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INTRODUCCTIAON

La necesidad gue tiene el Ingeniero de optimizar los equi
pos que utiliza, sujeto a los condicionamientos del medio, hace -
gue su actividad se dirija mayormente a la investigacién, casos de
paises desarrollados, o dedique mas tiempo a solventar esta desven
taja, dotando de mayor utilidad y funcionalidad a los equipos que
dispone.

El presente trabajo OEOrga a uno de los equipos mas utili

zados, el osciloscopio, una de las cualidades que la téecnica ofre

ce: MEMORIA DIGITAL.

Por limitaciones de cardcter econdmico, debe lograrse un
disefio que permita su utilizacidén en el mayor ndmero de oscilosco

pios con que se cuenta en Laboratorio.

Esta tesis no trata de la teorfia digital Pésica ni cubre

dreas tratadas en trabajos similares.

El trabajo desarrollado en cada uno de los capitulos es -

el siguienta:

En el primer capitulo ss trata de los objetivos del pre--

sente trabajo y se delimita sus alcences.

Un estudio tedrico sobre la memoria se presenta sn el se-

gundo capitulo.

En 8l capftulo tercero se realiza el diseffo detallado de

la memoria.
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Tala GENERALIDADES

Uno de los equipos de mayor utilidad en laboratorio es el
osciloscopio, por tanto merece especial atencién. Serd de mucho
beneficio dotarle de cualidadee que hagan de este equipo més ver
$4til, por ejemplo: incrementar su respuesta de fracuencia, dotar

le de una memoria, etc.

El presente trabajo estd orisntado a lograr una ds estas
cualidades: dotar de una memoria digital a un osciloscopio. Para
una mayor funcionalidad del disefio deberé ser enfocado en sentido

mucho més ganeral.

Actualmente existen diferentes técnicss para almacenamien
to de informacibn, tanto digital como analdégica. Se prefiere péra
el presente trabajo el almacenamiento digital por las venta jas --
que ofrece. El presente trabajo deberé constar de una etapa de -
conversién analdgico - Digital ( A/D ), la memoria digital, etapa

de conversidn digital - analégico ( D/A ) y el sistema de control.

El disefio debe incluir ademds la etapa de atenuwacién y el
sistema de fuentes necesarias parsa su funcionamiento. Lo indicado

se presenta en 8l diagrama de bloques de la figura N2 1



ATENUACION CONVERSOR MEMORIA CONVERSOR
AMPLIFIC. ANALOQGICO DIGITAL > DIGITAL
' DIGITAL ANALOGICO
CAD CDA
SISTEMA [—= SISTEMA
’ —
DE . DE
-
FUENTES CONTROL
- FIG. NI

La informacidén a grabarse debe primero alcamzar los nive-
les de voltaje necesarios pare procesarse normalmante, en la eta-
pa de aténuaciénaamplificacién, Posteriormente debe convertirse -
de su forma analdgica a digital como serd almacenada en la memo_ -

ria. Para su presentacidn en el osciloscopio debe convertirse de

st forma digital a amnaldgico.

1.2 0B JETIVD TEENICD

El objetivo técnico del presente trabajo radica en dotar
de memoris digital 8 uno de les osciloscopios que se dispone en
laboratorio, Los que actualmente se disponen carecen de esta ca--

racteristica. £n el Laboratorio de fuerza existe wno que prasaenta



una mayor retentividad de la sefial en la pantalla.

por limitaciones técnicas se ha elegido la respuesta de =~

fracuencia: DC-100 KHz.

La memoria disefiada dabe ser capaz de retener le informa-
cién almacenada el mayor tiempo posible (tedricamente infinito, -
posteriormente se verén las limitaciones existentes), debe respon
der en un rango de utilidad prdctica aceptable a seffales de dife-

rantes amplitudes.

Uno de los problemas mids frecuentes an las ramas de Inge-
nierfia €Eléctrica saon los estados transitorios. Su estudio se tor-
na un poco deficil por la dificultad de obtener mediciones duran-

te esos intervalos.

Con este trabajo se prasenta la posihlidad de obtener 1la
safial 8n el momento mismo de producirse el estado transitorio. Se
dispondrd da un circuito electrdnico que al dispararse (cuando so-
brepase la sefial cierto nivel, regulable manualmente) grabar4 la
sefial desde un instante antes de producirse sl disparo, como pos~
terior al mismo. Esto se ilustra en la Figura N2 2., Se evitaran -

grabaciones posteriores.



NIVEL
DE

DISPARO

SI 52

SENAL ALMACENADA

SENAL GRABADA ANTES DE PRODUCIRSE EL DISPARC

Sy ¢ SENAL GRABADA DESPUES DE PRODUCIRSE EL DISPARO

FIG. N2 2

Al realizar estudios de sgﬁéles sumamente lentas, telefo-
nfa telex, informacidn de estudios geofisicos (desde menos de 1 «
ciclo/seg. hasta 20 ciclos/seg.), al ser presentadas en el osci--
loscopio no pueden ser muy bien visualizadas por su baja frecuen-
ciae. Se hace factible con el presente disefio, grabar la sefial a -
una frecuencia baja y presentar en el osciloscopio g una frecuen-

cia mayor, mejorando asi su visualizacién.

En cuanto a saefiales que varf{an muy répidamente, se logrard
una expansién de las mismas selecciocnando una frecuencie de bsrri

do menor a la cual fue grabada.



1.3. 0B JETIVAO ECONOMICO

Algunos de los factores que delimitan la invsstigaéién a
nivel universitario en puestro pais son: Versatilidad y calidad -
del equipo disponible: limitaciones de carfcter econdmico; poca o
cesi ninguna relacidon universidad-medios industriales de produc--

.’
ClONe.

Un estudio detallado de los medios para solventar estos =
inconvenientes abarcaria temas que salen del astudio de esta te--

sis.

Las limitaciones econdmicas permiten poca posibilidad de
adquirir, con cierta frecuencia, equipos tecnol8gicamente mids so-

fisticados, que permitir{an determinado tipo de investigacién.

Debe la Yniversidad encaminar sus esfuerzos a solventar =
gste problema. Asi por ejemple se puseden hacer mis funcionales a -
los equipos disponibles implementando, optimizando sus caracteris

ticas,
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2.1 DISENO A BLOQUES DE LA MEMORIA DIGITAL

2.1.a ATENUACION = AMPLIFICACION.

£l sistema de conversién analdgico-digital utilizado, opg
ra con sefales cuyos niveles de voltaje estan comprendidos entre
-4y y +4Yy. Si se aplican sefiales mayores el circuito resulta afeE
tado notablemente. Con sefiales menores no responde satisfactoria-

mente, pues son habilitados muypocos niveles de cuantizacidn,

La etapa de atenuacidn-amplificacibn debe satisfacer dos

aspectos muy importantes:

a) Entregar la sefal a grabarse dentro de los niveles de

voltaje en los que opera el conversor analdgico-digital.

b) Presentar una impedancia de entrada, constante asn el
rango de frecuencia wtilizado, similar a la qus presenta un oscie

-loscopio.

El diagrama en bloques correspondiente a esta stapa se =

presenta en la figura N2 3.

ACOPLAMIENTO o ETAPA AMPLIFICA -
lo]
- 7 0 OF .| clon
ENTRADA | AC/DC S ATENUACION —
é(’ UJ'.I-'lL&L AL
o MUES TREADOR

FIG. N23
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La sefal debe atravezar primero un circuito de acoplamien
to AC/DC para eliminar componentes DC en seffales alternas puras.
Inmediatamente pasa al circuito de atenuacidén, el mismo gue debe -
elegirse (con un conmutador) segdn los niveles del voltaje de la

informacién.

El paso de amplificacién ademés es necesario por que el -
muestreador, gue constituye la siguiente etapa, necesita cargar el
condensador de muestreo rdpidamente con niveles de corriente rela
tivamente altos, generalmente le informacidn ng serd capaz de sea-
tisfacer este reguisito sin alterarse, Ademds es necesario indepen

dizar la sefisl de entrada del resto de el proceso.

2.1.8 . MUESTREADGOR

El sistema de conversién analdgico-digital (CADR) que se u
tiliza requiere que la sefial no varie durante el proceso de con--

versidén.

Para satisfacer esta necesidad se utiliza un sistema de
Muestreo - Retencién (SAMPLE - HOLD en Inglés). Consta de un sis-
tema de inmterrupciones y un elemento de retencién, como se ilustra

en la figura N2 4



SISTEMA SISTEMA
_— DE DE
DEL AL
SISTEMA | |NTERRUPCIONES RETENCION CAD

ATEN/AMP

i

FIG. N2 4

£l sistema de interrupciones generalmenta esta constituf-
do por un FET, puente de diodos o un conmutador digital. Como ele

mento da retencidn se utiliza un condensador,

2.1.C CONVYVERSDORES

Se utilizan dos tipos ds conversores: analdgico-digital -

(CAD) y digital-analégicao (COA).

Los CAD transforman seffales analdgicas o continuas, carac
teristicas en la mayoria de fenémenos fisicos, en sus respectivas

squivalencias digitalss.



Los CDA son utilizados para devolver una sefial analégica
luego de haberla procesado como seffal digital o discreta. Lo @x--

puesto se presenta en la figure N2 5.

SENAL EQUIVALENTE
ANALOGICA DIGITAL

L 1 1 [

SENAL EQUIVALENTE
DIGITAL |ﬁ ANALOGICO

m |—|£_,. CAD -——b—gvi

FIG. N2 5

CANTIDADES ANALOGICAS.~ Las seffales analdgicas que sB utilizan

como sntrada generalmente.ssen convertidas en voltajss o corrisn--
tes, Estas cantidades eléctricas aparecen come safiales continuas
o alternas, moduladas o nd. Se obtienen por ejemplo de termocuplas,

potenciémetros, computadores analdgicos, stc.

Las sefiales amalfgicas gue se obtisnen de un CDA, sea cano volta--

jes o corrientes, son analdgicas puras.



- 12 -

CANTIBADES DIGITALES.: Las cantidades digitales estdn determinadas
por la presencia o ausencia de niveles fijos de voltajes Cada bit
o unidad de informacién tiene uno de dos posibles estados: 1L (uro

1égico), o O (cero légico).

Una cantidad analdgica puede ser representada, con preci-
si6én muy aceptable, con cantidades digitales. La precisitn esta -
directamente determinada por el ndmero de bits que se utilizan pa

ra la representacidn.

2.1.0 MEMORTIA

La memoria digital consta de varies registres de desplaza
miepto, cada uno de los cuales puede almacenar hesta 1024 bits de
datos en forma secuencial. Para su operacif6n requiere de diferen-

tes sefiales de comando,.

2.1.E RELOGBJ Y SISTEMA DE CONTROL

La seffal de reloj se obtiene de un oscilador de onda cua-
drade. Esta sirve para obtener las sefiales de comando necesarias

para que opere el sistema. Esto se esquematiza en la Figura N2 6,



SISTEMAS |, SENALES
OSCILADOR DE — DE
———
CONTROL J—u CONTROL
FIG. N2 6
2.2. ANALISIS TECNICO DE

L AS ETAPAS

2.2. A ETAPA D E ATENUACTIOON

El sistema de atenuacidn debe disefiarse para una respues-
ta de frecuencia: DC-100KHz. Puede constar de una o varias etapas
sin que @sto modifique sus caracterf{sticas. Debe presentar a la -
entrada una impedancia Z formada por una resistencla Rgq 8n para-
lelo con un condensador Ceq cuyes valores sean similares a los gwe
presenta un osciloscopio., Consideremos sl circuito de la Figura .

N2 7.



FIG. N&7

Si consideramos las impendancias formadas por una resisten

cia R 8n paralelo cen un condensador C, cemo indica lafigura N& B8,
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Tendremos gus:

(2) z = i
1+RSC
en donde:
(3) S = Jw = j27 f

en la ecuacifn 1, reesmplazando el velor de Z

R2
(4) V2 1 + Ry S C2
U1 R1 . R2 B
1 + RqSC, 1 + R25C2
(5) Vo Ry ( 1+ Ry SCy )
V1 R1 (1 + Ry SC2) + R2 (1 + Ry 5Ly

Considerando el circuito de la Figura N2 7, como upicamente resis

tivo, se tisne que: .

(6) Vo Ro
U1 R1 + R2

y considerando, como circuito capacitivo;



-{7) v, C,

Los capacitaderes estan al mismo potencial gue las resistencias:

(8)

(9) v

£l circulo presentara caracteristicas de transferencia
independientes de la frecuencia, siempre que se cumpla la ecua-

cién N2 8.

En la prédctica se puede construir um divisor de tensién resistivo.

Em el mismo existiréam capacitancias parédsitas, sean sstas Ca’ Cb
) s

CC' Como se indica en la figura N2 G,
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R
! ;J\N T I
I SR |
| X |
+ [ Cob | +
O __L_
V, IIIIcg Ry € s Vo

. - .- ' '
"Si- se colocan condensadores fisicos E1 y C» en paralelo «
conm las capacitancias pardsitas, el afecto capacitivo total serd

como se ifdica en las ecuaciones N2 S y 10.

(9) C11

C{ + Cp

(10) Crp Ch + Cg

Si en las scuaciones 9 y 10 s8 cumple que:

(11) Ch 3> ¢y
(12) Ly 3> G
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Tandremos®
]
(14) Cy2 = Cé

Se censigque disminuir motablemaents el efecto de las capacitancias

pardsitas.

Ssa:

(15) C;, = C

(16) Co = Cyp

Como se indica em la Figura N2 10.

FIG. N2 |0



El valor de R, puede estar determinado por dos resistencias

en paralelo, Rz y R4 como se indica en la Figura N¢ 11. Al igual -

que Cy = C3/¢704 .

R .

—
i ,
___I___

C
+

Y, —_T_¢ R e R % e V.
| a 3 31 4 4 2
| N

| .
SECCION SECCION
CONMUTABLE FidA
;f\’Q‘\E
A ! -
FIG. N2 Il _//c’ + Jwle Jw Cop
S
Rz R o, =
(17) Ry = > 4 - e e
Rz + Ry
s € Cx
C3 C4 T i

(18) C2 ——e
C3 + Cy4

De este modo se consigue una seccidn de terminacién fija-

y otra conmutable. Esto presenta algunas ventajas: Siempre se ss-

ta presentando unme carga constante a la entrada. Pueden utilizar-

se varias stapas de atenuacién en cascada, presentando a la entra

da la misma impedancia a: pesar de vardiar la atenuacién.
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La impedancia an los terminales de entrada (2en) esta da=

da por la scuacidén N2 19,

R4 R2
(19) Zen = I+ 2, == + o °

La misma debe ser similar a la que presenta un oscilosco-
pio, uma resistencia equivalente Req y una capacitancia equivalen

te Ceq en paralealo.

Req.
(2@) Zen =

1 + Reg Ceq §

Igualando las ecuacionaes 19 y 20, considerando la ecwacién

8 se tisnas

(21) Req = R1 + R2
(22) Ceq = _C1 +Cop
C‘] + C2

Como se indica en la Figura N2 12,
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Con criterio similar, podemos colocar un comdemsador en p3a

ralelo a Ca, Sea este Cen cuyo valor sea:

(23) Cen>> Ca

Entonces; Zen gqueda moedificado a:

Req

(24) Zen = -
1 + Req Cen S

. ' Can Ceq
e Cen =

Cen + Ceq

ETAPA DE CDODNVERSTE BN ANALBGICO O

DIGITAL

2,2.b.1 TEDRIA DE CUANTIZACION<~ E1 procesc de cuantizacidn de
T, upma sefial se ilustra con la funcién de transferencia de

cuantizecitn de la Figura N2 13.

La cuantizacid6n es el proceso que psrmite convertir una -
aefial analdgica o cdntinua en una serie de niveles discretos. En
el grdficec se presenta la sefial analbgica en al eje horizontal vy

los niveles discraetos en el eje wvertical. Les valores discretos
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s (A . ' = .
pueden identificarse con una serie de ndmerog, c6digo bimario por -

e jemplo.

Los procesos de cuantizacién y codificacién representan 1la

operacidn bésica de una conversiém enaldgica - digital.

NIVEL

ANALOGICO DE
ENTRADA Q

UMMM
o IR oo

(b)

La funcidén indicada es ideal con decisidn para niveles --

analégicos: 0.5 , 1.5 , 2.5 , atc.

l.os niveles de decisibn son uma serie de valores los migw
mos que determinan loe- miveles verdaderos. En otras palabras, una
entradax analédgica de valor unitaric correspender& a um nivel bina

rio de 001. E1 nivel analdgico 1 esté& entre los niveles de deci--

/ Va



sibn 0.5 vy 1.5; luego una cantidad analdgica cuyo valor sea 1% 0.5
serd interpretada en forma digital como 001. Si se llama Q a la -
distancia entre los niveles de décisién, tamafio de cuantizacién o
tamafo del bit, un cuantizador con un cédigo binario de salida -~
tiene 2" niveles de salida discretos con 27 1 niveles de decisifn
anal®dgicas. Los niveles de decisifn en el cuantizador no pueden -

sar exactos pero deben tenersu tolerancia alrededor de los mismos.

Si se varia la entrada del cuantizador en todo su.rango -
de valores y luego se sustraen los niveles discretos de salida,se
tandrd una seffal de srror. Este error se denomina "error de cuan-
tizacién", es un error inevitable en un proceso de cuantizacién y
depends dei namero de niveles de cuantizacidén o resolucidn del --
cuantizador. Al grafizar 8l error de cuantizacién se tiene una on
da "diente de sierra™ con un valor pico-pico igual a @, como se -
presenta en la Figura N2 13b. El error de cuantizacidn es cero --

Gnicamente a la mitad sntre los niveles de decisidn.

Emn conversorss A/D los procesos de cuantizacién y codifi-
cacldn de la sefial sé realizan en un tiempo finito. Este depende
tanto de la resolucién del iconversor como del método de conver-
sién utilizado. La velocidad de conversidn depende de la varia--
cidén de la ipformacidn en el tiempo y de la res;lucién que se re-
quiere. E1 tiempo que se requie}e para realizar la conversién ge

naeralmepte se denomina "tiempo de apertura®.
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AV
ta
dvit)
V= ta (25)
dt
ta : TIEMPO OE APERTURA
AV VARIACION DE AMPLITUD
FIG. N2 14

Como se indica en la figura N2 14 el tiempo de apertura y
la variacién de amplitud estan relacionados por las variaciones
de la seflal en el tiempo. Pare el caso particular de una ondse 8in
nusoidal la mdxima relacidn de cambio ocurre en la interseccidén -
con cero y la veriacidn de amplitud esté dada por:

AV = 4 (Vsen wf) —»Ta = Vi ta
dt t=o

De donde:
A_\_/ :(J\J—to‘: 2ﬁ¥_td
V

El tieampo de conversién que se requiere para codificar -
una sefMal de 10 KHz con 8 bits de resolucifm, esto 8s una resolu-
cidn de une parte de 28, ( un 0.4% ), utilizando la ecuacidn ants

rior se tiene:



- 28 =

Tg - &Y L - 004 327 10

g

-V o20f T 28 10%

Se raquiere un tiempo de convereidn de 63.7 nanosegundos -
para mantener con un bit de resolucidn la relacién del cambio de -
la sefal. Para convertir sefiales quse no varian répidamente, con -
niveles moderados de resolucidn se requieren conversores relativa
mente rédpidos. Si sa utilizan circuitos de Muestreo —retencién se
puede acaptar un tiempo de conversidn mayor, tomando rdpidamente
una muestra de la sefial y retenfendo su valor durante la convera-

sién.

2.,2.b.2 TEORTIA DE MUESTRED

Una seffal se muestrea sin perder informacién si la fre--
cuencia de muestreo es por lo menos dos veces la maxima frecuen--
cia de las componentes de la informacién, considerando el teorema
de muestreo: " Si una sefial continua de ancho de bande limitado -
no cantiene componentes de frecuencia mayores que f;. Entonces 1la
sefial original puede ser completamente recuperada, sim distorcidn,

si es muestreada en no menos de f muestras por segundo”.

El teeorema de muestreo puedse demostrarse conJadea del teo
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mitada que no presenta componentes espectrales mayores que fm ci-
clos por segundo. Esto significa qus F(w)’ la transformada de Fo=-
urier de f() es cero para |w| > wer  (wy = ZTTFm). Si se multipli
ca la funcién f(t} por une funcidn periddica de impulsos 5%(f) .

El producto es una secuencia de impulsos lotcalizados a intervalos
requlares de T segundos y con amplitudes iguales al valor de f (t)
en el instante correspondientes E1l producto F(t) 5}it)representa

a la funcibn f(t) muestrsada a intervalos uniformes de T segundos,

. 61 llamamos fs(t) la funcién muestreada de f(t), tendremos:

f i) = Py &+ (1) | (206)

Sea F(w) el espectro de firecuencia de f(t), la transforma
da de Fourier para una funcién perifdica de impulsos é}(t) es tam
bién una funcidén perifdica de impulsos[Jogﬁo(ui Los impulsos es

t4n separados a intervalos. e — Zfi/jﬁ.

S e .S () (27)

La transformada de Fourier de f(t) Cf; (t) , s8gln 8l --

teorema de convolucién en frecuencia, estd dado por la convolu -

cién de F(w) con Wo SQQO[‘J)=

Forr) e g | Fredn e doe ()] (28)
2

217
Sustituyendo Weo =

l

i

fe) ¥ cLo (w)] (29)

?-\[

1[\5(%) -— _/—f#
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Se demuestra que al esﬁectro de la seffal muestreada fs(t)
estd& dado por la convolucidn de F(w) con un tren de impulsos. Es-

to se prasenta gr4ficaments en la figura N2 15,

£(t) Flw) i
|
-
-t w
(a)
{b)
wo dwylw)
d+(t)
T
- 1 w
‘T’ -
(c) Yo=Zl (g
tlt)
- Fslw)
!
_..r—
t
- W Wm

(e) Wo = 2/ T

—-—y—————————— 3

FIG. N2 5
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Como se observa en la parte (f) de la figura, F(w) se re-

pite perifdicamente sin que existen superposiciones siempre que:
esto es que: 211 > 9 (27\¥w& (30)
' T
) — {
- 7

Que compruebs el tsesorema de muestreo.

El procesoc de muestreo se presenta en la figura NQiGI, en
la misma se presente la seffal analégica y un tren de pulsos perif

dicos de muestreo.

Los pulsos representan un conmutador rdpido que conecta =~
la seffal analégica por un instante y el resto del perfodo permane

ce abierto, La sefial modulada resultante se presenta en la parte

(c).

Si el cenmutador de muestreo se reemplaza per un conmuta-
dor y un capacitor, la sefial se muestrea y se retiene hasta el --
préximo pulso'de muestreo, obteniéndose una figura como la indica
da en la papta (d) de la figura N2 16, Este tipo de muestreador -

se denomina de Muestreo - retencién.
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El teorema de muestreo puede ser ilustrado con el sepectro
de ¢ frecuencia que se presenta en la figura N2 17. La parte (a)-
presenta el espectro de una sefial continua con componentes de fre
cuencia menares que fm, Al muestrear esta safial a una frectencia
de muestreo-fs se obtiene un espectro de la sefial como se indica
en la parEe (b). Si la frecuencie de muestreo no es lo suficiante
mente mayor que la frecuencia de la sefial, aparscen algunas compo
nentes de mayor frecuencia. Este afecto se denomina "frecuencia -

fantasma”.

ESPECTRO
DE LA

SENAL CONTINUA

fniad

ESPECTRO
FRECUENCIA | DE LA
FANTASMA

SENAL MUESTREADA

fm fe fs + 1

FIG. N2 |7
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Al recobrar la sefial original, los componentes de frecuen
cia - fantasma causan distorsién y no pueden ser distingquidas o -

- » 7
separadas de la infiormacidn.

Las frecuencias fantasmas son eliminadas si la frecuencia
de muestreo se hace mayor o pasando la sefial original por filtros

pasa-ba jos.

Un circuito ideal de muestreo-retencidn toma una muestra
en un tiempo igual a cero y es capaz ds retener su valor per un -
tiempo infinito con mucha exactikud. Dispositivos reales tomanuna
muestra en periodos de tiempo muy cortos comparados con el tiempo
que retienen la misma., El efecto de este procesoc con sefiales ana~
l8gicas continuas puade determinarse al encontrar la funcifn de
transferencia del circuito de muestreo-retencién, Utilizando la -
transformada de Laplace se ancuentra que la funcidén de transferen

cia Bst

/- € i ok, o 07
G (reu) = =2 Sf” v @ (24)
J" “J C‘JS Y/ /&JS
En donde T es el periodo ds muestreo y ws = ZF%FS la fre-

cuencia de‘muestreo. Al grafizar se obtienen las representaciones
de la Figura N2 18. Puede observarse que un circuito muestreo-re_
tencidn actda como un filtro pasa~bajos con una frecusncia de cor
te igual a fs/2 y un retardo de fase T/Zé un semiperfodo de mues-

treo.,
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MUESTREADOR

S1 se eplica una onda sinusoidal a un muestreador, se ob-

tendrd una sefal como la indicada en la figura N2 19,

RETENCION

MUESTREO X7/

FIG. N2 19
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El muestreador entrega al conversor A/D un voltaje de igual
al valor instantdneo de la informacién pocos nsegundes después de
que la sefial de comando ha sido dada. Esta seffal es liberada auto
maticamente despuéds _que se ha realizado el proceso .de conversién,

continuandose el musstreo de la informacién.

El muestreador es un dispositivo gque posee una sefial de -
entrada, una de salida y otra de control. Tiens dos ‘estados de o_
peracién: Muestreo (sample en inglés) durante el cual adquiere la
safial de entrada tan rdpidamentse como sea posible y sigue la sefial
haste que llega 8l comando de retensién (hold en inglés), tiempo -

al cual retiene el (ltimo valor adguirido de la sefial de entrada.

Generalments tiene ganancia unitarie sin inversién,

Les seffales de control son operadas con niveles ld6gicos =~
standard y tiensen compatibilidad con la técnica TTL. Un nmivel 16=-
gicofes gensralmente utiiizado para muestrso y un nivel légiceo --
"O" para el comando de retensidn como se aprecia en la Figﬁra -

N2 20.

ENTRADA MUESTREO SALIDA

—_——m .

RETENCION

CONTROL
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FIG. N 20

El gréafico se réfiere 8 un dispositivo ideal, sin errores
en el muestreo y con conmutaciones instantdneas, ademds de un tiem
po infinito de espera. las unidades que comercialmente puedesn obte
nerse especifican términos para diferenciar de un dispositivo --
ideal. Es necesario conocer estos térmknos antes de profundizer -
su estudio. Por el momento nos preocuparemos de las principales ce
racteristicas que suceden durante sus cuatro estados: Muestreo, -
transicién de muestreo a retencidn, retencidn y transicién de re-

tencidn a muestreo,
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2.2.b.3 DURANTE E L MmMUESTRED
(Figura N 21).

OFFSET.- Sefial que debe ponerse a la entrada para que la salida

sea igual a cero.

NONLINEARITY.- Lantidad en que la sefial de salida difiere da la

{(Nolinealidad) de entrada.

SCALE FACTOR ERRORe=- Valor en el cual difiere la salida
(Error de Factor de Escala) considerando una ganancia especifi

ca (generalmente unitaria),

SETTLING TIME.-~ Tiempo que requisre la salida para alcan
(Tiempo de respuesta) zar el valor final, cuando a la entrada

se ha aplicado una funcidn paso a escala

completa,
TIEMPO DE
RESPUESTA
/// SALIGA
3
ENTRADA_ ? ERROR DE
FACTOR DE
ESCALA
ERROR
AN A

OFFSET

FIG. N2 2i
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En este estado, el dispositivo se comporta como un segui

dor de voltaje con ganancia unitaria,

2.2,b.4 TRANSICIGN DE MUESTRED A RETENCION
(Figura N2 22)

APERTURE TIME.- £l tiempo comprendido entre la seffal de co

(Tiempo de apertura) mando y el comando mismo.

SAMPLE -~ TD - HOLD OFFSET.- Error que ocurre a la iniciacidén d

(Error de Transicién) ~
una sefial de espera causado por unpa

descarga del condensador de almace-
namiento através de la capacitancia entre el circuito de control

y el lado del condensador hacia el switch., Esto no ocurre en uni=-
&
dades que tienen una seflalizaci6n digital.

SETTLING TIME.- El intervalo requerido por la salida para

(Tiempo de respuesta) alcanzar el valor final.

TIEMPO

DE ENTRADA
APERTURA ’/
e ———— « SALIDA
— y
| TIEMPO AN
VALOR
DESEADO

MUESTREO
ESPERA

FIG. N2 22
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2e2ebe5 DURANTE LA RETENCION
(Figura N2 23)

.DROBP .- Un desplazamiento de la salida em una relacidn
(Decaimiento)
aproximadamente constants, debido a la corrien-

ta gue circula atravéz del condensador de alma-

cenamiento. Puade ser positivo o negeativo.

FEEDTHROUGH. -~ Fraccidn de la seffal de entrada gue
(Factor de transferencia
en retencidn) aparece a la salida durante la espsera,

causado especialmente por la capacitan
cia entre los terminales del conmutador. Generalmente se mide apli
cando una sefial sinusoidal a sscala completa en la sntrada, y ob-
servando su salida.
DIELECTRIC ABSORPTION.- Tendencia de las cargas en el capaci-
(Absorcién dieléctrica)

tor para redistribuirse en un perfodo

de tiempo, por lo cual resulta un --

"crecimiento" a un nuevo nivel gque a la postre puede producir ra

pidas variaciones.

La impedancia de salida de un dispositivo Muestreo-Reten

. & - I'd Ky + - . .
cidn debe ser baja y de rapida recuperacidn para minimizar las -
transicionaes causadas por cargas dindmicas, tales como entradas

de dispositicos A/D.
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SALIDA
T

FIG. N2 23

2.2.,b.6 TRANSICION DE ESPERA A RETENCION
(Figura N2 24)

ACQUISITIOGN TIME.- Tiempo necesaric que la sefial requiere
(Tiempo de sdquisicién) sar aplicada para un muestreo con la =

exactitud deseada.

HOLD-TO-SAMPLE TRANSIENTS .- Voltajes transitories que ocurren en

(Transicién de retencién a

] tre el comando de muestreo y la ge-
muastreo)

flal finel. Resulta sumamente impor-
tante 8n algunas aplicaciones en las cuales las ¥mpulsas rasultan

ser comparables.
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FIG. N2 24

ALGUNDS CIRCUITOS TIPIWCOS

El tipo de elemento de almacenamidnto divide en dos catego
rfas a los circuitos S/H. E1 mé&s convencional, popular y de muy -
bajo costo emplea un condensador para almacenamiento (almacenamien
to analbgico). £l otro mStodo utiliza un conversoer A/D y registros
para almacenamiento, obteniéndose la salida através de un conver-

sor D/A, gue de cualquier manera resulta mucho mds cemplejo y cos
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toso. Se wtiliza unicamentse cuando se necesita mucha precisidn,

ademas presdnta un tiempo muy grande de espera.

2.2.b.7 SEGUIDOR DE LAZ0 ABIERTO

Fs el circuito bédsice gque se presenta en la figura N2 25,
Cuando 8l conmutador esté cerradoc el capaéitor se carga exponen_ -
cialmente al voltaje de entrada, y la salida del amplificador "si
gue" al voltéje del condansador. Cuando se abre el conmutador, 1la

carga psermanece en 8l condensador.

El tiempo de adquisicidn del capacitor depende de la re--
sistencia en serie y también de la corriente disponible para car-
gar esa capacitancia. Una vez que se ha cargado el conmutador debs
abrirse, sin que ssto afecte al valor final, El tiempo que debe -
permanecer cerrado el conmutador, para mentener un margen de error

de 0.1%, es 7RC.

ENTRADA \/‘\/\/

SALIDA

-

CONTROL

FiG. N2 25



Un dispositivo muy utilizado como conmutador es un FET, y
el amplificador con entrada tipo FET. Este circuito tisne la des-
ventaja que el capacitor se carga desde la entrada, lo cual puede
producir una oscilacién a la vez que la corrients no es suficien-
te para cargar al condensador con la rapidez deseada. Esto se so-
luciona si utilizamos un segquidor de voltaje, tal como se indica

en la figura N2 26.

ENTRADA

+ SALIDA

SEGUIDOR
DE VOLTAJE

CONTROL

FIG. N2 26

Cuando se desean respuestas muy réapidas en este cifcuito,
a la vez que aceptables, puede utilizarse un puente de diodos co-
mo se indica en la figura N2 27. La fuente de corriente estd con-
trolada por un mando para cargar el capacitor. 5i el puente y 1la
fuente de corrisnte son convenientemente balanceadas, la corrien-

te fluira hasta el capacitor miéntras el voltaje an el mismo na -
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ssa igual al de la entrada.

Durante el muaestreo este circuito presenta mayor offset,=-
estoc depende del balanceo gque existe en los diodos del puente.las
caracteristicas de los mismos deberfan ser idénticas para minimi-
zar este efecto. El error de transicién en el paso de musstreo a

retencidn es menor.

ENTRADA

SAL|DA

CMl_____; =L
I
FIG. N2 27
2.2.b.8 CIRCUITOS CON REALIMENTACION

Los circuitos anteriormente presentados tienen la gran ven
taja de su rdpida respussta, pero son circuitos de la,o abierto.-
En sefiales de baja frecusncia la exectitud en el muestreo es més
importante que la velocidad de respussta. En la figura N2 28 se -

tiene un circuito en el cual el seguidor de voltaje se ha susti--



tuido por un amplificador de diferencia de alta ganancla. Al cerrar
el conmutador, la salida (que representa la carga en el capacitor)
es forzada a muestrear la entrada, ademids se tiene la corriente ds

exitacién que entrega el amplificador de entrada,

ENTRADA SALIDA

+

CONTROL

FIG. N2 28

Les errores de modo comdn y de deswviacidén (affset) en la
salida del seguidor son automdticamente compensados al ajustarse
la carga en 8l capacitor, Cuando el conmutador estd abierto la sa

lida retiene 21 valor final,

En la figura N2 29 se utiliza wun integrador, permitiende
asi gl conmutador operar con un potencial a tierra, simplificando

los probles de fuga.

En los circuitos de las figuras Nos. 28 y 29 debidoc a que



la carga en el cépacitor es controlada tanto por la salida como -
por la entrada los tiempos de adquisicidén y de respussta son idén

ticos.,

5i el circuito de la figura N2 28 se cambia a retencién -
antes de que la salida alcance el valor de la entrada, el muestres

se realizaréd con error.

SALIDA

ENTRADA

CONTROL

FIG. N2 29

Un giagrama mas completo se presenta an la figura N2 30 =
en el mismo se utiliza un FET como slemento de conmutacidn ya gue

este elemento presenta buenas caracteristicas para esta operacidn.
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FIG. N 30

Durante el musstreo, el FET debe estar cerrado y la carga
del condensador sigue a la sefial de entrada. Cuando llega un coman
do para cambio de condicidn (muestreo a retencién) el FET se abre
y 8l voltaje del condensador permanece con el voltaje instantdneo
que hubo a la entrada. Al terminarse el periode de conversién el

FET se cerrard y continuard el proceso.

La rapidéz de este ﬁétcdo esté determinado por el amplifi

cador de exitacidén. El1 lazo de realimentacidn con los dos amplifi



cadores debe ser seleccionado de modo que se tengae ganancia unita

ria.

Cuando se requiseren circuitos muestreadores de alta velo
cidad, debe seleccionarse un conmutador analdgico con control di

gital, pues su técnica ofrece resultados mds garantizados.

Un commutador tedricamente no presenta resistencia en su
estado de conduccidn, en la préactica tiene su resistancia intrin
sica que le llamaraemos RDS(ON)' Seréd de mejores cardcteristicas

aquel que presente una variacidn lineal de esta resistencia.

De las tecnologfas utilizadas para la construceidn de los
conmutadores CMOS, PMOS, JFET, es esta Gltima la gue presenta ca-

ractaristicas mds lineales.

En cuanto a2 circuitos muestreadores con conmutadores ana-
18gicos con control digital existen difersntes, mencionaremes alw
gunos:

a) Circuito muestreador,caon inversidén.

b) Circuito compensado con inversién.

c) Circuito muestreador sin inversidn.

d) Circuito muestreador compensado con inversidn,



2.2.b.5 CIRCUITO MUESTREADOR CGN INVERSION

Presenta algunas ventajas con respecto a los otros circui
tos. Opera con voltajes constantes por lo cual se reduce conside-
rablamente la inestabilidad en el tiempo de apertura, por su con-
figuracién reduce notablemente las sobretensiones.‘La desventa ja
de este circuito radica en cuanto necesita mas elemsntos externos

para su funcionamiento aceptable. Este circuito se presenta en la

Figura N2 31
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¥ c
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ENT. )
W CONMUTADOR
. 0 SALIDA
ANALOGICO
CONTROL DIGITAL
FI6. N2 3
2.2.b.10 CIRCUITO MUESTREADBR COMPENSADO CON INVERSION

Cuando existen errores en la transferencia de carga de mo

do que estos llegan a interferir notoriamsente, puede ptarse por -
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diferentes métodos de modo que se disminuya su efecto. Un método
inicial consiste en incrementar el valor del condensador de carga,
pero esto implica una pérdida de axactitud y velocidad. Un segundo
método consiste en disminuir la comple jidad del conmutedor, lo --
cual hace que se incremente la resistencia en estado de conduccidn
RDS(UN)' Este método también inwolucra la rslacidn sexactitud-ve-
locidad.

Un tercer método, més practico, consiste en compensar la
transferencia de carga. Entre estos circuitos existen algunos gue

simplemente al variar un capacitor ses logra sl efecto desseado.

Este circuito se muestra sn la Figura N2 32,

Ro
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R

ENT.
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CONTROL DIGITAL I

SALIDA

FIG. N2 32
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2.2.be11 CIRCUITO MUESTREADOR SIN INVERSION

Para circuitos mucho mds rédpidos, puede emplearse una me-
jor combinacidén de velocidad y exactitud en la transferencia de la

carga. Un circuito de estos se muestra en la Figura N2 33,

R
ENT. VW
CONMUTADCR
ANALOGICO SALIDA
CONTROL
DIGITAL
FIG. N2 33

La desventaja de este circuito radica en que puede ser --
éfectado por sobre=tensiones. Sus caracteristicas son notables =
cuando se consigua una impedancia de la etapa anterior muy baja,y
si el amplificador operacional es capdz de seguir la carga del con

densador en dptimas condiciones.
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2.2.b.12 CIRCUITO MUESTREADOR COMPENSADO SIN INVYERSION

Es una sofisticaciépm del circuito muestreador con inversidn
. gue se vib anteriormante. Dado que la transferencia de carga se in
crementa proporcionalmente con el aumento de la impedancia de la
etapa excitadora, es posible eliminar el condensador variable y -
hacer los ajustes necesarios con un potenciémetro, como se presen

ta en la figura N2 34.

Este ajuste requiere esancialmente una stapa de exzita -

cidn de impedancia muy baja.

ENTRADA

CONMUTADOR SALIDA

ANALOGICO

CONTROL
DIGITAL :I:

FIG. N2 34



La sefial de offset se ajusta a cero con una sefial analégi

ca de cera a la entrada.

En general para circuitos muestreadores mucha mds répidos
se utiliza la técnica 9in inversitn, la transferencia de carga de
be ser ajustada a cero a un voltaje solamente. La compensacién en
circuitos muestreadores con inversién prove mejores caracteristi-
cas -of fset en funcidn de una disminucién de velocidad. Los conmu-
tadores analfgicos JEET proveen mejor combinacidn de baja resisten
cia en conduccién (RDS(ON)) con la velocidad y baja transferencia

de carga con exactitud.

2.2.c CONVERSDODRES

Existen diferentes tipos de conversores A/D siendo los -

mids utilizados:

a.- Aproximaciones sucesivas.
'be- Intagracidn.

c.- Contadores.

d.- Paralelo.

Cada tipo presenta sus caracteristicas lo cual determina-

las posibles aplicaciones, considerando su velocidad, exactitud,-
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versatilidad y costo.

2.2.c.1 APROXIMACIONES SUCESIVAS

Los conversores A/D por aproximaciones sucesivas son am-
pliamente utilizados especialmente por su alta velocidad y reso-
lucién. En este tipo de conversores, el tiempo de conversién es
fijo, independiente de la magnitud de la sefial de voltaje o co=-
rriente utilizada como entrada. Cada conversidn es dnica e inde-
pendiente de los resultados obtenidos en conversiones previas, -

debidoc a la l6gica intserna.

La técnica de conversifin consiste en la comparacidn de -
una entrada desconocida caon un voltaje o corriente bien determi-
nado, que se ha generado internamente a la salida de el conversor
D/A, como parte del proceso. La entrada del conversor D/A consis
te en seflales digitales provenientes del registro de aproximacidn
sucesiva., El proceso de conversidén es muy similar al proceso de -
pesaje utilizado en una balanza de precisién, como las utilizadas

en laborztorio, cuando se cuenta con un juego binario de n pesas

(por ejemplo: ¥2 1b, Y4 1lb, ¥8 1b. ciean)a

Luego de haber aplicado el comando para la conversidn, sl
MS8 (bit més significante igual Y2 escala completa) de la salida

del conversor D/A es comparada con la entrada. Si la entrada es -



mayor que el MSB, este es retenido, (eplicando un "1" a la salida
del registro, por sjemplo), y al prd&imo bit menos signiFicantelf
{ ¥4 de la escala completa) es procasado. S5i por el contrario 1la
entrada es menor que el MSB, este @s descartado (0" & la salida
del registro), de igual manera se procesa el siquiente bit menos
significante. £1 procesa continua an orden descendents,hasta que
se haya considerado el bit menos significante (L5B). Entonces se
ha completado el proceso, la sefial qua indica el estadodl proce-
so cambia su condicidn para indicar que el valor a la salida del
registro constituye una conversidn valida. En estas condiciones
la sefial a la salida del registro constituye un cédigo binario -
digital equivalente a la sefial de entrada. £l proceso se indica
en la Figura N2 35

NIVEL }

DE

VOLTAJE
B/A

125 fom e ] DL??:

LECTURA FINAL

H

NN
NN
ooy

FIG. N2 35



Método de aproximaciones sucesivas para convertir 11.25 -
voltios en su equivalente digital utilizamdo una secuencia: 8, 4,

2, 1.

El grédfico de la Figura N2 36 constituye un diagrams en -

bloques de un conversar A/D por aproximaciones sucesivas.

ENTRADA >
{ANALOGICA)
REFERENCIA
ANALOGICA
CONVERSOR
D/A
SALIDAS
“—— DIGITALES
REGISTROS
RELOJ - DE
DESPLAZAMIENTO
INICIA STATUS
CONVERSION

FIG. N2 36



Los datos obtenidos en forma paralela no son vilidos miéﬁ
tras no concluye todo el proceso. Al obtenerss sn forma serial los
datos, debs ccnsiderarse que cada bit sea védlido, que haya sido -

aceptado o rechazado correctamsnte.

En este método de convarsidén sl comparador ideal tiene u-
na ganancia infinita y un tismpo para la comparacién igual a cero,
los comparadoras realeés gstdn limitados por paréametros similares
a los que limitan a los amplificadores operaciocnales: ganacia a la
zo abierto, ancho de banda y sus caracteristicas para sefialss con

tinuas y alternas.

El comparador puede relacionarse con un amplificador ope-
racional realimentadc. Opera con un producto ganacia x ancho de -
banda muy alto y tiens 2una compensacidn por realimentacién mini-
ma. Seflales parfdsitas muy pequeﬁgs en la realimentacidn, muy cer-
ca al dispositivo o atravéz de la fuente de polarizacién pueden -
inducir oscilaciones, Generalmente estas oscilaciones son causs--
das por la disposicién fisica de los conductores, esto pueds apre
ciarse en puntos en los cuales se relaciona una sefial de salida -
que varia muy rdpidamenta con una etapa cuya impedancia de entra-

da sea muy alta.

En un sistema de conversién A/D, &l efecto mas notorio de
la oscilacidn esté dado en cuanto la sefial analdgica de entrada -

se aproxima a su nivelde cuantizacién, el equivalente digital que



se obtiene no 8s puro y presenta una sefial sin un comportamiento
definido. Asi por ejemplo, un incremente de la sefial analdgica da
entraga suficiente para incrementar al equivalente digital en un

LSB, hard gue el proceso sea Brroneo.

in comparador pueds utilizarsse basicamente de dos formas,
para comparar voltajes o corrientes. En 8l proceso de conversidn
se utiliza para comparar corrientes, una desconocida con otra quse
sirve de referencia y que ss ha generado internamente como parte

de 8l proceso.

2%2.d MEMORIA CON REGISTROS DE DESPLAZAMIENTO

Actualmente existen diferentes tipos de memorias, sus ca-
racteristicas las hacen méds apropiadas para una v otrs aplicacidn.
Las memorias con registros de desplazamiento gue utilizan para su
construccién la tecnologfia MOS, constituyen una de'estasxﬂriedades
Dos propiedades de la tecnologia MOS en circuitos integrados, has
cen de estos registros muy compatibles para el disefio de memorias
con registros de desplazamiento: {a alta impedancia asociada con -
los circuitos compuerta permiten un almacenamiento temporeal de --
carga en las capacidades pardsitas. Con las compuertas de transfe
rencia un .mwdo de compuertas pueds muy Facilment; conectarse o des

conectarse de otros puntos del circuito.



Por su estructura utilizan muy pocas interconecciones y -
para su funcionamiento no requieren de otros dispositivos electréd
nicos, constituyendo una da las memorias de semiconductores mas -

baratas en el mercado.

Estas memorias son utilizadas en terminales de computedo-

ras con presentacidén visual de las intercomunicaciones. Los dataos
. ) » - . -

a ser presentados recirculan a traveés de la memoria en sincronis-

mo con la presentacidén en el tubo de rayos catfdicos. Ademads es-

te tipo de memoria as muy utilizado en una amplia variedad de cal

culadoras.

En general son utilizados en circuitos con memorias de ba
ja velocidad de acceso, espacialmente cuando los datos pueden ser
utilizados en &l mismo orden de almacenamiento. No resultan muy -

dtiles para memorias de accesc aleatorio,

PRINCIPIOS DE OPERACION

Existen muchas variaciones en los circuitos bdsicos de —-—
los registros de desplazamiento. Tomemos un tipo canal P, para ex
plicar su funcicnamiento, como el qus se presenta en la figura +-

N2 37.
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FIG. N2 37
Cada bit de los registros de desplazamiento require de -
seis dispositivos MOS. Veamos lo que sucede en uno de estos bits,

por ejemplo el segundo, se han danominado Q,,, Upog7 +e=es U2fF 2 -

los dispositivos MOS.

Al ingresar un dato proveniente del bit anterior se carga
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la capacitancia paréasita de Q5,. Cuando el ciclo del reloj ﬁz -

(controla el ingreso ds datos)hace su transicién negativa (para -

dispositivos de canal P Yy Qop v QZB forman un estado inverso.

Si la carga en la compuerta de Qp, es suficientemente ne-
gativa para producir una conduccidn fuerte ds QZA’ el nodo comdn
de Qyp» Qog ¥ Q2¢c 88 aproximardn al nivel de voltaje positivo Vcc.
De lo contrario, si la carga en la compuerta de Q,, es lo suficien
temente positiva para poner en corte a Q2 al producirse la tranit
:ién negativa de ﬁz, el nodo comln alcanza el voltaje Vg, a tra--
uéi de 028' El nodo comlin alecanza un voltaje inverso al del da--
to. Simultaneamente con la transicibn negativa de ¢2 QZC conduce

cargado la capacitancia pardasita de Qpp al mismo potencial del no

do comdn.

Luego de la transiciém de ﬂz, Q,, retiene el potencial ad-
quirido. La transiciaon negativa de ¢1 (controla la salida de da--
tos). Transfiere el dato al siguiente bit, utilizando QZE y QZD
para producir upa inversidn de la polaridad del dato y QZF COMO -

elemento de transferencia.

lLa ventaja de este diseflo radica en no perder la carge del
date., Si la informacién varfa en su magnitud la siguiente etapa -
tendré&-la suficiente ganancie para normalizar los niveles. Cuando
existen varias etapas es necesario que cada una tenga una ganan--

cia ligeramente mayor gque uno para compensar las pérdidas. Se uti



lizan los invertidores que cargan las capacitancias pardsitas con

esta ganancia.
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El procedimiento a seguirse para grabar una sefial sera sl

gsiguiente: Dependiendo de la magnitud de la sefial esta debe pasar

por la etapa ds atenuacidn-amplificacién,

" El valor méximo pico-pico para que la sefial de entrada no

sea atenuada debe ser de BOOmMY. Seifales mayores deben pasar por -

una escala de atenuacidn de modo que su valor queds comprendido -

en este rango.

Luego de la etapa ds atsnuacidn la sefial es amplificada vy

alcanya valores * 4Y. Pposteriormente de su forma analdgica es con

vertida a su equivalente digital, forma en la que es almacenada -

en la mamoria.,

Para obtener la sefial debe pasar por un conversor O/A an-

tes de ser presentada en el osciloscopio.

Se ilustra en el diagrama de bloques en la

Se dispondrd de un circuito que permita la
matica de la sefial cuando esta supere cierto nivel
duable mantalmente} con respecto al valor maximo de

zada.

figura N2 38,

grabacién auto
relativo (gra-

la escala utili

Se realizard la grabacién de la sefial desde un instante -

antes de producirse el disparo como posterior al mismo.
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DISENG DE CADA UNA DE LAS  PARTES

J.1.801 ETAPA DE ATENUACION

Debe presentar una impedancia de 1My 20pF. La disposicidn
bésica de los elementos se indica en la figura N2 39 y desarrolla

da en el cepitulo II.

FIG. N2 39

Sagiin la ecuacidén N2 9 se tiena:




- b4 -

En donde:

(3)
C' 3 capacitancia conectade en paralelo con R1

Cb H

capacitancia pardsita en los terminales da R1

(4)

capacitancia conectada en paralelo con Ro
Co 8

capacitancia pardsita en los terminales de R2

Con estos valores se tiene que:

(5)

Rg
Zeq = d z
1 + RBq Caq S
En donde;
(6) Reg = Ry +R,
Cq C
(7) Ceq - 1 ~2
C1+C2

ATENUACION 1 s

La sefial debe pasar dirsctamente hacia la siguiente etapa.

Se tendrd un circuito como se indica en la figura B2 40
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FIG. N2 40

ATENUACION 2 ¢ Considerando el circuito de la figura N2 41 y las

scuaciones anterioras:

(8) U2 Rz 1
T R LR T2
v, R, + R,
(9 Ri + Ry = 10° K

de la ecuacidn (2)
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C, = C, = 20pF

+

FI1G. N2 41

500 K&

D
{]
e
I

C1 = C2 = 20 pf

£€s conveniente tener una parte conmutable y otra fija, co

mo se prasenta sn la figura N2 42,
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0

20pF v,
Vi 20pF

|
|
|
)’Pr( : lMﬂ% +
[
|
[
!
|
l

8
]
=
W
N
K

SECCION COMMUTABLE

posicloNn | FACTOR
ATEN(V,/ V)
! [
2 2

FIG, N2 42

Entonces R, se modifica de la siguisnte manara:
'
Ry = 500 K = M // Ry

m

o]
[ae]
]

Los valores de Cpy Cq vy Cgp deben encontrarse experimen -

talmente ajustando los valores de los condensadorss variables, --
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hasta consequir los valores calculados.

Esta etapa debe utilizarse para sefiales menores de 1600 -

mY p=p.

Can un procedimiento similar puede disefiarse el raesto de

etapas como se indica a continuacidn.

ATENUACION POR 5

800K é 5 5-20pF

- ZSOK&‘L% ;r'{5—20pF +

FIG. N2 43

Se utilizara& para sefiales menores gue 4 UVp-p.
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ATENUACION POR 40
;o S00K& = L 5 20pF
+ 7=5-20pF
v ,
I
‘ 4
== KL 77— 5-20pF
FIG. N2 44

Debs utilizarse para sefiales menoras que BVp-p.

ATENWACION POR 100
900K& 7—‘55—20 pF
+ 5-20pF
v
- 10.1 K2
FIG. N2 45

-Debe uwtilizarse para sefiales menores doe BO Vp-p.



Con una combinacitin de estos pasos de atenuacidn pueden -
consequirse nuevos pasos de atenuacidn, por ejemplo al colocar en

cascada el circuito de atenuacidén por 2 con el de atenuacidn por

10 se conseqguird una atenuacidn total por 20.

Se consiguen los valores indicados en la tabla de la Figu
ra N2 46

FACTOR | ENTRADA MAX. | ENTRADA MAX. |
ATENUA.| Vp-p (V] v/ DIV,
1 .8 -
2 .6 2
5 4.0 .5
10 8.0 1.0
20 16. 2
50 40. 10
100 80. 20
FIG. N2 48

£l sistema de conmutacidn de la figura N2 47 permite lo-

grar estos factores de atenuacifn.



L

POSICION [FACTOR ATE.

R I
o)

100

FIG. N2 47

5 necssario tener como paso previo a la seccidn de ate-

nuacidn un circuito gqus slimine componentes DC 8n seffales alter-

nas puras,

esto se consigue:caen el circuito de la figura N2 48,
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!

A

AC pC
ENTRADA SALIDA
) A uF

FIG. N2 48

Je.l.202 AMPLIFICADOR DE ENTRADA

El circuito muestreador, por su naturaleza (carga de un -
condensador), necesitara valores de corriente de exitacién relati
vamente altes; al tomar directamente la exitacidén desde la entrada
se introducirén errores que pueden hacer variar la sefial de entra
da. Los circuitos muestrsaderes presentan me jores caracteristicas
cuando operan con sefiales relativamente altas (algunos volties) vy
de baja impedancia, esto limitaria suv utilizacidén a gefialea conm -
estas caracteristicas, Es pecesario utilizar un dispositivo que -
independice la emtrada del muestreador, a la vez que sea capiz de

suministrar altas corrientes (pocas decenas de fiA), con corrien--



tes de exitacidn

: a h a

impedancia,

P
Yo e - .

' ati i erse 8s s q (=) 4”! |||,(} N un am 111 1

+ e

_ e |

p GUEE caracterigggﬁas son muy afines.
- %nz‘ s Y g

de datos en gl compedio de est

puede observar

e trabajo.

N2 49 s& prsséhﬁa gl circuito que perm;ta uti -
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tes de sxitacidn muy pequefias (pocos pA) y ademds con-una baja =

impedancia,

Pueden satisfacerse estos requerimientos con un amplifi-
cador, El desarrollo t&cnico ofrece muchas facilidades para estos
casos, encontrdndose en el mercado elementos que satisfacen plena

mente.

Para el presente trabajo se toma el amplificador operacio
nal CA31305, cuyas caracteristdicas son muy afines. Puede observar

se en las hiojas de datos en 8l compedio de este trabajo.

En la figura N2 48 se presenta el circuito que permite uti
lizar este elemento. Para sefiales de entrada menores de 400 mvV, s
con Una corriente de excitaclidn de 2pA se obtiene una sefial de --

hasta 4 V con 20 mA, que servird como sefial de excitacidn del mues

treador,
+ 7.6V
10K
3 7
A +
RI [
+
R
V’t ‘; 4 +
_ 2.2K vy
[K -
L R3+R2
— = AV = (33)
Ra

FIG. N2 49
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La amplificacién de voltaje estad dada por la ecuacidn N233

R + R
3 2 9 + 1 Vo
Av = = —_— = 10 =

R2 1 Vsq

Esta configuracién no produce inversidn de la sefial y =-

presenta una impedancia de entrada muy grande.

La resistencia R4 se ha considerado para limitaciones de -
corrientes de las seflales. Una sefial de corriente muy grande (algi

nosmndestruirfa el amplificador peracional.

Este amplificader operacional, que funciona en clase A -
tiane otra ventaja en cuanto com un condensadar conectado entre -
los terminales 1 y B se pueden cantrolar las variaciones de fase,
entre la sefial de salida y de la entrada. En cuanto a su ganancia
de voltaje en lazo sbierto con respecto a la frecuencia podemcs -

observar el grafico de la figura N2 50

GANANCIA |, {dB)
VOLTAJE

100 +

80 %

60 +

40 +

20 L

0 ; : : — y —
0 102 1o% 108 10% f{nz)
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para el presente disefio se ha seleccionado el circuito mu
estreador compensado sin inversidn. Se requiere un circuito mues-
treador r&pido, capaz de responder satisfactoriamente a sefiales

con frecuencias de muestreo de hasta 250 KHz.

De los diferentes elementos de conmutacifn que existen an
el mercado se ha preferido el DG 181BA, pues sus caracteristicas
dindmicas como, tiempo de repuesta del elemento (tiempo en el cual
el dispositivo estd listo para operar) de 180 ns (tUN = 180 nsj -
torp = 150 ns); resistencia en sstado de conduccidén (RDS(UN)=50 ohm)
rango de respuaestaem:cuanto a voltajes T 7.5VU; lo hacen muy compa

tible.

£l emplificador operacional que debe utilizarse en &l mu-
estreadeor, debe possar caracteristicas como ser capaz de "seguir"
el voltaje almacenado en el condensador, con mucha fatilidad, ade
més su sefial de offset debe ser pequefia. la impadancia de entrada
debe ser alta para que la informacién se mantenge en al condensa<
dor al tismpo necesario para el procasoc de conversidn, su corrien
te de excitacidén debe ser pequefia, la sefial de salida debe tsener
un rango de corriente suficiente para excitar a la siguiente sta-
pa. Estas consideraciones son satisfechas por el amplificador ope

raclomal CA31305.
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£l circuito utilizado para muestreo-retencidén se presenta

en la figura N2 51.

i

270pF
+15 1]
+5 ' l | —
5 4 +7.6V
|
, b 7
i0 SALIDA
ENTRADA DG I8! CA3I30S
9 8
+ |
L~T5
6 l .
J 56pF
l 270 = 2.
3 a7 pF 2.2K
CONTROL : - T8V =
DIGITAL
—15V P= 100K
FIG. N2 5]

Considerando el preamplificador y el muestreador el circui

to queda como se indica en la Figura N2 52,
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1005

A
m 270pF

10K Q. ] ' H

ENT. ETAPA AAN
ALIDA
ATENUACION CA3I30S DGIBI CA3I20 SAL
J' 2.2 Ka
2.2K& 270pF
K ) = I =
CONTROL '
DIGITAL
F1G. N& 52
Js1ecal CONVERSOR ANALOGICO DIGITAL
F o

La atapa de conversién A/D debe ser de altm welocidad con
un tiempo de conversidn fijo 8 independienta de la magnitud de la
entrada., Cada conversién debe ser (nica e independients de los re
sultados anteriores. £Estas caracteristicas son satisfachas por -

un conversor por aproximaciones sucesivas. Ademds presenta la ven
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taja de ser econfmicamente més barato. El circuita se prasenta en

la figura N2 53

SALIDA
SERTAL
DE
DATOS
START REGISTRO
RELOJ APROXIMACIONES 1
SUCESIVAS
SALIDA
—= PARALELA
DE
DATOS
CONVERSOR
D A +

SENAL ANALOGICA
DE ENTRADA

FIG. N2 53

La conversidn esta controlada par una sefial de reloj y o-

tra que indica cuando debe comenzar y terminar el proceso (START).

Se han slegido los siguientes elementos para el disefio de
la presente etapa: Registro de aproximaciones sucesivas Am 2502,
Conversor digital-analdégico CMPO1CI, que con la configuracién que

se presenta en la figura N? 54 ofrece resultados satisfactorias.



START ,
10 l
RELOY 9 Am 2502 ’
+ 5V 16 8
MSB ' LSB
i A LOS REGISTROS
| —
DE MEMORIA
+5V MSB
LSB
D) 4|ﬂ
+|5in 14
DAC 100 CC TI
D 15
2
__f}p 2 16
- 15V 2008

> Y
-7.6v  Ka Fe =

SENAL
DEL

MUESTREADOR

FIG. N2 54
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3.7.c.2 REGISTRO DE APROXIMACIDNES SUCESIVAS

£l registro de aproximaciones sucesivas (RAS) que se ha e
legido, (250PC) es un registro de 8 bits. Contiene los controles
y memorias digitales neceserios para una conversidén analdgico-di-

gital por aproximaciones sucesivas.

Los niveles ldégicos de entrada aestan comprendideos en valo

‘res que utiliza la técnica digital TTL.

Este alemento consiste de una ssrie de registros maestro
que actlan comc elementos de control y cambian de estado cuando sl
reloj de entrada esta en 0 s y una serie de registros esclavo que
retienen los datos y varian con la transicidn positiva del reloj
de entrada. Externamente este dispositivo actda como un conversor

serie-paralelo de propésito especial.

Acepta los datos por el terminal de sntrada D y envia a -
los registros esclavo. Simulténeamente con la entrada de datos,el

bit prdximo menos significante es puesto a nivel 0, listo para su

L

préximo iteracién.

El registro es restablecido (condiciones légicas inicia-
les) al poner la sefial de comisnzo S (START) en un nivel bajo -
0, durante una transicién positiva del reloj. Simulténeamente la

.salida del bit mds significantse (MSB Q;) es puesto a 0, miéntras



=~ Bl =~

las otras entradas permanecen en 1 . La seflal S debe permanscer -

con este valor hasta gque se produzca la transicién positiva del re

loj, una vez efectuada esta, puede variar o no.

Can la pr6xima transicidn positiva del reloj el dato de =
la entrada D es almacenado en sl registro del MSB y el prdximo ci
clo del relocj. Con la siguiente transicifn pesitiva del reloj el

dato ingresa al registro contindandose el proceso hasta considerar

gl bit menos significante (LSB). El registro no aceptard mis datos
hasta que la sefial S varie nuevamente. Esto se indica en la figura

N2 55,

RELOV [ [ T L 1 [ L[ L L e rrer
START ‘ B l
DATOS | I I S [ L
Q4 |

Qg 4] l—[

FIG. N2 55



Lo anotado anteriormente puede resumirse en laitabla de

estados de la figura N2 56

TIEMP ENTRADAS _ SALIDAS
tn D s E Do Q7 Qg Q5 Q4 Qz Qp Q Q4
0 X B B X p X X X X X X
| D7 A B B A A A A A A A
2 Dg A B D; D7 B A A A A A A
3 Dy A B D6 D7 D B A A A A A
4 Dg A B Ds D7 Dg Ds B A A A A
5 Dy A B Dg D7 Dg Ds Da B A A A
6 DZ A B 03 D7 DG DS D4 [)3 B A A
7 D, A B 0, 0y Dg Ds D4 Dz Dp B A
8 D A B D D D D D D D B

B oL
AT
X : NO I[MPORTA SU ESTADO
* FIG. N2 56
3;1.0.3 CONVERSOR DIGITAL ANALOGICO

El conversor digital~analdégice DAC 100CCT?, opera con 10
entradas digitales, con precisifén garantizada para B8 bits, tiense

una muy buena respussta en el tiempo (375 ns), presenta en un ter
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minal de salida uns sefial analdgica maxims de 11.1 y minima de 10
v, con amplificador aperacional externo, para escala completa. 0-
tras caracteristicas pusden observarse en el capitulo correspon--

diente, al final del presente trabajo.

Cebido a que al registro de aproximacionss sucesivas tra-
baja con 8 bits, tomamos los 8 bits con precisidn garantizada del
DAC100CT1. Las entradas légicas no utilizadas, que corresponden a

los bits menos significantes, se polarizan a nivel légico 1.

Una particularidad muy importante que presenta este conver
gsor en su disefio 8s su salida de corriente. Opera en Optimas con-
diciones cuando su salida es préxima a t 8.7 ve Tiene una resis-
tencia interna de 4.88 k& conectada entre el terminal de salida -
y un terminal de entrada analdgica. De esta manera se evita que =
variaciones indeseadas dei voltaje en elterminal de salida afecten
el proceso. Yariaciones relativamente grandes de ~oltaje pueden -

producir dafios irreparables.

El nivel &ptimo de funcionamiento (¥ 0.7 v) implica la co

neccién de un par de diodos limitadores (D4 y Dg).

Debe tenerse especial cuidado en las fuentes de polariza-
cién, laa mismas gque deben conectarse siﬁulténeamente, de lo con-
trario su funcionamisnto puede no ser normal o inclusive causar -
daffos permanentes. Especialmente con las fuentes de voltaje posi-

tivo, s8i estas son ectivadas 300 ms luego de haberse aplicado la



seffal analdgica, su dafio sera definitivo, por esta:circunstancia
se ha conectado D1, para el caso en que la fuente de +5v sea ac-
tivada antes gue la de +15v. Primero debe activarse la pacte ana
l8gica luego la digital. El nivel de corriente a la salids pueds
ser contralado comectando un potenciémetro de ZSQQ entre el ter
minal para ajuste a escala completa (FSA) y el £erminal de volta
je negativo. Este ajuste debe realizarse con los niveles l6gicos
de entrada O . El diodo Dq se ha colocado para prevenir errores

de polarizacidn.

COMPARADTGOR

Este elementoc es muy critico en esta etapa. Debe elegir-
se un elemento cuyas safiales de cffset tanto para corriente como
para voltaje sean muy pequefias, y que responda satisfactoriamen-

te a variaciones algo rédpida en su entrada.

Se ha elegido el comparador 0P-01CJ con ressultados expe-

rimentales muy satisfactbrios.

J.1.d MEMORIA DE DESPLAZAMIENTO INTERNO

Se emplean los registros Am 2808pPC (2525 segln la Signe-
tics), cuya fabricacién se ha realizado con la tecnoldgfa M0S (ca
nal P). Son registros directamente compatibles con la tecnologia

TTL, cen excepcién de la sefial de reloj.



Presentan compatibilidad tanto en sus capacteristicas dc
como en las dinamicas, ademids de su bajo costo. Por ser rsgistros
de recirculacidn interna no requieren 'refrescar' los datos como

sucede en otros tipos de memorias,

La recirculacidn interna no requiereicontrel, pero si ne-
cesita comandos para que el registro acepte datos o los antrague

( READ Y WRITE Fespectivamente). El diagrama de tiempos se pra=-

senta en la figura N2 58

PARA - | ' +5v
SALIDA 1
%
_ ~ 1oV

| []
I |
; I
PARA — - - — : ; + 5V
ENT. - | |
7 | {
1 | ' - [0V
P ; | [
DATOS — - | : | + 5V
| ,
- ' [ | oV
| |
] |
|
SALID: | : | 1 + 5V
DATOS | ; E l
! | : — oV
I
I I |
meE—J ‘ | | + sV
[ ! ov
| [
l l
+ 5V
READ
| T

FIG. N° 58
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Em cuanto a los tiempos de refersncia puede observarse la

Figura N2 59.

MIN MAX. |UNIDAD
FRECUENCIA | .0005 3 Mhz
TRANS. PULSO 10 1000 ns
TRANSICION o
READ-WRITE ns
TRANSICION o
WRITE-READ - : ns

FIG. N& 59

Cebe notarse que los niveles ldgicos de reloj tanto para
la entrada de datos (ﬂz), como para la salida de los mismos (ﬁ1)
tienen + 5 v. para el nivel suparior y - 10 v. para el nivel 10~
gico inferior. Las sefilales para ¢1 y ¢2 pueden conseguirse con -
registros JK, NAND, etc., pero se conseguirén sstas cen niveles

l8gicos rstandard. Para censeguirse los niveles apropisdos se u-
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tiliza un amplificador de aplicacién especial, el MHOD26C,
gque con una polarizacidén adecuada nos permite alcanzar tales nive
les. El circuito se presenta en la figura N2 60, por ser un els-
mento dual las conecciones se limitan conside;ablementa.

ENTRADA 1 SALIDA |

—12v .
— MHOO026 L_-_+5V
ENTRADA 2 SALIDA 2

B B - - — +5V
ENTRADA
) ov
+ 5V
SALIDA
|| - L -0V

FIG. N2 &0

Este amplificador produce una inversidén de la sefal, ca-
racteristica que se detalle en la seccidn correspondiente al sis

tema de control.

La tabla de estados para cantrol de entrada-salida se -
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presenta en la figura N2 61. Existen cwatro posibilidades, sinem
bargo necesitamos Unicamente dos en el presente trabajo, consi--

guiendoss. de esta mamera simplificar el disefio y 8l costo total,

WRITE READ "FUNCION

o) 0 RECIR. SAL. '0O'
0 | RECIR. SAL. DATO
] o] ESCRIT. SAL. ‘0

1 | |LECTURA sAL.'O'

FIG. N2 sl

Cada pulso de reloj ﬂz para la entrada de datos, permite
el ingreso de un bit-dato, miéntras el comando WRITE permanezca
an 1L. Si WRITE es igual a 0, los datos ya presentes en el re-

gistro son recirculados. La seffal READ habilita la salida (sin--

craonizado por ﬁ%) sin afectar la recircelaéién.

Los registros tienen capacidad para 1024 bits, cada uno.
Se utilizan B registros de memoria (umo por cada hit de la etapa
de conversifn amaldgico-digital). La memoria del presente traba-

jo tiene uwna capacidad de B192 bits datos.
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Una vez almacenados los datos, para presentarse al oscid:-
loscopio deben cambiar de su forma digital a analdgica. La Olti-

ma etape mnstituye la etapa de conversidn digital-analdgico.

J.leced CONVERSOR DIGITAL ANALOGICO DE SALIDA

Como elemento conversor de esta etapa se tratdé de utili-
zar el DAC10DCCT1, pero el realizar pruebas previas de montajers
sultd afectado definitivamente. Un buen sustituto es el MC1408 ,

con el circuito presentado en la %igura N2 B2,

DE LOS REGISTROS DE MEMORIA

LU

+ 5V 13
3 4 SALIDA
I AL
16 O0SCILOSC.
— 15V

- 7.6V —\/\/\,—J—7\/\ —_‘_:

3.3Kn 1K

FiG. NS &2
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. De las hojas de datos, sabemos que 8l rango de voltaje a
la salida depeﬁda de la polarizacién, asi se obtiene de -o0.6v a
% 0.5 v conectando el pin 1 a tierra, y una salida ds -5v a + -
0.5 v dejando este pin. En ambos casos se limita el wvoeltaje po-
sitivo a + a.5 V; respecto al voltaje negativo conviene optar por
el mayor rango pues de este mada se obtendrd una sefial de mayor
amplitud. La salida de esta etapa pasa directamente a presentarse
en el osciloscopio. Seré& conveniente mantener la escala para ver
tical del osciloscopio en 250 mv/diuisién, para que la salida a

escala completa cubra la pantalla en toda su amplitud.

3.1.0 ST STEMA D E L RELGOJ

3.1.801 FRECUENCIA DE MUESTREQD

La grabacidn debe realizarse segdn la rdpidez con gue va

rie la informacidn, desds una variacidn lenta hasta algo rdpida.

La fgecuencia méaxima de muestreo est4 limitada por los -
circuitos digitales y\de conversién. Para el presente trabajo --
las demoras estén dadas por el convertidor DA (200 ns), el compa
rador (200 ns) y el registro de aproximacionss sucesivas (30 ns)
El tiempo para la conversién de un bit es aproximadamente 0.5 us.

Se tiene B bits por lo que el tiempo total para cada conversidn
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es de 4 us. A este debe agregarse el tiempo que emplea el prace-

so de muestreo 1 us. Luego para cada muestra:

tCunuers./muestra = B x 0.5+ 1 =05 us.

La Frecuencia mdxima de muestreo serd:

fméx muestreoc = 200 KHz.

Sefiales de entrada de hasta 100 KHz pueden ser recupera-

das sin pérdida de informacidn.

Considerando que se toman 1000 muestras en cada barrido
del osciloscopio se tiene para esta frecuencia un tiempo da gra-

bacidén de 5 ms. por barrido.

Con una frecuencia minima de reloj de 500 Hz, tendremos:

]

fMin reloj = 0.5 KHz.
conv,/muestra = 2 ms.
El tiempo de grabacidn serd de 2 sag./barrido.

Este rango resulta muy conveniente para el estudio de tran
sitorios en sistema de potencia. La presentacidn de los datos en
el osciloscopioc debe parecer estable, ésto se consigue si se tie-

nen una presentacién de 200 barridos/seg. se presentan 1000 mues-
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tras por barrido entonces:

200 barr/seg x 1000 muest/barrido = 200000 mues

tras/seg.

La frecuencia de reloj esta determinada por la frecuencia
de muestreo. Se necesitan 8 pulsos de reloj para cada conversidn,
y uno o dos pulsos para cambio de estado en el RAS, si considera

mos dos pulsos ss tendrdn 10 pulsos de reloj para cada conversidn.

greloj = 10 x 'questreo.

Se necesita un oscilador de onda cuadrada, con una free
cuencia como la indicada anteriormente. Existen diferentes tipos
de circuitos gque nos permiten conseguirlo, con elsmentos discre-
tos o con circuitos integrados. Los niveles de voltaje, deben ss
tar comprendidos en los rangos standard de la técnica TTL : 0O v.

para el nivel inferior y + 5v. para su nivel superior.

El circuito presentado en la figura N2 63 gue utiliza --

circuitos NAND precsenta resultados muy satisfactorios.

5V Cl:‘: . . 5

FIG. N2 83
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7
Es un oscilador controlado por cristal gque estabiliza la
frecuencia de oscilacidn. E1 cristal debe tener una frecuencia -
de oscilacidn igual.al valor calculado o muy préximo. Para el -

b

presente trabajo no se pudo contar con un cristal de tal frecuen
cia, se disponia de un cristal con una frecuencia de oscilacidn

de 4.018 MHz (el méds aproximado). Utilizan un divisor de frecuen
cia por dos (SN741l07) con el circuito que se presenta an la figu

ra N2 64 experimentalmente se consiguid una frecuencia de 2.0MHz,

mi

valor muy aceptable para sl presente trabajo.

|
o
]

+5v
¢, = .00l uF
b
Co= (20 pF
R, = 5608 1/2W
Rp= 2808 /2 W
Rz= 1008 1/2W B}
CRISTAL f= 4018 Khz
%

FIG. N2 &4
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La corriesnte que consume este circuito es de 3D mA. La -
disipacidn en las resistencias es muy baja por lo que se tomaron

resistencia de Y4 de watt por facilidad de conseguirse en el mer

cado local.

Para sefiales que no varien muy répidamente en el tiempo,

no sa necesitard una frecuencia de muestreo de este orden, sino

valores menores, los mismos que pueden consseguirse con una etapa
de divisidén de frecuencia.

Una escala de valores como se indica en la figura N2 65 -

resulta muy conveniente, pues son valores muy familiares para un

usuario del osciloscopio.

freloj (Khz) |fmuest.(Khz}|treloj{ms ) |t muest.{ms) barr‘i—-ms/div
2000 200 .5 B )
1000 [00 | 10 !
500 S0 2 20 2
200 20 5 50 5
100 (] 10 100 1O
50 5 20 200 . 20
20 2 50 500 50
(e} | 100 1000 100
5 .S 200 2000 200

FIG. N2 85



Los facteres de divisidn indicados pueden conseguirse con
dos divisores por 10 y dos divisores por 2. De los diferentes di
visores que existen en el mercado se eligid para divisor por 10
el SN 7490R y como divisores por 2 el SN 74107 (circuite dual), -

sus caracteristicas son muy compatibles al presente disefio.

1
El circuito gue permite su funcionamiento se presenta en

la figura N2 29. Ademds se requiere un sistema de conmutacién, el

mismo se presenta en la figura N2 66.

10
En ! 5 SAL |
ENT 4 SNT490 (1 SAL 9| sN74107 X
— — 12
. ) EN2—— —sake
4
13 I
6

[¢ =]
+5V

(a)

O}yfo

ENT. =2 =2 \ ~ 10 - 10 \.—SALlDA

POSICION |BARR.ms/diy

0o~ M-
(o]

FIG. N2 66
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3.17.c.2 DIVISOR DE FRECUENCIA

De la sefial de reloj que se tiene, se obtienen las otras

sefialaes de control:
a) Control para
b) Control para

c) CLontrol para

SENAL DE CONTROL PARA EL

el proceso de conversién A/D
el sistema de muestreo.

I/0 de datos de la memoria.

PROCESO DE CONVERSION A/D.-

Esta sefial debe

cantrolar el registro de aproximaciones

sucesivas (Am 2502) con las caracteristicas qus se presenta en -

la figura N2 67,

w|

FIG. N2 67
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El registro Am 2502 produce una inversién de la sefial §,

debe entregarse al registro la sefial 5. (complemento de 5).

Esta safial puede abtenerse muy fécilmente con un contador
médulo 10 per las cargcteristicas que presenta el SN7480 resulta

muy apropiado, el circuite utilizado gue se presenta en la figu-

ra N2 68,
| 12
ENTRADA 14 It SALIDA
RELOJ
2 S
6

FIG. N2 &8

Esta sefial debe retrasarse VY2 pulsc de reloj,para esto sa
utiliza un SN7474 (dispositivo dual) con la coneccidn que se pre-

senta en la figura N2 6£9.



b
5
! an 12 5
ENT 14 ap " 2
b RELOY SNT474
SN7490
3 — |8
2 S S
5]
14
\./ +5V
5V
. {a)
),
wor | LU UL L
o |
A
=4 I
Qp

s
s 1

FIG. N& 69

En la parte (b) de la figura N2 32 se presentan las sefia
les que se considerardn posteriormente. De esta circuito se obtie

ne- la sefal S.
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CONTROLES PARA E/S DE DATOS DE LA MEWDﬁIA.

Son necesarios 4 controles: dos para ingreso de datos vy

dos para salida de los mismos.

Uno de los controles para ingreso de datos ss ﬂz, con ca
da pulso de este reloj ingresa un dato a la memoria, mientras el

otro control para entrada permanece en su nivel alto (WRITE).

1
1

Las transiciones de la sefial WRITE deben realizarse durante las

transiciones nagativas de ﬁz.

Para la salida de datos, similarmente existen una sefal-
de reloj, cada pulsc de la misma permite la salida de un dato, -
miéntras la otra sefial permanece en su nivel altoc (READ). Ante--
riormente se indicd la conveniencia de mantener la seffal de con-

trol READ en un voltaje fijo alto 1L.

Se concretard el estudio a las seflales ﬂ1, ﬂz y WRITE. -
Por cada conversidén A/D de una muestra se obtienen B bits, estos

deben almacenarse en los registros de memoria {1 por cada bit).

lLas sefiales de control para entrads y salida de datos --
de la memoria deben ser aplicadas simultdneamente a los 8 regis-

tros.

Las sefiales necesarias para §, ﬁ1, ¢2 se indican en la -

figura N2 70.
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.- 100 -

u
!

2 ﬂ H

FIG. N2 TO

Para obtener g4 y §; se dispone de las seffjales indicadas
en la figura N2 69 si ademds de estas disponemos de T y i como
se indica en la figura N2 74, podemos obtener ﬂ1 =85 xT y --

¢2= SXT-
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nl

wnl

g .

FIG. N& 74

Las sefiales T y T se obtienen con un circuito SN 7474, co

mo se indica en 1la figura N2 72.

Este es un elemento dual y el un registro se utilizd ante

riormente,
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=

ainaininEinnnianenRinEE

-/LE]Z/- 40 A/

dulo 4. E1 circuito se presenta en la figura N2 74 (a) y el dia=

grama de tismpos en la parte (b).

12
P 9
ENT 14 I 14 ] 1 14 . WRITE
———— SN7493 $N7493 SN7493
2|3 2|3 i 2|3
CONTROL
BORRADO

{a)

U UL

K

Ka

m

Kg

{b) FIG. N2 74
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trada estéd determinada por el ancho del pulsc de salida. De los
datos proporcionados, para el presente caso ss necesita un con--

densador de 500 pF. £1 diagrama se presenta en la figura N2 73.

= S00pF -
ﬁz |1 2 7 ﬁz
1
-2V MHOO026 +5V
# N 6 5 2y
|
500pF
FIG. N& 73

La sefial de control WRITE gue permite el ingreso de datos
cuando se mantiene en su nivel alto (impide cuando estd en su ni
vel inferior) ingresando un dato con cada pulso de reloj ﬁz. Los
registros de memoria tienen -una capacidad para 1024 bits, y la -
seffal WRITE debe permanecer durante ese intérualq en su nivel su

perior (1L). Se utilizan dos contadores de 16 ¥ un contador de 4.

Como contadores modulo 16 se utliza los SN7493, con una

coneccidn adecuada se puede utilizar este mismo contador como md



o

| /2 111 (/2
RELOJ 1% gy7a90 [ 2| sN7a74 512 Lt swrare T
2 —
3 s|s =
6
FIG, N2 72

Las sefiales de control que se han obtenido, tienen nivei
les de voltaje correspondientes a la légica positiva. lLos regis-
tros de memoria reguieren que las sefiales de reloj ﬁ1 y ﬂz ten--
gan un nivel superior de voltaje comprendido entre + 4.0 v y -~
+5.3 ¥ 8l nivel inferior entre -12.0 v y -10.0v. Para logtar es-

to se utiliza un amplificador dual de ﬁropésito especial el --

MHOO26. Con una polarizacidn de Vee + 5y vy UEe = = 12v se ob-

~

11.5 v. paré las sefiales de

[

tienen niveles de salida de + 4.3 y

reloj.

El fabricante aconseja para valores negativos de Uee un

acoplamiento ac capacitivo. La seleccidn de sste capacitor de en
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En cuanto al control automitico de grabacifn de la sefial
debe grabarse la misma, en cuanto esta supere determinado nivel

relativo graduable manualmente.

para conseguir esto debe tomarse la sefial de entrada y --
compararla con un voltaje de referencia. Para la comparacidn es -
conveniente tomar la sefial luego de la etapa de atenuacidn-ampli
ficacidén porgque presenta niveles adecuados porgperarse ( -4v, -
+ 4v). Por el rango de variacidn de esta conviene compararla <con

un voltaje dentro del mismo rango, por ejemplo + 5v que se utili

za para polarizacibn de la parte digital.

El elemento de comparacidén debe ser muy confiable y que
presents compatibilidad con el trabajo efectuado, Anteriorments
se utilizd con bueno resultados el CMPO1CJ, Se utilizard este --
elemento en esta etapa. Este circuito de disparo debe controlar
la sefial WRITE. Es posible gue se praesenten més de umavariacién -
de la sefial capdz de producir un disparo, unicamente la primera-
variacidn debe activar el dispositivo. Se utiliza un circuito e-
liminador de rebotes dissfado con dos NAND como se indica en 1la

figura N2 75.

Se presenta tanto el control para grabacién como los cir

cuitos qus permiten obtener la sefial de comando WRITE.

La grabscidn de la sefial se realiza en forma continua, -
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-

cuando se activa la sefal de disparo, se psrmite sl ingreso de -
768 bits a cada registro de desplazamiento (768 muestras). Las -

256 muestras anteriores son consideradas como parte de la sefial

grabada.

l_ ]_1_—1—

SN7493 SN7493 SN7493

2
CONTROL ' [

8,
FIG. N2 75
;
£l pontecidmetro P, proporciona el nivel de referencia re
gulable manualmente entre 0 v ¥ 5 V. Del comparador se aobtiene
un nivel correspondiente a 0, o a 1L seglin la sefalbha superado o
né el nivel de rsferencia. ELl otro potencidmetro P, permite un -
B ajuste para el correcto funcionamiento del dispositivo, el pulsa

dor permite iniciar el conteo para generar el comando WRITE.

"
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El eliminador de rebotes Ng contrela el paso de g 2 a los

contadores. Se presenta en la figura N2 76.

-innnnininininininininin

% 01U
w LU

ENTRADA
DATOS

NO PERMITE

ENTRADA DATOS

CONTROL
BORRADO

FlG. N& 76

La sefial de control para borradc pone las salidas a nivel
g con Ro(1) y Ro(2) en 1, » la sefal para este control se obtiens

de la otra salida del eliminador de rehote Nqe

Considerando Kp Kg de la figura (b) del segundo elimina-

dor de rebote, se obtisne la sefal de comando WRITE, como se indi
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ca en la figura N2 77.

ke | | B

ACEPTA DATOS

WRITE

RECIRCULACION

FIG. N2 77

De la otra salida del eliminador de rebotes, se toma la

sefial gue segrvird para sincronisar la sefial en el osciloscopio.

3.3. CONSIDERACIONES PRACGICAS DE DISEND

La disposicidn fisica de los elementos es muy importante,
es necesario distribuir los mismos de modo que su interferencia

sea minima.

Las fuentes de alimentacidn deben ser aisladas no solo -
fisicamente sino eléctricamente. E1 espacioc que contenga dichas
fuentes debe Hlindarse. El sistema de atenuacién es muy sucepti-
ble a interfersncias por lo que serd conveniente aislarle fisica

mente del resto del sistema.
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En cuanto a la distribucién fisica de los elementos, de-
he realizarse de modo gue no se tengan partes analdgicas y digi-

talss indistintamente colocadas.

Es conveniente disponerlos lo m&s separados e indepen--
dientes posibles y tratar de gue sus conecciones no se intercep-

ten.

Las conecciones a tierra tanto de la parte analdgica como
de la digital no debe ser comunes excepto en un solo punto en el

chasis.
El amplificader de entrada tenia la siguiente configura-

cion:

10K

e W T

CA3I30S
DGl SAL.

K& 9K

CONTROL
DIGITAL

FIG. N2 78
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La corriente suministrada por el amplificador operacicnal
CA3130S no es suficiente para cargar el condensador ‘de muestreo
ridpidamente. Esto implica errores en el muestrec. Para solventar

este problema se utiliza un seguidor de emisor como el gue se pre

»

senta en la figura N2 9.

DG 18l

SAL,

+15V
33042
ENT. 10K5e
CA3I30
2KE?

| Kse
KQ = =okQ

-15v

CONTROL

MUESTREO

FIG. N2 79
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£l circuito utilizado no didé resultados satisfactorios. Fue nece

sario disefar un circuito més completo. E£1 mismo que se indica -

en la siguisnte figura.

+ 7.6V

10K ; LK

CA3I308S l/ Q

Qs DGI8|

|
1K
§19Kﬂ 2.2K8 K&

CONTROL
MUESTREQ

1
I

En este circuito, que opera como seguidor de emieor, la

salida presenta una impedancia muy baja. Los transistores Q1 y -

Q2 operan alternativamente con la sefial ., durante
positivos y Q; en los negotivos. Deben ser transistores

simétricos complementarios. Para su funcionamiento
diferencia de potencial entre las bases de Qq Y Qz

= 1.2 v. Variaciones en la temperatura ambiente no

lo.

los hemiciclos
correcto, la
debe ser ZUBE

debe alterar-
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Para mantener esta diferencia de potencial se utiliza Q5 y el pg
tencidmetro. Para un mejor resultado Q- debe ir fisicamente pega

do a Q1 4 QZ'

Un incremento de temberatura ambiente, hace que circule -
mayor corriente por el emisor (@4 y/0 Q3), a su vez Vge disminu-
ve. Simultdneamente se incrementard la corriente el emisor de QS’
disminuyendo Vgg de R4, esto es la diferencia de potencial entre
las bases de Qq ¥y @y, lo cual impide un incremento de corriente -

en tales tranmsistores.
La salida del seguidor de emisor no debe contener compo-
nentes DC, para no alterar la informacidn, o sea:
UE1 = VUZ = Dv
Utilizando transistores de Si.
VBE = 0.6 V

Asumiendo Vpg = UCC/Z para que los transistores opesren en

regidn lineal.

UCE = 3.8 v

Es necesario limitar la corriente de Qq, a uno 4 mA.

R.. = 3.8/4 mA = 0.95 KS%2

c1



Y

w 113 =

Similarmente

Rep = 1K 10%

Para polarizar la basa de Gz, ce emplea R Asumiendo -

B2*
I2 = 3 mA.

I
N
.
(@3}
x

Rp2 - =

"Rpo = 2.2. K 10%

La porriente a travéz del potencidmetro P, debe ser muy -

pegquefia, en el ordsen de uno 0.3 mA.

1.2 v

0.3 mA

La base de QS dabe conectarse aproximadamente a la mitad

del potenciémetro.

El condensador de 0.01 /%F se utiliza para evitar la in

terferencia de componentes de mayor frecusencia

Se utilizan fuentes balanceadas para procurar mayor esta

bilidad térmica.

El circuito disefiado ez capdz de suministrar la suficiente

corriente para cargar el condensador de muestreo répidamente.
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Se comprobd’que el conmutgdor analédgico DG 181 no funcig
naba por fallas ds fabricacidén., E1 tiempo gue se tardd en conse-
guir este elemento (6 meses), implica el disefioc de un circuito

muestreador con elementos discretos disponibles.

Un circuito utilizado para muestreo en frscuencia interma
dias, estéd constituido por un puente de diodos y un sistema de -
control para activar el puente durante los tiempos de muestreo.

El circuito utilizado se presenta en la siguiente figura.

= e

CONTROL

~_ I LI 1_MUESTRED

ENTRADA

| K&z

4.7 K&

1Kz 15V

+
+7.6V (T

FIG6., N& 8!

El circuito bédsico de conmutacidén estd dado por un puen-
te de diodos. Para activar los mismos deben entregarse pulsos pa

ra control de muestro, como se indica an la figura gue sigue:
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L

FIG. N2 82

Las sefiales para control de muestreo pueden obtenerse de

los circuitos integrados utilizados para el efecto. Esta seffal no

es entregada con la suficiente corriente como para controlar el
puente.

Un circuito que NoS permite amplificar estos pulsos se pre
senta en la figura que sigue:

—Vbp

CONTROL
MUESTREO

FIG. N2 ) ’
Ees un circuito amplificador-inversor de los pulsos para

el control de muestreo, formado por dos transistores simétricos
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complementarios Q1 y QZ gque actdan como interruptores controlados.

Los transistores QS Y Q4 actdan como amplificadores de los pulsos

positivos y negativos

respectivamente. Se han elegido los transis

tores npn 273704 y pnp 2N3702, considerando su simetria en cuan-

to a (3 , hi y respuesta a variaciones rdpidas en las seffales.

La sefial de control ss obtisne de circuitos TTL standard,

con una amplitud de voltajs aproximado de 3.5 v. Los pulsos que

deben activar el puente deben ser simétricos y de sentidos opues

tes.

S§i sa limta Iq

= 1 mA

Considerando los pulsos de relej, con una amplitud de 3.5v

UB1 (NAX) = UBE1 + UBEZ + 11R2 = 3.5 v
UBE1 = UBEZ = 0.6 v
3.5 - 1.2
R2 = = 2.3
1 mA
R2 = 2.2. KQ 5%
Asumiendo UCE N 8 v
A Ve - (VeE1 + VE1)
1 =
I
_ 15 - (8 + 2.8)
Ri = = 4.2

1 mA
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ODe igual mansra:
R = 4.7 K§2 5%

Las resistencias R4 ¥ Rg se utilizan como limitadoras de

corrienta. Asumamos IA = 3 mA.
3.5 = 6
R4 - = 2.9 - 1 K
3 mA 3
7R4 = RS =1 K§2 10%

Las resistencias RG y R se utilizan para mantenser los =
diodos inversamente polarizados mientras los pulsos de control -
estan en el nivel inferior, En el mismo instante sirven para des

cargar répidamente la capacitancia parésita de los diodos.

El amplificador operacional CA31305 que se utilizdé como-
seguidor de voltsje del condensador de muestreo, no entregaba la
suficiente caorriente para operar el CAD. Fue necesario colocar un

segquidor de emisor & la salida del amplificador wperacional, como

el que se indica en la siguiente figura.
+76 V

FIG. N° g4



A T

- 1186 -

La salida debe entregarse sin componente DC, luego:

UBE = 0.6 v

Para que opsre 8n clase A

UCE = 766 Vv

Asumiendo Ig = 10 mA
R = 7.6/10 mA = 7605
Rp =  780%¢ 5%

£l CDA de salida no responde satisfactoriaments a sefales
que varian rapidamente (60 KHz). La variacién correspondiente al
bit mas significante no s muy bien transformada aparecisndo una
espiga sn la seflal analdgica de salida, con una amplitud aproxi-
mada de 0.25 v, Para sliminar la misma se utiliza un filtro pa-

sa bajos como el que se presenta en lafigura que sigue.

v, J\%
|G Rlé :JL:cl :Fcz vy

FIG. N285
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Plantesando las scuaciones de nodos:

1 1 1

V1 ( + + S C1 ) - VZ - I
v ! z !

- V4 o, ( +  sC, ) = g

R R2

2

1

vz I 7o~ R R

2

Vo
_ Ry

1+ 5 (Cq Ry +C2Rp+C2R1) 4 52 ¢y Ry B2 Ry

La funcién caracteristica de un filtro de segundo orden:

R
I 1+2f('%>+(%)’2

J): Factor de amortiguamiento.

Para el filtro calcalado

-—
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v, R4

I 1, 25(1+
o

Factor de amortiguamiento

jj__1 + R1
2 R2

El CAD entrega la sefilal en corriente 2 mA. Tomando R1

para tener una sefial de salida de 2 v.

La frecuencia ds corte consideramos para 100 KH2.

Ri Ty = Ry C, = =
2Rg >> Ry
1
ficy oz po:
2 /7 109
_ 1
o
2 77 108
Ro = 5 KG?
1
o = _
2 77 108

= /1600 p F

318 10°
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En el montaje del equipo se dispusieron los elementos de
las diferentes etapas de la memoria de manmera que sd interferen=
cla sea minima. Sinembargo fue necesario realizar algunas.modifi

caciones tanto sn el disefio como en la distribucidn de los sle--

mentos.

Para la stapa de atenuacidm no se pudieron conseguir to
dos los elementos de precisidn. Para alcanzar tales uaiores fuae
necesario tomer una resistencia no de precisidn y experimental--
mente alcanzar el valor calculado, combinando con otra resisten-

cia.

La etapa con factor de atenuacidn 10 utiliza 111 KR , se
consiguié dicho valor con una resistencia de 100 K&2 en erie -

con otra de 10 K&2 .

para la etapa de atenuacidén por 100, la resistencia de =

950 KG2 se consiguid de una rasistencia de 1 MG 10% .

En la etapa de conversifn analdgico-digital, las salidas
del registro de aproximaciones sucesivas no entregaban la sufi--
ciente corriente, en el nivel ldgico superior, a las sntradas del
DAC100CT. Se colocaron resistencias de 1 K§21D%, entre dichas en

tradas y la fuente de polarizacidn + Sv.

Un problema similar se presentd entre las salidas de los

registros de desplazamiento y el CDA de salida. Se procedid como
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en 8l caso antarior.

El problema incial de mayor importancia que debif afron-
tarse astuvo relacionado con ruidos,tanto por induccifn como por

acoplamiento a través de las conecciones de tierra.

Inicialments a la entrada del amplificador de entrada --
(manteniendo desconectada la etapa ds atenuacién), se tenia una

relacién sefal/ruido = 0.2 .,

A pesar de tener un rizado en las fuentes de polarizacién

inferior a un 5%, el ruido presente en los elementos impedia re-

" sultado alguna.

FEl ruido provenia en parte a través de los conductores de
polarizacién, por inducci6n. Se colocaron condensadores de 0. 1uF
entre cada punto de polarizacidn de los elementos y tierra. Con-
siderando que las conecciones a tierra sean a la analdgica o di-
gital segiln corresponda. Esta consideracidén resultdé insufieiente,
se mantenia una sefial considerable de ruido en los puntos de pa-

larizacidén de los elemaentos.

Se colocaron condensadores electrolfiticos de 4ZAF en pa-
ralelo con condensadoras de ceramica de 0.1/1F a la entrada de -
la sefial de polarizacifn a cada una de las tarjetas, como se pre

senta en la figura que sigus.



. - 123 -«

-~— T|ERRA
g — ]
QTFL=I == L} uF
—— POLARIZACION
l, CONECTOR
FiIG. N2 86
La sefial de ruido se mantenia considerablemente. Debian
bloquearse las seflfales de RF inducidas en los conductores de po-
larizacidn. Se utilizarén choques; empleando nOcleos de ferrtita
& de 100 UH, como se ilustra en la siguiente figura,
=
NUCLEO FERRITA
CONDUCTOR
POLARIZACION
FIG. N287
En estas condiciones se consigue una relacidn seffal/rui-
5

do = 1.5. Es posible realizar algunas mediciones para mejorar &

esta relacidn. Observando con el osciloscopio dos puntos de tie-
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rra, distantes entre sf unos 3 cm se observa una sefial de 0.8v pi
co-pico., Presenta picos més salientes a intervalos regulares coin

cidentes con el periodo de las sefiales de reloj g o

El elemento que se utiliza para amplificar las sefiales de
raloj ﬂ1 y ¢2’ ( controlan la entrada y salida de datos a los re
gistros de desplazamiento) debhe suministrar las mismas con nive
les de corriente relativamente altos. Durante su operacifn senvia
pulsos de corriente que llegan a tierra, ademds los conductores
constituyen muy buenas antenas para radiar estas sefieles. E1 b;i
mer paso constituye colocar a este elemento fisicamente lo mas -
cerca a los registros de desplazamiento. Esto redujo a B.5v la -

sefial medida en las condiciones anteriores,

Debe evitarse que esta sefial llegue a la coneccidn de tie
rra, Para esto los condensadores que inicialmente se conectaron
a tierra {(de los puntos de polarizacidn de los registros de des-
plazamiento y del amplificador MHG0G26), se conectan a las barras

de polarizaci6n como se indiga en la figura que sigue.

.t uF .l uF
Lateia!
I‘E"—__‘l =717
+5y | 5y |
! ! I
: } ! [
I -5v | -5V
L____?_l | —
—“_”.luF
-5V .JuF A5V
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De esta manera se consigue formar anillos dentro de laos

cuales la sefial circula pasando a tisrra en una minima propor--

mica de U.qu.

cifn. E1 conjunto se acopld a tierra con un condensador de ceré-

La sefal medida sn las condiciones anteriores se redujo

a 0.01 v.

A

PRUEBAS

Se realizaron diferentes pruebas las mismas que se vieron

limitadas por la disponibilidad de equipo en laboratorio.
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\;gv_ 100 KHT
\)Cf:\', 200 KHZ

JS& 5 KBz
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]
SISTEMA DE FUENTES °
La alimentacién general se toma de la red de 110 v, 60 Hz
%
Deben obtenerse fuentes para un voltaje DC: % 5v, * 15y, * 7.6v,
- 12v.
Se disefian como fuentes b&sicas: T Sv, * 15 v, De las fuen
tas de t 15v se obtendran los valores de polarizacién: f 7.6 v,
1 - 12v,
Las corrientes gque deben suministrar estas fuentes son:
+ 5 v 700 mA
-5 v 100 mhA
2 + 15v 200 mA
1 15v 200 mA

Las fuentes se diseflaron pare valores de corrients igua-
les a dos veces los indicados, dejando la posibilidad de afiadir

memoria para otro canal.

El sistema bé&sico de rectificacidn se realiza con diodas,

como s8 indica en la fiigura que sigue:
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)y
—22 V REGULA. — —1I5V
' "ooouF
; 1
REGUL. | 15V
25 v ji 1000 uF
1o Vv L
y. REGUL. [ SV
4
' 5000 uF
rJ_‘ REGUL. ——— —5V
J:moo uF
A FIG. NO 89 '

Como elemento de regulacidn se tomd el circuito integra-

do SN72723.

Se considerardn posibles variaciones de 10% en el voltaje
de la red, Las fuentes se disefiaron considerando las notas de a=

plicacién del fabricantse.

Se dispens de limitador:s de corriente para proteccidn de

corto circuito.

Los circuitos y valores obtenidos se presentan a continua

cidn:
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1]
Fuente + 15v
22 v
b T I
12 9
2N4040T
1K
SN72723 2
1.382
3 Y
L 5us 4 |13 3 KQ VK@ 100 uF
A 270pF Z T
LV |KQ
%3}({2
Fuente - 15v
)
22V
2
1 9 e
12 2N404i0
= 2
. SNT72723
S 1.3 G2
-
3
6 s[4 I3
o 270 pF
e 3 |Kg l_jﬂ 100 uF
3IKY ésr:se 22 @—?
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FUENTE 5V

A

98V
12
i
GNT7272%
- 5v
~.=L__ S E 4£3 \
270.F =
3KQ T P 1000uF 3
| ke
3K(1%%
FUENTE -5V
—98 v
1 §é330Q
+ 15V g
12 2NA40410
cnT2723 1
" 1.382
3 — By
QTOPF e Wq\ooo/mp

12 kG2




7.6 V I maA
+15v
{-H.8KQ
283104
' +7.6v
8.2 k&
= ==
47L{F tuF
- 7.6 ¥ 1 mA

10 iK§2 ‘_L
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sultados experimentales obtenidos se presentan a continua=

Los re

cidn:
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)~

i s’
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11111
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Las dimensiones fisicas del eguipo son: 32 x 23 x 17 cm.
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' 5.2 CONCLUSIONES RECOMENDACIONES

Considerando ;ue ha sido necesarioc modificar £1 disefic de algu-

nas de las etapas de la Memoria Digital, utilizando elementos dis

cretos en vez de los circuitos integrados propuestos, los resulta
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dos obtenidos son muy satisfactorios.

El circuito muestreador que se utiliza, trabaja bien si
se considera que los diodos no son equilibrados. 5i se emplean
diodos schottky los resultados para este mismo circuito =erdn

mucho me jores.

E1l CDA gue se utiliza a la salida no responde satisfac-
P> 'Q;,q‘f‘

. ~ r P . L ey P
toriamente con sefiales que varian répidamsnte. Pres da a la sa
lida una "espiga", la misma que pudo disminuirse con un filtro a

la salida. Se puede utilizar un CDA més répido.

Seria de mucho beneficio implementar la memoria digital
con otro canal. Se puede utllizar un disefio dual o emplear rets
nedores (LATCH) que permitirian utilizar los mismos registros ds

memoria. Los otros elementos podrian ser compartidos.

5i se utilizan elementos mds rédpidos (especialmente los
conversores), se pueden obtener resultados muy satisfactorios pa
ra frecuencias mayores. Los elementos més rdpidos que estdn ac-
tualmente disponibles permitirian aumentar la frecuencia QB mue s

treo hasta aproximadamente 1 MKz.
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Solid State
Division -

|

kil@ear integratea Circuits

o=

Monolrthuc Siticon 25
CAZI30BT, CAZIZ0BS
CABI30AT, CAZIZ0AS - &

CA3130T, CAZ12CS

COS/MOS Operational zﬂmnm %‘aova
With MOS/FET Input
Ty Features: )
__‘_‘__"/, & MOS/FET input stage provides:
- [ 3 very high Zy = 1.5 TQ (1.5 x 1012 Q). typ.
g‘! ) \q very fow I} = 5 pA typ. at 15 V operation
‘ 2 pA typ. at 5 V operation
_g-LEAb TO5 ) ® Common-mode iqput—voltage range includes
with Dual-In-Line - negative supply rail; input terminals can ideal for
::Sosr?;;(;'aads ?_'rl‘s?:f&;rohs. be swung 0.5 V below negative supply rail single-supply =
178 1508 B COS/MOS output stage permits signal swmg . applications . .
to either {or both) supply rails . C Tt e me—e
g Low Vin: 2mV max. {CA31308B)
RCA-CA3130T, CA3130S, CA3130AT, CA3130AS, CA- ™ Wide BW: 15 MHz typ. {unity-gain crossover)
31308T, and. CA3130BS are integratdd-circuit operational -2 High SR: 10 V/us typ. {unity-gain follower)
amplifiers that combine the advantages of both COS/MOS and B High outputcurrent {Ig): 20 mA typ.
bipolar transistors on-a monolithic chlp n High Agp: 320,000 (110 dB) typ.
Gate-protected p-charinel MOS/EET {PMOS) transistors are ~® Compensation with single external capacitor
used in the input circuit.to provide very-high-inputimpedance, *  Applications: Sl '
\_/ery-low-l‘nput‘current,and excfeptiorjal spe.ed performance.'ﬂ"!e n Ground-referenced single-supply amplifiers
use of PMOS field-effect transistors in the input stage results in . - -
common-mode input-voltage capability down to 0.5 volt below " Fas‘g'sample»hold amplifiers
the_negative-supply terminal, an important attribute-in single- ® Longduration timers/monostables
supply apphcaﬂons .n HIgh-input—\impedance comparators
(ideal interface with digital COS/MOS)
A complementary-symmetry MOS (COS/MOS) transistor pair, High-inputimpedance wideband amplificrs

" capable of swinging the output voltage to within millivolts of

either supply-voltage terminal at very high values of load
impedance], is employed as the output circuit.

The CA3130 Series circuits operate at supply voltages ranging

from 5 to 16 volts, or £2.5 to *8 volts when using split supplies.
They can be phase compensated with asingle external capacitor,
and have terminals for adjustment of offset voltage for appli-

_ cations requiring offset-null capability. Terminal provisions
are also made to permit strobing of the output stage.

The CA3130 Series is supplied in either the standard 8-lead

TO-5-style package (T suffix) or in the 8lead dual-in-line -
formed-lead TO-5-style package “DIL-CAN" (S suffix) and .

operates over the full military-temperature range of —55°C to

+1259C. The CA31308B s intended for applications requiting

premium-grade specifications and with limits established for:
input current, temperature coefficient of input-offset voltage,
and gain over the range of —55°C to +125°C. The CA3130A
offers superior input characteristics over those of the CA3130,

# Voltage followers

m Peak detectors
B Single-supply full-wave precision rectifiers
® Photo-diode sensar amplifiers

Voltage regulators

(e.g., follower for single- supp1y D/A converter)

{permits control of output voltage down to zero volts)

NON-—INV. OFFSET
HULL

(4)v~ anp cast

97CS~24713
7 Fig. 1—Functional diagram of the CA3 130 &Jries,
Teadymerk(s) ﬂﬁulﬂurud @ s tnlormatien furiihad by ITCA b bellaver! (o ha acenrata sni Peinted In USAMILYY

Marcu(s) Registroda(s) -

. reliahle, However, no responsibllity s assumed by RCA lor
' . ' -+ s wsernar for any intringements of palents or ather rights of

third partios which may resull {ram iis usa, No licensa is
"granted by implication or otherwiss under any patent or

patent rights of RCA,

ssayjdusly (euol1esadQ Jzdig—SONYSOD 0SLEVD "vog ) £V ‘90ELEVD

——— e e Y ey A LT TGS A S el A J



MAXIMUM RATINGS, Absolute-Maximum Values

DC SUPPLY VOLTAGE :
16V

- - WITH HEAT SiNK—~

UP TO 55°C
ABOVE 55°C

418 mW
Derate linearly 16.7 mW/°C

...............................

ABETWEEN V¥ AND V™ TERMINALS) . ..vvveeen..... 18V ABOVESBSOC ......... ... ...,

_DIFFERENTIAL-MODE INPUT VOLTAGE. ... .. ..... .. xgyv  TEMPERATURE RANGE: .
COMMONMODE DO RPUT vOoLTAGE 0 e VD8] OPERATING «ee s eeeee e e ee e =55 10+125°C
INPUT-TERMINAL CURRENT vt vt eeeeeeieeeeiennnns. 1T mA STORAGE .. vvnnniiiieiiii —65 10 +1507C
DEVICE DISSIPATION: OUTPUT SHORT-CIRCUIT DURATION" . ......... INDEFINITE

WITHOUT HEAT SINK- LEAD TEMPERATURE (DURING SOLDERING]:
UPTOBEOC v v e e et e e 630 mW AT DISTANCE 1/16 £1/32 INCH (1.59 £0.79 MM) e
ABOVESB59C v v eeeenrennnnn, Derate linearly 6.67 mW/°C FROM CASE FOR 10 SECONDS MAX. .....c........ +265°C

ELECTRICAL CHARACTERISTICS — For Equipment Design

“*Short circuit may be applied to ground or to either suppiy. .

4

TEST
CONDITIONS
: vt=15v ' _ 7
. : V=0V ‘ - | FIG.
CHARACTERISTIC | SYMBOL o CA3130B CA3130A CA3130 UNITS
7 Tp=25C : NO.
(Unless
. .Specified
~ Otherwise] | Min. | Typ. |Max.|Min. | Typ. |Max. |Min. | Typ. [Max.|
Input Offset Voltage | - |V o] vi=z7.5 v — 0:8 2| - 2 5 | — 8 15 mV | —
input Offsex Current | |ljg| | VE=27.5V - 05 |10 |- |05 |20~ |05 | 30 pA | —
Input Current I vi=t75 Vv - 5 20 | - 5 30 | — 5 50 | pA | -
Large-Signal Voltage | AgL | Vo=10Vp.p | 100k |320k| — |50k | 820k | — |50k | 320k| — | wiv
; ' 4,5°
Gain ‘R=2 k2 100 [110 | —]9a [110 | —[ea [110 [ = | ae :
C -Mod -
ommon-oce CMRR 86. |100 | — 180 |9 | —|70 |90 | —| 48| —
Rejection Ratio
Common-Mode —-0.5 , —0.5 —0.5
Input-Voltage VICR 0 10 10 |0 10 10 |0 10 10| Vv -
Range 12 - 12 12
Power-Supply’ AVig/avt | 100 | 32 | — [150 4 32 - |320 | 32 - -
Rejection Ratio VE=EIS V ‘ - : A
] AV o/AvVT 100 | 32 | — 150 |32 | — |320 | 32 - |
Vom®t 12 1133 | — |12 [133 | .— 12. |133 | — 9
. R =2 k&2 e i
S Vam — |0.002]0.01 '~ |0.002|0.01} — |0.002(0.01 10
Maximum Output T - - — V
Voltage Vom™l oo 14.99| 15 — |14.89] 15 — [14.98| 15 - 3
: Vom™| ; - 0 (001~ 0 ]0.01| — 0 0.0 i0-
Maximum Qutput ;
Curfent: ) . : .
Source lom® | Vo=0V 12 | 22|45 [12 |22 |45 |12 |22 |45 9
- mA
Sink lom V=15 V 12 |20 |45 [12 |20 |45 [12 | 20 | 45 : 10
R } X‘O:ZJS v - |10 |15 |~ 10 |15 | — |10 |15 ;
Supply Current It VL v, : , mA |7,8
' o~ — 2 3 | — 2 3| — 2 |3
RL=°°
Input Current I — Fig. 15 — Fig. — | = Fig. — nA —
_ 11 M 1
TA=—55
Input Offser Volt- to 125°C
age Temperature -| AV | o/AT vi=t7 5V — 5 15 - 10 - | - 10 — |uv/rec | —
Drif . V=10 Vg ‘
| Lasne-Signsl Vollage I BLT2KE Y 50k 320k | ~ | = |320k| — | = [320k] — T wpv .
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TEST
CONDITIONS
vt=+75V
VT==785V ) : .| FiG.
CHARACTERISTIC SYMBOL T —25§C CA31308 CA3130A | CA3130 UNITS
A= NO.
(Unless
Specified
Otherwise)
Input Offset Voitage 10 k§2 across ‘
Adjustment Range Terms. 4 and 5 *22 +22 22 mV. —
) or4 and 1 ‘
lnput Resistance Ry - 15 1.5 1.5 T2 -
Input Capacitance of =1 MHz 4.3 4.3 4.3 pF —
Equivalent Input Noise en BW=0.2 MHz 23 23 23 uv 14
_ RS=1 MQ‘ - -
Unity Gain Crossover 'f Cc=0 15 15 15 H .
. MHz 4,15
Frequency T Ce =47 pF 2 2 Z .
Slew Rate:
Open Loop . Cc=0 30 30 30 -
, SR V/us
‘ Closed. Loop Ce=56pF 10 10 10 15
Transient Response: Cc =56 pF
Overshoot Ry =2 k2 10 10 10 % 15
Settling Time {4 Vp-p Input (Voltage 19 1.2 12
10 <0.1%) Follower) . - .

usJ 15

* Although a 1-MS2 source is used for this test, the equivalent input noise remains constant for sources of Rgupto 10 M0,

Rejection Ratio

TEST ) W
CONDITIONS
vt=5v :
’ V=0V FIG.
LHARACTERISTIC SYMBOL or" CA3130B [CA3130A [CA3130 UNITS -
_ . Tp = 25°C . > | NO.
{Unless
Specified
. Otherwise)
Input Offset Voltage -Vio 1 2 8 mV -
Input Offset Current o 0.1 0.3 0.1 pA | — J
Input Current ) I 2 2 2 pPA —
Common-Mode Rejection Ratio CMRR 100 a0 BO dB —_
Large-Signal Vo =4 Vp-p 100 k 100 k 100 k \FAY -
Voltage Galn Aol R =5 kQ 100 100 100 dB —
Common-Mode :
input Voltage Range VicRr 0to 2.8 0t 2.8 01028 Vv -
: . Vo=5V R =ce 300 300 300
Supply Current | . HA 7.8
Vo=2.5 VR =0 500 500 500
. / : ;
Power Supply AV /AT 200 200 200 | pvivo | -
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OFFSET NULL

NOTE: -

COMPENSATION - —>@<; STROBING -@ V-

DIODES D5 THROUGH 0B PROVIDE GATE- OXIDE FROTECTION

FOR MOS/FET INPUT STAGE.

"CIRCUIT DESCRIPTION -

.Fig. 3 is a block diagram of the CA3130 Serjes COS/MOS

Operational Amplifiers. The input terminals may be operated

‘down to 0.5 V below the negative supply rail, and the output

can be swung very close to either supply rail in many appli-

cations. Consequently, the CA3130 Series circuits are ideal for

single-supply operation. Three Class A amplifier stages, having
the individual gain capability and current cansumption shown
in Fig. 3, provide the. total gain of the CA3130. A biasing
circuit provides two potentials for common use in the first and
second stages. Term. 8 can be used both for phase com-
pensation and 1o strobe the output stage into quiescence. When
Term. 8 is tied to the negative supply rail {Term. 4) by
mechanical or elecirical means, the output potential at Term. 6
essentially rises to the positive supply-rail potential at Term. 7,

Fig. 2—Schematic diagram of rhe CAZ3130 Series.

92CL=247]4

This condition of essentially zero current drain in the output
stage under the strobed "OFF" condition can only. be achieved
when the ohmic load resistance presented to the amplifier is
very high {e.g., when the amplifier output is used to drive
COS/MOS digital circuits in comparator applications).

Input Stages—The circuit of the CA3130 is shown in Fig. 2.
It consists of a differential-input stage using PMOS field-effect
transistors (Q6, Q7) working into a mirror-pair of bipolar
transistors (Q9, Q10) functioning as load resistors together with

.resistors R3 through "R6. The mirror-pair transistors also func-

tion as a differential-to-single-ended converter to provide base
drive to the second-stage bipalar transistor {Q11). Offset
nulling, when desired, can be effected by connecting a
100,000-ohm potentiometer across Terms, 1 and 5 and the
potentiometer slider arm to Term. 4. Cascode-connecied PMOS

-4
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IS +7.5V ABOVE TERM, 4.
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9205-247T(5
Fig. 3—Block diagram of the CA3130 Series.

.transistors Q2, Q4 ‘are the constant-current source for the input

stage. The biasing circuit for the codstant-current source is-

subsequently described. The small diodes D5 through D8 provide
gate-oxide protection against high-voltage transients, e.q.
including static electricity during handling for QB and Q7.

Second Stage—Most of the voltage gain in thé CA3130 is
provided by the second amplifier stage,-consisting of bipolar
transistor Q11 and its cascode-connected !oad resistance pro-
‘ vided by PMOS transistors Q3 and Q5. The source of bias
3* , potentials for these PMOS transistors is subsequently described.
Miller-Effect compensation {roll-off) is accomplished by simply
connecting a small capacitor between Terms. 1 and 8. A 47-
picofarad capacitor provides sufficient cempensation for stable
ynity-gain operation in most appiications. '

~

~ 120

‘the output can be

Bias-Source Circuit—At total supply voltages, somewhat above
8.3 volts, resistor R2 and zener diode 21 serve to establish a
voltage of 8.3 volts across the series-connected circuit, con-:
sisting of resistor R, diodes D1 through D4, and PMOS
transistor Q1. Atap at the junction of resistor R1 and diode D4

. provides a gate-bias potential of about 4.5 volts for PMOS
. transistors Q4 and QS5 with respect to Term. 7. A potential of

about” 2.2 volts is developed across diode-connected PMOS
transistor Q1 with respect to Term. 7 to provide gate bias for
PMOS transistors Q2 and Q3. It should be noted that Qi is
“mirror-connected” " to both Q2 and Q3. Since transistors Q1,
Q2, Q3 are designed to be identical, the approximately 200-
microampere current in 41 establishes a similar current in G2
and Q3 as constant-current sources for both the first and second -
amplifier stages, respectively.

" At total supply voltages somewhat less than 8.3 volts, zener -

diode 21 becomes non-conductive and the potential, developed
across series-connected R1, D1-D4, and Q1, varies directly with

variations. in supply voltage'. Conseguently, the gate bias for
Q4, Q5 and Q2, Q3 varies In accardance with supply-voltage

variations. This variation results in deterioration of the power-
supply-rejection ratio (PSRR) at total supply voltages below
8.3 volts. Operation at total supply voltages below about 4.5
volts results in seriously degraded performance. '

Outpljt Stage—The output stage consists of a drain-oaded
inverting amplifier using COS/MOS transistors operating in the
Class A mode. When operating into very high resistance loads,
swung  within  millivolts of either
supply rail. Because the output stage Is a drain-loaded ampli-
fier, its gain is dependent upon the load impedance. The
transfer characteristics of the output stage for a load returnad -
1o the negative supply rail are shown in Fig. 6. Typical op-amp
loads are readily driven by the output stage. Because large-
signal excursions are non-linear.- requiring feedback for good
waveform reproduction, transient delays may be encountered. -
As a voltage follower, the amplifier can achieve 0.01 per ‘cent

accuracy ievels, mcludmg the negatwe supply rail.
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tror general information on the charocteristics of COS/MOS
translstor palrs In [near-clreuit applicntions, sea Filp No, G119,
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¢- Fig. 4—Open-loop voltage gain and phase shift vs. fraquency
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¥ for various valuas of C;, Crand Ry, A
v

data bullqtln on CA3GO0E "COS/MOS Transistor Array.'
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’ Fig.

6— Voltage transfer characteristics of COS/MOS output stage.

Fig. 7—Quiescent supply current vs, supply voltage.
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" HANDLING AND OPERATING CONSIDERATIONS
Handling Considerations

The CA3130 uses MOS field-effect transistwrs in the input
circuit. Because MOS/FET's have extremely high input resist-
ances, they are susceptible to damage when exposed to
extremely high static electrical charges. To minimize the
possibilities of damaging the input stage transistors, Q6 and Q7,
the .CA3130 utilizes a protective diode network in the input
stage. Nevertheless, it is good practice that the following
precautions be observed during handling, testing, and actual
operation of the CA3130 devices to minimize exposure to

’ damage inducing hazards:

. Soldering-iron tips, metal parts' of fixtures, tools,

~ handling facilities should be grounded.

2. . Devices should not be jnserted into or removed from
circuits with the power ON because transient voltages may
cause damage.

3. Signals should not be applied to the input {Terms. 2 and 3)
when the device power supply is OFF. {nput-terminal
currents should not exceed 1 mA.

4. After CA3130 devices have been mounted on circuit boards,
proper handling precautions should still be observed if the
input terminals are unterminated. Itis good practice during
‘board-processing operations to return Terms. 2 and 3 to
“Term. 4 by jumping the appropriate conductors.

Offset Nulling

and

Offset-voltage nulling is rusuaily accomplished with a 100,000-

- ohm potentiometer connected across ‘Terms. 1 and & and with
"~ the potentiometer slider arm connected to Term. 4. A fine
“offset-null adjustment usually can be effected with the slider

arim positioned in the mid-point of the potentiometer’s total
range. ' '

Input-Current Variation with Temperature -

The input current of the CA3130 Series circuits is typically

-5 pA at 259C: The major portion of this input current is due to

leakage current through the gate-protective diodes in the input
circuit. As with any semiconductor-junction device, .including
op amps with a junction-FET input stage, the leakage current

‘approximately doubles for every 109C increase in temperature.

Fig.- 11 provides data on the typical variation of input bias
current as a function of temperature in the CA3130.
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In applications requiring the lowest practical input current and
incremental increases in current because of “"warm-up'’ effects,
it is suggested that an appropriate heat sink be used with the
CA3130. In-addition, when "sinking’’ or “’sourcing” significant
output current the chip temperature increases, causing an
increase in the input current. In such cases, heat-sinking can
also very markedly reduce and stabilize input current variations.

Input-Offset—Voltage (VIO) Variation with DC Bias vs. Device
Operating Life

"It is well known thiat the characteristics of a MOS/FET device

can change slightly when a dc gate-source bias potential is -
applied to the device for extended time periods. The magnitude
of the change is increased at high temperatures. Users of -the

. CA3130 should be alert to the possible impacts of this effect if

the application of the device involves extended operation at
high temperatures ‘with a significant differential dc bias
voltage applied across Terms. 2 and 3. Fig. 12 shows typical
data pertinent to shifts in offset voltage encountered with
CAZ3130 devices during life testing. The two-volt dc differential”
voltage example represents conditions when the amplifier -
output stage is “toggled”, e.g., as in comparator applications.
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Fig. 12—Typical incremental offset-voltage shift vs. operating life.

Power-Supply Considerations

Becalu'se the CA3130 is very useful in single.-suppl'y' applications,
it is pertinent to review some considerations relating to power-
supply current consumption under both siné;le and dual-supply
service. Figs. 13a and 13b show the CA3130 connected for
both dual- and single-supply operation.

Dual-supply* operation: When the output voltage at Term. 6 is
zero-volts, the currents supplied by the two power supplies are
equal. When the gate terminals of Q8 and Q12 are driven
increasingly positive with respect to ground, current flow
through Q12 {from the negative supply) to the load is increased
and current flow through Q8 {from the positive supply) de--
creases correspondingly. When the gate terminals of Q8 and
Q12 are driven increasingly negative with respect to ground,
current flow through Q8 is increased and current flow through
Q12 Is decreased accordingly.

.
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T POSITIVE : -
L SsuppLY "

I neGATIVE R
. - 1 SUPPLY .

P i R
{a) DUAL POWER-SUPPLY OPERATION

Single-supply o'peratibn: Initially, let it-be assumed that the

& yalue of Ry is very high (or disconnected), and that the input-

terminal” bias (Terms. 2 and 3} Ts such that the output
terminal {Mo. 6) voltage is at V¥/2, i.e., the voltage-drops
across Q8 and 012 are of equal magnitude. Fig. 7 shows

“typical quiescent supply-current vs. supply-voltage for the

CA3130 operated under these conditions. Since the output
stage is operating as a Class A amplifier, the suppiy-current
will remain constant under dynamic operating conditions as
long as the transistors are operated in the linear portion of
their voltage-transfer characteristics {see Fig. 6). If either Q8
*or Q12 are swung out of their {inear regions toward cut-off {a
non-linear region}, there will be a corresponding reduction in

*supply-current. In the extreme case, e.g., with Term. 8 swung.

down  to ground potential {or tied to ground),” NMOS
transistor Q12 is completely cut’ off and the supply-current to
series-connected transistors Q8, Q12 goes essentially to zero.
The two preceding stages in the CA3130, however, continue to
draw modest supply-current (see the lower curve in Fig. 7)
even though the output stage is strobed off. Fig. 13a shows a

LS dual:supply arrangement for the output stage that can also be

N

strobed off, assuming Ry =.°, by pulling the potential of
Teim. B down to that of Term. 4.

“Let it now be assumed that a load-resistance of nominal value
(e.g., 2 kilohms) is connected between Term. 6 and ground in
the circuit of Fig. 13h. Letitfurther bo assumed again that the
input-terminal bias (Terms. 2 and 3) is such that the outiput

_t.—‘l_ PO S e - ..,."".'.'

" Fig. 13—-CAZ130 output stage in dual and single power-supply operation.

WAL IOV D, Mo UM, w0 T

- : I POSITIVE ' :
© 1= SUPPLY

QUTPUT

{b) SINGLE POWER-SUPPLY QPERATION
’ . 92£5-24725

T . .
1 ) ‘ *
1

-

terminal (Mo. 6) voltage is at V'*/2. Since PMOS transistor Q8
must now supply quiescent current to both Ry and transistor
Q’IZZ, it should be apparent that under these conditions the
supply-current must increase as an inverse function of the RL

magnitude. Fig. 9 shows the voltage-drop across PMOS tran- _

sistor Q8 as a function of load current at several supply-
voltages. Fig. 6 shows the voltage-transfer characteristics of the.
output stage for several values of load resistance.

Wideband Noise

- From the standpoint of low-noise performance considerations,

the use of the CA3130 is most advantageocus in applications

‘where in the source resistance of the input signal is in the order

of*1 megohm or more. In this case, the total input-referred
noise voltage s typically only 23 gV when the test-circuit
amplifier of Fig. 14 is operated at a total supply voltage of 15
volts. This value of total input-referred nolise remains essen-
tially constant, even though the value of source resistance is
raised by an order of magnitude. This characteristic is due to
the fact that feactance of the input capacitance becomes a
significant factor in shunting the source resistance. [t should be
noted, however, that for values of source resistance very much,
greater than 1 megohm, the total noise voltage generated can
be dominated by the’thermal noiso contributions of both the
fegdback and source rasistors,

A
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“together with pertinent waveforms using the CA3130 in a
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' Fig. 15—-Split-supply voltage follower with associated waveforms, o :
TYPICAL APPLICATIONS . o reproduction of the output waveform in Fig. 162 with input-
signal ramping. The waveforms in Fig. i6b show that the
Voltage Followers . . ) follower does not lose its input-to-output phase-sense, even

!

though the input is being swung 7.5 volts below ground

potentizl. This unique characteristic is an'important aitribute -
in both operational amplifier and comparator applications.

Fig. 16b also shows the manner in which the COS/MOS output

stage permits the output signal to swing down to the negative

supply-rail potential {i.e., ground in the case shown). The

4 woltage foliower, operated from a single supply, is shown in  digital-to-analog converter {DAC) circuit, described in the

Fig. 18, togsether with related waveforms. This follower circuit = following section, illustrates the practical use of 1he CA3130

& R gyer 3 wide dynamic range, as iflustrated by the in a single-supply voltage-follower application.

Operational amplifiers with very high input resistances, like the
CA3130, are particularly suited to service as voltage followers.
Fig. 15 shows the circuit of a classical voltage follower,

split-supply configuration.

-9.



" A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)*

. discrete metal- oxide-film resistors,

Fiieg No. a1/

.'-. "' Fig. 16—Single-supply voltage-follovwer with a:socfated’ waveforms.
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fe.g., for use in single-supply D/A converter; see Fig. 8

in /CAN 8080).

- 9-BIT COS/MOS DAC

is shown in Fig. 17. This system combines the concepts of
multiple-switch COS/MOS IC's, a low«:ost ladder network of
'a CA3130 op-amp con-
nected as a follower, and an inexpensive monolithic requlator
in a simple single power-supply arrangement. An additional
feature of the DAC isthatitis readily Interfaced with COS/MOS

input legic, e.g., 10-volt logic levels are used in the circuit-of
Fig. 17.

The circuit~uses an R/2R wvoliage-ladder network, with the
dutput potential obtained directly by terminating the ladder

“'Digitsl-to-Analog Conversion Using - the
COS/MOS IC," Application Nate ICAN-6080,

RCA-CD4007A

arms at either the positive or the negative power-supply
_terminal. Each CD4007A contalns three “inverters”,
“inverter” functioning as a single-pole double-throw switch to
terminate an arm of the R/2R network at either the positive
_or negative powerssupply terminal. The resistor ladder is an
assembly of one per cent tolerance metal-oxide film resistors.

The five arms requiring the highest accuracy are assembled with

series and parallel combinations of 806,000-ohm resistors from
the same manufacturmg lot.

A single 15-volt supply provides a positive bus for the CA3130
follower amplifier and feeds the CA3085 voltage regulator.
A “scale-adjust’’ function is provided by the regulfator output

-10 -
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" particular needs.

10 ¥ LOGIC INPUTS
|

+10.0I0
QO - REQUIRED
. a7 RATIO = IMATCH .}
S LS8 @ - MsB 1 STANDARD
9 8 ? o 6 5 4 3 2 | ' 2 £0.1%
. - 3 £0.2 %
o (19 . @ 4 £0,9%
e 5 +0.8%
N . - 6-9 + 1% ABS.
* ChA4A007A CDA00TA
'“S\S?T%%TE};“ *SWITCHES" *SWITCHES" ALL RESISTANCES IN OHMS
9 =i —_
@ © (e) 7y O ) _
- ’ {2) (4) 1
806K S 402K S200K IDOK  BO6 KBOGK 806K > BO6K > BOBK -
1% | % | % 1% - 1% 1% 1% A | %
W -
‘ 806K 750K .
BO6 K o 1% 1% PARALLELED - ) P
1% - ’ . RESISTORS .
. . . §IOK
VOLTAGE ; ,
+I5V REGULATOR
‘
- OUTPUT
VOLTAGE
+10.010 V O FOLLOWER
‘ REGULATED
] VOLTAGE
k= ADd,
NULL
- 2K
] - 4
~ 1T
= . QlpF
L FOR DATA, SEE BULLETIN FILE NO, 49! ) -
w FOR DATA, SEE BULLETIN FILE NO. 479 .
: ' 92CL-24729

" .Fig. 17—8-bit DAC using COS/MOS digital switches and CA37130.

control, set to a neminal 10-voit fevel in this system. The line-
" voltage regulation (dpproximately:0.2%) permits a 9-bit accu-
racy 1o be maintained with variations of several volts in the’

supply. The flexibility afforded by the COS/MOS building
blocks simplifies the design of - DAC systems tailored to

Single-Supply, Absoiute-\{élqe, {deal Full-Wave Recrtifier

The absolute-value circuit using the CA3130 is shown in Fig. 18.
During positive excursions, the input signal is fed through the
feedback newtwork directly to the output. Simultaneously, the
positive excursion of the input signal also drives the output
~zeminal (No. 6) of the inverting amplifier in a negative-going
excursion such that the 1TN914 diode effectively disconnects

the amplifier from the signal path. During a negative-going

excursion of the input signal, the CA3130 functions as a
normal inverting amplifier with ‘a gain equal to —R2/R1.
When the equality of the two equations shown in Fig. 18 is
satis{ied, the full-wave output is symmetrical, -

Peak Detectors

Peak-detector circuits are easily implemented with the CA-

3130, as illustrated in Fig. 19 for both the peak-positive and
the peak-negative circuit. It should be noted that with large-

- signal Inputs, the bandwidth of the peak-negative circuit is_

much less than that of the peak-positive circuit. The second
stage of the CA3130 limits the bandwidth In this case.
Negative-going output-signal excursion requires a positive-
going signal excursion at the coliector of transistor Q11, which
is loaded by the intrinsic capacitance of the associated circuitry
in this mode. On the other hand, during a negative-going
signal excursion at the collector of Q11, the transistor functions
in an active “'pull-down’’ mode so that the intrinsic capaciiance
can’be discharged more expeditiously.

Error-Amplifier in Regulated Power Supplies

The CA3130 is an ideal choice for error-amplifier service in
regulated power supplies since it can function as an error-
amplifier when the regulated output voltage is required to

-11-



ADJUST

) R2 R3
(GAIN X T R2TRG

R3 <RI (Hi )

: 2kl _R2
FOR X=0.5: o =22

075)-em -

R3 4kﬂ(

20 V p-p INPUT: B‘v‘-’{—'.‘de)t 230 kHz, DC OUTPUT [AVGY =32 V
1 VOLT p-p INPUT: BW{-3dB} =130 kHz, DC QUTPUT {AVG.) =160 mV
) 92CS—24730 -

Fig. 1

6 Voop INPUT;
BW(-3 dB) = 1.3 MHz

0.3 Vy_p INPUT;
BW(-3 dB) =240 kHz

+0C -
OUTPUT

00 * 5
- F
ks~

L

//_ {0} PEAK POSITIVE DETECTOR CIRCUIT

Fig. 19—Peak-detector circuits. .

appréach zero. Fig. 20 shows the schematjc diagram of a 40-mA

" power-supply capable of providing régulated output voltage by

-

continuous adjustment over the range from O to 13 volts.
Q3 and Q4 in IC2 (a CA3086 transistor-array [C) function as

‘zeners to provide supply-voltage for the CA3130 comparator

{IC1). Q1, Q2, and Q5 in IC2 are configured as a low imped-
ance, temperature-compensated source of adjustable reference
voltage for the error amplifier. Transistors Q1, Q2, Q3, and Q4

_in 1C3 (another CA3086 transistor-array |C) are connected in

Q{'.

parallel as the series-pass element. Transistor Q5 in I1C3
functions as a current-limiting device by diverting base drive
from the series-pass transistors, in accordance with the adjust-
ment of resistor R2.

Fig., 21 contains the schematic diagram of a regulated power-

.supply capable of providing regulated output voltage by con-

tinuous adjusiment over the range from 0.1 to 50 volts and
currents up to 1 ampere. The error amplifier {IC1) and

cireuitry associated with 1C2 function us proviously doscrlbod,

-

8—Single-supply, abhsolute-value, ideal full-wave
rectifier with associated waveforms.
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Top Trace: Qutput signal {2 V/div.)
Bottom Trace: Input signal (10 V/div.)
Time base on both traces: 0.2 ms/div.

6 Vp_g INPUT,
BW (~3 dB)= 360 kHz

03 Vpop INPUT;
BW(=3 dB) =320 kHz

oUTPUT
. 3 e
. . @ tNSi4 o
1005 —L.g
xas TR
A _L
{b) PEAK NEGATIVE DETECTOR CIRCUIY
- ’ S - 92C5—247 31

;although the output of IC1'ls boosted by a discrete transistor .

(04) to provide adequate base drive for the Darlington-
connected series- pass transnstors Q1, Q2. Transistor, Q3 func-
tions in the prevnously described current-llmltmg circuit.

Multivibrators : - S 2 7

The exceptionally high Tnput resistance presentad by the
CA3130 is an attractive feature for multivibrator circuit design
because it permits the use of timing circuits with high R/C
ratios. The circuit diagram of a pulse generator {astable multi-
vibrator), with provisions for independent contro!l of the
on’ and “off"” periods, is shown in Fig. 22. Resistors R1 and

_ R2are used to bias the CA3130 to the mid-point of the supply-
voltage and R3 is the feedback resistor. The pulse repetition

rate is selected by positioning S1 10 the desired position and
the rate remains assentially constant when the rosistors which
dotormine “on-porfod” and "off-poriod” are adjusted,

: -12-
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CURRENT _ .
et : LIMIT . -
—O+
. ; ' zomg S ‘
T . .| outpuT
! . 0TO I3V
56 pf AT
. X 40 mA
- P .
: BF o=
. 25 v =
T 0.0t 220 s
. ERROR
8 AMPLIFIER
e )
— 2 y -
+20 v 6 CA3I30
‘ INPUT 10 + 3 .
. gso kn
100 k. .
VOLTAGE '
ADJUST )
o.otT
g, \ , - o
. REGULATION {NO LOAD TO FULL LOAD): < 0.01% . ' : .
. iNPUT REGULATION: 0,02%/ . : : - . : -
HUM AMD NOISE OUTPUT: < 25 AV UP TO 100 kHz - :
. L 92CHM - - "
- , : . Frg 20—Voltage regulator circuit {0 to 13 V ar 40 mA). ] MozaTIZ - !
' L B . - . - 2N30 : ) ' S -
7 - o 2N 55/\"’- 'n . ) . o
+0O— — AN O+ -
- T o ; . 2Nzi0Z i
: - o ' 1 | 'Kg . CURRENT
L - - : LIMIT .
43 %0 . . : _
/ 7 . § W , 03 ADJUST _
Co o S 33kKD
. . . I'W ‘ — . .
N o : } .- . ‘ \—'/2;294 .
+] - R 1000 pF . a3kn i
o ==I100uF . <L - - o
“ - : 2.2k0 - , ﬂ 00
‘ 7 . ' - o ‘ B P
: : I | JERROR ’
Tngu‘fl_ 8 AMPLIFIER QUTPUT:
) ic2 . | amzi02 7 0.1TO50V
[casoss _ +— oA AT 1A
| s CA3I30
o9
| Q4 Icl - 2
4
[ 924 - 8.2 kn§
VOLTAGE . | - P e
ADJUST e - e
—-( |  — )'—_

REGULATION (HO LQAD TO FULL LOAD}: <0,005%
INPUT REGULATION: <0.01%A/V
HUM AND HOISE OUTPUT; <250 xV RMS UP YO [00 kHz

. 92CM -~ 24T 39
Fiy. 21—~Voltaga ragulstor circult (0.1 to 5O V at | A).

-13-



okl Y W

"'jJ[—__O.OI nF
. OFF - : =
OH-PERIOD PERIOD i
RI ADJUST ADJUST .
100 k01 1148 I MR .
2k 2 %0 . S
R3
FOO kAL
) g ,
, | ~ |+ -
' . CA3I30 6 ) —¢ :
: | oF sl| -~
R2 2. 2)—_
SN g e OUTPUT
0.4 poF 2ka
Ot oF
T-OO £ To.ool uF
* FREQUENCY RANGE: - RS :
-POSITION OF SI PULSE PERIOD = :
0.001 uF 4,5 TO I ms
0.0l uF 405 TO 10ms
y 0. pF 0.4 ms TO 100 ms
' I pF 4 ms-TO |s

BZCS 24733

i

ng. 22—Pulse generator {asrable multwfbrator} with provisions
for independent control of “ON""and "OFF" periods.

‘tional-transconductance-amplifier (OTA)",

. Another CA3130,

- circuit. Capacitor C2 is a
+the high-frequency square-wave performance of the circuit,

WA Ty MO Ty WA T

Function Generator

.

Fig. 23 contains the schematic diagram of a function generator

‘using the CA3130 in the integrator and tiireshold detector

functions. This circuit generates a triangular or square-wave
output that can be swept over a 1,000,000:1 range {0.1 Hz 1o
100 kHz) by means of a single controf, R1. A voltage-control
input is also available for remote sweep-control.

The heart of the frequency-determining system is an opera-
IC1, operated as a
voltage-controlled current-source.' The output, 1py, is a current
applied directly to the integrating capacitor, C1, in the feed-
back idop of the integrator IC2, using a CA3130, to provide
the trianguiar-wave output. Potentiometer R2 is used to adjust
the circuit for slope symmetry of positive-going and negatlve-

going signal excursions. - :

excursion limits of the triangular output from the integrator
“peaking adjustment’’

Potentiometer R3 is adjustable to perfect the ‘amplitude
symmetry’’ of the square-wave output signals. Qutput from the

" threshold detector is fed back via resistor R4 to the input of

IC1 so as to toggle the current source from plus to minus-in

‘generating the linedr triangular wave.

u R4
] 270ka
INTEGRATOR .
. . cl. .
. . 11 . -
VOLTAGE— CONTROLLED il T[l)-lERTEESCHr%LRO
N -
. CURRENT SOUR_CE HIGH — FREQ. ANAA
ADJUST [50 kQ
/ 3=-30pF
_ , c2
3k .
AN
39 ki
Lf
3
) I‘ngkﬂ /\/
SLOPE ‘
: SYP-&;METRY Q
A0JUST .
10 kn
C =75V T AMPLITUOE I 1
. ggkﬁgr&m SYMMETRY
ADJUST
TNPUT i PR e - -5V
. 1 {100 kHz MAX.)
¥ . FO-TsY . - ™SEE FILE HO. 475 AND ICAN—~6668
“ . ) : - FOR TECHNICAL [NFORMATION
- : 92CM—~24735
- . Fig. 23— Function generator (frequency can be varied 1,000,000/1

with a sinple control).

*Saa Fllo No. 476 and |CAN-GGG8,
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Operauon with Output-Stage Power-Booster : mode of CA3600E shown, a typical device consumes 20 mA of
The current-sourcing and -sinking capablllty of the CA3130 supply current at 15 V operation. This arrangement boosts the

!__.\) output stage is sasily supplemented to provide power-boost current-handling capability of the® CA3130 output stage by
) capability. In the circuit of Fig. 24, three COS/MOS transistor- about 2.5x. '

pairs in a single CA3G00E" IC array are shown parallel The amplifier c'trcuit in Fig. 24 employs feedback to estab!’lsh“a

connected with.the output stage in the CA3130. In the Class A closed-loop gain of 48 dB. The typical large-signal bandwidth

: o ’ (= 3 dB) is 50 kHz.
+15V
ool FFI T

Vo - i_;aeoos'r. - S

hel
o
n

n3

c —_,
| 1 S -
. _ =
| |
‘ o | .
INPUT ” ! l
O——F—"A—1 | - : 500 uF -
~ QT P O o
| o
: “. - I (RL=|oon _
= Po=150 mW
!’ | e I _L_ AT THD =
. = 10 %)
Ayic) = 48 dB nl n2 n3 |
LARGE SIGNAL ! | . — |
BW{—3 dB} = 50 kHz . [ }—-—q——
j) 510 k01 ) = = = ,
- A% - . :
NOTE: SEE FILE NO, 613 - . . Y
N . * TRANSISTORS pl, p2,p3 AND al,n2,n3 ARE R ' ’ : . H
& o PARALLEL -CONMECTED WITH Q8 AND QI2, ’
L .- RESPECTIVELY, OF THE CA3130

92CH-24737
Fig. 24—COS/MOS transistor array (CAIE00E) connected as power-booster

in the cutput stage of the CA3IT30.

DIMENSIONAL OUTLINES

8-Lead TO-5 with Dual-in-Line : . 8-Lead TO-5
: . -Formed Leads ”Dl L-CAN" . ’ JEDEC MO-002-AL -
- . i - r—¢01-"1
’ 335 : o : INCHES MILLIMETERS
. N
. 370 ) . . BASg JF' o PO A [ e | MOTE [ | mAx
] 305 ) 3 0.200 TP 2 5.83 TP
\ L oo |35 I Siﬁmg Ay 0010 | poso 026 | 12
F! L0350, PR sauc . A, | 0.165 | 0.185 0 | 240
e MaX, ]‘(’0, . o8 0016 ] 0.019 3 | 0%G7] 0482
’ : T | 0By | 0125 | 0.160 | 308 | <08
. ' To8; | 0016 | 0021 3 C.a07] 0,533 |
. . oD 0335 | 0370 851 | 935 |
4*" ., : . 6Dy 0.205 0,225 .75 8.50
L_ .llz‘c‘=50DIA 120 moex 1 : : ) 0.020 | 0.040 051 | 101
ts’ LE"DS) 150 EIEr'JJETER : ] 0,038 | 6.038 6.712] ©.663
N 0.029 | 0.045 4 0.74 1,14
DiA. . 4 Ly 0000 | 0.050 3 0.00 1.27
PIt CIRCLE -1 3001010 T, T35 5550 B FEES v
[ 0.500 | 0.562 3 127 ] Wn
. 92CS~1943IRI . " 55T TOTE
» J1001.010 NOTES 3 i 5
4 (3 SPACES) " p 3
- 3001010 1. Aefer 1o JEDEC Publlcation Mo, 13 fof Ruletror Drmenlnnlm Hq 3
™ NON CUMULATIVE +  Axial Lead Product Outlines. . -
. . - 2, Leads st gauga plane within 0.007° 10,178 mm) radium of Frue 4, Meawre from Max. ¢D,
N 92C5-20236RI1 Potition (TP} #t maximum materlal condition, .
K ) . B, Nplisthequantliy of sllowsble missing leads,
e 3. #Bapplies betwreed L1 and L2.#B7 opplies between Ly and . 5 . -
/ 0.600" {12,70 nwnl from seating plane, Dismeler it uncontralled 6. Nis the maximum guentity al fesd positions,
. In L1 end bayond 0,500 {12.70 mm}, -

~Whan ancorporating RCA Sohd State Devicss o aphpnnet, 1t
racommaondatd thnt tho dasignios refor ta "Operaving Consideratnns fur
ACA Schid State Devices”, Form No. 1CE-402, avatlablu on request

from RCA Sclid State Dwvision, Box 3200, Somerville, N.J, 08876.
.15 -

y *See File No. 619 for technical inforimation.
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MILITARY (A SUFFIX) -55 to +125°C

JULY LU L

Supersedes May 1971

INDUSTRIAL (B SUFFIX) -20 to +85°C | _ - NGi8t
: g L | B6182
Type Package __— . ) 7 o ‘ . DG18 4

B L e
DOIBIAR . 1o-pin TP | . TWO CHANNEL HIGH-SPEED DRIVERS WITH
A - SPST AND DPST JUNCTION FET SWITCHES

N-CHANNEL JUNr‘TlON l-ETS ANL MO"\!OL{TH:C DRIVERS FOR
ANALOG OR DIGITAL SWITCHING APPLICATIONS

® @ @ O o ©

Coustant ON-Resistance with Signals to +10 V and 100 MIlz

Cross~Talk and Open Switch Isolation, -50 dB at 10 MHz (100 Ohm Load)

t ,t < 150ns, Break-Before-Make Action

on’ off ‘
< 1 nA Leakage from Signal Channel in Both ON and OTT States

Optioneil +15 V Power Sipplies

TTL, DTL, RTL Direct Drive Compatibility

The DG181 series of analog switches features a unique circuit which eliminates the undesu able charac-

teristics associated with other types of junction FET, drive circuits. No design compromises are neces-

sary to achieve all of the circuit performance features listed above. Applications include high-speed
D/A converters, video camera switching, computer tape record/reproduce circuits, multiplexing, and

commutation.
DG181, DG182 . o _ DG184, DG185
Vi Vee - o LV . Vee
T 5 T4 o Tu ‘ T 11
. 16 1
1 o2 $1 0— o T A o Dy
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ABSOLUTE MAXIMUM RATINGS

VEC = VEE voveercsrverrivessrsnnereias, 90V VA S VEE tvvrenerarsesesencennnerssneae 33V ’
VO = VA ceviviovsvennnsensescnosnssne BV LG TR PR+ 2 4
VL = VEE . ovsrviivnnencssiinnrariens. 36V VR=VEE viieivririiiinriisriasiese.., 0V

- VI = VIN cveivsnnencsonssseissirsieene  BY VL=V siiiiiiineees ceeve.. BV

o VIN = VR veesneresrens A { VR VIN tivevnnnnrrens vereee. 2V y

Storage Tomperature |, ,....., -65°C to +150°C - Currenl (Ary Tormianl) | carrsuans 90 A . { y
Power Dinsipation Operaling Tomperature .
{Drerate 10 mW/°C above 70°C)* ,,,,,. 750 mW ABUllx L ieierene. —B5°Clo+125°C

B Sulflx -20°C to +85°C

Wesessensensatsanany

+Asgumes device s mounted with all leads soldered or wolded lo PC board In ambient temperature above 70°C,

ELECTRICAL CHARACTERISTICS 7

All DC parameters, Ly, and torge are tested 100% at 25°C.  Lots arc sample tested lo assure conformance with high and low temperature Hmits, NOTE: Auteniatic ¢quipment

eyt condltion charts are avallalile from [actory or sales office as an ald to preparatlon of user speeilfeallon coniro! drawlings. :
Max Limlits Test
s DG181A, DG1BLA DG1818, D848 DG1824, DG1854 DG182R0, DGLBSH | Unit . - Conditions
Chaructecistict » ' Ay . nl {Unlons Otherwise Spectflad)
-55°C | 25°C | 125°C |-20°C | 25°C | B5°¢ |-55°C | 25°C | 125°C |-20°C | 25°C | B5°C Vo= 15 Y, Vppm-ISV, V) e SV, ¥ =0
! .
- 30 o | 60 5 50 5 75 | 150 | 100 | too | 150 | @ -V -
L DS ? B Ys™ " Vaiaxy o ! mA
.5 +7.5 +10 +10 ; =15V, V =15V
2 V AT e +1.5 + & | VegTiSVe Ve -isv
3 v 10 Ho +10 +10 v V. =10V, V. matgV Vi =8V
AMAK) = = - s cc ' 'EE Y= 10w
cc v o= zv
o . 5 0 on ; ~10V, ¥, = 4
T t 100 1o 1 1 5 100 V= -0V, Vs 10 v Y INH
o -2V See'drawings on
T . : 100 00 5 00 V_ m- s - 3
5 InorF) ! i m e ! grlov,v,mod page | fot switch
1| w0 s | 100 v | 100 5 | 10 ey v =V conditlons when
8 Tsiorm? 0 | nA Yo" Vapanr Ys ™ Vaosan Input 1s high er
low,
T 0 O - =y J
i Tnorel! L S s V| § | Lo Ys© Vanuaxy Yo" Vaman
. -2 | -z200 -10 | ~200 —2 | -200 -10 | 200 VoV .
& 'niosy * Isiom . p” Y5 “Yamaxn
-250 | -250 | «250 | -250 | =250 | -250 | -250 | -250 | -250 | -250 | 250 | -250 V.= 0 v
: N 20 10 20 10 20 10 20 v =5V _
10 - 10 ‘ w5y
‘ . 150 180 150 160 V. =15V
U Yon . s~ By = 300, C) =30 T
12 ¢ 130 150 130 150 Ve -6V Sce Drawing
off s hl
9 Typleal . Va5V
13 Ssiorry e 5 ‘
. 6 Typleal F V. oea-5V fe1M
14 ChioFF R yple n o Mz
14 Typical V. oV wvg
1s Soom * Csiom P p”'s
16 Crosstalk at 10 Milz - =50 Typleal dB RL = 1000, v = 3V rms, =10 MHz R

$ON and OFF subscripts Indicate conduction stale of FET switeh, L subscript {ndleates \'lN - VINL' H sibscript Indicates VIH' vl\l‘H' . . ’ CMI=NG

*Worst casc leakage coaditions.
1 Teata Insure that FET swltch |3 OFF under worat case condltions,

2 SWITCHING TIME TEST CIRCUIT o POWER SUPPLY CHARACTERISTICS -

T D31, 3 ’ - ' . Lo
L0 +5V *15V
vL0- TV; TVc:
BGIsAL B . R
[ 24 Craracperlalie LCIe8A, B Unit CondiMion
av 3 T o - 1 [ L 3 Y.+ I3V
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ien \ 20 9F xan <eH N R
it 1 L
. . 1 I 2 Jegy, -3 5.4 P )
" N e R
_ A e = = At e b - Vi ?
. i i . 3 s Y 15 us i Y i
° ' N - {Tomd, not per
= Ya . 1v, : ! Taes Tany ? 2 - chagaet)
Ve
] = N .
J SRESULTS ARE ESSENTIALLY UNCHARGED FOR =10V X V3 € 410V,
—_———l Ve - , . -
. . 3 . - " - . a e ) -
Swilching Time vs Analog Voltage i Break Before Make Action Swilching Time vs Temperature
' 1o . V) IV, ¥ eIV, V=D ) T T T T ™ T 180 . .
1Al Voo vV, Vg T - WYV, Ve R BT | IA] Voo = +iS5V, VEg r =15V, Vv =40V, Ry - 30011
. n, « 1004LEy » M0 pF | Va=0,R_ -300,CL=3¢F | 150 C =30pF |
1] Veerer v V[ =-T0V,V 23V, Vu -0 ‘_f(ﬂ] Ve - #10V, Vg = <70V, vy - 5V, A P
. - 3pt - T o
Sl PaED 120 Vi - 0.AL = 3001, Gy - 30 pF 1o
+ .
%0 — t I 130 -
100
L B% = = vlomm T ! =120 === :
i el | W 80 hmazmne 16 MNABL— i 8} = ton Wa s ¢75vE L]
2 g <,. S ! an ; Wy
. 2 S R E S s < 4 :
= T ™ Py 1 z
™ e WD 80 T i b way 100 =,
I~ | = o 10X 1A) w ]
i \\ — w s 9% [A] pa
[, e L
L \\ - (1) =]
0 = ks ; . 70 1" _tare tva = =75
- : . ‘ L]
wil B =&  ed a2 a 2 4 & 3 10 =10 -8 B g =2 o 2 4 c LY 10 wE5 225 w15 B % “ .9 E) 105 175 -
Va -~ AlMi.Dé VOLIAGE IV) : . Vo —ANALDO VOLTAGE IV] TLCMPERATURE {*C}



TYPICAL CHARACTERISTICS

Tnput Current vs Temperature
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APPLICATIONS , : | " | o

In‘put‘Interface ~ No external circuit elements are required to interface with TTL, DTL, or RTL logic.

Switching Transients and Settling Times - Switching transients are unavoidable unless some sort of neutralizing -

technique is used. Turn-on and turn-off transients occur because a step function control voltage applied to the -
FET gate terminal is coupled to the signal channel through Cgg and Csg of the FET. Duration of the transient
is largely under control of the external circuit . Settling time beyond the 150 ns switch actuation time is not
affected by driver characteristics, but is purely a function of switch capacitance (Cpowm *+ Csioml, plusthe

external circuit R and C, Amplitude of the transient is a. function of analog voltage levels and, to a lesser ex-

tent, the external circuit resistances. Total charge introduced into the load by the turn-off transient is ap-

‘proximately 60 picdcoulombs. (See waveforms on page 3.)

High—Fr.equency Performance — High frequency or pulse waveform analog signals- do not cause modualation of
the switch ON resistance. There is no discernable change in ON resistance for. analog signals of 7 V rms tg
100 MHz. The single limitation to high-frequency performance is the value of swiftch OFT isolation, which
decreases as frequency increases, and which may become of importance at opera’mon beyond 10 MHz. (See
characteristics curve on page 3.)

Switching Applications - Typical applications for the DG181 series are in hxgh speed D/A converters, video
cameras, computer tape record/reproduce circuits, RF data processing, and low-%Z multiplexing or switching
circuits. Special versions of devices in the series are available with switch ON resistance as low as 2 ohms
for most-significant-bit switching in R-2R D/AC ladder networks,

PRODUCT CONDITIONING L ~ MECHANICAL DATA

Military. (A) Suffix - : : ST VS -
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- STD-883, Method 5004, Class B, Notice ‘ . w!m o PiERee
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ial OL‘dEI‘). - - A e o023

. ) - . ‘. o INSLUCATOR 0,050 MAX m_)\ .
Industrial (B) Suffix T o B | ostoum P s ety

Units receive the following processing X ' - ©TO-100
before final electrical test. - 7 ' . DG181AA, DG182AA

'DG181BA, DG182BA
Temperature Cycle :

-65 to +150°C, 5 Cycles - - - *'-‘

Hermeticity - C
Fluorocarbon Gross Lea.k 100% - s .
~ Helium T'ine Leak, 2% AQL ’ U e = '
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GENERAL DESCRIPTION

he AIMD:-’\C 100 series are complete 10 bit resolution Digftal-
ro-Analog converters constructed on two monolithic chips in a
single 16 pin DIP or 24 pin Hau:a::l'c. Faaturing excelient linearity
vs. temperature performance, the AIMDAC 100 includes a low
tempeo voltage ‘re!'_crcnce,'lﬂ current source/switches_and a
high él‘al)i!iw ihin-film R-2R laddar network. Maximum appli-

. cation [lexibility is provided by the fast current ouipu, and

v COMPMLETE..... AU
CURRENT qoun(,sa LADPER, SWITCHES'
7 COMPACT . o ... 16 PIfd DIP OR 24 PIN FLATPACK
e COVPATIBLE _.......... FTL, DTL LOGIC LEVELS
@ LOWPOWER ...... e ’.".\,OmW TYP AT LGV
£ WIDE SUPPLY RARGE ...... o A6V TO £18V
F2 FAST SETTLING . ... 22518 (B 3|Ts) 37505 (10 BITS)
g 8& 10 BIT '\fODFLS ............. W{DE CHOICE OF
- o © SPECIFICATIONS
T FLEXIBLE ......«.... HIGH SPEED 0-2mA OUTPUT
m RELIABLE ......... 100% POWER BURN-IN @ 125°C
= STABLE ... ... TEMPCOS TO 41513')[\4/ CMAX -
> HIGH '..!NEAR!T‘-’ .. TC 0.08% R —25°C TO +85°C
"B WIDE OPERATING TEMP nm ..._55 /+125° AND
E L N T i
7 LOWCOST . .oonnnn.. ......FROM $9.95 @ 100 PCS.

i Ve
H

[ Sl e A N -
¢ o
v
i
: '
¥ -
¢ , Lt
t. . ’ .
. Ty
P K L ;
;;. . 'l H
7
i B
T, .
L’ :
b .
R .
L-» 4
4 ‘
« :
1B : ¥
. 3 :
3 .
.
I , « 3
! o
1 < t
. . e
B ' - . )
oL . . .
i v, ;
15 - i
hEd .
v
0
H

linearity and temneo options are provided to allow optimiza-
tion of price/pserformance ratio. ’ ’

The small size, wide operating temperature rangs, low poveer
~consmption and high reliabifity consiruciion make the
AMDACTOO ideal for acrospace 1rpiirutirmf. withMiL-M-Z8510
. processing availablo. Low cost O “/170°C versions sre available
foraliindustrial réquirements. Applications for the A DAC1C0
series include use In servo-positioning systems, X-Y plorters,

matched bipolar offset and feadback resistors are inciuded for CRT displays, programmable power suppliers, analog méter
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ICAL CHARACTERISTICS:
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LOGIE COMPATIBILITY - The input logic- levels are thirecly
eompritible with -DTL and TTL logic and may dlso b used with
CMQS logic pawr:red {lom a single 15 volt supply,
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58— LEAST SICNITICANT H!T. he smadlest incremental oult-
yut cbange obimnahie wlueivis ideaily e Lo the full scale putpat
divided by 297 <1, winae 00 nomber ol Dits,

M'-'-B MOST SIGIHFICANT BIT - The laiggst incremental oalput
civange obilpnble Ly switchioag a single lmm. input, which is ideally
JHIRURT- I ulunl LSH mabipticd by Al _' wilnie 517 nuinteer ol bits,

LOGIC INPUT “0” — Tha {low) logic input volmge nUEEssATY Lo

hold o bll nn,

LOGIC
hold a bir oti,

LINEARITY - Maxirmun deviation ol the virlpet voltage from the
shaight line thraugh #ero scale and (ull seale at a given wemperature,
expressed as 4 perguiiigs 2 of WFS - U-.c)

DIFFERENTIAL l.mﬁ,'mn'v - Maximutn deviation

from the
ichead LSB vatun of any step bolween succassive

states.
MIONOTONICITY -- Having eaach suceessive autpul
Whan or equal {o the proceding one when the DAC is sequenced
tivaugh :;l_! SLCCRSEIve Slalrs fmm Vg io Vg, -

¥

AVERAGE TE LF('TUPF COEEFICIENT ~ Change in absolute

full scule _oumul in ppm bewtween 25 C and either icmpernture_

‘extrene divided by the corresponding change in taimperature,

.ZE‘HD SCALE ".-JUTF‘UT VOLTAGRE
pradiced by s zero scala input code {1HHENT,

e e e P gk s 4 e W 7 et Y P AL RS 2

INPUT "1 - The (hiqh)- lagic input voliage necessary io

POWER SUPPLY RE&
-~ ghange in full scela oulpur 1o the changs i B slppiy waliags

sl freater

- The output voltage (Vzg)

ey Gy W RS S ST

NRESOLUTION Tl :|l!|||'||t;! sl atate (2 vt e b snaln

Cpurpii vy Lo edoad s s e,

The tolal devicing omahe wedal el 2k

[l Seale OQuipnat,

ACCUNRACY -
percentage ol

T eveatran ko 1o e

. eombination of driors {rom Lnearvivy, folt apnahe Loy, Aeen o Faig

drld aft other rrier souices. T oe e A AN, e et e dretal
acemacy nay be closely appraxitceied by b !uu; the mazimarm

lincarity spreeilication o e prodeic nf the Full Sedie 10mpeo imes

Touot lln]l“- the (h forenens’ e i (s i opalrHILGg SRrepera -
CUnow (PO 25 R

wie and 25"C for AA grode, 1

OUO|"' Y .)J

ramg e R4 YN

CIECTION - The retin ob it prreoatage

promming it. .
POWER CONSUMPTION - The quirscent DI powver required 10
operate thy duvice, . ‘ ’

SETTLING TIME -- The elapsr o thine leoss tha slaet of the input
pulse until the owimut has seitisd o aned reenaioed within 2% LS50
of its fina! vatun {ar a foll suale excursion,

COH‘IPLE("}TCTI'T/\HY

uireh
signilicani hil's vatue, High logic input Invn! frens
Togie input lever turns the it “on.”
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® Contains all the storage and control for successive.

Al M Rt Qe fia ) SN Wl R A Ly st ARt B
Eight-Bit/Twelve-Bit Successive Am:roxnnoiion Registers,
: , Acvanced Wicro Devices _ &

Complex Digilal lmegra(cd Circuils B

o 100% reliability assurance testing in compliance
with MIL-STD-883.

"o Can be used eas serial-to-parallel counter or.ring
counters. .

¢ Electrically tested and Optlcall\/ inspected dice for
the assemblers of hybrid products.

Distinctive Characteristics

approximation A-to-D converters.

o Provision for register extension or truncation.

e Can be operated in START-STOP or continuous
convers;on mode.

FUNCTIONAL DESCRIPTION .
The Am2502, Am2503 and Am2504 are 8-bit and 12- bit TTL Suc-
cessive Approximation Registers. The registers contain all the digital
control and storage necessary for. successive approximation analog-to-
digital conversion. They can also be used in digital systems as the
control and storage element in recursive digital routines,

The reglsters consist of a set of master latches that act as the control
elements in the device and change state when { he_input_clock is LOW,
and a set of slave latches that hold the register data and change on the
input clock LOW-to-HIGH twransition. Externally the device acts as a
special purpose serial-to-parallel converter that accepts data at the D
input of the register and sends the data to the appropriate slave latch -

" to appecar at the register output and the DO output on the AmM2502

and Am2504 when the clock goes from LOW-to-HIGH. There are no
restrictions on the data input; it can change state at any time except
during the set-up time just prior to the clock transition. At the same
time that data enters the register bit the next less significant bit is set
to a LOW ready for the next iteration.

The register is reset by holding the S (Staft) signal LOW during the
clock LOW-10-HIGH transition. The register synchronously resets to
the state Q (11) LOW, {Note 2} and all the remaining register outputs
HIGH. The CC {Conversion Complete) signal is also set HIGH at this
time. The § signal should not bhe. brought back hIGH until after the.’

‘. clock LOW-to-HIGH transition in order to guarantee correct rewuing

After the clock has gone HIGH resetting the regisier, the S signal is
removed. Cn the next clock LOW-to-HIGH transition the data on the,
D input is set into the Q15 {11) register bitand the 06(10) register bitis
set to a LOW ready for the next clock cycle, On the next clock LOW-
to-HIGH transition data enters the Qg(10) register bit and 05(9) is set
to a LOW. This operation is repeated for each register bit In turn until
the register has been filled. When the data goes into Qg, the CC signal
goes LOW, and the register is inhibited from further change unti reset -
by a Start signal. .

in order to allow complementary conversion the complementary
output of the most significant register bit is made available. An active
LOW enable input, E, on the Am2503 and Am2504 allovss devices to
be connected together to.form a longer register by connecting the
clock, D, and { S inputs together and connecung the CTC output of one
device to the E input of the next less slgnmcant device, When the Start
signal regets the register, the E signal goes HIGH, forcing the 07(11) bit
HIGH and inhibiting the device from accepting data until the previous
device is full ‘and its CC goes LOW, If only one device is used the E

input'should be held ata LOW logic level {Ground). If all the bits are
not required, the register may be truncated and conversion_time saved
by using a register output going LOW rather than the cc signal to
indicate the end of conversion. - .

Qg to 01 Am2504
2. Numbears in parentheses ara for Am2504

T

1 4 31N s 8 4

" . o0 e, 00 - LOGIC DIAGRAM/SYMBOLS. .
'O_T Sy Oegio) ’ ISEE NOTE] ,Bstar-) : . g ; L e«
? Lusigiel .9 ' T e
ol——0 - : ) - P
L A
° ] - tT e
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" ’ v
| 3
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. A0 A 3 " yR ., O—|—Rr & i [ -.-..L 1 i
. o I *T I ) 2l —T ol M ] TR g 9 R T
- [—ch— - .
rzsa, 7504
- a v
l ‘ o - N " . r.
L : . P
roo 3 ' i H .
+ A [ |
1 . . P .
. S A . o ‘ -
. . .o : - 10 % A
Sy | gy . | ) u " . R }
NOTE: . S 4 | )
. 3 . .
1. Cell logicis rupaa(ud for . . 3 1 —CA . ! e * E
. register stages. - ! ¢ AnTSO2TEI 80[—1 (7502 o=t ' P bol—2
} L o fartiy vy 12-81 $AR '
Qg to Oy AM2502/3 . i R e P ;
5 1 . 9y 04 04 0, 0 07 0y 0 011 O4g g By 070, 0 0,030, 0, O | . Ve = Pin ié

‘GND = Pip 12

Ve =FPin 18
NC =-Pins 10, 15, 22

GND = Pin 8

PILTTITTTI T

DN W e Y8y

' - ORDERING INFORMATION B ! : © CONNECTION DIAGRAMS
e - AM2502 AmM2503 Am2504 . Top View
Package Temperature Order Order Order

Type Range Number Number Number ‘E,. nEe
Molded DIP 0°C10++75°C  AM2502PC  AM2503PC  AM2504PC ag|’ D
Hermetic DIP 0°Cto+75°C  AM2502DC  AM2503DC  AM2504DC N N =
Hermetic O1P —55°Cto +125°C  AM25020M  AM2503DM  AM2504DM mClr f%
Hermetic Flat Pak  —55°Cro 4125°C | AM2502FM  AM2503FM  AM2504FM nEl: g
Dice Noto AM2502XX *  AM2503X¥  AM2504XX El .':B;
NOTE: The dice supplmd will contain units which meet both 0°C 1o e i

+75°C and —55"C to +125"C temperature ranges, NOTE: PIN 1'15 morkad for orlantation




age 1 cmpcramrc ) - '

T55C 1o m7sC

perature {Ambiciit) Undcr Bias 0 Cto Flaat
05Vt V

Ay VOthL to Ground Potential Continuous ‘ ;

Voltage Applied to Outputs for High Output State ‘ . ; 0.5 Vo +Vce rnax o,
Input Voltage o . _ ‘ . . B 0.5V to +5_.5 Vv C
put Current, Into Qutputs o L ' 20 mA
Input Current E ' : . . ‘ . —30 mA to +5.0 mA

i
4 N ‘ . R . ) :w
' S

:CTR!CAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwme Noted)

2502XC AmM2503XC Am2504XC Ta= e o +75°¢C Vee = 5.0V 25% Ty . -y
2602XM  Am2503XM  Am2B0AXM - Ta=~55°Ct0+126°C  V(C = 5.0V £10% ' . : Ly :
ameters - Description Test Conditions © Min. " Typ. (Nota 1} Max . Units
v, 0 HIGH Voltage vec T MIN- gy = —0.48mA I 2.4 3.6 7 Vol
utput oltage - o 2. . L alts ’
OH P Vin = Vg or Vi . . :
Vee =MIN,, Ig =9.6mA : : '
Ve . Output LOW Voltage EC oL ) ‘ 0.2 0.4 Vaolts
o L L Vin = Vi or Vi : _
) o Guaranteed input logical HIGH ' o : . 1
ng Input HIGH Level - voltage for all inputs ' 2.0 uE T Valts
oo . oo Guaranteed input logical LOW ;
Vie: Input LOW Level voltage for all inputs . o 0.8 —L Volts
1 . Unit Load . Y - . j T .
|L : - = = :
{Note 2) Input LOW Current | Vee = MAX, Vi = 0.4V : L L =10 —1.6 . mA
. . Unit Load : - L Vil = MAX. Vi = 2.4V W 60 - ’
H input HIGH Current : ccH VAN T - ~
{Note 2} - -
| Input KIGH Current Voo = MAX., Vjy =5.5V 1 .
loc | Output Short Cireutt Current Voo = MAX,, Vg =00V - R 0 1 25
- o : P - XM _ 5
& L R : Am2502 s : '
> Ce C R ) : T xe 65 , I
S XM » R 60 A |- - '
l _ : Power Supply Current . Ve = MAX, A
cc | FowerSupply - cc . | Am2303 T ] e 50 mA
R ‘ A 1 XM - 20 ~ 110 : ’
L . o B - LAm25‘04 s 30 124 o mMA .
e 1. Typical Limlts are at VCC = 5.0V, 25°C amblent and" maximum loading, ° ' : ' : ' R .
. 2 Actuul input currents aie obtainad by multiplylng unlt Ioad current by input load factor (See Loading Rules). - T
- = - ot '
. - T : N - - T
: P - . i
. - : : Lo '
- S s "
vitching Characteristics Tp = 25°C, Vo 6.0V, C| = 15pF | 1’
rameters : Description . o Min. Typ. " Max Units
tpd+ Turn Off Delay CP to Output HIGH . 0 . 26 a8 ns
Tpd— Turn On Delay CP to Output LOW . L 10 18 28 n
. s
15(D} . Set-up Time Data Input . —-10 T4 8
.- : ns
(S} | Set-up Time Start [nput 0 g 16
ns
1 E <
pd+(E} Turn Qff Delay € to Q,(11) HIGH {Am2503/4) 13 19 ns
tpd—{E] Turn On Delay € to Q4(11) LOW Cp=H,5=L 16 4
— . ns
tpwl (CP) Minimum LOW Clock Pulse Width - 28 48
ns
tpwHICP) Minimum HIGH Clock Pulse Width
1 Maxinmum Clock F 1 - i i j
max imum Clock Frequeney 15 25 !
. MHz [
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SWITCHING TiME WAVEFURVIS ' '

KEY TO TMING DIAGRANM

"'CC The conversion complete output.
_during a conversion and goes LOW when a conversion is comp[ete.

" DO The serial data output.

O
- = - —f 16V ) ,
cr —_—t—_——— e e !
: | a e
j— 1yiZiMen. o YIAVEFORM INPUTS . OUTPUTS
1S AN . .
L
. '.. 15V . MUST 8E wILL BE
. STEADY STEADY
1O MAX. n,lD\ MAK; to
m"\MIN 1,001 MIN. e 1[0} HIH. - L. . . -
R -1 N
N . : MHTOL CHANGING
" FAO: FROMH TOL
. . Hyrf - MAK,—] Ipds M(
b~ MM, — |D¢5MIN I——— . -
o Je\\ 7[; % - 15
Y i * MAYCHANGE - Ll EE
- : . FROMUTON - CHANGING
Yo MAX ) T tpgMAX— LTOR Faom LTOH
- A .
’ . DONT CARE:  CHANGING:
’ : MAK ALY CHANGE STATE
s MAXe o= KA PEAMITTED UhEHOWH
fals] /
. ' . b 1
£ . 7 . [ . 1.5y ENABLETOOp (11} "
12503, 2504} / - CP ~ HY/HEN ENABLE CHANGES
) ; L___lpd.(-ﬁ MAK, toa[E) MAX, oL '
\\ \:\ - 1y APPLIESONLY WHEN START-SIGNAL APPLIED
o711} \ \ \ f N \\ - DURING PREVIOUS CLOCK PERLIOD. \
‘ [

DEFINITION OF TERMS
SUBSCRIPT TERMS:

~H HIGH, applying 10 a HHGH loglc Ievel or when used with VCC
- to indicate high VCC vafue T

1. Input .
'L LOW, applying to LOW logic level or when used W|th Vcc o
indicate low Vg value, | . o L. ‘ lu__-_.".“, )
© O Qutput o o .
" FUNCTIONAL TERMS: ' o Cosi

Fan-Out
terms of Input Unit Loads.

lnput Unit Load One T2 L gate input Ioad In the HIGH state it

is equal to Iy and in the LOW state it is equal 10 lj_.
CP The clock input of the register.

register output
When not used for expansion the
enable is held at a LOW logic level {Ground).

- Q7(11) The true output of the MSB of the register. )
'67 (11} The complement output of the MSB of the register.

Q; i = 7{11} to 0 The outputs of the register.

S The start input. If the start input is held LOW for at least a

clock period the register will be reset 1o Q7{11) LOW and all the
-+ remaining outputs HIGH. A start pulse that is LOW for a shorter.
- period of time can be used if it meets the set-up time require-

ments of the S input, .
(The D input delayed one bit). -

OPERATIONAL TERMS:
liL Fonward input load current.

The logic HIGH or LOW output drive capabllity in "

. ' .. T tpd—
This output remains HIGH

oy Output HIGH current, forced out of output VOH test.
loL. Output LOW current, forced mto the output in Vo[_ 1est
liy Reverse lnput load current.

o Negatlve Current Current flowing out of the device'

Positive Current Current flowing into the device.
Vi Minimum logic HIGH input voltage.
ViU Maximum logic LOW input voltage.

Voy Minimum togic HIGH output voltage w1th output HIG}-
current lgy flowing out of output.

- VoL Maximum logic LOW output voltage with output LOWcur

rent Ig flowing mto output.

SWITCHING TERMS { Measured at the 1,5V logic level),

The propagation delay from the.clock signal LOW- HIGl—
transition to an output signal HIGH-LOW transition.

: - tpd+ The propagation. delay from the clock signal LOW-HIG}H
D The serial data input of the register. ‘ o L
"E The register enable. This input.is used 10 expand the length of
- the register and when HIGH forces the Qy{11)
-HIGH and inhibits conversion.

transition to an output signal LOW- H]GH transition.

-tpd_(E) The propagation delay from the Enable signal HIGH

LOW 1ransition to the Q7(11) output signal HIGH-LOW tran
ition. -

tpd+(E) The propagation delay from the Enable signal LOV
HIGH transition to Q+(11} output signal LOW-HIGH transitio

(D) Set-up time required for the logic level to be present at 1
data input prior to the clock transition from LOW to HIGH
order for the register 1o respond. The data input should rems

‘ steady between tg max. and 1 min. before the clock.

IS(S) Set-up time required for a LOW level to be present al1

"Sinput prior to the clock transition from LOW to HIGH in on

for the register o be reset, or time required for a HIGH level
be present on S before the HIGH to LOW ciock transition

- prevent resetting.

tpw{CP)  The minimum clock pulse width {(LOW or HiG
required for proper register operation.
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1, The rcql;tur can hoe usedd wnh mlhor current switches
that require a low voltage level to wrn the switch on,

H = HIGH Voltage Level
L = LQOW Voltage Level
X = Den't Care

NC = No Change

. ' or current switches that reruire a high voltage level to
Timo Inputs . OQutputs — turn the current switeh on. lH current switches are used
., O S E Dg Qy Q5 Qg Q4 Oz Oy 9@ Gg CC which turn on with a low logic level the resulting digital
: output from the register is active LOW. That is, a logic
0 x LL XXX X XX et XXX 1" is represenied as a low voltage level. If currant swit-
1 Dby HL x L H H H H H H HH ches are used that turn on with a high logic level then
2 DgH L Dy Dy L H H H H H H H. the digital output is active HIGH; a |OglC“1”i5 repre-
3 Dy HL Dg Oy Dg L H H H H H H o |- ..sented as a high voltage level.
4 Dq H L_' Dg Dy Dg Dg L~ H--H--H H R 2. For a maximum digital error of #4188 the cormparator
5 Dg"H L D40y Dg Dg Dy L H H H R - must be biased. If current switches that require a high
' 0o 0. D. O, Da L H HOH voltage level to turn on are used, the comparator should
6 by H L D3 Dy Pg Y5 Y4 V3 be biased +%LSB and if the current switches requiie a
7 Oy H L Dy Dy Dg Dg Dy D3 Dy L H o H. high fogic level to turn on then the comparator must be
8 Og R L Dy Dy Dg Dg Dy D3 Dy Dy L H* biased 1/21_53 _
~9 X HL Dg Dby Dg Dy 04 D3 Dy Dy Dg Lo 3. The register, by suitable sclccUon of resistor Iadder net-
10 X X L X Dy Dg Dg Dg Dz Dy Dy Dyl work, can be used to perform either binary or BCD
‘ conversion, -
: X .X H, X H NC NC NC NC NC NC NC NC : .
. e . 4. The register can he used to perform 2's complement

conversion by offsetting the comparator % fufl range
. 4% 'LSB° and using the complement of the MSB
-Qy {17) as the sign bit.

If the register is truncated and operated in the ¢ontin-
L uous converslon mode a lock-up condmon may occur on

o s B DR S TS
e , : ' priate reglster output.
R - Am2502/3 TIMING CHART'.-.‘ o e
% 1 e TN T e e O e s Y s T
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Pin Unit Lead  Output Output Pin Unit Load  Output Ou‘:plc_:t {
tnput/Output  NoJ's LOW HIGH HIGH  LOW/ npur/Output Moy LOW HIGH HIGH LOW ¢
E_ (2503) -1 2 2 ~ - E ! 2 2. - - '
DO (2502) 1 - - 12 6 DO 2 — - "12 6
cC 2 — -~ 12 6 cc 3 - — 12 6 :
g 3 - — 2 6 9 A4 = - 12 6 !
Q, 4 - - 12 6 Q, 5 — - 12 6
02 5 — - 12 6 02 6 — - 12 6
Qs 6 — — 12 6 Qq 7 - - 12 6 |
D 7 2 2 - — Qy 8. - - 12 6 .
) CcP 9 1 1. = - NC 0 - - - -
-S 10~ 1 2 — - D 12 2 - -
Q. 11 - — 12, 6 - GND 12 - - - -
Qg 12 - - 12 6 CP - i3 1 1 - -
Qg 13 — - 127 © 6 S 4 1 2 - -
Q; 14 - — 12 6 NC 15 - - - ~
oM 15 — — 12 6 Qg %6 - .- 12 6 -
Vee 16 — — = — 87 17 — —- 12 6
18 — — (5]
) MSI INTERFACING RULES 8 12
Equivalent Qg 19 - - 12 6
R . “Ilnput Unit Load | . Q — — _
’ lnterfacing Digital Family + HIGH LoOw - i 10 20 : 2. 6
O‘l‘l 21 - - - 12 6
Advanced Micra Devices 9300/2500 Series 1 1 NC 27 - — — —
FSC Series 9300 1 1 Q_H 23 — T 12 6
Advanced Micro Devices 54/7400 1 . 1 Veo ) 74 — — — —
" Tl Series 54/7400 1 1
Signetics Series 8200 2° 2 ' B
- I. 4
National Series DM 75/85 1 1 _ o e
8 - e
DTL Series 930 12 1 L NC = No Connection
INPUT/OUTPUT INTERFACE CONDITIONS ) )
Voltage lnterface Condmons — LOW & HIGH . Current Interface Conditions — LOW
. < ULREe T . OUTPUT DRIVING - " INPUT LOAD
+ R oW | DRIVEN'LOW™
20—~ - ouTruT | LOAD
w28 MiINIMUM LOGIC, i
EJ‘ 2.6 |- "HIGH” OUTPUT '
>[ 2.4 VOLTAGE N ‘; I
8 2z Vi, . |
5 20 R OFF l
=B HOISE MINIMUM LOGIC . .
w 8- - IMMUNITY “HIGH" INPUT |
2 16 [High leval) . VOLTAGE E ' . . |
g s : T 0| o
AR T oN |
2 10 Vit A - |
Z o : o o  GNp =t ==
5 o I e . MAXIMUM LOGIC O oho = Tot =
5 gul—OLTAGE VOLTAGE Current Interface Conditions — HIGH
° 0.2[ T IM’:«?J]:IETY QUTPUT DRIVING INPUT LOAD
0.0 [Low leval) "HIGH I DRIVEN HIGH
DRIVING DEVICE DRIVEN DEVICE .. “ |
, _ . . : AR |
' ) . ) ! :
! Li%H' : Viu, P A H
L e—] b — e o— | 4
) ., VOL‘ ) VIL2 o ][ I
GRIVING DAIVEN QFF | L
OEVICE DEVICE | a
A GHO = '~
/
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. CAM2h02/3/4 APPLICATION ' ,
Continuous Conversion Analog-to-Digital Converter

1
: [ . : -
GHO o s . . . } '
) —_—E - 50 SEHIAL DATA OUT ~ 1 .
. cLoGK 12:01 1 5AR i i COHVERSLON ; - 4 .
. { co 2 — : .
0y 01p P O = « = = G302 0y Gy ’O— . couRrIE : : :
. . . 1
' ' ' ’ ! !
K : r it
. ot
. + PARALLEL | ‘ R
+ " , T Lala ' i
S B ' i aur .
: N . [ .
i
COMPARATOR :
w e )
. . . 12-81T /A CONVERTER - v e
. © ANALOG INPUT ————— - .
This shows how the Am2502/3/4 registers. are used with a Digital-to-Ansaleg cor'werter and a comparator to form a very high-speed con-
tinuous conversion Analog-to-Digital convertar. Convarsion tima is limited mainly by the speed of the D/A converter and comparator with
typical convarsion ratas of 100,000 conversions per second. A 10-bit continuous conversion can be porformad by connecting Q, 0 Qq
- and using O.I as tha eonvarsion complete signal. The comparator can be the Am111 precision comparator, Am1086 high-speed comparator,
or AME8G very high-spesd comparator, ' 3L L
; PHY L DIMENSIONS S ‘
AmM2502/3 . HYSICA L
. t
e 16-Pin Molded DIP 16-Pin Hermetic DIP ‘ 16-Pin Flat Pak
.‘ 90
. : | SR o/
[\AH\AH\AA{! B -L‘ l 140 1
T 18 i . X n
G : ‘ - ——
LATAVAN A AT AT =] g ———
gl F - 2 [—— , —
-t[ - I o i . | =
- L. .
gt
5 -1 an ey o S
4 | ko ; waf _Tv m
1113 375
% ki 3R
- SRS =
‘_ - ‘ * - i v
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Am2504 : . . B ) )
24-Pin Molded Dip ) 24-Pin Hermetic DIP - = 24-Pin Flat Pak 5
. : : : o . f & |
ARAANANAAANAN L AAAAAANAAN . R . Hee 4
™ 3] : ) . B 5] - - 7 [
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. ) " Metallization and Pad Layout
Am2502 Am2503 Am2504 .
Tt & T Vee . tc 80 T vee
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LM311 voltage comparator R -
general description : . .
The LM311 is a vallage comparator that has input ® Maximum offsel current: 50 nA
. currents more than a hundred times lower than de- . L . ]
' vices like the LM306 or LM710C. It is olso de- = Differential input voltaye range: £30V
signed 10 operate over a wider range of supp.ly 4 Power consumption? 135 miW at £ 15V
voltages: from standard 19V op amp supplies
down 1o ihe single SV supply used {or IC Jogic, Its Both the input and the output of the LM311 can
output is compatible with RTL, DTL and 'I_'TL as be isofated from systém ground, and the output
well as MOS circuits. Further, it can drive lamps or can drive loads referrcd to ground, the positive
-relays, switching voltages up 1o 40V at currents as supply or the negalive supply., Offset balancing
highas 50 mA, ' and strobe capalility are provided and outpuis can
- . .. R be wire OR'ed. Although slower than tha LM306
features and LM710C .[200 ns response time vs 40 ns} the
o i ingle 5V : device is also much less prone to spurious oscilia-,
" Uperates lrom single supply tions. The LM311 has the same pin conﬁgurauon
s Maximum input current: 250 nA as the LM306 and LM710C.,
5
schematxc diagram and auxmary circuits
nagacpsingai (LI 144 - A
Lo i
- *Pin connections shown on schematic diagram v .
and typical applications are for TO-5 package,
" ;m " ] ) Offset Balancing
., ._t m “ -
n }” .
a1
}\ on
I.Jl- l I.l’- L1t}
.\ . {w"
L. - Y . Maw
. : $ L11Y
Y me o ‘. -» )
;:“ L{q_.},}:a .ﬁ 1 . sutrur '
1hFELE o1 ol ¥
1 v
) .,,.5_‘
an )
;.’:T
- oy ot i
e hom NI ke ML
0 ) Increasing fnput Stage Curreat™
. . ¥ .
. Crlunn
. COI‘H‘\G‘CtIOI‘I d|agr . o v - Dualdn:Line Package
Metal Can Flat F'Ackag- ’ Dualla-Uine Packags (m:: __":
ey wdlrwl - ~rul 4 —y [t
s G [ g s s} a e
* o . v N
i — e = R ey T s p
T ——
e - * Ocder Number LM311D
. Seo Package 1 or
. Ordor Number LM311H Order Number LM311F Qrdar Numbar LM3T1N Ocder Number LMI1IN-14
./ Sua Packago 11 Seca Package 3 See Packago 20 Sow Packans 22
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absolute maximum ratings

Toral Supply Voltage (Vya !} - . . ’ 36V

Output to Negative Supply Voltage (V44 40V
Ground to Negative Supply Voltage {V 4} .30V
Differential Input Veoltage . © X300V
Input Voltage {Note 1) , : o *15V
Power Dissipation {Note 2} . 7 500mw .
Qutput Short Circuit Duration . 10 sec

. Operating Temperature Range . 0°C 10 70°C
Storage Temperature Range =" -65°Cto 150°C

Lead Temperature {soldering, 10 sec} . 300°C

electrical characteristics (Note 3)

UNITS

PARAMETER CONDITIONS MIN TYP MAX

Input Offset Voltage (Note 4) Th = 25°C, Rg < 50K ) © 20 7.5 mv
Input Offsel Cur’renl {Note 4) T, =25°C - R 6.0 50 nA
Input Bias Current To=25C ‘ 100 250 nA
Voltage Gain . Ta=25°C : 200 VimV
Response Time (Note 5} Ta = 25°C c 200 ns
Saturation Vollage Vin € =10mVY, oyt =50 mA
, Ta=25°C ) 0.75 1.5 v
Strobe On Current TA=25"C . 3.0 mA
Qutput Leakage Current A Viy 2 10mV, Vgyr =35V A

) Ta =25°C T ) 0.2 50 nA
Input Offiet Voltage (Note 4) Rg < 50K - 10 mv
Input Offset Current {Note 4} - 70 na
Input Bias Current C- ) , 300 nA
Input Voltage Range ! ) e = L *14 v
Saturation Voltage vt > 45V, VT =90 . - e

) Vin £ -10mV, Ignk <8mA 0.23 0.4 \Y

Positive Supply Current Ta =25°C T ' . : 5.1 7.5 mA -~
Negalive Supply Current Ts =25°C ' 4.1 5.0 mA

Note 13 This rating apphes for *15V supplies. The positive input voltage limit is 30V above the
negative supply. The negatlive inpul voliage limit is equal to the negative supply voltage or 30V below
the pasitive supply, whichever is less.

Note 2: The maximum junction tempeérature of the LM31} is BS°C. For operating at elevated
temperatures, devices in the TO.5 package must be derated based on a thermal resistance of 150°C/W,
junction to ambient, or 45°C/W, junction to case, For the flat package, the derating is based on a
thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with ten,
0.03-inch-wade, 2Z-ounce copper conductors, The thermal resistance of the dual-in-line package is
- 100°C/W, junciion to ambient.

Note 3: These specifications apply for Vg » 15V and 0°C < T p < 70°C, unless otherwise specified.
The oflset volinge, ofiset current and bias current specilications apply fer any supply voltage from
" a singte 5V suppiy up 10 £15V supplies. -

Note 4: The oflset voltages and offset currents given are the maximum values regdired to drive the
ouipul within a volt of either supply with 1 mA load. Thus, these parameters define an esror band and
take into account the worst case effects of voltage gain and input impedance.

Note 5: The response time specihed (see defimtions) is for a 100 mV inpot sl-n:p with 5 mV overdrive,

e

e ] & vt b Ta s el b st te: .

T

TR
Y e

-

T
T S NN s




—
=
™
b=
-

A v
A

AR

P N .
EEVRE SRR S W U A

RS TR LT
ekt \.’ -'-?,é--f 3

INPUT BIAS CURRENRT [n&)

INPUT YOLTAGE (m¥]

OUT2UT VOLTAGELY]

typical performan ce characteristics

IRPUT BIAS CURRENT [nA)

INPUT YOLTAGL (m¥}

OUTPUT VOLTADL Y]

Input Bias Current

Input Oflser Current

s00 T 0 T T
Voo 15V -] F— [T
0 = —L_\ .
Palste | =
[T ISHOAT PINS ] = RAISED T
300 5, 6, AND £} < {SHORT PINS
b—5, 6, e = —
5 5, 5, AHD 3}
o g !
b2 a5 J
= - NORMAL
HERMAL ] 2 = t—t- —
A - . e
100 £
-8 [
9 100 20 39 40 SO BD 20 MO 9 10 20 10 42 50 f0 Y0 £
-TEMPERATURE ['C) TEMPERATURE [°C}
. P
Input Characteristics -Common Mode Limits
pri] T v*
I 7T A
- 208 1 Vg = 215V T ] 1 5 | )
s Ta=25°C = «~0.5 = REFERRED YO SUPPLY VOLTAGES—
1 = 1
“
150 g |
15 2 i
t— S 18
100 - g 7 o
15 - 3 0 :
H
50 5 B ———
© o
25 "
¢ V-
=16 =12 -1 =4 0 4 1 12 16 10 26 30 40 50 60 F0 8B
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s T 71
E 5 | I W
s i v won —
i 1 |2Wmv - Vour |
2 t
SO 7
= 1 pTmYed i ,
% I
= <
E -50 Vg = e 15y
o Ta=25 L
> ]Mo
; 1]
' 02 LX) LT 2 LI 5] o4 [N [ X}
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typical performance characteristics {con’t)

Supply Current

Supply Current

Tk — 10
Toawe | Ve e 18V
1 ) I
POSINVE SbrPLY = | z !
T, |ouTeUTLOW -7 L4 £
£ == =I POSITIVE SUPPLY — |
3 _/[_| F - | outPut Low
2 3 =7 sV aro T 5 =t
E NEGATIVE SUPPLY— [ o
&, 2] oUTPUT HIGR ] = L |
1 T |epoy L
z £ POSITIVE AND
£ S5 |- rtoanve sureLy-
a ‘ OUTFUTHIGH
o OO
v 5 w15 om0 9 16 2 10 4 M 63 70 &

SUPPLY YOLTAGE {V}

typical applications
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Detector for Magnetiec Transducer
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TEMPERATURE {°C)
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'i RECHICULATING
SHIFT BEZISTERS

3 BB

~

DESCRIPTION

These Signeatics 2500 Series 512 and 1024 bit reclrculatmg
dynamic shift registers consist of enhancement mode P-
channe! MOS devices integrated on a single monolithic
chip. !nternal recirculation logic plus write and read con-

"trols are included on the chip.

FEATURES

© HIGH FREQUENCY OPERATION-5 WMHz Typical

Clock Rate .

SINGLE 512, SINGLE 1024 - -

TTL, DTL COMPATIBLE

WRITE AND READ CONTROLS INCLUDED

'LOW POWER DISSIPATIOM-150pW/hit at 1 MHz

LOW CLOCIK CAPACITANCE-80pF for 512, 180pF

for 1024 Bits '

+5, -5 POWER SUPPLIES

o STANDARD PACKAGE 2-LEAD DIP

* SIGNETICS P-MOS SILICON GATE PROCESS TECH-
NOLOGY

2 8 & 0 ©

o -

APPLICATIONS

FAST ACCESS SWAPPING MEMOR' SYSTEMS
LOW COST SEQUENTIAL ACCESS MEMORIES
LOW COST BUFFER MEMORIES B

CART REFRESH MEMORIES

DELAY LINE MEMORY REPLACEMENT
DRUN MEMORY REPLACEMENT

FROCESS TECHNOLOGY

Use of low threshold silicon gate fcchf:ology allows high
speed (BMHz typical) while reducing power dissipation and
clock input capscitance dramaticalty as compared to other
technologies, The use of low voltage circuitry minimizes
power dissipation and facilitates interfacing with bipotar
integrated circuits. :

J
BIPOLAR COMPATIBILITY ' N

The signal inpuis of these registers can be driven directly by
standard bipolar integrated {TTL, DTL, etc.) or by MOS
circuits. The bare drain output stage provides driving
capability {or both MOS and bipolar integrated circuits
{ore standard TTL load).

RS D
€51 €53
€57 oo

)

SILICON GATE MOS 2500 SERIES

SILICONE PACKAGING
Low cost silicone DIP packaging s implemented and refj.
ability is assured by the use of Signetics unique silicon gate
MQS process technology. Unlike the standard metal*gate
MOS process the sificon material over the gate oxide passi.

- vates the MOS transistors, and tha deposited dielectric

material aver the silicon gate~oxide-substrate structure pra-
vides an fon barrier, [n addition, Signetics proprietary sur-
face passivation and silicone packaging techniques result in
an MOS ircuit with inherent high reliability and demon.
strating superior moisture resmance mechamcal shock and
ionic contamination barriers.

PIN CONFIGURATICN (Tap View)

: V PACKAGE
,"‘
1.6 Input clock 8: Vee
2. Qutput 7. ¢1 Qutput cloek
. 3. Read | 6. Input ‘
4, Voo . 5. Wrlte
Z -

—

1NPUT

WRITE {w} READ (R}

NOTE .
N=5120r 1024'0"= 0V, "1 = 45V, -

kY

TRUTH TABLE
WRITE | READ

FUNCTION

0 0. . Recirculate, Quitput is ‘0
Q Recirculate, Qutput Ts Cata
1. 0 Write Mode, Qutput is 0’

1 1 Read Mode Output /s Data

PART IDENTIFICATION TABLE

PART NO. BIT LENGTH | PACKAGE
PR |
2624V 512 8 pin DIP
© 2525V 1024 8 pin DIP

7-108 |



SILICON GATE MOS = 2524, 2525

HMAXIMUM GUARANTEED RATINGS (1)

operating Ambient Temperature (2)
" siorage Temperature
power Dissipation {2)

NOTES:

only and

1. Suessos abova 1hose llsted vader "Maximum Guarzntoed Rating”
may causo parmanant damage o lhe device, Thisis a stress ratlng

other conditlon above those indicated in the oporational sectlons
of thls spaciiication ks noc implied.

PG CHARACTERISTICS Tj = 0°C t0470°C; Vo =+6V(9);

0°Cto +70°C

—65°C 10 4 150°C

535mWET A >70°C
I

on data rep, rato,

+ 0.3V 10 =20V

othenwlso specified,

chengos and improvarnents,
7. Typical values are &t +25°C and nominal supply volruges.

2. For operailng at olevalad temprretures the duvico mus-l be
doreted bated on s +150°C mavimum junction temporature ana
& thermal resistance of 150°C/v juncilon to amblent.

3. Allinpulrs are protected szaingt statle charge. .

4, Sac '"Minimum Oporating F!Bquenc\:"graph for low limlts -

. 5, All voitage measurements ara referencod 1o ground,
pata and Clock Input Voltayes . 6. tanulacturas resorving the right to make deslgn and procoss
and Supply Voltages with

respect to VCC

8, Perameters are valid over oporating temperature rangs unlels

. 9. Vioetolorancais & 5%. Any variation is actual Ve will be

functional operzlion of the device 2t theso or at any

down resistor (R ),

. tracked directly by V[, Vi and Vol which are stated
for » Ve of éxacily & volts.

10, Vg ls a function of the input characteristics of the driven
TTL/DTL gate Iy and Vo app and the value of the pull-

Vo = 5V 5% unless otherwise noted. ©

SYMBOL TEST Al TYPICAL MAX UNIT CONDITION
Ty Input Load Current 10 500 nA Vg =-B.5V; T =25°C
- Vi1 = Van=-12Y: V=5
1 Output Leakage Current 10 . 0 nA ¢17 Vo2 ! I?,D
o P 9 | - 1000 .| VouT =55V T = 25°C
[I.C Clock Leakage Current 10 - 1000 nA ViLe= 12V Ta = 25°C
I ) : . Continuous Operation;
1 Povser Supply Current: 2524 15 35 mA )
.| oD PRy . . | ¢pW=150nS; 1MHz
! i ) . v =_12V: T, = 25°C
2525 .25 B | mA ILC A
T Vpp = -6.5V
. ViL lnput “Low"” Voltage -5.0 1.05 v . N -
Viy Input “High" Voitage 32 | 53 | v
: Vile Clock Input ”Low" Voltage | -12.0 -10,0 V.
Viue ‘ Clock Input “High'' Voltage 4.0 . 5.3 vV

ThH4ING DIAGRAM

ouTrUT
ClLLCK 4y
T

TLOCK 0y

BATA W

LAYs oyt

SRITE

rLAD

NOTE:

{ et l [T ] | T3 [ BIY L \ MY R ‘ BT ¢ i EIT? | Mt ‘ HITY I ulnul:nn\,uvl:‘ BIT V2

| I ] I | | i | I |

- L

15V " OATA  DATA ‘
o DATA | 142 ma QAlA"
. W ~ o e
+ , | DATA OATA |
o [GaTA |ouT2 __ oory] GATA |
| l RIT1 ouT <
+0V | ‘
o1 1
Y | | . ‘ l
- T
o I [T -
NOTE L. MOTL T NOTL X
nhitEEYCLL ALCIACULATE CYCLE RELD CYCLE

T Thls iy o stmpliflad fllustretion of the timing of & 4 bl reclrculating shift reglstar
. thowlng the 3 baifc modas of oparatfon,

_ alther 1" or 0"

NOTE 1: (WRITE cyale)

The positive snd negative going
edge o1 the write" conturol Is
colncident with the neyative going,
edge of ihe input clock (A} The
*Read" contro] may be elther "1
or "0"

NOTE 2t (RECIRCULATE cycle}

Data recireulates If the *Wrlee™
control line [s 0", "Read” may
be either 1" or 0",

MOTE 3: (READ cyclo) °
The positive golng _edga o! the

the negitive edge ol the oyfpus
closk {0,). The negative going edge
of **Read” [x coincidont with the
negative golng cdga of elther cloc%
pulte succeoding she fast cesirec
date cuTput bitn “Wrlte” may be
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CONDITIONS OF TEST
Input rise and fall times: 10 sec Qutput loadis 1 TTL gate

TIMING DIAGRAM

T K
|

“ —
Ty T
- ST LR "
-1 T %
)
1
Yy Yy

i}

Logo

CLOCK REF RATE:

M= ey
OATA IN .
i J -
1

'..;;:_._,__. ——

i
T

1
1
3
!
[l
1

Z
=k
“S— =]

L‘-I.'_.re-i

1. N =512 lor 2524 N= 1024 for 2525 .
2. Mote that the Read [nputls AND’ed with 5']: therefere thls functlon s not valid until
¢1 occurs, . .

1 1 .
__..7_.._.-.,. ________________ e =
DATA OUT I L : ]
o ) I 51 LD | U )
- i 1 3 oUT 8T {
] .
Md-—-—i Jl-a—- —b-“q— Ny B
nAITE 1
. A
et b t——
1t la —ad
' . " i { [
READ B i
NOTE: ° {

AC CHARACTERISTICS Tp =+25°C Vo =+5V(9]; Vpp = -5V £5%: V| ¢ = -11V

[ SYrBOL TEST MIN TYP MAX UNIT CONDITIONS »
v .0005 . T '
. Frequency Clock Data Rep Rate (Newe 4) 5 _ 3 MHz W=R=Vpoe
tapw Ciock Pulse Width 135 | 85 T ns A
tad Clock Pulse Delay ] 1w ns l
oot Clock Pulse Transition 10 1000 ns .
| tpw Data Write (Setup) Time 70 ns .
Tl e Data to Clock Hold Time 20 ns . ﬂ
Tat Clock to Data Qut Delay 100 ns -
tR-y Clock to ""Read”’ or 0 . : s - . ﬁ
O otwe ‘"Write" Timing : )
' —
1R Clock to “Read" or . ’ .
7 ¢ 0 ns -
W+ “Write" Timing -
7Cin Input Capaéitance ' . 5 pF 1MHz; V|=VCC?YAC=25m VP-P
Cout Output Capacitance S 5 pF TMHz; Vo=V oiVae=25m Vi p
Co - Clock Capacitance ' . oo s
2524 80 pF )
. 1MHz; V=V e Vae=25m V
2525 160 pe | TYCCETACTM Vp.p
- R =3.0K: 1 TTL Load {1 =
\% Output “Low” Voltage -1.0 \4 L ’ L
oL s ° ores L 1.6mA) MNote 10
Qutput “High' Vallage j -
VoHI Driving 1 TTL Load 24 3.5 V| RU=3.0K; 1 TTL Load (1| =100:A)
. Output “High'' Voltage _ . _
VOHQ ' Driving MOoS 3.6 4.0 v RL = S.BK, CL = 10pF
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SILICON GATE MOS 22524, 2525

CHARACTERISTIC CURVES

POWER DISSIPATION/BIT
VERSUS SUPPLY VOLTAGE

T 11
. B

]
i

t

PFOSTA DASSIPATION FLA BIT Tl
2
Iy
4
y;

™
nL ED - R - a -
mvvo{.\'m‘z_[ Vool (VELTS)

MAXIMUNM CLOCIK RATE
VERSUS CLOCIC AMPLITUDE

A UM CLOCK RATE (vHr)

|
|

CLOGY: ARITUOE Vg (vDLTF

AAXIMUM PACKAGE POWER
DISSIPATION VERSUS TEMPERATURE

- I A

(5]

- ] L

™~

MAKIYLAA FAZXAGE FOWE R DISIPATION ]
~
z

|
\
|

|

T @ r

i
o
5|

. TLAPCRATUAE ( T1
NOTE:

¢‘PW1 - YPWD - 80ns, Ta = +25°C unlass otharwlse noted.

FOMEN DISSIFATION PEX BIT Lwt

ﬂni for typlcsl curvas: Vcc = 45V, Vup = -5V, clock duty eyclo - 35%, fCLl’ =~ 3MHz, V¢‘p<p - 16V,

FOTWER DERZIPATRON FLR BIT L)

SN UW CLOCK T ALOUENCY (Hr)

POWER DISSIPATION/BIT
VERSUS CLOCK RATE

o I
B

f !
7
i
|

V

1
- CLOCK RATE MK

' POWER DISSIPATION/BIT
VERSUS TEMPERATURE

- T 1]

201 £ o

>0

\

/1]
k

s [0 = » [T 50 [ o

TLMFERATURE (€]

MINIMUM OPERATING CLOCK
FREQUENCY VERSUS TEMPERATURE:

T | LA

i VVK{ .
MV/T '
] J‘

;

g

\

3

TEM{AATURE [C]

N
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i " SILICON GATE MQS n 2624, 2525 : ' ]

APPLICATIONS DATA

R Y

[PPSRV Y

N

TTL/OTL/MOS INTERFACES .
vy
.
Vee . 7
8280 Yee -T*[
. . ’ . 2524 ) 2524 :
’ 2525 2625 Vee
. TILRTL
O-——-—-D I ouT ! . 2%
o |~ I{RECIRCULATING {USED aS i :
SHIFT ATGISTERI NBLT SHIET i
- oO—] Fa— ) REGISTEH}
o i R -
L - . i
°1 Vpp €7 56K *1 Yoo o7 2K =

B " |
P <3
i I
; 1 !
|
R Ve Va
v | -
. i | uta
,; L. _____...il_._____l.‘l“_l ________________
Voo
i : )
! T ! i
I . - - Yea
o 3 )
' i Vo L Y- o——
H] -
! . ) —
i wo o AR
1
1
'
ok . Yu Y
- i HOTE
| > .y N =512 for 2524
’ N~ 1024 for 2525
L_
7112 : .
. [ T T

-
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Etfras 8 cos b, & vrim “morem o i sricss e Yl b et A d e R it L s e bt Eeleios ekt Ve kbt At et P < = b o

upecﬂflcau oS and ApPpli c&uons

. . , - 'I ISR
Iniornla,uom o - — P
. DUAL MOS
DUAL MOS CLOCK DRIVER | CLOCK DRIVER
e ——an=l ' - R . . ’ L}
. desngned for high-speed driving of highly capacmve loads ina = " |, i MONOLITHIC
MOS system. - Coel e i .|| . SILICON INTEGRATED CIRCUIT
© Fast Transition Tjmes — 20 ns with 1000 pF Load ; ) . ‘ L , o
& High Output Swing — 20 Volts - LT, - v
© High Output Current Drive — +1.5 Amperes N P . '
o High Repetition Rate — 5.0 to 10 MHz Dependlng on Load SN - : . G SUFFIX < o
‘@ MTTL and MDTL Compatibie Inputs ; . , . METAL PACKAGE
. ' - CASE 601-02
- © Low Power Consumption when in MOS 0" State — 2 OmwW | . ! T0-99
. & +5.0-Valt Operation for N-Channel MOS Compatibility : ' g ’
¢ ;
U o FIGURE 1 — CIRCUIT SCHEMATIC =~ R
ol ' E (1/2 CIRCUIT SHOWN] L »
" Vee o o—
INPUT R - . i D6 L.
O_A__'VV:\’—_— ol £ {Top View) | ,
D10 e .

ouTPUT - || f I ' L
a4 N o P1SUFFIX
: , PLASTIC PACKAGE  {
- : CASE 626 g
{MMHO0G26C Only) i
- L 1

| R2 l
D9
R3 l )

L D5

(‘r;op View)

OVEE

TYPICAL OPERATION

(Rg™= 10 Q, C_ = Cip, = 1000 pF, f = 1.0 MHz, L SUFFIX

H CERAMIC PACKAGE

PW = 500 ns, Voo = 0 V, Veg = 20 V) ' SRR P ! CASE 632-02
B R R e e e e L MO L s A L - o o TO-118
T " : RN G -
" o e i e A +50V
> K frmmer—" =T . -
; = K, MERE o Lo ov
a 5'----* et e i ) 1 Vee
a - : ; 5 i
3 h[l‘: {lu ' iy OV me
g : R A OUTPUT B
T o L ‘ ::3‘ Ne
5 oy, Rx]
_ 9 R INPUT B
. r ’ o N
- ' 1} : ¢
; g,—..,,—l-.'——u—l-"-"‘-‘.';-v' :' 1 “‘i_ —20V NC
n. » 7 R .
povar A ST AL O R PV PL % © (Teop View)
100 nz/DIV -
.
MOTL and MTTL aro 1radarnerks of Motorols Ine, | " O MOTOROLA INC,, 1973

DS 92853




\Jhll ('LH-)‘ ﬂu}ul l'l Ul"

v b L

VEE JH S TS

; ' "]
LA S0 L TN Sy SR RSP SV I SPTES Y PRISPUTI SR VAP

IMLJM R/\TI NGS (TA

1 ?5“(: unlc*s otherwiss nated.)

S e bt
v . i .

Rating Symbol Value - Unirt |
Differential Supply Voltago VCC:V_EE_ +22 Vde
Input Current in - +100 mA
E_pu} Voltage Vin Vgg+5.5 Ve
Peak Qutput Current lopp< ) +1.5 ’ A
' G Pkg. " L Pkg. Pl Pkg.
| Pawer Dissipation and Thermal Charactensncs : ) . } ' S
Ta =+25°C Pp - 680 j000 830, | - mW -
Thermal Resistance, Junction 0 Alr 8 A ' 220 - 150 150 ocw '
Tc = 25°C | PO . 2.1 3.0 1.8 0w
Thermal Resistance, Junction 16 Case o0y 70 50 70 ocmw
Junction Temperature - i - Ty +175 +175 +150 o¢
Operating Ternperature Range . ! Ta : . : o¢c .
.. : . MMHO0 -5510 +125 ~55 10 +125 -
L ’ MMHO Zﬁa 0 to +85 0to +85 0 to +85
Storage Temperature Range ) T Tag 65 to +150 65 to +150 1—65 to +150 oc-

. ELECTRICAL CHARACTE ISTICS (Vee-Vee =

10 V1o 20V, C[_-‘lOOO pF, TA -55
for /MHO02GC for min and max values: Ta = +25°C for all Lyplcal valuas unlass othprwiae nated. )

[
.

o +1 fsf’c for mm.ooze anel 0 ta +85°C

Characteristic Symbol Min Typ N.b‘ax Unit
Logic 1" Level Input Voltage - . VIH VEg+2.5 | VEg+i.56 — Vdc
V0=VEe+10VdC . - - : o .
Logic “'1'"-Level Input.Current ' . TR - = 10 15. ™A
ln"'VEE 2.5Vde, Vo =Vgg+1.0Vde . = o C o ]
Logic "0" Level Input Voltage ’ ViL - Veg+0.6 | Vgg+0.4 Vde. *
Vo= Vee -1.0 Vde . - .
Logic "0 Level Input Current LiL - -0.005 ~-10 nA -
Vin—VegEe = 0 Vde, Vg = Vg -1.0 Vde o o E :
Logic 0" Level Output Voltage | . VoH . . - Vde
Vee = 45.0 Vde, VEg = -12 Vde, Vip = -11.6 Vde 4.0 4.3 : — ' .
Vin—VEE = 0.4 Vdc Vee =-1.0 Voo -0.7 -
Logic 1" Level Output Voliage VoL ) : ) - Vde
Voo = 5.0 Vde, VEg = -12 Vde, Vi, = 8.5 Vdc : R I I 9 -1
Vin—VEg = 2.5 Vdc 3 - VEE+0.5 | VEg +1.0
* "On" Supply Current . “lece v - ELU 40 ., mA
- Vee—VEE = 20 Vde, Vip—VEE = 2.5 Vde - , n
“Off"” Supply Current . ' , lceH - 10 100 A
VCC Veg = 20 Vdc, Vm-—VEE ov N ;

SWITCHING CHARACTERISTICS (SeP quure 2. (VCC“VEE = 10 Vo 20 V. CL = 1000 NS TA

~56 1o +1759C (or MMFHO0026

antl 0 tn +85°C [nr MMFI0026C for min and max values; ;Ta™ +25°C for all typical values,unles. otherwise noted.) . S
Propagation Time : : i BRI I
High to Low .. tpHL | .50 . 7.8 212 s ns '
"~ Lowrto High IPLH 5.0 12 "5 '

[ Transition Time {High to Low) ITTHL . S . ns
Vee—VEE = 17 Vde, C|_ = 250 pF . — 12 R '
Vee—Vee = 17 Vde, C|_ = 500 pF T " 15 18
Vee—VEE = 20 Vdc, G = 1000 pF i 20 | 35

Transiticn Time {Low to High} i TLH : - . ns
Vee—VeEE =17 Vde, € = 250 pF ) v =, “10 - T

. Vee=Vgg =17 Vde, CL= 500 pF = ' L L= 12 16 A
Voo—Veg = 20 Vde, C_ = 1000 pF * K - o7 25.

Symbols’conform to JEDEC Engineering Bullatin No. 1 when applicable.

(MMHO026 — Page 2}
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TEST CIRCUIT
. . : N
FIGURE 2 ~— AC TEST CIRCUIT AND WAVEFORMS

A
1000 pF
MMHO0026,C
2N2369A B - B
Or Equiv O

PW = 0.5 Us

TTLH ‘THL <10 "5

Pins not shown are not connected.,

. - N '
R . -

FIGURE 3 —'AC-CCjUPLED MOS CLOCK DRIVER

VEg = —12 V'

Pins not shovsn ara not connactod.

"

DO - " TYPICAL APPLICATIONS

FIG

URE 4 — DC-COUPLED AAM MEMQOQRY ADDRESS

OR PRECHARGE DRIVER (POSITIVE-SUPPLY ONLY) -

O_.
o_l To Address
c o Ac - c
Two-Phase L _Lines On. T L
Clock 10 = 1103 Type =
Shift Ragisters Cs \ Memory System
. . in Or Equiv
Z | o] ’
L |, CL
MTTL , SRS TMTTL Rin - T
MG7400 S : MC7400 A =
Serias Gates . . Series Gates ' ST

Pins not shown are not connectod,

Vo

Circuit diagrams utilizing Motomla products ara included as a means
of MHlustraung typical semiconducior applications; consaquemly
complete information sufficient for construction purposes s not

is believed to be-entirely reliable.

However, no responsibility is

assumed lor inaccuracies. Furthermore,

such information doas not

convey to the purchasar of tha semiconductor ouvicos dascribed any
hcense under tha patentrights of Molorola Ing. or othars,

necessarily givan, The information has been carefully checked and

L . . . '
L . .

PAOTOSOL A SPI?)ICOIICI(JCLOF Droducts feze.

(MMHOO"S — Pago 3) . B
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L. TYPICAL CHARACTERISTICS 7 :
' o AV =420V, Vege =0V, Ty = +25PC unless otharwiso noted.) ,

pow,
4

FIGURE S — INPUT CURRENT versus INPUT VOLTAGE

. T.TEMPERATURE (9C)
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. L~
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to- © Vi INPUT VDLTAGE {V)
FIGURE 7 — OPTIMUM INPU;T CAPACITANCE
vorsus OUTPUT PULSE WIDTH
700, : -
600
= 500
5 &
= .
B 400 -
2
£ 300 e
2 / .
-5
a 200 z
?i: /l/
o100 7“/
0 .
-0 200 400 600 800 1000 1200 1400
_ Cin, OPTINUAM INPUT CAPACITANCE {pF)
FIGUREZ 9 —PROPAGATION DELAY TIMES
i : versus TEMPERATURE ) . .
14 T ] —
Vee—-VEg=20V TloL
- 13 Cin=C( = 1000 pF g
= Rg=500 o
E 2 0". . /
§ L :
R /4
o TPHL
T
-5 90 )ﬁ
<.
0.
2 80—
Q.
e tPLH —
1.0
\N
6.0 . -
-5 1 +25 +50 +75 +100 +128

i FIGURE B8 = TRANSITION TIMES versus LOAD CAPACITANCE

AA MOTOROLA Semiconduactor Procducts frc.

o ——— | y
xVCCLVEE;ZOV' -
Hp=5&0%
= .
o 20 TAUHL T T
[
E / / -
T E L T )
-
E 77
24
0 > _
0 200 400 600 800 1000

.28
L., L vee-vee=20V
o Cy =1000pF
= n . C LA
= ITHL
/
= —
= 1 p—
. B e
+E. | ——1tTLH
c- —
E 14
10
-75 -50 -25 0 +25 450 +15 #1000 +125
T, TEMPERATURE (°C) :

.o

"FIGUNE © — SUPPLY CURRENT versus TEMAPENATURE

8.0 T T .
DUTY CYCLE = 20%
L— [=11Hz
CL=0pF -
< 80
= , Voe-VEE=420V |
& — ; i
= k’— i
a
270
o -
> . .
[ Veo-VEE =417V —
3 .
S 6.0
5.0 - :
75 -5 -25 0 425 450 475 #100 4125
i T, TEMPERATURE [0C) .

«

. "CL, LOAD CAPACITANCE (pF)

.

i

"FIGURE 10 — TRANSITION TIMES versus TEMPERATURE
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FIGURE 11 — TRANSITION TIME vursus TEMPERATURE

FOR 15 VOLT DC-COUPLED OPERATION (Set Figure 4.)

\.. '

228 — T T
Vgo=+4.5V, 1= 1MHz, PW =200 ns
CL=510pF, Cin=510pF, Rin=1k2
23 N VEg=0V e
z ‘ | T
W o2 = —
= . -
g .
2.1 \ -
.o, :
=, .
T
e N
E
g ITHL
A —
13 _ .
-55 -25 0 +25 50 5 4100 +125
: . 7, TEMPERATURE (oC) T
4 1
FIGURE 13 — DC.COUPLED SWITCHING RESPONSE
versus Ry, {See Figure 4 W ’
38
CL' 1000 pF
Cin=510pF |
VEg=0V
. THU vee=17V T
30
w
=
= ,
| tTLH
: PHL B e T
- 1PLH B |
10 : |
20 - 4.0 6.0 8.0 .10
Rin, RESISTANCE (k)
FIGURE 15 — MAXIMUM DC POWER DISSIPATION
versus DUTY CYCLE (SINGLE DRIVER}
" P TI]HE O!UTPIIIT Low'
S ! 1S Low
DUTY CYCLE= ——— — =77
o 00 - CTOTALTIE,C
= P
E . =
E 500 |
= r
o
% 400 Vee-Veg=20V ?
a f /,,_:
5 300 — ] /I/
=] T
& 200 T veo-Vee=16V
=Y L LA
T [ T
£ 100 PE il | Veo-VEE=12V_|
, ] L] |
"] ‘
0 1 c.
0 10 20 30 40 50 60 70

DUTY CYGLE (%)

rlGUﬂL 12 = PROPAG AT FION DELAY-THAE veraus
TEMPERATURE FOHR 45 VOLT DC COUPLED
OMERATION {Seo Fupre 4.)

M MOTOROLA Se;nicond.:
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FIGURE 14 — DC-COUPLED SWITCHING versus c,n
: {Sce Figure 4.}
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FIGURE 16 — AC POWER DISSIPATION versus
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APPLICATIONS INFORMATION S

OPERATION OF THE MMH0026

The simplified schematic diagram of MMH0026, shown
in Figure 17, is usefu! in cxplaining the operation of the
device, Figure 17 illustrates that as the input voltage level
goes high, diode D1 provides an 0.7-volt “decad zone”
thus ensuring that Q2 s turned “on” and Q4 is turned

.'f'off" before Q7 is turned “on’’, This prevents undesirable

“current spiking’” from the power supply, which would

~oceur if Q7 and Q4 were allowed to be "on” simul- -

taneously for an instant of time. Diode D2 prevents

- “'zenering” of Q4 and provides an initial discharge path
- for the output capacitive joad by way of Q2.

As the"input voltage level goes low, the stored charge in

Q2 is used advantageously to keep Q2 "on’" and Q4 "off”
until Q7 is “off". Again undesirable "current spiking'’ is

prevented. Due to the external capacitor, the input side
of Cin goes negative with respect to VEE causing Q8to

conduct momentarily thus assuring rapid turn "off”

~of Q7.

FIGURE 17 — SIMPLIFIED SCHEMATIC DIAGHAM
_ (Ref.: Figure 1)

" Power Supply Decoupling:

MOTOROLA Semifconductosr Products Irmc.

The complete circuit, Figure 1; basicully creates Dar-
lington devices of transistors Q7, Q4 and Q2 in the

" simplified circuit of Figure 17. Note in Figure 1 that

when the input goes negative with respect to Vg, diodes

© - D7 through D10 turn "on' assuring faster turn "off'’ of

transistors Q1, Q2, Q6 and Q7. Resistor R6 insures that
the output will charge to within one VpE voltage drop
of the V¢ supply.

SYSTEM CONSIDERATIONS
Overshoot:, .

In most system applications the output waveform of the
MMH0026 will "overshoot’ to some degree. However,
"overshoot” can be eliminated or reduced by placing a

damping resistor in serics with the output. The amount-
L/Cy where .
" L is the inductance of the line‘and C_ is the load capac-’

of resistance required is given by: Rg = 2

itance, In most cases a series of damping resistor in the
range of 10-10-50 ohms will be sufficient. The damping
resistor also affects the transition times of the outputs.

" The speed reduction is given by the formula:

TTRL = tTLH = 22 R5 CL (Rgis the damphg reSIstor)

" Crosstalk: ) - - .
The- MMHOO26 is sensitive to crosstalk when the output

) Voltage‘.level is high {Vg = V). With the output in-the -
*  high voltage level state, Q3 and Q4 are essentially turned

"off'*. Therefore, negative-going crosstalk wifl pull the
output down until Q4 turns “on” sufficiently to pull the

" output back towards Ve, This problem can be min-
" imized by placing a “bleeding” resistor from the output

to ground. The “bleeding” resistor~should be of suf-

ficient size so that Q4 conducts only a few milliamperes.
- Thus, when noise is coupled, Q4 is already "on" and the
“line is quickly clamped by Q4. Also note that in Figure 1~
- DB clamps the output one diode-voltage drop above VCC
-y for positive-going crosstaik. ,

ot
’

E . The decoupling of Vg and VEE s essential n most

systems. Sufficient capacmve decoupling is required to
supply the peak surge currents during sw1tchmg At least

" a 0.1-uF to 1.0-uF low inductive capacitor should be
placed as close to each driver package as the layout will

permit.

Input Driving:

For those applications requiring split power supplies
(VEg < GNDJ)," ac coupling, as illustrated in Figure 3,
should be employed. Selection of the input capacitor

size is determined by the desired output pulse width.
Maximum performance is attained when the voltage at

{(MMHO0026 — Pago 6)
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APPLICATIONS (NFORMATION (continued; B

TABLE 1 — THERMAL CHARACTERISTICS

the input of the MMH0026 discharges to just above the
device's threshold voltage (about 1.5 V). Figure 7 shows

OF "G", “L" AND “P1

"PACKAGES

optimum values for Cin versus the desired output pulse "
: WIdth The value for Cjq may be roughly predicted by: 0]p (PCrv) 03¢ (°cpm)
. 3 PACKAGE TYPE Still Air Still Air
Clﬂ ={2x1077) (PWO) (1) " {Mounted in Soclcet) -
For an output pulse W|dth of 500 ns, the optimum value MAX TYP MAX TYP
for Cjpn is:
: : - "G (Metal Package) 220 175 70 40
. Cin = (2 x 1073} {500 x 1079) = 1000 pF. . - ,
[f single supply operation is required (Vg = GND), then L' (Ceramic Packagell 150 100 50 27
i lustrated In Figure 4 can be employed. )
de couplﬁlng as I]]L.JS z.a n Fig 4 can ploy “p17 (Plastic Package! 150 100 -0 20
For maximum switching performance, a speed-up capac- ‘ :
itor should be employed with dc coupling. Figures 13
and 14 show typical switching characteristics for various .
values of input resistance and capacitance. e e ‘ _ o T
. , - FIGURE 18 — MAXINUM POWER DISSIPATION versus
: ., ANg T TEMPERATURE (A3 related to package)
v 14
. : : : Vi 5 12
POWER CONSIDERATIONS - : E e
P L. _— £ g L” PACKAGE PACKAGES SOCKET __|
Circuit performance and long-term circuit reliability are S Lo MOUNTEQ I
affected by die temperature. Normally, both are improved 2 P17 PACKAGE A STILLAIR 7
_ by keeping the integrated circuit junction temperatures = g pAéKAGE -
low, Electrical power dissipated in the integrated circuit % 06 d ™~
is the source of heat. This heat source increases the = \*\
- temperature of the die relative to some reference point, Z 04 \\
normally the ambiént temperature. The temperature in- “C‘, \\
crease depends on the amount of power dissipated in the =02
_ circuit and on the net thermal resistance between the .
heat source and the reference point. The basic formula 75 50 25 0 425 50 75 +)00 4125

for converting power dissipation into junction, temper-
ature is: .- . S i

0 j¢ = thermal resistance, junction to case
Oca = thermal resistance, case to ambient
0Jp = thermal resistance, junction to ambient.

Power Dissipation for the MMIH0026 MOS Clock Driver:

The power dissipation of the device {Pp) is dependent

on the following system requirements: frequency of op-

eration, capacitive loading, output voltage swing, and

duty cycle. This power dissipation, when substituted into

equation {3}, should not yield a junction t€mperature,

Ty, greater than T j{max) at the ‘maximum encountered

ambient "temperature. Tj{max) is specified for three

integrated circuit package: in the maximum ratmgs'
section of this data sheet,

)

MOTORCLA Semiiconductor

{(MMHO026 — Pago 7)

+150 +175
T, AMBIENT TEMPERATURE {0G)

Ty=Ta+Pp (0jc+0ca) 2 ‘

or e - '.’- T : o
: Ti=Ta+Pp (04a) _ (3 '1-; . With_‘thcse maxi_ml{m junction te-m‘pera_ture values, the

-~ where . ‘ . e 7 T e maximum permissible power dissipation at a given
C o . . : . o - ~ambient temperature may be determined. This can be
‘]__ ]unc‘tlon temperature ;. ©U- L done with equations {2} or {3) and the maximum thermal

T =ambient temperature : "Y1 resistance values given in Table 1 or alternately, by usin

Pp = power dissipation ) R : : 9

the curves plotted in Figure 18. If, however, the power
dissipation. tetermined Iy a given system producos a
calculated junction temperature in excess of the recom-

- mended maximum rating for a given package type, some-

thing must be done 1o reduce the'junction temperature,

There are two methods of fowering the junction tem-

"perature without changing the system requirements.

First, the ambient temperature may be reduced suf-’
ficiently to bring Tj to an acceptable value. Secondly,
the @ termcan be reduced, Lowering the 8¢ A term can
be accomplished by increasing the surface area of the
package with the addition of a heat sink or by blowing
alr across the package to promote improved heat
dissipation. )

rrrocfucts

e e
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The ac power for each driver is given by:

C Vge=
" ditions, and with the aid of Figure 16, the safe operating

APPLICATIONS INFORMATION {continucd)

The foliowing examples itlustrate the thermal consider-
ations necessary to increase the power capab:llty of the
MMHOO026.

Assume that the ceramic package is to be used at a
maximum ambient temperature {Ta} of +709C. From
Table 1: 0 jalmax) = 150°C/watt, and from the max-

* imum rating section of the datasheet: Tj{max) =+1756°C.

Substituting the above values into equation {3} yields a

‘maximum allowable power dissipation of 0.7 watts, Note
_- ‘that this same value may be read from Figure 18. Also
- .note that this power dissipation value is for the device

mounted in a socket

Next, the maximum power cdnsumed for a given system
application must be determined. The power dissipation

. of the MOS clock driver is conveniently divided into

dc and ac compodnents. The dc power dissipation is
glven by: o : . -

-(VCC VEE x(ICCL)x(Duty Cycle)

Vee — VEE,
wh rel‘ =40 mA (———).
¢ ccL 20V

{4)

Note that Figure .15 is a plot of equation {4) for_thrée

values of (Vog—VEE). For this example, suppose that.

the MOS clock driver is to be operated with Ve =+16 V
and VEg = GND and with a 50% duty cycle. From

. .equation {4) or Figure 15, the dc power dissipation {per

driver) may be found to be 256 mW. If both drivers
within the package are used in an jdentical way, the total

" dc power is 512 mW, Since the maximum total allowable
power dissipation is 700 mW, the maximum ac power
" that can be dissipated for this example becomes:-

Pac=0.7—-0.512= 188 mW
| Pac= (Voo — Veg)2x fx CL (5)
where f = frequency of operation

CL = load capacitance {inciuding all strays and
wmng)

- Figure 16 gives the maximum ac power dissipation versus

swilching frequency for various capacitive loads with
16 V and Vgg = GND, Under the above con-

area beneath Curve A of Figure 19 can be generated.

'Since both drivers have a maximum ac power dissi-

pation of 188 mW, the maximum ac power per driver
becomes 94 mW. A horjzontal line intersecting all the
capacitance load lines at the 34 mW level of Figure 16
will yield the maximum frequency of operation for each

- of the’ capacitive loads at the specified power level. By

MOTOROLA Scemificonductor Prodiscts

{MMHO026 — Page 8)

using the. previous formulas and constants, a new-safe
operating area can be generated for any output voliage.

. swing and duty cycle desired.

Note from Figure 19, that wnh hlghly capacutwe Joads,

e At ek P et JETWR . e mye e -.-..:.'...d-i.}

‘the maximum switching frequency is very low. The -

switching "frequency can be i_ncreascd by varying' the

_ following factors:

{a)

(b}

(c)
In most cases conditions {a)" and (b} are fixed due to
system requirements. This leaves only the thermal re-
sistance 0 ja that can be varied. :

decrease T p,
decrease the duty cycle -
lower package thermal resistance OJA

t

Note from equation {2} that the thermal resistance is
comprised of two parts. Qne-is the junction-to-case

" thermal resistance {0Jg) and the ‘other is the case-to-

‘e

: these heat sinks are illustrated in Figure 20.
" previous example, with the ceramic package, no heat sink

ambient thermal resistance {0 ca). Since the factor 6 ¢
“is a function of the die size and type of bonding employed, .

'_1t cannot be varied. However, the 0cpa term can be’

changed as previously dlscussed see Page 7

FIGU__R‘E"EQ ~ LOAD CAPACITANMCE versus FREQUENCY
"FOR 'L" PACKAGE OMILY .
(Both drivers used in ictaniical way)

= 700 B Ta=4700C A \ sacker MOUNT | B: PCEBARD MOUNT
e o —l—— . NUHEATSINK N HEAT 51 1
= 600 4 BUTY CYCLE =50 % " ND AT ELOW N0 LI P, :
= Ve =+18 Y C: SOCKET MOUART 0: SOCKET vouNT |
= —Veg=0V p— THERRALLOY Gn17a KO HEAT SthK
= £ . : HEATSIGA DR OUIY  SDd LFPM J
= A p o KD ANTLOW AIR FlLOW
gi E: SOCRET MDU‘:’”'
THTHMALLOY £n178 b
$ \ HIAT SIKK O K LAUIY
b= SO0 LTPM 1
= AN ‘J AT L0
e < .. h
5 300 [ X & ——KB\ ’ |
[&) .
< .
ST AN <F S RS —
S 200 b \\%
[e=]
S = T
&' -SAFE DPERATING AREA == ]
. I i

4.0 6.0

_ . 8.0
I, SWITCHING FREQUENCY [MHz)

0 20

Heat Sink Consuderatlons
Heatsinks come in a wide variety of sizes and shapes that
will accomnodate almost any IC package made. Some of
In the

and in a still air environment, 0 ja{max} was 150°C/W,

For the following'example the Thermalioy G0128 type
heat sink, or equivalent, is chosen. With this heat sink, the
fca for natural convection froni Figure 21 is 449C/W,
From Table 1 0jcimax) =

Frrc.

50°C/W for the ceramic

o

e r————— e e e




I'K"—..‘

-]

Wi

luluinl' 'j’,_a H»;;lm“ 2 "‘—LL

LN

o

w

4

APPLICATIONS INFORMATION {continued) N !

FIGURE 20 — THENMALLOY "

HEAT SINKS : . . -

*Manufactured by Thermalloy Co. of Texas.

[ R

PO

8

.2230-5

package. Therefore, the new 8 ja{max) W|th the 60128 ' ;

heat sink added becomes:
8 jalmax} = 50°C/W + 44°C/W = 94°C/W

.. Thus the addition of the heat sink has reduced 0 ja{max) -
from 1509C/W down to 94°C/W. With the heat sink, the .-,
. .maximum power dissipation by equatlon (3) at TA =

+709C is:
' 1750C —70°C
PD = =171 watts. _
“ 940C/W .
~'This gives approximately a 58% increase in maximum
power dissipation. The safe operating area under Curve C
of Figure 19 can now be generated as before wrch the aid
of Figure 18 and equatlon {5). . a
FIGURE 21 — CASE TEMPERATURE RISE ABOVE
AMBIENT versus POWER DiSSIPATED USING
NATURAL CONVECTION
100 .
5 - .
w 80 ]
S THERMALLOY #6012 DIP HEAT SINK 08 EQUIV 4—__
i
£ 10 60— THERMALLOY #5007 /
= olp NK
=3 HEAT SINK OR EQUIV A ~
& P\‘l>/
== :
G a0 =
& | .
w = 1
ic= / :
(X1 w
2 20 = T ERMALLOY #22305—
2 / T0-88 HEAT SINK DR EQUIV
T T |

0 0s 1.0 15 . 20

Pp, POWER DISSIPATED (WATTS)

-"' @i

Forced Air Considerations: :
Asillustrated in Figure 22, forced air can be employed to

_reduce the 0 term. Note, however, that this curve is
¢« expressed in terms of typical 0 a rather than maximum
-0 Ja. Maximum 0 Ja can be determined in the fol[owmg

manner

" From Table 1 the following informa'tion is known:

T, sl 0yalyp) = 1000C/W
om0 (b fuclyp) = 27°C/w
Since: ’ : . -
o 8aa=0c+0ca (8)
Then: ) s R
L dca=64p-8)c - . A7)

o Therefore in still air

FAOTOROLA Semicomnductor Prodiuscts o,

{MMHQ026 — Pago 9)

Ocaltyp) = TOOOC/W—27°C/W 7"°C/W
From Curve 1 of F|gure 22 at 500 LFPM and eq-
uatlon (71,

OCA(typ) = 53°C/W - 27_0C/W = 269C/W.

" Thus OCA(IYD) has changed from 73°C/W (still air) to

28°C/W (500 LFPM), which is a decrease in typical Oca
by a ratio of 1:2.8. Since the typical value df 0cp was
reduced by a'ratio of 1:2.8, fcalmax) of 100°C/W
should also.decrease by a ratio of 1:2.8.

" This yields an 8 a(max) at 500 LFPM of 36°C/w,

Therefore, from equation (G):
0 Jalmax} = 50°C/W + 36°C/W = 86°C/W.
Therefore the maximum allowable power dissipation at
500 LFPM .and Ta = 470°C is from equation (3):
1759C — 70°C

= 1,2 watts, "
_+88°C/W

Pp =

A

o Aot e e e bt bk 8 o0 e it o e s e e P b I st s o e’ m AN o et *e vt ¥ e ¢ e -u.-‘,;‘:..-L-—-A!—-J-\.uni«‘»_‘L"-.‘-h—Aj .
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8JA, THERMAL RESISTANCE JUNCTION

 From equation (3) at Ta =

pcA. THERMAL RESISTANCE CASETO AMBIENT

APPLICATIONS INFORMATION {continued) -

FYPICAL TYHERMAL RESISTANGE {(0yp) OF

FIGURE 22 -
) L” PACKAGE versis Al VELOCHTY
109 ' N) |
} . I
30 r')
AIR FLOW DIRECTION m
: _ AR
.80 —
e - i
Z 9 _ PACKAGE MOUNTING #1 BARNES SOCKET OR EQUIV_]
= | * #2 PRINTED GIRCUIT B0ARD
g 4" x 6 x 0.002" ~ 2 0Z.EU,
+— B0
=
o
250 S~
< - P— |
P 40 h\:::‘:?\i::ﬁ_
0JA= mnﬂc/WATT}
30 )0 = 219EWATT NO AR FLOW
Y I I R
0 200 408 600 8OO 1000 1200 140D 1600

- AlR VELOCITY {LINEAR FEET PER MINUTE)

‘As'with the previdus examples, the dc power at 50% duty -

cycle is subtracted from the maximum ‘allowable device
dissipation {Pp) to obtain 2 maximum Pgzc. The safe
operating area under Curve D of Figure 19 can.now be
generated from Figure 16 and equation (5).

" Heat Sink and Forced Air Combined:
 Some heat sink manufacturers provide data and curves of

8ca for stll air and forced air such as illustrated in
Figure 23. For example the 60128 heat sink has an
bca = 17°C/W at 500 LFPM.as noted in Figure 23.

.From equation (6): .

_ 500C/W + 179C/W = 679C/W
+70°C

$ 1759C - 70°C
"0 = T Srocw

Max 04a

1.57 watts,

. FIGURE 23 — THERMAL RESISTANCE d¢p
T varsus AIR VELOCITY

40

30 —‘\

\/f DIPWITHOUT HEAT SINK

\\

{SCWATT)

\ o

]
10 LDIPWITH THERMALLOY ﬂ\ i
—

#60128 HEAT SINK G R EOUIIV

DIPWITH THERMALLOY
. #Gﬂ[D?A HF.|AT SIN{( OR E?UI-V ’

0

0 200 400 600 800

' AIR VELOCITY (LINEAR FEET PER MINUTE}

. As hefore this yields a sale opnrdtmg area under Curvc E

in Figure 19 '

Note frorn Table 1 and Flgure 22 Lhat i the 14- pin -
ceramic package is mounted directly to the PC hoard
{2 oz. cu. underneath}, that wpical 0a is considerably

less than for socket mount with still air and no hear sink.

" The following procedure can be employed to determlre a

safe operating area for this condition.
leen dota from Table 1: L
~ typical 0a = ioooc - B
typical 0 jo = 27°C/W '
From Curve 2 of Figure 22, 0 altyp) is 756°C/W for a

PC mount and no air flow. Then the typical Ocgp is
750C/MW — 279CAW = 48°C/W. From Table 1 the typical

- value of 0¢p for socket mount is 100°C/W — 27°9C/W =

730C/W. This shows that the PC board mount results in
a decrease in typical 0cpa by a ratio of 1:1.5 below the

'typical value of Ocpa in a socket mount. Therefore, the

maxirnurn value of sotket mount Oca of 1000(:/\.{\{-
should also decrease by a ratic of 1:1.5 when the device
is mounted in a PC board. The maximum U ca becomes:

100°C/wW

UCA = = 66°C/W for PC board mount

Therefore the maximum Oyp for a PC mount is from

) equatlon (6).

000

AMOCTOROLA Sexwviconductor Procu

Oya= SOOC/W + 66°C/W- 1169C/W.
With- maximum 034 known, the maximum power dis-
sipation can be found and the safe operating area de-
termined as before, See Curve B in Figure 19.

_ CONCLUS!ON

In most cases,

6% greater than for a PC mount, Therefore, the socket

mount data can be used for a PC mount with a slightly. .

greater safety factor, Also it should be noted that thermal

- resistance measurements can vary widely. Tlhiose measure-

mentvariationsare due to the dependency of o on the
type environment and measurement techrigues em-
ployed. For example, 0ca would be greater for an
integrated circuit mounted on a PC board with little or

'no ground plane versus one with a substantial ground

plane. Therefore, if the maximum calculated junction
temperature -is on the border line of being too high for a
given system application, then thermal resistance measure-

ments should be done on the sysiem to be absolutely -

certain that the maximum luncuon temperature is not
exceeded. -

|
!

cts fric.,

heat sink “manufacturer’s publish only
- Ocpa socket mount data. Although Oca data for PC
- ‘mounting s gencrally not available, this should present
‘no problem. Note in Figure 22 that an air flow greater
“.than 250 LFPM yields a socket mount 0 Ja approximately

var i o ,,.pe.:-.o'....-.u'-dg
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MG1408L-8
MC1408L-T

Specifications and Applications

Inforrmatiom

MC1408L-6

EIGHT-BIT MULTIPLYING

EIGHT-BIT MULTIPLYING
- DIGITAL-TO-ANALOG CONVERTER

... . designed for use where the output current is a linear product

. of an eight-bit digital word and an analcg input voltage.

@ Relative Accuracy: £0.19% Error maximum

(MC1508L-8, MC1408L-8)

e Seven and Six-Bit Accuracy Available
(MC1408L-7, MC1408L-6)

o Fast Settling Time — 300 ns typicalr

© Noninverting Digital Inputs are MTTL and
CMOS Compatible

e Qutput Voltage Swing —+0.5 V to 5.0V
High-Speed Multiplying Input
Slew Rate 4.0 mA/us

® Standard Supply Voltages: +5.0 V and
~-50Vto-15V

DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

16
: | e
BT E H \r
adniy
LSUFI":IX
CEHAM]CFACKAGE

CASE 620

FIGURE 1 — D-15-A TRANSFER CHARACTERISTICS

FIGURE 2 — BLOCK DIAGRAM

(MC1508 — Pagn 1)

— i MSB ‘ o : T LSB
= ©AIQ A20 AZO A4C TAS0 AGO AT0 AS
- L AANGE 5 6 7 8 Ts' 10 Tn le
£ o ko CONTROL ’ . ] —ig
. : }_’\..,_-;:._,‘ i O—J Current Switches l—O a
z - ' -
: 4
5 NEEREEN |
e ; - -
o} 1 R<2R Ladder. Bias Circuit | —0O 2
g 1.0 1~ ) GND
o) - |
o 1
E : l—o13
8 : Reference Ve
. M Current
02.0 &/ Amplifier -
= - - oi6
1. . COMPEN
] ‘.“3:.:."':‘:;‘:3- - - . VEEO 2
{00000000) ) (11111111) NPN Current
INPUT DIGITAL WORD o " Sourcs Pair
TYPICAL APPLICATIONS
-+ Tracking A-to-D Converters Audio Digitizing and Decoding
* Successive Approximation A-to-D Converters Programmable Power Sﬁpplies -
e 2 1/2 Digit Panel Meters and DVM's " Analog-Digital Multiplication’
e Waveform Synthaesis Digital-Digital Multipiication
® Sample and Hold Analog-Digital Division
© Peak Detector Digital Addition and Subtraction
o  Programmable Gain and Attenuation Speech Compression and Expansion
* CRT Character Generation Stepping Motor Drive .
MTTL s a trademaork of Moterola |nc, ©MOTOROLA INC, 1973 DS 9298



Rating Symbol Value Unit
Powar Supply Voltage Vee +5,5 Vdc
: VEE -16.5
Digital Input Voltage . Vg thru Vig +5,5,0 Vdc
Applied Output Voltage : Vo +0.5,~5.2 ’ Vdc
Reference Current l14 5.0 mA
Reference Amplilier Inputs V1a. Vs Vee Vee Vde
Power Dissipation {Package Limitation]) . Pop .
Ceramic Package ’ 1000 mw
Derate above T a = +25°C . ‘ - 8.7 mW/°C
Operating Temperature Range - Ta . °c
. MC1508L8 - ’ -55 to+125
T . MC1408L Series - 0to +75 .
. (Storage Temperature Range Tstg -65 to +150 - b
f
ELECTRICAL CHARACTERISTICS (Vpe=++5.0 Vde, VEg ==-15 Vdc, — -EOmA MC1508L-8: Ty =-55°C to+125°C
MC1408L Series: Ta = 0 to +75°C unless otherwise noted. All digital inputs at hlgh logic level.} ’
: Characteristic Figure Symbol Min Typ Max . Unit
Relative Accuracy [Error relative to full scale 1g) 4 E. _ ' %
MC1508L:8, MC14081:8 - , : o — - +0.19 o
IC140817, See Note 1 . ’ . Co= - +0.39
MC1408L6, See Note 1 ) ) ) ' — - +0.78
Settling Time 1o within 1/2 LSB [includes p LH](TA=+25°C)See Note 2| . 5 tg — 300 — ns
Propagation Delay Time 5 PPLHAPHL — 30 100 ns
Tp =+25°C : ‘ ' : ' :
Output Full Scale Current Drift i ’ ) TCig - —20 _ PPM/OC
Digital Input Logic Levels {MSB} 3 } _ _ Vde
High Level, Logic 1" . . Viy 2.0 — -
_Low Level, i_ogic *'0"' . ViL — - 08
Digital Input Current {MSB} R 3 . : . mA
-High Level, Vi =56.0V ~ IIH - 0 0.04
- low Level, V| =08V : . ‘ - - -0.4 -0.8-
Reference Input Bias Current [Pin 15) . ) 3 15 — -1.0 T 3.0 LA
Output-Current Range L oo : 3. loR : T .mA
Veg=-5.0V o . 0 2.0 - 2.1
LVEE~—GOIQ -5V o . 0 2.0 4.2
Output Current . . 3 o i - mA
Vief = 2,000 V, R14 = 1000 £ , . 1.9 199 | - 2%

Output Current : : . 3 Lo{min} - 0 T 4.0 uA
(Al bits low) ) : o
Cutput Voltage Compliance {E,<0.19% at Ta = +25°C) ‘ 3. Vo Vdc

Pin 1 grounded ] . —- — -(.6,+0.5
Pin 1 open, Vgg below-10 V ‘ J — - -5.0,+0.5
Reference Current Slew Rate - 6 SR laf - 4.0 - mA/us
Cutput Current Power Supply Sensitivity _ i PSRR{—)} - 0.5 2.7 LAV
Power Supply Current 3 tee — +13.5 +22 mA
[All bits low) . ' ' : leg - =15 -13
Power Supply Voltage Range -3 VceR 14,5 +5.0 |7 455 Vdc
(Ta =+25°C] ) ' VEER -4.5 -15 -16.5
Power Dissipation . 3 Pp mw
All bits low ' L
VEE =~5.0 Vde ' - 105 . 170
VEE = -15 Vde - 190. 305
Al bits high : ‘ A
VEE = -5.0 Vdc ] - - 90 -
VEg=-15 Vdc - 160 J -~
Note 1. All current switches are tested to guarantee atleast 50% of rated outputcurrent,
Note 2. All bits switched. .
AMOTOROLA Semiconductor Products Inc.
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FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT

Vee
I
l ce Typical Values: R14 = R15 = 1 k
13 Viaf = 2.0V
14 C=15pF V| and || apply to inputs £i1
5 16 ~— A14 . thru AB
Al o] Vyef {+) D
AL O 6 : The resistor tied to pin 16 is to temperature compensate the
. 15 15 bias current and may not be necessary for all applications.
‘g | MC1508L-8 |1 R15 L. .
. Olgital J A4 O mctaoBl 5 - Al A2 A3 A4 . A5 A6 A7 AB
Inputs | A5 O— Sarias IO=:-<{.—+—+_—+—+_-+_.+_+_.}
A 1¢} 4 == Vo 2 q 8 16 32 64. 128 256
11 Quiput RV
=~ “ref
AT O 16 - where K =
AB Q=" lo R14 .
—_— i RL - . -
+hy a c and Ay = 1" If Ay isat high level .
VI_L . Ap = "0 If Ap s at low |evel o
= IEEi {See text for
< Vgg values of C) . .
FIGURE 4 — RELATIVE ACCURACY TESTCIRCUIT
MSB
T _ [ . : Lo
———————————O—1{A2 :
- —————————0—={A3 12.Bit
—————o—{Aa D-ta-A 0ta +10 V Output : . -
A5 Converter . -
—— .
. {+0.02% 3
O A arror max)
—O—1A7 5h
—O— AB
A9 A10 A11 A2
LsB
y . 50 k
- VWV
Vgt =2V 0.1 uF =
100 - oo Error {1V =1%)
950 T
v
A4 Lec L MCiss6 -
4 %
MSB 1 13
L o o2 .
—o— o:— B
—C -O—|
o ol a
. B-Bit Counter 9 MC1508_L'8_ —c—
—t O MC1408L Series S o - -
L . 1o _
L o ol -
12
p——f————————————O—
LS8 -

15 15}13 2| 1 : ' i . ’ .
" ﬁ -7 | N | ‘ L o -_ . ‘
= V’EE’ .o :. S ’
FIGURES5 — TRANSIENT RESPONSE and SETTLING TIME
_—L—K—$1a ) . _'-. ’l_n 0.4 v.——7 - —L .

+2,0 Vdc

TPHL = tPLH S 10 ns

4 1.0k
MC1508L.-8

MC1408L

Serles

15 pF Co
01 kF %3 T
1L

c

<

=

=
m e—¢
il

0.1 pF
X

For sattling time

" measurement,

{All bltz switehed
low to high)

35 pF

0.7V

SETTLING TIMm
8 for Flgure 5

— Internal
£ Clamp Leval

! 3

Use R|_ to GND for

turn oft
meesuremant {sea text).

o}

to%1/2 LSB

]
tg= 300 n» typleal
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TEST CIRCUITS {continued)

FIGURE 6 — REFERENGE CURRENT SLEW
RATE MEASUREMENT . .

. 14 ik :
v —_—2Vv
[N L g ;
MC1508L-8 | Tk :-L-:
Mci1408L |2 z
Saries 4 = ]
: 16
. Lo - D
s dl [ dVv
- cope —_— .
2 - 15 pF Ry =50 + dt  RL dt 2.0 mA
o ' Slewing
= k=3 Time
. VEee
A T
’ FIGURE 7 — POSITIVE V g5 !
) Vee A . . s QUTLINE DIMENSIONS .
e e
Alo2 ] _ ‘ o L0 _
6 |14 Ai4 ) s [16 4514 13 12 1t 108 [‘
Az T T e M e ' : | 8
) 7 . 15 - )
A3 O—] - : . 1 2 34 5 6 138
a i R15 ) - ] )
Adp— | MC1508L-B L . ) .
penlae o mrrrr
A Serias = - i F )
602! A e v - '
11 16 o~ 1 L ' Y
A7 O0—j —0—‘-| ’ - E s
See T { [ f C. - _1
A8 12 extT .Of values o r_
C .
3 - T M=
) oo SEATING ) K-
. - . PLANE :
VeE ‘ : ‘ , __I I-——-“—'D : \/ M
: . o ml L ¥
X : ) . NOTES: : -
. . - 1,DIM, "N 1S MEASURED AT EENTER OF
. _"LEADSWHEMFORMED PARALLEL,
FIGURE8 — NEGATIVE Vgt : R _ )
‘ NOTCH N LEAD, INK DOT, OR
: NOTCH IN CERAMIL,
Welight = 1.197 gralﬁs
. MILLIMETERS| __INGHES
5 DM MIN T MAX [ MIN | MAX
ATO 7 | 18.790 | 19610 | 0740 | 0.780
prye-u- 8 |_ 600 | 6.9907 0240 | 0.275 _
Vi [o 4,320 5 080 .17y, 0200 - -
A3 O— D | 0.381 | 0508 | 0015 | 0020 -
8 E | 3430 | _4.190 | _0.135 | 0,165
Ao Moo osw 8 F | 1400 | 1.650 | 0.5 | 0065
a5 Me1e08 H ZE1TP 0 BaTe
10 ! 7 | D381 | 0880 | 00i5 | 0035
Ab K [ 2930 | 3430 | 0115 | 0138
11 L Qo 150 o 159
) AT O ) M 750 TP W30 TF
> ! N | 0301 | 0305 | 0008 ] 0017
Ag O—
* S = 860 [ - | 035 ]
CASE 620

CERAMIC PACKAGE

AA MOTOROILA Semiconductor Products Inc.
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FIGURE 9 — MC1508L-8/MC1408L. SERIES EQUIVALENT
CIRCUIT SCHEMATIC

DIGITAL INPUTS

MSB . LSB e
S0 A1 G6OA2 7(17.9.3 80 A4 20 AbH 100 A6 110 A7 120 A8 q
' : : ford : R
3 1.7 1.7 2.5 " 5 5 :
) : . % 5k %J k 5k ‘;’5 k ‘},Sk 3k
! ~ i
b P

Ao > |
E 1k 1

{»—cﬁ-]
| ) . il _
PO el ]

_ﬁ . SWITCHES

[ e e

800

i
A ———
PO B S

J PSS,

ANy WA
400 _ 400 .
e RSP ey R m e e -y
Ve © — T o {
+ 5V i REFERENCE * ]\L -
- : | CURRENT L
wa . : AMPLIFIER % 1
Vref{+)0-% ] - '},12.5 k
v
B 1 .
- i :
b i e i
L Vo
{- - » H i BIAS
i 4 I . CIRCUIT -
. ™~ L SRSyt
!» el o GE
“-—~———-u-—-—-* e A8 e LD UVNSERAI TSI PRI l_.a..._-.z..a_- TN BRI I PO TIPS - .
160 15$ 3 5 & 2
. COMPENSATION  V g5 Vgg OUTPUT GND
—\y-v _PANGE

CONTROL

CIRCUIT DESCRIPTION

The MC1508L-8 consists of a reference current amplifier, an
R-2R ladder, and eight high-speed current switches. For many
applications, only a reference resistor and reference voltage need
be added. ’

The switches are noninverting in operation, therefore a high
state on the input turns on the specified output current component.
The switch uses current sieering for high speed, and a termination
amplifier- consisting of an active load gain stage with unity gain
feedback. The termination amplifier holds the parasitic capacitance
of the ladder at a constant voltage during switching, and provides

AA MOTOROLA Semiconductor Products fnc.

a low impedance termination of equal voltage for all leas of
the ladder.

The R-2R ladder divides the reference amplilier current into
binarily-relatad components, which are fed to the switches. Note
that there is always a remainder current which is equal to the
least significant bit. This current is shunted to ground, and the
maximum output current is 255/256 of the reference amplifier
current, or 1.992 mA for 2 2.0 mA reference amplifier current
if the NPN current source pair is perfecty matched.

{MC1508 ~.Page 5)
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GENERAL INFORMATION

Reference Amplifier Drive and Compensation

The reference amplifier provicdes a voltage at pin 14 for con-
verting the reference voltage to # current, and a turn-around circuit
or current mirror for feeding the ladder. The reference amplifier
input current, 114, must always flow into pin 14 regardiess of the
setup method or reference voitage polarity.

Connections for a positive reference voltage are shown in Figure
7. The reference voltage source supplies the full current [14. For
bipolar reference signals, as in the muitiplying mode, R15 can be
tied to a negative voltage corresponding to the minimum input
level. Tt is possible to eliminate H15 with only a small sacrifice
in accuracy and temperature drift, Another method for bipolar
inputs is shown in Figure 25. .

The compensation capacitor value must be increased with in-
creases in R14 to maifntain proper phase margin; for K14 values

‘of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15,

37, and 75 pF. The capacitor- may be tied to either Vgg or
ground, but using Vg g increases negative supply rejection.

A negative reference voltage may be used if R14 is grounded
and the reference voltage’'is applied to R15 as shown in Figure 8.
A high input impedance is the main advantage of this method.
Compensation involves a capacitor to Vgg on pin 16, Using the
values of the previous paragraph. The negative reference voltage
must be at least 3.0-volts above the Vg supply. Bipolar input
signals may be handled by connecting R14 to a positive reference
voltage equal to the peak positive input level at pin 15.

When a dc reference voltage is used, capacitive bypass to ground
is recommended, The 5.0-V logic supply is not recommended as
a reference voltage. |f a well regulated 5.0~V supply which drives
logic is to be used as the reference, R14 should be decoupled by

. connecting it to +5.0 V through another resistor and bypassing

the junction of the two resistors with 0.1 ¢F to ground. For

. reference voltages greater than 5.0 V, a clamp diode is recommen-

ded between pin 14 and ground.

“If pin 14 is driven by a high impedance such as a tran5|stor
current source, none of the above compensation methods apply
and the amplifier must be heavily compensated decreasing the
overall bandwidth,

Qutput Voltage Range
The voltage on pin 4 is restricted to a range of -0.6 to +0.5

" vélts at +25°¢, due to the current switching methods employed

in the MC1508L-8, When a current switch is turned "off"”, the posi-
tive. voltage on the output terminal can wrn "on’ the output
diode and increase the output current level. When a current switch
is turned '‘on”, the negative output voltage range is restricted.
The base of the termination circuit Darlington transistor is one
diode voltage below-ground when pin 1 is grounded; so a negative
voltage below the specified safe level will drive the lows current
device of the Darlington into saturation, decreasmg the ouiput
current level.

The negative output voltage compliance of the MC1508 -8 may
be extended t0 -5.0 V volts by opening the circuit at pin 1. The
negative supply voltage must e more negative than —10 volts,
Using a full scale current of 1.892 mA and load resistor of 2.5
kilohms between pin 4 and ground will yield a voltage output
of 256 levels hetween O and -4.980 wvolts. Floating pin 1 does
noi affect the converter speed or power dissipation. However, the
value of the load resistor determines the switching time due to
increased voltage swing. Values of R up to 500 ohms do not sig-
nificantly affect performance, but a 2.5kilohm load increases
"worstcase' settling time to 1.2 us {when all bits are switched on).

AA MOTOROLA Semiconductor Products inc.

Refer to the subseguent text section on Settling Time {or more
details on ocutput loading.

If a power supply value between -5.0 V and -10 V is desired,
a voltage of between O and -5.0 V may be applied to pin 1. The
value of this voltage will be the maximum allowable negative out-
put swing.

Outiput Current Range

The output current maxirnum rating of 4.2 mA may be used
only for negative supply voltages more negative than ~6.0 volts,
due to the increased voltage drop across the 350-ohm resistors in
the reference current ampliiier.

Accluracy

Absolute accuracy is the measure of each output current level
with respect to its intended value, and is dependent upon relative
accuracy and full scale current ‘drift. Relative accuracy is the
measure of each output current level as a fraction of the full scale
current, The relative accuracy of the MC1508L-8 is essentially
constant with temperature due to the excellent temperature track-
ing of the monolithic resistor ladder, The reference current may
drift with temperature, cdusing a change in the absolute accuracy
of output current. However, the MC1508L-8 has a very low full
scale cUrrent drift with temperature. '

The MC1508L-8/MC1408L Seriesisguaranteed accurate 10 with-
in £1/2 LSB at +25°C at a full scale output current of 1.992 mA.
This corresponds to a reference amplifier output current drive to
the ladder network of 2.0 mA, with the loss of one LSB = 8,0 uA
which is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy. test circuit Is shown in Figure 4. The 12-bit converter
is calibrated for a full scale output current of 1.992 mA. This is
an optional step since the MC1508L-8 accuracy is essentially the

-same between 1.5 and 2.5 mA. Then the MC1508L-8 circuits’ full

scale current is trimmed to the same value with R14 so that a zero
value appears at the error amplifier output. The counter is activated
and the error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two B-bit D-to-A converters may not be used to construct a
16-bit accurate D-to-A converter. 16-bit accuracy implies a total
error of £1/2 of one partin 65, 536, or £0.0007G%, which is much
more accurate than the :i-_019% specification prOVIded by the
MC1508L-8.

Multlplylng Accuracy

The MC1508L-8 may be used in the multiplying mode wnh
eight-bit accuracy when the reference current is varied over a range
of 256:1. The major source of error is the bias currént of the
termination amplifier. Under ““worst case’’ conditions, these eight
amplifiers can contribute a total of 1.6 gA extra currént at the
output terminal. If the reference current in the multiplying mode
ranges from 16 pgA to 4.0 mA, the 1.6 uA contributes an error
of 0.1 LSB. This is well within eight-bit accuracy.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
MC1508L-8 is monotonic for all values of reference current above
0.5 mA. Therecommended range {or operation with a dc reference
current is 0.5 to 4.0 mA.

{(MC1508 — Page 6)
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GENERAL INFORMATION {Continued]

Settling Time

The ""worst case” switching condition occurs when all bits are The test circuit of Figure 5 requires a smaller voltage swing for
switched “‘on’’, which corresponds to a low-to-high transition for - the current switches due to internal voltage clamping in the MC-
" all bits. This time is typically 300 ns for settling to within £1/2 1508L-8. A 1.0-kilohm load rfésistor from pin 4 to ground gives
LS8, for 8:bit accuracy, and 200 ns to 1/2 LLSB for 7 and 6-bit . a typical settling time of 400 ns. Thus, itis voltage swing and not
accuracy. The turn off is Iypically under 100 ns. Thesé tiITIES_ - the output RC time constant that determines se[ﬂmg time for
apply when Ry_ <500 ohms and Cg €25 pF. . most applications,
The slowest sinale switch is the least significant bit, which urns - Extra care must be taken in board layout since this Ts usually
“on* and settles in 250 ns and turns "off’ in 80 ns. In applica- ~ the dominant factor in satisfactory test results when measuring
tions ‘where the D-to-A converter functions in a positive-going - settling time. Short leads, 100 iF supply bypassing for low fre-

ramp made, the "‘worst case’ switching condition does not occur, quencies, and minimum scope lead length are all mandatory.
and.a settling time of less than 300 ns may be realized. Bit A7 . :
wrAs “on’’ in 200 ns and “off"” in B0 ns, while bit A6 turns "on" ‘ S L ) . o
in 150 ns and "off" in 80 ns. c : . . . . . -

-

TYPICAL CHARACTERISTICS .
(VCC +6.0 V, VEE = =15 V, T = +25°C uniess otherwise noted.)

FIGURE 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE

FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE ... {AS thru A8 thresholds lie within range for A1 thru A4)
b - ’ ' | |
. i = | N
. - +250C ~E50C
- 08 z —+125°c—R — '
= \ . £ 10 e £ Al
E \ ] . - = -
= ) . o=
= 0§ \ — Y
o h =1
2 N\ araz 5 -
A 2
. ; 04 £ 08 AZ
r Q
2 - S o4 AL
T2 T A3 3 [ 1/ I/ A3
T —] \ . ooz A4 T
i} Ad-AB ' ] I'/ I I .
B 1.0 2.0 340 40 7 50 : o0 o 20 C 30 .40 5.0
VI LOGIC INPUT VOLTAGE (Vdc) : ‘ _ V|, LOGIC INPUT VOLTAGE (Vdc)

FIGURE 12— OUTPUT CURRENT versus CUTPUT VOLTAGE FIGURE 13 — MAXIMUM OUTPUT VOLTAGE versus TEMPERATURE

) {See text for pm 1 restncnons) _ o (Negative range with pin T open is -5.0 Vdc over full temperature range)
2.0 T I —T +1.0
- A1 @ High Level ) +
18 A2-AB @ Low Level . g0
1.6 : Z 40,5
~r
= 7 7 7
- T — + X
4 . Vg Range ) E_ 0.4 g 1 / / /
125 for 8-bit O 40,2 7] 7,
‘ S| Accuracy hid r
0 ) =} 0 2 Allowable Vg Range”//1
. i + 9 for 8-bit Accuracy /7
. [ i 7 "/ {pin 1 yrounded) Z A
08— - / 5 -02 4% . grgunced
I pin 1 open : \ [l 4 / f
0.6 o) - = -D4 7
: VEES-10Vde | / ™ pin 1 grounded s ‘// //‘/‘// LT
04— - S-08 2 L
' / e
0,2 -0.8 -
0 -1.0 t
-10 -60 -50 40 -30 -20 -0 0 +1.0 2.0 +3.0 _55 ] +50 +100 1150
Vg, OUTPUT VOLTAGE, PIN 4 {Vdc) T, TEMPERATURE {°C})

M MOTOROLA Semiconductor Products Inc.

(MC1508 — Page 7)



R

SR
L A

FIGURE 14 — REFERENCE INPUT FREQUENCY RESPONSE

TYPICAL CHARACTERISTICS {continued)
(Vo = +5.0V, Vgg =-15 V, Ta = +25°C unless otherwise noted.}

‘FIGURE 15 - TYPICAL POW-ER SUPPLY CURRENT
versus TEMPERATURE {all bits low)

+8.0 20
+6.0 o
+4.0 z
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= 420 = =
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— c o
= -6.0 w
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-8.0 \ \ 2 ¥
a. T ————
. : T lee
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-12 4.0 i
- 0.1 1.0 10 . -55 - . 0 150 +100 +150
f, EREQUENCY {MHz) _ - ' . T, TEMPERATURE (0C)
Unless otherwise specified:
) R14=R15= 1.0k FIGURE 16 — TYPICAL POWER SUPPLY CURRENT
/ =15 pF, p.in 16 to Ver _ ‘ : versus Vgg {all bits [ow)
R =50 ©,pin 4 1o GNQ ; : 20 - -
Curve Az Large Signal Bandwidth — 18
Method of Figure 7 %
V{?f=’ 2.0 V{p-p) ofiset 1.0 V ahave GND = 1
" Curve B:  Small Signal Bandwidzh o« 14
Method of Figure 7 R =250 £2 o . = JRU S D r—
Vref = 50 mV(p-p} offset 200 mVY above GND % n Icc
- . : a
Curve 2 Large and Small Signal Bandwidth & 10 -
Method of Figure 25 {no op-ampl, R =50 £ o
* Rs=508 = 8.0
- - Viet=2.0V e |
Vs = 100 mV{p-p) centered al 0 V 50 K 133
4.0 ) -
0 --20 -4.0 _-E.{l 8.0 -10 12 -14 -6 -18 -20
VEE, NEGATIVE POWER SUPPLY {Vdc)
APPLICATIONS INFORMATION ]
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION
v Vyef = 2.0 Vdc
o — : Rla = B15 = 1,0 kil
Rg.= 5.0 k1 N
i : —
s ia Ria Theoretical ‘;’O
MSB A1 AN ]- ¢ Viaf - - .
Azos—‘ * T . vo:me(ﬂ)[£+A—2¢A_:5*_A:+1Jrif*1\_7‘l\_8}
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© ,
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Voltage outputs of a larger magnitude are obtainable with this
circuit which uses an external operational amplifier as a current
to voltage converter, This configuration automatically keeps the
output of the MC1508L-8 at ground potential and the operational
amplifier can generate a positive voltage limited only by its positive
supply voltage. Frequency response and settling time are primarily

determined by the characteristics of the operational amplifier. in-

addition, the operational amplifier must be compensated for unity
gain, and in some cases overcompensation may be desirable.
Note that this configuration results in a positive output voltage
only, thé magnitude of which is dependent on the digital input,
The following circuit shows how the MLM301AG can be used
in a-feedforward mode resultlng ina full scale settling time on
the order of 2.0 ps. .

FIGURE 18

65 pF

{To pin 4
of- MC1508L-8)

—B Vi .

An alternative method is to use the MC1539G and input com-

‘pensation. Response of this circuit is also on the order of 2.0 us.
See Motorola Application Note AN-458 for more details on this
concept. " .
FIGURE 19 .
+15 VT 35 pK .
_i¢
. P S -
5k -
—AAA
. IO.
[Topin 4
of MC1508L-8} Vo

240

0.2 uF

-v
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APPLICATIONS INFORMATION {(continued)

The positive voltage range may be extended by cascading the
output with a high beta common base transistor, Q1, as shown.

FIGURE 20 — EXTENDING POSITIVE
VOLTAGE RANGE

{Resistor and
diode optional, ¢
sna text)

* The output voltage range for this circuit Is 0 volts to BVceo
of the transistor. If pin 1 is left open, the transistor base may be
grounded, eliminating both the resistor and the diode. Variations
in beta must be considered for wide temperature range applica-
tions, An inverted output waveform may be obtained by using a
load resistor from a positive reference veltage to the collector of
the transistor. Also, high-speed operation is possible with a large
output voltage swing, because pin 4 is held at a constant voltage.
The resistor {R} 1o VEg maintains the transistor emitter voltage
when all bits are “off” and insures fast wrn-on of the least
significant bit.

Combined Output Amplifier and Voltage Reference

For many of itsapplications the MC150BL-8 requiresa reference
voltage and an operational amplifier. Normally .the operational
amplifier is used as a current to voltage converter and its output
need only go positive. With the popular MC1723G voltage regula-
tor both of these functions are provided in a single package with
the added bonus of up to 150 mA of output current. See Figure
21, The MC1723G uses both a positive and negative power supply.

‘.The reference voltage of the MC1723G is then developed with

respect to the negative voltage and appears as a common-mode
signal to the reference amplifier in the D-to-A converter, This
allows use of its output amplifier as a classic current-to-voltage

.converter with the non-inverting input grounded.

Since £15 V and 45.0 V are normally available in a combina-
tion digital-to-analog system, only the -5.0 V need be developed.
A resistor divider is sufficiently accurate since the allowable range
on pin 5 is from 2.0 to -8,0 volts.  The 5.0 kilohm pulldown
resistor on the amplifier output is necessary for fast negative
transitions.

Full scale output may be increased to as much as 32 volts by
incroasing B and raising the +15 V supply voltage to 35 V maxi-
mum. The resistor divider shouid be altered to comply with the
maximurmn limit of 40 volts across the MC1723G. Cg may be
decreased to maintain the same RgCq product if maximum speed
is desired.
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APPLICATIONS INFORMATION [continued}

Programmable Power Supply

The circuit of Figure 21 can be used as a digitally programmed
power supply by the addition of thumbwheel switches and a BCD-
to-binary converter. The output voltage can be scaled in several
ways, including 0 to +25.5 volts in 0.1-voit increments, £0.05 volt,
or 0 to 5.1 volts in 20 mV increments, 210 mV.

FIGURE 21 — COMBINED OUTPUT AMPLIFIER and
VOLTAGE REFERENCE CIRCUIT

Rp 5k
Voo 5V Co|25 pF
L
13 .
MSB LU plppiundeioniy
5 Lo
a1 05 Vet 'ne | MC1723 G |
Azt i
A3 o] | Vo
8 Kk
AdO0— MC1508L-8

MC14C8L Series

Vgg -15 V

Ro ’
Vo = Veps— {A -
(o} ref < Aia }

Settling time for a 10-volt stepg 1.0 ps

Bipolar or Negative Qutput Voltage

The circuit of Figure 22 is a variation from the standard volt-
age output circuit and will produce bipolar output signals. A
positive current may be sourced into the summing node to offset
the outlput voltage in the negative direction. For example, if
approximately 1.0 mA is used a bipolar output signal results which
may be described as a 8-bit "*1’'s” complement offset binary. Vi g¢
may be used as this auxiliary reference. Note that Bg has been
doubled 1o 10 kilohms because of the anticipated 20 V(p-p)
output range.

A

AA' MOTOROLA Semiconductor Products Inc. -

FIGURE 22 — BIPOLAR OR NEGATIVE QUTPUT
VOLTAGE CIRCUIT

Viat .
Ro
AV
AgoL] 12
A'lO—- .
asold

A5°_ MC15081-8
A401 MC1408L Series

. Vo
A2 08
A1 5 15
MC17416
13 |3 %16 F;E; or Equlv
[of = =
+5 V . :
Veo B v Ag=2R14

R15 = R14
VEE

Vref Al A2 A:l Ad A5 A6 A7 Aa v
{Rg) + R Y

FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE
OUTPUT VOLTAGE CIRCUIT

- A
N ) . -
ATA2A3ALASAGATAS . -

WY

MC1E0BL.8 4
MC1408L Series -

tMC1741G
or Equiv

1l213 3 16) 14| 15]

e [of For A = Q0000000
. bit configuration
A1s A15 Vo Vi
For 8 £5.0 velt output range:
— Veg = 1 Viaf = -5.00 valts
Vee 15 v R14 =~ A15 = 2,5k
+5 v “Vial C ~ 37 pF (min)

Rp = 5 kil

_Decrease Rg to 2.5 k{1 fora 0 to -5.0-volt output range,

This epplication provides somewhat [ower spead, as previously
discussed in the Qutput Veltage Rango section of the Genaral
Information.

{MC1508 — Poge 10)
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APPLICATIONS INFORMATION (continued)

Polarity Switching Circuit, 8-Bit Magnitude
Plus Sign D-1a-A Converter

Bipolar outputs may also be obtained by Using a polarity switch-
ing cireuit. The circuit of Figure 24 gives 8-bit magnitude plus
asign bit, In this configuration the operational amplifier is switched
batween a gain of +1.0 and -1.0. Although another operational
amplifier is required, no more space is taken when a dual operational
amplifier such as the MC1558G is used. The transistor should be
selected for a very [ow saturation voltage and resistance.

FIGURE 24 —POLARITY SWITCHING CIRCUIT
{8-Bit Magnitude Plus Sign D-10-A Converter)

Vg=VgP — vgP

1/2 MC1568G
or Equiv

FPolarity
Con1trol Bit

F-’rograrnmable Gain Amplifier or Digital Attenuator

When used in the multiplying mode the MC1508L-8 can be
applied as a digital attenuator, See Figure 25.- One advantagg of
this technique is that if Rg =50 ochms, no compensation capacitor

is needed. The small and large signal bandwidths are now identical

and are shown in Figure 14.

The best frequency response is obtained by not allowing Iq4
to reach zero., However, the high impedance node, pin 186, is
clamped to prevent -saturation and insure fast recovery when the
current through R14 goes to zero. Rg can be set for a 1.0 mA
variation in refation to0 lq4. |14 can never be negative.

The output current is always unipolar. The quiescent dc output
current level changes with the digital word which-makes ac coupling

* necessary.

FIGURE 25 — PROGRAMMABLE GAIN.AMPLIFIER OR
DIGITAL ATTENUATCR CIRCUIT '
. Ve .

Vief - -

1a] } ha
O‘ .
5 H—Eowc

7 Jmci508L:E
MC1408L
Serles 13

When Vg'= 0, 114 = 2.0 mA~

V- rei‘+
@ [H14

I73° VYeo

]{A} o

.

A

MOTOROLA Semiconductor Froducls Inc.

krereree

Panel Meter Readout

The MC1508L-8 can be used 1o read out the status of BCD or

binary registers or counters in a digital control system. The current
output can be used tu drive directly an analog panel melter.
ternal meter shunts may be necessary il a meter of less than 2.0
mA full scale is used. Full scale calibration can be done by adjust-
ing R14 or V et

Ex-

FIGURE 26 —~ PANEL METER READOUT CIRCUIT

Digital Word From, Counter or Reglster
MS8 "gﬁ LS8

SR A

14 o .

Vet
MC1508L.-3 4
MC1408L Series

= 1| 2016 3] 13 .
c * Observe intarnal meter
resistanca {for pin 4
| Vee . voltage swing).
‘ : = VEE '

FIGURE 27. ~ DC COUPLED DIGITAL ATTENUATOR
and DIGITAL SUBTRACTION

VEE Vee
Rg .
1| 2f16
'E” MC1741G

MC150BL-8 - .

Fl14 ar Equiv
.2 MC1408L 2 @

R15, 15 : Series 4

TERLTEE -

o]
MC1508L-8
MC1408L ° 2
Series
4 2|1 3 '3 . MC'J74'1G
o - or Equiv
= c
Vee Veco
N | =- -l
ref1 ruf" oz B
| -1 -
lo*lo1-loz CIV {a) - “Riag {e} latlo=lg,

Digital Subtractions Pragrnmmablo Amolifier:

» Vot 1. \i’ﬁ‘ 2 Connact Oigltal Iﬂl)ulf 10 A=R
Ria 1 R1do
Vo re!l [{A} - D} ] Vg {,\} \f""!.]‘ - Y_f"’z
[a} A, Ridg Ridg

(MC1508 — Page 11)



APFLILATIUDNS INFURIVIATIUN {continued)

e . S ful for indicati " FIGURE 30 — NEGATIVE PEAK DETECTING
This digital subtraction application is useful for indicating when X SAMPLE AND HOLD

one digital word is approaching another in value. Mare information
is available than with a digital comparator.

Bipolar inputs can be accepted by using any of the prewous]y Detect/Hold

"

Rin

described methods, or applied differentially to 8141 and R149
or R187 and R159. Vp will be a bipolar signal defined by the Negative C'%'ﬂs 4 =16
above equation. Note that the circuit shown accepts bipolar differ- Vir(:'—) ountar || Counter
ential signals but does not have a negative common-mode range. Comparator CT
A very. useful method is to connect R144 and R1495 to a positive P ‘5| & 77 8l o]1ol11]12
. reference higher than the most positive input, and drive 8154 and )
"R157. This yields high input impedance, bipolar differential and " MC1508L-8 14
common-mode range. 1 MC1408L Serles |5
{load sensitive)
. = (E) 114 R: 1]) mlus
FIGURE 28 — DIGITAL SUMMING a2nd CHARACTER GENERATION VO{max) o8g/ 14 fin
) o Vo(max)voto -5.0 volts
A _
4’—)—\
567 8 9101112
17929978 fo
v R14q 14 - o1 AAA ) i ‘ . . .
ref 1 9w © MC1508L-8 el FIGURE 31 — PROGRAMMABLE PULSE GENERATION
R151 45 MC1408L "O"d 6 : :
—E"V‘N'o— Series 3 Vo ) .
= . o168 MC1741G ’ - #5.0 Vde ’
o 13 3 (_é or Equly Ve o
c
c
-Vee |VeE E;]l;
3
R1421413 16
Vief 2 6—vin-0—  mcC1508L-8 4 - - , )
R15215 MC1408L . ) Amplitude Input
L—’V\N—O— Series ) —_—_—— 20 mA
= é,é,& J; $ tL éé - T . 12?11T1OT g? sT 7T s? 5T lFulISc’ala
i R14 44 : :
) 5 67 89101112 . . Vref 6N MC1508L-8 Switching
‘ g : o 15 MC1408L Input (MTTL}
. . Series
Vp=1{lg1+loz2! Ro

R14, R14 0 to 1.0 Volt
in 4.0 mV steps

B ] M 'L ' —

= Vcc VeE =. =
#50V 15V .

- Fast rise and fall times feqﬁire the use of high-speed switching
transistors for the differential pair, Q4 and Q5. Linear ramps and
sine waves rmay be generated by the appropriate reference input.

In a character generation system one MC1508L-8 circuit uses a )
fixed reference voltage and its digital input defines the starting . :
point far a stroke. The second converter circuit has a ramp input FIGURE 32 — PROGRAMMABLE CONSTANT CURRENT SOURCE
for the reference and its digital input defines the slope of the o
stroke., Note that this approach does not resultin a 16-bit D-to-A
converter {see Accuracy Section).

5+5,0 V (min)

. . 1k
FIGURE 29 — POSITIVE PEAK DETECTING SAMPLE and HOLD - Amplitude Input
{Features indefinite hold time and ogtional digital outpu't.) ’ A \ 4
‘ . 12?1 *.T1 OT gT BT 7T sT sT
Clock Oetecv/Hold ' Reset 4 R2
Veet MC1508L-B al
Comparator ’ . R15 15 MC1408L ‘a2
PO’\];::“ 3 Binary Countor L Series Weg-4av) .
g g ]
Rp s[ g 7] 8] of1011]12 y. .
. . v Qs %Ho-ﬂl 82 (100 k1)
4 MC1508L.-8 14 EE cc = ®lp = 1.0mA
- MC1408L Sarles |15 ~15V 450V “The b taz .
Vo [78° v ?)ﬂlf:s:' 2u 1 n:‘;?:abz-m foast
Op-Amal ™~ i ‘J; % :%‘% 18 . 4 pply gos
. = Curreni pulses, ramps, staircases, and sine waves may be genera-

NC
ted by the appropriate digital and reference inputs. This circuitis

especially useful in curve tracer applications.

AA MOTOROLA Semiconductor Products Inc.
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APPLICATIONS INFORMATION (continued)

FIGURE 33— ANALOG DIVISION BY DIGITAL WORD FIGURE 34 — ANALOG QUOTIENT OF TWO DIGITAL WORDS

H
t

Toy

—_—

Veetlt]  Rp

.

MC1508L-8

MCi508L-8

g MC1508L-8 vee MC1408L Sarles 15 tAC1408L, Serlos . Vee
A MC1408L Serles Ig = Constant VEE o 5 Ver
1o R14
o o RIS
{~} ISP .
567 8 910 1112 = = 5 6 7 B 9101112
—
A [:
lnq1 R14q N
S : Viet o ——/— -
Ve . R {A¥
Veer
. .oz = B
A . . . - : o2 Al4g { }
This circuit yields the inverse of a digital word scaled by a ItRic, = R1ay
y constant. For minimum error over the range of operation, I can :
be set at 16 pA 50 that 114 will have a maximum value of 3.984 , oamio; 12!
= mA for a digital bit input configuration of 0C000001. . . . . : ‘A';

Compensation is necessary for loop stability and depends on
the type of operational amplifier used. |f a standard 1.0 MHz
operational amplifier is employed, it should be overcompensated

. when possible. If the MC1723 or another wideband amplifier is
‘ used the reference amplifier should always be OVErcompensated

" FIGURE 35 — ANALOG PRODUCTOF TWO D[GITAL WORDS
{High-Speed Operauon)

v

) . ‘ - ref Ao .- : ) - - ' ‘ e )
2 - ‘ o',
¢ . 200 . - : l
. p = Jloi ‘ ., :
4 - a
R144 . 15
. L o
- 13
Fo—a Ve
3 .
14 . e VeE
MC1508L-8 MC1508L-8 3pF "
MC1408L Series MC1408L Series _oj‘
- .14 . 16
15 1
R4, - -
: 200 2
5 |s)7,8]9]10]11]12 5)|6|7|g|9ho)11)12
- R15 - ; =
= A ) B - :
-- . Y - -
ref 1
Vo=-lgi Rg= {A A -
o o1 Bo A4, f Ro
8} Vol _ﬁa} Voar -
. .02=j_ﬂ}a|_o= L R [ Lelt) gal
. 2 R1d4 R4y

Vel

Since Rg = A145 and K =
R14,

ox= < [AT )

, K can be an analoy variable,

AA\ RMOTOROLA Ser‘niconc;'uctor Products fnc.
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APPLICATIONS INFORMATION (continued)

FIGURE 36 — TWO-DIGIT BCD CONVERSION

v ]
ce | 5k
13 - Bg
4
: T . |15 mis Vo .
12 Mj_ MCi741 -
Lsa 11 = = or Equiv :
. g |MClaoeLy 75O .. ) :
7 9 . : - -
- A Mo'st Significant ‘;._75‘] 7 ; .
r . . B8CD Word - . 3 : .
o= -
] . 1.8 k .
- Mmsa 14 3 16 L 0.5% : L . .
- R14, c - : . o
v - R
ref Ve .
Rld5 :
14 39 C Q16 ¥
. = 4 w -
15 Ai5 "
. 12 L
LsB .- .
MGC140BL-6 . : .
mﬂ AL 200 0.5% o N -
. . N g - -
v . . Least Significant ./ @ 5 ] _ . .
’ ' - BCD Word ot - P
MSB . -
' - 1?% = =
Vee A . ..

Twao 8-bit, D-to-A converters can be used to build a two digit 4.0mA and 0.4 mA with the outputsconnected-ta sum the currents.
‘BCD D-to-A or A-to-D converter. if both outputs feed the virtual The error of the D-to-A-converter handling the least significant
ground of an operational amplifier, 10:1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L-8
- achieved with a resistive current divider. !f current output is de- - . may be used for the least significant word.

‘ “sired, the units may be operated at full scale current levels of ’ : :

. . FIGUR.E37—'DIGETAL QUOTIENT CF TWO ANALOG VARIABLES
S : or ANALOG-TO-DIGITAL CONVERSION i

: ’ Vin Clock o Reset - L .

8-Bit Binary
Counter

o)
(o]

Veaf @ AAA—Omm]
K15 < 4 -

MC1508L-8
‘MC1408L Series

16 i
l' The cireuit shown iIs a simple counter- Lse J.L 60 o JL & o MSB
ramp converter. An UP/DOWN counter L= = - —
and dual threshold comparator can be C

i used to provide faster operation and con- .
tinuous conversion. s o= Vin/Ro

Vegf/ A14

‘Circult diagrams utllizing Motorola products sre Included as a means Is believed to be entirely reliable. However, no respansibility s
of illustrating typical semiconductor applications; consequently, ussumed for inaccuracies, Furtharmore, such information does not
‘completa informaotion sufficient for construction purposes is not convey 1o the purchaser of tha semiconductor devices described any
.nacassarily given. The information has been carefully checked and licanse undor the patent rights of Motorola Ine. or others.

AA MOTOROLA Semiconductor Products Inc.

BOX 20912 « PHOENIX, ARIZONA B5036 ¢+ A SUDSGIDIARY OF MOTOROLA ING,
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CHAPTER 8
pA723 Precision Voltage Regulator Applications

ZQUENCY COMPENSATION

stability.of any power supply configuration can be assured

wo steps, First, consider the dc and ac performance. of
1 the internal gain stage of the UA723 and all other active
jes used. Then, provide the necessary compensation using
vdard operational amplifier technigues,

¥23 Open Loop Voltage Gain and Phase Shift as a
iwction of Frequency

ure 8-T shows the open loop frequency response of the
723 voltage gain stage. The increase in the rate of phase
ft seen in Figure 8-1 is due to the Beta fall off of the output
ge at higher frequencies. This increasing phase shift rate
uires that the pA723 be compensated whether ar not the
ice is used with external components.

.
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FREQUENCY — Hr

1. OPEN LOOP PHASE SHIFT
2. OPEN LOOF VOLTAGE GAIN
3. GAIN WIIH 5000 pF, COMP TO CORMMON

r

*

* 4. GAIN WITH 0.01 pF, COMFP TQ COMMON
5. GAIN WITH 0 02 yF, COMF TQ COMMON

. 8-1 HA723 Open Loop Voltage Gain and Phase Shift as a
Function of Frequency

commended frequency compensation for the unity gain is
ver a 5000 pF capacitor from the compensation terminal
the V- terminal or a 20 pF Miller compensation capacitor
wnected from the frequency compensation terminal to the
erting input. To allow proper operation when using the
ller compensation, the inverting input must be isolated

For output voltages greater than VReg the closed loop gain
will be greater than unity. If higher closed loop gains are used,
the compensation capacitor can be reduced in direct propor-
tion to the increase in gain. '

When using an external series pass device, the 3 dB band-
width of this device must aiso be considered, particularly
since the majority of these devices have a much lower band-
width than the pA723. For Instance, if a 2N3056 is selected
as the series pass device to be used in a unity gain configura-
tion power supply, this device has a minimum fy of 800 kHz
and a maximum Beta of 7Q. This introduces a 3 dB point in
the overall loop gain at approximately 11 kHz, which means
that heavier frequency compensation of the regulator is re-

quired to assure stability. Since the {irst break pointof 11 kHz -

is due to the external power device, the regulator should have
fess than unity gain at the second break point, The second
break point is the first break point of the tA723 gain stage,
which ocecurs at approximately 80 kHz as.shown in Figure

- 8-1. Adequate compensation is provided by a 0.02 yF capa-

m the remaining circuitry by some impedance. This is il-_

trated in Figure 8-8a.

citor- from the compensation terminal to common — or by a
40 pF Miller capacitor from the compensation terminal to
the inverting input. As before, for any increase from unity
gain, there can be a proportional reduction in the compensa-
tion capacitor. However, the value of the Miller capacitor
may not be reduced in direct proportion to the standard com-
pensation reduction; this is 1o allow for gain variations in the
WA723 and for parasitic capacitances. Exira capacitance may
be required at both the input and the output of any power
supply due to the inductive effects of long lines. Adding out-
put capacitance provides the additional benefit of reducing
the output impedance occurring at higher frequencies.

THERMAL CONSIDERATIONS
pA723 Load Current Capabilities

Figure 8-2 provides a quick reference to the allowable power
dissipation of the pA723 in terms of the input/output differ-
ential voltage and load current. Figure 8-2a is for the PAT723C
in the TO-100 package (10-lead metal can);, Figure 8-26 is
for the pA723/pA723C in the TO-116 package (14-lead, her-
-metic dual in-line); and Figure 8-2c refers to the MIL temper-
ature range pA723 in the metal can package.
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. 8-2 pA723 Load Current Capabilitios for Maximum Load Current as a Function of Input/Qutput Voltage Dilferential
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pA723 Maximum Power Dissipation in Free Air

The previous curves are based on the free-air dissipation
ratings shown in Figure §-3 below. The thermal derating
factor'is 6.8 mw /°C for the TO-100 metal can and 8 mW,/°C
for the TO-116 hermetic DIP. When it is necessary to heat
sink the TO-100 package, a thermal resistance of 50°C/W,
junction-to-case may be used.

g

DISSIPATION — mw

=55 o 25 10 125 160
AMBIENT TEMPEAATURE — °C B
TO-100 METAL CAN PACKAGE

1000

i T3

DISSIPATION = m¥

723G

=55 (-] 0 125 160

AMBIENT TEMPERATURE — *C
T0-11¢ HERMETIC DUAL IN-UNE

Fig. 8-3 pA723 Maximum Power Dissipation in Free Air

The relationship between power dissipation Pp, maximum.
. 2 .

ambient temperature T, and thermal resistance from case-

to-ambient ©¢ 4, is then: '

Pp= M W,oréca= 160°C—Tp —80°C/W
50°C/W—8ca PO

These equations may be used to calcuiate the maximum allow-
able power dissipation, Py, or the maximum allowable heat
sink resistance, ©ca, from a given set of conditions:

FUNCTIONAL TEST CIRCUIT
Simplified Tester Schematic

A simplified functional test circuit.for the pA723 is given in
Figure 8-4. The output voltage is set for a nominal +5.0 V.
The basic test steps are as follows,

1. Load Regulation at 50 mA, Close 51

Measure output voltage change
with S2 open and closed, (a
load current change of 50 mAJ.
2. Line Regulation, QOpen 52
Measure output voltage change

resuitingfrom achangeininput
voltage V.

3. Short Cireuit Current,

Open S1 and S2
Measure output current when
the output is shorted to ground.

Fig. 8-5 pA723 Symbol

ViN
c1
04T pF I ve
vour st
CERAMIC | Ve v as REGULATED
= AT =1 tou QUTPUT (45 ¥
v c VWA r T o] .
: L ~On cs
= VRES INV INV COMP 52
o ] L
21 53 RS Re
100 5F a1 100t
AA— a.5Ww

R2 R4 —
5k T4k =

NOTE: ALL RESISTORS ¢ 1%

Fig. 8-4 Simplified Tester Schematic ) .

TYPICAL APPLICATIONS
Introduction '

The required output voltage for the following pA723 applica-
tions can be calculated from the efuation accompanying
each circuit.- In all cases the resulting resistor values are
assumed to include any potentiometer resistance used. In
addition, Table 8-7 is included at the end of the section and
affords a quick reference for many standard output voltage
requirements. The previous section on frequency compensa-
tion gives guidance to the suitable values of compensating
capacitors used in the various appications. Specific tran-
sistor types are not included in this section. However, Appen-
dix C includes a discussion of the selection of power devices
and a list of prefeired types.

In the following applications, the YA723 Is represented in
a number of ways. In those circuits where the regulator
operation is very basic, the symbol of Figure 8-5 is used.
Lead functions can be identified by referring to Figure 7-7.

Ve
v Vour—
—_1 v+

V7 b—

pAT723 z
— v cLi—
NOM cshb—

VREF INV INV COMP

T ]

i% ol
v- NON

VREF| 1wV IV - comp cs

Fig. 8-6 pA723 Functional Symbol



In those applications where the circuit operaticn is clarified
by 1he use of a functional schematic of the yA723, Figure 8-6
is used. This block bears a close resemblance to the simpli-

fied.schematic of Figure 7-7. In some cases the individual '

compnnents of this block may be rearranged in order to sim-
plity a particular schematic. The reference voltage is repre-
sented by a single Zener diode, nominal voltage 7.15 V
supplied from a constant current source. The output Zener
diode, Vgt t6 Vz, is shown only in the required applications,

O COMP

cL

[

Fig. 8-7 Output Configurations

-3 V above the regulated output voltage.

Output Configurations

Many of the applications use internal Zener diodes for level )
shifting or for the generation of stabilized voltages. An ex-
planation of where these diodes exist in the yA723 circuit
may help to avoid any problems arising from improper biasing.

The pA723 output stage schematic is reproduced in Figure
§-7a. The V3 terminal provides direct accessto.a 6.2V Zener
diode whose cathode Is internally connected to Voyr. Pro-
vided the internal current limit transistor is not required for
output short circuit protection, its base emitter junction pro-
vides another 6.2 V Zener diode (See Figure 8-7b). Note, how-
ever, that the anode of this diode, terminal CL, is connect-
ed internally by the collector base junction diode to the base
of the output drive transistor. When using the CL — CS Zener
diode, the collector base diode must always be reverse biased.
Maximum permissible CL—CS Zener currentis 5 mA. Correct
biasing is assured in Figure 8-7¢ by interconnecting the VOUT
and CL terminals to provide hoth positive and negative 6.2 V
Zener diodes referenced to the VT terminal.

* Positive Regulators, 1560 mA Maximum

Figure 8-8a shows the basic low voltage configuration suit- )
able for output voltages ranging from 2 to 7 V. The reference
voltage, Vrer, is first divided down by.R1, R2 and, if desired,
potentiometer P1, Then it is applied to the nen-inverting input
-of the error amplifier. Crgp may be added if ripple rejection
greater than that specified for the yA723 (74 dB) is required.
The presence of Crgp -also reduces the regulated output
noise voltage considerably.

Capacitor C1 provides frequency compensation. C1 is isolat-
ed from the low impedance output by R3 which also balances
the error amplifier source impedances to give minimum tem-
perature drift. To minimize component count at the expense
of temperature drift, R3 may be omitted. In this case, C1 can-
not be used for frequency compensation. Instead, C2 may be
used from the compensation terminal to ground as shown in -
Figure 8-8b. To minimize power dissipation, the V+ and Ve
terminals may be supplied separately, with V+ requiring a °
minimum of 9.5 V, while the Vi supply may be as low as
The schematics
shown in Figure 8-8a and 8-8b have output voltages given by

R2
Vo= [ —22 a
0 (H1+R2>VHEFWh re (R1+R2)> 1.5 kq

'Output voltages from 7 to 37 V are obtamable with’ F/gure
8 8c in which

. R1+R2
Vo=
. Vo ( Ao ) VREF

If the reference bypass capacitor is required in this circuit,
it should be connected from the nonZinverting input to ground
using R3 to increase the reference source impedance and
improve the effectiveness of the reference capacitance. A
150 mA output current is available with Rge set to zero.
When short circlit current limiting is desired, Rg may be

used to limit the maximum output current to
‘ _ VsENSE
ILimir = -
SC

where Vggpge (the sense voltage, or the voltage between
terminals CL and C8) is given in Figure 8-8d, The resulting

»f\ output current limit has a temperature coefficient of —0.3%/°C.

8-5%
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Fig. 8-8 Basic Regulator Configurations

Positive Regulators, High Qutput Current

In Figure 8-9a, an npn transistor, Q1,

current requirements.

boosts the available
output current beyond the capability of the pA723. Q1 can
consist of several transistors cascaded to satisfy very high

In this circuit, one Vgg voltage must

be added to the 3 V minimum input/output differential re-
quirement for each transistor added. Depending on the type
of transistor used for Q1, R3 should be added giving Icpg
compensation, and alleviating the safe area limitation of the

output device. With Rge set to zero the maximum output cur-

rent capability is (Q1 Beta) x (1560 mA). Rge may be used to
limit the short circult ¢urrent to any desired value up to this
maximum in the same manner as outlined previously in

Figure 8-

8.

An alternate circuit is shown in Figure §-9b. Using an exter-
nal pnp transistor, maximum output current is again {Q1
Beta) x {1560 mA). One Vg should be added to the minimum
input/output differential voltage requirement for each ad-

ditional transistor. The circuits in Figure §-9 may supply
outputs in the range of 2 to 37 V by selecting the appropriate
feedback network. Figure 8-89a is shown for output voltages
from 7 to 37 V, whereas Figure 8-8b i is shown for output volit-
ages from 2 to 7 V.

If it is required to vary the output continuously over a 10 to
1 range, it is necessary first to attenuate V(y so that Viyy
never exceeds Vgpg even when Vg is at its maximum.value,
then provide a potentiometer adjustment from VREE to the
non-inverting input. This Is iltustrated in Figure 8-9¢, where
V@ is attenuated by a ratio of 5.2:1. -

Maximum permissible Vo is then 35 V (giving a Viny of
6.8 V), which requires 38.6 V < V) < 40 V. Minimum Vg
is determined by the minimum value for Vyy. The specified
minimum V)y is 2 V; however, it will be found that typically
V|ny may be reduced to approximately 0.72 V before the cir-
circuit no longerregulates. This corresponds tfoa VO of 3,7 V.
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High Current Reguiators
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attenuation ratio, {R3 + R4}/R4, from 5.2 to, say, 1.4. Then
Vg range willbe 1 V1o 10V (13.6 V < Vi < 39 V),

Figure 8-9c,
R2 (RB + R4 )

Vo= VREF(H4 R+ R2

or, with the values of R3 and R4 as shown,

Vo =5.2 VREF (m)

Positive Shunt Regulator

-The pA723 may be used in a shunt regulating mode by add-
ing an external transistor, Q1. Special attention should be
- paid to ensure that the series limiting resistor, R4, is capable

' of handling the high power dissipation inherent in this mode
of operation, Figure 8-10a is used with the 14-lead DIP ver-
sion of the pA723. When the 10-lead metal can is used, how-
ever, it is necessary to add a 6.2V Zener diode externally, as
in Figure 8-10h.
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Fig. 8-10 Positive Shunt Regulators

, Positive Regulators, High Line Rejection
!'As shown in Figure 8-117a and 8-175, the circuits each use
the intérnal current limit transistor to preregulate the V+
supply, thereby increasing the line rejection to more than
100 dB. The CS - CL terminals provide a 8.2V Zener diode re-
ferenced to the output voltage, which.is then used to supply
V+. In these applications R3 must be chosen so that the
current into the CS terminal is limited to 5 mA maximum.
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Fig. 8-11 High Line Rejection

Positive Regulators, High Input Voltage

Input voltages greater than 40 V may be applied when the
pA723 is connected as shown in Figure 8-12a, The regulated
output voltage must remain less than 38V ta protect the regu-
lator. R3 may be replaced with a FET current source in those
cases where the variation of input voltage imposes excessive
power dissipation in the internal series pass device. Q2 pro-
vides short circuit protection, if required (the internal current
limit transistor cannot be used in this application). The maxi-
mum input voltage is determined by the breakdown char-
acteristics of Q1. When using the pA723 DIP version, D1
may be omitted and the Vy terminal grounded; in this case
VRgg must be resistively divided by two before being ap-
plied to the inverting input,

Note that in this type of application where the pA723 output
stage is used as an additional inverting amplifier rather than

“the usual emitter follower, Vpgg must be conrected to the

inverting input of the error amplifier to maintain correct phase
relationships around the regulatmg loop, |e negative feed-
back from the output. .

When using a pnp series pass device, high input voltages méy
be tolerated by using a Zener diode to reduce the voitage ap-
pearing across the pA723, as in Figure 8-12b. For example, -
if D1 is a 20 V Zener diode, input voltages to 60 V are per-
missible. D1 must be selected such that no more than 40V
is applied to the pA723 V+ and V¢ terminals under maximum
input voltage conditions. Similarly, the regulated output volt-
age must not exceed 37 V to maintain the specified Input-
to-output differential.
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Positive Regutator, Floating

The JA723 may be used to directly regtlate hundreds of volts
using the configuration shown in Figure 8-13, in which a
floating power source is provided for the regulator by D1,

The series pass transistor becomes the only limiting factor in’

determining the maximum voltage and current which may
be controlled. The Vggg terminal supplies all the current
drawn by the sensing resistors and the total current must not
exceed 5 mA, R5 must be selected to provide sufficient cur-
rent to bias 01 and to supply the pA723 standby current at
the minimum input voltage condition. 02, D3 and D4 are for
protection purposes; fast switching diodes should be used.

If Qt is a high f1 device, it may be necessary to add C2 to
reduce the output noise level. If Vy is switched on and off,
causing a very high dV|y/dt to appear at the pA723 termin-
als, C3 may be added to ensure correct biasing throughout
the circuit. In normal use when on‘/off switching takes place
before the usual rectifier/filter suppiy for Vi, €3 is not
necessary

It will be notéd from Figure 8-13 that

va-veer [(8) - (8)

If R3 and R4 are made equal,

VREF (R2 - FH)
voz‘____ ——
2 R1
The normal minimum regulated output veltage limitation of

2V for the pA723 does not apply to this circuit, output volt-
ages down to zero volts being readily obtainable.
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Fig. 8-13 Floating Positive Regulator

Assuming the regulator is operating correctly, then the INV
input will equal the NON-INV input, i.e.,

A2 R3
(Vo +VRer) (——) = (__) +
O VREF! \R1+R2 WRer) (m37me) TVO
( R2 _1)= y ( A3 ) ( A2
R1+R2 REF |\R3+ma R1+R2

voveee [(22) - () (BL2E)
Q7 YREF \mi R1/ \Ra+Rma/|

Positive Regulators, Low Input/Qutput Differential

Either of the two circuits shown will allow an input-to-output
voltage difference close to the saturation point of the series
pass device. As in all applications, the VIN(Z) of Figure 8-74b
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Fig. 8-14 Low Input/Qutput Differential
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, pass device, Q1.

‘rnust be 9.5 V minimum. The 7.5 V Zener diode may be elim-
inated (See Figure 8-14a) when using the dual in-line pack-

age by grounding the Vz terminal and reducing the Vggg

te 3V bya 4.7 kn /3.3 ko voltage divider to the non-invert-
ing input of the pA723.

Positive Regulators, Marginat input Vottage

The two circuits shown in Figure 8-75 offer some relief from
the 9.5 V minimum V+ valtage when regulating lower volt-
ages. Inthose cases where the average voltage applied to the
input is greater than the required minimum — but the nega-
tive ripple peaks are lower — a diode/capacitor peak detector
will provide the solution (Figure 8-15a). Figure 8-15b shows
one method of using a voltage doubler to assure that using a
minimum of external components, the proper bias voltage is
applied to the V+ terminal. '

Vo
Ve
paz23

Ve

VAEF :NV IHV COMP

2
g -
= o (mvm)vﬁff

oy

L
4
= leFI L Ve RAsc »
— Vour Vo
- Vi
ya723
e L
NON cs
VREF INV NV COMP
At
I
Pt =
A2
‘. R2
= ’ .Vu-(ﬁl‘ﬂz)vREF
b

‘Fig. 8-15 Marginal Input Voltage

Negative Regulators, Medium/High Output Current

This configuration (Figure 8-16a) will regulate any negative
voltage between -9.5 V and ~40 V. Since the uA723 is oper-
ated between ground and the regulated output, the maximum
unregulated input voitage is determined by the voltage break-
down and power dissipation capabilities of the pnp series
Base current for Q1 is supplied through re-
sistor R5 such that the minimum input-to-output differential
is controlled both by the base current required by Q1 and the
value of R5.

- A Darlington connection may be used for Q1 to reduce the

base current requirement (Figure 8-1656} and 10 increase the
output current capability, Either the complementary Darling-
ton as shown, or a standard pnp pair may be used.

-

' For outpul voltages in the range -2 V 1o =9.5 V, the output

voltage alone is insufficient to bias the yA723 in Figure 8-
76a. This condition is satisfied in Figure 8-716¢ by an exter-
nal, regulated or unregulated, positive voltage applied te the
V+ and Ve terminals. The maximum limit of 40 V between
the V+ and V-terminals must be observed. Maximum values
for ‘VIN(IZ} and the input-to-output dn‘ferentlal are deter-
mined as for Figure 8-16a.

In all cases, a through ¢, if the Vz terminal is unavailable,
then the Vo1 terminal may be used with a serfes 6.2 V
Zener diode.
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Negative Shunt-Regulator

For low to medium output currents the series pass transistor
of the previcus circuits may be omitted. However, special
attention must be paid to the dissipation of D1 and R5, and
the internal dissipation of the pA723, Maximum permissible
current shunted to ground via the Vo terminal is 150 mA,

Figure 8-17 as shown in suitable for output voltages in the
range -9.5 V to —40 V. By removing the V+ and V¢ terminals
frar ground and supplying them with a low value positive
voltage as in Fiqure 8-16c, output voltages from -2 V to
-9.6 V are obtainable. Total voltage from V- to V+of 8.5 V
minimum and 40 V maximum must be observed. If the max-
imum current from the Vo7 terminal is less than 20 mA in
a particular application, then D1 may be omitted and the out-
put connected to Vy instead of Vg T.
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Negative Regulator, High Line Rejection

In the negative regulators with a series pass device, the only
variation seen by the control circuitry under varying input
conditions is the current variation caused by the fixed resist-
ance across the 'series transistor’s collector-base junction.

By replacing the resistor with a FET current source in Figure
8-18, the line rejection is greatly improved, typically exceed-
ing 100 dB. Qutput voltage range is -9.5 V to —-40 V, extend-
able down to -2 V by the addition of a positive supply as in
Figure 8-16c. RS and Q2 must be selected to provide suf-
ficient base current for Q1 under worst case conditions. A
good choice for Q2 would be a 2N5484 with R5 equal to zero,
since its Ingg (zero gate voltage drain current) of 1 to 5 mA
wili provide sufficient base currentfor Q1 in mostapplications.

MNegative Rogulator, Floating

When the desired output voltage exceeds the 40V maximum
which may be‘applied across the device, then a Zener diode
should be used to limit the voltage, as shown (Figure 8-139).
The actual Zener voltage selected may be between 9.5 V and
40 V with little change in performance. This circuit is the
complement of §-13. R6 must be selected to provide suf-
ficient current to bias D1 and to supply the pA723 standby
current under minimum input voitage conditon. Select R5
according to the requirements outlined in Figure 8-16b.
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Current Regulators

In Figure 8-20a the requlator will force a voltage to appear
across Ry which is equal to the voltage existing across R2.
The resuﬁing current is summed with the regulator's standby
current, Igg, and the current through R2, to provide a regu-
fated current, I, into the load, R|. Due to this summation,
line regulation decreases for output currents below 10 mA.

The input voltage must be greater than I RL(rr;ax +9.5 V
to ensure sufficient voltage across the UA723. Figure 8-20a
is shown sourcing current from a positive voltage VN VIN
can, of course, be grounded while returning R|_to a negative:
voltage. Similarly, the output terminal may be grounded or
taken to a negative voltage when the Vy terminal will pro-
vide a regulated current sink of magnitude . In no case may.
the voltage from V- to V+ exceed 40 V.

o\ o _R2 VREF Hentlan = VREF LAY
Lo\RT#R2 )\ Rp /7 SBTR2T\ BitRa Rp/ 5B

" for output currents in excess of 10 mA, this approximates to:

1 owf A2 VREF " 3000 Y
LS\R1mR2/\Rp /T 5B \Rp(g)/ 5B MA

with the values of R1 and R2 shown.,

If a voltage compliance greater than 40 V is required, or if’
the regulation of Figure 8-20a is insufficient, the configura-
tion in Figure 8-20h may be used. It is a precision floating
current source capable of 0.05% regulation. In this circuit a
floating 20 V supply (typically a half wave rectified-output
from a separate transformer winding of the main supply) is
used to power the pA723, such that standby and reference
currents do not add to the programmed output current.
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schamatic, then ‘

Both output current and voltage compliance are limited by
the capabilities of the serfes pass device Q1. Diodes D2
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Precision Voltage Regulator

Figure 8-27 uses the same principle as the previous circuit
to give a voltage output capable of 0.005% load regulation,
Qutput voltage range is from zero volts up to the series pass
device limit. Qutput current is also limited only by the series
pass device; short circuit protection is available in this con-
figuration by selecting Rge as previously described. Pro-
tection diodes D2, D3, and D4 should be added whenever
VN exceeds 40V,
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With the component values shown, this gives an output volt-
age range of zero to 100 V.,
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Precision Voltage Regulator

- Foldback Current Limiting

Foldback current limiting is a superior alternative to standard
current limiting techniques particularly where intolerable out-
put device power dissipation is a problem. Tynically, this is a
consequence of device/heat sink limitations under short cir-
cuit conditions,

In the following discussions it is assumed that a reguiated

- output voltage is available up to a maximum output current

Ini- The output current then folds back with decreasing load
resistance to a value of Ige (with a short-circuit load). The
“knee” of the current limiting characteristic will be similar to
that shown in Chapter 7 (Figure 7-8d and A/ for normal cur-
rent limiting. The regulation degrades considerably as Ing is
approached, and in a practical regulator the useful output
current may be limited to.approximately 80% of Ijy.

A minimum parts/cost method for providing the positive feed-
back required for foldback action is shown in Figures §-22a
and b. This technique introduces positive feedback by increas-
ed current flow through R1 and R2 under short circuit condi-
tions. This forward biases the sensing transistor’s base-
emitter junction. The final percentage of foldback depends
on the relative contributions of the voilage drop across R2,
and Rg to the base current of the sensing transistor. In the
active region where the voitage buildup of R2 and Rgc pro-
vides base current to the sensing transistor, recovery of the’




full output capability will take place whenever a short circuit
is removed from the output. As soon as there is no voltage
buildup across Rg( providing a portion of the base current,

_100% positive feedback has been realized and a reset is re-
quired to restore normal operation once the short is removed.

In Figures 8-22a and b, the input to the current limit transis-
tor is {VRge + VRa). leading to

_VSENSE (R1+R2Y) _VIN /RZY} .
Rsc R1 Rsc \R1

e ey YO (B2
M- SC HSC m

Design equanons to gwe a desnred IM with approx:mately
zero Ige are -
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Fig. 8-22a Foldback Current Limiting Positive Regulator

In Figure 8-22b it is recommended to use a Darlington con-
figuration for the bypass transistors, Q1 and Q2. Thisenables
R5 to be a relatively high value, typically >50C K, which re-
quires Q3 to sink a low current under short circuit conditions.

Vit o——

Fig. B-22b Foldback Current Limiting Negative Regulator

As R5 is reduced the current through it increases drastically
when -V goes to zero volts, and Q3 base currentincreases to
a point where the foldback circuit is no longer operative.

From the start of base emitter conduction of the sense transis-’
tor to the full shut off of the power supply’s series pass devices
requires a 2 YA base current, This represents'a 10 mV in-
crease in base emitter voltage over the base emitter zero cur-
rent threshold.

The latch condition, or 100% positive feedback, is generated
by any change in the input voltage which increases the volt-
age drop across R2 past the 10 mV window with a short cir-
cuit applied, and can only be removed by breaking the positive
feedback path by some manual reset to allow the series pass
devices to once more be driven in a normal fashion. )

The addition of an external transistor Q1 in Figure 8-22c¢ pro-

- vides the same foldback limiting as Figure 8-22a but allows

the extension of the active recovery reglon by several times

that of the basic approach.

RZ2 R4
v 25%
OUT a1
N
A A3
s¢ 150k
/ (=3
as —0 Ya
AMNTI-LATCH

circum

(L WAT23 QUTPUT STAGE
COMP -

Fig. B-22¢ Foldback Current Limiting (Modified)

Latch problems are due to saturation of the current sensing
transistor. Because the additional circuitry shown operates
as an antisaturation circuit, it bypasses base current above a
value set by the voltage divider R3, R4 and the hase emitter
threshold of Q1. This additional transistor acts as a Vg volt-
age regulator and, assuming a good thermal link, temperature
tracks the threshold changes of the current sensing transis-
tor, tending to keep the foldback current drive at a constant
level.

Foldhack resistors R1 and R2 are calculated using the equa-
tion-of Figure 8-22a, The 2N3641 used for Q1 was selected
for both high base emitter dicde conductivity and reasonabie
Beta-at 2 pA collector current,

Final adjustment under short circuit conditions occurs when
R4 in Figure 8-22c¢ is set just above the point of minimum out-
put current under short circuit load and high acline operation.

An alternate method of providing foldback current limiting is
illustrated in Figures 8-22d and 8-22e. Here, the base of the
current limit transistor is fed from a potential divider from
Vourt to ground. The input to this transistor now equals
(VHSC - VR3l which leads to:

|SC=VSENSE _(H3+R4 and Iy = Isc + Vo (Ei)
Rsc R4 M™ISC T Ree \Ra



To delermirie 1he resislor values required 1o give a short cir-
cuit current g and @ maximum output current of Ing, first
determine the ratio of R3 to {R3 + R4}

I
o= (_'\1_1>
Isc

Now set R4 (k§2) equal to Vg (V), then

v E 1
R3= (—a ) R4 and Rgg = oot (—)

— [SC 1-a

R3

~ VSENSE
[R3 + R4) :

Vo

Obviously, a must [ie between zero (R3~~short circuit) and
unity (when R4—=—short circuit). This controls the range of
Fihe ratio Ipm/lge such that its upper limit is approximately
1.8 x V. ForasV regulator, for instance, maxirnum value
for 4/lge 1s about 7.5; for @ 12 V regulator it is z_about 18.
This indicates that there is a restriction on obtaining very low
short circuit currents with the figures of 8-22d and 8-22e.
By contrast, note that Figures 8-22a and b are designed to
give approximately zero short circuit current.
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Fig. B-22e Foldback Current Limiting Negative Regulator

(Alternate Method)

Another approach to fow power dissipation under short cir-
cuit condition is shown in Figure 8-22(, This circuit does not
tollow the decreasing current, decreasing voltage load line
which occurs with the standard foldback technique. Instead,
under a short circuit, the output voltage decreases in a normal
current limiting fashion, i.e., at a constant high output current
uniil the output voltage is-below thal necessary to keep the
L,FET pinched off. As soon as the output voltage reaches the
v

. pinch off voliage, a low impedance path is established around
the drivers and the output device, which turns off the com-
pound followers.

RL

pAT2A OUTPUT = =
STAGE

VSENSE
I

) VIN min =VGs(oil)
A< (_m___£ AL tmin)

fse -

VGsiof) mex

Fig. 8-22f Foldback Current Limiting (FET)

A voltage across the normal load resistor exceeding the pinch
_off voltage of the FET whenever the short is removed, pro-
vides recovery. Bypass resistor R1 supplies this voltage.

The FET should be selected with a maximum pinch off voltage
approximately two-thirds the value of Vo. Hts minimum pinch
off voltage should not be so low as to demand excessive safe
area requirements in the pA723 output stage.

Short Circuit Sensing, Low Loss

In high current power supplies, the 0.5 V necessary to sense
the current limit point leads te a considerable power loss. In
Figure 8-23 a higher overall power supply efficiencay is achiev-
ed by requiring a much lower sense voltage. The current lim-
it point is determined by the portion of the pyA777s output
swing applied as positive feedback, which in turn is deter-
mined by the ratio between R1 and R2. In the example shown,
the ratio is 1000-to-1. The voltage swing at the output is ap-
proximately 13 V, so the sense voltage threshold is 13 mV.
When thisthresholdis exceeded by a voltage developed across
Rge. the current sense resistor, the pA777 is driven from its
reset state {output high) to its active state {output lowy}, this,
in turn, shuts oft the power supply by pulling the compensa-
tion terminal toward ground. The reset bution restores nor-
mal operation. :
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Short Circuit Sensing, Temperature Stabilized

This circuit modification takes advantage of the internal tem-
perature lracking which occurs in an integrated circuit. Since
the current limit transistor and the internal series pass devices
are at the same temperature and were fabricated at the same
time, their base emitter temperature coefficients will be ap-
proximately the same. n Figure 8-24 the current limit tran-
sistor is connected in a manner such that the temperature co-
efficients, cancel. This is accomplished with a bridge circuit
via resistors R4 and RS which reduce the voitage drop (and
therefore the temperature ceefficient) to a 1 diode drop level.
This voltage, appearing across R4, is balanced by an equal
and opposite voltage developed across R3 by a FET current
source. The current limit transistor is connected across these
two voltages, plus the voltage across Rge due to the output
current. At room temperature the current source is adjusted
by P2 such that there is zero voitage between points A and B.

Therefore, at room temperature, the current limit transistor -

is activated when the gA723 sense voltage is developed across
Rge. the voltages across R3 and R4 cancelling each other.
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Fig. 8-24 Temperature Stabilized Short Circuit Sensing

The threshold of the current limit transistor will tend to track
the voltage across R4 with temperature, Therefore, provid-
ing the current source remains constant with temperature,
current limit set by Rge also remains constant with tem-
perature.

Figure 8-24 is shown for an output voltage of 15 V from a
25 V _unregulated input. A higher breakdown FET will be
required for use with higher input voltages.

Remote Shutdown

A pA723 regulator may be turned off by pulling down the
compensation terminal, thereby shunting the drive current
for the output stage to ground. The simplest method of achiev-
ing this in a positive regulator is shown in Figure 8-25a.

- When the current limiting function is required, an external

transistor may be substituted (Q1 in Figure 8-25b). The logic
input may be from any positive voltage source, e.g., TTL or
CMQS, capable of driving greater than 100 UA into the CL
terminal or Q1 base. Typically, R3 may be 3.0 k{2 from a
5V TTL system, or 10 k2 froma 10 V CMOS system.

To protect the output stage from excessive reverse base emit-
ter voltage transients during the shutdown, D1 should be in-
cluded when the output voltage Vq is greater than 10 V. R4
reduces the peak current that flows when Q1 saturates,
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Fig. 8-25 Remote Shutdown

Remote shutdown, when applied to a negative regulator, re-
quires the additional circuitry to the right of the dashed line
in Figure 8-25c. |n operation, a logic Low input, VIL(max

will hold Q3 off; disabling the shutdown circuit. A logic ng?\
input, Viqimin) from a TTL or.CMOS gate turns Q3 on with
the base drive limited by R8. Resistor RS is calculated in the’
normal worstcase manner for the series pass devices selected,

_ ViN{min}—Vo—2Vge*)
Q2ig(max)

*(This term becomes 3Vgg is D2 is included.)"

When Q3 is turned on, D1 is forward biased at a current limit-
ed by R7. The ratio of RS and R7 is calculated such that the
output of the supply is always at ground when the logic input
is High.

R7 _ YIH(min)

RE  ViN(max)
The formula shown guaraniees that the junction of R5 and R7
is always positive during shutdown — R8 = 10 R7, to give a
forced [} of 10 for Q3, fully saturating that device. Diode D2




_proximately 1 ps;

protects the output devices from reverse base emitter tran-
sient voltages, and should be included when the output volt-
age is greater than the combined base emitter breakdown
voltages of the series pass dewces

Qvervoltage Crowbar Protection

Figure 8-26 shows a pA723 used as a latched comparator and
SCR driver, It also provides the temperature compensated
teference necessary for accurate overvoltage sensing. In nor-
mal operation, P1 is adjusted so that the voltage at point A
is more negative than the reference voltage, VRgrg (typically
7.15 V). Therefore, the voltage across R2 will bias the com-
parator (the pA723 error amplifier) such that its output, Vot
is driven toward V-, and the internal 6,2 V Zener diode is cut
off. Hence no gate current is able to flow into the SCR D2,
which remains in an OFF state. Diode D1 blocks the positive
feedback path in this condition, therefore, no current ftows
through R4.

By “crowbar” action, the comparator changes its state as
soon as the voltage across R2 reverses polarity, thatis, as.soon
as the voltage at point A becomes more positive than Vpgr.
Potentiometer P1 is set so that this occurs at the desired over-
voltage trip point, typically (Vo + 10%). When the comparator

‘switches, Vgt is pulled up toward V+, and the SCR is fired

with gate current limited by R6. When Vg7 exceeds Vger

- the positive feedback loop R4/D1 latches the comparator into

its switched state.

The action of firing the SCR places a low impedance across
the unregulated supply to ground, and this blows fuse F1,
From the inftial overvoltage to the SCR clamping takes ap-
if required the switching action may be
made slower by a capacitor from the pA723 COMP terminal
to the inverting input.

Over/Under Volt-age Monitoring

There are many systems where it is important that, when the

;gegulated supply lines deviate from their nominal values, an

i

‘and R1.

alarm is indicated and some action, such as system shutdown
or system changeover, is initiated. Such a fault detection sys-
tem requires overvoltage and undervoitage monitors for both
positive and negative power supplies, The pA723 may be us-
ed very effectively in this application and provides a TTL-
compatible output signal.

Figure 8-27a gives an indication of an undervoltage on a posi-
tive supply line. The internal reference voltage of the pA723,
VREF: is used to ganerate a threshold voltage of 2.0V across
R4. The voltage to be monitored, V), is divided down by Ry,
The voltage across R1 is compared to the threshold
voltage across R4 by the pA723 error amplifier. When Vp, is
at its nominal value, the output of the uUA723 is in its high
state, which is set at approrlmately 3.3 V by clamping the
COMP terminal to the junction of R2 and R3 on the VREF
voltage divider. Current drainfrom Voyr through R6 is nom-
inally 15 mA.

If the monitored supply, VM, should fali by a predetermined
amount, the error amplifier changes state, and the output volt-
age Vo assumes its low state. R6 is able to drive one. TTL load
(1.6 mA at 0.4 V5« Vol Posilive switching action is
assured by the hysteresis applied through R5. Rpg is adjusted

. so that the voltage across R1 equals the threshold voltage

{2.0 V) when Vp, is at the desired undervoltage trip level,

+ This circuit will give an overvoltage indication on a positive

supply line by interchanging the amphfler inputs as shown by
the dashed lines. :

Figure 8-27b performs the same functions for a negative sup-
ply line. The monitored supply voltage, -V, is referenced to
VRer in this circuit, to provide the level shifting from any
negative input to the +2,0 V threshold voltage.

Response times for these monitor circuits are typically less
than 1 ps.
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Switchirig' Regulators

Figure 8-28a is a posjtive switching regulator; Figure 8-28b
is a negative output version. The principles of operation of

‘switching regulators and design equations are given in

Appendix A. 7
Referring to Figure 8-28a and Figure 8-285,

LI and  —ye - [ R1¥R2 VREF
JSO7  R1vR2 ) "REF © R1 2

Other gain setting configurations may be used, such as those.
used in the linear regulators to extend the output voltage:

range. R6 (Figure 8-28a) limits the base drive to Q2 to ap-
proximately 10 mA by using the internal current limit transis-
tor in the pA723.

The efficiency of these circuits is typically 75% at 1 A output’

current, and 73% at 2 A output current. If the Vz terminal
is not available (Figure 8-285), a 6.2 V Zener diode can be
used in series with V1. As in the linear negative voltage
regulators, the minimum output voltage using this configura-
tion is —9.5 V. Voltages between -2V and -9.5 V are obtain-

ed by supplying a positive voltage to the V+ and V- termin-,

als such that the range of voltage applied between the V-
and V+ terminals is between 9.5 V and 40 V. Values for R4,
.1 and-C1 are calculated from design information given in

.Appendix A,

Qne method of providing short circuit'protection for the posi-
tive switching regulator is shown in Figure 8-28¢. a modifica-
tion of Figure 8-28a. The internal current limiting transistor

. is used 1o sense the voltage across Rg - in the same manner as

linear regulators. For output voltages above 5V, D2 and D3
should be added to protect the error amplifier input stage from
excessive voltages during output short circuit conditions.
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The voltage necessary to turn on the current limiting transis-
toris the sum of VggngE (the Vg of the currentlimiting tran-
sistor) and the voltage across R9. Then, as shown in the for-
mula below, ‘ ’ )

R8 and R9 are included to supply positive feedback and,
hence, maintain switching action even under short circuit
conditions, This prevents over-dissipation if the regulator .'
were allowed to go into a linear mode. Typically, R8 may be
3 k2 and R9 30 so that to a first approximation, current

) R9 limit is derived as follows:
\% = +{Vin— V e — , and .
RSC = VSENSE * (VN — Vol (R8+Hg) an )
| _ (Vvsense) | Vin-Vo R9 Sy Vsensel | Vin—Vo)
LIMIT Rec Rsc T MIT Foc 700 Rag
S : FIXED OUTPUT FIXED OUTPUT
: OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE
VOLTAGE CIRCUITS 5% +10% VOLTAGE CIR_CUITS 5% +%10%
(Note 1) . R1 R2 R1 P1 R2 R R2 R1 P1 "R2 -
3.0 N 88 ap 412 | 301 |18 | 05 | 1.2 100 | N g3 - | 357 | 102 | 22 | 10 91
{8-9a)8-9b 8-21 :
3.6 3.10 357 [ 365 |15 | 05 | 15 250 357 | 255 | 2.2 | 10 | 240
_ 8-11b g ) _
5.0 (8-12) 215 | 499 | .75 | 05 | 2.2 6 357 | 243 | 12 | 05 | .75
815 (Note 2) ‘
6.0 g8.28a 145 | 604 |05 | 05 | 2.7 -9 816 348 | 536 | 12 | 05 | 20
~ - - .
~y
9.0 1.87 | 745 | .75 1.0 | 2.7 —12 8-17 3,57 | 8.45 1.2 | 0.5 3.3
: 8-8¢ 8-18
g 12 ?5;913(;’)3‘%’ 487 | 705 |20 | 1.0 | 30 —18 8-28b 365 | 115 | 1.2 | 05 | 4.3
15 8-11a 287 | 745 |33 | 1.0 | 2.0 —28 357 | 243 | 1.2 | 05 10
812 . ¢ L _ :
28 (8-28a) 210 | 745 |56 | 1.0 | 20 _45 ' 357 | 412 | 22 | 10 33
<
45 13 357 | 487 |22. | 10 | 39 —100 819 | 357 |976 | 22 | 10 91
75 A 821 357 | 787 | 22 10 | 88 —250 | J . 357 249 | 2.2 | 10 | 240
NOTES: N

1. Circuits in parenthesis may be used if R1/R2 divider is placed on oppesite sideﬁof error amplifier.

2, Vv must be connected to a +3.5 V or greater supply.

,‘:fable 8-1 Resistor Values for Standard Output Voltages




