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* 0. INTRODUCCION

En este estudio se tratara de analizar los diferentes
tipos de modulacion de onda y crear un sistema capaz de
generarlos. Para su mejor comprension hemos dividido dicho
estudio en dos apartados claramente diferenciados;
primeramente, de cada tipoc de modulacion haremos un
pequeno resumen teorico que nos aclare basicamente cuales
son los principales elementos que las componen. A
continuacion pasaremos a exponer el desarrollo
experimental, elaborado en el laboratorio, de ceda una de
ellas; asi como de un generador de funciones que produzca
las senales moduladoras para cada caso, y de su fuente de
alimentacion simetrica, regulada y estabilizada.

Tambien se incluye el diseno de 1las mecanormas
correspondientes a los ss8is circuitos impresos, asi como

su elaboracion y montaje.
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0.1 OBJETO DEL PROYECTO :

Con este proyecto, que consiste en el diseno de un
sisteama capaz de generar las principales modulaciones de
onda, concretamente diez casos, se pretende que los
alumnos que estudien este tipo de fenomenos Ffisicaos,
puedan realizar practicas en el laboratorio visualizando
en &1 osciloscopio cada una de estas modulaciones,
pudiendo hacerse variaciones sobre amplitudes,
frecuencias, fases, etc. llegando a resultados reales,
contrastables con los obtenidos en sus clases teoricas.

En este estudio solo se aporte un cierto numero de
las multiples posibilidades que este sistema permite

alcanzar, dejando a la racionalizacion del alumno el

conseguir su total desarrollo.

© Del docunento, los autores. Digitalizacion realfizada por ULPGC. Biblioteca Universitaria, 2008



* 1. MODULACIDNES ANALODGICAS CONTINUAS LINEALES :

Una definicion general de la modulacion lineal seria:
La senal modulada es una funcion de la senal modulante
FCt). Sea YLF(t)] 1la senal modulada; entonces, la
modulacion es linsal si € d/7dLfECctl>] 2 (¢ CFCLI] 3 @es
independiente de f(t). De no ser asi, es una modulacion no
lineal.

En el casc de las senales de modulacion de amplitud
AM, las bandas laterales se rigen por el principio de
superposicion. Asi pues, si F;(t) y f, (t) dan lugar a
sendas bandas laterales Y, y Y, , la senal compuesta
F,C(t> + £, (t) producira F}+¥2.No existen intermodulaciones
0 bandas laterales de producto cruzado, comoc se observaran
en la modulacion de frecuencia FM. Por esta razon la AM es
una modulacion lineal.
La modulacion lineal se presta a la manipulacion
matematica y la generalizacion. Se puede encontrar el
espectro de una senal modulada con la suma de dos ssnales
modulantes calculando el espectro individual de cada senal
para sumarlos posteriormente. Esto es muy util para
calcular el ruido en sistemas de comunicacion. En los
sistemas lineales de modulacion, el efecto del ruido
presente en el canal puede calcularse suponiendo que la

senal es cero.
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1.1 MODULACION EN AMPLITUD C AM 3]

En la modulacion de amplitud, 1la amplitud de la
portadora varia proporcionalmente al mensaje modulador.

Supongamos que disponemos de una onda moduladora
sinuscidal fm(t) = Am cos(WUmt + #m) y de una portadora
Fe(t) = Ac cosCuct + fic); Para simplificar vamos a admitir
que las fases iniciales de 1las dos ondas Bm y Bc son
nulas. La expresion que se obtiene de la onda modulada
‘ﬂM(tJ, sabiendo que 1la amplitud de esta onda esta
compuasta por la amplitud de 1la onda portadora Ac
aumentada por una senal proporcional a la onda moduladora
Fm(t) = Ka Am cosCWmt).

¥ult) = L Ac + Ka fm(t) ] cosCWc t)

Observemos gque para evitar que la onda modulada (la

portadoral) invierta su fase tiene qus cumplirse que:
Ac >= Ka fm(t)
Yt = L Ac + Ka Am cos(Wm t) J cos Wc t

= Ac [ 1 + Ka Am cos(dm t) /7 Ac ] cos(Wc t3
Cult) = Ac L 1 + m cosCwm t) J cos (Wc tJ

Por definicion llamamos indice de modulacion m a:
m = Ka Am / Ac
gue con la condicion de que Ac > Ka Am hace que:

m=KanAm / Ac £ 1
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Frecuentemente sl indice de modulacion se expresa de
la siguients manera:

Porcentaje de modulacion = m x 100 %

El indice de modulacion determina la variacion maxima
de lg amplitud de una onda de AM. Para mas claridad en la
fFigura (1.1) se representan ondas moduladas en AM para
diferentes indices de modulacion.

En la figura (1.1C), se representa un porcentaje ds
modulacion de un 20 %, es decir que la amplitud de la
senal de AM es 1/S de la amplitud de la portadora. Estas
dos amplitudes se hacen iguales, cuando el porcentaje de
modulacion es maximo (100%). La fig.(1.1F) representa un
porcentajs de modulacion superior al 100 %, sn s&ste caso
hay sobremodulacion y la envolvente de la senal modulada
no es proporcional a la onda moduladora dando lugar & un

cambio de signo.

f

ALY
CLFPATRRERRERAR

'A) FRECUENCIA DE
PORTADORA f,

AcCOch'

m il
U VVV ubVUL

D) ONDA AM
Ac {1+ mcoswmt)coswei

B) FRECUENCIA LATERAL mAc

SUPERIOR fo +fm 3 coSlwe+wmit

C) FRECUENCIA LATERAL mAc
INFERIOR fc —fm 5 coslwe —wm)t

Figurs (1.22
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La expresion de la onda AM puede desarrollarse de la
forma siguiente:
Gut) = Ac T 1 + m cos(Wm t) ] cos(Wc t)
= Ac cos(Wct) + m Ac cos(Wmt) cosCuWct)
= Ac cosWct+mAc{cosl (Wc+Wmltl+cosl (Wc-Wmdtll/2

Una onda AM se compone de tres ondas, la portadora y
dos ondas cuyas frecuencias son (Wc + WUm) y (We - Wm). En
la figura (1.2) podemos ver esta propiedad.

El ancho de banda de una onda AM es de 2fm, siendo fm
la frecuencia moduladora maxima. Teoricamente para la
transmision de una senal de audic =1 ancho de banda seria
de 40 kHz, perc para la transmision en fonia es suficiente
con 6 kHz, 10 kHz para una transmision musical, y 30 kHz
para una transmision de audio de alta fidelidad.

Las altas frecuencias de audio, por ser poca
numerosas, no afectan de forme particular a la calidad del
sonido.

La potancia mmedia Pt de una smision de AM, pumdma ser
sxpresada en funcion de la paotencia media de la portadora
Pc, y de las potencias medias de las bandas laterales
Pusb y Plsh.

Si una onda de AM se emite con una antena de
resistencia de radiacion R, las potencias saran

proporcionales al cuadrado de los valores eficaces:

- 12 =
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Pt = CAc/V@Y 7/ R + (m Acz2V@Y’ 7/ R + (m Aacr2i@ 7 R
como: Pusb = Plsb = m*Pc / 4
obtenemos: Pt =PcC1+nm/7 21

Un indice de modulacion maximo m=1, da lugar a una
potencia san cada banda lateral de 1/6 de la potencia total
emitida Pt. La potencia de la portadora de la senal de AM

es de 2/3 de la potencia emitida.

- 13 -

© Del documenta, los autores. Digitalizacion realizada por ULPGC. Biblioteca Universitaria, 2008



1

.1

.1

00T BUBYUSIOALN BO9I0HGIE DD #0C BPEZILA UDIDBZYRNIOIT "S§9I0iNE 50}

CIRCUITﬁ PROPUESTO : AN

o IN(AM)

- 14 -

s
2 <
O —_
£ 3
7 9
=
8
11
11
"
| —
xZ
x <
ég (o) [] “Ejﬁ_
= TT
, 3 -
— | [ B
E %ﬂé
IL)
§ =N
~ 3l
} X
o B
>
Zul
Bx |
Ay



1.1.2 DESARROLLO PRACTICO:

El circuito integrado XR-2206 esta compuesto por
cuatro bloques funcionales: Un UCO, un multiplicador
analogico generador de onda sinusoidal, un amplificador
buffer V) unos conmutadores de corriente. Estos
conmutadores internos transfiren la corriente del
oscilador a alguna de las dos resistencias extaeriores de
timing.

La frecuencia de operacion, fo, esta determinada por
el condensador externc C (entre las patillas S y 6 y por
2] potenciometro R (en la patilla 7 u B). La frecusncia
esta dada por fo = 1 /7 RC Hz, 1luegoc puede ser ajustada
variando R y C. Los valores de R recomendados para una
estabilidad optima oscilan entre 4Kn y 200Ka. Y 1los
valores recomendados para C, entre 100 pF y 100 uF.

Los valores de C y de R tomados en el circuito han
sido:

R = 1Ka + un potenciometroc de 1Mo
C=20,1nF
Luego:
fo (para R = 1K0) = 10 MHz.
fo (para R = 1MR) = 1 KHz.
La frecuencia de oscilacion es proporcional a 1la

corriente total oscilante sacada de la patilla 7 u B.

- 15 =

© Del documenta, los autores. Digitalizacion reafizada por ULPGC. Biblioteca Universitaria, 2008



£ = 320 It(mAR) / C(uF) Hz.

Los terminales de timing (patillas 7 y 8) son puntos
de baja impedancia, puestos internamente a 3 Voltios con
respecto a la patilla 12. La frecuencia varia linealmente
con It sobre un rango ancho de valofes de corriente entre
1 uA y 3 mA.

La maxima amplitud de salida es inversamente
proporcional a la resistencia .externa Rc, conectada a la
patilla 3. Para 1la salida de onda sinusoidal, que es la
que utilizamos para nuestra aplicacion, 1la amplitud es
aproximadamente de 60 mUpp. por Ki de Rc.

La amplitud de 1la salida en este casoc esta siendo
modulada por la aplicacion de una senal de modulacion en
la patilla 1. La impadancia interna de la patilla 1 es
aproximadamente 100KQ. La amplitud de salida varia
linsalmente con la tension aplicada a la patilla 1 para
valores de 4V,

El rango total de AM es de 55 dB.

El nivel de continua DC a la salida (patilla 2) es
aproximadamente el mismo Que en 1la patilla 3. En el
circuito propuestoc anteriomente tenemos la patilla 3
puesta a U+ / 2, y como el valor adoptado para U+ es de
12 V.,el nivel de continua DC sera de 6 V.

La distorsion de la portadora puede ser suprimida

- 16 -

© Del documenta, los autores. Digitalizacion realizada por ULPEC. Biblioteca Universitaria, 2008



hasta el 0,5%, con los potenciometros Ra y Rb de ajuste.
El potenciometro Ra ajusta la forma de onda sinusoidal y
Rb produce el ajuste Fino para la simetria. Los ajustes se
hacen de la siguiente manera:

a) Poner Rb a la mitad y ajustar Ra para la minima
distorsion.

b) Con Ra ajustada, ajustar Rb hasta reducir aun mas

la distorsion.

NOTA:

Para visualizar correctamente en un osciloscopio la
senal de AM, debemos hacer que la senal moduladora tenga
un valor entre 1 Upp y 2 Upp.

El ajuste de offset debe estar sobre el nivel de
continua, aunque variando este podemos cambiar el indice
de modulacion de la senal de AM.

Ver figura (1.1).

- 17 -
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1.2 MODULACION EN DOBLE BANDA LATERAL [ DSB 1:

El analisis del resparto de las potencias de una senal
de AM nos indica que, como minimo, los 2/3 de la potencia
emitida esta contenida en 1la portadora que no tiene
informacion. Esto supons una perdida de energia evidsents,
que puede remediarse suprimiendoc la portadora.

De la scuacion:
Gy (t) = Ac cosWct + m Ac{cosl(Wc+Wmdtl + coslL(Wc-Wm3l13/ 2
Eliminamos la portadaora y gqueda:

Eutl = m Ac coslCWct) cos(umt)

GuCt) = Ka Am cosCWmt) coslWct)

Esta senal contiene la informacion del mensaje que se
quiere transmitir cuya amplitud y pulsacion son: Am y UWm.
La portadora fc es una frecuencia fija que no contiene
informacion, pero permite transmitir los parametros de 1la
informacion que se detectaran luego en un receptor.

Una senal modulada en doble banda lateral (DBS),
solamente transmite las bandas laterales superior e
inferior de una ®smision en AM. La reprsessentacion sn
funcion del tiempo, de una senal de DSB es tal que todo
cambic de signo de la onda moduladora anula la amplitud u
origina un cambio de fase de la portadora. En 1la figura
(1.3) sa representa una onda de 0SB sn funcion del tiesmpo.

La modulacion en doble banda latseral se denomina a

- 18 -
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veces modulacion de amplitud con portadora suprimida, cuya

sigla ss DSB-SC.

ONDA /\

MODULADORA

SENAL
Ds8

A) REPRESENTACION EN FUNCION DEL TIEMPO

BANDA LATERAL
INFERIOR

BANDA LATERAL
SUPERIOR

A\

fe

B)ESPECTRO

- 19 -

alizada por ULPGC. Biblinteca Universitaria, 2008

s. Digitalizacion re:

© Del documento, los autores



1

.2.

1

Q00Z ‘BUBHSIOAILF BORIONGIT "DBTN i0d BpeZies] upeZIRIBI] "SeioNe SO|

CIRCUITO PROPUESTO : DSB

[Eief-]

o IN(AM)

5 s
z =
O + 8
>
9 Q
;:
8
11
i {__
| N
| S—
xZ
x S
Nk |DE
= 1T
— | S LT
E SlE
lU
g Ha
~ Slx
1 x
@ B
x
EEL}—I
- M -~
=
28

- 20 -



1.2.2 DESARROLLO PRACTICO:

Como vemos, el circuito propuesto para la doble banda
lateral (0OSB) es similar al de la modulacion des amplitud
AaMd.

Por lo tanto son validos todos 1los comentarios
propuestos anteriormente para el circuitoc de AM.

Solo tenemos que variar el nivel de offset de la
senal moduladora, hasta el punto correcto para que se
produzca la DSB.

Recordemos que la OSB es tal que todo cambio de signo
de la onda moduladora anula la amplitud y origina un
cambio de fase de la portadoré.

Ver la figura (1.3).

- 21 -
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1.3 MECANORMA AM Y DSB :
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"ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Fig. 2, Vt.= 12V, Ta = 25°C, C=0.01 pF, R{ = 100 K, Ry = 10 K R3 = 25 K2 unless

otherwise specified. Sy open for triangle, closed for sinewave.

\

' XR-2206/XR-2206M XR-2208C
NDITIONS
CHARACTERISTICS MIN. | TYP. {MAX.] MIN.| TYP. | MAX. UNITS o
Supply Voltage
Single Supply 10 26 10 26 \"
Split Supply +5 Tl £13 *5 £13 A\
Supply Current 12 17 14! 20 mA | R} > 10K
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C=1000 pF, R1=1KQ
Lowest Practical Frequency 0.01 0.01 Hz | C=50 uF, R1=2 MQ2
Frequency Accuracy *1 +4 2 % of fo f%= 1/R1C .
Temperature Stability £10| %50 £20 ppm/°C| 0°C < TA < 75°C, R1=R9=20KQ
Supply Sensitivity 0.01 0.1 0.01 %IV | VLow = 10V, VHIGH = 20V,
R}y =R=20K%2 o
Sweep Range 1000:1 }2000:1 2000:1 fu=fL| fH@R1=1KQ (%
fl @R} =2 MQ 2
Sweep Linearity 5
1 10:1 Sweep - 2 2 % | fL, =1 kHz, fy = 10 kHz 2
1000:1 Sweep 8 8 % | f, = 100 Hz, fyy = 100 kHz o
FM Distortion 0.1 0.1 % | £10% Deviation lé
Recommended Timing Components A
Timing Capacitor: C 0.001 100 10.001 100 uF | See Figure 5 3
Timing Resistors: R| & R 1 2000 1 2000 K& 2
Triangle/Sinewave Qutput See Note 1, Fig. 3 i
Triangle Amplitude 160 160 mV/KS2 | Fig. 2 S| Open o
Sinewave Amplitude 40 60| 80 60 mV/K2 | Fig. 2 S Closed g
Max. Cutput Swing 6 6 Vpp :
Output Impedance 600 600 Q 5
Triangle Linearity 1 1 A :
Amplitude Stability 0.5 0.5 dB | For 1000:1 Sweep g
Sinewave Amplitude Stability -4800 -4800 ppm/°C | See Note 2 :
Sinewave Distortion Ry =30KQ
Without Adjustment 2.5 2.5 % | See Figure 11
With Adjustment 0.4 1.0 0.5 1.5 % | See Figure 12
Amplitude Modulation
Input Impedance 50 100 50 100 KQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % | For 95% modulation
Square Wave Qutput Measured at Pin 11
Amplitude 12 12 Vpp
Rise Time 250 250 nsec |-CL =10 pF
Fall Time 50 50 nsec | Cy = 10 pF
Saturation Voltage 02{ 04 02| 06 Vilp=2mA
Leakagse Current 0.1 20 0.1 100 HA | V1= 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 V| See Section on Circuit Controls
Reference Bypass Voitage 2.5 3.1 3.3 2.5 3 3.5 V| Measured at Pin 10.

Note ]: Ourput Amplitude iz directly proportional to the resisiance R3 on Pin 3. See Figure 3.
Note 2: For maximum emplitude stabiiity R 3 should be a positive temperature coefficient resistor.




ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Fig 2, V¥=12V, Tp = 25°C, C=0.01 uF, R} = 100 K, R2 = 10 KQ R3 = 25 K€ unless
otherwise specified. St open for triangle, closed for sinewave.

-y

\

XR-2206/XR-2206M

XR-2206C

CONDITIONS
CHARACTERISTICS MIN. | TYP. {MAX.| MIN.| TYP. | MAX. UNITS
Supply Voltage
Single Supply i0 26 10 26 vV
Split Supply *5 ‘ +13 *5 *13 v
Supply Current 12 17 14 20 mA| R 210K
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C=1000 pF, R1=1KQ
Lowest Practical Frequency 0.0! 0.01 Hz | C=50 uF, R}=2 MQ
Frequency Accuracy 1 +4 +2 % ofofo f%= 1/R1C .
Temperature Stability £10 1 %50 %20 ppm/ C| 0 CLTAL75C, R =R2=20K§2
Supply Sensitivity 0.01 0.1 0.01 %IV VLow = 10V, VHIGH = 20V,
Ry =R2=20K
Sweép Range 1000:1 {2000:1 2000:1 fH=fL|fH@R;=1KQ{ §
fL@R}=2MQ
Sweep Linearity §
‘j 10:1 Sweep - 2 2 % | fL=1kHz, fg =10 kHz 3
1000:1 Sweep 8 8 % | fy, = 100 Hz, fyy = 100 kHz :
FM Distortion 0.1 0.1 % | £10% Deviation 5
Recommended Timing Components o
Timing Capacitor: C 0.001 100 ]0.001 100 uF | See Figure § B
Timing Resistors: R & R 1 2000 1 2000 K2 E
Triangle/Sinewave Qutput See Note 1, Fig. 3 :
Triangle Amplitude 160 160 mV/K2 | Fig. 2 S§ Open s
Sinewave Amplitude 40 60 80 60 mV/KS2 ] Fig. 2 §} Closed E
Max. Qutput Swing 6 6 Vpp 2
Output Impedance 600 600 9 g
Triangle Linearity 1 1 % f
Amplitude Stability 0.5 0.5 dB{ For 1000:1 Sweep S
Sinewave Amplitude Stability -~-4800 -4800 ppm/°C | See Note 2 8
Sinewave Distortion R1=30KQ
Without Adjustment 2.5 2.5 % | See Figure 11
With Adjustment 0.4 1.0 0.5 1.5 % | See Figure 12
Amplitude Modulation
Input Impedance 50 100 50 100 K2
Moduiation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % | For 95% modulation
Square Wave Qutput Measured at Pin 11
Amplitude 12 12 Vpp
Rise Time 250 250 nsec {-Cy, = 10 pF
Fall Time 50 50 nsec| Cyp =10 pF
Saturation Voltage 0.2 04 02] 0.6 VIIL=2mA
Leakage Current 0.1 20 0.1{ 100 HA | Vii=26V
FSK Keying Leve! (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 V1 See Section on Circuit Controls
Reference Bypass Voitage 2.5 3.1 3.3 2.5 3 3.5 V| Measured at Pin 10.

Note 1: Ourput Amplitude i2 directly proportiondl to the resisiance R3 on Pin 3. See Figure 3.
Note 2: For maximum emplitude stabiiity R 3 shouid be e positive temperature coefficient resistor.



icg ImA)

% DISTORTION

X 1
\l 70°C MAX.
PACKAGE
/ \\ DISSIPATION
by
2 / P
e LT b
20t /V\
18 /// //
y%
e o
14 Ll Ve
/’/ > 20 K4},
-~
10
] ” 16 20 24 F:)

Veetvy

Figure 4. Supply Current vs
Supply Voltage, Timing R

5

4
C*001,F
TRIMMED FOR MINIMUM
DISTORTION AT 30 K2

3

2 -4

) \ e

\ /
\.—_——f
0
10 10 100 103

TIMING R KR

Figure 7. Trimmed Distortion vs
Timing Resistor

TIMING RESISTOR 2

10M0

_-M‘AxiM!ﬂ.‘ TI!MNG L.\\ )
MG
G
L S RSl FARGED
100 K Y, AL LA
\
é/ /’r;/mcn;vny />?
10K2 ‘/// Z;./,% % /&
\
%%
‘C%/ 2 72,
1KR M‘lNIPAl{M TIN‘(NG “‘\
102 10 10? 10! 108

FREQUENCY Hz

Figure 5. R vs Oscillation Frequency

5
. R+ 3K0
Vour - 0.5 VAMS PIN 2
AL 10 KN
#
3
z
Q
3
o
o /
g2
e
) 4
S——
0
1 10 1K 10K 100K [

FREQUENCY (M2}

Figure 8. Sigawave Distortion vs
Operating Frequency With Timing
Capacitors Varied

NORMALIZED OUTPUT AMPLITUDE

FREQUENCY DRIFT (X)

ve/2
OC VOLYAGE AY PIN 1

Figure 6. Normalized Output
Amplitude vs DC Bias at
AM Input (Pin 1).

\ [
C=0.01uF

LER K]

A =2 X1l
R =0 X$2

\

A

. \

[ -l| Ku\\

-50 -25 [} 5 50 s 100 125
AMBIENT TEMPERATURE (*C)

I 1

Figure 9. Frequency Drift vs
Temperature

reaiizada por ULPGC. Biblinteca Universitaria, 2008

ios autores. Digitali

© Del



* 2. MODULACIONES ANALAGICAS CONTINUAS NO LINEALES:

La modulacion analogica continua no lineal (Angular o
exponencial), a partir de una frecuencia de portadora fc y
una senal moduladora fm, contiene otras componentes
espectrales ademas de (fc + fm) y ((fc - fmd. En 1la
modulacion de frecuencia FM y en la de la fase PM, el
mspectro es bastante mas complejo.

En la modulacion no lineal surgen terminos de
modulacion cruzada. Por estas razones resulta interesante
aproximarse a la modulacion no lineal por medic de un
modelo 1lineal. El1 caso es analogo al del analisis de un
sistema no lineal aproximable a otro lineal en un rango
limitado de amplitudes de senal.

La FM se comporta aproximadamente 1lineal para un

indice de modulacion pequeno.

- 26 -
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2.1 MODULACION DE FRECUENCIA [ FM 1]

En este tipo de modulacion la frecuencia de la
portadora varia linealmente en funcion del mensa je
modulador fmCt), siendo la frecuaencia instantansa
fFc+XF.Fm(t). La pulsacion varia en funcion del tiempo de
acuerdo con la expresion siguiente:

Wict) = Wc + 2w Kf fm(t)
Wilt) representa la pulsacion instantanea, Wc la pulsacion
de la portadora, Yy Kf ms una constante.

La pulsacion de una onda sinusoidal es la velocidad
angular de esta, por consiguiente la derivada del angulo
éc respecto al tiempo.

WiCt) = déc(tl/dt = Wc + 2w Kf fm(t)
6cCt) = WiCt) dt = Wc t + v KE [ FmCt) dt

Luego la expresion matematica de la onda es:
,Ct) = Ac cos [ Wc t + 2r KE [ EmCtd dt 3

En ®l1 supuesto de un mensaje modulador del tipo
Am.cos(Wm t):
GuyCt) = Ac cosl Wc t + 2w Kf.fﬁm cos(Wmt) dt 3]
= Ac cos{ Wc t + L 2w KfF Am sen(Wm t) 1 /7 Wm 12
= Ac cos{ Wc t + L Kf Am sen(Wm td] /7 fm 2

Ver figura (2.1).

- 27 -
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MENSAJE MODULADOR
Amcos wmt

PORTADORA
Accoswet

MENSAJE MODULADQO

Ac COS[wc? + ’_‘_[f_:_m sen wm?.l

Figura (2.1)

Cuando =l mensaje modulador es sinusoidal, la
frecuencia de la onda modulada es fc + KEF Am cos(m £), y
varia entre ( fc - XfF Am ) y ( Fc + KF Am }. La desviacion
maxima de Frescuencia es AF = Xf Am y se denomina excursion
p desviacion de frecuencia.

La rmlacion Af/fm se define como indice de modulacion

mf de una senal de FM, cuya expresion es la siguiente:
Cu(t) = Ac cosL Wc t + mf senWm t)

mf =AF 7/ fm = KF Am / fm
Simnda Af =AW / 2w
Una senal de FM cuyas frecuencias de portadora y
moduladora tienen velocidades angulares Wc y Wm, poseen un
numero infinito de componentes situados a Wc £ n Wm de la

portadora, siendo n un numero entero ¢ 0,1,2,3,....). Llas
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amplitudes correspondientes a estas frecuencias sestan
determinadas por los coeficientes Jn (mf), conocidas como
funciones de Bassel.
La sxpresion de una senal de FM viene dada por:
P.yCt) = Ac cosC Wec t + mf senCWm t) 1]
= Ac Z Jn (mf) cas( We + n Wm I t
= Ac Jo (mf) cos(Wc t)
+ Ac J (mf) [ cosCWec + Wmit - cos(Wc - Wmdt 1
+ Ac J (mf3 [ cos(Wc + 2Wmlt + cos(Wec - 2Wmdt 1
+ Ac J (mfJ3 [ cos(We + 3Wmit + cosCWc - 3Wmit 2]
2 S
La variacion de las funciones de Bessel en funcion
del indice de modulacion se representa en la figura (2.2)
Estas funciones son la sclucion de la scuacion :
me’d’f / dmf + mf df / dmf + (mf - n’) £ = O
En la practica ss utilizan las tablas que represssntan
las funciones de Bessel para una amplitud igual o superior
a 0,01. La razon de elsgir este valor, s que companesntes
espectrales, cuya amplitud es menor, puedan ser
despreciados sin que ssto afecte al funciagnamiento gsneral

de la senal de FM.

Una senal de FM tiene a cada lado de la frecuencia

portadora, un numeroc infinito de componentes espectrales a
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las distancias: fm, 2fm, 3fm,... La sesparacion entre sstas
componentes sobre el sje de las frecuencias es fm.

Las componentes sspectrales cuyas amplitudes de 1los
coeficientes ds Bassasl son superiores a 0,01, no
disminuyen necesariamente su amplitud cuandc n aumenta.
Para un determinado valor de n la amplitud de las
componentes del espectro pueden ser todas dsesspreciables.
La Figura (2.2) reprasenta sl numero de pares de
componentes espectralss, de amplitud superior a 0,01 en
funcion del valor del indice de modulacion.

En AM al aumentar el indice de modulacion, aumenta 1la
potencia ®sn las bandas laterales y la potencia total. En
FiM la potancia total permansce constante para cualquier
indice de modulacion: &n este caso con el indice de
modulacion varia el ancho de banda. Observemos que el
cosficiente de Bessel Jo(mf), corresponde a la frecusncia
portedora y varia segun el indice de modulacion.

Para una misma desviacion de frecuencia, una
frecuencia moduladora mas alta se traduce en un numero
menor de componentss sspectrales, es lo mismo que si 1la
desviacion de frecuencia hubiese disminuido.

El anchoc de banda de una senal de FM depende del
indice de modulacion mf y de la frecuencia moduladora fm:

- Si mf << 1, el espectro de la senal de FM es similar al

- 31 -
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ds una senal de AM, Yy se obtisne una modulacion ds
frecusncia sn banda estrecha.

El ancho de banda W de la sanal de FM es W = 2fm,donds fm
representa la frecuencia moduladora maxima.

- Si 0,3 <= mf <= 20, el ancho de banda se determina, a
partir del numera N de componentes espectrales, cuyas
amplitudes de lo= coeficientes ds Bessel son superiorms a
0,01.

El numero N se obtiene de la tabla de la figura (2.2).
El ancho de banda W viens dado por:
W=2Nfm

- Si mf > 20, para obtener sl ancho de banda utilizaremos

la formula aproximada:
W =2 [Af + 2fm]
Se dice que las senales de FM estan moduladas en banda

ancha, cuando su indice de modulacion es superior a 0,3.

- 32 -
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2.1.2 DESARROLLO PRACTICO:

El circuito integrado que vamaos a utilizar sera el
8038, que es un generador de formas de onda
sinusoidal,triangular, pulsos Yy dientes de sierra. Su
frecuencia de oscilacion puede variar entre 0,001 Hz =a
1 MHz, Yy es altaments estable sobre un ancho rangoc de
cambios de temperatura y alimentacion.

La frecuencia de este generador es una funcion
directa de 1la tension OC aplicada a la patilla 8. Si en
este punto aplicamos una senal moduladora, a la salida
tendremos una portadora modulada en frecusncia ¢ FM J.

La senal moduladora la acoplamos al circuito (patilla
8) mediante un condensador, y una resistencia entre las
patillas 7 y 8. Como la impedancia de antrada del I1.C. es
2i = R + BKaq:

Haciendo R = 1Kn y sabiendo que 1la impedancia exterior
tiene que ser mucho menor que Z2i, queda que: Z2i = 39Kn.
Luego 2e << Z2i, por ejemplo: 2e = 350 0

2e = 1 / (JWC) = 3500 W=2nf
Para una frecuencia de 1KHz:

C=17/ (35 x 2r x 10°) = 0.47 uF.

Variando la Rc podemos ajustar al minimo la
distorsion de la senal de salida, pudiendo alcanzar una

reduccion aproximada al 0.5 %.

- 34 ~
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Existe un ancho rango de combinaciones entre R y C
para conseguir que la frecuencia de portadora oscile a un
determinado valor. Pero existen ciertas magnitudes para
que su funcionamiento sea mas optimo. Corrientes mencres
de 0,1 uR son indeseables porque el circuito tiende a
producir errores significativos a tempesraturas altas. Para
corrientes mayores de S mA, las betas de los transistores
4 los voltajes de saturacion contribugen a grandes
errores. Un funcionamiento optimo se obtiene para cambios
de corrientes entre 1 vA y 1 mA.

Como la VUcc es de t12V y queremos estar dentro del
rango optimo de corrientes:
I = Vcc / (SR)

Entonces: R = Ucc / (S51) = 24V / (5x0,5 mA) = 10Ka.

La duracion de cada ciclo de la senal de salida puede
ajustarse independientemente uno del otro, variando las
resistencia Ra y Rb.Pero en este caso nos interesa que 1la
onda ds salida ssa simetrica por lo que hacemos:

Ra = Rb = R
La frecuencia viens dada por:
F=-3/7({SRaCIll1 + Rb/ (2Ra - Rb)13
Como Ra = Rb = R, la frecuencia queda:
£ = 0,33 / (RC)

Habiamos calculado que R = 10Kn. Y como queremos que la

- 35 -
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frecuencia sea aproximadamente de 30 KHz. C wvaldra:

C=0,33 /7 30 x 10° = 1nF

Una practica que proponemos es calcular el valor de
la constante Kf, y averiguar si la modulacion es banda
ancha o banda estrecha.

Para medir el Kf de la senal modulada, hacemos lo
siguients:

a) fm(t) = 0, con lo cual la scuacion:

Wi = We + 2r Kf fm(t)
Queda: Wi = Wec
fc = 1 /7 Tc = 28.571 Hz.

(La frecusncia as algo distinta a la calculada
anteriormente, debido a la tolerancia de los componentes).
Wc = 180 x 10° Rad/seg.

b) Hacemos que fm(t) sea una senal cuadrada de 2 Upp,
con una tension de offset de OV. Luego su valor estara
cambiando entre +1V y -1U.

Medimos Wi (en el osciloscopio) para el ciclo de fm(tli=1U,
Wi = 2r Fi = 2w 21.739 = 137 x 10° Rad/seg.
Sustituyendo en la ecuacion
KE = (Wi - Wec) / 2w = -65,843
Kf es negativa porque la modulacion ss de tipo inverso.

Para averiguar si la senal es de banda ancha o banda

- 36 -
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estrecha, aplicamos ( por ejemplo ) una senal:
Am cos Wmt = 4 cos(2r x 10 t)
Entoces: mf = KFE Am / fm = 27,37

Al ser mf >> 1 la modulacion de FM es de banda ancha.

- NOTA :

La senal moduladora debe tener como maximo 4VUpp, para
que en la modulacion no se produzcan cortes.

La amplitud maxima de salida es de SVUpp.

El nivel de tension de offset de la senal moduladora
lo podemos variar sin que ssto influya sn el resultado de

la modulacion.

- 37 -
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2.2 MODULACION DE FASE [ PM 1

En 1la modulacion de Ffase, la fase de la portadora
varia proporciocnalmente con la ssnal moduladora. La fase
de la senal modulada sera pues de la forma:

6Ct) = Wc t + Kp fm(t)
Kp es una constante de proporcion, Wc la pulsacion de la
partadora y fm(t) el mensaje modulador. La senal modulada

sa repraesanta de la forma siguiesnta:
By(t) = Ac cosl Wc t + Kp £mC(t) 1

La amplitud de la senal modulada es constante e igual
a Ac; en cambio su frecuencia es variable. La pulsacion
instantanesa de la senal ss:
WicCt) = dect) / dt = Wec + Kp dfm(t) / dt
Suponiendo que =1 mensaje modulador sea sinusoidal
Am.cos(Wwm tJ
OC(t) = Wec t + Kp Am cas(Wm t)
Wict) = We - Kp Am Wm senCWm t)
%y (t) = Ac cosC Wec t + Kp Am cos(um t) 1]
El indice de modulacion ess mp = Kp Am Lusgo:
tw(t) = Ac cosl Wc t + mp cosCWm t2) 1]
La representacion sn funcion del tiempo de esta ssnal

sa muestra sn la figura (2.3).

El espectro de 1la onda modulada en PM tambisn se
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Am COS wmt ‘
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s N H'l‘l”l I

SENAL MODULADA
EN FASE (PM)

Ac cos{we! + mpcOSwmt)

Figura (2.3)

obtisne por las funciones de Bessel Jn(mp). Siendo 1a
diferencia fundamental con el espectro de FM es que la
variacion de 1la frecuencia moduladora no modifica 1la
distribucion espectral, sinoc gue se modifica por la
variacion de la amplitud de la senal moduladora.
En FM el indice de modulacion era:
mf = KF Am / fm
y el angulo de fase de la senal modulada era proporcional
a la integral del wmensaje modulador. En el caso de la PM
8l indice de modula&ion as:
mp = Kp Am
sisndo sl angulo de fase de la senal modulada proporcional

al mensaje modulador. El1 indice de modulacion mp
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represanta la desviacion de fase maxima o excursion o
desviacion de fase.
Para evitar toda ambiguedad en 1la demodulacion, la
desviacion de fFase se limita a 180° ya que los angulos qus
sea difieren en 360° no podrian distinguirse. Luego el
indice de modulacion guedaria:

mp = Kp Am <= 7w

En Bl caso de que 81 indice de modulacion mp sea
inferior a 0,3, la modulacion es casi lineal y se denomina
modulacion de fase en banda estrscha.

La condicion de que mp <= 7 da lugar a que el numero
de componentes espectraless sea reducido.

La tabla de la figura (2.2) nos indica que el numero
maximo de componentes espectrales a cada lado de la
portadora @=ms 6. Representando por fm la frecuancia maxima
del mensaje modulador, el ancho de banda maximo W ocupado
por la senal de PM ms 12 fm.

W <= 12 fm
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2.2.2 DESARROLLO PRACTICO :

Como sabemos las ecuaciones de 1la PM y la FM son
respectivamente:

%y= Ac cosl Wc t + Kp fm(t) 1
%w= Ac coslWc t + KF [ £mCt) dt 3

Podemos apreciar que la unica difersncia esxistente
entre estas dos modulaciones, es que el valor de la FM
varia con respecto a la integral de la frecuencia
moduladora fm, mientras que en PM lo hace con raespecto a
Fm.

Por lo que si derivamos previamente la senal fm y
luego la modulamos en FM tendremos un modulador de fase
PM.

Hemos elegido el amplificador operacional LF351 por
sus e@slevadas caracteristicas, teniendo un alto SLEW RATE
de 13 U/us, para desarrollar el circuito derivador.

Escogemos la configuracion siguiente:

Cd

11

11

—
R;
——1 |
Rg CC — : !
. !
i

]
! |
. 1 1
] 1

- Lo~
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Por 1las experiencias realizadas hemos llegado a la
conclusion de que esta configuracion es la que mejores
resultados nos ofrece.

El circuito funciona como un derivador hasta la
pulsacion 1 / (Rg Cec), comoc amplificador entre 1 / (Rg Cc)
y 1 / (Ri Cd), y como integrador desde 1 / (Ri Cd hasta
W .

Su transmitancia se escribe:

H(p) = -Ri Cc p/ L (RgCc p+ 13 (Ri Cdp + 1) 1]

Entonces calculando Rg, Ri, Cc y Cd:

Queremos que £, = 400 Hz.
Luego W, = 2w (400 Hz.) = BOOw Rad/Seg.
Y fijando Cc = 4,7 nF
Ri = 1 /7 (w,Cc) = B2KR
f, debe ser 6 KHz. Con 1o que W = 12r x 103Rad/sag.
Rg = 1 /7 (W,Ce) = 5,6 Kn
Y £; debe ser 20 KHz.
Luego Wy;=~ 2w 20 x 10°= 125 x 103Rad/sag.
Cd =1 /7 (WsRi) = 100 pF
Este derivador tiene ganancia positiva, con lo cual la
senal derivada tiene un wvalor demasiadoc alto. Para
alcanzar un voltaje mas adecuado para excitar el modulador
de FM, ponemos otro amplificador operacional que nos

disminuya e invierta 1la senal, porque sl derivador
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previamente tambien nos la habia invertido.

Queremos que la senal de salida del amplificador sea
la mitad de la de entrada, luego que tenga una ganancia
G = 1/2.

Como G = Re / Rd = 10Kn / 22Kn = 1/2.

Una wvez completado el diferenciador, el resto del
circuito es igual al utilizado en FM, con lo cual todo 1lo
comentado anteriormente para ese circuito es valido para

Bste.,

Una practica que proponemos es calcular Kp y observar
si la modulacion es de banda ancha o banda estrecha.

Para calcular Kp hacemos que fm(t) sea una senal
triangular:

a) Para el ciclo de subida de la senal triangular
fFmCt) = (Ub /7 th) t.
S5i hacemos que Ub = 4, y tb = 0,5 mSeg.

Em(t) = B8 x 10°t

( Uc la medimos ponisndo la entrada del modulador a masa,
dandonos We ~ 182 x 10° Rad/seg. ).
Y Ahora medimos Wi en el osciloscopio:

Ti = S5 x 10° Luego Wi = 113 x 10° Rad/seg.
Sustituyendo en la formula:

Wi = Wec + Kp dfm(Ct) 7/ dt

- L4l -
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Y despejando:

Kp = [ €113 - 182) x 10°1 7 ¢ 8 x 10°) = - B,6285
El signo negativoc es porque la modulacion es de tipo
inversoc.
Entonces: mp = Kp Am = 34,5

b) Para el ciclo de bajada de 1la senal triangular
FmCt) = - B8 x 10> t + 4, Siendo Vb Yy Tb de valores iguales
a los del caso anterior:

dfmCt) / dt = - B x 10°

Como Wc es la misma, medimos Wi:

Ti = 25 x 10°° Luego Wi = 251 x 10’ Rad/seg.
Sustituyendo:

Kp = [ (251 - 182) x 10’3 7 - B x 10°) = - B,625
Entances: mp = Kp Am = 34,5

Comprobamos que Kp vale igual para el ciclo de bajada
que para el ciclo de subida, y por lo tanto tambien mp.

Como mp >> 1 esta modulacion en fase es de banda

ancha.

NOTA:
La senal moduladora debe tener como maximo una

amplitud de % Upp para que no se produzcan cortes en la

modulacion.

La amplitud maxima a la salida del circuito es de

S Upp.

- 45 -
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El nivel de tension de offset de la senal moduladora

puede ser variado sin influir en la senal moduleada.

- 46 -
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GENERAL DESCRIPTION

The XR-8038 is a precision waveform generator IC capable of producing sine, square, triangular, sawtooth and pulse waveforms
with a2 minimum number of external components and adjustments. Its operating frequency can be selected over nine decades of
frequency, from 0.001 Hz to 1 MHz, by the choice of external R-C components. The frequency of oscillation is highly stable overa
wide range of temperature and supply voltage changes. The frequency control, sweep and modulation can be accomplished with an
external control voltage, without effecting the quality of the output waveforms. Each of the three basic waveforms, i.e. sinewave,
triangle and square wave outputs are available simultaneously, from independent output terminals.

The XR-8038 monclithic waveform generator uses advanced processing technology and Schottky-barrier diodes to enhance its
frequency performance. It can be readily interfaced with a monolithic phase-detector circuit, such as the XR-2208, to form stable

phase-iocked loop circuits.

FEATURES

Direct Replacement for Intersil 8038

Low Frequency Drift--50 ppm/°C Max.
Simulianeous Sine, Triangle and Square-Wave Qutputs
‘Low Distortion —THD = 1%

High FM and Triangle Linearity

Wide Frequency Range — 0.001 Hz to | MHz
Variable DutyCycle — 2% to 98%

APPLICATIONS

Precision Waveform Generation Sine, Triangle, Square, Pulse
Sweep and FM Generation

Tone Generation

Instrumentation and Test Equipment Design

Precision PLL Design

PACKAGE INFORMATION

ABSOLUTE MAXIMUM RATINGS

Power Supply 36V
Power Dissipation (package limitation)
Ceramic package 750 m¥
Derate above +25°C 6.0 mW/°C
Plastic package 625 mW
Derate above +25°C S mw/°C

Storage Temperature Range ~65°C to +150°C

AVAILABLE TYPES

Part Number Package Operating Temperature
XR-8038M Ceramic -55°Cto +125°C
XR-8038N Ceramic 0°C to +75°C
XR-8038P Plastic 0°C to +75°C
XR-8038CN Ceramic 0°C to +75°C
XR-8038CP Plastic 0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS !
Test Cenditions: Vg =25V to 15V, To = 25°C, RL = 1 MQ, RA = Rp = 10kQ, C1 = 3300 pF, S} closed, unless otherwise speci-
ﬁﬂd See Test Circuit of Figure 1.

© Del documenta, los autores. Digitalizacion realizada por ULPGC. Biblioteca Universitaria, 2008

XR-30388M/XR-3638 XR-8038C i .
| CHARACTERISTICS MIN. | TYP. [ MAX| MIN, | Typ, hiax] UM CONDITIONS
GENERAL CHARACTERISTICS -
Supply Voltage, Vg
Single Supply 10 -30 10 30 Vv
Dual Supplies *5 %15 £5 %15 A
Supply Current 12 15 12 20 mA Vs =210V, See Note 1.
FREQUENCY CHARACTERISTICS (Measured at Pin 9)
Range of Adjustment °
Max. Operating Frequency 1 1 MH:z RA=RBp=5008,C; =0,
Rp =15k
Lowest Practical Frequency 0.001 0.001 Hz RA=Rp=1M&,C| =500 uF
Max. FM Sweep Frequency 100 100 ¢ kHz
FM Sweep Range 1000:1 1000:1 S| Open. See Notes 2 and 3.
FM Linearity 0.1 0.2 % S1 Open. See Note 3.
Range of Timing Resistors 0.5 1000 0.5 1000 k2 Values of R4 and Rp.
Temperature Stability
XR-8038M . 20 | SO - - - | ppm/°C
XR-8038 : 50 | 100 - - - | ppm/°C
XR-8038C - - - 50 ppm/°C
Power Supply Stability 0.05 0.05 %V See Note 4.
OUTPUT CHARACTERISTICS
Square-Wave Measured at Pin 9.
Amplitude 09 | 0.98 09 {098 x Vg Rp =100k
Saturation Voltage 02 | 04 0.2 {05 A4 [sink = 2 mA
Rise Time ' 100 100 nsec RL=4.7kQ2
Fall Time 40 40 nsec Rp =4.7kQ
Duty Cycle Adj. 2 98 2 98 %
Triangle/Sawtooth/Ramp Measured at Pin 3.
Amplitude 0.3 |0.33 03 | 033 x Vg R =100 kQ
Linearity 0.05 0.1 %
Output Impedance 200 200 lout =5 mA
Sine-Wave Amplitude 0.2 | 0.22 0.2 | 022 x Vs Rp =100 k82
Distortion
Unadjusted _ 0.7 1.5 0.8 3 % Ri =1 MQ. See Note S,
Adjusted 0.5 0.5 % RL=1MQ
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LF353

g

National
Semiconductor
LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Descripflon

These devices are low cost, high speed, dual JFET Input
operational amplitiers with an intarnally trimmed input
oftset voitage (BI-FET |I™ tachnology). They require low
supply “current yet maintain a large gain bandwidth
product and fast slew rate. In addition, weil matched
high voitage JFET input devices provide very. low input
bias and offset currents. The LF353 is pin compatibie
with the standard LM1558 allowing designers to
immediately upgrade the cverall performance of existing
LM 1558 and LM358 designs. -

These amplifiers may be used In applications such as
high speed Integrators, tast D/A convarters, sample and
hold circuits and many other circuits requiring low input
offset voitage, low Input blas current, high input Imped-
ance, high siew rate and wide bandwidth.. The devices
also exhibit low noise and offset voitage drift.

Operational Amplifiers/Buffers

BI-FET 11T ™ Technology

Features

B Internally trimmed offset voitage 1mv
u Low input bias gurrent S3pA
& Low input noise veitage 16nViVHz
= Low input noiss current ) 0.01pANVHz
# Wide gain bandwidth 4MHz
& High siew rate 13Vius
B Low supply current . 3B8mA
® Highinput impedance - 10129
® Low total harmonic distartion Ay =10,  <0.02%

R = 10k, Vg = 20 Vp —p, BW = 20 Hz-20kH2
Low 1/f nolse corner S50 Hz
| Fast settiing tima to 0.01% 2us

Typical Connection

L]
AAA
\AA

Simplified Schematic = .- - -

1/2 Dual
veg O—

¥

INTERWALLY
INTERNALLY TRIMMED
TRIMMED

-Veg O

Connection Diagrams

LF353H Metal Can Package (Top View)
v

WVEATING
INPUT 3

YT A

NOMINVEATING
[LISTAR )

Order Number LF353H
See NS Package HOBC

LF353N Dual-in-Line Package (Top View)

oL

1
QUTPUT A =y

ISVERTING INSUT A —1-

vamiaveRTivg 3

frivig, IBVERTING iNPyT 2

5 NOKIAVERTING
1PUT 8

V-

Order Number LF353N
See NS Packags NOSA
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Absolute Maximum Ratings STl REL R

Supply Voltage - : 18V input Voltage Range (Note 2. =15V
. Powar Dissipation (Note 1} . * . 500mW = Output Short Circuit Duration Continuous
| Operating Temperdture Range . . 0°Cto +70°C  Storage Temperature Range ' -85°Cto +150°C
F TIMAX) : : =, 115°C - Lead Temperau{re (Soldering, 10 seconds) 300°C
Dmarentlal lnput Voltage - 30V

DC Hlectrical Characteristics mews .~ .

e

x ) N - " LF3s3

: 'SYMBOL : -~ PARAMETER R H CON_DITIONS ) MIN TYe MAX UNITS
' Vos ‘| Input Oftset Voitage . Rg =10k, T4 =25°C 5 10 mv
‘ Over Temperature 13 mv
. aVog/aT Average TC of Input Offset. . . ., Rs-10kQ ~o b 10 wvItC
' Voltage:. .. . o s
los. Input Offset Current 17 Tj=25°C, (Noles 4, 5) ) 25 100 pA
- . T] £ 70°C 1.4 nA
lg " Input Bias Current -1 Tj=25°C, (Notes 4, 5) 50 200 pA
o “l.T<70°C . : , 8 nA
RiN Input Rasistance ' Tj=25'C 3 1012 | Q
. AvoL ‘Large Signal Voltage Gain Vg= =15V, T4 =25°C 25 100 Vimv
. N S ’ ' Vo= 210V, R =2kQ
. s ’ Over Temperature 1os : vimv
Vo Output Voltage Swing Vg= 215V, R =10kQ |. =12 ;| =135 v
C VoM “Input Common-Mode Yoltage - Va= %15V 11 +15 v
3 Range . s= =13 = -12 v
. CMRR _|.; Common:Mode Rejection Ratio Rg <-10kQ ... . 70 ,.100 48
f PSRR# <17 Supply "Voitage Repection Ratlo “(Nofe §)° " "7 70 ” “100° a8
Ig Suppty “Current - "i | A R X 8.5 mA
i AC Electrical Characteristics note sy = ™. : ,
e T, I N LF353
¥ . - . N - -
: SYMBOL : .. PARAMETER ; CONQITIONS ) MIN TP MAX UNITS
- «-Amplifier to Amptifier Coupling | *-Ta=25°C, f=1Hz- . -120 |- d8
: 20kHz (Input Referred)
¢ SR Slew Rate © ] Vg= 215V, T4 =25°C 13 Vius
© GBW - Gain Bandwidth' Product - | Vg= %18V, Tp=25°C : 4 MHz
en Equivalent Input Noise Voitage Ta=25"C, Rg = 100R, 16 © nVIVRz
: S .| t=1000Hz j IR
i Equivalent Input Noise Current. . T|=28°C, {=1000Hz Joeor o pAVHZ

- Nots 1: For operating at siavaled temperature, the device must be dsra'.ed based on a thermal resistance of 180 *Cr'W junction to ambient
for the-N package, and 150 °C/W lunction to ambient for the M package.

. Note 2: Uniess otherwise specliied the absolute maximum negative Input voltage Is equal to the negative power supply voitage.
~Note 3: The power dissipation limit, however, cannot be exceeded.
© Note & _These speciiications apply for Vg = £15V and 0°C < T4 & +70°C. Vos, I and Ipg are measured at Vopm = 0.

' Note 5: The input bias currents are junction leakage currents which approximately doubie for every-10°C increase in the junction tem-
peralure T‘ Due to the limited production test time, the input bias currents measured are correlated to junction tamperature. In normal
operation the junction temperature rises above the ambient temperature as a resuit of internal power dissipation, Pp. Ty=Ta +8ia Pp
where 84 is the thermal resistance from junction to ambient. Use of a heat sink is recommended it input bias current is to de kept to a
minimum,

Note 6.: Supply voltage rajection ra(lo is measured for both supply magnitudes increasing or decreasmg simultaneously in accordance
. with common practice.

I
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Typical Performance Characteristics
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Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the timit, the output of the amplo-
fier will be forced to a high state.

The amplifiers will operats with-a common-modas input-.

voltage eaqual to the positive supply; however, the gain
bandwidth and siew rate may be decreased In this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an incraase in lnput'
offset voltage may occur.

Each amplifier is individually biased Hy a zener r-fer—e;tce‘

which allows normal circuit operation on t4V. power
suppiies, Supply voltages less than these may rnult n
lower gain bandwvdth and slnw rate. e M

The amplifiers ml| drive a 2 kﬂ load rwstance to 10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced ta drive heaviar load currents, how-
ever, an increass in input offset voitage may occur on
the negative voltage swing and finally reach an -active
current limit on both positive and negative swings,

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in’ potarity or that the unit is not inadvertently installed

Detailed Schematxc
VgL Ome

backwards in a socket as an uniimited current surge
through the resulting forward diode within the IC couid
cause fusing of the internal conductors and result in 2
destraoyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with iead

dress, component placement and supply decoupling in

‘order to ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input to minimize !‘pick-up’” and maximize the
frequency of the feedback pols by minimizing the
capacitance from the input to ground;

" A" feedback pole is created when the feedback around

any amplifier is resistive. The parallel resistance and
capacitance from the input of the device {usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
affect on stability margin, However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The vaiue of the
added capacitor shouid be such that the RC time con-
stant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole
time constant.

an
RS
22

p— Vg

<
n
ate

o

”—

£se41
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* 3. MODULACIONES ANALOGICAS POR IMPULSOS

El Teorama del muestreo proporciona las bases
temoricas para las tecnicas de modulacion por impulsos. Una
sanal de banda limitada, sin componentes esspectrales de
frecuencia superior a fm Hz, queda completamente
especificada mediante sus valores en intervalos
uniformente espaciados de 1/2fm segundaos. En lugar de
transmitir la senal en forma continua soloc 8s nsecesario
trasmitirla en un numero finito de instantes ( 2fm por
segunda ).

Un tren de impulsos rectangulares puede considerarse
como una senal portadora, se puede variar la amplitud, la
posicion o la duracion de los impulsos proporcionalmente a
los mensajes.

A continuacion vamos a estudiar estos tres tipos de
modulacion:

~Modulacion por amplitud del pulso PAM.

-Modulacion por duracion del pulsc PDNM.

~Modulacion por posicion del pulso PPN.

- 56 -
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3.1. MODULACION DE PULSOS EN AMPLITUD L PAM 1]

En este tipo de modulacion, la amplitud de los pulsos
varia proporcionalmentes al mensaje ﬁodulador. Figura
(3.1).

Si hiciesamos un muestreo de forma ideal (musstreo
instantaneo), con impulsos, las muestras se localizarian a
intervalos 1/2fm segundaos. Y 81 espectro de la senal
muaestreada fs(t) estaria dado por la repeticion periodica
del espectro de f(t), es decir, de F(W)., Figura (3.1le).
Se puede recuperar f(t) de 1la senal nmuestreada al
transmitir fs(t) & traves de un filtro de paso bajo con
frecuencia de corte fm. El espectro de fs(t) es Fs(W) dado
por la escuacion:

FsCw) = 1/T £ F(W - nWo)
Donde Wwao =2r /7 T I= 1/2fm
Para el caso de la figura (3.13:
T = 1/2fm (intervalo de Nyquist) y Wo = 2Wm
Por lo tanto:
FsCW) = 1/T £ F(W - 2n Wm) T = w/Wm

En la fFigura (3.1s) se pusde apreciar gque el aspectro
de la senal, muestreada en forma idsal, ocupa todo =l
ancho de banda (de -« a +o), es decir contiene componentes
de todas las frecuencias. Sin embargo en la practica no

se puede efectuar tal muestrec ideal pues no es posible

- 57 -
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(1)

Modulador fs(t) = f(t)ér{t)

de producto

1
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Figura (3.1) Muestreo instantanea.
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Figura (3.2) Muestreo natural.
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generar verdaderos impulsos. Por lo tanto el muestreo se
realiza por medic de pulsos muy angostos de duracion
finita, con lo cual dicho muestreo no es instantaneo sino
que ocurre en intervalos de tiempo fFinitos.

Haciendo el muestreo con pulsos rectangulares
periodicos de segundos de duracion, repetidos cada T
segundos . Y llamando a este tren de pulsos p_(t). Figura
(3.2c). Tomamos ®l intervalo de muestreo T como 8l
intervalo de Nyquist, 1/2fm segundos.

La senal muestreada fs(t) es el producto de f(t) y
p,(t); entonces , Fs(W), (espectro de fs(tl)) se obtiene de
la convolucion de FW) con P; (W). Cuyo resultado lo
podemos apreciar de forma grafica en la figura (3.2f).

Con el muestreo no ideal se produce un espectro
similar al del muestreo ideal de f(t), peroc con amplitud
decreciente .

Sin embargo analiticamente podemos obtener el mismo

resultado
fs(t) = £(t) p, (t)
Entonces: Fs(W) = 1/2w F(w) * P, (w)
Luego como: T = 1/2Ffm = T/Wm Y Wo = 2n/T = 2Wm

P, (W) = 2A;Wm £ Sa (n; Wm) J (W - 2n Wmd
Sustituyendo:

Fs(W) = A Wm/nw FC(W) * £ Sa(n.Wm) Jcw - 2numd
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Fs(W) = A, /T & Sa(n Wm) FCW »Jcw - 2nwmd
Fs(W) = A; /T & Sa(n;Wm) FW) F(W - 2nWm)

Esta ecuacion obtenida representa el espectro de F(W)
repetido cada 2Wm radianes por segundo con una variacion
de amplitud dada por Sa(n;Wm). Figura (3.2f).

Por lo tanto, el muestreo no ideal de Ff(t) resulta,
en una repeticion de sus espectro cuyas amplitudes van
disminuyendo. La senal original puede ser recuperades de la
senal muestreada fs(t) usando un filtro de paso bajo con
frecuencia de corte Wm.

El ancho de banda necesario para transmitir una senal
muestreada de forma ideal (modulacion por impulsos) es
infinito, mientras que =1 necesarioc para la modulacion por
pulsos es finito, pues el espectro Fs(W) decrece en
funcion de 1la frecuencia y el contenido de energia es
despreciable en frecuencias superiores.

Segun se va aumentando la duracion de los pulsogs, el
espectro decae mas rapidamente Yy se reduce el ancho de
banda para transmitir. Luego como conclusion, la
modulacion por pulsos (muestrec no ideal) es mejor que la
modulacion por impulsos (muestreoc ideal). Pero, la ventaja
obtenida en el dominio de la fracuencia se pierde en el

dominio del tiempo; porque en la modulacion por pulsos se
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precisa un mayor intervalo de tiempoc para transmitir la
senal muestreada que en la modulacion por impulsos. Como
los pulsos tiensn una duracion finita, solo 8s posible
transmitir simultaneamente un numero finito de senales
bajo la bases de tiempo compartido (multicanalizacion por
division de tiempo) mientras que, en el caso de la
modulacion por impulscs, es posible transmitir cualquier
numero de senales.

La senal muestreada puede ser expresada como el
producto de £(t) y un tren uniforme de pulsos:

FsCt) = £(t) q, (t)

Fs(t) = £C(t) £ g (t-nT)
Donde q(t) repressnta los pulsos basicos de muestreo. Este
muestreoc ss sl llamado "muestrec natural”.

Si se dessa que las muestras de una senal de banda
limitada 1lleve 1la informacion completa de 1la senal,
sntonces la rapidez des muestreo nunca debe ser menor que
2fm muestras por segundo. Esta es la rapidsz minima de
muestreo, llamada rapidez de Nyquist.

Es obvio que la rapidez de Nyquist da como resultado
una repeticion del espectro de la senal, sin
sobreposiciones y sin intervaloc alguno entre ciclos

sucesivos.
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4.1.2 DESARROLLO PRACTICO:

Para el diseno de esta modulacion hemos utilizado
cinco circuitos integrados, que son: El oscilador XR-22083,
el buffer 4050, el timer NE-555, el multiplicador
analogico MC-1495 y el amplificador operacional LF-351.

El XR-2209 es un oscilador que nos proporciona la
senal de clock que necesitamos. Hemos fijado que esta
senal tenga una frecuencia variable (mediante el
potenciometro R) entre S KHz y 100 KHz.

El XR-2208 va acoplado a2 el NE-555 mediante el buffer
4050.

El NE-555 1lo hemos montado como monoestable, para
convertir la senal cuadrada del XR-2203 en pulsos
rectangulares de una duracion aproximada a unos 10 uSeg.
Para conseguir que el monoestable se dispare en pulsos tan
estrechos, tuvimos que derivar 1la senal del XR-2208
previamente a la entrada en sl NE-555. (El derivador esta
formado por el condensador Ca y la resistencia Ra).

Luego hasta aqui hemos explicado como conseguir el
tren de pulsos que modularemos en amplitud,
proporcionalmente a la senal moduladora. El resto del
circuito esta formado por el multiplicador analogico
MC-1495 con un amplificador operacional a su salida (el

LF-351), utilizado para cambiar el nivel de tension de
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offset. En los parrafos siguientes comentamos el
funcionamiento de este conjunto multiplicador.

El ancho de banda se determina principalmente por las
resistencias de carga, 1las capacidades de salida dsl
multiplicador y el amplificador operacional utilizado. Si
se desea un gran ancho de banda debemos poner una
resistencia de carga de bajo wvalor y un amplificador
operacional de gran ancho de banda. |

Los maximos voltajes de entrade deben ser tal, que:

Ux (max) < I,z Ry = 1 mR x 22 K@@ = 22 VUpp

Uy (max) < Iz Ry = 1 mA x 22 Kn = 22 Upp

I;3= Iz = 1 mA
Si se excede de ese valor un lado del amplificador de
entrada se cortara y provocara una resﬁuesta no lineal.

El rango maximo de voltaje de salida depende de los
componentes elegidos y de las tensiones de entrada, pero
varia segun la relacion:

Uo = — K Ux’ Uy’
Siendo Ux’ B VUy’ las tensiones a las entradas de los

divisores de tension de las patillas 4 y 9.

Ux’® = 2 Ux
Uy' = Uy
Luego: Vo = - 2K Ux Uy

El potenciometro Rc, es para ajustar el valor del
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factor de escala K.

Hemos seleccionado Rx Ry, de forma que aseguremos que
los transistores de entrada siempre esten en activo.

El wvoltaje en la base de los transistores G5, U6, Q7
y @8 (ver hojas de datos), debe ser aproximadamente 0,7 V

menor que el voltaje de la patilla 1 (que hemos fijado en

9 VU con la resistencia Rg = 3Kf2). Luego para que esos

transistores se mantengan en activo el voltaje en la
patilla 2 4y 14, debe estar aproximadamente a 1la mitad,
sntre el wvoltaje de la patilla 1 y de +V, o sea
aproximadamente unaos 10,5 V.

Para conseguir un buen ajuste del multiplicador,
anulando los offset y estableciendo el factor de esscala al
valor deseado, debemos hacer lo siguiente:

1. Offset de la entrada X:

a) Conectar el generador (en 1 Xz y 5 VUpp de onda
sinusoidal) a la entrada Y en la patilla 4.
b) Conectar la entrada X (patilla 89) a masa.

c) Ajustar el potenciometroc Ri para obtener una AC

nula a la salida.
2. OfFfset a la entrada Y:
a) Conectar el generador (en 1Kz y SUpp de onda
sinusoidal) a la entrada X, en la patilla 9.

b) Conectar la entrada Y (patilla 4) a masa.

- 66 -

© De! documento, los autores. Digitalizacion realizada por ULPEC. Biblioteca Universitaria, 2008



c) Ajustar RJ para obtener una Ac nula a la salida.
3. Offset de salida.
a) Conectar ambas entradas X e Y a masa.
b} Ajustar Re, hasta que el voltaje Vo de salida,
sea cero voltios OC.
4, Factor de escala.
a) Aplicar 10VU. DC a ambas entradas X e Y.

b) Ajustar Rc hasta encontrar el valor dessado.

Proponemos como practica calcular el valor de la
constante Ka. Procederemos de la siguiente forma:

En la entrada del modulador introducimos una senal
cuadrada de 4 VUpp, situada justoc sobre el nivel de 0OV de
DC. Entonces:

£F(nT) = 4 VUpp.
Midiendo la amplitud a la salida: A = 2 Upp.
Como A = Ka £f(nT)
Despe jando: Ka =4 Upp /7 2 VUpp =2
Esta constante se puede variar con el potenciometro

Ri.
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3.2 MODULACION POR DURACION DEL PULSO [ PDM 3:

En la modulacion anteriormente explicada la PAM, la
informacion iba en la amplitud de 1los pulsos pero la
duracion y la posicion de los pulsos era constante.

Tambien podriamos hacer que en lugar de variar la
amplitud proporcionalmente a la senal moduladora, varie la
duracion dsl pulso, dejandoc constantes la amplitud y su
posicion. Esta es la llamada modulacion por duracion del
pulso PDM, donde 1la duracion de 1los pulsos varia
proporcionalmenta al mansajs modulador.

Lo mas frecuente es conservar un pulso de referencia
fijo de duracion To, al principio, al final, o en medic de

los pulsos modulados en duracion.

D = Kd £(nT)

' I
|
[ o

MENSAJE MODULADCR

TREN DE IMPULSOS

SERAL PCM Ao

[ _‘]% ;
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3.2.2 DESARROLLO PRACTICO:

En el diseno de esta modulacion vamos a utilizar dos
circuitos integrados, el XR-2203 que nos servira como
reloj (al igual que en la modulacion PAM) y el NE-555.

Comoc anteriormente vimos el XR-2208 es un oscilador
de frecuencia variable, cuyo rango esta entre 0,01 Hz y
1MHz, pero que nasotros hemos limitado a S KHz y 100 KHz.
La frecuencia es invarsamente proporcional al producto ds
Ry C:

fFo=1 /7 CR ©)
Los valores elegidos han sido:
C=1,5nF.
R = BK70t + Potenc. de 100 K@
Que estan dentro del rango recomendado por el fabricante.

El otro 1.C. que necesitamaos es el NE-555, que sera
el que nos produzeca la modulacion.

La frecuencia de oscilacion depende de 1la senal de
"Clock”, si 1la entrada del ciruito esta puesta a masa. Y
cuando introduzcamos una senal moduladora ademas dependera
de esta.

La senal de "Clock” procedente del XR-2209 tiene una
amplitud de 12 VUpp, lo cual es muy alto, porque sl NE-555
en su entrada de trigger (patilla 2) solo admite 2/3 de

Ucc.
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Al sar Ucc = 12 VU, hemos pussto un divisor de tension
en la entrada, formado por dos resistencias de valores:
Rb = 12Kke y Rc = 22K
Entre la salida del XR-2209 y el divisor de tgnsion a
la entrada de trigger del NE-555, hemos puesto un buffer
(el 4050), para asegurar gue la senal de clock 1llega en

perfectas condiciones a el NE-555.

Como practica, proponemos calcular Kd. Para ello
procederemos de la manera siguiente:

a) Ajustamos el XR-2209 para wuna frecuencia de
oscilacion de 10 KHz.

b) Ponemos a la entrada una onda cuadrada de 10 Upp y
l KHz de frecuencia, situandola sobre el nivel de 0OV de
DC. Ahora podemos apreciar como varia la duracion de los
pulsos cuando el nivel de entrada es de OV y cuando es de
10 V. lLuego midiendo estas duraciones en el osciloscopio,
vemos que para OU es de 60 x 10°¢ Seg. y para 10 VU es de
90 x 10 Seg.
Entonces, para £(nT) = 10 VU,

Kd = f(nT) 7/ D = 10 V / (90 x 10°° Seg) = 111 x 103
NOTA:

La tension de la onda moduladora noc debe socbrepasar

los 10 Vpp.
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La senal moduladora debe estar situada sobre el nivel

de OV de DC.
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3.2 MODULACION POR POSICION DEL PULSO C PPM 1J:

En los casos anteriores de modulaciones por pulsos
habiamos hecho que variara, primero la amplitud para 1la
modulacion PAM y luego la duracion dse los pulsos para la
modulacion PDM.

En este tercer tipo de modulacion por pulsos, se
emiten pulsos iguales en intervalos de tiempo diferentes,
el ritmo de repeticion de los pulsos varia, siendo el
tiempo de adelantoc o retardo proporcional al mensaje

modulador.

P = Kp £¢(nT)

mm>

» t
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3.3.2 DESARROLLO PRACTICO:

El 1.C. elegido para disenar el circuito de la
modulacion PPM, ha sido al igual que para 1la PDOM, el
XR-555.

El circuito es muy sencillo, en sl la frecuencia de
oscilacion, con la sntrada puesta a masa, depends dsl
condensador C y de la resistencia Ra. Y al introducirle
una senal moduladora tambien dependera de esta.

Variando la resistencia Rb, podemos rectificar el
ancho de los pulsos.

La patilla 4 (de reset) la tenemos puesta fija a +VU

para impedir disparos srroneocs.

Proponemos como practica el calcular la constante Kp.
Para ello realizamos lo siguiente:

8) Ponemos la entrada del circuitoc a masa, haciendo
F(nT) = OV. Y aobtendremos una serie de pulsos con periodo:
Ta = 1,5 x 10°* seg.

b) Ponemos una tension DC de 3 VU a la entrada. Y a la
salida obtenemos una serie de pulsos de periodo:
| Tb = 1,8 x 10°‘ Seg.
Luego 1l1la posicion de los pulsos ha cambiado con la
amplitud de la senal de entrada. Este cambioc de posicion

lo medimos en segundos, y es:
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P=Tb - Ta = (1,8 x 10% - ¢ 1,5 x 10%) = 30 uSeg.
Como: P = Kp £f(nT)
entonces despejando Kp.

Kp = F(nT) /7 P = 3 Volt. /7 30 uSeg. = 0,1

NOTA

La senal moduladora no debe sobrepasar los 3 Upp.

La amplitud maxima de la senal modulada es ds 12 Upp.
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GENERAL DESCRIPTION

The XR-2209 is a monolithic variable frequency oscillator circuit featuring excellent temperature stability and a wide linear sweep
range. The circuit provides simultaneous triangle and squarewave outputs over a frequency range of 0.01 Hz to 1 MHz. The fre.
quency is set by an external RC product. It is ideally suited for frequency modulation, voltage to frequency or current to frequency
conversion, sweep or tone generation as well as for phase-locked loop applications when used in conjunction with a phase comparator
such as the XR-2208.

The circuit is comprised of three functional blocks: a variable frequency oscillator which generates the basic periodic waveforms
and two buffer amplifiers for the triangle and the squarewave outputs.

The oscillator frequency is set by an external capacitor, C, and the timing resistor R. With no sweep signal applied, the frequency of
oscillation is equal to 1/RC. The XR-2209 has a typical drift specification of 20 ppm/°C. Its frequency can be linearly swept overa
1000:1 range with an external control signal.

FEATURES ABSOLUTE MAXIMUM RATINGS
Excellent Temperature Stability (20 ppm/°C) Power Supply o 26 volts
Linear Frequency Sweep . Pov(\;er Dissipation (package limitation)

‘ . eramic package 385 mW
Wide Sweep Range (1000:1 Min) Plastic Package 300 mW
Wide Supply Voltage Range (£4V to £13V) Derate above +25°C 2.5 mW/°C
Low Supply Sensitivity (0.15%/V) Temperature Range
‘Wide Frequency Range (0.01 Hz to 1 MHz) Op)irlgtigzgog“ 55°C 1o +125°C

o - Output 22091 . - to +
Simultaneous Triangle and Squarewave Cutputs XR-3909C 0°C to +73°C

. _ Storage —65°C to +150°C
APPLICATIONS - AVAILABLE TYPES
Voltage and Current-to-Frequency Conversion Part Number Package Operating Temperature
Stable Phase-Locked Loop XR-2209M Ceramic —55°C to +125°C
Waveform Generation XR-2205CN Ceramic 0°C to +75°C
FM and Sweep Generation XR-2209CP Plastic 0°C to +75°C
EQUIVALENT SCHEMATIC DIAGRAM FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS — PRELIMINARY =

Test Conditions: Test Circuit of Figure 1, V¥ =V ™ =6V, Ty = +25°C, C=5000pF,R=20KQ, Ry =4.7Kq.
S1 and S closed unless otherwise specified.

XR-2209M XR-2209C
PARAMETERS UNITS CONDITIONS
MIN. TYP. MAX. | MIN. "TYP. MAX.
GENERAL CHARACTERISTICS .
Supply Voltage
Single Supply 8 26 8 26 v See Figure 2
Split Supplies +4 +13 +4 +13 . |V See Figure |
Supply Current .
Single Supply 5 7 5 8 mA Measured at pin 1, S1, S open
See Figure 2
Split Supplies
Positive S 7 5{.. 8 mA Measuzed at pin 1, S1, S2 open
Negative ’ 4 6 4 7 mA Measured at pin 4, $1, S2 open
OSCILLATOR SECTION — FREQUENCY CHARACTERISTICS
Upper Frequency Limit 0.5 1.0 0.5 1.0 MHz C=500pF,R=2KQ
Lowest Practical Frequency 0.01 R Q.Ol Hz C=50uF,R=2 M0
Frequency Accuracy . +1 +3 i 5 % of fo
Frequency Stability o o
Temperature 20 50 30 pom/°C | 0°<T4 <75°%C
Power Supply 0.15 0.15 BV
Sweep Range . 1000:1 3000:1 1000:1 fH/fL R = 1.5 K@ for fy)
' R =2 MQ for fy,
Sweep Linearity T % C=5000 pF
10:1 Sweep 1 2 1.5 fiy = 10 kHe, ff = 1 kHz
1000:1 Sweep S 5 fy = 100 kHz, ff = 100Hz
FM Distortion 0.1 0.1 % +10% FM Deviation
Recommended Range of 1.5 2000 1.5 2000 K2 - | See Characteristic Curves
Timing Resistors :
Impedance at Timing Pin 75 + . 15 n Measured at pin 4
OUTPUT CHARACTERISTICS
Triangle Output Measured at pin 8
Amplitude 4 6 4 6 Vpp
Impedance 10 10 Q
Linearity 0.1 0.1 % | 10% to 90% of swing
Squarewave Output Measured at pin 7, Sy closed
Amplitude 11 12 11 12 Vpp
Saturation Voltage 0.2 0.4 0.2 0.4 v Referenced to pin 6
Rise Time i 200 200 nsec CLS10pF,RL=4.7K0
Fall Time 20 20 nsec CL<10pF
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P74 Nationa!l
274 Semiconductor

CD4043M/CD4049C Hex Inverting Buffer
CD4050BM/CB4050BC Hex Non-nverting Buffer

General Description

These hex buffers are monolithic compliementary MOS
{CMOS) integrated circuits constructed with N- and P-
channel enbancement mode transistors. These devices
feature logic level conversion using only one supply
voltage {Vpp). The input signal high level {¥;y) can exceed
the Vpp supply voltage whan these devices are used for
logic level conversions. These devices are intended for
usa as hex buffers, CMOS to DTL/TTL converters, or as
CMQS current drivers, and at Vppg = 5.0V, they can drive
directly two DTL/TTL loads over the full cperating tem-
perature range.

Features

8 Wide supply voltage range 3.0Vio 15V

& Direct drive t0 2 TTL loads at 5.0V cver full tempera-
ture range

B High source and sink current capability

® Special input protection permits input voltages greater
than Vpp

Applications

® CMOS hex inverteribuffer

# CMOS to DTUTTL hex converter

B CMOS current “'sink’ or ‘'source’ driver
® CMOS high-to-low logic level converter

Connecticn Diagrams

CD404IM/CDA049C CD40s08M/CDAI0SOBC
Dual-in-Line and Flat Package Cual-In.-Line and Flat Package
NC (£33 £ NG K=E E 10 (] NE L=F ] NC K=t £ =0 [
lw 'ls 4 ll] ||2 " 19 9 LE 15 14 ll: '11 i !m 9
l ) l 2 3 I 4 5 5 7 [ 1 2 3 0 s 5 ? [
Vogg G=A A Ha23 8 1=C 4 Vss Vga G=A A H=B 3 i<C ¢ Vss
TOP VIEW T3P VIEW
. »
Schematic Diagrams
CD404341/CD4049C CD40508M/CD4050BC
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CD4049M/CD4049C, CD40450BM/CD4050BC

Absolute Maximum Ratings
(Notes 1 and 2)

Vo Suoply Votiage -0.5V 10+ 18V
Vin Input Voltage -CEV 1o +18V
V@uT Voltags at Any Output Fin 05V o Vg + 0.5V
Tg Storage Temperatuee Range —65°C 10 +150°C
Pp Package Dissipation 500 mw
TL'Lead Temperature (Scloering, 10 seconcs} 00°C

Recocmmended Cparating Conditiong

{Note 2}

Vpp Supety Voliage
Vi Input Voitage

VouT Voitage at Anv Qutput Fin

T a Operating Temperature Range
CO4048M, CDA0508M
CD4043C, CL40508C

DC Electrical Characteristics cp104amicD40508M (Note 2)

3V s,
OV 1o 15,
Ctwe VDD

£57C 10 +125' ¢
—40°C to +85°¢

-55°C 25°C 125°C
PARAMETER CONDITIONS MIN MAX MIN TYP MAX MIN MAX UNits
I0p  Quiescent Device Current Vpp = 5V 1.0 o.c1 1.0 C LA
Voo = 10V 20 co 20 60 KA
Vpp = 15V 4.0 0.03 4.0 120 A
VoL Low Level Cutout Voitage ViH =Vpp. ViL = 0. :
Hpl< 1 uA i
Vpp = 5V 6.05 0 005 0.05 [
Vps = 10V - 0.05 ) 0.05 0.05 v ]
Vpp = 15V 0.05 1] 0.05 0.05 v i
VO High Level Qutout Voltage Vig=Vpp. ViL = 0.
llgi< 1pA
Vpp = 5V 495 4.95 5 4.95 v
Vpp = 10V 995 9.95 10 9.85
Vpp = 15V 14.95 14.85 15 14.95 v
ViL  Low Leve! Input Voliage ilgh< 1 pA
{CDA0SGEM Only) Vop =5V, Vo =05V 1. 225 1.3 1.5 v
Vpp = 10V, Vg = 1V 3.0 45 30 30 Vo
Vpp = 15V, Vg = L8V LX) 6.75 40 4.0 v
Vit Low Level input Voitage ligh< 1 uA
{CD4038M Oniy) Vpp =5V, Vp=4.5v 1.0 1.5 1.0 1.0 v
Vpp = 10V, Vo = 9V 20 25 2.0 20 v
Vrp = 15V, Vo = 13.5V 3.0 35 3.0 30 v
ViH High Level Input Voltage Noi< 1 ua
{CD40SOBM Only) Vpp =5V, Vo=4.5V 35 35 2.78 385 v
Vpp = 10V, Vo= 8V 7.0 7.0 55 70 v
Vpp = 15V, Vo = 13.5V 1.0 1.0 828 11.0 v
V4 High Lavet Input Voltage Hol< 1 uA
(CD4049M Oniy) Vpp =5V, Vo =05V a0 4.0 35 4.0 v
Vpp = 10V, Vg = 1V 8.0 8.0 75 8.0 v
Vpp = 15V. Vo = 1.5V 120 320 ns 122 v
1oL Low Leval Output Current Vi =Vpp. Vi =0V
(Note 3) Voo =5V, Vo= 04V 55 45 s 32 mA
Vpp = 10V, Vg = 0.5V 12 98 T2 6.8 mA
Vpp = 15V, Vg = 1.5V 35 2% 40 20 mA
oW High Level Output Current Vi = VDD. Vi = OV
{Note 3) Vpp =5V, Vg =4.6Vv -3 -i.t -1.6 .72 mA
Vpp = 10V, Vo = 9.5V -26 -22 -26 -15 mA
Vpp = 15V, Vo= i35v | -80 -1.2 -12 5.0 mA
N Input Currest Vpp = 15V, Vin =~ OV 0.1 -1075 | -0a -1.8 A
Voo = 15V, Vi = 15V 0.1 1075 0.1 1.0 uA
Nots 1@ “Absoluta Maximum Ratings™ sre those values beyond which the safety of the device cannct ba gusrantaed; thay are not meant to imply {
that the devices should be Operated at these limits. The tsdble of “Recommandad Operating Conditions’ and "Electrical Cheracteristics’” provides
conditions for actual device operation.
Nots 2: Vgg = CV uniess otherwise specitied.
Note 3: Tnese 2re peek output current casabilities. Continuous output current is rated 8t 12 mA maximum, The output current should nct be
sliowsd to exceed this value for extended pariods of tima.
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4043C/CD4I50BC (Note 2;

=20 C 25 < 85°¢C
PARAMETER CONDITIONS T UNITS
MiN | max MIN TyP MAX MIN MAX
1op Guiescent Dewice Current vpp ® 5V 4 co3 40 30 bA
Vep = 10V g 005 80 60 A
VDD = 15V i6 co7 16.0 ke uh
voL Low teve Qusput Voltage ViH = VDD, Vip = 0V,
o' < 1A
Voo = 5V 0.0z 5 0.05 0.05 v
Vop = 18V 0.05 ¢ 005 003 \%
vpp = 15V cos o 0.05 005 v
VoH Hign Levei Qutput Voltage Vin = VD, Vi =0V,
g < 1A
Vpp = 5V 4.95 495 5 4.95 v
Vpp * 0V 89.55 .95 10 9.85 v
Voo = 18V 14.95 14.85 i5 14.95 v
viL Low Level input Vollage Hol<1uA
{CD4050BC Only) Vpp =5V, vp=95V 1.3 225 1.5 1.5 \2
Vpp = 10V, Vg = 1V 30 45 30 3.0 v
Vpp = 15V, Vg = 1.5V 40 6.75 4.0 40 v
ViL Low Level incut Voitage Hol< T A
(C04043C Only} Vpp =5V, vo=4.5V 1.0 1.5 1.0 i0 v
Vpp = 10V, Vg = 9V 2.0 - 25 20 20 \
Vpp = 15V. Vg = 13.5V 30 35 3.0 3.0 v
Vi High Level tnput Voitage ot < 1A
{CD40E03C Oniy} VoD =5V, Vo =4.5V 35 35 2.7% v
vpp = 10V, vo = 9V 7.0 7.0 55 0 v
vpp = 15V, Vo = 135V 1.0 1.0 8.25 10 v
Vi Hign Level Input Voitage hoi<< 1 uAa
{CD4045C Cniy) Vpp =5V, Vo =05V 4.0 a0 5 49 v
Vpp =10V, Vg = 1V 80 80 5 80 \
Vpp = 15V, Vg = 1.5V 120 120 18 12.0 v
1GL  Low Levei Output Current Vil = VoD, VL =0V
(Note 3} VpD =5V, VQ=0.4v 46 4.0 2 mA
Vpp = 10V, Vg = 0.5V 9.3 85 12 8 ma
Vpp = 15V, VA = 1.5V 29 25 40 mA
ioH  High Level Cutout Current ViM = Vpp. VL = 0V
(Noze 3) VDD =5V, Vo =46V -1.0 ~0.9 -1.6 ~0.72 mA
Vpp = 10V, Vg = 9.5V -2.1 ~19 -36 -15 mA
Vpp = 15V, vg = 135V | -7.1 ~6.2 -12 -5 mA
WN  input Current Vpp = 15V, VN = OV 0.3 ~0.3 -1078 -1.0 HA
VDD = 15V, ViN = 15V 0.3 53 1078 10 uA
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AC Electrical Characteristics cosnasmicnananc

Ta =25°C, C = 50 pF, Ry = 200k, t; = tf = 20 ns, unless otherwise specified.

CD4049M/CD4049C, CD40450BM/CD4050BC

PARAMETER CONDITIONS MIN TYP MAX UNITS
tpyt  Propagatior: Defay Time High-to-Low Level Vpp =5V 30 65 ns
Vpp = 10V 20 40 ns
Vpp = 15V 15 30 ns
1pLH Propagation Delay Time Low-to-Hign Level VpD = 5V 45 BS ns
Vpp = 10V 25 45 ns
Vpp = 15V 20 35 ns
THL  Transition Time High-to-Low Level Vpp =5V 30 €0 ns
Vpp = 10V 20 40 ns
Vpp = 15V 15 30 ns
TLH Transition Time Low-to-High Level Vpp =5V 60 120 ns
Vpp = 10V 30 55 ns
vpp = 15V 25 45 ns
Cin input Capacitance Any Input 15 225 oF
AC Electrical Characteristics cpscsoamicosososc
Ta=25°C, C = 50 pF, R_= 200K, tr = tf = 20 ns, uniess otherwise specified,
PARAMETER CONDITIONS MIN TYP MAX UNITS

tpil  Propagation Delay Time High-to-Low Level vVpp = 5V 60 110 ns
) VpD = 10V 25 55 ns
Vpp = 15V 20 30 ns
tpH Propagation Delay Time Low-to-High Leve! Vpp = 5V 60 120 ns
Vpp = 10V 30 £5 ns

Vpp = 15V 25 45 ns .
tTHL Transition Time High-to-Low Level Vpp = 5V 30 €60 ns
Vpp = 10V 20 40 ns
Vpp = 1BV 15 30 ns
tTTLH  Transition Time Low-to-Hignh Levei Vpp =5V 60 120 ns
VpD = 10V 30 55 ns
Vpp = 15V 25 45 ns
Cin Input Capacitance Any input 5 75 pF
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Timming Clrcuit

'

GENERAL DESCRIPTION

The XR-555 monolithic timning circuit is 2 highly stable controller capable of producing accurate timing puises. it is a direct, pin-
for-pin replacement for the SE/NE 555 timer. The circuit contains independent control terminals for triggering or resetting if
desired, as shown in the functional block diagram of Figure 1.

In the monostable mode of operation. the time delay is vontrolled by one external resistor and one capacitor. For astable operation
as an oscillator. the free-running frequency and the duty cycle are accurately controlled with two external resistors and one capa-
citor (as shown in Figure 2).

The XR-555 may be triggered or reset on falling waveforms. lts output can source or sink up to 200 mA or drve TTL circuits.

FEATURES ABSOLUTE MAXIMUM RATINGS

Dircct Replacement for SE/NE 555 Power Supply 18 volts
Timing from Microseconds Thru Hours Power Dissipation {package limitation)

Cperates in Both Monostable and Astable Modes Ceramic Package 385 mW
High Current Drive Capability (200 mA) Plastic Package 300 mW
TTL and DTL Compatible Qutputs Derate above +25°C 2.5 mW/°C
Adjustable Duty Cycle Storage Temperature —65°C to +125°C

Temperature Stability of 0.005%/°C

APPLICATIONS AVAILABLE TYPES

ireicisign Tin:fng riissin‘i'fc’ju:}seMl)etelcti.on Part Number Package Operating Temperature
ulse e.nera. lo‘n ulse-Widt ‘ c?ci.u ation XR-555M Ceramic —53°C 10 +125°C

Sequential Timing Frequency Division XR-355CM Ceramic 0°C to +75°C

Pulse Shaping Pulse-Position Modulation cex " ° °

XR- P ¢
Clock Generation Appliance Timing R-355C Plastic 0°C o +75°C
EQUIVALENT SCHEMATIC DIAGRAM FUNCTIONAL BLOCK DIAGRAM

e $ %12
L pr
"= 5ot
y .__Ku,,
~ r_____K.;H c,=:4~"0| 1

8 l WVee
<%
- $39x
Y".*’:GE=| 2 7 la.ﬁcu:.pce
3
ey QU TP T
@23

& §rHRESHOLD

< L
2z S . 2E8ET E

5 { conthROL

] Ied

Y3
AN
8;‘
P
FE

itn realizada por ULPGC. Biblioteca Universitaria, 2008

to, los gutores. Digitali

©Del



ELECTRICAL CHARACTERISTICS

Test Conditions: (T, = 25°C. V. = +3V 10 +15V, unless otherwise specificd.)

XR-555M XR-555C ' . ;
PARAMETER MON. [ TYP, VAKX, | MIN. [ TvP [Max. | OIS CONDITION
Supply Voluge 4.5 15 4.5 6 \
Supply Current ’ Low Stzte Output {Noic 1)
3 S 3 6 mA VCC =3V RL =
10 12 10 15 mA Vee = 13V R =
Timing Error (Monostable) ' Ra.Rg =1 KQ 1o 100 KD
‘ Initial Accuracy 051 20 1.0 3.0 o Note 2,C =0.1 uF
Drift with Temperature 30 | 100 50 ppm/°C | 0°C €T, <75°C
Drift with Supply Voltage 0.0§ 0.2 0.1 0.5 IV
Timing Error {(Astadle) Ra,Rg =1 KQ 0 ICOKD
Initial Accuracy {(Note 2) 13 2.25 % C=0.1yuF
Drift with Temperature 90 150 ppm/°C | Ve = 15V
Drift with Supply Voliage 0.15 0.3 %IV
Threshold voltage 94 | 100 | 106 83 | 100 11.2 % Vee = 15V
27 13331 40 24 13331 4.2 1'% Vee =5V
Trigger Voltage 145 11.67 1.9 1.67 \' Vee =3V
| 48 | 50| 5.2 5.0 \' Vee = 13V
{ Trigger Current 0.5] 0.9 051 20 UA
Reset Voltage 04 0.7 1.0 04} 07 1.0 \' Trigger Input High
| Reset Current 041 10 04 LS mA
{ Threshold Current 0.t }0.23 0.1 10.25 UA {Note 3)
Control Yoltage Level 27 13.334) 40 24 1333 4.2 Vv Vee =3V
94 [ 100 | 106 88 {100} 11.2 \% Vee = 13V
Output Voliage Drop (Low) Vee =3
: 0.10 1025 03 Vv lgink = 8.0 mA
005} 0.2 0.25 1 0.35 v Link =50 mA
VCC =15V
0.1 | 0.15 0.1 10.25 ' lsink = 10 mA
041 05 041 0.75 Vv Link =30 mA
01 2.2 2041 25 \% fink = 100 mA
25 25 \'4 Link =200 mA
Quiput Voliage Drop (High) lsource = 100 mA
301} 33 275 33 \ Vee =5V
13 {133 12,75 [ 13.3 A% Vee = 13V
Lource = 200 mA
12.5 125 \% Voo = 13V
Turn Off Time (Note 4) 0.5 20 0.5 S Vieser High
Rise Time of Output 100 | 200 100 | 300 nsec
Fall Time ot Quiput 100 | 200 100 § 300 nsec
{ Discharge Transistor Leakagé 20 | 100 20| 100 nA

Note I: Supply current when output is high is typically 1.0 mA less.

Note 2: Tested at V(- = 5V and V¢ = 15V,

Note 3: This will determine the maximum value of Ry + Rg for 15V operation. The maximum iotal R = 20 megvhms und fvr 3V
operation. the maximum Ry = 3.4 megohms.

Note 4: Time measured from a positive-going input pulse from 0 to 0.8xV¢c into the threshold to the drop from high to low of
the output. Trigger is tied to threshold.

SV
RESET| - e
T=11R,C 4 8 R
A AL T A 4] 8

? 3 7
ouTPUT 3 -l ﬂ r ouTPUT
}4—7—.“ 6 RB
' ! XR 555 xasss |
l [ ) < .
2 5
TRIGGER L_j_ 1: ::N%TJTTROL 5 [
0.01,F . 146 ¢
1 T{RL- 2RgC '
}' -:_[_-- CONTROL AR 8 I
~  VOLTAGE s —
= DUTY CYCLE = EyeE e .

Figure 1. Monostable (One-Shot) Circuit. 17 Figure 2. Astable (Free-Running) Circuit.
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uA556

DUAL TIMING CIRCUIT
FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION ~ The uAS58 Timing Circuits are very stable controllers for producing
accurate time deiays or ascillations, in the time datay maode, the dalay time is pracisaly controtied by
one external fesistor and one capacitor; in the oscillator modas, the frequancy and duty cycle are both
accurately controlled with two sxtarnal resistors and one capacitor. By applying a trigger signal, the

timing cycle is started and an internal flip-fop is set, immunizing the circuit from any further trigger

signals. Ta interrupt the timing cycie a reset signal is applied, ending the time-out,

The output, which is capablie of sinking or ing 200 mA, is
drive relays or indicator famps,

with TTL circuits and can

The 4AS556 Dual Timing Circuit is a pair of S55s for use in isl timing or ications requiring
multiple timars.

MICROSECONDS THROUGH HOURS TIMING CONTROL
ASTABLE OR MONOSTABLE OPERATING MODES
ADJUSTABLE DUTY CYCLE

200 mA SINK OR SOURCE QUTPUT CURRENT CAPABILITY
TTL QUTPUT DRIVE CAPABILITY

TEMPERATURE STABILITY OF 0.005% PER °C
NORMALLY ON OR NORMALLY OFF QUTPUT

LI S S N Y

ABSOLUTE MAXIMUM RATINGS

CONNECTION DIAGRAM
14-PIN DIP
{TOP VIEW)
PACKAGE QUTLINES 6A 9A
PACKAGE CODES DO P

OISCHARGE
THAESHOLO

CONTROL
=1 VOLTAGE

MESET
QuTuT

TAIGGER

Supply Voitage
Power Dissipation
Operating Tempaerature Ranges
#AS56 DC/PC
HASSEDM
Storage Temperature Range
Pin Temperature {Soldering}
(1051 Plastic OIP (9A}
(60 5} Ceramic DIP (BA)

+18v

600 mwW
Pet0490" OROER INFORMATION
RSN TYPE PART NO.
s C 041500 HASEE 4AS550C
ASEE 4ASSEDM
60°C LAESE AS56PC

300°C

BLOCK DIAGRAM

resuoio ———

.

_._¢._ THRESHOLD
cOmr

CONTAOL VOLTAGE —(rL

#——- CONTRQL YOLTAGE

FLIPFLOP

. _‘[_ _$-—Vcc

! .

|

I

I

|

|

|

|

L

O TRIGGER
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FAIRCHILD + AS58

ELECTRICAL CHARACTZRISTICS: Ta= 25°C, Vog= +5.0 V to +15 V, unless otherwise specified

HAS56DM 4A5560C/PC
CHARACTERISTICS TEST CONDITIONS MIN TYP MAX MiN TYP MAX unITS
Supply Voltage 45 18 4.5 16 v
VEG=50V,R == 5.0 10 6.0 12 ma
Suppiv Current {Total} Voo~ 15V, Ry ==
LOW State {(Note 1) 20 22 20 28 mA
Timing Error (Monostable) .
Initial Accuracy Ra = 2 k2 1o 100 k0 a8 1.5 0.78 %
Orift with Temperature €= 0.1 uF {Note 2) 30 100 50 pom/’C
Orift with Suppiy Voitage 0.05 0.2 0.1 %V
Timing Error {Astable)
Initial Accuracy Ra, Rg = 2k t0 100 k& 15 2.25 %
Drift with Temperature C = 0.1 uF INote 2) 90 150 ppm/"C
Orift with Supply Voltage 0.15 0.3 %V
Threshold Voitage 23 213" X Vee
Threshoid Current Note 3 30 100 30 100 aA
Veg =15V 48 5.0 5.2 5.0 v
Trigger Voitage Ve =50V 145 | 167 19 167 v
Trigger Current 0.5 0.5 HA
Reset Vottage 0.4 0.7 1.0 0.4 0.7 1.0 v
Reset Current 0.1 0.1 mA
Control Voltaga Laved Vee=15v 9.6 10 10.4 9.0 10 11 v
Voo =50V 28 333 3.8 26 3.33 4.0 v
vec 15V
ISINK = 10MA 0.1 0.15 0.1 0.25 v
ISINK = 50 mA 0.4 0.8 0.4- 0.7% v
Output Voltage (LOW) 'sink * 100 mA 20 | 225 20 | 27 v
ISINK = 200 mA 25 2.5 \%
Ve =50V
ISINK =8.0mA 0.1 0.25 v
IsiNK = 5.0mA Q.25 0.35 v
ISOURCE = 200 mA
Veg= 15V 12.5 12.5 v
Output Voltage {HIGH) ISOURCE = 100 mA
Vee=15Vv 13.0 13.3 12.75 13.3 v
Vee * 5.0V 3.0 33 275 33 v
Rise Tima of Qutput 100 100 as
Fall Time of Output 100 100 ns
Oischarge Leakage Current 20 100 20 100 aA
Matching Characteristics (Note 4)
Initial Timing Accuracy 0.05 0.1 0.1 0.2 %
Timing Drift with Tamperature £10 £10 ppm{°C
Drift with Suppiy Voltage 0.1 0.2 0.2 0.5 %V

NOTES:

1. Supply current when output is HIGH Is typically 1.0 mA less,
2, Tested st Vep ® 5V and Vo = 15 V.

3. This will dererming the maximum valus of R4 + Ag for 15 V operation. The maximum towal R = 20 M.
4. Matching characteristics refer 10 the differsnce between performance characteristics of aach timer section,
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FAIRCHILD + xAS556

MINIFMUM PULSE WIDTH
REQUIRED FOR TRIGGERING
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FAIRCHILD » uAS58

EQUIVALENT CIRCUIT {One Half of uAB56)
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TYPICAL APPLICATIONS

MONOSTABLE OPERATION

In tha monostable mode, tha timar functions as & ane-shot. Referring
to Figure 1 the externai capacitor is initially held discharged by a
transistor inside the timer,

When 8 negative trigger puise is applied to lesd 6, the fiip-flop is
ez, releasing the short circuit across the external capacitor and
drives the output HIGH.The voitage across the capacitor, increases
exponentially with the time constant r = R1C1. When the voitage
across the capacitor equais 2/3 Vg, the comparator resats the
flip-flop which then discharges the capacitor rapidly and drives the
output to its LOW state. Figure 2 shows the actual waveforms
generated in this mode of operation.

The circuit triggers On a negativegoing input signal when the level
reaches 1/3 Voo, Once triggered, the circuit remains in this state

until the sat time has elapsed, #ven if it is triggered again during
this interval. The duration of the output HIGH state is given Dy
t= 1.1 RIC1 and is sasily datermined by Figure 3. Notice that since
the charge rate and the thrashold ievel of tha comparator are both
directly praportional to supply voltage, the timing interval is inda-
pendent of supply. Applying a negative puise simultaneously o the
Resat terminal {lead 4) and the Trigger terminsi {lead-G) during the
timing cycle discharges the sxternai capacitor and causes the cycle
10 start over. The timing cycle now starts on the positive edge of the
reset pulse, During the time the resat pulse is appiiad, the output
is driven to its LOW state.

When Resat is not used, it shouid pe tied nigh to svoid any
possibitity of false triggering.

weg s 10

g1 "

.

TRIGGER .

1201~V

T T
OORST ~ 78 wr0e

QUTPUT VOLTAGE « 80 ViDIV

HIERINIERNIE,
AT [

7 7/

CATACITOR VOLTAGS - 1.0 VDIV

LRI STV RO PY UIPV R "R X IV-]

TIME DELAY AS A FUNCTION
OF R1AND C1

) (A
i ' 4 //Z
A4/
nyavd

Tieg DfLay

Fig. 3
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ORDERING INFORMATION

Devi T t R, Packa
MC149v5t. .mof;rt'ou:()’::nga Cer'a:nicgl;lP M01495L

MC1595L ~55°C to +125°C Ceramic OIP MCISQSL

r Specifications and Applications Information _]

WIDEBAND MONOLITHIC LINEAR FOUR-QUADRANT
FOUR-QUADRANT MULTIPLIER MULTIPLIER INTEGRATED
.. . designed for uses where the output is a linear product of two : ' CIRCUIT

input voltages. Maximum versatility is assured by allowing the user

to select the level shitt method. Typical applications include: multi- MONOULITHIC SILICON

ply, divide®, square root’, mean square®, phase detector. frequency EPITAXIAL PASSIVATED

doubler, balanced modulator/demodulator, electronic gain control.
*YWhen used with an operationsl amplitier.

& Wide Bandwidth

o Excellent Linearity = 1% max Error on X-Input, 2% max Error on
Y-lnput — MC1595L

® Excellent Linearity — 2% max Error on X-Input, 4% max Error on
Y-input ~ MC1495L

e Adjustable Scale Factor, K

o Excelient Temperature Stability

CERAMIC PACKAGE

® Wide Input Voltage Range — + 10 Volts CASE 632
TO-116

e + 15 Voit Operation

FIGURE 1 ~ FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 - TRANSCONDUCTANCE BANOWIDTH

e T I T 0 .
*8.0 x - .———I— ,\Q’A i
0
o JEg al i =
aG— 4 1 N
[ S
1 YL LA ™
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ELECTRICAL CHARACTERISTICS (V" =432V, V- =-15V, T4 = +25°C, I3 =113= 1 mA, Ry = Ry = 15k{L
R = 11 k§2uniess atherwise noted)

-

Characteristic Figure Symbol Min Typ Max Unit
Linearity:
Output Error in Percent of Fyil Scale: 5 %
Ta = +259C
10K VX< +HI0 (Vy » 210 V) MC1495 ERx - +1.0 +20
MC1595 - +05 +1.0
10K Vy < F10 (V=210 V) MC1495 ERy - +20 | +40
MC1585 - +1.0 +20
Ta * 0to+70°C MC1495 - -
S1I0K VXL +10 (Vy =210 V) ERX - +15 -
-10<Vy<K +10(Vx =¢10 Vi ERyY - +30 -
Ta = -55°C 10 +125°C MC1595
S10K VX< +10 {Vy =10 V) Eax - +0.75 -
~10& Vy < +10 (Vy =£10 V) ' ERy - +1.50 -
Squaring Mode Error:
Accuracy in Percent of Full Scale After S Esq %
Ottset and Scale Factor Adjustment
Ta = +259°C MC1495 - +0.75 -
' MC1595 - + 05 -
Ta =0to+70°C MC1495 - +£1.0 -
Ta = -559C to +125°C MC1595 + 075
Scale Factor {Adjustable)
< 2RL , o
13 Rx Ry - X ' - -
input Resistance MC1435 7 RiNX ~ 20 - MegOhms
It =20 Hz) MC1595 i - 35 -
MC149% RiNY - 20 -
MC1595 - 35 -
Differantial Quiput Resistancs (f = 20 Hz} 8 Rg - 300 - * % Ohms
input Bias Current ' P
(ig +1 {1q +1g}
o = Ug thi) oy« 48 MC1485 6 Tox 2.6 12 A
2 2 MC1535 - 2.0 8.0
MC1495 loy - 2.0 12
MC1595 - 2.0 8.0
input Offset Current
Itg = 112} MC1495 5 Fioxl - 0.4 2.0 uA
MC1595 0.2 1.0
g - igl -MC1495 Hioy! - 0.4 20
MC1595 - 0.2 1.0
Average Temperature Coefficient of -] {TCliol nAOC
{nput Offset Current
(Ta = 0to +70°C) MC1495 - 2.0 -
(Ta = -55°C 10 +125°¢C) MC 159§ - 2.0 -
Output Offset Current 6 ool A
Wya-tal MC1495 - 20 100 .
MC1598 - 10 50
Aversge Temperature Coefficient of [ ITClo0l nA/CC
Qutput Otfset Current .
(Ta = 0to +70°C) MC14395 ' - 1.0 -
{TA = -55°C 1o +125°C) MC1595 - 1.0 -
Frequency Response
3.0 dB Banawidth, R = 11 k{2 9,10 BW34a - 3.0 - MHz
3.0 d8 Bandwidth, Ry_ = 50 § {Transconductance Bandwidthl Tew3 d8 - 80 - MHz
3° Relative Phase Shift Between Vy and Vy . fo - 750 - kHz
1% Absolute Error Due 10 input-Output Phase Shift fo - 30 - kHz
Common Mode Input Swing 11 CMV Vde
(Either input) MC1495 £10.85 £12 -
MC1595 £11.5 +13 -
Common Mode Gain 1 ACM da8
{Either input) MC1495 -40 -50 -
MC1595 -850 -60 -
Common Mode Quiescent - 12 Vo1 - 21 - Vde
Qutput Voitage Vo2 - 21 -
Oifterential Qutput Voitage Swing Capabitity 9 Vo - +14 - Voeak
Power Supply Sensitivity 12 s* - 5.0 - mv/iv
S” - 10 -
Power Supply Current 12 Iy - 6.0 1.0 mA
OC Power Dissipation 32 o - 13% 170 mw
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MC1495L , MC1595L

ERx. ERY. LINEARITY (X)

EAROR. PEACENT OF FULL SCALE (%)

IVXI ORIVY(, MAX (Vpeax)

g8

a.6

04

0.2

6.0

4.0

2.0

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY versus TEMPERATURE

— N0
\ tay 1
)/
ERX | et
.28 0 »2§ +50 +15 +100 +12§
TA. AMBIENT TEMPERATUAE (°C)
FIGURE 17 - ERROR CONTRIBUTED BY
INPUT DIFFERENTIAL AMPLIFIER
T T
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FIGURE 16 -~ SCALE FACTOR versus TEMPERATURE
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FIGURE 18 - ERROR CONTRIBUTED 8Y
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FIGURE 19 — MAXIMUM ALLOWABLE INPUT VOLTAGE versus VOLTAGE AT PIN 1 OR PIN 7
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MAXIMUM RATINGS {T,5 = +25°C unless otherwise noted)

Rating Symbol Vaive Unit
Apolied Voltage av ) 30 Vdc
(Vz—V1,V14-V‘,V1-V9,V1—V12,V1—V., :
Vy1=Vg, V12=Vq, Vg=V3, Vg=~V3, V=V7]
Oifferential input Signal Vi2-Vg &+iy3Ax) Vdc
V4-Vg 2(6+13 Ry) Vdc
Maxirmum Biass Currant 13- 1¢ mA
193 10 ’
Power Dissipstion |Package Limitation) Pp
Ceramic Package 750 mw
Derste above Tz = +259°C 5.0 mw/oC
Operating Temperaturs Range Ta oc
MC1455 O 1o +70 °c
MC1585 -85 to +125
Storasge Temperature Range T“i 65t +150 | °¢
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7.1 National
Semiconductor

LF351 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional amptifier with an internaily trimmed input offset
voltage (BI-FET II™ technology). The device requires a
low supply current and yet maintains a large gain band-
width product and a fast slew rate. In addition, wel
matched high veitage JFET input devices provide very

low input bias and offset currents. The LF351 is pin’

compatible with the standard LM741 and uses the same
offset voltage adjustment circuitry. This feature allows
designers to immediately upgrade the overall perfor.
mance of existing LM741 designs.

The LF351 may be used in appiications such as high
speed integrators, fast D/A converters, sample-and-hold
circuits and many other circuits requiring tow input
offset voitage. low input bias current, high input imped-
ance, hignh slew rate and wide bandwidth. The device
has low noise and offset voitage drift, but for applica-

Operational Amplifiers/Buffers

tions where these requirements are critical, the LF356 is
recommended. f maximum supply current is important,
however, the LF351 is the better choice.

Features

® Internally trimmed offsetvoitage 10mv
a Lowinput bias current S50pA
® Low input noise voltage 16NV Hz
m Low input noise current 0.01 pANHZ
® Wide gain bandwidth 4 MHz
8 High slew rate 13 Vius
® Low supply current i.8mA
® Highinputimpedance 10129
& Low total harmonic distortion Ay = 10, <0.02%

R = 10k, Vo =20Vp-0. BW =20 K2-20kHz

m Low Yfnoisecorner 50Hz
& Fast settling time 10 0.01% 248

Typical Connection

Simplified Schematic

i vee Om . g *

IMTEANALLY
TRIMME D

Vg Ommanr & g

Connection Diagrams (Top views)

Metal Can Package

INVERTING
NPUT (s ) oureur

NCNINVERTING 0

INPUT

BALANCE

v

rNete Pin 4 connacied to case

QOrder Number LF351H
See NS Package H08C

INTERNALLY
TAIMMED

Oual-In-Line Package

1 U 3
BALANCE ——f e I
2 7 .
(RPYT et e
’::D_Lﬁ
INPUT el e QuTPYT
A k3
VT — P 3ALANCE
TCe VIEW

QOrder Number LF351N
See NS Package NO8A
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LF351

Absolute Maximum Ratings . .

™
Supply Voltage +18V
Power Dissipation (Note 1) 500 mwW
Operating Temperature Range 0°Cto +70°C-
TH{MAX) 1s°c . L
Ditferential Input Voltage £30V - -
input Voltage Range {(Note 2) _ .- =15V
Qutput Short Circuit Duration -Continuous

Storage Temperature Range ) ; -65‘0 to +150°C
Lead Temperature (Soldering, 10 seconds) ) 300°C

M

DC Electrical Characteristics ote 3

o T LF3s
SYMBOL ‘PARA_METER CpNPIT}ONS TMIN v MAX UNITS
Vos input Offset Voltage = ~ Rg =10kQ, TA=25°C 5 .10 mv
Cor Over Temperature ' B 13 mv
AVpog/aT Average TC of lnput Oﬂset Rg=10kQ ' 10 . uVI*C
Voltage - - S N .. B}
los input Offset Current ) Tj=25° C:(Notes 3.4)...| - (25 100 PA
’ ’ T|<7OC A A 4 nA
ig Input Bias Current | Tj=25°C, (Notes 3,4.70 .. " 50 . 200 ‘pA
o T&70°C ) : 8 nA
RN Input Resistance-.”" 5,1 - | Tj=25°C - 1012 B )
AvoL Large Signal Voitage Gain Vg= 215V, Tp=25°C 25 100 imV
PR - e . Vo= 10V, R =2kQ .
Over Temperature 15. vimV
Vo Qutput Voltage Swing Vg = =15V, R =10kQ =12 =13.5 : v
VoM Input Common-Mode Voltage Vo= = 11 +15 v
Range . R s= =15V . : -12 | v
CMRR Comman-Made Rejection Ratio " | Rg € 10kQ - 1 70 100 d8
PSAR Supply Voitage. Rejection Ratio, | (Note 5) - 70 100 8
Is Supply Current’ : 1.8 3.4 mA
', e
AC Electrical Characteristics (note 3)
. LF351
SYMBOL ‘ FTAﬁAMETER ‘ CONDITIONS MIN TYP MAX UNITS
SR Siew Rate e Vg = 15V, To=25°C 13 Vius
GBW Gain Bandwidth Product Vg= 215V, T =25°C 4 Mz
en Equivalent Input Noise Voltage Ta =25°C, Rg = 100Q, 16 nVIVHz
- f=1000Hz
in Equivalent Input Nolse Current T;=25°C, f = 1000Hz - 0.01 pANVHL

Note 1: For operating at eievated temperature, the device must be derated basad' on s thermal'resistance of 150 °C/W junction tc ambignt
or 45°C/W junction to case.

Note 2: Uniess otherwise spacified the “absolute maximum negative input voitage is squai to ihe negative power supply voitage.

Note 3: These specifications apply for Vg = =15V and 0°C < Tp € +70°C. Vgs, g and igg are measured at Vom = 0.

Note 4: The input bias currents are junction leakage curren!s which approximately double for every 10°C increase in the junction tem-
perature, Tj. Due to the limited production test time, the input bias currents measured are corralated to junction temperature. In normal
operation the junction temperature rises above the ambient temperature as a rasult of internal power dissipation, Pp. Tj =TA+9jA o)
whera ;4 is the thermal resistance from junction to ambient. Use of a heat sink is recommended if Input bias current is to be kept to a
minimum,

Note 5.: Supply voltage lelecnon ratio is measured for both supply magnitudes increasmg or decreasing simuitaneously in accordance
with comman praclice. .
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Typical Pertormance Characteristics

POSITIVE COMMON-MODE INPUT

INPUT 81AS CURRENT {pA}

NEGATIVE QUTPUT VOL FTAGE SWING (V) VOLYAGE LIMIT (V)

UNITY GAIN BANDWIOTH {MH2}

100

8¢

Input Bias Current

g tsy Ll
_TA-ZSC f H
R
i i t A
R
| i :
: e
o
T T
[
=10 -5 I 3 10

0

-t0

-5

45

COMMON-MGOE VOLTAGE (v}

Pasitive Common-Mode Input
Voltage Limit

T
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I i } ;
RN
i/{ [
. I i i
/ ¢ 1
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* ! t
R
T
L] 5 10 19 0
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‘1 P A
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¢ 160 W @ e¢ S3 6@ 70
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NEGATIVE COMMON-MOUE INPUT

INPUT BIAS CURRENT (pA}

OUTPUT VUOLTAGE SWING {vpp} VOLTAGE LiMiT (V)

GAIN {dB)

input Bias Current

TEMPERATURE ! (1
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Voltage Limit

T T T
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T
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Voltage Swing
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{5338930) ISvHd

SUPPLY CURRENT {mA}
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Supply Current
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LF351

Typical Performance Characteristics (continved)

COMMON MODE REJECTION RATIO (48) HSTORTION (X)

OPEN LOOP VOLTAGE GAIN (V/v)

Distortion vs Frequency

0.2 ==
Vs':lSV
01Is Frae2ste ]
sas b L)
0is T Vo r 20 Vos ]
!
81 10k
Y Av-mnl ’
0ors -, % = f Vl
0.050
0.025
T2 A
0 T
10 100 1k 10 100k

120 -
Vg u:15V
. H
110 T~ Apean |
T~ Ty 25°C
0w - Vo i
| ]
60 Vem %
< j i i
o b
4 v ’ -
CMRA = 20 LOG V_° + OPEN LOOP
M 4
0 "y gLTAGE GAIN ! !
. [
100100 1k 10K 100k 1M 1M
FREQUENCY {Hz)
Qpen Loop Voltage Gain (V/V) -
™
ER -t -
1 T+ 0CT0+15°C]
100K
T
i H |
i : T 7
i : |
10K -

FREQUENCY (Hn)

Common-Mode Rejaction
Ratio

H 10 15 20
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Power Supply Rejection
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[
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|
L !
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1 100 1K T3 100k IM 10M
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OQutput impedance
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LTA'IS <
t
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1)
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Open Loop Frequency Response

.
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] 100 1k 10k 100x
FAEQUENCY (W2}

Inverter Setting Time

i

-5

SETTLING TIME (.51

izacion realizada por ULPGC. Biblinteca Universitaria, 2008

© Del docurnento, ios autores. Digi


http://li.il

Pulse Response

Smail Signal Inverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

DUTPUY VOLTAGE SWING (5V/DIV)

TIME {2 us/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

OUTPUT VOLTAGE SWING (5v/DIV)

TIME (2 us/DIV)

Current Limit (Ry_ = 10002)

QUTPUT VOLTAGE SWING (1V/D1V)

Application Hints

The LF351 is an op amp with an internally trimmed
input offset voitage and JFETinputdevices (BI-FET 1iTM).
These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, targe differential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be

TIME {5 us/DIV)

-

allowed to exceed the negative supply as this will cause
farge currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode timit an either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
timit on both inputs will force the amplifier output to a

1SE€47
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LF351

Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
tier will be forced to a high state,

The amplifier will operate with 3 common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input
offset voitage may occur.

The LF351 is biased by a zener reference which allows
normal circuit operation on *4V power supplies. Supply
voltages less than these may result in lower gain band-
width and slew rate.

The LF351 will drive a 2 iﬂ load resistance to 210V
over the full temperature range of 0°C to +70°C. If the
ampilifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.
. .
Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently instalied

Detailed Schematic

Vee © > 4

backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing af the internal conductors and resuft in a
destroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For exampie, resistars from the
output to an input should be placed with the body close
1o the input to minimize ‘‘pick-up’” and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive, The parallel resistance and
capacitance from the input of the device (usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed toop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the ap amp. The vaiue of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parailels
is greater than or equal to the origina! feedback pole
time constant.

S as
an
RS
2
a7 0 Vo
RE
0
A7
bk ai0
+ ‘\us

vos 013\1
ADJUST
v an Y

160

Qs
ADJUST
100 100
~Veg O -

Ag ]\‘
30 a2 1
02 RS 03
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* 4, MODULACIONES DIGITALES

Hasta ahora, hemos visto las modulaciones con senales
continuas, que poseen un numero infinito de formas de
onda. En cambic en este casoc queremos modular una senal
con un numero finito de formas de onda o mensajes. Esta es
la diferencia fundamental entre los sistemas de
comunicacion de datos digitales y los de datos continuos
(o datos analogicos).

El sistema PCM (modulacion por impulsos codificados),
gs un sistema de datos digitales que se emplea para
transmitir datos continuos. Esta transmision es posible
gracias a un proceso de cuantificacion que consiste en
hacer una aproximacion de las senales continuas para que
pueadan tomar tan solo ciertas amplitudes discrestas.
Esencialmente esto es la digitalizacion de la senal
continua. Los mensajes se pueden transmitir mediante un
numero finito de simbolos ( o niveles ).

En este estudio no vamos a entrar con detalle, en 1la
modulacion PCM, y solo nos vamos a limitar a tomar una
senal digital C binaria J), donde tenemos das niveles
( alto y bajo J), y la modularemos en los tres siguientes
sistemas:

-~ ASK ( amplitude shift keying ) Modulacion Binaria

en Amplitud.

- 100 -
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- PSK ( phase shift keying > Modulacion

Fase.
- FSK ( frequency shift keying J

en Frecuencia.

- 101 -

Modulacion

Binaria en

Binaria
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4t.1 MODULACION BINARIA EN AMPLITUD [ ASK 1:

Consiste basicamente en modular en amplitud un
sistema PCM binario.

La modulacion en amplitud traslada el espectro de
baja frecuencia del PCM binario a una fracuencia superior
( a la frecuencia de portadora ).

Uno de los simbolos binarios se transmite mediante un
pulso sinusoidal S(t) dado por:

S(t) = A sen(uc t) para 0< t«<T
S(t) = 0 . en cualquier otro punto.

El otro simbolo se transmite mediante un espacio,
(ausencia de ssnal)., Una forma de onda ASK tipica se
muestra sn la figura (4.1).

La modulacion ASK tiene la ventaja de que 1la senal
moduladora es muy facil de detectar, (con un detector de
envolvente)., Peroc tambien tiene la desventaja de que
transmite corriente continua y de que la probabilidad de

error por bit es grande.

0110 0 ot tjofgr t}o

A— A~

Figura (4.1)

- 102 -
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4.1.2 DESARROLLD PRACTICO :

La modulacion ASK 1la vamos a lograr mediante el
conjunto formado por un generador de onda sinusoidal y un
multiplicador analogico.

El XR-205 nos servira para conseguir sl generador de
onda sinusoidal, Bl cual queremaos qus oscile
aproximadamente a 2200 Hz. La frecuencia de oscilacion es
inversamente proporcional al valor del capacitor Ca,
conectado entre 1las patillas 14 y 15. Con el circuito de
barrido abierto, la frecuencia fo puede ser aproximada a:

fo = 400 / Ca
donde fo ssta en Hz y Ca en uF.
Luego como queremos que oscile a 2200 Hz:
Ca = 400 / fo = 400 / 2200 = 180 nF.

Para ajustar la forma de onda de este generador hemos
puesto entre las patillas 7 y 8 el potenciometro Ra, que
minimiza el contenidoc de armonicos de la senal de salida.
El ciclo de trabajo tambien puede ser ajustado mediante la
resistencia Rb, entre las patillas 13 y 14. La maxima
amplitud de salida es de 3 VUpp.

Con el circuitao integrado MC-1495 Yy con un
amplificador operacional (el LF-351), formamos el conjunto
multiplicador analogico.

El MC-1485 es un multiplicador de cuatro cuadrantes,
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el cual se hace funcionar por el principio de las
transconductancias.

El ancho de banda se determina principalmente por las
resistencias de carga, las capacidades de salida del
multiplicador y el amplificador operacional utilizado para
cambiar el nivel de offset a la salida.

Si s8 dessa un gran ancho de bhanda debsmos poner una
resistencia de carga de bajo wvalor Yy un amplificador
operacional de gran ancho de banda.

Los maximos voltajes de entrada deben ser tal, que:

Ux (max) < I; Ry = 1 mA x 22 Ko = 22 Upp

Uy (max) < Iz Ry = 1 mA x 22 K0 = 22 VUpp

Is =1z = 1 mA
Si se excede de ese valor un lado del amplificador de
entrada se cortara y provocara una respuesta no linesal.

El rango maximo de voltaje de salida depende de 1los
componentes elegidos y de las tensiones de entrada, pero
varia segun la relacion:

Vo - - K Ux’ Uy’
Siendo Ux’ e Uy’ las tensiones a las entradas de 1los

divisores de tension de las patillas 4 y 8.

Ux’' = 2 Ux
Uy’ = Uy
Luego: Vo = - 2K Ux Uy
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El potenciometro Rc, e8s para ajustar el valor del
factor de escala K.

Hemos seleccionado Rx Ry, de forma que seguremos que
los transistores de entrada siempre esten en activo.

El voltaje de alimentacion, al igual gque el resto de
los circuitos, es de x12V,

El voltaje en la base de los transistores @5, @6, Q7
y 08 (ver hojas de datos), debe ser aproximadamente 0,7 VU
menor que sl voltaje de la patilla 1 (qus hemos fijado en
8 VU con la resistencia Rg = 3KN). Luego para que esos
transistores se mantengan en activo el voltaje en 1la
patilla 2 y 14, debe estar aparoximadamente a la mitad,
entre 81 wvoltaje de 1la patilla 1 y de +VU, o sea
aproximadamente unos 10,5 VU,

El amplificador operacional puesto a la salida (el
3513, debe tener bajas corrientes de compensacion (de
offset), Yy un altoc rango de voltaje de entrada en modo
comun.

Para conseguir un ajuste perfecto del modulador,
anulando los offset y estableciendo el factor de sscala al
valor deseado, debemos hacer loc siguiente:

1. Offset de la entrada X:

a) Conectar el generador (en 1 Xz y S Upp de onda

sinusnidal) a la entrada Y en la patilla 4.
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b) Conectar la entrada X (patilla 8> a masa.
c) Ajustar el potenciometro Ri para obtener una AC
nula a la salida.
2. Offset a la entrada Y:
a) Conectar el generador (en 1Kz y SUpp de onda
sinusocidal) a la entrada X, en la patilla 8.
b) Conectar la entrada Y (patilla 4z) a masa.
c) Ajustar Rj para obtener una Ac nula a2 la salida.
3. Offset de salida.
a) Conectar ambas entradas X 8 Y a masa.
b) Ajustar Re, hasta que =21 voltajse Uno de salida,
sea ceroc voltios DC.
4. Factor de escala.
a) Aplicar 10V. DC a ambas entradas X e Y.

b) Ajustar Rc hasta encontrar el valor deseado.

NOTA A
Para conseguir 1la modulacion ASK, la senel binaria
moduladora debe ser toda positiva. 0 sea debe estar

situada sobre el nivel de QU de tension de offset.
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4.2 MODULACION BINARIA EN FASE [ PSK 1

Para que la modulacion PCM binaria sea eficiente, se
deben emplear pulsos bipolares ( dos pulsos de altura ARA/2
y -A/2 ) en lugar de los pulsos de altura O y A. Asi, en
PCM bipolar, los dos simbolos se representan por S(t) y
-S(t).

La modulacion binaria =sn fase se puede considerar
como un PCM binario modulado en fase. Una forma de onda
PSK tipica se ilustra en la figura (‘-1.2)f

La modulacion PSK tiene las ventajas de que la
probabilidad de error por bit es pequena, y ademas se
puede detectar por envolvente. Tambien tiene un ancho de

banda menor que para el FSK.

[\,/\j\/v\j\/\f\/v\/\/\l\/\ | Figura (4.2)
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4Y.2.2 DESARROLLO PRACTICO:

Como vemos el circuito propuesto para la modulacion
PSK ®ms ml mismo que para la ASK, solamente varia la sesnal
moduladora, que en lugar de estar sobre el nivel de OV de
tension offset (toda positiva), debe situarse centrada
socbre el, con 1lo cual su valor estara cambiando de
positiva a nmgativa.

Al ser este circuito un multiplicador analogico,
cuando la senal moduladora sea paositiva, a la salida
tendremos una onda sinusoidal con una fase, Yy cuando la
sanal moduladora sesa negativa, a la salida tendremos la
misma onda sinusaidal, pero desfasada en 18B0°.

Luego, obtenemos la modulacion binaria sn Fase ASK.
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4.3 MODULACION BINARIA EN FRECUENCIA [ FSK 1]

La modulacion binaria an fracuaencia puads
considerarse como un PCM binario modulado en frecuencia.

Los dos simbolos se& representan por dos formas de onda,

S1(t) y Sact).

S1(t) = A sen(m Wo t) para 0<C t« T
Sic(t) = O para cualquier otro punto.
Y
S2(t) = A sen(n Wo t para 0<t«<T
S2(t) = O para cualquier otro punto.
en donds : Wao =2w / T

Las dos formas de onda se ilustran en la figura

(4.33,

La modulacion FSK tiene la wventaja de que 1la
probabilidad de error por bit ss pequena. Pero sin embargo
tiene la desventaja de gque su deteccion no puede hacerse

por snvolvents sino por metodos mas complicados.

WA AN, Figura (4,33
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4t.3.2 DESARROLLO PRACTICO:

Las linsas normales de la telsfonica son de la red
conmutada, asi llamada porque manejan un gran numero de
puntos de conmutacion.

Las banda pasante de una de esas lineas se extiende
entre los 300 Hz y los 3400 Hz -aproximadamente, limites
que no alcanza nunca una persona por muy ds prisa que
hable.

Sin embargo, para un ordenador la estrechez de la
banda pasante, implica una limitacion de la frecusncia de
transmision ( menos de 2400 Baudios ). Para superar sstas
restricciones las companias telefonicas disponen de linsas
de calidad superior que no aparecen an la red conmutada, y
que permiten atender transmisiones hasta 4800 Baudios,
llegando a 9600 en las espsciales.

La norma V23 del C.C.I.T.T. <(Consultative Committee
for International Telegraph and Telephone) aconseja dos
frecuencias (1200 / 75 Baudios). El canal de 75 Baudios

sirve a sfectos de control.
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El CCITT tambien tiene la norma UZ2l, pero dado gque
la UP3 es la mas utilizada, vamos a tomar esta; donde 1los
niveles altos tiene una frecuencia de 1300 Hz y los
nivelss bajos 2100 Hz.

El I.C. XR-2206 utilizado para producir esta
modulacion FSK, ya fue tambien utilizado para generar la
modulacion AM, y como alli vimos, esta compuesto por
cuatro bloques funcionales: un UCO, un multiplicador
analogico con gsnerador des onda sinusoidal, un
amplificador Buffer y unos conmutadores de corriente.

Su frecuencia de oscilacion es proporcional a2 la
corriente total oscilante, sacada de las patillas 7 u 8.

F = 320 ItC(mA) / CCuFJ) Hz.
Las patillas 7 y B son puntos de baja impedancia puestos
internaments a 3 voltios con respecto a la patilla 1i2. La
frecuencia varia linealmente con It sobre un rango de
corrientes de 1 uA a 3 mA.

Hemos puesto dos potenciometro separados Raa y Rba,
conectados a las patillas 7 Y 8 respectivamente.
Dependiendo de la polaridad de 1la senal logica de la
patilla 39, es activa una u otra de las resistencias Ra o
Rb. Si la patilla S esta a circuito abierto o conectada a
un voltaje mayor o igual a 2V, solo se activara 1la Ra.
Similarmente, si el nivel de voltaje de la patilla 8 es

menor o igual a 1V, solo se activara Rb. De esta forma la
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frecuencia de salida pumde ser controlada entre dos
niveles, fa y fb :
fa = 1 / (Ra C) fb = 1 /7 (Rb L)
Como quersmos que las frecuencias de oscilacion sean
de 1300 Hz para 1los niveles altos y 2100 Hz para los
bajos:

fa = 1 /7 (B3Kn 12,2 nF) = 1300 Hz.

1]

fb = 1 7/ (39Ka 12,2 nF) 2100 Hz.
Luego los valores tomados son:
Ra = Raa + Rab = 20Kn + 47KQ
Rb = Rba + Rbb = 20Ka + 22Ka
C = 12,2 nF.

El nivel de DC en 1la salida (patilla 2) es
aproximadamente @l mismo que el de la patilla 3. En este
caso particular la patilla 3 la hemos puesto a la mitad de
U+ (BU.), luegoc a la salida tendremos 6V de DC.

La amplitud de la salida puede variarse, porgque es
inversamante proporcional a la resistencia externa Rc
conectada a la patilla 3. Para salidas de onda sinuscidal
la amplitud es aproximadamente de 60 mU de picoc por
Ko de Rc.

Para mejorar la calidad de la senal de salida hemos
puesto los potenciomstros Rd 4y Re. El1 Re, ajusta la forma

de onda, y Rd pruduce ®1 ajuste Fino de la simetria. Los
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ajustes los debemos hacer de la siguiente forma:

a) Ponemos Rd a la mitad y ajustamos Re para la
minima distorsion.

b) Con Re ajustada, ajustamos Rd hasta reducir aun

mas la distorsion.

NOTA:

La senal moduladora no debe tener menos de 2Upp ni
mas de SUpp.

El nivel de tesion de offset debe estar entre 0OU y
1V,

Variando Rc podemos hacer que 1la amplitud de la
salida varie entre OUpp y 3Upp.

La impedancia de salida es de 6001.
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GENERAL DESCRIPTION

The XR-205 is a highly versatile, monolithic waveform generator designed for diverse applications in communication and telemetry
equipment, as well as in systems design and testing. It is a self-contained, totally monolithic signal generatcr that provides sine,
square, triangle, ramp and sawtooth output waveforms, which can be both amplitude and frequency modulated.

The functional block diagram of the monolithic waveform generator is shown below. The circuit has three separate sections: a
voltage-controlled oscillator (VCO) which generates the basic periodic waveforms; a balance modulator which provides amplitude

or phase modulation; a buffer amplifier section which provides a low impedance output with high current drive capability.

APPLICATIONS

Waveform Generation

Sinewave Sawtooth
Triangle Ramp
Square - Pulse

AM Gencration Double Sideband Suppressed Carrier
Crystal-Controiled

FM Generation

Sweep Generation

Tone Burst Generation

Simuitaneous AM/FM

Frequsncy-Shift Keyed (FSK) Signal Generation
Phase-Shift Keyed (PSK) Signal Generation
On-Off Keyed Oscillation

Clock Generation

EQUYALENT SCHEPdATiC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation
Derate above +25°C

Temperature

Storage

AVAILABLE TYPES

Part Number

XR-205

Package Type

Ceramic

26 volts
750 mW
6 mW/°C

-65°C to +150°C

Operating Temperature Range

0°C to +75°C
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ELECTRICAL CHARACTERISTICS

Test Conditions: Supply Voltage = 12V (single supply) Ta = 25°C, f = 10 kHz, R = 3 k2, unless otherwise specified.

LIMITS ,
CHARACTERISTICS T . MAX. UNITS CCONDITIONS
1 — General Characteristics
Supply Voltage:
Single Supply 8 26 Vde See Figure 1
Split Supply +5 +13 Vde See Figures 2 and 3
Supply Current 8 10 12 mA w/o buffer amp
Frequency Stability:
Poweér Supply 0.2 0.5 %IV fVee - VEg!> 10V
Temperature 300 600 ppm/°C Sweep input open circuit
Frequency Sweep Range 7:1 10:1 See Figure 7
Output Swing:
Single Ended 2 3 Vpp Measured at pin 1 or 2
Differential 4 6 Voo Measured across | and 2
Output Diff. Offset Voltage 0.1 0.4 Vde Measured across 1 and 2
Amplitude Control Range 60 dB Controlled by Rq (see Figure 1)
Buffer Amplifier Cutput Resistance S0 ohms Ry = 7505
Qutput Current Swing *6 £10 mA
Il — Output Waveforms
Sinusoidal:
Upper Frequency Limit 2 4 MHz Measured at Pin 11
Peak Output Swing 2 3 Vpp Si, S3 closed, S open
Distortion (THD) 2.5 4 % ° closed $9 open
Trangle:
Peak Swing 2 4 Vpp Measured at Pin 11
Non-Linearity *] % Sy, S7 open, 83 closed
Asymmetry ] % f=10kHz
Sawtooth:
Peak Swing 2 3 Vpp See Figure 1, S7 closed;
Non-Linearity 1.5 % S9 and S3 closed
Ramp:
Peak-Swing 1 1.4 Vpp See Figure I, 87 and S3 open
Non-Linearity 1 % pin 10 shorted to pin 15
Squarewave (Low Level):
Output Swing 0.5 0.7 Vpp See Figure 1, S7 and S3 open,
Duty Cycle Asymmetry t1 4 % pin 10 shorted to pin 12
Rise Time 20 ns 10 pF connected from pin 11
Fall Time 20 ns to ground
Squarewave (High Level):
Peak Swing 2 3 Vpp See Figure 3, S5 open
Duty Cycle Asymmetry *1 +4 %
Rise Time 80 ns 10 pF connected from pin 11
Fall Time 60 ns to ground
Puise Qutput: 2 3 Vpp See Figure 3, S closed
Peak Swing 2 3 Vpp See Figure 3, S closed
Rise Time 80 ns
Fall Time 60 ns
Duty Cycle Range 20-80 % Adjustable (see Figure 6)
III — Modulation Characteristics (sine, triangle and squarewave):
Amplitude Modulation:
Double Sideband
Modulation Range 0-100 % See Figure 2
Linearity 0.5 % . for 30% modulation
Sideband Symmetry 1.0 %
Suppressed Carrier
Carrier Suppression 52 dB f<1 MHz
Frequency Modulation:
Distortion 0.3 % See Figure 2 (£10 frequency

deviation)
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‘ORDERING INFORMATION

Device Temperature Range Package
MC1495L 0°C to +70°C Ceramic DIP
MC1595L -55°C to +125°C Ceramic DIP

 MC1495L

MC1595L

Specifications and Applications Information

]

WIDEBAND MONOLITHIC

LINEAR FOUR-QUADRANT

. . . designed for uses where the output is a linear product of two
Maximum versatility is assured by allowing the user
to select the ievel shift method. Typical applications include: multi-
ply, divide®, square root’, mean square”’, phase detector. frequency
doubler, balanced modulator/demodulator, electronic gain control.

input vottages.

FOUR-QUADRANT MULTIPLIER

MULTIPLIER INTEGRATED
: CIRCUIT

MONOLITHIC SILICON
EPITAXIAL PASSIVATED

*When used with an gperational amplifier.

Wide Bandwidth

Excellent Lingarity — 1% max Error on X-input, 2% max Error on

“Y.nput -~ MC15951

Excellent Linearity -~ 2% max Error on X-input, 4% max Error on

Y-lnput — MC1495L
Adjustable Scate Factor, X

Excellent Temperature Stability

Wide Input Voltage Range — + 10 Volts

+ 15 Volt Qperation

CERAMIC PACKAGE
CASE 632
TO-116

FIGURE 1 — FOUR-QUADRANT
MULTIPLIER TRANSFER CHARACTERISTIC
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ELECTRICAL CHARACTERISTICS (VY= +32V, V"= -15 V, To = +25°C, 13 = 113 = 1 mA, Ry = Ry = 15k}

-

R = 11 kQ2 unless otherwise noted)

Characteristic Figure Symbal Min Tvo Max Unit
Linearity:
Qutput Error in Percent of Fuil Scale: ] %
Ta = +25°C
~10< Vx < +10 (Vy = £16 V) MC1495 ERX - +1.0 | +20
MC1585 - +05 +1.0
~10< Vy < +10 (Vy =210 V) MC1495 ERy - +2.0 + 4.0
MC1595 - + 1.0 +2.0
Ta ®0to+70°C MC1495 = -
10K Vy < +10 (Vy =210 V) ERX - +15 -
-10< Vy< +10 (V=410 V) Eay - +3.0 -
Ta = -55°C 10 +125°C MC1595
S10< VK +10(Vy =210 V) ERX - +0.75 -
~10& Vy < #10{(Vx =£10 V) ' ERy - +1.50 -
Squaring Mods Error:
Accuracy in Percant of Full Scale After S Esq %
Qffset and Scaie Factor Adjustment
oTa = +259°C MC1495 - + 075 -
MC1595 - + 05 -
Ta =010 +70°C MC1495 - +10 -
Ta * -559C to +125°C MC1595 +£0.75
Scaie Factor {Adjustabie)
2R
t3 Rx Ry - K o1 - -
Input Resistance MC1435 7 RiNX -~ 20 - MegOhms
tf = 20 Hz) MC1595 . - as -
MC 1495 RiNY - 20 -
MC1595 - 35 -
Oifferential Qutput Resistance (f = 20 Hz) 8 Ry - 300 - © % Chms
Input Bias Current -
{ig +1y2) g +1g)
- LU T B MC1495 & o 2.0 12 A
2 2 MC1585 - 2.0 8.0
MC1495 by - 2.0 12
MC1595 - 2.0 8.0
Input Otfsec Current
fig ~ tyql MC1495 6 Hiox! - 0.4 2.0 HA
MC1599 . 0.2 1.0
e -1gl MC 1495 h-,ovl - 0.4 2.0
MC1595 - 0.2 1.0
Average Temperature Coefficient of 6 {TCliol nAPC
Input Offset Current
(Ta =0t0+70°C) MC 1495 - 2.0 -
(Ta = -55°C 1o +125°C) MC1695 - 2.0 -
Output Offset Current [ Jigel kA
flya- 1ol MC1495 - 20 100 .
MC1595 - 10 50
Average Temperature Coefficient of 6 ITCig0! nACC
Qutput Qffsat Current
{Ta = 0to+70°C) MC1495 - 1.0 -
(Ta = -55°C to +125°C) MC1595 - 1.0 -
Frequency Response
3.0 B Bandwidth, A = 11 k{2 9.10 8W34g - 3.0 - MHz
3.0 ¢8 Bandwidth, R_ = 50 £ (Transconductance Bandwidthl Tew3 ds - 80 - MH2
39 Relative Phase Shift Between Vy and Vy fo - 750 - kHz
1% Absolute Error Due to Input-Output Phase Shift to - 30 - kH2
Common Mode Input Swing 1" CMV Vde
(Either Input) MC1495 +10.5 £12 -
MC1595 211.8 +13 -
Common Mode Gain 1 Acm dB8
{Either Input} MC1495 -40 -50 -
MC1595 -50 -60 -
Common Mode Quisscent 12 Vot - 21 - Vde
Output Volitage Va2 - ra) -
Differential Output Voitage Swing Capability 9 Vo - +14 - Vpaak
Power Supply Sensitivity 12 s* - 5.0 - mv/v
ST - 10 -
Power Supply Current 12 Iy - 6.0 7.0 mA
OC Power Dissipation 12 o - 135 170 mw
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MC1495L , MC1585L

£AX. ERY. LINEARITY (%)

ERROR, PERCENT OF FULL SCALE (X}

IVXi OR VY], MAX (Vpear)

TYPICAL CHARACTERISTICS

FIGURE 15 — LINEARITY versus TEMPERATURE

FIGURE 16 — SCALE FACTOR versus TEMPERATURE
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MAXIMUM RATINGS (T4 = +25°C uniess otherwise noted)
Rating Symboi Viiue Unit
Agolied Volitage av 0 Vde
(V2—~V4, Vi4—V4, Vi=Vg, V1=V g, V-V, ’
V1-Vg, V19-Vq, Vg=V3, Vg=V7, V4=V7)
Qifterential {nput Signat Viz-VYg {6+l 13 RAx) Vdc
Va=Vg 2(6+13 Ay) Vdc
Maximum Biss Currant 13 10 mA
113 10
Power Dissipation (Package Limitation) Po .
Caramic Pack age 750 mw
Dwrate above T 5 = +25°C 5.0 mw/oC
Operating Temperature Range Ta °¢
MC1495 0to +70 °c
MC1583 -55to +125
Storage Temperature Range T“..I__ -65t0 +150 | °c i
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Za National
Semiconductor
LF351 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input opera-
tional ampiifier with an internally trimmed input offset
voitage (BI-FET 1™ technology). The device requires a
tow supply cutrent and yet maintains a targe gain bang-
width product and a last slew rate. In addition, well
matched high veoltage JFET input devices provide very
low input bias and offset currents. The LF351 is pin
compatibie with the standard LM741 and uses the same
offset voltage adjustment circuitry. This feature allows
designers to immediately upgrade the overall perfor-
mance of existing LM741 designs.

The LF351 may be used in applications such as high
speed integrators, fast D/A converters, sample-and-hold
circuits and many other circuits requiring low input
offset voltage, low input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
nas low noise and offset voltage drift, but for apptlica-

Operational Amplifiers/Buffers

B1-FET IITM Technology

tions where these requirements are critical, the LF356 is
recommended. If maximum supply current is impartant,
however, the LF351 is the better choice.

Features

8 Internally trimmed offset voitage 10mv
& Low input bias current SOpA
®m Low input noise voltage 16 nVIVHz
& Low input noise current 0.01 pANHz
® Wide gain bandwidth 4MHz
® High slew rate 13Vius
& Low supply current 1.8mA
s High input impedance 10129
® Low total harmonic distortion Ay = 10, <0.02%

Ry = 10K, Vg =20 Vp-p, BW = 20 Hz-20kHz

8 Low V/fnoise corner S0Hz
= Fast settling time to 0.01% 2us

, Typical Connection

INTERNALLY
TAIMMED

-vgg O-

Connection Diagrams (Top views)

Metal Can Package

0’} (s) aureur

NONINVERTING o BALANCE
INPUT

v-

Noie Pin 4 connected 10 case

Order Number LF3S1M
See NS Package M08C

Simplified Schematic

N vee O

INTERNALLY
TAIMMED

Dual-In-Line Package

| U/ .
BALANCE — penen NC.
l ! .
INPUT g e
INPYT =y o QU TP T
4 5
A | J——— JAL ANLE
TGP VIEW

Order Number LF351N
See NS Package NOSA
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LF351

Absolute Maximum Hatmgs :
[—

Supply Vonage +18V

Power Dissipation {Note 1) 500 mwW

Operating Temperature Range 0°'Cto +'{O'C~A

Ti(MAX) ' nstCc L
Diffarential Input Voltage +30V - .
input Voltage Range (Note 2) - +15V

Qutput Short Circuit Duration -Continuous
Storage Temperature Range . : -65 Cto +150°C .
L.ead Temperaturs (Soldering, 10 saconds) : 300°C

DC Electrical Characteristics (ote 3)

' LF351
SYMBOL .PARAMETER CON'DIT]ONS MIN v MAX UNITS
Vos Input Offset Voitage = Rg =10k, TA=25'C o 5 10 mv
T Over Temperature C ' 13 mv
AVg/aT Average TC of Input Offset "Rg=10kQ ' 10 . uvi*C
Voitage N B
i0s lnput_offsét Current T ‘, 25°C, (Notes 3, 4) - - 25 100 pA
’ l £ 70°C el g b 4 nA
ig tnput Bias Current Tj 25°C, (Notes 3,4 ) 1 os0 . 200 pA
_ - T<70°C h "1 8 nA
RIN Input Resistance:.” .-;, . ¢ | ' Tj=25°C Jeo1012 Q
AvoL Large Signal Voltage Gain Vg= 215V, T =25°C 25 100 VimV
. PR JURN - Vo= 210V, R =2kQ B
) Over Temperature 15 vimy
Vo - Output Voitage Swing Vg = =15V, R_=10kQ £12 £13.5 v
VeMm Input Common-Mode Voltage _ +15 v
Range .. . Vg = =15V =N ~12 v
CMRR Common-Mode Rglection Ratio "}, Rg < 10kQ 70 100 d8
PSRR Supply Voltage Rejection Ratio, | (Note 5) 70 100 a8
Is Supply Current’ 1.8 34 mA
. . 3 -
AC Electrical Characteristics (note 3)
' LF351
SYMBOL ' FTANRAMETER ) CONDITIONS MIN TYp MAX UNITS
SR Siew Rate /7 Vg= =15V, T4 =25°C 13 Vius
GBwW Gain Bandwidth Product Vg= 215V, Tp=25"C 4 MHz
en Equivalent input Noise Voitage Ta =25°C, Rg = 100Q, 16 nVIVHz
. { = 1000 Hz
in Equivalent Input Noise Current =25°C, f = 1000 Hz - 0.01 pANVHZ

Note 1: For operating at elevated temperature, the device must be derated based on a thermat resistance of 150 °C/W junction to ambient

or 45°C/W junction to case.
Note 2: Unlass otherwise spacitied tha “absalute maximum nagative input voltage is agual to the negative power supply voitage.

Note 3: These specifications apply for Vg= =15V and 0°C < Ta € +70°C. Vos, ig and Igg are measurad at Vop =0.

Note 4: The input bias currents are junction isakage currenis which approximateiy double tor every 10°C increass in the junction tem.
perature, T Due to the limited production test time, the input blas currents measured are correlated to junction temperature. In normal
operation the junction temperature risas above the ambient temperature as a result of internal power dissipation, Pp. Tj=Ta +9ja Pp
where 8, is the thermal resistance from junction to ambient. Use of a heat sink’is recommended If input bias current is to be kept to 2
minimum.

Nots 5.: Supply voitage refection’ratio is meusured for both supoly magnitudes !ncreasing or decreasing simuitaneously In accordance
with common practice. .
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Typical Performance Characteristics

INPUT BIAS CURRENT (gA)

POSITIVE COMMON-MOOE INPUT
VOLTAGE LimtT (v)

REGATIVE DUTPUT VOLTAGE SWING {V)

UNHTY GAIN BANDWIDTH (MHz)

100

20

-15

-0

45

Input Bias Current

L T
g e 2 1§Y g ]
Tas25C .
1

r T
Lt
10 -3 0 $ i

COMMON-MODE VOLTAGE (V)

Positive Common-Mode Input

Voltage Limit

0C. Taz-n0¢C]

| ‘
ﬁ BN
RN

19 15 0
POSITIVE SUPPLY VQLTAGE (V)

Negative Current Limit

0 ik} 29 i 10
QUTPUT SINK CURRENT tmA)

Gain Bandwidth

¢ W0 20 ¢ 4 ¢ 60 M0

TEMPERATURE { C)

NEGATIVE COMMUN-MODE INPUT

INPUT BIAS CURRENT {pA)

OUTPUY VOLTAGE SWING {Vp-p) VOLVAGE LiMIT (V)

GAIN {98)

108

Input Bias Current

SR

[Zvem=o

TEMPERATURE | C}

Negative Common-Mode input

Voltage Limit

—r——
oc_Ta-_v0c|
i

i P ' ' )

] § ¢ 15 20
NEGATIVE SUPPLY VOLTAGE (V!

Volitage Swing

RL-Z& R
Taes¢ i

0 5 10 15 0
SUPPLY VOLTAGE (V)

Sode Plot

0 BRRAL L
fvge 15V il

FREQUENCY (MHz}

= 1$334930) ISVHd

SUPPLY CURRENT (mA)

POSITIVE QUYPUT VBLTAGE SOURCE (V)

OUTFUT V0L FAGE SWING (Vp-p}

SLEW RATE (V/in)

22

Supply Current
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SUPPLY VOLTAGE {:V}

Positive Current Limit

1
i

QUTPUT SQURCE CURRENT (mAr

Output Voitage Swing
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Slew Rate
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LF351

Typical Performance Characteristics (coatinued)

VISTORTION (X}

COMMON MOOE REJECTION RATIO (d8)

GPEN LOOP VOLTAGE GAIN {V/V)

g1
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0.050
0.025

120

100

100K

10K

Distortion vs Frequency

7
Vge 1BV I
F g asec
I
b= Voo 20Vp T
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L 10k .l
Y ay o] |
Ay - 102
v Z
v 4
! L i l
10 100 1k 10 100k
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v
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Open Loop Frequency Response
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Puise Response

Smail Signal Inverting

QUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 us/DIV)

Large Signal Inverting

DUTPUT VOLTAGE SWING (5V/DiV)

TIME (2 us/DIV)

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed
inputoffsetvoltage and JFET input devices (BI-FET HTMy.
These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, large differential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be

Small Signal Non-inverting

QUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 us/0IV)

Large Signal Non-inverting

OUTPUT VOLTAGE SWING (SV/DIV)

TIME (2 us/01V)

sllowed to exceed the negative suoply as this will cause
large currents to flow which can result in 3 destroyed
unit.

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier output 1o a

1S€41
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LF351

Application Hints (Continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode,

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
if both inputs excesd the limit, the output of the ampli-
fier will be forced to a high state.

The amplifier wiil operate with 3 common-mode input
voitage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mode volitage swings
to within 3V of the negative supply, an increase in input
offset voitage may occur.

The LF351 is biased by a zener reference which allows
normal circuit operation on *4V power supplies. Supply
voltages less than these may result in lower gain band-
width and siew rate.

The LF351 will drive a 2 T(Q load resistance to +10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.
Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic

Vee O- . ¢

backwards in a socket as an unlimited current surge
through the resulting forward diode within the IC couid
cause fusing of the internal conductors and result in a
dastroyed unit.

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For exampie, resistors from the
output to an input should be placed with the body close
to the input to minimize '‘pick-up’’ and maximize the
frequency of the feedback poie by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device {usually the
inverting inputl to AC ground set the frequency of the
pole. in many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
the output to the input of the op amp. The vaiue of the
added capacitor shouid be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole
time constant.

[
T

Vos
AQJUST

~Vgg O—
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The XR-2206 is a monolithic function generator integrated circuit capable of producing high quality sine, square, triangle, ramp
and pulse waveforms of high stability and accuracy. The output waveforms can be both amplitude and frequency modulated by
an external voltage. Frequency of cperaticn can be selected extermaily over a range of 0.01 Hz to more than 1 MHz.

The XR-2206 is ideally suited for communications, instrumentation, and functxon genarator applications requiring sinuscidal
tone, AM, FM or FSK generation. It has a typical drift specification of 20 ppm/°C. The oscillator frequency can be linearly swept
over a 2000 1 frequency range with an external control voltage with very little affect on distortion.

As shown in Figure I, the monolithic circuit is comprised of four functional blocks: a voltagecontrolled oscillator (VCQ); an
analog multiplier and sme-shaper a unity gain buffer amplifier; and a set of current switches. The internal current switches transfer
the oscillator current to any one of the two external timing resistors to produce two discrete frequencies selected by the logic level

at the FSK input terminal (pin 9).
FEATURES

Low Sinewave Distortion (THD .3%) —

insensitive to signal sweep
Excellent Stability (20 ppm/°C, typ)
Wide Sweep Range (2000:1, typ)
Low Supply Sensitivity (0.01%/V, typ)
Linear Amplitude Modulation
Adjustable Duty-Cycle (1% to 99%)
TTL Compatible FSK Controls
Wide Supply Range (10V to 26V)

APPLICATIONS

Waveform Generation
Sine, Square, Triangle, Ramp

Sweep Generation
AM/FM Generation
FSK and PSK Generation
Voltage-to-Frequency Conversion
~ Tone Generation

Phase-Locked Loops

EQUIVALENT SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation (package limitation)

Ceramic package 750 mW
Derate above +25°C 6.0 mW/°C ;
Plastic package 625 mW :
Derate above +25°C 5 mW/ C:
Storage Temperature Range -65°C to +150°C @

AVAILABLE TYPES

Part Number Packags Types Operating Temperature Range

XR-2206M Ceramic ~55°C to +125°C
XR-2206N Ceramic 0°C to +75°C
XR-2206P Plastic 0°C to +75°C
XR-2206CN Ceramic 0°C to +75°C
XR-2206CP Plastic 0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM

ot
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Figure 1. }

© Del documenta, los autores. Digitalizacion realizada por ULPGC. Biblioteca Universitaria, 2008



"ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Fiz. 2, Vt= 12V, T = 25°C, C = 0.01 uF, Ry = 100 K2, R2 = 10 K R3 = 25 K£2 unless

otherwise specified. Sy open for triangle, closed for sinewave.

XR-2206/XR-220G6M XR-22056C .
UNI CONDITIONS
CHARACTERISTICS MIN. | TYP. |MAX.| MIN.,| TYP. [ MAX. TS
Supply Voitage
Single Supply 10 26 10 26 v
Split Supply +5 : t13 %5 £13 A\
Supply Current 12 17 14 20 mA| Ry 2> 10KQ
Oscillator Section .
Max. Operating Frequency 0.5 1 0.5 1 MHz | C=1000 pF, R1=1 K&
Lowest Practical Frequency 0.01 0.01 Hz | C=50 uF, R1=2 MQ2
Frequency Accuracy *] 4 2 % °f°fo f%= 1/R1C o
Temperature Stability +101{ #50 +20 ppm/ C|0CLTAL75C, Rj=R3=20K2
Supply Sensitivity 001 | 0.1 0.01 %IV | VLow =10V, VHIGH = 20V,
Ry =Ry =20KQ i
Sweép Range 1000:1 {2000:1 2000:1 fH=fL{fH@R)=1KS "
fL@R;=2MQ o
Sweep Linearity 5
1 10:1 Sweep 2 2 % | fL =1 kHz, fi = 10 kHz H
1000:1 Sweep 8 8 % | f; = 100 Hz, fy = 100 kHz "5
FM Distortion 0.1 0.1 % | £10% Deviation 5
Recommended Timing Components %
Timing Capacitor: C 0.001 100 {0.001 100 uF | See Figure 5 g
Timing Resistors: R1 & R2 1 2000 1 2000 KQ :
Triangle/Sinewave Qutput See Note 1, Fig. 3 g
Triangle Amplitude 160 160 mV/K2 | Fig. 2 S| Open c:»
Sinewave Amplitude 40 60 80 60 mV/K2 | Fig. 2 Sy Closed g
Max. Output Swing 6 6 Vpp o
Qutput Impedance 600 600 2 .
Triangle Linearity 1 1 % g
Amplitude Stability 0.5 0.5 colB For 1000:1 Sweep 3
Sinewave Amplitude Stability -4800 -4800 ppm/°C | See Note 2 4
Sinewave Distortion R} =30KQ
Without Adjustment 2.5 2.5 % | See Figure 11
With Adjustment 0.4 1.0 0.5 1.5 <, 1 See Tigure 12
Amplitude Modulation
Input Impedance 50 100 50 100 KQ
Modulation Range 100 100 %
Carrier Suppression 5§ 5§ dB
Linearity 2 2 % | For 95% modulation
Square Wave Qutput Measured at Pin 11
Amplitude 12 12 Vpp
Rise Time 250 250 nsec | CL = 10 pF
Fall Time S0 50 nsec| Cp, = 10 pF
Saturation Voltage 0.2 04 0.2] 0.6 Vil =2mA
Leakage Current 0.1 20 0.1} 100 HA} Vi1=26V
FSK Keying Level (Pin 9) 0.8 14] 24 0.8 1.4 2.4 V i See Section on Circuit Controls
Reference Bypass Voitage 2.9 3.1 3.3 2.5 3 3.5 V| Measured at Pin 10.

Note 1: Qutput Amplitude iz directly proportional to the resisiance R3 on Pin 3. See Figure 3.
Note 2: For maximum amplitude stability R 3 should be a positive temperature coefficient resistor.
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5.

GENERADOR DE FUNCIONES.
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S.1 CIRCUITO PROPUESTO : GENERADOR DE FUNCIONES.
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S.2 DESARROLLO PRACTICO :

Para hacer nuestro generador de funciones, que nos
dara las senales moduladoras del sistema, hemos elegido el
1.C. BO3B. Este circuito puede funcionar sobre una gama de
fFrecuencias de 0,001 Hz a 1 MHz con una gran estabilidad a
las variaciones de tension y temperatura.

Nosotraos nos vamos a limitar 2l rango de frecuencias
de audio, 20 Hz a 20 KHz, con salidas sinusoidal
triangular y cuadrada. Y ademas darle 1la posibilidad de
correccion del nivel de tension de offset.

El wvalor de la frecuencia de oscilacion depends del
valar de Ca, de las resistencias Ra y Rb, y de la tensiaon
de referencia (patilla 8) de las fuentes de corriente.

Las corrientss gue atraviesan las resistencias Ra y
Rb sirven para cargar y descargar el condensador conectado
a la patilla 10. Como el sistema es 1lineal, si en los
bornes de estas resistencias aplicamos una tension
variable entre 10V y 10 mV, 1l1la variacion de frecuencia
sera de 1000 / 1.

La tension en los bornes de las resistencias Ra y Rb,
con la patilla B conectada directamente a +U, sera
superior a 100 mV. Para obtener tensiones mas pequenas,
necesarias para alcanzar el factor de variacion buscado,

la tension sobre la patilla 8 debe ser superior a la de

_]35_
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alimentacion. Esta elevacion sera del orden de algunas
centenas de mVU, y la obtenemos disponiendo el diodoc D en
sarie entrse +V y 1la patilla 6. En realidad, no hemos
elevado la tension en la patilla B, sino que hemos llevado
la patilla 6 a un potencial ligeramente inferior.

La corriente de carga de 1los transistoras internos
esta determinada por la impedancia presente entre las
patillas 4 y 5 del circuito integrado, y por las
corrientes de polarizacion de estos transistores. Cada
tension diferencial provoca un desequilibrio de las
corrientes de carga y descarga, arrastrando una importants
variacion del "dutycicle”. El1 error remanente de este
"dutycicle” es compensado conectandoc una resistencia ds
valor elevado sobre la patilla 5 y la masa.

Para disminuir 1la distorsion a 1la salida, 1las
tensiones aplicadas a las patillas 1 y 12 son reguladas a
traves de dos resistencias variables Rd y Ra.

Para conseguir que el generador de funciones tenga
correccion de tension de offset, hemos puesto un
amplificador operacional, acoplado al circuitoc mediante un
seguidor. Esta tension la podemos variar con el
potenciometro Rg.

NOTA:
El voltaje maximo que podemaos obtenar a l1la salida gas

de 10 Upp, pudiendo variar la tension de offset.
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5.3 HMECANORMA GENERADOR DE FUNCIONES :

T




Frecision Wavelcrm Generalsy
CENERAL DESCRIPTION

The XR-8038 is a precision waveform generator IC capable of producing sine, square, triangular, sawtooth and pulse waveforms
with a minimum number of external components and adjustments. its operating frequency can be selected over nine decades of
frequency, from 0.001 Hz to 1 MHz, by the choice of external R-C components. The frequency of oscillation is highly stable over a
wide range of temperature and supply voltage changes. The frequency control, sweep and modulation can be accomplished with an
external control voltage, without effecting the quality of the output waveforms. Each of the three basic waveforms, i.e. sinewave,
triangle and square wave outputs are available simultaneously, trom independent output terminals.

The XR-8038 monolithic waveform generator uses advanced processing technology and Schottky-barrier diodes to enhance its
frequency performance. It can be readily interfaced with a monolithic phase-detector circuit, such as the XR-2208, to form stable

phase-locked loop circuits.

FEATURES

Direct Replacement for Intersil 8038

Low Frequency Drift--50 ppm/°C Max.
Simulianeous Sine, Triangle and Square-Wave Outputs
Low Distortion —THD = 1%

High FM and Triangle Linearity

Wide Frequency Kange — 0.001 Hz to 1 MHz
Variable Duty-Cycie — 2% to 98%

APPLICATIONS

Precision Waveform Generation Sine, Triangle, Square, Pulse
Sweep and FM Generation

Tone Generation

Instrumentation and Test Equipment Design

rrecision PLL Design '

PACKAGE INFORMATION

ABSOLUTE MAXIMUM RATINGS

Power Supply
Power Dissipation (package limitation)

Ceramic package
Derate above +25°C
Plastic package
Derate above +25°C
Storage Temperature Range

AVAILABLE TYPES

Part Number Package
XR-8038M Ceramic
XR-8038N Ceramic
XR-8038P Plastic
XR-8038CN Ceramic
XR-8038CP Plastic

36V

750 mW

6.0 mW/°C

625 mW

5 mW/°C

—65°C to +150°C

Operating Temperaturs

-55°C 1o +125°C
0°C to +75°C
0°C to +75°C
0°C to +75°C
0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM
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O
ELECTRICAL CHARACTERISTICS o~
Test Conditions: Vs =25V to 15V, T4 = 25°C, RL = 1 MQ, RA = Ry = 10k, C1 = 3300 pF, Sy closad, uniess otherwise speci-
ﬁﬂd See Test Circuit of Figure 1.

© Del documenta, los autores. Digitalizacion realizada por ULPGC. Biblioteca Universitaria, 2008

XR-3038M/XR.3018 XR-8038C . : P
| CHARACTERISTICS MIN. | TYP, IMAX. MIN, I TYP. !MAX. UNITS CONDITIONS
GENERAL CHARACTERISTICS
Supgply Voltage, Vs
Single Supply 10 -30 10 30 \%
Dual Supplies +3 £15 | %5 15 \
Supply Current 12 15 12 20 mA Vs =+10V. See Note 1.
FREQUENCY CHARACTERISTICS (Measured at Pin 9)
Range of Adjustment
Max. Operating Frequency 1 1 MH:z RA=Rp=5008,C; =0
Rp=15kQ
Lowest Practical Frequency 0.001 0.001 Hz Rao=Rp=1MQ,Cy =500 uF
Max. FM Sweep Frequency 100 100 | kHz
FM Sweep Range 1000:1 1000:1 Sy Open. See Notes 2 and 3.
FM Linearity 0.1 0.2 % S1 Open. See Note 3.
Range of Timing Resistors 0.5 1000 | 0.5 1000 k2 Values of R4 and Rp.
Temperature Stability
XR-8038M 20 | 50 - - - | ppm/°C
XR-8038 50 | 100 - - - | ppm/°C
XR-8038C - - - 50 ppm/°C
Power Supply Stability 0.05 0.05 %IV See Note 4.
OUTPUT CHARACTERISTICS
Square-Wave Measured at Pin §.
Amplitude 09 | 098 09 | 0.98 x Vs Ry =100k
Saturation Voltage 02 | 04 0.2 | 05 A4 Igink = 2 mA
Rise Time 100 100 nsec RL=4.7kQ2
Fall Time 40 40 nsec R =4.7kQ
Duty Cycle Adj. 2 98 2 98 %
Triangle/Sawtooth/Ramp Measured at Pin 3.
Amplitude | 03 [033 03 033 X Vg Rp =100kQ
Linearity 0.05 0.1 %
Output Impedance 200 200 Tout =5 mA
Sine-Wave Amplitude 0.2 | 0.22 02 j 022 x Vg R{ =100 k82
Distortion
Unadjusted _ 0.7 1.5 0.8 3 % R =1 M. See Note 5.
Adjusted 0.5 0.5 % Rp=1MQ




CURRENT CONSUMPTION

20

Supply Voltage
Powser Dissipation vs. Supply Voltage
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LF353

o~

National
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

General Descri'pt.ion

These devices are low cost, high speed, dua!l JFET Input
operational amplifiers with an internatly trimmed input
offset voitage (BI-FET 1™ technoiogy). They require low
supply current yet malintain a large galn bandwidth
product and fast slew. rate. In:addition, well matched
high voitage JFET input devices provide very iow input
bias and offset .currents. The LF353 is pin compatible
with the standard LM1558 ailowing designers 'to
immediataly upgrade the overail performance of existing
LM1558 and LM358 designs. 2

These amplifiers may be used in applications such as
high speed integrators, fast D/A converters, sample and
hold circuits and many other circults requiring low input
‘offsat voitage, low input bias current, high input imped-
ance; high slew rate and wide bandwidth.. The devices
also exhibit low nolse and offset voitage drift:-

Operational Amplifiers/Buffers

B1-FET 11 ™™ Technology

Features -

® Internally trimmaed offset voitage 10mv
® Low input bias current 50pA
% Low input noise voltage 18aViVHZ
® Low input noise current ) ~ 0.01pAWVHz
8 Wids gain bandwidth ' R "4 MHz
# High slew rats 13Vius
| Low supply current F 3.6mA
® Highinputimpedancs  * 10120
® Low total harmonic dlstonion Ay =10, <0.02%

Ry =10k, Vo =20 Vp —p, BW = 20 Hz-20kHz
Low 1/ noise corner 50 Hz
Fast settling time to 0.01% 2u8

Typical Connection

~
AAA

VA,

A TH

Simplified Schematic | .- " Ho wiom

1/2 Dual

Yoo O=

INTERNALLY
TERNALLY THIMMED
TRIMMED

“Vgg O ' — rans

. Connection Diagrams

LF363H Metal Can Package (Top View)
v .

Te T MVERTING

NUT A et s

NORINYERTING

INPUT & 1NPYY S

Order Number LF353H.
See NS Package H08C ~

LF353N Dual-In-Line Package (Top View)

O oL

WINTA vt

INVERTING INPUT A -1-

ouTMIT #

cwoniwvertg _3

NPT A WVERTING iNPUT §

]
v-

¥ NOMINVERTING
T 8

Order Number LF353N
See NS Package NOBA
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- Absolute Maximum Ratmgs W, L <
Supply Voltage e - 18V input V’olt'aq__e Range (Note2) ' 215V
. Power Dissipation (Note 1) . 500mW  Output Short Circuit Duration Continuous
| Operating Temperdture Range 0°Cto +70°C Storaga Temperature Range -85°Cto +150°C
T](MAX) : 3 ~ 118°C -LeadTemperature(Soldering,1039conds) 300°C
Dm:rantlal Input Vo!\age s 230V -
: DC Electrical Characteristlcs (Notedy . = " ..
- . : ; c © T LF353 NITS
; SYMBOL |- oo -~- -PARAMETER L 0N_DIT|ONS ) MIN v MAX U
. Vos | Input Oftset Voitage ‘ Rg =10k, Ty =25°C "5 10 mv
. . Over Temperature 13 mv
¢ avpg/aT Average TC of Input Offset... ; .. Rs—ka - s |20 WvI*C
+ Voltage.... .- T s .
los- input Offset Current T T =25°C (Notes 4, 5) ) 25 100 pA
: : - T 00C : o 4 | na
- 1g Input Bias Current - "] Tj=25°C.(Notes 4, 5) , 50 200 pA
: C : T, <70°C . : , 8 nA
© RN | Input Resistance ) =25°C ] 1012 Q
. AvoL ‘Large Signal Voltage Gain vs 215V, Ta = 25C | 25 1 100 vimy
‘ BN ’ : Vo= =10V, R =2kQ '
: i Over Temperature s o vimv
Output Voltage Swing Vs= £15V, R =10kQ [. =12 | =135 v
“input Common-Mode Voitage = =15V . +15 v
Range . Vg = 215 ' =M -12 v
. Common:Mode Rejection Ratio | Rg<-10kQ ... o0 ] 00 a8
* =1 Supply:Voltage Rejection Ratio”"|™ {Nofe §)° * = "7 ~ 70. 7] 7100 d8
b 1s | Supply'Current ¢ O A T I (L ¥- S N Y- .V
R S CEIEE . :
g ;,,_'. P | RS, : . . \_ . . L ;_, —
b AC Electrical Characteristlcs Noted)”
i SYMBOL P;RAMETER o ‘COND TI. N i R — IT
: - N JMONS "IN | TYP | MAX UNITS
«Amplifier to Amplifier Coupiing |' "+ Ta=25'C, f=1Hz~ ~120 .} - - dB8
: 20KkHz (Input Referred) |
Y Slew Rate © | Vg= 215V, To=25°C 13 , Vius
GBW . " Gain Bandwidth Product ~~ ~ -] Vg= =215V, TA=25C T4 | MHz
en . Equivalent Input Noise Voltage TA=25°C, Rs-1009 T VT
R ;| 1= 1000HZ, , e
. in | Equivalentinput Noise Current. . Tj=28" “C; f..1000Hz '4 - 0.01 . pANHzZ

- Nots 1: For operating at elevated temperature, the device must be derated basaed on a thermal resistarce of 180 *C/W 1ur‘cnon to ambient
lor the N package, and 150 °C/W junction to ambient for the H package.
i Note 2: Uniess otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: The powaer dissipation Himit, however, cannot be exceeded.
: Note 4: These specitications apply for Vg = 15V and 0°C € Tp & +70°C. Vos, Ig and Iog are measured at Vom =0.
. Note 5: The input blas currents are junction leakage currents which appraximately double for avery-10°C increase In the junction tem.
: perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. in normal
- operation the junctlon temperature rises above the ambient temperature as a resuit of intarnal powsr dissipation, Pp. Tj=TA + 954 Pp
where e,A is the thermal resistance from junction to ambient, Use of a heat sink is recommended if input bias current js to be kept to a
minimum,
Note 8.: Supply voitage rejection latlo is measured for both supply magnitudes increasing or decreasing simultaneously in acccrdance
. with common practice.

£6e41
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LF353

Typical Performance Characteristics

FOSITIVE COMMON MOGE INPUT

INPUT BIAS CURRENT {pA}

VOLTAGE LMY (V)
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Typical Performance Characteristics (continued)

DISTOATION {X)

COMMON-MODE REJECTION RATIO {40)
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Distortion vs Frequency.
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Application Hints (continuea)

high state. In neither case does a latch occur since
raising the input back within the common.mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive common-mode limit on a single
input will not change the phase of the output; however,
it both inputs exceed the limit, the output of the amph-
fier wﬂl be forced to a high state.

The amplifiers will operate with-a common-mode 'ihputj.

voltage equal to the positiva supply; however, the gain
bandwidth and siew rate may be decreased in this condi-
tion. When the negative common-mode voitage swings
to within 3V of the negative supply, an increase in mput'
offset voltage may occur.

~

Each amplifier is iﬁdividually biased by a .zcher‘rafnr‘a;\ce—

which allows normal circuit operation on £4V power
supplies. Supply voltages less than these may result in

fower gain bandw‘dth and slaw rate, ~ - tover LT

The amplifiers will drive 2 2.k9. load resistancs to 10V
over the fuil temperiture range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
sver, an-increase n input offsst voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings,

Precaugions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schemahc
Vog O

backwards in a socket as an unlimited current surge
through the resulting forward diode within the |C could
cause fusing of the internal conductors and result in a
destroyed unit.

Because these amplifiers are JFET. rather than MOSFET
input op amps they do not require special handiing.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in

" ‘order to ensure stability. For example, resistors from the

output-to an input should be placed with the body close
1o the input 10 minimize "pick-up’” and maximize the
frequancy of the feedback pole by minimizing the
capacitance from the input to ground:

b A feedback pole is created when the feedback around

any amplifier is rasistive. The parallel resistance and
capacitance from the input of the device {usualty the

- inverting input) to AC ground sat the frequency of the

pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
sffect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be piaced from
thé output to the input of the op amp. The vaiue of the
added capacitor shouid be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pote

Q13

time constant.
at
RS
2

p——O vy

§x

J—\‘i' §m
a1

AT N

QWH
[

any

180

Tme~ ]
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6.2 DESARROLLO PRACTICO :

En £l esquema anterior podemos apreciar la fuente de
alimentacion elegida para nuestro sistema.

El circuito integrado L-200 nos ofrece grandes
posibilidades, podemos variar el voltaje das 3V a 30V,
tiene salida cortocircuitable, un amperaje maximo de
2 Amp, stc. Pero no todas sus caracteristicas son
aprovechadas en este diseno, porque hemos fijado el
voltaje de salida a 12V con el potenciometro Ra.

Siendo Rb para gque las dos salidas simstricas tengan
igual potencial en valor absoluto. Tampoco le exigimos su
maximo amperaje, porque el transformador montado sclo nos
ofrece 1,5 Amp.

Luego es una fuente simetrica, regulada y
estabilizada, que nos proporciona una corriente maxima de

1,5 Amp a una tension de 12V,

- 148 -
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See last page of data sheet for ordering information. MCI741' MCI74IC
MC1741N, MC1741NC

OPERATIONAL AMPLIFIER
SILICON MONOLITHIC

INTERNALLY COMPENSATED, HIGH PERFORMANCE INTEGRATED CIRCUIT

OPERATIONAL AMPLIFIERS

. designed for use as a summing amgiifier, integrator, or amplitier with G SUFFIX
operating characteristics as a function of the extarnal feedback METAL PACKAGE
components. CASE 601
® Mo Frequency Compensation Required
® Short-Circuit Protection
¢ (Offset Voltage Null Capability
# \Wide Common-Mcde and Differential Voltage Ranges €
® Low-Power Consumption (Tap View)
® No }

La!cf\ Up . P1 SUFFIX
® Low Noise Seiections Offered — N Suffix PLASTIC PACKAGE
CASE 626
(MC1741C,MC1741NC)
MAXIMUM RATINGS (T4 = +25°C uniess Gtherwise noted) U SUFFIX
CERAMIC PACKAGE
Rating Symbol MC1743C] MC1741 Unit CASE 693 i
Pawer Supply Valiage vee 18 +22 vac Ottsat Nuli d / U NE
VEE -18 -22 Vdc invt (nput '-’V,-c
taput Diflerennial Voitage Vvip z30 Voits Noninvt tnout t Qutaut
Vegl U Qttset Nuli
tnput Common Mode Voltage iNote 1) Vicm +15 Velts (Top View)
Gutput Snort Circuit Ouration (Note 2} tg Conunuous
Operating Ambient Temperature Range Ta 0tg +70 !-55!0' 125) °C L SUFFIX
Storage Temperature Range 1’“g oc X GERAMIC PACKAGE
Metal, Flat ang Ceramic Packages -65 1o +150 \ y' ! ’ i CASE 632
Plastic Packages -5510 +125 i vo-118
Junction Tempsrature Range T oc
Metal and Caramic Packages 175 P2 SUFFIX
Plasuc Packages 150 PLASTIC PACKAGE
CASE 646
Note b Far 1eonly voitages tess (nan ¢ 15 V, the aDsOIUTe maximum nput vOIlage i1 squas! {MC1747C MC1741NC)
10 the suppiy voitage
Note 2 Sucptly voltige cquai to of lass then 15 Vv ~
NC q Fine
o m
EQUIVALENT CIRCUIT SCHEMATIC Ne L H NE
vee Oftsat Nuit ] (FINC

) 4 [__)':Y

AN AV ERT NG
(LTI
veATing
WPl '
I

VNS

inpuny E ) _:I—VCC
T\ E . L—wz‘Ouwul
I r;——« vee [ [TJotiset Nuni
E H » Ne Fine
| o—

154 Touteut (Top View)

_W,_t,.

i

o—q ’ -
} I
L N i’ . £ SUFFIX
CERAMIC PACKAGE g -
Grised O-—(F- ( E‘L— CASE 606-04 %{‘?
LEIN ¥ od T0-91
Em $re {”' | f i”' ° ~ NG T34 NC
— ! o Otfset Nuit 1] = NG

iee Iaputs :5 ™ [::J' ;Sgut
Ve iEl Otfset Nuit
{Top View)
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MC1741, MC1741C, MC1747N, MC1741NC

ELECTRICAL CHARACTERISTICS (Vg = 15V, Vgg = 15 V, Ta = 25°C uniess otherwise aotea).

MC1741 MC17431C
. " . Cherscteristic Symbai | Min Typ | Max Min Typ | Max | Unit
Input Offset Voitage Yo - 1.0 5.0 - 20 6.0 mv
{Rg K10k}
Input Otfset Current 7o) - 20 200 | - 20 200 nA
Input Bias Current hg - 80 500 ° - 80 S00 nA
Input Resistance 7 0.3 20 |- — 03 |- 20 ~ M
input Capacitance Ci - 1.4 .- L- 1.4 - pF
Offsat Voitsge Adjustment Range Vior +£15 - - +15 - mV
Common Mods Input Voltage Range VICR +12 +33 - +12 +13 - v
Large Signal Voltage Gain Ay 200 - 20 200 - VimV
Vg = £10V, Ry >2.0k)
Output Resistance fo - 75 - - 75 - Q
Common Mode Rejection Aatio CMRR 70 90 - 70 a0 - d8
{Rs <10 k)
Supply Voitage Rejection Ratio PSRR - k) 150 - 30 150 wiv
{Rg K 10 %)
Qutput Voitage Swing Vo v
(R 210 %) +£12 £14 - 112 14 -
(R 22%) +10 +13 - £10 13 -
Output Short-Circuit Current log - 20 - - 20 - mA
Suopiv Current ‘o - 1.7 28 - 1.2 2.8 mA
Power Consumption Pc ~ 50 85 - 50 85 mW
Transient Response (Unity Gain — Non-inverting)
(Vy s 20mV, R > 2k, C < 1000pF) Rise Time TLH - 03 - - 0.3 - s
(Vy=20mv R > 2% C <100 pF} Qvershoot os - 15 - - 15 - %
(Vi=10Vv, R >2k C <100pF) Slew Rate SR - 0.5 - - Q.5 - Vit
ELECTRICAL CHARACTERISTICS (Ve =15 V. VEg =16V, Ty = *Thigh 10 Tiow uniess atherwise rotad.)
. MC 1741 MC1741C
Charactaristic Symbal Min Typ Msx Min Tvp Max Unit
Input Difset Vaoltage - Vio - - 1.0 6.0 - - 75 mV
(Rg €10 x§D R Y
input Gffset Current ho - nA
Ta = 125°%C) - 7.0 200 - - -
T =-55°C) - 85 500 - - -
(T 4 = 09C 1o ~70°C} - - - - - 300
input Gias Current hig A
{Ta = 1259C) - 30 <00 - - -
Ta = -55%C) - 200 1500 - - -
(T4 =09C 10 +70°CS - - - - - 800
Commaen Mods input v attage Range VieR +12 +13 = - - - v
Common Mode Rejection Ratio CMAR 70 90 - - - - d8
(A K10 &)
Supply Voitage Rejection Ratio PSRR - 30 150 -~ - - HVIV
{Rg <10 k)
Outout Voitage Swing vo v
Ry > 10k} 12 14 - - - -
(R 22k 210 =13 - 210 213 -
Large Signet Yoitage Gain Ay 25 - - 15 - - V/imV
| _1BL 22k, Vo= 210V
Supoly Currents 0 mA
(Ta =~ 1259 - 15 2.5 - - -
(T4 +-55%C) - 20 3.3 - - -
Power Cansumption (T4 = +1259C) 7o - 35 75 = = = o
(T4 = -55%C) - 30 100 - 1 - -

“Taign = 1259C far MC1741 and 70°C far MC1741C
Tigw = -389C for MC 1741 and 09C for MC1741C
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MC1741, MC1741C, MC1741N, MC1741NC

NOISE CHARACTERISTICS (Apphes for MCY 741N and MC124INC only, Vee = 15V, VEE = 16 V_ T, = +25°C)

{(BW=1.0Hz101.0kHz,t = 105, Rg = 100 &k}

(Input Referenced}

- MCI174 1IN MC174INC
Characteristic Symbol | Min ITvp Mgx Min Ixe Maax tinit
Burst Nouse (Popcorn Noise) En - - 20 - - 20 »V/peak

FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE

FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE
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e el .. FIGURE 5 ~ BURST NOISE TEST CIRCUIT (N Sutfixed Davices Onty} i _
100 & - Positive
T em— AAA- o T
) 100 & i Yo Pass/Fail
- indicator
(b
SRR T . .
1 100 k Operationst Amplifier tow Pass
Unaar Test Filter
- - b 10 Hzto ¢ kHz .
- - Negative h
- m—_— T T . - m—— .ot Thresholg — - - ~-=-—=—== A I —_'“
For agphcations where low noise performance is 2ssentiat, selacted Voltage

devices cenoted by an N suffix are offered. These ynits have Seen _

100% tested for burst noise pulses On a specia! noise test system.
Unlike conventional peak reading or RMS meters, this system was
especiatly oesigned to provide the guiCk response time esseatial to
burst (popcorn] noise testing.

The test 1:me employed s 10 seconds and the 20 uV peak
himit refers 10 the operational amplifier 1nput thus eiminating
errors 1n the closed-lcop gan factor of the operational smphfier
under test.
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MC1741, MC1741C, MC1741N, MC1741NC

TYPICAL CHARACTERISTICS
(Ve = +19 Vde, VEE = -15 Vde, Ta » +259C uniess otherwise noteat
FIGURE 6 — POWER BANDWIDTR
{LARGE SIGNAL SWING versus FREQUENCY) FIGURE 7~ OPEN LOOP FAEQUENCY RESPONSE
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FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING : FIGURE 9 — NEGATIVE DUTPUT VOLTAGE SWING 5
versus LOAD RESISTANCE versus LOAD RESISTANCE 3
g
1 " —T T - *
. RN T . i RSNl R IR H
" — T T 215 V SUPPLIES ':: i ‘; T I T 3
2 = IR -3 i T 116 v SUPPLIES £
= 12 + T — ~ =12 =t g
3 4 T T = T , TR 3
» U + A . = -1 : =TT N
= 0 L L 112V = -0k | LA Ll £
Tl i brd H T A &
< 990 1 2 9.0} 212V o
= 80 LA ! - S agh— Val | g
2 e e EANEE] R i { i 3
2. 7 11 [N 5 : - v | 8
Y ! ; 2 60 = g
£ T T a A T g
8 s0 3 -50 it g
5 4g : 5V | 2 a0 RN g
- 48 S
? 2 P L | HIB >°_3° JEdEEmEnT ) g
20k J i i 20 NN i 8
= : i T 1 -3 I l I i
1ol | i | { -1 P ptit {
100 220 500 706 1.0%  20% 50070 10k 00 200 500 700 10k 20k SO 10k 10
AL, LOAD RESISTANCE (OHMS) L L. LDAD RESISTANCE (OHMS)
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MC1741, MC1741C, MCi741N, MC1741
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FIGURE 12 ~ NON.INVERTING PULSE RESPONSE

T , -
| 1
l ! L
I I
! § i I
i i * H M
F o i N
SRV v
> ) j
° [ L | \\ ;
- P 7
f : !
A A S R INPUT i
RN . ,
! - ’
: s v i
Ll SR
18w/ DIV
FIGURE 14 — OPEN LOCP VOLTAGE GAIN
- versus SUPPLY VOLTAGE
FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT 40 ; ] ! ] 1 X { i !r
: 1 i K N . )
1% ! : ; : e
s | L ! |
To Scope S s T T ! / + .
(tmput) z + . ‘/ . 4
- O S S
’ ToScope w i / ! N
(Qutputh 2 H 7 ? t
i 1 s : T :
2 [ : | i !
. § i i |
S —— ]
= s I IS S S
R !
] 1 ! ! ; ! ] ! !
0 20 &0 s¢ 85 1 % 18 20

ORDERING INFORMATION

'
VCC. iVEE!L SUPPLY VOLTAGES {VOLTS)

Temperature

Device Alternate Range Packagse
MC1741CE NCF —_ 0°C to +70°C Ceramic Flat
MC1741CG LM741CD, uA741HC 0°C to +70°C Metal Can
MC1741CL - LM741CD, uA741DC 0°C to +70°C Ceramic DIP -~ --
MC1741CP1 LM741CN, pA7417C 0°C to +70°C Plastic DiP
MC1741CP2, —_ 0°C to +70°C Flastic DIP

NCP1, NCP2 N T :

MC1741CUNCU - 0°C to +70°C Ceramic DIP
MC1741F NF —_ ~55°C to +125°C Ceramic Flat
MC1741G NG —_ ~55°C to +125°C Metal Can
MC1741LNL — —55°C to +125°C Ceramic DiP
MC1741U.NU - -55°C o +125°C Ceramic DIP
MC1741NCG — "0°C to +70°C - - Metal Can
MC1741NCL — 0°C to +70°C _ Ceramic DIP

Circuit dragrams utilizing Motoroia pragucts ars inciuded 8% a means
ef illustrating typical semuconductor apeiications. consegquentiy,
compigte information sufficient for CONSIrUCHION purposes i3 NGt
necessarily yiven. The intormastuon hes been cacafully cheched snd

i1t balieved 10 Da entirgty rehiabls  Mowever, N0 résponuibility 18
=s3umed 107 snaccuracies  Furthermore, such intormaton does not
convey 10 the ourcnaser of the 1emicaNCUCTIOr CEVICET 0RICTIDAT SNy
ticense under the Datent rignis of Motcrols Inc. or others.

S —— @ MOTOROLA Semiconductor Products Inc.
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UNIDADES

82
g7
28

4
g2
17

i8

25
50

10

PRESUPUESTAO

CONCEPTO

Condensadores
Resistencias
Potenciometros mini.
Potenc. Chasis
Conectoreas

Zocalaos

Circuitos integrados
Transistor (BD-801)
Diodos

Puente de diodo

Transformador 15+15 V. 1,5 A.

Placas Fotosensibilisadas
Separadores
Tornillos y tuercas

Metros de cable

Montaje

% correspondiente a diseno

- 155 -

PESETAS PESETAS
UNIDAD TOTAL

60 5520
B 582
45 1260
300 1200
50 1100
B0 1020
500 9000
8s 85
25 50
250 250
2200 2200
600 3600
c0 S00
2 100
20 200

Total 26667

10000

5000

Total 41667
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Este presupuesto esta hecho en base a la fabricacion
de cien de estos sistemas moduladores. Con 1lo cual el

importe total seria de:

Cuatro millones ciento sesenta y seis mil

setecientas pesetas. ( 4.166.700,00 Pts. )

LA LAGUNA 30 de JUNIO de 196S.

Fdo.

NOTA
Los precios dados a 1los componentes son valores

medios para cada tipo.

- 156 -
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