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PROLOGO

En la actualidad la tendencia general para cualquier industria, es administrar cada
vez mas eficientemente los recursos, asi entonces la automatizaciéon de los
procesos ha tomado mayor importancia, es decir, la automatizaciéon se puede
aplicar en practicamente todos los rubros de nuestro entorno laboral y personal,
con la finalidad de proporcionarnos una vida mucho mas agradable y placentera.

Por consiguiente, es de vital importancia que en el desarrollo de la carrera de
ingeniero electromecanico se incluya de manera importante con los sistemas
automatizados inteligentes, ya que con los conocimientos obtenidos en las
disciplinas de electrénica, electricidad y mecanica permitira entender de manera
muy completa la complejidad del sistema y, por consiguiente lograr, que el control
o automatizacién que se desarrolle para el mismo sea de mayor calidad.

De esta manera el poder presentar un proyecto en donde se pueda crear una
tarjeta interfaz que sea de arquitectura abierta y sea capaz de monitorear sefiales
analogas y digitales, en donde con un analisis de estas sefiales se logre un control
optimo, nos dard una visién muy completa de lo que se puede lograr con la
automatizacién de los procesos.

De manera general, podemos concluir que la automatizacién minimiza los costos
de operacion, los limites entre un ambiente de trabajo mejorado y productivo son
reducidos mediante la automatizacion, que es la principal demanda de la nueva
tendencia econdmica, en donde

La inversion inicial + (Costos de Operacién x Vida (til)

represente directamente el beneficio el cual se puede expresar como:

Eficiencia + Efectividad = Productividad.



PREFACIO

La intencion de esta tesis es la de cubrir con amplitud la estructura del sistema de
comunicacion de un ordenador y que contenga el material necesario para que
cualquier persona interesada en este tema pueda programar esta interfaz de
acuerdo a las necesidades de su proceso o en su caso pueda ampliar las
capacidades de esta conforme lo requiera su proceso.

Esta tesis esta dividida en 6 capitulos y un apéndice, su contenido a grandes
rasgos es: el capitulo 1 presenta de manera general la forma en que interactdan
las diferentes disciplinas de la ingenieria para lograr la automatizacién de
cualquier instalacién o proceso, utilizando lo que resulte mas adecuado y de
menor costo para el mismo. El capitulo 2 ofrece de manera general lo que es la
arquitectura de comunicacién del CPU con sus periféricos de E/S, en este caso,
especificamente por medio del bus ISA (Industry Standard Arquitecture), que es
informacién primordial para el disefo de la tarjeta de interfaz. El capitulo 3
describe las caracteristicas de los componentes utilizados en el disefio de la
tarjeta, este capitulo esencialmente servira de referencia para cualquier lector de
cémo estan constituidos y como funcionan dichos componentes y asi puedan
entender por que se usaron en el disefio de esta tarjeta.

En el capitulo 4 se muestra la forma en que se controlan las etapas de alta
potencia a partir de las salidas digitales generadas, mostrando como se puede
aislar un voltaje DC para activar cualquier voltaje mayor ya sea AC o DC. Los
detalles de los diferentes sensores que existen en el mercado se describen en el
capitulo 5, de esta manera se puede seleccionar de acuerdo a las necesidades
requeridas en su proceso. Por Ultimo en el capitulo 6 se muestra como estan
interconectadas cada parte de la tarjeta y como interactiian entre si para poder
obtener tanto datos analdgicos como digitales y con esto tomar decisiones sobre
las variables que se deseen controlar.

Al final de esta tesis se encuentra un apéndice que incluye las hojas de datos de
los componentes utilizados, un glosario de palabras técnicas usadas en todo el
texto y los esquematicos correspondientes a la tarjeta disefiada.

'
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ABREVIATURAS
ADC: Convertidor de analégico a digital
DAC: Convertidor de digital a analégico
AC: Corriente alterna
DC: Corriente directa
Control ON/OFF. Control de solo dos estados, encendido o apagado
PC. Computadora personal.
CPU. Unidad central de procesamiento
I/0:In/Out. En espafiol, Entrada/salida

Op Amp: Amplificador operacional
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INTRODUCCION

La automatizacién se puede definir como una tecnologia que esta
relacionada con el empleo de sistemas mecanicos, electrénicos, controlados por
computadoras. Ejemplos de esta tecnologia son: lineas de produccién, sistemas
de control de realimentacién, maquinas—herramientas con control numérico,

edificios inteligentes, etc.

En el ambito real, mas ain en el campo industrial, el manejo de altos
voltajes analégicoé es muy comun, por ser la mayoria de las cargas y equipos de
la industria, manejados con altas corrientes; de ahi nace la necesidad del
desarrollo de sistemas de control, para éste tipo de voltajes, pero, basados en

sistemas microprocesados, los cuales funcionan con voltajes DC a bajos niveles.

En consecuencia, dentro del estudio y desarrollo de sistemas tecnolégicos
en el campo electrénico y computacional, se hace necesario satisfacer las
necesidades de la industria. Dentro de las mismas, se requieren dispositivos que
automaticen labores tediosas y realicen controles auténomos, ayudando a un
desarrollo mas rapido y 6ptimo de tareas, que de otro modo, se convertirian en

actividades susceptibles de errores.

Es de ésta manera que el trabajo realizado esta destinado a coadyuvar en
dicha funcién, vale decir, la automatizacién de sistemas de monitoreo y control
estan orientados, no sélo a grandes clientes, sino, también se puede implementar

una solucién accesible para cualquier tipo de persona.

De ahi surge la idea de realizar éste proyecto en el que nuestro principal
objetivo es el de disefiar y construir una tarjeta de adquisicion de datos que
permita llevar a cabo la digitalizacion de sefiales, provenientes de sensores
analogos para que en el momento de su utilizacién permita el control y activacion
de cargas remotas a voltajes AC por medio de voltajes DC, (Control ON/OFF) por
medio de una interface ISA.

iv



Los sistemas de control electrénicos son, con el avance de la ciencia, un
campo en el que es importante implementar nuevas técnicas, que permitan una

sistematizacion a un costo reducido y con funciones verséatiles.

Por ultimo se espera que esta tesis sirva de fundamento a otras personas
interesadas en desarrollar proyectos en los cuales se tenga la necesidad de
analizar sefiales analogas y controlar cargas AC o quieran realizar algun tipo de
control sobre un proceso determinado, ya que la tarjeta desarrollada es de
arquitectura abierta, con lo cual se ofrecen opciones de desarrollo y por lo tanto se

pueda ejercer cada vez mas un mayor control sobre procesos mas complejos.
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CAPITULO 1.- ESTADO DEL ARTE

El “Edificio Inteligente” tal como lo concebimos hoy en dia, es la
consecuencia de la evolucion de la arquitectura, la tecnologia y la ingenieria, las
cudles partieron, en un estado inicial de su evolucion, de la necesidad de
automatizar los procesos inherentes al edificio, con la finalidad de ofrecer un

entorno confortable y seguro.

Con el tiempo, al irse incorporando mas y mas sistemas, la
automatizacion ha tomado una mayor importancia en cada uno de ellos, de tal
forma, que es imposible hablar de alguno de ellos, sin considerar rutinas

automaticas de diagnéstico, monitoreo o control.

Es en éstas tareas donde el control y la automatizacién de caracter
electrénico, entran en funcionamiento, realizando la toma de datos y segun éstos,
la activacion ciclica ante determinadas variables cumplidas. Para realizar el control
de dichas tareas automatizadas, se usa en frecuentes ocasiones las capacidades
y versatilidad de una computadora, que puede ser de caracteristicas industriales, o
incluso una computadora personal (PC), para que realice las veces de inspector
de control y precautele el correcto funcionamiento del sistema de acuerdo a las
especificaciones dadas, para nuestro caso lo mas recomendable es el uso de una
PC que incluyan el slot ISA fundamentalmente, ya que por las caracteristicas de
control y muestreo de nuestro proyecto un ordenador con un microprocesador del
tipo 286 podria ser suficiente, asi de esta manera se logra obtener un beneficio
muy importante que es el bajo costo para la automatizacién de un edificio, ya que
entre mas actual sea la PC o si se utiliza un computador de tipo industrial este solo

provocara que se eleve el costo.

Las computadoras personales cuentan con las interfaces requeridas para
el manejo de diversos dispositivos como teclado, video, impresora, modem, etc.

Con el propésito de que el usuario pueda conectar dispositivos adicionales de



medicion, control, comunicaciones, robética, etc., la PC cuenta con una serie de
canales que usa para comunicarse entre si, el objetivo de que el bus este
conectado a la tarjeta madre es que los dispositivos que se conecten a ella, actien

como si estuvieran directamente conectadas con el procesador.

De esta manera si se requiere tener el control de un proceso en el cual
existen datos analogos y digitales, es necesario el disefio de una tarjeta de
adquisicién de datos acorde a las necesidades del proceso, evitando asi la

compra de una tarjeta costosa y en su mayoria muy sobradas.

Una tarjeta de adquisicion de datos se caracteriza por una serie de
parametros que permiten decidir su utilizacion. Los parametros se fijan a partir de
un conjunto de funciones y dispositivos internos de la placa entre los cuales
destacan el nimero de canales de entrada y el de salidas analdgicas y digitales,
los convertidores analbgico-digitales, los sistemas de multiplexacién y los

margenes dinamicos de entrada y salida.

Las tarjetas de adquisicion de datos se conectan directamente al bus del

ordenador y permiten adquirir y procesar datos en tiempo real.

Cada tarjeta presenta funcionalidades diferentes, lo que da la posibilidad
de utilizar una tarjeta para aplicaciones muy variadas, como podria ser el conteo
de eventos, la generacion de sefiales de salida, o la adquisicién de sefiales de

entrada.

Normalmente una tarjeta de adquisiciéon de datos es la que se encarga de
llevar la sefal a la computadora, la cual realiza las funciones de calculo, memoria,

control y visualizacion.

Una ventaja importante en las tarjetas de adquisicién de datos es que se

evita la duplicidad de diferentes bloques en el instrumento y en el ordenador, como

2



pueden ser memoria o funciones de calculo. También es importante la facilidad de

instalacién, de puesta en marcha y su flexibilidad de uso en muchas aplicaciones.

Se puede observar que el bus del futuro es claramente el PCI (Peripheral
Componente Interconnect) de Intel, en el cual la relacién del bus ISA es nula. El
motivo por el que no se utiliza un MCA, EISA ni PCI y siuna ISA es muy sencillo:
Por lo menos para las dos primeras, estas alternativas aumentaban el costo del
PC (incluso mas del 50%) y no ofrecian ninguna mejora evidente en el rendimiento
del sistema. Es mas, en el momento en que se presentaron estos buses (1987-
1988) esta superioridad en el rendimiento no resultaba excesivamente necesaria,
muy pocos dispositivos llegaban a los limites del rendimiento del bus ISA
ordinario. En las computadoras actuales ya viene incluido el PCI el cual es usado
principalmente para el manejo de video, en donde sus controladores vienen son
suministrados por el fabricante del periférico que se adquirié. De otra manera si se
desean controladores para otra aplicacion de este bus, habria que comprarlos lo
cual incrementaria el costo para el proceso y el rendimiento no significaria una

sustanciosa mejora y nos presentaria una mayor complejidad para su utilizacién.



CAPITULO 2.- ARQUITECTURA DEL BUS ISA.
2.1.- Introduccién

A pesar de que el bus tiene una significacién muy elemental en la forma de
funcionamiento de un sistema de ordenador, el desarrollo del bus del PC
representa uno Ide los capitulos mas oscuros en la historia del PC. Aunque IBM
intenté conseguir un sistema abierto y de hacer publica todo tipo de informacion,
interrumpié la documentacion de los pasos exactos de las sefales del bus,

seguramente bajo el supuesto de que nadie necesitaria esta informacion.

El bus representa basicamente una serie de cables mediante los cuales
pueden cargarse datos en la memoria y desde alli transportarse a la CPU. Por asi
decirlo es la autopista de los datos dentro del PC ya que comunica todos los
componentes del ordenador con el microprocesador. El bus se controla Yy maneja
desde la CPU.

Cuando en 1980 IBM fabricd su primer PC, este contaba con un bus de
expansién conocido como XT que funcionaba a la misma velocidad que los
procesadores Intel 8086 y 8088 (4.77 Mhz). Se denominé oficialmente ISA
(Industry Standard Arquitecture) en 1988. El bus ISA maneja un bus de
direcciones de 20 bits y un bus de datos de 8 bits. Permite trabajar con la mayoria
de las sefiales de interrupcion de la CPU, e incluso utilizar los circuitos de DMA

(Direct Memory Access).

En este capitulo se expondran los diferentes canales que utiliza la
computadora para su comunicacion y al final se describe como se realiza el

intercambio de datos entre la CPU y el bus ISA.



2.2.- Buses

Un bus es un canal de comunicacién que las Computadoras usan para
comunicar sus Componentes entre si, por ejemplo para comunicar el procesador

con los periféricos, memoria o dispositivos de almacenamiento.

Generalmente el bus estg integrado a Ia tarjeta madre, en ella muy

posiblemente se encuentren diferentes tipos de buses.

El objetivo de que el bus este conectado a Ja tarjeta madre es que los
dispositivos queé se conecten a ella, actien como si estuvieran directamente

conectados con el procesador.
2.2.1.- Tipos de buses por tecnologia

En el bus se encuentran dos pistas separadas, el bus de datos y el bus de
direcciones. La CPU escribe la direccion de la posicion deseada de Ia memoria en
el bus de direcciones accediendo a la memoria, teniendo cada una de las lineas
caracter binario. Es decir, solo pueden representar 0 o 1y de esta manera forman
conjuntamente el ndmero de la posicion dentro de Ia memoria (la direccion).
Cuantas m3s lineas haya disponibles, mayor es la direccién maxima Yy mayor es la
memoria a la cual puede dirigirse de esta forma. En el bus de direcciones original
habia ya 20 direcciones, ya que con 20 bits se puede dirigir a una memoria de 1
MB y esto era exactamente lo que correspondia a la CPU.

En forma muy general existen tres tipos de buses, de acuerdo a la funcién

que realizan.

> Bus de direcciones
> Bus de datos
> Bus de control



Bus de Direcciones

Este es un bus unidireccional debido a que la informacion fluye en una sola
direccion, de la CPU a la memoria 6 a los elementos de entrada y salida. La CPU
solo puede colocar niveles légicos en las n lineas de direccion, con la cual se
generan 2" posibles direcciones diferentes. Cada una de estas direcciones

corresponde a una localidad de la memoria 6 dispositivo de /0.

Los microprocesadores 8086 y 8088 usados en los primeros computadores
personales (PC) podian direccionar hasta 1 megabyte de memoria (1.048.576
bytes). Es necesario contar con 20 lineas de direccién. Para poder manejar mas
de 1 megabyte de memoria , en los computadores AT (con procesadores 80286)
se utilizé un bus de direcciones de 24 bits, permitiendo asi direccionar hasta 16
MB de memoria RAM (16.777.216 bytes). En la actualidad los procesadores
80386DX pueden direccionar directamente 4 gigabytes de memoria principal y el
procesador 80486DX hasta 64 GB. '

Bus de Datos

Este es un bus bidireccional, pues los datos pueden fluir hacia 6 desde la
CPU. Las m terminales de la CPU, de DO - Dm-1, pueden ser entradas 6 salidas,
segun la operaciéon que se este realizando (lectura 6 escritura). En todos los
casos, las palabras de datos transmitidas tiene m bits de longitud debido a que la
CPU maneja palabras de datos de m bits; del nimero de bits del bus de datos,

depende la clasificacion del microprocesador.

En algunos microprocesadores, el bus de datos se usa para transmitir otra
informacién ademas de los datos (por ejemplo, bits de direccién 6 informacién de
condiciones). Es decir, el bus de datos es compartido en el tiempo 6 muitiplexado.
En general se adopté 8 bits como ancho estandar para el bus de datos de los
primeros computadores. Usualmente el computador transmite un caracter por

cada pulsacion de reloj que controla el bus (bus clock), el cual deriva sus



pulsaciones del reloj del sistema (system clock). Algunos computadores lentos

necesitan hasta dos pulsaciones de reloj para transmitir un caracter.

Los computadores con procesador 80286 usan un bus de datos de 16 bits
de ancho, lo cual permite la comunicacién de dos caracteres o bytes a la vez por
cada pulsacion de reloj en el bus. Los procesadores 80386 y 80486 usan buses
de 32 bits. EI PENTIUM de Intel utiliza bus externo de datos de 64 bits, y uno de

32 bits interno en el microprocesador.
Bus de Control

Este conjunto de sefiales se usa para sincronizar las actividades y
transacciones con los periféricos del sistema. Algunas de estas sefiales, como
R/W, son sefiales que la CPU envia para indicar que tipo de operacion se espera
en ese momento. Los periféricos también pueden remitir sefiales de control a la
CPU, como son: INT, RESET, BUS RQ, etc.

Las sefnales mas importantes en el bus de control son las sefiales de reloj,
que generan los intervalos de tiempo durante los cuales se realizan las
operaciones. Este tipo de sefales depende directamente del tipo del

microprocesador.

Bus de direcciones

L] l

CPU Mgmprla Periférico 1| [
principal |

I ] ) I

Bus de datos

Periférico N

—_—

Figura 2.1. Organizacion de entradas y salidas 1/0.
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Esto que en la teoria parece tan facil, Figura 2.1, es bastante mas
complicado en la practica, ya que aparte de los bus de datos y de direcciones
existen también casi dos docenas mas de lineas de sefial en la comunicaciéon
entre la CPU y la memoria, a las cuales también se acude. Todas las tarjetas del
bus escuchan, y se tendra que encontrar en primer lugar una tarjeta que mediante
el envio de una sefal adecuada indique a la CPU que es responsable de la
direccién que se ha introducido. Las demas tarjetas se despreocupan del resto de
fa comunicacién y quedan a la espera del préximo ciclo de transporte de datos que

quizas les incumba a ellas.

Los datos en si no se mandan al bus de direcciones sino al bus de datos. El

bus XT tiene solo 8 bits con lo cual sélo se puede transportar 1 byte a la vez.

2.3.- Descripcion del bus ISA

El slot de expansién del XT, de 8 bits, consta de 62 terminales en un
conector hembra, 31 por cada cara. La cara A es la de los componentes; por la B
s6lo hay pistas. Viendo las tarjetas por arriba (por la cara de componentes) y con
los conectores exteriores a la derecha, la numeracion comienza de derecha a
izquierda. En los AT el slot de 16 bits consta de 36 terminales mas, distribuidos en
grupos de 18 en dos nuevas caras (C y D). La mayoria de las maquinas AT
poseen slots de 8 y 16 bits, aunque lo ideal seria que todos fueran de 16 (en los
de 16 bits se pueden insertar también tarjetas de 8 bits, dejando la otra mitad al

aire).

La coexistencia hoy en dia de tarjetas de ampliacion de 8 bits y de tarjetas
de ampliacion de 16 bits es problematica mientras que en el campo de
direcciones, del cual estas tarjetas son responsables, se encuentran en un area de
128KB. El dilema empieza cuando una tarjeta de 16 bits debe sefializar mediante
una linea de control al principio de una transferencia de datos, que ella pude
recoger una palabra de 16 bits del bus y que al contrario de una tarjeta de 8 bits
no tiene que desdoblar la transferencia en dos bytes.

8



2.3.1.- El concepto ISA

Las sefiales encontradas en cada slot (hendidura) ISA pueden ser divididas

en tres categorias basicas.

> Grupo del bus de direccién
> Grupo del bus de control
» Grupo del bus de datos

Estos grupos de sefial estan presentes en los slots de expansién de 8 y 16
bits encontrados en todos los productos IBM PC e ISA compatibles. En un sistema
ISA cada uno de estos grupos de sefial ha sido extendida para encontrar

capacidad adicional no encontrada en la arquitectura de IBM PC y PC/XT.

La norma ISA abarca mas que soélo la estructura de los conectores de la
expansion. El sistema ISA también debe proporcionar el apoyo légico para el
manejo de las interrupciones, acceso directo a memoria, tiempos (cronémetros),
manejo del error, la interface del keyboard (teclado), y configuracién de la RAM.
Adicionalmente, los IBM PC/AT e ISA compatibles, proporcionaban limitado
soporte al bus dominante. Los siguientes capitulos proveen informaciéon detallada

con respecto a cada aspecto de la arquitectura ISA.

The Industry Standard Architecture (ISA)

El bus de expansion ISA en las maquinas es frecuentemente referido como
el /O bus. Esto es incorrecto. Ambas tarjetas, memoria e 1/O se unen al sistema a
través del bus de expansién. Las siguientes secciones describen las capacidades
proporcionadas por la interface ISA. Las caracteristicas del slot ISA de 8 bits se
definié en el original IBM PC.



En la figura 2.2,

las lineas activas en alto van precedidas de un signo (+);

las activas en estado l6gico bajo (-). Los simbolos | (Input) y O (Output) indican si

las lineas son de entrada, salida o bidireccionales.

GND

RESET DRV

+5v

+IRQZ/+IRQY

-Sv

+DRQ2

~12v

RESERVADC (0 Ws)
+12v

-MEM CS5 1&
-I/0 C8 1s
+IRQI0
+IRQ11
+IRQ12
+IRGQ1S
+IRQ14
-DACKO
+DRQO
~-DACKS
+DRQS5
-DACK®6
+DRQE
~-DACK?7
+DRQ7

+5v
-HASTER
GND

L L L L L L L ]

T T ITT T I I T T 77T

ERERRERRENNENENN

Bl I Al
B2 o I/0 AZ
B3 I/0 A3
B4 I I/0 Ad
BS I/0 AS
Bé I /o A
B7 I/0 AT
B I I/0 AR
BY I/o AY
Blo I Alo
Bl1 < o All
Blz < I/0 Alz
B13 < I70 A3
B14 o I/0 Al4
Bls o I/0 AlS
Blée I I/0 Als
B17 < I/0 Al7
Blyg I I/0 Als
Blg I/0 1/0 Al9
B20 < I/0 AZQ
Bz1 I I/0 AZ1
BZ22 I I/0 AZ22
BZ3 I I/0 AZ23
Bz24 I I/0 A24
B25 I I/0 A2S5
BZ2é& < /0 AZ 6
B27 < I/0 AZT7
Bzg o] I/0 AZE
B239 I/0 AZ2Y
B30 < I/0 A30
B31 I/0 A31
D1 I I/0 cl
D2 I /0 cz
D3 I I/0 C3
D4 I I/0 c4
D5 I I/0 C5
D& I I/0 Ce
D7 I I/0 Cc7
Dy o o] Cy
Dy I o (04°)
Dlo o I/0 Clo
D11 I I/0 cl1
Dlz2 < I1/0 clz
D13 I I/0 cl3
D14 < I/0 cl4
D1s I I/0 Cls
Dls I/0 Cle
D17 I I/0 cl7
Dl1s I/0 Cls

LTI TTTT]

-I/0 CH CK
+D7
+Dé&
+D5
+D4
+D3
+D2
+D1
+D0
+I/70 CH RDY
+AREN
+A19
+Alyg
+Al17
+Ale
+AlS
+Al4
+Al13
+AlZ2
+Al1l
+A10
+ASY
+AS
+A7
+A6
+AS5
+A4d
+A3
+A2
+Al
+A0

+BHE

+AZ23

+A22

+AZ1

+AZ20

+Al19

+Als

+Al17

~MEMR

—MEMW B
+Dg -
+D9

+D10

+D11

+D12

+D13

+D14

+D15

Figura 2.2 Sefales presentes en el spot de expansién ISA

BIBLICTES ,
UNIVERSIDAD AUTONOMA DE QUERETARO

Pa al N TRC——
OT s ¥ B H Lot wsm



El slot de expansion de los PC contiene basicamente las principales

senales del 8086 demultiplexadas, asi como otras de interrupciones, DMA (Direct

Memory Access), control de I/O, etc. Las sefiales presentes en el slot de

expansion de 8 bits son:

OSC:

ALE:

TC:

DRQ1-
DRQ3:

DACK1-
DACKS3:

IRQ2-
" IRQ7;

IOR:

IOW:

MEMR:

MEMW:

RESET
DRV:

A0-A19:

DO-D7:

AEN:

(Oscilator) Sefial de reloj de casi 70 ns (14,31818 MHz) que esta la
mitad del periodo en estado alto y la otra mitad en estado bajo.

(Ardes Latch Enable) Indica en su flanco de bajada que el latch de
direcciones se ha cargado con una direccién valida procedente del
microprocesador.

(Terminal Count) Indica el final de Ia cuenta en algin canal de DMA.

(DMA Request) Lineas asincronas de peticion de DMA (1 mayor
prioridad, 3 menor). Esta linea debe activarse hasta que DACK (activo a
nivel bajo) suba.

(DMA Acknowledge) Indica que ha sido atendida la peticién de DMA y
que debe bajarse el correspondiente DRQ.

(Interrupt request) Indica una peticion de interrupcion (2 mayor
prioridad, 7 menor). La sefial debe mantenerse activa hasta que la
interrupcién acabe de ser procesada.

(Input/Output Read) Sefiala al dispositivo de 1/0 que se va a leer el bus
de datos; esta linea la controla la CPU o e| DMA.

(Input/Output Write) Sefiala al dispositivo de I/0 que se va a escribir en
el bus de datos; esta linea la controla también la CPU o el DMA.

(Memory Read) Indica que se va a efectuar una lectura de la memoria
en la direccion contenida en el bus de-direcciones. La activa la CPU o el
DMA.

(Memory Write) Indica que se va a efectuar una escritura en memoria
en la direccion contenida en el bus de direcciones. La activa la CPU o el
DMA.

(Reset drive) Avisa de que el sistema estd en proceso de
reinicializacién, para que todos los dispositivos conectados se
inicialicen. Se activa en el flanco de bajada de la sefial del reloj.

(ardes) Bus de direcciones comin a la memoria y a la /O, controlado
por la CPU o el DMA.

(Data) Bus de datos que conecta el microprocesador y los demas
componentes.

(Ardes Enable) Valida la direccién almacenada en A0-A19. Esto permite
inhibir la CPU y los demas dispositivos, pudiendo el DMA tomar el
control. Los periféricos deben decodificar la direccion comprobando que
AEN esta en estado bajo.
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/0 CH
RDY:

/0 CH
CK:

(/O Channel Ready) Esta linea se pone momentaneamente en estado
bajo por los periféricos lentos (no durante mas de 10 ciclos de reloj)
cuando detectan una direccién valida en una operaciéon de /O, con
objeto de poder sincronizarse con la CPU, que genera estados de
espera.

(/O Channel Check) Indica si se ha producido un error de paridad en la
memoria o en los dispositivos 1/0.

En la ampliacion AT, figura 2.3, las lineas adicionales completan

fundamentalmente la nueva longitud de los buses de datos y direcciones,

permitiendo acceder también al resto del nuevo hardware:

DRQYy
DACK:

IRQ:

/0 CS
16:
MEM CS

D8-D15:
A17-23:

Nuevas lineas de peticién/reconocimiento de DMA para los canales 5, 6
y 7, asi como el 0 (realmente el 4) que en los XT no estaba disponible al

ser empleado por el refresco de memoria.

Nuevos niveles de interrupcion: 10, 11, 12, 13, 14 y 15. IRQ8 es interna
a la placa base y no esta presente en el slot; IRQ9 se utiliza para emular
IRQ2.

Indica un acceso de 16 bits en los puertos I/0.

Indica un acceso de 16 bits en la memoria.

Parte alta del bus de datos.

Parte alta del bus de direcciones.
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Tarjeta ampliacion AT

31 contactos a 2,54 mm

1482mm T[] s1mm [
2 mues. 2 mues.

181.3 mm

Figura 2.3. Apariencia externa de la tarjeta de ampliacién AT.

Se empezara por describir el funcionamiento del bus ISA con un ciclo de
lectura desde un puerto de entrada/salida. Lo primero que hace el
microprocesador es poner la sefial ALE hasta un nivel alto, entonces envia la
direccion del puerto a través de las sefiales A0-A19. En otras palabras, el actual
bus maestro puede comunicarse con cualquier memoria o /O esclava en el
sistema. Después, la sefial ALE vuelve a nivel bajo. En adelante la direccion del
puerto a ser leido quedara retenida en un latch. Entonces el bus pone -IOR a nivel
bajo. El dispositivo direccionado enviara un byte de datos a través de las lineas
DO-D7 del bus de datos. El microprocesador leera el bus de datos y pondra la

sefal -IOR a nivel alto de nuevo.

Un ciclo de lectura a un puerto funciona de la siguiente manera: El
microprocesador pone la sefal ALE a "1", entonces envia la direccion del puerto a
través de A0-A19. ALE es puesta a nivel bajo. El microprocesador envia el byte de
datos que sera escrito. Luego pone un "0" en -IOW. Después que el dispositivo ha

tenido tiempo de leer el byte, el uP pone la sefial -IOW a nivel alto de nuevo.

La Unica diferencia entre un ciclo de lectura/escritura a memoria y un ciclo

de lectura/escritura a un puerto consiste en que en un ciclo de memoria se
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utilizaran las sefiales -MEMR y -MEMW de la misma manera que se hace con -
IORy -IOW.

Se muestran 4 ciclos de espera (W1 a W4), figura 2.4,

CLK b b (S D o . [

ALE I

AEN

AO-A19  mm—mmmmee < >-

Linea de comando
(ICR, ICOW,
MEMR, o MEMW)

DO-D7 = = e e e < S>————
(Lectura)

DO-D7  —memmmm—ee < PR

{(Escritura)

Figura 2.4 Tiempos de acceso a memoria,

ALE se pone a nivel l6gico alto (1) y la direccién aparece en A0 a A19. El
dispositivo esclavo debe leer la direccion durante el flanco de bajada de ALE, y la
direccion en A0 a A19 permanece valida hasta el final del ciclo de transferencia.

Nétese que AEN permanece a nivel bajo durante todo el ciclo de transferencia.

La linea de comando es puesta a nivel bajo (IOR o IOW para /O, MEMR o
MEMW para memoria, lectura y escritura respectivamente). Para operaciones de
escritura, los datos permanecen en DO a D7 hasta el resto del ciclo de
transferencia. Para operaciones de lectura, los datos deben ser validos en el

flanco de bajada del ultimo ciclo.
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CARD SLCTD se emplea en la mitad de cada ciclo de espera. Si esta a
nivel bajo, el ciclo de transferencia termina sin mas ciclos de espera. /0 CHRDY
se emplea en la primera mitad de cada ciclo de espera. Si esta a nivel bajo, mas

ciclos de espera seran introducidos.

Por defecto el ciclo de transferencia de 8 bits posee 4 ciclos de espera. La
mayoria de las BIOS del ordenador pueden cambiar el nimero de ciclos de

espera.
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SN54/741.S240 « SN54/741.S241 « SN54/74L.S244

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViH Input HIGH Voltage 2.0 v f;;‘?)ﬂ:ged Input HIGH Voltage for
54 0.7
viL Input LOW Voltage - — v /(fllljfnr;mzed Input LOW Voltage for
VT4=VT- Hysteresis 0.2 04 \ Vee = MIN
VK Input Clamp Diode Voitage -0.65 | -1.5 \ Vee = MIN, |y =-18 mA
VoH Output HIGH Voltage :’" Z z:z 34 z Xzz - x:: :2: - ;A:)( mA
54,74 0.25 0.4 vV |loL=12mA Vee =Voe MIN,
VoL Output LOW Voltage VIN = VL or Vi4
74 0.35 05 \ loL=24 mA per Truth Table
lozH Output Off Current HIGH 20 MA Voo =MAX, VoyT=27V
lozL Output Off Current LOW -20 PA  |Voo=MAX, VoyT=04V
IH Input HIGH Current 20 KA |VocmMAX ViN=27V
0.1 mA |Vecc=MAX, VIN=7.0V
i Input LOW Current -0.2 mA Vo =MAX, VIN=04V
los Output Short Circuit Current (Note 1) | —40 -225 mA |Vgoe =MAX
Power Supply Current
Total, Output HIGH 27
Total, Output LOW LS240 44
lcc LS241/244 a6 | ™ |VecEMAX
Total at HIGH Z LS240 50
LS241/244 54
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C, Vo = 5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tpLH Propagation Delay, Data to Output 9.0 14
tPHL LS240 12 18 ns
tPLH Propagation Delay, Data to Output 12 18 ns CL =45pF,
tPHL LS241/244 12 18 RL = 667 Q
tPzH Output Enable Time to HIGH Level 15 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
tpLz Output Disable Time from LOW Level 15 25 ns C( =5.0 pF,
tPHZ Output Disable Time from HIGH Level 10 18 ns Ry =667 Q

FAST AND LS TTL DATA

5-3




SN54/74L.5240 « SN54/74L.S241 « SN54/74L.S244

AC WAVEFORMS
/
VIN 13V 13V
Vee
tPLH tPHL
VouT 13V 13V R
Figure 1 Swi1
TO OUTPUT

UNDER TEST

S5kQ

c sw2 4«

—3

Figure 2
Ve
y 13v 13v SWITCH POSITIONS
E
tpzL. tpLz SYMBOL SW1 sSw2
Vout 13V v= 13v tpzH Open Closed
T oL
05v tpz1 Closed Open
Figure 3 tpLz Closed Closed
tpHZ Closed Closed
Figure 5
1.3V
tPHz
2 py 2VoH
=13V
05V

Figure 4

FAST AND LS TTL DATA
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@ MOTOROLA

OCTAL BUS TRANSCEIVER

The SN54/74L.S245 is an Octal Bus Transmitter/Receiver designed for
8-line asynchronous 2-way data communication between data buses.
Direction Input (DR) controls transmission of Data from bus A to bus B or bus
B to bus A depending upon its logic level. The Enable input (E) can be used
to isolate the buses.

o Hysteresis Inputs to Improve Noise Immunity

¢ 2-Way Asynchronous Data Bus Communication

¢ Input Diodes Limit High-Speed Termination Effects
¢ ESD > 3500 Volts

LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

Voo E Bl B2 B3 B4 B7 B8
11

m@mmmmﬁ%mm

0 O . 0 . 1, V

1
pal kol

Lidlzflelleflsllellzfiello]ln]

DR A1 A2 A3 A4 A5 A6 A7 A8 GND

TRUTH TABLE

INPUTS
E |DIR

L L Bus B Data to Bus A
L H Bus A Data to Bus B
H X Isolation

H = HIGH Voltage Level

L =L OW Voltage Level
X = Immaterial

OUTPUT

GUARANTEED OPERATING RANGES

SN54/74L.S245

OCTAL BUS TRANSCEIVER
LOW POWER SCHOTTKY

20

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751D-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 4.5 5.0 5.5 Vv
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 o] 25 70

loH Output Current — High 54,74 -3.0 mA
54 -12 mA
74 -15

oL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
5-1




SN54/74L.S245

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Viy Input HIGH Voltage 2.0 v ﬂ'f{:ﬁﬂied Input HIGH Voltage for
54 07
ViL Input LOW Voltage - — v Elrlar:;lr}::ed Input LOW Voltage for
VT+-V1- | Hysteresis 0.2 0.4 \ Ve = MIN
ViK Input Clamp Diode Voltage -0.65 | -1.5 A Vee =MIN, Iy =-18 mA
Von Output HIGH Voltage 54,74 24 34 \ Vee = MIN, IgH =-3.0 mA
54,74 2.0 \ Vee =MIN, oy = MAX
54, 74 0.25 0.4 vV |igL=12mA Vce =Vee MIN,
VoL Output LOW Voltage VIN=V_orVIH
74 0.35 0.5 \ loL=24 mA per Truth Table
lozH Output Off Current HIGH 20 MA  |Veo=MAX, Voyt =27V
lozL Output Off Current LOW —200 BA Voo =MAX, VoyuT =04V
AorB,DRorE 20 PA Voo =MAX, VIN=2TV
I Input HIGH Current |DRorE 0.1 mA  |Voc =MAX, VIN=T7.0V
AorB 0.1 mA  |Voc=MAX, VIN=55V
I Input LOW Current -0.2 mA | Voo =MAX, VN =04V
los Output Short Circuit Current (Note 1) —-40 -225 mA | Vgog = MAX
Power Supply Current
Total, Output HIGH 70
lcc Total, Output LOW 90 mA | Vee =MAX
Total at HIGH Z 95
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C, Vg = 5.0V, TRISE/TFALL < 6.0 ns)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
:::H-Li Propagation Delay, Data to Output gg g ns
Cp =45pF,
tpzH Output Enable Time to HIGH Level 25 40 ns RL =667 Q
tpzL Output Enable Time to LOW Level 27 40 ns
tpLz Output Disable Time from LOW Level 15 25 ns Cy = 5.0 pF,
tPHZ Output Disable Time from HIGH Level 15 25 ns R = 6670

FAST AND LS TTL DATA
5-2
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82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most
Other Microprocessors

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and

80186/188

H 24 Programmable I/0 Pins

m Low Power CHMOS

m Completely TTL Compatibie

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel’s advanced CHMOS III technology which provides low power consumption

with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.

Control Word Read-Back Capability
Direct Bit Set/Reset Capability

2.5 mA DC Drive Capability on all I/0
Port Outputs
Available in 40-Pin DIP and 44-Pin PLCC

Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

©
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Figure 2. 82C55A Pinout
Diagrams are for pin reference only. Package
sizes are not to scale.

Order Number: 231256-004
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Table 1. Pin Description
Symbol Pin Number Type Name and Function
Dip PLCC
PAz-o 1-4 2-5 1/0 | PORT A, PINS 0~3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
RBRD 5 6 ! READ CONTROL: This input is low during CPU read operations.
CS 6 7 I CHIP SELECT: A low on this input enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.
GND 7 8 System Ground
A1_p 8-9 9-10 | ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of the three ports or the control
word registers.
A1 | Ao | RD | WR | CS | Input Operation (Read)
0 0 0 1 0 Port A - Data Bus
0 1 0 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
1 1 0 1 0 Control Word - Data Bus
Output Operation (Write)
0 0 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control
Disable Function
X X X X 1 Data Bus - 3 - State
X X 1 1 0 Data Bus - 3 - State
PCv.4 10-13 | 11,13-15| 1/0 | PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
Aand B.
PCoy-3 14-17 16-19 1/0 | PORT C, PINS 0-3: Lower nibble of Port C.
PBo.7 18-25 20-22, /0 | PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8-
24-28 bit data input buffer,
Vco 26 29 SYSTEM POWER: + 5V Power Supply.
D7_o 27--34 | 30-33, I/0 | DATA BUS: Bi-directional, tri-state data bus lines, connected to
35-38 system data bus.
RESET 35 39 | RESET: A high on this input clears the control register and all
ports are set to the input mode.
WR 36 40 || WRITE CONTROL: This input is low during CPU write
operations.
PA7_4 37-40 41-44 1/0 | PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
NC 1,12, No Connect
23,34
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. lts function is that of a general purpose 1/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the 82C55A to the system data bus. Data is
transmitted or received by the buffer upon exscution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. It accepts inputs from the
CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems softwars. In essence, the
CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”,
“bit set”, “bit reset”, efc., that initializes the func-
tional configuration of the 82C55A.

82C55A

Each of the Control blocks (Group A and Group B)
accepts “commands” from the Read/Write Control
Logic, receives “control words” from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7~C4)
Control Group B - Port B and Port C lower (C3-CO0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the control word is read, bit D7 will always be a logic
*1", as this implies control word mods information.

Ports A, B, and C

The 82C55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or “personality” to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit input latch buffer. Both “pull-up” and “pull-
down” bus hold devices are present on Port A.

Port B. One 8-bit data input/output latch/buffer.
Only “pull-up” bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
“pull-up” bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and C.
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TIONAL DAT.
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions

RESET b
T EXTERNAL
INTERNAL ~o}—o PORT A
DATA IN 0 < PIN
INTERNAL
DATA OUT
WR
Vee
RESET Et.
EXTERNAL
Q—OQ—‘—— PORT B.C
PIN
INTERNAL
DATA RF
WR
*NOTE: 231256-4

Port pins loaded with more than 20 pF capacitance may not have their logic level guaranteed following a hardware reset.

Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected by the system software:

Mode 0 — Basic input/output
Mode 1 — Strobed Input/output
Mode 2 — Bi-directional Bus

When the reset input goes *“high” all ports will be set
to the input mode with all 24 port lines held at a logic
“one” level by the internal bus hold devices (see
Figure 4 Note). After the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in “all CMOS” de-
signs. During the exscution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
B2C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-fiops,
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be “tailored” to almost any /O structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

ADDRESS 8US

1T

CONTROL BUS

1NN

T
DATA BUS
R
82C55A ﬂ
— A ‘[

-]
T O

B, Pl PCyPG, CpPe, PAyPA

c
MoDEt—] & L . AT

NS

PB,-P CONTROL
L+ oR 1o

wooe 2 ——tn;;:o W .Ai,:;f:zmmmt

CONTROL

231256-5

Figure 5. Basic Mode Definitions and Bus
Interface

82C55A

CONTROL WORD

D; | Pe| Dy [ Dy} Dy [ D, |D | 0y

GROUP B

PORT C (LOWER}
1=INPUT
0=0UTPUT

PORTB
1 {NPUT
Q= 0UTPUT

MODE SELECTION
0=MODE 0
1=MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0=0UTPUT

PORT A
1= INPUT
0= QUTPUT

MODE SELECTION
00 = MODE 0
0= MODE 1
X = MODE 2

MODE SET FLAG
1= ACTIVE

231256-6

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical i/0 approach will surface. The design of the
82C55A has taken into account things such as effi-
cient PC board layout, control signal definition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design represents the maximum use of the
available pins.

Single Bit Set/Reset Feature

Any of the sight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation just as if they were data output
ports.
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CONTROL WORD

By | Dy [ Oy | D4 [ Dy | D, Dy DBy

I BIT SET/RESET
X _x x 1= SET
0= RESET
DON'T
CARE
BIT SELECT
o[ 1T2]3]a[E]6[7]
o[1]0]2]o]1}0[1[ed
ofo[1[s[ojo[1]1]sy
1if1]e
BIT SET/RESET FLAG
0+ ACTIVE
231256-7

Figure 7. Bit Set/Reset Format

intgl.

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request signals, generated from port C,
can be inhibited or enabled by setting or resetting
the associated INTE flip-flop, using the bit set/reset
function of port C.

Interrupt Control Functions

This function allows the Programmer to disallow or
allow a specific 1/0 device to interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)—INTE is SET—Interrupt enable
(BIT-RESET)—INTE is RESET—Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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Operating Modes

Mode 0 (Basic Input/Output). This functional con-
figuration provides simple input and output opera-
tions for each of the three ports. No “handshaking”
is required, data is simply written to or read from a
specified port.

MODE 0 (BASIC INPUT)

82C55A

Mode 0 Basic Functional Definitions:
* Two 8-bit ports and two 4-bit ports.
s Any port can be input or output.

e Qutputs are latched.

¢ |nputs are not latched.

e 16 different Input/Output configurations are pos-
sible in this Mode.

B N

4
INPUT

& a1 80 ><
A

D, Dg e e et e o e e —n ._4_ (

X I et

231256-8

MODE 0 (BASIC OUTPUT)

o 7K

o o ———t—tio—]

0,0, x

twa

&8, A1, 40 )L

ouTPUT

U

231256-9
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MODE 0 Port Definition

intel.

A B GROUP A GROUP B
p;, | D; Dy Do PORT A (Z%F;ES) # PORT B (585523)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 11 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2
D, D, Dy D, D, D, D, B, D, Dy Dy D, D D, D, D,
noBDDoDn pBonoonn
Afp® e pa,pa, Al pa ea,
a2csEA 82C56A
VLI W At peypc,
0D e = 0,0, c-|:
/‘ PCsPC, e pegrc,
[ SN N B [~ ® — g 0n,
CONTROL WORD #1 CONTROL WORD #3
D, Dy Dy O, D, D, O, D, D, D, Oy O, O, D, D, D,
DoOoooon noooooon
Apb—pt o PA;PA, A ———;L-—-'B PA-PA,
820554 82C55A
—A e peec, fr s P0G,
0,0y S| c-[ 0,0, c{
SR LIV e — peyrg,
B “—7L" PB,PBy 8 "ﬁﬁ“_' PB,-PB,
23125610
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MODE 0 Configurations (Continued)

82C55A

CONTROL WORD #4
D, Dy 0, D, Dy

CONTROL WORD #4
D; Dg Dy D, O3 0, Dy D,

Llefelefelefere]

70—

At e paeay

—tt  pcppc,
c{

4
Lt e ecerc,

8 ol g e8,

]
a o Pa,pp, a e — PAPA,
82C55A 82C53A
‘4 4
a PCAPC, | pc P,
00, o] c- DDy -———— c
4
£ PC1PCy ——AA— e,
8
8 | PB,PEy 8 f—fp e PB,-PB,
CONTROL WOAD #5 CONTROL WORD #9
D, D, Oy D, D; D, D, D, D, Dg D, O, Dy D Dy D
]
8 8
Ap——F——= ra,pa, A [a——F—— PASPA
B2CSSA 02CS5A
4
le—2— v 0c, b pepc,
DDy | c DyDy c
4 4
o4 poyee, 2% seyre,
8 8
8———F—- r8,8, 8b——F— PB,-PB,
CONTROL WORD #6 CONTROL WORD #10
0, D, Oy b, DOy D, O, 0O D; O Oy 0, Dy D, D; Dy

HE

B82C88A

DDy »— ——]

®
2
&

CONTROL WORD #7
D; Dg Ds D, Dy

D 0y Dy

T

82CS5A

A L——);’s PAPA,

4
et we,re,
C{

A pc, e,

8 -ﬁd——mfas‘,

CONTROL WORD #11

D;-Dg +————e]

{ e
¢
<—/‘— PC,PC,

8
8 |e-—rf——— PB P8,

231256-11
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MODE 0 Configurations (Continued)

CONTROL WORD #12
D, Dg Dy D, D; D, D, D

Llelel DoTeTe]e]
A -——,l—‘!——-—PA,-rAu
B2CS5A
‘———rLL——"’CrPCA
c{——-—ﬂ‘—-vc,-vc“
EH—S—.FBrPBv

Dy-Dg s

CONTROL WORD #14
D, D, Dy O, D, D, D, D,

Llelel T ][]

A -+ PA,PA,

22CE3A

{ — [
c
. pe,-be,

8
o #B,-PB,

CONTROL WORD #13
D; Bg Oy D, Dy D, D, B,

Llefe[ [ [oTo[]

Al paen,

0,-Dy, #———r———|

4
~——f—— pe,2e,
c{
4
e b,
8 ——-—/L—— Pa,B,

CONYROL WORD #15
0, Dy Dy O, D; D, D; D

nonnoonn

A PA,-"Au

92C85A

{ et hcpec,
c
o rcrre,

DI'DD — ]

ey

231256-12

Operating Modes

MODE 1 (Strobed Input/Qutput). This functional
configuration provides a means for transferring 170
data to or from a specified port in conjunction with
strobes or “handshaking’ signals. In mode 1, Port A
and Port B use the lines on Port C to generate or
accept these “handshaking” signals.

10

Mode 1 Basic functional Definitions:

® Two Groups {Group A and Group B).

* Each group contains one 8-bit data port and one
4-bit control/data port.

* The 8-bit data port can be either input or output
Both inputs and outputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.
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input Control Signal Definition

STB (Strobe Input). A
data into the input latch,

“low” on this input loads

IBF (Input Buffer Fyll F/F)

A “high” on this output indicates that the data has
been loaded into the input latch; in essence, an ac-
knowledgement. IBF is set by STB input being low
and is reset by the rising edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the
CPU when an input device is requesting service.
INTR is set by the STB is a “one”, IBF is a “one"”
and INTE is a “one”. It is reset by the falling edge of
RD. This procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port,

INTE A
Controlled by bit set/resst of PC4.
INTE B

Controlled by bit set/reset of PCo,

_ 82C55A
MODE 1 (PORT A)
ea2a,K 8
CONTROL WORD
D; By D5 D, D; B, O, 0,
[ o[ T2 P XIXTN
PG,
1.+ INPUT
@ = QuTPUT
AD v
MODE 1 (PORT B}
pe,.pe K" g
CONTROL WORD
D; By D5 D, D; D, 0, D,
—— 3TB
[ DD IX :

f—— 18F,

[~——— INTR,

RD ———=g

23125613

Figure 8. MODE 1 Input

-

m 2
T

INTR

e tpe

o
INPUT FROM __ __ __ l
PERIPHERAL %
u,,\.‘ .

e e e e —————— v ot

231256-14

Figure 9. MODE 1 (Strobed Input)

11
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will
go “low" to indicate that the CPU has written data
out to the specified port. The OBF F/F will be set by
the rising edge of the WR input and reset by ACK
Input being low.

ACK (Acknowledge Input). A “low” on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request). A “high” on this output
can be used to interrupt the CPU when an output
device has accepted data transmitted by the CPU.
INTR is set when ACK is a “‘one”, OBF is a “one”
and INTE is a “one”. It is reset by the falling edge of
WR.

INTE A

Controlied by bit set/reset of PCe.

INTEB

Controlled by bit set/reset of PCa.

intel.

MODE 1 {PORT A)

PaseRy '_T>

CONTROL WORD

Dy Dy D Dy Dy Dy Dy D o
|
LD e (- b *
Pus INEL] P R
1= INPUT --4
0= OUTPUT

PC; o INTR,,

E
[+

Plas

MODE 1 {PORT B)

P8, 98| 8 >
CONTROL WORD

D; Dy Dy Dy D3 Dz Dy Do

[ XXX o

.——.m.

— iR,

| INTRy

231256-15

Figure 10. MODE 1 Output
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Figure 11. MODE 1 (Strobed Output)
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Combinations of MODE 1

82C55A

Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed

1/0 applications.

S

PCy f——o 1BF,
CONTROL WORD

0; Dg Dy D, O; D, D, D, PCy [———= INTR,,
(e Il [o ;
PC4.7 {110
PGy,
1= INPUT B, P
0 e T
WR ———=o PGy [~ GBF,

#C, e ATK,

PCo f—— INTR

PORT A - {STROBED INPUT}
PORT B — (STROBED OUTPUT)

PA,PA [ 3
WR—9 PG| —— TEF,

PCy fa—— ACK,
CONTROL WORD

D, D; D5 D, D, D, D, D, #C | TR,
[ e[ ][ [ X 2
e[l [V X o .
PCy 5
1 INPUT
0= OUTPUT P8, #Bo
D ——a-0) PCyle—— 3TH,

PGy ——» IBFy

PCq [~ INTR,

PORT A ~ (STROBED DUTPUT)
PORT B - ISTROBED {NPUT)

231256-17

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus 1/0).This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving
data (bidirectional bus 1/0). “Handshaking™ signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. Interrupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:

¢ Used in Group A only.

* One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C).

* Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port
(Port A).

Bidirectional Bus 1/0 Control Signal Definition

INTR (Interrupt Request). A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

Output Operations

OBF (Output Buffer Full). The OBF output will go
“low” to indicate that the CPU has written data out
to port A.

ACK (Acknowledge). A “low” on this input enables
the tri-state output buffer of Port A to send out the
data. Otherwise, the output buffer will be in the high
impedance state.

INTE 1 (The INTE Flip-Flop Associated with
OBF). Controlled by bit set/reset of PCg.

Input Operations

STB (Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Buffer Full F/F). A “'high” on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Filp-Flop Associated with IBF).
Controlled by bit set/reset of PC,.

13
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CONTROL WORD

D Dg Oy O D3 D, Dy

[T XX

— PCyp

1= INPUT
0= OUTPUT

\————-—— PORT B

1= INPUT

- 575,

0= OUTPUT
18F,
L~ GROUP B MODE
0= MODE 0
1= MODE 1
231256-18 3
AD ———0) PCy o fo—F— 1O
Figure 13. MODE Control Word
231256-19
Figure 14. MODE 2
DATA FROM
CPUTO 82C55A
WR
L‘—l‘mu —
oar
'woa
INTR \ /
4 fax——= /
a8 I
4
1BF
/
} s —>{taple—— —=| 4o
PERIPHERAL
BUS ~— T T T T T == ‘L }' -4 @ - -
/ —| ,._l this
RO / /
ATA FROM DATA FRDM
PENIPHIML TO 82C85A 32CS5A TO PERIPHERAL
DATA FROM
82C55A TO 8080
231256-20

Figure 15. MODE 2 (Bidirectional)

NOTE:

Any sequence where WR o
(INTR

14

occurs before ACK, a d TB
.

= |IBF « MASK » STB ¢ RD + OBF * M K

_b efore RD is permissible.

R)




I n o 82C55A

MODE 2 AND MODE 0 {INPUT) MODE 2 AND MODE 0 {QUTPUT}
PG, | INTR, pe, p———— TR,
PA,-PA, @ PALPA <:>
Pr_; | 0BF, #e, b OBF,
CONTROL WORD PGy [e———— ACK, CONTROL WORD pCy | e——— ACK,
D, Dy Dy D, Dy Dy Dy Dy D, Dy O D, O, Dy O Dy

1] DD o] + Jvo [+ [+ DX o] o o]

PC, fo——— FTH,

#C, |+——— 578,

PCsg w0, f—— 187, PCyy Py }—— 18,
1= INPUT 1+ INPUT
0=0uTPUT . 0= OUTPUT ’
#Cyp |—rA—r 10 Py f—7F—— o
113 q L R —_—
ve, ve, )
WA ————eq) m _.#
MODE 2 AND MODE 1 {OUTPUT} MODE 2 AND MODE 1 (INPUT)
S f————e in1R, PCy f———> INTR,
PA,-PR, PAS-PR, <I>
PCy p— GBF, PCy f———— &BF,
CONTROL WORD ey %, CONTROL WORD w, %,
Py D¢ Dg Dy D3 D Dy Dy Dy Oy D5 Dy Dy Dy Dy Dy
NN NS NN N/]
-ﬂNMMnnPA PC, fa———- §7B, nnMAoA‘nn’A’ #6, fa—- 375,
Py f————— 18F, PCg s 12F,
o[5> vy, )
PCy }-——emmeen OEF, pCy 578,
RD ~—— sy PCz|e——— &CK, [T JE— PCy b 18
WR PC, =
o INTRy WR Py f———e INTR,
231256-21

Figure 16. MODE 1/, Combinations

15




82C55A

Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN |oUuT IN | ouT GROUP A ONLY

PAo| IN {OUT IN | ouT —

PA; | IN |oUT N | out —

PA2| IN |OUT IN | ouT —

PAs| IN |oUT IN | ouT —

PAs| IN [OUT IN | ouT —

PAs| IN |oOUT IN | ouT —

PAs| IN |oOUT IN | ouT —

PA;| IN {OUT IN | out —

PBo| IN |OUT IN | ouT —

PBy| IN |OUT IN | out —

PBp| IN |OUT IN | ouT —

PBs| IN |OUT IN | out — | MODEO

PBs| IN |OUT IN | ouT — OR MODE 1

PBs| IN |OUT IN | ouT — ONLY

PBs| IN |OUT N | ouT —

PB;| IN |OUT IN | out — _J

PGo| IN |OUT INTRg | INTRg 1/0

PCy| IN {oOUT IBFg | OBFg 110

PC,| IN |OUT STBg | ACKg 170

PC3| IN |OUT INTRa | INTRA INTRA

PC4| IN |OUT STBa | I/0 STB,a

PCs| IN |ouT BEs | 110 IBFA

PCg| IN |OUT 170 | ACKp ACK,,

PC;| IN |OUT 1/0 | OBF4 OBF,

Special Mode Combination Considerations

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for control or status. The remaining bits are
either inputs or outputs as defined by a “Set Mode”
command.

During a read of Port G, the state of all the Port C
lines, except the ACK and STB lines, will be placed
on the data bus. In place of the ACK and STB line
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a “Write Port C” command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a “Write
Port C* command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

16

change an interrupt enable flag, the “Set/Reset Port
C Bit” command must be used.

With a “Set/Reset Port C Bit” command, any Port C
line programmed as an output (including INTR, IBF
and OBF) can be written, or an interrupt enable flag
can be either set or reset. Port C lines programmed
as inputs, including ACK and STB lines, associated
with Port C are not affected by a “Set/Resst Port C
Bit” command. Writing to the corresponding Port C
bit ‘positions of the ACK and STB lines with the
“Set/Reset Port C Bit” command will affect the
Group A and Group B interrupt enabis flags, as illus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.
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Reading Port C Status

In Mode 0, Port C transfers data to or from the pe-
ripheral device. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts “hand-shaking” signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the “status” of each pe-
ripheral device and change the program flow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to perform this function.

82C55A

INPUT CONFIGURATION
Dy Dg Ds D4 D3 D2 D4 Do

10| 110 | 1BF A INTEA | INTRAINTEG [1BFg [ INTRg

GROUP A GROUPB

OUTPUT CONFIGURATIONS
D7 Dg Ds Dy Dj3 D2 D4 Do

OBFa | INTE|1/0] /0] INTRA | INTE [OBFs [INTR

GROUP A GROUPB

Figure 17a. MODE 1 Status Word Format

D7 Dg Ds Dy D3 Dy D4 Do

OBFA|INTE: [IBFA[INTES[INTR,[ [ |

GROUP A
(Defined By Mode 0 or Mode 1 Selection)

GROUP B

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTEB PC2 ACKpg (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PC4 STB4 (Input Mode 1 or Mode 2)

INTE A1 PC6 ACKa (Output Mode 1 or Mode 2

Figure 18. Interrupt Enable Flags in Modes 1 and 2
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias....0°Cto + 70°C

Storage Temperature ......... — 65°Cto + 150°C
SupplyVoltage .................. — 0.5t0 + 8.0V
OperatingVoltage ................. +4Vio + 7V
Voltage onany Input.......... GND—-2Vto + 6.5V
Voltage on any Output . .GND —0.5V to Vg + 0.5V
Power Dissipation ........................ 1 Watt

D.C. CHARACTERISTICS

intel.

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ralings"” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

Ta = 0°Cto 70°C, Voo = +5V £10%, GND = OV (Tp = —40°C to +85°C for Extended Temperture)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —0.5 0.8 \
VIH Input High Voltage 2.0 Ve \Y
VoL Output Low Voltage 0.4 \ loL = 25mA
VoH Output High Voltage 3.0 \Y loy = —25mA
Vo — 0.4 \ loy = —100 pA
hL Input Leakage Current +1 RA ViN = Voo to OV
(Note 1)
loFL Output Float Leakage Current +10 pA Vin = Voo to OV
{Note 2)
IDAR Darlington Drive Current +2.5 (Note 4) mA Ports A, B, C
Rext = 5000
Vext = 1.7V
IPHL Port Hold Low Leakage Current + 50 + 300 pA VouTt = 1.0V
Port A only
IPHH Port Hold High Leakage Current —~50 —300 pA VouTt = 3.0V
Ports A, B, C
IpHLO Port Hold Low Overdrive Current ~350 A VouTt = 0.8V
IpHHO Port Hold High Overdrive Current +350 pA Vout = 3.0V
lce V¢e Supply Current 10 mA (Note 3)
lccse Vec Supply Current-Standby 10 HA Voe = 5.5V
VIN = Voc or GND
Port Conditions
IfI/P = Open/High
O/P = Open Only
With Data Bus =
High/Low
CS = High
Reset = Low
Pure Inputs =
Low/High
NOTES:

1. Pins A4, Ag, CS, WR, RD, Reset.
2. Data Bus; Ports B, C.

3. Outputs open.

4. Limit output current to 4.0 mA,

18
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82C55A

CAPACITANCE
Ta = 25°C, Vo =GND = 0oV
Symbol Parameter Min Max Unlts Test Conditions
CiNn Input Capacitance 10 pF Unmeasured pins
C 170 Capacitance 20 F returned to GND
"o P P fo = 1 MHz(8)
NOTE:
5. Sampled not 100% tested.
A.C. CHARACTERISTICS
Ta = 0°to 70°C, Vo = +5V £10%, GND = 0V
Ta = —40°C to +85°C for Extended Temperature
BUS PARAMETERS
READ CYCLE
Symbol Parameter 82C55A-2 Units c T;fit
Min Max onditions
taR Address Stable Before RD |, 0 ns
tpa Address Hold Time After RD T 0 ns
tRR RD Pulse Width 150 ns
tRD Data Delay from RD J 120 ns
tpF RD T to Data Fioating 10 75 ns
tRv Recovery Time betwesn RD/WR 200 ns
WRITE CYCLE
Symbol Parameter 82C55A-2 Units c Test
Min Max onditions
taw Address Stable Before WR | 0 ns
twa Address Hold Time After WR T 20 ns Ports A& B
20 ns PortC
tww WR Pulse Width 100 ns
tow Data Setup Time Before WR T 100 ns
twb Data Hold Time After WR T 30 ns Ports A& B
30 ns PortC

19
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OTHER TIMINGS

Symbol Parameter 82C55A-2 c Units Test
Min Max onditions

tws WR = 1 to Output 350 ns

tR Peripheral Data Before RD 0 ns

tHR Peripheral Data After RD 0 ns

tak ACK Pulse Width 200 ns

tsT STB Pulse Width 100 ns

tps Per. Data Before STB High 20 ns

tpH Per. Data After STB High 50 ns

tAD ACK = 0 to Output 175 ns

tkp ACK = 1 to Output Float 20 250 ns

twos WR=1t00BF =0 150 ns

taos ACK = 010 OBF = 1 150 ns

tsis STB = 0toIBF = 1 150 ns

tris RD=110IBF =0 150 ns

tRiT RD=0toINTR =0 200 ns

tgir STB = 1t0INTR = 1 150 ns

tarr ACK = 110 INTR = 1 150 ns

twiT WR = 0toINTR = 0 200 ns see note 1
tRES Reset Pulse Width 500 ns see note 2

NOTE:

1. INTR T may occur as early as WR .

2. Pulse width of initial Reset pulse after power on must be at least 50 pSec. Subsequent Reset pulses may be 500 ns
minimum. The output Ports A, B, or C may glitch low during the reset pulse but all port pins will be held at a logic “one” level
after the reset pulse.

20
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WAVEFORMS

MODE 0 (BASIC INPUT)

R

YR —— la— tyq—s
-
NPUT ><

¢3, A1, 40 )[ B
o —— (O ——

231256-22

MODE 0 (BASIC OUTPUT)

tww

TN

X X

taw wa

— |
~
£ av, 80 k
A
ouTPUT y

- 0

231256-23

I 21
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

Ty v

- y 7

o Tpyy —
IN'UTFROM____<' ——— e s v - —— — — - f— —— — — = a— -
PERJPHERAL \

231256-24

MODE 1 (STROBED OUTPUT)

R N 4

- T
R

ouTPUT

231256-25

22
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

82C55A

et a08 7

“__‘AK—‘“/
4

oATAEron
wR
o L\
\
ACR
- ~

18F A/
l s —tagle— ——| wp [+—
pel
m;ngnu __________ _{ e — _< _____
{ —| Yoy
w /
ATA PR DATA FROM
PERIPHERAL TO 8255 8255 TO PERIPHERAL
DATA FROM
8255 TO 8030
231256-26
Note: . —_—
Any sequence where WR occurs before ACK AND STB occurs before RD is permissible.
(INTR = IBF ® MASK ¢ STB * RD + OBF ® MASK * ACK ¢ WR)
WRITE TIMING READ TIMING
Ag.1. C8 X Ag.y. CS W K
fe——— taw twaje- - - an ’} ——] o~ tha
= lan
DATA BUS )] R K RS
r'-| tow——"=—twp =+ tro orp—
wn DATA BUS3; %3{," HIGH IMPEDANCE .. 7] VALID [MIGH IMPEOANCE
ﬂ Y
231256-28
231256-27
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
20 20 DEVICE
> TEST POINTS < C. - 150 pF UNCER .[_ ’\/\/\, O Vexr*
ots 08 0.8 l ¢ = 150 pF
231256-29
= 231256-30

A.C. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V .
For A Logic 0 Timing Measurements Are Made At 2.0V For A *Vexr Is Set At Varlous Voltages During Testing To Guarantee
Logic 1 And 0.8 For A Logic 0. The Specification. Cy_Includes Jig Capacitance.

23
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GAL20V8

High Performance E2CMOS PLD
Generic Array Logic™

Features _ )

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 5 ns Maximum Propagation Delay
-— Fmax =166 MHz
— 4 ns Maximum from Clock Input to Data Output
— UltraMOS® Advanced CMOS Technology

* 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ lcc on Low Power Device
— 45mA Typ Icc on Quarter Power Device

* ACTIVE PULL-UPS ON ALL PINS

* E2CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Programmable Output Polarity
— Also Emulates 24-pin PAL® Devices with Full Function/
Fuse Map/Parametric Compatibility

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability

* APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

The GAL20V8C, at 5ns maximum propagation delay time, com-
bines a high performance CMOS process with Electrically Eras-
able (E?) floating gate technology to provide the highest speed
performance available in the PLD market. High speed erase times
(<100ms) allow the devices to be reprogrammed quickly and ef-
ficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macroceil (OLMC) to be configured by
the user. Animportant subset of the many architecture configura-
tions possible with the GAL20V8 are the PAL architectures listed
in the table of the macrocell description section. GAL20V8 devices
are capable of emulating any of these PAL architectures with full
function/fuse map/parametric compatibility.

Unique test circuitry and reprogrammable cells allow complete AC,
DC, and functional testing during manufacture. As a result, Lattice
Semiconductor delivers 100% field programmability and function-
ality of all GAL products. In addition, 100 erase/write cycles and
data retention in excess of 20 years are specified.

Functional Block Diagram A

HOLK—D—
]
- Lo
ooy 10
I——D% E I
78 loLme Vo
| —4g W rt—i —
51 > r7g OLMC&’_T o
| —ix |
255 4
sy 8 JoLmc - vor
A -
853 8 loLmc 2T Vol
| —x |
oz T
o 8 omcgj— voiQ
| —p e I
K ==
e T
- oo o
S oF
1 —| ]
IMUX .
YOE

Pin Configuration

DIP
PLCC
ek 1~ 2aflvee
1
§ o 8 g ' X
- -5z 3_23 10 puom
A 2 2% 2 11 GAL [uore
108 250 1o/
| b vora it 20v8 o
1q7 2301 vora 3 1 voiq
NG GAL20V8 kNG N 18 [] vora
ge Top View  21p o i 1 oiq
' I vora v 1 voia
1411 190 voiQ
2w n_w 10 g"m
- T o ow T g
28187 3 g L
GND [] 12 13 {] VOE

Copyright © 1997 Lattice Semiconductor Corp. All brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject

to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

December 1997

Tel. (503) 681-0118; 1-888-ISP-PLDS; FAX (503) 681-3037; http://www.latticesemi.com
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Specifications GAL20V8

GAL20V8 ORDERING INFORMATION ,

Commercial Grade Specifications

Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (mA) Ordering # Package
5 3 115 GAL20V8C-5LY 28-Lead PLCC
7.5 7 115 [GAL20V8C-TL 28-Lead PLCC
115 GAL20v8B-7LP 24-Pin Plastic DIP
115 GAL20v8B-7LJ 28-Lead PLCC
10 10 7 115 GAL20v8C-10L 28-Lead PLCC
115 GAL20v8B-10LP 24-Pin Plastic DIP
116 GAL20v8B-10LJ 28-Lead PLCC
15 12 10 55 GAL20v8B-15QP 24-Pin Plastic DIP
55 GAL20V8B-15QJ 28-Lead PLCC
a0 GAL20V8B-15LP 24-Pin Plastic DIP
a0 GAL20V8B-15LS 28-Lead PLCC
25 15 12 55 GAL20V8B-25QP 24-Pin Plastic DIP
55 GAL20V8B-25Qd 28-Lead PLCC
90 GAL20v8B-25LP 24-Pin Plastic DIP
90 GAL20v8B-25LJ 28-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (mA) Ordering # Package
10 10 7 130 GAL20V8C-10LJt 28-Lead PLCC
130 GAL20Vv8B-10LP! 24-Pin Plastic DIP
130 GAL20vV8B-10LJl 28-Lead PLCC
15 12 10 130 GAL20V8B-15LPI 24-Pin Plastic DIP
130 GAL20v8B-15LJI 28-Lead PLCC
20 13 1 65 GAL20V8B-20QP! 24-Pin Plastic DIP
65 GAL20Vv8B-20QJ! 28-Lead PLCC
25 15 12 65 GAL20V8B-25QP! 24-Pin Plastic DIP
65 GAL20V8B-25QJ! 28-Lead PLCC
130 GAL20V8B-25LPI 24-Pin Plastic DIP
130 GAL20V8B-25LJ! 28-Lead PLCC

PART NUMBER DESCRIPTION

GAL20V8C Device Name

GAL20V8B

L = Low Power Power

Speed (ns)

Q = Quarter Power

XXX - XX X X X

Grade Blank = Commercial
| = Industrial

Package P = Plastic DIP
J=PLCC




Specifications GAL20VS

QUTPUT LOGIC MACRDCELL (OLMC)

Thes foficaing Estussitn portains 1o configuring the oatipd logle | ’
mecrocall. i shoutd Be noted that actus! inplemeantation i ge- PAL ArchRsctures GALIOVE
eempdished by devedopement softvaraherdwane and s comgphodedy Sraulated by GALI0VE Glebal GLIRG Bods
tramaparent 10 the uger,
20RB {iAE e
Thate are Fres global OLMT configuration miodos possiblie: o] Bt
slmple, complex, and registared. Detalla of sach of theas 20R4 ST
ericdes is Hliestratad in the following pages, Two global bits, SYN aonpe egtate
and ACT, condred the mode configuration for alf macmotalls. The SORPA Soglstored
HOR b of mech mecroce! controls tha potasity of tha qutpud Inany '
of thee three modes, while the A0 T B of each of the macrocels J0L3 Corgen
cordnols the mpm,f uuipui mnﬂgwaﬁun Thess two gichal and 18 20HB Comphax
. = . g it Complax
GALE{JV& '3’?1& inform Eﬂﬂﬂ gt‘-'an on thass achitecture bits s 1418 Shmghe
ordy fo give & baller understanding of the device, Compiler soft 14L8 Blerba
e iy P architgotune Bits frorn the pin 18L4 Shrgite
definitions, 50 the user should not nead 1o directly manipalste fﬂ-{% g;ﬂg;f:
et arohfoctuny bs : m Slmgte
Th flloaing is = st of the Pal archiiecturas that the GALZIVE peri v gﬁ;{ﬁz
can emuiate. 1t also shows the OLMC mods under witdeh the 147§ Simple
dewvicas emulate the PAL architecture. VPG Slmple
14P4 Blmple
Py Bimple

COMPILER SUPPORT FOR OLMG

Softiware comlers sunhoet the thres differend global QLG
motes o5 differant device types, These device fypes are listed
fra thes tablo bolowr, Wit compilers Have the a8y o aomel
cafly sslect the dovics lype, generally besasd oo the register ysage
gt ovlput oneble (OE) uspe. Reqistar ussgs on the device
Foreen the aofleers 0 chooss T reglatansd made, A comibing
toria! casfpasts witth OF controfied by the produst tarmowill force the

mnﬁgurad &3 cock Euns:l uutpu‘t Enaﬁ:m msazec:mrsly Tnsrsa ctm:s
it b confepureed s defcabod gt B B reoiderddd e,

En eompdan modde pin 1 and i 13 bocoms dediceted ouls and
L fhe Tese ek pemthe OF Pl 22 pnd pin 15 respecively. Bacause
of thiz feedback path ussgs, pin 22 and pin 15 do nof have the

geears o chose i oterpbin e, The Sofbv will s Pl cogrticns i this ancuda,
e simpls Mo ondy wihan all outpuls Bre Godraled cominatonal
T IR D ], | RO Tl d TStad i (W BLE ~E SHERIE B ol TR THEEE ThlnE of 50 viipn o

Wi fhe adiacent ping, In O0ing a0, e s inner mosd pins | pi
18 and 19) will not have the feedback option as these pms are
always configured as dedicated combinatorial output.

can e umed W Ovierite the sadomatic device safection Dy tha
software. For further details, refer to the compiler software
manuals.

When using compiler software to configure the device, the user
must pay special attention to the following restrictions in each

mode.
Registered Complex Simple Auto Mode Select

ABEL P20V8R P20v8C P20V8AS P20Vv8
CUPL G20V8MS G20VBMA G20V8AS G20v8
LOGIiC GAL20V8_R GAL20V8_C7 GAL20V8_C8 GAL20V8
OrCAD-PLD "Registered"! "Complex™ “Simple"* GAL20V8A
PLDesigner P20V8R? P20Vv8C? P20V8C? P20V8A
TANGO-PLD G20V8R G20V8C G20VBAS® G20V8

1) Used with Configuration keyword.
2) Prior to Version 2.0 support.
3) Supported on Version 1.20 or later.
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Specifications GAL20V8

Registered Mode

In the Registered mode, macrocells are configured as dedicated
registered outputs or as 1/O functions.

Architecture configurations available in this mode are similar to the
common 20R8 and 20RP4 devices with various permutations of
polarity, /0 and register placement.

All registered macrocells share common clock and output enable
control pins. Any macrocell can be configured as registered or I/
0. Upto eight registers or up to eight 1/Os are possible in this mode.

Dedicated input or output functions can be implemented as sub-
sets of the 1/O function.

Registered outputs have eight product terms per output. I/Os have
seven product terms per output.

The JEDEC fuse numbers, including the User Electronic Signature
(UES) fuses and the Product Term Disable (PTD) fuses, are shown
on the logic diagram on the following page.

L) —F e

Registered Configuration for Registered Mode

- 8YN=0.

-ACO0=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this output configuration.

- Pin 1 controls common CLK for the registered outputs.
- Pin 13 controls common OE for the registered outputs.
- Pin 1 & Pin 13 are permanently configured as CLK &

OE for registered output configuration.

—K 3

Combinatorial Configuration for Registered Mode

- SYN=0.

-ACO=1,

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=1 defines this output configuration.

- Pin 1 & Pin 13 are permanently configured as CLK &

OE for registered output configuration..

Note: The development software configures all of the architecture

control bits and checks for proper pin usage automatically.
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REGISTERED MODE LOGIC DIAGRAM
DIP (PLCC) Package Pinouts

1 (2) D {> 26840
1] 4 8 12 16 20 24 28 32 36 PTD
2(3) o—L3 4] —<323(27)
oo H  oLmc
== 22(26)
0280 2 XOR-2560
3 Oo—= sHH AC1-2632
0320 1] OoLMC
== 21(25)
0600 8 XOR-2561
4(5) [D>—73 <HH AC1-2633
o840 otH  oLMc
EE 20(24)
0520 :il XOR-2562
5(6) [>—1% <0 AC1-2634
ok o owme
£2 —£319(23)
1240 "Ei XOR-2563
87y DO—3 Q_E AC1-2635
1280 jj OLMC
B2 18(21)
1560 =2 XOR-2564
709 O—3 —HH AC1-2636
1600 ﬁg_:& o LM c
= 17(20)
1880 = XOR-2565
8(10) >—=x L] AC1-2637
M
1920 =TT OLMC
25 16(19)
2200 == XOR-2566
9(11) [O—3 <HH AC1-2638
2240 D—E
N OLMC
=5 15(18)
2520 22 XOR-2567
10(12) >—ix | AC1-2630
1(13) O—Ix 5 —C14(17)
2703 < C)E<j13(16)
64-USER ELECTRONIC SIGNATURE FUSES
2668, 2660, ... ... 2630, 2631 SYN-2704
Byte 7)Byte 6 ... .... Byte 1[Byta 0 AC0-2705
L

M
§ 8
B B
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COMPLEX MODE

In the Complex mode, macrocells are configured as output only
or I/O functions.

Architecture configurations available in this mode are similar to
the common 20L.8 and 20P8 devices with programmable polarity
in each macrocell.

Up to six I/Os are possible in this mode. Dedicated inputs or
outputs can be implemented as subsets of the I/O function. The
two outer most macrocells (pins 15 & 22) do not have input ca-

pability. Designs requiring eight I/Os can be implemented in the
Registered mode.

All macrocelis have seven product terms per output. One product
term is used for programmable output enable control. Pins 1 and
13 are always available as data inputs into the AND array.

The JEDEC fuse numbers including the UES fuses and PTD fuses
are shown on the logic diagram on the following page.

Combinatorial /O Configuration for Complex Mode

- SYN=1.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1.

- Pin 16 through Pin 21 are configured to this function.

b

Combinatorial Output Configuration for Complex Mode

- SYN=1.

-ACO=1,

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1.

- Pin 15 and Pin 22 are configured to this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.
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COMPLEX MODE LOGIC DIAGRAM

DIP (PLCC) Package Pinouts

12) © > P
0 4 12 16 20 24 28 32 38 PTD
20 &>—1z < —<323(27)
0000 0 —
—4 OLMC
— 3"——022(26)
0280 —_ XOR-2560
34) O—I3 gs/’}_l AC1-2632
e 25— oLmC 1
— —K321(25)
0800 — XOR-2561
45 O—% < AC1-2633
o 5— OLMC L
35 20(24)
0920 fa— XOR-2562
5(6) >—13 <+ AC1-2634
0960 D -—
gg oLmc 1——019(23)
1240 — XOR-2563
6(7) O—13 21 —|___AC1-2635
1280 o—y o c
——] LM
3-3 :&o——ow(zn
1560 —] XOR-2564
7(9) O—I3 51— AC1-2636
1600 D—
= oLMC :&o
= ij(zm
1880 — XOR-2565
8(10) O—3 75— AC1-2637
1620 o—|
= owc | |
— ——£316(19)
2200 pr— XOR-2566
9(11) D————{j@ - AC1-2638
2240 5]
gé oLMmC l—-&ms(m)
2620 — XOR-2567
10(12) ©O—13 ﬁ_l AC1-2639
11(13) O—3 C114(17)
( iiiam C113(16)
2703
64-USER ELECTRONIC SIGNATURE FUSES
2568, 2569, ... .. 2630, 2631 SYN-2704
’?yte 7[Byte6 ... ... Byte1[Byts 0 ACO0-2705
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B 8
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In the Simple mode, pins are configured as dedicated inputs or
as dedicated, always active, combinatorial outputs.

Architecture configurations available in this mode are similar to
the common 1418 and 16P6 devices with many permutations of
generic output polarity or input choices.

All outputs in the simple mode have a maximum of eight product
terms that can control the logic. In addition, each output has pro-
grammable polarity.

Pins 1 and 13 are always available as data inputs into the AND
array. The "center” two macrocelis (pins 18 & 19) cannot be used
in the input configuration.

The JEDEC fuse numbers including the UES fuses and PTD fuses
are shown on the logic diagram on the following page.

K3

Combinatorial Output with Feedback Configuration
for Simple Mode

- SYN=1,

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration,

- All OLMC except pins 18 & 19 can be configured to
this function.

Combinatorial Output Configuration for Simple Mode

- SYN=1,

- AC0=0.

- XOR=0 defines Active Low Output,

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration.

-Pins 18 & 19 are permanently configured to this
function.

Dedicated Input Configuration for Simple Mode

- SYN=1,

-AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=1 defines this configuration.

- All OLMC except pins 18 & 19 can be configured to
this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.

Lo
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SIMPLE MODE LOGIC DIAGRAM

DIP (PLCC) Package Pinouts

12) DO——D— -
0 4 8 12 16 20 24 28 32 36 prp
2(3) D—g— i —<123(27)
0000 £5—  OLMC
XOR-2560 lﬁ"ﬁ 22(26)
0280 AC1-2632
3(4) O—1I5— 51
0320 o— OLM C
XOR-2561 -—K3121(25)
0600 AC1-2633
45 D—1I5— %
oot =_] OLMC
XOR-2562 L £120(24)
0920 AC1-2634
56) 13— 8l
o080 OLMC
XOR-2563 3 19(23)
1240 AC1-2635
67y O—I% <
1280 O LM c
XOR-2564 18(21)
1580 AC1-2636
7(9) >—3 <
1000 —=—] OLMC
:g: XOR-2565 17(20)
1880 AC1-2637
8(10) o—3— A
1920 0 LMC
XOR-2566 16(19
2200 AC1-2638 (19)
s(11) D—3— <
2240 OLM c
XOR-2567 15(18)
2520 AC1-2639
10(12) D>—I3 53_1
C114{17)
11(13) O——5— ™
i C113(16)
2703
64-USER ELECTRONIC SIGNATURE FUSES
2668, 2669, .... SYN-2704
Byte 7|Byte 6 ... AC0-2705
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Specifications GAL20VSEC

RECONMMENDED QPERATING COND.,

Commearcial Devices;

Armbiont Temperabms (1,0 e Oto75°C
Suppiy voltage (V.0

with Respect 10 Ground ..o ¥4 78 10 +5.25Y
Industrial Devices:
Amblent Temperatura (T,) o comiscosonnn =40 10 85°C
Supply voltage (V)

with Raspect to Groumd e, 450 0 +5.50V

DO ELECTRICAL CHARACTERISTICS )
Over Recommended Operating Conditions  {intess Dtherwize Spacifiad)

SYRBOL | PARANETER CONDITHON HiH. | TYR'| MAX. UNITS
Vi Input Low Voltage Vg OB — ¥ W
Vi Input High Voltage 2.0 — | Voo#l | W
LA Inpiat or VO Low Leskags Currant 0 = Wi 5 WL (BAADC) — e | w00 | pA

T Inprt or 163 High Leskage Currant A5V £ Vi S Ve — _ 1] pA
Vou Chiput Lo Voltage ke =0, Vin=Yio WV e — 0.5 ¥
Vo | Output High Volisgs bort = BAAK. WM = Wit o7 Wi 24 e - W

oL Lo Lenval Outpest Crrrant —_— — 16 mA
ok High Level Qutpef Currant — — | 82 mA
o Crigtpnst Shert Clraull Currard Voo 0V Vowz OBV TmIGC il L | mA

COMMERCIAL

lcc Operating Power ViL=0.5V VH=3.0V L-5/-7/-10 —_ 75 115 mA
Supply Current fioggle = 15MHz Outputs Open

INDUSTRIAL

Icc Operating Power | ViL=0.5V Vi =3.0V L-10 — 75 130 mA
Supply Current foggle = 15MHz Qutputs Open

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Characterized but not 100% tested.
3) Typical values are at Vec =5V and Ta=25 °C

10
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AC SWITCHING CHARACTERISTICS !

Over Recommended Operating Conditions

COM COM COMI/IND
-5 -7 -10
PARAMETER| o1 | DESCRIPTION UNITS
COND?, MIN. | MAX.| MIN. |MAX.| MIN. | MAX.
tpd A Input or /O to 8 outputs switching 1 5 3 (75| 3 10 ns
Comb. Output 1 output switching — | — — | 7 —_— — ns
tco A Clock to Output Delay 1 |4 2 |5 2 7 ns
ter? — Clock to Feedback Delay - |3 — |3 | — | 6 ns
tsu — Setup Time, Input or Feedback before ClockT 3 |— | 71— ]10] —| ns
th —_ Hold Time, Input or Feedback after ClockT 0 |[— |0 |—1]101|—| ns
A Maximum Clock Frequency with 142.8| — 183.3| — (588 — | MHz
External Feedback, 1/(tsu + tco)
fmax? A Maximum Clock Frequency with 166 [— (100 | — |625| — | MHz
Internal Feedback, 1/(tsu + tcf)
A Maximum Clock Frequency with 166 |— |[100| — |625| — | MHz
No Feedback
twh — Clock Pulse Duration, High 3 | — 5| — 18| —] ns
twi — Clock Pulse Duration, Low 3 |- 5 |— | 8| —| ns
ten B Input or I/O to Output Enabled 1 3 3 |10 ns
B OE to Output Enabled 1 |6 | 2 2 [10] ns
tdis C Input or 1/O to Output Disabled 1 5 2 9 2 10 ns
c OE to Output Disabled 1 |5 (156 [15] 10| ns

1) Refer to Switching Test Conditions section.

2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.

3) Refer to fmax Descriptions section. Characterized initially and after any design or process changes that may affect these
parameters.

CAPACITANCE (T, =25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V, =20V
Cwo 1/0 Capacitance 8 pF Ve =5.0V,V =20V

*Characterized but not 100% tested

11



ABSOLUTE MAXIMUM RATINGS™"

Bupiphy voltepe V... 5o +TV
Input vollage Bppied ..., =25 10V, +1.0V
Off-state oulput mﬂt&g@ apm&,lad e o 5 B0 ‘u‘ s +‘J I
Storage T&mgeranmﬂwﬁsm 18570
AFTEAGEL 1Ornpataturs witts

Powar Applied ...cnsssasasen &6 to 126°0
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Specifications GAL20VS8EB

RECOMMENDED OPERATING COND,

Commercial Devices:

Amibierd Ternperabme (T,) e Qe 750
Supply vollage (V..)
with Respect 10 Grount ... 79,78 10 #5825V

Industrial Devices:
Amibiant Torperahere (T}
Suppty valtage (V)

with Raspect to Growsd ...

............................. —40 to B5*C

o v S o w550

Over Recommaendsd Opersting Conditions {ﬂnlmm {htherwize Specified)

SYNMBOL. | PARANETER CONDITION MIN. L TYRY | BAX  UNITS
ViL Input Low Vottssgs Weg-05 — 0.8 ¥
VIH | Input High Voltage A
B Input or 03 Low Leskons Currant 0V = Win 5 Wi (RS — — —4{0 L,

bk {npat or U0 Migh Leakage Cumrant L5V = V= Woo —_ — 18 p
Vou | Cudputtow Voltsge bon = REASE, Wi o Wi, o Wi o 0.5 v
Vo Crutpant Hinh Woltage o = WAL Win = Wi o7 Wi o % — — Yy
oL Lo Lavel Quipus Currant s — 24 FA
oK | High Level Qutput Currsnt . | 32 | A
logr Crdpast Short Clroult Current Vg =8¢ Veur=08Y T,=28C ~30 — ~483 ¢ mA

COMMERCIAL
lcc Operating Power Vi=0.5V Vi=3.0V L-7/-10 — 75 115 mA

Supply Current foggle = 15MHz Outputs Open L -15/-25 — 75 90 mA
Q-15/-25 — 45 55 mA

INDUSTRIAL

Icc Operating Power ViL=0.5V Vin=3.0V L -10/-15/-25 —_ 75 130 mA
Supply Current fioggte = 15MHz Outputs Open Q-20/-25 — 45 65 mA

1) The leakage current is due to the intemnal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Characterized but not 100% tested.
3) Typical values are at Vcc =5V and Ta=25°C

12
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

cOoM COM/IND | COM/IND IND COM/IND
-7 -10 -15 -20 -25
param. | JEST | DESCRIPTION UNITS
COND'. MIN. | MAX.| MIN. | MAX.|MIN. | MAX. MIN. | MAX.|MIN. | MAX.
tpd A Input or /O to 8 outputs switching| 3 | 76| 3 | 10 3 |15 3120 3| 25 ns
Comb. Output 1 output switching —_ 7 | — | — _ — —_ = =] — ns
tco A Clock to Output Delay 2 5|2 |7 2110 2| 11 2|12 | ns
ter — Clock to Feedback Delay —{ 3| —1]68 — | 8 — 1 9 | —]| 10 ns
tsu — Setup Time, Input or Fdbk before CkT| 7 | — | 10 | — 12| — [ 13| — | 16| — | ns
th — Hold Time, Input or Fdbk after CIkT —10|—]|O0}|—] 0|~ ] 0| —| ns
A Maximum Clock Frequency with 83.3| — |588| — |455| — |416] — | 37| — | MHz
External Feedback, 1/(tsu + tco)
fmax? A Maximum Clock Frequency with 100} — (625 | — 50 | — | 454 — | 40| — | MHz
Internal Feedback, 1/(tsu + tcf)
A Maximum Clock Frequency with 100 — {625| — |625| — | 50 | — |417| — | MHz
No Feedback
twh — Clock Pulse Duration, High 5| —| 8 |—{8]|]— |10, —|12] —| ns
twi — | Clock Pulse Duration, Low 5| —| 8 |—|8|—]|10]—1]12] — | ns
ten B Input or I/O to Output Enabled 3 9 3 10 — | 15 — |20 | — [ 25 ns
B OE to Output Enabled 2,62 |10 | —|15| —|18] —] 20} ns
tdis Cc Input or I/O to Output Disabled 2 9 2 |10 | — |15 | — 120 ] — ] 25 ns
C OE to Output Disabled 156 6 |15 |10 — | 15 — | 18 | — | 20 ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cio I/O Capacitance 8 pF Ve =80V, V=20V

*Characterized but not 100% tested.

13
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SWITCHING WAVEFORMS

INPUT or
/0 FEEDBACK

\\\\\\\\\)ﬁ

comuoons T

Combinatorial Output

INPUT or
/0 FEEDBACK
tdis ten
COMBINATIONAL
OUTPUT

input or I/O to Output Enable/Disable

twh twi

CLK

1/fmax
(w/o fb)

Clock Width

INPUT or
/O FEEDBACK \\\\\\ VALID INPUT \\\\
lg-tsu th |
CLK
tcop
REGISTERED
v AN ARARAAN
l—— 1/fmax —p
(external fdbk)
Registered Output
OE

tdis ten
REGISTERED
OUTPUT

OE to Output Enable/Disable

CLK

1/fmax (internal fdbk)

tcf tsu
= NI
FEEDBACK

fmax with Feedback

14
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fmax DESCRIPTIONS _
CLK
> v o
: LOGIC | . g :
ARRAY REGISTER CLK
iyl L e
........................................... LOGIC Z
ARRAY ‘_| R e 2
———— tsu ———pli——— tco——>»
: REGISTER
fmax with External Feedback 1/(tsu+tco)
Note: fmax with external feedback is calculated from measured [’
tsu and tco. i td --------------------- R
PP ‘ ............ < tpd >l
: \Y%
fmax with Internal Feedback 1/(tsu+tcf)
Loeic REGISTER
—_—P ARRAY Ll L
Note: tcf is a calculated value, derived by subtracting tsu from
_____________________________________________ the period of fmax wiinternal feedback (tcf = 1/fmax - tsu). The
f—— tsu+ th———Pp] value of tcf is used primarily when calculating the delay from
. clocking a register to a combinatorial output (through registered
fmax with No Feedback feedback), as shown above. For example, the timing from clock

) to a combinatorial output is equai to tef + tpd.
Note: fmax with no feedback may be less than 1/(twh + twl). This

is to allow for a clock duty cycle of other than 50%.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V R4
Input Rise and GAL20vV8B | 2-3ns 10% —~90%
Fall Times GAL20V8C 1.5ns 10% - 90%
Input Timing Reference Levels 1.5V ONDERTEST | (O ' TEST POINT
Output Timing Reference Levels 1.5V L
Output Load See Figure Rz €
3-state ievels are measured 0.5V from steady-state active
level.
*C. INCLUDES TEST FIXTURE AND PROBE CAPACITANCE
GAL20V8B Output Load Conditions (see figure) GAL20V8C Output Load Conditions (see figure)
Test Condition R1 R2 CL Test Condition R1 Rz CL
A 200Q 390Q 50pF A 200Q 2008 50pF
B Active High oo 390Q 50pF B Active High oo 200Q 50pF
Active Low 200Q 390Q 50pF Active Low 20002 200Q 50pF
o] Active High o0 390Q 5pF C | Active High oo 200Q 5pF
Active Low 200Q 390Q 5pF Active Low 200Q 2000 5pF

15



ﬁlce

ELECTRONIC SIGNATURE
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LATCH-UP PROTECTION

GAL20V8 devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias minimizes the
potential of latch-up caused by negative input undershoots.
Additionally, outputs are designed with n-channel pull-ups instead
of the traditional p-channel pull-ups in order to eliminate latch-up
due to output overshoots.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice Semiconductor-
approved Logic Programmer, available from a number of manu-
facturers. Complete programming of the device takes only a few
seconds. Erasing of the device is transparent to the user, and is
done automatically as part of the programming cycle.

Specifications GAL20VE8

 OUTPUT REGISTER PRELOAD

Wt tasting siate mdwdine dassing, ofl pomssible #d
tranaiong mpst b wertfied in the gdesipn, ot st thoes required
i the nommad maching operatitrs. This is batauss, b systam
o RN, cartain auenta oooar that ey theow the (g into e
Hiegal stete (cower-up, ing 5 gichss, trovwn-carta, slc ). To
bt o chevsiggny o prespnr Sroirrvenit of theee examdiifons, o weay mist
ba provided to brealk the feadback patha, and force amy dealed
Ehgn, HHSChEth Sheatey sbis U raCIEShes, 1 M This emsdchind G b
BEHaad ard ha ce ke teste T Coemend nend, slate coeitions.

GALZOVE davices Intlude cirouiiny thet slfows asch realstered
output to be synchrommaesly sat atthsr h‘gfh or ey, Thas, any
precant stale tomfition gan be forced for test sedquensing. 1F
necessarny, approved QAL programmens capaiis of execiting teut
vasthors performn calput register prefosed aulometically,

INPUT BUFFERS

GAL20V8 devices are designed with TTL level compatible input
buffers. These buffers have a characteristically high impedance,
and present a much lighter load to the driving logic than bipolar
TTL devices.

The GAL20V8 input and I/O pins have built-in active pull-ups. As
aresult, unused inputs and [/O's will float to a TTL "high" (logi-
cal "1"). Lattice Semiconductor recommends that al! unused
inputs and tri-stated I/O pins be connected to another active input,
Vcc, or Ground. Doing this will tend to improve noise immunity
and reduce Icc for the device.

Typical Input Pull-up Characteristic

o

ut Current (uA)
n
o

=~
o

'
D
o
(=]

1.0 2.0 3.0 4.0 5.0
Input Voltage (Volts)
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POWER-UP RESET

Vee Vee (min.} 7

[t——tsu——-=p!

o AN\ et

[ —tpr—>

INTERNAL REGISTER
Q- OUTPUT

XXXXCKKXIAN Rt /

Internal Register

FEEDBACK/EXTERNAL
OUTPUT REGISTER

KAXXXXXXRIXRY

Device Pin

Reset to Logic "1* \

Circuitry within the GAL20V8 provides a reset signal to all reg-
isters during power-up. All internal registers will have their Q
outputs set low after a specified time (fpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
always be high on power-up, regardless of the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. Be-
cause of the asynchronous nature of system power-up, some

INPUT/OUTPUT EQUIVALENT SCHEMATICS

PIN
Vce
Active Pull-up
Circuit
' ESD
: Protection
Circuit

ESD

Typ. Vref = 3.2V

Typical Input

conditions must be met to provide a valid power-up reset of the
device. First, the Vec rise must be monotonic. Second, the clock
input must be at static TTL level as shown in the diagram during
power up. The registers will reset within a maximum of tpr time.
As in normal system operation, avoid clocking the device until all
input and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

— ] PN

Feedback ¢———
Active Pull-up
Circuit
Ti-tate Y {yref |
Control VT
Data
Output ~ | '_'@ PIN

Feedback

Typ. Vref = 3.2V (To Input Buffer)

Typical Output

17
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Normalized Tpd

Normalized Tpd

Normalized Tpd vs Vcc
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i 2 3 4 5 & 1 8
Number of Outputs Switching
Delta Tpd vs Output Loading
8 T T
e g ||~ RiSE -
) M " )
£ FALL /4 - £
o 4 = 8
Q. r " o
= . =
82 = S
© °©
o, la)
]
0 50 100 150 200 250 300

Output Loading (pF)

o

'
o
Y
o

b
o

-0.75

@

IS

[X]

o

)
[N

-1

0.9

08

1.4
1.3
1.2
11

1
0.9
0.8
07

Normalized Tsu vs Vcc

I
-~ - - PTH>L
~L PTL->H ||
4,50 4.75 5.00 5.25 5.50
Supply Voltage (V)
Normalized Tsu vs Temp
I T I
= = = PTH->L /
PT L->H
o
-
0 0 S o 0 o
IA:) o o w ~ (=3

Delta Tco vs # of Outputs

Switching
- 1"
. o—//
rd ‘//
o - = = RISE
&4'/
F FALL
T
1 2 3 4 5 7 8

Number of Outputs Switching

Delta Tco vs Output Loading

T I
- - - RISE A
FALL |1 1"
i / .
A N
e
0 50 100 150 200 250 300

Output Loading (pF)

Temperature (deg. C)

0
N

18



ELattice Specifications GAL20VS

uu=arsSemiconductor
== unun Corporation
GAL 20V8C: TYPICAL AC AND DC CHARACTERISTIC DIAGRAMS
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GAL 20V8B-7/-10: TYPICAL AC AND DC CHARACTERISTIC DIAGRAMS

Normalized Tpd vs Vcc Normalized Tco vs Vcc Normalized Tsu vs Vcc
12 I 1.2 T 12 T
o - = = PTH-L = = = RISE 5 = = = PTH-L
Q14 8 1.1 »w 1.1 H
= M. PT L->H = FALL = RS PT L->H
he] ~ . L] b o \'~
ﬁ ] [—— . g ] ~- .. ) g 1 >
© = © i RS ©
E T E E
O 09 O 09 O 08
z Z z
0.8 0.8 0.8
4.50 475 5.00 525 5.50 4.50 4.75 5.00 5.25 5.50 4.50 4.75 5.00 5§25 5.50
Supply Voltage (V) Supply Voltage (V) Supply Voltage (V)
Normalized Tpd vs Temp Normalized Tco vs Temp Normalized Tsu vs Temp
13  ——— 13  — 14 S — %
5 12|~ = = PTH>L —a o 12 H*= = = RISE 5 13 1{= - = PTH>L L
o 1 2 ] /
o PT L->H e " FALL - - 12 PT L->H 3
B L~ B e 8] e
[} [ a1 o 11
£ & — N A
= = e T >
E o9 _// Eog L= £ =
= 5 =09 {2 <
[=] - (=]} (o] /
Z o8 Z 08 Z sl o
C P
07 07 07
o o (=)
8 8 & 8 ® 8 § 8 8§ &« 8 R 8 8 8 8§ & 8 R 8 &
Temperature (deg. C) Temperature (deg. C) Temperature (deg. C)
Delta Tpd vs # of Outputs Delta Tco vs # of Outputs
Switching Switching
0 . 0 -
_ - . S
@ 45 - " 9 o5 - " L
e~ - e - =
R P e O el
g 7 - - - RISE g - - - RISE
D .15 H D 5
Qa FALL Q FALL
.2 T T .2 T T
1 2 3 4 5 ] 7 8 1 2 3 4 5 ] 7 8
Number of Outputs Switching Number of Outputs Switching
Delta Tpd vs Output Loading Delta Tco vs Output Loading
10 I I 10 I T
B l---RsE . aH~-=--RSE
[] 2]
< 6 | FALL £ 6l FALL //
- =
- fiC g |-
g A - 4 A -
= 7 = 7.
g 2 /‘ - g 2 ['
5] 7= ] L7
a a
0 0
-2 -2
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Output Loading (pF) Output Loading (pF)

20



Specifications GAL20V8

283 Semiconductor

== uana Corporation

Vol vs lol Voh vs loh Voh vs loh
1 5 4.5
/ e N \
— o 4 — \\ — 428 \
s e 3 P~ b3
5 °° = T —~—— c ¢ =
0.25 / 5 75
0 0 35
0.00 20.00 40.00 60.00 80.00 10000 0.00 10.00 20,00 30,00 40.00 50.00 60.00 0.00 1.00 2.00 3.00 4.00
lol (mA} loh(mA) loh(mA)
Normalized Icc vs Vec Normalized lcc vs Temp Normalized Icc vs Freq.
1.20 1.2 1.30
1
8 110 P 8 1 N g —
- ' / ° T 110 e
@ [} s} =
N 1.00 N N
[1+] ® ©
e 1.00
E E N E
O 0.50 O 09 o
Z 4 \ Z 0.90
0.80 08 \ 0.80
4,50 4.75 5.00 5.25 5.50 -55 .25 0 25 50 75 100 125 0 25 50 75 100
Supply Voltage (V) Temperature (deg. C) Frequency (MHz)
Delta Icc vs Vin (1 input) Input Clamp (Vik)
10 0
10 //
— 8
< - /
. A :
o8 L 40 ,/
8N i
8¢ X 60 L
‘© / \ = 70 /
(= I, 80 /
/ N 20 /
0 - 100
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 2.00 1,50 .1.00 050 0.00
Vin (V) Vik (V)

21



Laﬁl e Specifications GAL20V8

GAL 20V8B-15/-25: TYPICAL AC AND DC CHARACTERISTIC DIAGRAMS
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ADCO0808/ADC0809

October 2002

8-Bit pP Compatible A/D Converters with 8-Channel

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADCO0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For
16-channel multiplexer with common output (sample/hold
port) see ADC0816 data sheet. (See AN-247 for more infor-
mation.)

Features

m Easy interface to all microprocessors

w Operates ratiometrically or with 5 V5 or analog span
adjusted voltage reference

m No zero or full-scale adjust required

m 8-channel multiplexer with address logic

® 0V to 5V input range with single 5V power supply

= Outputs meet TTL voltage level specifications

m ADCO0808 equivalent to MM74C949

m ADCO0809 equivalent to MM74C949-1

Key Specifications

m Resolution 8 Bits
m Total Unadjusted Error % LSB and +1 LSB
m Single Supply 5 Vpe
B Low Power 15 mW
m Conversion Time 100 ps

Block Diagram

START cLock

S-BIT A/D — - i 1
( enp oF
° | CONTROL & TIMING O (NTeRRUPT)
o l |
o—] BcHANNELS !
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L
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O ! { o
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o LATEH ] I i :
AND
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VLC  GND  REF(Y

REF(-) OUTPUT
ENABLE

00567201

See Ordering
Information
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ADCO0808/ADC0809

Connection Diagrams

Dual-In-Line Package

IN3—1 28—IN2
N4 —{2 271
N5—{3 26—INO
IN6—]4 25f—ADD A
IN7 =15 24400 B
START—{6 23}-400 ¢
E0C —7 22}=ALE
2758 214~2""us8
QUTPUT ENABLE—{9 20272
cLock —10 19f-2"3
Vee—{11 18f—27*
Veer ()12 17}~2"8s8
GND—{13 16}Vper (=)
27714 15f-2"6
00567211

Order Number ADC0808CCN or ADC0809CCN

See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

-
a

=)
|
25 24 23 22 2% 20 19

IN0—}26 18}-274
Nt—{27 17}~-2"%Lse
IN2—} 28 16~ Veer (=)
IN3 ¢ 15p=2"
N4 14277
M5 33 13}-onp
ING 14 12}~ Vegr ()
AN

|— ADD B
|— ADD C
|- ALE
| -1
=2
2—3

o

b £

QUTPUT ENABLE —f w

N7 q o
START - &
EQC —f <
2-5
CLOCK —~f
Voo —

00567212
Order Number ADC0808CCV or ADC0809CCV
See NS Package V28A

TEMPERATURE RANGE

~-40°C to +85°C

Error

+Y2 LSB Unadjusted

ADCO0808CCN

ADCO0808CCV

+1 LSB Unadjusted

ADCO0809CCN

ADC0809CCV

Package Outiine

N28A Molded DIP

V28A Molded Chip Carrier
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Absolute Maximum Ratings (notes 2,
1)

I Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voitage (Vcc) (Note 3) 6.5V
Voltage at Any Pin -0.3V to
(Vee+0.3V)
Except Contro! Inputs
Voltage at Control Inputs -0.3V to +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range ~65°C to +150°C
Package Dissipation at T,=25'C 875 mw

Lead Temp. (Soldering, 10 seconds)

Electrical Characteristics

Dual-In-Line Package (plastic) 260°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 8) 400V

Operating Conditions (Notes 1, 2)

Temperature Range (Note 1) TinSTasTax
ADCO0808CCN,ADC0809CCN —-40°C<T,s+85°C
ADC0808CCV, ADCQ8039CCV —40°C<T,<+85°C

Range of Vg (Note 1) 4.5 Ve to 6.0 Ve

Converter Specifications: Voe=5 Vpo=Vrers: Vrer-=GND, TyinSTa<Tuax and f «=640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Error 25°C £V LSB
(Note 5) T 10 Tuax % LsSB
ADCO0809
Total Unadjusted Error 0'C to 70°C +1 LSB
(Note 5) Ty 10 Tyax 1% LsB
Input Resistance From Ref(+) to Ref(-) 1.0 25 kQ
Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Veet+0.10 Ve
Veer) Voltage, Top of Ladder Measured at Ref(+) Vee Vee+0.1 v
VREF(+)+ VREF(— Voltage, Center of Ladder Veo/2-0.1 | Vo2 | Veef2+0.1 \
2
Veere) Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 \
Iin Comparator Input Current f.=640 kHz, (Note 6) -2 +0.5 2 HA

Electrical Characteristics

Digital Levels and DC Specifications: ADCO808CCN, ADC0808CCV, ADC0809CCN and ADCO809CCV, 4.755V:<5.25V,

—-40°C<T ,<+85°C unless otherwise noted

Symbol ] Parameter T Conditions T Min l Typ Max Units
ANALOG MULTIPLEXER
lorr) OFF Channel Leakage Current Vee=5Y, Viy=5V,
TaA=25C 10 200 nA
Tain 10 Tax 1.0 pA
lorre) OFF Channel Leakage Current Vee=5V, Viy=0,
TaA=25C -200 -10 nA
Ty 10 Tuax -1.0 PA
CONTROL INPUTS
Vingy Logical “1” Input Voltage Vee-1.5 v
Vineoy Logical “0” Input Voltage 15 \}
gy Logical “1” Input Current Vin=15V 1.0 pA
(The Control Inputs)
lingoy Logical “0” Input Current  ~ Vin=0 -1.0 pA
(The Control Inputs)
lee Supply Current foLk=640 kHz 0.3 3.0 mA

www.national.com
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ADC0808/ADC0809

Electrical Characteristics (continued)
Digital Levels and DC Specifications: ADCOS80BCCN, ADC0O808CCV, ADCO0809CCN and ADCO0809CCV, 4.75<V<5.25V,
-40°C<T,<+85°C unless otherwise noted

Symbol | Parameter ‘ Conditions Min l Typ Max l Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vout Logical “1” Output Voltage Vee = 475V
lout = —360pA 2.4 V(min)
loyt = —10pA 45 V(min)
Voutioy Logical “0" Output Voltage lo=1.6 mA 0.45 \
VouT(o) Logica! “0” Output Voltage EOC lo=1.2 MA 0.45 \
lout TRI-STATE Output Current Vo=5V 3 LA
Vo=0 -3 HA

Electrical Characteristics
Timing Specifications Vec=Vgrer)=5Y, Vacr)=GND, t,=t=20 ns and T,=25"C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
tg Minimum Address Set-Up Time | (Figure 5) 25 50 ns
ty Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg=0Q (Figure 5) 1 2.5 us

From ALE
tus tho OE Control to Q Logic State C, =50 pF, R =10k (Figure 8) 125 250 ns
tims ton OE Control to Hi-Z C.=10 pF, R =10k (Figure 8) 125 250 ns
t. Conversion Time f.=640 kHz, (Figure 5) (Note 7) 90 100 116 Hs
f. Clock Frequency 10 640 1280 kHz
teoc EQOC Delay Time (Figure 5) 0 8+2 uS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its spacified operating conditions.

Note 2: All voitages are measured with respect to GND, unless othewise specified.
Note 3: A zener diode exists, internally, from V¢ to GND and has a typical breakdown voltage of 7 Vpe.

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one dicde drop
greater than the Vcen supply. The spec allows 100 mV forward bias of either diode, This means that as long as the analog V)y does not exceed the supply voltage
by more than 100 mV, the output code will be correct. To achieve an absolute 0V to 5Vpg input voitage range will therefore require a minimum supply voltage of
4.900 Vpc over temperature variations, Initial tolerance and loading.

Note 5: Total unadjusted error inciudes offset, full-scale, linearity, and multipiexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust.
However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists {for example: 0.5V to 4.5V full-scale) the reference
voltages can be adjusted to achieve this. See Figure 13.

Note 6: Comparator inplit current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has
little temperature dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC.
Note 8: Human body model, 100 pF discharged through a 1.5 kQ resistor.
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Functional Description

Muitiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG CHANNEL C B A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
IN5 H L H
IN6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive
approximation register, and the comparator. The converter's
digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particutarly important in closed loop feedback
control systems. A non-monotonic relationship can cause
oscillations that will be catastrophic for the system. Addition-
ally, the 256R network does not cause load variations on the
reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output transi-
tion occurs when the analog signal has reached +Vz LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale.

The successive approximation register (SAR) performs 8
iterations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit converter.
In the ADC0808, ADC08089, the approximation technique is
extended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
start pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses after the rising édge of start
conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the com-
parator drift which has the greatest influence on the repeat-
ability of the device. A chopper-stabilized comparator pro-
vides the most effective method of satisfying all the
converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

www.national.com
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ADC0808/ADC0809

Functional Description (continued)
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FIGURE 2. 3-Bit A/D Transfer Curve
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FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
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Timing Diagram
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ADCO0808/ADC0809

TYPICAL Ipy (uA)
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Typical Performance Characteristics
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FIGURE 7. Multiplexer Roy VS Vi
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TRI-STATE Test Circuits and
Timing Diagrams

Ly tha
" Vee
oUTPUT ol
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L 10k
00567218
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Vee
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GND
Vox 90%
oUTPUT
GND
00567219
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50%
00567220

lOﬂl tHO
Vee Vee
10k
OUTPUT ol
ENABLE
_,_ T
00567221
ton, C_ = 10 pF
—fy
Vee
ouTPUT 0%
ENABLE 50%
GND 10%
Vee

ouTPUT

Vo ——"J(

00567222

thos CL = 50 pF

S0%

00567223

FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO080S is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which is
not necessarily related to an absolute standard. The voltage
input to the ADC0808 is expressed by the equation

Vin __  Dx
Vis—Vz Dmax—Dmin

(M
Vin=Input voltage into the ADC0808
Vis=Full-scale voltage
Vz=Zero voltage
Dx=Data point being measured
Dyax=Maximum data iimit

Dyyn=Minimum data limit

A good example of a ratiometric transducer is a potentiom-
eter, used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represented
as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the
supply range so the transducers can be connected directiy
across the supply and their outputs connected directly into
the muitiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a
system reference must be used which relates the full-scale
voltage to the standard volt. For example, if
Vee=VRrer=5.12V, then the full-scale range is divided into
256 standard steps. The smallest standard step is 1 LSB
which is then 20 mv.

www.national.com
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ADCO0808/ADC0809

Applications Information (continueq)

2.0 RESISTOH LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper
operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(-), should

not be more negative than ground. The center of the ladder
voltage must also be near the center of the supply because
the analog switch tree changes from N-channel switches to
P-channel switches, These limitations are automatically sat-
isfied in ratiometric systems and can be easily met in ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voltage. For instance, if a
5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

The ADC0808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor will
supply the transient supply current as seen in Figure 12, The
LM301 is overcompensated to insure stability when loaded
by the 10 pF output capacitor.

L REF(+) MSB
v
- lI'I7
e DIGITAL
- * 0UTPUT
® Qour PROPORTIONAL
° TO ANALOG
i INPUT
[ ]
* 1no
v, v
REF(-) LS8 Qoyr= N - IN
l I GND out VREF  Vce
4.75V sVoo =VREF <5.25V
— ADCDB08 * Ratiometric transducers

00567207

FIGURE 9. Ratiometric Conversion System

The top and bottom ladder voltages cannot exceed Vee and
ground, respectively, but they can be symmetrically less than
Vec and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetrically
centered about Vc/2 since the same current flows in iden-
tical resistors. This system with a 2.5V reference allows the
LSB bit to be half the size of a 5V reference system.

www.national.com 10




Applications Information (continueq)

]

Ve
SUPPLY Vee
MSB
VREF REF(+)
(]
o a7 ouT
ViIN{O—~— ¢
L[]
O—d )]
REF(-) LsB
GND
ADC0808
ouT = N
VRer
4.75V < Vgg = Vpgr < 5.25V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
V+
Ve
‘f MsB
VREF REF(+) a
VREF(+} O~ ln7 out
ViN { O— 5
O—1 Ing
REF(-) LSB
GND
ADC0B08

4.75V < Vog = Vggr < 5.25V

DIGITAL
ouTPUT
REFERENCED
T0

GROUND

00567224

DIGITAL OUTPUT
REFERENCEO TO
GROUND

00567225

FIGURE 11. Ground Referenced Conversion System with
Reference Generating V¢ Supply
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Applications Information (continueq)

1k

Lm3298

10-15 Vpg
)

Ve
REF(+)

+ 10uF
soLiD

TANTALUM
GND
REF(-)

00567226

FIGURE 12. Typical Reference and Supply Circuit

Ra=Rg
*Ratiometric transducers

3.0 CONVERTER EQUATIONS
The transition between adjacent codes N and N+1 is given
by:

N 1
VIN= {(VREF(+)“VREF(-))[55—6+$] iVTUE} +VREF(-)

5V
Rp
Vee
3,
L1171 P MSB
< lay
L ]
. . DIGITAL OUTPUT
. Qgur PROPORTIONAL TO
. ANALOG INPUT
: 125V < Viy < 3.75V
* Ino
125V
REF(-)
2.5V
REFERENCE Rg Ls8
GND

00567227

FIGURE 13. Symmetrically Centered Reference

The output code N for an arbitrary input are the integers
within the range:

VIN—V —
N= IN" VREF| X 256 £ Absolute Accuracy
VREF(+)~VREF(-)

)

(2) Where: V,y=Voltage at comparator input
The center of an output code N is given by: Vagr(,)=Voltage at Ref(+)
Vrer)=Voltage at Ref(-)
N - . .
Vin {(VREF(+)-VREF(—))[2—56-] tVTue} +VREF(—) Vrue=Total unadjusted error voltage (typically

Vaer.)+512)

(3

www.national.com 12




Applications Information (continved)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. These are
connected alternately to the output. of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V,y as shown in
Figure 6.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally.

READ
J INTERRUPT
500 kHz — CLK OE
ADDRESS 5,000V = V INTE
DECODE REF(+) EOC RARUPT
(AD4-AD15)* 0.000V ===y VREF(—)
2-1— 087 MSB
START 2~2 p————pp DBE
WRITE ALE 23 f————g» DB5
24— D84
ADD—{ A 2~5 > DB3
AD1—]8 :ggg::g 2-6———p DB2
AD2—C 2-1 b—— D81
28— 580 LSB
5V SUPPLYT
Vee a7 f—Vin8
GND o
0-5V
GROUND = . ANALOG
INPUT RANGE
L ]
hof—Vin1
00567210
*Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor
TABLE 2. Microprocessor Interface Table
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA*)2¢R/W [VMA*peR/W |IRQA or IRQB (Thru PIA)

13
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ADCO0808/ADC0809

FPhysical Dimensions

unless otherwise noted

0.030 0.600— 0,520
0,762} "X {15.24-15.75) ’

0.580

{1a.73) "N
0.625 *+0.025

- —0.015~>|

(1saa 0530

e

inches (millimeters)

) il | [ ) ol [ ol (o] ] ] ]

0.062
(1.575) AR

0.510:+0,005
(12.850.127)

Pad
TN O O W o o

0.145-0.210 0.050 v
{3.683-5.334) {1.270) 0.125-0.165
(3.175-4.181) 000 -
| ] r (0.508)
J'“t
86° 94° TYp

0.100+0.010 0.018+0.003 ’
‘1_ \_.4 ]4_ —»{ F—\ 125 -0.1
(2.540 £0.254) (0.45710.075) ‘—\g 155-3 Eg,

0.009-0.015

(0.229-0.381)
0.050£0.015
(1.2701.0.381)

N288 (REV £y

Molded Dual-In-Line Package (N)
Order Number ADC0808CCN or ADCO0809CCN
NS Package Number N28B
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Physical Dimensions inches (miliimeters) unless otherwise noted (Continued)

0.450 +0.006

et ~0.000
[11.43)1502
PIN #1 IDENT 450 x 0045
(1141 0.017£0.004 1yp
4 ! 26 0.029£0.003 yp [0.4340.10]
[0.7440.08] _ -
5 125 ¥
0 |
O ] 0.4100.020 1yp
O u [10.41£0.51]
O ]
O 0
1 19
12 050 . fa |, SEATING PLANE
-2 —{ 1e- 0020y yyp
0.300 1yp r[o.sﬂ
(7.62] | 0.105£0.015 1yp
50 x 0.045 [2.6720.38]
) 0.165-0.180 1yp
.. [4.19-4.57]
.......
\ £2[0.004 [0.10]

U HHHHH]

HEHHHHHO A HH HH

0.430£0.005
TYP
[12.45£0.13]

v284 (REV K)

Molded Chip Carrier (V)
Order Number ADC0808CCV or ADC0809CCV
NS Package Number V28A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used In
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

significant injury to the user.
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Ld DEVICES

Two-Terminal IC
Temperature Transducer

AD590

FEATURES

Lingar Current Qutput: 1 pASK

Wide Ranyge: -55°C to +150°C

Frobe Compatibte Coramic Sensor Packege

Tuwre Terminal Dovies: Voltage InfCurrent Out

fater Tringsed to 20.5°C Colisration Acowracy (ADESIM)
Excailent Linsarity: +8.3'C Over Full Range (ADSIOMN)
Wide Power Supply Renga: +4 V10 +30 ¥

Sonsor isolstion from Case

Lowr Cost

PRODUCT DESCRIPTION
The ADSER is & two-termbnal 1
fransder th:at procices an o

rateed clrcult temperature
b gureent proportiongl to
£ M twr:twwn +4 ‘a*' ami

t;luﬂ heﬂn:s'w + :rfT“C iu :
smm are cu rrenithy Pmp]nved "I“he 1nh+m 75t Im:.' ot of g

1 raml :alm, e'juﬂi wmpemtme

fet bey gRomprb i metsaranent, apndicationg inchude
e compensation of correction of discrete compo-

marsts, hiasing proportional to etsolote temperature, fow

rate measurement, level detection of fluids and anemometry.

The AD590 is available in chip form making, it suitable for

hybrid circuits and fast temperature measurements in protected

environments.

The AD590 is particutarly useful in remote sensing applications.
The device is insensitive to voltage drops over long lines due to
its high impedance current output. Any well insulated twisted
pair is sufficient for operation hundreds of feet from the
receiving circuitry. The output characteristics also make the
ADS590 easy to multiplex: the current can be switched by a
CMOS muitiplexer or the supply voltage can be switched by a
logic gate output.

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

PN DESIGNATIONS

BETOM VIEW

PRODUCT BIGHLIGHTS
1. The ALK s a mlﬂh .i’ twe ternal tempﬂmﬂum Sensir

Fite Iw':.s\ril wln:'- qrm}m J;aaumm *wi ﬁxmwmamm
cirensirg aee gll tnrmessney In apph

2. Btate-of-the-art laser trir
thom with shve fing
el | ekl

3. SBuperine interfure refeetion results from the output bedng a
cusrrent rather then s voltege, In eddition, powsr require-
ments are low (1L mibs @ 54 & +EE"’C 'l i"hr";a Faatures
wovabin thee ALISE) eassy to apgdy 5 o Ter
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B, The A i ela,tﬂully dumbhf" it il wighsrand a forward
vidtage g to 44 W and a reverse voltage of 20 V. Hence, sup-
ply frrepubarities o pin reversal will not damage the device,
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AD590—SP ECI F I CATI ONS {@ +25°C and V5 = +5 V unless otherwise noted)

Model ADS590] AD390K
Min Typ Max Min Typ Max Units
ABSOLUTE MAXIMUM RATINGS
Forward Voltage ( E+ or E-) +44 +44 Volts
Reverse Voltage (E+ to E-) -20 -20 Volts
Breakdown Voltage (Case E+ or E-) 1200 1200 | Volts
Rated Performance Temperature Range! -55 +150 -55 +150 °C
Storage Temperature Range' -65 +155 -65 +155 °C
Lead Temperature (Soldering, 10 sec) +300 +300 °C
POWER SUPPLY
Operating Voltage Range +4 +30 +4 +30 Volts
OUTPUT
Nominal Current Output @ +25°C (298.2K) 298.2 298.2 LA
Nominal Temperature Coefficient 1 1 HA/K
Calibration Error @ +25°C +5.0 +2.5 °C
Absolute Error (Over Rated Performance Temperature Range)
Without External Calibration Adjustment +10 +5.5 °C
With +25°C Calibration Error Set to Zero +3.0 +2.0 °C
Nonlinearity +1.5 +0.8 °C
Repeatability? +0.1 £0.1 °C
Long-Term Drift? 10.1 10.1 °C
Current Noise 40 40 pANHz
Power Supply Rejection
+4V<Vg<45V 0.5 0.5 AV
+5VsVs<+15V 0.2 0.2 HVIV
+15V<Vs<+30V 0.1 0.1 uA/V
Case Isolation to Either Lead 1010 10' Q
Effective Shunt Capacitance 100 100 pF
Electrical Turn-On Time 20 20 s
Reverse Bias Leakage Current!
(Reverse Voltage = 10 V) 10 10 PA
PACKAGE OPTIONS
TO-52 (H-03A) ADS590JH ADS590KH
Flatpack (F-2A) AD590JF AD590KF

NOTES

"The AD590 has been used at ~100°C and +200°C for short periods of measurement with no physical damage to the device. However, the absolute errors
specified apply to only the rated performance temperature range.

Maximum deviation between +25°C readings after temperature cycling between ~55°C and +150°C; guaranteed not tested.

3Conditlons: constant +5 V, constant +125°C; guaranteed, not tested.

Leakage current doubles every 10°C.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units,

REV. B



AD590

Model ADS590L AD590M
Min Typ Max Min Typ Max Units
ABSOLUTE MAXIMUM RATINGS
Forward Voltage ( E+ or E~) +44 +44 Volts
Reverse Voltage (E+ to E-) -20 -20 Volts
Breakdown Voltage (Case to E+ or E-) +200 +200 Volts
Rated Performance Temperature Range! -55 +150 -55 +150 °C
Storage Temperature Range' -65 +155 -65 +155 | °C
Lead Temperature (Soldering, 10 sec) +300 +300 °C
POWER SUPPLY
Operating Voltage Range +4 +30 +4 +30 Volts
OUTPUT
Nominal Current Qutput @ +25°C (298.2K) 298.2 298.2 HA
Nominal Temperature Coefficient 1 1 PA/K
Calibration Error @ +25°C *1.0 =0.5 °C
Absolute Error (Over Rated Performance Temperature Range)
Without External Calibration Adjustment +3.0 *1.7 °C
With £25°C Calibration Error Set to Zero +1.6 *1.0 °C
Nonlinearity +0.4 +0.3 °C
Repeatability? *0.1 +0.1 °C
Long-Term Drift® +0.1 +0.1 °C
Current Noise 40 40 pANHz
Power Supply Rejection
+4V<EVs<45V 0.5 0.5 HA/V
+5V<Vs<+15V 0.2 0.2 HA/V
+15V<Vs<+30V 0.1 0.1 HA/V
Case Isolation to Either Lead 101 1010 Q
Effective Shunt Capacitance 100 100 pF
Electrical Turn-On Time 20 20 Us
Reverse Bias Leakage Current?
(Reverse Voltage = 10 V) 10 10 pA
PACKAGE OPTIONS
TO-52 (H-03A) ADS590LH AD590MH
Flatpack (F-2A) AD590LF ADS590MF
K +223° +273° +298° +323° +373° +423°
°c -50° 0°  +25° +50° +100° +150°
°F  .100° 0° E i +100° +2oc": +300°
2 70 212

TEMPERATURE SCALE CONVERSION EQUATIONS

°C==(°F-32) K=°C+273.15

°F==°C+32 °R=°F+459.7

> ©olw
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AD590
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CIRCUIT DESCRIPTION!

The AD590 uses a fundamental property of the silicon transis-
tors from which it is made to realize its temperature propor-
tional characteristic: if two identical transistors are operated at a
constant ratio of collector current densities, r, then the differ-
ence in their base-emitter voltage will be (kT/q) (In r). Since
both k, Boltzman's constant and q, the charge of an electron,
are constant, the resulting voltage is directly proportional to
absolute temperature (PTAT).

'For 2 more detailed circuit description see M.P. Timko, “A Two-Terminal
IC Temperature Transducer,” IEEE J. Solid State Circuits, Vol, SC-11,
p. 784-788, Dec. 1976.
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Understanding the Specifications—AD590

EXPLANATION OF TEMPERATURE SENSOR
SPECIFICATIONS

The way in which the AD590 is specified makes it easy to apply
in a wide variety of different applications. It is important to
understand the meaning of the various specifications and the
effects of supply voltage and thermal environment on accuracy.

The AD590 is basically a PTAT (proportional to absolute
temperature)! current regulator. That is, the output current is
equal to a scale factor times the temperature of the sensor in
degrees Kelvin. This scale factor is trimmed to 1 pA/K at the
factory, by adjusting the indicated temperature (i.e., the output
current) to agree with the actual temperature. This is done with
5 V across the device at a temperature within a few degrees of
+25°C (298.2K). The device is then packaged and tested for
accuracy over temperature.

CALIBRATION ERROR

At final factory test the difference between the indicated
temperature and the actual temperature is called the calibration
error. Since this is a scale factory error, its contribution to the
total error of the device is PTAT. For example, the effect of the
1°C specified maximum error of the ADS90L varies from 0.73°C
at -55°C to 1.42°C at 150°C. Figure 3 shows how an exagger-
ated calibration error would vary from the ideal over temperature.

ouy LA}

ACTUAL
TRANSFER
FUNCTION

1DEAL
TRANSFER
FUNCTION

IACTUAL [ = = = =

1

L\

r7i
" 2982 TEMP (K}

Figure 3. Calibration Error vs. Temperature

The calibration error is a primary contributor to maximum total
error in all AD590 grades. However, since it is a scale factor
error, it is particularly easy to trim. Figure 4 shows the most
elementary way of accomplishing this. To trim this circuit the
temperature of the AD590 is measured by a reference tempera-
ture sensor and R is trimmed so that Vy = 1 mV/K at that
temperature. Note that when this error is trimmed out at one
temperature, its effect is zero over the entire temperature range.
In most applications there is a current-to-voltage conversion
resistor (or, as with a current input ADC, a reference) that can
be trimmed for scale factor adjustment.

v+
ADER0

[ +
R <«
100024
V= TmV/K

<&

—d o

Figure 4. One Temperature Trim

I'T(C) = T(K) -273.2; Zero on the Kelvin scale is “absolute zero”; there is no
lower temperature,

REV. B

ERROR VERUS TEMPERATURE: WITH CALIBRATION
ERROR TRIMMED OUT

Each AD590 is tested for error over the temperature range with
the calibration error trimmed out. This specification could also
be called the “variance from PTAT " since it is the maximum
difference between the actual current over temperature and a
PTAT multiplication of the actual current at 25°C. This error
consists of a slope error and some curvature, mostly at the
temperature extremes. Figure 5 shows a typical AD590K
temperature curve before and after calibration error trimming.

BEFORE
CALIBRATION
+Ct TRIM

CALIBRATION ERROR

ABSOLUTE ¢

ERROR /( ~N
AFTE

R
CALIBRATION
TRIM

N A
_55°C +150°C
TEMPERATURE

Figure 5. Effect to Scale Factor Trim on Accuracy

ERROR VERSUS TEMPERATURE: NO USER TRIMS
Using the AD590 by simply measuring the current, the total
error is the “variance from PTAT" described above plus the
effect of the calibration error over temperature. For example the
ADS580L maximum total error varies from 2.33°C at -55°C to
3.02°C at 150°C. For simplicity, only the large figure is shown
on the specification page.

NONLINEARITY

Nonlinearity as it applies to the AD590 is the maximum
deviation of current over temperature from a best-fit straight
line. The nonlinearity of the AD590 over the -55°C to +150°C
range is superior to all conventional electrical temperature
sensors such as thermocouples. RTDs and thermistors. Figure 6
shows the nonlinearity of the typical AD5S0K from Figure 5.

wae
0.8°C MAX
ABSOLUTE t
ERAOA T ]
0.8°C MAX 0.8°C MAX
F

.
-18'¢ e BT
TEMPERATURE

Figure 6. Nonlinearity

Figure 7A shows a circuit in which the nonlinearity is the major
contributor to error over temperature. The circuit is trimmed by
adjusting R; for a 0 V output with the AD590 at 0°C. R; is then
adjusted for 10 V out with the sensor at 100°C. Other pairs of
temperatures may be used with this procedure as long as they
are measured accurately by a reference sensor. Note that for
+15 V output (150°C) the V+ of the op amp must be greater
than 17 V. Also note that V- should be at least -4 V: if V- is
ground there is no voltage applied across the device.
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AD590

+16V

5kl
B7.GI:S) Wi

' ady
30pF Rz

—O 100mv/°C
Vy = 100mV/°¢C
AD707A

——

ADB81
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Figure 7A. Two Temperature Trim

+2°C |

] /

N

i A

+100°C +150°C

-55"'c (;
Figure 7B. Typical Two-Trim Accuracy

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS
The power supply rejection specifications show the maximum
expected change in output current versus input voltage changes.
The insensitivity of the output to input voltage allows the use of
unregulated supplies. [t also means that hundreds of ochms of
resistance (such as a CMOS multiplexer) can be tolerated in
series with the device.

It is important to note that using a supply voltage other than 5 V
does not change the PTAT nature of the AD590. In other
words, this change is equivalent to a calibration error and can be
removed by the scale factor trim (see previous page).

‘The AD590 specifications are guaranteed for use in a low thermal
resistance environment with 5 V across the sensor. Large
changes in the thermal resistance of the sensor’s environment
will change the amount of self-heating and result in changes in
the output which are predictable but not necessarily desirable.

The thermal environment in which the AD590 is used deter-
mines two important characteristics: the effect of self heating
and the response of the sensor with time.

Ty O Tc Oca

I
Figure 8. Thermal Circuit Model
Figure 8 is a model of the AD590 which demonstrates these
characteristics. As an example, for the TO-52 package, 8¢ is
the thermal resistance between the chip and the case, about

26°C/watt. O¢, is the thermal resistance between the case and
the surroundings and is determined by the characteristics of the

ot

Ta

thermal connection. Power source P represents the power
dissipated on the chip. The rise of the junction temperature, Tj,
above the ambient temperature T} is:

T,-T,=P(6,,+06,,)

Table I gives the sum of 8)c and 8¢, for several common
thermal media for both the “H” and “F” packages. The heatsink
used was a common clip-on. Using Equation 1, the temperature
rise of an AD590 “H" package in a stirred bath at +25°C, when
driven with a 5 V supply, will be 0.06°C. However, for the same
conditions in still air the temperature rise is 0.72°C. For a given
supply voltage, the temperature rise varies with the current and
is PTAT. Therefore, if an application circuit is trimmed with
the sensor in the same thermal environment in which it will be
used, the scale factor trim compensates for this effect over the
entire temperature range.

Equation 1

Table I. Thermal Resistances

Medium O)c + 6ca (*C/Watt) | 1 (sec)(Note 3)
H F H F
Aluminum Block 30 10 0.6 0.1
Stirred Oil! 42 60 1.4 0.6
Moving Air?
With Heat Sink 45 - 5.0 -
Without Heat Sink | 115 190 13.5 10.0
Still Air
With Heat Sink 191 - 108 -
Without Heat Sink | 480 650 60 30

'Note: t is dependent upon velocity of oil; average of several velocities listed
above.
2Air velocity = 9 ft./sec.
*The time constant is defined as the time required to reach 63.2% of an
instantaneous temperature change.
The time response of the AD590 to a step change in tempera-
ture is determined by the thermal resistances and the thermal
capacities of the chip, Ccy, and the case, Cc. Ccyis about
0.04 watt-sec/°C for the AD590. C¢ varies with the measured
medium since it includes anything that is in direct thermal
contact with the case. In most cases, the single time constant
exponential curve of Figure 9 is sufficient to describe the time
response, T (t). Table I shows the effective time constant, 1, for
several media.

TFINAI. _______
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Figure 9. Time Response Curve
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Applying the AD590

GENERAL APPLICATIONS

& QEFSET
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Flgure 11, Series & Parallel Connaection

Cronmecting sveral ADGH0 undts In serles & showm In Figore 10
allows the minimum of all the sensed temperatures to be
indicated. In contrast, using the sensors in paralle] yields the
average of the sensed temperatures.

The circuit of Figure 12 demonstrates one method by which
differential temperature measurements can be made. R1and R2
can be used to trim the output of the op amp to indicate a

REV.B

T

BETER

RESIETOE ARE 15, St

14

Figure 13, Cold tunction Compansation Cirouit for
Type J Thermocoupie

refaremoe s
as the thermocy HJpl’d Mmrﬂnr.fr Im srnhiem tamparatum&
between +15°C and +35°C. The circuit is calibrated by
adjusting R for a proper meter reading with the measuring
Junction at a known reference temperature and the circuit near
+25°C. Using components with the TCs as specified in Figure
13, compensation accuracy will be within +0.5°C for circuit
temperatures between +15°C and +35°C. Other thermocouple
types can be accommodated with different resistor values. Note
that the TCs of the voltage reference and the resistors are the
primary contributors to error.
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Figure 14. 4 mA-to-20 mA Current Transmitter

Figure 14 is an example of a current transmitter designed to be
used with 40 V, 1 k€2 systems; it uses its full current range of

4 mA-to-20 mA for a narrow span of measured temperatures. In
this example the 1 PA/K output of the AD590 is amplified to

1 mA/°C and offset so that 4 mA is equivalent to 17°C and

20 mA is equivalent to 33°C. Ry is trimmed for proper reading
at an intermediate reference temperature. With a suitable choice
of resistors, any ternperature range within the operating limits of
the AD590 may be chosen.
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é 4 1 & ]
GND L _ _ .. .J

Figure 15. Simple Temperature Control Circuit

Figure 15 is an example of a variable temperature control circuit
(thermostat) using the AD590. Ry and R, are selected to set the
high and low limits for Rggt. Rsgt could be a simple pot, a
calibrated multiturn pot or a switched resistive divider. Power-
ing the AD590 from the 10 V reference isolates the AD590 from
supply variations while maintaining a reasonable voltage (~7 V)
across it. Capacitor C, is often needed to filter extraneous noise
from remote sensors. Rp is determined by the B of the power
transistor and the current requirements of the load.

Figure 16 shows the AD590 can be configured with an 8-bit
DAC to produce a digitally controlled set point. This particular
circuit operates from 0°C (all inputs high) to +51°C (all inputs

DAC OUT _°:5v
BIT 1 Ol YRansoe |—oBITE
BIT 2 O~ oBiT?
BIT 3 O o aiTe
BIT 4 O— |0 B1T 5
{
> 6.980 v
A?Ikn. 15T wv .E *a
OUTPUT HIGH — TEMPERATURE ABOVE SET POINT

Procssa
OUTPUT LOW — TEMPERATURE BELOW SET POINT
S 6.IMD

Figure 16. DAC Set Point

low) in 0.2°C steps. The comparator is shown with 1°C
hysteresis which is usually necessary to guard-band for extrane-
ous noise; omitting the 5.1 MQ resistor results in no hysteresis.

[+5V

+
ADS580

CMOS
GATES

YYYY

1k$§2 (0.1%)

Figure 17. AD590 Driven from CMOS Logic

The voltage compliance and the reverse blocking characteristic
of the AD590 allows it to be powered directly from +5 V
CMOS logic. This permits easy multiplexing, switching or
pulsing for minimum internal heat dissipation. In Figure 17 any
ADS590 connected to a logic high will pass a signal current
through the current measuring circuitry while those connected
to a logic zero will pass insignificant current. The outputs used
to drive the AD590s may be employed for other purposes, but
the additional capacitance due to the AD590 should be taken
into account.
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Figure 18. Matrix Muitiplexer
CMOS Analog Multiplexers can also be used to switch AD590
current. Due to the AD590's current mode, the resistance of
such switches is unimportant as long as 4 V is maintained across
the transducer. Figure 18 shows a circuit which combines the
principal demonstrated in Figure 17 with an 8-channel CMOS
Multiplexer. The resulting circuit can select one of eighty
sensors over only 18 wires with a 7-bit binary word. The inhibit
input on the multiplexer turns all sensors off for minimum
dissipation while idling.
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Figure 19. 8-Channe! Muitiplexer

Figure 19 demonstrates a method of multiplexing the AD590 in
the two-trim mode (Figure 7). Additional AD590s and their
assoclated resistors can be added to multiplex up to 8 channels
of £0.5°C absolute accuracy over the temperature range of
-95°C to +125°C. The high temperature restriction of +125°C
is due to the output range of the op amps; output to +150°C
can be achieved by using a +20 V supply for the op amp.
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AD590

OUTLINE DIMENSIONS
AND PIN DESIGNATIONS

Dimensions shown in inches and {mm).

FLATPACK PACKAGE: DESIGNATION “F*’

POSITIVE
LEAD
0.017 w0.002 INDICATOR
(0,43 20.0%)
N,
N
N
+0.000
aoss0005 ¥ _— 0.9 o2
127 £0.13)
! l ) (238 23558
-=3C ,
-

! 0230 (8.84)
0.250 (§.35)

i i
=t
|

0.500 MIN
(12.69)

0005205008

+0.000
Y =0.009
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= N NN :E‘,‘;'TM)
T Yo T77777 77777 2w

TO-52 Package: Designation “H*’

0.209 (5.31)
0.05 (3.27) 0.23 (6.84) Dia
0.1 (2.54) 2,195 (4,95) } .
Y

S, [
3 % ¢
0,036 (091) 45 0.06 (127}

0.046 11.17) _‘)% 05 (12
0.015 (0.38) DIA MIN

0.019 (0.48)
0.028 {0.71)
0.048 (1.22)
BOTTOM VIEW
+ CAN
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GLOSARIO
B.

BIOS (Sistema basico de entrada/salida): La BIOS accede directamente al
hardware, liberando a los programas de usuario de las tareas mas complejas.
Parte del cédigo de la BIOS es actualizado durante el arranque del ordenador, con
los ficheros que incluye el sistema operativo. Las funciones de la BIOS se
invocan, desde los programas de usuario, ejecutando una interrupcién software
con un cierto valor inicial en los registros.

BUS: El bus se puede definir como un conjunto de lineas conductoras de
hardware utilizadas para la transmisién de datos entre los componentes de un
sistema informatico. Un bus es una ruta que conecta diferentes partes del sistema,
como el microprocesador, la controladora de unidad de disco, la memoria y los
puertos de entrada/salida, para permitir la transmision de informacion.

C.

CARD SLCTD (Card Selected): Indica que una tarjeta ha sido activada en el slot
XT de 8 bits.

D.

DIP (Dual-In-Line Package). Formato aplicado a los encapsulados de circuitos
integrados en los que las conexiones estan colocados en solo dos extremos del
integrado a diferencia del Molded Chip Carrier Package que tiene las conexiones
en sus 4 extremos.

DMA (direct memory access): Forma final de entrada/salida. Es una técnica que
permite el acceso directo a la memoria mientras el procesador esté deshabilitado
en forma temporal. Esto permite transferir datos entre la memoria y el dispositivo
E/S a una velocidad que soélo esta limitada por la velocidad de los componentes de
la memoria del sistema o en el controlador de DMA.

E.

E’CMOS (EECMOS): En un GAL el fusible se reemplaza por una celda
eléctricamente borrable, (tecnologia EECMOS) y mediante programacién se activa
o desactiva.

EISA (Extended ISA): Basado en la idea de controlar el bus desde el
microprocesador y ensanchar la ruta de datos hasta 32 bits. En este bus hay un
chip que se encarga de controlar el trafico de datos sefialando prioridades para
cada posible punto de colisién o bloqueo mediante las reglas de control de la
especificacién EISA.



G.

GAL (Generic Array Logic ): Son circuitos integrados que cuentan con un arreglo
matricial de fusibles que iniciaimente conectan todas las terminales de entrada del
circuito, con todas las compuertas de un arreglo AND-OR.. Estan disefiados para
emular muchas PAL pensadas para el uso de macro células. Si un usuario tiene
un disefio que se implementa usando varias PAL comunes, puede configurar
varias de las mismas GAL para emular cada de uno de los otros dispositivos.

l.
IEEE: instituto de ingenieros electricistas y electrénicos.

ISA (Industry Standard Arquitecture): Un PC AT utiliza el bus AT para periféricos
insertables. El bus AT es el bus ISA de 16 bits utilizado por la mayoria de los PC
compatibles IBM basados en los chips 486 o Pentium Il.

L.

LDR (Light Dependent Resistors): resistencia dependiente de la luz, La resistencia
reduce su valor resistivo en presencia de rayos luminosos y en ausencia de estos,
aumenta.

LSB: Bit menos significativo.

M.

MCA (Micro Channel Arquitectura): Bus para perifericos insertables de 32 bits de
datos y 32 bits de direcciones limitado a trabajar a 10MHZ con una velocidad de
transferencia maxima de 20 Mbps aunque teéricamente pueda llegar a trabajar
hasta velocidades de 30 MHZ

MSB: Bit mas significativo.

MSI (Médium Scale Integration): Escala media de integracién. Escala que se
utiliza para circuitos integrados y que indica determinado rango de nuamero
componentes integrados de los cuales esta formado.

0.

OLMC (Output Logic Macro Cel): Macroceldas légicas de salida , es una seccion
del GAL que incluye a los elementos necesarios para configurar sus salidas, de

cuatro maneras légicas distintas.

P.



PAL (Programmable Array Logic): Las PAL son dispositivos de matriz
programable. La arquitectura interna consiste en términos AND programables que
alimentan términos OR fijos. Las PAL tienen una arquitectura muy popular y son
probablemente el tipo de dispositivo programable por usuario mas empleado

PCI (Peripheral Componente Interconnect): Los mas recientes PC tienen ranuras
con bus PCI. El bus PCI es un bus de 32 bits para periféricos insertables. Se han
agregado capacidad de manejo de bus a la mayoria de los productos PCI para
permitir la transferencia de datos a alta velocidad en el bus PCI.El actual estandar
PCI autoriza frecuencias de reloj que oscilan entre 20 y 33 Mhz.

PIR (Rayos Infrarrojos Pasivos): Tecnologia utilizada en sensores de presencia.
Los detectores PIR reaccionan sélo ante determinadas fuentes de energia tales
como el cuerpo humano.

PLD (Dispositivos Légicos Programables). La I6gica programable, como el nombre
implica, es una familia de componentes que contienen conjuntos de elementos
I6gicos (AND, OR, NOT, LATCH, FLIP-FLOP) que pueden configurarse en
cualquier funcién légica que el usuario desee y que el componente soporte.

PPI: Interface periférica programable, el PPl 8255 es un muy popular componente
de bajo costo para interfaces que se encuentra en muchas aplicaciones.

R.

RAM (Random Access Memory): Son memorias en las que se puede leer y
escribir, Por su tecnologia pueden ser de ferritas o electrénicas. Para entendernos,
podriamos decir que es la memoria que utiliza el ordenador para funcionar.

ROM (Read Only Memory): Son memorias en las que sélo se puede leer. La
informacién guardada en la ROM no puede ser cambiada por el usuario. En la
ROM se guardan los bios que son los archivos necesarios para que arranque el
ordenador.

RTD (Resistance Temperature Detectors): Sensor de temperatura cuyo
funcionamiento se basa en que al existir un cambio de temperatura en un material
cambia su resistencia eléctrica de manera definida.

S.

SAR (Successive Approximation Register): Un registro de aproximaciones
sucesivas.
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