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5  INTRODUCCION

En ingenieria se conoce como tensidn eléctrica a la magnitud fisica que cuantifica la diferencia
de potencial eléctrico entre dos puntos. Cuando se unen dos puntos mediante un elemento
conductor entre los cuales existe una diferencia de potencial se produce el fendmeno conocido
como corriente eléctrica.

Existen dos tipos de corriente: corriente continua (CC) y corriente alterna (CA). La diferencia
fundamental entre la corriente continua y la corriente alterna es que esta ultima varia con el
tiempo repitiéndose de forma periddica, la mas usada es la corriente alterna sinusoidal. El uso
de corriente alterna sinusoidal tiene ciertas ventajas sobre la corriente continua ya que es mas
eficiente a la hora de generar, transportar y distribuirla. Dado que la mayoria de los dispositivos
eléctricos y electrénicos funcionan con corriente continua existe una necesidad de transformar
esa corriente alterna a corriente continua. Para cubrir dicha necesidad se hace uso de los
convertidores ca/cc, mas comunmente conocidos como rectificadores.

Los rectificadores hacen uso de interruptores electrénicos que se caracterizan por tener dos
estados conduciendo y no conduciendo, esto idealmente corresponde con un cortocircuito y
circuito abierto respectivamente. Los dispositivos mds comunes y sencillos para estas
aplicaciones son los diodos, pero estos no permiten tener control sobre retraso o angulo de
disparo de los mismos, para ello existen otros interruptores electréonicos mas complejos
conocidos como tiristores.

En este trabajo se realizard un modelado de un convertidor ca/cc trifasico de onda completa
totalmente controlado por medio de tiristores para poner en funcionamiento un motor de
corriente continua ademas de un control Pl para la regulacion de velocidad en bucle cerrado. La
necesidad de implementar un regulador viene dada a la inestabilidad de funcionamiento del
motor en bucle abierto.

6 CONCEPTOS PREVIOS Y FUNDAMENTO TEORICO

6.1 Corriente alterna y corriente continua

La corriente continua es aquella no varia con el tiempo, es decir, el flujo de corriente es
constante entre dos puntos con diferente potencial (Fig. 1). Se caracteriza principalmente por
su valor de tension (V) y de corriente (1).

Fig. 1 Representacion grdfica de la tension frente al tiempo en CC

12
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Por otro lado, la corriente alterna es aquella que varia con el tiempo y se repite de forma
periddica (Fig. 2)Los pardmetros que caracterizan la corriente alterna son:

PwnNe

5.

Amplitud: valor de tensidn o corriente instantaneos (V(t), I(t))

Periodo: duracién temporal de cada ciclo (T)

Frecuencia: nimero de ciclos por segundo (f = 1/T)

Pulsacién: se define como w = 2nf

Fase: desplazamiento angular de la seial respecto del origen de dngulos (¢).

Ademas, se emplean otros valores para cuantificar tensiones y corrientes que son:

Fig. 2 Representacion grdfica de una sefial sinusoidal y sus pardmetros

Valor medio: media aritmética de los valores instantaneos durante un periodo ya sea
de tensidn (1) o de corriente (2).

1 T
Vinea = ;fo VZ(t)dt (1)
1 T
Imea =7 [y I(t)dt (2)
Valor instantaneo: valor de la tensién (3) o corriente (4) en funcién del tiempo.
V() =V, sen(wt + @) (3)
I1(t) = I, - sen(wt + @) (4)

Valor eficaz: media cuadratica de los valores instantaneos de tensién (5) o corriente (6)

durante un periodo.
Voms = 7 V2(©dt 5)
Lyms = /% INEGES (6)

Valor maximo: amplitud de la onda senoidal desde el eje de abscisas ya sea tensién (7)
o corriente (8).

Vi = V2 (7)
Ly = V2 Lrms (8)

13
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6.2 Tiristor y SCR

Los tiristores son interruptores electrdnicos utilizados en los circuitos electrénicos de potencia
donde es necesario controlar la activacién del interruptor. Los tiristores cuentan con tres
terminales y dentro de la familia se encuentran: el rectificador controlado de silicio (SCR), el
triac, el tiristor de bloqueo por puerta (GTO) vy el tiristor MCT o tiristor controlado por MOS
(metal-6xido-semiconductor). Los tres terminales son el danodo (A), el catodo (K) y la puerta (G).

En el ambito cuotidiano suelen emplearse los términos SCR vy tiristor como sindnimos. Una de
las caracteristicas de los tiristores es que pueden soportar altas corrientes y altas tensiones de
bloqueo, pero las frecuencias de conmutacion estan limitadas a valores de entre 10 y 20kHz,
aproximadamente.

Para que el SCR (Fig. 3) entre en conduccidn, hay que aplicar una corriente de puerta cuando la
tension dnodo-catodo sea positiva. Una vez que el dispositivo haya entrado en conduccidn, la
sefial de la puerta deja de ser necesaria para mantener la corriente de anodo. El SCR continuara
conduciendo mientras la corriente de anodo siga siendo positiva y esté por encima de un valor
minimo denominado nivel de mantenimiento.

K

Fig. 3 Modelo de SCR y sus terminales

6.3 Transformadores

Para poder trabajar con el motor hay que adecuar las tensiones a los valores aceptados por el
dispositivo. Asi mismo para la alimentacion de la etapa de control también es necesario un nivel
de tensidn adecuado para el correcto funcionamiento de los dispositivos. Otra caracteristica de
suma importancia es la capacidad de aislamiento eléctrico, esto nos permitird tener los puntos
de referencia de cada subcircuito aislados.

La relacion entre la fuerza electromotriz inductora (Ep), la aplicada al devanado primario y la
fuerza electromotriz inducida (Es), la obtenida en el secundario, es directamente proporcional
al niumero de espiras de los devanados primario (Np) y secundario (Ns). La relacién de
transformacion (m) indica el aumento o decremento que sufre el valor de la tensién de salida
con respecto a la tensidon de entrada, es decir, la relacidon entre la tension de salida y la de
entrada (9).

E 14 N
m=2="P_12P (9)
Es Vs Ns

14
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6.4 TCA785

Fig. 4 Patillaje del circuito integrado TCA785

El circuito integrado TCA785 (Fig. 4) (Tabla 1) esta enfocado a aplicaciones de control de fase
para tiristores, triacs y transistores principalmente. Los pulsos de disparo pueden regularse
desde 0 hasta 180 grados. Las aplicaciones tipicas incluyen circuitos convertidores, reguladores
de ACy controles de corriente trifasicos.

Tabla 1 Numero de pin, simbolo y descripcion del patillaje del Cl TCA785.

1 GND Masa

2 Q2 Salida 2 invertida

3 Qu Salida U

4 Q1 Salida 1 invertida

5 Vsync Tensidn de sincronizacién
6 I Inhibicién

7 Qz Salida zZ

8 Vref Tension estabilizada

9 R9 Resistencia de rampa
10 ci0 Condensador de rampa
11 Vil Tensidn de control
12 C12 Extension de pulso
13 L Pulso largo

14 Q1 Salida 1

15 Q2 Salida 2

16 Vs Tension de alimentacién

6.4.1 Principio de funcionamiento

La sefial de sincronizacion se obtiene a través de una impedancia de alto valor conectada al
terminal 5. Tras esto, un detector de pasos por cero se encarga de detectarlos y enviarlos al
registro de sincronizacion.

Este registro de sincronizacidn controla un generador de rampa, el condensador C10 se carga
por una corriente constante (determinada por R9). Si el voltaje V10 rampa excede la tension de
control V11 (¢ angulo de disparo), una sefial es procesada a la unidad légica. Dependiendo del

15
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valor de la V11, el angulo ¢ desencadenante puede ser desplazado dentro de un angulo de fase
de 0° a 180°. Para cada media onda, un pulso positivo de aprox. 30 us de duracion aparece en
las salidas Q1 y Q2. La duracién del pulso se puede prolongar hasta 180° a través de un
condensador C12. Si el pin 12 esta conectado a tierra, los pulsos tendran una duracién entre ¢
y 180°.

Una sefial de ¢ + 180° que puede ser utilizado para controlar una légica externa, a través del pin
3. Una seiial que corresponde al enlace NOR de Q 1y Q 2 esta disponible en la salida QZ (pin 7).
La entrada de inhibicién se puede utilizar para desactivar las salidas Q1, Q2 y sus respectivas
negadas.

El Pin 13 se puede utilizar para ampliar longitud de pulso de las salidas negadas (180° - ¢) (Fig.
5).

| Pulse
Extension

h 12

Synchron
Register

Zero
Detector

Discharge
Monitor

P
L

l?w

Control
Comparator

E I T 68
Discharge

11 Transistor |g |13

Confrol Inhibit Long-Pulse
—~ Volftage Commutatfion

IEBOO358

g Vstab Gio=—

Fig. 5 Diagrama de bloques del TCA785

6.5 555

El circuito integrado 555 o, generalmente, 555 sirve generalmente para generar retardos de
tiempo u oscilaciones precisas. Puede trabajar en diferentes configuraciones tales como:
multivibrador monostable, astable, conformador y/o detector de pulsos. En este trabajo se hara
uso de la configuracién: multivibrador astable.
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En la configuracién multivibrador astable (Fig. 6) la entrada de RESET (patilla 4) se conecta a
+Vcc para evitar puestas a cero accidentales de la salida. El condensador de la patilla 5 no es
necesario, pero evita ruidos no deseados en la sefial de salida. Por otro lado, R1, R2 y C1
conforman la constante de carga y R2 y C1 la de descarga.

4 8
RESET Ve
DIS
THR out

TRIG

GND CTRL
1 5

Fig. 6 Configuracion del Cl 555 en modo astable

Esta configuracion se rige bajo varias ecuaciones que determinan el tiempo que la sefial de salida
estara a nivel alto y el tiempo que estara a nivel bajo. A consecuencia de esto tenemos la
ecuacion del periodo (10)) y de la frecuencia (11) de la sefial de salida del integrado.

T = 0.693(R, + 2R,)C; s (10)

1 1.44
F= T Ry+2R,C, (11)
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7 RED TRIFASICA

Un sistema trifdsico se caracteriza por contar con 3 fases entre la cuales existe un desfase. El
sistema trifasico de tensiones senoidales a usar es equilibrado lo que implica que tanto la tensidn
o corriente eficaz, la pulsacion y el desfase son iguales (Fig. 7).

Faseparala \ Fasepaala § Faszpamla
fse A= (P Yfase B = 12(° Ve C=24°

Fig. 7 Representacion grdfica del sistema de tensiones trifdsico equilibrado

Estas tensiones se conocen como tensiones simples o de fase. Los tres generadores contaran
con un punto comun que servira de referencia a estas tensiones denominado Neutro (N). El
sistema trifasico a usar contard con un desfase de 120° entre fases, 230 Vs por fase y 50 Hz
de frecuencia. Analiticamente esto puede expresarse con las ecuaciones (12), (13) y (14)).

Vo = Vi, + cos(wt) (12)
Von = Vi - cOsS (wt + 2?71') (13)
Ven = Vi - cos (wt - %n) (14)

La tensién entre dos fases se conoce como tensidn compuesta. Para este sistema el valor de
dichas tensiones se obtiene con las ecuaciones (15), (16) y (17).

Vab = Van — Vo = V3V, - sen (wt + %) (15)
Ve = Vpn —Vien =V3 -V, - sen (wt + g) (16)
Vea = Ven — Van =\/§-Vm-sen(wt—§) (17)
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8  CONVERTIDORES CA/cCC

8.1 Definicién y generalidades

Los convertidores ca/cc o rectificadores permiten obtener un potencial a la salida de corriente
continua a partir de una corriente alterna. Para llevar a cabo dicha conversién se hacen uso de
conmutadores electrénicos como son los diodos, pero estos no permiten controlar el dngulo de
disparo por lo que es necesario el uso de elementos mds complejos como tiristores.

Los rectificadores que hacen uso de tiristores o de algin otro elemento que permita el control
del angulo de disparo se conocen como rectificadores controlados. También existen los
conocidos como rectificadores semicontrolados en cuyo puente tienen una combinacion de
elementos controlados y no controlados de conmutacion.

Convertidor ca/cc de “onda completa” es aquel con el cual se rectifica ambos semiciclos de la
sefial sinusoidal (Fig. 8)

Fig. 8 Rectificador monofdsico de onda completa
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8.2 Rectificador trifasico totalmente controlado

El puente del convertidor ca/cc totalmente controlado de onda completa es aquel que cuenta
con tiristores para llevar a cabo la rectificacion de ambos semiciclos de la sefial senoidal. De este
modo se tiene control sobre el dngulo de disparo de cada tiristor permitiendo controlar la
tension y corriente de salida del rectificador (Fig. 9).

Fig. 9 Rectificador trifdsico totalmente controlado

En wt = /6+a, el tiristor T5, ya conduce y el tiristor T1 se activa. Durante el intervalo (1/6 + a) <
wt £ (/2 + a) conducen los tiristores T1y T5 y a través de la carga aparece el voltaje de linea a
linea (vab = van - vbn). En wt = i/2+aq, el tiristor T6 se dispara y el tiristor T5 inmediatamente
invierte su polaridad. El tiristor T5 se desactiva por conmutacion natural. Durante el intervalo
(/2 + a) € wt < (51/6 + a), los tiristores T1 y T6 conducen y el voltaje de linea a linea, Vca,
aparece a través de la carga., la secuencia de disparo es 16, 62, 24, 43, 35 y 51. En la figura 8
aparecen las formas de onda de tension, para la tension de salida, para la corriente de entrada
y la corriente a través del tiristor (Fig. 10).

En estos rectificadores la tensidon promedio de corriente continua (Vcc) se obtiene mediante la
expersion (18).

3+/3-Vy,-cos(a)
b

Vee = fn V, - sen (wt + 6) d(wt) = (18)
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El valor eficaz de la tensidn de salida se calcula con la expresién (19).

Veass = %fg:; [\/§ V- sen (wt + %)]2 d(wt) = (19)

1, 3V3
\/§Vm\/5 +t o cos(2a)

v

‘ 13, T5

15,71

11, T6 Te, T2 T2, T4 T4, T3 T3.T5

t--Corriente de carga

a=T1/3

Fig.

10 Formas de onda de un rectificador trifdsico totalmente controlado
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9  MOTOR TAMAGNINI RoTOMOT 3L

El motor Tamagnini Rotomot 3L (Fig. 11) es un motor de imanes permanentes. Estos motores
tienen la particularidad de contar con un sistema de “aletas concentradoras de flujo” que
impiden las desmagnetizaciones accidentales. Por lo tanto, las altas corrientes de
desmagnetizacidon que el motor es capaz de soportar lo hacen especialmente conveniente para
controles de velocidad regulados con SCR. El motor cuenta con el estdndar de proteccién IP54,
cableado en bloque y terminales con prensaestopas. Ademds, cuenta con la certificacidon CE.

Fig. 11 Motor Tamagnini Rotomot R3L

Para la realizacion del control de velocidad es necesario conocer las caracteristicas eléctricas y
mecanicas del motor. En la siguiente tabla (Tabla 2) quedan recogidas las mas importantes a la
hora de implementar el sistema.

Tabla 2 Caracteristicas eléctricas y mecadnicas del motor R3L, simbolos y valores.

CARACTERISTICAS GENERALES

Velocidad nominal Nm RPM 3000
Potencia nominal Pu W 600
Tensidon nominal Vn \Y 170
Corriente nominal In A 4.5

CARACTERISTICAS MECANICAS
Inercia del rotor J Kg/m~2 0.00169
Masa m Kg 10.3
CARACTERISTICAS ELECTRICAS
Resistencia de armadura Rm Ohm 2.5
Inductancia de armadura La Mh 17.5
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De estos datos puede obtenerse el mddulo (20) y fase (21) de la impedancia interna del motor:

Z =\/R? + (wL)? = /2.52 + (1007 - 17.5 - 1073)2 = 6.04 Q (20)
_ 1 (@l _ —1 (100m17.5:1073\ _ o
6 = tan (%) = tan! (1) = 72,829303 (21)
9.1 Dinamo tacométrica R3L

El motor cuenta con su propia dinamo tacométrica que permite obtener un nivel de tensién en
funcién de las revoluciones del motor. La caracteristica principal de este dispositivo es la
constante de tension, este valor es la relacidn entre la tension generada y las revoluciones del
motor (Tabla 3).

Tabla 3 Valor de la constante de tension de la tacodindmo del motor R3L

CARACTERISTICAS GENERALES
Constante de tensidn En V/KRPM 10

10 RECTIFICADOR TOTALMENTE CONTROLADO Y CONTROL DE VELOCIDAD DEL MOTOR

El puente rectificador ha sido disefiado para suministrar la potencia necesaria para el
funcionamiento del motor Tamagnini Rotomot R3L. El disefio del rectificador se ha divido en dos
partes independientes (Fig. 12):

1. Etapa de potencia
2. Etapa de control de fase
3. Control de velocidad del motor

Red trifésica
230Vac @ 50Hz

Vtacodinamo

Etapa de potencia

Fig. 12 Flujograma del rectificador trifdsico totalmente controlado con el control de velocidad
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10.1  Etapa de potencia

El disefio de la etapa de control se ha realizado en base a la red trifasica que se emplea como
fuente de alimentacién principal. La red trifasica equilibrada usada cuenta con una tensién eficaz
simple de 230V y una frecuencia de 50 Hz.

10.1.1  Transformadores de la etapa de potencia
Dada la tensién nominal del motor, y la tension de la red trifasica de la que partimos puede
obtenerse la relacidn de transformacion adecuada para aplicar al motor (22).

Vn motor 170 170
= 0.30175
Vplco compuesta 230 -2 - \/_ 563.382 (22)

Con esta relacién de transformacion, la tensién eficaz de simple (23) sera la siguiente:

Vo =V;-m=230-0.301749 = 694V (23)

La configuracion para los transformadores de potencia es estrella-estrella, es decir con un punto
comun a las tres fases (Fig. 13).

230/63.4 Vac @ 50 Hz

T2

.

' ﬁzﬁ ﬁ . 3
230/69.4 Vac @ 50 He

13

- 230/69.4 Vac @ 50 Hz

Fig. 13 Configuracion estrella-estrella de los transformadores de potencia

24



Javier Novella Ruiz . EEEEN .

Escuela Tecnica Superior de Ingenieria del Diseno

10.1.2  Puente rectificador controlado

Sabiendo la tensidén nominal del motor y la tensién que aplicaremos al puente se comprueba si
el angulo de disparo es admisible para la tension maxima (24).

V, 170
®pin = cos ™t (%) = cos™! ( ) =0

ac 170 (24)

La tensidn promedio maxima (25) y la tensidn eficaz maxima (26)) que se aplicara al motor sera
con angulo de disparo a = 0°.

V3V - cos(a)  3v3-+2-(230-0.301749) - cos(0)
s B s (25)
[Vee = 162.338 |

Vee =

1 3v3
Vems = \/§Vm\]§ + Ecos(Za)

(26)

1 33
=+3-v2-(230- 0'301749)\/5 +——c0s(2-0)

[Vrms = 162.481 V|
Dado que se trata del dngulo de disparo minimo que implica una tensién maxima, la tensién
promedio y la tension eficaz son prdcticamente iguales. Lo mismo ocurre con la corriente
promedio (27) maxima (a = 0°) y la corriente eficaz maxima de salida (28). Estas vienen dadas
por la impedancia del motor.

Vpe  162.338217

¢c =R 6.04 6877 (27)
Vews 162.481

Del mismo modo la corriente media (29) y eficaz (30) maxima que circulard por los tiristores
seran de mismo valor.

Icc  26.8777

ICCtiristor = ? = T =8974 (29)
Ipms 269

Ipums tiristor = 3 = N =8.966 4 (30)
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Para la eleccion de los tiristores se ha tenido en cuenta la frecuencia de funcionamiento, la
tensién inversa maxima (Vdrm) y la corriente maxima de conduccion del tiristor (Imax). La
frecuencia de funcionamiento es 50Hz por lo tanto estd muy por debajo de la frecuencia de
funcionamiento de estos dispositivos. El tiristor elegido es el BT151 (Tabla 4) ya que tanto la
tension inversa como la corriente maxima que puede soportar estan por encima de las maximas
gue va a suministrar el circuito.

Tabla 4 Referencia y caracteristicas del tiristor escogido para el puente rectificador

BT 151-500R 12 500 15 T0-220

La corriente de activacidén de puerta maxima (lgt) es de 15 mA por lo tanto es necesario poner
una resistencia (31) entre la puerta y el catodo para limitarla y evitar la destruccién del
componente.

vgt 12
Tot = T5105 = 8000 (31)

Como resistencias normalizadas de este valor no existen se ha seleccionado la inmediatamente
superior de valor R = 820 Q.

Rmin -

La configuracidn del puente rectificador esta recogida en la tabla (Tabla 5). y figura (Fig. 14).

Tabla 5 Componentes del puente rectificador

Nombre Cantidad
BT151-500R 6
Resistencia 820 Q 6

-l - R

BT151-500R

]

BT151-500R

Fig. 14 Esquemadtico del puente rectificador
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10.2  Etapa de control de fase

10.2.1  Transformadores de la etapa de control

El uso de transformadores para la etapa de control viene condicionado por la necesidad de
reducir la tensién hasta valores adecuados para el funcionamiento de los elementos de la etapa
de control como la de aislar eléctricamente la etapa de control de la etapa de potencia.

10.2.1.1  Transformadores para alimentacion

La tensién en el primario para estos transformadores es de 230 Vac RMS. Se ha seleccionado un
rango de tensiones adecuado para el devanado secundario de los transformadores de
alimentacién de la etapa de control. Dado el posterior uso de dicha tensién, a la cual se le
realizard un rectificado, filtrado y estabilizado, se ha seleccionado un rango de tensiones eficaces
aceptados en un intervalo V; = [13.014,17.677] V. esto implica un intervalo de valores de
tension méaximos en el secundario de V; = [18.5,25] V. La eleccién de este rango de valores
viene condicionada por los valores maximo y minimo de funcionamiento de los reguladores de
tension que seran usados en el posterior disefio.

La potencia de los transformadores se ha seleccionado realizando una estimacién de la carga
qgue tendrd que soportar cada una de las fases. Esta estimacion se ha realizado sumando las
potencias maximas que pueden consumir todos los componentes implicados. La fase A tendra
mas carga ya que también alimentara el circuito del control de Pl del motor. En las ecuaciones
(32), (33) y (34) se encuentran los sumatorios de potencias por fase.

Prrasea = Prcazss + Psss + Ppy + Ppergiaas =6+ 3+ 0.71 +

32
1.5=11.21VA (32)
PTfaseB = Prcazss + Psss + Pperdidgas =6 +3+1=10VA (33)
Prrasec = Prcazss + Psss + Prerdgigas =6 +3+1=10VA (34)

Para evitar posibles sobrecargas se ha sobredimensionado la potencia de cada transformador
eligiendo el FS28-1300-C2 de TRIAD MAGNETICS (

Tabla 6). Este transformador cuenta con dos devanados primarios y dos secundarios.

FSI2R.120N0-C2 2 2 2K \/A 220/118 \/ 14 \/

FS28-1300-C2 2 2 36 VA 230/115V 14V
Tabla 6 Caracteristicas de los transformadores FS28-1300-C2

Como se dispone de dos primarios y dos secundarios se ha recurrido al uso de 2 transformadores
de este tipo.
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En la (Tabla 7) y en la (Fig. 15) estan los componentes la configuracién de estos
transformadores:

Tabla 7 Numero de transformadores FS28-1300-C2 usados

Nombre Cantidad
FS28-1300-C2 2

3

GND_CONTROL)

FS28-1300-C2

Fig. 15 Configuracion de los transformadores de alimentacion

10.2.1.2  Transformadores de impulsos
Para el aislamiento y transmision de las sefiales de disparo desde la etapa de control a la etapa
de potencia se ha hecho uso de transformadores de impulso. La caracteristica principal de estos

Fig. 16 Transformador de impulsos SKPT 25b3
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transformadores es que su relacién de transformacion es 1, es decir, la tensiéon que en el

devanado primario es la misma que la tension en el devanado secundario.

Los transformadores seleccionados son los SEMIKRON SKPT 25b3 (Fig. 16). Estos
transformadores cuentan con dos devanados secundarios y uno primario.

Las caracteristicas de este transformador se rednen en la (Tabla 8):

Tabla 8 Caracteristicas de los transformadores de impulsos SKPT 25b3

SKPT 25b3 1:1:1 0.55Q 0.55Q 1.5 us 500V 4000 V
La configuracion y los componentes estan en la (Tabla 9) y en la (Fig. 17).

Tabla 9 Numero de transformadores SKTP 25b3

Nombre Cantidad
SKPT 25b3 6

(B Tsra5 &

g

[GhO_cOnTROL

88

[Oe_Toa as o

[CHE_CORTROLC:

0
h

98

[ Tcs7E5_B&

A
Ky

§ 4

[CHO-CONTROL

[ Tos os B

A

g9

[GHO_cOonTROU:

[ TaTas_C

[GRO_CONTRCL

Bd

[G=_Tc=7 85 _C¥

:

[CRO_cOnTROL:

| SKEPT _FZSD3

Fig. 17 Configuracion de los transformadores de impulsos
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10.2.1.2.1  Alternativas al transformador de impulsos

Como alternativa para la realizacidn de esta etapa de aislamiento y transmisién de las sefiales
de disparo de los tiristores puede hacerse uso de optoacopladores u opotoaisladores. Estos
dispositivos polarizan la base de un transistor o triac (Fig. 18) por medio de un fotodiodo para
transmitir la sefial.

Fig. 18 Modelo de un optotriac

Haciendo uso de 6 dispositivos de este tipo, podria aislarse la etapa de control de la etapa de
potencia como muetra la (Fig. 19). Transmitiendo las 6 sefiales de disparo a los tiristores.

Vtiristor_1) _1 R * #1 : | @
w
2 4 Gi>

K

OPTO- TRIAC

N/
GND

Fig. 19 Aislamiento realizado con un optotriac

30



Javier Novella Ruiz . EEEEN .

Escuela Tecnica Superior de Ingenieria del Diseno

10.2.2  Circuito de alimentacidn para la etapa de control

Para administrar la potencia necesaria para hacer funcionar adecuadamente los circuitos
pertenecientes a esta etapa, ademas del circuito del regulador Pl, se ha hecho uso de un
rectificador monofasico de media onda, un filtro y un regulador.

La tensidn rectificada (35) por el diodo es filtrada por el condensador que elimina el rizado de la
tension.

Viect = V2 Viransformador = V2-14=19.8V (35)
Esta tensidn presente en las entradas de los reguladores 7815 y 7915 hace que se tenga una
salida estabilizada de +15V (7815) y -15V (7915). Entre la patilla de salida y GND se conecta un
condensador de 330 nF de desacoplo por el cual se derivan pequefios ruidos no deseados en la
sefial de salida.

La (Tabla 10) y la (Fig. 20) muestran la configuracion y los componentes de este circuito:

Tabla 10 Componentes del circuito de alimentacion para la etapa de control

Nombre Cantidad
1N4007 5
C2700uF25V 5
7815 4
7915 1
C300nF 5

e — o LM7H15
 iwsoar _ S
ED—» L w0 s VS_TCAA)

=
a

—i

VS_PI_P3s)

VS_PI_NEG)

[VS_TCA B)

VS_TCA C)

Fig. 20 Esquemadtico del circuito de alimentacion para la etapa de control
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Para poder disparar los tiristores en la secuencia correcta es necesario la obtencién de pulsos
sincronizados con las tensiones compuestas o con un dngulo de retraso de 30° respecto de las
tensiones simples. Estos disparos irdn desde un angulo minimo de 0° hasta un angulo maximo

de 120°.

Para conseguirlo se ha hecho uso del circuito integrado TCA785. Con tres, uno por fase, se
obtienen las seis senales de disparo necesarias para disparar los seis tiristores.

La configuracion de los TCA785 y sus componentes estan recogidos en la tabla (Tabla 11) y figura
(Fig. 21) siguientes:

Tabla 11 Componentes del circuito de sincronismo y disparo

Nombre
TCA785
1N4148
R33k
R100
R47k
R55k
C47nF
C150nF

Cantidad
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" [INH_TCARA

‘e IN#L48 | 1N4148

116 -

—R———— VS TCAA

15 - 1NsLAS [+0:] o o o — i ]
14
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(13, mveuse Plos e [HZ_[C

1ITER
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11

€10
VREF -~ R9

—(V_CONTROL

10

4701 CLL
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u7

GND_CONTROL)

o o puy -

@6 LNAL4E | 1ns1z8
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Qu
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VSYNC-
[

QZz
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116 -

—— (e —{30k}

1l
RZ TR

] :“ ina1is )—|ﬂ [T00}——+——{q3.Tca7e5.8) |
13 IN4LES
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i - Do 2 L\IS;fCA_B
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) H— {55k

TCAT8S
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— T

- ... DL . pif -
pre  LNELAE | 1Ns148 |
I| 33k || * g

GND
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Qu

VSYNC

|
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|16

A
R7 . RB

%‘ﬁ@——@'}gcnaﬁi) 1
13 - INALKS

12

R4S {VE_TEAC] -

r—@LTo0Es )

1
D16 - TRix A

-E . L GND_CONTRAL

{V_CONTROL

47nF 17

TCA785

R12 R13

Fig. 21 Esquemdtico del circuito de sincronismo y disparo de los tiristores
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10.2.3.1  Entrada de inhibicion (patilla 6)

Para el correcto funcionamiento de los tiristores se han troceado las salidas Q1 y Q2 de los
TCA785. Para conseguir esto, se ha hecho uso de la patilla 6 (entrada de inhibicién) del tca785.
Esta patilla permite activar y desactivar las salidas Q1 y Q2. Con un Cl 555 en modo astable
conectado a esta entrada se ha conseguido dicho resultado.

Dada la ecuacion (37), se ha seleccionado una frecuencia (36) para el multivibrador astable, a
partir de la cual se han calculado los valores de los otros componentes.

1 1
f—ZkHZ,T—}—C—mS (36)
T = 0.693(R; + 2R,)C; s (37)

Para la resolucidn de esta ecuacidn se han seleccionado valores normalizados de resistencia para
R1y R2y se ha obtenido el valor de C1 (38).

Ry =39kQ; R, =3kQ (38)
Por lo tanto, despejando C1 y sustituyendo los valores conocidos puede obtenerse el valor de la
capacidad (39).

1

C, = u = 2000 =723-10"8=723nF  (39)
0.693(R;+2R>) 0.693(3900+2-3000)

Como el valor del condensador no estd normalizado se ha seleccionado el mas préximo que es
C; = 68nF. En la ecuacion (40) se recalcula la frecuencia de la sefial PWM generada por los Cl
555.

1 1
f= T — 0.693(3900+2-3000)-68-10-° 2143.5 Hz (40)

En la tabla (Tabla 12) y la figura (Fig. 22) estan los componentes y configuracion de los 555.

Tabla 12 Componentes de los 555 en modo astable

Nombre Cantidad
ClI 555 3
R3.9k 3
R3k 3
C68Nf 3

CNE CONTROL
ONE CONTROL
[ChE_CONTRLL

Fig. 22 Esquemadtico de los 555 en modo astable

33



POLITECNIC/\ Trabajo Final de Grado
DE VALENCIA

10.2.3.2  Alternativas al circuito de sincronismo y disparo

Una alternativa al control de fase usando TCA785, es el uso de optoacopladores con detector de
pasos por cero como muestra la figura (Fig. 23). De este modo, se polarizard la base del transistor
y se compararad con la tension de control en el comparador obteniendo a la salida la tensién para
llevarla a la etapa de los transformadores de aislamiento u optoacopladores.

U1A

=y
1 Vtiristor_1

VCONTROL

Fig. 23 Circuito de sincronismo alternativo al TCA785

Deberia replicarse el circuito hasta tener 6 de este tipo. Haciendo uso de las diferentes
combinaciones de fases: AB, BC, CA, BA, CB, AC. Asi se obtendrian los 6 pulsos necesarios.

10.3  Control Pl de velocidad del motor

El algoritmo de control a usar es el Pl en paralelo (41). El valor de salida del controlador
proporcional varia en razén proporcional al tiempo en que ha permanecido el error y la
magnitud del mismo, su funcion de transferencia es:

&) _ g (1
= Kp (T,-.s + 1) (41)

Donde KP es la ganancia proporcional y Ti se denomina tiempo de accidon integral. Ambos valores
son ajustables. El tiempo integral regula la velocidad de accién de control.

El primer paso a la hora de realizar el control de velocidad ha sido conseguir un modelo del
motor con el que poder trabajar. Haciendo uso de la herramienta Simulink de MATLAB se ha
podido simular el comportamiento del motor en lazo abierto.
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En la figura (Fig. 24) esta el modelo de motor a usar en las simulaciones.

1
- 4 4 - > .
Tensién motor Ls+R Par motor Velocidad angulo

Armadura Ganancia Integrator

Ganancial

<l

|‘

Fig. 24 Diagrama de bloques del modelo del motor R3L

Para la obtencion del valor de Ke se ha empleado la ecuacién (42) derivada del modelado fisico
de un motor DC:

Vg—Rqi  170—(2.5-4.5 %
K, = - = 3050-2n ) = 050532% (42)

w
60
Como es un motor DC de imanes permanentes el valor K, = K; pero con diferentes unidades
como muestra la ecuacion (43).

K, = 050532 (43)
La obtencidn del coeficiente de friccion viscoso se ha realizado mediante la ecuacion (44).
_ Kel _ 05053245 _ Nms
B = W = ooozm = 0.00724 —ad (44)

60
Los valores a utilizar para las diferentes simulaciones del motor R3L son los de la tabla (Tabla

13).

Tabla 13 Datos para el modelo de simulacion del motor R3L

Nombre Simbolo Valor Unidades
Inductancia armadura L 17.5 H
Resistencia armadura R 2.5 Ohm

Constante eléctrica Ke 0.505 V/(rad/s)
Constante mecanica Kt 0.505 Nm/A
Coeficiente de inercia J 0.00169 Kg/m~2

Coeficiente de friccidn viscosa b 0.00724 Nms/rad
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Fig. 27 Respuesta en lazo abierto del motor R3L

Para la simulacion en lazo abierto ante una entrada tipo escaldén se ha usado el diagrama de
blogues (Fig. 25).

]

Discrete PID Gontroller

deal Ratatanal| ¢
Wotan sensor |

. " + uachanieal | I
Electrical Referance Reatanes Reference ,-|\._.’

PS-Simuink
Canverter

Fig. 25 Diagrama de Simulink para la simulacion del motor R3L en lazo cerrado con el requlador

El sistema sobreoscila en lazo abierto (Fig. 26), por lo que es necesario la introduccion de un
regulador para eliminar dicha sobreoscilacién.

Para la obtencidn de la Kp y Ki del regulador se ha empleado una simulacién haciendo uso del
sistema de la figura (Fig. 27).

Con la herramienta PID Tuner se han seleccionado unos valores de la parte proporcional e
integral del regulador para que cumplan las condiciones de la ecuacién (45).

ts<1s
te <2s
La ecuacidn (46) muestra los valores obtenidos por el PID Tuner de Simulink.

(45)
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Kp=1
Ki =100
Para la simulacién del PI realizado con componentes electrénicos se ha usado el diagrama de
simulink de la figura (Fig. 28).

(46)

Fig. 28 Diagrama de simulink empleado para la simulacion en lazo cerrado con el Pl electronico (Kp=1; Ki=100)

10.3.1  Regulador Pl electrénico
La implementacion fisica del regulador Pl es totalmente analdgica. La etapa de regulacién ha
sido implementada con amplificadores operacionales trabajando en diferentes configuraciones.

Para realizar el control Pl electrdnico se ha usado la tensidn de la tacodinamo del motor y una
tensién de referencia. La tacodinamo tiene un rango de valores tensién entre OV (0 rpm) y 30V
(3000 rpm) ya que su constante de tension es 10 mV /rpm.

El rango de tensiones de la referencia va de OV a 15V mediante un potenciémetro de 10kQ por
lo que se ha adecuado el nivel de tensiones de la dinamo tacométrica mediante un divisor de
tensiones de ganancia % y valores de resistencia 10kQ. Los componentes y la configuracién de
estos divisores estan en la tabla (Tabla 14) y la figura (Fig. 29).
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Tabla 14 Componentes de los divisores resistivos de las tensiones de referencia y tacodinamo

Nombre Cantidad
Resistor 10kQ 2
Potenciémetro 10kQ 1

 |V_referencia

Fig. 29 Esquemadtico de los divisores resistivos de las tensiones de referencia y tacodinamo

10.3.1.1  Amplificador diferencial inversor

Para restar la tension de referencia a la tensién de la tacodinamo se ha hecho uso de un
amplificador en configuracién diferencial y de ganancia unitaria (47). Los valores de resistencias
de esta etapa son todos de 10kQ.

G=1
Vo=G-(Vt=V)=V+t—v- (47)
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Los componentes y la configuracion del amplificador diferencial estan en la tabla (Tabla 15) y la
figura (Fig. 30).

Tabla 15 Componentes del amplificador operacional diferencial

Nombre Cantidad
Resistor 10kQ 4
TLO81 1

V_DIFERENCIAL )

Fig. 30 Esquemdtico del amplificador operacional diferencial

10.3.1.2  Ganancia proporcional
La ganancia proporcional se ha obtenido mediante un amplificador inversor cuya ganancia es la

ganancia proporcional del regulador PI. La ganancia de esta etapa es negativa, pero de mismo
valor que la ganancia proporcional del regulador Pl (48). La polaridad se invertira en una etapa
posterior del regulador. Los valores seleccionados para esta etapa son 10kQ.

. . Ry
V0=VL-G=—VL-R—
1
G=K,=1 (48)
Vo=-Vi
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Los componentes y la configuracion del amplificador inversor estdn en la tabla (Tabla 16) y la
figura (Fig. 31).

Tabla 16 Componentes del amplificador operacional inversor Kp

Nombre Cantidad
Resistor 10kQ 2
TLO81 1

[V_DIFERENCIAL )

Fig. 31 Esquemadtico del amplificador operacional inversor Kp

10.3.1.3  Integrador
La ganancia integral se aplica mediante un amplificador configurado en modo integrador.

Sabiendo la ganancia integral se han obtenido los valores de resistencia y capacitor necesarios
para su disefio y montaje. Como el analisis que se realiza es de corriente continua la ganancia se
simplifica a la ecuacion (49).

G=Ki= ——100 (49)

Se selecciona como valor de condensador 1 uF y se despeja el valor de resistencia en la ecuacién
(50).

1

= T706.100 — 10 kQ (50)
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Los componentes y la configuracion del integrador estan en la tabla (Tabla 17) y la figura (Fig.
32).

Tabla 17 Componentes del amplificador operacional integrador Ki

Nombre Cantidad
Resistor 10kQ 1
TLO81 1
Capacitor 10uF 1

~ |V_DIFERENCIAL

™

Fig. 32 Esquemadtico del amplificador integrador Ki

10.3.1.4  Sumador inversor y buffer

Para sumar ambas ganancias se ha hecho uso de un amplificador sumador inversor. Con esto se
consigue, ademas de sumar las tensiones de etapas anteriores, invertir la polaridad. Las
resistencias de esta configuracién son todas de igual valor, 10 kQ. Por lo tanto, la funcién de
transferencia es la ecuacion (51).

VOZG'VI.=(V1+V2)'G=_(V1+V2) (51)
Para evitar problemas de desacoplo de impedancias de se ha colocado a la salida de este
sumador un buffer de ganancia unitaria. Su funcidn de transferencia es la ecuacién (52).

Este amplificador cuenta con la tecnologia rail-to-rail esto implica, a nivel practico, que pueda
alimentarse desde 0V a +15V pudiendo llegar ambos voltajes de saturacion sin pérdidas.
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A la salida de dicho buffer se ha colocado un divisor de tension cuyas resistencias son de idéntico
valor para tener una ganancia de 0.5, cuya funcién de transferencia es la ecuacion (53).

V,=G-V;=05V1; (53)
Por ultimo, para evitar desacoples indeseados a la entrada del TCA785 se ha colocado otro buffer
de ganancia unitaria correspondiente a la ecuacion (54).

Vo:G'Vi=Vi (54)
Las configuraciones de estas etapas estan en la tabla (Tabla 18) y la figura (Fig. 33).

Tabla 18 Componentes de la etapa sumadora y de desacoplo del regulador Pl

Nombre Cantidad
Resistor 10kQ 4
TLO81 2
AD623 1

V_CONTROL

Fig. 33 Esquemadtico de la etapa sumadora y de desacoplo del regulador Pl

11 PLACA DE CIRCUITOS IMPRESOS
Para materializar el control de velocidad del motor, se han realizado tres placas de circuitos
impresos independientes.

1. PCB de alimentacion
2. PCB de control
3. PCBde potencia

El tamafo de cada placa de circuitos impresos es de 10 cm de ancho por 15 cm de largo. Como
software de disefio se ha empleado Proteus 8 Profesional.

11.1  PCB de alimentacién

En esta placa se encuentran los transformadores de la etapa de control y los reguladores de
tensién (con su rectificador y filtro). Esta placa se conecta a la PCB de control por medio de un
cable de pines hembra. Su funcidn es la de alimentar todos los circuitos integrados de la etapa
de control. Las sefiales de sincronismo de los TCA785 también estan incluidas en esta PCB.
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La tabla (Tabla 19) y la figura (Fig. 34) muestran los componentes y el layout de la placa de
circuitos impresos.

Tabla 19 Componentes de la PCB de alimentacion

Nombre Cantidad
Transformadores FS28-1300-C2 2
1N4007
C2700uF25V
7815
7915
C300nF
1N4007
Resistor 10kQ
Conector DIL-10
Conector TBLOCK-14

o N CSRN, BO B R S O B, |

Fig. 34 Layout de la PCB de alimentacion

11.2  PCB de control

En esta placa se encuentran todos los componentes relacionados con el control de fase y el
regulador Pl analdgico del motor R3L. Su funcién es generar los pulsos necesarios para el control
de fase de los tiristores y generar una tensién de control en funcidn de una referencia fijada por
el usuario y por la tensién obtenida por la tacodinamo. Esta PCB también es de 10x15 cm, la
Unica diferencia es que esta realizada a doble capa.
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Nombre
TCA785
555
Transformadores SKPT 25b3
TLO81
AD623
1N4148
Resistencia 10k
Resistencia 100
Resistencia 55k
Resistencia 47k
Resistencia 3K9
Resistencia 3K
Capacitor 47n
Capacitor 150n
Capacitor 1u
Capacitor 68n
Conector DIL-10
Conector DIL-14

Trabajo Final de Grado

Cantidad

R Wk, oOOWwWwwwwwo

1

Tabla 20) y la figura (Fig. 35) muestran los componentes y el layout de la placa de circuitos

impresos.

Tabla 20 Componentes de la PCB de control

Nombre
TCA785
555
Transformadores SKPT 25b3
TLO81
AD623
1N4148
Resistencia 10k
Resistencia 100
Resistencia 55k
Resistencia 47k
Resistencia 3K9
Resistencia 3K
Capacitor 47n
Capacitor 150n
Capacitor 1u
Capacitor 68n
Conector DIL-10
Conector DIL-14

Cantidad

P R, W koW Wwwwwo
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Fig. 35 Layout de la PCB de control

11.3  PCB de potencia

En esta placa se encuentran los tiristores que realizardn la rectificacion para alimentar el motor.
Cuenta ademas con las resistencias limitadoras de corriente para evitar la destruccion de los SCR
y conectores. A pesar de sus escasos componentes se ha realizado a dos capas y su tamafio es
de 10x15.

La tabla (Tabla 21) y la figura (Fig. 36) muestran los componentes y el layout de la placa de
circuitos impresos.

Tabla 21 Componentes de la PCB de control

Nombre Cantidad
BT151 6
Resistencia 820
Disipador T0-220
Conector DIL-14
Conector TBLOCK-13
Conector TBLOCK-14

N k- R
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Fig. 36 Layout de la PCB de potencia

11.4  Fabricacién y montaje de las pcb

11.4.1  Fabricacion
Para la realizacidn de las PCB se ha hecho uso del método de insolacion y atacado mediante
quimicos.

Los materiales usados para la realizacién fisica de la PCB son los siguientes:

e Transparencia con las pistas del circuito.
¢ Placa fotosensible positiva.

e Insoladora.

e Liquido de revelado.

¢ Liquido atacante
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El primer paso ha sido imprimir en fotolito las huellas de las pistas de las tres placas. Se ha
exportado en formato BPM la capa correspondiente (Top copper o Bottom copper) del editor
de PCB layout del Proteus 8 Profesional, |a figura (Fig. 37) es un ejemplo. Comprobando que la
escala es la correcta y que el dibujo de las pistas esta en blanco y negro se ha impreso sobre el
fotolito.

AL

23T
AIDKM3TOH

Fig. 37 Huella de las pistas de una capa de la PCB de control a modo de ejemplo
Las placas a usar son placas fotosensibles positivas. Estas placas traen protegida la cara o caras
sensibles por una ldmina dpaca para evitar que la luz natural las revele como se observa en la
figura (Fig. 38). El tamafio es de 10x15 cm.

Fig. 38 Placa fotosensible positiva cerrada
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La insoladora, mostrada en la figura (Fig. 39), es una fuente de luz ultravioleta que revela el
fotolito sobre la placa fotosensible positiva. Para la insolacidn se ha retirado el film protector de
la placa y se ha ajustado el fotolito encima de ella teniendo cuidado de no ponerla al revés. Se
ha introducido varios minutos para su revelado.

Fig. 39 Insoladora para revelar las pistas sobre la placa fotosensible

Tras obtener el revelado de las pistas, se ha llevado sin ser expuesta a la luz natural a una zona
donde poder realizar el atacado quimico.

Primero se ha usado el liquido revelador (mezcla de agua y sosa caustica). Se ha llenado una

cubeta y se ha introducido la placa durante unos 10 minutos antes de introducirla en el liquido
atacante.

El liqguido atacante reacciona con el cobre, por lo tanto, no afectara a la zona de las pistas que
se encuentran protegidas por el revelado del fotolito. Se balancea la bandeja con el liquido y la
pcb dentro para realizar un atacado uniforme como muestra la figura (Fig. 40). Cuando se

Fig. 40 Atacado quimico de las placas para eliminar el cobre sobrante
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observa que se ha eliminado el cobre en su totalidad se enjuaga con agua y se limpia con alcohol
la zona de las pistas para dejar al descubierto el cobre.

El resultado final, mostrado en la figura (Fig. 41), es una placa donde solo se observan las pistas
deseadas en cobre.

Fig. 41 Pistas de cobre tras el atacado quimico de la PCB de control

11.4.2 Montaje

El primer paso ha sido perforar las placas. Para esto se ha hecho uso de brocas entre de 0.6mm
y 1mm dependiendo del grosor del patillaje del componente. Se ha usado una taladradora

Fig. 42 Dremel de banco usada para taladrar las PCB
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Dremel con banco de trabajo para realizar con precision los agujeros como la de la figura (Fig.
42).

Por ultimo, se han colocado los respectivos componentes y zdcalos para su soldadura. Se ha
soldado en una estacién de soldadura con una temperatura de 200 °C. Siendo el resultado final
de una de las placas el mostrado por la figura (Fig. 43).

Fig. 43 Resultado final de la placa de control

Tras realizar el proceso para cada una de las placas, se han montado sobre torretas en cada una
de sus esquinas y se ha conectado los cables que interconectan las tres PCBs como muestra la
figura (Fig. 44).

Fig. 44 PCB de alimentacion, control y potencia terminadas
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12 RESULTADOS

12.1  Sefiales de alimentacidn
Se ha comprobado que todas las alimentaciones sean correctas y no exista rizado alguno en ellas

con los filtros que se han utilizado. Las tensiones a simular son las simétricas para la alimentacidn
de los amplificadores operacionales del regulador Pl y las tensiones de alimentacién de cada
TCA785. Los resultados se observan en la figura (Fig. 45)

V_TCA_B
VU_TCA_C

V_PI_NEGATIVO

Fig. 45 Tensiones de alimentacion de los TCA785 y el regulador Pl

Se comprueba asi que no existe rizado alguno en las sefiales de alimentacién. De ser asi, podria
afectar, por ejemplo, a las seiales generadas por los TCA785 o los 555, ya que éstas dependen

de la tensidn de alimentacion.
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Trabajo Final de Grado

Se comprueba que estan desfasadas entre si 120° y sincronizadas con la tensién de rampa (ésta
esta sincronizada con los pasos por 0 de la tensidn de sincronismo). Ademas de comprobar que
los CI555 estan realizando correctamente el troceado de la sefal de salida al activar y desactivar
la entrada de inhibicién del TCA785.

12.2.1

Angulo de disparo a=0°

it

@ Toaresa
> Ciaz

hERRRERERRERNERRE
ULLULLULUULLULLULILL

Fig. 46 Salidas Q1 y Q2 de los TCA785, rampa y tension de control a dngulo de disparo 0 grados
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12.2.2  Angulo de disparo a=45°

15.0

02_TCA785_A
o RARPA_A

02_TCA785. B
o clae

02_TCA785.C
o ciaa

oA

bR KA _ bbb A

5.0,

Fig. 47 Salidas Q1 y Q2 de los TCA785, rampa y tension de control a dngulo de disparo 45 grados
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Angulo de disparo a=90°

Fig. 48 Salidas Q1 y Q2 de los TCA785, rampa y tension de control a dngulo de disparo 90 grados
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12.2.4  Angulo de disparo a=120°

02 TcA785 A
RAYPA_A

02_TCA785 B
claz

02_1CA785_C
ciaa

1/

Fig. 49 Salidas Q1 y Q2 de los TCA785, rampa y tension de control a dngulo de disparo 120 grados
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12.3  Tension de salida del rectificador trifasico

12.3.1  Angulo de disparo a=0°

Fig. 50 Tension de salida del rectificador a dngulo de disparo 0 grados

12.3.2  Angulo de disparo a=45°

Fig. 51 Tension de salida del rectificador a dngulo de disparo 45 grados

7)) POLITECNICA Trabajo Final de Grado
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Angulo de disparo a=90°

Fig. 52 Tension de salida del rectificador a dngulo de disparo 90 grados

Angulo de disparo a=120°

Fig. 53 Tension de salida del rectificador a dngulo de disparo 120 grados
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12.4  Regulador PI

La respuesta obtenida para los valores obtenidos por el PID tuner (Kp=1; Ki=100) puede
observarse en la figura (Fig. 54). El tiempo de establecimiento al 95% es de 1.28sy el tiempo de
subida es de 0.714s cumpliéndose asi restricciones impuestas al sistema. Es decir, un tiempo de
establecimiento al 95% menor de 2 segundos y un tiempo de subida menor de 1 segundo. Se
observa ademas que la sobreoscilaciéon ha desaparecido y que alcanza la referencia. En este caso
de valor Vref= 1V por lo que la velocidad angular tiene que ser de 600 rpm.

Fig. 54 Respuesta en lazo cerrado para Vref=1V; Kp=1,; Ki=100
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12.4.1  Respuesta en lazo cerrado para el rango de valores de Vref= [0,5] V

En la figura (Fig. 55) se observa como en todos los casos alcanza la referencia sin sobreoscilacion
en la velocidad correcta. El tiempo de establecimiento y de subida son aceptables en todos los
casos.

Time (seconds)
X2 Vref=1V
T Y:589.1 T

|
5
Time (seconds)
X:2 Vref=2V
TY:1198 T

I
5
Time (seconds)
Vrief=3V

I
5
Time (seconds)

Vref=4V
I

|
5
Time (seconds)

Vref=5V
1

|
5

Time (seconds)

Fig. 55 Respuesta en lazo cerrado para el rango de valores V=[0,5]
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1 DEFINICION Y ALCANCE

El objeto de este documento es determinar los requisitos minimos del sistema de control de un
de un motor de corriente continua, especificando las condiciones de durabilidad, fiabilidad y
seguridad que debe cumplir. Como también describir con detalle las distintas partes que
componen del sistema, determinar los documentos que serdn de aplicacion y definir las
condiciones impuestas para puesta en marcha del sistema.

El alcance de aplicacion de este documento abarca los distintos sistemas eléctricos y
electréonicos que forman parte del sistema de control del horno, asi como la instalacién del
mismo.

2  CONDICIONES Y NORMATIVAS
La normativa a respetar durante el desarrollo del proyecto es la siguiente:

e Directiva de Baja Tensidn: Directiva 73/23/CEE del Consejo Europeo.

e Directiva 2002/95/CE del Parlamento y del Consejo Europeo, sobre las restricciones a la
utilizacidon de determinadas sustancias peligrosas en aparatos eléctricos y electrénicos.

e Directiva 2004/108/CE del Parlamento Europeo y del Consejo, de 15 de diciembre de
2004, relativa a la aproximacion de las legislaciones de los Estados miembros en materia
de compatibilidad electromagnética y por la que se deroga la Directiva 89/336/CEE.

e Directiva 2009/125/CE del Parlamento y del Consejo Europeo, por la que se instaura un
marco para el establecimiento de requisitos de disefio ecoldgico aplicables a los
productos que utilizan energia y por la que se modifica la Directiva 92/42/CEE del
Consejo vy las Directivas 96/57/CE y 2000/55/CE del Parlamento Europeo y del Consejo.

e UNE 20524-1:1975. Técnica de los circuitos impresos. Parametros fundamentales:
sistema de cuadricula.

e UNE 20552:1975. Disefio y utilizacién de componentes para cableados y circuitos
impresos.

e UNE 20620-1:1993. Materiales base para circuitos impresos. Métodos de ensayo.

e UNE 20620-4:1980. Materiales de base con recubrimiento metalico para circuitos
impresos.

e UNE 20621-2/1C:1982, Circuitos impresos. Métodos de ensayo. Ensayos 3C, 10C, 14A,
20A.

e UNE 20621-2:1980, Circuitos impresos. Métodos de ensayo.

e UNE 20621-3:1984. Circuitos impresos. Disefio y utilizacién de placas impresas.

e UNE 20621-4:1983. Circuitos impresos. Especificacidn para placas de simple y doble cara
con agujeros no metalizados.

e UNE 20902:1993. Técnica de los circuitos impresos. Terminologia.

e UNE-EN 123000/A1:1995. Especificacion genérica.

e UNE-EN 60249-2-11:2001. Materiales base para circuitos impresos. Parte2:
especificaciones. Seccionll: tejido de vidrio fino con resina epoxi, laminado con cobre
de calidad para uso general para la fabricacion de tarjetas impresas multicapa.
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e UNE-EN 60249-2-3:2001. Materiales
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base para circuitos impresos. Parte2:

especificaciones. Seccién3: papel celuloso con resina episddica, laminado con cobre, de
inflamabilidad definida (ensayo de combustion vertical).

3 CONDICIONES FUNCIONALES

A continuacidn, se muestran las condiciones técnicas particulares que deben cumplir los
distintos componentes utilizados para el desarrollo del proyecto.

3.1 Transformador FS28-1300-C2

Tabla 22 Condiciones funcionales transformador FS28-1300-C2

Potencia maxima

Voltaje en el devanado primario
Voltaje maximo entre devanados
Frecuencia

Dimensiones

Peso

3.2 Transformador SKPT 25b3

Tabla 23 Condiciones funcionales transformador SKPT 25b3

Potencia maxima

Aislamiento galvanico

Voltaje maximo entre devanados
Corriente maxima en el primario
Corriente maxima en el secundario
Dimensiones

Peso

3.3 TCA785
Tabla 24 Condiciones funcionales TCA785

Potencia maxima

Voltaje de alimentacion (recomendado)
Tj maximo

Frecuencia

Dimensiones

Peso

3.4 555

Tabla 25 Condiciones funcionales 555

Potencia maxima

Voltaje de funcionamiento
Corriente de funcionamiento
Temperatura de operacion
Dimensiones

Peso

36VA

230V en serie; 115V en paralelo
Hasta 300V

50/60 Hz

3,97x5,65x6,67cm

498g

2VA

4000V

Hasta 500V

300A

0.3A
1.51x2.71x2.33cm
63g

6VA

8-18V

150 °C
10-500Hz
1.78x0.77cm
19g

0.225VA
4.5-16V
10-15mA
0-75 °C
0.77x0.77cm
2g
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3.5 TLO81
Tabla 26 Condiciones funcionales TLO81

Potencia maxima

Voltaje de funcionamiento
Voltaje diferencial
Temperatura de operacionl
Tj maximop

Slew rate

Dimensiones

Peso

3.6 ADG623 Single Supply
Tabla 27 Condiciones funcionales AD623 en Single Supply

Potencia maxima

+Vcc

-Vce

Tension de offset a la salida
Slew Rate

Temperatura de operacion
Dimensiones

Peso

3.7 BT151 650R
Tabla 28 Condiciones funcionales BT151 650R

Voltaje de pico en no-conduccion
Corriente media en conduccién
Corriente eficaz en conduccién
Corriente de pico en conduccién
Corriente de pico de puerta
Tension de pico de puerta
Potencia de pico de puerta

Tj maximo

Corriente de puerta

Corriente de mantenimiento
Dimensiones

Peso

Escuela Tecnica Superior de Ingenieria del Diseno

50.4mVA
5-15V

+30V
-55-125 °C
150 °C

8-13 V/us
0.77x0.77cm
3g

8.25mVA
3-12V

ov
200-1000uV
0.3V/us

-40 -85 °C
0.77x0.77cm
3g

650V
7.5A
12A
100A
2A

5V

5w

125 °C
2-15mA
7-20Ma
2.84x1.01x0.3cm

2g
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MONTAJE VERTICAL

Dado que las PCB’s cuentan soldaduras en la parte inferior (en el caso de una capa) o ambas (en
el caso de dos capas) es necesario su montaje sobre soportes. El soporte seleccionado son
torretas enroscables de diametro 0.8mm.

Las PCB’s son de igual tamafio (100x150mm). Es necesario un taladro del didametro elegido para
perforar de forma equidistante las placas de circuitos impresos.

Las torretas se enroscan una encima de otra hasta obtener una altura que no entorpezca los
circuitos de ninguna de las placas y que permita la correcta ventilacion de los mismos.

5

CONDICIONES FACULTATIVAS

Las condiciones que debe cumplir el proyectista son las siguientes:

Conocer la normativa y aplicarla en todos los ambitos del proyecto.

Conocer las partes del proyecto en su totalidad.

Cumplir con los plazos especificados.

Notificaciéon del inicio y finalizacidn de las partes realizadas incluyendo pruebas.
Cumplir con los protocolos de seguridad.

Las condiciones que el contratista debe cumplir son las siguientes

Recibir la remuneracion acordada entre proyectista y contratista.

CONDICIONES LEGALES

Reponer todos aquellos materiales o trabajos que no se ajusten a las calidades
especificadas en el proyecto.

Durante la ejecucidn del proyecto se adoptardn las medidas necesarias de seguridad
para evitar cualquier tipo de accidente y se cumplird la normativa vigente en cuanto a
seguridad e higiene en el trabajo.

La instalacién eléctrica deberd disponer de una toma de tierra de acuerdo con la
normativa del Reglamento Electrotécnica de Baja Tension.
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Tabla 29 Presupuesto PCB Alimentacion

Escuela Técnica Superior de Ingenieria del Diseno

Partida 1: PCB Alimentacién

Encargado Tiempo de fabricacion €/h Total
Técnico 12 7,50 90,00 €
90,00 €
Nombre €/u Unidades | Total
Transformador FS28-1300-C2 15,43 2| 30,86 €
Diodo 1N4007 0,05 5| 0,24€
Condensador 2700u 25V 1,16 5| 5,78 €
Condensador 330n 0,63 5| 3,16 €
Regulador de tension LM7815 0,55 4| 2,21€
Regulador de tension LM7915 0,30 1| 0,30€
Resistencia 10k 0,04 3| 0,12€
Tira de pines 10 pin 0,77 1| 0,77 €
Terminal para PCB tornillo 4 vias 1,32 1| 1,32€
Placa fotosensible positiva una cara 100x150 4,60 1| 4,60€
49,36 €
Subtotal 139,36 €
Medios Auxiliares (2%) 2,79 €
Total 142,14 €

85




Tabla 30 Presupuesto PCB Control

POLITECNIC/\
DE VALENCIA

Trabajo Final de Grado

Partida 2: PCB Control

Encargado Tiempo de fabricacién €/h Total
Técnico 16 7,50 120,00 €
120,00 €
Nombre €/u Unidades | Total
Transformador SKPT25b3 5,03 5] 25,15€
Circuito integrado TCA785 6,26 3| 18,78 €
Circuito integrado 555 1,82 3| 5,46 €
Amplificador TLO81 0,50 5| 2,50€
Amplificador AD623 4,63 1| 4,63€
Diodo 1N4148 0,10 12| 1,20€
Resistencia 10k 0,17 14| 2,38€
Resistencia 100 0,10 6| 0,60€
Resistencia 47k 0,17 3| 0,51¢€
Resistencia 3k9 0,30 3| 0,90¢€
Resistencia 3k 0,20 3| 0,60€
Resistencia 55k 0,23 3| 0,69 €
Condensador 47n 1,34 3| 4,02¢€
Condensador 150n 0,66 6| 3,96€
Condensador 1u 1,26 1| 1,26 €
Condensador 68n 1,32 3| 3,95€
Tira de pines 10 pin 0,77 3] 2,31€
Placa fotosensible positiva doble cara 100x150 5,56 1| 556€
84,46 €
Subtotal 204,46 €
Medios Auxiliares (2%) 4,09 €
Total 208,55 €
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Tabla 31 Presupuesto PCB Potencia

Escuela Técnica Superior de Ingenieria del Diseno

Partida 3: PCB Potencia

Encargado Tiempo de fabricaciéon €/h Total
Técnico 12 7,50 90,00 €
90,00 €
Nombre €/u Unidades | Total
SCR BT151 0,65 6| 3,90€
Resistencia 820 0,17 6| 1,02€
Disipador TO-220 1,21 6| 7,26€
Tira de pines 10 pin 0,77 2| 1,54¢€
Terminal PCB tornillo 4 vias 1,32 1| 1,32€
Terminal PCB tornillo 3 vias 1,13 1| 1,13 €
Placa fotosensible positiva doble cara 100x150 5,56 1| 5,56 €
21,73 €
Subtotal 111,73 €
Medios Auxiliares (2%) 2,23 €
Total 113,96 €
Tabla 32 Presupuesto Disefio del Proyecto
Partida 4: Disefo del proyecto
Encargado Tiempo de fabricacion €/h Total
Graduado en Ingenieria 300 11,50 3.450,00 €
3.450,00 €
Subtotal 3.450,00 €
Medios Auxiliares (2%) 69,00 €
Total 3.519,00 €
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Tabla 33 Presupuesto de la partida global del proyecto

UNIVERSITAT
POLITECNICA
DE VALENCIA

Trabajo Final de Grado

Partida Global

PCB Alimentacion 142,14 €
PCB Control 208,55 €
PCB Potencia 113,96 €
Disefio del proyecto 3.519,00 €
| Total del proyecto 3.983,65 €
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vli) ELECTRIC MOTORD

SERIE
a2, Series
DATI MOTORE og|Ee
Motor ratings SE|IZS
Ak R3S
COPPIA ALLA VELOCITA NOMINALE & It (e 075 | 075 | 075
Torque at rated speed
VELOCITA NOMINALE Nm | RPM | 2000 | 2000 | 2000 3000 | 3000 | 3000
Rated speed
POITENZ O LAHE Pu W 160 160 160 230 230 230
Reated output
TENSIONE NOMINALE Vi v 170 48 24 170 48 24
Rated Voltage
CORRIENTIE WL INALE In A 1.23 4.4 8.1 1.8 6.2 14
Rated Current
COPPIA DI PICCO cp Nm 45 45 45 45 45 45
Peak torque
CORRENTIE B FIEED Ip A 7.4 26.4 | 48.6 10.8 | 37.2 84
Peak current
RENDIMENTO % 78 76 76 77 77 73
Efficiency
DATI MECCANICI  Mechanical data
'NER?'A ROTORE J | Kg/m2|0.00057|0.00057(0.00057 0.00057(0.00057|0.00057
Rotor inertia
MAX. AC.CELLERAZ' TEORICA a rad/ 7900 | 7900 | 7900 7900 | 7900 | 7900
Max theorical accelleration sec?
CARIC_O it Fa N 119 119 119 119 119 119
Max axial load
CARICQ RADIALE MASSIMO Fr N 480 480 480 480 480 480
Max radial load
GRADO DI PROTEZIONE
Protection (IEC.34.5) : P >4 > > > > >4
PESO
4.8 4.8 4.8 4.8 4.8 4.8
Weight Kg
DATI ELETTRICI  Winding data
COSTANTE DI TEMPO TERMICA = - . o o 9 %0 %
Thermal time constant
COS'I"ANTE DI TEMPO ELETTRICA Te ms 63 4 47 61 36 43
Electrical time constant
RESISTENZ.A D'ARMATURA Rm | Ohm | 156 2.2 0.34 7.2 1.1 0.19
Armature resistance
lNDUTTANZA D'ARMATURA La mH | 985 7.5 1.6 47 4 0.81
Armature inductance
CLAS_SE ISOLAMENTO ) _ - - F E E E
Insulation class
FATTORE DI SERVIZIO ) s1 s1 51 s1 s1 s1
Duty
FATTORE DI FORMA ) _ a 1 1 1 1 12
Form factor
TEMPERATURA AMBIENTE ce 25 25 o5 25 o5 5
Ambient temperature
AL.TEZZA - m 1000 | 1000 | 1000 1000 | 1000 | 1000
Height
TOLLERANZE % +5 | +5 | +-5 +-5 | +-5 | +-5
Tolerance
** Tensioni non a catalogo a richiesta
Not depliant voltage to request
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vli) ELECTRIC MOTORD

SERIE R
Series 38
DIMENSIONI Dimensions
B14 M71
N4 x M6 — M 20x1.5
< 525 \
°l
o H ——— ~
SR Q|
@H 1 Q
25
134 ) 30 190
B5 M71
M 20x1.5 —/
N°12 x @ 10 — 5x5x25 \
\
\
I \ —] 1 1
n \ ]
- 9 Xy \\ [C\)
o [ . 1
[=)] _ = ga _
= s S ] 8
| —0 |
30 190
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vli) ELECTRIC MOTORD

DATI MOTORE
Motor ratings

SIMBOLI
Symbols

UNITA
Units

SERIE
Series

R3M

COPPIA ALLA VELOCITA NOMINALE
Torque at rated speed
VELOCITA NOMINALE
Rated speed

POTENZA NOMINALE
Reated output
TENSIONE NOMINALE
Rated Voltage
CORRENTE NOMINALE
Rated Current

COPPIA DI PICCO

Peak torque

CORRENTE DI PICCO
Peak current
RENDIMENTO

Efficiency

INERZIA ROTORE

Rotor inertia

MAX. ACCELLERAZ. TEORICA
Max theorical accelleration
CARICO ASSIALE MAX.

Max axial load

CARICO RADIALE MASSIMO
Max radial load

GRADO DI PROTEZIONE
Protection (IEC.34.5)

PESO

Weight

COSTANTE DI TEMPO TERMICA
Thermal time constant

COSTANTE DI TEMPO ELETTRICA
Electrical time constant
RESISTENZA D’ARMATURA
Armature resistance

INDUTTANZA D'’ARMATURA
Armature inductance

CLASSE ISOLAMENTO

Insulation class

FATTORE DI SERVIZIO

Duty

FATTORE DI FORMA

Form factor

TEMPERATURA AMBIENTE
Ambient temperature

ALTEZZA

Height

TOLLERANZE

Tolerance

=z
3

RPM

Nm

%
DATI
Kg/m?2

rad/
sec?

N
N
IP

Kg

DATI ELETTRICI Wi

min

ms

Ohm

mH

%

2000

260

170

MECCANICI

0.00113

6640

119

480

54

7.5

2000

260

0.00113

6640

119

480

54

7.5

Mechanical data

ding data

3000

400

170

6640

119

480

3000

0.00113|0.00113

6640

119

480

** Tensioni non a catalogo a richiesta
Not depliant voltage to request
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vli) ELECTRIC MOTORD

SERIE R3 IVI

Series
DIMENSIONI Dimensions

B14 M71
M 20x1.5
< * 5x5x25 \
9
Iry A
] Y g
[C\)H i \Vx IC\)
.l 2| ©
y - |
F V
30 250
B5 M71

M 20x1.5
N°12 x 8 10— 5x5x25

o

@ 110 _
MJ
[1]

) @ ms

190.5

@ 107 _

2.5

30 250
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vli) ELECTRIC MOTORD

SERIE
a2, Series
DATI MOTORE og|Ee
Motor ratings SE|ZS5 I
g R R3
COPPIA ALLA VELOCITA NOMINALE & Nm 0 15 is 1.9
Torque at rated speed
VELOCITA NOMINALE Nm | RPM | 2000 | 2000 3000 | 3000
Rated speed
POTENZA NOMINALE Pu W 200 400 600 600
Reated output
TENSIONE NOMINALE vn v 170 48 170 48
Rated Voltage
CORRENTE NOMINALE - A ac e 45 15.4
Rated Current
COPPIA DI PICCO cp Nm | 114 | 114 11.4 | 11.4
Peak torque
CORRENTE DI PICCO Ip A e 276 | 924
Peak current
RENDIMENTO % 83 80 80 80
Efficiency
DATI MECCANICI  Mechanical data
'NER?'A ROTORE J  |Kg/m2|0.00169|0.00169 0.00169|0.00169
Rotor inertia
MAX. ACQELLERAZ. TEORICA a rad/ 6750 | 6750 6750 | 6750
Max theorical accelleration sec?
CARIC_O ASSIALE MAX. = N e 119 119 119
Max axial load
CARICQ RADIALE MASSIMO o N 480 480 480 480
Max radial load
GRADO DI PROTEZIONE
Protection (IEC.34.5) : P >4 > > >
PESO
10.3 | 10.3 10.3 | 10.3
Weight Kg
DATI ELETTRICI  Winding data
COSTANTE DI TEMPO TERMICA = - . o %0 %0
Thermal time constant
COS'I"ANTE DI TEMPO ELETTRICA Te ms . 8 - 55
Electrical time constant
RESISTENZA D’ARMATURA rm | ohm | 29 e o5 0.2
Armature resistance
INDUTTANZA D’ARMATURA La mH | 345 29 175 11
Armature inductance
CLASSE ISOLAMENTO
. - - F F F F
Insulation class
FATTORE DI SERVIZIO ) s1 s1 s1 s1
Duty
FATTORE DI FORMA ) _ a 1 1 1
Form factor
TEMPERATURA AMBIENTE ce 25 25 25 o5
Ambient temperature
AL.TEZZA - m 1000 | 1000 1000 | 1000
Height
TOLLERANZE % 5 | +5 +5 | +-5
Tolerance
** Tensioni non a catalogo a richiesta
Not depliant voltage to request
Pag. 27 Cat.gen.ed.SEP12.rev.A

TEM ELECTRIC MOTORS S.r.l. Via Beretta, 1 - 42024 Castelnovo di sotto (RE) - ITALY
Phone +39 0522-682723 Fax +39 0522-688131
http://www.tem-electric-motors.com e-mail: info@tem-electric-motors.com




vli) ELECTRIC MOTORD

SERIE R
Series 3 I—
DIMENSIONI  Dimensions
B14 M71
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< 525 \
S
I rqE_ 5
A= | :
‘ N |
LT /
.25
130 305
B5 M71
M 20x1.5 —/
N"12 x @ 10 [ \
1 E T
= = = |JE_ 5
=] = 7 e
- 8 © 2 8
, ‘
P i
.25
130 305
B5 M80
N4 x 01l M 20x1.5—
/ [ 6x6x30 \
I n
m i
o 8 Ei@ E _IC}_
SRS S
t
.25
|40 305
Pag. 28 Cat.gen.ed.SEP12.rev.A

TEM ELECTRIC MOTORS S.r.l. Via Beretta, 1 - 42024 Castelnovo di sotto (RE) - ITALY
Phone +39 0522-682723 Fax +39 0522-688131
http://www.tem-electric-motors.com e-mail: info@tem-electric-motors.com



vli) ELECTRIC MOTORD

SERIE
o Series
<
OPZIONI o é E 2
Optional s £5 R
p = > =) 3
TIPO MOTORE _ - R3S R3M R3L

Motor type

DATI DINAMO TACHI Poles tacho generator data

COSTANTE DI TENSIONE

En V/KRPM 10 10 10
Voltage constant
O.NDULAZIONE DI PICCO dEc % 05 05 05
Ripple X
LFNEARITA A 6000 RPM dE % 015 015 015
Linearity at 6000 RPM X
ERRORI? DI REVERSIBILITA dEo % 05 05 05
Reversibility error
RES.ISTENZA Ra Ohm 112 112 112
Resistance
N° POLI _ 4 4 4
N° poles
LUNGHEZZA MOTORE + D.T L1 o 292 282 337

Motor lenght + T.G
DATI DINAMO TACHIMETRICA RE10E RE10E tacho generator data

COSTANTE DI TENSIONE

En V/KRPM 10 10 10
Voltage constant
O.NDULAZIONE DI PICCO dEc % 16 16 16
Ripple X
L!NEARITA A 6000 RPM dE % 05 05 05
Linearity at 6000 RPM 5
ERRORI.E. DI REVERSIBILITA dEo % 05 05 05
Reversibility error
RES.ISTENZA Ra Ohm 112 112 112
Resistance
N° POLI . 4 4 4
N° poles
LUNGHEZZA MOTORE + D.T L2 o 292 282 337

Motor lenght + T.G
DATI ALTERNATORE  Alternator data

COSTANTE DI TENSIONE

En V/IKRPM 24 24 24
Voltage constant
MAX VELOCITA Nmax RPM 10000 10000 10000
Max speed
CORRENTE NOMINALE I mA 5 5 5
Rated current
CORRENTE MASSIMA Imax mA 100 100 100
Max current
LUNGHEZZA MOTORE + A.T L3 mm 226 286 341

Motor lenght + alternator
DATI FRENO DI STAZIONAMENTO  Parking brake data

COF’PIA STATICA c Nm 45 45 45
Static torque
TENSIONE DI ALIMENTAZIONE £ vde o4 o4 o4
Power supply voltage
CORALNTE | A 0,95 0,95 0,95
Current
POTENZA ASSORBITA Pa W 23 23 23
Input power
LUNGHEZZA MOTORE + FRENO L4 v 297 287 342
Motor lenght + brake
TOLLERANZE % 445 45 45
Tolerance
TEMPERATURA AMBIENTE oC 25 25 25
Ambient temperature
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OPZIONI SERIE R
Options serie 3

DIMENSIONI Dimensions

DINAMO TACHIMETRICA 4 POLI DINAMO TACHIMETRICA RE10E
Tacho generators 4 poles RE10E Tacho generators

5 =5
LN < LN <
1%, = O =
L1 L2
ALTERNATORE FRENO DI STAZIONAMENTO
Alternator Parking brake

)
in

D84

t&//' t&//"
Dati indicativi non impegnativi con riserva di modifica
Specification are indicatives not bindings with subject to modification
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SIEMENS

Phase Control IC

Features

Reliable recognition of zero passage
Large application scope

May be used as zero point switch
LSL compatible

Output current 250 mA
Large ramp current range
Wide temperature range

Three-phase operation possible (3 ICs)

TCA 785

Bipolar IC

P-DIP-16-1

Type Ordering Code

Package

TCA 785 Q67000-A2321

P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 ° and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

farp)
=
&)

1
N

[EP00356

Pin Configuration

(top view)

Semiconductor Group

Pin Definitions and Functions

Pin Symbol Function

1 GND Ground

2 Q2 Output 2 inverted

3 QU Output U

4 Q2 Output 1 inverted

5 Vsyne Synchronous voltage
6 I Inhibit

7 QZz Output Z

8 V ReF Stabilized voltage

9 Ro Ramp resistance

10 Cuo Ramp capacitance
11 Vi Control voltage

12 Ci2 Pulse extension

13 L Long pulse

14 Q1 Output 1

15 Q2 Output 2

16 Vs Supply voltage

1 09.94



SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Rv). If the ramp voltage Vio exceeds the control voltage
Vu (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage Vi1, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor Ci2. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will result.

Outputs QI and Q2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180° which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR linkof Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2and Q1 A Q2 |

Pin 13 can be used to extend the outputs @I and Q2 to full pulse length (180° — ¢).

(. ;Putse
12 Extension
A2
5
Vsyne I> Synchron 14
/ero Q7
Register
Defecfor L —
1 Q1
16 Y | (EIN P
s )i 3 Discharge Logic |2 —
— A+ o |Monitor 3
p e eb 1 J U
- 7
> N 0z
OS :
Confrol
1 Comparatfor
GND
T68
9 8 10 11 Transistor 6113
Viq
p v (= (= Confrol Inhibit Long-Pulse
? stab ™10 —/Voltage Commutation
IEB00358

Block Diagram

Semiconductor Group 2



SIEMENS TCA 785

Vs Synchronization voltage

Vip Ramp peak voltage
Vio Ramp voltage

Vi1 Control voltage
Vip Min. ramp voltage =V,

sat

Vis+ Q2, Pin 1210 GND

Vig Q1,Pin 1210 GND

1
J___J' V, - Q2, Pin 1310 GND
|
|

V4 - Q1, Pin 1310 GND

VsQU

=
N R

IED00359

Pulse Diagram

Semiconductor Group 3



SIEMENS TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit

min. max.

Supply voltage Vs -0.5 18 V

Output current at pin 14, 15 lo - 10 400 mA

Inhibit voltage Ve -0.5 Vs \%

Control voltage Vi -0.5 Vs V

Voltage short-pulse circuit Vi3 -0.5 Vs Vv

Synchronization input current Vs - 200 + 200 HA

Output voltage at pin 14, 15 Va Vs Vv

Output current at pin 2, 3, 4, 7 lo 10 mA

Output voltage at pin 2, 3, 4, 7 Va Vs \%

Junction temperature Tj 150 °C

Storage temperature Tsig -55 125 °C

Thermal resistance

system - air Rih sa 80 K/W

Operating Range

Supply voltage Vs 8 18 Vv

Operating frequency f 10 500 Hz

Ambient temperature Ta - 25 85 °C

Characteristics

8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit | Test
min. typ. max. Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

V=0V

C10 =47 nF; Re =100 kQ

Synchronization pin 5

Input current s rms 30 200 pA |1

R 2 varied

Offset voltage AVs 30 75 mvV |4

Control input pin 11

Control voltage range Vi1 0.2 V10 peak vV |1

Input resistance Ru1 15 ko |5

Semiconductor Group 4



SIEMENS

TCA 785

Characteristics (cont’d)

8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Circuit

Ramp generator

Charge current

Max. ramp voltage

Saturation voltage at capacitor
Ramp resistance

Sawtooth return time

l10
V1o
V1o

tr

10

100

225

80

1000
V2-2
350
300

mV
ko

HS

Inhibit pin 6
switch-over of pin 7
Outputs disabled
Outputs enabled
Signal transition time
Input current

Ve =8V

Input current
Ve=1.7V

VoL
Ve H
tr

l6H

—leL

NN

80

3.3
3.3

500

150

2.5

800

200

N

Deviation of l1o

Ro = const.

Vs =12 V; Cwo =47 nF
Deviation of lio

Ro = const.

Vs=8V1to 18V

Deviation of the ramp voltage
between 2 following
half-waves, Vs = const.

l10

l10

AVlO max

- 20

20

%

%

%

Long pulse switch-over
pin 13

switch-over of S8
Short pulse at output
Long pulse at output
Input current

Viz=8V

Input current
Vis=17V

Vi3 H
VizL

l13H

— 3L

3.5

45

2.5
2.5

65

100

<<

HA

HA

=

Outputs pin 2, 3,4, 7
Reverse current
Vo = Vs

Saturation voltage
lo=2mA

Iceo

Vsat

0.1

0.4

10

2.6

2.6

Semiconductor Group



SIEMENS TCA 785

Characteristics (cont’d)

8<Vs<18V;-25°C<Ta<85°C;f=50Hz

Parameter Symbol Limit Values Unit | Test
min. typ. max. Clreuit

Outputs pin 14, 15

H-output voltage Viansw | Vs —3 Vs—25 Vs—1.0 V |3.6

-1 o=250 mA

L-output voltage Vst 0.3 0.8 2 V |26

lo=2mA

Pulse width (short pulse) tp 20 30 40 us |1

S9 open

Pulse width (short pulse) tp 530 620 760 us/ |1

with Ci2 nF

Internal voltage control

Reference voltage V/Rer 2.8 3.1 3.4 vV |1

Parallel connection of

10 ICs possible

TC of reference voltage OIREF 2x10-4 |5x10-4 |1/K |1

Semiconductor Group 6



SIEMENS TCA 785

Application Hints for External Components

min max

Ramp capacitance Cio 500 pF 1pFY  The minimum and maximum values of lo
are to be observed

V11 x Ro x Cio 2)

Triggering point trr =

VRrer x K
VRrer x K 2) Ramp voltage Vrer x Kxt 2
Charge current l10 = Viomax =Vs—2V Vio =
Ro Ro x Ci0

Pulse Extension versus Temperature

IED00360

780
us/nF =15V
660 -~ 012:1nF

D))
[(s
D))
[(s

-40 -20 0 20 40 60 80 C 100

1) Attention to flyback times
DK=110+20%

Semiconductor Group 7



SIEMENS

TCA 785

Output Voltage measured to  + Vs

[ED00361

3.7
35

3.3

Vg =15V

31

29
Vs -V,
S 1@/152

25— — -

2.3 ==

2.

19 f——=1+—"

1.7 Y

1.5
1.3

11|
02

0
0

100 200

Supply Current versus Supply Voltage

1ED00362
85
mA -
P
79 - -
Iq -~ -25°C
1z
73 -
67 _ - +75 E
I P A Y B .
\ Lo
61 Lz 85 "C
l
// \
55 i
v
7 |
’/ '
49 :
f
43 :
8 10 12 14 16 18 V 20

Semiconductor Group
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ENS

TCA 785

Vs

(@]

Qz% TnkF
S9
/ &
5
50 Hz 1kQ 250 kS Zero A2
5 Z:] !; Q > Detector
Synchron. 14 6x10 kQ
8 Vems 1 Ry Register LTS
IOBB uF ! kT )
16 |
T 8 Discharge Logic |2 S3
Tﬂoo nF — . A+  |Monifor ] N
- i — = J o 7 | S5
Contfrol
1 Comparator
GND \I
_t/ID\‘scharge
8 10|11 Transistor 6l |3
s J, © 0V to ST S8
4 e {Rami) [GT 10 k2 Tf@
pea
i 10 kS
0 VS VS VS 0 VS
1500363

It is necessary for all measurements to adjust the ramp with
the aid of Cio and Ry in the way that 3V< Viampmax<Vs—2V
e.g. Clo=47nF; 18 V: Re =47 kQ; 8 V: Re = 120 kQ

Test Circuit 1

Semiconductor Group



SIEMENS TCA 785

/?p [Q
J’Utaﬂ
Pin?2 3,417

14,15
!
l%m)

1

IES00364

MC 6

The remaining pins are connected as in test circuit 1

Test Circuit 2

Pin 14,15
MC 6

" |
1

[ES00365

The remaining pins are connected as in test circuit 1

Test Circuit 3

Semiconductor Group 10



SIEMENS TCA 785

Ve/mV 75
b
e |
75
V3/V
0
¢
* v
100 kR
Pin5

}
J—ﬂo uf [ [1ke %
IR

IES00366

Remaining pins are connected as in test circuit 1
The 10 pF capacitor at pin 5 serves only for test purposes

Test Circuit 4

Pin 3 Oscillator
)
Pin 11 DVM
———o0 05V

TA il
IES00368
Pin1

IES00367

Test Circuit 5 Test Circuit 6

Semiconductor Group 11



SIEMENS TCA 785

s 4+
+
lot+——L3—=
[ o—
]
12kQ  INZD65
- @)
Outputs
[ES00369 IES00370
Inhibit 6 Long Pulse 13
+
R +
AV
—o0 Q
o [ES00371
I 1£500372
Pulse Extension 12 Reference Voltage 8

Semiconductor Group 12



SIEMENS TCA 785

R /
O—% L
A - =
LT kSR Rsine
I W 220 k2
1NL00S
0.47 uF; 00t &)
10 kS
L L R A []4 7 kS
) " BAY 6 .
] > ]
470 W ] 1w |BAY61| 1508 AVZAN
= N Y | B e
16 V- BAT[BAY| 5 TXC10
220 V A . R e
5| TCA 785 |17 =— 2.2 uF(MKH)
0.22 uF 6 1| 22K4 WO kS
Tasov- | D15V 7 10
8] 9 (i
o 150 pF
s
0.1 uF == 0
100 |47 pF
kS
\4 € S L
O 2
Mp IES00373

Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180° with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger pulse width is approx. 100 ps.

Semiconductor Group 13



SIEMENS TCA 785
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1

Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0° and 180° by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.

Semiconductor Group 14
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Half-Controlled Single-Phase Bridge Circuit with Trigger Pulse Transformer and Direct

Control for Low-Power Thyristors
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Half-Controlled Single-Phase Bridge Circuit with Two Trigger Pulse Transformers for

Low-Power Thyristors
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Philips Semiconductors Product specification
L]

Thyristors BT151 series

GENERAL DESCRIPTION QUICK REFERENCE DATA
Passivated thyristors in a plastic SYMBOL | PARAMETER MAX. [MAX. |MAX. UNIT
envelope, intended for wuse in
applications requiring high BT151- | 500R | 650R | 800R
bidirectional blocking voltage Voru» Repetitive peak off-state 500 | 650 [ 800 V
capability and high thermal cycling VRrm voltages
performance. Typical applications Irav) Average on-state current 7.5 7.5 7.5 A
include motor control, industrial and rms) RMS on-state current 12 12 12 A
domestic lighting, heating and static lsm Non-repetitive peak on-state 100 100 100 A
switching. current
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION tabm
1 |cathode a k
2 |anode
3 gate
tab |anode 123 g
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
-500R | -650R | -800R
Vorws Varu | REPELitive peak off-state - 500" | 650" | 800 v
voltages
lrav) Average on-state current | half sine wave; T, <109 °C - 7.5 A
I rms) RMS on-state current all conduction angles - 12 A
lrsm Non-repetitive peak half sine wave; T; = 25 °C prior to
on-state current surge
t=10ms - 100 A
t=8.3ms - 110 A
I°t I’t for fusing t=10ms - 50 A’s
dl;/dt Repetitive rate of rise of Iy =20 A; I =50 mA,; - 50 Alus
on-state current after dlg/dt = 50 mA/us
triggering
lom Peak gate current - 2 A
Vam Peak gate voltage - 5 V
Viem Peak reverse gate voltage - 5 V
Pam Peak gate power - 5 W
Psav) Average gate power over any 20 ms period - 0.5 w
Tstg Storage temperature -40 150 C
T, Operating junction - 125 °’C
temperature

1 Although not recommended, off-state voltages up to 800V may be applied without damage, but the thyristor may
switch to the on-state. The rate of rise of current should not exceed 15 A/us.

June 1999 1 Rev 1.300



Philips Semiconductors

Product specification

Thyristors

BT151 series

THERMAL RESISTANCES

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. |MAX. |UNIT
R jmb Thermal resistance - - 1.3 KIW
junction to mounting base
Rinja Thermal resistance in free air - 60 - K/W
junction to ambient
STATIC CHARACTERISTICS
T, = 25 °C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. |MAX. |UNIT
lot Gate trigger current Vp=12V;I;=0.1A - 2 15 mA
I Latching current Vp=12V;Ilg;=0.1 A - 10 40 mA
Iy Holding current Vp=12V; Il =0.1 A - 7 20 mA
V7 On-state voltage lL=23A - 14 1.75 \Y
Vgr Gate trigger voltage Vp=12V;1;=0.1A - 0.6 1.5 \%
Vb = Vormman; It = 0.1 A; T;=125°C 0.25 0.4 - Vv
Io, Ix Off-state leakage current |V, = Viogymay Ve = Vermmag: T; = 125 °C - 0.1 0.5 mA
DYNAMIC CHARACTERISTICS
T, = 25 °C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. |MAX. |UNIT
dVv,/dt Critical rate of rise of Vom = 67% Vorumag: T; = 125 °C;
off-state voltage exponential waveform;
Gate open circuit 50 130 - V/us
Rge=100Q | 200 | 1000 - Vius
ty Gate controlled turn-on lrw = 40 A; Vb = Virmmaxy le = 0.1 A; - 2 - us
time dig/dt = 5 Alus
t, Circuit commutated Vp = 67% Vormmany T; = 125 °C; - 70 - s
turn-off time lm =20 A; Vg = 2% V; dlq/dt = 30 Alus;
dVp/dt = 50 V/us; Rgc = 100 Q
June 1999 2 Rev 1.300
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Product specification

Thyristors BT151 series
Ptot / W Tmb(max) / C ITSM/A
15 ——— 105.5 120 ‘LUL,,JT,LJJM
conduction jorm I B TSM
dogees |5 a=157 100 o n
30 4 / ! .
60 28 - 1.9 |o=T time
90 22 . i initial = X
10 20 | 1o 112 80 | Tiinitial = 25°C max |
180 157 2.8 L‘
‘ / / 60 HH
5 — 1185 20  NAT
% / e/ 20 e
\_/ M
\ \ \ 125
% 1 2 3 4 5 6 7 8 0

IT(AV) | A

Fig.1. Maximum on-state dissipation, P,,, versus
average on-state current, Iy, where
a = form factor = lygysy Iray)-

1 1000

10 100
Number of half cycles at 50Hz
Fig.4. Maximum permissible non-repetitive peak
on-state current I, versus number of cycles, for
sinusoidal currents, f =50 Hz.

ITSM/A

1000

- _Itsm
i TSM |
- |

} ¢T§ time }

Tj initial = 25C max |

R R
10 T 1T
10us 100us ims 10ms
Tls

Fig.2. Maximum permissible non-repetitive peak

on-state current Irsy, versus pulse width t,, for
sinusoidal currents, t,< 10ms.

o5 IT(RMS) / A
20
~L
15
~<

10

5

801 0.1 1 10

surge duration / s
Fig.5. Maximum permissible repetitive rms on-state

current Iygys), Versus surge duration, for sinusoidal
currents, f=50 Hz; T,,, < 109°C.

IT(RM A
15 (RMS) /

109°C

o \

Q50 0 50 100 150

Tmb/C

Fig.3. Maximum permissible rms current lyys) ,
versus mounting base temperature T,

VGT(T))
VGT(257C)

1.6

1.4

1.2

0.8

0.6

0.4

-50 0 100 150

e
Fig.6. Normalised gate trigger voltage
Ver(T)/ Vs(25°C), versus junction temperature T,
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Thyristors BT151 series
IGT(T) IT/A
4 16T(250) O e me J— 7
Tj=25C —— /
25
25 Vo=1.06V / /
Rs =0.0304 ohm /
20 typ / max
2 / /
/ /)
15 / 4
15 /
/ /
/
1 10 £
/
. /
05 VR
////
950 0 50 100 150 00 0.5 1 15 2
Ti/c VT IV
Fig.7. Normalised gate trigger current Fig.10. Typical and maximum on-state characteristic.
Io(T)/ 15:(25°C), versus junction temperature T,.
IL(T}) Zth j-mb_(K/W
IL@25°C) 10
3
25 1 s |
2
0.1 2
1.5
! 0.01
\ A S i e e s e o = 4
0.5 t ; Il
o 00 [ LI LT 1]
50 0 50 100 150 ' %ﬁus 0.lms  1ms 10ms 0.1s 1s 10s
Tj/C tp/s
Fig.8. Normalised latching current I,(T))/ 1,(25°C), Fig.11. Transient thermal impedance Z, ;, Versus
versus junction temperature T,. pulse width t,.
IH(T)) dvD/dt (V/us)
IH(25°C) 10000
3
25 —
1000 |~
2
\ ~ RGK =100 Ohms
15 T~ —
—
T~
1 100 = gate open circuit —
0.5 pa—
0 10
-50 0 50 100 150 0 50 100 150
Ti/c Tj/C
Fig.9. Normalised holding current I(T)/ 1,(25°C), Fig.12. Typical, critical rate of rise of off-state voltage,
versus junction temperature T,. dV,,/dt versus junction temperature T,
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Thyristors BT151 series

MECHANICAL DATA

Dimensions in mm
Net Mass: 2 g
-
- i
5,9
min
15,8
max
3,0 max

nottinned |
1,3 |
max 1l

(2x) |

— 0,6
2,4

|

|

|

Fig.13. SOT78 (TO220AB). pin 2 connected to mounting base.
Notes

1. Refer to mounting instructions for SOT78 (TO220) envelopes.
2. Epoxy meets UL94 VO at 1/8".

June 1999 5 Rev 1.300
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Thyristors BT151 series

DEFINITIONS

Data sheet status
Objective specification | This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.
O Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industrial or intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.

June 1999 6 Rev 1.300
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FS28-1300-C2

Description:

The FS28-1300-C2 is a series/parallel primary and dual secondary, split bobbin
design which operates with either a parallel input of 115V or a series input of 230V.
The secondaries are 14V @ 1.3A each. They can be used independently (up to
300V difference between them) or in series for double the voltage or in parallel for
double the current. The split bobbin design eliminates the need for costly
electrostatic shielding.

Electrical Specifications (@25C)

. Maximum Power: 36.0VA

. Primary: Series: 230V; Parallel: 115V

. Secondaries: 14.0V @ 1.3A each

. Voltage Regulation: 25% TYP @ full load to no load

. Temperature Rise: 25C TYP

. Hipot tested 100% at 4200 VRMS pri to sec

. Hipot tested 100% at 2160 VRMS sec to sec

. Recommended fuse (fuse on primary): For 115V - Cooper/Bussman, Type MDL,
rated 500mA, 250V. For 230V — Littlefuse, Type 313, rated 250mA, 250V

O~NO U WNPE

Construction:
Three flange bobbin construction with primaries and secondaries wound side by
side for low capacitive coupling. UL Class F Insulation System (155°C).

Agency File:

UL: File E65390, UL 5085-1 & 3 (1585), Class 2 not wet / Class 3 wet Transformer
cUL: File E65390, UL 5085-1 & 3 (1585) For Canadian Use (CSA 22.2, No.66.3-06)
TUV Certificate No.: R72120839, EN61558, Safety Isolating xfmr, general use

AN (22 C€

Dimensions: Units in inches.
H W L A B C D E F
1.562 2.187 2.625 0.400 0.400 1.850 0.041 0.020 0.234

Weight: 1.10 Ibs

Schematic:

PARALLEL SERIES 1 5
L) U
1 o—[>1
14V @ 1.3A
115V 2 230V 2 2 6
50/60Hz 50/60Hz
3 3 3

3 C 7

14V @ 1.3A
4 oO—> 14
4 8

RoHS Compliance: As of manufacturing date February 2005, all standard products meet
the requirements of 2011/65/EU, known as the RoHS initiative.

Note: Order and shipping documentation may have a “-B” sulffix; this indicates Bulk
packaging but does not show on the actual part number marked on the transformer.

*Upon printing, this document is considered “uncontrolled”. Please contact Triad Magnetics
website for the most current version. For soldering and washing information please see
http://www.triadmagnetics.com/fag.html

www. TriadMagnetics.com
Phone: (951) 277-0757
Fax: (951) 277-2757

460 Harley Knox Blvd.
Perris, CA 92571

CLASS 2/3 TRANSFORMER

I
I

mLi

1 i 4
0.06" DIAMETER
HOLE

Board Layout

Publish Date: June 3, 2016
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14.2 Pulse Transformers Pulse Transformers
Range of preferred types SKPT 14 to SKPT 27

Absolute Maximum Ratings

Symbol Conditions Values

Viaw Crest working voltage 400 ... 650 V

Visol A.C. rms; 1 minute, see table below Y 25..5kVv

Top Operating Temperature —-40..+85°C

Tstg Storage Temperature —-50...+90°C

Characteristics 2

Types N p/Ns _[th Rp Rs Lp Lss Cps Im t | RL | Vaw | Visal mg
* New Type S HVs Q Q mH MuH pF mA us Q \% kV | conf
SKPT 14b2,5 1:1:1 250 0,86 0,86 1,8 85 10 150 2 80 500 4 B
SKPT 14k2,5 1:1:1 250 0,86 0,86 1,8 85 10 150 2 80 500 4 C
SKPT 14c2,5 2:1 250 1,6 0,86 7,5 400 12 150 | 25| 80 500 4 D
SKPT 14a3 11 350 1,25 1,25 2,8 135 12 150 | 2,5 | 80 500 4 A
SKPT 14i3 11 350 1,25 1,25 2,8 135 12 150 | 25| 80 500 4 D
SKPT 1493 2:1:1 330 3,5 1,6 11 148 10 150 5 80 500 4 B
SKPT 14c3,5 2:1 350 3,5 2,4 13,5 82 9 150 | 25| 80 500 4 D
SKPT 14i5 11 500 2,7 2,7 55 75 10 150 | 25| 80 500 4 D
SKPT 14k6 1:1:1 600 2,8 2,8 9 290 10 150 | 25 | 80 | 500 4 C
SKPT 25j2 1:2:2 200 0,8 1,6 0,9/1,6 30/60 7 250 | 1,5 | 47 | 500 5 H
SKPT 25a3 11 300 0,55 0,55 2 45 8 250 | 15 | 47 500 4 A
SKPT 25b3 1:1:1 300 0,55 0,55 2 48 9 250 | 15 | 47 500 4 B
SKPT 25e3 3:1:1 300 1,7 0,55 15 300 10 250 | 15 | 47 500 4 B
SKPT 25h3 1:1:1:1 300 0,55 0,55 2 48 9 250 | 15| 47 500 4 C
SKPT 25k3/650 1:1:1 300 | 055 | 0,55 2 38 9 250 | 15 | 47 | 650 4 F
SKPT 25m3 11 300 0,55 0,55 1,8 105 7 250 | 15| 47 | 1000 6 G
SKPT 25n3 31 300 1,7 0,55 15 870 7 250 | 15| 47 | 1000 6 G
SKPT 25p3/650 311 300 1,7 0,55 15 300 10 250 | 15 | 47 650 4 F
SKPT 25a4 11 400 0,6 0,6 4 50 10 250 2 47 500 4 A
SKPT 25b4 1:1:1 400 0,6 0,6 4 52 10 250 2 47 500 4 B
SKPT 25¢g4 2:1:1 400 2,3 11 9/15 260/490 7 250 | 1,5 | 47 | 500 5 H
SKPT 25a5 11 500 1 1 55 85 11 ;gg 1:’31 14070 500 4 A

continued on next page

D Material used is according to UL94-VO0. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2

B 14 -104 0898 © by SEMIKRON
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14.2 Pulse Transformers (continued)

Win-

Types N p/Ns Ith Rp Rs Lp Lss Chps Iv t | Re | Vaw | Visol | gin

g

* New Type S uvs Q Q mH uH pF mA us Q \Y, kV | conf

100 | 1,1 | 100

SKPT 25b5 1:1:1 500 1 1 55 89 12 250 3 a7 500 4 B
SKPT 25m5 11 500 1 1 55 170 7 250 | 1,5 | 47 | 1000 6
SKPT 2505 2:1 500 21 1 32 830 7,5 250 | 1,5 | 47 | 1000 5

. 25 1 | 470
SKPT 25b8 1:1:1 800 1,6 1,6 14 220 14 250 6 47 500 4 B

" 25 | 1 | 470
SKPT 25b10 1:1:1 | 1000 | 1,8 1,8 18 260 13 | geo | 6 | a7 | 500 | 4 B

SKPT 26a3 11 300 0,55 0,55 2 45 8 250 | 15| 47 500 4 A
SKPT 26b3 1:1:1 300 0,55 0,55 2 48 8 250 | 1,5 | 47 500 4
SKPT 26e3 3:1:1 300 1,7 0,55 15 300 10 250 | 15| 47 500 4 B

25 1 | 470

SKPT 26b10 1:1:1 1000 1.8 1,8 18 260 15 250 6 a7 500 4 B
SKPT 21a3 11 270 0,6 0,6 3,5 3,5 55 800 | 0,8 | 15 650 4 A
SKPT 21b3 1:1:1 270 0,6 0,6 3,5 3,5 55 800 | 0,8 | 15 440 2,5 B
SKPT 21b3/650 1:1:1 270 0,6 | 0,5/0,7 3,5 2,7/13,2 30 800 | 0,8 | 15 650 4 B
SKPT 21c3 2:1 275 1,0 0,6 6,5 10 50 800 | 0,8 | 15 650 4 A
SKPT 21d3 31 270 15 0,6 30 20 65 800 | 0,8 | 15 650 4 A
SKPT 21e3 3:1:1 270 15 0,6 30 20 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b4 1:1:1 370 0,7 0,7 6 3,5 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b4/650 1:1:1 370 0,7 | 0,6/0,8 6 4,37 65 800 | 0,8 | 15 650 4 B
SKPT 21a5 11 450 1,0 1,0 10 10 65 800 | 0,8 | 15 650 4 A
SKPT 21b5 1:1:1 450 1,0 1,0 10 4,5 65 800 | 0,8 | 15 440 2,5 B
SKPT 21b5/650 1:1:1 450 1,0 1,0 10 10 65 800 | 0,8 | 15 650 4 B
SKPT 22e3/650 311 280 1,2 0,5 35 10 40 800 | 0,8 | 47 650 4 B
SKPT 27a3 11 300 0,3 0,3 2 3 76 | 1200 | 1 10 650 4 A
SKPT 27b3 1:1:1 300 0,3 0,3 2 3 95 | 1200 | 1 10 500 3 B
SKPT 27b3/650 1:1:1 300 0,3 | 0,2/0,4 2 3 65 | 1200 1 10 650 4 B
SKPT 27d3,5 3:1 350 0,6 0,3 20 22 100 | 2500 1 4,7 | 650 4 A
SKPT 27e3,5 311 350 0,6 0,3 20 25 110 | 2500 1 4,7 | 650 4 B
SKPT 27b4/1300 1:1:1 450 0,1 0,1 0,55 7,5 8,5 | 2000 | 0,5 | 10 | 1300 6 B
SKPT 27a5 11 500 0,4 0,4 5 5 105 | 2000 | 1 10 650 4 A

continued on next page

1 Material used is according to UL94-VO0. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2

© by SEMIKRON 0898 B 14 - 105



14.2 Pulse Transformers (continued)

Types NpNs | [Vt | Ry Rs Lp les | Cos | W | t | RL| Viw | Viso \é\llr':;
* New Type S KHVs Q Q mH KH pF mA Ms Q \% kV | conf
SKPT 27b5 1:1:1 500 0,4 0,4 5 5 117 | 2000 1 10 500 3 B
SKPT 27b5/650 1:1:1 500 0,4 | 0,3/0,5 5 5 100 | 2000 | 1 10 | 650 4 B
SKPT 27a10 11 1000 0,3 0,3 2,5 5 83 2000 1 10 650 4 A
SKPT 27b10 111 1000 | 0,3 0,3 2,5 5 97 | 2000 | 1 10 | 500 3 B
SKPT 27b10/650 | 1:1:1 1000 | 0,3 | 0,2/0,4 2,5 5 84 | 2000 | 1 10 | 650 4 B
SKPT 27b10ES 1:1:1 1000 0,3 0,3 2,5 5 97 2000 1 10 650 4 C
SKPT 27c10 2:1 1000 0,5 0,3 10 15 110 | 2000 1 10 650 4 A
SKPT HVb3 111 300 0,3 0,3 3 75 8,5 | 1000 | 1 50 | 3200 | 12 A
SKPT 25a3/s 11 300 0,55 0,55 2 12 20 250 | 0,8 | 47 440 3 A
SKPT 25b3/s 1:1:1 300 0,55 0,55 2 12 20 250 | 0,8 | 47 440 3 B
SKPT 25e3/s 311 300 1,8 0,8 15 80 28 250 | 0,8 | 47 | 440 3 B
SKPT 25h3/s 1:1:1:1 | 300 | 055 | 0,55 2 12 20 250 | 0,8 | 47 | 440 3 C
SKPT 25a4/s 11 400 0,8 0,9 4 17 28 250 | 0,8 | 47 440 3 A
SKPT 909 11 400 0,8 0,9 4 17 28 600 1 5 900 3 E
SKPT 25b4/s 1:1:1 400 0,8 0,9 4 17 28 250 | 0,8 | 47 500 3 B
SKPT 25b4/hs 1:1:1 400 0,8 0,9 1,8 15 28 250 | 0,8 | 400 | 700 4 D
SKPT 25a5/s 11 500 1 11 5,5 22 28 ;gg Oig 14070 500 3 A
SKPT 25b5/s 1:1:1 500 11 1,2 5,5 25 30 ;(5)8 Ois ];1070 500 3 B
SKPT 25b6/N 1:1:1 650 1,13 1,2 4,6 20 37 250 1 47 600 4 B
SKPT 25b8/s 1:1:1 800 1,8 2,1 14 40 35 22550 22 3770 500 3 B
SKPT 25b10/s 1:1:1 1000 2,2 2,4 18 50 40 22550 22 41;1770 500 3 B
SKPT 25b20/s 1:1:1 2000 6 6 55 100 45 250 3 47 500 3 B

1) Material used is according to UL94-VO. Isolation test and pin distance according to IEC 60664-1(1992);
(VDE 0110-1:1997-4)
2) Explanations see Chapter A, Section 14.2

B 14 - 106 0898 © by SEMIKRON
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Winding Configurations and Dimensions in mm

2,5 mm grid
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Current Transformer

T1 300/0,3
300A/0,3A
Absolute Maximum Ratings
Symbol Term Values
I Max. primary current 300 A
I Max. secondary current 0,3A
Precision class sec. current 0,5 %
Ns Transformer current ratio 1000:1
Np
Pout Max. Power output (50/60 Hz) 2 VA
fop Operating frequency 50/ 60 Hz
R> Load resistance b >22,20Q
TI300/0,3
01?7 App. 190 !
BLUE l
- Tl ’ T, T —

o 1 —\———
AN

YELLOW

. b ] 1. 17

Fig. 1 Outline Dimensions in mm
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INSTRUMENTS LMS55
SNAS548D —FEBRUARY 2000—REVISED JANUARY 2015
LM555 Timer
1 Features 3 Description

» Direct Replacement for SE555/NE555

* Timing from Microseconds through Hours

e Operates in Both Astable and Monostable Modes
e Adjustable Duty Cycle

* Output Can Source or Sink 200 mA

* Output and Supply TTL Compatible

» Temperature Stability Better than 0.005% per °C
» Normally On and Normally Off Output

* Available in 8-pin VSSOP Package

2 Applications

e Precision Timing

e Pulse Generation

* Sequential Timing

» Time Delay Generation

» Pulse Width Modulation

» Pulse Position Modulation
* Linear Ramp Generator

The LM555 is a highly stable device for generating
accurate time delays or oscillation. Additional
terminals are provided for triggering or resetting if
desired. In the time delay mode of operation, the time
is precisely controlled by one external resistor and
capacitor. For a stable operation as an oscillator, the
free running frequency and duty cycle are accurately
controlled with two external resistors and one
capacitor. The circuit may be triggered and reset on
falling waveforms, and the output circuit can source
or sink up to 200 mA or drive TTL circuits.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (8) 4.90 mm x 3.91 mm

LM555 PDIP (8) 9.81 mm x 6.35 mm
VSSOP (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Schematic Diagram

8
Veec O— —¢ ¢

R11 l
022 6.2k $

05 06 an
b SR !
S sk ¢ 027
‘ S R6 028
7.5k
R12
6 9k
THRESHOLD O q u:\1 39
02 a3 | 3
5 R4 a2
CONTROL 2 (2/3 Vcc) 5k
VOLTAGE
1 > R1 Q17 R7 3
GND O——————— ?wk 15 16 4.7k p—O ouTPUT
) 1 08 as
TRIGGER O— a7 =
Vee)
19
3 018
RS
s 012 013 5k
RESET 025
oSG 6 7 L 4 \ 4 g L L
ISCHARGE O—
14 |-

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

D, P, and DGK Packages
8-Pin PDIP, SOIC, and VSSOP
Top View

8
_—4| +Vee
-
COMPAR-
TRIGGER ATOR DISCHARGE
FLIP FLOP ——
6
OUTPUT COMPAR-
OUTPUT STAGE ATOR THRESHOLD
T
VREF (INT) = 5
CONTROL
RESET VOLTAGE
Pin Functions
PIN
110 DESCRIPTION
NO. NAME
Control Controls the threshold and trigger levels. It determines the pulse width of the output
5 Voltage | waveform. An external voltage applied to this pin can also be used to modulate the output
waveform
7 Discharge | Open collector output which discharges a capacitor between intervals (in phase with output).
It toggles the output from high to low when voltage reaches 2/3 of the supply voltage
GND (0] Ground reference voltage
Output (0] Output driven waveform
4 Reset | Negative pulse applied to this pin to disable or reset the timer. When not used for reset
purposes, it should be connected to VCC to avoid false triggering
6 Threshold | Compares the voltage applied to the terminal with a reference voltage of 2/3 Vcc. The
amplitude of voltage applied to this terminal is responsible for the set state of the flip-flop
P Trigger | Responsible for transition of the flip-flop from set to reset. The output of the timer depends
on the amplitude of the external trigger pulse applied to this pin
8 v* | Supply voltage with respect to GND

Copyright © 2000-2015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
o LM555CM, LM555CN ®) 1180 mw
Power Dissipation )
LM555CMM 613 mw
PDIP Package Soldering (10 Seconds) 260 °C
Solderin o
|nf0rmaﬁ%n Small Outline Packages (SOIC and | Vapor Phase (60 Seconds) 215 c
VSSOP) Infrared (15 Seconds) 220 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(3) For operating at elevated temperatures the device must be derated above 25°C based on a 150°C maximum junction temperature and a
thermal resistance of 106°C/W (PDIP), 170°C/W (S0IC-8), and 204°C/W (VSSOP) junction to ambient.

(4) Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

6.2 ESD Ratings

VALUE UNIT
Vesp)  Electrostatic discharge | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +500@ \Y
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) The ESD information listed is for the SOIC package.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply Voltage 18 \%
Temperature, T 0 70 °C
Operating junction temperature, T, 70 °C
6.4 Thermal Information
LM555
THERMAL METRIC® PDIP \ soIC | VSSOP UNIT
8 PINS
Raia Junction-to-ambient thermal resistance 106 ‘ 170 ‘ 204 °CIW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics

(Ta=25°C, Ve = 5V to 15 V, unless otherwise specified) @

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Supply Voltage 4.5 16 \%
Supply Current Vce=5V,R == 3 6
Vec =15V, R == 10 15 mA
(Low State) @
Timing Error, Monostable
Initial Accuracy 1%
Drift with Temperature Ra =1 k to 100 kQ, 50 ppm/°C
C=0.1pF, @

Accuracy over Temperature 15%

Drift with Supply 0.1% \%
Timing Error, Astable

Initial Accuracy 2.25

Drift with Temperature Ra, Rg =1 k to 100 kQ, 150 ppm/°C

C=0.1pF, @

Accuracy over Temperature 3.0%

Drift with Supply 0.30 % v
Threshold Voltage 0.667 X Vee
Trigger Voltage Vec =15V 5 \%

Vec =5V 1.67 \Y
Trigger Current 0.5 0.9 MA
Reset Voltage 0.4 0.5 1 \
Reset Current 0.1 0.4 mA
Threshold Current ®) 0.1 0.25 pA
Control Voltage Level Vec =15V 10 11

Vec =5V 2.6 3.33 4 v
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat ©®

Output Low Vec =15V, 1; =15 mA 180 mV

Output Low Vec =45V, ;=45 mA 80 200 mV
Output Voltage Drop (Low) Vec =15V

Ising = 10 mA 0.1 0.25 \Y
Isink = 50 mA 0.4 0.75 \Y
Isink = 100 mA 2 25 \Y
Isink = 200 mA 25 \Y
Vec =5V

Isink = 8 MA \Y
Isink =5 MA 0.25 0.35 \%

(1) All voltages are measured with respect to the ground pin, unless otherwise specified.

(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Recommended Operating Conditions indicate
conditions for which the device is functional, but do not ensure specific performance limits. Electrical Characteristics state DC and AC
electrical specifications under particular test conditions which ensures specific performance limits. This assumes that the device is within
the Recommended Operating Conditions. Specifications are not ensured for parameters where no limit is given, however, the typical
value is a good indication of device performance.

(3) Supply current when output high typically 1 mA less at Vcc =5 V.

(4) Tested at Vec =5V and Vec =15 V.

(5) This will determine the maximum value of Ry + Rg for 15 V operation. The maximum total (Ra + Rg) is 20 MQ.
(6) No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
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Electrical Characteristics (continued)

(Ta = 25°C, Vce = 5 V to 15 V, unless otherwise specified)™®

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output Voltage Drop (High) Isource = 200 MA, Vec =15V 125 \%
ISOURCE =100 mA, VCC =15V 12.75 13.3 \Y
Vec =5V 2.75 3.3 \Y;
Rise Time of Output 100 ns
Fall Time of Output 100 ns
6.6 Typical Characteristics
12 TTTT T 12
1.1 Ve =15V
Z 10 _ 5 A
= 09 T=+125°C < -58°C
8 0.8 ] e 8 7
- ! -
= 3 [/ b / s
o € . ghe
= 06 T=+25°C % S r//
a 05 4 © / +125°C
= > 7
g 04 § ) L7
Z 03 s %/
= 02 T=-55°C 2
01 / I
17 .
0 0.1 0.2 03 04 5 10 15

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V¢c)

Figure 1. Minimum Pulse Width Required For Triggering

SUPPLY VOLTAGE (V)

Figure 2. Supply Current vs. Supply Voltage

Figure 3. High Output Voltage vs. Output Source Current

2 T T7 10 ====c-=:
18 |—T,=-55C Vec =5V H
| L & I
16 - = T
= 19E° ~
— s Ta = +25°C _—— —55°C
s b 1.0 :
12 - = i o
3 = +125° - B = H
s Ta s +125°C ] - +125°C 25°C
I |t 3 Ly |
8 08 Y
Y : -55°C_
04
0.2 5V < Vge < 15V
] [0 01 |
1 10 100 1.0 10 100
Isource (MA) Isink (mA)

Figure 4. Low Output Voltage vs. Output Sink Current
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Typical Characteristics (continued)

10 ; =
: Vee = 10V §
{
10 -
s +125°C
- | I
3 - +25°C
> Y
0.1 il
—
A A
0.01 A4
10 10 100

'SINK (mA)

Figure 5. Low Output Voltage vs. Output Sink Current

10 ===
P Vee = 15V
1.0 "
= +125°C
2 8
3 +25°C o
> M
0.4 > 2fX
-
0.01
1.0 10 100
Isink (mA)

Figure 6. Low Output Voltage vs. Output Sink Current

1200 1T T 7 T N [ 1‘
| T=e25C : ,
- 1000 (— 1 “ /
£ | |
> | i /
z Vec = 5.0
=) cc = 5.0V /
|
S 600 — / /
5 4
2 a00. l 0/ :
S Y Ve =10, 15v
S 200 — :
0 d
0 0.1 02 0.3

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)

Figure 7. Output Propagation Delay vs. Voltage Level of
Trigger Pulse

Vee =15V *125JC/
— 1000 — V
;_:' +70°C - /
< L1/ / /i
o +25c\;/ iy
=] 600 ‘ ' //
- |
é 400 {l,/y/
[- % —— «
: =2
s e g
Sl |
0 0.1 0.2 0.3

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vcc)

Figure 8. Output Propagation Delay vs. Voltage Level of
Trigger Pulse

1000 s
Vee = 15V
ImE I
BB i
+125°C I
~
= 100 ===
; +25 c ; 1 N
2 11| MDY # aiilil 1
= [
g v -55°C
L 10 »%
-
1.0
0.01 0.1 1.0 10 100
Isink (MA) PIN 7

Figure 9. Discharge Transistor (Pin 7) Voltage vs. Sink
Current

1000 rprm—
— Vec = 5V HH ﬁ
+125°C
z 10 L
= +25°C
E il 1
E I".//. 40
e -55°C
S 10 {t
I i
001 01 10 10 100
lsik (mA) PIN 7

Figure 10. Discharge Transistor (Pin 7) Voltage vs. Sink
Current
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7 Detailed Description

7.1 Overview

The LM555 is a highly stable device for generating accurate time delays or oscillation. Additional terminals are
provided for triggering or resetting if desired. In the time delay mode of operation, the time is precisely controlled
by one external resistor and capacitor. For astable operation as an oscillator, the free running frequency and duty
cycle are accurately controlled with two external resistors and one capacitor. The circuit may be triggered and
reset on falling waveforms, and the output circuit can source or sink up to 200mA or driver TTL circuits. The
LM555 are available in 8-pin PDIP, SOIC, and VSSOP packages and is a direct replacement for SE555/NE555.

7.2 Functional Block Diagram

CONTROL
THRESHOLD yOLTAGE +Vcc

L L

COMPARATOR 9

RESET
Vref (int) l

| - .
TRIGGER FLIP FLOP «—— COMPARATOR =

DISCHARGE l—
> OUTPUT M OUTPUT

STAGE

7.3 Feature Description

7.3.1 Direct Replacement for SE555/NE555

The LM555 timer is a direct replacement for SE555 and NES555. It is pin-to-pin compatible so that no schematic
or layout changes are necessary. The LM555 come in an 8-pin PDIP, SOIC, and VSSOP package.

7.3.2 Timing From Microseconds Through Hours

The LM555 has the ability to have timing parameters from the microseconds range to hours. The time delay of
the system can be determined by the time constant of the R and C value used for either the monostable or
astable configuration. A nomograph is available for easy determination of R and C values for various time delays.

7.3.3 Operates in Both Astable and Monostable Mode

The LM555 can operate in both astable and monostable mode depending on the application requirements.

» Monostable mode: The LM555 timer acts as a “one-shot” pulse generator. The pulse beings when the LM555
timer receives a signal at the trigger input that falls below a 1/3 of the voltage supply. The width of the output
pulse is determined by the time constant of an RC network. The output pulse ends when the voltage on the
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Feature Description (continued)

capacitor equals 2/3 of the supply voltage. The output pulse width can be extended or shortened depending
on the application by adjusting the R and C values.

» Astable (free-running) mode: The LM555 timer can operate as an oscillator and puts out a continuous stream
of rectangular pulses having a specified frequency. The frequency of the pulse stream depends on the values
of R,, Rg, and C.

7.4 Device Functional Modes

7.4.1 Monostable Operation

In this mode of operation, the timer functions as a one-shot (Figure 11). The external capacitor is initially held
discharged by a transistor inside the timer. Upon application of a negative trigger pulse of less than 1/3 V¢ to
pin 2, the flip-flop is set which both releases the short circuit across the capacitor and drives the output high.

+5V 70 +15V

W,
RESET ce
T RA

I
4 8
TRIGGER DISCHARGE
NORMALLY § o O—2 7
“ON” LOAD L
THRESH
| LMS555 6 SHato
| CONTROL
OUTPUT
¢ . 5 | VOLTAGE i
| —_—
NORMALLY § o 1
“OFF” LOAD L
0.01xF

Figure 11. Monostable

The voltage across the capacitor then increases exponentially for a period of t = 1.1 R, C, at the end of which
time the voltage equals 2/3 Vc. The comparator then resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 12 shows the waveforms generated in this mode of operation. Since
the charge and the threshold level of the comparator are both directly proportional to supply voltage, the timing
interval is independent of supply.

A A A A

/ /
Vee=5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.
Ra =9.1kQ Bottom Trace: Capacitor Voltage 2V/Div.
C=0.01pF

Figure 12. Monostable Waveforms

During the timing cycle when the output is high, the further application of a trigger pulse will not effect the circuit
so long as the trigger input is returned high at least 10 us before the end of the timing interval. However the
circuit can be reset during this time by the application of a negative pulse to the reset terminal (pin 4). The output
will then remain in the low state until a trigger pulse is again applied.

When the reset function is not in use, TI recommends connecting the Reset pin to V¢ to avoid any possibility of
false triggering.
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Device Functional Modes (continued)

Figure 13 is a nomograph for easy determination of R, C values for various time delays.

100

o

o

C = CAPACITANCE (uF)

o
2

0.001
10 us100 us1ms10ms100ms 1s 10s 100s

tq = TIME DELAY

Figure 13. Time Delay

7.4.2 Astable Operation

If the circuit is connected as shown in Figure 14 (pins 2 and 6 connected) it will trigger itself and free run as a
multivibrator. The external capacitor charges through Ry + Rg and discharges through Rg. Thus the duty cycle
may be precisely set by the ratio of these two resistors.

T +Vee

— ] &

4 8

LMS55 6

N I
= |

Figure 14. Astable

—_——— - MWV ————
-
E
~
<

o
K

I

In this mode of operation, the capacitor charges and discharges between 1/3 V.c and 2/3 Vgc. As in the
triggered mode, the charge and discharge times, and therefore the frequency are independent of the supply
voltage.

Figure 15 shows the waveforms generated in this mode of operation.
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Device Functional Modes (continued)

/7 v \V/
Vec =5V Top Trace: Output 5V/Div.
TIME = 20pus/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra=3.9kQ
RB =3kQ
C=0.01pF

Figure 15. Astable Waveforms

The charge time (output high) is given by:

t, = 0.693 (R, + Rg) C (1)
And the discharge time (output low) by:
t, = 0.693 (Rg) C 2
Thus the total period is:
T=t +1,=0.693 (Ry +2Rg) C (3)
The frequency of oscillation is:
g 144
T (Rat2Rg)C (4
Figure 16 may be used for quick determination of these RC values.
The duty cycle is:
D—_— 8 __
Ra + 2Rp (5)
100
10 \\\\\ N
§ 1 \\\ \\\\\
£ Y‘X"\}&% AN
S EANANANN
S0 N —
(Ra +2Rg)
0.001 | NN N
0.1 1 10 100 1k 10k 100k
f — FREE-RUNNING FREQUENCY (Hz)
Figure 16. Free Running Frequency
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM555 timer can be used a various configurations, but the most commonly used configuration is in
monostable mode. A typical application for the LM555 timer in monostable mode is to turn on an LED for a
specific time duration. A pushbutton is used as the trigger to output a high pulse when trigger pin is pulsed low.
This simple application can be modified to fit any application requirement.

8.2 Typical Application
Figure 17 shows the schematic of the LM555 that flashes an LED in monostable mode.

10K +5V TO +15V
" \ 4 +Vee

pushpuﬂon 10K
switch

TRIGGER 3 7 DISCHARGE

i

LM555

6 THRESHOLD

CONTROL
OUTPUT voLTAGE _|
3 5 —Y( T

S P

470

—

Figure 17. Schematic of Monostable Mode to Flash an LED

8.2.1 Design Requirements

The main design requirement for this application requires calculating the duration of time for which the output
stays high. The duration of time is dependent on the R and C values (as shown in Figure 17) and can be
calculated by:

t=1.1 x R x C seconds (6)

8.2.2 Detailed Design Procedure

To allow the LED to flash on for a noticeable amount of time, a 5 second time delay was chosen for this
application. By using Equation 6, RC equals 4.545. If R is selected as 100 kQ, C = 45.4 yF. The values of R =
100 kQ and C = 47 pF was selected based on standard values of resistors and capacitors. A momentary push
button switch connected to ground is connected to the trigger input with a 10-K current limiting resistor pullup to
the supply voltage. When the push button is pressed, the trigger pin goes to GND. An LED is connected to the
output pin with a current limiting resistor in series from the output of the LM555 to GND. The reset pin is not used
and was connected to the supply voltage.

8.2.2.1 Frequency Divider

The monostable circuit of Figure 11 can be used as a frequency divider by adjusting the length of the timing
cycle. Figure 18 shows the waveforms generated in a divide by three circuit.
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Typical Application (continued)

Vec =5V Top Trace: Input 4 V/Div.

TIME = 20 ps/DIV. Middle Trace: Output 2V/Div.

Ra =9.1kQ Bottom Trace: Capa citor 2V/Div.
C=0.01pF

Figure 18. Frequency Divider

8.2.2.2 Additional Information

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

Delay time reset to output is 0.47 ps typical. Minimum reset pulse width must be 0.3 ys, typical.
Pin 7 current switches within 30 ns of the output (pin 3) voltage.

8.2.3 Application Curves

The data shown below was collected with the circuit used in the typical applications section. The LM555 was
configured in the monostable mode with a time delay of 5.17 s. The waveforms correspond to:

» Top Waveform (Yellow) — Capacitor voltage

» Middle Waveform (Green) — Trigger

» Bottom Waveform (Purple) — Output

As the trigger pin pulses low, the capacitor voltage starts charging and the output goes high. The output goes low

as soon as the capacitor voltage reaches 2/3 of the supply voltage, which is the time delay set by the R and C
value. For this example, the time delay is 5.17 s.

Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: LM555


http://www.ti.com/product/lm555?qgpn=lm555
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAS548D&partnum=LM555
http://www.ti.com/product/lm555?qgpn=lm555

13 TEXAS

INSTRUMENTS
LM555
SNAS548D —FEBRUARY 2000—REVISED JANUARY 2015 www.ti.com
Typical Application (continued)
' 5.00V/ ' 5.00V/ I 5.00V/ l ¢ 00s 1.000s/ Stop £ K 173V

AX =5.180000000000s | 1/AX = 193.05mHz | AY(3) =6.25V

-~  Mode ~ Source X Y X1 2 X2
Normal 3 v -3.54000s 1.64000s

Figure 19. Trigger, Capacitor Voltage, and Output Waveforms in Monostable Mode
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9 Power Supply Recommendations

The LM555 requires a voltage supply within 4.5 V to 16 V. Adequate power supply bypassing is necessary to
protect associated circuitry. The minimum recommended capacitor value is 0.1 pF in parallel with a 1-pF
electrolytic capacitor. Place the bypass capacitors as close as possible to the LM555 and minimize the trace
length.

10 Layout

10.1 Layout Guidelines

Standard PCB rules apply to routing the LM555. The 0.1-uF capacitor in parallel with a 1-uF electrolytic capacitor
should be as close as possible to the LM555. The capacitor used for the time delay should also be placed as
close to the discharge pin. A ground plane on the bottom layer can be used to provide better noise immunity and
signal integrity.

Figure 20 is the basic layout for various applications.

e C1 - based on time delay calculations

e C2 - 0.01-pyF bypass capacitor for control voltage pin

e C3 - 0.1-yF bypass ceramic capacitor

e C4 - 1-uF electrolytic bypass capacitor

e RI1 - based on time delay calculations

* Ul-LMC555

10.2 Layout Example

_~£‘ 1
—

5

\

Figure 20. Layout Example
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11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LM555-MWC ACTIVE WAFERSALE YS 0 1 Green (RoHS Call Tl Level-1-NA-UNLIM -40 to 85 c
Samples
& no Sh/Br)
LM555CM NRND SoIC D 8 95 TBD Call Tl Call T 0to 70 LM
555CM
LM555CM/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LM Samples
& no Sh/Br) 555CM =
LM555CMM NRND VSSOP DGK 8 1000 TBD Call Tl Call Tl 0to 70 Z55
LM555CMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 Z55 Samples
& no Sh/Br) =
LM555CMMX/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 Z55
& no Sh/Br) =
LM555CMX NRND SoIC D 8 2500 TBD Call Tl Call Tl 0to 70 LM
555CM
LM555CMX/NOPB ACTIVE SOIC D 8 2500  Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LM Samnles
& no Sb/Br) 555CM L
LM555CN/NOPB ACTIVE PDIP P 8 40 Green (RoHS CU SN Level-1-NA-UNLIM Oto 70 LM Samnles
& no Sb/Br) 555CN L
MC1455P1 OBSOLETE PDIP P 8 TBD Call Tl Call Tl 0to 70 LM
555CN
NE555V OBSOLETE PDIP P 8 TBD Call Tl Call Tl 0to 70 LM
555CN

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
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Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)

LM555CMM VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM555CMM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM555CMMX/NOPB VSSOP DGK 8 3500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1

LM555CMX SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LM555CMX/NOPB SolIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM555CMM VSSOP DGK 8 1000 210.0 185.0 35.0
LM555CMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LM555CMMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LM555CMX SOIC D 8 2500 367.0 367.0 35.0
LM555CMX/NOPB SOIC D 8 2500 367.0 367.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o,10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO—-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I T PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
e ER
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ 0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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DEVICES

Single and Dual-Supply, Rail-to-Rail,
Low Cost Instrumentation Amplifier

AD623

FEATURES

Easy to use
Rail-to-rail output swing
Input voltage range extends 150 mV below ground
(single supply)
Low power, 550 pA maximum supply current
Gain set with one external resistor
Gain range: 1 to 1000
High accuracy dc performance
0.10% gain accuracy (G=1)
0.35% gain accuracy (G> 1)
Noise: 35 nV/vHz RTl noise at 1 kHz
Excellent dynamic specifications
800 kHz bandwidth (G=1)
20 ps settling time t0 0.01% (G =10)

APPLICATIONS

Low power medical instrumentation
Transducer interfaces
Thermocouple amplifiers

Industrial process controls
Difference amplifiers

Low power data acquisition

GENERAL DESCRIPTION

The AD623 is an integrated, single- or dual-supply instrumentation
amplifier that delivers rail-to-rail output swing using supply
voltages from 3 V to 12 V. The AD623 offers superior user
flexibility by allowing single gain set resistor programming and by
conforming to the 8-lead industry standard pinout configuration.
With no external resistor, the AD623 is configured for unity
gain (G = 1), and with an external resistor, the AD623 can be
programmed for gains of up to 1000.

The superior accuracy of the AD623 is the result of increasing
ac common-mode rejection ratio (CMRR) coincident with
increasing gain; line noise harmonics are rejected due to
constant CMRR up to 200 Hz. The AD623 has a wide input
common-mode range and amplifies signals with common-
mode voltages as low as 150 mV below ground. The AD623
maintains superior performance with dual and single polarity
power supplies.

Table 1. Low Power Upgrades for the AD623

Part No. Total Vs (V dc) Typical lq (pA)
AD8235 55 30

AD8236 55 33

AD8237 5.5 33

AD8226 36 350

AD8227 36 325

AD8420 36 85

AD8422 36 300

AD8426 36 325 (per channel)

FUNCTIONAL BLOCK DIAGRAM
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AD623

SPECIFICATIONS

SINGLE SUPPLY
Typical at 25°C, single supply, +Vs =5V, =Vs =0V, and Ri. = 10 k(, unless otherwise noted.
Table 2.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+ (100 k/Rc)
Gain Range 1 1000 1 1000 1 1000
Gain Error’ G1Vour=
0.05Vto35V
G>1Vour=
0.05Vto4.5V
G=1 0.03 0.10 0.03 0.10 0.03 0.05 %
G=10 0.10 0.35 0.10 0.35 0.10 0.35 %
G=100 0.10 0.35 0.10 0.35 0.10 0.35 %
G =1000 0.10 0.35 0.10 0.35 0.10 0.35 %
Nonlinearity G1Vour=
0.05Vto35V
G>1Vour=
0.05Vto45V

G=1to 1000 50 50 50 ppm

Gain vs. Temperature
G=1 5 10 5 10 5 10 ppm/°C
G>1' 50 50 50 ppm/°C

VOLTAGE OFFSET Total RTl error =
Vosi + Voso/G

Input Offset, Vosi 25 200 200 500 25 100 puv
Over Temperature 350 650 160 uv
Average Temperature 0.1 2 0.1 2 0.1 1 pv/°C

Coefficient (Tempco)

Output Offset, Voso 200 1000 500 2000 200 500 uv
Over Temperature 1500 2600 1100 uv
Average Tempco 25 10 25 10 25 10 pv/eC

Offset Referred to the
Input vs. Supply (PSR)

G=1 80 100 80 100 80 100 dB

G=10 100 120 100 120 100 120 dB

G=100 120 140 120 140 120 140 dB

G=1000 120 140 120 140 120 140 dB
INPUT CURRENT

Input Bias Current 17 25 17 25 17 25 nA
Over Temperature 27.5 27.5 27.5 nA
Average Tempco 25 25 25 pA/°C

Input Offset Current 025 2 025 2 025 2 nA
Over Temperature 2.5 2.5 2.5 nA
Average Tempco 5 5 5 pA/°C

INPUT

Input Impedance
Differential 2||2 2||2 2||2 GQ||pF
Common-Mode 2||2 2|2 2|2 GQ||pF

Input Voltage Range? Vs=3Vto 12V (=Vs) — (#Vs) — | (=Vs)— (#Vs) = | (=Vs)— (+Vs)— | V

0.15 1.5 0.15 1.5 0.15 1.5

Rev. E | Page 3 of 26
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Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
at 60 Hz with 1 kQ
Source Imbalance
G=1 Vew=0Vto3V 70 80 70 80 77 86 dB
G=10 Vaw=0Vto3V 90 100 90 100 94 100 dB
G=100 Vaw=0Vto3V 105 110 105 110 105 110 dB
G =1000 Vew=0Vto3V 105 110 105 110 105 110 dB
OUTPUT
Output Swing Ri=10kQ 0.01 (+Vs)— | 0.01 (+Vs)— | 0.01 (+Vs)— | V
0.5 0.5 0.5
R.=100 kQ 0.01 (+Vs)— | 0.01 (+Vs)— | 0.01 (+Vs)— | V
0.15 0.15 0.15
DYNAMIC RESPONSE
Small Signal -3 dB BW
G=1 800 800 800 kHz
G=10 100 100 100 kHz
G=100 10 10 10 kHz
G=1000 2 2 2 kHz
Slew Rate 0.3 0.3 0.3 V/us
Settling Time t0 0.01% Vs=5V
G=1 Stepsize:3.5V 30 30 30 us
G=10 Step size: 4V, 20 20 20 us
Vamn=1.8V

" Does not include effects of external resistor, Re.

20ne input grounded. G=1.
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AD623

DUAL SUPPLIES
Typical at 25°C dual supply, Vs = 5 V, and R = 10 k€, unless otherwise noted.
Table 3.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+(100k/Rq)
Gain Range 1 1000 1 1000 1 1000
Gain Error! G1Vour=
-48Vto+3.5V
G>1Vour=
0.05Vto45V
G=1 0.03 0.10 0.03 0.10 0.03 0.05 %
G=10 0.10 0.35 0.10 0.35 0.10 035 %
G=100 0.10 0.35 0.10 0.35 0.10 035 %
G =1000 0.10 0.35 0.10 0.35 0.10 0.35 %
Nonlinearity G1Vour=
—-48Vto+3.5V
G>1Vour=
—-48Vto+45V
G=11to0 1000 50 50 50 ppm
Gain vs. Temperature
G=1 5 10 5 10 5 10 ppm/°C
G>1' 50 50 50 ppm/°C
VOLTAGE OFFSET Total RTl error =
Vosi + Voso/G
Input Offset, Vosi 25 200 200 500 25 100 uv
Over Temperature 350 650 160 uv
Average Tempco 0.1 2 0.1 2 0.1 1 pv/eC
Output Offset, Voso 200 1000 500 2000 200 500 uv
Over Temperature 1500 2600 1100 uv
Average Tempco 25 10 25 10 25 10 pv/eC
Offset Referred to the
Input vs. Supply (PSR)
G=1 80 100 80 100 80 100 dB
G=10 100 120 100 120 100 120 dB
G=100 120 140 120 140 120 140 dB
G =1000 120 140 120 140 120 140 dB
INPUT CURRENT
Input Bias Current 17 25 17 25 17 25 nA
Over Temperature 27.5 27.5 27.5 nA
Average Tempco 25 25 25 pA/°C
Input Offset Current 025 2 025 2 025 2 nA
Over Temperature 2.5 25 2.5 nA
Average Tempco 5 5 5 pA/°C
INPUT
Input Impedance
Differential 2||2 2||2 2||2 GQ||pF
Common-Mode 2||2 2||2 2||2 GQ||pF
Input Voltage Range? Vs= (=Vs) - (+Vs) - | (=Vs)— (#Vs) - | (=Vs) - (+Vs) - | V
+25Vto+6V 0.15 1.5 0.15 1.5 0.15 1.5
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AD623

Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
at 60 Hz with 1 kQ
Source Imbalance
G=1 Ven= 70 80 70 80 77 86 dB
+35Vto-5.15V
G=10 Vem= 90 100 90 100 94 100 dB
+35Vto-5.15V
G=100 Vem= 105 110 105 110 105 110 dB
+35Vto-5.15V
G=1000 Vem= 105 110 105 110 105 110 dB
+35Vto-5.15V
OUTPUT
Output Swing Ri=10kQ, (=Vs) + (+Vs) = | (Vs + (#Vs) = | (Vs + (+Vs)— | V
Vs=%5V 0.2 0.5 0.2 0.5 0.2 0.5
RL=100kQ (=Vs) + (#Vs) = | (V) + (#Vs) = | (V) + (+Ve)— | V
0.05 0.15 0.05 0.15 0.05 0.15
DYNAMIC RESPONSE
Small Signal =3 dB
Bandwidth
G=1 800 800 800 kHz
G=10 100 100 100 kHz
G=100 10 10 10 kHz
G=1000 2 2 2 kHz
Slew Rate 0.3 0.3 0.3 V/us
Settling Time to 0.01% Vs=+5V,5V step
G=1 30 30 30 us
G=10 20 20 20 Ms

" Does not include effects of external resistor, Rc.

20ne input grounded. G=1.
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AD623

SPECIFICATIONS COMMON TO DUAL AND SINGLE SUPPLIES

Table 4.
Test Conditions/ AD623A AD623ARM AD623B
Parameter Comments Min Typ Max | Min Typ Max | Min Typ Max | Unit
NOISE
Voltage Noise, 1 kHz Total RTI noise =
(em')z + (zeno /G)Z
Input, Voltage Noise, eni 35 35 35 nV/AHz
Output, Voltage Noise, eno 50 50 50 nV/Hz
RTI, 0.1 Hzto 10 Hz
G=1 3.0 3.0 3.0 MV p-p
G=1000 15 15 15 wv p-p
Current Noise f=1kHz 100 100 100 fA/VHz
0.1Hzto 10 Hz 1.5 1.5 1.5 pPA p-p
REFERENCE INPUT
Rin 100+ 100 £ 100+ kQ
20% 20% 20%
Iin Vint, Vrer =0V 50 60 50 60 50 60 MA
Voltage Range Vs +Vs | —Vs +Vs | =Vs +Vs |V
Gain to Output 1+ 1+ 1+ Vv
0.0002 0.0002 0.0002
POWER SUPPLY
Operating Range Dual supply +2.5 +6 +2.5 +6 +2.5 +6 \%
Single supply 2.7 12 2.7 12 27 12 \Y
Quiescent Current Dual supply 375 550 375 550 375 550 | pA
Single supply 305 480 305 480 305 480 | pA
Over Temperature 625 625 625 MA
TEMPERATURE RANGE
For Specified Performance -40 +85 | —40 +85 | —40 +85 | °C
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AD623

ABSOLUTE MAXIMUM RATINGS

Table 5.

Parameter Rating

Supply Voltage 12V

Internal Power Dissipation’ 650 mW
Differential Input Voltage +6V

Output Short-Circuit Duration Indefinite
Storage Temperature Range —65°Cto +125°C
Operating Temperature Range —40°C to +85°C
Lead Temperature (Soldering, 10 sec) 300°C

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

' Specification is for device in free air:
8-Lead PDIP Package: 8,a = 95°C/W
8-Lead SOIC Package: 6, = 155°C/W
8-Lead MSOP Package: 6,1 = 200°C/W

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features

patented or proprietary protection circuitry, damage
\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

AD623
—-Rg E

-IN 2]
+IN E
-Vs E

8| +Rg

+Vs

6] outPuT

5| REF

| —
TOP VIEW
(Not to Scale)

00778-001

Figure 2. AD623 Pin Configuration

Table 6. Pin Function Descriptions

Pin No. Mnemonic | Description

1 —Ra Inverting Terminal of External Gain-Setting Resistor, Re.

2 —-IN Inverting In-Amp Input.

3 +IN Noninverting In-Amp Input.

4 =Vs Negative Supply Terminal.

5 REF In-Amp Output Reference Input. The voltage input establishes the common-mode voltage of the output.
6 OUTPUT In-Amp Output.

7 +Vs Positive Supply Terminal.

8 +Re Noninverting Terminal of External Gain Setting Resistor, Ra.
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AD623

TYPICAL PERFORMANCE CHARACTERISTICS

At 25°C, Vs = 5 V, and R = 10 kQ), unless otherwise noted.
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AD623

UNITS

VOLTAGE NOISE SPECTRAL DENSITY (nVA Hz RTI)
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AD623

CH1

Figure 16. 0.1 Hz to 10 Hz RTI Voltage Noise (1 DIV =1 uV p-p)
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Figure 17. Common-Mode Rejection (CMR) vs. Frequency, +Vs=5V, - Vs=0

V, Vrer = 2.5V, for Various Gain Settings (G)
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Figure 30. Large Signal Pulse Response and Settling Time,
G=-10(0.250mV =0.01%), C. = 100 pF

00778-031

Figure 31. Large Signal Pulse Response and Settling Time,
G=100, C. =100 pF
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Figure 32. Large Signal Pulse Response and Settling Time,
G=-1000(5mV=0.01%), C.= 100 pF
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Figure 33. Small Signal Pulse Response, G=1, R. = 10 kQ, C. = 100 pF Figure 36. Small Signal Pulse Response, G = 1000, R. = 10 kQ, C, = 100 pF
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Figure 35. Small Signal Pulse Response, G = 100, R. = 10 kQ, C. = 100 pF
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Figure 38. Gain Nonlinearity, G =—10 (6 ppm/DIV)
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Figure 39. Gain Nonlinearity, G=—-100, 15 ppm/DIV
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AD623

THEORY OF OPERATION

The AD623 is an instrumentation amplifier based on a modified
classic 3-op-amp approach, to assure single- or dual-supply
operation even at common-mode voltages at the negative supply
rail. Low voltage offsets, input and output, as well as absolute
gain accuracy, and one external resistor to set the gain, make
the AD623 one of the most versatile instrumentation amplifiers
in its class.

The input signal is applied to PNP transistors acting as voltage
buffers and providing a common-mode signal to the input
amplifiers (see Figure 41). An absolute value 50 kQQ resistor in
each amplifier feedback assures gain programmability.

The differential output is

100 kQ
Vo=|1+ R Ve

G

The differential voltage is then converted to a single-ended
voltage using the output amplifier, which also rejects any
common-mode signal at the output of the input amplifiers.

Because the amplifiers can swing to either supply rail, as well as
have their common-mode range extended to below the negative
supply rail, the range over which the AD623 can operate is further

enhanced (see Figure 20 and Figure 21).

The output voltage at Pin 6 is measured with respect to the
potential at Pin 5. The impedance of the reference pin is 100 kQ);
therefore, in applications requiring voltage conversion, a small
resistor between Pin 5 and Pin 6 is all that is needed.

+Rg

00778-041

Figure 41. Simplified Schematic

Because of the voltage feedback topology of the internal op
amps, the bandwidth of the in-amp decreases with increasing
gain. At unity gain, the output amplifier limits the bandwidth.
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AD623

APPLICATIONS INFORMATION

BASIC CONNECTION

Figure 42 and Figure 43 show the basic connection circuits for
the AD623. The +Vs and — Vs terminals are connected to the
power supply. The supply can be either bipolar (Vs = £2.5 V to
+6 V) or single supply (-Vs=0V, +Vs=3.0 Vto 12 V).
Capacitively decouple power supplies close to the power pins of
the device. For best results, use surface-mount 0.1 pF ceramic
chip capacitors and 10 pF electrolytic tantalum capacitors.

+Vs
0.1uF 10pF

+2.5V TO +6V

Vour

REF (INPUT)

|
<
[
0778-042

—2.5V TO -6V 5
Figure 42. Dual-Supply Basic Connection

+Vg
0.1uF 10pF
+3V TO +12V
0—
Vin Rg { Vour
0—
REF (INPUT)

00778-055

Figure 43. Single-Supply Basic Connection

Table 7. Required Values of Gain Resistors

The input voltage, which can be either single-ended (tie either
—IN or +IN to ground) or differential, is amplified by the
programmed gain. The output signal appears as the voltage
difference between the OUTPUT pin and the externally applied
voltage on the REF input. For a ground referenced output, REF
must be grounded.

GAIN SELECTION

The gain of the AD623 is programmed by the R resistor, or
more precisely, by whatever impedance appears between Pin 1
and Pin 8. The AD623 offers accurate gains using 0.1% to 1%
tolerance resistors. Table 7 shows the required values of Re for
the various gains. Note that for G = 1, the R¢ terminals are
unconnected (Rg = o). For any arbitrary gain, Rc can be
calculated by

R =100 kQ/(G - 1)
REFERENCE TERMINAL

The reference terminal potential defines the zero output voltage
and is especially useful when the load does not share a precise
ground with the rest of the system. It provides a direct means of
injecting a precise offset to the output. The reference terminal is
also useful when bipolar signals are being amplified because it
can be used to provide a virtual ground voltage. The voltage on
the reference terminal can be varied from —Vs to +Vs.

Calculated Gain Using 1% Resistors

Desired Gain 1% Standard Table Value of R
2 100 kQ
5 249 kQ
10 11 kQ
20 5.23kQ
33 3.09kQ
40 2.55kQ
50 2.05kQ
65 1.58 kQ
100 1.02 kQ
200 499 Q)
500 200Q
1000 100 Q

2
5.02
10.09
20.12
33.36
40.21
49.78
64.29
99.04
2014
501
1001
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AD623

INPUT AND OUTPUT OFFSET VOLTAGE ERROR

The offset voltage (Vos) of the AD623 is attributed to two
sources: those originating in the two input stages where the in-
amp gain is established, and those originating in the subtractor
output stage. The output error is divided by the programmed
gain when referred to the input. In practice, the input errors
dominate at high gain settings, whereas the output error
prevails when the gain is set at or near unity.

The Vos error for any given gain is calculated as follows:

Total Error Referred to Input (RTI)
= Input Error + (Output Error/G)

Total Error Referred to Output (RTO)
= (Input Error x G) + Output Error

The RTT offset errors and noise voltages for different gains are
listed in Table 8.

INPUT PROTECTION

Internal supply-referenced clamping diodes allow the input,
reference, output, and gain terminals of the AD623 to safely
withstand overvoltages of 0.3 V above or below the supplies.
This overvoltage protection is true at all gain settings and when
cycling power on and off. Overvoltage protection is particularly
important because the signal source and amplifier may be
powered separately.

If the overvoltage is expected to exceed this value, the current
through these diodes must be limited to about 10 mA using
external current limiting resistors (see Figure 44). The size of
this resistor is defined by the supply voltage and the required
overvoltage protection.

+Vg

I'=10mA MAX

OUTPUT

_Vover -Vs + 0.7V
Rum = 10mA

00778-043

_Vs

Figure 44. Input Protection

Table 8. RTI Error Sources

RF INTERFERENCE

All instrumentation amplifiers can rectify high frequency out-
of-band signals. Once rectified, these signals appear as dc offset
errors at the output. The circuit in Figure 45 provides good RFI
suppression without reducing performance within the pass band of
the in-amp. Resistor R1 and Capacitor C1 (and likewise, R2 and
C2) form a low-pass RC filter that has a —3 dB bandwidth equal
to f=1/(2 n R1C1). Using the component values shown, this
filter has a —3 dB bandwidth of approximately 40 kHz. The R1
and R2 resistors were selected to be large enough to isolate the
input of the circuit from the capacitors, but not large enough to
significantly increase the noise of the circuit. To preserve common-
mode rejection in the pass band of the amplifier, the C1 and C2
capacitors must be 5% or better units, or low cost 20% units can
be tested and binned to provide closely matched devices.

+VS
0.33uF 0.01uF

R1 c1 {'
4.02kQ  1000pF J:_‘|7
1% 5%
-IN O—wW\
R2 c3 L
4.2§/k0 0047y T Re { Vour
o
+IN O—wWv REFERENCE
c2
1000pF ==
i ;I; 0.33yF 0.01uF

+.
NOTES: N
1. LOCATE C1 TO C3 AS CLOSE TO THE INPUT PINS AS POSSIBLE.

00778-044

Figure 45. Circuit to Attenuate RF Interference

Capacitor C3 is needed to maintain common-mode rejection at
low frequencies. R1/R2 and C1/C2 form a bridge circuit whose
output appears across the input pins of the in-amp. Any mismatch
between C1 and C2 unbalances the bridge and reduces the
common-mode rejection. C3 ensures that any RF signals are
common mode (the same on both in-amp inputs) and are not
applied differentially. This second low-pass network, R1 + R2 and
C3, has a -3 dB frequency equal to 1/(2n(R1 + R2)(C3)). Using
a C3 value of 0.047 pF, the —3 dB signal bandwidth of this circuit
is approximately 400 Hz. The typical dc offset shift over frequency
is less than 1.5 pV; and the RF signal rejection of the circuit is
better than 71 dB. The 3 dB signal bandwidth of this circuit can
be increased to 900 Hz by reducing R1 and R2 to 2.2 kQ). The
performance is similar to using 4 kQ resistors, except that the
circuitry preceding the in-amp must drive a lower impedance load.

Maximum Total Input Offset Error (uV) Maximum Total Input Offset Drift (uV/°C) | Total Input Referred Noise (nV/vHz)
Gain | AD623A AD623B AD623A AD623B AD623A AD623B
1 1200 600 12 11 62 62
2 700 350 7 6 45 45
5 400 200 4 3 38 38
10 300 150 3 2 35 35
20 250 125 25 1.5 35 35
50 220 110 2.2 1.2 35 35
100 210 105 2.1 1.1 35 35
1000 | 200 100 2 1 35 35

Rev. E | Page 19 of 26



http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf
http://www.analog.com/AD623?doc=AD623.pdf

AD623

The circuit in Figure 45 must be built using a printed circuit
board (PCB) with a ground plane on both sides. All component
leads must be as short as possible. The R1 and R2 resistors can
be common 1% metal film units; however, the C1 and C2
capacitors must be +5% tolerance devices to avoid degrading
the common-mode rejection of the circuit. Either the
traditional 5% silver mica units or Panasonic +2% PPS film
capacitors are recommended.

In many applications, shielded cables are used to minimize noise;
for best CMR over frequency, the shield must be properly driven.
Figure 46 shows an active guard driver that is configured to
improve ac common-mode rejection by bootstrapping the
capacitances of input cable shields, thus minimizing the
capacitance mismatch between the inputs.

+Vg
-IN
2) —
Re &G !
100Q - 2
VWA 'AD8031 AD623 6 OUTPUT
Rg
+ > s 5
DN+ (3 REF
+IN
_Vs

Figure 46. Common-Mode Shield Driver

00778-045

GROUNDING

Because the AD623 output voltage is developed with respect
to the potential on the reference terminal, many grounding
problems can be solved by simply tying the REF pin to the
appropriate local ground. The REF pin must, however, be tied
to a low impedance point for optimal CMR.

The use of ground planes is recommended to minimize the
impedance of ground returns (and hence the size of dc errors).
To isolate low level analog signals from a noisy digital environment,
many data acquisition components have separate analog and digital
ground returns (see Figure 47). All ground pins from mixed signal
components, such as analog-to-digital converters (ADCs), must
be returned through the high quality analog ground plane.
Maximum isolation between analog and digital is achieved by
connecting the ground planes back at the supplies. The digital
return currents from the ADC that flow in the analog ground
plane, in general, have a negligible effect on noise performance.

If there is only a single power supply available, it must be shared
by both digital and analog circuitry. Figure 48 shows how to
minimize interference between the digital and analog circuitry.
As in the previous case, use separate analog and digital ground
planes (reasonably thick traces can be used as an alternative to a
digital ground plane). These ground planes must be connected at
the ground pin of the power supply. Run separate traces from the
power supply to the supply pins of the digital and analog circuits.
Ideally, each device has its own power supply trace, but these can
be shared by a number of devices, as long as a single trace is not
used to route current to both digital and analog circuitry.

0.1pF 0.1pF

ANALOG POWER SUPPLY
+5V

DIGITAL POWER SUPPLY
GND +5V

GND

AGND

Voo
MICROPROCESSOR

00778-046

Figure 47. Optimal Grounding Practice for a Bipolar Supply Environment with Separate Analog and Digital Supplies

Vpp AGND DGND

AGND

Vobp

ADC MICROPROCESSOR
AD7892-2

00778-047

Figure 48. Optimal Ground Practice in a Single-Supply Environment
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Ground Returns for Input Bias Currents

Input bias currents are those dc currents that must flow to bias
the input transistors of an amplifier. These are usually transistor
base currents. When amplifying floating input sources, such as
transformers or ac-coupled sources, there must be a direct dc
path into each input so that the bias current can flow. Figure 49,
Figure 50, and Figure 51 show how a bias current path can be
provided for the cases of transformer coupling, thermocouple,
and capacitive ac coupling. In dc-coupled resistive bridge
applications, providing this path is generally not necessary
because the bias current simply flows from the bridge supply
through the bridge into the amplifier. However, if the impedances
that the two inputs see are large and differ by a large amount
(>10 kQ), the offset current of the input stage causes dc errors
proportional with the input offset voltage of the amplifier.

p——O OUTPUT

TO POWER
> & SUPPLY
GROUND

00778-048

Figure 49. Ground Returns for Bias Currents with Transformer-Coupled Inputs

——O OTUPUT

) TO POWER
14 > » SUPPLY
GROUND

Figure 50. Ground Returns for Bias Currents with Thermocouple Input:

w1y 00778-049

e

——O OUTPUT

100kQ 3 < 100kQ
1 TO POWER

e > # SUPPLY
GROUND

00778-050

Figure 51. Ground Returns for Bias Currents with AC-Coupled Inputs

Output Buffering

The AD623 is designed to drive loads of 10 kQ) or greater. If the
load is less than this value, the output of the AD623 must be
buffered with a precision single-supply op amp, such as the
OP113. This op amp can swing from 0 V to 4 V on its output
while driving a load as small as 600 Q2. Table 9 summarizes the
performance of some buffer op amps.

00778-051

Figure 52. Output Buffering

Table 9. Buffering Options

Op Amp | Description

OP113 Single-supply, high output current
OP191 Rail-to-rail input and output, low supply current

Single-Supply Data Acquisition System

Interfacing bipolar signals to single-supply ADCs presents a
challenge. The bipolar signal must be mapped into the input
range of the ADC. Figure 53 shows how this translation can be
achieved.

5V
& 0.1pF
A Rg AD7776
M0mV | 4.02kQ AN
\
¢ REFERENCE
REFOUT
REFIN

00778-052

v

Figure 53. A Single-Supply Data Acquisition System

The bridge circuit is excited by a 5 V supply. The full-scale output
voltage from the bridge (+10 mV) therefore has a common-mode
level of 2.5 V. The AD623 removes the common-mode component
and amplifies the input signal by a factor of 100 (Rean = 1.02 kQ),
which results in an output signal of +1 V. To prevent this signal
from running into the ground rail of the AD623, the voltage on
the REF pin must be raised to at least 1 V. In this example, the 2 V
reference voltage from the AD7776 ADC biases the output voltage
of the AD623 to 2 V + 1V, which corresponds to the input range
of the ADC.
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Amplifying Signals with Low Common-Mode Voltage

Because the common-mode input range of the AD623 extends
0.1 V below ground, it is possible to measure small differential
signals which have low or no common-mode component.
Figure 54 shows a thermocouple application where one side of
the J-type thermocouple is grounded.

(\—
J-TYPE Rg
THERMOCOUPLE 1.02kQ
))

[$$

OUTPUT

2v

00778-053

Figure 54. Amplifying Bipolar Signals with Low Common-Mode Voltage

Over a temperature range of —200°C to +200°C, the J-type thermo-
couple delivers a voltage ranging from —7.890 mV to +10.777 mV.
A programmed gain on the AD623 of 100 (R¢ = 1.02 kQ) and a

voltage on the REF pin of 2 V result in the output voltage ranging
from 1.110 V to 3.077 V relative to ground.

INPUT DIFFERENTIAL AND COMMON-MODE
RANGE vs. SUPPLY AND GAIN

Figure 55 shows a simplified block diagram of the AD623. The
voltages at the outputs of Amplifier A1 and Amplifier A2 are
given by
Va2 = Vem + Vorr/2 + 0.6 V + Vorr X Re/Re
=Vem+ 0.6 V + Ve x Gain/2

Var=Vem — Vorr/2 + 0.6 V + Ve X Re/Rg
=Vem+ 0.6 V — Ve X Gain/2

<
ro|9
H
il
+/\I
N\

<
ro|9
H
il
|
N\

00778-055

_Vs

Figure 55. Simplified Block Diagram

The voltages on these internal nodes are critical in determining
whether the output voltage is clipped. The Va1 and V. voltages
can swing from approximately 10 mV above the negative supply
(V- or ground) to within approximately 100 mV of the positive
rail before clipping occurs. Based on this and from the previous

equations, the maximum and minimum input common-mode
voltages are given by the following equations:

Vesmax = V+ — 0.7V — Vorr X Gain/2
Veumin = V—=—=10.590 V + Vpirr X Gain/2

These equations can be rearranged to give the maximum possible
differential voltage (positive or negative) for a particular common-
mode voltage, gain, and power supply. Because the signals on
Al and A2 can clip on either rail, the maximum differential
voltage is the lesser of the two equations.

| Voieeaax| = 2 (V+ = 0.7 V = Vew)/Gain
| Voiremax| = 2 (Vem — V= 40.590 V)/Gain

However, the range on the differential input voltage range is
also constrained by the output swing. Therefore, the range of
Vs may need to be lower according the following equation:

Input Range < Available Output Swing/Gain

For a bipolar input voltage with a common-mode voltage that is
roughly half way between the rails, Vomremax is half the value that
the previous equations yield because the REF pin is at midsupply.
Note that the available output swing is given for different supply
conditions in the Specifications section.

The equations can be rearranged to give the maximum gain for
a fixed set of input conditions. The maximum gain is the lesser
of the two equations.

Gainmax =2 (V+ = 0.7 V = Vem)/ Ve
Gainmax =2 (Veu — V=+0.590 V)/ Vpirr

Again, it is recommended that the resulting gain times the input
range is less than the available output swing. If this is not the case,
the maximum gain is given by

Gainmax = Available Output Swing/Input Range

Also for bipolar inputs (that is, input range = 2 Vo), the
maximum gain is half the value yielded by the previous equations
because the REF pin must be at midsupply.

The maximum gain and resulting output swing for different input
conditions is given in Table 10. Output voltages are referenced to
the voltage on the REF pin.

For the purposes of computation, it is necessary to break down the
input voltage into its differential and common-mode components.
Therefore, when one of the inputs is grounded or at a fixed
voltage, the common-mode voltage changes as the differential
voltage changes. Take the case of the thermocouple amplifier in
Figure 54. The inverting input on the AD623 is grounded;
therefore, when the input voltage is —10 mV, the voltage on the
noninverting input is —10 mV. For the purpose of the signal
swing calculations, this input voltage must be composed of a
common-mode voltage of -5 mV (that is, (+IN + —IN)/2) and
a differential input voltage of —10 mV (that is, +IN — —IN).
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Table 10. Maximum Attainable Gain and Resulting Output Swing for Different Input Conditions

Closest 1%

Vem Voire REF Pin Supply Voltages Maximum Gain | Gain Resistor Resulting Gain Output Swing
ov +10 mV 25V +5V 118 866 O 116 +1.2V
ov +100 mV 25V +5V 11.8 9.31 kQ 11.7 +1.1V
oV +10mV oV 5V 490 205Q 488 +4.8V
ov +100 mV oV 5V 49 2.1kQ 48.61 +4.8V
ov 1V ov 5V 4.9 26.1 kQ 4.83 +4.8V
25V +10mV 25V +5V 242 422 Q 238 +23V
25V +100 mV 25V +5V 24.2 4.32kQ 241 +24V
25V +1V 25V +5V 242 71.5kQ 24 2.4V
1.5V +10 mV 1.5V +3V 142 715Q 141 14V
1.5V +100 mV 1.5V +3V 14.2 7.68 kQ 14 +1.4V
oV +10mV 1.5V +3V 118 866 O 116 1.1V
ov +100 mV 1.5V +3V 11.8 9.31kQ 11.74 +1.1V

ADDITIONAL INFORMATION

For an updated design of the AD623, see the AD8223.

For a selection guide to all Analog Devices instrumentation
amplifiers, see the Instrumentation Amplifiers page on the

Analog Devices website at www.analog.com.

For additional information on in-amps, refer to the following:

MT-061. Instrumentation Amplifier (In-Amp) Basics.

Analog Devices, Inc.

MT-070. In-Amp Input RFI Protection. Analog Devices, Inc.

Counts, Lew and Charles Kitchen. A Designer's Guide to Instru-
mentation Amplifiers. 3rd edition. Analog Devices, Inc., 2006.
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AD623

EVALUATION BOARD

GENERAL DESCRIPTION

The EVAL-INAMP-62RZ can be used to evaluate the AD620,
ADG621, AD622, AD623, AD627, AD8223, and AD8225
instrumentation amplifiers. In addition to the basic in-amp
connection, circuit options enable the user to adjust the offset
voltage, apply an output reference, or provide shield drivers
with user supplied components. The board is shipped with an
assortment of instrumentation amplifier ICs in the legacy SOIC
pinout, such as the AD620, AD621, AD622, AD623, AD8223,
and AD8225. The board also has an alternative footprint for a
through-hole, 8-lead PDIP.

Figure 56 shows a photograph of the evaluation boards for all
Analog Devices instrumentation amplifiers. For additional
information, see the EVAL-INAMP user guide (UG-261).
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OUTLINE DIMENSIONS
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REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
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Figure 57. 8-Lead Plastic Dual In-Line Package [PDIP]
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Figure 58. 8-Lead Standard Small Outline Package [SOIC_N]
Narrow Body (R-8)
Dimensions shown in millimeters and (inches)

012407-A

Rev. E | Page 25 of 26




AD623

iNimii—]

wiw
ol
olo
|
|
alel
©
alo

7 | 6!
2.80 I,
PIN 1 I:I | s
IDENTIFIER —
-
0.65 BSC
0.95 15° MAX
0.85 1.10 MAX -1/~
o =N
L 0.80
015§ 0.40 e T L0 ~| 055
0.05 o o 109 040
COPLANARITY - :
0.10

10-07-2009-B

COMPLIANT TO JEDEC STANDARDS MO-187-AA
Figure 59. 8-Lead Mini Small Outline Package [MSOP]
(RM-8)

Dimensions shown in millimeters

ORDERING GUIDE

Temperature Package
Model’ Range Package Description Option Branding
AD623ANZ —40°C to +85°C | 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD623AR —40°C to +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623AR-REEL7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623ARZ —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623ARZ-R7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623ARZ-RL —40°Cto +85°C | 8-Lead SOIC, 13" Tape and Reel R-8
AD623ARMZ —40°Cto +85°C | 8-Lead Mini Small Outline Package [MSOP] RM-8 JOA
AD623ARMZ-REEL —40°Cto +85°C | 8-Lead Mini Small Outline Package [MSOP], 13" Tape and Reel RM-8 JOA
AD623ARMZ-REEL7 —40°C to +85°C | 8-Lead Mini Small Outline Package [MSOP], 7" Tape and Reel RM-8 JOA
AD623BNZ —40°C to +85°C | 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD623BRZ —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N] R-8
AD623BRZ-R7 —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 7" Tape and Reel R-8
AD623BRZ-RL —40°Cto +85°C | 8-Lead Standard Small Outline Package [SOIC_N], 13" Tape and Reel R-8

EVAL-INAMP-62RZ

Evaluation Board

' Z = RoHS Compliant Part.

©1997-2016 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
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TLO81

TLO81 Wide Bandwidth JFET Input Operational Amplifier

I3 Texas

INSTRUMENTS

Literature Number: SNOSBWG6A



Input Operational Amplifier

General Description

The TLO81 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The TLO81 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The TLO81 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 impedance, high slew rate
and wide bandwidth. The devices has low noise and offset
voltage drift, but for applications where these requirements

&National Semiconductor

TLO81 Wide Bandwidth JFET

December 1995

are critical, the LF356 is recommended. If maximum supply
current is important, however, the TLO81C is the better
choice.

Typical Connection

TL/H/8358-1

Connection Diagram

Dual-In-Line Package

Features
m Internally trimmed offset voltage 15 mV
W Low input bias current 50 pA
W Low input noise voltage 25 nV/yHz
W Low input noise current 0.01 pA/{Hz
m Wide gain bandwidth 4 MHz
m High slew rate 13 V/us
W Low supply current 1.8 mA
m High input impedance 10120
W Low total harmonic distortion Ay = 10, <0.02%

RL = 10k, Vo = 20 Vp-p,

BW = 20 Hz—20 kHz
m Low 1/f noise corner 50 Hz
B Fast settling time to 0.01% 2 us
Simplified Schematic
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BI-FET II™ is a trademark of National Semiconductor Corp.

Order Number TL081CP
See NS Package Number NOSE
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Input Voltage Range (Note 2) +15V
please contact the National Semiconductor Sales Output Short Circuit Duration Continuous
Office/Distributors for availability and specifications. Storage Temperature Range —65°C to +150°C
+
Supply V.olt.age. £18V Lead Temp. (Soldering, 10 seconds) 260°C
Power Dissipation (Notes 1 and 6) 670 mW 0ia 120°C/W
Operating Temperature Range 0°Cto +70°C ESD rating to be determined.
TiMAX) 115°C
Differential Input Voltage +30V
DC Electrical Characteristics (ote 3)
Symbol Parameter Conditions TLO81C Units
Min Typ Max
Vos Input Offset Voltage Rs = 10k, Ta = 25°C 5 15 mV
Over Temperature 20 mV
AVos/AT Average TC of Input Offset Rs = 10 k2 10 WV/°C
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
Tj < 70°C 4 nA
Ig Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj < 70°C 8 nA
RiN Input Resistance Tj = 25°C 1012 Q
AvoL Large Signal Voltage Gain Vg = £15V,Tp = 25°C 25 100 V/mV
Vo = =10V, R = 2kQ
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg = £15V, R = 10k +12 +13.5 \Y
Vem Input Common-Mode Voltage +15 \
=+ +
Range Vs = £15V ' —12 \Y
CMRR Common-Mode Rejection Ratio Rs < 10 kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 2.8 mA
AC Electrical Characteristics (Note 3)
Symbol Parameter Conditions TLO81C Units
Min Typ Max
SR Slew Rate Vg = +15V, Tp = 25°C 13 V/us
GBW Gain Bandwidth Product Vg = £15V, Tp = 25°C 4 MHz
en Equivalent Input Noise Voltage Ta = 25°C, Rg = 1009, 25 wv/Fz
f = 1000 Hz
in Equivalent Input Noise Current T; = 25°C, f = 1000 Hz 0.01 pA/{Hz

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 120°C/W junction to ambient for N package.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg = £15V and 0°C <Tp < +70°C. Vpg, Ig and lpg are measured at Vg = 0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj = Ta + 6ja Pp where 6ja 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 rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
Vg = +5Vto +15V.
Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.




Typical Performance Characteristics
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Typical Performance Characteristics (continueq)

Distortion vs Frequency
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
TL/H/8358-7
Large Signal Inverting

OUTPUT VOLTAGE SWING (5v/DIV)

TIME (2 us/DIV)
TL/H/8358-14

Small Signal Non-Inverting

Iﬁ—

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)

TL/H/8358-13
Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 us/DIV)

TL/H/8358-15

Current Limit (R = 100Q)

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The TLO81 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET Il). 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 allowed to exceed the negative supply as this

TIME (6 us/DIV)

TL/H/8358-16

will cause large currents to flow which can result in a de-
stroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the




Application Hints (continued)

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 amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The TLO81 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The TLO081 will drive a 2 kQ) 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, however, an in-
crease 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 sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in a socket as an unlimited current surge through the

Detailed Schematic

Vog O <@

resulting forward diode within the IC 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 handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to 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 capaci-
tance from the input of the device (usually the inverting in-
put) 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
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

» TOSYSTEMSUPPLY
©  VOLTAGE CONNECTION

VSUPPLY O==@=AAN—@

914 ¢ Vour

TO CONTROL CIRCUITRY

TL/H/8358-9
® oyt switches high when Rglg > Vp

Ultra-Low (or High) Duty Cycle Pulse
Generator

Hi-Z)y Inverting Amplifier

TL/H/8358-10

Parasitic input capacitance C1 = (3 pF for TL081 plus any additional
layout capacitance) interacts with feedback elements and creates un-
desirable high frequency pole. To compensate, add C2 such that:
R2C2 = R1C1.

Long Time Integrator

vt
1N914
Rl RESET
O ouTPUT INTEGRATE 174 LF13333
4
c* v
Vi O==AAA—4
t
m S 1 2
b—OVUU = T / Vin DIT
Q]
% ™M
Ve
TL/H/8358-11
_ 4.8 — 2Vg V-
* toutpuTHIGH = R1C £ n—~— Vs TL/H/8358-12
2Vg — 7.8 * Low leakage capacitor
* toutpuTLOW = R2C /n——=——0n i ;
Vg — 78 ® 50k pot used for less sensitive Vpg adjust

where Vg = V+ + [V—|
*low leakage capacitor




TL081 Wide Bandwidth JFET Input Operational Amplifier

Physical Dimensions inches (millimeters)
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LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

with instructions for use provided in the

labeling, can

be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

National Semiconductor

o)

National Semiconductor

National Semiconductor

Corporation Europe Hong Kong Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86 18th Floor, Straight Block,
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com Ocean Centre, 5 Canton Rd.
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong
Frangais Tel: (+49) 0-180-532 93 58 Tel: (852) 2737-1600
Italiano  Tel: (+49) 0-180-534 16 80 Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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