oy,

EVALUACION DEL PERSONAL DOCENTE

CURSO: CAD- CIRCUITOS IMPRESOS
FECHA: DEL 22 AL 26 DE MARZO DE 1994.

CONFERENCISTA DOMINIO - USO i'.)E AYUDAS COMUNICA_C]ON PUNTUALIDAD
DEL TEMA AUDIOVISUALES CONEL - .
ASISTENTE

ING. MARTIN PEREZ MONDRAGON (COORD)

APOYO ACADEMICO

" 4.- APLICACION PRACTICA DEL CURSO:

EVALUACION DE LA ENSENANZA

1.- ORGANIZACION Y DESARROLLO DEL CURSO:

2.- GRADO DE PROFUNDIDAD LOGRADO EN EL CURSO: : ¢

]

3.- ACTUALIZACION DEL CURSO:

EVALUACION DEL CURSO

- CONCEPTO

i CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSQO ' ERRN
“ CONTINUIDAD EN LOS TEMAS ) n
|| CALIDAD? DEL MATERIAL DIDACTICO UTILIZADO

" ESCALA DE EVALUACION: 1A 10



Fr-
=

:LE AGRADO SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA?

st NO 3
SI INDICA QUE NO DIGA PORQUE.
2.- MEDIO A TRAVES DEL CUAL SE ENTERO DEL CURSO:
PERIODICO FOLLETO GACETA OTRO
EXCELSIOR ANUAL UNAM MEDIO
PERIODICO FOLLETO REVISTAS
EL UNIVERSAL DEL CURSQ TECNICAS
3.- ;QUE CAMBIOS SUGERIRIA AL CURSO PARA MEJORARLO?
4.- ;RECOMENDARIA EL CURSO A OTRA(S) PERSONA(S)?
NO
5.- ;QUE CURSOS LE SERVIRIA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA,
3
| e A gy : ) : ::-1;I
L St LA
6.- OTRAS SUGERENCIAS: - .
L X ‘ ST ADTD L
Wi 4 [T AL 14




FACULTAD DE INGENIERIA, UNAM.
DIVISION DE EDUCACION CONTINUA

CAD- CIRCUITOS IMPRESOS
MATERIAL DIDACTICC

MARTIN PEREZ MONDRAGON
Ma. DEL ROSARIO GONZALEZ AGUIRRE

Palado de Minerta. Calle de Tacuba 5, primer pise, Delegadén Cuauhtémoc, 06000 Médco, D.F Tel. 521 40 22 y 23, Fax 510 05 73 Apdo. postal M-2285
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« EVOLUCION DE LAS COMPUTADORA PERSONALES Y
WORKSTATION
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« CARACTERISTICAS DE UN SISTEMA CAE
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INTRODUCCION AL DISENQ ASISTIDO POR COMPUTADORA

El Disefio Electrénico Asistido por Computadora (DEAC o su equivalente anglosajon de
CAE) podemos considerarlo como una rama especifica del CAD/CAM de tipo general.

Las principales aplicaciones del CAD/CAM se dan en dos campos de accién principalmente:
EL MECANICO Y EL ELECTRONICO, dominando el primero con un 50% el mercado,
mientras que el disefio electrénico alcanza tan solo el 19%, (segtin datos referidos al 1988).

El mercado de CAD electrénico, conocido como E.D. A. (Electronic Design Automation ) ha
experimentado, alolargo de 1989, una serie de uniones, fusiones y alianzas entre empresas del sector
que posibilitan la oferta de una serie de productos capaces de funcionar en entornos mas amplios. -

o EVOLUCION DE LAS COMPUTADORAS PERSONALES Y WORKSTATION

A principios de los 70’s, surgen a partir de las necesidades de fabricantes de electrénica 6
mécanicos, las herramientas CAD, las cuales han experimentado, evidentemente, grandes
cambios de acuerdo con la tecnologia.

Durante esta década se empleaban las minicomputadoras a las cuales se conectaban terminales
" que servian a programas funcionando en "Batch". En 1971, INTEL introduce el primer micro-
procesador, el 4004 y en 1974 presentaba el 8080, por otra parte, MOTOROLA presentaba el
X6800. '

A principios de los 80’s APOLLO crea la estacién de trabajo (WorkStations, con el un
concepto novedoso de potentes graficos y red local produciéndose el cambio de CAD a CAE
- (Ingenieria Asistida por Computadora), donde el software desarrollado permitia al ingeniero
Concebir, Disefiar, Simular, Modificar, Verificar y Documentar un circuito en una placa de
circuito impreso, desde una potente mdquina colocada en su mesa de trabajo.

Por otra parte, a finales de los 80's, surgen las tecnologias de integracién RISC Y CISC
poniendo a disposicién del fabricante de software mdquinas sin limitaciones tecnoldgicas, capaces
de desarrollar aplicaciones mds compigjas, de tal manera que las actuales PC’s equipadas con
80386 o 80486, se comparan tanto en prestaciones de la CPU como en precio con las actuales

WoskStation, dicho término se encuentra ligado indisolublemente cada vez que se habla de CAD/
CAM/CAE/CIM,



TIPOS DE MAQUINAS

NIVEL TECNOLOGICO
Caracteristicas

NIVEL DE APLICACION
Caracteristicas

* Los estindares que imperan en la PC
son la compatibilidad, tanto en Hardware
como en software, mientras que en las
estaciones de trabajo se impone el UNIX
en cuanto a Sistema Operativo, el MOTIF
en cuanto a interfase de usuario, el OSI

en comunicaciones y el PHIGS en grdficos.

* En arquitectura, la PC comienza con 8 bits
y crece hasta 32 bits, prevaleciendo en la
actualidad los equipos con CPU de 16 bits,
mientras que en las WorkStation, la mayoria
son de 32 bits y algunas de 64 bits.

* Las ventajas de un WorkStation suelen
estar siempre por encima de las PC, aunque
el auge experimentado por las maquinas con

386 y 486 ha igualado el nivel de prestaciones.

Entre las ventajas que han mejorado las
estaciones de trabajo respecto a las PC’s son
algunas de las siguientes: mayor definicion a
nivel de gréficos, lentitud de visualizacién,
limitado margen de direccionamiento de la
memoria, baja potencia de cdlculo de la CPU
y bajo nivel de conectividad.

* La PC se encuentra orientada
fundamentalmente a manejar textos

y nimeros, mientras que una WorkStation
estd orientada a manejar graficos.

* La PC funciona "normalmente” en un
entorno monousuario tratando de
incrementar la productividad del individuo
mientras que el entorno de trabajo de una
WaorkStation es por lo general, multiusuario.

“




EVOLUCION A MEDIANO PLAZO EN CUANTO A NIVEL TECNOLOGICO
_Y NIVEL DE APLICACION,

ARQUITECTURA GRAFICOS SISTEMAS OPERATIVOS
Tienden hacia el nuevo Aparecen los primeros Se estandariza tantoUNIX

PC| bus estdndar EISA sistemas en 3D asi como | como 0S/2 en los dos equipo
(MicroChanel de IBM) sistemas capaces de ‘mientras que en interfases de
y CPU 80486. | manejar mds de 100000 usuario, vemos como el MOTIF

vectores por seg. en 2D. empieza a incorporarse al
' mundode las PC a través de
UNIX.

W | Tienden a una mejora Incrementa sus ventajas

O | enloschips, asicomo en 3D en tiempo real

R | laejecucién de multiples con capacidades como

K | instrucciones por cada fotorealismo.

$ | ciclodereloj.

T

A

T
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e JUSTIFICACION Y NECESIDAD DEL CAE.

En la actualidad los objetivos bdsicos de toda empresa en el entorno econdmico consisten en
incrementar la PRODUCTIVIDAD y mejorar la COMPETITIVIDAD. Para ello, es necesario
reducir los costos involucrados en la fase de desarrollo del producto, el tiempo empleado desde la
especificacion hasta la puesta en el mercado del producto; asi como incrementar la CALIDAD del
producto..

En este tipo de técnicas es donde el CAD/CAM/CAE ha puesto de relieve la importancia de
automatizar informédticamente cualquier proceso industrial desde el disefio hasta Ia manufactura.

Dicha informacidn incide de forma directa sobre dicho proceso de varias formas:
* Reduccién de tiempos y sencillez en la etapa de disefio.

* Seguridad de un correcto funcionamiento ya que se ha simulado el prototipo sin necesidad de
elaborarlo. T

* F4cil integraci6n sin problemas adicionales, dentro de un proceso en serie para su manufactura,

* Obtencién de un producto econémico, de éptima calidad y en el menor tiémpo posible.

<
—



El proceso tipico de fabricacidén de un determinado producto electrénico podemos sinteti-
zarlo en las siguientes fases:

* Construccién del Prototipo
* Pruebas y Puestas a Punto del Prototipo
* Elaboracion en Serie del Producto Final

e EVOLUCION DEL CAE.

Los primeros sistemas de disefio surgieron como réplica de los procesos tradicionales, con
la ventaja de la facilidad de uso, edicién y rdpidez.

Conforme el hardware evoluciona y disminuyen los costos del equipo, los sistemas son mds
rdpidos y las bases de datos de mayores dimensiones, fue apareciendo un fenémeno de insatisfac-
cion en los usuarios: Un buen programa de dibujo, no bastaba; era necesario un sistema que disefiard
el producto desde el principio (Diagrama Esquemdtico) hasta el final (Placa de Circuito Impreso
Terminado) siguiendo Reglas de Disefio.

Como sonsecuencia de estas necesidades surguieron los paquetes de CAE, cuyas reglas de
diserio referidas al CAE electrénico, se mencionan a continuacidn:

Captura de Diseiios Esquemaiticos

Disefio de Circuitos Analdgicos y Digitales
Simulacién Légicas y Analégicas de Dichos Circuitos
Andlisis Térmico

Disefio de la Placa de Circuito Impreso (PCB)
Proceso de Electromecdnica.

* O N W W

s VENTAJAS EN EL USO DE PAQUETES CAE

* Facilidad y Comodidad en el Diseiio

* Rdpidez, Exactitud y Uniformidad en la Fabricacién
* Alto Porcentaje de Exito

* Eliminacién de la Necesidad de Prototipos

* Aumento de la Productividad

* Productos mds Competitivos

« PRESENTE Y FUTURO DEL MERCADO CAE

Se considerd hoy en dia que mds del 30% de los disefios industriales se realizan con
herramientas CAE. Empero, debidoa la mayor complejidad y competitividad del mercado, se prevee
que antes del afio 2000 el grado de utilizacién se aproximard al 80%.

Los costos asociados a la deteccién de errores en el desarrollo pueden representar hasta 1000
veces mds si se detectan en una fase final del producto que si se realiza en las especificaciones.
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El factor tiempo también repercute de forma prioritaria en el desarrollo de prototipos. Los
circuitos son cada vez mds complejos, desarrollando mayor nimero de funciones, por lo tanto, deben
disefiarse en un menor plazo de tiempo. La competencia es cada dfa mayor y el tiempo de lanzamiento

de un producto-es-primordial al momentode conSeguir mayores beneficios.

e CARACTERISTICAS ‘

Las caracteristicas de cualquier software de CAE baniendo delabase del CAD, podemos enfocarla
bajo dos aspectos:

* Comiin
* Especifico

y en cada uno de estos aspectos, dos niveles:

* Hardware
* Software

Caracteristicas comunes a cualquier paquete de CAD

e HARDWARE:

* Necesidades de tarjetas gréficas y monitores que presenten una resolucién y color adecuados
respectivamente EGA,"VGA, SuperVGA.

* Velocidad de ejecucidn y presentacién de graficos, lo que nos obliga a trabajar con equipos AT como ,

minimo (80286 12MHz), y para grificos muy densos, utilizar coprocesador matématico.

* Periféricos de E/S adecuados. Ratones y Tabletas digitalizad.oras a la entrada, po_f otro lado
graficadores e impresoras ldser a la salida. '

* Memoria RAM suficiente (640K minimo) y disco duro (20 Mb. minima).
s SOFTWARE:

* Herramientas graficas adecuadas (Menus tipo persiana con seleccién de opciones mediante ratén,
mentis de fconos, procurando dejar el mdximo espacio libre de pantalla).

* Niveles adecuados, tanto en lo referente a escalas como en lo referente a zoom

* Edicién adecuada, tanto de texto (tamaiio, tipo de letra, posicién, etc.) como de grificos (buena
resolucién, acorde con el hardware)

* Facilidad en la colocacion, copia, borrado, y desplazamiento de objetos.

* Menus de Ayuda‘ (On-Line) y de configuracién lo més flexible posible (driver's de todo tipo ) de forma
que no exista restrinciones en ¢l uso del equipos



* Libreria de objetos, lo m4s extensa posible.

* Creacién de archivos que pueden ser exportados o importados por otros paquetes.

* CARACTERISTICAS ESPECIFICAS DE UN SISTEMA CAE

* Amplia biblioteca de componentes, lo mds actualizada posible y con posibilidad de edicién de
componentes '

* Recomposicién automdtica de lineas de conexidn

* Numeracién automadtica de componentes

* Incorporacidn de uno o mds verificadores de normas y reglas eléctricas
* Conversion de esquemas cie versiones anteriores

* Simulacidn de los circuitos disefiados

* Obtencidn del circuito impreso a partir del diagrama esquemdtico, mediante trazado manual o
automatico. '

* Andlisis térmico

* Interfase para control numérico.

HERRAMIENTAS CAD REQUERIDAS POR EL PROCESQ DE DISENO

Fase de Diseiio Herramientas CAD

Conceptualizacién ' Técnicas de Modelado Geomeérico:
Asistencia grdfica, Manipulaciones,
Visualizacion.

Modelado y Simulacién Algunos como: Animacion, Ensamblado,

Pagquetes Especiales para Modelado FEM.

Andlisis Software para andlisis; Paquetes de Acuerdo
a la Necesidad, Paquetes Comerciales

Optimizacién Optimizacion Estructural

Evaluacién , Dimensionamiento: Tolerancias, Especificaciones
del Material, Control Numérico.

Comunicacidn y Dibujo y Detalles; Ensamble de Piezas
Documentacién




CICLO DE PRODUCCION TIPICO
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CAD - CITRCUITOS IMPRESOS

INTRODUCCTION

~Algunos de los sistemas de computacién mAs avanzados hoy en dia
se disefian contemplando la generacidn de despliegques
graficos,reconociéndose asi el valor de una imagen como un medio
eficaz de comunicacién.

Practicamente no existe en la actualidad un &rea en la cual no
se pueda utilizar 1la graficacién con alguna ventaja; si, se
encuentran graficas en la mayoria de las aplicaciones en ciencia e
ingenieria se basaron en equipos costosos y complicados lo cual se
ha superado debido a los adelantos registrados en computacién
permitiendo asi acceder a la graficacién como una herramienta Gtil
¥y practica a bajo costo. '

Durante las fases de evolucién del CAD/CAM podemos identificar
a finales de 1la década de 1los 70’'s, la integracién de 1la
graficacién por computadora al proceso de disefio, originando el
crecimiento de la tecnologia CAD -Computer Aided Design- o Disefio
Asistido por Computadora. Esta tecnologia ofrece poderosas
herramientas para el disefio de Ingenieria permitiendo,entre otras
cosas, agilizar el proceso de conceptualizacién,modelado, andlisis
y documentacién de un producto con las etapas respectivas de
retroalimentacidn, formande asi un ambiente de control de ciclo
cerrado que contrasta con los mecanismos tradicionales de disefio.

La influencia de la tecnologia CAD ha alcanzado las &areas de
Eléctrica y Electrdnica, con ejemplos como el disefio de circuitos
electrénicos empleando sistemas interactivos basados en iconos
graficos para la representacidén de los diferentes componentes, con
lo cual un disefiador puede construir un circuito,agregando
componentes en forma sucesiva extraidos de una Base de Datos.
Ademds, el despliegue grafico puede emplearse para comparar
circuitos equivalentes con la finalidad de minimizar el nGmero de
componentes o bien,para llevar a cabo una mayor integraciédn.




CAD - CIIRCUITOS IMPRESOS

OrCAD/SDT

Es una herramienta para disefio esquematico. Su facil uso de
Meniis de Cortinas permite la creacibén, edicidén, manipulacién,
almacenamiento e impresién de esquemas electrdnicos.

Para poder utilizar este sistema se requiere una configuracién
minima para gque funcione c¢on un rendimiento adecuado dicha
configuracién se muestra a continuacién:

- Una Computadora PC/XT & AT & Compatibles.

- Coprocesador matemdtico opcional.

- 640 Kb de RAM.

- Sistema Operativo MS-DOS mayor a Ver. 2.0.

~ Disco Duro de 20 Mbytes minimo de capacidad.

- Tarjeta Grafica recomendable: EGA color.

- Uno o dos Puertos Serie (para ratén y plotter).
- Un Puerto Paralelo.

- Ratén.

- Graficador HP & compatibles.

Una vez que se relnen estas caracteristicas podemos continuar
con la configuracién de ORCAD.

Configurar ORCAD significa decirle al sistema con que equipo se
cuenta y las caracteristicas del mismo (tipo de plotters,
impresoras, monitores), también se pueden cambiar los directorios
de trabajo, los colores de los dispositivos, cables, buses, nodos,
librerias, etc.

Para accesar a la configuracién de ORCAD es necesario ejecutar
el siguiente archivo desde el Sistema Operativo:

DRAFT/C (presiona Enter)

DRAFT: Es un editor de esquemas de ORCAD, que permite crear,
editar y salvar hojas esquemdticas. Ademds carga a los manejadores
de los dispositivos periféricos necesarios como: impresora, video,
graficador; asi como las librerias necesarias.

Al aumentar la /C se le indica al editor gue se desea realizar
un cambio en la configuracién.

A continuacidén se muestra la pantalla que aparece cuando se
ejecuta la 1nstrucc1on anterior.

[



CAD - CIIRCUITOS IMFRESOS

HH CONFIGURATION OF OrCAD/SDT :::
DP - Driver Prefix

DD - Display Driver VGA640.DRV
PD - Printer Driver

PL - Plotter Driver

LP - Library Prefix

LF - Library Files

ANALOG.LIB

DEVICE.LIB

PSPICE.LIB

MEMORY.LIB

TTL.LIB

WP - Worksheet Prefix

MF - Macro File : OMNIROMO.MAC
IM - Initial Macro F1

MB ~ Macroe Buffer Size B192

HB - Hierarchy Buffer 8ize 1024

CT - Color Table / Plotter Pen Table
TT - Template Table . : KF - Key Field
Configuration

U - Update Configuration Information
Q - Quit, Abandon to DOS

R - Run Program

Command ?

Las primeras letras que se encuentran con mayisculas son las que
se deben de teclear en la linea de comandos para cambiar cierta
configuracién.

Dentro de las caracteristicas de DRAFT se incluye:

- Acceso a mas de 6000 elementos en las librerias.
- Partes equivalentes a D’Morgan.
- Crear lineas, buses, conectores, etiquetas, etc.
- Rotacidn y espejo de elementos.
- Movimiento, copias y borrado de objetos o bloques de
objetos. ,
- Disponibilidad de una malla visible de puntos.
- Paneo automético de la hoja de trabajo.
- 5 niveles de acercamiento. -
- Niveles ilimitados de jerarquia.
“/ - Directorio.-de librerias.
- Bisqueda de cadenas.
~ Opcibén de orientacién de textos (verticales y horizontales).
- Soporta cinco tamafios de hojas de trabajo.
- Etc.




CAD - CHRCUITOS IMPRESOS

Como se menciond anteriormente, la forma de entrar al editor de
ORCAD es tecleando DRAFT, enseguida aparece la presentacién del
sistema, en esta pantalla se debe presionar ENTER para continuar:

1wre N HKEew To CcContirnue . ..

[ CADA/S0T IIX Cv~a+ t V3. 21 ZE—-Mag—39

TEBM - VGA Video @aphics Rdapter 40480 16 color w3. 21 SRy -—-89
[C) cCoowuricht 1365, 1966, 1967

OrCAD Systems Corporation

La siquiente pantalla muestra los derechos reservados sobre el
sistema, aqui también se debe presionar ENTER:

Tt tTupee arng keg to comtirnue 1.

Copur-igiht 1986, 198, 1927
OrCAD Syuymtem=m Coreoration

N NOTICE S

This Program is Protected buw
UNITED STATES COFYRIGHT Laws.

Urauthorized Recroductiorm
is Exceressly Prohibited.
This Program bhas been Licernsed
By HWrritten Licernse Agreement.

19
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Una vez realizados los pasos anteriores, el editor pide que se
le dé el nombre de un archivo gue contenga una hoja esquemitica, si
se introduce el nombre de un archivo que no-exista, asumird que se
trata de un nuevo archivo:

load file?_

Orcad trabaja con menGs de cortinas principalmente, salvo
algunas excepciones en que se presenta un mena de comando, la forma
de accesar al men( principal es presionando la tecla Enter o el
botén izgquierdo del ratén (observe la fig. siguiente):

~oHLD/SDT 11D Dratt VI 2l Z2-FMag—59 '
Block

Conditions

Delete

Edit

Find

Get

Hai~ oo

Jurmnp

Librard

Macro

Flace

Guit

Rexeat

Set

Tag k
Zoom

Se definirdn los comandos mas importantes del mend principal,
asi como los subcomandos mas usados, la forma de ejecutarlos puede
ser presionando la tecla inicial de cada comando o posicionadndose
sobre el mismo con el ratdn, para saber gue comando se esta
seleccionando, éste resalta en video inverso.

AGAIN: Este comando repite la Gltima instruccién anterior del
meni principal.

BLOCK: Nos ayuda a realizar manipulaciones sobre blogues de
objetos, por ejemplo, el subcomando MOVE se encarga de mover el
blogue a través de 1la hoja esquemdatica; DRAG mueve objetos
conectados; BAVE salva en memoria RAM un blogue de objetos para
posteriormente mandarlo llamar como copia con GET; EXPORT se
encarga de guardar en disco duro el blogque seleccionado; IMPORT
llama algin archivo anteriormente exportado, recupera objetos del
disco duro; ASCII Import importa un archivo generado en ASCII. (Vea
el meni del comando BLOCK en la siguiente.péagina):

15
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Orzg

Fixape

Get

Save

Imeort
Ergecort

ASCII Imeort
Text Export

En la mayoria de los subcomandos aparece un mend en linea en
donde se pide que se seleccione el inicio (Begin) y fin (End) del
blogque, un acercamiento (2ocom), un salto (Jump) a través de 1la
hoja, entre otros (Ver la siguiente gréfica):

eqin Find Jump Loom escape

El mend anterior también puede ser visto como un mend de cortina
y la forma de seleccionarlo es presionando Enter. Tal como se
muestra a continuacién:

nd Jump LZOOmMm escape

DELETE: Borra elementos de la hoja esquemdtica, contiene 3
submenis que son Objet (como lo indica la palabra borra sélo un
objeto), Block (borra lo que se encierre en un recuadro) y Undo
(recupera el Gltimo objeto borrado). Al seleccionar alguno de ellos
aparece un mend de cortina u horizontal.

elele

Block
Uniclo

/6
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Cuando se selecciona Objet aparecen los siguientes comandos:

elete Flnd'dump LOOIm esCape

Para utilizar el comando Delete primeramente debe posicionarse
uno con el cursor (flecha) sobre el dispositivo o elemento gque se
desea borrar y @posteriormente presionar 1la tecla D y
automdticamente el dispositivo o elemento se borrara, o también se
puede presionar el botén izquierdo del ratdn para que se muestre el
mismo mend pero ahora en forma de cortina.

Los comandos Find, Jump, 3Zocom Yy Escape ya se explicaron
anteriormente y aunqgue aparecen para diferentes instrucciones
realizan la misma funcién.

EDIT: Se encuentra dentro del menid principal y nos sirve para
etiquetar elementos. Como se puede observar en la sig. grafica,
dentro de este comando aparece un nuevo subcomando llamado "Edit",
para hacer uso de este subcomando se debe de posicionar sobre un
objeto y posteriormente ejecutarlo de la misma forma gque se ha
explicado anteriormente.

d Jump Zoom escace
Find

Jume

Zocm

escape

Este subcomando contiene a su vez otras instrucciones:

dit part

Rzt =
Part VYalue
1st Part Field u?

2nd Part Field
Zrd Part Field
4th Part Field
Stk Part Field
6tk Part Field
7tk Part Field
Bth fPart Field
Orientation

i

S

74LS77?
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La instruccidn Reference se encarga de generar un nombre de
referencia para el dispositivo seleccicnado (Name), pero ademis
también puede moverse de lugar esa etiqueta con la instruccién
Location, y si queremos o no dque sea visible al usuario,
seleccionaremos Visible. Como se puede observar en la ilustracién,
cuando se manda llamar el dispositivo toma como referencia 1la
etiqueta U? y esta es la gue se manipulara.

eterence

EETEE
Location
Visible uz

k

74LS77

Lo explicado anteriormente se aplica a dispositivos cuyo nldmero
es 1 dentro de un circuito integrado, pero existen elementos como
las compuertas légicas gque se encuentran agrupadas en un cierto
nimero dentro de un chip, para este caso ORCAD permite definir que
nimero de compuerta se desea utilizar y de gué nGmero de chip.

Para etiquetar la compuerta existe la instruccién Which Device,
en donde se pregunta que nimero se le desea asignar a la compuerta.
Observe que en la ilustracidn siguiente se encuentra un chip con
cuatro compuertas,cuyos pines de entradas y salidas cambian de
numeracién dependiendo de la compuerta seleccionada.

J1it part

Reference

Part Value

st Part Field
2rd Par=t Fimid
3rd Part Fi=ld
4tk Part Fi=ld uia e
Stk FPart Fimla — 1
Gth FPart Fieldd
7th Part Field 1
8th Part Fisld

TALSE8 7H_S00
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GET: Trae un componente de la Base de Datos de Orcad. Al accesar
este comando aparece en la parte superior izquierda de la pantalla
la pregunta GET? si a continuacién se da Enter ORCAD muestra las
Librerias Activas de 1los componentes, en este caso se debe
seleccionar la libreria donde se encuentra el dispositivo que se
desea cargar, una vez seleccionada una libreria aparece una lista
de los dispositivos con que cuenta dicha libreria.

mickh Library?

HETER.LIE
ANALOG, LLIB
DEVICE.LIB
CHOS. LIB
ALTERA_M.LIB &
ALTERA_P.LIB '
PSFICE.LIB
SPICE.LIB
MEMORY . LIB
TTL.LIS
MOTO.LIB
DEVICE2.LIB

HARDCOPY: Se empléa principalmente para realizar impresiones con
la opcidén Make Hardcopy. Ver la siguiente ilustracién:

ardcord

Cez=tination

File Mode Replaced
Make Hardcory

Width of Paeer Narrow

JUMP: Nos ayuda a movernos de una manera mas rdpida dentro de la
hoja esquemdatica cuando esta es muy grande, la forma de hacerlo
puede ser seleccionando las coordenadas o también especificando
algin punto en especial, estos deben ser definidos con anterioridad
asignandoles una letra (A..H), en ese caso, se presiona la tecla a
la que se le ha asignado cierta ubicacién.

X location
Y location




CAD - CHRCUITOS IMPRESOS

LIBRARY: Sirve para accesar a las librerias de dos formas; la
primera es Directory y nos genera una lista con los nombres de las
librerias. La segunda es Browse y nos muestra en forma grafica como
son los dispositivos.

Browse nos da la opcidn de escoger entre si queremos ver todos
los componentes con la instruccién All parts, o si queremos ver
solo un elemento especifico con la opcién Specific parts, en este
caso se debe introducir el nombre del componente.

1l parts

Specific parts

MACRO: Este comando nos permite reducir en algunas ocasiones el
nimero de pasos para realizar alguna accién, como por ejemplo,
llamar un componente, un archivo, realizar acercamientos de 1la
hoja, etc.

La forma de crear una macro es la siguiente:

Se selecciona la instruccién Capture inmediatamente aparece la
pregunta Capture macro?, aqui se debe presionar alguna de las
teclas de funcidén (F1..F10), en este caso la tecla gue se
seleccione sera la que almacene todos los pasos dque se generen y
para indicar el fin de la macro se debe presionar la tecla M.

Initialize
List

Read

H-1te

Con la instruccién Delete se borra una macro, en este caso se
pide que se indigque la macro que se desea borrar presionando alguna
de las teclas de funcién.
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Initialize: Se encarga de borrar todas las macros que se tengan
en memoria para poder generarlas nuevamente.

List: Nos muestra en pantalla las teclas de funcidén que se
encuentran activas, es decir; las macros realizadas.

Read: Esta instruccidn lee un archivo que contiene macros y las
activa en memoria.

Write: Guarda las macros realizadas en un archive.mac para poder
"utilizarlas posteriormente.

PLACE: Con este comando se pueden generar cables con la
instruccién Wire, buses siendo estos cables mas gruesos (Bus),
nodos (Junction), interfaces para conectar un cable con un bus
(Entry (Bus)), también se pueden colocar etiquetas, con Power se
mandan llamar fuentes de poder o alimentacidén, Text coloca textos.

lace
(i
Bus
Junction
Entru (Bus)
Labhel
Module Port
Power

Sheet

Text

Dashed Lirne

Module Port Type: Nos genera puertos que sirven como conexiones
entre hojas simbdlicas; teniendo puertos de entrada (Input) de
salida (output), Bidireccionales (Bidireectional) y sin especificar
(Unspecified). Como lo muestra la siguiente ilustracién:

oglle Fort Tupe

(Irypoat 1]
Outout <
Bidirectional <>
Urneseecified i
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Una vez seleccionado el tipo de puerto se presenta otro mend en
el que se pueden dar diferentes caracteristicas, como la forma
(8tyle), la etiqueta (Value), e inclusive se puede cambiar el tipo
en caso de haber seleccionado alguno erréneo (Type).

lace Value Twre Siwle Find Jume Zoom escace

I >
< }

También se pueden cambiar las posiciones de 1los puertos
colocandolos a la derecha, izquierda, arriba o abajo. Estos cambios
se realizan dentro de la opcidn 8tyle. Vea la sig. grafica:

odule Fort Tuee Ineut

lLeft pointing [ ™
Both pointing
Meither rointing < ]

QUIT: Contiene varios <comandos en donde se realizan
manipulaciones de archivos como son el almacenar un archivo (Update
File) que ya existe, también se puede almacenar una misma hoja
esgquematica pero con otro nombre (Write to File), se puede generar
una nueva hoja estando aun dentro de ORCAD con 1la opcién
Initialize; la opcién Buspend to Dos da la oportunidad de salir
temporalmente al ambiente del Sistema Operativo y ejecutar sus
comandos, para regresar a ORCAD se debe teclear la palabra EXIT; la
opcidn Abandon EAQits se encarga de salir del editor de ORCAD, en
caso de que se hayan realizado cambios en la hoja, se le preguntara
al usuario si realmente desea terminar la sesién.

Ahora, dentro de la misma opcién de Quit existen dos comandos
gue manejan lo gue se conoce como niveles de hoijas simbélicas,
éstas son bloques individuales generados dentro de un archivo
esquemdtico (hoja raiz) y representan otros archivos esqueméticos,
pero se encuentran unidos o enlazades a través de los médulos de
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puertos. Las hojas simbdlicas tienen niveles jer&rquicos, es decir,
se puede indicar gue bloque pertenece a gue archivo.

J1t snot named!

Enter Sheet
Leave Sheet
Upedate File
Write to File
Initialize
Suspend to DOS

Sz Edi b=
PSpice
Probe
Parts

La forma de crear una hoja simbdlica es la siguiente:

Dentro del comando PLACE que se encuentra en el mend principal,
seleccionamos 8heet, ahi se le da el comienzo de la hoja con la
instruccién Begin y el fin de la misma con End.

"Una vez creada la hoja se le deben de colocar los nombres de las
sefiales o buses de entrada y salida con la opcién ADD-NET.
Posteriormente se le debe de asignar el nombre de referencia a la
hoja de simbdélica con la opcién Name.

Y por Gltimo se le indica a la hoja que archivo se relaciona con
" la misma (Filename).

A continuacién se muestra un ejemplo de hojas simbdélicas:

ful laded 1
[ B CTARRY _IN

X2 mx SUH._nﬁa_ﬁ\
l,-«—-————-——-—tg—-—.-\’ CQRRY_OL.IT.—l
| Ful laad_3J
CRERRY _IMN
/__K.L__.x Sm._iﬁ_\
/—4.\' cnmv_ou‘r.—l'
| —— - [ - SE@--S3
Ol Ladd__=
CARRY _IMN
— SUHB—S2—
NV, o S-S CHQHY_QUT.j

fulladd_49
CTRRRY _IHN

ua_.x sm._m_/
e Y3 gy CRERY _OLUTE ——
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Continuando con las opciones gque nos muestra Quit, existe
también el mandato Enter S8heet que nos permite entrar a un diagrama
esquemadtico, como se menciond anteriormente, las hojas se conforman
de jerarquias, esto quiere decir que dentro de un diagrama que
tiene hojas simbélicas, se estan representando otros diagramas que
se encuentran en.otros archivos, esto significa que dichos archivos
tienen una jerarquia menor por lo que se puede entrar a ellos.
Suponiendo que el usuario se encuentra ahora dentro del diagrama
gque tiene menor jerarguia, entonces tiene otro diagrama asociado
con  una Jjerargquia mayor (el primer diagrama gque se estaba
manejando), si se desea regresar a la hoja superior se debe
seleccionar la instruccién Leave Sheet. A continuacién se muestra
un ejemplo grafico de lo mencionado anteriormente.

Diaprama esquemadtico (hoja raiz)

hoja simbdlica

Quit Quit
Enter Sheet Leave Sheet

Sale a un

nivel
Entra a un superior

nivel inferior Filename

/ Diagrama

esquematico

Diagrama
esquematico @ : #
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S8ET: Esta instruccidén presenta un conjunto de parémetros como

opcidén para configuracién de draft.

Show Pines: Muestra el nimero de pines.

Orthogonal: Crea lineas ortogonales.

"Repeat Parameters: Genera una copia de un elemento anteriormente

creado y lo posiciona en una coordenada.

Auto Pan: Permite mostrar una parfe de la hoja esquematica
de forma automdtica dependiendo del movimiento del cursor.

Error Bell: Es un sonido que se genera cuando se llega a cometer
un error.

Backup File: Genera un archivo de respaldo cada vez que se
selecciona la opcién Update File.

Backue Flle YES
Draogs Buses NG
Error Bell YES
Left Button NG
Macro Prompts YES
Orthogonal YES
Showu Pins YES
Title Block YES
Wardsheet Size A
X,Y Diselau NO
Grid parameters

Repeat parameters
Visible Lettering

Worksheet size: En esta opcidn se muestran los diferentes
tamafios de hoja que puede manejar ORCAD, Draft comienza siempre
con una hoja de tamafio carta.

et

=
B
C
o
E

Worksheet s1ze
C N 2.5
(17.0 = 11.@>
(22.0 =« 17.®
(34.0 = 22.@>
(44.0 = 324.0)
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Grid Parameters: Nos permite generar una malla formada por
puntos para poder ubicar mejor un elemento en la hoja
esquematica.

=1 Grid FParametiers

orid Fesrerences Hi0
Stay On Grid YES
Visible Grid Dots NO

ZOOM: Hace acercamientos o alejamientos de la hoja esquematica
con las opciones IN y OUT respectivamente, la opcidén de CENTER nos
posiciona en el centro de la hoja.

Tom  Lpresent ecale= 5J .ad,” 1. 20

Estos son los principales comandos que se manejan dentro del
editor Draft. Orcad también presenta algunas otras utilerias como:

ANNOTATE: Actualiza automaticamente cualquier componente dentro
de un disefio esquemidtico, numeréndolo de forma correlativa, si éste
se ha incluido al disefio esquemdtico, actualizando el namero de
pines asociados a dicho componente.

BACKANNO: Actualiza las referencias <correspondientes a
componentes que han sido agregados o modificados dentro de un
disefio esquemdtico, después de la ejecucién Annotate.
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CLEANUP: Checa las conexiones, buses, uniones, 'etiquetas vy
cualquier objeto, mostrando mensajes oportunos cuando detecta algin
elemento grafico duplicado, borrandolo.

COMPOSER: Es un compilador de 1ibreria; se emplea para convertir
la libreria de archivo fuente (formato ASCII) en libreria de
archivo objeto para ser utilizado por DRAFT.

CROSSREF: Muestra cualquier disefio esquemdtico, recopilando
informacién sobre los componentes empleados y crea un archivo de
referencia que contiene la localizacidén de cada componente.

DECOMP: Esta utileria es un decompilador de librerias de OrCAD,
(archivos con extensién .LIB) a librerias en archivos fuentes. Los
archivos fuentes se pueden editar usando un editor de textos, de
esta manera se pueden agregar o modificar elementos de las
librerias.

ERC: Lleva a cabo una verificacidén de reglas eléctricas comunes,
para advertir al usuario si existe algin error como, por ejemplo,
entradas sin sefial, pines desconectados, etc.

EXTRACT: Crea archivos fuente, para ser utilizados por el mddulo
de PLD’S a partir de archivos creados con SDT.

FLDATTRB: Modifica los atributos, (referencia, valor y campos)
de los componentes gue integran un diagrama esquematico, ya sea de
blogues, jerdrquico o simple, haciendo gue estos sean visibles o
invisibles. :

FLDSTUFF: Modifica 1los atributos (referencia y campo) de
agquellos componentes que han sido definidos a través de un archivo
tipo texto y que previamente han sido combinados mediante KEY
FIELD.

LIBRARCH: Permite crear una libreria fuente a partir de sélo
componentes empleados en un disefio esquematico.

LIBEDIT: Permite generar nuevas librerias con elementos o
dispositivos generados por el usuario, también se pueden realizar
modificaciones a librerias yva existentes como agregar elementos,
borrarlos, cambiar nombres, caracteristicas, etc.

NETLIST: Genera un archivo (NETLIST) adecuado para ser capturado
por un programa de colocacidén de componentes (PCB}, en diferentes
formatos, empleados por programas de PCB de los mids usuales por
ejemplo Tango Plus).

L LY
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PARTLIBT: Reporta todos los elementos utilizados en el disefio
esquemadtico o grupo de hojas esquemadticas (disefio jerArquico).

PLOTALL: Imprime una hoja esquematica o grupo de hojas
esquematicas utilizando un graficador.

" PRINTALL: Imprime una hoja esquemdtica o grupo de hojas
esquematicas utilizando una impresora.

SIMPLE: Convierte disefios jerdrquicos complejos en jerarquias
simples.

TREELIST: Rastrea la organizacién jerarquica de las hojas y
despliega su estructura, nombre de la hoja raiz asi como las
asociadas a ésta.

XFEROVL: Transfiere informacién de configuracién desde una
versidén a otra del archivo ORCADSDT.OVL. Esto sélo es posible con
versiones de ORCAD/SDT III superiores a la 3.12.

2.8



DRAFT.EXE
DRAFT.OVL
ERC.EXE
ANNOTATE.EXE
NETLIST.EXE
TREELIST.EXE
COMPOSER.EXE
ETC.

| |

©_DRIVER ...

- LIBRARY |

PRINTER.DRV CMOS.LIB Directorio para los diseiios esquem4ticos
(Manejadores de: tarjetas gréficas, DEVICE.LIB
impresoras, graflicadores) INTEL.LIB

MOTO.LIB

TTL.LIB

ECL.LIB

ANALOG.LIB

MEMORY.LIB

ETC.

CONFIGURACION RECOMENDADA PARA DISCO DURO.
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ELABORACION DE UN CIRCUITO IMPRESO

-————- —(PROCESO - TRADICIONAL) ——— —

Introduccién

Procesos de fabricacidn
Materiales de base

. Materiales conductores
Conjuntos circuito impreso

T N -

- proteccién para el circuito impreso
- circuitos impresos multicapa

6. Especificaciones militares para circuitos impresos

- materiales de base aceptable
. - clases de placas

- separacion entre conductores
7. Conductores y componentes

- dimensiones del conductor
- conductores y dreas de terminacién
- cintas con terminacién predeterminadas para  conductores especiales
- pelfculas y retfculas para dibujo
- aplicacién de las tiras
- placas de circuito impreso de doble cara

- componentes para circuitos impresos
8. Disefio de un circuito impreso

- distribucién de un circuito impreso
- diseio de un circuito impreso
- montaje de componentes

9. Recursos especiales

10. Disipadores

11. Planos de placas de circuito impreso
12. Conclusiones

13. Bibliografia
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} INTRODUCCION

En su forma fundamental; el circuito”impresd tiene ya casi 60 aiios. Ya en 1906 Edison y Sprague,
en los Estados Unidos de América informaron de la posibilidad de .lplicar el cableado en polvo
metdlico sobre aisladores. Casi 20 afios mds tarde, el 11 de marzo de 1925, Francis T. Harmon obtuvo
la patente sobre uno de los procedimientos semejantes a la actual técnica de corrosidn. En el ano 1927
Telefunken lanzé al mercado un amplificador "Arcolerie”, cuyo cableado consistia en tiras de chapﬁ
de latén perforadasy adecuadamente configuradas. Como chasis se emple6 una placa de materia
aislante, en la que se remacharén las tiras de latén juntamente con los componentes necesarios

Desgraciadamente, este y otros procedimientos andlogos no representaron ninguna simplifica-
cién esencial del proceso de construccién con circuitos que cada vez resultaban mds complicados.

En el afo 1936 Paul Eisler, en Inglaterra, tuvo la idea de imprimir los circuitos. Ofrecid la idea
en vano a la industria radioclectrénica inglesa. Si bien mds tarde '(1942) presenté un proyecto

elaborado con todas las particularidades, e incluso lo explicé grificamente en un modelo de
demostracién.

También en Italia se ocuparon empresas aisladas en el desarrolle de circuitos impresos. Sélo en
el afio de 1947 fué admitida seriamente la idea del circuito impreso en Europa, cuando se supo que
los americanos ya habfan trabajado en ello intensamente en los \ltimos afios de la guerra y habfan
empleado circuitos impresos en aparatos electrénicos para fines militares.

Si se examinara un aparato electrénico antiguo (fabricado hacia 1930) se observard que parecen
barcos de guerra y pesan mds que los televisores actuales. La observacién de la parte inferior del chasis

parece como una selva de cableado y componentes;, un aspecto capaz de hacer desistir a cualquier
estudiante de electrénica.

En comparacién con ellos, los modernos aparatos electrénicos, parecen como sin no tuvieran
componentes, idea que se acenlia en el caso de los circuitos impresos.

Un circuito impreso no es otra cosa que una especie de disposicién de preconexién y consta
de conductores distribuidos de tal forma que los componentes quedan - automdticamente conectados
al montarlos en él. En este sentido, los conductores de los circuitos impresos hacen el mismo papel
que los cables de conexién. La conexién de los receptores cldsicos de wvdlvulas parece a veces un
poco complicado, porque los hilos no sélo van de un extremo del chasis al otro, sino que se conectan
subiendo y bajando, por lo que el resultado es a veces que los componentes quedan enterrados
debajo de los cables y en ocasiones se deben quitar las conexiones buenas para poder llegar 2 un
componente defectuoso que necesita sustitucién. Ademds, un conexionado mal realizado hace dificil
el anilisis del circuito que constituye una pérdida de tiempo.

Por el contrario, las placas de circuito impreso tienen todos los conductores en un planc (por
lo regular), lo que les da un aspecto agradable y sencillo. Las conexiones entre los componentes son
las mismas pero como s¢ ha eliminado el aspecto selvitico de los hiles, el trabajo es mis agradable.

Las placas de circuitos impresos se prestan muy bien para su empleo en los receptores de
transistores, ya que éstos son pequefios y compactos y al combinarse con aquéllas se consigue que

el receptor ocupe muy poco espacio. Como es ldgico, el resto de los componentes ha de ser de un tamafio
proporcionalmente menor que los normales.

CAD - CIRCUITOS IMPRESOS - 7
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La aplicacién de la miniaturizacién a los equipos electrénicos ha sido la responsabie, gran parte,
de la - introduccién de una nueva técoica de montsje y alambrmdo de componentes vulgarmente
conocido como “circuito impreso”. Este sistema se basa en la formacién de wun grabado conductor
sobre una © ambas capas de uno o varios laminados aislantes o sustratos. El término  “circuito
impreso” se aplica preferentemente al conjunto de pistas conductoras resultantes

y que constituyen las conexiones entre punto y punto.

sobre laminado

El alambrade mediante circuitos impresos tiene varias ventajas:

1.- Se mantienen las caracteristicas del circuito sin que se introduzca variaciones en las

capacidades entre- elementos del circuito. .
2.- El montaje y alambrado de los componentes se puede mecanizar solddndolos por ola.
3.- Las producciones en cantidad resultan a menor costo unitario.

4.- Se disminuye el tamafio del conjunto y, en consecuencia, su peso.

5.- Puede reducirse el tiempo de inspeccién, ya que el alambrado impreso elimina errores.
6.- Son més confiables.

Existen dos categorias generales de circuitos impresos, los rigidos y flexibles. Existe también
el tipo multicapa que consiste en un cierto nimero de capas de conductores separadas entre s{ por
material aislante, constituyendo um cuerpo Unico flexible o rigido.

2 PROCESOS DE FABRICACION TRADICIONAL

Para formar las pistas conductoras sobre el laminado aislante o placa se emplean distintos

procesos: rociando, con ayuda de wuna plantilla, con una pintura conductora aplicdndola por técnicas
de estampado o fotogrdficas y quimicos, que es lo mds frecuente.

En este dltimo sistema intervienen varias etapas que, en el caso de placas recubiertos de ldmina
de cobre por una sola capa son: en primer lugar se confecciona un plano con el dibuyjo de pistas
a reproducir, 8 tinta o adheriéndolo sobre un material estable, a escala doble o cuddruple del tamaio
real (fig. l.a). A continuacién se reduce fotogrdficamente 2 sus dimensiones verdaderas (fig. 1.b).
Después de limpiar el laminado de base, la parte del cobre se recubre con una solucién sensible a
la luz. La emulasién, al secarse, forma un revestimiento resistente al dcido (fig. 1.c). Entonces se
sumerge la placa en upa solucién quimica, de cloruro férrico, por eyemplo, que ataca a todo el cobre
con excepcidn de las zonas © protegidas por el “resisi® (fig. 1.d}), con lo que sobre el laminado sélo
quedan las pistas de cobre, de las que se elimina el "resist™. Después del grabado se lleva a cabo
un lavado con agua para eliminar todo los residuos de productos quimicos.

Cuando se emplea circuito impreso en las dos capas del laminado, las conexiones entre pistas de
ambas se efectian metalizando agujeros, esto es, depositando metal, com un espesor minimo de 0.001
pulgada, sobre la superficie interna de los sgujeros de paso del circuito impreso. En los extremos
del agujero se forma un reborde que completa la conexién entre los dos juegos de pistas. (fig. l.e).

Los materiales constitutivos de los circuitos impresos son principalmente ¢l material de base
del laminado y los distintos tipos de ldmina metdlica aplicados sobre él.

CAD - CIRCUITOS IMPRESOS - 33
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FIGURA 1. ELEMENTOS PARA UNA PLACA DE CIRCUITO IMPRESO

3 MATERIALES DE BASE

Existen muchos materiales aptos para ser empleados como laminado de base para placas de
circuito impreso. Son frecuentes los pldsticos termnoestables, como las distintas clases de fenoles
con base de papel, la melamina, silicon, y epoxy con base de fibra de vidro. La fiabilidad de un
circuito impreso depende de la calidad del laminado utilizado. Las placas mds baratas se bacea con

resinas  fendlicas con base de papel, tipo XXP o XXXP (NEMA), que equivale &] tipo PBE de la

especificacién militar MIL-P-3115. Cuanto mayor es el mimero de X, mayor es la rigidez dieléctrica.

Ctros materiales empleados son: base de fibra de vidrio con resina de melamina para resistencias

elevadas a la abrasién (calidad NEMA G-5), base de fibra de vidrio con resina epoxy (calidad
NEMA G-10) para resistencias mecdnicas elevadas, estabilidad dimensional y resistencia al moho.
Teflon sobre la base de fibra de vidrio para aplicaciones en microondas, resina de silicédn sobre
base de fibra de vidrio (calidad NEGA G-7) para temperaturas- hasta 77  grados centigrados,

y nylén con resina fendlica como aglomerante ({calidad NEMA N-1) para baja absorcién de humedad
y elevada resistencia de aislamiento. '

CAD - CIRCUITOS IMPRESOS -
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4 MATERIALES CONDUCTORES

El material conductor mds utiliindo es la ldmuna de cobre electrolitico adbenda al laminado
base. Esta ldmina se fabrica en varios espesores que se diferencian segin su peso por pie cuadrado:
0.00135 de pulgada de espesor equivale & una onza, 0.0027 a dos onzas, 0.0041 a tres onzas.

También se emplean la plata, ¢l ratdn y el aluminio, y en algunas aplicaciones las pistas se doran
o estadan.

§ CONJUNTOS CIRCUITO IMPRESO

En las placas de una sola capa, los componente se montan sobre la capa opuesta a la pista (capa
de componentes). Antes de inseriar los componentes & la placa, se cortan sus terminales a la longitud
adecuads y se les da forrna. Luego se sueldan a las pistas 8 mano o por ola. Si la scldadura es por
ola se hace pasar la capa de las pistas sobre una ola de estafo fundido estacionaric que suelda
automdticamente todos los componenles a sus pistas correspondientes.

En las placas de dos capas, las pistas de cada una se conectan a la otra mediante "pads™ o agujeros
metalizados. Después de montar los componentes sobre una de las capas, se sumerge la placa durante
un instante en estafio fundido que, por capilaridad, rellena los agujeros, as{ de esta manera los
componentes de ambas capas quedan conectados.

PROTECCION PARA EL CIRCUITO IMPRESO

Una vez montados y secldados los componentes al circuito impreso este se sumerge en una resina
transparente. El recubrimiento resultante llamado revestimiento de conformidad (conformal
coating), ofrece proteccidn mecdnica y contra la humedad y el moho. Parmz ello se emplean
tipos de resina epoxy y de polretanc. Pueden ser para secado al aire o al homo.

Varios

CIRCUITOS IMPRESOS MULTICAPA :

Aunque los circuito impresos convencionales son de 1/32 de pulgada o mds de espesor, en
las aplicaciones multicapa llegan a utilizarse laminados de hasta 0.004 de pulgada. El laminado
de base de estas placas suele ser de resina epoxy sobre base de fibra de vidrio y ldmina de cobre
convencional de 1, 2 o 3 onzas sobre una o las dos capas. Gracias a que el laminado es tan delgado,
se pueden montar formando capas de circuito impreso se interponen otras de fibra de vidrio,
impregnando con epoxy a medio fraguar llamadas “PREPEG".

6 ESPECIFICACIONES MILITARES PARA CIRCUITOS IMPRESOS

Desde la introduccién de los circuitos impresos en los  equipos militares se han publicado normas
y especificaciones para uniformizar las  definiciones y aplicaciones. Entre  estas normas se
encuentran: MIL-STD-429, Printed Circuits Terms and Definition; MIL-P-13949, Plastic Sheet,
Laminate, Cupper clad; MIL-STD-275B, Printed Wiring For Electronic Equipment.
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las dreas de pista ensanchadas alrededor de §os agujeros de los compomstes. Este nombre es preferible
8 los términos "isla","rerminacién”, etc.

Contacto impreso.- La parte de un circuito impreso que sirve para conectar pistas & un conector hembra
o el equivalente 8 un conector macho.

Conjunto circuito impreso.- Placa de circuito impreso  con componentes fabricados .aparte,
montados sobre ella.

Conexidén entre capas.- Conductor que une pistas de capas distintas de un mismo circuito impreso,
al cual se le conece como "via".

Agujero metalizado.- Agujero sobre cuya superficie interior se ba depositado metal conectando
ambas capas del circuito impreso, conociéndosele a este como "pad”.

MATERIALES EMPLEADOS EN LA BASE

A continuacién se mencionan algunos tipos de materiales de base admitidos por la MIL-P-13949,
junto a su calidad NEMA equivalente: :

Tipo Material . CoBdad NEMA
PX Resina epoxy con base de papel, retardante de llama FR-3 )
GF Resina epoxy con base de malla de fibra de vidrio, FR=
retardante de llama. .
GH ' Resina epoxy con base de malla de fibra de vidrio tejida, FR-3
resistente a la temperatura y retardante de lama.
GE Resina epoxy con base de malla de fibra de vidrio. G-1¢
GB Resina epoxy con base de malla de fibra de vidno, G-11

resistente a la temperatura.

GP Teflon con base de fibra de vidrio sin tejer.

GR Resina epoxy con base de fibra de vidrio continua sin
tejer, retardante de llama.

GT Teflon con base de malla de fibra de vidrio tejida.

_ Obsérvese que slgunos materiales de base, como la resina fenSlica XXXP con base de papel y la
malamina con base de malla de fibra de vidrio, que se admiten para aplicaciones comerciales,
no son aceptables en equipos militares.

CLASES DE PLACAS

La MIL-STD-275B divide los circuitos impresos en dos tipos como se muestran en la siguiente
figura. El tipo ! comprende las placas con conexiones entre capas. o comeXiones que van de una capa
a otra de la placa o puentes de hilo soldado a ambos lados (figura 2}). En el tipo 2 " se encuentran

las placas cuyas conexiones entre capas se efechian mediante ojztes abocardados o metalizando
los agujeros "pads”.

1
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FIGURA 2. Conexiones aentre capas.

La misma especificacién clasifica los circuitos impresos segin el procedimiento para colocar los
componentes:

TIPO A Objetos con terminales abatidos
TIPO B Agujeros normales o metalizados
TIPO C Terminales insertados y soldados a las pistas

En la figura 3 se muestran los distintos procedimientos de aplicacidn.

I —

1

(CON SIMPLE AGUJERO)!
TERMINACION DE TERMINALES TWRPO A (LOS OJETES PUEDEN I

{
SER CILINORICOS, ACAMARNADOS 0 ENRULLADAS EN SUS EXTREMOS) 2

i

(CON AGUJERQ META! ZADQ)
(CONn OUETE ABOCARDADC) .

I

ATTITTTIYY LTI

I
H
B SADOH CILINORICO [

DOwe AVELLANADO .
fiasf ISTAS EN AMHBAS CARAL)

(HAY PISTAS :N AMBAS CARAS)

FIGURA 3. Terminacién de termingles de componente
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SEPARACION ENTRE CONDUCTORES

2 las diversas condiciones que s¢ requieren en aplicaciones militares. La separacién entre conductores
depende en si del equipo en el cual va a funcionar, ya sea al nivel del mar o en aviones. Las placas

de circuitos impresos sin recubrimiento se clasifican en las calidades A y B, destindndose estas ltimas
a condiciones severas de contaminacién.

TABLA 1 (MIL-STD-275B) Separacién entre conductores segin las condiciones del servicio.

A Separacién entre conductores para placas no recubiertas, del nivel del mar a 10,000 pies

Voltaje entre conductores Separacién minima (pulg.)

{(volts c.c. o de pico) Calidad A Calidad B

0-50 . 0.015 0.080

51-150 0.026 0.080

151-300 _ 0.062 0.125

301-500 0.125 0.300

Mis de 500 0.0003 por volt  0.0006 por voit
B Separacién entre conductores para placas no recubiertas, a mds de 10,000 pies

0-50 0.026

51-100 0.062

101-170 0.125

171-250 0.250

251-500 0.500

Mids de 500 0.001 por volt
C Separacién entre conductores para placas recubiertas del nivel del mar a 10,000 pies.

0-50 _ 0.015

51-150 0.022

151-300 0.030

301-500 _ 0.060

M4ds de 500 _ 0.0001 por volt

D Separacidn entre conductores para placas recubiertas a mas de 10,000 pies

0-50 0.022
51-100 0.030
101-170 0.060
171-250 0.125
251-500 0.250
Mis de 500 0.0005 por volt

7 CONDUCTORES Y COMPONENTES

En los circuitos impresos para usos comerciales y militares se han adoptado una serie de
realizaciones.

CAD - CIRCUITOS IMPRESOS - S
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DIMENSIONES DEL CONDUCTOR

La capacidad de conduccién de corriente del conductor depende de su seccién transversal, el
incremento de temperatura permisible ¥ las caracterfsticas del laminado de la placa. Aunque en equipos
militares se admiten anchos de conductor de 0.015 pulgadas o mds, s¢ considera que el mfnimo para
usos comerciales es 0.031. La mayor parte de los conductores com anchos comprendidos entre 0.031
y 0.062 pulgadas son aceptables para todas las conexiones, con la posible excepcién de los circuitos
de potencia, que pueden requerir conductores mds anchos o mis gruesos. -

La norma militar MIL-STD-275B especifica las dimensiones de los conductores segiin la
evaluacién de temperatura ambiente (Figura 4), la parte inferior de esta figura sirve para convertir
¢! ancho del conductor para distintos espesores de ldmina, de pulgada a seccién de corte expresada
en miles cuadrados representadas en abscisa. Siguiendo la vertical correspondiente se puede
determinar el incremento de temperatura para una corriente dada. Por ejemplo, un conductor con una
seccién de 50 mils cuadrados sufrid un incremento de temperatura de 20 grades centigrados al pasar
por €I una corriente de 3 amperes. Este conductor podria ser de cobre de 2 onzas con 0.02 pulgadas
de ancho o de cobre de una onza con 0.035 pulgadas de ancho, como se deduce de la parte inferior
de la figura.

En la figura 4 se observa que ¢l conductor de cobre de 2 onzas y 0.062 de ancho es mds que suficiente
para casi todas las aplicaciones.
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CONDUCTORES Y AREAS DE TERMINACION

- En la-figura-(58)—se—muestran~ varios ejemplos d¢ fGrmas de pistas. En las figuras (Sb~) aparecen
las dreas de terminacién de los conductores conocidas también como "isla®. Observese que el ancho
del conductor se adapta suavemente al tamano de la 1sla siguiendo un radic de curvature, en las de la
izquierda, y en forma de gota en las de la derecha. En toda interseccién hay que dar un cierto radio

a las esquinas para evitar los dngulos vivos. En la figura (5¢) pueden verse algunas formas mis de
drea de terminacién.

Si para actuar como blindaje u otra razén cualquiera conviniera que el drea fuera grande, deberd
fraccionarse formando franjas o una cuadricula, figura (5f), con lo que se envitard el sobrecalentamiento
de laminado al pasar el conjunto sobre la ola de soldadura.

Si entre dos conductores se necesita un blindaje, se puede conseguir haciendo pasar eatre aquéllos
un conductor de blindaje conectado a una pista puesta a tierra (figura 5g).

ISLAS N FORMA DE GOIA

. f"’fm "' Q v

. T

1R AaS DOBLES

a0

@YY

' CONDUCTOR
[2'3 BL INQRAUE -

z m U

‘—-A M4 SA

ig! i

FIGURA 5. Formas bésices de conductores y terminsaciones.
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CINTAS CON TERMINACION PREDETERMINADAS PARA CONDUCTORES
ESPECIALES

La creciente complejidad de las conexiones en los impresos y de los componenetes semiconductores,
ha dado origen al desarrollo, de cintas y terminaciones miiltiples reformadas en colores negro opaco

y azil y rojo transparente, que simplifican la labor del deliniante al distribuir circuitos de 1, 2 o
varias capas:

Estas cintas de precisién se fabrican en anchos de 0.015; 0.020; 0.026; 0.031; 0.040; 0.046; 0.050;
0.062; 0.090 y hasta 2 pulgadas. Con cllo si se efectiia el dibujo de pistas a 4:1, el ancho de la linea
sobre la placa real serd de 0.004, 0.005, etc. '

En la figura (6a) se muestran algunos de los juegos de pistas para conectores que se pueden adquirir

en el mercado. Forman las islas finales para conectores miiltiples con pasos de 0.100, 0.125, 0.150,
0.156 entre centros. '

En la figura (6b) aparecen juegos de “islas® para flat-packs, en (c) para encapsulados dual-in-line
(DIP), y en {d) para transistores formato TO.

Existen diferentes tipos de sefiales para la reduccién y de coincidencia empleados en la
preparacién de los originales. En la figura (6e} se muestran dos de ellos. El mayor de ellos se
coloca sobre la interseccidén de dos lineas de la retfcula de la pelicula sobre la que se dibuja. Si la

alineacién estd bien hecha las |ineas de la reticula aparecerdn por las aberturas de los brazos de la
cruz.

Para situar el contorno de la placa con respecto a las marcas de coincidencia del original es

necesario poner marcas de esquina de .placa figura (6f). El borde interior de estas marcas indica
la posicién del contorno citado.
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PELICULAS Y RETICULAS PARA DIBUJO

Las peliculas para dibujo empleadas en la elaboracién de onginales de circuitos impresos pueden
ser de mylar transparente de 0.003, 0.005 o 0.007 pulgadas de espesor. También se fabrica una
pelicula de mylar de 0.0075 de espesor con reticula impresa, de espaciado 0.050, 0.100, o 0.0125.
La trama puede ser negra opaca, &zZil o marrén, siendo estos"dos dltimos colores que desaparecen, esto
es, no se reproducan al fotografiarlos. '

La distribucién original se efectia directamente sobre la pelicula reticulada o se coloca una
reticula debajo de la ldmina transparente de mylar sobre la que se distribuye el dibujo. Siempre
que sea posible, los agujeros para los componentes han de coincidir con intersecciones de lfneas de
reticula, ya que esto fadilita la distnibucidén del taladrado de la placa.

-

A continuaciéo se muestra una gufa de referencia para la perforacién de onficios en circuitos

impresos. T
Componente Diametroen Tamafio del barreno Equivalente en Deciamal
Pulg. del barrenc en pulgadas

/8 = Watt Resistor 0.016 #15 0.0210

/4 = Watt Resistor 0.019 #12 0.0250

2 = Watt Resistor 0.027 3i6d4 0.0330

1 = Watt Resistor 0.041 #S5 8.0469

2 = Watt Resistor 0.045 #65 4.0520
Disc Capacitor 0.030 #64 , 0.0360

O-5 Case Style 0.019 #12 .0250

0-18 CaseStyle 0.019 12 0.0250

0-14CaseStyle 0.022 #70 €.0280

7-02 Plastic Power _

ransistor . 0.026 #67 6.0320

0-99 (B AinIC) 0.01% #12 0.0250

0-116 (14PinDIP) 0.023 #69 0.0292

vf'//

APLICACION DE LAS TIRAS

Una vez fijadas las islas sobre el original, se acopla & las mismas el extremo de las cintas
solapindolas con ellas (Fig. 7a). Se coloca el dedo sobre la cinta y se va desenrrollando. Se va
aplicando la «cinta efectuando presién sobre la misma pero sz estiraria. Esto es muy importante,

Para curvas & 90 grados, se pueden adquirir esquinas y codos en forma de nidos (fig. 7b} o formarlas
a pdrtir de cinta.

() tbl}

FIGURA 7. Aplicacién de la cinta (Cortesia de Bishop Graphics.)
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Las configuraciones determinantes para encapsulados dual-in-line y flat packs (Fig.6b-c) pueden
apiicarse como juegos de pistas con escalas 1:1, 2:1 y 4:1. '

Dibujar sin apretar, sobre una pelicula con retfcula apropiada, el comomo de cada DIP o flat pack
segin la escala elegida y las dimensiones dadas en el catdlogo del fabricante. Se sihian 2 patillas
no contiguas para referencia. Después de separar la pelicula protectora de! conjunto, se  aplica
éste  empleando como puntos de referencia el contormno del componente de las patillas (pines)
sefaladas. Este sistema permute la colocacidén precisa de las tiras conductor, de modo que pueden

aplicarse simultdneamente 10, 12, 14 o mids "islas” parz DIP o flar packs. Las "islas™ se pueden '
recartar a la longitud deseada para adaptarse & cada caso.

Para transferir configuraciones tipo TO se sigue un procedimiento similar. Hay que determinar
apartir del catdlogo del fabricante, el didmetro del circulo de patillas del transistor, multiplicarlo

por la escala del dibujo (4:1, 2:1, etc.), y dibujar el circulo resultante en el espacio de la distribucién
elegido para el componente. Situar una patilla sobre este circulo y aplicar,

a continuacida, el juego
de "islas® del conjunto TO de una sola vez. -

Los juegos de "islas” para conectores multiples se aplican también de

manera parecida. El
conector de que se trate, determina

la aplicacién. En la actualidad se utilizan 3 tipos de conectores:
el de insercién, el cual emplea el juego de "isias” de la figura 6a que

forma terminaciones de pistas
{Fig. 8b); "islas™ miiltiples para conectores

machos (perpendicular con sus contactos alineados) (Fig.
Bc); e Tislas™ muiltiples para conector  perpendicular  en contactos (Fig. 8d).

{a}

e =0 000
e Sw oo 0
9000000 -
0600008

(d)

FIGURA 8. Distribucién de juegos de Iislas para conector.

{Cortesia de Bishop
Graphics, Ing.) -
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Ejemplo: Una manera de bacer una placa para circuito impreso. Ya en posicién del disefio original
de tamano natural, correspondiente al lado cobreado de la placa, debemos empezar por transferirlo
8 una placa virgen, o Sea, una placa totalmente cubierta por una capa de cobre. Para esto fijamos
el dibujo sobre la placa de circuito impreso, como muesira la figura 9a.

Con el clavo o punzén marcamos los puntos que corresponden 8 los agujeros por donde van a pasar
las terminales de los componentes. Estas marcas, obtenidas por un golpe, no muy fuerte, servirdn
de gufa para la copia del dibujo, como muestra la figura 9b.

Con todos los orificios marcados, retiramos el dibujo y pasamos & copiar las conexiones que
corresponden & las tiras de cobre con la lapicera de circuito impreso como muestra en la figura 9¢c.

Si las tiras fueran muy finas y se desea una termunscién mds profecional de las placas, se pueden
emplear las tiras “Graph-line® autoadhesiva que se fijan por simple presién, como se muestra la figura
9d. Para las tiras mds gruesas se puede wusar la cinta crepe y si hubieran regiones amplias a cubrir
con la tinta, el esmalte comin de ufas se puede utilizar perfectamente. Los puntos en que van a entrar
los terminales de los componentes y que por lo tante corresponden a los agujeros marcados, se deben

de hacer con cuidade como muestra la figura 9e¢. Las islas autoadhesivas permiten que estos puntos
tengan un apariencia mejor.

Una vez que se haya transferido todo el diseno es necesario preparar la solucidn de percloruro, se
debe agregar un poco, lo suficiente para cubrir la placa, en un recipiente. Si su percloruro viene en
forma de polvo se debe disolver en agua. Para ello procede como sigue:

En el mismo recipiente, coloque la rusma cantdad de agua que corresponde al polvo (un litro
de agua por cada kilo de polvo), despuds, lentamente, vaya colocando pequeias porciones de
percloruro en el agua, revolviendo con un troze de madera. Notard que el porceso es exotérmico, o
sea, que libera calor, de modo que la solucién se culienta sola. No deje que se caliente mucho, pues
puede deformarse su récipienle (si es de material plistico). Cuando la solucién se pone caliente, espere
un poco antes de agregar mds percloruro, esperando -qu:: s¢ enfrie.

Atencién: nunca vierta el agua sobre el percloruro pues la reaccién puede hacer que la sustancia

explote, manchando y quemando lo que toque, ¥ ademds si cae solucién en los ojos puede provocar
ceguera.

Para emplear la solucién es importante tener un lupar apropiado con buena veatilacién y lejos de

cosas que se puedan manchar. En la figura 10 tencmos los distintos pasos para la prepafacién de la
solucidn.

Con la solucién lista y la placa en condiciones. sulo resta colocarla en el recipiente (Fig 9f).
La placa debe ser colocada de modo que no se formen burbujas de aire en susuperficie.

El tiempo de corrocién puede variar entre 20 munutos y 1 hora, dependiendo de la pureza de la
solucién. Periédicamente puede levantar con cuidado ' ls placa usando 2 trozos de madera o un broche
de madera para la ropa y verificar en que punto esti la corrocién. En las fases finales el cobre de las
regiones descubiertas va quedando totalmente eliminade, como muestra la figura 9h.

Cuando la placa esti totalmente corroida, debe retirarla y lavarla en agua corriente de modo de
quitar todos los vestigios de percloruro, el cual puede ser guardado para la confeccion de nuevas
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placas (guarde labotella de percloruro enlugar ventilado, lejos de objetos de metal que el mismo pueda
atacar).

Una vez lavada, retire de la placa la tinta especial que usa para dibujar las pistas, los simbolos
autoadhesivos o el esmalte, con, algodon y solvente o lana de acero fina.

La placa una vez lista, no debe de presentar pistas irregulares o interrupciones, como muestra la.
figura 9g. Para mayor segundad, es recomendable examinarla con una lupa o cuenta hilos y buena
luz. Si hay interrupciones, se reparan con un poquito de estafo.

Después solo queda hacer las perforaciones en los lugares correspondientes a las terminales
de los componentes.

Una capa de ioduro de plata pasada con algodén puede resultar eficiente para proteger el cobre
contra la oxidacidén. El bamniz incoloro también sirve para la misma finalidad. -

PLACAS DE CIRCUITOIMPRESO DEDOBLE CAPA

Uno de los problemas mas importantes que se presentan al elaborar onginales para placas
de circuitos impresos de dos capas es garantizar la exacta coincidencia de ambas capas.

Para tal efecto se emplean 2 procedimientos. EL primero, para cuando las dos capas se dibujan
sobre un mismo plano, conlasindicaciones "Delante y detras” y por lo menos 3 marcas de coincidencia
u "ojo de buey" (Fig 6e); y el segundo, en el que se emplean cintas transparentes de color azuly

rojo sobre una misma lamina de pelicula, obteniéndose un juego de pistas azul para una capa y
otro rojo para la otra superpuesta.

La perfecta coincidencia es ain mas importante en los circuitos multicapa enlos que podria ocurrir

que, al taladrar el cojunto para obtener los agujeros metalizados, se produjera cortos circuitos entre
capas por efecto de sobreposicion.

En las distribuciones onginales azul-rojo (Fig. 11a) la separacion de las 2 capas se efectia
fotograficamente, utilizando filtros de color adecuado (Fig. 11b).

COMPONENTES PARA CIRCUITOSIMPRESOS

En el alambrado de circuitos impresos se utilizan 2 tipos de componentes -~componentes
convencionales y componentes proyectados especialmente para ser insertados o montados en estos
conjuntos-. Entre estos ultimos se encuentran transformadores de r-f, f-1, y audio, conectores,
relevadores, potenciometros. En lafigura 11 se muestran algunos de estos componentes cuyo peso

supere la media onza (15 grs.) han delievar un soporte mecanico complementario a base de epoxy
o escuadras, no pudiéndose sujetar exclusivamente por sus terminales.

El material para la elaboracién de las placas es sencillo y puede adquirirlo por partes, en forma
de kid.
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FIGURA 11. Separacién fotografica de originales de colores.
{Cortesia de Bishop Graphics, Inc.)

El material bdsico es el siguiente:

- 1/2 litro de percloruro.

- Una recipiente para circuitos impresos.

- Un plumodn para circuito impreso.

- Una perforadora para circuito impreso.

- Un paquete de algodon.

- Un frasquito de solvente (acetona, thinner, etc).
- Una pluma fuente comin.

- Un clavo grande o punzén.

- Una hoja de papel carbén.

- Un rollito de cinta adhesiva.

E! material optativo es el siguiente:

- 2 o 3 rollitos de graph-line de 0.05 a 1.5 mm.
- Un rollito de cinta crepe.

-1 o 2 hojitas de simbolos autoadhesivos de islas para terminales de
transistores.

- Un frasquito de ioduro de plata.
- Un frasquito de flux.

8 DISENO DE UN CIRCUITO IMPRESO

No existe una f6érmula sencilla para desarrollar un conjunto circuito impreso y su juego de pistas.
Se tendrd que llevar a cabo la eleccion de los tamafios y distribucién de los componentes, la figuracién
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del conjunto de conductores, la forma y dimensiones de la placa, la anchura y separacién de las placas,
la posicién y didmetro de los agujeros, la holgura entre componentes, la decisidon entre una y dos capas,
. las. necesidades de_blindaje-y—.puestas. a. masa, sistemas-de—produccién—y-otras "consideraciones™(aunque”
en la actualidad existe software que nos proporciona toda esta informacién).

Algunas de las gufas seguidas en la prdctica actual son :

1. Siempre que sea posible, emplear placa de una sola capa de 1/32 a 1/16 de pulgada de espesor.
Las placas para equipo ~mimiatura, que suelen ser de 1/32 de pulgada y menos son una excepcitn.

2. Las placas de 2 capas han de llevar agujeros metalizados, "ojeres” abocarados opuentes.

3. Las superficie total de la placa a de ser inferior a 50 pulgadas cuadradas (325 cm cuadrados) y
a una longitud mdxima, en cualquier direccién de 10 pulgadas (25c¢m).

4. Todo agujero debe situarse en una interseccién de la reticula, sea de 0.025 o 0.05 de pulgada.

5. Con laminados con base de papel debe dejarse una distancia minima entre bordes de agujeros igual

a una vez y media el espesor de la placa, e igual a dicho espesor si se trata de otro material.

6. Entre e} borde de un agujero y una placa debe de dejarse como ‘minimo una distancia entre una

vez y media y 2 veces ¢l espesor.de la placa.

7. En ambos extremos de los agujeros metalizados debe de haber un drea de terminacién. El didmetro
del agujero debe de ser al menos 1/64 de pulgada mayor que el de terminal insertado.

8. Las 4reas de terminacidn en los extremos de los agujeros con “gjeres® deben tener un
didmetro minimo de 5/32 a 3/16 de pulgada.

9. Las dreas de terminacién correspondientes a agujeros normales deben de ser 5/32 de pulgada de

didmentro y los agujeros en la placa entre 0.01 y 0.015 de pulgada mayores que el terminal del
componente que pasa por ellos.

10. El borde de una pista debe quedar a! menos a 3/32 de pulgada del borde de la placa.

11. La distancia entre los agujeros de montaje de un componente se basa en el minimo siguiente,
ajustando la cota X elegida a la cuadricula inmedistumente superior de la reticula. La cota X consta

de otras dos, de 1/16 de pulgada cada una, comrespondicntes a la paric recta de las terminales que

' se prolongan desde el cuerpo del componente a los mufones de los extremos, mds los radios de
curvatura del doble de las terminales y la longitud propiamente dicho.

Entre los planos necesarios se necuentran el dibujo del comunto de pistas, el original principal,
la distribucién de agujeros, detalles de corte de la placa. detalles de sebalizacién, y conjuntos.

DISTRIBUCION DE UN CIRCUITO IMPRESO

Para simplificar la distribucién de circuitos impresos, la EIA ha adoptado un sistema de lineas de
reticula basado en separaciones entre lineas de 0.025 pulgadas para el sistema subminiatura y de

0.100 pulgadas para el sistema miniatura, Este sistema de acotacién  modular se aplica en los circuitos
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impresos, & la separacién entre agujeros, situacién de los puntos de prueba, separacién entre,
terminales de conector, dimensiones externas de la placa, etc. Simplifica mucho la . localizacién de
cada uno de los agujeros porque permite el uso de un sistema de coordenadas tabuladas para expresar
la posicién de cade uno de ellos referida a un punto comtin, interseccién de los ejes vertical y horizontal.

DISENO DE UN CIRCUITO IMPRESQO

En el disefio de un original para un circuito impreso intervienen varias etapas. La primera de ellas
es obtener el esquema (Diseflo Esquemdtico) del circuito impreso que se proyecta. Posteriormente
se elabora una lista completa de todos los componentes que van & montarse sobre la placa.

Los datos para cada componente han de incluir: el fabricante, cédigo de pieza, voltaje de
operacién, tolerancias mecdnicas y eléctricas, asi como limites de temperatura.

Se debe decidir c6mo serin las terminaciones de la placa su mimero y tipo, y si formardn parte
integral de la placa o irdn en un conector separado. E! esquema determunard el ndmero de conexiones
externas, as{ como los valores de voltaje y corriente que tendrdn lugar. Las tensiones y cornentes
influirin en la separacidn entre conductores de la placa y en la eleccién  del
conductora sobrelaminado. Si las terminaciones forman parte

espesar de la ldmina
integra! de la placa, en este punto, hay
que decidir el tipo de conector hembra a emplear, a fin de preveer el ensamble de la misma
circuito impreso.

en el

El siguiente problema es determinar el tamafio de la placa. Upoo de los factores mids importantes
es el nmimero de conexiones externas que tiemen que efectuarse con el circuito impreso. Existen
conectores con pasos entre 0.100 y 0.156 pulgadas, pudiéndose reducir algo la longitud del conector
empleando los de paso mds pequeno. Si la placa es de doble caps, pueden disponerse terminaciones
sobre ambos lados de la misma, con lo que la longitud de conector quedard reducida a la mitad.

Upa vez deterrminada la longitud de la placa en el sentido del borde del conector o basdndose
en el espacio dispomble, el paso siguiente es hacer un borrador de distnbucion de los componentes,
con lo que se vera la anchura de placa necesaria esta distribucidn se hace sobre papel reticulado a 0.50
o 0.100 pulgadas. 51 se dispone de plantillas de papel de los componentes principales, su empleo
facilita la labor; existen también plantillas comerciales, similares a las plantillas de simbolos, con
los contornes de Jos semiconductores mds comunes.

Sobre una copia de la distobucién se dibuja un borrador de esquema de conexiones con las
conexiones entre los componentes con lo que se tendrdn las posiciomes aproximadas de las mismas.
El andlisis de este esquema descubrird posiblemente que otra distribucién de componentes
simplificaria o acotaria el conjunto de conexiones.

Si se desea una placa de una sola capa, al efectuar la distribucién de los conductores se debe
evitar interseccién entre lineas. Para llegar a ello, serd necesario, seguramente, realizar varias
disposiciones de componentes, y algunos de los conductores tendrin que dar largos rodeos.

Este sistema de tanteos sucesivos es particularmente necesario em conjuntos de pistas complejos.
Si algunos de los cruces fuera imposible de evitar sin complicar excesivamente el trasado de las

pistas, tendria que tratarse como un componente mds en la parte superior de la placa y dejar las dos
dreas de terminacién correspondientes en el punto en que se interrumpe la pista. Mds adelante, en
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la placa real se suelda un  hilo aislado cortocircuitando estas dos porciones de pista.

en una placa de dos capas, para la que se dibujard un esquema de conexiones borrador para cada
capa, y una distribucién final de componentes efectuada para situar con exactitud los componetes.

~ Con las placas de una sola capa también tienen que hacerse la distribucién definitiva de la placa;
con los puntos de montaje de conexién de los componentes coinsidiendo con las intersecciones de
las lineas de la reticula, siempre que sea posible. A fin de

dejar suficiente espacio para los
conductores, es conveniente efectuar

la distribucién de componetes al mismo tiempo que la de los
conductores.

Una vez determinada la configuracién de la placa, puede iniciar La distribucién original para las
pistas. Si se bhan colocado las terminaciones de los componentes y os puntos de montaje sobre
las intersecciones de la reticula, es muy ripido situarlas sobre el oniginal de pistas. Este dltimo
se acostumbra a ser a escala 4:1, con objeto de reducir las tolerancias constructivas.

El original de las pistas se inicia marcando con cinta el contorno de la placa, situando con respecto

a éste las marcas de coincidencia, y estableciendo una cota a escala entr= las marcas de coincidencia

de referencia de reduccién que sirvan de guia al fotégrafo para garantizar la reduccién exacta. Para
dar mds énfasis a la precisién necesaria, ‘esta cota debe de llevar upa tolerancia. Como superficie
de dibujo se puede emplear indistintamente pelicula de Mylar reticulada o pelicula de Mylar
normal con una reticula colocada debajo de ella. La siguiente etapa serd situar las distintas
para las conexiones sencillas o muiltiples.

islas

- Las placas de doble capa se pueden distribuir con las pistas de upa capa separadas de las de
la otra y disponiendo marcas de coinsidencia bien precisas que permitan la perfects superposicidn
de ambos originales, o formando un conjunto vnico dispomiendo de cada uno de los juegos de pistas

en una capa de una pelicula de Myler con.cinta transparente especial roja y azul, una para cada capa,
como ya se ha explicado.

Una vez esplicadas todas las "islas™, el paso siguiente es aplicar la cinta que constituyen las
interconecciones, sobre las trayectorias elegidas del esquema de conexiones. Para conductores que
no sean de potencia es adecuada la cinta de 0.062 pulgadas y mis ancha si el espacio lo permite.

Donde quiera que existan voltajes de cualquier magnitud, deben comprobarse la separacién entre
bordes de “islas® o circuitos de cintas a medida que se va completando la distribucién. Entre las dos
hileras de patillas de un DIP generaimente hay sitio pare 2 o 3 cintas de conductor.

Una vez terminado el conjunto de pistas se tiene que comprobar compardndolo con el esquema
eléctrico.

MONTAJE DE COMPONENTES

Los transistores, flat packs y DIPs se pueden montar de varios sistemas. Los
pueden montar haciendo pasar sus terminales directamente a través de la placa y el transistor para
evitar posibles cortos circuitos entre patillas. Algunos de estos tramsistores vienen con sus patillas

transistores se

performadas o se pueden performar durante el montaje como e¢n el caso anterior se pueden colocar
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un separador que sirva de soporte el transistor.

Los flat packs se pueden montar sobre la superficie del preformando y cortando sus terminales
a la distancia conveniente o performdndolos  alternadamente &  dos  distancias  distintas
insertandolos en la placa.

[

Los encapsulados dual-in-line se pueden montar haciendo pasar sus terminales a través de la placa.
Para permitir el paso de la dimensién plana del terminal es necesario un agujero minimo de  0.066

puigadas. También pueden ‘colocarse el z6calo pars DIP mootados em la placa y soldar sus terminales

al circuite impreso.

9 RECURSOS ESPECIALES

El Jumper

Suponga que en un proyecto, un componente debe tener un terminal conectado & otro, pero entre
elios pasa una pista de cobre.

La solucién puede estar en una especic de puente. Un trozo de cable pasando por encima de la

placa, o sea, del lado de los componentes, interconecta a los dos lados de la pista que molesta y
el problema estd resuelto.

Pistas Gruesas

El montaje se trabaja con cornentes intensas, las pistas de cobre que conducen estas corrientes

deben ser mids anchas que Jas demds, por lo que significa que se debe hacer una planeacién
cuidadosa, previendo espacio para su trazado.

Relleno del espacio vacio

Un recursc interesante, que puede ser iitil en algunos wupos de montajes consiste en rellenar los
espacios entre las pistas, formando no lineas conductoras, sino espacios conductores.

Este procedimiento presemta dos grandes ventajas:

I.- Las grandes superficies pueden conducir corrientes mayores y presentan menofes resisten-
cias o incluso sirven de blindaje.

2.- Reducen la superficie a ser destruida por el percloruro em la ejecucién de la placa, con la
economia de este material.

10 DISIPADORES

En la distribucién mecdnica de una placa de circuito impreso a de tenerse en cuenta la inclusién
de disipadores de calor. Para otros medios de refigeracién para transistores, diodos, rectificadores
de potencis, etc. Seguin sea la configuracién de un disipador, se necesitard un espacio de la placa
y, por lo tanto, la disposicién = de los componentes quedaré afectada directamente por la presencia
de estos dispositivos. Es por lo tanto necesario incluir los disipadores en el disefio inicial.
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Para mantener algunos componentes dentro de su margen

de temperatura de seguridad, puede
ser npecesaria la

splicacién de refrigeracién forzada, especialmente cuando se montan muchas tarjetas

Ve wme e e il et TRy

o placas de circuitos~impresos™ 'en una jaula de” W@fjetds  cuya

ventilacién queda restringida por
la configuraci6n del circuito.

11 PLANOS DE PLACAS DE CIRCUITO IMPRESO

Plano de taladro

Este tipo de plano se saca de una transparencia del original de pistas, procedimiento que resulta
a la vez preciso y -econémico. El plano ha de incluir-los siguientes datos:

1.- La referencia del onginal de pistas.

2.- Especiﬁcac{gnes del material con que estd {fabricada la placa.

3.- Instrucciones para el acabado del circuito, como serfa su estafiado, metalizado, etc.’
4.- La forma y dimensiones de la placa terminada,

5.- Los didmetros de todos los agujeros con sus tolerancias.

La interseccién de las lineas de reticula que corresponden al centro de las 4reas de terminacién
o islas situandose generalmente -los centros de agujero con una tolerancia de +-0.005 pulgadas. Sobre
el plano, los agujeros se identifican por letras de referencia y una relacién de sus didmetros.

Plano de seralizaciones

Este plano presenta las referencias de esquemas de cada componente, las referencias de los

terminales de conexiones externas, etc. Se realiza sobre la pelicula pldstica de dibujo y con sistemas

islas empleadas en la confeccién de originales
de pistas. Representa la vista de la placa por la parte de sus componentes. Las marcas se tienen
que colocar en puntos que no queden cubiertas por los propios componentes. Para indicer cudl es
el componente referenciade se pueden usar también corchetes. Este plano no debe incluir agujeros,

ni cotas de posicién, ni ninguna ofra cota, ya que sirve para la preparacién de la pantalla serigrifica
de las marcas y sehalizaciones.

de rotulado sensibles a la presién parecidos a lacinta e

Todo texto, condensado o super condensado, ha de ser en mayusculas de 3/32 de pulgada
como minimo, después de la reduccién en los componentes con polaridad definida, montados sobre
la placa, bay que indicar su polaridad en el plano de sefalizacién. Para ello se utilizan los signos
convencionales de positivo y negativo, o simbolos esquemdticos como el de los diodos.

Plano de conjunto de la placa de circuito impreso

Este plano se dibuja sobre una ldmina de dibujo normalizada y comprende lo siguiente:

1.- Componentes de la placa, como bridas, escuadras, pinzas, elc.

2.- Las listas de piezas incluyendo el original de pistas, plano de taladrado de
especificaciones para el proceso de sefializacidén, y similares.

3.- Algunas senales caracteristicas que indiquen la orientacidn.

4.- Componentes electrénicos, como: transistores, condensadores, etc.

la placa,
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4 Learning Tango-PCB PLUS .

4.1 Introduction

Learning Tango-PCB PLUS s a haods-on tutorial that helps you
become familiar with many of the program’s features. The purpose of
the tutorial is 10 give you the confidence 10 begin using Taogo-PCB
PLUS 10 creale your own board designs,

We know that you're anxious to get started. I is a basic human urge to
run a new software package without thoroughly reading the manual,
We've done it oursclves once or twace, Byt we highly recommend that
you follow the complete wutorial. N is designed o be a2 quick and
somewhal painlcss way to get acquainted with Tango-PLE PLUS. The
rest ol the manual contains relerence information that you can rcad as
you aced it. '

This tutorial is intended to help you get acquainted with the artwork
options, cditing fcaturcs, and “look-and-feel” of Tango-PCB PLUS.
Wc'll show you how to rus the program and point out a dozen or s0
opcrations that are typical of a short design session,

If an crror message is displayccli during the (utorial, scc Appendix E:
Ervor Messages for a description of the problem and 2 possiblc

solulion. i

4.2 Before Starting The Tutorlal

Before starling the tutorial, wllow the iastalation instructions in
Chapler 3: Gettlng Started. We assume that you ba' ¢ fust:

w  lastalled the Tango-PCB PLUS secunily device.
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CHAPTER 4

LFARNING TANGO-/ ‘LUS

e« Madc backup copics of the Tango-PCHB PLUS diskelics.

e I you are using a muusc, installed and avoked your sysicm’s
mousc bardware and mouse software driver.

s M you arc using EMS (expandcd memory), installed and wvoked
EMS hardware and soltware driver.

‘= Made sure that your CONFIG.SYS file is correctly configurcd
fur running Tango-PCB PLUS.

o Installcd the Tanga-PCB PLUS sofiware in a direclory on the
hard disk.

s Conligured Tango-PCB PLUS for your systcm's graphics card.

4.3 Running Tango-PCB PLUS

To run the Tango-PCB PLUS program, type:
pch <Enter>

Alicr a few scconds, the Tango-PCB PLUS screen is displayed. Now
we can put the program through its pacces.

4.4 The ACCEL Productivity Interfaces

The screen before you is the result of cxtensive research into the
agonomics of cledronic design. To build a more productive interface,
ACCEL siudicd cngineers’ work habits and Jdesiga ow, on-scrcen user
iiciflaces from dozens of different software programs, and hundreds of
uscr comments and suggestions. The resulting ACCEL Productivily
Inicrlace (APH) allows for flexibility in user options and a wide varicly
of ediing commands. 1t will serve as a consistent front end for all of
ACCEL’s electronic design soltware programs.

Let's take a tour around the screen to familiarize you with the API's
leatures.

T Prote (Lol 1) op CUnter) at the Feath S1AFVIAYG vaiInl

Figure 4-1. The hot spots provide one-click access to the Menu.
Zoom, Undo and Speed Palette lunclions.

In the four corners arc buttons we call hot spots (F"lgurc 41). ()nc click
of the <LeftMouse > bulton over the hot spots will: a) pop-up lhc Maia
Mcau, b) cnable the Zoom Window command, <) undo lhc last
command, or d) pop-up the Speed Paletie. We'll try all these' I'unlchons
in a moment and you'll sce why. the hot spols make these oft- rcpcalcd

operations a brecze. |
b .

Across the top of the screen is a single line of text called the prompt line
(Figure 4-2). As the program first loads, it displays the usual copyvight
information. But as you toggle through command options on Tango's
menus, the prompt line does what its same implies: provides ll bricl
help message on whatcver command is active at the time. !

On the bottom of the screen you'll ind the stenes line. From left 10
right, the status line indicates the cussor location, the command modc, a
? {question mark) for accessing the on-line help wtlity, the grid
sclection fickd, the current layer and its color, and the currently boaded
PCB file.
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Figure 4-2. Tango-PCB PLUS' prompt line and status line keep you
Informed.

If you nced assistance at any time during your design session, you can
chick over the ? on the status line or type ? on your keyhoard. One or
more screens of information will appear which describe the command
current at the time you ask for help (Figure 4.3).

" Use the Help facility’s Up and Dowa buttons 10 view additional pages of
help on the current topic. Next and Previous display help on the next
and previous topics, and Index produces an index of all available topics.

With over 100 sereens of on-line help, your Reference Manual may jusl
gather dust oo the shell. (Qur printing department is getting nervous).

One final note on our screen design before we move on, All on-screen
information is displayed in as linle space as possible 1o provide the
maximum screcn drea available for cditing. This trail carries through 1o
our pop-up menus and dialog boxes, which are designed to cover as

" litle of the workspace as possible. Comparc this approach to many

44
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other systems with permanent, on-screen menus that Lake up as much as
25% of the available work arca.
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Figure 4-3. Tango-PCB PLUS features context-senshive on-line help.

4.5 Loading Files

To load files, select the File Load command from Tar.mn's pop-up
mcnus. Therc are three convenicnt ways 10 pop-up the Mam_ Menu:

» Move the cursor over the Mepu hot spot and click the
<LeftMouse > button.

®  With the cursor in any location, click both the <RightMouse >
and < bLcfiMouse > buttons at the samc time.

= With the cursor in any Jocation, press the <Spacebar> or type M
on your keyboard.
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CHAPTER 4

Pressing <RightMouse> or < Esc> temoves the menu. Pop-up the
Main Mcnu now using your choice of any of the three methods,

Wilh Tango's menus displayed, usc the mousc o arrow keys to move
the highlighting bar up or down the display of mcoo items. You can
scleet hightighted menu items by pressing <LeftMouse> or <Enter>.
You can also run a command, whether it's highlightcd or not, by typing
the first ictter of the command name.

Hiphlight the Main Menu's File command. Notice that the prompt line
indicates the commands immediately available hencath the Main Menu
item Fite. Al of Tango-PCB PLUS' 75+ commands arc available (rom
the Main Menuy, or at most, onc menu level down. You can vicw every
ment option on the prompt line by shiding the highlight bar up and down
the Main Menu. Tango's two-level architccture was designed (o
climinate the pavigational problems of deep hicrarchical menu
structures. No more swinging from onc branch ol a complex menu tree
10 another. Tango-PCB PLUS lcis you move quickly between
opcrations without monkeying around. :

Now press <Enter> or click <LeftMouse> to select the File menu.
You arc presented with the five File commands: File Clear, File DOS
(allows you to cxt 1o DOS from within Tanga), Filc Load, File Qui,
and File Save. Seledt the File Load command.

Up pops a dialog box where you make your sclcetion of which file to
foad (Figure 4-4). You have asked Tango to load a file. Now the
wprogram is asking you whcther to load a PCB, block, or photoplot file,
g2 which specific file 10 load, In esscncc, you arc having a dialog with
the program, hence the name dialog bar.

!
There are three types of files you can load with Tango-PCP PLUS:

PUD fles, block ftes, and photoplot files. PCB hles arc the basic
printcd-circuit-board drawings. Blocks are portions ol boards, like
mecmory arrays of microprocessors and ther gluc logic, which you
define and save away for futurc vcpeated use. Photoplot files are
Gerber-format files ereated with Tango which arc used 1o gencrate final
artwork on photoplotiers,

We want 10 load a PCB file now. Sclect PCB as the filc type and click
on Ust. Sciect the file IBMCARD.PCB in the list box and sclect OK.

Click on OK again to load the hle,

B
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Figure 4-4. Tango-PCB PLUS’ dlalog boxes provide a consistent
logical way 1o interact whh the program.

When the file IBMCARD.PCB is loaded into memory, Tango-PCB
PLUS immediatcly displays the PCB, automatically 700med to display
the lcntirc board on the wmkipacg. You arc looking at the board
outline and cdge connectors of an IBM-compatible PC plug-in card
Common board configurations, such as PC, VME, or MultiBus cztd\l
can be casily saved as templates for future designs.
Bcsiflc‘s PCB and block files, Tango will automiatically create definition
and initialization files which save information on how you've customized
Tango [or your own particular use. |
|
With Tango-PCB PLUS, you have tremendous Nemhility in sclecting
pad shapes and sizes, track widihs, via sizes, and Gerber aperiures
Ilr.vw.cycr, most designers work with a fairly standard set of arlwm.k.
primitives. Therelore, Tango allows you to define a ser of standard
primitives. The program automatically saves these primitives in &
definition file, PCB.DFN, which is loaded whea you tun the program.

Lnkcwisc: any options which you sclect in the setup commands described
b-cl.owﬂmll be saved automatically in an initialization file, SCB.ANI,
whnc_h s loaded upon program startup.  For added convenicnce tnd"
f:n‘n'sustency. both Tango-PCB and Tango-Roule operate using the same'
initialization file, : ’ '
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4.6 Setting Up Your System

Resides Nexibitity in artwork specifications, Tango-PCB PLUS also lets
you tailor the program’s operation (o suil your own nceds and fasic.
The Sctup commands allow you (o cnable layers, choose colors, sct

grids, and so on:

Setup

Communlcaticas Set up the COM1 and COM2 ports for usc
with plotiers or printers.

Setup Display Enablc/disablc layers, pads, vias, grids; select

cursor type (arrow, small cross, large cross),
sclect  colors  for menus, background,
status/prompl lines, taycrs, pads, vias, grids,
ctc.

Sct the Absolute, Relative and Visible grids in
increments of one mil or grealer.

Setup Grids

Setup Options Enablc/disable lhc_ orthogonal track modes
and drag tracks options.

Setup Palelte Customize the Place Specd Palette with your
o

own sclection of pads, was, text sizes, and
Q trace widihs (or quick placcment.

To stan, we've st all of these options for you. But feel free to scan the
Sctup menus and change Tango (o suil yoursclf. When you qu‘ll, Tango-
PCH PLUS saves the curreat setup in the initialization fite (PCB.INI) so
everything looks the same the acxt time you run the program.

4.7 Placing Components

We'll hegin our design by placing a few componcnts and thcn touli'ng
conncctions between them.  Tango-PCB PLUS ships complete with
extensive libraries of through-hole and susface mount (SMT) patierns,
and provides powerful facilities for graphically hrowsing, lislmg,
merging, and renaming library components. Adding new components is

LEARNING TANGO-PCB PLUS

simple: just creale the part graphically in Tango-PCB PLUS and add at
to a library, even in the middle of a board design session.

In the Tango-PCB PLUS package, we've provided the sample lLibrary
file EVALLIB. This library includes a group of through-bole,

connectos, and surface-mount patterns, all of which are available ia the
three  standard  Tango-PCB  PLUS  bLbrariess PCBMAINLIB,
PCRCONN.LIB, and PCBSMT.LIB.

The Library Browse command provides an easy mcthod to scao a list of
the paticrns in a library and to visvally inspect their shape. Run the

Library Browse command now. Inthe dialog box, click on List to

display a list of the available libraries. Sclect EVALLIB and click oa

OK. The dialog box now lists the patierns in EVAL.LIB. To browse

cach of the palicens we're about (o place, first click on DIP16, and after

viewing the displayed pattern, click on PLCC2RA (Figure 4-5).

Li sy [T AT asaCo EWeL L0 ] CE
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Figure 4-5. List and view componant patterns with Library Browsae.

The REFDES and TYPE ficlds displayed with the pattern in the
browse window will be replaced with the reference designator and

component type when the part is placed. Let's click on Contlnve to
starl placing.

Throughout Tango-PCH PLUS, there sre two mcthods of operation:

~using the two-level menus described above or accessing :aany of the
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same commands with the Speed Palclic.  Wc'll demaonstrate both
methods as we place componcnts and 1cxt on our sample board.

Using the first mcthod, we place a componcnt pattesn by popping up
the menus and sclecting the Place Component command.  Press
<LeliMouse> or <Enter> to display a dialog box which lets us sclect
librarics and library componcmts.  The current bibrary should be

LLVAL.LIB,

Using the component list box (Figure 4-6), sclect the DIP16 pattern
from the library, and give it a rcference designator UL, This satishics
the dual fenction of naming the first component to he placed and of
setting the template for a scrics of relcrence designators. Tango-PCH
PLUS will automatically increment scfcrence designators for each
successive component placed.  You can ignore Type and Value if you
wish, or add information which would eventually find its way into a Bill

of Materials report.

Click on OK. An oulline of the DIP16 appears on the current layer
(Top), rcady to be placed. (1 the current layer, as shown on the status
fine, is not Top, press L. to cycle through the cnabled layers until Top
appears.) locavion  S000, 50000 and  press

Move your cursor o

<LefiMouse > or <Enler>,

Flaluts 4.6. Lst boxes ald library component selection,

410
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You're still in Place Componcot mode, as indicated by the command
mode ficld on the status line. 1 you wanted 10 place an identical
component (a DIP16) with the reference designator incremented by
one, all you have to do is click the <LeltMouse> or press <Enter>,

Wc want to place a new pattern, however, so fiest click <RightMouse >
or <Esc> lo exit Place Component mode and then <lLeftMouse > of
<Enter> to re-display the Place Component dialog box.  Use the
componcnt list box again to select the paticrn PLCCZRA. The rcfcccnttf:
designator will default 10 U2, 50 click on OK and the part’s outline

appears. ‘

. !
The pattern PLCC2RA is a surfacc-mount part and we want to place it
on the other side of the board. Notice that our oplions are indicated on
the prompt linc:  Press R to rotate, F to flip, <LefiMouse> of
<Enter> 10 place. Press F on your keyboard'to Mlip the pattern to the -
Bottom layer. Now move your cursor to location 6200,4700 and click
<LefliMouse > or < Enter > to place the padt (Figure 4-7). i

Frons shel 0) o fdnderd 10 10arsate (s Plate Compunent goamond.

0. . cu
R O 117 (11
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o - - -
b 111111}
o - . .
] - '

Figure 4-7. One keystroka fips a surface-mount device 1o the
board’'s Bottom layer.
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4.8 Using The Speed Palettes

Tango's second operating method, using the Speed Palette, makes
placing components, text sirings, tracks, pads, and vias cven quicker. To
display the Speed Palette, click over the Palette hot spot or press P.

There arc actually five Speed Palcttes available in Tango-PCB PLUS:
Place, Dclete, Edit, Move, and Ncts, To sclect a different palette,
toggle through the Mcnu name options in the status linc’s Command
Mode ficld (te the left of the colon), and you'll see the various paleties
appcar.  You can also click on the palctte name on the left side of the
Specd Palette.  Press <lefiMouse> ta move forward through the
available palcties; press < RightMouse> to move backward through the
list,

Figure 4-8. A place of your own: tha customized PLACE1 Speed
Palette.

N
K
NOTE

A mouse Is required (o use the Speed Palettes.

You'll slso notice a sixth Speed Paletie, PLACE!L, which contains a
collection of pads, trace widths, text string sizes, and vias {or placcment
(Figure 4-8). Using the Sctup Paletie command, you can customize one

412
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or more Place Speed Paleties with yrur own sclection of design
primitives.

Toggle back 10 the Place Speed Palctie and click over the word String.
This changes the current mode to Place String.  Now press
<LeliMouse > or <Enter> to display the Place Siring dialog box. You
may key in any text string you wish, up 10 60 alphanumeric characters.
Click on QK. An outlinc of the string appears oa the board, ready fos
placement. (You can set the string’s height, line width, and oricntation
with the Current String command before running Place String, or
modily the string after placing it using the Edd String command.)
Center your text below the two component we've placed and press
<LeftiMouse> or <Enter> (Figure 49).

1
|

You have just learned two meihods to rapidly place components and
text in Tango-PCB PLUS. But here's some greaf news. You have also
masicred the samc two ways Tango lets you place pads, was, tracks,
arca hlls, arcs, and block copies. Because all items placed on a Tango
board are donc 50 in the same manner -- with consistency and speed in
mind. Beginners may need the added prompts of the menus and dialog
haxes, but as your familiarity with the program grows, Tango keeps pace
with productivity booslers like the Speed Palette.

LI TN Y
SRR~ TEERRTEY
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Figure 4-9. Tango pros can place, move, edit, of delete tracks, pads,
and text without popping up menus or remembering keysirokes!
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9 The Right Connections

« hetween the components on the
vicw of the workspacc.
an options on ity Zoom

's draw somc conncclion
ard, First, we want to zoom in for a hetter
wngo-PCB PLUS includes several TIRH‘EI and p NN, o
cnu, incloding Zoom Al Board, Center, In, l.h edr t,mmr
fimI:mr. You can also re-center. the screen nrnun.a: l t‘:l cnmm -~ I.m"
e, D “I“ y“:'l’krf\y:;t::%s::;; :I aany time: in the
nns § 0, this pan-on-demand m? u: '
[‘Ill;:;;‘: :; l:;i:i lracks{,:lacing compuncnts, 0f just looking around.

W le

yur design, the Zoom Wind_nw
quickly by clicking
of the screen, or by

.nother handy feature for focusing on ¥

wmmand can be accessed (rom the menus, of morc

»n the Zoom hot spot Jocated in the top right coract
ust pressing Z on your keyboard.

tEnter) wimn the Asgiped BOBN window i &t

(Left) of

-5 S
o :
|
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T
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Figure 4-10. An adjustable window lels you 200M in on any part of

the board.
AN
A

Do so now and maove the cursor right betwe
point 5500,4700). Click <LeftMouse> agas

4.4

cen Ut and U2 (around the
n and then move the mouse
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in any dircction. Stretch the Zoom window (Vigurc 4-10) until it covers
both U1 and U2 and chick <leftMouse> again. Tango redraws the
screen at the new, user-defined zoom level. '

4.10 The Three Grids

Wc're going Lo draw a trace from Pin 1 of U1 (top lelt corner) to Pin
of U2 (ccaler, right side -- remember, U2 hax been flipped over to ‘lb'c
other sule of the board). To make it interesting, let's run our trace
between the pads on both parts.  You'll note from the wvisible g!rid
(cursently sct at 100 mils), that the pads on the through-hole part are set
on 100-mil centers, and the SMD pads are on 3)-mil centers. I we
route on a grid of 25 mil, we can place an cight-mil trace with a;icqu.iu:
clcarance between pads on both components, '

‘The current Absolute Grid as noted on the status linc is 25 mil. Tango's

S(?tl_.ip Grnds command allows you to reset the Absolute, Relative and
Visible grids to a variety of popular grids, or to any integer between one
:'mcl 1000 mils (Figure 4-11). The Relative Grid allows yoﬁ to specify an
mdc‘pcndcnl grid beginning {rom a ncw osigin, perflect for ercating and
placing edge connectors and.mcincally spaced parts.
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Q0000000
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Figure 4-11. Whh Tango's variable grid, running one or more traclts‘
between DIP paris Is easy. E

'
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mils, we'll hegin laymng tracks. Chicking over (8
1 track) on the PLACEL Speed Palette puts you
cursent track to cight mils in
U1 and press <LeltMouse>.
cnt). TPress

With the grid set to 25
(the alias for an cight-mi
‘n Place Track mode and changes the
width. Move your cursor 10 Pin 1 on
Bcgin drawing the tracc 10 the right, (undes the compon
<1eliMouse> cach time you wish 10 finish a track segment. Move

downward to the right on a 45-degree angle, and then 1o the right agam,
heading out between any w0 pins.

Continue your trace to the half-way point between the two componenls
and end the track segment by pressing <LefiMousc>. Now pop up the

Main Menu by pressing M, <Spacchar>, or clicking both mousc
buttons at once. Run the Cureent Layer command and sclect Bottom to
her side of the board. When you click on OK,

change the layer to the ot
program automatically inserts a via, allowing you L0 continuc your (racc

on the boitom of the board,

Tango pro, here's a short-cut for

A Tango Tip: Since you're almost 2
Current Layer ficld on the status

changing laycrs. Just click over the
line or press L

Ut | |
alo S su
oo ] SR

ol |9 = =

ol |o- C 17

ol o nuny

. LY |

FLacki: MY e pileve i 9Pk pobty ptrid MTIL] Ti 19 18 ool

phetie
Figure 4-12. When placing tracks, Tango-PCB PLUS automatically
inserts a via whan you change layers.

<
™

ack between the pals on U2 until you reach
¢ final segment and then

<RightMouse> of < Fsc>

Continue drawing your 1f
Fin 1. Press <LefiMouse> again o end th

quit the t* drawing mode by pressing
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(Figure 4-12). Go ah
! -) cad and i .
both sides of the board., nd practice drawing a [cw more tracks on

You can sce how simple it is 10 plac

:,::,:i;::r::' ;:\“ ':_angn- rCe _ PLUS. i \;h;:mlr:::“c;:::vg::: n Idn'

o o ha,,d. crca'l'mcs. which we'll describe a bit later you ':;::uadl:

draw free har j b‘:::a ing ncts, breaking them, and rc-crca!'in th
umbcrsome chore of maintaining the sanctity if ::‘c.l :sl:

throughout the entire design process

4.11 A Board's-Eye View

Yyouve d""c cal w(“k 56 I } Ih“ l). u(l‘ a8 I""‘ me on 'I'c
Rr af’ d '()l 5 3 I

system. To put your cditing i i
Jucm. Tos ing In perspective, let's zoom out to a full view

First, pop-up the Main Menu i
B POPA ' and click on Zoom. Now
Doard hom:la:q'(:hfmﬁn the Zoom Menu. Tango quicl:l;ru:c:::'c o
recton rambice mal: _ tnabled layers displayed. Tango—l‘CBa:I‘ L'Jhc
i Brophics mak |'ls tcdraw‘spccd among the fastest in the ind y
et o .mouclty ; funclu.m of your computer’s micro mc‘“"?-
prove redra b :L‘;)Ni;b(;al;:iy::r:l;ormalinn being displayed. PYO:*:“:
N, not currently being edit
gmphicsgmufi:::g;:m on I'ask;r machines. Qur mmtilly im::cra-:::(;
il not require nor take advantage of a

. math co-

Now lel's assum .
s b e an [CO h31 . .

compancnt U2, s st come through ST
Paletie to run IIO ‘:;'Clc ‘h'.: part, u.e the menus or Ih:':l r):llc':“':a""g '
Delete. Compa ¢ Delcie Component command.  You ar C‘pcc.d
<|IflMou<.c:x ncnl' mode. Move the cursor over Uc pow o
se> or <Enter>, and the component disappe 2, press
s ars. .

On second )
over the U:‘:(;up:‘::. :Vc decide 1o restore U2, No problem. Just click
command -- accqu"pﬁ; and your ‘-!Cklinn is un-delered, Thc- U (:
pressing U - uf'd;“(':lch rom I.hc M’al.n Menu, the Undo hot spext n: ;
you can alko undo l;] ¢ Krcvmus editing command. Bcsidc‘- d(l.q' by
placed or serouted ?; .‘lnvc, and Edit operaions, and um-“‘nd l m"t
water. Undo wi o 1513 onc hot spot that will keep yo i
o will even let you undo your previous Undnp you out of hot
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4.12 Net List Operations

Whether you've diawn your clectronic circuil in a sophisticated
schematic caplure system or on the back of an cnvclope, gencraling a
net list will help with your PCB design. The bencfits include faster
layoul, because Tango-PCB PLUS displays ncts and their nodes for easy
routing, and highér quality, and because Tango's Nels Verify command
and intcgrated dcsign rule checker conduct clectrical connectivity as
well as clearance gap checks 10 ensurc the intcgrity of the design,

For the uninitiated, a nct list is simply a list of all components and
connections ia the circuit. Tango-PCB PLUS supports a simple, ASCII
nct list format which may be gencrated by hand with a text editor or by
popular  schemalic  capture  systems including Tango-Schematic,
OrCAD/SDT, and Schema.  We're adding: support for additional
programs, 5o call us if you wish to check on another.

As notcd above, an important distinction between Tango and other net-
list-bascd PCB design soliwarc is that while Tango-PCB PLUS supports
nct Tists, it docs not require them. This means you can load a net hist and
take advantage of several productivity enhancing features in the
program, while you are still free 1o make or break any conncction al any
time without updating the net hist information.

Besides speeding up board design in Tango-PCR PLUS, the net list also
fccds component and  conncclion information (o our powerful
autorouter, Tango-Route PLUS. If you don't have a net list, you can
il use the powerful what-you-see-is-what-you-gef cditing capahility of
Tango-PCB PLUS to lay out your circuit by hand.

In the next few pages, we'll load a nct list, display a rat’s nest and force
vectors, then display, route, and verify individuat ncls. :

The net tist is loaded aficr alt components have been placed on the
Shoard. Since we know your time is valuable, we have supplied a PCB
Uifile with 100+ compancnts already placed.  Fop-up the menus 1o run

the File Load command. Kcy in, or scleet from the list box,

DEMOY PCB and click on OK. Tango prompts you Lo save the changes

1o our current board. Let's lcave IBMCARD.PCB as-is. Click on No

Save,

o
P
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4.13 Loading A Net Ust | N

:cn, pnp.—up the menus again and run the Neis
D.'::n&r;‘)ll(_llu PLUS package includes an associated net st ealled
DE,M( NET., 1n the .Ncls Load dialog box, cither key in the t':amc
o A:'l.NE'rl‘ or sclect it from the list box Chck on OK (0 load :hé net
s, er a lew moments, Tango will ;

. . prompt you for the na ]
nects (o be a\sngnf:d to power and ground planes, if so desired ""(C" (}rthc
sclect from the list box, VOC for the Fower Tt ‘ ND 1 e

anc Nct and GND for the

Ground Plane Net, For th i
Ciroune t c Plane Connection, selcct Thermal and :dick

Load command. The

Tango-!’CB 'Pl.US redtaws the screen with  alf
'crm?ncclmns n the net tist display-d on 2
his representation is appropriate’y called the ror’s nese (Figure 4.13)

T ' i
.hc rlal s nesl, along with force vedors to be discussed ‘sclow, provid
Visual cuc as 1o the quality of our parts placement. 'F 'c )

| point-10-point
speaial Connections Jayer.

Iy
1 XTI

Cloar Fiaplow Wighlioht Tdent)ry u:J Ovtimine Busfalvoris
erily 1
124s
1

Flgure 4-13. The rat's nest Isldlsplayed on a speclal Connections
layer,
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4.14 Optimizing Nets

Whcther you intend to manually route the design or use Tango-Roulc
1o autoroule the board, optimal companent placcment is cruaal to your
success. Tango-PCB PLUS include three powcerful features to aid in
component optimization: the Nets Optimize and Move Component
commands, and force vectors, '

When you fust loaded the net list, Tango-PCB PLUS connected all the
nodcs in the order they were connecicd in the schematic, which may not
make any sense oo the PCB. Thercfore, it almost always pays o first
run the Nets Optimize command, which re-connccts the oets using a
shortest distance, X-bias, or Y-bias stratcgy. Run the command now,
cither selecting it from the menus or from the Ncis Speed Paleute.
Choose the Minimize Tolal Length option and click on OK.

L lodPress <Left) o (Enter) pvep the sehnsttion (0 d¢ routed.

Lyngthe prisr 4o eptinisatlon (inadhes);

] v [ ) e[ ] ,
¥ -
{ Lowgtha after sptinination {Inshes): . A,

' I:[ou- _] |:[nn1 ] t.nl:@g

'I:l s

nars:
LAY a2y, v

Figure 4-14. Use the Nets Optimize command to help clean up the

0\ rat’s nesl.
o\
Tanpo-PCE JS takes a few momenis (o recalculate all connections

and, prior \u redrawing the new rat’s nes, displays the redudion in
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conncction inches.  In this case, the length prior to optimization
175.275 inchcs and the lengthi after optimizavon s 149.775 inches
(Figurc 4-14). Click on OK 10 view the rat’s nesl.

With the ncts now optimized, you get a visual cue 1o the effectivencss of
your initial component ptacement, Par's which might be better placed
are identificd by long connections flung to disparate lncations on the
board. The Move Component command provides an ¢fle arve tool for
highlighting and moving components and their connections,

Figure 4-15. When you run the Move Components command,
Tango-PCB PLUS highlights and dynamicatly rubberbands
conneclions lo the component.

Change to Move Compancnt mode now by selecting the command from
the menus or the Move Speed Paletie. Place the cursor over an 1C, UL,
(Yocated at 4500,5500 in the tap left portion of the board), and press

<LeltMouse> or <Enter>. The component and its conncctions are.

highlighted for easy viewing. . Mave the part in any direction, Mlip or
rotate it, and its conncctions are dynmamically rubberbanded (Figure
4-15). As it turns out, this component is fairly well placed, so press

o
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<RighiMouse> or <Esc> 10 cancel the npcralmn and return the part
to its original position,

Now place the cursor over the diode D1, (located ar 3400,4600, just
below U1), and press < LeftMouse > or <Enter>. Both connections to
this component lead to the top of the board, indicating it should be
moved up.  Practice rubberbanding other components with Move
Companent.

Whilc the rat's nest and Move Component operations help you visually
sce the deasity of conncctions on the board, they can become
overwhelming op boards of average or greater complexity. A cleaner,
casicr way lo see what’s going on is 10 use Tango's force vector display.
Force vectors are arrows emanating from each componeat which
represent the weighted average of all connections to that component.
They give an indication of where the component should be moved to
reduce the connection length to that component.

Ll Press thel ) o Wdafer) aver the component 1y by soued,
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Figure 4-16. Force veclors ald component placement,
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To display (orce vectors, enable their display in the Nets Display dialog
box. Genesally, you will want to hide all connections (the rat's nest)
during the display of force vectors.

. . 1
i you move a componenl, its foree vector is updated as it is moved;
once you place the componen, the force vectors lor all compoocots
connecied 10 the component just moved are also updated. o

Another handy leaturc for getting a feel for the overall effect of cadi
compoocnl move is 1o toggle Undo several umes (just press U or lick,
on the Undo hot spat), belore accepting the move or trying again. |
Good component placement is still more of an art than a science, | but
Tango's placement 100ls augment your own judgment and expernience (o
make the job go faster,

4.15 Routing Nets

Assume now that the component placement is optimal. The next step s
to begin routing actual traces on the board. Il you were a Tango-Route
owncy, ai this point you would stmply save the design to a PCB ﬁlc and
load the board and its net list into Tango- Roule for antorouting, Should
Tango-Route not complete 1(X07% of the connections, you would come
back 10 Tango-PCB PLUS for manual routing of the remaining
connections, which are displayed in rat’s ncst fashion on| the
Connections layer,

Without the aid of Tang(arulc you are faced with the task of
manually routing traces in Tango-PCB PLUS. But kerp your chin up,
because Tango's powerlul editing tools again come through 10 make this
task easier.  With the net list loaded, you can use the Nets Display
command to display individyal connections for easy manual routing,

Sclecting a connection to work on can be a difficult task with the entire
rat’s nest displayed, cven on smaller boards. Average designs can cusly
contain hundreds of nets, making the ability to selectively dnplay 2
subsct of them an important feature. ; '
To sclectively display individual nets, we'll use the Nets Display
command. Since you are going 10 usc several of the Nets commands ia

'

St
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the component pins of all nodes in a particular net (the Nets Highlight
command).

4.16 Veritying Nets

Since you're free to make or brcak any conncclion in any nct, you
should verify that alt conncctions have been madc properly. You can
wait and perform a board-wide check at the end of the design with
Tango-PCB PLUS’ intcgrated design rule checker. Or better yet, verily
on 5 =ct-hy-net basis during the layout process, and run Tango's DRC
at tic end (or a final measure of confidence.

Tu verify the pet we just completed (RESET), run the Nets Verifly
command. This command perlorms an electrical design rule check on
all ncts currently displayed using the Neis Display command.  Since
RESET, and only RESET, is displayed, its conncctions as shown on the
screen will be checked againsi the nct list. Any incorrectly connecled or
missing pins will be Nagged with an error message which is displayed on
the screen. You have the option of continuing the verification process
or stopping to lix the peoblem.

If there were other nets on the board displayed with Nets Display, they
toa would undergo the net list verification. Late in the design, you may
find it necessary to break conncctions, which were previously complcted
and verified, 10 make room for a subscquent trace. Even though you
diligently re-connected the broken ncts, a final and complete DRC can
grecatly enhance your peace of nind.

4.17 Checking the Entire Design

The Nets Verify command is designed to be used interactively during
layont and manual routing. Its verilication is imited to making sure the
connectivity of a routed nct matches that in the nct hist,

Complcmenting Nets Verify is Tango's integrated design rule checker.
The DRC operates on a board-wide basis, verifying both clectrical
connectivity and clearance gaps which you specily as design rules.

N
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Running the design rule checker on your board is 8 two step process,
First you run the Setup DRC command to cstablish the clcarance gaps
for pad-10-pad, pad-to-track and track-to-track checking on a per-layer
basis. You also sciect the contents of the design rule check report,
which may include: clearance violations, string violations, oet Lst
violations, single node routes and unconnecicd pins,
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Figure 4-19. The Setup DRC dlalog box.
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Once the DRC options are set with the Setup DRC command, run the
Output Reports command and ¢nable the Design Rule Check report,
You may print the report or write it out to a fife on disk.

When you click on OK, the program will begin the design rule checking
process, highlighting cach connectior as it 1s verified. Whe a completed,
the DRC report will print out or be written 1o a file.

Thc_ DRC is compute-intensive and can take a whiic on complex
designs, though it is many limes faster and much more accurate than

checking a board by hand.

You don't have to have a net list loaded to produce a DRC report. In
this case, however, the DRC will be limitcd 10 a check of clearance
violations and string violations baséd on the rules you cstablish with the
Setup DRC command, ‘
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In Tango, we paid particular aticntion to generaling the highest qualit

output, available on devices ranging from dot-matrix printers lo. (;l:l'hc.:

l'urrr'mt photoplotiers.  We use our menus, dialog boxcs ]';rnmrlls and
3 on-line help 10 take the mystery and frustration out 'nf gcncﬁling

4.18 Nets In A Nutshell

And so, to summarire, Tango-PCD PLUS includes powerful net hist

operations which allow you to display all nets (the rof’s nest), individual
ncts, ~ins in 8 net, or all conncctions (o a given component. You can
also display force vectors 10 aid with placement. You are not required to
maintain the validity of the nct list during cditing. Instead, you can
verily the validity of your connections after drawing thcm,

The process of designing a board in Tango-PCB PLUS with the use of a
net list follows these easy steps:

® Place the components on the board using the same seference
designators (U1, U2, etc.) as in the net list,

w Load the net list, display all nets, and use the rat’s nest or force
vectors and the Nets Optimize and Move Component commands

to oplimize parts placement.
@  Usc Nets Display lo display a single nct.
s Usc Nets Route to route cach connection in the net.

® Use Nets Verify to check all conncctions in the net against the
net hst,

= R'gpcal the last three steps (display a net, routc its connections,
verify the net) until the board is completed.

s Run the Design Rule Check report on the entire design.
N :
~0

4,19 Output Options In Tango-PCB PLUS

It should be obvious by now that we're very proud of the case-of-use
and powerful editing features of Tanga. There is no question that
displaying a dense design on a 19-inch monitor running 1024 x 768
1ewolution is the sexy part of the CAD business. However, we've
designed and buill boards ourselves and we know that the most
important function a PCB layout program must do is cresle crsp,
atcurate output for baard produchion,

artwark, photoplot files, and even proper ¢ icati i :
ek proper communications with pen

Lcj's revicw the output options included as standard features in Tango-
“PCB PLUS. Sclect the Output command from Tango's Main Mcno

The Output Mcnu commands make it casy to:
®  Sctup photoplot aperture assignmens.
. ..thalc photoplot and N/C drill files. |
@ Pen plot multi-color check plots or final artwork at any scale.

®  Generate check prints or even prototype-quality linal artwork on
your dot matrix or laser printer. ) !

. Gcncral.c DXF and PostScript: files for use with compatiblc
mechanical CAD, deskiop publishing and word processing
software.  You can even gel nigh-quality, inexpensive .ﬁnﬁ
artwork on PostScript-compatibl phototypesetiers.

®  Generate a selection of printed report i
: s, ranging fro- i
Matcrials to aperture mignmcnls.p(" Firg from the Bil o

4.20 Printing And Plotting

t\)Not':..'cncou_raf,v,c you to take the time 10 print or plot a Tango file and s.cc
RDE;:;l ;)p(f;d and quality of output.  We've included the di
: PCB with your Tango-PCB p '

plofted or printed. “ - FUS package, which ma i

) . | s’ﬁ%!‘!l
un the Fll‘]c |rLmnd command to load RDEMOILPCB.  Again the|

program asks il you wish 10 save the ch ' ‘B

Ciek o s ar) anges 10 the current PCR file.
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NOTE

ror pl’nurr. you must nin
1 10 set options for baud
andshake before running

If you use a serial port for either pnnie
the Semp Communications comnmart
rate, data bits, stop hits, panty, and h ‘
the Output Plot/Print command. Consult your printer or
plotter manual for the proper settings.  You do not need to nin
Setup Communications if your output device is c‘onnrctcd o

your computer by a parailel port.

Now run the Output Plot/Print command. The first dialog box whi.ch
appears allows you 10 sclect which laycrs of the board you wish to print
or plot (Figure 4-20). Other options toggled with this dialog box include
single or multi-color artwork, draft or final artwork quality, mirror
image, holes in pads and vias, and componcnt relerence designators and

1ypcs.
e -
feg ALY 81 Boerd reenen Viaste Cotee (i)
mitagle (slar
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L
Figure 4.20. Produce dratt or final artwork for any or all layers of
your board.
Ny
.

You also use this dialog box 10 speaify the pen aumbcr for single color
plots, Power /Ground planc swell, Solder Mask swell and dntl symbal
sizc. . ANl of these options are stored automatically for you in the

initialization file PCB.INI to save you the trouble of rese
design session.
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Chouse the layer(s) of RDEMOL '
‘ & you wiuld like to pri
other options which seem appropnale, and click ()Kn print or plo, any

Qi:::;:‘h_::dd:::;:f,c:»::i;pzcarsdwhid'l_ presents two list boxes, one for
. ts, and onc for output ports. Fi

the list box the sppropriate prinlcr/plouc:, dr::r I'orF:rhsel 5::;_‘::’0‘“
want to use (ﬁgur: 4-21). Consult your printer or plotier manval if oo
are unsurc of Hs default driver. If your device is not displayed in ;'cf;-’“
::w::. c:i'cck for & compatible driver. For instance, c;ul;ﬂ’cplc;ll:c'u l'rsel
c:)mcr ' P-GL or DM-PL compatible, and many printers are E FX

pal.ahlc._ The numerals beside the printer drivers indi Fe thei

resolution (in dots per inch). eeate thew

The drivers used to
ver: generate DY F, PostScri d
PostScript files are also sclected from the driver Iis‘t“h:: Ereamsulated

Ll ieloct tle pintton/peintoe deioer and dSbinatign, and oot pipansters
. [1{IK

IE: Sufpat Fite (b \TancHimDWwi LT

3 (%)
lcnloE: OPevae far poe o . —la
4 QHD Um“!w;:; O\CA

e Wy
Pea uun@ - o om_—

g eslcl s
2iEe Dot ooy 4l0)

Fi . '
gure 4-21. Tango supports a wide varlety of printers and plotters
with more belng added alf the time. '

Next click on the pri
printer or ploticr port you're going t
:'lr‘?mdy{;ur ctt))ompulcr to the device. Other npliomgwhi:h :‘:;‘h:’s;""f“t
s dialog box include plotting or printi '
| printing to a [He, setting the a
:zl:. :f ar};l Y correction \falucs, pen width and speed, :ausc for B¥
ges, wide (15-inch) carriage printers, and offset dimensions. Agai
any scttings you make will be saved in PCB.INI. Qe
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Aficr sclecting your device driver and port, choose any other oplions
which suit your fancy and click on OK. The program wall begin to

gencrate your artwork.

On narrow printers, dot matrix or laser, Tango-PCB PLUS will
automatically print any artwork which is too wide for the printer in

srips which may be taped together, I you wish to print or plot the .

antwork rotated 90 degrees, or mirrored, just click on those options in
the Qutput Plot/Print dialog box.

Try caperimenting by gencrating plots or prints for.allcrnate layers,
varying scale, draft and final artwork, assembly and drill drawings, and
<o on. Wc think you'll agrec, Tango generates beautiful art, worthy of
your hesl designs.

4.21 Viewing Photoplot Files

We have one more important fcature of Tango-PCB PLUS that we
would like 1o show off before we et you go out on your own. Maybe
you have hcard from fricnds or cven expericnced first-hand the
problems which can sometimes arise when photoplotting your artwork.
Tango-PCB PLUS takes a very logical approach lo creating photoplot
‘Tiles from yous design, but cven stll, a file on-disk is an invisible thing,
Mistakes that may have been made along the way will not show up until
your service bureau delivers your photoplots, which can be an expensive
cxperience.

This is why we have built into Tango-PCB PLUS a photoplot file viewer.

" You can load in a photaplot file created with Tango and it will be

~

ditplaycd on-screen exactly as it will be photoplotied.  Use all of
Tango's zoom and pan functions 1o inspect the file, even print or plot
out a copy for documentation and verilication.

Il you detect a problem, simply load the original PCB file, correct the
crror, generate a ncw photoplot Gic and load it for viewing, It's ail done

scamlessly in ooce integrated program.
Since you may not have yel learned how 10 generate a photoplot file, we

have wupplicd one to help pet you acquainted with the viewer, Run the
File Load command and click on the Photoplot pushbutton. Now key in

4§00
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VGADEMO.TOP in the filc name entry boww. When you click OK|
Tango-PCH PLUS will load the photoplot file, which is the 1op layer of
the VGADEMO printed circuit board design.
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Figure 4-22. Viewing a photoplot fie within Tango-PC8 PLLzJS.

4.22 Summary

'ﬂy now you should have a pﬂ:'ﬂy good fcel for what Tango-PCB'PLUS

is all about, We've tried to cover as many features as possible, and still -
not consume the better part of a day. :
)

In review, you quickly learned how 1o operate the ACCEL F'rodil.uctivity
interface, with its pop-up mecnus, dialog boxes, hot spots, |Speed
Palettes, and on-line help. You placed components and text, manually
routed connections, deleted a componeont, and used the Undo r.o:!nmmd
to un-delcte the component. You loaded a net hist and used the rat’s
nest, net list oplimirer, move compancat and force vectors functions to

optimize parts placcment.  Then you displayed, routed, and verified
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‘onncctions with net fist support. Finally, you output final and/or draft
wtwork 1o your printer or plottcr and vicwed a photoplot file.

fut no PCB design system worth its stufl can be adeguately described in
a 35-page tutorial. Here’s a partial hst of the dozens of features we
haven't discussed.  You can find out more aboul these features by

rcading the rest of the manual or by using Tango's extensive on:linc
helpe

w  Block operations. Besides saving and loading blocks, you can

delete inside or outside blocks, and rotate, copy, and move
blacks.

s Global edltlog. The Edit commands make it easy (o change the
characleristics of arcs, compencnts, pads, strings, tracks, and vias
on the board. You can edit any pasticular itcm or all matching
ilems.

»  Move operstlons. Moving previously placcd tracks is facilitated
by three commands: Move Track, Move Endpoint, and Move
Reroute.

s  Jump commands. These commands alfow you to quickly locate
and move to componcnts, locations, nets, and strings.

w  Orthogona! reuting. When placing or re-rouwting tracks, type O
10 tuggle between non-orthogonal mode and four different
orthogonal routing styles (cnabled using Sclup Options).

s Place commands, Praclice placing other clements in the design,
such as pads, arca fills, and arcs.

e Nets Highlight. This handy command will highlight all
connected pads, tracks, vias, arcs, and fills, even without a net list
N loadcd
W .

® Nets Generute. Generates a Tango-format net list from the
currcotly loaded board design.

s Print Reports. Usc Output Reports to print a Bill of Materials
and other useful reports.

&

.\’
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The Learning Tangn-PCB rL

commands:
Command

Current Layer
Delete Component
Filc Load

Library Browsc

Move Componcnl '
Ncts Display
Nets Load

Nets Qptimize

Meis Route
Nets Verify

Output Plot/Print
Place Component
Place String
Place Track
Sctup Display

Setup DRC

Sclup Grids

Setup Options

Sciup Palette

Undo
Znom Board
Zoom Window -

US wional inttoduced the followang

Eur.stlon

Set the current layer for editing
Dcleic a component on the PC-board
Load a PCB or block file '
Display and list components in 2
hibrary
Move frotate/Tlip a componcaol oo the
PC-board .
Select ncts 1o be displayed
Load a net list .
Create optimized connectioas for
displayed nets
chlzc:ycnnncdic!!s with tracks
Verify that the PC-board matches the
net hist ‘
Plot or print the current PCH file
Place a component on the PC-board
Place a lext string on the PC-board
Placc a track on the PC-board
"Enabic/disable and select colors foe
£C.-board Yayers and items
Set the design rules and report
options for the design rule check
14
Scrtclhp‘:: absolute, relative, and wisible
id Mizes
Enahie/disable Orsthogonal modes
and Drag Teacks With Componcoti
option
Add or delete items on the custom
Place Palettes
Undo the previous editing command
Display the entire I"C-hn.u'd
Zavyrn 0 0T oul 0n 3 scCLon of the

display
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7 pc-Reard Layers

7.1 Introduction
Tango-PCB TLUS provides 19 separatc PC-board layers.  You cam
Hisplay and prinl/plnl/phutnplnl individual layees or a compasite of two’

or mone layers. You can only edit onc layce at 2 time. The fayes to cdit

is termed the current laye”.
The program provides the follawing 19 PC-board layers:

Tap Solder Mask

Top

lottom Rottom Solder Mack

Power Top Assembly '
Ground Hattom Assembly i
Middle layer ] " Hosrd %
Middie Layer 2 Connectlions

Middle Layer } Drill Drawing

Middie Layer 4 Keepaul

Top Silkscreen Title

Rottom Silkiscrcen

A majority of the 19 laycrs -- all signal layers and the Top and Bottom
Silkscrecen -- are used directly as artwork for (shricating the PC-board.
You can place pads, tracks, compongcnts, (Cxi, vias, arcs, and arca Nlls on
any of these layers. -

it is the usual and recommenided practics tn lay ow the PC board as 1S
sccn looking at the companeaiy on the hoard. This way fextis displayed
on the sereen as it will appear on the Top Silkscreen layer (not mirfm!-
imaged). You can think of the tayers as stacked enonc another with the
Top Sitkscreen Overlay on top, then the Top fa
laycrs and Power/Ground plancs the Bottom layer, and the Bottom
Silkscreen layer. ' ! L
|
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The remaining layers serve as guides for individual steps sa the boeard
{abrication process. For example, the Top and Bottom Assembly fayers
provide instructions for connecting and atiaching componeots to the
finished PC-board.

7.2 Top And Bottom Layers

The Top and Bottom 121+ 15 correspond to the top and bottom sides of
the PC-board. Before surface -mount 1echnology, designers called the
Top layer the component side and the Dottom layer the solder side.
Though this terminology still holds true for designs that arc exelusively
through-hole, you can place surlisce-mounl components and solder on
cither side of the board.

7.3 Power And Ground Planes

The PPower and Ground Flancs are diffesent from the other signal Yayers
in that they consist mastly of copper, wath anly small sections ctrhed
away FPor this reason they are ploticd so the negative, Connections {o
the Power and Ground plane< are displayed using ~symbats placed on
Mnough hole pads, You cannot cdit the Power and Gronnd glanes

indwidually or place tems (such as tracke) on these plaoes,

You can conncct component pins 1o the Power and Ground planes by
ragring pads. When editing a pad, the program allows you to connedt
the pad to the Power or Ground plane cither dircctly or thiough a
thermal relief,

7.3.1 What Are Power And Ground Planas?

Tango-PCB PLUS offers truc Power and Grouad plane ¢apabilitics.
Ciecwts using high clock speeds radiate a considerable amount of
qpurione noise Power and Ground Planes are necessary to chicld
wro - owecnions of the cirent from thie noise. Poor <hielling resolis i
Bigh wpoed thpfleps toggling candomly, deading o creatic creond
behavior. As well, there are now stringent TCC speeificatiora far the

amaunt of | cd encrgy allowed from clectronic rguipment. Fower

andd Giround planes, in conjunction + ith proper cguipment <hictding
techmigues, mimmize the radiated ene gy from clectame cirevitey,

“Some Jogic familics draw a larpe transicnt currentl during  state

transitions; tf the power and ground hincs to those devices have a high
impedance, large spikes are superimposed on the tines. These spikes
often alfect other devices down the ling, and bypass capacitors can only
go so far 1o alleviale thiese spikes.  Power ard Ground planes, in
conjunction with bypass capacitirs, deliver consistent low-impedance

power 1o all devices on the T'C board,

Jusl what are 1he characierintics of Power and Graund plancs? Imagine
a planc of copper in the midle of your board, with holes in the copper’
wherover leads pass through the board. The holes are big enough to
ensure clearance from the feads, but small crough to provide ample
shiclling around all closcly spaced leads. Now suppesce that the plane
we are discussing s 1o b used for the Grourd Plane, To conncet a lead
to the ground rail, fill the hole at that point with copper - the lead wilt
now he in contact with the plane. Thus, the plane has holes in it at
cvery ponl where a lead is not 1 be connccted to the plane, The Fower
Planc i similae, with holes at cvery lead not to be conncaied to the
powrer ail '

The Power and Ground plancs are geacrally the innermost layers of a
With the I board matenal sandwached
between them, the Power and Ciround plancs form a bypasc capaaitor
for the supply rails wath a tow Effective Sener Revictance (EAR). Recall

PC-haoard for twae reasans,

that capacitance incrocases as the gap between the plates decreases, 1o
the smaller the gap, the larger the capacitance. The second reswon s
that by having the planes interior 1o the sipmal layers, sensitive sipnal
lines can be isolated from noiy lines by placing them on opposite sides
ol the plancs, '

7.3.2 Direct Connections And Thermal Rellafy

A lcad is conncdled to a plane by having no cdearance hole in the plane
atthat pomt. This provides goed conduction between the lead and the
entite plane, both clectiically and thermally, The Aret is deirable, the
sccond i not pecessanily so pood. When the board i« woldered, any

Icads connccted dicetly o a Targe arca of copper will nol nise in

7]
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tempeealuee as quickly as ather leads, Thivean cither canse poor sotder

joints o1 require more heat, ncither of which 15 desicable.

The snlution is to conncct the lead clectrically but not thermally to the
plane of copper, using a special symbol callcd a thermal relief (Figure
7.1). A thcrmal seliel is a small wland of copper arnund the lzad,
iwolated from the plare by an innular gap. The plane 1s then conncctod
to the wland by four narrow badges of copper (terened spokes). These
spokes provide the clectrical coancction and the gap provides the
the rmal isolation.

Figure 7-1. Athermal relaf connects a companent lead to o fdana
plnctrically but not tharmally.

Wheo 1unming the Foit Pad command, you can 1ag A pad to the Power
ur Ground plane by mecans of cither a direct connection or & thermal
relicl. A smali cross (+) in the center of the padindicates that the pin
is connected to the Power of Giroumt ple with a thermal relicl A
dircct connection to a plane is indicated by an X in the ceater of apad

(Figure 7-1).
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Fiquee 7-2.. A direct connectlon 0Q and therma! relief £4) as they
appear on the Tango-PCD PLUS screen {lett) and in the tinal artwork
{right).

The small cross and the X let you tcll at a glance whether a pad s
conncetzd to 3 plane with s thermal relicl or direct conncction. Bt
huw can you tet! whether the pad is connecterd to the Power or Ground
planc? Py running the Letup Displiy command, you can assipn scpnr;ulr:
colors ta the Power and Ground plaass, A goevl pradtice it nse red
for the Power plans (red = hot = powcr) and green for the (imur_id

plane (green ofien significs ground connectinne}.

v
I
1

There are thrce options for connections to the planes: po connection
(signified by the pad only rand an especial symbol), a thermal reliel
(significd by a cross of the apprapiiale color in the center of a pad), m!a
direct conncction to the plane (signdicd by an X ol the .\ppmpria'lc

The program docs not allow yuu ltn
This may scem trivial, but it is amaring
how many manually taped PC-bnards end up with shorted Fower and

Ground plancs!

color in the center of a pad)
conncct a pad to both planes.
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When the planes are interior o the board, thermal ebels aes geasrally
used, A you ate designing a Jouble saded PC hoand and you want a
tare copper Ground plane for the Bottom laver (as 1s olten the cave for

I desipns), then you can vae dinedt connections (o the Ground plane.

7.3.3 Connecting Nels To Power And Ground

When loading a net list (using the Nets Load command), you can dirzct
the program to avtomatically tag all pads that are connected 1o the

Power and Ground plancs. o the Select Plane Nets dialog box (Figoee

1Y), cutee the name of the Power plane net and the name of the
Ground plane nel. You can also scleat enher direct connections or

thermal relicfs,

Tere Plene Mot (WO

1 {ua] —

Creand Plase Wt [OW j ui_!l ]

200

Vane nmnln—j

97 e real

[+ IPVRT]

Figure 7.3 Tango-PCB PLUS automatically connncts sll pads In the
spacilled Powor /Ground plana nets to the correct planes.

Por example, of your Power plane net has the name VCC, then
speailying this net name connecis all nodes within the net 10 the Power
planc with cither direet connedtions or thermal relicls. Specifying the
net pame GND for the Ground planc net amtomatically conpects all:
ncdes within this net to the Ground plane. (For detalded infermation on
loading net lists, see Chapter 14: Nets )

b

o

@

7.4 Middle Signal Layers

The four Middle Signal fayer, are sandwiched between the Top oed
Bottom layers.  You can place any Tango-PCB PLUS item on these
layers,  The Middiz laycrs zre additional signal layers avastable for

coulti-layer PC-boards.

7.5 Top And Bottom Slikscreon

The Top ard Bottom Sdkscreen layers produce the paticens printed on
PC-boards that show such information a« componcnt outhnes, refcrence
designators, and the company name.  For through hole boards, you
gencrally need only a Top Silkscreen layer. For surflace-mount designs
with comporcats on both sides of the board, you will nced haoth the Top
and Nottom Silkscreen, .

7.6 Top And Bottom Salder Mask

The Top and Bottom Soldes Masks determine where solder mask i<
applicd to the PC-board during [(abrication.  When the board
soldered, this mask prevenls possible sharts by restricting the Now of
solder. Tango-PCH PLUS provides Top and Bottom Soalder Masks to
support susrlace-mount designs with components on both sides of the
board. '

The program automatically’ generstes the Top and Pottom Solder
Masks from the board design. Al pads on the haard are swollen
(enlarged) on the solder mask film (0 ascure that theyre kept free of
solder mask.. In addition, you can place area fills on the Top and
Botlom Soldes Masks to designate other arcas of the board that wall nat
receive solder mask.

Fuor example, it's good practice to glace arca lls on the Tep/Bottom
Solder Mask over all edge connectars on the board. Though Tango-
PCB PLUS automatically swells the :dge connector pads to provide
clearance from the solder mask, it's - il possible for solder mask to be
applicd between the fngers of the edge connectars. T can cause

problems. Plugeing and unplogping the hoard may wear dovn the
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wider mask, which can eventually interfere with connections to the
fingers. By placing area fills on the Top/Buttom Solier Masks, you can
ascure that solder mask is not apglicd st all within the arca of the cdge

conneclor.

Als1, 1nany board assembly shops recommiend that the ares beneath a
surface-mount component he kept free of solder mask. 1f applicd, the
wider mask could blister during the heal of the soldering process,
forcing the surface-mount componeat upwards and ont of contact with
the pads. You can prevent the application of solder' mask o these
oard lucations by placing arca fills oo the Top/Bottom Solder Masks
under all surlace-mount components.

NOTE

Tango-PCB FLUS enlarges ail pads on the solder mask film.
These pads are swollen when pou print/plot/photoplot the
board. The pads do not appear swollen on the screen. The
area [ills you place on the Top ond Boitom Solder Mosks will
not be swollen on the screen or the solder mask film.

7.7 Top And Bottom Assembly

The Top and Botlom Asscmbly layers can be used, together with the
Title layer, to create assembly drawings.  These drawings .guide the
assembly shop during the board assembly procedure. The drawings can
include the board dimensions and 1he locations of the componcents 10 be
mounted, as well as any special instructions. For example, the drawings
could show the location of test points on the board wath instructions to
keep these sites free of pon-conducting conformal cont.

The Asscmbly drawings can he used 1oprther with the bill of materials
ta define the type of component that is to be mounted at each location.
The Pottom Assembly drawing is generally aceded only of the board
s contains surface-mount compencats on the Buttom layer.

7-8
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7.0 Board .

The Board layer 15 uaed to draw an outhne of your VO baant, Thae
fayer is alsn wseful for indenting the copper on the Power and Ground
plancs. 1ihe copper extends to the edpe of the board on these Tayers i
conld canse a short f the beand edpe comes into contact wath a picee of
mctal or another board conncction,

To indent the Power and Geound plancs and prevest shorly we
recommensd you draw the board ootline wath 2 100-mil track, 1f you
then print/plot /photoptot the Board layer in composite wath the Power
and Ground planes, the resulting copper will be indented by S0 .4-‘.15,
hall the thickness of the board outhine,

.

7.9 Connections

The Conncctions tayey helps you manually route the PC-hoard. When
you load a nct bist lor your design, all connections in the net hst.are
stored and dispfayed on the Conocctions layer, The conpections are
poini-te-point; the shortest distance between nodesin a oet.
' ‘ !
Alter you manually route a conncetion in Tango-PCI FLUS (using the
Nets Route command}, the coonechon s removed  from the
Conncctions layer, 1f you are cditin g a board that has been autorodied
by Tango-Route, the Connection. layer contains only the no-ruites:
canncctions that conld not be autorouicd, (Tor detaiie information on
net hists and routing, see Chapter 14: Nety )

7.10 Drlt Drawing

)
The Dedl Dravang layer provides the service burcan with the Jocation of
cvery hole oo the board and the'bit size aceded to deill the hate, Ta;\gn-
rCH rLusS .wulul'.m!'lc.\“y gencrates a laver that shows every hole aon the
board, Topether with the Tide Lwver, thes layer can be used to pnnh;cc P
doll drawing,

Tango-TCB PLUS automatically places a symbol at cach hale location
which indicates the diill ool required. e addition, vou may with -

PR



CHAPTER?

placc a fable on the Diill Drawing which maps symbols 0 tonl
naumbees /dnill sizes.

Depending on your service burcau, s Drill Drawing may not be
necessary if the burcau has an N/C drill machinc that accepis the
standard Excctlon-compatible N/C drill file gencrated by Tango-PCB

PLUS. (For mose information on the Drill Drawing laycr, scc Chapter

16: Prints, Plots, And Reports))

7.11 Keepout

The Keepout layer allows you to specify areas of the bosrd where
Tango-Route will not place traces. By placing a track segment of arca
liil on the Kecpout layer, you arc directing Tango-Routc 1o avoid
routing over these locations on alt signal layers of the PC-board,

For example, it is good practice not to place vias bencath surface-mount
discrete capacitors. During fabrication, solder could force s way up
the via and knack the capacitor out of contact with s pads. To make
sute Tango-Toute docs not place vas in these aireas, place an area N
an the Keepout layer beneath cach suiface-mount diserete capacitor.

7.12 Title

The Title layer is used 1o document your artwork for the board
fabrication procedure. This layer should contain such information as
the company name, board name, part number, and revasion number,
The Tutle layer consists of borders and text strings located outside the
outline of the PC-board.  You can print or plot the Title layer in
compaosite with the Top and Bottom Assembly and Drill Drawing layers.

LRt PUYAP . | _AYE R

Fach of the Tanpo-PCR PLUS Title layer templates contain a sheet
burder and a title block (in the Yower-tight corace of the sheet (Figure
7.4). The title black provides space for such information as the board’
name, identification number, revision number, sheet sire, date,

(ilename, and designer,

The Title layer borders are 0.25-inches wide. They are divided into

“segments which are lubeled wath numbers across the top and bottom

{(the columns) and with I2tiers down ihe left and right sides (the rows) |
The borders provide a convenicnt way (o locate information on the
board. Tof example, a desipnes can deseribe the location of a rewintor
RS a3 the intersection of row B and column 3.

oo T-.'_'- i -

gatatts [ L114Y,. Bdd 1AL -

Figure 7-4. The Tango-PCB PLUS Tite layer ASIZE PCB.

“JThe Tango-PCR PLUS package includes Title layer templates for A-

X size (R.S5 1 11 inches), B-size (11 x 17 inches), and C-size (17022 inches)
sheets of paper.  These templates are stored in the PCR files
ASIZE PCB, BSIZEPCR, and CSIZEPCE. You can usc thesc
templates or create your own Title layer from seratch.

P @ 7.13 Selecting Layers

The status fine's Layer Gkl displays the cutremt layer for placing
pomitives. All editing takes place on the current layer, Thus, if you

2.1
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rlace a track on the PC-board when the current layer is Top, the track is
assigned to the Top tayer, If you later want to delete thas track, the
current layer must again be set to Tep.

The Layer ficld also shows the color of the current layer (in the smal
rectangle to the left of the 1), When you place an arg, arca fill, surface
pad, text string, or track on the PC-hoard, the primitive is displayed in
the color of the current layer. Individual colors can be sclected for
through-hole pads and vias, since these primitives belong to all lavers of
the board,

Clicking the mouse on the Laysr ficl] or typing L sets the current laver.
All subsequent editing is performed on this layer, With cach elick of the
mouse, the program cycles through a list of enabled layers and their
calors.  You can stop clicking the mouse when the desired layer is
displaycd. You can alse set the current layer by selecting the Cusrent
Layer command [rom the Current Menu. For boards with only a few
layers, clicking on the Layer ficld or typing L may he faster than using
the menus,

7.14 tnabling And Disabling Layers

Before you select a current layer, the desired layer must be cnablcd,
You can only edit snd display ennbled tayers. U is vseful to disnble
layers that you do not want lo view or edit.  Disabling these layers
reduces the amount of PC board information on the screen, allowing
you 1o concentrate on the layer (or Tayera) that you're currently editing.
Since lesa information s displayed, Jisabhag layers also reduces the
time it-1akes to tedraw the screzn.

Run the Setup Display command tn enable and disable PC-board layors,
1n the Setup Display dialog box (Figure 7-5) there 15 a small box of color
next 1o each layer fictd. This box shows the display color for the layer,
Il the calor box is solid, the layer is enabled. I anly the bottom half of
the box i3 colored in {there is a dividing line across the cznter), the layer
13 dizabled.

AY
~
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’-Nuln 11}
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el IORLBIIP LI Ut | CERITY) e —
(i (o B p«--o.?.,' (XD, (| L
(_MJ(H ."' iu reor Thape ’
: ‘___,.ﬂ Rief Dus r:m' E 1
-__;"QB DT'". Dtrsll Crass N -

Olapye (rass

Figure 7-5. In *ho Satup Dlsplay diatog box, enabind layers mel ~
Indicaiad by a solid box of color,

Clicking on the coloe box next to cach laycr toggles the biver on and nﬂ'.
For example, if Middic Layer 1 s disabled (only the battom hall of the .
hox is colored in), click on the color box to enable the layer (the dialog
box shows a «ld box of color). .
|
]

' NQTE

When enabling or disabling a laver, make sure that the cursor is
positioned within the color box neit 0 the layer's name. |
Fositioning the cursor on the layer name aflowy youu to change
the color of the layer (see Selecting Screen Colory below). I

When you quit Tango IPCB PLUS, the scttings tn the Sctup r\u,r‘ay
dialog box are aaved POTIND, These  «rttings are
Automatically restored the nzat time vou oun the PCH program,

in the Nle
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7.15 Selacting Screen Colors

Tango-PCB PLUS lets you have it your way. I you prefer purple pads
and a pink cursor, you can have purple pads and a pink cursor. In
addition to enabling and disabling PC-board layers, the Sctup Display
command lets you selcct the screen colors for individual laycrs and
ems (such as through pads and wias), the program menus, the status
and prompt lines, and the workspace clements (including background,
cursor, hightighting, and grids). .

In the Setup Display dialog box, the current color is shown in a box next
10 each feld (Figure 7-5). To change a color for » ficld, click the mouse
on the ficld name. If your video card supports less than foor colors,
such as MCGA and Hercules, each click of the mouse cycles through
the next available color,

If your vidco card supports four or more color, such as EGA and
VGA, the program displays a scparaie distog box that shows all
available colars. In this dialog box, select the desired eolor and then
click on OK. The Sctup Display ficld is updated to show the new cotor.
Clicking on QK again removes the Sctop Display dialog box and
updates the screen colors.

The eolors you sclect are saved in the file PCRLINI when you quit
Tango-PCB PLUS and will be sestored the next time you run the PCB

program,

7.16 Summary

The following commands were discussed in this chapicr:

Command Funclion

Sel the current layer for editing

Edit a pad on the PC-board

Enahle /dizable and selzal colors for
PC-board layeis and ilems

Current Layer
Edit Pad
Scrup Display

Z

8. pads and Vias

8.1 introduction

Tango-PCD PLUS provides user-definabile pads and viay (o7 PC boards,
This chapter describes how to define, place, cdit, and dclete pads snd
vias. Edge conocctors, which consist of a scrics of surface pads, are alsa
described.

8.2 Pads

A pad is a physical shape on the I'C-board that generally correspands o
a component pin. Tango PCH PLUS provides two types of pads
throush-hole pads (which beluag 1o all 'O board tayers) amd surface
pads (which belong to cither the Top or Bottom layer). The through-
hole pads are used for component packages with leads that pass through
all board layers.  The surface pads are used for surface-mount
componcnts and cdge conncctors,

You can place or edit hoth through hole pads and surface pads at any
time regardless of the current laver setting. For example, if you want to
delcte a sueface pad that helongs 1o the Top layer, you can do so
whether oc not the curcent layer is set i Top. '

8.2.1 Selecting Pads

Refore placing a pad on the I"(' board, your necd W run the Current Pad
command ty scleet the current pad. Al sulwequent Place Pad
commands ue the current pad seinngs. M you've added pad types 1o
the custom Place Paletics, labeled PLACEL through PLACES, you can
also select the current pad by clicking the mouse on a pad entry in the

81
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15 veritying the Design

15.1 Introduction

No printed circuit board layout is complete until it has been checked to
sce that it matches the onginal clectronic design and lhal fwhcn
manufactured, it has a rcasonably r sod chance of working,

If you assume Lhat the original «fectronic dcsign_ normaltly represented
by a schematic, is correct, then you check 1o see that the PCB layout
matches it on a component-by-component, conncction.by-connection
basis. In days past this task was accomphished wath colored pencils and
hours of tedigus wvisual cross-checking.  Now the process s greatly
facilitated hy the use of a, net list, which is a list of all compoocnts and
conncctions sn the design. .
Fvea if the layoul matches the schematic clectrically, the physical
aspccts of manufacturing the board can cause problems which will
render it unusable. For example, tracks or pads that are l(:)o close
together could cause brdging cof copper, creating a short.  The final
{ayout must be checked 10 see that clearances on the board cxcced those
specified as your "design rules.”
I

Tango PCR PLUS nﬁcrs two distinct, bt complementary apprnlchcs
10 verifying the design, =

15.1.1 Using Nets Varify |

The Nets Vctily command will check any ncts which are ‘curﬂ:nlly
displayed against an input net hist. You use the MNets Display command
to choese which nets 10 verily -- a single net, a collection of octs, or all
nets.

Y



s approach is especiafly weeful if you are manually routing the boasd,
wt have an inpul nel list, The sccommended process is 1o 1) use Mets
Yisplay to show s single uncouted net, 2) rovte the nct with the Nets
Route command, 3) check the rovied nct with Nets Verify., Then use
Nelts Display to turn off the display of the routcd nct and to move onto
he neat net in the liat,

15.1.2 Uning The Design Rute Checker

he design rube checker in Tango-PCR PLUS has the abiliiy to check
he board etectrically against the input act list, and 10 check for
learance gap violations against rules you establish with the Sctup DRC
ommand. Both checks are performed a board-wide basis and should
¢ done when the layout is complele.

15.2 Net List Verification

[he Neis Verify command automatically checks that the clectrical
anncctions lor all displayed routed ncis on the PC-board match the
onncctions in the act list, The command verifics each net on a node-
wy-node basis. I it finds a short (a node that docs not belong in the net)
in open (3 missing node), of an uncommiticd componcent pin connccled
1 the net, the program displays an crror. (An uncommitted pin is not
isicd in the nct list as part of any nel.) I you are verifying more than
e nel, you have the option of continuing the verification process or
(opping to correct the problem,

NOTE

The Nets Verify command verifiec all currently dlapiayed neta
Before running this commanal, you need 10 run the Nets Disploy
command to display (show) the net(s) 1t v wani to venty.

N,
@

From the first component pia in the net list, Tango- PCB PLUS checks
Il connccted tracks, arca Dlls, arcs, vias, and pads.  Each item s
highlighled as 11 checked.

=

I the program finds a component pin that docs not belong 1o the net (a
net short), it displays the error message:

Two nets shorted together,

This message includes the net nrmes for the pins and the pin
designators. '

I the program finds sn unconnccied node in the oe! (an open net), i
displays the crror message:

Mot not completely routed.

This message includes the pin dexignators for two of the unconneced
nodes. Tango-TCIV PLUS also highlights the sub-nct (a group of
connected nodes in the net) that includes the first of the unconnected
pin designators, .

If the program finds an uncommitted component pin in the net, it

displays the crror message:
1

Net connected to an uncommitied pin.
This message includes the pin designator of the uncoismitied pin.

The Nets Verify command is designed (o allow interactite ret
verification, When the command finds an ceror, it asks if you want 10
stop the verification process and fix the problem. Click on Contlnue 1o
continuc the verification process. Click on Cancel to stop the process.

If yor choose to continue the verificatlon process aller the program
reparts o short or an open, Tango-PCR PLUIS starts verifying the next
dispinyed net. 'n this way, the program avoids displaying a long list of
creore related ta the sme shest ar once, To male sure that there rre no
additional probisma wath th= 21, we reenaunend that you run the Nety
Vesify command ngain alles you fic the <kort or open. I you choase to
cont'nue the wverificatlon process afler the prozram reporls ea
uncommitted component pin, Tango-PCR PLUS continues to verify the
same pti, :

When continuirg the verification process alter error messages, jot down
th= crrors s they oesnr, After Nets Venfy is fimshed, you can then fix
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all the problems on your list. Run the Nets Verify command again afier
modiflying the board, Il there are no error messages displayed, you can
be aszured that your act contains no open conncctions, sharts, or
uncomuitied component pins,

15.3 Deslgn Rule Checking

Aller completing the layout, it's a good idea 1o do a board-wide check 1o
make sure thal all electrical connections in the PCB layout match the
This is cspecially important in Tango-POB
During the

cunnections in the net list.
FLUS because the program does not hold ncls “sacrcd”.
routing process, you may break ncts without being warned or asked to
rename the new net fragment.  This speeds the revision process
considerably since there are many times when yeu temporarily break a

- acl. However, it also mcans 1hat you can comploiely change the
connections an the board,

Nesides doing & board-wide clectrical check, you should check the
design 1o be sure that minimum clearances have been maintained
throughout. Fortunately, both the clectrical and clearance checkang can
be accomplished together with the integrated design sule checker in
Tango-PCB PLUS.

To run the design rule checker, you:

1.  Load a net list with the Nets Load command.  (This step
may be skipped il oo net list s availatde, as we'll explain
below).

Establish your clcarance gap rules with the Setup DRC

C command.

3. Start the design rule checker by selecting the Desgn Rule
Check report in the Output Reports command.

A

% <

o T T T S e R

15.2.1 The Setup DRC Command

Run the Setup DRC command 1o cstablish the desi-n rule check
parameters in preparation for generating a DRC report (using the
Otput Reposts command). You can enter the minimum Pad-10-Pad,
Pad-to-Track, and Track-te-Track clearances allowed on each of the sin
signal Iayers. There arz also prshbuttons that allow you to set each of
these clearances for all layers ot once. All of these eotries default to 13
mils {if you do not have a PCB.INI file).

dealys Batzy Tlsnvesreds (%3 laep)—-———u— -
Tew Bot Hidy ®m1ad HLA3 moad

Pacvera (] 0 650} 600) 53 7))
Pt () ) (30) 0] (73 3 || (i) |
Tesk-1y-Trask (i3] f“__j (D)LY [0 ﬁDJ (_Ml 'rp..bl ;

epart fpticas
Dllearunts Vislallvns
Biteing Fiolatinas
Eret Liny alniions
Blingle Puds Pruters
Bncesmesisd FPlas

50 Jmsf«ixpn{a

You can alvo specily which conditions are 1o be checked for: Cle arance
Violations, String Violations, th List Violations, Sinple Node Routes,
and Unconnected Pins.

8  CLEARAMNMCE VIOLATIONS Enables  air-gap clc[inncc
checking. If disabled, no clearance crrors wall be reported. |

o STRING VIOLATIONS - Epables air-gap clearance checking of
strings oo the signal layers.  1f you have placed strings oo the
signal layers, you should enable this option to make sure that the
strings do not cross tracks. When checking for clearance
violations, the bounding rectangle of the stning s uwed. [ 1f the
Clearance Viclations eption (alch) has been disahlzd) this

kD ‘Ilff‘
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e NET LIST VIOLATIONS - Enables clectaical cheching against
the net hist, Nlems are consideced to be conncated o they overlap
or have a clearance of fess than 1 mil (just souching). hems that
can be clectrically connected 1o one another are ares, Hlls, pads
tiscks, and vias, Mot that although sirings can be checked lor
clearance vintations, they are not considered to carry cureent. i
a net list has not been loaded, this option is ignored.

s SINGLE NODE ROUTES - Enables the repocting of pins that
are connected to other items on the board, but are not connecied
to any vther pins. Notc the usc of the word "pin”, which is a pad
that is part of a componcnt and has a pia designator {as opposcd
to a free pad, or a pad that is part of a compancent but docs not
have a pin designator).  Again, items (hat can be electrically
connccied to onc another are arcs, Nifls, pads, tracks, and vias.

#  UNCONNECTED PINS - Enables the reporting of all pins that
are ool connected to athee pins. This includcs all of the Siugle
Node floutes (described above) az well as gins that arc not
connecled to anvthing al all,

15.3.2 The Design Ruls Check Repornt

Once the DRC options ase set with the Setup DRC command, run the
Output Reports cornmand and enable the Design Rule Cheek sepost.
Y ou may print the reporn or wrile it out 1o a file on disk,

Whea you click on OK, the program wiil begin the design rule checking
process, kighlighting each connection asat is verilicd. When completed,
the DRC report will print out or be writtca to s fiie.

H you press <FEsc> or <RightMouse >, you will be asked to verify your
deeistan to balt the DRC. Should you decide 1o step the DRO the
sers o il print anyway, with any violations encountered prioe to the
hait. '

Running the DRC is a compute-intensive tack which can thhe szveral
haurs on complex designs. Conudening the alferoatives, this weems a
wmalt price 10 pay compared to the beoelite of desipn venification.

Haahtie depired reperin- File l:»?n_ﬂ(ﬁt;m::] (- -)
ilsperinre Tafermation I — e
[TE11) of Materisele
MCanpomant Losellony
MLikrery Comtnate
(1T Compennnty
)8tasinties

A Buty ook

Feover [$ITITTD bRION, T~ ]

H.‘.Iﬁ:l!il.f (._ﬁ-léilov .I&;H__-j T
g

. Figure 15-2. Select tho Daslgn Ruda Check report with the Outpn

Rapons Command.

15.3.3 Running DA Withoot a Het Lis

As mentioned above, you <o not have to have a nct list loaded to
produce a DRC ceport. The DRC wall be limited 10 a check of
cearance violations and siring violations based on the rules you
cstablish with the Sctup DRC command.

NOTE:

if you are running the DRC report without a net list, the design rule
checker will report viglations where the air-gap clearance is less than that
sprecified. An actual short where two trocks are incomectly connected will
not be reported because the desipn nile checker wall assurme they ere in the
same net. This type of emor can only he reported if a net list har been
loaded.
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15.4 Consideration fo? Mounting Holes

For mounting hole pads, both the Nets Venily command and the design
rule checker consider only the drill hole dimension on inncr board
layers. This lets you place items such as tracks within the uutcr
dimensions of the monnting hole pad on the inner layers (but not within
the drill bole dimension). On the Top and Bottom laycrs, however, the
Nets Verify does consider the outsile dimensions of the mouating hole
pad. This is hecause the program assumes the mounting hote pad’s
outer duncnsions may be covernd by items cuch as screw heads, puis of
washers which extend past the hole diameter ea the Top and Woitem
laycrs but which would have no effect on the inner layers.

15.5 Summary

Remember that the DRC report checks the entire board, as opposed 1o
the Ncis Venfy command, which checks only the displayed ncis
(conncctinm) (or ACCUTACY ARaINsL the net hst, Mets Venfy is intended
10 te used rcpcatcr.ﬂy as the board o designed, 80 that crrcrs can he
fixed right away hefors more tracks are pented around them. Once you
think the PC-board design is complete, gTacratc the DR report.

Check prints and multi-color check plots are also use ful in verifying the
PC-board. Tango-PCB PLUS's Nets Verily command and Tzagn Rule

Check report, however, can cnsurc the integrity of cach oet and
board, while spasing you the painful and (requantly

clrarunccs 0o the
{ visually inspecting he PCB artwork and checking

instearate task ©
cosnuctions against the schematic.

Thc following commands were discussed in this chapter:

Commpnd : Funclion
(J\ Nets Verify Verify the mnr?cc.hons nn-thc. board
maich thosen the nct list
Sctup DRC Scl up the clearantc parameters fus
the physical design rule cheak
Output Plot/Prist Run the Design Rul'e Check repaort

16 Plots, Prints and Reports

i
16.1 Introduciion k
|

'
LS

This ‘t.haPICI' describes the Tango-PCB PLUS commands (or printin
ploting, rc['wmt gencration, and special file output snuch nll’ml‘kriu'
and DXF, The Qutpu! Pt /Esint command lcts you pint (;f prinl‘ u[::
bo.:\rd. Whether you'te plotting fimal artwork or making 8 quick cl{‘cck
print, the program prompts you lor all the necessary information with »
serics of dialog boxes.

Th'c options for printing and plotting inclide the printer and plr:.(lcr
drivers, commurinations potts, plotinr pen settings and printer eolory
scale urfd XY correction values, board layer or layeres (if printing &
compasite), eutput filename (if sending to a file), plot/print quz;lil

(hina! for artwork or draft for cheek prints), and the X, Y oflsets for lhz
","f"“ pen. The options you sclecl are sutomaticatly saved in the file
ILB:I.NI when you cxt the program, then aulomatically rc-loadcd the
next time you siari the program.

In addition to printing and plotting, Tango-PCR PLUS provides the
:_)ulpul Reports command to gencralc A vaniety of reports on the PCB
1c. These reports can be output 10 A printer of fle. '

|f. your plotter or printer is connccled to a secial port (COMIL or
(_().MZ), use the Sctup Communications command 1o set the b-aud rate
parity, numl_)cr of data bits, numbser of stop bits, and handshake pf()(ocoi
Lefore 1unning Output Plot/Print or Output Reports. :

i6-1
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20 Commands
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20.1 Introduction .

This chapter provides a beief desoription of cach Tango-FC8 PLUS
mern command and a crossreference to where the command 18
discussed in the Relerence Manval. It s designed to accommodate
those of you who are slrcady acquainted with Tango-PCB PLUS (or
PCB design packages, in pencral) and, in most cases, require only an
overview of the Tange-PCN PLUS functians,

29.2 Tange-PCAH PLUS Commands

The Tango-PCR PLUS menu commands arc briefly described in this
scction,



CHAPTTR 20

e e e = PR o

Current Layer Current :tr!ng

2

Description

Sctthe current fayer. All subscquent editing is performed on the
current daycs.  You can only chonse lram ennbled layers wher
sehecting the cutrent layer. Use the Sclup Display command 1o
crabrle and disable layers.

The corrent Jayer and the colur for the current layer are displayed
in the status dine's Layer ficld. You can also set the cusrent layer
hy dicking on the Layer ficld or typing 1, which topgles through

the cnabiled fayers. For boards with only o few tayers, elicking on

the Layer Oicld or typing 1. may be faster than using the menus.

Cross-Reference

Sccticn .13

Current Pad

Deacriptlon

Sctthe currert pad. You can choose [rom pre-deflined pads or
specily a new pad type. All subscqueni Place Pad commands usc
the current pad scilings.

The Pads dist box shows all available pad definitions.  The
definitions are gencrated frum the pads on the PC.board (these
pad definitions arc marked with an asterisk * ) and in the Tanpo-
PCB tem definitions file PCRNEN, 1ihe Jesited pad type is not
displayed in the Pads st box, you can define a acw pad anst afd ¢
tothe hist,

I you've added pad typcs 1o the custom Tlace Palcties, Inhcied
PLACE through PFLACES, you can also select the curreat pad Ly
thicking the mouse an a pard eotry in the palcite,
Cross-Roference

Section 21

—'Q Current Track
o

‘Description : |

Set the current text dring. You can choose from pre-defined
strings or specify a acw siring type. All subscquent Tlacc Sining
commands usc the currenl string sctiinps, '

The Strings list box shows all available string definitions.  If the
desired siring type is rot displayed in the Strings list bo, you can
defline a new string and adid o 1o the list,

1 you've added siring lyplcs te the custom Place Falcties! fabeled
PLACEL through PLACIES, you cah also sefert the current 3 siring
by dicking the movse ona slnng cntey in the palcite. '

Cross-Roference

Sectinn 10.21 !

Description

Sct the current track widih, You can chome from pre- delined
track widths or specify a new wadth. Al subscquent f’l.m: Track,
Place Arc, and Ncls Route commands yse the currcn? nack widih.

The Tracks hi« _hm. shows all availablc track definitions. If the
desired track type is not displayed in the Tracks lisy hn"x you can
define a new track and add it to the sy, . !

W you've nddrfl track widihe (o the custom Mace I‘wknu tabcled
PLAUEY thraugh TLACES, yau can alsa seleet the tunrnl teack
widiiy by <Bching the mouse on a track entry in the palcug_

Crose-Nelerance

Sectinn N2
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Current Via

Description

Sct the current via. You can choose from pre-defincd wias or
specify a new via type. Al subsequent PMace Via commands e
the current via seftings.

The Vias list box shows all available via delnitions. The
dchnitions are generated from the vias un the PC-board (these via
definitions arz marked with an asterisk * ) and in the Taueo-FOUB
item definitions Rl PCU.DIAN. This file is automatically loaded
when you run the 3'CB program. To selcet a corrent wia tyne, chck
on the via definition in the Vias list box. Then click ca OK.

16 the desired via type is not displayed in the Vias fist box, you can
define a new via and add it to the list. To define a acw via type,
fiest scleet the shape. Specify the via size by entering valucs for the
Dimcnsion {(cven numbcrs from two through 250 mils) and Huole

hamcier {feom one theaugh 750 mils) Niclds,

If yiou've added via tyree 1o the custom Place Palctics, habeled
PLACTT throupgh PLACES, you can atans welect the cerernt vin by
clicking the mouse 0n a via eafry in the palette.

Cross-Reference

Sc¢clion R\

Deleto Arc

AL
S

Description

Delete the selected arc on the currant layer, i there is no arc
sclected on the current layer, the computes beeps.
Cross-Reference

Scction 10,34

Deleta Block

Description

Delete all ftemcinuide or entade i blocke Taogo PUB prompts
yany b fiest define the block by marking two diagonally opposite
corners of a rectangolar arca. The program then highliphia the
defined Slock.

You can select whether to deleir items entirely incide (the default)
or entirely outside the black and whether to detete items on the
curren! laymr or on all tayces (the default). The program redraws
the screen wath the zpp'mprliulc tems deleted.

[

i
Cront-Relerence

Scetiun 12,4

Delete Component

Description

Detoe the seleeted epmponeni, I there i oo component wheeted
the computer beeps. W there s mote than one component undcr‘
the curser (on a double-uded surface-mount board, fur cxamply)
the program displays a by of all these components. You can |hcn.
sclcct the compaoncnt to daolete from the st

Croas-Raference

Scetwon 117
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Delete Fill Dealota Pad

b

Description
Description P . .
ot \ ' , f heen : ' Dcicte the selected pad. 1f there i no frice pad seleeted, the
Delete b2 ccteted area [ on the current layer. I there is ro @ "@ compuics beeps. This command has no cffcct on tracks that are
arca fill selected onthe cusrent tayer, the computer beeps, - connceted 10 the pad
Cross-Relerence If you attcmpt ta delete a pad that is part of a componcnt paticrs,
Scciion 1043 the program displays an crror message, ! .
. |
Cross-Raterence '
Scction £.2.5 ’
Delete Highiight Section 6.2 |
Description h
Delete all highlightes! iems, which include free tracks, pads, vias, Delete String
arcs, and arca fills.  The ilems must have been previously
highlighted using the Ncis Highlight command. I a highlighted Description
item belongs ta a componcent, Tango-PCB will not delete that item. Delcte the sclected text siring on the current layer. I there is no
I there are no highliphted inems, the computer beeps. ' ) @ text string sctected on the current layer, the computer beeps.
. . |
Nearr : ' '
Cross-Reference if you attempt to delcte » string that is part of a component

Scetion 14.7.1 pattcen, the program displays an crror message.

|
Crosc-Refsrence i

Scction 10.2.6 ' |

t
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Deiotr Track

Description

Dielete the setected track on the current layer, I theee is po brack
selected on the current layer, the computer hoeps.

1f you attempt 1o delete a teack that is part of a component patteen,
the program displays an crror message.

Cross-Reference

Section 9.6

“Deilete Via

Description

Detete the sclected via. I these is no via sclected, the computer
beeps, This command has ao clfect on tracks that are connccted
(o the via,

Il you attempt 1o delete & via that is pant of a component paticrn,
the program displays an creor message.

Cross-Reference

Scction 816

R

»

8

Wy

Edit Atc

Desc:iption

Edit the sedecied arc on the ‘current layer. You con r'lmngc the
arc’s radias, start anpie, sweep angle, and ling wvadih, The 1adius s
an even number from two theough 16000 mils, The start angle is
an ioteger from O through 359 deprees. The sweep angle i an
intcger from once (hrough M4 degrees. You can specify any hinge
vadth from two theough 250 mits (in two-mil increments). The linc
witth cannot B¢ mose than twicc the radius. ' )

Tango-PCR makes it casy 1o edit a number of ares on the board a
onc time. After modilying the arc, use the Arc{s) Editcd oplions
to determine whether the editing affccts only the sclecied arc, 2 se1
of matching arcs, or all highlighted arcs.

Cross-Referance

Section 1032

Edit Componant

Description ;

Edit the sclected component. You can change the component’s
reference designator, type, and value,  You can alw choose 1o
relcase the camponent (which is similar (o the explode lunetion

. common ' most CAD programs). Rcleasing a companee allows

yau to fe-position and modify alt the individual primitives in the
componnt.

The Rclease option is especially uscful when creating simiar
components. You can placc a component on an unused arca of the
workspace, run the Fdit Component command to release @

‘modily individual primitives, then run the Library Add command

to defing the modified poticra as a new component (~ce Chapler
12: Creating Librury Components),

Cross-Raferance

Scction 11.5




ClHitr b it 20

Edit Pad

Descripiion

Fit the setected pad. You can change the pa's shape, size, hole
dismeter, pin designator, Laver, and ploe. For the pad size, vou
o sapecily X (horizonial) and Y (vertical) dimensinng of twn
throsgh 4000 mils (in two-ont increments). You can speafy any
hele size fzom one theouph 250 mils,

Tanpo-PCB makcs it casy to cdit s numbcer of pads on the board ol
ont time. After modifving the pad, use the Pad(s) Edited options
to determine whother the cditing sffects only the sclected nad, o
et of matching pads, or all highliphtcd pads. Matching pads have
the same shape, X and Y dimensions, hole diamcter, and layer as
the selected pad. ’

Cross-Reference p

Section §.2.3

Edit String

Deacriplion

Ldit the sclected text string on she current layer. You can change
the string's contents, height, and line widih, You can speafy any
height from four theough 10060 mils (in four-mal increments) and
any hne wadth from (wo through 250 muls (in two-mil incremcnts).

Tango-PUB makes it casy 1o cdit a numleer of strings on the board
at vnc time,  After modtilying the sleing, nee the Strinpfs) Fded
options ta-determine whethee the editing affects only the selested
stiing or a et of matching strings. Matching strinps have the same
heyeht and line width as the <clectedt siing. 1 yon chononr any
optien cther than This Sering, the Pdin Strmg commend Canpes
only the hoight amd Line sl ef the matcding stongs.

Cross NMeterencea

Scenon 10.2.4

e ps.1'o| A

Fdil Track

Descrintion

Edit the vadth of the selected track on the current layer. For the
track widih, cater an integer in the range of two through 250 mils
{in two-mil increments). ‘
Tange-PCH makes it casy o cdit a numbecr of 117 ks on the board
A onc time. Aflter modifiing the track, use the Track{s) Edied
options to determine wi:cther the editing affects only the selccicd
track, r scl ol matching tracks, or all highhghted tracks. Matching
tracks have the same width as the selccted track,

Cross-Reference ‘

Seclion 9.4

EditVia

Description ' :

1
Edit the sclcciced via. You can change the via's shape, sire, hole
diamcicer, and Power /CGiround plane connection. Fur the via sisc,
you can specifly a dimension of 1wo through 250 mils (in two-mil
increments). You can specify any hale size from onc through 250
mils. The Plane ficki lets you conaccl vias to the Powuer o Ground
planc by rucans of a dircet connection nr thermal rclicl.

Tango-PCR makes it casy to edit a numbcr of vias on the hl]llaid a
one time, Afliér modifying the via, use the Via(s) Fdicd options 1o
determine whether the editing affects only the scleciedt via, a ser of
matching vias, or 2t highlghted vias. Matching vias have the ame
thape, dimension, and hole diameter as the seleeted via II

|
Croas-Refarcnce I

Secin R4 '

0l



CHArT S0

._,,__d___--_.-»___,_...__--——v«-—.-—

File Clear

Description

Clear the currenl PCH Nle [fom memory. H any chanpes have ,
heen made to the current p(B file during the cditing sexsion, the @
program prompls you Lo save the file, discard the changes to the

“fle, or cancel the Fite Clear command.

rross-Referench

Seclion 6.4

File DOS

Description

Exccute DOS commands  wthout quitting the Tango-PCD
program. The program displays the dandard DOS cammand
prompl and you can now cntct and exccute any DOS command.
To return 1o the Tango-PCH program {rom where you Izht off, st
the DOS command prompt, cnler: -

exit

Cross-Reference

section 6.7

’

&

A

-

&

rile Load :

nagcription

load a PCI QS (the deflpulny, bink fite, or a phatoplol hic.
Loading a PCB Ole replaces the current PCR file wath 1he specificd
fite. Loading a bock file inscris the specified file into the current

PCR fite. Photoplot files may be loaded for on-screen vicwang.

Croaa-Reference

Section 6.2

File Quit

Desc:iption

Quit the Tango- FPCR program and return to DOS. I you have

madc changes to the current ro during the cditing sCasion, 1an

program prompts you lo save the changes and cxif, Xt withoy
saving the changes, of cancel the File Qul command,

Crogss-Felcrence

Section 6.8

e
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File Save ! Jump Locatlon

Gescription Description

Save the current PC-hoard or hlock 1o a Hile ] ,‘@ Jump to a specificd NJY locwtion on the PCB. Cnter the X and v
. @' e coordinates of the location and chick on ORI the Tocation i md
currently displaycd, the propeam re-deaws the screen al the same

While marking & block during the File Save command, you can usce _ _ .
room lovel wath the speaficd lication m the conter.

the Zoom and Jump commands to move aronnd on the workspace,
You can also cancel the File Save command by pressing

<RightMousc> or <Esc> or by clicking cn Cencel in the File Cross-Refarence '
Save dialog box Section 6.5.1
Cross-Rejerance
Scction 6.3 |
Jumn Net
Desncsiption _
Jump Componem Jump 10 the neares «"pnipl\ncnl pin in o spetifivd ot This

command s esclul whon sioving from one net (o another during

Description the routing procedurc, Enter the ret nume or seleet a not I'u{rm the
. . o it b, Click on OK to remove the diahig box and jump o

t he PCRH. : . @ Nets Tist b w :
Jump (0 a specified componcnt on the PCR Enter the @ N the xpecified net. I ahe nearest compuncal pin in the nelf is md

component’s reference designator or seleet from a list of all
reference designators on the PC-board. Clicking on OK moves the
cursor to the reference point of the specified componcent
(gencrally, pin 1). If the compaonent is nol currcntly displaycd, the
program redraws the screen at the same zoom. level with the
comaponent’s relerence point at the center.

currently displayed, the program ec-draws the screen ot the same
zoom fcvel wath the pin as the center.

The Jump Nct command is only available s you have previeuly
loaded a nct fist for the PC-board. !

Cross-Reterence Cross-Raterence i
Scction 6.5.2, 11.4 . Seclinn 6.5.4, 149 . 1
1 P
l
L
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Jump String

Library Browse

Description

Jump to the pearcst ted string, on the PC-board that matches a
opecihicd text sring. Tango-PCR «carches for an exact match of
the specificd string. The matching string must contain ath and only
4} the characters in the specificd text string,

Seleet Current Layer Lo scarch for a match on the currcat layer
only (the defaull). Scicct All Layers Lo scarch for a match on all
hoard layers. 1f the matching string is nol currently displeyed, the
program redraws the screen st the same zoom leve) with the string,
At the center. The Jump Sieing command is a0t casc-sensitive (the
characters can be cither uppue-case oF Yowcr-casc).

Cross-Relerance

Scetion 6.5.3, 1020

Library Add

Description

Add a ncw companenl pattern 1o the current library. Enter the
library name and the paticre namc (of from one 1o 16 characters).
Aller entcting the paticrn namy, press < LeliMouse > or <Entcr>
to mark the first corner of @ rectangle. The sectangular outhing
L you move the cuesos. When the omline

expands and contrads a
(icen, apain press < lehMouse >

encloses the entisc componunt
or «Enler>. The program then prompts you o select a reference

puint (or the patters.

Cross-Aelerence

Seetion 12.5

AT

‘®

{

Description

D-isph_‘l a component pattzen in the specficd Lhrary,  In ik~
Library !]!OWSC dm‘!_ug hox, the program displays-a list of al
patterns in the speciticd library. Sclecting a patteen from this b
dispiays the component on the right side of the dialog box.

Tango-PCB displays the component paticrn as it would appcar
when placed on the PC-board, except for its actual size. The sifc
o{ the componcnt is scaled to it within the dimensions al the
dna'ln.g_hox. All primitives in thc componcnt arc dishlay;:d ]
primitive belongs to - a layer that is. not cutrently cnah.'u.! the
rﬂnmullvc still appears as parl of the ditplaycd paltern (_‘lic.k o~n
Contlnue to remove the Libzary Browse dialog box, -

Cross-Reisrenca

Scction 11.2, 129

library Deta’o

Dascription

Delete a cor.n|m'ncnl paticen from the specificd libary. To delele
a pattern, highlight the pattern namc in the list and click un the
Delete pushbutton.  Click on Continue o remove the Librac

Dclete dialon box !

Cross-Aefaroncs - !

Szction 12.8
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Library Merge

Descriplion

Merge (copy) a component paticrn from a specificd source library

into a specified destination library. You can specify a ncw name
‘1 the patlern. 1f noy, the program rclains the source paticrn

wame. Click on the Merge pushbutton 10 copy the source paticn
into Vhe destination library.

il a paltcrn with the samc nams exisls in the current lihtafy, the
program prompts you (o entur & pcw paticrn name, overwiite the
cxisling pattern, or cancel the Library Mcrge command. Yr.\u can
continue 10 copy componcil paticins into the current library.
Click on Continue to remave the Libracy Merge dialog box.

Cross-Raelerence

Section 12.6

e

Library Rename

Cescriptton

Rename m component patteen in the specificd Bbrary. Sclet the
current pattern pame from the Patteens list box, Then enter the
ncw pattcrn namc. Click on the Rename pushbutton (o rename

the compongeal paticen.

Il a pattern with the acw namc cxisls in the library, the program

prompls you o cnler anuthes now name, OVerwine the ex:ling

pattern, or cancel the Vilirary RHename command.

Cross-Relerence

Scction 12.7

I

tMove Arc

Description ‘ :

‘@ Mose 2n are oo the curreot layer. Firg, position the cursor on the

& - y arc eod . press <LoltMonse> or <Enter>. [ ihere is oo arc

sclectzd on the current I=yer, the compuicr beeps. As you mowe
the rursor, an outhine of the arc moves acrost the screen. i you
. now change the current laycr, the arc moves Lo the selecied layer.
Press <ichiMovie> or <BEnter> 10 place the arc and
<RightMouse> or <Fsc> to cancel the Myve Arc command.

Y

Cross-Relerence

Scction 1033

Move Block
Description
. -@ Move all items conlaincd entirely within 2 block.  Tange-PCD
¢ . N~ rompts you to fiest define the Wock by marking twa diagonaft
p Y Y L3 R Y

oppasite cornces of a rectanpular arca, The program highlights the
defined Lilock, :

The program thea prompts you o sclect o reference posnt foe the
block. Position the cursor or the reference point (gencratly, dme of
the corners of the block) any, press <LeliMouse > or < Fnter>.

1

- if you move the bk so that it overlups any item on any layer of
the PC-board, the program displays the Block Overdap W.:uning
dialog box.  Click on Relry to muove the hluck 10 a different
location, Click on {hvectap 1o place the blick with oveelap) in ns
current position.  Click an Cancel 10 cancel the Move Dlick
command.

Crosp-Peference
I @ Section 122

mw



T Movae Fill
Move Component

Description

Move and retate a componesy patiern on the POCR. Firsi, pasition
the cursor on the component and press <lefiMouse>  or
< Eatcr>. As you move the cursor, an outline of the compancol
pattcen moves across the screen. Press R 1o rotate the component
N degrees. Press F to NMip the component. Press <lefliMouse >
or <Enter> to place the componcnt and <RightMouse> or
<Esc> 1o cancel the Move Componeat command.

Cross-Relerence

Section 11.6

Move Endpoint

Oescription

Meaove the eadpoint of a track on the current Layer. This command
v especially uselul for moving a free pad or via on the PC-hoard
whil: maintaining all routed conncctions to the pad or via,

When running the Move Endpoint command, first position the
cursor on the endpoint of o rack and press <teliMouse> or
<Enter>. As you mave the cursor, the highlighted tracks streich
(cxpand and contract) with the endpoiat.  This process is called
mihberbanding.  Press <LefiMouse> or <BEnter> o place the
racks. 1 there is a free pad or vii a the endpaint, i€ moves 1o the
new lucation.  Press <RightMouse> o <Fses to rancel the
Muove Endpoint commani.

You cannot change the cutrent lyer during the Maove End poing

Ceecrlption

Movz aa asea il onthe carrent layer, Fird, position the cursw on
the arca i and press <LeliMousc> or <Enter> . I these ie ne
area [l setected on the current layer, the computer beepa. As you
move tRe cursar, an outhine of the fiYl moves across the screcen. M
you now change the currcot layer, the fill moves to the selected
layer. Press <LcltMouse™ or <Enter> to place the [t ‘and
<RightMouse > or < Esc» 1o cancel the Move Fil command. -

‘ .

Cross-Roferance .

Scction 10.4.2

Move Pad

Description

Move and rodate a pad on the PC-board. First, position the cursor
on the pad and press <lcliMouse> or <Enter>, Il there s no
pad sclected, the computer beeps, As you move the cursor, an
outling of the pad moves across the screcn. Press R to rotste tr
pad 70 degrees. Press < LeliMouse> or <Enter> fo place the
pad and <RightMouse> or <Esc> to cancel the Move Pac
commend. J

The Move Pad command has no clicct on tracks that are
connzcted to the pad. Run the Move Endpoint command to move

a frec pad and its conncctions,

If you atiempt 1o move a pad that is part of a compancat patteen, .
the program displays an error message.

command. Cross-Referance
Cross-Helerence . “% Sectien B.2.4

. T, X |
Sectwon .52 L
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Move Reroute

Cescription

Reroute a track as a scrics of fracks and vias {f nceded). This
command is especially usclul for cleaning up tracks thu were
dragged (rubberbanded) after running the Move Componcnt
command.  First, position the cursnr on the track and press
<LleftMouse> or <Faier>. The cndpoint of the track nearest 1o
the cursor is termcd the “pivol”, the farthest endpeint s the
“destination®,  As you move the curser, a rubberbanding (risck
outling is drawn from the pivor (o the cursor. A rubberbunding
hnc is also drawn from the destination (o the cursor,

To place a track from the pivot to the cursor, press < lLeftMounse >

or <Enter>. The pivot now maves 1o the cadpoint of this irack.
You can conlinuc to place tracks by pressing <leftMouse> or
<Bniter>, Press < RightMouse > or <Esc> to conclude the Move
Recroute command and place a track from the destination 1o the
cursor,

Cross-Refaerence
Scction 953

Move String

Oescription

Move a text siring on the current laycr. First, position the cursor
on the string and press <LefiMouse > or <Enter>. As yuu muove
the cursor, an oulline of the e siring maves across the screen,
Press R Lo rotate the string Y ddegrees. Press X to Mip the
component in the X dircation. Press Y 1o Tp the componcnt in
the Y direction. Press <lcltMouse> of «Enter> to place the

string and <RightMouse> or <Esc> (o cancel the Move String
command. |

Croavnmferenco

Section 102 5

‘P

L(-l,\uh‘i

Move Track

Description ' ' , l

Move 8 track on the current layer. First, positson the cursor on the
track and press <LefiMouse> or <Enter>. I there s no -ack
sclected on the current layer, the computer beeps. As you move
the cursor, an ontline of the track moves across the utccvﬁ. 1 you
now change the current layer, the track moves to the sclcclEcd layer.
Press <lefiMouse> or <Enter> 1o place the trfcl .and
<RightMouse > or <Esc> to cancel the Move Track command.
il you change the current layer duning the Move Track command,
the program sutomatically restores the previous current layer aficr
the command ends.  This allows you (0 move a scrics of tracks
from one layer o another by runoing the Move Track command
several Limes in successing.

Croes-Referencs

Scctio 2.5.1 |

Move Via

Description

Move a via on the PC-board. Firsl, position the cursow on the via
and press <LefiMouse » or <Enter>. If there is no.vi. sj.ckdm.i,
the computer beeps. As you move the cursor, an outline of ﬂ_n: vin
moves across the serecn. Press <LefiMouse> or « Enter> 10

place the via and <RightMowse> or <Fsc> 1o wancel the Move
’ )

Via command, '

|
The Move Via command has no cffect on tracks that are
coanected 1o the via, Run the Move Endpoint command 1o move
a via znd its fonncclions, '

Croas-Refarence

Section R3S

P/ P4 ]
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Hets Clear

Description

Clcar the net list information. This command is usclul if you want
1o clear 2 net list from memory without loading a new net fist. If
you run the Nets Load command 10 load a new nct list Mile, the nll
nct list is automatically clearcd fcom memory.

The Nets Clear command clears st ret hist information, which
includes the connections on the Conncclinns tayer and the nct
ninmes associaled with cach pad. Clearing the act fist (and oot
toading another onc) ditables the Nets Optimize, -Nets Hdentily,
and Jump Net commands,

Cross-Ralerance

Secion 14,02

*{ets Display

De~cription

Diangriay the specificd net it conacctinng, The program dicplays a
bt box of all net names in the current not list, Displaved nets wre
marked with an asterisk.  You can choose to show or hide
individual ncts, all nets conncctéd to a specific companent, oF all
nets. Note that if you have acts connecied 10 the power or ground
plancs, these nets are marked with a "P” and G5, respectively.

This command also enables or disables the display of Force
Veetors, Foree veclors are the vector sum of the connections from
a component, and are helpful in optimizing componcal placement.

Cross-Raeference

Secion 14.3, 145

W

224

@

Nets Genorate

Cescrintion

Gencrates a Tange-format net list from the currently loaded PCB,
The nct list includes a bisting of components, sorted by seference
designator, and a listing of alt nets” Each nct i3 assigned a vnique
nct name [ollowing the format "NET _nnnan® wheee annn id & faur
digit inteper Mote that any connections 1o pads which are not part
ol a component, ar do not have pin designators, will not appear on
the nct hist. )

Cross-Relorence

Scction 146, Appendic A

Nets Hightight

Cescription

Highlight & spcaificd nct. This command is usclul for verilying
manua! routing, even if a nct lict has aot been loaded. The Pets
Highlight commnnd wniks topsiher wath the Dclete Hiphlight
command 1o delete the il=ms in a routcd net on the board,

NOTL: The Highlight Nf:l*. command docs not use {(of require)
nel Bat. The command highiights all itcms 1that a7z clecirically
connected on the board (generslly, by means of tracks).

You can highlight only one net at » time. If & net is currently
highlighted rnd vou run the Nets Highlight command 1o highlight a
different net, the program automatically remaves the hightiphting
from the first net.

To un-hiphlight the nct, presy < LeftMouse > over a vacant portion
of the workspace.

Crozs-Nefaerence

Section 147
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CHAPTER 20

Hets Identity

Deacrlmion

Identify the net 1o which a pad belongs. The program prompts you

Ao position the cursor on a pad and press <leliMouse > or

<Enter>. The nct name Tor the pad is displayed tn the Nets
tdentify dialog box. To remove the dialog box, click on OK or
press < Enter> or <Esc>,

The Nets Identify command i< disabled if there is no not D
cureently foaded.

Cross-Reference

Scclion 148

Nets Load

221

Description

"aad a net list file. You can dircctly enter the net list flcname in
1he File entry box of the Nets Load dialog box or you can click on
the List pushbetton to sclect from a displayed list of net lise files.
The nct st Gle must follow the Tango nct hist format desenbed in
Appeadix A. The deflault filename exicnsion Tor a net bt Gle s
NET. '

Cross-Reference

- Scchion 14 4

Nets Optimize

COMM AN

Description

Create an optimized sct of conncctions for the displayed nets.
After you complete the component placement and load the net bist,
the Nets Optimize command provides s head start for routing the
board, ! is geacrally adwisable to rouvle the shortest teaces firal,
The uplimired conncctions show you the shortest traces ol a

glance. F

In the Nets Optimize dialog box, sclect ene of the disptiyed
options:  Minlmize X Length, Minimize Y Leagth, or Miaimize
Total Length, " .
Sclecting Minlmize Total Length mimmires the toial length, based
on the Manhattan distance between pads. The Manhattan distance
is the orthogonal distance between 1wo points calculated as delta X
ples delia ¥0)

Crosa-Rafzrence

!
]
Scction 14.1(} ’ ‘

Nets Routs

Description

Routc s conncction intcractively. This command lets you erlacc a
displayzd conncction (which cxsts only as a routing aid) with a
senies of tracks and vias (if necded).

When running the Nets Route command, firsl poition !hé cursoe
on the a displayed connection and pres <tehMouwe > or
<Enter>, M there is no connection at the specified location, the
computer beeps. I there is a connectum, Tango-PCB detcrmines
the ncarest endpoint [or The connection and checks W the endpoint
is 8 anrface pad. '

Cross-Peference

Kection 14,01

19 2d
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TEILTL e T 7T

utlpui Apertures

Output CAM
lets Verity
Description
Description

Vl.'.l”y that the electrical connedtions for all displayved rowted nuts
maich the connections in the net st The commandd verifies cach
act o a node-by-nadc hasis. H it finds a short (i pode that does
not helong in the net) or an open (4 missing aode), the program
displiays an error, The venfication process stops so you can corrcct
the problem.

NOTE: The Nets Verily command verifics all currently displayed
ncts.  Befoce running this command, you aced to run the Neis
 Display command to disphay (show) the nct(s) that you winst o
venly,

Cross-Reference

Scction 152

Description

Sctup the aperture wheel and tool deseriptions and then map the
apetture and tool settings to items on the PC-board. The first
dialog box lets you descriie the aperture wheel (for photople
fics) and 1eols (for N/C daill Tiles). For cach aperture whyel
position, enter the drafl code, the shape, the X and Y Jdimensions,
the hole diameter, and whether the aperture is 1o he flashed,
diawn, or both. You can also enter a hrief comment. For cach
tool, catee the tool number and the hole diamceter.

Afce setting up the aperture wheel and ton! descriptions, click on
OK 1o display the Assign Apertures dialeg box. e this bux, you
map the aperture and toul scttings to itcms on the I'C-board.

Cross-Aelerence
Scction 173, 182

®

Generate a Gerber-format photoplot file ar Excellon-companble
N/C dnll file Ty the current PC-board. The fiest Outpul CAM
didlog box lois you configure the photoplot and N/C dreill
tanguages to match your burcau’s equipment. In the sceond dialog
box, you can choosc from a varicty of setup options for the files,

Aftcr sclting up a file, click on the Add pushhution to add the fife
to the CAM File Qucuc list bax, Click on OK 0 gencrate the files
marked by an asterisk in the CAM File Queue list box, I you
sctect N/C Drill {or the buard Tayer/item, Tango-PCB gencrates
an N/C dalt file. I yon sclect any other laycrs of tems, the
program gencrales a photopled file,

Cross-Referenres

Scction 174, 18.4

Output Plot/Print

Description

Mot or print the current PCB Die, or generate output files in
PostSeript or DXF format.  You can sclect a vanety of sctup
options, including: the printer and plotter drivers, communications
ports, ploiter pea settings and printer colors, scale, X and Y
correction, board layer or layers (il printing a composite), outpul ‘
filename (if sending to a filc), plot/print quality (final for artwork
or draft for check prints), and the X and Y olfsers for the plotter

pen.

To intcrrupt p!uuing,’ptiming. press < RightMoute> or <Bise>,

" The program then prompis you to continue or cancel the Quiput

Plot/Print command.

Croen-Raforence

Section 162

N . \
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CHAPTER 2D

Output Reports

Description

Generate a varicty of reports for the current I'CB file. You con
wleet one o more of the following, types ol reportss Apertuic

Information, Bill of Materials, Component Locations, Library

Contents, PCB Componcnts, Statistics, and Design Rule Cheek.
At your request, the program scnds the report(s) to a punter of
Me,

Click on OK 1o pring the specilicd eeport(s). Click on Cancel 10
cancel the Guipul Reparts command.

Cross-Reference

Section 160

S

Mars Are

Description

Place an arc on the current tayer. To define the are, the program
prompts you to first position the cursor at the desired center poimt
of the arc and press <LeliMouse> or <Enter>, The program
draws a cieccle and radius at this puint. Muve the cursor (o cxpand
the circle fo the desired radius of the ase. You can sl move the
line that indicates the radius to the start of the desired arc, called
the start angle. (The start angle is measurcd counter-clockwise
from 3 o'clock on the cirele) Preas <lefthMouse> or < Enter>
again o fix the radius and dart angle. The program rcdraws the
circle, this time displaying an outline of the are’s tine width,

Move the cursor now to define the sweep of the are, which s
disnlayed dynamically on the screen.

Crons-Asference

Sechon 10111

LTI ¥

i

B

Place Rlock Copy

Description

Copy all items containcd entirely within a block. Tango-PCH
prompis you to first define the Mock by pressing < LefiMouse > or
<Enlce> to mark twa diagonally opposite corners of a reclangular
arca. The program highlights the defined block, :

After you select the reference point, use the mouse or arrow keys
t5 move an outhac of the block across the screen. Press R 10
rotatc the block N deprecs areund the reference point. Each time
you press < LeftMouse > or <Enter>, Tango PCB places » c:»;ry
of the hlock at the current cursor position. Press < RightMousc >
or <Esc> to1crminate the Place Block Copy command.

Cross-Reaterence

Section 113

Place Component

i
|
;
.

Description

+

Place a component pattern. Select the patiern from the specified
library and entcr its reference designator, type, and value (for
cxample, Utd 0.25W RES, 4.7K). Press R (o rotate the outline 9
degress. Press F 1o flip {mirror) the pattcrn (which is uscful for
surface-mount designs). To fix the paticrn in its current Iocation
and orientation, press < LefltMouse > or <Enter >,

.
' ro.
.

Cross-Rafernnce . ‘ .

Section 113 i !
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AP rER 20

Place Deslignator

Description

Assipn rn designators to a sct of pads or efenenee desipnators
a st of components. When asuigning pin designators, the Place
Designator command s generally wsed whicr placing 2l the
primitives in a8 pew compuncot patteen and before ruaning the
Lilwary Add command 1o add the new pattera to the cursent
hbhrary,  When placing icfoience designators, run the Place
Deagnator command alicr placing the component(s) on the board,

To asipn pinfreference designitars, Oirst press < LeltMouse > or
<Vnter> to display the Place Designatar dialog box. Seleot the
Depator type (pin o reference designitor). For the designanor
templite, eoter up o 1S alphanumerie characiers and i least one
# {nomber sign), When you ausign pin/relerence desipnators,
THiese 4 symbols will be eeplaced by a value determined by the

intial valuc and the increment.

Afier entering the dialog box valucs, click on OK, The program
peompts you to click on the desited pad (for pin desiprators) oe
component {{or teference designators),

Cross-Reference

Scetion 11,51, 12.4

Place Fill -

Description

Phice an area fill (a rectungular regron of copperY on the cnreeny
Vaves Tango-T"CH nrompts you Lo pross < Leitddonse > or
< Lter > to mack Awo diagonally apposite cornees of the azea Gl
The arca Bl s disployed as a0 solid rectangle. Prons
<MglitMouse > ot < Esc> to cancel the Place Fill commantd.

\ Cross-Relerence
O

}i Sedtion 1041

Placea Pad

Dascrintion

Place a pad of the cureent pad 1ype on the workspace. The currem
ped tyne, which is shown on the prompt tine, is defined using the
Current Pad command or by selecting a pad catry from one of the
custom Place Palettes.

To place a pad, first press<leliMouse> or <Enter> to display
an outline of the curreat pad type at the cursor location. The pad
outline maves with the cursor.  Type R to rotaic the pad 90
degrees. To fix the pad in its current focation and orientation,
press <LefiMouwse> or <Enter>,  Press <RightMouse > o
<Esc> 1o cancel the Place Pad command.

Croas-Rafsronce

Section 8.22

o rracesuing

Description

Place a siring of the current string type on the wnrkspace, The
current string 1ypce is defincd using the Current String command or

by sclecting a string entry from one of the custom Place Paleties.

Press R to rotate the string ™ degrees counter-clockwise. Press X
or Y to flip (mirror} the string along its X or Y axis (which is vseful
for surface-mouet designs). To lix the string in its current Incation
sad oncatetion, prew <beftMouse> o <Fnter>. Press
«MightMousz > or <Dise> (e cancelthe Place Stniag command,

Crozs-Patarence .
Section 10.2.2

2011




CHAPTER 20

Ptace Track

Deacriplion

Placc nnc or more fracks of the cureent track width on tbe
workspace. The current track widih s defincd using the Curecet
Teack command or by sclecling a track entry from one of the
custem Place Palette.

To place a track, first press <leftMouse> or <Enter> to fix a
pivot* point at the current corsor location.  As you move the
cursar, the program draws a rubberbanding line from the pivot to
the cursor (see the section Setiing The Orthogonsl Made in
Chapter 9 for details). Press < LeftMouse> or <Enter> to place
the :-ack. You can conlinue to place tracks, cach onc starting at
the cadpoint of the previous track.  Press <RightMouse> or
=ixe> 1o lerminate the Flace Track command.

Cross-Relarence

Secnon 9.3

?lace Via

N

£C

Description

Place a via of the current via type on the workspace. The current
via typc, which is shown on the prompt tine, s defined using the
Cutrent Via command or by <clecting a via entry from one of the
custom Place Palcites.,

To'place a via, first press < LefliMouse> or < Fnter> to dieplay an
autline of the current via type at the cursor location.  The via
vuthine moves with the cursor, To Nix the via in iy current focation
and  onentation, press <befiMouse> or <Enter». Press
< RiphtMouse > or < Cse> to cancel the Place Via commamd.

Cross-Relerence

Section 832

e B B ———

B

Setup Communications

Dascripticn

Configure the senial communications ports (COMT andl LTQMI)
for printing and plotting. vou can sclecl the baud rate (in the
iange of ¥R) threaph oY), parity {(Nonc, Bven, or Odd), numtne
o data hits (7 Bit, or 8 Bits), numbcr of stop hits (1 it or 2 Bus),
and 1he handshake protocol (Hardwire or XKON/XOFF)

.

The scrial port scttings will be in clfect for all subscquent output
opcrations.  When you cxit Tanpo-PCB, these scltings abe
avtamatically saved in the file PCBINID and lovaded ihe ncn:limc
you w1art the program. You only have to change the scttings if you
change plotters or printers.

Cross-Ralcrencs

Sechinn 101

" the Outout Reports command and cnable the Desipgn Rule (;.hcct

@

Setup DRC

Description :

generating 8 DRC report (using the Oulpul Repuorts command).
You can enter the mintmum Pad-10-Pad, Pad.1o-Track, and T.”Kh'

lo-Track clesrances allowed on cach of the six signal layers.

Sciup the design rulc.check (DRC) parameters, in preparation of

You can also specily which conditions arc 10 be cheched far, Once
the parameters for the DRC are r<ahlishcd with Sctup DRC, run

]

fcm‘.‘l’l. L. i ‘.|

.
i

You do not have to have a act st doaded (o produce 3 nRe”
reportl.  However, without a nct liss oaded, the DRC repot wall
not contain any Net List Viohilions, since there is nod a nel Iu.? for

comparison to the tarand. :
' |

Croag-Ratnrence

Section 1531 .

P A



CHAPTER 20

Selup Display

Description

Enablc and disablc the display of individual PC-hoard layces and
items (including through pads and vias); wrn the visible grid va or
ofl; and, select the cursor shape (arrow, small cross, or larpe
CrOss).

In the Sctup Display dialog box there is a small box of color next o
cach layer fictd. This box shows the displsy color lor the layer. If
the cofor box s sobid, the Jayer is cnabled. To change a color for
a ficld, click the mouse oun the hicld name,

Cross-Relerence
.
Scction 7.14, 7.15

Setup Grids

AC

Description

Sct the size for the three workspace grids (ahsolute, relative, and
visthic} and set the soap grid 1o absolute (the defavh) or reltive,
As an alicrnative (o the Sciup Grids command, you can also set the

soap grd by clicking the mouse on the stitus hine's Goad Gebd o by

tvping G,

Yuou can only move the cursor o a puint on the snap grid. When
the snap grid is set o absulute, the X, ¥ coordinates are displayed
in parentheses on the status fine with the origin (0,0) at the lower-
lclt corner of the workspace. When the snap prid is set to rebative,
the program prompls you 1o sctecd the selative grid ongwn by
positioning the cursor and pressing, < befiMouse > or < Bnter>.

The vinble gred is for scference anly,

Cross-Relerance

Scctw 12

TUsRA Ry T

Setup Cntinnn . |

Description

Fnable or ditablc a varicty of Tango-PCB options, tactuding
Orthogenal mailes and Drag Signat Tracks options.

The Oithogoral mades determine the mode for. placing tracks im
th: board. With the Octhogonal modes, you can only place tracks
that acc horizontal, vertical, or at 45.degree angles. These modes

are mn ellect for the I"l:u:g: Tracks, Move Reroute, and Neis Route
comm ands, : . '

ar N . .

You can also specily \_uh‘c_lhcrﬂm- not <ignal tracks arc 10 be dragged
(rubherhanded) with the Move Block, Move Componcnt, or Move
Track commands, '

Cross-Relerence

Sechion 95 116, 812

Setup Paletie

Descrintion

Set up the custom Place Palcttes. Tango-PCB provides up (o five
custom Place Palettes, bibeled PLACED through PLACES. You
can add pad seing, track, and via information o these palestes.
This altows you to have & numixr of item types, such as pad sizes
and track vadths, at your fingertips for quick pacement.

The number of custom Place Palettes is detcrmined by the pum’ 21
of tems you add to the paletics. Each palcuie is one fine in size. *F
you add more items then will Tt on onc lfine, Tangon-F{B
automatically creates another custom Place Paleute.

Cross-Re'erence

Scetion 152
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CHAFPTER 20

Undo

Description

Undo the previous cditing command, The Unde cnn-:m:ajul
restores the PCB 1o its status prior to the last Detete, Edis, Fite
Laad (Ioa'dinp, a block only), Mave, Ncts Boute, or Place
command. You can only undo the last command. The Undo
command makes it casy to change your mind of (o recaves from i
mistake,

You can also undo the previvus cditing command by clicking the
maouse on the Undo hot spot or typing U.

Cross-Relerence

Scchinn 5.5

Zoom Al

ce

Description

Display the entire 32-inch by 12-inch workypace.

Cross-Reference

Seclion 6.6.1

IJ'

COMMANDS

Zoom Board

Description

Display th= cntire PC-board. The 7oom level is adjusted so that
the PC-board Olls the scrcen. The program displays only the
enabled laycrs of the board.”

Croas-Ralarence '

Scction 6.6.2

Zoom Center

|
Deacription j
|
Re-center the display. The program fust displays a rectangular
zownn window that indicates the sercen area at the current 7oom
tevel, This window ss the same size as the scrcen. By moving the
cursor, the borders of the, window can be moved off the screen,
letting yorr zoom sections of the workspace that arcn’t currently
displaycd. ‘ ‘

You can initiate 8 quick Zoom Center at any time by simply
pressing the "C key on your kevbaard, This s capecially handy fur
panning quickly across the hoard. :

t
This command is wsefud if you want (0 display 3 scarion’ of the

warkspace that is currenly off-screen. Press <RightMouse > o
<Esc> to canccel the Zoom Uentes commanid, '

_ Creas Reference

Scaion 6,63



