Theie comblnetions are shown in Figura 4. 

The four-bit data output lield (Y) featurcs thrat-sute outpuil and 
can be díre^ily but organiíed. An output control (OE) ís used to 
enable the^hree-ttate oulputs. When Ó^ ís H I G H , the Y ouiputi 
are in the high-impedance stete. 

A iwo-inpui multlplexer Is also used at the data oulput such thal 
either ih« A-port ol the R A M or the A L U outputs (F) art stlecitd 
ai'the device Y outputs, Th l i itfeciion is conirolled by the I5, I7, 
and Ig microiristructiort tnpuis. Refer to Figure 4 for the uiccied 
oulput lor aech microinttruction code combin^lion. 

At wat díscuited previoutiy. the R A M Inputs ere driven from a 
three-inpul multlplexer. This allows the A L U oulputs to ba 
entertd nnn-ihlfted, ihifted up orw potition (X3) or thifted down 
one politlón ( f 2). The ihlt i t f hei two (todt; ont Is leltaltd R A M Q 
and tha other Is lebeled R A M 3 . Both of Iheta porta consist of a 
buffer-driver wlth a Ihree-stata output tr^l an Ínput to tha multl
plexer, Thus, in tht thifi up mode. the R A M ) buffer ís enabled 
and tht R A M Q multipttxtr Input I : enabled. Liktwisa, in tht shift 
down mode, tha RAMp buffer and RAM3 inpul are aneblad. In 
tht no-thift mode, both bufferi are in tha high-lmpedánea stata 
and tht multlplexer inputs art not salacted. This ihifier Is con-
irolled from the Ig, ij and Ig microinstructlon inputs as dt f intd 
in Figurt 4. ' i 1 .:• 

Simílarty, tht O rtgíster Is driven from. a 3-lnput multlplexer. In 
Ihe no-ih'fi moca, the multlplexer enteri tht A L U data into tha 
Q register. In either «ht shiftup or shift-down mode, Iha multl* 
ploxer selecls ihe O register dala ippropríetaly thi l t td up or 
down. Tho Q shífter also has iwo ports; ont ti labtled OQ and the 
other i i O3 . .The.e4Mfaiio«.«l thaea.'aH«.««ru ii similor 10 the 
RAM thifter and it alto controlled from IQ, I7, arnJ Ig at shown 
tn Higuie 4. 

Tha dock Inpul to tha A m 2 0 0 1 contfolt the R A M , tlie Q register, 
anü the A and B data laichei. When tnabled, date is clocked into 
the O register on the LOW-to-HIGH transition of iha dock. When 
the ^tock inpul is H I G H , tha A and B tatchei are opan and will 
país whaiever data f i prttent t ( tha f í A M oulputs. When the 

d o c k input is LOW, tha Utchai ara dotad and will rauin tht 
leu dala enitred. tf Iha RAM-EN is enabled. ntw data will be 
wrí t i tn Inio ihe RAM file fword) delined by Ihe B address fleld 
wh«o lite dock Inpul l i LOW. 

5-7 
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I SOURCE OPEn.' NOS AND ALU FUNCTIONS 

There are eight lource operand piíri ivsilabte to tha ALU ai 
íelflcted by the IQ, I , , and I j initructíon inputi. The ALU can 

iperform eight functioni; five logic and threa arithmetic. The 
'3, U' *f^<Í '5 initructíon inputt control thti functron select'on. 
Thí carry input, Cn, alio aMecti the ALU reiulti wh«n in the 
iriihmotic mode. The Cn 'nput hei no «ífact ir» the logic mode. 
When ÍQ ihrough I5 and Cn ara viewed logethar, the matrix of 

Figure 5 reiults. Thii matrtx fully disflnas the ALU/iourc* 
operand function for each ttate. > 

The ALU functión'i ctn atio be examined on a "tatk" baii<, 
í.e., add, lubtract, ANO, OR. etc. In the arithmetic moda. th« 
carry wilt affect the function performed whilt in Ihe logiC; 
mode, the carry will have no bearíng on the ALU output. 
Figure 6 definei the van'oui logre oparatíont that the AmTQOI' 
can perform and Figure 7 ihows the arithmetic íunriinni oí' 
the devlce. Both carryin LOW (Cn • 0) and cjrryin MlGM 
(Cn " 1) are defined in theie operationi. , • . 
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LOGIC FUNCT10NS FOH G, P, Cn+4, ANO O', fl 

Th« lour jignali G. P. Cn+4. »nd O V R are deiígned to indictte ("o " " o * So 
cdrry and overflow condiiions when thc A m 2 9 0 1 í i in the add P) * ^1 '̂  S) 
ur lubtract rr.ode. The table below indicatei the I09ÍC equationt 
(or thoie four fi^naU fur each of the eight A L U functions. The 
II Aotl S I111H1U Mf» ll̂ tt twii lopiilt leltiMeil acoiiitllMu lo 
l l l joia 'i. 
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I. Am2901C Guaranteed Commerclal 
Range Performance 

Ths tablea below spaclly th« guaranteed perlonnancá ol Ihs 
Am2901C oveí tli» oommerclal operollng range ol O'C lo + 70*C, 
vdlh Vcc (rom 4.75V lo 5.25V. AM dala ara In ns. wfih Inpula 
swllehing between OV and 3V al 1\íní and meaauremenls made 
al 1.SV. All óulpuls have máximum DC load. ' 
ThU dala appll» lo Ihe lollnwing parí niimhori; AmJTOICPO 

AmJOOlCOC 
AmZSOICLC 

A. Cycle Tima and Clock Chiractarlatlca. 

Rand-Modlly-Wrlla Cycle (Irom salacllon ol A, 8 raglslsrl 
lo and ol cycla.) . . . 

Máximum Clock Fraquancy lo shin O |50S duty cycle, 
I > 432 or «32) 

Mínimum Ctock I.OW Tima 

Mínimum Ck*!)! I «OH Tima 

Mínimum Cloctt Perlod 

32MHI 

B. Comblnallonal Propagallon Oalaya. 
CL » SOpF 

- _ J o O u l p u l 

From iñpuT 

A. B Addrasa 

0 

Cn 

1012 

1345 

\m 
A Bypau ALU 
(1 - iXX) 

Ctock_f" 

Y 

40 

30 

32 

35 

39 

19 

35 

35 

F3 

40 

30 

92 

35 

35 

-
• - • : • . • 

35 

C n + 4 

. *o 
30 

30 

35 . 

35 

-
• , r _ - „ -

35 

0 , P 

, 37 

30 

-
37 

35 . 

á 

..--..-...-
35 

F > 0 

•40 , 

35 

35 

• 37 

35 

-

-
35 

OVR 

40 

30 

32 

35 

35 

' 

-
35 

RAMO 

n A M 3 

\'0 

30 

35 

35 

35 

j n 

-
35 

00 
03 

-
-

~~r" 
-

' j« 

-
28 

C. Sat-up •n'd'Hotd Tima* Ralallve lo Clock (CP) Inpul. 

1. 
Inpul 

A, B Sourca Addrasa 

B CaadnaUon 
Addreu 

D 

Cn 

1012 

1345 

1675 

RAMO. 3, 0 0 , 3 

.. . 

CP: -^ 

Sal-i ip T ima 

Belera -H ' ^ L 

15 

- 1 5 " - • 

-
-
-
-
10 

-

r 
Hold Tima 

Attar H - • L 

I (Ñola 3) 

7 

Sal-up T ime 

Bafore L -> H 

30. 15 • Tpvn^ 
(Ñola 4| 

• Oo Nol Changa 

-
-
-

25 

20 

30 

30 

Oo Nol Changa 

- 12 

r 

Hold Time 

Altar L - H 

_.. 1 

• 1 

0 

0 

0 

0 

0 

0 

o. Outpul Enable/Dlaabla Tlmaa. 
Output dlsable lesls parformad wllh C|. - 5pF and 
measured lo 0.5V changa ol oulput vollage lave!. 

Inpul 

5g 

O u l p u l 

•• Y - ' 

Enabla 

23 

DIeabla 

23 

N o i e i : ; • : I - . . ' • . . . ; - i . • • • . , ' • 

1. A daan Indlcalaa a propagalkm dalay palh or tal-up Urna oonsltami doáa nal axial. 
2.' Cart'in akjnala mu«i ha alaMa «kirlng Itw amiia dock LOW Hma lo avok) arronaoua bparalkw. TNa la mdlcálad by iha phraM "do nal changa". 
3, 9nurca aiMraiaat inual M «lalM Odor 10 N clonli H - • I, Iranalikm lo allaw lima lo aocaai ina «oima dala balnia Iha laichaa cMa Tha ^ 

«diliait m«y ih«n6ieh«H(i«d. Thi 6 I M F I M eauldta edinflidllIIlin«i • daiilnmimil.i, IIiljilii iinei baingwiliianliack uno iiia HAM Noimtiif 
A and • are nel ehangad during Ih* tioek LOW lima, 

4. The lal-up lime pdor lo Iha dock L -a H Iranallkm It lo alkw lima lor dala lo be acceaiad. paitad Ihrough Iha ALU. and ralumad lo Iha RAM. 11 
Indudas all Ihe lime Irom álable A and B addraaiaa lo tha dock L-» H lransltk}n, ragardtaai ol whan Iha clock H -^ L Iranslllon occufs. 

I.Am2901C Guaranteed Mllltary 
Range Performance.. 

a tablas below specily tha guaranteed perlormance ol the 
901B over the military operating range ol - 55*C lo +125'C, 

!wilh Vcc Irom 4.5V lo 5.5V. Alt data are in ns, with Inputs swilch-
Ing between OV and 3V at lyfns and measuremenls made at 
I.SV. All outputs have máximum DC k>ad. 

TWa rinln npplioí lo thn lollowinq parí numbers: Am2901CDM 
AiiiJüOICrM 
Am290lCLM 

A. Oyete Time and Clock Characterlallea. 

Raad-Modlly-Wrlta Cyde (Irom sa'ecllon ol A, B ragislara 
lo ano ol cycia.) 

Máximum Ckxk Fraouancy tó shirt 0 (50% d"iy eyda. 
1 - 432 or 832) 

Mínimum Clock LOW Time 

Mínimum Chick HIOH Tima 

Mínimum Clocli PVH'HI 

32nt 

31MH2 

15na 

15n< 

33i<> 

B. Comblnallonal Propagallon Oelaya. 
CL =» SOpF 

— . . . T o O u t p u l 

From Inpul 

A. 9 AdOfoss 

0 

Cn 

1012 

1345 

IB7I1 

A I)VM«»Í ALU 
(1 - 3XX) 

Clock _ f 

Y 

48 

37 

35 

40 

40 

39 

40 

40 

F3 

48 

37 

35 

40 

40 

' 

40 

Cn + 4 

48 

37 

31 

40 

40 

40 

5.P 
44 

34 

44 

40 

40 

F - 0 

48 

40 

2« 

44 

40 

40 

OVR 

48 

37 

35 

40 

40 

40 

RAMO 
RAM3 

48 

37 

28 

40 

40 

2< 

40 

00 
03 

29 

33 

C. S«t -up and Hotd T 

Input 

A, 8 Source Address 

B Oestination 
A(Mre5S 

0 / 

Cn / 

1012 / 

1345 / 

1678 / . 

RAMO, 3. 0 0 , 3 • 

Sal-up Tima 
Belora H - L 

15 

/ • ' " 

10 

mea Relat iva to Clock (CP) Inpul . 

c 
Hold T ima 

Al tar H — L 

2 (Nota 3) 

1 

Sat-up T ima 

Bafore L - M 

30, 15 • Tpv„. 
(Ñola 4) 

• ' * ' ' ' " Do No4 Ch*nQ# 

i 

25 

20 

30 

30 

Do Nol Cbang* 

1 1. 

Hold T ime 
Aftar L - H 

2 • 

2 

0 

0 

0 

0 

0 

0 

o. Oulput Enable/DIsable Tlmea. 
Oulput disabte tests performod with C(. » 5pF and 
measured lo 0.5V chango ol outpul vollage levei. 

Input 

se 
O u l p u l 

Y 

Enabla 

29 

Dlaabla 

29 

Í',i, A dajh Indicalea a propagatkm dalay pam or jal-up lima conatraint doet nol axial. 
. 2. Cartain jignaH must ba atable durtng Iha anilra dock LOW lima lo avoW anoneoua oparaiton. TNa la mokaiad by Bia phfaae "do nol dianga". 
' 3, Smiica aridiaiaat mual ba ilabta prtor lo tha clock H -• L Iraniittoo lo alkw lima lo accasa ma aourca dala belor» Itia laleMa doaa. Tha A 

•ilitiata iiiay tlian t<a changail Tha R aiktiaii amM ha changart il 4 it nnl a rtaitmai»», la. II dala ii niit boing wímen bac» inlo iha RAM. H»rm»»f 
A aml B aia iml changad duting tlie eloeti LOW tima. 

4. Tha sat-up lima prtor to tha dock L -• H transilkm li to illow lime lor data lo be acceaiad. penad Ihrough the ALU. and ralumad to Iha flAM. II 
, Indudas all the lima Irom slabla A and B addrassaj lo Ihe dock L - • H Iransnton. ragardleai ol whan the dock H - • L Uanifllon ooeur». 
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IV. Ain2901B Guaranteed Commerclal Range Performance 
The Am290lC meets or exceeds all of Ihe specilicalions (or Ihe earliar Am29ú 1B and Am2901 A. 

Parrs may siill be ordsred and marked as Am2901B or Am2901 A. 

V. Am2901B Guaranteed Mllltary Range Performance 

Tha Am2901C meets or exceeds all ot Ihe specilicalions lor thu eulier Am290tB and Am290tA. 
Parts may stlll be ordered and marl<od as AmZOOtB or AmJOOiA. 

TTL INPUT/OUTPUT CURHENT INTERFACES 

OQ. 1. * * " « , I 'tfc 

r ouTPun 

' H . I . I 

**. 1. 1. • 

«1 

o».i 

fl a 

Ida 

Wk 

Mk 

t M 

Ci •• S.OpF. alt inputs 

a.».c,.. 
mur, 

L_. 

C Q •• SOpF. all oulpuis 

Figura 1 t . 

CP 

>1 

*»4. "(H 

»h 

lOh 

«h 

TEST OUTPUT LOAD C0NFIGURAT10NS FOR Ani2901C 

A. ntREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR OUTPUTS 

.. f 

-14-

-w-

1-
5 0 - VBE - VQL 

lOi + VOL/IK 

"• ^ ^ 

2.4V 

kx 

5.0 - VBE - VoL 

4=»^ 

8 0 - Va. 

No(«s: 1. Ct. - SOpF includas soop* pfoba, wiring and »lray capacilancas wilhoul davict In last fixture. 
2. S | , S2. S3 aie closail duflng lunction tosts and all AC latís oicapl oulpol atubla lasll. 

3. S| and S3 aia ctoMd «hila S2 i« opan tof VZH l*tl . 
S) and S2 ara cloa*d wlula S j is op«n lor lp2L '^^l-

4. C¡_ - S.OpF tor ouipul disatiM lana. 

. TEST OUTPUT L 0 A Í 3 S FOH Am2901C (DIP) 

Pin » 

I I 

lit 

21 

31 

32 

33 

34 

35 

3 6 - 3 9 

Pin Labal 

MAM, 

HAMo 

F . 0 

F j 

a 
c„. . 
OVR 

P 

V^J 

T a a l 

Circuit 

A 

A 

C 

A 

A 

B 

D 

B 

8 

e 
A 

n, 
r.rui 

S60 

270 

seo 

500 

020 

220 

360 

470 

470 

220 

" l 

IK 

IX 

-

IK 

3.9K 

1.5K 

1.4K 

3K 

3K 

IK 
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UFE TESt AND BURN-IN CIRCUIT FOR MILITÁRY CLASS B PARTS. 

Í IOCK > -

I > 10 1 4 • • I I 

c i í c i r >( f , f , f , V | . j 

ONO 

"1 

14 , h ] I I t i 

\M M I 11 ío 

•o « I "1 «3 

HAMQ 

'Q ' I ' I Cii Ofl 0|* O) O j ' I Vcc . ONO A j A , A, A^ T ^ V , T , Y J 

II lo T" » I » "íí" "JT" II I 

P r i q u t n c v • l O O K H s 

T A - 1 2 5 ' C 

T h i i e l fcu l l e o n f n f m t to M I L S T O - 8 8 3 , m t l h o r i 1 0 1 5 , eonrtlHon O . ^^C - Li í 

nu 

(Contad Faetory lor Commarclal Burn-ln Condlllons) 

Flour» 12. . , 

Notaa on Ttallng 

Incoming test procedures on ttils devlc9 should be carefully 
plíinned, lakfng Into account the hlgh complexity and power tevels 
of Itie pan, Ttio tollowing notos may be usefut. 

1. Insure the pail Is adequately dscoupled al ttie leal heád. Large 
changas In V^c current as the daviee switchaa may cause 
erroneous lunctlon lallurts du« lo Vec chinget. 

2. Oo not leave Inputs lloaling during any tasts. «s Ihey msy slari 
to osclllate at hlgh Irequeney. 

3. Do not attempt to periorm Ihreshold testa at hlgh speed. 
Followlng an Input transltlon. ground current may change by 
as much as 400mA In S-Bns. Inductanee In the ground cable 
may allow Iha ground pin at the daviea to risa by ,tOO's ol 
mllllvolts momentarlly. 

4. Use extreme care In defíning Input levéis for AC tesis. Manf 
Inputs mny be chnnged at once, so Ihere will be slgnificaní 
nolae al the devlce pins and Ihey may not nclually ronch Vii a 
VjH untll the nolse has selllod. AMD recommends using Vjt, < 
0.4V and V|H » 2.4V lor AC lests. 

5. To aimpllly lallura analysls, programa should be deslgned to 
periorm DC, Functlon, and AC léala as Ihree dlsllncl groups ol 
tests. 

6. To assist In lestlng, AMO ofiers complete documentatlon on 
our test procedures and. In most cases, can próvida FairchM 
Senlry programs. undor tícense. 

For addiilonal tnlormatlon on lestlng, see secllon 
"Ouldellncs on Tastlng AmiMO Family Oavlcet" 

m the Bipolar MIcraprocessar Logic and Inlerlace Dala Book. 

MÍNIMUM CYCLE T IME CALCULATIONS FOR 16-BIT SYSTEMS 

Speeds used In calculnlions lor parts olher than Am290lC are 
represemalive lor available MSI parts. 

sir 

J, A Á 

«... 

Pipellned System. Add wlthoul Slmultaneous Shlft. 

0 » T A L O O P CONTBOL L O O P 

Clock lo_PytDUI 

A. BJO O, P I 

G Q . ? O I O Cn»i 

C , 10 C „ , , . O v n . F, . F . 0. Y 

StfI-uo Tims 

9 

37 

10 

25 

2 

S3ni 

Mínimum rtoch p«'M)il • IOi)f>* 

Clock lo OvIDut 
S«l*cl *" Oulput 
c e lo OuttHJl 
A c c t l l Tlm» 
S«l-uo Tima 

9 
13 

40 • 

2 

— ÍC r— 

SíT 

• a, — 

iJLL 

|F<jq 
C 

Pipellned System, Slmultaneoua Add and Shllt Oown. 

DATA-LOOP C O N T R O L L O O P 

(t) negi j i f f Clocli to Oulsut 9 

* S 2 9 0 I C A, B lo 3 . P 3 ' 

• ffl Í902 So. ̂ 0 '» Cn.i 'O 
. »®2901 CnloF3.0VB !5 

• US) XOn •nd MUX 21 
* (9) 2901 P A M ] át l -UP ' t2 

(¿) flogisTPf Ctoc* lo Oulowi 

U ) MUX S « l K I u Oulpul 

m 2910 c e to Oulout 

m p n O M A c c o f i Timo 

(T) fttgislor i«-iio Timo 

1 ] 

49 

40 

1 . 
IO t>« 

Mifumiim cmr.h paiiod > M*tr% 

Figure 13. 

F 



Am:<90lB/29O1C/2901C-1 
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III. Am2d01C-1 SwitchIngCharacterIstics 
The Am2901C-1 Is a'speed selected versión ot the 
Am2901C olfering a 2 0 - 3 0 % speed Improvement 
oncríticalpalhs. 

A. Cycl* Tlm* and Clock CharicKrIsllcj. 

ñead*Modiry-Wrilc Cyclo (from Mlection ol A, 8 ragtsiers 
to and ot cycla.) 

Máximum Clock Frequency to shitt O (50% duly cycla. 
I - 432 or 832) 

Mínimum Clock LOW Timo 

Mínimum Clock HIGH Tima 

OflDERING INFORMATION i j 

0(dw Ihe pan numbar accoiding to Iha tabla belowlo oblaln Ihe dasiiod packaga. lemparalufo ranga, and sctoanlng level. 

Am29018 
(Ñola 5) Am2901C 

Am2901C-1 
(Nota fi) 

Packaga Typa 
(Note 1) 

Oparallng Ranga 
(Noia 2) 

Scraanlng Laval 
(Nola3| 

B. Comblnatlonal Propagatlon Oalaya. 
CL m 50pF 

AM2901BPC 
AM2901BOC 
AM290IB(3C-B 
AM290IBOM 

.AM290IBDM-a 
AM290IBFM 
AM290IBFM-B 

AM2901BXC 
AM290IOXM 

AM290ICPC 
AM290ICOC 
AM2901COCB 
AM2901CDM 
AM2901COM-B 
AM290ICFM 
AM290ICFMB 
AM290ICLC 
AM2901CLM 
AM2901CLMB 

AM2901CXC 
AM290ICXM 

P-<0 
0-40 
0-40 
D-40 
O-40 
F-42 
F-42 
L--14 
L-44 
L-44 

Olea 
Olea 

C 
C 
C 
M 
M 
M 
M 
C 
M 
M 

C 
M 

C-1 
C-1 

B-2(Nola4) . 
; c-3 

a-3 
C-3 
B-3 
C-1 
C-3 
B-3 

Visual Insoaclion 
loMIL-STO-8a3 
Malhod 20I0B 

. FlBI Pak. Numbor lollowing lallaf la numbar ol laada. Saa Apoandií B (In 1 P - Moldad OIP. O - Hermelic OIP. F • . . _ . . - -- - , « , . j ^ 
• Bipolar Miaoprocosjoí Lofilc aiví Iniarlaca Dala Book) lo< daioliad ouiiina. Whara Appandix B coniainj aa«a<al da>n 

numbaií any ol Iha vaflallona ol Iha packaga ma» ba usad unlaíí Olhwwlía i(»cillad. 
2 C-0lo+70'C.Vrc-475loS.25V,M--S5tot125'C.Vcc-<-50loSS''V. 
3. Saa Appandlx A (In Bipolar M¡CfOprocaaso< Logic and Iniarlaca Dala Book) lor dalails ol soaanlng. La.al. C I and C-3 

conlormloMIU-STD-e83.Cla5aC.La»alB-3conlOfmstoMIL-STD-a83.ClajaB. ^ ^ 

4. 96hourbum-ln. • ™ , o •• • . 
5. Am29OtBord»rsma»boshippodwilhAm290lC<)i«wilhlhepackagamatkadAm29OlB. 
n Wlinn rtvnilnhin 

METALLIZATION ANO PAO LAYOUT 

Si' 

OIESIZE 0.130" X 0.123" 

CONNECTIONDIAGnAMS - Top VIows 

D. Oulput Enabla/Dlaabla Tlmat. 
Output dlsable lasts pertormed wilh Ĉ ^ • SpF and 
measured to O.SV changa ol oulput voltaga level. 

Input Oulput Enabla Olaabla 

A óatti irviicaiaB a propagation deíay paih of sel-up time constraint doet not axist. 
C«iain ktgnals nniat ba atabla dunng iha antlra clock LOW tima lo avoid arronaoua oparatton. Thls la indlcatad by iha phrasa "do nol changa". 
StMjica addrasMt muki b« stabia prior lo ih* clock H -^ L Iranaition lo atiow tima lo accaaa iha aourca dala balora tha laichat closa. Tha A 
4 Jü; vi* ••.•-, ri.̂ n b* chjnged. Tba B addraaa oould bé changad If II la not a daatmatlon; t.a. IIdata la not baing wHnen bach into Iha RAM. Normaily 
A anu « éf t\*A cnangtKl during ih* dock LOW tima. 
Tha »af-op üm» piwr lo tha dock L -• H tranaibon ts lo atkM tima (or data lo ba accasaad, paaaad tnrough tha ALU. «od ratumad to Iha RAM. R 
indudaa all Iha tima Irom siabla A and B addrassaa to tha clock L ** H transilion, ragardlasa of whan Iha clock H -* L irmsttion occurs. 

M. ** 

ffi- •' 1= 
91 -iC 
B ''C 
W s e B '.C 
Ü '•(= 

H ''<= 
l?J ""'t; 
w - s e 
m '"C: 
IM ' '^ 
te '•c 
a¡ '.c 
m ''^ 
m 'C 
se "'C 
K ••£ 
m ''C 
D I ''<^ tm ''<= 

. • 

<• 

40. 0 40 

«. 
" f 

.. 
n 

( í 

" M 

. t 

/• >l 

» n 
M 

f l 

II 

• • ' 

P 
3 
J 
3 
J 
_1 
_) J 
•J 

3 
J 
J¡ 
3 
D 
_J 
J 
3 
3 
u 
u 

F-42 

..-i 
•.c 
i.Cl 

•M 

* A 

3'. 
3 ' . 
.3'. 
D"i 
3-1 
3-'i 
•3-t 
3 ' i 
3 ' . 
3 ' i 
3> 
3 i " " 
3c... 
3e 
3 ' i 
3i>« 
3 ' -
3 ' ' 
3 ' . 
3'i 

Crilp-Pak'" 
L-44-1 

í < / / / X í 

/ < x / ^ / t í j ¡t 

Ñola; Pin I la markad lor orlanlallon. Figura 14. 
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,Us¡ngthéAm2901 
Using lh« Am2901 

BASI.C.SYSTEMARCHITECTURE '• • 
The Ani290t Is designad lo be usod In mlcroprogrammed 
sysisms. The nine Inslrucllon Unes, Ihe A and 8 addresses, and 
the O dala Inpuls normalty wlll all come Irotn reglslers clocked al 
Ihe same lime as Ihe Am2901. The reglsler Inpuls come Irom a 
ROM or PROM - Ihe "mleroprogram slors." Thls memory 
conlains sequences ol microinsirucllons, lyplcally 28 lo 40 bils 
wlda, which apply Ihe proper control signáis to Ihe Am290 ts and 
olhor clrcuíls lo exacule Ihe daslrod operellon, 

The address Unes ol Ihe mleroprogram slora are drlven Irom Ihe 
Am2901 microprogram sequsncer. Thls devica has lacillllas lor 
sloring an address, Incremenllng an address, jumping lo any 
address, and linklng subroullnes. The Am2901 Is conlrolled by 
soma ol Ihe bils coming Irom Iha microprogram slore. 

. Essenilally Ihese blis are Ihe "nexl Inslrucllon" conlroi. 

Nole Ihnl wllh Ihe mlcroproofam regliler In-bolween Ihe 
nilcrnprngratn memory slore and Ihe Am200li, an Inslrucllnn 
accessed on one cycla Is execuled on ihe nexl cycle. As ona 
inslrucllon Is execuled^ Ihe nexl Inslrucllon Is baing raad Irom 
microprogram memory. In Ihls conllguraílon, sysiem speed Is 

. improved because Ihe execullon lime In Ihe Am2901 s occurs In 
parallel wilh Ihe access lime ol Ihe microprogram slore. Wllhoul 
Ihe "plpellno reglsler." Iheae two luncllons musí occur serlnlly. 

EXPANSIÓN OF THE Am2901 

The Am290t l> a lour-bll CPU sllee. Any number ol Am290ls ' 
can be Inlerconnaclád lo lorm CPU> ol 12, 18, 24, 38 or moro 
bils, In lour-bll Incremenls, Figure 18 illusiraies Ihe 
Inlerconnecllon ol threa Am290ts lo lorm a 12-bll CPU, usIng 
rippla enrry. Figure 17 llluilralaa • 16-bll CPU using earry 
lookahaad, «nd Figure 18 la Ihe gtnertl cirry lookihead 
scheme lor lortg words. 

i.Wlth lh« exeeplion'o* ihei carry Inlercottqectlon, all expanaton 
schemes are lh«.aaina. Ralor lo Figure tS. The O3 and RAM3 

- pins ara bidirectional lelt/righl shlll linee al the MS8 ol Ihe. 
device. For all devlcea excepl Iha most slgniflcant, Ihese Unes 
are connecled to Ihe OQ and RAMQ pIns ol Ihe Nd|acenl more 
slgnlllcanl davlce. These connecllons allow Ihe O-reglslars ol 

all Am290ts lo be shilted lell or right as a conllguous n-bil 
reglsler, and also allow iha ALU ouipul dala lo bs shilled lali or 
rlglil as a conllguous n-bll word prior lo storage In ihe RAM. Al 
Ihe LSB and MSB ol Ihe CPU, Ihe shlll pins should be connecled 
lo Ihree-slala mulllplexers whIch can be conlrolled by th» 
microcode lo selecl Ihe appropriale Inpul signáis lo Ihe shlll 
Inpuls. (See Figure 19) 

The opon colloclor F - O oulpuls ol nli Iho Am290U ir» 
connecled logelhnr and lo a pull-up resistor. Thls line wlll go 
HIGH il and oniy il Ihe oupul ol Ihe ALU conlains all zoioes. Mosl 
Systems wlll use thls Une as Ihe Z (zero) hil ol Ihe processor 
status word. . 

The ovorllow and F3 ptns are genarally used only al Iho mosl 
slgnlllcanl and ol the array, and are meanlnnlul only when Iwo's 
Complemonl signad nrllhmollc Is used. Tho ovorllow pin Is IM 

Eielusive-OR ol Iha carry-in and carry-oul ol the slgn bit (MSB).-
II wlll go HIGM when Ihe resull of an arilhmelic operallon Is a 
number requirtng more bils Ihan ara avaJIable, causing Ihe sign 
bit lo be erroneous. This Is Ihe overllow (V) bit ol the processor 
status word. The F5 pin is the MSB ol the ALU oulput. II is Ihe 
sign ol Ihe resull in Iwo's complement nolalion, and should be 
used as Ihe Negativa (N) bit ol the processor status word. 

. The carry-oul Irom Ihe mosl signilicant Am2901 (Cn4.4 pin) Is 
the carry-oul Irom Ihe array. and Is usad as Ihe earry (C) bit ol 
Iha processor status word. 

Carry inlerconnections belween devices may use either rípp'e 
earry or carry lookahead. For ripple carry, ihe carry-oul (Cn.^4) 
ol each device is connecled lo the carry-ln (Cn) ol Ihe nexl mofe 
slgnilic.ini device. Carry lookahead uses the Am2902 
lookahead carry generator. The scheme is idenlical lo Ihal used 
wllh the 74181/74182. Users unlamillar with thls techniqi,e 
should reler to AMO's applicallon note on Arithmetle Logic 
Unils. Figure 17 and 18 illusirale single and múltiple lével 
lookahead. 
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Figure 17. Four Am2901s In a 18-BII CPU UsIng Ihe Am2902 lor Carry Looliaheed. 

Figure 15. Mlcroprogrammed Archllecture Around 
Am2901t. 
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Figur* 19. Thr««-StaU MulUp(«x«rs Ut«d on Shlft 1/0 Linas. 

SHIFT 1/0 LINES AT THE END OF THE ARRAY 
Thi Qregiiter «nd RAM Itd/right ihjft dati tr«nfftri occur 
beiween d«vices over bídirectíonal linei. At the ends of the 
array, ihree-itata multiplexers are uied to select what tha new 
irtpul) ;o the registeri ihould be duríng ihifting. The Am2904 
inctudes iheia multíplexen in 1 singla LSI chip. Figure 19 
shows two Am25LS253 dual four-input multiplexers conn'ected 
to prqvide four shift modes. Instructton bit 17 (from the 
Ain2901) ii used lo select whether the leftihift multiplexar or 
ihe righi ^hit( multiplexer li active. The four shift modes in 
t h i i <Xéii iH«ii u r a : 

Zcro A LOW is shifted into the MSB of the RAM on i 
down shift. If the Q-register Is also shifted, then a 
LOW ís depositad In the Q-register MSB. If the 
RAM or both registers are shifted up, LOWi are 
placed in the LSBs. 

One Same as zero, but a HlGH level is depoiiled in ihe | 
LSa or MSB. 

Rotata A single precisión rotate. The RAM MSB shifti 
into the LSB on a right shift ind the LSB shifti 
into the MSB on a left shift. The Oregistar, íl 
shifted. will roíate in the same manner. 

Arithmetic A doubla-lengih Arithmetic Shili if Q is alto 
shifted. On an up shift a lero is luaded into th« 
O-register LSB and the Q-fegíster MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
ís loaded into the Q-register MSB and the ALU 
output MSB (Fp, the sígn bit) ¡s loaded into tht 
RAM MSB. (This sama bit witl also be in the next 
lest significant RAM bit.) 
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The, A address ínputs are used to address the multiplicand in 
Rj, and the 8 address Inputs are used to address the partial 
product in Rb>On each cycle, Rj is conditionally ádded to Rb. 
depending on the LSB of Q as read from tha QQ output, and 
both O and the ALU output are sfíifted down one place. The 
initruction lines to the Am2901 on every cycle wltl be: 

1(70 •• 4 . (thifi regiiter siBck input and Q register left) 
iso - o (Ad.n 
IjlO • I or 3 liotect A, B or O, D as ALU sourcet) \ 

• Figure 20 shows the connectioni (or n)ultÍplicatÍon\The 
' circled numbers refar to the paragraphs below. >̂  

1 • , . . . 

t. The ad|acenl píns ol the Q-rogliter and AAM shlfieri are 
connected together so that the Qrcgisters of both (or all) 
Am200ts shift l«lt or right as a unit. Sintilarly, (he entire 
aighlbit (or more) ALU output can be shifted as a unit 
prior to slorage in the regitter stactc. 

HARDWARE I M U L T I P L I C A T I O N 

Fif/ure 20 illustraiet the interconnectloni for j hardware muí* 
tiiiiicuiio't uting ih« Am2001. The lyilim ibown uiei iwo 
devictis for 6 X 8 multiplicatíon, but tha expaniion to more 
biif is limpie - the signitícant conneciions are ai the LSB 
jntl MSB only. 

Thd básíc technique used ís the "add and shift" algorithm. One 
dock cycle ís required for each bit of the itiultiplíer, On each 
cyria, (he LSB ol the multiplier 11 exammed; t i l t i l a ! ' l " , then 

the multiplicand ii added to the partial product to genérate 
a new partial product. The partial producí is then shifted one 
place toward the LSB, and the mullíplíer it aiho shifted one 
place toward the LSB. The oíd LSB of the multipliur is 
díscarded. The cycle is then repeaied on the new LSB ol the 
multiplier available af QQ. 

The muttiplier Is ín the Am2901 Q-register. The multiplicand 
is in one of the registers In tha register itsck, H,. The pro<luci 
will be developed >n anniher ol ida rv îstuM in 1I10 it<ick, fti,. 

^ 

Figure 20. Interconnecllon for Oedlcaled Multiplicatíon 
(B by 6 bit) (Corraapondlng A, B and I 
Connoclad tOQalher). 

2. Tha shift output at the LSB of the Q-register determines 
whether. the ALU source operands witl be A and B (add 
multiplicand to partial product) or O and B (add nothing to 
partial product. Instructíon bit 1̂  can select between A, B 
or O, B as the source operands; it can ba driven directly 
from the complement of the LSB of the multíplíer. 

3. As the new partía) product appears at the input to ihe 
rugiiter itack, (i ís shifted loít by the RAM shifter. Tha new 
LSD ol the ptiítlal product, which is complete and will noi 
be aflected by future operaiíons. is available on the R A M Q 
pin. Thís slgnal is teturned to the MS8 of tf̂ e Q-register. On 
each cycle then. the just*completed LSB of the product li 
deposlted in tha MSB of the Q-register; tha Q-reglitar filis 
wllh tha toast lioniflcanl hall of the product. 

4. As the ALU output is shifted down on each cycle. tha sígn 
bit o( the new partial product should bu Instritd tn tha 
RAM MSB shilt input. The F3 flag will ba tha corract 
sign of the partiat product unlesi overflow hai occurred. If 
overflow occuri during an additlon or subtractlon, (ha OVR 
ttag will go HlGH and F3 ii not tha sign of tha result. Tha 
sign of the result must then be tha complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is iherifore F3 • OVR;.lhet ts, F3 If overflow has not 
occurred and ^3 if overflow has occurred. On the last cycle, 

, when the MSB of the multíplíer is examined.'a conditional 
tubtraction_ rather thañ additíon should ba parformad. 
because the sign bít of tha multlplíar carriel negativa rather 
than positiva arithmetic waight. 

Y - -Y i2 ' + Y i , , 2 ' - ' + . . . •Yo2° 

This schitma wilt produce a correct two'i complement 
proüuct fot al) muttiplicands and multipliars In two'i 
complement notation. 

Figura 21 is 1 table showing tha Input itatts of tha Am2901. 
for each iiep of a signad, two's complement muttiplication. 
The Am2904 USIchipconvuniently implementi tharaquirad 
shift linkages and (he EX-OR lunctlon for this algortthm. 
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(JAHOWAnE DIVISIÓN . ;•.,/.-. . '. ' 

División, unllk* mulliplicallon, Is much more dllllcull lo'rsallze. 
One ol lhes« ditllcultiss can be easlly underalood by visuallting a 
2n-bil Divldend (X) and an n-bll OMsor (Y). The QuollenI (O) can 
ranga Irom 1 Wt (when X < Y) lo 2 n Wl» (when Y - 1), dlscafdlng 
Ihe allempt lo divide by 0. \n meil ol Ih* divide lunellons, Ihe 
Remalnder (R) la as Importanl lo llnd aa la Ihe QuollenI - Ihere la 
no equlvalenl lo II In mulllpllcallon. División becomea »v»r\ more 
compllcalsd when negallve numbera ara repretenled In ihe 2's 
complemenl riolallon.; In Ihe "evefydey" decimal aysiem, using 
Sign-and-Magnilude notallon,.dealing wllh negallva numbara la 
relallvely easy: The slgn ol Ihe quolleni la delermlned flfal and 
Iheh a normal divlalon la perlormed. Nole Ihal In Ihls "normal" 
división we nrst "guasa" |he firal dlgll ol Ihe quolleni by comparing 
Ihe mosl slgnllicanl part ol Ihe divldend lo Ihe divisor. Then verily 
our gueas by a mulllpllcallon (no.."dlreet!!, división melhod la 
known), and conllnua lo do ao lor all ol Ihe olher dlglli, ahining ihe 
divlaor lo Ihe righl ene place al i lime, 

The moal slralghllonvard divlalon écheme (lor unslgned num-
bers) is Subsequent Sublractlon. The algorllhm la aa lollowa: 
Sublriict divisor Irom divldend and Incremenl a counler (inlllally 
resel lo zero). Conllnue Ío do so as long as Iha Remalnder la 
positiva. When Ihe Remalnder becomes negallve cancel Ihe lasl 
slep;le., addback divisor and decremenlcounler. The cdunler 
wilTconlaih Ihe QuollenI and Ihe Remalnder wlll be corred. The 
maln drawback ol Ihla scheme Is, ol course, Ihe greal number ol 
arilhmellc operallons needed. Agaln, when dealing wllh signad 
numbers, Ihe sublracllon should be substltulsd by additlon and 
vlce versa. 
A moto (npid dMsIon can be roallted by calculailng the QuollenI 
dirills Inslend ol counllng Ihem. In Ihls nigorllhm, Ihe divisor la llrsl 
simirncind Irom Ihe mosl slgnllleanl part ol Ihe divldend. II 
Iho romalndof is positiva, Ihe quolinnl digll la" I." olharwlso Ihe 
sublractlon is canceiled (by adding Ihe divisor lo Ihe remalnder) 
and Ihe quolienl dlgll wlll be "0." Now shill Ihe remalnder one 
place lo Ihe righl (much like you do In a "papeí and pancii' 
división) and repeal unlll all Ihe quolienl diglls heve been calcu-
laled. This algorllhm Is called VReslorlng pivlíloñ.'' When algned 
numbera ara Involved, Inveralon ol'lhé operallons and Iha -
quolienl diglls wi» be neceasáry and eorreélkjn shoukí be per
lormed In some cases. Soma lime Is wasled In Ihe Realoring 
División because lor every "O" dlgll In Ihe quolienl, Iwo afilhmolle 
operallons »ra needed. Thls can be saved In Ihe "fJon-Roaloring 
División." 

The basia ol Non-Resioring División Is Ihe same aa In Realoring 
División. Consldar llrsl unslgned (posllive) numbers only. Al Ihe 
beginning, ihe divisor Is sublracled Irom Ihe mosl signilicanl part 
ol Ihe divldend. II Ihe resull (llrsl remalnder) la posHIve (or zero). 
Ihe llrsl quolienl dlgll It " I . " Olherwlsa, Iha quolienl dlgll Is "O," 
bul do nol reslore. Shill divisor one place lo Ihe righl (or remaln
der lo Ihe lell) and add II lasl quolienl dlgll was "0;" othenrvlse 
sublract. Determine quolienl dlgll as belore end conllnue unlll all 
quolienl digils have been compuled. The remalnder will be cor
red il it Is non-n<?gf ii"0. olherwise correclion is needed by a 
realoring operalion (on Ihe remalnder only). Extreme caie ahould 
be laken ol the number ol bits and Ihe valué ol Ihe divisor. 
Assuming the divisor has n bila and Ihe dMdend as 2n bits, Ihe 
above process deveíops n + 1 bits ol the quolienl. This wlll nol be 
suMiclenl II Ihe divisor Is a small number and more dígita are 
needed in Ihe quolienl. Thla condlllon can be easlly deleclod es 
Ihe mosl signilicanl hall ol Ihe dMdend wlil be grealer Ihan Ihe 
divisor in Ihls case and diviskjn can Ihen b« lemilnaled aller 
selling Ihe overilow llag. Th» HOW chart lor unaigned nonresloring 
división is shown in Figure 25. 

The unslgned división scheme can be appliad lo signad/losii/vt 
numbers wilhoul any changa. When negativa numbers m 
encouniered. howaver, changas in Ihe aigorithm are necessaiy 
The slralghHorward melhod ol signad división seems lo be 'divi
sión In Iha llrsl quadranl." In Ihal scheme. negativa numbers are 
2's complemanted lo oblain posllive numbers, remembering ihi 
changes done. II overilow occurs when the divldend Is conv 
plementéd (l.e., divldend Is'- 22n - t, ihe leasl negativa number), 
Ihe ovorllow llag can be sol and an axil Irom the roullne laken. 
Thls Is due lo Ihe lacl Ihal (-22" - ' ) Olvidad by any number ol 
n-blta cannol be represenled in n bits. On Ihe olher hand, I 
overilow occura when the divisor Is complemenled, a more conv 
plex acilon Is needed. In Ihls case. Ihe dividand and the divisor 
should be shilted righl by one place and Ihe shilled out bil shout) 
be slored In a llag, aay "Z." Ál Ihe same lime, a (lag, " W shouH 
aleo be sel lo Indícate Ihal división by - 2 " ' ' is being allsmp. 
lid. Thea* tclloni need lo be laken slnce Iha quolienl mighl bi 
repreitnltblt In n bita. (Her* Inilaad ol divldend • divlaor gu» 
llenl or remalnder, wa hav* dlvldend/2 • dlvlaor/2' quolienl « 
rem/2. The remalnder oblalnM should be ahilied lell and Ihe bil 
Z be added lo glve the corred remalnder.) The división Is per
lormed on posllive numbers, and flnally 2's complemenling Is 
done whenever necessary. Rgure 22 Is Ihe llowcharl lor ihii 
algorllhm. . . - . - . 

Figuro 23 la Iha Inlerconnection Diagram lor Olvlsiorí Algorllhm. II 
Is assumed Ihat Ihe mosl signilicanl hall Divldend Is In Regisin 
R, (II wlll be los! during Ihe división and replaced by Ihe Remaln
der). Ihe leasl signilicanl hall In ihe O Regisler and thal Iha Diviso' 
is in Reglster Ry. The Quolienl will be generaied In the O reglsiar. 
Aller checking Ihe slgns ol ihe OlvMnnd nnd Divisor, solilnq ih« 
llngs nnd nogall'>g (using 23 or 24 octnl an I j Ihrouqh lo ALU 
control bils) when nocosanry Ihe ovnrllow conciiilon should h« 
chockod. 11 n„ Is groalor thnn , Ihen Hy. ovitrllow occurs, hrincí 
the división can bh lerrninaled by seitíng the overilow llag. 

The lira! elep in Ihe División roullne is a sublracl, Ihen shill Ihe n, 
and Q regislers up. 1979 will be 6 in oclai while 1; 1 o * ' In oclai and 
I5 - U " LOW. Pulllng Iha CL bit In Ihe microeode lo HIGH. bolh 
I3 and Cn wlll b« hlgh and Ihe ALU Is perlorming a 2'8 complemenl 
sublracl. The aign ol Ihe Remalnder wlll be laiched in the Status 
Regialer and Ihe complemenl ol it win be sicred In Ihe t-SB ollha 
0 reglster during Ihe shin up operalion, which also discards lh« 
slgn bit ol Iha Remalnder. ~ 
Now repeallng Ihe same operalion lor all ol Ihe olher bils ol Iha 
Remalnder wilh Ihe CL bil in (he microeode LOW will leave Iht 
conlrol ol I j lo Iho (complemenled) previous slgn bit. IIII wes "O" 
(R < 0), 13 and Cn wlll be HIGH and Ihe ALU will sublracl: IIII was 

1 (H > 0), la and Cn wlll be LOW and Ihe ALU wlll ADD, as 
requlred, In each up shill, iha complemenl ol Ihe presenl slgn bil 
will be placad al Iha righl ol the Quolienl, Xgaln, as roqulrod. 

Al Ihe end ol Ihe división, Ihe slgn bil ol Ihe Rbmainder should b< 
examinad and II I! Is HIGH, Iha Divisor should be added lo It. Thls g:{ 
can be easlly Implemenled (nol depicted on Figure 23) by per
lorming an uncondilional ADD (wllh Cn LOW), leiting Ij LOW. 
Ifl HIGH and conlrolllng l| by Ihe complemenl ol Ihe slgn ol ihí 
Remalnder, Ihus adding lo Ihe RX eilher R Y (IIR, . I) or zero (K 
R) • 0). II Iho divldend and divisor were shilled righl because Iht 
divisorwaa equal lo-2""',lhelrueremainder Is obiained by 
shllling Ihe remalnder lell and adding Ihe llag "Z." The abov» 
melhod generales n -(• I bils ol Ihe quolienl (q„. . . qo) ol whIch q„ 
• O, slnce mosl signilicanl hall ol divldend Is less than iha divisor 
The overilow llag should be sel II On - 1 T I since qn-1 •. • 00 ii 
an unslgned posllive number. 
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Flgurt 23. InUreonnéClloni lor Ocdleatcd Olvlilon 
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Figura 25. Flowchart lor Nonraalorlng División (Unslgnad Numbara) 

pmally. Ihe Ouotienl and/or Ramaindar ahould be 2's com-
ptemonled aQAln nccording lo Iha llags. Complomantallon o( 
Iha iijinitliuliii cuMnol guoiiiiilo iiii ovodlüw - iHicausA Ihn injix-

Ilfflum ramalnüof aliar divida (Figure 25) la OOtl . . . I and Iha 
remáínder coiroclion when W » 1 can maka Ihe romalndar al 

ímosioili . . . I. 

EXAMPLES OF SOME OTHER OPEnATIONS 
h 

I. Byla Swapping ' 
Occasíonally iho Iwo halvos ol a 16-bll word musí be swap-
pod. Do . 7 ts inlíirchnngod v̂ ilh Do -- 15. Thu quickesl wiiy lo 
pertürm Ihis opotallon Is lo rolalu the v̂ ofd In RAM, shilling two 

L btis at a lima. Only (our shitl cycles are required. Tha sama 
legislar is selected on bolh the A and B porls; Ihe Iwo ara 
added logeiner wilh carry-ln connaclod lo carry-oul. produc-
ing a right shill ol one placea Ihen Ihe ALU la shllled lighl one 

) more place prior lo slorage. 

Byte Swap Ol Rp 

" B •» O I •• 701 RAMg » RAM|5 C|N - CQUT 

ti! Rapaai * limos. 

. Inairuellon Faleh Cycla 
Execulion ol a macrolnslrucilon ganerally begint wilh an In-
siiiiction lolch cyclu, Tlia cuiioni conionii ul ih* PC (in one ol 
Iha legisléis) is the aUdiass ol the macroinsliuciion lo be 
letched. end musí be read oul lo the memory address regiiier. 
Then iho PC is IrKremonlod 10 poini lo the noit macrotnstruc-
non. Tho macroinsliuciion obialned Irom meoiory Is Ihen 
loaded Inio Iha microprogram laquanear lo caua* a |ump lo 
Iha niicrocode lor axaculing Iha Insiiuciion. 

The PC con be isad Oul and Inciemenlsd In ona cyclo by uting 
Ihe Am290l deslmallon coda 2. and addiessing Iha PC wilh 
boDi Ihe A and B adoraasos. It» x u n n i valué ol PC will 
appoai on ihe Y oulpuls, and PC 4-1 will be ruluined 10 ihe 
regisier. II the PC 19 In registar IS, Ihen: 
A - B - 15, I • 203. Carry-ln - 1 

Tha PC wi« be on Ihe Y oulpuls vía Ih* RAM A-porl. On Ib* 
dock LOW-lo-HIGH translllon, Iha program countar Is in-
ciemented and Ihe valué on Ihe Y oulpuls is loaded inlo ihe 
memory address ragister. During Ihe lollowing cycla, tha 
memory is read and. on Ihe nexl dock LOW-lo-HIGH transi
lion Ihe inslruclion liom tbe memory Is dropped Inlo Ihe in-
slruciion regisier. The lelch oparatlon raquires only iwO mi-
crocycloi. 



Ann2902A 
Hígh-Speed Look-Ahead Cárry Cenerator 

' T A X I M U M R A T I N G S (Abov« which th« uitful li(e miy bt imp»ir«d| 

loraga Temperature 

j j - , ^ . , , 

t)C Vollag» Applied to Outputi for HIGH Outpul State 
f — - — 

Input Voltage 

• 0IST1NCTIVE CHABACTERISnCS 

• Pfovtdes look-ahead carrtes accross a group ol lour Am290l 
Of Am2903 microprocessor AUU'a ' ' 

• Capabillly ol multl-level looK-ahead lor high-speed 
erithmetle oparalton ovef targ» word le'hglhs .. 

• Typlcal carfy propagatlon dalay ol 4.5rn 

;;^i"-^ 

mn 

ncLATeopnooucTS 
PirtNo. ; 0««crlpllon 

Am290l 
Am2903 
Am28203 
Am29SOI 

4.Bn Mletoptocaasor S«c» 
• 4.e«Mlcropfoe«»sofS«c» 

Improvad Í903 
MulllpWt Plp««n«d PfOCTlKK 

I, a highspeed. ¡<«"<-a'''f" " ' " ^ ll7'cm I L E C T R I C A L C H A R A C T E R I S T I C S O V E R O P E R A T I N G T E M P E R A T U R E RANGE (Unlest Oih.rwü. Not«í| 
up lo lour palrs ol carty propágalo ano a¡t] K . 

lia and a carrv Inpul and próvidas anllclpaled &J»o»Axc T * - o'c lo »7o*c ' . vcg-s.ov is» ICOM-U MIN. - 4.>5V MAX. - í.asv 
touf groups o( blnary ALU'a. Th . davfca al« tf.»03AxM T̂ ^ - -ss'c „ MM-d Vcc • sov .ion (MILI MIN. . ..jov M . X . - ...ov ^^^ 

«nnlB andcarrvaonerala outputs which mayl» !J,met«ri Oeicrlption Tait Conditioni iNoii II Min. iNot. j> Max. 

w 

PUNCTIONAL OESCniPTION 

Tha Am2902A la a high-apeed, looK-ahaád carry generala 
whieh accepls ' ' "" ' • ""^ '•"" 
ganaralo sígnala cmu » ^».., ...,.-. .- . 
carrles across lour groups ol blnary ALU'S. The davlce al» 
has carry propágale and carry generala outpuls which mayta! 
usad lor lurlher levéis ol look-ahead, 

Tha Am2902A Is generally usad wilh Ihe Am290l bipoii 
microprocessor unil lo próvido iook*ahead over word lengtta 
Ol mora Ihen lottr blls. The look-ahend cerry genornior cnn h_y 
liaed wllh blnnry ALU'a in «n nctiva I OW ni ncllva I lini I ln|MM^ 
operand moda by ralnlarproMno llm cnny lunclhiiia. Ilm conh7 
nsclloni lo and liom Ihe ALU lo Ihe looKahead carrilO 
ganaralor aré Idenllcal In bolh casas. 

The loglc equallons provided al Ihe oulpuls are 

Cn*i - G „ + PoC„ 
.C„t, - Q, + P,0o + P,P<,C„ 
Cn + i - Oj + PjGi + PjPiGo + PjPlPoCn 
Q - G] + PjGj + PjPjG, + PaPjPiGo 

p - PjPjPiPo : 

„ . - Output Current, Into Outpu» 

I6C Input Current 

Am2M2A 

-65*Cto*150*C 

ramperalure lAmbieni) Under Bia« 

tpply Voltage to Ground Potential 

-55*Cto*l25*C 
-0.5V to "̂ J-OV 

-0.5V 10 «Vcc " " ' • 

-O.SV l£_-^5Y 
30 mA 

-30 mA to »5.0 mA 

Unit i 

[VOH 

yoL 

. C0NNECT10N DIAOnAMS - Top VIewt 
P-16, D-16 ' . '' Leadlest Chlp Carrier 

LOGIC SYMBOL 

Output HIGH Voltag* 

Oulpiit LOW VolIHQ* 

Inpur HIGH Lavtl 

Input Î OW L>v<l 

Innul Claran Volmqff 

fnput LOW Cuffem 

Inpul HIGH Curftnl 

Input HIGH Cürftnt 

Oulpul ShOfI Circuit 
INoia 31 

Power Supply Cufrtnl 

Vcc " MIN., I Q H • 
V|N • V|H or V|i_ 

MIL 

COM 

Vcc " ""*-
V|N • V | | | . 

tQL " JOrriA 
• V i l 

Uuara'tltail lr>ttiil Imjical MKiH 
vollagí lor ill Ir^pult 

GuarintMd input loflical LOW 
voltige lor til inpuli 

VQ¡- - MIN.. I|M - -10mA 

Vcc * ^^^-^ V|N • 0.5V 

Vcc • MAX, V|N . 2.7V 

V j g . MAX.. V|ig - 5.SV 

fo.'t.53 
Co.5} 

¿n" 

¡'o.^.fl3 
5o, 5 j 

.Vcc•"*><•• vouT • oov 

Vcc • MAX. 

Atl Outputl LOW 

V c c " MAX. 

All Oupull HIGH 

3.5 

Z. 

A. 

• . ^ - • - • -

S9 
K9 

35 

39 

1.0 

Volt! 

Voiu 

volt! 

,' »* 

mA* 

. .-100. - L . L.IKA :. 

mA 

f; ' ^ • 
tti; \. For conditiont fhown ai MIN. or MAX., uie the appropriKe valué ipccitíed undcr EleciricJl ChiractcriitiCt <or iht tpplícsbit (l»v<et ivpt. 

2. Tvpical limiií are ai V^c " 5.0V. 25'C ambieni and máximum loadinj. t 
3. Not more than one output thould be ihorted at a time. Duration o( the thort circuit teit ihould not exctcd on« tecond. 

• I J - ' » • 
F-16p1nconflguratlonld«ntlC8ltoO>10.P-16. ' 

m.iM.. ni—i la (T^artl«H W nriuntdllon. 

í H l« » 8 

LlAXLLLk 
lOOKAMlAOCA»"* * 

GiNí«*roa 

iWITCHING CHARACTERISTICS 
r» •• -l-25'C. Vcc = 5.0V) 
» 
^ramelers Oeserlpllon 

Min. Typ. Max. Unlla Test Condltlons 

R'PIH 

tlru 

Vcc • P'"̂  '® 
GNO - Pin e "HPfHL 

Cn 10 C n + i . Cn+y, or Cn+t 

P( Of 0 | lo Crt 1... Cn» , . or C n » , 

fi, or Ó'i lo 5 

F|ioP 

6.5 10 

10.5 

; 
' 5 

10.9 

6.9 

r., - iv f 
M, - .-fNIII 



%. 

Am2902A 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE' 

Ptram«t«r« Oascrlpllon 

IpiM 

'PML 

IPLH 

'PHI. 

'Pnl 

CntóCn*.. Cn*,. OiC„+, 

P| oír G| 10 C„+„ C„+,. Of C„+, 

Pl Of G| lo S 

P\ loP 

TA • O-C to +70*C 
Vcc " S-OV i S * 
Mln. Max. 

13 

11 ~i~7 
*AC perlormanca ovar tha oparatin^ (amparalura ranga la guarantead by tasiing dafir>ad In Qroup A, Subgroup 9. 

T * » -55*Cto +125'C 
Vcc - S-OV í l O * 

Mln. Max. 

15 

UnlU Test Condtllona 

• 50pP 
• 280n 

DEFINITION OF FUNCT10NAU TEHMS 

C„ (^niiy IK. ri\« Kütiyln lii|)iil tn Ih* look.ahand oonoinlor, Alao 
iha cm ry u< iniiui lo Illa ntn Ain3U01A mlofoprocaaaat ALU Inpul. 

C„^j Cariy-oul. ü • «. y. 2). Th« carry-oul oulput lo be used al 
Ihe carry-in inputs of Iha n+1, n-f 2 and n+3 microprocessor ALU 
slices. 

/ 
Gi. P( Qeneralé and propágate inpuis respecllvely (i •> O, 1. 2, 
3). Tha cnrry gondraln and cnrry propnflnlo ínpuls (rom Ihn n. 
ni I, n I 3 anil n i 3 inl'ifuprdcaaaof Al U Qlhraq. 

Q, P Genérate and propágate outpuls respeclivety. Thíe carry 
generala and carry propágala oulputs itiat can be used wiih tha 
nexl higher level of carry look-ahead If used. 

''• 

,' 
C, 0 , 

X H 
L H 
X L 
H X 

X X 
X H 
1 . H 
X, X 
X L 
H ' X 

• X X 
X X 
X H 
L H 
X X 
X X 
X L 
H X 

"x 
X 
X 
H 
X 
X 
X 
L 

J'.?1 
H 
X 
X 
L 

X H 
H H 
X H 
X L 
X X 
L X 

X X 
X H 
H H 
X H 
X X 
X L 
X X 
L X 

: X 
X 
H 

• H 
X 
X 

, L 
X 

H 
X 
X 
X 
L 

TRUTH TABLE 

Inputa 

l'Jy 

H 
X 
X 
X 
1. 
L . 

X H 
H H 
X H 
X H 
X J. 
X X 
L X 
L X 

X X 
X H 
H M 
X H 
X X 
X L 
X X 
L X 

X 
H 
X 
X 
L 

J. 

H 
X 
X 
X 
X 
L 
L 
L 

X 
H 
X 
X 
X 
X 
L 
L 

X 
X 
H 
X 
L 

3-

H 
H 
H 
H 
L 
X 
X 
X 

ll. 

H 
X 
X 
X 
X 
L 
L 
L 

X 
X 
X 
H 
L 

íltl 
L 
L 
H 
H 

H - HIGH Voiiaga Laval 
L - UOW Vollaga Laval 
X m Oon'l Cara 

Outpula 

f i t i íaüi 

L 
L 
1 
H 
H 
H 

L 
• L • • 

L 
L 
H 
H 
H 
H 

H 
H 
H 
H 
L 
L 
L 
L 

? 

H 
H 
H 
H 
L 

ETALLIZATION AND PAO LAYOUT 

Am2902A 

APPLICATIONS 

Am290l* 

O r 

TTTf 

ÍLJL 

o p 

Jl_i 

Aiii2«0IA 

a p 

7-7 

LJl 

. Am2ÍOIA. 
"•n .. . ' -nH 

O» 'o "̂ o'" = 1 ' 1 C M » 

' Ar»7UU7A 

1S-BIT CARAY LOOK-AHEAD CONNECTION. 

'1 'n.y « I 

AmXK»* 

rOrOrEEh 
E 

Oo 'o ' n ' . 

32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAO. 

DI6SIZ6OO0J-XO.OO7-

ORDERING INFORMATION 

Order tha pan number according to tfie labte below to obtain the desired package. lemperature range and screening lavel. 

Package Type Oparating Range Screening Level 
Order Number (Ñola 1) (Nota 2) (Nota 3) 

AM2902APC 
AM2902AOC 
AM2902ADC-B 
AM2902AOM 
AM2902ADM.8 
AM2e02AFM 
AM2902AFM.B 
AM2902ALC 
AM2902ALC-8 
AM2902ALM 
AM2902ALM.D 

AM2902AXC 
AM29U2AXM 

P.IO 
Die 
0-16 
O'ie 
0-19 
F-l« 
F-18 

L .201 
L 2 0 I 
L-20-1 
L-20-1 

Dlca 
Olea 

C-1 
C-l 
B-1 
C 3 
B.3 
0 3 

c-1 
B-1 
0-3 
B-3 

Visual Inspaction 
loMIL-STO-aaS. 
Malhod2OI0n. 

1. P • Moldad UIP. O - Hotinatic OiP, I - ChipPak, F • FlaiPak. rjuinliar lotowlnglailadanunibarollaads. 
Saa AppandiR B lor delailad oullina. wriara ApparKhi B coniains s«v«rai dasA nurTtf}«ra, ar>y o( Ina vanauons úf 
iha pacKaga may be usad uniess otharwisa-spaciliad. - - - - — _ . . . . 

2. C O l o t 7 i r C , V ( ; c - 4 . 7 5 l o 5 . 2 5 V . M - - S i l o •125*C.Vcc - « M I o S . M V . 
3. Soa ApperultK A lor dolaits ol scroaning. Lávala C-1 and C-3 contorm lo MIL-ST0-8B3, Class C. Laval B-3 

conlorms 10 MIL-ST0.6e3, Class B. 



Am2903/2903A 
Four-BIt Bipolar Mícroprocessor Sllce 

niSTiNCTivi CHAnACTaniSTics 
• e«pandabl< R i g t i l t r FU* - . | ' 

Uke (he A m J S Q I . Iha Am29d3 eonloins 16 Inlernal 
worklng reglslars.arrangad \n a two-address archllac-
lura. Bul Ihe Am2903 Includes Iha nacíaaaary "hcoks" lo 
expand Ihe reglslsr fila axiarnally.to any number of 
fffglslors, ;• 

• Bul l l - ln Mull lpl lcal lon Loglo -

Perlorming multlpllcallon wllh Iha Am290t roqulres a 

lew axterhal galas - Ihesa ga la ) ara conlalned on-chlp 

In Ihe Am2903. Thraa apeelal Inslrucllons ara usad lor 

unsrgned mulllpllcallon, lwo'9 eomplement mulllpllcallon 

nnd ih(i la^i cycla a l a Iwo'a complemanl mulllpllcallon, 

• l 1 u l l l • l n D l v l • l a o t , o a l o -
.' The Am2903 corMalni all logle and Inlarconnecls lor 
. .éxeculion ol a nqn-rasloring, mulliple-langlh división 

wllh correcHon ol ihe quolleni, 

', ''-i.y ', • Buin- ln Normal lzal lon Logic - . . 

The Am2903 can slmullanoously shlll Ihe O Reglsler 

and count in a worklng reglsler. Thus, Ihe manllssa and 

exponaní ol a lloaling-poini number can be developed 

iising a single mlcrocyd* per shin, Slatui llags Indícale 

- when Ihe operallon is complele, 

> Bull l - ln Parl ly Genarat lon Cireuilry -

The Am2903 con supply parily across Ihe enilre ALU 

oulpul lor use in error deleclion. 

i Bull l - ln Slgn Exlanalon Clreultry -

To laclliiale operallon on dll lertnl langlh Iwo' l eomple

ment numbert , lh« Am20O3 p r e v l d t i lh« capablllly 19 

exiond Iha slgn ol «ny alice boundory, 

r » ! -

Ths AI1I2003A Is up lo 3 0 % laslar Ihan Ihe Am2903 and 

meéis or axceeds ell ol Iha specll iealiona tof the 
•-Am2903. • - - - • • . . . . • • . . . 

I M O X - '• • 

The Am2003A l i p r o e a i t a d wllh A M O ' i proprlalary 

IMOX" l íOhi io l09V, 

HELATEO P n O O U C T S 

Part No . Deserlpt lon Pege 

Am2902A 
Amí!»4 
Ain29IOA 
AmJ9M 
Aiicuin 
Ani;;i)3a 
AiT<2922 
Am292S 
Am29<0-
Am2992 
Am2«7a9A 
Am27S3S 

Cany LooK-AhMd Oanefíior 
Sialui and Shlll Cenirel Unll 
Miaoprogram Conlroller 
VKlotsd Prlortly IniertupI Conlroller 
l»ip«tl»w n«o>*>ar 
Oolal Aaglilaf 
Condllkín Codi MUX 
Sysiam Clock Oeneralor 
OMA Addreaa Generalof 
BIdIrecilonal 1/0 Porl 
Twe-PotlRAM, 
RaglIlarad'PnOM ' 

O B N C n A L D S S C n i P T I O N 

Tha Am2903 la a lour .bl l expandable bipolar micro* 

processor sllce. The Am2903 perlorms all luncllons per-

tormed by Ihe Induslry slandard Am290 l and. In addiilon, 

próvidas a number oí slgnlllcanl enhancemenls Ihal ara 

especlally uselul in arllhmellc-orlenled processors. Inll-

nllely expnndnbfo mnmory and Ihroa-porl, Ihrnn-ndrirnss 

archlleclura are provlded by Ihe Am2903. In nddlllon lo lis 

complele arllhmellc and loglc Inslrucllon sel, Ihe Am2903 

provldes a speclal sel ol insirucilons which lacllilale Ihe 

ímplemenlallon ol mulllpllcallon, división, normallialion, 

and olhar previously l lme-consuming operallons. Tha 

Am2903A Is Idenllcal lo Ihe Am2903 bul up lo 3 0 % lasier. 

BLOCK OIAORAM 

Nolai: I. OAo.3>tlnpulonlyonAm2e03.buns 1/0ponen 
. Am292l». 
i. On Am2903, zoro k)gic Is connecied lo Y, anar ihe 

5 E Y bulla», ^ ^ 
i. OnAmíMSlEHoonlrollOTUTE,OnAmJ9?03 

wRiTE Is nol «Heded by ÍEH. 

A m 2 9 0 3 / 2 9 0 3 A 

L O G I C S Y M B O L 

51. 

OIP 

0 - 4 8 

Vcc • P'" '̂•• 
ONU - Pin 13 

'•cr 
'•Cl 

« . . . c 

0«.oC 

»;g 

na »Htft,H 

A-jtilvwai* jt 

C O N N E C T I O N O I A Q R A M S 

Top V lews 

Leadless Chlp Carriar 

L-52-1 

I í I i e i i 

3 ' . 
=l'r 

T . 

a * . 

i i ' t i í i ' ' ' " 

Nole: Pin 11s marked lor onenlalion. 

OROERINO I N F O R M A T I O N 

í' . Order Ihe p a n number according lo ihe lable below lo oblain ihe deslred package, lemperalure ranga, and screening level. 

AmJ003 • 

Order Number 

Paokaga Type 

|Noi« I I 

Opera l ing Ranga 

(Noia 21 

Soreening Level 

(Neit 3) 

AMÍDOnOC 
AM.'Ud.llN.' n 
AM2<JÜ3ÜM 
A M : 9 0 3 0 M . B 

AM2903FM 
' AM2903FM-8 

AM2gO]LC 
AM20n3i M 
AMi)W):«.M B 

AM^nOÍXC 
AM;>un'tl'M 

C C-1 
r: n > H I M » < I 

M C J 
M D I 
M C ' } 
M B-S 
C c-1 
M 0 3 

M n i ) 

Viw«l imnecSon 
l o M i i - s t o n a j 
M*liit.ii ^MKiia 

1. P ' MijIíliMl Utl^, U • Mttiloitdi. UIH, I- ' t-ldl Hak, L - t ««(llakt Chip-Pah 
Numoor loilowtng l«tlflr it numoer ol lesda. 3«« AppondiH B lor datailsd oiilhna. 

2. c - O lo y i r c , Vcc - 4.7510 5.25V, M - -55 » • ' ; " C . v^c - 4.5010 s.sov. 
3. Sae Appendli A lor dMails ol scrMnng. Levali C- l w d C S conlorm lo MIL-STO-8S3. 

Clasi C. Laval B'3 conlorma lo MIL.SrO-883. Cialt B. 
99 hour bum-in. 

o 4n 
0"IA 
D.4S 
F-48 
F-4Í 

L-i2 

I S J 

i » 

DtC" 
|ii..« 

Pi 
m 



Anii9ü.)/;í-W3A 

PIN DEFINITIONS 

Ao_j Four RAM addrsss Inputs which conloln th« 
addr t i i ol Iha RAM word appearing al tha 
RAM A oulput pon. 

Bo-3 Four RAM address Inputs wtiich eontaln Iha addrass 
ol Iht RAM word appaaring al Iha RAM B oulpul 
^11 and Into whIch naw dala la wrliian whan Iha 
Wg Inpul and Ih* CP Inpul ara LOW. 

WE The RAM wrHe enaOla Inpul. N w E Is LOW, dala' 
al Iha Y 1/0 pott la wrlllai^'lnlo Iha RAM whan 
Iha CP-Inpul i> LOW./Whan WS is HIGH,; 
wtiilng dala Inlo Iha RAM la Inhibliad. 

DA,.., A lour-bll ailarnal. dala inpul which can ba 
(«laclad a l on* ol ih* Am2903 A lU epaitnd 

'. sourcas; OAg Is Iha leail slgnlllcaní bll. 

ÉA A conirol Inpul whIch, whan HIOH salada OAo.]aa Iha 
ALU R operand, and, whan LOW, salada RAM oulpul 
A as Iha ALU R operand and Iha OA, . , oulpul dala. 

OBo-s A lour-bll exlerna] dala input/outpul. Undar 
control ol Ihe OEa Inpul, RAM oulpul pon B 
can be diraclly read on thasa linea, or Inpúl 
dala on ihese linea can be selected aa Iha 
ALU S operand. 

OEg . • A control Inpul which, whan LOW, «nableí RAM 
oulpul 8 onlo Ihe OBQ.J Unes and, whan HIQIH, 

:' . disables Ihe RAM oulput B tri-slale buHers. 

. C„ The cairy-ln inpul lo the Am2903 ALU. 

lo-i I Tha nina insiruclion Inputs used lo selecl Ihe 
- Am2903 operallon lo be pariumed. 

' Í E Ñ . The insiruclion enable Input which, when LOW. allows 
Iha O Reglsler_¿nd ihe Slgn Coiripare nip-llop lo be 
wrltten. Whan lEtJ Is HIGH, Ihe O Regisler and Slgn 
Compare lilp-llop are In Ihe hold mode. On tha 
Am2903. ¡EN also comrols WfllTE. 

Cn«4 ^ 'S oulpul generally Indlcalae the carry-oul ol Ihe 
Am2903 ALU. fí»l»i lo Tabla 5 lor an anací dellnlllon 

' ot ihis pin. 

G/N A mulll-purpoae pin which indícalas Ihe carry 
generala, Q, luncllon al Ihe leasl algniiicanl and 
iniermediala sllcea, and generally Indícales Ihe 
sign. N, ol the ALU resull al Ihe mosl signillcant 
siice. Reler lo Tabla S lor an a>act dellnlllon ol 
Ihia pin. 

TvovR A rTíulli-purpoae pin which indlcaius ,na carry prop
ágale, P. lurKilon j i me leaal signillcant and ínter-
mediata slices, and Indícales Ihe convenilonai Iwo's 
compiement overllow, OVR, signai al the mosl slg-
niiicaní siica. Reler lo Table S lor an axact delinilion 
of thís pin. 

Z An open-collttcioi Irtput/oulput pin which, when HIGH. 
generally indícales Ihe oulpuls ara all LOW. Por soma 
Speciai Puncilons, Z Is used as an Inpul pin. Reler lo 
Table 5 lor un exacl delinilion ol Ihia pin. 

£IOo, Bidlrecllonal serial shlll inpuls/ouipuis lor the 
SIO3 ALU shllter. Ouring a shlll-up operallon, SiOo 

is cin input and SIO] an oulpul. Ouring' a 
shill-down operallon, SiO] is an input and SlOo 
Is an oulpul. Reler 10 Tables 3 (nd 4 lor an exacl 
dellnlllon ol iheia pina, 

QiOo. 
OIOV 

LSS 

Ihese pins. 

An inpul pin which. when lied LOW, programs IN 
chlp lo nd na iho lonsl slynilicitr̂ ^ îtico (LS3) ol ,w 
Am2903 array and enables ihe WUllE oulpul onlo 
Ihe WRITBífeS pin. When LSS is lied HIGH, Iht 
chlp Is programmed lo opérale as eilher ^ inleí' 

OEr 

CP 

chlp lo opérale as Ihe mosl signillcant slica (MSS). 
Four dala Inpuls/oulpuH ol ihe Am2903. Undar co» 
troi ol Ihe OEy inpul, Iha ALU shiliar oulpul dala can 
be enabled onlo Ihese Unes, or Ihese Unas can bt 
used as dala inputs when exiernal dala Is wrlttan 
direclly inlo Ihe RAM. 

A control input which, when LOW, enableí 
tha ALU shllter oulpul dala onlo Ihe Y g . , iinei 
and, whan HIGH, disables Ihe Yo_3 Ihrea 
State oulpul bultars. 

The dock input lo Ihe Am2903. The O Heglster and 
Slgn Compara flip-llop are docked on the LOW-la-
HIQH tranaillon ol Ihe CP signa!. When enabled tij 
W?, dala Is writlen In Ihe RAM when CP Is LOW. 

METALLIZATION AND PAO LAYOUT 

Am2903/2903A 

[IRCHITECTURE OF THE Am2903 
DIdIrecllonol serial shill Inpuls/oulpuls lor Ihu QgThe AinZOO:! Is ;> lili)1i|ii)ilürinaiicu. cii-jca<l.ililo. loiif.hll 
shiliar which opérate like SlOo and SIOj. Reí» Sbipolar mlcro^)rocassor slica dusigned lor usa in CPUs. 
lo Tables 3 and 4 lor an exacl delinilion ol fpenpheral conlrollers, microprogrammabla machines, and 

ínumerous olher applicalions.The microinslruclion Iloxibillly ol 
[tlie Am2903 allows the eHicienl emulation ol almosi any djgllat 
Conipiififig ninchini), Tho ninD-hil nilcroinsIriicUon aetocls tho 
ALU 9UUICU&, luiicllurt <uiü Uu:;lin,-ili()n. Ihu Ain2'J03 Is cau. 
cadable with lull looKahead or ripple carry, has tluaa-slaie (Xil-
puls, and provldes various ALU slalus llag oulpuls. Advanced 
Low.Power Schoilky processing is used to labricate Ihis 48.pln medíale or mosl signilicaní siles and Ihe WRITE oul|,' 

pul buller la disabled. ' • --^^^ "'<="'' 

WBITE/ When LSS is lied LOW, the wRITE oulpul signai .Aiidalapaihswilhlnmodovicearelourbliswlde.Asshownlnlhe 
ISSl «ppotri «I Ihll pin; Ihe WFnTE signai It LOW >A:l((li.i(|rain,lh.jilovlooconsl»iaol« l6worüby4blLlwoport 

when an insiruclion which wrlles dala inio ¡RAM wllhlolchesUib<jlh oulpul iwrls, o iiiyhporlonnance ALU 
Ihe RAM is being execuled. Whan L?S Is lioí ••"<' si""»'. " muil̂ purposa O Boglsior wilh slilllor Inpul. and a 
HIGH, WfTlTÉ/WSS Is an inpul pin; lying lí HICll Lniíio-bil inaliucllon ilvcoilor 
programs Ihe chlp lo opérala as an Iniei. CV 
medíale slice (IS) and lying 11 LOW programs «ii ^J*<>-Pbf P * ^ 

ONO i j 1' » !• If la n 

OIE SIZE 0.163" X 0.197" 
rjota; Pin numbcri corrfltpoitd 

to OIP pichag*. 

Am 2903 

Any Iwo RAM words addrassad al Ihe A and 8 address pons can 

te read simullaneously al Ihe respecllve B A M A and B oulpul 

poils. Idunticat dala appear ai Iho Iwo oulput ports whon Ihe 

lame addrass Is applíod 10 boih address pons. The laiches ai ihe 

RAM oulput pons are Iranspareni when Ihe dock Inpul. CP, la 

HIGH and Ihey ho ld jhe_nAM oulpul dalo when C P Is LOW. 

Undar conlrol ol Ihe OEa Ihreosla la oulpul onoble, RAM dala 

can be read direclly al ihe A m 2 9 0 3 D B 1/0 porl. 

Eiiemai dala al Iha Am2903 Y I/O porl can be wrlllen diraclly 

Inlo Ihe RAM, or ALU shilier oulpul dala can be enabled oi\io 

tía Y 1/0 pon and eniered inlo Ihe R/VM. Dala Is wrillen inlo 

tw RAM al Ihe 8 address when tha wrlie enable Input, W § , Is 

,lOW and Ihe dock inpul, C P , is LOW. 

i 
Arllhmalic Logic Unit 

Th« Am2903 hlgh-porlormanco ALU can perlorm sevon arilhme-

'̂ tlcand nine.k)gic oporatlons on iwo 4-011 oporai^ds. Mulliplexars 

al tha ALU inpuls próvida ihe capabílily lo selecl vartous pairs ol 

ALU lource uperaiíds. Tho É« Uipul (uluclt ullhur Iho OA exlur-

[[nal dala Inpul or RAM oulpul pon A lor use aa one ALU operand 

and Ihe O E Q and lo inpuls selecl R A M oulpul pon Q, DB exiernal 

data Inpul. 0( Iho O Hocjisiur cnfllont lor uHO ns Ihe aocond ALU 

operand. AI50. during soma ALU operalions. /oróos are lorcod al 

Ihe ALU operand Inputs. Thus, ihe Am2903 ALU can opérale on 

dala Irom hvo exiernal sources, Irom an Inlernol and exiernal 

Bourca, or Irom iwo ínlernal sources. Table 1 shows au possible 

pairs ol ALU souice oporands as a luncllon ol iho £^. O E Q , and IQ 

inpula. 

I When insiruclion bils I,, I3. Í2, l | , and IQ are LOW, Ihe Am2903 

« a c u l e s special lunciions. Table 4 delinea Ihese speciai lunc-

r'tions and Iha operallon which ihe ALU perlorms lor each. Whan 

1119 Am2903 execules insiruclíons oiher ihan Ihe nine speciai 

TABLE 1. ALU OPERAND SOURCES 

fffi ALU Operand R 

RAM Oulpul A 
RAM Oulput A 
RAM Oulpul A 
0A„.] 

DA,,. 3 

OA0.3 

ALU Operand S 

RAM Oulpul B 
OBn 
o Regisler 
RAM Oulpul e 

Dllol 
O Reglaler 

lunciions, Ihe ALU operallon Is deiermlned by Insiruclion bils I4, 
1], I2, and I,. Table 2 dellnes Ihe ALU operallon as a luncllon ol 
Ihuso luur Insiruclion bils.' ; > - ' ' , 

TABLE 2. Am2903 ALU FUNCTIONS 

u 
L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

" 

l l 

L 

L 

L 

L 

H 

II 

H 

H 

L 

L 

L 

L 

H 

H 

H 

M 

Ij 

L 

L 

H 

H 

I 
L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

h 

L 

H 

L 

M 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

l lox Coda 

0 

1 . " 

2 

3 

i 

6 

7, 

8 

9 • 

A 

B 

C 

0 

E 

F 

ALU Funcl lons 

l o - L 

l o - H 

Speciai Funciions 

: F| - HIGH • • ' 

F - S Minut R Mínua 1 Plus C^ 

F • R Minua S Minua 1 Plus C» 

F - H PUia S Plua C„ ., 

F - S Plus C„ 

F - 5 Phj» C„ 

F - R Plua C„ 

F - B Plua C„ 

F, - LOW 

F| - B, ANO S, 

F, • R, EXCLUSIVE ÑOR S| 

F, . R, EXCLUSIVE OR Si 

F| . R, ANO Si • 

F| - R| NOfl S, 

F| - fl) NANO 6, 

F i -R ,ORS, . 

. HIGH I - O 10 3 

M ' HIGH X - Don I Caí» 

A m 2 9 0 3 s m a y be c a s c a d e d in a i lhér a r ipple carry or 

looKaheed carry lashlon. W h e n a number ol Am2903s ara cas

caded, each slice musí be programmed lo be a mosl slgnlllcaní 

slica (MSS) , iniermediala sUca ( IS) , or leasi signillcant sUce 

(LSS) ol Ihe array. The carry generala, G, and carry propágale, 

P, signáis roqulrod lor a loukalieud curiy schsine are gei<«r-

alod by Ihe Am2903 and ara ^vailaole as oulpuls ol me leasl 

Bignilicanl and Inlarmedlale sllcss. 

The Am2903 oiso genéralos a carry-out signai, C n ^ a. which 

is generally availabla as an oulput ol each slk:a. Both me 

carry-ln, C„ , and carry-oul, C„.,4, signáis are activa HIGH. The 

ALU generales Iwo oiher slalus Oulpuls. These are negaiive, N, 

and ovedlow. OVR. The N oulpul is generally Ihe mosl signili-

canl (slgn) bil ol Ihe ALU oulput and can be used lo determine 

pusiilve or nogaltve rosulls. The O V R ouifMjl Irulicaies ihat the 

ariihmeiic operallon being pedormed exceeda the available 

Iwo's coinplemeni number rangé. The N and O V R signáis are 

availablé as oulpuls o|_lhe mosl signiUcant slice. Thus. Ihe 

mullipurpose G/N and P/OVR oulpuls Indícate G and P al Ihe 

leasl signilicaní a i id iMarmedlale s)IOM..and slgn and overfUw 

ui the mosl signilicaní slice. To some exienl, Ihe meaning ot Ihe 

C„^4, P/OVR, and G/N signáis vary wilh Ihe ALU luncllon being 

pailormed. Reler lo Tabla S lor an exacl dellnlllon ol thasa tour 

signáis aa a luncllon ol the Am2903 inttructlon. 

ALU Shlftar 

Under insirudion conlrol, Ihe ALU shiliar passes the A L U oulput 

|F) non-shiltod, shills it up one bll poslllon (2F), or shilli ü down 

oiie bil politlón |P/2), Uuih ailihn^elic and logical thW opeíal loni 

are possible. An ariihmoilG shlll operallon shitis dala around Iha 

mosl signilicaní (slgn) bit posliion ol Ihe most signillcant sUce, 



» 
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.7-?';:>--í 

and a loglcál shlfl op«rBtlon ahlfti dala through Ihli bit pesMon 
(sea Figura A). SlOo and.SIO] ara bidiractlonal larlal shllt 
Inpuls/oulpuía. Ourlng a thllt-up oparallon, SlOo Is ganarally a 

"sarlal shlft Input and SlOj a aarlal shlft outpul. Durlng a shin-down 
"'oparatlon, SlOj Is ganarally a aarlal shlK Inpul and SlOg a aerial 
--shlfl outpul. •:•. ii ' . ' i! '; ' . '<.•.. ' .•.i ' .•: •• ••;.;;. ' 

-To soma axtenl, iha meaning ol tha SlOo and SIO] signáis Is 
Inslructlon depandenl, Ralar lo Tablas 3 and 4 lar an axacl 
dallnlllon ol Ihaaa plns. i .' | 

Ths ALU shlltar also próvidas Ihs eapablHly to slgn axiand al siles 
boundartss. Under Inslructlon control, Iha SlOo (''9") '"Pul ° in 
be extended throúgh Yo, Y|, Yj, Y] and propagatsd lo ll̂ a SIOs 
oulput.. • ' • . } • ' ' • 

A cascadable, llve-bll parlty Baneralor/checlier Is designad Inlo 
ths Am2903 ALU shilter and provldes ALU error detacllon 
capablllty. Parlty lor tha Fo. I^t, Pj. F j ALU outpuls and SIO3 
Inpul Is genaraled ánd, under Instrucllon control, la mada avall-

-aljie al tha SIOQ outpul. Ralar to the Am29<}3 applleatlons . 
secilon lor a mora datailed descrlptlon ol Ihs Am2903 slgn ex-

-tensión and parlty ganaratlon/chacMng capablllty. 

-The Instruciion Inpúts cfátarmine the ALU shilter operallon. Tabla 
- 4 delinas the spadal lunctlons and tha opefatlon the ALU shilter 

partorms lor.each. Whsn the Am2903 executes Instnicllons 
olher th'an Iha spedal funcllons, ths ALU shlltar oparatlon Is ds-
termlned by Inslnjcilon bita Ig, I7, Ig, Ig. Tabla 3 defines the ALU 
shilter operallon as a luncUon ol thase lour bits. , . ' 

O nsglstar 

The O ñeglster Is an auxillary lour-blt raglster which Is clocked on 
the LOW-lo-HIOH Iranslllon ol ths CP Input; 11 Is Inlsnded primar-
ily lor use In mullipllcatlon ar>d dMsIon operatlons: however, II 
can also be usad as sn accumulator or holdlng rsglsler lor same 
applleatlons. The ALU outpul, F, can be loaded Inlo Ihe O Regla-
lar, and/or the O Ro<7'̂ lar can be selecled as the source lor the 
ALU S operand. The shlltar al tha Inpul to the O Reglsler provldes 
Ihs capablllty lo shllt ths O Reglsler contents up one bit poslilon 
(?0| nr ilowii nn* MI prulilon (0/2), Only loglcal «hllta ate per-
loinieO. 010, and 010] ara bidireollanal ahlll aailal Inpiiti/ 
oulpuls. Ourlng a O Reglsler shlft-up oparatlon. OlOo Is a serial 

Figura A, • • 

Am2903 Arlthmetlc Shin Path 

«o, •jm 1 1 1 

Am2903 Loglcal Shlft Palh 

shlft Input and OIO3 Is a serial shllt oulput. Durlng a shlft-down 
oparatlon, 010] Is a serial shlfl Inpul and OlOo Is a serial sNI 
oulput. • 

Double-léngth arllhmetic and lógicál shllting capabillty Is pr> 
vlded by Ifie Am2903. The double-lenglh shilt Is performed li; 
connecting QIOs ol tha most slgnlllcant sllce lo SIOQ ol Uw 
least slgnlflcanl sllce, and executing an Inslructlon which shim 
bolh the ALU oulput and Ihe O Reglsler, 

Ths O Reglsler and shlltar ara conlrollad by tha Inslructlon liv 
puls. Tabla 4 delinea the Am2903 speclal lunctlons and tlie 
opersllons which the O Reglsler and shilter porform for eadi. 
When Ihe Am2903 executes Instruclions oihar than the spedal 
lunctlons, the O Reglsler and shilter operallon Is conlrollad by 
Inslructlon blls Is, I7, Ig, I5. Table 3 definas Ihe O Reglsler and 
shIHer operallon as a tuncllon ol those four bits. 

Oulput Bullera 

The 0 8 and Y porls are bidirecllonal i/O porls driven b» 
three-state oulput bullere wilh oxtornal oulpul enabie conlrolj 
Tha Y outpul bullars ere anahlnd wh^n (ha OEy input I5 LOW 
anil aie In Uta Itiul* litt|t<fiiMiM>tt «Idia witatt ñV.y iq tiKiil ir« 
DB oulput bullara ara aneblad when Iha OÉg Inpul Is LUW. 

TABLE 4. SPECIAL FUNCT10NS FOR (4 > t, • 1} • I, > Ig > LOW (Nota 4) 
Am2»03/2903A 

(Hai) 
'llTlglj 

Speclal 
Functlon 

Unsigned hiuRiply 

(Non 5) 

T>Asyi CoTipIrtmonl 

MtjItiplY 

(Non 5) 

1 

TABLE 3. ALU OESTINATION CONTROL FOR tj OR I, OR I2 OR I3 - HIOH, lEN - LOW. 

•T C«ai 

U.H-V 

• n r -

n»=?-

iwl*-» 

t-1 

M«»t siff. onm 
SIM SMM 

_:L. 
_:L. 

«Mfilf. 
SSM 

. ' S I . 
' 1 

A -

WMtSIf. 
•no 

- " O l 

..rj._. 

ih 

JI5 

vo. 
•MUar 

FwMtlMi 

t.«t Ofl-Q 
Lea (Vl-A 

L a » n - a 
U(. ÍO-O 

M,.í 

'ncf «ment by 
One or Two 

Sign/Magnitud« 
Two'J CompJemant 

ALU Functlon 

F - S + C „ » 2 - L 
F - R + . S + C„lf2. 

F - S • C„ K Z - L 

F - S * 1 t C . 

T*yo"í Comp(»fTi«nt 
MuWply, ls« Cycla 

(Nota S| 

Singla Lanjth 
Normaliza 

Binary to BCD 
Conversión 

Ooubla Lsngth 
NominftlB and First 
DIvIOsOp 

(Ñola 5) 

Two'3 Complem»nt 
Olvide 

(Nota 5) 

Two's Coniptamant 
Divida Corractioo 
and Psmatnder 

F - S 4 - C „ i l Z - L 
F - 5 + C „ I I Z - H 

ALU Shlltar 
Functlon 

L09 F/2 - . Y 
(Nota I ) 

Loo F/í - 1 
(Nota 21 

S + C„ il Z - L 
S - R - 1 » C - i l Z -

F - S + C„ 

(Nota 5) 

F - S -̂ C„ 

F . S ( - R < - C „ I I Z - L 
F . S - R - 1 t C - I I Z -

F - Y 
(Non 3) 

LogF/2 - Y 
(Nota 2) 

SIO] 

Most Slg 
Sllce 

Input 

Input 

Othar 
Sllcee 

Inpot 

Injjul 

Log 2F - . Y 

L09 2F - Y 

Log2F 

(Nota 5) 

F - S * R + C „ I I Z . L 
F - S - n - 1 f C „ i l Z - H 

R 3 V F 3 

B7v7 

Inpul 

SlOg 

Parity 

Input 

Panty 

O Reg & 
Shilter 

Functlon 

LogOa 
- O 

Log 0/2 
- O 

010) 

Input 

QlOg 

Qo 

Oo 

LogCV2 
- O 

Input 

Inpul 

inpul 

Log 2 0 
- Q 

Log 2 0 
- Q 

Log 2 0 
- Q 

Log 2 0 
- O 

Log 2 0 
- O 

Inpul 

O3 

Qo 

Inpul 

Input 

Inpul 

tnput 

Os Input 1 

wniTE 

Nol»s: 1. Al triA most slgntficMnl slica only. Ih« C^ « 4 signal t$ ínlemnlty gaivd lo ina Y3 oullMt. 
2. Al tha most slqniUcanl %lica only. F3 V OVP la inlaffvilly galad to Iha Yj oulput. 
'1 Al lita ,iHial •lu(Hn,'a,il •!!,« ,HIIV, t i V f t l a uaM^,»!*,! al Iha V | , N , I | M I I 
4. Iha O hmjialw «'.aniiijl Iw uaatJ aapllcllly aa aii ,,(i«iaiNl tía any rt|>Mjlal Kunclkaia. H la ilafiiia,! liii(iUi4lly a,illa,i nía hi,M.MMia 
5. Avaltñblo on Am29203 only. 

L - L O W 
• H - HIOH 

X - DontCare 

(>a>liy - F3 V F j V F| y Fo V 8IO3 
V . P,H„a*Mn«l 

lOW 

HIOM 

Hl-Z - Hlgh Impadanca 

Hl-Z - High Impedanca 
V - Eaclujlva OR 
Paiily - SIOs W F3 W Fj V F, V Fp 

.̂¿1_ 

Tha zero. Z, pin is an open collector input/oulpul ihat can be 
wire-Ofl'ed belv»een slices. As an oulput it can be used as a zero 
dnieci slalus llnq and generaiiy Indícales Ihal Ihe Y0.3 pins are all 
LOW. Xo sume ««lanl Ihe meaning ul Ihls signnl varíes wiin Ihe 
Inslructlon being portomiod. Reler lo Table 5 lor an exacl delinl-
lion ol this signal as a lunctton ol ihe Am2903 instruclions. 

Instrucllon Oecoder 

The Instrucllon Oecoder generales requlred Internal control sig
náis as a functlon of tha nina Inslructlon Inpuis, 'o-(ithslnstruc-
llon Enable Inpul, ÍEÑ; the CSS Input; and tha WRlTe/nSS 
Input/ouipuL 

The WRITE outpul is LOW when an Instruetion which wrltes dala 
inlo Ihe RAf,1 Is being execuled. Reler lo Tablas 3 and 4 lor a 
dermilon ol the wniTE outpul as a lunction of tha Am2903 
inslructlon Inputs. 

On Ihe Am2903, when ÍEÍ3 is HIGH, the WRITE oulpul Is lorced 
HIGH and Ihe Q Regisler and Sign Compare Flip-Flop contents 

are praserved. When lEN is LOW. Ihe WRITE oulpul 11 eiial>laO 
and the O Regisler and Sign Compare Flip-Flop can be «ruten 
according to the /Vm2903 instniction. The Slgn Compara Flip-
Finp li «n on'Chip lllpllop which is used dtiringan Am2903 rtiviiie 
operallon (see Figure 8). On the Am29203. ItW controls Inie'nal 
wriling. bul does not alleci WRITE. The IFN signal can Ihen be 
controiled separateiy al eachcNp 10 facilítate byte of<«'<i>ons. 

Pregrsmming the Am2903 Sllce Poalllon 

Tying tha LSS Input LOW programs tha alicato opérate as a leas) 
slgnlllcant sllce (LSS) and enables the WRITE output algnil onlo 
tha WRITE/M55 bidiree'tlonal I/O pin. WhanCSSlstledMIGH, Ihe 
WRITBMSS pin beconiesan Input pin;tying the WRITE/I4S¿ pin 
MIC>i< irograms Ihe sllce to opérate as an Intermedíate sK-te (IS) 
and tying it LOW programs Ihe siica to opereta as a mosl slgnlll
cant sllce (MSS). The W/RSS pin must be tied HIGH mrough a 
resistor. ^IMSS and CSS should not be oonneetsd together. 
See Figure 2 ol applicalions. 
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Am2903 SPECIAL FUNCTIONS 

The AmZ903 providas nin* Spacial Funcllons which (aci'lilalo Ihe 
Impiemaniatíon o( (he followjng operati^ns; 

• Singla- and Doubla-Lengih Normaliza Ion 
• Two's Complameni División 
• Unsigned and Two's Complemanl Mulllplicalion 
• Convarsion Satwaen Two's Complemdnt and Slgn/Magnjtuda 
. Represanlalion 
• Incremaniaiion by One or Two 

Tabla 4 definas thasa Spacial FurKtlons. 
The Singla-Langín and Ooubla-Langlh NormaDzatlon lundlons 
can ba usad to adjusí a singia-pracision or doubia-preclslon 
floailng polnl numbar In ordar lo bring its manlltia wilhln ( 
spaciliad ranga. 

Thrce Special FunctJons which can ba usad lo perlorm • Iwo's 
oamplamanl, non-resloring divida oparilion ar* provldad by Iha 
Ani2903. Thasa lunclíons próvida bolh singla- and doubla-
precisión divide oparations and can ba parlormad In "n" dock 
cyelas, whara "n" Is iha numbar ol bits In tha quollanl. 

The Unsigned Mulllply Spacial Funclion and iha Iwo Two's Com
plemanl Mullíply Spacial Funcllons can be usad lo mutilply two 
n-bil, unsigned or Iwo's complemanl numbers, respeciively, » 
n dock cycles. Thesa funcllons uiiliza Ihe condillonal add Biid 
shilt algoríthm. Ouring Ihe last cycle of tha Iwo's complemanl 
mulllplicalion, a condllkjnal sublraclion, raiher ihan ^ddillon, ii 
parlormad because tha sign bit o' tha mulllpller carrles negalivt 
weighi. ! 

The Sign/Magnilude-Two's Complemenl Spacial Funclion can 
ba usad to conven number represanlalion sysiems. A numb« 
axprassad in Sígn/Magnituda represanlalion can be convarled lo 
Ihe Two's Complemenl rapresanlalion, and vlca-versa, in orw 
dock cycla. • ,' 

Tha Incramanl by Ona or Two Spacial Funcikjn can ba us«<t 
lo Incramanl «n unsigned or Iwo's eomplamaní numbar by 
ona or Iwo. Thls Is usalul In 16'bll word, byia-addressabl« 
machinas, whara tha word addrassas ara múltiplas ol Iwo.. 

nalar lo Am2903 appilcalions saction lor a mora delailed dascrip-
tion ol thasa Spacial Funcllons. 

Fljur» B. Sljn Compart F l l p F l a p 

The sign compare signal appears al tha Z output of the most significan! ilice 
during special functíons C, O and E, F. Refer to Table 6. 

TABLE 5. Am2903 STATUS OUTPUTS 
Am2903/2903A 

<<W< Utihii 

Vvs, 
"lAa, 

R,AS, 

^ A S | 

^ A s , 

« K A S , 

^ A Í , 

0 < < > l 
^ A ^ | ^ t • M 

(I - o lo ) | 

'VVS, 

l^va, 

n,v«, 

nv^Cn 

^'^'^ 
ov«„ 
avfc. 

a , i 2 . i 
«VVI , . 

0 I I 2 - L • S , ' 2 - l 
r \AS, i i r»H | F^vS|>2-M 

0 < 2 - L 
f\ AS,HZ-H 

a A S , d Z - i 
B, A 3 , B I . H 

( J A S , . . ! . I 
^ AS,<Z* I 
(Nowíf 

9,MZ-i. 
^ V S ^ « Z - H 

\ v a , N z - L 
( v a , i z - H 

n , v » , « l - i . 
Bi V a,<z * H 

P/OVB 

Motl Slg I OthM 
Sllc» I tile 

. ) V C „ , 

Cr..l VC„ . 

Cn.3VC„, 

Cn .»»C„ . 

^ _ . 3 » C „ . 
Cii»> v C , . , 

C.. lVC„, , 

c . . j »c„ . 

C, . ( VC„, 

S/H 

Mo4l flig 
Sl lu 

Olha> 
Sl lc« 

I | Ó Í » ' 

?.Y,V,f, 

Vl^z ' i 
'o^i^.^» 

r » s « t - n 

V>' .7 j 

tilo* 

v.V^ 

V.V, Í Z L 

•^o^.y.^i 

%J,V: 

V.^»?» 
Wvi^ 
V . T Z ' I 

^0^1*1»» 

^¡¡''•^i't 

y.'jy.'» 

^ . S j ó , 

J [SignComiMít 

JNOUS: I 
2 
3 
4. 
5. 
6. 

R : 

Se» .3 

. I ILSS is LOW, Go - So and G,. 2.3 " 0. II LSS H HIGH. Go. i. j , j - 0. 

. II LSS is LOW. Po - ( a n d P i . j . 3 - St,2, j . IlLSSisHIGH.'p'i .̂  S|. 
Al iha most signrlicanl stica, Cñ ^ 4 • (>]'V O^. Al otnsr sticaa. Cn 4 4 - O V PC^. 
At ma_mosl signilicant slica. Cn + 4 ' F3 y F j . Atoitier sucas, 0 ^ * 4 - Q V PC». 
Z - QoQiQjOaFoPiPjFj. 
Am29203only. 

• LOW - O 

• HIOH - I 
• OH 
• AND 

• i.-xcíDSivnoii 
. PjPzP.Po 

' O3 V G j P j V G i P j P j V GoPiPzPj 

> G j V a , P j V GoP|Pí V C„P|,P|P2 

Y . 7 , ^ 

•̂ oVlTiVs 

?,f.Vs 
_ V ! ^ 

VjVTjY, 

Vl 'Z '3 
V l ' l ' j 

V .7 .7 . 

Wt^^ 

V i V . 

5 o 3 , ^ 

1*441 tía 
sikK 

v-^r» 
V i V i 
V I ' . ' . 

•'o'Ti'r»'. 

'ro'l'r.''. 

V I ' . " . 

V I " . ' . 

V i V . 
JSVjIl. 
V I " . " . 

W ^ 
'.'.y.'-. 

V I " . ' . 

^o^' .̂n 

W,-^' 

S^iSA 



Amt903/2903A"" 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2903 

A. TUREE-STATE OUTPUTS ,B. NORMAL OUTPUTS C. OPEN-COLLECTOB OUTPUTS 

Sij: 

-W-

• • : : - : : : : . • '{ 

"I i =f= «t 

Í .4V 

5.0 - VgE - VQC 

lOi. • Voi/IK 
R, . 

5.0 - Vae - VQL 

lo i ^ Voi/Rj 

MMI««. I I '( '« biiph iMt^liiiliti lüM^M ^Kilm. «iflMt) «tfiJ Hlmy t.>4fi4MUnt-Mi yuilhuiil ilutlkH tu IIHM>I IM tH*( IUIIK 
i t l | , ti}, 64 «(• ctutatt liiifiDQ tundían l««U nful titl A C. luati i>i.ii|il UIII |MII uuuiti* luiia 
3. 9 | and 83 «rt okiitd «vhda S | l i úp«n lof I ^ J H '•>*-

Si tnd S} art cloiad whil» S) )i optn lor \pii l«sl. 
4. C(, " S.OpF for oulput tfls8b<« tftsls. « 

TEST OUTPUT L O A O S FOR Am3003 

Pln# 

1 

II 

13 

14 

18-19 

20 

21 

22 

23-25 

40 

48 

Pin Ltbtl 

0I0« 

Cn • 4 
P/Ovn 
aiN 

Y0.3 

siOo 
SlOj 

z 
O80.3 

WnlTE/MSS 

QlOj 

.Test. 
Clrcull 

A 

B 

0 

B 

A 

A 

A 

C 

A 

A 

A 

flt 

498 

478 

303 

212 

241 

458 

458 

281 

458 

458 

458 

R| 

IK 

3K 

3K 

I.5K 

IK 

m 
IK 

-
1K 

IK 

IK 

For addillonal Inlormntlon on losling, se* gecllon 
"Ooldetlnes on Tesllng Am2900 Family Oevlcea." 

A m 2 9 0 3 / 3 9 0 3 A 

O P E R A T I N G R A N G E S (ovar which DC, swilching, and luncllonal specilicalions apply) 

f i Part Numbor 

Ranga SuKlx Tampara tur * V c c 

COML 

MIL 

PC. PC8. 
DC. oes, XC 

DM, 0M9. 
FM. FMB, XM 

T( j . Oto *7CrC 

Te - -5510 •125*C 

4.75I0 5 25V 

4.50IO5.50V 

; A B S 0 L U T E M Á X I M U M R A T I N G S (AbovawWch iha usalul Illa may b« Impajred) 

Sloraga Tamparatura 

i Tamparalura (Ambianí) Un-lar Slaa 

' Supply Voliaga lo Ground Poisnilal Conilnuous 

OC Voliaga Appllsd lo Outpula lor High Oulpul Slala 

'DC Inpul Voliaga 

DC Oulpul Currenl. Into Oulpuls 

DC Inpul Ciirianl 

- 8 » » • 1 1 » ^ 

-S» (0 *12$*C 

-0.5 lo •r.ov 

-0.5 lo *Vcc max. 

-0 .5 10 •5.5V 

30mA 

-30 lo «SOmA 

AmJOOl ntrrn-ln mnti L I U T ín l ClrouM 

1 

C^ •• •• OA, n*, lA I I I ilN otv df* 

StOi 

n, 

Vcc QWD IT tj U '1 l< .0*1 0*1 ffl 



Am;'903-Ar..i.JJA 
DC CHAflACTEHISTICS OVER OPERATING RANGE 

P * r * m « ( * r t ' i> 11 crlptlon 

VOM 

'cex 

Vot 

V,M 

VIL 

V| 

'iii 

•OÍM 

k>j 

Ice 

Oulpul HIOH VolUg* 

' Outpul L t l k i g * Currant 

for Z Oulput (Mola 4) 

Oulpul LOW Volug* 

mpul HIOH laval 

Inpm LOW Lavtl 

Input Clamp Voltag* 

btlMI LOW Cufrant 

Input HIOH Cu/ram 

Inpul HIOH Cunam 

On S u » , 

(HICH Impadanc*! 

Oulput Cufranl 

Outpui Shon Ocuu 

Cunanl (Ñola 3) 

Powar Supply Curranl 

(NoM 91 

T a i l Conrtlllona (Nota 1) 

Vce - MIN. 

ViH - V,„ or V,i 

, , loM - - l . í m A .. 

Y,-Yj, S/H 

08o.j,P/OVR . . 

SIOo. SIO], QIOo. 0103, 

WBfre,c„4 
Vcc - MIN.. VoM - S 5V 

V i N - V , „ o r V , i 

Vec - MIM. 

V|N - V|H - w Vn 

Y». Y,, Y , 

Y l . 2 

0 8 , , OS,, 

oe, , 0 8 ] 

GJÑ 

?;OVR 

c„4. so, 
SIOi, QIOQ 

OlOj. WRlTl 

1 ^ - 20mA (COML) 

loL - t>mA(MIL) 

lot • 12mA (COML) 

loi " «OniA (MIL) 

lOL • tflmA 

lOL - lOmA 

lOL * B.OfTtA 

Ouaranlaad Inpul loQlcal HIGH . . 

voluga for all inpuls (Ñola 0) 

OuaraniMd Input loglcal LOW 

voltago (or aN inputs (Nota 6) 

Vcc - MIN., I|„ - - t S m * 

VCQ - MAX,. \l,n - 0.5V 

(Ñola 4) 

Vcc ' MAX., V|„ . Í .7V 

(Nota 4) 

c„ 
Yo. Y,. Y,. Yj 

lo. I|. I j . ID. I< 

OAg, OA,. OA,,.OA] 

SIOo, SIO). QIOo. 

OIO], lOSS, DBo. OB,, 

OB2. OB] 

All oihar inpuU 

c„ 
Y,. Y„ Y,. Yj 

lo-l.. OAjDAj 

SIOo, SK}). OlOo, 

OO] , D80.3. 

M 5 S 

All oíAw Irtfiuii 

Vec - MAX., V|N - S.SV 

Vec - MAX., 

Nota 4) 

Yo-Vj 

OSo.] 

SK3o, 

. OIO0.QIO3, 

SlOj, SmiTt/CI55 

VQ - 2.4V 

VQ - 0.5V 

Vo - Í.4V 

VQ . 0.9V 

Vce • >**•* * 0 ' V 

Vo - 0.5V 

' e c " MAX, 

T» - 25*C 

COM'L 
T» - 0 10 7(rO 

T» . W C 

Te - -SS 10 125*0 

Te - tJÍ 'C 

Mln, 

2.4 

2.4 

2.0 

-30 

Typ. 

(Nota 2) 

220 

Max, 

250 

0.5 

0.5 

V 
o.s 

0.5 

o.a 

-1.5 

-3.6 

. -1.13 

• 0 72 

-0.77 

- 0 3 6 

200 

l io 

40 

90 

20 

t.O 

tto 

-1130 

' 90 

-770 

-15 

335 

350 

291 

395 

2 U 

Unlta 

Volts-. 

I-A 

Volts 

Volts • 

Volts 

Volts 

ífiA 

, M A 

mA 

MA 

mA 

mA 

L A m 2 9 0 3 G u a r a r i t a s d C o m m a r c l i i l 

R e n g o P e r t o r m a n c » 

Tht labl«s bftoM tpAClty tti« guiranlved p«f lormanc* ol tf)« 

Ain2903 Ovar in t Cúmmarci l l oparailng u n g e or O 10 ' 

• 7(rC. * i ih \ ^ C ' ' w n ^ 7 5 W S 2 5 V ' A l l dai» • ! • In M , wilh 

Inputt sofiíching t>«iw««n O and 3V ai 1VM» and maaiura-

. manta made al l . iV . Alt oulpul) hava majiiiTHjm DC toad. 

Cloek and Wrlia Pu la * Characlai lai lca 

All Puncllona 

Am2903/2903A 
I n a b U / O l a a b l a Tlm«a . » 

All Functlona .S-

taa: i . fúf condNMna anovA aa U IN . ot UAX., uaa (ha apptopriaia vatua apMrftad UAdat Clactrlcaí Cha'aaanaMca tot iha apphcaWa davlca lyp«. 

.> I fpwaí Mffuia ara al V c c * S-(*V> 2^*C MiW«nt and matiinuffl kMdhte. 

3 .'HN ittot» «ISA orm outpwi inouM ba ahonad ai a tMn«. OuraUon o( ttw aAort ckewtt t*«l ahowid M I a ieaad on» aacoAd. 

4. V « - 3 . 0 A « _ ) , SiOfl . j . QiOo.a and wf l iTC/MSS ara trwa* i iata oulputa wtiarnailv cofwtaetad w TTL inpuu. Z la an eptn-coitactw oufpul h 

eonnaetad to a TTl inpm. Inpul eftaraeiaristica ara maaaurad undar condiikxia such inat Uta oulpua ara Wt ih« Off «tata. 
5. woral cata 1 ^ ^ la tí mmünum lampMalura. 

6. T M a * inpul t a v M próvida tmo nám immumfy and ihouM o r ^ b* tiatte lat iad in a noiat-lraa «nvirorviMni (no( (unctlonaNy lasiad). 

Mínimum Clock LOW TVrna 

Mmimtmt CVxk HIOH Tkn* 

Uirtinium Tlrn* CP and WE 

boih LOW u Wrtia 

M 

30 

W 

na 

na 

na 

From 

OEY 

OEe 

>• 

rs5 

To' 

V| 

oei 

5 lOt .StOi 

OlOo. OlO] 

OOa. 010] 

VíMi 

Enabta 

27 

3l 

IS 

) l 

Olaabla 

25 

» 
2» 

•0 

•0 

2S 

' na 

nt 

na 

na 

na 

na 

Nota: 

I. Ct • I Op^ lor oulpul diMolt WMa. Maaiwtamaní la mada % a OSV 

changa on Vt» ot^pul. 

^ • ^ ^ - . ^ * Oulpul 

A A(kl>«j>i 

(A/Hh. Modal 

A Add'ai i 
. (Logic MiMMI 

OA mpul! 

OA Inpuia 
ILOgsc Moda) 
0 0 Inpwli 

'o 

\T.u ~ 

SiOj. SOo 

Y 

1 M23 

V 

oa 

M 

•7 

«3 

64 

SS 

40 

Í2 

7% 

*7 

n 

" 

Cn + 4 

11 

n 

. 
_ 
60 

t i 

-

30 

4« 

es 

O.P 

6« 

61 

at 

i i 

46 

4r 

4( 

32 

4! 

36 

73 

44 

Comblnal lonal [Hlay 

AH Punctlona 

I C ) 

tlO 

m 
Mt 

100 

ar 

%i 

aa 

7» 

«3 

b4 

76 

«a 

w 

«a 

N 

«a 

H 

6* 

64 

64 

62 

(6 

S7 

36 

40 

92 

66 

" 

OVR 

toa 

t u 

-
-
SI* 

84 

-

S3 

U 

I ) 

04 

44 

a 

DB 

-
4« 

-
4a 

-
-
-

-

-

wniTc 

-
-
-
-
-
-
-

-
• 4f 

4a 

M 

-

010, 

010) 

-. 
-
-
-
" 
• 

-

-

M I 

40 

-

SlOg 

M 

64 

62 

S2 

$7 

M 

JO. 

6 6 * 

4 1 * 

64 

44 

S I O ) 

104 

60 

•4 

61 

64 

44 

73-

4 ) * 

92 

46 

5 IOg 

Parlty 

140 

120 

ta 

63 

•6 

«7 

IOS» 

42> 

34 

tos 

44 

; An '"" fnaaní iha out|»ul )• anabiM of ditatUM t>f ma tnoul. Sa* —^*t*» and t l M l M amat A nurtipM tto^m wrih an * l | ma Oaiay la o v a d 

ÜM* I» u«i»"nnMl by lon^atning M4a. 

Sal.'M and Hold Tlmaa 

All Funcl lona 

^ \ ^ ^ To Oulpul 

' B ai a 0«>iln«i«fi 

OIOQ. 0 0 | 

U)tia 

CAUTION: REAONOTtl. NA 

Wilh Raapacl 

lo Ihla Slgnal 

Clock 

Ciuth 

Cwch 

Clocli 

Clock and WE botft LOw 

Oiuch 

Chxh 

Clock 

ChMA 

- Nol AppUoaUa; na uinbtg conkUalnL 

HtOH-to-LOW 

Sal-up 

NA 

1$ 

HA 

33 

t 

NA 

14 

30 

NA 

14 

A 
Hoíd 

NA 

Nota 2 

NA 

3 

Ñola 4 

NA 

Ñola % 

Ñola 2 

NA 

* 

L O W - U 

Sal-up 

20 

N0W2 

)0 

NA 

N0M4 

It 

N w a S 

Noia2 

30 

44 

hHtOH 

r 
Hold 

3 

0 

0 

NA 

3 

3 

0 

0 

0 

0 

C o m m t m 

lo Wfaatf4»nAM 

To wma Dala on*r ««a 
tta Conací B Aooraaa 

Noiaa: 

1. For talup limas Irom an Inpuis noi apaciflad. iha salup km« 

is Computad bv caicuiaiing ma daiay lo >i«b)a V ouiputa ar>d 

ihén aHowing tna Y talup bma. Evan U lh« RAM n noi baing 

loadad, ma V taiup bma la nacai tary lo l a i up ma O ra-

Qistar. A l unipaoiliad h o u ilmaa ara lata man or adusí to 

taro ratailva lo ina ctoch LOW>io-HlOH adga. 

2. WE coniroll wiriing ^to Iha RAM, lEN coniiotí w/tfmg «nlo O 

Atid. inditocilyj^conuol» W E inrouc'* m * * r n * ouipul. To pta-

vaní wnimg. lEN a m w £ mu) l ba H IGH during ma anii/a clocn 

LOW itma. Thay may go LOW anai ma dock nat gona L O W IO 

cattta a wnia fHuvhiitit ti,., W r LOW ano iZÑ LOW aal-up 

ltMi«a ata mal I lavMtg gtxia L O w . Ihny «IHIIJUI nm im lalutoaal 

H I U H uniil ahar Itia clock h a i gona HIOM. 

A and B addiataaa mut l ba aal-up pnor to cíoch L O W lianal-

tion 10 captura dala >n laichat al HAM oulpul. 

4, Wnimg occurt wtwt C l * artd w C ara bom L.OW. Tha 6 ad-

draaa tnouto ba atabla dunng mía aniira partod. 

) . Bacouta i i m comroi m « wtitina or no( wniing ol data «no 

R A M and O. may aKMAd b t 6 t a M durmg I7VI aniaa cloch LOW 

bma unia4t iTR la H IOH. pravaning «M«ng. 

5. Tha lat-up itma prior to m« ctocfe LOW-lo-HtGH iransaion 

pccura tn paf a lai «nin ma aat-up urna pnor lo ina dock HtGH-

lo-LOW transüion artd iba dock LOW bma. T M achMl aai-up 

tima raqwrantaní on Uyut- '«laüva to iha dock LOW-w-HiOH 

liantilion. t i m« longor ui (1) ma sal-wp lima pnor lo ctock 

L -• I I . aiH) (2) lita itHn ul Uta la i 'up l<ma IMIÚI tii CkXk 

M - • I aitd m» tkKk LOW lima 



Am2003/2903A 
II. A m 2 M 3 Q u a r i n l M d MMIUry 

. l: . . .BtnB« Pt r formtne» <••• •> 

Th« labr** b«low ipvdrr tti« guarmlMd p«rlórmane« ol 

lh« AR12903 ovtf lh# mMtwy of>«ra1tno ftngt o< -SS to 

• • l íS'C. « « I Vcc (ton 4.5 10 5.5V. Al M « «n In M, «im 

bwvl) aoUchlng ealwMO O and 9V at IWni tnd iMMUi t ' 

, m<nll f iMM t | l.tV. M eulnul» litv« nuilmgm 0 0 i M d 

Enabra/OUsbU T1in«t 

Allfufwltoni : 

Ctock fnd Wrtlt ^ t i * Ch*r»el*rlillc* 

' AK Funcllon» 

MMmum CtDdi LOW rimt 

MWwff l Cteelí HIOH T h » 

MWmun TVnt CP •rtd WC 

40 

40 

40 

n t 

ft« 

«• 

f fom 

0€Y 

OCB 

•• 
' t r i i 

U i t i a 

tSff 

To 

V. 

OB, 

l<0 | . SiOj 

010o. 0>0] 

OiOo. O O j 

TCrtTTE 

E n t M t 

j r 

VI 

70 

»4 

ori iw* 

» 
7\ 

} ) 

eo 
60 

?9 

ni 

n> 

n« 

nt 

nt 

Chtngt on th* outpul̂  

^ ' * " ' — " * * » . ^ Oiitpul 

A AddtMi 
(Arth, Moda)' . 
S A M M I 

AA4Hr**» 

DA bH«|t« 

Oa IniMIa' 

OA tnpu(« 
(Logic lAMa) 
OS Iftpu)! 

CT • 

c. 

'• 
U j i l . 

' i r t t 

rTfi 

510]. SIO« 

Ctocfe 

Y 

nss 

y 
t i 

101 

i> 

M 

•1 

U 

M 

H 

OO 

10 

u 
n 
44 

n 
n 

4S 

c;*4 

n 

t3 

-
-

M 

M 

-
-
M 

30 

M 

t f 

-

-
M 

.-

s.r 
n 

«4 

n 

n 

44 

91 

» 
49 

-
34 

f3 

-

-
74 

44 

Cemblnallonal IMaya 

All Puncllona 

> ( 4 | 

na 

I M 

117 

M I 

ai"" 

aa 

» 
11 

ts 
as 
it 

y 
n 

11 

114 

ÍO 

N 

n 

«a 
n 

n 

•A 

43 

aT 

V 

ao 
40 

93 

7t 

-

-
at 

44 

ovn 
119 

na 

• 

-
44 

t* 

-
• 

V 

>a 
m 
aa 

-

-
na 

44 

ok 

-
93 

-
9> 

-
-

-
-
-
-
-

-
3f 

-

wnitf 

-
-
-
-

-
-
-
-
-

93 

U 

90 

14 

-
-

-

OlOi, 

0 1 0 ] 

-
-
-
-

- - -

-
-
-
-
• 
. 

9 9 * 

-
• 

43 

-

• l O a 

at 

97 

94 

• « 

44 

B3 

93 

i» 

34 

»!• 
e«* 
4 1 . 

-
-

91 

44 

a i o , 

aa 

I0« 

la 

93 

44 

79 

43 

a4 

49 

9 4 . 

7 4 . 

4 9 . 

-
39 

94 

49 

« 1 0 , 

f*»f11y 

120 

149 

190 

139 

100 

100 

100 

103 

at 

111. ' 

4 3 . 

-
30 

l i o 

44 

i; An " ' ffiMfta Vtt ouVut •• >n«bt«l« tfMtfad by rh« Input. S M •ntbX tná d l u t M M M t . A nun««r ahotm iMih «n * li th« d«iiy 
d«a en wt «Mtilctf oirtpuL An * i rvMt «Hlhom • numtw nwcnt ( M ou<pu( >• tf M W M I by Vit Irvut c N •• «naMad bm ff» tfaiir to c 
tf Ma la OMarnaraO Oy aomaM^o <<M, 

Sétup «Ad Holtf T l n w t - ' , 

- ' C A U n O N l n t A O N O r e t . N A * Not App<leabl«¡ no tlmlng eonalralnt. 

laeonacl 

c a d i h * 

Input 

V 

W f H t O H 

W f L O W 

A. 8 aa Soufcaa 

B ai a OaMInfilQp 

Oto». 010] 

' t r t í 

KNHlOM 

ifíÍLOW 

' • » • » . 

t I. 

Wlth R a a p M l 

to thlo l l g n i l 

Cíocii 

Cíock 

Cíodi 

Cíocii 

Ctodt antf WE boffi LOW 

ClQCk 

Ctodi 

Ctock 

Ctoek 

O r t 

HIOH-t 

1 

NA 

' ?5 

NA 

3S 

« 
NA 

24 

M 

NA 

t» 

»-LOW 

Hold 

NA 

Nota 2 

NA 

3 

Noia 4 

NA 

Nol tS 

M M a } 

NA 

X . ' . - . • _ 

L O W I 

9«t -up 

23 

Neta 2 

39 

NA 

Nni«4 

23 

Notas 

Nela 2 

30 

ti 

»-HIOH 

r H o M 

3 

0 

0 

NA 

3 

3 

0 

0 

0 

0 

Cofwnanl 

Ta t w a r h f U M er 0 

To Pr««*nl WrMng 

To WrH* Imo RAM 

S M No)a 3 

To Wnt« Dalí ontf Mo 

•ha Corr«c< B Addrau 

ToSMIiO 

TQ Prtvant WrMIng tnto 0 

To WrlM Mo 0 

^•a Hn» A 

Miilaa. 

(. f-o( iaiup Otuaa bom •« Inpuia not •fiwlHwl. vi« aattip ttma 

la compuittf by CAtoulaltng lh« d«liy lo sUbt« V ouifHria and 

tfn iHowtng (h* Y Mtup «m«. Ev«n H VM RAM l i not MnQ 

kMMttd, (w y tttup Km* It nMMunr h> M uo »<• O r*-

glltar. Al untp«cH)«d hold Km** art lMt ttian or aqu*) lo 

f«fotti«iv*ioiñ«eioeiilOW*toHIOKw)o«.~ - -

2. WC cenlrolt wfNing mu Ih* RAM. 101 eonitol» wrKtnQ Info O 

•nd. Indlftctfy. controla 97? thfough lh« wrll« output. To pr«< 

v«nl wntlng. Í E R and ̂  mual ba HIOH durlng Iht «ntlrs ckKh 

, LOW llm«. Thay muy QO LOW aNtf tha dock hai «ona LOW (o 

c<u»« a wrttc provtdtd Iho ffí LOW and f ^ LOW itl-up 

ilmaa • ' • tnml Havtna ann* LOW. thi»y iheuld not bt rtiumad 

•\ A aiul H ihhh»««N* iitnal li« i * ! un |iib<i iit ..baih 11 tw (•••••t 

IK>n to c«(iiiKa iiaia ai taMiaa «i HAM ututn* 

4, Wflling occuta whtn CP and WE aia t» in LOW, !ha B ad-

drata iNXi td b« l U b l t dunng I N i anllrt partod. 

5. Baeauaa I g m conirel iha wrtting or nol wrHIng ol data ln>o 

RAM and O. ihay «houid ba atabla dufing iha anllra cíoch LOW 

lima t inltSI ÍTR ta MIOM. p«av«ntlí«3 waing, 

«. Tho a«l-M) tima prior tO Iha e*ocli LOW-lo-HIOH Iransllten 

occur* in ptraflat wtth lita aaMip iima prior te Iba dock HlOI-l-

to-LOW transnion urtd iha dock LOW (tm«. Th« aciuai sal-up 

lima ra<|ui(amanl on U m o . raiaHva to iba dock LOW-lo-HiOH 

tranailion, la ih« longaf o( 0 ) " ^ aal-up Hma prior lo dock 

L - * H, and U ) Iba tum ol tba l a l u p iNn* prior m dock 

I. Am3903A Prtllmlnary Comm«rclBl 
Rangt Ptrlormanc» 
T><a laNas balow spodfy tba pralmlnaíy partonranca d f w 

Am2903 Ovar iha eommarcial oparatlng ranga o( O lo 

• 7 i r C . wllh ^ t c ' • • * " * ' ^ * » 5,25V. A l data ara in na. •Mm 

Inputt iw^lcNng bab^aan O and 3V at IVfna and maawr» -

manla maila al t.SV. AH oulpula bava majilmufn OC load. 

Cteelí and Wrlla ^ l a a Cbaraotartadea 

All PuncHona 

Am2»03/2903A 
EnablV(»a*bt« Tlfiwa 

Alt Punettoru 

M»w"i»n Oock LOW Titr-

MMimum Ctock HIOH Tim* 

MiMmm Thna CP M WE 

botn LOW 10 wrtta 

f t t 

n« 

na 

From 

Oer 

OEB 

Umo 

L55 

To 

V| 

0 6 , 

S O c S O t 

0 * 0 f 0 *0 i 

O O * . 0*0) 

vCWTT 

Enabto Olaabl t 

na 

n« 

*• 
*• 
f*a 

na 

. C i • IOpfterooipui*»ab««i»aiaMaaai»rwtiani lacadawaojv 

c n a r ^ on tba owpui. 

Comblnal teru l Dalaya 

AH Furtcttena 

"" • "——-—^^ '^ Oulput 

Prott Ifipiit ^ " ^ ^ - - ^ 

A *•»>»••« 
(Aiiffi. Mmtat 

B Múr*%% 

A Add'»» 

0 A M ' a i * 

fAi.lH L * H M | 

OA b^Hi)» 

0 8 Inputt 

n: 
c*, 
•« 

' * l t t 

¡TÑ 
SiOj. S IOQ 

Ctoeii 

y 

555 

V 

• — 

— 

c „ . . 

-
-

. 

—:— 
. 

. 
-

5.? 

-— 

i i i i N 

-— 

ov« 

-
-

-

-

oa 

-

-

-
-

-

-

Wfl fT f 

-
-
-
-

-
-
-

-

-

0 1 0 , 

O H } , 

— -

-
-
-

-
-

• 
• 

-

-

« l O , 

— -

-

S K ) , 

* 

-

SlOo 
Partt f 

' 

: An "*" t^-*^* ma ouipul >• anatHaO or 

data on an artaoiad output. An * i N x ^ 

dala I» 

by ma * w l . im anabia an« ^*iic*% •>»*« 

• numbar maana * M outsul »a tfaaDM by ««* m ^ or 4 « 

Saiup aiHl Hotd Ttmaa 

an * la rw oaiay M eorraei 
bul n a «atay ta «orraa ma 

" " ^ ^ ^ T o Oulpu l 

Front Inpul ^ \ . ^ 

Y 

we HIOH 

WE LOW 

A. 8 a i Sowcaí 

B ai a 0«iiin«t«n 

OIOQ. QO3 

' i T I l 

•EN MIGH 

lENLOW 

'•U>0 

C A i m O N : RCAD MOTES. NA • 

, w i lb Flaapacl 

lo tbia Slgnal 

cioeii 

Chxk 

Ctock 

Clock 

Dock and wE oom LOW 

Ctodt 

Clock 

Ctock 

Clock 

Dock 

HI0H>1 

>« 
Sal-up 

NA 

NA 

-^ 
s \ 

NA 

Not AppHcaMot n * %mkn% M i w t r a M . 

í -LOW 

HoW 

NA 

NON t 

NA 

Nota 4 

NA 

NoiaS 

N o « 2 

NA 

-

tOW.l 

i 
$al*up 

No*a2 

NA 

Noia4 

Notas 

a la» . * 

>-HtOH 

r 
HoW 

NA 

C rnmanl 

To Mwa V m KAM or 0 

To P^^^nt wnarn 

To Wma m » A A M 

Sa* HoiaS 

To wnta Data on#y '*m 
tha Corrací B Aodraaa 

T o S M t O 

T» Pia>ani Wnang wm 0 -

To Wnta MO 0 

S a a H o t a l 

• :-:ÍJ.VI.% 

1 r... •tan.o •"••'•• '•"••! "" •••(•••I* •"<• •(•«-""••< " ' • • • ' " t • 

la i..ui4iiita>l liy <.ali.a.lalii9.t •!>« ilialar l>l •<•<•>• ' •«iMniU « I M I 

ihan aiii>v¥t»ig iría V taiup IKna. twan '• «ta MAM la n « t>a<«g 

loadad. ma Y la lup wna is nacataary 10 M I up f^a O ' * • 

g>slor. A l unspaoliad bold timaa ara <«•> ib«n or aoutf 10 

/ero ratatwa 10 tba tínxS L O W . I O - H I Q H adga. 

J, WE <T-»'(ol« wnltng mW Iba RAM. lEN coniroH wntmq «nlo O 

and. «í>racifyj:oni»o<i w t ihrougb Iba »rrta output. f o pr«* 

v«nt wfitmg. i f Ñ ano w E rmrtl ba HIGM d w « ^ Iba am»» dock 

LOW i«ma. Tbey maygo LOW iftar tbackx* b i i gona LOW to 

causa a wr.ia prov^jw) iha W f LOW rnd lER LOW Mt-uO 

lime» ara mal. Havir*g gona LOW. Ibay inou*d noi b« rah*rnad 

H IOH until aftar Iha dock baa gona HiGH 

J A and B a d d r a i M í mukt ba i»l-tip p«>r lo dock L O W Irart*»-

itatH U\ taialiM* <l*ia H> ta(r4<*« «I l A M mrtfMit 

Wiiii«wi«.MMa «!<•'•• .»• a<t.| w e *f (- .N. l ( < w !>•• • « I 

Oíaa* aiwiAt l>a « U l M ihMHiv im» axiua ( M ' ^ X I 

. Bacauaa Urai «mtrol iba ««««g or not wrrung ol J * * * • " » 

RAM ar»dO. Ibay abOiAI ba tlabia donng we anitra «loe* L O W 

Wf^ untaaa Í E N ia'fi ÍQM, pravantmg wni*ig. • 

. Tba M t ^ Ifctia pnor 10 tha dock LOW-to-MtQM t ranwwn 

occur» « paiaia i w * ib# *at-up hma p n o « » t b a doek t * iOH. 

lo-LOW tranaibon aí*d tba dock L O W wna Tba acKtai Ml-uO 

tim# '«rouMamam on l , » , ^ raiabva le (ba doek L O w i o - M t O H 

iranarton. is tm longw o* \\\ iba s « - « P t-wa pnor 10 d o c * 

L — H. »»d (?) tba »um of tba «ol-up wn» v**^ <n f*í)Ck 

H - L and Iba dock L O W lima. 



Am2903/2903A 
II. Ani2903A Prt(lmlfl«ry MlliUry 

ning« Pftrformtnc* 

Th* \áth» b«iow ipACJíy ih« prtHminary p«rlormanc« ol 
9f Am290a ff^tr lh« miülify otwriHng rang* o( -S5 to . 

: t )2$'C. wMTt Vcc trom i.S lo 5.5V. A» d«la Ira \n ni, wilh 
Inpuu twitct>ing tMtwMn O and 3V al IV/ni and maasur»-' 

'. m«nu mad* al 1.SV. Aü outpuU hiva máximum OC load. 

Cloek and Wriu Pula«.Characl«rl«tlc> 
All Functlona 

Mfwnum dock L O W Time 

MirMltum ClÓCll HtQH T(m« 

iMuwnufl TtfiM C «nd WC 
blMK LOW 10 ttlil» 

n> 

n i 

,. 

From 

oer 

OES 

|| 
i m i • 

•íJílO 

ns 

Cnfbli/OliabU Timca 
All Functloni 

To 

' i 

oâ  

S O , . SIO, 

OlOg. O O ] 

OlOj. O O , 

wHlTf 

E n l b l t D i lab l» 

M 

I » 

ni 

n i 

.ü! . - . . 

Tablí 

ComblnaOonal 0«>i 
All Functlona 

" • - — - . . , 1 0 Oulput 

^rom l o p w t ^ — . « . ^ 

(A«h. MOM) , . . 
B AOOTM» 

A AMif «t 

0 Art>tl*«t 

OA btoui» 

(A"*» ! * » • ) 

DAMputl 

(UgcModa) 

OB inpuia 

e* 
c„ 
•« 

u», 
' • ' » 
iTÑ 

ClOCh 

y 

055 

hoM AA "*" ffwant tti* oulpul 

r 

• anal 

c „ , . 

-
— •- • 

-
-

-

-

-
Mdor »MC 

S.J 

-

• 

• 

)(«dDy D 

!(•) 

Uiopui. 3 

N 

-

-

M a n 

OVB 

-

-
-

-

-

W a a/vl V 

OS 

-
• • • : 

. 
• 

-
. 
-
. 
-
-

-

. 
kIao^B' 

WHITE 

-
-

-
• 

-
. 
. 

-
-

. 
n«a. A nunK 

OlOg 

0 1 0 ] 

- • 

_ 
-

-

. 
-
-

. 

-
-

. 

SIO, 

• 

-
-

SlOj 

— 

. 

SlOo 

Partly 

_ 

OMA OA an anuMO oulpwi. An • tnoon orthom a nu«t<b«r trimti» m« outoui •• OMtotwl by «<• mout» M ii 
oata M dotafnnad »y «omamMO awa. • «natMM tM in« d««v lo co"«ci in» 

Salup and Hold Tima a 
AH Functlona 

CAUnON! AEAO NOTCt; NA • Nol Appllcabla; no tlmingeenatralnt. 

Inpui 

* 
.V't M*OH 

A. 8 u SoMcoa 

6 at a Oatnnaiion 

OOo. O O ] 

' i i i t 

iCN LOW 

' • » I 0 

Wlth Haapocí 

lo ihla Signol 

Ctoc* 

Cíoca 

dock 

CioeA 

Cíock and WE bom LOW 

Cíock 

Ctock 

CtocR 

Cíock 

Cíock 

HIOH-

Sal'Up 

NA 

NA 

NA 

NA 

0 -LOW 

Hold 

NA 

NoiaZ 

NA 

Hof 4 

NA 

Noto S 

Noto 3 

NA 

•-

COW-lo-V 

Sot-up 

Nota a 

NA 

Noio4 

NoiaS 

Noia 3 

IGH 

Hold 

NA 

To Prfft'M Wrnang 

To Wnia Oaia ooiy <nio 

S M Noia < 

Nt>iai 
t t'iH ««(14) (i'HMa (nim 4M f HH.II IKH •p«ril><*tj. rita laiiip nin« 

I* coniriuiod oy catciiiMiitg ino datay lo tiaOla V ouiptiia anal 
v\tn aaow«ng (ha V sotup ama E«an il ina RAM la nol batn^ 
•oadad. ma Y tatup amo ia nacaaacfy to aoi up ma O ra> 
9)iaf. Al unspacihod hoW bmaa ara lasa tnan or aqual to 
laro r«i«iva to (IS« dock 1.0W-io>HiGH adga. 

2. ^ controla writir^ mío iha RAM. ífÑ oviiroii wfiting inlo O 
and. «vjiracliv. coniroia ̂  mrpugh in« •mivi» output. To pra-
waní MfiimQ, lEÑ «Ki W E muai o* HIQH duiíng ma antira cíoca 
LOW tima. Thay may go L O W anar ina ckXK naa gon« LOW to 
Rauaa a maa prOMóao vt\» w f LOW ano iTT9 LOw satup 
iimaa ara mat. Hawmg ucoia LOW. may shouid nol Xjm fatuinad 
HlGH uniil altar ma aock ttas gona H)OH. 
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3 A aiid B NdrtrviMl miiat bm kMt.ini prmr I<1 rbicH 1 OW trxivi. 
iHin lo capiii'o dala in \*K.1\9% al MAM miipiii 

4 Wftong occuta whan CP and Wf ara üoin LOW Ttia II dO' 
diaaa anoukl ba aiaoia Ourng mu aniira pof>od. 

S. Becausa li^u control ina «rrtimg oi noi ««niing of daiA inio 
RAM and O. thay anould ba atabla ourmg ma anitra cicck LOw 
lima unlasa I?Ñ la HlGH. prevanting wfiting. 

8 Tha aal-wp lima pnm to (fia clock LQW-to-HlQH kanattion 
occuft In paraHal wiih iha sai-up tima pnor lo iha dock HiCH-
lo-LOW tranaiiion and iha dock LOW lima.. The actual sei-op 
lima raQuir«mani on Ump, ralaiiva lo ir\a dock LOW-IO-HIGH 
iransíiion, \% tha longar ol |t) iha *al-up lima pnô  lo cíock 
L — H, and (?) tha aum ol tha lai-up tuna p'kír lo dock 

L and ma chxk lOW tima. 

, Am2903 Guaranteed Comblnatlonat Delays 
íor Speclal Functlons. .. , 
The switching charactorístics o( (he Am2903 are a functlon ' 

ol power suppty voliage, temparaiure. and ihe operating 

moda of ihe device. The tollowing labtes derme Ihe speeds 

ol (he combinaiional paíhs for each ol the special func-

tions. Se(up and hold times do nol change lor ihe special 

. lunclions. Dala is shown in botdlace where dilleíoct írom 

(he s(andard lunction tables. 

Excupl whnro olhorwise nolod, dala is tnkon wilh Inpuls 

swIlcliiiKj bulwout) O anü 3.0V al IN^na, with Iho nH)ii-

sureniúnt point al 1.5V. Out|)uls ara ntoasured el 1.5V and 

are loaded widí C\_ » 50pF und máximum DC load. 

Times are specified as Commercial Range/Mllilary Range 

where the commercial oporoling range Is O lo +70'C, and 

the mililary range is - 5 5 lo +125"C. 

COMMEnCIAI. nANGE/MILITARY RANGE 
A. Coint i l i ia l lanal Uotaya 

Increment by One or Two Intlructlon 

('í765 •* <H. '4331 " OH, 'O * 0) 

Am2903/2903A 

INOEXTOSWnCHIHQ TABLES . . • . . 

Appllcibl* to 

IrKíarrwnt by Ono or Two InsUuclton 

Two'I Complomonl Multiply Instruction 

Unsignod Mutttply Instruction 

Two'i Corrxplamenl Muitipiy. LASI Cyclo 

Slgn Magrviude/Two'a Comptemanl Convorsion 

Singlo Lof̂ gih NocmaHzo Insbuciion 

Flral Ovlda OpMolton (ilotihlo longth nntm) 

Two'a Complomont Divida OpOratKX) 

Two'i Complorr^enl Divklo, Corroction 

I 

^ ^ ^ ^ Oulput 

A, 0 AÜOiusl 
(Anlh Modo) 

DA. DB Inpuis 

lÁ 

c„ 

'o 

'4321 

'«765 

Clock 

Z 

Y 

11N 

SIO]. SlOo 

, 
Sllcft 

Pos l l lon 

MSS 

IS, LSS 

MSS 

IS. LSS 

MSS 

IS. LSS 

MSS 

IS, LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS. LSS 

MSS 

IS, LSS 

Any 

Afiy 

Any 

Y 

09/101 

D9/I0I 

63/64 

63/64 

-
_ 

40/40 

40/40 

6«n3 

68/73 

6«/73 

71/72 

71/72 

71/72 

71/72 

71/72 

71/72 

87/83 

67/89 

Cn + 4 

06/93 

68/93 

60/62 

60/62 

_ 
-

30/30 

30/30 

60/61 

60/61 

60/61 

60/61 

60/61 

60/61 

60/61 

60/61 

60/61 

87/90 

87/90 

0 , P 

-
61/84 

-
49/91 

-
-
-
-
-

SS/62 

sa/62 

-
58/82 

68/62 

-
58/62 

58/62 

71/74 

71/74 

2 ( « ) 

123/126 

123/126 

67 

87/89 

-
-

64/85 

64/65 

90/98 

90/98 

90/94 

95/97 

85/97 

95/97 

95/97 

9S/97 

95/97 

111/114 

111/114 

N 

99/102 

-
64 

-
-
-

40/40 

40/40 

71/72 

-
-

72/74 

-
-

72/74 

-
-

68/89 

88/89 

O V R 

112/118 

-
89 

-
-
-

58/59 

58/59 

62/87 

-
-

80n7 

-
-

82/87 

-
-

108/118 

108/116 

D B 

49/52 

49/52 

-
-
-
-
-
-
-
-
-
-
-
-

-
-

37/39 

37/39 

W R I T E 

-
-
-
-
-
-
-
-
-
-

49/53 

-
-

49/53 

-
-

SOirsO 

-
-

QlOo 

010] 

-
-
-
-
-
-
-
-

40/42 

40/42 

SlOo 

-
-
-
-
-
-

-

-
-

S I O ] 

-
-
-
-
-
-
-
-

-
-

SlOo 
P«rlty 

140/148 

140/148 

101/107 

101/107 

~ 
-

67/69 

67/69 

lOVIlO' 

103/110-

103/110* 

102/110* 

102/110* 

102/110* 

102/110* 

102/110* 

102/110* 

IOVI10 

105/110 

Z IS >n Oulpul 

Z is an Outpui 

* 

26/26 

--_—• 

-

—-— 

-

24/25 

-

-
-
-

-
-
-

-
-
-

-
22/Í4 

-

-
-
-

-
-
-

-
-
' 

-
• 

" 
F - S + I + Cn 

Nolaa: 1. Ar> nrioana iho output is enablod or dísablod by m* Inpui. S M onablo and d t ^ a ttrrwi. A numbar ihown wtth an * is tnt dMay to oorrad 
data on an enabled oulpul. An * shown withoui a nurT««r means in* oulpul Is diubled by Iha tnpul or ii la anaoled bul tha <May lo oorraa 

data is daierminod by íomethíng alsa." -- — 
2. A ' - " means tha delay patn doas nol exist. 
3. Dula in boidlace ia ditlerant trom standard luncHon tabla; othor dala is Iha «ama. 

5-47 



4 t -

AmJ903/2903Á 

C O M M E H C I A L R A N G E / M I L I T A R Y R A N G E (Cont.) 

B. Comblnallonil Ddfiyt 

Two's Cotnplamant Mulllply Inatrucllon 

(I»7í5 • 2H. ' « J I " OH, lo » 0) 

To Oulput 

Fróminpu 

A, B Adírass 
(Artlh Moda) 

DA, Da Inpuli 

'>* - tA 

• ^ » ^ 

Sllca . 

Poaltlon 

MSS 

IS, LSS 

MSS 

MSS 

78^» 

C „ V 4 

88/93 

IS. LSS 

MSS 

Clock 

lEN 

SIOs. SlOg 

IS. LSS 

MSS 

LSS 

MSS 

LSS 

MSS 

LSS 

MSS 

IS, LSS 

Any 

85/88 

4(V40 

104/108 

104/105 

112/112 

100/IOr 

90/90 

*"> I 

er.p" 

81/84 

53/58 42/43 

95/97 

Z ( l ) OVR 

112/118 

84/e« 89/94 

62/84 

87/90 71/74 

82/85 

42/42 

53/57 

89/89 

76/78 

88/89 

OB 

102/102 

100/100 

108/118 

«TRTrt 

Í C O M M E R C I A L R A N G E / M I L I T A R Y R A N G E (Cont . ) 

Am2903/2903A 

C. Comblnallonal Oalays 

Unslgnad Multlply Inatruetlón 

(18785 « " H . I432I » OH, lo • 0) 

QlOo 
OI03 SlOo 

37/39 

SIO] 
SlOj 

Porlly 

38/38 

71/75' 

71/74* 

71/72 

F - S -

r j - l - j 

2 - O n 

- C „ I I Z - 0 

• 3 - C „ I I Z > 1 

9 OVn(MSS) 

(LSS) 

Ñolas: 1- An "*" maans iha outpul Is anablad or dlaablad by iha Inpul. Saa anubla and dlaabia Mmas. A numbar nhown w<ih un * I9 iha aetity 
data on an anablad oulput. An * ahown wllhoul a numbar maana iha outpul la diseblad by Itia Input or It la anablad bul tha deíay 
dala la datamitnad by sotnaiblng alaa. 

: 2. A " - " maana ma dalay path doaa ral aulal. 
3. Data In boldlaca la dlllaranl Irom alandard funcllon tabla: olbar dala la Iha sama. 

to corrfcl 
lo corrfld i 

^ ^ - ~ , T o Outpu l 

Froin iRput^^v,^^^ 

A, B Addrass 
(AHIh Moda) 

OA. OB Inpiits 

1 A 

c„ 

lo 

l « J I 

'(785 

Clock 

Z 

ÍEÑ 

SIO3. SlOo 

F - S t C„ il 2 - 0 
S • R <-C„i lZ 

Sllca 

Poalt lon 

MSS 

IS. LSS 

MSS 

tS. LSS 

MSS 

IS. LSS 

MSS 

IS. LSS 

MSS 

IS 

LSS 

)MSS 

. IS 

• LSS 

MSS 

IS 

LSS 

MSS 

IS. LSS 

MSS 

IS 

Any 

Any 

- 1 

Y 

102/103 

99/101 

65/66 

63/64 

73/74 

59/60 

45/45 

40/40 

94/97 

94/97 

94/97 

102/103 

102/103 

102/103 

102/102 

102/102 

102/102 

91/94 

87/89 

74/76 

74/76 

-
26/26 

Cn + 4 

8a'93 

88/93 

60/62 

60/62 

53/56 

53/S6 

30/30 

3ono 

95/97 

95/97 

95/97 

96/100 

9^100 

96/100 

90/93 

90/93 

90/93 

87/90 

87/90 

62/69 

62/65 

-
-

5, p 

81/84 

-
49/51 

-
42/43 

-
-
- • 

80/85 

60/65 

-
81/88 

81/86 

-
84/92 

84/92 

-
71/74 

-
*8/49 

-
-

2 (a) 

-
-
-
-
-
-
-
-
-
-

42/42 

-
-

43'<3 

-
-

46/51 

-
53/57 

-
-
-
-

N 

99/102 

-
64/68 

-
59/60 

-
40/40 

-
87/87 

-
-

92/94 

-
-

77/76 

-
-

88/89 

-
70/70 

-
-
-

ovn 

112/118 

-
89/94 

-
e3,'87 

-
58/59 

-
102/106 

-
-

110/111 

-
-

64 B9 

-
-

108/118 

-
78/81 

-
-
-

DB 

49/52 

49/52 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

37/39 

37/39 

-
-
-
-

W R I T E 

-
-
-
-
-
-
-
-
-
-

49/53 

-
-

49/53 

-
-

50/50 

-
-
-
-

22/24 

-

OlOo 
Q l O j 

-
-
-
-
-
-
-
-

4 0 42 

40/42 

-
-
-
-

SlOo 

94/97 

94/97 

82/64 

62/64 

57/58 

57/.W 

38/38 

38/38 

7 0 / 7 f 

70/71-

70(71 • 

72/73' 

72/73' 

72/73-

72/75-

72ff5-

72ff5* 

84/91 

84/91 

71/72 

71/72 

-
-

S I O ] 

-
-
-
-
-
-
-
-

' 

-
•-
" 1 

- • 

- ' • 

1 

SlOo 
Parlty 

-
-
- 1 1 

-
- ; 

1 
- . 
- , 
-
-, 
- ' i 

- ' 
- ! 
- • 

- 1 

- 1 
- . , 

- 1 . . 1 

-

V3 - C„ , 4 (MSS) 

Z -Qn (LSS) 

Nol«s; 1, An •'•" monns Iha ouipul tS «nubla»! w dtsabled by Ih» 
corred data on an enabled output. An * shown wiihoul 
corract data Is det«rmtn«d by something elsa. 

2. A " - " maans tbo d«4ay path does not exisi. 
3. Data in boldfaca is dilterent from standard tuncilon lable: othar data Is Iha sama. 

ínpul. Saa anubla and dtsabie timas. A numtxvr shown M 
a numbar maans iha oulput ta disabiad by tha inpul or it 

itn art * It (til* ifHt d4iav to 
ts anablAd bul it>« d^ay to 



Ani2903/2903A 
COMMERCIAU RANGE/MILITARY RANGE (Cont.) 

Am2»03/29Q]A 

O, Comblnallonal Dalays 
Two't Complemtnt Multlply, Latt Cycla 

('|755 • 'M. I4MI " OM. 'O • 0) 

[COMMERCIAL RANGE/MILITARY RANGE (Cont.) i-

E. Comblnallonal Oalaya 
Slgn Magnltuda/Two's Complamant Convaralon 

(l«7íS = 5 H . '«21 = OH. lo " 0) 

F - S » C „ J Z . o 
S - . R - l » C „ i ( Z - 1 

Yj .. (OVB « FjjMSS 
Z .. Qo (LSS) 

^ ^ ^ Outpu l 

Ffom l n p u í ~ ~ ^ ^ 

A, a Addrass ' 
(Arilh Moda) 

OA, OB Inpuls 

EÁ 

c„ 

lo 

UK\ 

ia;83 

Clock 

Z 

Slüj. SIO„ 

Silca 
Paal l ion 

MSS 

IS, LSS 

MSS 

IS. LSS 

MSS 

IS.LSS 

MSS 

IS, LSS 

MSS 

IS 

LSS 

MSS 

I S ' 

LSS 

MSS 

IS 

LSS 

M!i^ 

IS. LSS 

MSS 

IS. LSS 

A(t/ 

Any 

V 

138/143 

99/101 

90/103 

63/M 

-
-

79/03 

40/40 

102/102 

102/102 

102/102 

102/102 

102/102 

102/J02 

100/103 

100/103 

100/103 

llll/i;.'!! 

07/09 

Cn + 4 

88/93 

88/93 

80/02 

60/62 

-
-

30/30 

30/30 

78/80 

78/80 

76/00 

78/80 

78/80 

78/60 

76/80 

78/80 

79/80 

117/UO 

07/90 

G, P 

•-. 
61/84 

. -
49/51 

-
-
-
-

• -
70/70 

70/70 

-
72/75 

72/75 

-
«5/Ü5 

65/65 

¡11 • 

71/74 

Z(a) 

70/78 

-
40/40 

-
-
-

-
46/50 

. 
-

46/50 

-
-

46/50 

-
-

5n/oi 

-

. N 

138/143 

-
08/103 

-
-
-

79/83 

-
100/100 

-
-

100/102 

-, 
-

97/100 

-
-• 

I1IV120 

OVR 

112/118 

-
89/94 

-
-
-

58/58 

-
112/115 

.. i 

-
103/110 

-
-

105/112 

• -

-
100/110 

OB 

49/52 

48/52 

" • 

\ -
-• 
-
.-

.-
-

..-
-
-
-
-
-

37/30 

37/30 

W H I T E 

..-. 
-
-

• -. 

-

. -
-

49/53 

-
. -
49/53 

-

SÚ/SO 

~~-

OlOo 
0 1 0 ] 

-

-
-
-
-

** 

SlOo 

-
-
-
-

• -

-
-
-

^"~ 

>•_ 
• • • 

SlOj 

- • 

• - • • 

-
-
-
-
-
-

-
-

siOo 
Parity 

140/148 

14W14S 

101/107 

101/107 

-
-

67/69 

67/69 

131/132* 

131/133* 

131/132* 

131/132* 

131/132* 

131/132* 

138/142* 

138/142* 

136/142* 

105/110 

IOVIIO 

Z1» an Outpul 

72/76 

2IU^0 

60161 48/51 

-
-
-

-

- - • ; — 

-
-

-
-
-

-
22/24 

-

-
-

-
-

-
-
-

114/116 

-
-

Noibt: 1. An ma«ni th« oulput i i tntbJad (X (flsablad by lh« ínput. S M tna&l* and (Ssaoia tím«t. A r 

data on an «nabled outpul. An * sftown withoul a number nivana l^a oulput ís disablad Dy (he inpul or ít is anablod bul iria delay lo correa 
dala is delarmrned by soni^thíng else. 

2. A "-'* means tha delay path doei rK)l t i isl . 
^. Dota lii boidlaoe it diMvreni Irom ttandard funcllon tabla; oihtr daia It tha t ime. 

F - S + Cft 11 Z - O 
S + C„ 11 Z - I 

Yj - S 3 (& F3(MSS) - . . . 

z - 83 (MSS) : 

Nolsa: 1. An means iha outpul Is enablttd or dlsabled by th« inpul. Soa enaUe und dlsabla Umea. A number aN>«vA wilh an * (a lh« delay lo oorred 
úaia on an enabled ouipul. An * &hown withoui a number maons the ouipul Is dlsabled by the Inpul or il la eruibled but the delay lo oonecl 

dala is determined by somelhing else. 
2. A "- ' • moans iho dotay paih dooa not aulst. 
3, nutii )fi bokiluco IS diliiHoni lioin si.irnlnrd luncUon tabla; oihor data Is iho same. 

5-50 5-51 



¡ Am29()372903A'''^"* 
; COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

1 

F: Combtnat lont l D t i s y t 

S lng l t -Langth N o r m t i l z * In t t ruc l lon 

('•785 - ' H . I4321 " O H - 'O " 0) 

, To Output 

From tnput • I . 

A, G Addr«si 
(AftthModa) ; 

Sllc* ' 
Poilllon 

OA, OB InpuM 
MS3 

IS, LSS 

99/10t 

63/S3 

MSS 

IS¿ LSS 

MSS 

lEN 

SI03,SIOo-

is; LSS 

Mitn 

(S' • 

Lss.;-.-
M S S - -

LSS 

83/83 8(V80 

5.P 

S9/80 

ntlfl 

«7/71 

88/72 

«7/72 

LSS 

MSS 

IS. LSS 

MSS 

IS, LSS 

Any 

Any 

88/87 

53/S8 

30/30 

la/«o 
S2/80 

70/58 

49/51 

2(.) 

S8/5« 

58/80 

58/80 

88/87 70/58 

87/89 49/53 

41/42 44/50 

rl,1/:w 

33/34 

38̂ 38 

44/50 

44/50 

87/89 87/90 71/74 48/53 

OVR DB 

4V4t 

48/S3 49/49' 

88/59 

47/47 

OlOo 
010] SlOo SIO] 

50/50 

SlOg 
Psrlly 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 
Am2903/2903A 

/J//H' 

Z Is i n Output 

Z la an Output 

F 

On»4 
OVR 

N 

Z , . 

- S * C „ . . , . - : , : ^ 

- O ] « " O j f M S S ) 

- Q , 11 O,-{MSS) 

- O3 (MSS) 

, - 3 o 5 , Q j 5 j , 

Not0s: 1. An ""' maans Ih9 oulpi/t It «nab>9d or diMblod by th« Input. Se« «nablt and dlsable tlm«9. A number sbown wllh an 
dala on an tnabl^d output. An * shown withoul a numb«r maana (he output >t dlsabled by the Inpul or It Is •nabled 
data Is determinad by somalhlng elaa. 

2. A' ' -"m«ansthad«i«ypathdo«tnotaxi9L 
3. Data >n boWtsc» la dirfarant Irom standard function tabla: olhsr data Is iha sama. 

Is thf dalay to 
bul (he d»lay to 

corrM 
corrM 

. . To Oulpu l 

From Input 

A, B Address 
(Arilh Moda) 

DA, DB Inputs 

ÉA 

lo 

'̂ 32? 

'•7SS 

Cloc» 

Z 

i l Ñ 

SlOj, SlOo 

S l l c * 
Poalt lon 

MSS 

IS, LSS 

MSS 

IS, LSS 

MSS 

IS. LSS 

MSS 

IS. LSS 

M l ' l 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

ISS 

MSS 

IS. LSS 

MSS 

IS 

Any 

Any 

l ' Y 

99/101 

99/101 

83/64 

63/64 

-

40/40 

40/40 

nu/ / l 

Í 9 /7 I 

69/71 

69/71 

69/71 

«9/71 

69/71 

89/71 

69/71 

87/69 

«7/69 

-
26/28 

G. Coinblnat ional Daiaya -

Flral Divide Op«r« l lan (Doubla Length Normal iza) 

(lí76S « A H . I4321' - O H . k) = 0) 

Cn + 4 

113/122 

88/93 

75/80 

80/62 

-

S4/S7 

3W30 

uvurt 

9V9a 

95/98 

• »4/9« 

94/98 

94/98 

9V9a 

9S/9« 

95/98 

I01/M3 

«7/90 

g,^ 
-

, 81/84 

-
49/51 

-

-

5Í/S1 

58/81 

-
57/61 

57;«l 

-
57/61 

57/61 

' 
71/74 

Z ( » ) 

94/9« 

- / 9 6 

54/63 

- / 6 3 

4V48 

- M 8 

ñrt/ni 

68/03 

66/65 

88/65 

68/65 

66/66 

68/65 

68/85 

68ms 

80/90 

80/90 

N 

94/100 

-
54/65 

-
-

45/48 

-
lint 

-
rtnt 

-
-

72/78 

-
-

64/87 

-

OVR 

102/112 

-
82/72 

-
-

90/55 

nA/oi 

-
8a'9i 

-
-

66/91 

-
-

66/98 

-

DB 
49/52 

49/52 

-
-
-

-
—-

-
-
-
-
-
-
-

37/39 

37/39 

Z Is an Output 

Z la an Output 

- . 
-

-
-

-
-

-
-

-
-

-
-

WRITE 

-
-
-
-
-

-
'— 

49/53 

-
-

49/43 

-
-

50/50 

-
-

22/24 

• -

o íOo 
0 1 0 ] 

-
-
-
-
-

-
-

40/42 

40l42 

-

SlOo 

-
-
-
-
-

-
-
'. 
• 
• 
* 
• 
• 
• 
• 
-
-

-
-

SIO) 

120/130 

104/108 

80/84 

70ff1 

78«0 

64/48 

88/68 

46/46 

on/mt» 

OO/iOf 

9 « / l 0 f 

» « / i o i ; 

9 * 1 0 1 * 

98/101* 

»aí ioi* 

98/101* 

98/101* 

100/114 

92/94 

1 

' 

- . 

SlOo 
Parity 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

— ^ 

-
-

-
-

M ' - - F J ( M S S I - - • "• • . " ' . . : - . • • " "^ ;'\:r-

SIO] - F] 0) ' H] (MSS) . . . - . „ . 
í C „ n - F] '" F,(M,SS) 

OVR - F j iD F, (MSS) 

Z - QoQi5jQ3F¡,F|p2F"] 

Notas: I. An ••*" maans tha output Is anablad or dlsablad by tha input. Saa anabla and disabla tlmaa. A numbar sfwwn wiih an * la tha «aiay le corrael 
data on an anablad output. An * shown winout a numbar maanj tl̂ a output la asabiad by tha Input or H la anaWad bul tha «aiay M cama 
data Is daterminad by somalhlng atsa. 

2. A " - " maans tha delay path doas not axlsl. 
3. Data in howiaca is dtMarant Irom standard luhtíton tabla: other dala is tha sama. 



An<29O3/2903A 

COMMERCIAL RANGE/MILITARY RANGE (Cont.) 

H. Comblnallonal Oslays 
Two's Complemtnl Divida Oparallon 

('87ÍS = CH. USJ I « OH, lo " 0) 

|C0MMERCIAL RANGE/MILITARY RANGE (Conl.) 

Ani2903/2903A 

•< • I 

F 

1 ^~~~^Jo Outpul 

1 Ffom Inpui ^-^^ 

A, e Addrtu 

(AHlh Moda) < 

, DA. Oa Inpuls 

ÉA : 

, '=>' ' 

'" i 
; • 

l<32l 

' • '«5 ' 

¡ 1 

Cioelí 

t 

lEN 

SIO,, SIOi, 

" R » S f Cnt 

Sl lca 
Posltlon 

MSS 

IS. LS8 . 

MSS 

IS, LSS 

MSS 

IS.LSS 

MSS 

IS, LSS 

MSS 

13 

LSS 

MSS 

IS 

LSS 

MSS 

IS 

LSS 

MSS 

IS. LSS 

MSS 

IS. LSS 

Any 

Any 

Z - 0 

Y 

99/101 

99/101 

Í 3 / M 

63/64 

59/60 

59/60 

4a/«0 

40/40 

94/99 

»4/9J 

94/95 

94/95 

94/96 

94/96 

93/98 

93/96 

93/96 

67/69 

87/89 

68/71 

-
26/36 

C n + 4 

86/93 

88/93 

60/62 

60/62 

53/56 

53/56 

3(V30 

30/30 

93/96 

»3/9« 

«3/86 

64/96 

84/97 

64/97 

89/97 

69,'97 

69/97 

67 /M 

87/90, 

65/66 

-

5.P 

-
81/84 

-
49/91 

-
42/43 

-
-
-

74/77 

74/T7 

-
74/82 

74/62 

-
64/64 

64/64 

-
74/74 

92/66 

-

2 (a) 

-
-
-
-
-
-
-
-

3W42 

-
-

42/42 

-
-

43/44 

-
-

53/56 

-

-
-

N 

99/102 

-
64/66 

-
59/60 

-
40/40 

-
94/96 

._,̂ —. 

93/97 

-
-

93/102 

-
-

68/89 

-

ÓVB D̂B 

112/118 

-
69/94 

-
63/87 

-
56/59 

-
120/127 

-
-

120/124 

-
-

120/112 

-
-

106/116 

-

49/52 

49/52 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

37/39 

37/39 

Z l i «n 0\jlpul 

-
-
-

-
-

WHITE 

-. 
-
-
-
-
-
-
-

—"—' 
49/53 

-
• -

49/53 

-
-

50/90 

-
-

-
22/24 

OlOo 
0 1 0 ] 

-
-

SlOo 

-
-

^ v . -

-
-
-
-

..!.. 

*0H2 

40/42 

~r— 

-
-
-
-

-
-

-
-

-
-

S l O j 

107/112 

104/106 

64/66 

70/71 

91/96 

64/64 

64/64 

46.'46 

106/113; 

lOI I / IU ' 

108/113' 

108/114' 

108/114' 

106/114' 

106/119" 

106/119' 

108/119' 

130/136 

92/96 

77/61 

-

SlOo 
Parlly 

-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

• • - - -

-

íí' - n - f ^ C„ H 7 • I 

¿ - fy -ít O j iMSS} fiOin pr*viüu« cycU 

Noits; t. An "*" m«ant th* oulpui i« «nabl^d or dlMb'ad by lh« jnpui. S M tn«bl* «nd disabl* limos. A numbar shown wiih an * is ihe diriay to corrsd 
data on an anabled *output. An * stiown without a numb«f moant iTia ouipul is dísablad by th« inpul or it is «nabtad bul (ha dolay <o jurraa 
dala IS Oeiarminad Oy somaming elsa. 

2. A " • " maana m« datay pom doai not «ii)*!. 

3. Data m botdtaca ís dillarant Ifom siandard fuoctlon labia: othar dala is U>a sama. 

I. Comblnal lonal Dalays 

TwciM Cornptflmant D lv ld * . Correct lon 

08765 *• E H . 1-4321 " O H , 'O » 0) " 

^ • - ' - v , ^ Output 

Ffom InpuT^--'-...^^ 

A, B Addtess 
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CYCLE TIMES FOR 1Í-BIT SYSTEM . 
FOR COMMON OPEflATIONS 

The lllustrallon below shows a lypleal conngurallon using 4 
Am2903 SupersUcsa, án Ani2902A carry lookahead chlp, and Ihs 
•Am2904 lor íhUfiTiulllptexers, slalus feglílóra, and carry-ln con-
,lrol. For Ihs aystem endosad wllhlh Ihs dashed Unes, Ihere are 
lour fflafor swliching pslhs whoss valúas lor varlous klnds ol 
cycles ars summarlzsd below, and shown on Iha llming 
waveform. •, . ' 

1. MICnoCYCLE TIME (TCHCH). 
, ..The mínimum time which musí alapss beNvesn a LOW-TO-

HIGH clock Iransilion and Ihs nsxl LOW-TO-HIGH dock 
Uansllkjn. . . , . ' . ' 

2. DATA SET-UP TIME (TOVCH). 
. The mínimum time which musí be allowed between valld, 
stable dala on the O Inpuls and Ihe dock LOW-TO-HIQH 
Iransilion, ,• | 

3. O TO Y (TOVYV),! 
The maxfmum lime requlred lo oblain valld Y oulpul dala alter 
Ihe D Inputs'áre valld; Thls Is the eomblnatlonal delay Ihrough 

--lliépárts Ifom t) lo i t •• 

4. CP TO Y (TCHYV). 
The máximum lime requlred lo óblalo valld Y outpuls aller i 
clock LOW-Tp-HIGH Iransilion. 

The lypes ol cycles lor which dala Is summarlied ara as lollows: 

t. Logic - Aiiy lógica! operatlon wl'lhoul a shin. 
2. Logic Pótala - Any logk; opsrallon wllh a roíale or shlll. 
3. Ariihmelk; - An add or sublract wlth no shllt. 
4. Mulllply - The lirsl cycle oí a 2*s complemonl multlply inslruc-

lion, Subsequenl cycles require less lime. 
5. Divide - The llofalivs divida cycle. The llrsI divide inslruclton 

and the iast divide (correclion) Inslrucllon requira 
less lime. 

Time In na Ovar Comrrierclal Opvrating Range 

CYCLE TCHCH TOVCH TDVYV TCHYV 

LOQiC 

LOQIC ROTATE 

ARITHMETIC 

MULTIPLY 

DIVIDE 

143 

Ii90 

1B4 

200 
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105 
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140 
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64 

123 

96 

120 
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USING THE Am2903 
For addltlonal appllcallons inlormation, sea chaplers III and IV 
ol BU Sllce Microprocessor Design, MicK and Bfick, 
McGraw-Hlli Publishers. • • • 

.Ám'2903 APPLICATIONS > ' ' 

I The Am2903 Is designed lo be usad in microprogrammed sys-
lems. Figure 1 iiluslrales a racommendad archlleciure. The cori-
Irol and dala inpuls lo ihe Am2903 normally wiil ail coma Irom 
registers clocked al ihe same lime as the Am2903. The raglslsr 
Inpuls coma (rom a ROM or PROM - ih« "microprogram store", 
Thls memory conlains sequences ol mksroinslructkins which 
appiy the proper control signáis to Ihe Am2903's and oth'sr clr-
cuils lo execute ths desired operatlon. 

The addres» Unes ol Ihe microprogram alore ara driven Irom the 
Am2910 Microprogrem Sequencer, Thls devlce has lacllities (or 
storing an address, incrementing an address, jumping to any 

j address, and iinking subroulines. The Am2910 Is conlroiiéd by 
aome of Ihe bita coming Irom tha microprogram store. Essen> 
tlatly, these bits nro tho "nexi iostmclion" control. 

Fievr* 1, Typical Microprogrim Architftcturt, 
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Note Ihat wlth the microprogram register in betwesn the micro< 
program mernory store and the Am2903's, a microinstruction 
accessad on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction ts being 
read Irom microprogram memory. In this confíguralton, system 
speed Is improved because the execution lime in me Am2903's 
occurs in parailel wlth the accsss time ol Ihe microprogram store. 
Withoul Ihe "pipeilne regisler", Ihesa two tuncttons rnusl occur 
seriaiiy. . . 

Expansión of tha Am2903 

The Am2903 is a lour-bit CPU sllce. Any number of Am2903's 
can be inlerconnected to lorm CPU's ol 8, H , 32, or more bits, in 
lour-bll increments. Figure 2 iliustrales the inlerconneclion of lour 
Am2903's to lorm a 16-bit CPU. using rippla carry. 

Wlth the axcsption ol the carry intarconnection, ail expansión 
schemas are Ihe same. The OiOj and SIOs pins ara bldiraciional 
lefl/righl shilt linas al the MSB ol the dsvics. For aK devlcas 
excepl Iha most slgnlUcant, these linea are connected lo Ihe OíOg 
ar>d SIOQ pins of Ihe ad|acent mora ilgníflcant davtea. The» 
connecltons altow the O Registers of ail Am2903's to b* ihin id 
lall or righi as a conilguous n-bll regisier, and also aiiow Iha Al U 
outpul data to be shified ielt or rigm as a contiguous n-bit word 
prior to storaga in the RAM. Al tha LSB and MSB of the CPU, tl̂ e 
shift pins shouid t}e connected lo a shlft muMIplaxer which can he 
controlled by Ihe microcooe lo salect the appropnaia Input sig
náis lo the shin inputs. 

Pgvica 1 has been defined as Ihe least signincanl sllce (LSS) and 
its LSS pin has accordingly been grounded. The Wnte/Mcsi 
Signincanl Suca (WRITE/MSS) pin of devtce I is now dellnad as 
being the Write outpul, which may now be usad to drtve the wnte 
enable (WE) nignal common to lh«> four ríovicws, Oevic»» 2 arw) 3 
are iJaslgnalad as inlarmeuiale sitcat aiwl harte* Ih* L i¿ aful 
WRITE/MSS pina are lied HIGH. Cautton: W/MSS musUje lina 
10 Vcc thn}ugh a resistor: w.MSS and LSS may nol be shoned 
direclly logether. Orvlce 4 is designated the most signilica'nt sHce 
(RSS) wllh Ihe L S 5 pin tied HIGH and Ihs WRITE/MSS pin hekf 
LOW. The opan colleClor, bidireclk>nal Z pins are tied logether lor 
detecting zero or for inter-chlp communication lar some spsciaf 
Inslrucllon. Tha Carry-Oul |C„»4) la connected to tha Carry-kt 
(Cn) ol Ihe next chip In ihe case ol rtpple cany. For a laster rar<y 
schama, an Am2902 may be employed (as shown in Figure 3) ', 
such thai Iha ?and?outputs ol the Am2903 are connected to the 
approprinis C and ^inputs ol ihe Am2902. whils Ihe Cu , , , C» >,, 
and C„,., oulputs ol the Am2902 are connected lo Ihe C» input il 
the appropnala Am2903. Note Ihat S/N and PlOMfí pin lunclions 
are device dependent. The most sipnilicant sllce outpuls N ard 
OVR while ail other siices oúipul 6 and P. 

Figure 2. 16Bit CPU wllh l^ippli Carry, 
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Tha Í E Ñ pin al Ihe Am2903 allows ttté opilan ol condlilonal 
insiruclion exsculion. II lEN Is LOW, all inlernal ciocking la en-

: abletf, allowing tha lalches, RAM, and Q Register to lunctlon. II 
: E N IS H I G H , Ihe RÁM and O Regisler ara disablad. Tha RAM Is 
conlroiled by lEN il WE Is connected lo Ih» WRITE outpul 

11 would be'appropriála at Ihis polnl lo mantlon thal tha Am2903 
, may be microcoded lo vyork in eithar two-or Ihree-addrass ar-
; chiteclure modas. The Nw>-address modes allow A + B -» B whila 
: Ihe ihree-address mbde makes possibleA+B -* C. Implemenla-
' tion ol a Ihree-addrass architeclure Is made possibla by vaiy-
Ing Ihe limlng ol í f N In relaiionship to Ihe external dock and 
changrng Ihe B address as shown in Figure 4. This technlque Is 
discussed In more detall under Memory Expansión. 

7 
Parlly • . J • -.,'•'• 

Tha Am2903 compulas pariiy on a chosen word when Ihe insiruc
lion bits I j - i have tha valúes ol 4 , ( to 7,« as shown in Tabla 3. 
The compuied paríly Is the resull ol Ihe exclusive OR ol tha 
Individual ALU oulputs and SIOj. Parity outpul is lound on SlOg. 
Pariiy beiwesn devices may be cascaded by tha Inlarcannaction 
ol Ihe SiOo and SlOj ports ol Ihe devices as shown in Figure 3. 
The equatk>n lor the parity outpul al SiOo port ol devk:e I il 
given by SlOo - F , j V F „ V F „ V . . . V F, V F , V 
SiO,s. 

Am2903/29O3A 

Figur* 5. 
OlviCI I 

Sign Extvnd. 

Figurt 3. IS'BIt CPU wllh Carry Look Ahaad. 
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Slgn Exlend 

Sign extensión across any number of Am2903 devicoí can bd 
(JtMie In ono mtcrocyclo. Fltílorrinij ayaln to Iho tablg oí insiruc-
(ions (Tablu ü), Iha sign iixtonü Inslructlon (Hux Instruction E) 
00 1^. Q ciiiisos Ihu sign prusunt «I Iho StOo poM ot a üovtce 
lii 1)1) rxInr i iUxl . i t . inq i t l |n (ltivi«:n t in t l appnd l ni Iho TalO, port 

áiiJ «i| Ih» V iiHl|Mtl3 II Ih» It i i iul ali)iillU.nnl hll i>( Ihct InbtMii, 

lK)n (Ijll I j ) Ib MIGM, tIuN liiblruclKJM f- tü p iob i t i i l ui\ l j _ a , 

commanding a shifier pass inslruction. Al ihis lime, F j ol ino 
ALU is píesoni on Iho SÍO3 ouiput pin. It is ihon possíDla 10 
conirot Ihü oxlunslon ul Ihe skjn ucross chlp boundarios by 
conlfolling iho sinio oí I5 when l^.g ato HiGH. Figura 5 out-
flnus Iho Afnn'.)On in sign oxloml mixl», Wilh \^„^ hiitit H)GH, 
lliu (itiliviilii.il chi{> •tiijii oxliiiul i% cuiiKoiUti] l)V tj^.y ti, tor 
««ampie, 1^^ '^^^ 'iu ^'*^ HiUl-l wt^iu I^Q aiMi I^Q aie LOW, 
the signai prssont at fhii boundOíias ot duvícas 2 &nd 3 (F) o( 
devtco 2) vftii bo oxlonüud aaoss davicos 3 ond 4 el ihe SlOj 
ptn ol dovicü 4, 1ho outpul Ü( Ihe lour dovlcos wltl be avuil* 
ablo ai thetr ruspective Y data poits. The naxt positiva edgtt 
01 the c\och wiil lottd ituí Y ouipuls inio Iho nddiess soiecled 
by Ihe B puii. Henee, iha rusulia ol the aign extensión la 
stored in the RAM. 

SPECIAL FUNCTIONS 

When lo.4 •* 0. the Am2903 Is In the Speclal Functlon nvxla. In 
iNs moda, bolh the source and desilnallon are controiled by I 3 . 1 , 
Tha Special FufKticns are In essence speclat mlcroinstructions 
thal are usad to reduce Iha number ot microcydes needed 10 
execute cadain lunctiúns in the Am2903, 

NORMALIZATION, SINGLE- AND DOUBLE-LENGTH 

tJormaiization is usad as a moans of relerencing a number 10 a 
fixed radix poini. Normalizaiion sirips oul alt leading slgn bits such 
ihat the two biis immediaiely adjacent to the radix point are of 
opposita polarity. 

Normalization is coinnx)nly usad ínsuch operations as fixed-lo-
K Soating point converSKsn and división, The Am2903 provioes for 
ív '̂normalization by using ihe Singto-Lengih and Ooubie-Langth 

Normaliza commands. Figure 6a reprasents Ihe Q Register o( a 
16-t)ii processor which coniains a positiva number. When the 
Sir^la-Lengih Normaliza command Is applied, eacn positiva 
edge ol ihe dock will causa the biis to shifi toward the most 
iígniticanl bii (bit 15) of Ihe Q Regisler. Zoros are shlfied in vía tha 
OIOQ pon. When the blls on eilher sido ol ihe radix point (bits 14 
ind 15) are ol opposile valué, tha number Is considered to ba 
normulízed as shown in Figure 6b. The event ol normalization is 
iiiarnally iiidtcated by a HIG)H lovol on the € „ * 4 pm ot ihe mosl 
•IQM.III:.'IIII M":O | C . . , « MSS - O , WSS V O, MSS». 

FiQurt 6. 
í 

«) Unnorn>i1lfad PotitJvt Number. 

H J M t i 11 

lltViCI « 

I t l« 1 • 

,l,l,l, 
r • • * > 1 1 « 

•l'l'M 
UtVlLI 1 

. b) Normalized Pciitív* tslumbtr. 

R A U I H 

iS I* 11 t i 

M U 

I I t« • • 

t i t a 

1 a ft ( 1 1 1 * 

il±i: ±[±\ 
Thore ara also provl&ions made lor a normalizaiton Indication 
vía Iho OVri pin ona inlciocycle boloro tha sume liyjicoiwn is 
avoiiable on the C „ * , pin (OVR - O , MSS V O , MSS). Thit 
IB lor use in applk:aiions Ihal loquira a siaga ol regisler buHer-
ir>g ol Ihe norniallzalion inoicailon. 

Slnce a number comprlsad ol all zerot la no( conskJered lor 
noimalliallon, tha Am2903 Indícalas whan such a eondiiion 
arisea. II iha O Regisler Is zero and Ihe Slngle-Ltngih Notmallia-
tion command I I glven, a MIQH lavel wlU b* preaanl on lh« Z lina. 
The slgn outpul, N. Indícales the slgn ol the number slored In 
the O regisler, Q, MSS. An unnorinalized negaiive number 
(Figure 7a) is normaiized In the sama mannar as a positiva 
number. The resulta ol slnglo-length normaUzaiion ara shown 
in Figura 7b.. Tha devica Inlerconnecllon lor single-langih 
normalization Is outiinad In Figure 8. Ouring singla langut 
normalization, Iha number ol shlfts parlormed lo acMeve 
normalization can ba couniad and sicred In ona ol tha work-
ing ragisters. This can be acNeved by loicing a HiGH al Ihe 
C„ inpul ol Ihe least signlllcanl sllce, slnca Jurlng mis special 
lunciion Iha ALU pariatmt iha lunclion [B] «• C„ and uie re
sull Is Slored InB. . i 

Normallzing a doubla-langlh word can be done wllh tha Double-
Length Normalize command which assumas ihat a user-teiected 
RAM Regisler contains ihe mosl signlllcanl poruon ol Ihe word lo 
be normalizad whIla Ihe O Reglaler holds the leasl signlllcanl hall 
(Figure 9). The devk:a lnlarcor<nacik>n lor doubla-lengih normal
ization Is shown In Figure 10. Tha C^tA. OVR, N, and Z oulputs ol 
Ihe most signlllcanl silca perlorm Iha aama lurwtions k\ double-
lengih normallzallon aa Ihey did in slngle-iengih normallzaiion 
axcapl Ihal Cn^«, OVR, and Nsra'derivad Iroi i Iha oulput ol ih» -
ALU ol Iha mosl signlllcanl sllce In the case ol double-lengín 
noimoiizoilun. Inslond ol the O Register ol Iha mosl slgrullcaní 

1 
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. I-, 
• I.UnWorrnaMted Ntgillvi Slngli Lingth Numbar. 

Flgurt 7. 

b) Normilltid Nagttivt Slnglt Ltnglh Numbtr. 
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^ sflce as In singls-length normallzallon. A high-l«vel Z lina In 
^ doubla-lengih normalizallon raveals Ihai tne oulpuls ol Iha ALU 
r and O Regislar ara bolh zero, henea Indicallng that Iha doubla-
g langth word la zaro. . 

Am?903/2903A 

Figura 8. Singla Langth Normaliza. 

Whan doublfl'lenglh normalizatfon Is befng parformed. shjft 
C counling Is done ellher wiih an extra microeycle or wiih an axier-
Ipf nal counler. 
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t SIGN MAGNITUOE, TWO'S COMPLEMENT CONVERSIÓN 

special Instruction 5et, th» Am2903 can conven 
s complemenl and sign/magnitude representa-

Figure 11 iilustrates (he interconnection needed for sígn 
magnitude/two's complement conversión. The word lo be 
cOnvnrlod Is nppüod lo Ihe S Input pon o( Ihe ALU (Irom tne 

\) ftAM O poM or tho 00 1/0 pofi). Tho €„ f'ipul oí device l is 
conneclod lo Ihe Z pin. The slgn bit (SjMSS) is broughi oul orí the 
Z fine and informs Ihe olher ALU's II Ihe conversión is being 
performed on a negativo or positive number. If (he number lo be 
converted is Ihe mosl negative number in íwo's complement 
í l.«»,. 100 .. . OOÍ-2")]. nnovertlowlndfrntfonwlirocciir. Thls rs 
tiorniiift ?" In onn 0io(tlnr thitii diiy nHiiitmi ihnl c<i'i l>n trtíyto-
senied In skjn fnngniiiiOe noiadofi and henee an aiiempied con
versión lo sign magnltude from - 2" will cause an overtlow. Wrien 

, mjnus zero in sígn magníludenointionf 100 . . . 0)ls converted lo 

É two'ft cmnpleniñni noMllon, llio nnrrert resiill l4 ohlalnad 
Í0 . . .0 ) . 

Figurt 9. Ooubl* Ltngth Word, 
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INCREMENT BY ONE OR TWO 

Incramanlatlon by Ona or Two la mtda posaibl* by ih« Spadal 
Funcllon ol Iha sama ñama. Thls oommand la quita usaU >n ih« 
casa ol byla addrassabla words. Ralerancvig Figura 12, a vM>rd 
may b« incramenlad by ona il C„ Is LOW of Incramented by Iwo H 
C„ is HIGH. 

UNSIGNED MULTIPLY 

Thls Special Function altows lor aasy implemanlation ol un-
signed mulliplicalion. Figure 13 is Iha unslgned multiply Dow 
Chat. The algoríihm requires that Inillally Iha RAM word <d-
dresjed by Address porl B ba zero, Itiat the muMptar b« In tna 
Q Regisier, and Ihal the multipiicand bt in Iha regislar ad-
dressad by Address port A. The inllial condllions igr tne 
execution ol the algorilhm are Ihal; 1} regíster Rg be resal to 
zero; 2) Ihe muirlpiicand be In fí,; and 3) the multipiler ba In 
R}. The llrsl operatlon transfers the multiplier, n,. lo the O 
Regisier. The Unslgned Mulllply Instrucilon Is Ihen exacui>"i 
t6 limes. Ouring Ihe Unsigned Mullipiy instruction, R, Is ad-
drassed by RAM address pon 8 and Iha multipiicand is ad-
dressad by RAM address pon A. 

Whan Ihe nnílqnrtd Multiply command I» o'^an. Ihe Z p*n ni 
rinvica I bucuiTifl* an uulpul whlle llie Z (jlna ol Uta ratiuiiiihig 
devicas ara specilied as inpuls as ahown in Figure 15. The Z 
output ol device 1 is ihe same staie as the leasi significant bit 
ol the multiplier In the Q Regislar. The Z output ol device 1 
Inlnrma ihe Al U * ni all Iha üHcaii, vía Iheir I pina, lo aiU Hit 
panial product (relarenced by the B addr*«s pon) lo Iha muí* 

Figura 11. 2'l Complamant —Siqn/Magnituda. 
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Figurt 13. Uniignid 16X16 Multiply Flowehtrl. 
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'Iplicar j (telerenced by Iha A addrass port) il Z - t. I IZ - O, 
the oliput ol me ALU I» simply Ihe paitlal product (relerenced 
by lh« B address port). Sinca C„ ¡a haid LOW, it la not a (ac
tor iiV ina 'ompuiation. Each pojitiva-going edga ol tha clock 
will lntarr>ally shlll Iha ALU oulpuls loward Iha laasl slgniücanl 
bit and sm.ultanaously store tha shilted resulta in tha registar 
salected by Iha B addrass port. Ihua becoming the new pariial 
sum. Ouríng tha down shiltlr^ procass, the Cn+4 ganeralad In 
dtivice 4 Is iniernally shihed into the Y3 posilion ol device 4. 

* At thís lima, one bit ol tha multlpiier wili down shílt out ol the 
OiOg ports ol each device Into the OlOj porl ol the next leas 
aignilicant slica. The panial product la ahlllad down betwean 
chipi in a lika manner, batwstni me SlOg and SlOj porta, wiih 

-SIO9' ol device" 1 being connecied to OlOj ol devlca 4 lor 
purposes ol constructing a 32-blt long reglster to hold tha 
32'bit piiAiuct. At Ihe llnish ol the 16 x 16 multiply, the most 
signiticant 16 bits ol Ihe product wlU be lound In Ihe reglster 
(o(efoti,...j by lite B addrass linas while the luiist signillcant 
in iHi* día i)liiiai( In »\m O t1i»(jt«l«r, mini] tt lyplcdl C(Ht)|lillof 
(AintiDi liiMi iCCU), d« «ituwrt In t̂ iyura Id, Ihe itnNiunBil ntiil-
i'Piy üperaiion requires only two linas ol microcode, as ahown 
in Figure 17, and is executtnl In 17 microcycles. 

TWO'S COMPLEMENT MULTIPLICATION 

Tha olgorimni lor Iwo's complement mulllpllcntlon Is iltustr,-ilüi] 
by Figure 14. The Initlal condltlons lor two's coinptoinoni nid 
tipllcalion are Ihe sama as lor the unsigned mulilply opuialion. 
The Two's Complement Multiply Command Is applied lor IS 
clock cycles In tha case ol a 16 x 16 multiply. Ouring ih) 
down shilting procesa the term NVÓVR generated in devict 
4 Is Iniernally shilted Into Ihe Yj position ol device 4. The dan 
llow shown In Figura 15 Is stlll vnlld. Ador 15 cyclos, ihu siiyi 
bil ol Ihe muiilpiler Is prasoni at iha Z ouiput ul liüvicu I. Ai 
this time, the user must placa the Two's Complement Mulllpl/ 
Last cycle command on the inslruction linas. The Intercorv 
nection lor thls inslruction Is shown In Figure 18, On the neit 
positiva edge ol tha clock, the Am2903 will adjusl Ihe partía 
product, il Ihe slgn ol the multiplier is negallve, by sublracting 
Oul Ihe two's complement represeniallon ol Iho mullipitcand. 11 
me slgn bit Is posillve, tha panial producl Is not adjusted. Al 
this polnl, two's complement multlpllcailon Is completad. Uslnj 
a typleal CCU, as showh In Figura 16, Ihe Iwo's complemert 
multiply operatlon requlres only ihree linas ol microcode, as 
shown in Figure 19, and Is execuled In 17 microcycles. 

Fiyurt 14. 2'> Compl<m<nt 1 6 X 1 6 Multiply. 
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Figura IB. Typicat Compute» Conlfol Unlt (CCUl. 
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TWO'S COMPLEMENT DIVISIÓN 
. i , ; , • « 

lliiea mslrualloi» qn Ih* Aiii9003/203 enn ba uaad lo mleiiv 
code signed lnie9«r-dlu)slon. Tha algorllhm Is a non^rastoflng 

.Jou(nuadrant divIslon-.-wllh dillaranl prgambl* and poslambla 
micfocode lor tingla- and doubla-predslon Inlager división. 
;.iii»ji<i-pii!t:l9l«(i üigiiíi) Inlogiif divida l| lh« mo»l ilfaljhllor-
ward. Olhor Ihan división by zoro. thara Is onty ona casa when 
an ovrrltow resutls. namoly vichen Ihe mosl negativa numbar 
( - P " - i ) I» dlvidml by - I . This enje I» dojoelod by iha posl
ambla. and dóos nol raquira sapaiala lasts ol dividand ond 
divisor In Iha preambla. 

Single-precislon signad inleger divida is Iha mosl slralghllor-
ward. Other Ihan división by taro, Ihefe is pniy ona casa whon 
an overllow resutts, namaty when Iha most nagaliva numbar 
( - 2 " - ' ) is dividad by - 1 . This casa is doleded by Ihe posl-
.iinble. and does nol raquira sepárale tosts ol dividond nnri 
divisor in ihe preambte. 

Single-precisión división begins by loadlng ihe O Regisler wllh 
Ihe dividand. Foiiowlng ihii, Ih* nagallv* bit ol ih* ilaluí 
raglstsr (» lasléd andlh* dMdend r«glil*r l i lotdtd wllh lil 
onas or all tetoa so |is lo slgn axiend Ihe O Regisler. The 
(IIVIIIMHJ la imw a double.precisión Inlager, wllh Ihe laail sig-
iiilicaní hall in Iha O Regisler and tha mosl aignillcanl hall In 
Ihe dividand regisler. This doubie-praclslon inleger Is Ihan 
shilted up ona poslllon In preparalion tor Ihe divide. 
The división starls wllh Ihe Piral Olvida Oporallon appllad lo Ihe 
divisor regisler (A addréss) and Ihe dividend regisler (B 
address). This operatlon computes tha quoilent algn as tha e«-
clusive OR ol divldend and divisor slgn. and ahllls II Inlo Ihe ; 
laasl slgnillcahl posHion ol Iha O Regisler whiie simultanaousiy 
upshilting Iha double-predaiofl dhrldend one bit. Tha First Ol
vide Operatlon also updales Ihe Slgn Compare Piip-Flop (in 
Ihe MSS) wiih Iha exclusive ÑOR ol Ihe divldend and divisor 
slgn, which determines whelher Ihe naxi operatlon will be an 
add or a subtract. i 

The slago la now sel lor repealed exacuHon ol Ihe divide step. 
Provided corracl shilt ^nKagea axiemilly (SIO3 on lh« MSS lo 
QlOo on Iha LSS, ánd QIO3 on MSS lo SIOQ on Ihe LSS). 
each execution ol the dhrlda step computas a naw quotlaní bit 
by either adding the dvlsor lo the dlvldend-(if Ihe slgn.compare 
liip-nop is HIGH) or subtractlng Ihe divisor Irom Ihe divldend (iL 
Ihe slgn compare lilp-liop Is uOW^and Ihen producing Iho ox-
clusive ÑOR ol Ihe slgn ol Ihe result and Iha divisor slgn as tha 
naw quoilent bit and Ihe naw valúa ol the slgn compara liip-
nop. The upshihed result replaces Iha panlel remainder In the 
Hivirtflnrt rootsler. The divide slap must ba repealed n - 2 limes 

lor n bit signad Intagers. Nota Ihal Ihe slgn compara llip-flofi 
rasidos on ihe mosl aignillcanl slica. and conlrnis Ihe olhflr 
allcea lltroUQh Iha la ro pío whIch hncnnmrt an iiipul nn lli* 

Intermedíale and laasl slgnillcanl sucas lor Ihls operatlon. 
The divide correciion slep also adds or sublracts the divisor 

• Irom Ihe partlnl romalndor In the divldend regisler, bul doos na 
upshill II19 reiltili, The riuolinnl hit »hill«ft Inlo tha O Rnolilat lij 
Ihis slap is always a i. This moans Ihat Iha quotiant proüuc«l 
by Ihe divida algorilhm is oiways odd; in hall the cases, of 
courae, this gunss Is wrong. and must bo corroctod. Al eBdt 
step ol the divida nigorithm, the result ol tlm pravious gunatli 
corrected and a new guess la mada. Since correciion lagí 
computation ol the quoilent bits by one slap, atter the iasl sle« 
there is sliil one correciion naedad. 

Aller the divide correciion slep. the product ol quolleni and I 
divisor plus the romainder is guarantoed lo be equal lo ti, J^« principie ol oyerllow deteciion usad here is to lirsl caicu-

I lhe completa algorllhm la shown In Figure 20. II Is Imporlanl lo 
lamembar Ihal tha zero status avaiiable al the end of ihe divide 
correciion slep Is the sígn compare Itip-flop outpu d̂ does 
nol relioct whelher the final parliai remainder is zero or nol. 
Also, In intorrupiibie sysiems, the división ateps musí nol be 
interrupted, bocause the sígn compare flip-liop cannot be 
saved or reslored on the interrupl. However, división can be 
slopped and resumed provided no Instructlon in between 
•necls Iha stale ol Iha sígn compara Ilip-liop. Soma axamplas 
ol Ihe correciion for single-precisión signed divide are shown in 
Figure 21. 

Tha shift linkaga requiremenls for the divide slaps are sum- . 
marized in Figures 22, 23 and 24, These figures shouid be 
usad as guidaiines when microcoding tha lialds conlroliing tha 
ihift muiliplexers in Ihe 2904 lar the divide sieps. 

Excapt lor Ihe overflow problam, the same algorilhm wilh minor 
irialions in Iha preamble Implemenls double-precialon divi-

•ion. 01 course, In Ihis case, aign extensión is nol needed: 
'Instaad, the laasl signilicant hall ol tha doubie-precision divi-
drtnil in lon<loil In ihn O nnqlnlor, Ihn mosl siqnlUcAnl hflil re-

[malna In tlis "dlvul tiul" ragiatera, and, aliar Iha Inlllal upahlfl by 
one bit, the divide sleps,are executad exactly as belore. 

IWhan a doi.ihle-preclaion signed inleger ta divided by a singla-
precisión lianrid fniegor. overfinw occurs whan Ihe quotlaní 
iKliiiros iiioín Ihnn 11 Wis lo rriiiinsunl. Por aiamiile 2?" »í di' 
•Meó by I requires 2n bita to reprosent. A aubaet ol these 
cases ol overllow is ihe casa where the magnitud^ ol the quo-
Sflitt rnquirns dunclly n hila lo roprosonl. lonvlng no bits lor Ihe 
l̂ign; and a spoclnl case ol Ihis is where the quoilent magnltude 

ll 2" ~ ' . The preamble to Ihe divida presenled below delects 
lis firsi two cases in Ihal order, and the poslambla delects the 
[batease. 

dtvIdeiKl. Howovor, tha mngnilurle ol tlm quolionl mny bo nll by 
one, the aign ol the remainder may be wrong, and ihe mâ  
nllude ol Ihe remainder may He 
divisor and zaro, 

Ulo Ihe quolloni slgn. nnó thon c.llcul.ilo n+ 1 bits oí quotlenl. 
Theio Is an úvorllow when bits n + I ond n dirtor Irom Ihe sign. 

between Ihe magni^udeol «111""' «etects cases where the quotiant requires more Ihan nn-1 
•tits lo represont (quotient bit n +1 ditlers Irom Ihe quotient 

lign), and where ihe quotlenl requires exactly n+ 1 bits lo rep-
In general, eofreetlon Is needed when the slgn ol Ihe remaind» | ,„n , (quo,|,ni bii n + 1 is the same as Ihe quotiant aign bul 
and Inlllal divldend dllfor. For positivo quollenis, Iha correcíon ^ ^ g ^ , bi, „ dillers Irom the quotient sign). Unfoflunately quo-
it partormad Dy fluhlractlno one Irom ilia qimtlaní r«y<i «Hdkn , ,„„ ^^|„, „ ,„„n,„|,„|„ „, j „ - 1 ̂ „ „„, ,„ , ^ 1 , „ h . m . whan 
Ihe divisor back 10 Iha remaindar, Por iiagaiive (luotio.iio. 11» ^, p,,,,,,,,,, „ . ; , „ - i , I,,,, , „ , |,„J|(;„|B, , „ ovaillow, and 
correciion la perlormed by adding ona lo tha quotient and SI* ;^,„ ,^0 quotlenl is 2 " - ! (an ovorllow), this test does nol 
Iracllng the divisor Irom Ihe remainder. ',),^ , „ overliow. In oiher words, when there is a disagree-

A spocial case arlses when Ihe divldend Is negativa and ID peni between the nth quotlenl bit and the quotlenl slgn, it does 
remainder al the end ol Ihe división is exactly zero. Since zero nol necessariiy Indícale an overllow; and il Is nal until all Ihe 
appears to be positivo in two's complemenl, it appears Ihal cor- ^xitient bits are calculated Ihat 11 can be decided whelher there 
rectlon Is necessary, whareas In lact it is nol. This case ü |»as an overllow or nol. This irregularity is a consequence ol 
easily delectad by tesling the remainder lor zero aller tha M [lia asymmelry ol the two's complemenl number aystem. 

divide step. and lerminallng Ihe algorilhm IIII Is. A relatad ptolj^, in,pi9menlation ol this algorilhm on Ihe Am2903,'203 is 
biem arlseí wllh negativa dividends v^en the parllel rema n * i^i-,,,,^ by using a lUp-llop on the SIO, Une out ol the MSS lo 
becomei exactly lero In an Inlermodiftio slap ol Ihe divialo» ^ , , ^^ „, ,b, „ , „ guo,|„, ^i , caicuiattd each cycle. It 
Once again, the algorilhm tees this as a changa ol aign, art ^ „;p.,|„p ^,p^„ „ <.<,nnecled lo . sequencer leal muitiplexer 
records the wrong quotlenl bit. However, nsuch cases «» >^, ^^^„ i^,,, „, ^^g^^^^^ ^its can be pipeiined. This la 
linal remainder always has Ihe same magnltude es the diviw. [^,^, ,„ ,^g praamble lor overliow deteciion and in the post-
bul ha» the same sign as Ihe divldend, Since the mullipllcall« '^^ ,„ , |^„ correciion stops, 
rule la allil satlslled, this means Ihal the quoilent is too smal i» 1 
magnltude by one. This case is detectad by adding Ihe ma» I** microcode lor Ihe doubie-precision divide 1» outlined in 
nllude ol the divisor to the remalrider and tesling lor zero. anl pS"'» 25. The divida operatlon is (irsi applied to the divldend 
the correciion Is the opposile ol the ¡'normal' correciion; po» ¡™' divisor wilhout the inlllal upshilt ol the divldend. This cal-

•" Uve quolienls ara.lncremenled, and negolive quolients aro * JWaIes the quotlenl sign and updales the siqn compare llip-
cremented. (The remainder shouid be made exactly z«ro||í<*' '̂ l * » o""* o' "lo CVC'». "'e complemenl ol Ihe quotlenl 
Nole Ihal the single casa Ihat produces overllow lor singi» 
precisión signed inleger divido may bo dotocted by checttiiií 
the overllow In ihis corroclton slep. 

Am2903/2903A 

sign Is setup al the input lo the extemal flip-flop, which can be 
testad in Ihe néxt cycle lo determine the quotiant aign. How-

ie divide flrat operatlon has the side-effed ol upshitting 
oividend. This side-eflect is undesirable t>ecauae H pre

venía Ihe divide slep Irom calculating the n+ 1th quotlenl bit. 
For this reason, the dividand is shlhed down again wllh the sign 
bit ol the atalua regisler selected as the llnkaga In. Following 
this, a divide step is executed and the algorithm larminatad on 
overflow if Ihe quotlenl bit calculated by the divide tteps Is dll-
ferent Irom the sign bit. The algorithm proceeds to calcúlate the 
nth quotient bit. II Ihe nth quotient bit agraes wllh the guotleni 
sign, there still may be an overllow il the quotiant tums out to 
be 2n- t ; and 11 Ihe nth quotient bit disagrees.with lh« quotient 
sign, there still may not be an overllow il tha quotiant tums out 
lo be - 2 " ~ ' . So al thla alaga the algorithm cannol decide 
whelher there is an overllow or nol basad on the quotient 
bit; instead, II proceeds to calcúlate Iha remaimng quotlenl 
bita, ralalning tha Inlormatlon abeut poieniial overflow In tha 
control llow. 

Alter Ihe lasl divide slep (the so-called ''divide corractlon"), Ihe 
alQnrlIhm again Isala iha «tala of Itm ailarnal lllp.ftop, "tlrwlr^" 
It in Ihe control llow. This lasl átala ol Iha divida Itip-ltop woukf 
be loat wilhout the extemal Ilip-llop, alnea the quoHent bit 
shlfied in is always a I In Ihls case, «nd Ihe Internal divida flip-
flop is nol updaied. (Tha Hala ol the extemal flip-flop alter ihli 
cycle determines whelher Ihe correciion requires mcremeniing 
or decremantlng ol the quotient). Concurrentiy wllh the testir̂ g 
ol Ihe extemal ftip-flop. me microcode also pasees the remain
der ihroijgh tha ALU to updnie tha Z bll ol the status regisler. In 
Ihe ttqxl cycle, tha 2 bii la teated and Ihe algorllhm larmnates II 
II Is sel. "This Is loilowed by a test lor negallve remainder and 
divldend. 11 Ihe test fails, a branch is takan to the test lor posl-
tive divldend and remainder. CorKurrenily, Ihe remainder is 
added lo the divisor wllh lEN hlgh and Ihe Z llag again up
daied. This is Ihe lirsl part ol Ihe test lor Ihe at>soKita valué ol 
tha remainder balng equal lo the divisor. In the n*»»i cycl¿, tha 
Z llag is testad; II il is sel, a brarKh la lak^n to the correciion 
step. Again, In the same cycle, the remainder It subtrhcted 
Irom the divisor wilh lEN hlgh lo complete the magnitude lasl. 

In Ihe lollowing cycla, the Z llag l i leetad * t befor*. II H la not , 
sel. the algorllhm lerminalea. The test lor poalilve dMdend and 
romainder cnmniiios tho OR ot ihw rmmitíntlm and kiraal di-
vidarvj Wllh ÍEN hlgh, and updatea tha N llag ol Iha aiaius re
gisler. In the neil cycle Ihe algorilhm tests the N llag and exila 
II it is low, indlcating thal the divldend and remainder signs 
agreed. Otherwise, the corraction sieps are executed. 
The algorithm has been written lor fastest execution, rwt 
shortest possible microcode. The technlque ol usIng the control 
llow 10 "remember" States ol Haga leada to dupicaiion of code 
bul saves cycles on tesling nags and branchlng. At Ihe end ol 
Iha algorithm, Ihera are two places where tha quoiK"' i« m-
cremented. One ol these sequenees corresponda lo the 
"normar case (quotiant bit n •^fma wllh quotient slgn). Thla 
mlerocyde produces an overflow when the quotient la i"»-'. 
The other sequence where the quotlenl Is Incremented corres
ponde lo Ihe casa where the nth bit ol quotient dlsagrced wllh 
Ihe quotinnl slgn. This case is an overllow unless the quotlenl 
is -20 - l; however, then an overflow is produced by Ihe cor
reciion, when 2" - ' - 1 Is Incremented. Henee, in this case, il 
Ihe correciion does nof produce an overflow, then there Is an 
overflow. 
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*Thia can also bé don* by adding of suDtractJng tha divisor lo th« rsmaindsr sinca tneir magnitudes ara equaJ. 

'•This oorrasponda to 2" " ' dividad by - 1 . 

Flgur* 20b. Slngla-PrecIslon Dtvid* MIerocoda 

ñOMAG. 
tiOMACNXT: 
AOOOMC 

1 Y - " O W S * UPOATE 2 FLAO; 

2. iF 2 OOTO OvenFLOW. O - RofvOM- UPCATE N; 
3. tF NOT N G U r O UPSH. Rfífté — 0: 

< R B Í M — - ' : 
S. UPSHin* ftncM O: 

8. fOf l (n -3 | . f rHSTOlVlOeOP(nBeM. f lo ivSR) : 
7. CNOfOn. TWffS COMPtEMENT OIVIOC OP ( « R Í M . ROIVSR): 

a. DIVIDE -cOftRECTiOrr OP (Ancu. "nvsRt: 

9. V ̂  «BtM. UTOATE 2. V; 
10. IF 2 OOTO DONE. Y — Rncu ANO f^OtvoNO- UPOAff N: 
11. IF NOT N OOTO NOfflitCHK. V — Hotvsn - f^HCM. U P O A n Z: 

12. IF 2 Q O r o EOMAO. Y ~ AQIVSA * RfWM- UPDATE t. 

13. IF 2 OOTO EOMAONXT. Y - O. UPDATE N: 

U . I f N O T V R E r U R N . AcxiOT — O : 
IS. GOTOOVCRFLOW: 
la V ~ RnEM O n RovONO-U^ATE N, 

I IT, tF NOT N GOTO OOW. Y - O. UPDATE N; 
la IF N O O T C M Í O O N G ; 

i t ftncy- PncM • Rorvía; 
X O* o - I. UPDATE V. OOTO DONE; 
i i . - O, UPDATE N:' "* • - - - - - . - - -

22 » N COTO SUSONE: 

23 Rfiiu—'*ncM * RoivaN. 
24 0 ^ 0 • I. UPDATE V.QOTOOOMS: 

li (. . OVKAFLOvv MK:ROCOO€) 

T«« (or drvitor * O 

T«fli quoianí tign lor lign • • i tnxon 

tmo titand m » R R C M 
On« ui»i ia rf n«9aiiva 
LOQK upinuí Rnf M wMi O. tmn M 
LoopHiup: tMd29*0oouniaran(]pw*hPC 
f^ncM 0*1 B MUíM»: r«p«at n- 2 nmaa 
Shifi m' I' «as OlOo tM LSS' 
Ttt t nmémom for i t ra 
Dona rf rsmamtar • ú. cfvaefc lor «v>d«n0 

and rftnamlw Míng na^aava 
F«al na> ef fnagnimaa cnadi 
Ornar ha> 01 magMüda ctMca 
H fnagnrtuM aqual. nan go taal 

••gn 0 1 0 ataa ratum 

and OMdand poaiava O M M rf itmamttar 

InctamcM na^ava 

Thia can navar ovartow «nca O w odd 

DscramoM na^aava qucrtwna 

Thi* eouR) o«*rfiow ka poMva O 
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Flgur» 2t. Exampl«3 al Slnglt-Prtclslon Signad Divida 

. Operallon 

12 + 5 

12» -5 

-12 + 5 

- 12+ -5 

12 • < 

12 + -4 

-12 + 4 

-12 + -4 

12+3 

12 + -3 

-12 + 3 

- 12+ -3 

-32768 t - 1 
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f4ornial correctlon: daaamanl positiva 

quoliants, Incremenl nagallva quollanis 

' . ..' 

No coriaction nacaatary; zaro ramalndw 

Normal corracllon 

Special casa: Incratnanl positiva quútianu 

Ovarflowl 

Spadal casa 

t * -l«l • 

Figure 22. Double Langlh Normallze/Flrat Dlvída Oparatlon 
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Figurt 34. Two't Coi^iplam^nt DIvId» Corracllon 

: ' • I I I M * l * e « i f l * « f ! ' . 

tlON COM#AKf ft 

AmlMS/lMlA 

VOf 

w ú ] Ote 

AMOfaa/nou 

• ú , tic 
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BYTE S W A P 

The multlport archiiecturo ol Ihs Am2903 allows lof easy im-

plemenlollon o( hlgh- and lowK)tctef byle swapplng. Figure 26 

Joullines a byts swap Implemenlallon ulilizing Iwo dala ports. 

Inilially, Ihe lowor order 8-bil byte Is slored In devices 1 and 2. 

while Ihe high-order byle Is in device j 3 and 4. When Ihe usar 

í wishes lo exchange Ihe Iwo byles, Ihe reglsler localion ol Ihe 

I díslrad word la placed on ihe B address port, When Ihe byle 

swap line Is broughl LOW, ihs bytes lo be swapped will be 

Mowlng I rom ihe D B por ls o l tha A m 2 9 0 3 Ihrough the 

¡ Am2958/2959 Three-slale BuHers. The oulpula ol Ihe Ihree-

siale bullors aro pormuiod such Ihal Ihe byle swap is achievod. 

ii :í*. 
Flgur» 2S. Deuble<Pr«clslon Signad Divlalon MIcrocoda 

- : T : Í ; : : - . „ J 

'• Q —'*O«VOH(X8H: 
í. PB6M —RwvotOMSMi 
). oivio«FinsTOP|HmM.'''oivsii).U«)*'t'': 
I. IF EXTOf f OOTO NEOOUOT. DOWNSH fí^M • O WITM N FUL; 
I. TwoscOMPieM6KTOnnotoi>(ni«M.i'oiv«nl: 
1. IF exTofF OOTO overwiow. vms coumuem oivioe o» irtuM. floiytn); 
t, IF exToFF OOTO rossíiovF. Twcs countuím oivioe OP IRHÍM. " IUVÍBI; 
I. Fon (n-!) , Tvms couPtemMT onnoí » mmu. navsni: 
I ENOtOn. TWOS COMPltMENT BVIOE OP ( R u t u . Bovsn l : 
1. oivioí-connecTXW 8TEF («inM. "otyiKi! 
I. IF HTO»F OOTO SUl, 1 - fnu. UPOATI b 
I. IF I a o r O DONE, y - l l a i M A N O R g n O M M I H . I C O A T I t . V: 
I. I F N O T N a O T O N O n M C > « l , V » l l | K M * ' < a V M . U ' O A T I E : 
I. I f I 0 O T O C O « n E C T l . r - B M M - noivall .UFOATEZ: 
I. IFIOOTOCOflBECTli 
I. IFNOTVBITVBN, BflUOT*-* ' 
'. OOTOOVIUFIOWI 
I. * - B , O I Ofl «olVONOHtH. UTOATIN. V-, 1 
1. I F N O T N OOTO DONE: 
1. fl«ú • - B inM • B w v w : 
. 0 - 0 - I . O O T O O O N E : -
fc*2«JTOOON».r-«iwi¡ANOW0ÍWNOWMiU'O*™í:W: — • I 
I - I f NOT H OOTO N O B M O a O . Y - B M M • B n V M . U F O " » 6 
V I f I OOTO C O T O f C T I , Y - B|»M - «t»»»». UFOATÍ I ; 
. IFIOOTOCOnRECTJ: 
. OOTOOONE: 
. Y - B m » OB BwmNOM»». UÍOATE N. V; 

IF NOT N OOTO DONE; 
. BntM • - BntM • BnívaAÍ 
'. 0 * - 0 * t ,u ' *OATfV ¡ 
. OOTO DONE: 
. TVW>SCOMPlEMEMT0IVtOEOf|Bi i tM.Bi) iVS(0: 

IF NOT EXTOFF OOTO OVEHFIOW. IWO^S COMPIEMEKT 0IV10E O » ( B m » . B(jl»»(0: 
. IF EXTOFF OOTO 1 0 0 » . VMOS COMPIEMENT OlVIOE OP (BníM. Bnvsn l ; 

FOB |« - 5|, TVWJ-J COMPIEMEKT O M O E OP ( B M H , Bowanl'. 

iNOFOn. rwfft eOMPiiMiNT oivioi OP IBUH. novuni; 
. OIVIOE -COBRECTIOír I T I P I B p t u , BoivtPl: 
. IF NOT EXTOFF OOTO OVEBFIOW. B i K u - O: 

a * - 0 * l .UPOATEV; 
I F V O O t O O O N t : 
OOTO OVEBFIOW: 

InWMf* O B*giil«r 
Infflalit f«m«ind« fvgltltr Bm{u 
Flnd quollvni 119», »Mup • • l *mal ouoFtrtl No-Kop lEXTQFFI 
Biincfi 00 quovanl ilgn; rMIW» * A í f O d by downsNN 
Convult M n • t 04 quonwil 
Error tíMftnt Iram llgn: oofripult VI n OT QuoHont 
P o i s t i * ovarflow II dlFa/anl han ilgn 
lltftio ftlup 
llofalf dvida stap 
CXvld* IM I •IM>: ouollMl MI la aiwiiv* • ' I - ; M I U O E X T Q F F 
Lsil alai* ol EXTOFF tfaei4*< i^^.*vt ol oo*wi«ciion 
Sin H ramalnOar lafO; I M I lor MoaOvt ramalfldar and iMOaMi 
II laal lallad. go chaca lor peaiHva fmKtnóét ano dwidand 
For nagaHva tamaindor ano OMOanO. ctiadi rafnamdaf mayMiei 
It ramamdar rnagnlmo* * OMaot magntluoa. oonnael ouoaart 
Elaa H no ovamó* rabm 
Elaaoaarfiew 
Citacli t«r aeaiiNo tfvhjantf and ramaimlar 
H laal paaaad, dona : 
Elaa corrad tatnamoar 
Cofracl quoaam, and aait ' 

' TTila|M(1«IMaigentwir«dMU»iaoc(Totfaneod«lflrff i« 
e u o « M < a » o l a M v a M o l M E X T O F P M a a l < l o N '.-:'., 
tndlcallng oonaelton In »ta ooooana *ae1lon. 

CaaCJiad mtlaad 0«», 6. r ««nan Iha quonam la nagaava 

TNa la aiaculad airean Ría n*i ouonanl W tf Han lioffl ma 
quollam non, Tha «vHlon la eooHXalad lo eriack ntiamai 
FiaiíJoaamlt - j n - i . 

TNa la tignallad br Fn evarHow In ma cotracHon ilao. 
Oir^anMiaa, Ihv* ha) twan a dMalon ovaHtow. 

dsullanl permutad dala is presentad lo Ihe OA porls ol the 
.IT12903 where it is re-loaded Into the memofies o( the Am2903 

on Ihe next posillve edge ol C P using Ihe source and lunction 
commands ol F • A plus C„ (C„ • 0) for ihe Am2958 ot F « A 
plus Cn (C„ > 0) lor the An^29S9 and the deslinaiion command 
F Y, B. 

A higher speed lechnique tef achieving the byle swap opera-

lion Is lllusiraled In Figure 27 . Inslead o l Inputtlng m * per-

muled dala via Ihe DA pons, Ihe permuled data Is entered via 

Ihe Y input/oulpul ports wilh O E ^ held H I Q H . Thls lechnique 

bypasses the A L U . Ihus aüowing laster operallon. The Am2903 

destinal'ion commond F - * Y, B should be used. 

Figure 26. Byta Swap. 

o * B . j o«o_ "O-j ""«-1 

Figure 27. Hlgh Speed Byte Swep. 
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. Flgur* 28. Connectlons lor Word/Byte Opsratlons (Am29203 Oniy). 
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Tile Am2903 iheoretlcally allows (or an infinile memory expan
sión. Figure 27. AmlS03 and Am29705. pictures a 4-bit slice ol 
a sysiem which has 48 words ol RAM and 16 ward.1 al ROM. 
RAM slorage ia providad by the Am2903 and Ihe Am2970Ss. 
The A(n2970S RAM is lunctionjlly idenllcal to Ihe Am2903 
RJVM. The Am27Sl9 is useu lu iiore constanls and masks and 
is addressabla Irom address porl A only. Tlie sysiem It or-
yaniíod around Uve dala bulas. Inler-bua communieatlon moy 
be done ihrough Ihe Am2970Ss of Ihe Am2903. The mamory 
addrussing schems spacifies Ihe dala sourea lor me R inpui ol 
ihü ALU ariiinaiii>9 l'om Ihe regisler locations specilied by ad
dress lieid A. A o - ] addresses 16 memory locailons in each 
chip whiie addrasa bils A^.g are decoded and used lor Ihe 
ouiput anable U¡. Ihe deilred ehlp. The B address lleld Is used 
lo seleci iiu ^ .ivul ol Ihe ALU and Ihe C liald Is used to 
specily iM» regisler locallon where Ihe rasull ol Ihe ALU opera-
lion is lo be slored. 

Bils Bg.} are lor source reglsler addresaing In «ach chip. Bils 84 
tM 0] are ussd lor chip oulpul enaWe leleeilon. Cg.) aecesi Ihe 

16 daslinalion addresses on each chip while bils C4 and C5 
conlrol Ihe Wrila Enjbltf ol Ihe desired chip. The scurce and 
daslinalion reglsier address uiu mulliplexed such Ihal when Iha 
dock Is HIGH. Ihe source regisler address is presenled lo Ihe 8 
address pons ol Ihe RAM's. The Inslruclion Enable (lEN) is HIGH 
al Ihis time. The dala llows Irom ihe Y pon or Iha inlarnal B pon as 
selected by ihe decoder whose Inpuls are B4 and B,. When Ihe 
dock goal LOW, Ihe dala emlnallng Irom ihe soleciod V oulpuli 
ol Ihe Am2970S's and Ihe RAM oulputs ol Ihe Am2903 ara 
latched and ihe daslinalion addiuss is now suiected lor use by Iha 
RAM address Unes. When me desiinalion ..JJtess siablliies on 
Iha address lines, Ihe lEN pin Is brought LOW. The WRITE oulpul 
ol Ihe Am2903 wlll now go LOW, enabling Iha decoder sourcad 
by address bils C4 and Cj. Tha selecled decoder Une will go 
LOW, allowing Ihe desired memory loealion lo t» wrinen inio. To 
swiich balwoon two- and Ihrae-address archilccluro. !hc user 
slmply makes Ihe su-.nco and dasiinalton addresses Ihe same: 
i.e., Bg_) - Cg-} and 84 .1 •• C4.S. For iwoaddress ar-
chileciuie, ihe MUX Is removed Irom Iho circuii. 
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Am2904 
Slatua and Shlft Control Unit 

OISTINCTIVE CHARACTERÍST1C3 

• Replacta motl k̂ SI ui«d tround «ny ALU Ineluding Ihs 
Am2901, Am2903 and MSI ALUs. 

• Oanaratta Carry-ln lo tha ALU 
Carry slgnal Is salactabla Irom 7 dlfferanl souress. 

• Contalna ahlft Mnitagt mulllplaxara 
Connecls lo shift linas al Iha anda al an Am2901 or Am2903 
array Id Implemenl singla and doubl* langlh arllhmstle and 
logleal shlfis and roíalas - 32 dlNarsnt modas In til. 

• Conltlnt Iwo adga-lrlggtrad status ragitlars 
Ust lor loraground/bteKground rtglslsrs In eonlrelltrs er as 

,. mlcralavsl and machina laval atalus raglstars. Bit manlp-
'ulallng InstrucHonsafái-provIdad, 

• Condltlon Coda Multíptsiitr on ehlp 
Singla cyds lasls lor-any of IB dlKarsnl eondlHons. Tssis can' 
ba psríomiad on alihár ól Iha hvo slatus raglstsra or dirselly on 

' Iha ALU oulpul. I I 

DE9CRIPTI0N 

Tha Am290't Is daslgnad lo ps'lorm nll Ihii mlticollnnooiii lunc 
llons which ara usually parlormad In MSI around an ALU. Thsu 
Includa Iha ganarallon ol Ihs carry-ln slgnal lo Iha ALU and cirr¡[ 
lookahasd únit; Iha Inlarconnacllon ol tha data palh, auxiliar̂  
raglstar, and carry fllp-nop during shllt oparallons; and Iha slcr-
aga and íasllng ol ALU slalus llags. Thssa laiks ara aC' 
compllshsd In Iha Am2904 by Ihrea naarly Indapandant blocks ol 
loglc. The carry-ln Is gsnaralad by a multlplaxsr. Tha shllt link' 
agas ara ssisblishad by lour Ihraa-slala mulllplaxara. Thers an 
Iwo raglstsrs lor sloring Iha carry, ovartlow, isro, and nagaUvt 
slalus Hags. Tha condlllen ooda mulUplaxar on Iha Am2904 CM 
loek at trua or eomplamant ol any ol Iha four slalus blls tni 
eartaln eofnblnallons ol alatus bits Irom allhar ol tha sloragí 
raglstars or dirselly (rom lh« ALU. 

For addllkinsl appllcallons ralar lo Chapler 4 ol Bit Sllca MIcr» 
procaaaor Daalgn, MIck & Brkk. McOraw Hlll Publlcallons. 

r ^ 
ARtlAV O* t M I OK tWlé 
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Locie 
tA' • . * • • . ITC.) 

î  ? TCtT CONOtTION 110 M l t CC m f i m 

BASIC FEATURES OF Am2904 

All tha logte shown axcopt Iha array o( 290ts or 

2903S Is conlalned In Ihe Ar7iS904. I 

Am2904 
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CONNECTION DIAGRAMS 
Top Vlawt 

F-4M Chlp-Pak" 
L-44-1 
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Now: Pin t It fnarttd lor ortenlallon. 
NC - No Connacikm. 

Am2904 MaUlllaatlon and Pad Layout 

OIE SIZ6 0.140" X O.nr 
Pad Numbarl dorraaoond io 01^ piñout 

41 3 l , 
« D I , 
n D e l . 
» D I , 

" Du 
M Di , 
>• D.„ 
14 D n 
M D « . 
» D i» , 
11 Do», 
le Doo, 
1» Dr, 
» Dre 
» Do»«o 
» Dv„ 
» D'ovn 
14 11CI 
» ZiaícT 

] ' ^ 

LOGIC SYMBOL 
(DIP) 

Am2904 

OlOy 
OIOM 

14 l e . 

PIN OEFIN IT IONS 

l | Zoro slaius Input pin, In lended lor connecl lon lo Ihs 
Z oiilpuls o( i lm Am2>J03 or iho F • O oiipuls ol Iho 

I Am2901. 

i( Carry stalus inpul pin, Inlended lor connecllon lo the 
I C„^., oulput ol (he mosl slgnilicaní ALU allce. 

VI Sign slaius Inpul pin, Inlendod lor connecl lon lo Ihe 
mosl signllicanl A L U sllce. The connecl lon Is lo Iha 
N pin on Ihe Ain2903, and Ihe Fj pin on Ihe 
Am2901. 

lovfi Ovortlow slaius inpul pin, Inlended lor connecllon lo 
Ihe OVñ pin on Ihe mosl signilicant ALU sllce. 

. The ihirteen Inslruclion pins which selocl Ihe opera-
lion Ihe Am2904 Is lo perlorm. 

This pin, used In cúnjunction wilh ^ , Ec. ^ . EQVR 
acts as Ihe ovarall enable lor the machina siaiua 
ragisler. When tha pin Is LOW. MSn ^Is may be 
modilied, according lo Ihe sietes ol E j , Ec. ^ , 
Eovn- When HIGH, Ihe MSR wlll relain Ihe presenl 
slnlo, rogerdless ol Ihe slaie ol Ei. Ec, EN. Eovn-
Thüse pins, when LOW, onablo Iho corrosponOinQ 
bits In Iho Machiiiu Slaius Floglsler. When IIIGH, 
Ihey will prevenl ihe correspunJing bits Irom chang-
ing slale. By using Ihese pins logelher wilh Ihe C E M 
pin. MSR bits can be seleclively modilied. 
This pin, when LOW, enebles all lour bits ol Ihe 
Micio Status Rogisloí. Whün Hila pin is HIGH, Ihe 
^^fl wlll riot chango slule. 

l 'Yl, Ve, These pins lorm a throe-stale bidireclional bus over 
I Yu, whIch MSR and (iSR status can be read out or me 
i Vovn MSR can be loaded In parallel. 

¡CEu 

ffr.Ec 

ttovñ 

fCEM 

Veo - Pin 'O 
. QND - Piñ 30 

OE, 

CT 

5E7T 

SIO„, 
sio„ 
QlOo 
0 I0„ 

§1 

c« 

CP 

Am2904 

When LOW, Ihii pin enables Ihe Y pins as outputs. 
When HIGH, Ihe Y oulpuls ara In Iha hlgh impa-
dance slale. 

The conditiopal lesl oulpul. Tha outpul of Ihe Condl-
tion Coda mulllplaxar appears hará. 

When this pin Is LOW, tha CT pin Is activa. When 
HIGH the CT pin Is In tha hlgh Impedanca átala. 

Thase pins complete tna llnklng lor tha yarloua thlN 
and roíala conditlons. SlOg la Inlandad lor connac-
llon to tha SlOg pin ol Iha leasl signineanl Ani2903 
sllca (RAMo lor Am29011. SIO„ connacts to tha SlOj pin 
ol tha inoat signilicant Am2903 allca, (RAMs lor 
Am29ai). QlOo connacts lo tha QlOo pin o( lh« laast 
signilicant Am2903 allca (OlOo lor Am290l) and 010» 
connacts to Iha 010] pin ol Iha moal tlgnllicanl Ain2903 
sllca (Qj lor Am2901). , . . . ¡ • i 

This pin conirols tha slata ol Iha sMA oulpuls. \Nmn 
LOW, tha shili outputs ara aneblad. Whan HIQH. tha 
shili outputs ara In tha hlgh Impadanca aiata. 

This pin Is tha oulpul ol tha Carry In conlrol muttl-
plexer. II connacts to Ihe C„ Inixjt ol Iha laasl sig
nilicant ALU sllca, and tha C„ Input ol tha Afn2902A. 

This pin Is used as an input to tha Carry In Conlrol 
muitiplaxar which can rouia M lo Ih* Co pin. Tha C i 
pin is inlended lor connaclion lo tha Z oulpul ol iha 
Ain¿903 lo lacllilale some ol Iha Ani2903 spaclal In-
struclions. 

The dock input to iha devk:e. The )iSR and MSR aia 
modilied on tha LOW lo HIGH Iransition ol itia jMKk 
inpul. All Olhar portions ol Iha Am2904 ara combina-
Uonal and ara unallected by CP. 

OROERING INFORMATION 
Order the parí number according lo Ihe table below lo obtain the desired package. 

temperatura ranga and scraening leval. 

Packaga Typa Oparallng Ranga Scraaning Laval 
Ordar Number (Nolal) (Nota 2) (Nota 3) 

AMJ0040C 
AM29040C.e 
AM29O40M 
AM29040M-e 
AM2904FM 
AM2904FM-B 
AM2904LC 
AM2904LM 
AM2904LM-B 

AM2904XC 
AM2904XM 

0-40 
0-40 
0-40 
0-40 
F-42 
F-42 
L-44 
L-44 
L-*4 

Olea 
Dice 

C 
C 
M 
M 
M 
M 

C 
M ' 
M 

M 

C-1 
a-2(Noia4) 

C-3 
8-3 
C-3 
B-3 

C l 
C-3 
8-3 

\ Visual Inspactk» 
1 toMiL-srO'8S3 
J Maihod 20108. 

Nulos: I . P - Moldod UlP, D - I Immolic OIP, F • Fluí P,^>^. Numbaí louowlng lollar Is numtMt ol Isads. Seo 
AppendlK B lo, delailud ouillno. w h t r e Appandm ti C4j,iU4«(« Mvoral (U«h m ^ r ^ a n , any ol aatanaHona 
ot me pockugo may 0,1 usixt unios* oihvrwlsa spooliod. 

2. C - O l o t 7 a C . V c c - 475 I0S .25V , M - - S 5 1 0 , I2S'C. Vgc - 4 S0IO5.50V. 
3. Sea Appandl» A lor daliills ol scraaning. Laváis C-1 and C-3 conloim lo MIL- ST0 .a83 . Class C. Laval 

B-3 conlorms lo MIL-ST0-eS3, C I«M B. 
4. 96h04jrt)urn-in. 



,Am29(M . i 
MÁXIMUM RATINGS (Alxivt whieh iht umul llf» may b* lmp«lred) 

Am2904 

Slofaga Temperatura -65'Clo +15(rc' 
_ Tamparalura (Casa) Undsr Blas 

Supply Voiiaga lo Oround Polanllal , 

PC Voiiafla Appllad le Outpuls lor Hlgh Outpui Slala 

-55'Clo -HZS'C 

-0.5V lo +7.0V 

.í—0.5VIO Vccmax. 
OC Input Vollaga -0,5V lo +5.5V 

I"' OC Oulpui Currant. InloOutpuls • 30mA 

PC Inpm Cufranl ..•,H'-< - 3 0 m A I O +S.OrtlA 

OPERATING RANGE ' ' 
-' • • P / N • 

Anl.'ttcMI'C, QC 

Ain29040M, FM 

. Sariga 

C Ü M l 

Mil 

'tamparalura 

TA • <n: t» » w c . 

T e - -5»'Clo.»tí5"C 

Vec " «nv mn 
Vje - s ov 11051 

Vce" 
(MIN, • <.?I1V, MAX, 

(MIN. - 4.M)V. MAX. 

- S 55V) 

- S.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

^•*'.',:2(i/?'' 

,.,,..... 

'•-

— 

. 

.rr'a::r-.-«-
• . " 

. ,-• 

; 
¡ 

t 

Pnrimalara ' , ' Daacrlptlon 

yoM 

Vot 

. . V w _ . . 

Vil . 

Vi 

'"• 

>IH 

Ir 

IpIM 

•oi i 

los 

te 

Óuiput HN>f Voltigá 

OulDul LOW Volt«o« ' 

. Inpur HIOH VoKag* 

mptu LOW Vollag» 

Input CltmpVolt»9a 

Inoul LOW Currtm 

• • " • ' . - - . . * - . -

; ; • • ~ ' - - ^ ^ 

Inpul HIOH Curran! 

Input HIOH Currant 

Oft Suta {Htgh Impwtanea) 
Output Currtnt 

Ouliwt Short Clrcull Currtnt 
INol« 3) 

Powar S u t ^ Currant 
(Notad 

Taal CondIllona (Ñola I) '' 

Veo - MIN.. 
y,„.V,„orV|i 

Vcc - MIN,, 
V,„.V,„o<Vn 

Ion • - I H m * . 
V/, Vp, VN, Vjvn 
IQH •• -O.SmA 
SIO» s o , . 010, . •• 
0 IO„.CTCO •:•• : 

Vr.Vc 
VN. Vova 

lot • i'mA ICom 1) 

lOl • UmA (MILI 
SIO», 010,, CT, 
SlO„, 0 I0„, CO 'ot " í'^A 

Quarantaad tnput Loglcal HK3H Vottaga lar aH Inauta (Nota 7) 

Ouaranlaad Input Logleal LOW Vollaga lar all Inputi (Nota 7) 

Vec - MIN., I,« • -UmA 

Vee-MAX. , , 
V,M . 0.5V . 

•Vce-«_MAX_ 
V,M - I.7V 

CP 

5C,CÉÍ 
' l - 'c- 'M. lova 

.. Cx. Y j , Ye, YK, Yovn 

. SE,SI0 , .SO, . • • • • 
,. O K V O l O , - • . - • 

• E ¡ . E O W « . O Í T . O F C T . C , 

tiZai • • 
i i . le- IM. lova. SE 
SIO„ SIO„, 0 I 0 „ 010, 

Yr. Ye. Yfi. YQVB 

Vee - MAX., V|„ . 5 sv 

Vee - MAX. 

• CT 

SIO,, SIO„, OlOo, DIO, 
(Nota 41 

V I , Ve, VM. Vova 
INotat) 

Vo - 2.4 

Vo - os 
Vo - Í.4 

Vo - 0.5 

Vo - J.4 

VQ - o.í 

Vcc - » " V . Vo . 0.5V • . 

Vcc - MAX, 

AmíaotOC 

' A ; " ' " 
1» • 0*0lo r ro'O 

T, • *t(rc 

Te- -ss-cto+tís-c 
T j - •tJS'C 

Mln, 

>.4 

i.4 

2.0 

_.. 

-DO 

Typ. 
(Nota 2) 

,., 

— .. 

(nn 

Mait. 

. 
o.s 
09 

09 

oa 
-1,9 

-0.7 

-1.1 

-1.2 

-0.45 

-1.39 

2 0 ' 

ao 
90 

110 

70 

1.0 

90 

-90 

l io 

-1350 

70 

-490 

-«5 

ían 

t ía 

262 

348 

222 

Unlta 

Vnlla 

Volt* 

Volt» 

Volta 

VcHIl 

vom 

mA 

«•A 

mA 

« A 

mA 

mA 

1. for eon&nm tht»m u MIN. oí MAX., uaa Iba aporoprlata vaKta.ipaclllad undar eiadrlcal Cbaractarlaileí lor ina •ppllcabla Oavica tYPa. 
2. Typieal hmtlt ara al Vcc • SOV. a s t amplant and mailmum loaOlng. 
3. Not mora ifw) ono outDut tnouio ba anortad ai a Hma. OuraHon ol l̂ a shon dreutt tan shouid noi aicaao ona lacorxt. 
4. TMsa ara lhraa<«lala oulpuia Mamatir oonnadad lo TTL Inouti. infiul Chtraciarisilca «ra maaaurad wnh ouipul anabiat HIOH. 
5. -MIL" . Am2«>4 XM, OM, fM. -COMl" . Am2S04 XC, PC, OC. 
a Wnril naaa U M la al mlntinim larmaratura. 

Am2904 

H 

Am2904 ARCHITECTURE ' .••••;•• 

¡Thá Árn29Ó4 Status and Shllt Control Unll próvidas (our 
lunctlons which are Included In all processors. Thasa ara: 
'•):Slalus Regislar. b) Condillon Coda Mulllplexer. c) ShlK 
Llnknges ond d) Carry-ln Control, Th» archllaotura and In-
ilruclldn codas hava bean designad lo complemenl Iha nexl-
billly o( the 2900 Family. , ;,.. .,-.. 

Status Raglstar 

Tlio Am2904 conlains Iwo lour-bit rsgislers which can slora 
Iha status outpuls ol an ALU: Carry (C), Negat'. N), Zero 
(Z). and Overflow (OVR). They ara deslgnaled MiciO Status 
,neglstsr (;iSn) and Machina Status Raglster (MSR|. Each 
rfialntor rnn bn inrloponrjqnlly controllart, The raglstors usa 
eil()n-lil(juiMnit L) lypo lli(ino(H which chongo atnlo on tila 
LOVí/ to MICII transiiion ol tha Clock Inpul. 

The ^SR can be loaded Irom Iha lour status Inpuls (le. 'N. 't . 
IOVH) or Irom Ihe MSR undar insifuclion control (li-s). The 
bits in ths MSR can also be individually sel or resel under In-
slructlon control ik-i) V '̂̂ O" '"• CEJÍ input is HIGH. Ihe nSR 
la lithlliltnil (inin clmiioing, imlnpnndnnt ol the 1,).̂  Inputi. 

The MSn can bo lomJed Irom the (our status Inpuls (le. IN> IZ> 
(ovn), (rom Ihe ^SR.^and Irom Ihe lour parallal Input/oulput 
pina (Ye. Y N . Y J , Yovn) under instruction control (lo-i) The 
MSn con (liso bo sol. rosol or complomontod under Instruc-

S tion control (lo-s)- The bils In Ihe MSR can be sejeellvely up-
¡ daled by conirolling Ihe lour hU-onable Inpuls (Ej, En. Ee. 
E ^ ) and the C E M input, A LOW on bolh the CÉIJ ¡npul and 
Iha bit enabls Input lor a specilic bit enables updating that bit. 
A HIGH on a given bit enable Input prevente tha corrasponding 
bit changing In the MSR. A HIGH on C E M prevenís any bits 
changing In Ihe MSR. 

The lour parallel bidiroctionai Inpul/output pins (Yj. Y^. Yg. 
YOVB) allow the contenls oí both the iiSñ and Iha MSR lo be 
translerrsd to the system data bus añd also allows Ihe MSR to 

!; be loaded Irom the sysiem dala bus. This capabiiity is used to 
I lave and reslore Ihe status regislara during earlaln subroutlnes 

and when servicing Interrupts. 

CondlIlón Coda Mulllplexer 
fÍThe Condillon Code Multiplexer output, CT. can b» seleeled^'. 
I Irom 16 dlllerent lunclioni». Those inelude th» true and com-
f'plemenled slala ol sach ol the status bits and combinationt ol 
V Ihese bils lo delecl such conditlons as "graater than", 
t "grealer than or equal lo", "less than" or "less than or equal 
> lo" lor unsigned or Iwos complemenl numbers, 

The Am2904 can perform these tests on the contenls ol the 
/iSR, Ihe MSR or Ihe direct status Jnpuls. (Ij, I», 'c' 'ovni-
The CT output is used as Ihe test (CC) inpul ol the Am2910 

! and is providod with an output enable, OECT lo make the ad-
I dilion ol olher condltion inpuls lo this point aasy, 

ShlH LInkage Mulllplexer 

The Slilll Linknge Muiliploxer generales the nacessary llnk-
ages lo allow the ALU to porform 32 dillerent shilt and roíala 
liinrtinní. Hrilh qinolr» Innath nnd double lenglh shiHs arxl ro-
loli»a, viíltli rtii.1 wllhMMi i-oliy (M,.), dio |IIIIVIIIDII Wltaii llio Î P 
lli|iiil IS lIMtlI, llio lililí lii(iiil/iliil|iitl (11110 (lilOi), hll),„ (JIO„, 
0IO„) are dlsabled. Tha SiOj. SIO„, QIOQ. 0 I 0 „ pina ol Ihe 
Am2904 are inlended lo be direclly connected lo the RAMo. 
ílAMj, Q„ and O, pins ol Iho Am2901 or Ihe SIOo. SIOj. QIOo. 
OlOj plus ol Iho Am2903, 

Carry-ln Control Mulllplexer 

The Carryln Control Mulllplexer generales Ihe Co oul£ul 
which can be selecled Irom 7 (unclions (O, I, Cx, MC. ^ C . ^ C . 

Me). These lunctlons sllow aasy Impiamantatton o( bolh singla 
lenglh and double length addition and subtraclion. Tha Cx 
input Is Inlended lo ba connected lo Ihe Z output ol tha 
Am2903 to lacilllala execulion ol soma ol th* Am2903 ipecial 
Inslructkjns, The Co pin Is lo be connected to lh« C, pin ol 
the leasl signllleanl Am290l or Am2903 >nd th* C„ pin ol lh« 
Am2902A. 

Am2»04 INSTRUCTION SET 

Th* Am2904 Is controilad by manlpulating Ih* 13 instniction 
lines. I Q - H , logether with th» nin* «nable Inés, C E M . CE». 

c. E N . EOVÜ. OEr. OEer. 5E. Mosl sysiems wat tave on 
.icroword bils by tying same of Ihes* lin*s to < fbied l*v*l or 

by conneellng certain linea logether, or by dacoding mic-
roinatructlrKia lo gonarale npixnprinla Am2(W4 controla. 

Slelua Ragtatara 

Instruction Unes I5.14.1), I2. N. Ig control th* Status Registers. 
Betow. th*s* Unes ar* relerred lo as Iwo octal diglU. 

Ulero Sfatus fítghttr (^R) 

Th» Instruction cedes lor th» Micro Status B«gl9l»r laH Inlo 
Ihraa groupa; Olt Op«rallons. neglatnr Oparallona anrj tonrt 
Oparallons (Sea Tabla 1 and Map t). All oparaltons raquira 

TABLE 1. MICRO STATUS REOISTER 
INSTRUCTION COOES. 

'943110 

Octal 

10 

tt 

12 

13 
14 

15 
1> 

t í 

Bit Oporatlona 

(iSR 

Oparatlen 

0 •* r»x 

1 - n 

0 - • ríe 

1 - MC 
0 - • MH 

1 - • MN 

0 - • rrOVM 

1 -* r*ovA 

Cométanla 

neSETtcnosiT . 
Str ZEBO Bit 
REssT CARRY air 
SeT CARRY BlT ) 
RESET SION BlT 
SET SION Brr '• 
RÉSET OVERaOW éJ 
SET OVERrLOW BlT', 

, v . Waglalar Op»rallena 

' j 4 3 1 1 0 . 

Octal 

00 
01 
02 
03 

Oparailon 

Mi - OX 
1 - » »« 

M, - «x 

O - • MX 

Commanla 

LOAO MSR TO riSR 
SET.SR 
REOISTER SWAP 
RESET vSR 

Load Oporatlona 

'543110 

Octal 

Hl II 
aii b i 

04,05 
2027 

.32-47 
92'<7 
72-77 

Oparatlon 

le - ce 

•ovo * ''OVO - • "OVO 

•ova -• '^va 

le - • "c 
I»* - • " M 

'ova - • »*ova 

LOAO wiTH 
OvenFLOW RETAIN 

I I I A I l W l l l l 

CAHMir I N V t H I 

tOAOOlRECTlY 
rRoi 
'2- 'c- •»!• 'ovo 

Nota: Th* abova tablas asaum* SiiiH LOW. 
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, M A P 1. MICRO STATUS REGISTER INSTRUCTIÓN COOES. 

0» : 

• tur 
"i 

« 1 

MI 
" I * 

SCT 
^1 

e>9 • M 

SCT 
-c 

too 

m«T 

.0. 

HT 

n« ,., 
L O A O W I F M 
OvtHTLOW 
MTAM 

HCUT SCT 
•0»« 

0 1 , 

o:'. 

03, 

1 1 1 1 T 
N O I M : 1. Al unmirkKJ locatioflt i r t • load 

(Hita trom l2, le. IN. hvñ' 

thal C^^ M LOW lo op«rtl«, 

Irsliuclion Codea 10 , lo 17 , are BIT operationt. Thase oper-

arions Isat ot resal tha individual bits In the tiSf^. 

Insliuoiioii Cades 0 0 , 10 0 3 , ara R E O I S T t ' R operailons. 

Thasa'oparaiiona altacl all bils In iha M S R . 

OO, This insiruclion loads Ihe itSfí with iiiu conlanls ol 

ina MSR whila loading Iha MSR Irom ma V inpuls 

and is lurmer a«plained under " INTERñUPTS" , 

This insiruclion SETS all M S R bils. 

This insiruclion S W A P S me conlanls ol the f iSR 

anti Iha MSR. il will also C O P V ona register lo the 

oihar il Ihe register lo be copiad ia nol aneblad. 

This Insiruclion RESETS all iiSR bita. 

All instrut;t.uit codas axcapt thosa menlionad in the 

itbove twu ..üciions causa a LOAO operailon Irom 

Ihe l¡. le. I N . IOVB inpuls. 

0 6 , , 0 7 , When a series ol aríthmetic operHiions are being 

executed somelimes il is not nece^sary lo test lor 

an ovarllow condillon altar a a c l operal lon, bul 

raiher il is sufficiant sjmply to know that an ovarllow 

occured during any ona ol Iha operations. Usa ol 

these inslnjctloiis capturas the overflow condillon by 

loading the M S R overflow bil wllh Iha LOGICAL O R 

ol its prasent stata and lov^. Thus, once an ovar

llow occurs, iiOVR wiil remain sal throughoul Iha 

ramaining operations. 

3 0 , , 3 1 , , Thasa instructipns causa a load Irom iha I inputs, 

SOH, 5 1 , , bul invart the carry oi l . T h a raason lor this is 

7 0 , , 7 1 , explained more lully under Iha " 8 0 R R 0 W SAVE" 

seclion. 

MI Tha ramaining Instructiona load Ihe M S R dIrMily Irom 

ornara tha I2. >e. <N. k>va Inpuls, 

Mac/ i Ine Slalua Reglatar (MSR) 

Fhii Insiruclion codea lo< lh« MSR loll Inlo iwo groupi; MEO-

ISTER Oparailona and LOAO Oparallona. All operations re-

quire Ihal C E M be LOW lo opérate (Sae Tabla 2 and Map 2). 

BIT operallon] ara accomplished b^ ihe use ol Raglster «1 

Load Operations wiih the ¿i, Ec, E N , E Q V R inputs seleciivel|{ 

sel LOW. 

Insiruclion codas 0 0 , . 0 3 , nnd 0 5 , j r e fJ^COIST^ o|wiiiliiiii 

They alleci only those bils enabled by E j . Ec, E N , EQVR-

0 0 , This Insiruclion loads Ihe MSR Irom the Y inpuliN: 

whíle Iranslerring Ihe presen! conlanls to Ihe / i S R B 
The use ol Ihis insiruclion is lurthor explaiiiüd und« 
• • I N T E R R U P T S " . 

0 1 | This Insiruclion SETS all enabled MSR bils. 

0 2 , This Insiruclion S W A P S ihe conlanls ol Ihe >iSfl 
and the M S n . Il will nlso C O P V ono rogislor lo ihi 
olhar il Iha reglsior to be copioü Is not onublud. 

0 3 , This insiruclion RESETS all enabled MSR bils. 

0 5 , Thi» Insiruclion C O M P L E M n N T S all «nahlml MSfl 

bll9. 

All Insiruclion codes excepl those mantioned in Ihe aboví 
secllon cause a LOAO operalion Irom iha I2, le. I N . lova ^ 
puls. 

0 4 , Tha Am2904 Shill LInkaoa Mulllploxer allows loi 

shllls and roíalas through the M S R C A R R Y bil 

Some machines requíre a shili or roíala through th« 

O V E R P L O W bit. By using Ihis coda, which swapi 

Iha conlants o l Ihe M S R C A R R Y bil ( M e ) and 

O V E R F L O W bil (Mgvn), Ibe shin or roíalo can bi 

fflada lo appear lo lake placa through the OVER. 

FLOW bit. The procedure Is lo swap Ihe bils, shill 

or roíate (any numbor or posíiions) Ilion swap llw 

bils agaln. 

T A B L E 2. M A C H I N E S T A T U S REGISTER 

I N S T R U C T I Ó N COOES. 

' Regltt tr Operations 

MAP 2. MACHINE S T A T U S REGISTER 

INSTRUCTIÓN C O D E S , 

I»J3I10 

OCKI 

00 

01 

03 
0] 

OS 

MSF) 

Operallon 

*« - M» 

t - • M , 

ex - "« 
0 - • M, 

cr, -* M, 

Commanla 

LOAD V,. Ye. Y„. Vovn 
l O M s n 

seTMsn 
REOISTEU SWAP 

HESET MSn 

INVERT MSn 

• . .u 

10*0 
USA 
rnoMT 

kOi^iw 

U» 

usn 

z., 

0>a 

REO 
SWA» 

<ti> 

H t S f l 
MSA 

• UU 

Mvtnl 

Am2904 

. . „ , . Thase Inslructlons causa a kjad Irom the I Inputs 
30^,31, bul Invert the CARRY bil, Tha raason lor this Is 
50,, 5 1 , explnined more lully under the "BORROW SAVE" 
70,, 7 1 , sücilon 

10,, l i s 

10*0 «Will 

T T T^ T^ T" "T 

Condi l lon Code Mul t lp le iar 

The lour Insiruclion Unes I j , I j , l | , Ig will saleci one ol 16 pos-

sible operations lo be cerried out on the Inpul bits, the lesull 

beIng rouled lo Ihe Condlllonal Test Oulpul (CT) . EIght ol tha 

oparatidns supply an Individual status bit or ils complemenl lo 

Ihe CT oulpul. Another lour do more complex operations while 

the romalning lour are the complemenled resulta of Ihese 

(Seu Tuble 4). 

TAOl .e 3, V O I I T P U T I N S T R U C T I Ó N COOES. 

Nolt I, AH unmaikad locatkjn, ara a load dlracl Irom Iz, le. iovn. IN* 

06,, 0 7 , These inslructlons load tha MSR diiecily lioin Ina 

OEy 

1 . 

0 

0 

0 

•1 

K' 

0 . -

1 

1 

1, 

X 

- X ' " ' 

0 

1 

Y Oulpul 

. 1 . 

"I •\ Y( 

M, - ' Y , 

1, - Y , 

' Commant 

OuiDul on 
Htgh Impadanea 

Saa Noia 1 

• 

I2,.27, 
32,47, 
52,67, 

L'2.-'7a 

. lo. 1». 'üvn InPii l ' . 

1. fv ma condiliona: 
K >>• I j . 1]. I|. <0 " a tOW. Y 11 an mpul. 
Of^ I) "Don! Cata" lor thii conüiliun. 

3. X it "Ooni Caía" condilton. 

T A B L E 4, CUNOIT ION COOE O U T P U T (CT) I N S T R U C T I Ó N C O O E S . 

Load Oparatlona 

IS432I0 
Octal 

04 

10. I I 
30.31 
50,51 
70.71 

08.07 
1317 
3037 
U.17 
40.47 
53-a7 
7377 

MSR 

Operallon 

i j - . M I 

Mova - " c 
IN - • M N 
Me - * Mov« 

I j - * M , 

ic - Me 

IN - • M N 

I l - M , 

le - Me 
IN - " M 

lova • * Mflva 

Commanla 

LOAD FOH SHIFT 
IHflOUGH OVERFLOW 
OPEBATION 

LOAO WITH 

CABRY INVERT 

LOAO OIRECTLY 
FROM t¡, Ig 
IN. IOV» 

Nolai: I. The abov« Inhiai niiuine CEMI íi, Ec. - N . EUVII * ' • 
LOW. , 

2. A ahin-lhrough<arry Inslnrclion loods Me Irrespective ol 
i,.io. 

1 , - 0 
HEX I j I2 I , . ( i 

loN®>-ovnl * 'I 

I I ' N G V O V B I " ' ' » 

MMtDfOvn 

ff/ÍV*OvR 

MI 

Mí 

MOVR 

POVR 
MC * ' ' I 
flC'Ol 
MC 
Pe 
Pe * Mr 

rC'Pl 
I N ® M N 

INODMN 

I5 • O, U • I 

I M N ® < ' O V R ) * Mt 

I M N O M O V H I ' J ^ Í 

MNC!)»'OVM 

Mf^lVovn 

Mí 
«I 
« ) v » . . 

Povn 
MC • ''I 

Pe-'I 

Pe 

Pe * 1*1 

i*e'Pz 

•s 1 . 1 , - 0 

| M N ® " O V R ) ' M i 
( M N O M O V R > - 0 I 

M H U MOVR 

M N O M O V R 

M, 

Oí 
MOVR 
BovR 
Me «M, 
O f O , 

" C 

Be . . 
de ' M I 
Me-01 
MN 
RN 

u . i . 

U H ® IOVRI • I 
| IN©IOVRI- I Í 

I N ® Iovn 
IHOIOVR 

>i 

T. , • 
lovR 
"^VR 
1í»lll3) 
le T i n 
le . 

5 ' • 
T i . i l 
icT 
IN 

TN 

1 

(T> RtpfaMnls EXCLUSIVE-OR 
0 Rapiaaanu EXCLUSIVE-NOR or ccunoiJvnca. 

2. Coirocl cüda as aialsd. 

T A B L E 5, 
GRITERÍA POR COMPARINQ T W O N U M B E R S P O L L O W I N G " A MINUS B" O P E R A T I O N . 

A > a 

A l i a 

A < 0 

A .. II 

A * e 

î ur Unilgnad Numbar* 

Slalua 

Z • 1 

l'O 

c- 1 

c • 0 

C . j . 1 

iro 
CT • M 

« • 

1 

A 

a 
n 
c 

CT . U 

s 

* 
t 

A 

c 

F M 3'a Complanianl Numbafa * 

Slalua 

! • 1 

l > 0 

NGOVR • 1 

N (9 ovn • 1 
iNiíiovnfi • 1 ^ 
IN (¿ ovni • t • 1 

« . . , 
CT - H 

4 

1 

> 
I 

" » ' • 

CT . L 

4 

1 

1 

~ 0 

1 

0 • EiciuiN» on 
0 • Ciciuaivc NOR 

H • M)OH 
C» LOW 

Not» ôr AmniO, rh« CC mcHrf ic «cv** iOW, M uM i) « coos to pntOuf 
> L lor ih« QtMM Ittf. 
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i: r .;s>. 

The mora comptsx opsralloni art Mandad to tollow Iha calcu-
lillon A-B to glva an jndlcallon ol whieh l i Iha largar (A, B un-
slgna )̂ or mora poslllva (A, B In 2'a eomplamant lorm). Sea 
Tabla 5. , ; . . • . . • . . 

The iwo Inairucllon linas \,, \¡ laleel whalhar Iha iiSf\, Iha 
MSn or Iha dlracl Inpula I j , le, IN. IOVR "* u » d as Iha Inpuls 
lo Iha Y oulpul bullar and Iha CT outpul (sea Tablas 3 and 4). 

Inslrucllon codas 18, and 17, (¿rm Iha EXCLUSIVE - OR 
and Iha EXCLUSIVE -r NOfl luncllona ol M N and I». The usa 
p( Ihese Inslrucllona Is éxplalnad undar "NORMALIZINQ". 

ShlN LInkaga Mulllplaxar' •*• 

Tha Uve Inslrucllon linas t,o, I,, I,. I;, I,, conlrol llia SHIFT 
LINKAGE mulllplaxar. All Inslrucllona aal up Iha llnkagaa lor 
both Iha ALU ahlllar (RAM shlltar on tha Am290IA) and Iha O 
reglsler. 

UP and OOWN shllls are daclded by l,o whích ahould be 
connecled lo I, ol Ihá Am2903'a Inslrucllon Unes or 1; ol Iha 
Am290rs Inslnjclion linea. A wlde range ol Inpul and oulpul 
connactlons ara providád; allowing lor singla or double langlh 
shining or rolating wlth or.wllhoul Iha usa ol Iha MSR CARRY 
orSIQNbils(See Tabla?). | 

In Ihe lollowlhg dlscuáslon ol soma ol Iha shllls Iho Inslrucllon 
codas ara given as Ivvo oclal dígita AB; A reprasents I,o. I9. B 
reprasents I,. I7, I,. 

When adding and down shifting on Ihe same mlcrocycle, (l.e. 
when doing multipllcailon or averaglng) Iha shilter Input musí 
be Iha prasenl CARRY, le, rathar than Ihe carry rasulling Irom 
tha last cycle (Mf). Inslrucllon Code 13, accompllshoa Ihla lor 
unslgned arlthmatlc. For 2'a complement arllhmellc, Ihe re-
qulred shilter Input Is: IN 9 lovn, Thls Is provlded by Inslruc
llon Codo 18,. 

Iiuiiucllon Coda» 14,, 18,, 17, próvida Ihe RIOIIT ROTATE 
THROUGH CARRY. ROTATE BRANCH CARRY and RO
TATE WITHOUT CARRY lunetions respeetlvely. 

"inslrucllon Cod^ '3* | , 3B),-37, provide Ihe LEFT ROTATE 
THROUGH CÁRRY, ROTATE BRANCH CARRY and RO
TATE WITHOÜT CARRY (unctlons reapectlvely, 
Tha shllt outpuls ara In Ihe hlgh Impedanee álate unless 5C la 
LOW. / 

Loading ol/tha M^ bll by a shlH oparallon overrldes any load-
Ing or holding ol.tha M(¡ bit by MSR Inslrucllona (Ig.j, C E M 
and Eí). I : . . . . 
"CARRY-IN" Control Mulllplaxar 

Tha two Inslrucllon Unes It , , I M conlrol Ihe source ol Ihe 
CARRY outpul (Co). 
Whenlij " O Co « I t i 
When lit • 1 and In .» O, tha extemal carry Input Cx la pre-
senled lo the carry óutput, 

When I j j^" 1,1 » 1 the carry oulpul la aalecled Irom MC • í^c. 
Me or Me aa dellned by I,, I], I], l| (See Tabla 6). 

APPLICATIONS INFORMATION • ' 

Berrow - Save 

One ol Ihe cspablllllea ol the Am2900 Famlty la Ihe complete 
amulatlon ol othar proceasing machines. One requlrement ol 
an amulator is Ihat, when a calculellon Is baing perlormad, not 
only musí the answer obtalned Irom the AmZSOO chipa be Ihe 
same as Ihat Irom tha machine being emulated, bul alter each 

TABLE «. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION COOES. 

TABLE 7. SHIFT LINKAQE MULTIPLEXER INSTRUCTION COOES. 

"lí 
0 

0 

1 

1 

1 

1: . 

1 

1 

1 

1 

1 

Il1 
0 

1 

0 

1 

1 

1 

1 

t 

f 
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• 1 

I j 
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X 
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0 

0 

0 

0 

1 

1 

1 

1 

h 
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X 

X 

0 

X 

X 

1 

0 

X 

X 

1 

>2-
X 

X 

X 

X 

1 

X 

0 

X 

1 

X 

0 

•t 
X 

X 

X 

X 

X 

1 

0 

X 

X 

1 

0 

' Co • 

0 

1 : 

Cx ; 

MC 

ce 
ce 
fe 
Me 

Me • 

Me , 

00 

Thare ara alternallve melhods lor subtracling In a dlgM 
machine and Ihe stale ol the CARRY altar tha calculatlon d» 
penda on tha malhod. For Inslance, Ihe sublracllon ol OIM 
Irom 1010 by the 2's complement edd method generales • 
resull ol Olio wllh a CARRY. Olrect sublracllon however, 
ylelds an answer ol 0110 wlih no BORROW. 

Many machines store Ihe state ol the CARRY lor subtracl of>-
erallons, and Ihls la the recommended method lor maxlmun 
ellective use ol the Am2904, bul. 10 allow those machinn 
which store the BORROW lo be elliclenlly emulated. Ihi 
Am2904 has allocaled special Inslructions. Using Ihase codes 
causas the CARRY btl to be Invened belore slorage In th« 
«lolua reglme'i and nl»o rolnverls Ihma slnliu hils hnloc» 
usIng Ihem A I carry ln(Hiln. liman (;n<laii atñ !()«. 11«. 10,, 
31, , SO,. 91, . 70„ 71,(1,. ,) . 

Notlce thal when Ihese codes ere used to load Ihe Invancd 
CARRY to elther ol tha status reglslers, Ihe CT oulpul 

. lelaeted by.lhe Condlllon Code MultIplexer'ássiJmaa llw 
CARRY la Invarlod and «IIH dolinea whalhar A > B or A « B 
(Sea Tabla 4). 

Slmllarly. when dolng a campare on a machine whIch aavn 
the borrow. lestlng lor A > B, A< B torces Ihe complement ol 
the CARRY lo be slored In Ihe status reglslers (See Tablas I 
and 2). 

Normalliing 

Normalizing Is Ihe process ol strlpplng olí all leading slgn bils I 
untll the two most slgnlllcanl bita are complemenlary. Tlii { 
Am2904 laellllales both single and doubla langlh norman»-
llon In the Am290l and Iha Am2903. When using the MOR-
MALIZE speclel Inatrucllons wllh Ihe Am2903, Ihe EXCLU
SIVE - OR ol the mosl signlllcant two bita la ganerated el the I 
Cn4.4 pin ol Ihe moa! signlllcant Am2903. The EXCLUSIVE -
OR ol the two bits next to Ihe most slgnlllcanl bil la also garv 
arelad al Ihe OVR pin. The procedure lor normalliing ihen It j 
lo loop on tha normaliza inslrucllon wiih a branch condlllon on | 
Ihe Cn4.4 alela or the OVR stale, depending on th» archilec-
ture employed. The Cnti °r OVR oulpul la rouled to Ihe I 
Am291Q,CC Input through Ihe Am2904 Conditlon Code muí-
liplexer. Aa the cántenla ol the siatus regi.iters alweys reían I 
lo Ihe lasl cycle, not Ihe presen! one. tha lasl operatlon in 
Normalizing is to downshllt, brlnging the slgn bil (MN) back 
fr<io Ihe mosl signilicanl bil posltion. Thís Is achieved using 

0 1 1 

1 0 . 0 -

1 O 1 ' 

1 1 O 

1 1 1 

Me RAM 

MRn Lf-n Mnn (.nn 
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Me 
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QIO„ 

QIO„ 

SIO„ 
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Me 
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SlOo 
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SIO„ 
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Me 
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'N ® 'OVB 

010 . 
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z 
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z 
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z 

z 

z 

z 

z 

, z 

z 

z 

QIO» 

o 
1 

o 

1 

o 

1 

o . 

1 

QIO„ 

010, 

QI0„ 

o 

Me 

SIO„ 

Me 

SIO„ 

010-

o 

1 

M N ' 

SlOo 

SiO, 

SIO, 

SIO, 

SlOo 

010. 

0 I0„ 

010, 

Si0„ 

SiO. 

SlOo 

SIO„ 

SIO. 

/ 
z 

z . 

z 

z 

z 

z 

z 

z 

2 

z 
z 
z 
z 
z 
z 

Loaded 
Into Mg 

SlOo 

010, 

SlOo 

SIO, 

OlOo 

OlOo 

r,i()„ 

SO» 

SiO„ 

SIO„ 

S10„ 

810, 

SIO, 

so. 

Moles: 1. Z 
•? o . 

I Htgh impadance (outpuls oM) siete. 
in..i« .nBhlod «nd Mr loafled only il S Í Is LOW. 

3. LoadIng ol Mj Irom I , , . , ovemdM conlrol Irom I».,. CCM, Fe-
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f nd 02| tor single' lenglh normallzlnj. For mor» delalls r»-
gorUing normalliing wilh lh« An)2903 • • • lh« Am2í03 dait 
Jlioet. , i ; . . . 

The A'ni290l does no( havs the EXCLUSIVE - OR gales to help 
wilh noimallzing. so Iha Am2904 Includes in il.>! Condillon Code 
fTiulliplexer Iho EXCLUSIVE - OR and EXCLUSIVE - ÑOR 
Iwnciions ol M^ (Ihs sign bit resulling from lh« lasl opeíaiion) and 
It̂  (Ihe sign bil resulling (rom Ihe presen! operation). 

inlerrupls ' 

Some machines allow Inierrupis only al Ihe machina Inslruc-
linn level whlle olhers allow them al the microinsiructlon lavú'l. 
The Am2904 is designad to handle bolh cases. 
When the machine is inlerrupted, 11 Is neeessaiy to store the 
conienls ol eilher ihe MSfí (nriachina instruclion level ínter-
rupis) or Doth the slalus regislers (micro instruclion level Ínter-

njpls) Inlo an external slors. This Iransler is intendod lo lalii 
place over Ihe V Inpul/oulpul pins (See Talilo 3). 
After Ihe Inlerrupi has been servlcad the regislers musí be rt-
slored lo Iheir pre-interrupl stats. This is accompiished by tvn 
operatlons ol Instruclion 00| (ij-o) which loads Ihe MSR Itoffl 
Ihe Y Inpuls while loadlng the ^SR Irom Ihe MSR. Thus, lh« 
pre-interrupl contenls ol Ihe ^SR are lirst loaded to Ihe MSR 
(lirsl Instruclion OOg), Ihen Ihis data Is translerred to the >iSR 
whiie Ihe MSR Is restored lo lis prs-lnierrupi slale (second in-
struction opi). 

In conlrollers and some olher microprogrammed machines liu 
applicalions program itsell Is oHen In Ihe microprogram mam-
ory: Ihat is, Ihere is no mai:roinstruclion sel. These machinei 
require only a microslatus regisler since Ihere is no separali 
machine status. The MSR in the Am2904 can be used as i 
one-level slack on Ihe microslatus regisler. When an interrupl 
occurs. the MSR and Ihe MSR are simply swapped (Ij.o -
02,). 

Am2904 

SV\/ITCHING CHARACTERISTICS 

|T)W labias below dellns Ihs Am2904 swllching characlsrlstlcs. Tablos A are sel-up and hold limes rolalive 10 Ihe dock LOW-to-MIGH 
Itansillon. Tablea B are combinalional delays. Tablas C are dock rsqulrements. All measuremenis are made al 1.5V wilh input lavéis al 
OV or 3V. All valúes are In ns. All oulputs havo máximum DC loadlng. 

GUARANTEEO CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
(TA - O to +70*C, Vcc - 4.'5 lo +5.25V, CL - 50pF) 

A. Sel-up and Hold Time» (nt) B. Combinalional Clalays (nt) C. Clock flequlremenl» (ns) 

Input 

'í. W 'ovH 

t ( i , i j b - o o ' l 

l(;(l, 1, I j^OOl) 

CEc 

CE„ 

Ü J c EN 
EovR 

lo-is 

I t j - LOWI 

SO,. SIO„. 
OiO„. 010, 
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1t 
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20 
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CT 
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SIO„ 
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IJIO,, 
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SIOo. SlO„ 
OlO,, QlO„ 

310a. SIO„ 
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3a 

41 

3S 

33 
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20 
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39 

19 

19 

28 
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19 

30 

20 
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O. Entble/Dlsable Tlmea (ns) 
Cl - S.OpF lor outpul disable tests 
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(Oulput) 
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SIO» SIO, 
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Yz. ^c. ^M. ^ovn 
Yj. Ye. YN. YQVR 

Enabla 

23 

30 

2a 

2a 

Otiabla 

t i 

12. 

39 

21 

40 

A. Sal-up and Hold Time» (n>) 

GUARANTEEO CHARACTERISTICS OVER MILITARY OPERATING RANGE 
(Te - - 5 5 lo +125*C, Vcc " •• 5 to +5.5V. CL - SOpF) 

C. Clock Requlremenla (ns) B. Combinalional Delays (nt) 

Inpul 

' I . IN. 'OVH 

I j l l , 1,1, - OOI) 

IcU, 1, I j / 0011 

a. 
cf« 
f ¡ . En. (H 

iriiii 
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Y/, ^c. YN. Yovn 

''"'ll'ilüL 
so» 3lO„, 
0IO„. 0IO„ 
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IS 

2S 

IS 

20 

23 

21 

4S 

44 

40 

IS 

20 

l« 
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i 
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3 

4 

4 

2 

2 

0 

8 

9 
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TEST OUTP.UT LOAD CONFIOURATIONS FOR Am2904 

A. TMREE-STATE OUTPUTS 
. • ' I v . t ••••;•• V. .-

-14-

B. NORMAL OUTPUTS 

•!'n )• 

Ct i :: iK 

40-

=^'< 

^r:r 
i. tei + Moi.'iK 

2.4V 

lOH 

n o -

'01 

Vne • ^ o i 

^ Voi." '2 

; 1. C^ * 50pP Indudos scopft prob9. wlring nnd slray copadtoncos wlthoul dovics In lesi llxiurQ. 
2. S|, Sj, $3 ara clossd during furtcllon losts and sH AC tests excopt output enablo Issis. 

. 3. S) and Ss ara closed whila S; >s open W \pm lasl. 
S| and S2 irt closad whila 83 Is opon ror ipjL tosí. 

4. C|. * S.Opr (or outpul dlsablo tosta. 

TEST OUTPUT LOAOS FOR Am2904 

P l n # 
(OIP) 

2S 

. I J 7 : • 

' '28 • 

• - M • " 

• 31 • 

32 

33 

34 

35 

3« 

Pin L*b«l 

Co 

CT 

^OVR • 

. • Y N : ; ^ ' • • 

• Yo 

1l 

O I O N 

OrOo 

S I O N 

SlOo 

T«<l 
Clrcul l 

B 

A ' 

A 

• • • - - A ' - •• 

A 

A 

A 

A 

A 

A ' 

• B l 

470 

1 430 

2 » 

• 2 » 

• . 220 , 

220 

430 

430 

430 

430 

R j 

3K 

IK 

IK 

• IK • 

1K . 

1K-. 

IK 

• t K 

IK 

IK 

Nolt i on Tiiting 

Incomlng test proeadurea on INs dsvlca thould ba caralully 
planned. laking Inlo aecount Iha hlgh complaxlly and power 
Isvols ol Iha parí, Tha lollowing notas may ba UAOIUI: 

1. Insura tha pan la adequaiely decoupled al iha leal hand. 
Larga changaa ín V ^ curran! aa Iha devtea awitchea may 
eauaa arronaoua (uncllon lalluraa dua lo V^c changas. 

2. Oo noi laava Inpuis lloallng dufing any laats, as thay may 
alatl to osclllala al hlgh Iraquancy. 

3. Oo not altempt lo parlorm thraahold losta al hlgh apead. 
FollowHng an Inptil Iranslllon, ground curranl may changa by 
a^ much ¡̂ a 400mA In S-9na. Induclanea In Iha ground 
cabla may allow tha ground pin al iha devlca to rlaa by 100a 
of mllllvolta momantarlly. 

Am2904 

Usa o>lrome cure >n dollnlng Inpul lovels lor AC loáis. M.in|í 
Inputa may be changad al once, so Ihere will be signilIcsK 
nolse at Iha dovlco pins and llioy mny not actually ronch V, 
or V|H unlll Iha notsa has sol'llod. AMO rocortimonds using 
Vil. s 0.4V and VIH P 2.47 lor AC tests. 
To slmpllly Inllure analysls. programs shoutd be designad b 
perform DC. Tunclion, and AC lesls as Ihrae dlsllnct groupt 
allasls. 
To essiat in tasling, AMO olfers comploio documoniaiion 
on our test procoduraa and, in mosl cases, can providí 
Fairchiid Santry programa, undar iicansa. 

ror iirtdillonnl Intormalion on le»lfng. see socliof> 
"Ouldolines on Tesling Am29O0 Family Oevicos." 



Arn2904 

Am2905 
Ouad Two'ínput OC Bus Transceíver with Three'State Beceiver 

tinctive Chnroctcristics ' 

duad high-speed LSI bus-transceiver 
Open-collector bus driver • 
Two-port inpüt to D-type register on diiver 
Bus driver output can sink 100 mA at 0.8V max. 

• Reccivor has output latch for pipeline operation 
• Thrceslaie roceiver outputs sink l 2 m A 
• Advanced low-power Schottky processing 

FUNCTIONAL DESCHII'TION 
•pie Am2905 ís » híyhperlüfmance, tow-powiír Schottky 
bus transceíver intendud for bipolar or MOS microprocessor 
lysiem applications. Th» device consistí of four 0<tvP< 

j edge-iriggered flip-llopí wtth » bullt-ín iwo-input multi-
plexer on each. The flip-riop outputs ara connectud to four 
open-collector bus drívers. Each bus driver is internally con-
njcted toone tnpuiof a díderential amplifier Jn ihe receiver. 
The (oiir rucuívur (tifloreniial aniplifier ouipuis driva four 
D'lvpi) liMcliMt thtit ft)>iUiru ihreO'Mulo oti iputt. 

Thli LSI IJUS transceíver is (abricoted using advanced low* 
power Schottky proceisíng. All Inpuls (oxccpt the BUS in* 
pii(i) are one LS tmíi load. Tho opuncollcclor bui output 
can ilnk u|> to tOO inA M O.nV nt.ixiHiuni. Thu RUS jniiiii 
ditferential anipljliur coniains dlsconnect prolociion dlüdus 
luch thai the bus is failiafe whcn powcr is not appli«d. The 
bus enabte input ( B 1 ) is used to forcé ihe driver outputs to 
thé hi^-impedance statt. When §£ is MIGH. the driver Is 
disabled. Tht opon-col lector structure of the driver attowi 
wiredOR operaiions lo be porlormed on the bQs. 
The input register contists of four Dlype flíp-flops with a 
bulfered comnton dock and a tvtroinput mulliplexer at the 
Inpiii <t( u.ich tllp (lop. A crxnnuin tolucí jnpui (S) cnniroli 
ihe toui HtullipItfKafi. Whaii S It LOW, ihe Aj Uaia li ttoted 
ín ihe register and when S ii HlGH, the B| data is siored. 
The buffered common dock (OnCP) enters the dita into 
ihiidriver register on the LOWtoHIGH trantitlon. 

Data from the A or Q tnpuii Is Inveried al the BUS outpul. 
Likewise, data at the BUS input It inverted at iht recajver 
Quipui. Thüs, dala is non-invarted from driver input to 
rsceiver outpui. The four receivors eoch feaiure a built-in 
O-iype Uich ihat is conirolled from ihe bultored recuiver 
taich enable ( R L É ) input. When the RLÉ input ii LOW, the 
litch is open ¿nd the receiver outputs will foltow the bus 
Inpuis (BUS data inveried and 0 € LOW). When the RL^ 
input is HlGH, the laich witl dote and retain the pictent 
dita regardless of the bus input. The four talches have ihree-
iiaie Odtpuli and aru cuniroHud by a IniMuroü common 
three-siaitt control (G É̂) ínput, When G^ it HIGII. the 

' receiver outputs are in the high-impodance state. 

LOGIC SYMBOL 

1 • • l« I I N I I 
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l)Ht^ 

•1 
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1 1 
»i «j 
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. r, 

«1 

"1 
•(•1) 

T T T T - . 

\lf.Q • Pin 24 

ONO, * Pin A 

O H O J - Pin 1« 

CONNECTION OIAORAM 
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UNO, r " 

131, C 

*.C 
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- i C 
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Noi«í P\n 1 l i mttutd lor orUnituon, 
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r-,iTAm2909'Anh2911 
'jAnG2909Á'Am2911A 

, j . MIcroprogram Sequeneers 

I 

DISTINCTIVE CHARACTEnrSTICS 

• 4-1)11 siles caseadabls lo any numbcr al microwords 
• Inlemal addresa rsglsler 

• Branch Input tor N-way branehas 

• Cascadabíe 4-b<l mleroprogram eounlsr 

• 4 X 4 Illa wllh stacK polnlsr and push pop control lor 
nesllntf mlcroaubroutlnaj 

• Zero Inpul lor raturning lo I h * zsre micfocods word 
• IndlvIdual'OR Ihput tfi aach bll lor branching lo highgr 

mlcrolnstruclloni (Am2909 only ) , ; 

• Thraa-slala outpul* . ' ' • 
• All Inlernal reglstara changa átala on Iha LOW-lo-HIGH 

Iransillon ol Iha dock -

• Am2909 In JS-pin^ackaga | . , 
• A m 2 9 l t in 20-pin packaga 
• Now higri*«pb0d varslons {Am2909A and Am291tA) aro 

^ p l u g n S replacamenls lor original Am2909 and Am29l1 

wllh crlllcal paih spoads Improved by abóut 2 5 % 

BELATED P R O D U C T S _ 

Part No. ' OMCfIp l lot i 

A m 2 9 l 8 Plpalln* Raglstar 
Am2922 Condlllon Coda M U X 

Am29803A 16-Way Qranch Control Unll 

Am29Bt1A Nexl Addresa Control 

Am251.Sie3 4-8f lCounler 

Am27S35 Reglstarod P R O M 

For appllcallons Inlormallon, sas Chnpler II ol 811 Sllee Mlcro-
proeaasor Oaalgn, MIck i Brick, McQraw Hlll Publlcallons. 

CENERAL OESCRIPTION 

The Am2909 Is a four-bit wlda eddress controller Inlended 

for sequencing Ihrough a series ol mlcroinslructlons con-

Jalned In a R O M or P R O M , T * o Afn2909's may be Inler-

. eonnecled lo genérale an eighi-bll address (256 words), and 

three may be usad lo genérale a Iweive-bll address (4K 

words). 

The An i2909 can s o l e d an address Irom any ol lour 
sources. They aro: I ) a sel ol sxibrnal dlrecl Inpuls (O); 2) 
exlernal dala Irom the R Inpuls, slored In an Inlemal regís-
ter; 3) a lour-word deep pusiVpop siack; or 4) a program 
countar reglsler (which usually contains Iha lasl address 
plus one), The push/pop stock Includos corlain control Unes 
so Ihat 11 can einclenlly execule nssied subrouilne linkages, 
Eoch ol Ihe lour oulpuls can bo OR'ed wKh nn exiernal 
Inpul lor corvitltonal skip or brnnch lnslruclk)ns, and a sopa-
rale Une torces Ihe oulpuls lo all zeroes. The oulpuls are 
Ihree-slate. i 

The Am29l t Is an ldentk:al clrcuil lo Ihe Am2909. excepl Ihe 

lour OR Inpuls aro removed and Ihe D and R inpuls are lled 

logelher. Tha Am29l t Is In a 20-pln. 0.3" cenlers package. 

The Am2909A and Am291IA are dlrecl plug-ln replacemenls 

lor Ihe Am2909 and A m 2 9 l 1 , bul are atx)ul 2 5 % lasler. 

M I C R O P R O Q R A M S E O U E N C E R BLOCK OIAGRAM 
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LEAOLESS CHIP CARRIERS 
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O R D E R I N Q INFORMATION 

Am2«tl 
Ord*r 

HumtMf 

Order the part numtMr acoording lo tha labio betow lo ootain iho dosirod pochage. lomporaiuro ranga, and tcroeiiing levot 

AmifOaA 
O n M 

NunKMf 

Amlfl IA 
OrdM 

Numl>«r 
Tnx 

i rwni ) |H0l>2) 
UvM 

AoMaea 
omw Tyi» 

(NOM I) INOIO D (Nolo)) 

AM29I1PC 
AU?9II0C 
AA,l29IIOC-e 
AM29I10M 
AMnilOMB 
AMSSIIFM 
AM29ltrM.B 
AMWIILC 
AM2911LM 
AMmiU.|.B 

AM29IIXC 
AMSailXM 

AM29ttAPC 
AM2»11A(X;. 
AM»IIAOC-S 
AM29I1AOM 
AM39I1A0M-8 
Alri2911AFM 
AM?911AFM.B 
AM29IIAI.C 
AM29tlALM 
AM»I1ALM-S 

AM2911AXC 
AM29IIAXM 

P-20 
0 - M 
D-20 
0-20 
D-20 

F-20-1 
F-SO-l 
L-ÍO-I 
L-20-1 
I.-20.I 

Oleo 
Oioo I Vl! 

10 
MI 

C-1 
C-l 

S.2INOI0 4) 
es 
a-1 
C-3 
es 
C l 
c-s 
B-3 

vlauolInooocKon 
Ma.-ST0-sa3 

MMhoomoa. 

AM2909PC 
AM2S09DC 
AkOMSOC-a 
AMJOatOM 
AM3«000M-S 
AM2909FM 
AU2909FM-B 
AM2009t.C 
AMnOfUI 
AM2S0MX-B 

Atetoaxc 
AteaoaxM 

AMJWMAPC 
AMnoeAOC 
AM»09AOC-B 
AM2S09AOM 
AM390eAOM-B 
AU2909AFM 
AM2009AFM-e 
AM2<00AI.C 
AM2900ALM 
AM2eO0AUI-B 

AM3g09AXC 
AkOaOtAXM 

P-2» 
O-2a 
0-2S 
D-2S 

r-rt-y 
F2a-i 
L.2S'I 
1-28-1 
L-2S-I 

Ooo 
Ooo 1-

C-1 
c-1 

B-I(N0IO4) 
C-1 
B-3 
C-3 
8 3 
C-1 
c-3 
e-3 

vnuüimiocain 
M«.-3T0-I*1 

MoMdMIOS. 

: 1. P > IbloklsdOii'.O-HorTnoIlcBIP.F-FlatPak.Numborloaowlnglonorlanun«<ra(loads.SeeAppondl>Blarde<ill»doullna-
Whoro Appond<* O oontains sovoroi dash numbors. any ot iho varlottons of th« padtage may bo usod unioia ottior^so tpealiod. 

2. C-ülo-/irC.vcc.A.75lo5.25V.M»-55IO*trSX.Vcc-4-SO»S.!OV. . . 
3. Se" ApDondix A ror dotaiis ol scrooning. Levéis C-t and C-3 conlorm to MtL-3TI>-8B3, Clase C. Levol B-3 oentorma to MIL-STD-SAS, 

Class 8. 
4. 96 hours ol tjum-ln-



A n i ? < ) 0 9 / 0 9 A / 1 1 / 1 1 A 

: W ^ V X I M U M R A T I N G S (Abov« which ih» uiai i . l lit» may b« Impairtdl 

, Storige Ttmpt fa iú f» '• 

Tefnpt'riiur» lAmbienQ Under Biai 
-65°Cio >150°C 

' Supply'Volng« lo Gfound Poiemial 
-55''Cto+125°C 

PC VolUg» Applied 10 Outpu» for H I G H Ouiput Stal» 
- 0 . 5 V to +7.0 V 

PC lnpú[ Voltaq» 
- 0 . 5 V to *Vrr max. 

PC Ouipui Cuf f tn i , Into Ompms 

PC input Curr ín l 

- 0 . 5 V i o + 7 . 0 V 

3 0 m A 

- 3 0 mA lo +5.0 m A 

PPERATING RANGE 

Opuratlna R i n g » 

E: Militury 

Part Numb«r 

Sufflx Pow«r Supply T«mp«f» lu f» Ranga 

• O'Cio +70*0 

Te . -SB-Clo HJS'C 

E L E C T R I C A L C H A R A C T E R I S T I C S O V E R O P E R A T I N G R A N G E (Unlet» Otherwise Noie i l 
(For Am2909. A m 2 9 r i , Am2909A. A m 2 9 I I A) 

Par«mit«ri OaicriplJon 

VOM 

VOL 1 

V|H 

V I L . 

V| 

'IL 

'os 

'ce 

'OZL 

'OZH 

1 Outpul HIGH V0l(»9« 

Ouipui LOW VoMiga 

MDUI H I G H Ltval 

Inpui LOW Laval 

Inpwl CUTip Voltaqa 

Inoul LOW Currtnt 

Inpui HIGH Currtnt 

lr\put HIGH Curraní 

Outpul Short Circuit Curraot 
INoit 11 

Po«vtr Supply Currtnt 

Outpul OFf Currtnt 

Tait Condiliont ifuott n 
V j c • MIN.. 

V | N " V|HOr V I L 

V c c • MIN. . 

V | N * V |HP i V I L 

MIL 

COML 

'OH " - ' « " A 

'OH • -?.6r»>A 

IQL • 4,0mA, 1800/11 

IQL • 9 I ' ' "A . 290fl /H 

iQL • l í n i A . Í 9 0 0 / n 
INni iS I 

iQL • l6mA. 2909A/ I IA 

Gulranttttf input logical HIGH 
volti9t 'or sil inpull 

Cutrtntttd input logictl LOW 
voltagt fpr «II inputl 

MIL. 2909/11 

All Othtrl 

VQQ - M I N . , I | N a - I S m A 

VCC • MAX.. 
V | N - 0 . 4 V 

V j 5 • MAX.. 

V|N - J . T V 

Vcc • MAX., 

V | H , - 7 . 0 V 

Cn 

Puih/Po0. OÉ 

.Othtri INOIt 61 

Cn 

Puih/Pop 

Olhtrt INnit Bl 

Cn. Puih/Pop 

Olhtrl (Nott 6) 

Vcc • 6V 
VQUT • .5v 

Vcc • MAX. 
I N o t i O 

Vcc • MAX.. 
oe • J.7 V 

COM'L ani) 
MIL 

COML Only 

MÍLOnly 

^ 0 - ^ 3 

C n . 4 

T A • *75'C 

TA ' 0 to •7iy'c 

Tc--55to»IJ5'C 

Tc-+lJ5"C 

VOUT • 0.4 V 
V o u T - J ' v 

Mln. 

2.a 
2 4 

2.0 

-30 

• -30 

Typ. 
(Noit 31 Man. 

04 
0 4S 

(t n 

0.5 , 

0.7 

0.8 

. - 1 . 5 

-1 .08 

-0 .72 

-0.3> 

40 

40 

20 

0.2 

0.1 

-100 

- 8 5 

130 

130 

140 

110 

- 2 0 

70 

Uni t l 

- Volii 

- Volti 

Voltl 

Voll l 

mA 

liA 

mA 

mA 

mA 

»A 

oi«i I l̂>r kU'tU.i.o.i» itiUMn «t MIN ur MAX , u » tha tporoontia vtlu* tp«i:.tttü unuar Elacirlctl Cnartei#iMiici ror irit apoiicaiila dav.ct lynt. 
2 rvo.caí lirnn» «ra al Vgg - i OV. J j ' c aminant ana maaimum loaüina. 

- i, Nol 'tvora intn ona outDwl «ttould ba Ihorttd al « lima. Ourtilon ot ina tnori Circuit latí tnould noi aaffa'ad ent lacond. 
4 Applv ONO 10 Cn. ̂ 0 ' ^ r ^2 . A j . O A Q . O A , . On^, 0^3 . OQ, Of, O3. and O3. Oinar Inpuii nign. All outpuii opan. Iblaaiurad aliai 

LOW 10 MICH ctoch traniitiun. 
5. Tha l2mA auaraniaa aoolltl only 10 VQ. V I . ^2 and V j , 
a. Fur in«Am2fi l l and Am39l I A, 0^ and fl| ara ínternallv conntclad. Loading 11 doiilila.1 lio lama valuai ai ^iiih/f np). 

5-110 

w.m2909A/Am2911A: 
[SWITCHING CHARACTERISTICS 

IVER OPERATING RANGE 

urablas 1,11 and III betow deline the tlming characlorístics oí Ihe 

gta2909A/Am29t 1A over Ihe oporallng vollaga and temperalure 

Etinge. The tables are divldod into three types of parameters; 

•fixi~ characlerisiics, combinational dalays Irom Inpuls lo oul-

(puls, and sei-up and hold time requiíements. Tho laller labia 

ÍJelines Iha titno prior lo tho end ol Ihe cycle (l.e.. cloclt LOW-lo-

! HIGH liansition) Ihal each inpul musí bo stable lo guarantoe that 

Îha corieci data Is wriiien into ona ol tho Inieinal legistars. 

jdsuiointtnls aro mado al 1.5V wiih V |L - OV ond Vin - 3,0V. 

^tu Ihree-stalo disabla tosls, C L * S.OpF and rpeasurament 1$ lo 

if.iM chango on oulpul vollage level. All oulpuls have máximum 

K loading. The dala on this page applies to Iha lollowing part 

ffiwTibefs: 

A m 2 9 O 9 / 0 9 A / n / l l A 

TABLEI • . 
CYCLE T IME A N D C L O C K C H A R A C T E R I S T I C S . 

Time 

Mínimum Clock LOW Tima 

Mínimum Ctock HiQH Tima 

COMMERCIAL ' 

20 

20 

MIUTARY 

iO 

20 

TABLEII 
MÁXIMUM C O M B I N A T I O N A L P R O P A G A T I O N D E L A Y S 

(all In ns, C L - SOpF (axcept ouiput disable tests)) . 

I 
Opaiallng 

Ranga Part Numbera 

Am2909APC, OC 
Am2911APC. DC 

Am2909A0M, FM 
Am29IIADM 

Powar 
Supply 

5.0V rSCí 

5 OV 1 lO'.t 

Tamparalurd Ranga 

T. - 0*010 •70-C 

- S i M I o + I25*C 

From Input 

Di 

OR, 

Cn 
ZEno 

Ol: LOW (diInMo) 

OE HIOH (dlaoblaf 

Clock t S,So - LH 

Cloek t S,So - LL 

Ckx:k 1 S,So - HL 

COMMERCIAL 

Y 

17 

. 2« 

17 

-
29 

25 

25 

39 

39 

44 

Cn + 4 

22 

34 

22 

14 

34 

1...... 

44 

44 

49 

MILITARY 

Y 

20 

29 

20 

-
30 

25 

25 

45 

45 

53 

Cn»4 

25 

34 

25 

IS 

35 

"1 
50 

50 

5« 

• C L - 5pF 

TABLE III 
G U A R A N T E E D 5ET-UE ANO H O L D TIMES (all In ns) (Note I ) 

From Input 

RÉ 

PUSH/POP 

Cn 

OR, 

Sp-St 

ZEno 

Notes 

C O M M E R C I A L 

S* t -Up Tima 

la 

25 

25 

Hold 'Ime 

MILITARY 

Set-Up T ime 

25 

29 

HoId Time 

Nolai: I. A« limes relativa to ckKk LOW-lo-HlGM tiansilion. 
2, On Am291iA. R| and O, ara Iniarnaily conneciad and labalad D|. Usa R| aei-up and hokl Umea wt^n O Inpuls are usad to leed reglster. 

r ~ | T » a 
' a . l _ 

iraSLI 11 

~h- "VN AHrTiMl MtM \ \ / 

(TAILC W| 

ALL INNTt 

U - CL0CKT0Y,«rCM,4 
(TABLi H) 

mniTtTO v«f CA,4 
fTAMata» 
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A m í 9 0 9 / 0 9 A / 1 1 / 1 1 A ' ' 

A m 2 9 0 9 a n d A m 2 9 1 1 V . i ' / ' 

S W I T C H I N G C H A R A C T E R I S T I C S • 

O V E R O P E R A T I N G R A N G E , . . . • . 

; Tables I, I I , «nd III belowxladní lh« llming charícl í r l í t ics ot Iha 

. Am2909 and Am2911 ¿Ver lh« operallng «ollaga and lampera-

, ture range..The tablea acá dMded Inlo Ihrée typea ol paramal-

. . er j ; cloek ehar'acterlstlea. eomblnallonal delaya Irom Inpula lo 
' ouipuia, and set-up and hold lima raqulremanla. The latter tabla 

dollnes the lime prior lo Iha and ol Ihe eyele ( l a , elook LOW-lo-
' HIGH Iranalllon) ihai each Inpul mual be atabla lo guaranlee Ihal 

'_: Ihe corree! dala la wrlllen Inlo one o l Iha Inlemal reglslers, 

• Maasuremsnia aré mada al 11sV wllh Vu. • OV and V I H • 3.0V. 

'• Fot Ihrea-stale dlsable tests. C|. - S.OpF and riiéasuremenl la lo 

0.5V changa on oulpuí vollage level. All oulpula hove máximum 
OC loading. The dala en Ihls paga applles lo Ihe lollowing parí 
numbers: 

i ' \ • 

TABLEI• . . . 
• C Y C L E T I M E ANO CLOCK CHARACTERISTICS 

TIME 

Mínimum Ctoc» LOW Time 

Mínimum CloeK HIGH Tlmt 

COMMERCIAL 

30 

30 

MILITART 

35 

35 

TABLEII 
M Á X I M U M C O M n i N A T I O N A L PROPAGATION OELAYS 

(•II In n i , d . • BOpF (oxcapl oulpul dlsablg laslsll 

F rom 
Input 

COMMERCIAL 

v;í.'.a,v 
Operallng 

' Ranga 

Com'l 

Mil 

Parí Nurnbera 

Ami909PC.DC 
Am29IIPC. OC 

Am29090M. FM 

Am29IIOM . 

Power 
Supply 

5.0V 15% 

5.0V t i m 

Temperatura Ranga 

T* - 0*0 10 •70'C 

i(¡ - -55'Clo +I25'C 

c„ 
2Eno 
GE lOW (anablg) 

o e HKSH Idtanbl»)' 

Clock t SiSo " LH 

Cloek t S,So - LL 

Oock t S,So ̂  HL 

MILITARY 

•' ' . , . ' C L • B.OpF 
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COMMERCIAL 
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22 
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30 
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. - . ..... j 

s 
0 

0 

0 

MILITARY 
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35 
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Figure 5 lists Ihe select codes for the muUipIexer. The two 
bil í spplied from the mtcroword register (and additional com-
binational logic for branching) determine which data source 
containi the address for tha next microinstruction. The 
contenis of the selecied source will appear on the Y outputt. ' 
Fi(|iiri> 5 i\\\o thijwt the truth tnhte (of the OMlpul control anri 

A m 2 9 0 9 / 0 9 A / 1 1 / 1 1 A 

for the control of the push/pop stack. Figure 6 shows in det j í l 
the e f fec to f SQ. S ] , FE jnd PUP on the A m 2 9 0 9 . These íour 
signáis define what address appears on the Y outputs arHl whai 
the itate of all the ínternal registers will be following the dock 
L O W t o - H l G H edge. In thi$ illustration. th« microprogram 
counter ¡s assumed to contain initialty tome word J, the ad
dress regíiter some word K, and tht four words in the push/ 
pop itack contain Rji Ihronqh Rfj, 

Addre i i Salection Output Control 

L L 
L H 
H L 
H H 

SOURCE FOR Y OUTPUTS 

Microprogram Counter 
Ail(lrt>ii/Ho((Jtng Mtgiile' 

Pujh-Pop ílack 
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Di 
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X X H 

X L L 

H H L 

L H L 

Vi 

2 . 

L 
H 

Source Miecttd bv So Si 

2 • Mifn imp«Oinct 

Synehronous Stack Control 

n pup 

H X 
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PUSHPOP STACK CHANCE 
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Puth currenl PC onlo STKO 

Pop $(Kk (dtc'enuni Itack poinlrr) 

Fiqurt 5. 

CYCLE 
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N 

N 

N 
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N 
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N 

N t l 

N 

S,.So. FE, PUP 
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K 
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K 
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K 
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K 

K 
K 
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K 
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K 
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K 
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K 
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K 

K 
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Rb 
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J 
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Rb 

Ra 

Ra 
Ra 
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Rb 

Ra 

J 
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Ra 
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Rb 

Ra 

J 
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R> 
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Re 
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Ra 

Rb 
Rb 
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Re 

Rb 
Ra 

Rb 
Rb 

Rb 

Re 

Rb 
Ra 

Rb 
Rb 
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Re 

Rb 
Ra 

Rb 
Rb 

. i<2 
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Rd 

Re 
Rb 

Re 
Re 
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Re 
Rb 

Re 
Re 

Re 
Rd 

Re 

Rb 

Re 
Re 

Re 
Rd 

Re 
Rb 

Re 
Re 

STK3 

Rd 
Ra 

Rd 
Re 

Rd 
Rd 

Rd 
Ra 

Rd 

Re 

Rd 
Rd 

Rd 
Ra 

Rd 

Re 

Rd 
Rd 

Rd 
Ra 

Rd 

Re 

Rd 
Rd 

YouT 

J 

J 

J 

K 

K 

K 

Ra 

Ra 

Ra 

0 

D 
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COMMENT 

Pop Stack 
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Pop Stark; • •— *- - • 
Usa AR for Addretl 

Puíh fiPC; 
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Jump to AddreM in AR 

Jump tó Address in STKO; 
Pop Stack 
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Push (jPC 

Jumo to Address in STKO 

Pop Siack: 
Jump to Address on 0 

Jump to Address on 0 ; 

Push »iPC 

Jump to Address on 0 

PRINCIPLE 

USE 

Eód 
Loop 

S«'t-up 
Loop 

Continué 

End • . 
Loori 

JSR AR 

JMP AR 

RTS 

Stack Ref 

(Loopl 

End 
Loop 
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JMP 0 
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Figure 6. Ouiput and Intürnal Nax lCyc le Register SlaMt for A m 2 9 0 9 / A m 7 9 1 1 , 
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f-iijiit* ; iMtiitidtiii fht> «NdctiiluM o( I liibiourln* uilng ih« 
A(n?t)úU. Th« confíijurjtton ot Fíyurt 3 It <iium«d. Th« 

' ínstriictíon baing executed »t any gjven tinw ii ths one con* 
tained in the mícroword register ( Í ÍWR) . The contents of the 
júWR liso controli (indirectly. perhaps) the four signáis SQ, S\', 

'- FE, ;ind PUP. The itarting address of the subroutínt is applied 
to the O íoputs of the AmZ909 at the «ppropriata time,' 

In thfl columni on the left Íi the lequence of mícrolnitructlons 
, to be executed. At address J+2, the sequence control portion 
ot the iTitcroínstructioñ contains the comand "Jump to sub-

faiidnt» «I A" . At (he l l m * T ; , (hl i l i i i inicd' i i i f i Iti ilm / iWK, 
i n d the A m 2 9 0 9 Inpui i are lei-up lo exdCiiiit ihü jump »nú 
save the return address. The tubroutine address A is applied to 
the D inputi from the íiWfi and appears on the Y outputs. The 
first ínstructlon of the subroutlne, I (A), Is accesscd and Is at 
the inputs of the pWR. On the next dock transition. t(A} is 
loaded into the pWR for execution. and the return address 
J*Z is pushed onto th« stsck. The return imiriiction ji exe
cuted at T5. Figure 8 is a similar llming cluri showíng one 
subrouttne llnking to a second, the latter consisting of only 
one microínstruction. 

CONTROL MEMOnV 
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A O 
A«4 

Exccuifl CycIt 

U S I N O THU Aitt2D09 A N D Aiii2<Jl1 
Tha Ain29ü9 ond Ain29l 1 are four-bit allco sequoncors vwhich 
are casceded to form a mlcroprogratn murnory address 
generator. Soth producís make availabla to ths user several 
linas which are usad to dlrectly control the Internal hotding 
ragister, multtpiaxer and stack. By approprlate control of 
thasa tinas, the user can ímplement any deslrod set of sa-
queríce control functions; by cascadíng parts ha can genér
ale any desirud address lengih. Thosa iwo qualilies sel the 
Am2g09 and Am2911 apart from tha An-t2910, which Is ar-
chiiecturalty similar, but is fíxed al 12 bits In langih and has a 
lixad sot of 16 saquenco control inslruciions. The Am2909 or 
Am2911 should ba selacied ¡astead of iha Am2910 undar Ihe 
fol lowiny con j i t ions : 

• Addrass less than 8 bits and npt likely lo be expended 
• Addross lonfjar Ihon 12 bits 

Ain2909/0dA/11 / l lA 

• M i i fn <;uitt(»lni( IriRlniclloii «ni nnn'leil Ihnit U evnll.tlitn oit 
A(n2ÜlO 

Archltectura of the Control Unlt 

The recommanded architactura uting th« Am2909 or 
Am2911 is showrí in Figura 1. f^oia that tha path from tha 
pipetine ragister output through tha o u t addrass logic. mul-
liplaxar, and mtcroprogrem memory is all combinatlonal. 
The pipelina reglstar coniains tha currant microlnsiruciion 
baing executed. A portion of that microínstruction consistí 
of a sequanca control command such as "continua", "loop", 
"return-from-subroullna". ate. Tha bits rapratanting this 
loquanca command ara loglcally combinad with bits rapra* 
senting such things as tost condltions and systam state to 
generala tha requlrad control signáis to tha Am2909 or 
Am2911. Tha block labaled "next eddress logic" may consist 
of simple gatas, a PflOM or a PLA. but it should ba all combí-
naiional. > 
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Figure 8. Two Nested Subroutinei. Routlne B ¡1 Only One Initruction. 
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•i j ; iTh« Am29811A It a cofpbln»tlon»l clrcult which lmpl«m»nls 
'i"'16 s«()uenc« control Initructloni: ll may b« u<ed with aithar 
y tn Am29a9 or an Am]9t1, Tha att of Inaiructlont la naariy 
i¡,, Idantical lo that Implatoanlad IniarnallY In iha Am}9t0. 

• 3 , > . ! : : . . , ; : . . - . . • , ' . . , ; •, . . • , . : . . . . • , ,' ,• • . . • ' 

ŜJ Hgura 2 ahowa (ha CCU of Figura 1 wlth tha Am29ei1A In 
'!' placa, ThaAm29St 1A; In addillen loeonirolllng thaAm29t 1, 

atso controla a loop counlar and'sevural branch address 
aourcaa. Tha Instructlona whIch ara Implemenied by tha 
Am29811A ara showr] In Figura 3, olong wiih tho AmJOBl 1A 
outputa for aaeh Instrucllon. Genorailng ony iiistrucilon sal 
consista slmply of wrltlng a trulh labia and deslgnlng combl-
nallonal loglc lo Implamanl It. For mora datailed Information 
rafar lo "Tha Mlcroprogrammlng Handbook". 
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Expansión of tha Am2909 or Am2911 

Figura 4 shows tha inierconnection of thrae Am29n's to 
form a 12-lji( sequoncor. Ñola Ihel Iba only interconnaclion 
balween packages, olher Ihan tha common cloclt and control 
linas, Is ihe rippta carry betwean \i?Z incramentors. Thls 
corry paih ii nol in Iba crllical spaed palh if tbe Am2911 Y 
oulpuis dfIva Iba inlcroprograin mamory, baesusa Iha rippla 

,carry occurs in parallal with tha mamory accass tima. If, on 
Iba olbar hand, a micro-addrass ragistar is placad át tha 
Am2911 outpul, then tha carry may lia In iba critical apead ' 
palh, ainca tha lost carry-in musí ba atabla for a sat-up tima 
prliir lo Iba olock, 

Salacting Batwean tha Am2909 and Am2911 

Tha diffaranca batwaan tha Am2909 ánd tbe Am2911 In-
volves two signáis; tbe data Inputa to Iba bolding ragistar 

Am2909/09A/11/11A. 

and Iba "OR" Inputa. In tha Am2909, separata four-bll flalda . 
ara provlded for tbe bolding register arid tbe diract branch ' 
Inpuls lo Iba multlplaxar, In tha Am29t1, tbaae fialda ara 
Iniernally liad logaibar, Thia may affact tha daslgn ol Iba 
branch addrass syalam, as sbown In Figura S. Using tbe 
Am29Ú9, tha ragistar Inpuls may ba connactad directly lo Iba 
microprogrsm mamory,' tha Intarnal raglsiar replacaa pan of 
tbe pipellna ragistar. Tha diraet 10) Inputa may be tied to tha 
mapping loglc wblcb translatea Inatrueilon op codea into 
mieroprogram addrasaas. Wbila tha same Itchnique might. 
be usad wilb tbe Am2911, it la more common to eonnecl Ihe 
Am29ira O Inpuls to a branch addraaa búa onto wblcb 
varloui aourcaa may ba «nablad, Shown In ílgura S la • 
pipeline ragistar and a mapping ROM. Olbar aourcaa mIght 
aiso be applied lo tha same bus. Tbe Internal raglsier Irused 
orily for lemporary aiorage of aoma previoua branch ad
draaa. 
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,Tl.i sucond díKeroiice b6î :<ien Iha Am2909 and Am291l ¡s 
ihat th« Am2909 hai OR inpuls «vsilable on aach addrass 
otitoui lina. Thesd pina can be usad (o ganarata mult(*way 
siniila-cycla branchos by simply lyino savaral lasl condlilona 
inio Iha OR linas. Sea Figura 6. Typically, a branch ia lakan lo 
an cddrass with zaroas ín iha leasl sígnincant bit». Thaaa bits 
are replaced vvílh 1'y or O's by test conditions appliad (o Iha 
OR linas. In Figura 6, Iha atalas of Iba two tasl condilloni X 
and Y rasult in a branch lo tlOO, 1101, I ttO, or 1111. 

^. 

T-̂  

'1 «1 "I ». 

Figura S. Uia ot OR Inputi to 
Oblaln 4 • Way Branch, 

Tha Am29803A haa baan daaignad to aalactivaly apply any 
or al! of four diffarant tasl conditions to an Am2909. Figura 7 
shows tha truth tabla for ihis davica. A nica trads off batwaen 
riextbilíty and board spaca is achievad by uaing a aingla 
2S-pín Am2909 for tha leaet signíficant four bita of a saquen-
car, and uaing tha spaca-saving 20-pín Am2911'a for tha 
remaindar of Iha bits. A datailad logic daaign for auch a 
systam is containad in Tha Microprogramming Handbook. 

How to Psrfornt Soma Common Functlona with 
tha Am2909 or Am29t1 

1. CONTINUÉ 

MUX/Youi 

PC 

STACK 

HOLO 

c„ 
1 

S, So FE PUP 

0 0 1 X 

Contenls o( PC placed on Y oulputs; PC íncramenied. 

2. BRANCH 

MUXA-ouT 
0 

STACK 

HOLD 

c„ 
1 

s, 
1 

So 
1 

FE PUP 

1 X 

Feed data on O Inpuls slraighl Ihrough lo inemory nd-
dress linas. Incramant addrass and placa in PC. 

3. JUMP-TO-SUBROUTINE 

MUXíYoUT 

0 

STACK 

PUSH 

c„ 
1 

s, 
1 

So 

1 

FE PUP 

0 1 

Sub'routine addrass fed from O inpuii to memory address. 
Curreni PC Is pushad onto sttck, whera ii Is ssved for tha 
return. 

4. RETURN-FROMSUBROUTINE 

MUX/YouT 

STACK 

STACK 

POP 

c„ 
1 

s, 
1 

s„ 
0 

fí PUP 
0 0 

Tho addrass at tha top of tha stactc la applrad to tha mícropro-
gram memory. and Is Incrementad for PC on the next cycle. 
Tha ttack Is popped to remova the reiurn address. 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2909/2911 AND Am2909A/2911A 

A. THREE-STATE O U T P U T S B. N O R M A L O U T P U T S 

-w-

R j • 

5.0 - VBE - Vg. 

;, 101. + V0L/1K 

"1 í T * ^ 

2.4V 

5.0 - Vee - Vot 

lOL • Vo(./R2 

Notes; ' I . C t » SOpF tncludes scop6 probo, wlring nnd struy cnpacllonces wlthoui dsvlcs )n issi Hxturo. 
2. S | , S3, S3 aró closod durtng rurKtlon losis ond all AC I03I encept oulpul oí\abt» tests. 
3. Si imó S3 are closed wlille S j la opon tor tpzH test. 

S | turó Sz aro closad whilo S3 la opon (or ipj t test. 
4. C(, > S.OpF tor outpul disable tosta. ' 

Pin 0 
(DIP) 

ia-2t 

24 

• 

Pln# 
(DIP) 

12-15 

18 

Pin La|}el 

V0.3 

.•c;,+4- • 

Pin Labal 

Yo.j 

C0.4 

TEST OUTPUT LOAOS 

Test 
Circuit 

A 

-. 8 

Am2909 

ni 
300 

470 ! 

R: 

IK 

2.4K 

TEST OUTPUT LOAOS 

Tetl 
Circuit 

A 

B 

Am29M 

«1 

300 

470 

B2 

IK 

2.4K 

Am2909A 

H| 

220 

220 

fl, 

1K 

2.4K 

Am2911A 

Ri 

220 

220 

Rj 

IK 

2.4K 

Noto» on Tostlng 

Incomlng Issl proceduras on Ihla davlca should ba carelully 

planned, laking Inlo account Iha hlgh complaxily and powar 

levéis ol Iha parí. Tha followlng ñolas may be usalul: 

1. Insura Iha porl la adequaloly dacoupled al Iha leal hond. 

Large changea in V ^ Q currenl as Iha deviea awllchas may 

cause erroneous luncUon lalluras due lo V ^ ^ changas. 

2. Oo nol laava Inpuls l loi l ing during any lasia, as Ihay may 

slari lo oscliiala al Mgh Irequanoy. 

3. Oo nol allémpl lo perlorm Ihrashold lasls al hlgh spaed. 
Followlng nn Inpul Iranslllon, ground currenl may chongo by 
na n>uch as -lOOmA In S - Qnt. Induotanco In iho ground 
cable may allow iha ground pin al Iha davlca lo rise by tOOs 

4. Use extreme cara In dellning Inpul levóla lor AC tesis. Marqi 

Inpuls may ba changad at once, so ihere will be slgnirictm 

' nolse al Ihe davlca pins and Ihey may nol aclually reach V̂ ^ 

or V|H unlll Iha nolse has sallled. AMO racommends using | 

V|L « 0.4V and V | H » 2.4V for A C tests. 

5. To aImpHly lallura analysls, programa ihould be designad lo I 

perlorm OC, Funcllon, and AC tests as Ihree dlsllncí irnups | 

ol léala, 

( , To aaslsl In leatlng, A M O ollars complete documrniiiikín I 

on our leal proeedures and, In most casas, can provldi [ 

Folrchtld flonlry proortimo, unrtor t lronin. 

A R C H I T E C T U R E O F T H E A m 2 9 0 9 / A m 2 9 1 1 

The A m 2 9 0 9 / A m 2 9 t 1 are bipolar microprogrim leqiiencers 

Intonded lor uie in high-speed microprocettor applicalions. 

The device i i a caicadeble 4 b l t illce such thai two devicei 

allov» addreiiing o l up lo 256 .wordi o l microprogram and 

• three devlcei allow addreii ing of up to 4K wordj ol micro

program. A detalled logic diagram l> ihown in Figure 2. 

The device containi a (our-input multlpléxer that is uted to 

«elect either the addrets regijter. direct Inputj . microprogram 

counter, or file as the lource of the next microinitruction ad-

drais. T h i i muliiplexar l i controlled by the Sp and S^ Inputi . 

The addreii regiitar contisti of four O-typo, adge triggered 

fl ip-flopí wlth a common dock anabla. When the addraii 

regiiter enable i> LOW, new data l i enterad into the rogiiter 

on the eloclt L O W t o H I G H tranii t ion. The addreii regiiter 

i i available at the multiplexer as a lourca lor the next micro-

ini iructlon addreis. Tha direct inpul i i > four-bit field o l 

Inputi to the multiplaxar and can be talactad as tha noxt 

microlnitruction addrest. O n tha A m 2 9 1 1 , tha direct inputs 

are alto uiod n i nput i to the regtster. This allows an N-v»ay 

branch where N iit any word in the mjcrocode. 

The A m 2 9 0 9 / A m 2 9 t 1 contaíns a microprogram counter 

ilifC) that is composed of a 4-bit Incrementar followed bv a 

4 b i t regilter. The incrementer hal carry.ln (Cnl and carry-out 

( C n M ) such that catcading to larger word lengthi is straight-

forward. The fjPC can be uied in either of two wayt. Wrien ttie 

íeast tignilicant carry-in to the incrementer is H I G H , tha 

microprogram register is loaded on the next dock cycle wi th 

the current Y output word plus one (Y+t - *pPC. I Thus sequen-

tial microinsiructioni can be axecuted. 11 this least significant 

Cn is LOW, the incrementer países the Y output word unmod-

ified and the microprogram register is loaded with the same 

Y word on ihe next dock cycle (Y-*«PC1. Thus, the same 

microinsiruction can be axecuted any num' Ü I times by 

using tha least tignificant C^ as tha control. 

Tha last source available at tho multiplexer input Is the 4 x 4 

(lie (stackl, The lila l i us*d to próvido return addrest linkaga 

A m 2 9 0 9 / 0 9 A / 1 V 1 1 A 

when executing microiubroutines. The lile contaíns a built in 
itack pointer (SP) which always points to tha last lile «ord 
written. This allows slack relerenco oporaliont (looping) 10 ho 
performed wilhout a puth or pop. 

The stack poinier opérales as sn up /down counter with 
separata push/pop and file enable inputs. When the lile enable 
Input is LOW and the push/pop inpul Is H I G H , tho PUSH 
operation is enabled. This causes the stack pointer to 
increment and tho file to be wr i t ten w i t h tho roquírod return 
linkage - the next microinsiruction address following the sub-
routine jump which Initiatad the PUSH. 

If tho file enable input is L O W and tho push/pop control is 
LOW, a POP operation occurs, This impliet tho usago ol tho 
return linkage during this cycle and thus a return from sub-
rouline. The next L O W t o H I G H dock transition causes tho 
stack pointer 10 decremeni. If tho lila onable is H I G H , 
no action is takan by tha stack'pointer rofardlass o l any 
other input. 1 

Tho stack pointer linkage is such thet any combination o l I 

pushet, pops or stack references can be achiovod. One micro- I 

instructlon subroutinot can bo performed. Sine* the stack i i 1 

4 words deep, up to (our microsubroutines can bo netled, 

The Z E R O input is used to torco the four outputs to tha 

binary íero stala. When the Z E R O inpul is LOW, all Y 

Oulputs are LOW regardlass of any Olhor inputs (OKCept 0 6 1 . 

Each Y output bit also has a sepárale OR inpul such that a 
conditional logic ono can be lorced at o K h Y output. Th i i 
allows jumping to different microinttructions on progrartt-
med condilions. 

The A m 2 9 0 9 / A m 2 9 I I leature Ihree slale Y oulpt^ts. Theie 

Can be particularly usalul in mil itary designs requiring exiernat 

Ground Support Equipment IGSEI to próvido áuiomatlc 

*' -ckoul o l the microprocotsor. The inlernal control can 

un placed in ihe high-impodance slate, and propr¿grammed 

sequences of microinstructiont can bo oxecutod »ia external 

access to tho control R O M / P R O M , 

D E F I N I T I O N O F T E R M S 

A sal of symbols is used in this data theet to represent 
varioui internal and external regitters and signáis used with 
ihe A m 2 9 0 9 . They are: 

Inputs l o A m 2 9 0 9 / A m 2 9 1 1 ' 

5 t , SQ Control lines for address source setection 

F í , PUP Control lines lor push/pop stack 

RE Enable lino for inlernal address register 

ORj Logic OR inputs on each address output lino 

ZERO Logic A N D inpul on the output lines 

OE Outpui Enable, When ÓE is H I G H , the Y out

puts are O F F (high impedancej 

Cn Carry-in to the incrementar 

R| Inpuls to the inlernal address register 

0 | Direct inputs to the multiplexer 

CP Clock input to the A R and ;JPC register and 

' P u i h P o p stack 

Oiiii>uli liom the Am2001)/Am29l1 

Y( Addrest outputs Irom Am3909 . lAddress inputs 
tn roniro l memory.) 

Cn44 CAiry oiil trciin lite ii>crernHiirer 

Inlernal Signáis 

pPC Contents of the microprogram counter 

AR Contents of the addrots/holding rogistor 

STK0-STK3 Contents o) the push/pop stack. By delinií ion, 

the word in tho four-by-four file, addressed by 

the slack pointer is STKO. Concoptually data 

is pushed inio the slack a l STKO: a suüsequeni 

push moves STKO to S T K l ; a pop impiies 

STK3 - S T K 2 - S T K l - STKO. Physically, 

only Iha Rattt pointer changos when a push or 

pop Is perlormed. Tho dala doas not move. I /O 

occurs at STKO. 

SP Contents ol the stack pointer 

External to the A m 2 9 0 9 / A m 2 9 1 1 

A Address to the control memory 

K A ) Instfuclion in control memory at address A 

pWR Contents o l the mirroworit i«4]ister (rft twrpui 

ol control momoryl . tho iniciowoíd reg-tto* 
contaíns the instruction currently boíng ixe* 
Cltlorl. 

Tn I't"»*' pertu.l (^;v(;l^^ n 
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Am2910*Am2910-1 •Am2910/V 
Microprogram Controller 

DISTINCTIVE CMARACTEniSTICS 

• Tweivu 8IIS Wlde 
Addross up lo 4096 words ol microcode with one chip. All 
intorníil elemenls are a luli 12 blls wido. ' 

• liUorrtal Loop Counter 
Pre-seltable l2-bildown-caunlerlorrepoaiing' 
inslruciions and counling loop iierálions. 

• FourAddressSourcas 
Microprogram Address may be selocted from 
microprogram counlar, branch address bus, 5-levol 
p i iuh /pop ul i ick, i)r itMorrtiil huld ing rugiulur. 

• Sixlotin Powerful Microinstructions 
Executas 16 soquenca control inslruciions, mosl ot which 
ara condillonal on external conditíon inpul. slata o( 
inlernal loop counier, or bolh. 

• Ouipul Enable Conlrois lor Threo Branch Address 
Sources 
Ouili-in docoder lunclion lo enabie exlarnai devices onio 
branch address bus. Elimínales oxlornal docodor. 

• AlIñegislersPosíliveEdga-lriggered 
Símpiífíes liming problems. Eiiminales long selup limes, 

• Fasl Control IromCondilionlnput 
Oelay Irom condilion coda Inpul lo address oulpul oniy 
21ns lypical. 

• Friai 
The Arn2910-1 supporis lOOns cycle limes. The 
Am29IOA will meel or exceed all Am29IO-l 
specilicaiions and will be 2 5 - 3 0 % lasier ihan Ihe 
Am2910. 

• IMOX'" 
The Am29IOA will be processed wilh AMO's proprielary 
IMOX lachnology. 

Am2910 BLOCK OIAGRAM 

GENERAL DESCRIPTION 

The Am2910 Microprogram conlroller Is an address se-
quencer Intendod lor conlrolllng Ihe sequence ot execuUon 
ot microinsirucilons slored In microprogram mamory. 
Besidss Ihe capabilily ot sequenlial iccess, ii provides 
condillonal branching lo any microinstruclion wllhln its 
4096-mlcroword ranga. A last-in, Tirst-oul llack próvidas 
microsubroutina ralurn llnkage and looping capabilily; tfwre 
are Uve leváis ol nesting ot microsubroulines. Microinslnic-
lien loop counl control is provlded wilh a count capaaly ot 
4096. 

During each microinslructton, Ihe microprogram controller 
providet a 12-bil address trom one ol tour sourcet: 1) the 
microprogram address tegisler (>iPC), which usuaily con-
talns an address one greater Ihan \h» previous address: 
2) an exiernal (dirocl) Inpul (O); 3) a reglslar/countar (R) 
retalning dala loadod during a previous microinstructlon: or 
4) a tive-deep last-ln, tirsl-oul stack (P). 

The Am29IO-l Is a speed satocled plug-in raplacamenl lor 
me Am29lO capable ol lOOns cyde Urnas. The Am2910A is 
a speed imptoved plug-in replacemonl ol th* Am2910 
lealuring AÎ O's lon-implanted micro-oxide (IMOX) proces-
sing end ollorlng 2 5 - 3 0 % speed improvemenl. The 
Am29IOA abo lunluros a nina-word doop stack vursus Iho 
tive-deep stack ol itie AmÍ9 iff " 

l}¿LAT 

^X> 

í u 

lí 

u 
JL 

'9wor<ix l2tiilonAfn28IÜA. 

13-OlT DATAPATM 

CONTROL PATH ' 

Figure 1, 

RELAJEO PRODUCTS 

Pan No. Descrlpllon 

Am29l4 
Am29l6 
Am2922 
Am25LS377 
Am27S3S 

Vaclored tnitmipi Contronw 
Plpoüne l̂ eglilw 
CondiüonCodeMUX 
Status Regislsr ' 
Ragistared PROM 

' For appUcalioiu iniormaiion, ie<> Chaplw 11 ol BU Siic* -
MIcroprocessor Deelgn, Mick i Brick, McGraw Hill Publi-
caiiont. 

wk ni btiunnrnf* Mir > ri i ivlrn» In/- 5-123 
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- > - ) •n A - OROERINO INFORMATION •/-v :^:l . . . . . . 
Order Ihe part numbar accordlng to íha tabla bslow lo oblain Iha daslred packaga, lempsralura ranga, and screenlng leyel. 

Am2>10A Am2910-i Ám2910" Packag'aTypé Oparating Ranga Scraaning Laval 
- Órdar Nümbar Ordár Numbar Ordar Numbar (Ñola I) (Noia 2) , (NOI* 3) 

Avallabla . 
1H19e3 

AM2»ia-IOM 
AM2giO-IDC 

AMÍ910PC 
•AM29I0OC" 1 
AMJ9I0OC-B • 
AMjgiOOM 
AM29tOOM'B 
AM29l0rM '. 
AM2910FM-B 
AM29I01C 
AM2910(.M 
A M : 9 I 0 I . M - B 

AM29I0XC 
AM2910XM 

P-40 
D-40 
D-40 

. 0-<0 
0-40 • 
F - « 
F-<2 
1-44 • 
U-44 
L-44 

Olct 
Olee 1 * 

C 
• 0 

0 
M 
M 
M 
M 

' C 
M 
M 

' • , c 
•'• M 

C-l 
• ' • ' C - 1 

B-2 (Ñola 4) 
C-3 
B-3 

. C-3 
B 3 
C-l 
C-3 
B-3 

Vlsualinspectlon ' 
toMIL-STO-983 ' 
MaihodSOItoe. 

. Notas: 1. P." MoldedOlP.D* HarTnalIcOtP,F> FiatPak.NumbarlottovfAiglanarIsnumbarolleada. Sea Appsndix8lor 
. idalBllad outilna, .Wtiara ApparxAx B contains several dash numtwrs, any ol the varlaílons ot (ha packaga may ba used 
Vnlaia ottiarvrfaa ipadllad. . 

i . C » O t ó * í i rC , V(¡o . 4,7» lo 9.JSV. M • - SJ lo t IJS'C. Vcc - 4.SO lo S.MV. 
, 3. Sea AppandlN A for dataHs ot scraanlng. Lávela C-l and C-3 conlorm lo MlL-STO-a63. Claaa C. Leveí u-3 ouniofina lo 
'•jMN..STO-a83.ClaaaB. 

• 4. Mhourbum-ki, ' . ' ' , • . • i , , . . . , 

n^alallitaiion and Pad Layout 

Ola 81ra 0.T70" « 0.194:'.-
INota: NumOfrf rtiar to DIP cennaellond 

0-40, P-40 

CONNECTION DIAORAMS - Top Vlaws 

F-t2.1 

• . C 

».c 

t e » 
BBC. r 

' i C • 
' • C « 

• e t C " 
i , C " 
i , C " 

en«c " 
atZ » 

>t»C '• 
mu c •«• 

• i C " 

»!( 

3»> 

3» f 
3 ' i 

3'> 
3 » a 
D ' a 
3 " 
3 . » 

3°" __ 
3''« . .. 
3°a 
3'a 
3"< 

MPR-ior 

ai. 
MAa 

ii 
'I 

»« 
li 
la 

(119 

Ki 

C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C " 
c 
c 

• C '• 

3». 
3». 
3 0 , 
3 » ! 
3 0 i 
3 » . 
3 0 , 
3 ' , • 
3 '": . 
3 0, 
3 ' . 
3 a 
3 " 
3 OHO 
3«r 
3»" 
3 0.. 
3"e 

_ itorage Temperatura 

üfamperature (Ambient) Under Bia> 

^ppIy'Voltage to Ground Poiential '• 

|pC Vollage Applied to Outputs for High Output Stale 

Í A X I M U M RATINGS (Above which the uietul lile miy ba impaired) 
Amí910/2910-1/2910A 

- 6 5 Cto^ISO'C 

-55*Cto+125*0 
- 0 . 5 V to «7.07 

P lnput Voltage __ _ 

Output Current, Into Outputs 

Input Current 

-0.5 V 10 Vcc rr>a«. 

-0.5V to «5.5V 
30mA 

IILECTRICAL CHARACTERIST ICS The Following Conditions Apply Unlea» Otherwiie Specilied: 
Ó M L T A - C C l o » 7 0 * C V C C " 5 ! 0 V I 5 % I ^ I N . • 4.75V MAX. • 5.J5V 

ÍIL Te - - 5 5 * C l o » l 2 5 ' C V(;(; • 5.0V É I O % M I N . • 4.50V MAX. - 5.50V 

IC CHARACTERISTICS O V E R OPERATING RANGE 

•ramaleri n * . ^ » . « . ™ - - -

-30 mA to*S.OmA 

DeJcripiion Test Conditions iNoia 11 Min . INoia 21 Maa . 

Oulput HIGH Voltage 

l |H 

Output LOW Vollage 

UnifS 

V c c - " I " . IQH • - I .SmA 
" I N • VrHOr V|L 

l«|..ii IK'.II I > 

loDut LOW Level INote 41 

li't'tii CI.....I. Vnllflga ' 

Inpui LOW Cuf.aoi 

Inou. HIGH Cuífenl 

Y Q - I I . I Q L • 12n^A Vcc • MIN. 

V | N - V | H O r V , L r p - i . . v f C T , M A ? . ? ü r L . I Q L - 8 " * 

OUBVÍ^ÍÍMÍÍ? Tñp.i| t. nyiraT"iTTr,?t'" 
vuhrt'j* lo. 4II t.ittuit 

Cua.aniead.npui loijical LOW 
voltaqa lo. «II inputi 

Vcc " ^"^ • 'IN • ' i f tn.A 

V c c ' M A X , V|M - 0 . 5 V 

Vcc -MAX, . V,M . 2 í v 

L ' C C 

Input HIGH Curfcr.1 

Output SI.0.I CircuM Cu.. 
Irania 31 

Output OPP Currant 

Power SuDply Cur.ent 

O o - l l 

ci.cceN 
I 0 3 . OE.RLO 

CP 

D o - 1 1 

IOJ. ÍSTSLC" 
"7! 

Vcc • '-"^X . V|N • 5.5V 

V r r - M A X . 

•Vcc ••MAX. 
O t - - • 

V Q U T • 0.5V 

—VQOr * 2 . 4 V . . 

Vcc - M A X 
Aít,2910PC,DC 

Am29IOOM.FM 

T A • 29-C 

TA -ere loíjo-c 
T» - •70 'C 

Te - - 5 5 ' C m 
• I35"C 

Te • •125 C 

Bblaa: I. Por contattona stwwn aa MiN.. or MAX., UA* tha appfornaia valúa aoeol.ed under Eloctncal CharactansHca lor aw aDoKaoie dvnee lysM. 
2. TyijiCMl hrtvts are al V^c • S.OV. 2S*C amManl and mai^num loatang. 
3. Mol inore titán onaovtpulahoulO be altorled ata ante. Duf atún onttashortoreutltoalartoulonotoaiwedoneaaoond. 
4. Tha3eln(xilleveliprovideno9uarantaaonolaeimmun.tyandsnoutdoniybeatat«te8iadlnanoiaa-lreeenvifonineni.(noltunctK}naay teateOl. 

Notei on Testing 

iixximlng lest procedures on Ihis devlce should ba carelully 
planned, laking into accounl Ihe high complexily and power 
lavéis of the pan. T^e lollowing notes may be uselul; 
1'. Insure Ihe part is adequately decoupled at the test head. 

Large changas in VQ^ curren! as the device swilches may . 
cause erroneous lunclion lailures due lo V^Q cnar>ges. 

t. Do nol leava Inputs lloating during any lesls, as Ihay may 
slart lo oscillale al hlgh Irequency. 
Do not allempt to perlorm ihreshold tests at high speed. 
Followlng an input Iransition, ground current may changa by 
as much as 400mA in 5 - 8ns. Inductance in Ihe ground cable 

may allow int ground pin -M IMt device to rise by lOOs o< 
mllllvolts momentarily, 

. Use extrema care in defining input levéis for AC lesls. Many 
Inputs may be cnanged at once, so there wlll ba signilk»nt 
noise al tbe device pins and Ihey may not actuaOy reacb V^ 
or V|H unill Ihe noise has settied. AMO recommends using 
VIL < 0.4V and V IH > 2.4V lor AC tests. 
To simpllly lailure analysis. programa shouW ba deslgned to 
perlorm OC. Function, and AC tests at thrae dlstifict groups 
ot tests. 

To assisi In testing, AMD olters completa docurrtentatkjn 
on our test procetiures and. in most cases, can providrí 
Fairchild Senlry programa, under license. 
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Am2910 SWITCHING CHARACTERISTICS 

The'lables balow üellne Ihs Am29lO swllcning characlerisllcl. Tables A are sel-up and hold limas relativa lo Ihe dock LOWIO'HIGH 
transiiion. Tables 8 are combinaiunal delays. Tablas C are dock requiremenis. All measuremenis are made al 1.5V wilh inpul lavéis al 
OV or 3V. All velues are in os. All oulpuls nave máximum DC loading. 

I. QUAHANTEEDCHARACTERISTICSOVEHCOMMEnCIALOPERATINORANOE 
Am29)0PC.DC (TA • 010+70-C, Vcc - 4,75 lo 5.2SV, C L - 50pF) 

B. Comblnalional Delays 

/ " 

Am2910-1 SWITCHING CHARACTERISTICS 

1> Día labias below doline me Am2910-1 swliching characleristics. Tables A ara selup and hokJ limes relalive 10 Iha ckicit LOW-to-HIGH 
I kansiiion. Tables B are comblnalional delays. Tables C are ck>ck requiremenis. Alt meesurements are made at 1.5V wJth Input levéis ai 
ÍOorSV. Alt valúas are Inns. All oulpuls have máximum OC loading. • ••< ••• • . . • ; - . ' , - . . 

I. QUARANTEED CHARACTEniSTICS OVER COMMERCIAI. OI'ERATINQ RANOC 
A m 2 9 I 0 - l D C ( T A - 0 1 o + 7 0 - C . V c c - 4.75 lo5.25V, C L - SOpF) _,. :—.• • 

— / 

A. Set-up 

Input 

O i - » H 

Di-» PC 

lo-ij 

•"C2 

52EÑ • 

Cl 

HtB - • 

and Hold Times 

<9 

24 

98 

' 104 

ao 
eo 
4« 

36 

1» 

a 
4 

0 

0 

0 

3 

a 

Inpul 

DoO„ 

lo-lj 

55 

ZCiÑ 

CP INoia 2) 
t • a. 9. is 

CP 
AH ollwr t 

Oe (NoK 3) 

Y 

20 

70 

43 

45 

too 
I2S 

S5 

35/30 

PL. VECT, ÜÜCP 

-
51 

-
-

• -

-
-

. -

Full 

-
-

- I -

60 

60 

60 

-

C. Ciock Requlremenlt (Note 1) 

Mimmum Dock LOW Ttm* 

Mínimum Ctock HIGH Tima 

Mínimum Clock Ptnod. 
1 • 0. 9. 15 (Nol* 2) 

Mínimum Clock Psriod. I ' I 4 . 

50 

35 

138 

163 

93 

n i 

nt 

ns 

M 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATINO RANOE 
Am2910DM,FM (Te - - 5 5 lo + 125'C, Veo - -«5 lo S.5V, Cu • 50pF) 

A. Sel-up and Hold Ttmaa B. Comblnalional Dalayi 

Inpul 

0, - • « . 

0|-»PC 

lo-ij-

Cf 
£CEÑ 

Cl 

fiCB 

<« 
2a 
62 

lio 

66 

ae 
sa 
42 

In 
6 

4 

0 

0 

0 

5 

6 

Inpul 

Do-O,, 

lo-l) 

C? 
C2EÑ 

CP INul. 2) 
1 • a. 9. 15 

CP 
AH oirier 1 

OE iNoie 31 

V 

2S 

7» 

50 

loa 

130 

61 

40/30 

PL, VECT, UAP 

-
96 

: 

-
-
-

Full 

67 

67 

67 

-

C. Clock ñequlrements {Note 1) 

Mimmum Cloek LOW Ttmt 

Mínimum Clock HIGH Time 

Mmtn^um Clock Pwtoó. 
1 • a. 9. 15 {Han 2) 

Minjmum Ctoch Ptrod, 1«14 

56 

42 

143 

167 

too 

ns 

ns 

n» 

nt 

NOTES. 
1. Cíock p«riods iot iniíruclton» noi sp«cifi«d ara d«t«rmin«d t}y «Rtsmal' 

condiliont. 
2. Th«$« msiructtons ate contjiiioniíl on the couniar. Usa me shonar 

spvciliea dflisy times il th« pravioua insiruction couid produce no 

Changa m the counter Of could only dacrameni Iha counlar. Usa (N 
• - • tongar da laya tton CP lo Quipuia 11 tna tnatrucilon pftof lo tna cíocv.^u 

4 or 12 or RH) was LOW. 
3. Enabi«/0J3ablé. OisatHa timas maasurad to O.SV changa on ouiput 

voitaga leveí wiih C\_ • S.OpF. 

;. 

•• 

A. Sel-up and Hold Times B. Comblnalional Oclaya 

Input 

0,-»ñ 

0 | - » P C 

lo-lj 

C2 
CSÍÑ 

Cl 

ñC5 

>s 
24 

sa 
75 

«3 

«3 

46 

36 

• tn 
6 

4 • 

0 

0 

0 

5 

6 

Inpul 

Do-O,, 

•o-lj 

55 
5CÍÑ 

CP INOI* 21 
1 ' 6. a. 15 

CP 
Al olhec I 

5 ? INOI» 3) 

Y 

20 

«0 

M 

M 

75 

as 

ss 

35/30 

P C Vécf. MAP 

-
51 • 

-
• 
- • 

-
- • 

• -

Tüií 

-
-

«0 

60 

60 

-

C. Clock flaqulremenls (Nota t) 

Mínimum Clock LOW Tima 

MtAimum CKxk HIGH Tima 

Mnbnwn Cuck Partod. 
1 - 8. 9. tS {Noia 2) 

Mínimum Clock f^rtod. I« U 

SO 

35 

113 

123 

93 

ns 

na 

ns 

ns SokHace binas irMfccaia sp««d Mlaciad 
Cfitical pains. 

II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATINO RANGE 
A m 2 9 t O - l D M ( T c - - 5 5 l 0 + 1 2 5 " C , V c c - 4 . 5 l o 5 . 5 V , C i . - 5 0 p F ) • • 

A. Sal-up and Hold Tlmea B. Comblnalional Delays 

' Input 

U,-«11 

0¡ -» PC 

'o- l i ' 

ce 
CÜEÑ 

Cl 

ñUB 

'» 
}» 

63 

61 

65 

63 

sa 
42 

•n 
a 
4 

0 

0 

u 
s 
6 

Inpul 

O U O M 

lo-lj 

CP INOI» 21 
1 - 8, 9. 15 

CP 
Au omar 1 

oe INOI» 31 

Y 

25 

54 

35 

17 

77 

M 

61 

40/30 

Pí.vtSí.láA? 
• 

58 

• . 

-

-
-

Futí 

-'--

67 

67 

67 

C. Clock Raqulramanls {Hptm 1} 

Midimum Clock L O W Tuna 

Mínimum Clock H I G H Tima 

1 - a. 9. tS INoit 2) 

Mínimum Clock Pariod. I> 14 

^ 
42 

114 

129 

100 

ni 

na 

ns 

ns 

WrES: 
,t. Chxk paiKXJs lor inslructiona noi spacilíed aia dalarmmadby sxarnal 
^' condiiicns. 
2. T̂ «sa insiruciions ara conditionai on iha counlar. Usa tha shonar 
I spocifiad daiay limas il Iha pravtcus miiruciion could producá no 

chartga m tha couniar or could onty dacramaní tha counlar. ÜM tha 
longar daiays (rom CP to outpuu rf in« msiruciion prior to tha dock wat 
4or t2or HUD waa LOW. 

3. Enabia/Oísabia. Dlsabia timas maasurad lo O 5V changa on output 
voilaga lavat with Ĉ ^ > 5.0pF. . - •. 
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'V'. 

"""'"""• ~ ~ ¡ -• Am2910A SWITCHING CHARACTERISTICS 

The lábies belów dsnn« lh« Am29tOA swllching eharaclerisllca. Tablea A ara aelup and hold timas relallva lo Ihe dock LOW-lo-HIGH 
Iransitlon. Tablea B are comblnallonal delaya. Tablea C are dock roqulramenla. All meesuremsnia are mnds al 1.SV wlih Inpul laváis al 
O or 3V. An valúes are In na. Alt oulpull have máximum OC loadlng. 

' il. QtJAnANTEEOCHARACTERISTICSOVERCOMMERCtALOPERATINOnANGE 
Am2910APC,DC (TA - O to+7(rC, Vcc -'«.75 lo 5.2SV, CL - 50pF) 

A. Sat-up and Hold Times B. Comblnallonal Delaya 

, Inpul 

0 | ' * B 

0 | - » P C 

lo-lj 

Si 
CCÍH, 

ci; ' . 
nm.'.. 

• » • 

• 

' 

; • 

_. 

•K Inpul 

. E I ^ Ü J 

ce 
•JCEÑ 

CP INort 2| 
1 " a,«, 19 

CP 
Alt Hlli»! 1 

OE (^h)l• j ) 

y 

I l 

;in/.io 

K, WcT, iJAP 

: 

- - • 

- i * ^ 

IfL 
_ • - . 

..... 

J^ 
c 

QUARANTEEIS 
Am29104 

Í R MIUTARY O P C R A T I N Q R A N O E 

rVco-* -Slo5.5V.Cu-50pF) 

0. Comblnatlonal Oalays 

thpul 

55 
5CE7J 

CP (Non 21 
1 • a. 9. is 

CP 
A) oinei 1 

o f |Noi« 31 

T 

— 

— 

PL, VCCT, MAP 

: 

„ . - , ^ , , ^ ^ 

-

— - — 

Full 

- - -

C. Ctock Requlramtnta (Note I) 

MMmum Cieelí lOW Tune 

Mínimum Cloek HiOH Time 

Mlnlfnunt Ctock rttnó, 
1 • a. a, 15 (Notí ; i 

Mínimum Clock Pmiod, I» M 

n 

nt 

ht 

nt 
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ARCHITECTURE OF THE Am2910 _ 

n '""•-
B w hu 
|f thuí «KtfCUllti 
UV . . . . . . .u_ V . 

[J Thft Am29t0 it a bipolar microprogrim contfolltr Intsnded 
l'C. for uie in hígh-ipeed microproCQísor applicitíont. It allowi 

t n addraiiíng of up to 4K words of mlcroprogram. A block dra-
ij qram ii ihown in Figure I . 

The controller containi a four-input multiplexer that i5 used to 
I lelect either the register/counter, direct Input, mrcroprogram 

counter, or Jtack ai the lource of the next microinstructlon 
address. 

f 
The regiiter/counter coniiiti of 12 D-type, edge-triggered flip-
flopJ, with a common dock enable. \yhen_iti loadcontrol, 
RLO, li LOW, nRw Hala li loartad on apoiltiva dock tranilFion. 
A Ifw IfitlfurMÍfiíK IMUIIMII* l(iii<t; In muM lyiliinti, (h(>»« In-
itruclions wllt be lufftcient, ilmpllfylng the microcode. T>ie 
outpul of the regiiter/counier íi avatlable to the multiplexer ai 
I ititirrrt ffir ihfl mm | mlcroiniiructlon acfrjrflii. Tha dirpct Inpul 
(urnishoi a lource of data for loading the regliter/counter. 

The Ani29lQ containi a mJcroprogram counter (/iPC) that is 
compoiAd of a 12l>ll Incrementer followed by • 12blt regUier. 
The ^PC'can be uied In either of two wayí: When iha carrv'in 
lo ihíí Inrríínipfitflf li HIOM, the mlcroproqram req¡*t*f li 

fi ttidilatl MM ir>« MO-t ^,-ti»-í. i'V<-l« wftil Itt» t-itMBiM y MMf|»H 

a | V f I • / i l 'C ) , Siii|iiiiMM4l tMli;fnlMtlciictliiiii 411 
Whei) the carry jn It L.OW, (ha incrtmenifr 

passes (he Youlput word unmodlfied so that fiPC is reloaded 
15 wiih (he Jame Y word on the next dock cycle {Y *• /iPCI. The 

time riilrrntiiilrurtlnn li (huí aitanulori any numhar nf Hmei, 

|C The Ihitd louicií for thn multiplexer ti Ihe direct (D) Input. 
Thli toiiírn It uí«f| fnr branchlng. 

tltü riiiH til i i iMXa aw4ll«lilM rti lliv HMlMl|tlti«ai I M | I H I I I i fl Wniil 

by I2I1I1 tldck (Míe), fhe tlack il uieil 10 pTovide return 

addreii linkage when executing mícrosubroutinei or loops. 
H The itack contalni a built-ln itack poínter (SP) which alwayí 

polnti to Ihe lait file word wrilten, Thíi allowt itack referenca 
op<>rallofti (looping! lo bo perlormed wlthout 1 pop. 

Hj The Jtack poínter operatei at an up/down counter. Duríng 
K.m(croinitruci(oni 1, 4, and 5, ihe PUSH operation may occur. 
|m Thii cauíei ihe iiack poínter to Increment and Ib t (He lo 
i-^be wrlt ten wi th the requtred return linkage. On I h t cyda 

followíng the PUSH, the return' data ís at the new locatíon 
pointed to by the ttack pointer, 

|f Oiiring (We microinttruclíom, « POP operation rry occur. 
[jThe itack pointer dccremcnti at the next riiing ....'¿k edge 
followint̂  a POf*. «Ifccllvoly rcmovinq oíd Information from 
the top al the iiack. 

'n>e ttack pointer linkage íi such that any lequence of pushei, 
popí, OT itack refcrencei can be achieved. At RESET (Initruc 

B l ion 0), the depth of nesting becomei zero. For esch PUSH. 
Kthe nesting depth íncreases by one: for eech POP, the depth 
Ndecresses by one. The dépth can grow to five. After a depth of 
Kfive Is reached, FULL goes LOW. Any furiher PUSHei onto a 

Jfull itack overwríte Information at the top of the itack. but 
^liavt the itack pointer unchinged. Thii operation will usualty 
ijdtitroy uieful In/ormatlon ind li normally avolded. A POP 
Wfrom an empty stack may placa non-mMningful data on the Y 
ifoutputi. but is otherwlse safe. Tht stack pointer rimains at 
|[zero whenever a POP is attempted from a stack already empiy. 

NOTES: 
1. Ck)c>t perk>ds for instructior̂  rwt specllled are dotermtnod by exlamal 

cortditnni. 
2, Theit inatrucl̂ na are condUtonal on me counier. Use ih« shonor 

>MM>iii*H rtmtmv iim«« 11 ihfl ortviout iniifuclton could produce no 

chsngt tn Ihe counlor or coutd only decrement Ihe counier. Usa ti 
kx>ger delays (rom CP lo oulpuls l( Ihe inslructk>n pf kir lo irie clocli wa 
4or IZorRCüwssLOW. 

. Ennblo/Olfable. OíseDie limes meesured lo 0.5V change on ouitM 
votloge tovel wiih C^ " S.OpF, 

The regíster/counter ís operated duríng three microínstructíoni 
(8, 9, 15) es a 12-bit down counter, with result ' Zero available 
as a microinstructlon branch test criteríon. This provldes effi-
cient iteration of mícroinitructlons. The regiiter/counter is 
arranged such that if It li pretoaded with a number N and then 
used as a loop termination counter, the sequenct will bt exu> 
cuted exactly N+1 times. Oulnng Instruction 15. a three-way 
branch under combíned control of the loop counter tná the 
condition code Is available. 

The devlce provides three-ttate Y outputs. These can be par* 
tículerly useful in deilgns raoulring aulomatlc checkout of the 
proceiiof, Thi» mlurp|tfoyri»m onnirotl«r ou(putie«nb« ftMCed 
Inte the h(gh*lmped*nce Itate, end pre-programmtd itquencei 
of microtnitructlons can be executed vía axternal eccets to the 
addresi Ifnet. 

LOPEnATION_l 
Table I shows-the r^iult of each Initructíon in eontrotling the 
itiiil11|•(•••! whlr^h •l«tafrttlri«« lli« V ' I M I I I M ) * , anit l>i ^<»f1lrf•tMt•tl 
Illa l l M » aiitflila iluitaU Pl . . MAP, aml V E C T Iha aMai.i . M . 
Ihe regi i i tr /couniar and the i iack aftar i h * neai potiitva jruxiu 
dock edge Is also shown. The multiplexer determines whtch 
internal source drives the Y outputs. The valué loaded' inio 
HPC f« alther Iríanileal lo the Y nutput, or *lie one greaier. 
41 Utlirmlitid by Cl. ff>* gatij* tniiruction, one and onty une 
of the three oulpuls P u MAP. and ^E¿T Is LOW. II ih*« 
nu lp id l rontrnl throa-t ial* anahl** fnr t h * fKímary iroirr* n( 
rMirio|M(iui«H( t«*ii|i* I M I I M I I V t*<*i > " ' * tii|*alii<« rstjuivij . 
» f*l10M whIch maps ihe lottrucnon 10 a microtniíiuciion 
starting locatíon, and an optionai third source (often a vector 
from a OMA or ínterrupt sourcal, respectively, the threeiitatc 
sources can drive Ihe D inputt without furthar loglc. , 

Séverel Inpuli. ai shown In Table I I . cen modily InstrOction 
executíon. The combination CC HiGHand CCEN LOW Is used 
«s a test in 9 of tha 16 Initructíoni. KLÓ. when LOW. CAutei 
the O Input 10 be loadad into tht rtglster/counter, overrldirig 
«ny HOLO 9r OEC operation spectfied In the Instruction. Q^ 
normally^tOW, may be torced HIGH to remove tht Am2910 
Y outputs from a three-itate bus. 

M • . 
**>.«. Vr^li. • fiveword lastln, flrst-out 12-bít memory, has a 
i.cr';.í«.r which «ddresies the valué presently on the top of the 
ilick. Expllcit control of the stack pointer occuri during In
struction O (RESET). which makes the stack empty byreietting 
the SP to zero. After a RESET, and when*ver el» tht sttck ít 
empty, the conttnts of the top of stack is undefíntd until a 
PUSH occurs. Any POPí ptrformtd whilt tht itack ii tmpty 
put undefintd data on tht F outputs and Itavt tht stKk 
poínter at zero. 

Any time the itack is futí (five more PUSHes thanPOPs heve 
occurrtd sinct tht stack was lait tmpty). tht FULL warning 
output occun. Thls slgntl ftrit tpotart on iht mleroeyclt tfttr 
a fjfth PUSH, r̂ o additionti PUSH iheuld bt ttltmpttd onto 
a full itack: if tritd, Information wíthin tht itack wlll bt ovtr* 
writttn and lost. 
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TABLE I. INSTRUCTIONS 

M i ) 

•I 1.0 

N o i ^ l : If CCeN - LOW a n d Z ? - M 1 0 H , hold.-tlMIoid. X * Oon'l Cjr* 

TABLE II . PIN FUNCTIONS 

Abbrtvintion 

Oi 
1, 

C? 
CCEN 

Cl 
A L B • 

5? . 
CP 

Vcc 
GNO 
Yj 
fbCL 

K 

UÁP 

v¿6f 

Ñamé 

DJ(*cl Inpul 8ll 1 
Initfuciion BU 1 
Coodliion Co<M 
Condhion Coda Cncbl* -

C*rrv-ln 
R«9iti«r L'Md ' 

Ouipul Inibl* 
Cloch PulM 
*S Volli 
Ground 
Mieroprovwn Addrtu Bli 1 
Full ^ . 

Pipvlinc Addtflti Enablfl 

Mcp Addrtll Cnablff 

Vf eior Addriii Embí* 

Function 

Dircct input to ftgiiUr/counttr ind mullipIcKtf. OQ it LSB 
SaiMti ona-ol-iUlMrt ImiructlOAi for tht Am3910 
UMd • ! Hi l C'Mcfion. l*Mi int )t • tOW en CC. 
Wh«n«w«r-(hf lignal íf HlGH, C'£ ii Ignoftd and (tti p«rt optritti 
ai though CCvitn irua ItOWI. 
Low ordat carry input tO fncramamar for microproyam counitr 
Whan LOW forctt loadlng of rtgittar/counwr ragardltii ol 
iniuuciion or condition 
Thraa-tiaia eonirol ul Y| ouiputi 
Trinan ai) tniafnal iiaia changa* ai LOWioHiOH ad^a 

Addrait lo microprogram mamory. VQ '* LS8. Y) j ti MSB 
"̂ drcataa ihai (iva itami ara on tna iiack 

<t lalaet ^1 fOb- -''ifually Plpaltm Raglitar) ai diraei 
iKpui lourca 
Can ittací »} loutea tuiualiy Mapping PROM or PLAl ai 
diract inpul luurct 
Can Mlací *3 lourea Mor anampta. tniarrupt Siariing Addrailt 
al diract tnput lourca 
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TEST OUTPUT LOAD CONFIGURATIONS FOR Am2910 

IjJO 

0 

1 

I 

J 
4 

5 

9 

7 

a 

9 

to 

1 ' 
t j 

ts 

MNEMONIC 

a 

fCJS'. 

JMAP • 

O " . 
f USH 

JSBP 
t C J V 

mr 

RFCT 

flPCT 

. CBTN 

CJPf 

LOCT 

_ l . O O Í 

CÓÑT 

TWa 

NAMf 

JUM> ZERO •» 

CONOiSiU. 4 

JUMP MAP ;A 

CONO JUMP Pl. 

PUSH/CONO LO CNTR 

CONO JSg R/PL 

CONOJUMP VECTOR 4 

CONO JUMP R/PL 

REPEAT LOOP, CNTR » 0 

REPEATPL,CNTR»0 

CONORTN 4 . 

CONO JUMP PL é POP 

LO CNTR i CONTrNUE I) 

TEST CNO LOOP 

CUNTINUt :< 

THREE'WAV anANCH 

RIO/ 
CNTR 
CON-

TENTt 

X 

X 

X 

X 

X 

X 

X 

X 

• a 

"0 

« 0 

• 0 

X 

X 

X 

X 

X 
« 0 

• 0 

PAIL 
ECÍH • LO» and 2 S • HlOH 

Y 

0 

PC 

0 

PC 

PC 

R 

PC 
R 

•• F 

PC 

0 

PC 

PC 

PC 

PC 
p 

PC 
p 

0 

STACK 

CLEAR 

HOLD 

HOLO ' 

HOLO 
PUSH 

PUSH 

HOLO 

HOLD 

HOLO 

POP 

HOLD 

HOLO 

HOLO 

HOLO 

HOLD 

HOLO 

HOLO 
HOLO 

POP 

PASS 
ZETÜ • HIOH 0 1 Í T - LOW 

y 

0 

0 

0 

0 

PC 

0 

0 

0 

F 

PC 

0 

PC 

F 

0 

PC 

PC 
PC 
PC 

PC 

STACK 

CLEAR 

PUSH 

HOLO 

HOLO 
PUSH 

• PUSH 

HOLO . 

HOLO 

HOLO 

POP 

HOLO 

HOLO 

POP 

POP 

HOLO 

POP 
IIOLU 

POP 
POP 

mal 
CNTR 

HOLO 

HOLO 

HOLO 

MOLO 
Non 1 

HOLO 

HOLO 

HOLO 

DEC 

HOLO 

OEC 

HOLO 

HOLO 

HOLO 

LOAO 
HOLO 

MULO 

UEC 

HOLO 

ENABLE 

PL 

PL 

MAP 

PL • 
PL 

PL 

VECT 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 

PL 
PL 

PL 

PL 

A. THREE-STATE OUTPUTS B. NOpMAI. OUTPUTS 

S'I30 

-w-

R,. 

R . -
5 o - VBE -• VoL 

; loL > VOL/IK 

2.4V 

kjH 

ió •• VBE - VQL 

; loL 1 Vbt/''2 

Notos: 1. C^'" SOpF Includos scopa proba, wi/ing and stray capacilancas withoul devica In tasl lixlura. 
2. St, S2. S3 aia Glosad dufiíuj luiKlion lasls aiid all AC tasts aacepl outpul anabla lasla. 
3. S) and 83 aia Glosad whíle S2 i« opan tof IPZH 'asi.. 

S t and S; are closed wMIa 83 la open lof IP2L IOSI. 
4. Cl, ̂ . 5 0t)r fur oiiiptil ijisabla tosts. 

Pin # 

(DIP) 

-
S 

6 

7 

16 

TEST OUTUPT 

Pin Labal 

V i l 

VECT 

• PL 

MAP 

FULL 

- O A D S FO 

T a i t 

Clrcull 

A 

B 

B 

0 

B 

R Am29IO 

R i 

300 

470 

470 

4/U 

470 

Rl 

1K 

t.SK 

I.SK 

l . iK 

I.SK 

For Qdditional Information on losting, sae sactíon 
"Guld«(in09 on T«$Ung Ani2900 Family Opvices." 

Figurt 2. SwUching Wavaformi. 

w. 

:-v_.̂  

^ 

• \ _ _ / 

Sat Tablas A for t« and th (or variout 

inpuis. Sat Tablas 8 for combinational 

dulay* from ctock and othtr inputs 10 

outputs. Saa Figura 5 for timing o( a 

ivptcal CCUcycla. ^^^ ,-, 
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O JUMÍ>ZERO(JZI 

I COND A J M P r t I C j r l 

• CONO JUMP VECTOR ICJVI 

4 CUSM/CONO 1.0 CNTn (PUSHI 

g HEPEAT lOOP. CNTR » O inFCT) 

.©! 

13 

COUNTEN 

•11 CONO AÍMP P t » W P ICJÍ^ I 

-© STACK 
IfUÜMI 

ai i ai 

M O O N f t W í i : (OONTI 

7 CONO J t MP B/PL (J«P> 

53 I . 

> JUMP MAP IJMAPI 

M 

S CONO J5D nrPI. IJSRP) 

9 BEPEAT PL.CNTH * O IRPCTI 

51 ' • - : 

11 LO CNTR kCONTINUl ILDCTI 

I _,COUNTt« 

r4—-© 

I? TlintS VKAY ni.ANCH CTWnl 

10 CONO RETURN (CRTNI 

I I T i t r iND LOOP iioom 

«(M 

w Finura \. Am29IO EiociiMnn F.xaniiilpi. 
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THE Ani2910 INSTBUCTION S6T 

( 
The Am2910 providei 16 inttructiom which leUct tht iddrí» 
oí tKe next micioinitruction to be extcuted. Four of tha in-

•- itructions ir« uncónditional — thalr •ffect dspcndi only on 
th« tnstructíon^ Tep ot tht instructions have an tffect which ít 
partistly controlled bv an «xternal, dau-dependentcondition. 
Thrct of the initructioni haví an effect which it partíalty con* 
trolled by the contents of the internal regiiter/counter. The 
ioitruction tet it shown in Table I. In thil dlicusiion It is 
aiiumttü ih«t Q il tred HiGH. 

In the ten condttronal instructiont, the result of the data-
dependent test is applíed to ÜS. If the €c Jnput i$ LOW, the 
t4it is considered to have been passed, and the actíon ipeci-
fed in the ñame occurs; otherwiie, the test has faUed and an 
altérnate loften simply the execution of the next tequential 
micruinilrtictfnn) occuri. Testini; of ^ may be ditaüled for a 
î }«cíhc microiniiructionby settingCZTfT) HIGH, which uncen' 
aitíünülty fofcei the actíon specified ín the ñame; that is, ít 
forcot a país. Other ways of uting CCÉN Include |1) tying it 
H I G H , which iiusüful if no microlnitruction It data-dupefidunt; 
(2) lying it LOW jf data-dependent instructiont ara never forced 
uncondilionally; or (3) tying tt to tht source of Am3910 
instfuction bit IQ. which leavts Instructions 4, 6, and 10 as 
d;itn-(foiien(liriil but mjikei olhert uncondidonal. Alt of thote 
tricki tuve oiii, hit u( microcoda widih, 

The effect of three instructiont dependt on the contents of the 
ni()iitit//couMi>-.. Unless the countttr holdi a valué of lero, ii 
il decremcnttid; tf il doei hold /ero, Ít it hatd und a different 
micfoíjrogram next addrest it selecied. These inttruciíont are 
usaful' for executing a microinttruction (oop a known number 
of timet. Initructron IS is affectcd both by the exttrnal con* 
dition code and the internal register/counter. 

Perhapt the hett technique for underttanding (he Am2910 fi 
to timply takd each instruction and review Itt operatlon, In 
order to. próvida tome feel for the actual execution of these 
instructiont. Figure 4 it included and deoictt examplei of al( 
16 in^ructioni. 

The «xamptet given in Figure 4 shpuld be Interpreted In the 
" foHowing manner: The fntent li to »how mferoprogram flow 

ai vartout microprogram mamory words are éxecuted. For 
example, the CONTINUÉ instrucción, instruction number ^ 
as ihown ín Figure 4. simply mtant that the contents of. 
program memory wortf 50 is éxecuted, than the contentt of 
word 51 is éxecuted. Thís is foltowed by the contents of micro
program memory word 52 and the contení* of microprogram 
memory word S3. Tht microprogram addresses used in the 
exainplet were arbítraríly chosen and have no mtaníng other 
thdi> to show instruction tlow. The exception to ihis ii the 
first exampte. JUMP ZERO, which forces tht microprogram 
location counter to address ZERO. Each dot refers to the time 
that the contents of the microprogram memory word is ín 
the pipeline regíster. While no special symbology is ustd for 
the conditíonal íi>itructiont, the ttxt to foHow will explain 
whet the conditfpnal choices are in tach example, 

Il might be appropríatt at thii time to mentíon that AMO has 
a microprogram assembler calted AMOASM. which has the 
cipjbility of uiíng tht Am29IO instructions In lymbollc repro* 
sentaiion. AMOASM's Am2dtO Instruction symtioflct (or mne* 
monics) are gíven in Figure 4 for each instruction and are also 
shown ¡n Tabla I. 

Initructión Q'.'JZ UUMf and"2GR0,'^r "RESET) uncondi-
tionally specifiti that the address of the next microinttruction 
is ¿ero. Many designt use thís feature for powerup sequtnces 

and providé tht power̂ up flrmware beginning at microprogram 
memory word location 0. 

Instruction 1 it a CONOlTIONAL JUMPTO-SU8R0UTINE 
vía the address provided ín the pípeline regíster. As shown in 
Figure 4 , the machine míght have éxecuted words at addreit 
50. 51, and 52. When the contents of addreis 52 ít In the pipe-
Une regiiter, the next addreti control functíon It the CONOl
TIONAL JUMP-TOSUBROUTINE. Mere, If the test it pasted, 
the next inttructlon éxecuted wíll be the contents of micro
program memory location 90. If the test has failed, the JUMP-
TO'SUBROUTINE will not be éxecuted; the contents of micro
program memory location 53 wíll be éxecuted ínttead. Thuí, 
the CONDITÍONAL JUMP-TOSUBROUTINE instruction at 
location 52 will cause the instruction eíthsr ín location 90 or 
In location 53 lo be exflcuiod noxt. tf the TEST inpm li t(ii:h 
thai location 90 ii selecied, valué 53 will be puihed onto ths 
inl«fnal ttack. Thís provides the return linkage for ihe machJnt 
whun tht lubroutine beginning at locitlon 90 is completad. 
In thil example, the subroutine wat complei«d at tucation 93 
and a RETURN-FROM-SUBROUTINE would be found ii 
location 93. 

Instruction 2 ís Iht JUMP MAP inítruclíon. This it sn uncondi-
tiunal Initructlun which caulas Ihe RT/TPouiput lo bu imeliied 
so that the next microinstructíon location is deiermíned by 
the addrest tupplíed via the mapping PROMt. Normafly, ih» 
JUMP MAP intlruclion It used at Iht end of tha iniíructlon 
fetch sequtnce for the machine. In the example of Figure 4, 
microinstructiont at tocatíons 50, 51. 52. and 53 míght hava 
been the fetch tequence and at its completion e( location 53, 
the jump map funciion would be contained in the pípeline 
register. Thís example shows the mapping PROM outputs to 
be 90; thertfort, »n uncónditional jump to microprogram 
mtmory address 90 íi performed, 

Instruction 3, CONOlTIONAL JUMP PÍPELINE, dtrivts iii 
branch addrtsi from the pípeline register branch address valut 
(BRQ - 8 R | i In Figure 2). This instruction provídtt a ttch-
nlqut for branching to various microprogram ttquences da* 
pending upon the tett eonditlon Inputs. Oulte often, stata 
machines are deslgned which simply execute tests on varioui 
Inputi walting for the eonditlon to come trut. When the trut 
condltion ^ached, the machine then branches andexecults 
a set of microinstructions to perform soma functíon. Thíi 
usualty has tht tffect of resttting tht input being testad uniil 
some point in the future. Figure 4 shows the conditíonal jump 
via Iht píptiint rtgítter addrets at location 62. When the con
tents of microprogram memory word 52 are in the pipelínt 
rtigister. the next addrets will be either location 53 or locatíoa 
30 in thit example. If tht test ís passed, the valué currently in 
the pípeline register (30) will be seitcted. If thé test faíls, the 
next address telected will be contained ín the microprogram 
counter which, ín thit example, ís 53. < 

Instruction 4 It tht PUSH/CONOITIONAL LOAD COUNTER 
instruction and It uted prímarily for stitlng up loops ín micro
program fírmwart. In Figurt 4; when instruction 52 ís In iha 
pipciine register, a PUSH wíll be made onto (he ttack end tha 
counter will be loadod batod on the conüiiiun, Whon a PUSH 
occurs, the valué puthed it alwayí the next tequential jnttruc* 
tion address. In this case, ihe addrest ft 53. If the tett fails, tha 
counter it not loadtd; If It It patied, tht counter It loaded wíih 
the valué cootilned in thé plpellr̂ a register branch address fitld. 
Thus, a single microinstructíon can be used to set up a loop to 
be éxecuted a specifíc number of times. Instruction 8 will 
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d̂ficribe how lo ule ihe puihed valuó and the regliter/counier 
for looping. 

initructión 5 ¡$ a CONOlTIONAL JUMP-TO-SUBROUTINE 
Hi ihe register/counter or the contents of the PÍPELINE 
fígiiter. At ihown In Figure 4, a PUSH Is alwayt performed 
md one of two subroutíncs éxecuted. In ihJs example, oiiher 
tfie lubroutine beginning at addrets 80 or the subroutine be-
jinning at addrets 90 will be performed. A riturn-from-iub-
'fDuline (Inítruclíon numbar 10) mturnt the microprugrom 
[flow to addrest 55. In order for thís microinstructíon control 
•Mquence to opérate correctly. both the next address fíelds of 
Jiitruction 53 and the next address ficlds of Instruction 54 
twould have to contain the proper valué. Let's astume that the 
[branch address fields of instruction 53 contain the valué 90 to 
jihit It wíll l)C ín ihü Am29t0 rcyíüer/countor when the con-
Itfiti (j( adiliüii ü'l ata m ihu piímtlno roylutr. Thli rodulrot 
[thdi (he iniíruciiOft at addrest 53 lüdd tha rugiiier/couniur. 
ífow. duríng Ihe execution of inilructíon 5 (at addreis 54), if 
%• |«M fji)i-il, Ihü cnnhintt of Iha rogitior (viiluu • 90) will 

Í
tect Ihe jiKlfoit of the next micraí(\ttruction, ti the lutt 
put pastes, the pípeline register conients (valué « QO) will 

óetermíne tht addrest of ihe next microinttruction. There* 
(ore, thil instruction provldes the ubíllty to teleci one of two 
iuliiuiMiniii to lici itxrMjiiicil \nt\vtt tin a imi conditrun, 

"iniiruciion 6 it a CONOlTIONAL JUMP VECTOR ínilrutiio.» 
fthich provides the capabilíty to take iho branch addrets from 
I third iuiií<;u Itureíoloru noi dítcunud. In order for thli in-
Hruction lo be uioful. the Am29l0 outpul. VÉCX is used to 
Control a ihree-stato control ínpu( of-a register. bulfüf, or 
fROM contjining the next microprogram address. Thil in-
(truciion provides one technique for performíng interrupi typo 
branching at the microprogram level. SírKt this instruction Is 
aondítional, a past cautas tht next addrest to be taken from 
thi vector tource, whíle faílure cautet tha noxt addrest to be 
ttkín from the microprogram counter. In tha example of 
figure 4, if the CONOlTIONAL JUMP VECTOR inttruciíon It 
tontaintd at location 52. txecutlon will contfnut at vector 
iddratt 20 if thé CC input it LOW_and the microinttruction at 
Wais 53 will be éxecuted íf tho CC input Is HIGtH. 
bittructlon 7 li a CONOlTIONAL JUMP vía tht conttnts of 
til Am29l0 REGISTER/COUNTER or (he contents of the 
flPELINE register. This instruction it very limilar lo initruc
tión 5; the conditional jump-to-subrouline via R or PL. The 
mijor difference bttween Instruction 5 and Instruction 7 It 
.tftat no puth onto the stack It performed witfi 7. Figure 4 
depicii thís instruction as a branch to one of two locations 
(kpendiny on the test eonditlon. The example ettumet the 
pipelinv rerjiítur cuntaint Ihe valué 70 whttn ihe contenit of 
iddrest 52(ís tMÍng éxecuted. As the contents of addrest 53 is 
docked ínto the pípeline register, the valué 70 It loaded Into 
itt register/counter in the Am29l0. The valúa 60 It available 
Ikhcn the contenit of addreit 53 ís in the pípeline register. 
Thuí, control is transferred to either address 70 or addrest 80 
0ipendíng on the test eonditlon. 

íiitnjciion 8 is ihe REPEAT LOOP. COUNTER 9* ZERO In-, 
Rruciíon. Thit microinstructíon makes use of tht decrementing 
bpatiillty of Ihe register/counter. To ba uteful, tome previous 
Vniruction, tuch et 4. musí have loadud a cuuní valué Ínto the 
miiier/counter. This instruction checks to see wheiher the 
^iter/counter contains a non-zero valué. If to. the regitter/ 
miniar it decremented, and the addrest of the next micro-
ntruction it taktn (rom (he top of tht iiack. If (ha rigitier 
ttun(er contains zero, the loop exjt eonditlon ít occuring; 
sontrol fallt ihrough lo iho next tequential microinstructíon 

by solecling pPC; iha stack Is POP'd by decrementing the stack 
poinier, but ihe contents of the top of tht stack are thrown 
away. 

An example of tha REPEAT LOOP. COUNTER 9* ZERO in-
struction is shown in Figure 4 . In thli example. location 50 
most likely would contain a PUSH/CONOITIONAL LOAO 
COUNTER Instruction which would have causad address 51 to 
b« PUSHod uM tlio ii.*ck and Ihe countar to be loaded wiih the 
proper valué fur looping the deilred nun)t>er of tim«s. 
tn this example. sinca tht loop teit Jt made at tht end of the 
Instructions to be repealed ¡mlcroaddresi 54), the proper 
valué to be toaded by the Instructions ai address 50 it one leti 
than the deiired number of panes ihrough the loop. This 
method aHowi a loop to be éxecuted 1 to 4096 times. If II II 
dutiiud 10 exucule iha loop from O lu 4095 ilinai, the firm-
ware ihuuid be wriltun lu inaka the Iciup axil lail Intinaüialely 
aitcr loopentry. 

Single-microinitrucliun loopt provida a highiy «fficienl capa
bilíty (ur flxocuiing a ipeclfíc micruíntiruciion a fixed numtur 
of times. Examplet include fixed rotatet, byte twap, fixtd 
poínt mulliply, and fixed point divide. 

Intiruction 9 ii Ihe REPEAT PÍPELINE REGISTER, COUNT-
EM '/• 2CM0 inítruclíon. Thit iniíruciion it lim'ilar ID inítruc
líon B «xcupi ihat Iha branch addreit now cuines liom the 
pipciine regiitvr rather than ihe fila. In toma cates, this instruc
tion may bo thoughi of at a one-word lile extensión; that it. 
by uting thit instruction. a loop with the counter can siilt be 
performed when subroutínet are netted live deep. This instruc-
tioit's operation is very similar to that of instruction 8. Thadlf-. 
ferences are that on thís instiuctíon, a faited tett condiiíon 
causes the tource of the next mJcroinitruclion addrets to be 
Ihe O Inpuit; and, when the tttt condiiion it passed, this in
struction does not perform a POP because the ttack i» Mut 
being used. 

In the example of Figure 4. the REPEAT PÍPELINE. COUNT-
ER ¥> ZERO instruction Is instruction 52 «nd it thown ai a 
single microinstructíon loop. The addrest in the plpelint reg* 
littr would bt 62. Instruction 61 in thjs txamptt coutd be ihe 
LOAO COUNTER ANO CONTINUÉ Initructión |numb«r 12). 
While tht txemple showl a single microlnitructfon loop, by 
timply changrng tht address In a pípttlne ragitttr, muíti-
Instruction loopt can bt ptrformad In this manner for a fixed 
number of times as dalermined by th« counter; 
Inttructlon 10 Íi Ihe conditional RETURN-FROM-SUBROU
TINE Iniíruciion. As the ñame impliet. thit instruction ís uted 
to branch from the subroutine back to the nexl microinstruc-
(ion addrest fultowing tht tubroutine cali. Sime thit intlruc
lion Is conditional, the return ís perlormed only if the test it 
pasted. If the tett ii failed. the next tequential micro inttructlon 
.it performed. The example in Figure 4 deptcts tht use of tht 
conditional RETURN-FROM-SUBAOUTINE instruction in 
both the conditional and tha uncondHítmal modti. Thil exam
ple first shows a Jump-to-iubroutine at instruction location 52 
where control ít transferred to location 90. At location 93. a 
conditional RETURN-FROM-SUBROUTINE Instruction is 
perlormed. If tha tes! It pastad, the stack is accesstd and the 
program will irantfar lo ihe next Iniíruciion at addrest 53. If 
the tett it failed, the next mícroíniíruciion at address 94 will 
be éxecuted. Tht program will continué to addre» 97 where 
Ihe'subroutine It complete. To perform »n uncónditional 
RETURN-FROM-SUBROUTINE.,the conditional RETURN-
FROM-SUBROUTINE Inttructlonistxtcutedunconditjonally: 
tht microlnsiruciion at address 97 Is progrtmmed to forcé 

5-134 

file:///nt/vtt


© Del doojmento, los autores. DigiísUzadán r e a l i z a d a ^ ULPGC. Biblioteca Universitaria, 2Ü06 

AmS910/29T0'1/2910A-

i 

THE Am29t0 INSTRUCTION SET ICont.l 

CCEN HIGH, dlubllng iha tan ind th> l'orctd PASS ctuioi tn 
uneondltlonal nturn, ' | • ' , 
Initruction 11 li tht CONOITIONAL JUMP PIPELIN6 ragliter 
•ddreii and POP ilack Initruction. Thli Initruction provldaí 
anolhtr tachnlqua (er loop tarmlnatlon and ttack malntananca. 
The axampla In Figura 4 ihowi a loop baing parformed. (rom 
addreii 55 back lo addraii SI. Tha Initructlont al locallont 52, 
53, and 54 ara all condltlonal JUMP and POP Initructloni. At 
addrest 52. I> tha CC Input li LOW, • branch will ba mada 
to addra» 70 and tha itack will ba próp«rly malnialnad vía a 
POP. Should tlia teit fail. tha Initruction at loeation 53 (tha 
ncxi Mquantial initruction) will ba axacutad. Llkawiia, it 
addra» 53, eithar^tha Initruction at 80. ór 64 will ba lubia-
quanil/axacutad, reipectiva to tha tail baIng paliad or lailad. 
Tha Intlrucilon at 54 lollowi tha lama rulai, golng to althor 80 
or 55. An initruction laciuanca al daicribad hará, uilng tha 
CONOITIONAL JÜMP PIPELINE and POP iriiiruclloo, li varv 
uialul wban teverél Inputi ara baIng laitad and tha micropro-

"grarri'líTddpIng «iaítlng for any o( tha Input» baing taited to 
occur 6afora procaádínii to anothar taquanca of Initruciioni. 
Thli ptpv.ictei tha po»)r<|rtul |ump-tabla programming lacbnlqua 
at tha flrm"wara lavaí;""" 

Initruction 12 ii tha LOAD COUNTER ANO CONTINUÉ In. 
itrucllon, vvhich llmply anablai tha countar lo ba loadad wlth 
tha valúa at lit parailal inputi. Thaia Inpuli ara normaily con-
nadad lo tha pipallni brinoh' iddrili (lild which |ln Iha 
archltaetura balno dawrlbad hart) larval l« lupply tllhar • 
branch addran or a countar valúa depanding upon tha micro-
Initruction baing axacutad. Thera ara altogathar thraa wayí ol 
loading tha countar - tha axpllcit load by thi; Initruction 12: 
tha condltlonal load Includad ai part of Initruction 4; and tha 
uta o( tha RUÓ Input along wlth any Initruction. Tha uia of 
RÜ5 wlth any Initruction ovarrldaí any counting or dacraman-
tatlon ipecidad in tha initruction, caHIng (or a load initaad. Iti 
uia provldaí addillonal mlcrolnilruction powerr at tha axponia 
o( one bit o( mieroinitructlon widih. Thii Initruction 12 li 
axactly aquivalant to tha eomblnation ól Initruction 14 and 
n tC LOW. Iti purpoia li to próvida á. limpia capabllity lo 
load tha ragiiier/counter In thoia Impieriíantatloni whIch do 
not próvida microprogfammed control for RLD.. 
Initruction 13 ii tha TEST ENO-OP-LOOP Initruction, whIch 
provldci tha capabllity of eondillonally exlllng a loop at Iha 
boiiom; that ii, thli li a condltlonal Initruction Ihat will cauía 
Iha mlcroprogram to loop, vía tha (lia, 11 tha lait li (nllad 
alie to continua to tha oaxt laquantlal initruction. The 
axampla in Figura 4 ihowi tha TEST ENOOF-LOOP m'""-
Initruction al addreii 58. If tha lait faiii, tha microprogram 
will branch to addraii 52. Addra» 62 li on iha itack becauía 
a PUSH Initruction had baan axacutad at addreii 51. If tha 
icit ii paliad at Initruction 56, tha loop ii lerminated anil tha 
next isquential microinitruction at addra» 57 li axecuied, 
which alio cauíai the itack to ba POP'd; thuí, accompliihlng 
the requirad itack malntananca. -

Initruction 14 li the CONTINUÉ Initruction, whIch ilmpir 
cautof tha microprogram countar to increment lo that the nnt 
Mquantial microlnitructlon li axacuted.' Thii li tha limpio 
microlnitructlon of all and ihould ba the default Initructioi 
which tha'flrmware requeiti whenever thare li nothlng bella 
todo. 

Initruction 15, THREEWAY BRANCH, ii the moil compln 
It provldaí for taiting of bolh a data^dependent condltlon ind 
tha countar during ona microlnitructlon and provldei for » 
lactlng among ona of thraa microlnitructlon addraiiei ai tí»i 
naxt microlnitructlon to ba parlormed. Like initruction I, i 
previoui initruction will heve loadad a count Into the regiim/ 
counter while puihing a microbranch addra» onto the itid 
Initruction 16 performí a decrement-and-branch-untii-iri 
functlon ilmllar to initruction 8. The next adilreii ii tilm 
(ruin tha top o( liio itack untll the courit reanhei «iro;thia 
tha naxt addreii comei (rom the pipellne realiler. The •be» 
actlort ccntlnuai ai long ai tha teit eondilion (aili. If at M) 
axacution of Initruction 16 tha teit eondition li paiied, m 
branch ii takan; tha microprogram counter raglitar (urniíha 
tha na'xl addra». When tha loop li ended, either by thecouK 
bacoming taro, or by paiiing the conditlonil teit, theitickii 
POP'd by docrementing the itack polnier, linca Intereit inH» 
valúa contalned at the top ol Iha iiack li then complete. 

Tha applloailon of Inilrucilon 1S can anhanoa performmi 
el I vtfialy of maehlna.lavel liiiiruelioni. Por liiiunea, ( l l i 
memory laarch Initruction to ba termlnatad either by llndlni 
a delirad memory coniant or by reaching tha learch limh, 
(2) variabla-llald'length erlihmetíc termlneled eerly upo» 
finding that the contení ol the portion of the field itill un-
procaiied li all laroet; (31 key laarch In a dlic controller pr» 
caiiing variable length recordi; (4) normelltation of a floillr^ 
point numbar. 

Al ona axampla, coniider tha caía of a memory learch Iniui» 
tlon. Al ihown in Figura 4, tha initruction at micropror» 
addreu 83 can be Initruction 4 (PUSH), which will puih tN 
valúa 64 onto the microprogram iieck and load the number«, 
which li ona leii than the number of memory locatloni iol« 
Marchad belore grving up. Locallon 64 containi a microi» 
ilructlon which fetchei the next operind (rom the memon 
área to be learehed and compareí it wlth the learch key. LÍX» 
tlon 66 conteini a microiniiruclion v»hich teiti Ihc roiull ol ih 
compnriion and alm li a THREEWAY BRANCH lor mió. 
program control. I( no match li (ound. the teit (eili and i» [ 
microprogram goei back to loeation 64 for tha next opeim 
addroil. When the count becomei zero. the microprogr» 
branehai to locallon 72, which doei whatevor li neceiianrí 
no match li found. If a match occuri on any axecutlon ol O» 
THRÉE-WAY BRANCH et loeation 65, control lolli Ihrouí 
to loeation 66 which handleí Ihll caio. Wliether the Iniltuctta 
andi by flndinj a match or not, Iha itack wlll heve been POfí 
once, removing the valué 64 from the top of the itack. 
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B. Addrtiitd Baitd 

A Regliter at the Microprogram Memory output contiint the 
mlcrolnitructiort htilno axocutod. Th« microprogram mamnry 
mil Ant700l ilftlay ufa Iti lartai. Contllttonal Itiani'hRf na ai(«: 
cuted on lame cycle at tha ALU oparstion ganaratfng tha 
condltíofi. 

C. .Data Basad 

aagggggEgff 
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The Register at the Am29)0 output contafns tha «ddre» ot 
the mlcroimtructlnn baíng anacuted. Tha Microprogram Mam* 
oiy «itit Am2D0t ora lr> lartai In iha otMical luth. Thli «tt̂ M< 
tsctura próvida* about tha sama spead «t tha Initructiort basad 
architecture, but requiras fewar regiitar bits, sinct only iha 
addreis (typícally 10-12 bits) ís stored initead óf the instruc* 
tion (typicalty 40-60 bitií. 

D. Two Laval Pjpaltna Basad 

KTIit Slatuí Renifter providei conditíonal Branch control baied 
ion rniiiMi o( ptavlmn ALU cycla, Tha Mlcroprogrím Mamory 
Ifind Am?OOI ara in iftrles in tho crlltcal pnlhs. 

Two leval plpelíne próvidas highest poiiíble spaad, It )i mora 
ditficult lo program hacausa tha salaction ofa microinstruclion 
occurt (wo Inttruciinns ahaad of íis aMPCutlon. 
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A R C H I T E C T U R E S USING T H E Am2910 
(SMding ihows pjth(s) which ulualty Hmit ipced) 

Figurt S. 

pn< L<v«l Pipallnt Biied 

(Ricommendtd) 

One l8v«l pipsiine provkJes b«n«r speed than most olhsr archllectures. The fiProS'O'O Memory and the '\ 
Am290l array are in paraliel apeed paiha Inslead ol In seríes. This la Ihe recommended archiieciure lor ' 
Am2900 deaigna. 

tMCTCLI TlMl . 

X—J 
• lO t lT tH • INt lNuCTKM 

tCLOCN TO mOISTI H O U T ^ I I 

- iMux M i i c T TO o u r n n i 

i « i * o u r n j T i 

MlCNO'MOOOAM ' 
MIMÜNV 
o u i r u t i 

"i-ír" 
Typieal CCU Cyc(« Timtng Wfvtformi. 

Thii drawing ihows the timing relationthips in th« CCU iltuitratsd abovs. 

Am2910/29tO-1/2910A 

Am2910 HIGH S P E E D A P P L I C A T I O N 

Optímal Am2910 conftQurations can support high speed bll sllco 
deslgns. Whon usod wilh hlgh speed roglstnrs and PnOMs'. Iho 
Am2910- I/Aiii29 lOA can enoculo simple Inatrucllons In lOOns. 

TTie tollowing figure íllustrales (he usual critlcal palh In (he 
sequencer. 

Timing on Ihe crillcal palhs becomes 

Devlce Path Detay 

The tolloving gives ene auggssied parla configuration I 
Ihls design criterion. 

Slalus neglsler 
MUX 
PROM 
Pipeline Raglsier 

Am29825 
Am2922 

Am27S3S 
Am29ia 

. Status Ragisler 
Fasl MUX 
Am29IO.|/Ani29IOA 
Fisl PROM 
Pipeiína Re ĵistar 

Ctock— Outpul 
Sa lad-* Outpul 

c e - y 
Addr— Outpul 
Salup 

i:na 
20ns 
30ni 
3Sna 

5ns 

I02na 

ti 

AN dalay limos ara worst casa limos In ns. 

On« Lavol P lp« l l n< Basad 

(Racommandad) 



Am2912 

SWITCHINQ CHARACTERISTICS 

TEST CIRCUIT 

Am2913 
Prioríty Interrupt Expender 

Q 

OltlOATOH 
M. I FO • ü 

I man » 

• « -

TIIT 
Pomr 

Not« 1, Incrurtat Proba snd JIf Citnaelianca, 

«UOiODtl 
tMfKOR 
•ouiv«t.(itr 

WAVEFORM? 

: / = 

Dlttlnctivii Chnrnctnrlstlct 

» Encocles eight lines to threeline binary 
• Expands use of Am2914 
• Cascadable 
• Similar in function to Am54LS/74LS/25LS148 /2513 

• Gated threestats output ; 
• Advanced Low-Power Schottky procesiing 

\? . - J h - - I :.F=̂  r -̂  17̂  j p .Jf=^i—/:^z^ 

FUNCTIONAt DESCRIPTION 

Thí LowPower Schottky Priority Interrupt Expander it »n 
•xtantion of tha Am2900 series of Bipolar Proceitor family 
ind Is uted to expand and prioritize tha output of the Am2914 
Priority Interrupt clrcuít. Affording an increasé of vectored 
priority intfrrruiJt In groupi of eiqlit, (hit unit «ccflpti active 
l.nw ÍM|tiMi jiiifl prdfliiritt « ihrnn itAtn nrllvo MIHIt nutpiít 
fifloiMI/n<l fiMiii dOlIva I ; In l{). |ti« ntitpiíl li (jalitil liy llv« 
control lignali, three active LOW and two active HIGH. Alio 
provided ii a cascad^ Input (^ ) and Enabte Output ( ^ ) . 
One Am?913 wíll accept and encode group signal linet from up 
to B Am3914'i (O4.levoli of interrupt). Additionat Am2913'i 
may be used to cncode more interrupt teveli. 

LOGIC SYMBOL 

I I I I I I tr t t I * I 

LOGIC OIAGRAM 
T, T, P 

• • 

RELATED PflODUCtS 

Part No. 0«scrlptlon 

Am2914 
Am25LS2$l3 

Vvctored Priofily Intamjpt Controllaf 
a lo 3 Una PrfoHty Enoodar 

CONNECTtON DUORAMS - T o p VIowa 

P-M, 0-20 

<•: •iC 
ic 
U 
• c 
••c 
-c 
HC 

••c 
—c 

N 

. 

. 

.. 
, ,. 

D'-
3 " 
3t 
Di 
3* 
í". 
3». 
3". 
! • • 

Ji . 

L M d l m Chlp CiiTlcr 
L-20-1 

^ ^ ^ > 1 

p T T T T ? ^ 
*Jn» - c i ^ 
• t t i «aív 
<.»• "O* 
*.p. *tí.\ 
^a* -q^ 

rf 1 rf < í 

F'20 p*noon«ouf»tlon W<»n«c*l lo O'JO. P-W. 

fióle: Pin 1 is mart>9d lor ort«ntabon. 



Am2913 

ELtCTHlCAL CHARACTERISTICS 
, The Followjng Conditlons Apply Unless Otharwisi Sp«ctfi«d: * 
; COML T^ ̂ O'C lo •TO'C V ^ Q • S.OV 19K MIN. • 4 . 7 a V . MAX. • S . I S V 

MIL t ^ ' - I S S ' C t'o'VV3S*C -Vcc " S-OV i lO% MtN, • 4.90V ' MAX. <• S.SOV 

DC CHARACTERISTICS OVER OPERATING RANGE 

Ptruntttn 0«kciiplion Tatt Condítioni (NOI« I I 

Oulpul MIGM Vollagí 

V|H 

Typ. 
iNu i . J I Max. 

VCC • MIN . 

V | N - V | H O r V | L 

Oulpul LOW Vollaga 

Inpul HIGH (.aval 

Inpul LOW Laval 

Inpul Clamp Voltaga 

tnpul LOW Curran! 

Vcc • MIN. 

V|N • V|H or V|L 

MIL. IQH - - L O m A 

COML. iQH " -J.6mA 

EO. IQM • -«<Ol<A 
COM'L 

'OL " <-OmA 

IpL " 8-OmA 

I Q L • IgffiAlAn Ouiputi) 

Guaraniaad inpul lofiical HtGH 
voliaga íof all jnpuii 

Guaraniaad inpul logicat LOW 
vollaya lor all inpuis 

COM'L 

V c c - M I N . . I,N . - i S n i A 

3.4 

3.2 

V c c • MAX. 

V , N - 0 . 4 V 

l|H Inpul HIGH Curranl 

'O 

Ice 

Inpul HIGH Curranl 

Oll-Siala (Hish.lmpadanca) 
Oulpul Curran! 

• Oulpul Shori Circuí! Curran! 
INpia 31 

Vcc " MAX. 

V | N - 2 . » V 

Vcc • MAX. 
V|N • 7.0V 

Vcc • MAX. 

íl,G^02.5j,34.5j.To 
All oihari 

?I,G,,G,,53.ff4,ffj.To 

All oth«rt 

gi.G..G,.g3.g4.g5.T0 

V Q - 0.4V 

V Q • 2.4V 

3.4 

ifcPCOulpul Cuiienl. hili) Oiilpiils 

* ^ Inpul Currenl 

3.4 

Am2gt3 

lAX IM UM RATI NOS (Abova wliicli ilie inelul lilu n»y he iiiiiviiiuil) 

lofjy Tainperaiurii 

ffmparature (Ambiant) Unilor Biat 

-65 CiQt lSO'C 

-55 'Cto*12S*C 

jpply Vollage to Ground Poten^l Continiioiit - 0 . 5 V t o t 7 . 0 V 

:vprtage Applied lo Outpuii lor High Output State -O .SVtotVcc mix 

', Inpul Volldije -O.SVto»7.0V 
30 inA 

-DOi i iA to « S O m A 

"SWITCHING CHARACTERISTICS »rA'*26°C, Vcc-S.OVI 
iramalari ' Oaicriptíon 

Vcc-MAX. 

Powar Supplv Curranl 
INoia 41 Vcc • MAX. 

* ! O I M ; 1. ^0! condliion* thoiMn «( MIN. or MAX., uia !ha approprlala 
3. ryoical llmili ara al V^¿ • S.OV. 3B*C ambianí and maaim .«. 
3. Nal rnora inan ona outou! ihould oa ifwriad ai a lima. Ouration ol ina mor! eire 
4. All Irtuuli and outpuit opan. 

15 34 

Min. Typ." Unitl Tait Condiiloni 

'PHL 

'PUL 

IPML 

IPHL 

»HL 

'2H 

•H2 

-aciriad unjar Elacirical Characiariiiici lor ma tppliciola oawica typa. 

inould noi aMaaad ona taconü. !

'HZ 

I) to An (In-phaia) 

Ij 10 An lOul-phuta) 

HloES 

filo £3 

VI 10 A„ 

G] or G j lo An 

G3. O4. O5 10 A„ 

G | or G2 10 An 

O3. O4.O5 10 A„ 

nnoíniNa iNronMAriON 

Ordar iha part nufnba'r accordJng lo tha tabla beiow 10 oblain Iha desired packaga, temperatura rarxje' and screening lavel. 

Packaga Typa Oparaling Ranga Scraaning Laval 
(Notal) (Nota 2) (Noie3) Ordar Numbar 

AM2913PC 
AM29I30C 
AM29I30C'B 
AM29I30M 
AM29I30M-B 
AM29t3FM 
AM29I3FM-8 
AMJ9I3LC 
AM291XCB 
AM2913LM 
AM2913LMS 

AM29I3XC 
AM29I3XM 

P-20 
D-20 
0-20 
0-20 
0-20 
F-20 
f-20 

L-20-t 
L-201 
L-20-1 
L-20-1 

Olea 
Oica 

C 
C 
c 
M 
M 
M 
M 
c 
c 
M 
M 

C 
M 

C-l 
. C l 

S'1 
C-3 
B'3 
C-3 
B-3 
C-l 
B-t 
C-3 
B-3 

Visual Inapactlon 
lo MIL-Sf 0-683. 
Meihod 20I0B. 

Notas: I. P • Moldad OlP, O - Hamiatic OIP, L • CNp-Pak, F • Flai-Pak. Numbar kXotmig tallar is numear ol laade. 
Saa AppanchM 8 lor detallad ouiUrv. Whera Apparxüx B oonlarns severa) daah numbars. any ol tha variaüons ol 
tha package may ba usad untase olharwise speoliad. 

. . - 2 _ C / » 0 t o < - 7 C r C . V ( ; c - 4 . 7 5 ! 3 5 2 5 V , M - - 5 5 . 1 0 + ! 2 P C , V c c - 1 . 5 0 I 0 S . Í 0 V . . . 

3. Saa Apoencfei A lor dalails otscraaning. tevals C- l and C-3conlorm lo MIL-STD-6a3, Class C. Lavel B-3 
oonlonns lo MIL-SrO-883. Oass B. 

_ 5.146 

SWITCHING CHARACTERISTICS 
;OVER OPERATING RANGE* 

Oaicription 

.''Lll 

IfHL 

IPLH 

IPHL 

IPHL 

WHL 

'ZH 

I2L 

'HZ 

'1.2" 

lí 10 An (tn.phaial 

t| lo An lOul-phaial 

i) lofO 

G| or G j 10 An 

0 3 . 5 4 . 5 5 10 A„ 

G| or G ] 10 An 

Q 3 . G 4 . G 5 i o A „ 

Am2913 COM'L 

T A - 0 " C to*70'C 
V(;c - n nv I r.x 

Mln . Max. 

31 

19 

•48 

AmjgtDMIL 

T A - - 6 S * C 10* 125*0 
V c c - S nv 110% 

Mirt. Max. 

37 

iCB ovar tna oparatlna lainoaraiura ranua li guaraniaatl ity latiing üallnad >n Oroup A. Su!>o/ouo S. 

CL* I>«F 
RL*>>oiin 

CL-S .OPF 
RL • 2.oiin 

Ten Condilioni 

C L - S O « F 

RL " Í O " ! 

CL - e.opf 
RL - J.okn 

-0.5Vtot7.0V


Am2913 :••..:--j -

, DEF IN IT IONS OF F U N C T I O N A L TERMS 

AO, A l , A2 Threeitaia, tctiva hlgh «ncodsr oulpuii 
n ' ' Enabla Input provlded to altow caŝ aded oper* 

•" ,. atlon ' 
.• EU '. •, •; Enabfa üutput provldad toahabtothanaxtlowdr 

i< erdar priorlty chlp 
. G t . G ; Activa hlgh thraa-itata output conlroli 

^ 3 . 0 4 , Ss Activa tow ihraa-itatt output conirol i 

T0.7 Activa low «ncodar Inputt 

rnUTH TABLE 

METALLIZATION ANO PAD LAYOUT 

. tlp-éU 

n T, T, T, T, r, T, T, T, 
H X X R X X I X R 
L H H H M M M M H 
( . X X X X K R X L 
i X X M t l I l H 

i K X K X - . ^ M H H 
i J I X | l l : , M M N H 
L X f A H " H M M H 
1 "X I " » ! • í t * ' H H M M 
L i M M H ' M ' M H H 

OvlfWH 

A« A| A| F5 
t 1 1. N 
1 L L 1. 
H • K M H 
L M M M 

C t M H 
H N 1 H 
L H 1 N 
H L L H 
1 i t * N 

H - H I O H VoMsffVLtMl 
L - LOW Voltav* l.*v«t 
X • Oon'i C«« 
íor df - H, O j - H. O3 - L. O i • L. O9 - L 

01 02 <n s* 01 

H M L l l 
L X X X X 
X 1 X X X 
X X M N X 

X X X M X 
X X K H M 

* • * 1 * t 

• Miftua 

1 X t 
1 C t 
f I < 
U-. i <.. 

Z - HIOH lmp«d*nc« 

7, I -

T, I -

1, ) -

r, I . 

n » -

«1 • -

™ -̂V̂ -i! l-.-ii,J 

-ÍO Vcc 

m-" 

C, I -

oiE sizeooa:" xo.oos" 

LOW-POWER SCHOTTKY I N P U T / O U T P U T 
C U R R E N T I N T E R F A C E C O N D I T I O N S 

OXtVINOOUTfvr OHiviNQ ourmjr OXIVIMINfUT 

Note: Aclual curronl How direcllon ahown. 

A m 2 9 1 3 

t . 

, 

t • 

•! 

\' 

IMAt l l 

1 • 

_, 

' 

"•JfBlXI'ON 1'fí.t 
(••«•K OíSAttl 

'1 

T no 

' j 
, • « » ! < Vj 

M • » i 

•0 vo 

<f «0 

1) 

•1 " • 
ifl Vfl 

;; 
1, V, 

•T aO 

'0 • "0 

ít * xo 

•J „ 

' • ' 
'1 
•9 • vo 

f XO 

•1 XO 

:; .... 
19 Vo 

^ 

0 

• • " 

' 
¡ 

' 

, 

— 0 

• 

r, 

ti 
r, •> 
r. 

'1 
-5 « . 
n 

-1 • 
íli^:.A^l. 

Shown above ¡1 the conneclion oí the inj i ruct ion línes . .id vector output lines in • 64-input prioritv ínttf* 

rupi ivsienn. THe A m 2 9 1 3 ii uied to «ncode the moi t sJgníficant bits asiociated wi th (ht vector output. 
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Am2914 
V^ctor^d Priorlty /ít(«rrup( Controller 

D I S T I N C T I V E CHARACTERIST ICS 

• Acceptt 8 inteVrupt ínputs 

Inttrrupii may be puUtf or Itweti and art i tortd ínternaliy 
• 8uil(-jn maik r«gjiter 

Srx differcnt operatíoni can ba performed on maik 
regilier 

• Built-ín Kaiui rtgliiar 

StAlui regiftar holdi coda tor lowast atlowed intetrupt 
• Vflctorad output 

Ouipui Ji hmary coda (or highait priorlty unmatkad 
Jnl«rrupi' 

• Expandabla 

Any numbar of Am29l4 ' t may be stacked for larga inter-
- rupt syfiami 

• . Microprogrammable 

,Executei 16 diffarent microinstructioni 

• tnitruciion anabla pin aidt in vertical mlcroprogramming 
• Hiyhiptícrt opiff i l ion 

•Oelay from j n interrupt clockad ínto tha intarrupt regiiier 
j to interrupt request ouipul ti ivpically 60n$ 

flCLATEO PRODUCTS 

P a f l N o . D«icrtpt ion 

Am2902A Carry Lúok*a>iead Genoralor 

Am2913 Pnonly Inlerrupí Expender 
Am25LSl36 3-IO-S Oocodar 

Am27S 19 Mapping P R O M 

F U N C T I O N A L D E S C R I P T I O N 

Tha Am29t4 It » hlghipead, ajghtbit priorjty interrupt unii 
that i< catcadabla to handla iny number of priorlty interrupt 
requeti laveli. The hlgh-ipead of ihe Am29l4 makei l l ideal 
for use In Am29O0 famlly microcomputar deiigni, but li can 
alto be uied with the AmdOSOA MOS microproceisor. 
Thi Am29t4 racelvQS Interrupt rtqueiti on 8 Interrupt Inpul 
linei.(Po-P7l- A LOW level i i a requeil. An Intemal latch may 
be uiad lo catch putiet on theie linei, or ihn latch may be 
hypaiiad lo ihe raquail llnni driv* iha «iluo'trluoiiratt liitiiinipt 
reyíiler directiy. An 8 bit maik rtigíttar ii uied to maik indi
vidual jnterrupti. Coniiderabla flexibílíty ii provided tor 
controlling the mask regíiter. Regueiti In the interrupt regitter 
are ANOed wJth the correiponding bits in the maik ragístar 
and the raiults are sent to an 8-ínput priorlty encoder, whlch 
producei a three bit encoded vector repretenting the highest 
numbered Input whlch tt not masked. 

An Intarnal i taiui rügíiier It uied to poini lo the lowait 
priorlty at whlch an interrupt wíil be accepled. The contenti 
ot ihe iiatu) register ara compared with the output of tha 
priorlty encoder, and an interrupt requeii output will occur 
jf tha vci It greaier than or equal to status. Whenever a 
vector li r e j j from tha A m 2 9 l 4 tha status register ís auto-
matically updaied to poínt to one lavel higher than the'vector 
tm»(i, (Tha status ragitlnr cun h«t lcij>led itmornullv tir in^d ttiii 
al any time uling tha S plni,) Slijoali étn iifüvuliid loi inuvinti 
the siaiui upward acrosi devicei (Group Advanca Send and 
Group Advfnce Receive) and tor inhíbiting lower priorlliei 
from higher ordar devlcei (Mippli Oisahla, P.irallel Disilile, ind 
Interrupt Oisablet. A status ovarflow oufput indicatos ihai 
áty interrupt hai been ttiti at the hígheti priorlty, 
The Am2914 is controHed by a 4bt t iniíruction (ietd I Q - ' S -
The command on the instructlon Unes is executed if lE Is LOW 
and ii ignorad íf lE ii H I G H , aliowing the 4 I bits to be ihared 
with other devices. 

TAatE OP CONTENTS 

Btock Oiagram 5-151 
6h)Ck Oiagram Descríption 5*151 
Connaction Diagrams 5-152 
Ordadng Information 5-152 
Standard Seraantng tf-153 
Microinstructon Sat for Am29t4 Priorlty 

Interrupt Circuit 5-153 
Eloctricat Characlerfttict 5-154 

Swtichirtg Charact«riitic« , , 5-155 
Bum-in Circuit 5-157 

Input/Outpul Circuita 5-157 
T«n Output Load Cor^ltguraHona 5-IS0 
A Microprogrammable, Bipolar, LSI Interrupt 

Stmcture Using ma Am29l4 5-159 
Am29l4 Priority Intamjpt Encodor 

Detallad Logic Oescription S-t76 

For applicationa inlormalton. see Chapter VI o( Bit Sllce Micro-

procaasor Oeslgn, Mick & Bnck. McGraw Hill Publicaliona. 

L O G I C S Y M B O L 

SINO 

TT 

Am2914 

BLOCK D I A G R A M 

; ^ ^ ; : Q — ZL 

^ 

VICIU* 

VICIO* t>OiD 

iiifMjr 

IMCU04II 

J^-
Hicno 

IMItauCTlOM 
DICOCX 

c.<J.'l=>- •' lu í * •IDIII 

i tniHMiuuisr 
AMO 

eavwflMAiit 
ioc«c 

Ó 
(—V Í.»V^ 

SIATUt 

D— 
- O 

- O -

fIM SVMIOl,» 

•.*0l •iM 1 £ ^ 

iiit^iif 

•>U>ntCI 
•0 

,* 
.U«A. _ ^ 

O^ftCOll lC 

loHtt 
UUIfUt 

• Alt 

0 4 

BLOCK D I A G R A M D E S C n i P T l O / » í * ' . \ * 

The Microinstruciion Oacoda clrcuíiry decoUas tha Inieriupi 
Mlcroinstructions and genarates requlrad control liynals for 
tha chip, 

The Interrupt Register holds tha Interrupt tnpuis and is an 
eighi-bit, edge-triggered register which is set on the rising edge 
of the CPOocksígnal. 

Tha Interrupt latches are set/resel-typa laichei. When the 
' Laich Bypass tignal is LOW, the laiches ara enabled and act 

ai negative pulse catchert on tha ¡nputt to the Interrupt 
Raglitar. When tha Letch Bypaii slgnil l i H lQH, the Interrupt 
latches ara iransparent. 

The Mask Register holds iha eight maik bits aiiociated with 
the eight Imerrupl levéis. The register may ba loadod from ' 
iM ftiiiil tu ihe M lint. Al io, ihe «miie leuioi" ') ' ítiiliwidual 
mask hits may be set or cleareü. 

The Iniorrupt Detect circuiíry deiects the presanca of any 
ufititfftked Imerrupl Inpiii . Tita aluhl-input PrloiMy tncnüat 
daiermines the hiyhasi prioriiy, non-masked Inienupl Input -
and formí a blnary coded Interrupt vector. Pollowing a Vector -
Read. tha'three-bit Vector Hold Register holdf the t>inarv 
coded interrupt vector. ThJs ttored vector is uied lor clearing 
intorrupts. • 

(It» tlnaa Mi '.litiin ll*t|lt<i<) lirtlfl« tli« tOl i i i (ilil itMil nt»\f 
hm luddtftl tiuiit ot imétÉ lu lh» ^ l lui . Uuiliiu a Vaciui « M M I . 
the Incremanior incromenis iho interrupt vecior by ona. and 
the reiuli Is clocked Ínto the Status Register. Thus the Status 

Register always poinis lo ihe lowesi level at which an interrupt 
will lie accapiud. 

The threebit Comparator compares the Interrupt Vecior with 
the contenis of tha Status Regisler and indicatei if the Inter
rupt Vecior is greater than or equal to tha contanis ot iha 
Status Register. 

The Lowest Group Enabled Plip-Plop is usad when a numt>er 
ol 2914'» are cascaded. In a cascaded systam. only ona Loweit 
Group Enabled Flip-Flop ís LOW at a time, It indícales the 
eighl interrupt group, which contaíni iha towest priorily 
Inttirrupi levet whlch wltl be accapteü and la uiad to form iha 
hlgtior order Matul bi t i . 

'Ríe Interrupt Request añd Group Enable togic contain varíous 
gatíng to genérate the Inteirupt Request, Parallal OíMtile. 
nípple Oisable. and Group Advance Sttui síijndfi. 

The SKtus Overlluw iignal is usad lo üitattie aK inleitupii . l l 
Indicetes the highest prioriiy Interrupt vector has iMen read 
anil tha Status Retjíster has overflowed. 

The Clear Control luyic ueneraies the eiglti individual cle«r 
sígnala lor the bits ín the Interrupt Latches and Register, Tha 
Vector Clear Eiiabta Ptip-Flop indícales it the lasi vtcior read 
wat from thii group. When it is sel, i i enaUlet the Oear 
Control Logic. 

lliN <:!* (liMih ll(|tt«l l l iiiail lu < liM b itiM | M I « I M I | I ) llat|lii*r, 
Miitli tlttuiimi, Ulriluí lUi i t i im, Vat-uii MMI*! llHU>*)«r. «titl t l i * 
Lowesl Grbup Enatileü, Vactof Clear Enable and Siaius 
Ovorflow FlípPlops, all on the dock L O W t o H l G H transition. 
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0-40, P-40 CONNECTION DIACRAMS - Top Vl«w« F-4M 

• ñ 

'>C 
".C 

0"OMf VONAL 1 ^ 

QReurADVANei r— 
RICIIVI 1—1 

aoou» t M i i i [ ^ 
INTItRUrT r—1 

mw.10'iAin dl^ 

IHTIIHtWfT r * 
Nioultr ^— 

•'C 

• » T * n H r -
ov innoM l ^ 

ONOur AOVAMCI 1— 
MIO^— 

• t C 

,«.c 
" ' C 

• ' C 

1 

1 

1 

4 

• 
f 

1 

•• 

1» 

11 

1* 

It 

<• 
I t 

n 

• . —̂' 

, 
1 
( 

Am2l14 

Actual Sil» 
2" X 0 .8 ' 

40 

• M 

M 

J» 

M 

M 

11 

X 

n 

n 

n 

!• 
M 

n 

11 

=3"! 
!]'> 
3 - , 
D'-.-
D". 
3'» 
—1 IWSTIHjeTIO»» 

3'> 

¡ 3 O*®*"* 

^ClOCB 

b-
b'. 
D - . 

= ] ' • 

3". 

-.cz; 
O N o - r ^ n : 
JT 1 
J I « | 

ar. 1 

nri 
inr. 1 

f.e. f . 

or.cz: 
v« nuL 
- C Z Z 
i i l 

-cz: 
r». 1 
« i l 

•>( 
»,( 
».| 

flw( 

«•íl 
' r r 

1 • 

f 

1 

4 

1 

• 
r 

1 

1 

11 

(1 

t i 

u. 
14 

u 

t? 

)• 
I t 

M 

f l 

, 

Amlt14 

Acluiil SU» ' 

I .VXO.f l ' 

«t 

41 

40 

n 
M 

]f 

» 
14 

11 

I t 

M 

n 
H 

ir 

rzD 

1 

zz: 
1 

I Z D 
1 

Z Z ) 

í ^ 
! — 1 

« l _ j 
n 
14 

n 
11 

Z Z ) 
, 1 

1—1 
i 

)'l 

1-0 

I ' ' 
I " 
l ' l 

I 'I 

; 

'No l i : GNO'l «nH plni 2, 19. 3t ffiuít •)! b« lled loq«lhtr 
Not*; P)n t li murVnd (or ardtiHntlon. 

MPN-in 

onoeniNO iNPonMATioN 

Ofder Ihe pan number aecofdlng lo Ih» tabla below lo oblain 

(he (tasired packaga, tamparalura ranga and scraaning leval, 

Order 

Numbar 

Packaga Oparating 

Typa Ranga • 

(Noit I) (Ñola 2) 

Scraaning 

Laval 

(Mola 3) 

mitinee 
A M I Í K O C 
AM2«M0C-B 
AM29HDM -
AM29140M-B 
AM29KFM " 
AM29I4FM-B 
AM29I 'LC 
AM29I4LM ' 
AM29I4LM-B 

AM2914XC 
AM29I4XM 

P-*0 
0-40 

- 0 - 4 0 -
0-40-
0-40 

- F-42 
F-42 
L-44 
I.-44 
L-44 

' Oca • 
Dlca 

C-l 
0-t 

. •fl•2(^tola4) 

• • c-s 
. . B-3 

. . C-3 
B-3 . 

" C-l 
C-3 
B-) 

Visual Inapadlon 
loMIL-STO-eS3 
Malhod2«IOB. 

Nolaa: 1. P - MoU)«< OIP. O - Harmalle OIP. F - n n Pak. Numbar 
lonowng lanar Is numbar 01 laadt. Saa Appandl» B lor 
daiallad ouinna. Whara Appandlx B conlains savaral dasl) 
numbars, any ol l)ia vartatlona o) Iba packaga may ba usad 
unlass dhafwisa spaciflad. 

2. C - O lo *7<rC, Vcc - 4.7S 10 5,28V. M - - 5 5 10 
f 125-C. Vcc - 4.50 lo 8.50V. 

3. Saa Appanoli A lordalaHsol scraaning. Laváis C-l indC>3 
oónlorm lo MIL-ST0-tS3, Class C. Laval B-3 conlomis lo 
MIL-STD-883,OasaB. " 

4. 96 hour bum-ln. 

MAlnllIralUin atii) Ptit I.I*V<HM 

' 1 4 1 t l M M M i r j t N 

IWÍtt 

Wf n n !• n M it n » f« n n 

DIESIZE 
0.133" xo.Var 

NumbAri cofrtioond 
toDIP pin.out. . 

C h l p - P a k " 

L-44-2 

i!¡ 

f í / .- í .- / V 

•Am2914 

STANDARD SCREENING 
(Conformí to MIL -STD-883 for Cía» C Psrts) 

S l tp 

Prs-Sesl Visual tnspectlon 

Slabil i íat ion Baka 

TemperKure Cycle 

Cenlriluge 

Fina Leak 

Gfosi La ik 

Elfclrical Tet l 

Sub^roups 1 and 7 

MIL-ST0.483 

Mathod 

• 2010 

1008 

1010 

2001 

1014 

1014 

5004 

Condltloni 

B 

24 .hour 

^ 150*0 

^ -65*0 to t i 50 *0 

lOcvclai 

S 10.000 0 

A 5x 10-'atmcc/«ec 

C2 Fluorocirbon 

Sea below for 
definitiont ol subgroups 

Llvel 

Am2914PC.OC 

100% 

100% 

100% 

100% • 

100% • H 

100% • 

100% 

Am29140M.FIV( 

100% 

100% 

100% ' 

100% 

10C% 

100% 

100% 

Injerí Additionsl Scraaning here for Claíf 8 Partí 

Group A Sample Teíts 

S i i l v j r o n i i 1 

S ' i lu j> i iu |> ? 

Subgroup 3 

Subgroup 7 

Subgroup 8 

Subgroup 9 

500S 
See below for 
definitions of lubgroups 

Máximum accapt number 
i i 3 

LTPO • 5 

1.1 ('l> - > 

LTPO • 7 

LTPO • 7 

LTPO • 7 

LTPO - 7 

L T P O - 5 

1 ll'l) - / 

LTPO- 7 

LTPO • 7 • 

LTPO • 7 

LTPO • 7 ; 

* N o t «pp!!cabla for A m 3 g i 4 ( * C . 

TABLE1 

(V I ICROINSTBUCTION SET FOR A m 2 9 1 4 P R I O R I T V I N T E R R U P T C I R C U I T 

D * « l m a l 

I j l j i . l o 

• 14 
7 

12 

a 
10 
n 

M n a m o n l c 

UOM 
noK* 
CLBM 
SETM 
DCinM 
I I S E I M 

tnitrudlon 
Matk R*glit»r Puncttom 
Lo«d matk rtgiiter from M bus 
Riad mitk rtqitltr to M bus 
Ctetr misk rsgisier (tnabiM ail prioriti*s) 
S«t mask r«glsttr (inhlbüt «M «niarrupti) 
Gil cl*«r maah r«ai(i*r (rom M huí 
1)11 • • ! trisah rA|]l i l«r Irnrtí M l i i i i 

Status Raglatar Functlons 
load status ragitltr from S bus snd LGE 
fiip-floo tTom GE Input 
Raad status raglslar to S bus 

Inlafrupt flMiuftit Control 
t i i a t i U liiia<Mi|>t i» i |M*»i 
Ot ta l i la I r t ic i tupl i«(| i taal 

Ovdmal 
131,1,1o Mnamonic lnatrvctl«n 

Vactorad Owtput 
ROVC Read vtcior ouiput lo V.output*. load V«1 

into sta44N «a^íMaf. load V inio v«ctor hold 
(sgísttr and « « wctor ciaar «naOla nip-Hop. 

PriorftT lnl*rrvpt Rvgiaiar Ct**r 
CIRIN Cta*' *» lni*friipts 
CLflMM Claat Iniaiiupit froin maak «agitiM data I U M I 

iha M busl 
CLRMa Claar mtarruplt (rom M bus d«ta 
CI.RVC Claar tha individual inttffupt asaociatad with 

iha last vaaor raad 
Manar Claar 

UCiR Cl<t*r «II mt«rriio(«. r.l*af mnfh ragislat. tlaar 
«lal<l« t a u ( « l « ' . r > > « ' M i l Olt) Mnp . « i fa l r la 

or.cz


Am29t4 

M Á X I M U M RATINGS (Abovt which th« uitful life may be Impairtdl 

Storage Temperatura 

Temperaiure (Amblenl) Under Blai 

Supply Voltage lo Ground Poitntial 

OC Voltiuje Applied to Ouipuii for High Output Siata 

OC Inpul Voliage 

DC Output Current, Into Outputs * 

. . . - 65 *Cto t l50°C 

-55°Cto+110*C 

-0.5V 10 +7.0V 

•0.5V 10 •Vci; m»«. 

-0.5V tu 5.5V 

30mA 

—30mA to +5.0mA 

OPERATING RANGE 

P/N 

AmMMPC.OC 

Am29l40M. FM 

Temperature 

0 C Í O O O ' C 

-55 'Ci ( l»125 ' 'C 

Vcc 

4.7SVloS.}SV 

4.S0V IIIS.90V 

. ELECTRICAL CHARACTERISTICS OVEñ OPERATING TEMPERATURE RANGE (Unie« Oihefwiie Noted) 

(Group A, Subgroupi I, 2, and 3) 

• M ' C III t U n ' C 
Vcc • 10V t 5% ICOML» 

. Voc ' f l .ÜV t U I M M I L I 
MrN. •4,75V 

- 4,liUV 
MAX. • 5,25V 
MAX. • ft 50V 

. Pat jmi t t r i 

VOM 

'Ctx '< 

1 

V|M 

« IL 

V| 

1 

Otlcríplion 

Oulput HIOH V0IU9* 

Output Lrtdki^ Current 
(or IR Ouiput 

Uuliiut LUW V.Uidga 

Inpul HIGH Ltvfl 

Inpul LOW Ltv«l 

Input CIjmp Voilae* 

Inpul LOW Currinl 

1 
l|H Inpul HIGH Currtni 

l| 

<C.,l 

I(I2H 

' L C 

'se 

Inpul HICH Currtnl 

OtrSttfi» Oulpui Cuirvnl 

FoMM. tiiiti.lv OiiMtfni 

Output StiOfI Circuil Cuiitnt 
INoiv 31 

T . 11 Conc 

Vcc • WIN;. 

V | N " V f H W V i L 

itioni <N ota I I 

'L. l O W -l.OniA 

.. ,JX, ( O H - - r • '. 

Vcc • M'N . Vo • S.5V 

Veo • MiN., 

V|N • V|H 01 Vil . 

IQL • 4.0mA 
IQL " a.OnA 

tOL • IJinA 
Gu»rini««d Inpul logicat HICH vollat* 

for *ll Inpuu 

Guaranwcd input logicjt LOW vollaga 

for «11 inpuu 

Vcc • M I N . liN - - I S m A 

Vcc • MAX.. 
V|N - 0.4V 

Vcc " MAX.. 
V|N • 1.1V 

Mo-7 

«O-J 

L. i . 

rv. 
n 
All Olheri 

MO-J 

S f l - l 

sí.exH 
re 
rff. 
All Otheri 

Vcc • M*X.. V|N • 5.5V 

Vcc • " A X . 

V( ¡C*MAX. 

V Q O T • 0.»V 

VOUT • J.«V 

COM-L 

MIL 

" 0 - 7 
So-J 
V o . l 

" 0 - 7 
So-J 

Vo-J 

39*C 

0"C 

ÍO'C 
-aa'c 

125*C 

Veo" "Ax. 

Min. 

2.4 

2.4 

2.0 

- 3 0 

T»p. 
INoi» 31 

170 

Mén. 

230 

04 

049 

OS 

oa 

- I . S 

- O H 

-0.1 

-0.4 

-3.0 

- l O Í 

-0 .1 

190 

100 

40 

eo 

60 

20 

1.0 

-150 

-too 

-no 
ISO 

100 

so 

286 

309 

390 
310 

200 

- 8 6 

Uni l i 

Volti 

• KA 

VuMl 

Volti 

VOIM 

Volt! 

mA 

liA 

mA 

«A 

mA 

mA 

Noiu«, t. ^o' condilloni thown ai MIN. or 
J, T,i..c«l («mu ar* ai V^C * 9.0V, 
.1, Niti muta litan una tiuitm) thUMlu 

MAX., uM Ih» aeproorlata wclu* tpaollUd undar llMtrlcal Charactarlauei for 
3S*C ««nbtant «nd maalmum loMlno. 
I>a iho'itftl al a lima. Ouiaiiurt o' tn« ino*l iireuli taai thouid nui anaaad oni 

iha appMcabta dat 

I laconil. 

Am29U 
. SWITCIIING CHAHACTERISTICS AT 25''C AND 5.0 VOLTS 

Note: Guaranlood limiti al 2S*C and 5.0V are group A, tubgroup 9 leits 

All ouipuli fuily loaded. C\_ • SOpF. Meaiurements mada at 1.BV wlth > 

inpul leveii of OV and 3.0V. All number» are In n«. • 

For Inlerrupt requeil output. RL • 470rt , • 

TABLE I. CLOCK ANO INTERRUPT INPUT PULSE WIDTHS (m) 

' Ti int 

MidiniuiM Clock LOW Tínt* 

Mínimum Clock HlGH Timt 

Miitiinum Iniírrupi tnput (P0-P7I LOW 
Timt for Cuafanittd Acctutmct (Pulió Mod«| 

Máximum Intairupt Input (PQ-P?) L O W 
Tima for Guarant«*d Rajaetion (Pulía Modal 

aUARANTEEO 

30 

30 

25 

10 

TABLE II. COMBINATIONAL PROPAGATION DELAYSlm) 

" - - . l i i U . i 1 

From Input ^"^•^. .^ 

i l 

'0123 

lipl. Oii.iUla 

. , . T Y P I C A L 

M 

Oui 

36 

36 

-

s • 

Bul 

40 

40 

-

« 0 1 2 

40 

40 

3S 

-
-

35 

llllMiU 

O i í j b l í 

-
-
8 

(l it iuii 

AUvanca 

Send 

30 

30 . 

19 

GUARANTEEO 

M 

Bul 

48 

48 

S 

Bul 

69 

96 

-

V 0 ) 2 

6S 

56 

37 

l i f i l 

Raq 

-
. -

43 

lll|i|>l* 

Oiiable 

-. 
- . 

16 

CMMM» 

AiJ vanea 

Send 

. 47 

47 

2S • 

TABLE I I I . DELAYS FROM CLOCK TO OUTPUTS (n.l 

Clock Path 

trpl LaleKal and nagiiiar 

Maili Hayítiar 

llalul naiititar 

Levrttt Oioup Enablad pllp.Flop 

lipl Raauail Gnabla Fli|>-Flop 

Staluí Ovarllow Flip.Flop 

TVPICAL 

To 

V0I2 

96 

96 

49 

-
— - • • • 

To 

Irpl 

Rao 

66 

66 

69 

-
40 

To 

PO 

37 

37 

26~ 

23 

To 

RO 

3a 

39 

Jl"' 

29 

-

To 

GAS 

47 

43 

-
-

To 

Statut 

O'llow 

-
_ 1 . . . . 

-
ñ~" 

To 

QS 

-
~ 

17 

-.-. 

GUARANTEEO 

To 

V0I2 

•7 

67 

" i» 

.._:— 

To 

Irpl 

Ral) 

t> 

62 

74" 

-
66 

To 

PD 

67 

67 

67 

4 ] 

-

To 

R5 

67 

67 

67 

46 

-

To 

SAS 

6< 

6< 

M 

. -
-

To 

Slaluí 

O'dow 

-
-
r 

-
-

X 

To 

3s 

-
• -

12 

-
-

TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (n>) 
(All relative to clock LOWioHIGH trantition) 

Pfoin Inpul 

S Bul 

M.aui 

fo-f-, 
Laicli Bvpiti 

ip. 
'UW3 '^"" Hofí 

Gí 

CAR 

Irpl Oiiabia 

P0-F7 Hold r.ma 
natatlva lo LO 

GUARANTEEO ) 

S a l u p r ima 

11 

11 

11 

10 

46 

'IW.L • 3'J 

11 

11 

36 

-

.' iluUI Tima 

• 
6 

0 

0 

0 

11 

11 

0 

21 

Nula: iawi, '* *^* ClocK LOW Tima. Uoin Sai -up ilmai niuai ba mai. 
5*155 

tiiiti.lv


Am2914 
• SWITCHING CHARACTERISTICS OVER OPERATINO VOLTAGE AND TEMPERATURE RANGE 

• - - : • 1'-' • • ;'(QroupA, subgroop lOand 11 lesuandllmlls) 

An outpuls tully loeded, C\_ • 50pR Msasuremenli mad» al t.SV with Inpul 

í lavéis of O and 3.0V. ForlnlermpinequoslOulpul, R L " 390n,VLOAO" 50V 

I TABLE I. CLOCK AND INTERRUPTINPUT PULSE WIOTHS (n«) 

T1m«[' í 

Mínimum Clock llOW Tlm* 

Mínimum Clock HIGH Tima 

Mínimum InltrruDt Inpul IPp-P;! 
LOW Tima lor Guir ini t fd 

' Acctpltnct IPult* Modal 

Máximum Inltrrupt tnput (Pg-P?) 
LOW Tima lor Guafantaad 
Rajaction tPulia Moda) 

Mínimum Clock Parlod. lE • H on 
currant cvda and praviouf cvda 

Mínimum Clock faflod. fE - L on , 
currant evcla or pravtou* evcla 

Am2914PC, OC, X C 

. , T A • 0*C to +70"C. 6V t S% 

30 

30 

40 

' 

SO 

' • • • • !• 1 0 0 • 

A m 2 9 1 4 D M , FM. X M 
T e - - 5 S ° C to •HZS 'C , SV ± 10% 

30 

30 

<0 

8 

65 

110 

0-
Í ^ T A B L E II. MÁXIMUM COMBINATIONAL PROPAOATION DELAYS (n>) 

: ; • • • ; • ' • . • • : • • • . • • • 

^ ^ ^ ^ To Output 

From Input ^*"**'*^^_^ 

i i •• • • • • - . • • 

•0IJ3 

Irpi. Oiiabia 

i , , Am2914PC, DC, XC 
T A " 0 * C t o t 7 0 * C , S V l S X , 

• M 

Bul 

5 3 ' 

5 } 

-

s 
Bul 

60-

60 

-

V012 

es 
6S 

•4S • 

Irpt 

Raq 

. •-^.'v= 

-

RIppl i 

Dl labIt 

' " ' - " ' • ' " 

-

Group 

Advanct 

_ Stnd 

• » • 

B8 

.•:^.,M 

Am2914DM, FM. XM 

, • T C - - 5 5 ° C l o * 1 2 S ° C , 5 V ± 1 0 X 

M 

Bul 

60 

60 

-

s 
Bul 

ca 
08 

-

V012 

70 

70 

48 

Irpt 

Raq 

-
-

SO 

RIppla 

Dlltbla 

-
-

37 

Group 

Ad vanea 

Sand 

63 

63 

33 

TABLE III. MÁXIMUM DELAYS FROM CLOCK TO OUTPUTS (na) 

Cloek Palh 

Irpí Laicnatand Rapiiitr - ' 

Maik Rehilar 

Slalu» flagillar 

Lowcii G'OUD Cnablad f lip-f loo 

l'Pl Raquail Enabla Flip-Ploo 

Staiul Ovarllow Fllp-Plop 

' Am2914PC, DC, XC 

TA' - 0°C 10 +70"C. 5V í 5% 

V012 

78 

""76 

67 

-
-
-

To 

Irpi 

Raq 

97-

~ 9 7 " 

""aa' 

-
63 

PO 

67 
6T" 

0 3 " 

46 

-

RO 

67 

67 

6 3 " 

53 

-
-

GAS 

SO 

80 

• " 7 0 ~ 

-
-
-

T O , 

- S t i i u » 

O' l low 

- • 

— ^ 
-
-
35 

To 

GS 

•-f-
— 
38 

-
-

AmZgi-IOM. FM, XM 

' : T C » - 5 5 ' C t o * 1 2 5 ' C , B V ± 10% 

To 

Voi2 

83 

83 

73 

-

-

To 

Irpt' 

Raq 

105 

105 

96 

-
68 

-

To 

PO 

75 

75 

66 
64 

-
-

To 

RD 

76 

75 

66 

58 

-

To 

GAS 

es 
es 
76 

-
-
-

To 

Statuí 

O'How 

-
-
-
-
40 

To 

GS 

-
-
-
4S 

-
-

From Input 

S-8ut 

MBui 

'o'7 
LatchSvpau 

lí-
lOt I j ISaaNoia l 

CE 

5AS 

Irpí Oiwbla 

P0-P7 Hold Tima 
Ralativa to LB 

TABLE IV. SETUP ANO HOLD TIME REQUIREMENTS (ns) 

(AH relallve lo doelt LOW-lo-HIGH Iransillon) 

i Am291'lPC, DC, XC 
' T A - 0 ' C I O + 7 0 ° C . 5 V t 5 % 

Sat-Up Tlmt . . . 

1S 

15 

15 

30 

55 

lpwL»M 

15. 

19 

4} 

-

Hold Tima 

10 

10 

a 
0-

0 

13 

- 15 . 

0 

35 

A m 2 9 1 ' I O M . F M , X M 

TC • - 5 5 ' ' C 10 +125°C, 5V i 10% 

' Sal 'Up T l m t 

15 

15 

16 

.30 

55 

'pwL • 40 

1S 

. 1 5 

42 

.-' 

Hold T lmt 

10 

10 

8 

0 

.0 

13 

13 

0 

3 S ' 

\ 
• 

•I 

•r 

;-

1 

Am2914 

n 

1 

"ce o>«*ni »i*>it 

I 
Am2914 Burn-in C)rcu)t 

«nn >«mi 

INPUT/OUTPUT CIRCUITS 

lo-lj. CP. GE. GAR 
LB 
lE 
10 

tOK 
20K 
6.7K 
4K 

-fi- -íf-
-a- * 

-a- -íf 

P"7-Po 

^ ^ 

OUTPUTS . OUTPUT 

GS 

so 
PO 
RO 

OUTPUTS 

M, -M, 

VS: 



Ain29u 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2914 

C. O P E N - C O L L E C T O n O U T P U T S 

•lOAO • «V 

o . TMREE-STATE OUTPUTS 

»ouT o -

^''. =L=. 

Pln# 
(DIP) 

3 

4 

7 

a 

9 

13-1) 

14 

18-16 

-

TEST OUTPUT LOAOS FOB Am291« 

Pin Ub«l 

Group 
Signa) 

Úroittf 
Aovaiic* 
Roceiv* 

Rippla 
Oliabla ' 

Piiallal 
Oi tabla 

Iniarrupt 
Requaat 

So., • . 

SUlut 
Ovartlow 

Vo-S 

Mo.7 

Tt«t 
Clrcull 

C 

C 

C , 

C 

C 

0 

C 

0 

0 

"1 

2K 

3K 

2K 

2K 

390 

240 

2K 

240 

240 

R2 

,-

-

-

-

-
240 

• - '•' 

240 

240 

Ñolas ofl Tasting 

Incoming test procedures on Ihis davice should be carelully 

planned. taking inlo acccunt me high complexily and power 

levéis ol me p a n . The lollowing notes may be uselul: 

1. Insure me pan is adequalely deccupled ai me lest haad. 

Larga changos in V^t; currenl as me device swilches may 

cause erroneous lunction lallufes dua lo V c c changos. 

2. Do nol leave inpuls lloaling durtng any lesls, as may may 

slail lo oscillale ai high liequency. 

3. Do nol allempt lo peilorm Ihrashold lasls al high speed. 

Following an inpui uansition, ground currenl may chango by 

as mucn as 4 0 0 I T I A In S - 8 n s . Inductanca in me ground 

cable may allow me ground pin al me device lo risa by 100s 

ol miltivolts momenianty. 

i 
Usa exireme caro in dellning input levéis lor AC lasts. Many 

inpuls may be changad al once, so ihere will be signillcanl 

noise al me device pins and mey may nol aclually raach Vn 

or V|H unlil me noise has sellled. AMO reconimends using 

V|^ c 0.4V and V | H > 2.4V lor AC tesis. 

To simplity failure analysis, programa should be designed to 

perlorm D C , Funcllon, and AC tests as three disllnct groups 

ol lesis. 

To assisi In tasling, A M O ollers complete documenlalion 

on our lest procedures and, in most cases, can próvida 

Palrchild Sentry programa, under llcenso, — 

• . A Microprogrammable, Bipolar, 
LSI Interrupt Structure Using the Am2914 

I N T H O Ü U C T I O N 

Advanced Micro Devices' iniroduction of the A m 2 9 M Vec-

tored Priorjty tnterrupt Controller now makes posiibls the 

itructuring of «, microprogrammable bipolar LSI interrupt 

lyitem. The desígn engíncer may use tha A m 2 9 1 4 tu i lmpli fy 

his design process, dramatícally reduce the tystem cost, slzt 

and package count, and increasa the speed, capabilíty and 

ralJability of his interrupt systtm. 

The A m 2 9 l 4 i i a modular, low cost. standard LSt eomponent 
Ihat may b« microprogrammed to meot the requirements of 
ipccIficapplications.Today's enginetr may utiliza the A m 2 9 M 
inicroprogrammability to próvido (unctionol lliiKibllity and 
ttjto o( ongliiverlny changu, whilo (aking advunlauu o( i t t 
modularíty to próvida hardware rogularity and future expan
sión capjbil ity. 

THE I N T E R R U P T C O N C E P T 

In any state machina, a raqulrement txisis for tha elflciont 
tynchronization and responso to asynchronous events luch as 
power failure, machine matiunctlons, control panel scrvice 
reciueiif, exteriiiil ilmnr tígnnls, tuiMrvJiory calli , program 
fliiuit, áiiit iit|iiil/niil|Htt ilnvlLe tafvh.a r(i<ti>*>*(* f I"* nwtll l i l 

luCh an "asynchronous evuní handier" may be meatured In 

lerms of responso t ime, l y t t e m throughpul , real time overhead, 

hardware cost and memory space required. 

The simplest approach to asynchronous event handiing is the 
poli approach. A status irulicstor Í i aisociaied wiih each 
potiibl» asynchronous ovent. The procossor tests oach índlcaior 
in sequence and, in ettect, "asks" if tervica is required. This 
program-dríven method It inofficíent for a number of reasons. 
Much time is consumad polling whon no sarvlco Is required; 
programs must hava frequont test polnts to potl indicators, 
•nd since Indicators are polleü in loquenco. considerable l imo 
may elapso boforo the prucessor rasponds to an evani. Thus, 
lyi lem throughput U low; real timo overhoad and responso 

' time are high, and a larye memory space i i required. 

The interrupt meihod is a much more officient way of 

servicíng asynchronous requests. A n asynchronous event re-

quiring sorvtce generales an interrupt request signal to the 

processor. When the processor receives the interrupt request, 

it may luipend tha program it is currantly executing, executo 

an interrupt service routine which services thu asynchronous 

request, then resume the axacution of ihe suspended program. 

In this system, tha axecution of the servicQ routino is 

initiated by an interrupt rcquei t ; thus, the system ts interrupt 

driven and service routines are executed oniy when sorvice í i 

requested. Al ihpugh hardware cost may be higher ín thü lypa 

of system, it is mora officient since lystein throughput is 

higher, responso time is faster, real timo overhoad is lower anü 

tesi memory space is required. 

I N T E R R U P T SYSTEf^rt F U N C T l O N A L D E F I N I T I O N 

A completo and clear functlonat definitlon is key to the désign 

of a goúd interrupt systom. The lollowing leatures aro usoful. 

Múltiplo htttffuftt Raquost H»nüling: SmCo Inlvrrupl loquettk 

are generaied from a nutnber of dítferent sources, tha interrupt 

syslem's ability lo handlo Interrupt requests f rom severa! 

sources is important . ' 

Interrupt fíequétt Prhrítitation: Since tha processor can 

service only one Interrupt roquast at a t ima, it is important 

that the interrupt system has tho ability, to prioritiza the 

requests and determino which has tho highast prlority. 

Interrupt Service Routine "Netting": This featura altows ao 
interrupt sarvipo routino for o givan prtorJty raquast to t>e 
interruptod In turn, but only by a highar prlority interrupt 
tftquost. Tha sorvice routino for th t htghor pi ior l ly raquast is 
executod. thon tho oxecutlon of tho Íntvrrupt«d tarvico routino 
is rosun>ed. If thero are " n " interrupt requests, an " n " doop 
"nest" is possibto. ^ ,• 

Dynemie Interrupt Eneblíng/DitábUng: T h t ability to onable/ 

dlsoblt t i l In t t r rup l í "oo tht f i y " undor mlcroprogram control 

can bt .usad to provont Interruption oF cortaln p/oceises. 

Dynemie Interrupt Requett Mesklng: Tha ability to saladively 
Inhihlt or " tna ik" indivultial InlffrrtiiM requoil l urwíof micrn-
ptutjfaiit tiMiliMl Is u ie lu l . 

Interrupt fíequ^it Vectoring: Many times, « particular Inter

rupt request r tqulr ts th t axacution of • uniqut interrupt 

service routina. For th í i raason. th t generaiion of i uniqua 

binary codod vector for each interrupt request is vary halpful. 

This vector can ba usad as a poiniar to iha siari of a uniqu* 

service routine, . i , 

Interrupt Requett Priority Thrts^oM: Tho ability to ostabllsh 
a priority thrathold i i valuabla. In this typc of oparatíon, 
onty Ihost Inttrrupt rtqutsts which havt hightr priority ihan i 
ipecif led threshold priority are accopted. T h t threshold priority 
can be defined by microprogram or can be automatically 
astablished by hardware ai tha interrupt currantly being 
serviced plus orw. This automalic threshold pravonts múltiplo 
interrupts ( rom tho samo source. Also usafpl is the ability to 
read tht threshold priority under microprogram control. Thus, 
the interrupt rtquest baíng serviced may ba determinad by 
the microprogram. 

interrupt Request Clesring Flexibillty: Flexibil i iy in the 

method of ctearing interrupt roques» allows di f f t r tnt modos 

oi i n t ^ r u p l 4 v s u a i optratioft. Ol particular valut art tho 

abilities to clear th t interrupt currenily bting strvictd. citar 

all interrupts, or cloar Interrupts vía a programmabtt nusk 

rtgisttr or bus. 

Mieroprogrtmmebility: Mtcroprogrammability p t rmi t t tht 

construction of a genoral purpost or "univtrsal" interrupt 

i t ruc iur t which can b t microprogrammed to m t t t a t p t d l i c 

application's r tquiremtnts. T h t univtrsaliiy of t h t t l ructurt 

allows siandarüization of th t hardwart and amorti tat ion of 

th t hardwart d t v t l o p m t n t costs tcross a much breadtr ústr 

b;ist. T h t und rtsult is t l l t x ib t t , low cost inttrrupt structurt. 
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: Hirdwtrt MgtíuMly! Mo<li¡[tr Intarruot lyítím hardwire Is 
txnaflciit in (wo w«yi, Ftrit, hirdwirt modularity providei 
«xpinilon capibillty. Addlllonil modutti miy b« tddad it 
the n«td ta itrvlca •ddltlohal raquaats (rita*. Sacondly, hard-
wara modularity proyidat a ttructural fágularity which slmpli-

' fles' tha' lystfn ttructu'ra and alio raducet tha number of 
'.-hardwarapart numben. 

"Fsst Intenupt Svsnm fítsponu Ttmt: Qutck intarrupt lyiiam 
ráspense provides mora efficlant aystam oparalion.. Fast 

.responsa reduces real tima ovarhead and increases overait 
sysiem throughput. i 

INTERRUPT SVSTEM IIVIPLEMENTATION 
USINQ THE Am2914 

The Am2914 provides all of the forogoin^ f< .iturcs on a singlo 
LSI chip. Tha Am39l4 Is a high-spaad, eightbit priorlty 

.inlerrupt tjriit ihat Is faictdabla to handia any number ol 
• ptloiliy Inlerrupt raquest laváis. Tlia Am30l4's tilgh ipead Is 
f.idaii lorusa.ln Am2()00 famlly mlcroeompuior daslgns, bul 
,í it can also ba.used wUh lM:Am9080A MOS rnlcroproccssor. 

The Am39l4 recelves InierrupI reriiiaiti on ciglit Inlerrupt 
Input linos (Pfl''?'' A UOW levol Is a rgquesl. An Intornal 
lalch miy be used td calch pulses (HIQH-LOW-HIGH) on 
Ihese lineí, or' thé lalch may be bypassed so thal the request 
lines dríve the 0-inputs to tha edge-triggered Inlerrupt Register 
directiy. An eighi-bit Mask Reglstar Is usad to mask Individual 
interrupis. Coniiderabla riexibllity is prtjvided for controlling 
the Mask Reglsier. Requesti in the Inlerrupt Register (PgP;) 

-jre-ANOed-wtth th«-correspondlng bits In the Mask register 
(Mg-M^l and the results are sent to an aight-lnput priorlty 
encoder, whIch produces a three'bll ancodad vector represen!-
ing the highest priority input vvhich Is not matkad, 

Án internal Status Register Is used to point to tltl! lowest 
priority It whIch an inlerrupt wlll ba accapled. Tha contents 
of the Status Register ara compaxad wlth tha output of tha 

priorlty ancodar, and an Inlerrupt Request oulpul will occur 
If the vector Is grentor than or equat to iha contents of the 
Status Register, Whonever a vector Is read from ihe Am2914, 
tfie Status Register Is automailcally updaled to poInt to one 
loval hlgher than tho vector raed. (The Status Register can be 
loadad extarnally or raed out at any time using the S-Bus.) 
Signáis ara provided for moving the status upward aero» 
devices (Group Advanca Sand and Group Advance Recelve) 
and for Inhibiting tower prioritiei from highor order devicol 
(Rippla Olsable, Parallol Olsable, and Inlerrupt Diiablel. A 
Status Overflow output indicatei that an inlerrupt has been 
read al the highest priority. 

The Am29l4 Is controllod by a lour-bit microinsiructinn field 
1 -̂13, Tha microinsiructJon Is executed If lE (Instruciion 
Enahlel Is LOW end is Ignored if lE Is HIGH, allowing tha 
four I bits to be shared wiih other'functions. Sixteen different 

' mlcrointiructlons aro oxccutod. Figure 2 shows tiie micro-
Instructions and the microinstruction codes. 
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PIguri 1, Ani29l4 Luifiu bymtiol. 

MASTERCLEAR 0000 

•* CLEAñ ALL INTERRUPTS 0001 

CLEAR INTERRUPTS FROM M-BUS 00)0 

CLEAR INTERRUPTS FROM MASK 

REGISTER ""^^ 

•"CLEAR INTERRUPT, LAST 
VECTOR REAO " ' " " 
READ VECTOR 0101 

READ STATUS REGISTER 0110 

-^READ MASK REGISTER 011 I j 

• -SET MASK REGISTER 'lOOO 

^ L O A O STATUS REGISTER 1001" 

BIT CLEAR MASK REGISTER 1010 

BIT SET MASK REGISTER 1011 

• CLEAR MASK REGISTER 1100 

*'»OtSABLE INTERRUPT REQUEST ^1101 

-t .LOAD MASK REGISTER 1110 

•VENABLE INTERRUPT REQUEST 1111 
\ 

Figura 2. Am2914 Mtcrotnttructlon Set. -

tn this mícroínitructíon sQt, the Af^srerC/etr microinstruction 
ii teitcted as blnvv tero lo thit during a power up lequanca, 
tha mlcroinitruclton regiitar In the microprogram control unii 
of the central processor can be cleared to alt zaros. Thuí, on 
the next dock cycle, the Am29l4 will execute the Matnr 
Cl9§r functíon, This Includot clearing the Intarrupt Latches 
«nd Regliier i i well i i the Maik.Reglitor and Staiui Ragltter. 
The LGE (llp-flop of the toast ilgniMcant group Is set LOW 
hecause the Group Advance Rocoive input íi tíed LOW. All 
Olher Group Advance Recoívt inpuls aro tied to Group Advanca 
Send outputi and Iheie are forcod.HIGH during ihli iniiruc-
tion. Thit ctear instructlon alio lets the Intarrupt Request 
•"•̂ /ihlr 't'r •'«'• •-» that a fullv inlerrupt dríven iv^fTi can l« 
eaiüv inil...iMd trom any tiMunupt. 

The Clear Afl tntrrrupts mlcroiniiruction cleari the Interrupt 
Latchei and Register. 

Tho Ctear fnterrupts from Mask fíegitter microinstruction 
clears those Inlerrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M-Bus 
is used by the Am29M during the execu'tíon of this micro-
instruciion and must be floating. 

The Cfeor tnnrruptt (rom MBus microinstruction clears those 
Interrupt Loiches and Register bits which have cotresponding 
M-8us bits set equal to one. 

The Clesr Interrupt. Last Vector fíead microinstruction clears • 
the Interrupt Laich and Register bit associated with the last 
vector read. 

Tjie ĵffgarf yector microinstruction ís used to read the vector 
valué of the highest priority request cáusing the interrupt. 
The vector outputs are three-state drlvers thataréenabledonto 
the V Q V J V J bus during this instruciion. This microinstruction 
,1Un jnilnnijiiirrtlly \nMt\ \Un vjtue "virtílor plus nnn" Inio Ihn 
Status ftnglsiffr. In addition, this instruciion seis the Vector 
Clear Enable fHp-flop and loads the current vector valué into 
the Vector Hoikí Register so that this valué can be used by the 
Cfear interrupt, Last Vector Read microinstruction. This 
illows the user lo-Vead the vector associated with the inlerrupt. 
and ,11 lome latcr lime cle r̂ the Interrupt Latch anfí Regíner 
bit associated with the vector read. 

The, Load Status.Register microinstruction loads SBus cfota 
Into the Sl-itus Rpriiítcr and also loads Ihe LGE flip-ílop (rom 
Ihi! Gfout) CtMbliT input. 

Am2914 

During ihn Read Status Reff/'ster microinstruction, ih« Status 
Register outputi are enabled onto thr Status Bus (5oS2)' 
The Status Bus ís a lhr(>e-bit, bi-directional. threestate bus. 

The Load Mask Register microinstruction toads dala from the 
three-state, bi-directional M-Sus into the Mask Register. 

The Read Mask Register microinstruction erubles- the Mask 
Register outputs onto the bt-directional, thrte-state M-8us. 

The 5*f Mask Register microinstruction sets a(l the bits in the 
Mask Register to one. This results in all interrupts being 
inhibited. . • ' 

The entire Mask Register.ís cleared by the Clear Mask Register 
microinstruction. This enables all interrupts tubject (o the 
Interrupt Enable ftip-flop and the Status Register. • * . 

The Bit Clear Mask Register microinstruction m»y be used to 
lelectively clear individual Mask Register bits. This mioro*; 
ínstruction clears those Mask Register bits which háve uer< 
rrsponding M-6us bits equal to on^. Mask Register bits v/ith |i 
corrttsfHínrlinij MDtis bits e'iual lo /ero aie nnt alleced. || 

The Bit Set Mask Register microinstruction sets those M.isk r 
Register bits which have corresponding M-Bus bits equal to | i 
one. Other Masi* Register bits are not affected. ' 

Alt Interrupt Reouests m«v be disabled by eicacurion oí th« 
O/Súbfe .'i'tfrrupt Request microinstruction.,T'tis microinstruc
tion resets an Interrupt Request Enable flip-flop on the chip. 

The Enable Interrupt Retjuest microinstruction sets Iht Inter
rupt Eriable flip-dop. Thus. Int(?rrt»pt Renuests ar*; -̂̂ .ihleH 
luhJL'cl |o tht* conii:nts of Ihe M^vk and Status f\*;ifi\V*.t%. 
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Figure 3. Am2914 Block Díagram. 
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A m 2 9 l 4 BLOCK O I A G R A M OESCRIPT ION 

- Th« Am2914 block dltgram íi shown In Figure 3. The Micro* 

ioilruction Decodc drcuitry decodet the Interrupt Micro* 

Initructions and genert tn required control slgnali for i h t chip. 

Th« Interrupt Register holds the Interrupt Input i and íi an 
eight-bit, edg«-triggered regiiter which Is let on the rising edge 
ol th« CP Clock sigmil if the Interrupt Input l i LOW, 

The Interrupt latchei «re let/reict latchet. When the Letch 

Bvpe» tignal is LOW, the latches are enabled i n d ict as 

nígative pulsa catchers on the ínputs to the Interrupt Regíster. 

When the Latch Bypass lignal is H I G H . the Interrupt latches 

are transparente 

The Mask Register hotdi the eíght mask bits associated w**' 

the eight interrupt levéis. The register may be loaded froi. >. ' 

read to the M-Bus. Also, the entire-register or individual mask 

bit i may be set or cleared. 

The Interrupt Detcct circuitry detects the presence of «ny 
unmasked Interrupt Input. :The elght*input Priority £ncoder 

" determine) the highest priority, nonmaiked Interrupt Ir^pul 
' . «lili tuinit 4 iiliiaiy cocled lniertM|il vaclúr. P O I I O W I M Q * Vector 

Reaü, ihe three-bit Vector Hold Regliter hotdt the blnarv 
coded interrupt vector. Thís stored vector can be used later for 
clearing interrupts. 

The threebit Status Register holds the status bits and may be 

loaded ti'om or read to the S*Bus. During a Vector Read. the 

Incrementer íncremenis the interrupt vector by one, and the 

result is'clocked into the Status Register. Thus. the Status 

Register ¡points to a Isvel one greater thsn the vector ju<t read. 

The threebit Comparator compares the Interrupt Vector with 

the contenta of the Status Register and indlcates if the Inter

rupt Vector is greater than or equal to the contents of the 

Status Register. 

The Lowest Group Enabled Ftip-Ftop is used when a number 

.of Am2914's are cascaded. tn a cascaded system, only one 

Lowest Group Enabled Flíp-Flop Is LOW at a time. It indicatet 

the eight interrupt group, which contains the lowest priority 

interrupt tevel which will be accepted and is used to form the 

higher order status bits. 

The Interrupt Request and Group Enabte togic contain various 
gaiing to genérate the Interrupt Request. Parallel Oisable, 
Ripple Disable, and Grou^Advance Send signáis. 

The Status Overftow signal is used to dísablt ell Interrupts. It 

índicates the híghest priority interrupt vector has been read 

and the Status Register has overftowed. 

The Clear Control logic generales the eight individual clear 

signjls for the tMts in the Interrupt Latches and Register. The 

Vector Clear Enable Flip*Flop indlcates if the last vector read 

was frum thís chip. When it is set it erubles the Clear Control 

Logic. 

The CP cluck lígnal is used lo clock the Interrupt Register, 

Mask Register, Status Register, Vector Hold Register. and the 

Lowest Group Enabled, Vector Clear Enable and Status Over-

llow Flip-Ftops, alt on the clock LOW-to-HtGH transition. 

The A m 2 9 U can be microprogrammed in many different 

w^y . Fiíjufe A thuwi j n exainpte ¡nierrupt itrquence. The 

fíenf Vector miaoinsiruction ís necessary in order to read the 

inieirupl (KÍoriiy level. Sinct vector plus one i l automsiícally 

luarled tnto rhe Ststui Regisier.when a fíead Vector micro* 

iitstruction is executed, the Status Register possibly witl 

overflow and disabte all interrupts. For this reason, the Status 
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Figure 4. Example Interrupt Sequence. 

Register must be reloaded periodically. The uther A m 2 9 1 4 

microínstructions are optíonal. 

C A S C A O I N C T H E A m 2 9 1 4 

A numtwr of input /ouiput signáis átt províded lor cascadioy 

the A m 2 9 l 4 Veciored Priority Interrupt Encoder. A defini-

tion of these 1/0 signáis and their required connections 

follows: 

Group Sigrul (GS) —Thís signa) is the output of the Lowest 
Group En«bled fllti-flop tmt dtiilng a fttidd Sutu t inicio-
insiruction is used to genérate the high order bits of (he Status 
word. 

Group Enable (C7 ) - Tltls sigi>al Is one of ihu in|iui» tu the 
Lowest Group Enable f i tp- t lopand is uied to load the flip-llop 
during the Load Status microínsiructíun. 

Am2914 

Group Advance Scnd (GAS) - During a Read Vector micro* 

intiruclion, thii output signal is LOW when the híghest 

priority vectoi (wctor seven) of the group is beíng read. In a 

cascaded system Group Advance Send must bo tied to the 

Group Advance Receive input of the next higher group in 

order to transfer status Information. 

Group Advíincfl ñíicülvn (GARJ - Ouríny o M.isl«r Clear ur 

niuil Vuciui l i i icroiniifucil itn, llilt Input ligoal i i usuil wi th 

other intoinal signáis lo load iho Lowest Group Enabled flip-

flop. The Group Advance Receive input of the lowest 

priority group must be tíed to ground. . ; 
f 

Status Overftow ( S V ) - T h Í s output signal becomos LOW 
after the highust príortty vector (vector seven) of the group 
has been read and indícales the Status Register has overflowed. 
(t siays LOW uniil a Master Clear or Load Status microfnstruc-
tion It executed. The Status Overftow output of the híghest 
priority group should t)e connected to the Interrupt Olsabte 
input of the same group and serves to dísable all Interrupts 
uriiil i>')w sl.'iiut is In.Klifd nr tha sysivm is mattor cleared. The 

ÜUIili r ivi i idnw niilpiits iif lowrtí |MÍc)il|y ufoiipi ihniild lt« 
Idli opun (luu f-'íijure 7). . 

Interrupt Disabte (fÓ) - When LOW, this input signal inhíbits 

the Interrupt Requast output f rom the chíp and also generales 

a Ripple Oisable output. 

Ripple Disüble (RO) ~ This output signal Is used only in the 

Ripple Cascado Mode (see below). The Ripple Disable output 

is LOW when the Interrupt Oisable ínput is LOW, the Lowest 

Group Enabled ( l íp f lop is LOW, or an Interrupt Request is 

geneuied '\n the group. (n ihe ripple cascade mude, ihe 
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Figura 5. Cascida L í iKl Connection for Singlt Chip S y i t . m . 
Figurt 6; I n l t r t u p l O i » b l « Cuii iwciioii i 

fa> RIppl» C i i c i d i Moda. 
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Ripple Diiable output Is tied to the Interrupt Disable input of 
Ihe next lower priority group {jee Figure 61. 
! 
Parallel Oisable (P0| - Thii output ii uted oniy in the paralkt 
caicade mode (see below). It ii HIGM when the Loweit Group 

. Enabled flip-flop is LOW or «n Interrupt Requesi ii generated 
ín the group. tt is not «ffected by the Interrupt Oisable input. 

A single Afn?914 chip rriay be used to prioritíze and encods 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade Unes should be connected in such a tingle chip system. 

The Group Advance Receíve and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip-flop is forced LOW during a Mitster Cleir or Lo»d Status 
microinstruction. Status Overflow should be connected to 
Interrupt Oisable jn order to disable interrupts when vector ' 
leven is read. The Group Advance Send, Rípple Oisable, 
Group Stgnal and Parallel Oisable píos should be left open. 

The Arn2914 may ba cascaded In etther a Ripple Cascade 
Mode or a Parallel Caicade Mode. tn the Ripple Cascade Mode, 
the Interrupt Disable signal, whích dísablei lower priortty 
interrupts, ís «llowed to ripple through lower priority groups. 
Figures 6, 9 and 11 show the casc<de connections requíred 
íor a fipple rascíile 64 Input interrupt lyitem. 

A m » 1 4 

In the parallel cascade mode, • parallel lookahcad schemt is 
employed-usíng the high-speed Ani2902 Lookahtad Carry 
Generator. Figures 7. 9 and 10 show tht cascada connections 
requíred for a parallel cascada 64-Input interrupt systtni. For 
thís appllcation, the Am2902 is used as a lookahead Intrrrupt 
dísable generator. A Parallel Oisable output from any group 
resutts in the disabling of all lovrar priority groups in parallel. 
Figure 8 shows the Am2902 togic cfiagram and equatíoni. 

In Figures 9 and 10. the Am2913 Priority Interrupt Expender. 
is shown formrng the high o;Hcr bits of the vector and status, 
respectively. The Am2913 is »r\ cíght-lír» to thrtt-tíne priority 
encoder with three-state outputs which are enabled by (h« -
fivc output control signáis C1, G2, ^ . G4, andSS. In Figuie 
9, the Am2d13 is connected so that itt outputs ara enabled 
during a Read Vector instruction, and (n Figure 10 the 
Am2913 is connected so that fts outputs ara enabled during a 
Read Status instruction. The Am29l3 logic diagram and 
truth table are shown in Figure 11.. 

The Am25t.S138 three-IIne to aight-line Oecoder alio Is 
shown in Figure tO. It Is used to decode the (hree high order 
status bits during • Load Status instruction. The Ar«2SLSt38 
logic diagram and truth tahle are shown in Figure 12. 

Cp+x ' G o + PoCn 

C n + y - G , +PiGo + PiPoCn 

CoM • 0 2 * ^ 2 ^ 1 *'*2PlGo*'*2PlPoCn 

G - G 3 + P3G2 + P3P2G, •P3P2P1G0 

P -P3P2P1P0 

Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations. 
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EXAMPLE INTERRUPT SYSTEMS OESIGNS 
FOn ANAm2900 SYSTEM 

A clasiical computer architeciure Is jhown in Figurü 13. The 
CíimptHflr Control Unit controli iho inteiii*! Inmri /ind jtjb-
ivsiemt o( ihe processor. lyríchronizes internal and externa! 
events and granii or deniei permission to external syuems. 
The data bui ij commonly used by all of thc íubsystenn in 
the Computer. Information, instructíoni, addreis operandi, 
dai.1 and iom<?timpt control lignalt are traMmittíd down the 
data bui undiir control o( a microprogram. The micropfogr.im 
lelecti the source of the data a< well as the deftlnation(s) of 
the dala. The Addrett Bui li typically used to select a word in 
memory for an internal computer function or to select an 
input/output port for an external subsysiem or pertpheral 
function. The source of the data for the address bus. also 
selected by microprogram commands, may be the program 
rniintíTi. lh»t innnory nflilicis rngiiliir, » rtiníct memory atlrlreit 

CoitiMiMHr, an Initfi fdCA conlrollei . «te. 

The arithmetic/logic unit (ALU) is that ponion of the proc
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logic 
functions on data ¡n the working registers or from the data 
bus. The ALU alto provídes a let of condítion codet as a 
rejutt of the current arithmetic or logic operaiion. The condi-

Am2914 

tion codei,. along with othef compuler status information. l ' í 
stored in a iciji^tcr lor Uter use by the pto^'ammif or 
computer control unit. 

The |jio<tram onunter a'id ihfl ni^'H'ify tfUitnx regMiirr ar« tl»e 
two main sonrrc^ of memory word «nd 1/0 address select data 
on the ad(lr>'f. bus. The program counter contains the address 
of the next instruction or ínstruclion operand that is to be 
(etched (rom main memory, and thi memory artdrtsi rtfilster 
contnint initruction addriris operands which are nece*»»'y to 
fetch the data required lur ihe execution ot itw cu'r^nt 
instruction. 

A subroutine address stack is provlded to «Itow the rrturn 
address linkage to be' handied easily when cxiting a sub
routine. The address stack is a lastin, first-out stack that is 

. controtled by a jump-tosubroutine. PUSH, or a return-from-
s»ibroutinfl. POP. in^inirl ion from |he CCU mirfO<n«tnii:Tion 
word, 

The next microprogram address control (NMAC) .ciroiitry 
conirols the generation of microinstruction addresiei. Bned 
on microprogram control, interrupt requests..test condítioni 
and commands from a control panel or other processor, the 
NMAC determines the addreH of Iht next rhicroin»tructií>n 
to be executed. 

'**^'-*'KI>0*l 

UNiT 

L 
L 

f-

] 

'DOailICONTDOl 

i 
eLoc*(i 

COMTDOlPANtL 
OH 

OtHiKpnoct lwa 

<Nt|«tlU*T 
COMBOt 

II 
INIIBMU»? 

•IQUlSf tH»V!J .._ 

/ ^ . 

-

5 

f 

/ • 

-
1 
i 
13 
t 
1 

____ 
-

-

\Z \Z 
t O l N l t * * * C I 

U«*tr 

1 
J 

I1ACM 

»»M*4MeOUNtfft 

I I 
\ 

1 1 
MfMOMv *oo«ias 

«104*1 fl 

) 

•;•--,• 

MfMOK* 
RftNK 1 

r 
•I 

; t • • * 

U M - l « « 

Figure 13. Gen«ra(ixcd Computer Architeeture. 
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EXAMPLE tNTERRUPT SYSTEM DESIGN 
FOR AN Am9080A SYSTEM 

Tht Ain2914 can be us«d in an Am9080A synsm alto. Figura 
18 shows Ihe deíaíled hardware deiign of an eight-lev«t ICU 
lor an AniOOSOA lyitam. The ICU atlaches to (ha Amtl228 
t\ata liut j i i i l M\fí\ j i tv Iwo l /O (lori n<lilrt)llA1j rl<<tigit4inil X 

4IKI Y. Ihiait A M I U 2 V ( I curiiinl liiiu», I N I Á . I /U M J I H I I /U W ] 

are uied (o control the ICU. and the Am8224 02 i^TL) outpul 
is used as ihc ICU dock. The ICU providei the INT (interrupt 
request) ¡nput to the Am9080A. 

ThQ_Am9080A acknowicdges an Interrupt request wlth the 
INTA liíjnal which lelccls the A íntHJts ol Ihe Am25LS09 
iMiiiuciiun Ritijiíiur. Th« Am^SLSOO li a qu^d. twu-ini>ui 
regiiittr which ii let on the LOWiu-HIGH iramiiion o( the 
dock. The A ínputs are wired so that an Am2914 Read 
Vector ínstruction is lorcod at the Am29M Initruction ínputs. 
Tht! INTA siynal also (orces Ihe Am20l4 Initruction Enaüle 
lignal LOW and enables the Am25LS241 outputi onto the 
Am8228 data bus. The Am26LS341 li an cight-bit, three* 
State bus drivcr in a 20-pin packago. Figure 19 shows a togíc 
diatjram of the Am2SLS241. Five Am25LS24t ínputs are 
wMNil MIGIt 11) ihdt, alonq wi(h ihu Ani20l4 Vector oiilpuis, 
they tutee eit AittUOUOA Heitait Intiruclion onl:) ih« Ainü22Ü 
dala Inis. The AmUOOOA than uius thu vector lo bianch to an 
Jnterrupi lOrvice rouline. 

Ouring the interrupt strvice rouline, ih« Am2914 it driven by 
Am9080A software. Figure 20 shows exampta AmOOBOA 
instrtiction code for Am2914 control and th« commenis 

- desaibe the operation of tha ICU hardware In detail. The 
ArT>2920 Data Out- Register bulfers data during opcrationt 
which re(|uíre Iho tranifer of data from the Am9080A to the 
Ani2I)l'l, iut:h Ji the IciitJ niaik a'Mt load tlalut uitmahom. 
The Ain2U20 cunlaint mtjht "U' ' lyiHt llip Mu»ii. t-iyuía 21 
shows the Arn2920 logic tíiagram. 

The Am25LS374 Data In Register bulfers data during opera-
tioni which require transfer of data (rom Ihe Am2914 to the 
Am9080A, such as the read mask and read status optrations. 
The Am25LS374 contains oiyhi "O" lype flip-Oopí in a 20-
pin package. Fi()utt 22 ilnim tlie logic diayram lor the 
Am25LS374. . 

The Ani25LS175 "D" type flip-flops are usad 10 synchroni/a 
incoming attd outgoing control signáis wíth tha ^ dock to 
meat the Ann2914 and Am9080A limlng requiramentt. In ihii 
deiign, (he Latch Sypass input ii connected to ground so that 
a nugaiive pulse will be detected ai any of tha inttfrup( inputi. 
At dlwayí when a tingle Am2914 is uted. (heSuiut Ovtrllow 
ouliHii tt i'onnitriml to tha tntettuol Uiiabla IhiHJt, and ilie 
GitHiM Advance Recelve and Group Enable Inputi ara coiv 
twcied tu ground. 
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ImplemeriLing Literrupts 
for Bit-Slice Processors 

By Vern Coleman 

fnierrupl deteciion and handiing al lh« microprógram lavel oan 
be ensily Implemanlad in (ha Am290O bil'SlIca procasaor lamlly 
Ihanks lo versalils componanls llka Iha Am2914 priorily Inlar-
njpt ancodar and bihari. Tha inlarrupi schsma can ganaraily 
be axiendad lo olhar syslemí al Iha coat o( «ddlllonal clrcullry, 

As shown in tha figure, iTia componenla requlrad are Iha 2914, 
Iha 2910 microprógram aequancer, a 2977S programmabla 
raad-only memory, and lv¥0 aéparata PnOMs lor mapping in-
atructiona from main mamory and IniarrupI vectora (rom the 
2914 Inio slartlng addrassaa lor Iha 2910. 

II an interrupt la delecled by the 2914 aa tha 2910 axaculaa an 
instruclion, iha Intarrupl-réquasl oulput ol Iha encoder moves 
low. Ttils action turna olt tha carry Input ol tha 2910, lor all 
praclical purposes causing Iha aequencer lo hait lar a micro-
cycla. 11 also causes any dala thal would normally appear at 
Iha VI oulpuis lo be atorad In Iha aequencer'a program eounter. 

Tha iríterrupt request also torcas Iha oulput of Iha saquancer 
, Inlo a,'high-ímpedance slata. This allows an Inlerrupt-handlir^ 

vecloi' lo be applied al me Y| oulputa, thereby addressing the 
lirst instruclion ol Ihe interrupt routine In the microprógram 
memory. 

The 2914 Is Ihus InslniCled lo place an interrupt vector on ils 
oulput port, The same word In microprogrnm memory nlso on-
ablea Iha outpul ol tha vactor-mapping PnOM lo allow dacod-
ing ol Ihe IniarrupI vector. The resull Is Ihen applied lo the O 
Inpuls ol the 2910 while il does a jump lo iha approprlala sub-
routlna. Thus Iha lirsl addrass ol tha IniarrupI roulina is brought 
In, and tha addrass to which the previously aiecuted program 
Is 10 relurn altar tha Interrupt is serviced is siored away. II Ihers 
is a point in the microprógram routing whera no interrupls are 
to be allowed, a loglc O can be applied to the Internjpi disabls 
input pin on Ihe 2914, 

Tha microcoda lor handiing Internjpls Is shown in Iha labia. 
Tha llrst antry coirmancea wilh addrass I. This vector Instructs 
tha 2914 to execule a jump lo subrouiine il ils condition coda 
input is lów. The ancodar is Ihen commanded to placa ils Ínter-
njpt vector assodaled with the curranl Interrupt requesl on ils 
outpul port. Al Ihla lime, il may be desirabie to disabla any 
lunhar Interrupts, In which case the approprlate pin should be 
brought low, as axplalnad abova. A logic O is also placed on 
Ihe vecior-mapping PROM while a logic 1 Is placed on the 
data-mapping PROM's output-enable laad and the pipetins 
ouiput-enabla ol the 29775. Thus tha vector-mapping PPOM 
will be the sote source ol any input lo tha O pon ol the 2910. 
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Al address I ¥ 1. Ihe inlerrupl associated with the previous. 
M vector read into tha 29 M may be cteared, and the vector-
^ mapping pnOM disabled bybfinoing ils oulput-enable tead 

high. Al oddress t -f 2 and subsequont addressoí, tha 2914 
may bo coinmundud to accept any Inlerrput by uso ol Iha ona-
ble inlerrupl requesl. The veclof-mepping PROM Is ftrsl dis* 
abled with a logic I signal. Al this lime Ihe Interrupt-dlsable pin 
of tha 2914 Is deactivaled. Al the and of the Interrupt routine. 
an axil Is achíeved vía tha conditional-relurn instruclion of tha 
2910. A logic O should be slmultaneously applied to the 
condition-coda tnputs o( the soquoncor. 

). STOP • . : . • • ; / . • • 
Standard elemenls of the Am2900 Family tro aasily ConRgured 

• to próvida Interrupt capablllty for bil'Slica microprocessori. Ar-
chileclura l i appUcable to stacked Inlerrupl aystams. Microcode 
for handiing Internjpls (sae table) is fasl and simple., • . ̂ .. ,. . . . 

There is nolhlng thal prucludos Ihe use of Itils archllecluro in a 
stacked-interrupl system. Tha number of interrupts thal can be 
stacked is limited by Ihe dapth of the 2910. It is only necassary 
lo issue a simple command lo relurn (rom the subroutine 
utilized lo the main program, for each stacked interrupt. 
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Arri2914 Priority Interrupt Encod.er 
;::: Detaíléd Logic Descrít:Jtíon , 

-|INTnODUCTION'. ' • • : 

f^ clejf underttanding o< the Am2914 Priority Interrupt 
rconirollsr's operatlon ticlfllatat Iti alflclant uit. With that 
Mm In mlnd, • detallad lógle díicrlptlon of tha AmJOH It 
preiented here. A detalled lojlc diagram and control ilgnal 
truth tabla are «hown, and iljnlfleant aipectt of tha Am29M 
deiign aré deicrlbed verbally. 

; 

LOGIC OIAGRAM DESCRIPTION 

The Interrupt Latcheí and Regiiier are fhovm In Figure 1. 
Tha Interrupt latchei ara «et/reietlvpt látchei. When tha 
Laleh Oypaii ilgnal li LOW, the lalchei are enalileri and acl ai 
negativa pulía ealcher» on the Inpul» to the Interrupt Regiiier. 
When the Laich Bypait «Ignal ii HIGH. the Interrupt lalches 
are tranipareht. The Interrupt Regiiter holdi the Interrupt 
Input» and li an eightbit. edge-triggored regiiter. It Is updated 
or) iho LOW-to-HIGH tranjition of the dock pulie (HIGHto-
LOW tranililon of tha CP ilgnol) ai ara all of the lllpllopí on 
the chip. 

Figure 2. Vector Hold Regliter 

When a Read Vector Initructlon li eKecuied, the blnary codod 
vector li loaded Into the Vector Hold Regliter of Figure 2. 
Thls ttorod vector can ba uted later for clearing the Interrupt 
aiioclatad wlth the lait vector that wai read. Tha Vector Clear 
Enable Fllp-Flop of Figuro 2 ii lot when a Read Vector Initruc
tlon li executad and thé PASS ALL ilgnel li HIGH. A HIGH 
PASS ALL tignal level Indlcatei that thli grouo l> enabled 
and that »n Interrupt requcit in thit group was detecled and 
passed priority. Tlie Vector Hold Regiiter and the Vector 
Clcar Enable FIlpFlop are cleared when a Maiter Clear. Clear 
All Interruptt.or Clear Interrupt Lait Vector Read li execuled. 
Tahle I ihowi the generatlon o< tha "N and R" control lignali 
for each of theia operatloni. 

Ani2914 

Figura 1. Interrupt Latchei and Ragliter. 
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Figurt 3. Mask Re9isi<*r. 

The Mask Register shown In Figure 3'holdt the «ight m«k 
bits associaied with tfie eight interrupt leveij. The regi»ter 
mav be set or cleared, bit set or bit cleared trom the "M" 

bul. Oí toaded cr :cxl to th* *'M" ht«. Tabtt 1 thowi the 
generation of the "A", "B". "C" «nd "OE-M" control 
itgnals for each of these operatlons. 
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Figura 4. Intarrupt Rtqutit 0«ttct and Priority Oacod«r 

*Th« lnien;upt Requett Detect and Prjority Encodi circuUry 
ara shown in Figura 4. Tht Interrupt Oatect circuítry 
dütects tha prasanca of any unmjikad Interrupt Input. Tha 

ejght'input PriorJty Encoderdetarminai thehígheit priorítY, 
non-masked Interrupt (nput and formí a bínary coded 
interrupt vector, V Q - V J . 

Figura S. Ctaar Control. 

rho Clear Control logic oí Figura S generatai tha aight 
.ndividual dear lígnals for the eight Interrupt Regijter bits. 
Under microínjtruction control, atl interrupti. interruplí 
*ilh correjponding mask regiiter biw set, interrupij with 

correiponding mask bus bits equal to one, or'tha interrupt 
associated with the last vector read may be clo^reü. Tabit 1 
showi the generation of the "J" and "K" control signáis 
for each of thesa operaiioni. 

Figura 6. Tluee-Bit comparalor. 

The thrce-bii Comparator of Figura 6 compares tha inter
rupt vector with the contenti of the Status Rcgister. A 
LOW signal level at the PASS PRIORlTY output Indicates' 
thai (he interrupt vector Íi greater than or equjl to the con* 
tur>li ul lhu>Stutus ncfjÍKOr. 
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fiUiMo 7. Oriiup Enablt Loiiii:. 

Tlie LoMost Group Enablcd FlipFlop, Figure. 7, ii usad whun 
i nunil>ur u( AM>3U1<rs MÍO caicadod. In a CÜSCJIIM-I ^yttom, 
only unü Lowusí Group Enablcd Flip-Flop ii LOW ut n lime. 
I( indicates the group which conlaini the luwust priority ínmr-
rupt which will be accepted and U usad lo funn iha high orOor 
itatuí bits. Whcn a Load Siatuí Instruciion is eiiocutud. tho 
tlip-flop is loaded from the GROUP ENABLE input. Whcn a 

Master Clear ÍnstructlOf> it oxecuted, i| Is loaded from the 
GROUP AOVANCa RECEIVE input. The flip-flop is set 
HlGH when a Rcad Vector instruction Is executtd if a Group 
AdvarKe \% not roccivcd and no interrupt in this group <s 

. detectcd, if a Group Advance is seni from this group. or if 
Interrupts from this group are dísabled. For ail olher instruc* 

, tions. the flip'ftop remains the same. Tabtc V shows the 
generation ot the "N" . "L" and " M " control signáis for thesa 
operations. '. ' •" 

The Status Regiiter holds the status bits and may be loadad 
from or read to the "S" bus as shown in Figure 8. Nota that 
when a Load Status inttructiori Is executed, status from^ the 
"S" bus is loaded ír̂ to the Status Registef only if the G ROUP 
ENABLE input Is LOW; if the GROUP ENABLE input is 
HIGH. the Status Regrster is cleared. Also note that during 
a Read Status instruction, the Status Reglster outputs are 
anabled onto tha "S" bus only if the LoMest Group Enabltd 
FHpFlup of this group Is LOW. Whtn « Read Vector instruc* 
tion is executed, the [naemehter increascs the vector by one 
and the result is loaded into ihe Status Reglster. Thus, the • 
Status Regisier always púints to the lowesi level at which an I 
irtteirupl wlll be ac£oplod. Tadle 1 shuws tht gaiwraiion of • 
tho "F", "G" and "OES" control sigiul» for Status Rcgister I 
opurations. 

The Interrupt Request Logic, shown in Figure 9, generales Ihe 
RIPPLE DISABLE, PARALLEL DISABLE. INTERRUPT 
REOUEST, GROUP AÜVANCE SENO, and STATUS OVER-
FLOW outjHit signáis. The PARALLEL DISABLE signal rs 
gunerated when the Lowesi Group Enabled signal is LOW o* 
an inierriipt rcgimst in this group is dutected and panes 
priofiíy. The RIPPLE DISABLE signal i» generated whcn the 
PARALLEL DISABLE signa! is generated and also when the 
ff^TERRUPT DISABLE input signal is LOW. The INTERRUPT 
REOUEST output signal is generated when interrupt requests 
in this group are enabled and a request is detected and panes 
priority. The GROUP ADVANCE SENO output signa) Is 
generated when a vector of valué seven is being rcad. The 
Status Overllow Flip-Flop )s set LOW when • vector of valué 
sevon is read and iiulicates the Status Register has overlloweü. * 
The Interrupt Request Enable Flip>Flop is cither set or reset 

' by the Enable Request or Dlsablt Request micfOinstructions 
rcspectivwty. and is used to enable or díMbte ih« INTERRUPT 

; REQUEST output. Tabla 1 showt the generation of control 
sitj«ais "D", "E", "S" and "H" , ; 

. Note thtfi the vector outputs are enabled only when a Read 
Vector is lieíng axocuted. Also note Ihat when a Ruad Vector 
Initfuction is uxucuiud. the vttctor outputs wtlt t>a (biabled 
after tho exccution of tha instructior^ *'"5* ^}^ Sutus Register 
is loaded with V^^l, and ihe INTERRUPT REQUEST will no 
longui bu goneratod. 

The MicroinsiructiOM Docode circuttry. Figure 10, decodes 
tho AMt2914 microinstructions and generates the required 
fmernat control signáis. TaWa 1 jhows tha truth table (or 
these functions and Figure 11 shows the function tabloi. 

5-178 5-179 
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Ttbit 1. Am2914 Can(rol Slgnil Truth T>blt. 
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Am2918 
Quad D fíegister wHh Standard and Three-State Oulputs 

Am2918 
/ 

Distinctive Characteriitict 

• Advanced Schottky technology 
• Four D t y p e flip-tlopj 
• Four standard totém-pole outputs 

FUNCTIONAL DESCRIPTION 

New Schottky circuilt tuch a> tha Am2918 ragisnr próvida tha 
clasign engínear wjth 'additional flaxibility tn sy<tam configura* 
tion - eipecially with regarü to but itructura, organizatlon 
and speed. The Am2918 is a quadrupla O-typa regiiiar vviih 
/our standard tótem pole outputi and four three-itata bus-typa 
ouipuu. The I6'pln davica also (eatureí i buffarad common 
dock (CP) and a bulfered common outpui control (Oí l tor tha 
y oiiiiiuft, ÍMfoMitailnn itu^ilnq tlia iai>MP «nil Itriltl t«r|iitia> 
iiiatiit un Ida t.) |ji|iutt ii Ifaiufaifuil 10 (Ita Q aiil|iuli OM (ha 
LOW'tO'HIGH trantilion oMhaclock. 

The (ame dala ai on ihe Q oulputs ii enable£at Ihe three-ttate 
V outputs when tha:"output control" (OE) input ís LOW, 
Whdn (ha OE input ii HIGH, tha Y outputi ara in tha high-
(inpt»t(.(nce *t.ite.-

Thu Ajit^l)IM tmjitter can bd iiied in bipolar mtcroprocaiiof 
d'ítiyni ai afi aOOreis regiiter, iiaiut regiitar, insiruction reg-
iiter qr for various data or microword regiiter applicationi. 
Sscaute pf tho unique design of the three>state output, the de* 
vice features very short propagation delay from the dock to 
the O or Y'outputs. Thus, tystem performance and archi-
tr :turai design can ba improved by uiing tha AmSOtS register. 
Olher. applications of Am2918 register can be found in micro-
programmed display systems, communication systams and 
most gtineral or tpecial purposa digital lignat procatting 
«duipihiint, 

RELATEO PRODUCTS 

f •PiírtNo. . Oaicrlption 

Am2gLSlil 
Aniítig 

low.Powar Varaion 
Oiitd f)«giiitr 

CONNECTION OIAGRAMS - Top Views 

LwdiMa Chlp Carrltr 
L.20.1 
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f, 

M 

ONO 
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C 

c 
n 

C 

Noler Ptnt la marked lor orlentaiion. 

• Four threa-state outputs 
• 75 MHz cloclí frequency 

OROeniNO INFORMATION 

Ordtt Ih* pan numbar teeording lo Ih* lablt below lo oblain 
tha daslrad packags. Ismparalura ranga and ureening Isval, 

Packaga Oparating Screening 
Typ« Ranga Lavel 

Ordar Numbar (Noia 1) (Nota 2) ' (Noia 3) 
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AMitigoc 
AM3giscx:-e 
AM29180M 
AM29iaOM-a 
AM29ISPM 
AM29ieFM-B 
AM29t8LC 
AM2918LC-a 
AM29tSUUI 
AMjgiSLM'S 

AM2giaxC 
AU29Í8XM 

P-ld 
0-18 
0*18 
0*16 
O'ie 
F-16 
F.18 

L*20-t 
L-20-1 
L-201 
L-20-1 

Oica 
Oca 

c 
c 
c 
M 
M 
M 
M 
C 
C 
M 
M 

C 
M 

C'l 
C l 
a-i 
C-3 
a-3 
c-3 
B-3 
C-1 
B-l 
C-3 
S-3 
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Flat-Pak. Numbar foiloianng lanería numbar oMeada. Sea 
Appendix B ror dalailad oullíne. Whara Appendix B containa 
sevaral daah numbara, any of me vanaiiona ol tha package 
may ba uaad unlaaa oinarwísa apaciiíed. 
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O E F I N I T I O N OF F U N C T I O N A L T E R M S 
0| Mts four (l4i« Inputl lo th« rtglltcr. 
0| The four dad ouiputi ol thi ragliier wlth sitndafd 
loiem-pola activa pullup outputt. Dala It paliad non-
Invarlad. 

. Y| Tha four ihrta-itata dala outpuK o( tha regliiar, Whan 
the lhrae*itate outpuii ara anabled. dala It patiad non-
Invariad. A HIGH on iha "outpul control" Inpul forcaí Iht 
V I ouipuli te tha hlgh-lmp«danc* ttata. 
CP Clock, Tha buffarad common clock.for tha reglilar. 
Entart data on tha LOW-to-HIOH traniltlon. 
5 1 Oulpul Control. Whan Iht SE Inpul li HIGH, Iha Yl 
ouiputs ara In tha high-lmptdanca itite. Whan tha SE Inpul 
It LOW, Iha TRUE raglitar dala It prataní al tha Y| outputt. 

LOADINO nULES (In Unll Loada) 

Input/Output Pin No.'i 
Input 

Unit Load 

Fan-oul 
Oulpul Ouiput 
HIGH LOW 

Do 

oo 
>fo 

D I 

o, ' , 

Vi 

52 
GNO 

CP 

V j 

02 

02 

V j 

1 

2 

3 

4 

S 

g 

7 

e 
9 

in 

M 

12 

13 

0 ] 14 

o i ~ iñ 

vcc ta 

t 

-
-
I 

-
-
1 

-
t 

-
-
1 

-

i 

-

-
20 

40/130 

-
20 

40/130 

-
-
-

40/t,in 

20 

-
40/130 

20 

-

-
10* 

10" 

-
10' 

10' 

-
-
-

10* 

10" 

-
10' 

10' 

-
A S e h o l l k y T T L Un I t LOArt l i 4 * " n f l d a l BOfjA m « * i u « a i l a l 2.1V 
H I O H t n d - 2 . 0 m A m a a i u r a d • ( 0 . 6 V L O W . 

* P * n - o u t o n aach Q| and V | ou tDu l Datr ihoutd n o l aacaad 19 unll 
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N q i « ; A e i u a l currant flOw d l r tc l lOn |hO*wn. 

APPLICATIONS 

A » » O I * 

MlCNO^nOCtSSOIt 

r i * c t 

0 

An l t l t 

0 V 

1 1̂ 
CO'«*"nfrxii 

f>v|iiflOw 
/ I «O 

1 ••f.lAftVt 

fLAC OArA 

ion «ususí 

AmMJI* 

MtCMO^nOCtSSOM 

OAtA 

CO»TÍ0t. 

— 
Hri i i t i tn 

Aa-TtH 
0 « 0 0 * 1 » 0 

• i r . n T i " 

OATA 
An7»1l 

0 OATA-IM 
MIClSTIH 

i 
AMifMI* 

raAM^f t i v t * 

Af*Ms<a 
•uS 

TNAMVt'Vf • 

OAtA 

_ Aoootm 

The Ann2918 asa 4-811 
ftalus register . 

Th» Am29I8 used a< data-in, daiaout 
and address registers-

Ilie Ani29H) can be connocieü luí bi-diiocliunal Inlotlaca belween iwu buin. The 0«»ice on iha loll 
iioreí dala Irom ihe A-bui and diivej ihe A-bui. The devica on ihe right tiotet data Irom iha B-bui and 
driveí ihe A-hui. The oulpul control ii uied lo place eiiher or both driverj in Ihé high-impedance «ata. 
th» i'iMiliiiiii iil »«iih i«(ji«i«i «I» 4V4il«hla lí" cnnilniinii» iiiaue «I Iha N anil M prnu ni iha rtavlca, 

r^ fS rS 
Og Og o , o , O, O , Oj O j 

I • I 

f̂ 1 fS íS I-
Og Qg O, O, Oj O, O, O, 

oc 

8-Bit serial to paraMel converter wiih three-itaie oulput (W| «nd direct acceis lo the regiiier word (X). 



Am29LS18 
Quad D Beglster wHh Standard and Three^Siate Outpuis 

DISTlNCnVE CMARACTCRISTICS 

* Low-pow«r Schottky versión of the popular Am2918 
• Four itandird tottm-pole outputs 
• Four thrte*stite-outputi 
* Four 0-type flip-flopí 

HELATED PHODUCTS 

Parí No. Dcftcrlption 

Arn2SSl8 Ouad O Rvgísitf 
• Am25LS2St8 Ouad O R*gi<lar 
Am25LS2St9 Ou«d R«glst*r 

LOGIC OIAGRAM 

PUNCTlONAL OESCRlPTtON 

Th« Am29LS18 comiitt of four O lypd flíp-flopí wiih • buf-
f«red common dock. Information meating tha lei-up and hold 
requirementi on tha O inputs ¡s traniferrad to the Q outputs 
on the tOW-toHlGH iransJtíon of the dock. 

The sama data ai on the Q outputs is enabled at the threa-
State Y outputs when the "output control" (OE) input 1$ 

' L O W . When tha 0 6 Input Ii HIGH. the Y outputs are ín the 
high-impedance state. 

The Ain29LS18 Is a 4-bl(, hlgh-spaail r«(]iiiur iniamlDÜ (ar uto 
Jn real-time signal processing systems vMhere the standard out
puts are usad In a recursive algoríthm and the three-state 
outputs provide access to a data bui todump the results aftar 
a number of (terations. 

Tha rí«vlc* C*n atio 1>« metí as un «rtdrnii rifuititr or ttaluí 
regjster in computen or computar períphdíals. 

Likewlse, the Am29LSl8 (s alto uteful ín certaín display 
appllcdiiom whtre iht iianrlard ouipiiti can Im ditcoded to 
drlvQ LEO'l (or cqulvalttnt) and the ihreestats outputs are bus 
organized for occasional Interrogatlon of the data as dísplayed. 

LOGIC SYfViaOL 

I « ir II 

I I I I 

M ^ U 

í 
tí-
tr-

p—" 

ELECTRICAL CHARACTERISTICS 
ljh« Following Conditioni Apply Unleii Otherwise Specífiíd: 
K U " ' - T A - O ' C ' • " O ' C V c c - S . O V l » » (MIN. • 4 . ) JW MAX. -S .JSVI 

-^l T A • - 6 9 * C 10 *17B*C ' V ( ; c * 9 - 0 V I 1 0 % 1 M I N . - i . B 0 V MAX.*5 .&0V) 

PCCHARACTERISTICSOVEROPERATING RANGE: 
^hrimittri Daicription Tttt Condllions INOI» it 

fl _ _ 

t -—^ 

V 

01 
Oo.Oi 0» Oj V I "J "J 

11111111 
f S n 14 ] • 10 o 

Vcc • Pin '6 
CNO - Pin 6 

COr^NECTION DIAGRAM 
Top View 

"ce " i Oj "i •>) *>» "I tp 

n n n n n n n n 1 la IS 14 1] I I II 10 • 

1 * i í j « * • í 1 

L lUU iJ I J I JUU 
DQ ^ ''o ° l °\ 1̂ 0< (̂ '"= 

No(t: Pin 1 ii mcrktd fof oricnishor 

MPH-l>t 

; 

i;.;:iii . i : ; - -
Am39LS18 

Typ. 
M i n . • ( N o i . J I M « « . Unitl 

V o H 

V O L 

V | H 

isc 

ICC 

Oiilpul MIUM Voli«ii« 

Oi'lpul t-OW Volou* 

Input HlGH Lavtl 

IdMul LÜW L«val 

Input CUmp Volito» 

inp.ii i.nw riiMaiii 

Inpul HlGH Cbrionl 

inpul MtGH Currtnt 

Oll-Slal» (Hiuh-linpaiteiic*) 
Outpul Curranl 

OiHpui Shnii Circuii Cunciit 

(Nota 31 

Powar Supplv Currcni 
tNol* 4) 

V | N - V i H » ' V I L 

V | N - V I H C Viu 

o, IQM • - S O O H A 
COM'L 

MIL . lQH • - 1 . 0 " * * 

COML. IQH ' i.6wA 

I Q L • *-0t^^ 

IQL • B.OmA 

I Q L " I J ' " * 

Gu*(«nt»«<i inpul logiul HlGH 
voltag* (or ail Inpult 

GuHí.nUMtl tnpul IOQICHI L O W 
wuluu* lor «11 Hipull 

Vcc • MIN. . ItN - - l a m A 

Vcc • MAX.. V|N -O.HV 

V c c - M A X . , V|N - 2 . 7 V 

Vcc " MAX-. V|N • ' " ^ 

V c c - M A X . 
Vo - O A V 

VQ - i.« V 

Vcc-

Vcc " MAX; 

3 4 

3 4 

i 

Nau(; t. Fot condlilom ihowA «i MlN. or MAX., U M iha aop'OPHat» calua kn*ciri«ü tina*i Clacirlcal Clitracicitltct («r m» applIsMil* a««tc« «VO*. 

2. Tvplc*! rlmiit •«« at VQQ •• S.QV, 36*C amhlant and maMlmum loaüÍn«. 

3. Hat mora man on* ouipul *hou<ü b* tlionail al • llni*. Ouratlon of Iha Ihori eIrCuIl lail ihowld noi ••ea«d ona lacona. 

*• <CC '* inaatufail wlth kll Input* al 4.aV at«l «•• oulpui* opan. 

MÁXIMUM R A T I N G S (Ahove which the useful liíe may be imiwiredl 

Stoiage Temperatura 
-65*C lo •150*0 

Tsmparature (Ambient) Under Bias 
Supply Vultaqa to Ground Potential Continuous 

-SS 'Cto* l25*C 
- 0 . 5 V l o * ; . 0 V 

OCVohaqo Applied to Ouiputs íof Hiíih Output State 

X Input Voltjyo 

-O.SV to •Vcc "'*'*• 
lO.SV lo W.OV 

OC Output Current, Into Outputs 

PC Input Currem 

30 mA 

-30mA 10 •S.OmA 
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1MIN.-i.B0V


Am29LS18 • 

SWITCHING CHARACTERISTICS 

( T A " * 2 5 ' C . V c c r S . O V l 

. . Pinnuttn Oticription Mln. 

'PLH 

'PHL 

'PHl. 

Typ. M » . Unlt i .Test Conditronl 

Clock n 0| 

Cii)ciiioV|(¡3ELOWI 

Clock PulM Wldlh 

Jh 

'21. 
CTioYi 

¡STioYi 

MtJiimum Clock Ffeqmncy (Nol* t( 

C L " U»F 

Ci. - S.Oof 
Rj. - J.OkIl 

•Nott I . Pfr Induiifv'eon^ntlon, (max •• '•*• woílt C*M v»lut of th« mínimum dsvlc* QP«rKllng lr«qu«nev wllh oo eonitnloii on t,. If. 
•JT'-"" • pul» wldth or dütv cyd*. 

^ :̂'¡ 

Am29I.S1t 

APPLICATIONS 

tí /z/ /-? 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE* Am29LS18PC. DC 

Paftmeterl' Oeicrlptlon 

Clock 10 0 | 

•PLH 

'PHL 

JUL. 

>i.Z 

Clock 10 V| Iff? LOWI 

Clock Pul» Wldth 

OTloVí 

T A - O'C 10 •70*C 

V í c - B.OV t5X 

Mln. Max. 

0 € lo Y| 

Msalmum Clock Frtnutnev (Nol* 11 

Am29LS18DM, FM 

T A - - S S ' C t o • t25°C 

V c c • S.OV ± 10% 

Mln . Max . Tc i l Condítioni 

C L • 50oF 
H L • 2.0k(l 

C|. • B.ODF 

n i . - 2 0 k n 

*AC p«rforn)anca ovar tha eparaiing lamparaturt ranga ll guaranlaad hv laitlnfl dalínad In Croup A, Subgroup 9. 

iNTInnooATt 

•t s 

2- , 
tí 
JE 

i:; 

The Am29LSl8 uíed ai » díiplav reg¡«ier with bu» interroqale capability. 

Í:; 

U ! :: î 

Thi) Am29LS18 .11 a variable Icnijlh (1 , 2, 3 or 4 word) >h¡(t regilter. 

LOWPOWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONOITIONS 

V ON'VINCOUl^r II uKiviNr. ouiwi 

'~J 

^ I 

Note: Aciui) current flow dirtciion ihown. 

^ 



Am29LSl8 

DEFINITION OF FUNCTIONALTERMS 

0¡ The four dala input) to tha ragistar. 
Qj The four data outputs ot tha ragister with lundird 
toiem-pola activa pull-up outputi. Oata It pastad non-
inverted. 

V| The fdur threa-itata dala outputi of tha regittar, When 
the thfee-itate outputs are anabted, data is passad non-
Invefted. A HIGH on tha "output control" input forces the 

' Yi outputs to the high-impedance State, 
CP Clock. The buffered common dock for the register. 
Entets data on the LOWtoHIGH transition. 
Ó l Output Control. When the CE input is HIGH, the Yi 
outputs are in the high-impedance stata, When the G^ input 
is LOW. ihe TRUE register data is presenta! the Y| outputs. 

ST 
H 
H 
H 
H 
L 
L 
L 
L 

TRUTHTABLE 

INPUTS 

CLOCK 

cr 
L 
H 
I 
t 
t . 
I 

— 
-

D 

X 
X 
L 

• H 
L 
H 

— 
-

O U T P U T S 

Q 

NC 
NC 
L 
H 
L 
H 
L 
H 

y 

z 
2 
Z 
2 
L 
M 
L 
H 

NOTES 

_ . 
_ 
. 
-• -
- < 
1 
t 

' LOW 
• HiaH 
• Oon't eart 

NC • No ehangs 
1 • LOW (O MlGH trkntlllon 
2 • Hlfh Impadsnca 

Whan 5 1 H LOW, tha V output will b* In ih« tam* IOQIC 
•ist* a* iKa Q ouiput. 

MetallizatJon and Pad Layout 

Oo I -

OrESIZE 0.083" K 0.099" 

OROERINQ INFORMATION 

Ordtr th« pan numb«r «ccording to th« labl* b«low (o oCiain (h« d«sir«d packaga, tamparalurt rang*. and scraening l«v«l. 

Order Numtwr 

AMjgiSigPC 
AM29LSiaOC 
AM29LSISDC-B 
AM29LSieOM 
AMZgLSISOMB 
AM29LStSFM 
AM29LSI8FM-B 

AMZgiSIBXC 
AMiSLSItXM 

Packaga Type 
(Mola 1) ' 

p.n 
0-16 
D-tS 
D-l« 
0-19 
F-16 
F.16 

Olee 
Olee 

Op«ratJng Range 
(Ñola 2) 

C 
C 
C 
M 
M 
M 
M 

C 
M 

Scraenlr^ Level 
(Nota 3) 

C-l 
C-l 
B-1 
C-3 
B-3 
C-3 
B-3 

i Visual ínspection 
1 10 Miu-SToeaa 
I Maihod 20100. 

Am2919 
Quad Register wiih Dual Ttiree^Staie Outputs 

••¡J.i 
•i ,-.i 

DISTINCTIVE CHARACTERISTICS 

• Two icts o( ihrcQ-ttate outputi 
• Four Otype llip-noDi 
• Polarity control on one sci of outputs 
• Buffered common clock ertable 
• Buffered common atynchronoui clear 
• Sepárate buffered common output enable for cacit sat of 

outpuis 

RELATED PRODUCTS 

Part No. Descrlptlon 

Am25LS25l9 
Am25LS25i8 

Ouad Regislor 
Quad O Register 

FUNCTIONAL DESCRIPTION 

The Am29l9 coniiiti of four Otyp« ftipllopt wiih a buffered . 
common clock onablt. Information meeting tha set-up and 
hold tima roquírements of lh« O ínputi ii (raflsferrcd to the 
tlip-flop outputi on ihe LOWtoHIGH transition of tha ctock. 
Data on the O outputs of tha llip-flopt Is aneblad it the 
ihreo-state outputs whan tha output control 10^) Input ii 
LOW. When tt>t approprlaia OE ínput is HtCH, tha outputs 
are in the hlyh Impaüance state. Two Indaptndant sets of 
ouiputs-W and Y-ara providad wch that tha register Can 
simultancously and independuntly drive two busas. Ona ut 
of outputs coniaini a potarity control such that the outputs 
can eithor bo InvertJng or nonlnvertíng. 
Tha ücvice alio features an activa LOW asynchronous cléer.' 
When iha clear Input is LOW, the O outpct o( tha internal 
flip'flops ara forced LOW indepandent of ihe other inputŝ ^ 
Tha Am29l9 is pockaged in a spoc»! >dving (0.3-inch row 
ipacíng) 20-pin packaije. , 

1. P - Moktod OlP, O • Harmatio OIP. F - Fíat Pak. Numbar followlng latía/ li numb«r ol leads. Saa Appandix B lor dalailad ouillne. 
wn«ra Appandtx B containa aavaral dain numbara, any of tha variationa ol tha packaga may ba uatd untan otharwíae cpecltiad. 

2. C - 0*0 to +70*C. Vcc " <-75V to 5.25V, M - - 55*C lo + iZi'C. Vcc - < WV lo 5.50V. 
3. Saa Appandix A lor dataíls o> scraaning. Lavats C-1 and C-3 conlorm to MlL-STO-8ft3, Ctass C. Lavel B-3 conforma to MIL-STO-8a3, 

Class 8. 

5-209 
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: '̂ " ' Am2920 , 
Óctal P'Typé Flíp-Flóp with Clear, Clock Enable and Three-State Control 

CONNECTION OIAGRAMS 
Top Vlew» 

P-22, D-22 

OISTINCTIVE CHAB|ACTERISTICS 

• Buffsred common ctock enabl» input 
• Buffertd common isynchronous cl«»r Input 
« Thr<t-<t<ta outpuli .; 
• 8-bit, high-spcfd psrallel registsr wlth poittive edge-trlggared, 

0-iyp* (llp-flopt ¡ • 

ILOGICSVMBOL. 

i, 
f » 4 f If 11 11 If 

FUNCTIONAL DESCRIPTION 

Tht Am2920 li »n Sbit regisur buíll uíing advanced Lo» 
Pow«r Schoitky technology. Tht regíiier conslsts of eight 
O'lyp* fllp-flops with a bufítrtd common clock, a bulfernl 
common clock enable. a buffered asynchronous clear inpot, 
and three-ttale outputi. 

When tht clear input i) LOW, the ioternel Ilip-riops o' Ihe 
regitter art reiet lo logic O ILOWI, Independen! ol all olhtr 
inputi. When the clear Input ii HIGH, the regiiler operatn in 
Ihe normal faihion. 

When the threeslala output enable (OÉI input ii LOW, thi 
Y outputi are enabled and appear as normal TTL outputi. 
When the output enahle (OEI Input It HIGM. ihe Y mitpiíii 
ata In llia llluh InipitrliiMCR |llMan<llnlH| i'iMHlllliHI l l i i t rlxat 
nol affect tht Inlernal itare of the fllpllnij O outfHít. 

The clock enable Input (El li used to lelectively load dnt 
ln(o Ihe regiiler, When the E Input ii HIGH, the register vwill 
releln lis current data. When Ihe E li LOW, new d.iia li eniertd 
Inio th» regliter on ihe LOW.ioHIGH ttamliion o( Ihe clock 
Input. 

Thli devlce il p.ick.-)ged In a sp.ire-tavjng lo.'l-inch row sp.icing) 
22-pln package and in a 2'1-()ln llatpack. 

Am2919 

RELATED PRODUCTS 

Parí No. Oescrlptlon 

«m25LS2520 
Am2»t8 
Am2954/5S 
Am29a2t-2S 

OcIBl O-Type Flíp-Ftop 
Oued O-Regislert 
Odal 0-Regi9lers 

- e , g.'IO-BIIReglsleri 

Ltadltta Chlp C*rrl«r 
L-28-1 

í B í 

» » I 

Nole: P'n 1 i4 marked (or oHentaHon, •PestfVeO - do not ust. 

ORDEflING INFORMATION 

Ordm ihn parí numbor according lo Ihe loble bolo" lo oblain Ihe d»$ir»d package. lomperalure range and sereonlng level. 

Peekage Type ' Operallng Range Screenlng Level 

OrderNumber (Ñola I) (Nota 2) ÍNo't3) 

I AM2920PC 
AM2920DC 
AM2920OC-B 
AM29200M 
AM29200M-B 
AM2920FM 
AM2920FM-B 
AM2920LC 
AM2920LC-B 
AM2920LM 
AM2920LM-B 

AM2920XC 
AM?II?OXM 

P-22 
0-22 
0-22 
0 2 2 
0-22 
F-24 
F-24 

L-29-1 
L-2a-1 
L-2Í-1 
L-2S-1 

Dice 
Dlc» 

C 
C 
C 
M 
M 
M 
M 

c. 
c 
M 
M 

C-1 
C-1 
B-1 
C-3 
6 - í 
C-3 
8-3 
C-1 . 
B-1 
C-3 
S-3 

\ Visual iospeciion 
1 loMIL-STO-»83. 
) Maltiort 20108. 

1. P - MolOedOlP. o - Hermeiic OlP. L - CNp-Pali. F - FlalPa» NumOei lodo-inglaller itnunit» ollttda 
Se» Apponai» B lor deíaiied ouibne. Where Appandií B coniaina aevertl daah miroti, any o( me «eritiiont ot 
Ihe package may be used unless oiherv«fse speaHed. 

2. C - 010 • 7(rC. Vcc - < 7510 5.25V, M - - 5510 • 12S*C. Vcc - <•» lo 5.50V. 
3. Sea AppendK A lor delalla ol tcreemng. Lr/als C'1 «ndC-3 oonlorm lo MIL-ST0M3. Class C. level B 3 

conlorms lo MIL>STD<M3, Class B. 



Am20to 

HLcür .T lCV . . C;-iA,^,.\CT£ñl3TICS 

Tht FoHoiylni) COM'illijn» Agply Un!iti Olhtrwiie Sp«cifi«d: 

COWt. T^ • j ' c «j t70*C • V^c " S-OV iSH MIN. - 4 . 7 5 V MÁx. -S -JSV 

MIL _r̂  - - s j ' c to «os'c vcc • s.ov nos MIN. «« jov M A X . - S . S Ú V 

; PC C H A R A C T E ? 1 I S T I C S O V E H O P E R A T I N G R A M G E 

^trtmtlsrt . Ctficription - Ttit Conditionl (Not* 1) 

I s w i r C H I M G C I I A R A C T E R I S n C S 

|rrA"25'c:, v c c saví 

* f i i i í H í i j f i O-.'Kfiplion 

Am2920 

Typ. 
(Nai«2l Max. 

Voi l 

: VOL 

V|„ 

"̂•. 

V, 

TIL' ' 

l|H 

'I 

'o ; 

ijc .; 

1 

Ourpwl HiCH Voliagt 

Ouigut LOW Voluga 

InpulHIOH Liv.1 

Input LOW Llv«l 

Input CUrnp Volug* 

InpuT LÓW Currtnt 

Inout HtGH Currant 

Inout HICH Curfcnl 

Oir-Statfl (High-ImpedanctI 
Oulput Currant 

Ouipul Shori Circuit Curraní 
INola Jl 

^owar Supply Cufrant 
(•\uia 4i 

V | N " V | H O ' V i l . 

Vcc • MI.M. 

ViN • V | H O ' V I L 

MIL . lQH " - I . O m A 

C O . U ' L . I Q H • - I .SmA 

'OL * 4.0niA 

Q̂̂ _ • B.OmA 

Goarantaad Input iogical HIGH 
voliaga (or all ínpuii 

Guatanraad inout logical LOW 
vDliaga (Of all inputl 

2.4 3.4 

2.4 : . j 

; 
2.0 . 

MIL 1 

COMX 

Vcc - lUIN. . I|N • - I S m A 

V c c ' M A X , V | f j - 0 . 4 V 

V c c - M A X . . V|N . J,7V 

V c c - M A X . , ViN • 7 0V 

V c c - M * X . 
V Q • 0 . 4 V 

V o - J . ' V 

V c c - M A X . 

Vcc • MAX. 

- 1 5 

1 

24 - . • 

0.4 

0.45 

0.7 

oa 

-1 .5 

-0 .36 

20 

0.1 

- 2 0 

20 

-US 

37 

VolM 

Volt! 

Vohl 

Volll 

Volii 

mA 

j jA 

mA 

liA ' 

mA 

mA 
1 

Mata*: t, aof eenoiiiont ihoMn «• MIN. o* MAX.. UM ina aaproaflata vaiya taaal'>ad untfai (latlflaal Cnafaetarlitlaa 'of iha aeelieaaia aaoiea ivpa. 
i 3. TvDlaal limMt a>a al V^£ > S.OV, 2S*C amelanl and m««lmum loading. 
. ) . Noi mora tfvan ona owioul tnowld ba iheriad at a lima. Ou/a'ion ai ina inori cUcult lait inowld not aacaao ona tacond. 
' a. All dutitkjia opan. E • GNO, 01 inputa • CLn • ? f • 4.SV, Apply momantarv 9'Ound, than 4.9V to elock Input. 

M Á X I M U M R A T I N G S lAbov» which iht ui«(ul lift may tx imoiiredl 

VHL 
>Y, ICc UOWI 

I Oaia(0;l 

Enablj ! f l 

Sn.b l . l^ l 

Chaf Racovary itn.AiHival to ClycÁ 

iJítoYi 

Máximum Clock Fiínuancy (Nota I I 

1 / : ' 'Jnllt T«il Conditioiti 

C|.-I5pf 
BL - J.oiin ' 

CL • s Opf 
((( .•2.0kl> 

hola I. Par induitry Cbnvantion, (rnaa i* >tia wortt cjia valúa o( itta t̂̂ axlmum (javict opirating (ratiuancy vallh no conttraínti on t,, 
midih or üutv CVCla. « 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

/trama ttri Dsicrjplion 

StJta-̂ d rempgfatufe -65°Clt>al50'C 

. Temperatura (Ambisntt Undsr Bias -55 C í o + 1 2 5 C 

Suppty Voliatje to Ground Potantiat Cominuous -0.5V 10 +7.07 

0('. Vjitatjt A|i(ilii*d to Outputt for Hitjh Output State 

l^t: lM|tiit Viiltjud 

OC Oulput Current. I m o Oulp t i l l 

OC InputCur rem • 

- 0 . 5 V to tVcr ; man. 

iVíiV til "i / ÍTv 

JUillA 

-30inA lo •S.OmA 

IPLH 
Cíoca to Y, IÜTLOWI 

Cluar to y 

• jia 10,1 

Hala in.i 

Enaola l?l 

Claar rtacovary (In-Actival to Clock 

Ain2920PC,OC 

T A - O C 10 +70 C 

Vcc " 5.0V J 5 \ 

Mío. Max. 

Am2920OM,FM 

T A • -SS'C to •125*C 

Vcc • 50V i 1014 

Min, Max, 

33 

Máximum Cloclr Fiaquuncy (Nula 11 

3> 

Unitl Tett Condttioni 

Cu-SOnf 

CL • 50pf 
RL • 2.0 kll 

iica ovar Iha oparating lamparalura ranga il gujraniaad oy latlmg dalinad in GrOup A, Subgroup 9. 
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. OEFINITION OF FUNCTIONAL TERMS 

Am2920 

cun. 

I 

OE 

' Thé O flip-flopdtli Inpoti..." ' 

Whin thi cleír jnput l> LOW, thi Q| outputt tre 
LOW. rtgtrdltti of Iht olher Inpuli. When th« 
cleír Input li HIGH, dtt i cin b« entflred ln(o th« 
rcglitar, '. . r , ^ • 

Ctoek Pulí* for (h« ntQlitflr; «ntirt d«i« tnio thd 
rigltter on th« LOWlO'HlOH Innilllon. 

Th« regiiter thre«-itst0 outputs, 

Clock Enablt. Whan thi dock tnihla li LOW, 
data on tha 0) Input li tranifarred lo the Q¡ out-
put on Iha LOW-to-HIQH clock traniltion. When 
the clock anabla ii HIGH, Iha Q| outputi do nol 
changa nata, ragardleii of tha data or clock Input 
traniltloni. 

Putput Control. Whan tha SE Input It HIGH, 
tha Y| outputi ara In tha high Impedanca ttata, 
Whan tha Si Input li LOW, tha TRUE ragitiar 
data li praiant at Iha Y| outputi. 

•fr.*'^ • 

FUNCTION TABLE 

Functlon 

Hi-Z 

CU» 

Hold 

Lo*4 

'6t 
H 

H 

L 

H 

L 

H 

H 

1. 

L 

Inpütl 

CLR 

X 

L 

L 

H 

H 

H 

H 

H 

H 

e 
X 

X 

X 

H 

H 

1. 

L 

L 

L 

0( 
X 

X 

X 

X 

X 

L 

H 

L 

H 

r -
CP 

X 

X 

X 

X 

X 
I 

1 

1 

1 

Intarnat 

0| 

X . 

• L 

L 

NC 

NC 

L 
H 

L 
H 

Oulputi 

Yl -

I 

• Z -

1. 

z 
NC 

z 
z 
1. 
H 

H o H I O M 
" L - L O W 

K • D o n ' t C a r t ~' 

N C - N o Chtr t f l * 
; t • L O W t O - M l O H T r t « » l t ( o n 

Z • H l f h I m p M l a n e * ' 

LOW-POWER SCHOTTKYINPUT/OUTPUT 
CURRGNT INTERFACe CONOITIONS 

OAIVINQ OUTMjr OHIVININ^Ur 

N o t a : A c t u í ) curfvnt flo<M it traci lon i h o w n . 

GUARANTEED LOADINQ RULES 
OVER OPERATINQ RANGE {In Unll Loads) 

A L o w ' P o w t r Scftoi t t ty T T L U n i t L o * d l i d t l l n a d « i 3 0 i i A 'naaiurad ti I 
3 . 7 V H r O H and - O . S f l r n A m a a i u r a d at 0 . 4 V t O W . 

APPLICATIONS 

Wn Nn. ' i 

1 

} 

3 . 

4 

5 

6 

7 

» • 

9 
10 

I I 

11 

13 

14 

1S 

16 

17 

•: I B -

IB :-
10 

) l 

11 

Inpui /Outpt i t 

CLR 

Vo 

°0 
D| 

Y | 

V j 

O j 

" 3 

V3 
CP 

GNO 
. y* 

04 
O j 

Y j 

•*» 

Os 
0 , 

Y7 
OE 

•• T 

«ce 

IniMit 
Lnnd 

1 

-
1 

1 

-
-
1 

•1 

-
1 

-
-
1 

1 

.-
-
1 

1 

-
1 

1 

-

Am2920 

Output 
H I G H 

M I L C O W L 

-
50 

-
-

SO 

60 

-
-

SO 

-
-
so 
-
-
so 
so 
-
-
so 
-
-
-

-
130 

-
-

no 
130 

-
-

130 

-
-

130 

- • 
-

130 

130 

-
-

130 

-
-
-

0 

M I L 

-
33 

-
-

33 

33 

- . 
-

33 

-
-

33 

-
-

33 

33 

-
-
33 

-
-
-

utpul 
LOW 

C O M l 

-
33 

-
-
32 

2J 

-
-

3J 

-
-

33 

-
-
33 

33 

-
~ 
23 

-
-
-

METALLIZATION ANO PAD LAYOUT 

«atr oAi i tau i 

— 

A«í»íl AMiJWIt 

I. 
Amnx.nn 

I' 
Amtrsri 

'« 
1-

AmNH 

' > '< 

t • 

AmTtW 

^. 
A'^nio 

1 

!• 
AMjrsii 

, 
!• 

Atiiai i 

/ 
, 
' 
'.1 

moM AAMAV 

» • 
*<f7«M 

1-
A f i r i i ) 

í 

\' 
««-}«) 1 

A 
•• 

•̂. 
h-nn 

1 • 

A m í l » 

v 1 

^. 
Aiwjtfa 

1—^ 

' 
M'BiT»iP|t.rN| HfCUTtPI 

A typicíl Computer Control Unii for a mícroprognmmed machine. 
^ M - M I 

AO0" IU 

AinfOaOA 

DATA 

n: 
3V7 

i: n n 

• > 

^ 

DiE si7EO.ono" xo.nr -
T h f i A m 2 0 2 0 H a u t o f u l dewu:B i n i n t « r f a c i n g w i i h I h e A m 9 0 6 0 A t y i t e m b u s e « . 
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OROERING INFORMATION 

Order the part number accordíng to the table below to obtaín the desirod package, temperalure ranga and screenrng level. 

Order Numbar 
Packaga Typ* 

(Nota t) 
Oparallng Ranga 

(Nota 2) 
Scraaning Lave! 

(Nota 3) 

AM292IPC 
AM:g2ioc 
AUÍ91\0Ca 
AM2921DM 
AM29210M-B 
AM292IFM 
AM2921FM.B 
AM2921LC 
AM2921LC-a 
AM29211.M 
AM292ILM-B 

AMÍ921XC 
AM2921XM ' 

P-20 
0-20 
0-20 
0-20 
0-20 
F-20 
F-20 

L-20-1 
L-20-1 
L-20-1 
L-20-1 

Olea 
Olea 

C 
C 
C 
M 
M 
M 
M 
C 
C 
M 
M 

C 
M 

C-1 
C-1 
D I 
C-3 
B-3 
C3 
a-3 
C-1 
B-1 
C-3 
B-3 

Vltual Inipactlon 
IOMIL-STO-gB3. 
Malhod 20108. 

: I. P - Moldad OIP, O - Hamiaile OIP, L • Chip-Pak. F • Flai-Pak. Nunibar lollowing lallar li numbar ol laads. 
Saa Appandlx B lor dalailad úutlina. Whara Appandix B coniains savarel daah numbara, any of tria variations ol 
tha packaga rnay ba uaad unlaai olharvHsa apacillad. 

i. O • O to » TVC, Vee • 4.76 le a,2tV, M • - 64 to + I H ' C , VCO • 4.60 te 6.60V. 
3. Saa Appandlx A lof datalla e< aoaaning. Lávala C-1 and Ci conform to MIL-9TO-t63, Claaa C. Lavaí B-3 

oonlorma lo MIL-STD-683, Claia B. 

APPLICATIONS 

"̂1 

t t tiTDMTA lUS í> 
V 

Am2922 
Eight Input Muítiplexer wHh Control fíegíster 

OISTIMCTIVE CHAnACTERISTICS 

• High speed eight-input multipluxer 
• On-chip Muítiplexer Select and Polarlty Control ñogítter 
• Outpul polarity control for inverting or non-lnverting 

output 
• Common regíiter enabls 
• Aiynchronoui regiiier clear 
• Three-itaiü output for expansión 
• AC paramtiers ipeciliud ovtr opuraling temperalure and 

power luppty rangas. 

lUNCTIONALDBSCRIPTION 

The Am3932 ii an eÍQht-inpui Muítiplexer with Control 
ftegttter. The device foatures hiyh speuü (rom dock lo output 
y\d js iniended for use in hígh spcud compuior control uniti 
or structured ttüte machine desiijni. 

•pie Am2922 containi an inttírnol regisier which hotdí ihe A , 
B jniJ C niuhipIcKor íuicct linci !¡% w í l l al (he POL IPütariiyl 
tfWMfol liil Wh.'n Ihfi n.Miiil'ir Cn.ihlii Initid ( f iT ) it LOW. iicvv 
iljia (1 fiiiiniiMl liH't llH) i<t(|Mri>i iMi iht> I '>W (M MICiH. himti 
lioit itl ihii ( l o i > . WliiMi n r It M U i l l . ihii ii:<(tilei lul.iliti Mt 
curieiil <Jjta, An aiynchrünuui clüjr iiipui (CLf í ) ti uicU (u 
levet [ha regitier to a logic LOW tevul, 

The A. B and C rcgiiier oulputs scleci ono o( uicjht rnuliiplexur 

djia inputi. A H l G H on the Polaiiiy Condol Mip-Mop uuiput 

ciiivüt J lni«> {iMmitiwviiinq) tnitlliplRMiif ou lp i i l , iiiul 4 t.OW 

ciutci ih« uiMpiti to tic iiivuriud, lit o cumputL-f cuiiiiul umi , 

ihii allowi (efcing of eiiht'r true or complemeniod Hug dala at 

the microproyrain sequencer test ínput. 

An active LOW Muliípluxcr Enabte ínpul {Mt) allowi the la* 
lecied muítiplexer input lo ba passod to the ouiput. When M^ 
iiHIGM. (hi) ouiput is dtítefininud o n l / hy the Pii'arlty Control 
txi. 

The Ain2Ü22 :ilto leaturui a three-slate Output Enabte cunirul 

(OE) ior expansión. When OE is LOW, the output i tenabled. 

When OE is H IGM. thu output i i in ihe high impudancc lU lo . 

Two Am2921'i can be used lo perform a bit set, bit clear, bit toggle or bit test on any of tixteen bíti í 
a niícroprocessor lystem. Examples of tho operationi performed are as foltows: 

CONNECTION OlAGRAMS - Top Vlaws 
LttadlessChlpCorrler 

L-20-1 

Mieroprogram 
Control 

0 C B A POL 
0 0 1 1 0 
1 1 0 0 0 
O l i o 1 
1 0 1 0 t 
1 0 1 0 0 

16-8ÍI Fiaid From Am2921 

0 1 2 3 4 5 6 7 8 9 1011 12131415 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
O O O O 0 O 0 O 0 O O O 1 O 0 O 
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
1 1 1 1 r 1 1 1 1 1 0 1 j 1 1 1 
O O O O O O O O O O I O ó 0 0 0 

Am29C1 
ALU 

Functlon 
OR 

ANO 
ANO 

tX ÑOR 
EX OB 

Bit FurKIlon 
Pcrformad On 

Saliciad Ragiitar 
aiTSET 
BIT TEST 
eiTCLEAR 
BITTOOOLE 

••" 'BITTÓGOLE 

Nota: Bit lait ii purlormudullng F • O uutput ol Am2001A. 

5-224 

F• ?0 pinconliguruliori idonlical lo 0-20. P-20. 

Ñola: Pin 1 is muikoü lor onotiljlion. 

f l E L A T E D P n O U U C T S 

Pan No. Daacrlpllon 

Ani2SLS2S3S 
Am2923 

8-lnput Multlplaxat 
e-lnpul MultJplaxar 

LOQICOIAGRAM 

LOGIC SYMBOL 

t (• I I tr M t> II n 

GNO • PÍA 10 



• Am2922 

') 
',1 

ELECTRICALCHARACTERISTICS : . , . . . : ; • . . . , . . ; , ; i • . ' 
Th« FollowIngConditioni Apply Unlatt P(h«rwltiSp«cl(ied;, . ' . • , , . 

coML T« -o 'c ia 'Jo 'e V c e - í . o v í » » M I N , - 4 . ; B V MAX, •> . ]«¥ 

•MIL TA •-»»'Cio»iJ«'c • V c e " » o v i i o » um.-4.spv MAX, •t.sov 

DC CHARACTERISTICS OVEROPERATING RANGE 
Parimttin Dticrlptlon ' ' Ttit Condltloni INSI» il 

Tvp. 
INoia I I Mix. UniB.I 

VoH 

VOU 

I 
ü? 

Outout HIGH Votttg* 

Ouipui LOW Volug* '*'. 

• Vcc - MIN. 
V|N • V|H or V I L 

' IL 

'OZ 

'se 

Ice 

InpuiHIGH Livi l , 

Inpul LOW L n i l . ' ) 

liipui manip VitMa«« 

Input LOW Cufrtnt 

Inpul HIGH Curr«nl 

liM**'< II IQII Ciiircnl 

Olf-S(«l« (HlBl^-Imptdtnctl 
Ouiput Curran! ; ' 

OuiDul SHort Circull Currtnt 

|Noi> 31 

POMvr Supply Currtnt 
(Noli 41 

• Vcc • MIN. 

: V|N - V|H w V|L 

MIU, IQH - -S .OmA 

COM'L. IQM • -8.5mA 

IQL "^.OmA 

'OL " 8-OmA 

I Q L • MmA 

Ouaranlftd Input losical HIGH 
vpltag* lor all Inputt 

Guaraniitd Input Ipgieal LOW 
vollaga lor all Inputt 

Vee " M I N „ I | N • - IKmA 

V c c - M A X . , 

V ( N - 0 . 4 V 

Veo " MAX,, 

V | M - 3 . 7 V 

Vee "MAX. . 

V i N - H . Í V 

V c c - M A X . 

«JF, OE.rrs 
O N . A. B.C. POL.CP. Cüfl 

Bf.íSE.H? 
ON.A, e.c. POL.CP. CCff 

WF, OF.TTF 
U N , A, 0 ,C. POL.CI'. ÉLn 

V Q - O . Í V 

V o " 3 . < V 

Vcc • "*)<. 

Vcc • MAX. 

Nota*: I . Por aondltlortí «nswn ai MIN. «r MAX., uf tna approprlala aalwa loacltlad undar llaelriaal Ct^araaiarlillei (or Iha apoMcabla tfawlca tvpa. 

I I , rv»l«al llnillt tf« 11 Vge • • • •V , l l ' O «mliltnl anit maalmum liaillni. 
) . Ngt mpra thtn «ni «uipul iHpuId ka Hiprlad al < lima. Ouiallpil « I int iHiiil i lriull lail ilipuln nnl a«aa<l nna launnil. 

' a. O N . A . • , C, POL. WT al Ond. All otha» Inpuli and outputl op*f<, Maaturad altar a mamantarv ifounrt Ittan a,81/ annllad to cltleh IMBUÍ. 

'SWITCHING CHARACTERISTICS 
| I T A - * 2 5 " C . V c c - B . O V ) 

Paramat t r i Ot i 'cr lpt lon 

'PLH 

'PHL 

'PIH 

• 'PHL 

'PlH 

' 'PMl , 

'PLH 

'PHl 

'PIM 

'PHl 

< n 

<ZH 

<U 

'HZ 

t , 

' l 

*0W 

Clock lo Y POL - LOW 

dock 10 Y POL - HIOH 

0„ 10 Y , 

CLR 10 Y .• ' 

ME 10 Y 

O f lo Y 

A, n, c, POL 

i > ~ • 

Cln Macovary 

Clock 

Claír ILOVV) 

Ih A. B, C. POL CE 

M i n . 

Sí-

10 

10 

0 

Typ. 

21 

19 

16 . 

19 

10 

13 

22 

22 

12 

12 

t 

S 

10 

10 

M a x . 

32 

29 

24 

29 

)6 

19 

33 

33 

18 

19 

14 

14 

17 

17 

-

UnH» 

na 

na 

na 

na 

na 

na • 

na 

na 

na 

na 

n» 

A m » 2 2 

T « t C o n d h t o m ' 

CL • 15pF 

RL - Í O k í l 

CL - S.Opf 

R L - 2.0kn 

CL • i tp» 

RL - 3.akn 

'. 

M Á X I M U M R AT INGS (Abov« which Ihn untul ll(« may b« Impalredl 

Sioraqa Tempentur» " ' -65°C 10 Hiol 

Tcmperalurt (Amblanl) Undar 8lat - 5 5 C 10 Mül 

Supply Vollaga to Ground Poianllal Contlnuoui -O.SViotíJ 

DC Volias» Applied lo Ouipuu (or Hlgh Outpul Siaia 

OC Input Vollaga 

-0.5V lo • V c c * 

"I^^Bvlo'isl 

OC Ouiput Curran!, Into Outputl 

OC Input Curren! -30mA 10 *i.th 

S W I T C H I N G C H A R A C T E R I S T I C S 

o v e n O P E R A T I N G R A N G E * 

P a r a m e t a r l Daacr lp t lon 

IPLH 

•PHL 

'PIII 

IpHL 

'PlM 

IPML 

'PlH 

•PHl 

IPLM 

IpML 

<2L 

U H 

< u • 

• H Z 

'. 

<. 
I p « 

' H 

Clock to Y. POL-L 

Clock lo Y, PUL H 

O N I O Y 

CLR 10 Y 

ME 10 Y 

o f l o Y 

O É l o Y 

A, 9, C POL 

CE 

CLR Recovery 

Clock 

Claar (LOWI 

A m M 2 2 P C , OC 

T A " O'C to + 7 0 " C 

V c c - S OV i S * 

M l n . M a x . 

.,-

11 

18 

6 

11 

11 

A. 8. C. POL. CE 1 3 

40 

34 

>• 
38 

19 

22 

39 

19 

Tí""" 
19 

19 

22 

24 

24 

A m 2 9 2 Í O M , FM 

T A - - S 5 ' C to ' •12S-C 

V c c " ' " V • ' " ' ' * 
M l n . M a > . 

12 

20 

7 

12 

12 

3 

47 

38 

.13 

41 

21 

24 

49 

45 

28 

20 

24 

29 

30 

30 

U n l t a T a a l Condlt lpna 

na 

na 

na 

na 

na 

na 

na 

na_ 

nt 

na 

na 

CL - SOpf 

Rl • 2,0kn 

Cl - S.Opf 

R l - 2 .0m 

C l - SOpf 

«1 ' 7 Okn 

'AC performanei ov«r th« opvraiing ttrrtptralur* Ttngt ii gu«rant««(t by tettlng dcfin«d in Grouo A, SubgrouD 9. 



,Am2922 : 

O E F I N I T I O N OF F U N C T I O N A L TERMS 
A, B, C Multlpltxar Saltci Llnti. On« ol tighi mulllpliiiir 

data inputi ii >el«cted by iha A, B and C regiitar 
outputt. 

I POL Polaritv Control Bit. A HIGH rtgister output cause) 

a true (non-inverted) output and a LOW causes the 
output to be Jnverted. 

Uí Muliiplexer Enable. When LOW, it enabled the 
Binitiit muilipIcKer. When HIGH, the V output li 
)l«toMiWn«il hv txily th« Ptilaflly Control bit. 

RE n«jli(9( bnalili. When LOW, the Mullifilanar Seleol 
'. , and Polaríty Control Register isenabled for loadlng. 
•̂  When HIGH, the register holds itscurrent data. 

Am2922 

CLR Clear. A LOW aiynchrnnnuily teten iha Muiíiplaxer 
Select and Polarlly Control Regliter. 

0 ^ 0 $ Data Inputs to the Binput multiplexer. 

CP Clock Pulse. When FTE Is LOW, the Multiplexer 
Select and Polarity Control Register changes state 
on the LOWloHIGH transitlon o( CP. 

^ Output Enable. When LOW, ihe oulpul it enabled. 
When IIIOII, ihe iniiiiul li lii ih« hluli lii>M>"lai»'< 
líate. 

Y The chip output. 

' 

M U D E 

Cliir 

ll»U r^it4lila 

S<l>cl 
(Muliiptax) 

Multiplexer 

Diiabie 

Tri-tiait 
Oulpul 
OiuDie I 

C 

X 

1 
X 

B 

X 

1 
X 

A 

X 

1 
X 

L L L 

L L H 

L H L 

L H H 

M 1. L 

H L H 

H H L 

M H M 

< < ( 

INPUTS 

POL S í 

X X 

1 1 
X H 

L 

> 

H 

( ) < 

F U N C T I 0 N T A B L 6 

ECT CP 

L X 

1 1 
I I X 

• 

H 

1 ) ( 

I N T E B N A L 

QC Q B O A Q p o L 

L L L L 

Mil 
NC NC NC NC 

L 1. L L/H 

L L H 

L H L 

L M H 

H L L 

H L M 

• H H 1. 

H H H 

X X X L 

X X X H 

X X X X 

INPUTS 

'WÉ"¿E' 

H L 

L L 

X H 

L L 

L L 

M L 

M L 

X H 

O U T P U T 

Y 

M 

z 

iri.M. I I 

Bo'Oo 

¡5, /D, 

B j / O j 

Silo, 

57/O7 
H 

L 

Z 

LOW-POWEfl SCHOTTKY INPUT/OUTPUT 
CtJnnENT INTEnFACÉ CONDITIONS 

NC - No Cnang* 
•~S • Ooft't C»tt 

Noi* 1: Thé ouiaul MÍ I I foHow tha M U C I M Inpul. 0|, ú' 1(1 

.eemplamvni d«paAd>nfl on tn* nat* o* tn* f*OL fHo-'lop. 

DfflVINQOUinjT 

^Y 

< 

ONiviNOutruf 

-í^ 
%! 

N « l a . Ai . l i iul c 

Mttillíiitlon tnd P>d Layout 

i niE SIZEOOSO" X 0.099" 

APPLICATION 

IMIINOCtlOM 

fHÚMriMLIfel 
MICIirtM 

ORDERING INFORMATION 

Order the part numbar according lo tha lable b«low lo obtaln the deaired package, temparalura ranga and scraening level. 

PacKaga Typ* Opartting Ranga Scraening Level 
(Mole 2) (Nola 3) Order Nui í i tMí 

AM2922PC 
AM2922IX: 
AM2»230C-a 
AM292aOM 
AM29220M-a 
AM2922FM 
AM2II22FM.B 
AM^it^fl 0 
AML>1I22LC U 
AM2922LM 
AM2922LM-a 

AM2922XC 
AM2922XM 

(Nola 1 

P-20 
0-20 
0-20 
0 2 0 
0-20 
F.20 
F.JO 

L ;I0 1 
L ' ÍU ' I 
L'20't 
L-20-1 

Oice 
Olee 

c 
c 
c 
M 
M 
M 
M 
t; 
o 
M 
M 

C 
M 

C-1 
C-1 
8-1 
C-3 
a-3 
c-3 
B-3 
r . i 
II I 
C-3 
B-3 

Visual Inspection 
loMIL'STD-eS3. 
MeihodZOiOB. 

1. P - MoMedOlP.O- Hermelie OiP. L - ChlpPok. F - Flat-Pak. NumbedoilowinglallerisnumOerolleads. 
. See Appendli B lor deleiied oulilne. Wheie Appendia a conlaina aevaral deah numoert. any ol ine veitaiions ol 

iha packege may be ueed uniese oiherwiae spealied. 
2. C - 010 •• 7(rC. V c c - 4.75 to S.25V. M - - 55 lo •• 1 2 r C . V c c - «.SO lo 5.50V. 
3. See Appendix A lor detalle o< ecreening. Levéis C-1 and C-3 conlomi lo MiL-ST0-a83. Ciase C. Level a<3 

conlorms lo MÍL-STD-6S3. Class B. 
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: t Am2923. 
Etght-lnput Multíplexer 

i ^ • • I • I i • 
í ,D ls t lnc l l ve C h a r a c l e r l i t l c t ;,: •!• ^» ^ • v - > 

• • A d v a n c e d S c h o t i k y l é c h n o l o g V i ' . ' r ' ' , ' . i 

l . j» Swi lches o n e o( eighl Inpuls lo I w ó c o m p l e m e n l a r y 

,-') ou lpuls '• . : • ' ' . ; - . ' , • . , ' • ; • • • . - ' • • . ' I • 

• 3 -s la ie oulpul lor bus organl?od sys iems 

••'{y. 

FUNCTIONAL DESCRIPTION .'.,' 
. ¡ • • • I ; 

• • • > ; 

The Am2923 )s~áñ B-fnpyt multlplextr thal swítches one of eighl 
Inpuls onto Ihe Inverting and non-lnvartlng oulpuls under Iha 
conlrol ol a S-bll selael coda. Tha Inverling oulput Is ona gate 
delay fasler than (he non-inverting oulput. '• ' 

The Am2923 (ealúres a 3-»lole oulpul lor dala bu» organltalion. 

The ocllve-LOW slrob*, or "oulpul conlrol" «rpl let lo bolli Iho 

lnvoftlng.and non-invertIng oulpul. When Iho oulpul conlrol Is 

HIGH, Iha oulpuls are In Ihe high-impsdanca slala. When Ihe 

oulpul conlrol Is LOW, (he active pull-up oulpul Is aneblad. 

Óf lOERINO INFORMATION 

Order Ihe part number according lo Iha labio below lo oblain 

Ihe deslred package, lamperalura ranga and sereening lavsl. 

" ' , Package Operal lng Sereening 

- Typa Range . . . Level 

Order Numbar (Noiel) (Ñola 2) ( N o i O ) 

AM2923PC 
AM29230C 
AM29230C-B 
AM29230M 

AM2923DM.B 
AM2923FM 
AM2923FM-B 
AM2923LC 

• AM2923LC.B 
AM2923LM 
AM2923LM-B 

AM2923XC 
AM2923XM 

P.16-1 
0-16.1 
0.16-1 
0-l«-1 
o-ia-t 

• F-I6-I 
F.16-1 
L-20-t 
t - 20 - l 
t -20-1 

• U-20-t 

Olee , 
Olee 1 

1 

C 

c 
c 
M 
M 
M 
M 

' C 
. C • 

M . 
M : 

C 
M . 

C-1 
C-l 
B-l 
C 3 
B-3 

• C - 3 
S-3 
C-1 
8-1 
C-3 
B-3 • 

\ Visual Inspecllon 
1 loMIL-STD-a83. 
1 Miithad20IOe. 

P - MokJei) OIP. O - Harmelle OIP, L - Chlp-Pnk, F -
Flal-Pak. Numbar lollovving lellai la rumbar ol leada. Saa 
Appendix B lor dalailad ouillne. Whare Appendi> B oonialna 
s^eral dash numbers, any ol Ihe vérlailom ol Iha padiage 
may be usad uniass oihervflae spedlled. 
C - O lo • 70*0. Vcc - *.n lo S.Í5V. M • - 5 5 lo •• ISS'C. 
V c c - < 5 0 I O S . 5 0 V . 
Sea Apoandl» A lor delalla ol soaenlng. Levéis C-1 and C-3 
conlorm lo MiL-STO-"883. Clasa C. Level B-3 eonlorms lo 
M1L-ST0-S83,ClassB. 

RELATED PRODUCTS 

Parí No. Oeicr lp l lon 

Ani2922 
Ain2SI.S2S3S 

a Inpul MUX wllh Ragliler Conlrol 
t l iyul MUX nillh Regtsier Conlrol 

L O G I C O I A G R A M 

»-> 

c - O 

C 0 N N 6 C T I 0 N D I A O R A M S - Top VIewa 

0-16 , P-16 Leadless Chlp Carrler 

L-20-1 

1 f t > t 

r A m 2 9 2 3 

C M A X I M U M R A T I N G S (Above which ihe útelul lile may be impaired). 

A m 2 í 2 3 

ISiorage Temperatura 

nTernperalure (AmbienO Under Bias 

Supply Vollage lo Ground Poiential (Pin 16 lo Pin 81 Conijnuout 

OC Voltaje Applied lo Outputs for H I G H Oulpul $ 

0 0 Input Vollage 

DC Output Current, Inlo Oulput 

DC Inpul Current 

- 6 5 " C t o M 5 0 ^ 

- 5 5 * C t o » l 2 5 ^ 

-O.5v ' io»7v 

-O.SV lo » V j j m»«, 

-O.SV 10 fi.iy 
30mA 

•«SOmA lo •S.OmA 

E L E C T R I C A L C H A R A C T E R I S T I C S O V E R O P E R A T I N G T E M P E R A T U R E R A N G E (Uniess a h e r v u s e Noied) 

Am2923PC. DC. XC T , - 0 l o 7 0 ' C Vcc - 5.0V l 5 » (COML) MIN - 4.75V MAX • 5 25V 
A<n2923DM. FM. XM T , - - 5 5 lo 4-125X V j c - 50V i lOCl (MIL) MIN . 4.5V MAX - 5.5V 

Typ • 
Paramater» Descrlpt lon Test C o n d l l l o n t (Note i ) Mln (Nota 2) Un Un l t t 

VOH 

Voi 

VlH 

VlU 

Vi 

(Ñola 31 

l|H 
(Ñola 31 

ll 

lelo") 

Isc 

'ce 

Oulpul HIQH Voliaga 
MIL 

COML 

Oulpul LOW Voliaga 

Inpul MIGH Laval 

Inpul LOW Level 

. Inpul Clamp Voliaga 

Unll Load 
Inpul LOW Curranl 

Unil Load 
Inpul HIGH Curranl 

Inpul HIGH Curranl 

Oíl-Slata (Htgh-lmpedance) 
Oulpul Currenl 

Oulpul Shon Circuil Curranl 
(Ñola 4) 

Power Supply Currenl 

Vcc . MIN. 
V|N - V |„ fr V|L 

loM - -2mA 

Ion • -».5mA 

Vcc - MIN. lot - 20mA 
V,„ . V ,„ or V,L 

OuarantaeO Inpul logtcal HIOH 
voliaga lor aH Inputa 

Guaraniaad inpul logical LOW 
vollage lor ali Inputa 

V j c . MIN. l,N - -18mA 

Vcc - MAX. V|N - 0,5 

Vcc • MAX. V|N - 2.7 

Vcc - " * *< • V|N - 5 5V 

Vcc - •^*'<. ^ 0 - 2.4V 
V|N • V|M or V,t V Q - O.SV 

Vcc - MAX. V Q U T • O.OV 

Vcc * MAX (Ñola S| 

2.4 

2.4 

2 

- 4 0 

3.4 

3.2 

55 

0.5 

O t 

- 1 . 2 

- 2 

50 

1 

SO 

- 5 0 

- 1 0 , 

Voaa 

Voiia 

Voaa 

Voiia 

Vola 

mA 

|<A 

mA 

- M A 

'mA 

«5 1 'mA 

I Molos: I. For conoilions shown as MIN or MAX. usa Ihe appropriale valúa spedlled ur>der Elacincal CharactanaHca lor me applicable devlc^ typa. 
2. Typical Dmils ara al Vcc ' ^-^v. 2S*C ambiant and máximum loading. 
3. Actual inpul cúnenla •• Unil Load Currenl x Inpul Load Factor (sea Loading Rulesl. 
4. Nol more ihan one oulpul should be shorted al a lima. Ouraiion ot ina anón circuil tasl stwuld n d aKca«o'on«"a«óond. 
5. Ice la measured v t̂ih all outputs open and aH inputa al 4.5V. 

ISWITCHING CHARACTERISTICS (T, - 25'C) 

'Pnrnmolors Descr lpt lon Test Condlt lona Typ Units 

e.<A nJn .-nnnnMritlInn ídAnlInal toO-18. P-IO. 

IPML 

' H H 

IPHL 

'f.LH 
IPHL 

IPIH 

IPHL 

líM 

'a 
>ZH 

i;i 

Ki 

A. B. or C lo Y; 4 Lévala ol Delay 

A. B. or C 10 W; 3 Lávala ol Oelay 

Any O lo Y 

Any O lo W 

Oulpul Enabla lo Y 

Oulput Enabla lo W 

Oulpul Enable lo Y 

Oulput Enable lo W 

Vcc " '"V. R^ - 2B0n. Ct - tSpF 

Vcc * '"V- "L " MOn. Ci - 15pF 

Vcc - s ov. n^; • jeoii. Ci - spF 

14 
19.5 
81 

as 



Ani-2323 Am2921 

,-'J;!CT:OM TABUE 

¡.••.•.='j-;o • 

• S Ü L Í C T 

C 3 A 

• X X X 

I- .'1- 1. 
1. .L H 

• L H t 

L M . H 

H '. • L 

H L , H 

H H L 

M H ' H 

Ouiput Canirol 
S 

H 

L 

L 

L 

L 

L 

L 

L 

L 

OUTPUTS 

V W 

Z 2 

Do Oo 

0 , 0 , 

0 , 0 , 

0 , 0 , 

D4 0 , 

O5 D , 

0, 0 , 

D, 0 , 

-OACMG ;^Ul.'£5 {In ',;.-))! '.oaün) 

M - H l G H 
L • LOW 

X • Can't Car» . 
2 • H.^n impedanc* 

O0-D7 -Thi» ouiOüT Mili lollovw tht HtGH-ttv«l OÍ LOW-l»vtl oí 
' • cha MlKtWinMit , 

^0-67 - T h * . o«tuut würfQtlow tht compltmtnr ot tht HIGM-
Itvsl or LOWttvti ¡3( tht Mitcitd input. 

Input/Output Pin No. ' t 
Input 

Unit Load 

fin-^'il • 
ÜiniJjt Outom 
H l G H t.UV/ 

OÉFINITION OF FUNCTIONAL TERMS 
I 

A, B, C The thret st'l'ict input» of th í multiptexír. 
0 „ n , . o . . , t J , 
C 4 , Dt,. U( j , O / Tlm tiighi tUiti mpult u( iht tnuluploNifi, 

Y rh« true multiplexer output. 

W The compUment mufíiplexer output. 

S Ouii iut Control. . H l G H on the putput control (or ítrobc) 
iorcei büth the W anü Y outputs to the high-iinpedance (off) 
%'ats.' 

Oí 

02 

Ot 

Do 

Y 

" 
I 
QNO 

C 

B 

A 

O7 

0 , 

Os 

o« 

vcc 

1 

I 

3 

4 

5 

a 
7 

3 

9 

to 

I I 

12 

i ] 

14 

IS 

18 

1 

1 

1 

1 

-
-
1 

-
1 

1 

I 

1 

1 

1 

t 

-

-
-
-
-
20 

20 

-
-
-
-
-
-
-
-
-
-

-
-

10 

10 

-
-
-
-
-
-
-
- . 
-
-

A Schoithy TTt. Unit LcMd !• dalintfl ai SOHA maawrtd » 
2.7V HlGH ind - I .OdiA metiur^l ai 0.5V UOW. 

SCHOTTKY INPUT/OUTPUT 
cunnENT (NTcnFAce C O N O I T I O N S 

ontHiKduut'iii 

Noi«: Actual curraní Mow üittttton inowwn. 

,\?.-L!CAr:.;N;i 

LÓOiC fl; . ' ICTiO.\ l O c N S f l A D O M 

r* 34 iJ( 0} 1̂1 Ot tlj Oi ' ] / 

W T 

Z - ABCO ¥ ABCD *• ACD * AS + ACÓ + 800 

32-INP'JT MULTlPLEXEn 

IHAIII 

' *Í _J 
A4 1 

•• 1 r. 

0« ll| «) 0] •( Ot U| 01 

*>M^' lHH.t>rit*t* 

M 

, ., ., =,..=.„ .. 

1 - 1 

r s » ^ t «1 Bl J . 3» • • •> 

liru>i>Oui'ui H U L l i r t l ' t H ü u r f U f 

METALLIZATION ANO PAO LAYOUT 

•lE SlZE: O 064-X 0.067-

. • .?33 
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Am2925 
Ctock Generator and M/crocyc/e Length Controller 

DtSTINCTlVE CHARACTERIST ICS 

•[*-ry?.t,B.LcpnlrotI»d ocelMiilor ^ ' 
Slable opofHllon (fom^ i M H i to over 3 I M H i ' 

• [Fouf mlcfocod» contrÓiltd clockoutputs ^ 
Allows cíocK cyci0 length coñTrol (or 15-30%'lncreH8« In 
System ihroughpui. Microcods selecls one oí eighi dock 
panerns from 3 lo 10 osclllalof cyctes In lenglh 

PJ 
^ Swilch dabounced jnpuls provid» flexible hall conlrols 

•- Sllm 0.3" 24-pln packege \ I i 
' LSI coniplexity in fninlmum board área - i' 

BLOCK D IAGRAM 

• ^ ^ V — *: 

MCOOCTClt 

CONtMi 
l U I I 

MCOMH 

«tT-

SSMC -

nt*o -

OROERING I N F O n M A T t O N 

Ord» ihe parí nuniber accordtng to th« tabla balow lo obtaln 

Iha dasired package, lemparatura ranga and scraening level. 

Packaga Oparating Scraaning 

Typa Ranga Laval 

Ordar Number (Noia I) (Ñola 2) (Nota 3) 

AM29250C 
AM29J50CB 
*M292$OM 
*M»2S0M'B 
AM292SLC 
AM2925LC'B 
AM292SIM 
AM292SLM'B 

AM292SXC 
AM2S2SXM 

0'24-Sllin 
0-24-Sllm 
0'24-Sllm 
0-2<-Sllm 

L-2g-1 
l.'2S-l 
L2»- l 
I.-2B-I 

Olea 
Olea 

C-l. 
S I 
C'3 
B'l 
C-1 
C-3 
B-1 
8 3 

Vliual inspacllon 
IsMIL-STO-og} 
Malhed 20108. 

' Ñolas: I. O » MarmalleOlP. Numborlollowlnglallarlinumtjarof 
laadt. 

2. C - O lo • t(rC, Vjg . 4 7510 í Í ÍV , M . -5S lo * I2S*C. 

"ec-'soios.iov. 
3. LavfllfC-l •ndC-SoonformloMIt-STO-aaS. ClMülC. 

I «val n. ,1 rnntnim In MIL - Hro-nií3, CID«4 n. 

i i ! FUNCTIONAL DESCniPT lON ', 

Tho Am2925 Is i stnglo-chlp gonornl piirpono rtiKh qnnpfntor/ 
dflver. Iljs Cfyslftl_coniforttKl, ond ha» mlciopfouíanim.iblo dock 
cycle length to próvido signiricant 5poed-up over lUad ctock cycla 
appmaehe* and meel • varfely of system speed rsquiremenls. 
The Am292S generales lour ditferenl slmuHaneous dock oulpul 
waveforms lallored lo meet Ihe needs ol Am2900 atKJ olher. 
bipolar and MOS mtcroprocessor basad sysiems. One-ot-eighl 
cycle ler>glhs may be generated under microprogram control 
using (he Cycle Lenglh Inpuls L^, L j , end 13. 
The Am2925 osclHator runs al Irequendes lo over 3tMHz. A 
buffered osclilator outpul. FQ, IS prov)ded lor exiernal system 
tlmlng In addition lo the lour mícrocode controHed dock oulputs 
Cf , C j . C j ar>dC4. -

System control (uncllons Includo Run, Hall. SJogle-Slep. Inilianze 
and Ready/Waii controis. In addition. Ihe FIRST/LAST Inpul de
termines where a hait occufsandtheCx Inpul determines the end 
potnt Uming o( wait cydes. WAITACK indicnlcs Itiai tho Am2925 
Is In a wnit siaie. 

C O N N E C T I O N D IAGRAMS - Top VIewe 

D-a-l-SlIm 

'-«a 
flCAOV [ ^ 

^•C 
.̂c 

i . C 

•^.c 
«.c 
e.C 
' . C 

aawC 
a»HO Q 

QMo C I 

1 14 

> t t 

1 n 

* II 

1 M 

• 11 

> .1 

1 ir 

• I I 

!•-• .. . I I 

II 11 

II 1) 

a'« 
O':-
^mi 

'^ mmrs 
^ w«ll.t« 

^ RÜH 

3111CT 

3 riMfTíCIIT 

D». 
13 «1 

D ' o 

Zl'ec 

Laadlesa Chlp Carrlar 

L-J8-1 

j i S .a j. s 

Níiln; f í o t I» niíiitni'l fuf itrlttittitllnn 

l í . . . . 

A m 2 9 2 S 

LOGIC OIAGRAM 

.. .t.i,c,a».t,.;tri 

,,.ífj:sí ,.,...t;r.c.c,: 

| t * ' f MUM»aC COMt*M 

9 0 

M 4 

r t^ eiirm 

OEFINITION O F F U N C T I O N A L T E R M S 

Cf, C2, C3, C4 System ctock outputs. Ttiese ouipuls are alt 

active during every system clock cycle. Their 

timing is determined by dock cycle length 

conlrols, L,, L j and L j . 

L|, L ] , L ] Clock cycle length control inputs. These in-
puts receive Ihe microcode bits thal selecl the 

microcycle lengths. They form a control word 

which selects one ot the eight microcvele 

wavelorm patlems F3 through F I O . 

Ffl Tho l)uIlorfld oscitlfltor output f(¡ intornally 
generales all of Ihe tlmingedges lor outputs 
C , , C j . Cy. C, and WAITACK F, risos jusl 
liplni lí) íill iil Ihn O , , r.j, C-i, C , Ir.ifmllons, 

HALT and R U N 

FI f lST/LAST 

SSNO and S S N ! 

Det)ounced inpuls to pfovide HALT control. 

These inpuls determine whether the output 

docks njn or nol. A LOW input en HALT (RÍ.IN 

• HIGH) will stop all ctock oulputs. 

HALT time control inpul. A H IGH input In 

coniunctlon witn a HALT eommand win c t u M 

a hall to occur when C« - LOW and C | • C , 

» C j . H IGH (see ctock wavelocms). A LOW 

inpul causes a HALT to occur wtien C , • C j 

» C j . LOW and C , - H IGH. 

; Single S!cp eoi^roi input» These dobouneed 

inpuls ellow system clock cycte single i l rp -

pino whiie HALT Is aellvaled L W . 

5-239 
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WAITREQ 

• DEFINITION OF FUNCTIONAU TEAMS (Cont.) 

The Walt Roquesl activa LOW Inpul. When 
L O W this input will cause the oulputs lo hait 
during ihe ne«l oscrllalor cycla baíore the Cx 
input goes LOW. 

;.~J^ait cycle control inpul. The dock outputt 
respond to a wail requesl one óscillator dock 

... n cyde altar Cx goes LO W. Cx la normally tied 
. to ány one ol C,, Cj , Cj ot Cí. 

' Th¿ Wall Acknowledge active LOW outpul. 
When LOW, lilis oulput indícales Ihal all dock 
Oulputs are in ihe "WAIT" stale. 

RSABV 

INIT 

WAITACK 

X „ X , 

The R E A D Y active LOW input is used to con
tinué normal dock oulput palterns alter a wail 
slage. 

The Inilialize active LOW inpul. This inpul ii 
intended (or use during power up initíailzation 
ol the System. When LOW all dock oulpiJU 
free run regardiess ol the stale ol the Hall. 
Single Step. Wall Peqiiost and Ready (nputs. 

External crystal connections. Xt can also ba 
driven by a TTL Irequency source. 

ELECTRICAL C H A R A C T E R I S T I C S 
The Following Condiiions Apply Unless Otherwise Specilied: 
COML T» - o 10 70"C Vcc •• 5 OV t5% (MIN - 4.75V MAX - 5.25V) 
MIL Te - -5510 125*C Vcc " ' " ^ '•"''•'• l*-'"^ " < SOV MAX - S.50V) 

DO CHARACTERISTICS OVER OPERATING RANGE 

C| 

Cf 

C| 

C( 

íkM TÜÜ 
• 

— 

l« 

1 

S-240 

VOM 

VQL 

"m 

V,L 

V, 

l|L 

l|H 

'se 

'ce 

Descrlpllon 

0<ilptil HIGI-l Vollaua 

Oulpul LOW Vollags 

Inpul l l i n i l Lov»! 

INole 3) 

Inniil l O W levol 
INuia ü) 

Inpul Clamp Voitaoi 
(Nolo 3) 

Inpul LOW Curidnl 

Inpul HIGH Curient 

Inpul II IGII Cuironl 

Oul^lul Uhurl Cticuil 
Cuifonl (Nol« -1) 

l ' t iwui Sutiply Cuiruol 
(Nolu S) 

Test Condlt lons (Noie 1) 

Vcc - " I N 
V|„ . v,„ of VIL 

Vcc - " I N 
ViN " ViM or Va. 

lOH " - I . O m * 

WAITACK 

c, 

Fo 

•OU " 4.0mA 

]^ • B.OmA 

l o t - l2mA 

lO i - 16<nA 

OiinrAniHud Inpiit tooiCAl HIGH 
vollago luí all ifipuls 

GuorntMood Inpul logtcnl LOW 
vitlliiua lüf uti ln|Hil« 

MIL 

COML 

VQC • MIN, l,N - - I tmA 

Vcc " "*'< 
V,N • 0.4V 

Vcc - " '»< 
V,N - 2-7V 

Vcc " " * " 

Vcc • " * ' < 

V,N - 55V 

V,N - Vcc 

V,N - S i V 

V,N - Vcc 

V|M - 4 OV 

ftÉAOV. iNrr, L,, Lj. Lj 

WAITREO, X, ( 

SSNO. SSNC. f 

Soa Figure i) 

UÑ. MALT 

Cx 
FIRST/LAST -

REÍ 
WA 

DV. INÍT, L,, L j . L j 

TREO 

SSNO. SSNC, flÜÑ, HALT 

c« 
Fin 

m 

ST/LAST 

057. ifiiT, L i . l , , LJ 

SSNO. SSNC.TOfJ. M A L T 

WAITREQ. C K 

FIRST/LAST 

Xi {Sea Ftgu'a t| 

Vcc • "'^X 

Mln 

2.5 

20 

' 

-30 

Typ 
(Nola 2) 

65 

Max 

0.4 

045 

0.5 

0.5 . 

07 

os 

-1.S 

-0.4 

-0.» 

- 1 0 

- 1 2 

-15 
20 
SO 

-500 

70 . 

-rso 
'.no 

luo 

lOO 

10 

1.0 

10 

- e s 

120 

Uníls 

Voiis 

Volts 

Voni 

VoHl 

Voiii 

V M » 

mA 

mA 
mA 

mA 

mA 

MA 

í** 
«A 

MA 

M A 

(•A 

MA 

f * 
mA 

mA 

niA 

mA 

Nuiíis. I Fof conüilions shown us MIN or MAX use the aivop'ialo vjluo spocilied undet Eluctncal Cltataclaristlcs lor lh« applicabla davtce lypa, 

2. Typical vatuas are MI VQC ' 5.0V. 25"C uinuitinl arKl inaNiinutr) loddtng. 

3. Ooas nol apply lo X, and X2. 
4. Nol mofa ihan one oulpul shoukl be shoned al a linte. Ouroiion ol m« snon clrcuii last shouid nol axcead ty» lacúnd. 
5. Ice valias wim lompeíatuia and oscinalion liuguancy as st̂ own in Figure 2. The paiamelers spaciliad Iworsl case) applias tolo • O, 125*C, C| • 

C} - C] - LOW, C4 - HIGH, XI - 2.4V, X] - opan ano Fg • LOW. The vanalions shoin In Figuit 2 appiy 10 lypKal vahíe». 

MÁXIMUM RATINGS (Above wtilch me uselul iiie may be impairod) 

Sloroge Temperatura « 

Tomperaturo (Ambleni) Undor DIus 

-6510 • ISOX 

-55 10 «-ISS'C 

fl Supply Vollage 10 GrourKl Poloplíal Continuóos -0 .5 to 4-7.0V 

OC Voltaga Applied lo Oulputs lor tligh Oulput Stale 

OC Input Vollage 

CK: Oulpul Current. Inlo Oulputs 

- 0 5V 10 t-Vcc mi». 

-0 .5V 10 +5.5V 

30mA 

OC Inpul Cufrenl 
- 3 0 1 0 +5O1HA 



:SWITCHINQ CHARACTERISTICS • 
, ( T A . - + S 5 ' C . V C C - 5 . 0 V ) ' 

j. 14 •>• •; •• Paramatari 
l'v'll;: 
. ; . ' . Daicrlpllon . Mln Typ Max Unlta 

.! /•: 

Taal Condlllona 

...í;ii!. 

• i 1 

.': ;. 2 , . 

.3 • 

4 

- 5 

a 
7 

8 

9 . 

.10 • 

11 

M 

13 

1 4 . . . 

. . 1S . . 

. . t í . . 

17 

t í 

19 

31 

11 

23 

•MAXI 

' M * X 2 

• 'OFFSET 

•OFFSET 

'SKEW 

'SKEW 

'SKEW . 

's • 
IH 

Is 

"H 

's 
>M 

[ • • • •% 

I H 

's 
• < s • 

's 
'3 

Vyw, 

' F U I 

'niH 

IPHl 

• F j Ffaquaney (Cx Connacltd) (Ñola í ) 

•F| ,Ffaquaney(Cx-M"5") 

... F | , ( J - ) t o C „ C j . C j , C , o r W A I T A C K ( _ n 

• ' Fo ( J - ) lo C|, C, . C,, C, Of WAIMCK(-V. ) 

c,(_nioc,(j-) 
C , ( J - ) l o C j ( J - ) , 

C | t J " ) lo Ct ex.) Oppojlla Tfanslilon 

L , . l 2 , L j l o C , ( _ n ; . 

L , . L , . L j l o C , ( J - ) 

C x ) o F | , ( J l ( N o l a 7 ) 

C x I o F o l J - H N o I a T ) 

w A Í T W í a lo F j ( J - ) (Ñola t ) 

, vTOTREO 10 Fo ( J - ) (Ñola S) 

flEAOYIoFj(_n(NolaS) 

R E A D V I o F , ( _ n ( N o l e 8 ) 

SON, R A L Í ( T . ) 10 F j ( J - ) (Ñolas ». 9) 

SSNC. SSNO lo Fo ( _ n (Ñolas 0,9) 

FIRST/LAST lo Fo ( . T ) (Ñola 10) 

i Ñ i í C L ) l o F o ( J - ) ( N o l a 8 ) 

i N i f l O W Pulsa Wldih 

iNiliovVAIFACH 

Pro()ao*l<onOalay(Nela 11) 

X i loFo 

31 

0 ' 

3 

0 

0 

' 4 

5 

9 

20 

0 
:o 
0 

20 

0 

20 

20 

23 

30 

13 

42 

5.0 

I1.S 

O.J 

O.S 

7 

17 

- 1 0 

17 

- 1 0 

17 

- 1 0 

14 

14 

17 

10 

la 

13 

14 

7.5 • ' 

13 

2 . 

2 

10 

J3 

19 

17 

MHr 

na 

ns 

ns 

na 

ns 

ns 

ns 

ni 

ns 

ns 

ns 

ns 

ns 

ns 

. ns 

ns 

ns 

ni 

n» 

n i 

ns 

C ^ - 15pF 

RL - 280(1 

C L - S O P F 

\ - 2 . 0 k n ' 

CL - 15pF 

B|_ - 28011 

TYPICAL EXTERNAU CONNECTIONS 

DESIGN CONSIOERATIONS 

1. Osciliator exiamal connections should b« lesa Ihsn 1 * long -
. wlrewrap Is not recommended. 

2; Vcc and QNO connsclions should b» less Ihan Vi" long lo 
power plano. 

3. Supply dacoupUng Includas bolh hlgh Iraquency and bulk 
sloraga elements. 

4. Tha same conslderallons apply lor 3rd overlono conllgu'n-
lions. 

X| Is nol a TTL Inpul. II Is a crysial connecHon lo an invening ilnaar 
osdilatof ampHller, and Is spaciHed primarily lor issi convenfanca. 

Figuro 1. Am292S X| Inpul Charnclorlstlcs 
(Typlcnl. Vcc - 5.0V) 

IswiTCHING CHARACTERISTICS 
•OVER OPERATING RANGE 

Parameters Dascrlptlon 

'MAXI 

•ofFSET 

lOFFSET 

'SKEW 

'SKEW 

'SKEW 

'PLH 

'PHL 

FQ Frequency (Cx Connaclod) (Ñola 6) 

Fo FronunncyiCx-HIOH) 

Fo(-r)'°Cl.C;.C3.C,OfWAirACK(_r) 

FQ (_r) 10 C,. C;. C]. C, V WAITACK ( - U 

C, ( J l l o C j U T . 

C i ( j~ ) ioC3(_n 

C) (J*) lo C« (~L.) Opposlla Transilion 

L,.L;.l.jleC|(J~) 

L|,L;,L3loe,(_n 
CxioFo(J-)(Nola7) 

CxloFo(J")(Nola7) 

WAITREO lo Fo (J~) (Ñola 6) 

WAITREQ lo FQ ( J ~ ) (Ñola 8) 

REAOYIoFo(_r)(Nela8) 

REAOYIoFo(_n(NolaB) 

RUN. HALT (~L) lo FQ (_r) (Nolas 8.9) 

SSNC. SSNOIoFo(_r)(Noles9.9) 

rinsTn7sTioF„(.n(No» 101 

INÍtCI.| lnf„(.r)|N'>l""l 

IMI Í I.OW I'«U»« Wfldlh 

Am292S COMX • 

TA » O to +70'C 
V c c » 5 . 0 V i 5 % 

Mln 

INIT lo WAITACK 

Prooagalion Delay (Noirll) 
Xi 10 FQ 

30 

:>J 

20 

Max 

Am292S MIL 

Tc» -5510+12S*C 
Vcc - S.OV ±10% 

Mln 

33 

25 

25 

25 

Max 

18.0 

39 

H 

25 

UniU 

Am292S 

Tas! 
Condillont 

MHt 

na 

ns 

n» 

r»s 

Ci-15pF 
n^.^»on 

Ci-SOpF 
Rt - 2.CW1 

Cv-ISoF 
ftt.28on 

Notes: 6. Ths frequency guarantees apply wilh Cx connected to Ci. Cz. Ca. C4 or HIOH. The Cx input toad mutt be considered part o( lh« SOpf; 2.0x0 
clock output loadin .̂ 

7. These setup and hold limes apply to tht FQ LOW<lo-HlGH transition of theperiod In whtch Cx 9oes LOW. t 
8. Tbese inputs are synct>rontz»d Inlematly. FaiKire 10 meet t, may cause • I/FQ delay but wiD not cause incorred operation. 
9. These inputs are 'dePounced" by an intemal R*S nip-flop and are Iniended to be conr>ected to manual breatt'betofe-mak« twitchea. 

10. FinST/LASTlsnomiallywlred HIOH or LOW. " , 
11. nelerence poínt ot T oKset has b«en moved forward wtitch has irx3'eas*d T oltsets. 

t ^ . -Jl'C 

I c - > « 

T, • i irc 

1 
s 

^ 
1 1 1 

!^-y> 

1 1 

1 
—. -

fnEOUENCV - MHt 

ri<iuro 7. Ain?925 Icc Normnlli«d VÜ Froquency (Vcc = 5.5V) 

file:///-2.0kn
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NOnMAL CYCLÍ WITHOUT WAír STATES (Píllojn T, ShOwn) « 

Am2925 OSCILLATOH APPLICATIONS 

EXTERNAL COMPONENT CALCULATIONS SUMMARY 

HDF-I" 

a 

Ci 
- í l— 

1 • ' • » > 

• I ' 
*,v. 

•^ c , Ct 

I 
n > « t Mf • > » MHi 

" - > £ > • TTTTT-'O' )-« MHi 

FUNDAMENTAL OSCILLATOR M^Híea EXTERÑÁL CLOCK ORIVE.' M f n ? » 

- I G I -

(«o»' 

( I , > lOMMil T 
3rd HARMONIO OSCILLATOR M'H 79a 

c, . c, . c 

L-C OSCILLATOR 

METALLIZATION ANO PAD LAYOUT , 

DIE SIZE 097" X .123" 

5-245 



Am292S diM:>T'.S 
Am292S 

Am2925 APPLICATIONS 

OETAILEO FUNCTIONAL OESCfllPTION 

Ths Am292S Is a dyríafflieall/ programmabla ganaral-purpoae 
dock generalor/driver: II can tM loglcally laparalad Inlo Ihres 
parís. Thore l ian oselllalor, a líala machina dacoder and a slnla 
machina conlrol saclidn. , | ' 

tha osclOalor la a linear Inyarllng ampllDar which wllh a mínimum 
al exlemal parla may b« conUgursd as a I al hamionlc* crysial 
oscillalor, 3rd harmonio' erystal oselllalor, L-C oactllalor or usad 
lo bullor an aulsrnal clocK. Iha bultsrad, Invartad oulput ol Ihls 
oselllalor Is avnllAvbla ai Fo' 
Tha siaie machina taliés mlcroeoda Inlormallon Irom Iha Mlcro-
cyclé Lenglh "L" Inpuls L|, L2 ánd Ls and counls Iho lundamenlal 
(requency ol Iha inlernal oscillalor, Fo, lo craale Iha clocK outpuls, 
C(, C2, Cj and C4. 

Ths ClocK milpuls hava a characisrisllo wava shspa rslatlonshlp 
lili cimih iiiimonynl» loiiolh, Tor ««ampia, C| la «lw«y« I.OW oiily 
oit lim lasl f=o dock pa iM ol a microoyola and C4 Is alway» LOW 
on ihe lirsl. C3 has an appro«lmalely 50% duly cycls, and C ; Is 
HIGH lor all bul Iha lasl hvo periods. . . 

Tha currenl slala ol Iha'machine Is conlalnsd In a raglslor. parí ol 
which is Iha Clock Oeneralor Reglslar. Ct, C;, Cj and C4 ara Iha 
otiipiili el Ihls rnglslsr. Thass oulpuls arid Iha oulpiils ol Iha 
Microcycla Conlrol tnich ars lod Inlo a sal ol comblnalorlal loglc 
lo generala Iha nexl slala. On eaeh laliing adga ol Iha Inlernal 
dock Ihe nexl slale Is enterad Inlo Iha curren! slale regisler. Tha 
Mícrocycie Conlrol Laleh Is lalchedwhan C) la HIOH. Thls means 
Ihal il vvill be loadéd during ihe lasl slale ol eaeh microcycle, 
(C, - Cj • C3 - LOW. C4 - HIGH). Thls Inlernal laleh selaels 
one ol eighl possibia microeyela lartglhs, Fj lo F^o. 

The slale machine conlrol loglc, whIch determines Iha moda ol 
oparalion ol Iha slala machine, Is Inlendod lo be eonnoeled lo a 
lionl pnnitl, Tharg are tour batlO modui ol opsrnuon ol Ihe 
Am2925 comprlsed ol Run, Hall, Wall and Single Siep. 

SYSTEM TIMINO 

In Ihe typical compuler, Ihe limé requlred lo execule dlllereni 
Inslrucllons vades. However, ihe lima aHolted lo eaeh Instrucllon 
Is Ihe lime Ihal II lakes Id e«ecul« Iha lor^esl Inslructlon. The 
Am292S ailows Ihg usar lo dynamieally vary Iha lima alloUed lor 
onch insirucllon. Ihareby allowing Iha usar lo realizo n higher 
Itliniiulipill. 

1)113 rt|>|iiii rtiiiiH oiitd wHI rtiviii 6dveidl att|)anit ol Iha Ain^Uk'h. 
The lirsl lopic lo ba covereO Is Ihe oscillalor seclion whIch is 
responsible lor providing Iha basis ol all sysiem líming. Second 
will be how lo opérale Ihe Am292S: lasl wlll be an example ol an 
Am2925 In a iBbll minroprogrammad machina, 

OSCILLAtOn 

Tlm Af!i?<l?!i ítnnlnln^ an Irivnrlino, llnonr afTipüllnr wlilch lí tn-
ltitt,tHil lii fililí) llm liribit ni 1I iiiyitliil o«iilllitlf)r. Ih ilnaiunliiu II1I4 
«tüi-.iiiiiiiti II lA imuuBiitiy lo consular lavarnl laninis lalHlml lo 
Iha Application. 

The lirsl conslderatlon Is Ihe desirad Irequency aecuracy. Thla 
may ba subdMded Inlo several áreas. An oscillalor Is considerad 
«tabla il il is insaniiliva lo varlitlona In lempartiure and luppiy 
volingo. and IIII Is unalteclad by Individual componenl changas 
and noing. Tha desiqn ol Ihe Am292S Is such Ihal Iha degree lo 

'II til undArstood iruit ihe larmt "lundamenul mod*" «nd "3id ovanona" 
ara ganarally retardad as mora lachnlcally corrad, bul "Ul harmonlc" 
and "drd harmonio" ara usad hará bacausa ol Ihelr mora ganaratly 
aecapiad usaga 

whIch Ihasa goals ara mol Is dalarmined primarily by Ihe cholea ol 
axiarnal componenls. Varlous lypos ol crysials ara availabla am) 
Iha manulaclurars' llloralura shoukl be consultad lo determine 
Ihe approprlato lype. For good lomporaluro slnbilily. jero tenv 
peratura coelllciant capacilors should be usad (Type NPO). For 
extreme lamparature slablilty, an oven musí be usad or soma 
olher lorm ol lamparature compensation applied. 

Absoluie Irequaney aecuracy musí also be considerad. The res-
onant Iraouency varíes with k)ad capacilance. il Is Iherelora 
Importnnt lo match Ihe toad spocllinri by Ihn ciyslnl maniilncliiiiv 
lor a standard crysial (usiinlly 32pF), or lo spnclly tha lond wlian 
ordering a speclal crysial. 11 should then be possible lo determina 
Irom tha crysial characteristics the load lolerarKe lo mainlain a 
glven aecuracy. II the "sel-on" error dua lo load toleranca is 
unaoceptable. a Irimmer capacitor should be Incorporated lor Une 
ad|ustmenl. 

fita marihanlQin liy whlnh a fiiyvtnl inniiiirtiiiq IQ nimiifn 
mochanloai. Ttiia raaonnnca oecuis al a liiiHluniaiiifii IraqtjaiKy 
(Isl harmonic) and al all odd harmonics ol Ihls Ireqtency (even 
harmonle resonance Is nol mechanically possible). Unless 
olharwisa conslralned crysial oselllalors opéralo al iheir lunda
menlal Irequeney. However, crysials are nol generally availabla 
wllh lundamenlal Irequonclos nbove 2025MHz. Al higher Ira-
quanclos, an ovorlono oscillnlor musí be usad. In Itiis cnso. tha 
crysial is designod lo oscillale alficienlly al one ol iis odd har* 
monic Irequenclas and addilional componenls are included In iha 
osclilator Circuit lo prevont il oscillalirig al tower harmonk:s. 

Where a hlgh degree ol aecuracy or stabilily Is nol requlred. Ihe 
amplllter may be conligurod as an L-C oscillalor. 11 may nlso ba 
drivan Irom an axternal clock source il oparalion is requlred in 
synchronlsm with ihnt source. 

I1I Harmonio (Fundamental) Osclilator 

The circull ol a typical Isl harmonle oscillnlor Is shown in Figure I. 
The crysial load is comprlsed ol Ihe Iwo 68pF capacilors in serles. 
Thls 34pF approxlmates Iho standard 3ZpF crysial load. II a 
closer match Is requlred then one ol Iha capacilors should be 
replacod with a parailel combinailon ol a llxed capacitor and a 
Irimmer. The nominal vaHia ol the combinntion should be 60pF to 
próvida proper crysial loadlng. 

A typical crystni spoclllcoHon lor uso In ihis Circuit is: 

rioi|ii«iti'y nntiUB n ?nt^Hr 
Itu94)nan(:a: Miiidllul MIIIIÜ 
Load: 32pF 
Slabllily; .01% or to match sysiems requiremonls 
Case: H-17 - lor smaller sijo 
Tamp nanga: -no lo f70"C 

N0I91 Prefli/eiioy wlll clmnya ovni lomp 

II is good practica lo ground Iha casa of tha erystal lo elimínate 
slray pick-up and keep ail conneclions as short as possible. 
Note: Al lundamenlal Irequencies beiow 5MHz il is possible lor 
Ihe oscillalor lo opérate al tha 3rd harmonic. To prevenl Ihis a 

(• resistor should be added in serles with Ihe Xj pin as shown in Ihe 
Circuit dlngram. 

The resistor váluo should match the Impedance ol C j : 

1 

Figuro t. Conneclions lor 5-30 MHt Mi*n ¡a 

R -. Xc, - 2:r I C j 

Jrd Marinonlc Oscillalor 

Al Irequencies gieaier ihan 20Mllz the crysial can ba oparated 
al lis 3rd harmonic. A typical circuit is shown In Figure 2. Two 
addttional componenls are includad; an inductor, L|. and a 
capacitor, C3. The purposa ol Ihe capacitor is to biock Ihe de. 
palh through the inductor and thereby mainlain the corred 
ampllllnr bloj. Ci 1I1011I1I b" larq» (»IOOnpF). 
llm iititul.lili Imilla a pdidlltiMiinailf;li(:iill wtltlC, ltiiiii:lirtiill haa 
lis resonance sel belween Ihe Isl and 3rd har. nos ol Iha 
erystal and is used lo prevenl Ihe oscillalor operaiin»^ al the Isl 
harmonic. In Iho ISt harmonic oscillalor (Figure I). the erystal 
appears as an Inductor and lorms a rr-network with tha Iwo 
capacilors, Ihus providing Ihe necessary phase shilt lor oscilla-
llon. In tilo 3rd h.nrmonic oscill.ilor. L| nnd C) aro chosen such 
Ihal al Ihe 3rd harmonic Iho impedance ol cireuil Is equivalent to 
Ihal ol Ihe eapadlor Cj in Ihe 1sl harmonic osdltalor, (Figura 3b). 
Thus, Ihe same ir -network is lormed (Figure 3c) and oscillation is 
possible. Al the tst harmonic the tuned dreult appears as an 
inductor (Figure 3a), Ihe jr-nelwork Is nol lormed and oscillation 
is nol possible. 

Maf«.7t3 

Figure 2. Connactlona for Fraqiíanclas abova 20MHz 

Illa liillowiiig a|mi:ilii:dliiiii la lyiiujal tu' a (.lytlal lo tm iitmt MI B 
? •* •-•irmonk: oscillalor. 

Fraqueney Ranga; Above 20MHI 
Resonance: ParallelModa , 
Load: 32pF 
Stablllty: .01% or to match sysiems requiremenls 
Casa: H-17 - lor smaller site 
Temp Ranga; -30to+70*C 

Nota; Frequency will change lamp 

Again il Is good practica 10 ground Iha crysial casa and keep 
conneetlons shon. 

ruNOAMf NtAk. I. 

a) Fundamental Equivalen! 

f iann HAMMOtMC Ml*»« /O f IM«0 M A A M O M C 

c) 3rd Harmonic Equtvilent 

Figure 3. Forcing Thlrd Hirmonlc OiClIttilon 
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D«sign Pfocedurí 

( I ) Assume C| - 82pF and C j - 68pF (Ihis givos 8 sensible 
'i inductor valué). L| iscalculaled accoriling 10 (he formula. 

Am292S 

lo ' Operating Irequency in MHz 
L| in /iH 

This seis Ihe resonanl Irequency o( Iho L-C combinalion al 
o 52 l„. 

(2) Selecl iha closest standard valué inductor lor L). Using Ihis 
valué calcúlale C, sucn that the resulting crystal load at Ihe 
3rd harmonic is 32pF. 

: 2S330 
C| in pF. 

L,-lo2 

Choose the closest standard capacitor valué lo this. 

Using standard valúes bolh the resonanl Irequency ol Ihe L-C 
Circuit (I,) and me crystal load are non-optimal. This will cause a 
slii)hl error in the oscüLating Irequency. II Ihis is not permissible C| 
miiy oe a liied capacilor.inparallel wilh a trimmer such Ihal Ihe 
ratige ol adiustmentlncndes the calculated valué lor C|. This is 
Ihtin sel 10 give ihe dasired Irequency. In eilher case Ihe approxi-

. mfite ir>duclor valué m\\ cause Ihe resonanl Irequency lo Ihe t-C 
ciri;uit lo change. This Irequency, I,, may be compuled and 
3tiiiui<l i'ürniiin !ippru«im«lely midway b*lw««n Iho l i l tni) 3rd 

. haimonic. 

'.;- 159 

rü 
I, ín MHz 
Li in ;iH 
C, ín pF. 

L-C Osclllalor 

Th>) Am2925 can be operaied as'an L-C luned osciUator (Figura 
4) and will perlorm as a slaoie osclllalor wilhin the rtslricilons ol 
Ihe chosen (requerKy determining components, i.e.. (inductor 
and capacilors). The circuit chosen is a classical n-network with 
0 0 loop isoiation. The Am292S osciilator is a OC Diased linear 
amolilier. This DC bias is nacessa/y and Iheralore Cj It included 
lo tiiock the OC paíh througn Ih* inductor. 11 a variable slug tunad 
inductor is used a modérate range ol Irequency ad|uslment 
luneaBiliiy (Bpproxlmately 2:1) can be achíeved. The range can 
be iinhanced by swiichingme two resonanl capacilors (C,, C2) to 
larfer or smalier valúes The spacilic Irequency ol operalion can 
be determmed by the formula 

1 
I - • : 2 f f / L C 

(where C is C, and Cj in senes). 

Exiernal Clock Orive 

The Am292S can be drlven Irom an exiornal clock source al H 
signal level ol 1.0V P-P or grealer. This is accomplished tf 1 
reducing Ihe gain ol Ihe ampliñar, and AC coupling the inp^i 
signal (Figure 5). The gain Is reduced by leeding the amplitoS 
output back lo the input through a 4.7kn resistor. AC coupling a ̂  
provided by a 0.01>iF capacitor. The conlroiled gain mlnimi;H!j 
nnging caused by Ihe fast rising edges ol Ihe driver. 
Tho AC coupling mainlnlns oücill.-itor output synunntry tiy {x*.̂  
Sorving osclllalor DC bias levéis. X) can be driven direcity by TTl J 
levéis meeling the DC input requiremenls. 

-̂ v% 1 

!• 

Figure 5. Exiernal Clock Orive 

-1 
I Am2925 Control Inpult , 

The control Inpull lall Inlo Iwo caingnriDt, nilciiKyuln loiii)ti j 
control and clock control. Microcycla lenglh control is provided vU ¡ 
Ihe "L" inputs which is Intended lo be connecied 10 the micropr» i 
gram memory. The "L" inputs are used lo setoct one ol eighl cyclf 1 
lengths ranging Irom Ihree osclllalor cycles lor patlern F j lo l«i j 
osclllalor cycles lor paltern F|o. This inlormaiion is always laad«l j 
• I Ih* end ol Ihe microcycle Inlo Ihe Microcycla Control Ldich Tiw 1 
microcycle lalch perlorms the lunction ol a pipeinu reglsler lor ( 
the microcycle length microcoda bits. Therelore. Ihe cycit i 
lenglh goes in Ihe same microword as Ihe insiruciion that il ii I 
associaled wiih. 

The clock control Inputs are used to synchronize the mlcre* I 
program machine witti the external worid and l/O devices. Inputi j 
like RUN, HALT, SSNO and SSNC, which siart and stop execv-1 
llon, are meant to be connacted to swilchas on the Irom panel i< ] 
Ihe microprogrammed machine (see Figure 6). These Inpuli 1 
have ínternal pull-up resistors and are connecied to an R-S ¡ 
Ilip-llop In order to provide switch debouncing. The FIRST,rA5I 
Input Is used lo determine at what poini ol Ihe microcycle Iht | 
Am2925 will hait when HACT or a SINGLE STEP is iniíialed. In I 
iTKJsl applicalions the user wires Ihis input HlGH or LOW is- ¡ 
pending on his design. 

f SWITCM A 

NCjf 

N09 

ffxrt 

SINC 

tSNO 

vcc 

A m l t l t 

CMO 

»FOT ntSHBUTTON SWITCN T 
Figure 4. L-C Tuned Osclllator 

Figura 6. Switch Connecllon tor RUN/HALT and 
Single Stap 

fOJ 

A. 

ít 

:̂r 
1 

M 

i?. 

WAIT REO 

CN 

WAK ACK 

R t A l l * 

Figure 7. Am292S WAIT/HEAOY Tlmlng 

lenHAÍJis hBid low (RUN - HlGH) Iho slaia machine will slari 
«hallmodeonlhelast(C, J LOW)or lhelirst(Cj » LOW)slate 

)(9>oiMicioi:yi:lii iis iloliiiiniinul liy Ihii FinST/CSSTlnpul. Wliiin 
ÜNgueslow(ÍIÁLr = HIUII) Iho slalu riuthlno will losurnu Iho 
t moda. 

> WAIinEQ, Cx. REAOY and WAITACK signáis are used lo 
Khronize olher parís ol a compuler sysiem (memory. 1/0 

rvices) lo Ihe CPU by dynamically slroiching the microcycle. For 
JiniiplD. mu CI'U muy iiccoís 11 alow |)«ii|)hiiriil lliiil iiiriuirii» Ih» 

Uitemaln on Ihe dala t)us lor several microsecorids in wh:ch 
is« Ihe peripheial pulís Ule WAITREO lino LOW. The Cx input 
I Ihe dosigner spocily whun iho W A I T R C Q lino is sumplod in 
I microcycle. This has a direci impací on how mucn tima Ihe 

«hpheial has lo tespond in order to request a wait cycle (see 
|ure 7). The REAOY line is used by Ihe peripheral lo signal 
nilisready lo resume aieculion ol the rest ol Ihe microcycla. 

«WAITACK line goes LOW on me néxt osclllalor cycle aller iha 
a >iput goes LOW and remains LOW until Ihe second osclllalor 
^l« aller REAOY goes LOW. 

I SSNO and SSNC inputs are used 10 iniliate Ihe SINGLE 
iTEP mode. These dcoounced inputs allow a single microcycle 
boccur while in Ihe hall mode. SSNO (normally open) and SSNC 
ormally closed) are intended to be connected lo a momeniary 

JPOT switch. Aller SSNO has bean low lor one clock edge. ihe 
ble machine will change to the run mode. The microcycle will 
d on Ihe lirsl or lasl slaie ol Ihe miciocycte depending on ihe 

Ule ol Ihe FIRS r/LAST. 

jr 
R e Tlmlng Signal References 

lilup and hold timos in rogisturs and luichos are moasurod 
liiive lo ihu clock sighals that drives ihem. In iho A(n2925. Iho 
rsialoscillalor provides a Irse running clock signal mal drivss 

I tía regisiers on the devices. This clock Is provided lor the user 
11he bullerad output ol Fg. Thorolore, Fo Is used os Ihe 

pttfenco lor set-up, hold and clock to output times. However lor 
• Microconlrol Lalch. the selup and hold limas are relerenced 

bine C, ouipul which is Ihe buflered versión ol Ihe lalch enabla. 
s relerence Is appropriale lor the Microconlrol Lalcl) because 

jki typtcal applicalion this lalch is considerad part ol me pipelino 
gisier which is also driven by one ol the "C" oulputs. 

Clock Outputs , 

Thete are lour clock outputs provided lor Ihe user which have 
(lillaiiiiil tiuly cyclrts. Tho usoí musí mnko n docision .is lo which 
one üesl liis his pulposos. For examplu. iii a throe addiess 
archiieciura, wiih ihe Arn2903 (Figure 8), trie C3 clock (approxi-
malely 50% duly cycle) couk) be used to Orive Ihe ckxk input 
whils C; (always low lasl two osclllalor cycles) drives Instruction 
Enuble. This guaranlees, tor microcycle lengths grealer than 
lour, lililí me liiloiiinl RAM rt.iin liiichos ol tlie Aiii29t)n are closed 
and the dastinalion aüdress is multiploxod onio Ihe O address bus 
belore the RAM Uegins tlie Wrile cycle (Figure 9). 

16-BIT MACHINE WITH Am292S 

Tha block diagram in Figura 10 shows a 16-bii mk:roprogrammcd 
machine which uses an Am292S lo genérate sysiam llming. Tha 
design decislons include osclllator Irequency and clock pattern 
seleeiions. 

Selacltng Iha Crystal 

In order to pick the osclllator Irequency. a dolailed timíng analysls 
ol Ihe machine must be done in order to determina the execution 
lenglh ol every operatnn 10 be perlormed. For eacn opuraton 
mere will be several delay paths. which usually Include the ALU 
and the microprogram control. 

Figure 8. Am2903 Three Addreti Archllacture 
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Am29510 

CONNECTION DIAGRAMS 
Top Vl»w« 

'mi 

Dualln-Un* 

'..'. c 

V . 
»t . ' i 
»>!•, 
•>>•'> 

».. . 
» • ' • 

»h'r - , 
QNO C 

" • ' i C 
' » • ' . C 

' n . ' n C 

»1,.'l4 C 
, ' i» '11 C " 

' . . C 1» 
>if C » 
' « C 1» 
' n C » 
' » C I I 
»ll C » 
' i t c '• 

3 « , 
u 3 >i 
•1 3 >i 
• I 3 «i( 
M 3 >„ 
» 3 «„ 
H 3 >„ 
•' 3 >„ 
H 3 «„ 
11 3 Olí 
M 3 NNO 
U 3 • ( / • 
U 3 ACC 
t i 3 CLK| 
M 3 CLKT 

" 3 »ec 
« 3 TC 
n 3 81, 
4« 3 'n iL 
41 3 5i|a 
44 3 CLX^ 
4> 3 » „ 
41 3 f M 
41 3 ' , , 
« 3 í „ 
» 3 P»-
U 3 » „ 
»' 3 ' „ 
» 3 f„ 
11 3 » „ 
» 3 f „ 
" _ 3 ' | 4 

Non: Pin 1 19 maikBd lof ocl«nl«llo(i. 

LaadlMt Chlp Carriar 

Am29516»Am29517 
Am29516A»Am29517A 

16 X 16-Bit Parallel Muitípllers 

• OISTINCr,/£ CHABACTERISTICS j 

• Hlgh sp¿éj 16x16 parallel mulliplier 
• Two's complement, unsigned pr mixad operands 
• Fullproductmultiplexedatoutpul 
• Am2951S pin and funcllonally compatible wilh TRW 

• •• MPY-ieHJ 
• Am29517 oplimized lof microprogramming. slngl» 

'•,• dock wilh r«*gíster enables • 
• Am29S16AandAm29S17Aara % laslar Ihan Ihe 
.. Am295t6andAm29S17fespeelively 
t The Am29516A and Am29S17A meel Of exceed all of Ifie 

•' apeciUcationa (or Ihe Am29516 and Am29517 
reapecSvely 

• IMOX™ oxida jsjjjaled groce^ 
. • ECL muítiplief array provides 40ns (ypIcaTmüItTplTlíme *'. 
• TTLI/0-single+5Vsupply 
• 64-pinpacliago' 

RELATEO PRODUCTS 

Parí No. Oescrlpllon 

Am29501 Multíport pipeltned processor 
Am29526/27 Sins lunction genaralor 
Am2952B/29 Cosiní (unclion gonaralor 

IFIJNCTION AL OESCRIPTION ¡ 

The Am29S16/16A and Am29517/17A are hlgh speed 
parallel 18 x 16-bi( multipliers ulivzlng Inlemal ECL logic lo 
genérale a 32-bit pro<luct. 17-bil Inpul regislers are pro-
vlded lor Ihe X and Y operands and Iheir assodated mode 
conlrols X|^ and Y^A- Thesa mode^conlrols tr* used 
lo specify Ihé operands as fwo'!î cpmplern#nl_or_uistgn»Hí' 
numbers. 

Al the oulpul ol Ihe nnulllplier array a formal sdjusl'eantrol 
(FA) allows the usar lo selecl eiiher a fuá 32-bil product 
or a lefl shllted 31-bil producl suiíable for two's complameni 
only. 

Two 18-bit outpul regislers are provtded lo hold Ihe mosl 
and least slgnldcant halves ol the product (MSP arvl LSP) 
as delined by FA. For asynchronous oulput these raglstérs 
may be made transparem by laking Ihe leed through oonttol 
(FT) high. A round conlrot (RNO) allows Ihe roonding 01 the 
MSP. This control is registered. and is entered whmnmvv 
eiiher input register is cloclted. 

Tbe two halves of Ihe product may be routed lo a 16-bii 
3-state outpul pon (P) via a multiplexer. In addiiion the LSP 
Is connected to Ihe V-lnpul port through a separata Sstaie 
bulfer. 

In Ihe Am295I8/16A ihe X. Y. MSP and LSP regislers have 
Independenl clocks (CLKX CLKY. CLKM, CLKL). The oul
pul multiplexer control (MSPSEL) uses a pin which ii a 
supply ground in the TRW MPY 16HJ. When thls control is 
LOW Ihe fiinciinn Is Ihnl ol the MPYIAMJ. thua aUowinq'liiii 
cninpalitMiily. 

The Am29S17/17A dlllars In thal it has a singla dock Iripul 
(CLK) and three register enables (ENX, ENY, ENP) lor Ihe 
two input registers and Ihe eniire product. This laoKtates 
the use of Ihe parí in microprogrammed Systems. In both 
parts dala is entored inio Ihe registers on the positive edqe 
«I Ilm dock. 

Am29516/29S16A LOGIC DIAGRAMS Am29517/29S17A 
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Am29S16/S17 • Am29516A/517A 
Ani29516/S17 Am295t6/S17 • Am29516A/5l7A 

ELECTRICAL CHARACTERISTICS ^ i . ' ' i • . • ^ 
The Foliowing Condilions Apply Unless Oiherwlse Speclfled: •- . ¡ i i • . í 

COML T>^. 010 *70"C • V c c « S . I ) V l 5 % (MIN - 4.75V MAX - 5.25V) S 
MK. . T e . - 5 5 10 H 2 5 ' C V jc - 5.0V i t O % (MIN - 4.50V MAX • 5.50V) i 

DC CHARACTERISTICS OVER OPERATING RANGE •. . ." 'i 

. N 

. . . . w. .v. i )>. iuM l e s i ugnoi l ions (NOia 1) Mln (Nol« 2) Mas U n l U j J 

Ve». 

Va. 

V|H 

^' l -

V, 

\l 

HH 

' ' • 

IO;:H • 

, '9-: i - . • 

. 1 

• I 

Ice 

Oulpul HIGH Vollagt 

Outpul LÓW Voitaga 

Inpul HIGH Laval 

Input LOW Laval 

Inpul Clamp Vonagt 

Inpul LOW Curranl 

Inpul HIQH Curranl 

Inpul HIGH Curranl 

OH Siaia (High Impadanca) 
Oulpul Currenl 

Oulpul Shorl Circull Curranl 
(Ñola 3) 

Power Supply Currenl 
INole 4) 

Vcc • MIN 
V|N - V|H or Vil. 

Vcc - MIN • 
V|N - V|„ Of V,,. 

V|L - .av 
V|H - 2.0V lOM • -0.4mA . 

VIL . .ev 
V|H - 2.0V 
IQL • 4.0mA 

Guaranlaed inpul logical HIGH 
voltaga for au tnpult 

Quaraniead Inpul loglcal LOW 
voltaga íor aM inpuU 

MIL 

COML 

V c c - M I N . ^ N . - 1 e m A 

Vcc - MAX. V|N - 0,4V 

Vcc - MAX, V|N - 2.4V 

Vcc • M*X. V,N - S.SV 

V¿c • MAX 

Vcc - MAX 

Vcc - MAX 

Producl 

Y • • 

Producl 

C O M Í and MIL 

C O M Í Only 

MIL Only 

V Q - 2.4V 

VQ - 0.4V 

V o - O V 

V o - O V 

TA - 25'C 

TA - 0 lo 170'O 

TA - » 7 ( n : 

Te - -5510 •H25'C 

Te - » I25 'C 

,2.4 

2.0 

- 3 

- 3 

2.7 

.3 

600 

1, 

.5-

,• ; 

.8 

.8 • 

- 1 . 5 

- 0 . 4 

7S 

1 

25 . 

- 2 5 

- 3 0 

- 3 0 

(Note 5) 

SOO 

750 

900 

800 

..i«i 1 r.w .wnililion» i m i M a> MIN fíi MAX, UM lh> apptnprlal» VAIUI iin«lll»d midot EI«nlrlcol Ch«ni:l.ii.liii« Î K I IW ,>n,i„M„ .Isvira 
; ¿ • Iyp«»l Imiilj ara al Vcc - S OV. 25'C amoianl and maaiinum loading. 
,' 3. Noimof» man ana oulpul jhould Da «hortad al a lima. Ourallon o( ina shod ci/cuil lasl >nould nol a>casd ona jecond 

IJm29516/517 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

""•"'. i <UK 

• ; 

Volu • 

luc 

't 

'"'" : i «H 

VolU ] b*L... 
' iDStl, 

) ¡ 
VOIIJ 1 'KT 

¡ 

mA' ( IPOY 

M A Í ¡ 'mz 

tuA • IflZ 

•''*: 1 

mA i 

i I] 

: 1 
mA ĵ 

IVIIB 

1 

:| 1. • u t i - j r w u t u LOW wiin au pioaucí (MSP «nd ISP) bilí LOW, 
; 5. Lo*pow«mullipll«.Am29l.5l8.'L517ílS01v«ilábl«. 

• • . . ' 

• ; : • ¡ • ; • 

SI 

T. 

Su 

DC 

OC 

OC 

OC 

3<íge Temperalure 

inpsiiiliiin Undor Büt - TQ 

pply Vollagd lo Oround Poleniial Conilnuous 

; Vollage Applied to Oulpuis tor Hign Oulpul Slale 

tiiput Vollage 

- 6 5 lo +t50"C : 

- 5 5 10 H2r¡ 'C 1 

- 0 . 5 1o t7.0V ! 
— _ — 1 

- 0 . 5 V 10 + V c c ma» j 

-0.5 10 +5.5V J 
Oulpul Currenl. Imo Oulpuis 3Q^J^ > 

Inpul Cuffoni . 3 0 ^ ^ ,o ^ 5 ^ ^ 5 

7-26 ' a 

IRM 

i fa 

1»12 

H í 

IPZH 

'5 

IH 

!.« 

NOIM: I . S > 

2. To 

ro< 

OEFINr 

X,5-Xo 

T15-Y0 

UrKiocked Multiply Time 

Clockad Mulliply Time 

X„ Y„ ANO Selup Time 

Cíock Pulje Widih High 

Clock PuHa Widm Low 

MSPSEL lo Producl Oul 

Oulpul Clock 10 P 

Oulpul Clock lo Y 

OEP Otsable Time 

• 5 

OEP Enable Tima 

OEL Disablo Time 

OEL Enable Time 

High lo Z 

Low lo Z 

2 lo High 

Z lo Low 

Hign lo Z 

Low lo Z 

Z lo High 

Z lo Low 

Clock Enable Solup Tune 
(Am29Sl7 0nly) 

Ctock EnaOle Hold Tima 
(Am29517 Only) 

CI<M;k Low Un id T .m« C l K X V 

lliilMl.vtt lu C I l \M I . / 

(S(i0 Noia 2) (Am295lb(ünly) 

29516/517 

T A » 25 'C 

V c c - 5.0V 

50 

40 

10 

to 

to 

20 

20 

20 

12 

IS 

29 

25 

12 

15 

25 

25 

5 

0 

(1 

T A »> 0 lo + 7 0 * C 

V c c - 5 V ± 5 V . 

(Note 1) 

Mln 

20 

15 

20 

10 

3 

0 

Max 

85 

85 

, 

30 

• 30 

30 

23 

23 

40 

40 

20 

23 

40 

40 

29516/517 

. MIL . • 

Te = - 5 S t o + 1 2 5 ' C 

V c c • SV I 10% 

Mln 

25 

1 > 

15 

15 

15 

3 

I) 

Max 

95 

75 

35 

39 

39 

28 

28 

49 

49 

22 

28 

45 

. 45 

. • . • • , • . . • • 

29516-1 /517-1 

2 9 5 1 6 A / 5 t 7 A 

T A • 0 to + 7 0 ' C 

V c c » 5 V i 5 % 

(Noie 1) • • 

Mln 

•, 

Max 

• • 

, 

! 

! 

Tesl ' 
Unl ls Condi l ions 

na 

na 

n» 

. na 

n i 

n i 

n i 

na 

nt 

ns 

nt 

ns 

ns 

ns 

n i 

na 

na 

n i 

0% 

Loadl 

Load 2 

Loadl ' 

1 

«ilcíiing Charactenstics are measured and guaraiitoed lor TA aa speoliad wiih 200 Ll/nún llowing ac/osi Ihe device. 
ensure mal me corred producl iJ enlered in Ihe oulpul roglslers, new dala may nol be aniered Inlo me mpul regislert belore me oulpul , 

)islers heve been clocked. . . . • 

nONOFTERMS 

Mulliplicand Dala Inpuls. 

Mulliplier Oa la inpuls or leasi 

producl (LSP) oulpul. 

signítican 

P i j - P j , M S P producl pon whBO MSPSEL is (Low). 

^u, T M Modo cüi\liol inpiils Inr unch diiln woíd: LOW 

{ÍCX, r C Y ) ' loi uiisIyiiiHl iJalii imil I I I U I I l0( lwo'9 coin 

plorDonl dala. 

FA(RS)' Formal adjusí conlrol selecls eilher a lull 32 
bil producl (HIGH) or a lell shilied 31-bll pro 
ducl wilh Ihe sign bil ropiicaied in Ihe LSF 
(LOW).* This conlrol is normally high. excep 
lor cenain Iraciional Iwo's complemenl appli 

FT 

calions. (See Muliipiter oulpul lormais laoie). 

Feedihrough conlrol (HIGH) makes boih MSF 

and LSP regislers ironsparenl. 

ANO Conlrot lor rounding Ih» MSP. Add» a bmary 

one lo Ihe most signilicanl bil ol me LSP lor 

Iwo's complemenl and unsigned numbers. 

> Rounding occtus belore formal adjust. (ANO 

- Hlgh). 

O Í P ( T R I M ) ' Threa-slaie onablo lor producl oulpul porl. 

O E L ( T R I L ) ' Three-slale enable lor rouung LSP Uwougn Y 

1 Inpul/oulpul pon. 

A m 2 9 J I 8 0 N L Y 

CLKX RegislefClÓe1i,X)5-o. X M . R N D 

CLKY Regisler Clock, Y | 5 - O . Y M . R N O 

C L K M M S P Regisler ClocK 

' CLKL LSP Regisler Clock 

A m 2 9 S 1 7 0 N L Y • " . • " • . " 

CLK Clock, M Regisiers 

I Ñ X Regisler Enable, X 1 5 . 0 . X M . R N O 

MSPSEL Solects eilher M S P (LOW) or LSP (HIQH) lo ^ j j ^ 

be available al Ihe producl oulpul pon. 
ENP 

'TRW MPY tSHJ pin dasignalion. 

' Regisler Enable', Y I J . O , " V M . M N O " " 

Regisler Enable M S P , LSP 



Am29516/517 • Am29516A/517A 

'1 

SET-UP AND HOLD TIME 

DATA 
INWT " 

NotM: 1. Diagram shown fof HI0t4 data only. Oulput Iransillon mny 
bn opposHa sansa. 

? Ciní» Imirriatf «tu* h rton'i «Ara nmitiiiion. 

LOW-NtOH-LOW 

PULSE WIOTH. 

- / = \ 

\ = / = -

INPUT/OUTPUT CURRENT INTERFACE CONOITIONS 

omvwo ouTPur I MIVIM WPUT 

TEST W A V E F 0 R M 9 

T » f l 

All lpo« 

•Pt.2 

'PIH 

•P2l 

Vcc 

o.ov 

Output Wav«rorm - M*atur«m«nt Livtl 

»0M -

3tr 
" \ ti' 

t.tv / 

j: 
\ ; 

TEST LOAOS FOR DELAY MEASUREMENTS 

Normal Load ^^ Three-Slala Oelay Load 

OUTPUT o I M-

10*0) -

Am29516/517 • AmM5t6A/517A 

Am29516/29516A 
TIMING DIAGRAM 

CLKX 

INffUT 

RNO 

i i i i lS SpSüiliS í̂SPPM 
CWM 
CIKL 

Am29S17/29517A 
TIMINQ DIAGRAM 



Am?951(l /5U • Am?ail6A/5tyA 

i STATI 
.COWTIKX 

A m 2 9 5 1 6 / 2 9 5 1 6 A 
.Am29517/29517A 

3-STATE 
T IMING O IAGRAM 

|0)«AH.f) . ' • « • 

r"ló<i***.¡r 

IHMIN IM^tOAMCIt 

J ^ 

A m 2 9 5 1 6 / 2 9 5 1 6 A 
Am29517 /29517A 

S I M P U F I E D T IMING D I A G R A M 

T Y P I C A L APPLICATION 

- T « : -

nCCIlVl M I » OM I t » 

fUTA W n i t 

Toi. r 
MOISTini 

OATA o u m i r 
TO U M . i S » 
M I O I S T I M 

o 

r 

\ 

V 

OATAIMMJT 
T O I . Y 

HCOiSTCM 

^ _ , MECEIVf y V Ofl LtP 

Am29Sl6/Sl7 • Ain29Sl6A/S»7A 

• A m 2 9 5 1 6 - A m 2 9 5 1 7 

I N P U T F O R M A T S 

Fractlonat Two'i Complament Input Format 

ti 14 I ] 12 It 10 T] QT 14 I I la n 10 . » 1 • > » • s * i I . I o I 

V 1 • t i I * t * I * I * i ' í • l i l - » ! " ! - » ! ' » ! » ! ' » W> I • * • • * I * I ' » * I ' I » » • l ' « » " l ' » i ; » t ' ' l ' * 

"̂  Intagsr Two's Complament Inpul Format '•"_' 

I T ' M ' t ] 13 I I 10 » • T t , > • 4 - 3 i I O I I H U I ) I» II *» I • • . / » I . 4 . > f_ 

f* 1* 1» »» 1* I* y i> f» I ' 1* I*" I'» I " I ' * 1 " . I " . » * , • • » • ~ • * • ' *• t» I * -»» í* I ' !• 

: • . I »"i • • * • ; •'•'•:••. ; - „ i • ' .••;. " ' • 

Ünslgntd Fracilonal Input Format 

D is 14 1} II II 10 • • t é t 4 3 j t u I I )ft 14 13 II 'n . 10 • i r i t « > t 
I ' t • I > I • I * I * I * I " » " I '» I " I " I ' 

Unalgnad Inlegar Input Formal 

1} 14 13 12 I I 10 - t • r é i 4 3 / ' ** I n 13 12 I I lO » I r « > « 3 2 

|.l ).• i<l 1.1 jn t * ,* jl t' 1* f l í* í. |« !•• !•* f l !• I» I» J« I» f* I» ** !• 

A m 2 9 5 1 6 ' A m 2 9 5 1 7 

O U T P U T F O R M A T S 

Frúctlonal 2'a Complamanl (Shlfiad)* Outpul 

OATAOi/rPUT 
TO y$i>, Lf p 
N t O U T H t 

7-30 

I I 30 29 28 IT 26 li 24 23 ii 21 2U l« i« i f i» i j |« 13 l2 11 iQ t I f • S « 3 X 

I » | l » • | t ! • I ' í » I » ! » » ! " » ' » ! ' ! , . * ! * » | « k t ' * I • ' ( ' * * ' * I " ! * i | ' ' t » l ' * l ' * l * * * ' t " l < * l ' 

Fractlonat 2'a Comptamtnt Oulpul 

1. 30 2» 21 V 26 2S 24 23 21 21 2U . . • • .^ . « . ) . « O i> >. 10 • • í • » - J » . O i 

t«* 1* t • »» | t I • t * i * t ' I •* I •• ! • • t - I - * í » »»< I " I » ! » • I » I * ! • » | » | ( i t 4 

Intagar Two't Complament Output 

31 30 29 26 2t 26 2S 24 23 23 21 20 i * 16 IT 16 15 l« l3 13 

I* ;« 1" I" i« í" I" I" I" í* i'* í" »•» I " I " !•» / 

c 
a 

i 

>''«-/ H H ¡I 

Castelló, 25 - 2, 

Unalgnsd Fracllonal Outpul «r i i £ ^IQO ¿ Q 8 5 " 

MADRID 

E 

[ 11 jfl ?f « I I H » i * n » I* M tt •• w •« I I t 14 II 12 II 10 • 6 t * % 4 3 > I • 

( • I ' I ' ! • I » I ' I ' I " I * i « | " | - » | " | ' * | ' l f ' « | " ( > « l » l « t l ' | f f | n | M t M | M | M | M | « | a | * > t * 

Unalgned Intagar Output 

31 30 3f » 32 26 2S 14 3] 22 >l » tt il ir I6 I iS H l3 H M IQ t • T i t 4 3 I I ZJ 
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Am29516/S17 • Am29516A/517A 

! —: =í--. 

METALLIZATION ANO PAO LAYOUTS 

Am?95l7 

Am295I6/517 • Am29516A/5irA 

CONNECTIONOIAGRAMS 
Top Vltwt 

D-64-3. 

0I6SIZE: J50XS2ÍMIIS 

Am295t6A Am29S17A 

/ ^N.. 

»!•• ' M 
»1»»M 
• i . " . . 

»».».. ' I » . » . . 

»»•« • H » . 

' » . •• 

I 

. MFt Oíí 

T 

I OnOEniNQ INFOnMATION 

Order (he pan number according lo Ihs labia below lo oblain ina desírad packaga. lamperaiure ranga and scraamng lavlal. 

Am29St6 Am29SI7 Packaga Typa Oparating Ranga Scraanlng Laval ' 
Order Numbar 

A M ; 9 S I 6 0 C 
AM295I6*0C 
AM295I60CB 
AM295ISAOCB 
AM29S160M 
AM29SI6AOM 
AM29SI6DMB 
AM39SI6AOMa 
AM29SI6LC 
AM295I6ALC 
AM29S16LM 
AM295t6ALM 
AM293ieUM8 
AM;9SI6ALMB 

Ordar Numbar 

AM29SI7CX; 
AM295I7A0C 
AM:9SI70Ca 
AM29S17AOCB 
AM295I70M 
AM295I7AOM 

. AM299170MB 
AM29S17A0MB 
AM295I7LC 
AM:9SI7ALC 
AM295I7LM 
AM295t7ALM 
AM29SI7I.MB 
AM29St7AI.MB 

(Ntola 1 

0-64 
0-M 
D'M 
0'«4 
0-64 
0-64 
0-64 
0-64 
L-66 
L-66 
L-S8 
L-68 
L-68 
1.-66 

INoia 2) (Ñola 3) 

c 
c 
c 
c 
M 
M 
M 
M . 
C 
C 
M 
M 
M 
M 

C-l 
C-l 

B-2 (Nota 4) 
B-2 (Nota 4) 

C-3 
C-3 
a-3 
B-3 
C-I 
C-l 
c-3 
C-3 
B-3 
B-3 

Notos: t. O <• Mormeiic OlP. L • Chfp-Pak. NumtMr toHowing («llvrltfxirntMr of iMdS-
2. C - 0 (0 +70'C. VQC - 4 7 5 I 0 5.25V. M - - 5 5 to + 125'C, Vcc - 4.50to5.50V. 
3. Invrtln C-l And C-3 conform ro MtLSTO-8e3. Cliiss C. L«va( B-3 conforms tO MIL-STO-6S3, C U M B. 
-1. tflO tiotii tjum-tn. 



Am29516/17 Application Note 
32 X 32 MulUpUer 

Tha Am29St6/17 Is 16 x 16-bll HIgh-Spaed Multipller. Many 
applications, however, requlra largar word widths, Ihus largar 
mullipliars. A 32 x 32-bit multipller can be construcled using 
ISxie-bilmultiplierJ. 

To multiply Iwo 32-blt data words, each data word Is divided 
Into Iwo tS-bit portioni. Tha Iwo 16-blt balvaa represanl tha 
nwsl signilicaní and leasl signillcanl halvaí ol tha lull 32-bit 
dJtawords. 

Lat . ' • 
) ( • 32-bit data word 

y - 32-bit dala word 

. « - 2 H A + 20B • 

y - 2"C + 200 

Tha producl ol Iha Iwo 32-bll words Is a cross producl ol x and y: 

X • y « (2'»A + 2»B) • (2'«C + 20D) 

- 2^(AC) + 2'"(A0) + 2"(B0) + 2<i(BD) 
Perlorming this algorilhm using 16 x 16-bll mulllpIJers is as sim
ple es multipiying each ol tha panial producís separalaly and 
Ihan adding tham. 

A pHnnary charadarlstle of many applleallons Is spaad. Figura 1 
shows tha irehllactura lar i singla cyela 32 « 32-bil mullipllar 
using lour Am295l6/17s and an array ol adders and cariy-
lookahaad genaralors. This systam parforms a lull 32 x 32-bil 
two's complemenl or unslgned mulllply in a singla dock cycla. 
Slmpier archlleclures can ba used lo perlorm the saine al
gorilhm bul woüid raquirs múltiple dock cydes. 

Figura 1. 

.+ 
1 

--,. 

-. é 

Am29520 • Am29521 
MuUilevel PipeUne Registers 

piSTINCTIVE CHABACTEniSTICS | 

• Four 8-bil high spaed regislers 
• Dual Iwo-level or single tour-level push-only stack 

operallon 
• All reglsiars available al mulliplexed oulpul 
• Hold, Iranslor and load Inslruciions 
• Provides lemporary address or dala slorage 
• 24-pin 0.3" package 

CONNECTION DIACRAMS 
Ara29S20/21 

D-24-Sllm 

tinSIIIUCtK>N|<a CT 

fmttnwcriONMi Cl 

" . I 

0.0 d 

I» 3 veo 

1. 3 ' . 
» U ' . 

'.. a., 

.. I >. 

.. I ) . . 

•• 3 ' . 

.. 3'I 

Chlp-Pak'" 
L-28-1 

Nole: Pin 1 Is marked lor orientalion 

HELATED P R O D U C T S 

P a n No. Descr lpt lon 

Am29S40 FFT Address Saquoncer 
Am291IO 16-bil Bipolar Microprocassor 
Am2g25 System Ckxk Genaralor and Onver 
Am29517 16 x 16-bil High Speed Mullipllar 
Am29SI0 16 <l6-b<t Mulllply Accumulalor 
Am6l06 6-DítMiaoprocessor Compatible 

A/O Convariar 
Am9l2a-70 2K > 6 Slatic PAM 
Am21L47-S9 4K11 Slallc RAM 

FONCTIONAL OESCRJIPTION • 

The Am2952a and Am29521 each conlain lour B-bil poslllva 
adga-lriggered registers. Thesa may ba operaled as^ dtjal 
2-level pipeline or as a single 4-level pipelina. A single 8-bit" 
Inpul Is provlded and all lour registers are available al tha 
8-bil. 3-slata oulpul.' 

The Am29S20 and Am29521 diller only In tha way dala Is 
loaded Into and between Iha registers In dual 2-lavel opera-
Jion. This dillerence Is lllusiralad In Figure t. In Iha Am2g:20 
when data is aniared Into Ihe llrst laval (1-2 or I>1) Iha 
existing dala In Ihe lirst level Is moved to the second laval. In 
tha Ám2952l ihase Instructlons simply cause the data in Ihe 
lirsi level to be overwrltlen. Transler ol data to Iha second 
lovel Is achisvod using the 4.level shlll Insirucilon (l>0). This 
transler elso causes Ihe llisl level lo changa. In aliher pait 
l - 3 i s a N 0 - 0 P . 

LOGIC DIAGRAM 

OCTAL fflO Al 

OCTAL niO Al 

OCTAl M t t SI I 

OCTALMOai I 

'Mullilavtt Plpetina Ha(^sl«r 

OUAi, 1-LIVlL 

¿ - GD GD CiD 
F1 r r i • 00 ^ 

Figura 1. I - 3 N 0 - 0 P 

Cliip-Pük is a l/QOemark ol Advanced Mtcto Oavicos. Inc. 
7-35 



r. Am29520/S21 

" Am29520/S21 . I. ;• •• ' / : ; ' 

E L E C T R I C A L CHARACTERISTICS .' - > • 
. Th« Followlng Condllloni Apply Uhi«»i Olh«rwli» SpwKlod; 
, COML TA - 010 +7(rC Vcc - J.OV t5% (MIN . i.liV 
• " I I . Te " -55 lo tlíS-C Vcc - S.OV ±10% (MIN - <.50V 

"i DC CHARACTERISTICS OVER OPERATING RANGE 
' P«rim»t»r« Docrlptlon . . . . . T«il Condltlont (Noi« I) 

MAX • S.2SV) 
MAX - S.50V) 

Am29520/29521 

SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Am29S20/521 

Typ 
Mln (Ñola 2) 

Nolt: PtoaM relw to Gufdetinea lof Ustíng Am2900 Family Oevicsa \n Sectloft 13 d (his dala book. 

Ñolas: t. For condlHoni ahown u MIN or MAX, uta Iht •pprop'lala valúa •pacllled undar Eloclrlenl Characlariallca lor Ihg appllcabla davlca lypa. 
I 2. Typlcal nmlli ara al Vjg » S.OV, 25*0 amblanl and mailnwm loadlnt. 

3. Not mora than on« ouiput should b« ahorlad al a lima, Ourallon ol tha shofi dreull tasl should not axcaed ona aacond. 
• • 4. A» Inpula LOW. ' • ' 

.' ' . . . • • - . • I • . 

MÁXIMUM RATINGS (Abóv« whieh tht uttiul ílf* may ba Impnlrod) ' 

Slorags Tempaialurs.... ; . 

Temparalure Unáw Blas - Te 

Supply Voliaga lo Grouiid Polenllal Conlinuoua 

DC Vollage Applied lo Oulpuls lor Hlgh Oulput Slals 

OC Inpul Voliaga 

DC Oulpul Currenl, Inlo Oulpuls — 

OC tnput Curren! 

-051o H5'rC 

-55 10 *\zyc 

-0.51o *7.0V 

-0.5 VIO +V(;(;m« 

-O.S lo tS.SV 

. 30mA 

\ -30mA lo +5.0mA 

DEFINITION OF TERMS 

DO-OT Rsglsler Inpul porl 

Clock Inpul »n\»t dala Inlo reglslors on CLK 

io.li 

LOW-lo-HIOH IranslUons 

Inslructlon Inputs. See Rgure 1 and 
Insinicllon Control Tablas. 

So, Si Multlplexer select inpuls selecl aither regisler 
A|, A;, Bi or 6 : dais 10 be avallabla at 
Ihe oulput port 

OE* Oulpul enable lor 3-9lnlo oulpul porl 

Yo-Y7 Reglslar oulpul porl 

SET-UP ANO HOLD TIME 

- '-'•'V'.-J 
•E 

Notes: 1. Diagram srwwn tof HIGH data only. Oulpultranstiton may 
t>e opposrte sense. 

2. Cross haiched área is don'l cato condition. MPL-004 

TEST LOADS FOR DELAY MEASUREMENTS 

V4= 

M-

•C\_ - SOpF 'Of nll tpo. I jH i»"** 'ZU 
Ci_ - 5DF 'Of 'HZ and ILZ 

PULSE WIDTH 

df=\ 

CHIP TOPOGRAPHY 

Am29520/21 

-^'=^1 

DieSIZE: 0.1irX0.t31' 

io.li


Ani?Miü/S21 -

INPUT/OUTPUT CUBREMTIMTERFACE CONDtTIONS 

fnim ovrrur MivíN mrvt 

TEST WAVEFORMS 

T M I 

AB tpQi 

•PZM 

If/l. 

AmaS520/21 
T I M I N O O I A O R A M 

CLOCK 
(Ct«) 

/ 

X 
• \ 

- DATA 

UUXWL 

r 
r 

^ > - H X 

Am29S20/21 
THflEE-STATE TIMINQ 

JF 

ownvT 

Outpuí Wavtrorm - M«aiur*m«nt L«v«l 

IZX 

•" **" / 

/ • 

- ¿ r : 
IMOH M*»|DANCI| 

• «01 • .»» 

T D T 

~1-

Am29516/517 • Am29S1»A/517A 

, DATA OUTPUT SELECT : ! • • ; • ' - -•• r - - ' -

S, : 

H ; 

H 

• L 

, L 

So 

H 

• L 

• H 

1. 

OUTPUT 

Al 

A2 

8 1 • . 

B2 

I ; , •, . r . 

• • • I 6 • . • 

Am29S30 INSrnuCTIONS 

Intl 

0 

1 

•J 

3 

Mn«monlc 

SHFT 

LOS 

lOA 

HLD 

l| 

L 

1. 

I I 

H 

lo • 

U 

H 

, •• L 

H 

l l a U l i U r C o n U i i l a Aliar Clock l „ 

• A1„ 

D 

Aln-I 

0 

* l n . l 

Al„ 

Al„.| 

A2n.l 

A l„ . , 

A2,H 

8 1 , 

A 2 M 

0 

0 1 . . I 

61,^1 
... 

B2„ 

B I M 

B V l 

B2,n 

Ani2952l INSTRUCTIONS 

I n X 

0 

t 

2 

3 

Mnamonic 

SHFT 

LDB 

LOA 

HLD 

l l 

L 

L 

H 

H 

lo 

L 

H 

L 

H 

Reglalar C o n l a n l i AM«r Clock 1^ 

A1« 

D 

A V i 

0 

A l f H 

* J » 

A 1 » | 

A2,H 

A 2 M , 

A 2 M 

• Bt« 

A2„., 

0 

" B V , 

B I M 

Ba„ 
B I M 

B2„., 

B 2 ^ , 

6 2 ^ , 

O R O E R I N G INFORMATION 

Order Ihe parí number according lo Ihe labia below lo obtaln ihe deslred package, lamparalura ranga tmS scresning laval. 

Am29$20 Am29S21 Paekaga Typa - Oparating Ranga Scraaning Laval 
(Nola2) (Ñola 3) Ordar Numbar 

AM29S20OC 
AM29S20OC8 
AM29S20OM 
AM29S20OMe 
AM29520UC 
AM;'U'„'(H M 
AM.'uri,'nl MI) 

Ordar Numbar 

AM295210C 
AM2952IDC8 
AM29S2tOM 
AM29S2IOMB 
AM29521LC 

. AM;'i)ri7iiM 
AM.'ui;'lt Mil 

(Ñola 1) 

0-24-SLIM 
0'24-SLIM 
0-24-SUM 
0-24-SLIM 

L-28 
1 7It 
1 ;MI 

C-1 
B-2 (Noia 4) 

C-3 
B-3 
C t 
C.1 
II I 

Nolili: I. U - llarnittiic üll ' , L •• Clilp-f'ák. NiiiiiDul fulluwttiy lullai l l liufniMt 01 luaua. 

2. C - O lo • 7<rC. Vcc - 4.7S lo 5,2SV. M - - 5 5 lo » I25'C, ^QC " * >0 "> S MV. 
3. Laváis C-t and 0-3 conloim lo MlLSTOeaS. Clasi C. Laval 8-3 oonlornu U> MIL-STD-a83, CI«M B. 
4. 160 hour burn-in. • 

7-39 



-Am29520 /52 i : 

APPLICATIONS ; . 
Tha IMOX". Am29S2Ó and Am2952f mulllleval plpellns regla-
lera are apedHcally deaignad aa a lemporary addraaa alorlng , 
raglalsr íor array procéaalng and digital algnal procgaslng eppll-
callona using Iha Am26500 Family. 

In AP/OSP appllcaHona a alngla dala addraaa may ba uaád a 
múltipla numbarof timas. Tha muttltaval plpallna raglalar atlows 
saving addreaasá wiitiln Ka reglslara lor ua» al a later lima. 

Balow ara a numbar of appUcallona whar^ Iha uaa ol a multl-
Isvel pipellna raglalar can ba lmplemantad.~. 

CLOCK CONTROLLER, BYTE-WIDE OELAY 
LINE/SHIFT REOISTER 

The Am29S2(V2l can b« utilizad as a byle-wlds shall raglsler 
(Figura la) eapable o' delaylng a byle ol dala Irom ona lo lour 
dock cycles. The numbar ol dalay cydes Is conlrolled by tha So. 

S | control Inputs and can ba changad by Iha usar wlthoul ínter-
rupllng tha dala flow. 

Figura Ib shows Iha contonts ol all Am29520/2t reglslsrs during 
aaeh clocK cycle. Wllh tho Instrucllon Inpul sol nt I • 0. Î • 
oparallon porlormad la thnt ol a bylo-wlde ahltl roglslnr. TI» 
contenía ol any roglslar can bo accessed by approprinloly sel-
Bng Sn, S|. In Ihls oxampla, 0 | l"P"l <>'<» <» presentad altor Un 
dock O rising adga. Al Iha dock 1 rising edge, Iha 0 | data li 
loaded Inlo A). At tha dock 2 rising edge, the O; data Is loaM 
In A\ and Iha 0} dala la pushed into A2. Thls actlon continua) 
as long aa docks are provldad (thls la a slalic part; Iharelora, 
Inlerrupting Iha ckKk does nol cause data to ba losi). Oau 
pushed oul o( 82 Is lost. TÍie user determines the delay tiy 
sotling tha output MUX to ona ol Iho lour reglslers via Sg, S| 
Controls. In thls sxample, raglsler Bt was selacled (So, S| • 
10). Tha data al the Am29S20/2t output Is delayad by Ihret 
dock cycles. 

Am29S00PROCESSOR 

Am29S20/521 

Figure Ib. Tlmlng Olagram 

AmlMJfVl l CLOCK 

f 

Í ¿ 

KP «MlUlft* ^ 

il 
LS 

^ 
< • • t i 

-zzzrvj 

Figure?, Am2«920/}l Eipaiislon In Wldlh and Oeplh 

91 

Figure la. Block Olagram 

i 

T 

1 
atiAr 
« i « r 

MUVIOD/IM 

Tf 

L 

í 

A A A 
s, s, s, 

(OCLirSCLtCn 

SInc* th« otilpul l i eapabl* ni ihrM-iiaia, a no-dalay operalKín 
occurs II Iha Inpul Is liad to tha output and OE • I. 

The Am29S20/21 is eeslly eipandable to accommedala dala 
widihs ol 16, 24. 32. etc. bi'^ md delays ol 8. 12. 1t. etc. dock 
cycles as shown in Figure 2. ' 

II greater delays are requlred by cascading dsvicaa are not ac-
caplable, Ihen conslder conlroinng tha dock inpul'to Ihe 
Am29520/2t. An exampla ol thls la shown In Figure la. In Ihii 
case, an Am292S dock generator próvidas the dock kvuta to 
Ihe Am29S2(V21 (see Am2925 Oala Sheet). The Am292S digital 
control inputs (L), L;, Lj) allows the uaar to program the dock 
outputs lo vary Irom Fjyj 10 F(vto In eighl slaps (Fo • Inpul 
lundamental dock Irequency Inpul to Ihe Am292S).. The 
Am292S provides lour dujy cycle outputs (Ct, C}, C3, C4) lor 
each ol Ihe eight múltiples ol Ihe lundamental period. Tabla I 'S 
a malrix showing ait comblnations ol the Am292S Lt, L2. L] and 
•he Am29520/21 So. Si conlrols. Twenty-lour meaninglul eoni-
binalions are availabie providing Irom 1 to 40 ck>ck delays. 

TABLE1. CLOCK OELAY SELECT MATRIX 

AmJ925 Saleo inpul ^^ ̂ ^ f^ f^ p, p^ p, p,p, , 

L i X O 1 1 1 1 O O O 
Am29S20/21 L2 X O O O 1 1 1 1 O 
So. St Input Lo X O O 1 1 O O 1 t 

I. t(A,) | } 4 S « 7 * 9 I 0 
0.1 IA2) 2 a a 10 12 14 i« ia 20. 
I.O(B,) 3 » 12 )5 1(21 2< 27 311 
O.OIBj) 4 12 18 20 24-2g 32 JHO 



S4 

Am29520/521 

ANALOG/DIGITAL BUFFEB 

In Itie exarrpl» 5hown in Figura 7 Ih» Am29520/21 acu as a 
4-byte bulfer betwaen an A/O converler and a controller (or 
mlcroprocessor). Four digillzed sampiss ara sequanllally storad 
In ina Am29S20/21 (rom tha A/D eonverlar. Tnls i i 'ac-
compllshad by appiying ( REAO conlrol inpul to (ha dock Inpul 
<>l iha Ai»!0MOI3\ aa wall nt lo Iha REAO Inpul ol Uia A/O. 
Sinwa I « O, Iha dala oulpul Irom Iha A/O wilí b« aioiad In tha 
Am29520/21 as shown In Figure 8. 

WhIla the lilth sample Is baing acquirad by Iha A/O, iha control
ler wlll read all regislers of Iha Am29S20/2t by manipulaling So, 
S|, Note thal Iha Ihrae-slale outpul (conirollad by OE) can ba 
liad direclly lo a microprocassor bus and that Iha regislers ol ihe 
Am2g520/21 can be easlly memory mapped. 

Figuras. A/OBulfar 

Uta 

51 t, t, 
AmMtMVII OUT 

If l| CU 

r - COMTNOL 

\ 

i_L 
A/O CONTROL 

Ano nwNO 
LOGIC 

Flgur«4. A/O BurfarTlmlng 

n J'^""""L 
•-*mj«»/t»»ipyT SAwnii ^ tAHm.li tAMn.fl 3 A M « \ | « 

A<nM4M/11-« 

9 
—] 

• 

•: 

~ 

•• 

~ • 

»> 
: • . 

?í 

-
Aitt2!MM/>l OUI^UT 

Tilo A/O wiK acqurro four mort samplw tMfor* th« Am2962(V21 raytslart fwed 10 b« road. 

Nct* mal V>9 Am2952(V2t can b* timunanaously w/íiton and raad. A iwo byla ping-pong mamory Is realizaba by twitching bafwaan r moiiti» i und 2. 
Wt>ria t̂ a Af O i« wnting regitiara B | and Bj. iha mtaoprocasaor con ba raadrng ragisiart A | and A2. 

Albo, noie mal tha Am29520/2t is aaaiiy caacadabla in width (a< pravtooaly dascnbad) tof appiicaiions InvoMng 12-btt and i6-bii A/D convartors. 

I 

Am29526 • Am29527 
Am29528 • Am29529 

High Speed Slne, Cosin« Generátors 

UISItNCTíVE CHAnACTEniSTlCS 

• Próvidas valúes for sina/cosína tuncDons In Tr/2048 
incremenls 

• Oulpuls are 16-bil Iwo's complemanl Iracllons 
• Fast generaiion lime ol SOns inax Com'l 
• S/LS compatible 
• Three-siale oulpuls 
• IMOX'"processing 

BELATED PRODUCTS 

Part No. Oascrlpllon 

Am29SI8/17 16 « 16-Bil Hlgn Spaad MuHIpUari 
Am29SI0 \ 18> IS'BilMulllpIyAccumulalw 
AmJ9W0 FFT AddraJ» Saquancar 
Am29825 Hlgh ParlormaiKa 8-811 Reglslar 

CONNECTION OIAGRAMS - Top Viawa 

OiP 

- C • 
.. C • 
• . I • 

' . 1 1 • 

•.C ' 
•.c« 

>. C " 

"• D»< 
. O » . 

- i>; 
.. j . , 

«3'. 

• • 3 ' . 
" 3 ' . 
• p " 1 ' . 

.- y J .- j .- .-

FUNCTIONAL DESCniPTION 

Tha Am29526/27 and Am29528/29 próvida high spaad 
ganeratlon ol slna and cosina lunctions ovar Iha ranga 
0 « 8 '¿ ir In Incremenls ol ir/2048. « is determinad by an 
11-bil Inpul word. Eacn davlca provides an 8-bit outpul and 
two are usad lo glve the luü 16-bit valué, The Am29S28 
and Am29527 generala tha MS and LS bytas respectivaly 
for tha sina lunciion. Slmllarly, the Am29528 and Am29S29 
generala Iha cosine lunclions 

The outputt are Iracllonal Iwo'a complemanl numbara wilh 
Iha radix point locatad Immediatoly to the righl o( the aign 
bit (in beiwaen the bll» waightad - r and 2"'). Ai this 
lormat dees not allow lor the reprasentation ol -f I Iha 
lunctions ganeraled are -»ln8 end -cos«. In thls way tha 
oulpul valúas ara rastrtcled lo the ranga - 1 < 1(8) < +1 
which is repressniable. The oulpuls ara Ihraa-stala wilh 
one activa Low anable and two activa High enabie. 

WhIla providing general purpose sina and cosina lunctiofl 
capabüily. tha Am29528/27/28/29 salisly Ida raqulremenis 
01 Ihe /km29540 FFT Address Sequencer. 

BLOCK DIAGRAM 

' . - ' » 

IMOX dod Chip-Pak ate trademarxs ol Advanceo Micro Uavtcaa, Inc. 

tAHm.li
tAMn.fl


Am2SS0« 

c' i ' i ir:í. i i;^;?ni: '¡;\í : APPLICATIONS 
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Am25S10 
Four-Bít Shlfter with Three-S(a(e Outputs 

piílinctive Characteristícs 

> Shifts 4-blts of data to O, 1, 2 or 3 places under con
trol of two select Unes. 

I Three-state outputs for bus organized systems. 

OIESIZE: 0.067" XO,073" 

• 6.5 ns typical data propagation delay 
• Altérnate source is 54S/74S350 

FUNCTIONAL DESCBÍPTION ; 
The Am25SI0 Is a combinatorlal logic circuit that accepts a 
four.bit data word and shifts the word O, 1. 2 or 3 places. 
The number of places to be shifted is dfltermined by a two-
bit select field SQ and S). An active-LOW enable Controls 
the three-state outputs. This feature allows expansión of 
shiliing over a larger number of places with one delay. 

By suitable inierconnection, the Am25S10 can b» used to 
shíft any ilumber of bits any number of places up or down. 
Shíftlng can be lógica!, with logíc zeroes pulled tn at either 
or both ends of the shíftlng fleld; ariihmetlc, wtiere the 
slgn bit Is repeated during a shlft down; or end around. 
where the data word forms a continuous loop. 

RELATEDPnODUCTS 

Part No. Oescrlpllon 

Am2901 
Am2903 
Am29501 

B K S H M A L U 

Sup«rsfica 
Mulliport Pip«line Proc«s9or 

L O G I C OlAGRAfVI 

OROERINQ INFORMATION 

Packas* Tampsralure Ordtr 
Typ« Rang» Numb«r 

Moidod OIP 
HminnOcDin 

Ch(p.f*ai< 
Dice 

Hermellc DIP 
HormellcFIfll-Pnfc 

Chl^.Psit 
Olea 

Oto •70*0 
O lo • 70rc 
O lo • 70*0 
0lo*70'C 

-55lo+125'C 
-55lott25*C 
-55lo.*'S!'r: 
-5510+«PC 

AM2SSI0PC 
AM3SSI0OC 
AM25S10t.C 
AM2SSI0XC 
Af^2SSI0OM 
AM2SSI0FM 
AM25SIOI.M 
AM.-'SSIOXM 

CONNECTION PWMMW» - Top Vltwt 

D-18.P-16 

'-.C 

«.c 

•.c 

Laadl tn Chlp Carriar 
L-20-1 

• 3«ee 
'• 3 '• 
.. 3„ 
.1 U M 
II 3 T, 

Nota: Pin 1 la marhed for ortanfation. 
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METALLIZATION ANO PAO LAYOUT 

I 
Am25S10 

Four-Bit Shifter 
By John R. M/cJc 

I INTROOUCTION -\ 

OIESIZE 0,067-X 0.056-

• 

TH« Am2SS10 ft » hígh-ip«ed MSI combinatorial togic block 
built uiíng sdvanced Schoitky technology. The devíce h«i ihs 
abillty to shift four biti of dala O, 1. 2 or 3 places. The 
Am25SIO hai iwo select linei that are decoded íniernatlv to 
determine the number of places the ddta li shiíied, The de* 
více ha» seven data inputs I-.3, 1—2. I—1, IQ' ' I - '2' *"^ '3 
and 4 three-siate data outputs YQ, Y J , Y J , and Y3 a$ ihown 
in the logic ivmbol diagram of Figure 1. The three-itate out-
pulí allow several devicej to be bui organÍ:ed for íhiltí of 
mnrfl ih/in ihtuti pUr»(i wilh • íínqlii IflvBl devící propíiq.ilion 
(iKlny rlniK. I M» ihrin (t4((i itiilpoK ir* r.nn\tot\mi\ riy N «IMU'" 
JMiirflfftd .i.;liv« I ÓW (iiHpiil ciHilMit Óf. WtiKit ll» niilpul 
control ti LOW, the data outpult will fottow ihe lelecied data 
inputi. When the-output control Is HIGH, the data outputi 
offer a high-impedance to the data bus. 

1 
FUNCTIONAL DESCRIPTION j 
The logic equationi describing the output shiftíng capabílriy 
of the Am25SlOwhen the output control is LOW ar«: 

Yo -So S, lo + So Si I - , + §0 S, l - j • So S, l_3 

Y, -So S, I, + So St lo + So S, l_, + So SI I_J 

Y j - S o S, \j t So 5, I, 

Y3 • So S] I3 + So Si I2 

From thtie equaiiont It Is seeP that.each outpui is op-
erationally equivalent lo a four-input multiplexer wlth the 
Inputi connected tuch that the lalect code generales succesilve 

one-bit shifts of the Input data word. The I09ÍC diJgrant of 
Figure 2 shows the internal connection of each muiiiplexer 
wíth reipect to the seven data inpuls. Because of ihis internal 
connection scheme. several devíces can be connected to per* 
form shifts of O, 1, 2, or 3 places on words of íny length. 

5o Si lo 
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' s„ s, 
• So S, 

l_ 

lo 
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Figure 1. Logle Symbol «nd Connection Diagram. 

Figure 2. Logic Diagram of Ihe Am25S10. 
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Th< opirtijon o( Iht Am2SSI0'ii pietorially dapicted in 
^iS"'* 3. H<r<, lh< foui ihllt pofiliont of th< dati ouiputi 
wllh rtipect to tha data inputs ara ihown vía tha daihad l¡ni> 
fof'ihe four poiijble salect codes. Figure 4 showi a limilíar 
op«ration only tha hotatjon now rapresenti a savert'bít ínput 

,. virord ÁQ. through Ag, Tha outpui coda for aach o' tha lalact 
fiaid combinations appliad to tha SQ and St Inputi i) ihown 
in tha accompanving Function Tabla. In additíon, tha four 

. outputi Yo through V3 can ba forcad to tha hígh-irnpadanca 
«ata by applying a HIGH to tha "ouiput control" input. Thii 
allowt addiiional ihiftari to ba csscadad on tha sama outpui 
linas, or tha shiftar array 10 ba connacted to a common data bus. 
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Figura 3. Tha Four Shift Poiltloni of tha AmJSSIO. 

FUNCTION TA8LE 
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Y3 

As 

A5 
A« 

A3 

f Igurt 4. Th« Am2SS10 4Blt Shlfttr Op«ritlon. 

INPUT LOADINQ 

The logíc dl^grim of Fígurt 2 shows the input connection 
schem« for the savan data inpúts of the Am25S10. Tabla t 
shows the number of muttíptexer ínputs connected to each 
data input as well as the expected an actual Unít Load 
weíghting on each Input. 

TABLEI 

Pin 

1 

2 
3 

4 

S 

6 

7 

Data 
(npul 

1-3 

1-2 

1-1 

lo 
h 
l2 

'3 

Numbar of 
Multiptaxar Inputs 

' Connactad 

1 

2 

3 

4 

3 

2 

1 

Expacttd 
Unit 

Loadi 

1 

2 

3 

4 

3 

2 

1 

Actuil 
Unit 

Lo id I 

1.5 

1.5 

1.5 

1.5 

1.5 

Slnce the number of gala Inputs for U j , l _ i , \Q, \\ and 1; 
data inputi is 2, 3, 4, 3, and 2 respectlvely, ihJs could b« ex
pected to be the unít load fan-ín for these data ínputs. How-
ever, 1)̂  current iháríng occurs ínternally with tha scleci 
büffer outputs to reduce tha externa! fen-Jn. Sínce a Schottky . 
TTL unit load ii defined as -2.0mA measured at 0.5V LOW, 
tha máximum l|(, when measured at V||̂  • 0.5V is —3mA or 
1.5 STTL unít loads. Ai the measura voltage V|(̂  on thesa dan 
inputs ts decreased to OV, the measuml ínput current on l_2 
1—1. 'o. I i . and 1} can increasa to an 1^ máximum of —4, —6, 
- f l , —6 and —4 mA reipactivefy bacauía of the decreaso in 
current sharing with the ínternjt select buffer oulpuis. 

A plot of thetypícal Input voltage vertuí input current for the 
data inputs ía shown in Figure 5, Thli Figure thows tha in-
creaiad ínput currant flow (ncgatíve current) as tha input 
voltaga Is decreased. It atso shows the effeci of the Input 
damp diode as forward bias in apptied. 

, 1 * 

~ir 

X 

' - I 

5 

" l 

1 '-J")l I 
^\ 
• 0 

0 

IV_ 

l l l 

1 " 

so> A 

n 

- 1 . 0 - O . t o 0 1 1.0 1» 1.0 7.1 JO 3S 

V n - I N ^ U T V 0 1 M 0 I - V 0 l . r j 

Flflura 5. Typical Input Curraní Ch«. 

LOGIC EQUIVALENTS OF THE Am25S10 

Tha Am25S10 oxhibitt scveral symmeirícal propertios that 
may ba of advaiuagt; In torne dosiyns. Those symmotrjcal 
properiies involve ihe labeliny of the ¡nputs and outputs and 
ih« polarity of the select inputs. 8y relabeltng tha Inputs in 
revene order, labelíng' the outputs ín reverse order, and con-
sidering the select inputs Ín positivo togic (active-HIGH) or 
negative logic {actíve-LOW), eíght loglc equivalents for the do-
vice are possible. Figure 6 shows the operation of the device 
for ihe lour conibinations of Input anü output definiíions for 

Am25S10 

the posíiive logic notatíon while Figure 7 shows tha operation 
of tha devíca for the lour combinations for tha negativa logic 
notatíon. The logic syml>ol for aach sat of defínitk>ns for tha 
input PÍAS and output pins is shown adiacent to tha truth tabla*. . 

Thls relabellng of plns can próvida tha designer with soma 
flexibiiiiy In prínted círcuít board layout. Likawisa. tha salect 
codo can be aiihar positiva logíc or negativa loglc and tha in
put data will ba passed non-ínverted. In some casas, tfta t%' 
definition allowi tha designar to visualiza shiftir>g up vtrius 
shifting down for tha same salact coda. : . • • . » . . . . 
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: Am25S10 

>' . M Á X I M U M RATINGS (Above which th< uieful Uh may b« impaire< 

Sloraga Temperatura • 
> may be ¡mpaired) 

: Temperatura (Ambientl Under Bii 

^PP'y ypltjge to Gfound Potential {Pin 16 to Pin B) Contif 

PC Voltatfg Applied to Outputi Jor Hígh Outpüt Sliti 

OC tnput Voltage 

OC Output Current, Into Outputi 

OC f̂npui Current 

-es'Ctotiso'dlQEFiNiTiON QF F U N C T I O N A L TERMS 
-55*0(0 1125'Ci. 

-0.5Vto»7VÍ 

-0.5 V toiS.S^ 

\ The feven data inputs o( tbe shifter. 
OE Enabid. When tha enable is HIGH, ihe four outputi are in 
íif hiíjh ¡frip(!(ljni:o iiatu. Whtjn tliu unublu li LOW, ihe selectaü 
Ijinputt are present at the outputi. 

30rnAlk)> 1̂ Select inputi. Controli ihs numbor of placel tha Inputi 

-30mAio+57¡íí3'"**'''^'''^-
STj The (our outputs or tha shifter. 

ELECTRICAL CHARACTERISTICS OVER OPERATING T E M P E R A T U R E R A N G E (Uniai» Oih-írwiie NOLMU 

Ax.JI^IÜHM r^ • - • A ' C tu t U l ' C Vcc " t O V M O H t M I L I MIN. ' 4 t t V M A X . * a . A V 
Parameters 

LOADING RULÉS (In Unit Loads) 

tll|MII UlttiMil OHlfttJl 

tnpui/Ouiput Pin No. ' i Unit Lodd H l G H LOW 
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Note: 1. Tha Un-'n on I . } , I . ] . IQ. >t "^ l̂ 'l'^^Kl noi aMcaad l.ft 
Unii Load* whan mtttufó at V||_ • 0.S V. At Vn_ It dacraatao to 
OV, tha Irtfiul current lt|_ MAX. Inaraata* to —4. - 6 , —•, - S and 
-4i(iA 4a*tt«fci>Malv dua lo iha dacraaia In cuiraní ihaflnt «Miih tha 
miaihal lataî l htillaf tiiiiintli, 
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AmiSSIO. 

AraZSSIO APPLICATIONS • -' i r. . • " . i- . 

Tli»'four-bit lWft«r I j ' in I<JMI MSI •(•mtnl (or hijh'jpMd 
•hllting tnd icallnf Ini digital tviltmi, Sy luKibla lnl«r> 
oonnactlon ol th< Inpúlf and ouiputii ihlltl ol any numbar 
of' ptacáf up or down can ba mada wtth a propagatlon dalay 
of ontv'ona davtca^ Shiftlngcan ba loglcal, with zarpas oulted 
In'ai ailhar or both andi ol Iha ihllting flald; arllhmatic, 

" whara' tha tign bit Is rapaatad during a ihllt down; or and 
around, whara tha data word lormí a contlnuoui loop. Tha 
thraa-stata outputs can ba uiad to Incraaw tha numbar of 
placas shifted and alto (acilitata rapid data bus accass In bus 
organizad systems. 

Tha Connectlon Oiagram aru! Fupctton Tabla of Figura B show 
a tS-blt word thlftad up O, 1, 2 or 3 placas. In this axampla, 
tha most signlflcant bits (At j , A)4, Atg) ara dlscirtind and 
logic taroas ara shlltad In at tha laast tignüicant and. 

Figura 9 shows a Connactlon Oiagram and Fuiictlon Tabla lor 
a I2'hltweril shlltad down O, 1, 2 or 3 placas, In Ihls axampla, 
(arots ara sliiflad Inlo (h« moil ilgnlfleint blli ind Iha I M I I 
signlflcant bits ara dlscardad. Notlca thit ana of tha altarnala 
dilinitlons and pln'asslgnmants has ba«n usad to dallna tha 
Am25SIO. . 

A complata andaround barral shllt «f O, I, 2, 9, A, S, t or 7 
placas Is shown In Figura 10. In Ihls eonllguratlon, tha thraa-
stata capabllity of tha outputs Is usad to connact ena of two 
Am2SS10'< to tha data oulput undar tha control of Iha S] and 

S} satect InputL Thls tachnlqua.can ba axpandad for longer 
word lengths by using ona-ol-four or ona-of-aight decodars to . 
control tha activa LOWoulput conirol" input. 

A 13'blt twp's complamant scater Is shown ín Figura I I . For 
thls connactlon, tha sign.bit Is pullád in at the most signlflcant 
and and tha laast significan! bits ara truncatad. Thus. tha 13-
bit two's complamont blnary output numbar is scalad to i, 
1/2, 1/4, or.l/B of Its Input valúa. 

A two-lavtl 16-bit barral shlfter and Its associated Function 
Tabla ara shown In Figure 12. Only aight Am25SI0's are re-
quirad to pcrform thls function. For darity. the Intermedíate 
laval of Inputs and outputs heve been laheled 6j. The sixteen-
bit £t£tput word can be bus connectecl and conirolled vis 
thaOElnpul. 

Figura 13 damonstratas a unlqua way to convert a fixed point 
positiva numbar to a floating-point mantisa and exponent. Tha 
priorlly aneodar li usad lo determina Iha mnit ilgnllkaní ¡ili 
potltlon «I tha Input word wlih a blnary " 1 " . Tha ptlotily 
aneodar oulput Is a blnary walghted coda reprasenllng the 
numbar of placas the Input word Is to be shifted up. This code 
controls the Am25S10 shiltlng erray and shilts the Input 
word such that tha Y7-bli of tha mantisa is always a binary 
ona (axeipt lor A • 01, Tha axponanl Is ol Iha lorm 2~" whara 
n Is tha valúa of tha blnary walghted cofte from the priorlly 
aneodar. Thus, the output of this functlonel block is of the 
form Y2-n , 
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Am2SS10 AmZSSIO 

FIXEDMULTIPLIERS -

Digital syitems requiring multiplication by a cdnstant Interger 
or conitant traclion can malo «deetiv» ust o( th« Am25S10 

. if the constant must b« variod ovar levaral Valúes. 6y using 
four-bit fhifters «nd hlgh'tp«id add«ri, very hlgh*sp«ed "con* 
itant coefficiem" or flxed multipll«ri can ba bullí, The tach* 
ñique ii ihown díagrammatically in Figure H, Hará, (he Input 
word C it wired lo iht adder A Inputt luch' Ihal • )hi(l ol 
-j C ii "built-in". The Am25StO ihiller l i wlred lo tha B In-

pulí of ihe adder such that iti four seieci itatei ropresent pre* . 
«cjling ofJ-C.-l-C, ¡ijC, »nd jIjC o( Ihe Clnpútword. I( the ', 
OE input is uied lo disabti the ouiputs (hlgh Impédanct}, the 
adder B Inputi wlll aiiume thá logicel one atete (HIGHI. By 

. adding a "one" el the edder cerry input leait ügnlfloint end, 
the contribution ol the B inputi to tha lum output li <ero end 
the adder A input will be p«ted to the output.' Thui. the OE 
input can be uied to genérate e tero C velua from the ihlfter. 
Figure 15 showi the actúa! connaction diagram lor a 12'bit 

^two'i complément flxed multlplier uilng the tcheme o' Figure 
14. The Y output weighting Is the same es shown In the 

'¡yyl 

Function T»b(« of Figure M. The OE Input i) tíed direclty to 
the sdder leist lignlfícant Ĉ ^ input to complate the shífter 
"zero" output fünctlon. 

Figure 16 thows two ihifter arrayí u$ed in conjunciion with 
ene adder. For the ihifter A «nd ihlfier B select codei ihown, 

' tweniy multiplication conttantt are realízed with leventccn 
constanti beíng unlque. Other comblnationi could be uied lo 
realiza dlfferant outputi. The combínatJons posiible can be 
tNttnded'oreatly by uiing múltiple sdderi and múltiple shiFi-
Ing arrays. For tha axample of Figure 16, the zero shifier out
put (high'lmpedanca state) It used with only one ihifter lince 
only one Cf, Input Is avallable. ' 

Thli techntque for flxed conitant multlplleri can be applied 
lo two'i complément, one's complément, ilgn-magnitude, or 
magnitude only arithmettc. In to doing, the ilgn muit be 
handied approprlately and (he adder output word tizo and 
number ranga muit be coniidered, For the one't complément 
caía, tha all onei reprasentation for zero must be handied 
teparalely. 
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CONCLUSIÓN 

Tha Am25SIO four-btt íhíhar ji a new unjqua combínatoriar 
loaii: elem«ni offering tha lYUem daiignar new thlfting and 
icaling cap^bilily noi previouily availabla in a lingla packaga. 

Tha thrM-iiata output daiign of iha Ain25S10 providaí 
creaud flaxibility in iti usa and Iha advancad Scholtky con 
struction offen minimum propagation deJay. The devíce can be 
uted to ihilt any number of bits any numbur of places; up. 
dovvn 01 and-around. 
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Am25LS14A 
8-B/( SerlallParallel Two's Complement Multlpüer 

DISTINCTIVE CHAHACTEniSTICS 

• Two's cornplem«nl multlplicatlon without correclion 
• Magnitude only muUíplicalion 
• Cascadable tor any nunibar of bits 
• 8-bil parallel mulliplicand dala Inpul 
• 50MHz mínimum dock Ifsquaiicy 

• Sscond sourcad by T.l. as lh« SN54LS/74LS3a4^ 
• IMOX" procass wllh ECL Inlernal 

FUNCTIONAL OESCRIPTION 

The Am25LS14A Is an 8-bil by 1-bil sequenlial loglc ale-
menl Ihat porforms digital multipllcaiion ol two numbars 
represanted In two's complemanl lorm lo producá a two's 
complemenl producl without correctlon, Ttie devlca accopts 
an S-bit mulliplicand (X Input) and storas tl̂ is dala In eight 
Inlernal lalches. Tha X latchas are controllád vía Iha clear 
inpul. When the clear Input la LOW, all lnlamol,llip-llops aro 
cloaiad and Iha X laichos are oponed lo eccepl new multl-
plicand dala. Whan ihe claor Inpul Is HIOH, Ihe ialcfios ara 
closad and are Insonsilive lo X Input changos. 
The multiplier word dala Is passed by the Y Input In a serial 
bit slream - least slgnilicant bit llrsl. The producl Is clbcked 
oul Ihe S oulput least signilicanl bit lirst. \ 

The multiplicalion ol an m-bi( mulliplkrand by an ri-bit muí-
llpllat results In an m + n b/product. The Am2SLSt4A must 
be docked lor m -1- n fíock eydes lo produce thii two's 
complemenl producl^kewise, the n-bil multiplier (Y-input) 
sign bit data musí b» extended lor Ihe remaining m-biis lo 
complete the mul)iplicatlon cycle. 

The davlce al^eontalna a K Input >o that devicaí can be 
cascaded lor'lonoer longth X worda. The aum (S) output of 
one devlcals conneetod to the K Inpul of me suceeeding 
devIce wnan cascading. Likawiae, a moda inpul (M) Is used 
lo Indícate which device contains Iht most signilicanl bit. 
Ths'mode inpul Is wired HIQH or LOW depending on the 
posiüon ol the 8-bil slice In iha total X word length. 

^ '• 

LOCICOIAGRAM 

-r T T T • > > 

o - { > 

CONNECTION DIAGHAM - Top VIew 

Noto; Pin I la inaikad lor orlaniatlon. 

ORDERINQ INF0I4K*ATI0N 

Package 
Type 

Moldad OIP 
Harmatic OIP 
Olee 
Harmalic OIP t 
Harmaile Fíat Pak 
Ole* 

TempWaIui* 
Rang^ 

Olo+7ors. 
• o io -»7( rc \ 

OlO-fTO-C \ 
^SSIO+125*C ^ 

-55I0-H25'C 
-SSIO-flíS'^ 

Order 
Number 

AM2ÍLSI4APC 
AM2SLSI4AOC 
AM2SLS14AXC 
AM2«.St4AOM 

'SU>425LS14AFM 
AM29LSI4AXM 

IMOX1$ a trademark o( Advanced Micro Oevices. Inc. 
9-35 
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Ünderstanding the Am25LS2517 
_ I and the Am25LS381 

- ! . ! ByJohnR.MIck 

r: INTflODUCTION"! , • 

Thfi heart of most digital tHghmetic proceiión it the irtthms-
tic logic unit (ALU). Thi ALU can b« thought of ai a digital 
tubiyttem ihat performt varloui arlthmetlc and logic oper-
ationi on Iwo digital Input varlabiti. Tha Ani2SLS2517 and 
tht Am25LS381 ara Schottkv TTL arllhmatic logic unlti/ 
function gongraiori that parform tight arllhmotlc/loglc opora* 
tioni on two lour-btt Input varlablai. tn most ALU'i. ipeed li 
generaily á key Ingredient. Therafora, as much parallallsm tn 
the operaiion of. the arllhmatic logig unIt as poulble It deiired. 
The Am25t,S38t ALU ii deiigned to opérale wlth a 't82 carry 
lookahefld generator to pertorm multl-lavel fuH carry lookahead 
over any number of blti, Therefore, the Am2S(.S38l hai boih 
the carry genérate and carry propágate outpuii requlred by the 
'182 carry lookahead generator. The Am25I.S2517. on the 
olher hand, doei not have the carry genérale and carry propá
gate functions.but raiher het the carry ouiput (Cn44) and a 
two'i complement overflow deiecllon ilgnai (OVI\| avallabla 
at Ihe output. The net retuU li thet i very highipeed 16-blt 
arithmetic logic unit/function generator can be designed and 
ajiembiedjjíing thréé Aiñ25LS381 % one Am25LS25f7. and 
ooe Arn2902Jthe'Am2802 ]« a hL'*'''?**^!!^'.'-''.''.''!''f'.-'.^? 
carryJóokaKead generator). 

shown In Figure 1. From thit truth tabte. the equationi for the 
full addar: 

S - A « B « C 
Co - AB + BC + AC. 
where A and B are the Input operands to the full adder and 
C li the cerry input Into the adder.. 

Tile fum output, S, repreienti the lum of the A and B operand 
Inputi end the carry Input. The carry output, Co. representt 
the.carry out of thIt cell and can be usad in the next more lig-
nificanl cell of the edder. Full adder celli can be caicaded at 
deoicted In Figure 2 to form e four-bit ripple carry parallil 
edder. 

IZ ÜNDERsfÁNdlNGTHÉ F U U ADDER j . 

Tile reiuMi of an erllhrnello operitlon In any poillion in a 
, . . word dependí not only on the two-lnput eporand bilí at that 
>VW:ÁMX >X"' ' '0"- but alio en iHUthil leiier ilgnlflcant operend bile sf 
f< - '̂it'![,'!- the twb Input vérláblei.'the finel reiult for eny bit, therefore, 
. ' r i i í ' ? '' " ° ' •'•'I 'hle untll the^cerrleí of all the preyloui blti heve 
';,,i.:í '•;' rippled Ihrough ihe logle errey itartlng from Ihe leen ilgnlfl-

'; t ' \ . • '-• cant bit and propagating Ihrough lo the moit ligníflcant bit. A 
full adder ii e device that acceptf two Individual operand bilí 
al the lame blnery weighi, end alio acceptt e carry Input bit 
from Ihe ne>t tener ilgnlflceni weight full edricr. The full 
adder then producet the lum bit for Ihli bit poilllon and alio 
producei a carry bitto be.used In the next more lígnifi^ant 
weight full adder carry Input. The truth teble for a full adder Ii 

Inputl 

A B C 

0 0 0 
0 0 1 
0 1 0 
0 I 1 
t 0 0 
1 0 1 
1 t 0 
1 t 1 

Outputi 

S Co 

0 0 
t 0 
t 0 
0 1 
t 0 
0 1 
0 1 
1 1 

Flgurt 1. Full AdHar Truth Tiblt. 

_ Nott thit onea wt havt cttctded dtvlc«> <t ihown In Figura 2, 
' v/9 may wish to dltcuii tha «quatlont for tha l-th bit of th« 

adrior. In lo dolng. wt might describo the equattoni of Iha full 
addar at followi: 

S| • A] • B| • Cj 
C|+t - A|B| + B|Ci + AiC| 
whnra tha A| aml B| ore tha input opersndi at the i-th'l)il, 
amJ Iha Cj U ihn carry Input to tha l ih bit. (Nota that tha 
aquationi for thl) nddor tre itoratlve in natura anü eodi 
dopondt on tho resuli of the previout leiser slgnillcant biti 
of the adder array,} 

1 c 

f 

1 >• 

1 1 S A 

1 

V , M, 

1 1 
1 Ca 

1 

Y , H , 

1 1 • • 

f 

Y, K) 

1 1 • A 

1 j íour 

Figura 2. Caicaded Futt Adder Calli Connected as a FourBIt Rlppla-Carry Futí Adder. 

I A FOURBIT CARRY LOOKAHEAD A D D £ R " 1 
. Looicíng back to the equationi developed for i-th bit of an 
adder, let ui now rewrite the carry equatron In a ttíghtty dtf-
ferent form. When we factor the Cj In thíj equation, the new 
equatron becomes: 

Ci + i - AjBi +Cj (Ai + Bj) 

From the above equatron, let ut now define two additlonal 
equation», These are: 

Gi-A¡Bi 
P i - A i + B i 

Wilh these two new auxiliar/ equations, wa can now rewríte 
the carry equation for the t'th bit ai fotlowa: 

Cj+i - G j +PiCi 
Nntn ihüi wo Unvñ now ilnvitlofind two tí j f im: lh»t P| liírm it 
known nt carry propágate and the Gj term Íi known as carry 
genérate. An antrcipated carry can be generated at any stage of 
the adder by ímplcmenting tha above equations and using the 

. auxrliary functíons P; and G; as requjred. 

It It interetiíng to noio that the lum equation can alto be 
wfitten in terms of these two auxillary equations, P¡ and Gj. 
For thit case, Ihe equation ís: 

S i - (A ¡ + Bi) (AiB¡)®Ci 
Tha auxilrary functlon G| ii calted carry generala, becauía If It 
ii Irue, then a carry It ímmedíately produced for the next adder 
itage. The functlon P; ii caMed carry propágate becaute it 
impliet there will be a carry into the next stage of tha adder if 
thare li a carry Into Ihli iia<^ of Iha adfltir. That it, G| cautas a 
carry ilgnot ai iht l-th iiage of tha ióótr to be ganaratad and 
presentad to tha naxt stage of tha addar whita P) causal tn 
axisting carry at tha input to the Í-th ttage of tha addar to 
propágate lo the next tiaga of tha adder. 
Let US now write a(l of tha sum and carry equationi requlred 
for 8 full four-bit lookahead carry adder._ _ ^ 

i So • Ao '" Bo * Co 
S I - A , 'PQi '^ |Go•PoCoI 
$ 2 - A 2 * B 2 í ' ( G | +PiGo + PtPoCol 
S3 - A 3» 82 * (G2 + P2G1 + P2P1G0 + P2P1P0C0I 
CÍ+4-G3+P3G2 + P3P2GÍ *P3P2PlGo + P3P2PlPoCo 

An irnpon.int point to noto ís that alt of thf sifm equations and 
Ihe final carryjjuipul^ equation, Cj+4, can bewritten in terms 
pf the A¡, 8i, and CQ inputi to the four-bit adder. The confi-
guration as dcscribed above is shown In Figure 3- Thit figure is 
divided into two partt — the upper blockt ihow the auxillary 
f̂unctlon gonerator clrcuítry required to Implement tha P; and 

Gj equations while the lower block implements the logic re
quired to genérate the sum output at each bit position. 

A serious drawback to the lookahead carry adder is that as the 
word Icnfjth is increased. Ihe corry functíons become more and 
tntjrti complftx, eventuatly bocomlng Imprnctícnl due to the 

- large number of Íniercoi»i6ctÍoiis and httavy loadiri^ of th« G, 
and P; ftmctions. The auxitiary functlon concept can be ex
tended, lífvvcver. by dividing the word length Into fairly smad 
Incrcmenti .md defining blocks of auxillary functloni G and P. 

Ünderstanding the Am25LS2517 »nd Ihe Am2SLS381 

The connecilon icheme shown m Figure 2 requíres a ripple 
^propagation time ihrough each full adder cell. If a l6-bit adder 
li to l)n aít'ímblcd, thfl carry will ĥ vo to ptoptKymt Ihrough all 
IC lull Mitiict colli. What ii doslred It lome technique (or antici* 

.¿ating ihe carry such that wa will not ha^e_towaít for a ripple 
jcarry to progagate through the entJre netwofk. By uiing some 
,additíonal logic. such an adder array can be co'^itructed. This 
type of adder íi uiuaHy callcd a'carry lookaheíl^ Ajder. 

Figura 3. Full Four*Blt Carry-Lookahaad Addar. 
It I» potsibla for a givtn block, to defina • furKtlen G aa the 
carry out genaraiad with the block; and P can bt dtfinad at 
tha carry propágate over the block. If tha block tlrt Is lat at 
four bits, then the functíons for G and P for thij block can be 
defined as foltows: 

G • G3 • P3G2 + P3P2Gi • P3P2P1G0 
P - P3P2P1PQ 

It ii important to note that neíther of these termí involvts a 
carry-in (CQ) to the block, so no matter how many blocki ara 
tied in an adder. all |ha blocks have stable G and P funciloni 
avaílable rn a mínimum numtwr of gate delays. 

Tht fi end f ^únctiont cawfceywri to produce • carry-ín lo 
each four-bit block, ai a funrtion of tha leiier tignificartt 
blockt. The carry-in to a block in is therefore: 

Cn - Gn-1 + Pn- lGn-2 + Pn- tPn-2Gn-3 * . . . 
+ Pn- lPn-2Pn-3 • • • P2P1P0C0 

Finatly, the carry-in to tKh of the bits in a four-bit block must 
inctude a term for ihe actual least significant c«rry-tn: notir. 
Iherefore, that the touationt for thf four-bit futí adder pru* 
\riifr'j above includt a ttrm (or carry-ln at each bit potilion. 
Figura 4-ŝ •ov(r» tht loyic díagram for th« Am2SLS381 arith
metic logic unit/function generator while Figura S t^owf ihf 
I09ÍC diagram for the Am25LS2517 «rlthmettc togíc unít/ 
functlon generator. Note the genérate and propaQftt OUI|KII I 



Undtrdanding lh« Am25LS2S17 and the Am2SLS3ai 

_jPEED'ÓR"DELAr"' ' " .' ' • — ^ - • 

Utually, (he moit Importinl paramottr In .iho dnslgn of »ny 
' ariihmetíc loglc unlt ii' sptsd, How foit can iwo nurnl)«ri bo 

addcd? It ripple ca r̂y lufficlant or ihould carry lookahead 
ovar Iba anllra addar array b« uiod? Iri order'lo aniwer theid 
queitíon$, the desígn enginear muit firtt avaluáta the speed of' 
the ALU required In hi« lystem. Then he can ¿valúate the var-

' loui alternativeí baied on tht numb«r ol biti In the word 
being uied in the dofign, 

The calculation of the ipeed (add or subtract.time) of a 16-blt 
adder ii siraightforward and wlll be dlicuiied In detall. It 
ihould be meniioned that the ipeed of (he adder while In the 
logic mode is slmpty the propagatlon delay from the A| or 
Bi inputi to the F| outputs |35ni máximum at 2S°C and 5V 
forlheAm25LS2517). : • : ' . . . • ' . . 

"LboKAHÉAD CARRY J '; 

Tha Iviilcol nieihod lor bulldinu tObll ÁtU' i li to niniiloy a 
carry lookahaad generator luch ai the Am20O2. Such a tOblt 
deilgn would Incorpórate three Am2SLS38ri, ono Ain25LS 
2517. and one Am290l For the 16-blt full ctrry lookohead 
adder in the add or lubtract mode ai ihown In Figure 7, tho 
máximum propagatlon dolay. for dota-ln to datn-out is cal-
cul;ited as followi: 

.._ DATA PATH DELAY I 
16-BIT LOOKAHEAO AODER/SUBTRACTOn 

l>5V and 2S°C Máximum Oalayll 

• P a t h 

A | or Bj to Q or ? 

Gl Of P( t o C ) » j ( A m 2 9 0 2 l 

C „ 10 F| 

C„ {0 C„i4 ot OVR 

T O T A L 

1 6 - b l l c M l t v 

F| 

11 

to 
3 3 

-

oo 

O u t p u l 

C n t 4 

J 7 

10 

• - . 

J 3 

S9 

ovn 
3 7 

to 
,_ . 
3 3 

. 
S9 

U n l t l 

n i 

n i . 

n i 

n i 

n i 

The data path for thii computallon beglni at the lent «Ignlfl-
caní <l bit devlce, propagatei Ihrough the Am2902, and then 
endi al the moit lignlllcant 41)11 devlce. Aciuallyi the ilolay 
to the ouiputi of the móil lignlllcant devlce IMSOI, then 
second MSO. or third MSO ii Idcntical. 
Thuf. the above speed I» identicel if a l2-b!t ALU Is fabricated. 
This resuiti because the same types of comblnatorial propaga
tlon delays are involved. 

We should also investígate tho delay of thli adder wlih regard 
to the iclect Inputs as shown in Figuro 7. Again, we may cal
cúlate the 16-bit full carry lookahead add/subtrnct dclay as 
followi: 

16-BIT LOOKAHEAO AOOER DELAY 
FOR SELECT INPUTS 

|«5V and 2S°C IMaxImuffl Oalays) 

P a t h 

Si 10 5 or F 

0 | Of Pf 10 C H ' I I A n i 3 g 0 3 ) 

C n "> '\ 

C „ l o C „ , < o r O v n 

T O T A L 

Output 

F| 

4S 

10 

B I 

Cn+4 

4 8 

10 

33 

eo 

ovn 
' 4 8 

' 10 

3 3 

9 0 

U n l t l 

n i 

n i 

n i • 

n i 

n i 

Let ui examine the ipccd of a 84bit arithmetlc loglc unit 
fabricated as ihown in Figuro 9. The worst case path (or thii 
doilyn ii ai follows: , ' 

DATA PATH DELAY 
64.BIT LOOKAHEAO AOOER/SUBTRACTOR 

(tSV and 25°C Máximum Oelayil 

': Path 

A( or Q| lo S or P 
C¡ or P| 10 0 ) or P| { A i n 3 9 0 3 ) 

O | O f P | l o C | f | ( A m 3 0 0 3 l 

C „ l o C | , | I A m 3 9 0 2 l 

Cn 10 F| 

Cn l o C n i a O r O V n 

T O T A L 

I H I i l m u H y 

Output '. 

• F | 

3 7 

14 

10 

14 

3 3 

en 

C n t 4 

3 7 

14 

10 

14 

3 3 

117 

OVR 

3 7 

14 

10 

14 

3 3 

...'.'_ 

U n l t l 

n i 

n i 

n i 

n i 

n i -

m 

n i 

The ílmvQ exAmpla domoniirolot Iho ipeud Impiovijinenl 
whon using Mrry lookahead ovor tha enilre trray. When ihii 
04 bit example is eompored wilh th« previoui IGbit exampt?, 
I( will he found thai the only dtlfercnco Is the addition ol two 
Ain2002dolnys. 

LQIPPLE CAPinv I 

Tho ilowest speed ALU dciion employs the ripple Cfirry tftch-
nlnue. When four-bit dcviccs such as Ihe Am25LS25t7 â e 
cmployed in such an ALU, the spccd ts usually compuied 
using tho combinatoria) dolay tcrms in the foMowIng maiHicr. 
It. Snlect tho longcst combinatoria! dclay ín the least signifi-
¡ cant devi'ce (rom any input to tho carry output, Cn+4. This 

ij usiiAÜy from tho A or B Inputs to the carry output. 
2. A<ld the carry tnpul to carry output proi>ag.ition rlnlny .is 

many times at required to rppfesrnt o.ich itl tho itiipfmíi' 
diatc íourbít ALU't. 

3. Finilly, tnko tht propagntion dclay (rom the carry input to 
the ALU ndder outputs. 

Whon lh« above rules are foHowed, tho total worst case propa-
gution delay ovtr tht tnttrt ALU bit widlh Is dertved. 

ir we conslrler the ripple cerry •dder/iuh Ir actor conlinuratlon 
os shown In Figuro 8, the propaontion delay (or the dJiii inpul 
to data output path Is computcd as follows: 

DATA PATH DELAY 
16-BIT RIPPLE CARRY AODER/SUBTRACTOR 

(fSV and +25'*C Máximum Delays) 

Path 

A i or 8{ ( f l C n i 4 

C n l < > C n l 4 

Cn l o C n « 4 

C i , 10 F| 

C n to C n « 4 or O V n 

T O T A L 

16 l i l i i k l a y 

F| 

3 0 

3 3 

3 3 

3 3 

-

103 

O u l p u 

CnM 

3 6 

33 

2 3 

-
3 3 

103 

OVR 

3 6 

3 3 

3 3 

-
33 

103 

U n i t l 

n i 

n i 

n i 

n i 

n i 

n i 

In thli conncctlon, the máximum dclay bcgini at the Icast sig-
nlficanl devlce »n{l proiiiMj.itQS thrnu<|h the moit liqnilicnnt 
device vía the rlpiile carry iiath. 

The lelect to output delay Is computcd in a similar manncr 
uslnfl Si lo Cni4 as tho (irsi Icm anri Is (numl to hii: 
S| 10 F| " l22ni;S| lo Cn til - 12in,S| loOVn ' I21ni 

. Tlie ripple carry computatlonal examples 'show thé speed 
of a IBblt ALU lunction/generator built using tour Am25LS 
2517*1. 

I _<=°^'i'*"IN<3 THE_'2517n81 W T f j J ^ ^ ^ 

To compare the performance of the Am2SLS2517 and 
LS38I, we should evalúate the various ' ISI ALU's connected 
in a 16bit eonfiguration with the Am2902 carry lookahead 
generator uied in all configurations as shown In Figure 7 The 
companion (or the A( or B¡ to F| edd/subtract time is as 

•follows: 

COMPARISONOFISBITADDÉR/SUBTRACTOH 
OATA OELAY USINO 4 ALU-s AND 1 Am2902 

UndarsUndinfl th» Afn2SLS2517 and I h * Am2SLS3íl 

Even more Important is the comparison of "System Soeed" 
normally asiociated wlth the ALU (unction. If we assume the 
syltem eonfiguration ai ihown In Figure 10. then a reaioiuljle 
comparison of speed lor Ai or Bj to OVERFLOWcan be made 
as follows: 

SPEED ANO POWER 
FOR ALU SYSTEMS OF FIGURE 10 

ALU Device 

I I / ' I :Í MI I 

A m 7 4 i e i 

A i n 7 4 L S i e i 

A m 2 5 L S 1 8 l , 

A m 3 5 L S 3 8 1 / A ( T t 2 S L S 2 S I 7 

Máximum 
Add/Subtract I Máximum 

Delay Power" 
•5V and 25*C | Vcc - +5.25V 

J / i i t 

6 4 n i 

6 9 n i 

SSni 

6 0 n i 

U M i i i A 

e 9 4 m A 

3 4 2 m A 

34 2 m A ' 

2 6 6 m A 

• N o l . ! • : O í I h i i p o v w r . 9 4 m A i l I h , A m 3 9 0 2 

1 Paih 

^ or Bi to G 

o r P 

0 or P lo C|,| 
(Am2902) 
<;„ lo o v n 

C „ 10 f j 

Com lo O V R 

T O T A L 

P O W E R 

Alt 

" S " 

15 

10 

12 

2 1 

5 6 

9 9 8 

A í l 

3 S L S 

2 8 

10 

l U 

5 5 

A l l 

7 4 L S 

33 

10 

2 8 

6 0 

124 

2 5 3 

A » 

O o l d 

O o p o d 

2 5 

10 

• 1 9 

8 0 

114 

7 4 8 

xsiai 
' L S 2 S 1 7 

2 7 

10 

2 2 

5 9 

2 6 « 
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na 
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n» 
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Figure 10. The Normal ALU System. 

i 
SUMMARY 

The Am25LS3ni .ind Am25LS2SI7 oller superior petlor-
manco utilliing the space saving 20-pin package. The data add/ 
luhlroct time comp.-irei very (avorably wilh (he 74181 and 
74SI01 wi(h < considerare reduction 11/3 (o 1/4) in dilli-

l)a(od imwer. The Am2SLS3ai and Am25LS25l7 eombina-
tion ixovide the OVR lunction not eurrenily avallable »r 
easily lo implement on any '181 eonfiguration. The 20-|iin 
packiKT eonfiguration olfen al lean a 2:1 saving In PC boiird 
aria compared lo the '181 24i>in package aoproaeh. 
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ELÉCf f t l ic 'A 'LCHARACTERISTICS' ••• '• '' ' < • • ' ' 

,Th9 FollowingConditions Apply UnlMiOtherwlsaSpieified:.' . ' ' • . ; ' • ' . ,• • 

• COM'L T^ - 0*C 10 • Í O ' e ' V e £ " B . O V I » » MIN."< .JSV MAX. -S .29V 

Mil Tj, • - s s ' c t> «iis'c Vee>s.ovito« MIN. x .sov M A X . - S . S O V 

p e CHARACTERISTICS OVER O P E R A T I N G RANGE 
PiiamiiKn ' DalcrlpOon Ttl l Conrilllaní iNm» ll 

Ain2SLS2S19 

; SWITCHING CHARACTERISTICS 
ITA -+25''C. Vcc • B.OV) 

Ptrtm*t*r« Dascrtption Mln. Typ. Max. Units T x t Condhlont 

Typ. 
Mln. iNoi» 1} 

VQH 

VOL 

. Output HIGH Vollig* 

OutpulLOW Vollagt. 

V|H 

V I L 

>tL 

l|H 

'ce 

Inmit HIOH Llvil 

' • ' " • 

Vcc-MIN. 
V | N - V | H O ' V I L 

•Vec'MIN, 
V|N " V|H or VIL 

MIL. l o H * - ' " " * 

COWL, loH' -»« '"A 

•OL " ̂ 'On'A 

'OL • í-OmA 

'OL • l í f^A 

iKDUt LOW Ltvd 

Inpul Cl*mp VoM««« 

Inpul LOW Currf n( 

Input HIGH Currcnt 

Inpul HIGH Currfnl 

OH Sl iU IHIgh'Imptdol») 
Oiilpul Curr^rtt 

Ouiput ShOft CtrruK Curitni 
INoi i I I 

Pp«v«r Supplv Currtnl 
(Non 41 

Cutrtnicid inpul loflical HIGH 
volttgt for «11 Inpuli 

Quarlnltfld Inpul loflltll LOW 
volla9« fof til Inpull 

MIL 

Vcc "MIN.. I|N - - U m A 

-Vcc-MAX., VIN-0.4V 

Vcc-MAX..V|N-J.7V 

Vcc-MAX..V|N»7.0V 

Vcc-MAX. VQ • 0.< V 

Vo • 7A V 

Vcc-MAX. 

Vcc-MAX. 

-7(1 

'PHL 

" fH l 

V L H 

•PHL 

•PUL 

V L H 

•PML 

V L H 

•pHL 

^pw 

< P . 

*• 

>!. 
t . 

>« 
•. 
H H 

<ZL 

«HZ 

«U 

• n . . . 

C lockloWi 1 

(Ellhar Polaritv) 

ClAHr to Y| 

Citar lo W| 

PolarllY lo W| • 

Claar 

Clock Pulía Wldth 
LOW 

HIGH 

Dala 

Otia 

Offia Enahla 

Data Enabla 

Sal'Up Tima, Claar 
RacQvary (Inadfva) to Clock 

Output Enabla lo W or Y 

Oulpul Enabla to W or Y 

Manimum Clock Froquartcy (Nota 1) 

18 

1S 

18 

22 

20 

24 

24 

29 

25 

30 

23 

2> 

ts 

• 
10 

0 

20 

3S 

15 

11 

13 

13 

11 

49 

33 

30 

36 

38 

43 

37 

45 

34 

37 

17 

20 

20 

17 

na 

na 

n$ 

na 

na 

na 

na 

na 

na 
na 

na 

na 

na 

na 

MHr 

C i - t í o * 

\ - 2.0kn 

C i - 8.0pf . 

«1 - 2 . 0 U 1 

C i - 15pf 
«1 - 2.0kn 

Nom I. r»t h 
p..lu> 

ihitKv cn>tv«niínn, t , ,^, U I I M M O H I r.»%m « 
wiitili i>r (liity rv:!*, 

Iiof) lfiti|>i*n(,r iMirt) f ittltmttitt ftn I , , t | . 

N O I M : 1. Por eendHIoni ihown ai MIN. or MAX., uto th« éortropti^té vatu* (D««l(l»d undcr Klaetrlc*) CharAcitriiHe* 'o' ihc *i>pitc*bta davlca lyp' 
] 2. Tvo'e*! MmMi are ai Vgg • 9.0V, as"C «fWílént and máximum loaüfnt-

iü̂ : 
3, Not mor* than en* ouipul ihoultf b* ihoriad »% » tima. Ourailon of iha iho'l e<rcu>l tait thou'd noi aacaari ona laeond. 

t j 1 4, Inoutt found«d;eu1puti opMi. . - , . . . „ . ' ̂ _ . 

AmZSLS 4 

M Á X I M U M RATINGS (Abova whlch th« utolui lUt may b« Impnlrcdl 

Storaqe Temperatura -e5°C to «ISO"! 

Temperatura (Ambient) Under 8ia» -SS'C 10 «125' 

Süpply Voltage to Ground Poteniial Contlnuous -0.5Vio«;.0* 

OC Voltage Applied to Outputi (or High Output State -0.5 V to4V(.(.nu< 

DC Input Voltage -O.5Vto*;.0< 

be Output Current, Into Outputf 30ini 

DC Input Current ' - 3 0 mA to«5.0iiU 

SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 
P a r a m t t a r t Oaeer lp t lon 

*PLH 

«PHL 

•PIH 

•PHl 

IPHL 

'PIM 
'f'Ht 

IPLH 

'Plll 

' < 0 . ' 

*Dw 

^ 
<h 

^ 
<h 

•a 

«2H 

•IL 

<HZ 

«U 

'm«« 

Clock to Y| 

Clock to W| 

lEllhar PolarltYl 

Claar lo Y| 

Citar 10 W| 

Claar 

Clock 
LOW 

HIGH 

Oala 

Oala 

Data Enabla 

Oata Enabla 

Sat-up Tima. Olear 
Recovary (Inactiva) lo Clock 

Output Enabla to W| oV Y| 

Output Enabla to W| or Y| 

Máximum Clock Fraquancy (Nota 1 ( 

A m 2 S L S C O M ' L 

T A - 0*C t o + 7 0 * C 

V c c - S.OV i 5 » 

M l n . M a x . 

20 

20 

20 

1S 

10 

2S 

0 

23 

30 

39 

3» 

«1 
44 

52 

42 
51 

41 

42 

24 

29 

33 

2 2 - . . 

AmZSLS M I L 

T A - - 5 5 X to +12S"C 

V c c - * O V l i o * 

M l n . M a x . 

20 

20 

15 

10 

25 

0 

24 

25 

42 

45 

43 

48 

58 

43 
53 

45 

44 

27 

35 

4S 

26 

U n l t a 

na 

na 

nt 

na 

na 

na 

na 

na 

na 

na 

ns 

na 

na 

na 

MHt 

1 

T a t t Co'ndHIena 

C i - SOpí 

« , - ?Dlil) 

C i - 5 . 0 p f 

\ • 2.0kn 

C i - 50ef 
\ . 2.0kí) 

• rUfintbH l« flimín A ttthnfmitt 1. 



A m 2 5 L S 2 5 2 0 

• I - p . r i . ' - . in ; ) . „ ' , ) I • 

Packag* 

,VTyp«. . . 

OROEñlNQ INFORMATION 

Tomparnlur* Ordar 

. Ranga Numbar 

. '• Moldad OIP 
¡HarmaUcDIP 
i Clilp-Pák 
' Mea • ' ' 

., :Ha(mallcOIP 

. Harmatic Flal Pack 
iCh lp -Pak 

' i V Dlca •• 

. 010 ^^crc 
oio+7(rc 
oio+7(ro 
O l o + W C 

-S5IO + I2S' 
-5510 + 125" 
-5510+125* 
-55 lo+ 125* 

- L . .^ 

AM2SLS25Í0PC 
AM25LS25200C 
AM2SLS2S20LC 
AM25t.S2520XC 
AM25LS2S200M 
AM2SI.S2520FM 
AIW25I.S2520I.M 

/•ÁM25I.S2520XM 

APPLICA-nONá 
iiKTOArAaui 

iNjrnucriOMikicisrtM 

MAPPtm] pnoM 

"'-•• A t y p i o l Computer Control Unit for amlcroprogrammed machina. 

«DflflflS 

C 
1£ C> 

«OD«IUIÜ!t 

' • ' l ( 

\ 

«->»Lmfo 

>. 

I 
A M H i t n » 

I. 

• 

1 
*»nisnM 

K 
rOOtVK:! •• 

. .-
'• ' IM 

• , '% 

«•••»l«7»M 

" 1 

i-. 
iK.'-n\.V!\m 

... L... 

'^ 
\ t 

*n./M W.AÍ 

t 
onrvicr •/ 

O I S T I N C T I V E C H A R A C T E R I S T I C S 

• 8-bit byta orientad equal comparator 
• Cascadable uiíng £ | ^ 

• Highspeed, Low-Power Schottky technology 

• tpd * • B lo f O U T in Sni 

á Standard 20-pln paekaga 

Th» A m 7 m Í 7 f í 7 0 U n Hwlii l finvici! in inferl.lcino vvilh thn AmOOOOA svstcm l>uicj. 

Am25LS2521 
£/gh(-Bi( Equa/'to Comparator 

HELATED P R O D U C T S 

Parí No . Doscrlpl lon 

Amjonod 
Am29e09 

Chtp SAtect Oacodnr 
9-Bil Comparator 

F U N C T I O N A L D E S C R I P T I O N 

Tha A m 2 5 L S 2 S 2 l Is an S b i t "aqual t o " comparator capabla 

of eomparing two 8 b i t word i for "aqual t o " w i th provisión 

for expansión or axtarnal anabling, Tba matching of tha two 

8-brt inputs plus a logic LOW on tha E|N producás *n activa 

LOW on tha oulput E Q U T -

Tha legle axprassion for tha daviea can b« axprassad as: 
g p U T • ( A p O S o l | A i 0 B l ) ( A j O a ? ) l A a Q B j ) ( A 4 ® B 4 ) 
(/. > r . ) ( A 7 0 8 7 ) E |N . It is obvióos that tha axprrssion is 
v¿ .. Aliara A g — A 7 and B Q - B7 ara txptnMi as althar 
assertions or r>egations. This Is also trua for pair of tarms l.a. 
A Q can ba comparad vvíth B Q at tha lama ^Ima A f is comparad 
wilh B | , l l i l only aisentlal Ihal I h * polaríty of Iha pairafl 
termt t}a inainlainad. 

LOGIC O I A G R A M 

:n^z^rDO 

•>o 1>^ 

'•Mfr 

C O N N E C r i O N Ü l A a r i A M S - T o p V l a w a 

Leadlaaa Chlp Carriar 
L-20-1 

i< mftrWívl fnr nri«ntfl(ion. 

LOOlC S V M n O L 

GNO - Pin 10 



r V Am25LS2521 

APPLICATION 

• . : . : ' . •••r\ • ' . • l ' . l 

1 

MAX. ENABLE (HIGHtoLOW) OELAY 
OVER 16BITS 

ICommercInl Ringa) i 

't*Ml 

'PHL 

A, »> n, 

FIN lo 
tour 

Tol«l 

lUrt» 

I3.9nl 

31.5nj 

Wtllt INAItf, 
NIAOIMMVI 

ONMIIH 

MicROPnocESson ENADLE CONTROLLED, 
SELECTABLÉ, ADDRESS DECODEñ 

OROeniNQ INFORMATION 

. Packsg» 
Typ» 

Moldad OIP 
Hwmstic DIP 

de* 
Chlp-Pak 

Hafmalle OIP 
HwimncFW-PaK 

CIilp-P«li 

T«iiip«r«lur» 
Ranga 

oio+7<rc 
oto* « re 
Olo+70"C 
0 lo • /(re 

-55IO + I25-C 
-5SIO + 1Í5-C 
-ssio + iírc 
-55IO+1J5-C 

Ordar 
Numbar 

AM2SLS2521PC 
AM25LS252tDC 
AM25I.S2521XC 
AM25LS2521Le 
AM25LS2S2IOM 
AM2SLS2$2IFM 
AM2SLS2S21XM 
AM25LS2521LM 

Am25LS2535 
Eight Input Multiplexer with Control Reglster 

OISTINCTIVE CHARACTERISTICS 

• High ípeetl cight-input multiplexer 
• 0"-cltlp Mulliplentjr Sclecl Í'MJ Poltrlty Control Regiiter 
• Output polarlly control for inverting or non-invening 

bulpul 
• Common register enable 
• Asvnchronout register clear 
• Three-itate oulput for expansión 
• Arn25LS features improvcd noiie margin, higherdrive, and 

fastcr opcratton 

FUNCTIONAL DESCRIPTION 

The Am25LS2535 i's an eight-Input Multiplexer with Control 
Rígiiter. The dcvire íratures high speed from dock to output 
•nfl i% iiMrndi'd lof i n " til liiíjti t(iiTi?(l crtrtt(nlli*r contiol i in i l i 
III ttliMMiiifiil M.ilit iii.ii;hiiiií il'iiiijill. 

The Am25LS2535 contains an internal register which holds 
Ihe A, 8 and C multiplexer, select line» a> well as the POL 
(polariiv) control liit. When the Register Enable Input (ffTl is 
LOW. ncw dala is entered into the register on ihe LOW-to-
HIGH. tr.insition o( the dock. When S? is HIGH. the register 
rrt.lins ils riifiTiit il.il,l. An .isvnrhronnnt cliTilr Input ( C t n i Is 
uiiíil tu fiMCt (luf leijiiliir lo á luijic LOW I«VBI . 

The A. 8 and C register outputs select one of eight multiplexer 
data inpiMs. A HIGH on the Polaríly Control llip.flop output 
causes a Irue ínon-invcrting) multiplexer output. and a LOW 
causes the output to he inverted. In a computer control unit, 
ihis allows tcsting of either true or complemented flagdata at 
Ihe microprogram sequencer test input. 

An active LOW Multiplexer Enable Input (fXZ) allowi the u-
lecteü multiplexer input lo be pastad tú the output. When M? 
Is HIGH, the output is deiermined only by the Polsrity Control 
bit. 

The Ani25LS2535 also features a threestate Output Enable 
control lOEÍ for expansión. When O? is LOW, the output is 
enablcd. When OE is HIGH, the output is in the high ímped-
anee State. 

LOGIC DIAGRAM 

CONNECTION OIAORAMS - Top VIew» 

Leadlass Chlp Carrler 

• C ' 
i C > 

<€• 
• C ' 
'€< 
•C-
• C 

M 3 "re 

1.3», 
I. D». 

1.3». 
ii 3 M 

, . 3 . 

. . 3» . 

RELATEO PRODUCTS 

Parí No. Ocseríption 

Am2922 
Am2923 

8 Inpul Mulliptaxer 
6 Inpul Multiplaxar 

Packaga 
Typ» 

OROERING INFORMATION 

Tamparatura Ordar 
Numbar 

Molded OIP 
Hermetic OIP 

Chip-Pak 
Oica 

Harmatic OIP 
Hermane Fiat Pnck 

Chip-Pak 
Oica 

010 * 7crc 
Oto «Tire 
Oto*WC 
Oto^/O-C 

-5!to*125'C 
-5Sto*125'C 
-S5tOH25'C 
- 5 5 l o * t 2 r C 

AM25LS2535PC 
AM2S(.S2S3SOC 
AM25LS2Í3ÍLC 
AM2SLS2S39XC 
AM2S(.S2S3SOM 
AM25LS2S3SFM 
AM2SLS2S351M 
AM2SLS2$3:xM 



T ~ 

'-AnÍ25llg2568iAm25L92569 ' 
ELECTRICAL CHARACTERISTICS '. ' . , , ,' 
;Th« Following Condllloink Apply Unliii Othtrwiit SrMCIfied:; ' 

í e O M ' L ' T Ü « 0 ' ¿ ' i < r ' » ' 7 0 * e " — ' V e c * ' ' ! " ' * . M 1 N . - 4 . J S V M A X . > > . » V 
,MiL T ^ k ^ - s s ' c i m u s ' e ' " v ¿ c - « o v l i o » Iwif l.-4.S0V/ ' M A I Í . - S . S O V ' • ' " ' • 

p e CHARACTERISTICS OVER OPERATING RANGE . 
; Ptrimtiin Otierlptíon i T«<l Condliiom (NOI« t i . 

Typ. 
INoi*3t 

SWITCHING CHARACTERISTICS 
ITA--t25'C. Vcc -S .OVI 

ftrtrnttm Oeicription Min. Typ. Ma« 

Unitl 

VOH, Output HIGH Votlag* 

VOL 

V I H ' 

V I L 

' IH 

'oz 

. 'se 

'ce 

Ouipul LOW Vot(«9« 

Mput HIGH t l n l 

Input LOW L«v«l 

tnpul CUmp volus* 

tnput LOW Qurrtnl 

Irtpul HtGH Curftnl 

Inpul HIOH Curftnt ' 

Otf-Slftt (High-lmptttenn) 
Output Ct/fttnt 

Output ShPft eircuit Curftnl 

INot iJ I 

^ow9t Rtitiply Cut'«tt' 
(Not> 41 

V g g - M I N . 

V|N* 'V|K| ' 
fiSO. 
eeo-

1 V c c - M I N . • . . . 

V i N - V | H " ' V I L 

M I L , ' O H * - ' " " ' A 

COM-L. IQH ' -?.6mA 

'OH T H * " " * 

'OL '^-OmA 

'OL • S.OmA 

GuarinlcMf Input loqical HIGH ' 
vQltlgt ler all Inputl i 

Ouaranittd Inpul IPfHctl LOW 
votlNtlt lor «11 Itipt'tl 

Vcc " M I N , , l|N • ' - ISmA 

Vcc • MAX., 

V ( N - 0 . 4 V . 

TCCCn. BE, U/iy, XM3 
A,a, c, o.cp, CíT 

crr.sccn 
Vcc-MAX,.V|N-S.7V 

•Vec-M'Áx.TviÑír.ov 

Vcc-MAX. 
VO-0.4V 

VQ • 3.4 V 

Vcc-MAX. 

vce • MAJ<. 

IfHL 

tPHL 

IPLH 

tPLM 

IPHL 

'PHL 

IPLM 

1P1.H_ 

ClfMlk tO Any Q; Loíd - LOW 

Clocti to A,tv O; Lo»d - HIGH 

c fT lo Tica 

U/D' ty Wc^ 

Clotk lo TTc^ 

Clotk lo e c o 

CET or CEP 10 e c o " t o 

ip i í i 

' ACLR lo Any Q 

A, II. i:, ri 

s í in 

U/O 

crr.cP" 
SCLFl n*eov,;ry (JF^^clive) to Clock 

Otia Holri 

M*«i,nom Clock Ffequencv (Nota 1) 

Clock Pulía Widlh 

5 f lo Atiy O; Eftabla 

- i * l ^ . 5 ? lo Aov O; Oiiabla 
i P l í 

Am25LS256a • Am2SLS2569 

Tcft Contfitioni 

C L - ISOF 
H L • J.Okn 

Ci. "S.Opf 
H i . -J .Okt l , 

- - Í^:H: 

itoMtí'^.'Po» condHIoni iho»;i<a MIN. or MAX., Illa tha appiopilala «alúa ibacltlao unOa» Clactllcal Charactaflillcl lo' Hia •opllcaOla davlca l»oa. 
'í.'rVoiéál íiiñín aVa ai-Vc'o*- 9-OV, Js'C amblanl and maalfoum loadlno. 
3. Noi.ínOfa'it>lrf0na oinout iheold lia il^oftad at a tima. Owiatlen of Iha ihort cl'ault. tait it>ould ool aaeaad ona lacood, 
4. 5 í • MICM, all Olhaa.topwll • ONO, all oulDull opan. " * - -. . . 

M Á X I M U M R A T I N G S (Ah¿v« which lh« uietul lif» muy be impaircd) 

Storage Temptralut» _ _ ; 

Temperature ¡Ambienll Undtf Bia« _ ^ _ _ _ 

-65 Cto»l50C 

-55°C 10 H25'C 

Supply VolH9« 10 Ground Poitntial Conilnuout 

DC Voltage Applied lo Ouipu» tor Hlgh Oulpui Slal» 

PC Inpul Voliage 

OC Output Cufrent, loto Outpu l l 

OC inpul Curteni 

-O.5Vlo»;.0Y 

-0.5 VIO» Vcc"» ' 

-0.5Vio»7.0V 

30mA 

- 3 0 n i A lo tS.OmA 

aoia I. Par ioüuinv coovaiiiion, 1 , ^ , it Iha woni caía valúa Of tha maaimum davic* oparating fraguancv with no cooiirainii on t,. t», 
IMilu, wiillti o, iliilv cvcla. 1 

Am2SLS2S68/2S69 
FUNCTION TABLE 

MOOE 

Olear 
(ASYNC) 

Olear 
(SYNC) 

Load 

Counl Up 

Counl Oown 

Inliibil 

Ouloul 
Oinnhlo 

INPUT9 

LOAD 

X 
X 

X 
X 

0 
0 
0 

X • 

CEP 

X 
X 

X 
X 

X 
X 
X 

0 

0 

. 0 
t 
1 

X 

CET 

X 

X 

X 
X ' 

1 

0 

0 

0 

0 

1 

0 
1 

" 

u/B 
1 

0 

1 

0 

X • 

0 
1 

1 

0 

X 
X 
X 

" 

ASYNC 
CLEAR 

0 
0 

1 
1 

t 

••\ . 

1 

' 
1 

1 . 
1 • 
1 • 

X 

SYNC 
CUEAB 

X 
X 

0 
0 

' 

" 

Síl\) 
0 
0 

0 
0 

0 
0 
0 

0 

0 

0 
0 
0 

1 

0 , 0 | 0 , Os 

X X X X 
X X X X 

X X X X 
X X X X 

X X X X 

0 0 0 0 

1 1 1 1(3) 

X X X X 

X X X X 

X X X X 
X X X X 
X X X X 

X X X X 

• C P -

X 

X 

X 

-OUTPUT» — 

Oo 0 | O j O j 

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0 

• o„.o„ 
0 0 0 0 

1 1 1 1(3) 

O n * f 

o „ - , .• 

N.C. 
N.C. 
N.C. 

z z z z 

KC' 

» 
0 

1 
0-

1 

0 

0 

(4) 

•6) 

N C . 
N.C. 
N.C. 

N C . 

CLOCK 
CAURY 

t 

I 

"LTií 

irin 

( i ) 

(S) 

1 
1 
1 

N.C. 

t - CLOCK L O W i o H t G H Ironsition O n . i • N«)rt higher oounl in Wnary s«ouence 
X " Don I Care 0 „ _ , . N«xl k>w«f count In bJnary seQuvnce 
Dn - DQ Ihru O ] inpul level prior to dock Iransílion N.C. * No cfiang* 

Motes: I. fleQisler oe^orms ail corred logic for any siat» of SE, bul OE - O to vi«w outputs, 
2. Foiiows CLOCK il CET r CEP - "0. otherwise remams HIGH." . . , . 

3. 1001 (of LS68. 

4. LÜW (or ono (ull CLOCK cyde when maKímum count is reachad. oiherwisa remeins HIGH. 
5. Füilows CLOCK whon HC • 0. 

I n w frif orlo (iiK CLQCK tvcln whfíf̂  minirríHni rn-mi :« í*-»/*»*»?* ntKniu.;.* .a......... Litnu 

Hi.-J.Oktl


.iíí^if ;i]^^•;^-••';• 

UJM 

í;0';.í y Am26S02 
, .,,.,... Ani26S10 .,,^ 
:'.':,'vi''^'"26311 • 
' iírl'if •'' Am26S12 • • 
.;•;'jí-?-.Am26S12A 

Am26LS27 • 
.'Am26LS28 ' 
;Am26LS29 

Am26LS30 ' 
;Am26LS31 , ^ 

'^^^•iXl Am26LS32 •; 
•-;>TjÍ:<;i¿ Am26LS32B-. 
^:?;;':í3Í^'Am26LS3^ ;• 

• • > • • . . • : 

, •.•-.'; .'' Am26LS34 

rí|Am26SandAm26LS 
: Interface Family Index 

. Schoítky Dual Retrlggeráble, Resettabie, Resellable Monostable Multivibrator . . . . 10-1 
Quad Bus Transcelver • • .• • • • • ; • | ° ' ^ 
Ound 8ii8 Transcolvar . . , : . . . ' . . . . ' . : •• 1°'^ 
Quad Bus Transcelver ; . : . ' . . . . ; ' 0 0 
Quad Bus Transcelver . ' . . . . . • • • • J ° ' ' ° 
Dual Party-Une Transcelvers (Serial)' • | ° ' ' 3 
Dual Party-Une Transcelvers (Parallel) ^°-|3 

' QuadDrlver RS-423, 3-Slate .• ° - ^ 
Quad Driver nS-422/423 °-^^ 
Quad Driver flS-422, HIgh-Speed : '°-2^ 

- Quad Dllterentlal Une Recelver • J°"^° 
• Quad DIfferentlal Une Recelver RS-422/423 : 10-30 

Quad Dlllerenllal Uno Recelver. Hlgh Common Mode . . : . . . . . . . . • io-28 
Use ot tho Am26LS29,30,31 and 32 Quad Driver/Rocelver Fsmlly 

—1n RS-422/423 Applications . . . : • • • °-33 
Quad DUferenllal Une Recelver, Hlgh Hysteresis '0-"= 

•;.,••••, V i l 

• - . M . » K 

Am26S02 
Schotiky Dual Retriggerable, Resettabie Monostable Multivibrator 

Oistinctive Characteristics 
• Advanced Schotiky technology with PNP ¡nputs 
» Retriggerable 0% to 100% duty cycle 
» 28ns to <w output pulse width range 
» lOOkn máximum timing resistor valué 

• Am26S02XM typícai pulse width change of or\\\ 
1.0% over-SS'Cto+US-C with R^ - lOOka 

• Am26S02XC typical pulse width change of onty 0.4% 
over O'C to +70''C with R^ - lOCkO 

FUNCTIONAL 
Iho Ain2üS02 ii » dual OC tev«l i«niitíve, retríg9«rahle, 
resettabie monostable multivibrator buílt using advanced 
Schottky technology- The output pulse duraiíon and ac-
ctjracy dcpend on the externa! timing components of each 
multivibrator. The Am26S02 feaiures PNP input» to reduce 
the input loading. 

Provisión ¡s made on each multivibrator circuit for triggerrng 
the PNP Input! on either the riiing or fafling edge of »n 
Input signa! by including an invcrting and non-ínvertÍng 

. trigger Inpul. Theie PNP Inputi are DC coupled making 
triggering independen! of the input rise or fait time. Each 
time the monostable trigger input is activatet m the GR 

DCSCniPTION 
trigger gaie. tull pulie length triggering occuri Indeptndtnt 
of the present itate of the monostable. 

The dírect dear PNP inixjt atlows a timing cyclc to be 
terminated at any time during the cycla. A LOW on the 
clear input forces the O output LOW rtgardless of the 
TQ or \] inputs. 

The Am26S02XM hei a typical pulse width change of only 
1.0% cver the ful! military -55*C to +125*C temptraturi 
range and the Am26S02XC has a typica! pulsa width changa 
of only 0.4% over the commerciat 0*C lo +70*C tempera* 
»'re range with a Rj( • lOOltíl. 

SCHEMATICDIAGRAfM 
(Oni Monotiabte Multivibrator Shown) 

IN 

OROERINC INFORMATION 

Pi)r.l(AQfl T«nipflf«tiif« 
Typí Mang* 

Ordíf 
Numtm 

Moldcd DIP 
Wnimittic Dtp 

Olee 
Hermglic OIP 

Hermetic Fíat Pak 
Dice 

O'C lo + 70°C 
O'C lo < 70°C 
O'C lo • ;o'c 

-55°Clo+l2S*C 
-55*Cto+125*C 
-55°Cto+125*C 

AM26S02PC 
AM2GS02DC 
AM28S02XC 
AM26S02OM 
AM26S02FM 
AM26S02XM 

^ ^ 

LOaiC SYMBOLS 

H l T w . o - c c H l T '•''• ° ' " 

' í ^ 
¥ M | 

17 vcc • ^*^ »• 
O N O • P H • 

CONNECTION OIAQRAM 
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A m 2 6 S 0 2 

O P E R A T I O N R U L E S 

T I M I N O •••:'•• •.riirV,::\?\ ! U H O l ; ¡ ' ' 

. t.' Tlming eomponenii C , and Rj, va lun . 

-•••rrriT-

n , MiN. 

Rx MAX. 

Cx 

Op«r>tlng T«mp«rilur< Ringt '-

O'C to 70*C 

Skn 

looiin 
•ny vilut 

:65*Cto+125*0 

: 6kn 

,' EOkn 

•ny vilut 

2. Remóte ad ju i tmen lo f ((mlng. 

n; 
• ! • • • 5»« 

: ' R , + R 2 - I 1 x " - i 

i R, > R ^ M I N . • . • . ,„• . , • . • , ". 

;• R 2 < R x M A X . - R j , • • ' • • • 

In th» above arrangimeot, R | and C^ «hould b« a l c l o n as poj-

sible to the devicfl pins to minimiza stray capncitance and ex* 

ternal noíie pickup. The variable resistor fl2 cen be located 

remotely Irom the device l( reasonabla care l i used. 

3. Pulse wldth changa measurementi. 

The pulse wldth tpwQ Is ip«cllled and measured wl th compo-

nents o( better than 0 . 1 ^ aceuracy. I I mtaiurements are made 

wi lh reducid component tolerancei, the expected aceuracy 

should be adiusted accordlngly. Note that pulse wldth tempera

tura itabll i ty Improveí ai Rx Inerettei , 

4. T l m l n g l o r C , < lOOOpF. 

"Whén using capacitor o( tes» than or aqual to tÓOO pF In valué, 

• the ouiput pulse wldth should be datermlned from the output 

pulse wldth versus external timlng capacltanci graph. 

5. Timlng f o r C , > 1000 pF. 

For capaciten o l greaier than lobo pF In valué, the output 

pulse w ld lh , t p „ Q , is determlned by 

/ 0 - 1 ' N 
t p „ Q - 0 . 3 0 C x R x ( ^ 1 + - ^ j 

where 

R , Is inki lohms 

C - I» In picolarads 

. . l . V _ . . . „ JC™C0UIVAHHI 

nT< n R « R,. M A X . 

e. Proiactlon o l electrolytlc timlng capecitort. 

I I tha alaetrotytlc capacitor to be used as C« cannót wlthstand 

1.0 volt reverse bles, one o( the two circuil techniques shown 

' bolow should ba used to protect the electrolytlc capacitor 

(rom. the reverse vollage. The aceuracy of the pulse width may 

be dependenl on the diode Itransli lorl choracterlstics. 

Tha.output pulse w ld th , tpwQ lor the díode circuit modilics 

the previous timlng equatlon ai fol lowt: 

t p w Q - 0 . 2 8 C x R x i-'t) 

Am26S10'Ann26S11 
Quad Bus Transceivers 

Dlst inct lve Charactcr is t ics 

I n p u t to bus Is i n v e r t i n g o n A m 2 6 S 1 0 

I n p u l to bus is n o n i n v c r t i n g o n A m 2 6 S 1 1 

Q u a d h igh-speed o p e n c o l l e c t o r bus t ransceivers 

D r i v e r o u t p u t s can slnk l O O m A at 0 . 8 V m á x i m u m 

Bus c o m p a t i b l e w i t h A m 2 9 0 5 , A i n 2 9 0 6 , A m 2 n 0 7 

A d v a n c e d S c h o t t k y processing 

P N P inputs to reduce i n p u t l o a d i n g 

The butput pulse wldth (or the transistor circuit is 

t p v v Q - 0 . 2 1 C x R x n + — ) 

Nottce that tha transistor circuit allowi valúes of timing re

sistor R j largar than tha R , M I N . < R , < R^ M A X . to obiain 

longer output pulse widths for a given C^. 

T R I O G E R A N D R E T R I G G E R 

1. Trlggerlng. 

The mínimum pulse wldlh signal Into inpul Tg or input l | lo 

cause the davlce to Irigger is 20ns. Relar lo the truth lable 

(or the appropriate input condil loni . 

2. Relriggerlng. 

The retrlggered pulse wld lh . t p ^ r ^ ' '" ' ' " ' ' *" • during which 

the oulput Is active after the device is reiriggered during a 

timlng cvcle. 11 dll lert (rom tha initial pulse width tp^Q 

timing equatlon as foliows. 

• p w r ° " ' p w ° * 'PLH 

where tpLH Is Ihe propagation delay lime from t h e l o or l | 

Input to the outpul . Noie that I p L H Is Ivpleolly H n s and 

Iherelore become» ralallvaly unlmportant as t p ^ Q increaiei. 

3. Rapid relriggoring. 

A mínimum relriggerlng time doei exist. Thal is. the device 

cannol bo retrlggered üntil a mínimum recovery time h»i 

elapsed. Tha mínimum retrigger lime is approximately. 

t „ „ | , M I N . - 0 . 2 C x 

C Is In picolarads 

t is In nanoseconds 

i [;:zL 
"|tll«tO(<t I 

, M.H • I I I • W - O • [ 

jn n 

R . j < 0 . 7 x h p p o i X R» 

iMtuí , ntrntooiA 

C L E A R . . . . 

A LOW ort (he d t x r Inputi lermínutes ihc timing cycle. 

A n«w tfigtrer cycle r.»ttn«t be íniHated while the cleír ti 

LOW. Wíih the cleer H I G H , the device ¡J under the com-

mflnH ni ihi» 11 »nd 1^ inmit(. 

F U N C T I O N A L D E S C R I P T I O N 

The Am26S10 and A m 2 6 S n are quad Bus Tranjceiver) 

coniisting of four high-speed bus drívers wíth open-collector 

outputs capable of sinking lOOmA at 0.8 volts and four 

high-speed bus receivers. Each driver output is connected 

intcrnally to Ihe high-speed bus receiver ¡n addilion to being 

. connected (o the package pin. The receiver has a Schottky 

T T L oulput capable of driving ten Schottky T T L unit 

loads. 

A n active LOW enable gats controls the four drivers so 

thal ouipuis of </iffereni device drívers can be connected 

togelher for party-line operation. The enable input can 

be convenienily dríven by active LOW decoders such as 

the A m 2 5 L S l 3 9 . 

The bus oulput high-drive capability in the LOW state 
aliowi pariy-üne operaiíon with a line impc •« ai lew 
as l O O n . The line can b« terminated at both ends, and still 
give considerable noise margin at the receiver. The receiver 
typical swilching poínt is 2.0 volts. 

The A m 2 6 S l O and Ann26S11 feaiure advanced Schottky 
pfocr i i ing lo minimi /e propagation dclay, The device 
pdckagc also h,is two ground pins to improve groui>d current 
handiing and allow cióse decoupling between ^QQ and 
ground i t the package. Both GNO^ and G N O j should be 
tíed to the ground bus external to the device package. 

O f l D E R I N G I N F O n f W A T I O N 

Pick age 
Tvpe 

Temp«r»lure 
fítngt 

AmJSSlO Am28Slt 

Ofder Order 
Number Numher 

Molded OIP 
Hflfmeiic OIP 

OJct 
Htrmtilc 0)P 

H«rm«tic Flil Pick 
Oict 

O C io+70 'C 
0''C 10 •70*C 
O'C 10 •70 'C 

-55'Cto*!25*C 
-55'Cio*125'C 
-55*Cto+I25'C 

AM26SI0PC 
AM26S10DC 
AM26StOXC 
AM26S10DM 
AM26S)0FM 
AM26StOXM 

AM26SltPC 
AM26SltOC 
AM26S11XC 
AM26SnOM 
AM26StlFM 
AM26S11XM 

C O N N E C T I O N D I A G R A M S 

Top Views 

*cc •s ' j ') r 'í ' i *í "ce »; ' ) f) r ^ h «1 

nnnnnnnn__nnnnnnnn ! • 19 i« t ] I I n to I 

L J U U U U U U U 
CNO, n tfl 1. •• I ) r , GMO. 

t j IJ I I 10 t 

u u u u u u u u 
ONo, í j ío "ó "i ' i r ^*"'t 

N o ( « : Pin I l i «narhtd for or ianta i ion . 

LOGIC S Y M B O L S 

1} « I I I t ) 

'fl i i i | "j 

OUAO I , 
T**Nic i lv | i t , ' 

•o >i • } • ] 

TTTT 

LA . • • 'I 'I 'I 

A M M S M < I 
OWAO I 

Ta*«rtClivt« , ' 

*0 • • " í • ) 

? y ? 7 • 
} r t i> 

vcc . í i » >e 
CNOi - ^(n 1 
ONO3 - Un 8 

LOGIC O I A G R A M S 

Am26S10 

I 

t 
írm i r i t i¡ 

ii n o n 

Am26S11 

I ) Lic.7ra 



i •[ ', • flIt-Sllce Proccssor tor 6CD 

i¡ J . , - ; ; 

• I , ' '. ; ., 

• The International Standand ofQi ip̂ lify 
guarantees these electrical AQLs on all 
paiameters over the operating tempem-
turc iBn^: 0.1% on MOS RAMs & RÓMs; 
0.2%onBipolarLogic&Interface; 0.3% 
on Linear, L^ateSLogic & other memories. 

Coi)yrl.;nt 1901 Kíyjen Pi,6lllMn9 Co. . Inc. 
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Am29705 • Am29705A •rAnn29707 
16-Word b / 4-B/t 2-Port RAM 

DISTINCTIVE CHARACTERISTICS 

• l6-wordby4-bil, 2-porinAM 
• Two oulpul parís, each wilh sepárala oulput control 
• Sepárale lour-bil lalchas on each oulpul porl (Am29707 

has sepárale oulpul control) 
• Dala oulpul is noninverling wilh raspact lo dala Inpul 
• Chip seleci and write snaDle Inpuls lor easa in cascading 
• Am29707 oNers 20% Impfoved cycla lima over 

ArTt2970SA when usad wilh Am29203 In Ihree 
address architsclure 

• Am29705A Is a pin-lor-pln replacemenl lor Ihs Am29705 
wilh aboul a 30% speed Improvemenl on the 
crilical palhs 

flELATEO PRODUCTS 

PntlNií. Ooiilittillitlt 

Ain2U/itA Ui()olur l'MOM 
Am2921 One-ol- Eighl Docoder 
Am2SLSt38 One-ol;Four Oecoder 
Am25LS139 OualOno-olFour Oecodur 
Am25LSI57 Quad2by1 MUX 

Am29705 • Am2970SA BLOCK 01AQRAM 

• ^ 

GENERAL OESCniPTION 

The Am29705 Is a 16-word by 4-bll, two-poit RAM built 
using advancod Low-Power Schollky processIng. This 
RAM laaluras Iwo sepárale oulpul poris such Ihat any Iwo 
4-bil words can be read Irom Ihesa oulputs simunanaousiy.. 
Each oulput porl ha> a lour-bil lalch bul a cominon Laich 
Enabla (LE) Inpul i> used lo control all ajghl laiches. Tha 
davica has Iwo Wrlie Enable (WE) inpuls and It designad 
such Ihal Ihe Wrlla Enabla 1 (WTi) and Laich Enabla (LE) 
inpuls can be wlred together lo maka iha oparation ol Iha 
RAM appear edge trlggered. 

The devica has a lully decoded lour-bil A-addrass llald lo 
address any ol Iha 16 mamory words lor iha A-outpul porl. 
Likewise, a lour-bil B-addreas Inpul Is usad lo simultane-
ously saleci any ol tha 16 words lor presenlalion al tha 
B-outpul porl. New incoming dala is wrilian Inio tha lour-bil 
RAM word selectod by Iho B-address. Tha ú inpuls ara 
imnd It) InntI imw llnln inlo tha ilnvico. < 

Iriii AinL'l>/u5 Ittultiitts IhroM-aldla tMitpuli ko ihal tovaiol 
devices can be cascadad 10 Increasa Día total numtjar ot 
msmory words in tha sysiem. Tha A-outpul porl ia in tha 
high-impadanca stala whan tha OE-A inpul Is HIGH. 
Likewise, the B-outpul porl Is in Ihs high-lmpadanca stala 
when the O E B input is I-IIGH. Four devíces can be paral-
lulQd nsing onty one Am25LSl39 decoder lor oulput control. 

The Wnta Enabla inpuls control tha writing ol new data into 
Iha RAM. Whan bolh Wrile Enabla inputa ara LOW, new 
dala is wrilton into Iha word selacied by tha B-address lisld. 
Whon either Wriis Enabla Input is HIGH. no dala is wntten 
Hilo tha RAM. 

Tiio Am29707 is an idontlcol circuit lo the Am29705, ex-
copt oacli oulput port hus a suparaio Lutch t-nabla (LE) 
Inpul. An ekira writs enabla inpul (WE2) may ba connsctad 
direcily lo the lEN ol tha Am29203 for improvad cycla 
limas ovar tha Am2970SA. Tha Wl/BLE Input can then b* ' 
connecied diraclly lo sysiem dock. 

The Am2970SA is a plug-in replacemenl lor the Am2970S, 
bul is aboul 30% lasler. Tha Am2970SA and Am29707 
teature AMD's advanced ion-ímpianted micro-oxide 
(IMOX")procossir\9. 

Am29707 BLOCK OIAQRAM 
s ^ ^ s 

íüt>-

• í l^.-

<^ 

- «-«It 
utib* 

IMOX Is a ifadomark ol Advanced Micro Devices, Inc. 
5-413 



Am29705/29705A/29707 

\ J-.. ';v.̂  f ; i ,í. \ ' 
•AW29705 ••Am29705A 

LOOlC SYMBOLS 
Am29707 

m 

»S »t, *•, n," 
U-' 

Am29705/29705A/?9707 

!• -> CONNECTIONDIAOnAMS-TopVIews 
, Am29705 • Am2í70SA '. . Am29r07 

*CG "I **! " l ** '̂ t * l * l drX0T1*«i vil vif «tf V(( 9f n, nt, *̂  *, «f *, ifTAilTA 

n n n n n n n n n n n n n n ; , n n n n n n n nnnr i f in n N ' f f , X'i.n j*- n it ti R it it ir u u 

I f > ' I • > I f I* n if I] 14 
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n rr !• n I* f] » ri i«i •• 
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o, Og •Sr, tQ », • , «j * U "F t * j " • „ T I , T», (.NO 

Leadles» Chlp Garriera 

f I i t t t I Nolai Pin 1 l i merlietf for orlentallon. t I i t t ( { 

OnOERINa INFORMATION 

Oidor Iha parí number accordlng to Iho labio below lo oblaln Ihe deairad packaga, tamperalure ranga and screenlng level. 

Am29707 
Ordar Numbar 

Am29705A , . Am29705. Packaga Typ« Operallng Range 
Ordar Numbar Ordar Numbar (Nolel) (Noie2) 

Screenlng Level 
(Note 3) 

AM29707PC 
AM29707DC 
AM29707DC-B 
AM29707OM 
AM29707OM-B 
AM29707FM 
AM29707FM-B 
AM29707LC 
AM29707LM 
AM2«7a7LM-0 

AM29707X0 
AM29707XM 

. AM2970SAPC 
AM297aSAOC 
AM2970SAOC-e 
AM29705AOM 
AM2970SAOM-B 
AM2970SAFM 
AM29705AFM-B 
AM29709ALC 
AM2970SALM 

. AM2970tALM-D 

AM29709AXC 
AM2970SAXM 

AM29705PO 
AM297050C 
AM29705DC-B 
AM29705OM 

. AM2970SDM-B 
AM29705FM 

' AM2970SFM.B 
: AM29705LC 
AM2970SLM 

' AM207a9lM.n 

AM2970SXC 
AM2970SXM dce 

C l 
C-1 ' 

6 2 (Note 4) 
C-3 
B-3 
C 3 
8-3 
C l 
C-3 
n.3 

V/hiirtl tn«[inf:(loM 
l o M I L S T D e e 3 
Miilhod20IOB. 

Notes: I. P - Molded DlP, O - Hermellc OtP, F - Fiel Pelt. Ntimbef lonewlng leiier li numbar ol letds. See Apoendla B lor 
— ueuiled ouiline; VM̂ cra Appandlt B co«i(ii"9 severni dasH mjmh«r«, eny of Ihe vertAiions ol Ihe pacVAge may be usad 

unless othenivise ipecflled. 
2. C - Oto +7irC. V e o - 4 75IOS.25V.M - - M t o * 1 2 r C , Vcc - 4 50IO5.50V. 
3. See AppamUn A lo< delalls ol screenlng. Lavéis C-1 and C-3 conlorm lo MIL-STO-0B3. Class C. Lovol 8 3 conlotms lo 

MIL-STO-aSS.CIassB. 

-4. 96houfbum-In. 1 

PIN OEFINITIONS 
Do-Dj 

Ao-As 

Bo-Dj 

VAp-YAj 

YBo-YBj 

wE, ,WÉj 

OE-A 

OE-B 

Datalnpuls 
New dala is written imlo Ihe RAM Ihrough meso 
inpuls. 

The A-Address Inpults • 
The lour-bil lield presisnled al Ihe A Inpuls selecls 
ono o! Ihe 16 mcmor[/ wofds fof presenlalion lo 
Ihe A-OalaLalch. A-LO 

The Q-Address lnput:t 
The lour bit lield (>re3einled al Ihe B inpuls selecls 
one ol Ihe 16 memory wofds lor presenlalion to 
the B-Dala Lalch. The !B address Held also selecls 
Ihe word into which nevv dala is written. 

i TheFourA-Oata Lalch Oulputs 

The Four B-Oata Lalch Outpuls 

Wrlte Ennbles 
VVIiim boih Wnlo Enab4os nre LOW. now data Is ALE 
wnllim ir\lo Iho wofd ::«loclod by llio fl ..tldroas 
liold. II oilher Wrile EnnWe input is HICil I. no now 
dala can be wrilten into the memory. 
A-Porl Outpul Enabl» 
When OE-A is LOW. dala in Ihe A-Dala Lalch is 
present at Iho YA, oulputs. 11 OE-A is lliGH. ihe 
YAj outpuls are in the high-impodanc" 'olí) stale. W^/BLE 

B-PorlOulpulEnable 
When oe -8 is LOW, data in ihe B-Daia Lalch is 
presenl at the YB| oulputs. Virtien OE-B is HIGH 
the YBi outpuls are In Ihe high-impedance |o(l) 
slaia. 

Latch Enable 
Tho LE input conirols the latches lor bolh the RAM 
A-outpul pon and RAM B-output pon, When the 
LE inpul is HIGH, Ihe lalches are open (trans-

pareni) and data Irom the RAM, as selecled by me 
A and B address lields. is present al Ihe oulputs. 
When LE is LOW. Ihe laicheí are ctosed and ihey 
relain ihe lasl data read Irom the RAM indepen
den! ol Ihe curreni A :3nd 8 address liek) inputs. 
(Am2970SA • Am29705A only.) 

Forcé A Zero 
This inpul Is used lo lorce the outpuls ol Ihe A-porl 
lalches LOW independent ol Iba Lalch Enable 
input or A-address liekj telect Inpuls. Thus, me 
A-outpul bus can be torced LOW using this control 
signal. When the A-LO inpul is HIGH. the A 
lalches opérate in their normal lashion. Once the A 
lalches are torced LOW, they remain LOW inde
pendent ol the A-LO Inpul il the lalches are 
closed. (Am29705 • Am29705A only.) 
A-Outpul Pert Lalch Enable 
Whon ALE Is HIOH. th« A Inieh Is open (trans-
paroni) and dala Irom the RAM, as selecled by the 
A address lield, is present al the A oulput. When 
ALE Is LOW, the A lalch is closed and relaina me 
lasl dala read Irom the RAM Independen! ol the 
curren! A address lield Input. (Am29707 ont .̂) 

Wrlte Enable/B-Oulpul Port Lalch Enabl» 
When WE/BLE is LOW logelher wlh WfJ and 
WE;. new dala is wrínen inlo Ihe word selecled 
by the S address lield. When wl/8LE or any 
Wrlte Enable inpul Is HIQH. no dala It wrlllen mío 
Ihe RAM. 

WE/BLE also controla the B Ouipul pon. When 
WE/BLE is HIGH. Ihe 8 lalch is open (trans-
pareni), and when this input is LOW,'the B Mch is 
closed (Am29707 only). 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

«wlt'OIOUt'vll 

o 1 

'.L 

r-̂  
S 

/ 

i 

i 

Noi«: Actual currenHIowOirectionshown, 



Amí9705/2970SÁ/29707 

; Am29705A SWITCHINQ CHARACTERISTICS 
. (Oulpul lavéis - O and 3.0V, Iranslllons cneasursd al 1.5V) 

" ( R L - 3 9 0 1 1 , C L - 5 0 P F ) , 

Parameters 

AcCQss Tlm» 

Turn-OnTlme,, * 

Tum-Off Tima 

fíaw Tima 

Enabla fima 

Transparancy 

; From 

AAddrassStablaw 
8AddrttiSlabla 

STAOfSTSLOW' 

ÓTAOfSTBHIQH 

A L O L O W . . 

L6 HIQH 

W E w W E j 

0 

To 

YASIabiaor 
YB Slabla 

YAorYBSiabia 

YAofYBOK 

YALOW 

YA and YB Slnbla 

YAOfYB 

YAofYB 

T a i l 
Condl l lont 

Le - HtOH 

TA -o ío +ro*c 
Vcc " 4.7S10 5.J5V 

39 

20 

20 

20 

20 

35 

3S 

TA - - 5 5 l o + 1 2 5 ' C 

Vcc = •'•5 lo 5.5V 

30 

20 

20 

2S 

2S . 

<0 

40 

M Í N I M U M SETUP ANO HOLO TIMEiln na) 

« Paramatert ~ 

Dala Salup Tima 

Onln Motil Timí» 

Adüfosa Solup Tima 

Addrasa Hokl Tima 

Lalch Ck»a Baltxa 

whia Bagins 

Aildrflüa Saliip 
llnloial AlctiOlnaA* 

From 

0 Slabla 

eilhof WE HIOH 

0 Slabta 

Ellhar WE HIOH 

LE LOW 

LELOW 

A ot n SInHIa 

To 

Ellhar WE HIQH 

DChangtng 

Oolh w e LOW 

8 Changing 

WEiLOW 

WEjLOW 

lELOW 

leal 

Condltlona 

WE2 LOW 

WEiLOW 

TA - O t o t T C C 
V c c » S . O V i ! % 

Max 

12 

3 

0 

3 

0 

0 

15 

TA - - 5 5 1 0 + I35 'C 

Vcc " *S ' 0 S-5V 

15 

0 

3 

0 

0 

0 

30 

MÍNIMUM PULSE WIOTHS 

'arametera 

Wnla Puna Wlaih 

A Laicb Ra>ei PuUa 

Loich Dala C«DIM« 

Input 

WE, 

WE, 

A-LO 

LE 

Pulso 

HIGH-LOW-HIGH 

HIOH'LOW-HIGH 

HIGH-LOW.HIGH 

LOW-MIOH-LOW 

Test 
Condltlona 

WEj LOW 

WE| LOW 

TA » 0lo+70*C 

Vcc = 50V ±5% 
Ma« 

20 

20 

15 

15 

T A - - 5 S I O + 1 2 5 * C 

Vcc = '••5 ' 0 5-5V 

20 

20 

15 

15 

I Am29705 SWITCHING CHARACTERISTICS 
(Oulpul lavéis = 0and3.0V.lfansilionsmeasuredal 1.5V) 
(Ru - 39011. Cu - 50pF) 

Am29705/29705A/297Ü7 

Parometor» 

Accoss Time 

Turn-OnTima 

Tufn-OfI Tima 

Resal Tima 

Enflbie Ttme 

From . 

A Addrasa Slabla ot 
BAddress Slabla 

O E A o r O E B L O W 

O E A o r O E B H I G H 

A L O LOW . 

LEHIGH 

To 

VA Sl;ibla of 
YB Slabla 

YA Of YB Slabla 

YAwYBOI I 

YA LOW 

YA and YB Slable 

Tasl 
Condll lons 

LE • HIOH 

TA « Oto + 7 0 * 0 

Vcc " < . 7 5 I 0 5.25V 

53 

30 

20 

35 

32 

T A » -55 to+t25 'C 

Vcc • <•' lo 5.SV 

58 

30 

20 

35 

32 

M Í N I M U M SETUP AND HOLD TIMES (in na) 

Pornmntora 

Dala Selup Time 

Oala.Hbldrrme 

Addfoss Selup Tima • 

Address Hotd Time 

IjitrhCInirtllitlOfn 

Address Selup 
Belore LalcTi Gloses 

From 

0 Slabla 

Eilhar WE HIGH 

a Slabla 

ÉilherWEHIGH 

LELOW 

LELOW 

A or B Slable 

To 

Ellhar WE HIOH 

0 Changtng 

Bolh WE LOW 

B Changrng 

WE 1 LOW 

^ ' JW 

Test 
Condlllont 

VJE^LOW 

v~, LOW 

LE LOW 1 

TA - O l o +70'C 

Vcc • 5.0V*5'>'. 
M a i 

20 

3 

3 

0 

0 

0 

45 

T A - - 5 5 I 0 + 1 2 5 * C 

Vcc - < S lo 5.5V 

95 

5 

3 

0 : 

0 

0 

50 

M Í N I M U M PULSE wiu m s 

Ñola: The Am29705A meai Of anceeds all ol Iba spooncallons ol Iha Am29?05. 

'arameters 

Wrilo Pulse Widlh 

A Laich Resel Pulse 

Laich Dala Capiure 

Inpul 

WE, 

W E , 

A L O 

LE 

Pulsa 

HIGM-LOW-HIGH 

HIGH-LOW.HIGH 

HIGH-LOW-HIGH 

LOW-HIGH-LOW 

Taat 

Condlt lona 

W f j L O W 

WEÍLOW 

T A » 0 1 O - f 7 C r C 

Vcc • 5-OV í 5 % 
M a * 

25 

20 

20 

20 

T A « - S S I o l + I J S - C 

V c C » 4 . Í I O j . 5 V 

25 

30 

20 

25 
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Ani2970S/29705A/29707 

USING THE Am29705 AND Ani29707 

The Am2903 and A7i29203 oach contaln only 16 scralchpad 
reg¡3lers plus Ihe O reglslsr. For applicallons which requlis 
mora ihan 17 raglslari, Iha raglstor asi ol Iha Am2903 and 
Am29203 can b« aaslly ««pandad. 
- Usa Iha Am2970S'wim Iha Am2903 
- UsalhaAm29707.wilhlhaAm29203 

All relofences lo Ihe Am29705 Include Iho Am29705A. 

Fof (urther appilcalions Informalion on usíng Ihe Am29705 wiih 
Ihe Am2903, see Chnpler lil ol BU Slice Microprocessoí 
Doslgn, Mick and Orick, McOraw-HIII PublicRiions. 

m 

•<p MAmOAl» lUI í>"'-

OÍA A • 011 

AMmiHti 
• Auomu 
COM'AKAlOH 

< 

r: 

\ 

nntPut»Ai aui í>' 

Ani29705/29705A/29707 

APPLICATIONS (Cont.) 

V|( vil VI, VI, 

A ISword by 4bit iwo-port RAM with L6 ind WE) connected to mike the devic» appear adge triggarad. 
WEt »nd W6j irt logiolly idanticti but ira tlMirically ilightíy dlKtrtni. For lynchronoui oi)«ratlon with-
oui poitibility of race, WE i ihould be connacted to LE. 

Tha Ani29705 oi a two-way inicrfaco huKcr. Dala m.iy be paucd botween tlie miin dala bu« and tha per!-
pharal diia bu» undef 1/0 eonirol. The Iwoport RAM dlows data lo be wrllicn inio bufler iiorage from a 
peripheril devlce, uilng tha B addran port and llia S counlar ragiiler,wlille il it beini) road inio main memory, 
uiing the A addrejí port and tha O eounier renUlar. Thli limulianaoui rearl/wrile capahlllly laclliíaici DMA 
traniferi becauíe tha CFU can ignore wriie roqueíH (rom tha peripharal dovlca. Data oulpui Irom CPU lo 
tha peripharol devica It handiad by laquantial.write anti read operations. Oaia ii wriiicn inio bufler iiorage 
(rom Ihe CPU. uting tha B addreti porl and Iha R countcr regliter. Il ii road onio iha pnrlphcral dovico uiing 
the B addran port and althei Iha R reglttcr. for single word iranifcri, or the S rcgiiter, for block tranifcti. 

A VyA word l>v -I-i)!» Ihrfi» j it it irfi l mfrnofy. Dadi it trntí I rom the A *ddre«l to Ihe Y A outptdf and from Ihe 
II MttiIrrüt to tlin YU oulpul l whil« tli« l«lch en«l)li! ii I I I U M . WltAil Ihe lAtch «nühla yoat LOW, llie Y A arwt 
YB dala it l»>ld iit Ihe inlernal latchei, and Ihe R A M R addretl it twilched to the C^Jeilinalion «ddrett línet. 
A wrile pulse will thcn depoilt the input data into the location telected by the C address. 
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APPLICATIONS (Cont.) 

• u l t %uit tus 1 cp 

-jÓ: - ^ -A 

• US 4 l U l I 

UillL J U 

oicooia 

0, -0 , 

-u f 

QÍ:? 

lo- M 

_3L 

o* ot 

• i i t m n 

" y í 

I I I 
UUN 

á á á..„Q 

OtCODIII 

a á a á 
OfCOOfM 

lOUNCI 01IT LT 

Am29203 EXPANDEO MEMORY 

A 48-word by <l-bit expandsd memory lor (he Am29203 using lh« Am29707. The Am297St PROM serves as 
a constan! slors. 

_ 5-424 

Am29803A 
16-Way Branch Control Unit 

DISTINCTIVE CHARACTERISTICS 

• 16 soparalu ínst'uctíons - 2, 4, 6 of 16-way branch In 
one microprogram execuilon cycte 

• Four individual tesl inpuls 
• Four individual oulputs lor drlvlng Ih» lour OR Inpuls on 

Ihe Am2909A Microprogram Sequancer 
• Provides máximum branch capability in a microprogram 

control unil using the Am2909 
• Advanced Low-Power Schonky prbcessing 

FUNCTIONAL DESCRIPTION 

Tlia Am29803A Is a Low-Pov>er Scholtky processed dsvic» 
Itiat provides 16-way branch control when usad In con^nc-
lion wilh the Am2909A Microprogram Sequancer. 
Tha devlce leaturas 16 Instructions that provida all combi-
nalions ol slmuilaneous lestlng ol lour dlKarenl Inputs. Tha 
davica has lóur oulputs that ara usad to driva tria lour OR 
Inpuls ollhe Am2909AMicroprogram Sequancer.' 

The "zero" Instrucllon Inhlbils the lesilng ol any ol Ihe lour 
test (T) Inpuls. The remalning IS instnjclions ara usad to 
lesl comblnatlons ol 1, 2, 3 or 4 ol tha T inpuls simullane-
óusly. II ona T Inpul Is boing testad, tha Arn29e03A wUI 
soiecl one ol two possible edOressas. II Iwo T Inputs are 
being testad, tha dovice will solect one ol lóur possible 
addresses. II three T inpuls are being tested, me devica wiH 
salacl one ol eighl possible addresses. II all lour T Inpuls 
(tro boínri lesiod, Iho dovice wlll setact one ol sixieen ad-
, l i>iii<iu« >t« I h n I M I I I ) U Q I K I t i l i l l i v a l l i n 1)11 l f l | i i l l « o l I t i n 

A M Ú " J U ' J A , 

LOGIC DIACHAM 

6 i , 

CONNECTION OIAGRAM - Top VIew 
016, P1S 

Vcc *] ^i <^l 0^1 ° * 1 0^1 0"o 

n n n n n n n n 1 1» I I M 1] 1> I I 10 1 

I 1 > 1 4 • • r 1 

U U U U U"U U U 
• l l l t(, r, I j T. Ti nno 

F-16 pincontigursHon Idenllcsl lo 0-16. PÍO. 

Note: Pin t Is mark«d (or orleniatlon. 

LOGIC SVMBOL 

• • 1 4 

• to It ít 

O N D • Un • 

5-425 
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Am29707 SWITCHINQ CHARACTERISTICS 
(Oulpul leváis - O and 3.0V, transitions measurad at I.5V) 
(«L-3901l ,Ci . -50pF) 

Parnmatars 

, Áixess Time 

Tufn-On Time ' 

Tilín 011 riii») 

Mii^el tttno 

Efiable Time 

Tiansparency 

From 

A Address Slaola or 
B Address Slabie 

5 F A or S T B LOW 

5 F Á ot CJTH HiOH 

Le HIGH 

we a we. 
D 

To 

YA Stable or 
Ya Slable 

YA or YB Slabl» 

YA or YB OH 

YA LOW 

YA and YB Slable 

YA of YB 
YA or YB 

Condlllons 

LE - HIGH 

— 

TA • SS'C 
Vcc » «-75 lo S.25V 

13 

6 

10 

M 

a 

12 
u 

Mínimum Set-up and Held Times (In na) 

Parameleri ; '?T-. From 

Oiila SelUp Time 

nnl;i Hnirt Timo 

AilJio:»^ Sül'Up lime 

Aúdres^ Hold Time 

Laten Cloie 
Baiore Wnlt Qegini 

Addresi Sei'Up 
Beiore Lalcn Gloses 

0 Slable 

Eiiner WE HIGH 

8 Slable 

Eiiner W? HIGH 

LE LOW 

LCLOW 

A or a Stable 

To 

Eilher WE HIGH 

0 Changing 

""áoiñ'S^LOW 

B Changing 

WEiLOW 

wTj LOW 

LE LOW 

Conditíona 

iJÜaLCW 

wFiLOW 

'A - ""f: 
Vcc - SOY xSX 

Man 
2 

i 

• 1 

8 

0 

0 , 

7 

Mínimum Pulse Wldth» 

Parameters 

Wnia Pulsa Widm - -

A Lalcn Paul Pulsa 

Lat>:n Oaia Capture 

wS, 

WE, 

X í o 

LE 

Inpul 

_. 

Pulae 

HIGH-LOW-HIQH 

HIQH-LOW-HIOH 

HIQH'LOW'HICH 

LOW-HIOH-LOW 

Condlllons 

.. . WEiLOW 

WEi LOW 

TA = 0 lo +70*C 
Vcc =• 5.0V 15% 

Mai 

2S 

- iM 
20 

20 

é" Aiii20/Ui/2»/USA/2a707 

TEST OUTPUT LOAD CONFIGURATIONS FOR Am2970S 

A. THflEE-STATE OUTPUTS 

i X i " 

-w-

lüL I VÜL'IK 

voi. 

Mutin: I. C(̂  - 40|iF liHiliiiloj icop» iiioliii. wiiing AIHI lliily CBpnolaiicai wlinout davu.» In taíl luluia 
2. S(. Sí. Ŝ i uiu tlosüO duilny liinctioit tubts aiHj jll A C, test* a»v.üt>t miltíul anut)lo tasl». 
3. S, and 5} ara closod whtie S'¿ is open lor tp̂ H test. 

S) ond S2 ara closod «hilo S3 is opon lor ip t̂, lest. 
4. C|, - SpF lor output üisaule lasis. 

TEST OUTPUT LOAOS FOH Am29705 

Pin # 
(DIP) 

-
-

Pin Label 

Y*0.3 

YBo.3 

Tesl 
Circuit 

A 

• A '" 

B| 

312 

312 

R2 

IK 

1K • 

Notss on Tosting 

Incoming lest procedures on thrs device should be cafelully 
plannad. (aking Inio account itie high cofoplexity and povver 
levéis o( (he part. Tha toDowing noios may t>e uselul: 
I tiniiMi ilm piul In iHloiiunioly (liiciHiplnd ni llin IM".! hitdd 

I iiit)ti <.lmnv)ith In \/|;(; cuiionl itit Ihu ilnviiici «wili.hiita muy 
Cduau ijKtHitiniitt liiiiclion titíUiiin» tluii tu V(j(j i.hant)iti 

2. Oo nol leave ínpuis Moaling during any tests, as ihey may 
slart to osciltale al high Irequency. 

3. Oo not allompt to perlorm ihreshold tosts al high speed. 
Fotlowing an inpul Iransilíon, ground currenl may changa by 
as much as 400mA In 5-8ns. Inducianco in the ground 

cobto miiy tiilow ihe ground pin al the devtce lo riS4 Dy lOOs 
ot millivotts momeniarily. 

A. Use extreme car» in daliníng input levéis lor AC tests. Many 
inpuís inay be changad Al ünc». so thara wiu be signilicant 
rwtsa ai the device pins andlheytnay nol actuaily reach Vn̂  
or V)|| itiitil iho noisn hits soltlod. AMO focommonds using 
V„ < (1 IV iiiul V|ti ^ ^ 4V Ifir AC iit*t« 

!>. lu biinpltty lailtKU unutyal», |i<(Mjrtttii« nhuiltl Im dotujitad tu 
perlorm DC, Function, and AC lesis as thrue üi&unct groupt 
o( lesis. 

6. To assist in lesling. AMO oders complete documeniaiion 
on our lesl procodures and, in most cases, can próvida 
Fairchiid Santry programs, under llcanse. 
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FUNCTION TABLES 

Am29705 • Arn29705A 

WniTE CONTROL 

WE| 

L 
1 
X 
H 

WE2 

L 
t. 
H 
X 

Functlon 

WNI» 0 tora B 
No Wni« 
NoWni» 

RAM Outpult al Latch Inpuli 

A-Pon 

A ama (A • B| 
(A - til Inpul OdU 

A Déte 
A Oirá 

B-Porl 

bOéU 
BOila 

YA REAO 

J.ECTHICAL CHAHACTERISTICS OVER OPERATING RAHGlr 

EHATING RANGE 

Vcc 
INumber 

SuMIx Temperatura 

(C.PC-8 

te 
OM.UMU 
m. fMB 
KM 

4.75I0 5.25V U ^ O t o t70'C 

T^- -5510 •125X 

Inputs 

O E A 

M 
L 
1. 
L 

XTo 
X 
L 
H 
M 

LE 

X 
X 
H 
L 

YA Outpul 

2 

A'PwlRAMOau 
NC 

Funcllon 

FoiM YA LOvy 
LJich» Transparvni 
Latchas Rturn Ddta 

Inpuli 

OE'S 

H 
1. 
1 

LE 

X 
M 
L 

Ya Outpul 

z 
QMofinAMUdld 

NC 

Funcllon 

AXIMUM RATINGS (Abova which ihe uselul life mív be impairadl 

. MIOH 
•LOW, 

X • Oon I Cara 
^2 f..; Hightmpadanca 

NC • NoCnanga 
• MIGM 
•LOW 

X - Oon'l Cara 
Z > High Impadanca 

NC - No cnanga 

otxie Tempcfalura _ ^ 

|r(«ii|Hii.ihiiii {AiMliiunl) Undi-r fliiit 

iply Vul(.i(jii tuGruuiu l PutuiUi;il Conlíniíoii i 

CVuluiju Applied lo Outpul l for H I G H Ouiput Slale 

Cl'ipul Vollage 

-65*Clo«150*C 

-55"Clo »I25 C 

-0.5V lo f ; OV 

-0.5V to •Vcc ">"• 

-0.5V 10 tS.SV 

Am29707 

WfilTE CONTROL 

COutpul Currenl, tnto Outputl 

Clnput Cuironl 

30mA 

-30mA 10 •S.OmA 

WEi 

L 
X 
X 
H 

Wti 

L 
X 
M 
X 

Wi/BLE 

L 
H 
X 
X 

^unetlan 

Wrila 0 imo 8 
NoWtila 
NoWfira 
NoWdK 

RAM Outputi al Lalcti Irtputi 

A-Porl 

A Dala |A • 61 
AOata 
AOaia 
AOaia 

B-Port 

Nol Spacihad 
BOals 
BOata 
BOaia 

M •• HIOH 

YA REAO 

X - Oon'l Cara 

YBREAO 

Inpult 

Óf-A 

H 
L 

ALE 

X 
M 
t. 

YA Outpul 

Z 
APorl RAM Data 

NC 

Funcllon 

Hign tmpadarKa 
Lalc^•a Transparam 
Lalcnat Raiairi Oala 

Inpuls 

OE-a 

H 
L 
L 

WE/BLE 

X 
H 
L 

YS Oulput 

Z 
B-Port RAM Oala 

NC 

Funcllon 

H>gn iippaoanca 
Latcnaa Tranaparanl 
Lalcnaa Roiain Oala 

* HtGH 
• LOW 

• Oon'l Ca/a 
> Higft Impsoanca 

NC - NO Changa • HIGH 
• tOW 

O • Oon'l Cara 
2 - High ln\p«danca 

NC > No Changa 

I C C T n i C A L C H A n A C T E R I S T I C S O V C n O P e n A T I N G T r M P G n A T U R E nANOElUMi.»iOth»íwiitNo(t(0 

Tvp. 
Mín. (Nota 2) Max. rimitart Oaicrtption Tait Conditioni INOU i) Unfti 

VOH 

VOL 

V|H 

Outpul HIGH Voliaga 

Ouiput LOW VoMsija 

Inpui HIGH Lavil 

Inpul LOWLavtt 

Inpui Clamp Voliaga 

Vcc • " ' N . 

V | N - V i H O f V I L 

Vcc - M'M-

V|N - VrHO' V(i. 

MIL, toM " -2.0mA 

COM'L. I Q H • -<.OmA 

tQL • 4,0mA 

' O L • 8-0">A 

'OL ' '2mA 

Gu«(Hnl«aO mput loyical l I lCH 
voliaga for ill itipuit 

Guirantaad inpul log<c*l LOVV 
voliaga for all tnpuil 

yQQ»MÍN..\tti - - I B m A 

2.4 

LOAOINQ nULES (In Unit Loada) 

Inpui/Output Pin No.'i 
Input 

Unit Load 

Fanout 
Output Output 
HIGH LOW Inpui/Output Pin No.'i 

Input 
Unit Load 

Fanout 
Output Output 
HIGH LOW 

0 | 

Oo 

« E , 

BO-

fl| 

8 j 

83 

Árns 129 IOS 
Onlyl 

LE 129709 Onlyl 

A L I 

wl /BLE 

YBo 

YAo 

YB, 

(29707 
Onlyl 

129707 
Onlyl 

1 

2 

2 

4 

s 
s 
7 

S 

9 

a 

9 

10 

11 

12 

1 

1 

1 

0.55 

O.SS 

0.55 

0 5 5 

1 

1 

1 

1 

-
-
-

-
-
-
-
-
-
-
-

-
-

-
100/200 -

100/200 

100/200 

.-
-
-
-

--
-
-
-

-
-

-
33 

33 

33 

YA, 

GNO 

Y B ; 

Y A , 

YBj 

Y A j 

OE-a 

atTÁ 

* 3 

A2 

Al 

* 0 

iv t , 

" 3 

0 2 . . . . -

Vcc 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

35 

26 

- 2 ' 

28 

-
-
-
-
-
-
1 

1 

0.55 

0.55 

0.55 

0.59 

1 

1 

1 

-

100/200 

-
100/200 

I00I200 

100/200 

100/200 

-
-
-
-
-
-
-
-
-
-

33 

-
33 

33 

33 

33 

-

-
-
-
-
-

. -
-
-

Iripul LOW Curraiit Vcc • MAX , V,n • 0.4V 

A|. B| 

óTií. (ír̂ s 
Oinari 

Inpul MIGII Curran! V c c - M A X . . V | N - 2 . 7 V 

Inpul HIGH Curitnl V c c - M A X . , V | N - 5 5V 

OH Siala (Htgh Impadancal 
Ouipul Curranl 

Vcc • MAX. 

VlN • ViHOr Vn_ 

V O - 2 . 7 V 

V Q • 0 4V 

Oulput Snorl Circuil Curranl 
INoia 31 

Vcc • MAX. 

Ice fo^mi Supply Cuiraoi 

Vcc " MAX. 
(Wixii citia Ice ' 
minhnuin UD^MI' 
(Nota *} 

T A - 2 5 * C 

T* •0 *C i» *» 'C 

Te * -SS'Clo »I25*C 

~rc- i2S'c t&o 

Fot eondllloot «nown a* MIN. or MAX., u** tr̂ a aoo'OP'afl* «alúa tpacKiaii undar llacu'cat CrtaraciartoiUi (or iha aoplUabla «awtca t 
rvplcat llmltt ata ai V^C ' ^•^^- 'B*C artiutaní anil maBimtiin loailittf. 

, Noi mota ihatt a«a ouipui irtouij ba tHotiaü ai a Htna. üuiaiiot> o( itia trtori ctrcuti l««i tftauíü no» ««caad en* Mcanu. 
. All lnou(* ftouftdao a• capí OC-A énii ÓE-0 "2.4\/. 

5-416 
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Rgure ti Is an example ol Iwo ol Ihess palhs. PATH t is a palh 
Ihfough Ihe Am2910 (Figure 10) lor a microprogram Condlllonal 
Jiimp Siibtouilnn. PATH 2 is n dni.i (low pnlh ihroutjh Ihn Am2903 
loi an Add Inslfuclion. Tliorolois. II Iho opniallon wero an Add 
with a Conditionat Jump Subrouline Ihe máximum delay would be 
I96ns. II IhBfB WBfB a Program Control Unil also. Ihen delays 
Ihrough jt would havB lo be consldered. 

Altor Ihe exocijlion ttmris all ol Iba Instruction lypos have bBen 
t'rtliiiilnlnil. IhaiiQftItrtitir lttíi)tmiii;Yf'ii(i l>a anlni.loil ItlQiInqtinhla 
lo í)ilnlinl/tt IhH (Iillorüdco liulwdeii I I I H ( IK I Í I I CüiiiMiixily uttíii 
Instrucllons and múltiples ol Ihe oscillator period. In Ibis way Ihe 
tnosl olliclonl use can be mado oí Ihe variable microcycle 
scherno. 

Tor oxampio, in Ihe hypothotlcal machine In Figure 10 Ihere are 
llvo Irífltruclion typcs (mo'ít mnchinos will havo moro). Figure 12 is 
a lable which llsls each insirucllon lype. corresponding executlon 
lime, and anticipaled percenlage ol ihe typlcal Instruction stream 
lof onch instruction. Sovnrnl poasibls Iroquonelos nr« shown 
which contain Ihe nexl highasl muItlplB ol Ihs corresponding 
oscillator poriod lor onch instruction, 20MH2 is Ihe besl choice 
tinrdu-ifi II fininni i.lmrt-il Id iii(ili:lilni) Ittilriirllnnq A muí C wlitnh 
conipose UO"/» ol ihe lypicul instruction stream. 
In Ihls example, 20Ml^z was chosen. Al 20MHz Ihere is a choice 
botwenn lundamontal or overlone crystals. Fun -r^nlal Ire-
i|iitini;y iiiynliiln lUo ("niimiiiiily iiviiIlBhle ii|l In ^^lvM,; and .Irrt 
haiinnnin tjryílnl.i nin nvíiilrtljli? rihóve I /Mil / . A híMiIrtitienlal 
ciyril.il vv.n ifiinctoii ínr Iho nT.iinpl'i machlnn honiunn Ihe cnm-

(iMimnl t 1.111)1 t..r lli» ,,1, ltl:H>.( ,|rtt»(yn l« IMWB» tllinl IMI tllB livot-
liiMx ilunhjii I u iwtiviji. il II h,Ml Un nuil diil lliul .IIJMI I' Wdii <i liellni 
choice Ilion oveMone operation would be chosen stnce tunda-
mental crystals abovo 2SMHz are nol generally avaitabls. 

Flxed Flandwlrith Buies 

lili tliiinit ilnnlgiiq ilml loiiiiliB it ilnli) liiiii wlllt luuil iMitilwlillh 
Anil IIXIMI tlmii nlntfi lor nnnh innrnory ncr;nsfl. Iho dosigner should 
f iinnl'l'ii tnlMu ' V I" l^nijltm wtti 'h nin d iniitllpln f»l Ihrt ilirjftn^t 
• V< iMltiMtilh. I •! . • 1̂ tiiliin.jlhi, I, n itiKlUitl i.yi.lolHM.jlh» H rtMiIrt 

Aín2925 

The design could lurther require Ihal Ihe bus be accessed only 
duríng Ihe shorlesl cycle length. Therelore. by using múltiple 
cycle lengths II can be prediclod whon Ihe CPU witl accoss the 
bus and lor how long, thoroby maintaining the llied bandwidth 

Performance Comparlson 

EstlmalBd parlormance can be caiculated direclly Irom Figure 12. 
For a llxed microcycle machine Ihe longesi instruction execution 
lime would hnve to he u iPd lor flil in«tniclions. yleldlng an -ivnr-
dija ln»trui;llitn llitiH r<l \t'Jfíi\b Willi á vaiidlili* iiih.iiM.yi.in tnat.httta 
Ihe averaga Instruction lime is Ihe suri ol Ihe producís lor eacn 
instruction. ol Ihe percenlage ol the instruction stream and the 
nexl highest múltiple. The aver.ige Instruction lor Ihe exampie 
machine wilh a 20MHz cryslal is: 

(0.6 X 150 + .08 X 200 *• .3 + 200 + .01 X 200 t .01 • 250) • 
170.5ns 

Thls represenls a 25% Increase In systiem perlonnance wilhoul 
requiring any olher system speed-ups and wllhoul feouirmg 
In t̂or dnvlron. 

1 Oeviee No. 

..VS27 
AihSyO-l 
Am2903 
Am'.'OlO 
Aiii:"ji);'A 
Am27S27 
Am2903 
Am2904 

Total 

OevIcc Path 

CP - 0 
INSr - Cl 
l/AD - GP 
nc - V 
cif r.fi 1 / 
TS 
CN - Z 
TSZ 

ns 

Path 1 

27 • 
50 
-

«T 

55 

-
-

Ifl3 

Path 2 

2J 
., 

81 

/ 
-

64 
-17 

\9fi 

rigur* n, DMuy Piilh TotMl« for un Adrf iind • CondMIoniil 
,h>Mt|( t l lhMMll l f t * 

Instruction 
Type 

1 •«. i.l tuno 

F'otcentage ol 
Instruction Stream 

Closest Múltiple 
Oniülimni PüMDil 

2aMHz P • 50 

25MHz P • 40 

30MI iz P . 33 

33MHz P - 30 

A 

l.fl 

60% 

150 (3P) 

160 (4P) 

167 (5P) 

150 (5P) 

a 
I MI) 

8% 

200 (4P) 

200 (5P) 

200 (6P) 

180 (6P) 

C 

tni 

30% 

200 (4P) 

200 (5P) 

200 (6P) 

210 (7P) 

0 

?nn 

1% 

200 (4P) 

200 (5P) 

200 (6P) 

210 (7P) 

• • E ' 

r?n 

1% 

250 (5P) 

240 (6P) 

233 (7P) 

240 (8P) 

Unll 

n« 

% 

ns 

n i 

riS 

ns 

Rgure 12. Instruction K m * Analytis 
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Bipolar PROM 
FuncUonaí Index and Selection Cuido 

ACC099 Time Ic j 
Part COM'L/MIL COM'L/MIL 

Number Organlzatlon Max Max 
Number 

Oulpul 01 Pin* Packages CommcntB 

Ama7LS1B' 

Am27LS19' 

Ama7S18 

Am27S18A 

Am27S19 

Am27S19A 

Am27S20 

Am27S20A 

Am27S21 

Am27S2tA 

Am27S12 

Aln27S12A 

Am27S13 

Am27St3A 

Am27SI5 

Ani27S25 

Am27S25A 

Am27S27 

Ain27S2n 

Am27S28A 

Am27S29 

Am27S29A 

Am27S30 

Am27S30A 

Am27S3t 

Am27S31A 

Am27S32 

Am27S32A 

Am27S33 

Am27S33A 

Am27S35 

Am27S35A 

Am27S37 

3 2 x 8 

3 2 x 8 

3 2 x 8 

32 X 8 ' 

3 2 x 8 

3 2 x 8 

256x4 

256x4 

256x4 

256x4 

512x4 

512x4 

512x4 

512x4 

5 1 2 x 8 

512 x8 

512 X 8 

512 X 8 

512 X 8 

Sl2 X 8 

5 1 2 x 8 

512 x8 

512x8 

5 1 2 x 6 

512 x8 

5 1 2 x 8 

1024 X 4 

1024 X 4 

1024 X 4 

1024 X 4 

1024 X 8 

1024 X 8 

1024 X 8 

5a'65 

50/65 

40/50 

25/35 

40/50 

25/35 

45/60 

30/40 

45/60 

30/40 

50/60 

30/40 

50/60 

30/40 

60/90 

N.A.'/N.A.' 

N.A.'lH.A* 

N.A.'/N.A.' 

55/70 

35/45 

55/70 

35/45 

55/70 

35/45 

55/70 

35/45 

55/70 

35/45 

55/70 

35/45 

N A.'/N.A.' 

N.A.'/N.A.* 

N.A.'/N.A.' 

60/80 

80/80 

115/115 

115/115 

115/115 

115/115 

130/130 -

130/130 

130/130 

130/130 

130/130 

130/130 

130/130 

130/130 

175/185 

185/165 

185/185 

165/185 

160/160 

100/160 

160/160 

160/160 

176/175 

175/175 

175/175 

175/175 

140/145 

140/145 

140/145 

140/145 

185 

165 

185 

OC 

3S 

OC 

OC 

3S 

3S 

OC 

OC 

3S 

3S 

OC 

OC 

3S 

. 3S 

3S 

3S 

3S 

3S 

OC 

OC 

3S 

3S 

0 0 

OC-

3S 

3S 

OC 

OC 

3S 

3S 

3S 

3S 

• ' 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

24 

24 

24 

22 

20 

20 

20 

-20 -

24 

24 

24 

24 

1S 

18 

18 

<8 

24 

24 

24 

0. P. F, L 

0. P. F. L 

0. P, F, L 

0. P. F, L 

0. P, F. L 

D, P, F. L 

D. P, F. L 

0. P, F. L 

0. P, F, L 

0. P, F, L 

0. P, F. L 

D, P, F, L 

D, P, F. L 

D. P. F. L 

0, P. F. L 

0. P. F, L 

0. P. F. L 

D, P, L 

D. P, L • 

D. P. L 

0, P. L 

0, P, U 

0. P. F, L 

0 . P. r. L 

0. P. F. L 

0, P. F. L 

0. P. F, L 

0, P. F. L 

0, P, F, L 

0, P, F. L 

0. P. F, L 

0. P, F, L 

0. P. F, L 

Low powar 

• " ' x - -

• y 
• . 1 

Oulpul regislers, 
THINDIP Pkg' 

Oulpul regialors. 
THINDIP Pkg^ 

Oulpul regislers 

" 

• • 

Ultra l*st 

Uiira last 

Oulpul regislers, 
asynchromus Iniílaiite, 
Ti-liNOiP Pkg' 

Ultra luí . oulpul 
regislers, (syndvonous 
Initialiie, THINOIP Pkg' 

Oulpul regislers, 
syrwtvortous imüalize, 
THINDIP Pkg' • 

12-1 



• "Am26S02 > 

••- ' M Á X I M U M R A T I N G S (Abov« which th« us»tul lif» may be impairedl f 
Storaga Tamperirufe -65°C to tlSO'CJ 

Tamperatüra (Ambmiit)-Under Bias -55"CloH25'C| 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5 Vtot7Vll 

p e Vollaga Applied to Óutpuii (or IIIGH Ouiput State 

DC Înput Voltage, 

-0.5 V to tVcc ""«ü 

-0 .5 Vto+5.5V^ 

pe Oulput Curreot. Into Outputi 

DC Input Current 

30 m'A 

-30 mA to tS.OnJIj 

Ain26S02 

ELECTRICAL CHARACTERISTICSOVER OPERATING TEMPERATURE RANGE (UnlesíOtherwise Notedl 
0 * C l o * 7 0 * C ^ V c c - e . O V t B % ( C O M ' t ) M I N . - 4 . 7 5 V M A X . • 9 .2S V 

- S a ' C lo » 1 2 9 ' C V c c " S.O V t l O X ( M I L I M I N , * 4 . 8 V M A X . * S . S V 

O e i c r l p t i o n T « i t C u n d i l l o n l ( N O I * i l M l n . T y p . ( N » i * ^1 M . i x . 

A m ; S S 0 2 X C 

A m ; H S 0 3 X M 

P « r a m « t i r t 

« O H 

VOL 

' I L • 

l H o l » qi 

O u l i H i l M i a u V a l U { 

O u t p u t t O W V o l i a g * 

V c c • M I N . l Q i , • - J i i i A 

V | N • V | H <» V I L 

input H I G H L«v«l 

I n p u t L O W L « v i l 

I n p u t C l « m p Vol l«g« 

Inpu t L O W C u r r f n t 

Inpu t M I G M C u r r e n ! 

In in i t M l t j H CurreiM 

isc 

'ce 

O u l p u t SlM>rt Circui t Curran í 

I N o t t 41 

V c c - M I N . . I Q L • J O m A 

^ I N ' V l H ' " V | L 

Guar*nt««d inpui logical HlGH voltag* 

for • ! ! i n p u t l 

G u a r a n l t a t i input ioglc.1l L O W vollrftfv 

(or «11 I n p u t l 

Uiiill I 

V e c ' MIN., I||M - - 1 8 m A 

Vcc-MAX.,V|N-0.5V 

V c c ' M A X . , V i N - J . r v 

V c c - M A X . , V | N - S . O V 

Powrof Supply Currant 

V c c • M A X . . V O O T • i O V 

T * . J 5 * C O n l y 

V c c ' S . O V , l | x - O . S D m A I N o t a i S a i e i 4 8 69 

D E F I N I T I O N OF F U N C T I O N A L T E R M S : 

C(3 Asynchronout dircct CLEAR. A LOW on ihe cloar in

put resets the monostable reoartjless el Ihe other Inputs. 

To Activí-LOW input. With I , LOW. a HIGH-ioLOW 

transition will triQQür the monostable. 

I, Aciive-HIGH input. With TQ HIGH. a LOW-toHIGH 

transition Mili trigger the monostable. 

O T l i i i T R I J E i n o n o i t i i b l u u t i t p u t . 

O T l i d C u i n t i l i í i n u i u n i u i i ü s t j b l t í o u i p u l . 

N o l a i : 1 . for cono ioona tfiomn at M I N . or M A X . . u M tha appropriata valúa tpae l l l ad undar e iactr leal Charac lar l iKCi for iha appl icaola Oavíca lypa. 
t. .Tvoical l i m l l i ara ai VQQ ' 9 .0 V, a s ' C amOianí and maairnurñ leading. 
3 . A c t u a l input cur ran t i • U i i l t Load a Inpu t Load f a c t o r (Saa Load lng n u l a f t . 

4 . fao i m o r a than ona output i h o u í d b« t h o r t a d at a tlrna. O u r a t l e n ef tna i l i o r l e i rcul i ta i t t h o u l d not aacaad ona l a c o n d 
8. I c e ' * rv^aaiurad w«in p m e artd t i i r o u n d o d a n d l ( x apol lad t o o l n i 2 a n d 14. 
e . I | x ' * tha currant In te tha n ^ C ^ n o d a . t o almulata Nj(. . . . 

Switching 

Parama ters 

tPLH 

'PHL 

'PLM 

'PHL 

'PLH 

'PHL 

'pM 

<. 
"pwQ 

(Min.l 

'pwO 

- " X 

Characteristics ( T A - +2S°C) 

Oeicríptíon 

lo t o o 

TQ to 5 

i i lo Q 

i | to Q 

Ctaar 10 0 

Clcar to Q 

Pulía WiJlh 

ToHiriHpr l | LOW 

" Tfl L0w'o;"Ti~i?KrH • 

Ciaar LOW 

Cleaf nacovafy linoctiM) to Triggar 

Mínimum Pulía Witlth Q Output 

PulM wídih Q Output 

—Timint) Aaiiitor 

Test Conditions 

vcc"5.ov. B L - J 8 o n . CL - i so f , 

«X -SklLCx 'Opf 

Vcc " 5.0 V. H x " 5.0 kfl, Cx • 0 pF 

R L " 1.0 k n 

Vcc • 5 0 V. R|_ ? Í 8 0 1 1 , C L " I 5 p f 

Rx " l O k f l . C x - 10(X)pF ICKOSTypt) 

O'C lo 70'C 

-65*C 10 • 125"C 

10-2 

Min. 

30 

24 

- 1 0 

J7 

3.33 

5 

5 

Typ . 

13 

15 

13 

13 

31 

9 

10 

1 

IG 

- 2 2 

3 ] 

3.42 

M i x . 

30 

33 

20 

30 

13 

39 

3.61 

100 

50 

t 

i 

Unit i ! 

ni 

ni 

ni 

— 
ni ni 

ni 

I I I 

nt 

nt 

n, 

' 

kn 

í 

CQ 

L 

I I 

II 

I I 

H 

FUNCTION T 
NPUTS 

' i 

X 

M 

1. 

X 

1 

'o 
X 

X 

1 

1. 

H 

ABLE 
OUTPUTS 

0 

L 

1-

1 1. 

L 

JT-

Q 

H 

II 

i r 

I I 

TJ -

H • H l G H 

L - L O W '' 

r - L O W i u H l G H T r t i M l i i o n 

1 - I M Ü M i o - L U W Truni l l tOM 

- T L • L O W - H I G H - L O W P u l í * 

* l _ r - H I G H - L O W - H I G H PutiC 

X - Üor t ' l Catfo 

LOAOING RULES (In Unit Loads) 

F«n-out 

Input Output Output 

Input/Output 

Cx 

Rx'Cx 

f o 

i l 

To 

0 

0 

Pin No . ' i 

Mono 1 1 

3 

3 

4 

5 

7 

UnIt Load 

-
• -

0.4 

0.4 

0 4 

-

HlGH 

-
-
-
-
-
40 

40 

LOW 

-
-
-
-
-
10 

10 

s 
0 

lo 

h 

to 
" x « ; x 

Mono 3 9 

- --

10 

11 

12 

13 

14 

I » • 

-
-

0.4 

0.4 

0.4 

"±::. 

40 

40 

-
-
-

:-.^;. 

10 

10 

-
-
-

. —:..., 
Vcc 

A ScKoi tky T T L U n i i L Ú M J I I d t l i n a d M 5 0 M A m v c t u r i d a l 3 . 7 V 

H l G H a n d - 3 . 0 m A m M i u i « d t l O . S V L O W . 

T v p i c A l N ü r m f l l i t u d 

O i i l D i M r u l t t f W I H l h 

V « ( i u i C J I « T a i n p t t f u t u r a 

2 
^ t o i 

>« lokn 

1 

Vcc-SOV 

Cx - lOOOar 

e «• 

" V 

N O I I I M I Í / U I I O u t i M i i l ' u l i a W l i l l l t 

V a f i u i 0 | i a r a l í i i u O u t y C y c l a 

I o í r 

T y p l c a t N o r m a l U t d 

O u t p u t P u l i « W t d i h 

V a r t u l S u p p l y V o l U y * 

«J 1.01 

2 

Vcc ' »"v 

Cx - I OOOttf 

o I.Q3 

t 101 
i 10. 
t loo 

-70 o 70 60 «O 

- CASE TCMfERAruRE - *C 

O 10 M M 40 M W 10 M M lOÜ 

OPtRAriNCOurr CvCLE '% 

i" 
» o. 

r* 
V T 

• «•c 

/ 
r^ 

-' 
/ 

/ 

y 
y 

¿L 

^CC - *UffLV VOLTACI - V O L T » 

O u t p u t P u l i « W i d i l t V u r i u i 

E x t e r n i l T i i n j n g C s p a c i t a n c t 

M a t a l l i x i t J o n a n d ?%ú L a y o u l 

«ce 

l4 - J5-C 1 

v „ . i o y —:\^ 

_(-fj.,.,o.,^ 
H ^ 

::= 

- 10 o^n 

-

^ ̂  r i i 

:-
' • ^ 

/L-

f~ 

~^ñ 

X • IDkCI : 

^rir~ ""«^'••.OMI 

^ 

u . 

C^ - EXTERNALTIMINGCA^ACITANCI -itf 

* ra 

a 

OIESIZE 0.063" X 0.071" 

H)-ü 

ioglc.1l


Am25CS7S88-^ni2SLS2569 
SWITCHING CHARACTERISTICS 
OVER.OPERATING R A N G E * 

Am2SLS2S6a • Am2SLS2S69 

PjtiiméUrt .Dtlcription 

'•>LH • 

• V H L ' 

. <I>LM-

<i>HL 

'l'UM 

' 'PHL 

'(•LH 

V M L 

Clocic lo Anv Q: TMB • LOW 

Cloék' 10 Any Q; Uo«d " HIGH 

fFf 10 RS5 

u/ff lü í̂ iiO 

Am25LS COM'L 

T A • O'C to t70°C 
Vcc - 5.0V 15H 
Mln. . Max. : 

CiMk 10 TÍC3 

Cíock to eco 

CET w CEP 10 e c o 

ACUn to Anv Q 

Co¡3 
U/C 
CET. CCT 

SOLA Racovcrv (inactiw) to Clock 

M«x<mum Clock Fr»Qu«ncv INoi* 1t 

Clock Pultc VWioth 

(7C lo Any O: Eii«tilt 

CTE 10 Any Q: OiMbIt 

12 

Am25LSMIL 

TA- -55°Ctot125°C 
V c c - 5 . 0 V t 1 0 % 
Min, Max. Unill Tcil ContJJtioftl 

'? ».B.C, D 

1 ClP 

C(. • SOpF 
Rl -J .Okn 

OEFINITION OF FUNCTIONAL TERMS 

cFT 

LOAD 

WD 

The four programmabU data inpuu. 

Couní Enable Parallol. Can b< utad lo 
enable and inhibit counting in high ipüod 
cascadud operation. CEP muit be LOW to 
cou.ni. 

Count Enabla Triclile. Enableí the ripplo 
carry óutput for caicaded operation. Mutt 
b« LOW to count. 
Clock All synchronout functloni 

l.()Wlo llir.ll ii>i«liloM of 
Pul» 

IM.i;iif olí lll 

Ihtt cluck. 

Enables parallel load of counter outputs 
froin data inputf on tha naxt clock adgo. 
Must be HIGH to count. 

Up/Oown Count Control. HIGH counti up 
and LOW counis down. 

ACLR Aíynchronoul Olear. Ma»ter leut of 
counteri to leto whan ACLR la LOW, 
Independeiil of the clocK. 

SCLR Synchronout clear of counteri to lero on 
the next clock edga vvheii SCLR ii LOW. 

5 f A HIGH on ihe output control Mtt the 
' four counter outputt In the high Imped-' 
anee, and a LOW, tnablat the output. 

^A' ^Q' ^C' ^D '^*'* ' ° " ' countar outpull. 
neo ni|>|ila Cairy OUI IH I I . ümixil MIU U I OW 

on the máximum count on up-counl. Upon 
. down<ount, RCO ii LOW at 0000. 

eco Clock Carry Output. While counting and 
RC5 is LOW, e c o will foilow the dock 

' HIGH-LOW-HIGH trantition. 

CL • 5 0i)f 
R L • I.Okii 

*AC n«r(ormanc* owar tn« oo«rslina Iamp«r4tur« rana* li auarantacd bv laatlng Uafinad In Oiouo A, S 
N A. noi «pplicaoia. 

METALLIZATION ANO PAO LAYOUTS 

-Am25LS2588 Am25LS2569 

na 

ONO 

U/S 1 

en 

JEDi 
ONO 

Am25LS 
LOW POWER SCHOTTKY INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

0«iVl«tO OUTFUt ORlvlla tNavT 

OIE SIZE 0.087- X 0.t03- 016 SIZE 0.087' X 0.103" 

9-164 

'OH I 

- - < 

Nota: Actual currant flom ü(r«etlon Ihown, 

9-165 

cou.ni


*'n¿5l.S:¿5.1(i 

-fí APPLICATION OIAGRAM 

TO *<Mf4»A Ofl 
UiN.riaus'> 

-F 
I f l t lM 

0AT4 tus 

lo, V 

«ItlCI 
lMr« mtn 

•o ito 

_ZZJ 

Am25LS2568 • Am25LS2569 
f oijr*fi/t Up/Down Countors wHh Theae-Statú Outpuis 

OISTINCTIVE CHARACTERISTICS 
• 4bi( syDcluoiiOus Luuniur, synchiuiiüusly prüfjraniinable 
• Ooth sv'̂ i:h'iJiious untj iisyiichrünous clbar íiipuu 
• ThrL'dstalu cuunler oulpult ínterface diructly with bus 

ortjan'ueú systenis 
• Intuiniíl luoktiliejd carry logic and two count cnablo Unes 

fur hí(jli siJttcü LJicddtid upumiíon 
• Rípple carry üutpuf for cascading 
• Cluck cairy oulput for coiivttniuiit modulo configuratíoit 
• Fully buffured outputi 
• Second lourced ai tha S4LS/74LS56a and LS569 
• Advanctid tow-power Schollky technoloyy 

I oatC ItlAdMAMK 

Ain2'iLS2büa (UCD) 

FUNCTIONAL DESCRIPTION 

Thu Am2SLS26Ca and Am25LS2569 ait proyianimabk up/ 
down SCO and BínatY counttrt respcctivtly wiih thret-
iiat* outputi for bus oryanited iyttems. All fuiíctípni txc*p( 
ouiput enabla (d i ) and asynchronoui cl«ar (ACLR) occur on 
the positiva uUgu of tha dock liiput (CP). 

With the LOAD Inpul LOW, ths oulputi will bt prof^ammed 
by ttia parallel data tnputs (A, B, C. O) on tht naxi dock idgt. 
Counting ii anabt«d only whan CEP anü ^ f ara LOW and 
LOAO is HIGH. Tht up-down Input (U/5) controls tha dirtc-
tíon of count, HIGH counts up and LOW countt down. tn> 
ternal look-ahaad carry toylc and an activa LOW rippla carry 
oui|xjt (RCO) allowi forhigh-spaad counting and cascaüing. 
Ouring up-count. th« RCO il LOW at bJnary 9 for tht 
LS2568 (biiiBfy 15 for iha LS2569) und upon dowii^ount. 
Il It I.OW «( hlimiy O. NittiitAt r«(i:«il«tl int»t»üiiu\ («iiultat 
üiily iha nCO lu t)« conoaciud tu tha IIIULUMIIIIUJ blu4:k «I CCT. 
Whiin countlny, tha clockad carry output (CCOI provtdei a 
HIGHLOW-HIGH pulía for a duratlon agu4l to tha LOW tima 
ul tho dock pultu and only whan RC5 li LOW. Two jet iva 
LOW resst Ünai ara avaiUbla, synchronous ctaar (SdLR I and 
a m«>ier roiat diyncbronout clear (ACLR). Tha oulput conirol 

( ( l l ) liitiiil hiii.ui Uta i.uiinliK tMil|ti)l l idu llin Itlylt lMi|»«I.Ht< a 

líala wliifn fll¿i(( úiui wlieii LÜW, th« «.ouiiiur uulpui» «i« 
«nabted. 

LOGIC SYMBOL 

QNO • Cln 10 

CONNECTION OlAGRAMS - Top Vlawi 

DIP LaadU*» Chlp Carriar 

L-20-1 

1 f 

Nulo: Pin I Is iniuhsd luf oiiuoUlton. 
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Amí5LS2S;¡l 

ELECTRICAL CHARACTERIST ICS 

Tha.Following Conditioni Apply Unleis Othtrwisa Specifitd: 

._'_ COV'L T A • O'C to OO'C ^ " V Q C • S.OV Í8% MIN. • 4 . 7 5 V M A X . - 5 . 3 5 V 
MIL- «T^ • - & 5 " C 10 *125'C V c c » f t . 0 V i 1 0 H M I N . - 4 . 5 0 V . M A X . * a . 5 0 V 

DC CHARACTERISTICS OVER OPERATING RANGE 
Paramettri poicription T«it Conditioni (NOI* ti Mín. 

Typ. 
Max. 

^OM 

•vou. 

Ouipui HIGH Valla«t 

Oulpul LOW Voltaga 

V|H Input HIGH Ltvtl 

Vcc • MIN. 
V | N - V | H O r V I L 

'OH " -«OxA 

Vcc " M I N . • 

V|N • V|H O' V|L 

COMX 

IQL • *.0'"A 

lOL " 8.l>nA 

I Q U • 12mA 

Guarantitd inpul logical HIGH 
woltagc for Bll inpull 

IIM>ii( I.OW L'Val 

Input Cliimp Vollagt 

Inpul LQWCutranl 

litpul HIÜH Ouifanl 

Inpul HIGH Cuiranl 

Oulpul Snorl Circu'l Curianl 
(Nota 31 

Povwar Supplv Curfant 
INota 41 

Guafanlaad inpul logicnl LOW 
vtiMAua Inr «11 Inpul i 

V c c - M I N . . I|N • - l9n>A 

MIL 

CnM'l 

V c c - M A X . . V |N - 0 . 4 V 

Vcc - M A X . . V|N • J . ; v 

Vcc «MAX., V|N • 7 . 0 V 

A|. n. 

A¡. 8i 

V c c - M A X . 

Vcc * "*•"• 

0.7 

m i 

Ñutas: I . For.cündttioni ihoswn al UIN. or MAX., uta tlia appropriata valúa tpacifiad undar Elactrical Charactariitici lor iha apphcabit (lávica ivpa. 
3. Tvptcjl hmiti ara ai Vcc " 5 OV, 25"C amo*anl and maaimuin loading. 
3. Not mura Ihan ona outpul Ihdulü ba ihoriad al a lima. DuraliOfl of Iha Ihort Circuit latí thould not aacaad ona lacond. 
4. E •- GND, all othar inputi and outpuis opan. 

M Á X I M U M RATINGS (Aboví which the uieful lifi may be impairedl 

Stora-te Temparature -65 ClottSO 

Tumperaiure (Ambieni) Under Bias -55 CÍO+125 

Supply Voltage to Ground Poteniial Continuous -0.5V 10 +7.0^ 

OC Voliaije Aupiicd to Ouipuii lor High Ouiput State -0.5V 10 •Vcc "«• 
OC Ir.pul Voltage - 0 . 5 V lo •7.0VÍ 

OC O'jtput Current, Into Outputt 30iiiA 

OC Inpul Cuiienl - 3 0 m A lo +5.0inA. 

1 

A inpul lo comparator 
B inpul to comparator 
Enabia activa LOW 
EQUAL outpul activa LOW 

M E T A L U 2 A T I 0 N A N D PAO L A Y O U T 

Ag a 

•a ' 

A, « 

a, 1 
A , t 

a , 1 

Al • 

'sr3 

1 — 
10 

'• 
., .1,7: 

^ ^ ^ ^ 
^l'^j'?^!'.''!*?. 

• • ' ' 

11 

t< 

— 11 

.—.— •• 

1] 

ti 

"ce 
*o«r 
«T 

*• 
• 1 

>. 

OHO 

DiE SIZE O CBS- X 0.058-

AmSSLS 
LOW-POWEH SCHOTTKV INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 

oaiviMC ouTfut 

Nula: Actual curranl lluw ütraction ihoiMl. 

9 ( 2 9 



Am2SLS2S19 

FUNCTION TABLE 

fUNCTtON 

Outpul Thr»«-Sttt« Contfol 

W, PoUiliy 

Asynchronout C)*tr 

Cloch tn«bt»d 

INPUTS 

CP 

X 
X 
X 
X 
X 
X 

X 
X 

r 
^ I 

* ! 
1 
1 

B| 

X 
X 
X 
X 
X 
X 

X 
X 

X 
L 
1. 
H 
H 

1 
X 
X 
X 
X 
X 
X 

X 
X 

H 
1. 
L 
L 
1. 

ecfi 
X 
X 
X 

_ x _ 
X 
X 

L 

H 
H 
H 
H 
H 

POL 

X 
X 
X 
X 

L 
H 

L 
H 

X 
L 
H 
L 
M 

6éw 
H 

cev 
i 
H 
H 

INTERNAL 

a 
NC 
NC 
NC 

_ "*-
NC 
NC 
1. 
L 

NC 
L 
L 
H 
M 

OUTPUTS 

W| 

1 
EnibUd 

Z 
EnahlaJ 

No't'lnvaitliig 
Invaning 

L 
H 

NC 
L 
H 
H 
L 

V| 

Enablid 
Z 
Z 

EltllIltlK) 

Noii'lnvcitlilti 
Non-lnw«ning 

L 

NC 
L 
1 
H 
H 

t - LOW X - Don'l O r t 
H - H I C H N C - N o C M X g t 
Z ' Hiflh Impfd^ncf t - LOW lo HlGH Tr«nt)tiOf> 

DEFINITION OF FUNCTIONAL TERMS 

oTw, srv 

POL 

CLB 

Any ol Ihe lour O llip-flap data llnet. 

Clock EnabK. When LOW, ihii data is antared 
into the regisler on the next clock LOW-to-
HlGH Iransition. When HlGH. the dala ¡n the 
regiiter remains unchanged, regardless of the 
data in. . . , i _ . 

' Cldclt 7uffe71)8ta ii entered tnto the regiitar on 
the LOWioHIGH tránlition. 

' Output Enable. When OF i) LOW, the regiiter 
ii enablí 'to the output. When HlGH, the out' 
i)ut ii in the hiyh-impedance itate, Tho OE-W 
Controls the W let of outputs, and OE-Y 
Controls the Y set. 

Any of the four non-invertíng three-state out
pul lines. 

Any of the four three-state outputs wilh potarity 
control. 

Potarity Control. The Wj outputs will be non-
inveriing when POL ís LOW, and when it is 
HlGH, Ihe outputs are invening. 

Asynchronous Clear. When CLR is LOW, the 
internal Q flip-tlops are resal to LOW. 

Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 

CUnnEf^T INTERFACE CONDITIOt^S 

Nota: Actual curran! ri< 

APPLICATION 

9-120 

Convi enient B . g l » " Contení IVlonilor o. Tosí Polnl 

IVlotollinlion »nd Pad Layoul 

Ü I E S l 2 6 O O 0 3 " X 0.009" 

9-121 



A m 2 S L S 2 S 1 8 

APPLICATIONS 

Id Id 

iNTtHKüCATI 

• * 
•\ 5 

Th« Ant2&LS3bld uiml di üliplny myitldi wll l t litii inirtifi>ijdl0 i:4p4liiltiy. 

1 'II 

.V 
JZT 

\ 

Tho A m 2 6 L S 2 S t 8 ai • variuhlo longlh I I , 2, 3 or 4 word l ih i l l rauiltgr. 

- — — 9 . t i 6 

Am25LS2519 , ,, -
Quad flegisíer w/íh Two Independently Controllad Thrae-State Outputa 

p i S T I N C T l V E C H A R A C T E R I S T I C S 

[ tTwo setl of fully bufferod thre«-ttate outpuls 

• Four O'iype l l ip l lop j 

• Poluflly control on W outpul l 
• üuMiiroil conunoii dock aii.i1i)<t 

t Bufleied common aiynchronoui cluar 

• Sepárale bulfered common output enabte for each jat of 

Oulpilll 

«ELATED PRODUCTS 

Pirt No. Dtieripllon 

AmiJSIS. Am2«1S Ouad O RagliKr 
Am2SLS2S1S . Ouad O Rogiaigr 

LOGIC D I A C R A M 

14. íi. 
CllAM raiAHITV OitTfur IMAI l t 

f U N C T I O N A L D E S C H l P T I O N . . . 

Tho A m 2 S L S 2 S I 0 c o n i i i i i ol four D i y p e ( l i p f lop í wi ih a 

buffared common dock tnabla, Information mett ing th« 

ut -up and hold tlnia raquircmvnti of the O Inputi Is traní* 

(iirrud lo I h t l l lp ' l lop ou ipu t i on (he L O W i o . H I G H irani i i lon 

ol tha clock. Data on tita O output i o l tli« l l ipf lup» l l «rialiltü 

at ih« thraaitata output i whan tha ouiput control 10?) inpui 

i i LOW. Whan tha approprlate C f inpui it H I G H , Iha output i 

ara In Iha hlgh Impcdanca i K t t . Two indopandant M U of 

oulputs - W and Y - ara provided luch thai iha regliler can 

limultanaously tnd Independently drive two b u i « . Ona Mt of 

outputi containi a polari iy control luch thal tha outpu l l can 

alther be Inverting or non-Inverting. 

Tha deviee alio faatureí an activa LOW aiynchronoui claar. 

Whon tha claar Input l i LOW, '.ha O output of I h t Intarnal 

fllp-flopí are torced LOW Independeni of tha othar Inputs. 

The A m 2 S L S 2 S I 9 i i packagad in a ipac* taving (0.3-inch row 

tpacing) 20-pin package. 

P a c k a g * 

Typ» 

O R D E R I N Q INFORMATION 

ta rnpara lu ia O r d M 
R*ng« N u m b t r 

MoidodDiP 

Hermane OIP 
ChiP'Pak 

Dice 
I Ipfmallo nit> 

MmiiMiimM«l l'a 
CNp-PaK 

Ole* 

Olo t7CrC 
0 I O « 7 i r C 
Olo »• 70-0 
oto*7 irc 

- 59 lo » IJS'C 
.. U lo t VJVC 
-ato t i2yc 
- S » I 0 + 1 2 5 * C 

AIUI2SLS2S19PC 
AM2SLS2SI90G 
AM2SLS2Sigi.C 
AM2SLS2S19XC 
AM29IS2 Í I90M 
A M i t L t U t l u t M 
AM2US2tliM.W 
AM2SIS29I9XM 

CONNECTION DIAGRAMS - Top Vléwt 

Latdlwt Chlp Carrltr 

L->0<l 

I 9 

Noie: Pin t la nwkad lor an«nuilon. 
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U>i(i»rsiandlng tha Am2SLS2Sl7 and th * Am25LS381 

UnUuiKliuitlIiiii >li» Aiiixoi-

Tigurt 4. Logic Oi«gr>m of Tin Ain25LS3S1 

(in tha Atti25tS30t, áiul th* CArry oiitputimtovtrMowoutfiut 
wi tha Am3SLS2SI7. FlguitSgly» ih< (unctlon lábillorbúih 

~,th*-Am2SLS2SI7 and Am25I.S381. Figura 7 ihows tha tach-
niqja lor caicading (hraa AmJSLSSBI'i, ona Am2SLS2SI7, 

_.ana on.' An)2902 in a lu{IJ8'bit high-tpaad carry lookahaad 
"connaction. Figura 6 «howt-a connaction ichama uiing only 

lúur Am2SLS2517't in a 1A-bit arlthmaile logle unit con* 
-nacilon whara-tha cariiai ara rjpplad batwaan iha davlcai. 

Éach Ain25llS2St 7 doas |jia intarnsl carry lookahaad ovar tha 
loui'bil block. 

In lummary; tha rippla carry maihod can bt uiad In eonjunetlon 
wlth tha lookahaad tachniqua In lavaral wayl. 
I . Lookahaad carry ovar lactlont of tha addar and rippla 

carry batwaan ihasa «ctioni of tha addar can ba usad, Thli 
inaihoU It oftan iha moit alllclaní In tarmí of hardwara for 

Figura 5. Logic Oiagram of tha Am25LS2517. 

S2 
L 

L 

L 

L 

H 

H 

H 

H 

StfUclton 

S 1 

L 

L 

H 

H 

L 

L 

H 

H 

So 
L 

H 

L ' 

H 

L 

H 

L 

H 

Ailll i i i i«llc/Luulu 

Ofiaralion 

CKlt 

B Mtnuí A 

A Mfnut D 

A Ply| 11 

• A • B 

A l U 

A O 

Praitt 

M > Htah taval, L > Low LtMI 

Figura 6. Function Tabla for tha Am2SLS2S17 
and Ain2SLS381, 

C»»«>IN 

r 

11 11 1 I t 1 t 1 11 1 1 M • 11 t 1 1 1 1 1 1 11 1 1 1 1 t 

r ** 

, 

• ' . •» «I 3 

. t ' t 

H 

r ** 

. 

• ** *i '1 1 

n 1 • 1 • 

1 

' 
• 

—% 
r ** 

. 

, •, *, «j •• •• »i 

• ' . '1 *i t 

» •» * • ' , 

1 r * • ' 

— ^ 

t 

• • • n-
1 ' . ( •!» ' . • 

Figura 7. Full Lookahaad Carry 16-Bil Addar. 
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i 
Flyui* 0. Connoctloit ol ISQit ALU Uitng ñippU Cirry. 

« ylvth ipunil imiiiiniitMinl. Il iloui iiol nH|ulrn llio iitn ol á 
lookaht)3(J carry gcneratur such ut tha Arn2902. 

2. Lookahead carry across 16b¡t blocks wlth a rippla carry 
btftween l6-bit blocks can b« uted. Thls techniqua ii 
usually Cdtlad two-level carry lookahcad addillon. Thii tech* 
nlqua reiuUs in very high-ipeed arithmotlc function gener* 
ation and makei a reasonable tradoolf between the tpeeü 
and hardware for word lüngthi gruater than 16 btti. 

3. Full lookahead carry acrois alt lovelí and all block lizes can 
bo used. This is tha highest speed arlthmetic logic unit con-
nection ichornu. For word sizei up to 64 bíti, it is rsfcrred 
to at thretf-level lookuhuaü carry addillon. Such a 64'bii 
ALU roquireí the usa of five Am2902 carry tookuhead g<in-
sritor ur̂ its In addiiion to the IS Am25L5361 dcviccs and 
onn Ain25LS2517 as shown m FIyure 9. 

' OVEnFLOW i 
Whon twú's conipletnent numbcrs ato addud or lubtracted, th» 
result muit tie wiihm the ranga of the numbcrs ihal can bo 
handted by the operand word length. Nurr̂ bers are normally 
representad elther as fracilons wiih a binary point boiween the 
i)(]n hit itnd the ion ut (ho word, or ji integurtwhora tha hinary 

poInt Is ilier iho taist lígnillcaní bit. Th« Ktua) choiC4 for the 
locatlon of tht blnery polnl Is rtelly up to U>t üaslví tnglnter, 
at tVie hardware configurstion required for eithtr ttchniqua It 
identical. Il It alto potsibla to use number notallont ihai in-
clude both integer and fractlonat representitions In th« tame 
numbering schems. Overflow it dtfined at the sltuatlon whera 
the result of an arithmetic operatlon lies ouitide of tht num* 
b«r rango thai can be repretented tíy the numbtr of bltt ir> the 
word. For example, if two eight-bit numbert are added arwi tht 
result doet not lit withln tha numbtr ranga that can bt rt* 
presentcd by an eight-blt word, we say .that an ovtfflow hat 
occurod. This can happen at elther tht positiva end ot the 
number range or «t the nogaiívt and of the number rangt, The 
logic function that Indicatts that tht result of an optration is 
outiide of tht raprtsentabla numbtr rangt it: 

0VR«C,»C,4.i 
whore C| Is the carry-in to the sign bit and C| t l it tht 
catry-oui oi iho tiyn bit. 

Thut, for « fourbit ALU with the sign bit ín the mott tignifl* 

cant bit posilion, tha ov«rflow can bt dtflntd at tht CnM 

term exclusive OR'ed with tht Cn+S Itrm. 

Figures. fiA-Bit ALU wi 
ith Full Carry Lookahaad Using 5 Am2902'i;iB Am2SLS38Vi and 1 Ani2SLS2K17, 

9-109 
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ABS Absoluto Valué of Accumulator ABS ADD Add to Accumulator wlth Shift ADD 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Óyeles 

Example 

t<label>] ABS 

None 

(PC) + ^ -* PC 
If (ACC) < 0: 

Then -(ACC) - ACC 

15 14 

0 1 
13 
1 

12 
1 

11 
1 

10 
1 

9 
1 

8 
1 

7 
1 

6 

0 

5 

0 

4 

0 
3 
1 

2 

0 

1 

0 
0 
0 

If the contents of the accumulator are greater than or equal to zero, the ac
cumulator ís unchanged by the execution of ABS. If the contents of the 
accumulator are iess than zero, the accumulator ís replaced by its two's-
complement valué. 

Note that >80QOOOOO ís a special case. When the overflow mode ís not set, 
ihB ABS of >80000000 ÍR >flOOOOOOO. Whnn In iho ovortlow iiuuin, (hp 
AOS of >80000000 i i >7PPFFFFF 

1 
1 

ABS 

Before Instruction Atter Instruction 

ACC 

ACC 

>1234 

>FFFFFFFF 

ACC 

ACC 

>1234 I 

>1 

Syntax 
Direct: [<label>] ADD <dma>[,<shif t>] 

Indirect: [<label>] ADD { • | ' + |*-}[,<shift>[,<next ARP>] ] 

Operands 

Execution 

Encoding 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
(ACC) -i- (dma) x 2^*''*^ - ACC 

ng 

Direct: 

Indirect: 

15 

0̂  

0 

14 

0 

0 

13 

0 

0 

12 

0 

11 

0 

10 9 

Shift 

Shifi 

8 7 

0 

1 

6 5 4 3 2 1 

Oata Memory Address 

See Section 4.1 

0 

Dnacr lp t ion 

Words 
Óyeles 

Exnmpln 1 

ConfoniR ol thn ortrirossori rintn momory lonntlon nro Inft ithiftarl nnfl nrlilnd 
III Ihti ni.'iiiKniiIflliir iJiiilnu «liltllnu, low itiiltti liiib HIK /n in lillad. iiiiil 
high-ordür bits aru sigii-extended. The result is stored in itie accumulatui. 

1 
1 

Atin 
Of 
ADD 

DATl 

• , 3 

Data 
Momory 

1 

ACC 

(ni- - O) 

I f c u r r e n t a u x i l í a r y r e g i s t e r c o n t a i n s 1 . 

Before Instruction Aher Instruction 

>7 

Data 
Memory 

1 

ACC 

>2 

>17 

Example 2 ADD 
or 
ADD • , 4 

DAT2,4 (DP = 0) 

I f c u r r e n t a u x i l i a r y r e g i s t e r c o n t a i n s 2. 

Before Instruction After Instruction 

Data 
f^emory 

2 

ACC 

>8B0E 

>0 

Oata 
Memory 

2 

ACC 

>8B0E 

>FFF880E0 

4-14 



m 
ADDH Add to Hiah Accumulator ADDH 

Syntax 
Direct: [<label>] ADDH <dma> 

Indirect: [<label>] ADDH {•|* + |*-}[,<next ARP>] 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Description 

O s dma s 127 
ARP = O or 1 

(PC) + 1 -• PC 
(ACC) + (dma) x 2^« - ACC 

16 14 13 

0 1 1 

0 1 1 

12 

0 

0 

11 

0 

0 

10 

0 

0 

9 

0 

0 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Dat8 Memory Address 

S»e Section 4.1 

0 

Words 
Cycles 

Example 

1 
1 

ADDH OATS 
or 
ADDH * 

Data 
Memory 

5 

Contents of the addressed data memory location are added to the upper 
half oMho accumulator (bit* 31 through 16). Low-order bits are unaffoctod 
by ADDH. 

The ADDH instruction may be used ín performing 32-bit arithmetic. 

(DP » 0) 

If current aux l l iary r e g i s t e r contains 5. 

Before Instruction After Instruction 

>4 

ACC >13 

Data 
Memory 

5 

ACC 

>4 

>40013 

ADDS 
Add to Accumulator 

with Siqn-Extensíon Suppressed ADDS 

Syntax 
Direct: [<label>] ADDS <dma> 

Indirect: [<label>] ADDS { * r + l'-}[,<next ARP>] 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Description 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
(ACC) + (dma) -• ACC 
(dma) ¡ s a l 6-bit unsigned number. 
Affects OV; affected by OVM. 

15 14 

0 1 

0 1 

13 
1 

1 

12 

0 

0 

11 

0 

0 

10 
0 

0 

9 

0 

0 

8 
1 

1 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Addrnt 

See Section 4.1 

0 

Words 
Cycles 

Example 

Contents of the specified data memory location are added with sign-ex-
tension suppressed. The data ís treated as a 16-bit unsigned number rather 
than a two's-complement number. Therefore, there is no sign-extension as 
with the ADD instruction. 

The ADDS instruction can be used in implementing 32-bit arithmetic. 

1 
1 

ADDS 
or 
ADDS 

DATll (DP = O) 

* If currerít aux i l iary r e g i s t e r contains 11. 

Before Instruction After Instruction 

Data 
Memory 

11 
>F006 

Data 
Memory 

11 
>F006 

ACC >3 ACC >F009 
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AMD AND with Low-Order Bits of Accumulator AND 

Syntax 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Direct. [<label>] AND <dm8> 
Indirect: [<labe(>] AND r r + r . } [ ,<next ARP>] 

O s dma S 127 
ARP " O or 1 

(PC) + 1 - PC 
(ACC(15-0)).AND.(dma) - A C C Í I S - O ) 
O - A C C ( 3 1 - 1 6 ) 

15 14 13 12 n 10 9 

Words 
Cycles 

Example 

The lower hslt of the accumulator Is ANOad with the contents o( the ad-
dressed data memory location. The upper half of the accumulator ís ANDed 
wjtfi all zeroes. Therefore, the upper fialf of the accumulator ís always ze-
roed by the AND instruction. 

1 
1 

AND 
or 
AND 

DAT16 

Oata 
Memorv 

16 

(DP = 0) 

I£ currerjt auxl l iary r e g i s t e r contains 16. 

Before Instruction Aftor Instruction 

Data — r r - i Data ,__ 
- i f U Memory I >Fp I 

ACC I > 12345678 f A C C 

APAC Add P Register to Accumulator APAC 

Syntax 

Operands 

Execut ion 

Encoding 

Descr ip t ion 

W o f i i i i 
Cycles 

Example 

[<label>] APAC 

None " f 

(PC) + 1 - PC 
(ACC) + (P register) - ACC 
Affects OV; affected by OVM. 

15 14 13 12 11 10 9 8 7 
1 1 1 1 1 1 1 

The contents of the P register, the result of a multiply, are added to the 
contents of the accumulator. The result is stored in the accumulator. 

The APAC instruction is a subset of the LTA and LTD inatructions. 

APAC 

Before Instruction After Instruction 

>40 >40 

ACC >20 ACC >60 

4-18 
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B Prpnch UncgncJítlpn^Mv 3. 
BAN2 BrQnch on Auxiliary Reqister Not Zero 3ANZ 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

t<label>] B <pma> 

O s pma s 4095 

pma -* PC 

15 14 
1 1 

13 
1 

12 11 
1 1 

10 9 8 7 6 5 
0 0 1 0 0 0 
Program Memory Addres$ 

4 
0 

3 
0 

2 
0 

1 
0 

0 

0 

_ 

Control passes to the designated program memory address (pma). Pma can 
be ejther a symbolic or a numeríc address. 

2 
2 

P PRG191 191 Is loaded Into the program counter, 
and the program continúes runninq from 
that location. 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

[<label>j BAN2 <pm8> 

O s pma £ 4095 

If (AR bits 8-0) »í 0: 
Then pma -• PC; 
Else (PC) + 2 - PC 

(AR) - 1 - AR. 

15 14 
1 1 

13 
1 

12 
1 

11 
0 

10 9 8 7 6 5 
1 0 0 0 0 0 
Program Memory Address 

4 
0 

3 
0 

2 
0 

1 
0 

0 

0 

_ 
If the lower nina bits oi the current auxiliary register are not equal to zero. 
then the address contained in the following word is loaded into the pro
gram counter. If these bits are equal to zero. the current program countor is 
incrementad by iwo. In elther case, the auxiliary register is decremented. 
Note that the test for zero is performed before decrementing the auxiliary 
register. The branch to a location in program is specified by the program 
memory address (pma). Pma can be either a symbolic or numeric address. 

2 
2 

BANZ PRG35 

Before Instruction After Instruction 

AR >1 AR >0 

PC >46 PC >35 

or 

AR >0 AR >FFFF 

PC >46 PC >48 

Note: 

BANZ is designed for loop control using the auxiliary registers as loop 
counters. The auxiliary register is decremented after testing for zero. 
The auxiliary registers also behave as modulo 512 counters. 
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BGE2 

Syntax 

Operands 

Execution 

Encoding 

Oescription 

Words 
Cycles 

Example 

tfranch íf Accumuiator 
Greater Than or Eaual to Zero BQ^Z 

[<label>] BGEZ <pma> 

O 5 pma s 4096 

If (ACC) 2: 0: 
Then pma -• PC; 
Else (PC) + 2 - PC. 

16 14 

) 1 
13 

1 

12 

1 

11 

1 

10 9 8 7 6 5 

1 0 1 0 0 0 

Progrtm Memory Address 

<l 

0 

3 

0 

> 

2 

0 

1 

0 

0 

0 

_ 
If the contents of the accumuiator are greater than or equal to zero, then 
branch to the speclfied program memory locatlon. The branch to a location 
In program is speclfied by the program memory address (pma). Pma can 
be eíther a symbollc or numeric address. 

2 
2 

BGEZ PRG217 217 i s loaded into the program counter 
i f the accumuiator i s greater than or 
equal to zero . 

BGZ 

Syntax 

Operands 

Execution 

Encoding 

Oescription 

Words 
Cycles 

Example 

Branch if Accumuiator Greater Than Zero 

[<label>] BGZ <pm8> 

O s pma £ 4095 

If (ACC) > 0: 
Then pma -• PC; 
Elso (PC) + 2 - PC. 

BGZ 

15 14 

1 1 

13 

1 

12 

1 

11 

1 

10 9 8 7 6 5 

1 0 0 0 0 0 

Program Memory Address 

4 

0 

3 

0 

2 

0 

1 

0 

0 

o\ 
_ > 

If the contents of the accumuiator are greater than zero. then branch to the 
speclfied program memory location. The branch to a location In program 
is speclfied by the program memory address (pma). Pma can be eíther a 
symbolic or numeric address. 

2 
2 

BGZ PRG342 342 is loaded into the program counter 
if the accumuiator is greater than zero. 

4.22 



BlOZ Branch on 1/0 Status Eaual to Zero BlOZ BLEZ 
Branch if Accumuiator 

Less Than or Eauat to Zero BLEZ 

Syntax 

Operands 

Execution 

Encoding 

Oescriptíon 

Words 
Cycles 

Example 

[<label>] BlOZ <pma> 

O s pma s 4095 

If 5IÜ = 0: 
Then pma -• PC; 
Else (PC) + 2 - PC. 

15 14 

1 1 

13 12 

1 1 

11 

0 

10 9 8 7 6 5 

1 1 0 0 0 0 

Program Memory Address 

4 

0 

3 

0 

2 

0 

1 

0 

0 

0 

If the 6TÜ pin Is active low, then branch to the specified program memory 
location. Otherwise, the program counter is Incremented to the next ín-
structlon. The branch to a location in program is specified by the program 
memory address (pma), Pma can be either a symboííc or numeric address. 

The BlOZ'instructíon in conjunction v^íth the STÜ pin can be used to test if 
D peripheral is ready to send or receive data. Polling the STÜ pin using BlOZ 
may be preferable to an ínterrupt when executing time-crítical loops. 

2 
2 

BlOZ PRG64 ' If the BIO- p i n i s a c t i v e ( low) , then 
a branch t o l o c a t i o n 64 o c c u r s . Otherwise, 
t he program counte r i s incremented. 

Syntax 

Operands 

Execution 

Encoding 

Oescriptíon 

Words 
Cycles 

Example 

[<label>J BLEZ <pma> 

O s pma £ 4095 

If (ACC) S 0: 
Then pma - PC; 
Else (PC) + 2 - PC. 

15 14 

1 1 

13 

1 

12 11 

1 1 

10 9 8 7 6 5 

0 1 1 0 0 0 

Program Memory Address 

4 

0 

3 

0 

2 

0 

1 

0 

0 

0 

_ 

If the contents of the accumuiator are less than or equal to zero. then 
branch to the specified program memory location. The branch to a location 
in program is specified by the program memory address (pma). Pma can 
be either a symbolic or numeric address. 

2 
2 

BLEZ PRG63 ()i is loaded into the program counter if 
the accumuiator is less than or equal to 
zero. 
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BLZ Branch íf Accumulator Less Than Zero BLZ BNZ Branch if Accumulator Not Eoual to Zero BNZ 

Syntax 

Operands 

Exacution 

Encodíng 

Oescríption 

Words 
Óyeles 

Example 

[<label>] BLZ <pma> 

O á pma ^ 4095 

If (ACC) < 0: 
Then pma -• PC; 
Else (PC) + 2 - PC. 

15 14 13 
1 1 1 

12 
1 

11 
1 

10 9 8 7 6 5 
0 1 0 0 0 0 
Program Memory Addrass 

4 
0 

3 
0 

2 
0 

1 
0 

0 
0 

If the contenta of the accumulator are less than zero, then branch to the 
specified program memory location. The branch to a location in program 
Is specified by the program memory address (pma). Pma can be eíther a 
symboiic or numeric address. 

2 
2 

BLZ PR6481 481 i s loaded Into the program counter i f 
the accumulator i s l e s s than zero. 

Syntax 

Operands 

Exacution 

Encodíng 

Description 

Words 
Cycles 

Example 

(<label>] BNZ <pma> 

O s pma s'4G95 

If (ACC) # 0: 
Then pma -• PC; 
Else (PC) + 2 - PC. 

15 14 
1 1 

13 
1 

12 
1 

11 
1 

10 9 8 7 6 5 

1 1 0 0 0 0 
Program Memory Address 

4 

0 
3 
0 

2 

0 

1 

0 

0 
0 

If the contents of the accumulator are not equal to zero, then branch to the 
specified program memory location. The branch to a location in program 
is specified by the program memory address (pma). Pma can be either a 
symboiic or numeric address. 

2 
2 

BNZ PRG320 320 is loaded into the program counter 
if the accumulator does not equal zero. 
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CALA. Cali Subroutine tndirect CAÍ-A CALL Cali Subroutine CALL 

Syntax 

Operands 

Execution 

Encoding 

Dascription 

t<label>] CALA 

None 

(PC) + 1 -* TOS 
(ACC(I I -O)) - PC 

15 14 
0 1 

13 
1 

12 
1 

11 
1 

10 
1 

9 
1 

8 
1 

7 
1 

6 
0 

6 
0 

4 
0 

3 
1 

2 
1 

1 
0 

0 
0 

The current program counter is incrementad and pushed onto the top of the 
stack, Then, the contents of the 12 leastaígnificant bits of the accumulator 
are loaded into ihe PC. 

The CALA instructlon is used to perform computed subroutine calis. 

Words 
Cycles 

Example 

1 
2 

CALA 

PC 

ACC 

Staclc 

3efore instruction 

>26 

>83 

>32 
>76 
>84 
>49 

After instruction 

PC 

ACC 

St8Cl< 

>83 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycies 

Example 

[<iabel>] CALL <pma> 

O 5 pma s 4095 

(PC) + 2 - TOS 
pma -* PC 

15 14 
1 1 

13 
1 

12 
1 

11 
1 

10 9 8 7 6 5 
0 0 0 0 0 0 
Program Memory Addrati 

4 
0 

3 
0 

2 
0 

1 
0 

0 
0 

_ 

The current program counter is íncremented by two and pushed onto the 
top of the stack. The specifíod program memory address (pma) is then 
loaded into the PC. Pma can be either a symbolic or a numeric address. 

2 
2 

CALL PRG109 

Before Instruction After Instruction 

PC 

Stack 

>33 I PC 

Stack 

>6D 
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PINT Pisable tnterrupt DIIVÍT PMOV Pata Move in Pata Memorv PMOV 

Syntax 

Operands 

Execution 

Encoding 

Oescription 

Words 
Cycles 

Example 

[<label>] DINT 

None 

(PC) + 1 - PC 
1 -• interrupt mode (INTM) status bit 
Affects INTM. 

15 14 
0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

5 

0 

4 

0 

3 

0 

2 

0 

1 

0 

0 

M 
The interrupt mode (INTM) status bit is set to logíc 1. Maskable interrupts 
are disabled immediately after the OINT instruction executes. Note that the 
LST instruction does £21 affect INTM. 

The unmaskable interrupt, R?, Is not disabled by this instruction. Interrupts 
are also disabled by a reset. 

1 
1 

DINT Maskable interrupts are disabled, and INTM 
is set to one. 

Syntax 
Direct: [<label>] DMOV <d(na> 

Indirect: [<label>j DMOV { • r + |*-}[,<next ARP>] 

Operands 

Execution 

Encoding 

O s dma £ 127 
ARP = O or 1 

(PC) + 1 - PC 
(dma) •• dma + 1 

"B 
Oirect: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 11 

0 1 

0 1 

10 

0 

0 

9 

0 

0 

8 

1 

1 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

Oescription 

Words 
Cycles 

Example 

The contents of the specified data memor/ address are copied ínto the 
contents of the next higher address. When data is copied from the ad-
dressed location to the next higher location, the contents of the addressed 
location remain unaltered. 

The data move function is useful in implementing the Í ' ' delay oncountered 
in dipilal sipnal processíng. The DMOV function is includod in tho LTO in-
síruclion («oo LTD (or moro In(ormation). 

1 
1 

DMOV 
or 
DMOV 

DAT8 

If current a u x i l i a r y r e g i s t e r contains 8. 

Before Instruction After Instruction 

Oata 
Memory 

8 
>43 

Oata 
Memory 

8 
>43 

Oata 
Memory 

9 
>2 

Data 
Memory 

9 
>43 
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EINT 

Syntax 

Operands 

Execution 

Encoding 

Oescription 

Words 
Cycles 

Exampie 

-Enable Interr^ipt EINT 

[<label>] EINT 

None 

(PC) + 1 - PC 
O -* interrupt mode (INTM) status bit 
A«ects INTM. 

16 14 13 12 11 10 8 
1 1 1 1 

The interrupt mode (INTM) status bit ís cleared to logic 0. Maskable ín-
terrupts are enabled aftér the ínstruction foilowíng EINT executes. Thís al-
lows an interrupt service routine to re-enable interrupts and execute a RET 
ínstruction before any other pending Interrupts are processed. Note that the 
EINT ínstruction should not be used immedíately precedíng a branch ín
struction. 

The LST ínstruction does not affect INTM. (See the DINT ínstruction for 
further informatíon.) 

1 
1 

EINT 
Maskable interrupts are enabled, and INTM 
la «et to zero. 

m tnput Data from Port IN 

Syntax <• 
Dírect: [<label>] IN <dnria>,<PA> 

Indirect: [<label>] IN { * r + |"-} ,<PA>[,<next ARP>] 

Operands O ¿ dma £ 127 
ARP •= O or 1 
O s port address PA s 7 

Execution (PC) + 1 -• PC 
Port address -• address lines A2/PA2-A0/PA0 
O -* address bus A l 1-A4 
Data bus D15-D0 -* dma 

Encoding 15 14 13 12 11 10 9 

Dírect: l o 
8 

1 Port Address 
6 5 4 3 2 1 0 

Data Memory Address 

Indirect: 

Oescription 

Port Address 

Words 
Cycles 

Example 

See Section 4.1 

The IN ínstruction reads data from a peripheral and places ít in data mem-
ory. This is a two-cycle ínstruction. Duríng the fírst cycle, the port address 
is sent to address lines A2/PA2-A0/PA0. DEN goes low during the same 
cycle, strobíng ín the data that the addressed peripheral places on the data 
bus DI 5-DO. On the TMS32010/C10/C15, MIR remains hifjh when B i l í 
is active. On the TMS320C17, the W R signal is not available. 

1 
2 

IN STAT,PA5 Read in wor'd from peripheral on port 
address S. Store in data memory 
location STAT. 

LARK 
LARP 
IN 

1 , 2 0 
1 
* - , P A l , 0 

Load ARl with decimal 20. 
Load ARP with decimal 1. 
Read in word from peripheral on port 
address 1. Store in data memory 
location 20. Decrement ARl to 19. 
Load the ARP with 0. 



LAC •LoQíj Aociimulat^r %/./î h Shffi 

Syntax 

LAC 

Direct: 
Indirect: 

Operands 

Execution 

Encodíng 

Direct: 

Indirect: 

Description 

[<label>] U C <dm8>[,<8hift>l 

O s dma s 127 
ARP •= O or 1 
Osshift s:l5(defaultsto0) 
(PC) + 1 - PC 
(dma) X 2**'"' -• A C C 

Words 
Óyeles 

Example 

Contents of the speclfied data memory address are left-shifted and loaded 
into the accumulator. OurJng shífting, low-order bits are zero-filled. 
Hígh-order bits are slgn-extended. 

1 
1 

LAC 
or 
LAC « , 4 

DAT6,4 (DP » 0) 

If cur ren t a u x i l i a r y r e g i s t e r con t a in s 6. 

Before Instruction After Instructíon 

>1 " 
Data 

Memory Data 
Memory 

6 

ACC rz >0 ACC r > 1 0 

LACK Load Accumulator Immediate MCK 
Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Oyóles 

Example 

[<label>] LACK <constant> 

O ¿ constant s 255 

(PC) + 1 - PC 
8-bit positiva constant -* ACC 

15 14 13 12 11 10 9 8 

B-BIt Constant 

The 8-bit constant is loaded into the accumulator right-justified. The upper 
24 bits of the accumulator are zeroed (i.e., sign extensión is suppressed). 

1 
1 

LACK > l b 

ACC 

Before Instruction After Instruction 

>31 ACC >15 
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LAR •ItOad Auxtliarv P?n'?t?r LAR 
Syntax 

Operands 

Execution 

Encoding 

Direct: 

Direct: [<label>] LAR <AR>,<dm8> 
lnd.rect: [<label>] LAR < A R > , r r + r-}( .<nex, ARP>i 

O s dma £ 127 
auxiliary register AR = O or 1 
ARP = O or 1 

(PC) + 1 - PC 
(dma) -• auxiliary register AR 

15 14 13 12 11 10 S 8 
O AR Data Memory Address 

O 

Zl 
Indirect; 

Description 

O AR Sea Saction 4.1 

Words 
Óyeles 

Examplo 

The contents of the specífíed data memory address are loaded into the de-
sígnated auxiliary register. The LAR and SAR (store auxiliary register) in-
structions can be used to load and store the auxiliary registers during 
subroutine calis and interrupts. If an auxiliary register is not being used for 
indirect addressing, LAR and SAR enable the register to be used as an ad-
dltional storage register, especíally for swapping valúes between data 
memory locations wlthout affecting the contante of the accumulator. 
ARO is not decremented after the LAR instruction. If indirect addressing 
wíth autodecrement is used wíth LAR to load the current auxiliary register, 
the new valué of the auxiliary register is not decremented as a result of in
struction execution. The analagous case is true wíth autoincrement. 
1 
1 

LAR AR0,DAT19 

Bolore Instruction 
Data 

Memory 
19 

After Instruction 

>18 
Data 

Memory 
19 

>1 I] 

4 
LARK 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Óyelas 

Example 

Load Auxiliary Reaister Immediate MVñK 

[<label>] LARK <AR>.<constant> 

O i constant £ 255 
auxiliary register AR = O or 1 

(PC) + 1 -• PC 
8-bit constant "̂  auxiliary register AR 

15 14 13 12 11 10 9 8 7 

O AR 8-Bít Constant 

The 8-bit positive constant is loaded into the designated auxiliary register 
right-justified and zero-filled (i.e., sign-extensíon suppressed). 

LARK is useful for loading an initial loop counter valué Into an auxiliary 
register for use.wíth the BANZ instruction. 

1 
1 

LARK AR0,>21 

Before Instruction 

ARO [~ >0 I ARO 

After Instruction 

>21 

ARO 

also, 

LARP O 
LAR ARO,*-

Data 
Memory 

d >6 

>32 

ARO >1 D 

Data 
Memory [ >32 [ 

ARO r - >7 ARO • 3 2 I 
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LARP Load Auxiliary Reaister Pointer LARP 

í« . 

LDP Load Pata Memory raae rmntot 

Syntax 

Opéranos 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

(<labol>] LARP <constant> 

O £ constant s 1 

(PC) + 1 -• PC 
Constant •* ARP 

15 14 13 

0 1 1 

12 11 

0 1 

10 

0 

9 

0 

8 
0 

7 

1 
6 

0 

5 

0 

4 

0 

3 

0 

2 

0 

1 

0 

0 
ARP 

The auxiliary register pointer is loaded with the one-bít constant identifying 
the desired auxiliary register. ARP can also be modified by the LST and 
MAR instructions. as well as any instruction that is used Jn the indirect ad-
dressing moda. 

The LARP instruction is a subset of MAR; i.e., the opcode is the same as 
MAR in thejndlrect addressing mode. The instruction MAR * ,<next ARP> 
has the same effect as LARP. 

1 
1 

LARP Any succeeding ins truct ions w i l l use 
auxi l iary r e g i s t e r ARl for ind irec t 
addressing. 

Syntax 
Direct: [<label>] LDP <dma> 

Indirect: [<label>] LDP {•|" + |'-}[,<next ARP>] 

Operands O S dma ¿ 1^7 
ARP = O or 1 

Execution (PC) + 1 - PC „^B „ , , 
LSB of (dma) -* data memory page pointer (DP = O or 1) 
Aftects DP. 

Encoding 

Direct: 

15 14 13 12 11 10 9 8 7 5 4 3 2 1 0 

Data Memory Address [ 

Indirect: O Sea Saction 4.1 ZD 
Description 

Words 
Cycles 

Example 

The least significant bit of the contents of the specified data memory ad
dress is loaded into the DP (data memory page pointer) register. All high-
er-order bits are ignored in the data word. DP = O defines page O that 
contains words 0-127. DP - 1 defines page 1 that contains words 
128-143/255. The DP may also be loaded by the LST and LDPK in
structions. 

DATl LDP 
or 
LDP * , 1 

LSB of location DATl is loaded into DP. 

LSB of location currently addressed by 
auxiliary register is loaded into DP. 
ARP is set to 1. 

Befors Instructio 

Memory 
1 

DP 

>FEDC 

>1 

Data 
Memory 

1 

DP 

After Instruction 

>FEDC 

>0 

A.AO 
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LDPK Load Data Memorv Paae Pointer Immediate LDPK LST Load Status Reqister from Data Memorv LSI 

Syntax 

Operands 

Execution 

Encodíng 

Oascription 

Words 
Cycles 

Example 

[<label>] LDPK <constant> 

O i constant S 1 

(PC) + 1 - PC 
Constant •* data momory page pointer (DP) 
Affects DP. 

Syntax 

15 14 
| 0 1 

13 
1 

12 
0 

11 
1 

10 
1 

9 
1 

8 
0 

7 
0 

6 
0 

5 
0 

4 
0 

3 
0 

2 
0 

1 0 
0 | D P | 

The DP (data memory page pointer) register is loaded with a 1 -bit constant. 
DP = O defines page O that contains words 0-127. DP = 1 defines page 1 
that contains words 128-143/255. The DP may also be loaded by the LST 
and LDP instructions. 

1 
1 

LDPK The data page pointer i s s e t to 0. 

Direct: [<label>] LST <dma> 
Indiroct: [<label>] LST { • r + r-}(,<next ARP>] 

Operands 

Execution 

Encoding 

O s dma s 127 
ARP = O o r l 

(PC) -̂  1 - PC 
(dma) -* status register bits 
Affects ARP, OV, OVM, and DP. 
Dees not affect INTM, 

ng 

Direct: 

Indirect: 

15 

0 

0 

14 

1 

1 

13 

1 

1 

12 

1 

1 

11 

1 

1 

10 

0 

0 

9 

1 

1 

8 

1 

1 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

Sea Section 4.1 

0 

Description 

Words 
Cycles 

Example 

The status register is loaded with the addressed data memory valué. Note 
that the INTM (interrupt mode) bit is unaffected by LST. 

Tho LST instruction is usod lo load tho status register after interrupts «nd 
«iihrotidrin cnllK. Tlin •Inliia rooisln' conmina tho alnuia bitli OV (dvnrlkiw 
llag) bit, OVM (overllow mode) bit, ARP (auxiliary register pointer), and 
DP (data memory page pointer). These bits were stored (by the SST in
struction) in the data memory word as follows: 

16 

OV 

14 

OVM 
13 

INTM 

12 

1 

11 10 

1 1 

9 8 

1 (ARP 

7 

1 
6 

1 

5 
1 

4 

1 
3 
1 

? 1 

0 
0 

DP 

1 
.1 

LARP 
LST ',1 The data memory word addressed by the 

contents of auxiliary register ARO 
replaces the status bits. ARP becomes 1. 

Note: 

When using direct addressing, the SST instruction always saves status 
on page 1. The LST instruction will not automatically restore status 
from page 1. Therefore, the user must specify the correct data page 
pointer. 
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LT 

Syntax 

Load T Reaister H 

Direct: [<label>] LT •<:dm8> 
Indirect: (<label>] LT {•|* + r-}[,<next ARP>] 

Operands 

Execution 

Encoding 

O s dma s 127 
ARP = O o r l 

(PC) + 1 - PC 
(dma) -* T register 

na 
Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 11 

0 1 

0 1 

10 

0 

0 

9 

1 

1 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

Seo Section 4.1 

0 

Description The T register Is loaded with the contents of the speclfied data memory lo-
cation. The LT instruction may be used to load the T register in preparation 
for multiplication (see the LTA, LTD, MPY, and MPYK instructions). 

(DP - 0) 

If current auxiliary register contains 24. 

Before Instruction After Instruction 

Words 
Cycles 

Example 

1 
1 

LT 
or 
LT 

DAT24 

* 

Data 
Memory 

24 
>62 

Data 
Memory 

24 
>62 

>3 >62 

LTA Load T Register and Accumulate Previous Product LTA 

Syntax 
Direct: [<label>] LTA <dma> 

Indirect: t<label>] LYA { • r + |"-}t,<next A R P > ] 

Operands O ¿ dma £ 127 
ARP = O or 1 

Execution (PC) + 1 -• PC 
(dma) -• T register 
(ACC) + (P register) -* ACC 
Affects OV; affected by OVM. 

Encoding 15 14 13 12 11 10 

Direct: 

Indirect: 

Description The T register is loaded with the contents of the specified data memory 
address. The P register. containing the previous product of the multiply 
operation, is added to the accumulator, and the result is stored in the ac-
cumulator. 

The function of the LTA instruction is included in the LTD instruction. 

( D I ' - O) 

I f current a u x i l i a r y reg is te r contains 24. 

Üoforo Instruction Attor Instruction 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

Data Memory Address 

See Section 4.1 

Words 
Cycles 

Exnmplo 

1 
1 

1,'I'A 
Of 
LTA 

DAT VI 

• 

Data 
Memory 

24 

ACC 

1 >62 

>3 

>F 

>5 

Memory 
24 

T 

P 

ACC 

>62 

>62 

>F 

>14 

4 . 4 4 
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ÍJ:D_ 
Load T Register, Accumulate 

Previous Product. and Move Data LTD 

Syntax 
Direct: [•<:label>] LTD <dm8> 

Indirect: [<labGl>] LTD {• | ' + r-}[,<next ARP>] 

Operands O s dma s 127 
A R P - O o r l 

Execution (PC) + 1 -* PC 
(dma) -• T regíster 
(dma) -• dma + 1 
(ACC) + (P registor) *• ACC 
Affects OV; affected by OVM. 

Encoding 16 14 13 12 11 10 9 8 7 
Olroct 

Indirect: 

Oescription 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 1 

1 1 

Data Mamory Addfgit 

Sea Section 4.1 

Words 
Cycles 

Example 

The T registor Is loaded wifh the contents of the spacified data memory 
address. The contents of the P register are added to the accumulator, and 
the result is placed in the accumulator. The contents of the speclfied data 
memory address are also copied to the next higher data memory address. 
Thls functlon is descrlbed under the Instructíon OMOV. 

1 
1 

LTD 
or 
LTD 

DAT24 (DP " 0) 

* If current auxiliary register contains 24. 

Beforé Instruction After Instruction 
Data 

Memory 
24 

Data 
Memory 

25 

>62 

>0 

Data 
Memory 

24 

Data 
Memory 

25 

>62 

>62 

MAR Modify Auxiliary Reoister MAR 

Syntax 
Direct: [<label>] MAR <dma> 

Indirect: [<label>] MAR {•|* + r-}[,<next ARP>] 

Oparands 

Execution 

Encoding 

O á dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
Modifies AR(ARP), ARP as speclfied by the indirect addressing field 
(acts as a NOP in direct addressing). 

ng 
Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 11 

0 1 

0 1 

10 

0 

0 

9 

0 

0 

8 

0 

0 

7 

0 

1 

6 6 4 3 2 1 

Data Mamory AddrMt 

Ssa SactJon 4.1 

0 

1 

Description In tho indirect addressing mode, the auxiliary registers are either incre
mentad or decremented and the ARP is modified; however, no use is made 
of the memory being referenced. MAR is used only to modify the auxiliary 
registers or the ARP. ARP may also be loaded by an LST instruction. 

MAR acts as a no-operation (NOP) instruction in the direct addressing 
mode. Also, the LARP instruction Is a subset of MAR (i.e.. MAR ",0 per-
forms the same functlon as LARP 0). 

Words 
Cycles 

Example 1 

1 
1 

MAR • , 1 

ARP 

Load the ARf with 1 . 

Before Instruction 

0 ARP 

After Instruction 

1 

Example 2 MAR Decrement current auxiliary register (in this 
case, ARl) 

Before Instruction After Instruction 

ARl >35 ARl >34 

>3 >62 

>F >F 

ACC >5 ACC >14 
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MAR Modifv Auxiliarv Register MAR 

Exampte 3 MAR *+,0 Increnent current auxi l iary r e g i s t e r (ARl) and 
load ARP with 0. 

Before Instruction After Instruction 

ARl 

ARP 

>34 ARl 

ARP 

>35 

MPY Muttiptv MSI 

Syntax 
Direct: (<label>] MPY <dnfia> 

Indirect: [<label>] MPY {•|* + r - } [ ,<next ARP>] 

Operands 

Execut ion 

Encoding 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
(T register) x (dma) -* P register 

15 14 13 12 11 10 9 8 

Direct: O i 1 Data Memory Address 

Indirect: O 1 1 1 1 1 See Section 4.1 

Descr ip t ion The contents of the T register aro multiplied by the contents of the ad-
dressod data momory locatíon. The result is placed ín tho P register. 

During an interrupt. all registers except the P register can be saved and re-
stored directiy. However, the first-generation TMS320 devices have hard
ware protection against servicing an interrupt between an MPY or MPYK 
instruction and the following instruction. Por this reason, it is advisable to 
follow MPY and MPYK with LTA, LTD, PAC, APAC, or SPAC. 

Words 
Cycles 

Example 

Note that no provisions are made for the condition of >8000 x >8000. 
this condition arises, the product will be >COOOO000. 

1 
1 

If 

MPY 
or 
MPY 

DAT13 (DP = 0 ) 

* If current auxiliary register contains 13. 

Before Instruction After Instruction 

Data 
Memory 

13 
>7 

>6 

>36 

Memory 
13 

T 

P 

>7 

>6 

>2A 
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MPYK Multjptv tmmediate MPYK MOP 

Syntax 

Operands 

Executlon 

Encoding 

Description 

f<label>] MPYK <constant> 

-2 ^2 j j constant < 2^^ 

(PC) + 1 -• PC 
(T register) x constant •* P register 

15 14 13 12 11 10 9 8 7 6 
13-Blt Constant 

The contents of the T register are multíplied by the signed 13-bit constant. 
The result Js loaded ínto the P register. 

Ouring an jnterrupt, all registers except the P register can be saved and re-
stored directiy. Since no provisión is made fo save the contents of the P 
register during an interrupt, the MPYK instruction should be followed by 
one of the following instructions: PAC, APAC, SPAC, LTA, or LTD. Pro
visión is made in hardware to ínhibit interrupt during MPYK until the next 
instruction is executed. 

Words 
Cycles 

Example 

1 
1 

MPYK - 9 

T 

P 

Before Instruction 

>7 

>2A 

T 

P 

After Instruction 

>7 

>FFFFFFC1 

No Qoeration NOP 

Syntax 

Operands 

Execution 

Encoding 

[<label>] NOP 

None 

(PC) + 1 - PC 

15 14 13 12 11 10 9 8 
1 1 1 1 1 1 1 

Description No operation is performed. NOP affects only the PC. 

Words 
Cycles 

Example 

NOP is useful as a pad or temporary instruction during program develop-
ment. 

1 
1 

NOP 
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OR OR with Accumulator OR mni Output Data to Port OUT 

Syntax 
Direct: [<label>] OR <dma> 

• Indirect: [<label>] OR r r + |*-}[,<next ARP>] 

Syntax 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Dascription 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
{ACC(15-0)) .OR.dma - ACC(15-0) 
(ACC(31-16)) -•ACC{31-16) 

15 14 
0 1 

0 1 

13 
1 

1 

12 
1 

1 

11 
1 

1 

10 
0 

0 

9 
1 

1 

8 
0 

0 

7 
0 

1 

6 5 4 3 2 1 
Data Memory Address 

See Ssction 4.1 

0 

Words 
Cycles 

Example 

1 
1 

OR 
or 
OR 

DAT88 

* 

Data 
Memory 

88 

The low-order bits of the accumulator are ORed with the contents of the 
addressed data memory location. The high-order bits of the accumulator 
are ORed with all zeroes. Therefore, the upper half of the accumulator Is 
unaffected by this instructlon. The result is stored in the accumulator. 

The OR instruction is useful for comparíng selected bits of a data word. 

(DP = 0) 

Where current auxiliary register contains 88. 

'Before Instruction After Instruction 

>F000 
Data 

Memory 
88 

>F000 

Direct: 
Indirect: 

Operands 

Execution 

[<label>] OUT <dma>,<PA> 
[<label>] OUT { • | ' + r - } ,<PA>[ ,<nex t ARP>] 

O S dma £ 127 
ARP = O or 1 
O s port address PA á 7 

(PC) + 1 - PC 
Port address PA - address bus A2/PA2-AO/PA0 
O -• address bus A11-A3 
(dma) -• data bus D15-D0 

Encoding 

Direct: 

15 14 13 12 11 10 9 8 6 
0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

Port Address 

Port Address 

0 

1 

Oats Memory Address | 

See Section 4.1 

Dascription 

Words 
Cycles 

Example 

The OUT instruction transfers data from data memory to an external pe-
ripheral. The first cycle of this instruction places the port address onto ad
dress lines A2/PA2-A0/PA0. During the same cycle, W I goes low and the 
data word is placed on the data bus DI 5- DO. On the TMS32010/C10/C15. 
WFR remains high during the first cycle. On the T M S 320C17 , the TXU¡ 
signal is not available. 

1 
2 

OUT 120,7 

OUT ',5 

Output data word stored in data memory 
location 120 to peripheral on port 
address 7. 
Output data word referenced by current 
auxiliary register to peripheral on port 
address 5. 

ACC >100002 ACC >10F002 
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PAC 

Syntax 

Operands 

Execution 

Encoding 

Oescription 

Words 
Cycles 

Example 

Load Accumulator with P Reaister _PA£ EQñ. 
[<label>] PAC 

None 

(PC) + 1 - PC 
(P register) - ACC 

15 14 
0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

5 

0 

4 

0 

3 

1 

2 

1 

1 

1 

0 

0 

The contents of the P register resulting from a multiply are loaded into the 
accumulator. 

1 
1-

Syntax 

Operands 

Execution 

Encoding 

Oescription 

PAC 

Before Instruction After Instruction 

>144 >144 

ACC >23 ACC >144 
Words 
Cycles 

Example 

Pop ToD of Stack to Low Accumulator PQE 

[<l8bel>] POP 

None 
\- • 

(PC) + 1 - PC 
(TOS) - ACC(I I -O) 
O - ACC(31-12) 
Pop stack one leve!. 

15 14 
0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

5 

0 

4 

1 

3 

1 

2 

1 

1 

0 

0 

11 
The contents of the top of the stack (TOS) are copiad to the low accu
mulator, and the stack popped after the contents are copied. The next ele-
ment on the stack becomes the top of the stack. The upper bits (31 -12) 
of the accumulator are zeroed. The hardware stack is a last-in, first-out 
stack with four locations. Any time a pop occurs, every stack valué is co
pied to the next higher stack location, and the top valué is removed from 
the stack. After a pop, the bottom two stack words wil l have the same 
valué. Because each stack valué is copied, if more than three pops (due to 
POP or RET instructions) occur before any pushes occur, all levéis of the 
stack contain the same valué. 

1 
2 

POP 

ACC 

Stack 

Before Instruction 

> 8 2 

>45 
>16 

>7 
>33 

After Instruction 

ACC 

Stack 
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«?• 

gUSH Pti?h LOW APCMmulatpr gptQ StflCK PUSH ñEL Return from Subroutine ML 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

(<label>] PUSH 

None 

(PC) + 1 -• PC 
Push all stack locations down one level. 
(ACC(I I -O)) - T O S 

15 14 
0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

5 

0 

4 

1 

3 

1 

2 

1 

1 

0 

0 

0 

The contents of the lower 12 bits (11-0) of the accumulator are copied 
onto the top of the hardware stack. The stack is pushed down before the 
accumulator valué ís copied. The hardware stack is a last-in. first-out stack 
wlth four locations. If more than four pushes (due to CALA, CALL, PUSH, 
TBLR, or TBLW Instructions or interrupts) occur before a pop, the first data 
valúes written will be lost with each succeeding push. 

1 
2 

Syntsx 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

(<label>] RET 

None '• . 

(TOS) - PC 
Pop stack one level. 

15 14 
0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

6 

0 

4 

0 

3 

1 

2 

1 

1 

0 

0 

1 

The contents of the top of stack are copied into the program counter. The 
stack is then popped one level. RET ís used in conjunction with CALA and 
CALL for subroutines and interrupts. 

1 
2 

RET 

Before Instruction After Instruction 

PUSH 

Before Instruction After Instruction 

ACC 

Stack 

PC 

Stack 
ACC 

Stack 

>7 

PC 

Stack 

>37 

>45 
>75 
>75 
-75 
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ROVM Reset Overflow Moda ROVM SACH Store Hiah Accumulator wíth Shift SACH 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

[<label>] ROVM 

None 

(PC) + 1 - PC 
O -» OVM status bit 
Affects OVM. 

Syntax 

15 

0 

14 

1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

5 

0 

4 

0 

3 

1 

2 

0 

1 

1 

0 

o| 

The OVM status bit is reset to logic 2ero. This disables the overflow moda, 
in which the device was placed by the SOVM instruction. If an overflow 
occurs wlth OVM reset, the OV (overflow flag) is set, and the overflowed 
result is placed in the accumulator. OVM may also be ioaded by the LST 
and SOVM instructions (see the SOVM instruction). 

1 
1 

ROVM The overfiow mode b i t OVM i s r e s e t , 
d i sabl lng the overflow mode on any 
subseguent ari thmetic operat ions . 

Direct: [<label>] SACH <dma>[,<shif t>] 
Indirect: [<label>í SACH { • r + r- } t ,<shi f t>[ ,<next ARP>] ] 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Description 

O s dma £ 127 
ARP = O or 1 
shift = O, 1, or 4 

(PC) + 1 -* PC 
16 MSBs of (ACC) X 2»'^"' -» dma 

15 14 

0 1 

0 1 

13 

0 

0 

12 

1 

1 

11 

1 

1 

10 9 8 

Shift 

Shltt 

7 

0 

1 

. 6 5 4 3 2 1 

Oats Memory Address 

See Sectlort 4.1 

0 

Words 
Cycles 

Example 

The SACH instruction copies the entire accumulator into a shifter. It then 
loft-shifts this ontiro 32-bit number O, 1, or 4 bits, and copie* tho uppor 16 
blm ol the shllted valué Into data memory. The accumulator itsell remain& 
unaffected. 

1 
1 

SACH 
or 
SACH 

DAT70,1 (DP = 0) 

* ,1 If current auxi l iary r e g i s t e r contains 70. 

Before Instruction After Instruction 

A C C 

Data 
Memory 

70 

>4208001 

> 0 

ACC 

Data 
Memory 

70 

>4208001 

>841 
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^* 

SACL Store Low Accumulator SACL SAR Store Auxiharv Reaister SAR 

Syntax 
Direct: [<label>] SACL <dm8> 

Indirect: [<l8bol>] SACL r r + r . } [ ,<0>[ .<next ARP>]] 

Opéranos 

Execution 

Encodíng 

O £ dma s 127 
ARP = O or 1 
shift = O 

(PC) + 1 - PC 
(ACC(15.0)) -*dma 

ng 

Direct: 

Indirect: 

15 14 13 12 11 

0 1 0 1 0 

0 1 0 1 0 

10 

0 

0 

9 
0 

0 

8 
0 

0 

7 
0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

Description The low-order bits of the accumulator are stored In data memory. There is 
no shift associated with this instruction, although a shift code of zero 
MUST be specífied if the ARP is to be changed. 

Words 
Óyelas 

Example 

1 
1 

SACL 
or 
SACL 

DAT71 (DP " 0) 

* I f current a u x i l i a r y r e g i s t e r contains 7 1 . 

Before Instruction After instruction 

Syntax 
Direct: (<label>] SAR <AR>,<dma> 

Indirect: [<labei>] SAR <AR>, { ' r + r->[,<next ARP>] 

Operands 

Execution 

Encodíng 

O ¿ dma S 127 
auxiliary register AR = O or 1 
ARP = O or 1 

(PC) + 1 - PC 
(auxiliary register AR) -• dme 

ng 

Direct: 

Indirect: 

15 14 13 

0 0 1 

0 0 1 

12 

1 

1 

11 

0 

0 

10 

0 

0 

9 

0 

8 

AR 

0 AR 

7 
0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Seciion 4.1 

0 

Description The contents of the designated auxiliary register are stored in the addressed 
data memory location. For more Information, see the LAR instruction. 

Words 
Oyóles 

Example 1 

1 
1 

SAR AR0,DAT30 (DP •= 0) 
or 
SAR ARO,* If current auxiliary register contains 30. 

Before Instruction After Instruction 

Memory 
71 

ACC 

>5 

>7C638421 

Data 
Memory 

71 

ACC 

>8421 

>7C638421 

Exnmpln 2 

ARO 

Data 
Momory 

30 

LARr ARO 
SAR ARO,«-

Altd 

Data 
Memory 

>37 

>18 

.r-

>0 

ARO 

Data 
Memory 

30 

AIKI 

Data 
Memory 

>37 

>37 

• " - ' 1 

>6 
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SAfi_ Store Auxiliary Reaister SAR SOVM Set Overflow Mode SOVM 

Warning: 

Special problems arise when SAR is usad to atora the current 
auxiliary ragister with indirect addrasaing if auto-
incrament/dacramant is usad. 

LARP ARO 
LARK ARO,10 
SAR ARO,*+ or SAR ARO,' 

In this case, SAR ARO,*+ will causa the valué 11 to be stored 
in location 10. SAR ARO,'- wll l cause the valué 9 to be stored 
in location 10. 

Syntax 

Operands 

Execution 

Encoding 

Description 

Words 
Cycles 

Example 

[<label>] SOVM 

None ' • • 

(PC) + 1 - PC 
1 — overflow mode (OVM) status bit 
Affects OVM. 

15 
0 

14 
1 

13 
1 

12 
1 

11 
1 

10 
1 

9 
1 

8 
1 

7 
1 

6 
0 

5 
0 

4 
0 

3 
1 

2 
0 

1 
1 

0 
1 

The OVM status bit is set to logic 1, which enables the overflow (satu-
ration) mode. If an overflow occurs with OVM set, the overflow flag OV is 
set, and the accumulatoi is set to the largest representable 32-biI positíve 
(>7FFFFFFF) or negativo (>80000000) number according to thedirectlon 
of overflow. OVM may also be loaded by the LST and ROVM instructions. 
(See the ROVM instruction for further infortnation.) 

1 
1 

SOVM The overflow mode bit OVM is set, enabling 
the overflow mode on any subsequent 
arithmetic operacions. 
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gPAQ. Subtract P Reoister from Accumulator SPAC SST Store Status Reoister SST 

[<lab8l>] SPAC 

None 

(PC) + 1 - PC 
(ACC) - (P registor) - ACC 
Affects OV: affoctad by OVM. 

Syntax 

Operands 

Execution 

Encoding 

Doscription Tha contenta of the P register are subtracted from the contents of tho act 
cumulator. The result Is atorad In the accumulator. Note that the P register 
js afways slgn-extended. 

15 14 

0 1 

13 

1 

12 

1 

11 

1 

10 

1 

9 

1 

8 

1 

7 

1 

6 

0 

6 

0 

4 

1 

3 

0 

2 

0 

1 

0 

0 

0 

Words 
Cycles 

Example 

1 
1 

SPAC 

Before Instruction Altar Instruction 

>24 >24 

ACC >3C ACC >18 

Syntax 
Direct: [<labei>] SSI .<dma> 

Indirect: [<label>] SST,.-{*|* + r-}[,<next ARP>] 

Operands 

Execution 

Encoding 

O s dma £ 15 {TMS3201 O/CÍO) 
O s dma s 127 (TMS320C15/C17) 
ARP - Oor 1 

(PC) + 1 - PC 
(status register) -* specified dma (page 1 only in direct addressíng) 

n g 

Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 

1 

1 

11 

1 

1 

10 

1 

1 

9 

0 

0 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

Description The status bits are saved into the specified data memory address (page 1 
only íf direct memory addressíng is used). 

In the direct addresaing mode, the itatus register is always stored in page 
1 regardless of the valué of the DP register. The processor automatically 
forces the page to be 1, and the specific location within that page is definad 
in tho instruction. Noto thot tho OP rogiator is not physicolly modlfiod. This 
allows storage of the DP register in the data memory on interrupts, etc.. In 
the direct addressíng mode without having to changa the DP. In the indi
rect addressíng mode. the data memory address is obtaíned from the auxil-
iary register selected. (See the LST instruction for more Information.) 

The SST instruction can be used to store the status bits after Interrupts and 
subroutine calis. These status bits include the OV (overflow flag) bit. OVM 
(overflow mode) bit, INTM (interrupt mode) bit, ARP (auxiliary register 
polnter) bit, and OP (data memory page pointer) bit. The status bits are 
stored in the data memory word as foilows: 

15 14 13 12 11 10 8 6 

W o r d s 
Cyc les 

E x a m p l e 

ov| 
X 

1 
1 

SST 
or 
SST 

OVM INTM 1 1 1 1 (AHP 

= reservad 

1 1 1 1 1 1 X 

DATl (DP •= d o n ' t c a r e ) 

* , 1 I f c u r r e n t a u x i l i a r y r e g i s t e r c o n t a i n s 1 . 

Before Instruction 

Status 
Register 

Data 
Memory 

1 

>5EFE 

>A 

After Instruction 

Status 
Register 

Data 
Memory 

1 

>5EFE 

>5£FE 

|DP 
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SUB Subtract from Aeenmulator with Shift -SUB SUBC Conditionaí Subtract SUBC 

Syntax 
Direct: [<label>] SUB <dma>[,<8hift>] 

Indirect: [<label>] SUB { • r + r-}[,<shift>[,<next ARP>]] 

Operands 

Execution 

Encoding 

Direct: 

Indirect; 

Descríption 

O s dma s 127 
ARP = O or 1 
O s shift s 15 (defaults to 0) 

(PC) + 1 - PC 
(ACC) - [(dma) x 2»''"'] - ACC 
Affects OV; affectod by OVM. 

15 14 13 12 11 10 9 8 7 6 

Shift Data Memory Address 

Syntax 
Direct: [<label>] SUBO <dma> 

Indirect: [<iabel>í SUBC { • r + r-}[.<next ARP>] 

Operands O £ dma ¿ 1 2 7 
ARP = O or 1 

Execution (PC) + 1 - PC 
(ACC) - [(dma) X 2'6] - ALU output 
if ALU output ¿ 0: 

Then (ALU output) x 2 + 1 - ACC; 
Else (ACC) X 2 -• ACC. 

Affects OV but NOT affected by OVM (no saturation). 

Encoding 

0 0 0 1 Shift 1 Sea Sscilon 4.1 

Words 
Óyeles 

Exampie 

The contents of the addressed data memory locatlon are left-shifted and 
subtracted from the accumulator. During shifting, the low-order bits are 
zero-filled. The high-order bit Is sign-extonded. The result Is stored in the 
accumulator. 

1 
1 

SOB DATS9 (DP « 0) 
or 
^"^ * If current auxiliary register contains 59. 

Before Instruction After Instruction 

ng 

Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 
1 

1 

12 

0 

0 

11 

0 

0 

10 

1 

1 

d 
0 

0 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Data Mamery Addratt 

Sea Section 4.1 

0 

Oascription 

ACC 

Data 
Memory 

59 

>24 

>11 

ACC 

Data 
Memory 

59 

>13 

>11 

Words 
Óyeles 

Example 

The SUBC Instruction performs conditionaí subtractlon, which may be used 
for división. The 16-blt dividend is placed in the low accumulator, and the 
hígh accumulator Is zeroed. The divisor Is In data memory. SUBC is exe-
cuted 16 times for 16-bit división. After completion of the last SUBC, the 
quotient of the división is In the lower-order 16-bit fíeld of the accumulator, 
and the remalnder is in the hIgh-order 16 bits of the accumulator. SUBC 
assumes the divisor and the dividend are both positiva. 

If the 16-bit dividend contains less than 16 signifícant bits, the dividend 
may be placed in the accumulator left-shifted by the number of leading 
non-significant zeroes. The number of executions of SUBC is reduced from 
16 by that number. However, at least one leading zero must always be 
present slnce both operands of the SUBC Instruction must be posltlve. 
Note that the next Instruction after SUBC cannot use the accumulator. 

The SUBC instruction affects OV but is Qjjl affected by OVM. Therefore, the 
accumulator does not satúrate upon positiva or negative overflows \vhen 
executing this instruction. 

The above description Is for 16-bít integer división. SUBC can also be used 
in fixed-point división. 

1 
1 

LARP ARO 
LARK ARO,15 

DIV SUBC DAT2 
BANZ DIV 

(DP 0) 

4-66 
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SUBC Conditional Subtract SUBC SUBH Subtract from Hiqh Accumulator SUBH 

Before Instruction After Instruction 
Data 

Memory 

ACC 

>7 

>41 

Data 
Memory 

2 

ACC 

>7 

>20009 

The results above show the executíon of all the instructíons ín the code 
example. 

Syntax 
Direct: (<label>] SUBH <dma> 

Indirect: (<label>] SUBH { • r + r-}[,<next ARP>) 

Oparands 

Executíon 

Encoding 

Direct: 

Indirect: 

Description 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
(ACC) - [(dma) x 2^^] - ACC 
Affects OV; affected by OVM. 

15 14 

0 1 

0 1 

13 

1 

1 

12 

0 

0 

11 

0 

0 

10 

0 

0 

9 

1 

1 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Addra*s 

Sea Section 4.1 

0 

Words 
Cyclas 

Example 

The contents of the addressed data memory locatíon are subtracted from the 
upper 16 bits of the accumulator. The 16 low-order bits of the accumulator 
are unaffected. The result is stored in the accumulator. 

The SUBH instruction can be used for performing 32-bit arithmetic. 

1 
1 

SUBH 
or 
SOBH 

DAT33 (DP = 0) 

* I f current a u x i l i a r y r e g i s t e r concains 33. 

Before Instruction After Instruction 

Data 
Memory 

33 
>4 

Data 
Memory 

33 
>4 

ACC >A0013 ACC >60013 
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SUBS 
Subtract from Low Accumuiator 
with Sion-Extension Sunnressed SUBS T&in Table Read TBLR 

Syntax 
Oirect: [<label>] SUBS <dma> 

Indirect: [<label>] SUBS { • r + r-}[,<noxt ARP>] 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Oescription 

O s dma s 127 
ARP - O or 1 

(PC) + 1 - PC 
(ACC) - (dma) - ACC 
Affects OV; atfected by OVM. 

16 14 13 12 11 10 9 8 7 6 

0 1 1 0 0 0 1 1 0 Dat« Memory Addreu 

Sea Section 4.1 

Words 
Cycles 

Example 

The contente of the addressed data memory location are subtracted from the 
accumuiator with sign-extension suppressed. The data is treated as a 16-
bit unsigned number, rather than a two's-complement number. Tho accu
muiator behaves as a signed number. 

1 
1 

SUBS 
or 
SUBS 

DAT2 (DP - 0) 

* 1£ current a u x i l i a r y r e g i s t e r contains 2. 

Before Instructlon After Instruction 

Data 
Memory >F003 

Data 
Memory 

2 
>F003 

Before Instruction 

Syntax 
Direct: [<label>] TBbR <dma> 

Indirect: [<label>] TBLR { • r + r-}[ ,<nextARP>] 

Opsrands 

Execution 

Encoding 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - TOS 
(ACC(I I -O)) -* PC 
(pma) -• dma 
Modify AR(ARP) and ARP as specified 
(TOS) - PC 

ng 
Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 

0 

0 

11 

0 

0 

10 

1 

1 

9 

1 

1 

8 

1 

1 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

Description 

Words 
Cycles 

Example 

The TBLR instruction transters a word from a location in program memory 
to a data memory location specified by the instruction. The program mem
ory address is defined by the low-order 12 bits of the accumuiator. For this 
operation, a read from program memory is perfonmed, followed by a write 
to data memory. The contenta of the lowest stack location are lost when 
using TBLW. 

The TBLR instruction is useful for reading coefficients that have heve been 
stored in program ROM. or time-dependent data stored in RAM. 

1 
3 

TBLR 
TBLR 

DAT6 (DP = 0) 
If current auxiliary register contains 6. 

After Instruction Before Instruction After Instruction 

ACC >F105 ACC >102 ACC >9 ACC >9 

Program 
Memory 

9 

>306 
Program 
Memory 

9 
>306 

Data 
Memory 

6 
Stack 

Data 
Memory 

6 
Stack 

>306 

>71 
>48 
>16 
>16 
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TBLW Table Write TBLW mñ. Exciusíve-OR with Low Accumutator JSfífi 

Syntax 
Direct: t<label>] TBLW <dma> 

Indirect: (<label>] TBLW {•|* + r-}[,<next ARP>] 

Syntax 

Operands 

Execution 

Encoding 

O s dma s 127 
ARP = Oor1 

(PC) + 1 - TOS 
(ACC(I I -O)) - P C 
(dma) -• pma 
Modify AR(ARP) and ARP as specified 
(TOS) - PC 

ng 

Direct: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

•1 

12 

1 

1 

11 

1 

1 

10 

1 

1 

9 

0 

0 

8 

1 

1 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

Oescription 

Words 
Óyeles 

Example 

The TBLW instruction transfers a word in data momory to program memory. 
The data memory address is specified by the instruction, and the program 
memory address is specified by the lower 12 bits of the accumulator. A read 
from data memory is followed by a write to program memory to complete 
the instruction. The contents of the lowest stack location are lost when 
using TBLW. 

Note that the TBLW and OUT instructions use the same externa! signáis and 
thus cannot be dístinguished when writing to program memory addresses 
O through 7. 

1 
3 

TBLW . 
TBLW 

DAT5 (DP - 0 ) 
* If current auxi l iary r e g i s t e r contains 5. 

Before Instruction After Instruction 

Data 
Memory 

5 
>4339 

Data 
Memory 

5 
>4339 

Direct; [<label>] XOR <dma> 
Indirect: [<label>] XOR • { • r + |"-}[><next ARP>] 

Operands 

Execution 

Encoding 

Direct: 

Indirect: 

Descríption 

O s dma s 127 
ARP = O or 1 

(PC) + 1 - PC 
(ACC(15-0)).XOR.dma ^ ACC(15-0) 
(ACC(31-16)) -*ACC(31-16) 

15 14 

0 1 

0 1 

13 

1 

1 

12 

1 

1 

11 

1 

1 

10 

0 

0 

9 

0 

0 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Data Memory Address 

See Section 4.1 

0 

The low half of the accumulator is exclusive-ORed with the contents of the 
addressed data memory location. The upper half of the accumulator is not 
affected by this instruction. 

The XOR instruction is useful for toggling or setting bits of a word for 
high-speed control. In addition, the one's complement of a word can be 
found by exclusive-ORing it with all ones. 

(DP •= 0) 

If current auxi l iary r e g i s t e r contains 127. 

Before Instruction After Instruction 

W o r d s 
Cycles 

Example 

1 
1 

XOR 
or 
XOR 

DAT127 

* 

Data 
Memory 

127 
>F0F0 

ACC >12345678 

Data 
Memory 

127 

ACC 

> F 0 F 0 

> 1 2 3 4 A 6 8 8 

Program 
Memory 

8 
>306 

Program , 
Memory 

8 •-
>4339 

ACC >8 ACC >8 

Stack Stack > 3 4 
>23 
>11 
>11 
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ZAC Zero Accumulator .ZA£ 

(<label>] ZAC 

Norte 

(PC) + 1 -• PC 
0 - A C C 

Syntax 

Operands 

Execution 

Encoding 

Description The contents of the accumulator are replaced with zero. 

Words 
Cycles 

15 14 
| 0 1 

13 
1 

12 
1 

11 
1 

10 
1 

9 
1 

8 
1 

7 
1 

6 
0 

5 
0 

4 
0 

3 
1 

2 
0 

1 
0 

0 
1 

Example 

1 
1 

ZAC 

Before Instruction After Instruction 

ACC >A5A5A5A5 ACC >0 

ZALH 
Zero Low Accumulator 

and Load Hiah Accumulator ZALH 

Syntax 
DIrect: [<label>] ZALH <dma> 

Indirect: [<label>] ZALH {• | ' + r-}[ ,<nexl ARP>] 

Operands 

Execution 

Encoding 

O s dma s 127 
ARP = O o r l 

(PC) + 1 - PC 
O - A C C ( 1 5 - 0 ) 
(dma) - ACC(31-16) 

ng 

DIrect: 

Indirect: 

15 14 

0 1 

0 1 

13 

1 

1 

12 

0 

0 

11 

0 

0 

10 

1 

1 

9 

0 

0 

8 

1 

1 

7 

0 

1 

6 5 4 3 2 1 

Oats Memory Address 

See Section 4.1 

0 

Description ZALH loads a data memory valué into the high-order half of the accumula
tor. The low-order bits of the accumulator are zeroed. 

Words 
Cycles 

Example 

ZALH is useful for 32-bit arithmetic operations. 

1 

ZALH 
or 
ZALK 

DAT2 (DP = 0) 

* If c u r r e n t a u x i l i a r y r e q i s t e r con ta ins 3. 

Before Instruction After Instruction 

Data 
Memory 

3 
>3F01 

Data 
Memory 

3 
>3F01 

ACC >77FFFF ACC >3F010000 
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Zero Accumuiator, Load Low Accumuiator 
ZALS with Sian-Extension Suopressed ZALS 

5. Software Applications 

Syntax 
Direct: [<l8bel>] ZALS <dm8> 

Indirect: [<label>] ZALS {•(•+r-}[ ,<next ARP>] 

Operands 

Executíon 

Encoding 

Direct: 

Indirect; 

Oascription 

O s dms <; 127 
ARP - O or 1 

(PC) + 1 -• PC 
0 - A C C ( 3 1 - 1 6 ) 
(dma) - A C C ( 1 5 - 0 ) 

15 14 

0 1 

0 1 

13 

1 

1 

12 

0 

0 

11 

0 

0 

10 

1 

1 

9 

1 

1 

8 

0 

0 

7 

0 

1 

6 5 4 3 2 1 

Oata Mamory Addres* 

Sse Ssetion 4.1 

0 

Wordt 
Óyeles 

Example 

The contents of the addressed data memory location are loaded into the 16 
low-order bits of the accumuiator. The upper half of the accumuiator is 
zeroed. The data is treated as a 16-bit unslgned number rather than a 
two's-complement number. Therefore, there is no sign-extension with thís 
instruction. 

ZALS is useful for 32-bit arithmetic operations. 

1 
1 

ZALS 
or 
ZALS 

DATl (DP « 0) 

* I f current a u x i l i a r y r e g i s t e r contains 1 . 

Before Instruction After Instruction 

Oata 
Memory 

1 

ACC 

>F7FF 

>7FF00033 

Data 
Memory 

1 

ACC 

>F7FF 

>F7FF 

The use of varióos-key software-related processor and instruction set features 
along with assembly language coding examples is explained ín this aection. 
TMS320C1X (first-generation TMS320) instructíons are tailored to digital 
signal processing tasks, providing a single-cycle múltiply, scaling, convo-
lution, overflow management, and many other features. There is also instruc
tion set support for logical and arithmetic operations. 

More Information about specific applications can be found in the book. Digital 
Signa/ Processing Applications with tita TA/tS320 Family. The DSP Software 
Líbrary contains the major DSP routines and application algoríthms presentad 
ín the applications book. The TMS320 DSP Bulletin Board Service provídes 
access to code updates and naw application reporta as they become available. 
See Appendix E for Information about the software library and bulletin board. 

Major topics discussed in this section are listad below. 

• Processor Initiaiization (Section 5.1 on page 5-2) 

• Interrupt Management (Section 5.2 on page 5-7) 
Interrupt service routines 
B I Ü polling 
Context switching 

• Program Control (Section 5.3 on page 5-16) 
Software stack expansión 
Subroutine calis 
Addressing and loop control with auxiliary registers 
Computed GOTOs 

• Memory Management (Section 5.4 on page 5-23) 
Moving data 
Moving constants into data memory 

• Logical and Arithmetic Operations (Section 5.5 on page 5-29) 
Bit manipulation 
Ovorllow manogomonl 
Scaling 
Convolution operations 
Multiplication, división, and addition 
Flontingpoint nrithmolic 

• Application-Oriented Operations (Section 5.6 on page 5-42) 
Companding 
FIR/IIR filtering 
Adaptive filtering 
Fast Fourier Transforms (FFT) 
PID control 
Selftest routines. 
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4 . - hffiMORIA DE DATOS. 

5. - hdlCROCONTROLADOR. 

6. - SECUENCIADOR. 

7. - RELOJ. 
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PLIEGO DE CONDICIONES 



Los dispositivos quo 3© deb©n emplear en 

la elaboración de este proyecto deben cumplir con las 

condiciones de funcionamiento especificadas en los manuales 

de 'Bipolar Mlcroprocessor Logic and ínter face' de la 

familia Am2900 y de Philips Data Handbook de Fast TTL. ; ya 

sean dispositivos AMD o FAST TTL, respectivamente. 

El montaje ha de hacerse en cuatro 

placas de formato Muí ti bus, para mayor flexibilidad y 

modular i dad del equipo. 
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PRESUPUESTO 



PROVECTO DE; ÜERSION BIT-SLICE DEL PROCESADOR TriS32010 

UHIMDES 

1 

24 

16 

7 

1 

3 

8 

8 

4 

2 

2 

1 

1 

1 

1 

ARTICULO 

CAPITULO I : PARTE 

OPERATIVA I 

Ain 29517 

Am25SlO 

7 4 ^ 7 2 5 

Am25LS381 

25LS2517 

Ain2902 

AW 29707 

Ain25l'S85 

74 í ' 374 

7 4 ^ 2 4 5 

7 4 P 2 5 7 

7 4 p 0 8 

7 4 ^ 3 2 

74FIO9 

741*04 

SUMA CAPITULO I j 

pnrcio BE LA 
UHIMS 

PESnAS 

500 

4 1 0 

300 

4 0 0 

3 0 0 

250 

500 

1 8 0 

1 8 0 

200 

7 0 

50 

50 

1 0 0 

50 

IMPORTES 

PARCIALES 

PESnAS 

5OO 

9 8 4 0 

4 8 0 0 

2 8 0 0 

3 0 0 

7 5 0 

4 0 0 0 

1 4 4 0 

7 2 0 

4 0 0 

1 4 0 

50 

50 

1 0 0 

50 

2 5 9 4 0 ñs 

TOTALES 

PESHAS 



HüffiRO 

VHIM9C5 

4 

1 6 

8 

1 

1 

1 

1 

ARTICULO 

CAPITULO I I : PARTE 

OPERATIVA I I 

74P24 5 
25S10 

74P374 

74LS75 
74PO8 

74P04 

74P725 

SUKA CAPITULO I I : 

PRECIO DE LA 
UKIM9 

PESHAS 

.''OO 

410 
180 
100 

50 
50 

300 

IMPORTES 

PARCIALES 

PESCTAS 

000 

6560 

1440 
100 

50 

50 

300 

9300 Pis 

TOTALES 

PESnAS 



MINpO 

VHIMDES 

3 

6 

2 

2 

3 

2 

5 

2 

1 

2 

ARTICVIX) 

CAPITULO I I I : PAROE 

DE MEI'IOHIA D E ~ D X T O S 

y REGISTROS AUXILIARE 

74F74 

Am25L32í>69 

74F373 
74p04 

74F08 

74í'3 2 

74F24 5 

7 4 F 3 8 1 

7 4 P 1 8 2 

251*32569 

SUMA CAPITULO I I I : 

PRECIO >E LA 
UHIMO 

PESnftS 

3 

1 0 0 

250 

lOO 

50 

50 

50 

200 

4 0 0 

200 

250 

J 

IMPORTES 

PARCIALES 

PESnAS 

3 0 0 

1 5 0 0 

2 0 0 

1 0 0 

1 5 0 

1 0 0 

1 0 0 0 

8 0 0 

200 

500 

4 8 5 0 Fb 

TOTALES 

PESnAS 



VKIM9ES 

40 

2 

2 

25 
2 
1 

ARTICVLO 

CAPITULO IVs PARTE 

DE LA MElWORIA DE D*T( 

Ani29707 

74F139 

7 4 P 1 3 8 

7 4 P 3 2 

7 4 P 2 4 5 

74PO4 

SUMA CAPITULO IV: 

PRECIO DE LA 
VHIMD 

PESCTAS 

»S 

500 

100 

100 

50 

200 
50 

IHPORTES 

PARCIALES 

PESETAS 

20000 

200 

200 

1250 

400 
50 

22100 P!s 

TOTALES 

PESCTAS 



VHJM9ES 

6 

23 

7 

2 

3 

3 

1 

2 

1 

1 

8 

ARTICVLO 

CAPITULO V: p a r t e 

LE MICROCONTROLADOR 

Am 29707 

Am27Sl2 

Y4P72b 

74LS73 

74PO4 

74P08 

Am29lO 

745*257 

74P373 

74P86 

74P374 

SUMA CAPITULO V: 

PRECIO SE LA 
UNIDAD 

PESHAS 

5 0 0 

? 0 0 0 

30Ü 

1 0 0 

5 0 

5 0 

lOOO 

7 0 

1 0 0 

1 0 0 

1 8 0 

IMPORTES 

PARCIALES 

PESnAS 

3 0 0 0 

4 6 0 0 0 

2 1 0 0 

2 0 0 

1 5 0 

1 5 0 

1 8 0 0 

1 4 0 

1 0 0 

1 0 0 
1 4 4 0 

5 5 1 8 0 Pb 

TOTALES 

PESnAS 



WHpO 

QKIMDÜS 
ARTICULO 

PRECIO DE LA 
UKIMD 

PESCTftS 

IHPORTES 

PARCIALES 

PESRAS 

TOTALES 

PESnAS 

1 

6 

4 

6 

1 0 

1 

1 

CAPITULO V I : p a r t e 

DE SECUBWCIADOR 

Am29lO 

74P573 

74P374 

74P257 

7,4í'245 
74PO4 

74P08 

1800 

ICO 

100 

.70 

200 

50 

50 

1800 

600 

400 

420 

2000 

50 

50 

SUMA CAPITULO VI: 5320 fís 



VHIMSES 

6 

1 

3 

3 

5 

5 

5 

1 

2 

ARTICULO 

CAPITULO V I I , PARTE 

DE RELOJ 

74P96 

Ain2925 

741-373 

74l 'S74 
74P04 

7 4 P 1 2 

7 4 P 2 1 

741*76 

7 4 P 3 2 

SUMA CAPITULO V I I 

TOTAL SUMA DEL 

PROYECTO 

CAPITULO I 

CAPITULO I I 

CAPITULO I I I 

CAPITULO IV 

CAPITULO V 

CAPITULO VI 

CAPITULO VII 

aUMA TOTAL PROYECTO 
B SB B 8 a BC S ' S . B K B B 8 K B 4 B SB S SE I S S 

PRECIO 9E LA 
UHIPAD 

PESETAS 

250 

3 0 0 

1 0 0 

1 0 0 

50 

50 

50 

lOO 

50 

ss ascftseai £&s.s£c: 

IMPORTES 

PARCIALES 

PESHAS 

1500 

3 0 0 

3 0 0 

3 0 0 

250 

250 

250 

10© 

1 0 0 

3350 ñj 

TOTALES 

PESHAS 

2594O 
9300 

4850 

22100 

55180 

5320 

3350 

126O40 n 
: = - 8 8 8 S 8 8 B S 



Asciende el present.e presupuest.o a 1 a 

expresada cant.idad de CIENTO VEINTISEIS MIL CUARENTA PESETAS 

(126040 Pts). 

LAS PALMAS DE GRAN CAHARil'A.. KOVfEMBRE i'98Q 

Fdo. D. LUI-S---MI._GUEL B~Z DIAZ 
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