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INTRODUCCTON



El sonido es wuna vibracidén o una
perturbacidén ritmica que actia dentro de un campo de
frecuencias audibles. La menor es de wunos 20 Hsz
(periodos por segundo) y la mayor, también audible, de

unos 20.000 Hz.

Este trabajo esta basado en el estudio
de la respuesta de un determinado equipo a las sefiales
comprendidas en el margen de audio. Este espectro de
seflales pueden ser analizadas de muy diversas formas,
dependiendo del problema que queramos resolver en cada

momento.

La principal divisién que podemos hacer
en lo que se refiere al andlisis de las sefiales, es
representarlas en el dominio del tiempo, o por el
contrario estudiarlas en el dominio de las frecuencias.

Si1 expresamos la sefial como una funcién del tiempo,
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f(t), estaremos trabajando en el dominio del tiempo. Si
por el contrario la sefial es representada como una
funcién de la frecuencia, estaremos especificando su
espectro, es decir, las amplitudes de las diferentes

componentes de frecuencia.

De forma general, podriamos decir que el
método a seguir para estudiar el comportamiento de un
equipo, es generar una sefial patrdn. Esta sefial patrdn
debe cumplir unas exigencias minimas de distorsidéon ¥y
estabilidad. Introduciendo esta sefial patrdn en el
equipo a analizar, nos sirve de referencia para su

estudio posterior.

Son muchas las formas de generar esta
sefial patrdn, y muchas las formas de medirla. Por
ejemplo, con un generador de funciones podremos
producir una sefial de una frecuencia y amplitud fijas.
Esta onda introducida en el equipo bajo test, podria
ser medida y estudiada con un osciloscopio, con el que
obtendriamos, la relacidn de la amplitud de
entrada/salida, el desfase, la distorsién aparente,
etc. Este seria un estudio en el dominio del tiempo,

porque estariamos visualizando la evolucidn de la onda
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en cada instante. De la misma manera esta sefial podria
ser estudiada con un analizador de onda, con lo cual

estariamos viendo las amplitudes de su frecuencia

fundamental y de sus distintos arménicos. Nos
encontramos en este caso en el dominio de la
frecuencia.

Entre las muchas formas de generar una

onda patrdén podriamos mencionar:

Generandor de funciones. Nos produce
una onda de frecuencia fija, de 1la cual podremos
seleccionar su forma (onda sinusoidal, cuadrada y
triangular, entre las mds comunes), su frecuencia, y su
amplitud. A parte de esto algunos introducen la
posibilidad de variar la simetria de 1la onda, la

modulacidn, tanto en frecuencia como en amplitud, etc.

Vobuladores o generadores de barrido.
Nos producen una onda de amplitud fija, peroc cuya
frecuencia variara en el tiempo. Esta variacidn o
barrido, harda que la sefial vaya pasando de forma

progresiva por todas 1las frecuencias comprendidas

dentro de unos margenes. De esta manera podremos
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estudiar la variacidn en el tiempo de la respuesta del
equipo bajo test. Los vobuladores nos dan también 1la
posibilidad de seleccionar la amplitud de la sefial, la
forma de la onda, los mArdenes entre los que se realiza
el barrido, y otra serie de parametros segin las carac-
teristicas del fabricante. Algunos generadores de
funciones también estdn preparados para realizar este

tipo de barridos.

Generadores de ruido. Nos dan una sefial
compuesta que produce todas las frecuencias del margen
de estudio a la misma vez.. Asi podremos estudiar de
una manera global el comportamiento del equipo dentro
de todo el margen. Estos ruidos estan clasificados
segin su espectro. Por ejemplo: el ruido blanco, tiene
un espectro de potencia igual para cada octava de
frecuencia; el ruido rosa, aumenta progresivamente tres

Db por octava, etc.

La mayoria de estos equipos estdan

constituidos esencialmente por un oscilador de audio.

Los osciladores de audio estdn disefiados para

generar sefiales senoidales o casi senoidales en el
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margen de frecuencias de 20 a 20.000 Hz. No obstante
muchos osciladores de audio cubren el margen de 10 a

A0.000 Hz y algunos alcanzan casi los MHz.

Los osciladores de audio se pueden
disefiar para que cubran el espectro de audio en un
barrido del dial o en varias décadas. Estos osciladores
deben +tener muy baja distorsidn armdénica total ¥y una
impedancia de salida esencialmente constante para una
tensidn de salida constante. La distorsidén armdénica

total no debe ser superior a 1¥ y preferiblemente a

0,25% o menos.

Los osciladores de audio se emplean en
las medidas de diferentes dispositivos tales como
amplificadores, filtros, ecualizadores y sistemas de
registro. Como la mayoria de estos elementos son
sensibles a la distorsidn arménica, el oscilador de
audio debe tener una distorsidn armdnica interna muy
baja. Como ejemplo los sistemas modernos de
amplificadores de alta fidelidad presentan distorsiones

arménicas del orden de 0,25% e incluso menores.

51 el oscilador de prueba tiene una
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distorsidn mayor que la del dispositivo a medir, no se
pueden realizar medidas exactas de las caracteristicas
de distorsién del mismo. La contribucidn a la
distorsidn produoida' por el oscilador no se puede

sustraer directamente de la distorsidn medida.

La distorsidon del oscilador, a menos que
sea extremadamente grande, por regdla general no afecta

a las medidas de frecuencia.

El generador de barrido de
audiofrecuencia es un oscilador de audio el cual recoge

automaticamente toda la banda de frecuencias de audio.

En un principio el generador consistia
en un disco rotativo en el cual se fotografiaba una
onda senoidal comenzando en las frecuencias bajas y
aumentando hasta las altas. El disco se hacia girar por
un motor sincrono 20 veces por sedundo, ¥y la imaden de
la onda senoidal se proyectaba en el blanco o diana de
células fotoeléctricas, se amplificaba y se aplicaba al

dispositivo que se deseaba medir.

La respuesta de frecuencia era observada
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visualmente por medio de un osciloscopio conectado a la

salida del dispositivo a medir.

En la actualidad esta funcion se
realiza, de un modo mas simple, electrdnicamente

empleando un oscilador de audio controlado por tensidn.

El andlisis en el campo de las
frecuencias, resulta fundamental para el estudio de las
seflales de audio. Este se apoya sobre una estructura
matematica denominada Teorema de Fourier. Este teorema
desarrolla cualquier funcidn periddica en el tiempo en

una serie de sumas y restas de senos y cosenos.

La onda seno es extrordinaria; agregando
este tipo de seflales con amplitudes y fase adecuadas,
se produce una onda triangular. Respondiendo a una
combinacidn diferente de ondas seno, se puede producir
la sefial Dientes de Sierra, y asi cualquier otro tipo
de sefial. En otras palabras, cualquier onda periddica
es una superposicion de ondas senoidales.

Las ondas senoidales esﬁgn relacionadas

arménicamente, lo que quiere decir que sus frecuencias

10
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son armdénicas, o miltiplos de wuna fundamental, la
frecuencia minima. Segin el teorema de Fourier, la
sefial pericddica va a ser igual a una componente
continua, mAs la primera armdnica, méAs la sedgunda, Yy

asi indefinidamente hasta infinito.

Tedricamente las armdnicas contintan
hasta infinito, sin embardo, entre cinco y die=z
términos son con frecuencia suficientes para sintetizar
una sefial periddica dentrc del 5 %. Con una
combinacidn correcta de amplitudes a distintas
frecuendias y de angulos de fase, es posible producir

cualquier forma de onda periddica.

E1l Teorema de Fourier es clave para el
andlisis en el dominio de la frecuencia. Como ya se
conoce bastante bien el comportamiento de las ondas
senoidales, se puede reducir la onda periddica a sus
componentes senos Yy analizarse en seguida en forma
indirecta a través de estos componentes; en otras
palabfas, existen dos formas de efectuar el andlisis de
circuitos no senoidales. Primero, se puede encontrar
lo que sucede con la onda periddica en cada instante de

tiempo o determinarse lo que pasa con cada una de sus

11

ion realizada por ULPGC. Biblinteca Universitaria, 2006

ios sutores. Digitali

© Del
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DIAGRAMA DE BLOQUES
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OSCILADOR CONTROLADO POR

TENSION
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CONTROL AUTOMATICO DE GANANCIA

AMPLIFICADOR DE POTENCIA
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ENTRADA

AMPLIFICADOR DE ENTRADA

MEDIDOR DE AMPLITUD

AMPLIFICADOR DE SALIDA
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OSCILADOR CONTROLADO POR VOLTAJE

Un oscilador es un circuito capaz de
generar a su salida una sefial peridédica, en ausencia de
excitacidn externa. Consiste en un amplificador de

error cuya salida se realimenta a la entrada.

El voltaje de arranque del que parte el
oscilador estd contenido dentro de cada resistor
incluido en éste. Este voltaje se debe al ruido
producido por el movimiento de 1los electrones que
existen en el resistor. El resistor se comporta como
uha pequefia fuente de voltaje que produce esencialmente

todas las frecuencias hasta varias decenas de GHz.

Cuando se enciende el oscilador, las
Unicas sefiales presentes a la entrada son las
producidas por el voltaje de ruido. La frecuencia a la
cual funcionarda un oscilador senoidal,. es aquella en

que el desfase total introducido, al transmitirse 1la

16
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sefial desde los terminales de entrada por el
amplificador Yy la red de realimentacidn, hasta volver
de nuevo a la entrada, es precisamente cero, o miltiplo

entero de 360 grados.

La ganancia de lazo abierto del circuito

realimentado tiene que sSer mayor gque uno para que

empieze a oscilar. La sefial, en un prinecipio muy
pequena, ird ganando amplitud hasta que la salida se
recorte. Fn este momento la ganancia del lazo abierto

empieza a disminuir hasta llegar a ser la unidad, de
esta manera se mantendrd constante la amplitud de 1la
oscilacién a la salida. La condicidén de que 1la

ganancia de lazo sea la unidad se denomina criterio de

Barkhausen.

En 1la practica, en todo oscilador la
ganancia de lazo es ligeramente mayor que la unidad, ¥
la amplitud de las oscilaciones estd limitada por la
falta de linealidad. En la mayoria de los casos, el
trabajo dentro de los limites de la no 1linealidad es
pequefio, por lo cual se podrédn despreciar todas estas

faltas de linealidad.
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En el equipo se ha utilizado un
oscilador por corrimiento de fase. El oscilador por
corrimiento de fase tiene condiciones particularmente
itiles para una gama de frecuencias que va desde
algunos hertz a varios cientos de kilohertz, incluyendo
por tanto la gama de audiofrecuencias. En cuanto a la
banda de 1los megahertz, presentan mejores ventajas

otros circuitos que emplean redes sintonizadas LC.

El oscilador por corrimiento de fase
estd basado en la realimentacidn a través de tres redes
de adelanto en 1la entrada de un amplificador con
configuracidn inversora. Cada red de adelanto produce
en corrimiento de fase entre 0O y 80 grados, dependiendo
de la }recuencia. Por lo tanto, el desfasamiento total
de las tres redes de adelanto es igual a 180 grados a
una frecuencia en particular. Como las tres redes se
realimentan en la entrada inversora, la fase real del

lazo es de 360 grados, que equivalen a cero.

El oscilador descrito es en principio el
utilizado en nuestro equipo. LLa Unica diferencia es
que el vobulador no precisa una frecuencia determinada,

sino que necesita una consecucidén de frecuencias

18
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progresiva a lo largo del tiempo. Conmutando
resistencias o condensadores podriamos conseguir
distintos wvalores de frecuencia, bpero a parte de ser
costoso ¥ engorroso, s6la conseguiriamos valores

discretos y no progresivos.

El OTA es un dispositivo monolitico de
ganancia programable, con entrada diferencial Y

circuiteria de conversidén a salida Unica.

Recibe la denominacidén de OTA el término
Operacional Transconductance Amplifier o Amplificador
Operacional de Transconductancia variable. A su vez la
transconductancia es una simple abreviacion del término
Transferencia de Conductancia, Yy esta Gltima es 1la
reciproca de la resistencia. Dado pues que R =V / I,
la transferencia de conductancia es la relacidn

existente entre una corriente de salida y una entrada

de tensidn.

Fn efecto el OTA suministra una salida
en corriente, en lugar de tensidn, que es proporcional

a la transconductancia (Gm) y a la tensién diferencial

de entrada.

19
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El circuito utilizado para la
realizacidn del VCO (Oscilador Controlado por Tensidn)
es el IM 13600. La serie LM 13600 consiste en dos
amplificadores de transconductancia controlados por
corriente, cada uno con entradas diferenciales y
salidas del tipo Push-Pull. Estos amplificadores
tienen una fuente de alimentacidén comin, pero operan

independientemente.

El LM 13600 esta dotado también de dos
diodos de linealizacidén que estdan colocados en las
entradas para reducir la dirtorsidn y permitir mayores
niveles de entrada. El resultado es una mejora de la
relacidn sefial-ruido de 10 dB referido a 0.5 ¥ de THD,

(Total Harmonic Distorsion).

Las redes de adelanto que conforman el
circuito de realimentacidn estan formadas por filtros
RC. Cada wuna de las redes de adelanto tienen que ser
iguales entre si, siendo el valor de las iﬁpedancias el
que va a determinar la frecuencia de corte del filtro,

y por tanto la frecuencia de la oscilacidn.

Para obtener anchos de banda superiores a

20
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los obtenidos con redes pasivas, se utilizan los
amplificadores operacionales como elementos activos.
Existen amplificadores operacionales con productos de
ganancia por ancho de banda del orden de 100 MHz. Con
estos amplificadores operacionales cabe disefiar filtros
activos de frecuencias hasta varios megahertsz. El
factor que limita la respuesta a plena potencia a estas
altas frecuencias es la relacidén de variacidn del

amplificador operaciocnal.

La relacidn de variacidn del
amplificador operacional es la evaluacidn de tiempo de
cambio de la tension de salida del amplificador en
cadena cerrada con seflales grandes. Se pueden
conseduir comercialmente integrados con relacidén de

variacién de hasta 100 V/microseg.

Aprovechando las caracteristicas del OTA
podemos controlar la frecuencia de corte del filtro, ¥
con un ancho de banda lo suficientemente grande como
para cubrir todo el margen de audio, sin tener que

variar los elementos pasivos del filtro.

Las redes de adelanto utilizadas en la
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red de realimentacidn del oscilador empleado en este
equipoc estan formadas por tres filtros activos paso-

bajo montados con el circuito integrado LM 13600.

El VCO completo utiliza dos encapsulados
del LM 13600. De 1los cuatro amplificadores que
conforman los dos encapsulados, tres de ellos estéan
montados con la configuracidn tipo filtro paso-bajo de
la que ya hemos hablade, y el cuarto como amplificador
limitador-inversor. Este VCO es tedricamente capaz de
operar desde 5 Hz hasta los 50 KHz, c¢con un THD menor
que el 1%. La corriente de control del OTA para cubrir

este marden va a estar comprendida entre O y 1 mA.

Fn la practica es dificil conseguir este
margen de-trabajo. A frecuencias muy bajas la sefial
sufre serias distorsiones y su amplitud disminuye
considerablemente. La frecuencia minima conseguida con
una calidad de sefial aceptable estd scbre los 10 HZ,
pero la amplitud es inferior a la amplitud del resto de
las frecuencias. Esta es la razdn por la que se ha
tenido que introducir en el circuito un control
automdtico de ¢ganancia. De esta manera podremos

conseguir una amplitud constante dentro de todo el
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CONTROL AUTOMATICO DE GANANCIA

La sefial obtenida a partir del oscilador
controlado por tensidn cumple las condiciones de
estabilidad en cuanto a amplitud y frecuencia, pero la
amplitud a lo largo de todo el espectro no es

constante.

En los limites més bajos de corriente de
polarizacidn, cercana a los O miliamperios, no existe
sefial alguna en la salida del oscilador. Aumentando
progresivamente esta corriente, empezamos a obtener una
sefial aceptable a partir de los 7 o 10 Hz. A partir de
este punto la sefial va aumentando en frecuencia pero
también en amplitud, hasta llegar a 1los 100 Hz
aproximadamente donde la amplitud se mantiene

practicamente constante hasta pasados los 25 kHz.

Habra que conseduir que la curva de

amplitud en funcidén de la frecuencia sea constante en

25
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todo el espectro. Para esto, tenemos que introducir un
circuito aque amplifique todas la sefiales que estén por
debajo de un determinado nivel, v que atenie todas las

que lo sobrepasen.

Esta es la funcidn que realiza el
control automatico de ganancia. Este circuito se
encarga de mantener una salida constante aunque

existan variaciones a la entrada.

lL.a idea basica del control automatico de
ganancia es la de un circuito realimentado que para un
incremento de la sefial de entrada produce que el
amplificador de error disminuya de ganancia, mientras
que para una disminucidn de la amplitud de entrada, el
detector de error amplifique mas hasta estabilizarse en

el nivel adecuado.

La forma mas practica de construir un
control automdtico de ganancia, es la que utiliza .un
FET como resistencia controlada por tensién en su
circuito de realimentacidn. La tensidén que va a atacar
a esta resistencia variable constituida por el FET

podria ser 1la obtenida en un lazo de control de

26
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deteccidn de pico.

El transistor de efecto de campo y de
canal N, conectado a 1la entrada no inversora del
amplificador operacional detector de error y a masa,
determina 1la ganancia en lazo cerrado del conjunto.
Los picos negativos de 1la sefial a 1la salida del
amplificador de error aplicados a la base de wun
transistor haran que este conduzca cuando sobrepasen la
tensidén Ybe. La tensidn en el colector del transistor,
una vez filtrada para evitar oscilaciones nos van a
determinar la resistencia del canal de transistor de

efecto de campo.

Tedricamente se pueden obtener un
control automatico de ganancia con un margen de entrada
de 80 dB, teniendo en cuenta las variaciones de la
resistencia del canal del FET (entre 120 ohmios a méas
de varios millones de megachmios). El dnico problema
que hay que tener en cuenta es que a variaciones muy
grandes de la tension de entrada el FET empieza a
trabajar en una gzona no lineal, produciéndose

distorsiones en la sefial a la salida.

27
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AMPLIFICADOR DE POTENCIA

Una vez conseguido una sefial de amplitud
constante, a lo largo de todo el espectro de las
frecuencias, el Gnico detalle que queda por introducir
es adecuarla para que pueda servir de entrada a
cualquier equipo que queramos analizar. Por esto no
hace falta wun amplificador de potencia como Wdltima

etapa de salida.

En general hay que entregar una
determinada potencia a una cierta impedancia de
cargda. La potencia requerida puede ser desde miliwatios
hasta kilowatios Yy la carga puede ser unos
auriculares, un altavoz, un amplificador, ecualizador
filtro, etc. En el diserfio, ademas hay que tener en
cuenta el efecto de esta etapa de salida sobre el ancho
de banda ¢global del amplificador, como mantener la
linealidad y minimizar la distorsidn, éétar seguros de

qQue los dispositivos estan trabajando por debajo de sus
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limites madximos de tensidn, corriente, disipacion de
potencia y todo ello aln dentro de las condiciones
ambientales Yy de funcionamiento mas extremas.
El hecho de que la relacidn de transferencia de entrada
a salida del amplificador de potencia sea no lineal,
causa que la forma de onda de salida no sea idéntica a

la entrada, sino una versidén distorsionada.

Gran parte de la distorsidédn armdnica
causada por la falta de linealidad de la caracteristica
de transferencia, puede eliminarse en contrafase o
push-pull. En este circuito la excitacidn se produce
por medio de un transformador con toma intermedia o a

través de un amplificador operacional que suministre

tensiones iguales con diferencias de fase de 180 grados.

La corriente total de salida en la carga
serd proporcional a la diferencia entre las corrientes

de colector en los dos transistores en contrafase.

El circuitc en contra fase tiene la
ventaja de que va a compensar todos los armdénicos de
orden par de la salida, y dejard el tercer armdnico

Ccomo fuente principal de distorsidn, todo esto
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suponiendo que 1los transistores en contrafase sean

idénticos.

La ventaja que este sistema aporta es

que por una distorsicon determinada da mds salida por

elemento activo.

La dificultad de este circuito estriba

en la obtencidn de transistores prerfectamente
complementarios.

Si hay desequilibrio en las
caracteristicas de los dos transistores, los armdénicos

pares no quedan eliminados completamente.

En la regidn de corrientes pequeflas en
las que trabajan los transistores, 1la salida es mucho
menor de lo gue seria si la respuesta fuese real; este
efecto se denomina distorsidén de cruce, el cual se
puede eliminar empleandc realimentacidn negativa de - la

salidé a la entrada.
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SENAL DE POLARIZACION

Como yva hemos visto para que el
oscilador controlado por tensidn pueda barrer
frecuencias que vayan desde las bajas frecuencias del
margen de audio, 20 Hz, a las mas altas, 20 KHz
necesitamos una corriente que polarice a los circuitos

de transconductancia variable.

- Aplicando la ley de Ohm podemos
conseguir que la Qariable que controle la frecuencia,
en vez de ser una corriente, sea una tensidn
proporcioconal a égta, que denominaremos Tensidn de
Polarizacidén. La corriente de polarizacién resultante
serda igual al producto de la tension de polarizacion
por la inversa de la impedancia a través de la cual se

suministra.

Esta tensién de polarizacién podria

cbtenerse a partir de un divisor de tensidn
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controlandose manualmente por medio de un
potenciometro. Pero el fin de este equipo de medida es
otro. Se pretende barrer frecuencias que cubran todo

el margen de audio de una manera automatica.

La tensidn que controle los
Amplificadores Operacionales de Transconductancia
variable debe pasar, pues, desde un valor determinado a
otro, de manera automdtica y continua, sin que influya

en ésto la subjetividad del usuario.

Las tensiones que debemos aplicar, sedun
las caracteristicas del oscilador controlado por
tensidn que hemos construido, van desde unos 14 voltios
negativos, para las frecuencias mas bajas, hasta unos
15 voltios positivos, para qQue supere el limite de las

frecuencias mas altas.

Si el paso de las frecuencias mas bajas
a las mads altas se produce de una manera lineal, la
funcidn que represente la tensién de polarizacidn
respecto del tiempo deberada ser una rampa. Si el paso
de una frecuencia a otra se produce en intervalos de

tiempo iguales por octava, la funcién de la sefial de
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polarizacidn respecto del tiempo sera logaritmica.

El método mas comin para construir una
rampa de tensién de automéatica lo constituye el
integrador analdgico. Estd construido basicamente por
un amplificador operacional constituido en modo
inversor, con la Unica diferencia que la impedanoia que
que se realimenta de la salida a la entrada inversora,

en vez de ser resistiva es capacitiva.

Se llama integrador porque se puede
demostrar matemdticamente que realiza la operaciodn
matematica de la integracion. El amplificador
suministra, por tanto, una tension de salida

proporcional a la integral de la tensidén de entrada.

Si la tensidn de entrada es constante,
la salida serda igual a una rampa de valor:
Yo = - v Xt /R XC
donde Vo es 1la sefial de salida, v 1la tensidn de
entrada, t es el tiempo, R la resistencia de entrada al
amplificador operacianal, y C 1la impedancia de

realimentacidn.
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El problema de este tipo de circuitos
reside en la respuesta de la carga del condensador.
Cuando se trata de periodos de tiempo cortos, el
condensador no llegard a alcanzar nunca su cargda
méxima, por tanto su curva de carga, es decir, la
intedgral de 1la tensidn continua presentada a 1la
entrada, sera una rampa ascendente ¥y completamente
lineal. Una aplicacidn de este circuito
particularmente Util, es el barrido para un tubo de

rayos catddicos de un osciloscopio.

Por el contrario, cuando integramos
periocdos de tiempo mds largos, el condensador alcanza
valores elevados de carga, llegando a su 2zona no
lineal. Para conseguir aumentar el tiempo de
integracién tendriamos que ir aumentando el valor de
impedancia del condensador ¥y del la resistencia de

entrada.

Analicemos por un momento la sefial que
vamos a obtener como resultado final. La frecuencia
mds baja que necesitamos generar tiene que ser de unos

20 Hz o inferior. A esta frecuencia el periodo de 1la

serial es de 0.05 segundos. Si vamos a barrer desde los

36

los autores. Digitali

©Del

itn realizada por ULPGC. Biblioteca Universitaria, 2008




20 Hz hasta los 20 KHz en varics segundos, la fraccidn
de tiempo que corresponda a las frecuencias bajas sera
tan pequefia que no dara tiempo a que se produzca un

solo ciclo completo de éstas.

A parte de esto, consideremos que el
barrido de frecuencias que queremos producir va a ser
representado en un Plotter o trazador grafico. Esto va
a suponer que la velocidad a la que se va a generar el
barrido tiene que ser muy baja, para gque la pluma del
trazador grafico pueda dibujar el madximo detalle de las

irregularidades de un espectro.

Cuanto mas tiempo dure el ciclo de un
barrido, mayor definicidn tendra la curva. Estamos
hablando de periodos de tiempo que van a superar al

minuto incluso a varias decenas de minutos.

Con periodogs de tiempo tan 1largos, se
precisan condensadores con valores de capacidad muy
elevados que aparte de ser de muy alto costo y volumen
presentan tantas pérdidas que las ventajas que ofrece

este circuito serian practicamente nulas.
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Para poner solucidn a todas estas
exigencias se ha optado por conseguir una rampa por

otros medios que no sea el de la integraciodn.

Utilizando un convertidor digital
analdgico podremos conseguir cualquier funcidn de
tensidn con respecto al tiempo a partir de una serie de

valores digitales en su entrada.

Si estos valores de entrada son los
producidos por un contador de impulsos a la salida
obtendremos una rampa de tensidn formada por un
determinado nimero de escalones, igual a 2 elevado al

numero de bits del contador.

El +tiempo de duracidn de la rampa sera
igual al producto del tiempo de.duracién de un ciclo de
reloj por el nGmero de escalones que forman dicha
rampa, pudiéndose variar la duracidn de ésta sin que

quede modificada.
¥l numero de escalones que formen la

rampa, tendrd que ser tal que el salto de uno a otro

sea tan pequeric que se pueda despreciar.
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En un principio se utilizd un contador
de 8 bits, seguido de un convertidor digital-analdgico,
para comprobar el efecto que la rampa producia sobre el
oscilador controlado por tensién. Los saltos entre
escalones eran tan drandes que las variaciones de
frecuencia producidas en el oscilador no se podian

aceptar.

Es por esto por lo que se aumentd el
ntimero de bits de 8 a 16. De esta manera los escalones
pasarian de ser 256 para un contador de 8 bits a 65.536
escalones para el de 16. El salto producido ahora de un
escaldn a otro serda tan pequefio, y la variacidn de
frecuencia producida por el oscilador tan baja, que se

podran despreciar.

Para 1la conversidn digital analdgica se
ha wutilizado el circuito integrado denominado DAC-08.
La serie DAC-08 consiste en un convertidor digital-
analdgico monolitico. de 8 bits, que provee una elevada
velocidad e infinitas aplicaciones a un bajo costo. Es
directamente compatible con todas las populares

familias 16gicas con una completa inmunidad al ruido,

provee de salidas de corriente complementaria,
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aumentando la versatilidad y posibilitando la operacion

diferencial para salidas de pico a pico.

El contador de 16 bits que proporciona
la entrada a los convertidores digital-analdégicos estéa
formado por 4 circuitos integrados de la serie 74191.
Este dispositivo es un contador reversible sincrono con
facilidad de prefijacidén del control de habilitacidn,
con control reversible en una sola linea, posibilidad
de conexién en cascada para funcionamiento multidécada
y entradas con bufferes. El elemento es un contador
binario de 4 bits. El funcionamiento sincrono esta
conseguido activando simulténeamente con el reloj todos
log flips—-flops, de manera que las salidas cambian de
modo coincidente entre si cuando se cumplen las
condiciones de entrada. Este modo de funcionamiento
elimina los picos de cdmputo de salida que suelen ir

asociados a los contadores sincronos.

Dado que los convertidores digitales-
analdégicos utilizados estan provistos de entradas de
tan solo 8 bits, el problema consistird en asociar a
cada uno el peso que le corresponde en\ia cuenta para

que la salida final sea la deseada.
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El modo del funcionamiento sera el
siguiente: en el tiempo que el convertidor de menor
peso produce un escaldn, el otro convertidor debe
producir 1los 256 escalones correspondientes a sus 8
bits de entrada, es decir debe de producir una rampa en
un tiempo 256 veces menor al de la rampa producida por
el otro convertidor, y con una amplitud total igual a

la de un escaldn de dicha rampa.

Debido a que la salida de los
convertidores digital-analdgicos es en corriente, se
efectia primero una conversidén corriente-tensidn, por
medio de un amplificador operacional para a

continuacidn realizar la suma de las dos partes.

Los impulsos de reloj se han generado
utilizando el circuito integrado 555, en modo aestable.
El condensador conectado a la patilla de umbral y
descarga del integrado, junto con las resistencias que
componen este circuito, nos van a determinar . la
frecuencia del tren de impulsos que este produce. La
duracidén de un ciclo de reloj multiplicada por 65.5386

nos va a dar la duracidn total de la rampa.
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AMPLIFICADOR LINEAL Y LOGARITMICO

A la hora del disefio de este equipo se
ha pensado en la posibilidad de que pueda realizar
barridos no sélo lineales, sino también logaritmicos
para asi poder estudiar una curva de frecuencias con
intervalos iguales por octavas de frecuencia. Esta es
la forma mas usada en el estudio de sefiales de audio
puesto que la respuesta del oido humano a las
variaciones de frecuencia se ajusta mds a una curva de

este tipo qQue a cualquier otra funcidn.

La misidén del amplificador logaritmico y
del amplificador lineal es ajustar la rampa, obtenida a
base de escalones de 1los convertidores digital
analdégicos, a unas condiciones determinadas para que

pueda servir como entrada al resto de los circuitos que

vayan a continuacidn.

La sertal obtenida del sumador de
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tensiones a partir de los convertidores digital
analdégicos, es una rampa descendente con su origen en
cero. Para poder atacar directamente al oscilador
controlado por tensidén necesitamos convertir esta rampa

y variar los limites de tensiones.

Utilizando un inversor a base de un
amplificador operacional podemos conseguir variar la
polaridad de la rampa. Ahora tendremos una rampa gque en
vez de ser descendente sera ascendente a partir de cero
voltios. La cuestidén es simplemente calcular la mitad
del valor que alcanza la rampa, y este serda el valor de
nivel de offset que debemos restar para que la onda sea
simétrica respecto al origen. Una vez conseguido esto
sdlo queda amplificarla hasta obtener 1los valores

deseados por encima y por debajo del nivel cero.

Los valores finales que precisamos son
de unos 14 voltios por debajo del nivel de cero y de
unos 15 voltios o més por encima del nivel cero. Esto
quiere decir que no serd exactamente simétrica para
esto se provee de un parametro de ajuste con el que
poder variar con mayor precisién el nivel de las

tensiones de trabajo. La rampa obtenida en este punto
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va esta en condiciones para atacar directamente al
oscilador controlado por tensidn y producir un barrido

lineal.

Es posible obtener una tension
proporcional al logaritmo o al antilogaritmo de la
tensidén de entrada mediante el empleo de los mdédulos
convertidores logaritmicos, cuyo principio de
funcionamiento estd basado en la caracteristica de la

unidn p—n del semiconductor.

Un circuito bdsico podria ser el formado
por un operacional con una resistencia en la entrada
inversora y un diodo como realimentacidn de la salida a
la entrada inversa. La salida serd proporcional al

logaritmo de la entrada.

Esta tensidn de salida contiene un
término adicional constante que interesa minimizar
seleccionando un diodo cuya corriente inversa sea 1lo
menor posible. Otras fuentes de error proceden de 1la

caida de tensidn Shmica en la resistencia serie del

diodo.
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Para obtener mejores resultados se puede
sustituir el diodo por la unidn base-emisor de un
transistor. En este caso se denominaria configuraciodn

transdiodo.

Puesto que las caracteristicas de 1los
diodos que intervienen en las expresiones obtenidas son
muy dependientes de 1la temperatura, es preciso

introducir circuitos adecuados de compensaciodn.

El circuito utilizado como amplificador
logaritmico para el generador de barrido de audioc se
corresponde con el esquema basico descrito.

Como realimentacidn wutiliza un diodo
rectificador 1N 4148 y a la salida un amplificador no
inversor. Como red de compensacidn utiliza un segundo
diodo igual al primero, de manera que las derivas
producidas en uno se compensen con las producidas en el
otro. Ademdas se incluye wuna fuente de corriente
compuesta por un transistor con la base a una tensidn
fija de referencia, cuya misidn es la de polarizar la

salida del amplificador logaritmico.
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Para que este circuito trabaje a pleno
rendimientc necesitamos tensiones no inferiores a 1los
cero voltios, ya que a valores cercanos a este el

logaritmo tiende a infinito.

Por tanto para producir una curva
logaritmica ascendente, necesitaremos una sefal de
entrada que sea una rampa lineal descendente, con
limite inferior superior a 1los cero voltios. Los
limites entre los cuales va a estar esta curva deberédn
ser ajustados para que el oscilador de frecuencia

variable alcance los mArgenes deseados.

El ajuste de offset y amplitud se hara
de forma idéntica al utilizado en el amplificador

lineal.

Con estos dos amplificadores ya hemos
completado los modos de funcionamiento del equipd. Tan
sé6lo necesitamos una tensién que nos controle el
movimiento en el eje X, al tiempo que se produce el
barrido de frecuencias. Esta se consigue a partir del
sumador de tensiones de los convertidores digital-~-

analdégicos, utilizando un simple amplificador
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operacional montado en modo inversor.

la

con

El barrido en el eje X, que nos va a dar

escala de tiempo de la curva,

debe partir desde

0

una amplitud total que no supere los 12 voltios.
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LOGICA DE CONTROL

El sistema de contadores, que van a dar
los valores digitales de los escalones que a su vez
construirdn los convertidores digital-analddico, estéan
constituidos por 1los circuitos integrados del tipo
74191. Como ya hemos descrito se trata de un contador
binario, ascendente y descendente, con carga paralela y

posibilidad de conexidn en cascada.

Para conseguir una rampa ascendente como
resultado final, tendremos que prefijar una serie de
valores que nos determinen la forma de conteo de estos

circuitos.

Las condiciones de cuenta seran: cuenta
ascendente, para la cual necesitaremos un "0" en 1la
patilla nimero 5, que determina que la cuenta sea

ascendente. La entrada de carga paralela deberd estar

a "1" para que esté desabilitada y se permita el conteo
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sin tener en cuenta los valores de inicializacidn

paralelos.

La salida de conexidn en cascada de cada
contador, debera ir conectada a la entrada de
habilitacién de cuenta del siguiente. La habilitacidn
del primer contador deberd estar a nivel bajo para que
permita contar a todo el sistema. El reloj debe estar

presente en todos los contadores al mismo tiempo.

Tal como hemos descrito conseguiremos
que todo el sistema entre en funcionamiento Yy se
mantenga activo indefinidamente. La salida sera wuna
rampa repetitiva con un periodo igual a 64.000 veces el

periodo de reloj.

La primera funcién de control serd
conseguir que cada vez que se produzca una rampa el
sistema se detenga. Ademds pretendemos conseguir poder
inicializar el circuito de manera externa, tanto al

final de un ciclo como durante el mismo.

Para detener la cuenta una vez que se

llegue al final de un ciclo, se aprovecha la salida de
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conexion en cascada del Gltimo contador. Esta nos dara
un impulso a nivel bajo cuando llegue a su maximo
estado de cuentas y por tanto al maximo valor de 1la

cuenta de todos los contadores.

Utilizando un flip-flop J-K,
conseguiremos un cambio de estado a la salida, cada vez

que se produzca un pulso de fin de cuenta.

El estado del flip-flop podra permitir
por medio de una puerta AND, que el reloj lledgue hasta
los contadores, o por el contrario que quede cortado en
este punto. Esto quiere decir que si el estado del
flip-flop es "1", la puerta AND reflejard a la salida
lo que posea en la otra entrada, es decir los impulsos
del reloj. Sin embargo si el estado del flip-flop es
"Q0", lo cual occurre cuando se llega al final de 1la
cuenta, la salida de la puerta AND serd siempre "0, y

el reloj no llegara a los contadores.

Para poder conseguir que la cuenta una
vez detenida se inicialice, se ha dispuesto de un
pulsador, que produzca el mismo nivel bajo que produce

la salida de conexidn en cascada del Gltimo contador.
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De esta manera cambiara el estado del flip-flop y el

reloj estarda presente de nuevo en los contadores.

Para lograr que se produzca una
detencidn de 1la cuenta y se comience desde el
principio, se han puesto todas las entradas de carga
paralela a "“0", y la entrada de habilitacidén de Ila
carga conectada al pulsador de inicializacidén. Asi cada
vez que se produzca una detencidn manual, la

inicializacidn partira de "0".

Tal y como tenemos el circuito hasta
ahora hemos conseduido un generador de rampas
automatico, con detencidn automdtica y manual. Ademds
de esta funcidn se le ha querido dar a este equipo 1la
posibilidad de seleccionar una frecuencia determinada
manualmente. De esta forma podremos denerar un barrido,
con la posibilidad de detenernos en los puntos de mayor
interés, pasar de una frecuencia a otra, hacia adelante

y hacia atrdas, de una manera rapida o con un ajuste mas

fino.

Utilizando otra puerta AND activada por

un pulsador, podremos conseguir controlar el paso del
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reloj a los contadores, sin que esta vez se inicialice
el sistema. La utilidad de ésto es poder variar la
frecuencia del oscilador manualmente para poder

colocarlo en el punto deseado, avanzando paso a paso.

Para 1la localizacidén de frecuencias se
ha dotado al circuito de la posibilidad de avanzar con
dos velocidades, para permitir una bisqueda mas rapida,
y una vez situado sobre la zona deseada, hacer un

ajuste fino de la frecuencia.

La velocidad de ajuste fino es la normal
del barrido, y 1la otra es 256 veces superior, para
permitir el salto de las frecuencias bajas a las altas
sin que tenga que transcurrir todo el periodo de tiempo

de un barrido.

El modo de conseguir esta funcidn es
cortar la cadena de conexidén en cascada de los
contadores segundo y tercero. Lo que permite esto es
controlar que se tenga en cuenta a los dos primeros
contadores o no. -‘Por medio de un commutador se

introduce un nivel alto en la entrada de habilitacidn

de cuenta del primer contador para que este no pueda
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contar, Yy un nivel bajo en la entrada de habilitacidn
del tercero, para que su funcionamiento no dependa del

acarreo del anterior.

De esta manera el primer y segundo
contador estaran en activo ¥y el tercero y cuarto no.
Este mismo commutador hard que el pulso a nivel bajo,
de conexidn en cascada del segundo contador llegue o no

al tercero.

La cuarta y Gltima de las funciones
externas, es la de permitir la blisqueda o avance hacia
arriba o hacia abajo, para permitir centrarse en un
valor “de frecuencia sin el problema que plantea el
hecho de que al buscarla, nos pasemos del valor deseado
Yy tengamos que retornar al principio para volverlo a

intertar.

Sélo queda un pequefio detalle por
analizar, y es el de la commutacidn del modo automdatico

al modo manual.

Todas estas funciones " anteriormente

descritas, tendran un valor determinado y fijo para el
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funcionamiento automdtico ¥y sin embargo deberan ser
variables ¥y controlar desde el exterior para el modo

manual.

Para solucionar esto se ha provisto de
una serie de interruptores electrdnicos o buffers.
Estos interruptores estdn dotados de una entrada de
control, que segin el valor de ésta, la entrada estara
presente a la salida o por el contrario tendra un

estado de alta impedancia.

Con wun Jjuego de interruptores para cada
modo de funcionamiento, permitiremos que las funciones
de control sean las prefijadas en el caso de estar en
modo automatico, o las variables para el caso de estar

en modo manual.

Un commutador externo activarda un Jjuego
de commutadores, y através de un inversor desactivaraé

el otro, y al contrario.
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ENTRADA Y MEDIDA DE AMPLITUD

La sefial de Dbarrido en frecuencia
producida por el vobulador debe ser introducida en el
equipo que se desea medir. La salida del equipo que
estamos analizando debe ser recogida por nuestro
equipo, el cual va a transformar la sefial alterna a un
valor continuoc, proporcional al valor de pico de la
sefial en alterna, y lo va a acondicionar para poder ser

representado por el trazador grafico.

A la entrada del equipo necesitamos un
amplificador que nos sitie la sefial en un nivel
adecuado para poder ser medido. Este amplificador esta
provisto de un conmutador de seleccidn, para amplificar
en caso de tener niveles bajos de entrada, y atenuar en
el casc contrario, como seria en el caso de estar

analizando la respuesta de un amplificadgr de potencia.

Las condiciones que debe cumplir este
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amplificador de entrada son que la impedancia de

entrada sea alta y que el ancho de banda sea grande.

El hecho de que la impedancia de entrada
sea grande es primordial, porque de lo contrario
nuestro equipo estaria cargando al equipo medido ¥ no

estariamos obteniendo la verdadera respuesta.

Para conseguir una impedancia de entrada
lo mds alta posible se ha escogido un amplificador
operacional con entrada J FET. El circuito pertenece a
la serie de integrados TL 080. El modo de conexion es
el de un inversor utilizando valores de resistencia
altos, para que disminuya 1lo menos posible la

impedancia intrinseca del operacional.

A partir de esta sefial acondicionada
tenemos que conseguir el valor de tensidén RMS para ser
representado. Los convertidores de alterna a valor RMS
a parte de ser costosos, son complicados de
implementar, por lo que se ha optado por conseguir una
solucidn mas sencilla que nos de un resultado

aceptable.
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Esta solucién es la de pasar la sefial
alterna a través de un rectificador de onda completa. A
la salida obtendremos una sefial que serd igual a la
funcidén valor absoluto de la sefial de entrada. Los
semiciclos positivos de la sefial se mantendran
invariables, mientras que los negativos experimentaran

un cambio de signo.

Son diversas las formas de implementar
un rectificador de onda completa. Estos consisten en
dejar pasar el semiciclo de la onda que es positivo por
un camino, Yy el semiciclo negativo por otro. Este
GUltimo se invierte, y al final se suma con el positivo.

El principio del circuito utilizado como
rectificador de onda completa en nuestro equipo, se

corresponde con esta estructura basica.

La sefial presente a la entrada, por un
lado pasa a través de un diodo rectificador, el cual
suprimira los semiciclos negativos de la onda. La
salida de este diodo serd la sefial de entrada con la
diferencia que en el tiempo del semiciclo negativo

tendréa un valor de sefial de 0 voltios. Por otro 1lado
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se hace pasar la sefial de entrada por un inversor.
Situando un diodo rectificador a la salida produciremos
el mismo efecto que antes con un desfase de 180 grados.
Estas dos seflales sumadas nos dardn a la salida la

forma de onda perseguida.

.o que hemos conseguido hasta ahora es
que la onda sea completamente positiva, en vez de
simétrica, con los semiciclos negativos invertidos.
Ahora s3lo nos resta transformar esta forma de onda en
un nivel de continua, el cual debe ser proporcional a

la tensidn de pico de la tensidén de entrada.

A la salida del rectificador de onda
completa se ha colocado un filtro compesador paso bajo.
Este consiste simplemente en una resistencia en serie,

con un condensador en paralelo puesto a masa.

El funcionamiento de este filtro es el
siguiente. El condensador almacena energia durante el
tiempo de conduccidn, entregandola a la carga durante
el tiempo de no conduccidn. De este modo, aumenta el
tiempo durante el cual la corriente circula por la

carga, reduciéndose el rizado.
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Durante el tiempo en el que la tensiodn
de la entrada al filtro es superior a la del
condensador, éste se va cardando, hasta el momento en

que la onda de entrada disminuye de tensidn.

Para conseguir un bajo rizado a 1la
salida, debe utilizarse un condensador de gran
capacidad, del orden de decenas de microfaradios. El
maximo rizado se producira cuando las frecuencias sean
bajas, puesto que los periodos de descarda son mas

grandes que a frecuencias superior.

Habra que tener en cuenta que estamos
midiendo niveles de tensidn variables. Cuanto mayor sea
la capacidad del condensador mayor sera tambien el
tiempo de carga. S1i colocamos un condensador con
capacidad muy alta, para una variacidén brusca de 1la
onda de entrada, la respuesta del condensador serd muy

lenta, por lo que estaremos falseando la medida.

Por esta razdém hay que buscar un valor
de capacidad tal que el rizado sea aceptable, ¥y que la

velocidad de respuesta sea alta, teniendo en cuenta la

duracidn del barrido.
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Para barridos en tiempos muy cortos, nos
afecta més la velocidad de respuesta que el factor de
rizado. Como el barrido que queremos realizar es muy
lento, debemos atender mas la cuestidén del rizado,

siempre que la velocidad de respuesta sea admisible.

Para atacar directamente a la salida que
nos gobierne el eje Y del trazador drafico, solo
necesitamos una etapa separadora, para que la entrada

al registrador no carge a la salida del filtro.

Esta etapa separadora consta de dos
amplificadores operacionales inversores. Hay que
cuidar que el primero tenga muy alta impedancia de
entrada, para no modificar la salida del filtro. Del
segundo hay que tener en cuenta que su impedancia de
salida sea baja, ademds de servirnos para devolver la

polaridad positiva a la tensidn de salida.

51 la sefial que se va a medir viene
sumada a un nivel de continua, al representarla no va a
dar un resultado real, y menos ain cuando este nivel de

offset varie con el tiempo o con la frecuencia.
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La razdén de que el resultado final no
sea real es que al venir la onda con un semiciclo mayor
que el otro, con respecto a los cero voltios, al ser
rectificada y pasada por el filtro, las cargas y
descargas no seran iguales. El nivel de continua
resultante serda practicamente proporcional al nivel del
semiciclo de mayor amplitud. Esto quiere decir, que
para una entrada de igual amplitud, pero con distintos
niveles de continua la salida del rectificador sera

distinta.

Para poder reducir lo maximo posible
este defecto se introduce a la entrada del rectificador
un filtro paso alto, consistente en un condensador en
serie con la etapa anterior y el propio rectificador.
Este cortéré el paso a los niveles de continua, pero
nos limitard tambien en velocidad. Habra que escogerlo
de un valor tan drande como sea posible siempre que el

compromisc con la velocidad no se vea excesivamente

afectado.
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FRECUENCIMETRO DIGITAL

El frecuencimetro del que se ha dotado
el vobulador de audioc cumple una funcidn muy importante
a 1la hora de utilizarlo como simple dgenerador, y para
la busqueda de frecuencias. En el caso de no haberlo
introducido se habria hecho imprescindible la conexidn

exterior de un aparato de estas caracteristicas.

La filosofia del frecuencimetro es
simplemente medir el nuimero de ciclos de sefial por
segundo. Con un generador de pulsos cuya duracidn sea
exactamente un segundo se puede habilitar la entrada a
un contador. El resultado de la cuenta serd el numero
de pulsos que entren dentro de ese segundo, y por tanto

el valor de la frecuencia de la sefial de entrada.

El frecuencimetro utilizado consta de un

contador de seis décadas formado por dos circuitos

integrados de tecnologia CMOS del tipo 4553, cada uno

66

ion realizada por ULPGC. Biblioteca Universitaria, 2008

{os autores. Digitali

©Del



de 1los cuales posee en su interior tres décadas
contadoras en cddigo BCD, con salida multiplexada.
Estos circuitos intedrados contadores poseen en su
interior el multiplexor propiamente dicho, e incluso el
oscilador que produce el desplazamiento de los
encendidos, a excepcidn solamente de la capacidad de la
constante de tiempo, 1la cual va situada en el exterior
del nicleo, permitiendo elegir la frecuencia basica del

multiplexor.

En este caso, ¥y por tratarse de dos
circuitos integrados idénticos, se ha utilizado
Unicamente uno de los dos osciladores, wusando esta
frecuencia para el pilotaje de los dos. Esta
circunstancia permite la utilizacidn de un Unico Juego
de transistores de encendido, produciéndose éste de dos

en dos displays y ahorrando +tres transistores de

commutacidn.

Toda 1la informacidn que poseen las tres
décadas contadoras estardn presentes a la salida de
cada circuito, aunque troceada por la accidén del

circuito multiplexor. Esta informacidn, Jjunto con las

ordenes de encendido proporcionadas por el mismo
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integrado, permiten reconstruir, a través de los
decodificadores de siete sedgmentos, la informacidn de

los contadores pero ya en los displays.

El circuito 1integrado posee en su
interior un circuito completo de memoria de docé)bits,
el cual permite tener memorizada una lectura de tres
cifras todo el tiempo que sea necesaria,
independientemente de que a partir del instante de
memorizaciodn, los contadores sidan contando, se paren,

o sean sustituidas por otras nuevas, resultado de un

nuevo computo.

El terminal nidmero doce de los
contadores es la entrada de reloj al contador de 1la
cifra menos significativa, produciéndose internamente
el acarreo de los contadores de las siguientes cifras.
El terminal numero catorce proporciona un impulso cada
vez que los contadores completan un ciclo de conteo, es
decir cada vez que, del nimero maximo contado retornan
autométicamente a cero. Esta salida puede ser utilizada
como acarreo para hacer contar al siguiente grupo de
décadas, de cifras de S6rdenes mas significativas que

las tres anteriores.
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En definitiva, estos dos circuitos
integrados van a constituir el contador de seis

décadas, multiplexado y con memoria.

La informacidn en cédigo BCD
multiplexado, da salida a cada uno de los cdmputos de
tres décadas, es codificada por medio de un
decodificador de siete segmentos del tipo 4543, de baja
corriente de salida, y montado con ldgica negativa, el
cual se encuentra en disposicidn de atacar directamente
los segmentos de cualquier display a leds de 4dnodo

comin, Ccuyo consumo por segmento no sobrepase los 10

mA.

El contador de seis digitos constituye
la parte ‘mas importante del frecuencimetro digital,
aunque falta un pequefio circuito que introduzca en el
mismo los impulsos de "reset” y "memoria’, espaciados
exactamente un segundo entre si, con el fin de que 1la
lectura en los displays coincida exactamente con la
frecuencia generada. Este circuito estd formado por un
circuito oscilador aestable del tipo 555 de elevada

exactitud y un desplazador decimal del fipo 4017,
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Puesto que, tanto el impulsc de reset
como el de memoria, que precisan estos circuitos
contadores, deben ser de muy corta duracidn, se han
instalado dos circuitos diferenciadores en estas dos
salidas de bando. El primero proporciona a la salida un
nivel bajo en ausencia de sefial, con breves picos
positivos correspondientes con los flancos positivos de
la seflal entrante. El segundo realiza la funcidn
inversa, es decir, proporciona un nivel alto en
ausencia de sefial, con breves picos de tensidn nula
correspondiendo con los flancos negativos de la sefial
de entrada. Estas distintas polaridades de los impulsos
de mando del frecuencimetro, responden a la ldégica que

exigen los circuitos contadores.
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FUENTE DE ALIMENTACION

Una vez realizadas todas las funciones
del vobulador, sdlo nos resta el disefio de una fuente

que hnhos alimente a todos los circuitos.

Esta debe proporcionar tensiones de 5
voltios para los circuitos digitales y tensiones
simétricas para los circuitos analdgicos. El resto de
las tensiones de referencia que utilizan el circuito
han sido obtenidas a partir de las proporcionadas por
la fuente, utilizando diodos zener en su

correspondiente placa.

La red de energia eléctrica normalmente
disponible, suministra una tensiodn alterna. La
utilizacidon de estas tensiones es bien conocida, pero
la mayor parte de los circuitos electrdnicos requieren
para su funcionamiento una tensidén continua. Aunque en

algunos equipos electrdnicos normalmente equipos
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portatiles de Dbajo consumo, se utilizen pilas o
baterias, con la ventaja de su facilidad de transporte
y con el inconveniente de su relativamente réapido

agotamiento.

En este caso se precisa de un sistema
electrdénico qQue convierta la energia alterna en

caracteristicas fijas de tensidén y frecuencia.

La fuente de alimentacidén estd formada
bdsicamente por un transformador, y un rectificador. La
funcidn del transformador es la de disminuir el nivel
de la tensidén de la red, normalmente 220 voltios, a
ni&eles adecuados. El rectificador tendrd como funcidn
la de convertir esta tension de doble polaridad a una

sola polaridad.

El rectificador que se ha utilizado esta
formado por un simple puente de diodos, el cual va a
convertir 1los semiciclos negativos de 1la tensidn

alterna en positivos.

El ideal es retener exclusivamente una

componente continua. Es obvio pues el emplear un filtro
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paso bajo si se desea reducir el factor de rizado de la
onda. La frecuencia de corte de dicho filtro debe ser
inferior a la frecuencia fundamental de la sefial del

rectificador.

El filtro utilizado es el denominado de
condensador. Para conseguir un bajo rizado y asegurar
una buena regulacidn, este condensador debe ser de gran
capacidad. Estos condensadores de tan alta capacidad
suelen ser electroliticos. Las ventajas que presentan
son un pequefic rizado y una tensidn de salida alta con

cargas pequenias.

Sin embargo la tensidn continua
disponible a la salida del filtro del rectificador
puede que no sea lo suficientemente buena, debido al
rizado, o que varie su magnitud ante determinados tipos

de perturbaciones que puedan afectar al sistema.

Este punto se ha resuelto utilizando

reguladores de tensidn monoliticos dado su bajo coste y

sencilla implementacidn.

Los reguladores monoliticos wutilizados
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pertenecen a la serie de circuitos integrados 7800.
Para las tensiones simétricas se utilizaron los
circuitos 7818, regulador positivo de 18 voltios y el
7918, regulador negativo de 18 wvoltios. Para las
tensiones que van a alimentar los circuitos digitales
se utilizd el circuito integradc 7805, regulador

positivo de 5 voltios.

Bl consumo total del circuito es de unos
500 mA para cada tensidn simétrica, y de unos 800 mA

para los circuitos digitales.

Para reducir al maximo las oscilaciones
se ha colocado un filtro a la salida de cada regulador.

El rizado_que se obtiene a la salida del conjunto sera

inferior a 0,01 %.
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MODO DE FUNCIONAMIENTO

El vobulador de audiofrecuencias ha sido
especialmente disefiado para que su utilizacidn sea 1lo
mas simple posible. 8Se ha procurado en su realizacidn,
que SsSu uso en la obtencidon de espectros, ¥y como
generador, requiera el minimo numerc de de aparatos de
laboratorio adicionales. Tanto es asi, que a no ser
que se requieran medidas de precision, como las
obteniaas por un analizador de onda, el trabajo con el
vobulador de audio solo necesita del trazador grafico

para el cualba<sido disefiado.

El tipo de trazador grafico ha sido

escogido en funcidn de sus prestaciones y facilidad de

mane jo. Este equipo de registro esta provisto de dos
entradas analégicas de tensidn, que son las que
determinan la posicidn de la -_aguja tanto

horizontalmente, como verticalmente.
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Para el posicionamiento horizontal, est&a
dotado de un generador de rampa, que determina el eje
de tiempo, como en un osciloscopic. Aungue se podria
haber utilizado esta ventaja, se ha preferido que 1la
tensidn del eje de tiempo sea generada por nuestro
equipo, para evitar problemas a la hora de inicializar

una medida.

El modo de operacidén para realizar
un barrido en frecuencia es el siguiente: En primer
monento se ha de colocar el papel sobre la superficie
del registrador. Este puede ser calibrado o no. La
Gnica diferencia estriba en que se ha de cuidar el
ajuste del cero en el caso de estar calibrado. Una vez
colocado y sujeto, se debe ajustar el inicio de 1la
pluma, la cual se puede mover utilizando los
potenciometros que estdn colocados en los mandos de

cada eje.

Antes de inicializar un barrido se debe
hacer una simulacidn con la pluma en alto. Para que se
pueda realizar el barrido por la pluma, -los dos ejes de
dibujo deben estar en posicidn '"record". Una vez

cumplidos todos estos requisitos se debe conectar 1la
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salida del Dbarrido horizontal en la entrada de eje X

del +trazador, Yy la salida del barrido vertical en la

entrada del eje Y.

El equipo que se va a analizar debe
estar conectado de la siduiente forma. La salida de
tensiones de frecuencias variables del generador debe
ser conectada a la entrada del equipo test. De 1la
salida del equipo test se debe introducir la sefial de
nuevo en la entrada del vobulador. De esta forma la
sefial sera tratada y su resultado ird a parar al
registrador a través de 1la salida de barrido

horizontal.

Hay que tener en cuenta el tipo de
equipo que estamos analizando, si amplifica o atenta, o
si sus impedancias de entrada o salida son adecuadas
para ser estudiado con el vobulador. Si no tenemos en
cuenta esto podremos obtener resultados errdnecs
producidos por saturaciones, cargas de un equipo a

otro, etc.

Para realizar la primera simulacidn se

debe colocar al vobulador en el modo automatico, con el
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conmutador automdtico-manual. Se debe pulsar una . vez
el 1interruptor de inicio, para situar la pluma en el
cero. Una vez colocada la pluma y pulsando de nuevo el

interruptor de inicio comenzarda el barrido.

La primera simulacidén nos va ha servir
para ajustar el nivel de amplitud de la sefial, ¥y 1la
velocidad de barrido, de manera que la curva que se
vaya a obtener sea de nuestro agrado. Para 1la
seleccidn de la velocidad contamos con un conmutador de
cuatro posiciones para cuatro tiempos de barrido.

Para la seleccidn de la amplitud contamos con 1los

cnmutadores de entrada-salida, para ajustar el nivel de

entrada al equipoc test, ¥ el " nivel de salida al

registrador.

Para utilizar el generador de barridos
como un generador de onda senocidal de frecuencia
seleccionable, o para buscar los puntos de interes
dentrq de una curva, colocaremos el conmutador de médo
manual-automatico en el modo manual. Pulsando el boton
de avance conseguiremos movernos en frecuencia, y en el

caso de estar sobre la grafica, movernos en ésta.
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Para poder movernos hacia adelante o
hacia atras, utilizaremos el boton de arriba-abajo, el
cual nos facilitara el posicionarnos sobre un punto

deseado.

Para movernos mas rapidamente sobre la
curva sin necesidad de variar la escala de velocidad

del barrido se utilizara el conmutador de rapido-lento.

El frecuencimetro digital nos permite
determinar en que punto de frecuencia nos encontramos,
lo cual facilitara, Jjunto con todas la posibilidades de
movimiento que el equipo incluye, la localizacidén y

utilizacidén de una frecuencia discreta.
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CODIGO

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15

R186

INVENTARIO DE COMPONENTES

CLASE

Resistencia 620 ohm.

84

620
30K
10K
30K
15K
220
220

100K ”

10K

100K *“

220
220

100K "

10K

100K "

PRECIO

10 pts.
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R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R386
R37
R38
R39

R40

Resistencia 220 ohm.

85

220
10K
100k
10K
7K5
1M1
12K
130K
11K
4. 7K
11K

51K

2.2K

130K
5K1
2.2K
110K
100K
10K
12K
51K
50K
50K

10 pts.

reaiizada por ULPGC. Biblioteca Universitaria, 2008

s. Digitalizaci

los autores

© Del



R41
R42
R43
R44
R45
R46
R47
R48

R49

R56
R57
R58
R59
R8O
R61
R62
R63

R64

Resistencia 500K ohm.

86

200
2K5
2K2
2K2
3K
10K
200
1K8
2.7
2.7
51
91K
1M
500K
100K
10K
10K
4K7
51K
200K
51K
200K

51K

10 pts
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R65
R66
R67
RE8
R69
R70
R71
R72
R73
R74
R75
R786
R77
R78
R79
R80
R81
R82
R83
R84
R85
R86
R87
R88

Resistencia 51k

87

1K5
25K
5K1
5K1
5K1
5K
5K1
5K1
5K1
5K
1K1
1K1
6K2
6K2
B6K2
B8K2
B6K2
2K2
30K
2K2
5K1
871K
13K

ohm

10 pts
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R89
R90
R91
R92
R93
R94
R95
R96
R97
R98
R99
R100
R101
R102
R103
c1
c2
c3
c4
c5
C6
C7
c8

C9

Resistencia 5K1 ohm.

7K5
5K1
4K
62K
100K
820
1K5
1K3
1K
3K
2K
2K
2K

9K1

Condensador 300pF
300p "
300p "
300p "

1000u "
68n "
50n "
2p "
iOn "

88

10 pts.

40 pts.

275 "
50 '
80 "

50 "

realizada por ULPGC. Biblioteca Universitaria, 2008

los autores. Digitalizaci

©Del



C10
Ci1
Ciz2
C13
Cl4
Cl5
Cl6
C17
cis8
Cilg
c20
cz21
TR1
TR2
TR3
TR4
D1
D2
D3
D4
D5
D6
D7

D8

Condensador 100n F

100n "

10n "
100n "
100n *“
680n "

100n "

470n "

Transistor 2N3819

Diodo

89

2N3083
2N4037
BC108
1n4148
1n4148
Z 3volt.

1n4148

Z 10volt.

50 Pts
40 "
40 "
50 "
50 "
60 "

50 "
50 “
180 "
210 "
210 "
90 "
40 "
40 '
80 "
40 "

80 "
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D9 Diodos 1n4148
D10
D11 " Z 3volt.

IC1 C. Integrado LM13600

IC2
IC3 " uA741
Ic4 " TLO84
IC5

IC6 " uA741
IC7 " CA080
1C8 " TLO84
IC9 " 74191
IC10

ICc11

IC12

IC13 " DACO8
IC14 |
IC15 " TLO84
IC16 " 7473
IC17 " uA555
IC18 " 7408
IC19 " 7400
IC20 " 74125

Transformador 2 Amperios

90

40 "

80 "
430 "

210 °

430 "
350 "
210 "
320 *

610 "

210 "
380 "
180 "
230 "
230 "
380 "
2.300 "
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Conmutadores

Pulsadores

Portafusibles

Caja metalica 4
Conectores BNC 1

Conector alimentacidn

Presupuesto total 21.

91

950
620
500

Pts

.300 "

. 400 "

720 "

635

Pts
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CIRCUITO IMPRESO

Control

Oscilador Controlado por Tensiodn,

Automdtico de Ganancia y Ampligicador de Salida.

vista superior.

Cara de Componentes,
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CIRCUITO IMPRESO

Oscilador Controlado por Tensidn, Control

Automdatico de Ganancia y Ampligicador de Salidsa.

Cara de socldaduras, vista superior.
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CIRCUITO IMPRESO

Légica de

Polarizaciodn,

én de

z

Tensi

y Ampiflicador Lineal y Logaritmico.

Control,

Cara de soldaduras, vista superior.
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CIRCUITO IMPRESO

Légica de

Polarizacidn,

de

Tensidn

v Ampiflicador Lineal y Logaritmico.

Control,

vista superior.

Cara de Componentes,
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CIRCUITO IMPRESO
Amplificador de Entrada, Rectificador, y
Trigger Smith.

Cara de Soldaduras, vista superior.

3
B
=8
1

—_

— =
L _
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CIRCUITO IMPRESO

Frecuencimetro Digital.

vista superior.

Cara de Componentes,
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LM13600/LM13600A/LM11600A

" 'The LM13600 series consists of two current

|- range of the amplitiers....

ational
Semiconductor - -

e e s o

p il e

LM13600/LM13600AILM11600A Dual Operatlonal
Transconductance Amplifiers Wlth Lmeanzmg Diodes
and Bufters

Genaral Description . . . .. ... -

9.4 il THLE -] ewmer poye noomy S e 70T

o Excellent gm linearity

controlled transconductance amplifiers each

with differential inputs and a push pull output.

The two amplifiers share common supplies but

otherwise operate independently. Linearizing

diodes are provided at the inpuis to reduce

distortion ang agow higher input levels. The ---- -

results is a 10 dB signai-to-noise improvement -

referanced to 0.5 percent THD. Controiled im- Appllcatlons

pedance buffers are provided which are espe- @ Current controlied 3'“9""9{

cially designed to complement the dynamlc ® Current controlled impedances
® Current controiled filters

" e Current controlled oscillators
e Multiplexers
-- o Timers
_ ® Sample and hold circuits

® Linearizing diodes
® Controlied impedance buffers
® High output signal to noise ratio

Features b
® gm adjustable over 6 decades

""" e Wide supply range = 2V to + 22V.

o Excelient matching between amplifiers

Audio‘dio Circuits

Schematic and Connection Diagrams

ONE GMERATIONAL TRANICONDUCTANCE AN IFHR

:u;};."‘i"‘ it o7

S amateaE NPT e
CRAR U Ol D G 1t e g

EER

Order Number LM13600J
or LM11600AS
s.. NS Puengo J6A
s Oldﬂ Numb.l‘ LM13600N
or LM13B0OAN - ..
Ses NS Package N16A

ABRULER
RIS S

Lo -

A PRl PO Rt

~Ad= T

0 g g g T 10 7 I* . Lo -~
Y i SUTRNE. Wi gueRER  SuFSER M
mas s " 2] - esmer .
wevt ~ - N

i Lad

1
¥
&

‘

10-242

- Absolute Maximum .ngs

Supply Voltage (Note 1)
LM13600 >
LM13600A, LMT1600A T

_ Power Dissipation (Note 2) Tp =25°C

LM13600N, LM13600AN
LM138004, LM11600AJ
Differantiai input Voitage

§ - Diode Bias Current (Ip)

Amplifier Bias Current (tagC)
Qutput Short Circuit Duration
guffer Qutput Current (Note 3)
Operating Temperature Range
LM13600N, LM13600AN
LM13600J, LM11600AJ
DC Input Voitage .
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

oy -

Electrical Characteristics (Note 4.) o

- 38Vpgor =18V
44vpCOr 222V

570 m

0°Cto +70°C ..
. -85°Cto +125°C
A s +Vgto-Vg
45°Cta +150°C
300°C

Parameters Conditions A LM13800 ,LM13600A LM11600A
e Min Typ Max Min Typ Max | Units
Input Offset Voltage (VOs) ) 04 | . 4 04 1| mv
Over Specilied Tempamuve Range 2 mv
IABC 5 uA 03 B 0.3 T W
Vos Inciuding Diodes Diode Bias Current uo) 500 ,A a5 $ 05 2| wv
Input Otfset Change S kA 5 1ABC < 500 .A 0.1 3 0.1 1 -V
Input Ottset Current . 0.1 0.6 0.1 0.6 =)
input Bias Current . .- - - 04 5 04 -5 A
Over Specified Temperature Range 1 ‘8 ! 1 7] T aA
- Forward . T b
Transconductance(gm) 670C 9600 | 13000 7700 9600 = {12000 | umho
Over specitied Temp Range - * | 3400 . 4000 upmho
gm Tracking - 03 ) - 03 L]
Peak Output Current RL= 0, 1ABC = S5u4A LG . 5 3 5 R
RAL= 0. IABC = 500 »A 350 500 650 350 500 650 A
RL= 0, Over Spacitied Temp Range | 300 300 A
Peak OQutput Voitage .
Positive RAL=x, 5.A s IABCS 500 »A +12 [+142 +12 |+142 v
Negative Al=o, 544 5 lpgcs 500 wA -12 | -144 -12 |-144 v
Supply Current 1ABC=500,A Both Channels. - . 26 26 |A
VoS Sensitivity ) o I IR
Positive sl dvogLve e T Sl 2| 150 20 | 1507 AWV
Negative L Vogl. V- 20 150 ‘20 “150 | WWV T
CMRR . 80 110 80 110 v
Common Mode Range - . £12 {2135 +12 12135
Crosstalk C Referred to input (Note.5) ., .I. . . o
20HZ < ¥ < 20 KH2 100 100
" Diff.input Current -~ | IABC =0, Input = x4V rToC [ tunl 0,02 100 | 002
Leakage Current =~~~ T | 1ABC =0 (Reter To Test Curcuul) s 02 100 0.2
input Resistance 10 2 -~ 10
Open Loop Bandwith 2
Slew Rate Unity Gain Compensated 50 .
Butt. tnput Current (Note 5, Except IAgC =0 4A) {02 04 02
Peak Bulter Oulp‘ul Voitage | (Note 5) I10 10

Note 1. For selections 10 a suppiy voitage above = 22V, contact factory.

Note 2. For op g at high

Note 3. Butfer output current shouid be limited so as to not

the device must be derated based ona150* C
resistance of 175° CIW which applies for the device soldered ina pnmau circuit boarc operating in stifl air.

Note 4. These specihcations|apply for Vg= 15V, Ty =25° C, amplifier mas cumment (Iagc) = 5oo,A pins 2 and 15 open unhu

Other wise specitied. The inputs to the buff:

ded and out

are g

18 are open.

Note 5. These specifications apply for Vg = = 15V, 1agG =500 »A, Royt =5 K connected trom the bu"ct oulpm to-Vg and the

input of the butfer is to the

amplifier output.
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: ® :
§ TY.I Performance Characteristics  Typical Performanc‘-aracteristics (Cont’d) .. ‘ . E
- Input Offset Voltage input Oftset Current Input Bias.C K ’ : .
= w : e Distortion vs Differsntial . Voitage vs Ampiifier Bias Current Output Noise vs Frequency
E > - Input Voitage 20 tag p -
- S 3 3 TR 2 : c
< |8 s = £ g [RUWKSTEEHRE RN s o i 2
- d w i 0 iage=1 mA== THi THI = 2 -h
> : E B 5 L &F | 'A%c *Tayr: :; 20 ¢ ; w
g a a r e WU R :3 - ’ :
o B 5" 2 g 3 e Rz Siman N §
- £ 2 = - E ! s" g;‘.‘ 1Tk IIIIHIIIIIIIIIIIIIIIIIU e
: = -
S |3 5 5 s P 23 s . 2
i H ; 5 = - T IR VARRS 4 o= = e
= | M ® -llllllll-lillml=ﬂlmll 2 2 3 S w0 5 2
8 L o [ T - : ] S E 5 oy
3 AuA 1WA 10uA  18GA  1000KA AMA 14A 10uA 100uA 10004 . 10A  100uA 10 201 T 1 3 2, e | 2
b1 AMPLIFIER BIAS CURRENT (15 5¢) AMPLIFIER 8IAS CURRENT (Iagc) AMPLIFIER BIAS CURRENT (15 gch 1 10 100 1000 1,.A 1uA 10uA  100zA 1000pA oot Y
-~ . > pesk O : - s - DIFFERENTIAL INPUT VOLTAGE (mVps) {5 AMPLIFIER BIAS CURRENT (uA} FREQUENCY (M2}
S| | esk output cumm " Pak Output Voltage and o e S
- W0 T 15

IIllllllm1IIIIIIIII!IIIIIIH
=HHHiIEIﬂHVIIIIIHum-.. 0l

O+15V 0LonF

-
L")
-

PEAK QUTPUT CURRENT (uA)
a3

PEAK OUTPUT VOLTAGE AND
OMMON MODE RANGE (V)
d
LEAKAGE CURRENT (pA)

K
g

-

WA A TOuA 18BA  1800A duA TuA 105 100uA 1000uA  -5O°C -25°C n°czs"csn°c7s°cmn°c| ¥
AMPLIFIER BIAS CURRENT (150) AMPLIFIER BIAS CURRENT (izg¢) AMBIENT TEMPERATURE (TA) 94

-

input Leakege Trmu:onductmco

_ 3 T
s 3 OPEN T a
= ' T TRV a
x — Vs
: A &
) -
3 2 1 x.‘gz; T 1 : s
w = " =
< w 2 FIRTOON 154 .
§ g -55°C; 125" ' 2 L o Al :
Gos 2| S sw ' kil . 5 sant csypenmy o A
[X)
s 2 +25°C : 38V -
~: = = T I = : Q 418V
) = w ' an j
Fq‘?‘ - o -duh WA WuA 198pA  1000uA GiuA JuA 1A .100uA I on
el | INPUT DIFFERENTIAL VOLTAGE _ ;. AMPLIFIER BIASCURRENT (iagg)  _ __ AMPLIFIER BIAS CURRENT (I -
) Amplifier Blas Voitage vs f A~ R S T -
Amglitier Bias cm: L Input and Output Capecitance e Output Resistance < L3888 _
1 ; 71 il T YT
) : - TA=
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LM13600/LM13600A/LM11600A

A

-Linearizing Diodes . .
voltages greater than a few .

@

Circuit Description

The differential transistor pair Q4 and Qs form a
transconductance stage in that the ratio of their

.collector currents is defined by the differential

input voitage according to the transfer func-
tion: X .

: kT '
_:-.Vm=—q_'n;f- S

. where V| is ih_e differential input voltage, KTiq
"..is approximately 26 mV at 25° C and |5 and 14

are the coilector currents of transistors Qs and
Q4 respectively. With the exception of Q3 and
Q13, all transistors and diodes are identical in

"size. Transistors Q1 and Q2 with Diode D1 form

a current mirror which forces the-sum of cur-

rents i4 and I5 to equal IABC;

,.!.(2).

la*l5=lagc

where laogC is the amplifier bias current applied
to the gain pin. S R

P

" For smali difterential input voitages the ratio of

4 and I5 approaches unity and the Taylor series
of the Iin function can be approximated as:

- -

KT " ig © KT lg-1I
T e sty At @
iaBC -

R

I'Aacq
Vin KT =d5-ty

Collector currents l4 and I5 are not very useful
by themseives and it is necessary to subtract
one current from the other. The remaining tran-
sistors and diodes form three current mirrors
that produce an output current equal to |15 minus
I4 thus:

@

T g .
S o

3 ABC . , o
.:.:.:‘f',“.[ ] oy~ 56
e AT T

The term in brackets is then the transconduc-
tance of the amplitier and is proportional to

laBC: i

P ]

For differential
millivolts, Equation 3 becomes less valid and
the transconductance becomes increasingly
nonlinear. Figure 1 demonstrates how the inter-
nal diodes can linearize the transfer function of
the amplifier. For convenience assume the
diodes are biased with current sources and the
input signal is in the form of current Is. Since

“f

e £

g s

4
v

PR

_impedance buffer is a Darlington which3

" lowest value of IagC for which the am plifier will 2

. current requirement, but is somewhat no

o

- Figure 1. Linearizing Diodes

the sum of 14 and Is is IABC and the differenco4
is IQUT, currents I4 and !5 can be written as
foliows:

. lasc _ lour: Jlasc |
4" 2 z ' 5T

Since the diodes and the input transistors have.g
identical geometries and are subject to similar g
voltages and temperatures, the following is{
true: 3

o lagc | lout

. | - -5
kv 25 kr 22
Q "p.lg q " lasc  lout

- 7 2 T 3

. 2ipge Ip
..th'ls( o for IISI < 5

Notice that in deriving Equation 6 nogk
approximations have been made and there are)
no temperature dependent terms. The limitayn
tions are that the signal current not exceed Ip/2%

and that the diodes be biased with currents. in
practice, replacing the current sources with &5
resistors will generate insignificant emors. &

o

Controlled Impedance Buffers’

The upper limit of trans}:bnductance is defined
by the maximum value of 1o8C (2 mA). The -~

function therefore determines the overall 53
dynamic range. At very low values of 1ABC, 8'%
buffer which has very low input bias current 1S §
desirable. A FET follower satisfies th: low input

linear for large voltage swing. The controlled

modifies its input bias current to suit the need-
For low values of IaBC. the buffer's input
current is minimal. At higher leveis of IABC+&
transistor Q3 biases up Q12 with a current pro-
portional to IAgC for fast slew rate.

oo bbb e 1 B

-10-248

: App’li’catlon.sNoltage

' Controlied Amplifiers
| Figure 2 shows how the linearizing diodes can

|
help here by aliowing larger input signails for
the same output distortion as shown by the
Distortion vs. Differential input Voltage graph.

S/IN may be optimized by adjusting the
magnitude of the input signal via RyN (Figure
2)until the output distortion is below some
desired level. The output voltage swing can
then be set at any level by selecting Ry .

be used in a voltage controlled amplifier. To
understand the input biasing, it is best to
consider the 13 KQ rasistor ag a current source
and use a Thevenin equivalent circuit as shown
in Figure 3. This circuit is similar to Figure 1
and Operates the same. The potentiometer in
Figure 2 is adjusted to minimize the effects of
the control signal at the output. .

Although the noise contribution of the lineariz-
ing diodes is negligible relative to the contribu-
tion of the amplifier's internal transistors, ip
should be as large as possible. This minimizes
the dynamic junction resistance of the diodes
{re) and maximizes their linearizing action when
balanced against RiN. A value of 1 mA is recom-
mended for Ip unless the specific application
demands otherwise.

For optimum signal-to-noise performance,
IABC should be as large as possible as shown
by the Output Voltage vs. Amplifier Bias Current
graph. Larger amplitudes of input signal also
improve the S/N ratio. The linearizing diodes

»K

Figure. 2 Voltage Controlied Amplitier

g
1Gn )
— lour -4 |——0lgut - is (Zlnc)
, s g : o
] 1
D:¥ . 02 t|w L1 , .
r (1 as
Arn tis Ry
) 4 &} ac
AR L LT
veu .= T
Vs

+|

Figure 3. Equivalent VCA Input Circuit
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LM13600/LM13600A/LM11600A

f
b

.ereo Volume Control e

The circuit of Figure 4 uses the excellent then the circuit

‘matching of the two LM13800 amplifiers to pro-
vide a Stereo Volume Control with a typical
channel-to-channel gain tracking of 0.3 dB. Rp o
is provided to minimize the output offset ’

voltage and may be replaced with two 5100 i s 0 _
resistors in AC-coupled applications. For the 0 1o Asc! =
component values given, amplifier gain is deriv- E )

if Vg is.ived from a second slgnall ,
becomes an ampiiggs
modulator or two-quadrant muitiplier as .

in Figure 5, where: e OV for ViN2=0OV. R aiso serves as the

-2lg Vin2 Eli (VA'

'

voltage applied at Ry generates a ViN to the
LM13600 which is then muitiplied by the gm of
thevamplifierto produce an output current, thus:

|s current, resulting in a four-quadran(
uitiplier where Rc is trimmed such that

resistor for 1. :

Noting that the gain of the LM13600 amplitier ot 0 e
Figure 3 may be controlled by varying the R+Rp
gneasizing diods current ip as well as by varying Ry =

1ABC: Figure 7 shows an AGC Amplifier using amAa E
ed from Figure2asbeing: = L T = this approach. As Vo reaches a high enough
v . . The constant term in the above equatioHPIEEEsnpiitude (3VBE) to turn on the Darlington tran-
. =0 =840 x Iagc . be cancelled by feeding IS x IDRC/2(V- +1 .4\ sistors and t:e linearizingdiodes, theincrease in }
b ”-Y'N b . 39'10.Tr!e circuit of Figure 6 adds AM to proyds garﬁln:gle.st e amplifier gain so as to hold Vo at where gm ~ 19.2148C at 25°C. Note that the
ERERITEIE SaRER BTN e . < % attenuation of VO by R and Ry is necessasy to
- : : - ’ maintain ViN within the linear range of the
- - Voltage Controlled Resistors LM13600 Input.
‘ An Operationat Transconductance Amplitier Figure 9 shows a similar VCR where the .limat-
{OTA) may be used to implement a Voitage Con- - izing diodes are added, essentially improving the
frolled Resistor as shown in Figure 8. A signal noise performance of the resistor. A floating VCR
° E 39 . .
muv:" A% d
VimQ
Faddin o w==-- . . Figure §. Amplitude Modulator
) i L_,........_.._,_l et . = — '
R p;i;h.‘? m:h ,_:; s . ... Figure 8. Voltage Controlied Resistor, Single-Ended
" N C— b
" nk
[}
. v“
. Y
iy O—y = P—A\—0-15v

T

. Flguu 6. Four-Quadrant Muitiplier 7

e ’0_2‘3 -

Figure 8. Voltage Controlled Resistor With Linearizing Dlodes
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LS

-5V

“apaC ine.Figure 11. Voltage Controlled Low-Pass Fliter i

~15v4

10-250

-5V

-

Figure 12. Voltage Controlled Hi-Pass Filter

-y

Figure 13. Voltage Controlled 2-poie Butterworth Lo-Pass Filter

-0 L0-sa
ayy

Figure 14. Voltage Controlied State Variable Filter

shown in Figure 10, where each “end" of the havinQadvamage that the re: ui'reu' Y re gm is again 19.2 x l.at room tempera- higher order filters as demqnstraleq [+) two-

§ resistor”’ may be at any voltage within the out- are included on the I.C. The VC Lo-anSS Ft:r 2 ,:, F?gu,a 12 shows a VC High-Pass Filter pole Butterworth Lo-Pass Filter of&lg;re 13a"':d
:: put voltage range of the LM13600. . . Figure 11 parforms as a unity-gain buffer gl ich operates in much the same manner, pro- the state variabte filter ot Figure 14. "v:le 10 an:
= - fier at fraquencies balow cut-off, with the ¢y ging a single RC roll-off below the defined cut- excellent gm tracking of the g‘°lf““"’ ns. these

v frequency being the point at which XC/gm equel off frequency. the varied bias of the butfer Darlingio sa f
=l oltage Controiled Filters “the closed-loop gain of (RIRA). At frequanc filters perform well over several decades o
P . - . above cut-off the circuit provides asingle Ry 4ditional amplifiers may be used to implement frequency. :

OTA's are extremely useful for implementing off (6 dB per octave) of the input signal amply : T ' i
§ voltage controlied filters, with the LM13600 with a -3 dB point defined by the given equ e

R . P ets vV
N m wmn . +*15% P
E e + e e
-l s “ (::.s‘) (s HU12008 AR . T T
b v, Teaadutt \ . Py -
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Voltage Controiled Oscillators

The classic Triangular/Square Wave VCO of
Figure 15 is one of a variety of Voltage Controlied
Oscillators which may be built utilizing the
LM13600. With the component values shown,
this oscillator provides signals from 200 kHz to
below 2 Hz as I is varied from 1mA to 10nA. The
output amplitudes are set by 1A x Ra. Note that
the peak differential input voltage must be less
than 5 volts to prevent zenering the inputs.

A few modifications to this circuit produce the
ramp/pulse VCO of Figure 16. When VO3 is high,

H
t

iF is added to I to increase amplifier A1'g blagg
current and thus to increase the charging rate o
capacitor C. When Vp2is low, I goes to Zero ang®
the capacitor discharge current is set by Ic..

The VC Lo-Pass Filter of Figure 11 may be used jge4
produce a high-quality sinusoidal VCO. Theg-
circuit of Figure 18 emplays two LM13600.
packages, with three of the amplifiers configureg:
as lo-pass filters and the fourth as a limitenpd
inverter. The circuitoscillatesat the trequencyag
- which the loop phase-shift is 360° or 180° fort
inverter and 60° per filter stage. This V(i
operates from 5 Hz to 50 kHz with less than 1

THD.

K - Figure 17. SImuoldal vCco

vogelt= 8 VIny
Wiy
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Flgure 18. Single Amplifier VCO

Figure 18 shows how to build a VCO using one
amplifier when the other amplitier is needed for
another function.

Additional Applications

Figure 19 presents aninterasting one-shotwhich
draws no power supply current until it is trig-
gered. A positive-going trigger puise of at least
2V amplitude turns on the amplifier through Rg
and pulls the non-inverting input high. The
amplifier regenerates and latches its output high
until capacitor C charges to the voitage level on
the non-inverting incut. The output then
switches low, turning off the amplifier and

discharging the capacitor. The capacitor

discharge rate is speeded up by shorting the
diode bias pin to the inverting input so that an
additional discharge current flows' through Dy
when the amplitier output switches low. A
special feature of this timer is that the other
amplifier, when biased from VQ, can perform
another function and draw zero stand-by power
as well.

The operation of the muitiplexer of Figure 20 is
very straightforward. When A1 is turned on it
hoids VO equal to ViNy and when A2 is
supplied with bias current then it controls VQ.
Cc and RC serve to stabilize the unity-gain

—=< " hoid-in range and an input sensitivity of nbout

Figure 20. Multipiexer

- configuration of amplitiers A1 and A2. The max-
imum clock rate is limited to about 200 KHz by
the LM13600 slew rate into 150 pF when the
(ViN1-VIN2) differential is at its maximum
allowable value of 5 volts.

The Phase-Locked Loop of Figure 21 uses the
four-quadrant multiplier of Figure 6 and the
‘VCO of Figure 18 to produce a PLL with a £ 5%

300 mVv.

- Figure 21. Phase Lock Loop - .pt<
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”Schmm Trigger of Figure 22 uses the
lifier output current into R to set the

hysteresis of the comparator; thus VH =2 x Rx

600A

¥ .

LM13600/LM13600A/LM11

Figure 22. Schmitt Trigger .

.turned on and off with A1. Pulling the output of-23
. of:

- A2 low through D1 serves to turn off A1 sgt '

’_Vo remalins constant. R .

!Q. Varyin.will produce a Schmitt Trigg
with variable hysteresis. o

Figure 23 shows a Tachometer or Frequency.d
Voltage converter. Whenever A1 is toggled by o
positive-going input, an amount of charge equap
to (VH-VQ) Ct is sourced into Cf and Ry. Thigy
once per cycle charge is then balanced by th-
current of Vo/Rt. The maximum Fyp is limiteq -
by the amount of time required to charge Cj.-
from Vi to Vi with a current of Ig, where vr&
and V4 represent the maximum low and max‘
imum high output voltage swing of the
LM13600. D1 is added to provide a dischargey
path for Ct when At switches low. -

‘The Peak Detector of Figure 24 uses A2 to tyrme
on Al whenever V|N becomes more positivegd
than VQ. A1 then charges storage capacitor C toe
hold Vo equai to ViNPK. One precaution todl
observe when using this circuit: the Dartington ™
transistor used must be on the same side of the-3
package as A2 since the A1 Darlington will bel

hat
Y

el Lk DIt SGOe T e

s X
A had - nk‘i&.ﬂw‘m ~
= A
R ?-ﬁ -
.u‘;‘v',-sp';; Tt

’ T mag -

C §
. Figure 23. Tachometer

e T e

' T
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The Sample-Hold circuit of Figure 25 aiso
requires that the Dartington buffer used be from
the other (A2) haif of the package and that the cor-
responding amplifier be biased on continuously.

‘

The Ramp-and-Hold of Figure 28 sources Ig
into capacitor C whenever the input to At is
brought high, giving a ramp-rate of about iV/m
for the component values shown. oL

The true RMS converter of Figure 27 is essen-
tially an automatic gain control amplifier which
adjusts its gain such that the AC power at the
output of amplifier A1 is constant. The output
power of amplifier A1 is monitored by squaring
amplifier A2 and the average compared to a
reference voltage with amplifier A3. The output
of A3 provides bias current to the diodes of At
. to attenuate the input signal. Because the out-
put power of A1 is heid constant, the RMS value
is constant and the attentuation is directly pro-
portional to the RMS value of the input voitage.
The attenuationis also proportional to the diode
bias current. Amplifier A4 adjusts the ratio of
currents through the diodes to be equal and
therefore the voitage at the output of A4 is pro-
portional to the RMS value of the input voitage.
The calibration potentiometer is set such that
VO reads directly in RMS voits.

[ d
uw

T e e

ve

Figure 21 True RMS Converter
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LM13600/LM13600A/LM11600A

.e circuit of Figure 28 is a voitage referance of

variable Temperature Coefficient. The 100 KQ
potentiometer adjusts.the output voltage which
has a positive TC above. 1.2 volts, zero TC at
about 1.2 volts and negative TC below 1.2 voits.
This is accomplished by balancing the TC of
the A2 transter function against the com-
plementary TC-of D1. . .

The log amplifier of Figure 29 responds to the
ratio of current through buffer transistors Q3
and Q4. Zero temperature dependence for VoyT
iS ensured in that the TC of the A2 transfer func-
tion is equal and opposite to the TC ot the Iog-
ging transistors Q3 and Q4.

The wude dynamic range of the LM13600 allows
easy control of the output puise width in the
Puise Width Modulator ot Figure 30.

For generating iABC over a range of 4 to 6
decades of cufrent, the system of Figure 31 pro-
vides a logarithmic current out tor a linear
voltage in. we .

R

Since the closed-loop conﬁguration ensures

" put current of A1 is equal to I3 = - VC/RG. .

e

v

that the input 10 A2 is heid equal to Oy, the out- . A
7 dependent stereo attenuation characteristic.

attenuated by the R1,R2 network so that A1
be assumed to be operating within its {in,

Is: -2KTI3  2KTvg

-ql2 - al2Rc

ViNg =

The voitage on the base of Q1 is then
(R1+R2} ViNt

A: R

wele b e

Combmmg and solvmg for IABC yields:

.3

2{R1+R2) V¢
sz 1ABC = e RIIZRC

This logarithmic current can be used to bias the®

circuit of Figure 4 to provide temperature i

¥ Figure 20. Log Amplifier

Lavg-12v mg g
Ry + RJ (Rg

range. From equation (5), the input voltaga tod

PN B2 P

RSN PRRTY | T )

g

cLOCK 1% o—“-J\N‘v
[T

~AAA,
V

1 e sy
-
Figure 30. Puise Width Modulator

“e v
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Naticgl

Semiconductlor
LM555/LM555C Timer

General Description
The LM555 is a highly stable device for ge ing

" Industrial gcks

Adi ble duty cydl-

accurate time delays or oscillation. Additional terminals
are provided for triggering or resetting if desired. In the
time delay mode of operation, the time is precisely con-
trolied by one external resistor and capacitor. For astable
operation as an oscillator, the fres running frequency and
duty cycie are accurately controlled with two exteenat

Output can source or sink 200 mA

Output and supply TTL compatible

Temperature stability better than 0.005% per C
N Hy on and iy off output

resistors and one capacitor. The circuit may be triggered Applications
and reset on falling waveforms, and the output circuit C . Lt — R i
can source or sink up to 200 mA or drive TTL circuits. & Precision timing
® Pulse generation .
® Sequential timing
Featums 8 Time delay generation
® Direct replacement for SES55/NESSS 8 Puise width moduiation .
® Timing from microseconds through hours & Pulse position modulation
® Operates in both astable and monostable modes ® Linear ramp generator
Schematic Diagram ) ’ .
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LM555/LM555C

Appli’ms Information
MONOSTAULE OPERATION -

In this mode of operation, the timer functions as a
oneshot (Figure 1)..The external capacitor is initially
held discharged by a transistor inside the timer. Upon ap-
plication of a negative trigger pulse of less than 1/3 V¢

to pin 2, the flip-flop is set which both releases the short
circuit across the capacitor and drives the output high.

VTV
REsET p—0 ¥
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s T'“ .
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outeut . veuragt _J
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" FIGURE 1. Monastable

The voltage.across the capacitor then increases exponan-
tially for a period of t = 1.1 R, C, at the end of which

-—-tima the voltage equals-2/3- Vo . The comparator then

resats the flip-flop which in turn discharges the capacitor
and drives the output to its.low state. Figure 2 shows
the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.

I I
v o
\
Vog oW . Yoo Touma: bapet SO0
M eRtewsry. | MO0 Tra vt .
St Rgeang e Tma Gyt Vomp PN
B R I N

FIGURE 2. Monostable Wavetorms

Ouring the timing cycle when the output is high, the
further application of & trigger pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a negative pulse to the reset

terminal (pin 4). The output will then remain in the low

state until a trigger puise is again applied.
When the reset function is not in use, it is recommended

* that it be connected to Ve to avoid any possibility of .

false tnmmq.

“driven m¢| before the end of tumng cyclo. o

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pm: 2
"and 8 connected) it will trigger itself and fr]\u unasas

T R
. - ) ?‘-“ Wy, A/ A e
N NEY4U44
Y, &
LT
\ I w / ‘/j ;‘/
4444 )
™
| 10s1te e Ban i00me 1t 10 10 .
=t DT g -Tmtonay .
P L

mulnv:brator The external capacitor charges through
Ra + Ry and discharges through Rg. Thus the duty
. w. Cycle may be. precisaly sat by v.ha ratio of these two

s FESISTONS. 108 FATTP Y . 3

—0 W

. - b J——-a D PR
2 .
::" ] H
N . - > -
. b3
r‘.\ e .
e N
- 1 [ Bt T
S ' -l
< Ium
. IR FIGURE 4. Astable - .

.- dn mu moda of operation, the capacltor charges and
- discharges between 1/3 Ve and 2/3 Vc. As in the
triggered mode, the charge and discharge times, and there-

fore the fi are ingd of the sunplv voitage.

Y P

Figure 5 shows the w-veforms generated in !ms mode
', of operation. =

e 4
R I

Tap Trose: Gutput 5¥/Bin.
Somun Trane: Copmmes Vebiugs V¥/iin.

L e s

TUT Betsnr

FIGURE 6. Astable Wavelorms
3

e

t2 =0.693 (Rg) C

_Th;;tn t‘o;nllponod is:
cam-Toty +4, 206893 (R, +2R3)C . . -

RS SN a

Applications Ir.nation (Continued)

Tho frequency of oscillation is:

1 144
R —
-~ ~T. {Ra +2Rg)C

Figure 6§ may be used for quick determination of these
AC values.

R " Ra
The duty cycle is: 0=
) . . Rat2Ry

&
7\7'/7/'
s WV

[1]

w
Ry v 2R \
P L - N

. 1 w 100 LI )
1~ FREE-MUNMNG FREQUENCY (He -

€ — CAPACITANCE (uF)

FIGURE 6. Fres Runming Frequency

FREQUENCYDIVIDER . = . . o0 o . . -

The mononabic circuit of Fl’l" 1 can be used as a
by adj g the length of the timing

cycle. F/gwn 7 shows the miorms generated in 2
divide by three circuit.

11 TP frE [l
it L
I
]
| =8N

Vee » SV Top Tromm tngut $V/w
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FIGURE 7. Froquency Divides - - . - - -

PULSE WIDTH MODULATOR

When the timer is d in the ble mode
and triggered with a continuous pulse train, the output
puiss width can be modulated by a signal applied to pin
5. Figure 8 shows the circuit, sand in FlguaSnsomc

waveform exampies. .. car . .
ee
11 o
‘ * [SCHARGSE "
TARER O——41 r
T jERRESNOLO At
-wumj
SUTE Ot} [1 o] -t

FIGURE 8. Puiss Width Moduiatar
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., FIGURE 9. Puise Width Mavuiemr
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PULSE POSITION MODULATOR - B

This application uses the timer connectsd for astable
operation, as in Figure 10, wnh s muﬂmnn signal
again lied to the ) wmal. The pulss
position varies with the modulmlgs“ since the
threshold voitage and hence the time deley is varied.

Figure 11 shows the forms o d for a triangk
wave modulstion signal, ) N -
= — »Yeg —
>
£ -
2 ?
2
il )

FIGURE 10. Puise Position Medulsses - .
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_ FIGURE 11. Pulse Position Moduletsr

LINEAR RAMP

When the pullup resistor, R, , in the monostable circuit
is rep by a source, a linear ramp is

DGSSINT/SSSINT
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LM555/LM555C

Appli‘ns' Information (continuea)

generated. Figure 12 shows a circuit configuration that
will perform this function..

..... ~)

T Ranie G FIGURE 12, ol s

Figure 13 shows waveforms generamd by the linear ramp.

The time interval isgiven by:. - .. " .. .l% e
Lou ’.’T-‘levcc Re (Ry+Ry)C: & - .

» By Vec ~Vag (RBy "Rz) N
e OBV oo e

FIGURE 13. Linesr Ramep

§0% DUTY CYCLE OSCILLATOR

For 3 50% duty cycle, the resistons R, and Rg may be
connectsd a3 in Fiwr_- 14. The time period for the out-

T g

. v maw
L’“m ;- e

P -

e omw

R P . -y

B PC W S

Wi ¥eT il

BUTUE T

put high is the same as previous, t; = 0.693 R, C.
For the output low it is tp =

[(Ra RgMRa + Roll CLn |D22Ra
T [Rez2Ra
a RaHiR, + Ry 2Rg —Ra

Thus the frequency of oscillation is =

Htty .
s .
A O *¥ec
o .
e b3
I m
H R | VA
. [T S|
.
T Oy T T Ty R
: l g
[' uu.vl
e e r—

FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater
than 1/2 R, because the junction of R, and Rg cannot
bring pin 2 down ta 1/3 Vcc and trigger the lower
comparator. .

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary 1o protect
associated circuitry. Minimum recommended is 0_1uF in
parallel with 1uF electrolytic. -~ - ...

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This
limits the monostsble pulse width to 10us minimum.

Delay time reset 1o output is 0.47us typical. Minimum
resat puise width must be 0.3us, typical.

Pin 7 cusrent switches within 30 as o( the output
(pin 3) voltage.
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Semiconductor
LM556/LM556C Dual Timer

General Description

The LMS556 Dual timing circuit is .a highly stable
controfler capable of producing accurate time delays
or oscillation. The 556 is a dual 555. Timing is provided
by an external resistor and capacitor for each timing
function. The two timers operate independently of each
other sharing only Ve and ground. The circuits may be
triggered and reset on falling waveforms. The output
structures may sink or source 200 mA.

Features

® Direct replacement for SES56/NE5S56

& Timing from microseconds thraugh hours

% Operates in both astable and monostable maodes
& Replaces two 555 timers

“Applications

Industrial Ms

TR
8 Adjustable duty cycle !
= Qutput can source or sink 200 mA
® Qutput and supply TTL compatible :
® Temperature stability better than 0. 005% C.

_® Normaily on and normalfy off cutput

® Precision timing e -
® Pulse generation

= Sequential timing .
@ Time delay generation U
8 Pulse width moduiation A
& Pulse position modulation 2
8 Linear ramp generator

Schematic Diagram
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1 4 [ a? (1]
a@s o o p——0 oyTPUT
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s (L1 i I y y
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Tongsm.  cONTROL

Yoo (NICMARGE OL0  VOLTAGE AESEY  OUTRUT  TRIGRER
1 13 ] 1] " 3 [
!
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i
ECR I J1% . 3L L c I t -2 a3ty
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0
}
Bk O 3 . s . ’

Saesnn SNCEARES TWRENS. CONTIRR ACHEY MTRUT  TRISSER s

Ocrder Number LMBS6CN
Ses NS Package N14A
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Operaiionai Anwiiiieis

- potentiometer. A 5-megohm potentiometer

CA741, CA747, CA748, CA1158, CA1558 Types

The RCA-CA1458, CA1558 (dual types); CA741C, CA741
(single-types); CA747C, CA747 (dual types); and CA748C,
CA748 (single types) are general-purpose, high-gain
operational amplifiers for use in military, industrial, and
commercial applications. .

These monolithic silicon integrated-circuit devices provide
output short-circuit protection and latch-free operation.
These types aiso feature wide common-mode and
differential-mode signai fanges and have low-offset voltage
nulling capability when used with an appropriately valued
is used for
offset nulling types CA748C, CA748 (See Fig. 10); a 10-
kilohm potentiometer is used for offset nulling types
CA741C, CA741, CATA7CE, CATATE {See Fig.9);and types
CA1458, CA1558, CA747CT, have no specific terminals for
offset nuiling. Each type consists of a differential-input
amplifier that efectively drives a gain and level-shifting
stage having a complementary emitter-follower output.

Oprerational Amplifiers .
Ay
h 1 . ; High-Gain Single and Duai Operational Amplifiers
{ For Military, industrial and Commerical Applications
(E Sutfix) (T Suthix) /
8-LEAD DIP 8-LEAD -
(MINI-DIP) TO-5
H-1817 H-1528
%‘, Features: Applications:
: 8 Input bias current (all types): L Compala'tgr
(E Suthx) gLsEuA'gx, 500 nA max. ® DC amplitier )
14-LEAD DIP Y05 ® Input offset current (all types): . Lﬂe”g'rqgor'or differentiator
H-1517 (DIL-CAN) 20V nA max. L} ultivibrator )
H-1787 ® Narrow-band or band-pass .'ilter
8 Summing amplitier

This operational amplifier line also offers the circuit designer

the option of operation with internal or external phase
compensation.

Types CA748C and CA748, which are externally phase
compensated (terminals 1 and 8) permit a choice of
operation for improved bandwidth and siew-rate
capabilities. Unity gain with external phase compensation
can be obtained with a single 30-pF capacitor. Ali the other
types are internaily phase-compensated. .

RCA’s manufacturing process make it possibie to produce
IC operational amplifiers with low-burst {"popcorn”) noise
characteris‘tici Type CA6741, a low-noise version of the
CA741, gives limit specifications for burst noise in the data
bulletin, File No. 530. Contact your RCA Sales
Representative for information pertinent to other

operational amplifier types that meet low-burst noise
specifications.

RCA No.of | Phase Otfset Voltage Min. | Max. Vio Opouﬁng-‘l’cn;punuu
Typs No. Ampl. | Comp. Null AgL| (mv) Range ('C)
CA1458 dual int. no 20k 6 0to +70%
CA1558 duai int, no S0k 5 =55 10 +125
CA741C single int, ves 20k 6 0 to +70*
_ - | CAIA single int. yes . 50k 5 —55 to +125
T CA747C | dual int, ~yes* 20k | 6 010 +704
. i CA747 duai int. yes* 50k 5 ~55 10 +125
CA748C singie ext. yes 20k 6 0 to +70*
CA748 single ext. . [/ yes S0k [ ~5510 +125

" ®In'the 14-tead duat-in-ine plastic peckage only.

" “All types in any packa:
altholgh the published limits for certain electri
ture range of 0.to +70°C.

ge style can be operated over the temperature range of -‘55 to +125°C,
cal specifications apply only over the tempera-

ORDERING INFORMATION

When ordering any of these types, it is important that the appropriate suffix |.e(ter fq thr:e
package required be affixed to the type number. For example: If a CA1458 in a straigl

lead TO-5 style package is desired, order CA1458T.

PACKAGE TYPE AND SUFFIX LETTER
TYPE NO. T0-5 PLASTIC CHIP [BEAM-| FIG. NO.
STYLE LEAD
8L 0L olL- 8L 14L
CAN _
CA1458 T S E " H 1d, 1h
d, 1h
CA1558 T S E 1
CA741C T S - E H 1a, 1e
CA741 T S E t 1a, le
CA747C T E H 1b, 1t
- 1b, 1t
CAT4T
CA748C T S E H ic, 1g
1c, 1
CA748 g9

MAXIMUM RATINGS, Absolute-Maximum Values at Ty = 25°C:

DC Supply Voltage (between V* and V™ terminals): sy
CA741C, CA747C*, CAT48C, CA1458% . wy
CA741, CA747%, CA” 48, CA1558* . oodd

Differential input Volta e . v

OC Input Voltage® . , . . indotimite

Output Short-Circuit Duration.

Device Dissipation: 500 mW
Up ta 70°C (CA741C, CA748C) 500 i
Upto 75°C (CA?41 CAT48) . S0 m

‘ Upto 30°C (CAT47) o
Up to 25°C (CAT47C} . ooty
Up 10 30°C (CA1558) . o
Up to 25°C (CA1458) .

For Temperatures indicated Above . . . . . . . . .. .
Voltage between Offset Null and V™ {(CAT41C, CA741, CA747CE} .
Ambient Temperature Range:
Operating — CA741, CA747E, CA748, CA1558. .
CA741C, CA747C, CAT48C, CA1458 .
Storage . . . . . . . . . ..
Lead Temgperature {During Soldering) :

Derate linearly 6.67 mWIOC

At distance 1/16 £ 1/32 inch (1.59 * 0.79 mm) from case for 10 seconds max.

05V

—55 to +125 °C
>
01w +70 Ct

—65 10 +150 °C ~

. 266 °C

* if Supply Voitage is less than £ 15 volts, the Absoiute Maximum Input Voltage is equal to the Supply Volit-

age. . B
4 Voltage values apply for each of the dual operational amplifiers.

1l types in any package style can be operated over ti ul bt . although the
tAu ! be ed he temperature range of —55 to +125°C, alth
ish mits f rtain electrical fi n: 1 1l h (]
published limits for certain elect: specifications apply anly over the temperature range of 0 to +70°C.

CA741, CA747, CA748, CA1458, CASES Types

38
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- Linear Integrated Circuits = L o L - : - Operational Ampiifiers
CA741, cn. CA748, CA1458, CA1558 Types - . ) “CA741, CA747, CAT48, CA1458, CI.ss Types
TOP \ €w
B N _TAB O cnnauumu "\
-
ouvmvl ;0. vpur - . yo 4]
. NVERTNG
v* i v¢m ’ T . % : : o
oot - o o . o
0 . 73] (o) - 0N - INVERTING A
T ~ won-mv (4) O " ‘ : " s %2
WOTE 214 15 COMECTED TO ’ Ut (4) ) Ut 3 1 pu.. [
e ) ’ e Hh o4 n &
2¢3- Ma2rms PrasE T3x \ ouTRuY
15.—CA741CS,CA74ICT,CA741S, & . : Comrtnsation W A — ’
CA741T with internal phase . 16.-CA747CT and CAzaIT with Oy : el [
compancation. . / phase D OFFSET MLt o
: - / | { i
! X L . o : i t s 1 . .
Qg L3 Oy 9y } [
ToP vEEW . . o, .
. e o 1ae : or ew ‘, 1.
INPUT (&) ) 32 i A Pl SN
OFFSET . 0 OUTPUT (A) . . m 0K "w %)l Q30N < 80
ueL INPUTIA) 4 ~@v-
oy ‘ s ALL REJISTANCE VALUES AAE e OWMS
NPUT (&) oureur v Yoy v* _ . srcu-ipan -
) X i 8
:f:‘;;w OFFSET ?::n'nv ©; TAB . ! Fig.2—Sch ic diagram of op ional lifier with external phase (;
NULL . uT B mv OUTPUT (B) . compensation for CA748C and CA748 &
- INPUTIE) ' : g
NOTE: PIN 4 1S CONRECTED TO CASE P g
ICI-14T8 - 3‘
. 3
1c.—CA748CS, CA748CT,CA748s, 1d.-CA1458S,CA1458T,CA1558S, . B,
- and CA748T with external ’ and CA1558T and internal g ﬁ_\
phase compensation. phase compensation. 3
N . ~ &
Tor viEw -?‘
. ) : 5
. i . 2
- e - . . - . B
T wetw(O— _in . 3 o g
o - o o BT ]
orFseT maL (D— e e in ~ F—@)vew . v !F A r ‘J o
4 eyt 's
OFFSET ! %0
v o ve uun@'—' oulv",uv O ]\ ]
NPUT E
A Ad : ’——- .._( ) . p
"ot @ ading! OFFSET . MO - WVERTING ) * 300¢ N * 4
frmO— batiad) ot Ta 1 o 4
o e - . ' : - N . :
. . T SO A /I H“‘ ) z: 8
TOP VIEW - N - 04| m 5
923 wa2e e
: . K i3
16.-CA741C and CA741E with 11.-CA747CE and CA747E wllh . s Lln g
L. ph, P " o P phASO P . 1N 50 . . )
TTTT T e - S B H. . B 1 B e 5 Km _
’ E . [ ST ] . ! [ ay 0, 9. et T
T e o st oureur ) ©— oy - o oer s P '
L f R M\Q—_ PR
- o] w! o A N O ! X ot ?' S SNS.S 3 S S su . > i
5 - - nv. . : i Ov-
.07."'1“ TPUT . m;‘;) - @ INPUT (8) B . ALL RESISTANCE VALUES Aﬂt I ONMS - SEE FUNCTIONAL DUAGAAM FOR TERMINAL Ov
o ‘ BUNBERS WIS’(C'N( TYPE WUMSERS LM—e33
OFF3EY - NOWN - TNV - K -
oL v (O INPUT (8) Fig.3—Sch ic di of op { amplifi wam | phase jon for CA241C,
TP viEw CA741, and for each amphﬂar of the CA747C, CA747, CA1458, and CA1558.
= T wacs-7Ive © LT T . e 228 - 23013 . | L. - . -
; . - -4 . LT - .- . em . -
19. -CA7JBCE and CAT48E with th. —CANSGE and CA1558E w:m !
oxrornal phlla compon- { phase P E
e T - sation. - B Le - e -] N .
- ) . .. v . v ) \ ~ e
. Fig. 1 — Functional diagrams.’ . . _ ) . - - - ST
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-Inear Integrated Circuits : . ) h T ' ' .
t . Operatlompllﬂers
CAZ41, CA CA748, CA1458, CA1558 Types : i 8. CA1458. CA1558 Types
ELECTRICAL CHARACTERISTICS ’ CA741 ' CA747’ CA74 ! ' yp
" Typical Values Intended Only for Design Guidance . ELECTRICAL CHARACTERISTICS -
X TEST TYP. For Equipment Design
CHARACTERISTIC CONDITIONS VALUES UNITS TEST CONDITICNS LIMITS
V=215V ¢ | ALL TYPES : Supply Voltage, CA741
Input Capacitance, C, 14 oF . ' V=15V, CA747*
8 CHARACTERISTIC —=_15V UNITS
Offset Voltage : v o CA748 .
Adjustment Range . : £15 mv . Arbient . CA1558
Output Resistance, R 75 Q ' Temperature, TA | min. | Typ. | Max.
Output Short-Circuit C . s 25°C - 1 5
put Short-Circuit Current 25 mA Input Offset Voltage, V|g | Rg = < 10kQ = i
- — St +125°C | - 1 6
Transient R;sponse: Unity gain 250 ~ 20 200
ise Time, t. V) =20 mv 0.3 Hs ° A l
Overshoot R =2kQ 5 % . Input Offset Current, lig -55°C - 85 500 | nf
C <100 pF +125°C . - 7 200
Slew Rate, SR: . 25°C - 80 500 -
Closed-| 3 . g
osedloop Ry > 2kQ 05 Vius fnput Bias Current, g _55°C — | 300 [1s00| na 8
Open-oop . 40 : : +125°C - 30 500 3
4 Open-ioop siew rate applies only for types CA748C and CA748. MQ E
’ Input Resistance, Ry 0.3 2 - g
ELECTRICAL CHARACTERISTICS R : oo . Open-Loop Differential | Ry >2kQ 25°C 50,000 | 200000 | - g
For Equipment Design ' : : ~ Voltage Gain, Ag Vo=t10V [ g510+125°C | 25000) - - o B
LIMITS . 2
TEST CONDITIONS Common-Mode Input _s6w0+125°C | 12 | 113 | — | v 3
CA741C R 510 3
Supply Voltage, . Voltage Range, VICR | §
| cHARAC TERISTIC vi=15y, - CA747C UNITS . g
S .- . - V-=_15V Ambient CA748C Common-Mode Rg<10kQ |-55t0+125 °c 70 90 - 4B - . £
Temperature, Ty CA1458* Rejection Ratio , CMRR s
- g
, Min. Typ. |Max. Supply Voltage crR Rg<10kR |-55t0 +125 °c _ ‘3 150 |uv/v e
i Ratio, P 5
Input Oitaet Voltage, [ Rg=<10kQ2 L = 2 {8 v R e R, 10kl |-5510+126°C | =12 | *1a p
B —55to * + - ¢
Vio 0t070°C - - s Output Voltage L v g
a . ° + — B
Input Offset Current, , 5 C - | 2 fw0f Swing, Vopp - [r >2ka |-sst0+125°Cc | 10 [ 013 A i
1 0t 70°C . - - s . g
’ - S 3% 25 °C - 1.7 2.8 g
Input Bias Current, 25 (: - | 80 [500 oA Supply Current, 1% -55°C - 2 33| mA é
i 010 70°C - - 800 ' +125°C - 15 | 28 6
-- = = -~ =] Input Resistance, R} "- - el 0.3 2 - | ma z . . N - 25°C - — 50 85
Open-Loop Differential | Ry >2k2 25°¢C 20,000 | 200,000| - . Device Dissipation, P -55°C - 60 |-100] mW|l ,
Voltage Gain, Ag| Vo =110 V1 010 70°C soo0] - | < 4 ‘ +125°C - 45 75| - 4
Common-Mode Input i ° . N * Values apply for each section of the dual amplitiess. . |
Voltage Range, V|cR %B°C 12 13- f - v : !
CommonMode | " U | : e nees R o T T s viibenaront v ||
Rejection Ratio, CMRR| 'S 5°C 70 f 9% [- |daB lg ESuEsHRI T R
-~ .| supply-Voltage . . I Y O ; i |F =z smanis ii g
Rejection Ratic;, PSRR | 15 < 10k »°C = | 30 |150 juviv : § § HECNO T L-ﬂ 5
T : ] 5 T T i "
‘ R >10kQ 25°C 12 | one | - : M ¢ - :
Gutput Voltage Swing, L - PP 3 3 $ 57 -
o ome | py»2ke . c 10 | 013 | = | v s 3 :E e
bt 01070°C 00 | @13 | - Faasisa i -
- - ) t ° . ) i I jul -
T Supply Current, | 25°C - 1.7 1281 mA .3 o . = ) 1 H . + He
oo Device Dissipation, Pp 25°C - 50 85 mwW - : ummY v Ts tve vy e : FAEUENCY (1h—+a * o -
. - . - ¥ Fig.4—Open-ioop voitage gain vs. supply voltage for ' Fig.5—0pen-ioop voitage gain vs. frequency for all
Vatues aPply for each section of the dual ampiifiers. . 8ll types except CA748 and CA748C. - types except CA748 and CA748C.
- 43




- Linear lntégra

Clréuits ‘
CA741, CATP, CA748_, CA1458, CA1558 Types

T AvestnT (Tg)e28%C

T
T

TTT1] AMBENT TEMPERATURE (Tole28°C
H3 Loao 220

2 I
g2 . 'S
§ 2
8 E
¢ g
s g o
; : s
i FH + 3 "
fHH : ¢
Suna % 1 X
s i} } i
T 3
© s . o 0 -] o
OC supeLY ‘@Jl vty ) OC sureLY ﬂ.ﬂ Wiy
. . 22cs-170rm R sEcs-irezrm
Fig.6~Common-mode input voltage range vs. supply Fig.7—Peak-to-peak output voltage vs. supply volt-
voitage for all types. !

age for all types except CA748 and CA748C.

INVERTING
INFUTY

BC SUPRLY VIRTS (V* + 3, ¥ 43
AMpNT TUMPIRATURE {Tyle 29°C
LOAD CAPITANCE (€1 ) 100 o

SOUTPUT MLLIVOLTS Swp!

° os. 0 3

e — gy

T L2 22c8- 1942002

‘wcsasrarm ’
Fig.9--Voltage ofiset null circuit lor CA741C,
CA741, CA747CE, and CA747E.

Fig.8—0utput voltage vs. transient response time for
- CA741Cand CA741.

INVERTING
inPuY

OUTPUT

HOM- IYERT (NG
INPUT
O

S2C3-1942302

. 92CS-16746
Fig.10—Volitage-offset null circuit for CA748C and

CA248. Fig.11—Transient response tast circuit for all types.
. ! - . .

RTETI

'Operatignf\mpliﬁers

CA741, CA747, CA748, CA1458, CA™S558 Types
CHIP PHOTOS '

C Dimensions and Pad Layouts

20 30 40 50 6064
[ D L .

- 54-62
30~ . L= l372-157%)

CA741CH

__a-i0
0102-0254) _
5i-69

11.543-1.753) R

CA747CH

(0.102-0.254) |

101-109 {
I (2.565-2.768)

NOTE: NOS. IN PADS ARE FOR 10-LEAD TO-5
NOS. OUTSIDE OF CHIP ARE FOR 14-LEAD DIP

92CM~ 33260

52-60
(1.321-1.524)

Bl sa-s2  30-F
(1372-1.574)

o~ —_—

. | 4-10 R
. 1 ‘ (0.102-0.254) . ‘

= 4-10 R 101-109
_1 I (0.102-0.254) l i (2.565-2.768) |
61-69 - - - c - ¥ 92cs-3326%
{ (1.549-1.752) | .
92¢S-3326)
CA748CH : :

CA1456H ~

Dimensions in parenthesas are in millimeters and are
derived from the basic inch dimensions as indicated. - - -
Grid graduations are in mils (10~ inch).
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. . Operationa! Amplifiers

CA080, Ca081, CA082, CA083, ()84 Series

BiMOS Operaional Amplifiers
With MOS/FET Input, Composite Bipolar/MOS Output
| P
(¥ Sutiix) Single Amplifier: CA0B0, CA081 .
(E Suffix) 8-LEAD Dual Amplifier: CA082, CA083
8-LEAD TO-5 H-1528 Quad Ampiifler: CA084
(MINI-DIP) ~ :
H-1517 ] atures:
lg. Poatures: .
/- \~; s Very low input bias and offset currents
/J \ ® input impedance typically 1.5 x 1012 0}
(S Suffix) s Low input offset voltage
KN 8-LEAD »  Wide common-mcde input voltage range -
» Low power consumption
(€ Sutfix) TO-5 w Fast siew rate
14-LEAC D'7P- (DIL-CAM) = Unity-gain bandwidth = 5 MHz (typ.)
L) - s Wide output voitage swing

The RCA-CA080, CA081, CA082, CA083, and CA084 BiMOS
operational amplifiers combine the advantages of MOS and
bipolar transistors on the same monolithic chip. The gate-
protected MOS/FET (PMQS) input transistors provide high
input impedance and a wide common-mode input voltage
range. The bipolar and MOS output transistors allow a wide
output voitage swing and provide a high output current
capability.

Package Selection Chart

a [ ow distortion
w  Continuous short circuit protection

- & Direct replacement for industry type TL0O8O series in

most applications

Applications:

Inverters

High-Q notch filters

IC preampilifiers

Unity Gain Absolute Value Amplifiars
Sample and hold amplitiers

Active filters

Package Type & Sutfix The CAO080 is externally phase-compensated, and the
, CA082, CAOB3, and. CA084 are internally phase-

Type No. | BLTO-5 | DIL-CAN | Minl-DIP | 14L DIP S:moﬁ:angateg. All types except the CA082 have p:loeisions
CA080 T S E tor external offset.nulling. .
CA080A T S E The CA080, CA081, CA082, CA083, and CA0B4 are available
CA080B E in chip form (H Suffix).
CA0B0C T S
CAOB1 T S E Operating Temperature Ranges:
CAGB1A T S E -55 10 +125°C 010+70°C
CA0818 E - -
CA081C T S CA080T, CA080S CAO080CT, CA0BOCS
CA082 T S 3 CAOQBOAT, CAOB0AS CAO80BE
CAO82A T S E CA081T, CA081S CAO081CT, CA081CS
CA082B ] E © CAOB1AT, CAQ81AS CAOBI_BE- C -
CA082C T S CAO082T, CA082S - CA082CT, CA082CS
CA083 E CA0B2AT, CA082AS CA082BE
CAOB3A E CA083BE, CAO83AE
CA0838 3 CA083BE
CA084 E CA084, CAOB4AE
CAD84A E - CAO084BE
CA0848 E

© Del documento, los autores. Digitalizacion realizada por ULPEC. Biblinteca Usiversitaria. 2008




Liugan mluLaied LIrcuis

CAO080, C.~Q81, CA0B2, CA083, CAOB4 Series

MAXIMUM RAT , Absalute Maximum Values:

INPUT CURRENT .t iviiieeeeeanens
OUTPUT SHORT-CIRCUIT DURATION ..o oo
POWER DISSIPATION, Po:

At Ta = 25°C:
ESutfix....oooovviiiiiiiiiiiiiiin,
T St 625 mwW
Derating Factors: SRR b e et i et a st re et eanres 680 mwW
ni:l_,gl:mp ................................................................. .. Jerate linearly at 6.67 mW/*C above 56°C
ToLoadIP...-- ....................................................... Jerate Iinearly at 6.67 mW/°C above 56°C
AMBIO T TEMPERATURE RANGE, T i eieeiiraarieaieaaes Lerate linearly at 6.67 mW/°C above 56°C
CT,.CS. E, SUtfiXes ......ovvevriioneeninnennennns
TS g 8 e ................................................................. Oto +70°C
STORAGE TEMPERATURE RANGE, ALL TvPES - - T [POUN ... -55t0 +125:C
LEAD TEMPERATURE (DURING SOLDERING), | 117" irsmmmsmmsmm s e 55 to +150°C
At distance 1/16 1+ 1/32 (1.59 + 0.79 mm) from case for 10 seconds max. ....... SOTUURTRRI eireiiaeaaa, +265°C

The output may be shorted to ground or either supply if the maximum temperature and dissipation ratings are observed,

A—--A.‘A—"‘" 3 wenilifiare
A

—plidtien-

. P any € AR
CADB0, CADB1, CADB2, CA083, Cgid Serles
TQ Instruments-to-RCA Package Sutfix Cross Reference Chart
. RCA
Texas Insfruments
Suffix ~ Description

Sarttix Description —
“ACIG c"&TnE:ﬁL AS DILCAN TO§

ACL 1056 A ‘;‘06“0 DIL

ACN Plastic DIL ‘:E H::tlc DIL

ACP Prastic DIL DILCAN TO5

CJG Ceramic DiL cs

& 105 - ;o-s“c DIL

CN Plastic DIL - E P|::tlc DiL

cP Prastic DIL ~ DILCAN TOS

WG Ceramic DiL. $ 105

L 105 E DILCAN TO5

1] Plastic OIL - LCAN TO-5

MIG Ceramic DIL s ol

vy 105 T TO-5

L 105 AT TO-5

BCP Piastic DIL BE Piastic DIL

PHASE TOP VIEW
COMPENSATION. TAD INV- N
INPUT (&) )
TPUT (Al
oggetr e 20

fizada por ULPEC. Biblioteca Universitaria, 2008

NON-INV."3 7,
. R INPUT NULL INPUT (B) (& outPuTI®) -
Al 3 = Y - ) WY -
se b Ae NOTE: PIN 4 (S CONNECTED TO CASE v . mpur(fi N
¢ TOP VIEW NOTE: PIN 4 1S CONNECTED TO CAS| :
ole 9 a2¢5- 23998 TOP VIEW
010 Ol 1/{ & 92Cs-3088
a7 p
[ 8.
' i Q20 021 CAQ80 $A§8§1 Hixes - $,A g Szumlci s
x> T, S Suitixes 135U 5
W ki
INV. RI7 5
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NON -~ INV.
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- . Yoz INPUT (8)
Y § ! Qi ToP VIEW s2c3- 33187 YO VIEW
! ! 92C8- 230!?
- ! - ! ! P Ri8
] \ >30 24K ) .
! cA082
1 CA081 -
n Srs ) ! CAcs0 € Sutfix E Suftix
\ T 13 I I o7 E Suffix
‘ ! l 3 » outpuTs @1 - (@ outeut 4
- ! ° t y 7' ToP VIEW e
Ctb = 5pF (CAO80) . EG 1
OFFSET —(am
oérszf C1b » HpF (cA0BE) 6uu?f/s“ & coupensation ‘g wrormQ =13 19 NULL (A} et @ .
NULL CONPENSATION v priviiens + vl o O L @ Bora
22CM- 324842 NPY ouTeuT
. OFFSET (3) i2 @ v
i NULL (A) : n(:, v @ o
- - 1 v ) POS
| it ® " 2 -8 s
g 1 - ic di @Ns, Lo
_ . o Fig. 1 - Schematic diagram of the CA080, wos . () - %) yhe NS L@ nes
CA081, CACS2, CA0S3, and CAD84. WPUT(E) e S oreser o,
. A N {3 oUTP
Mm@ UL ourut 2(D @ovtrers
" - : : 2203-19428 - o PR
- : ) - - - « . CA083 B - - c:;;':" .32c3-24200M . —
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Linear Integrated Circuits - L o

CA08o, CAﬁAosz, CAO083, CAO84 Series

TYPICAL OPERATIMG CHARACTERISTICS at
VE =15V, TA = 25°C ~

‘ CHARAC'_I’ERISTIC TEST CONDITIONS VALUE UNITS
Slew Rate at VI = 10V,RL = 2ke,

Unity Gain, SR CL = 100pF, Ayp = 1 13 Vius
Rise Time, tr Vi=10V,RL = 2kQ, 0.1 =)
Overshoot Factor CL = 100pF, Ayp = 1 10 %
Equivalent Input

Nolse Voitage, e Rg = 10092, = 1kHz 40 nVN Hz

ELECTRICAL CHARACTERISTICS at TA‘ = 25°Cand Tp = —55to +125'C

for types supplied in TO-5 style packages (T, S Sutfixes). v+ =

=15V

This does not Include CAGS0C, CA081C, or CA082C. These t
s X - 'hese types are supplied in
TO-5 packages, but they are specified over the range of 0to 70°C, and their lim!ts

are the same as those for the CA080, CA081, CA082, and CA083 in plastic

packages over the range 0 to 70°C.

LIMITS
CHARACTERISTIC | TEST CONDITIONS CA080T, S CA080AT, s |UNITS
CA081T, S CA081AT: S
—5510 +125°C CA082T, S CA082AT, S
+25°C _} 1 -
Min. | Typ.| Max.{ Min. Typ. | Max.
Input Offset —
Voltage, Vio Rs = 502 X X[ — i g : _2. : mv
Temperature Coetfi- .
. cient of Input Offset Rs =50Q X | - 10 —_ —_ 10 - HVIrC
Voltage, <V|o
input Offset X - 5 20 —_ 5 20 pA
Current, lj0 X | — —_ 4 —_ — 2 nA
Input X — 15 40 —_ 15. | 40 pA
Current X | — — 10 — — 5 nA
Common-Mode Input X
Voltage Range, Vicg 12 — S e - v
Maximum Output AL=10kQ | X 24 27 — 24 27 —
Voitage Swing, RL>»10kQ X | 24 - -—_ 24 - - v
o VopP-r [R » 2 ka XJ]2 | 24] —f 2024 | =
Large-Signal Differen-| R{ »2 kQ, | x 50 } 200 — 50 | 200 —
tlal Yoltage Gain, Ayp) Vo= £ 10V X | 25 —_ — 25 — -— Vimv
Unity-Gain Bandwidth X | — 5 — — 5 — MHz
Input Resistance, Ry X — 1.5 — — 1.5 — TR
Common-Mode i :
Rejection Ratio, CMRR | S<10 k2 | X Wl — |80 |e |- a8
Power Supply Rejec-
tion Ratio, PSRR Rg <10k | X - ‘
B ooy S ao' 86 _ 80 86‘ - ~dB
Supply Current, | %
‘pe‘:‘: ;p_' CAcsz) |Noload, |X —|14]|28] — 1428 ma
- CA0B3) ™" - - .|No Signail - - -
Channel Separation, o
| Vo1Vo2 petween - JAyp=100 | X = 1120 —| ~ | 120 — dB
- -+ - | amps.,CA082, CA083) - B R R Rl :

RPN

PREYIRET VTR 0 S

#

Wbt Doon s ir M8 A 1140 o 2R 0B R

‘Operational Amplifiers

. CA080, CA081, CA082, CAO083, 4 Series
ELECTRICAL CHARACTERISTICS at TA = 25°C, TA = Oto + 10'(+:
for types supplled in plastic dual-indine packages (E Sufflx). V¥ = = 15V
LIMITS
CAOB0BE — CAOB0AE UNITS
CHARACTERISTIC TEST CONDITIONS CAOB1BE  CAGBIAE
CA082BE CAO082AE
0to 70°C CA083BE CAO83AE
+25C —] CAO084BE CAOQ84AE
Min.| Typ.| Max.{| Min.! Typ.| Max.
— 2 3 — 3 ]
Input Offset Rs = 500 X : = 2 = mv
Voltage, Vio X | = — K
Temperature Coeffi-
clent of input Offset | Rg = 502 X |- 10 - - 10 — | uwVrC
Voitage, =ViQ
Input Oftset X = 5 10 | — 5 20 PA
Curmrent, 110 X | — - 0.4 — — 0.8 nA
Input X - 15 30 — 15 40 pA
Current X | — — 07 — — 1 nA
Common-Mode Input X 12| — — | 212 — _ v
Voitage Range, VICR
Maximum Output RL=10IQ| X 24 27 - 24 27 -
Voltage Swing, Ry »10 k@ X |24 - - 24 — - v
VOP-P |RL » 2 k@ X |20 | 24} — | 20| 24| —
Large-Signal Differen- | Ry 22 k@, | X 50 | 200 | — 50 | 200} — vimv
tial Voltage Gain, Ayp| vo = = 10V X | — — — — —_ —_
Unity-Gain Bandwidth X — 5 — — 5 -— MHz
Input Reslstance, Ry X — 15 —_ - 1.5 - TQ -
Common-Mode Rg<10kQ g0 |86 | — |8 |8 | — | a8
Rejection Ratio, CMRR
Power Supply Rejec-
tlon Ratio, PSRR ' Rg <10k | X 80 88 - 80 86 —_ dB
bV +izaViO)
Supply Current, [+ |\ 0ad, X — |14 28| - 14]28]| ma
{(per amp., CA082,
CA083, CA0B4) No Signal
Channel Separation, . )
Vo1/Vo2 (between AYPA'—T 100 X. — 120 - — 120 - ) dB N

amps.,CA082, CAQ83)

© Del documenta, los autores. Digitalizacion realizada por ULPGC. Biblinteca Universitaria, 2008
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- -Linear Integrated Circuits - - . . S - . . . . . i Operational Amplitiers
CA080, C (@)1, CA082, CA083, CADB4 Serics () —¢ CA080, CA081, CA082, CA083, CiP4 Series
ELECTRICAL CHARACTERISTICS atTA = 25C. T ’ ’
- = y =01070'Cbrtyp.. “en - == _ oy RS
supplied In plastic dual-indine packages (E Suffix). vA+ = +15V o O AMSIENT TEMPERATURE « i E°C § Vvt asisy ~ T loee
The limits for the CA080C, CA081G and CA082C in TO-5 : ‘ :
\ \ -6 packages are the sam & H
as those for the types in this chart. ¢ © s S\ ’ 5
< 3 viatiov
‘ - __UmiTs ] ¢ r i
CHARACTERISTIC TEST CONDITIONS CAOB0E, T |uNrrs i r Y
\ CAOB1E, T . et
ot - CAO32E, T H S ¢ vtesay
o 70°C CA083E | 1 A
+25'C “—‘ CA084E 2 I~ —— % vret23
—-M_______L__‘ ) Min. | Typ. | Max. 3 0“[ cl gt cawd g P ol ujlg" e
'npl.lt 0"39' . X _ 5 15 Py T X llm1 LY l" L lln‘ T ¥ .IM “’i 0] IA“ LD tu':“t ‘lm‘“ A" Tou
Voltage, Vi As = 502 X — 1 =T= mv DT et sese : BT rcaren
Temperature Coeffi- Flg. 3 - Noise voltaga as atunctionol freq y. Fig. 4 - 2:(;}:;:1 :‘;luga as & function of
cient of Input Offset Rg = 509 X — 10 = I uVirC .
Voltage, “V'o bt . ALs2xn YA"I'” d ‘ L
Input Offset ) X — 1 5 | 30 | pA = %
Curment, |0 X] — — 1 nA : |
¢ Input . X 15 | 50 ; i £ 'l
- pA +atio v \ 3 Tar 23°C |
Current X | — — 2 oA yiatio — 27 \ ;
Common-Mods Input X £ Ta ez
Voltage Range, Vicp 0 — | ~ v —- 2
| Maximum Output RL = 10kQ X 24 | 27 — ity < N\
Voltage Swing, : . RL> 10Kk X| 241 — - v - é
. Vop-p RL> 2kQ Xj2 | 24|~ SR S e B PR CE hou
Large-Signal Differen: RL> 2kQ, X 25 [ 200 | = T et 0 PREEETIT T e
tlal Voltage Gain, Ayp Vg = =10V <1 = = Vimv FREQUENCY l=mr 0 aase )
Unity-Gain Bandwidth X — A — Vo Fig. 5 - Output voltage as a function of Fig. 6 - ’?:;Z‘;'n :‘;{"’9' as & function of
Input Resistancs, R) X — 15 - TR requency.
Common-Mode A [ R 1 y | e L ——t—T"1]
Rejection Ratio, CMAR S< 10k X o4~ a8 3 3 A
Power Supply Rejec- - 2 /r/
tion Ratio, PSRR Rs < 10 k2 X 07 |~ | g S Wit 2,
AV +izavig) F "
Supply Current, 1+ ;—7. ef
{per amp., CA082, No {oad, X — | 14 | 28 mA g’g 2
CA083) No Signal 3= :
T Channel Separation, ot T ; g N
V01/Vg2 (between Ayp = 100 x _ 120 — d8 i it 0 b
amps., CAQ82, CAG83) . ’ ! . AMDIENT vmrgnu-:v.)- ¢ saca-arese o LOAD RESSTANCE (RUI—KD  gucy.qeens
v'l i Fig. 7 - Output voitage asa ion of ambient Fig. 8 - Output volitage as a function ot load
. . - tempe resistance.
ha v'-x’uv
B . F] z % Yostiov—
% g | R 2K -
. g e
; _A , g ]
i P g :
i £, #
e e g
‘ N 8 B
™ b ;
T T e e e e R U, P z - - :_. 3 - I .
- — ; SUPPLY VOLTARE ¢ [ vH)-v . P e '!::w'“’:‘"l e m-“f::“' .
g MCE- 378
o .; ’ Fig. 8 - Output voitage as a function of supply .- Fig. 10 - Pllloﬁontiufl volffga amplification as a
: voitage. o hat .
88

idin reafizada por ULPGC. Biblioteca Univessitaria, 20068

to, los gutores. Digitali

© Del




Linear Integrated Circuits ~ =~

CAO080,

PHASE SHIFT- DEGAEES

oK ™
eCe-S2e38
Fig. 11 - Differential voltage amplitication as a
function of frequency.

"
FREQUENCY

@51, CA082, CAUB3, CADB4 Series

ol

TOTAL POWER OISSIPATION (P

’s
I
Fig. 12 -~ Total power dissipation as a function of

ambient temperature.

To» 25°C T >
MO SIGMAL T T
NO LOAD
i :
L i
< h
" -
s o
£ 2
H H
2 »
I3
] ) H
_ H
£ 50 ™ 100 ”s 3
AMBIENY TEMPERLTURE {Tg)—*C SUPRLY YOLTAGE ( vil)-v-‘hm
91C3-32040
Fig. 13 - Supply curn-nt as a function of ambient Fig. 14 - Supply current as a function of supply
- temperature. . . voltage.
Y v +.t e et
Hwe | 1 B e gy
= 138 £ L Ix
X mmmee e
P e et e e e e
= A EECETeET e
s e
s e
£ Eea
: yd =
F - Ve EEE
5 ESIGEH (I
f B
T | I O B I {1 et
- 40 40 [ =
b AMBIENT TEMPERATURE (T )—*C 23 - TIME () ~pme oo
L ”Ce-32e42
. Fig. 15 -~ Input bias current as a function of Fig. 16 - Volitage follower large-signal pulsé
ambient temperature. ! response. -
B ]
3 2 I~
iy
° s
-
§ &
ot 3 o vtitisy
2 o Aype!
. VI (rus)t SV
= é % 'r‘x -25°¢
o x
.4
=
e L 2
i ; i L] ix 10K oox
- P . : a2c3- 19040 FREQUENCY (1)42 oecy 2reae
. Fig. 17 - Output voltage as a function of elapsed Fig. 18 - Total harmonic distortion as a function

_ time. of frequency.

Oberational Amplitiers

CA0B0, CAQB1, CA0B2, CA083, CA) Serles
10 K2
92C8-3204TRY s2C8- 32048
Fig. 19- Unity-gain amplitier. Fig. 20 - 10X inverting amplitier.
CADSI,CAO83
+

Nt N2

]
-
92€S-32649 ,
Fig. 21 - Input-ofiset voitage null circuits. . .
8ASS

100K

100K 0.003,F
68K
JREBLE

92C$-32630R1

Fig. 22 - IC preamplilier.

20 K

IN4148
tox CAO82,CA083

_s2cs-32681

Fig. 23 ~ Unity-gain absolute-vaiue amplifier. ’
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Linear Integrated Circuits

CA080, CAgl. CA082, CA083, CA0B4 Series

o o

o ‘ _ '

vy .g__,_ .’gfz:o \ | Rl c‘fj‘r . [ca08D>1-100 zagm i
COMP T

ki i i e

RI1-30 pF
_‘:‘ Ri-A2 o e srcs-32003
92C3- 32052
_ Fig. 2 - Inverting amplilier with single-poie Fig. 25 - High Q notch lilter.

compensation and offsst adjustment.

8203-32017A1

Fig. 26 - Basic current amplitier for low-cuirent
measurement systems.

CURRENT AMPLIFIER
The low input-terminal current needed to
drive the CAOB1 makes it Ideal for use in are transferred at the same potential and
current-amplifier applications such as the only the output current |s muitiplied by
one shown in Fig.26. In this circuit, low ) the scate factor.
current Is supplied at the input potential " The dotted components show a method of
as the power supply to load resistor RL. . decoupling the circuit from the etfects of
This load current is increased by the high outputdoad capacitance and the
multiplication factor R2/R1, when the load potentlal oacillation in this situatlon.
.. _ ... current Is manitored by the power supply Essentlally, the necessary high-frequency
meter M. Thus, If the load current is 100 - - - feedback fs provided by the capacitor
nA, with values shiown, the load current with the dotted serles resistor providing

Note that the Input and output voltages

- presented 1o the supply will be 100 A, a . load decoupiing.
e - -~ -much easler cu!'rent o MeASUre IN MAaNY . .. e o o i e s

- systems.

o
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A o o . erational Amplifiers
Linear Integrated Circuits o ) ' : Op P
—— . 0A, CA3 Types
CA3140, C{0A, CA3140B Types @ L J CA3140, CAILIOR, &0 N VP
- ’ - ’ . . i ion :t supply voltages upto
. . ] ' H . lastic package (Mini-DIP-E suffix). The are for operation
::‘L";.%E BIMOS ! Operatlonal Am pllflers g/a-\SMOPB is gintended for operation at volts (18 volts). All types can t::noli;e:::
" CA3I40AE . ) i - ) . supply voltages ranging from 4 to 44 volts, ~ safely over th:a temperature g - .
{ Hasz ) - : . : for applications requiring premium-grade -55°C to +125°C. .
: With MOS; “ET Input/Bipolar Output specifications. The CA3140A and CA3140 ,
FEATURES: :
& MOS/FET laput Stage
) (a) Very h gh input impedance (Zin) — 1.5 TQ typ.
i Types (b) Very I w input current (Ij) — 10 PAtyp. at+ 15V
8-Lesd TOS (c) Low ir.out-offset voitage {Vio) — t0 2 mV max. .
AlS Types ) h 3
m““"‘“" 8-Lead TO-6 (d) Wide common-mode input-voltage range (VicR)— ) . -
‘“DIL-CAN” (T Sutfix) i can be swung 0.5 volt below negative supply-voltage % .
{S Suffix} rail ’
H-1787 . H-1528 (e) Output swing complements input common-mode range
(f) Rugged ‘nput stage — bipolar diods protected
The CA3‘I4OB. CA3140A, and CA3140 are integrated-circuit [ ] Direcriy replaces industry type 741 in most applications TYPICAL ELECTRICAL CHARACTERISTICS
operational amplifiers that combine the advantages of high- ® Includes numerous industry operational R
voltage PMOS transistors with high-voltage bipolar amplifier categories such as general-pur-
transistors on a single monolithic chip. Because of this poss, FET input, wideband (high slew rate) TEST
umqg:je cgmpmatuon 'of teshn:)log«es. this device can nov\.r & Operation from 4-to-44 volts CONDITIONS | - -
provide designers, for the first time, with the special : : - CA3140B | CA3140A{CA3140 | UNITS
performance features of the CA3130 COS/MOS operational Single or Dual supplies CHARACTERISTIC vi=asv ({T,S,E) | {T.S,E)
amplitiers and the versatility of the 741 series of industry- & Internally compensated ) i VT=-15V (r.s) ~ ~
standard operational amplifiers.- E ® Charactsrized for + 15-volt ope_aral:on . TA =25°C
--The CA3140, CA3140A, and CA3140 BiMOS operational and for TTL supply systems with P
amplifiers feature gate-protected MOS/FET (PMOS) - operation down 1o 4 volts . Typ.Value of Re-
lransistors in the input circuit to provide very-high-input ® Wide bandwidth — 4.5 MH2 unity sistor Between .
. " . N Input Offset Voltage 47 xQ
Aimpedance, very-icw-input current, and high-speed gainat+ 15V or30 V; 3.7 MHz at 5 V ! ) Term. 4and 5 or 43 18 -
performance. The CA3140B operates at supply voltages ® High voitage-follower slew rate — 8 V/us Adjustment Resistor 4and 1to Adjust B
from 4 to 44 voits; the CA3140A and CA3140 from 4 to 36 ® Fast seiting time — 1.4 s typ. ) T Max. ViQ ) = o )
voits (eithar single or dual supply). These operational : i
\ ! C to 10 mV with a 10-Vp_p signal - 15 15 " 1.5 N
amplifiers are internally phase-compensated to achieve : Ml Input Resistance Ry - -
- stable operation in unity-gain follower operation, and, . O’ulp ut swings 10 within 0.2 voit ) c 4 4 4 pF
additionally, have access terminals for a supplementary of negative supply Input Capacitance !
external capacitor if additional frequency roli-off is desired. = Strobable output stage Output Resistance Ro ’ . 60 60 & 2
Terminals are also provided for use in applications APPLICATIONS: -
requiring input offset-volt lling. Th t PM - . " R. Equivalent Wideband : - : .
flold-affect tl?ansi‘:tores i:\m:?:pz:‘stlgge resuts in :ommgls— ® Ground-refersnced single-supply amplifiers M l:put Noise Voitage en | BW5 ]::; Hz 48 48 48 uv
mode input-voitage capability down to 0.5 volt beiow the fn automobile and p ortable instrumentation H (See Fig. 39) A=t :
negative-supply terminal, an important attribute for single- = Sample and hold amplifier S = -
supply applications. The output stage uses bipolar ® Long-duration timers/multivibrators i . Equivalent Input f= 1kHz | Rg = 40 40 40 iz
transistors and includes built-in protection against damage {microseconds—minutes—hours) Noise Voltage e [F=70kHz [100 02 12 12 12
from load-terminal short-circuiting to either supply-rail or - ® Photocurrent instrumentation i (See Fig.10) ' _ R e
.toground. | - : . ® Peak detectors B Active lilters N Short.Circuit Current 1o N
) o ® Comparators Z o 40 40 40 mA - -
The CA3140“Senes has the same 8-lead terminal pin-out ® Interface in 5 V TTL systems & other 1 1 Opposite Supply Source Igm* . Lo
used for the “741" and other industry-standard operational ; -k Sink oM~ 18 18 18 mA
Iy A et low-supply voltage systems . in oM -
amplifiers. They are supplied in either the standargd 8-lead " m All standard operational amplifier appli atio :5 -
. TO-5 style package (T sutfix), or in the 8-lead dual-in-line ) pe P ppiications b4 Gain-Bandwidth ) “
formed-lead TO-5 style package “DIL-CAN" (S suffix). The ™ Function generators B Tone controls ¥ Product, (See Figs. 5 &I18) fT 45 45 A5 MH2 .
CA3140 is available in chip form (H suffix). The CA3140A ™ Power supplies W Portable instruments § Stew Rate. (Sea Fia6) SR| - 9 9 9 Vs R
- and CA3140 are also available in an 8-lead dual-in-line - W Intrusion alarm systems e e g ew Tate. ioee 719. T - :
. . - Sink Current From Terminal :
E To Terminal 4 to Swing ) 220 220 220 BA -
L ol o Qutput Low - . Tt
o — : -
‘ R ‘ Téaaf??ﬁ.e N RL=2kQ 0.08 008 | 008 us
. —_— C¢ =100 pF
- ST retmeTTeemo o e ces R - h - T Overshoot (See Fig. 37) vl 10 10 0 %
) ~ Settling Time R~ : . Ry =2k$2 45 45 45 .
s at 10 Vg, . CL = 100 pF - T3 Ta 14 “mA
Ramiiamee T T S T TTITT T ST T e e - - ~ 7| (See Fig.17) 10mv Voltage Follower S : i
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Linear Integrate.' Circuits

[

OperationabAmplifiers

ERSTT -9

CA3140, 11JA, CA3140B Types ‘
ELECTHICAL CHARACTERISTICS FOR EQUIPMENT DESIGN
. " AtV=15V, v =15y, Ta = 269C Unless Otherwise Specified
CHA - LIMITS
RACTERISTIC CA31408 CA3140A CA?Z 140 NITS
Min. | Typ. |Max.| Min.| Typ. | Max. | Min. Tys. | Max.
Input Offset Voltage, lvip]| ~ | 08 | 2 - 2 5 - . 15 | mv
Input Offset Current, fisol | ~ [ 05 [10] - [ 05| 20| -] 03 30 | pA
input Current, Iy - 10 30 - 10 40 - 19 50 | pA
L"\;z":‘sa;“g'ain' AoL® S0k | 100k | - J20kf100k| - f20k{100k | - |wwv
{See Figs. 4.18) 94 100 - 86 100 - 86 | 100 - adB
Common-Mode
' Rejection Ratio, CMRR |~ | 20 |60 | - | 32 1320| - | 32 | 320 |uvv ‘
(See Fig.9) 86 | 94 [ - 7] 9 [ Z 7] e ~ {8
Common-Mode '
Input-Voltage -15.5 -155 -155
Range, ViCR -15] w© 12 | -15] 10 12 | -15] 10 n \Y
(See Fig.20) +12.5 +12.8 +12.5
Power-Supply
Rejection - - N .
Ra’ﬁo' - AY|0/AV 32 100 - 100 150 - 100 150 | uv/v
| seeFiginy . - | 8| e | -] 8 | - {68 |- e ’
Max. Output ‘ )
Voltage® vom' | #12| 13 - {+12] 13 — | +12f 13 -
(See Figs.13,20) VoM™ | —~14 | -14.4] — | —1a] 1a4| — | 14| 144 | — v
Supply Current, I+
- (See Fig.7) NN RN 6 |m
Device Dissipation, Pg - 120 § 180 - 120 | 180 - 120 180 | mw
Input Offset YOItage _ 5 _ _ 6 - _ 8
 Temp. Drift, AV o/AT : - wvre
Max. Output vomt | v19] +195| - - - - - _ _
Voltage,* Vom~— | =2+ -214] — [ = - - - 11"
Large-Signal 20k | 50k - - - - - - - WV
Volitage Gain, AQp o* 86 94 - - - - - - - dB
T T e VQ = 26Vg.g, +12V, —14V and Ry = 2 k2. ® AtRL =2kQ. N

C -0Axvosnsv,-zuv,andn._=2kn_. *Avt=22V,v-=22V.

!
‘-

ey rree

TOP ViEw

E Suffix

92¢3-29088

-~ Fig. 1 ~ Functional diagrams of the
CA3140 series.

MAXIMUM RATINGS, Absolute-Maximum Values:

CA3140, CA3140A, CA31 Types

CA31408B

CA3140, CA3140A
DC SUPPLY VOLTAGE
{BETWEEN V¥ AND V— TERMINALS) . 3BV “n v
. DIFFERENTIAL-MODE INPUT VOLTAGE igv g v
COMMON-MODE DC INPUT VOLTAGE (vt +8 Vi to (V™ -05 V)
INPUT-TERMINAL CURRENT © e e e e 1mA
DEVICE DISSIPATION:
WITHOUT HEAT SINK —
UPTOSS°C. . . . . . . . . . . . . .. L. C e e e 630 mW
ABOVE 55°C . Derate linescly 6.67 mW/°C
WITH HEAT SINK ~
Up 10 55°C . Ce . 1w
Above 55°C . . . . Derate linearly 16.7 mW/°C
TEMPERATURE RANGE:
OPERATING (ALL TYPES) . - - - . . . . . . . . . . !l 55 10 +125%C [
STORAGE {ALL TYPES) . .. . -85t +150 C
OUTPUT SHORT-CIRCUIT DURATION®- ., . . INDEFINITE
LEAD TEMPERATURE {DURING SOLDERING):
AT DISTANCE 1/16 £ 1/32 INCH {1.59 £ 0.79 MM)
FROM CASE FOR 10 SECONDS MAX. +265°C
* Short circuit may be applied to ground or to either supply.
TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE
AtV+=5V,V==0V, Ty =25°C
CA31408B | CA3140A | CA3140
CHARACTERISTIC UNITS
(T.8) (T,S,E) (T.S,E)
Input Offset Voltage Iviol 0.8 2 5 mV
Input Offset Current |\|0| 0.1 01 0.1 pA
fnput Current h 2 2 2 pA
tnput Resistance 1 ¥ 1 ™
Large-Signal Voltage Gain AQL 100k 100 k 100 k ViV
{See Figs.4,18) 100 100 100 dB8
Common-Mode Rejection Ratio, CMRR 20 32 32 uv/iv
94 90 90 d8
Common-Maode Input-Voltage Range  V|CR ~-05 -05 -05. v —
(See Fig.20) 2.8 26 2.6
Power-Supply Rejection Ratio AV Q/AV* 32 100 100 VIV :
: 90 80 80 d8
Maximum Output Voltage vom?* -3 3 3 v
{See Figs.13,20) VoM™ 0.13 0.13 0.13
Maximum Output Current: - -
Source lom?* 10 10 10
- — mA .
Sink lom 1 1- s R
Slew Rate {See Fig.6) - 7 7 ? Vius ’
Gain-Bandwidth Product {See Fig.5) T 3.7 3.7 3.7 MHz
Supply Current (See Fig.7) * 1.6 1.6 16 mA
Device Dissipation Pp 8 8 8 mwW
Sink Current from Term. 8'to o
" Term. 4 to Swing Output Low ~ ” 200 -200 - - 200-- |- pA..
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e — T T — ol o tial-to-single-ended converter to provide base- element. Transistor Q16 is mirror-connected

I -—v* current drive to the second-stage bipolar to D6, R7, with current fed by way of Q21,

- i cummas cincurt I o transistor {Q13). Offset nulling, when de- R12, and Q20. Transistor Q20, in turn, is

| AND REGULATOR | sired, can be effected with a 10-k{2.poten- biased by current-flow through R13, zener

| 20044 fiema 20044 2, § 2ma | S tiometer connected across terminals 1 and D8, and R14, The dynamic current-sink

' + | - 5 and with its slider arm connected to termi- is controiled by voltage-level sensing. For

Joureut 3 nal 4. Cascode-connected bipolar transistors purposes of explanation, it is assumed that

"‘"f'l Ao Am10.000 Ast >—© ; Q2, Q5 are the constant-current source for output terminal 6 is quiescently established

L/ ! : the input stage. The base-biasing circuit for at the potential mid-point between the V+

| b ! i the constant-current source is described sub- and V- supply rails. When output-current

| 28 | 3| sequently. The small diodes D3, D4, D5 pro- sinking-mode operation is required, the col-

Ll T F _]@"" i vide gate-oxide protection against high-voit- lector potential of transistor Q13 is driven

® Q 8) ~— sTrosE -t By age transients, e.g., static electricity. below its quiescent level, thereby causing

et R Second Stage — Most of the voltage gain in Q17, Q18 to decrease the output voltage at

INVERT ING
INPUT

Gr

*

3

. NON~INVERTING
INPUT

", ALL RESIZTANCE VALUES ARE IN OHMS. ,,

rcu-2rrar

Fw.:l Schematic d:agnm of M,?MO series.

Fig.2 is a block diagram of the CA3140

-. Series. PMOS -Operational Amplifiers.’
input termipa!s may be operated down to
0.5 V below the negative supply rail. Two

The-

class A amplifier stages provide the voltage
rermemreem =~ - = gain; and @ unique “class ‘AB amplifier stage

- - low-impedance loads.

- provides the- current gain neeessarv to drive -

" CIRCUIT DESCRIPTION

chip phase-compensating capacitor that is

L sufficient for the unity gain voltage-follow-
,er configuration.

Input Stages — The schematic circuit diagram
of the CA3140 is shown in Fig.3. It con-
sists of a differential-input stage using PMOS

-~ field-effect transistors (Q9, Q10)} working

-'into a mirror pair! of bipolar transistors (Q11,

<

3%

the CA3140 is provided by the second amp-
lifier stage, consisting of bipolar transistor
Q13 and its cascode-connected load resis-
tance provided by bipolar transistors Q3, 04.
On-chip phase compensation, sufficient for
a majority of the applications is provided by
C1. Additional Miller-Effect compensation

{roll-off) can be accomplished, when de- .

sired, by simply connecting a small capa-
citor between terminals 1 and 8. Terminal
8 is also used to strobe the output stage into
quiescence. When terminal 8 is tied to the
negative supply rail (terminal 4) by mechani-
cal or electrical means, the output terminal 6
swings fow, i.e., apgroximately to termmal
4 potential.

Output Stage — The CA3140 Series circdits
employ a broadband output stage that can
sink loads to the negative suppiy to co nple-
ment the capability of the PMOS input stage
when operating near the negative rail. Quies-
cent current in the emitter-follower cascade
circuit (Q17, Q18) is established by tran-
sistors {Q14, Q15) whose base-currents are
“mirrored” to current flowing through diode
D2 jn the bias circuit section. When the
CA3140 is operating such that output ter-
minal 6 is'sourcing current, transistor Q18
functions as an emitter-follower to source
current from the V+ bus (terminal 7), via
D7, RY, and R11. Under these conditions,
the collector ‘potential of Q13 is suffi-
ciently high to permit the necessary flow of
base current to emitter follower Q17 which,
in turn, drives Q18.

When the CA3140 is operating such that
"output terminal 6 is sinking current to the
V— bus, transistor Q16 is the currentsinking

terminal 6. Thus, the gate terminal of PMOS
transistor Q21 is displaced toward the V- bus,
thereby reducing the channel resistence of
Q21. As a consequence, there is an incre-
mental increase in current flow through
Q20, R12, Q21, D6; R7, and the base of
Q16. As a result, Q16 sinks current from
terminal 6 in direct response to the incre
mental change in output voltage caused by
Q18. This sink current flows regardless ot
load; any excess current is internally supplied
by the emitter-follower Q18. Short-circuit
protection of the output circuit is provided
by Q19, which is driven into conduction by
the high voltage drop developed across R11
under output short-circuit conditions. Under
these conditions, the collector of Q19 di-
verts current from Q4 so as to reduce the
base-current drive from Q17, thereby limit-
ing current flow in Q18 to the short<ir-
cuited load terminal.

" Bias Circuit — Quiescent current in all stages

(except the dynamic current sink) of the
CA3140 is dependent upon bias current
fiow in R1. The function of the bias cir-
cuit is to establish and maintain constant-
current flow through D1, Q6, Q8 and D2,
D1 is a diode-connected transistor mirror-
connected in parallel with the base-emitter
junctions of Q1, Q2, and Q3. D1 may be
considered as a current-sampling diode that

senses the emitter current of Q6 and auto-
matically adjusts the base current of Q6

{via Q1) to maintain a constant current -
through Q6, Q8, D2. The base-currents in _

Q2, Q3 are also determined by constant-
current flow D1, Furthermore, current in
diode-connected transistor D2 establishes the
currents in transistors Q14 and Q15,

ion realizada por ULPGC. Biblioteca Usiversitaria, 2008
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A biasing circuit pfovldes.comrol of mscoded
constant-current flow circuits in the first and
- second stages. The CA3140 includes an on-

-Q12) functioning as load resistors together
wnth resistors R2 through RS. - The mirror-
- pair transistors also function as a differen-
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CA3140, CA3140A, CA3188 Types

APPLICATIONS CONSIDERATIONS

Wide dynamic 1inge of input and output
characteristics w'th the most desirable high
input-impedance :haracteristic is achieved in
the CA3140 by .1e use of an unique design
based upon the P10S-Bipolar process. Input-
common-mode voltage range and output-
swing capabilities are complementary, allow-
ing operation with the single supply down
to four volts.

The wide dynam c range of these parameters
also means that this device is suitable for
many single-supply applications, such as,
for example, whe e one input is driven be-
low the potentiai of terminal 4 and the
phase sense of th: output signal must be
maintained — a n ost important considera-
tion in comparator applications.

OUTPUT CIRCUIT CONSIDERATIONS

Excellent interfacing with TTL circuitry is _

easily achieved with a single 6.2-volt zener
diode connected to terminal 8 as shown in
Fig.12. This connection assures that the
maxigium output signal swing will not go
more positive than the zener voltage minus
two base-to-emitter voitage drops within the
CA3140.
of the operating supply voltage.

vt
570 38V
0O

TYPICAL
TTL GATE

secs-rrer

Fig.12 — Zener clamping diode connected to
terminals 8 and 4 to limit CA3140
output swing to TTL levels.

Fig.13 shows output currentsinking capa-
bilities of the CA3140 at various supply
voltages. Output voltage swing to the nega-
tive supply rail permits this device to oper-

o[ suemy vectace (va-o v T
o

.

—-LOAD (SHING) CURRENT — mA

scseares

Fty. 13 — Voltage across output transistors Q15
) llld Q16 vs load current.

These voltages are independent ~

_ formance down to these lower voltages. . .

ate both power transistors and thyristors
directly without the need for levei-shifting
circuitry usually associated with the 741
series of operational amplifiers.

Fig.16 show some typical configurations.
Note that a series resistor, R, is used in both
cases to limit the drive available to the driven
device. Moreover, it is recommended thata
series diode and shunt diode be used at the
thyristor input’ to prevent large negative
transient surges that can appear at the gate of

thyristors, from damaging the integrated
circuit. -
TT sty remstnarvne (r0- 28 FHH i ' !
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Fig. 14 — Typical incrementsl offset-voitsge
shift vs operating life.

OFFSET-VOLTAGE NULLING

The input-offset voltage can be nuiled by
connecting a 10-k§l potentiometer between
terminals 1 and 5 and returning its wiper arm
to terminal- 4, see Fig.15a. This technique,
however, gives more adjustment range than
required and therefore, a considerable por-
tion of the potentiometer rotation is not
fully utilized. Typical values of series re-
sistors that may be placed at either end of
the potentiometer, see Fig.15b, to optimize
its utilization range are given in the table
*“Typical Electrical Charactenstla shown
in this bulletm

An alternate system is shown in Fig.15¢. This
circuit uses only one additional resistor of
approximately the value shown in the table.
For potentiometers, in which the resistance
does not drop to zero ohms at either end of
rotation, a value of resistance 10% lower
than the values shown in the table should
be used.

LOW-VOLTAGE OPERATION

Operation at total supply voltages as low as - -
4 volts is possible with the CA3140. Acur- -
rent regulator based upon the PMOS thres-

hold voltage maintains-reasonable constant .. -—— .~ ... _
operating current and hence consistent per- :

*The low-voltage fimitation occurs when the ™
upper extreme of the input common-mode
voltage range extends down to the voltage at -
“terminal 4. This limit is reached at a total -
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Q vt

b

supply voltage just below 4 volts. The out-
fut \'/‘oltage range also begins to extend down
0 the negative supply rail, but is slightly
higher than that of the input. Fig.20 shows
) these characteristics and shows that with
izn-;zltt g(\:al supplies, the lower extreme of the
mmon-mode i
ground potmo voltage range is below

e ey

Fig. 16 — Methods of .tlhzmg the Vg(sat) sinking-
Current capability of the CA3140 series.

BANDWIDTH AND SLEW RATE
for those cases where bandwidth reduction
is de'slred, for exaeaple, broadband noise re-
ducuon, an external capacitor cornnected be-

tween terminals 1 and 8 can reduce the o,
. pen-
loop —3 dB bandweidth. The slew rate will,

L

, using t‘his a.dditiosnl capacitor. Thus, a 20%
refiuctnon in bandwidth by this technique
-will also reduce the slew rate by about 20%.

-Fig.17: shofys the typical settling time re-
qQuired to reach 1 mV or 10 mV of the final
value for .various levels of- large signal in- -
T puts for_ the voltage-follower and inverting
un;ty-g;l'n amplifters, _The - exceptionally

ast setting time characteristics are |

) dl.fe to the high combination of high ;ai:rg'e‘lgl

e \Fn:l.ndell;andwiddl of the CA3140; as shown in
" Fig. 18.

however, also be proportionaily reduced by .

IMPROVE D

RESOLUTION et

a Sl
IMPROVED
RESOLUTION

Fig 15 — Three offset-voltage nulling methods,
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-~ INPUT CIRCUIT CONSIDERATIONS

As mentioned previously, the amplifier in-
Puts can be driven belaw the terminal 4
potential, but a series current-limiting re-

R ]

IC
2

gt el B,

ey

Operational Amplifiers

-------operational amplifier employing a bipolar a-

CA3140, CA3140A, CA314 ypes
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Fig. 18 — Open-loop voltage gain and phase lag
vs frequency.

sistor is recommended to limit the maximum
input terminal current to less than 1 mA to
prevent damage to the input protection
circuitry.

Moreover, some current-limiting resistance
should be provided between the inverting
input and the output when the CA3140 is
used as a unity-gain voltage fotlower. This
resistance prevents the possibility of ex-
wemely large inputsignal transients from
forcing a signal through the input-protection
network and directly driving the internal
constant-current source which could result
in positive feedback via the output terminal.
A 3.9-kSQ resistor is sufficient.

The typical input current is in the order of
10 pA when the inputs are centered at nomi-
nal device dissipation. As the output supplies
load current, device dissipation will increase,
raising the chip temperature and resulting in
increased input current. Fig.19 shows typi-

Fig.i9 — Input current vs ambient
temperature.

cal input-terminal current versus

temperature for the CA3140.

It is well known that MOS/FET devices can
exhibit slight changes in characteristics {for
example, small changes in input offset volt-
age) due to the application of large differ-
ential input voltages that are sustained over
long periods at elevated temperatures.

Both applied voitage and temperature ac-
celerate these changes. The process is rever-
sible and offset voltage shifts of the opposite
"polarity reverse the offset. Fig.14 shows the
typical offset voltage change as a function of
various stress voltages at the maximum rating
of 125°C {tor TO-5); at lower temperatures
(TO-5 and plastic), for example, at 85°C,
this change in voltage is considerably less.
In typical linear applications, where the
" differential voltage is small and symmetircal,

- these incremental changes are of about the-

same magnitude as.those encountered in an

transistor input stage. .
SUPER SWEEP FUNCTION GENERATOR
A function generator having a wide -tuning

_ tange is shown in Fig.21. The 1,000,000/1
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Fig.20 — Output-voltage-swing capability and
input ge range
vs supply voltege uyd temperature.

adjustment range is accomplished by a single

variable potentiometer or by an auxiliary .
* sweeping signal. The CA3140 functionsasa - --
non-inverting read-out amplifier of the tri-
angular signal developed across the integra-
_ting capacitor network connected to the
output of the CA3080A current source. =~ © °
Buffered triangular output signals are then
‘applied to a second CA3080 functioning as
'a high-speed hysteresis switch. Output from

the switch is returned directly back to the
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inp 1t of the CA3080A current source, there-
by, completing the positive feedback loop.
The triangular output level is determined by
the four 1N914 level-limiting diodes of the
sec:nd CA3080 and the resistor-divider net-
wo ¢ connected to terminal No.2 (input) of
the CA3080. These diodes establish the in-
put trip level to this switching stage and,
therefore, indirectly determine the ampli-
tuc @ of the output triangie.

Cotapensation for propagation delays around
the entire loop is provided by one adjust-

ment on the input of the CA3080. This
adjustment, which provides for a constant
generator amplitude output, is most easily
made while the generator is sweeping. High-
frequency ramp linearity is adjusted by the
single 7-10-60 pF capacitor in the output of
the CA3080A.

it must be emphasized that only the CA-
3080A is characterized for maximum output
linearity in the current-generator function.

© | FROM BUFFER -
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METER DRIVER AND
BUFFER AMPLIFIER

"Fig. 22 shows the CA3140 connected as a

meter driver and buffer amplifier. Low
driving impedance is required of the CA-
3080A current source to assure smooth
operation of the Frequency Adjustment
Control.  This low-driving impedance re-
quirement is easily met by using a CA3140
connected as a voltage follower. More-
over, a meter may be placed across the
input to the CA3080A to give a logarithmic
analog indication of the function generators
frequency.

Analog frequency readout is readily accom-
plished by the means described above be-

" cause the output current of the CA3080A

varies approximately one decade for each
60-mV change in the applied voltage, VABC
(voltage between terminals 5 and 4 of the

fore, six decades represent 360-mV change
in VABC. .

Now, only the reference voitage must be
established to set the lower limit on the
meter. The three remaining transistors from
the CA3086 Array used in the sweep gener-
ator are used for this reference voltage. In
addition, this reference generator arrange-
ment tends to track ambient temperature

- variations, and thus compensates for the ef-

fects of the normal negative temperature
coefficient of the CA3080A Vapgc termi-
nal voitage.

" Another output voltage from the reference

generator is used to insure temperature
tracking of the lower end of the Frequency
Adjustment Potentiometer. A large series
resistance simulates a current source, assuring
similar temperature coefficients at both ends
of the Frequency Adjustment Controt.

-~ CA3080A of the function generator} .- There--- --

Fig. 22 — Meter driver and buffer amplifier.

To calibrate this circuit, set the Frequency
Adjustment Potentiometer at its low end.
Then adjust the Minimum Frequency Calibra-
tion Control for the lowest frequency. To
establish the upper frequency fimit, set the
Frequency Adjusimant Potentiometer to its
upper end and then adjust the Maximum
Frequency Calibration Control for the maxi-
mum frequency. Because there is inter-
action among these controls, repetition of
the adjustment procedure may be necesary.

Two adjustments are used for the meter.
The meter sensitivity control sets the meter-
scale width of each decade, while the meter
position control adjusts the pointer on the
scale with negligible effect on the sensitivity
adjustment. Thus, the meter sensitivity ad-
justment control calibrates the meter so
that it deflects 1/6 of full scale for each de-
cade change in frequency. -

" SINEWAVE SHAPER

The circuit shown in Fig. 23 uses a CA3140
as a voltage follower in combination with
diodes from the CA3019 Array to convert
the triangular signal from the function gen-
erator to a sine-wave output signal having ty-
pically less than 2% THD. The basic zero-
crossing slope is established by the 10«2
potentiometer connected between terminals
2 and 6 of the CA3140 and the 9.1-k§2 re-
sistor and 10-k§) potentiometer from termi-
nali 2 to ground. Two break points are es-
tabiished by diodes D1 through D4. Positive

- feedback via Dg and Dg establishes the zero

slope at the maximum and minimum levels
of the sine wave. This technique is neces-

. sary because the voltage-follower configu-

ration approaches unity gain rather than the

zer0 gain required to shape the sine wave at *

the two extremes.
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CA3140,

140A, CA3140B Types

This circuit can be adjusted most ea: ly with
adistortion analyzer, but a good first. pproxi-
mation can be made by comparing the output
signal with that of a sine-wave genera:or. The
initial slope is adjusted with the poten-
tiometer Ry, followed by an adjust:.ient of
R2. The final stope is éstablished by ad-
justing R3, thereby adding additional seg-
ments that are contributed by these diodes.

Ty
T o
! -3V

31008 - !’Oﬂ<.

Because there is some interaction among ~ 5::“
these controls, repetition of the adj. stment stugl hd N
procedure may be necessarv TO WIDEBAND
SUBSTRATE| QUTPUT
OF CA3OI9 AMPLIFIER
01 uF
SWEEPING GENERATOR -
0ra
. . L] bAAA—
+Fig. 24 shows a sweeping generator. Three EXTERNAL
CA3140’s are used in this circuit. One baiadl
CA3140 is used as an integrator, a s¢cond
device is used as a hysteresis switch that ' 3
determines the starting and stopping [ oints R 1 o8 02 : 4300
of the sweep. A third CA3140 is used as a oy ) o 1
logarithmic shaping network for the log ¥ :—m—:— o
function. Rates and slopes, as well as saw- t vl
tooth, triangle, and logarithmic sweeps are . :cuos v
generated by this circuit. LA
[r—
Fig. 23 — Sine-wave shaper. ’
750 A} "
Swona
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:».‘ o . Fig. 24 — Sweeping generator.

+ - Operational Amplifiers.

OUTPUT sy

CA3140, CA3140A, CA31

0C LEVEL 2pF
oasTuenT | 40
04
: 1842
Sy z00a3

v

-

NOMINAL BANOWIDTH ® 10 sartr

Le3Bae
sxcs-treer

Fig. 25 — Wideband output amplifies,

WIDEBAND OUTPUT AMPLIFIER

Fig. 25 shows a high-slew-rate, wideband am-

plitier suitable for use as a 50-ohm trans- -

mission-line driver. This circuit, when used
in conjunction with the function generator
and sine-wave shaper circuits shown in Figs.
21 and 23 provides 18 volts peak-to-peak
output open-circuited, or 9 volits peak-to-peak
output when terminated in 50 ohms. The
slew rate required of this amplifier is 28
volts/us (18 volts peak-to-peak x 7 x.0.5
MH2z). -

POWER SUPPLIES
High input-impedance, common-mode capa-
bility down to the negative supply and high
output-drive current capability are key fac-
tors in the design of wide-range output-volt-
age supplies that use a single input voltage
to provide a regulated output voltage that
can be adjusted from essentially 0to 24 volts.
Unlike many regulator systems using com-
parators having a bipolar transistor-input

stage, a high-impedance reference-voltage di-

vider from a single supply can be used in con-
nection with the CA3140 (see Fig. 26).

i
REF ERENCE} AD
VOLTAGE

Uy

&—

Fig. 26 — Basic single-supply voltage regulator

Essentially, the regulators, shown in Figs.
27 and 28, are connected as non-inverting
power operational amplifiers with a gain of
3.2.  An 8wolt reference input yields a
maximum output voltage slightly greater
than 25 volts. As a voltage follower, when
the reference input goes to 0 volts the
output will be O voits. Because the off-
set voitage is also multiplied by the 3.2
gain factor, a potentiometer is needed tQ
null the offset voltage.

Series pass transistors with high ICgQ levels
will also prevent the output voltage from
reaching zero because there is a finite voltage
drop (Vggsat) across the output of the
CA3140 [see Fig.13). This saturation volt-
age level may indeed set the lowest volt-
age obtainable.

[ ettt aalinie

eyt

7
|
1
;
i
H
i
:
H
L
& 1)
" UM AND NOISE OUTPUT LGAD REQUATION
. <200 uV kS (NO LOAD 70 FULL LOAD)
(MEASUREMENT BANCWIDTH ~ 10 Wiz} <00Z% -
' LINE REGA ATION
QIN/ VT . ocu-2Tee

Fig. 27 — Regulated power supply.
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CA3140, i31404, CA3140B Types " —

igh .mpedance presented by terminaf
8 is advas.tageous in effecting current limit-
ing. _Thus, only a smalt signal transistor is
rgguured for the current-limit sensing amp-
lnf!er. Resistive decoupling is provided for
this transistor to minimize damage to it or
the CA3140 in the event of unusual input or
output transients on the supply-rail. -

CA3140, CA3140A, CA3140B Types

. FOR SINGLE SUPPLY
+30Vv 20 d8 FLAT POSITION GAIN
Q00S uF
%

115 dB BASS AND TREBLE 500ST ANG
CUT AT 100 Rz AND 10 kHz, RESPECTIVELY
25 VOLTS p-p OUTPUT AT 20 kHe

~3 @B AT 24 WMz FROM § Nz REFERENCE

FOR DUAL SUPPLIES

B00ST TREBLE cuT
200
ooz ¢ SREE) oo

\
|
; e
% 1
g m”jmpr :
\ :

'

H

0022 ¥ 10022 4f] |
2y '
.

.

i

'

Figs. 27 and 28, show circuits in which a
D2201 high-speed diode is used for the
current sensor. This diode was chosen for its
siig_htly higher torward-voltage drop charac-
teristic thus giving greater sensitivity. 1t must
bg emphasized that heat sinking of this
. diode is essential to minimize variation of the
current trip point due to internal heating of
the diode. That is, 1 ampere at 1 volt
forward drop represents one watt which
can result in significant regenerative changes
in the current trip point as the diode tem-
perature rises. Placing the small-signal refer- 6200
ence amplifier in the proximity of the cur- MO AND HOISE CUTPUT Oau REGULATION
rent-sensing diode also helps minimize the (uimm'&&w&»o-m mmm Gozat Lo
variability in the trip level due to the nega- Q% voLr
tive temperature coefficient of the diode. premmame
Ln spite of those limitations, the current Fig. 28 — Regulated power supply with
limiting point can easily be adjusted over “foldback” current limiting.
the range from 10 mA to 1 ampere with a
_ single adjustment potentiometer. |f the
. temperature stability of the current-limiting
system is a serious consideration, -the more
usual current-sampling resistor-type of cir-
cuitry should be employed.

22w O

"\ LTAGE
» QST

WA—
(1211}

10 e MO 000
BOOST  CCwOOG Cut
BASS .

201 wF A

szcu-3rane

[o-m=mmeomemon

e

Fig. 30 — Tone control circuit using CA3130 series
{20-d8 midband gain}.

2l

i
"3 | [reow 30 i . .

* Bass treble boost and cut are * 15 dB at
H 100 Hz and 10 kHz, respectively. Full
; peak-to-peak output i$ available up to at
: least 20 kHz due to the high slew rate of the
; CA3140. The amplifier gain is —3 dB down
{ 18 ¢8 BASS ANO TREBLE BOOST from its ““flat’’ position at 70 kHz.

EY
1 AND CUT AT 100 Mz AND (O kHz,

A ‘power Darlington ‘transistor {in a heat

i i i M8 e freaiiiond . Fig. 30 shows another tone-control circuit
sink TO-3 case), is used as the series-pass . ! poosT TRRALE cuT , 23 T BT wigth similar boost and cut specifications. = < - < - ©
. element fc;( thez;:onvem:onal current-limiting Tone._CONTROL NETWORK) T POSITION GAIN. The wideband gain of this circuit is equal to
:x,sgt::,: dis‘sgi.pa(" bea::sebeh"f'povzﬂ Ear' FOR DUAL SUPPLIES the ultimate boest or cut plus one, which in
low output vollalg:a:’d high :u:;:::\sere a : Y this case is a gain of eleven. For 20-d8
) boost and cut, the input loading of this cir-
. O uF P N

A small heat-sink VERSAWATT transistor is (a) - . 00N uF oY cuit is essentially equal to the value of the
used as the series-pass element in the fold- SUPPLY TURN-OK AHO TURN-OFF 7 ] Tome 3140 >0 resistance from _termma_l Np.3_ to g_rounf!.
back current system, Fig.28; since dissi- i YOLTS/01% AD 1 +/BiV) 4 e - A detailed analysis of this circuit is given in
tion levels wi s2c8-27882 M Omr WA 'An 1C Operational Transconductance Amp-
pa will only approach 10 watts. . ;e S lifier (OTA) With Power Capability” by

In this system, the D2201 diode is used for & b owe
current sampling. Foldback is provided by f‘ Fig 31 — Baxandsil tone control circuit using L, Kaplan and H. Wittinger, {EEE Trans-
the 3 kS2 and 100 k2 divider network con- % CA3140 series. actions on Broadcast and Television Re-

) nected 10 the base of ‘the current-sensing 5 ceivers, Vol. BTR-18, No.3, August, 1972.
lransnstor . : ) . -- -
TONE CONTROL CIRCULTS

Both regulators Flgs 27 and 28, provide :

© Del docurmnenta, los autores. Digitalizacion realfizada por ULPGC. Biblinteca Univezsitaria, 2008

better than 0.02% load regulatlon Because
there is constant loop gain st 3if voltage set-
tings, the regulation also
Line regulation is 0.1% per voit. Hum and
noise voltage is less than 200 uV as read
with a meter having a 10-MHz bandwidth.
_Fig.31 {a) shows the turn ON and turn OFF
N charactenstla of both regulators. The slow
turn-on tise is due to the slow rate of rise
of the réference voitage. Fig. 29 (b) shows

- —the transient response of the regulator with _

.- the switching of a 20-Q load at 20 voits out-

(b)

. TRANSIENT RESPONSE ™
ro! TRACE : ouuur VOLTAGE

1200 mv/0Iv AND s,.-/nlvl
BOTTOM TRACE - COLLECTOR

SWITCHING Tnmslsron

- LOAD = | AMPERE
L] vmvs/nlv Mos»lmv)
‘92¢3- 27881

Fly.ZQ— 1 of oy ic chi

of power supply currents shown ’

in Figs. 29 and 30.

High-slew-rate, wide-bandwidth, high-output

- voltage capability and high input impedance

are all characteristics required of tone-con-
trol amplifiers. Two tone control circuits
that exploit these characteristics of the
CA 3140 are shown in Figs. 30 and 31.

The first circuit, shown in Fig. 31, is the
Baxandall tone-control circuit which provides

““unity gain at midband and uses standard

linear potentiometers. The high input im-
pedance of the CA3140 makes possible the

. use of low-cast, low-value, small-size capaci-
tors, as well as reduced load of the driving

stage

WIEN BRIDGE OSCILLATOR

. Another .application of the CA33140 that

makes excellent use of its high input-imped-
ance, high-slew-rate, and high-voitage quali-
ties is the Wien Bridge sine-wave oscillator.
A basic Wien Bridge oscillator is shown in
Fig. 32. WhenRy=R2=RandC1=C2=C,
the frequency equation reduces to the fa-
miliar f = 1/2 T RC and the gain required for
oscillation, AQSC is equal to 3. Note that
if C7 is increased by a factor of four and R2

is reduced by a factor of four, the gain re-- .

quired for oscillation becomes 1.5, thus per-

K 4




Linear Intégrated Circuits’

CA3120, C{)40A, CA3140B Types

mitting a potentially higher operating fre-
quency closer to the gain-bandwidth pro-
duct of the CA3140.

- Oscillator stabilization takes on many forms.
It must be precisely set, otherwise the am-
plitude will either diminish or reach some
form of limiting with high levels of distor-
tion. The element, Rg, is commonly re-
placed with some variable resistance element.
Thus, through some control means, the value
of Rg is adjusted to maintain constant oscil-
lator output. A FET channel resistance, a
thermistor, a lamp bulb, or other device
whose resistance is made to increase as the
output amplitude is increased are a few of
the elements often utilized.

c2 2
o
¥ W
p—ooureur
- $m
cr'r m [
<
sk
= e ,_,.._._'__.“b
T T /mam ez
TS 0Y.-3
dos it Gt W
e+ L]
Aot g
scs-ress

Fig. 32 — Basic m:n_ bridge oscillator circuit -
using on operktionsl amplifier.

Fig. 33 shows another means of stabilizing
the oscillator with a zener diode shunting
the feedback resistor (R¢of Fig. 32). As
“the output signal amplitude increases, the
zener diode impedance decreases resulting
in more feedback with consequent reduction
in gain; thus stabilizing the amplitude of the
output signal. Furthermore, this combina-
tion of a monolithic zener diode and bridge
“rectifier circuit tends to provide a 7ero tem-
perature coefficient for this regulating sys-
- tem. . Because. this bridge rectifier system
has no time constant, i.e., thermal time con-
stant for the lamp bulb, and RC time con-
stant for filters often used in detector net-
works, there is no lower frequency limit.
For example, with 1-uF polycarbonate capa-
citors and 22 MSQ for the frequency deter-
mining network, the operating frequency is
0.007 Hz:

amplitude must be reduced to prevent the
output signal' from becoming slew-rate limi-
ted. -An output frequency of 180 kHz will
" reach 3 slew rate of approximately. 9 voits/
. s when its amplitude is 16 volts peak-to-
- peak. _ _ B

""" As the frequency is increased, the output ~

uTPUT
OB Vp-p TO22Ve-p
THD <0.3 %

[t

Fig. 33 — Wien bridge oscillator circuit using
CA3140 series.

SIMPLE SAMPLE-AND-HOLD SYSTEM
Fig. 34 shows a very simple sample-and-hold
system using the CA3140 as the readout
amplifier for the storage capacitor. The
CA3080A serves as both input buffer amp-
lifier and low feed-through transmission
switch.”  System offset nulling is accom-

AU
-3 HOLO a

*
SIMULATED LOAD—3 30 oF *
NOT REQUIRED <+
P

Fig. 34 ~ Sample- and hold circuit.

plished with the CA3140 via its offset
nulling terminals. A typical simulated load
of 2 k§2 and 30 pF is'shown in the schematic.

In this circuit, the storage compensation
capacitance (C1) is only 200 pF. Larger
value capacitors provide longer “hold*’ periods

.. but with slower slew rates. _The slew rate . .

.dv i . .
o P .0.5.mA/200 pF = 25 V/us.

* ICAN-6668 “Applications of the CA3080
-and CA3080A High-Performance Oper-
- ational Transconductance Amplifiers”’.

.5

4

B i e
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Operational Amplifiers

Pulse “droop” during the hold interval is
170 pA/200 pF which is = 0.85 uV/us;
{i.e., 170 pA/200 pF). ‘In this case, 170 pA
represents the typical leakage current of
the CA3080A when strobed off. If Cq were
increased to 2000 pF, the “hold-droop” rate
will decrease to 0.085 uV/us, but the slew rate
would decrease to 0.25 V/us. The parallel
diode network connected between terminal

TOP TRACE : QUTPUT .

150 mv/0IV. AND 200ns/ DWV.}
BOTTOM TRACE: INPUT

130 mv/DIV. AND 200 ne/DIV.)

LARGE-SIGNAL RESPONSE AND
SETTLING TIME
TOP TRACE | QUTPUT SIGNAL
. (3 V/DIV. AND 243/01V.)

BOTTOM TRACE: INPUT SIGNAL
{5V/01v. AND 2 us/01V.)

CENTER TRACE: DIFFERENCE OF INPUT AND QUTPUT
SIGNALS THROUGH TEKTRONIX
ANPLIFIER TAI3

{5mV/DIV.AND 2u3/01V.)

o rets o ot

9203-27084

SAMPLING RESPONSE

TOP TRACE :SYSTEM OUTPUT -
- . {100 a/DIV. AND SO0 e/ DiV-)
- BOTTOM TRACE : SAMPLING SIGNAL

o 120 V/0MV. AND 500 ns/ BIV.)

92C3-27085

Fig. 35 — Sample- and hold system dynamic
characteristics waveforms.

_through across the input terminals of the

e2cs-27883

- provided by the capacitor with the dotted

" Fig.37 shows a single-supply, absolute-value; -~ — "

CA3140, CA3140A, CAsﬁypes

3 of the CA3080A and terminal 6 of the
CA3140 prevents large input-signal feed-

CA3080A 1o the 200 pF storage capacitor
when the CA3080A is strobed off. Fig. 35
shows dynamic characteristic waveforms of
this sample-and-hold system.

CURRENT AMPLIFIER
The low input-terminal current needed to
drive the CA3140 makes it ideal for use in
current-amplifier applications suchas the one
shown in Fig. 36.® In this circuit, low cur-
rent is supplied at the input potential as the
power supply to load resistor R. Thisload *
current is increased by the muitiplication
factor R2/R1, when the load current is
monitored by the power supply meter M.
Thus, if -the load current is 100 nA, with
values shown, the load current presented
to the supply will be 100 gA; a much easier
current to measure in many systems.
Note that the input and output voltages are
transferred at the same potential and only -
the output current is multiplied by the
scale factor. -

The dotted components show a method of
decoupling the circuit from the effects of
high output-load capacitance and the poten-
tial oscillation in this situation. Essentially,
the necessary high-frequency feedback is

series resistor providing load decoupling.
. Ld . P

realizada por ULPGC. Biblioteca Univeseitaria, 2008
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Fig. 36 — Basic current amplifier for lowcurrant
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measuremant systems.

ideal full-wave rectifier with associated wave-

forms. During positive excursions, the input

signal is fed through the feedback network : | -4
directly to the output. Simultaneously, the .
.positive excursion of the input signal also

drives the output terminal (No.6) of the in-

verting amplifier in a negative-going excur-

sion such that the 1N914 diode effectively

disconnects the amplifier from the signal

path. During a negative-going excursion of

the input signal, the CA3140 functionsasa - ~- - = -~
normal inverting amplifier with a gain equal .

o —R2/R1. When the equality of the two

——eee ---..€Quations shown in Fig. 37 is satisfied, the . . . . ...

full-wave output is symmetrical. - h )

® “Qperational Amplifiers Design and Ap-
plications”, J. G. Graeme, McGrew-Hiil
-Book Company, page 308 — ‘Negative [
Immittance Converter Circuits”. |

73
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A28 2ienem
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:u-n-n(% s
20 ¥ p-paneur

920s-27087M

BWi-348) 290 khe, DC QUTPUT (avG 1232 v

ig. 37 Single-supply, absolute-value, ideal full-wave rectifier with associated wavaforms.
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O

Bwi-348)74.3 My
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92Cs-27870
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PENT S HIRCEI

TOP TRACE :0uTPUT
, (S0mviotv
BOTTOM T.“‘CE JINPUT
(50 mv/ Div AND 200 m/Div)
(8} SMALL- SIGNAL RESPONSE /
(S0 m/DIV AND 200 avD1y) T2C3737TYTY

ANG 200 na /01 v) " TOP TRACE :OUTPUT SIGNAL

} {3 V/0IV. AND Ss/DIV.)
CENTER TRACE : DIFFERENCE SIGNAL
" (Sm WOIV. AND S us/01v.)
BOTIOM TRACE * INPUT SIGNAL
- (SV/01V. AND 33/ 01V)
) o 10) INPUT- QUTPUT DIFFERENCE SIGNAL
i o . . SHOWING SETTLING TIME (MEASUREMENT
" MADE WITH TEKTRONIX “TAI3 DIFFERENTIAL
AMPLIFIER ) 92¢5-27880
L .. Fig 38~ Selit-supply voltage-follower test circuit and associated waveforms. . N

Upeiauviai Ainpuicid

- chip is actually 7 mils (0.17 mm) larger

’ ' ' - CA3140, CA3140A, CA3140B Types

BW(-30Bi« (40 kHz N
TOTAL NOISE VOLTAGE (REFERRED a
TO INPUT) =48 LV TYP.
= 92527088

Fig 39 — Taest circuit amplifier {3t-d8 gain) used ”

- for wideband noise meas: . . l
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The photographs and di i reprasent
a chip when it is part of the wafer. When the
wafer is cut into chips, the cleavage angles
are 57° instead of 90° with respect to the
face of the chip. Therefors, the isolated

- ... .Dimensions in parentheses are in millimeters and oL
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10~ 3 inch).

in both dimensions.
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INTERFACING WITH CMOS LOGIC

The DACQ6's logic input stages require about 14A and are
capable of operation with inputs between -5 volis and V +

less 0.7 voit. This wide input voltage range allows direct
CMOS interfacing in most applications, the exception being
where the CMOS logic and D/A converter must use the same
positive power supply.

in this special case, a diode should be placed in series with
the CMOS driving device's Vpp lead as shown in Figure 1.
The wiode hmits Vg to V+ less 0.7 volt — since the output
rom the CMOS device cannot exceed this value, the DAC's
max:mum nput voltage rule 1s satistied. Surnmanzing: in all
applications. the DAC-06 reguires either no intertacing com-
ponents. of at most a single nexpensive diode for tull
CMOS companbility.

CMOS LOGIC INTERFACE CIRCUIT

. DAC-06

VOLTAGE
outPuT

LOGIC INPUTS

/N INPUTS - Vo LESS
W owa 3 [> 07 vOLTS
ouTPUTS
Voo
€MOS DRIVING
NEVICE
Vs
|
=

_EQUIVALENT CIRCUIT

PAGE 11-32

FEATURES

e FastSettlingQutputCurrent. . ................. 85ns
Full Scale Current Prematched to =1 LSB

Direct Interface to TTL, CMOS, ECL, HTL, PMOS
Nonlinearity to =0.1% Maximum Over

Temperature Range

High Qutput Impedance and

Compliance ........................ -10Vto +18V

o Differential Current Outputs

* Wide Range Multiplying Capability . .. 1MHz Bandwidth
o Low FSCurrent Orift . ... . ... ........ +10ppm/ °C
o Wide Power Supply Range............ +4.5Vio =18V
e Low Power Consumption . . . ......... .. 33mW @ =5V
o Low Cost

GENERAL DESCRIPTION

The DAC-08 senes of 8-bit monolithic Digital-to-Anaiog Con-
veriers crovige very hign-speed performance couplea with
iow cost and ouistancing appucations flexibility.

Advancec circuit design achieves 85ns settling times with
very Gw ghitch  ang at iow power consumption. Monotcnic
mutiplying pertcrmance s attained over a wice 40 to !
reference current range Matching to within 1 LSE between
reference and full scaie currents eliminates the neeg ‘or tull
scale tnmmng 10 most aophcations. Direct interface to a

D/@-08

8-BIT HIGH-SPEED MULTIPLYING

~ D/A CONVERTER
UNIVERSAL DIGITAL LOGIC INTERFACE

poputar logic famiiies with fuil noise immunity 1s provided
by the high swing, adjustable thresnold logic inputs.

Hign-voltage compliance dual-complementary current out-
puls are provided. increasing versatlity and enapling gif-
ferential operation to effectively double the peak-to-peak
output swing. ln many applications. the outputs can be
directly converted to voltage without the need for an exter-
nal op amp.

All DAC.08 series models guarantee full 8-bit monotonicity.
and nonlineantres as tght as =0.1% over the entire
operating temperature range are availabie. Device perfor-
mance 1S essentially unchanged over the =4.5 to =18V
power supply range. with 33mW power consumption at-
tainable at =5V supphes.

The compact size and iow power consumption make the
DAC-08 attractive tfor rortable anc mihtary/aerospace ap-
plicalions. gevices processea to MIL-STD-883. Level B are
avarlable

DAC-08 applications include 8-bit. 1.s A/D converters, servo-
motor and pen drivers. wavetorm generators, audia en-
coders and attenuators. analog meter drivers, program-
mable power suppiies. CRT display drivers, high-speed
modems anc other apphications where |ow cost. high speed
and complete input/output versatility are required.

N 8% .86 - u? - b8

CURAENT
S¥aTCHES

PP S

vagp - »-AD_(

AEF g
amp

5 3
come ‘v-

ORDERING INFORMATION & PIN CONNECTION

Q — Hermetic Package

P — Plastic Package

vie 18| COMPENSATION
Ut VREF () MODEL TEMP RANGE  NONLINEARITY

v- VREF (4! DAC-08AQ —55°% +125°C +0.1% Military Temperature Range Devices
tour [5] ve DAC-08Q —-55°+125°C =0.19% With MIL-STD-883B Class B Processing

~ss 83 (5| [1z] es us8 DAC-08HQ 0°*/+70°C =0.1% ORDER: DAC08AQ/883
82 (3] (7] o7 DAC-08EQ 0%/ +70°C =0.19% ACO8Q/8
NG oY DACOBCQ  0%+70°C 2039% bacasaiess
DAC-08MP 0°/+70°C 20.10%
8 (2] 3] es DAG-OBER 0% +70°C ~019% FOR QPL-38510 PARTS REFER TO
16:p . GAC-08CP 0% +70°C =0.39% 4M38510/11301/11302 DATA SHEET
L1 IN DUAL-IN-LINE
PAGE 11-33

ﬂ D/A CONVERTERS DAC-08
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‘ DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER ’ DAE.'T HIGH-SPEED MULTIPLYING DIA CONVERTER .
CTR! T = = =0° ’ i i
BSOLUTE MAXIMUM RATINGS ,Eelt-jto botEIAL Ca:icAlRACTEmS ICS at Vg = =15V, lgge = 2.0mA, T, =0°C te +70°C unless otherwise noted. Output charactenstics
berating Temperature V+ SupplytoV=Supply ......ooiiiiiiiiiin... 3By out ouT-
. ° : _ _
DAC-08AQ.Q.................... -55°C :o +125 C Laogic Inputs V-~ toV- plus 36y DAC-08H DAC-08E DAC.08C
DAC-08HQ,EQ.CQ ... . ...ttt 0°Cto +70 Viec . .. V-tovs PARAMETER SYMBOL  CONGITIONS MIN  TYP  MAX MIN  TYP  MAX MIN TYP  MAX UNITS
orage Temperature. . ............... -65°Cto150°C Analog Current Outputs .. ............... See Figure 12 Resolution s s s 3 8 s s ) s Bus
bwer Disstpation™ . ......... ... o 500mw Reference Inputs (\_1‘4 to V?5) ................ V-toVs Tronotonicity s P . 2 A A 3 a s o
Derateabove 100°C .. ... ................. 10mw/°C Reference Input Differential Voltage rmmraay PSRy T " T rw P
zag Soldening Temperature (60 sec.) .. .......... 300°C (VAatOVag) o oe e +18v B —— P —_— A
. cer tun operaung range Reterence input Current(lyg) ................... 5.0mA Settiing Time ts ON o1 OFF T, = 25°C See Note) - 85 135 — & 1% ~ 8 150 ns
Propagatich Deiay T -
E£acn ot LA Ta=23'C - 5 60 - 35 60 -~ k5] 60
LECTRICAL CHARACTERISTICS at Vg = £15V. lggr =2.0mA, T, = -55°Cto +125°C unless otherwise noted. Qutput character- Al DS switcnea tomL (See Noter — 3 s - 3’ 50 - 3 & 03
ucs reter to both g,y and igyr. Fuill Scale Temoco TCleg - =0 =50 — oz =50 - =10 =80 ppmuC
Qutput Volltage Compliance Full scale current change —-
DAC-08A DAC-08 (Trus Compnance Yoc <1 (SB. Ayt » 20Mst typicar 0 - -8 -1 - 8 - - -» Voits
PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS iy ro e
— 2 -
Resotution 8 8 8 8 8 8 Bits Fult Range Current IrRa Ay Ryg =5 000Kt 1984 1992 2000 194 199 204 194 199 204 mA 8
*Aonatomcity 8 8 8 8 8 8 Bits . I ARG e . &
et e e Fuli Aange S 1 -1 .
ragnimeanty Tas -55°C 10 +125°C - ~ =01 - — =019 WES _Fult Range Symmetry FAs_ | 'Fad—lrR2 z180 A ”
e ] Zero Scase Current 25 40 rA o
To = LSB. all Dits switched — .- —- - S R C- - X
Setthng Time 1y D oge - 85 135 - 85 150 ns g Ryg = 5 000K 21 — _ 21 = _ 21 ” = ]
- b ON or OFF. T, =25°C iSee Note) Outout Current Range :g:; Vage= +150V - = A ‘;_
Propaganon Jefay . . o _ _‘/gvzg;fr'i’SIOV Yo 12v4_ 42 - - 42 ~ - a2 - -~ bt
Each bl TeLn Ta=25'C - a5 60 - 3% 60 ns Loge Input Levers e
Al bits Switchea towy, (See Note) e . — Legie O i vig oV - - o8 = ~ 08 - - oe voits 3
£l Scale Temoco TCleg (See Notes ~ a0 =s0 — 210 =80 ppmi*C __teacinpu AL B i UL A UL B A :
mro e e —_ - Tt T LogiC N0yt Currant Vig=0v '
Quiput Vollage Comphance Vac Fuil scale current cnange 10 - 18 —10 - «18 Voits Logic 0 1y V'LN L 90V 10 <d8v - ‘16 w0 - 20 0 ~ 25 -0 E
True Compliance) L [1LSB Royr -WMuypical Logic input e Vg = 209 1018V - ooz 10 - ow2 w0 - ooz 1
Fuit Range Current IFae =2mA Ty=+25°C 3988 1992 2000 194 199 204 mA TL0g 1t Sairg o5 v- s -asy B e - e T
Fuil R;.ng;‘g;r;ame-lr; - Ieas - =05 =40 - = (3 ) =80 N A LeGiE Thresncic Range ‘TR vg= 215V 10 — s T - 138 <30 2o
Zero Scate C‘urTe‘nl. T ”;1-5 ) - 01 10 - 02 20 wA Reterence Bias Cuitent [y ~ .16 -30 - <10 -30 _ 1o .30
B B R s - CorTeT T r T T s T T - oo - R < JOG See fast puised )
0R, S w180V V= = <10V 21 - ~ 21 - - mA Reference Input Siew Rate guo1 nf?n et ot a0 80 - 10 &0 — 0 o - mALs
Qutput Current Range \ va i - 00 v c 42 _ _ .2 _ _ ¢ - OoF beiow
oR. €F = * == - - e s -
7 i S T - PSSigg . Ve =45V 1t0 18V — 00003 2001 — 0003 200 SN0 ssor
LoQiC Inpul Levels Power Suppiy Sensitinty ¢ D E AT . . . s . ) )’_ =t :
Logic 0" V=0V - - 08 - - 08 voirs _ PSSieg . inge =) oma 0002 :G01 20002 o0 - :0002 0O Y
Logic Input S L N RPN D ho N - tgs 15V tmge - 1imA - 23 s o5 e o ar s
= - - -43 -5 - -4 -58 - -3 -58
Legie input Current Vig=0v ! ) . ) : : 3¢ :
Logic 0" I Vin= =10V o +08V - -20 -10 - -20 -10 WA Power Suppis C.rrent - vg= 3V 15V lpgg 2 20mA - IR 38 - 24 3e - 23 38 oA
Logic thput "t I,L Vi =20V to 18V — 0002 10 - 0002 10 ' ) -  -B4  -T8 - -3 -7 - -6+ -78
Logic inp " 8 ‘e Vg = =15V ingp =20ma - 25 38 - 25 3 - 25 38
Logic [Aput Swing Vis V- = 15V -10 - +18 ~10 - +18 Volts _ ‘- - -85 -78 - -8% -78 - 6 18
o Ve = 215V -10 - +135 ~10 —  +135 Volts £S5V lpgp = 1 OmA - 3 13 - 33 eLY - 33 L'}
:,09‘: Threshoia Range Vina s s Power Gismicaton Py 5% -5V tggp = 20mA - 108 136 . - 193 136 - 166 136 mw
Reterence Bias Current Ls - -0 -30 - -0 =30 WA . 218V Ipge =2 0ma - 135 ~ 35 174 P
R Agg = 20011 See tast pulsed NOTE: Paramerer nol 100': 1esteq guaranteed Dy design - B I
Reference input Slew Rate gt/at A, =100} into tollowsng 40 80 - 40 8.0 - MAIS
Cy = 0pF Elect Charactenshcs pU
LS| PERATION
Supply S ' PSSig V4 =45V to 18V / — 200003 =00t — =00003 =00 A%i% ED REFERENCE OPE FAST PULSED
Power Su ensitivi v o
e SeeRy ! PSSty Vo= odSlo 1By —~ £0002 z00 —~ 20002 2001  V* ] REFERENCE OPERATION
S- Ingr = 1.0MA w ’
OVRER
1+ Vga =5V, inge = 1.0mA - 23 38 - 23 38
1= - -43 -58 - -43 -58 LR ?(P)LIDN‘A;; ntsum: 28V~
N
e Vg= +5V. — 15V, lngs = 20mA - 24 38 ~ 24 38 mA ) {RRer fFOR OFFSET T r
Power Supply Current \ — -64 -78 C - -84 =18 Rin ! oSV
- N ’)——’VV\P'“I*“—‘-—-
'+ Vg= 215V, inge <2.0mA - 25 38 ~ 25 a8 20002 ~05ma-
- - -6.5 -78 - -6.5 -78 oL
5V, 1 1.0mA 33 48 33 8 w1 o lour
=3V, lpgr = 1.0m. - - TYPICAL VALUES: | ~25mA-
Power Dissipation Py +5V, =15V, Ipgg = 2.0mA - 103 136 - 108 1368 mw ) e, Ly 25ma
= 15V, Inge = 20mA - 138 174 - 135 174 ] WiN - 1oV
NOTE: Parameter not 100% tested; guaranteed by design. :EQ - w})m 200NSEC/DIVISION
: L -
- tce0
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DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER C T TmT memm Tmrm e TR
‘ ‘ TYPICAL PERFORMANCE.RVES .
. OUTPUT CURRENT vs
TRUE AND COMPLEMENTARY LSB SWITCHING FULL SCA/L\LLBF“SSEH&L":NG TIME OUTPUT VOLTAGE OUTPUT VOLTAGE BIT TRANSFER
OUTPUT OPERATION e (OUTPUT VOLTAGE COMPLIANCE) COMPLIANCE vs TEMPERATURE CHARACTERISTICS
VRE ] . cove bm : 24v- 40 I [ I AL o 0 18 Tnote 81 THAOUGH B0 MavE 10ENTICAL TRANSFER
e Lo nror . : o [T
oma T o | ] 1o [ L RS i, S
} H | — . - " II:.égtj'y‘ OV.(lo“va:l OPERATING TEMPEAATURE
cav— gﬁu;;ﬂh_nnsn - 28 % - ! 2 .60 + t Ttz "cl
1.0ma- ov- 1 2058- H 24 | : IR G 0 | 9D ANEA iNDICATES PER. || ‘;’ . | -« 2oma I 81 I f
s Ve ~18Y y—=-§¢ | AEF *2mA ot MEHSLE VOLTAGE H 10 {- (ReF = 2.
Bup “ 20 Q50 | RANGE FOR V- = 18V, IngF < —— H |
20maA- aut L H J[ ) [ X i - 20mA. 202
o T T 2 %17 rom omen v on iner, see 5 oe .
22 . IREF = ImA 3 0 |— OUTIVT CURRENT V8 OUTRUT —o—— z .
- N A € SONSEC DIVISION E VOLTAGE CUAVE ' Y S L
10000 0000} VREF = ImA EURRAY SONSEC. DIVISION %z;?;:n'n:ﬁ:irz' '1:‘:'”“ 3 08 I( ‘} ’ i X 7 40 ] ‘ I [ :; v---sv] ® T a2 a!s o
0.4 '——J—l—‘-—‘—o—lﬂei-ﬂlmA -80 ] L 1 1 v e 1svi \ ] e c
o LC T -120 | [} | T — :
-4 =10 -6 -2 2 6 10 W 1 -5 e *50 <100 150 -120 40 40 0 40 80 320 180 c
OUTPUT VOLTAGE i) TEMPERATURE ( CI LOGIC INPUT VOLTAGE (V)
4
w
TYPICAL PERFORMANCE CURVES e
w
REFERENCE INPUT POWER SUPPLY CURRENT Z
PAGATION POWER SUPPLY CURRENT vs V+ WER SUPPLY CUR V- TEMPERAT
FULL SCALE CURRENT vs Lsa;g_iv Ve tes FREQUENCY RESPONSE toa il : m:‘O ERSPRLY CURRENT vs o vS : E‘ URE | E
REFERENCE CURRENT w0 T H 9.0 | ALL BITS "MIGH” OR “LOW" __%_ 90 |- BITS MAY BE "MIGH” OR Lovrl 30 - ALL BITS "MIGH" OR “LOW" <
50 T T ' LIMIT FOR 0 [} LI R T R T - | . ~ I k3 | { c
TaeTun 0 Taax T s oo i 3% . oo — T— %00 , ; v ] ;
TS “HIGH" ! p s o Lon- - £ £ ; T ; £
e AL / ) . [ o rs on : : 570 ! 570 f it ines - tma ] £ ﬁ_v-'-_usv‘-L-—“..-'ﬂ K
i / g ; 2 /‘\2 g“ guo i 5“ 1AEF = 20mA
2 ; ; : T ! . g“’—'--—- . e - — glﬂ - - %40 ,
= z - 1 @ 1= WITHIREF « O 2mA
2., 7. S o < : N g0 e e e e ] M e E3 T e P
8 o " ‘;j 2 L0 Acim‘ra::ul_l: -.l}mn/‘l::uu( ‘ . § e e ; 20 i f ® 20 ; :
H e ] £ 00 S0 |, LIMGESSHEL emveo 1 [ —— 10 f—r— - — 0
oo AT ' T ERNN R ,
-12 Ve T L : ° i '
! ! e SMALL SGhAY : uo 20 40 80 RO 100120 140 160 100 200 0 40 40 -120  -160  -700 ° -s0 [ 5 «100 «1%0
° 0 o 20 30 10 50 ° wo or a:nmx;;ancv :.m o Ve POSITIVE POWER SUPPLY 1vdc) -2 °VA NE::”“‘::" s;::v w.;:” TEMPERATUAE | C)
JnEs REFERENCE TURAENT ma s uu“'ELY r-itssc.‘.f:-:uﬂi;low s
REFERENCE AMP LOGIC INPUT CURRENT vs Ve — Vic ve TEMPERATURE BASIC CONNECTIONS
COMMON MODE RANGE INPUT VOLTAGE ™ LC
.0 — .1 aBiTson 100 | i o i ' ' ‘ BASIC POSITIVE REFERENCE OPERATION ACCOMODATING BiPOLAR REFERENCES
L T4« Thin TO Twax . I l | ‘ ! ‘ ,
e | — ! H ’ 16 3 T |
§ TR i BEEEE P Paosnwe's ‘
z i | = !
E » E so - : : ' Z‘: v ! \ r aer VREFI*) ? ? ? 0‘ !
Z “ Vo418V V- -8V Ve s 15V 3 : ] ) ‘ > *VREF o—AAA—O——1 8 :
o 5 . . H z — RREF
[ e g L i : £os — we N
e Y 1 '
: " g [ : | 15
on T RS < I 20 T { .4 : - ‘ ron 3::‘:35:‘]“"“' ._TE_
N i ’ ! iner » 0.2mA ‘ l ! i H l ! l TYPICAL VALUES ARE: IREF > PEAK NEGATIVE SWING OF Ity
o-o L - ° l ’ - ° o 50 100 ";‘ x::fr - ;‘o‘:mm AR ~ ATS vRep RREF
- y o 30 120 180 -50 - - - 1.
-“v -:’e;:-:suc:- z|:¢:mn:ou »:mﬁ :/naursz 1\‘1: 18 40 -:o‘:uc u:mr‘vounat w TEMPERATURE tC) gs_-om: s
b - VLG = OV (GROUND) 10PTIONALY
‘ = Vin 1]
“ V- v+ ViE -
. ey
19 +ig = (pR FOR *VRER MUST BE ABOVE PEAX POSITIVE SWING OF VIN
ALL LOGIC STATES
&
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DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

BASIC CONNECTIO‘ ‘

" AC-08 8-BIT HIGH-SPEED MULTIPLYING DI/A CONVERTER

‘ .‘

OFFSET BINARY OPERATION

CONNECT NON.INVERTING INPUT OF OP AMP 10 15 21N 2;
1. CONNECT 1Q .1
4 TO GROUND ° eTiem

RECOMMENDED FULL SCALE ADJUSTMENT CIRCUIT BASIC NEGATIVE REFERENCE OPERATION '
|
| |
TC A
i VREF Lo‘vgm MsB Lsa j 5.0x02
X RREF s 81 82 83 B4 BS aoa 87 B8 S AAA—
! ! 7 T?VT i T | | B1 B2 BI B4 85 BS B7 B8
1 '2 L. ! Eg
, ! = vaer ais 1oy | ; POS FULL RANGE T 1 1t 1 1 1 1 +4960
i Q
. ZERO SCALE 10 0 00 0 0 0 000
_V!EE S|
FS ™~ R T O URReRy CAneELLATIoN, NEGFULLSCALE«1LSB 0 0 0 0 0 0 0 1 -4860
" NEG FULL SCALE 00 0 0 0 0 0 0 -5000
. . !
: v - L
; . i =
o0
=]
9
BASIC UNIPOLAR NEGATIVE OPERATION g
—
%]
__ - POSITIVE LOW IMPEDANCE OUTPUT QOPERATION NEGATIVE LOW IMPED E g
. e esse B1 B2 B3 B4 85 86 B7 B8 igmA  IgmA £ T - EDANCE QUTPUT OPERATION b s
) o h
gR9e90c? < FULL RANGE Y1 1 0 1 1 199 000  -9.960 - .000 | ¢ £
I ' ' ! 3
: | 5000 HALF SCALE -LSB ¢ 0 0 0 0 0 1 1008 984  -5040 -4.920 ac . ' z §
1ngF - 0 { H 4
2000ma HALF SCALE » 9 000 0 0O O O 1000 992  -5000 -4.960 A : g %
o = -0 ' <
T MALFSCALE -LSB 0 1 1 1 1 1 1 1 992 1000 -4960 -5.000 \ < 3
~
i ZEROSCALE-LSB 0 0 0 0 0 ©0 0 1 008 1984 - 040 9920 ‘o 210 155 - Ay - &
- _ - ]
st T ZERO SCALE 6 0 0 0 0 0 0 @ 000 1992 000  -9.960 | 2 070 -iea - Ay n - 38 iner n §
. | 5
- o e 3
FOR COMPLEMENTAAY OUTPUT CPERATION AS A NEGATIVE LOGIC DAC —_— m
CONNECT WVERTING 1NPUT OF ig P N = = g
Gouneer Py OP AMP TO G PIN 2i CONNECT 1 PIN 4 FOR COMPLEMENTARY OUTPUT OPERATION AS A NEGATIVE LOGIC DACH %
3
g
3

BASIC BIPOLAR OUTPUT OPERATION

o
i 81 B2 B3 B4 BS B6 B7 B8 Eq o g
POS FULL RANGE 1 1 1 1 1 1 1 3 -9920 -10.000 g
INTERFACING WITH VARIOU ICF
POS FULL RANGE -(SB 1 1 1 1 1 1 1 0 -9840+ 9920 S LOGIC FAMILIES g_
2ERO SCALE -LS8 1 0 0 0 0 O O 1 -0080+ 0160 ) 5
ZERO SCALE 1 0 0 0 0 0 0 0 0000~ 0080 ecL CMOS, PMOS/NMOS . g
IREFI* * i i g
2000ma ZEROSCALE -LSB 0 1 1 t 1 1 1 1 +0080 0000 — | z
o— VTN » VLG -1 8y = PAM ' (7]
— NEG FULLSCALE +LSB 0 0 0 0 0 0 0 1 -3920- 9.840 m 15V CMOS 7 |
Viw s erav Vin e 76V 1 s |
NEG FULL SCALE © 0 0 0 0O O 0O O ~10.000- 9920 oy [ |
} %20&:)‘ H
9.1 i
: § 2N3904 1
! i vie ;A 2N3904 p
I3 3 ._—_| T o
& v 4 nn
) e %Lnn o1k 001 ToMN 1
= = I —ovee
= = (Ln
§ 400uA
<
-5.2v =
TEMPERATURE COMPENSATING V¢ CIRCUITS
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DAC-08 8-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER

'

SETTLING TIME MEASUREMENT

|7 FOR TUANON, Vi = 27V

B FOR TURN.OFF, Vi + 07V

MINIMUM
CAPACITANCE

z =

Veu
o

=0 1F

= ViN
Q

516 7 '8 .9 110111112

A 2
133 s
. ~ootf
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' T=ONF I puacy: B TS
| [

- — —
. émmz: %Zh‘.! 3‘5‘“
RREF |, 4 — o
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o
g Thi PROBE )
=
— =}
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=F
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Yo DGT

APPLICATIONS INFORMATION

REFERENCE AMPLIFIER SETUP

The DAC-08 is a multiplying D/A converter in which the out-
put current is the product of a digital number and mAe nput
reference current. The reference currenl may be fixed of
may vary from nearly zero to +4.0mA. The fuli scaie outp\_n
current is a linear tunction of the reterence current and is
given by:

255
\pg =—X |lagr Where lagr =l
FS ™ 256

In positive reference applications, an exz_ernal positive
reference voltage forces current through Ry4into the .V"EF"'
terminal (pin 14) of the reference ampilitier. Anernauv_ely. a
negative reference may be applied to VREH_,‘al pin 15;
raference current tlows from ground through Ry4into Vagr(+)
as in the positive reference case. This neqgative reference
connection has the advantage of a very high impedance
presented at pin 15. The voltage at pin 14 is equal lo_ and
tracks the voltage at pin 15 due to the high gain of the inter-
nal reference amplifier. Ry5 (nominally equal to Ry4) is used
to cancel bias current errors; Rys may be eliminated with only
a minor increase in error.

Bipolar references may be accomodated by oftsetting Vrer
or pin 15. The negative common mode range ot the ref-
erence amplifier is given by: Vem- =V — plus(lper X 1k() plus
25V. The positive common mode range is V+ less 1.5V.

When a DC reterence is used. a reference bypass capacitor
is recommended. A 5.0V TTL logic supply is not recommended
as a reference. !t a requlated power supply is used as a
reference. Ry, should be split into two resistors with the
junction oypassed to groung with a 0.14F capacitor.

For most applications the tight relationship between lpgr
and lgg will ehminate the neeg for trimming lR_Ep. If re-
quired. full scale tnimming may be accomplnshed by
adjusting the value of Ry, or by using a potennqmeler for
Rys. An improved method of full scale trimming _wmch
eliminates potentiometer T.C. effects is shown in the
recommended full scate adjustment circuit. ‘
Using lower values of reterence current reduces negalu've
power supply current and increases reference amplifier
negative common mode range. The recommgndec range for
operation with a DC reference current is +0.2mA to
+4.0mA.

The reterence ampiifier must be compensated by usmg a
capacitor from pin 16 to V—. For fixed retergnce operation,
a 0.01,F capacitor is recommended. For variable r_eterence
applications, see section entitled “Reference Amplifer Com-
pensation for Multiplying Appiications’.

MULTIPLYING OPERATION

The DAC-08 provides excellent muitiplying performance
with an extremely linear relationship between leg a‘nd |a§F
over a range of 4mA to 4uA. Monotonic aperation is maiv
tained over a typical range of Iggr from 1004A to 4.0mA.
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REFERENCE AMPLIFIER COMPENSATION FOR
MULTIPLYING APPLICATIONS

AC reference applications will require the reference
amplifer to be compensated using a capacitor irom pin 1§ to
Vv-. The value of this capacitor depends on the the im-
pedance presented to pin 14: for R4 values of 1.0, 2.5 and
5.0k$), minimum vaiues of C¢ are 15, 37, and 75pF. Larger
values of Ry, require croportionataly increased vaiues of Ce
for proper phase margin.

For fastest response 1o a pulse. low values of Ry, enabling
small C¢ values should be used. I pin 14 is driven by a high
impedance such as a transistor current source, none of the
above values will suffice and the amplifier must be heavily
compensated which will decrease overall bandwidth and
slew rate. For R.;=1k0 and C¢=15pF. the reference
amplifier siews at 4mA/us enabling a transition from lpgg = 0
10 lpgr = 2MA in 500ns.

Operation with puise inputs to the reference amolifier may
be accomodated by an alternate compensation scheme.
This technique provides lowest full scale transition times.
An internat ctamp atlows quick recovery of the reference
amplifier from a cutoff (iagr = 0) condition. Full scale trans:-
tion (0 to 2mA)} occurs in 120ns when the equivalent \m-
pedance at pin 141s 2002 and C¢ = 0. This yields a reference
slew rate of 16mA/.s which is relatively independent of Ry
and V,y values.

LOGIC INPUTS

The DAC-08 design incorporates a unique logic input circuit
which enaples direct interface to all popular logic tamiiies
ang provides maximum noise immunity. This feature 1s
made possible by the large input swing capability. 2.A logic
input current ang completely adjustable logic threshold
voltage. For V- = - 15V. the logic Inputs may swing be-
tween —10V ang - 18V. This enables direct interface with
+15V CH10S logic. even wnen the DAC-08 is powered from a
+5V supply. Mimmum input logic swing and minimum logic
threshold voltage are given by: V~ plus (lpge x 1k( plus
2.5V. The fogic threshold may be adjusted over a wide range
by placing an appropriate voltage at the logic threshold con-
trol pin (pin 1. V¢). The appropriate graph shows the reia-
tionship between V, ¢ and Vryy Over the temperature range.
with Vy,, nominally 1.4 above Vi c. For TTL and DTL inter-
face. simply grouna pin 1. When interfacing ECL. an
lner = 1MA is recommended. For interfacing otner logic
families. see previous page. For general setup of the logic
control circuit, it should be noted that pin 1 will source
1004A typical; external circuitry should be designed to ac-
comodate this current.

Fastest settling times are obtained when pin 1 sees a low
impedance. If pin 1is connected to a 1k divider, for exam-
Ple, it should be bypassed to ground by a 0.01,F capacitor.

ANALOG OUTPUT CURRENTS

Both true and complemented output sink currents are pro-
Vided where | +1g = Igs. Current appears at the “true” out-
Put when a “1" is applied to each logic input. As the binary
Count increases, the sink current at pin 4 increases propor-

tionaily, in the fashion of a “'positive logic” DIA converter.
When a ‘0" is applied to any input bit, that current is turned
off at pin 4 and turned on at pin 2. A decreasing togic count
increases lg as in a negative or inverted logic O/A converter.
Both outputs may be used simuitaneously. If one of the out-
puts is not reguired it must still be connected to ground or
to a point capable of sourcing lgg; do not leave an unused
output pin open.

Both outputs have an extremely wide voltage compliance
enabling tast direct current-to-voitage conversion througn a
resistor tied to ground or other voitage source. Positive
compliance is 36V above V- and is independent of the
positive supply. Negative compliance is given by V— plus
(lrgr x 1KQ) plus 2.5V.

The dual outputs enabte double the usual peak-to-peak load
swing when driving loads in quasi-differential fashion. This
teature is especially useful in cable driving, CRT deflection
and in other balanced applications such as driving center-
tapped coils and transtormers. :

POWER SUPPLIES

The DAC-08 operates over a wide range of power supply
voitages from a total supply of 9V to 36V. When operating at
supplies of =5V or less. lggr < 1MA is recommended. Low
reference current gperation decreases power consumption
angd increases negative compliance, reference amplifer
negative common mode range. negative logic input range,
and negative logic thresnold range: consuit the various
tigures for guidance. For exampte. operation at —4.5V with
lngr = 2MA is not recommendea because negative cutput
compliance would be reguced to near zero. Operation from
lower supplies is possible, however at least 8V total must be
aplied to insure turn-on of the internai bias network.

Symetrical supplies are not required, as the DAC-08 is quite
insensitive 1o vanations in supply voitage. Battery operation
is feasible as no ground connection is required: however, an
artificial ground may be used to insure 10giC swings, etc. re-
main between acceptable limits.

Power consumption may be calculated as foillows:

Pg=(l+) (V+)+(1+) (V=) +(2 Irgp) (V- ). A useful feature of
the DAC-08 design is that supply current is constant and in-
dependent of input logic states: this is useful in cryp-
tographic applications and further serves 1o reduce the size
of the power supply bypass capacitors.

TEMPERATURE PERFORMANCE

The nonlinearity and monotonicity specifications of the
DAC-08 are guaranteed to apply over the entire rated
operating temperature range. Full scaie output current drift
is tight, typically +10ppm/°C, with zero scale output current
and drift essentially negligible compared to 1/2 LSB.

The temperature coetficient of the reference resistor Ry,
shouid match and track that of the output resistor for
minimum overall full scale drift. Settling times of the
DAC-08 decrease approximately 10% at -55°C; at
+125°C an increase of about 15% is typical.
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One_benem is nol'nediately apparent and deserves
special mention. In all of these applications, the digital input
words can be CMOS, TTL, DTL, NMOS, or MECL, because
the DAC-08 interfaces with all of those logic families. in
fact, the two input words may even be from ditferent logic
families to eliminate special level translators or interface
circuitry. (See AN-17 “DAC-08 Applications Coliection.”)

The first arithmetic application is shown in Figure 17. Two
DAC-08s perform a fast aigebraic summation with a direct
analog output. The circuit works by paralleling the outputs
of two DAC-08s and summing their currents while driving a
balanced load. The output is the algebraic sum of word “A”
and word “B" in all four quadrants.

FOUR-QUADRANT DIGITAL M'PLICATION

High-speed muitiptication of two 8-bit digital words with an
analog output usually requires several logic packages and a
D/A converter. The circuit in Figure 18 performs this func-
tion using only three ICs.

In Figure 18 DAC-08 number 1 and number 2 are connected
as previously shown, and DAC-08 number 3 provides the
analog reference inputs to DAC-08 number 1 and number 2.
Those reference inputs are determined by digital input word
“A.” The circuit's output, 1g¢-lgz, is a differential current out-
put which may be used to drive a balanced ioad.

Four-quadrant multiplication is thus performed by adding
one more DAC-08 to the basic four-guadrant multiplying
connection.

VREF * 1OV

DIFFERENTIAL

25x11

-O
1oUT TO BALANCED LOAD ]
oroz o EouT
v
. oo
l 10UT © 101 - 102 * K ' AL+ 18)
— 25y vags
> = P11 14 A g
::m‘ : Tnes AND A anD 78
<hnes ! - ARE POSITIVE OR NEGATIVE OFFSET
- BINARY DIGITAL wOADS
WORD"A” WORQ 8" 1) . 02 fout
0T NI T 398ama 0 "9 0ev
1100 0000 1100 0000  1000mA 0 984mA <504V
1000 0001 a1 m 2 000mA 1 84ma -0 04V
T 1000 000D 0111 1111 192ma  1992mA O
éé é: l D111 1111 1000 0000 1¥8ZmA  1992mA O
= Q111 1130 1000 0000 ) MamA  2000mA DG4V
18) OIGITAL INNUT WORD 0t TN oy vy 0984mA  1000maA -5 04V
0000 0000 0000 0000 O 1%amA -3 96V
Figure 17. Four-Quadrant Aigebraic Digital Computation
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-
—————i02
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I
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(A) DIGITAL INPUT WORD (8} DIGITAL INPUT WORD :

®  HIGH SPEED MONOTONIC OPERATION OVER THE ENTIRE DY- 1
NAMIC RANGE

&  FOR HIGHEST MULTIPLYING SPEED, USE 25013 AESISTORS

AND NO COMPENSATION AS SHOWN. (THIS ALSO LOWERS THE —
RC PRODUCT AT DAC-OS #3 OUTPUTS)

Figure 18. Four-Quadrant 8-Bit x 8-Bit Digital Muitiplier
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Here is a 4-IC, microprocessor-controlied oscillator with a
8159 10 1 frequency range covering 2.5Hz to 20kHz. An ex-
ponential, current output IC DAC functioning as a program-
mable current source aiternately charges and discharges a
capacitor between precisely-controiled upper and lower
limits. This circuit features instantaneous frequency
change, operates with +5V +1V and -15V =3V supplies,
and provides monotonic frequency changes over a 78dB
range — the dynamic range of a 13-bit DAC.

BASIC OPERATION

Connected as shown below, the output of the exponential
DAG is an eight-chord (or segment) current ranging between
250nA and 2.0mA. The three most significant bits select 1 ot
8 binarily-related chords; and the five least signtficant bits
seiect 1 of 32 linear steps within each chord. This current is
switched between the lg{+) output and the ig{—) output
under the control ot a pin labeled SB.

APPLICATION NOT®20

EXPONENTIAL DIGITALLY CONTROLLED

0SCILLATOR USING DAC-76

By Donn Soderquist

When SB is low, lo{-) is selected, and the DAC’s output cur-
rent drives a current mirror which ramps the timing capaci-
tor in a positive direction until an upper limit of GV is sensed
by A2. At this time the set-resist flip-tiop (L1) is set, SB
becomes a 1", and the DAC's output current is switched to
the lg(+) output. Now the capacitor is charged to a lower
limit of -5V, the flip-tiop is reset, and the cycle repeats
itseif.

REFERENCE SETUP

The multiplying relationship between the reference current,
Ingr. and the full-scale output of the DAC is 3.863. Iggr is set
by the voltage between V+ and the lower {imit divided by
R1+R2. This is 50 because Pin 12, Vger(-), is a high-
impedance input. namely the noninverting input of an op
amp internal to the DAC. Since both Iggr and the upper and
lower limits are derived by dividing down the power supply
voltages, operation (frequency of oscillation) is independent
of power supply changes. (See Appendix for a complete
derivation of the timing formula.)

*ALL 10M2 RESISTORS ARE PART OF 148iN DIP NETWORK
BOURNS #4114R-001-1038.
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current compensation for the DAC reference amplifier is ac-
complished by R4.

Figures 1b, 1¢, and 1d show dynamic performance of circuit 1a
when the digital inputs are swept by an external BCD up-counter
with codes of 0000 0001 thraugh 1001 1001 «division by zero is
not allowed ..

THEORY OF OPERATION (—A/X)

The circuit configuration for the —A/X function is shown in
Figure 2a. it is quite simttar to that of Figure ta with both the DAC
reference amplifier and output amplifier terminals reversed.
Capacitors C1 and C2 provide phase compensation. Figures 2b,
2¢. and 2d show dynamic performance of circuit 2a.

DESIGN CONSIDERATIONS

1. Circuit speed and settling time are dictated by output op
amp slew rate. scaie factor, and compensation. Use of
slower amplifiers considerably increases the illystrated set-

tling times. Effective slew rate of circuit 1a is 3V/us, while
circuit 2a siews 0.6V/us.

2. lLayout and breadboarding of high gain, wide-bandwidth
devices necessitates considerabie care with a ground plane
with singfe point grounding being highly desirable. De-
coupling capacitors located close to the devices' supply
inputs are essential.

3. Accuracy of the circuit is within 1% over the 0°C 1o ~70°C
temperature range with 1% metal film resistors R1, R2 and
R3. DAC linearity becomes an important factor as the divisor
decreases: for this reason 1/4 LSB linear OAC's are
recommended

4. Binary coding may be accomplished by substituting an 8-bit
binary-coded DAC-08EX for the two-digit BCD-coded DAC-
20EX. In addition to adjusting circuit values however, a
higher performance op amp such as the OP-17F is desirable
because the output amplitier's input offset voltage drift
becomes a more sigrificant error source for overail scale
factor stability over temperature, This s due to the increased
resolution of the binary coding.

A "X DIVISOR DIGITAL INPUTS
04020108 & 2 1

[ARARANAN

8182 B B4 85 08 8/ B8
Vagge! )

'CONSTANT
-——

0AC-206x
2 Vagri

ug
~IREF | 10w

BOUANS.
3006 #.1-103

| 3“7‘::”. ! .
L———T——v—\ Xoww

Vour'

VRer
IcONSTANT * LSB VALUE = —

“VREF © lRes M2
‘constant F3 Xrg

= 0onF WHERE X - DECIMAL EQUIVALENT OF
T FULL SCALE COUNTS
s, V

o

% AND xDIV =+ DECIMAL EQUIVALENT OF
-1V DESIRED DIVISOR

A1 R2 R) - 1n METAL FILM

ALL CAPS - CERAMIC DISC

YOP TRAGE » CLOCK
A <A
LOWER TRACE *— THRU —
1 0

|CCDES 0000 0001 THAU 0001 0000}

LOWER TRACE <2 THRU 2
3 =z

(CODES 0000 0011 THAU 0010 0030}

TOP TRACE = CLOCK

LoweR TRaCE < Sy A
' »

(COGES 0000 0001 THAY 1001 1001}

Figure 2. —A/X Function Generator
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APPLICATION NOTE 24
THE OP-17, OP-16, OP-15 AS

OUTPUT AMPLIFERS FOR

HIGH SPEED D/A CONVERTERS

This application note shows how to make high speed, voit-
age outpul D/ A converters using the DAC-08 and OP-15/16/
17 precision BIFET op amps. Designs are optimized for
nignest speed (OP-17), lowest dnft (OP-16) and tor lowes!
power (OP-15). Aithoughthe DAC-08 s used asan example,
the same configurations work with DAC-20 and DAC-76.

Converting the current output of a fast IC DAC to a voltage
while maintaining tast setthng time s difhicuit. The full scale
current of the DAC-08 settles in 85ns. it can be terminated
wilh a load resistance. as snown in Figure 1. 1o give a 10V
output. However, in this configuration the settliing ime will
be domuinated by the AC time constant ot R;and the DAC-08's
output capacitance (T = R,Cy = 5k} x 15pF = 75ns}. It
requires 6.2 ime constants to settle within 0.2% of full scale
(1/2teastsignificant bit of an 8-bit converter). Theretore, the
setthng time 15 500ns including the DAC-08's 35ns propaga-
ton delay

‘ VREF

DIGITAL INPUTS

N “sg ° 8-
" ?5 Te Tr !a ‘l?‘) TanTu

Vg o
0 -10v
S Y

A1
Shit

Figure 1. DAC-08 with Resistive Termination
Settling Time = 500ns for ¢ ta -10V

Due to this RC time constant, current-to-voltage conversion
is usuaily accomplished with a transimpedance amplifier as
shown in Figure 2. The output's response is now limited by
the amplifier's slew rate and settling time. However, an addi-

tional pole is introduced at ,where C1is the sum of

1
2wR2C1
the DAC's output capacitance and the op amp's input capac-
itance. The frequency of this pole is likely to be atan inoppor-
tune location tor fast amplifiers, creating an underdamped
response or even oscillation.

The circuit of Figure 3 resolves this problem. It can be shown
that if R1C1 = R2C2, the effect of the two capacitors is

by George Erdi

DIGITAL INPUTS

LA

?"a:s
1

3162 83 B4 85 86 67 88
whyo o __ _ o Vo~ 2
g e 10 -10v
REF TooF
1% -
‘ CieCg Ciy

NI

Figure 2. Volitage Qutput DAC with Transimpedanc
Amplitier .

completely cancelled. and the overall settling will be deter-
minea by the amplifier’s behavior only. inaddition, C2can be
varied to fine tune the system's response and mimimize sét-
thng time to compensate tor the op amp’s possibly under-
dampea or overdamped cnaractenstcs. The disadvantage of
this circuit compared to that ot Figure 2 1s that all input
errors, and in particular input offset voitage (Vpg), are ampli-

fiea by the factor {1+ -E% ).

. The optimum speed 1 obtained — atlow cost — by using the

OP-17, tast, precision, BIFET-input op amp, stable only at
closed-l0op gains of tive or more. Therefore, the R2/R1 ratio

a1 A2
1250 skt
AN
VREF  pigiTaL iNRUTS R e Ve
ss us T per
ARer T sy
2 s Jo f7 |8 ja Bopnpz
B) B2 63 54 66 B8 B7 B4 |
Wlvpepivt po— etV 2 Vo= 0
— i 10 *10v
'REF
5 < 3
Cleco * Cin
b v-

Figure 3. Voltage Output DAC with Response Shaping
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A Az
v 12500 Sk
REF niGiTaL iNPuTS W AN
= c2
msa Lss = oof
Raer

818283 84 38585 87 s
VRer !

Vg - o

TO +10v
OAC-08E

NOTE: VALUES SHOWN ARE FOR OP-17. REFER TO
TABLE | FOR OF-15 AND OP-18 VALUES.

Figure 4. 0 to -10V Connection, Settling Time = 380ns

is setatfour (Figure d). Setthing time 10 0.2% 15 380ns with ali
bits turming ON (0 to 10V), or alt bits turning OFF (10V 10 0).
The.last 2.5 volts of the rising waveform are shown in the
photograph of-Figure 5. The three grades of the OP-17 are
specified at Vog = 0.5mV maximum (OP-17€), 1.0mV maxi-
mum (QP-17F), and 3.0mV maximum (OP-17G). Eventhough
Vos1s multiplied five imes its etfect s stl less than 0 2% or
20mV The OP-17E's contribution wili be only 1/4 L.SB even
on a 10-bit system. The offset voltage canaiso be trirmmedto
zero. then the TCVps, at 2 10 4uV/° C, typicaily, will be the
hmating factor The complementary output of the DAC-08
can pe used fora -10V to - 10V system as depicted in Figure
6. Setthingume s only shghtly increased because of the ime
required to slew the agditionat ten volts. Since 1/2 LSB 1S
now 40mV, the nan-siew portion 1s decreased by 70ns.

The OP-16 1s slower than the OP-17 but 1t 15 stable in unity
gain  Therefore. \mproved output-referred error can be
traded off for increased settitng time. The OP-15 15 a lower
power dissipation model. but again this improvement is
obtained at the expense of settling time. Table t summarizes

Figure 5. Settling Time of Figure 4 Circuit Using OP-17

Al Az
v 125k Sl
REF
DIGITAL INPUTS vy
__EM A
M8 158 = BoF
SAAAAAAAN AN e
il 5 16 17 /8 'a finlnin
e 81 B2 83 84 85 a6 87 B8

VRer )

!
o}

e}
15V 15V S5V

NOTE  VALUES SHOWN ARE FOR OP-17 REFER 1O
TABLE 1 FOR OF.15 AND OP-16 VALUES

Figure 6. =10V Connection, Settling Time = 450ns

the resistor and capacitor valuesforthevarious amplifiersin
the circuits of Figure 4 and Figure 6. the setthing times

obtained in these circuits, and the output-referred offset
errors.

Table 1. OP-17/16/15 Performance as Output Op Amp for DAC-08

OP-17 OP-16 OP-15
0 to 10V -10 to 10V 0 to 10V -10 to +10V 0 to 10V ~-10 to +10V
Figure 4 Figure 6 Figure 4 Figure 6 Figure 4 Figure 6
R, 1.25k1} /1.25k{} 10k 10k 10k(} 10k}
Ry 5k0 "5kl sk 5k 5k 5k0
Ry — K0 — 3.3k — 3.3k0
C, 8pF 8pF 25pF 40pF 30pF 50pF
Settling time to ~0.2% 380ns 450ns 750ns 1100ns 900ns 1350ns
Siew Time 150ns 290ns 400ns 800ns 590ns 1170ns
1/2LS8B=0.2% 20mVv 40mv ' 20mv 40mv 20mv 40mV
Closed Loop Gain 5 5 1.5 1.5 1.5 1.5
Oftset Error at Qutput-
& Grade Maximum 2.5mv 2.5mv 0.75mv 0.75mv 0.75mv 0.75mV
F Grade Maximum 5.0mv 5.0mv 1.5mv 1.5mv 1.5mv 1.5mv
G Grade Maximum 15.0mv 15.0mV 4.5mv 4.5mv 4.5mv 45mv
Supply Current Maximum TmA 7mA 7mA 7mA 4mA 4mA
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The Precision Monolithics OP06 op amp makes an excel-
lent comparator. in fact, for submilivolt signais, there is
simply no comparator that pertorms as well. Using an exter-
nal nuliing potentiometer, the offsetdrnitis typically 0.6u.V/° C
With its nigh open ioop gain of 1 milhon, only 304V is
required at the input to drive the output from one saturation
level to the other. A 50° C change in temperature produces a
30uV change in Vpg: thus a total error band of 100uV includ-
ing temperalure effects is quite conservative. This perfor-
mance 15 an order of magnitude better than other compara-
tors. 100,V sensitivily is nice to have in 12-bit A/D converters,
but 111s essenual in 14-bit converters. Where preamplifiers
are typically needed with thermocoupies and strain gauges,
the OPO6's sensitivity allows direct comparison of these low-
level oulpuls. As aresult system costs decrease. and rehabal-
Iy tncreases.

LOW-LEVEL PERFORMANCE MEASUREMENTS

The low-level capabilities of the OP06 comparator are graphi.-
cally illustrated 1n Figures 1 and 2 using the test circuit
below Comparator voltage input, applied through a 100 to 1
attenuator. is 100uV,.in Figure 1 and 40uVy.oin Figure 2.
Note that the op amp oulput stili reaches both positive and
negative saturation.

TEST CIRCUIT

o
APPLICATION NOTE 25

THE OP-06 OP AMP AS A

LOW-LEVEL COMPARATOR
By Shelby D. Givens

€ 10mVDIV

15V 8ae

° AN
€y ® € 4100
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100 TG 1
f» ATTERUATOA 2
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*DECOUPLING COMPONENTS NECEMSARY TO
PREVINT SMURIOUS OSCILLATION

PROCEDUAE:
1. REDUCE § TO ZERO VOLTS
2 Mwmmv‘mmmmm

-
3 APPLY € THAT I8 SYMMETRICAL ASOUT GaOUND, 18 L 7§
4 MEASURS ¥y AND Vg WITH ICOPE

Figure 1. 100uV P-P Sine Wave Response (Rg: 100$2)
£ Smv/OIV
Vl, vV ;
WY -
Figure 2. 40uV P-P Sine Wave Response {(Ry: 100Q2)

COMPARATOR RESPONSE TIME

While most comparators are specified for 2mV to SmV over-
drive, the OP06 operates very reliably with only 0.5mV over-
drive. Figures 3 and 4 show the response t}imes for both
positive going and negative going inputs with 5004V and
5mV overdrives as measured at the logic output.

VTR R TAN

© Del

o

Figure 3. Positive Going Responss Time (SmV and 500uV
Overdrives)
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demultiplexer, which will have its own break-before-make
delay. An analog to digitai system will have a samplefhold
amptifier in front of the A/D converter. Since the equations
which apply to these situations are difterent, they will be
discussed separately. Figuie 15 summarizes the conditions
and the equations which apply to them.

Since there 1s no heid voitage. then Ny =0 i1n the mutti-
plexer-demultiplexer system. This reduces Ng 10 the simple
form shown in equation (1). S, and S, foliow 1n equations (2)
and(3). Since t, = Ty (break-before-make tme of the DEMUX).
that ime will have a significant efftect on ACCT. The MUX-
sample/hold system imposes the condition S, =S, =P, =0;
thus Ng = Ny [t will be instructive to compare the levels of
ACCT in these two Systems versus their appropriate times.

Figure 16 looks at a “typical” system which will give approx-
imately one percent transmussion error (33kt R, and 3004
Ron). and has 50pF C(. The value of C 1s somewhat on the
tugh side (20pF being typical for MUX-08 connected to a bul-
fer arp). but it does give a conservative vatue for analysis.
What Figure 16 shows 1s rather startling. The adjacent chan-
nel crosstalk, while inherent in the multipiexer stself, can be
eliminated in both systems by the proper iming. in the case
of the samplehold «t 1S only necessary 10 delay the hold
command for approximately 1.2,sec to have the ACCT
vanish completety. This i1s no problem. since most samplef
hoids need at least 2,.5ec to accurately acgquire tne signal
(this 1s particularly true of monohthic devices). The plot tor
the MUX-DEMUX system relates to Ty, which 1s not ad-
justable tor a given DEMUX. What 1s possibie is 1o add some
delay to the address change for the DEMUX. In thus way. the
DEMUX will not “1ook™™ at the MUX output untii the charge
from the previous channet nas had a chance 10 dissipate.

CONCLUSION

Table il summarizes the forms of crosstaik and iists ways of
coping wih them. Reduction of Rg,, 15 helptul in all three
cases. White Tggy should be minimized as much as possible.
it 1S important that no two channeis are ON at the same
time. In some cases. Tgrk !S Chosen such that even over
temperature extremes. the break-before-make feature is
maintamned. Since all three components ot crosstalk are pre-
sent in a dynamic mulitiplexer, the “careful circuit board

Table 2. How to Handle Crosstatk

g::::::m x?":::: Ways to Minimize Etfects
Static 6dBloctave < Minimize Rgy
* Reduce stray capacitance (Cgq)
by caretul circuit board tayout.
Dynamic 6dBloctave * Minimize Roy
* Minimize tc g
* Minimize Tgqax, but Tgry .- 0 is
needed to prevent shorting
channeis together.
* Minimize R
* Reduce stray capacitance (Cgg)
by caretul circuit board layout.
Adjacent NONE * Minimize Rqoy
Channei ¢ Minimize f¢ x

Minimize Tgax, but Tgay -0 is
needed to prevent shorting
channels together.

Minimize R, and C,

WAIT betore alowing sample/
hoid or DEMUX to measure MUX
output.

1ayout” 15 ymportant even though it 1s not hsted in the ACCT
section.

This paper has pointed out the fact that static crosstaik
1given on muitipiexer data sheets) ts only one of the three
components ot crosstalk. The models for static and dynamic
crosstalk are relatively simple and were discussed 10 show
how they are related. The most troublesome component of
crosstaik (adjacent channel crosstalhl was shown not to be
quite so straight-forward. For one thing, adjacent channel
crosstatk (ACCT) is not signal frequency dependent as are
CT and DCT. The mechamism which governs this form of
crosstalk 15 stored charge on the MUX node. While CT and
DCT must be minimized by caretul layout and once present
in the multiplexer cannot be reduced. such is not the case
wilh ACCT. Even though ACCT is present in the multiplexer.
the proper timing of demuitipiexer or sample/hold commands
can eftectively eliminate ACCT from the total system.
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INTRODUCTION

This application note describes a digitally or micro-
processor controlled one-shot and an astable mulitivibrator
using two of the industry’s most widely used low cost
building blocks, the PMI DAC-08 8 bit DAC and the 555
timer. Digital controi ranges of 255 to 1 and 510 to 1 are
shown for one-shot and astable applications allowing
periods of 18xsec to 1.4 seconds and frequencies of 1 Hz to
60 KHz.

ONE-SHOT LINEAR MODE OPERATION

In the one-shot mode of operation, the time delay or the
one-shot period is determined by a constant current source
and a capacitor. A digitally programmable constant current
source 1s made using the DAC-08 and two PNP transistors.
The DAC-08 is a current sink; the two PNP transistors are
used as a current mirror which reverses the direction of the
DAC's sink current forming a current source. The current
source charges the iming capacitor. causing the voltage
across the capacitor to increase linearly at the rate of

APPLICATION NOTE 36
DAC-08 CONTROL OF 555 TIMERS

by Kishor Patel

{ lout } volts per second from approximately zero voits to
C
%— Ve of the 555 timer.

The one-shot's period, T, is basicaily an RC product with
two other control tactors. The R is fixed and represented by
RReF which sets up the correct Iger current tfor the DAC.
With the fixed RRgg, the one-shot period is directly propor-
tional to the vaiue of the timing capacitor C (see Tabie 1).
The other two controlling factors are the DAC's digital
inputs and the ratio of the timer's V¢ to the DAC's VRgF.
The one-shot period is inversely proportional to the nor-
malized digital input value and directly proportionai to the
Ve to VReF ratio as illustrated in Fig. 2. When operated in
the linear mode. a 255 to 1 control range of the one-shot’s
pernod is achteved.

BASIC DESIGN

As shown in Fig. 1. this design involves a series of conver-
sions from a digital input to an analog current to a
threshold voitage and finally to a time delay or a frequency.
A DAC-08 converts the gigital input to an anaiog current
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Figure 1. Digitally Controlled One-Shot
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Table 1. One-Shot Linear Mode Timing Table

ONE-SHOT PERIOD (msec)

Vce = 15V VRefF = 15V

- Vee =5V VRefF = 15V

Input Digital Code C = 1uF C=0.1ufF C = 0.01uF C=1ufF C=0.1ufF C =0.01uF
M1t n 8.2 0.505 0.049 1.72 0.160 0.0176
00 00 00 01 1440 134 13.8 455 43 " asg

-

which is then converted to a voltage by a two transistor
current source and a capacitor. The voltage is then con-

16.000.0 EXPANDED RANGE DAC i
Sxrano verted to a time delay or frequency b imi i
. ;\‘ ::i'._.s‘:v ] [ and the 555 timer. Y 9 Y by @ timing capacitor
3 1000.0 \ N ‘L:IT[‘A:' DAL )
veeg = 15V

g \\&-'uv ONE-SHOT EXPANDED MODE OPERATION

3 1000 RN Range is doubled to 510 to 1 by operating the DAC in the
.-‘.’ Lmesn oac expanded range mode with the DAC's louT fed forward
P ool ::_:'_3\:" ’mmm, :Tr“o)r: IT_e (ele:fence inpqt node of the QAC. Expanded range
3 en) e timing is shown in Table 2 and in the graph of Fig. 2,

vee v W
10 VREF - 15V I

ASTABLE MODE OPERATION

An astabie multivibrator 1s made in a similar fashion in Fig.
3. A DAC-08 and two PNP’s form a current source driving
the timing capacitor (C) and a discharge resistor (RB). The
timing capacutor is charged linearly by the current source
and discharged exponentiaily through Rg. Once again, the

Figure 2. One-Shot Period vs Digital Input
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1
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"y ALY
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Vaer i=)
v v- Cow  Wie canmmor |
12 3 " 1 4
[ o
Nnesy l / GNO
rexn
Ry - i -e ' hand
—_0
} VIR
1
FREQUENCY, f -_1.. RREFC v s FOR LINEAR MODE
+ 0.
3 {D, Vaer 95 RgC
1
FREQUENCY, t » ; vo 2 5 - FOR EXPANDED MODE
c - { ' .
S R Co
3 TREF VREF[ ‘ D’ ]0 0.695 RgC
Figure 3. Digitally Controlled Astable Muitivibrator
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digital DAC input and the ratio o!imer Veetothe DAC's
Vaer provide additional control on the muitivibrator's fre-
quency. The digital input has directly proportional control
while the V¢ to Vger ratio has an inversely proportional
control of frequency.

Frequency range is not fully 255 to 1 as expected but
approximateiy 220 10 1, because the discharge time {output
low) of a cycle is invariable for any digital input being deter-
mined by the product of Rg and C. Frequency is shown in
Table 3 and in Fig. 4. Expanded range operation doubles
frequency range as it did in the one-shot application.
Frequency is shown in Table 4.

MICROPROCESSOR CONTROL
Both the one-shot and the astable muitivibrator can be

_microprocessor controlled. Fig. 5 shows the implementa-

tion of a microprocessor controlled one-shot. The eight bit
latch (74LS377) is used to intertace between the data bus
and the DAC. Stable data is latched in by a positive going
edge of an address coincident puise. After the data is lat-
ched, a butfered negative going address coincident pulse
can be used to trigger the one-shot. The astable muiti-
vibrator 1s implimented similarity except for elimination of
the butfer and the trigger pulses which are not required.

Table 2. One-Shot Expanded Mode Timing Table

10000 LINEAR DAC

10.0

OUTPUT FREQUENCY (M2}

Figure 4. Multivibrator Frequency vs Digital Input

CONCLUSION

Digitally controlied one-shot and astable multivibrator with
a wide range of outputs have been implemented. The one-
shot has a 255 to 1°(8 Bit dynamic) time period range and
the astabie multivibrator a 220 to 1 trequency range. When
the DAC is operated in the expanded modes, these ranges
are doubled.

ONE-SHOT PERIOD (msec)

Vee = 15V VRgF = 15V vee =5V VREF = 15V
tnput Digital Code C = tufF C = 0.1ufF C = 0.01uF C = uF C = 0.1uF C = 0.01uF
11111111 5.2 0.495 0.049 1.72 0.160 0.0176
%0 00 00 2900 280 26 970 87 84

00 00 00 01

Table 3. Astable Linear Mode Frequency Table

ASTABLE MULTIVIBRATOR FREQUENCY (Hz)

Rg = 1kQ2: Veg = 15V VREF = 16V

Rg = k2 Ve = 5V: VREF = 15V

input Digital Code C = 1uF C = 0.1uF C = 0.01uF C = luF C = 0.1ufF C = 0.01uF
00 00 00 01 1.49 14.7 156 4.86 49.8 433
Mmninn 328 3,279 33,333 n7 7,273 60,241
Table 4. Astable E ded Mode Fr y Table

ASTABLE MULTIVIBRATOR FREQUENCY (Hz)

Rg = 1k Vee = 15V, VREF = 18V

Rg = 1kQ2; Ve = 5V VREF = 10V

Input Digital Code C = 1uF C = 0.10uF C = 0.01uF C = tuF C = 0.1uF C = 0.01uF

00 00 00 01 0.74 7.69 79.9 2.42 24.7 17

mnnn 328 3279 33,333 714 7,299 60,241
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apPLicATION NOTE 40
A BUFFER APPLICATIONS COLLECTION

by Sheiby D. Givens

+ 38dB at 103Hz. The Figure 3 response is + 2.5dB at 200Hz
and -10dB8 at 50Hz. On the other hand, the Figure 4
response is ~ 9dB at 200Hz and + 2.5dB at 50Hz.

INTRODUCTION

This Application Note consists of a collection of circuits
which apply buiters 10 the solutions of a variety of problems.
As will be shown, buffers may be used to make filters, cur-
rent sources, cable drivers, sample and hoids, high speed
instrumentation amplifiers, line drivers tor multiplexers, cur-
rent boosters for voltage references, and high speed voltage “ T
output DACs. : RESPONSE FROM
30 | €1 70 vour
Ay = 2.4 MEGO
Az * 100
20} Cy - 100nF

INDUCTORS AND FILTERS PRk
The active inductor in Figure 1 is realized with an eight-lead

g
L1

> 1
IC. two carbon resistors, and @ smali capacitor. A commer- E ! l t ! iy )
cial inductor of 50 hennes may occupy up to five cudic inches. ° T { [ ]
i .
~10 / - X ! l'_
N, Hi
” I
L R
|'00 - AL'J 100 1000
e
L {Cg vour | . R ILE NS —
\ Bl .“"“:C!Czn.ﬂz(\n’c:)

”,
1M

L MRz - 100 MENAIES figure 3. Response from E1 (-] Vou(
Ag - Az - 100..
Re - Ry - 10MEG .
ASSUMING CgTRAY -ACROSS Ryl OF & uf THE UPPER
FREQUENCY LIMET 1S APPROXIAMTELY ThMr AESPONSE PO T
X 100 AT - Q189 €210 vour I .
Ry « 24 MEG.. N
Ry - 100 | o
20} C1 = 100nF . s

|

Figure 1. Active Inductor to+ 103Ny

The tuned circuit shown in Figure 2 uses the simulated in-
ductor of Figure 1 (R,, Ry, Cy) and C, Depending upon

whether the circuit is driven at E, or E, the responses of x b
Figures 3 or 4 result. The resonant response in both cases is | ;

<,
vour . vewnzefve E)
€2

1 - LIRIRZCICE + 1Ry e E%

Figure 4. Response from E2 to V¢

Figure 5 shows a low pass filter realized tor f, of 1MHz.
What is remarkable about this filter is most ICs do not have
A the fult power bandwidth to handle 1MHz signals in the 5 to

10 Volt range, while the BUF-03 has a greater than 4MH2 full
power bandwidth for a 20V, sinewave. Simitar comments
apply to the filter in Figure 6. In other words, the extreme
bandwidth of the BUF-03 extends the bandwidth capabitity
ot certain classes of active fiiters.

fo v — =
23 VRRCICY
INPUTS MAY BE AT E; OR E3. GRAPHS OF THE TWO

wiLL SHOwW AND

Figure 2. Tuned Circuit
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-0 lammgie |
IF Ay~ Az A THEN

1€1.C1"°
a3
o A (3] [~] Q
My i3 pF oF

1OMEG 102x 220 WM& on

Figure 5. Low Pass Filter (High Frequency)

VN0 it N — *—2 vour

>
AAA—
z
Z

A} \"
e \Ewie
1F Cy =G = C. THEN

Ry R
e 2
‘o 4 L1 Lt a
L7 of

wox 270 208k  102x QN

Figrue 6. High Pass Filter {High Frequency)

The BUF-03 can be used to make a 4.5MMz trap for use in TV,
This circuit is shown in Figure 7, and the elements are
chosen such that no capacitor is less than 100pF.

) Az
VinO— ¢ VWA~ BUF QY ! vour
380u Ao i
=0
2000F
$r
3o
(=] c2
1000¢ 1008F
1
[ ﬂl_fﬁ
Ry A2= 2Ry
cy1-Cz -%

Figure 7. Notch Filter at 4.5MHz

HIGH SPEED CURRENT .CES

The BUF-03 in combination with an OP-16 produces a bipolar
voltage-controlled current source. The circuits shown in
Figures 8 and 9 were breadboarded and found to have rise
times of approximately 1usec. Since the waveforms had
definite RC characteristics, layout was suspected as con-
tributing primarily to the rise times observed. Figure 8
shows the inverting connection, while Figure 9 shows the
noninverting connection.

2 5
Ei-2v) 10m W0ust ¢ vo aoz: Vi
O—

Ry
H L0
i i
*MATCHED SO THAT :: . :;
¢ A7
g Ay

COMPLIANCE OF ABOVE CIRCUIT - V(1 15 oV
WHEN E - 2V ANO A téa. NOTE TrAT
VQ & - 1V UNDER THESE CONDITIONS

Figure 8. Inverting Bipolar Current Source (High Speed)

Ay u . W ma
foks e 1on - ve w2z vt ™
R e e Ammm S S
| ' Ay
| 3
. ?
hvd

-nvcutnsomn:—f.:"_:‘l
L€ Rs
" Rg &

COMPLIANCE OF ABOVE CIRCUIT L3Vy) IS -8V WHEN
E = <2V AND By « 1.8Kk1:. NOTE THAT Vo IS - 10V
UNOER THESE CONDITIONS. -

Figure 9, Noninverting Bipolar Current Source

DATA ACQUISITION SYSTEM APPLICATIONS

Because of the speed of these devices, the BUF-03 and
OP-17 atiow the fabricatlon of a high speed instrumentation

a.mplifley as shown in Figure 10. The output of the in-
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Ry R
NOTE: ﬁ% . f; FOR GOOD COMMON MODE REJECTION
R4a (5 ADJUSTED FOR BEST CMAR.

Figure 10. High Speed tnstrumentation Amplifier

strumentation amplifier will likely be muitiplexed onto a
common data line. Here the BUF-02 or BUF-03 can be used
as the data line drivers because of their speed and current
capabilities. The connection for this application is shown in
Figure 11. The realization of a high speed sample and hold is

= A
CHANNEL Ll I roved aores
CHANNEL TO CHANNEL CROSSTALK

o2
1
- 4 MUX 8uF &2 "ouor
NUMBERS | o3 .
28 AL
7 4l
NOTE 1 STAAY CAPACITANCE AT MULTIPLEXER OUTPUT
NGDE SHOULD BE MINIMIZED TO AEDUCE
NQTE 2 A BUFFER weOSE SLEW BATE 1S TOO SMALL WiLL
INCREASE CHANNEL TO CHANNEL CROSSTALK.

rs

v
VREF oIGITAL
s10v ouTRUT
o 14817 AGC L

« MAXIMUM ERROR FROM BUF-01 IS 100 V.
« RESOLUTION OF 10v, 14-81T AOC IS 810.V.
« BUF 01 AESOLVES 1/2 LSB OF 14-81T SYSTEM.

Figure 13. High Resolution ADC Input Buffer

tion invoives the BUF-03 and the DAC-08 (digital-to-analog
converter). Figure 14 shows how it is possible to develop
both Vot and V,,. The output capacitance of the DAC-08 is
approximately 15pF, thus as R, increases in value, so does
the settling time for Vo, (and Vg,

4

gyt Ro '\ vout
’ BUF 03 ]
[
outr
LS Y

OAC 08 ‘.OUY
- <
-
| { ‘out Ro vout
23 l2Ll00¢C -
B1 82 83 84 B5 86 87 BS

¥ 2158 SETTLING TIME
- 300mec

A4

SYSTEM will DRIVE CABLES OR TWISTED PAIRS

Figure 11. MHigh Speed Line Driver for Multiplexers

possible using the BUF-03 and suitable analog switches.
The circuit shown in Figure 12 provides the highest speed
because there are no feedback loops to siow down the set-
tling times. Typically the sample and hoid is followed by a
successive approximation analog-to-digital converter (ADC).

Figure 14. High Speed Voltage Output DAC

LINE DRIVER APPLICATIONS

1f your BIFET “line driver” has the speed but not the stability
or the current capability to drive coaxial cables, its output
may be buftered with a BUF-03 as shown in Figure 15. Figure

vin l\ NMOS OR OMOS vour
o2 suF03
ly 'I‘ i—g;,,

ICHARGE OF BUF-02 IS :80mA. THEREFORE THE SLEW
RATE INTO A 500pF HOLO CAPACITOR WiLt BE 120V/WSEC.
THUS THE SLEW RATE OF THE SAMPLE AND MHOLD
CIACUIT IS LIMITED 8Y THE CAPACITON CHARGING TIME.

Figure 12. High Speed Sample and Hold

The BUF-01 is shown in Figure 13 as the input butter for a

14-bit ADC. Because of its extreme accuracy, the BUF-01

can resolve 2LSBof a 10V, 14-bit system. The final applica-

CAPACITIVE LOAD STABILITY OF BUF-0J MAKES IT

AN {DEAL INTERFACE BETWEEN B(FET OF

AND SHIELDED CABLES'

NOTE: TO MAINTAIN ACCURACY IN THE SUFFER
AL > K0 1S AECOMMENDED,

Figure 15. Convert BIFET Into Cabie Driver
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16 shows an alternative connection when better accuracy
and more current capability is needed. Note that the limita-
tion on R being greater than 1K does not apply in this case
since the added error caused by lower impedances is im-
bedded inside the feedback loop of the op amp.

Vin
© vour

v A\

vouy Rz
Gllu-v‘—"—-|v"‘

MAXIMUM LOAD CURNENT = -50mA {30V = 200:1)

Figure 16. Current Booster

MISCELLANEOUS USES OF BUFFERS

An accurate buffer can be useful for isolating a reterence
zener trom load fluctuations. In this way the same zener can
be used in a variety of relerence situations. The circuit
shown in Figure 17 can supply up to 10mA (SmA tor the

- g—WAA -Of

r
Az l\ 1 e sSmA MIN
va- V2 ve
uF o1 — =
vz .on O
BUF 02
AEF ERENCE
2ZENER
1

“VE + 300,V MAX FOR BUS Q1
VE * 15mv MAX FOR BUF 02

Figure 17. Buffered Voitage Reference

BUF-02) to a Joad using a BUF-01. Single supply applications
can be realized using either the BUF-02 or the BUF-03 as

shown in Figure 18.

VIN G2LF

*NEEDED FOR LOW
IMPEDANCE AT HMIGH
FREQUENCES

1LOwW AT Vi = 1.45M1
fLow AT vouy » 1 S9rs
ASSUME Vi = 10V PP SINE WAVE 1SV PEAK}
THEN FULL POWER BANOWIOTH IS

796kK; FOR BUF 02. AND

1.55MM; FOR BUF 8T

Figure 18, Single Supply AC Buffer (High Speed)

CONCLUSION

While the list is by no means all inclusive, this application
note has attempted to point out some of the mynad of uses
tor the IC buiter. In particular, the BUF-03 makes possible a
whote new class of high frequency filters and high speed
current sources. Many problems in data acquisition systems
can be solved by the use of buffers. in addition, the 8UF-03
is useful in providing increased drive current, as well as the
ability to drive fong cabies without instabitity. Finaily, the
versatility of the reterence zener can be increased by using
buffers, and tor AC applications the buffer can be used on
single power supplies.
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This note describes a companding D/A converter that is
ideally suited for industrial control applications using 8-bit
microprocessor bus structures. Features, such as 4-channel
demultiplexing, a reference amplifier that accepts various
levels of DC or AC for multiplying, and both encode or
decode capabulities are on-board the COMDAC?®. Twelve-bit
accuracy can be obtained with a logrithmic 7-bit pius sign
microprocessor compatible D/A converter.

The DAC-76 is at its best when measurement and control
become critical as the signal approaches zera volts. Not all
control systems that require precise control need the accu-
racy of a 12-bit digitai-to-analog converter over their entire
range of operation. In fact, the non-iinearity of a 7-bit com-
panding O/A converter can be quite an advantage.

APPLICATION N&E 43

THE DAC-76 IN CONTROL APPLICATIONS

by Mike Parsin

COMDAC?® CHARACTERISTICS

The term “companding” comes from compression/expan-
sion which is used extensively in the telecommunication
industry. Compression is performed in the encode or
analog-to-digital conversion mode, and expansion occurs
during decode or D/A conversion. The A/D transfer character-
istic is seen in Figure 1.  Eight points which are referrad to
as chords or segments are selected by a 3-bit binary code.
Within each chord are 16 steps selected by a 4-bit binary
cocge. Each chord segment ig linear to 1/2LSB. Step size
varies {rom 0.025% in chord 0to 3.2% «of full scale: inchard 7
1see Table 1-.

OIGITAL
QUTPUT (et

Jd ANALOG
NPUT ()

ANALOG
NeuT o T T T

OIGITAL
OUTPUT (-}

CENORD
STEP INPUTS  (INPUTS

87 ne 85 B4 43 57 81 58 [

T’?l ?1 ?I ?5?‘ T.! 2 u
BN RN

CURRENT OUTPUT DAC DEMULTIPLEXER A

REFERENCE
AMPLIFIER

P

Figure 1. Transfer Characteristic

Figure 2. DAC-76 Equivalent Clrcuit

Tabie 1. Step Size Summary Table Decode Qutput (Sign Bit Excluded)

STEP SIZE STEP SIZE AS RESOLUTION
STEP SIZE STEP SIZE STEP SIZE INdB AT A % OF READING & ACCURACY
NORMALIZED INGA WITH AS A% OF CHORD AT CHORD OF EQUIVALENT
CHORD TO FULL SCALE 2007.75:A F.S. FULL SCALE ENDPQINTS ENDPOINTS BINARY DAC
[+] 2 0.5 0.025% 0.60 6.67% SIGN +12 BITS
1 4 1.0 0.05% 0.38 4.30% SIGN + 11 8ITS
2 8 2.0 0.1% 0.32 3.65% SIGN + 10 8ITS
3 18 4.0 0.2% 0.31 3.40% SIGN + 9 BITS
4 32 8.0 0.4% 0.29 3.28% SIGN +8 BITS
5 64 16 0.8% 0.28 3.23% SIGN +7 BITS
] 128 32 1.6% Q.28 3.20% SIGN + 8 BITS
7 256 €4 3.2% 0.28 3.19% SIGN +5 BITS
PAGE 16-161
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BIPOLAR REFERENCES

Operation with bipolar references is achieved by
modulating lpgr as shown in Figure 5. To aid in understand-
ing bipolar operation, see the equivalent circuit in Figure 4.
The reference inputs of the DAC-08 are op amp inputs ~
Vree(+) being the inverting input and Vmge(~) being the
noninverting input. Excellent gain linearity of the reference
amplifier allows muitiplying operation over a range of lpgr
of 4uA to 4mA with monotonic operation from less than
1004A to 4mA.

Cc=15pF, the reterence amplitier slews at 4mA/us enabi-
ing a transition from Igge = 0 to Iage = 2MA in 500ns. If Ry or
the parallel equivalent resistance at Pin 14 is less than
2000, no compensation capacitor is necessary, and a full-
scale transition requires only 16ns.

TWO-QUADRANT MULTIPLICATION

There are two forms of two-quadrant multiplication: bipolar
digital, where the digital input word controis output polarity,

. wse N 158
Jve vie g1 82 8 The B8 ces a7 Jee
) 5 ? 3 3 10 n 12
[, =C |
NETIWORX 27 our
CURRENT N T e s e e ""L‘_R;
1o SWITCHES  ~e - Tet tet tat tas e
VAEE o e H H B B : FS B
| [D>EK K KK KKK
A A I I I
C AN AR BAAA & ARA S AAA -
)
Tcowe v
Figure 4. DAC-08 Equivalent Clrcuit
LOW INPUT IMPEDANCE wss WGH INPUT IMPEDANCE
s wsa 158
9

Vin=Sor

SAEE 2 PEAK s

NEGATIVE tl

SING OF Ny | (oM
v ve
! e

Wt

[
J-vagk 27222209
i

g...u

—_—
A1y IOPTIONAL,

15
> AAA—
-vags MUST BE ABOVE

56 ' a9 g

oacos
VIN

R G I
L
L ¢ [
.T.DLF" TOI.‘» !

? o= dv },vlc

Figure 5. Bipolar Reterence Connections

REFERENCE AMPLIFIER COMPENSATION

AC reference applications will require the reference
amplifier to be compensated using a capacitor from Pin 16
to V-. The value of this capacitor depends on the im-
pedance presented to Pin 14: tor Ry, vaiues of 1.0, 2.5 and
5.0kQ, minimum vaiues of C¢ are 15, 37, and 75pF. Larger
values of Ry, require proportionately increased values of C¢
for proper phase margin.

FAST PULSED OPERATION

For fastest multiplying response, low values of Ry4 enabling
small Cc values should be used. For Ry=1k@ and

and bipolar analog, where the analog reference input con-
trois output polarity.

Bipolar digital two-quadrant mutliplication is shown in
Figure 8 with the output polarity being controlled by an
otfset-binary-coded digital input word.

Bipolar analog two-quadrant multiplication is shown in
Flgure 7. A bipolar reference voltage is connected to the up-
per DAC-08 and modutates the reference current by =1.0mA
around a quiescent current of 1.1mA. The lower DAC{8 also
has a reference current of 1.1mA; due to the parallet digital
inputs, the lower DAC-08 effectively subtracts out the quies-
cent 1.1mA of the upper DAC-08's reference current at all in-

PAGE 16-74

put codes, since the voltage across R3 varies between
—10V and 0V. Thus, the output voitage, Eg, is a product of a
digitai input word and a bipolar analog reference voitage.

5.000011
VREF C)—vav——J

07O vi0V

IF Ry = AL WITHIN -0.05%, QUTPUT IS
SYMMETRICAL ABQUT GROUND

81 828384858887 B8IgmA IgmA  Eg (V)
1t 1 1992 0000 996
+988

POS FULL SCALE

11T 0 t98e 0008
o 00 1000 0992 -0040

POS FULL SCALE -LSB

1+) ZERO SCALE

1-1 ZERO SCALE 0 1y v 11y 1 Q992 1000 -0040
NEG FULL SCALE -.58 0 C 00000 v 0008 1984 ~-988
1992 -99%

NEG FULL SCALE

Figure 6. Blpolar Digital Two-Quadrant Multiplication
(Symmetrical Ottset Binary)

-_-L -18v

-1tV 15V
PERFORMS TWO QUADRANY
MULTIPLICATION - AC INPUT
CONTROLS QUTPUT FOLARITY

Figure 7. Blpolar Analog Two-Quadrant Multiplication
(DC-Coupled Digital Attenuator)

FOUR-QUADRANT MUTLIPLICATION

Four-quadrant muitiplication combines the two forms of
two-quadrant multiplication. Output analog polarity is con-
trolled by either the analog input reference or by the offset
binary digital input word. One implementation of this function
with the DAC-08 is shown in Figure 8 with output current
values listed in Table 1.

-
p—C 01 1q
BALANCED
LOAD
—0
AL B loz
B4 1OUT #1071 ~ 102
S8 O— ;
i !

.
OIGITAL ' |

Ut

®  WiGH SPEED MONOTONIC OPERATION o 2 PACKAGES V5 3 FOR VOLTAGE
OVER ENTIRE AANGI SWITCHED 0AC'S
€ WIGN  (VWPEDANCE OIFFFRENTIAL o  TRUE CURREN? OUTPUT - wiOE
INPUTS COMPLIANCE
& 10V DIFFERENTIAL INPUT RANGE & ADJLSTABLE LOGIC THRESHOLD
*  WIDE POWER SUPPLY AANGE

Figure 8. Four-Quadrant Multiplying DAC with
with impedance input

The four-quadrant mutliplying DAC circuit shown accepts a E

differential voitage input and produces a ditferential current
output. An output op amp is not shown because it is not
always required; many applications are more suited for high
output compliance (- 10V to +18V) ditferential current out-
puts. Typical balanced loads include transformers, trans-
ducers, transmission lines, bridges and servos.

Operation of the four-quadrant multiplier may be more easily
visualized by considering that if either Vi =0V or the offset
binary digital input code is at midscale (corresponding to
zero), then a change in the other input will not affect the out-
put. Zero muitiptied by any number equals zera.

A common mode current will be present at the output and
must be accommodated by the balanced load. A pair of
matched resistors may be used at the outputs to shunt most
of the common made current to ground, thus reducing the
common mode voitage swing at the output.
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Table 1. Four-Quadrant Multiplying Current Vaiues in Figure 8.

DIGITAL \ 1 lo#1  1o#2 1 lo#t2  lg#t [ | i nev

Vinl+ - N REF o o o1 o 0 02 our
INPST VN(H) V(o) g ) #2(mA) (mA) (A} (MA)  (MA)  (mA)  (mA)  DIER. 1 - f -
1T 45V 5V 410V 2000 1000 1992 O 1992 0996 O 0996  0.99mA e e
10000000 +5V -5V  +10v 2000 1.000 1000 0496 1496 0500 0992 1492  0.004mA v VOIFS = 075V = 042 st To Loa0
O11 1311 +5V -5V 410V 2000 1000 0992 0500 1492 049 1000 1496 -0.004mA
0000 0000 +5V -5V +10V  2.000 1.000 0 0996 0.996 4] 1.992 1992  -0.996mA 1 \
T OV oV OV 1500 1500 1494 0 1494 1494 0 1494 0000mA ? ICRRE ~ Teansranmen|
t
10000000 -10V 10V ov 2500 2.500 1.250 1.240  2.490 1.250 1.240 2.490 0.000mA °‘i‘_j ‘ .
ot 1111 +10V +10V v 0500 0.500 0248 0250 0.498 0.248 0.250 0.498 0.000mA v \ ‘ ‘
0000 0000 ov ov oV 1.500 1.500 0 1.494 1.494 0 1.494 1.494 0.000mA 1 1 f,‘;:x: $dd
1T -5V 45V -1V 1000 2000 0996 O 0996 1992 0 1992 -0.9%mA oar— T T T e commot meur )
1000 0000 -5V +5v ~ 10V 1.000 2.000 0.500 0992 1.492 1.000 0.496 1.496 ~0.004mA ®  GREATER THAN 4058 DYNAMIC RANGE «  OFFSET BINARY CODING ALLOWS PHASE INVERSION OR TWO QUADRANT
R . 2.0M2 TYPICAL INPUT IMPEDANCE MULTIPLICATION
0111 1111 ~5v +5v -0V 1.000 2000 049 1.000 1.496 0.992 0.500 1.492 0.004mA . ®  ISNSEC SETTLING TIME FOR OIGITAL INFUT CHANGE
- - % LOW DISTORTION AND HIGM SPEED
0000 0000 -5v +5V  —~t0v 1000 2000 o 1.992 1.992 44 0.996 0.996 0.996mA
Figure 11. High input Imped AC-Coupied Multip!
{Audio Frequency Digital Attanutor) Figure 12. High Input impedance AC-Coupled Multipiication
1.F. Amplitier/Digital Attenuatar)
HIGHEST SPEED FOUR-QUADRANT — 0.F. AmpiitierDigi nuatae)
MULTIPLYING CONSIDERATIONS "
t N i 7 capacitor terminal (C¢) as an input. This is possible because

The contiguration shown in Figure 10 makes use of tne ! oaow Cc is the base of a transistor whose emutter is one diode  DIFFERENTIAL AND RATIOMETRIC
DAC-08's ability to operate 0 a fast-puised reterence mode ! AEF 01 ' drop (0.7V) away from the R-2R ladder network common AID CONVERSION
without compensation capacitors. This techmqgue provides : ~— baseline internal to the DAC-08. }
Jowest tuil-scale transition fimes. Ap intemal clamp aliows e . . ‘ Complemenxawluﬂ{erennat cunem»sour;e outpuls_ and
quick' recovery. of the relerence ampiitier trom a cutoft T g- g. out -0t - o Wwith a full:scale input code the output. Vg, is flat to multiplying. capabidity allow the DAC-08 to be used in dit-
(lrer =0) condition. This connection yields a reterence slew L e 1 08 >200kHz and 1s 308 down at approximatety 1.0MHz making terential and ratometnc A/D converter designs directly
ratee of 16mA/ks which is rélatwely independent of Ry, ang . ’ ’ waancln this. type of muitiplying connection useful even beyond the without signal conditioning amplifiers. This group of ap- .
V, values' ' ) ) ™ - oo o/ - w70 audio frequency range. Such a connection: s sustrated in plications begins. with the basic ditferentiai A/D converter

n ’ —AA—e - T Figure 12 operating. at 455kHz. the highest recommended and ratiometric A/D conveter connections foliowed by more

Input resistances are not limited to 10k{. For exampie.
100k(? resistors for Ry, and Ry, allow =100V reterence
voltage inputs making this connection especially useful in
high common mode voitage environments. Except for tit-
ferent reference treatment, operation and digital input
coding are 1dentical in the.circuits shown.in.Figure 8.and in
Figure 10; both have the transfer fupction shown in Figure 9.

DIFFERENTIAL
CURRENT OUT i+
T tma

14+

/
OIFFFRENTIAL

DIFFERENTIAL
VRE,~ 230¥

VAEF & ~1V

A td i3

OIGITAL
WY 1)
000 0000

DIGITAL
INPYT 1),
ntmm

p

-t ImA

DIFFERENTIAL
CURRENT QUT {—)

operating frequency in this connection.

specific applications.

Figure 9, rw'-mm,mmplygng DAGC Transfer Function.
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250, RESISTONS AND LANSSIN OF COMPENSATION CAPACITORS AHE OP

TIONAL FOR F2ST PULSED REFERENCE OPEHATION

@, INPUT DIFFERENTIAL AND COMMON MODE RANGES ARE EXTENDABLE BY.
INCREASING 10x:: AESISTORS EXAMPLL 100s:. FOR 10OV

@ MIGH SPEED MULTIPLYING CONNECTION. WITH MONDTONIC QPERATION
OVER ENTIRE RANGE

®  NOT NECESSARY TO MODULATE BOTH QAL'S WiTh THE REFERENCE INPUT

Figure.10. Four-Quadrant-Multiplying DAC with:Extendabie.

Input Range and Highest Speed.

AC-CQUPLED MULTIPLICATION
'Some multiplying, DAC applications.are more.qasily achieved

with AC coupling. At the same time, a high impedance input’

is often required to avoid loading a relativaly highsource.im-

pedance. Both requirements are met by the.circuits. showt:

in Figure 11 and Figure 12 which use the compensation
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These are extremaly cost-atfective designs due to‘thelriow
parts count and simplicity. Aiternative designs performing
Identical functions require Instrumentation amplifiers for
the differentlal-to-single-ended input signal conditioning and
analog muitipliers or dividers for the arithmetic functions.

DIFFERENTIAL A/D CONVERSION

The circuit in Figure 13 uses the high voltage compliance
current output capability of the DAC-08 and the high com-
mon mode voltage rejection of the CMP-01 to construct a
ditferential input ADC without input signal conditioning.

A successive approximation ADC is constructed with four
ICs: @ REF-G1 + 10V reterence, a 2502-type successive ap-
proximation register, a CMP-Q1 precision voltage campara-
tor, and a DAC-08. As shown, the circuit converts an analog
input in less than 2.048. For lower speed requirements, the
AJD conversion logic can be the traching or servo type con-
sisting of up/down counters.

.FOUR-QUADRANT RATIOMETRIC A/D CONVERSION

Ratiometric A/D conversion with fully difterential X and Y In-
puts is accomplished with the circuit in Figure 14. Here, one
set of inputs. Vx, is connected in a manner simitar to the cir-
cuit in Figure 13, and the other set of inputs Vy, is connected
in a muitiplying tashion. Qperation is as foliows: lgge for
both the upper and the lower DAC-08 is modulated between
1mA and 3mA. and the resuiting output currents are dif-

ferentlally traristdrmed into voltages by the 5kil resistors at
the comparator's inputs and compared with the Vx differen-
tiat Input. When the conversion process is complete (com-
parator Inputs differentially nuiled to less than 1/2 LSB) a
digital output is available which corresponds to the quotient
of Vx/Vy. Thus, four-quadrant ratiometric A/D conversion is
achieved with four ICs and without instrumentation
ampliflers.

BRIDGE TRANSDUCER NULL

In many control systems, bridges must be nulled. and a
digitai representation of the bridge’s error must be provided
for computer monitoring and control. The circuit in Figure
15 accomplishes both tasks by using the DAC-08 com-
plementary/difterential current outputs to nuil the bridge
with the DAC-08 connected in a tracking ditferential A/D
converter configuration. The REF-02 reference voltage
source provides both the bridge excitation voitage and the
positive reference voitage for the DAC-08. Some of the ad-
vantages of this circuit are listed at the bottom of Figure 15,

POWER MONITOR

Another gitferential current-input ADC is shown in Figure 16
with a transformer-coupled input. An upidown counter, a
precision high-speed comparator, and the DAC-08 form a
tracking A/D converter which continuously monitors the
analog input. Two precautions must be observed: the com-
mon mode voitage at the comparator's inputs must not ex-
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Figure 14. Fouf—m:adum Ratiometric AID Conversion Basic Connections.
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*  NO OPERATIONAL AMPLIFIERS OR SUMMING RESIS
TORS ARE REDUIRED

@ HIGH NOISE IMMUNITY LOGIC COMPATIBLE (MTL,
CMOSI

Figure 15. Bridge Transducer Null
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1 - AC POWER
—
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® DETECTS AND DIGITIZES SPIXES AND FAULT CONDITIONS
® TRACKING &/D CONVEATER UPDATE RATE Z00NSEC iSMH2 MAX)
® RESQLUTION FOR 400M: AT MAX CLOCK IS 0.020 OSGREES

£ om— - 80 X 10-4 - g0M « 0 DONN - O 078 DEGREES
S X 108

uP OOWN ouocx

Crar ot COUNTER

1]

OIGITAL OUTPUT

Figure 16. Power Fauit Monitor and Detector

ceed =10V; and the ditferential voltage must not exceed
11V. Voitage-limiting resistors at the comparator's inputs
are recommended.

ALGEBRAIC DIGITAL COMPUTATION

Frequently, a digital arithmetic operation (addition, subtrac-
tion, muitiplication, or division) must be performed, and an

anatog output muat be provided. Traditlonally, the arith-
metic operations are performed with several ICs, and the
output drives a D/A converter. This section decribes applica-
tions of the DAC-08 as an arithmetic building block, new
design approaches that reduce the number of packages re-
quired in many applications. Today's low cost, versatile
DACs merit a designer's consideration as arithmetic
elements.
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