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IMTJRODUCCIOM 



El sonido es una vibración o una 

perturbación rítmica que actúa dentro de un campo de 

frecuencias audibles. La menor es de unos 20 Hz 

(periodos por segundo) y la mayor, también audible, de 

unos 20.000 Hz. 

Este trabajo está basado en el estudio 

de la respuesta de un determinado equipo a las señales 

comprendidas en el margen de audio. Este espectro de 

señales pueden ser analizadas de muy diversas formas, 

dependiendo del problema que queramos resolver en cada 

momento. 

La principal división que podemos hacer 

en lo que se refiere al análisis de las señales, es 

representarlas en el dominio del tiempo, o por el 

contrario estudiarlas en el dominio de las frecuencias. 

Si expresamos la señal como una función del tiempo. 



f(t), estaremos trabajando en el dominio del tiempo. Si 

por el contrario la señal es representada como una 

función de la frecuencia, estaremos especificando su 

espectro, es decir, las amplitudes de las diferentes 

componentes de frecuencia. 

De forma general, podríamos decir que el 

método a seguir para estudiar el comportamiento de un 

equipo, es generar una señal patrón. Esta señal patrón 

debe cumplir unas exigencias mínimas de distorsión y 

estabilidad. Introduciendo esta señal patrón en el 

equipo a analizar, nos sirve de referencia para su 

estudio posterior. 

Son muchas las formas de generar esta 

señal patrón, y muchas las formas de medirla. Por 

ejemplo, con un generador de funciones podremos 

producir una señal de una frecuencia y amplitud fijas. 

Esta onda introducida en el equipo bajo test, podría 

ser medida y estudiada con un osciloscopio, con el que 

obtendríamos, la relación de la amplitud de 

entrada/salida, el desfase, la distorsión aparente, 

etc. Este sería un estudio en el dominio del tiempo, 

porque estaríamos visualizando la evolución de la onda 



en cada instante. De la misma manera esta señal podría 

ser estudiada con un analizador de onda, con lo cual 

estaríamos viendo las amplitudes de su frecuencia 

fundamental y de sus distintos armónicos. Nos 

encontramos en este caso en el dominio de la 

frecuencia. 

Entre las muchas formas de generar una 

onda patrón podríamos mencionar: 

Generandor de funciones. Nos produce 

una onda de frecuencia fija, de la cual podremos 

seleccionar su forma (onda sinusoidal, cuadrada y 

triangular, entre las más comunes), su frecuencia, y su 

amplitud. A parte de esto algunos introducen la 

posibilidad de variar la simetría de la onda, la 

modulación, tanto en frecuencia como en amplitud, etc. 

Vobuladores o generadores de barrido. 

Nos producen una onda de amplitud fija, pero cuya 

frecuencia variará en el tiempo. Esta variación o 

barrido, hará que la señal vaya pasando de forma 

progresiva por todas las frecuencias comprendidas 

dentro de unos márgenes. De esta manera podremos 



estudiar la variación en el tiempo de la respuesta del 

equipo bajo test. Los vobuladores nos dan también la 

posibilidad de seleccionar la amplitud de la señal, la 

forma de la onda, los márgenes entre los que se realiza 

el barrido, y otra serie de parámetros según las carac

terísticas del fabricante. Algunos generadores de 

funciones también están preparados para realizar este 

tipo de barridos. 

Generadores de ruido. Nos dsin una señal 

compuesta que produce todas las frecuencias del margen 

de estudio a la misma vez. Así podremos estudiar de 

una manera global el comportamiento del equipo dentro 

de todo el margen. Estos ruidos están clasificados 

según 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 mayoría de estos equipos están 

constituidos esencialmente por un oscilador de audio. 

Los osciladores de audio están diseñados para 

generar señales senoidales o casi senoidales en el 



margen de frecuencias de 20 a 20.000 Hz. No obstante 

muchos osciladores de audio cubren el margen de 10 a 

40.000 Hz y algunos alcanzan casi los MHz. 

Los osciladores de audio se pueden 

diseñar para que cubran el espectro de audio en un 

barrido del dial o en varias décadas. Estos osciladores 

deben tener muy baja distorsión armónica total y una 

impedancia de salida esencialmente constante para una 

tensión de salida constante. La distorsión armónica 

total no debe ser superior a 1% y preferiblemente a 

O,25% o menos. 

Los osciladores de audio se emplean en 

las medidas de diferentes dispositivos tales como 

amplificadoresj filtros, ecualizadores y sistemas de 

registro. Como la mayoría de estos elementos son 

sensibles a la distorsión armónica, el oscilador de 

audio debe tener una distorsión armónica interna muy 

baja. Como ejemplo los sistemas modernos de 

amplificadores de alta fidelidad presentan distorsiones 

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

Si el oscilador de prueba tiene una 



distorsión mayor que la del dispositivo a medir, no se 

pueden realizar medidas exactas de las características 

de distorsión del mismo. La contribución a la 

distorsión producida por el oscilador no se puede 

sustraer directamente de la distorsión medida. 

La distorsión del oscilador, a menos que 

sea extremadamente grande, por regla general no afecta 

a las medidas de frecuencia. 

El generador de barrido de 

audiofrecuencia es un oscilador de audio el cual recoge 

automáticamente toda la banda de frecuencias de audio. 

En un principio el generador consistía 

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 hacía girar por 

un motor síncrono 20 veces por segundo, y la imagen 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 



visualmente por medio de un osciloscopio conectado a la 

salida del dispositivo a medir. 

En la actualidad esta función se 

realiza, de un modo más simple, electrónicamente 

empleando un oscilador de audio controlado por tensión. 

El análisis en el campo de las 

frecuencias, resulta fundamental para el estudio de las 

señales de audio. Este se apoya sobre una estructura 

matemática denominada Teorema de Fourier. Este teorema 

desarrolla cualquier función periódica en el tiempo en 

una serie de sumas y restas de senos y cosenos. 

La onda seno es extrordinaria; agregando 

este tipo de señales con amplitudes y fase adecuadas, 

se produce una onda triangular. Respondiendo a una 

combinación diferente de ondas seno, se puede producir 

la señal Dientes de Sierra, y así cualquier otro tipo 

de señal. En otras palabras, cualquier onda periódica 

es una superposición de ondas senoidales. 

Las ondas senoidales están relacionadas 

armónicamente, lo que quiere decir que sus frecuencias 

lo 



son armónicasj o múltiplos de una fundamental, la 

frecuencia mínima. Según el teorema de Fourier, la 

señal periódica va a ser igual a una componente 

continua, más la primera armónica, más la segunda, y 

así indefinidamente hasta infinito. 

Teóricamente las armónicas continúan 

hasta infinito, sin embargo, entre cinco y diez 

términos son con frecuencia suficientes para sintetizar 

una señal periódica dentro del 5 %. Con una 

combinación correcta de amplitudes a distintas 

frecuencias y de ángulos de fase, es posible producir 

cualquier forma de onda periódica. 

El Teorema de Fourier es clave para el 

análisis en el dominio de la frecuencia. Como ya se 

conoce bastante bien el comportamiento de las ondas 

senoidales, se puede reducir la onda periódica a sus 

componentes senos y analizarse en seguida en forma 

indirecta a través de estos componentes; en otras 

palabras, existen dos formas de efectuar el análisis de 

circuitos no senoidales. Primero, se puede encontrar 

lo que sucede con la onda periódica en cada instante de 

tiempo o determinarse lo que pasa con cada una de sus 
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componentes armónicas, 
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DIAGRAMA DE BLOQUES 

LÓGICA DE CONTROL 

TENSIÓN DE POLARIZACIÓN 

I 

BARRIDO 
HORIZONTAL 

I 
AMPLIFICADOR LINEAL 

OSCILADOR CONTROLADO POR TENSIÓN 

FRECUENCÍMETRO 

CONTROL AUTOMÁTICO DE GANANCIA 

AMPLIFICADOR DE POTENCIA SALIDA 
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ENTRADA 

AMPLIFICADOR DE ENTRADA 

MEDIDOR DE AMPLITUD 

AMPLIFICADOR DE SALIDA BARRIDO 
VERTICAL 
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OSCILADOR CONTROLADO POR VOLTAJE 

Un oscilador es un circuito capaz de 

generar a su salida una señal periódica, en ausencia de 

excitación externa. Consiste en un amplificador de 

error cuya salida se realimenta a la entrada. 

El voltaje de arranque del que parte el 

oscilador está contenido dentro de cada resistor 

incluido en éste. Este voltaje se debe al ruido 

producido por el movimiento de los electrones que 

existen en el resistor. El resistor se comporta como 

una pequeña fuente de voltaje que produce esencialmente 

todas las frecuencias hasta varias decenas de GHa. 

Cuando se enciende el oscilador, las 

únicas señales presentes a la entrada son las 

producidas por el voltaje de ruido. La frecuencia a la 

cual funcionará un oscilador senoidal, es aquella en 

que el desfase total introducido, al transmitirse la 
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señal desde los terminales de entrada por el 

amplificador y la red de realimentación, hasta volver 

de nuevo a la entrada, es precisamente cero, o múltiplo 

entero de 360 grados. 

La ganancia de lazo abierto del circuito 

realimentado tiene que ser mayor que uno para que 

empieze a oscilar. La señal, en un principio muy 

pequeña, irá ganando amplitud hasta que la salida se 

recorte. En este momento la ganancia del lazo abierto 

empieza a disminuir hasta llegar a ser la unidad, de 

esta manera se mantendrá constante la amplitud de la 

oscilación a la salida. La condición de que la 

ganancia de lazo sea la unidad se denomina criterio de 

Barkhausen. 

En la práctica, en todo oscilador la 

ganancia de lazo es ligeramente mayor que la unidad, y 

la amplitud de las oscilaciones está limitada por la 

falta de linealidad. En la mayoría de los casos, el 

trabajo dentro de los límites de la no linealidad es 

pequeño, por lo cual se podrán despreciar todas estas 

faltas de linealidad. 

17 



En el equipo se ha utilizado un 

oscilador por corrimiento de fase. El oscilador por 

corrimiento de fase tiene condiciones particularmente 

útiles 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 los megahertz, presentan mejores ventajas 

otros circuitos que emplean redes sintonizadas LC. 

El oscilador por corrimiento de fase 

está basado en la realimentación a través de tres redes 

de adelanto en la entrada de un amplificador con 

configuración inversora. Cada red de adelanto produce 

en corrimiento de fase entre O y 90 grados, dependiendo 

de la frecuencia. 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. La única diferencia es 

que el vobulador no precisa una frecuencia determinada, 

sino que necesita una consecución de frecuencias 
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progresiva a lo largo del tiempo. Conmutando 

resistencias o condensadores podríamos conseguir 

distintos valores de frecuencia, pero a parte de ser 

costoso y engorroso, sólo conseguiríamos valores 

discretos y no progresivos. 

El OTA es un dispositivo monolítico de 

ganancia programable, con entrada diferencial y 

circuitería de conversión a salida única. 

Recibe la denominación de OTA el término 

Operacional Transconductance Amplifier o Amplificador 

Operacional de Transconductancia variable. A su vez la 

transconductancia es una simple abreviación del término 

Transferencia de Conductancia, y esta última es la 

recíproca de la resistencia. Dado pues que R = V / I, 

la transferencia de conductancia es la relación 

existente entre una corriente de salida y una entrada 

de tensión. 

En efecto el OTA suministra una salida 

en corriente, en lugar de tensión, que es proporcional 

a la transconductancia (Gm) y a la tensión diferencial 

de entrada. 

.er 
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El circuito u-tiliaado para la 

realización del VCO (Oscilador Controlado por Tensión) 

es el LM 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 alimentación común, pero operan 

independientemente. 

El LM 13600 está dotado también de dos 

diodos de linealización que están colocados en las 

entradas para reducir la dirtorsión y permitir mayores 

niveles de entrada. El resultado es una mejora de la 

relación señal-ruido de 10 dB referido a O.5 % de THD, 

(Total Harmonio Distorsión). 

Las redes de adelanto que conforman el 

circuito de realimentación están formadas por filtros 

RC. Cada una de las redes de adelanto tienen que ser 

iguales entre sí, siendo el valor de las impedancias el 

que va a determinar la frecuencia de corte del filtro, 

y por tanto la frecuencia de la oscilación. 

Para obtener anchos de banda superiores a 
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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 diseñar filtros 

activos de frecuencias hasta varios megahertz. El 

factor que limita la respuesta a plena potencia a estas 

altas frecuencias es la relación de variación del 

amplificador operacional. 

La relación de variación del 

amplificador operacional es la evaluación de tiempo de 

cambio de la tensión de salida del amplificador en 

cadena cerrada con señales grandes. Se pueden 

conseguir comercialmente integrados con relación de 

variación de hasta 100 V/microseg. 

Aprovechando las características del OTA 

podemos controlar la frecuencia de corte del filtro, y 

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 realiment-ación del oscilador empleado en este 

equipo están formadas por tres filtros activos paso-

bajo montados con el circuito integrado LM 13600. 

El veo completo utiliza dos encapsulados 

del LM 13600. De los cuatro amplificadores que 

conforman los dos encapsulados, tres de ellos están 

montados con la configuración tipo filtro paso-bajo de 

la que ya hemos hablado, y el cuarto como amplificador 

limitador-inversor. Este VCO es teóricamente capaz de 

operar desde 5 Hz hasta los 50 KHz, con un THD menor 

que el 1%. La corriente de control del OTA para cubrir 

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

En la práctica es difícil conseguir este 

margen de trabajo. A frecuencias muy bajas la señal 

sufre serias distorsiones y su amplitud disminuye 

considerablemente. La frecuencia mínima conseguida con 

una calidad de señal aceptable está sobre los 10 HZ, 

pero la amplitud es inferior a la amplitud del resto de 

las frecuencias. Esta es la razón por la que se ha 

tenido que introducir en el circuito un control 

automático de ganancia. De esta manera podremos 

conseguir una amplitud constante dentro de todo el 

22 



margen. 
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CONTROL AUTOMÁTICO DE GANANCIA 

La señal obtenida a partir del oscilador 

controlado por tensión 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 límites más bajos de corriente de 

polarización, cercana a los O miliamperios, no existe 

señal alguna en la salida del oscilador. Aumentando 

progresivamente esta corriente, empezamos a obtener una 

señal aceptable a partir de los 7 o 10 Hz. A partir de 

este punto la señal va aumentando en frecuencia pero 

también en amplitud, hasta llegar a los 100 Hs 

aproximadamente donde la amplitud se mantiene 

prácticamente constante hasta pasados los 25 kHz. 

Habrá que conseguir que la curva de 

amplitud en función de la frecuencia sea constante en 

25 



todo el espectro. Para esto, tenemos que introducir un 

circuito que amplifique todas la señales que estén por 

debajo de un determinado nivel, y que atenúe todas las 

que lo sobrepasen. 

Esta es la función que realiza el 

control automático de ganancia. Este circuito se 

encarga de mantener una salida constante aunque 

existan variaciones a la entrada. 

La idea básica del control automático de 

ganancia es la de un circuito realimentado que para un 

incremento de la señal de entrada produce que el 

amplificador de error disminuya de ganancia, mientras 

que para una disminución de la amplitud de entrada, el 

detector de error amplifique más hasta estabilizarse en 

el nivel adecuado. 

La forma más práctica de construir un 

control automático de ganancia, es la que utiliza un 

FET como resistencia controlada por tensión en su 

circuito de realimentación. La tensión que va a atacar 

a esta resistencia variable constituida por el FET 

podría ser la obtenida en un lazo de control de 
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detección de pico. 

El transistor de efecto de campo y de 

canal N, conectado a la entrada no inversora del 

amplificador operacional detector de error y a masa, 

determina la ganancia en lazo cerrado del conjunto. 

Los picos negativos de la señal a la salida del 

amplificador de error aplicados a la base de un 

transistor harán que este conduzca cuando sobrepasen la 

tensión Vbe. La tensión en el colector del treinsistor, 

una vez filtrada para evitar oscilaciones nos vein a 

determinar la resistencia del canal de trsinsistor de 

efecto de campo. 

Teóricamente se pueden obtener un 

control automático de ganancia con un margen de entrada 

de 60 dBj teniendo en cuenta las variaciones de la 

resistencia del canal del FET (entre 120 ohmios a más 

de varios millones de megaohmios). El único problema 

que hay que tener en cuenta es que a variaciones muy 

grandes de la tensión de entrada el FET empieza a 

trabajar en una zona no lineal, produciéndose 

distorsiones en la señal a la salida. 
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AMPLIFICADOR DE POTENCIA 

Una vez conseguido una señal de amplitud 

constante, a lo largo de todo el espectro de las 

frecuencias, el único detalle que queda por introducir 

es adecuarla para que pueda servir de entrada a 

cualquier equipo que queramos analizar. Por esto no 

hace falta un amplificador de potencia como última 

etapa de salida. 

En general hay que entregar una 

determinada potencia a una cierta impedancia de 

carga. La potencia requerida puede ser desde miliwatios 

hasta kilowatios y la carga puede ser unos 

auriculares, un altavoz, un amplificador, ecualizador 

filtro, etc. En el diseño, además 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 distorsión, estar seguros de 

que los dispositivos están trabajando por debajo de sus 
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límites máximos de tensión, corriente, disipación de 

potencia y todo ello aún dentro de las condiciones 

ambientales y de funcionamiento más extremas. 

El hecho de que la relación 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 versión distorsionada. 

Gran parte de la distorsión armónica 

causada por la falta de linealidad de la característica 

de transferencia, puede eliminarse en contrafase o 

push-pull. En este circuito la excitación 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 

será proporcional a la diferencia entre las corrientes 

de colector en los dos transistores en contrafase. 

El circuito en contra fase tiene la 

ventaja de que va a compensar todos los armónicos de 

orden par de la salida, y dejará el tercer armónico 

como fuente principal de distorsión, todo esto 
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suponiendo que los transistores en contrafase sean 

idénticos. 

La ventaja que este sistema aporta es 

que por una distorsión determinada da más salida por 

elemento activo. 

La dificultad de este circuito estriba 

en la obtención de transistores perfectamente 

complementarios. 

Si hay desequilibrio en las 

características de los dos transistores, los armónicos 

pares no quedan eliminados completamente. 

En la región de corrientes pequeñas en 

las que trabajan los transistores, la salida es mucho 

menor de lo que sería si la respuesta fuese real; este 

efecto se denomina distorsión de cruce, el cual se 

puede eliminar empleando realimentación negativa de la 

salida a la entrada. 

31 



Ul 

ri.i 

JH-..-

Ul Ul 
rij 
ú:'. 

i l l 

• • '••' • • • ' • 

I 

L';Í i 
-Bi p 

i 

T 

' • - C I Í J - it--¡i!i>f 

U 14 " 

I 

( • • • • 

I I 

1 5 i •• 

1 1 []••"••=?::!:: ,.... 
I...I •I ii p 

r:: ,.i.. 

p - 1 Í:.;J'!' - ; 1. 

t i i — J , 1 
i l l r' 

|...| 
MMf. 

>i •• 

•-Hz::;:;:]-!::::::"! ¡i 
1 ' " ! '• l l . l , ,•• 

:.r ::r' ':'.! 

, u ,.,., 

1.1; 

I- I - , I 
»--Í;.::;!;;;;Í—;" 

._ 
:r 

-1 n 
... II 

32 



SEÑAL DE POLARIZACIÓN 

Como ya hemos visto para que el 

oscilador controlado por tensión pueda barrer 

frecuencias que vayan desde las bajas frecuencias del 

margen de audio, 20 Ez, a las más altas, 20 KHz 

necesitamos una corriente que polarice a los circuitos 

de transconductancia variable. 

Aplicando la ley de Ohm podemos 

conseguir que la variable que controle la frecuencia, 

en vez de ser una corriente, sea una tensión 

proporcional a ésta, qvae denominaremos Tensión de 

Polarización. La corriente de polarización resultante 

será igual al producto de la tensión de polarización 

por la inversa de la impedancia a través de la cual se 

suministra. 

Esta tensión de polarización podría 

obtenerse a partir de un divisor de tensión 
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controlándose manualmente por medio de un 

potenciómetro. Pero el fin de este equipo de medida es 

otro. Se pretende barrer frecuencias que cubran todo 

el margen de audio de una manera automática. 

La tensión que controle los 

Amplificadores Operacionales de Transconductancia 

variable debe pasar, pues, desde un valor determinado a 

otro, de manera automática y continua, sin que influya 

en ésto la subjetividad del usuario. 

Las tensiones que debemos aplicar, según 

las características del oscilador controlado por 

tensión que hemos construido, van desde unos 14 voltios 

negativos, para las frecuencias más bajas, hasta unos 

15 voltios positivos, para que supere el límite de las 

frecuencias más altas. 

Si el paso de las frecuencias más bajas 

a las más altas se produce de una manera lineal, la 

función que represente la tensión de polarización 

respecto del tiempo deberá ser una rampa. Si el paso 

de una frecuencia a otra se produce en intervalos de 

tiempo iguales por octava, la función de la señal de 
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polarización respecto del tiempo será logarítmica. 

El método más común para construir una 

rampa de tensión de automática lo constituye el 

integrador analógico. Está construido básicamente por 

un amplificador operacional constituido en modo 

inversor^ con la única diferencia que la impedancia que 

que se realimenta de la salida a la entrada inversora, 

en ves de ser resistiva es capacitiva. 

Se llama integrador porque se puede 

demostrar matemáticamente que realiza la operación 

matemática de la integración. El amplificador 

suministra, por tanto, una tensión de salida 

proporcional a la integral de la tensión de entrada. 

Si la tensión de entrada es constante, 

la salida será igual a una rampa de valor: 

Vo = - v * t / R * C 

donde Vo es la señal de salida, v la tensión de 

entrada, t es el tiempo, R la resistencia de entrada al 

amplificador operacianal, y C la impedancia de 

realimentación. 
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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 llegará a alcanzar nunca su carga 

máxima, por tanto su curva de carga, es decir, la 

integral de la tensión continua presentada a la 

entrada, será una rampa ascendente y completamente 

lineal. Una aplicación de este circuito 

particularmente útil, es el barrido para un tubo de 

rayos catódicos de un osciloscopio. 

Por el contrario, cuando integramos 

periodos de tiempo más largos, el condensador alcanza 

valores elevados de carga, llegando a su zona no 

lineal. Para conseguir aumentar el tiempo de 

integración tendríamos que ir aumentando el valor de 

impedancia del condensador y del la resistencia de 

entrada. 

Analicemos por un momento la señal que 

vamos a obtener como resultado final. La frecuencia 

más baja que necesitamos generar tiene que ser de unos 

20 Hs o inferior. A esta frecuencia el periodo de la 

señal es de 0.05 segundos. Si vamos a barrer desde los 
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20 Hz hasta los 20 KHz en varios segundos, la fracción 

de tiempo que corresponda a las frecuencias bajas será 

tan pequeña que no dará 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 gráfico. Esto va 

a suponer que la velocidad a la que se va a generar el 

barrido tiene que ser muy baja, para que la pluma del 

trazador gráfico pueda dibujar el máximo detalle de las 

irregularidades de un espectro. 

Cuanto más tiempo dure el ciclo de un 

barrido, mayor definición tendrá la curva. Estamos 

hablando de períodos de tiempo que van a superar al 

minuto incluso a varias decenas de minutos. 

Con períodos de tiempo tan largos, 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 serían prácticamente nulas. 
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Para poner solución a todas estas 

exigencias se ha optado por conseguir una rampa por 

otros medios que no sea el de la integración. 

Utilizando un convertidor digital 

analógico podremos conseguir cualquier función de 

tensión 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 tensión formada por un 

determinado número de escalones, igual a 2 elevado al 

número de bits del contador. 

El tiempo de duración de la rampa será 

igual al producto del tiempo de duración de un ciclo de 

reloj por el número de escalones que forman dicha 

rampa, pudiéndose variar la duración de ésta sin que 

quede modificada. 

El número de escalones que formen la 

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

sea tan pequeño que se pueda despreciar. 
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En un principio se utilizó un contador 

de 8 bits, seguido de un convertidor digital-analógico, 

para comprobar el efecto que la rampa producía sobre el 

oscilador controlado por tensión. Los saltos entre 

escalones eran tan grandes que las variaciones de 

frecuencia producidas en el oscilador no se podían 

aceptar. 

Es por esto por lo que se aumentó el 

número de bits de 8 a 16. De esta manera los escalones 

pasarían de ser 256 para un contador de 8 bits a 65.536 

escalones para el de 16. El salto producido ahora de un 

escalón a otro será tan pequeño, y la variación de 

frecuencia producida por el oscilador tan baja, que se 

podrán despreciar. 

Para la conversión digital analógica se 

ha utilizado el circuito integrado denominado DAC-08. 

La serie DAC-08 consiste en un convertidor digital-

analógico monolítico de 8 bits, que provee una elevada 

velocidad e infinitas aplicaciones a un bajo costo. Es 

directamente compatible con todas las populares 

familias lógicas con una completa inmunidad al ruido, 

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

diferencial para salidas de pico a pico. 

El contador de 16 bits que proporciona 

la entrada a los convertidores digital-analógicos está 

formado por 4 circuitos integrados de la serie 74191. 

Este dispositivo es un contador reversible síncrono con 

facilidad de prefijación del control de habilitación, 

con control reversible en una sola línea, posibilidad 

de conexión en cascada para funcionamiento multidécada 

y entradas con bufferes. El elemento es un contador 

binario de 4 bits. El funcionamiento síncrono está 

conseguido activando simultáneamente con el reloj todos 

los flips-flops, de manera que las salidas cambian de 

modo coincidente entre sí cuando se cumplen las 

condiciones de entrada. Este modo de funcionamiento 

elimina los picos de cómputo de salida que suelen ir 

asociados a los contadores síncronos. 

Dado que los convertidores digitales-

analógicos utilizados están provistos de entradas de 

tan solo 8 bits, el problema consistirá en asociar a 

cada uno el peso que le corresponde en la cuenta para 

que la salida final sea la deseada. 
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El modo del funcionamiento será el 

siguiente: en el tiempo que el convertidor de menor 

peso produce un escalón, el otro convertidor debe 

producir los 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 escalón de dicha rampa. 

Debido a que la salida de los 

convertidores digital-analógicos es en corriente, se 

efectúa primero una conversión corriente-tensión, por 

medio de un amplificador operacional para a 

continuación 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 

duración de un ciclo de reloj multiplicada por 65.536 

nos va a dar la duración total de la rampa. 
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AMPLIFICADOR LINEAL Y LOGARÍTMICO 

A la hora del diseño de este equipo se 

ha pensado en la posibilidad de que pueda realizar 

barridos no sólo lineales, sino también logarítmicos 

para así poder estudiar una curva de frecuencias con 

intervalos iguales por octavas de frecuencia. Esta es 

la forma más usada en el estudio de señales de audio 

puesto que la respuesta del oido humano a las 

variaciones de frecuencia se ajusta más a una curva de 

este tipo que a cualquier otra función. 

La misión del amplificador logarítmico y 

del amplificador lineal es ajustar la rampa, obtenida a 

base de escalones de los convertidores digital 

analógicos, a unas condiciones determinadas para que 

pueda servir como entrada al resto de los circuitos que 

vayan a continuación. 

La señal obtenida del sumador de 
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tensiones a partir de los convertidores digital 

analógicos, es una rampa descendente con su origen en 

cero. Para poder atacar directamente al oscilador 

controlado por tensión necesitamos convertir esta rampa 

y variar los límites de tensiones. 

Utilizando un inversor a base de un 

amplificador operacional podemos conseguir variar la 

polaridad de la rampa. Ahora tendremos una rampa que en 

vez de ser descendente será ascendente a partir de cero 

voltios. La cuestión es simplemente calcular la mitad 

del valor que alcanza la rampa, y este será el valor de 

nivel de offset que debemos restar para que la onda sea 

simétrica respecto al origen. Una vez conseguido esto 

sólo queda amplificarla hasta obtener los 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 más por encima del nivel cero. Esto 

quiere decir que no será exactamente simétrica para 

esto se provee de un parámetro de ajuate con el que 

poder variar con mayor precisión el nivel de las 

tensiones de trabajo. La rampa obtenida en este punto 
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ya esta en condiciones para atacar directamente al 

oscilador controlado por tensión y producir un barrido 

lineal. 

Es posible obtener una tensión 

proporcional al logaritmo o al antilogaritmo de la 

tensión de entrada mediante el empleo de los módulos 

convertidores logarítmicos, cuyo principio de 

funcionamiento está basado en la característica de la 

unión p-n del semiconductor. 

ün circuito básico podría ser el formado 

por un operacional con una resistencia en la entrada 

inversora y un diodo como realimentación de la salida a 

la entrada inversa. La salida será proporcional al 

logaritmo de la entrada. 

Esta tensión de salida contiene un 

término adicional constante que interesa minimizar 

seleccionando un diodo cuya corriente inversa sea lo 

menor posible. Otras fuentes de error proceden de la 

caida de tensión óhmica en la resistencia serie del 

diodo. 
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Para obtener mejores resultados se puede 

sustituir el diodo por la unión base-emisor de un 

transistor. En este caso se denominaría configuración 

transdiodo. 

Puesto que las características de los 

diodos que intervienen en las expresiones obtenidas son 

muy dependientes de la temperatura, es preciso 

introducir circuitos adecuados de compensación. 

El circuito utilizado como amplificador 

logarítmico para el generador de barrido de audio se 

corresponde con el esquema básico descrito. 

Como realimentación utiliza un diodo 

rectificador IN 4148 y a la salida un amplificador no 

inversor. Como red de compensación utiliza un segundo 

diodo igual al primero, de manera que las derivas 

producidas en uno se compensen con las producidas en el 

otro. Además se incluye una fuente de corriente 

compuesta por un transistor con la base a una tensión 

fija de referencia, cuya misión es la de polarizar la 

salida del amplificador logarítmico. 
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Para que este circuito trabaje a pleno 

rendimiento necesitamos tensiones no inferiores a los 

cero voltios, ya que a valores cercanos a este el 

logaritmo tiende a infinito. 

Por tanto para producir una curva 

logarítmica ascendente, necesitaremos una señal de 

entrada que sea una rampa lineal descendente, con 

límite inferior superior a los cero voltios. Los 

límites entre los cuales va a estar esta curva deberán 

ser ajustados para que el oscilador de frecuencia 

variable alcance los márgenes deseados. 

El ajuste de offset y amplitud se hará 

de forma idéntica al utilizado en el amplificador 

lineal. 

Con estos dos amplificadores ya hemos 

completado los modos de funcionamiento del equipo. Tan 

sólo necesitamos una tensión 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-

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

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

la escala de tiempo de la curva, debe partir desde O 

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

El sistema de contadores, que van a dar 

los valores digitales de los escalones que a su vez 

construirán los convertidores digital-ginalógico, están 

constituidos por los circuitos integrados del tipo 

74191. Como ya hemos descrito se trata de un contador 

binario, ascendente y descendente, con carga paralela y 

posibilidad de conexión 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 serán: cuenta 

ascendente, para la cual necesitaremos un "O" en la 

patilla número 5, que determina que la cuenta sea 

ascendente. La entrada de carga paralela deberá estar 

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

paralelos. 

La salida de conexión en cascada de cada 

contador^ deberá ir conectada a la entrada de 

habilitación de cuenta del siguiente. La habilitación 

del primer contador deberá 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 y se 

mantenga activo indefinidamente. La salida será una 

rampa repetitiva con un período igual a 64.000 veces el 

período de reloj. 

La primera función de control será 

conseguir que cada vez que se produzca una rampa el 

sistema se detenga. Además pretendemos conseguir poder 

inicial izar 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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conexión en cascada del último contador. Esta nos dará 

un impulso a nivel bajo cuando llegue a su máximo 

estado de cuentas y por tanto al máximo valor de la 

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 podrá permitir 

por medio de una puerta AND, que el reloj llegue 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 reflejará 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 

"O", lo cual ocurre cuando se llega al final de la 

cuenta, la salida de la puerta AND será siempre "O", y 

el reloj no llegará a los contadores. 

Para poder conseguir que la cuenta una 

vez detenida se inicial ice, se ha dispuesto de un 

pulsador, que produzca el mismo nivel bajo que produce 

la salida de conexión en cascada del último contador. 
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De esta manera cambiará el estado del flip-flop y el 

reloj estará presente de nuevo en los contadores. 

Para lograr que se produzca una 

detención de la cuenta y se comience desde el 

principio, se han puesto todas las entradas de carga 

paralela a "O", y la entrada de habilitación de la 

carga conectada al pulsador de inicialisación. Así cada 

vez que se produzca una detención manual, la 

inicialización partirá de "O". 

Tal y como tenemos el circuito hasta 

ahora hemos conseguido un generador de rampas 

automático, con detención automática y manual. Además 

de esta función se le ha querido dar a este equipo la 

posibilidad de seleccionar una frecuencia determinada 

manualmente. De esta forma podremos generar un barrido, 

con la posibilidad de detenernos en los puntos de mayor 

interés, pasar de una frecuencia a otra, hacia adelante 

y hacia atrás, de una meinera rápida o con un ajuste más 

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 la localización de frecuencias se 

ha dotado al circuito de la posibilidad de avanzar con 

dos velocidades, para permitir una búsqueda más rápida, 

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 la otra es 256 veces superior, para 

permitir el salto de las frecuencias bajas a las altas 

sin que tenga que transcurrir todo el período de tiempo 

de un barrido. 

El modo de conseguir esta función es 

cortar la cadena de conexión 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 habilitación 

de cuenta del primer contador para que este no pueda 
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contar, y un nivel bajo en la entrada de habilitación 

del tercero, para que su funcionamiento no dependa del 

acarreo del anterior. 

De esta manera el primer y segundo 

contador estarán en activo y el tercero y cuarto no. 

Este mismo commutador hará que el pulso a nivel bajo, 

de conexión en cascada del segundo contador llegue o no 

al tercero. 

La cuarta y última de las funciones 

externas, es la de permitir la búsqueda 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 

y tengamos que retornar al principio para volverlo a 

intertar. 

Sólo queda un pequeño detalle por 

analizar, y es el de la commutación del modo automático 

al modo manual. 

Todas estas funciones "̂  anteriormente 

descritas, tendrán un valor determinado y fijo para el 
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funcionamiento automático y sin embargo deberán ser 

variables y controlar desde el exterior para el modo 

manual. 

Para solucionar esto se ha provisto de 

una serie de interruptores electrónicos o buffers. 

Estos interruptores están dotados de una entrada de 

control, que según el valor de ésta, la entrada estará 

presente a la salida o por el contrario tendrá un 

estado de alta impedancia. 

Con un juego de interruptores para cada 

modo de funcionamiento, permitiremos que las funciones 

de control sean las prefijadas en el caso de estar en 

modo automático, o las variables para el caso de estar 

en modo manual. 

Un commutador externo activará un juego 

de commutadores, y através de un inversor desactivará 

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

La señal de barrido 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 señal alterna a un 

valor continuo, proporcional al valor de pico de la 

señal en alterna, y lo va a acondicionar para poder ser 

representado por el trazador gráfico. 

A la entrada del equipo necesitamos un 

amplificador que nos sitúe la señal en un nivel 

adecuado para poder ser medido. Este amplificador está 

provisto de un conmutador de selección, para amplificar 

en caso de tener niveles bajos de entrada, y atenuar en 

el caso contrario, como sería en el caso de estar 

analizando la respuesta de un amplificador 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 estaría cargando al equipo medido y no 

estaríamos obteniendo la verdadera respuesta. 

Para conseguir una impedancia de entrada 

lo más 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 conexión es 

el de un inversor utilizando valores de resistencia 

altos, para que disminuya lo menos posible la 

impedancia intrínseca del operacional. 

A partir de esta señal acondicionada 

tenemos que conseguir el valor de tensión 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 

solución más sencilla que nos de un resultado 

aceptable. 
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Esta solución es la de pasar la señal 

alterna a través de un rectificador de onda completa. A 

la salida obtendremos una señal que será igual a la 

función valor absoluto de la señal de entrada. Los 

semiciclos positivos de la señal se mantendrán 

invariables, mientras que los negativos experimentarán 

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, y el semiciclo negativo por otro. Este 

último 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 básica. 

La señal presente a la entrada, por un 

lado pasa a través de un diodo rectificador, el cual 

suprimirá los semiciclos negativos de la onda. La 

salida de este diodo será la señal de entrada con la 

diferencia que en el tiempo del semiciclo negativo 

tendrá un valor de señal de O voltios. Por otro lado 
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se hace pasar la señal 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 señales sumadas nos darán a la salida la 

forma de onda perseguida. 

Lo que hemos conseguido hasta ahora es 

que la onda sea completamente positiva^ en vez de 

simétrica, con los semiciclos negativos invertidos. 

Ahora sólo nos resta transformar esta forma de onda en 

un nivel de continua, el cual debe ser proporcional a 

la tensión de pico de la tensión 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 energía durante el 

tiempo de conducción, entregándola a la carga durante 

el tiempo de no conducción. 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 tensión 

de la entrada al filtro es superior a la del 

condensador, éste se va cargando, hasta el momento en 

que la onda de entrada disminuye de tensión. 

Para conseguir un bajo rizado a la 

salida, debe utilizarse un condensador de gran 

capacidad, del orden de decenas de microfaradlos. El 

máximo rizado se producirá cuando las frecuencias sean 

bajas, puesto que los periodos de descarga son más 

grandes que a frecuencias superior. 

Habrá que tener en cuenta que estamos 

midiendo niveles de tensión variables. Cuanto msô or sea 

la capacidad del condensador mayor será también el 

tiempo de carga. Si colocamos un condensador con 

capacidad muy alta, para una variación brusca de la 

onda de entrada, la respuesta del condensador será muy 

lenta, por lo que estaremos falseando la medida. 

Por esta razón 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 

duración del barrido. 
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Para barridos en tiempos muy cortos, nos 

afecta más la velocidad de respuesta que el factor de 

rizado. Como el barrido que queremos realizar es muy 

lento, debemos atender más la cuestión del rizado, 

siempre que la velocidad de respuesta sea admisible. 

Para atacar directamente a la salida que 

nos gobierne el eje Y del trazador gráfico, 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, además de servirnos para devolver la 

polaridad positiva a la tensión de salida. 

Si la señal que se va a medir viene 

sumada a un nivel de continua, al representarla no va a 

dar un resultado real, y menos aún cuando este nivel de 

offset varíe con el tiempo o con la frecuencia. 
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La razón 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 serán iguales. El nivel de continua 

resultante será prácticamente 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 será 

distinta. 

Para poder reducir lo máximo 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 cortará el paso a los niveles de continua, pero 

nos limitará también en velocidad. Habrá que escogerlo 

de un valor tan grande como sea posible siempre que el 

compromiso con la velocidad no se vea excesivamente 

afectado. 
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FRECUENCÍMETRO DIGITAL 

El frecuencímetro del que se ha dotado 

el vobulador de audio cumple una función muy importante 

a la hora de utilizarlo como simple generador, y para 

la búsqueda de frecuencias. En el caso de no haberlo 

introducido se habría hecho imprescindible la conexión 

exterior de un aparato de estas características. 

La filosofía del frecuencímetro es 

simplemente medir el número de ciclos de señal por 

segundo. Con un generador de pulsos cuya duración sea 

exactamente un segundo se puede habilitar la entrada a 

un contador. El resultado de la cuenta será el número 

de pulsos que entren dentro de ese segundo, y por tanto 

el valor de la frecuencia de la señal de entrada. 

El frecuencímetro utilizado consta de un 

contador de seis décadas formado por dos circuitos 

integrados de tecnología CMOS del tipo 4553, cada uno 

66 



de los cuales posee en su interior tres décadas 

contadoras en código BCD, con salida multiplexada. 

Estos circuitos integrados contadores poseen en su 

interior el multiplexor propiamente dicho, e incluso el 

oscilador que produce el desplazamiento de los 

encendidos, a excepción solamente de la capacidad de la 

constante de tiempo, la cual va situada en el exterior 

del núcleo, permitiendo elegir la frecuencia básica del 

multiplexor. 

En este caso, y por tratarse de dos 

circuitos integrados idénticos, se ha utilizado 

únicamente uno de los dos osciladores, usando esta 

frecuencia para el pilotaje de los dos. Esta 

circunstancia permite la utilización de un único juego 

de transistores de encendido, produciéndose éste de dos 

en dos displays y ahorrando tres transistores de 

commutación. 

Toda la información que poseen las tres 

décadas contadoras estarán presentes a la salida de 

cada circuito, aunque troceada por la acción del 

circuito multiplexor. Esta información, junto con las 

órdenes de encendido proporcionadas por el mismo 
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integrado, permiten reconstruir, a través de los 

decodificadores de siete segmentos, la información de 

los contadores pero ya en los displays. 

El circuito integrado posee en su 

interior un circuito completo de memoria de doce 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 

memorización, los contadores sigan contando, se paren, 

o sean sustituidas por otras nuevas, resultado de un 

nuevo cómputo. 

El terminal número doce de los 

contadores es la entrada de reloj al contador de la 

cifra menos significativa, produciéndose internamente 

el acarreo de los contadores de las siguientes cifras. 

El terminal número catorce proporciona un impulso cada 

vez que los contadores completan un ciclo de conteo, es 

decir cada vez que, del número máximo contado retornan 

automáticamente a cero. Esta salida puede ser utilizada 

como acarreo para hacer contar al siguiente grupo de 

décadas, de cifras de órdenes más 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 información en código BCD 

multiplexado, da salida a cada uno de los cómputos de 

tres décadas, es codificada por medio de un 

decodificador de siete segmentos del tipo 4543, de baja 

corriente de salida, y montado con lógica negativa, el 

cual se encuentra en disposición de atacar directamente 

los segmentos de cualquier display a leds de ánodo 

común, cuyo consumo por segmento no sobrepase los 10 

mA. 

El contador de seis dígitos constituye 

la parte más importante del frecuencímetro digital, 

aunque falta un pequeño circuito que introduzca en el 

mismo los impulsos de "reset" y "memoria", espaciados 

exactamente un segundo entre sí, con el fin de que la 

lectura en los displays coincida exactamente con la 

frecuencia generada. Este circuito está formado por un 

circuito oscilador aestable del tipo 555 de elevada 

exactitud y un desplazador decimal del tipo 4017. 
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Puesto que, tanto el impulso de reset 

como el de memoria, que precisan estos circuitos 

contadores, deben ser de muy corta duración, se han 

instalado dos circuitos diferenciadores en estas dos 

salidas de bando. El primero proporciona a la salida un 

nivel bajo en ausencia de señal, con breves picos 

positivos correspondientes con los flancos positivos de 

la señal entrante. El segundo realiza la función 

inversa, es decir, proporciona un nivel alto en 

ausencia de señal, con breves picos de tensión nula 

correspondiendo con los flancos negativos de la señal 

de entrada. Estas distintas polaridades de los impulsos 

de mando del frecuencímetro, responden a la lógica que 

exigen los circuitos contadores. 
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FUENTE DE ALIMENTACIÓN 

Una vez realizadas todas las funciones 

del vobulador, sólo nos resta el diseño de una fuente 

que nos alimente a todos los circuitos. 

Esta debe proporcionar tensiones de 5 

voltios para los circuitos digitales y tensiones 

simétricas para los circuitos analógicos. 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 energía eléctrica normalmente 

disponible, suministra una tensión alterna. La 

utilización de estas tensiones es bien conocida, pero 

la mayor parte de los circuitos electrónicos requieren 

para su funcionamiento una tensión continua. Aunque en 

algunos equipos electrónicos normalmente equipos 
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portátiles de bajo consumo, se utilizan pilas o 

baterías, con la ventaja de su facilidad de transporte 

y con el inconveniente de su relativamente rápido 

agotamiento. 

En este caso se precisa de un sistema 

electrónico que convierta la energía alterna en 

características fijas de tensión y frecuencia. 

La fuente de alimentación está formada 

básicamente por un transformador, y un rectificador. La 

función del transformador es la de disminuir el nivel 

de la tensión de la red, normalmente 220 voltios, a 

niveles adecuados. El rectificador tendrá como función 

la de convertir esta tensión de doble polaridad a una 

sola polaridad. 

El rectificador que se ha utilizado está 

formado por un simple puente de diodos, el cual va a 

convertir los semiciclos negativos de la tensión 

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 señal del 

rectificador. 

El filtro utilizado es el denominado de 

condensador. Para conseguir un bajo rizado y asegurar 

una buena regulación, este condensador debe ser de gran 

capacidad. Estos condensadores de tan alta capacidad 

suelen ser electrolíticos. Las ventajas que presentan 

son un pequeño rizado y una tensión de salida alta con 

cargas pequeñas. 

Sin embargo la tensión continua 

disponible a la salida del filtro del rectificador 

puede que no sea lo suficientemente buena, debido al 

rizado, o que varié su magnitud ante determinados tipos 

de perturbaciones que puedan afectar al sistema. 

Este punto se ha resuelto utilizando 

reguladores de tensión monolíticos dado su bajo coste y 

sencilla implementación. 

Los reguladores monolíticos utilizados 
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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 voltios. Para las 

tensiones que van a alimentar los circuitos digitales 

se utilizó el circuito integrado 7805, regulador 

positivo de 5 voltios. 

El consumo total del circuito es de unos 

500 mA para cada tensión simétrica, y de unos 800 mA 

para los circuitos digitales. 

Para reducir al máximo las oscilaciones 

se ha colocado un filtro a la salida de cada regulador. 

El rizado que se obtiene a la salida del conjunto será 

inferior a 0,01 %. 
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MODO DE FUNCIONAMIENTO 

El vobulador de audiofrecuencias ha sido 

especialmente diseñado para que su utilización sea lo 

más simple posible. Se ha procurado en su realización, 

que su uso en la obtención de espectros, y como 

generador, requiera el mínimo número de de aparatos de 

laboratorio adicionales. Tanto es así, que a no ser 

que se requieran medidas de precisión, como las 

obtenidas por un analizador de onda, el trabajo con el 

vobulador de audio solo necesita del trazador gráfico 

para el cualm sido diseñado. 

El tipo de trazador gráfico ha sido 

escogido en función de sus prestaciones y facilidad de 

manejo. Este equipo de registro esta provisto de dos 

entradas analógicas de tensión, que son las que 

determinan la posición de la -̂  aguja tanto 

horizontalmente, como verticalmente. 
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Para el posicionamien-to horizontal, está 

dotado de un generador de rampa, que determina el eje 

de tiempo, como en un osciloscopio. Aunque se podría 

haber utilizado esta ventaja, se ha preferido que la 

tensión del eje de tiempo sea generada por nuestro 

equipo, para evitar problemas a la hora de inicializar 

una medida. 

El modo de operación 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 

única 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 la 

pluma, la cual se puede mover utilizando los 

potenciómetros que están colocados en los mandos de 

cada eje. 

Antes de inicializar un barrido se debe 

hacer una simulación con la pluma en alto. Para que se 

pueda realizar el barrido por la pluma, los dos ejes de 

dibujo deben estar en posición "record". Una vez 

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

del trazador, y la salida del barrido vertical en la 

entrada del eje Y. 

El equipo que se va a analizar debe 

estar conectado de la siguiente forma. La salida de 

tensiones de frecuencias variables del generador debe 

ser conectada a la entrada del equipo test. De la 

salida del equipo test se debe introducir la señal de 

nuevo en la entrada del vobulador. De esta forma la 

señal será tratada y su resultado irá a parar al 

registrador a través de la salida de barrido 

horizontal. 

Hay que tener en cuenta el tipo de 

equipo que estamos analizando, si amplifica o atenúa, 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 erróneos 

producidos por saturaciones, cargas de un equipo a 

otro, etc. 

Para realizar la primera simulación se 

debe colocar al vobulador en el modo automático, con el 
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conmutador automático-manual. Se debe pulsar una vez 

el interruptor de inicio, para situar la pluma en el 

cero. Una vez colocada la pluma y pulsando de nuevo el 

interruptor de inicio comenzará el barrido. 

La primera simulación nos va ha servir 

para ajustar el nivel de amplitud de la señal, y la 

velocidad de barrido, de manera que la curva que se 

vaya a obtener sea de nuestro agrado. Para la 

selección de la velocidad contsimos con un conmutador de 

cuatro posiciones para cuatro tiempos de barrido. 

Para la selección de la amplitud contamos con los 

cnmutadores de entrada-salida, para ajustar el nivel de 

entrada al equipo test, y el nivel de salida al 

registrador. 

Para utilizar el generador de barridos 

como un generador de onda senoidal de frecuencia 

seleccionable, o para buscar los puntos de interés 

dentro de una curva, colocaremos el conmutador de modo 

manual-automático en el modo manual. Pulsando el botón 

de avance conseguiremos movernos en frecuencia, y en el 

caso de estar sobre la gráfica, movernos en ésta. 

78 



Para poder movernos hacia adelante o 

hacia atrás, utilizaremos el botón de arriba-abajo, el 

cual nos facilitará el posicionarnos sobre un punto 

deseado. 

Para movernos más rápidamente sobre la 

curva sin necesidad de variar la escala de velocidad 

del barrido se utilizará el conmutador de rapido-lento. 

El frecuencímetro digital nos permite 

determinar en que punto de frecuencia nos encontramos, 

lo cual facilitara, junto con todas la posibilidades de 

movimiento que el equipo incluye, la localización y 

utilización de una frecuencia discreta. 
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INVENTARIO DE COMPONENTES 

DIGO 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rll 

R12 

R13 

R14 

R15 

R16 

CLASE 

Resistencia 620 ohm. 

620 " 

30K •• 

lOK " 

30K •• 

15K •• 

220 •• 

220 " 

lOOK " 

lOK " 

lOOK " 

220 " 

220 " 

lOOK " 

lOK " 

lOOK '• 

PRECIO 

10 pts 
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R17 Resistencia 220 ohm 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

R27 

R28 

R29 

R30 

R31 

R32 

R33 

R34 

R35 

R36 

R37 

R38 

R39 

R40 

220 •• 

lOK " 

lOOk •• 

lOK " 

7K5 " 

IMl " 

12K •' 

130K •' 

IIK •• 

4.7K '• 

IIK '• 

51K " 

2.2K " 

130K •' 

5K1 " 

2.2K •• 

llOK " 

lOOK " 

lOK •• 

12K " 

51K " 

50K " 

50K " 

10 p ts , 
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R41 

R42 

R43 

R44 

R45 

R46 

R47 

R48 

R49 

R50 

R51 

R52 

R53 

R54 

R55 

R56 

R57 

R58 

R59 

R60 

R61 

R62 

R63 

R64 

Resistencia 500K ohm 

200 •• 

2K5 •' 

2K2 " 

2K2 •• 

3K •• 

lOK •' 

200 •• 

1K8 " 

2.7 " 

2.7 " 

51 " 

91K " 

I M •• 

500K " 

lOOK " 

lOK " 

lOK " 

4K7 " 

51K '• 

200K •• 

51K •' 

200K " 

51K " 

10 pts 
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R65 Resistencia 51k ohm 

R66 

R67 

R68 

R69 

R70 

R71 

R72 

R73 

R74 

R75 

R76 

R77 

R78 

R79 

R80 

R81 

R82 

R83 

R84 

R85 

R86 

R87 

R88 

1K5 " 

25K " 

5K1 •• 

5K1 •' 

5K1 " 

5K " 

5K1 " 

5K1 " 

5K1 " 

5K •• 

I K l •• 

IKl •• 

6 K 2 •• 

6K2 •• 

6K2 •• 

6K2 '• 

6K2 " 

2 K 2 •• 

30K " 

2K2 " 

5K1 •• 

871K " 

13K " 

10 

•• 

" 

•• 

•• 

•• 

II 

•• 

•• 

•• 

•• 

it 

•• 

II 

ti 

•• 

II 

II 

•• 

•• 

•• 

•• 

"" 

•• 
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R89 

R90 

R91 

R92 

R93 

R94 

R95 

R96 

R97 

R98 

R99 

RlOO 

RlOl 

R102 

R103 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

Resistencia 5K1 ohm. 

•• 

•• 

•• 

•• 

-• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

Condensador 

•• 

II 

•• 

•• 

•• 

" 

•• 

•• 

7K5 " 

5K1 " 

4 K •• 

6 2 K •• 

lOOK " 

820 '• 

1K5 " 

1K3 " 

IK " 

3K " 

2K " 

2K " 

2K " 

9K1 •• 

300pF 

300p " 

300p " 

300p " 

lOOOu •• 

68n " 

50n " 

2p " 

lOn " 

10 pt 

•• 

•• 

•• 

" 

i( 

•• 

•• 

II 

•• 

•• 

II 

II 

•• 

•• 

40 p 

•• 

it 

>• 

275 " 

50 " 

80 •• 

40 •• 

50 " 
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CIO 

cu 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

TRl 

TR2 

TR3 

TR4 

DI 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

Condens 

•• 

II 

•• 

•• 

•• 

" 

•• 

•• 

•• 

•• 

•• 

Transist 

II 

•• 

•• 

Diodo 

ad 

or 

or lOOn F 

lOOn " 

lOn " 

lOOn •• 

lOOn " 

680n " 

•• 

•• 

•• 

•• 

lOOn " 

470n •• 

2N3819 

2N3083 

2N4037 

BC108 

ln4148 

ln4148 

Z 3volt. 

In4148 

•• 

•• 

•• 

Z lOvolt 

50 Pts 

40 " 

4 0 •• 

50 " 

50 " 

60 " 

50 " 

50 " 

180 •• 

210 " 

210 " 

90 " 

40 " 

40 " 

80 " 

40 " 

80 

89 



D9 

DIO 

Dll 

ICl 

IC2 

IC3 

IC4 

IC5 

IC6 

IC7 

IC8 

IC9 

ICIO 

ICll 

IC12 

IC13 

IC14 

IC15 

IC16 

IC17 

IC18 

IC19 

TPon 

Diodos 

•• 

•• 

C.Integrado 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

•• 

" 

" 

II 

" 

" 

11 

ln4148 

1) 

Z 3volt. 

LM13600 

•• 

uA741 

TL084 

" 

UA741 

CA080 

TL084 

74191 

•• 

•• 

•• 

DAC08 

" 

TL084 

7473 

uA555 

7408 

7400 

"7/1 1 D K 

40 " 

•• 

8 0 •• 

430 •• 

•• 

•• 

210 " 

•• 

430 •' 

350 •' 

210 " 

320 •• 

•• 

>i 

•• 

610 " 

•• 

210 " 

380 " 

180 " 

230 " 

230 '• 

Transformador 
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Conmutadores 

Pulsadores 

Portafusibles 

Caja metálica 

Conectores BNC 

Conector alimentación 

950 Pts 

620 

500 

4.300 

1.400 

720 

Presupuesto total 21.635 Pts 
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CIRCUITO IMPRESO 

Oscilador Controlado por Tensión, Control 

Automático de Ganancia y Ampligicador de Salida. 

Cara de Componentes, vista superior. 
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CIRCUITO IMPRESO 

Oscilador Controlado por Tensión, Control 

Automático de Ganancia y Ampligicador de Salida. 

Cara de soldaduras, vista superior. 
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CIRCUITO IMPRESO 

Tensión de Polarización, Lógica de 

Control, y Ampiflicador Lineal y Logarítmico. 

Cara de soldaduras, vista superior. 
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CIRCUITO IMPRESO 

Tensión de Polarización, Lógica de 

Control, y Ampiflicador Lineal y Logarítmico. 

Cara de Componentes, vista superior. 
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CIRCUITO IMPRESO 

Amplificador de Entrada, Rectificador, y 

Trigger Smith. 

Cara de Soldaduras, vista superior. 
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^ ¿ ^ ^ 
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I f ^ 
• é 9 é • • • 
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CIRCUITO IMPRESO 

Frecuencímetro Digital. 

Cara de Componentes, vista superior. 
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CIRCUITO IMPRESO 

Frecuencímetro Digital. 

Cara de Soldaduras, vista superior. 
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lational 
Semiconductor 

Audioflbdio CircultS - S Absoluta Máximum 

LM13600/LM13600A/LIVI11600A Dual Operational 
Transconductance Amplif iers With Linearízing Diodes 
and Buffers 

General Descríption <,. > v-
The LM13600 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pulí output. 
The two amplifiers share common suppiias but 
otherwise opérate independentiy. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher Input levéis. The 
results is a 10 dB signai-to-noise improvement 
reterenced to 0.5 percent THO. Controlled im-
pedance buffers are provided which are espe-
ciaily designed to complement the dynamlc 
range of the amplifiers.. . _-.. _ .- _.. 

F e a t u r e s • ^.-. 
• gm adjustable over 6 decades 

• Excellent gm llnearlty 
• Excellent matching between amplifiers 
• Linearizing diodes 
• Controlled impedance buffers 
• High output signal to noise ratlo 

' • Wide supply range ± 2V to ± 22V. 

Applications 
• Current controlled ampli f ie^ 
• Current controlled impedances 
• Current controlled filters 
• Current controlled oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 

pngs 

Schematic and Connection DIagrams 
oai eNunatua TiuuacoaMCtMCi «anififii 

: i j : f c i , v i ! í ,S i i ! " ' : í í i ; ^ . . í : . , 

Ordw Numbar LM1360ai 
orLMIíaOOAJ 

SMNSPaGkas*J18A 

• Ontor NumlMf Uyn3600N 
orLMISeOOAN 

S M N S Packsg» NieA 

10^242 

Supply Voltage (Note 1) 
LMl360a 
LM136()0A, LM11800A 

powar Oisalpatlon (Nots 2) TA = 2S'C 
LMiaSOON. LM13600AN 
LM1360at, LMIieOOAJ 

Differential Input Voltage 
DIode Blas Current (Ip) 
Amplltler Blas Current (IABC) 
Output Shon Circuit Duratlon 
Bulfer Output Current (Note 3) 
Operating Temperatura Range 

LM13600N, LMiaeOOAN 
LMiaeOOJ, LM116Q0AJ 

OC Input Voltage 
Storage Temperatura Frange 
Lsad Temperatura (Soldering, 10 seconds) 

Electrical Characteristics (Noté 4) 

aevocor ±iav 

44 VOC or ± 22 V 

570 nM 

eooirMt 
....^... • * s » 

."" 2ra* 
2niA 

Indefinita 
20 IM 

o*cto+7o*e 

.SS*Cto + 12S*C 
+ Vsto-»s 

-6S'CtO + 150*C 
300-C 

'9 ^ 

Paramaiers 

Input Offset Voltage (Vog) 

V o s Including Diodes 

Input Offset Cfiange 

Input Offset Current 

Input Blas Current 

Forward 

Transconductancetgm) 

gm Tracking 

Peak Output Current 

Peal< Output Voltage 

Positive 

Negativa 

Supply Current 

V Q 3 Sensitivity 

Positive 1 

Negativo 
CMRR 

Common Moda ñanga 

Crosstalk i .., 

Diff.Input Current ' - -

Lealtaga Current 

Input Resistance 

Open Loop Bandwitti 

Slaw Rata 

Buff. Input Current 

Peak Buflar Output Voltage 

Conditions 

Over Specilied Temperatura Range 

IABC 5 , A 

Olode Bias Current (ID) s 500 nA 

5 |JV s lABC s 500 ,.A 

^ 
Over Specilied Temperatura f^nga 

Over specilied Temp Ranga 

RL=: 0. lABC = S M A . n . 

R L = 0. IABC = 5 0 0 ^ 
RL = 0. Over Specilied Temp Ranga 

RL=<«i. 5iJk s lABCS 5 0 0 , ^ 

R L ; ; » , 5iJ^ s I A B C * 500 iJV 
lABC=S00,iA.Bolh Channais ~ 

Avos/¿:-v+ ,' ' • ; . • 
i V o s ( - . V -

Referrad to Input (Nota.51 .,„,-• 
20 Hz < 1 < 20 KHz 

lABC = 0, lnput = ± 4 V " • • • • " • ' ^ 

1 ABC = 0 (Refer To Test Circuit) , , 

Unity Gaín Compansaled 

(Note 5, E«capt I A B C " " «^) 
(Note 5) 

Mili 

-

670C 

5400 

350 

300 

+ 1 Í 

- 1 2 

;,. 
ao 

± 1 2 

- -̂
" ' •>.'.! 

-.0 

10 
1 

LMisaoo 
T»P 

0.4 

OJ 

0.S 

0.1 

a i 
- 0.4 

1 

9600 

O J 

5 

500 

+ 14.2 

- 1 4 . 4 

^ 6 

20 

20 

110 

X13.5 

100 

0.02 

'. 0.2 
26 

2 

50 

0.2 

Max 

, 4 

- 4 

5 

3 

.0.6 

5 -

a 

13000 

650 

150 

150 

100 

100 

~ . 

0.4 

.U«136aaA LM11600A 

Min 

7700 

4000 

3 

350 

300 

+ 12 

- 1 2 

80 

± 1 2 

^¿•.v.-

10 

10 

Typ 

0.4 

0.3 

0.5 

0.1 

0.1 
0.4 

1 

9600 = 

0.3 

5 -

500 

+ 14.2 

- 1 4 . 4 

2.6 

20 

20 

110 

» 1 3 . 5 

100 

ao2 
0.2 

26 

2 

50 

0.2 

Max 

1 

2 

T 

2 

1 

0.6 

5 

• 7 

12000 

7 

650 

-
150 

' ISO 

. 1 0 

5 

0.4 

Un*» 

nV 

mv 
« V 

MV 

n V 

>A 

P * 

»A 

ftmho 

filudo 

de 
>A 

>A 

»A 

V 
V 

• lA 

»»«v ~ . 
,w -

dB 

V 
•j. 

dS 
oA 

nA 

•KO • 

MHZ 

Vlidac 

üA 

V • 

Nota 1. For salections toa supply voltage above x22V. contad factory. - - . ; • ' - " 
Nota 2. For oparating at high temperaturas, the device must Da derated basad on a 150* C máximum lunction temparaluraand atUannat 
resistance of 175* C/W which applies for thadevica soldered in a printed Circuit board, operating in stUiair. ;:''. ~ 
Note 3. Buffer output current should ba limitad so as to not excead package dissipatíon. '. 
Note 4. These spaciiications|apply for Vg = x 15 V, TA = 25* C, ampliffar bias cunant (I ABCI = 500fUk, pin* 2 and 15 open unías* 
otherwiae spacified. The inputs to the buffeiB ara grounded and outpuis are open. 
Note 5. These spacificalions apply for V5 = x 15V. IABC = ^"^ ¡^ 'klUT = 5 K Q connacted from Iha buttar output to - Vs « d th* 
input of the buffer is connected to the transconductance ampiifier output. 
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T y i M l Performance Characteristics 

InpMl OKMt VoMiaa 
illllllll I 

• t t S V 

-5S°C||! »*as° 

if 

10» 

10 

Input O d u l Currant 

o 1 

J '•* 

.1)iA 1 ^ lOiiA 1l«iA IOOOMA 
AMPlIFlEft BIAS CUHRUn (l^g^) 

Paak Output Cunant 

OLÍ 

T ' 

^"F 
1 

lili iW¿-±15V 

--ss°'c 

1 ÍS"CjÍ¡if=4 î p 
1 -vfriiK"»'' 
i \ u(ñ' 

¡i L 

^ H 

1 

l i | 

— r: 

=: : : i L 

-^ .: 
- : : 

10* 

' 10' 

o ig' 

.ItiA IxA lOvA lOOM tOOflfiA 

AMrtlFIER RIASCURREMT ( I A U I 

PMk Output Voltag* and 
Common Moda Ranga 

« — 14 

si.» 

2S,„ 

VquT.i 
"CMfli 

RLOAO-
TA . 25°C 

10< 

-a 10* 

10' 

íliA l|iA 10)iA IMklA ^»m|lA 

AMniFIER BIAS CURRCKT Hud 

n' 

uilO' 

>-«,-• í!u 

.i)iA ifiA 1 0 ^ iaa»iA looopA 

AMHIFIER BIAS CURRENT (lAgc) 

Tianaconduclanca 

l»= 

P ^ ^ - -.-• I 1 Z I 4 t I 7 
MniT OIFFERENTIAL VMTA6E 

' ^ Amplinar Blaa Voltaga *a 
AmpllHar Blaa Cumat w 

S 10' 

Typical PerformancHRiaracterístics (Cont'd) 

Dlatorlion va DIfferantlal 
Input Voltaga 

. Voltaga va Ampllflar Blaa Currant 

ta i 

20 

5S-20 

-100 

Output Ndaí 

| M O r -

5S00 J -

;: ^ 

3 300 - -

Í 2 0 0 - -

1— 

2 "" ^" 
a 0 _ J ii! " • ^ 

i«a Fnquaney 

íí 
1 

•r • ImA 

rrtŝ  - 'ABC ' " * « * 
ff Mllllll I M M 

10 100 1000 .1/iA ^|lA lOiiA lOOvA lOOOfiA 
OIFFERERTIAL INPUT VOLTAGE (aiVlifl (^gj AMFI.IHER «AS CUHREMT U<Al 

0+15 V 

-SO°C -2S°C 0°C 2S°C SCC 7S°C100°C 12i 
AMBIENT TEMFERATURE (TA) 

Input Raaltlanca 

2 ' 

itm 2.15ÍS 
OPEN 

• : ^ » 

• AltA 1<iA 1B(iA IflIpA lOOOfiA 

. AMrUFIERIIAS CURRENT «Aic) 

^ ^ X' '• Input and Oulpul Capacitaiic* 

.IpA 1/i« IO<iA M<.A lOOatiA 

AMPUFIERBIASCURREITdAic) "̂  

10* 

= 10' 

. 2 10' 

.l«iA lüA 10(iA IBB<iA lOOOiiA 
AMTLIFlEfl BIAS CURRENT (l^f^) 
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0.1/iA 1|iA lOiíA 100f/A 1000^ 

AMPIIFIER BIAS CURRENT IIABC>.i 

INPUT 

tO 100 IK 10K tOOK 
FREQUENCY (Ital 

O.B1|rf 

touTPvr 

>-1SV 

uwTveAwrouoaca 

,:s^'C- -:f<: • ; ' '"'•'• 

:>Ki>r^ 
WI 

luMUf aiMfar na cmcaír DirFMaiTuiia>tiTca«iicNTTCCTUi«Hr -.o^ 
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Circuit Oescription 
The differential transistor pair Q4 and Q5 fonn a 
transconductance stage in that the ratio of their 

. collector currents is defined by the differential 
Input voltage according to the transfer func-
tion: 

., KT , ig V|M=-:7 In -3. (1) 

, where V||s| is ttie differential input voltage, KT/q 
', is approximately 26 mV at 25* C and I5 and I4 
are the collector currents of transistors Q5 and 
CI4 respectively. With the exception of Q3 and 
Q13, all transistors anddiodes are identical in 

. size. Transistors Qi and Q j with Oiode 0-\ form 
a current mirror which torces the-sum of cur
rents I4 and I5 to equal I A B C : 

•ABC •(2) 

where I A B C is the amplifier biascurrent applied 
to the gain pin. . ^^ . . . 

For small differential input voltages the ratio of 
U and Is approaches ünity and the Taylor series 
of the In function can be approximated as: 

KT Ig KT I s - U 

.4=» . 5 - ^ 

V|N 
'ABCq] 
.2KT J 

(3) 

(4) 

Collector currents I4 and I5 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining traiv 
sistors and díodes form Ihree current mirrors 
that produce an output current equal lo I5 minus 
I4 thus: 

'. - .•>•• c " •- • 

yiN 
MABCfl 
L 2KT J . r ' " 'OUT 

The term in brackets is then the transconduc
tance of the amplifier r>nd is proportional to 
•ABC-

. . . - , • j ' - • - , , : ' * • " ~ " ; • - ' 

Linearizing Diodes . _ "^^ 
For differential voltages greater than a few 
mlllivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 
nonllnear. Figure 1 demónstrales how the inter-
nal diodes can linearize tha transfer function of 
the amplifier. For convenience assuma tlM 
diodes are biased with current sources and the 
Input signal Is in the form of current Is- Since 

Since the diodes and the input transistors have 
identical geometries and are subject to similar j 
voltages and temperaturas, the following is 
true: 

Notlce that in deriving Equation 6 noi 
approximations have t>een made and thera arei 

. no temperatura dependent terms. Tlie limiU 
tlons are that the signal current not exceed lo/2 
and that the diodes be biased with currents. In 
practica, replacing the current sources with¿ 
resistors will genérate tnsignificant errors. 

(5) I — -

Applícations/Voltag^ 
Controlled Ampiifiers 
Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 KQ resistor as a current source 
and usa a Thevenin equivalent clrcuit as shown 
In Figure 3. Thls clrcuit Is similar to Figure 1 
and operetas the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signaMo-noise performance, 
lABC should t>e as large as possible as shown 
by the Output Voltage vs. Amplifier Blas Current 
graph. L^rgsr amplitudes of input signal also 
Improve the SIN ratio. The linearizing diodes 

help here by allowing largar Input signáis for 
the same output distortion as shown by the 
Oistortion vs. Difterential Input Voltage graph. 
S/N may be optimized by adjusting tha 
magnitude of the input signal vía R I N (Figura 
2)until the output distortion Is below soma 
desired level. The output voltage swing can 
then be set atany level by selecting R|,. 

Although the noise contribution of tha lineariz
ing diodes is negligíble relativa to tha contribu
tion of the amplifiefs infernal transistors, lo 
should be as large as possible. Thls minimizas 
the dynamic junction resistance of tha diodes 
(re) and maximízes their linearizing action when 
l>alanced against R|N. A valué of 1 mA is recom-
mended for IQ unless the specific application 
demanda otherwise. 

CONTDOL 

> 

ourniT 

'Controlied impedance Buffers^ 
The upper limit of transconductance is definí 
by the máximum valué of I A B C iZ "lA). The-
lowest valué of I A B C 'or which the arr pllf ier will ^m 
function therefore determines tf<s overall^9 
dynamic ranga. At very low valúes of IABC> ^^' 
buffer which has very low Input bias current is 
desirable. A FET.follower satisfies th: low input 
current requirement, but is aome«hat noi 
linear for large voltage swing. The controlled 

Jmpedance buffer is a Darlington which 
modifies its input bias current to suit the need. 
For low valúes of I A B C . ttis buffer's input 

. current is minimal. At higher levéis of I A B C 
transistor Q3 biases up Q12 with a current pro-j 
portional to I A B C 'O^ fast siew rate. 

Figure. 2 Voltage Controlled Amplifier 

)«vs 

•O'OUT - "S A'A8C\ 

Figure 3. Equivalent VCA Input Circuit 

•1l>24e 10-247 



Vtereo Volume Control 
Tila Circuit of Figure 4 uses tha excellent 
matching of the two LM13600 ampllfiers to pro-
ylde a Stereo Volume Control witli a typical 
channel-to-ctiannel gain tracking ot 0.3 dB. Rp 
is provjded to mlnlmlze ttie output offset 
voltage and may be raplaced wltti two 510Q 
resistors in AC>coupled applications. For the 
component valúes given, amplifler gain is deriv-
ed from Figure 2 as being: 

If Ve id^BFived from a second slgnal i 
then the circult becomes an ampiit) 
modulator or two-quadrant multipller a»a 
in Figures, where: /, 

-2ls -2ls 
'o " - ^ (IABC' = -7— 

' I N 2 ¡Is IV + 

940x ABC 

The constant term in the above equatlóíl 
be cancelled by feeding Is x IDRC'2(V-+1:4VJ 
to IQ-The Circuit of Figure 6 adds RM to pn 

Rgur* 4. Slarao Volum* Control 

• •K 

vn ,a—vw 
caana m 

. Figura & Amplitud* Modulator 

Í - T -

,.•'.. ,.;.;. ^aH: ,;. . , i . ,<? 

.HT' 'c-

Figura 6. Four-Quadranl Mulllpllar 
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^ls current, resulting in a four-quadrant 
ultíplier where RQ is trimmed such that 
] = 0 V for V|N2 = 0V. R M also senres as the 
j resistor for lO-

l¡¿ting that the gain of the LM13600 amplifler of 
figure 3 may be controlled by varying the 
Unearizing dioda current I Q as well as by varying 
(ABC- Figure 7 shows an AGC Amplifler using 
Hijs approach. As VQ reaches a high enough 
^plitude(3VBE) to turn on the Darlington tran-
jistorsandthelinearlzingdlodas, theincreasein 
IQ reduces the amplifler gain so as to hold Vo at 
illiat level. 

yoitage Controlled Resistors 
An Operatlonal Transconductance Amplifler 
(OTA) may be usad to implement a Voltage Con-
UDlted Resistor as shown in Figure 8. A slgnal 

V M O - ^ V W 

voltage applied at Rx genarates a V | N to the 
LM13600 which Is then multlplied by the gm of 
the ampliflerto produce an output current, thus: 

Rx-
" ^ • » A 

where gm - 1 9 . 2 I A B C at 25*C. Nota that the 
attenuation of V Q by R and R A <S nacessafy to 
malntaln V I N within the linear range of the 
IM13600 input. 

Figura 9 shows a similar VCR where tha linear-
Izing diodes ara added, essentlally improving the 
nolse performance of the resistor. A floating VCR 

CO 

> 

7. AGC Amplifter 

r~N̂  ..... 

Flgum 8. Voltag* Controlled RMistor, Slngl»-End«d 
It R M K • ~ y --" 

• ••-• AAA> - O * » V O ' ' 
'•i I 

'HX^-' 
HIK 

Figuro 9. Volt«go Controlled Resistor Wlth Unearizing Diodos 
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eo 

P i shown in Figure 10, where each "end" of the 
resistor" may be at any voltage within the out-

put voltage range of the LM13600. 

Voltage Controiled Filters 

OTA's are extremely useful for implementlng 
voltage controiled filters, with the LM13600 

having^Padvantage that the requlred bu. 
are incluaed on the I.Q. The VC Lo-Pass Filtj 
Figure 11 performs as a unity-gain bufferati 
f ier at f requencies balow cut-of f, with thecQ 
frequency being the point at which Xc/gm eq 
the closed-loop gain of (R/RA) . At frequen 
abovecut-off the circuit provides a single Rfí 
of f (6 dB per octave) of the input signal ampiilS 
with a -3 dB point defined by the given equa 

Figura 10. Floating Vottage ControtlMi Ratialor 

31 K 

O H i V 

•v- i . ' . - ^ C 

lfM<A)2iC 

- IS V 

jiere gm is again 19.2 x lAüTat room tempera-
Wie. Figure 12 shows a VC High-Pass Filter 
(lich opérales in much the same manner, pro-
dlng a single RC roll-off below the defined cut-
f frequency. 

Idditionai amplifiers may be usad to implement 

higher arder filters as demonstrated tí^tmo-
pole Butterororth Lo-Pass Filter of Figure 13amJ 
the stalo variable filter of Figure U . Due to the 
excellent gm tracking of the two amplifiers and 
the variad bias of the buffer Darlingtons, these 
fliters perfom well ovar several decades of 
frequency. 

Rgura 12. Voltaga Controllad HH>as« Filiar 

Figure 13. Vottag* Controiled 2-pola Buttanwarth Lo-Pass Filter 

S 
co 

> 

M 

Figura 11. Voltage Coniiollaii Low-Pass Filter ; i Figura 14. Voltaga Controllad Stata VariaMa Filiar 
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Voltage Controiled Osciilators 

The classic Triangular/Square Wave VCO of 
Figure 15 isoneofavarietyof Voltage Controiled 
Osciilators whicli tnay be buiit utilizing the 
LM13600. With the component valúes shown, 
this oscillator provides signáis from 200 Î Hz to 
below 2 Hz as le 's varied from 1 mA to lOnA. The 
output amplitudes are set by IA X RA- Note that 
the peal( differential input voltage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to thls Circuit produce the 
ramp/pulse VCO of Figure 16. When Voa is high, 

Ip is added to le to increase amplifier Al's b l ^ 
current and thus to increase the charging rateo 
capacitorC.WhenVo2islow,lFgoestozQroa 
the capacitor discharge current is set by 1^.. { 

The v e Lo-Pass Filter of Figure 11 may be usedli_ 
produce a high^^uallty sinusoidal VCO. Thet̂ ^ 
Circuit of Figure 16 employs two LM1360(t,-
pacl<ages, with threeof the amplifiersconfiguredj 
as lo-pass filters and the fourth as a limite 
inverter. The circuit oscillatesat the f requencyai»| 
which the loop phase-shift is360° or 180* forth 
inverter and 60* per filter stage. This VCQ 
opérales from 5 Hz to 50 kHz with less than 1) 
THD. 

JUL 

Figura 15. TrianguiarfSquara-Wave VCO 

Figura 16. Ramp/Pulsa VCO. 

t-

Ár 

Figura 17. Slnuaoidal VCO 
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rr-

Rgura 18. Singla Ampllflar VCO 

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

Additional Applications 
Figure 19presentsaninterestlngone-shotwhich 
draws no power supply current until it is trig-
gered. A positive-going trigger pulse of at least 
2V amplitude turns on the amplifier through RB 
and pulís tha non-inverting input high. The 
amplifier regenérales and latchas its output high 
until capacitor C charges to tha voltage level on 
the non-inverting input. The output then 
swilches low, turning off the amplifier and 
discharging tha capacitor. The capacitor 
discnarge rate is speeaad up by shorting tha 
diode bias pin to the invertlng Input so that an 
additional discharge current flows' through 0| 
when the amplifier output switches low. A 
special leature of this timer Is that tha other 
amplifier, when biased from V Q , can perform 
another function and draw zero stand-by power 
asweil. 

The operatlon of the multlplexer of Figure 20 is 
very straightforwaid. When Al Is tumed on it 
holds V Q equal to V\t^^ and when A2 is 
suppliad with bias current then it controla VQ. 
Ce and Re serve to stabllize the unity-gain 

Figura 19. Zaro StandAy Powar Timar 

Cd 

CO 

> 

Figura 20. MuMplaxar 

configuration of ampliflers Al and A2. The máx
imum dock rata is limitad to about 200 KHz by 
the LM13600 siew rate Into 150 pF when tha 
(V|N1-V|N2) differential is at its máximum 
allowabla valué of S volts. 

Tha Phasa-Locked Loop of Figure 21 uses tha 
four-quadrant multiplier o( Figura 6 and tlM 
Veo of Figure 18 to producá a PLL with a ± 5% 
hold-in ranga and an input sansitlvlty of about 
300 mV. 

M 

Figura 21. Pliasa Lock Loop .. gi ̂  
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^ B s c h m i t t Trigger of Figure 22 uses the 
amplifler output current into R to set the 
hysteresisolthecomparatonthusVH = 2 x Rx 

• í V O - W A r - P . 0 + 9 « 

Figure 22. Schmitt Trigger 

IB- Vaiyinj^^will produce a Schmitt Trigg 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-M 
Voltage converter. Whenever Al ís toggled by^ 
positive^oing input, an amount of charge equan 
to (VH-VL) Ct is sourced into Cf and Rt. Thls 
once per cycle charge is then balanced by thst 
current of VQ/Rt. The máximum F|N is limited' 
by the amount of time required to charge C(-
trom VL to V H with a current of ifl, where V(ÍJ 
and V H represenl the máximum iow and max-s 
imum high output voltage swing of tha 
LM13600. 01 is added to provide a dischargs 
path torCt when Al switches íow. 
The Peak Detector of Figure 24 uses A2 to turi 
on Al whenever V | N becomes more positivi 
than Vo- A1 then charges storage capacitor C ti 
hold VQ equal to V I N P K . One precaution tu 
observe when using thls clrcuit: the Oarlington 
transistor used must be on the same sida of the^ 
package as A2 since the Al Oarlington wíll 
turnad on and off with Al. Pulling the output 

' A2 Iow through 01 serves to turn off Al so thatl 
Vo remains constant. j 

i n n i T O -
r i K H i 

- C i ••• 

«11 v o->WV-< > 

—1+ ^ N ^ 

r 

Ct 

U l w 

O V | > 1 ( n i V x J l S . 

tiiit.^V i 

é¿m 

'C * , 3 ' ! ! , . , 

Rgura 23. Tachometer 

j - . " . i r i • • • i i L ¿ u i ' - ' ' j í " . ' "• -"í --•' 
' ^ ü n • ' » » i — i f W H K i i t f ; \ • 

..v¿. j^H^^ 

- O Va 

* - ^ / V A r « 

Figure 24. Peak Detector and Hold Circuit 

, . í . - • . - s < w Í T , . : ^ ^ r ^ 4 -
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The Sample-Hold circuit of Figure 25 also 
requires that the Oarlington bulfer used be from 
the other (A2) half of the pacKage and that the cor-
responding amplifier be biasad on continuousty. 

O t * ¥ O— 

B-JT s L M i j m ^ V ] [ y 

l ^ ¿-«V 
ec = 

1 

(1 
- é 

: t M M 

R c > i « n 

r-T^ 

<Vt 

1 

Figura 25. Sample-Hold Clicuit 

The Ramp-and-Hold of Figure 26 sources IQ 
into capacitor C whenever the input to Al is 
brought high, giving a ramp-rate of atx>ut IV/ms 
for the component valúes shown. 
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 Al is constant. The output 
power of amplifier A1 is monitored by squaring 
amplifier A2 and tha average compared to a 
referenca voltage with amplifier A3. The output 
of A3 provides bias current to the diodes of Al 
to attenuate the inpút signal. Bacause the out
put power of Al is held constant, the RMS valué 
is constant and the attentuation is directly pro-
portional to the RMS valué of the input voltage. 
The attenuation is also proportional to the diode 
bias current. Amplifier A4 ad)usts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro
portional to the RMS valué of the input voltage. 
The callbration potentiometer is set suclt that 
V Q reads directly in RMS volts. 
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O» 
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ne Circuit of Figure 28 is a voltage reference of 
variable Temperatura Coetficient. The 100 KO 
potentiometeradjusts the output voltage which 
has a positive TC at>ove 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts; 
This is accomplished by balancing the TC of 
the A2 transfer function against the com-
plementary TC of DI. 

The log amplifier of Figure 29 responds to the 
ratio of current through buffer transistors 03 
and Q4. Zero temperalure dependence for VoUT 
is ensured in that the TC of the A2 Iransfer func
tion Is equal and opposita to the TC of the log-
glng transistors 03 and Q4. 

The wide dynamic ranga of the LM13600 ailows 
easy control of the output pulse width in the 
Pulsa Width Modulator of Figure 30. 

For generating I A B C over a range of 4 to 6 
decades of current, the system of Figure 31 pro
vides a logarithmic current out for a linear 
voltage in. , , ; . 

Sinca the closed-loop confíguration ensures 
that the input lo A2 is held equal to Ov. the out
put current of A l Is equal to Í3 = - Vc/Rc. 

. ••"4 

W,C.|'ú--f4 

The differential voltage between 01 and 02 
attenuated by the R1,R2 network so that A l 1 
be assumed to be operatíng within its ltn« 
range. From equation (5), the input voltagalo 
is-

-2KTI3 2KTVc 

' ^ " ' l " ql2 ° ql2Rc 

The voltage on the base of Q1 is then 

- (Rl*R2lV|Nl 
V B I ' ^^ 

The ratio of the 01 to 02 collector currents 
defined by: 

^'^ . 'C2 ^ XT lABP 
VBJ " In -—* 

q ICl 1 

Combining and solving for I A B C yields: 

• ' - ' 2(Ri<-R2lVc 
: : jníL- l A B C - ' i e Rl'2''C 

This logarithmic curren! can bs used to blas llis^ 
Circuit of Figure 4 to provide temperatura ii 
dependent stereo attenuation characteristic 

F iaui*28. Delta VBE Refannc* ^ 
— - -*^ A - i » ¥ •• 

'•U'iiy „ VM 
IR, • 8,1 IBjl Vgtf 

.'T.-̂ /.. 

' Figura 29. Log Ampliliar 
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Figura 30. P U I M Wktth Modulator 

Figura 31. LogaiHhmlc Cunant Sourca 
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^ Natiofll 
A V SemiconckictDf 
LM555/LM555C Timer 
General Descríption 
Tha LM55S is a highiy subte dnlcg for gmerning 
accurate time delays or oscillatton. Additíonal termináis 
are provided for triggering or resetting it desired. In itie 
time delay mode of operation. the time is predsely onv 
trolled by one external resistor and capacitor. For estable 
operation as an oscillator. thefree lunning frequency and 
duty cycle are accurately controlled with Mo externa) 
resistors and one capacitor. The drcuit may be triggered 
and reset on falling waveforms. and the output circuit 
can source or sink up to 200 mA or drive TTL cirouits. 

Featuras 
• Oireci replacement for SES5S/NE5SS 
• Timing from microseconds through hours 

• Operates in both astable and monostatale modas 

Industrial 1 
DCkS 

1 -

en 
cu 
S2 
r-
S 
en U1 
en 
O • Adjustable duty cydt 

• Output can source or sink 200 mA 
• Output and supply TTL compatibit 

• Temperature stabilítv betttr ttnn a005% ptr "C 

• Normally on and normally off oirt|iut 

Applications 
• Precisión timing 

• Pulse gsneration 

• Sequential timing 
• Time delay generation 
• Pulsa width modulation 
• Pulse position modulation 

• Linear ramp generator 

Schematic Diagram 

rf m i ' ; 

? 

j ( ^ 

< 

t i l , 

' — ^ 
11—oiumn 

• 9 ^AA> 4 0» 

Connection Diagrams 
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Absoli^kMaximuní Ratings ^^^ 

Supplv Voltagí +18V . .,^. . . . . , ^ 
Povnr Oissipation (Note 1) '600inW - ' - • ' ' ' J ' i 
Operating Temperatura Rangas 

LM555C 0°Cto+70''C , _ » , , " -
LM655 -5S°C to+125°C 

Storage Temperature Range -65°C to+150''C 
Lead Temperatura (Soldering, 10 acondsl ' 300°C 

Electrical Characteristics 

rARAMETEn 

Suppty Vottagt 

Suppty Currtnt 

Tíming Error, MonotUbl* 
lniti«l Aocuracv 
Oritt with Tcmptratur* 

Accufacy ov*f T«mpsranjrt 
. Orift wilh Supply _ 

Timing Error. Astabte 
Inicial Accuracy 
Dfift wilh Tamptratur* 
Accuiacy ovar Tamptraiura 
Oritt with Suppty 

Thraahold Voliaga 

TriMar Votiaga ~* 

Trtflgar Currtnt 

fteMlVoltap -

RaaatCurnnt 

Thrashold Cufr«nt 

Control Voltaga Laval 

-í 

Pin7U^af iOutputHít f i . ! ^ ' 

Rn 7 Sat <Not* 6) ^ .. ^ . 
OutpulUn* >^'> >4R 
Outpuf Low 

Outpul Violtaga Orop (Lowl 

"*"* * 
• ' - • • • • ' " - l i *^ 

Oulput Voftaga Orop (Hig«t> — 

...., -

Rkt Tima a( Outpwt • -" *. 

F«H Tima of Oulpul 

CONDITIONS 

• ' -

V c c - S V . H ^ - -
V o c - I S V . B ^ - - . . 
(Low Suta) (Nota 3) 

' ' " ' ' ' • 

R*. Ra - Ik ío lOOk. 
C"ai« iF . |NDia3) 
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'*"" ~"' " 

. '" 
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W „ - 5 V 

(•••«i4| 
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- 0 . « ^ 
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W ^ • 15V 
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V c t - S W 
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10 
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Appli 

MONOSTi TABLEI 

ns Information 

OPERATION 

In thit moda of operation, the timer functions as i 
ona-shot {Figure /|..Tha extamal capacitor is initially 
held discharged by a transistor inside the timar. Upon ap-
plication of a negativa trigger pulsa of lass ttian 1/3 Vcc 
to pin 2, the flip-flop is set which both raleases the shoft 
Circuit across the capacitor and drives the output high. 

n: jz I 
: 

: : ] _ - : - _ : ~ ^ : 

4 / j j tr ^ í. t 

77777 

'^wr~ ////] 
I -

1ll«1i^ I w l i M t I M M i t IQi tMi 

ta-TIMtOEUV • i » , 

• . ; FIGURE 3. r i i M l M s y ,. . . . , / . , 

multivibrator. The extamal capacitor chargas through 
RA + RB '"'^ discharge* through Rg. Thus the duty 

.cycla may be, precisely set by the ratio o( thes* two 
^resisten. . . . * ^.......^it.ty,. 

• — O M » ^ 

The voltage.across the capacitor then incraases exponatt-
tially for a pariod of t - 1.1 R A C , at día and of which 
-time th» voltage equal» 2/3^ Vcc' The comparator then 
retets ttie flip-flop which in tum discharges the capacitor 
and drives the output to its.low state. Figun 2 thov» 
the waveforms generated in this mode of operation. 
Since the charge and the threshold level of the com
parator ara both directly proportional to supply voltage, 
the timing interna! is indapendent of supply. 

. • - > I 

P-3~J 
. •.y.-. FIGURE 4. Aitatto • . ^ , . _ , 

- In this mode of operation, the capacitor chargas and 
discharges batween 1/3 Vcc "id 2/3 Vcc- At in the 
triggered mode, the charge and discharge times, and there-
fore the frequency are independant of tha supply voltage. 

Figure S shows tt«e waveforms generated in this mode 
ot operation. :; \ ' . . 

FIGURE & 

Ouring ttw timing cyde wtwn the output is high, the 
further application of a trigger pulse will not effect the 
drcuit However the circuit can be teaet durihg this time 
by the application of • negativa pulse to the retel 
terminal (pin 4). The output will then remain in the low 
State until a trigger pulse is again applied. 

When the reset function is not in use, it is recommended 
tliat it be connected to Vcc to avoid any possibility of 
falte iriggering. 

Flguiw 3 a» nomograph for eaty determmation of R, C 
valuet for «ariout time deleyt. - ir :>-

NOTE: In monottable operation. the trigger should be 
driven high before the end of timing cyde. r"¿ t 

ASTABLE OPERATION 1 . 

If the Circuit is connected at ihown in Figure 4 (pint 2 
" and 6 connected) it will triggir ittelf and f rae run at a 

~-í3-7^¿. — 1 . 1 

.""El":] 
-^"^ ^ ^ X ^ ' ' 

y %^ ^^"^ 
j a l f .»yiTiiT'l 

. ; v ^ - ' ; t - - . - . i F IGURE & 

..;:^!UThe diargt t im* (output high) it given by: 
~¿F»N(^~.gB»t=é *«1 • 0-693 ( R A + H B I C 

;^¿£ AndHw ditdiargt time (output low) by: 
-T-^ -r'-T -»-=^ t 3 - 0 . 6 9 3 ( R B ) C 

Thut tha total pariod it: 
. — - T - 1 , + t j - 0.693 ( H A + 2 R B ) C -, 

_ _ _ _ 

Applications li • # » ition (Continuad) 

The frequency of oscillation is: 

1 

. J - ( R A + 2 R B ) C 

Figure S may be used for quick determination of thei 
RC valúes. 

The duty cyde is: 0 - -
H A + 2 B B 

N 
N 

X 

\ > 

n 
le.'liW 

1 

Ĥ̂  f> k'" 

I I I I laa ih m t i » 

I - Fat teeneM n f auiacT CM 

FREQUENCY DIVIDER • . ' . „ . 

The monostable circuí! of Figure 1 can be used as a 
frequency divider by adjutting the length of the timing 
cyde. Figure 7 shows the ¥raveforms generated in a 
divide by three circuit. 

. F i a i M E «L Fli l»IWMai 

PULSE POsmON MOfMILATOR . ; ' 

This application uses d » timer connecnd for estable 
operation. at in Figure 10. with • modateting signal 
again applied to the control voltage ttiiniml. The puln 
potition variet with the modulatiiit sigeal, since ttw 
threshold voltage and henee ttw time del^r it «aried. 
Figure 11 shows the waveforms yaneíated ior a triangla 
wave moduletion signal. 
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G 

FIGURE 10, Futa» FoHlioa 

FIGURE 7. 

PULSE WiOTH MODULATOR 

When the timer is connected in the monostatile mode 
and triggered with a continuóla pulse train, the output 
pulse width can be modulated by a signal applied to pin 
S. Figure 8 shows the circuit, and in Figure 9 ara sonw 
waveform examplet. 

0-«a 

FIGURE n. tmlm I M M i Modulat» 

FIGURE 11 . A * > FaiHiaa 

LINEAR RAMP 

When the pullup resistor, R A , in the monostable drcuit 
is replaced by a canstant currant source. a lirwer nmp it 

M 7 



Appli(||^ns Infonnatíon (Continuad) 

I t2 show! 
function.. 

gtncrated. Figure 12 shows a Circuit configuration that 
«rill perform thit function. 

, , ií.-.t.i.^,: ;• FIGURE l í . . . ; : . . ! 

figun /3ihawtwa»efann$ generaad by tha linaar ramp. 

TTw tima intenal ii given by: - - - i i 

2/3 Vcc «E (Ri • R j l C • 
T -

fií V c c - V a s C i ^ - R j ) 
• O.eV / • - ' « - . -

J 

y ' 

" 
— 

1 

i¿ 'íttát 

FIGURE 13. LInMrRnp 

SOX OUTY CYCLE OSCItLATOR 

For a S0% duty cycla, the resisten B A ""^ RB ' " ' V t>e 
connactad aa in Flgjn 14. T\\» tiaa penod for the out-

»n •»!tñi^»j!l'ÍÍHÍ'iÍÍ»>>r> • ; • -1 ;•'•• 

' •''•.t\ñ f f jií> . J 

put high is the same as previous, t, ° 0.693 RA C 
For the output low it Is t2 = 

K R A R B I / ( R A + R B H CLn 

Thus the frequency of oscillation Is f =• 

FIGURE 1 * . SOK Outv CycM (teiliator 

Note that this circuit will not oscillate if Rg is greater 
than 1/2 RA because the iunction of RA and Rg cannot 
bring pin 2 down to 1/3 V^c and trlgger the lower 
comparator. 

AOOITIONAL INFORMATION 

Adaquate power supply bypassing Is necessary to protect 
associated circultry. Mínimum recommended Is O. IMF ín 
parallelwith I M F electrolytic. -^ • •-. 

Lower comparator storage time can be as long as IOMS 
when pin 2 is driven fuMy to ground for triggenng. This 
iimiu the monostable pulse width lo 1(Vs mínimum. 

Delay time reseí to output is 0.47;ÍS tvpicat. Minimum 
reset pulse width must t>e 0.3MS. tvpicat. 

Pin 7 currant switches within 30 ns of the output 
(pin 3) «oltage. 

••'¿•.-.z •.;; I ; ; ; I Í ; - . Í - : 
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Jyfl Semiconductor 
LM5S6/LM556C Dual Timer 
General Descríption 
The LM556 Dual tíming circuit is a tiíghiy stabte 
controller capable of producing accurate time delays 
or oscillation. The 556 is a duat 565. Timing is provided 
by an externa! resistor atKl capacitor for each ttming 
hinction. The two timers opérate iridependently of each 
other sharing onty V^c and ground. The cifcutts may be 
triggered and reset on falling waveforms. The output 
structures may sínk or source 200 mA. 

Features 
• OirectreplacementforSE556/NE556 
• Tíming from microseconds through hours 
• Opérales in both astabte and mono&tab(e modes 

• Replaces two 555 timen 

Industnai cks 

-, ',2' 
iV:r»NHÍ 

en U l 

e 1 -

S 
w 
en a> 
O • Adju&t^te duty cycle 

• Output can source or sink 200 mA 

• Outpui and supply TTL compatible . T 

• Temperature stability better dian 0.005% ptr °C^ 

^B Normally on and normally off output ^ _^ 

Applications ~~"~~' 
• P r e c i s i ó n t i m i n g .->^->. •*>•»* 

• Pulse generatíon 

• Sequentíal timing 

• Tímedelay generation 

• Pulse width modulation " ".^. 

• Pulse posítion modulation 

• Linear ramp generator 

Schematic Diagram 
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Connection Diagram 
D4tf|.|iM.in« Padtaga 

• •K * l t l»T»U<í * * 

Oritoc N u n M r LMSS6CN 
SMNSPackaaaNiaA 

• f i - n l » OrdvNumbHLMSSUorLMSK^CJ " 
SMNSPackMa- IMA ' ^••r^.ie' 

M» MtTASt 

»39 

-*éiv-.-!r-.- -'If*""*»**:. 



' ' " O O ^ l O T O 

CA741,CA747,CA748,CA1158, CAÍ 558 Types 

0)>erational Amplifíers ^ 
Hígh-Gain Single and Dual Operational Ampllflers 
For Mllitary, Industrial and Commencal Applications 

Featurat: 

• Input biaa current (all typas): 
500 nA max. 

• Input oltset current {all typea): 
20U nA max. 

The RCA-CA1458. CA1558 (dual types): CA741C, CA741 
(single-types): CA747C, CA747 (dual types); and CA74BC, 
CA748 (single types) are general-purpose, high-gaín 
operational amplifíers for use in military, industrial, and 
commercial applications. 

These monolilhlc Silicon intagrated-circuit devlces próvida 
output short-ciícuit protection and latcfi-free operation. 
These types also feature wide common-mode and 
differential-mode signal ranges and have low-offset voltage 
nulling capability when used with an approprlately valuad 
potentiomaler. A 5-megohm potentiometer !s used for 
offset nulling types CA748C, CA74a (Sea Fig. 10); a 10-
kilohm potentiometer is used for offset nulling types 
CA741C, CA741. CA747CE, CATATE (See Fig. 9); and types 
CA1458, CA1558. CA747CT, have nospecific termináis for 
offset nulling. Each type consista of a differential-input 
amplifier that effectively drives a gain and level-shifting 
stage having a complementary emitter-follower output. 

Applications: 

• Comparator 
m DC amplilier 
• Integrator or dllterantiator 
m Uultivibrator 
m Narrow-band or band-pass 'ilter 
m Summing ampliliar 

This operational amplifier line also offers the Circuit de signar 
the option of operation with Interna! or external phase 
compensation. 

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

RCA's manufacturing process make ít possible to produce 
IC operational amplifíers with low-burst ("popcorn") noise 
characteristics. Type CA6741, a iow-noise versión of the 
CA741, gives limit specjfications for burst noise in the data 
bulletin, Fila No. 530. C o n t a d your RCA Sales 
Representativa for Information pertinent to other 
operational amplifier types that meet low-burst noise 
specifications. 

RCA 

T y p a N o . 

C A t 4 5 8 

C A I S S a 

CA741C 

CA741 

CA747C 

CA747 

CA748C 

| C A 7 4 8 

Mo. a< 

A m p l . 

dual 

dual 

single 

ingle 
d i á l 

dua l 

single 

single 

PtMie 

C o m p . 
O f f M t Voltage 

Nuil 

ves 

V " 
yes* 

ex t . 

yes* 

yes 

Min. 

A Q L 

20k 

SOI( 

20k 

50l( 

20k 

SOtt 

20k 

SOk 

M.X.V,, 
(mV) 

Operating-Temperiture 
Range (°CI 

O to +70* 
-55 lo» 125 

O to + 7 0 * 

- 5 5 to +125 

O to + 7 0 * 

- 5 5 t o + 1 2 5 

O to + 7 0 * 

- 5 5 t o + 1 2 5 

* l n the 14-leBd dual- in- l ine plástic peckage o n l y . 

* A I I types ¡n any peckage style can tM operafed over the lemperature range of - 5 5 to +12S°C, 
a l thoügh the publ ished l im j ls fo r cer ta in electr ical specif ical ions apply only over the tempera-
ture range of O to +70°C. 

uperaiionai MII I |JMIICI9 

•
CA741,CA747, CA748, CA1458, C 

OROERING INFORtWIATION 

When ordering any of these types, it is important that the appropriate suffix letter for the 

w 8 Types 

package required be affixed to the type numtwr. For example: 
lead T O S style package is desired, order CA1458T. 

If a CA1458 in a straight-

TYPE NO. 

CA14S8 

CA1558 

CA741C 

CA741 

CA747C 

CA747 

CA748C 

CA748 

PACKAGE TYPE AND SUFFIX LETTER 

TO-5 
STYLE 

BL 

T 

T 

T 

T 

-
T 

T 

10L 

T 

T 

01L-
CAN 

S 

S 

s 
s 

s 
s 

PLÁSTIC 

8L 

E 

E 

• E 

E 

E 

E 

14L 

E 

E 

CHIP 

H 

H 

H 

H 

BEAM-
LEAD 

L 

FIG. NO. 

Id , 1h 

Id, 1h 

la. le 

la , le 

Ib. If 

Ib, If 

1c, 1g 

1c. 1g 

MÁXIMUM RATlNGS,/íteo/ure-Afex;/77um ValúesarT^ '25°C: 

DC Supplv Voltage (tjetMcen W* and V - termináis): 
CA741C,CA747C* ,CA748C.CA1458* 36 V 
C A 7 4 1 , C A 7 4 7 * , C A ' 4 8 . CA1558* 44 V 

Dífferential Input Vol ta je ±30 V 
O C I n p u l Voltage* . , ±15 V 
Output Short-Ctrcuít Ouralion Indefintte 
Device Dissipation: 

U p t o 7 0 ° C ÍCA741C. CA748C) 500 mW 
U p t o 7 S ° C ICA74I CA74a) 500 mW 
U p l o 30°C ICA747) SOOmW 
Up to 25°C (CA747CI 800 mW 

U p l o 30°C ICA155a) 680 mW 
U p l o 2 5 ° C (CA145ai 680 mW 

For Temperatures Indicated At>ove Oerate linearly 6.67 mW/ C 
Voltage between Offset Nuil and V - ( C A 7 4 1 C . C A 7 4 1 . CA747CEI '. H).5 V 
Ambient Temperaiure Range: 

O p e r a t i n g - C A 7 4 1 . C A 7 4 7 E . CA748. CA1658 - 5 5 to+125 °C 
CA741C. CA747C. CA748C. CA14S8 . O l o + 7 0 " c ' 

Siorage - 6 5 l o + 1 5 0 ° C ^ 
Lead Temperature (Ouring Soldenng): 

A l dislance i y i 6 ± 1/32 incli (1.59 ± 0 . 7 9 mml f romcase for lOseconds max 265 °C 

* If Supply Voltage is less ttian ± 15 volts, ihe Absolule Máximum Input Voltage is equal to ihe Supply Vol t -
age. 

* Voltage valúes apply for each of Ifie dual operational amplifíers. 

^ A l l types in any peckage style can be operaied over ihe lemperature range of —55 to +125''C, altfiough the 
published l imi ls for certain electrical specifications apply only over ihe temperature range of O to +70°C. 
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Linear Integrated Clrcuits 

CA741, C A J É , CA748, CA1458, CA1558 Types 

NON-INV ( i ) OfFSET 
INPVfT V- NULt 

HOU PM 4IS COMCCTEO TD 
CASC 

1a.-CA741CSXA74tCT,CA74ÍS. & 
CA741T with inttrnaf phase 
compenTBfion. 

PHASE 
COMPCWSATIOII. 

OFFSET U V ^ 
MULL 7 

MOM-INV./TV^ 
IMPUT V ¿ / ^ -

[ej* 

141 

> — { » ) 0 U T P U T 

. • Í S J OFFSET 

V -
NOTE: PIN 4 19 COHHCCTEO TO CASE 

M n - i M M 

»e.-C474«CS, CA748CT,CA748S. 
and CA748T mth externel 
phast compensarían. 

orrsCT Muu. 0 — — ® "C 

°Vf" T ® \y^^ —®OUTMT 

V - ® -

í».-C/»74tC and CA741E with 

InternalphaMcompensatlon. 

• orncT y ^ 
MULL 

NON HHV (SV-

V-®— 

~r>. -U- i 

TOP VICW 

—®mAse 

—<Z)v», , 

®OUTPUT 

-<!)°Kr 

f0.-C>i:[40Cf and CA748E with 
Bxternal phase campen-

- aation. -

TO* \ C« ^ ^ 

OUTPUT lAl f ^ Y OUTPUI (Bl 

1b.~CA747CTand CA747T with 

internal phase compensation. 

1d.~CA USaS.CA 1458T.CA J558S, 
and CAÍ 558T and internal 
phase compensation. 

1t.-CA747CE and CA747B with 
internal phase compensation. 

OOTMITlAt 0 -

rNV /5V— - ~ J T 

ttéPUT U ) N S ' ^ 

- Q O U I P O T ( • ) 

F?--®!! 

tlCS-290IS 

í/i.-C>* t45af and CJ* 1558B with 
internal phase compensation. 

. Fig. J — Functional diagrams.' 

40 

úperational Ámpíiiiers 

CA741, CA747, CA748, CAÍ 458, C i ^ 8 Types 

M.t. M3IITAMCC VM.UCS AM m OMMS 
ttCM-l*«U 

Fig.2—Schemafic diagram of operatíonal ampUfier with externa! phase 
compensation for CA743Cand CA748. 

ALL RCStSTANCC MU.UCS Ulf. IN OMMS • 

MUMKM OFNfSKCnvX TTPC MUMKRS 

Fig.3—Schemaric diagram of operational ampiifíen with internal phase compensation for CA741C. 
CA74Í, and for eech amplifier of th» CA747C, CA747, CA1458. and CAISSa. 
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.Inear Integrated Clrcults 

CA741, C A ^ C A ; 4 8 , CA1458, CA1558 Types 
ELECTRICAL CHARACTERISTICS 
Typical Valúes lnt«nd«d Only for Oesign Guidanca 

CHARACTERISTIC 

Input Capacitance, C| 

Offset Voltage 
Adjustment Range 

Output Resistance, Rg 

Output Short-Circuit Current 

Transient Response: 
Ris« Time, tf 

Overshoot 

SIew Rate, SR: 
Closed-loop 

Open-loop* 

TEST 
CONDITIONS 

V± - ±15 V • 

Unjty gain 
V| = 20 mV 
R L = 2 k n 
C L < 100 pF 

R L > 2 k í l 

TYP. 
VALÚES 

ALL TYPES 

1.4 

±15 

75 

25 

0.3 

5 

0.5 

40 

UNITS 

pF 

mV 

n 
mA 

m 

% 

V/ns 

. . . - „ • . : _ - . 

ELECTRICAL CHARACTERISTICS 
For Equipment Oesign 

CHARACTERISTIC 

Input Qí'^t Voltage, 

V | 0 

Input Offset Current. 

' lO 

Input Bias Current. 

I|B 

Input Resistance.Ri 

Open-Loop Oifferential 
Voltage Gain. A Q L 

Common-Mode Input 
Voltage Range. V I C R 

Common-Mode 
Rejaction Ratio.CMRR 

Suppiy-Vpitage 
Rejection Ratioi, PSRR 

Output Voltage Swing, 

V Q P P 

Supply Current. 1 * 

Oevice Oissipation. P Q 

TEST CONDITIONS 
Supply Voltage, 

V - - - 1 5 V 

Rs = < 1 0 k n 

R L > 2 k n 
V o = ± 1 0 V ' 

R s < 1 0 k i l 

R s < 1 0 k n 

R L > 1 0 k í } 

R L > 2 k í 2 

Ambient 
Temperatura. T;^ 

25 °C 

0 to 70 °C 

25 °C 

0 t o 7 0 ° C . 

25 °C 

0 to 70 °C 

25 °C 

0 to 70 °C 

25 °C 

25 °C 

25 °C 

25 °C 

25 °C 

0 to 70 °C 

25 °C 

25 "C 

* Valúes apply for éach lection ot the dual amplifiers. 

LIMITS 

CA741C 
CA747C* 
CA748C 
CA1458* 

Min. 

-
-
-
-
- • 

-
0.3 

20,000 

15,000 

±12 

70 

±12 

±10 

±10 

-
-

Typ. 

2 

-
20 

-
80 

-
2 

200,000 

-

±13 

90 

30 

±14 

±13 

±13 

1.7 

50 

IVbx. 

6 

7.5 

200 

300 

500 

800 

-
-
_ 

-

-

150 

-
-
-
2.8 

85 

UNITS 

mV 

nA 

nA 

Mil 

V 

dB 

/ iV/V 

V 

mA 

mW 

í 
r 

I 

i 
i • 

Operationj^^mplifiera 

CA741, CA747, CA748, CAÍ458, CA1558 Types 
ELECTRICAL CHARACTERISTICS 
For Equipment Design 

CHARACTERISTIC 

Input Offset Voltage, V|Q 

Inpui Offset Current, l |o 

Input Bias Current, t|Q 

Input Resistance, R| 

Open-Loop Oifferential 
Voltage Gain, AQ|_ 

Common-Mode Input 
Voltayé Range, ^\Qf\ 

Common-Mode 
Rejection Raiio , CMRR 

Supply Voltage 
Rejection Ratio, PSRR 

Output Voltage 
Swing, V Q P P 

Supply Current, l -

Oevice Oissipation, P Q 

TESTCONOn 
Supply Voltagí 
V + - 1 5 V . 
V - - - 1 5 V 

R L > 2 k r 2 
V o = ± 1 0 V 

R s < 1 0 k í í 

R s < 1 0 k f i 

R L ^ I O k í í 

R L > 2 k í l 

ncNS 

». 

Al ibient 
Tenperature.T;^ 

25 °C 

- 5 i . t o + 1 2 5 ° C 

25 °C 

- 5 5 ° C 

+125°C 

25 °C 

- 5 5 °C 

• 125°C 

25 °C 

- 5 5 t o + 1 2 5 ° C 

- 5 5 t o + 1 2 5 ° C 

- 5 5 t o + 1 2 5 ° C 

- 5 5 t o - H 2 5 ' ' C 

-55 to+125 ' 'C 

- 5 5 t o + 1 2 5 ° C 

25 °C 

- 5 5 °C 

+125°C 

25 °C 

- 5 5 °C 

+125°C 

LIMITS 

CA741 
CA747* 
CA748 
CAÍ 5 5 8 ' 

Min. 

-
-
-
-
-
-
-
-

0.3 

50,000 

25,000 

±12 

70 

-

±12 

±10 

-
-
-
-
-
-

Typ. 

1 

1 

20 

85 

7 

80 

300 

30 

2 

200,000 

-

±13 

90 

30 

±14 

±13 

1.7 

2 

1.5 

50 

60 

45 

Max. 

5 

6 

200 

500 

200 

500 

1500 

500 

-
-
-

-

-. 

150 

-
-

2.8 

3.3 

2.5 

85 

.100 

75 

UNITS 

mV 

nA 

nA 

Mi l 

V 

dB 

; Í V / V 

V 

mA 

mW 

* Valúes apply tor.each section of the dual amplifiers. 

Fig.4—Opan-loop ¥oltage gain ¥s. supply voltage fof 
all types axcept CA748 and CA748C. 

f»au€HCt If I Ha 

Fig.5—0pen-ioop votage gain vs, frequency t 
types etcept CA748and CA748C. 
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Linear Integratad Clrcuits 

CA741, CA7W, CA748, CAÍ 458, CA1558 Types 

1. 
1 

^ ^ ^ «llllCWT TCMKIIATUIIC V-ist j i 1 j [ f 11 t t t ' 

' ¡ " • • • • • • • • « • • • • • • • • • • • • a • • • • - . • • • • • • • • • • « • • • • 

: t 

::: 

frtt 

•« • • I 

• • • • • « • I 

OC im^Vt VOLTS (V*,«1 
•tCt- IMIM 

Fig.B'-Common-modt input voltage rang* vs. tupply 
ffoltage for al/ typ^s. 

«fe 

y te 

t. bUj 

i «ffi 
8 fl 

-os 

= • " • • ) = = 

5 
d»o"» 

E_^^j 

Uio'% 

^H 
^ % j 

g K auftvr voiTilV*»!», y - x í t : I 

[ £ MMBCMT T(i»«M*tuw iT^i* n *c 11 

g UOAtf OtMOTMCC CC Î' MOK : | 

OmM TMi 1 

0 u iS t U 1 

Fig.a—Output volnga ¥t. transient respons* tima for 
CA741CandCA74í. 

INVEKTINO 
INPUT 

O ^>— 

MOH-MvatTlMS 
INPUT 

O ®—k 

»KS-ta4Z3nt 

f^/j. lO—Voltage^ffmt nuil circuit for CA748Cand 
CA748. 

40 

i" 

? *o 

3 

4-H-H AMICWT TeMKI(ATUMiTAl>IS*C H j 
• t t - tH uMo NctisTANcc i<i,,i > 1 > a q:^ 

• • • « • • • • • • • • • « • • • • • • • • « • r 

lüli 

!S"ÍM 

• ! • • • 

MSS! 

ss 

• * * > • • • • 

! • • • • • • • 
• • • • • • • I 

! • « • • • • • 

oe WPPL» *OL«iv*.in 

Fig.7~P9ak-to-peak output voltaga n. tupply voft-
alfa for al I types axeapt CA 74^ and CA 748C. 

- © — • 

H0M-IHVERTIN6 
INPUT 

O ©— 

• SEE FUNCnONAL DiMMM 
FOA TCHIMUU. MOa OF 
ICJPCCTIVt TYPÍ Ha • tCt-lt4Z««tt 

Fig.9~Voltag9 ottMt nuil circuit for CA741C. 

CA741. CA747Ce. and CA747£. 

rt 
-T 

92CS-16746 

f/g, t f—Transientráspense tastcircuit forall types. 

O pe ratiOjU^Aniplifiers 

CA741, CA747, CA748, CA1458, C ^ 5 8 Types 
CHIPPHOTOS 

Dimansionsand Pad Layouts 
30 40 50 60 64 

CA741CH 

_ J U 4-10 
" ( 0 . 1 0 2 - o 254 ) 

L — 51-6 
r (t,54S-t. 

CA747CH 

NOTE; NOS. IN PAOS ARE FOR IO-LEAO TO-5 
NOS. OUTSIOE OF CHIP ARE FOB 14-LEAO WP 

50 60 64 
I I 

54-62 
1(1.372-1.574) 

0 

40-

30-

20-

10-

0 -

10 20 30 40 50 60 70 80 90 lOOJ 
1 

'^^^AAM^JR 
0 ÍÉI1 Kf^iiki^sj} U Mü M U flx 

lUfB 1 ̂ * " l ' Í É ' I L ' "̂  
U 4-10 
' (0.102-0.254) 

(2.S65-2.768) 

= ; = ü ^ ^ » 3 

'iild^iU^O 
52-60 

(I.32I-I.524) 

r 

CA748CH 
M C S - 3 3 2 6 1 

Dknensiont in pareothesas ara in millimeters and ara 
darived from the baste ínch dlmanslons as indicatad. 
Grídgraduations ara in mils (tO~^ ínch). 

CA1456H 
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Operationa! Amplifiers 

(E Suflix) 
8-LEAD 
(MINI-DIP) 

H-1517 

TWffl'' i ^ l l ' (E Sulflx) 
14-LEAC DIP 

H-1817 

m 
(T Sultlx) 
S-LEAD 

(S Suffix) 
8-LEAD 
TO-S 
(DIL-CAN) 

H-1787 

CA080, CA081, CA082, CA083, ^ M Serles 

BiMOS Opera.ional Amplifiers 
With MOS/FET Input, Composite Bipolar/MOS Output 

singla Ampllllcr CAOBO, CA081 
Dual Ampllllar CA082. CA083 
Qu id Amplllltr CA0S4 

Features: 

• Very low input tíias and otisat currents 
• Input impadance typically 7.5 x ) 0 ' 2 n 
• Low input oltsat vottage 
• Wide common-mcde input voltage ranga 
• Low powar consumption 
• Fast slaw rata 
• Unity-gain bandwidth - 5 UHz (typ.) 
• Wida output voltaga 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 (PMOS) input transistors provide high 
input impedance and a wide common-mode input voltage 
range. The bipolar and MOS output transistors allow a wide 
output voltage swing and provide a high output current 
capability. 

Package Salectlon Chart 

Typa No. 

CAOBO 
CA080A 

CA080B 

CA080C 

CA081 
CA081A 

CA0818 

CA081C 
CA082 
CA082A 

CA0B2B 

CA082C 
CA083 
CA083A 

CA083B 
CA084 

CA084A 

CA084B 

Packaga Typa & Sutfix 

8L TO-5 

T 
T 

T 
T 
T 

T 
T 
T 

T 

DIL-CAN 

S 
S 

s 
s 
s 

s 
s 
s 

s 

Mlnl-OIP 

E 
E 
E 

• E 

E 
E 

E 
E 
E 

14LDIP 

E 
E 
E 
E 
E 
E 

• Low distortion 
* Continuous short circuit protection 
• Diract raplacamant for industry typa TL080 sañas in 

most applications 

Applications: 

" In variars 
• High-Q notch tiltars 
• IC preampliliers 
• Unity Gain Absoluta Valúa Amplifíars 
* Sample and hold ampliliara 
* Activa tiltars 

The CA080 is externally phase-compensated, and the 
CA081, CA0a2, CA0B3, and CA084 are internally phase-
compensated. All types except the CA082 have provisions 
forexternal of tsetnul l ing. 

The CA080, CA081. CA082, CA083, and CA084 are availabla 
in ch ip fo rm (H Suffix). 

Oparallng Temperatura Ranga*: 
-55to->125*C O lo +70°C 

CA080T. CA080S 
CA080AT. CA080AS 
CA081T, CA081S 
CA081AT, CA081AS 
CA082T, CA082S 
CA082AT, CA082AS 

CA080CT, CA080CS 
CA080BE 

CA081CT. CACaiCS 
CA081BE -
CA082CT, CA082CS 
CA082BE 
CA083BE, CA083AE 
CA083BE 
CA084, CA084AE 
CA084BE 
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- • • • eá i • n ' v . y i i t i e u u i r u u i l S 

CA080. C.^iflfil. CA082, CA083, CA084 Series ^ j | 
MÁXIMUM R A T ^ B , Absoluta Máximum Valúes: ^ ^ 

OC SUPPLY VOLT AGE V± ±18 V 
DIFFERENTIAL INPUT VOLTAGE ±16 V 
INPUT VOLTAGE RANGE ± 1 5 V 
INPUT CURflENT 1 mA 
OUTPUT SHORT-CIRCUIT DURATION UNLIMITED' 
POWER OISSIPATION. Po: 

Al T* = 25'O: 
E SuHlx 825 mW 
TSuHix 680 mW 

Oeratíng Factors; 
Mini-DIP 3erate linearly at 6.67 mW/* C above 56° C 
t4-LBad DIP larala linearly at 6.67 mWC above 56'C 
TO-5 tárale linearly al 6.67 mW/'C above 56°C 

AMBIENT TEMPERATURE RANGE: 
CT. es. E. Suffixes ; O lo t70*C 
T. S, Suffixes -55 to «125° C 

STORAGE TEMPERATURE RANGE, A U TYPES -65 lo «ISO" C 
LEAD TEMPERATURE (DUflING SOLDERING): 

Al distance 1/16 ± 1/32 (1.59 ± 0.79 mm) from case for 10 seconds max •zes'C 

' The oulput may be shorled lo ground or eílfier supply if tlie máximum lemperature and dissipation ratings are observed. 

3 4 

O v * 

• tCli-9MS4lt2 

Fig. 1 - Schemalic diagram oí tita CA030, 
CAOal, CAOSí CAOaa, and CA084. 

TflRl 

CAOBO, CA081, 
ln»tnim«nU4o-RCA Packag* Su«lx 

T«xa» Intirumairtt 

SuHlx P—««IP""" 
Ceramic OIL 
TOS 
Plástic OIL 
Plástic OIL 
Ceramic DIL _ 
roí 
flastlc DIL 
Plástic DIL -
Ceramic DIL 
TO-5 
Plástic DiL 
Ceramic DIL 
TO-5 
TO-5 
Plástic DiL 

: ^ > 

ACJQ 
ACL 
ACN 
ACP 
aQ 
CL 
CN 
CP 
UG 
Í L 
IP 
MJG 
ML 
AML 
BCP 

CA082, CA083, C | j 
CíoM «•«• ' •nc* Cttart 

RCA 

SuHln D—cittHon 
"T^ DiLCAN TO-5 
AT TO-5 
AE Plástic DIL 
AE Plástic DiL 
es DILCAN TO-5 
a TO-5 
E Rastic OIL 
p Plástic DIL 
S DILCAN TO-5 
T T06 
E DILCAN TO-5 
S DiLCAN TO-5 
T TO-5 
AT TO-5 
BE nastic DiL 

i< Serles 

[ 

PHASE 
COMPENSAnON 

«OTE: PIN 4 IS CONNECTED TO CASE 

rOP VtEW 

CAOBO 
T, S Suttixas 

PHASE 
COMPENSATION 

OUTPUT 

NOH-INV 
INPUT 

NOTE, PIN 4 ISCOMNECTED TOCASE 

TOP VIEW 
9 2 C S - » I M 

CA081 
T, S SuHIxet 

TOP VIEW 

INV 
INPUT lAÍ 

OUTPUT (Al 
NON- INV ,-Ji ' ^ - r.\ 
INPUTÍAl - ^ 

CA082 
T, S Sunixet 

PHASE coya fry— 
a OffSET ^^ 
NUU. 

IHV /5y_ 
INPUT ^ i ' " ^ 

NONHNV (5 \_ 
INPUT ^^ 

v-@>-

-

r—p""-̂  

1 — ^ ^ 1 

TOP view 

wcs 

CA080 
E Sutllx 

<t\ PHASE 
^COMP 

- d ) OUTPUT 

/ffvOFFSET 
-<5J NULL 

i m v 

TOP VIEW 

CA081 
E SuHlx 

CAoaa 
E Sulflx Flg. 2 • 



Linear Integrated Circuits 

CA080, CA|||^, CA082, CA083, CA084 Series 
TYPICAL OPERATir Q CHARACTERISnCS at 

V * = 16 V, T A = 25»C 
CHARACTERISnC 
Slaw Rate at 
Unlly Gain, SR 
Fllse Time, tr 
Overshoot Factor 
Equivalent Input 
Nolse Voltaga, B„ 

TEST CONDmONS 

V| = 10 V, RL = 2 kQ, 
C L = 100 pF, Ayp = 1 
V| 10 V, RL = 2 kQ, 

= 100 pF, Ayp = 1 

RS = ICO £3, f = 1 kHz 

VALUÉ 

13 

0.1 
10 

40 

UWT8 

V/|iS 

n W H z 

ELECTRICAL CHARACTERISTICS at T A = 25°C and T A = —S5 to -l- 12S'C 
tor types suppllsd In TO-S style packages (T, S Sulfixas). V + = ± 1 5 V 

Thls does not Include CA080C, CA081C, or CA082C. These types are supplled In 
TO-5 packages, but they are specifled overthe rangeof Oto 70°C, and thelr l lml ts 
are the same as those for the CA080, CA081, CA082, and CA083 in plástic 
packages over the range O to TO^C. 

CHARACTERISTIC TEST CONDITIONS 

—55to +125'C 

Input Offset 
Voltaga, V|o 
Temperatura Coeffl-
cient of Input Offset 
^ I t a g e , <«V|o 
Input Offset 
Curren!, l|o 
Input 
Currant 

+ 25*C 

RS = 50Q 

RS = 50a 

] 

Common-Mode Input 
Voltaga Range, V|CR 

Máximum Output 
Voltage Swing, 

Vop.p 

Large-Signal Oifferen 
tlal Voltage GaIn, Ayo 

Unlty-Galn Bandwldtli 
Input Reslstance, R[ 
Common-Moda 
Re)ectlon Rallo, CMRR 
Powar Suppiy Rejec-
tlon Ratlo, PSRR 
(aV + /±AV|0) 

RL = 10kQ 
R L > 1 0 kQ 

RL > 2 kQ 
R L > 2 K ¡ J , 

VO=±10V 

RSílOkQ 

LIMITS 
CA080T, S 
CA081T, S 
CA082T, S 

Mln. 

Suppiy Current, I 'f-
(per amp., CA082,' 
CA083) 

Channel Separatlon, 
VoiA/02 (batwaen 
amps..CA082, CA083) 

Rs<10kQ 

No load, 
No Slgnal 

AvD-100 

Typ. 

10 

±12 

24 
24 

20 
50 

25 

15 

Max. 

20 

CA080AT, S 
CA081AT, S 
CA082AT, S 

Mln. 

40 
10 

27 

24 
200 

80 

1.5 

86 

Typ. 

10 

Max. 

20 

15. 

80 66 

1.4 

120 

±12 

24 27 
24 

20 
50 

25 

80 

2.8 

24 
200 

40 

UNITS 

mV 

M V « : 

pA 
nA 
pA 
nA 

1.5 

80 

1.4 

120 

V/mV 

MHz 
TQ 

dB 

dB 

2.8 mA 

dB 

^ ^ Operational Amplifiers 

9 CA080, CA081,CA082, CAUUJ, ( J ^ . ! ! LJLIII I 

ELECTRICAL CHARACTERISTICS at T A = 25'C, T A = Oto +70*C 
(or typ«« supplled In plástic duaMn^tlna packages (E SuHlx). V-I- = ± 1 5 V 

CHARACTERISTIC 

Input Offset 
Voltage, V|o 
Temperatura Coeffl-
clent of Input Offset 
Voltaga, «V|o 
Input Offset 
Current, l|0 
Input 
Current 
Common-Mode Input 
Voltage Range, V|CR 

Máximum Output 
Voltage SwIng, 

Vop-p 

Large-SIgnal Oifferen-
tlal Voltage Qaln, Ayp 

Unlty-Galn Bandwidth 
Input Reslstance, R| 
Common-Mode 
Rejactlon Ratlo, CMRR 
Power Suppiy Re|ec-
tlon Ratlo, PSRR ' 
Í^V-H/±AV|o) 
Suppiy Current, 1 + 
(per amp., CA082, 
CA083, CA084) 

Channel Separatlon, 
VoiA/02 (between 
amps.,CA082, CA083) 

TEST CONOrnO 

+ 2S'C 

• • 

RS = 50Q 

RS = 50Q 

RL = 10k2 
RL>10ka 

R L > 2kQ 
RL>2kf i , 

Vo= ±Í0V 

RS<10kQ 

RS<10kQ 

No load. 
No Slgnal 

Ayp = 100 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

NS 

f 

X 

X 

X 

X 

X 

X 

X 

LIMITS 
CAOaOBE 
CA081BE 
CA082BE 
CA083BE 
CA084BE 

Mln. 

— 

-

— 
— 
— 
— 

±12 

24 
24 

20 
50 

— 
— 
80 

80 

-

-

Typ. 

2 

— 

10 

5 

— 
15 

— 
-

27 

— 
24 
200 

5 
1.5 

86 

86 

1.4 

120 

Max. 

3 
5 

-

10 
0.4 
30 
0.7 

-

— 
— 
-
— 

— 
— 
-

-

2.8 

-

CA080AE 
CA081AE 
CA082AE 
CA083AE 
CA084AE 

Mln. 

— 
— 

-

— 
— 
— 
— 

±12 

24 
24 

20 
50 

— 
— 
80 

80 

— 

-

Typ. 

3 

— 

10 

5 

— 
15 

— 
-

27 

— 
24 
200 

5 
1.5 

86 

66 

1.4 

120 

Max. 

6 
7.5 

-

20 
0.6 
40 
1 

-

— 
— 
-
— 

— 
— 
-

-

2.8 

-

UNtrs 

mV 

HV/H: 

PA 
nA 
PA 
nA 

V 

V 

V/mV 

MHz 
TQ 

dB 

dB 

mA 

dB 
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Unear Integrated Circuits 

CA080, C 

88 

^ 1 1 , CA082, CA083, CA084 Series 
ELECTRICAL CHARACTEBISTICS «t TA = 2S'C TA n . - ^ . ^ 
supplled l„ plástic duaHn^ln. p.ck.o.. (E S^i^i \ \ ~J^,sT^ ' * ' ' « » ~ 

The llmits for the CA080C, CA081C, and CAOasc i nTcnr -^^ i . 
as jhose fof the types In ihls chart ° " ^ ^ ' " " ^ " O * ' ' ™ '*'« " ' " » 

CHARACTERISnC TEST C0NDIT10NS 

Input Offset 
Voltage. Vm 
Temperaturo Coeffi-
clent of ínput Offset 
Voltage, «Vm 
Input Offset 
Cuirent, l|o 
Input 
Current 

Common-Mode Input 
Voltage Range, V|cH 

Máximum Output 
Voltage Swing. 

VOP-P 
Large-SIgnal Dlfferen-
tlal Voltage Galn. Avn 

Unlty-Galn Bandwidtti 
Input Reslstance, R| 
Common-Mode 
Rejectlon Ratlo, CMRR 
Power Supply Rejec
tlon Flatlo, PSRR 
(AV + /±AV|o) 
Supply Current, I + 
(per amp., CA082, 

CAoaa) 
Oíannel Separatlon, 
V01/V02 (between 
amps-, CA082, CA083) 

OloTO^: 
H-as^c 

RS = 50Q 

RS = 50f i 

RL = 10 kfl 
RL>IOHQ 

R L > 2kia 
RL > 2 kQ, 

VQ = ±10V 

RS < 10 kQ 

RS < 10 kQ 

No load, 
No Slgnal 

AVO = 100 

LIMITS 
CAOSOE, T 
CA081E,T 
CA0a2E, T 
CA083E 
CA0a4E 

Mln. 

±10 

Typ. 

10 

15 

M u . 

15 
20 

UNtTS 

mV 

30 

24 
24 

20 
25 

70 

27 

24 
200 

50 

)iV«; 

pA 
nA 
pA 
nA 

1.5 

70 

76 

V/mV 

MHz 

76 

1.4 

120 — 

2.6 

T2 

dB 

dB 

mA 

dB 

Operational Amplifiers 

CA080, CA081, CA082, 1. lUIII I. ( ^ 1 i i i l i i i i 

rnEQUCMCt (D—Hi 
M C i - i t a U 

Flg. 3 - Noise voltage as atunctionof frequency. 
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Fig. 7 - Output voltage as a tunctionofambient 
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Linear integrated Circuits 

CA080, < ^ 8 1 , CA082, CA083, CA084 Series 

1 "* 
i «i 
3 
í 10 

> I 

-, » 
!K IO' 

a , 
1 

toi^ 

M 
F 

g 

HCC 

b^ i ^̂  "> 
K̂  
5f 
B 

nusE 
RWMTS 

uc 
K 

^ 
TA 

-.!, V rotiav 

ÍB 
d " ^ 

5MtFT¡ 
CALElg 

lOK 
U l—tt 

lOOK M 

0- S 

45* i 
X 

13»' 

t K l - l I M S 

Rg. n - DitíBrential vottage ampUfication as a 
function of Irequency. 

1 
i 

^ 
*-* w K 

« 3 
j 

1 3 

3 

2 

1 

_0 

1 
^ é 
^ ^ 

• 
^^M 
^rflÜI^ 

TO 

S f V * • i 13 V p 
^ NO SKNAL 1 

m fi i 

i 

B 

B 

E 

E 

ffl 

£ 

i 

s 

i Wí 
s 

^ 
5| 
É 

i 

1 
a 

a 

1 
H 
§ 

j 

1 
S 

M 

m 

8 
i 

i 
w 

1 

s g 

i 

i 
M 
M 

M 

1 i 

i 
E 

ffi 

B i 

1 
s 

^ i i 

1 
m 

S 

Si 
B i 

i 
s 

1 

s 
i 

i -90 - » o 29 90 n 100 RS 
AUlICNT JtUPtKf.TVnt I T A I - ' C 

• K f i i a 4 0 

F/g. 13- Suppíycurr nt as a function oí ambient 
temperatura. 

ú 

i 
: 

v+. i íav 

A\ 1 1 i 1 1 1 1 1 1 1 
" " AMBlCNT n H K I U T W E I T A ) ~ * C " ' 

MCS-SIS'* ! 
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Fig. 19- Unity-gain amplilier. 

Operatlonal AmplHiers 

CA080, CA081, CA082, CA083, C A ^ S e r l ¿ r 

Fig. 20-10X invaning amplilier. 

Fig. 21 - Input-ollset vollaga nuil circuils. 

9ZCS-32690Rt 

Fig. 22 - IC praampliliar. 

» 2 C 5 - 5 í « s t 

Fig. 23 - Unily-gain absolale-value ampliliar. 
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Linear integrated Circuits 

CA080, C A ^ , CA082, CA083, CA084 Serles 

O-rwv-t-vwv-

V| Rl 

I I I -R2-2R3-I .9M 

C l ' C 2 ' " - I I O p F 

fíg. 2 I - Imariing amplilier with single-pola 
compansation and oltsat adlustment. 

Fig. 25 - Hlgh O notch Hilar. 
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r 1 

ñ9. 26 - Basic current amplilier for low-cuifent 
mBasurement systems. 

CURRENT AMPLIFIER 
The low Input-termlnal current nseded to 
drive the CA081 makes it Ideal for use Irt 
current-ampllfler «ppllcatlons such as the 
one shown In Ro.26. In thls clrcult, low 
current Is supplled at the Input potentlal 
as the power supply to load resistor RL-
Thls load current Is Increasad by the 
multlpllcatlon factor R2/R1,when the load 
current Is monltored by the power'supply 
meter M. TTius, If the load current Is 100 
nA, wlth valúes stiown, ths load current 
presented lo the siipply wlH be 100 JÍA; a 
much easler current to measura In many. 
systems. 

Note that the Input and output voltages 
are transferred at the same potentlal and 
only the output current Is multlplled by 
the scals factor. 
The dotted components show a method of 
decoupllng the clrcult from the effects of 
hlgh output-load capacltance and the 
potentlal osclllatlon In thls sltuatlon. 
Essentlally, the necessary high-frequency 
feedbacK Is provlded by the capacitor 
wlth the dotted serles resistor provldlng 
load decoupllng. 
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Linear Integrated Circuits 
CA3140, C^||40A, CA3140B Types 

MIni-OIP 
CA3140E 
CA3140AE 

i H-1817 

AIlTymi 
•-LMdTOS 
With DuaMifLim 

-DIL-CAN-
ISSufflxl 

M-1787 H-tB28 

BiMOr Operational Amplífiers 
With MOS/ =ET Input/Bipolar Output 

FEATURES: 
• MOSIFBTI \put Staga 

(a) Very h g/i input impedanca (Zi/^l — í,5 TO fyp. 
(b) Very /< v/ input curren! (Ii) -~ 10 pA lyp. at ± 15 V 
(c) Low inout-ottset vo/tago (Vio) — to2 rr)V man. 
(d) Wida c.ymmon-mode input-voltage ranga ¡V/CR)— 

can be ¡wung 0.5 volt below negalive suppiy-voltage 
rail 

(a) Output iwing complements input common-mode ranga 
(I) Ruggad nput staga — bipolar dioda protactad 

t i 

The CA3140B, CA3140A, and CA3140are integrated-circuit 
operational amplífiers that combine the advantages of high-
voltage PMOS transistors with high-voltage bipolar 
transistors on a single monolithic chip. Because of tfiis 
unique combination of technologies, this device can now 
provide designers, for the first ti.-ne, with the special 
performance featuresof the CA3130 COS/lulOS operational 
amplifieis and the versatility of the 741 series of industry-
standard operational amplífiers. 

..The CA3140, CA3140A, and CA3140 biMOS operational 
amplífiers feature gate-protected MOS/FET (PMOS) 
transistors in the input Circuit to provide very-high-input 
impedanca, very-lo.v-input current, and high-speed 
performance. The CA3140B opérales at supply voltages 
from 4 to 44 volts; the CA3140A and CA3140 from 4 to 36 
volts (either single or dual supply). These operational 
amplifiera are internally phase-compensated to achieve 
stable operation in unity-gain lollower operation, and, 
additionally, have access termináis for a supplementary 
extemal capacitor if additional frequency roll-ofif rs desired. 
Termináis are also provided for use in applications 
requiring Input offset-voltage nulling. The use of PMOS 
field-eflect transistors in the input stage results in common-
mode input-voltage capability down to 0.5 volt below the 
negativa-supply terminal, an importan! attribute for single-
supply applications. The output stage uses bipolar 
transistors and includes built-in protection against damage 
from load-terminal short-circuiting to eilher suppiy-rail or 

, lo ground. . - . 

The CA3140 Seríes has the same 8-lead terminal pin-out 
used for the "741" and olher industry-standard operational 
amplífiers. They are supplied in eilher the standar ;̂! 8-lead 
TO-5 slyla package (T suffix), or in the 8-iead dual-in-líne 
formed-lead TO-S style package "DIL-CAN' (S suffix). The 
CA3140 is available in chíp form (H suffix). The CA3140A 
and CA3140 are also available in an S-lead dual-in-line 

• Diractly replaces industry type 741 in most applications 
m Includes numerous industry operational 

amplilier catagories sucti as genaral-pur-
pose, FBT input, wideband (high siew rata) 

u Operation from 4-to-44 volts 
Single or Dual supplies 

m Internally compensated 
m Characterizad lor + 15-volt operation 

and lor TTL supply systems with 
operation down to 4 volts 

• Wide bandwidth — 4.5 MHi unily 
gain af ± 15 V or 30 V; 3.7 MHz al 5 V 

• High voltage-lollower slevt rate — 9 V///S 
• Fast setting tima — 1.4 tis typ. 

to 10 mV with a 10-Vp.p signa! 
• Output swings to within 0.2 volt 

0/ negativa supply 
u Strobable output staga 

APPLICATIONS: 
• Ground-raleranced single-supply ampliliers 

in automobile and portable instrumantation 
m Sample and hold ampliliers 
m Long-duration timerslmultivibrators 

(microseconds—minutes—hours) 
m Photocurrent instrumantation 
• Paak datectors • Active liltars 
m Comparalors 
m Interlace in5V TTL systems i other 

low-supply voltaga systems 
m All standard operational amplilier applications 
m Function generators • Tone controla 
m Power supplies • Portable Instruments 
m Intrusión alarm systems 

I 

156 

plástic package (Mini-DIP-E suffix). The 
CA3140B is intended for operation at 
supply voltages ranging from 4 lo 44 volts, 
for applications requiring premium-grade 
specificatlons. The CA3140A and CA3140 

Operational AmpliflArs 

CA3140, CA3140A, CA31^rTypés 
are for operation ; t supply voltages up to 36 
volts (±18 volts). All lypes can be openled 
safely over the temperalure range from 
-SS'Clo+iaS'C. 

TYPICAL ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Input Offset Voltage 
Adjustment Resistor 

Input Resistance Rl 

Input Capacitance C| 

Output Resistance RQ 

Equivalen! Wideband 
Input Noise Voltage en 
(See Fig. 39) 

Equivalen! Input 
Noise Voltage en 
(See Fig.lOI 

Short-Circuit Current to 

Opposite Supply Source lOM"*" 

Sink IOM~ 

Gain-Bandwidlh 

Product. (See Figs. 5 &I8) fT 

SIew Rate. (See Fig.6) SR 

Sínk Current From Terminal 8 
To Terminal 4 to Swing 
Output Low 

Transient Response: 

RiseTime 

Overshoot (See Fig. 37) ' ' 

Settling Time 

at 10 Vp.p 

(See Fig. 17) 

1 mV I j 

10 mV 

TEST 
CONDITIONS 

V+ -+1S V 

V - - - 1 5 V 

T A - 2 S ' ' C 

Typ.Value of Re
sistor Between 
Term. 4 and 5 or 
4 and 1 to Adjust 
Max. V|0 

BW= 140 kHz 
Rs = 1 Mn 

f= 1 kHz 

f=10kHz 
Rs = 

100 Í2 

R L = 2 k n 
C L = 1 0 0 P F 

R L = 2 k n 

C L = 100 pF 

Voltage Follower 

CA3140B 
(T,S) 

43 

1.5 

4 

60 

48 

40 

,12 

. 40 

18 

4.S 

9 

220 

0.08 

10 

4.5 

1.4 

CA3140A 

(T,S,E) 

18 

1.5 

4 

60 

48 

40 

12 

40 

18 

4.5 

9 

220 

0.08 

10 

4.5 

1.4 

CA3140 
(T,S,E) 

47 

• 1.5 

4 

60 

48 

40 

12 

40 

18 

45 

9 

220 

008 

10 

45 

1.4 

UNITS 

ka 

TSl 

pF 

n 

; ÍV 

nVA/fir 

mA 

mA 

MHz 

\lln% 

M 

la 

% 

./»» 



Linear lntegrate>.̂  Clrcuits 

U U I lU, A 1 4 J A , CAJI40B Types 
ELECTIílCAL CHARACTERISTICS FOR EQUIPMENT DESIGN 

At V+ - 1S V, V - - 15 V, TA - 250c Unitst Otherwi» Specified 

CHARACTERISTIC 

Input Offset Voilage, |V|o| 

Input Offset Current, | l |o | 

Input Current, l | 

Large-Signal 
Voltage Gain. A Q L * 

(See Figs. 4.181 

Common-Mode 
Rejection Ratio, CMRR 
(See Fig.9) 

Common-Mode ' 
input Voilage 
Range, V|CR 

(See F¡g.20l 

Power-Supply 

Rejection A V I Q / A V 

(SeeFig.ui . 

Max. Output 

Voltage" V Q I H * 

(See Figs.13.20) V Q M " 

Supply Current. 1^ 
(See Flg.7 ) 

Oevice Dissiciation. P Q 

Input Offset Voltage 
Temp. Dr i f t ,AV |o /AT 

Max. Output V o M * 

Voltage,* V O M " 

Large-Signal 

Voltage Gain, A Q L 

CA3140B 

Min. 

-
-
-

SOk 

94 

-
86 

-15 

-
80 

+ 12 

.-14 

-

-
-

+ 19 

-2 r 

20 k 

86 

Typ. 

0.8 

0.5 

10 

100 k 

100 

70 

94 

-15.5 
to 

• 12.5 

32 

90 

13 

-14.4 

4 

120 

5 

+ 19.5 

-21.4 

50 k 

94 

Max. 

2 

10 

30 

-
-
50 

-

12 

100 

-

_ 
-
6 

180 

-

-

-

LIMITS 

CA3140A 

Min. 

-
-
-

20 k 

86 

-
70 

- 1 5 

-
76 

+ 12 

- 1 4 

-

-
-

-

- • 

Typ. 

2 

0.5 

10 

100 k 

100 

32 

90 

-15.5 
to 

+ 12.5 

100 

80 

13 

-14.4 

4 

120 

6 

-

-

Max. 

5 

20 

40 

_ 
-

320 

-

12 

150 

-

-
6 

180 

-

-

-

C A : 140 

Min 

_ 
-
-

20 k 

86 

_ 
70 

- 1 5 

_ 
76 

+ 12 

- 1 4 

-
-
-

-

-

Ty:,. 

0 5 

M 

100 k 

100 

32 

90 

-15.5 
to 

+ 12.5 

100 

80 

13 

-14.4 

4 

120 

8 

- • 

-

Max. 

15 

30 

50 

_ 
-

320 

-

11 

150 

-

_ 
6 

180 

-

-

-

UNITS 

mV 

pA 

pA 

V/V 

dB 

pV/V 

dB 

V 

llV/V 

dB 

V 

mA 

mW 

MV/°C 

V 

V/V 

dB 

* At Vo - +19 V. -21 V, and RL =• 2 kí l . 

• At RL =• 2 kn. 

* At V+ = 22 V, V - = 22 V 

TOP VIEW ~ fíg. t - Functíoiul diagrams of th» 
S Md T Sufflxa CA3140 arias. 
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CHARACTERISTIC 

Input Offset Voltage IV|o| 

Input Offset Current l ' i o l 

Input Current l| 

Input Resistance 

Large-Signal Voltage Gain A Q L 

(See Figs.4,18) 

Common-Mode Rejection Ratio, CMRR 

Common-Mode Input-Voltage Range VjCR 

(See Fig.20| 

Power-Supply Rejection Ratio AVio/AV+ 

Máximum Output Voltage VoM"*" 

(See Figs.13,20) V o M ~ 

Máximum Output Current: 

Source IQM* 

Sink l 0 M ~ 

SIew Rale (See Fig.6) 

Gain-Bandwidth Product (See Fig.51 t r 

Supply Current (See Fig.7) 1* 

Device Oíssipation PQ 

Sink Current from Term. 8 to 
Term. 4 to Swing Output Lów 

CA3140B 
(T.SI 

0.8 

L "-̂  
2 

1 

100 k 

100 

20 

94 

- 0 5 

2.6 

32 

90 

3 

0.13 

10 

1 

7 

3.7 

1.6 

8 

200 

CA3140A 
(T,S,E) 

2 

0.1 

2 

1 • 

lOOk 

100 

32 

90 

-0.5 

2.6 

100 

80 

3 

0.13 

10 

1 

7 

3.7 

1.6 

8 

200 

CA3140 
(T,S,E) 

5 
0.1 

2 

1 

lOOk 

100 

32 

90 

-0 .5 

2.6 

100 

80 

3 

0.13 

10 

1 

7 

3.7 

1.6 

8 

200 

UNITS 

mV 

pA 

pA 

i n 
V/V 

dB 

MV/V 

dB 

V 

>iV/V 

dB 

V 

mA 

V/JB 

MHz 

mA 

mW 

- nA 

i Typei 

" Operationa^mplifi»rs 

^ '• CA3140, CA3140A, CA31OT 
MÁXIMUM Rflrr\NGS.AbsoluteMaximum Valúes: 

CA3140,CA314aA CA3140B 
DC SUPPLY VOLTAGE 

(BETWEEN V+ANO V-TERMINALSI 36 V 44 V 
, DIFFERENTIALMODE INPUT VOLTAGE ± 8 V Í 8 V 

COMMON-MODE DC INPUT VOLTAGE (V++8 VI to ( V " - « . 5 VI 
INPUT-TERMINAL CURRENT 1 mA 
DEVICE DISSIPATION: 

WITHOUTHEATSINK-
UP TO 55°C 630 mW 
ABOVE 55°C Derate litiMrly 6.67 ml(V/°C 

WITH HEATSINK -
Up to 65°C 1 W 
Above55°C Derate linearly 16.7 mW/°C 

T6MPERATURE RANGE: 
OPERATING (ALL TYPESI '. . . . -55 to + 12500 
STORAGE (ALL TYPESI . . . : -65to+150°C 
OUTPUT SHORT-CIRCUIT DUHATION"- INDEFINITE 
LEAD TEMPERATURE IDURING SOLDERINGI: 

ATDISTANCE 1/16 ± 1/32 INCH 11.59 ±0.79 MM) 
FROM CASE FOR 10 SECÓNOS MAX +26S°C 

' Short Circuit may be applied to ground or to either supply. 

TYPICAL ELECTRICAL CHARACTERISTICS FOR DESIGN GUIDANCE 
At V+ =• 5 V, V - - O V. T A =• 25°C 

I 
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Fig.2 — S/oc* diagrsm of CA3140 seríes. 

SECOWO STACE OUTPUT STAC£ OTHjmiC CUBWEWT SWW 

« K n - i r í i í 

fVg:;} — Schematic diagram of CA3140 seríes. 

'- -• ' CIRCUITbESCRIPTION 

Fig.2 is a block diagram of the CA3140 
Series PMOS-Operational Amplif iers. The-
inpüt termipals may be operated down to 
0.5 V belovi the negative suppty rai l . Two 
class A amplifier stages provide the voltage 

'ga in ; and a unique class A 8 amplif ier stage 
provides the current gain necessary to drive 

- íow-impedance loads. 

A biásing drct i i t provides control of úscoded 
' cbnstant-current f low circuits in the f ¡rst and 

second stages. The CA3140 includes an on-

chip phase-compensating capacitor that is 
sufficient for the unity gain voitage-foltow-
er configuration. 
Input Stages — The schematic circuit diagram 
pf the CA3140 is shown in Fig.3. I t con-
sists of a differential-input stage using PMOS 
field-effect transistors (Q9, Q10) working 
in toamirrorpai r / of bipolar transistors (Q11, 

- Q12) functioníng as load resistors together 
w i th resistors R2 through R5. The mirror^ 
pair transistors also function as a differen-

160 

tiat-to-síngle-ended converter to provide base-
current drive to the second-stage bipolar 
transistor (Q13). Offset nulling, when de-
sired, can be effected wi th a 10-kíí poten-
tiometer connected across termináis 1 and 
5 and with its slider arm connected to termi
nal 4. Cascode-connected bipolar transistors 
Q2, Q5 are the constant-current source for 
the input stage, The base-biasing circuit for 
the constant-current source isdescribed sub-
sequently. The small diodes 03 , 04 , 05 pro
vide gate-oxide protectíon against high-volt-
age transients, e.g., static electricity. 
Second Stage — Most of the voltage gain in 
the CA3140 is provided by the second amp
lifier stage, conststing of bipolar transistor 
Q13 and its cascode-connected load resis-
tance provided by (jipolar transistors Q3,04 . 
On-chip phase compensation, sufficient for 
a majority of the applications is provided by 
C l . Additional Miller-Effect compensation 
(roll-off) can be accomplished, when de- , 
sired, by simply connecting a small capa
citor between termináis 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 low, i.e., approximately to terminal 
4 potentíal. 

Output Stage — The CA3140 Series circuits 
employ a broadband output stage thar can 
sink loads to the negative supply to co.nple-
ment the capabitity of the PMOS ínput stage 
when operating near the negative rail. Quies-
cent current in the emitter-follower cascada 
circuit {017, 018) is established by tran
sistors {014, 015) whose base-curren^s are 
"mi r rored" to current f lowing through dtode 
0 2 in the bias circuit section. When the 
CA3140 is operating such that output ter
minal 6 ¡s'sourcing current, transistor 018 
functions as an emitter-follower to source 
current from the V+ bus (terminal 7), via 
0 7 , R9, and R11. Under these conditions, 
the cbllector potentíal of 013 is suffi-
ciently high to permit the necessary f low of 
base current to emitter follower Q l 7 which, 
in turn, dr ivesQlS. 

When the CA3140 is operating such that 
output terminal 6 ts sinking current to the 
V— bus, transistor Q16 is the current-sinkíng 

CA3140, CASI 40A, CASlWB Types 
element. Transistor Q16 is mirror-connected 
to D6, R7, with current fed by way of 0 2 1 , 
R12, and Q20. Transistor Q20, in turn, is 
biased by current-flow through R13, zener 
D8, and R14. The dynamic current-sink 
is controlled by voltage-level sensing. For 
purposes of explanation, i t is assumed that 
output terminal 6 is quiescently established 
at the potential mid-point between the V+ 
and V - supply rails. When output-current 
sinking-mode operation is required, the col-
lector potential of transistor Q13 is driven 
below fts quiescent level, thereby causing 
Q17, Q18 to decrease the output voltage at 
terminal 6. Thus, the gate terminal of PMOS 
transistor Q21 is displaced toward the V— bus, 
thereby reducing the channel resisrance of 
Q21. As a consequence, there is an íncre-
mental increase in current f low through 
020 , R12, 0 2 1 , D6; R7, and the base of 
016 . As a resutt, Q16 sinks current fron* 
terminal 6 in direct response to the incre 
mental change in output voltage caused b) 
Q l 8 . This sink current flows regardless o l 
load; any excess current is Jnternalty supplied 
by the emitter-follower 0 1 8 . Short-circuit 
protectíon of the output circuit is provided 
by 019, which is driven into conductton by 
the high voltage drop developed across R11 
under output short-circuit conditions. Under 
these conditions, the collector of 019 di-
verts current f rom 0 4 so as to reduce the 
base-current drive f rom 0 1 7 , thereby limit-
ing current f low in 018 to the short-cir-
cuíted load terminal. 

Bias Circuit — Ouiescent current in all stages 
(except the dynamic current sink) of the 
CA3140 is dependent upon bias current 
f low in R 1 . The function of the bias cir
cuit is to establish and maintain constant-
current f low through D I , Q6, 0 8 and D2. 
D I is a diode-connected transistor mirror-
connected in parallel w i th the base-emítter 
junctions of 0 1 , Q2, and Q3. D I may be 
considered as a current-samplíng diode that 
senses the emitter current of 0 6 and auto-
matlcally adjusts the base current of Q6 
(via 01) to maintain a constant cur rent ' ' 
through Q6, 0 8 , 0 2 . The base<urrents in 
Q2, 0 3 are also determined by constant-
current f low D I . Furthermore, current in 
diode-connected transistor D2 establishes the 
currents in transistors Q14 and 015 . 
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APPLICATIONS CONSIDERATIONS 

Wide dynamic i mqe of input and output 
characteristícs w t h the most desírable high 
input-impedance :haracterJstic is achieved in 
the CA3140 by le use of an unique destgn 
basedupon the PvIOS-Bipolar process. Input-
common-mode voltage range and output-
swing capabilitien are complementarv, aliow-
ing operation with the single supply down 
to four volts. 

The wide dynam c range of these paranneters 
also means that this device is suitable for 
many single-supply appücatlons, 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 
maintaíned — a n ost important consldera-
tion in comparator applications. 

OUTPUT CIRCUIT CONSIDERATIONS 

Excellent interfacing with TTL circuitry is 
easily achieved wlth a single 6.2-volt zener 
dtode connecled to terminal 8 as shown in 
Fig.12. This connection assures that the 
maxígium output signal swíng will not go 
more posítive than the zener voltage minus 
two base-to-emitter voltage drops within the 
CA3140. These voltages are índependent 
of the operating supply voltage. 

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

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

i • 
si ' 

10 

AIWCMT TEUfCRATUMC (TA)*Z3*C 
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~—^S 

1 
• V 

•.tT 
J>y 

r<^ 

•> 
/ / y 

A. 

y 

^1 

/ 

„L0*0 (31MCMM CUWCNT — "A ~ 

Fig.13— Voltageacrououtput tnasistonQIS 
and Q16 n load cumnt. 

ate both power transistor: and thyrUtorj 
directly without the need for leval-shifting 
circuitry usually associated with th« 741 
series of operational amplifiers. 
Fig. 16 show sonie typicai configuratkun. 
Note that a series resistor, R|.,isused in both 
cases to limit the drive available to the driven 
device. Moreover, it is recommended that a 
series diode and shunt diode be used (t the 
thyristor input to prevent larga negativa 
transient surges that can appear at the gate of 
thyristors, from damaging the integrated 
círcuit. 

Fig. 14 — Typicai incnmantal offtat-voltag» 
shitt vt oparating Ufa. 

OFFSET-VOLTAGE NULLÍNG 

The input-offset voltage can be nulled by 
connecting a lO-kH potentiometer between 
termináis 1 and 5 and returning itswiper arm 
to terminal'4. see Fig. 15a. This technique, 
however, gíves more adjustment range than 
required and therefore, a considerable por-
tion of the potentiometer rotation is not 
futly utilizad. Typicai valúes of series re-
sistors that may be placed at either end of 
the potentiometer, see Fig.l5b, to optimize 
its utilization range are given in the table 
"Typicai Electrical Characteristícs" shown 
in this butletin. -~ • 

An altérnate system is shown in Fig. 15c. This 
Circuit uses only one additional resistor df 
approximately the valué shown in the table. 
For potentiometers, in which the resistance 
does not drop to zero ohms at either end of 
rotation, a valué of resistance 10% tower 
than the valúes 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. A cur-
rent regulator based upon the PMOS thres-
hold voltage maintains reasonable constant 
operating current and henee consislent per
formance down to these lower voltages. 

^ The low-voltage iimitation occurs when the" 
upper extreme of the input common-nrade 
voltage range extends down to the voltage at 
terminal 4. This limit is reached at a total 
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b. IM PROVEO 
RESOLunON 

Fijf. tS — Three offsat-¥Otago nuUing mttttodt. 

Óv-

«• SlUPLEIt 
tMPROVED 
Kcsoumm 

supply voltage jus t below 4 volts. The out-
put voltage range also begjns to extend down 
to the negative supply rail, but ts slightly 
higher than that o f the input. Fíg.20 shows 
these characteristics and shows that wi th 
2-volt dual supplies, the lower extreme of the 
input common-mode voltage range Is below 
ground potential. 

0 VAC 1 

®-

®-

H 
'. 
> 

C A J t 4 0 ^ ^ — ^ 

o 1 

i 
so VOtTí 
NOLOAO 

( 

; 

Fíg. 16— Methatír of mtiláing tha Vf^^isatí xinking-
cumnt ctpaAüity of thá CA3140 sariat. 

BANDWIDTH AND SLEW RATE 

For those cases where bandwidth reduction 
IS desired, foc exanple, broadband noise re-
ductjon, an ex teno l capacitor coiinected be-

^ tween termináis 1 anda can reduce the open-
. loop - 3 dB bandaridth. The siew rate wi l l . 

however, also be proportionally reduced by 
using this addi t io iBl capacitor. Thus a 20% 
reduction in bandwidth by this technique 

±—.wiK also reduce the sIew rate by about 20%. 
- Fig. I7 shows the typical settiing time re-

quired to reach 1 m V or 10 mV of the final 
..... valué for-i/arious leveb of large signal in-
_ . puts for the voltase-follower and inverting 
. unity-gam ampl i f ie r t The exceptionally 
_ fast setting time cfcaracteristics are largely 

due to the high combinn ion of high gain and 
__ wide bandwidth o f the CA3140; as shown in 

Fig. 18. 
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-" Fig.17— Input ¥ol^gt¥t$ntíÍng timo, 

INPUT CIRCUIT CONSIDERATIONS 

As mentioned previously, the amplifier ín-
puts can be drtven below the terminal 4 
potential, but a seríes current-limiting re-

Fig. 18 — Op«n-loop voltage gain and phas» Isg 
n fraquency. 

sistor is recommended to ! imit the máximum 
input terminal current to less than 1 mA to 
prevent damage to the input prolection 
circuitry. 

Moreover, some current-limiting resistance 
should be provided between the inverting 
input and the output when the CA3140 Is 
used as a unity-gaín voltage follower. This 
resistance prevents the possibílity of ex-
tremely large input-signal transients from 
forcing a signal through the input-protection 
network and directly driving the interna! 
constant-current source which could resutt 
in positive feedback vía the output terminal. 
A 3.9-kí2 resistor is suf f icíent. 
The typical input current is in the order of 
10 pA when the inputs are centered at nomi
nal devíce dissÍF>atíon. As the output supplies 
load current, devíce dissipatíon wi l l increase, 
raising the chip temperature and resultíng in 
increased input current. Fig.19 shows typi
cal input-terminal current versus ambíent 
temperature for the CA3140. 
It is vrell known that MOS/FET devices can 
exhíbit slight changes in characteristics (for 
example, small changes in input offset volt-
age) due to the apptication of large díffer-
ential input vottages that are sustaíned over 
tong periods at elevated temperaturas. 
Both applied voltage and temperature ac-
celerate these changes. Thé process is rever
sible and offset voltage shifts of the opposíte 
polarjty reverse the offset. Fig. 14 shows the 
typical offset voltage change as a function of 
various stress voltages at the máximum rating 
of ISS'^C (for TO-5); at lower temperatures 
(TO-5 and plástic), for example, at 85°C, 
this change ín voltage is considerably less. 
In typical linear applications, where the 
(fifferential voltage is small and symmetircal, 
Ihese incrementa! changes are of about the 
same magnitude as.those encountered in an 

' 'operational amplifier employing a bipolar a 
transistor input stage. 

SUPER SWEEP FUNCTION GENERATOR 

A function generator having a wide tuning 
, range is shown in F ig .2 l . The 1.000,000/1 

Operatiohal Ampllfiers 
CA3140, CA3140A, CA314^pp"ypes 
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Fig.20 ~ Output-voltaga-twing capabiííty and 
common-moda input-valtaga ranga 
vs supply voitaga and temperatura. 

adjustment range is accomplished by a single 
variable potentiometer or by an auxíliaty 
sweeping signal. The CA3140 functtons as a 
non-inverting read-out amplifier of the t r i 
angular signal developed across the inte^a-

.t ing capacitor network connected to the 
output of the CA3080A current source. 
Buffered triangular output signáis are then 
applied to a second CA3080funct ioning as 

- a high-speed hysteresis switch. Output f rom 
the switch is returned directly back to the 
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ínp it of the CA3080A current source, there-
by, :ompletÍng the positive fBedback loop. 
The triangular output level is determíned by 
the four 1N914 level-limitíng diodes of the 
$ec:nd CA3080 and the resistor-divider net-
wo < connected to terminal No.2 (input) of 
the CA3080. These diodes establish the in
put tríp level to this switching stage and, 
therefore, indirectty determine the ampli-
tuc ! of the output trtangle. 
Coi npensation for propagation detays around 
the entire loop is provided by one adjust-

ment on the input of the CA3080. This 
adjustment, which provídes 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-to-60 pF capacitor in the output of 
the CA3080A. 

It must be emphasized that only the CA-
3080A is characterized for máximum output 
linearity in the current-generator function. 
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' the pe board and component leakages at the 
100-pA level. 

(b2) Function ganermtor with fixad fmQu*nc¡Bs 

Fig.21 - function generator. 

166 

Operational Ampllfiers 

CA3140, CA3140A, CA3140E^pe8 

FBEQUENCT 
ACUUSTMCNT L 

10 ka i 

Fig. 22 - Meter driver ana buffer amp/ifíer. 

METER ORIVER AND 
BUFFER AMPLIFIER 

Fig. 22 shows the CA3140 connected as a 
meter driver and buffer amplifier. Low 
driving imfwdance is required of the CA-
3Q80A current source to assure smooth 
operation of the Frequency Adjustment 
Control. This low-driving impedance re-
quírement 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 logaríthmic 
analog indicatíon of the function generators 
frequency. 

Analog frequency readout is readily accom-
plíshed by the means described above be-
cause the output current of the CA3080A 
varíes approxímately one decade for each 
60-mV change in the applied voltage, V A B C 
(voltage between termináis 5 and 4 of the 

•CA3080A of the function generatorJ.-There-
fore, six decades represent 360-mV change 
in VABC-

Now, only the reference voltage must be 
estabtished to set the lower limit on the 
nKter. The three remaining transistors from 
the CA3086 Array used in the sweep gener
ator are used for this reference voltage. In 
additíon, this reference generator arrange-
ment tends to track ambient temperature 
variations, and thus compénsales for the ef-
fects of the normal negative temperature 
coefficíent of the CA3080A V A B C termi
nal voltage. 

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 Control. 

To calíbrate this circuit, set the Frequency 
Adjustment Potentiometer at ¡ts low end. 
Then adjust the Mínimum Frequency Calibra-
tion Control for the lowest frequency. To 
establish the upp)er frequency limit, set the 
Frequency Adiustrr.ont Potentiometer to its 
upper end and then adjust the Máximum 
Frequency Calibration Control for the máxi
mum frequency. Because there is ínter-
action among these controls, rep)etÍtÍon of 
the adjustment procedure may be necesary. 
Two adjustments are used for the meter. 
The meter sensitívíty control sets the meter-
scale width of each decade, while the meter 
position control adjusts the pointer on the 
scale with neglígíble effect on the sensitivity 
adjustment. Thus, the meter sensftivíty ad
justment control calíbrales the meter so 
that it deflects 1/6 of full scale for each de
cade change in frequency. 

SINE-WAVE 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 havíng ty-
pically less than 2% THD. The basic zero-
cro&sing slope is established by the lO-kfí 
potentiometer connected between termináis 
2 and 6 of the CA3140 and the 9.1-kn re
sistor and 10-kfí potentiometer from termi
nal 2 to ground. Two break points are es
tablished by diodes D^ through D4. Positive 
feedback via O5 and OQ establishes the zero 
slope at the máximum and mínimum levéis 
of the sine wave. This techníque is neces-

, sary because the voltage-follower confígu-
ration approaches untty gain rather than the 
zero gain required to shape the sine wave at * 
tfie two extremes. 
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Thls Circuit can be adjusted most ea: ly wi th 
a distortion anaíyzer, but a good first. pproxi-
mation can be made by comparing thE output 
signal wi th thatof a sine-wave generador. The 
initial slope is adjusted with the poten-
tiometer R ) , followed by an adjusti lent of 
R2' The final slope is éstablished by ad-
justing R3, thereby adding addítior.al seg-
ments that are contributed by these diodes. 
Because there is some tnteraction among 
these Controls, repetition of the adj stment 
procedure may be necessarv 

SWEEPING GENERATOR 

• Fig. 24 shows a sweeping generator. Three 
CA3140's are used in this circurt. One 
CA3140 is used as an integrator, a stcond 
device is used as a hysteresis switch that 
determines the starting and stopping ^oints 
of the sweep. A third CA3140 is used as a 
logarithmic shaping network for the log 
function. Rates and slopes, as well as saw-
tooth, triangle, and logarithmic sweeps are. 
generated by this circuit. 

-; 

S-

'üf-

*f 
Fig. 23 — Sine-wave shaper. fte 'f? 

te: 

+ I9V SAWTOOTH AND 
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Fig. 24 — Sweeping generator. 
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Fig. 25 — \Mdeband output amplHier. 

WIDEBAND OUTPUT AMPLIFIER 

Fig. 25 shows a high-stew-rate, wideband am-
plifjer suitable for use as a 50'Ohm trans-
mjssjon-líne driver. This circuit, when used 
¡n conjunction wi th 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 volts peak-to-peak 
output when ternninated tn 50 ohms. The 
siew rate required of this amptifíer is 28 
volts/;is (18 volts peak-to-peak x JT x 0.5 
MH2). 

POWER SUPPLIES 
Hlgh input-impedance, common-mode capa-
biljty down to the negative supply and high 
output-drive current capability are key fac-
tors in the design of wide-range output-voft-
age supplies that use a single input voltage 
to provide a regulated output voltage that 
can be adjusted from essentially O to 24 volts. 
Unlike many regutator systems using com-
parators having a bipolar transistor-input 
stage, a high-impedance reference-voltage dí-
vider from a single suppiy can be used in con-
nectlon wi th the CA3140 (see Fig. 261. 

Fig. 26 — Basic single-supply voltage reguíator 
showing voitage-foUower configuration. 

Essentially, the regulators, shown in Figs. 
27 and 28, are connected as non-lnyertlng 
power operational amplifiers with a gain of 
3.2. An 8-voU reference input yields a 
máximum output voltage stightty greater 
than 25 volts. As a voltage follower, when 
the reference input goes to O volts the 
output wi l l be O volts. Because the off
set voltage ís also multiplied by the 3.2 
gain factor, a potentiometer is needed tq 
nuil the offset voltage. 

Series pass transistors wi th high ICBO 'evels 
wi l l also prevent the output voltage f rom 
reaching zero because there is a ftntte voltage 
drop (VrgsatJ across the output of the 
CA3140 (see F¡g. l3| . This saturation volt-
age level may índeed set the lowest volt-
age obtainable. 

2M«M9 
POWER QARLINSTM 

, OJWEHT 

¡LIMITIW 
H 1 AOJUST 

HUÉI ANO NOtSE OUTPUT LOAD REOlAATKM 
(NO UMO TOF&U. LOAOt 

<OLOZ« 

Fig. 27 - Regulateti power suppiy. 
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high mpedance presented by terminal 
8 is advai.tageous in effecting current limit-
ing. Thiis, only a small sígnal transistor is 
required for the current-limit sensing amp-
lifier. Resistive decoupling is provided for 
this transistor to minimize damage to it or 
the CA3140 in the e»ent of unusual ¡nput or 
output transients on the suppiy-rail. 

Figs. 27 and 28, show circuits in which a 
02201 high-speed diode is used for the 
current sensor. This diode was chosen for its 
slightly higher forwardvoltage drop charac-
teristic thus giving greater sensitivity. It must 
be 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-
ence amplifier in the proximity of the cur-
rent-sensing diode also helps minimize the 
variability in the trip level due to the nega-
tive temperature coefficient of the diode. 
(n spite of those limitations, the current 
limiting point can easíly be adjusted over 
the range from .10 mA to 1 ampere with a 
single adjustment potentiometer. If the 

. temperature stability of the current-iimiting 
system is a serious consideration, -the more 
usual current-sampling resistor-type of cjr-
cuitry should be employed. 

A power Oarlington transistor (in a heat 
sink TO-3 case),' is used as the series-pass 

. element for the conventional current-iimiting 
system, Fig. 27, because high-power Oar
lington dissipation will be encountered at 
low output voltage and high currents. 

A small heat-sink VERSAWATT transistor is 
used as the series-pass element in the fold-
back current system, Fig.28, since dissi
pation levéis will only approach 10 watts. 
In this system. the 02201 diode is used for 
current sampling. Foldback is provided by 
the 3 kíl and 100 kf2 divider network con-
iieuted to the base of the current-sensing 
transistor. 

Both regulators, Figs. 27 and 2 8 , provide 
better than 0.02% load regulation. Because 
there is coitstant loop gain st ajit voltage set-
tlngs, the regulation also remáins constant. 
Line regulation is 0.1% per volt. Hum and 
noise voltage is less than 200 jiiV as read 
with a meter having a 10-MHz bandwidth. 

Fig.31 (al shows the turn ON and turn OFF 
characteristics of both regulators. The slow 
turn-on (ise is due to the slow rate of rise 
of the réference voltage. Fig. 29 (b) shows 

- t h e transient response of the regulator with 
. the switching of a 20-il load at 20 volts out-
- put..::^^:^ _ . ' 

TOLDe» 

40 mA 

;ir. 

L O ^ KEGULATKM 
(NO LC«0 TO FULL LOAOt 

<002% m* 
Fig. 28 — Reguiat9dpowar supply with 

"foldback " current ¡imiting. 
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Fig. 30 — Tone contra/ circuit using CA3130 serias 
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Fig. 31 - BaxandaU tone control circuit using 
CA3140 serias. 

TONE CONTROL CIRCUtTS 

High-slew-rate, wide-bandwidth, high-output 
voltage capabítity and high input impedance 
are all characteristics required of tone-con
trol amplifiers. Two tone control circuits 
that expioit these characteristics of the 
CA3140areshownin Figs. 30 and 31. 
The first circuit. shown in Fig. 31, is the 
Baxandall tone-control circuit which provjdes 
unity gain at midband and uses standard 
linear potentiometers. The high input im
pedance of the CA3140 makes possible the 
use of tow-cost, low'vatue, smalt-size capaci-
tors, as wetl as reduced load of the driving 
stage. 

m 

Bass treble boost and cut are ± 15 dB at 
100 Hz and 10 kHz, respectively. Full 
peak-to-peak output is available up to at 
least 20 kHz due to the high siew rate of the 
CA3140. The amplifier gain is - 3 d B down 
from its "fíat" position at 70 kHz. 
Fig. 30 shows another tone-control circuit 
with similar boost and cut specifications. 
The wideband gain of this circuit is equal to 
the ultímate boost or cut plus one, which in 
this case is a gain of eleven. For 20-dB 
boost and cut, the input loading of this cir
cuit is essentially equal to the valué of the 
resistance from terminal No.3 to ground. 
A detailed analysis of this circuit is given in 
"An IC Operational Transconductance Amp
lifier (OTAI With Power Capability" by 
L, Kaplan and H. Wittiinger, IEEE Trans-
actions on Broadcast and Televisión Re-
ceivers, Vol. BTR-18, No.3, August, 1972. 

WIEN BRIDGE OSCILLATOR 

Another application of íhe CA3140 that 
makes excellent use of its high input-imped-
ance, high-slew-rate, and high-voltage qualt-
ties is the Wien Bridge sine-wave oscillator. 
A basic Wien Bridge oscillator is shown in 
Fig. 32. WhenRi = R2 = R and Ci =C2 = C, 
the frequency equation reduces to the fa
miliar f = 1/2 ir RC and the gain required for 
oscillation, A Q S C is equal to 3. Note that 
if C2 is increased by a factor of four and R2 
is reduced by a factor of four, tfie gain re-" 
quired for oscillation becomes 1.5, thus per-

171 



Linear Intégrated Clrcuits 

CA3140, C | |^OA, CA3140B Types 
mitting a potentially higher operating fre-
quency closer to the gain-bandwidth pro-
ductof theCA3140. 
Oscillator stabilization takes on many forms. 
It must be precísely set, otherwise the am-
plitude will either dimjnish or reach some 
form of limitíng with high levéis of distor-
tíon. The element, Rj, ís commonly re-
placed with some variable resístance elemenl. 
Thus, through some control means, the valué 
of Rs is adjusted to maintajn constant oscil
lator output. A FET ctiannel 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 elennents often utilized! 

Fig.32- Btsic Wian brtdgg oscillator cifcuit -
tuing an oparétianal amplífíar. 

Fig. 33 shows another means of stabilizing 
the oscillator with a zener diode shunting 
the feedback resistor (Rf 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 tendí to provide a '"ro tsm-
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 fiequency limit. 
For example, with 1 - / ÍF potycarbonate capa
citor: and 22 M i l for the frequency deter-
mining network, the operating frequency is 
0.007 Hz. 

' As'the frequency is inaeased, the output 
arhplitude müst be reduced to prevent the 
output signal'from becoming siew-rate limi-
ted. An output frequency of 180 kHz will 
reach a siew rate of approximately 9 volts/ 
la when its amplitude is 16 volts peak-to-

tooMi, «• i,»Ma l » k a 
I kHf, H • t«0 kO ^ 

10 km, R • M kO 
30 kM, H-9.1 kü «>«> 

OUTPUT 
- O » Vp-p TO 21 M 

TMO * 0.3 * 

Fig. 33 — Wien brídga oscU/otor circuit using 

CAS 140 sanes. 

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

T ^ 

MOT RCOUMCO ^ 

Fig. 34 — SamplO' and hotd circuit. 

plíshed with the CA3140 via its offset 
nulüng termináis. A typical símulated load 
of 2 k f í and 30 pF is'shown in the schematic. 

In this circuit, the storage compensation 
capacitance (Ci) is only 200 pF. Larger 
valué capacitors provide longer "hold" periods 

. but with slower sIew rate$._The sJew rate . 

dt ' T " ^'^ ínA/200 pF = 2.5 V/MS. 

ICAN-6668 "Applications of the CA3080 
and CA3080A High-Performance Oper-
ational Transconductance Amplifiers". 

Pulse "droop" during the hold Interval is 
170 pA/200 pF which is = 0.85 y.\l¡ix%: 
(i.e., 170 pA/200 pF). In this case, 170 pA 
represents the typical leakage current of 
the CA3080A when strobed off. !f Ci were 
increased to 2000 pF, the "hold-drooo" rate 
will decrease to 0.085 ;iV//is, but the sIew rate 
would decrease to 0.25 V/^s. The parallel 
diode network connected between terminal 
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Fig. 35 — Samp/a- and hold system dynamic 
characteristics WBvoforms. 
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3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input-signal feed-
through across the input termináis of the 
CA3080A 10 the 200 pF storage capacitor 
when the CA3080A is strobed off. Fig. 3S 
shows dynamic characteristic yvaveforms 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 applicationssuchas 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 L - This load ' 
current is increased by the multiplícatíon 
factor R2/R1, when the load current is 
monitored by the power supply meter M. 
Thus, if the load current is 100 nA, with 
valúes shown, the load current presentad 
to the supply will be 100 ; Í A : a much easier 
current to measure in many systems. 
Note that the input and output voltages are 
ttansferred 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 highfrequency feedback is 

• provided by the capacitor with the dotted 
series resistor providing load decoupling. 

} 
Fig. 36 — Basic currant ampjifiar for lovrcurrartt 

maasuramant systams. 

Fig. 37 shows a single-supply, absolute-vatue, ' 
ideal full-wave rectifier with associated wave-
forms. During positive excursions, the input 
signal is fed through the feedback network 
directly to the output. Simultaneously, tfie 
positive excursión of the input signa! also 
drives the output terminal |No.6) of the in-
verting amplifier in a negative-going excur
sión such that the 1N914 diode effectively 
disconnects the amplifier from the signal 
path. During a negative-going excursión of 
the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal 
to - R 2 / R 1 . When the equality of the two 
equations shown in Fig. 37 is satisfied, the 
full-wave output is symmetrical. 

"Operationai Amplifiers Design and Ap
plications", J. G. Graeme, McGraw-Hill 
Book Company, page 308 — "Negativa 
I mmittance Converter Circuits". . 
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Fig. 37 — Sing/e-suppfy, absolute-va/ue, ideal fuU-wave rectifier with associated waveforms. 
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BW(-3<tBI- 140 kHt 
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Fig. 39 — Test circuit amplifier (3CdB gainl used 

for wideband noise measurement. 

. 4 - 1 0 
'(0.102-0.254) 

62 -70 
(1.575-1.778) 9 2 C M - 3 2 2 3 5 

The photographs and dimensions rapresent 

a chip when it is part of the wafer. When the 

water is cut into chips. the c/eavage angles 

are 57 ¡astead of 90 with respect to the 

face of the chip. Therefore, the isolated 

chip is actually 7 miis (0.17 mm) largor 

in both dimensions. 

^Dimensions in parentheses are in milUmeters and 
are derived from the batic inch dimensions as in-
dicated. Grid graduations are in miis i10~^ inch). 
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INTERFACING WITH CMOS LOGIC 

The DAC-06's logic input stages reguire about 1(iA and are 
capable'ol operalion with inputs between - 5 volls and v + 
less 0.7 volt. This wide input voltage range allows direct 
CMOS interfacing in mosl applications, the exception being 
where tne CMOS logic and D/A converter musí use the same 
posiiive power suppiy. 

In tnis special case, a diode should be placed in senes with 
the CMOS dnving devices Voo lead as snown in Figure 1. 
The üiode limits VQ lo V f less 0.7 volt — since the output 
liom the CMOS device cannot exceed ihis valué, the DAC's 
máximum input voltage tule is satislied. Summanzmg: in all 
applications. the DAC06 requires either no interlacing com-
ponenis. or at most a single inexpensive diode for lull 
CMOS compaiibiiity. 

CMOS LOGIC INTERFACE CIRCUIT 

L&JlC INPUTS 

O 
1 

V Q O 
OUTFUIS 

CMOS 0RIV1NC 
TÉviCE 
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@ 
8-8ÍT HIGH-SPEED MULTIPLYING 

D/A CONVERTER 
UNIVERSAL DIGITAL LOGIC INTERFACE 

FEATURES 

• Fast Settiing Output Current BSns 
• Full Scale Current Prematchsd to ±1 LSB 
• Direct Interfaco lo TTL, CMOS, fCL , HTL, PMOS 
• Nonlinearity to :£0.1% Máximum Ovar 

Temperature Range 
• High Output Impedance and 

Compliance -10Vto +18V 
• Dilferentiai Current Outputs 
• Wide Range MuItlpIyingCapabillty . . . IMHzBandvnidth 
• Low FS Current Orilt ±10ppm/*C 
• Wide Povíer Supply Range ±4.5Vto »18V 
• Low Power Consumption 33mW í í ± 5V 
• Low Cost 

GENERAL DESCRIPTION 

The DAC08 senes of S-Dit monolithic Oigiial-lo-Anaiog Con-
vertéis proviae '.ery hign-speed perlormance couplea witn 
iow cost ana outslancmg applications fiexibility. 
Advanceo circuit design achieves 85ns settiing times vvith 
very iO;v giitcn ' ana ai low power consumption. Monotcmc 
muiíiDiying performance is atiained oveí a wiüe 40 to * 
feterence curren! range Matcnmq lo v^ilhin 1 LSB between 
reierence ana lull scaie currenis elimínales me neea íor tull 
scale ir imm'ng in mosl aoDlicaiions. Direct in'.erface lo aii 

EQUIVALENT CIRCUIT 

popular logic families wilh full noise immunity is provided 
by the hign swing, adiustable thresnold logic inpuls. 

Hign-voltage compliance dual-complemontary current out
puts are providea. increasing versatility and enabling dif-
fereniial operaiion lo effeciively double the peak-io-peaK 
output swing. In many applications. the outputs can be 
direclly converteü to voltage without the need for an exter-
nal op amp. 

All DAC08 senes models guarantee full 8-bit monotonicity. 
and nonlineanlies as tight as ± 0 . 1 % over the entire 
operaling temperature range are availabte. Device perfor
mance is esseniially unchanged over the r4 .5 to i l 8 V 
power supply range. wilh 33mW power consumption at-
lainable at ±57 supplies. 

The compací si^e and iow po-Aier consumption make Ihe 
DAC 08 aitractive for norlable anc military/aerospace ap-
phcaiions. aevices processeo lo MIL STD-883. Level B are 
avaiiabie 

DAC 08 applications include 8-bit. l j.s A/D converters. servo-
moior and pen drivers. wavelorm generators. audio en-
coders and aitenuators. analog meter drivers, program-
mable power supplies. CRT display drivers, high-speed 
modems ana other applicauons where low cost. high speed 
and complete input'oulpul versaiility are required. 

- • ' 

. \- . VLC . o: - i!í b; ~ fi4 , as . d* . m • b» 

1 1 :-í 1 

« T í í í i ¡ í ¡ í í 

ORDERING INFORMATION & PIN CONNECTION 

VLC E 

ioÚT d 
v - ( 7 

tOUT GÜ 

16-PI H DUAL-

iftl COMPENSATION 

B] VREFl-l 

3*3 VREF l'l 

3 v . 
j¿] MLSB 

3 86 

T¡ as 

N-LINE 

Q — Hermetic 

MOOEL 

DAC-08AQ 
DAC-08Q 
DAC-08HQ 
OAC-08EQ 
DAC-08CO 
DAC-08HP 
DAC-08EP 
DAC-08CP 

Package P 

TEMP RANGE 

- 5 5 V - f l 2 5 - C 
- 5 5 ' / - f 1 2 5 ' C 

OV-l -70'C 
0 * / - f 7 0 ' C 
0 V - f 7 0 ' C 
OV-i -70'C 
OV-i-70'C 
OV-i -70'C 

— Plástic Package 

NONLINEARITY 

± 0 . 1 % 
± 0 . 1 9 % 
± 0 . 1 % 

± 0 . 1 9 % 
±0 .39% 
± 0 . 1 0 % 
± 0 . 1 9 % 
± 0 . 3 9 % 

Mllltary Temperatura Ranga Oevicas 
Wlth MIL<STD-a83B Claaa B Proceaalng 

ORDER: OACOaAQ/883 

OAC08Q/883 

f OR QPL-3aS10 PAHTS REFEfl TO 
JM3aS10/l130l/ll302 DATA SHEET 



DAC'08 ^BIT HIGH-SPEED MULTIPLYING DÍA CONVERTER 

3S0LUTE MÁXIMUM RATINGS 
¡eraling Temperature 
DACOBAQ.Q - 5 5 ' C t o +125 °C 
OAC08HQ, EQ. CQ 0 ° C t o + 7 0 " 
orageTemperature - 6 5 ° C t o 150°C 
jwer Dissipation" 500mW 
Deraieabove 100"C lOmW/ 'C 

¿aa Soldermg Temperature (60 sec.) 300'C 
...ef 'un ODe'adng rancie 

V + S u p p I y t o V - Supply 36\/ 
Logic Inputs V - l o V - plus36V 
VLC V - ' 0 V + 
Analog Current Outputs See Figure 12 
Referencelnputs(\ / ,4to V,5) V - toV + 
Heference Input Differentiai Voltage 

(v,4toV,5) nav 
Reference input Current (lu) S.OmA 

L E C T R I C A L C H A R A C T E R I S T I C S ai 7== i l 5 V . l„ jp = 2.0mA. T, = -55*Cio +125*Cunlessotherwis6notea. Outputcharacter-
u c s r e l e r t o o o t t i I Q U T a r i d I O U T ^ 

P A R A M E T E R S V M S O L 

f l e s o i u t i o n 

C O N P I T I O N S 

•ACOSA 
M I N T Y P M A X 

8 a a 

DAC'Oa 
M I N T Y P M A X 

a a 3 

UNITS 

B i ts 

Mono iOn iCUy 

r̂ onimeaiity TA= -55-C to >125*C 

Setiiing Time 

Propagaiion Oeíay 

To - Vj LSB. 311 Dits swiicned 
ON or OFF. TA = 25"C (See Note) 

Eacn Dit 
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NOTE: Patameler nol 100% tested; guaranlwo by deslgn. 

UT HIGH-SPEED MULTIPLYING DÍA CONVERTER 

ELECTRICAL CHARACTERISTICS at Vj = i i s v . i„ep = 2.oniA, T^ =0 ' 
reler to bolh IOUT and IQUT. 

C te +70 'C unless ottierwise notad. Output characienstics 
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PULSEO REFERENCE OPERATION 

L lOPTlONAL RESISTOR 
^^«n£f FOR OFFSET INPUTS 

O V V V •-a 

v-TL 
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L 2001: 

0002 10 

• Id 

- - 1 1 5 

1 : - 3 0 

VOltí 

VOIK 

= 0 0 0 0 3 : Ü 0 ' 

1OOO2 : 0 0 i 

:U0003 : 0 0 1 , 

: 0 W 2 : Ü 0 1 ' - J i o AJ 

FAST PULSEO 
REFERENCE OPERATION 

REO • zoon JOQNSECOIVISION 
HL • loon 
1:0-0 

< 

J 



DAC08 8BIT HIGHSPEED MULTIPLYING D/A CONVERTER 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

TYPICAL PERFORMANCE CURVES 

FULL SCALE CURRENT vs 
REFERENCECURRENT 

T* - T M Í N TO TMAK 
ALL BITS •MIGH" 

/ " - " 

/ ' 

T fO« 

v^' . 

- -

! 

FOR 
- 1 W 

10 : o 3i» 

REFERENCE AMP 
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LSB SWITCHING 
FULL SCALE SETTLING TIME 
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OUTPUT - l / ILSB-
SETTLJNG 0-

-1 2LS8-

SaNSEC. DIVISIÓN 

LSB PROPAGATION 
OELAY vs IFS 

JOS .!02 0 1 3!. la 

0 01 OOS 11 1 0 ••'0 

i f S U U T P U l f -JUL S C i L í C ü H M l ' . T f - A . 

LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 

10.0 
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U 
í 1 

1 i ¡ ! 
I i M 

: i 
1 • i 1 

i i 1 

ih i _ 
- 4 0 O 40 S.0 1Z.0 1B.0 

LOGIC INFUT VOLTAGE (V) 

SETTLING TIME H A I U H E SOWÍEC OIV IS IQN 
IfS - 2mA, H L • I!--! 
1/2LS8 - **.A 

REFERENCE INPUT 
FREQUENCY RESPONSE 

VTH - VLC VS T E M P E R A T U R E 
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T Y P I C A L P E R F O R M A N C ^ ^ P V E S 

OUTPUT CURRENT vs 
OUTPUT VOLTAGE 

(OUTPUT VOLTAGE COMPLIANCE) 
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TA 
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OUTPUT VOLTAGE 
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CHARACTERISTICS 
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BASIC POSITIVE REFERENCE OPERATION 
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ACCOMODATING BIPOLAR REFERENCES 
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0AC08 8BIT HIGHSPEED MULTIPLYING D/A CONVERTER 

BASIC CONNECTIO^B 

RECOMMENDED FULL SCALE ADJUSTMENT CIRCUIT 

LOW T.C. 
VREF 4Sl.n 

• lOVO-

BASIC UNIPOLAR NEGATIVE OPERATION 

BASIC NEGATIVE REFERENCE OPERATION 

1 
- -VftEF * "S 

\ ' '̂  
/ ^ _ I 0 

15 - / 0 
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3IAi CURREM CAMCELLATION, 
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BASIC BIPOLAR OUTPUT OPERATION 

81 B3 83 84 BS 86 B7 
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NEG FULL SCALE 0 0 0 -10.000 - 9920 

OFFSET BINARY OPERATION 

• ^C•08 e-BIT H I G H S P E E D MULTIPLYING D/A CONVERTER 

BI B] B3 B4 B5 BS B7 BS 

1 j . 

POS F U L L R A N G E 

Z E R O S C A L E 
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0.00 
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APPLICATIONS INFORMATION 

REFERENCE AMPLIFIER SETUP 

The OAC-08 is a multlplylng D/A converter in which ihe out-
put current is ihe producl ot a aigi lal number and the mput 
reference currenl. The reference curreni may be (txed or 
may vary (rom neatly zero to +4.0nnA. The full scaie output 
curfeni is a linear tunction ol the reterence cuttent and is 
given by: 

255 
IFS = - r r ^ '"EF where IREF = l u . 

256 

In positiva reference applications. an exiernal positive 
reference voltage torces current through R,4 into the VREFÍ »i 
terminal (pin 14) o( the reference arripiitier. Alternatively, a 
negative reference may be applied to V R ^ F I - I a' P i " ^5: 
reference current l lows from ground through R,4 into VR^FI ,.| 
as in the positive reference case. This negative reference 
connection has the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 is equal to and 
tracKs the voltage at pin 1S due to the high gain of the infer
nal reference amplifier. R^j (nominally equal to R^t) is used 
to cancel bias current errors; Ris may be ellminated vnith only 
a mlnor increase In error. 

Bipolar reterences may be accomodated by offsetting VR^F 
or pin 15. The negative common mode range ot the ref
erence amplifier ¡8givenby:V(;M- = V - plusílREFXllíSIplus 
2.5V. The positive common mode range is V-i- less 1.5V. 

When a DC reference is used. a reference bypass capacitor 
is recommended. A 5.0V TTL logic supply is not recommended 
as a reference. It a regulated power supply is used as a 
reference. R u snould be spiit into two resistors with the 
junction oypasseo to ground wi in a 0.1,iF capacitor. 
For most applications the tight relationship between \fí¿f 
and IFS WI I I el imínate the neeo for tr imming IREF- 'f r®" 
quired. full scale tnmming may be accomplished by 
adjustíng the valué of R u . or by using a potentiometer for 
Ri4. An improved method of full scale t r imming which 
eliminates potentiometer T.C. effects is shown in the 
recommended full scale adiustment circuit. 
Using lower valúes ot reference current reduces negative 
povíer supply current and increases reference amplifier 
negative common mode range. The recommended range for 
operation with a DC reference current is -f0.2mA to 
-^4.0mA. 

The reference amplifier must be compensated by using a 
capacitor from pin 16 to V - . For fixed reference operation, 
a O.OljiF capacitor is recommended. For variable reference 
applications. see section entit led "Reference Amplifer Com-
pensation for fviultipiying Applicat ions". 

MULTIPLYING OPERATION 

The DAC-08 provides excellent multlplylng performance 
with an extremely linear relationship between IFS shd 'nEF 
over a range of 4mA to 4(iA. Monotonic operation is main-
tained over a typical range of IREF '^of" 1 0 0 ^ to 4.0mA. 
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REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 

AC reference applications wil l require the reference 
amplifer to be compensated using a capacitor from pin 16 to 
V - . The valué of this capacitor depends on the the im
pedance presented to pin 14: for Ri j valúes of 1.0, 2.5 and 
5.0k!!, mínimum valúes of Ce are 15, 37. and 75pF, Larger 
valúes of R,4 require proportionately increased valúes ot Ce 
for proper phase margin. 

For fastest response to a pulse, low valúes of R.̂  enabling 
small Ce valúes snould be used. It pin 14 is driven by a high 
impedance sucn as a transistor current source. none of the 
above valúes will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and 
siew rate. For R,j = l k ! i and Cc = 15pF. the reference 
amplifier siews at 4mA/,.s enabling a transitlon from IREF = O 
to lH£F = 2mA in 500ns. 

Operation with pulse inputs to the reference amplifier may 
be accomodated oy an altérnate compensation scheme. 
This technique provides lowest full scale transilion times. 
An infernal clamp allows quick recovery of the reference 
amplifier from a cutoff (IREF = 0) conoition. Full scale transi-
tion (O to 2mA) occurs in 120ns when the equivalent im
pedance at pin 14 is 200ü and Ce = 0. This yields a reference 
sIew rate of lemA/^s which is relatively indepenoent of R,^ 
and V,^, valúes. 

LOGIC INPUTS 

The OAC-08 design incorporales a unique logic mput circuit 
wtiich enaoies dicect interlace to ail popular logic lamiiies 
ana proviGes máximum noise immunity. This teature is 
made possible by the large mput swing capability. 2iiA logic 
input current and completely ad|uslable logic thresholfl 
voltage. For V - = -15V. tne logic inputs may swing be
tween - lOV ana ^ IBV. This enaples direct mterlace with 
-I-15V CMOS logic. even wnen the DAC-08 is powered trom a 
-I-5V supply. Mínimum mput logic swing and mínimum logic 
thresholfl voltage are given by: V - plus (IREF " 1I*"' Plus 
2.5V. The logic thresnold may be adjusted over a wide range 
by placing an appropriale voltage al the logic thresholfl con
trol pin (pin 1. V^e) The appropriate graph shows the rela
tionship between V^c and VTH over the temperature range. 
with VTH nominally 1.4 above V|.c. For TTL and DTL inter-
face. simply ground pin 1. When interfacing ECL. an 
lflEF=lmA is recommended. For interfacing other logic 
families. see previous page. For general setup of the logic 
control Circuit, it should be noted that pin 1 will source 
100(iA typical; exiernal circuilry should be designed to ac-
oomodate this current. 

fastest settling times are obtalned when pin 1 sees a low 
Impedance. If pin 1 is connected to a Iküdivider, for exam-
pie, it should be bypassed to ground by a O.OI/ ÍF capacitor. 

ANALOG OUTPUT CURRENTS 

°oth true and complemented output sink currents are pro-
»lded where IO + Í Í = I F S - Current appears at the " t rue" out-
Put when a " 1 " is applled to each logic inpuL As the blnary 
•^ount increases, the sink current at pin 4 Increases propor-

tionally, in the fashion of a "posit ive logic" D/A converter. 
When a "O" is applied to any input bit, that current Is turned 
off at pin 4 and turned on at pin 2. A decreasing logic count 
increases IQ as in a negative or inverted logic D/A converter. 
Both outputs may be used simultaneousiy. If one of the oul-
puts is not required it must sti l l be connected to ground or 
to a point oapable of sourcing Ipsi do not leave an unused 
output pin open. 

Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversión through a 
resistor tied to ground or other voltage source. Positive 
compliance is 36V above V - and is independent o( the 
positive supply. Negative compliance Is gíven by V - plus 
( IREFX 1k[!)plus2.5V. 

The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection 
and in other balanceo applications such as driving canter-
tapped coils and transtormers. 

POWER SUPPLIES 

The DAC-08 opérales over a wide range of power supply 
voltages from a total supply ot 9V to 36V. When operatlng at 
supplies of ±5V or less. iREF^trnA is recommended. Low 
reterence currenl operation decreases power consumplion 
and increases negative compliance, reference amplifer 
negative common mode range. negative logic input range, 
and negative logic thresholfl range: consult the various 
figures for guidance. For example. operation at -4.5V with 
lREF = 2mA is not recommended because negative output 
compliance would Be refluced to near zero. Operation from 
lower supplies is possible. nowever al least 8V total must be 
aplied to insure turn-on of the internal bias network. 

Symetrical supplies are not required. as the OAC08 is quite 
insensitive to variations in supply voltage. Battery operation 
is feasible as no ground connection is required: however, an 
artificial ground may be used to insure logic swlngs, etc. re-
main between acceptable límits. 

Power consumption may be calculated as follows: 

P;, = (I +) (V -I-) -(-(I -I-) (V - ) -i-(2 IREF) ( V - ) . A useful feature of 
the DAC-08 deslgn is that supply current is constanl and in
dependent of input logic states: this is useful in cryp-
tographic applications and further serves to 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 raled 
operatlng temperature range. Full scale output current dríft 
is tight, typically ±10ppm/°C, with zero scale output current 
and drift essentlally negligible compared to 1/2 LSB. 
The temperature coefflcient of the reference resistor R^4 
should match and track that of the output resistor for 
mínimum overall full scale drlft. Settl ing times of ttia 
DAC-08 decrease approximately 10% at -S5*C ; at 
-«>125*C an increase of about 15% Is typical. 

o 
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One benefit is not^Mhiediately apparent and deserves 
speclal mention. In all of these applications, the digital input 
words can be CMOS, TTL, DTL, NMOS, or MECL, because 
the DAC-08 Interfaces witti all of those logic familles. In 
fact, the two input words may even be from dlfferent logic 
famllies to elimínate speclal level translators or interface 
circuitry. (See AN-17 "DAC-08 Applications Collection.") 

The first arithmetic application is stiown in Figure 17. Two 
DAC-OSs perform a fast algébrale summation wilh a direct 
analog output. The Circuit works by paralleling the outputs 
o( two DAC-OSs and summing their currents while drlving a 
balanced load. The output is the algébrale sum of word "A" 
and word " 8 " in all tour quadrants. 

FOUR-QUAORANT DIGITAL MOPTPLICATION 
High-speed multiplicatlon 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 connecled 
as previously shown, and DAC-08 number 3 provides the 
analog reference inputs to DAC08 number 1 and number 2. 
Those reference inputs are determinad by digital input word 
"A." The circuit's output, I01-I02. is a diflerential current out
put which may be used to dríve a balanced load. 

Four-quadrant multiplicatlon is thus performed by adding 
one more OAC-08 to the basic four-quadrant multipiying 
connection. 
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o -10 

I 1 r 

TO BALANCED LOAD 

I U L Ü l ^ f l ^ - T i 

.¿ ¿ ¿ A ¿ ¿ ¿ ó. 6 ¿ 6 ¿ ¿ ¿ ¿ ¿. f 
(Al DIGITAL IWUT WORD M OIOITAL INTUT MORO 

HIOH SfEEO litONOTONIC Q H U A T K M OVin THf ENTIRI OV-
MAMIC RANCf 
K f i HiGHEST (MULTin.viMa SKEO. ust 2san ncsinoRS 
ANO NO COMKNSATION AS SHOWM. (THIS ALSO LOtNERS THE 
nc rRODUCT A T DAC-OÍ « I OUTPUTS.) 

>zsan Irt 

i , i 

'OUT - 'Oí - 'OJ 

Figura i a Four-Quadrant 8-Blt x S-Bit Digital Multlpller 

M APPUCATION N O l f 20 
EXPONENTIAL DIGITALLY CONTROLLED 

OSCILLATOR USING DAC-76 
By Donn Soderquist 

Mere is a 4-IC, microprocessor-controlled oscillator with a 
8159 to 1 frequency range covering 2.5Hz to 20kHz. An ex-
ponemial, current output IC OAC functioning as a program-
mable current source alternately charges and discharges a 
capacitor between precisely-controiled upper and lower 
limits. This Circuit features instantaneous frequency 
changa, operates wilh -f5V i l V a n d -15V z3V supplies, 
and provides monotonic frequency changes over a 78dB 
ranga — the dynamic range of a 13-bit OAC. 

BASIC OPERATION 

Connected as shown below. the output of the exponential 
DAC is an eight-chord (or segmeni) current rangmg between 
250nA and 2.0mA. The three mosi significant bits select 1 of 
8 binarily-related choros: and the five least significant bits 
select 1 of 32 linear steps within each chord. This current is 
switched between the lo(-^) output and the l o ( - ) output 
under the control of a pin labeled 3B. 

When SB is low, lo ( - ) Is selected, and the DAC's output cur
rent drives a current mirror which ramps the llming capaci
tor in a positiva direction until an upper limlt of OV Is sensed 
by A2. At this time the set-resist fllp-flop (L1) Is set, SB 
becomes a " 1 " , and the DAC's output current is switched to 
the lo(-f) output. Now the capacitor is charged to a lower 
limit of -5V, the fllp-flop is reset. and the cycle repeats 
Itself. 

REFERENCE SETUP 
The multipiying relationship between the reference current, 
IR^):, and the fullscale output of the DAC is 3.863. iR^f: is set 
by the voltage between V-t- and the lower limit divided by 
R1-ff l2. This is so because Pin 12, V R E F ( - ) , is a high-
impedance input. namely the noninvening input of an op 
amp infernal to the OAC. Since both IHEP and the upper and 
lower limits are derivad by dividing down the power supply 
voltages. operalion (frequency of oscillallon) is independent 
of power supply changes. (See Appendix for a complete 
derivation of the timing formula.) 
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current compensation for the DAC reference amplifier is ac-
complished by R4. 

Figures Ib. 1c, and Id show dynamic performance of circuit 1a 
when the digital inputs are swept by an external BCD up-counler 
with cedes of 0000 0001 through 1001 1001 (división by zero is 
not allowedi. 

THEORY OF OPERATION ( - A / X ) 

The Circuit configuration for ihe —A/X function is snown in 
Figure 2a. It is quite similar to that of Figure l a with both the DAC 
reference amplifier and output amplifier termináis reversed. 
Capacttors C l and C2 provide phase compensation. Figures 2b. 
2c. and 2d show dynamic pertormance of circuit 2a. 

DESIGN CONSIOERATIONS 

1. Circuit speed and settiing time are dictated by output op 
amp siew rate. scale factor, and compensation. Use of 
slower amplifiers considerably increases the tllustrated set

tiing times. Effective slew rate of circuit la is 3V/MS. while 
circuit 2a slews 0.6V//is. 

2. Layout and breadboarding of high gain, wide-bandwidth 
devices necessitates considerable care with a ground plañe 
with single point grounding being highiy desirable, De-
coupling capacitors located cióse to the devices' supply 
inputs are essential. 

3. Accuracy of the circuit is within 1% over theO^C to -r-TO^C 
temperature range with 1% metal film resistors R1. R2 and 
R3. DAC lineanty becomesan importan! facieras ihedivisor 
decreases: for this reason 1/4 LS8 linear DAC's are 
recommended 

4. Binary coding may be accomplished by substituting an 8-bit 
binary-coded DAC-08EX forthetwo-digit BCD-coded DAC-
20EX. In addition to ad)usling circuit valúes however. a 
higher performance op amp such as the OP-i 7F is de'sirable 
because the output amplifier's input offset voltage drift 
becomes a more signtficant error source for overall scale 
factor stability over temperature. This is due to the increased 
resolution of the btnary coding. 
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Figure 2. - A / X Function Generator 

APPLICATION mil 24 
THE OP-17, OP-16, OP-15 AS 

OUTPUT AMPLIRERS FOR 
HIGH SPEED D/A CONVERTERS 

by George Erdi 

This applicalion note shows how to make high speed. volt-
age output D/Aconvertersusing the DAC-08and OP-15/16/ 
17 precisión BIFET op amps. Oesigns are optimized for 
hignest speed (OP-17). lowest dritt (OP-16) and for lowesl 
power (OP-15). Althougn theDAC-08isused asanexample, 
tne same configurations work with DAC-20 and OAC-76. 

Converting the current output of a fast IC DAC to a voltage 
wnile maintaining tast setiling time is ditficult. The tull scale 
current of the DAC-08 setties in 85ns. It can be lermmated 
witn a load resisiance. as snown in Figure l . to give a lOV 
oulput- However. in tnis condguration the settiing time wtll 
bedominatedby theRC timeconstantof Riand theDAC-08's 
output capaciiance (T - R-Cj = 5k l l x i5pF = 75ns). It 
requires ó.2 time conslants lo setlle within 0.2'*'o of full scale 
( l /2leastsignif icant bit otan 8-bil con verter). Therefore. the 
settiing time is 500ns mcluding the DAC-08s 35ns propaga-
tion delay 
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Figure 1. OAC-08 with Reelatlve Termlnatlon 
Settiing Time = SOOns (or O to -10V 

Due to this RC time constant, current-to-voltage conversión 
is usually accomplished with a transimpedance amplifier as 
shown in Figure 2. The outpufs response is now limited by 
the amplifier's slew rate and settiing time. However, an addí-
tional pole is introduced at , where C l is the sum of 

the DAC's output capacitance and the op amp's input capac-
itanca. The frequency of this pole is likely to be at an inoppor-
tune location for 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 

DIGITAL INPUTS 

"""lUlUlI 
ai B2 B3 B4 es B6 a / as , \ 

- ^ ^ O DAC-Oi 

V- V- Ce ^ L C / 

11^ i 1)6 

Ce 
0 1-F 1 

1 

. 

Figure 2. Voltage Output DAC with Transimpedance 
Amplilier 

completely cancelled. and the overall settiing will be deter-
mineo by the amplifier sbehavioronly. In addition. 02 can be 
varied to fine tune the system s response and mimmize set
tiing time to compénsate for tne op amp s possibly under-
dampea oroverdampeocnaractenstics- Thedisadvantageof 
ihis circutt compared to that of Figure 2 is that all tnput 
errors. and in particular mput offset voltage ( VQS), are ampli-

R2 
fied by the tactor (1 + ^ ) 

The opiimum speed is obtained — at low cost — by using the 
OP-17. fast, precisión. BIFET-input op amp, .stable only at 
ciosed-ioop gains of tive or more. Therefore. the R2/R1 ratio 

^HEF DIGITAL INPUTS _^^^^^^ 

MSB LSa "^ 

B1B2a3Ma6MB7Sa 
I 1.1 0\4 • 
'REF'** P - ^ — 

- ^ C r OAC-00 

Figure 3. Voltage Oulput DAC with Response Shaping 
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1.2Skn 
DIGITAL INPUTS j - ^ ^ / V ^ 

LSS •=* 

NOTE; VALÚES SHOWN ARE FOR OP-IT. R£FEn XO 
TABLE I FOn 0^-1S ANO OP-ia VALÚES. 

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

Figure 4. O lo -lOV Connection, SettIIng Time = 380ns 

ís set at lour (Figure 4). Settling time lo Q.2''.'o is 380ns witn alt 
bi ts iurning ON (Oto 10V). or all bits turmng OFF (lOV toO). 
The. last 2.5 volts of the nsing waveform are shown m the 
phoiograph oí-Figure 5. The three grades oi the OP-17 are 
specified ai VQS = O.SmV máximum (0P-17E). I.OmV máxi
mum (0P-17FÍ. and 3.OmV máximum (0P-17G). Eventhough 
VQS IS multiplied five times its etfect ts siill less than O 2'ío or 
20m\/ TheOP-17Escontr[Dution wiii be only 1/4 LSB everí 
ona lO-bit sysiem. Theof(sei voi tagecanatsobeinmmed to 
zero. then the TCVQS. at 2 to 4 M V / = C . typicaUy. will be the 
hmiting factor The complementary oulpui of the DAC-08 
can oe used tor a - tOV to - lOV system as deptcted m Figure 
6. Setthng time is only siightly increased because of the time 
required to siew the additional ten volts. Since 1/2 LSB is 
now 40m\/. ihe non-siew poftion is decreased by 70ns. 
The OP-16 is slower than the OP-17 but it is stable m umty 
gain Therefore. improved ouiput-referred error can be 
traoed off for mcreased seitlmg time. The OP-15 is a lower 
power dissipation model. but again this improvement is 
obtained at the expense ol settling time. Table 1 summanzes 

^ ó ó 
• I5V 15V 

r*OIÍ VALÚES SHOWN A«í FOR 0^-17 HtfER TO 
TASLt I fOP» O»- )5 ANO Of- ifl VALÚES 

Figure 6. r lOV Connection, SettIIng Time = 450ns 

the resistor and capacitor valúes for the various amplifiers in 
the circuits of Figure 4 and Figure 6. the settting times 
obtained in these circuils. and the output-referred offset 
errors. 

Tabl» 1. OP-17/16/15 Pertormance a» Oulpul Op Amp lor DAC-08 

OP-17 OP-16 

R, 

o to lOV 
Figure 4 

- l O t c - I O V 
Figure 6 

0P-1S 
O to 10V 
Figure 4 

1.25kll 

- 10 to *10V 
Figure 6 

O to 10V 
Figure 4 

/1.25kll lOkll 

-10lo»10V 
Figure 6 

5kn 
lOkn lOkll 

'Skí l 5kn 
lOkft 

5kn 
Ikt l 

5kn 5kn 
3.3k(l 

8pF 8pF 
3.3kn 

Settling lime to rO.2% 380ns 450ns 

SIew Time 150ns 290ns 

25pF 40pF 30pF 

7S0ns 
50pF 

noons 900ns 1350ns 

1/2 LSB = 0.2% 
400ns BOOns 

20mV 40mV 
590ns 1170ns 

20mV 40mV 
Closed Loop Gain 

20mV 40mV 

Offset Error st Output 
E Grade lulaximum 2.5mV 2.5mV 
F Grade Máximum ' S.OmV 5.0mV 
G Grade Máximum IS.OmV IS.OmV 

1.5 1.5 1.5 1.5 

Q.75mV 
1.5mW 
4,5mV 

Supply Curren! Max|mum 7mA 

0.7SmV 
I.SmV 
4.5mV 

0.75mV 
1.5mV 
4.5mV 

7mA 7mA 7mA 4mA 

0.75mV 
1.5mV 
4.5mV 

4mA 

M[ APPLICATION NOTE 25 
THE OP-06 OP AMP AS A 
LOW-LEVEL COMPARATOR 

By Shelby D. Givens 

I N T R O D U C T I O N 

The Precisión Monolithics OP06 op amp makes an excel-
lent comparator. In (act. for submtilivolt signáis, there is 
simply no comparator that pertorms as well. Ustng an exter-
nal nulling poteniiometer, the offset dritttstypically0.6MV/''C. 
With its high open loop gain of 1 million, only 30MV ts 
required at the mput to drive the output from one saturation 
level to ihe oiher. A 50° C change in temperatura produces a 
30A.IV cnange m VQS; ihus a fofaí error band ot IOOMV inciuú-
ing temperafure ettects is quite conservative, This perfor
mance is an order of magnitude Detter than other compara-
lors. lOOMVsensiKvityismcetohavein l2-bit A/Dconverters. 
Dut it iS essential m 14-bii converters. Where preamplifiers 
are typically needed v^ith mermocoupies and stram gauges. 
the OP06's sensitivity allows dírecí comparison of these low-
leveiouipuis. Asaresult systemcosisdecrease.and reliabil-
ity increases. 

LOW-LEVEL PERFORMANCE MEASUREMENTS 

The low-levelcapabilitiesof the OP06 comparator are graphi-
cally illustrated in Figures 1 and 2 using the test circuit 
beiow Comparator voltage input, appiied through a 100 to 1 
attenuator, is lOOuVp.pin Figure 1 and 40>iVo.oin Figure 2. 
Note that the op amp output still reaches both positiva and 
negativa saturation. 

TEST CIRCUIT 

611X.ÓV, •=• 

x MuucTRrTowuHaviunouNiMiuNataiKicoPU 
I. Am.V i THAT IS fVaMITNICAL AtOUT OHOUNO. I I ^ - " t t S 

f Vi ANO V, MITH MOPf 

Figure 1. IOOA/V P-P Sine Wave Response (Rj; 100Í2I 

I «MV/DIV 

Figure 2. A0^^/ P-P Sine Wave Response (R,: lOOni 

C O M P A R A T O R RESPONSE TIME 

While most comparators are specified for 2mV to 5mV over-
drive. the OP06 opérales very reiiably with only O.SmV over-
dríve. Figures 3 and 4 show the response times for both 
positíve going and negativa going inputs with SOO^V and 
5mV overdrives as measured at the logic output. 

E 

( IFON 
HOaVODI; 
MnVmV 

Figura 3. Potitiva Going Rasponsa Tima (SmV and 50(ViV 
Ov«rdr''es) 

PAGE 1646 

http://30a.iV


demultiplexer, which will have its own break-before-make 
delay. An analog to digital system will have a sample/hold 
ampüíier tn front of the A/D converter. Since the equations 
which apply to these situaiions are difterent. they will be 
discussed separately. Figuie 15 summanzes the conditions 
and the equations which apply to them. 

Since there is no held voltage. then N^^O in the multi-
plexer-demultiplexer system. This reduces N Q lo the simple 
form shown m equaiion O) S, and S2 tollow in equations i2) 
and (3), Since t, = Tp(break-bei'ore-make time of the DEMUX). 
that time will have a signtficant effect on ACCT. The MUX-
sample/hold system imposes the condition S, = So = P2 = 0: 
thus N Q = NH- It will be instructive to compare the levéis of 
ACCT in these two systems versus their appropnate times. 

Figure 16 looks at a "typical" system which will give approx-
imaiely one percent transmission error (33kí' RL and 300'.i 
RQN)- éind has 50pF CL. The valué o( Ci_ is somewhat on the 
high side (20pF bemg typicaí for MUX08 connected to a buf-
fer ampi. Dut it does give a conservative valué (or analysis. 

What Figure 16 shows is rather startiing. The adjacent chan-
nel crosstalk. while inherent in the multiptexer ttself. can be 
eliminated m both systems by ihe proper i immg. ín Ihe case 
of the sample/hold it is oniy necessary 10 deíay the hoíd 
command tor approximately i.2,.sec to have the ACCT 
vanish compieteiy. This is no proDlem. smce mosi sampie/ 
holds need at least 2,.seo lo accurately acquire tne signa) 
(this is particulariy true of monotithic devicesi. The ploj for 
the MUXDEMUX system relates to TQ. which is not ad-
justable tor a gwen DEMUX. What is possibie ts to add some 
delay to Ihe address change lor the DEfvlUX. In this way. the 
DEMUX .vill not look ' al the MUX outpul until the charge 
(rom Ihe previous channei has had a chance 10 dissipale. 

CONCLUSIÓN 

Tatole II summanzes ihe torms of crosstalk and lists ways of 
coping with them. Reüuction oí RQN is helpful m ail three 
cases. White TQR^ shouid be mimmized as much as possible. 
it is importan! that no two channels are ON at the same 
time. In some cases. TQRK is chosen such that even over 
lemperature extremes, the break-before-make fealure is 
maintamed. Since alt three components ot crosstalk are pre
sen! in a dynamic multiplexer, the "careful circuit board 

Table 2. How to Handle Crosstalk 

Crosstalk 
Component 

Variatíon 
wi th fsiG 

Ways to Mínjmize Effects 

Static 6dB/octave • Minimize RQN 
• Reduce stray capacitance (C^Q) 

by caretul ctrcuit board tayoul . 

Oynamic • Min imize R Q N 
• Min imize (CLK 

' Min imize TBHK. but TaR^-O 's 
needed to prevent shor l ing 
channets together. 

' Min imize RL 
> Reduce stray capac i lance (CEQ) 

by care fu l c í rcu i t board layout. 

Adjacent 
Channei 

> Minimize fí^n 
' Minimize ÍQIH 

* Minimizo Jon^, but TQ^K ' ^ ¡s 
needed to prevent short ing 
channels together. 

> Minimize R^ and C^ 
• WAIT belore al lowing sampleJ 

hold or DEMUX to measure MUX 
oulput . 

layoui ' ts imporianí even though il is not hsied tn ihe ACCT 
seciion. 

This paper has pomted out the fact that static crosstalk 
(given on mulliplexer data sheets) is only one of the three 
components o( crosstalk. The models for slatic and dynamic 
crosstalk are relaiively simple and were discussed to show 
how they are retated. The most troubiesome component of 
crosstalk (ad)acent channei crosstalKi was shown not to be 
quite so straighl-forward. For one thing. adiacenl channei 
crosstalk (ACCT) is not signal frequency dependent as are 
CT and DCT. The mechamsm which governs this form of 
crosstalk is stored charge on the MUX node. While CT and 
DCT must be mmimized by caretul layout and once present 
in the multiplexer cannot be reduced. such is not the case 
wiih ACCT. Even though ACCT is present in the multiplexer. 
the proper ttming of demultiplexer or sample/hold commands 
can eftectively elimínate ACCT from the total system. 

M\ APPLICATION NOTE 35 
DAC-08 CONTROL OF 555 TIMERS 

by KIshor Patel 

INTRODUCTION 
This applicalion note describes a digitally or micro-
processor conlrolled one-shot and an astable multivibralor 
using two of Ihe indusl rys most widely used low cost 
building blocks. the PMI DAC-08 8 bit DAC and Ihe 555 
limer. Digital control ranges of 255 to 1 and 510 to 1 are 
shown lor one-shot and astable applicalions allowing 
periods of 18|isec to 1.4 seconds and Irequencies of 1 Hz to 
60 KHz. 

ONE-SHOT LINEAR MODE OPERATION 

In the one-shot mode of operation, the lime delay or the 
one-shot period is determined by a constant current source 
and a capacitor. A digitally programmable constant current 
source is made using the DACOB and two PNP transistors. 
The DAC-08 is a current sink; Ihe two PNP transistors are 
used as a current mirror which reverses the direction ol the 
DAC's smk current forming a current source. The current 
source charges the timing capacitor, causing Ihe voltage 
across the capacitor to mcrease linearly at the rafe o( 

I 'OUT I volts per second from approximately zero volts to 

-?- Vcc of the 555 timer. 

The one-shot's period. T, is basícally an RC product víith 
two other control factors. The R is fixed and represented by 
RREF which seis up the correct IREF current for the DAC. 
With the fixed RREF. the one-shot period is directly proper-
tional to the valué of the l iming capacitor C (see Table 1). 
The other two controlling factors are the DAC's digital 
inputs and the ratio of the timer's Vcc lo the DAC's VREF. 
The one-shot period is inversely proportional to Ihe ñor-
malized digital input valué and directly proportional to the 
Vcc 'o V R E F 'a l io as illustrated in Fig. 2. When operated in 
the linear mode, a 255 to 1 control range of the one-shofs 
period is achieved. 

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 voltage and linally to a time delay or a frequency. 
A DAC-08 converts Ihe digital input to an analog current 

OIOITAL IN^UTI 

liill"' 

: • « w . 
< r.MKn 

• F 
V CIPANDCD . 

NANGI p 

o / 
Q UNCAH 

. I T -
ONESHOT PERIOD. T - - J ^ ^ ^ T T ^ FOR LINEAR IMODE 

2 V c c 
ONE-SHOT PERIOD, T - -r R R E F C " 

l o ) VnEF 

3 ••"•=•- V R E F L I D } 
FOR EXPANOEO MODE 

Figure 1. Digitally Controlled One-Sliot 
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Tabla 1. On«-Shot Linear Moda Timing Tabla 

Input Digital Coda 
V C C = 1 5 V V R E F = 15V 

ONE-SHOIPERIOD (msecl 

C = 1(iF C = 0.1yF 
11 n 11 11 

C = O.OluF 
VCC ° 5V V R E F = 15V 

5.2 

00 00 00 01 
0.505 

C = 1/aF C = O.luF 
0.049 

C = O.OI/iF 

1440 
1.72 0.160 

134 13.8 455 43 

0.0176 

4.8 

24* »» J54 IM «S ?M ÍM „ . 
I t M l MORM*t.l2iO OICITAL IN»UI D' ' ' * ^ ' 

Figure 2. One-Shot Period vt Digital Input 

which is Ihen converted to a vollage by a Iwo transistor 
current source and a capacitor. The voltage is then con
verted to a time delay or trequency by a timing capacitor 
and the 555 timer. 

O N E S H O T EXPANDED M O D E OPERATION 

Range is doubled lo 510 to 1 by operaiing the DAC in the 
expanded range mode with the DAC's I Q U T fed forward 
Irom the relerence input node of the DAC. Expanded range 
mode timing is shown in Table 2 and in the graph of Fig. 2. 

ASTABLE M O D E OPERATION 

An astable mullivibralor is made in a similar tashion in Fig. 
3. A DAC-08 and IVKO P N P ' S lorm a current source driving 
the timing capacitor (C) and a discharge resistor (Rg). The 
liming capacitor is charged linearly by the current source 
and discharged exponeniially through Rg. Once again, the 

r . i « i i • . 

OIOITM. m^^Jn 
• • t f • ! M M M tT M 

u.n.í.uj. 

ír.MKn ^Wl 
*1IV - I W 

K I U T Vcc 

OltCHANOf 

CONTROl 

TMMIMOLO 

OMO 

"Ln-ru:" 

FR6QUENCY, f - — -1 RREFC ~ V ^ • •'O" LINEAR MODE 

FREQUENCV. f • -
1 „ ^CC m FOR EXPANOEO MODE 

* 0.69S RgC 

Figure 3. Digitally Controlled AsUtale Multivibrator 

digital DAC input and the ralio oiTWtimer Vcc 'o ihe DAC's 
VREF provide additional control on the multivibrator's fre-
quency. The digital input has direclly proportional control 
while the Vcc 'o VREF •'a'io has an inversely proportional 
control of Irequency. 

Frequency range is not fully 255 to 1 as expected bul 
approximaiely 220 to 1, because the discharge time (output 
low) of a cycle is invariable tor any digital input being deter-
mined by ihe product of Rg and C. Frequency is shovín 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 multivibrator can be 
microprocessor controlled. Fig. 5 shows the implementa-
lion of a microprocessor controlled one-shot. The eight bit 
latch I74LS377) is used lo interface between the data bus 
and the DAC. Stable dala is latched in by a positive going 
edge ol an address coinciden! pulse. Atler the data is lat-
ched. a buffered negative going address coinciden! pulse 
can be used to irigger the one-sho!. The asiable multi
vibrator is implimented similarily except for elimination of 
the Outfer and the tngger pulses which are not required. 

Table 2. One-Shot Expanded Mode Timing Table 

C - 1«F 

V c c * W 

VRtr • isi 

7^ EXPANDED 
RANGC DAC 
C - 1i.f 
Vcc • 15V 
V B í í • ISV 

UNfAR OAC 
C - IHF 

• Vcc - '«V 
VREF - 15V 

35S lia zS S 
ILS81 MORMALIZED OIOITAL IHKJT }0 | <** 

Figure 4. Multivibrator Frequency vs Digital Input 

CONCLUSIÓN 

Digitally controlled 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 
ihe astable multivibrator a 220 to 1 Irequency range. When 
the OAC is operated in the expanded modes, these ranges 
are doubled. 

Input Digital Code C = 

vcc = 
lyF 

15V V R E F = 

C - O.ljiF 

ONE-SHOT PERIOD (msecl 

15V Vcc 

C = O.OIMF C = \tif 

= 5V V R E F 

c = O. IMF 

' 15V 

C =• O.OIMF 

n n 11 11 

00 00 00 01 

5.2 0.495 0.049 1.72 0.160 0.0176 

2900 26 87 8.4 

Table 3. Astable Linear 

Input Digital Code 

00 00 00 01 

11 11 11 11 

Mode Frequency Table 

ASTABLE MULTIVIBRATOR FREQUENCY (Hz| 

R B = u n ; Vcc = 15V: V R E F = 15V 

C = I M F C - O. IMF C = O.OIÍJF 

1.49 14.7 156 

328 3.279 33,333 

R B - IkQ: Vcc = 5V: 

C = I M F C ' O . I M F 

4.86 49.8 

717 7,273 

VREF =• 15V 

C - O.OIdF 

433 

60,241 

Table 4. Attable Expanded Mode Frequency Table 

Input Digital Code 

00 00 00 01 

11 11 11 11 

ASTABLE MULTIVIBRATOR FREQUENCY (Hzl 

Rg = I k f i ; Vcc = 15V: V R E F = 15V 

C = I^F C = O.IOfiF C = O.OIMF 

0.74 7.69 79.9 

328 3,279 33,333 

RB = I k í l ; Vcc =• 5V: V R E F = 

C = IjíF C = O . I M F 

2.42 24.7 

714 7,299 

10V 

C - 0.01;iF 

217 

60.241 

z < 

o 
z 
z 
o 
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Figure 5. Microproceisor Controlled One-Shot 

MI ft APPLICATION NOTE 40 
A BUFFER APPLICATIONS COLLECTION 

by Shelby D. Givens 

INTRODUCTION 

This Application Note consisis of a coliection of circuits 
which apply buifers to the solulíons oí a variety of ptoblems. 
As will be shown, buffers may be used to make filters. cur-
rent sources, cable drivers, sample and holds, high speed 
instrumentation amplifiers. line drivers tor mulliplexers. cur-
rent boosters for voltage references, and high speed voltage 
output DACs. 

INDUCTORS ANO FILTERS 

The active inductor in Figure 1 is realized with an eight-lead 
IC. two carbón resistors, and a small capacitor. A corrtmer-
cial inductor ol 50 hennes may occupy up to Uve cubic inches. 

0 \ ( 

1. n^njC 100 Hdtni ís 
BS f 7 • 100-
«p - «1 • lOMíC . 

n 

100 

t: 
•^ 

• RtUOfcNCV Ll^tl IS AP»nO)llAMItt, 

«I, 100 AT 1 - 0 l!i9Hi 

of TM 

OM ^ 

UWf B 

Figure 1. Active Inductor 

The tuned circuit shown in Figure 2 uses the simulated in
ductor of Figure 1 (H,, R2. Ct) and C2- Depending upon 
whether the circuit is driven at Ei or E j the responsos of 
Figures 3 or 4 result. The resonant response in both cases is 

I» V HiRlClCl ' 

INTUTS MAV ae AT El OH E]. ORAfNS Of THE TWO 

RESTONSES WILL SHOW AOVANTAOU ANO OISAOVAHTAGES. 

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

- •• ! 1 1 r ' 
RESTONSE FROM 

«1 - 2.» MEQ^ 
«2 • 100!! 

C j • lOOnf 
tg • 103MI 

! 1 
• i 

1 N 

H H Í 

ll ' ' 
1 \ 1 

1 V L 

: 

1 

1 • ' 

| : • 

ÍÍH 

£1 ' , C? 
1 - . : B I R S I C 2 • l-HiCí 1> • Cl ' 

Figure 3. Response from E-. to V 
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Figure 2. Tuned Circuit 

Figure 4. Response from E2 to Vout 

Figure 5 shows a low pass filter realized for fg of 1MHz. 
What is remafkable about this filter is irtost ICs do not have 
the full power bandwídth to handle 1MHz signáis in tha S to 
10 Volt rango, while the BUF-03 has a greater than 4MHz full 
power bandwídth for. a 20Vp.p sinewave. Similar comments 
apply to the filter in Figure 6. In other words, (ha extreme 
bandwídth of the BUF-03 extends the bandwídth capabllity 
ot cenatn classes ot active filters. 
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Figura 5. Low Pa» Filter (High Frequencyl 

\" I"' 
ir Cl • C2 - C. TMiN 
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MI ef 
5MK m 2 a M I03K O TI 

Figrue 6. High Pass Filiar (High Frequency) 

The BUF-Oa can be used to mai<e a 4.5MHz trap for use in TV. 
This Circuit is shown in Figure 7, ano the elements are 
chosen such that no capacitor is less Ihan 100pF. 

' • "E in i i 
H i « n j - 211] 

Figura 7. Notch Fi l t t r at 4.SMHz 

HIGH SPEED CURRENT i RCES 

The BUF-03 in combination with an OP-16 produces a bipolar 
voltage-controlled current source. The circuits shown in 
Figures 3 and 9 were breadboarded and found to have rise 
times of approximately Vsec. Since the waveforms had 
definile 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. 
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Figure 8. Inverting Bipolar Current Source (High Speed) 

V- ., H 

•MATCHCO SO THAT ^ 

• ' »í « i 
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e • 'ZV AMO RL •- 1 eni!. N O T E T H A T V Q I S ' 10V 
UNOCR THCSE CONOITIONS. -

Figura 9. Noninvaiting Bipolar Currant Sourca 

DATA ACQUISITION SYSTEM APPLICATIONS 

Because of the speed of these devices, the BUF-03 and 
OP-17 allow trie fabricatlon of a high speed Instrumentatlon 
amplifler as shown in Figure 10. The output of the in-

^ • ¡^ FOB COOO COMMON MQDE REJECTIOM 

R4A IS AOJUSTEO FOR BEST CMRR. 

Figure 10. High Speed Instrumentation Amplifier 

strumentation amplifier will likely be multiplexed 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 
capabililies. The connection for this application is shown in 
Figure 11. The realization of a high speed sample and hold is 

^^ 
^ 

l>-^ 

MUKOI 
u u x 

O U T ' P 
-^ 

STBAV CAFACITAMCC AT MuLTIFLEXEB OUTFUT 
r*O0E SHOULO BE MlNtUiíEO TO BEOUCE 
CHANfvCL T O C H A N N E L CBOSSTALK 
A BUFFER MrnOSt SLEH "ATE IS TOO SMALL MILL 
INCREASE CHANNEL TOCHANNEL CRQSSTALK. 

Figure 11. High Speed Une Driver for Multiplexers 

possible using the aUF-03 and suítable analog switches. 
The Circuit shown in Figure 12 provldes the highest speed 
because there are no feedbacK loops to slow down the set-
tling times. Typically the sample and hotd is foltowed by a 
successive approximatíon analog-to-digital converter (AOC). 

•OURGE OF auF-03 15 aatoUL THERtFORi THC SLEW 
RATE INTO A UOpr HOLO CAPACITOR WILL BC 120V/i.SEC. 
THUg THE SLEW RATE OF THE SAMFLE AMO HOLO 

aiicu>T II uMiTco ev THE CATACITOH CHAROIMO TIHK. 

Figuré is . Híflh Spe*d Samplo and Hold 

The aUF-01 is shown in Figure 13 as the Input buffer for a 
14-bit AOC. Because of Its extreme accuracy. the BUF-01 
can resolve V»lSBoÍ a 10V, 14-bit system. The final applica-

:10V 

• MAXIMU 
• RESOLU 
• BUF 01 fl 

\ . ^ 

y^ 

*VN 

VREF 

I44IT AOC 

U ERBOB FROIM BUF 01 IS IOOLV. 
ION OF lav 14-aiT AOC is eto-v. 
ESOLVES I J 2 L U O F lA-BlT SYSTEM. 

DIGITAL 
OUTPUT 

Figure 13. High Resolution ADC Input Buffer 

tion involves the BUF-03 and the OAC-08 (digitalto-analog 
converter). Figure 14 shows how it is possible to develop 
both V(¡u, and Vo^,. The output capacitance of the DAC-08 is 
approximately lSpF, thus as R,, increases in valué, sodoes 
the settiing time for Vo^i {and V^uJ. 

Í R O 

>OUT «t» 

S Bo 

V 
I ILimSErTLINC Il^E 

SYSTEM rtiLL DRIVE CABLES OR TniSTEO »*IRS 

Figure 14. High Speed Voltage Output DAC 

LINE DRIVER APPLICATIONS 

If your BIFET "l ine driver" has the speed but not the stability 
or the current capability lo Orive coaxial cables, its output 
may be butfered with a BUF-03 as shown in Figure 15. Figure 

CAf ACITIVE LOAO STABIUTV OF BUF«3 MAKES IT 
AN IDEAL INTERFACE BCTWCCN BIFET O* AMM 
ANO SHIELOEO CASLET 
NOTE: TO MAIMTAIN ACCURACV IN THC SUFFCN 

Figure 15. Convert BIFET Into Cable Orwar 
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16 shows an alternative connection when better accuracy 
and more current capability is needed. Note that the llmita-
tíon on RL 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 oi the op amp. 

Figure 16. Current Booster 

MISCELLANEOUS USES OF BUFFERS 

An accurate buifer can be useful for isolating a relerence 
zener (rom load lluctualions. In this way the same zener can 
be used in a variety of relerence sltuations. The circuit 
shown in Figure 17 can supply up lo lOmA (5mA lor the 

V 

9 

i-
1 V2 

• ^ 

-V[ • JOOwV MAX f OH aur 01 
Vt • 1 &">v MAX Fon BU» 03 

Xy^^ IV • 'itfJi MIN 

BUf O í ^ 

Figure 17. BuHered Voltage Reference 

BUF-02) to a load using a BUF-01. Single supply applications 
can be realizad using either the BUFÍI2 or the BUF-03 as 
shown in Figure 18. 

o If 

•NEEDED FDR LOW 
IMPEOANCE AT MlGH 
fREQUENCIES 

<LOW * r V(N . l.*SHf I 
l i o » » ' « 0 U I • ' » " • ! 
ASSUMC V||4 • lOV r » SINE MAVE ISV PEAl 
THEN rUlL fOWEH BAMOWIOTH IS 

TMfeHt FOA BUF 01. ANO 
• MMMi FOflBUFOa 

Figure 18. Single Supply AC BuHer (High Speedl 

CONCLUSIÓN 

While the list is by no means all inclusive, this application 
note has attempted to point out some ol the myriad ot uses 
lor the IC buifer. In particular, the BUF-OS makes possible a 
whole new class ot high frequency filters and high speed 
current sources. Many problems in data acquisition systems 
can be solved by the use ol bulfers. In addition, the BUF-03 
is usetul in providing increased drive current, as v»ell as the 
ability to drive long cables wiihoui instability. Finally, the 
versalility ot the relerence zener can be increased by using 
butlers, and tor AC applications the buifer can be used on 
Single power supplies. 

mi] N^h APPUGATION ÑUTE 43 
THE DAC-76 IN CONTROL APPLICATIONS 

by Mike Parsin 

This nole 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 varlous 
levéis of DC or AC for multiplying. and both encode or 
decode capabilities are on-board the COMDAC*. Tvwelve-bit 
accuracy can be obtained with a logrithmíc 7-bit plus sign 
microprocessor compatible D/A converter. 

The DAC-76 is at its best wíhen measurement and control 
become cntical as the signal approaches zero volts. Not all 
control systems that requtre precise control need the accu
racy of a 12-bit digital-to-analog converter over their entire 
range o( operation. In fact. the non-iinearity of a 7-bit com
panding D/A converter can be quite an advantage. 

C O M D A C » CHARACTERIST ICS 

The term "companding" comes from compression/expan-
sion which is used extensively in the telecommunlcation 
Industry. Compressíon is performed in the encode or 
analog-to-digital conversión mode, and expansión occurs 
during decode or O/A conversión. The A/D transfer character-
ístic is seen in Figure 1. Eight potnts which are referred to 
as chofds or segments are selected by a 3-bjt binary code. 
Within each chord are 16 steps selected by a 4-bit binary 
cede. Each chord segment is linear to 1/2LSB. Step size 
vanes from 0.025% in chord O to 3.2% • of full scale > in chord 7 
iseeTable 1 •. 
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Figure 1. Transfer Characteristic Figure 2. DAC-76 Equivalen! Circuit 

Table 1 

CHORO 

0 

1 

2 

3 

4 

5 

6 

7 

Step Slze Summary Tabla Decode Oulpul (Slgn Bit Excluded) 

STEP SIZE 
NORMALIZED 

TO FULL SCALE 

2 

4 

8 

16 

32 

64 

128 

256 

STEP SIZE 
INuA WITH 

20a7.75|.A F.S. 

o.s 
1.0 

2.0 

4.0 

8.0 

16 

32 

64 

STEP SIZE 
ASA^OF 

FULL SCALE 

O.Q2S% 

0.05% . 

0 . 1 * 

0.2% 

0.4% 

0 .8« 

1.6% 

3.2% 

STEP SIZE 
IN dB AT 
CHORO 

ENDPOINTS 

0.60 

0.38 

0.32 

0.31 

0.29 

0.28 

0.28 

0.26 

STEP SIZE AS 
A % O F R E A D I N Q 

AT CHORD 
ENDPOINTS 

6.67% 

4.30% 

3.65% 

3.40% 

3.28% 

3.23% 

3.20% 

3.19% 

RESOLUTION 
a ACCURACY 

OF EQUIVALENT 
BINARY OAC 

SIGN + 12 BITS 

S I G N + 11 BITS 

SIGN + 1 0 BITS 

S IGN + 9 BITS 

S IGN + 8 BITS 

SIGN + 7 BITS 

S I G N + 6 BITS 

S IGN + S BITS 
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BIPOLAR REFERENCES 

Operation with bipolar references is achieved by 
modulating IRJF as shown in Figure 5. To aid in understand-
Ing bipolar operation, see the equivalent Circuit in Figure 4. 
The referencB inputs of the DAC08 are op amp inputs — 
V H E F ( + ) being the inverting input and V B E F ( - ) being the 
noninvening input. Excellent gain linearity of the reference 
amplifier allows muitiplying operation over a range of IREF 
of 4nA to 4mA with monotonic operation from less than 
1 0 0 ^ to 4mA. 

Cc = 15pF, the reference ampiifier siews at 4mA/dS enabl-
ing a transition from IREF = O to IREF = 2mA in 500ns. If R,4 or 
the parailel equivalent resistance at Pin 14 is less than 
200Q. no compensation capacitor is necessary, and a full-
scale transition requires only I6ns. 

TWO-QUADRANT MULTIPLICATION 

There are two forms of two-quadraní multiplication: bipolar 
digital, where the digital input word controls output polarity, 

VntF . . -• ''' 

MS8 ,• tSB 
• V- ;v i .c : B I . 8 J r s j : B 4 :n ; M - B T ^ B Í 
'3 1 ^ a 7 S 9 10 n 12 

1 1 ^ 1 

CUitRtMT * • • ' • • • • - — «̂  - - »•— - »- . — • 
SMiTCKts - • : : • • • - , » - • , - • • • - I » ' • , - > , -

;::; í i i í i A ¡ í í 

• co\w • V -

-í__(Ouf 

Figure 4. DAC08 Equivalent Circuit 
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4 .v- i i., i , 

Figura S. Bipolar Relarancs Connections 

REFERENCE AMPLIFIER COMPENSATION 

AC reference applications will require the reference 
amplifier to be compensated using a capacitor from Pin 16 
to V - . The valué of this capacitor dependa on the im-
pedance presentad to Pin 14: lor R,4 valúes of 1.0, 2.S and 
5.01(0, mínimum valúes of Ce are 15, 37, and 75pF. Largar 
valúes of R^ require proportionatsly Increased valúes of Ce 
lor propsr phase margin. 

FAST PULSEO OPERATION 

For fastest muitiplying responso, low valúes of R^ enabling 
small Ce valúes should be used. For Ri4 = 1l(Q and 

and bipolar analog, vnhere the analog reference input con
trols output polarlty. 

Bipolar digital two-quadrant mutliplication is shown in 
Figure 6 with the output polarity being controlled by an 
offset-binaty-coded digital input word. 

Bipolar analog two-quadrant multiplication Is shown in 
Figure 7. A bipolar reference voltage Is connected to the up-
per 0AC08 and modulates the reference current by ± 1 .OmA 
around a qulescant current of l. lmA. The lower OAC-08 also 
has a reference current of l . lmA; dua to the parailel digital 
inputs, the lower OAC-08 ef fectlvely subtracts out the quies-
cent 1.1mA of the upper OAC-08's reference current at ail in

put codes. since the voltage across R3 varíes between 
-10V and OV. Thus, the output voltage, EQ, is a product of a 
digital input word and a bipolar analog reference voltage. 

B1 BZ 63 B4 SS 66 B7 66 

POS FUUL SCAL6 

e i 82 6 ) 64 BS B6 01 Ba I Q mA I Q mA E Q {V] 

1 1 1 1 1 1 1 1 1 992 0 000 <-9 9a 

POS FUlL S C A L E - I .S6 

( * | 2 E B 0 S C A L E 

i - iZEf lO SCALE 

O t 984 0 008 * 9 e 8 

1 O O O O O O O 1000 0 992 •O 040 

0 1 ) 1 1 1 1 1 0992 1000 - 0 0 4 0 

NEG FULL S C A L E - t s a O O O O O O O t 0 008 1984 - 9 8 8 

NEG F U L L SCALE 0 0 0 0 0 0 0 0 0000 1992 - 9 9 6 

Figure 6. Bipolar Digital Two-Quadrant Multiplication 
(Symmetrical Offset Blnar^) 
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Figura 7. Bipolar Analog Two-Quadrant Multiplication 
(DC-Coupied Digital Attenuator) 

FOUR-QUADRANT MUTLIPLICATION 

Fourquadrant multiplication combines the two forms of 
two-quadrant multiplication. Output analog polarlty is con
trolled by eíther the analog Input reference or by the offset 
bínary digital input word. One implementation of this functíon 
with the DACOa is shown in Figure 8 with output current 
valúes usted in Table 1. 

MICH SPEtD MONOTONIC Of(6*riON 
OVtB (NT<nE n&NCE 
HICM iM»EOANCÍ OlEKftlNTlAL 
INMIS 

1 PACKACES V I ] roR VOLEACE 
SWtTCHED OACS 
TnuE CURRENT 0UT6uT - MIOE 
COMVliANCE 
A0JUSTA6LE LOClC THnE&HOI.O 
«ROE K})TER Sum.v RANGC 

Figure 8. Four-Quadrant Muitiplying OAC with 
with Impedance Input 
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The fourquadrant mutlipiying OAC circuit shown accepts a 
differenlial voltage input and produces a différential current 
output. An output op amp is not shown because it is not 
always required; many applications are more suiled for high 
output compliance ( - 10V to + 18V) différential current out-
puts. Typical baianced loads include transformers, trans-
ducers, transmission lines, brídges and servos. 

Operation of the four-quadrant multlplier may be rrrare easily 
visualized by considering that il either V |N=0V or the offset 
binary digital input coda is at midscale (oorresponding to 
zero), then a changa in the other Input will not af fect the out
put. Zero multiplied by any number equals zero. 

A common mode current will be present at the output and 
must be accommodated by the baianced load. A pair of 
matched resistors may be used at the outputs to shunt most 
of the common mode current to ground, thus reducing the 
common mode voltage swing at the output. 

s 



Tabla 1. Four-Quadrant Multipiying Current Valúes in Figure S. 

DIGITAL 
INPBT 

1111 1111 

1000 0000 

0111 1111 

0000 0000 

1111 1111 

1000 0000 

0111 1111 

0000 OOOO 

1111 1111 

1000 0000 

0111 1111 

0000 0000 

V I N ( + ) 

+ 5V 

+ 5V 

+ 5V 

+ 5V 

ov 
-10V 

+ 10V 

ov 
- 5V 

- 5 V 

- 5 V 

- 5 V 

V I N ( - ) 

- 5 V 

- 5 V 

- 5 V 

-5V 

OV 

- l O V 

+ 10V 

ov 
+5V 

+ 5V 

+ 5V 

+ 5V 

DIFF. 

+ 10V 

+ 10V 

+ 10V 

+ 10V 

ov 
ov 
ov 
ov 

- lOV 

-10V 

-10V 

-10V 

IREF 
#1 (mA) 

2.000 

2.000 

2.000 

2.000 

1.500 

2.500 

0.500 

1.500 

1.000 

1.000 

1.000 

1.000 

IREF 
#2 (mA) 

1.000 

1.000 

1.000 

1.000 

1.500 

2.500 

0.500 

1.500 

2.000 

2.000 

2.000 

2.000 

lo#1 
(mA) 

1.992 

1.000 

0.992 

0 

1.494 

1.250 

0.248 

0 

0.996 

0.500 

0.496 

0 

lo#2 
(mA) 

0 

0.496 

0.500 

0.996 

0 

1.240 

0.250 

1.494 

0 

0.992 

1.000 

1.992 

loi 
(mA) 

1.992 

1.496 

1.492 

0.996 

1.494 

2.490 

0.498 

1.494 

0.996 

1.492 

1.496 

1992 

lo#2 
(mA) 

0.996 

0.500 

0.496 

0 

1.494 

1.250 

0.248 

0 

1,992 

1.000 

0.992 

0 

lo**1 
(mA) 

0 

0.992 

1.000 

1.992 

0 

1.240 

0.250 

1.494 

0 

0.496 

0.500 

0.995 

l02 
(mA) 

0.996 

1.492 

1.496 

1.992 

1.494 

2.490 

0.498 

1.494 

1.992 

1.496 

1.492 

0.996 

•OUT 
DIFF. 

0.996mA 

0.004mA 

-0.004mA 

-0.996mA 

O.OOOmA 

O.OOOmA 

O.OOOmA 

O.OOOmA 

-Q.996mA 

-0.004mA 

0.004mA 

0.996mA 

HIGHEST SfEED FOURQUADRANT 
MUI.TI>LYINS CQdSIDERATIONS 

The contiguration shown in Figure 10 makes use of the 
DAC-08's abilily to opérate i>> a last-pulsea relerence moga 
wilhout compensation capacitors. This tecnnique proviaes 
lowesl lull-scale Iransitipn times. An internal ciamp ailovis 
quicK recovery. of ttie relerence amplitier from a cutotf 
(Ingp = 0) condition. Thís cpnnection yields a relerence siew 
rale o l l6nnA/itS wMích is relalively indepenoent ol R,^ and 
ViN valúes, 

Inpul resistances are npt limitad to lOki!. Por exarriple. 
lOOKil resislors for R,,,, and RIN2 allow 2IOOV relerence 
voltage inputs maKing this connection especially uselul m 
high common mode voltage environments. Excepi lor dil-
lerent relerence trealment. oparation and digital input 
coding are iderilical in the circuits stiown in Figure 8 and in 
Figure 10; both have the transfer lupction shown in Figure 9. 

iQur • 101 - 'oí 

- > — ^ W • * • 
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UALANCID 

O / : • 

250:. RtSISTaHS,4M3 UMiiSHJS Of CÚMP(NSAIiO-í CAPACirtlAS ~ní (if> 
IIONAL FOR f ASI ruLSfO RErERENCí OPfHATlOM 
IMPUT OtfrERtNTIAL -IvO COUMON 'MJOt RAKütS AOE EXTENOABLí BV' 
1,'WCREASINC ion-.: RESISIOftS t X A M m tOOk'.. fOR TOOV 
HIGM SPEED MULimviNC COMNECTtOM.VtlTH MONOTOMC SeíRATlO»! 
OVEN ENtiRt RANUE 
M>T NtCESSAAV TO WOOULAIE BOTH OAC'S Vl*l» THE REFtRENCC INPUT 

Fisura 9, FMKvAuadrant.lHuItlpIying OAC Transler Functlon 

Flguns.lO. ffoMrrQuadrant Multipiying DAC with Extend^ble 
lopyt Bvnge and HighesL.Speed, 

A&COUPLED MULTIPLtCATION 

SomemultipIying.pAC applications.are more!.Qasiiy achíeved 
with AC coupitng. A i the same time, a high impedance input 
is often reqMired to avoid loeding a relatively highsource im-
pedance. Botb requirements are met by the circuits. shown 
in Figure 11 and Figure 12 whích use the compensation 

11 
VQIFSI • O.TTSVnm • CUB 

Vo 
- f O 

Ql-F T 

© V,N - i j 
I- ^ 

OICITAL CONTROL l^PU^ 

Figure 11. High Input Impedance ACCoupted Multiplication 
(Audio Frequency Digital Attamilor) 

capacitor terminal (Ce) as an input. This is possible becausa 
Ce is the base ol a transistor whose emitter is ene diode 
drop (0.7V) away Irom the R-2R ladder networli common 
baseiine interna! to the DAC08. 

yvilh a fuU.-scale input coda the outpul. VQ. IS fíat to 
> 200kMz and is 3dB down. at approximately 1 .OMHz making 
this. type ol multipiying connection useful even beyondíthe 
audio treduency ranga. Such a connection: is iltustrated- in 
Figure 12 oparatiog al 455kH2, the highest recommended 
oparating frequency in this connection. 

DIGITAL CONTROL INPUT 

OFfSET BINAftV COOING ALLOMA PHASE INVERSIÓN QR TMOQUAORANT 
MULT1PLICAT10.-4 
•&NSEC SErTLI>«C TIME FOR DIGITAL INPUT CHANCE 
LOW OISTORTION ANO MlGM SPEEO 

Figure 12. High Inputtmpsdanc» ACCeupledMuttipHeatlon 
(I.F. Amplitier/Dtgftst Anenuatfif'> 

DIFFERENTIA l . A N D RATIOMETRIC 
A/D CONVERSIÓN 

Complementary/differenttal currenlsource outputs and 
multipiying capability allow the SAC-OS lo be usad in dil-
lerential and ratiometric A/O convarter designs directly 
without signar condil ioning ampliflers. This group o l ap-
plications begins v»ith the basiC dilferential A/D convetter 
and ratiometric AID conveter connections-followed by more 
specific appiications. 

O"" o 

>ibhi; >i5*ii 
^OMPARAIOR 

:s:z 
SUCCESStvt 

A*MtOX>MATlON 
P fcrO CONVEflSlOM 

LOGtC 

OIFKWENTIAL INPUT RAMQE- :SV M I T H : 5 V COMMOM M O O C V O L T A G E RANGE 
USE Skít IHPUT RESISTORS FOR OlFFEflENTIAI, INMIRANGE OP :10V «ITM' 
OV COMMOM MOOC VOLTACE RANGE 
UStOr04OI|-0P-U DUAL MATCHED OP AMPTCONHECTEO AS VOLTACE K H . -
LOWERSJF H1GH4NPUT IHPCOAItCE IS HEQUIRCD 
OlOOES-AilE I M t 4 n . 

O 6 o j) 0 0 o á 
DIGITAL OUTPUT 

F igúre la : DlUerential Input A/D Conversión Baalc Connectlons. 
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These ara eytremaly cost-effective designs due to their'low 
parts count and simpllclty. Alternativa designa parforming 
Idantical funotlons require Instrumentation ampllflers for 
the differantlal-to-single-ended Input slgnal condltionlng and 
analog multlpliers or dlviders for the arithmetic functlons. 

DIFFERENTIAL UD CONVERSIÓN 

The Circuit in Figure 13 uses the high voltage compliance 
current output capabliity of the DAC-08 and tha high com-
mon moda voitage re¡ection of the CMP01 to conatruct a 
dilfarantiai input AOC without input signal conditioning. 

A successive approximation AOC is constructad with four 
ICs: a HEF-01 + 10V referenca, a 2502'typs successive ap
proximation register, a CÎ P-Q1 precisión voltage compara-
tor, and a DAC-08. As shown, the circuit converts an analog 
input In less than 2.0)iS. For lowar speed requirements. the 
A/O conversión iogic can be the tracking or servo type con-
sisting of up/down counters. 

FOUR-QUAORANT RATIOMETRIC A/O CONVERSIÓN 

Ratiomatric AJO conversión with fully diflerential X and Y In-
puts is accomplished with the Circuit in Figura 14. Here, ona 
set of inputs. Vx, is connacted In a manner similar to tha Cir
cuit In Figure 13. and the othar set of Inputs Vy. Is connectad 
In a multlplying fashion. Operation is as follows: l̂ gp for 
both the uppar and the iower DAC-OS is modulated between 
ImA and 3mA: and the resulting output currants are dlf-

ferentlally transformad Into voltages by the 5MI reststors at 
the comparator's Inputs and compared with the Vx differen-
tlal Input. When the conversión procese is complete (com-
parator inputs differentlaiiy nulled to less than 1/2 LSB) a 
digital output Is available which corresponds to the quotient 
of Vx/Vy. Thus, four-quadrant ratiometric AID conversión is 
achieved with lour ICs and without instrumentation 
ampllflers. 

BRIDQE TRANSDUCER NULL 

In many control systems, bridges must be nulled. and a 
digital representatlon of the bridges error must be provided 
for computar monitoring and control. The circuit in Figure 
1S accompllshes both tasl<s by using the DAC-08 com-
plamantary/dlfferential current outputs to nuil the bridge 
with the DAC-08 connacted in a tracliing diflerential ND 
converter conflguration. The REF-02 reference voltage 
source provides both tha bridge excitation voltage and the 
positiva refarence voltage for the OAC-08. Soma of the ad-
vantages of thls circuit ara Usted at the bottom of Figure 15. 

POWER MONITOR 

Another aifferentlal current-input AOC is shown in Figure 16 
with a transformer-coupled input. An up/down counler. a 
precisión high-speed comparator. and the OAC-08 form a 
tracking A/O converter which conlinuously monilors the 
analog input. Two precautions must be observed: the com-
mon mode voltage at the comparator's inputs must not ex-
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FlQur* 14. Four*Quadrant R«tlofii«tric A/D Convarelon BMIC Conntctlon». 
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coRRECTiON CURRENT TRACKX •n ioc t sum.Y so 
NULL IS MAINTAINEO 
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NO OPCRATIONAL AMPtlFICRS OR SUMMING RESIS-
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Figure 15. Bridge Transducer Nuil 
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Figura 16. Powar Fault Monitor and Detactor 

caed ±10V; and tha differantlal voltage must not exceed 
11V. Voltage-llmitlng raslstors at th» comparator's Inputs 
ara recommended. 

ALGEBRAIC DIGITAL COMPUTATION 

Frequantly, a digital arithmetic operation'(addltlon, subtrac-
tion, muItlpHcatlon, or división) must be performed, and an 

analog output must be provided. Tradltlonally, tha arith
metic operatlons ara performed with several ICs, and the 
output drlves a O/A converter. Thls section decrlbes appllca-
tlons o( tha OAC-08 as an arithmetic bullding block, new 
deslgn approaches that reduce tha number of packages re-
qulred In many appllcatlons. Today's low cost, versatlle 
OACs merlt a deslgnar'a conslderatlon aa arithmetic 
alaments. 
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