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INTRODUCCION.
1.1 RESUMEN.

En este proyecto se propone el disefio e implementacion en placa de circuito impreso
o PCB (Printed Circuit Board) de un sistema electronico que se empleard& como modulo
didactico para la realizacion de experiencias practicas orientadas a que el estudiante se
familiarice con la utilizacién de los analizadores l6gicos para el analisis y comprobacion del
funcionamiento de los elementos o bloques digitales de un circuito electrénico digital.

El médulo o sistema electronico en el que se basa el médulo consiste en un conversor
anal6gico-digital (A/D) basado en el método de conversion denominado contador-rampa. El
conversor disefiado e implementado se puede utilizar como un CAD de 8 o de 4 bits de
resolucién, dependiendo del estado de la sefial de control incluida para ese fin y que es
accesible por el usuario. El conversor, ademas del contador binario, del CDA y del
comparador en el que se basa cualquier CAD basado en el método contador-rampa, incorpora
un contador BCD (Binary Coded Decimal) de dos digitos, dos decodificadores BCD a 7
segmentos y dos visualizadores de 7 segmentos, cuya finalidad es la de mostrar el valor
decimal de la palabra digital de salida resultante de la conversion.

Para su implementacion, basada principalmente en la utilizacién de tecnologia SMD,
se ha usado la herramienta de software libre de modelado de circuitos impresos denominada
KiCAD. La placa de circuito impreso disefiada, facil de manejar, incorpora diversos puntos de
prueba que sirven para analizar las diferentes sefiales analdgicas y digitales presentes en el
circuito.

1.2 ABSTRACT.

This project proposes the design and implementation on a printed circuit board or PCB
(Printed Circuit Board) of an electronic system that will be used as a didactic module to carry
out practical experiences oriented to familiarizing the student with the use of logic analyzers
for the analysis and verification of the operation of the elements or digital blocks of a digital
electronic circuit.

The module or electronic system which the module is based consists of an analog-
digital (A / D) converter based on the conversion method called counter-ramp. The designed
and implemented converter can be used as an 8 or 4-bit resolution ADC depending on the
state of the control signal included for that purpose and which is accessible by the user. The
converter, in addition to the binary counter, the DAC and the comparator on which any ADC
based on the counter-ramp method is based, incorporates a two-digit BCD (Binary Coded
Decimal) counter, two 7-segment BCD decoders and two displays of 7 segments, whose
purpose is to show the decimal value of the digital output word resulting from the conversion.

For its implementation, based mainly on the use of SMD technology, was used the free
software tool for printed circuit modeling called KiCAD. The designed printed circuit board,
easy to handle, incorporates various test points that are used to analyze the different analog
and digital signals present in the circuit.
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MEMORIA

Capitulo 1: Introduccidon general. Objetivos.

1.1 Introduccién general.

Los circuitos electronicos se pueden dividir en dos grandes grupos: los analdgicos y
los digitales, teniendo ambos tipos de circuitos una gran importancia en el mundo tecnoldgico
actual. Para entender su funcionamiento, es necesario comprender las diferencias que
existen entre las sefiales analégicas y digitales que producen, asi como conocer cuales son
las ventajas de un tipo de circuitos frente a los otros.

Las sefales anal6gicas son aquellas que encontramos con mayor facilidad en la
naturaleza y se caracterizan porque su magnitud es capaz de tomar cualquier valor, es decir,
no es una sefial cuantificada. En cambio, una sefial digital es todo lo contrario, es una sefial
cuyos valores de amplitud si estan cuantificados, es decir, limitados a pertenecer a un
conjunto de valores fijos o discretos. Las sefales digitales son mas inmunes al ruido que las
anal6gicas, pero a costa de requerir un mayor ancho de banda para portar o transmitir la
misma informacién. Ademas, las sefiales digitales son mas faciles de procesar, es decir,
manipularlas matematicamente para modificarlas, mejorarlas, almacenarlas e incluso
representarlas.

Con el paso del tiempo, el avance de la tecnologia ha hecho que hoy en dia casi todos
los equipos electrénicos incorporen elementos de procesamiento y de representacion que
requieren entradas digitales. De ahi nace la necesidad de disponer de circuitos electrénicos
capaces de realizar la conversion de una sefial de tipo analdgica a digital, lo cual engloba un
proceso de digitalizacién. El proceso de digitalizar una sefal analdégica puede implicar las
operaciones de muestreo, cuantificacion y codificacién. En el proceso de muestreo se obtiene
a partir de una sefial analdgica continua en el tiempo y en amplitud, una sefial discretizada
en el tiempo, pero continua en el dominio de amplitudes. El proceso de cuantificacién consiste
en representar la amplitud continua de la sefial mediante un nimero finito o discreto de
valores en los instantes determinados por el proceso de muestreo, y el de codificacion, en
asignar una palabra de un codigo digital a cada uno de los niveles de amplitud discretos
obtenidos tras el proceso de cuantificacion. Los circuitos electrénicos capaces de convertir
sefales de tipo analdgico a digital y de digital a analdgico, se denominan Convertidores o
conversores de sefial Analdgica a Digital (CAD) y de sefial Digital a Analdégica (CDA),
respectivamente.

1.2 Conversor analdgico-digital: método contador-rampa.

Un conversor analégico-digital (CAD) es un dispositivo que ofrece una salida digital a
partir de una sefial analdgica de entrada. El funcionamiento de un conversor se basa en
comparar la tension analégica de entrada al conversor (Vx), con una tension de referencia
(Vr) que varia a lo largo del tiempo. Es decir, consiste en variar una tension de referencia
hasta que la diferencia |Vx-VR| gueda dentro del error de cuantificacion que define las
prestaciones del conversor. Las distintas formas de variar Vg con el tiempo definen los
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diferentes métodos de conversion: el método contador-rampa, el de aproximaciones
sucesivas, el de rampa doble, etc.

En la Figura 1.1 se muestra el diagrama de bloques de un CAD de 4 bits codificados
en BCD (Binary Coded Decimal) basado en el método contador-rampa, que emplea un
visualizador de 7 segmentos para representar el valor decimal de la palabra digital resultante
de la conversion [1]. Como se puede observar, el CAD consta de un contador y un conversor
digital-analdgico (CDA) de 4 bits, un comparador y los circuitos electronicos encargados de
capturar, almacenar y representar el valor de la palabra digital resultante de la conversion. En
el método contador-rampa se compara la entrada (Vx) con una tension analdgica de
referencia (Vgr) generada a través de un CDA y un contador, siendo la palabra digital
resultante de la conversion, la salida del contador [2]. Al iniciar la conversion, el contador se
pone a cero, y su salida se va incrementando hasta que la tension de salida (Vr) del CDA
rebasa el valor de la entrada, situacion que es detectada por el comparador. Una vez Vg ha
“alcanzado” a la entrada, finaliza la conversion analégica-digital, siendo la palabra digital
resultante de la conversion, la salida del contador. En el conversor representado en la Figura
1.1, ademas del contador, del CDA y del comparador, se emplea un registro, un decodificador
BCD a 7 segmentos y un visualizador de 7 segmentos para mostrar el valor decimal de la

palabra digital de salida resultante de cada conversion.
Vi
_F L

SENAL ANALOGICA

o ,
DE ENTRADA (Vx)

CLK' mnnarunnnann +

PALABRA IFFFH—LJI COMPARADOR

(A1 Az Az Ay) DIGITAL
DE 4 BITS v,
CONTADOR DAC DE LA A Ay A
RELOJ (CLK) O—] _v (7 A A 7)
(CLK) BCD DE 4 BITS apms | RV (ST

REGISTRO |~ DECODIFICADOR 4\| |
DE4BITS [ V| BCDA7-SEGM. */| |

DISPLAY

LOAD

Figura 1.1. Diagrama de bloques de un CAD de 4 bits basado en el método contador-rampa.
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1.3 Objetivos.

El objetivo de este Trabajo de Fin de Grado se ha centrado en el disefio y posterior
implementacion en placa de circuito impreso o PCB (Printed Circuit Board) de un conversor
analégico-digital basado en el método contador-rampa a emplear como modulo didactico en
la realizacién de experiencias practicas orientadas a que el estudiante se familiarice con la
utilizacién de los analizadores légicos para el analisis y comprobacién del funcionamiento de
los elementos o bloques digitales de un circuito electronico digital. El disefio se basa en el
CAD de cuatro bits propuesto en el guion de la practica 2, denominada El Analizador Légico,
que se lleva a cabo en el modulo de Instrumentacion Electrénica de la asignatura Técnicas
Experimentales Ill, que se imparte en el tercer curso del Grado en Fisica de la Universidad
de La Laguna [1].

En la Figura 1.2 se muestra el esquema general del conversor analdgico-digital
basado en el método contador-rampa que se ha disefiado e implementado en este trabajo. El
conversor disefiado se puede utilizar como un CAD de 8 o de 4 bits, dependiendo del estado
de la sefial de control incluida para ese fin y que es accesible por el usuario, y que actla
sobre el bloque de multiplexores 2 a 1 que se encuentra a la entrada del conversor digital-
analégico o CDA. Como se puede observar, la sefial de entrada (Vx) se compara con una
tension analdgica de referencia (Vr) que se genera a través de un contador binario y un CDA
de 8 bits, siendo la palabra digital resultante de la conversion la salida del contador. El circuito
también incorpora un contador BCD de dos digitos de 4 bits cuya funcién es realizar una
cuenta sincronizada con el contador binario de 8 bits, de tal forma que la palabra digital de
salida del conversor analdgico-digital también se encuentre disponible en formato BCD a la
salida de dicho contador.

Al iniciar la conversién, los dos contadores se ponen a cero y sus salidas se van
incrementando hasta que la tension de salida (Vr) del CDA rebasa el valor de la tension de
entrada (Vx), situacién que es detectada por el comparador. Una vez Vg ha rebasado a Vy,
finaliza el proceso de conversién, siendo la palabra digital resultante de la conversién la salida
de ambos contadores. EI CAD emplea un registro de 8 bits, dos decodificadores BCD a 7
segmentos y dos visualizadores de 7 segmentos para capturar, almacenar y mostrar el valor
decimal de la palabra digital de salida resultante de la conversién y que esta disponible en
cbdigo BCD a la salida del contador BCD de dos digitos.
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l LOAD.
Decoder
4 bits—{ BCDto [|——7 bits—7-Segmentos
7-Seg
Contador . H
BCD 8 bit: Regl_stro
i 8 bits
Decoder
bits— BCDto |——7 bits——7-Segmentos
7-Seg
1 bit
Reset Selector AV2%
— W
1 bit ~
4 bits MUX 2-1 4 bits
Comparador —
|«
Contador |5 bits CDA VR

Binario

bits— MUX 2-1 4 bits ( )

Figura 1.2. Esquema general del conversor analégico-digital de 8/4 bits basado en el método contador-rampa.

1.4 Estructura general del trabajo.

La memoria estad dividida en 5 capitulos. El primero de ellos ofrece una breve
introduccion a este trabajo, los objetivos del mismo y la forma en que se estructura.

En el capitulo 2 se presenta el esquema electronico y el disefio del sistema.
Abordamos los dos modos de funcionamiento, para 4 y 8 bits, asi como los componentes que
van a formar parte de la placa. Este capitulo es el mas extenso debido a que en él se explican
cdmo funcionan los diferentes componentes.

El capitulo 3 esta dedicado a la elaboracion de la placa de circuito impreso o PCB, la
eleccion de las huellas para los componentes y su colocacion siguiendo las reglas de disefio,

asi como del software empleado, el NewPCB.

Se concluira el trabajo con el presupuesto, capitulo 4, y con la presentacion en el
capitulo 5 de los resultados y conclusiones, asi como algunas propuestas de mejoras.
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Capitulo 2: Disefio del sistema.
2.1 Introduccién.

Como se comentd en el capitulo anterior, en este trabajo se ha llevado a cabo el
disefio e implementacién en PCB (Printed Circuit Board) de un conversor analdgico-digital
basado en el método contador-rampa a emplear como modulo didactico en la realizacion de
experiencias practicas docentes.

En la Figura 2.1 se vuelve a mostrar el esquema general del conversor anal6gico-
digital disefiado, el cual se puede utilizar como un CAD de 8 o de 4 bits de resolucion,
dependiendo del estado de la sefial de control incluida para ese fin. Como se puede observar,
la sefial de entrada (Vx) se compara con una tension analdgica de referencia (Vr) generada
mediante la utilizacion de un contador binario y un conversor digital-analégico o CDA de 8
bits, siendo la palabra digital resultante de la conversion la salida de dicho contador. El circuito
incorpora un contador BCD de dos digitos de 4 bits cuya funcién es realizar una cuenta
sincronizada con el contador binario de 8 bits, de tal forma que la palabra digital de salida del
CAD también se encuentra disponible en formato BCD.

l LOAD.
Decoder
4 bits—{ BCDto [|——7 bits—7-Segmentos
7-Seg
Contador . H
BCD 8 bit: Regl_stro
i 8 bits
Decoder
bits— BCDto |——7 bits——7-Segmentos
7-Seg
1 bit
( Reset ) Selector Vx
= General i
— W
1 bit ~
4 bits MUX 2-1 4 bits
Comparador —
<!
Contador |5 bits CDA VR

Binario

bits— MUX 2-1 4 bits ( )

Figura 2.1. Esquema general del conversor analdgico-digital de 8/4 bits disefiado.

Al iniciar la conversién, los dos contadores se ponen a cero y sus salidas se van
incrementando hasta que la tension de salida (Vr) del CDA supera el valor de la tension de
entrada a digitalizar (Vx), situacion que es detectada por el comparador, el cual se encarga
de indicar el final del proceso de conversién, siendo la palabra digital resultante la salida de
ambos contadores. EIl CAD emplea un registro de 8 bits, dos decodificadores BCD a 7
segmentos y dos visualizadores de 7 segmentos para capturar, almacenar y mostrar el valor
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decimal de la palabra digital de salida que en cddigo BCD se encuentra disponible a la salida
del contador BCD de dos digitos.

En general, en el diagrama o esquema del conversor se pueden distinguir dos partes
o ramas: la que emplea el contador binario de 8 bits para llevar a cabo la conversion
analégica-digital propiamente dicha, y la que emplea el contador BCD de dos digitos de 4
bits, cuya finalidad es la de permitir representar el valor resultante de la conversion en
decimal. Tanto en el funcionamiento del CAD con 8 o 4 bits de resolucién, ambas partes o
ramas del conversor se sincronizan gracias a la sefial de reloj general del sistema, la cual se
muestra en la Figura 2.2.

Amplitud (V)

o — ! — — — — L — L

-1

o 5 10 15 20 25 30
Tiempo(t)

Figura 2.2. Sefial de reloj del sistema (niveles TTL).

Cuando el conversor analégico-digital se utiliza con 8 bits de resolucién, tanto el
contador BCD de dos digitos, como el contador binario de 8 bits, cuentan de manera
sincronizada desde 0 hasta 99 de manera ciclica. Por el contrario, cuando se selecciona el
funcionamiento con 4 bits, ambos contadores solo cuentan desde 0 hasta 9. Para permitir que
el conversor pueda operar con 8 0 4 bits se ha incluido una sefial de seleccion de 4-8 bits que
actla sobre ambos contadores y sobre la variable de seleccién de 8 multiplexores 2 a 1
(circuito integrado 74LS157), intercalados entre el contador binario y el conversor digital-
analdgico de 8 bits.

Dependiendo de la resolucion seleccionada, 4 u 8 bits, ambos contadores deben
contar desde 0 hasta 9 o0 99, respectivamente. Para limitar la cuenta del contador binario
hasta 9 0 99, ha sido necesario disefar la l6gica de puesta cero (reset) de dicho contador
para limitar su cuenta hasta 9 0 99, en funcién de la resolucién elegida.

A continuacion, se describen las diferentes partes que componen el diagrama general
del CAD disefado.

2.2 Disefio electrénico: parte binaria.

La parte Binaria es la parte del circuito cuyos objetivos son los siguientes:
e Realizar una cuenta binaria desde 0 a 99, o desde 0 a 9, dependiendo de la resolucion

seleccionada, 8 o0 4 bits, respectivamente. Se ha elegido que el méximo sea 99, ya
gue usaremos solamente dos visualizadores o displays de 7 segmentos.

pag. 14



Angel Hernandez Gonzéalez

e Convertir la sefial digital procedente del contador binario en una sefial analogica a
través de un conversor digital-analégico o CDA.

e Por ultimo, comparar la sefial analogica de entrada (Vx) con la generada por el CDA
(VRr), con la finalidad de indicar la finalizacion de la conversion, mediante la activacion
de una sefal de LOAD a la rama o parte BCD.

Bl
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| reatezien )
T e
l
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ThLSIEI 4 - - . 1000F

2108 Y 7a
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oz |2 L—g 10 p1Y s
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: : Testpaint it e G B B v v -
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- - y (e QEERIET o vt —
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- 7418393 - 5 o 1 8 2
: : g == E
p— e o S — - A 1 4 .
I 2
HE:

En la Figura 2.3, se muestra una visién general del esquema electronico de la parte
binaria, en el cual se entrara en detalle en los proximos apartados. A continuacion, se detalla
el funcionamiento y conexionado de sus diferentes elementos

2.2.1 Contador Binario de 8 bits.

Para implementar el contador binario de 8 bits, que cuente desde 0 hasta 99, se ha
utilizado el circuito integrado 74HCT393, que incluye dos contadores binarios de 4 bits cada
uno. Los dos contadores se han conectado de tal manera que cada vez que el encargado de
proporcionar los 4 bits menos significativos llegue a su cuenta maxima de 15 en decimal, el
otro, encargado de proveer los 4 bits mas significativos, sume uno al valor de su cuenta, tal y
como se puede observar en la Figura 2.4.

0000 1111 w5 — 0001 0000 ¢
0001 1111 & — 0010 0000 e

Figura 2.4. Método de cuenta usado para contar desde 0 hasta 99.

En la Figura 2.5 se muestra el conexionado de los contadores, el USA y U5B, que
incorpora el circuito integrado 74HCT393. El USA es el encargado de las “unidades”, es decir,
de realizar la cuenta desde 0 hasta 15. Este contador posee cuatro salidas, que corresponden
a los 4 bits menos significativos del nimero generado, y las siguientes dos entradas:
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e |aentrada CP es la entrada del reloj del contador. En este caso, se ha aplicado
una sefal de reloj de niveles TTL de frecuencia de 1 kHz. Esta sefial es comun
al contador BCD.

e La entrada MR1, es un Master Reset, cuya funcion es la de poner a cero la
salida del contador.

L Teapaint
TR1TR2TR3
................ psa RLTRZTRE,
"""""""" TLL5393 -
......... 15 Lo oo AL
.............. i L0
.............. 9
oz
- MR2C 12 R o5 e
! o TestPatntt
---------------- usa - - - - -IPATRSTPETET - - -
............... Bt PR - - e -
Cotlkp—— L lobep o - —f——1
.............. [ L A
.............. gz ot ———
L MR & MR a:J.—r..

Figura 2.5. Montaje del circuito integrado 74CHT393.
En cuanto al segundo contador, el U5B, su funcionamiento es el de realizar las
cuentas de las “decenas”, y presenta las mismas salidas y entradas que el U5A. En este caso,
a su sefal de reloj se conecta la salida Q3 del U5A, es decir, el bit mas significativo de las

“‘unidades”, de tal manera que cuando pase de 1 a 0, el contador USB suma uno a su cuenta,
tal y como se explicé en la Figura 2.4.

Las salidas Q2.2, Q2.1 y Q1.2 que se observan en el esquema, son herramientas del
software, ya gue se ha llevado a cabo un disefio jerarquico, sin embargo, tienen una utilidad
gue tiene que ver con la puesta a cero o reinicio de los contadores, que encontraremos mas
adelante, en el apartado 2.4.1. Estos tres bits seran utilizados para, con la l6gica adecuada,
detectar la combinaciéon binaria 100 (01100100), para reiniciar en este momento ambos
contadores binarios.

Como la cuenta maxima a realizar es desde 0 hasta el 99, el bit mas significativo del

contador U5B no se utiliza. Por ultimo, indicar que se las salidas de ambos contadores son
accesibles como puntos de test, de cara a la implementacién en PCB.
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2.2.2 Multiplexores 2a 1

Para permitir que el conversor analdgico-digital pueda operar con 8 o 4 bits, se han
intercalado ocho multiplexores 2 a 1 entre el contador binario y el CDA. Como un circuito
integrado 74LS157 incluye solo cuatro multiplexores, se han empleado dos. En las Figuras
2.6 y 2.7 se muestran los dos integrados, el U7 y U6, respectivamente. Los dos circuitos
integrados se han conectado de tal manera que todos los multiplexores comparten la misma
sefial de seleccion S, que es la que permite elegir que el CAD opere con 8 0 4 bits de
resolucion.

BRI DT A )
- H| EEE - 74&?157 -
2 s 2 za X .
3 = Y=l
ooeqd
31 ion 7b | [ —— T T B R
51 110 —— . o
111 inc 7c |2 B [ 2 S 70 2
101 11c P
141 jod 7d e 11 ]
=l e R
|15 2 —1 12 za (12
. : i . B -
TRL3 q¢ )
T Gun S o T
'§N7D TedtPoint Alt’ “D . R
- I ST e L
Figura 2.6. U7, selector LSB (74LS157) Figura 2.7. U6, selector MSB (74LS157)

Ambos circuitos integrados, el U7 y el U6, se encargan de suministrarle al CDA los
cuatro bits menos significativos y mas significativos, respectivamente. En cada multiplexor, Z,
representa el valor mas significativo y Zg el menos significativo. Como se indic6 con
anterioridad, S es la variable de seleccién, la cual permite elegir que a cada una de las salidas
del multiplexor se encamine la entrada 10 (siS =0), o |11 (si S = 1). Dependiendo de si el valor
de S es un 0 o un 1 légico, el conversor analdgico-digital operara con una resolucion de 8 o
4 bits, respectivamente.

En el esquema electronico representado en la Figura 2.3 se puede apreciar el
conexionado de los multiplexores. Si se selecciona S = 0 (funcionamiento con 8 bits), los
multiplexores conectan las salidas de los dos contadores binarios U5A y U5B, directamente
con las entradas del CDA. En cambio, si se selecciona S = 1 (4 bits), los multiplexores se
encargan de conectar las cuatro salidas menos significativas del contador binario (salidas del
U5A) con las cuatro entradas mas significativas del CDA, poniendo el resto de las entradas
del CDA a cero.

En la Tabla 2.1 se muestra como se conectan los terminales de salida del contador
binario (integrado 74LS393) con las entradas de los multiplexores. También se indican cuales
de dichas entradas se ponen a cero, para permitir el funcionamiento del CAD con 4 bits de
resolucion. Las salidas de los multiplexores se conectan al CDA teniendo en cuenta que los
terminales de entrada Al y A8, corresponden al bit mas y menos significativo
respectivamente.
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Pines del Contador Binario
4bit (I11n) 8bit (10n)
a 6 9
b 5 10
U6
(o 4 11
d 3 6
a GND 5
b GND 4
u7
c GND 3
d GND GND
Selector 1 0

Tabla 2.1. Distribucion de los pines del contador 74LS393 en los selectores
2.2.3 Conversor de sefal digital a analdgica.

Para implementar el conversor digital-analégico (CDA) se ha empleado el circuito
integrado DAC0808. Su funcién es la de generar la tension analdgica de referencia (Vpac =
VR), que se compara con la sefal analégica de entrada a digitalizar (Vx).

En este trabajo se ha optado por utilizar la configuracién proporcionada por el
fabricante que se muestra en la Figura 2.8. Como se puede observar, ademas del circuito
integrado DACO0808, se ha utilizado el amplificador operacional pA741 para realizar la
conversion corriente a tensién que permite obtener la sefial analdgica de referencia en forma
de tension. En esta misma figura se muestra el integrado LM311, cuya funcion es la de
comparar la sefial a digitalizar (Vx) con la de referencia (Vpoac 0 Vr). La salida del comparador
se utiliza para indicar el instante en el que se debe capturar la palabra digital de salida del
contador BCD, que corresponde al resultado de la digitalizacion. Para poder seleccionar
diferentes valores de tensién de entrada se ha afiadido un potenciémetro que permite fijar un
valor de entrada desde 0V hasta 5V, aunque el rango de entrada del CAD disefiado abarca
desde 0OV hasta 3,86V o desde 0V hasta 2,81V, cuando se usa como un conversor de 8 o0 4
bits, respectivamente, tal y como se vera a continuacion.
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Flgura 2.8. Conﬂguramon del DACO0808 y operacionales LM741 y LM311.

Segun las hojas de caracteristicas aportadas por el fabricante del DAC0808, la tension
de salida Vpac del conjunto DACO0808 actuando conjuntamente con el amplificador
operacional pA741 viene dada por:

A7

) (2.1)
32 64 128 256

l
Vaae = ref 21—1 2 ref ( + + + +
Donde V.« = 5V, y Ai representa el valor l6gico de cada una de las entradas del
conversor, siendo A1 y As la entrada mas y menos significativa, respectivamente.

Cuando el conversor se utiliza como un CAD de 8 bits, los contadores realizan una
cuenta desde 0 hasta 99 (01100011). Como el bit mas significativo del contador binario nunca
es un 1 légico, el terminal de entrada As del DAC0808 se ha puesto a cero, puesto que se ha
buscado que el CAD disefiado tenga el mayor margen de entrada posible. Para esta situacion,
el margen de variacion de Vpac comprende desde 0V hasta 3,86V (ecuacion 2.2), que en un
CAD basado en el método contador-rampa es lo que fija el margen de entrada del conversor.
En este caso, la resolucion en voltaje del CAD, que corresponde al salto de tension debido al
bit menos significativo (A7), es de 5V/128 = 39mV.
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Vbac = rele—l*;—SV( + + + + +64+E) = 3,86V (2.2)

Cuando el conversor se utiliza como un CAD de 4 bits, los contadores realizan una
cuenta desde 0 hasta 9 (1001). En este caso, y también con la intencion de conseguir el
mayor margen de variacion posible para Vpac 0 Vg, los multiplexores 2 a 1 se encargan de
encaminar los 4 bits menos significativos del contador BCD (los 4 bits correspondientes al
contador de las “unidades”), hacia los 4 terminales de entrada del DAC0808 mas
significativos, aplicandole a las restantes entradas del conversor un O logico. Para esta
situacion, el margen de variacion de Vpac va desde 0V hasta 2,81V (ecuacion 2.3), siendo la
resolucién en voltaje de 5V/16 = 0,31V.

1. 0 0 1
Vpac = rele 1 zl_SV (§+Z+§+E):2’81V (2.3)

2.3 Disefio electronico: parte BCD

La parte o rama BCD es la parte del circuito cuyos objetivos son los siguientes:

e Realizar una cuenta en codigo BCD desde 0 hasta 99, o desde 0 hasta 9, dependiendo
de la resolucién seleccionada, 8 o 4 bits, respectivamente.

e Tras recibir la sefial del comparador, capturar, almacenar y mostrar el valor decimal
de la palabra digital de salida resultante de la conversién en dos visualizadores de 7
segmentos.

En la Figura 2.9 se muestra el esquema electronico de la rama o parte que trabaja con
datos binarios codificados en BCD. A continuacién, se describen cada uno de los elementos
gue se muestran en el mismo.
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Figura 2.9. Esquema electronico de la rama o parte BCD.
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2.3.1 Contador BCD

Para implementar un contador BCD de dos digitos se ha hecho uso del circuito
integrado 74HCT390, que incluye dos contadores de 4 bits cada uno, que se pueden
configurar para que cuenten en formato BCD. En la Figura 2.10 se muestra la forma de
conectar ambos contadores, el UAL, que se encarga de la cuenta de las unidades y el U1B,
gue se encarga de las decenas. Para conseguir que ambos contadores cuenten de manera
conjunta desde 0 hasta 99, basta con aprovechar el flanco de bajada que se produce en el
bit mé&s significativo de salida (Qs) de U1A, cuando la cuenta pasa de 9 a 0 en decimal, como
sefial de reloj del contador U1B. Por otro lado, segun las especificaciones del fabricante, para
gue cada contador cuente en formato BCD, hay que conectar su salida Qo con la entrada CP1
e introducir la sefial de reloj del sistema a través de la entrada CPO (tabla 2.2).
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Figura 2.10. Configuracion Contadores BCD (74LS390)

Los contadores BCD disponen de una sefial de Master-Reset, que funcionan de la
misma manera que las del contador binario, es decir, al introducir un 1 l6gico, dichos
contadores mantendran su salida a cero, lo cual se ha utilizado para manejar los reinicios o
puesta a cero del circuito, de los cual se hablard mas adelante. Por ultimo, indicar que las
salidas de ambos contadores son accesibles como puntos de test, de cara a su
implementacién en PCB.
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BCD COUNT SEQUENCE FOR 1/2 THE 390 B-QUINARY COUNT SEQUEMCE FOR 1/2 THE 380
QUTPUTS OUTPUTS
COUNT Qo [} Q2 Q3 COUNT Qo [1] Q2 Q3
0 L L L L a L L L L
1 H L L L 1 L H L L
el L H L L 2 L L H L
3 H H L L 3 L H H L
4 L L H L 4 L L L H
5 H L H L 5 H L L L
& L H H L & H H H L
7 H H H L 7 H L H L
3 L L L H ] H H H L
3 H L L H 9 H L L H
Output nQ0 connected to nTPT with counter input on nCFD. Output nQ3 connected to nCPO with counter input on nCPT.

Tabla 2.2. Configuracion del 74LS390 en BCD y B-Quinary.

2.3.2 Registro de 8 bits.

Una vez que la tensién de referencia generada por el CDA rebasa el valor de la tension
de entrada, situacion que es detectada e indicada por el comparador (integrado LM311),
finaliza el proceso de conversion, siendo la palabra digital resultante de la conversion, la
salida de ambos contadores. Es justo en ese momento cuando el registro de 8 bits, tras la
indicacion del comparador, debe capturar y almacenar la salida del contador BCD, para su
posterior representacion o visualizacion.

uz.
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w b
S o2
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pz|-E
o3l
o4 2
o] ML
pgLE—
o072
- .1.1 Cp
1 [ ]
—ldor =
L
L=
B
L
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Figura 2.11. Configuracion del registro de 8 bits (74LS374).

Para implementar el registro de 8 bits se ha hecho uso del circuito integrado 74LS374
(Figura 2.11). Se trata de un integrado que consta de ocho biestables tipo D, capaces de
almacenar y mostrar en sus ocho salidas (07, O6, ..., O0) los valores ldgicos de los 8 bits
aplicados a sus entradas (D7, D6, ..., D0O), justo en el momento en el que la sefal CP se
produzca una transicion de baja a alta (tabla 2.3). En definitiva, cuando se produzca un flanco
de subida en CP, el valor de lo que haya en cada entrada DX es capturado y mostrado en la
salida correspondiente, OX. Este registro capturara la salida de los dos contadores BCD,
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independientemente de que el conversor se utilice como un CAD de 8 0 4 bits. En el caso de
4 bits, los cuatro bits mas significativos correspondientes al digito de las decenas son cero.

Inputs Outputs | Internal

Function OE cp D ax 0
High-Z H L X Z NC

H H X Z NC
Load L T L L H
Register L T H H L

H T L il H

H T H il L

Tabla 2.3. Relacion entradas/salidas del 74LS374
2.3.3 Decodificadores BCD a 7 segmentos y visualizadores de 7 segmentos.

La funcién de los dos decodificadores BCD a 7 segmentos y de los dos visualizadores
de 7 segmentos es la de mostrar el valor decimal de la palabra digital de salida resultante de
la conversion y que esta disponible en cédigo BCD a la salida del registro. Un decodificador
y visualizador se usan para los 4 bits que representan las decenas, y el otro decodificador y
visualizador para los 4 bits de las unidades.

En la Figura 2.12 se muestran los dos decodificadores BCD a 7 segmentos
configurados segun las especificaciones proporcionadas por el fabricante. En este trabajo se
ha optado por utilizar visualizadores o displays de 7 segmentos de anodo comun, lo que
justifica la utilizacién de los circuitos integrados 74LS47, disefiados para trabajar con este tipo
de visualizadores.

L
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Figura 2.12. Decodificadores BCD a 7 Segmentos (74LS47).

En la Figura 2.13 se observa el esquema electronico de los dos visualizadores de 7
segmentos junto al médulo BCD. Este tipo de visualizadores se basa en la utilizacion de siete
diodos LED cuyos anodos estan conectados entre si, constituyendo los catodos los terminales
de entrada del visualizador. Si se conectan los anodos a una tensién de 5V, cada diodo LED
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se iluminara cuando en su catodo se aplique como entrada un nivel bajo, es decir, un cero
l6gico.
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Figura 2.13. Visualizadores o displays junto al médulo BCD.

2.4 Disefio electrénico general.

En la Figura 2.14 se muestra el esquema electronico general del circuito disefiado,
donde los dos rectangulos representan, dentro del disefio jerarquico, la parte BCD y binaria.
El que se encuentra en la parte inferior izquierda corresponde a la parte BCD, ya que tiene

los dos displays conectados a él, siendo el de la parte superior derecha el que alberga la parte
binaria.
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Figura 2.14. Esquema electronico general.
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La sefial de reloj del sistema se deberd aplicar de manera externa mediante la
utilizacion de un generador de sefiales. Para ello, en el disefio se ha incorporado un conector
gue permite aplicar sefial de salida del generador mediante cables tipo banana-cocodrilo, por
ejemplo (Figura 2.15).

e

1
GND [:; ;

Conn_01x02
1

Figura 2.15. Esquema de un conector.

Otra conexion que se necesita desde el exterior de la placa es la alimentacion de +5V
y -5V, necesaria para alimentar los integrados (Figura 2.16). En este caso, se han usado
conectores del mismo tipo que el indicado con anterioridad, que mediante la utilizacién de
reguladores de tension LM7805 y LM7905, permite alimentar el circuito con +5V y -5V
respectivamente.

s
. J2 . LM7sosrozao  VEL
Conn_01x02 3
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216D

v
o CGND.
Figura 2.16. Regulador de tension +5V.

También se ha tenido en cuenta la inclusion de condensadores de desacoplo. Este
tipo de condensadores son indispensables en las placas PCB. Los condensadores de
desacoplo se encargan de proteger a los circuitos integrados de ruidos eléctricos de alta
frecuencia, derivandolos a tierra. Estos condensadores pueden encontrarse por cualquier
lugar de la placa, pero preferiblemente se deben situar lo mas cerca posible de los circuitos
integrados (se vera en el apartado 3.3), asi que cada integrado tendra un condensador de
desacoplo asociado. Otra cosa a tener en cuenta, es que también hay que incluir un
condensador de desacoplo por cada voltaje, es decir, en nuestro caso, habra condensadores
de desacoplo para la linea de +5V y la de -5V. El CDA y el LM741 son los Unicos integrados
gue tendran dos condensadores de desacoplo, ya que ambos se alimentan con +5V y -5V.
En definitiva, se han utilizado 12 condensadores para la linea de +5V y 2 para la de -5V, todos
ellos de 100nF, como se puede observar en la Figura 2.17.
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Figura 2.17. Reguladores +5V y -5V con sus correspondientes condensadores de desacoplo.
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También se han incluido dos interruptores, un switch y un pulsador (Figura 2.18). El
pulsador se ha usado como mando de control para activar la puesta a cero o reset general.
Al pulsarlo, todos los contadores se inicializaran poniendo sus salidas a cero. El switch esta
asociado con la seleccion del modo de operaciéon del CAD en cuanto al niumero de bits a
emplear. Cuando el switch esta abierto, el conversor actuara como un CAD de 8 bits,
actuando como un CAD de 4 bits, cuando el switch esté cerrado.

SW1
" SW_Push”
T
N e ETJ_E

COEW2
SW_SPST

V€ oo oy

Figura 2.18. Interruptor y pulsador utilizados.

2.4.1 Logica de reinicio de los contadores.

En este apartado se describe la l6gica necesaria para reiniciar o poner a cero los
contadores. En primer lugar, vamos a comprobar cuales son las condiciones de puesta a cero
gue necesitan los cuatro contadores:

¢ Contador menos significativo o de las unidades de la parte BCD.

Este contador se encarga de contar desde el 0 hasta el 9, y s6lo requiere de
la puesta a cero cuando se active el pulsador del reset general del sistema.
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e Contador mas significativo o de las decenas de la parte BCD:

Este contador se encarga de contar las decenas de la palabra digital en BCD,
pero basicamente lo que hace es contar de 0 hasta 9 e incrementar la cuenta
cada vez que el contador de las unidades llega hasta 9. Este contador se
debera resetear cuando se active el reset general del sistema o cuando se esté
en el modo de operacién de 4 bits, es decir, cuando el interruptor o switch esté
cerrado, dejando pasar un 1 I6gico. Por ese motivo, se ha usado una puerta
I6gica OR de dos entradas (U11B de la Figura 2.14) cuyas entradas son el
reset del sistema y el switch, para controlar la puesta a cero de este contador.

e Contador de los 4 bits menos significativos de la parte binaria:

En este caso la situacion es un poco mas complicada debido a que los
contadores binarios no se detienen de forma natural ni en el 9 ni en el 99. Por
tanto, estos contadores presentan mas condiciones de puesta a cero o reset.
Este contador se debera resetear cuando se pulse la sefial de reset del circuito,
y el resto de condiciones dependeran del modo de operaciéon del CAD.
Cuando estemos en el modo de 4 bits, necesitaremos que este contador se
ponga a cero cuando llegue a 9. Para ello, se han usado dos puertas AND de
dos entradas (U12A y U12B de la Figura 2.14) conectadas en cascada, que
proporcionaran un 1 légico cuando se dé el nimero 10 en el contador binario
y ademas se esté en el modo de 4 bits. Como el 10 en binario es 1010, las
entradas de dichas puertas AND seran los bits Q3 y Q1 del contador binario
menos significativo y el switch. Cuando estemos en el modo de 8 bits, cuando
la salida de los 8 bits del contador binario llegue a 99, también sera necesario
poner a cero ambos contadores binarios. Por este motivo se han incluido dos
puertas OR de dos entradas (U11A y U11D de la Figura 2.14) cuyas entradas
son la salida de las dos puertas AND anteriormente mencionadas, la sefial de
reset general y la de puesta a cero de ambos contadores cuando la cuenta
conjunta de ambos contadores haya llegado a 99.

¢ Contador de los 4 bits mas significativos de la parte binaria:

Este ultimo contador también se debera resetear cuando se active el reset
general del sistema o cuando se esté en el modo de operacion de 4 bits, es
decir, cuando el interruptor o switch esté cerrado. La deteccion de una u otra
condicion ya ha sido implementada a través de la puerta OR de dos entradas
U11B, cuya salida se podria utilizar también para resetear este contador.
Ahora bien, esta no es su Unica condicién de reset, puesto que este contador
también se tiene que poner a cero cuando la cuenta conjunta de ambos
contadores binarios haya llegado a 99, es decir, cuando aparezca el 100, que
en binario es el 1100100. Para ello, se ha utilizado dos puertas AND (U12C y
U12D de la Figura 2.14) de dos entradas conectadas en cascada, cuyas
entradas son los bits 7, 6 y 3 de la palabra digital de 8 bits. Para terminar de
construir el circuito de control de puesta a cero de este contador, se necesita
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emplear una puerta OR de dos entradas (U11C de la Figura 2.14) que permita
unir las dos condiciones mencionadas (salidas de U11B y U11C).

MR1 - BCD
Unidades

MR2 - BCD
Decenas
Reset
General ol
7
6

Q3

Selector de MR1 - Binario
4-8 bits Unidades

MR2 - Binario
Decenas

Figura 2.19. Esquema de puesta a cero o de reset de los contadores.

En la Figura 2.19 se muestra el circuito de puesta a cero de todos los contadores.
Como se puede observar se han empleado cuatro puertas OR y cuatro puertas AND de dos
entradas, que se han implementado con ayuda de los integrados 74LS08 y el 74LS32, que
incluyen 4 puertas AND y 4 puertas OR de dos entradas, respectivamente.

2.5 Software KiCad.

Para crear la PCB (Printed Circuito Board) del circuito electrénico disefiado se hace
uso del software KiCAD, cuyo logotipo se muestra en la Figura 2.20.

¢lCad

Figura 2.20. Logotipo del software KiCad.

KiCad es un entorno EDA (Electronic Design Automation) o paguete de software libre,
creado en 1992 por Jean-Pierre Charras y enfocado a la automatizacion de disefio de circuitos
electrénicos. KiCad es muy flexible y adaptable, permite la edicion de esquemas electrénicos
y el disefio de circuitos impresos modernos de forma sencilla e intuitiva. Por otro lado, los
circuitos se pueden disefiar con multiples capas y ser visualizados en 3D [6]. KiCad como
software libre, es un software gratuito que crece gracias a las aportaciones de diferentes
personas, las cuales tienen el derecho para ejecutar, copiar, distribuir, estudiar, cambiar y
mejorar el software.
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Este software presenta las siguientes herramientas de trabajo:

Archive Editar Ver

Kicad: administrador de proyectos.

Eeschema: Permite la captura y edicion del esquema del circuito que se va a
realizar y en el que se definirdn las conexiones entre los diversos componentes.
Se trata de un entorno gréfico facil de entender, que ha permitido crear un disefio
en blogques con diferentes jerarquias, como los realizados para los médulos Binario
y BCD de este proyecto. También, permite crear y editar gran nimero de simbolos
0 componentes personalizados, asi como, la asignacion de sus huellas, etc.
Cvpch: Permite la asignacion de huellas o footprints de los encapsulados a los
componentes o simbolos utilizados en el esquema electrénico.

Pcbnew: Es el entorno de disefio para la creacion de los circuitos impresos o
PCBs. Una vez generada, con Eeschema, la lista de conexiones o Netlist,
existente entre los diferentes componentes que forman parte del esquema
electrénico, se emplea esta herramienta para establecer la posicion y orientacion
de cada componente en la placa, asi como su trazado de pistas.

Gerbview: Visualizador de los ficheros Gerber, utiles para la fabricacion
automatizada de las placas de circuito impreso.

ARadir Inspeccionar Herramientas Preferencias  Ayuda

= 11 aEloaqad@lE PRMWNZEEEEE NS
E . "[5]
i, 1
= »
ki +
B -/
/
3
N
X
) =
A
D
D]
[H
B
- - DA
x : : : : z — T

ZO77 _ X-27,94 V21030 dx 27,94 dy 210,80 dist 212,64 grid 0,2540 mm

Figura 2.21. Ventana de trabajo principal del EESCHEMA.

Las herramientas mas importantes del entorno grafico son EESCHEMA (Figura 2.21)
y PCBnew (Figura 3.5). Por otro lado, en concreto para este proyecto, se ha hecho uso de la
amplia libreria de componentes incorporada en EESCHEMA, por lo que no ha sido necesario
emplear la herramienta de creacién de nuevos componentes o Symbol Library Editor.

El flujo de trabajo con EESCHEMA ha sido el siguiente, una vez seleccionados cada
uno de los componentes que forman parte del circuito, asignado las huellas de los
encapsulados de estos componentes, creado los blogues de jerarquia y definido todas las
conexiones entre ellos y el resto de los componentes, se procede a ejecutar las herramientas
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finales de este proceso, como son: Annotate, que permite asignar referencias a todos los
componentes, minimizando el numero de encapsulados empleados, ERC, o Chequeo de las
Reglas de Disefio (Electrical Rules Check) que permite detectar los errores cometidos durante
la realizacion del esquema segun una tabla de conexionado previamente configurada, BOM
o lista de materiales (Bill of material) permite obtener una lista de todos los componentes
empleados y finalmente Netlist o lista de todos los componentes con las conexiones que
existen entre ellos. Los ficheros resultantes de este post-proceso, son los siguientes:

e ERC (Control de reglas eléctricas): realizar este procedimiento permite ver los
errores cometidos durante la realizacion del esquema.

e BOM (Lista de materiales): genera un archivo con una lista de todos los
componentes del circuito. Incluye informacion sobre su referencia, generada en el
annotate, sobre su valor, su huella y una pequefa descripcion.

e Netlist (Lista de redes): se encarga de generar un archivo con una lista que
comprende todos los componentes y las conexiones de los mismos. Tiene como
objetivo transferir esta informacién al programa de creacion de PCB. Si por algin
motivo debemos cambiar algo del esquema, se debe crear un nuevo netlist y
pasarlo al programa de creacion de PCB de nuevo.

Estos archivos generados, asi como, el listado de las Huellas de los encapsulados de

los componentes empleados, se adjuntan en el Anexo |: archivos EESCHEMA, del presente
proyecto.
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Capitulo 3: Disefio de la placa de circuito impreso.

En este capitulo se describira el disefio de la placa de circuito impreso o PCB del
circuito electrénico descrito en el Capitulo 2. Como se coment6 en dicho capitulo, una parte
del proceso en EESCHEMA consistié en seleccionar las huellas de los componentes. Por
definicion, una huella o footprint es la impresién del encapsulado del componente, y esta
formada por un dibujo del contorno, texto y un conjunto de pads necesarios para conectar
todos los terminales del componente con las pistas de cobre del circuito impreso. La Figura
3.1 muestra la ventana de la herramienta, anteriormente descrita Cvpchb, para la asignacion
de huellas a los componentes.

Archivo  Preferencias Ayuda

Ak I R R RS e o | s

Librerias de huellas. Symbol : Footprint Assignments Fitered Footprints

Battery -~ 1 c1 - 100nF : Capacitor_SMD:C_0603_lé08Metric ~ 1 Battery:BatteryHolder Bulgin BX0036_lxC ~
Button_Switch Keyboard 2 c2 - 10nF : Capacitor_ SMD 2 Battery:BatteryHolder_ComfortableElectronic CH273-2
Button_Switch_ SMD 3 c3 - 100nF : Capacitor_SMD: 3 Battery:BatteryHolder Eagle 12BHE11-GR
Button_Switch_THT 4 4 - 1uF : Capacitor_SMD. 4 Battery:BatteryHolder_Keystone_103_lx20mm
Buzzer_Beeper 5 cs - 1uF : Capacitor SMD. 5 Battery:BatteryHolder Keystone_104_lx23mm
Calibration_Scale [ cé - 100nF : Capacitor_SMD: & Battery:BatteryHolder Keystone_105_1x2430
Capacitor_SMD 7 c7 - 100nF : Capacitor_SMD: 7 Battery:BatteryHolder Keystone 106_lx20mm

Capacitor_Tantalum SMD 8 ce - 100nF : Capacitor SMD & Battery:BatteryHolder Keystone 107_lx23mm

Capacitor_THT 5 s - 100nF : Capacitor_SMD 9 Battery:BatteryHolder_Ksystone_500

Connector 10 cLo - 100nF : Capacitor SMD 10 Battery:BatteryHolder_Keystone_1042_lx13650
Connector_AMASS 11 cL - 100nF : Capacitor_SMD 11 Battery:BatteryHolder Keystone 1058_lx2032
Connector_Rudic 12 ciz - 100nF : Capacitor_SMD 12 Battery:BatteryHolder Keystone 1060_lx2032
Connector_BarrelJack 13 c1a - 100nF : Capacitor_SMD 13 Battery:BatteryHolder Keystone 2460_lxAR
Connector_Card 1 ci4 - 100nF : Capacitor SMD 14 Battery:BatteryHolder Keystone 2462 2xRR

Connector_Coaxial 15 cLs - 100nF : Capacitor SMD
Connector_DIN 16 CLé - 100nF : Capacitor SMD

15 Battery:BatteryHolder Keystone_2466_LXARA

16 Battery:BattervHolder_Keystons_2468_3xARA

Connector_Dsub 17 €17 - 100nF : Capacitor SMD 17 Battery:BatteryHolder Keystone 2478 3xARA
Connector_FFC-FEC 18 cie - 100nF : Capacitor SMD 18 Battery:BatteryHolder Keystone 2993

Connector_Harwin 15 c1s - 100nF : Capacitor SMD 15 Battery:BatteryHolder Keystone 3000 _lxl2mm
Connector_HDMI 20 c20 - 100nF : Capacitor_SMD 20 Battery:BatteryHolder_Keystone_3001_lxl2mm
Connector_Hirose 21 ca1 - 100nF : Capacitor_SMD:C_| Metric 21 Battery:BatteryHolder Keystone_3002_1x2032
Connector_IDC 22 a1 - Conn_01x02 : C _ PinHeader 2.5dmm:PinHeader 1x02 P2.54mm Vertical 22 Battery:BatteryHolder Keystone 3008 1x2450
Connector_JAE 23 a2 - Conn_01x02 : Connector PinHeader 2.54mm:PinHeader 1x02_P2.S4mm Vertical 23 Battery:BatteryHolder Keystone 3008 1x2450
Connector_JST 24 33 - Conn_01x02 : Connector_ PinHeader 2.54mm:PinHeader 1x02_P2.S4mm Vertical 24 Battery:BatteryHolder Keystone 3034 1x20mm
Connector_Molex 25 Rl - 4,7k : Resistor_SMD:R_1210_322SMetric 25 Battery:BatteryHolder_LINX_BAT-HLD-012-SMT
Connector_Multicomp 26 R2 - 4,7k : Resistor_SMD:R_1210_3z2sMetric 26 Battery:BatteryHolder MPD_BCZAAPC 2x3h

Connector ECBEdgs 27 B3 - ,7k : Resistor SMD:R 1210 3225Metric 27 Battery:BatteryHolder MPD BC1ZAREC 2xAL
Connector_Phoenix GMSTB 28 B4 - 2,2k : Resistor SMD:R_1210_3225Metric 28 Battery:BatteryHolder MPD BC2003_1x2032
Connector_Phoenix MC 29 BS - 270 : Resistor SMD:R 1210 322SMetric 29 Battery:BatteryHolder MPD BH-18650-BC2
Connector_Phoenix MC HighVoltage 30 R6 - 270 : Resistor SMD:R 1210_322SMetric v || 30 Battery:BatteryHolder Seiko MSE21F v
Connector_Phosnix MSTB v« > < >

Filtrado por libreria (Battery), buscar texto: 41

Aplicar, Guardar esquema & Continuar Cancelar
Figura 3.1. Ventana Cvpcb de seleccion de huellas.

Este procedimiento es importante, ya que dependiendo de las huellas que se elijan, la
placa tendra diferentes caracteristicas. En nuestro caso, se ha decidido implementar una
placa con configuraciéon TipolC, esto es, montaje de componentes en una sola cara de la
placa y componentes basados en tecnologia SMD (Surface Mounted Device), cuyos
encapsulados de pequefio tamafio son soldados sobre la propia superficie de la PCB en la
gue son colocados y en THD (Through-Hole Device) cuyos pines atraviesan la placa. En
concreto, para este proyecto, se ha reservado la tecnologia THD Unicamente para los
conectores de entrada y salida. Esta decision se ha llevado a cabo debido a que se desea
tener una placa accesible y facil de manejar, que no requiera costes muy elevados de montaje
y gque permita a los estudiantes realizar la practica sin demasiada complicacion. También se
ha tenido en cuenta la disponibilidad de las librerias que presenta el KiCad, teniendo un
amplio rango de seleccién para casi todos los componentes de la placa. La lista de huellas
utilizadas para nuestros componentes se encuentra en el Anexo Il: Lista de huellas de
componentes.

En cuanto a los circuitos integrados, se ha buscado en sus hojas de datos los
diferentes encapsulados en los que se suministran. Por ejemplo, los multiplexores 2 a 1, se
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pueden adquirir en diferentes encapsulados. Entre ellos estan los encapsulados SMD tipo
SOIC (Small Outline Integrated Circuit) o SOP (Small Outline Package), de la Figura 3.2,-muy
utilizados para la automatizacion de procesos de montajes de PCBs, ya que la forma de su
patillaje permite a la maquina un montaje mas directo. La otra modalidad, seria con
encapsulado tipo THD, que como se puede observar en la Figura 3.3, se trata de un
encapsulado DIP (Dual In-line Package) con dos filas de terminales doblados en angulo recto
respecto a la base. Este tipo de encapsulado es mas adecuado en placas cuyo montaje se
realiza a mano, se precisan de taladros para dejar pasar los pines y se sueldan al pad. Como
se ha comentado con anterioridad, en el presente proyecto, se ha decidido utilizar tecnologia
SMD para casi todos los encapsulados, resistencias y condensadores, debido a su reducido
tamafo y a su instalacion inmediata, ya sea de forma automatizada o a mano. En el Anexo
V: Hojas de datos del fabricante, se recogen las hojas de caracteristicas los componentes
empleados.

— —]

Figura 3.2. Componente SMD. Figura 3.3. Componente THD.

3.1 Pcbnew: software de creacion de PCB.

Una vez terminado el esquema electronico, realizados todos los procedimientos de
control y todas las huellas seleccionadas, procede pasar a la creacion de la placa PCB con
ayuda la herramienta PCBnew de KiCAD. En este caso, el flujo de trabajo es el siguiente, a
partir del archivo Netlist, el programa carga sobre la zona de trabajo las huellas de los
encapsulados de los componentes y sus respectivas conexiones, que se establecieron en el
esquema electronico.

Este software aporta muchas opciones para trabajar. En la Figura 3.4 se puede
observar el entorno de trabajo. Entre las opciones basicas que presentan los editores de este
tipo, destacan: Administrador de capas, a la derecha de la figura, donde se puede seleccionar
entre todas las capas fisicas o de documentacion posibles de una placa. También se pueden
editar huellas desde aqui, asi como actualizar nuestro Netlist si afiadimos algun elemento
nuevo en el esquema electronico. Tenemos también disponible un chequeo de las reglas
eléctricas (DRC), al igual que se tenia en EESCHEMA y las herramientas para editar pads,
vias y pistas. En cuanto a las pistas, ademas, incluye un apartado en la que nos permite hacer
un Autorruteo, es decir, establecer el camino descrito por las pistas de cobre que unen los
componentes, optimizando tanto los recorridos como los anchos de las pistas.
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Archivo Editar Ver Afadir Enrutar Inspeccionar Herramientas Preferencias  Ayuda

L AREY=Ra Qo@aee @R bike Mo RS @

Pista: 0,250 mm (9,84 mils) * ~ Via: 0,80/ 040 mm (31,5/ 15,7 mils) * ~ % Cuadricula: 0,0254 mm (1,00 mils) ~ ~ || Zoom auto v

~ Administrador de capas
L. PEEIFCu
WEAB.Cu
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WA Cnts.User
MR/ Ecol.User
IR Eco2 User
O Edge.Cuts
WA Margin
CIHAFCrvd
ML B.Crivd
EFFab
MEAB Fab

o

H 400U B e s

< >

ads  Vias  Segmentosdepista  Nodos  Redes  Sinenruter
0 0 0 0

Figura 3.4. Ventana de trabajo principal de Pcbnew.
3.2 Reglas de diseiio.

Una vez se tengan los elementos con sus correspondientes conexiones, hay que
decidir cual es la mejor forma posible de colocar los componentes. Esto no se hara a la ligera,
ya que requiere del cumplimiento de una serie de reglas de disefio [3] en cuanto a la
ubicacién, orientacion, y separacion entre ellos.

Con este fin, se ha llevado a cabo el siguiente flujo de trabajo. Lo primero es establecer
las unidades de medida, los milimetros (mm), y fijar la rejilla de trabajo del sistema en una
medida adecuada para que los componentes queden perfectamente alineados. Se ha elegido
una cuadricula de 0,0127mm. Ya con estos pardmetros fijados, se hace una primera
colocacion de los componentes de forma rapida para poder establecer los limites del espacio
de trabajo, esto es, el tamafio de la placa. El tamafio de la placa es de 77,6 x 82,5mm. El
borde de la placa se puede editar en cualquier momento, por si se nos queda algun
componente fuera o sin espacio, poder expandir el area destinada a la realizacién de la placa.
Por dltimo, tendremos que elegir dos parametros mas antes de empezar a colocar los
componentes: el ancho de las pistas y el tamafio de las vias. El ancho de la pista se escoge
teniendo en cuenta el espesor de cobre de la placa (35um en FR4), las corrientes, el
incremento de temperatura y el proceso de fabricacion quimico. El ancho elegido para las
pistas es de 0,4mm. Por ultimo, especificaremos las capas que vamos a usar, en nuestro
caso, dos capas conductoras de cobre, la capa TOP y la capa BOT. La capa TOP es la capa
en la que se montan los componentes y donde estaran la gran parte de las pistas de cobre.
La capa BOT servird como puente para colocar aquellas conexiones que sea imposible situar
en la capa TOP. Los pads de los componentes con encapsulado THD se incluiran en la capa
TOP, ya que al atravesar con sus pines la placa, permiten hacer conexiones en la capa BOT.
Para hacer que coincidan ambas capas, debemos afiadir marcas fiduciales, esto es, un
marcador referencial que esté en la esquina superior de ambas caras, y que debemos hacer
coincidir en el proceso de transferencia del disefio a la placa.
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Una vez establecidos los pardmetros iniciales, comienza el proceso del disefio de la
placa PCB y la colocacion de los componentes.

3.3 Colocacién de los componentes.

La colocacion de los componentes se debe hacer de forma l6gica [3]. Como
disefiadores debemos tener una idea aproximada de como deseamos que sea la placa y a
partir de ahi, empezar a aplicar las distintas reglas de disefio. En la Figura 3.5 se muestra
como se han situado los componentes en la placa.

Los integrados, resistencias y condensadores estan centrados en la placa, con una
separacion minima entre componentes de 0,5mm. Los elementos que requieran accesibilidad
desde el exterior se han colocado cerca de los bordes de la placa, como, por ejemplo, los
puntos de test y los conectores, tanto para la sefial TTL como para los +5V de la alimentacion.
Estos elementos precisan de un cableado externos, ya sea para alimentarlos o para medir vy,
por lo tanto, es mas cémodo situarlos en los bordes. Estos componentes deberan estar
separados al menos 2mm del borde de la placa. Los visualizadores o displays se han
localizado en una de las esquinas de la placa.

En la Figura 3.5 también se puede ver que cada integrado posee un condensador en
la parte superior, estos son los condensadores de desacoplo anteriormente mencionados,
gue se encargan de evitar fenomenos como la diafonia, parasitos inductivos o capacitivos,
etc. Cada integrado debera tener un condensador de desacoplo por cada alimentacion que
reciba. Todos los integrados del circuito tienen solo uno, el de +5V, excepto el DAC0808 y el
LM741 que tienen dos, ya que se alimentan a £5V.

Figura 3.5. Colocacion de componentes en la PCB con Pcbnew.
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3.4 Pistas y texto.

Tras localizar los componentes, hay que proceder a trazar las pistas. Las conexiones
ya estan establecidas gracias a que exportamos el Netlist desde el software EESCHEMA y el
ancho de las pistas esta fijado desde el inicio de este proceso, asi que solo se tienen que ir
trazando estas pistas manualmente, respetando el espaciado entre ellas, evitando que se
crucen, o que transcurran paralelas durante el menor recorrido posible, evitando asi
interferencias entre sefiales que transcurran por pistas proximas. El proceso puede resultar
tedioso debido a la gran cantidad de elementos que hay en la placa, por ese motivo, se ha
recurrido a la herramienta “Freerouting” que viene incluida dentro del paquete PCBnew de
KiCad, y el cual necesita de la utilizacion del archivo SPECCTRA. El programa comienza con
la creacion de las pistas en la cara TOP. Cuando no pueda trazar una pista, creara una via
para poder realizar la conexion a través de la capa BOT. Cuando se realicen todas las
conexiones, comenzara un proceso de optimizacion de distancias entre pistas y del nUmero
de pistas utilizadas. Cuando la optimizacion se detenga, tras realizar algunas operaciones de
intercambio de ficheros, automaticamente obtendremos en nuestro programa, la misma placa
PCB, pero ahora con las pistas trazadas. Ademas de trazar las pistas, hay que afiadir en la
cara TOP zonas de relleno de cobre. Estas zonas se utilizan para la supresion de ruido o para
el aislamiento de sefiales. En este caso, esta capa se correspondera con la sefial GND,
simplificando muchas de las conexiones de nuestra placa. En las Figuras 3.6 y 3.7 se
muestran la capa TOP y BOT, respectivamente, ya terminadas y trazadas, Unicamente
guedaria aplicar texto a nuestra placa.

Como ayuda o guia para los estudiantes, se ha afiadido texto en la cara TOP de la
placa. Este texto comprende:

¢ Indicativos de los 3 conectores, indicando cual es la entrada TTL de reloj y cudles
son las entradas de +5V, -5V y GND.

e Los puntos de test del CDA, Vin y GND, tienen cada uno una etigueta para
identificarlos inmediatamente.

e Las dos filas de terminales o puntos de prueba o test de los dos contadores
incorporan un texto que los identifica. Ademas, se indica cuéles son sus bits mas
y menos significativos.
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Figura 3.7. Capa BOT con pistas y vias.
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4.1 Coste material.

Capitulo 4: Presupuesto.

Angel Hernandez Gonzéalez

Condensador SMD 1uF
Condensador SMD 10nF
Conectores
Resistencia SMD 4,7K
Resistencia SMD 2,2k
Resistencia SMD 270
Potenciometro SMD
Pulsador
Interruptor
Puntos de test
C.l. 74LS390
C.l. 74LS374
C.l. 74L547
C.l. 74LS393
C.l. 7415157
DAC0808
LM311
LM741
C.l. 74LS32
C.l. 74LS08
Display 7 segmentos
LM7805

Condensador SMD 100nF

Placa de cobre doble cara

42,07€

PR RN PR WWw R, Ny

[EEN
X}

R NN R P P R RPN RN R R

0,35€ 6,30 €
0,35€ 0,70 €
0,35€ 0,35€
0,05 € 0,16 €
0,01€ 0,03 €
0,00 € 0,00 €
0,01€ 0,01€
1,05€ 1,05€
0,42 € 0,42 €
2,56 € 2,56 €
0,12€ 2,28 €
1,26 € 1,26 €
0,91€ 0,91€
1,65€ 3,30€
2,33€ 2,33€
0,91€ 1,82 €
2,04 € 2,04 €
2,32€ 2,32€
0,78 € 0,78 €
0,66 € 0,66 €
0,66 € 0,66 €
2,74 € 5,48 €
1,37 € 2,74 €
3,90€ 3,90€

Datos extraidos de RS Espafia [4]. Este proyecto no se ha implementado, pero se ha

calculado el presupuesto como si se quisiera realizar esta placa.
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4.2 Coste de mano de obra.

Analisis y disefio 30 28,00 € 840,00 €
Implementacién* 9 20,00 € 180,00 €
Documentacién 20 18,00 € 360,00 €

AN 13s000¢

El coste de la mano de obra se ha calculado en base al tiempo utilizado en el desarrollo
de los apartados de andlisis y disefio y de la documentacion recogida en este documento. En
cuanto a la implementacion, aunque no se ha realizado, se ha estimado el tiempo de montaje
en comparacion con el tiempo empleado en la realizacion de una placa de caracteristicas
similares.

4.3 Coste total.

Coste material 42,06 €
Coste Mano de obra 1.380,00 €
Gastos Generales 85,32 €
Beneficio industrial 213,31 €

[FOTAIPROVECTONMNNNN  172069¢

El coste total se ha calculado aplicando porcentajes obtenidos del Reglamento
General LCAP [5] a los valores calculados en los apartados anteriores. Los porcentajes
correspondientes son del 6% para los gastos generales y del 15% para el beneficio industrial.
Ambos porcentajes se aplican tanto al coste material como a la mano de obra.

Por ultimo, se presenta el calculo del coste por unidad suponiendo que se fabrican
100 y 1000 placas. En ambos casos, el coste debido al tiempo de analisis y disefio, y el de
documentacién no varian con respecto al de fabricacion de una placa. El tiempo de
implementacion se ha reducido a tres horas por placa implementada. De esta manera, los
resultados obtenidos son los siguientes:

Placa 4.207,00 €
Anilisis y disefo 28,00 € 30,00 h 840,00 €

Implementacion 20,00 € 6.000,00 €
Documentacion 360,00 €
11.407,00 €
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Placa 1.000,00 € 42.070,00 €
Analisis y disefio 28,00 € 30,00 h 840,00 €
Implementacién 20,00 € 3.000,00 h 60.000,00 €
Documentacion 20,00 h 360,00 €
103.270,00 €

Como se puede observar, para el caso de 100 placas, el total asciende a 11.407 €, lo
gue corresponde a un coste unitario por placa de 114,07 €. Para 1000 placas, el total es
103.270 €, lo que supone un coste unitario de 103,27 €.
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Capitulo 5: Resultados y conclusiones.

Este trabajo se ha centrado en el disefio de un conversor analdgico-digital basado en
el método contador-rampa con la finalidad de utilizarlo como moddulo didactico en la
realizacion de experiencias practicas orientadas familiarizarse con el uso de los analizadores
l6gicos para el andlisis y comprobaciéon del funcionamiento de los elementos o bloques
digitales de un circuito electrénico digital. Gracias a la realizacion de este trabajo, se ha
conseguido mejorar el disefio del esquema electrénico de la practica original que se lleva a
cabo en el médulo de Instrumentacién Electrénica de la asignatura Técnicas Experimentales
Ill, que se imparte en el tercer curso del Grado en Fisica de la ULL [1], en lo que respecta a
permitir su funcionamiento con 4 u 8 bits. En la Figura 5.1 se muestra el esquema electronico
del circuito disefado.
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Figura 5.1. Esquema electronico de la placa.

Otro resultado ha sido el disefio de la placa de circuito impreso o PCB necesaria para
implementar el circuito. Su tamafio es de 77,6 x 82,5 mm, lo que se ha conseguido gracias al
uso de componentes basados en tecnologia SMD. En las Figuras 5.2 y 5.3 se puede observar
un modelo 3D de la placa, tanto de su cara TOP como de su cara BOT.

Con la finalidad de que la placa de circuito impreso sea facil de usar y de conexion

inmediata, se han incorporado sefializaciones o etiquetas tanto para las conexiones como
para los terminales de pruebas o test (Figuras 5.4 y 5.5).

pag. 43



Angel Hernandez Gonzéalez

Figura 5.2. Cara TOP de la placa.

Figura 5.3. Cara BOT de la placa.

pag. 44



Angel Hernandez Gonzéalez

= Y,

RESET 8 BIT 4 BIT

Figura 5.5. Sefializacion de los puntos de test.

La realizacion fisica de la placa de circuito impreso no ha sido posible debido a que la
ejecucion de este Trabajo de Fin de Grado, en su etapa final, ha coincidido con el periodo de
alarma del “COVID-19”. En este mismo sentido, tampoco se ha podido llevar a cabo la
implementacion en placa de prototipo (protoboard) del circuito, ya que no se podia acceder a
los laboratorios de la Universidad de La Laguna y, tampoco se disponia de material ni de la
instrumentacion electrénica necesaria para llevarlo a cabo. Sin embargo, la implementacién
de la misma se podra hacer sin problemas usando los datos recogidos en este documento.
Aun asi, a continuacion, se enumeran diversas mejoras que se podrian aplicar a la hora de
hacer dicha implementacion:

¢ Incorporar en la placa una fuente de alimentacion que evite la necesidad de un
conexionado exterior para disponer de las tensiones de +5V y -5V.

¢ Incluir un circuito oscilador que genere la sefial de reloj general.

¢ Disefar un soporte fisico para la placa de circuito impreso que le proporcione un
aspecto mas comercial como producto final.
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Conclusions.

This work has focused on the design of an analog-to-digital converter based on the
counter-ramp method in order to use it as a didactic module in the realization of practical
experiences oriented to familiarizing with the use of logic analyzers for the analysis and testing
the operation of the elements or digital blocks of a digital electronic circuit. Thanks to the
completion of this work, it has been possible to improve the design of the electronic schematic
of the original practice that is carried out in the Electronic Instrumentation module of the
Experimental Techniques Il course, which is taught in the third year of the Physic’s degree of
the ULL [1], in regards to allowing its operation with 4 or 8 bits. Figure 5.1 shows the electronic
schematic of the designed circuit.

Another result has been the design of the printed circuit board or PCB necessary to
implement the circuit. Its size is 77.6 x 82.5 mm, which has been achieved thanks to the use
of components based on SMD technology. In Figures 5.2 and 5.3 you can see a 3D model of
the board, both its TOP and BOT faces.

In order to make the printed circuit board easy to use and for immediate connection,
signs or labels have been incorporated for both the connections and the test terminals (Figures
5.4 and 5.5).

The physical realization of the printed circuit board has not been possible because the
execution of this Final Degree Project, in its final stage, has coincided with the alarm period of
"COVID-19". In this same sense, it has not been possible to carry out the implementation of
the circuit's prototype board, since it was not possible to access the laboratories of the
University of La Laguna and neither was available the material or the electronic
instrumentation necessary to carry it out. However, its implementation can be done without
problems using the data collected in this document. Even so, below, several improvements
that could be applied when making such an implementation are listed:

¢ Incorporate in the board a power supply that avoids the need for an external connection
to have voltages of + 5V and -5V.

¢ Include an oscillator circuit that generates the general clock signal.

o Design a physical support for the printed circuit board that gives it a more commercial
appearance as a final product.
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Glosario.

BCD: Binary Coded Decimal.

BOM: Bill of Materials.

BOT: Capa inferior de la placa.
CAD: Conversor analdgico digital.
CDA: Conversor digital analégico.
ClI: Circuito Integrado.

EDA: Electronic Desing Automation.
ERC: Electric Rules Check.

GND: Ground.

LCAP: Ley de Contratos de las Administraciones Publicas.

LED: Light-Emitting Diode.

LSB: Less Significative Bit.

MR1: Master-Reset 1.

MR2: Master-Reset 2.

MSB: More Significative Bit.

MUX: Multiplexor.

PCB: Printed Board Circuit.

SMD: Surface Mounted Device.
SOIC: Small Outline Integrated Circuit.
SOP: Small Outline Package.
THD: Through-Hole Device.

TOP: Capa superior de la placa.
TTL: Transistor to Transistor Logic.
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Montaje del circuito integrado 74CHT393.

U7, selector LSB (74LS157).

U6, selector MSB (74LS157).

Configuracion del DAC0808 y operacionales LM741 y LM311.
Esquema electronico de la rama o parte BCD.

Configuracién Contadores BCD (74LS390).

Configuracion del registro de 8 bits (74LS374).
Decodificadores BCD a 7 Segmentos (74LS47).
Visualizadores o displays junto al médulo BCD.

Esquema electrénico general.

Esquema de un conector.

Regulador de tension +5V.

Reguladores +5V y -5V con sus correspondientes condensadores de
desacoplo.

Interruptor y pulsador utilizados.

Esquema de puesta a cero o de reset de los contadores.
Logotipo del software KiCad.

Ventana de trabajo principal del EESCHEMA.

Herramientas de KiCad para la generacién de archivos.
Pantalla de seleccion de huellas.

Componente SMD.

Componente THD.

Ventana de trabajo principal de NewPCB.

Colocacién de componentes en la PCB con NewPCB.
Capa TOP con pistas y vias.

Capa BOT con pistas y vias.

Esquema electrdnico de la placa.

Cara TOP de la placa.

Cara BOT de la placa.

Sefializacién de alimentacién e interruptores.
Sefializacion de los puntos de test.
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TABLAS:

Tabla 2.1. Distribucién de los pines del contador 74LS393 en los selectores.
Tabla 2.2. Configuracion del 74LS390 en BCD y B-Quinary.
Tabla 2.3. Relacién entradas/salidas del 74LS374.
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Informe ERC.

ANEXOS.

Informe ERC (20/03/2020 13:25:30, Codificacian UTF8 )

ErrType(3): Pin connected to other pins, but nat driven by any pin
@(I67.64 mm, 127,00 mm): El pin | (Entrada de alimentacian) del componente UG no esté alimentada (red 1).
ErrType(3): Pin connected to other pins, but nat driven by any pin
[@(154,94 mm, 36,52 mm): El pin | (Entrada de alimentacidn) del componente U153 no esté alimentado (red 4).

***** Hoja /Parte Binaria/

***** Hoja /ParteBCD/
ErrType(3): Pin connected to other pins, but not driven by any pin
(195,83 mm, 139,70 mm): El pin | (Entrada de alimentacian) del componente #PWROI0S no esta alimentado (red 14).

**Mensajes ERC: 3. Erroresl, Avisos 3

BOM (Bill of materials).

"Source:" "C:\Users\ambu_\Desktop\SBKC\SBKC\SBKC.sch"

"Date:"
"Toal:"

"REf"

o
o
g
4"
gy
"R
NG
g
g
“CID"
“CIr

"20/04/2020 10:41:38"

"Eeschema (5.1.5)-3"

"Component Count:" "43"

"Valug"

"100nF"
"10nF"
"100nF"
"uF"
"uF"
"100nF"
"100nF"
"100nF"
"100nF"
"100nF"
"100nF"

"Pa[‘t"

"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"
"Device:L"

"Footprint"

"Description” "Vendor

"Unpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
"UUnpolarized capacitor”
"UUnpolarized capacitor”
"Unpolarized capacitor”
"Unpolarized capacitor”
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Anexo |: Archivos de salida del software EESCHEMA.

pag. 52



"C12"
"C13"
"Ci4"
"Cla"
"CIp"
"CI7"
"CIg"
"CI3"
"C20"
"c2

IIJIII

Angel Hernandez Gonzéalez

"I00nF"  "Device:C" " "lUnpolarized capacitor” "
"I00nF"  "Device:C" " "lUnpolarized capacitor” "
"I00nF"  "Device:C" " "lUnpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
"I00nF"  "Device:C" " "Unpolarized capacitor” "
“Conn_DIx02" “Connector_Generic:Conn_01x02" " "BGeneric connector, single row, OIx02, script

generated (kicad-library-utils/schlib/autogen/connector/)" ™"

"|J2"

“Conn_DIx02" “Connector_Generic:Conn_01x02" " "BGeneric connector, single row, OIx02, script

generated (kicad-library-utils/schlib/autogen/connector/)" ™"

IIJBU

generated (kicad-library-utils/schlib/autogen/connector/)

“Conn_DIx02" "Connector_Generic:Conn_01x02" " "Generic connector, single row, 0x02, script

nonn

"R "47k"  "Device:R" "Resistor"

"R "47K" "Device:R" "Resistor"

R "4TK" "DeviceR" "Resistor"

R4" "2K" "DeviceR" "Resistor"

"Ra" "210"  "DeviceR" "Resistor"

"RE" 210" "DeviceR" "Resistor"

"RVI" "R_POT Dual Separate" "Device:R_POT Dual Separate™" "Dual potentiometer, separate units” "
"SWI" - "SW_Push” “Switch:SW_Push" ™ "Push button switch, generic, two pins" ™"

"SWZ"  "SW DPDT x2"  "Switch:SW_DPDT x2" " "Switch, dual pole double throw, separate symbols” ™"
"ur "T4LS390" "Thxx:T4L8390"  "Package_S0:SOIC-16_3.9x3.9mm_P1.27Tmm" "Dual BCD 4-bit counter”
2" "TALS3TA" "Thxx:THLS3T4"  "Package_SO:SOIC-20W_7.9xI12.8mm_PL27Tmm"  "8-bit Register, 3-state
outputs” ™

"U3" "TALSAT" "Thxx:T4LS4T" "Package_SO:SOIC-16_3.9x9.9mm_P1.27mm" "BCD to 7-segment Driver, Open
Collector, 30V outputs” "

"UA" "TALSAT" "Thxx:T4LSAT" "Package_SO:SOIC-16_3.9x9.9mm_P1.27mm" "BCD to 7-segment Driver, Open
Collector, 30V outputs” "

"a" 7418393 "Thxx:T4L8393"  "Package_SO:SOIC-14_3.9x8.7mm_P1.27Tmm" "Dual BCD 4-bit counter”
"UB"  "TALSIGT" "Thxx:TALSIAT"  "Package_SO:SOIC-16_3.9x3.9mm_PL.27Tmm" "Quad 2 to | line Multiplexer” ™"
0T "TALSIGT" "Thxx:TALSIAT"  "Package_SO:SOIC-16_3.9x3.9mm_PL.27Tmm" "Quad 2 to | line Multiplexer” ™"
"U8"  "DACOROB_SOIC"  "Analog_DAC:DACOBOR SOIC" "Package_SO:SOIC-16_3.9x4.9mm_P1.27mm" "B-bit
multiplying DAC" ™"

‘09" "LM3N"  "Comparator:LM3I" " "Voltage Comparator, DIP-8/80IC-8/8S0P-8" ™

00" "LM741"  "Amplifier_Operational:LM741" ™ "Operational Amplifier, DIP-8/70-98-8" ™

U "T4LS32" "Thxx.TALS32" "luad Z-input OR" ™

012" "T4LSOB" "Thxx.T4LSOB" "luad And2"
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"U13"

efficiency red, common anode

"l

efficiency red. comman anode

"Ua"

"UIB"

"HDSP-Ta01" "Display_Character:HDSP-Ta0!"

nun

“Display_Character:HDSP-7a01"
"LM7805_T0220"  "Regulator_Linear:LM7805_TO220"
"Positive A 30V Linear Regulator, Fixed Output 8V, TO-220"
"LM7805_T0220"  "Regulator_Linear:LM7805_TO220"
"Positive A 30V Linear Requlator, Fixed Output 2V, TO-220"

"HDSP-Ta01"

Angel Hernandez Gonzéalez

"Display_7Segment:HDSP-Alal""0ne digit 7 segment high
"Display_7Segment:HDSP-Alal""0ne digit 7 segment high
"Package T0 SOT THT:TO-220-3 Vertical"

"Package T0 SOT THT:TO-220-3 Vertical"
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Anexo lll: Lista de huellas de componentes.

Condensadores: Capacitor_SMD:C_0603Metric

Conectores: Conector_PinHeader_1x02_2.45mm_Vertical
Resistencias: Resistor SMD:R_1210_3225Metric

Resistencia Variable: Potentiometer_ SMD_ACP_CA9-VSMD_Vertical
Pulsador reset general: SW_PUSH_SPST_NO_Alps_SKRK
Interruptor: SW_DIP_SPSTx01_Slide_6.7x4.1mm_W6.73mm_P2.54mm_LowProfile_JPin
TestPoint: TestPoint_Loop_D2.50mm_Drill1.0mm_LowProfile
Ul: (74LS390) Package SO:SOIC-16_3.9x9.9mm_P1.27mm
U2: (74LS374) Package_SO:SOIC-20W_7.5x12.8mm_P1.27mm
U3: (74LS47) Package_SO:SOIC-16_3.9x9.9mm_P1.27mm

U4: (74LS47) Package_SO:SOIC-16_3.9x9.9mm_P1.27mm

U5: (74LS393) Package SO:SOIC-14_3.9x8.7mm_P1.27mm
U6: (74LS157) Package_SO:SOIC-16_3.9x9.9mm_P1.27mm
U7: (74LS157) Package_SO:SOIC-16_3.9x9.9mm_P1.27mm
U8: (DACO0808) Package SO:SOIC-16_3.9x9.9mm_P1.27mm
U9: (LM311) Package_SO:SOP-8_3.9x4.9mm_P1.27mm

U10: (LM741) Package_SO:SOIC-8_3.9x4.9mm_P1.27mm

U11: (74LS32) Package_SO:SOIC-14_3.9x8.7mm_P1.27mm
Ul2: (74LS08) Package SO:SOIC-14 3.9x8.7mm_P1.27mm
U13: (DISPLAY7SEG) Display_7Segment:HDSP-A151

Ul4: (DISPLAY7SEG) Display_7Segment:HDSP-A151

U15: (7805) Package_TO_SOT_THT:TO-220-3_Vertical

U16: (7905) Package_TO_SOT_THT:TO-220-3_Vertical
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Anexo V: Hojas de datos de fabricantes.

1. Condensadores.

N A
VISHAY.

VJ Commercial Series

www.vishay.com

Vishay Vitramon

Surface Mount Multilayer Ceramic Chip Capacitors
for Commercial Applications

ELECTRICAL SPECIFICATIONS

FEATURES
* COG (NP0) and X7R dielectrics offered

* COG (NPO) is an ultra-stable dielectric offering a
very low Temperature Coefficient of Capacitance ROHS
(TCC) COMPLIANT

* COG (NPO) offers low dissipation H;:ZOEEE"
* Excellent aging characteristics el
* |deal for decoupling and filtering (X7R) (E:2000)

e |deal for surge suppression and high voltage *=@oe
applications

* Wide range of case sizes, voltage ratings and capacitance
values

* Wet build process
* Reliable Noble Metal Electrode (NME) system

* Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

APPLICATIONS

¢ Timing and tuning circuits

* Sensor and scanner applications
¢ Decoupling and filtering

* Surge suppression

Electrical characteristics at +25 °C unless otherwise specified

Operating Temperature: -55 °C to +150 °C
(above +125 °C changed characteristics)

Capacitance Range: 1 pF to 56 nF
Voltage Range: 25 Vpc to 1000 Vpc

Temperature Coefficient of Capacitance (TCC):
0 ppm/°C + 30 ppm/°C from -55 °C to +125 °C

Dissipation Factor (DF):

0.1 % maximum at 1.0 Vrys and
1 MHz for values < 1000 pF

0.1 % maximum at 1.0 Vgys and
1 kHz for values > 1000 pF

Insulating Resistance:
at +25 °C 100 000 MQ min. or 1000 QF whichever is less
at +125 °C 10 000 MQ min. or 100 QF whichever is less

Aging Rate: 0 % maximum per decade

Dielectric Strength Test:
performed per method 1083 of EIA 198-2-E.
Applied test voltages

< 200 Vpc-rated: 250 % of rated voltage
500 Vpc-rated: 200 % of rated voltage
630 Vp,1000 Vpc-rated: 150 % of rated voltage

COG (NPO) DIELECTRIC X7R DIELECTRIC
GENERAL SPECIFICATION GENERAL SPECIFICATION
Note Note

Electrical characteristics at +25 °C unless otherwise specified

Operating Temperature: -55 °C to +150 °C
(above +125 °C changed characteristics)

Capacitance Range: 120 pF to 6.8 uF
Voltage Range: 16 Vpc to 1000 Vpc

Temperature Coefficient of Capacitance (TCC):
+ 15 % from -55 °C to +125 °C, with 0 Vp¢ applied

Dissipation Factor (DF):
16V /25 Vratings: 3.5 % maximum at 1.0 Vaus and 1 kHz
> 25 V ratings: 2.5 % maximum at 1.0 Vgyg and 1 kHz

Insulating Resistance:
at +25 °C 100 000 MQ min. or 1000 QF whichever is less
at +125 °C 10 000 MQ min. or 100 QF whichever is less

Aging Rate: 1 % maximum per decade

Dielectric Strength Test:

performed per method 103 of EIA 198-2-E.

Applied test voltages

< 250 Vpg-rated: 250 % of rated voltage
500 Vpc-rated: min. 150 % of rated voltage
630 Vpc, 1000 Vpc-rated: min. 120 % of rated voltage

Revision: 09-Sep-14
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QUICK REFERENCE DATA
DIELECTRIC CASE MAXIMUMVOLTAGE GRPARITANGE
] MINIMUM MAXIMUM
0402 100 1.0 pF 220 pF
0603 200 1.0 pF 1.0nF
0805 500 1.0 pF 4.7nF
1206 630 1.0 pF 10 nF
1210 630 56 pF 12 nF
COG (NPO)
1808 1000 18 pF 10 nF
1812 1000 39 pF 22 nF
1825 500 100 pF 39 nF
2220 1000 270 pF 47 nF
2225 1000 270 pF 56 nF
0402 100 120 pF 47 nF
0603 200 330 pF 150 nF
0805 250 330 pF 470 nF
1206 630 330 pF 1.0pF
1210 630 390 pF 1.0pF
X7R 1808 1000 470 pF 270 nF
1812 1000 1.0nF 1.0pF
1825 1000 10 nF 2.7pF
2220 500 15 nF 22pF
2225 1000 33 nF 4.7yF
3640 500 27 nF 6.8 uF
Note
* Detail ratings see “Selection Chart”
Revision: 09-Sep-14 2 Document Number: 45199

For technical questions, contact: mlcc@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT

ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

pag. 61



N A
VISHAY.

Angel Hernandez Gonzéalez

VJ Commercial Series

www.vishay.com

Vishay Vitramon

ORDERING INFORMATION

VJosos (1) Y 102 K X A A T ### 0
CASE  DIELECTRIC CAPACITANCE  CAPACITANCE  TERMINATION DC MARKING PACKAGING PROCESS
CODE NOMINALCODE = TOLERANCE VOLTAGE CODE

| | | wmen | |
|
0402 A =C0G Expressed in B =+ 0.10 pF X = Ni barrier J=16V A= C =7"reel / paper tape
0603 (NPO) picofarads (pF). C=+025pF 100 % tinplated || X=25V unmarked || T =7"reel/ plastic tape
0805 Y=X7R The first two D==x0.5pF matte finish A=50V ||M=marked|| P=111/4"/13"reel/
1206 digits are F=+1% F,E=AgPd @ || B=100V Note paper tape
1210 significant, the G=x2% B = polymer C=200V Marking R=111/4"/13"reel /
1808 third is a J=x5% 100 % tin plated || P =250 V is only plastic tape
1812 multiplier. K=+10% matte finish (9 || E=500V ||available for O=7"reel/
1825 Examples: M=+20% L=630V || 0805 and flamed paper tape
2220 1R8 = 1.8 pF Note G =1000 V|| 1206 with 1=111/4"/13"reel /
2225 102 = 1000 pF COG (NPO): termination flamed paper tape
3640 B, C,D< 10 pF code “X" / Note
F,G,J,K=10 pF “B” “I” and “O” are used for
X7R: “F”, “E” termination
J, KM size 0402 / 0603 / 0805
Notes

(1) Case size designator may be replaced by four digit drawing number used to control non-standard products and / or special requirements
@) DC voltage rating should not be exceeded in application. Other application factors may affect the MLCC performance.

Consult for questions: micc@vishay.com
@ Process code may be added with up to three digits, used to control non-standard products and / or special requirements
) Termination code “E” is for conductive epoxy assembly
() Selected values available, contact micc@vishay.com for list of released ratings

ENVIRONMENTAL STATUS
TERMINATION CODE TERMINATION DESCRIPTION RoHS COMPLIANT VISHAY GREEN
X Ni barrier 100 % tin plated matte finish Yes Yes
E AgPd Yes Yes
B Polymer layer, 100 % tin plated matte finish Yes No
F AgPd Yes No

Revision: 09-Sep-14
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DIMENSIONS in inches (millimeters)
i )\ /</\w/’/
T
MAX.
.
TERMINATION
MAXIMUM
CASE CODE STYLE LENGTH WIDTH THICKNESS (P)
(B} W)
m MINIMUM | MAXIMUM
0.040 +0.004/-0.002 | 0.020 +0.004 / - 0.002 0.024 0.004 0.016
0402 V0202 (1.00 +0.10 /- 0.05) (0.50 + 0.10 /- 0.05) (0.60) (0.10) (0.41)
0.063 + 0.006 0.031 +0.006 0.038 0.012 0.018
0603, V0603 (1.60 + 0.15) (0.80 +0.15) 0.97) (0.30) (0.46)
0.079 + 0.008 0.049 +0.008 0.057 0.010 0.028
0o03 VibR0s (2.00 + 0.20) (1.25 +0.20) (1.45) (0.25) ©.71)
0.126 + 0.010 0.063 +0.010 0.067 0.010 0.028
1208 1208 (3.20 + 0.25) (1.60 +0.25) (1.70) (0.25) ©0.71)
0.126 + 0.010 0.098 +0.010 0.067 0.010 0.028
1210 1210 (3.20 + 0.25) (2.50 +0.25) (1.70) (0.25) ©0.71)
0.180 + 0.012 0.080 +0.010 0.086 0.010 0.030
1808, Y1208 (4.57 = 0.30) (2.03 0.25) @.18) (0.25) (0.76)
0.177 £ 0.012 0.126 +0.008 0.086 0.010 0.030
L Wisi2 (4.50 = 0.30) (320 +0.20) (@2.18) (0.25) (0.76)
0.177 £ 0.012 0.252 +0.010 0.086 0.010 0.030
1625 Vd1g2s (4.50 = 0.30) (6.40 +0.25) @18) (0.25) (0.76)
0.220 + 0.010 0.200 +0.010 0.086 0.010 0.030
2220 wizz20 (5.59 + 0.25) (5.08 + 0.25) ©@18) (0.25) 0.76)
0.220 + 0.010 0.250 +0.010 0.086 0.010 0.030
2225 2225 (5.59 + 0.25) (6.35 +0.25) (.18 (0.25) (0.76)
0.360 + 0.015 0.400 +0.015 0.086 0.010 0.030
8640 V3640 (914 +0.38) (10.20 + 0.38) 2.18) (0.25) (0.76)
Note
* Polymer (B-termination) have increased dimensions:
length 0.006"(0.15 mm)
Revision: 09-Sep-14 4 Document Number: 45199
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SELECTION CHART

DIELECTRIC COG (NPQ)
STYLE VJ0402 VJ0603 VJ0805 VJ1206 (1) vJi210)
CASE CODE 0402 0603 0805 1206 1210
VOLTAGE (Vpc) 25|50 | 100 | 50 (100|200 50 | 100 | 200 [ 500 | 50 | 100 | 200 | 500 | 630 | 50 | 100 | 200 | 500 | 630
VOLTAGE CODE X|A|B|J|A[B|C|A B [ E A B [ E L A B|C E B
CAP. CODE | CAP.
RO OpF [ ee | e .o . oo .o .o . .o .o . .o .o .o .
R2 2pF | oo | oo .o . oo .o .o . .o . o .o .o .o .
R5 SpF [ ee | e .o . .o oo .o .o .o e . .o .o .o .
R8 BpF [ o0 | e | oo | oo | o0 | o0 | oo oo oo oo oo oo | oo | oo .o
2R2 2.2pF | oo | oo .o . .o .o .o . .o oo . .o oo .o o
2R7 2T p= oo | oo .. oo oo | oo e oo .o e .o .. oo .o e
R3 B3pF | ®o [ oo [ oo | oo [ oo [ oo | oo | oo | oo | oo | oo [ oo [ oo | oo | oo
RO 3OpF | o [ oo [ ee [ oo [ee [ee [ oo [ oo [ oo [ oo | oo | oo | oo | oo | oo
IR7 A7 pF | ®o [ ee | oo | oo [ o | oo | oo | oo | oo | oo | oo | oo [ oo | oo | e
5R6 56 pF oo | oo . e oo | oo e .o .o e .o .. .o .o oo
6R8 6.8pF | o [ oo | oo | oo [[ee | oo [ oo | oo | oo | oo | oo | oo | oo | oo | oo
8R2 8.2 pF | e | ee .. e oo | oo e .o . e .o .. . .o .o
100 10 pF oo | oo .o e e . e .o .o oo .o .o . .o oo
120 12 pF oo | oo .o .o .o .o .o . .o .o . .o .o .o .o
150 15 pF oo | oo .o . oo .o .o . .o e . .o .o .o .
180 18 pF oo | oo .o . .o 0 .o . .o .o . .o 0 .o .
220 22 pF oo | oo .o . .o .o .o ) oo .. . .o .o oo .
270 27 pF oo | oo .o . .o .o .o . oo . . .o oo oo .
330 33 pF oo | oo .o ) .o .o .o . oo . . .o oo .o .
390 39 pF oo | oo .o . oo .o .o . oo .o . .o .o oo .
470 47 pF oo | oo .o . oo .o .o . .o . . oo .o .o .
560 56 pF oo | oo .o . oo .o .o . .o e . .o .o .o .o . .
680 68 pF .o .. .. .o .o . .o .o .. .. .. .. . .o .. . .
20 82 pF oo | oo .o . .o oo .o . oo oo . .o oo .o .o . .
0 OO pF | e | ee .o . .o .o .o . .o .o . . . . . . .
2 20 pF | oo | ee .o .o .o .o .o . oo . . . . . . . . . . .
5 S50 pF | ee | ee . .o oo .o oo .o e . ) . . . . . . . .
8 80 pF .o .. .o .o . .. .. .. .o . . . . . . . . . .
22 220 pF | oo | e . oo . .o . .o . . . . . . . . . . .
27 270 pF e | oo | o | oo | oo | oo . . . . . . . . . . .
33 330 pF e | oo ee | oo | oo . . . . . . . . . . .
39 390 pF e | oo e | oo | oo . . . . . . . . . . .
47 470 pF oo .o o . . . . . . . . . . . .
561 560 pF ) e | oo . . . . . . . . . . .
681 680 pF .. e | oo . . . . . . . ) . . .
821 820 pr ) e | ee . . . . . . . . . . .
702 T.0nF T TRED . . . . . . . . . . .
122 12nF e | o . . . . . . . .
152 15nF e | o . . . . . . . .
182 1.8nF . . . . . . . 0 .
222 2.2nF . . . . . . .
272 2.7nF . . . . . . .
332 3.3nF . . . . . 0 .
392 3.9nF . . . . . .
472 4.7nF . . . . . .
562 5.6 nF . . . . .
682 6.8 nF . . . . .
822 8.2nF . . . . .
103 10 nF . . . .
123 12 nF . .
153 15 nF
183 18 nF
223 22 nF
273 27 nF
333 33 nF
393 39 nF
473 47 nF
563 56 nF
Notes

RoHS-compliant
*e Paper tape * Plastic tape

(1) See soldering recommendations within this data book, or visit www.vishay.com/doc?45034
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SELECTION CHART
DIELECTRIC COG (NPQ)
STYLE vJ18o8 (1) vJig12 () VJ1825 (1)
CASE CODE 1808 1812 1825
VOLTAGE (Vpc) 50 | 100 [ 200 | 500 | 1000 [ 50 | 100 | 200 | 500 | 1000 [ 50 | 100 | 200 | 500
VOLTAGE CODE A B [ E G A B Cc E G A B C E
CAP. CODE CAP.
1R 1.0 pF
1R2 1.2 pF
1R5 1.5 pF
1R8 1.8 pF
2R2 2.2 pF
2R7 2.7 pF
3R3 3.3 pF
3R9 3.9 pF
4R7 4.7 pF
5R6 5.6 pF
6R8 6.8 pF
8R2 8.2 pF
100 10 pF
120 12 pF
150 15 pF
180 18 pF .
220 22 pF . .
270 27 pF . .
330 33 pF . .
390 39 pF . . . . . . .
470 47 pF . . . . . . .
560 56 pF . . . . . . .
680 68 pF . . . . . . .
820 82 pF . . . . . . .
701 700 pF . 0 0 . . . 0 .
121 120 pF . . . . . . . . .
151 150 pF . . . . . . . . .
181 180 pF . . . . . . . . .
221 220 pF . . . . . . . . . . .
271 270 pF . . . . . . . . . . .
331 330 pF. . . . . . . . . . . .
391 390 pF . . . . . . . . . . .
471 470 pF . . . . . . . . . . .
561 560 pF . . . . . . . . . . .
681 680 pF . . . . . . . . . . .
821 820 pF . . . . . . . . . . .
102 1.0 nF 0 . 0 0 0 0 . . . 0 . 0 . .
122 1.2 nF . . . . . . . . . . . . .
152 1.5 nF . . . . . . . . . . . . .
182 1.8 nF . . . . . . . . . . . . .
222 22nF . . . . . . . . . . . .
272 2.7 nF . . . . . . . . . . .
332 3.3nF . . . . . . . . . . .
392 39nF . . . . . . . . . . .
472 4.7 nF . . . . . . . . . . .
562 5.6 nF . . . . . . . . . . .
682 6.8 nF . . . 0 . . . . . . 0
822 82 nF . . 0 . . . . 0 . .
103 10 nF 0 . . . . . . . .
123 12 nF . . . . . .
153 15 nF . . . . .
183 18 nF . . . .
223 22 nF . . . .
273 27 nF . . .
333 33 nF . .
393 39 nF .
473 47 nF
563 56 nF

Notes

RoHS-compliant

* Plastic tape

(1) See soldering recommendations within this data book, or visit www.vishay.com/doc?45034
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SELECTION CHART
DIELECTRIC COG (NP0)
STYLE VJ2220 (1) VJ2225 (1)
CASE CODE 2220 2225
VOLTAGE (Vpc) 50 100 200 500 630 1000 50 100 200 500 1000
VOLTAGE CODE A B [ E L G A B [ E G
CAP. CODE CAP.
1R 1.0 pF
1R2 1.2 pF
1R5 1.5 pF.
1R8 1.8 pF.
2R2 2.2 pF
2R7 2.7 pF
3R3 3.3 pF
3R9 3.9 pF
4R7 4.7 pF
5R6 5.6 pF
6R8 6.8 pF
8R2 8.2 pF
100 10 pF
120 12 pF
150 5 pF
180 8 pF
220 22 pF
270 27 pF
330 33 pF
390 39 pF
470 47 pF
560 56 pF
680 68 pF
820 82 pF
101 100 pF
121 120 pF
151 150 pF
181 180 pF
221 220 pF
271 270 pF . . . . . . .
331 330 pF . . . . . . .
391 390 pF . . . . . . o
471 470 pF . . . . . . . .
561 560 pF . 0 0] ) . . ) ry
681 680 pF . . . . . . . .
821 820 pF . . . . . . . .
102 1.0 nF . . . ) . ) ry o =
122 1.2 nF . . . . . . . . . . .
152 1.5nF . . . . . . . . . . .
182 1.8nF . . . . . . . . . . .
222 22nF . . . . . . . . . . .
272 27 nF . . . . . . . . . . .
332 3.3nF . . . . . . . . . . .
392 39nF . . . . . . . . . . .
472 4.7 nF D . . . . . . . . .
562 5.6 nF . . . . . . . . .
682 6.8 nF . . . . . . .
822 8.2 nF . 0 0 . . . .
103 10 nF . . . . . . .
123 12 nF . . . . . . .
153 15 nF . . . . . .
183 18 nF . . . . .
223 22 nF . . . . .
273 27 nF . . . . .
333 33 nF . . . . .
393 39 nF . . . .
473 47 nF . . .
563 56 nF .
Notes

RoHS-compliant

* Plastic tape

() See soldering recommendations within this data book, or visit www.vishay.com/doc?45034
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SELECTION CHART
DIELECTRIC X7R
STYLE VJ0402 VJo603 VJo8os
CASE CODE 0402 0603 0805
VOLTAGE (Vpc) 16 | 25 50 100 16 25 50 | 100 | 200 16 25 50 100 | 200 | 250
VOLTAGE CODE J X A B J X A B [ J X A B [ P
CAP. CODE CAP.
121 120 pF ) .o .o .
151 150 pF .o .o .o .o
181 180 pF .o e .o oo
221 220 pF . e .o o
271 270 pF .o .o .o oo
331 330 pF .. .o .o .o o e . o
391 390 pF o e e e . ) .o .. . )
471 470 pF e .o e . .o e .o oo e e e e . .o
561 560 pF .o .o .o oo oo .o e e oo .o o oo oo oo
681 680 pF o | ee | oo . . . . . . . . . . .
821 820 pF oo . oo .o .o oo . . oo e e oo . oo
102 1.0 nF ) .o .o e e o e . oo oo oo oo oo oo .o
122 1.2 nF oo .o .o oo oo oo o oo .o .o oo .o oo .o oo
152 1.5nF oo .o .o o e oo e 0 .o .. oo oo o o o
182 1.8 nF o .o oo o .o o .o .o o oo o oo oo o o
222 2.2nF e e e oo .o e .o .o e e e e .o e .o
272 2.7nF e e e .o .o .o .o .o oo e e e .o e .o
332 3.3nF . .o .o o e o e e . . . . o . o
392 3.9 nF oo e oo o e oo .o e oo oo oo oo o oo o
472 4.7 nF . .o .o . .o . .o .. .o . e . .o . .o
562 5.6 nF e e e .o .o .o .. e e e .o e e
682 6.8 nF e .o e .o e . .o oo e e oo e .o
22 8.2 nF e .o e .o e .o . e e e . e oo
03 10 nF o oo e .o 0 .o 0 0 o o oo 0 .
23 12 nF oo 0 oo oo 0 0 oo oo oo oo oo .
153 15 nF oo .o e oo o 0 .. oo oo o . .
183 18 nF e .o .o e .o e e e e .o . .
223 22 nF . .. . oo oo . . . . . .
273 27 nF oo oo o 0 o oo oo oo o .
333 33 nF .o .o . .o .o .o o . .
393 39 nF . oo . . 0 . . .o .
473 47 nF . Y . e . . . .
563 56 nF oo oo e . oo o .
683 68 nF .o . oo . . . .
823 82 nF 0 .. oo .. .. . .
104 100 nF .o o .o . . . .
124 120 nF .o .o . .
154 150 nF .o . . .
184 180 nF . .
224 220 nF . .
274 270 nF . .
334 330 nF . .
394 390 nF .
474 470 nF .
564 560 nF
684 680 nF
824 820 nF
105 10 pF
125 1.2 uF
155 1.5 uF
185 1.8 pF
225 2.2 F
275 2.7 pF
335 3.3 F
395 3.9 F
475 4.7 pF
565 5.6 uF
685 6.8 uF
Notes
RoHS-compliant
e Paper tape * Plastic tape
Revision: 09-Sep-14 8 Document Number: 45199
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SELECTION CHART
DIELECTRIC X7R
STYLE VvJ1206 M vJi210 [
CASE CODE 1206 1210
VOLTAGE (Vpc) 16 25 50 | 100 | 200 | 250 | 500 | 630 [ 16 25 50 | 100 | 200 | 250 | 500 | 630
VOLTAGE CODE J X A B C P E L J X A B [ P E L
CAP. CODE CAP.
121 120 pF
15 150 pF
18 180 pF
22 220 pF
27 270 pF
331 330 pF o | e
391 390 pF oo 3 .
471 470 pF .o .o ) . .e . .
561 560 pF T ) 7] ) 7 ) .
681 680 pF e e ) . . e .
21 820 pF .. .o . .o .o . .
02 0OnF .o .o .o .o .o .. . 0 0
22 2nF e o e . .o .o o . 0
152 5nF . ) e e . . e . .
182 18nF T3 T3 e . T3 T3 . . .
_422 22nF .o .o .o . .o .o . 0 0
272 27nF .o e .o . .o .o . 0 .
332 33nF T 7] T 7] ) T3 1) . . .
392 39nF ) . 73 . 7 ) . . . .
472 4.7 nF .o .o .o .o .o .o . 0 0 .
562 56nF .o e oo . .o . . . . .
682 6.8 nF . . e ) . . . . . .
20 82 nF 7 T 7 . 7 . . . . .
BE 03 0nF .o .o .o . .. . . . . . . . . . .
23 2nF .o .o .o . .o 0 . . 0 0 0 . . 0 0
53 5nF .o .o oo . .o . . . . . ) . . . .
83 nE T ) T3 ) ) . . . . . . . . . .
223 22 nF T T 7 . T . . . . . . . .
273 27 nF .o .o oo .o .o . . . 0 . . . .
333 33 nF .o .o .o ) .o . . . . . . . . .
393 39 nF T T3 o T . . . . . . . . . .
473 47 nF T3 T3 T3 T . . . . . . . . . .
563 56 nF .. .. .o . . . . . 0 . . .
683 68 nF .o .o .o . . . 0 . 0 . . .
823 82 nF o . . . . . . . . . . .
704 700 nF T3 T . . . . . . . . . .
24 20 nF .. e . . . . . . .
54 50 nF .o oo . . . . . . 0
4 0 nF .o .. . . . . . . .
224 220 nF . . . . . . . .
274 270 nF . . . . . . . .
334 330nF . . . 0 . 0 .
394 390 nF . . . . . . .
474 470 nF 0 . . . 0 . 0
564 560 nF . . . . .
684 680 nF . . . . .
24 820 nF C . . . .
05 1.0 uF [ - . . .
25 12 uF
55 .5 uF
| 185 .8 uF
225 22 F
275 2.7 UF
335 3.3 uF
395 39F
475 4.7 uF
565 5.6 hF
685 6.8 uF
Notes

RoHS-compliant

*e Paper tape * Plastic tape
() See soldering recommendations within this data book, or visit www.vishay.com/doc?45034
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For technical questions, contact: micc@vishay.com
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V-ISHAY, VJ Commercial Series
www.vishay.com Vishay Vitramon
SELECTION CHART
DIELECTRIC X7R
STYLE vJigos (1 vJ1812 (1) vJi82s (1
CASE CODE 1808 1812 1825
VOLTAGE (Vpc) 50 | 100 | 200 | 500 | 1000 | 25 | 50 | 100 | 200 | 250 | 500 | 630 | 1000 | 25 | 50 | 100 | 200 | 250 | 500 | 1000
VOLTAGE CODE Al B [ E G X|/A|B|C|P|E L G X|A| B [} P E G
CAP.CODE | CAP.
21 120 pF
151 150 pF
18 180 pF
22 220 pF
27 270 pF
33 330 pF
391 390 pF
471 470 pF .
561 560 pF .
681 680 pF .
21 820 pF D
02 OnF . 0 . . .
) .2nF . . 0 . .
5. .5nF . . . . .
82 .8nF . . . . C
222 2.2nF . . . . .
272 2.7nF . . . . .
332 3.3nF . . . . .
392 3.9nF « [ - « [ o | -
472 4.7 nF . . . . . .
562 5.6nF . . . . . .
682 6.8 nF ° L . L o .
822 8.2nF e [ s | * « [ o | -
703 T0nE | & | = . . . . . . . o | e | o . . . .
23 2nF . . . . . . . . . . . . . . .
1 53 5nF . . 0 . . . . . . . . . . . .
83 18 nF . . . . . 0 . 0 . . . . . . .
223 22nF | o | o . . o [ e | o . . . . o [ e | o . . . .
273 27nF | o | o . . o | e | o . . . . o | e | o . . . .
333 33 nF . . 0 . . . . 0 . . . . . . . .
393 39 nF . . . 0 . . . . . . . . . . . .
473 A7nF | o | = . e [ s | o . . . o [ e | o . . . .
563 56nE | o | o . o | e | o . . . o | e | o . . . .
683 68 nF . . . . 0 . . . . . . . . . .
23 82 nF . . . 0 . . . . . . . . . . .
04 100nF | * . . . | . . 0 . 0 0 o | e . 0 . .
24 120nF | » | o e [ e | o . . o [ e | o . . .
54 150nF | » | » o | s | o . . o | e | o . . .
34 180nF | o . 0 0 . 0 . . . . . . .
224 220nF | . . . . . . . . . .
274 270 nE | * o [ e | o . . o [ e | o . .
334 330 nF o | e | o . . o | e | o . .
394 390 nF 0 . . . . . . . .
474 470 nF . . . 0 . . . . .
564 560 nF e [ e | o o [ e | o . .
684 680 nF ol [ . o |e . . .
824 820 nF will|iile . S . . .
105 1.0 uF 0 . . . . . 0
125 1.20F e e[«
155 15 uF « [ e[ *
185 1.8 uF Ol EG
225 2.2 F .
275 2.7 uF .
335 3.3 F
395 3.9uF
475 4.7 uF
565 5.6 uF
685 6.8 uF
Notes
RoHS-compliant
* Plastic tape
(1) See soldering recommendations within this data book, or visit www.vishay.com/doc?45034
Revision: 09-Sep-14 10 Document Number: 45199

For technical questions, contact: micc@vishay.com
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VJ Commercial Series

www.vishay.com

Vishay Vitramon

SELECTION CHART
DIELECTRIC X7R
STYLE VJ2220 M VJ2225 M VJ3640 M
CASE CODE 2220 2225 3640
VOLTAGE (Vpc) 50 100 | 200 | 500 | 25 50 | 100 | 200 | 500 | 1000 | 25 50 100 | 200 | 500
VOLTAGE CODE A B [ E X A B Cc E G X A B [ E
CAP. CODE CAP.
21 20 pF
51 50 pF
1 80 pF
221 220 pF
271 270 pF
331 330 pF
391 390 pF
471 470 pF
5¢ 560 pF
68 680 pF
8 820 pF
102 .0 nF
122 20F
152 5 nF
182 8nF
222 2.2nF
272 2.7nF
332 3.3 nF
392 3.9 nF
472 4.7 nF
562 5.6 nF
682 6.8 nF
822 8.2 nF
03 10 nF
23 12 nF
153 15 nF .
183 18 nF .
223 22 nF .
273 27 nF . . .
333 33 nF . . . . 0 . . . .
393 39 nF . . . . . . . . .
473 47 nF . . . . . . . . .
563 56 nF . . . . . . . . .
683 68 nF . . . . . . . . .
3 82 nF . . . . . . . . .
04 00 nF . . . . . . . . 0] 0]
24 20 nF . . . . . . . . .
54 50 nF . . . . . . . . .
184 180 nF . . . . . . . . . . . .
224 220 nF . . . . . . . . . . . 0 .
274 270 nF . . . 0 . . . . . . . . .
334 330 nF . . . 0 . . 0 . . . . . .
394 390 nF . . . . . . . . . . . .
474 470 nF . . 0 . . . . . . . . 0
564 560 nF . . . . . . . . . 0 0 .
684 680 nF . . . . . . . . . . . .
24 820 nF . . . . 0 . . . . . .
05 O uF . . . 0 . . 0 . . . .
25 .2 uF . . . 0 0 . . . . .
55 5 UF . . . . . . . .
5 8 UF . . . . . . . .
225 2.2 F . o [ . . . .
275 % pF . . . . .
335 33 F . . . .
395 391F . . . .
475 4.7 F . . .
565 56 UF .
685 6.8 uF e
Notes

RoHS-compliant
* Plastic tape

() See soldering recommendations within this data book, or visit www.vishay.com/doc?45034

Revision: 09-Sep-14
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For technical questions, contact: micc@vishay.com
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V-ISHAY VJ Commercial Series
®
www.vishay.com Vishay Vitramon
COG (NPO) DIELECTRIC - TYPICAL PARAMETERS
2TEMPEF!ATURE COEFFICIENT OF CAPACITANCE INSULATION RESISTANCE VS. TEMPERATURE
.0 - 10000
w 1.5 ; u
g 1.0 E §
g 1000
S.o0s5E —— ]
= E [NPO | g 100
5 -1.0E a
b T E E
-20E 10
-75 -50 -25 0 25 50 75 100 125 150 175 10 25 50 100 150
TEMPERATURE °C TEMPERATURE °C
AGING RATE VOLTAGE COEFFICIENT OF CAPACITANCE
0.2 0.2
% E =
C i &
z C ] C
£ o1 0.1
5 L 3 C
w E O L
= w f~
% 0.0 g oo
£ F z =
(%) e = L
g E g u
o -01 2 .01
ES B o [E:
F ES s
-02 -02 I’ L L L L L L "
1 10 100 1000 10 000 0 10 20 30 40 50 60 70 80 90 100
HOURS DC VOLTS APPLIED
CHANGE OF CAPACITANCE WITH FREQUENCY DISSIPATION FACTOR VS. FREQUENCY
2 0.001
8 - 3 -
g 5
5 = P B
W C =z E
g o ©0.0005
E L : L /
3] E o = /
E -1 £ & = /’
g n & r 1
E C F __..-/
L. = gt
-2 0.00025
1kHz 10 kHz 100 kHz 1 MHz 1 kHz 10 kHz 100 kHz 1 MHz
FREQUENCY FREQUENCY
Revision: 09-Sep-14 12 Document Number: 45199
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VISHAY. . VJ Commercial Series
Wi Vishay Vitramon

X7R DIELECTRIC - TYPICAL PARAMETERS
TEMPERATURE COEFFICIENT OF CAPACITANCE INSULATION RESISTANCE VS. TEMPERATURE
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www.vishay.com

Vishay Vitramon

STANDARD PACKAGING QUANTITIES (1(2)(3)

7" REEL QUANTITIES 11 1/4" AND 13" REEL QUANTITIES
CASE CODE | TAPE SIZE PAPER TAPE PLASTIC TAPE PAPER TAPE PLASTIC TAPE
PACKAGING CODE PACKAGING CODE PACKAGING CODE PACKAGING CODE
“c”/“0” T “Ppr 9 “R”
0402 8 mm 5000 n/a 10 000 n/a
0603 4 8 mm 4000 4000 10 000 10 000
0805 4 8 mm 3000 3000 10 000 10 000
1206 4 8 mm 3000 2500 / 3000 10 000 9000 /10 000
1210 @ 8 mm n/a 2000 / 2500 / 3000 n/a 9000 /10 000
1808 12mm n/a 2000 n/a 10 000
1812 12mm n/a 1000 n/a 4000
1825 12mm n/a 1000 n/a 4000
2220 12mm n/a 1000 n/a 4000
2225 12mm n/a 1000 n/a 4000
3640 16 mm n/a 500 n/a n/a
Notes

() Vishay Vitramon uses embossed plastic carrier tape
() REFERENCE: EIA standard RS 481 - “Taping of Surface Mount Components for Automatic Placement”

@ n/a = not available

@ Packaging “C”/ “P" /“O” / “I" and “T" / “R” or lower quantities can depend from product thickness

STORAGE AND HANDLING CONDITIONS

Precautions:

(1) Store the components at 5 °C to 40 °C ambient temperature and < 70 % relative humidity conditions.
(2) The product is recommended to be used within a time-frame of 2 years after shipment.
Check solderability in case extended shelf life beyond the expiry date is needed.

a. Do not store products in an environment containing corrosive elements, especially where chloride gas, sulfide gas, acid, alkali, salt or
the like are present. This may cause corrosion or oxidization of the terminations, which can easily lead to poor soldering.

b. Store products on the shelf and avoid exposure to moisture or dust.

c. Do not expose products to excessive shock, vibration, direct sunlight and so on.

Revision: 09-Sep-14
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VISHAY. Legal Disclaimer Notice
www.vishay.com Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their ownrisk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free
requirements as per JEDEC JS709A standards. Please note that some Vishay documentation may still make reference
to the IEC 61249-2-21 definition. We confirm that all the products identified as being compliant to IEC 61249-2-21
conform to JEDEC JS709A standards.

Revision: 02-Oct-12 1 Document Number: 91000
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42375

ENG. NO: A-42375-0002/0036

HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-ABA154
PIN LENGTH: L 455 /1156
MATING LENGTH: M .240/6.09
GOLD POINT: G N/A
PC TAILLENGTH: P .125/3.18
3 OVERALL
236
NO
NONE

PACKAGING: BULK PK-40873-0041
MATERIAL | _ENG
CKTS| NumBer | numer [OKTS
02 |22-28-4020 | A-42375-0002 | 20
03 A42375-0003 | 21
04 A42375-0004 | 22
A42375-0005| 23
A42375-0006 | 24 | 22-28-4240 | A42375-0024

A-42375-0007 | 25 |22-28-4250 | A-42375-0025

A-42375-0008 | 26 |22-28-4260 | A-42375-0026

A-42375-0009 | 27 |22-28-4270 |A-42375-0027
10 [22-28-4100 |A-42375-0010 | 28 |22-28-4280 |A-42375-0028
11 |22-28-4110 |A-42375-0011| 29 |22-28-4290 |A-42375-0029
12 |22-28-4120 |A-42375-0012| 30 |22-28-4300 |A-42375-0030
13 |22-28-4130 |A-42375-0013 | 31 |22-28-4310 |A-42375-0031
14 |22-28-4140 |A-42375-0014 | 32 |22-28-4320 |A-42375-0032
15 |22-28-4150 |A-42375-0015| 33 |22-28-4330 |A-42375-0033
16 |22-28-4160 |A-42375-0016 | 34 |22-28-4340 |A-42375-0034

A-42375-0017 | 35 |22-28-4350 |A-42375-0035

A42375-0018 | 36 |22-28-4360 |A-42375-0036

ENG. NO: A-42375-0037/0071

HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-ABB208
PIN LENG' 455/11.56
MATING LENGTH: M 24016.09
GOLD POINT: G 100/254
PC TAIL LENGTH: P 125/3.18
TIN: T 1007254
[CKTS:

KINKS:

PACK
CKTS

02

03

04 A-42375-0039

05 A-42375-0040 | 23 | 22-28-4233 | A-42375-0058
06 A-42375-0041| 24 | 22-28-4243 | A-42375-0059
07 | 22-28-4073 |A-42375-0042| 25 |22-28-4253 | A-42375-0060
[ 08 | 22-28-4083 |A42375-0043| 26 | 22-28-4263 | A-42375-0061
09 | 22-28-4093 |A-42375-0044 | 27 |22-28-4273 |A-42375-0062
[ 10 | 22-28-4103 |A42375-0045| 28 | 22-28-4283 | A-42375-0063
11| 22284113 |A42375-0046 A-42375-0064
12| 22-28-4123 |A42375-0047 | A-42375-0065 |
13| 22-28-4133 | A42375-0048 A-42375-0066
14| 22284143 |A42375-0049 | 32 | 22284323 |A-42375-0067
15 | 22.28-4153 |A42375-0050 A-42375-0068
16 | 22-28-4163 |A-42375-0051 A423750069
| 17 | 22-28-4173 |A-42375-0052| |A-42375-0070|
18 | 22-28-4183 |A42375-0053 A-42375-0071

19 |22-28-4190 |A-42375-0019 19 | 22-28-4193 |A-42375-0054
REV s |TE KK 100 HEADER ASSY SHEETNe.
T19 FLAT VERTICAL 2.
ATE 872014 BREAKAWAY
DOCUMENT NUMBER: CREATED / REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER ] NNGUYEN FSMITH

TEMPLATE FILENAME PRODUCT_SPE CISZE_A(V.1) DOC

2375
ENG. NO; A42375-0002/0036 ENG. NO: A42375-0037/0071
HEADER NUMBER: 42312.00% HEADER NUMBER: 42312:00%
PIN NUMBER: 42663-ABATS4 PIN NUMBER: 42663-ABB208
PINLENGTH: L 455/1156 PINLENGTH: L 455/1156
MATING LENGTH: M 2407609 MATING LENGTH: M 2407609
GOLD POINT: G NA GOLD POINT: G 1007254
PC TAILLENGTH: P 1251318 PC TAILLENGTH: P 1257318
TIN: T OVERALL TN T 100/2554
CcKTS: 2:36 cKTS: 2.3
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE
BULK PK40873:0041 PACK BULK _PK-40873-0041
ENG ENG MATERAL | ENG
NUMBER [CKTS R NumBer |°KTS| NUMBER | NUMBER
A42375-0002 | 20 2 A42375-0037| 20 | 22-284203 |A42375-0055
A42375-0003| 21 0 A42375-0038| 21 |22.284213 |A42375-0056
04 |22-28-4040 | A42375-0004 | 22 | 22-28-4220 | A42375-0022 0 A42375-0039| 22 | 22-284223 |A42375-0057
05 |22-28-4050 | A42375-0005 | 23 | 22-28-4230 | A42375-0023 05 A42375-0 3 |A42375-0058
% A42375-0006| 24 o6 | 4423750
7423750007 | 25 Fo7 | A423754 A42375-0060
A42375-0008 | 26 08 A42375-0 A42375-0061
A42375-0000| 27 09 | 22284083 |A423750 A42375-0062
10_[22:28-4100 | A42375-0010| 28 | 22-28-4280 | A42375-0028 10 | 22-284103 |A42375 A42375-0063)
11_|22.28-4110 | A42375-0011 | 29 |22-28-4290 | A42375-0028 11 | 22-28-4113_|A42375-00 A42375-0064 |
12_|22.28-4120 | A42375-0012 | 30 | 22-28-4300 | A42375-0030 12| 22.284123 |A42375-00 A42375-0065 |
13 [22:28-4130 | A42375-0013 | 31 | 22-28-4310 | A42375-0031 13| 22:284133 |A42375-00 'A42375-0066
14_[22:28-4140 | A42375-0014 | 32 | 22.28-4320 | A42375-0032 14 | 22.284143 |A42375-004 22 423750067
16_[22:28-4150 | A423750015| 33 | 22-28-4330 | A42375-0033 15 | 22.284153 |A42375-0050 A42375-0068
16 [22:28-4160 | A42375-0016] 34 | 22-28-4340 | A42375-0034 16 | 22-284163 |A423750051 423750069
17 |22:28-4170 | A42375-0017 | 35 | 22-28-4350 | A42375-0035 17 | 22-284173 |A42375-0052 A42375.0070
18| 22-28-4180 | A42375-0018 | 36 | 22-28-4360 | A42375-00% 18 | 22-284183 |A42375-0053 A42375-0071
18 [22:28-4190 | A42375-0018 19 | 22.284193 |A42375-0054
V: :CR/ECN INFO! TION: m % lo.
B A e [ = KK 100 HEADER ASSY SHERTHs
FLAT VERTICAL -
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED REVISEDBY: CHECKEDBY. APPROVEDBY.
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAVE PRODUCT_SPE GSZE_AIIY. 1) DOC.
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2375
ENG. NO: A-42375-0072/0106 ENG. NO: A42375-0107/0141
HEADER NUMBER: 42312.00% HEADER NUMBER: 423120036
PIN NUMBER: 42663-ABB228 PIN NUMBER: 42663-ATAI54
PIN LENGTH: L 45571156 PIN LENGTH: L 53071346
MATING LENGTH: M 24076.09 MATING LENGTH: M 3207843
GOLD POINT: G 100/254 GOLD POINT: G NA
PC TAILLENGTH: P 125/3.18 PC TAILLENGTH: P 120/305
TIN: T 1007254 TIN. T OVERALL
CKTS: 236 CKTS: 2.36
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS:
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL | ENG VATERIAL | ENG MATERAL | ENG MATERAL | ENG
CKTS| Numeer | numeer [“KTS| NumBer | NUMBER CKTS| ‘NumBer | Numeer |°KTS| NUMBER | NUMBER
02 |22-28-4026 | A42375-0072| 20 | 22-28-4206 | A42375-0090 02 | 22-284021 |A42375-0107| 20 |22-284201 |A42375-0125
03 [22-28-4036 | A42375-0073 | 21 | 22-28-4216 | A42375-0091 03 | 22-284031 |A42375-0108| 21 |22-284211 |A42375-0126
04 [22-28-4046 | A42375-0074 | 22 | 22-28-4226 | A42375-0092 04 | 22.284041 |A42375.0100] 22 | 22-284221 |A42375-0127
05 |22-28-4056 | A42375-0075| 23 | 22-28-4236 | A42375-0093 05 | 22284051 |A42375-0110 23 |22-284231 |A42375-0128
06 [22-28-4066 | A42375-0076 | 24 | 22-28-4246 | A42375-0094 06 | 22284061 |A42375-0111] 24 | 22-284241 |A42375-0129
07 [22:28-4076 | A42375-0077 | 25 | 22-28-4256 | A42375-0095 07 | 22:284071 |A42375-0112| 25 | 22-28-4251 |A42375-0130
08 [22-284086 | A42375-0078 | 26 | 22-28-4266 | A42375-0096 08 | 22.284081 |A42375-0113| 26 | 22-284261 |A42375-0131
09 [22:28-4096 | A42375-0079 | 27 |22-28-4276 | A42375-0087 00 | 22-284091 |A42375-0114| 27 | 22-284271 |A42375-0132
10 |22-28-4106 | A42375-0080 | 28 | 22.-28-4286 | A42375-0098 10 | 22284101 |A42375:0115| 28 | 22-284281 |A42375:0133
11_|22-28-4116 | A42375-0081| 29 | 22-28-4296 | A42375-0099 11| 22-284111 |A42375:0116| 29 | 22-28-4291 |A42375-0134
12_|22-28-4126 |A42375-0082 | 30 | 22-28-4306 | A42375-0100 12| 22284121 |A42375-0117| 30 | 22-284301 |A42375:0135
13 [22-28-4136 | A42375-0083 | 31 | 22.28-4316 | A42375-0101 13 | 22-284131 |A423750118| 31 |22.284311 |A423750136
14 [22-28-4146 | A42375-0084 | 32 | 22-28-4326 | A42375-0102 14 | 22284141 |A42375:0110] 32 | 22-284321 |A42376:0137
16 |22-28-4156 | A42375-0085 | 33 | 22-28-4336 |A42375-0103 16 | 22284151 |A42375-0120| 33 | 22-284331 |A42375-0138
16 |22-28-4166 | A42375-0086 | 34 | 22-28-4346 | A42375-0104 16 | 22284161 |A42375-0121| 34 | 22-28-4341 |A42375-0139
17_|22-28-4176 |A42375-0087 | 35 | 22-28-4356 | A42375-0105 17 | 22284171 |A42375-0122| 35 | 22-284351 |A42375-0140
18_|22-28-4186 |A42375-0088 | 36 | 22.28-4366 | A-42375-0106 18 | 22284181 |A42375-0123| 36 | 22-284361 |A42375-0141
19 [22-28-4196 | A42375-0089 19 | 22-284191 |A42375:0124
REV: ECRIECN INFORMATION: TILE: ——— SHEET No.
T19 CNo:  UCP2014-3273 Bl ety A
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED REVISED BY. CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V 1) DOC
42375
ENG.NO: A-42375.0142/0176 ENG. NO: A42375:0177/0211
HEADER NUMBER: 42312:00% HEADER NUMBER: 423120036
PIN NUMBER: 42663.ATB208 PIN NUMBER: 42663-ATB228
PIN LENGTH: L 53071346 PIN LENGTH: L 53011346
MATING LENGTH: M 320/8.13 MATING LENGTH: M 3207813
GOLD POINT: G 1407356 GOLD POINT: G 1407356
PC TAILLENGTH. P 1207305 PC TAILLENGTH. P 120/3.05
TIN: T 135/343 TN T 131/3.43
CKTS: 236 CKTS: 2.36
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL | ENG MATERIAL | ENG VATERAL | _ENG MATERAL | ENG
[CKTS| NumBER | NUMBER |“KTS| NUMBER | NUMBER CKTS| ‘Numeer | numBer |OKTS| NUMBER | NUMBER
02 |22-26-4024 | A42375-0142 | 20 |22-28-4204 | A42375-0160 02 | 22284027 |A423750177| 20 | 22-284207 |A423750195
03 | 22-28-4034 |A42375-0143 | 21 | 22-28-4214 | A42375-0161 03 | 22284037 |A423750178| 21 | 22-284217 |A4237501%
04 [22-28-4044 | A42375-0144 | 22 |22-28-4224 | A42375-0162 04 | 22284047 |A423750179| 22 | 22-284227 |A423750197
05 |22.-28-4054 | A42375-0145 | 23 | 22-28-4234 | A42375-0163 05 | 22.284057 |A42375-0180| 23 |22-284237 |A423750198
06 | 22-28-4064 |A42375-0145 | 24 | 22-28-4244 | A42375-0164 06 | 22284067 |A42375-0181] 24 | 22-284247 |A42375-0199
07 |22:28-4074 | A42375-0147 | 25 |22-28-4254 | A42375-0165 07 | 22284077 |A423750182| 25 | 22-284257 |A42375:0200
08 | 22-26-4084 |A42375-0148 | 26 | 22-28-4264 | A42375-0166 08 | 22-284087 |A42375-0183| 26 | 22-284267 | A42375-0201
09 [22-28-4094 |A42375-0149 | 27 |22-28-4274 | A42375-0167 09 | 22284097 |A42375-0184| 27 | 22-284277 |A42375-0202
10 |22.28-4104 | A42375-0150| 28 |22.28-4284 | A42375-0168 10 | 22-284107 |A42375.0185| 28 | 22.284287 |A423750203
11| 22:28-4114 | A42375-0151 | 29 | 22-28-4294 | A42375-0169 11 | 22.28-4117 |A42375-0186| 29 | 22-284297 |A423750204
12| 22.28-4124 | A42375-0152 | 30 | 22-28-4304 | A42375-0170 12 | 22284127 |A42375-0187| 30 | 22-284307 |A 423750205
13 [22.28-4134 | A42375-0153 | 31 | 22.28-4314 | A42375-0171 13 | 22.284137 |A42375-0188| 31 | 22-284317 |A423750206
14| 22.28-4144 | A42375-0154 | 32 | 22-28-4324 | A42375-0172 14 | 22-28-4147 |A42375-0189| 32 | 22-284327 |A423750207
15| 22.28-4154 |A42375-0155 | 33 | 22-28-4334 | A42375-0173 15 | 22-284157 |A42375-0190| 33 | 22-284337 |A423750208
16 | 22.28-4164 |A42375-0156 | 34 | 22.28-4344 | A42375-0174 16 | 22-284167 |A42375-0191] 34 |22-284347 |A423750200
17 |2228-4174 |A42375-0157 | 35 | 22-28-4364 | A42375-0175 17 | 22.284177 |A42375-0192| 35 | 22-284357 |A423750210
18 |22.28-4184 | A42375-0158| 36 | 22.28-4364 | A42375-0176 18 | 22-284187 |A42375-0193 36 | 22-284367 |A423750211
19 |22.28-4194 | A42375-0169 19 | 22.28-4197 |A42375-0194
REV: ECRIECN INFORMATION: TITLE: SHEET No.
UCP2014-3273 KK 100 HEADER ASSY .
FLAT VERTICAL .
8712014 BREAKAWAY
DOCUMENT NUMBER. CREATED/ REVISEDBY. CHECKED BY. APPROVEDBY.
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECSIZE_AJ(V.1) DOC.
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Angel Hernandez Gonzéalez

42375
ENG. NO: A-42375-021200248 ENG. NO: A-42375-0247/0281
HEADER NUMBER: 42312-0036 HEADER NUMBER: 423120036
PIN NUMBER: 42663-AMA154 PIN NUMBER: 42663-AMB208
PIN LENGTH: L 505/12.83 PIN LENGTH: L 505/ 12.83
MATING LENGTH: M .295/7.49 MATING LENGTH: M 295/7.49
GOLD POINT: G N/A GOLD POINT: G .140/3.56
PC TAILLENGTH: P .120/3.05 PC TAILLENGTH: P 120/3.05
TIN: T OVERALL TIN: T 135/3.43
CKTS: 2:38 CKTS: 236
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
MATERIAL | ENG MATERIAL | ENG
C<TS| Nuweer | nuveer TS| Nuveer | uveer ox7s| \Uneer | nuveer |5 'NuwBER | NOMBER
02 |22-28-4022 |A-42375-0212| 20 |22-28-4202 |A-42375-0230 02 | 22.28-4025 |A-42375-0247 | 20 | 22-28-4205 |A-42375-0265
03 |22:28-4032 | A42375-0213 | 21 |22-28-4212 | A42375-0231 03 | 22284035 |A42375:0248 | 21 | 22.284215 | A42375-0266
04 |22-28-4042 A-42375-0214 | 22 |22-28-4222 | A-42375-0232 04 | 22-284045 |A-42375-0249| 22 |22-284225 |A-42375-0267
05 |22-28-4052 |A-42375-0215 | 23 |22-28-4232 | A-42375-0233 05 | 22-28-4055 |A-42375-0250| 23 |22-28-4235 | A-42375-0268
06 |22:28-4062 | A42375-0216 | 24 | 22-28-4242 | A42375-0234 06 | 22.284065 |A42375:0251| 24 | 22284245 | A42375-0269
07 [22-28-4072 |A-42375-0217 | 25 |22-28-4252 | A-42375-0235 07 | 22-28-4075 |A-42375-0252| 25 |22-28-4255 |A-42375-0270
08 |2226-4082 [A42376:0218] 26 |22-26-4262 | A42375-0236 08 | 22-28-4085 |A-42375-0253| 26 |22-28-4265 |A-42375-0271
09 |22-28-4092 | A-42375-0219 | 27 |22-28-4272 | A42375-0237 09 | 22284095 |A42375:0254 | 27 | 22-284275 | A423750272
10 |22-28-4102 |A-42375-0220| 28 |22-28-4282 | A-42375-0238 10 | 22.284105 |A-42375-0255| 28 |22-28-4285 |A-42375-0273
11_|22-28-4112 |A42375-0221| 29 |22-28-4202 | A42375-0239 11 | 22.284115 |A42375.0256 | 29 | 20284295 | A-42375-0274
12 |22-28-4122 | A42375-0222| 30 |22-28-4302 |A-42375-0240 12| 22284125 |A-42375-0257 | 30 |22-28-4305 |A-42375-0275
13 |22-28-4132 |A-42375-0223 | 31 |22-28-4312 | A-42375-0241 13 | 22-28-4135 |A42375-0258| 31 | 22-28-4315 | A-42375-0276
14 |22-28-4142 |A42375-0224 | 32 |22-28-4322 | A42375-0242 14 | 22.284145 |A42375.0050| 32 | 22284325 | A42375-0277
15 |22-28-4152 |A-42375-0225 | 33 |22-28-4332 | A-42375-0243 15 | 22-28-4155 |A42375-0260| 33 | 22-28-4335 | A-42375-0278
16 |22-28-4162 |A42375-0226 | 34 |22-28-4342 |A-42375-0244 16 | 22-284165 |A-42375-0261| 34 |22-28-4345 |A-42375-0279
17_|22-28-4172 | A-42375-0227 | 35 |22-28-4352 | A-42375-0245 17 | 22-284175 |A42375-0262| 35 | 22-28-4355 | A-42375-0280
18 |22-28-4182 | A42375-0228 | 36 |22-28-4362 | A42375-0246 18 | 22284185 |A42375-0263| 36 | 22.284365 | A42375-0281
19 |22-28-4192 | A42375-0229 19 | 22-284195 |A42375-0264
REV: ECR/ECN INFORMATION: TITLE: —— SHEET No.
T19 UCP2014-3273 FLAT VERTICAL .5.
ATE: 8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEC(SZE_AJ(V. 1) DOC
42375
ENG.NO: A-42375-0282/0316 ENG. NO: A-42375-0317/0351
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-AMB228 PIN NUMBER: 42663-ADA154
PIN LENGTH: L 505/12.83 PIN LENGTH: L 465/11.81
MATING LENGTH: M .295/7.49 MATING LENGTH: M 240/6.09
GOLD POINT: G 1407356 GOLD POINT: G NA
PC TAILLENGTH: P 120/3.05 PC TAIL LENGTH: P 135/3.43
TIN: T 135/343 TIN: T OVERALL
CKTS: 236 CKTS: 236
KINKS: NO KINKS: SMES-42003
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL | ENG MATERIAL | ENG MATERIAL | ENG MATERIAL | ENG
CKTS| numeer | nNumser |CKTS| NUMBER | NUMBER CKTS| ‘Numeer | Numeer [CKTS|'NUMBER | NUMBER
02 | 22-28-4028 |A-42375-0282 | 20 | 22-28-4208 |A42375-0300 02 |22-28-5020 |A-42375-0317 | 20 | 22-28-5200 |A-42375-0335
03 |22-28-4038 |A-42375-0283 | 21 | 22-28-4218 | A42375-0301 03 |22-28-5030 |A-42375-0318 | 21 | 22-28-5210 |A-42375-0336
04| 22284048 |A-42375-0284 | 22 |22.28-4228 | A42375-0302 04 | 22285040 |A-42375-0319 | 22 | 22-28-5220 | A-42375-0337
05 |22-28-4058 |A-42375-0285 | 23 | 22-28-4238 |A42375-0303 05 | 22285050 |A-42375-0320 | 23 | 22-28-5230 | A-42375-0338
06 |22-28-4068 |A-42375-0286 | 24 | 22-28-4248 |A42375-0304 06 | 22-28-5060 |A-42375-0321 | 24 | 22-28-5240 | A-42375-0339
07 |22-28-4078 |A-42375-0287 | 25 | 22-28-4258 | A-42375-0305 07 | 222855070 |A-42375-0322 | 25 | 22-285250 | A-42375-0340
08 |22-28-4088 |A-42375-0288 | 26 | 22-28-4268 | A-42375-0306 08 |22-28-5080 |A-42375-0323 | 26 | 22-28-5260 |A-42375-0341
09 |22-28-4008 |A-42375-0289 | 27 |22-28-4278 | A42375-0307 09 |22-28-5090 |A-42375-0324 | 27 |22-28-5270 |A-42375-0342
10 |22-28-4108 |A42375-0290 | 28 | 22-28-4288 | A-42375-0308 10 |22-28-5100 |A42375-0325 | 28 | 22-28-5280 |A-42375-0343
11_|22-28-4118 |A42375-0291 | 29 |22-28-4298 | A-42375-0309 11 [22-28-5110 |[A42375-0326 | 29 | 22-28-5290 | A-42375-0344
12_|22-28-4128 |A42375-0192 | 30 |22-28-4308 | A-42375-0310 12_|22-28-5120 |A42375-0327 | 30 |22-28-5300 | A-42375-0345
13 |22-28-4138 |A42375-0293 | 31 |22-28-4318 | A42375-0311 13 |22-285130 |A42375-0328 | 31 |22-28-5310 |A-42375-0346
14 |22-28-4148 |A42375-0294 | 32 | 22-28-4328 | A-42375-0312 14 |22-2855140 |A-42375-0329 | 32 |22-28-5320 |A-42375-0347
15 |22-28-4158 | A42375-0295 | 33 | 22-28-4338 | A42375-0313 15_|22-28-5150 |A42375-0330 | 33 | 22-28-5330 | A42375-0348
16 _|22-28-4168 |A42375-0296 | 34 |22-28-4348 | A-42375-0314 16| 22-28-5160 |A42375-0331 | 34 |22-28-5340 |A-42375-0349
17 |22-28-4178 |A42375-0297 | 35 | 22-28-4358 | A-42375-0315 17 |22-28-5170 |A42375-0332 | 35 | 22-28-5350 | A-42375-0350
18 | 22-28-4188 |A-42375-0208 | 36 | 22-28-4368 | A-42375-0316 18 |22-28-5180 |A42375-0333 | 36 | 22-28-5360 | A42375-0351
19 |22-28-4198 | A42375-0299 19 |22-285190 |A42375-0334
REV: ECR/ECN INFORMATION: TITLE: SHEET No.
UCP2014-3273 KK 100 HEADER ASSY
FLAT VERTICAL -6-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE

FILENAME: PRODUCT_SPEG{SIZE_AJ(V.1). DOC
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22-28-5073 |A-42375-0357 | 25

22-28-5253 | A-42375-0375

sls 3

22-28-5083 |A-42375-0358 | 26
22-28-5093 |A-42375-0359 | 27

|22:28-5263 | A42375.0376
22-28-5273 | A-42375-0377

10 |22-28-5103 |A-42375-0360 | 28

22-28-5283 | A-42375-0378

11| 22-28-5113 |A-42375-0361 | 29

22-28-5293 | A-42375-0379

12 |22-28-5123 | A-42375-0362 | 30

22-28-5303 | A-42375-0380

13 |22-28-5133 |A-42375-0363 | 31

22-28-5313 | A-42375-0381

14 |22-28-5143 |A-42375-0384 | 32
15 |22-28-5153 |A-42375-0365 | 33

22-28-5323 | A-42375-0382
22-28-5333 | A-42375-0383

16 |22-28-5163 |A-42375-0366 | 34

22-28-5343 | A-42375-0384

17 |22-28-5173 | A42375-0367 | 35

22-28-5353 | A-42375-0385

18 |22-28-5183 |A-42375-0368 | 36

22-28-5363 | A-42375-0386

19 |22-28-5193 | A-42375-0369

42375
ENG. NO: A-42375-0352/0386 ENG. NO: A-42375-0387/0421

HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036

PIN NUMBER: 42663-ADB208 PIN NUMBER: 42663-ADB228

PIN LENGTH: L 465/11.81 PIN LENGTH: L 465/11.81

MATING LENGTH: M .240/6.09 MATING LENGTH: M 240/6.09

GOLD POINT: G 1007254 GOLD POINT: G 100 /2.54

PC TAILLENGTH: P 135/343 PCTAIL LENGTH: P 135/3.43

TIN. T 100/ 254 TIN: T :100/2.54

CKTS: 236 CKTS: 236

KINKS: SMES-42003 KINKS: SMES-42003

VOIDED CKTS: NONE VOIDED CKTS: NONE

PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041

MATERIAL ENG MATERIAL ENG

ocTS | 'NUABER | NUMBER (OS] NUMBER | NUMBER CKTS| NumBer | numeer |°KTS| NUMBER | NUMBER
02 |22-28-5023 | A42375-0352 | 20 | 22-28-5203 | A42375-0370 02 | 22-28-5026 |A-42375-0387 | 20 | 22-28-5206 | A-42375-0405
03 |22-28-5033 |A42375-0353 | 21 | 22-28-5213 | A-42375-0371 03 | 22-28-5036 |A-42375-0388 | 21 |22-28-5216 |A-42375-0406
04 |22-28-5043 | A42375-0354 | 22 | 22-28-5223 | A-42375-0372 04 |22-28-5046 |A-42375-0389 | 22 |22-28-5226 |A-42375-0407
05 |22-28-5053 | A42375-0355 | 23 | 22-28-5233 | A-42375-0373 05 |22-28-5056 |A-42375-0390 | 23 |22-28-5236 |A-42375-0408
06 |22-28-5063 |A42375-0356 | 24 | 22-28-5243 | A42375-0374 06 | 22-28-5066 |A-42375-0391 | 24 | 22-28-5246 | A-42375-0409

07 |22-28-5076 |A-42375-0392 | 25

22-28-5256 | A-42375-0410

08 | 22-28-5086 |A-42375-0393 | 26
09 |22-28-5096 |A-42375-0394 | 27

22-28-5266 |A-42375-0411
22-28-5276 |A-42375-0412

10 |22-28-5106 |A-42375-0395 | 28
11 | 22-28-5116 |A-42375-0396 | 29

22-28-5286 |A-42375-0413
22-28-5296 |A-42375-0414

12 | 22-28-5126 |A-42375-0397 | 30

22-28-5306 |A-42375-0415

13 | 22-28-5136 |A-42375-0398 | 31

22-28-5316 |A-42375-0416

14 |22-28-5146 |A-42375-0399 | 32

22-28-5326 |A-42375-0417

15 |22-28-5156 |A-42375-0400 | 33

22-28-5336 |A-42375-0418

16 | 22-28-5166 |A-42375-0401| 34

22-28-5346 |A-42375-0419

17 | 22-28-5176 |A-42375-0402 | 35
18 | 22-28-5186 |A-42375-0403 | 36

22-28-5356 |A-42375-0420
22-28-5366 |A-42375-0421

19 | 22-28-5196 | A-42375-0404

REV: ECR/EUC:Pl;loF?‘;R;A:;;ON TITLE: KK 100 HEADER ASSY SHEET No.
FLAT VERTICAL = 4
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED REVISEDBY. CHECKEDBY. APPROVEDBY-
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE RLENAME PRODUCT_ SPECISZE_AJ(V.7).DOC
42375
ENG. NO: A-42375-0422/0456 ENG. NO: A-42375-0457/0491
HEADER NUMBER: 42312003 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-AYA154 PIN NUMBER: 42663-AYB208
PIN LENGTH: L .545/13.84 PIN LENGTH: L .545/13.84
MATING LENGTH: M .320/8.13 MATING LENGTH: M .320/8.13
GOLD POINT: G N/A GOLD POINT: G 140 /3.56
PC TAILLENGTH: P .135/343 PC TAIL LENGTH: P .135/3.43
TIN: T OVERALL TIN: T .135/3.43
CKTS: 2-36 CKTS: 2-36
KINKS: SMES-42003 KINKS: SMES-42003
VOIDED CKTS: VOIDED CKTS: NONE
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL ENG MATERIAL ENG MATERIAL ENG MATERIAL ENG
CKTS| Numeer | numeer [°KTS| NUMBER | NumBER CKTS| Numeer | numeer (°KTS| NUMBER | NuMBER
02 |22-28-5021 |A-42375-0422 | 20 |22-28-5201 |A-42375-0440 02 | 22-28-5024 [A-42375-0457 | 20 | 22-28-5204 |A-42375-0475
03 |22-28-5031 |A-42375-0423 | 21 |22-28-5211 | A42375-0441 03 |22-28-5034 |A-42375-0458 | 21 |22-28-5214 |A-42375-0476
04 |22-28-5041 |A-42375-0424 | 22 |22-28-5221 | A-42375-0442 04 |22-28-5044 |A-42375-0459 | 22 | 22-28-5224 |A-42375-0477
05 |22-28-5051 |A-42375-0425 | 23 |22-28-5231 | A42375-0443 05 |22-28-5054 |A-42375-0460 | 23 | 22-28-5234 |A-42375-0478
06 |22-28-5081 |A-42375-0426 | 24 |22-28-5241 | A-42375-0444 06 |22-28-5064 |A-42375-0461| 24 | 22-28-5244 |A-42375-0479
07 |22-28-5071 |A-42375-0427 | 25 |22-28-5251 | A42375-0445 07 |22-28-5074 |A-42375-0462 | 25 | 22-28-5254 |A-42375-0480
08 |22-28-5081 |A-42375-0428 | 26 |22-28-5261 |A42375-0446 08 |22-28-5084 |A-42375-0463 | 26 |22-28-5264 |A-42375-0481
09 |22.28-5091 | A-42375-0429 | 27 |22-28-5271 | A42375-0447 09| 22-28-5004 |A42375-0464 | 27 | 22-28-5274 |A42375-0482
10 |22-28-5101 |A-42375-0430 | 28 |22-28-5281 | A42375-0448 22-28-5104 |A-42375-0465 | 28 | 22-28-5284 |A-42375-0483
11 | 22-28-5111 |A-42375-0431 | 29 |22-28-5291 | A-42375-0449 22-28-5114 |A-42375-0466 | 29 | 22-28-5294 |A-42375-0484
12 [22:28-5121 | A42375-0432| 30 |22-28-5301 | A42375-0450 12 [22-285124 |A42375-0467 | 30 | 22-28:5304 |A42375-0485
13 |22-28-5131 |A-42375-0433 | 31 |22-28-5311 |A-42375-0451 13 |22-28-5134 |A-42375-0468 | 31 | 22-28-5314 |A-42375-0486
14 | 22-28-5141 |A-42375-0434 | 32 |22-28-5321 |A42375-0452 14 |22-28-5144 |A-42375-0469 | 32 | 22-28-5324 |A-42375-0487
15 |22-28-5151 |A-42375-0435| 33 |22-28-5331 |A42375-0453 15 |22-28-5154 |A-42375-0470 | 33 | 22-28-5334 |A-42375-0488
16 |22-28-5161 |A-42375-0436 | 34 |22-28-5341 | A-42375-0454 16 |22-28-5164 |A-42375-0471| 34 | 22-28-5344 |A-42375-0489
17 | 22-28-5171 |A-42375-0437 | 35 |22-28-5351 | A42375-0455 17 |22-28-5174 |A-42375-0472 | 35 | 22-28-5354 |A-42375-0490
18 |22-28-5181 |A-42375-0438 | 36 |22-28-5361 |A-42375-0456 18 |22-28-5184 |A-42375-0473 | 36 | 22-28-5364 |A-42375-0491
19 | 22-28-5191 | A-42375-0439 19 |22-28-5194 |A-42375-0474
REV: Ef INFOI TION: T R SH No.
ey . KK 100 HEADER ASSY SHESLNG:
FLAT VERTICAL 8-
8712014 BREAKAWAY
DOCUMENT NUMBER. CREATED/ REVISEDBY: CHECKEDBY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V 1) DOC
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11 _|22-28-5117 |A-42375-0501 | 29 |22-28-5297 |A-42375-0519
12 |22-28-5127 |A-42375-0502 | 30 |22-28-5307 |A-42375-0520

13 |22-28-5137 |A-42375-0503 | 31 |22-28-5317 |A-42375-0521
14 | 22-28-5147 |A-42375-0504 | 32 |22-28-5327 |A-42375-0522

15 |22-28-5157 |A-42375-0505 | 33 |22-28-5337 | A-42375-0523
16 |22-28-5167 |A-42375-0506 | 34 |22-28-5347 | A-42375-0524

17 |22-28-5177 |A-42375-0507 | 35 |22-28-5357 | A-42375-0525

18 |22-28-5187 |A-42375-0508 | 36 |22-28-5367 | A-42375-0526

19 |22-28-5197 |A-42375-0509

22375
ENG.NO: A-423750492/0526 ENG.NO: A-42375-0527/0561
HEADER NUMBER: 42312003 HEADER NUMBER: 42312003
PIN NUMBER: 42663-AYB228 PIN NUMBER: 42663-ARATEA
PIN LENGTH: L 545/1384 PIN LENGTH: L 520/1321
MATING LENGTH: M 320/8.13 MATING LENGTH: M 295/7.49
GOLD POINT: G 1407356 GOLD POINT: G NA
PC TAILLENGTH. P 135/343 PC TAIL LENGTH: P 1351343
TIN: T 135/343 TIN: T OVERALL
CKTS: 236 CKTS: 236
KINKS: SMES-42003 KINKS: SMES-42003
VOIDED CKTS: NONE VOIDED CKTS NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
MATERIAL | ENG MATERIAL| ENG MATERIAL| _ENG MATERAL | ENG
CKTS| ‘NumBer | NUMBER |%XTS| NUMBER | NUMBER CKTS| Numeer | numBer (°KTS| NUMBER | NUMBER
02 |22-28-5027 | A42375-0492 | 20 | 22-28-5207 | A42375-0510 02 |22-28-5022 | A42375-0527 | 20 | 22-28-5202 | A42375-0545
03 |22.28-5037 | A42375-0493 | 21 | 22-28-5217 | A42375-0511 03 |22.28-5032 |A42375-0528 | 21 | 22-28-5212 | A-42375-0546
04 |22-28-5047 | A42375-0494 | 22 | 22-28-5227 | A42375-0512 04 |22-28-5042 |A42375-0529 | 22 | 22-28-5222 | A42375-0547
05 |22.28.5057 | A42375.0495 | 23 | 22.28-5237 | A42375.0513 05 |22.28.5052 |A423750530 | 23 | 22.28.5232 | A-42375.0548
06 |22.28-5067 | A42375-0496 | 24 | 22-28-5247 | A42375-0514 06 | 22285062 |A-423750531 | 24 | 22.28.5242 | A-42375.0549
7 |22.28-5077 | A42375-0497 | 25 | 22-28-6257 | A42376-0615 07 |22-28:5072 |A42375-0532 | 25 | 22-28-6252 | A-42375-0650
8 |22-28-5087 | A-42375-0498 | 26 | 22.28-5267 | A42375-0516 08 |22.285082 |A-42375-0533 | 26 | 22-28-6262 | A-42375-0651
0 |22-28-5007 | A42375-0499 | 27 |22-28-5277 | A42375-0517 09 |22-28-5092 |A42375-0534 | 27 | 22-28-6272 | A-42375-0552
0 |22.28-5107 | A42375-0500 | 28 | 22-28-5287 | A42375-0518 10 [22-28-5102 |A42375-0535 | 28 | 22-28-5282 | A423750553

11 |22-28-5112 |A-42375-0536 | 29 |22-28-5292 |A-42375-0554

12 |22-28-5122 |A-42375-0537 | 30 |22-28-5302 |A-42375-0555

13 |22-28-5132 |[A-42375-0538 | 31 |22-28-5312 |A-42375-0556
14 |22-28-5142 |A-42375-0539 | 32 |22-28-5322 |A-42375-0557
15 |22-28-5152 |A-42375-0540 | 33 |22-28-5332 |A-42375-0558
16 | 22-28-5162 |A-42375-0541| 34 |22-28-5342 | A-42375-0559

17 |22-28-5172 |A-42375-0542 | 35 |22-28-5352 | A-42375-0560

18 |22-28-5182 | A-42375-0543 | 36 |22-28-5362 |A-42375-0561

19 [22-28-5192 | A-42375-0544

] INF¢ i il s T No.
REY ECRE::P:D:)E::;‘ION = KK 100 HEADER ASSY SHEETHe
T19 FLAT VERTICAL _9.
ATE: 8712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKED BY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME. PRODUCT_SPECISZE_AJIV 1) DOC
12375
ENG.NO. A-42375 ENG. NO. A42375-0597/0631
HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-ARB208 PIN NUMBER: 42663-ARB228
PIN LENGTH: L 520/1321 PIN LENGTH: L 52011321
MATING LENGTH: M 2957749 MATING LENGTH: M 29517.49
GOLD POINT: G 1407356 GOLD POINT: G 14073.56
PC TAILLENGTH: P 135/343 PC TAIL LENGTH: P 1357343
TIN: T 1357343 TN T 1357343
CKTS: 2.36 CKTS: 236
KINKS: SMES42003 KINKS: SMES42003
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK40873-0041 PACKAGING: BULK _PK40873-0041
MATERIAL| _ENG VATERIAL | ENG MATERAL| _ENG MATERAL | ENG
CKTS| 'Numeer | NumBer [%XTS| NUMBER | NUMBER CKTS| ‘NumBer | NumBER [°KTS| NUMBER | NuMBER
02 |22.28-5025 | A-42375-0662 | 20 |22-28-5206 | A42375-0580 02 |22-28-5028 |A-42375-0597 | 20 | 22-28-5208 | A-42375-0615
03 |22.28-5035 | A42375-0663 | 21 | 22-28-5215 | A42375-0581 03 |22.28.5038 |A42375-0698 | 21 | 22-28-5218 | A42375-0616
04| 22.28-5045 | A42375-0564 | 22 | 22-28-5225 | A42375-0882 04 |22.28-5048 |A42375-0500 | 22 | 22-28-5228 | A42375-0617
05 |22.28-5055 | A42375-0565 | 23 | 22-28-5235 | A42375.0583 05_|22.28.5058 |A-42375-0600 | 23 | 22-28.5238 | A-42375.0618
06 | 22.28-5065 | A42375-0566 | 24| 22-28-5245 | A42375.0584 06 |22.28.5068 |A423750601 | 24 | 22.28-6248 | A-42375.0619
07 |22.28-5075 | A-42375-0567 | 25 | 22-28-5255 | A42375-0585 07 |22.28.5078 |A-42375-0602 | 25 | 22-28-5258 |A-42375-0620
08 | 22.28-5085 | A-42375-0568 | 26 | 22-28-5265 | A42375-0586 08 |22.28-5088 |A42375-0603 | 26 | 22-28-5268 | A-42375-0621
09 |22-28-5095 | A42375-0569 | 27 |22.28-5275 | A42375-0687 09 |22.28-508 |A423750604 | 27 | 22-28-5278 | A42375-0622
10 |22-28-5105 |A42375-0570| 28 | 22.28-5285 | A-42375-0588 10 |22.28.5108 |A-42375-0605 | 28 | 22-28-5288 | A42375-0623
11_|22-28.5115 |A42375.0571 | 20 | 22.28-5295 | A42375-0589 11_|22.28.5118 |A-42375-0606 | 20 | 22-28-5298 | A42375-0624
12 |22.28-5125 | A42375-0572| 30 | 22-28-5305 | A42375-0590 12 |22.28.5128 |A42375-0607 | 30 | 22-28-5308 | A42375-0625
13 |22-28-5135 |A42375-0573 | 31 | 22.28-5315 | A-42375.0591 13 [22-28.5138 |A42375.0608 | 31 | 22285318 |A-42375.0626
14| 22.28-5145 | A-42375-0574 | 32 | 22-28-5325 | A42375-0592 14| 22.28.5148 |A-42375-0600 | 32 | 22-28-5328 | A42375-0627
15_|22.28-5155 |A-42375-0575| 33 |22-28-5335 | A42375-0593 15 |22.28.5158 |A-42375-0610| 33 | 22-28-5338 |A42375-0628
16 |22-28-5165 |A42375-0576 | 34 | 22.28-5345 | A42375-0594 16 [22-28-5168 |A42375:0611 | 34 | 22285348 |A-423750629
17 | 22285175 |A42375-0577 | 35 | 22.28-5355 | A42375-0595 17 [22-28-5178 |A42375:0612| 35 | 22.28.5358 | A-423750630
18_|22-28.5185 |A42375-0578 | 36 | 22.28-5365 | A-42375.059 18 |22.285188 |A 423750613 | 36 | 22-28.-5368 | A42375-0631
19 |22-28-5195 | A42375-0579 19 [22-28-5198 |A42375-0614
REV: ECRIECN INFORMATION: TITLE: KKADO EADER ASEY SHEETNo.
T19 CNo:  UCP2014-3273 A ATVERTIGAS -10-
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY. CHECKEDBY. APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAME: PRODUCT_SPECISIZE_AI(V.1).DOC
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42375

ENG. NO: A-42375-0667/0699

HEADER NUMBER: 42312.003%
PIN NUMBER: 42663-ABB208

PIN LENGTH: L 455/11.66

MATING LENGTH: M 2407 6.09

GOLD POINT: G 100/254

PC TAILLENGTH. P 125/3.8

TIN: T 100/ 254

CKTS: 436

KINKS: NO

VOIDED CKTS: 4

PACKAGING: BULK PK40873-0041

MATERAL | ENG MATERIAL|  ENG

CKTS| ‘NumBer | NumBER [%KTS| NUMBER | NuMBER

3 20 |42375-0683 | A42375-0683

21 |42375-0884 | A-42375-0684

42375-0667 | A-42375-0667 | 22 |42375-0885 | A-42375-0685

22-30-3060 |A-42375-0669 | 24 |42375-0687 | A-42375-0687

03
04
05 |42375-0668 |A-42375-0668 | 23 |42375-0686 | A-42375-0686
06
0

)7 |42375-0670 | A-42375-0670 | 25 |42375-0688 |A-42375-0688
08 [42375-0671 |A-42375-0671| 26 |42375-0689 | A-42375-0689

09 |42375-0672 |A-42375-0672 | 27 |42375-0690 |A-42375-0690

10 |42375-0873 | A-42375-0673 | 28

42375-0691 | A-42375-0691

11 _|42375-0874 |A-42375-0674 | 29 |42375-0692 |A-42375-0692

12 |22-30-3120 |A-42375-0675 | 30 |42375-0893 | A-42375-0693
13 |42375-0676 |A-42375-0676 | 31 |42375-0694 | A-42375-0694
14 |42375-0877 |A-42375-0677 | 32 |42375-0695 | A-42375-0695

15 |42375-0678 |A-42375-0678 | 33 |42375-0696 | A-42375-0696

16 [42375-0679 |A-42375-0679 | 34 |42375-0897 | A-42375-0697

17 |42375-0680 |A-42375-0680 | 35 |42375-0698 | A-42375-0698

18 [42375-0681 |A-42375-0681 | 36 |42375-0699 | A-42375-0693

19 |42375-0682 | A-42375-0682

ENG. NO: A-42375-0700/0732

HEADER NUMBER: 423120036

PIN NUMBER: 42663-ADB208

PIN LENGTH: L 4651181

MATING LENGTH: M 240/6.00

GOLD POINT: G 100/254

PC TAIL LENGTH: P 135/3.43

TN T 100/254

CKTS: 436

KINKS: SMES-42003

VOIDED CKTS: a

PACKAGING: BULK _PK-40873.0041

MATERAL | ENG MATERAL | ENG

CKTS| Numeer | numBer [(°KTS| NUMBER | NUMBER
02 20 |423750716 | A423750716
03 21 |42375.0717 | A423750717

42375-0700 | A-42375-0700 | 22 |42375-0718 |A-42375-0718

04
05 [42375-0701 |A-42375-0701 | 23 |42375-0719 |A-42375-0719
06 |22-30-3061 |A-42375-0702 | 24 |42376-0720 |A-42375-0720

07 |42375-0703 | A-42375-0703 | 25 |42375-0721|A-42375-0721

08 [42375-0704 |A-42375-0704 | 26 |42375-0722 |A-42375-0722
09 [42375-0705 |A-42375-0705 | 27 |42375-0723 |A-42375-0723

10 [42375-0706 |A-42375-0706 | 28 |42375-0724 |A-42375-0724

11 _|42375-0707 |A-42375-0707 | 29 |42375-0725|A-42375-0725

12 |42375-0708 |A-42375-0708 | 30 |42375-0726 |A-42375-0726

13 |42375-0709 A-42375-0709 | 31 |42375-0727 |A-42375-0727

14 |42375-0710 |A-42375-0710 | 32 |42375-0728 |A-42375-0728

15 |42375-0711 |A-42375-0711| 33 |42375-0729 | A-42375-0729

16 |42375-0712 |A-42375-0712 | 34 |42375-0730 |A-42375-0730

17 |42375-0713 |/A-42375-0713 | 35 |42375-0731|A-42375-0731

18 |42375-0714 |A-42375-0714 | 36 |42375-0732|A-42375-0732

19 |42375-0715 | A-42375-0715

REV:

T1 9 ATE:

ECR/ECN INFORMATION:
UCP2014-3273

8/712014

DOCUMENT NUMBER:
SD- 42375-001

KK 100 HEADER ASSY
FLAT VERTICAL
BREAKAWAY

SHEET No.

=4q=

CREATED / REVISED BY:
MKIPPER

CHECKED BY:
NNGUYEN

TEMPLATE FILENAME: PRODUCT_SPEGISIZE_AJ(V.1) DOC

APPROVED BY:
FSMITH

42375

ENG. NO: A-42375-0836/0870

HEADER NUMBER: 42312-0036

PIN NUMBER: 42663-BSA154

PIN LENGTH: L .630/16.00

MATING LENGTH: M .405/10.29

GOLD POINT: G N/A

PC TAILLENGTH: P 135/343

TIN: T OVERALL

CKTS: 2-38

KINKS: SMES-42003

VOIDED CKTS:
PACKAGING:

NONE
BULK PK-40873-0041

MATERIAL ENG
NUMBER NUMBER

MATERIAL

CKTS| numBer

ENG
NUMBER

A-42375-0838 | 20 |22-30-3203 |A-42375-0854

22-30-3033 |A-42375-0837 | 21

22-30-3213 | A-42375-0855

22-30-3043 |A42375-0838 | 22 | 22-30-3223 | A42375-0856 |

22-30-3053 |A-42375-0839 | 23 |22-30-3233 | A-42375-0857
22-30-3063 |A-42375-0840 | 24 |22-30-3243 | A-42375-0858

22-30-3073 |A-42375-0841| 25 |22-30-3253 | A-42375-0859

22-30-3083 |A-42375-0842 | 26 |22-30-3263 | A-42375-0860

ssssa}alas 8

o

22-30-3093 |A-42375-0843 | 27 |22-30-3273 | A-42375-0861
22-30-3103 |A-42375-0844 | 28 |22-30-3283 | A-42375-0862

22-30-3113 |A-42375-0845 | 29 |22-30-3293 |A-42375-0863

12 |22-30-3123 |A-42375-0846 | 30 |22-30-3303 | A-42375-0864

13 |22-30-3133 |A-42375-0847 | 31

22-30-3313 | A-42375-0865
14 |22-30-3143 |A-42375-0848 | 32 |22-30-3323 | A-42375-0866

15 |22-30-3153 |A-42375-0849 | 33 |22-30-3333 | A-42375-0867

16 |22-30-3163 |A-42375-0850 | 34 |22-30-3343 | A-42375-0868

17 _|22-30-3173 |A-42375-0851 | 35 |22-30-3353 | A-42375-0869

18 |22-30-3183 |A42375-0852 | 36 |22-30-3363 |A-42375-0870

19 |22-30-3193 |A-42375-0853

REV: ECR/ECN INFORMATION:
UCP2014-3273

8/7/2014

DOCUMENT NUMBER:
SD- 42375-001

KK 100 HEADER ASSY
FLAT VERTICAL
BREAKAWAY

SHEET No.

=12 «

MKIPPER

CREATED / REVISED BY:

CHECKED BY:
NNGUYEN

APPROVED BY:
FSMITH

TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V.1). DOC
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ENG. NO: A-42375-0871/0904

HEADER NUMBER: 42312.00%

PIN NUMBER: 42663.ATAI54

PIN LENGTH: L 530/ 1346

MATING LENGTH: M 3207813

GOLD POINT: G NA

PC TAILLENGTH: P 120/305

TN T OVERALL

CKTS: 336

KINKS: NO

VOIDED CKTS: 2

PACKAGING: BULK _PK-40873-0041

MATERIAL | _ENG MATERIAL | ENG

CKTS| Numeer | Numeer [%€TS| Numeer | NUMBER

02 20 |22-30-3204 | A42375-0888

21 |22-30-3214 | A-42375-0889

03 |22-30-3034 |A-42375-0871
22-30-3044 |A-42375-0872

22 |22-30-3224 |A-42375-0890

22-30-3054 |A-42375-0873

23 |22-30-3234 |A-42375-0891

22-30-3064 |A-42375-0874

24 |22-30-3244 |A-42375-0892

22-30-3074 |A-42375-0875

25 |22-30-3254 |A-42375-0893

22-30-3084 |A-42375-0876

26 | 22-30-3264 |A-42375-0894

22-30-3094 |A-42375-0877
22-30-3104 | A-42375-0878

27 |22-30-3274 |A-42375-0895
28 |22-30-3284 | A-42375-0896

22-30-3114 | A-42375-0879
22-30-3124 | A-42375-0880

29 |22-30-3294 |A-42375-0897
30 |22-30-3304 |A-42375-0898

22-30-3134 | A-42375-0881

31 |22-30-3314 |A-42375-0899

22-30-3144 | A-42375-0882

32 |22-30-3324 |A-42375-0900

22-30-3154 | A-42375-0883

33 | 22-30-3334 | A-42375-0901

22-30-3164 | A-42375-0884

34 |22-30-3344 | A-42375-0902

22-30-3174 | A-42375-0885
22-30-3184 | A-42375-0886

35 |22-30-3354 |A-42375-0903
36 | 22-30-3364 |A-42375-0904

[a[e[:[as[z[e]5]=[<]e[e[<]e]s]2

22-30-3194 |A-42375-0887

2375
ENG. NO: A42375-0973/1001

HEADER NUMBER: 423120036

PIN NUMBER: 42663-ABA154

PIN LENGTH: L 45571156

MATING LENGTH: M 24076.00

GOLD POINT: G NA

PCTAIL LENGTH: P 1251318

TIN: T OVERALL

CKTS: 836

KINKS: NO

VOIDED CKTS: 38

PACKAGING: BULK _PK-40873-0041

MATERIAL| _ENG MATERAL | ENG

CKTS| NumBER | NUMBER |“KTS| NUMBER | NUMBER
02 20 |42375-0985 |A-42375-0985
03 21 |42375.0986 |A-42375-0986
04 22 423750987 | A-42375-0987
05 23 |42375.0988 |A-42375-0988
06 24_|42375.0989 |A42375-0989
[ 25 |42375.0990 |A-42375-0990

08 |42375-0973 | A-42375-0973

26 |42375-0991 |A-42375-0991

10 |22-30-3107 |A-42375-0975

09 |42375-0974 |A-42375-0974

27 |42375-0992 |A-42375-0992
28 |42375-0993 |A-42375-0993

11 |42375-0976 | A-42375-0976

29 |42375-0994 |A-42375-0994

12 |42375-0977 |A-42375-0977

30 423750995 |A-42375-0995|

13 |42375-0978 | A-42375-0978

31 |42375-0996 |A-42375-0996

14 |42375-0979 | A-42375-0979

32 |42375-0997 |A-42375-0997

15 |42375-0980 |A-42375-0980

33 |42375-0998 |A-42375-0998

16 |42375-0981 | A-42375-0981

34 |42375-0999 |A-42375-0999

17 |42375-0982 | A-42375-0982

35 |42375-1000 |A-42375-1000

18 |42375-0983 | A-42375-0983

36 |42375-1001 |A-42375-1001

19 |42375-0984 | A-42375-0984

] gl R KK 100 HEADER ASSY RERRTHE
T19 - FLAT VERTICAL 13-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED / REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V.1) DOC
2375
ENG.NO. A-42375-1105/1139 ENG. NO: 42375-1244/1278
HEADER NUMBER: 42312.00% HEADER NUMBER: 423120036
PIN NUMBER: 42663-ABB208 PIN NUMBER: 42663-ABA154
PIN LENGTH: L 455 /11.56 PIN LENGTH: L .455/11.56
MATING LENGTH: M 2407609 MATING LENGTH: M 24076.09
GOLD POINT: G 100/254 GOLD POINT: G NA
PC TAILLENGTH: P .125/3.18 PC TAIL LENGTH: P 125/3.18
TN T 100/ 254 TN T OVERALL
CKTS: 236 oKTS: 2.36
KINKS: NO KINKS: NO
VOIDED CKTS: 2 VOIDED CKTS: 2
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL ENG MATERIAL ENG
NUMBER | NUMBER |°KTS| NUMBER | NUMBER ik it ik NUMBER
42375-1105 | A-42375-1105 | 20 |42375-1123 |A-42375-1123 02 42375-1244 20 42375-1262
423751106 | A42375-1106 | 21 |42375-1124 | A42375-1124 03 423751245 2 423751263
42375-1107 | A-42375-1107 | 22 |42375-1125 A-42375-1125 04 42375-1246 22 42375-1264
42375-1108 | A42375-1108 | 23 |42375-1126 |A-42375-1126 05 42375-1247 23 42375-1285
423751109 | A-42375-1100 | 24 |42375-1127 | A42375-1127 06 423751248 2 423751266
42375-1110 | A-42375-1110 | 25 |42375-1128 | A-42375-1128 07 42375-1249 25 42375-1267
42375-1111 |A-42375-1111| 26 |42375-1129 | A-42375-1129 08 42375-1250 26 42375-1268
22.30-3009 |A42375-1112| 27 |42375-1130 | A42375-1130 09 423751251 27 42375-1269
42375-1113 | A-42375-1113 | 28 |42375-1131 |A-42375-1131 10 42375-1252 28 42375-1270
42375-1114 | A-42375-1114 | 29 |42375-1132 | A-42375-1132 11 42375-1253 29 42375-1271
42375-1115 | A42375-1115| 30 |42375-1133 | A42375-1133 2 42375-1254 30 423751272
42375-1116 | A-42375-1116 | 31 |42375-1134 A-42375-1134 13 42375-1255 31 42375-1273
423751117 | A42375-1117 | 32 _|42375-1135 | A42375-1135 1 423751256 2 423751274
423751118 | A42375-1118| 33 |42375-1136 | A42375-1136 15 423751257 3 423751275
423751119 | A-42375-1119 | 34 |42375-1137 | A42375-1137 16 423751258 34 423751276
42375-1120 | A-42375-1120| 35 |42375-1138 | A42375-1138 17 423751259 5 423751277
42375-1121 |A-42375-1121 | 36 |42375-1139  A-42375-1139 18 42375-1260 36 42375-1278
423751122 | A42375-1122 19 423751261
REV. ECRIECN INFORMATION: TITE: SHEET No.
—m KK 100 HEADER ASSY
T19 FLAT VERTICAL 14 -
8712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKEDBY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECG[SIZE_AJ(V. 1) DOC
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Angel Hernandez Gonzéalez

42375
ENG. NO: 42375-1349/1382
HEADER NUMBER: 42312-0036 ENG.NO: 42375-1515/1548
PIN NUMBER: 42663-ABA154 HEADER NUMBER: 42312-0036
PIN LENGTH: L 455/ 11.56 PIN NUMBER: 42663-ABB208
MATING LENGTH: M 230/5.84 PINLENGTH: L 455/ 11.56
GOLD POINT: G NA MATING LENGTH: M 230/5.84
PC TAILLENGTH: P 135/3.43 GOLD POINT: G .140/3.56
TIN: T OVERALL PC TAIL LENGTH: P 135/3.43
oKTS. 336 TIN: T 100/2.54
KINKS: SMES-42003 CKTS: 3-36
VOIDED CKTS: 2 KINKS: SMES-42003
PACKAGING: BULK _PK-40873-0041 VOIDED CKTS: 2
TEM TEM PACKAGING: BULK PK-40873-0041
kTS NUMBER CKTS NUMBER e ITEM == TTEM
02 20 42375-1366 NUMBER NUMBER
03 42375-1349 21 42375-1367 | 02 20 42375-1532
04 42375-1350 2 42375-1368 ] 03 42375-1515 21 42375-1533
05 42375-1351 23 42375-1369 | 04 42375-1516 22 42375-1534
06 423751352 24 423751370 05 423751517 23 42375-1535
o7 42375-1353 25 42375-1371 06 42375-1518 24 42375-1536
08 42375-1354 26 423751372 o7 42375-1519 25 42375-1637
09 42375-1355 27 42375-1373 08 42375-1520 26 42375-1538
10 42375-1356 28 42375-1374 09 42375-1521 27 42375-1539
1 42375-1357 29 423751375 10 423751522 28 42375-1540
12 423751358 30 423751376 11 42375-1523 29 42375-1541
13 42375-1359 31 42375-1377 12 42375-1524 30 42375-1542
14 42375-1360 32 42375-1378 13 42375-1525 31 42375-1543
15 42375-1361 33 42375-1379 14 42375-1526 32 42375-1544
16 423751362 3% 42375-1380 15 42375-1527 33 42375-1645
17 42375-1363 35 42375-1381 16 42375-1528 34 42375-1546
18 42375-1364 36 42375-1382 17 42375-1529 35 42375-1547
19 42375-1365 18 42375-1530 36 42375-1548
19 42375-1531
REV: Ecwzc: ;:::)E::;;on. TITLE: KK 100 HEADER ASSY SHEET No.
FLAT VERTICAL -15 -
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V. 1) DOC
42375
ENG. NO: 42375-1720/1753 ENG. NO: 42375-1855/1889
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-ABB208 PIN NUMBER: 42663-CJA154
PIN LENGTH: L 455/11.56 PIN LENGTH: L .700/17.78
MATING LENGTH: M 240/6.09 MATING LENGTH: M 488 /1240
GOLD POINT: G .140/356 GOLD POINT: G NA
PC TAILLENGTH: P 125/3.18 PC TAIL LENGTH: P 122/3.10
TIN: T 1007254 TIN: T OVERALL
CKTS: 3-36 CKTS: 238
KINKS: NO KINKS: NO
VOIDED CKTS: 3 VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: - BULK PK-4087"§$%1
M ITEM
lckTs i cKTS = [cKTs NUMBER [cKTS NUMBER
02 20 423751737 02 42375-1855 20 42375-1873
03 42375-1720 21 42375-1738 03 42375-1856 21 42375-1874
04 423751721 2 423751739 04 42375-1857 22 42375-1875
05 423751722 23 423751740 05 42375-1858 23 42375-1876
06 42375-1723 24 42375-1741 06 42375-1859 24 42375-1877
o7 423751724 25 423751742 07 42375-1860 25 42375-1878
08 423751725 26 423751743 08 42375-1861 26 42375-1879
09 42375-1726 27 42375-1744 09 42375-1862 27 42375-1880
10 423751727 28 423751745 10 42375-1863 28 42375-1881
11 42375-1728 29 42375-1746 1 42375-1864 29 42375-1882
12 42375-1729 30 423751747 12 42375-1865 30 42375-1883
13 42375-1730 31 42375-1748 13 42375-1866 31 42375-1884
14 423751731 32 42375-1749 14 42375-1867 32 42375-1885
15 423751732 33 423751750 15 42375-1868 33 42375-1886
16 423751733 24 423751751 16 42375-1869 34 42375-1887
17 423751734 35 423751752 17 42375-1870 35 42375-1888
18 423751735 3% 423751753 18 42375-1871 36 42375-1889
19 423751736 19 42375-1872
REV: INFORMATION: TITLE: SHEET No.
ECR,E:;,:M 43273 1= KK 100 HEADER ASSY =
T19 FLAT VERTICAL -16 -
ATE: 8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED / REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V.1) DOC
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2375
ENG. NO. 42375-1922/1956 ENG.NO. 4237524612275
HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-AEAT54 PIN NUMBER: 42663-ABA154
PIN LENGTH: L 470/11.94 PIN LENGTH: L 4551156
MATING LENGTH: M 190/4.83 MATING LENGTH: M 240/6.09
GOLD POINT: G NA GOLD POINT: G NA
PC TAILLENGTH: P 190/483 PC TAIL LENGTH: P 125/3.18
TIN: T 200/5.08 TIN: T OVERALL
CKTS: 236 CKTS: 7.36
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: 27
PACKAGING: BULK PK40873-0041 PACKAGING: BULK _PK-40873-0041
TTEM TEM TTEM TTEM
CKTS NUMBER CKTS NUMBER ik NUMBER [oKTS NUMBER
02 42375-1922 2 42375-1940 02 20 423752259
03 423751923 21 423751941 03 21 423752260
o4 423751924 2 42375-1942 04 2 42375-2261
05 42375-1925 3 423751943 05 2 423752262
06 42375-1926 % 423751944 06 2% 423752263
o7 423751927 % 423751945 o7 423752246 % 423752264
08 42375-1928 % 42375-1946 08 423752247 % 42375-2266
09 423751929 27 42375-1947 09 423752248 27 42375-2266
10 42375-1930 ) 42375-1948 10 423752249 28 423752267
11 42375-1931 29 423751949 1 42375.2250 29 423752268
2 42375-1932 30 42375-1950 12 42375-2251 30 423752269
13 423751933 31 42375-1951 13 42375-2252 31 423752270
1 423751934 32 423751952 14 42375-2253 32 42375-2271
16 42375-1935 3 423751953 15 42375-2254 33 423752272
16 423751936 3% 423751954 16 42375-2255 34 423752273
17 42375-1937 35 42375-1955 17 42375-2256 35 423752274
18 42375-1938 % 42375-1956 18 42375-2257 36 423752275
19 42375-1939 19 42375-2258
REV: ECR/Euc: ;:::)f::;:ow. TILE: 08 HEADER ASSY SHEET No.
FLAT VERTICAL 17 -
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/REVISED BY: CHECKED BY- APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V.1) DOC
42375
ENG. NO: 42375-2486/2520 ENG.NO: 42375-252112655
HEADER NUMBER: 42312:00% HEADER NUMBER: 423120036
PIN NUMBER: 42663-AFB208 PIN NUMBER: 42663-AFB228
PIN LENGTH: L 475/12.07 PIN LENGTH: L 47511207
MATING LENGTH: M 2321589 MATING LENGTH: M 232/5.89
GOLD POINT: G 150/3.81 GOLD POINT: G 150/3.81
PC TAILLENGTH. P 153/3.89 PC TAIL LENGTH. P 153/3.89
TIN: T 100/254 TIN: T 100/2.54
CKTS: 236 oKTs: 236
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK PK-40873-0041
TEM ITEM ITEM TTEM
[eKTS NUMBER CKTS NUMBER cKTS NUMBER [PKTS NUMBER
02 423752486 9 423752503 02 423752521 20 423752539
& 423752487 20 423752504 03 423752522 21 423752540
68300-2008 21 423752506 04 423752523 2 423752541
o4 423752488 2 423752506 05 423752524 2 423752542
05 423752489 3 423752507 06 423752525 2 423752543
06 423752490 2% 423752508 o7 423752526 % 423752544
o7 423752491 % 423752500 08 423752527 26 423752545
08 423752492 % 423752510 09 423752528 27 423752546
09 423752493 27 423752511 10 42375-2529 28 423752547
10 423752494 28 423752512 11 423752530 29 423752548
1 423752495 29 423752513 12 423752531 30 423752549
12 42375249 30 423752514 13 423752532 31 423752550
13 423752497 31 423752515 14 423752533 32 423752551
14 423752498 2 423752516 15 42375253 33 423752552
15 423752499 33 423752517 16 423752535 34 423752553
16 423752500 34 423752518 17 42375253 3 423752554
17 423752501 3% 423752519 18 423752537 36 423752555
18 423752502 % 423752520 19 423752538
REV: ECR/ECN INFORMATION: TLE: o ——————— SHEET No.
UCP2014-3273 FLAT VERTICAL 18-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAME PRODUCT_SPE CSZE_AJ(V. 1) DOC

Angel Hernandez Gonzéalez
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Angel Hernandez Gonzéalez

42375
ENG.NO: 42375-2801/2835
ENG. NO: 42375-2836/2870
HEADER NUMBER: 42312-0036 -
BT NOMBER: 25631080 HEADER NUMBER: 42312-0036
SNIENGTHEE 20013048 PIN NUMBER: 42663-EMA154
: : : PIN LENGTH: L 92572350
MATING LENGTH: M 1.000/ 25.40 -
MATING LENGTH: M 625/1588
GOLD POINT: G 200/5.08 :
PC TAIL LENGTH: P 110/2.79 SOLb PONTS A
: : : PC TAIL LENGTH: P 210/5.33
TIN: T :200/5.08 -
TIN: T OVERALL
CKTS: 2-36 - e
KINKS: NO ch N{ Ksé‘ O
ke . ioes oS e
e = PACKAGING: BULK _PK-40873-0041
cKis NUMBER oKTS NUMBER lckTs = cKTS o
02 42375-2801 20 42375-2819 - T5a% 0 125752850
03 42375-2802 21 42375-2820 | o8 PTE %3] a1 el
o4 423752803 2 P I 04 423752638 22 42375285
05 423752804 23 423752822
06 o 5 S 05 42375-2839 23 42375-2857
o7 423752806 % 423752824 08 A375-2840, 2 425752858
o8 oS TE 807 = 7B ows 07 42375-2841 25 42375-2859
09 423752808 27 423752826 g: :2;::;:3 gs :2;;2:2
10 429752609 = 423752627 10 42375-2844 28 42375-2862
1 42375-2810 29 42375-2828 = ATE i S e
12 42375-2811 30 42375-2829 o AT oAt o STE Tl
13 42375-2812 31 42375-2830 13 423780847 = 25 TETaeS
14 423752813 32 42375-2831 i Tk > e
15 42375-2814 33 423752832 6 T 5 oS
16 42375-2815 34 42375-2833 T oATE oD = e oite
17 423752816 35 42375-2834 o g 3% 42375 2869
:: :2:;:%::: 26 425752635 18 42375.2852 36 423752870
19 42375-2853
REV: ECR/ECN INFORMATION: TITLE:
CNo.  UCP2014-3273 KK 100 HEADER ASSY
T19 2 FLAT VERTICAL
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED / REVISED BY: CHECKED BY:
SD- 42375-001 MKIPPER NNGUYEN
TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V. 1) DOC
42375
ENG. NO: 42375-3044/3078 ENG. NO: 42375-3114/3148
HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-KHB208 PIN NUMBER: 42663-BXA154
PIN LENGTH: L 1.430/36.32 PIN LENGTH: L 845/16.38
MATING LENGTH: M 8672202 MATING LENGTH: M 43171095
GOLD POINT: G .200/5.08 GOLD POINT: G NA
PC TAILLENGTH: P 47371201 PC TAIL LENGTH: P -124/3.15
TIN: T 1200/5.08 TIN: T OVERALL
CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK PK-40873-0043 PACKAGING: BULK _PK-40873-0041
TEM TTEM lckTs ITEM ks ITEM
it NUMBER CKI8 NUMBER NUMBER NUMBER
02 223753044 20 42375-3062 02 42375-3114 20 42375-3132
03 42375-3045 2 423753063 ] 03 42375-3115 21 42375-3133
04 42375-3046 2 42375-3064 | 04 42375-3116 22 42375-3134
05 423753047 23 423753065 05 423753117 23 423753135
06 42375-3048 24 42375-3066 06 42375-3118 24 42375-3136
o7 42375-3049 25 423753087 07 42375-3119 25 42375-3137
08 42375-3050 26 42375-3068 08 42375-3120 6 42375-3138
09 42375-3051 27 42375-3089 09 42375-3121 7 42375-313¢
10 42375-3052 28 42375-3070 10 42375-3122 8 42375-314C
1 42375-3053 29 42375-3071 " 42375-3123 9 42375-3141
12 42375-3054 30 42375-3072 12 42375-3124 30 42375-3142
13 42375-3055 31 42375-3073 13 42375-3125 31 42375-3143
14 42375-3056 32 42375-3074 14 42375-3126 32 42375-3144
5 42375-3057 33 223753075 15 42375-3127 33 42375-3145
16 42375-3058 34 42375-3076 16 42375-3128 34 42375-3146
17 42375-3059 35 423753077 17 423753129 35 42375-3147
18 42375-3060 36 42375-3078 18 42375-3130 36 42375-3148
19 42375-3081 19 42375-3131
REV: ECR/ECN INFORMATION: TITLE: KK 100 HEADER ASSY SHEET No.
UCP2014-3273
FLAT VERTICAL -20 -
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED / REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V.1).DOC
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Angel Hernandez Gonzéalez

42375
ENG.NO. 42375-3149/3183 ENG_NO. 4237531843218 ENG. NO: 423753219/ 3253
HEADER NUMBER: 42312-00% HEADER NUMBER: 42312-00%6 HEADER NUMBER: 42312-00%
PIN NUMBER: 42663-BEB208 PIN NUMBER: 42663-GNB208 PIN NUMBER: 42663-BPA154
PIN LENGTH: L 575/1461 PIN LENGTH: L 1.140/28.96 PIN LENGTH: L 620/15.75
MATING LENGTH: M 350/8.89 MATING LENGTH. M 91312320 MATING LENGTH: M 280/7.11
GOLD POINT: G 200/5.08 GOLD POINT: G 200/5.08 GOLD POINT: G NA
PC TAILLENGTH: P 135/3.43 PC TAILLENGTH. P 137/3.48 PC TAIL LENGTH. P 250/6.35
TIN: T 200/5.08 TIN: T 200/5.08 TIN: T OVERALL
CKTS: 236 CKTS: 236 CKTS: 2.36
KINKS: NO KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK PK-40873.0041 PACKAGING: BULK PK-408730043 PACKAGING: BULK PK-40873-0041
ITEM ITEM ITEM ITEM ITEM ITEM
CKTS|  numeer [ CKTS | numBer CKTS|  numeer | OKTS | numeer CKTS|  numeer | ©KTS | numeer
02 | 423753149 | 20 | 423753167 02 | 423753184 | 20 | 423753202 02 | 423753219 | 20 | 423753237
03 | 4237531650 | 21 | 423753168 | 03 | 423753185 | 21 | 423753203 03 | 423753220 | 21 | 423753238
04 | 423753151 | 22 | 423753169 | 04 | 423753186 | 22 | 423753208 04 | 423753221 2 | 423753239
05 | 423753152 | 23 | 423753170 05 | 423753187 | 23 | 423753205 05 | 423753222 | 23 | 423753240
06 | 423753153 | 24 | 423753171 06 | 423753188 | 24 | 423753206 06 | 423753223 | 24 | 423753241
07 | 423753154 | 25 | 423753172 07 | 423753189 | 25 | 423753207 07 | 42375324 | 25 | 423753242
08 | 423753155 | 26 | 423753173 08 | 423753190 | 26 | 423753208 08 | 423753225 | 26 | 423753243
09 | 423753156 7 | 423753174 09 | 423753191 7 | 423753209 09 | 423753226 7 | 423753244
10 | 423753157 %8 | 423753175 10 | 423753192 8 | 423753210 10 | 423753227 8 | 423753245
11 | 42375-3158 % | 423753176 11 | 423753193 9 | 423753211 11 | 42375-3228 9 | 423753246
12 | 423753159 30| 423753177 12 | 423753194 0 | 423753212 12 | 423753229 30| 423753047
13 | 42375-3160 1| 423753178 13 | 423753195 1| 423753213 13 | 42375-3230 1| 423753248
14 | 423753161 32 | 423753179 14 | 4237531% | 32 | 423753214 14 | 423753231 32 | 423753249
15 | 423753162 | 33 | 423753180 15 | 423753197 | 33 | 423753215 15 | 423753232 | 33 | 423753250
16 | 423753163 | 34 | 423753181 16 | 423753198 | 34 | 423753216 16 | 423753233 | 34 | 423753251
17 | 423753164 | 35 | 423753182 17 | 423753199 | 35 | 423753217 17 | 423753234 | 35 | 423753252
18 | 423753165 | 36 | 423753183 18 | 423753200 | 36 | 423753218 18 | 423753235 | 36 | 423753253
19 | 42375-3166 19 | 423753201 19 | 42375-32%
Ry ECRIE::PI::?‘T;A:;;ON ms: KK 100 HEADER ASSY SHEET N,
FLAT VERTICAL 229
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKEDBY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT. SPECISZE AV 1) DOC
2375
ENG. NO: 423753254/ 3288 ENG. NO: 423753289/ 3323 ENG. NO: 423753324/ 3368
HEADER NUMBER: 42312-00%6 HEADER NUMBER: 42312-00% HEADER NUMBER: 42312-00%
PIN NUMBER: 42663-DMA154 PIN NUMBER: 42663-FNA54 PIN NUMBER: 42663-CCA154
PIN LENGTH: L 820/2083 PIN LENGTH: L 103512629 PIN LENGTH: L 67011702
MATING LENGTH: M 590/ 14.99 MATING LENGTH. M 358/9.09 MATING LENGTH: M 440/11.18
GOLD POINT: G NA GOLD POINT: G NA GOLD POINT: G NA
PC TAILLENGTH. P 140/3.56 PC TAILLENGTH. P 58771491 PC TAILLENGTH. P 140/3.56
TIN: T OVERALL TIN: T OVERALL TIN. T OVERALL
CKTS: 2.36 CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO KINKS: SMES42003
VOIDED CKTS: NONE VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK40873-0041 PACKAGING: BULK _PK-40873-0043 PACKAGING: BULK _PK-40873-0041
TTEM ITEM ITEM ITEM TTEM TTEM
CKTS|  numeer | ©KTS | numeer CKTS|  numeer | ©KTS | numBer CKTS|  numeer | OKTS | numeer
02 | 423753254 | 20 | 423753272 02 | 423753289 | 20 | 423753307 02 | 423753324 | 20 | 423753342
03 | 423753255 | 21 | 423753273 03 | 423753200 | 21 | 423753308 03 | 423753325 | 21 | 423753343
04 | 423753256 | 22 | 423753274 04 | 423753201 | 22 | 42375330 04 | 423753326 | 22 | 423753344
05 | 423753257 | 23 | 423753275 05 | 423753202 | 23 | 423753310 05 | 423753327 | 23 | 423753346
06 | 423753258 | 24 | 423753276 06 | 423753203 | 24 | 423753311 06 | 423753328 | 24 | 423753346
07 | 423753269 | 25 | 4237532717 07 | 423753204 | 265 | 423753312 07 | 423753320 | 25 | 423753347
08 | 423753260 | 26 | 423753278 08 | 423753205 | 26 | 423753313 08 | 423753330 | 26 | 423753348
09 | 423753261 | 27 | 423753279 09 | 423753206 | 27 | 423753314 09 | 423753331 | 27 | 423753349
10 | 423753262 | 28 | 423753280 10 | 423753207 | 28 | 423753315 10 | 423753332 | 28 | 423753350
11| 423753265 | 20 | 423753281 11 | 423753208 | 20 | 423753316 11 | 423753333 | 20 | 423753351
12 | 423753264 | 30 | 423753282 2 | 423753299 | 30 | 423753317 2 | 42375333 | 30 | 423753352
13 | 423753265 | 31 | 423753283 13 | 423753300 | 31 | 423753318 13 | 42375333 | 31 | 423753353
14 | 423753266 | 32 | 423753284 14 | 423753301 | 32 | 423753319 14 | 4237533% | 32 | 423753354
15 | 423753267 | 33 | 423753285 15 | 423753302 | 33 | 423753320 15 | 423753337 | 33 | 423753355
16 | 423753268 | 34 | 423753286 16 | 423753303 | 34 | 423753321 16 | 423753338 | 34 | 423753356
17 | 423753269 | 3 | 423753287 17 | 423753304 | 35 | 423753322 17 | 423753330 | 35 | 423753367
18 | 42375-3270 423753288 18 | 423753305 | 36 | 423753323 18 | 42375-3340 423753358
19 | 42375-3271 19 | 423753306 19 | 423753341
S s icos ol R KK 100 HEADER ASSY SELl
T19 FLAT VERTICAL _22.
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKEDBY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAME PRODUCT_SPEGISZE_AJ(V.1) DOG
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Angel Hernandez Gonzéalez

12375
ENG. NO: 42375-3359 3393 ENG.NO: 42375-3394 / 3428 ENG. NO: 42375-3429/ 3463
HEADER NUMBER: 423120036 HEADER NUMBER: 423120036 HEADER NUMBER: 42312003
PIN NUMBER: 42663-ABB228 PIN NUMBER: 42663-E28208 PIN NUMBER: 42663-ARA154
PIN LENGTH: L .455/11.56 PIN LENGTH: L .970/24.64 PIN LENGTH: L .520/13.21
MATING LENGTH: M 170/4.32 MATING LENGTH: M 780/19.81 MATING LENGTH: M 386/9.80
GOLD POINT: G 100/2.54 GOLD POINT: G 200/5.08 GOLD POINT: G NA
PC TAILLENGTH: P 195/4.95 PC TAILLENGTH: P 100/254 PC TAIL LENGTH. P 044/1.12
TIN: T 100/2.54 TIN. T 200/5.08 TIN: T OVERALL
CKTS: 236 CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK PK-40873-0043 PACKAGING: BULK PK-40873-0041
ITEM ITEM ITEM ITEM ITEM ITEM
CKTS|  numBer | KTS | numBer CKTS|  numeer [ ©KTS | nNumBer CKTS|  numeer | ©KTS | numeer
02 42375-3359 20 42375-3377 02 42375-3394 20 42375-3412 02 42375-3429 20 42375-3447
03 | 423753360 | 21 | 423753378 03 | 423753395 | 21 | 423753413 03 | 423753430 | 21 | 423753448
04 42375-3361 22 42375-3379 04 42375-3396 22 42375-3414 04 42375-3431 22 42375-3449
05 | 423753362 | 23 | 423753380 05 | 423753397 | 23 | 423753415 05 | 423753432 | 23 | 423753450
06 42375-3363 24 42375-3381 08 42375-3398 24 42375-3416 06 42375-3433 24 42375-3451
07 | 423753364 | 25 | 423753382 07 | 423753399 | 25 | 423753417 07 | 423753434 | 25 | 423753452
08 | 42375-3365 | 26 | 42375-3383 08 | 423753400 | 26 | 423753418 08 | 423753435 | 26 | 423753453
09 | 423753366 | 27 | 423753384 09 | 423753401 27 | 423753419 09 | 42375343 | 27 | 423753454
10 42375-3367 28 42375-3385 10 42375-3402 28 42375-3420 10 42375-3437 28 42375-3455
11 | 423753368 | 29 | 423753386 11 | 423753403 | 29 | 423753421 11 | 423753438 | 29 | 423753456
12 42375-3369 30 42375-3387 12 42375-3404 30 42375-3422 12 42375-3439 30 42375-3457
13 | 423753370 | 31 | 423753388 13 | 423753405 | 31 | 423753423 13 | 423753440 | 31 | 423753458
14 | 423753971 32 | 423753389 14 | 423753406 | 32 | 423753424 14 | 423753441 32 | 423753459
16 | 423753372 | 33 | 42375-3390 16 | 423753407 | 33 | 423753425 16 | 423753442 | 33 | 423753460
16 42375-3373 34 42375-3391 16 42375-3408 34 42374-3426 16 42375-3443 34 42374-3461
17 | 423753374 | 35 | 423753392 17 | 423753409 | 35 | 423753427 17 | 423753444 | 35 | 423753462
18 | 423753375 | 36 | 42375:3393 18 | 423753410 | 36 | 423753428 18 | 423753445 | 36 | 423753463
19 | 42375-3376 19 | 423753411 19 | 42375-3446
REV: ECR/ECN INFORMATION: TILE: T SHEET No.
T19 UCr20143273 FLAT VERTICAL .23
8/7/12014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_ SPEC{SIZE_AJ(V. ) DOC
42375
ENG. NO: 42375-3464 / 3498 ENG. NO: 42375-3499/3533 ENG. NO: 42375-3534/3568
HEADER NUMBER: 42312-003 HEADER NUMBER: 42312-00% HEADER NUMBER: 42312-00%
PIN NUMBER: 42663-CJA154 PIN NUMBER: 42663-ETA154 PIN NUMBER: 42663-AWB208
PIN LENGTH: L .700/17.78 PIN LENGTH: L .950/24.13 PIN LENGTH: L .535/13.59
MATING LENGTH: M 500/12.70 MATING LENGTH: M 750119.05 MATING LENGTH: M 235/5.97
GOLD POINT: G NA GOLD POINT: G NA GOLD POINT: G 200/5.08
PC TAILLENGTH: P .110/2.79 PC TAILLENGTH: P .110/2.79 PC TAILLENGTH: P .210/5.33
TIN: T OVERALL TIN: T OVERALL TIN: T 10022.54
CKTS: 236 CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO KINKS: NO
VOIDED CKTS: #2 VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK40873-0041 PACKAGING: BULK PK-40873-0043 PACKAGING: BULK PK-40873-0041
eS| woveer | CKTS | noweer CKTS|  noweer | OKTS | nuweer eS| woveer | CKTS | niveem
02 42375-3464 20 42375-3482 02 42375-3499 20 42375-3517 02 42375-3534 20 42375-3552
03 | 423753465 | 21 | 423753483 03 | 423753500 | 21 | 423753518 03 | 423753635 | 21 | 423753553
04 | 423753466 | 22 | 423753484 04 | 423753501 2 | 423753519 04 | 42375353% | 22 | 423753554
05 | 423753467 | 23 | 423753485 05 | 423753502 | 23 | 423753520 05 | 423753537 | 23 | 423753855
06 42375-3468 24 42375-3486 06 42375-3503 24 42375-3521 06 42375-3538 24 42375-3556
07 42375-3469 25 42375-3487 07 42375-3504 25 42375-3522 07 42375-3539 25 42375-3557
08 | 423753470 | 26 | 423753488 08 | 42375-3505 %6 | 423753523 08 | 423753540 | 26 | 423753658
09 42375-3471 27 42375-3489 09 42375-3506 7 42375-3524 09 42375-3541 27 42375-3559
10 | 423753472 | 28 | 423753490 10 | 423753507 28 | 423753525 10 | 423753542 | 28 | 423753560
11 | 423753473 | 29 | 423753491 11 | 423753508 | 29 | 423753526 11 | 423753543 | 29 | 423753561
12 42375-3474 30 42375-3492 12 42375-3509 30 42375-3527 12 42375-3544 30 42375-3562
13 42375-3475 31 42375-3493 13 42375-3510 31 42375-3528 13 42375-3545 31 42375-3563
14 | 423753476 | 32 | 423753494 14 | 423753511 32 | 423753529 14 | 423753546 | 32 | 423753564
165 | 423753477 | 33 | 423753495 15 | 423753512 | 33 | 423753530 16 | 423753547 | 33 | 423753565
16 | 423753478 | 34 | 423753496 16 | 423753513 | 34 | 423753531 16 | 423753548 | 34 | 423753566
17 | 423753479 | 35 | 423753497 17 | 423753514 | 35 | 423753532 17 | 423753549 | 35 | 423753567
18 | 423753480 | 36 | 423753498 18 | 423753515 | 36 | 423753533 18 | 423753550 | 36 | 423753568
19 | 42375-3481 19 | 42375-3516 19 | 423753551
R F( \TION: . .
Rev s | T KK 100 HEADER ASSY SHEETNe.
T19 FLAT VERTICAL .24
ATE:  8I712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKED BY: APPROVEDBY-
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V 1) DOC
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Angel Hernandez Gonzéalez

42375

ENG. NO: A-42375

ENG. NO: A-42375-2974/3008

HEADER NUMBER: 42312005 HEADER NUMBER: 42312003
PIN NUMBER: 42663-ABB208 PIN NUMBER: 42663-FKB228
PIN LENGTH: L 455/1156 PIN LENGTH: L 1.020/25.91
MATING LENGTH: M 24076.09 MATING LENGTH: M 80512045
GOLD POINT: G 100/254 GOLDPOINT: G 200/5.08
PC TAIL LENGTH: P 125/3.18 PC TAIL LENGTH: P 125/3.18
TIN: T 1007254 TIN: T 200/5.08
CKTS: 436 CKTS: 2%
KINKS: NO KINKS: NO
VOIDED CKTS: 5 VOIDED CKTS: NONE
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK PK-40873-0043
MATERIAL ENG MATERIAL ENG MATERIAL ENG MATERIAL ITEM
CKTS| ‘numeer | numser |%KTS| numeer | NumBer CKTS| ‘NumBer | NumBer TS| NUMBER | NUMBER
02 20 | 423753587 | 42375-3587 02 20
03 21 | 423753688 | 423753588 03 21
04 22 423753589 | 423753589 04 2
05 |423753572 | 42375-3572 | 23 |423753590 | 42375-3590 05 | 423752977 | 42375-2977 | 23
06 |423753573 | 42375-3573 | 24 |423753591 | 42375-3591 08 24
07 | 423753674 | 42375-3574 | 25 | 423753692 | 423753602 o7 25
08 423753575 | 423753575 | 26 | 423753693 | 42375:3693 08 26
09 | 423753576 | 42375-3576 | 27 | 423753594 | 42375-3594 09 27
10 [423753577 | 423753577 | 28 | 423753695 | 42375-3595 10 28
11| 423753578 | 423753578 | 29 | 423753696 | 42375-3596 1 29
T2 [423753579 | 423753579 | 30 | 423763607 | 423753597 2 30
13 | 423753580 | 42375-3580 | 31 |42375359 42375-3598 13 31
14 | 423753581 | 42375-3581 32 | 42375359 42375-3599 14 32
15 | 423753582 | 42375-3582 | 33 | 423753600 | 42375-3600 15 33
16 | 423753583 | 42375-3583 | 34 | 423753601 | 42375-3601 16 34
17_| 423753584 | 42375.3584 | 35 | 423763602 | 42375-3602 17 35
18| 423753585 | 423753585 | 36 | 423753603 | 42375-3603 18 36
19 | 423753586 | 42375-3586 19
. H . ).
e[ PRSI W= KK 100 HEADER ASSY SERELES
T19 . FLAT VERTICAL _25.
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKEDBY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEGISIZE_AJ(V. 1) DOC
2375
ENG. NO: A-42375-3604/3637 ENG. NO: A-42375-3638/3658
HEADER NUMBER: 423120036 HEADER NUMBER: 423120036
PIN NUMBER: 42663-AXA154 PIN NUMBER: 42663-ABA154
PIN LENGTH: L 540/13.72 PIN LENGTH: L 455/ 11.56
MATING LENGTH: M 3807965 MATING LENGTH: M 240/6.09
GOLD PONT: G N/A GOLD POINT: G NA
PC TAIL LENGTH: P .070/1.78 PC TAIL LENGTH: P 125/3.18
TIN: T OVERALL TIN: T OVERALL
CKTS: 3-36 CKTS: 2-36
KINKS: NO KINKS: NO
VOIDED CKTS: 2 VOIDED CKTS: 2,4,6,8,10,12,14,16
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL ENG MATERIAL ENG MATERIAL ENG MATERIAL ITEM
kTS| 'Numeer | numeer  [CKTS| NUMBER | NUMBER CKTS| ‘NumBer | NumBER [©KTS| NUMBER | NUMBER
02 0 2 20
03 |42375-3604 1 3 21
04 | 22 04 22
05 3 5 23
06 4 6 2
o7 5 07 %
8 2% 08 26
09 27 09 27
10 28 10 28
11 29 1 20
12 30 2 30
13 3 13 31
14 2 14 32
15 3 15 33
16 34 16 34
17 5 17 | 423753639 | 423753639 | 35
18 36 18 36
19 19
REV: ECRIECN INFORMATION: TITLE: SHEET No.
m = KK 100 HEADER ASSY m———
FLAT VERTICAL -26-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY. CHECKEDBY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE ALENANE PRODUCT_SPECISZE_AYV.1) DOC
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Angel Hernandez Gonzéalez

42375
ENG. NO: 42375 ENG. NO: 42375-3694/3728
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-AXB208 PIN NUMBER: 42663-AXB208
PIN LENGTH: L 540 /13.72 PIN LENGTH: L 540/ 13.72
MATING LENGTH: M .250/6.35 MATING LENGTH: M 250/6.35
GOLD POINT: G 1140/ 356 GOLD POINT: G 1407356
PC TAILLENGTH: P .200/5.08 PCTAIL LENGTH: P 200/5.08
TIN: T 135/343 TIN: T 135/3.43
CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: 5
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK PK-40873-0041
MATERIAL ENG MATERIAL ENG MATERIAL|  ENG MATERIAL|  ENG
CKTS| 'numeer | numeer [%€TS| Numeer | NumBer CKTS| ‘Numser | numeer TS| numBer | numeer
02 |68300-2000 | 42375-3659 | 20 42375-3677 02 42375-3684 | 20 423753712
03 [68300-2001 | 42375-3660 | 21 42375-3678 03 42375-3695 | 21 423753713
04 42375-3661 | 22 42375-3679 04 42375-3696 | 22 423753714
05 |68300-2006 | 42375-3662 | 23 42375-3680 05 42375-3697 | 23 423753715
06 42375-3663 | 24 42375-3681 06 42375-3698 | 24 423753716
o7 42375-3664 | 25 42375-3682 07 42375-3699 | 25 423753717
08 42375-3665 | 26 42375-3683 08| 68300-2002| 42375-3700 | 26 423753718
09 42375-3666 | 27 42375-3684 09 423753701 | 27 42375-3719
10 42375-3667 | 28 42375-3685 10 423753702 | 28 423753720
1 42375-3668 | 29 42375-3686 11 42375-3703 | 29 42375-3721
12 42375-3669 | 30 42375-3687 12 42375-3704 | 30 423753722
13 42375-3670 | 31 42375-3688 13 42375-3705 | 31 423753723
14 42375-3671 | 32 42375-3689 14 42375-3706 | 32 42375-3724
15 42375-3672_| 33 42375-3690 15 42375-3707 | 33 42375-3725
16 42375-3673 | 34 423753691 16 423753708 | 34 423753726
17 42375-3674 | 35 42375-3692 17 42375-3709 | 35 423753727
18 42375-3675 | 36 42375-3693 18 42375-3710 | 36 423753728
19 42375-3676 19 42375-3711
¢/ I \TION: - 3
REY ECRE::P:::)LM;HON Tme KK 100 HEADER ASSY SHEETNG
T19 FLAT VERTICAL .27-
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECISIZE_AJ(V 1) DOC
42375
ENG. NO: 42375-3729/3763 ENG. NO: 42375-3764/3798
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42863-AFB208 PIN NUMBER: 42663-ETA154
PIN LENGTH: L 47571207 PIN LENGTH: L -950/24.13
MATING LENGTH: M 2327589 MATING LENGTH: M 750/19.05
GOLD POINT: G .150/3.81 GOLD POINT: G NA
PC TAIL LENGTH: P 1537389 PC TAIL LENGTH: P 110/2.79
TIN: T 15073381 TIN: T OVERALL
CKTS: 236 CKTS: 2-36
KINKS:- NO KINKS: NO
VOIDED CKTS: 5 VOIDED CKTS: 2
PACKAGING: BULK _PK-40873-0041 PAC!\AG!NG;TEM BULK me:g‘om
MATER RI N
kTS| ‘Nuver | nuMger |S<TS| NUMBER | NUMBER C€TS|  numger | TS | wuweer
02 423753729 | 20 42375-3747 02 20
03 423753730 | 21 423753748 03 21
04 423753731 | 22 423753749 04 22
05 423753732 | 23 423753750 05 23
06 423753733 | 24 423753751 | [ 24
o7 423753734 | 25 423753752 o7 25
08 |68300-2007 | 42375-3735 | 26 423753753 08 | 42375-3770 2
08 42375-3736 | 27 42375-3754 09 27
10 423753737 | 28 423753755 10 28
1 42375-3738 | 29 42375-3756 1 2
12 423753739 | 30 42375-3757 12 30
13 423753740 | 31 423753758 13 31
14 423753741 | 32 423753759 14 32
15 423753742 | 33 423753760 15 3
16 423753743 | 34 423753761 16 34
17 423753744 | 35 42375-3762 17 35
18 423753745 | 36 423753763 18 36
19 42375-3746 19
REV: ECR/ECN INFORMATION: TITLE: KK 100 HEADER ASSY SHEET No.
ucpao14-3273 FLAT VERTICAL _28-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE FILENAVIE PRODUCT_SPE GISIZE_AJ(V.1) DOC
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Angel Hernandez Gonzéalez

42375
ENG.NO: 42375.3799/3832 ENG.NO: 4237537333867 ENG. NO: 42375.3868 3902
HEADER NUMBER: 42312-0036 HEADER NUMBER: 423120036 HEADER NUMBER: 42312003
PIN NUMBER: 42663-ABA154 PIN NUMBER: 42663-ABB208 PIN NUMBER: 42663-DWAT54
PIN LENGTH: L 456/ 11.56 PIN LENGTH: L 45571156 PIN LENGTH: L 850/21.50
MATING LENGTH: M 24076.09 MATING LENGTH: M 250/6.35 MATING LENGTH: M 640/16.26
GOLD POINT: G NA GOLD POINT: G 100/2.54 GOLD POINT: G NA
PC TAILLENGTH: P 125/3.18 PC TAILLENGTH: P 15/292 PC TAILLENGTH: P 120/3.06
TIN: T OVERALL TIN: T 100/254 TIN: T OVERALL
CKTS: 336 CKTS: 236 CKTS: 236
KINKS: NO KINKS: NO KINKS: NO
VOIDED CKTS: 3 VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK PK40873-0041 PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK_PK-40873-0041
MATERIAL MATERIAL MATERIAL MATERIAL TTEM ITEM
CKTS| 'numeer  |KTS|  numser OKTS|  ‘numeer (TS| Numeer CKTS|  numeer | OKTS | numeer
2 20 02 20 2 2
03 21 03 21 3 21
o4 2 o4 22 04 | 423753870 | 22
05 | 423753801 | 23 05 | 4237538% | 23 05 3
06 2 06 2 06 | 423753872 | 24
o7 25 o7 % o7 %
08 % 08 % 08 %
09 27 09 27 09 27
10 28 10 28 10 %
1 29 11 29 11 2
1 30 2 30 12 30
1 31 3 3 13 31
1 2 14 3 1 2
15 33 15 3 1 3
16 34 16 34 16 3
17 35 17 35 17 %
18 36 18 36 18 %
19 19 19
REV: ECR/EUC: g:fx;on. TLE: HICT00 FEADER ASSY SHEET No.
T19 FLAT VERTICAL .29.
ATE: 8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVEDBY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME. PRODUCT_SPECSZE_AJIV 1) DOC
2375
ENG.NO: 423753903/3932 ENG.NO: 42375.3033/3064 ENG._NO: 423753065/3995
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312.00% HEADER NUMBER: 42312-003%6
PIN NUMBER: 42663.B5A154 PIN NUMBER: 42663.85A154 PIN NUMBER: 42663.85A164
PIN LENGTH: L 630/ 16.00 PIN LENGTH: L 630/16.00 PIN LENGTH: L 630/16.00
MATING LENGTH: M 42171069 MATING LENGTH: M 405/10.29 MATING LENGTH: M 405/10.29
GOLD POINT; G NA GOLD POINT: G NA GOLD POINT: G NA
PC TAILLENGTH: P 119/3.02 PC TAILLENGTH: P 135343 PC TAILLENGTH: P 135343
TIN: T OVERALL TIN: T OVERALL TIN: T OVERALL
CKTS: 736 CKTS: 536 CKTS: 636
KINKS: NO KINKS: SMES-42003 KINKS: SMES-42003
VOIDED CKTS: 7 VOIDED CKTS: 5 VOIDED CKTS: 4.5.6
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
MATERIAL MATERIAL MATERIAL MATERIAL MATERIAL MATERIAL
CKTS| 'NumBer  |°KTS|  'numser CKTS|  ‘numeer  |KTS|  numBer CKTS|  'Numeer  [°KTS|  numBer
2 20 02 20 02 20
03 21 03 21 03 21
o4 22 04 2 o4 22
05 23 05 23 05 23
06 24 0% % 06 24
7 25 o7 % o7 25
8 | 423753904 | 26 8 26 08 26
b9 27 09 | 423753937 | 27 09 | 423753968 | 27
10 28 10 28 10 28
11 29 11 29 11 29
12 30 2 30 12 30
13 31 13 31 13 31
14 2 14 32 14 2
15 3 15 33 15 33
16 4 16 34 16 34
17 5 17 35 17 35
18 6 18 36 18 36
19 19 19
REV: ECR/ECN INFORMATION: TTE SHEETNo.
UCP2014-3273 KK 100 HEADER ASSY
FLAT VERTICAL -30-
8/712014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISEDBY: CHECKEDBY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE ALENAME PRODUCT_SPECISIZE_AI(V.1) DOC
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Angel Hernandez Gonzéalez

22375
ENG-NO::A-42575-3096/4030 ENG.NO: 423754031/4059 ENG.NO. 423754060 / 4084
HEADERNUMBER: 42312100% HEADER NUMBER: 42312-003 HEADER NUMBER: 42312-0036
PIN BUMBER: 42063 AXA154 PIN NUMBER: 22663-ABA154 PIN NUMBER: 42663-CGA154
PILENOTHIL 540713.72 PIN LENGTH: L 455/1156 PIN LENGTH: L 690/ 17.53
MATINGLENGTH:M LT MATING LENGTH: M 24076.08 MATING LENGTH: M 521/13.23
GOLDPONTEG A GOLD POINT: G NA GOLD POINT: G NA
PC TAILLENGTH P 20007162 PC TAILLENGTH: P 125/3.18 PC TAIL LENGTH: P 079/2.01
TRET: OVERALL TIN: T OVERALL TIN: T OVERALL
gm zri: CKTS: 836 CKTS: 236
3 KINKS: NO KINKS: NO
‘;&i‘gﬁgﬁ X ;‘:_:‘:W —oor VOIDED CKTS: 2468 VOIDED CKTS: NONE
- SIS PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK mms;sow
cKTS cKTS MATERIAL MATERIAL MATERIAL MATERIAL
NUMBER NUMBER oxrs| MATERIAL lorg|  MATERIAL ckrs| MATEUM  lorg|  MATERIAL
o2 20 02 20 02 20
03 21 03 21 03 21
D4 2 o4 22 o4 22
: 423754000 :3 % z » -
7| 423754001 | 25 g'; :; g: AZSI5Af64 ;’;
) 2 08 26 08 26
99 27 09 | 423754032 | 27 09 27
10 2 10 28 10 28
il 2 1 29 1 29
12 0 12 30 12 30
13 31 13 31 13 31
14 52 14 32 14 32
i S 1 3 1 3
18 4 1 34 1 34
17 £ 1 5 1 5
18 » 1 36 1 6
19, 19 19
REV. ECRIECN INFORMATION: TLE: 100 HEADER ASSY: SHEETNo.
T19 ycreaisoers FLAT VERTICAL S31-
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEGISIZE_AJ(V.1) DOC
42375
ENG.NO: A-423754005/4129 ENG. NO: A-423754130/4161 ENG.NO: 4237541624196
HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-DEB228 PIN NUMBER: 22663-ATATSE PIN NUMBER: 42663-85C228
PIN LENGTH: L 785/1994 PIN LENGTH: L 530113.46 PIN LENGTH: L 630/16.00
MATING LENGTH: M 470/11.94 MATING LENGTH: M 3201813 MATING LENGTH: M 400/10.16
GOLD POINT: G 250/6.35 GOLD POINT: G NA GOLD POINT: G 345/8.76
PC TAILLENGTH: P 225/572 PC TAIL LENGTH: P 120/3.05 PC TAILLENGTH: P 140/3.56
TIN: T 200/5.08 TIN: T OVERALL TN T 10012.54
CKTs: 2.3 CKTs: 536 CKTS: 236
KINKS: NO KINKS: SMES-42003 KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: 23,4 VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
ITEM TTEM TEM ITEM MATERIAL MATERIAL
CKTS | numeer |CKTS | numeer CKTS | numeer | ©KTS | numeer CKTS| 'numeer  [°KTS|  ‘Numeer
02 2 20 02 20
03 21 21 03 21
Y 2 22 04 | 42154164 | 22
5 23 05| 423754130 | 23 05 | 423754165 | 23
56 24 06 2 06 24
% o7 25 o7 25
08 % 08 26 08 26
08 27 09 27 09 27
10| 423754103 | 28 10 28 10 | 423754170 | 28
11 29 1 29 1 29
2 30 2 30 12 30
13 31 13 31 13 31
14 2 1 32 1 32
15 33 15 33 1 33
16 2 1 34 16 34
17 3% 17 35 17 35
18| 423754111 | % 18 36 18 36
19 19 19
REV: ECR/ECN INFORMATION: TIE: SHEET No.
W T KK 100 HEADER ASSY T
T1 9 FLAT VERTICAL =32
8/7/12014 BREAKAWAY
DOCUMENT NUMBER: CREATED/REVISEDBY: CHECKEDBY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH

TEMPLATE ALENAME PRODUCT_SPECISIZE_AJ(V.1) DOC
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Angel Hernandez Gonzéalez

22375
ENG. NO: A-42375-1622 ENG.NO: A-423754199 ENG. NO: A42375-4200
HEADER NUMBER: 423120036 HEADER NUMBER: 42312.0036 HEADER NUMBER: 423120036
PIN NUMBER: 42663-AYB208 PIN NUMBER: 42663-ARB228 PIN NUMBER: 42663-ADB208
PIN LENGTH: L 545/ 1384 PINLENGTH: L 520/1321 PIN LENGTH: L 46571181
MATING LENGTH: M 320/8.13 MATING LENGTH: M 2301584 MATING LENGTH: M 240/6.09
GOLD POINT: G 140/3.56 GOLD POINT: G 140/356 GOLD POINT: G 100/2.54
PC TAIL LENGTH: P 135/3.43 PC TAIL LENGTH: P 200/5.08 PC TAIL LENGTH: P 135/3.43
TIN: T 135/3.43 TIN: T 135/343 TN T 100/254
CKTS: 236 CKTS: 2.3 CKTS: 236
KINKS: SMES42003 KINKS: NO KINKS: SMES-42003
VOIDED CKTS: 3 VOIDED CKTS: NONE VOIDED CKTS: 3.4
PACKAGING: BULK PK-40873-0041 PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
MATERIAL MATERIAL MATER MATERI MATERI
CKTS | ‘Numeer | KTS | 'nNuMBER ckrs | Neer | kTS | N men okts | Woveer | OKTS | Wiveer
02 20 02 | 423754198 | 20 02
03 21 03 21 03 21
04 2 o4 2 o4 2
05 3 05 23 05 | 423754200 | 23
06 2 6 24 06 %
o7 % o7 25 o7 %
08 2 08 26 08 %
09 | 423751622 | 27 09 27 09 27
10 2 10 28 10 28
11 2 1 29 1 29
12 Ed 12 30 2 30
13 31 13 31 13 31
14 2 14 32 14 2
15 E 15 33 15 33
16 3 16 34 16 3
17 3 17 35 17 35
18 % 18 36 18 %
19 19 19
REV: Eca/suc‘r: ;«::)zﬁ:;;on. TILE: I DS RSN SHEET No.
T19 FLAT VERTICAL .33.
8/7/12014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY-
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPECSZE_AJV. 1) DOC
22375
ENG. NO: 423754236 ENG. NO: 423754305 ENG.NO: 42375-4338/4341
HEADER NUMBER: 42312-0036 HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-CCA118 PIN NUMBER: 42663-BDA154 PIN NUMBER: 42663-BGA154
PIN LENGTH: L 670/17.02 PIN LENGTH: L 570/ 1448 PIN LENGTH: L 585/14.86
MATING LENGTH: M 440/11.18 MATING LENGTH: M 339/ 861 MATING LENGTH: M 308/10.11
GOLD POINT: G NA GOLD POINT: G N/A GOLD POINT: G NA
PC TAIL LENGTH: P 1401356 PC TAIL LENGTH: P 141/358 PC TAIL LENGTH: P 1097 /2.46
TIN: T OVERALL TIN: T OVERALL TIN: T OVERALL
CKTS: 236 CKTS: 236 CKTS: 236
KINKS: SMES-42003 KINKS: NO KINKS: NO
VOIDED CKTS: NONE VOIDED CKTS: NONE VOIDED CKTS: NONE
PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041 PACKAGING: BULK _PK-40873-0041
MATERIAL MATERIAL MATERIAL MATERIAL
kTS| nOwgER | OKTS | nowaew CKTS | ‘Numeer | OKTS | NuMBER CKTS | ‘NumBer | OKTS | NumBer
02 ) 02 20 02 2
03 21 | 03 21 03 | 423754338 | 21
o4 2 | o4 2 o4 2
05 2 05 | 423754305 | 23 05 23
06 | 423754236 % 06 24 06 | 423754341 | 24
o7 % o7 25 o7 %
08 % 08 26 08 %
08 7 09 27 03 27
10 28 10 28 10 )
1 2 1 29 1 2
12 E) 2 30 12 )
13 31 13 31 13 31
14 2 14 32 1 32
15 3 1 33 1 3
16 3 16 34 16 3
17 3 17 35 17 35
18 % 18 36 18 %
19 1 19
REV: ECR/EUC: ;g::);m:;;m. TITLE: Kt {00 HEADERABEY SHEET No.
FLAT VERTICAL -34 -
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER | NNGUYEN FSMITH

TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V.1).DOC
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42375
ENG. NO: 423754413 ENG. NO: 42375-4445
HEADER NUMBER: 423120036 HEADER NUMBER: 42312-0036
PIN NUMBER: 42663-ABB208 PIN NUMBER: 42663-0364
PIN LENGTH: L 455/ 11.56 PLATING: 228
MATING LENGTH: M 240/6.09 PINLENGTH: L .590/ 14.99
GOLD POINT: G 100/2.54 MATING LENGTH: M .380/9.65
PC TAILLENGTH: P 125/3.18 GOLD POINT: G .200/5.08
TIN: T 100/2.54 PC TAIL LENGTH: P 120/3.05
CKTS: 6-36 TIN: T 135/3.43
KINKS: NO CKTS: 2-36
VOIDED CKTS: 2,4,6 KINKS: NO
PACKAGING: BULK _PK-40873-0041 VOIDED CKTS: NONE
s ITEM CKTS ITEM PACKAGING: BULK _PK-40873-0041
NUMBER NUMBER MATERIAL MATERIAL

02 2 CKTS | ‘Numeer | OKTS | NumBER

03 21 | 02 20

04 2 | 03 21

05 23 04 | 423754445 | 22

06 24 05 23

07 423754413 25 06 24

08 26 o7 25

09 27 08 26

10 28 09 27

1 29 10 28

12 30 1 29

13 31 12 30

14 32 13 31

15 33 14 32

16 34 15 33

17 35 16 34

18 3% 17 35

19 18 36

19
5 K H T No.
. Ecmﬁ;:‘:‘om;m A KK 100 HEADER ASSY SESTH
FLAT VERTICAL =35~
8/7/2014 BREAKAWAY
DOCUMENT NUMBER: CREATED/ REVISED BY: CHECKED BY: APPROVED BY:
SD- 42375-001 MKIPPER NNGUYEN FSMITH
TEMPLATE FILENAME PRODUCT_SPEC[SIZE_AJ(V. 1) DOC

pag. 92



Angel Hernandez Gonzéalez
3.- Resistencias.

= § )

connectivity Thick Film Chip Resistors

Type CRG Series

Key Features

m Thick film resistors with
a high power to size
ratio,ideally suited to
industrial and general
purpose use.

A range from 1 ohm to
10M and tolerances of
1% and 5%. Also
including zero ohm links.

m Suitable for most
applications, including
high frequency
operation, owing to the
short lead structure and
low capacitance.

m Seven Package Sizes
m Terminal finish: Matte Sn

m MSL Level 2
Precious metal terminations are screen printed onto a ceramic base and fired. The
resistive element is screen printed and fired and the passivation layer added. Each
resistor is timmed to tolerance by laser. The pre-scribed tile is broken into strips, the end
plating is fired on and the strips broken into individual components. Final termination is
made by electroplating.
Characteristics — Electrical
0201 0402 0603 0805
Rated Power @ 70 °C (W) 0.05 0.063 0.1 0125
Resistance Range  Min | 10 | 1 M 1o] 1 [ 111011 ]n]1]101]1[11
(Ohms) Max | 1Mo | 10 | 1Mo |2Mo| 10 | 3Ms |100|1Mo| 10 [10M| 100|1MO| 10 [10M
Tolerance (%) 1 5 5 | 5 g feltlsislaisls]s
Code letter HEAENEEERE R EERE
Selection Series E24 | E24 | E24 | E24 | E24 | E24 |E24|E24| E24| E24| E24|E24|E24 |E24
E96 E96 E9% E96
Temp. Coefficient (ppm/°C) | =200 | =400 | =200 | +100 | =400 | +200 |+200|+100|+200| 2200| +200|+100|2400 | 2200
1206 2010 2512
Rated Power @ 70 °C (W) 0.25 05 1
Resistance Range  Min 1 (101 | 1 CHENEGERENESEIE 11
Ohms Max | 100 [ 1Mo | 10 | 1oM| 100 | 1Mo | 10 [10M | 100 | 1MO | 10 | 10M
Tolerance (%) 1 1 5 5 1 1 5 5 1 1 5 5
Code letter F|F [ J i E S ED 2 F|lF | J
Selection Series E24 | E24 | E24 | E24 | E24 | E24 | E24 | E24 | E24 | E24 | E24 | E24
E96 E96 E9%
Temp. Coefficient (ppm/°C) | =200 | +100 | 2400 | +200 | =200 | +100 | =400 | +200 | 200 | +100 | 2400 | 200
0201 0402 0603 0805 1206 2010 2512
Working Voltage (V) o5t 5080y | isor = 200 i 200 S| o00
Max. Overload Voltage (V) 50 | 100 | 100 | 300 [ 40 [ 400 | 400
Operating Temp. Range (°C) -55 to +125
Climatic Category (°C) 55/125/56
Insulation Resistance Dry 1000
Min (Mohms)
Stability (%) 3
Zerohm (A) Current Max o5 | a [ % [ = 2 I 2z 2
Resistance Max |<50 mOhm[ l ] <50 mOhm I ]
1773204 CIS WR 0372012 Dimensions are in millimeters Dimensions are shown for For email, phone or live chat, go to: te.com/help
and inches unless otherwise reference purposes only.
specified. Values in brackets Specifications subject
are standard equivalents. to change.
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Thick Film Chip Resistors
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Type CRG Series
Dimensions /\
a L
A7 w
w
t\/
—
t
\4
Style (5 w t a b
0201 0.6 +0.03 0.3 +0.03 0.23 +0.03 0.10 +0.05 0.15 +0.05
0402 1.0 0.1 0.5 +0.05 0.35 +0.05 0.2+0.1 0.25 +0.1
0603 1.6 0.1 0.8 +0.15 0.45+0.1 03+0.2 0301
0805 20 +0.15 1.25+0.15 0.55+0.1 0.4 +0.2 0402
1206 3.1 +0.15 1.55+0.15 0.55 +0.1 0.45 +0.2 0.45 +0.2
2010 50 +0.1 251015 0.55+0.1 0.6 +0.25 0.5+0.2
2512 6.35 +0.1 3.2 +0.15 0.55+0.1 0.6 +0.25 05402
Marking Codes - Case Sizes 0805 to 2512
IEC 4 Digit Marking
Resistance 100Q 2.2KQ 10KQ 49.9KQ 100KQ
Marking Code 1000 2201 1002 4992 1003
Case Sizes 0603
E24 3 Digit Marking - Example: 101=100Q2 102=1KQ
E24 10 1 12 13 15 16 20 22 24 27 30

33 36 39 43 47 51

62 68 75 82 91

E96 3 Digit Marking - Examples: 14C=13K7<2, 13C=13K3Q, 68B=4K99C, 68X=49.9Q

0603 E96 Marking Code Table
Code E96 Code E96 Code E96 Code E96
01 100 25 178 49 316 73 562
02 102 26 182 50 324 74 576
03 105 27 187 51 332 75 590
04 107 28 191 52 340 76 604
05 110 29 196 53 348 77 619
06 113 30 200 54 357 78 634
07 115 31 205 55 365 79 649
08 118 32 210 56 374 80 665
09 121 33 215 57 383 81 681
10 124 34 221 58 392 82 698
1 127 35 226 59 402 83 715
12 130 36 232 60 412 84 732
13 133 37 237 61 422 85 750
14 137 38 243 62 432 86 768
15 140 39 249 63 442 87 787
16 143 40 255 64 453 88 806
17 147 41 261 65 464 89 825
18 150 42 267 66 475 90 845
19 154 43 274 67 487 91 866
20 158 44 280 68 499 92 887
21 162 45 287 69 511 93 909
22 165 46 294 70 523 94 931
23 169 47 301 71 536 95 953
24 174 48 309 72 549 96 976
Code AlB c D | E F G [ H X Y| &
Multiplier | 10° | 10 10° 100 | 10 10° 10 [ 10° 10° 102 | 10
1773204 CIS WR 0372012 Dimensions are in millimeters Dimensions are shown for For email, phone or live chat, go to: te.com/help

and inches unless otherwise reference purposes only.

specified. Values in brackets Specifications subject

are standard equivalents. to change.
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Type CRG Series
Derating Curve
100
= 80
£
- 60
2
&
€ 40
H
§ \
o 20
o
o 20 40 60 80 100 120
Ambient Temperature (°C)

Mounting

The resistors are suitable for processing on automatic insertion equipment.

Marking

CRG0805, CRG1208, CRG2010, CRG2512

E24 series resistors are marked with a three digit code.
E96 series resistors are marked with a four digit code.
Zerohm components are marked ‘0"

CRG0603
E24 5% series are marked with a three digit code.
E24 1% series are marked with a three digit code.

E96 series are marked with the intemational alphanumeric three character code (available on request).
EXCEPT 10, 11, 13, 15, 20 & 75 decades which are marked as the E24 series.

CRG0201 & CRG0402 series unmarked.

Performance Characteristics

The evaluation of the performance characteristics is camied out with reference

to IECQ specifications QC 400 000 and QC 400 100.

TEST REF Long Term Tests (3% + 0.1 ohm)

4.23 Climatic sequence

4.24 Damp heat, steady state

4.25.1 Endurance at 70 °C

4.25.3 Endurance at 125 °C

TEST REF Short Term Tests (1% + 0.05 ohm)

4.13 Overload

4.32 Adhesion

4.33 Bond strength of end face plating

4.19 Rapid change of temperature

4.18 Resistance to soldering heat
Storage

Unopened reels should be stored within a temperature range of +5 °C to +25 °C, separated from any dust,
chemicals and solvent based materials. Non-adherence to this procedure could effect the solderability of

1Ko

Resistance Value

1 ohm
(1 ohm) 1RO
1K ohm
(1000 ohms) 1K

100K ohm
(100000 ohms) 100K

this product.
How to Order
CRG J
Common Part Tolerance
0201
0402
S T
CRG - Thick Film 0603 Beie
Chip Resistor 0805 J-+5%
1206
2512
TE Connectivity, TE connectivity (logo) and TE (logo) are trademarks.
Other logos, product and Company names { herein may be of their resp: owners.

1M ohm
(1000000 ohms) 1M

While TE has made every reasonable effort to ensure the accuracy of the information in this datasheet, TE does not guarantee that it is error-free, nor does TE make any other

anty or. he ir is accurate, correct, reliable or current. TE reserves the :'Igl’t to make ai
ata any time wurhout mnce TE expressly dnsclalms all implied warrarties regardng the information contained herein, i
ty or fitness for a particular
without notice. Consult TE for the latest

and design

adjustments to the information contained herein
uding, but not limited to, any implied warranties of merchantabili-
purpose. The dimensions in this datasheet are for reference purposes only and are suqect to change without notice. Specifications are subject to change
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4 .- Potenciémetro.

TS53

www.vishay.com Vishay Sfernice

N A
VISHAY.

5 mm Square Surface Mount Miniature Trimmers Single-Turn
Cermet Sealed

FEATURES

* 0.25W at 70 °C

* For through hole version see T53Y series RoHS
COMPLIANT

¢ Wide ohmic range (10 Q to 1 MQ)
* Small size for optimum packaging density
¢ Tests according to CECC 41000 or I[EC 60393-1

* Material categorization: For definitions of compliance
please see www.vishay.com/doc?99912

The TS53 trimming potentiometer has been designed for
surface mount applications and offers volumetric efficiency
(5 mm x 5 mm x 2.7 mm) with high performance and
stability.

The TS53 design is suitable for both manual or automatic
operation, and can withstand wave, and reflow soldering

techniques.
DIMENSIONS in millimeters (+ 0.25 mm)
RECOMMENDED
SOLDERING AREAS
TS53YL TS53YJ TS53YL TS53YJ
5 5
: 0.20 l ;
2 =] ‘_._l i =lozo
f 1 t '
<2
|e— s.7o_:—> Loz 55 -
>| |2 2 sl b_T
—>{13[<— 4
T
c a
1x020 0.9 0.20 1%0.20 0.9x0.20 23
- | i.q %
g | [HE
= 2ER 230 5 _f-
}1__ . = t . c
e I P
Cruciform screwdriver slot
@ 2.5, width 0.5
Deep: 0.55
Max. deep (center): 0.7
Revision: 13-Aug-13 1 Document Number: 51008

For technical questions, contact: sferpottrimmers@vishay.com, see also Application Note: www.vishay.com/doc?51001 and www.vishay.com/doc?52029

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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TS53

WanCnay.com Vishay Sfernice
ELECTRICAL SPECIFICATIONS
Resistive element Cermet
Electrical travel 220° + 15°
Resistance range 10Qto 1 MQ
Standard series 1-2-5
Tolerance standard +20 %
a c
Circuit diagram (%—\/\/\/\NW\/_(%
b 6 — cw
)
linear 025Wat +70 °C
0.25 |\
I
0.20 i
I
; 0.15 i \\
Power rating & f \
§ 0.10 : \\
}
0.05 t \
I
0 |
0 20 40 60 70 100 120 140 155
AMBIENT TEMPERATURE IN °C
Temperature coefficient See Standard Resistance Element Data table
Limiting element voltage (linear law) 200V
Contact resistance variation (typical) 1%or3Q
End resistance (typical) 0.1 %o0r30Q
Dielectric strength (RMS) 1000V
Insulation resistance 1GQ
MECHANICAL SPECIFICATIONS
Mechanical travel 270° +10°
Operating torque (max. Ncm) 1.5
End stop torque (max. Ncm) 3.5
Unit weight (max. g) 0.15
Terminals Pure Sn (e3)

ENVIRONMENTAL SPECIFICATIONS

Temperature range

-55°Cto+125°C

Climatic category 55/125/56
Sealing Sealed container IP67
MSL level 4

SOLDERING RECOMMENDATIONS

Caution

Recommended reflow profile 2, see Application Note www.vishay.com/doc?52029

Reflow soldering must be done within 72 h while stored under a max. temperature of 30 °C, 60 % RH after opening the dry pack envelope.

Revision: 13-Aug-13

2

Document Number: 51008

For technical questions, contact: sferpottrimmers@vishay.com, see also Application Note: www.vishay.com/doc?51001 and www.vishay.com/doc?52029

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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N A
VISHAY. : L
www.vishay.com Vishay Sfernice

RECOMMENDED METHOD OF STORAGE

Dry box storage is recommended as soon as the hermetic bag has been opened to prevent moisture absorption. The following conditions
should be observed, if dry boxes are not available:

 Storage temperature 10 °C to 30 °C

* Storage humidity < 60 % RH max.

After more than 72 h under these conditions, moisture content will be too high for reflow soldering.

In case of moisture absorption, the devices will recover to the former condition by drying under the following condition:

192 h at 40 °C +5 °C/- 0 °C and < 5 % RH (dry air/nitrogen) or

96 hat 60 °C + 5 °C and <5 % RH for all device containers (not suitable for reel) or

24 h at 125 °C + 5 °C (not suitable for reel)

PERFORMANCES
TYPICAL VALUES AND DRIFTS
TESTS CONDITIONS
AR7/RT (%) | AR1.2/R1-2 (%) OTHER
Electrical endurance 1000 h at rated power £2% £3% Contact resistance variation:

90'/30' - ambient temp. + 70 °C
Phase A dry heat 125 °C

s < Phase B damp heat

Climatic sequence Phase G cold - 55 °C +2% +3%

Phase D damp heat 5 cycles

Temperature 40 °C - RH 93 %

AR<1%Rn

Dielectric strength: 1000 Vpus

Damp heat steady state 56 days . 3% Insulation resistance: > 104 MQ
Charge of temperature -55°Cto+ 125 °C - 5 cycles +1% AV4o/AV13<+2 %
Mechanical endurance 100 cycles - rated power +B%+50Q)
Shock 3 successivseosgc;c}é rirrl]sa directions % AVi /A1 3=+ 1%
Vibration e g ;f s 1% AVio/AVig <+ 1%
STANDARD RESISTANCE ELEMENT DATA
STANDARD LINEAR LAW TYPICAL
RESISTANCE Ten
MAX. POWER MAX. WORKING MAX. CURRENT -55°C
VALUES AT 70°C VOLTAGE THROUGH ELEMENT +125°C
Q w v mA ppm/°C
10 0.25 1.58 158
20 0.25 2.24 112
50 0.25 3.54 4l
100 0.25 5.00 50
200 0.25 7.07 35
500 0.25 1.2 22
1K 0.25 15.8 16
2K 0.25 22.4 14
+100
5K 0.25 35.4 7
10K 0.25 50.0 5
20K 0.25 70.7 3.5
50K 0.25 12 2.2
100K 0.25 158 1.6
200K 0.20 200 1.0
500K 0.08 200 0.4
™ 0.04 200 0.2
Revision: 13-Aug-13 3 Document Number: 51008

For technical questions, contact: sferpottrimmers@vishay.com, see also Application Note: www.vishay.com/doc?51001 and www.vishay.com/doc?52029

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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TS53

www.vishay.com

Vishay Sfernice

Vishay trademark, ohmic value, manufacturing date
The ohmic value is indicated by a 3 figure code, the first two are significant figures, the third one is the multiplier.

Example: 100=10Q
101 =1000Q
102 = 1000 Q
503 = 50 000 Q
PACKAGING

3 slots - width 2° to 120° - @ ext. 23
—>

)

0178%2

03 —)"(—

—>|3_2 -

DRYPACK

Each bag contains a desiccant.

@127

Cover tape panel strength specifications EIA 481 A and CEl 60286-3.

On tape and reel of 500 pieces, code R10 (TR500) and 2000 pieces, code R20 (TR2000)

Devices are packed in moisture barrier bags to prevent the products from moisture absorption during transportation and storage.

ORDERING INFORMATION (part number)

-EEE--EEE@EEEDDDD

l—lf—l

l—l

I—I

MODEL STYLE OHMIC VALUE TOLERANCE PACKAGING e
TsS53 YL From M=20% R10 = (If applicable)
YJ 10Qto1 MQ Reel 500 pieces Given by
504 =500 kQ On request Vishay
R20 = for custom
Reel 2000 pieces design
DESCRIPTION (for information only)
[ oms [ [ ow [ [ sk || 2% || | [m [ = ]
| MODEL | | STYLE | | VALUE | ‘TOLERANCE| | SPECIAL | IPACKAGING| |LEAD (Pb)-FREE|

Revision: 13-Aug-13

4

Document Number: 51008

For technical questions, contact: sferpottrimmers@vishay.com, see also Application Note: www.vishay.com/doc?51001 and www.vishay.com/doc?52029

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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5.- Pulsador de reset.

e X

3.5x6 Through Hole & SMT Type

DTS-3,DTSM(L)-3 Tactile Switch @:
SERIES \ e

/

HOW TO ORDER

[ofr[s[ Hs[ T H H]

[_]=Bag(Through Hole Only)
[:Through Hole B=Tube Package
M:S.M.T/J-bend outward T/R=Tape & Reel
ML:S.M.T/Flat
MF:S.M.T/Gull-wing Q=Halogen Free

3;9x8mm Operating Force:
. . N=Brown, 160gf
Dimension H: R=Red, 260gf
1=4.3 2
225.0mm S Vel 3299 >Not Available For Halogen Free
SPECIFICATION CIRCUIT
MECHANICAL PACKAGE
Operation Force: 520+130gf Yellow(Y) Tube: 135 pcs/tube
320+80gf Salmon(S) DTSM(L)-31: 1800 pcs/reel
260+50gf Red(R) DTSM(L)-32: 1600 pcs/reel
= 160+50gf Brown(N) Bulk: 1000 pcs/bag
ﬁ Stroke: 0.25+0.2/-0.1mm
= ENVIRONMENTAL
o Operation Temperature Range: -25C to +70C
— Storage Temperature Range: -30C to +80C
f-j ELECTRICAL
=~  Electrical Life:
50,000 cycles for 160gf
30,000 cycles for 260gf, 320gf, 520gf
Rating: 50mA, 12VDC
DTS-3
—- 6.00[ 238) 4~— pTs-32 [5.00[.127]
sl DTS-31 [4.30[.189]
H 1= PART MO, H
8.50[.256"
3.00 1.50
[.118] [ooe] LN
1 ) S
T \ HE | 2xe1.30[.061]
{ : Gl e ;
SR il
sf= al l
B| 51+ 6.50[ 256] 4 108 P.C.B LAYCUT
= e 7.90[.311] [-039] T
DTSM-3
— G.OG[‘.ZI’;G] — DsmM-32 |5.00[187]
{\ r—H (}3 E- SSM—?A 4.30[.169]
J"HJ’( 1At ART NO. H T s 40[291]
218 3.400.134
1.50 -2 _T L ]—]‘_
e ==
T |
1.00
[.239]
P.C.B LAYCUT
87

O APEM
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o X
3.5x6 Through Hole & SMT Type

Tactile Switch ol 9‘

DTS-3,DTSM(L)-3

SERIES

DTSML-3
——6:00[.236] — D-SM_—32 [5.00[.197]
alw 07SM_—31 [ 4.30[.169]
EEﬂ[E PART NO. H ”
%\§ 9.50(.374]
— 6.40[.252) ~=—
3.00 . 1.50 o ] [I Jj
[.118] [.059] | ]
1 =) 10 fE | L1
: i %[E
_i_. [0
1.06
9.00[ 254] [.039]
[ - o
P.C.B LAYCUT
DTSMF-3
———6.00[ . 236] 4=— 07sM==32 [5.0n[.187]
ol 0-SM==31 | #.30[.169]
'EIE)Ej {IEH:} E PART NO. H - 12.00[.472]
R T -
i 2 _T_ b.50[|.256] = :
[.118] [ IS I P —i
- =
I | HE =
; = =
J‘E—‘_ — 1.00 =
10.00[.364] —=| L:039]
P.C.B LAYCUT
88

O APEM
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6.- Interruptor.

SLIDE SWITCHES (SMD)
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CMS

RoHS compliant

B FEATURES

® RoHS compliant
® Excellent contact stability by twin Gold-plated contact

mechanism

@ Load life of 30,000 cycles

® Compatible with

@ Withstands high soldering temperature

Il PART NUMBER DESIGNATION
CMS -

automatic mounting

=i

INTERNAL SG'I;RUCTUHE

Part name Material Flammability
@ Cover Steel (SPCC), Tin-plated —
() |Slider

Polyamide UL94V-0

(3) |Housing
(@) | Slider contact
@ Fixed contact Copper alloy, Gold-plated
() |Terminal pin —
@ Click spring Copper alloy
Ground terminal Steel (SPCC), Tin-plated

Series name T Shape of terminal
A : J-hook
No. of poles B : Gull wing
2 : 2 poles C : Through hole pins
4 : 4 poles
Form of packaging
No. of contacts T - Taping (Reel)
2: 2 contacts W : Tray packaging (Through hole pins only)
3 : 3 contacts Blank : Bulkin plastic bag
4 : 4 contacts
Setting position Knob length
0 : Top setting 2:2mm
1 : Side setting 4 :4mm (2 poles - Side setting only)

% Please refer to the LIST OF PART NUMBERS when placing orders.

6 : 6 mm (4 poles - Side setting only)
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SLIDE SWITCHES (SMD)

® 2 poles
Setting ] Knob ; No. of contacts Pieces in
position Shape of terminals length Form of packaging 5 5 3 package
ARG Taping CMS-2202TA CMS-2302TA CMS-2402TA 900 pcs./reel
-hoo
Plastic bag CMS-2202A CMS-2302A CMS-2402A 50 pes./pack
Top . Taping CMS-2202TB CMS-2302TB CMS-2402TB 900 pcs./reel
i B (Gull wing) 2mm -
setting Plastic bag CMS-22028 CMS-2302B CMS-24028 50 pes./pack
7 Tray packaging CMS-2202WC | CMS-2302WC | CMS-2402WC 50 pes./tray
C (Through hole pins) -
Plastic bag CMS-2202C CMS-2302C CMS-2402C 50 pes./pack
> Taping CMS-2212TA | CMS-2312TA | CMS-2412TA 900 pes./reel
mm
A(Lhook) Plastic bag CMS-2212A CMS-2312A CMS-2412A 50 pes./pack
-hoo
/i Taping CMS-2214TA | CMS-2314TA | CMS-2414TA 900 pes./reel
mm
Plastic bag CMS-2214A CMS-2314A CMS-2414A 50 pes./pack
> Taping CMS-2212TB CMS-2312TB CMS-2412TB 900 pcs./reel
mm
Side . Plastic bag CMS-2212B CMS-2312B CMS-2412B 50 pes./pack
i B (Gull wing) ;
setting 4 Taping CMS-2214TB CMS-2314TB CMS-2414TB 900 pcs./reel
mm
Plastic bag CMS-2214B CMS-2314B CMS-24148 50 pes./pack
2 Tray packaging CMS-2212WC | CMS-2312WC | CMS-2412WC 50 pcs./ftray
mm
. Plastic bag CMSs-2212C CMs-2312C CMS-2412C 50 pes./pack
Through hole pins -
4 Tray packaging CMS-2214WC | CMS-2314WC | CMS-2414WC | 50 pcs./tray
mm
Plastic bag CMS-2214C CMSs-2314C CMS-2414C 50 pes./pack
@ 4 poles
Setting < Knob 5 No. of contacts | pjeces in
position Shape of terminals Jength Form of packaging . package
Taping CMS-4202TA 500 pes./reel
A (J-hook) -
Plastic bag CMS-4202A 25 pes./pack
Tapin CMS-4202TB 500 pes./reel
Top B (Gull wing) 2mm f ,g P
setting Plastic bag CMS-4202B 25 pes./pack
Tray packagin CMS-4202WC | 50 pes./ftra
C (Through hole pins) i p L - u
Plastic bag CMS-4202C 25 pes./pack
Taping CMS-4216TA 500 pcs./reel
A (J-hook)
Plastic bag CMS-4216A 25 pes./pack
H Tapin: CMS-4216TB 500 pes./reel
Sa B (Gull wing) 6mm £ 2
selting Plastic bag CMS-4216B 25 pes./pack
. Tray packaging CMS-4216WC | 50 pes./tray
C (Through hole pins) -
Plastic bag CMS-4216C 25 pes./pack

3% Verify the above part numbers when placing orders.
Taping and tray version can be supplied only in reel or tray unit.
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Il STANDARD SPECIFICATIONS

Il ELECTRICAL CHARACTERISTICS

Chere g g e —40-85°C Contact rating DC50 V 100 mA
St Non-switching
orage temp. range s DC12 V100 mA
Switching DC20 mV 1 u A
. Minimum LU
Sealing Non- Washable
Contact timi - i
04 (WS 2900 04 § (G 3914 = e
59 ( 9( 1 i i
ol e 0509 (CMS-2402) 054 g (CMS-2414) Contact resistance 70 m Q maximum
0.42 g (CMS-2212)  0.80 g (CMS-4202) ) ] L
048 (Cmg 23}2) 0.84 g (CNIS-4216) Insulation resistance 100 M Q minimum (DC500 V)
5
Ut (el Dielectric strength AC500 V, 60 s

Il MECHANICAL CHARACTERISTICS

Il ENVIRONMENTAL CHARACTERISTICS

No. of positions 2,3,4 (Amplitude) 1.5 mmor
Vibration (Acceleration) 98 m/s?,

Stroke 2mm 10-500-10 Hz, 3 directions for 10 cycles each
Operating force 15 1N{0.15 £ 0.1 kgf Shock 430, mizy 1] Mg SEUsoial veve I cycle:

30N{3.06 kgft 155 (Top setting) . Continuous load 30000 cycles,
S 10N(1.02 kgf} 15 5 (Side seing) Load s DC12 + 0.5V,100 + 10 mA
Solderability 25+3°C 2-3s Humidity Lo U ) =%

Reflow : 255 °C (Peak temperature) : o

(Please refer to the profile below) High temp. exposure 85°C, 96 h, No load
Soldering heat Flow:260 + 3 °C, 5~6s Low temp. exposure — 40°C, 96 h, No load

Manual soldering : 350 £ 10°C, 3~ 4s Thermal shock — 40(0.5h) ~85°C (0.5 h), 5 cycles

Shear (Adhesion) 50N {5.09 kgf} 10 s
Substrate bending Width 90 mm, bend 3 mm, 5 s, 1 time
Pull-off strength 50N {5.09 kgf} 10 s

{ }: Reference only

{Reflow profile for soldering heat evaluation)

() -
250 Peak 125070 Cuusvspmmgrasiaes
Over 230 °C “~~=of-=o=rpoeeee

o 200 Pre Heating Zone
é 180°C rvrrvrmrrrerenrarieeenss
i
8 150 150°C s
5 90+30s
2

Ly 30£10s

50 Heating time Soldering Zone

Reflow : two times maximum
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CMS
SLIDE SWITCHES (SMD)

- OUTLINE DIMENSIONS Unless otherwise specified, tolerance : & 0.3 (Unit : mm)

@ CMS-2202A o ® CMS-2202B .
@ 3 ® 13 0
10.8 Lo s A 10.8 T i
o T34 B_l8 8 Tl
3 c P 1 2) @
—E L Schematic jr e 50"9"31
_L_. "ﬁ Production date code t--~_Production date code
J FTIHH
Terminal No.1 :
Travel 03 Terminal No.1
i |
" 541 5  Tiae 3
2 2,
il H
) ) + L~ T
e = ag By 0o} =?l i s U H o
) Sy Il T ; : J 0 _L
+ e i | 08
E Eiied 0:‘ i S 08, J. . ‘ .
0s | LS| s09 3 43
® CMS-2202C ® CMS-2212A
108 T 5 13
@ 6@ 10.8 o 00
I D 66
%' & L 1
r Q) ) =1 - -~ R
L+ Production date code il = ['_L o ‘Z‘ &
-F_Production date code c
. 74 of) Schematic
Terminal Vo] Travel Terminal No.1
g Travel
H S 54
o ] 2[5
& o ﬁ L L | B = ) 1
= == £ T R
S b Jots i Sy A=y ‘:1 @ [
: 3 R b
056, - &
=l lila]22 2 080 32| 421009
@ CMS-2212B ® CMs-2212C
108 - I
c
A _HAH ® _©® ‘%» E %—l’
L gl P £l ol 16
= = el 1 o~ 4
; J~Production date code  © 2 ® Production date code Schematic
HH Schen'gtic Terminal No.1
Terminal No.1
Travel
B A8 8 2 5
2 5 ‘I
~fr TN —— o
w -+
. _E k1 =
s = L
B Jo2
0.6 min. 1 0.6 min. LI
5.2
® CMS-2214A
10.8 « (55 & © 6@
® _6O6 @ _66
Lt t alh [
= o iy T
o5 T34 T
J~Production date code c Productiondate code . i
Schematic
Terminal No.1
o 54 Travel .
| 4 5 I~
| o
1 ' 2 wfes o - o
g = EElf et acl . =
T | 06l E . .
= 6 L| 3 [12] 3_9 06 min. || ,H_ 1106 min.
43|, 42
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Il OUTLINE DIMENSIONS

® CMS-2214C
10.8 L
® 66
P s
r ‘?—:g xé‘
- Production date code c
1 Schematic
Terminal No.1
Travel
2 -
4 5
il oy | T
) |
S
- o g
) b o2
084 5 |4 2] 20 2

AR

o o? 4 ,"' 0§

S|P W]
® CMS-2312A

Production date code

= H'H
|
o ! ’
06 1 0.6 min.
S min, | | | |.06min
5® &G
i

15
128
{ i | L
L
Terminal No.1

-J;K Production date code : Schemat?c
/ILmLel &
27 ) S.g )
_ ST -

o7 e R%} T 3
Sy = +
—=r I

3 ok U ARl % HH

. 53 52
e Ccus-2312C :
- ®® 00
TL Y1
—
r ‘I "Z‘ ‘i ‘i»
( N )~ Production date code Scnematg:
Terminal No.1
2.2
'TZTI Iz 5
w

w P

o I
— o

! P Sl

06 JlIl <
21 4 12122 .2

Unless otherwise specified, tolerance : & 0.3 (Unit : mm)

® CMS-2302A

15 o c
® ® @ ®
12.8 e ol e
|
- o Na=F
— = o C
=~ - T . Schematic
1] )~ Production date code

Teminal No.1/

~
sl
" i
= ﬁ
® CMS-2302C ;
£ ®® ©®
e s
—_—
- - 1T 4
[ e 0 LR S
Hﬂ?ﬁw sq;nemat?c
M/ Travel
2
.2
= - '
Bl T~ i
N e - !.“__
o 03 Sl le
06 ]
2| 4 |2]29 h2
® CMS-2312B
c
128 P I:Eﬁ‘ ¢
AAHLAAR T LT
— ey }, @ ‘i
] L I~ Production date code scnema\(i:c
Terminal No.1 /Iml
2 2
wfF (AT e
Bl B e
g w7
2081l T =

&l-e
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Il OUTLINE DIMENSIONS

® CMS-2314B

128

L
® @

HA

-@

@ (i!i

=T

|

1=

A A
L=
4 |
{ LJ\.\ Production date code
Terminal No.1 j I
Travel
e

c
Schematic

222 8
AT -
e p SHCLH i
&l o 06)9 osmlnl_llL_Loemin.
5 .

206 | Mot
@® CMS-2402A "
c
148 ®0D ®9®
[
2 ] ¥ f;‘\é‘ &b
P~ Production cate code  Schematic
tommanor/
Terminal No.1 s
Z 5
2
) H
3 3 | ™
3 s
+
©
3
2086
® CMS-2402C i
‘ o . e
®0 ® @ @®
L S
e —
] I T d
- < DR BO®E
S~ Prduction date code c
/ Schematic
Terminal No.1 Travel
2 2 7 5
2
G — H
o G VGl R — l
L |
) Il | 03 Tl -LO_Z
06 Il l ]
2] 3l12]2]22 50
® CMS-2412B
c
% 99 900
‘_,H B_AAH HH p o o
= - YT b
ﬁaﬁ Production date code Scnerrgtic

Terminal No.A j

E%Lq

auch

Unless otherwise specified, tolerance : & 0.3 (Unit : mm)

® CMS-2314C

®
I
A
@
Travel
2.2
4 5
-2 woft]
of - - H
T o] 2 =
! He s 1.
[N Y
4 Z_J_Z 2
® CMS-2402B |, .
14.8 ® @ @) @ “1‘@
i e
e L bE Db
117 5 C
- LJ,_\,\ Production date code  SCNeMatic
I L
Terminal No.1 8
2 5
H
| 3
PN
0.6 min., I ; I 0.6 min.
® CMS-2412A .
148 ®® _®O®®
Vit 7Y
- b& Bbd
2 c
il = Schematic
" i~ Production date code
Terminal No.1
Travel
54
'TZ"' lz 5
il
wf=2 ﬁ‘LL T L]"B o Hl 2
FESETT O
2.3 -“3 2
s K 62 3

® CMS-2412C

14.8

['_' rm

L
Terminal No.1 j C

35

ot
o

2516 15
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Il OUTLINE DIMENSIONS

® CMS-2414A .
148 ‘\sr‘ ® _® ‘? !F
- T Db
r B
( 5 )~ Production date code sehemshe
Terminal No.1 :
Travel
2aT2 541"
.IZ_- 4 5
w }
wby LH —1 [ : B
AS AL ©
=4 Q-GTJ
2.3
S8l
® CMS-2414C .
14.8 ® @ ® @ @
[ W g
= —
» . c
)~ Production date code Schematic
Terminal No.1
Travel
2 2
L el | 4 5
r— o
) G-LL T - =
S o | e o | e ] F
o) .03 & o2
06 L
21,3 ]12]2]22 52
® CMS-4202B
) 0o8  wnw
gy
paad landl
LORF L6 4)(5)(®
=__Production date code c c
Schematic

Terminal No.1

Tavel
P!
2
= M
EEE |
= ﬂ
= by mim
= g
o e06 09
< 3 6| 06 min
® CMS-4216A
£ ¢ ¢
r——"’a PO6  _wm®
H AL LA
|3 N SV, Caadll
F AR protucton ateonse VD3 O G6
Terminal No.1 / Schematic
Tl

;%FF

03

0

06

6,
6
[ [:]
2 6

2

Unless otherwise specified, tolerance : & 0.3 (Unit : mm)

® CMS-2414B

c
14.8 ® @ @ @ G0
TL LT
AR _BAA_ 1T 344
2 (o ] L C
= [ Schematic
) ~~_Production date code
BHH
Terminal No.1 )
2 2 8
1] 5
! [T] ot | 1
FE] UE =1 e
“l s i ©
E ;) 06m|u_L 1 _Lo.emin.
0.6

— 63

® CMS-4202A

T__J—E]“

- o

)

D=L

Lo pERaad

k VO 6
c ¢

T~ Production date code

Terminal No.1/

Travel

ol

® CMS-4202C

128

» "EB"" £

T Production date code

TerminalNo.1 /

C
90 (9 @

fopaiand

olRYo DE®
C

4
Schematic

Travel
2/— g
I S S R
e
%_:lz 2| 6 2|2 s .JLI..%
® CMS-4216B
133’ DOG s ) 2
TTRTT] gl
2 0= o o KL= 5
HEE[[TEEE Sobemate
TerminalNo.1 /
Travel
2 2/_[_ 6 5
. T
3 A &

[ 29
T

23 2

Q)

I
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CMS

SLIDE SWITCHES (SMD)
- OUTLINE DIMENSIONS Unless otherwise specified, tolerance : & 0.3 (Unit : mm)
® CMS-4216C
i 06 _| : I 03 & 02
1
H SIZE OF P.C.B. PROCESSING (Unit : mm)
® CMS-22[ |IC ® CMS-23[ ][ IC
31 zlzz 2. 4 220
-4 -0
o N 0 N
= 0 Cw ° O -E) O~ i 12
CMS housinyg/ 7 Ne-008 m{ﬂy - S
® CMSs-24[]IC ® CMs-42[ ] IC
2 3 .1.2:.2.522 §59459 6 ;2.217
b tods] 660|500
@ %L C‘\le o L 1554 012
cMs hw:in;; 10-008 oMShousing /| \I2=08
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Il RECOMMENDED P.C.B. PAD OUTLINE DIMENSIONS

@ CMS-22[ 1A ®cMs-220 B Ca s (Unit : mm)
2,2,3 1,2,2,2, T 'ﬂj_'é !
amemsy) o 5T |
|
e T
& {%3 } 4124-| 1.2 hole o [' _E] m 1.2 hole
009 hole | {
. 0.9 hole = =
@ CMS-23[ 1A ® cus-230 B P
o2 2T2I 4 T2T212,= V= T } Tii‘ e
g 2 i
o~ w ﬂ [aV]
T Hmn f N
53 —L P’ 1.2 hole ] m ﬁ m 1.2 1ol
609 hole | ﬂ « 53 e 52
0.9 hole
@ CMS-24 1A ® CMS-24[] D232 s s
2,2,2,3 1,2,2,2,2, t tt T
T 1 e ’ . T
g Y .
& MM M '
il ['5"5' |EH_'§]2JEEL 1.2 hole 3 f_m"—-fm—"ﬁ_ 1.2 hole
6.0.9hole | e [l._s3 J_ 6.2
0.9 hole
@ CMS-42[ 1A ® CMS-42( | B
2 mslziz‘ 6 ]2 215 , 2 2 152]2‘ & ‘2 21{5 2
i G A .
g Iy i oeb K
S T ey S e O
1 6.1 | 6 LK;MZhoIe - ’@ E] m E] E] I—Jﬁ\
68 iicle / 61 | 6 1.2 hole
¢ 0.9 hole

Note) The zero point is the center of mounting.
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SLIDE SWITCHES (SMD)

Il PACKAGING SPECIFICATIONS

<Taping packaging specifications>

® CMS-2 O type is packaged in 900 pcs. per reel.
Orders will be accepted for units of 900 pcs., i.e.,
900, 1800, 2700 pcs., etc. CMS-4 type is packaged
in packaged in 500 pcs. per reel.
Orders will be accepted for units of 500 pcs.

® Embossed tape dimensions

@ Taping version is boxed with one reel.

Maximum number of consecutive missing pieces=2
Leader length and reel dimension are shown in the
diagrams below:

® Reel dimensions (Unit: mm)
(Conforms to JIS C 0806)

(In accordance with EIAJ ET-7200A)

25.4+1 (CMS-20001] type)
33.4+1 (CMS-40J01] type)

Empty Filled Empty
T " it ll 1
[T O_O oo O O e o o SRR |
End DD ....... DD@ ....... \\@D ...... l:]l:] 5 SHead N
[ —— 1 [ AE| [
40 mm min. 20 pitches min. - § S|
Direction of feed L Leader o/ H-
400 mm min. LA | —
29.4+1 (CMS-2000C type)
37.4+1 (CMS-4101CT] type)
® CMS-2202TA,TB (Unit : mm)
(Conforms to JIS C 0806)
154" %
12204 A
4:01 2:01 & e 04201
(CMS-22028)
/ d $ ’\D $ $ @ / Installation example
(CMS-22028)
Terminal

115201

4

h
B

&

Direction of feed
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® CMS-2302TA, TB ® CMS-2402TA,TB (Unit: mm)
(Conforms to JIS C 0806) (Conforms to JIS C 0806)
b ] 04204
159 :1 04201 g N )
) (CMs-2302B) F\ (CMS-ZAOSS;;\ple
—@- o %— Installation example
Terminal (CM5-2302E)
No.1 S 3) S
T Y - A a
[==) - -
(=i
Ec_ ] 1 -
==
h D)
Orectionoiieed . i Direction of feed 7
® CMS-2212 - 2214TA,TB ® CMS-2312 « 2314TA,TB
(Conforms to JIS C 0806) (Conforms to JIS C 0806)
159" 16404 E =t 16204 E e
, \’h 4204 220 1/ - (cus-z214m) 18T r——r—“’w L2sol (CMS-23128)
FasY A A A AL A Installation
I .@%_ - _é_ .G_(:;- -
\’,, A o A 4 mn&zﬂm _é _é %:A"glzema)
Terminal = Terminal -
ot < No.1 S
! /_/T h i ﬁ Iy é 1]
u |
} m B T 1 = T
=) m ’:j ‘ ’J
u =)
0] ! "J
r
Direction of feed Direction of feed 5
® CMS-2412 « 2414TA,TB ® CMS-4202TA, TB
(Conforms to JIS C 0806) (Conforms to JIS C 0806)
= 042041 = +
& 12401 S 4 05:01
154 e (CMS-?4128) 159 4:01/2+01 ®
. g N s

Terminal
No.1

£0.1

115

24

Direction of feed

AT

example
(CMS-2412B)

Installation
example
(CMS-4202B)

Terminal No.1

284+0.1
32
Il

0.2:0.05
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® CMS-4216TA,TB (Unit : mm)
(Conforms to JIS C 0806)

) 20201 S

$15% I 4:07]2:01 L 05201
5 s —] ] (CMS-4.21 6B)
Terminal No.1 - Installation example
= 2 (CMS-4216B)
& H o~
] =

0.2+ 0.05

=O—O0—0—0—0—0—0—0—0—0—0-

R0.75%"

<Tray packaging specifications>

o

Direction of feed
_

@ Tray version is packaged in 50 pcs. per tray. Orders will
be accepted for units of 50 pcs., i. e., 50, 100, 150 pcs.

etc.
@ Tray version is boxed with 10 trays.

<Bulk pack specifications>

® The smallest unit of bulk pack in a plastic bag is 10 pcs.
per pack.
Orders will be accepted for unit of minimum 10 pcs., i.e.,
10, 20, 30 pcs., etc.

@ Boxing of bulk in plastic bag is performed with 50 pcs.
(standard 100 pes. / CMS-2 (I, 50 pes. / CMS-4
OO0 ) per box.

pag. 113



7.- 74LS390
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Data sheet acquired from Harris Semiconductor
SCHS185C
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Angel Hernandez Gonzéalez

CD74HC390,
CD54HCT390, CD74HCT390

High-Speed CMOS Logic
Dual Decade Ripple Counter

Features
« Two BCD Decade or Bi-Quinary Counters

One Package Can Be Configured to Divide-by-2, 4,
5,10, 20, 25, 50 or 100

Two Master Reset Inputs to Clear Each Decade
Counter Individually

Fanout (Over Temperature Range)

- Standard Outputs............... 10 LSTTL Loads
- Bus Driver Qutputs ............. 15 LSTTL Loads

Wide Operating Temperature Range .. . -55°C to 125°C

Balanced Propagation Delay and Transition Times

Significant Power Reduction Compared to LSTTL
Logic ICs

HC Types

- 2V to 6V Operation

- High Noise Immunity: Ny_ = 30%, Njy = 30% of Vcc
atVec =5V

HCT Types

- 4.5V to 5.5V Operation

Direct LSTTL Input Logic Compatibility,

V= 0.8V (Max), Vi = 2V (Min)

CMOS Input Compatibility, I, < 1pA at Vo, Vou

Pinout
CD54HCT390
(CERDIP)
CD74HC390, CD74HCT390
(PDIP, SOIC)
TOP VIEW
1CPO E ! E Vee
MR [2] [15] 2CP0
1qq [3] [12] 2MR
1CP1 [4] 13] 200
10 [5] [12] 2CP1
10, [€] [11] 20,
103 [7] 1] 20,
GND [8] 9] 203

Description

The CD74HC390 and 'HCT390 dual 4-bit decade ripple
counters are high-speed silicon-gate CMOS devices and are
pin compatible with low-power Schottky TTL (LSTTL). These
devices are divided into four separately clocked sections.
The counters have two divide-by-2 sections and two divide-
by-5 sections. These sections are normally used in a BCD
decade or bi-quinary configuration, since they share a com-
mon master reset (NMR). If the two master reset inputs (1MR
and 2MR) are used to simultaneously clear all 8 bits of the
counter, a number of counting configurations are possible
within one package. The separate clock inputs (nCP0O and
nCPT) of each section allow ripple counter or frequency divi-
sion applications of divide-by-2, 4. 5, 10, 20, 25, 50 or 100.
Each section is triggered by the High-to-Low transition of the
input pulses (nCPO and nCP1).

For BCD decade operation, the nQO output is connected to
the nCPT input of the divide-by-5 section. For bi-quinary
decade operation, the nO3 output is connected to the nCPO
input and nQq becomes the decade output.

The master reset inputs (1IMR and 2MR) are active-High
asynchronous inputs to each decade counter which oper-
ates on the portion of the counter identified by the “1” and “2”
prefixes in the pin configuration. A High level on the nMR
input overrides the clock and sets the four outputs Low.

Ordering Information

TEMP. RANGE
PART NUMBER (°c) PACKAGE
CD54HCT390F3A -55t0 125 16 Ld CERDIP
CD74HC390E -55t0 125 16 Ld PDIP
CD74HC390M -55to 125 16 Ld SOIC
CD74HC390MT -55to 125 16 Ld SOIC
CD74HC390M96 -55to 125 16 Ld SOIC
CD74HCT390E -55t0 126 16 Ld PDIP
CD74HCT390M -55to0 1256 16 Ld SOIC
CD74HCT390MT -55to 125 16 Ld SOIC
CD74HCT390M96 -55to 125 16 Ld SOIC

NOTE: When ordering, use the entire part number. The suffix 96
denotes tape and reel. The suffix T denotes a small-quantity reel
of 250.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © 2003, Texas Instruments Incorporated

1

pag. 114



CD74HC390, CD54HCT390, CD74HCT390

Angel Hernandez Gonzéalez

Functional Diagram

1(15) 3(13)
nCP0 2 H—— nQp
+2
2(14)
MR _ | COUNTER
5(11)
5 [[e00 no
-5 1107 nQ,
4(12
o (12) COUNTER  [7(9) nQs
GND=8
Vec=16
TRUTH TABLE
INPUTS
CcP MR ACTION
1 L No Change
] L Count
X H All Qs Low

BCD COUNT SEQUENCE FOR 1/2 THE 390

H = High Voltage Level, L = Low Voltage Level, X = Don’t Care,
1 = Transition from Low to High Level, | = Transition from High to Low.

B-QUINARY COUNT SEQUENCE FOR 1/2 THE 390

OUTPUTS OUTPUTS

COUNT Qo Q1 Q2 Q3 COUNT Qo Q1 Q2 Q3
0 L L L L 0 L L L L
1 H L L L 1 L H L L
2 L H L L 2 L L H L
3 H H L L 3 L H H L
4 L L H L 4 L L L H
5 H L H L 5 H L L L
6 L H H L 6 H H H (t
7 H H H L 7 H i H L
8 L L L H 8 H H H L
9 H L L H 9 H L L H

Output nQO connected to nCP 1 with counter input on nCP0O

Output nQ3 connected to nNCPO with counter input on nCP1
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CD74HC390, CD54HCT390, CD74HCT390

Logic Diagram

4(12)
nCP1 O—D:

1(15)
nCPO

s s, | ;

P o

3(13) 5(11) 6(10)
nQ, nQq nQ; nQ3
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Absolute Maximum Ratings

DC Supply Voltage, Vog . - ... ... . -05Vto 7V
DC Input Diode Current, I

FOrVi<-0.5VorVi>Veg +0.5Ve e svnnerennnnnsnnanes +20mA
DC Output Diode Current, gk

FOrVg <-05VorVo >Veg + 0.5V . ceeureennennneanes *20mA

DC Output Source or Sink Current per Output Pin, Ig
ForVp >-05VorVgo <Vgg +0.5V...
DC V¢ or Ground Current, loc o lonD

Operating Conditions

Temperature Range (Tp) - - .- ...oooeuonon... -55°C to 125°C
Supply Voltage Range, Ve

HEITYPES. sissiinsnssin o s s S s S s s 2V to 6V
HCTTypes . ... .. ... .. .. 45V1io 55V
DC Input or Output Voltage, V), Vo 0Vto Voo

Input Rise and Fall Time

Wi 1000ns (Max)
45V . 500ns (Max)
e 400ns (Max)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

Thermal Information

Thermal Resistance (Typical, Note 1)

E (PDIP) Package
M (SOIC) Package

Maximum Junction Temperature

Maximum Storage Temperature Range
Maximum Lead Temperature (Soldering 10s)

(SOIC - Lead Tips Only)

1. The package thermal impedance is calculated in accordance with JESD 51-7

8,5 (°CIW)
67
73
ST 15090
.......... -65°C to 150°C
300°C

DC Electrical Specifications

COJ[I)Eli;rONS Vee 25°C 40°C TO 85°C | 55°C TO 125°C
PARAMETER SYMBOL| Vv;(v) [lomA)| W) MIN | TYP | MAX | MIN | MAX | mIN | mAX | uNITS
HC TYPES
High Level Input ViH - - 2 15 - - 15 - 1:5 - \Y
Voltage 45 | 315 | - | 315 | - | 315 | - v
6 42 = E 42 = 42 2 Y
Low Level Input ViL - - 2 - - 05 - 05 = 0.5 \4
veKage 15 = - 135 | - 135 | - 135 |V
6 » » 18 - 18 x 18 v
High Level Output VoH VigorV | -0.02 2 19 - - 19 - 19 - \
X::S%ema - 002 | 45 44 24 24 %
-0.02 6 59 59 59 v
High Level Output - A\
\#tal?:a e 4 25 | 398 | - ~ | 384 . 37 " %
52 6 548 < - 534 x 52 = v
Low Level Output VoL VigorV | 0.02 2 - - 0.1 - 0.1 - 0.1 v
X‘;"‘(‘;gsel_oa " 002 | 45 > m 0.1 = 01 = 0.1 %
0.02 6 - = 0.1 e 0.1 = 0.1 Y
Low Level Output - - - - - - - - - \
;’_‘;'ﬁafo"'a - 4 45 ~ o2 | - [o33 ][ - 0.4 v
52 6 0.26 0.33 04 v
Input Leakage I Ve or - 6 0.1 # +1 HA
Current GND
Quiescent Device lcc Vg or 0 6 - = 8 7 80 5 160 BA
Current GND
4
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DC Electrical Specifications (Continued)

TEST
CONDITIONS Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER symeoL [ vi(v) [lomA)| v MN | Ty [ max | min | max | min | max | units
HCT TYPES
High Level Input ViH 45to 2 2 2 \Y
Voltage 55
Low Level Input ViL 2 = 45t0 - = 08 = 08 - 0.8 \%
Voltage 5:5
High Level Output Vou |Vimorvy| -0.02 45 44 44 44 v
Voltage
CMOS Loads
High Level Output -4 4.5 3.98 3.84 - 37 \
Voltage
TTL Loads
Low Level Output VoL VigorV | 0.02 45 - = 0.1 = 01 5 0.1 \
Voltage
CMOS Loads
Low Level Output 4 45 - - 0.26 - 0.33 - 04 \
Voltage
TTL Loads
Input Leakage Iy Vg and 0 55 % = 0.1 = 1 & ko | A
Current GND
Quiescent Device Icc Vee or 0 55 = 8 80 160 A
Current GND
Additional Quiescent Alge Vee = 45to & 100 | 360 & 450 & 490 BA
Device Current Per (Note 2) 21 55
Input Pin: 1 Unit Load
NOTE
2. For dual-supply systems theoretical worst case (V| = 24V, V¢ = 5.5V) specification is 1.8mA
HCT Input Loading Table
INPUT UNIT LOADS
nCPO 0.45
nCP1, MR 06
NOTE: Unit Load is Al limit specified in DC Electrical Table, e.g.,
360§A max at 25°C.
Prerequisite for Switching Specifications
25°C -40°C TO 85°C | -55°C TO 125°C
CHARACTERISTIC SYMBOL Vee (V) MIN ] TYP ] MAX MIN MAX MIN MAX UNITS

HC TYPES
Maximum Clock fMAX 2 6 5 4 - MHz
FIeduency 45 30 24 20 MHz

6 35 28 24 MHz
Cloik Puliwmh, tw 2 80 100 120 ns
nEEONGP] 45 16 20 24 ns

6 14 17 20 ns
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Prerequisite for Switching Specifications (Continued)
25°C -40°C TO 85°C | -55°C TO 125°C
CHARACTERISTIC SYMBOL Vee (V) MIN YR MAX MIN MAX MIN MAX UNITS
Reset Removal Time tREM 2 70 - - 90 - 105 - ns
45 14 = 3 18 . 21 = ns
6 12 - - 15 - 18 - ns
Reset Pulse Width tw 2 50 - - 65 - 75 - ns
45 10 - - 13 - 15 - ns
6 9 = = 11 = 13 = ns
HCT TYPES
Maximum Clock fmax 45 27 - - 22 - 18 - MHz
Frequency
Clo_ck PuIiWId(h, Ly 45 19 24 29 ns
nCPO, nCP1
Reset Removal Time tREM 45 15 - = 19 = 22 = ns
Reset Pulse Width tw 45 13 - - 16 - 20 - ns
Switching Specifications Input t;, t = 6ns
TEST Ve 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | CONDITIONS V) MIN I TYP I MAX | MIN MAX MIN MAX | UNITS
HC TYPES
Propagation Delay (Figure 1) tpLH, Cy =50pF 2 - - 175 - 220 - 265 ns
nCPO to nQp tPHL 45 e - | 35 = 44 B 53 ns
Cp =15pF 5 - 14 - - - < - ns
C =50pF 6 - - 30 - 37 - 45 ns
nCP1 to nQ4 tpL, | CiL=50pF 2 - - 185 - 230 - 280 ns
tPHL 45 4 - | a7 . 46 R 56 ns
6 - - 31 - 39 = 48 ns
nCP1 to nQ; tpLn, | CL =50pF 2 = - | 245 " 305 : 370 ns
tPHL 45 - - | 49 - 61 . 74 ns
6 - - 42 - 52 - 63 ns
nCP1to nQy tprn, [ CL =50pF 2 = T 180 & 225 = 270 ns
PHL 45 - - | 3 e 45 - 54 ns
5 - 15 = = & = = ns
6 - - 31 = 38 2 46 ns
nCPO to nQ3 — tprH, | CL=50pF 2 . . 365 & 455 - 550 ns
(nQq connected to nCPT) tpHL 25 - - 73 - 0 - 110 =
6 - - 62 - 77 - 94 ns
MR to Q, tpry, | CL=50pF 2 - - | 190 - 240 - 285 ns
PHL 45 . - | 38 . 48 . 57 ns
Cp =15pF 5 - 16 - - - - - ns
Cy = 50pF 6 - - 32 - 41 - 48 ns

pag. 119



Angel Hernandez Gonzéalez

CD74HC390, CD54HCT390, CD74HCT390

Switching Specifications Input t;, tr= 6ns (Continued)

25°C -40°C TO 85°C | -55°C TO 125°C
TEST Vee
PARAMETER SYMBOL | CONDITIONS [ (V) MIN | TYP [ MAX| MIN [ MAX | MIN [ MAX | UNITS
Output Transition Time t7LH, ttHL | CL = 50pF 2 - - 75 - 95 - 110 ns
(Fgurel) a5 | - - s -] 1°] -2/
6 = - 13 - 16 - 19 ns
Input Capacitance Cin Cy =50pF - - - 10 - 10 - 10 pF
Power Dissipation Capacitance Cpp Cp =15pF 5 - 28 - - - - - pF
(Notes 3, 4)
HCT TYPES
Propagation Delay (Figure 1) lpLHv Cy =50pF 45 - 40 - 50 - 60 ns
nCPO to nQy L oo 5 » 17 " . ” - ns
nCP1 to nQq tpu, | CL=50pF 45 = 43 51 2 65 ns
tPHL
nCP1 to nQp tpuy, | CL=50pF 45 - - 55 - 69 2 83 ns
tPHL
nCP1 to nQ3 tpLy, | CL = 50pF 45 42 - 53 - 63 ns
tPHL
Cy =15pF 5 = 18 - & = = % ns
nCP0 to nQ2 tpLH, Cy =50pF 45 - - 84 - 105 - 126 ns
(nQg connected to nCP1) tPHL
MR to Q;, tpLn, | CL=50pF 45 2 - 42 E 53 g 63 ns
tPHL Cy =15pF 5 2 18 E s E & 2 ns
Output Transition trin. trHe | CL = 50pF 45 - - 15 - 19 - 22 ns
Input Capacitance Cin Cp =15pF - - 10 - 10 = 10 pF
Power Dissipation Capacitance Cpp Cy =15pF ) - 32 - - - - - pF
(Notes 3, 4)
NOTES:

3. Cpp is used to determine the dynamic power consumption, per multiplexer.
4 Pp= Vcc2 fi (Cpp + Cy) where f; = Input Frequency, C| = Output Load Capacitance, V¢ = Supply Voltage.

Test Circuits and Waveforms

INVERTING
OUTPUT

FIGURE 1. HC AND HCU TRANSITION TIMES AND PROPAGA-

TION DELAY TIMES, COMBINATION LOGIC

ty=6ns —=| |=—
3V
INPUT

GND

tTHL

INVERTING 1
OUTPUT
= [tPHL|=— —™|tPLH[*—

FIGURE 2. HCT TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC
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B TExas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www_ti.com 19-Mar-2008
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
Y [+ Ko |<—P1—>l
L R KR AR A T
lH’ 1 i
{ ol ) ‘Reel — Al — l
Diameter
Cavity *l A0 14—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
Y W | Overall width of the carrier tape
_i P1 | Pitch between successive cavity centers
[ [ |
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O 00 6 06 0 0 Sprocket Holes
1 1
T T
Q1 : Q2 Q1 : Q2
e —— 1=
Q31 Q4 Q3 | Q4 User Direction of Feed
| ® A |
T [ T
~
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) B0 (mm) KO (mm) P1 w Pin1
Type |Drawing Di. Width (mm) | (mm) |Quadrant
(mm) (W1 (mm)
CD74HC390M96 SOIC D 16 2500 330.0 164 6.5 10.3 2.1 80 | 16.0 Q1
CD74HCT390M96 SoIC D 16 2500 330.0 164 6.5 10.3 21 80 | 16.0 Q1

Pack Matenals-Page 1
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*3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www._ti.com 19-Mar-2008
TAPE AND REEL BOX DIMENSIONS

5
M P S 2
» &
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CD74HC390M96 SOIC D 16 2500 333.2 3459 28.6
CD74HCT390M96 SoIC D 16 2500 333.2 3459 28.6

Pack Matenals-Page 2
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MECHANICAL DATA
N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
P PINS +*
< A » oM 14 16 18 20
& 1 0.775 | 0775 | 0.920 | 1.060
i B i I i Y i Y i W i B i B A MAX | (19,69) | (19.69) | (23.37) | (26.92)
0.745 | 0745 | 0.850 | 0.940
D) %%—%2%) AMN | q892) | (18,92) | (21,59) | (23,88)
R e e e g s s Vo VX:L:%QN AA B8 AC AD
] lemum
0.070 (1,78)
T GORAN

0.045 (1,14)

0.325 (8,26
— r’ 0.030 (0,76) A 0.020 (0.51) MIN 0.300 57,62;

0.015 (0,38)

T
1200 (5,08) MAX
4

= T Gaouge Plane
Seating Plane L_]

0
t 0.125 (3,18) MIN 0.010 (0,25) NOM

‘J 0.430 (10,92) MAX L

— T

0.100 (2,54

0.021 (0,53)
0.015 (0,38) . N

(
\ / 14/18 Pin Only &

= 20 Pin vendor option

—

4040049/E  12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

& Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
[bx The 20 pin end lead shoulder width is a vendor option, either half or full width.

Ji‘TEms
INSTRUMENTS

www.ti.com
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MECHANICAL DATA

D (R—PDSO-G16) PLASTIC SMALL OUTLINE

0.394 (10,00)
0.386 (9,80)

10AA.BAAN

| S

\\\\
' hﬂ td H'HHdH

/ N JLzzfs o 0o

0.010 (0,25) ®

[ \ d

| T
jIinininininininiEE—
—T: 0.010 (0,25) S

L 0.069 (1,75) Max 0.004 (0,10)

0.010 (0,25) // ;
0.005 (0,13)1 / \
Gauge Plane N S

0.010 (0,25) 0-8"

0.050 (1,27)
0.016 (0,40)

[ [0004 @10)

f Seating Plane

4040047-6/M  06/11

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

A Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
[ﬁx Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS-012 variation AC.

*3 Texas
INSTRUMENTS

www.ti.com
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LAND PATTERN DATA

D (R-PDSO-G16) PLASTIC SMALL OUTLINE

Stencil Openings
Example Board Layout N
(Note C) oD
—— |=—16x0,55
——l |<—1 4x1,27 ; 14x1,27
FRORBGHE e RRREED
?’ 8 I B 0 I
5,40 5.40
TN
l/ X
H A -
\[_,,/
!
!
] Example
i Non Soldermask Defined Pad Example
| p
H P Pad Geometry
! 2 (See Note C)
J ——
Vs
/
/ 1;55 \ Example
! / Solder Mask Opening
'\ L i (See Note E)
\ —=|l=—0,07 ]
\ All Around /
\ A
\ o
S T
e —
4211283-4/E 08/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. 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.

Customers should contoct their board fabrication site for solder mask tolerances between and around signal pads.

m

W3 Texas
INSTRUMENTS
www.ti.com
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14 LEADS SHOWN

CERAMIC DUAL
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IN—LINE PACKAGE

l¢ B
(ﬁmﬁmmmﬁ

o —»

LI LI LT LT L]
1 AJ 0.065 (1,65) !
0.045 (1,14)

4— 0.005 (0,13) MIN

0.060 % 1,62 :
0.015| 0,38

_" L_ 0.026 (0,66)
0.014 (0,36)

0.100 (2,54

s
0.200 (5,08) MAX
v

PINS
5 14 16 18 20
0300 | 0300 | 0300 | 0300

(7.62) | (7.62) | (762) | (7.62)
BSC | BSC | BSC | Bsc

B MAX 0.785 .840 0.960 1.060
(19,94) | (21,34) | (24,38) | (26,92)

B MIN — | — | — | —
5 i 0300 | 0.300 | 0.310 | 0.300
(7.62) | 762 | (787) | (7.62)

5 0245 | 0245 | 0.220 | 0245
6.22) | (6:22) | 5.59) | (6:22)

Seating Plane

oo (3,30) MIN

— %

0.014 (0,36
0.008 (0,20

—]

\‘/ 015

4040083 /F 03/03

NOTES:

meom>

Al linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
This package is hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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8.- 74LS374

CD54/74HC374, CD54/74HCT374,

¥ Texas CD54/74HC574, CD54/74HCT574

INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS183C

High-Speed CMOS Logic Octal D-Type Flip-Flop,
3-State Positive-Edge Triggered

February 1998 - Revised May 2004

Features
« Buffered Inputs

Description

The 'HC374, '"HCT374, 'HC574, and '"HCT574 are octal D-type
flip-flops with 3-state outputs and the capability to drive 15

Common Three-State Output Enable Control
Three-State Outputs
Bus Line Driving Capability

Typical Propagation Delay (Clock to Q) = 15ns at
Ve = 5V, €= 15pF, Ty =25°C

LSTTL loads. The eight edge-triggered flip-flops enter data into
their registers on the LOW to HIGH transition of clock (CP). The
output enable (OE) controls the 3-state outputs and is
independent of the register operation. When OE is HIGH, the
outputs are in the high-impedance state. The 374 and 574 are
identical in function and differ only in their pinout arrangements.

« Fanout (Over Temperature Range) Ordering Information
- Standard Outputs............... 10 LSTTL Loads
- Bus Driver Outputs ... 15LSTTL Loads —— TEM"(;,Z;\NGE —
« Wide Operating Temperature Range .. . -55°C to 125°C CD54HC374F3A -55to 125 20 Ld CERDIP
- Balanced Propagation Delay and Transition Times CD54HC574F3A -55 10 125 20Ld CERDIP
- Significant Power Reduction Compared to LSTTL EhodtieToAha ) 20Ld CERDI
Logic ICs CD54HCT574F3A 5510 125 201Ld CERDIP
CD74HC374E 55 0 125 20Ld PDIP
* HC Types ) CD74HC374M 755 0 125 20Ld SOIC
*12:Vit0 BV Operation CD74HC374M9% 5510125 20Ld SOIC
- High Noise Immunity: Ny =30%, Niy =30% f Vee  |an7arosiae T TR
at Vcc =5V
CD74HC574M 5510 125 201d SOIC
+ HCT Types CD74HC574M9% 5510 125 20Ld SOIC
= 4.5V 10 5.5:V Operation CD74HCT374E 5510125 | 20Ld PDIP
- Direct LSTTL Input Logic Compatibility, I o T P TS
ViL= 0,5V (Max); V iy = 2V (M"l) CD74HCT374M9%6 5510 125 20Ld SOIC
- CMOS Input Compatibility, | < 1A at VoL, Vou CD74HCT574E 5510 125 20Ld PDIP
CD74HCT574M 5510 125 201d SOIC
CD74HCT574M96 5510 125 201Ld SOIC
CD74HCT574PWR 5510 125 20Ld TSSOP

NOTE: When ordering, use the entire part number. The suffixes
96 and R denote tape and reel.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © 2004, Texas Instruments Incorporated 1
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

Pinouts

CD54HC574, CDS4HCT574
(CERDIP)

CD74HC574

(PDIP, SOIC)

CD74HCT574

(PDIP, SOIC, TSSOP)

TOP VIEW

CD54HC374, CDS4HCT374
(CERDIP)
CD74HC374, CD74HCT374
(PDIP, SOIC)

TOP VIEW

Qq Qs
TRUTH TABLE
INPUTS OUTPUT
OE CP Dn Qn
L T H H
L 1 L L
L E X Qo
H X X 74

H = High Level (Steady State)

L = Low Level (Steady State)

X=Don’t Care

1= Transition from Low to High Level

QO= The level of Q before the indicated steady-state input
conditions were established

Z = High Impedance State
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

Absolute Maximum Ratings Thermal Information

DC Supply Voltage, Vog . - ... ... St . -0.5Vto 7V Thermal Resistance (Typical, Note 1)..vevurvrarnsnnns LTS ©°cw)

DC Input Diode Current, Ik E(PDIR) Package: sy, se s siime i st s, 69
ForVi<-0.5VorVi>Voc +0.5Veeeiieinnienrannnnanns *20mA M (SOIC) Package 58

DC Output Diode Current, lok PW (TSS0P) Package: .. v sis v s v siifii s o 89
ForVp <-05VorVo > Vee + 0.5V eeuuiiiiiiiaieans $20mA  Maximum Junction Temperature . .. . ... ......._... ... 150°C

DC Drain Current, per Output, lg Maximum Storage Temperature Range -65°C to 150°C

For-0.5V < Vg <Vgc + 0.5V.. . Maximum Lead Temperature (Soldering 10s). ... ... #25300°C
DC Output Source or Sink Current per Output Pin, 1o (SOIC - Lead Tips Only)

ForVp >-05VorVg <Vgg + 0.5V
DC V¢ or Ground Current, Igg ...

Operating Conditions

Temperature Range, T - .. .. ................. -55°C to 125°C
Supply Voltage Range, Vco
HC Types 2V to 6V
HOT AWDOS: oo oo s, o 45Vto 55V
DC Input or Output Voltage, V), Vg - s = .. 0Vto Ve
Input Rise and Fall Time
Nz sr s L S e e S 1000ns (Max)
4.5V . 500ns (Max)
BV s R TAT ceiii........400ns (Max)
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating, and operation
of the device at these or any other above those indic in the op: I sections of this specification is not implied.
NOTE

1. The package thermal impedance is calculated in accordance with JESD 51-7

DC Electrical Specifications

coJ[i?xTous Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER symBoL| vi(v) [loma)| v MmN [ TYP [ max | min | max | min | max | uniTs
HC TYPES

High Level Input ViH - - 2 15 - - 1.5 - 15 \Y
Vaiage 45 | 315 = 2 315 s 315 v
6 42 . & 42 . 42 v
Low Level Input ViL - - 2 - - 05 - 05 - 0.5 Vv
Voltage 45 - T 135 | - 135 | - 135 |V
6 . . 18 . 18 . 18 v
High Level Output Vouy VigorV) | -0.02 2 19 - & 19 = 19 = \4
\c/:/:tS%eLoa = 002 | 45 | 44 | - — | 44 = 44 : v
-0.02 6 59 E E 59 - 59 s v
High Level Output - - - - - - - \%
ﬁﬁg:ads 6 45 | 398 - - 384 - 37 Vv
78 6 548 = E 534 5 52 v
Low Level Output VoL VigorV | 0.02 2 - - 0.1 - 0.1 = 0.1 v
‘é‘a’g%ema - 002 | 45 = | o4 2 01 : 01 v
0.02 6 Z Z 01 = 0.1 = 0.1 v
Low Level Output - - - - - - - - - A\
ﬁ'&a&; e 6 45 = o2 | - | o3| - 0.4 v
78 6 5 - [ o2 = 033 = 04 v
Input Leakage Iy Vcg or - 6 - - 0.1 - 1 - 1 A

Current GND

3
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

DC Electrical Specifications (Continued)

TEST
CONDITIONS Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL Vi (v) Ip (mA) ) MIN TYP | MAX MIN MAX MIN MAX | UNITS
Quiescent Device Icc Vge or 0 6 8 80 160 A
Current GND
Three- State Leakage | V_or Viy | Vo =Vce - 6 - - 305 - 5.0 - *10 A
Current or GND
HCT TYPES
High Level Input ViH 45to 2 2 2 \Y
Voltage 95
Low Level Input ViL - - 45to - - 08 - 08 - 08 Vv
Voltage S5
High Level Output VoH VigorV | -0.02 45 44 44 44 A%
Voltage
CMOS Loads
High Level Output -6 4.5 3.98 - - 384 - T - A\
Voltage
TTL Loads
Low Level Output VoL VigorV | 0.02 45 - - 0.1 - 0.1 - 0.1 \
Voltage
CMOS Loads
Low Level Output 6 45 - - 0.26 - 0.33 - 04 A\
Voltage
TTL Loads
Input Leakage Iy Vg and 0 5:5 - 0.1 - 1 - *1 BA
Current GND
Quiescent Device Icc Vce or 0 55 % = 8 - 80 - 160 A
Current GND
Three- State Leakage | V_or Vi | Vo =Vce - 6 - 305 - 50 *10 BA
Current or GND
Additional Quiescent Alce Vee = 45t 3 100 360 ~ 450 - 490 A
Device Current Per (Note 2) 21 55
Input Pin: 1 Unit Load

NOTE:

2. For dual-supply systems, theoretical worst case (V| = 2.4V, V¢ = 5.5V) specification is 1.8mA.

HCT Input Loading Table

UNIT LOADS
INPUT HCT374 HCT574
DO - D7 03 04
CcP 09 0.75
OE 13 06

NOTE: UnitLoad is Algc limit specific in DC Electrical Specifications

Table, e.g., 360jA max. at 25°C.
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

Prerequisite for Switching Specifications

25°C -40°C TO 85°C -55°C TO 125°C
PARAMETER SYMBOL | Vgc (V)| MIN | TYP | MAX MIN | TYP | MAX MIN I TYP | MAX | UNITS
HC TYPES
Maximum Clock fmax 2 6 - - 5 - - 4 - - MHz
Frequency
45 30 - - 25 - - 20 - - MHz
6 35 - - 29 - - 23 - - MHz
Clock Pulse Width tw 2 80 = - 100 = = 120 - - ns
45 16 - - 20 - - 24 - = ns
6 14 - - 17 - - 20 - ns
Setup Time tsu 2 60 = = 75 = = 90 - = ns
Data to Clock
45 12 - - 15 - - 18 - - ns
6 10 13 15 ns
Hold Time tHy 2 5 = - 5 - - 5 - - ns
Data to Clock
45 S - - ) - - 5 - - ns
6 5 - - 5 = - 5 - - ns
HCT TYPES
Maximum Clock fmax 45 30 - - 25 - - 20 - = MHz
Frequency
Clock Pulse Width tw 45 16 - - 20 - - 24 - - ns
Setup Time tsu 45 12 - - 15 - - 18 - - ns
Data to Clock
Hold Time ty 45 5 = P 5 = 5 5 = = ns
Data to Clock

Switching Specifications C| = 50pF, Inputt,, tf = 6ns

40°C TO 55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Vcc (V) [ MIN | TYP | MAX | MIN | MAX MIN MAX |UNITS
HC TYPES

Propagation Delay tLH. tPHL| Cp = 50pF
Clock to Output 2 - - 165 - 205 - 250 ns
45 = = 33 % 41 4 50 ns
Cp = 15pF 5 - 15 = = = - - ns
C = 50pF 6 - - 28 - 35 - 43 ns
Output Disable to Q tprz. tpuz| Cp = 50pF 2 - - 135 - 170 - 205 ns
45 - - 27 - 34 - 41 ns
Cp = 15pF 5 - 1" - - - - - ns
C = 50pF 6 - - 23 - 29 - 35 ns
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Switching Specifications C| = 50pF, Inputt,, t = 6ns (Continued)

-40°C TO -55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Vec (V)| MIN | TYP | MAX | MIN | MAX | MIN MAX |UNITS
Output Enable to Q tpzL.tpzH| Cp = 50pF 2 = = 150 = 190 = 225 ns
45 - - 30 - 38 - 45 ns
CL = 15pF 5 - 12 - - - - - ns
Cy = 50pF 6 = = 26 = 33 = 38 ns
Maximum Clock Frequency fmax Ci = 15pF 5 - 60 - - - - - MHz
Output Transition Time trHL, tie | Cr = 50pF 2 - - 60 - 75 - 90 ns
45 - - 12 - 15 - 18 ns
6 - - 10 - 13 - 15 ns
Input Capacitance Cy Cp = 50pF - 10 - 10 - 10 - 10 pF
Three-State Output Co 20 - 20 20 - 20 pF
Capacitance
Power Dissipation Capacitance Cpp CL = 15pF 5 - 39 - - - - - pF
(Notes 3, 4)
HCT TYPES
Propagation Delay tPHL, tPLH
Clock to Output C = 50pF 45 - 33 41 - 50 ns
Cp = 15pF 5 15 ns
Output Disable to Q tprz. tpHz | Cp = 50pF 4.5 28 35 42 ns
Cp = 15pF 5 " ns
Output Enable to Q tpzL.tpzu| Cp = 50pF 4.5 30 38 45 ns
Cp = 15pF 5 12 ns
Maximum Clock Frequency fmax C = 15pF 5 60 MHz
Output Transition Time trem, ttHe | CL = 50pF 45 12 15 18 ns
Input Capacitance Cy C = 50pF 10 10 10 10 pF
Three-State Output Co 20 20 20 20 pF
Capacitance
Power Dissipation Capacitance Cpp Cp = 15pF (S 47 - - pF
(Notes 3, 4)

NOTES:

3. Cpp is used to determine the dynamic power consumption, per package.

4. Pp=Cpp Vec?
Voltage

“fi+ EVCCZ fo C where f; = Input Frequency, fo = Output Frequency, C|_ = Output Load Capacitance, V¢ = Supply
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

Test Circuits and Waveforms

—=| |- tC|

=ik
'\HL"\NH-'CL

t,Cp —=| |-

NOTE: Outputs should be switching from 10% V¢ to 90% Vg in
accordance with device truth table. For fyax, input duty cycle = 50%.

FIGURE 1. HC CLOCK PULSE RISE AND FALL TIMES AND
PULSE WIDTH

-— tr=6ns

INVERTING
OUTPUT

FIGURE 3. HC TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC

t,C —=| [ —| |- t%Cp

Vee
CLOCK
INPUT

7 50%

GND

-— i) —=

DATA
INPUT

tSUH) —=

OUTPUT

tREM —»

Vee
SET, RESET
OR PRESET

GND

|I|ﬁi:;ﬁ

FIGURE 5. HC SETUP TIMES, HOLD TIMES, REMOVAL TIME,

AND PROPAGATION DELAY TIMES FOR EDGE
TRIGGERED SEQUENTIAL LOGIC CIRCUITS

Vee

GND

I
twi + twh =E:—L

NOTE: Outputs should be switching from 10% V¢ to 90% Ve in
accordance with device truth table. For fyax, input duty cycle = 50%.

FIGURE 2. HCT CLOCK PULSE RISE AND FALL TIMES AND
PULSE WIDTH

INVERTING
OUTPUT
—= [ty |=— —=|tp pl=—

FIGURE 4. HCT TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC

tCL —»=| |— —=| | = t;C

3V

cLocK i
INPUT a3V
: GND
-— th
DATA 2
INPUT : : 1:3v;
GND
tsu(H) - tsup)

tREM —=

SET, RESET 1.3v

OR PRESET
[ e
T

FIGURE 6. HCT SETUP TIMES, HOLD TIMES, REMOVAL TIME,
AND PROPAGATION DELAY TIMES FOR EDGE
TRIGGERED SEQUENTIAL LOGIC CIRCUITS

GND
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CD54/74HC374, CD54/74HCT374, CD54/74HC574, CD54/74HCT574

Test Circuits and Waveforms (continued)

6ns —=

OUTPUT
DISABLE

——I -— 6ns

Vce

N GND

OUTPUT LOW
TO OFF

OUTPUT HIGH 50%

TO OFF
OUTPUTS | OUTPUTS —*=~— OUTPUTS
ENABLED DISABLED ENABLED

FIGURE 7. HC THREE-STATE PROPAGATION DELAY
WAVEFORM

t, —e=| |=— 6ns t ——| -— 6ns
OUTPUT 27 Y
DISABLE 2 N o3
GND

- tpzL

OUTPUT LOW

TO OFF 1.3V

OUTPUT HIGH
TO OFF

OUTPUTS OUTPUTS
ENABLED DISABLED

1.3V

OUTPUTS
ENABLED

FIGURE 8. HCT THREE-STATE PROPAGATION DELAY
WAVEFORM

Ve FOR tpp 7z AND tpz|

THREE-
STATE ! c, GND FOR tpyjz AND tpzyy

OTHER [ ° OUTPUT

INPUTS J o 1IcwWITH | R, =1ke
TIED HIGH | o

ORLOW | o

OUTPUT outeut | T sopF

DISABLE 7 =

NOTE: Open drain waveforms tp; 7 and tpz are the same as those for three-state shown on the left. The test circuit is Output R = 1kQ to

Vce, CL = 50pF

FIGURE 9. HC AND HCT THREE-STATE PROPAGATION DELAY TEST CIRCUIT
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Q’pnms PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www_ti.com 2-Oct-2019

TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
7y
Reel — P
{ & Diameter

A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape

_i P1 | Pitch between successive cavity centers

_ﬁ Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

© 0000000 Sprocket Holes
1 ]
T T
Q1 1 Q2 Q1 : Q2
=== ——t gt
Q31 Q4 Q31 Q4 User Direction of Feed
¥ A | 4
T I T
N~
Pocket Quadrants

*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1

Type |Drawing Di Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) [W1 (mm)
CD74HC374M96 SOIC DW 20 | 2000 330.0 244 108 | 133 | 27 | 120 | 240 Q1
CD74HC574M96 SOIC DW 20 2000 330.0 244 108 | 133 2.7 120 | 240 Q1
CD74HCT374M96 SOIC DW 20 2000 330.0 244 108 | 133 27 120 | 240 Q1
CD74HCT574M96 SOIC DW 20 2000 3300 244 108 | 133 27 120 | 240 1

CD74HCT574PWR TSSOP PW 20 2000 330.0 164 695 | 7.0 14 80 | 16.0 Q1

Pack Matenals-Page 1
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{i}'nexAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www_ti.com 2-Oct-2019

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CD74HC374M96 SOIC DW 20 2000 367.0 367.0 45.0
CD74HC574M96 SOIC DW 20 2000 367.0 367.0 45.0
CD74HCT374M96 SOIC DW 20 2000 367.0 367.0 45.0
CD74HCT574M96 SOIC DW 20 2000 367.0 367.0 45.0

CD74HCT574PWR TSSOP PW 20 2000 367.0 367.0 38.0

Pack Matenals-Page 2
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14 LEADS SHOWN

CERAMIC DUAL
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IN—LINE PACKAGE

l¢ B
(ﬁmﬁmmmﬁ

o —»

LI LI LT LT L]
1 AJ 0.065 (1,65) !
0.045 (1,14)

4— 0.005 (0,13) MIN

0.060 % 1,62 :
0.015| 0,38

_" L_ 0.026 (0,66)
0.014 (0,36)

0.100 (2,54

s
0.200 (5,08) MAX
v

PINS
5 14 16 18 20
0300 | 0300 | 0300 | 0300

(7.62) | (7.62) | (762) | (7.62)
BSC | BSC | BSC | Bsc

B MAX 0.785 .840 0.960 1.060
(19,94) | (21,34) | (24,38) | (26,92)

B MIN — | — | — | —
5 i 0300 | 0.300 | 0.310 | 0.300
(7.62) | 762 | (787) | (7.62)

5 0245 | 0245 | 0.220 | 0245
6.22) | (6:22) | 5.59) | (6:22)

Seating Plane

oo (3,30) MIN

— %

0.014 (0,36
0.008 (0,20

—]

\‘/ 015

4040083 /F 03/03

NOTES:

meom>

Al linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
This package is hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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MECHANICAL DATA

PW (R—PDS0—-G20) PLASTIC SMALL OUTLINE

(=}
[
=)

Wl

AAAARAARA

=
(=]
2|
[#]
=)
> =)
®

™
0,15 NOM ,/
l /
6,20 L A

0] Gage Plane _L
ELEREEERY: | Loz’

ol o
‘—M'U\—‘>
E=1k)

6,60 08 -~
5.40 07

0:50
V6N

1,20 MAX 0.15

- 74
[&]0.19] —

4040064-5/G 02/11
NOTES:

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
. 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 each side.

Body width does not include interlead flash.

Interlead flash shall not exceed 0,25 each side.
E. Falls within JEDEC MO-153

*3 TExas
INSTRUMENTS

www.ti.com
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LAND PATTERN DATA

PW (R—PDSO—G20)

PLASTIC SMALL OUTLINE

Example Board Layout

— [~—18x0,65

Dm0

/ 2 N
',/ 2 N Example )
P . Solder Mask Opening
J// \\ (See Note E)

. All Around.”

~—

Pad Geometry

Based on a stencil thickness
of .127mm (.005inch).

20x0,25

nnannont

1,55

5,6

gl

18x0,65—=

4211284-5/G  08/15

NOTES: All linear dimensions are in millimeters.

cow»

This drawing is subject to change without notice.
Publication IPC-7351 is recommended for alternate design.
Loser cutting opertures 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.

m

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

W3 Texas

INSTRUMENTS

www.ti.com
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE

16 PINS SHOWN
i PINS +
< A >
- w | 1. | 18| 2
. i 0775 | 0775 | 0920 | 1.060
A e A T e e Ao KWK | e | deey | Gian | dee
0.260 (6,60 A NN 0.745 | 0.745 | 0.850 | 0.940
D) #(J(W% (18,92) | (18.92) | (21.59) | (23.88)
‘ MS—001
T ST S 5T o A raaon | M | s | ac [ w0
| 8
J L 0070 (178) o
0.045 (1.19)

0.045 (1,14) 0.325 (8,26
r* 503 (0.78) D 0.020 (Tr5‘) MIN 0.300 %7.62%

0.015 (0,38)

0.200 (5,08) MAX

)
. Gouge Pl
l Seating Plane L_] T auge Plane

1 0.125 (3,18) MIN 0.010 (0,25) NOM

~»j 0.430 (10,92) MAX L

—T

0.100 (2,54

0.021 (0,53)
0.015 (0,38) 4 >

[B]e00 @5 ®] (

v

g

M 14/18 Pin Only A

- 20 Pin vendor option

4040049/E  12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

/O\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
[f)x The 20 pin end lead shoulder width is @ vendor option, either half or full width.

*{‘ TeExas
INSTRUMENTS

www.ti.com
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PACKAGE OUTLINE
SOIC - 2.65 mm max height

DWO0020A

solc
e '
PIN 11D
(A] AREA
g 20
Y — ==
— =-
—] —
 — | —
130 [ — 2X
NJ)ZTE 3 ' 1149
—] —
—] —
—] —
— -
10 34— el
1 —‘L
76
74
NOTE 4
W \
033
t ¥ TYP
( J ¥ .; i L’J 0.10
Ne I
&
SEE DETAIL A GAGE PLANE
{ f P
03
0°-8 T — 8'% 0.1
DETAIL A
TYPICAL
4220724/A 05/2016

NOTES:

“

- All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14 5M

This drawing is subject to change without notice.

This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm per side.

Reference JEDEC registration MS-013

oL G

o T—

www.ti.com
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EXAMPLE BOARD LAYOUT
SOIC - 2.65 mm max height

SoIc

20X (2)

1'%

2OX(06)J_
o

18X (1.27)

-

o

A

18

(R0.05)
TYP

-
[=)

N
o

Y

roit

S

9.3)

LAND PATTERN EXAMPLE
SCALE:6X

OPENING

SOLDER MASK—\ /METAL

|

"

— 0.07 MAX
ALL AROUND

METAL UNDER
SOLDER MASK\\
|
| J
-JL 007 MIN
ALL AROUND

SOLDER MASK

SOLDER MASK
OPENING

NON SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4220724/A 05/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

- T—

www.ti.com
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EXAMPLE STENCIL DESIGN
DWO0020A SOIC - 2.65 mm max height

SoIc

20X (2)

¢
u:!j |
zoxw.e)rcfj i
5 |
|

|

I

|

|

|

|

18X (1.27)
T—-E==1
3

9.3)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:6X

4220724/A 05/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design

- T—

www.ti.com
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I
FAIRCHILD
SEMICONDUCTOR ™

DM74LS47

BCD to 7-Segment Decoder/Driver with

Open-Collector Outputs

General Description

The DM74LS47 accepts four lines of BCD (8421) input
data, generates their complements internally and decodes
the data with seven AND/OR gates having open-collector
outputs to drive indicator segments directly. Each segment
output is guaranteed to sink 24 mA in the ON (LOW) state
and withstand 15V in the OFF (HIGH) state with a maxi-
mum leakage current of 250 BA. Auxiliary inputs provided
blanking, lamp test and cascadable zero-suppression func-
tions.

October 1988
Revised March 2000

Features

W Open-collector outputs

W Drive indicator segments directly

W Cascadable zero-suppression capability
W Lamp test input

Ordering Code:

Order Number | Package Number

Package Description

DM74LS47M M16A

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow

DM74LS47N N16E

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available n Tape and Reel. Specify by appending the suffix letier X 1o the ordering code.

Logic Symbol

A0 A1 A2 A3 LT REI

13121110 9 1514 4
Vee =Pin 16

GND=Pin8

Connection Diagram

sinding 10308]10-uadQ YIM J9ALIQ/I8POoS( Juswbag-/ 0} A28 LYSTVZING

-/
ISES I 16 Ve
A2—{2 15 =1
[RE K 14f—9
BI/RBO—] 4 13-z
RBI—5 12-b
A3—{6 1=t
Ac—7 10f=d
GND— 8 ] =
Pin Descriptions
Pin Names Description
AOQ-A3 BCD Inputs
RBI Ripple Blanking Input (Active LOW)
o Lamp Test Input (Active LOW)
BIRBO Blanking Input (Active LOW) or
Ripple Blanking Output (Active LOW)
a-g Segment Outputs (Active LOW) (Note 1)

Note 1: OC—Open Collector

®© 2000 Fairchild Semiconductor Corporation DS009817

www.fairchildsemi.com
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Truth Table
Decinial Inputs Outputs
or Note
Function| LT RBI A3 A2 A1 A0 BIRBO a b ¢ d e f g
0 H H L L [N L H L L [ L L L[ H |(Note2)
1 H | X L L L H H H L L H H H H [(Note2
2 H | X L L H £ H L L H L L H L
3 H | X (¥ L H H H L, & bk L H H L
4 H | X i H L L H H L L H H L L
5 H | X L H L H H L H L L H L L
6 H | X (E H H I H H H L L L L L
7 H | X i H H H H L i L H H H H
8 H | X H L (i L H L L L L 1 L L
9 H | X H L L H H L L L H H L L
10 H | X H L H L H H H H L L H L
1 H | X H 3 H H H H H L L H H L
12 H | X H H L L H H L H H H [ 1
13 H | X H H L H H L H H L H E L
14 H | X H H H L H H H H L 5 (LR
15 H | X H H H H H H H H H H H H
Bl X X X 5% X b& L H H H H H H H | (Note3)
RBI H (K L L I L L H H H H H H H |(Notes)
o L X X X %X X H L L L L | N L | (Note5)

desired. X= input may be HIGH or LOW.

condition.

outputs goto a LOW level.

Functional Description

The DM74LS47 decodes the input data in the pattern indi-
cated in the Truth Table and the segment identification
illustration. If the input data is decimal zero, a LOW signal
applied to the RBI blanks the display and causes a multi-
digit display. For example, by grounding the RBI of the
highest order decoder and connecting its BVRBO to RBI of
the next lowest order decoder, etc., leading zeros will be
suppressed. Similarly, by grounding RBI of the lowest order
decoder and connecting its BI/RBO to RBI of the next high-
est order decoder, etc., trailing zeros will be suppressed.
Leading and trailing zeros can be suppressed simulta-
neously by using external gates, i.e.: by driving RBI of a

Note 2: BURBO is wire-AND logic serving as blanking input (B1) and/or ripple-blanking output (RBO). The bianking out (B1) must be open or held at a HIGH
level when output functions O through 15 are desired, and ripple-blanking input (RBI) must be open or at a HIGH level if blanking or a decimal 0 is not

Note 3: When a LOW level is applied to the blanking input (forced condition) all segment outputs go to a HIGH level regardiess of the state of any other input
Note 4: When ripple-blanking input (RBI) and inputs AD, A1, A2 and A3 are LOW level, with the lamp test input at HIGH level, all segment outputs go to a

HIGH level and the ripple-lanking output (RBO) goes to a LOW leve! (response condition).
Note 5: When the blanking inputiripple-blanking output BURBO) is OPEN or held at a HIGH level, and a LOW level is applied to lamp test input, all segment

intermediate decoder from an OR gate whose inputs are
BIRBO of the next highest and lowest order decoders. Bl/
RBO also serves as an unconditional blanking input. The
intemal NAND gate that generates the RBO signal has a
resistive pull-up, as opposed to a totem pole, and thus Bl/
RBO can be forced LOW by external means, using wired-
collector logic. A LOW signal thus applied to BI/RBO turns
off all segment outputs. This blanking feature can be used
to control display intensity by varying the duty cycle of the
blanking signal. A LOW signal applied to LT tums on all
segment outputs, provided that BI/RBO is not forced LOW.

www.fairchildsemi.com
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Logic Diagram

RIPPLE=BLEAKING
WPl

LAMP=TEST
INPUT

|

LySTV.ING

oureur

Numerical Designations—Resultant Displays

| o s 415

[0 123450 189 5 VCE] |

3 www.fairchildsemi.com
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Absolute Maximum Ratingsote 6)

Note 6: The “Absoluts Maximum Ratings” are those values beyond which
TV the safety of the device cannot be guaranteed. The device should not be
7y operated at these limits. The parametric values defined i the Electrical

Characteristics tables are not guaranteed at the absolute maximum ratings.

Supply Voltage

Input Voltage

Operating Free Air Temperature Range 0°Cto +70°C

Storage Temperature Range -65°Clo+150°C " eclualdevice operation

Recommended Operating Conditions

The “‘Recommended Operating Conditions” table will define the conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 525 v
Vin HIGH Level Input Voltage 2 \
ViL LOW Level Input Voltage 08 \
lon EIGE{ Level Output Current 250 §A

a=-g @15V=Vgy(Note 7)
lox HIGH Level Output Current BI /RBO -50 PA
loL LOW Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Note 7: OFF-State at a-g.
Electrical Characteristics
Over operating free air range (unless othenwise noted)
3 T 2
Symbol Parameter Conditions Min (No:: 8 Max Units
v, Tnput Clamp Voliage Veo=Min, |,=~18 mA 5 v
Von FIGH Level Voo™ M, loy, = Max, 7 - v
Output Voltage V, = Max, BI/RBO
lorr Output HIGH Current Segment Outputs Ve =55V, Vo =15Va=-g 250 pA
Vou LOW Level Vee= Mn,— bl_= Max, 035 05
Output Voltage Viy=Mn,a-g
lo. = 32mA, BI/RBO 05 v
lo = 12mA,3—g 025 0.4
lo = 16 mA BI/RBO 04
[} Input Current @ Max Vee=Max, V, =7V 100 A
Input Voltage Voo = Max, V; = 10V
™ HIGH Level Input Current Vec=Max, V, =27V 20 BA
W LOW Level Input Current Veo = Max, V, =04V =04 mA
Tos Short Circuit Vo= Max (Note 9), >,
Output Current los at BVRBO =03 =20
[ Supply Current Vee = Max 13 mA
Note 8: All typicals are at Vg = 5V, Ta= 25°C.
Note 9: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
at Voo =450V, T, =+25°C
R = 6650
Symbol Parameter Conditions C.=15pF Units
Min Max
oy Propagaﬁ_on Delay 100 s
top Antoa-g 100
toun PLopag_angn Delay 100 -
o RBIto a—g (Note 10) 100
Note 10: LT = HIGH, A0-A3 =LOW
www fairchildsemi.com 4
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Physical Dimensions inches (millimeters) unless otherwise noted

0.150-0.157
| 3w 2080
0.010-0020 _, .
o250 008 <5 | [<
8 MAX TYP

0.0080.010

DaS-001 G
om0 > |a 00050
TYP ALL LEADS s Sty
10.102]
ALLLEAD TIPS

0.385-0.394

[ e

>

l6 15 w13 12 o I\

maaAApaR

02280204 %
sie i) e
2 e
+ KOO0 0900 ¢
LERD N1 12 3 4 5 6 71 8 A
IDENT 0.010 pay
0754)
0.953-0.060
{31753 0.00¢_0.010
(0.102 -0.254)
VTR el v s
Fauil e
0050 00140020
L) w2 o ~— o on
0.008
kaan 71l weasevie

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
Package Number M16A

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 = 0.780
(18:80-19.81)

PIN NO. 1_
IDENT

omou o1 OPTION 02 0,065
0.13040.005 4 TP 0.300-0.320 {res1)
: (3.30220.127) —~| (—”u P op‘nONAL (7 620-8.128) [
0.145=0.200 |8
(3.683-5.080) { if= [:[ [:l ];[ |u ]:1
i
950250
i J ” II 9o°=4°wp l“ooos oms
2 [ 0. 2eo
- 0. | 0:030£0015
(o 762£0.381)
0.100£0.010 . 32540040
. oosogomo (25“’*“5‘) 20015 NI6E (REV F)
(1.27%0.2545 (8.255 :10.%6‘)

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

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

LIFE SUPPORT POLICY
FAIRCHILD'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 FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the www.fairchildsemi.com
user.

www.fairchildsemi.com 6
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10.- 74LS393

74HC393; 74HCT393

Dual 4-bit binary ripple counter
Rev. 6 — 3 December 2015 Product data sheet

1. General description

The 74HC393; 7474HCT393 is a dual 4-stage binary ripple counter. Each counter
features a clock input (n@), an overriding asynchronous master reset input (nMR) and 4
buffered parallel outputs (nQO to nQ3). The counter advances on the HIGH-to-LOW
transition of nCP. A HIGH on nMR clears the counter stages and forces the outputs LOW,
independent of the state of nCP. Inputs include clamp diodes. This enables the use of
current limiting resistors to interface inputs to voltages in excess of Vcc.

2. Features and benefits

B |nput levels:
@ For 74HC393: CMOS level
@ For 74HCT393: TTL level
B Complies with JEDEC standard no. 7A
B ESD protection:
4 HBM JESD22-A114F exceeds 2000 V
¢ MM JESD22-A115-A exceeds 200 V.
B Two 4-bit binary counters with individual clocks
H Divide by any binary module up to 28 in one package
B Two master resets to clear each 4-bit counter individually

3. Ordering information

Table 1.  Ordering information
Type number Package

Temperature range Name Description Version
74HC393D _40°Cto +125°C  SO14 plastic small outline package; 14 leads; body width 3.9 mm 'SOT108-1
74HCT393D
74HC393DB -40°Cto+125°C SSOP14 plastic shrink small outline package; 14 leads; body width SOT337-1
74HCT393DB 5.3 mm
74HC393PW -40°Cto+125°C TSSOP14 plastic thin shrink small outline package; 14 leads; body S0OT402-1
74HCT393PW width 4.4 mm
74HC393BQ -40°Cto+125°C DHVQFN14 plastic dual in-line compatible thermal enhanced very thin  SOT762-1
74HCT393BQ quad flat package; no leads; 14 terminals;

body 2.5 x 3 x 0.85 mm

nexperia
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Nexperia 74HC393; 74HCT393

Dual 4-bit binary ripple counter

4. Functional diagram

1Q0f—3 CTR4 (0}—3
1-o1CP =
1114 Z—{er=0 —4
cT
1Q2}-5 ol —5
2—1MR
10316 3l—s6
2Q0f— 11 CTR4 (0f— 11
13 -of 2CP i
2Q1}—10 12—CT=0 L 10
2 cT
2Q2f—9 o~ —9
12 —{2uR ==
2Q3f—8 3f—s8
001aad532 001aad533
Fig1. Logic symbol Fig2. IEC logic symbol
2o 2 1Q0
1CP 3
1 BT |11 4
BINARY
RIPPLE [ 1Q2 5
2 MR | COUNTER o
6 III——LTrl
al 2Q0 5 ]
13| 2P "
4BIT 2Q1
BINARY 9 6]
S RIPPLE  [2Q2 o
COUNTER
12 203 2
)]s )]
001aad534 001aad535
Fig3. Functional diagram Fig4. State diagram
74HC_HCT303 Al information pravided in this document is subject o legal disclaimers. © Nexperia BY. 2017, Al rights reserved
Product data sheet Rev. 6 — 3 December 2015 20f19
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Nexperia 74HC393; 74HCT393
Dual 4-bit binary ripple counter
Q Q Q Q
FF FF FF FF
'cT:—' So—{T . T 2 | i
RD RD RD RD
MR —D %Z T T T
Qo Qi Q2 Q3
001aad5 36
Fig5. Logic diagram (one counter)
5. Pinning information
5.1 Pinning
74HC393
74HCT393
A
1CP [1] [14] Vec
MR (2] [13] 2CP
100 [3] [12] 2MR
11 [4] [11] 200
102 [5] [10] 201
103 [6 | 9] 202
GND [7 ] 8] 203
aaa-007518

Fig6. Pinconfiguration SO14

74HC_HCT303

Product data sheet

Altinformation provided in this document i subject to legal disciaimers

Rev. 6 — 3 December 2015

© Nexperia BV. 2017. Al fights reserved
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74HC393; 74HCT393

Nexperia
Dual 4-bit binary ripple counter
74HC393
74HCT393
terminal 1 |§ ;‘3
74HC393 index area U U
T4HCT393 wit -
MR [2) @3] 2cP
@ECD 7] Ve 10 [® @] r
MR [2] [13] 2CP 11 [2) @1] 200
100 [3] [12] 2mR 102 [®) | vee® | (o] 201
11 [4] [11] 200 = =N
102 [5] 110] 2a1 1a3.®) @@ @]
103 [6] (9] 202 T
GND [7] (8] 203 s S 2aa-007521
aaa-007523 Transparent top view
(1) This is not a supply pin. The substrate is attached to this
pad using conductive die attach matenal. There is no
electrical or mechanical requirement to solder this pad.
However, if itis soldered, the solder land should remain
floating or be connected to V.
Fig7. Pinconfiguration SSOP14 and TSSOP14 Fig8. Pin configuration DHVQFN14

5.2 Pin description

Table 2. Pin description

Symbol
1CP
1MR
1Q0
1Q1
1Q2
1Q3
GND
2Q3
2Q2
2Q1
2Q0
2MR
2CP
Vee

74HC_HCT303

Product data sheet

Pin

= W 0O N O O A~ ON =

' Description
clock input (HIGH-to-LOW, edge-triggered)

asynchronous master reset input (active HIGH)

flip-flop output
‘ flip-flop output
‘ flip-flop output
flip-flop output
ground (0 V)
flip-flop output
' flip-flop output
flip-flop output
flip-flop output

asynchronous master reset input (active HIGH)
clock input (HIGH-to-LOW, edge-triggered)

supply voltage

Allinformation provided in this document i subject to legal disciaimers

Rev. 6 — 3 December 2015

© Nexperia BV. 2017. Al fights reserved
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Nexperia 74HC393, 74HCT393

Dual 4-bit binary ripple counter

6. Functional description

Table 3. Count sequence for one counter [1

Count Output
nQo nQ1 nQ2 nQ3

0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L
8 L L L H
9 H L L H
10 L H L H
11 H H L H
12 L L H H
13 H L H H
14 1 H H H
15 H H H H

H = HIGH voltage level; L = LOW voltage level.

7. Limiting values

Table4. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground =0 V).

Symbol Parameter Conditions Min Max Unit
Vee supply voltage -0.5 +7 Vv
Ik input clamping current V,<-05VorV,>Vec+05V == +20 mA
lok output clamping current Vo<-05VorVg>Vec+05V [ = +20 mA
lo output current Vo=-05VtoVec+05V - +25 mA
lcc supply current - 50 mA
lenp ground current - +50 mA
Tsig storage temperature -65 +150 |°C
Ptot total power dissipation S014, (T)SSOP14 and DHVQFN 14 1 - 500 mw
package

[1] For SO14 package: Py derates linearly with 8 mW/K above 70 °C.
For (T)SSOP14 packages: Py derates linearly with 5.5 mW/K above 60 °C
For DHVQFN14 packages: Py derates linearly with 4.5 mW/K above 60 °C.

74HC_HCT203 Allinformation provided in this document is subject to legal disciaimers © Nexperia BY. 2017, Al fights reserved

Product data sheet Rev. 6 — 3 December 2015 5of 19
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Nexperia 74HC393, 74HCT393

Dual 4-bit binary ripple counter

8. Recommended operating conditions

Table 5. Recommended operating conditions
Voltages are referenced to GND (ground =0 V)

Symbol Parameter Conditions 74HC393 74HCT393 Unit
Min Typ Max Min Typ Max

Vee supply voltage 20 | 50 6.0 45 5.0 55 V

Vi input voltage g | = Vee 0 - Vee V

Vo output voltage 0 - Vee 0 - Vee V

Tamb ambient temperature -40 ‘ +25 +125 —40 +25 +125 °C

AYAV input transition rise and fall rate Ve =2.0V - - 625 - - - ns/V
Vec=45V - 1.67 139 - 1.67 139  nsiV
Vec =6.0V - - 83 - - - ns/V

9. Static characteristics

Table 6.  Static characteristics
At recommended operating conditions; voltages are referenced to GND (ground =0 V).

Symbol Parameter  Conditions 25°C 40 °C to +85°C -40 °C to +125°C  Unit
Min Typ Max Min Max Min  Max

74HC393
Vi HIGH-level  Vee=2.0V 15 | 12 | = 15 . 15 - v
input voltage |y =45V 315 | 24 | - | 3.15 - 3.15 - v
Vec=6.0V a2 B2 = 4.2 2 4.2 - v
Vi LOW-level Vee =20V - |08 |05 . 05 - 05 |V
input voltage 'y =45V = .24 [138)| = 1.35 = 135 |V
Voc=6.0V - |28 |48 5 18 - 18 |V
Vou HIGH-level Vi=ViyorVy
outputvoltage ') = 50 A:vec =20V 19 20 - 19 » 19 - v
lo=-20 uA;Vec =45V | 44 45 - 44 = 44 - v
lo=-20 pA;Vec=60V | 59 60 - 59 = 59 - v
lo=-40mA Vec=45V 398 432 - 384 2 37 Y
lo=-52mA; Vcc=60V 548 581 - 534 = 52 - v
VoL LOW-level V=V orV
outputvoltage | '~ 50 A Ve =2.0V - | o | o1 B 0.1 : 01V
lo =20 yA; Vec = 4.5V - | o |o1 - 0.1 ” 01 |V
lo =20 pA; Vee = 6.0 V - | 0 |[ion B 0.1 = 01 vV
lo=40mA;Vec=45V | - 015 026 - 0.33 = 04 Vv
lo=52mA;Vec=60V | - 016 026 - 0.33 = 04 Vv
I input leakage  V; = Vi or GND; - | = |04 = +0.1 Z 101 pA
current Vec=6.0V
lcc supply current  V; =Vgc or GND; Ig =0 A; - - 8.0 - 80 - 160 pA
Vee=6.0V
— T ——— B h—
Product data sheet Rev. 6 — 3 December 2015 6 of 19
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Table 6.

Static characteristics .

continued

Angel Hernandez Gonzéalez

74HC393; 74HCT393

Dual 4-bit binary ripple counter

At recommended operating conditions; voltages are referenced to GND (ground =0 V).

Symbol Parameter Conditions 25°C -40 °C to +85°C 40 °C to +125°C Unit
Min Typ Max Min Max Min Max
C input - 3.5 - - - - - pF
capacitance
74HCT393
ViH HIGH-level Vec=45Vto 55V 20 16 - 20 - 20 - Y
input voltage
Vi LOW-level Vec=45Vt055V - 12 | 08 - 0.8 - 08 V
input voltage
Vou HIGH-level Vi=ViorVy;Vec=45V
outputvoltage |, = _20 A 44 |45 - 44 - 44 - v
lo=-6mA 398 (432 - 384 - 37 - \Y
Vor LOW-level Vi=ViyorV;Vec=45V
outputvoltage | "= 20 A = | @ |[ioH = 0.1 = 01 vV
lp=6.0 mA - 0.15 0.26 - 0.33 - 04 V
Iy input leakage V| = V¢ or GND; - - +0.1 - +1.0 - +1.0 |pA
current Vec =55V
lcc supply current V=V or GND; Ip =0 A; - - 8.0 - 80 - 160 pA
Vcc =55V
Alee additional Vi=Vec-21V;
supply current  other inputs at V¢ or GND;
Vec=45V1t055V;Io=0A
per input pin; nCP - 40 144 S 180 E 196 pA
per input pin; nMR - 100 360 - 450 - 490 pA
C input - 3.5 - - - - - pF

capacitance

74HC_HCT303

Product data sheet

Allinformation provided in this document i subject to legal disciaimers
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Nexperia 74HC393, 74HCT393

Dual 4-bit binary ripple counter

10. Dynamic characteristics

Table 7. Dynamic characteristics
Voltages are referenced to GND (ground = 0 V); C, = 50 pF unless otherwise specified; for test circuit see Figure 11.

Symbol Parameter Conditions 25°C —40°C to +85°C -40 °C to +125°C Unit
Min Typ Max Min Max Min Max

74HC393
tpa propagation nCP to nQO; see Figure9 1
delay Ve =20V 4 41 125 - 155 - 190 ns
Vee =45V - 15 25 = 31 = 38 ns
Vec=5V; C =15 pF - 12 - - - - - ns
Vee=6.0V = | 42, |21 | = 26 = 32  ns
nQx to nQ(x+1); U] ‘
see Figure 9
Vec=2.0V 5 14 45 - 55 - 70 ns
Vec=4.5V - 5 9 2 1 - 14 ns
Ve =5V: C = 15 pF = 5 - - - . - ns
Voc=6.0V g 4 8 : 9 - 12 |ns
tPHL HIGH to nMR to nQx; see Figure 10
Low Vee =20V - 39 140 - 175 - 210 ns
propagation
delay Vee=4.5V 4 14 28 E 35 E 42 ns
Vcc=5V;CL=15pF = 11 - - - - - ns
Vec=6.0V 4 11 |24 | - 30 - 36 ns
t transition Qn,; see Figure 9 2
time Vee=2.0V Z | 19 |75 | = 95 S 10 ns
Vec=45V s | 7 (38| = 19 - 22 ns
Vec=6.0V . 6 13 g 16 - 19 ns
tw pulse width  nCP HIGH or LOW: ‘
see Figure 9
Vo =20V 80 17 - 100 P 120 - ns
Vec =45V 16 | 6 | - | 20 » 24 - ns
Ve =6.0V 1“8 |- | 97 = 20 - ns
nMR HIGH; see Figure 10
Vee=2.0V 80 19 - 100 = 120 e ns
Vec=4.5V 16 7 B 20 ? 24 5 ns
Vec=6.0V 14| 6 |- | 17 5 20 - ns
trec recovery nMR to nCP; see Figure 10
time Vec=2.0V 5 | B | - 5 . 5 - ns
Vec=4.5V 5 1 z 5 4 5 - ns
Ve =6.0V 5 1 | = 5 . 5 - ns
74HC_HCT303 Allinformafion provided in this document is subject to legal disclamers © Nexperia BY. 2017. Al rights reserved
Product data sheet Rev. 6 — 3 December 2015 8 of 19
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Table 7.

Dynamic characteristics __.continued

Angel Hernandez Gonzéalez

74HC393; 74HCT393

Dual 4-bit binary ripple counter

Voltages are referenced to GND (ground = 0 V); C; = 50 pF unless otherwise specified; for test circuit see Figure 11.
-40°C to +85°C -40°C to +125°C Unit

Symbol Parameter

maximum
clock
frequency

feik(max)

Cpp power
dissipation
capacitance

74HCT393

tpa propagation
delay

tpHL HIGH to
LOW
propagation
delay

t transition
time

tw pulse width

trec recovery
time

feik(max)  maximum
clock

frequency

74HC_HCT303

Product data sheet

Conditions

see Figure 9
Vc(; =20V
Vee=4.5V
Vec=5V; CL=15pF
Ve =6.0V

C, =50 pF; f= 1 MHz;
Vi =GND to V¢c

nCP to nQO; see Figure 9
Vo =45V
Vee=5V;C =15 pF

nQx to nQ(x+1);

see Figure 9
Vcc =45V
Vec=5V;C_=15pF

nMR to nQx; see Figure 10

V(;c=4.5V
Vec=5V;CL= 15 pF

Qn; see Figure 9
Vcc =45V

nCP HIGH or LOW;

see Figure 9
Ve =45V

nMR HIGH; see Figure 10
Vc(; =45V

nMR to nCP;

see Figure 10
Ve =4.5V

see Figure 9
Vcc =45V
VCC=5V;CL= 15pF

Min

30

35

19

27

25°C
Tvp

30
90
99
107
23

15
20

48
53

Max

25

10

32

15

Min

24

28

24

20

Allinformation provided in this document i subject to legal disciaimers

Rev. 6 — 3 December 2015

Max

31

Min Max

4 - MHz
20 - MHz
- - MHz
24 - MHz

. = pF

- 38 ns

- - ns

- 15 ns

- - ns

- 48 ns

- - ns

- 22 ns
29 - ns
24 - ns

5 - ns
18 - MHz

- - MHz

© Nexperia BV. 2017. Al fights reserved
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Nexperia 74HC393, 74HCT393

Dual 4-bit binary ripple counter

Table 7.  Dynamic characteristics .. continued
Voltages are referenced to GND (ground = 0 V); C; = 50 pF unless otherwise specified; for test circuit see Figure 11.

Symbol Parameter Conditions 25°C -40°C to +85°C -40 °C to +125°C Unit
Min Typ Max Min Max Min Max
Cpp power C, =50 pF; f=1MHz; B - 25 - - - - - pF
dissipation V,=GNDtoVge—-15V
capacitance

[1] tpais the same as tpiy and tpyi
[2] tiis the same as tyy and tyH.
[3] Cppis used to determine the dynamic power dissipation (Pp in uW)
Pp = Cpp x Viee? x fi x N+ 3(Cp x Vec? x f,) where:
fi = input frequency in MHz;
fo = output frequency in MHz,
C = output load capacitance in pF;
Ve = supply voltage in V;
N = number of inputs switching;
(Cp x Vee? x fo) = sum of outputs.

10.1 Waveforms

Tasc
Vi
input nCP _\ Vm
GND ——
te— tpHL tPLH

VoH ——
output nQx Vm

VoL

— l—- tTHL —-| tne

001aad537

Measurement points are given in Table 8.

Fig9. Propagation delays clock (na) to output (nQx), the output transition times and the maximum clock
frequency

Table8. Measurement points

Type Input Output
Vm Vm
74HC393 0.5V¢e 0.5Vce
74HCT393 13V 13V
74HC_HCTI03 Allinformation provided in this document i subject to legal discaimers © Nexperia BY. 2017, Al fghts rsarved
Product data sheet Rev. 6 — 3 December 2015 10 0f 19
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74HC393; 74HCT393

Dual 4-bit binary ripple counter

Nexperia

Vi

input nMR 7 A"V}
GND

— trec
Vi
input nCP VM
GND
- tpH —=|
Vo
output nQx Vm /
VoL
001aad 538

Measurement points are given in Table 8.

Fig 10. Propagation delays clock (na_]_to output (nQx), pulse width master reset (nMR), and recovery time
master reset (nMR) to clock (nCP)

i tw i
Vi
2 ' 50 %Y
negative
Bllse 4 . Vm
GND 10%
B [ b -t |

- b - - Y
Vi
90 %

positive @ 4 v,
pulse 00 M M

10 %
GND —— Wi

Vee
R o S
n DUT l
RT rJ' ICL
0013ah768

Test data is given in Table 9.

Definitions test circuit:

Rt = termination resistance should be equal to output impedance Z, of the pulse generator.
C| =load capacitance including jig and probe capacitance.

Fig 11. Test circuit for measuring switching times

Table9. Test data
Type Input Load Test
V| tr, t le
74HC393 Vee 6.0ns 15 pF, 50 pF teuiitaiic
74HCT393 3.0V 6.0ns 115 pF, 50 pF ettt

74HC_HCT303

Product data sheet
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11. Package outline
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74HC393; 74HCT393

Dual 4-bit binary ripple counter

S014: plastic small outline package; 14 leads; body width 3.9 mm

S0T108-1

/
0

:

HHH
i

-~ B@
0 25 5mm
S S S S S S -

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

Hg S
1
- . e
A | IS vl (TS R— —H 2 Aa A
pin 1 index l_A;_ j ) + l
t

A
UNT | Sl Ay | Ay | A3 [ by | ¢ | DD EM | e | He L | g | @ v w y |zW| 8
0.25 | 145 049 | 025 | 875 | 4.0 62 10 | 07 0.7
m UG 0.10 | 125 925 0.36 | 019 | 855 | 3.8 2y 58 105 04 0.6 0:261| g:25k] 104 03 8°
i 0010 | 0.057 0.019 |0.0100( 0.35 | 0.16 0.244 0.039 | 0.028 0.028 0°
inches | 0.069 | 5504 | 0.049 | %01 | 0.014 |0.0075| 0:34 | 0.15 | 995 | 0228 [ 9041 | 0016 | 0.024 | 001 | 0-01 | 0.004 | 55
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN SsiEpaTE
VERSION \EC JEDEC JETA PROJECTION
904227
SOT108-1 076E06 MS-012 E @ g

Fig 12. Package outline SOT108-1 (SO14)

74HC_HCT203

Product data sheet
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74HC393; 74HCT393

Dual 4-bit binary ripple counter

SSOP14: plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
i ) o
[ [ / \
' L T/
/
) CH FE— O
I ~-%
oy ] He ta{=]v@[A]
--Z.
14 8
' 1
|
T
| '
. P @
 _ [ | A2 L
- Aq \ Yo A
| ] /
pin 1 index ‘ l
| =8
O/ i * =Ly 7
f la— L
|
J
e @
0 2.5 5mm
scale
DIMENSIONS (mm are the original dimensions)
UNIT m:x. Ay | Ay [ A3 [ bp | ¢ [DM]EM| o | H | L | L | @ v |w |y |20 e
0.21 | 1.80 038 | 020 | 64 | 54 7.9 1.03 | 0.9 14 | 8°
mm | 2 | o5 | 165|925 | 025|009 | 60 | 52 [985| 76 | 125 [0e3 | 07 | @2 [O13] 01 | g9 | o°
Note
1. Plastic or metal pi of 0.25 mm per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION ISSUE DATE
SOT337-1 MO-150 = @ e

Fig 13. Package outline SOT337-1 (SSOP14)

74HC_HCT303
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TSSOP14: plastic thin shrink small outline package; 14 leads; body width 4.4 mm SO0T402-1
D) e T
P
s =1 X
L CL:& — E ]/
! r| R /|/
He =|v )
+| Z
14 8
| |
|
| 1
| b o
' A (Aa)
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DIMENSIONS (mm are the original dimensions)
A 1 1
UNIT | Pl AT | Az | A | by ¢ | DM| E@| o He L L | a v w y | z™| o
0.15 | 0.95 030 | 02 [ 51 | 45 6.6 0.75 | 04 072 | 8°
mm o1 | o5 | 080 | %25 | 019 | 01 | 49 | 43 [%%5) 62 | ' |os0| 03 [ %2 [O13]| 01 |38 | oo
Notes
1. Plastic or metal p of 0.15 mm per side are not included.
2. Plastic interlead protrusions of 0.26 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION ISSUE DATE
SOT402-1 MO-153 = @ el

Fig 14. Package outline SOT402-1 (TSSOP14)
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74HC393; 74HCT393

Dual 4-bit binary ripple counter

DHVQFN14: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;

14 terminals; body 2.5 x 3 x 0.85 mm SOT762-1
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Dimensions (mm are the original dimensions)
Unit A Ay b ¢ DM b, EM E, e e k L v y v
max 1 0.05 0.30 31 165 26 1.15 0.5
mm  nom 0.02 025 02 30 150 25 100 05 2 04 01 005 005 0.1
min 0.00 0.18 29 135 24 085 02 03
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included. $01762-1_po
i Ref
Ouli{ne eferences Eurlope.an Insuedite
version IEC [ sepec | sEmA projection
SOT762-1 MO-241 = @ m

Fig 15. Package outline SOT762-1 (DHVQFN14)

74HC_HCT303

Product data sheet

Allinformation provided in this document i subject to legal disciaimers

Rev. 6 — 3 December 2015

© Nexperia BV. 2017. Al fights reserved

15 of 19

pag. 164



Angel Hernandez Gonzéalez

Nexperia 74HC393, 74HCT393

Dual 4-bit binary ripple counter

12. Abbreviations

Table 10. Abbreviations

Acronym Description

CMOS Complementary Metal-Oxide Semiconductor
DUT Device Under Test

ESD ElectroStatic Discharge

HBM Human Body Model

MM Machine Model

13. Revision history

Table 11. Revision history

Document ID Release date Data sheet status Change notice Supersedes
74HC_HCT393 v.6 20151203 Product data sheet - 74HC_HCT393 v.5
Modifications: * Type numbers 74HC393N and 74HCT393N (SOT27-1) removed.

74HC_HCT393 v.5 20140401 Product data sheet - 74HC_HCT393 v.4
Modifications: ® The conditions for Cpp have been corrected (errata).

74HC_HCT393 v.4 20130516 Product data sheet - 74HC_HCT393 v.3
Modifications: * The format of this data sheet has been redesigned to comply with the new identity

guidelines of NXP Semiconductors.
* Legal texts have been adapted to the new company name where appropriate.

74HC_HCT393 v.3 20050906 Product data sheet - 74HC_HCT393_CNV v.2
74HC_HCT393_CNV v.2 19901201 Product specification - -
74HC_HCT303 All information provided in this document is subject to legal disclaimers.
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14. Legal information
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74HC393; 74HCT393

Dual 4-bit binary ripple counter

14.1 Data sheet status

Product statusP!
Development

Document statusl12] Definition
Objective [short] data sheet
Preliminary [short] data sheet Qualification

Product [short] data sheet Production

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet’ is explamed in section “Definitions”.

[3] The product status of device(s)
information is avaiable on the Inemet at URL hllgllwww nexperia.com.

14.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may resultin
modifications or additions. Nexperia does not give any

representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local Nexperia sales

office. In case of any inconsistency or confiict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its unless Nexperia and

customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the Nexperia product is

deemed to offer functions and qualities beyond those described in the
Product data sheet.

14.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy or

1ess of such il ion and shall have no liability for the
consequences of use of such information. Nexperia takes no
responsibility for the content in this document if provided by an information
source outside of Nexperia.
In no event shall Nexpena be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.
Nolwnhslandmg any damages that customer might incur for any reason

, Nexperia's aggregate and I liability towards

customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of Nexperna.

Right to make changes — Nexpena reserves the right to make

toir i in this d t, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

74HC_HCT203

Product data sheet

Allinformation provided in this document i subject to legal disclaimers.

Rev. 6 — 3 December 2015

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.
This document contains the product specification.

may have changed since this document was published and may differ in case of multiple devices. The latest product status

Suitability for use — Nexperia products are not designed,

authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of a Nexperia product can reasonably be expected

to result in personal injury, death or severe property or environmental
damage. Nexperia and its suppliers accept no liability for

inclusion and/or use of Nexpena products in such equipment or

applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applicati — Appli that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no
repre on or ty that such ions will be suitable for the

specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia

accepts no liability for any assistance with applications or customer product
design. Itis 's sole bility to d whether the Nexperia
product is suitable and fit for the customer’s applications and

products planned, as well as for the planned application and use of
customer'’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the nisks associated with their
applications and products.

Nexperia does not accept any liability related to any default,

damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer's applications and products using Nexperia
products in order to avoid a default of the applications and

the prodi or of the ! ) or use by 's third party
customer(s). Nexperia does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and imeversibly affect
the quality and reliability of the device.

Terms and diti of sale — Nexp

products are sold subject to the general terms and conditions of commercial
sale, as i at http://www.nexperia.com/profile/terms, unless otherwise
agreed in a valid written In case an ind

agreement is concluded only the tenns and conditions of the respective
agreement shall apply. Nexperia hereby expressly objects to

applying the customer's general terms and conditions with regard to the
purchase of Nexperia products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights

© Nexperia BV. 2017. Al fights reserved
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Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperna product is automotive qualified,

the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. Nexpena
accepts no liability for inclusion and/or use of

non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in

ive applications to ive specifications and standards, customer
(a) shall use the product without Nexperia's warranty of the
product for such ive applicati use and specificati and (b)
whenever customer uses the product for automotive applications beyond

15. Contact information

Angel Hernandez Gonzéalez

74HC393; 74HCT393

Dual 4-bit binary ripple counter

Nexperia's specifications such use shall be solely at customer's

own risk, and (c) customer fully indemnifies Nexperia for any

liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond Nexperia's

standard warranty and Nexperia's product specifications

Translations — A non-English ( ) version of a d is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

14.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

For more information, please visit: http://www.nexperia.com

For sales office addresses, please send an email to: salesaddr

@nexperia.com

74HC_HCT303
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Alfinformation provided in this document is subject to legal disciaimers
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11.- 74LS157

SN54157, SN54LS157, SN54LS158, SN64S157, SN54S158,
SDLS058 SN74157, SN74LS157, SN74LS158, SN74S157, SN74S158
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

MARCH 1974 — REVISED MARCH 1983

* Buffered Inputs and Outputs SNS4157, SNS4LS167, SN54S157,
3 SN54L5168, SNE4S158 . . . J OR W PACKAGE
® Three Speed/Power Ranges Available SN74157 . . . N PACKAGE
TYPICAL SN74LS157, SN745157,
TYPICAL SN74L5158, SN745158 . . . D OR N PACKAGE
AVERAGE
TYPES POWER (TOP VIEW)
PROPAGATION o 1on _ i
TIME aer Us[dvee
‘157 9nt 150 mw 1A02 18]G
‘L5157 9ns 49 mw 1803  1Jaa
‘5157 Sns 250 mw 1v(Ja 13048
‘LS158 7ns 24 mwW 2A(s  12[]ay
5158 dns 195 mW 2806  11[J3A
L zv% ir 10[]38
applications >
e o .ano (e s[]3y

e Expand Any Data Input Point

e Muitiplex Dual Data Buses SN54L8157. SN64S167, SNE4LS 168,
5 i : SNS4S158 . . . FK PACKAGE
® Generate Four Functions of Twa Variables (TOP VIEW)
(One Variable 1s Common)
© Q
e Source Programmable Counters 2250
description 3 2 12019

These monolithic data sejectorsimultiplexers contain
nverters and drivers to supply full on-chip data

seiection to the four output gates. A separate strobe NC NC
inpyt s provided. A 4-bit word is selected from one 2A 4%
of two sources and is routed to the four outputs. The 28 3A
‘157, ‘L8157, and "S157 present trus data whereas Ve Vo Ve Ve W
th: ‘LS158 and 'S158 present inverted data to >0V >a

o~ 5 £ B m

minimize propagation delay time.

FUNCTION TABLE NC - No internal connection

[ INPUTS, [ outeur v
STROEE |SELECTI " i 157, ‘LS158
G Arg 15157,'5157|  'S158
T_' H X | X X = H
L Lo X L H
L L H X H L
L H X i L H
L M l X ] H t
H = high level, L = low leval, X = irr@lovant

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo( (See Note 1) ., ., ... ...., . R SR L (A R R S R B e i PN
Input voltage: "157, 'S168 .. .. . ... ... ... s assasssrsesas (e e i 55V
L8157, L8158 U RSy A s e 1 T s 7V

Operating free-air temperature range; SNS4° . ..., ., . B T s ceene . iws —55°C 10:128°C
SN74° R BT B S AR ¢ 0°C to 70°C

Storage temperatura FaNge .. ... ... vt e e b S -659C to 180°C

NOTE 1. Voltage values are with raspact to network ground tecminal

PRODULTION UATA documants coater infarmation N
curreal as of nublication date. Products conform te 4,
spociflications oer the terms of
standsrd weiranty. Praduction pr does not

A TEXAs
e, ss.arily inciude tazting ol all parameters. INSTRUMENTS

OACT NCEINE BAY EEEAIT = AAIIAE TEVAT 76186
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SN54157, SN54L5157, SN54LS158, SN545157, SN54S158,
SN74157, SN74LS157, SN74LS158, SN745157, SN74S158
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

loglc symboals T logic diagram (positive logic)
157, "L$157, ‘5157 157
@
- us) ® ——
G —~—I4 €N (a}
A L a1 e = W
@ L
1A — MUX (s)
) 7 [ % |
18 TS-—- 1 6 (7
2A - 7 28 2%
) —2Y o
T 3 U
3a () .|
(10) peen 3Y 191
38 0} 3y
(12) 8
A4 el (12) ="
a U3 —— aY w e P
—=
a2
‘158, 'LS158, 'S158 . U ; ZDJ_D- v
SELECTA/B (W
& U5 ed en
e 61 STRORE & L‘L_-4>_
i2) <
el X
o 7 MU L@
B
25 6) b 7 oy
2 ]
1
A :1:)\ 1 SSELE W
14)
aa L4 (12}
- (131 | 4y

! These smbols are in accordance with ANSIAEEE Std. 91-1884 and
IEC Pub ication 617-12
Pin numbers shown are for D, J, N, and W packages.

schematics of inputs and outputs

‘167 ‘157
FOUIVALENT OF EACH INPUT TYPICAL OF ALL QUTPUTS
= vee
100 0 NOM
vee -
Roq = 4 k0 NOM -
INPUT -
oUTPUT
o
e
V=¥
INSTRUMENTS

POST OFFICE BUX £55012 + DALLAS, TEXAS 75265
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SN54LS157, SN54LS158, SN54S157, SN54S158,
SN74LS157, SN74LS158, SN74S157, SN745158
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

fogic diagrams (positive logic) schematics of inputs and outputs
—— ‘L$157, 'LS158

& S EQUIVALENT OF EACH INPUT

% Vee -~
R.u

31 18 .y
18 INPUT —4-i8 -

(5] L 2
24 .] ‘® v

17

5 Lov »

28

_— S or Ginputs: Rgy = 8.5 kL NOM

an AorBinputs: Rgq® 17 k2 NOM
f 94 TYPICAL OF ALL OUTPUTS
3 1O 3y
e = v
4 120 52 NOM cc
ik 1) E
(2
sl gy ouTePuT

48

.= 18}

STRUBE G~ .
= 7y o

SELECY A/B il

‘L$158, 'S158
@
A
. '$157,'$158
S LIEp EQUIVALENT OF EACH INPUT
L) D_l Vee [ o
= ; _l Faa
2
25 8! aw INPUT --
2 Y e pe
p '
() o
7 f
. 19)
5 110} v SorGinputs: Req = 1.4 kI NOM
- A or B inputs® REQ‘EB\GL NOM
i) 4 TYPICAL OF ALL OUTPUTS
a4A
gy v
| 50 51 NOM§ s
12 S—
13 ay 7
8 S—— -
R ~ 18] [
..TRoeiG o ouUTPUT
SELECT Ai8
i
i
Pin numbers shown are for D, J, N, and W packages -~

{i’
Texas
INSTRUMENTS

POST OFFICE BOX 655012 + DALLAS, TEXAS 75265
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SN54157, SN74157
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

SN54157 SN74157 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltege, Voo 45 5 55 | 4.75 5 525 \
High-tevel output current, Igy —~800 —~800 | «A
Low-levet wtpu;:::v}enz, ‘oL 16 16 | mA
Operating free-air temperature, Ta —55 125 0 70 | °c

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SNS4157 SN742157
PARAMETER TEST cONDITIONS? uNIT
MIN_ TYP! MAX | MIN TYP! MAX
V4 High-level input voltage ] 2 \Y
Vi Low-level input voltage Q. 08} Vv
ViK  1nput clamp voltage Vo= MIN, 1y - 12mA g 15 15] v
Voo - MIN, Vi -2V
VOoH High-tevel putput voltage o6 X il ; 24 34 24 34 v

VIL=08Y, IQH - -8004A

Voo = MIN, Vg -2V,
VoL Low-fevel output voitage V"C e i e 02 04 02 Q4 v
L= B oL = 16m

b 1NpUE current at maximum input voitage Ve = MAX, 5.5V 1 1| mA
1|4 High-level mput current vee = MAX, =24V B e 40 ua
1L Low level input corrent VGe & MAX, 0o4v - | 16 1.6 mA
| 10g  Short-circuit output current X Vee - MAX -20 -55 | -18 -55 | mA
[icc_Suniv current Veg - MAX, SeeNowe ? [ ] 3 8| A
"Eor conditions shown as MIN Or MAX, use the appropriate value specified undur t operating

FAIl typical valuas are st Ve « 5V, Ta = 25°C.
¥Not more than one outout snould be shorted ar a time and duration of short-circuit should aot exceed one sacond.
NOTE 2° Igg s moasured with 4 5 V applied to all inputs and all outputs open

switching characteristics, Voe =5V, Ta = 26°C

PARAMETERY FROM (INPUT] TEST CONCITIONS MIN  TYP MAX|UNIT
1P a9 14
. RN Data e
PHL 9 14
CL =15 pF, = =
Pk = 13 20
Strobe G Ry =400 £, ns
19HL ; 14 21
See Note 3
oy 7 X8 15 23
elect ns
TPHL i ! 18 27 4]

YtpLi = propagation delay time, fow-to-high-lavel output
tpHL = Dropagation delay time, high-to-low-level output
NOTE 3¢ Load circuits and voltage waveforms are shown in Section 1

Texas {?
INSTRUMENTS

POST DFFICE BOX 655012 « DALLAS, YEXAS 75265

pag. 171



Angel Hernandez Gonzéalez

SN54LS157, SN54LS158, SN74LS157, SN74L5158
QUADRUPLE 2-LINE TO 1.LINE DATA SELECTORS/MULTIPLEXERS

recommended operating conditions

SNE4LS" SN74LS’ fm.
MIN _NOM MAX | MIN NOM MAX
Ve Supply voltage 4.5 5 55475 5 525 v
toH  High-level output current —400 —400| wA
ToL  Lowdevel output current i = a 8 ma
T Operating tree-air temperature - 1 70| ’C
LEA __Deerating frée 55 25 0 B
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted}
SNS5aLs’ SN74LS’
PARAMETER TEST CONDITIONST uNIT
: MiN_TYPT MAX |MIN TYP! MAX
ViH  High-level input voltage 2 2 v
Vi Low-tevel input voltage 0.7 08 Vv
ViK loput clamp voltage Vee = MIN, | = -18mA -1.5 -1.8 v
; Vee = MIN, ViH=2V,
Vo High-levat output voitage - H 25 34 27 34 v
Vit MAX, lon = ~400 uA
Vg = MIN, Vig=2V., >y ; 4 7 4
VoL Lowlevel output voltage cc m=2V. Jlog=4mA 9.25 Oa) . o028 04
Vi = MAX {lgL=8mA 0.35 0.5
Inputcurrent | 2,0 & 0.2 0.2
I ot maximum Ve = MAX, Vi=av mA
{ input vohtage | A OB o 0.1
4 High-level A/Bar G e RS Vs é a0 ! 40 %
ol input current | A or B ec ¢ ! 20 20| ”
Low-level ry -0.8 -0.8
M A8 oG Voo =MAX, V=04V ma
input current AorB ~0.4 0.4
lgs  Shortgircuit output currentd | Vg = MAX -20 -100{ —20 ~100| mA
L5167 97 16 97 18
Voo = MAX, Ses Nots 2
g ‘L5158 48 8 a8 8
lge  Supoly currant Vee - MAX, WA
All A inputs at 4.5V, ‘LS158 65 " 65 "
All other inputs at O V J _if
TFor conditions shown as MIN or MAX, use the appropriate value specified under racommended operating conditions.
'fau typical valuss are st Voo = BV, T4 = 25"¢C,
SNot mofe than 0ne output should be shorted at a time and duration of short circuit shouls not exceed one second
NOTE 2 lge is measured with 4.5 V applied to all inputs and all outputs open
switching characteristics, Veg =5V, Ta = 25°C
FROM ‘LS157 ‘LS158
PARAMETERY TEST CONDITIONS UNIT
{INPUT) MIN  TYP MAX |[MIN TYP MAX
[ ~ T s 4 7 12
£y Data as
TEHL 9 14 10 15
Cg « 15pF, 1
WLH ! = 13 20 1 17 |
T | Strobe G AL =2k, - - ns
1PHL | 14 21 18 24
0 f Seelort Vs 23| 13w 1
£LH Select A/B > ns
Hy 1 18 27 | 16 24 |
YtpLi = propagation delay time. low-to-high-lavel output
1pHg = or delay time. high-to-low-level output
NOTE 3. Load circuits anc vaitage diaprams are shown in Saction 1.
> . —
'
TEXAS b
INSTRUMENTS
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SNS4S157, SN545158, SN745157, SN745158
QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

Angel Hernandez Gonzéalez

recomimended operating conditions

Operating frea-air temperature, To

SN54S157 SN745157
SNBAS158 SN745158 UNIT
MIN NOM MAX | MIN NOM MAX
Supply veltage, Voo 4.5 5 55 ]4.75 § 525 v
High-level output current, oy —1 -1 | mA
Law-level output current, 1o 20 20 { mA
~55 125 0 70| °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54S157 SN545158
PARAMETER TEST CONDITIONS? SN745157 SN745158 uNIT
MIN TYPI MAX |MIN TYPL MAX
V4 High-level input voltage 2 2 v
ViL _ Lowlevel input voltage 08 08| V
Vi Input ciamp voltage Voo =MIN, = -18mA -1.2 -1.2| V
— T [Vec-WMIND Vip-2v. [s 25 34 25 34
VQH Highlevel output valtage ce=MIN. Min=2 [seriessas] 25 v
b Vi 208V, oy - -1 mA[Sedes7as] 27 34
Voo s MIN, v 2v,
Vi towlevel putpur voltage cc 1H= 0.5 05| Vv
Vi =08V, 1o = 20mA
1 IApUT current 3t Mmaximum input vaitage | Voe = MAX, V=55V 1 1| mA
ABor G 100 100
1 High-level 1 t P Vg = MAX, V=27V A
IH igh-levelinsut currant [2570 ce . V=2 50 50
ABor S -a 2
I Low:-level input current L~— V., =NMAX, V=05V — mA
10§ Short-cirguit ouput current § Ve = MAX —40 —100 | —40 -100| mA |
Vee = MAX, Allinputs a14.5 V. i
G : R A s0 8 3 6
See Note 2
Icc  Supply current - R mA
Voo = MAX, Ainputs a14.5V, { 81
8.G,5, 10puts at OV,  See Note 2 {
Y or conditions shown as MIN or MAX, use the appropriate value specified under recommanded operating conditions
Lan typical values ara 3t Vog = 5 V, Ta = 257C.
INOt More than one autput should be shorted at a time, and duration of the short Circuit should NOt exCero Ona Sweond,
Nate 2: 1gc is measured with all outouts apen.
witching characteristics, Vec =5V, TA = 25°C
[ erom SNSAS 187 SNBas158
O
PARAMETER " ¢ ) TEST CONDITIONS SN748157 SN745158 uNIT
INEDT MIN TYP MAXIMIN TYP MAX
LA 5 7.5 4 G
o
T e e o iR 45 65 a6
b — Cu . —
1 - 85 12 65 11
}__%L__ Strove G Ry =280 1, o ‘: = ; ns
' PHL, Sea Nate 3 -
| AINY] Salict AR 95 15 8 12 s
- ect
PHL 9.5 15 8 12

YtpLy = propagation delay time, low-to-high-level output
tPHL = propagation delay time, high-to-low-level output
NOTE 3: Load circuits and voltage waveforms are shawn in Section 1.

Texar J@?

INSTRUMEINNTS

POST OFFICE BOX 655012 = DALLAS, TEXAS 75265
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Q’P TExas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www_ti.com 8-Apr-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7y
Reel
{ & Diameter
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| -
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
© 0000000 Sprocket Holes
1 ]
T T
Q1 i Q2 Q1 : Q2
A==a-=A ——t-—1-IH
Q31 Q4 Q31 Q4 User Direction of Feed
[ 3 A |
T I T
N~
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1
Type |Drawing Di 1 Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) [W1 (mm)
SN74LS157DR SOIC D 16 | 2500 330.0 164 65 | 103 | 21 80 | 16.0 Q1
SN74LS158DR SOIC D 16 2500 330.0 164 6.5 103 21 8.0 16.0 Q1
SN74LS158NSR SO NS 16 2000 330.0 164 8.2 105 25 120 | 16.0 Q1

Pack Matenals-Page 1
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i3 TExas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www_ti.com 8-Apr-2013
TAPE AND REEL BOX DIMENSIONS
(
//1
\
*’/ \\{/
*All dimensions are nominal
Device Package Type |Package Drawing| Pins sPQ Length (mm) | Width (mm) | Height (mm)
SN74LS157DR SOIC D 16 2500 3332 3459 28.6
SN74LS158DR SOIC D 16 2500 3332 3459 28.6
SN74LS158NSR SO NS 16 2000 367.0 367.0 38.0

Pack Matenals-Page 2
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MECHANICAL DATA
FK (S—CQCC—N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
TERMINALS
* MIN | MAX | MIN | MAX
o0 0.342 | 0.358 | 0.307 | 0.358
(8,69) | (9,09) | (7,80) | (9,09)
% 0.442 | 0.458 | 0.406 | 0.458

(11,23) | (11,63) | (10,31) [(11,63)
0.640 | 0.660 | 0.495 | 0.560

41 (16,26) |(16,76) | (12,58) |(14,22)
s | 074 | 0761 | 0495 [ 0560
(18,78) [(19,32) | (12,58) |(14,22)
o | 0938 [0962 [ 0850 [0:858
(23.83)|(24.43)| (216) | (21.8)
= 1141 | 1165 | 1.047 | 1.063
(28,99) |(29,59) | (26.6) | (27,0)
0.080 (2,03)
_'1 |‘ > 0.064 (1.63)
£ 0020 (051) R
.01
— 0.010 (0,25)
[ (
[ ¢
[ (
[ (
0.055 (1,40) [ ¢
Ok h) 0.045 (1,14)
| 0.035 (0,89) |

i 4 <ol
0.028 (0,71 “_’l__ 0.045 (1,14)
0.022 %0,54)5 - e 0050 (127) >t 0,035 (0,89)

NOTES:

4040140/ 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004

Texas
INSTRUMENTS

www.ti.com
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MECHANICAL DATA

D (R—PDSO-G16) PLASTIC SMALL OUTLINE

0.394 (10,00)
0.386 (9,80)

10AA.BAAN

_Y<§§§§§§§>\K§§_ _____ I e
LELEEEEL

Index Area 0.050 (1,27) Oo—‘gfg ég;l;
0.010 (0,25) @™

[ \ d

| T
jIinininininininiEE—
—T: 0.010 (0,25) S

- 0.069 (1,75) Mox

0.004 (0,10)
0.010 (0,25) v /A\
0.005 (0,13
( )1 % \
f ‘ \
1 S G0

Gauge Plane N S

0.010 (0,25) 0-8"

0.050 (1,27)
0.016 (0,40)

f Seating Plane

4040047-6/M  06/11

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
A Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
[f)ﬁ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS-012 variation AC.

% INSTRUMENTS

www.ti.com
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LAND PATTERN DATA

D (R-PDSO-G16) PLASTIC SMALL OUTLINE

Stencil Openings
Example Board Layout N
(Note C) oD
—— |=—16x0,55
——l |<—1 4x1,27 ; 14x1,27
FRORBGHE e RRREED
?’ 8 I B 0 I
5,40 5.40
TN
l/ X
H A -
\[_,,/
!
!
] Example
i Non Soldermask Defined Pad Example
| p
H P Pad Geometry
! 2 (See Note C)
J ——
Vs
/
/ 1;55 \ Example
! / Solder Mask Opening
'\ L i (See Note E)
\ —=|l=—0,07 ]
\ All Around /
\ A
\ o
S T
e —
4211283-4/E 08/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. 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.

Customers should contoct their board fabrication site for solder mask tolerances between and around signal pads.

m

W3 Texas
INSTRUMENTS
www.ti.com
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MECHANICAL DATA
NS (R-PDSO-G*)

PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i i

R —
e T
SIO A 4

Gage Plane [ [ §

co
N
o

1.

=~
N
(=3

O
IR

' 105
e A | 055
015

/ \ 0,05

\ f Seating Plane J—\ ) f_\L'
2,00 MAX ? [2lo.10

PINS *+
oM 14 16 20 24

A MAX 10,50 10,50 12,90 15,30

A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03
NOTES:

A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

#‘Ibms

www.ti.com
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MECHANICAL DATA

W (R—GDFP—F16)

CERAMIC DUAL FLATPACK

0.045 (1,14
l’o.oze 0,66

0.285 (7,24)

"7 0.245 (6,22)

Base and Seating Plane

3

“ T

L 0.080 (2,03
0.055 (1,40

e—— 0.305 (7,75) MAX ——»

0.008 (0,20 —_T
0.004 (0,10

0.019 (0,48
_[0.015 0,38

0.050 (1,27)

] 0.005 (0,13) MIN

1 16
3 A\
[ | ) l_f
1 | ) ]
i { I
0.430 (10,92) L { } ]
0.570 (9,40
1 | ) ]
1 | ) ]
V-
[ { )
N\
1 | )
8 9
0.360 (9,14 0.360 (9,14
! 0.250 55,35 > ¢ 0.250 56.35)) >

4 Places
4
?

4040180-3/F 04/14

NOTES:  A. Al linear dimensions are in inches (millimeters).

moow

This drawing is subject to change without notice.
This package can be hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only.
Falls within MIL STD 1835 GDFP2-F16

W3 Texas
INSTRUMENTS

www.ti.com
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J (R—GDIP—Txx)

14 LEADS SHOWN

CERAMIC DUAL

Angel Hernandez Gonzéalez

IN—LINE PACKAGE

l¢ B
(ﬁmﬁmmmﬁ

o —»

LI LI LT LT L]
1 AJ 0.065 (1,65) !
0.045 (1,14)

4— 0.005 (0,13) MIN

0.060 % 1,62 :
0.015| 0,38

_" L_ 0.026 (0,66)
0.014 (0,36)

0.100 (2,54

s
0.200 (5,08) MAX
v

PINS
5 14 16 18 20
0300 | 0300 | 0300 | 0300

(7.62) | (7.62) | (762) | (7.62)
BSC | BSC | BSC | Bsc

B MAX 0.785 .840 0.960 1.060
(19,94) | (21,34) | (24,38) | (26,92)

B MIN — | — | — | —
5 i 0300 | 0.300 | 0.310 | 0.300
(7.62) | 762 | (787) | (7.62)

5 0245 | 0245 | 0.220 | 0245
6.22) | (6:22) | 5.59) | (6:22)

Seating Plane

oo (3,30) MIN

— %

0.014 (0,36
0.008 (0,20

—]

\‘/ 015

4040083 /F 03/03

NOTES:

meom>

Al linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
This package is hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE

16 PINS SHOWN
i PINS +
< A >
- w | 1. | 18| 2
. i 0775 | 0775 | 0920 | 1.060
A e A T e e Ao KWK | e | deey | Gian | dee
0.260 (6,60 A NN 0.745 | 0.745 | 0.850 | 0.940
D) #(J(W% (18,92) | (18.92) | (21.59) | (23.88)
‘ MS—001
T ST S 5T o A raaon | M | s | ac [ w0
| 8
J L 0070 (178) o
0.045 (1.19)

0.045 (1,14) 0.325 (8,26
r* 503 (0.78) D 0.020 (Tr5‘) MIN 0.300 %7.62%

0.015 (0,38)

0.200 (5,08) MAX

)
. Gouge Pl
l Seating Plane L_] T auge Plane

1 0.125 (3,18) MIN 0.010 (0,25) NOM

~»j 0.430 (10,92) MAX L

—T

0.100 (2,54

0.021 (0,53)
0.015 (0,38) 4 >

(

v

g

M 14/18 Pin Only A

- 20 Pin vendor option

4040049/E  12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

/O\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
[f)x The 20 pin end lead shoulder width is @ vendor option, either half or full width.

*{‘ TeExas
INSTRUMENTS

www.ti.com
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&National Semiconductor

DACO0808
8-Bit D/A Converter

General Description

The DACO0808 is an 8-bit monolithic digital-to-analog con-
verter (DAC) featuring a full scale output current settling time
of 150 ns while dissipating only 33 mW with £5V supplies
No reference current (Iggg) trimming is required for most
applications since the full scale output current is typically 1
LSB of 255 Ine/256. Relative accuracies of better than
+0.19% assure 8-bit monotonicity and linearity while zero
level output current of less than 4 pA provides 8-bit zero
accuracy for Iger22 mA. The power supply currents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
voltage range

The DACO0808 will interface directly with popular TTL, DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

May 1999

Features

m Relative accuracy: £0.19% error maximum

Full scale current match: £1 LSB typ

Fast settling time: 150 ns typ

Noninverting digital inputs are TTL and CMOS
compatible

High speed multiplying input slew rate: 8 mA/us
Power supply voltage range: £4.5V to £18V
Low power consumption: 33 mW @ 5V

Block and Connection Diagrams

a4

A5 AB

BiELISLAN

RANGE
CONTROL

CURRENT SWITCHES

o

2R LADDER BIAS CIRCUIT I—Oﬁun

REFERENCE
CURRENT AMP

NPN CURRENT
SOURCE PAIR

Vee

DS005687-1

Dual-In-Line Package

U

NC (NOTE 2) =
oo -2

3
Ve =]

s
4 DACO808

F= cowpensation
'EVNEN»I

K Vaer
Fvee

HL ae 15

L

10

b= a5

L2 as

Top

DS005687-2

View

Order Number DAC0808
See NS Package M16A or N16A

© 2001 National Semiconductor Corporation DS005687

www.national. com

J139AUO0D Y/A }19-8 80800VA
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Block and Connection Diagrams (continued)
Small-Outline Package
Vee =1 16}=48 LS8
Vagr (4)—{2 15p—=A7
Vg ()13 14f—=A6
COMPENSATION—{ 4 13f-a5
NC (NOTE 2)=—{5 12p=A4
GND—{6 11—=A3
Vee—{7 10f-42
lo—{8 of=x1 s
DS005087-13
Ordering Information
ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE (N16A) SO PACKAGE
(Note 1) (M16A)
8-bit 0°CSTpS+75'C DACO0808LCN I MC1408P8 DACO0808LCM
Note 1: Devices may be ordered by using either order number.
www.national.com 2
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Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required,
i Sales Office/

please

t the Nati s S

Distributors for availability and specifications.

Power Supply Voltage

Vee
Vee

Digital Input Voltage, V5-V12
Applied Output Voltage, Vg

Reference Current, |4

Reference Amplifier Inputs, V14, V15
Power Dissipation (Note 4)

ESD Susceptibility (Note 5)

Electrical Characteristics

(Vee = 5V, Vee = =15 Vpe, Vrer/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

+18 Vpe
~18 Ve

-10 Ve to +18 Vpe
-1 Vpg 1o +18 Vpe
5mA Temperature Range

Ve Vee

1000 mW

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)
Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

DAC0808

TBD

-65°C to +150°C

80802vda

260°C
300°C

215°C

220°C

TMIN < TA < TMAX
0STo$+75°C

Symbol Parameter Conditions Min Typ Max Units
E; Relative Accuracy (Error Relative (Figure 4) %
to Full Scale lp)
DACO0808LC (LM1408-8) *0.19 %
Settling Time to Within 4 LSB Ta=25°C (Note 7), 150 ns
(Includes tp ) (Figure 5)
teLn, teHL Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClg Output Full Scale Current Drift +20 ppm/‘C
MSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic “1” 2 Vbe
Vi Low Level, Logic “0” 08 Voe
MSB Digital Input Current (Figure 3)
High Level Viy = 5V 0 0.040 mA
Low Level V. =08V -0.003 -0.8 mA
s Reference Input Bias Current (Figure 3) -1 =3 HA
Output Current Range (Figure 3)
Vee = -5V 0 20 21 mA
Vep=i-16V, Ty =257C 0 20 42 mA
lo Output Current Vges = 2.000V,
R14 = 10002,
(Figure 3) 1.9 1.99 2.9 mA
Output Current, All Bits Low (Figure 3) 0 4 HA
Output Voltage Compliance (Note 3) E, £0.19%, Tp = 25°C
Vee=-5V, Iggr=1 MA -0.55, +0.4 Voe
Vg Below -10V -5.0, +0.4 Voe
SRlgee Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply -5V £ Vge £ -16.5V 0.05 27 HANV
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lés 23 22 mA
firs -43 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 50 55 Vee
Vee -45 -15 -16.5 Voo

Power Dissipation

www national.com
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Electrical Characteristics (continued)
(Vee = 5V, Vge = =15 Ve, Vrer/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Vge = -5V 33 170 mwW
Vee = 5V, Vge = -15V 106 305 mwW
All Bits High Vee = 15V, Vgg = -5V 90 mw
Vee = 15V, Vg = -15V 160 mwW
Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond ifs specified operating conditions.
Note 3: Range control is not required.
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tyuax, 854, and the ambient temperature, T5. The maximum
power dissip atany temp i Pp = (Tymax — Ta)8,4 or the number given in the Absolute Maixmum Ratings, whichever is lower. For this device,
Tauax = 125°C, and the typical junction-to-ambient thermal resistance of the dual-in-line J package when the board mounted is 100°C/W. For the dual-in-line N
package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.
Note 5: Human body model, 100 pF discharged through a 1.5 ke resistor.
Note 6: All current switches are tested to guarantee at least 50% of rated current
Note 7: All bits switched.
Note 8: Pin-out numbers for the DALOBOX represent the dual-in-line package. The small outline package pinout differs from the dual-in-line package.
Typical Application
Vog SV A1 A2 A8 )
= —t—t. =
Vo=10V ( 2 + 4 256
D3S005687-23
13
50006
SB A1 O ﬁo——w\,——o 10.000V - Vagr
1204
.:o—:-
DIGITAL AMO= paconos
INPUTS 45 O—f
a5 oﬂ.
A ol’.. "
138 48 04 abreur
3
Ve =15V
DS005687-3
FIGURE 1. +10V Output Digital to Analog Converter (Note 8)
Typical Performance Characteristics v . = 5v, v.. = ~15v, T, = 25°C, unless otherwise noted
Logic Input Current vs Bit Transfer Characteristics Logic Threshold Voltage vs
Input Voltage @ Temperature
* A 5
©
= z 12 H 1a=2mA T 2 2
3 s - £ At w 13 IR
P = 1 2 A
E W P
E £ 08 S 14 |t
g * 1 3 2 12 N
] [ 5 0 " = T
5 T 11 E V=15 T s 1 ~
g . A1 THROUGH A 3 o HYH | A 2 05
g T _}_/_w,-s b z
I e o HAE = S 08—
5 i l ! ; /- g n
L : L0z
-12-10-8-6-0-202 4 G 81012141618 -12-10-8-6-4-20 24 6 8 101214 1618 = =
V(- LOGIC INPUT VOLTAGE (V) Vi - LOGIC INPUT VOLTAGE (V) 7 Tss-mo9 11 3% 8371 89107125
EOnBosstA DS005087-15 Ta - TEMPERATURE ("C)
DS006687-16
www.national.com 4
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Typical Performance Characteristics v.. - sv, v, = -

noted (Continued)

Output Current vs Output
Voltage (Output Voltage

Compliance)
28
ALL BITS "ON" l l
T 2 =t =
£ Vgg = -15V | Vgg = -5V
= 2
g | [ 11g=2mA
! |
€ 16
3
:E: 12 lg=1mA
3w H !
|
2 04 114 =02mA
I | |

0
-14 <10 -6 -2 2 6 10 14 18
Vg - OUTPUT VOLTAGE (V)

DS005687-17

Typical Power Supply
Current vs Vg

s ALL BITS HIGH OR LOW [
g 9 Teg WITH11g=2mA ||
= i L
=
=
g 5 1Eg WITH 1yg = 1 mA 1
3 f
> 4 e
§ || lteewiTHijg=02mA] | |
2 T
S 2
H Icc
2 b

0 -2 -4 -6 -8 ~10-12-14-16-18-20
Vg - NEGATIVE POWER SUPPLY (V)

DS005687-20

Output Voltage Compliance
vs Temperature

[
NN

8 SHADED AREA INDICATES
PERMISSIBLE OUTPUT
VOLTAGE RANGE FOR
0 3 VEE=-15V.114=2mA § | |

OUTPUT VOLTAGE (V)
s
|
I

-8 NANANN

-50 0 50 100 150
TEMPERATURE ( C)
DS005687-18

Typical Power Supply
Current vs Vg

¥ [AtLsis G off LW
z 7 fha=2mA +
£
& 5
3
2
%
g 3
2
g 1

0 2 4 6 8 10121416 18 20
Vg - POSITIVE POWER SUPPLY (V)

DS005687-21

15V, T, = 25°C, unless otherwise

Typical Power Supply
Current vs Temperature

80 AT BITS RIGH 0A Low
z 10 Fha=2mA |
H —
s 6.0 313
]
g 50
3
S a
£
5w
T~
£ 20 ¢
g |
g 1
” l
-50 0 50 100 150
TEMPERATURE (°C)
DS005687-19
Reference Input
Frequency Response
6
4
2
= 0 ™
= T
5 -2
N
E 4 N\,
o 8
&
>
= -8 (4
3 -0
€
-1
-16
01 03 1 3 10

f — FREQUENCY (MHz)

Unless otherwise specified: R14 = R15 = 1 kQ, C = 15 pF, pin 16 to Vgg; R = 509, pin 4 to ground.

Curve A: Large Signal Bandwidth Method of Figure 7, Ve = 2 Vp-p offset 1V above ground.

Curve B: Small Signal Bandwidth Method of Figure 7, R, = 250Q, Vree = 50 mVp-p offset 200 mV above ground
Curve C: Large and Small Signal Bandwidth Method of Figure 9 (no op amp, R, = 50Q), Rg = 509, Vee = 2V, Vg = 100 mVp-p

centered at OV.

DS005687-22

www.national.com
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Test Circuits

Vee
1'::
13 e
5 o
A1o= “Vaer
o s R
] 15 R15
uo—' =
DIGITAL A-oT DACO808
INPUTS | a5 Omed  SERIES
10, 4 =
25 O Yo
4] ouTPUT
A [
o 18 o $a
—— =

+

4 =
| 'uT
V; and 1y apply to inputs A1-A8.
The resistor tied to pin 15 is to temperature compensate the bias current and may not be necessary for all applications.

030055876

Al A2 A3 A4 A5 A6 A7 A8
o=K|l—=+—+—+—=+ =+ —+ —+ —
2 4 8 16 32 64 128 256

Vi
where K = —HEF
R14

and Ay = *17 if Ay is at high level
Ay = 0" if Ay is at low level
FIGURE 3. Notation Definitions Test Circuit (Note 8)

070 16V OUTPUT

mss |14
e o—:
- o4
o o
sar O~ O—{ oacosee |4
counten | o 0% senies [0
N
-0—
12
—o—— 4
Lse
we]s |2
m ¢

Vee

FIGURE 4. Relative Accuracy Test Circuit (Note 8)

v 1%

DS005687-7

80802vda

www.national.com
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Test Circuits (continued)

o 51

Vee
P
] 2uv—
i 14v
o oav
= A 2vge HL" LW < 10m
i " |
: 4 — v CLAWLEVEL USE R TO GND FOR TURN “OFF*
MEASUREMENT (SEE TEXT)
"« 01,5 SETTLING TIE AR IR
7 15 T £ (FIGURE 5)
8 2 "=
3] oscom [~O———4¢ - 0
SERIES = FOR SETTLING TIME
10 [ S LLeiTs IV
T o SWITCHED LOW TO HIGH) Tl
0 i ,‘l—\cn <25pF
I = ]
3 TRANSIENT \ / i
e 159F RESPONSE Phatoono
Jy 1nsss (Low capAciTANCE 100 my
- FAST RECOVERY DIODE)
[ - =t —{ ot
S

DS005687-8

FIGURE 5. Transient Response and Settling Time (Note 8)

Vee

14
—O—A"(m—ovnﬂ; u_r'l_
15 1k
2
DAC0808
4 -
0
16 R
50 SCOPE 2 ma
l—
3 15 pF = = SLEWING
TIME
a1V
dt R dt
Vee
DS005687-0

FIGURE 6. Reference Current Slew Rate Measurement (Note 8)

Vee
R14= R15
13
5 14 N
A10— Vaer I Lo
220 R14
7 15 R15
A3 O—d —O—AAA—
As O—:' .z—o__.
DAC0808
a5 O—f -4 -
) 4 = o LT
A5 O~
A7O—21 "
1 1
A8 —o]_ AL
: c

SEETEXT FOR VALUES OF C

Vee
DS005687-10

FIGURE 7. Positive Vrer (Note 8)

www.national.com
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Test Circuits (continued)

Vee
R14 = R15
13
14
Mo—:
AZO—'7 W —
A30— F=O=—AAM=—0 “vggp Lt
RO oacoss |2
Aso—u- —O—-L
1
A6 O—f io
1 4 o LT
N 16
A8 O=—
AL

Vee

SEE TEXT FOR VALUES OF C

DS005887-11

FIGURE 8. Negative Vgge (Note 8)

Vs
Rs
R14
= l'u
15 14
5 16
A O— —o ne
A2 O~
7
10—
A3O— pacosos |13
“o% series [0 Vee
A8 O—
w1 o4
12
A8

When Vg =0, 114 = 20 mA

Vi V,
VOEIR_EF + Y51 (a)mo
R14  Rg

DS005687-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 8)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for
converting the reference voltage to a cument, and a
turn-around circuit or current mirror for feeding the ladder.
The reference amplifier input currrent, 114, must always flow
into pin 14, regardless of the set-up method or reference
voltage polarity.

Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current I,

For bipolar reference signals, as in the multiplying mode,
R15 can be tied to a negative voltage corresponding to the
minimum input level. Itis possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be fied to either Vg or
ground, but using Vg increases negative supply rejection.
A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main

80802va
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Application Hints (continueq)

advantage of this method. Compensation involves a capaci-
tor to Vge on pin 16, using the values of the previous
paragraph. The negative reference voltage must be at least
4V above the Ve supply. Bipolar input signals may be
handled by connecting R14 to a positive reference voltage
equal to the peak positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 pF to
ground. For reference voltages greater than 5V, a clamp
diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
cumrent source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of -0.55 to 0.4V
when Vge = -5V due to the current switching methods
employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to -5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kQ between pin 4 and ground will
yield a voltage output of 256 levels between 0 and -4.980V.
Floating pin 1 does not affect the converter speed or power
dissipation. However, the value of the load resistor deter-
mines the switching time due to increased voltage swing.
Values of R, up to 500Q do not significantly affect perfor-
mance, but a 2.5 kQ load increases worst-case settling time
to 1.2 ps (when all bits are switched ON). Refer to the
subsequent text section on Settling Time for more details on
output loading

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to the
excellent temperature tracking of the monolithic resistor lad-

der. The reference current may drift with temperature, caus-
ing a change in the absolute accuracy of output current.
However, the DAC0808 has a very low full-scale current drift
with temperature.

The DACO0808 series is guaranteed accurate to within %2
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit con-
verter is calibrated for a full-scale output current of 1.992
mA. This is an optional step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACO0808 circuits' full-scale current is tnmmed to the same
value with R14 so that a zero value appears at the error
amplifier output. The counter is activated and the error band
may be displayed on an oscilloscope, detected by compara-
tors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of %% of one part in 65,536 or £0.00076%, which
is much more accurate than the £0.019% specification pro-
vided by the DAC0808.

MULTIPLYING ACCURACY

The DACO0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error
contributions are less than 1.6 pA. This is well within 8-bit
accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DACO0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with a
DC reference current is 0.5 to 4 mA

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
£ LSB, for 8-bit accuracy, and 100 ns to 2 LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns. These
times apply when R,_ < 5002 and C, £ 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measur-
ing settling time. Short leads, 100 pF supply bypassing for
low frequencies, and minimum scope lead length are all
mandatory.
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Physical Dimensions inches (millimeters) unless otherwise noted

0.386-0.394
(9.804 —10.00)

80802va
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0,008 0.010 2 15 0.050 0.014-0.020 1yp
ooz ORI LE RE] -~
TYRALLERRS 0.004 TYP AL LEADS v 0.008
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LM311

Single Comparator

Features

Low input bias current : 250nA (Max)
Low input offset current : S0nA (Max)
Differential Input Voltage : £30V

Offset voltage null capability.
Strobe capability.

Internal Block Diagram

Power supply voltage : single 5.0V supply to £15V.

Description

The LM311 series is a monolithic, low input current voltage
comparator. The device is also designed to operate from dual
or single supply voltage.

8-DIP

ono[1] @
o [2]
- [

Ve [4]

E} Vee

ﬂ OUTPUT

El BALANCE/STROBE

EI BALANCE

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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Schematic Diagram

? e:ﬂcg ? —OVee
$oe
—i@‘i’ Ry
TR L e
Q1o W {D‘ '_a-'
9 O OUTPUT
o |
arg o »—Km
Ea
R18 | 05}
aof X0 %“‘
R20 o OGND
y !Fnzz
OVee
Absolute Maximum Ratings
Parameter Symbol Value Unit
Total Supply Voltage Vce 36 \
Output to Negative Supply Voltage LM311 Vo - VEE 40 \
Ground to Negative voltage VEE -30 Y
Differential Input Voltage VI(DIFF) 30 \
Input Voltage Vi 15 \'
Output Short Circuit Duration - 10 sec
Power Dissipation Pp 500 mW
Operating Temperature Range TOPR 0~+70 c
Storage Temperature Range TsTG -65~+150 °C
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LM311
Electrical Characteristics
(Vee = 15V, Ta = 25°C, unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Rs < 50KQ - 10 | 75
Input Offset Voltage Vio | o 0 mV
e - -
- 6 50
Input Offset Current lio | Note 1 70 nA
Input Bias Current I v 00 ER
nput Bias Curren BIAS | n
Note 1 - - 300
Voltage Gain Gv - 40 | 200 - | VImV
Response Time TRES | Note 2 - 200 ] - ns
lo =50mA, V| =-10mV - 075 | 15
Saturation Voltage VSAT | Vcc 245V, VEE =0V 023 | 04 \
lo =8mA, VI <-10mV, | Note 1 : ¥ #
Strobe “ON" Current ISTR(ON) - - 3 - mA
ISTR =3mA, V|2 10mV
Output Leakage Current ISINK Vo =15V, Voo=+15V - 0.2 50 nA
-14.5 | -147
Input Voltage Range VI(R) Note 1 to to - \
13.0 | 13.8
Positive Supply Current Icc - - 30 | 75 | mA
Negative Supply Current IEE - - 22| 50 | mA
Strobe Current ISTR - - 3 - mA
Notes :

1. 0STAS+70°C
2. The response time specified is for a 100mV input step with 5mV over drive.
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Typical Performance Characteristics
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Figure 1. Input Bias Current vs Temperature
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Figure 3. Offset Voltage vs Input Resistance
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Figure 5. Common Mode Limits vs Temperature
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Figure 2. Input Offset Current vs Temperature
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Figure 4. Input Bias Current vs
Differential input voltage
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Figure 6. Output Voltage vs
Differential input voltage
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Typical Performance Characteristics (continued)
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Figure 7. Saturation voltage vs Current
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LM311

Mechanical Dimensions

Package

6.40 2020 ols
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LM311
Mechanical Dimensions (continued)
Package
0.1~0.25
MIN 5 604~0.001
1.55 20.20 —e=
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- O g8
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=
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0.020 20.008
7
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Ordering Information

Product Number Package Operating Temperature
LM311N 8-DIP
0~ +70°C
LM311M 8-SOP
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i3 TEXAS
INSTRUMENTS UA741
SLOS094E —~NOVEMBER 1970-REVISED JANUARY 2015
pAT741 General-Purpose Operational Amplifiers
1 Features 3 Description

« Short-Circuit Protection
+ Offset-Voltage Null Capability

+ Large Common-Mode and Differential Voltage

Ranges

* No Frequency Compensation Required

* No Latch-Up

2 Applications
+ DVD Recorders and Players
+ Pro Audio Mixers

4 Simplified Schematic

OFFSET N1

IN+

IN-

OFFSET N2

The pA741 device is a general-purpose operational
amplifier featuring offset-voltage null capability.

The high common-mode input voltage range and the
absence of latch-up make the amplifier ideal for
voltage-follower applications. The device is short-
circuit protected and the internal frequency
compensation ensures stability without external
components. A low value potentiometer may be
connected between the offset null inputs to null out
the offset voltage as shown in Figure 11.

The pA741C device is characterized for operation
from 0°C to 70°C. The pA741M device (obsolete) is
characterized for operation over the full military
temperature range of —-55°C to 125°C.

Device Information(")

PART NUMBER | PACKAGE (PIN) | BODY SIZE (NOM) |
SOIC (8) 4.90 mm x 3.91 mm
PATA1X PDIP (8) 9.81 mm x 6.35 mm
SO (8) 6.20 mm x 5.30 mm

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

ouT

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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1§ TExas
INSTRUMENTS
uA741
SLOS094E —NOVEMBER 1970—REVISED JANUARY 2015 www.ti.com
Table of Contents
1 Feltimes. . aomnananamisanssnunesn. 1 8.2 Functional Block Diagram ... -9
2 Applications ... o | 8.3 Feature Description
3 Description s g 8.4 Device Functional Modes.
4 simplified Schematic.. 1 85 pA741Y Chip Information .
5 Revision History.......... 2 9 Application and Implementation .11
6 Pin Configurations and Functions . e 911, Boplication INMNBION.. 575
7  Specifications.... 4 9.2 Typical Application .....
71 Absolute Max'mum Raungs 4 10 Power Supply Recommendatlons
7.2 Recommended Operating Conditions 4 11 Layout.... B =
7.3 Electrical Characteristics pA741C, pA7T41M ... 5 111 Layout Guidelines . 13
7.4 Electrical Characteristics pA741Y __. W 112 Layout Example . - 13
7.5 Switching Characteristics pA741C, PA741M 6 12 Device and Documentation SUPPO't 15
7.6 Switching Characteristics pA741Y 6 121 Trademarks .. <15
7.7 Typical Characteristics. i 12.2 Electrostatic Dlsmarge Caubon .15
8 Detailed Description .9 123 ‘Glossary, e 18
81 Overview 9 13 Mechanical, Packaglng, and Orderable
Information .. stz T
5 Revision History
Changes from Revision D (February 2014) to Revision E Page

Added Applications, Device Information table, Pin Functions table, ESD Ratings table, Thermal Information table,
Feature Description section, Device Functional Modes, Application and Implementation section, Power Supply
Recommendations section, Layout section, Device and Documentation Support section, and Mechanical,

Packaging, and Orderable Information section. . mm—
+ Moved Typical Characteristics into Speclﬁcat/ons O O i e e e e il e e y £
Changes from Revision C (January 2014) to Revision D Page
+ Fixed Typical Characteristics graphs to remove eXtra liNES. ..........c..i it e e e sa e s e e saeeseaenae 7
Changes from Revision B (September 2000) to Revision C Page
+ Updated document to new Tl data sheet format - no specification changes. ............cccecooce it 1
« Deleted Ordering Information table. ...« s s s s s i s s e B S e R B et 1

2
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6 Pin Configurations and Functions

HAT741M...J PACKAGE

HA741M. . . JG PACKAGE

(TOP VIEW) HAT741C, pA7411. .. D, P, OR PW PACKAGE
(TOP VIEW)
U
NC ] 1 1a[]NC U
NC [] 2 13[] NC OFFSETN1 [] 1 8[] NC
OFFSETN1 [| 3 12[]NC IN-[] 2 70 Vees
IN-[] 4 1fl Vees IN+[] 3 6] OUT
IN+ [ 5 10[] oUT Vee-[] 4 5[] OFFSET N2
Vee-[] s 9[] OFFSET N2
NC[] 7 s[] NC
MA741M... U PACKAGE HA741M. . . FK PACKAGE
(TOP VIEW) (TOP VIEW)
NC ] 1 w 1[I NC <
OFFSETN1[] 2 o[l NC 3)1
IN-[] 3 8ll Vec+ olkooo
IN+[] & 7[] out z0zzz
Vee-[l 5 6|] OFFSET N2
NC NC
IN- Vee+
NC NC
IN+ ouT
NC NC
& O (&)
2 Qzz2
>
(2]
w
o
O
NC - No intemal connection
Pin Functions
PIN
NAME TYPE DESCRIPTION
J JG, 3‘,NP, or u FK
IN+ 5 3 4 T I Noninverting input
| IN— 4 2 3 5 | Inverting input
1,28 13468911131
NC 12:'41 3; 8 1,9 10 4',1'6:1'8,19,'20 d —_ Do not connect
S::FSET 3 1 2 2 1 External input offset voltage adjustment
('igFSET 9 3 6 12 | External input offset voltage adjustment
ouT 10 6 7 15 o Output
Veet 1" 74 8 17 — Positive supply
Vee— 6 4 5 10 — Negative supply

Copyright © 1970-2015, Texas Instruments Incorporated

Submit Documentation Feedback 3
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7 Specifications
7.1 Absolute Maximum Ratings
over virtual junction temperature range (unless otherwise noted)("
1A741C 741M
[ AT AT UNIT
[ MIN MAX MIN MAX
Vee  Supply voltage @ -18 18 22 2| ©
Vio Differential input voltage® -15 15 -30 30 \
\ Input voltage, any input ) -15 15 -15 15 \
Voltage between offset null (gi?her OFFSET N1 or OFFSET N2) and Ve -15 15 05 0.5 s
Duration of output short circuit® Unlimited
Continuous total power dissipation See Table 1
Ta Operating free-air temperature range 0 70 -55 125 °Cc
Case temperature for 60 seconds FK package WA NA 260 °C
Lead t ture 1.6 1/16 inch) fi f °
sgase;r:dp:ra ure 1.6 mm (1/16 inch) from case for | ; JG; 67U jiacieige NA A 200 c
g 1/16 inch) fr o
%gasdet;v:dpserature1 6 mm (1/16 inch) from case for D, P, or PS package 260 NA N/A c
Tso Storage temperature range | 65 150 65 150 °C

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

(2) Allvoltage values, unless otherwise noted, are with respect to the midpoint between V¢cy and Vee-.

(3) Differential voltages are at IN+ with respect to IN —.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

(5) The output may be shorted to ground or either power supply. For the pA741M only, the unlimited duration of the short circuit applies at
(or below) 125°C case temperature or 75°C free-air temperature.

7.2 Recommended Operating Conditions

| MmN max| uniT
V, [ 5 15
o) Supply voltage ‘— \"
Vee- =T
: HA741C 0 70
Ta Operating free-air temperature °C
pA741M -55 125
Table 1. Dissipation Ratings Table
SACKAGE Ja-25c DERATING DERATE e Ta=85°C Ta=125°C
RATING FACTOR ABOVE Tp RATING POWER RATING  POWER RATING
D 500 mW 58 mWrC 64°C 464 mwW 377 mwW N/A
FK 500 mw 11.0 mw/°C 105°C 500 mW 500 mwW 275 mwW
J 500 mw 11.0 mw/°C 105°C 500 mwW 500 mW 275 mwW
JG 500 mwW 8.4 mw/C 90°C 500 mW 500 mW 210 mW
P 500 mW N/A N/A 500 mW 500 mW N/A
PS 525 mw 4.2 mWrC 25°C 336 mW N/A N/A
U 500 mwW 54 mw/rc 57°C 432 mW 351 mW 135 mwW
4 Submit Documentation Feedback Copyrnight © 1970-2015, Texas Instruments Incorporated

Product Folder Links: uA741
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7.3 Electrical Characteristics pA741C, pA741M
at specified virtual junction temperature, Ve, = +15 V (unless otherwise noted)
41C 41M
PARAMETER TEST CONDITIONS TaM LAT uAT UNIT
MIN TYP MAX| MIN TYP MAX
25°C 1 6 1 5
Vio Input offset voltage Vo=0 mV
Full range 75 #15 6
AV o) Offset voltage adjust range Vo=0 25°C #15 20 200 mVv
25°C 20 200 500
lio Input offset current Vo=0 nA
Full range 300 500
. 25°C 80 500 80 500
lis Input bias current Vo=0 nA
Full range 800 1500
25°C +12 *13 +12 #13
Vicr Common-mode input voltage range v
Full range +12 +12
R =10 kQ 25°C 12 14 +12 14
o R 210 kQ Full range +12 +12
V, Ma k output volt \'
o PPt APRVOREN, [F=ow 25°C +10 $10  #13
Ry 2 2kQ Full range +10 +10
i Large-signal differential voltage Ry 22kQ 25°C 20 200 50 200 o
i amplification Vo=%10V Full range 15 25
[ Input resistance 25°C 03 2 03 2 MQ
fo Output resistance Vo =0, See® 25°C 75 75 Q
C Input capacitance 25°C 14 14 pF
. 25°C 70 90 70 90
CMRR Common-mode rejection ratio Vic = VicrRmin dB
Full range 70 70
o 25°C 30 150 30 150
Ksvs Supply voitage sensitivity (AV,o/AV¢c) | Vo =9V to #15V PV
Full range 150 150
los Short-circuit output current 25°C 25 #40 25 +#40| mA
i St : P 25°C 17 28 17 28 i
upply cumen =0, No
o i ° Full range 33 33
P, Total dissipatio Vo =0, No load 20 = 22 &0 g5 w
= m
B R pawsrditipaton OFEND Full range 100 100

(1) All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full
range for the pA741C is 0°C to 70°C and the pA741M is -55°C to 125°C.
(2) This typical value applies only at frequencies above a few hundred hertz because of the effects of dnift and thermal feedback.

Copynght © 1970-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.4 Electrical Characteristics pA741Y
at specified virtual junction temperature, Ve, = £15 V, T, = 25°C (unless otherwise noted) (!
PARAMETER TEST CONDITIONS UATATY UNIT
MIN TYP  MAX
Input offset voltage Vo=0 1 5 mV
Offset voltage adjust range Vo=0 #15 mV
Input offset E:u}re'nt ' i/o = 0 20 200 “nA
Input bias cument Vo=0 80 500 nA
Vier Common-mode input voltage range +12 #13 v
Vom Maximum peak output voltage swing Ll 212 ik v
R =2kQ +10 #13
Ap Large-signal differential voltage amplification Rz 2kQ 20 200 VimV
[ Input resistance 03 2 MQ
;8 Output resistance Vo =0, Seef” 75 Q
[0 Input capacitance 14 pF
'CMRR Common-mode rejection ratio Vie = Vicriaa 70 20 B |
ksvs Supply voltage sensitivity (AVio/AVec) Vee =49 Vio +15V 30 150 HN
los Short-circuit output current 25 +40 mA
loc Supply curent Vo =0, No load S b7 28 mA
P Total power dissipation Vo =0, No load 50 85 mwW

(1) This typical value applies only at frequencies above a few hundred hertz because of the effects of dnft and thermal feedback.

7.5 Switching Characteristics pA741C, pA741M

over operating free-air temperature range, Vcc: = £15 V, Ta = 25°C (unless otherwise noted)

HA741C HA741M
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
tr Rise time |Vi=20mV, R =2kQ, 03 03 us
Overshoot factor | CL= 100 pF, See Figure 1 5% 5% —
Vi=10V, R = 2kQ,
SR Slew rate at unity gain | Ci = 100 pF, See Figure 1 05 05 Vius
7.6 Switching Characteristics pA741Y
over operating free-air temperature range, Vg, = £15 V, T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS RAZSIX UNIT
MIN TYP MAX
1 Rise time V=20 mV, R = 2kQ, 03 Hs
Overshoot factor Cy = 100 pF, See Figure 1 5% —
o Vi=10 V, R = 2KQ,
SR Slew rate at unity gain Cy = 100 pF, See Figure 1 05 Viys
6 Submit Documentation Feedback Copyrnight © 1970-2015, Texas Instruments Incorporated
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7.7 Typical Characteristics

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various
devices.

= 0—? ouTt
IN ’
+
—— oV

INPUT VOLTAGE
WAVEFDORM
CL=100 pF == RL=2kQ
TEST CIRCUIT
Figure 1. Rise Time, Overshoot, and Slew Rate
L e — 200
| )
Vee+=15V
3 = Vee+=15V
. 0 vee-=-15V 350 — Vee-=-15V
S g0\ <
]
E 1 300
g 70 5
8 S 250
z o
§ w0 \\ é 200
2 4 2
£ N £ 150 N
1 1
o 3
= N 2 10 N
20 ~
10 ~ 50 = —
o 0
-60 -40 -20 0 20 40 60 80 100 120140 -60-40 -20 0 20 40 60 80 100 120 140
TA - Free-Air Temperature - °C Tp — Free-Air Temperature - °C
Figure 2. Input Offset Current vs Free-Air Temperature Figure 3. Input Bias Current vs Free-Air Temperature
14 A 20 T T
L Vegs =15V
> a3 > 8- Veg- =15V T
o @ =
g +12 % g H6 [ 1a=25c ]|
2 i f 14
5 5
£ 10 £ 2
z 3 \
s 19 ® 210
K y H \
£ 48 E 8
E E
FI— / i *
=
[ 6 :| +4
3 = N\
> 15 >° +2
+4 0 I
01 02 04 07 1 2 4 7 10 100 1k 10k 100k ™
Ry - Load Resistance - kQ 1 Froquancy Ha
Figure 4. Maximum Output Voitage vs Load Resistance Figure 5. Maximum Peak Output Voltage vs Frequency
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Typical Characteristics (continued)

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various

devices.
400 10
Vo =+10V
[ R_=2kQ 100
= Tp=25C // =
£, 20 - 2
8% 1 Sa 80
£3 1 £3
£ El 7
S5 ¢ 00 P ac
R 52 o
5% 7.4 58
- A BwE g
gs ~ gE
_%E 40 P §< 40
s
ig | iF
o= 8%
i 72 20
< < 1
0
10 10 |l Ll Ll
0 2 4 6 8 10 12 14 16 18 20 1 100 1k 10k 100k

Ve + - Supply Voltage - V
Figure 6. Open-Loop Signal Differential
Voltage Amplification

f— Frequency — Hz
Figure 7. Open-Loop Large-Signal Differential
Voltage Amplification

vs vs
Supply Voltage Frequency
100 T T T 28
aQ Vec+=15V
T % N [~ Vee-=-15V 24
2 Bg=10kQ
3 I Ta=25C 55 4
€ > [
g 70 \ ? sw.j
2 e s Me
[ g
. 4
3 o N s 12
3 E |
s 4 g '
5 4
E (<] |
§ 30 'o " Vees =15V |
[ > Vee-=-15V
g 20 10% RL=2k0
S 10 = CL=100pF |
S [t TaA=25°C
0 sl I 1
1 100 10k ™ 100M 0 0.5 1 15 2 25
f - Frequency - Hz t—Time - ps
Figure 8. C Mode Rej Ratio vs Fr Figure 9. Output Voltage vs Elapsed Time
8 T
Vee+ =15V
6 Vee-=-15V |
RL=2kQ
> / CL=100pF |
> Ta=25°C
o Vo
2 2
P
5
- )
]
o / vi
B -2
s
H
£ -4 \
-6
-8

0 10 20 30 40 50 60 70 80 90

t-Time -ms

Figure 10. Voltage-Follower Large-Signal Pulse Response
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8 Detailed Description

8.1 Overview
The pA741 device is a general-purpose operational amplifier featuring offset-voltage null capability.

The high common-mode input voltage range and the absence of latch-up make the amplifier ideal for voltage-
follower applications. The device is short-circuit protected and the internal frequency compensation ensures
stability without external components. A low value potentiometer may be connected between the offset null
inputs to null out the offset voltage as shown in Figure 11.

The pA741C device is characterized for operation from 0°C to 70°C. The pA741M device (obsolete) is
characterized for operation over the full military temperature range of —55°C to 125°C.

8.2 Functional Block Diagram

- ® Vee+

o

out

OFFSET N1
OFFSET N2 $ %
% Vee-
Component Count
Transistors 22
Resistors 1"
Diode 1
Capacitor 1
Copynght © 1970-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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8.3 Feature Description

8.3.1 Offset-Voltage Null Capability

The input offset voltage of operational amplifiers (op amps) arises from unavoidable mismatches in the
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors, etc. The input offset pins allow the designer to adjust for these
mismatches by extemal circuitry. See the Application and Implementation section for more details on design
techniques.

8.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. The pA741 has a 0.5-V/us slew rate. Parameters that vary significantly with operating voltages or
temperature are shown in the Typical Characteristics graphs.

8.4 Device Functional Modes

The yA741 is powered on when the supply is connected. It can be operated as a single supply operational
amplifier or dual supply amplifier depending on the application.

8.5 pA741Y Chip Information

This chip, when properly assembled, displays characteristics similar to the pA741C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
P

Vee+

R

ouTt

OFFSET N1
OFFSET N2

i b il i bl

S
o

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tgmax = 150°C.

TOLERANCES ARE £10%.

ALL DIMENSIONS ARE IN MILS.

[ 1 gils il edd 5

@
<

|\[|‘>;|“|\‘| \|w‘w‘\‘|‘\|“x!|‘||\|
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9 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.

9.1 Application Information

The input offset voltage of operational amplifiers (op amps) arises from unavoidable mismatches in the
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors, etc. The input offset pins allow the designer to adjust for these
mismatches by external circuitry. These input mismatches can be adjusted by putting resistors or a potentiometer
between the inputs as shown in Figure 13. A potentiometer can be used to fine tune the circuit during testing or
for applications which require precision offset control. More information about designing using the input-offset
pins, see the application note Nulling Input Offset Voltage of Operational Amplifiers, SLOA045.

IN+ +
ouT
IN- - OFFSET N2
OFFSET N1

f

To Vce-
Figure 11. Input Offset Voltage Null Circuit

9.2 Typical Application

The voltage follower configuration of the operational amplifier is used for applications where a weak signal is
used to drive a relatively high current load. This circuit is also called a buffer amplifier or unity gain amplifier. The
inputs of an operational amplifier have a very high resistance which puts a negligible current load on the voltage
source. The output resistance of the operational amplifier is almost negligible, so it can provide as much current
as necessary to the output load.

Figure 12. Voltage Follower Schematic

9.2.1 Design Requirements

+ OQutputrangeof 2V to 11.5V
* Inputrange of 2Vto 11.5V

Copynght © 1970-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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Typical Application (continued)

+ Resistive feedback to negative input
9.2.2 Detailed Design Procedure

9.2.2.1 Output Voltage Swing

The output voltage of an operational amplifier is limited by its internal circuitry to some level below the supply
rails. For this amplifier, the output voltage swing is within £12 V, which accommodates the input and output
voltage requirements.

9.2.2.2 Supply and Input Voltage

For correct operation of the amplifier, neither input must be higher than the recommended positive supply rail
voltage or lower than the recommended negative supply rail voltage. The chosen amplifier must be able to
operate at the supply voltage that accommodates the inputs. Because the input for this application goes up to
11.5 V, the supply voltage must be 12 V. Using a negative voltage on the lower rail rather than ground allows the
amplifier to maintain linearity for inputs below 2 V.

9.2.3 Application Curves for Output Characteristics

12 0.045
0.040
10 0.035
8 0.030
s :(E\ 0.025
E 6 5 0.020
g = 0015
% 0.010
2 0.005
0.000
0 -0.005
0 2 4 6 8 10 12 0 2 4 6 8 10 12
VIN (V) VIN (V)
Figure 13. Output Voltage vs Input Voltage Figure 14. Current Drawn Input of Voltage Follower (lo)
vs Input Voltage
0.45
0.40
0.35 \
0.30 l_
g 025 W
g)_) 0.20
0.15
0.10
0.05
0.00
0 2 4 6 8 10 12
VIN (V)

Figure 15. Current Drawn from Supply (Icc)
vs Input Voltage
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10 Power Supply Recommendations

The pA741 is specified for operation from +5 to +15 V; many specifications apply from 0°C to 70°C. The Typical
Characteristics section presents parameters that can exhibit significant variance with regard to operating voltage
or temperature.

CAUTION

Supply voltages larger than +18 V can permanently damage the device (see the
Absolute Maximum Ratings).

Place 0.1-pF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layout
Guidelines.

11 Layout

11.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

» Noise can propagate into analog circuitry through the power pins of the circuit as a whole and the operational
amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance power
sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single
supply applications.

+ Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital
and analog grounds, paying attention to the flow of the ground current. For more detailed information, refer to
Circuit Board Layout Techniques, SLOA089.

» To reduce parasitic coupling, run the input traces as far away from the supply or output fraces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

« Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

+ Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

+ Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

11.2 Layout Example
RIN

VIN
VOUT
RG

Figure 16. Operational Amplifier Schematic for Noninverting Configuration
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Layout Example (continued)
Place components close to
device and to each other to
reduce parasitic errors
Run the input traces as far
away from the supply lines
as possible
| NC VS+
\ ________ : Use low-ESR, ceramic

1 bypass capacitor

| GND veor

! | —1--

: I | T ] /

| oA — ] o] (T

| RN ... S | | |

_ NS LSND
Only needed for :
dual-supply \
operation o | e o)
LS : (or GND for single supply) vout Ground (GND) plane on another layer

Figure 17. Operational Amplifier Board Layout for Noninverting Configuration
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12 Device and Documentation Support

121 Trademarks

All trademarks are the property of their respective owners.
12.2 Electrostatic Discharge Caution

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

12.3 Glossary

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

13 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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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
7y
Reel _— — P
{ & Diameter
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

© 0000000 Sprocket Holes
1 ]
T T
Q1 i Q2 Q1 : Q2
==t -= ——t gt
Q31 Q4 Q31 Q4 User Direction of Feed
¥ A | 4
T I T
N~
Pocket Quadrants

*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1

Type |Drawing Di Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) [W1 (mm)
UA741CDR SOIC D 8 2500 330.0 124 6.4 52 2.1 80 | 120 Q1
UA741CPSR SO PS 8 2000 330.0 164 8.2 6.6 25 120 | 16.0 Q1

Pack Matenals-Page 1
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TAPE AND REEL BOX DIMENSIONS

\,/,/ {/
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UA741CDR SOIC D 8 2500 3405 3381 20.6
UA741CPSR SO PS 8 2000 367.0 367.0 38.0

Pack Matenals-Page 2
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MECHANICAL DATA

MCERO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE
0.400 (10,16)
0.355 (9,00)
8 5
ik T O A
0.280 (7,11)
0.245(6,22)
T
1 4
0.065 (1,65)
0.045 (1,14)
0.063 (1,60) — 0.020 (0,51) MIN 0310 7,87) |

0.015(0,38) [ 0.290 (7,37)

A

0.200 (5,08) MAX

1 0.130(3,30) MIN

JLM L/ °_15°
0.015 (0,38)

0.014 (0,36)
0.008 (0,20)

Seating Plane

0.100 (2,54)

4040107/C 08/96

NOTES: A. Alllinear dimensions are in inches (millimeters)

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification

E. Falls within MIL STD 1835 GDIP1-T8

J&P'TEDQAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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14 LEADS SHOWN

CERAMIC DUAL
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IN—LINE PACKAGE

l¢ B
(ﬁmﬁmmmﬁ

o —»

LI LI LT LT L]
1 AJ 0.065 (1,65) !
0.045 (1,14)

4— 0.005 (0,13) MIN

0.060 % 1,62 :
0.015| 0,38

_" L_ 0.026 (0,66)
0.014 (0,36)

0.100 (2,54

s
0.200 (5,08) MAX
v

PINS
5 14 16 18 20
0300 | 0300 | 0300 | 0300

(7.62) | (7.62) | (762) | (7.62)
BSC | BSC | BSC | Bsc

B MAX 0.785 .840 0.960 1.060
(19,94) | (21,34) | (24,38) | (26,92)

B MIN — | — | — | —
5 i 0300 | 0.300 | 0.310 | 0.300
(7.62) | 762 | (787) | (7.62)

5 0245 | 0245 | 0.220 | 0245
6.22) | (6:22) | 5.59) | (6:22)

Seating Plane

oo (3,30) MIN

— %

0.014 (0,36
0.008 (0,20

—]

\‘/ 015

4040083 /F 03/03

NOTES:

meom>

Al linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
This package is hermetically sealed with a ceramic lid using glass frit.
Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.
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MECHANICAL DATA
FK (S—CQCC—N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
TERMINALS
* MIN | MAX | MIN | MAX
o0 0.342 | 0.358 | 0.307 | 0.358
(8,69) | (9,09) | (7,80) | (9,09)
% 0.442 | 0.458 | 0.406 | 0.458

(11,23) | (11,63) | (10,31) [(11,63)
0.640 | 0.660 | 0.495 | 0.560

41 (16,26) |(16,76) | (12,58) |(14,22)
s | 074 | 0761 | 0495 [ 0560
(18,78) [(19,32) | (12,58) |(14,22)
o | 0938 [0962 [ 0850 [0:858
(23.83)|(24.43)| (216) | (21.8)
= 1141 | 1165 | 1.047 | 1.063
(28,99) |(29,59) | (26.6) | (27,0)
0.080 (2,03)
_'1 |‘ > 0.064 (1.63)
£ 0020 (051) R
.01
— 0.010 (0,25)
[ (
[ ¢
[ (
[ (
0.055 (1,40) [ ¢
Ok h) 0.045 (1,14)
| 0.035 (0,89) |

i 4 <ol
0.028 (0,71 “_’l__ 0.045 (1,14)
0.022 %0,54)5 - e 0050 (127) >t 0,035 (0,89)

NOTES:

4040140/ 01/11

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004

Texas
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www.ti.com
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MECHANICAL DATA

P (R—PDIP-T8) PLASTIC DUAL—IN—LINE PACKAGE

0.400 (10,16,
0.355 (9,02)
8 5
B B o 5 e O 23

0.260 (6,60)
0.240 (5,10)
: )
P2 =y gy
1 4
0.070 (1,78
0.045 (1,14)

0.045 1,14)}
0.030 (0,76 [‘7
0.015 (0,38)

—» |,
0.200 (5,08) MAX TL_ ﬂjgePlone
% I I I l l Seating Plane
¥

0.125 (3,18) MIN 0.010 (0,25) NOM

0.325 (8,26
0.020 (0,51) MIN rojoo 762 “

L—»LM L— 0.430 (10,92) -J
MAX

0.021 (0,53

0.015 §o.38g

[4]0.010 (0,25)®

4040082/E  04/2010

NOTES: A, All 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

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

Pin 1/

N
il H H
Index Area :d
0.020 (0,51)
0.050 (1,27) 0.012 (0,31)

[ \
[ \
Jiilanlimnlamiia

0.197 (5,00)
0.189 (4,80)
Y/oN
8 5
HHHH
0.244 (6,20)
| 0.228 (5,80)
‘\\W.*—'_— 030 A
. |

\
\

0.010 (0,25) Fecpusi?
L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) // 3
0.005 (0,13)1 / \
/[ \
i | A
L \
\ ' []0.004 (0,10)
Gauge Plane i i

0.010 (0,25)

0.050 (1,27)
0.016 (0,40)

T Seating Plane

4040047-3/M  06/11

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.

NOTES:

np> P

Reference JEDEC MS-012 variation AA.

Mold flash, protrusions, or gate burrs shall

Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

Example Board Layout Slen&|°?ep%n)ings

(Note C)
—= |=—8x0,55

——| r— 6x1,27
; — .27

.11
8x1,50 EgERE

pinEp iy f

5,40

5,40

gininining

L—=-.

E

i
!'
!'
|
!

Example
Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
,./ 4 Example
! / Solder Mask Opening
i L_| i (See Note E)
\ —=|l=—0,07 ;
Al Around /
\ '/
% ¥a
o -
R e —
4211283-2/E 08/12

NOTES:

cowx

m

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.

Customers should contoct their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA
PS (R-PDSO-G8)

7] g

HAAR 7

PLASTIC SMALL-OUTLINE PACKAGE

0,15 NOM

o
Moo
[
o

O
— &l:
3|
—

L& NN i R l

2,00 MAX 30,10

4040063/C 03/03
NOTES:

A. Al lineor dimensions are in millimeters.
B. This drowing is subject to change without notice.
C. Body dimensions do not include mold flosh or protrusion, not to exceed 0,15
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LAND PATTERN DATA

PS (R—-PDSO-G8)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

——I —— 6x1,27

ot

CBERE

!
[ Example
Non Soldermask Defined Pad

Vo =007 /
N All Around /
% r

N, e
S .

Stencil Openings
(Note D) ¢

- 8x0,55
‘ F»I I—— 6x1,27

—

s HHHF
7,40
Example
Pad Geometry
(See Note C)
Example

Non—Solder Mask Opening
(See Note E)

4212188/A 09/11

NOTES:

ocow>

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.
contact their board assembly site for stencil design recommendations. Refer to IPC-7525 for other stencil recommendations.

Customers should contact their boord fabrication site for solder mask tolerances between and around signal pads.

Customers should

g -

www.ti.com
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15.- 74LS32

@ MOTOROLA

QUAD 2-INPUT OR GATE

<
o
o

[1]

[o] [e]

=]
5]
<]

Vi

[ [

=
=
]

L] Ls] Le] L]

GND

GUARANTEED OPERATING RANGES

Angel Hernandez Gonzéalez

SN54/74LS32

QUAD 2-NPUT OR GATE
LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

@ D SUFFIX
2 soic

1 CASE 751A-02

ORDERING INFORMATION

SNS4LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD  SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 45 50 5:5 A\
74 4.75 50 525

Ta Operating Ambient Temperature Range 54 -55 25 125 °c
74 0 25 70

loH Output Current — High 54, 74 -04 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
5-83
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 20 V4 Al Inputs
54 0.7 I
viL Input LOW Voltage v Slllj?ranteed nput LOW Voltage for
74 0.8 nputs
ViK Input Clamp Diode Voltage -065 =15 Vv Vee =MIN, Iy =-18 mA
54 25 35 v Ve = MIN, IoH = MAX, Vi = V)
CC . 'OH 2 VIN = VIH
VoH Output HIGH Voltage 74 27 35 v or V_per Truth Table
54,74 0.25 04 \ lop =4.0mA Vce =Vee MIN,
VoL Output LOW Voltage Vin = VL or Vi
74 0.35 0.5 4 loL =8.0mA per Truth Table
20 BA Voo =MAX, V=27V
IhH Input HIGH Current £ N
0.1 mA Voe =MAX, V=70V
e Input LOW Current -04 mA Voo =MAX, V=04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Power Supply Current
e Total, Output HIGH 6.2 mA | Voo =max
Total, Output LOW 98
Note 1: Not more than one output should be shorted ata time, nor for more than 1 second
AC CHARACTERISTICS (Ta =25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 14 22 ns Vee =50V
tPHL Turn-On Delay, Input to Output 14 22 ns CL=15pF

FAST AND LS TTL DATA
5-84
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Case 751A-02 D Suffix

14-Pin Plastic NOTES:
S04 1. DIMENSIONS *A" AND“B’ ARE DATUMS AND
“T'1S A DATUM SURFACE
2. DIMENSIONING AND TOLERANCING PER ANSI
Y145M, 1982
3. CONTROLLING DIMENSION: MILLIVETER,
HHAAHHAHA 4. DIMENSION A AND BDO NOT INCLUDE MOLD
14 8 PROTRUSION.

JON.
5. MAXMUM MOLD PROTRUSION 0.15 (0.006)
DE.

PERSIDE.
25 (0.010) 6. 751401 IS OBSOLETE, NEW STANDARD
751A-02.

a 7 " [ [ MILLIMETERS
H:E, HHHEE Wy
& ‘e al |-— R X45° o o |

olo

2 ;
D4 PL I<— K P M F—J EJ 3
[$[025 0010 @[T BO[A O] 3

Case 632-08 J Suffix
14-Pin Ceramic Dual In-Line
L ] ! NOTES:
'] . DIMENSIONING AND TOLERANCING PER ANSI
Y14 5M, 1982,
. CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEAD WHEN

i

B
o«
op =

FORMED PARALLEL.
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE
1 7 THE LEAD ENTERS THE CERAMIC BODY.
T o7 7 o7 o o o 5. 6201 THRU-07 OBSOLETE, NEW STANDARD

Cis « -

[ ] ]
//.
K /
S u
J L (] N— M
Duap —le— J 14 PL

#5000 ®[T] A®] [#]025000) @ [T[ 8O

Case 646-06 N Suffix

14-Pin Plastic
NOTES:
A R 1. LEADS WITHINO.13 mm (0.005) RADIUS OF TRUE
1 3 POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION
2. DIMENSION "L" TOCENTER OF LEADS WHEN
o) FORMED PARALLEL.
3. DIMENSION B’ DOES NOT INCLUDE MOLD
: 1 FLASH
AT TR TR TR TARTARTY 4. ROUNDED CORNERS OPTIONAL
5. 646:05 OBSOLETE, NEW STANDARD 646-06.
B WOTE4 [ [ MLUMETERS |
—»lFle DM [ MIN_ | Max |
r_._" [ 195
10 | 660
[ \ 489
¥ 28 | 053
178
[ 25465C |
N J W | 12 ] 241
= 020 | 038
- SEATING - K 2% | 343
— G ~>“- =
H D PLANE M : T ascm g.:m as‘g
N 039 | 101 | 0015 | 0.039

FAST AND LS TTL DATA
5-85
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16.- 74LS08
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I
August 1986
EAIRCHILD Revised March 2000
SEMICONDUCTOR ™
Quad 2-input AND Gates
General Description
This device contains four independent gates each of which
performs the logic AND function
Ordering Code:
Order Number | Package Number Package Description
DM74LS08M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74L.S08SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS08N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices aiso available n Tape and Reel. Specify by appending the suffix letier "X 10 the ordefing code.
Connection Diagram Function Table
Y=AB
Vee B4 At va 83 A3 %l
1 ||1 |vz n 10 |e Ia Inputs Output
A B Y:
L L L
& H L
H L (E
H H H
+= HIGH Logic Level
L= LOW Logic Level
1 |1 IJ 0 5 0 1
A1 81 v az v2 N
© 2000 Fairchild Semiconductor Corporation DS006347 www_fairchildsemi.com

sejes ANV Indul-z pend 80STv.ING
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Angel Hernandez Gonzéalez

Absolute Maximum Ratings(ote 1)

Supply Voltage

Input Voltage

Operating Free Air Temperature Range
Storage Temperature Range

-65°C to +150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond which
TV the safety of the device cannot be guaranteed. The device should not be
7y operated at these limits. The parametric values defined i the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.

0°Cto +70°C
for actual device operation.

Recommended Operating Conditions

The “‘Recommended Operating Conditions” table will define the conditions

Symbol Parameter Min Nom Max Units
Voo Supply Voltage 475 5 525 v
Vi HIGH Level Input Voltage 2 v
ViL LOW Level Input Voltage 08 v
lon HIGH Level Output Current =04 mA
loL LOW Level Output Curent 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NZZ y | Mex Units
Vi Input Clamp Voltage Ve =Min, | ==18 mA -5 v
Vou HIGH Level Vee = Mn, Ion = Max, 27 34 v

Output Voitage Vi = Min
VoL LOW Level Vee = Min, I, = Max, 035 05

Output Voltage V= Max v

lop =4 mA Ve = Min 025 04

I Tnput Current @ Max Input Voltage Ve = Max, V,= 7V 01 mA
[ HIGH Leve! Input Current Ve =Max, V=27V 20 pA
T LOW Level Input Current Vec =Max, V, = 04V =036 mA
los Short Circuit Output Current Ve = Max (Note 3) =20 =100 mA
T Supply Currentwith Outputs HIGH | Ve = Miax 24 18 mA
lecy Supply Current with Outputs LOW Ve =Max 44 88 mA

Switching Characteristics

atVee =5V and T, =25°C

R =2k
Symbol Parameter C =15pF L= 50 pF Units
Min Max Min Max
oy Propagation Delay Time
LOWto-HIGH Level Output 4 %2 8 8 -
L PRopegetion Doy Tne 3 1 5 18 ns
HIGH-to-LOW Leve! Output

Note 2: All typicals are at Vog = 5V, T4 = 25°C.

Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted
0335_0.34
R
Moo oo 8
DI N
02260244 5
157916198
i [® m’/\\
e Y BOT T 01y
1 2 3 4 5 6 1 *
0,010 1y
0254
0.150-0.157
] jaei0-3.588 |
= 0.053-0.069
(:.m ~°o.n| X |"' 301759
B MAXTYP 0.004-0.010
AL LEADS e . T y ety
‘+ Jg aﬂ. ‘ SEATING N ST = ,,_.17 58 /
—= PANE A + | ?
$.0080.010 : ) I || 0014-0.020
{0.203-0.258) 0.016~0.050 [ e L o (nss-owl]m
TYP AL LEADS 0.004 10.406—1.270) v lF— 0.008
007 TYP ALL LEADS gy AL
ALLLEAD TIPS wish g
14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
Package Number M14A
3 www.fairchildsemi.com

80STv.INA
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

102201

y
0001

11TYP —of

-

5.3:0.1

PIN #1 IDENT.

ALL LEAD TIF’S

ALL LEAD TIPS

(213TYP) m m

R T

LAND PATTERN RECOMMENDATION

T L

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 1998.

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS.

M14DRevB1

f SEEDETAILA
1801 iy
//

0.1, 5-0.25_—f

[~ 21w

GAGE PLANE

T

SEATING PLANE

DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPEIl, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
’ (1880 19.56)

i

§

&

ﬁ INDEX
AREA
025040010
{6.35010.250)
PIN NO. 1 t PNNO. 1
10EN IDENT
0092 . 0030 usx
(2.337) (0.762} DEPTH.
0PTION 1 0PTION 02
013520005
(s az90.127) -
0.145-0.200 0.060 i
0.145-0.200 —»| e 0050 pyp e
T l 1.520) /'\ "~ opTioNAL Tio1)
- 2 |
[ ni 0.008-0.016
000 0 e e L2 oo
{0.508) [ T
W 0.125-0.150 I
{3.175~13.810) — ‘—?mf:‘;; 0.280 |
0.014-0023 (1112}
oss_oses T I _ gl 0.100+0.010 MK
| 0.050£0.010 Ll f— >
>~ eme " 0325 0040
1016
(T nagvn

14-L_ead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

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

LIFE SUPPORT POLICY

FAIRCHILD'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 FAIRCHILD

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 (c) whose failure
to perform when propery used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. Acntical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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17.- DISPLAY 7 SEGMENTOS.

Angel Hernandez Gonzéalez

- Agilent Technologies

7.6 mm (0.3 inch) Micro Bright
Seven Segment Displays

Technical Data

Features

* Available with Colon for
Clock Display

* Compact Package
0.300 x 0.500 inches
Leads on 2.54 mm (0.1 inch)
Centers

* Choice of Colors
AlGaAs Red, High
Efficiency Red, Yellow, Green,
Orange

* Excellent Appearance
Evenly Lighted Segments
Mitered Corners on Segments
Surface Color Gives Optimum
Contrast
% 50° Viewing Angle

* Design Flexibility
Common Anode or Common
Cathode

Right Hand Decimal Point

% 1. Overflow Character
Categorized for Luminous
Intensity

Yellow and Green Categorized
for Color

Use of Like Categories Yields a
Uniform Display

High Light Output

High Peak Current
Excellent for Long Digit
String Multiplexing
Intensity and Color
Selection Available

See Intensity and Color
Selected Displays Data Sheet

* Sunlight Viewable AlGaAs

HDSP-740x Series
HDSP-750x Series
HDSP-780x Series
HDSP-A15x Series
HDSP-A40x Series

Description

The 7.6 mm (0.3 inch) LED seven
segment displays are designed for
viewing distances up to 3 metres
(10 feet). These devices use an
industry standard size package
and pinout. Both the numeric and

Devices
Orange | AlGaAs!ll | HER[1] | Yellow(ll | Greenl1] Package
HDSP- HDSP- HDSP- HDSP- HDSP- Description Drawing
A401 Al51 7501 7401 7801 Common Anode Right A
Hand Decimal
7502 7402 7802 Common Anode Right Hand B
Decimal, Colon
A403 Al153 7503 7403 7803 Common Cathode Right C
Hand Decimal
7504 7404 7804 Common Cathode Right Hand D
Decimal, Colon
Al157 7507 7407 7807 Common Anode * 1. Overflow E
A158 7508 7408 7808 Common Cathode 1. Overflow F
Note:

1. These displays are recommended for high ambient light operation. Please refer to the HDSP-A10X AlGaAs, HDSP-335X HER, HDSP-
AB0X Yellow, and HDSP-A90X Green data sheet for low current operation.
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* 1. overflow devices feature a These displays are ideal for most
right hand decimal point. All applications. Pin for pin equiv-
devices are available as either alent displays are also available in
common anode or common a low current design. The low
cathode. current displays are ideal for

Part Numbering System

5082 X XX XX XX X X
HDSP-X X X X-X X X XX

Mechanical Optionsl!!]
00: No Mechanical Option

Color Bin Options!!.2]
0: No Color Bin Limitation

Maximum Intensity Bin!!.2

Minimum Intensity Binl! 2

Device Configuration/Color!!]
1: Common Anode

2: Common Anode

3: Common Cathode

4: Common Cathode

Device Specific Configuration!!!
Refer to Respective Datasheet

Packagel!l

0: No Maximum Intensity Bin Limitation

0: No Minimum Intensity Bin Limitation

Angel Hernandez Gonzéalez

portable applications. For
additional information see the
Low Current Seven Segment
Displays.

3: Color Bins 3- and 3+ only (applicable for Yellow devices only)
Z: Color Bins 2- and 3+ only (applicable for Yellow devices only)

A: 7.6 mm (0.3 inch) Single Digit Seven Segment Display

Notes:

1. For codes not listed in the figure above, please refer to the respective datasheet or contact your nearest

Agilent representative for details.

2. Bin options refer to shippable bins for a part number. Color and Intensity Bins are typically restricted to 1
bin per tube (exceptions may apply). Please refer to respective datasheet for specific bin limit information.
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3
Package Dimensions
COLOR BIN
(NOTE 6) 127
MITERED CORNER FOR ~MITERED CORNER FOR (.050)
PIN 1 REFERENCE PIN 1 REFERENCE :‘N"‘:‘E"z‘sﬁ
508
CATEGORY s
4.19 4.19 (.020)
T (.165) a2\ [ e t ; TVP.
— 2 (017) - 254 DATE cODE
3 /\ur (100 /\"" § 100
r 1 10 W1 e
2 9 [} T2 ]
127038 . t 7.62 Ja7 - o3 " 162 el 399100 TP
(500 + 0'5]‘ (.300) g + 015 (.300) <
4 1 ﬂTﬂ ' 6.09 1150}
1 =i . ] el ' (20 T+ i
— (:390)
[ 297 297 RE
762 L—l» 7 (.7;2) - 597 (1
8 .0
‘1??;, 7.62 TVPI 7.62 Lzl MITERED CORNER FOR
e.300)->1 e-{(.300) > PIN 1 REFERENCE
NOTE 2 NOTE 2 1 e
AC B,D 1 io
2 9
127 + 380 { U
(500 : .015) ~ |
o
10
264
.010} T v 297
127 (11
' (.050) EF 5
el 508 (300) ™
(-200) NOTE 2
NOTES: FUN
1. ALL DIMENSIONS IN MILLIMETRES (INCHES). CTION _—
2. MAXIMUM. PIN A 8 c D E T F
3. ALL UNTOLERANCED DIMENSIONS ARE 1 |[ANODEI4] | CATHODE COLON| CATHODE(SI | ANODE COLON | ANODE 4] ["caTHODE 51
FOR REFERENCE ONLY. 2 [CATHODE t | CATHODE f ANODE f ANODE CATHODE PLUS | ANODE PLUS
4. REDUNDANT ANODES, 3 |CATHODE g | CATHODE g ANODE g ANODE g CATHODE MINUS | ANODE MINUS
5. REDUNDANT CATHODES. 4 |CATHODE o CATHODE o ANODE ¢ ANODE ¢ NC NC
6. FOR HDSP-7400/-7800 SERIES PRODUCT ONLY. | 5 [CATHODE d | CATHODE ¢ ANODE d | ANODE d NC | ne
6 |ANODEI4] ANODE CATHODEIS! | CATHODE ANODE 4] CATHODE (5]
7 |CATHODE DP| CATHODE DP ANODE DP ANODE DP CATHODE DP ANODE DP
8 |CATHODE ¢ CATHODE ¢ ANODE ¢ ANODE ¢ CATHODE ¢ ANODE ¢
9 |CATHODE b | CATHODE b ANODE b ANQDE b CATHODE b ANODE b
10 |CATHODE a CATHODE a ANODE 2 ANODE a NC | NC
Internal Circuit Diagram
2 - }—-10 1 —10
2 — plus | bt—o 2 phe b—4—9
3 T 48 3 =
i
o] mins Ly a] mins ],
5 — -5 5 -
dp dp
A B Cc D E F
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4
Absolute Maximum Ratings
AlGaAs Red HER/Orange Yellow Green
HDSP-A150 HDSP-7500/-A40X | HDSP-7400 | HDSP-7800
Description Series Series Series Series Units
Average Power per Segment or DP 96 105 80 105 mwW
Peak Forward Current per 16011] 90131 60151 90!71 mA
Segment or DP
DC Forward Current per 4012] 30141 20161 30181 mA
Segment or DP
Operating Temperature Range -20 to +10019] -40 to +100 °c
Storage Temperature Range -55 to +100 %
Reverse Voltage per Segment or DP 3.0 Vv
Lead Solder Temperature for 3
Seconds (1.59 mm [0.063 in.] 260 °c
below seating plane)
Notes:

. Derate above 46°C at 0.54 mA/°C.
Derate above 53°C at 0.45 mA/°C.
. Derate above 81°C at 0.52 mA/°C.

. Derate above 39°C at 0.37 mA/°C.

DX U W

Electrical/Optical Characteristics at T, = 25°C

. See Figure 1 to establish pulsed conditions.
See Figure 6 to establish pulsed conditions.
See Figure 7 to establish pulsed conditions.

. See Figure 8 to establish pulsed conditions.

. For operation below -20°C, contact your local Agilent components sales office or an authorized distributor.

AlGaAs Red
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units Test Conditions
Luminous Intensity/Segment! 251 Iy 6.9 | 14.0 med Ir = 20 mA
(Digit Average)
18 v Iy = 20 mA
Forward Voltage/Segment or DP A%
2.0 3.0 v Ir = 100 mA
Al5x | Peak Wavelength Aprak 645 nm
Dominant Wavelength!?] Ay 637 nm
Reverse Voltage/Segment or DP[4] Vr 3.0 15.0 v Iz = 100 pA
Temperature Coefficient of AVp/C -2 mV/C
Vr/Segment or DP
Thermal Resistance LED Junction- RBy pry 255 °C/W/Seg
to-Pin
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5
High Efficiency Red
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units Test Conditions
Luminous Intensity/Segment!!2.6] 360 | 980 I =5mA
(Digit Average) Iy Ped
5390 Ir = 20 mA
Forward Voltage/Segment or DP Vp 2.0 2.5 v Ir = 20 mA
750x | Peak Wavelength Appax 635 nm
Dominant Wavelengthl?] | 626 nm
Reverse Voltage/Segment or DPI4] Vi 3.0 30 v Iz = 100 A
Temperature Coefficient of AVp/C -2 mV/C
Vr/Segment or DP
Thermal Resistance LED Junction- ROy piy 200 °C/W/Seg
to-Pin
Orange
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units Test Conditions
Luminous Intensity/Segment!!2.61 Iy 0.70 med Ir =5mA
(Digit Average)
Forward Voltage/Segment or DP Vg 2.0 2.5 A% Ir = 20 mA
A40x Peak Wavelength Apeax 600 nm
Dominant Wavelength!®! Ny 603 nm
Reverse Voltage/Segment or DPI] Vi 3.0 30 \' Iz = 100 pA
Temperature Coefficient of AVRp/C )} mV/C
Vi/Segment or DP
Thermal Resistance LED Junction- ROy pry 200 °C/W/Seg
to-Pin
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6
Yellow
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units Test Conditions
Luminous Intensity/Segment!!:2.7] 225 | 480 Ir=5mA
(Digit Average) Iy Ped
2740 Iy = 20 mA
Forward Voltage/Segment or DP Vi 22 | 25 'S Ip = 20 mA
740x | Peak Wavelength Nppax 583 nm
Dominant Wavelengthl? 9] Ay 581.5 | 586 |592.5 nm
Reverse Voltage/Segment or DP!*! Vi 3.0 | 50.0 \' Iz = 100 A
Temperature Coefficient of AVp/°C -2 mvV/°C
Vp/Segment or DP
Thermal Resistance LED Junction- ROy pry 200 °C/W/Seg
to-Pin
High Performance Green
Device
Series
HDSP- Parameter Symbol | Min. | Typ. | Max. Units Test Conditions
Luminous Intensity/Segment!!:2.5] 860 | 3000 Ir = 10 mA
(Digit Average) Iy Ped
6800 Ir = 20 mA
Forward Voltage/Segment or DP Vi 2.1 2.5 v Ir = 10 mA
780x Peak Wavelength RAprax 566 nm
Dominant Wavelengthl3.91 A 571 | 577 nm
Reverse Voltage/Segment or DPI*] Vi 3.0 50.0 Ve Ig = 100 pA
Temperature Coefficient of AVR/°C -2 mvV/°C
Vi/Segment or DP
Thermal Resistance LED Junction- RB;pix 200 °C/W/Seg
to-Pin

Notes:
At n diatel

e of device i

y prior to the intensity measurement is 25°C.

1
2. The digits are categorized for luminous intensity. The intensity category is designated by a letter on the side of the package.
3

3. The dominant wavelength, Ay, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color of

the device.

4. Typical specification for reference only. Do not exceed absolute maximum ratings.
5. For low current operation the AlGaAs HDSP-A101 series displays are recommended.
6. For low current operation the HER HDSP-7511 series displays are recommended.

. For low current operation the Yellow HDSP-A801 series displays are recommended.

7
8. For low current operation the Green HDSP-A901 series displays are recommended.
9. The yellow (HDSP-7400) and Green (HDSP-7800) displays are i i

number adjacent to the luminous intensity category letter.

d for

a

wavelength. The category is designated by a
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PEAK CURRENT TO TEMPERATURE
3

DERATED MAXIMUM DC CURRENT

IFPEAK RATIO OF MAXIMUM OPERATING

Toc MAX

OPERATION IN THIS
REGION REQUIRES
TEMPERATURE
OPERATING OF Ipe
MAXIMUM

~<— DC OPERATION

1 10 100 1000 10000

tp ~PULSE DURATION - ps

Figure 1. Maximum Allowed Peak Current vs.

Pulse Duration - AlGaAs Red.

50
: | | RE,p =T70°CIW
L 45
= T T
= 10 AIG2AS RED
3
&=
g 3 \\
8 N
=z N
il = N
$6 2 N
' & N
5 & 15 \
= 10
£ 5

0,
20 30 40 50 60 70 80 90 100 110 120

Tp~ AMBIENT TEMPERATURE - *C

Figure 2. Maximum Allowable DC
Current per Segment as a Function of
Ambient Temperature.

o []

o |
AlGaAs RE!

RELATIVE LUMINOUS INTENSITY:
(NORMALIZED TO 1 AT 20 mA)

o 5 10 15 20 25 30 35 40

I - FORWARD CURRENT PER SEGMENT — mA

Figure 4. Relative Luminous Intensity
vs. DC Forward Current.

Angel Hernandez Gonzéalez

<

: 160 l
£ 140

&

=

0 120

& AIGaAs RED
& 100

o

E w

o

g 6

o

g |
g 4

£ . |
j /

|

3

o
0 05 10 15 20 25 30 35 40

Vj - FORWARD CURRENT -V

Figure 3. Forward Current vs.
Forward Voltage.

/AG-A. RE!

08

Mpeak - NORMALIZED RELATIVE EFFICIENCY

06 ,
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HER, Yellow, Green, Orange
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9
Intensity Bin Limits (mcd)
AlGaAs Red Yellow
HDSP-Al15x HDSP-740x
IV Bin Category Min. Max. IV Bin Category Min. Max.
M 7.07 13.00 B 0.229 0.387
N 10.60 19.40 C 0.317 0.582
0 15.90 29.20 D 0.476 0.872
P 23.90 43.80 E 0.714 1.311
Q 35.80 65.60 F 1.073 1.967
G 1.609 2.950
HER H 2.413 4.425
HDSP-750x
IV Bin Category Min. Max. Green
B 0.342 0.630 HDSP-780x
C 0.516 0.946 IV Bin Category Min. Max.
D 0.774 1.418 H 0.86 1.58
E 1.160 2.127 1 1.29 2.37
F 1.740 3.190 J 1.94 3.55
G 2.610 4.785 K 2.90 5.33
H 3.915 7177 L 4.37 8.01
Orange
HDSP-A40X
IV Bin Category Min. Max.
A 0.284 0.433
B 0.354 0.541
C 0.443 0.677
D 0.554 0.846
E 0.692 1.057
F 0.856 1.322
G 1.082 1.652
H 1.352 2.066
1 1.692 2.581
J 2.114 3.227
K 2.641 4.034
L 3.300 5.042
M 4.127 6.303
N 5.157 7.878
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10

Color Categories

Dominant Wavelength (nm)

Color Bin Min. Max.
Yellow 1 581.50 585.00

3 584.00 587.50

2 586.50 590.00

4 589.00 592.50
Green 2 573.00 577.00

3 570.00 574.00

4 567.00 571.00

5 564.00 568.00

Note:

All categories are established for classification of products. Products
may not be available in all categories. Please contact your Agilent
representatives for further clarification/information.

Contrast Enhancement

For information on contrast
enhancement, please see
Application Note 1015.

Soldering/Cleaning
Cleaning agents from the ketone
family (acetone, methyl ethyl
ketone, etc.) and from the
chlorinated hydrocarbon family
(methylene chloride, trichloro-
ethylene, carbon tetrachloride,
ete.) are not recommended for
cleaning LED parts. All of these
various solvents attack or dissolve
the encapsulating epoxies used to
form the package of plastic LED
parts.

For further information on
soldering LEDs, please refer to
Application Note 1027.

Angel Hernandez Gonzéalez
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features
Output Current up to 1A

Thermal Overload Protection
Short Circuit Protection

Internal Block Digram

Output Voltages of 5, 6,8, 9, 10, 12, 15, 18, 24V

Output Transistor Safe Operating Area Protection

Description

The MC78XX/LM78XX/MC78XXA series of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

£

D-PAK

. 4

1
1. Input 2. GND 3. Output

INPUT SeRIEs outPUT
b [ ELEMENT 3
CURRENT SOA o~
GENERATOR PROTECTION >
STARTING REFERENCE
CIRCUIT VOLTAGE AMPLIFIER
>
s
THERMAL 2
PROTECTION
] GND
2

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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MC78XX/LM78XX/MC78XXA

Angel Hernandez Gonzéalez

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) V) 35 \
(for Vo = 24V) Vi 40 Vv
Thermal Resistance Junction-Cases (TO-220) ReJc 5 °CwW
Thermal Resistance Junction-Air (TO-220) RoJA 65 °cw
Operating Temperature Range TOPR 0~+125 °c
Storage Temperature Range TsTG -65 ~ +150 o%c

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| = 10V, Ci= 0.33§iF, Co= 0.1}F, unless otherwise specified)

N MC7805/LM7805 ]
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 4.8 5.0 52
Output Voltage Vo | 50mA < lo < 1.0A Po < 15W v
Vi=7Vto 20V 475 | 50 | 525
Line Regulation (Note1) Regline | Ty=+25°C Mg B Chiir sy - = L mV
Vi=8Vto 12V - 16 50
lo =5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C 10 =250mA to ) 4 50 mV
750mA
Quiescent Current la Ty=+25°C - 5.0 8.0 mA
s lo =5mA to 1.0A - 0.03 05
Quiescent Current Change Ala Vi= 7V to 25V - 03 13 mA
Output Voltage Drift AVO/AT | lo=5mA - -0.8 - mV/°C
Output Noise Voltage VN f = 10Hz to 100KHz, TA=+25°C - 42 - pV/iVo
Ripple Rejection RR {/Z ngczto s 62 | 73 | - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - Y
Output Resistance ro f=1KHz - 15 - mQ
Short Circuit Current Isc V=35V, TA=+25°C - 230 - mA
Peak Current Pk Ty=+25°C - 20 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in V due to heating effects must be taken

into account separately. Pulse testing with low duty is used.

pag. 246



MC78XX/LM78XX/MC78XXA
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Electrical Characteristics (MC7805A)

(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V | = 10V, C |=0.33JiF, C 0=0.1}F, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 4.9 5 5.1
Output Voltage Vo lo = 5mAto 1A, Po < 15W 48 5 52 \
V) =7.5Vto 20V ¥ )
V=75V to 25V
lo = 500mA B = =0
Line Regulation (Note1) Regline | Vi=8Vto 12V - 3 50 mv
T,=+259C VI= 7.3V to 20V - 5 50
V=8V to 12V - 1.5 25
TJy=+25°C
- 9 100
; lo=5mAto 1.5A
Load Regulation (Note1)
Regload I smAto 1A . 9 [ 10 | ™V
lo = 250mA to 750mA - 4 50
Quiescent Current [e} TJ=+25°C - 5.0 6 mA
’ lo=5mAto 1A - - 0.5
8;"::;:"‘ Gyt Ala [ Vi=8Vto25V, o = 500mA . ~ o8 | mA
VI=75Vto 20V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT lo=5mA - -0.8 - mV/°C
; f = 10Hz to 100KHz
Output Noise Voltage VN TA=+25°C - 10 - PViVo
s —_— = 120Hz, lo = 500mA
Ripple Rejection RR Vi =8V to 18V - 68 - dB
Dropout Voltage Vbrop | lo=1A, Ty=+25°C - 2 - \Y
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V=35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken

into account separately. Pulse testing with low duty is used.

1"
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MC78XX/LM78XX/MC78XXA

Typical Perfomance Characteristics

S[vi=bv *[T,=2sc
l\;¢,= -;:A AV =100mV
5.75 25
—
= L
% 53 /‘/ g ? /
3 525 / ERT \\
& ] \‘
-850 -2 25 0 % 100 125 o 10 AL 20 25 30 £
JUNCTION TEMPERATURE (*C) INPUT-OUTPUT DIFFERENTIAL (V)
Figure 1. Quiescent Current Figure 2. Peak Output Current
s Sy 7 T,=25°C
lo=5mA Vo=8V
65| lo=10mA
5 101 i
2 6 ]
g 1 g 55 /4
\\ & /
~ § s
- [
a5
d -25 [] 25 50 75 00 125 ‘ 10 5 20 ) ) 3
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Figure 3. Output Voltage Figure 4. Quiescent Current
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MC78XX/LM78XX/MC78XXA

Typical Applications
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nu“’

m

Figure 5. DC Parameters
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Figure 6. Load Regulation
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Figure 7. Ripple Rejection
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Figure 8. Fixed Output Regulator
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MC78XX/LM78XX/MC78XXA
mpu\oT MCTBXX/LM78XX [ ——oOutput
cl 2 J— a3 [vor
030.F 01 1
'“\ Co
ﬁ‘h
AL
oL
Rt @
Figure 9. Cc Current Reg
Notes:

(1) To specify an output voltage. substitute voltage value for "XX." A common ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input
ripple voltage.

(2) Cjis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

Input 1 5 Omgul

OT MCT78XX/LM78XX
cl
To::,r

AA
add
1

AA

WA
2
N

Ig 2 51Q

Vo = VxxX(1+R2/R1)+IQR2
Figure 10. Circuit for Increasing Output Voltage

Input i mc7eos =
s LM7805

Gl ==
o

IRI 25 1Q
Vo = Vxx(1+R2/R1)+lQR2
Figure 11. Adj Output Regulator (7 to 30V)
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MC78XX/LM78XX/MC78XXA
"g‘_" Q1 80538
101
A 1 a Output
““A———1  MC78XX/LM78XX —=0
< IREG lo
__o.aa.r 2 S 01F
Ry = Vaeo
” Irea-lor Bay
lo =lnec +Bay (lneaVoear/Ry)
Figure 12. High Current Voltage Regulator
Rsc ar
Inputo——1——
Ll
A MCT8XX/LM78XX
3n Output
-I_o.aaus 2 o

Qi-Tia2 | .|

Q2 - TIP42

m
Rec= _Veecz
Isc
Figure 13. High Output Current with Short Circuit Protection
—o
-Vin TIPa2 -Vo
Figure 14. Tracking Voltage Regulator
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MC78XX/LM78XX/MC78XXA
1 3
T MC7815
20V 15V
— [
033,F D‘pF-- IN30OY
Jn ol 224F [Fa N
5 p--4
IN40O1
o 5 mMC7915 = =0
Figure 15. Split Power Supply ( £15V-1A)
Output
Input
l ’ i
2
'] MC78XXLM7EXX
Figure 16. Negative Output Voltage Circuit
Input ) D4asH11 ) imH Output
a7 EE ) i
k4l 1 3
R J_ MC78XX/LM78XX
2z o T
- 2000uF
< 050
m m
Figure 17. Switching Regulator
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MC78XX/LM78XX/MC78XXA
Mechanical Dimensions
Package
9.90 020 4.50 #0.20
e (8.70) °
S| # g +0.10
=8 ©3.60 $0.10 S 1.30 o5
=l @ g 4[_..
S| o g
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s £ 8| &
[Ny ~| w| ~
(2] A o b
- S
= 3
8
o
2 X
o +
«-‘_o‘ 1.27 0.10 1.52 +0.10 <
s - S
0.80 20.10 s |
0.50 *942 2.40 £0.20
2.54TYP 2.54TYP =
[2.54 20.20] [2.54 $0.20]
10.00 0.20
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MC78XX/LM78XX/MC78XXA

Mechancal Dimensions (continueq)

Package

6.60 0.20
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S P 5 R 2 | =
| Z
S 11 ‘J | s
@ J A
o
of | [U—p
MAX0.96 ’ ‘ 0.76 ¢ :
R {076 20.10 3 0.50 0.10
@ |
2.30TYP 2.30TYP 1.02£020
[2.30£0.20] [2.30£0.20] 2.30 £0.20
6.60 £0.20
(5.34)

(0.70)
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(1.00)
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o
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0.76 0.10
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MC78XX/LM78XX/MC78XXA

Ordering Information

Product Number Output Voltage Tolerance Package Operating Temperature
LM7805CT +4% TO-220 0~+125°C

Product Number Output Voltage Tolerance Package Operating Temperature
MC7805CT
MC7806CT
MC7808CT

MC7809CT

MC7810CT TO-220

MC7812CT

MC7815CT

MC7818CT +4%

MC7824CT

MC7805CDT

MC7806CDT

MC7808CDT

D-PAK 0~+125°C
MC7809CDT

MC7810CDT

MC7812CDT
MC7805ACT

MC7806ACT

MC7808ACT

MC7809ACT

MC7810ACT +2% TO-220

MC7812ACT

MC7815ACT

MC7818ACT

MC7824ACT

27
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