. ..... ;;lmuii"p

™

s -;._'_'"_'E;'T Ab e

1y

FACULTA

D DE INGENIERIA U.N.A_M.

DIVISION DE EDUCACION CONTINUA

CAD

Hin

LA IS
3. 870043 Mz

20K T {mmer

AF GAlN

€17 vhi

R na + +
e e ol +'5 vhe
sax | «1% voc
? t.rlwu
u2
0 \ &
¢ I. s - ﬁﬂ
(A ) ]
5.6 ur Lo
a1}y
[
Jt e o -3 vae \5‘2
—AAA VA I
nv-:: 4 -
Hig | '

—1-oz8
[ =
[ LE .

83 oHae

INAANE D35

= U054
Eas
P43

0 ofF ¢

& fl:] *R3!

CIRCUITOS IMPRESOS

MARTIN PEREZ MONDRAGON
MA.DEL ROSARIO GONZALEZ AGUIRRE

'alacio de Mineria

Calle de Tacuba b

Primer piso

Deleg. Cuauhtémot 05000

México, D.F.

Tel.: 52140-20

Apdo. Postal M-2285



OBJETIVOS o

-

-
) \ EREEY

| ) Proporcionar los elementos necesarlos para dlsenar un ClI‘CUltO Impreso
empleando como herramlentas los sistemas OrCAD y Tango -Plus. B

I} Proporcionar las bases para lograr la interfase entre.Software para Dibujo
(AutoCAD), vy el procesador de texto (Word 5.0) a: partnr de la informacién
proporcionada por OrCAD y Tango-Plus.
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INTRODUCCION

TR !
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(1 orr
: Algunos de los snstemas de computacuén méas avanzados que se emplean hoy en dia,

A..»r—:,,

se disefian contamplando Ia generacuén de desphegues gréficos, reconociéndose asf al valor

=*  1:de una-magen como un medio eficaz .de comunicacion.
R S A R Wi R AT S i
eET G . R e . S i
Practicamente, no existe en Ia actualidad ningun 4rea en la cual no se pueda utilizar

-

2 Ia graﬂcamén con; alguna ventaja,,st, se encuentran graficas en la mayoria de las apllcacmnes
T .en ciencia e mgemerra 58 basaron en equipos costosos y complicados, lo cual se ha
.y superado debido d-16%'adelantos refiistrados en computacién permitiendo asi acceder a la

-

graficacion como una herramienta Gtil y practica 3 bajo costo.

" Durante las fases de evolucién del CAD/CAM podemos identificar a finales de la
década de los 70's, .la mtegracnén de la graficacién por computadora al proceso de disefio,
- ongmando e! crecm';ner;to de Ia tecnologfa CAD Computer-A.rded Design- o Disefio Asistido
por C‘omputadora Esta tecno[ogfa ofrece poderosas herramientas para el diseflo en
ingenierfa pemitiendo, entre otras cosas, agilizar el proceso de conceptualizacién, modelado,

SNNEE anéhs:s y documentacnén de - un producto con las etapas respectivas de retroaliméntacion,
r formando asr yn ambiente de control de ciclo cerrado que contrasta con los mecanismos

w L

tradncuonales de dlseno

La mfluencaa de la tecnologfa CAD ha alcanzado las &reas de eléctrica y electrénica,

con eJempIos como el disefio de circuitos electrénicos empleando sistemas interactivaos

_basados en iconos gréficos para la representacién de los diferentes componentes, con lo
;

cual un disefador puede construir un circuito, agregando compoentes en forma sucesiva

extraidos de una Base de Dato Ademds, el despliegue grédfico puede emplearse para
_l'__Lh' - J-? LY I

comparar c:rcuutos equwalentes con la finalidad de minimizar el nimero de componentes o]

IV iy

- b_aeiq_,r.:para llevar E:Eab" una mayor integracion.



INTRODUCCION AL DISENO ASISTIDO POR COMPUTADORA

AN
' :

El Diseiio Electrénico Asistido por Computadora (DEAC o su equxvalente anglosajén de
CAE) podemos considerarlo como una rama espeaﬁca del CAD!CAM de txpo general

Las principales aplicaciones del CAD/ CAM se cjan?en dos campos de acciénprincipalmente:
EL MECANICO Y EL ELECTRONICO, dominando el primero con un 50% el mercado,
mientras que el disefio electr6nico alcanza tan solo el 19%, (_segli'n datos referidos al 1988).

experimentado, alolargode 1989, una sene deuniones, fusmnes y alianzas entre empresas del sector
que posibilitan la oferta de una serie de productos capaces de funcionar en entornos mds amplios.
. !
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« EVOLUCION DE LAS COMPUTADORAS PERsoNALEs Y WORKSTATION

,i
. .41'

A principios de los 70’s, surgen a partir de las nece51dades de fabncantes de electrémca 6
mécanicos, las herramientas CAD, las cuales han expenmentado ev1dentemente grandes
cambios de acuerdo con la tecnologia. S -

Durante esta década se empleaban las minicorﬁputadora§ alas cuales_se co'nectabah terminales
que servian a programas funcionando en "Batch". En 1971, INTEL introdice el pnmer micro-
procesador, el 4004 y en 1974 presentaba el 8080, por otra parte MOTOROLA presentaba el
X6800. ST

A principios de los 80’s APOLLO crea la estacién de trabajo (WorkStations, con' el un
concepto novedoso de potentes gréficos y red local produc1éndose el cambio de CAD a CAE
(Ingenierfa Asistida por Computadora), donde el software desarrollado permitia al ingeniero
Concebir, Disenar, Simular, Modificar, Verificar y Documentar un circuito en una placa de
circuito impreso, desde una potente maquina colocada en su mesa de trabajo. : -

Por otra parte, a finales de los 80’s, surgen las tecnologlas de mtegraglén RISC Y CISC
poniendo a disposicion del fabricante de software mﬁqumas sin, 11m1tac1oncs tecnoléélcas capaces
de desarrollar aplicaciones mds complejas, de tal manera que Tas actuales PC’s: equipadas con
80386 o 80486, se comparan tanto en prestaciones de la CPU como. en precio con las actuales
WoskStation, dicho términe se encuentra ligado indisolublemente cada vez que se habla de CAD/

CAM/CAE/CIM. S

- e i -
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"TIPOS ‘DE MAQUINAS
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- NIVEL TECNOLOGICO

Caracterlstlcas A
3 H 1

NIVEL DE APLICACION
Caracteristicas

* Los estdndares 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 grificos,

* En arquitectura, la PC comienza con 8 bits
y crece hasta 32 bits, prevaleciendo en la
actualldad los equipos con CPU de 16 bits,

.. mientras que en las WorkStation, la mayoria
son de 32 bits y algunas de 64 bits.

o Las ventajas de un WorkStation suelen
_estar siempre por encima de las PC, aunque

el auge experimentado por las maquinas con

Emre las ventajas que han meJorado las

- estacmnes de’ trabajo respecto a las PC’s son

algunas de las mguxentps mayor definicién a
mvel de gréﬁcos lentitud de visualizacién,
. llmltado margen de direccionafmiento de la
r memdria baja potencia de cdlculo de la CPU
y bajo mvel de conectmdad )

5‘: voRe I

386 y 486 ha igualado el nivel de prestacioneq.

* 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
WorkStation es por 10 general, multiusuario.

b
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EVOLUCION A MEDIANO PLAZO EN CUANTO A NIVEL TECNOLOGICO

Y NIVEL DE APLICACION.

ARQUITECTURA

GRAFICOS

SISTEMAS OPERATIVOS

Tienden hacia el nuevo

Aparecen los primeros

PC| bus estindar EISA sistemas en 3D asf.como
(MicroChanel de IBM) sistemas capaces de __
y CPU 80486. manejar mds de 100000
) vectores por seg. en 2D¢
W | Tienden a una mejora Incrementa sus ventajas. -
"O | enloschips, asi como en 3D en tiempo real .,
R | laejecucién de multiples | con capacidades como
K | instrucciones por cada fotorealismo.
S | cicloderelgj.
T
A
T
1
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Se estandariza tantoUNIX
como 0S/2 en los dos equipo
mientra$ que en interfases de
“usuario, vemos como el MOTIE|:
" empieza a incorporarse al ;
" mundode las PC a través de

3
-
e
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e JUSTIFICACION Y NECESIDAD DEL CAE,

t

En la actualidad los objetivos basicos de toda empresa en el entorno econémico 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 t1empo empleado desde la

especificacion hasta la puesta en el mercado del producto; asi como mcrementa: la CALIDAD del
producto..

l
s, 5 }
.‘ - ‘.'.f:.‘: ) L “..‘.‘('

En este tipo de técnicas es donde el CAD/CAM/CAE ha puesto de rehevp la 1mportanc1a de
automatlzar inform4ticamente cualquier proceso industrial ‘desde el. dlSCﬂO has;a 1a manufactura.

Dicha informacion incide de forma directa sobre dicho proceso de vanas formas:

* Reduccién de tiempos y sencillez en la etapa de disefio, © <~ ¢ o+ 7S

* Seguridad de un correcto funcionamiento ya que se ha simuladorel protonpo sin necemdad de

" elaborarlo, ;
PO R A A (N

* F4cil integracién sin problemas adicionales, dentro de un proceso en scne para su manufactura.

Lo e Yhes ""I

* Obtenci6n de un producto econémico, de 6ptima calidad y en el menor*tlempo posible:



R " El proceso tipico de fabricacién de un determinado producto electrénico podemos sinteti-
P zarlo en las siguientes fases:
* Construccidn del Prototipo

* Pruebas y Puestas a Punto del Prototipo

" - * Elaboracién en Serie del Producto Final

¢ 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-
cién en los usuarios: Un buen programa de dibujo, nobastaba; era necesario un sistema que disefiard
el producto desde el principio (Diagrama Esquemdtico) hasta el final (Placa de Circuito Impreso
Terminado) siguiendo Reglas de Diseiio.

Como sonsecuencia de estas necesidades surguieron los paquetes de CAE, cuyas reglas de
... disefio referidas al CAE elect_r(jnicp, se mencionan a continuacion:

Captura de Disefios Esquemdticos

Diseiio de Clrculgos Analdgicos y Digitales
Slmulacuin Légicas y Analdgicas de Dichos Circuitos
Anilisis Térmico

Diseiio ‘'de la Placa de Circuito Impreso (PCB)
'Proceso de Electromecdnica.

L IR R B

.« _VENTAJAS EN'EL USO DE PAQUETES CAE

Facilidad y Comodidad en el Disefio

Répidez, Exactitud y Uniformidad en la Fabrncacuin
Alto Porcentaje de Exito

Eliminacién de la Necesidad de Prototipos
Aumento de la Productividad

Productos mas Competltwos

gl st
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e PRESENTE Y FUTURO DEL MERCADO CAE

...+ .. Se considerd hoy en dia que mds del 30% de los disefios industriales se realizan con
' herranuentas CAE Empero, debidoa lamayor complejidad y competitividad del mercado, se prevee
que antes del afio 2000 el grado de utilizacién se aproximar4 al 80%.

2

W
- e

TLos costos asociados a la deteccién de errores en el desarrollo pueden representar hasta 1000
veces més.si s detectan en una fase final del producto que si se realiza en las especificaciones.



El factor tiempo también repercute.de forma. prioritaria en el desarrollo de prototipos. Los
circuitos son cada vez mds complejos, desarrollando mayor niimero de funciones, por lo tanto, deben
disefiarse en un menor plazo de tiempo. La competencia es cada dfa mayor y el t1emp0 de lanzamiento
de un producto es primordial al momento de conseguir mayores beneficios. -

¢ CARACTERISTICAS ce o

Las caracteristicas de cualquier software de CAE partiendo de la base del CAD, podemos enfocarla

bajo dos aspectos: \- o
i i
* Comun

* Especifico

y en cada uno de estos aspectos, dos niveles:

* Hardware
* Software

Caracteristicas comunes a cualquier paquete de CAD : D

s

*» HARDWARE:

* Necesidades de tarjetas gréficas y monitores que presenten una resoluc1én y color adecuados
respectivamente EGA, VGA, SuperVGA.

¥ Lk

* Velocidad de ejecucién y presentacion de gréficos, lo que nos obliga a trabajar con equipos AT como
minimo (80286 12MHz), y para graficos muy densos, utilizar coprocesadormatématico.

* Periféricos de E/S adecuados. Ratones y Tabletas dngntahzadoras a la entrada . por otro lado
graficadores e impresoras ]aser a la salida.

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

s SOFTWARE: '
* Herramientas gréficas adecuadas (Menus tipo persiana con seleccin de opc10nes mediante ratén,

menus de fconos, procurando dejar el maximo espacio libre de pantalla) .y ‘

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

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

* Facilidad en la colocacidn, copia, borrado, y desplazamiento de objetos

* Mentus de Ayuda (On-Line) y de configuracién lo més ﬂe)uble p051b1e (dl’lVFl' sde todo tlpo ) de forma-
que no exista restrinciones en el uso del equipos



* Libreria deobjetos, 1o mds 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 —

* Recomposicion automadtica de lineas de conexién

* Numeracion automdtica de compbnente‘s
* Incorporacién de uno o més verificadores de normas y reglas eléctricas
* Conversion de esquemas de versiones anteriores

* Simulacién de los circuitos disefiados

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

* Andlisis térmico

* Interfase para control numérico.-

<4

HERRAMIENTAS CAD REQUERIDAS POR EL PROCESQ DE DISENQ

Fase de Diseiio Herramientas CAD
Conceptualizacién : Técnicas de Modelado Geomeérico:
' Asistencia grdfica, Manipulaciones,
Visualizacion.
Modelado y Simuldcién Algunos como: Animacion, Ensamblado,

Paquetes Especiales para Modelado FEM.

Andlisis. . : Software para andlisis; Paquetes de Acuerdo
ala Necesidad, Paquetes Comerciales

Optimizacién . Optimizacion Estructural

* [Evaluacién - ‘ -V Dimensionamiento. Tolerancias, Especificaciones
del Matrerial, Control Numérico.

Comunicacién y Dibujo y Detalles; Ensamble de Piezas
Documentacién




IMPLEMENTACION DE UN TIPICO PROCESO CAD DENTRO DE UN:
SISTEMA CAD/CAM

Modificaciones
al Diseiio
'y

Proceso de Manufactura



CICLO DE PRODUCCION TIPICO

PROCESO DE DISEN

SINTESIS PROCESO CAD

Proceso de ,
Manufactura (Mercadotecnia)
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OrCAD

Es una herramienta para disefio esquemdtico. Su Ficil uso de mends permite la
creacién, edicién, manipulacién, almacenamiento e impresidn de esquemas electrénicos.

DRAFT: Es un editor esquemas de OrCAD, gue permite crear, editar y salvar hojas
esquemadticas. Ademas carga los manejadores de los dispositivos periféricos necesarios
como: impresora, video, graficador; asi como las librerias necesarias.

NOTA: DRAFT/C se emplea para configurar el sistema.
Dentro de las caracteristicas de DRAFT se incluye:

- Acceso a mds 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 automdtico de |la hoja de trabajo
- B niveles de acercamiento
- Niveles ilimitado de jerarqula

" - Directorio de librerias

- Busqueda de cadenas

--.0pcién de orientacién textos (verticales y horizontales}
- Soporta cinco tamanos de hojas de trabajo
- Etc.



LIBRERIAS

Inciuye librerias muy extensas de las méds comunes en la industria, tales como:

- CMOS

- MEMORY ‘
- ECL '
- DISCRETAS

- ANALOGICAS

- MICROPROCESADORES

- DISPOSITIVOS PERIFERICOS

- ALTERA

- ETC.

UTILERIAS

TREELIST: Rastrea la ofganizacidn jerdrquica de las hojas 'y despliega su estructura,
nombre de la hoja raflz asf como las asociadas a ésta.

ANNOTATE: Actualiza automaiticamente cualquier componente dentro de un disefio
esquemadtico , numerdndole de forma correlativa, si  éste se ha incluido al disefo
esquematico. Actualizando en nimero de pines asociados a dicho componente.

PRINTALL: Imprime una hoja esquemdtica o grupo de hojas esquemdticas utilizando una
impresora. . ’

PLOTALL: Imprime una hoja esquemdtica o grupo de hojas esquemdticas utilizando un
graficador.

PARTLIST: Reporta todas los elementos utilizados en el disefio esquemdtico o grupo de
hojas esquematicas (disefio jerdrquico).

ERC: Lleva a cabo una verificacién de reglas eléctricas comunes, para advertir si existe
algun error como, p. €. entradas sin sefal, pines desconectados, etc,

NETLIST: Genera un archivo (NETLIST)} adecuado para ser capturado por un programa de
colocacién de componentes {PCB}, en diferentes formatos, empleados por programas de
PCB de los mds usuales.

BACKANNO: Actualiza las referencias correspondientes a componentes que han sido
agregados o modificados dentro de un disefo esquemitico después de la ejecucién de
Annotate

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

CLEANUP: Verifica las conexiones, buses, uniones, etiquetas y cualquier objeto, mostrando
mensajes oportunos cuando detecta algun elemento gréfico duplicado, borrandolo. )



kS

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

FLDATTRB: Modifica los atributos, (referencia, valor y campos} de los componentes que
integran un diagrama esquemadtico, ya sea de bloques, jerdrquico o simple, haciendo que
estos sean visibles o invisibles,

FLDSTUFF: Modiiica los atributos (referencia y campos ) de aquellos componentes que han
sido definidos a través de un archivo tipo texto y que previamente han sido combinados
mediante KEY FIELD.

LIBARCH: Permite crear una libreria fuente a partir de sélo los componentes empleados en
un diseiio esquemadtico..

SIMPLE: Convierte disefios jerdrquicos complejos en jerarquias simples.

XFEROVL: Transfiere informacion de configuraciéon desde una versidon a otra del archivo
- ORCADSDT.QVL. Esto s6lo es posible con versiones de OrCAD/SDT Il superiores ala 3:12.

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

COMPOSER: Es un compilador de tibreria; se emplea para convertir la libreria de archivo
fuente (formato ASCI) en libreria de archivo objeto para ser utilizada por DRAFT.



REQUERIMIENTOS DE HARDWARE

A continuacién se detalla un configuracién minima para que el sistema funcione con
un rendimiento adecuado:

* Una computadora PC/XT o AT 6 compatibles.

* Coprocesador matemdtico opcional

* 640 Kbytes de RAM.

* Sistema Operativo MS-DOS mayor a ver. 2.0.

* Disco duro de 20 Mbytes minimo de capacidad.
* Tarjeta gréfica recomendable: EGA color.

* Uno o dos puertos serie (para ratén y plotter).

* Un puerto paralelo.

* Ratén.

* Graficador HP o compatibles.



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

PRINTER.DRV
(Manejadores de: tarjetas grificas,
impresoras, graficadores)

|

CMOS.LIB
DEVICE.LIB
INTEL.LIB
MOTO.L1B
TTL.LIB
ECL.LIB
ANALOG.LIB
MEMORY.LIB
ETC.

Directorio para los disefios esquemidticos

CONFIGURACION RECOMENDADA PARA DISCO DURQO.



Schexmatic Design Tools PLOTALL

6.9 FLOTALL
Purpc:s::

Plcis a group of schematic sheets which may be a hicrarchy, flat
fil+, one sheet file structure, or an annotation file. As an option,
gridreferences may be specified.

Formzt: PLOTALL sowrce [destination) [/A][/C][/:E]UF][/G]VO][/Q]
Remz:ks:

Tt.2 source may be either the root sheet name of a hierarchical file
stracture, the name of a text file in a flat file structure, or the file
" nzme of a one sheet file structure,

1 the source is the name of a text file in a flat file structure, the /F
switch must be included. If the source is the file name of a one sheet
file structure, the /O switch must be included. If the source is the
arinotation file created by the ANNOTATE program, then the /A

- switch must be included on the invocation line.

The destination is any valid DOS path name and is where the oulput
of the program is to be placed. 1f a destination is not specified, the
output of the PLOTALLprogram is directed to the serial channel
specified in the plotter configuration (refer to Section 2 for
configuration information).

“The /A swilch causes the PLOTALL program 1o read the source-
‘path as 2n annotation file.

- The /C switch causes the configuration nient 1o be invoked. This
. allows the OrCAD/SDT environment to be modified.

The /E switch causes the utility program 1o display the message
"Type Any Key To Continue™, enabling the system to pause for you
to remove the DR]VER/LIBRARY dlsk in dnvc B and inscn the



PLOTALL _ Schematie Design Tools

SHEET disk. This switch is used only on systems with two floppy
disk drives.

The /F switch causes the PLOTALL program to read the source as
atext file, for ﬂa: file structure applications.

The /G switch causes GRID REFERENCES to be mcluded in the
sheet when plotling. -

The /O switch causes the file name of the source to be read as a one
sheet file structure.

The /Q swilch causes the PLOTALL program to run "quietly”.
This means that only the invocation messages and error messages if
any, are displayed. If this switch is not specified, the program wrll
display intermediate tracking activity.
6.9.1 Invocation Examples Using Hierarchical Structured Files
1. To plot sheets in a hierarchical schematic:
PLOTALL r'oot sch’
Wherse root.sch is the path and name of the root sheet m the
hlera rchy. :
- 2. To plot a sub:sheet in a hierarchical schemalic:

PLOTALL subsheet.sch /O

Where subsheet. sch is the path and name of the sub-sheet in the

hicrarchy, /O signifies that the subsheet.sch ﬂ]c name is a single sheet. -

6.9.2 lnvocahon Examples Usmg Flat File Struc!ures

1. To plol a ﬂat file structure containing muIl:ple sheets:

: 'V 6_76 '. oL



Schematic Design Tools PLOTALL

PLOTALL flatfile.1xt /[F
Where flaifile.txt 1s a text file containing a list of schematic file names
to be plotted; /F is used to signify that flatfile.txt is a text file.
2. To plot one sheet in a flat file structure:

PLOTALL shectname.sch /O

-

Where sheetname.sch is the naine of the single sheet in the flat file
structure, /O is used to signify that .shccmame schis a single sheet
schematic,
6.9.3 Invocation Examples Using A One Sheet File Struciure
1. To plot a single shect schematic:
PLOTALL sheétname.sch /0
thrc sheemame.sch is the name of he ﬁmnlc sheet schematic, /O
is used 10 signify that shectname schisa smglc sheet schematic,
6.9.4 Invocation Example - Directing The Output To A File
1. To direct the output of the PLOTALL program to a file:
PLOTALL shectname.sch whafﬁle /0 |
Where sheetname.sch is the name of the <1|'1gie sheet schemntic,
whatfile is the path and file nameé to place the PLOTALL

information, and /O is used to swmfy lJnt shccmame sch s a single
sheet schcmabc -
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NOTE

The file whagtle may be sent to a plotier using the DOS
MODE and COPY commands. For example,if your
plotier is connected to serial channel 1, enter the
following at the DOS prompt:

COPY whatfile COMI:

For additional information on the MODE and COPY
cormmands, refer to your DOS Users' Manual.

6.9.5 Plotting Schematics Based on Annotaticon Files
1. To plot schematics based on the annotation file information:
'PLOTALL annotation.out /A
Where annotation.out is the output from the ANNOTATE
program, /A causes the PLOTALL program to read annotation.out
as an annotation f'lc

6.9.6 Setting Up The Plotter Configuration

To setup the plotter configuration, go to the DRAFT configuration
menu by entering the folowing from the DOS command line:

~ PLOTALL/C

Press the <P>.and <L> keys to configure the plotter drivers, scﬁél
channel, baud rates, parity and word length.

_ To configure OrCAD/SDT for the plotier driver, select the letter that
- corresponds to the plotier driver that you are using at the "Enter

Letter to Select the Plotter to be used->" prompt. If your plotter name
. ..does not appear, press <S> for Special. '
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When selected, the plotier driver name only appcars on the
"CONFIGURATION OF OrCAD/SDT” menu.

To modify the serial channel, baud rate, parity, or word lenath
configuration, press the colon <:> key at the "Enter Letter 1o Select ihe
Plotier to be vsed->" prompt.

Entera™1" for senal channel 1, or a "2" for serial channel 2 at the
"Channel 1 or 2 ->" prompt. :

Afier you select the serial channel, you may select the baud rate, - |
parity, and word length that is required,

To modify the baud rate, enier the Ieltcr that corresponds to the baud
rale you reqwrc at the "Baud Ralc ->" prompt.

To modify the parity, enter the number thal corresponds to the parity
you require at the "Parity ->" prompt.

To modifj {hc word length, enter the number that corresponds te the
word length you require at the "Word Length ->" prompt.

When _\,ou retum to the "CONFIGURATION OF OrCAD/SDT
menu, be sure to update the information by pressing the letter <U>.

Typical conﬁguralion for HP and HI plotters is as follows:
Baud Rate : 2400 or 9500
Parity : No Panty
Word Length: 8 bits
6.9.7 Plotter Cable Wiring Diagrams
_ The PLOTALL wiility program uses BIOS to communicate 1o the
serial port. It does nattalk to the hardware directly. This is 1o insure

compatibility to all PC’s and compatibles.

For this reason, additional wires othcr than TXD and RXD must be -
connected to 1mp1cmcnl hardware handshake.
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Figure 6-20 shows a wiring diagram that is }cc';uircd for connecting a
PC/XT (25 pin connector) to a plotter. Figure 6-21 shows a wiring
diagram that is iequired for connecting a PC AT (9 pin connector) to a
plotter.

Since this cable connects the TXD and RXD lines, it also works with
software that communicates to the hardware directly.

COMPUTER T PLOTTER
2 N
5 }—

\ '
A —7 1]

Figure 6-20. PC/XT 25-Pin Cable Wiring Diagram
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——

COMPUTER PLOTTER
B : . A
B2 —3 ]

Figure 6-21, PC AT 9-Pin Cable Wiring Diagram

COMPUTER PLOTTER
2 ] 2 ]
'
E—— B S
pAm— 47—
‘

Fig_urc_C-22. P_C./_X.T. 25-Pin Cable to 10line Plolier

6.9.8 Plotter Problems
Most plotter pfoblcms are ‘typica.l]_y a result of-incorrcctly wircd

-plotier cables. 1f you have difficulty with your ploiter, check the
following items before procceding or calling OrCAD:
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1. Wire the cable as shown in Figures 6-20, 6-21, and 6-22 above. If
your plotter works with another sofiware package, and does not
work with OrCAD, the first item to check is the wiring of your
cable. Chances are, the other CAD packages only require the TXD
and RXD signal linecs. OrCAD requires additional connections.

The cable must be wired correctly as recommendcd!
2. Check for an open in the cable by performing a continuity check.

3. Read your plotter manual to be sure you understand how the plotter
opcrates. Know how it is programmed for baud rate;parity, word
length, and find out what these settings are.

4. Check to make sure that the plotter baud rate, parity, and word
tength sellings correspond to the ploiter configuration
mformanon

For HI plotters, if data and parity do not match, the message:
"<<<error>>> Unable to read back from plotier”appears on the
screen,

5. Use DOS 1o send a plot file to the plotier. This will be useful for
isolating whether the problem is in the serial port hardware or the
plotter hardware. To do this, first send the workshcet to a plot filc
as outlined below:

PLOTALL shcetname.sch whatfile JO

Where sheetname.sch is the name of the single sheet schematic,
whaifile is the path and file name to place the PLOTALL
information, and /O is used to signify that shecmame schisa
single sheet schematic.

Then, use the DOS MODE command to configure the serial channel
as follows: :

MODE COM1:2400,N,8,1,P <ENTER>
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This assumes that you are using serial channel 1 (COM1) and have
your ploiter set for 2400 baud. For more information on the
MODE command, refer to your DOS users guide for
Asynchronous Communications.

Afier the serizl chzrnel has been configured, send the plot file to
the ploiter using the DOS COPY comumand as follows:

COPY whayfile COM1: <ENTER>

Where wkatfile is the name of the plot {ile.

- If the plotier works, this indiéa!cs the probiem may be in the p]oltc:l'
' cable (incorrectly wired), or the hardware handshzaking is
incorrectly set (check PLOTALL configuration).

.. If the plotter does not work, this indicates that there is a hardware
problem. Check the the following: scrial card, incorrect scrial
channel configuration, plotter hardware, or a cable problem.

6. If yours is an']Oline plollcr be sure you have PROM version 114
or greater.

6.9.9 Ouiput Scaling

OrCAD does not control the scale of the plotter output. Output scaling
is controlled cnhrcly by your plotier. Plotter scaling is lyplcally
controlled by the size of the paper used, P1 and P2 point settings (1P
plotters), rotation settings, and the default settings on the p!ollcr

Uf you change the size of the worksheets you are plotting, (plottinga C
size, then a B size worksheet for example) always RESET the plotier
when changing worksheet size. 1f you have funhcr sca]mg questions,
refer to your specific plotter manual.
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6.9.10 PloHer Hinls

When making a plot, use the proper pens and paper designed for the
plotter. Plotter paper has a "memory” to it. 1f ithangs on the plotter
bed for a peniod of time, it will stretch. This effects the registration of
the plot. Plotter paper is also temperature sensitive. Be sure that the
paper is at room temperature before plotting. The longer the drawing
lakes to plot, the more care must be exercised with the paper.

The configuration of the plotter includes the ability to change the
vclocity of the pens. When the pen can not draw at the speed the
“plotier is capable of moving, reduce the velocity. You will need to
consult your plotter manual for the range to sct the velocity, The
velocity can be set only in whole number values.

When you make a plot with different pens, the plotter has a
registration inaccuracy that must be considered. If you wish to have
the highest quality plot, always use enly one pen.

When you make a plot on a paper size that does not match the .
worksheet size, the plotier drivers will scale the drawing to fit the
paper selected. We do not recommend making a plot more than one
size off of the worksheet size since the width of the pen is fixed. For
cxample, you can plot a C size worksheet on B, C, or D and it will

work fine. If you plot an E worksheet on A paper, you will not be able
to read the writing. If you plot an Aworkshee{ onE sazc paper the bit
mappcd devices will be "grainy”. :

When you are dnrectcd by the program to change paper or pens, .
always wait until the plotier has finished the present plotting activity.
Before sending a plot directly to the plotter, be sure that the plotier is
on line, the pen(s) are properly set up, and the paper size is correct.
When you have a pen that must be manually changed, the PLOTALL
program will pause and inform you of the objects to be plotted with the
new pen,
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6.9.11 HP Plotters

The HP plotter family has a facility to set the comer points of the plot
and avtomatically scale the plot to be within these points. Thesc points
are called P1 and P2.

When you change the paper size, or at power up, these pounts are sel 1o
default values which depend on the size of the paper and the plotter's
margin requirements. You may reset P] and P2 to the outer most
boundary of the paper and the plot will be slightly larger.

If you plot on paper that is not the same size as the worksheet, you will
have to manually adjust the Jocations of P1 and P2 to correct for the
aspect ratio.

6.8.12 Hl PloHers

The HI plotter family does not automatically scale the drawing. If you
direct the output-of the PLOTALL program 10 2 file you will be
prompted, for each plot, for the paper size to use for the plot. The

_ aspect ratio s corrected for both direct-to-plotier and re-disecied-fo- -
file plots.

The HI 40 Series dcfaulls to 2400 baud, and the 50 Seres defauhs 1o
9600. .

1 - . :
Always check to make sure that the plotier baud rate, and data bit
settings correspond 1o the ploucr configuration (refer to "Setting Up
The Plotter Configuration™ above).

1f data and pant} do not match the message: “c<<emor>>> Unable IO
read back from plollcr appears on the screen.

Be sure that the p]oner_ is on-line before beginning a plot. The HI
plotiers do not have a means to set the velocity to the power-up-default.
If you change any of the velocity seitings of the pens in the
configuration, you will need to set them all. The velocity ranges can.
be found in the plotier operation manual for your specific plotter.
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6.9.13 Suppressing the Tille Block and Border

To suppress the title block and.bordcr of the worksheet, invoke the
Configuration Menu by entering "DRAFT /C” from the DOS”
command line.

Press <C> <T> to obtain the “"Color Table / Plotter Pen Table™. Atthe
"Command ->" prompt, press the <P> <M> keys. Then, press <9>
<9> followed by the <ENTER> key. The plotter pen is now
JIGNORED for drawing the worksheet title block and border.
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6.10 PRINTALL
Purpose:

Prints a group of schematic sheets which may be a hierarchy, flat
file, one sheet file structure, or an annotation file. As options, grid
references, scaled output, and wide paper can be specificd.

Format:
PRINTALL sowrce [destination) [/A][/C][/E][/]‘][/G][/O][/Q][/S][/W]
Remarks:

The source may be either the root shect name of a hierarchical file
siructure, the name of a text file in a flat file structure, or the file
name of a one sheet file structure.

If the source is the name of a text file in a flat file structure, the /T
‘switch must be included. If the source is the file name of a onc shect
file structure, the /O switch must be included. If the source is the
annotation file created by the ANNOTATE program, then the /A
switch must bc inc]udcd on lhc invocation line. .

The destination is any valid DOS path name and is where the output
of the program is to be placed. If a destination is not specified, the
ou;pu nf Lhc PRINTALL program is directed to the printer PRN.

The /7 -vnch causes the PRINTALL program to read 1he source
paLh as zn annota{:on file.

The /C_swnch causes the conﬂguraﬁdn_ menu to be invoked. This
allows the OrCAD/SDT environment to be modified.

The /E switch causes the vtility program to display the message

"Type Any Key To Continue”, enabling the system to pause for you
1o remove the DRIVER/LIBRARY disk in drive B and insen the
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SHEET disk. This smtch s uscd only on systems with two ﬂoppy
disk drives.

The /F switch causes the PRINTALL program to read the source as
atext file, for flat file structure applications.

The /G swiich causes GRID RI:FERENCES to be included in the
sheet printout.

The /O switch causes the file name of the sowrce to be read as a one
sheet file stucture,

The /Q switch causes the PRINTALL program to run "quietly™.
This means that only the invocation messages and crror messages if
any, are displayed. If this switch is not specified, the program will
display intermediate tracking activity.

The /S switch causes the PRINTALL program to generate scaled
~output. If this switch is not specified, then the pnnlcr will pnnt the
~worksheet in compressed mode.

The /W switch causes the printing to formatted for wide paper.
With this switch, the printing will be setup for 13" wide paper
based on the parameters of the panter driver. If the /W switch is
not present, then the printing will be formatted for 8" paper.

- Epson MX pnntcrs cannot print in compressed mode.

Therefore, printer output will always be in scale mode
even if you atternpt to print compressed. .

6.10.1 Invocation Examples Using Hierarchical Structured Files

1. To print sheets in a hierarchical schemiatic:

PRINTALL root.sch IS
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Where root.sch is the path and name of the root sheet in the
hicrarchy.

b

To print a sub-sheet in a hicrarchical schematie:
PRINTALL subsiiccrsch /O /S
Where subshect.sch is the path and name of the sub-shect in the

hicrarchy, /O signifies that the subsheer.sch file name is a single
sheet. ' - '

6.10.2 !nvocation Examples Using Flat File Slruclﬁres

1. To print a flat file structure containing multiple sheets:
PRINTALL flatfile.1xt [F
Where flatfile.txt 1s a texi ﬁlc containing a list of séﬁémnﬁc file

names to be printed, /F is used to signify that flasfile.1xt is a text
file.

2. To print one shect in a flat file structure:
PRINTALL sheciname.sch JO
Where shcemame.sch is the name of the single sheet in the flat file

structure, /O is used to signify that sheetname.sch is a single sheet
schematic. | '

6.10.3 Invocation Examples Using A One Sheet File Structure
1. To print a single sheet schematic:

PRINTALL .shccmar:;w.sch /0 /S
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Wrare shteeiname.sch is the name of the single sheet schematic, /O
s —scd to signify that sheetname schis a Smgle sheet schematic.

2. Tc direct the output of the PRINTALL program 1o a file:
PRINTALL slicetname.sch whatfile O
WWhiere shectname.sch is the name 6f the single sheet schematic,
wizagfile.is the path and file name to place the PRINTALL
_irformation, and /O is used 1o signify that sheciname.sch is a singlc
- shzet schematic.

NOTE

Since whatfile is a binary print file, it will consume an
extensive amount of disk space.

The file whatfile may.bc sent to a printer using the DOS COPY
Command. Forexample, enter the following at the DOS prompt:

COPY whatfile prn: fo

For additional information on the COPY Command, refer to your
DOS Users Manual.

. .6.1 0.4 Printing Schematics Based on Arjhotation Files -

1. To print schematics based on the annotaiion file information:
PRINTALL annotation.ouf [A [S
Where annotation.out is the oulpul from the ANNOTATE

program, /A causes the PRINTALL prezram to read
annotation.out as an annotation fle.
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++d 7. LIBRARIES

This section explains how 1o create your own “custom” part libraries -
for use with OrCAD/SDT. Scction 7 describes the COMPOSER and
DECOMP utilities. Then, it describes the steps you would go through
to creale a custom library and provides numerous examples. The
section then presents a formal description of OrCAD's Symbol
Description Language and concludes with examples of compleic
library source files.

7.1 An Overview of the Library Deyelopment Process

To create a custom library, you nced a text editor and the COMPOSER
utility. COMPOSER takes a library source file, which you created
“with the text editor, and produces a library data file, readablc by
DRAFT. You may also find the DECOMP utility useful. DECOMP
takes a library data file and produces a library source file. You can
think of DECOMP as the inverse of COMPOSER. Crcatmg a custom
library consists of lhe following three sieps, as illustrated in Figure
7-1. '

1. Crcalc a library, text, or source file. The convention is to give the
. file 2 .SRC extension. The source file is an ASCII text file that
conmins ins(ructions in OrCAD’s Symbol Descriplion Language.

You can use any text editor, The only requirement is that it
produce an ASCH file without any hidden fornmatting characlers.

For example, Wordstar in the non-document miode produces such
- an ASCil file.”
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-

2. Compose the source file using the COMPOSER utility. This is
similar to a compilation; it produces another Nle, a data file
readable by DRAFT. The convention ts to give this data file a .LIB
cxicnsion.

3. Reconfigure DRAFT to add the new library 1o the list of library
filcs.

A.S.C.LI Text
Editor-

Stlep 1

LEGEND - , l

: _ Composer
= Davelcpment Schware Tools . Library

Compiler

= User Garerated Cod . .‘l -
O soareascosn T sep2

Dala -
File ' C

Figu'rc 7-1:.Tlhc. _[iiljrnry Development Process

OrCAD Systerns supphcs a numbcr of part librarics for use with
DRATT., Partofl configuring DRAFT mcans choosing what libraries
i owill h:\vc access ld The lnbr.mer. you choosc at conﬁnurahon e
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are loaded into RAM when you invoke DRAFT. This eliminates disk
searching and provides for quick part retrieval.

You can choose from OrCAD-supplied libraries as well as your own
custor hibraries 1o load into DRAFT. The custom libraries that you
create will behave justlike the OrCAD-supplied libraries.

OrCAD- cupphcd libraries are shipped as library data files. This is for
your convenience (data files are rcady to use) and also to save disk
“space. A library source file takes up much more disk space than its
corresponding library data file. A source file can be four or five times
as large as its data file.

By applying DECOMP 1o 2n OrCAD-supplied library, you can
construct a source version of that library, This feature is uscful if the
library you want to create has parts similar, but not identical, 10 those
in the OrCAD-supplied library.- With a text editor, you can exiract the
similar parts and edit them. The supplied libraries also serve as an
extensive list of examples. If, while creating your own library, you
get stuck, you can always look inside a source version of a supplicd
library “to see how OrCAD did it.”

Creating custom libraries is preferable to modifying OrCAD-supplicd

- libraries. If you modily an existing library, you run the risk of future

OrCAD updates negating your changes. It is riot good practice to run
DECOMP on an OrCAD-supplied l:brary, edit the resulting source
file, and then run COMPOSER and replace the original ]ibr‘ary, SR

Yau may have parts with the same name in different libraries. If you
do and those libraries are selected, DRAFT searches through the
libraries in the order you specify at configuration time.

7.2 The COMPOSER and DECOMP Utilities

. The COMPOSER utifity is called COMPOSER.EXE and the
‘DECOMP utility is called DECOMP.EXE. Both files are found on.the
LIBRARY disk. To execuie cither utility, you must be at the DOS '
command level in the directory that contains the utility you want 1o
execute.
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7.2.1 Invoking COMPOSER
COMPOSER source library <ENTER>

where:  source is the name of the ASCII text file that describes your
custom parts using OrCAD’s Symbol Description Language.
The .SRC extension is a convention, not a requirement.
library is the name of the resulting library file. 'If you give
the name of an existing file, COMPOSER asks if you want to
overwrite the existing file. You cannot append 1o an existing
file. <ENTER> represcnts the ENTER key on your
computer. DOS commands are executed when you type the
ENTER.

Both source and library may be complete pathnames -- that is, if
cither is in a directory other than your current dircctory, you must
specify the complete path. Here are two examples.

COMPOSER custom.src custom.lib <ENTER>

The files COMPOSER.EXE and custom.src are in the same directory,
and this dlrec!ory ts your working directory. This examplc creates the
file custom. hb in your working d;rectory - -

COMPOSER \orcad\hbmry\cusrom.rrc \orcad\hbra:y\cu.slom hb <ENTER>

- The file COMPOSER EXE is in your workmg d:rcctory, wluch is not
necessarily Norcad\library. This examplc creates the file custom. I:b in
the directory Morcad\library. -

7.2.2 Invoking DECOMP

DECOMP library source <ENTER>

where:  library is the name of an cxiélil1g library file. The .LIB

extension is a convention, not a rcquircment. spirce 1s the
name of the resulting ASCII 1ext file that describes the parts
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in the speeifi=d library. Comments are included in the file
for clarity. 1f you give the name of an existing file,
DECOMP asks if you want 1o overwrite the existing Nile,
You cannot append to an existing file. <ENTER> represcnls

~the ENTER ey on your computer. DOS commands are
exccuied when you type the ENTLER.

As with COMPOSER, both source and library may be complete
pathnames -- that is, if either is in a directory other than your current
directory, you must specify the complete path.

Here are two examples.
DECOMP custom.lib custom.src <ENTER>

The files DECOMP.EXE and custom.src are in the same directory,
and this directory is your working directory. This example creates the
file custon.sre in your working directory.

DECOMP \orcad\librany\c1stom.lib \orc ao‘\J.i'Era rY\cusiom.src <ENTER>

The file DECOMP EXE is in your working directory, which is not
necessarily \orcad\library. This example creates the file custom.sre in
the directory “orcad\library.

Nole that DECOMP does not return your source; it makes its own.
. For example, the comments in your original source are not S
reproduced. DECOMP adds its own comments. Also, DECOMP nx: 1y
rearrange the order of the part definitions. DECOMP lists parts in
numenc order followed. by parts in alphabencal order. For example,
assume that you define two parts, one called resistor and onc called

7400. You place resistor in your source file before 7400, run
COMPOSIER, then DECOMP to produce a new source file. Unlike
your original source ﬁlc the new source file has 7400 listed before .
resisior.
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7.3 Creating a Source File

A source file consists of a prefix definition followed by a scries ofp'm
definitions. You can have only one prefix definition per library, and it
occurs at the beginning of the library. There are two types of part
definitions: block symbol definitions and bitmap symbol defnitions.
Comments zre delimited with braces ({)).

Block symbol definitions represent parts that are’either square or
rcctangular. These parts are typically memory chips,
microprocessors, peripheral controllers, and many TTL and CMOS
devices. Bitmap symbol definitions represent parts that are
complicated to define graphically. Instcad, you draw themon a
bitniap. They include such parts as resistors, diodes, transistors,
MQSFETs, relays, and many others.

Note that lines ina source file end with a <RETURN>. The source
examples in this section do not show the <RETURN>.

7.3.1 The Prefix Definition

The prefix definition is delimited by the keywords, PREFIX and END.
The initial delimiter is the keyword PREFIX all alone on a line.
Subsequent lines contain the definition itself. . The terminating
delimiter is the keyword END all alone on a line.

All source files must begin with a prefix dcﬁni:ion. If you decide your

custom library doesn't need a prefix definition, you must still supply a

null prefix. A-null prefix consists only of the dehmmnn Le) words.
Ilcre 1show a nuI] prefix definition Jooks.

PREFIX
END

On the mhr:r hand, you may i F|1d a preﬁx definition vcry usclul.
OrCAD specifically designed the prefix definition to handle the
vanous TTL logic familics. For example, thie 74LS00, the 74500, and
the 74 ALSOO have different prefixes (74LS, 748, and 74ALS), but the
same suffix (00). When you use a prefix definition, you reduce the
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memory required to stoie multiple famiilics of parls that hwc dilfercnt
prefiaes, but the same suffix,

Here is an example of a prefix definition. The example comes from
OiCAD System's TTL source lbrary, TTL.LIB.

PREFIX

724LS = LS
748" = S
74ALS = ALS'.
"TAAS' = 'AS N
74HCT = "HCT'
74HC = CHC
74ACT = 'ACT
T4ALC = 'AC
74F = F
4

END

DRAFT uses the prefix definition when you obtain a pant with the Get
command. Insicad of entering the entire name of the pan, you can
enter just the suffix. DRAFT displays a pop-up menu that lists all the
valid part names constructed by appending the suffix you provided

_ with the prefixes in the prefix definition: For example, if TTL.LIB is
one of your libraries and you enter the suffix 04, lhc pop-up menu lisis
the fO“O\\ ing parLs

741504 . ARSI
74504 . S
74ASLO4 | R
74AS04

74HCTO04

T4HCV4

74F04

7404

A prefix definition is constructed as follows. First, enter the PREFIX
keyword followed by a <RETURN>. Then, begin the first prefix
string by entering a single quote (). Type the prefix string. 1l consisis
of a string of printable ASCII characlers no more than seven
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characters long. DRAFT docs not distinguish between upper- and
lower-case, Close a prefix string with another single quote,

Then, enter a <SPACE> followed by an equal sign (=) followed by
another <SPACE>. To iinprove readability, you can delimit the equal
sign with any number of <SPACE>s or <TAB>s. Now cnler the
<horthand string. This is the pant of the prefix string that varics. The
shorthand string also consists of no more than seven printable ASCH
characters. Then, enter a <RETURN> and type the next line. You can
define a maximum of sixtcen prefix strings.

The shorthand string enables you to bypass the pop-up prefix menu
and still enter an abbreviated part name. For example, you can obtain
the part 74HCO4, by supplying the GET command with the
abbreviated name HCO4. This is possible becausc HC is a shorthand
string for 74HC.

7.3.2 The Part Definition

~ The part definition defines the part’s name, its size (in unit lengths on
the screen and in tenths of an inch on the printed worksheet), the
number of parts per package and the pin functions (input, output, opcn
collector, etc.). There are two types of part definitions: block symbol
definitions and bitmap definitions. .

You do not have to group your block definitions and bitmap
definitions together. For example, your sousce file inay contain a
block definition, followed by a bitmap definition, follou ed by another
block dc:f"nmon

Block and bitmap definitions follow much the same symtax. A bitmap
-definition ooks like a block definition followed by a bitmap. When.

- COMPOSER sces a bitmap, it uses that bitmap to represent the pan,
ralhcr than defaulllng 10 a square or rectangle.

A symbol definition has the following ficlds.

» One or more pan name strings. A name is a printable ASCII string
enclosed in single quotes. If you have more than one part name

.18 L
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string, dehnut them with a <SPACE> or put them on separale lines.
When obtaining a part, you can use any of your supplied names.

Anoptional ieference designator. The ANNOTATE utility
automezucally updaies reference designators.

The symibol size. Each unitrepresents a unit Jenzth on the scrcen
and 0.1 mnch onthe printed worksheet. . You give the X size first and
then the Y size. On the szine hine you list the number of parts per
package. If the partis a pin grid array, specify the keyword
GR}DARRAY istead of the number ofp'ms per package.,

The pin definition. Each pin is defined on a scparate line. A pin
definition consists of the following fields:

The pin-position

The pin number or GRIDARRAY pin name

The 0p1i'onal DOT keyword (which places the inversion
bubble at the pin position)

The opuonal CLK keyword (u.h:ch p]ace‘; the clock symbol
at the pin position)

The optional keyword SHORT (which places 0.1-inch leads
at the pin position instead of the standard 0.3-inch Jeads).
SHORT cannot be used with DOT or CLK '

The pin function (IN, OUT, 1/0, OC, PWR, PAS. 111Z)
- The pin name string . |

An optional bitmap. Use this if the symbol you want is not a square
or rectangle.

An optional conversion. This only has meaning if you've defined a

bitmap. The most common use for converted bitmaps is to specily
the DcMorgan equivalent of the defined part.

7-9
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7.3.3 Block Symbol Definition

Husirated below is an examiple of a block symbol definition. The
cxample does not represent a real part, although it is similarto a JK
fipfop. Figure 7-2 shows the symbol produced by this block
definition, '

*T4EXAMP!

REFERENCE "LATCH'
6 10 . 2
Ly 3 11 SHORT 1IN 'J*
L5 1 13 DOT CLK IN °'CLK®
Ly 2 12 SHORT 1IN "K'
B3 15 14 DOT 1IN ‘CL"
T3 4 10 DOT 1IN ‘P’
R1 6 7 ouT 'Q’
R9 5 9 ouT "Q\!
T0 16 16 PWR ‘vece!
BO B 8 PWR - 'GND"
1
a LATCH7A 3 LATCH?B
J P a5 11/, p gl 7.
— 1oLk | 13 ek .
o -
K € @}]= 122 & gl
A L 7AEXAMP A 7 AEXAMP
5 a

Figure 7-2: The Block Symbol for TIEXAMP

Part name string. The example has anly one part name string,
TSEXAMP.

Reference designator,  After the part nine string comes the
optional refercnce desiananor.
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For this example, the reference designator would appear on the screen
as LATCH?A. Note the question mark, When you run the
ANNOTATE unility the question mark will be replaced with a
number.  For example, if the reference desiznator for a resistor were
R? and there are 16 resistors in your design, ANNOTATE would
change the designators toR1, R2, ... R16.

This cxample has more than one part per package, so the reference
designator appears with an A afler the question mark. ANNOTATE
then sequences the letters. ANNOTATE would convert the A of the
second partinto a B. For example, after running ANNOTATE, the
first two occurrences of the 7Z4EXAMP would appear as LATCHIA
and LATCHIB, the next-two as LATCH2A and LATCH2B, etc.’ If you
omit the REFERENCE line, the default designator U?A appears.

Figure 7-3.iMlustrates the relationship between the number of pants per
package and the reference designator that appears on the part. You
must specify a part name, that is what lets you extract the device. from
the library. However, the REFERENCE keyword is an option. If ihe
REFFERENCE keyword has not been specified, it defaulisto a
designator of "U".

NUMBER OF PARTS PER PACKAGE.

SOURCE FILE ... 0 - 1 DR MOARE
DOES NOT USE ; - C*U® IS DEFAULT
NOTHING 1S

*REFERENCE® KEYWORD . , : REFERENCE

| | DISPLAYED DESIGNATOR
B — USES REFERENCE " USES REFERENCE °
USESRE?;gES“NCE KEYWNORD YDU ENTER KEYWDRD YDU ENTER
) T IN SOURCE LIBRARY IN SOURCE LIBRARY

Figure 7-3. Controlling Display of Reference Designators
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What appears when you call up a part is determined as follows,

1. If the device has O parts per package and you do not specifly a
REFERENCE kcy word, none appﬂars Nor does the part name

appcar.

2. 1M the device has O paits per package and you specify a
REFERENCE key word, it appears. 1t consists of the string you,
specified followed by a question mark. ANNOTATE replaces the ?
with a sequential nurnber. The part name also appears.

3. If the device has one or more parts per package, and you do not
specify a REFERENCE key word, a default reference designator
(U?A) appears. ANNOTATE replaces the 7 with a sequential
number that identifics the occurrence of the device and replaces the
A with a letter that cycles through the pants of a device. The pant
name also appears. -

4. 1l the device has one or more paﬁs per package, and you specify a
REFERENCE key word, it appcars. It consists of the string you
specified followed by 7A.  The part name also appears.

XY size and parts/package. The next line has the three numbers 6
10 2. The first two represent the size. The size of the partis 6X by
10Y, where each unit represents one screen unit or 0.1 inch on the
printed worksheet. The 2 indicates that there ure two parts per
package. If the part were a pin-grid array, you would supply the
keyword GRIDARRAY in place of the number of parts per package.

Pin definitions.” The rest of the example consists of the pin -
definitions. Consider the second pin posmon The first field LS

locates the pin on the left side of the part in the fifth position counting
from the top down. The Y dimension specified 11 possible positions, 0
through 10. The first possible position is LO and the last is L10. The -
specified pin position (LS) is 0.5 inches from the top of the part, when
scen on the prinied worksheet,
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TOP
0 1 2 3 4 5 6
S B R B B B
1 B e e -—
2
K 3 S
4 ] ]
LEFT S RIGHT
. _ .
7
8
=)
10
BOTTOM

Figure 7-4. The Grid of a 6X by 10Y Block Symbol

The next two pin position fields identify the pin numbers, 1 for the

- first part of the package and 13 for the second part of the package. The
pin at LS specifies DOT 1o obtain the inversion bubble and CLK 1o get
the clock symbol. In this case, DOT and CLK are modifiers of the pin
function, IN. .

R9 puts a pin on the right side in the ninth position, and B3 puts a pin - -
on the bottom in the third position counting right. The two power
. supply connections are at the top and bottom in the zero position.

_ Figure 7-4 shows a gnd that represcnts the possxblc pm posmons for
" the 74EXAMP library part. -

"Note the SHORT keyword in the first pin position. Pins with the
SHORT keyword have 0.1-inch leads rather than the default 0.3
inches, The SHORT keyword, however, cannol be used with with
DOT or CLK keywords. Finally, the "CLK' gives the pin a name
Power pins. One possible pin function is PWR for power. Note that
power pins do not appear on the screen. The NETLIST utility,
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however, docs categorize all power pins that are connecled to library
parts.

If you want to make power pins visible, change the pin function from
PWR to IN or PAS. If you do this, you may notice that the power pin
overlaps other pin names on the symbol. To avoid this overlap, you
must rcposition the power pin in the corresponding library source file.

Parts per Package. If the device has more than one part per
package, you can selectively display the pins. For example,‘assume
you wanted to display the power pins YCC and GND, but only on the
second part of the device, not on the first. You could do that by coding
the last two lines of the block symbcl as follows.

TO . 0 16 PAS ‘vccC'
BO 0 8 PAS 'GND'

When you place this symbol on the screen, the power pins do not
display because the first column of pin locations contains a 0. When
you place another symbol on the screen, it looks identical to the first.
Both are called LATCH?A, and neither shows the power pins. :
However, if you exit DRAFT and run the ANNOTATE utility with the
/M option (this causes the annotation information to be merged into the
sheet directly) and then look at the sheet again with DRAFT, you: 1 see
the two parts labeled LATCHIA and LATCH1B. The power pms
appear only on the second part of the dewce LATCHIB '

This technique also works for non-power pins.: By specnfymo a pin _
" number of 0, you-can cause a pin not to appear for the part ofa
packape. A

However, if your device has one part per package, specﬂ'ymg a pm
number of 0 does not prevent the pin from appearing. The pin appears
with a pin number of 0. If your device has O parts per package, you
cannot specify pin numbers, and consequently, none appear. Figures
7-5A and 7-23 illustrate how the number of parts per package, the pin
number, and the ANNOTATE mil'uy affect the screen symbo!. '

The device 740NE is identical to 74EXAMP excepl that it has one
part per packaoc Nolc that the ANNOTATE uuhty afl’ccls bolh thc .

a0 o
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pinout and reference designator for 7Z4EXAMP, but only the reference
designator for 740ONE. Also note that in Figure 7-5A and 7-5B, the

locatiens of the power pins were moved from TO and BO 1o R3 and R7,
so that they would not overlzp existing pins.

Before ANNOTATE

. !4 LATCH7A
Ao P ol B
— 1Lk
c
K C o&}—=2
4 7TAEX AMP
5
l“ LATCH?
Ao P apb
“vce |HE
—id oLk
GND 8
-a|< E ﬁ__i_‘

1
S

7 4ONE

:LA LATCH?A
Ao P o8&
— i3 cLKk
c  _
2k L G S

L.

LATCH?

Figure 7-5A. Before Annolation

A P o8
—iscx
" GND B
2l T =
O, 7 40NE
5
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After ANNOTATE

ld LATCH4A
34 P ql_8
— 3ok
c
A 7AEXAMP
5
, Jﬁ LATCH2
.:_3<d P G'-—§—-
vce 16
—idbecLx
GND 8 :
2 K g3
740NE

C

L
i

B

LATCH1B

c
L

1
T5

anure 7- SB Afler Annota!:on '

l
11] P G 7
vee 18-
23 cLk
GND }—B—
120l C al—2-
X 7 AEXAMP
A
(L4 LATCHA
Ay P g8
vee |16
: f—itSCLK.
_ GND |—2
= a2
‘ 7 AONE

If a dcwcc has more than one part per package, you may want power
pins cn some parts present and the power pms on other parts not to be

presenL

Pin-grid

array.

If the part were a pin-grid array, you would supply |

the gridarray pin name instead 6f the pin nimber. A gridarray name
consists of a capital Ictter {ollowed by a number. The Ictier is in the
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range A through S, and the number is in the range 1 through 16.
There can be no space between the leiter and the number.

Here is an example of a pin-grid array pant definition. The example is
the 68020 from the Motorola library, MOTO.LIB. The definition is
quite long so only the first few hines are shown. '

Figure 7-6 shows the resulting screen figure.

'*68020°

15 66

L1 c2

L3 Jiz
1.4 J13
L5

H12

GRIDARRAY

CLK IN ‘CLK IN'
IN 'INPALAON
IN *INPALAIN!
IN 'INPALAZN?

{the \ bars the pin name)

S

R e I
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48020

Fig. 7-6. The Block Symbol for 68020

*

Pin sirmg 'ﬂw pin string is delimited by single quotes. If you want
a single quote as parnt of the pin string, you must use two'single quotes.
For example, ‘CLK"s defines the string CLK's. Also, a backslash

- . after the pin string name puts a bar over the naume. "Q\'results in Q.

with a bar over it. If you have a multi-letter pin name, you must put a\ .
aflier each letter.” For example, the 68020 shows IPLO, and the
corresponding pin string entry in the part definition is "INPALNON.

Note that the pdw’cr pins do not appear on the screen. The NETLIST
_ ullllly, however, does categorize all power supply pins that are:
‘conneclcd to hbrary parls :

e
-t
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7.3.4 Bitmap Symbol Definition

Cre:ting 2 bitmap is an easy way 1o rcpresent non-square or non-
sec:zngular parls such as resistors, diodes, transistors, MOSTETS,
relz s, and many others. DRAFT draws complex pans on the screen
by :zlectively turning on piacl bits that represent the library pan.
Ac:ovating the correct piael bit is controlicd by a bitmap in the library

source file you created. You create the bitimap in the library source
file. . :

To cefine a part with a bitmap, you define the part just as you would if
it wzre a block symbol, but you include a bitmap after the Jast pin
definition. You can either draw out the bitmap with periods (.) and
pound signs (#), cr you can reference a previously drawn-out bilmap
Previously drawn-out means the bitmap was defined previously in the
library sousce file.

You wguld rcfcrcncc a previously drawn-out bitmap if two pans had
different pinouts, but the same symbol. For example, the 7439 and the
7400 have the same symbol, but different pinouts. Assume that you've
defined the 7400 and you're now defining the 7439, Insteadof . .
drawing another bitmap for the 7439, you can use the 7400's bnmap
by including the line '

-

" BITMAP '7400'

There are four points you should keep in mind when crcatmg bnmaps
as opposcd to block symbols.

1. Youhave to pay more attention to pin placecment. The pin
definition line and the bitmap have differcnt scales, and you nced to.
take the conversion into account when you draw the symbol.

2. Although you can put a pin name in the pin definition, the pin name
- will not appear on the screen. The pin name will, howcvcr be
recogmzed by the NETLIST utility.

3. A bitmap symbol gives you the opportunity to define a converied
~symbol. Bitmap devices always have a normal form. You have the

S ST
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option of also defning a converted form. Block symibrls cannot
have a converted form When you usc the GET command and
extract a part from a library, it appears in normal form. The
resulting menu enables you to choose its converted form instead.

" You define what the converied foim is when you create the library
scurce file, Typically, users define the cenverted form as the
DeMorgan equivalent of the normal form.

4. The maximum number of bits allowed in a bitmap is 16,384, The’
bitmap begins after the last pin definition. A pound sign (#)
indicates that the pixel bitis tumed on, and a period (.) indicates
that the pixel bitis tuned off.

Each. or # represents a screen pixel spacing of 0.01 inch in the X
direction. Each line of the bitmap represents 0.01 inchin the Y
direction. Remember, the X and Y sizes in the part definition are
given in units of 0.1 inch. For example, if you specify X an Ytobe 3
and 2, your bitmap actually is 31 characters in the X direction and 21
lines in the Y direction. The extra 1 rf:sults because the bntmap stars
counting atl zero. .

An example should make this cleaser. Here is a part definition for a
resistor.
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{Fart definition for a resistor}
'‘resistor’

FLYLERENCE ‘R*

3 2 0

Ll FARS v

Rl TAS '

{Tep side}

100) . 4. .. &....... R IO 1...4. {Right side)}

* {Bottom side}

Note that the number of parts per packagc is given as 0. Hence, there
are no columns for pm numbers. The pin types are PAS for passive,
and there are no pini names (however, they may be'specified).

Thc X size 1s specified as 3, so the bitmap has lines that are 31
characters long. The Y size is specxﬁed as 2, so the bitmap has 21 lines.
The part definition specifies two pins, onc on the left in the first '
posmon (L.1) and another on the right in the.first posmon (R1). The
‘pin positions are always spaced 0.1 inch apart. As far as the bitmap is
concemed, pin positions are at lines 0, 10, 20, 30, etc.
The line numbers are enclosed in comment delimiters. Tt isn't
necessary to number the bitmap lmcs this way, but doing so makes the:
bitmzp more readable.

BRI
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You can reduce the size of bitmaps used in your library by observing
the following rules.

1. Ancmipty row {one that has only dots) can be represented by a dot
in Uic zeroth column. 1f that is the only characler on the row, then
the row is held as cleared.

2. Empty rows below the actual symbol need not appear in the bitmap.

3. Periods are not required after'the last # in a row.

Here is an example of the same resistor definition that follows the
reduction rules just described. Figure 7-7 shows the symbol that

results from this part definition.

-{Part Definition for a resistor.}

*RESISTOR'
REFERENCE 'R’
320

Ll PAS '
Rl PAS *°

{Top side)
{00}, . . :
101}, i
{o2}. B
{03}).
{04).
{05}).
{06}.

(09} ... 4. u... O T b8 {Right side}

{cottom side}
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Figure 7-7. The Symbol for a Resistor

Aficr deflining a bitmap, you have the option of defining a conversion
biunap. As stated previously, the typical use of a conversion bitmap is
to supply a DeMorgan equivalent symbol, but more gencrally a
conversion specifies another bitmap that is displayed on the screen
whenever you choose the Convert option of the GET command. You
can return 1o the original bitmap by selecting the Normal. subcon: mand
Opnon .

You begin the specification of a conversion bitmap with the keyword
CONVERT. The conversion bitmap consists of pin definitions
followed by a bitmap. 1f the conversion has been previously defined,
you can reference it by including the name of the part that has the
conversion in smg]e quoles.

The next cxamp}c should-clanfy the use of conversion bitmaps. Firsy,
;1s the definition of the 7400. Then, comes the conversion bitmap -- it's
the DeMorgan equivalent of the 7400: Figure 7-8 shows the normal
and converted symbols that result frorn this pan definition.

The 7400 has five pms two of Wthh are power pms ﬂ'lal do not appcar
in the symbol. The screen size is 6 X-units and 4 Y -units. ll has four
parts pcr package.

The conversion bitmap uses lhc same XY size zmd parts per package as

the normal bltmap Y ou must, however, redefine the pins. Note the
DOT keyword missing from the redefinition of the pin at R2.
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Notc that the conversion bitmap has the same number o1 parts per
package as the nonmal bitmap. The number of parts per package
dctermines how many columns of pin numbers appear in the
definition. The converied definition must have the same number of

columns as the normal definition,
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CONVERT
L1
L3

1 5 12 IN *10°
2
R2 3
1
7

4

5 10 13 IN ‘11!
6 8 11 . ouT ek
14 14 14 PWR ‘vCe!
7 7 7 PWR 'GHND!
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(COPNEIIRERERNR It NI e b B IR}

T 3 O N 2N Y
(02)..4..00vn e e Hid
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UtA UtA
1 1
- 3 3
— 2 2
7400 7400
NORHAL + CDONVYERTED

Figure 7-8. The 7400 Symbol and its Conversion
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7.4 SDL Reference

This section is a complete description of how to define a parl ina
custom library. Tt presents OrCAD's Symbol Description Lanzuace
(SDL) in the formn of syntax diagrams. A syntax diagram consisls of
ioentificrs (enclosed in ovals) and 1okens (enclosed in rectangles). The
syniax diagram is also followed by 2 textual representation.

7.4.1 Syntax Diagram

Figure 7-9 1s an example ofa syitax dlagrﬁm It rcprescnls the
complcle syntax for a Iibrzry source file,

Prelix Parl
Definition 4 Definition

Figure 7-9. S)'nl_éx Diagram fo.r a Library Source File

To read a syntax diagram, observe l}ic following rules.
1. Read a'syntnx _diagram i'rom left to right.

2. Every path that you follow in lhc direction of the arrows rc]*xrcmm
a correct syntax form. :

3. Junctions represent a connection point where you have the choice of
selecting another path. For example, the syntax diagram for the
library sgurce Hle shown in Figure 7-9 has a junction after a pan
definition. You can choose to complelc ihe diagram or 1o make’
anotlier part definition. '
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4. You cannot continuc along a path that gocs S RITEN T
cxample, in Figure.7-9 after making a pan drlmuiunL ot
choose 1o retum to the prefix definition, you cannot

5. Textenclosed in ovals represents an identifier, lear o 3
squarcs represents a token. *enclosed in

What arc identifiers? Identifiers serve as pla ol -
detailed level of syntax structure. They do not i, *ts for a more
syntax or tokens. Rather, they provide the ability 1y, .;If' (vommar_rd

of the syntax. When you create the pant, you mus; \v.'..\kr ‘a overview:
“all the nested identifiers. For example the syntay B down thﬁough
source file shown in Figurc 7-9 has two identifier, um,i in for a library
section will now expand each of those identificrs 4y, | ”"_1 lokens. This
possible tokens. i'"esent all the

What are 1okens? They are.the building blocks of lilyy
Just as a sentence 1s made up of words, a library 4y,
of tokens. A token belongs to one of the foliowinu .

Wy source file.
tle is-made up
ll'l'““'ics.

loe f

« Numeric constants. A numenc constant consi.y,, ol ‘
o ,
whole-number digits. . he or.more

Examples: 15
2
127

+ Character strings. A character string consisis, A
: "HC 01 nore
alphanumeric ASCII characlers.

Cxamples: 74ALS04
ZENER
LS ’
CLOCK

- Keywords. Akeyword is one of the followiyy:

BITMAP  Takes an argument (an AS('(] .
par name) and represents tie | jicsenting a

'-.‘”””,r'“,
'3 . pe . urm.upf,“h o
~identified part. .’ : _ ¢

-~
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CLK

CONVERT

DOT
END

GRIDARRAY
HIZ

IN
e
ocC
OuUT
PAS
" PREFIX

PWR.

'REFERENCE

SHORT

Represents the clock symbol ina pin definition.
Introduces a converted bitmap. With an argument,
it refers 1o the converted bitmap of a bitmap
symbol.

Represents the inversion bubble in a pin definition

Delimits the close of a prefix definition.

Specifies that the device is a pin-grid array. Used
in place of the number of parts per package.

Identifies the pin as a high impedance (3-staie)
oulput.

Identifies the pin as an input.

]demiﬂe-s the pin as input/outp.u-t.

Identifies the pin as open collector.

Identifies the pin as an 01;tput.

Identifies the pin a.;; passi_\'é. :

Delimits the beginning of a prcﬁx acﬁn%t:on.

Identifies the pin as a power pin.” The P'WRA_.
keyword prevents a pin from being displayed.

Takes an argument (an ASCIH string represcnting a
reference value). Overrides the default reference
value. ' '

Specifies that the pin Jead lengihs be 0.1 inch
instead of the normal 0.3 inch.
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7.4.2 Textual Representation of Syntax

In addition to the syntax diagram, syntax is represented in text. The
symbols are defined as follows.

Text enclosed in italics represents either a character string or a
numenc constant.

] Text enclosed in square brackels is optional. You choose
whether to type it in or not. Do not type the square brackets,

{} . Textenclosed in braces is required. You must enter what's
~represented within the braces.

Jf items within square brackets or braces are separated by
commas, you must choose one of them only. Do not type the
comma.

. Three periods mean you can repeat the last item. How fnany
times you can repeat the item depends on the context. Do not
type the penods.

" Here is an example of syntax represented in text.

pos [pink...grid...] . 3 )
First, you must enter a representation of pos. An accompanying

"description explains what you can put in for pos. The square brackels
around the next item indicate that you don't have to enter it at all. If

- you do, you must choose between pin# or grid; and you can choose a
repeated number of each.
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7.4.3 PREFIX Definition

PAIFIX DEFraTION

S FET ) : {03} -

FRIFIX STRING = SHORTHAND STRING

Any ASCH
4 Characier

]

Figure 7-10. Syntax Diagram For a Prefix Definition

PREFIX ,

[ 'prcﬁ;‘r string’ |= ‘shorthand siring” ]}

END

where: )
prefix siring "A character string of up to seven printable
: ASCII characters. You ¢an have 2 maximum of
16 prefix strings.
shorthacd siring A character string of up 1o scven prinfable

ASCIHI characlers.
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NOTES

The equal sign must be separated by one or more

<SPACE>s or <TAB>s.

EXAMPLES

Example: FREFIX
, '74LS"
'745"°
'74ALS"
'T4AS"
*T4HCT!
*74RHC?
*7T4ACT"
'*74AC”
‘741"
174
END

Example: PREFIX

END

7-34

'Lg
IS.
'ALS'
*AS!
lHCT'
|HC|
'ACT'
‘ACt
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7.5.-4. Parl Definilion

PLrsy DEFINITION

Wama'

(a1 narey L[ X &re Y Sos
T Al J e Favpe Ty SE3) Pacgele v
_ ﬁ-\n..: Ralerani E ) E o 2
F{_";_q_rq[—o-.—;,“;._.,u. Sinng

Norie ol Fas Per Fatuage Pin 3

Feope Co 143 ‘jﬂoluhl|;un

— i Bura2p
o —m
it bl | Delinn-pn

Figure 7-11. Syntax Diagram for a Part Definition

‘part name siring’...
[REFERENCE ‘ref string”] =

X size Y size [ partsipckg, GRIDARRAY])
pin dcfinition .

[ bitmap dcfinition )
[ conversion bitmap )

PART NAME STRING
. . | ‘ _
., T s ‘Any Characles ' (5
Ercepl ! ’
e

Figure 7-12. The Part Name Siring

7:35
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wlhere:

jart name siring

ref siring

X size

Y size

partsipckg

pin definition

NOTES

A character string of up 1o scven printable
ASCII characters that identifies the part. This is

" the string that can be used as an argument for

the Get command.

A character string of printable ASCII
characters. If piesent, the reference designator

replaces the defzult réference designator.

A numenc constant in-the range 1 to 127. The
honzontal size of the part as it appearson a
printed worksheet. Each entry corresponds to
one unit length on the screen or 0.1 inch on a
printed worksheet.

A numeric constant in the range 1 to 127, The
vertical size of the part as it appears on a printed

.- worksheet. Each entry corresponds 1o one unit
‘length on the screen or 0.1 inch on a printed

worksheet.

.

- A numeric constant in the range O to 16. If you

specify a 0, the pins are not numbered on the

_symbol

" These are identifiers for a more detailed bumap .

definitionlevel of syntax. See the

‘ cowespondmg conversion bitmap emtry.

To improve readability, you can include comments within
a pant définition. You can also-place blank lines withina
source file. Typically blank lines are placed between
different part'definitions.

7-3§



Schiematic Design Tools ' Librarices

EXAMPLES
Example 1: *2114° '2148° { Two part nome strings. ‘Ihese
6 14 1 may be on the same or separate
lines.}
pin definition
- Example 2:
'7474° - *74RLST4' '74LS74' '74574°
"J4RCT4"  'T4ACT4°
6 6 2

pin definition
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7.4.5 Pin Definilion

PIN DEFINITION

I Posihion \
U «
® . Pin Number
4 | Rarge [1..255] 4

Gridarray
Pin Name

- 1 ' - Pin Name
. (N Swing )
!
g g B L T o 3—]
—'{E—jn
SHOAT h
[ FAS) |

Figure 7-13. Syntax Diagram for a Pin Definition>

pas [ pin#, grid .} [DOT)[CLK]) [IN]  pinname
' [SHORT] [OUT]
: (1/0]
{OC]
[PWR]
[PAS]) .
nnzj
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JX)8

740

A letier followed by a number, The lctier is one
of the following: T, L, R, B where

T indicates the top of the symbol.

L indicates the left side of the symbol.
R indicates the right side of the symbol.
B indicates the botiom of the symbol.

The number represents the distance along the
indicated side. The distance is measured in unit
lengths on the screen and in 0.1 inches on the
printed worksheet. For example, if the block
symbol were 6X by 10Y the grid used for
placing pins is as follows. The figure below
shows the location of L3, .
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"TOP
0O 1 2 3 4 5 6
o
1
2 .
3
«
LEFT S RIGHT
&6
7
8
g
10

BOTTOM

Figure 7-14. The Grid of a 6X by 10Y DBlock Symbhol

f
FOSITION

Decimal Number

——H 1} — ™ RangeC@..1273

Figure 7-15. The Position Syntax Diagram

RS
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grid

A numeric constant representing the pin
number. This is the pin number that appears in
the screcn syimbol.

A letter followed by a number. grid represents
the pin-grid array pin number. You can only
choose a pin-grid array pin number if, in place
of partsipckg, you chose the keyword :
GRIDARRAY. The letter must be in the range
A through S; the number must be in the range |
through 15.

GRID ARRAY PIN NAME

Bu-
>

Upper or Lewer Casa Leller ' DECIAAL NUMBER
Range CABCOEFGHUKLMNPRST] | RANGE (C1.:187]

Figure 7-16. Gridarray Pin Name Syntax Diagram

SHORT -

DOT

7-42

A keyword that places a short lead length at the
specified pin. The normal lead length is 3.
screen units or 0.3 inches.on the printed -
worksheet. When the SHORT keyword is .
present, the lead length is 1 screen unit or 0.1
~inch on the printed workshcet. The SIIORT
keyword cannot describe a pin that also has
either the CLK or DOT keywords.

A Keyword that places the inversion symbal (the
bubble) at the specificd pin location. The DOT

" keyword cannot describe a pin that also has the
SHORT keyword. The primary use of the
bubble is to idemify pins that have logic
negation, cither at an input or an at an output.
The figure below shows the inversion symbol.
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 Figure 7-17. The Inversion DOT Symbol

CLK A keyword that places the clock symbol at the
specified pin location. The CLK keyword -
cannot describe a pin that also has the SHORT
keyword. The fipure below shows the CLK
symbol.

Figure 7-18A. The CLK Symbol

You can use the CLK keyword in conjunction
with the DOT keyword to produce a DOT CLK
symbol. The figure bclow shows the DOT CLK
s;mbol _ _

. 743
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Figure 7-18B. The DOT CLK Symbol

IN A keyword that identifies the pin as an input.

OuT A keyword that identifies the pin as a standard
lotem-pole output.

"o . A keyword that identifies the pin as a dual
: function input/output pin.

0C A keyword that identifies the pin as an open
collector or open drain.

PWR . Akeyword that identifies a power pin, such as
Vec, Gnd, Vss, Vdd, and others. Power pins are .
not displayed on library parts when they appear

~on the screen or printed worksheet. However,
the NETLIST utility connects all power supply
pins that are defined in library source files.

PAS. A keyword that identifies a pin as passive,
Passive pins arc typically pins on passive devices
such as resistors, transistors, inductors, and

~ others. . '

Nz A keyword that identifies a pin as a high-’
impedance (3-stiate) output.

pint name : . A character string that represents a name for the
specified pin. For block symbols, this name
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PIN NAME STRING

appears on the screen or the printed worksheet,
Pin names do not appear on the screen or the
prinied worksheet when they are are part of pin
definitions for a a bitmap symbol. However,
you may stll choose to use pin nanies in bitmap
symbols. The NETLIST utility still rccognizes
them, and you may {ind them uscful as personal
references.

You can enfer pin names either in upper- or in
lower-case, but they always appear i upper-
case.

The backslash (V) and single quote () arc special
characiers. A backslash (\) after a character
indicates that the character should have a bar
over it. 1f you want to bar multiple characlers,
you must place a backslash after each characier.
The single quote delimits the part name siring.
If you want a sinple quote as part of the pin
string, you must escape it with another single
quote. -

——

Any Character Y

Figure 7-19.

Excepl ' and\ | | ’ ]

Pin Name S'Irg'ng; Synlax Diagram

7.45
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4

EXAMPLES

Exarmple:

'2114° '2148°

6 14 1
L1 5 iN 'AD?
L2 6 IN ‘Al
L3 7 IN ‘A2"
L4 L] IN_ ‘A
LS 3 IN ‘AL’
Lé 2 IN *AS?
L7 1 IN '‘Ag"
LB 17 IN 'AT"
L9 16 IN 'AR?
L10 15 iN *A9?
L12 8 IN 'CA\S\!
L13 10 IN *WAEN®
Rl 14 K1l ‘Do’
R2 13 . H1Z ‘D1
R3] 12 HIZ '‘D2°*
R4 11 HIZ ‘D3
TO 18 PWR  *vCC' -
BO 9 PWR 'GHD'
Example:
*£8020*' {This device jia in a pin-grid array package.}
15 66 GRIDARRAY '
Ll c2 CLK IN ‘CLK*
Example:
*T7474° TV74ALSTAY '34A574" *T74LS574° "T4574"
TYT4HCTIA *74ACT4° ‘ ' .
'3 6 2 ,
L L2 "2 12 IN C - ‘D*
. L4 3 11 CLK IN - 'CK*
- B3l * 1

13 S DOT IN ‘'CL’



Schematic Design Tools Librarics

7.4.6 Bitmap Definition

BITwAP DEFINITION

J Bemasr )
¢ ﬁk_ Line / 4

: Pazt Name
Sinng 3
Pat! Name

! ; Pin 1 { Bumap Y}
- CORVERTE ‘ Dstinition } y "1 Lime f
()
(D

Figure 7-20. The Bitmap Syntax Diagram -

[{.#)...BITMAP ‘part name’ ,CONVERT part name’

where; : S :
' A . represents cleared pixel bit that is not
displayed on the screen.
# | A # represents a set pixel bit.

7-47 .
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» If you use the BITMAP cption, be surc that the part
nzme you refertois previously defined. Be aware that
DECOMP may reorder part definitions. DECOMP
order parts numerically and then alphabetically.

EXAMPLES

Exarmple 1:

'"CAFACITOR!
2 3 0
71 FAS *
Bl FAS M ‘
{ 01234567EF012345567E90122¢567880)
{1 - 0 1 2 3}
(00}, v eennns ] .
(13 1 S !
102} . neinnnnn (]
163}, e eeinnnns (]
[E -1 I #
1% I ]
(06) .. vovunn- )
107) e eenennnns ¢
{0B) .ot ]
(09).uneniienns ()
{210} enennnnnns [}

. B3 N )

. 112) e eeiinnns ]
{13y 8d00Eneiddaetinntad
(14). :
f1s1}.
(16).
{17).

IR N XN N2 ])
(29) ... 008....0. .11
{200 .00, .....0...... i
, 12108, ... ... b Lt

(22) 0 eeenenens ]
X } [P, (]
241 . ......... 4
(3-3 I (]
{26). ... ..0un. |
127} e idennne ]
(2B} e iinenns ]
129) . cvvennnnn t
{30) cv e cncens (]
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Example 2¢ BITMAP 7400°

{This tzkes the bitmap defined for the device 7400.)

Example 3: CONVERT "7400°
{ This takes the conversion bitmap defined for the device

7400. This part must have a conversion bitmap if the
ibrary source file is to COMPOSE without errors.)

7.4.7 Convzrsion Bitmap

CONVERT
pin defirtions

bitmap definition

where: i

pin definition A previously described identifier. Note that the
. : pin definition for a converted bitmap mwst have-
the same value for parts/pckg and the normal -
~ bitmap. ' :

bitmap definition A previously descnbed identificr.

part name . A previously defined part name that has a
' convened bitmap. - '

- 7-50°
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NOTES

If you use the CONVERT ‘part name' option, be sure that
the part namme you refer to is previously defined. Be
aware that DECOMP may rcorder pznt definitions,
DECOMP orders parts numencally and then
alphabetically.

751 -
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TXAMPLES
T.wample i CONVERT
L1 1 4 9 12 IN 10
L3 2 5 10 13 IN ‘11°¢
R2 3 6 8 11 cuT ‘o’
T0 14 14 14 14 FWR  'vCC!
BO 7 7 7 7 FWR  'GND'
COPIRET RPN E RN RREREI IRt IRt
D 0 TN 2 1610
2 IR PP e e 144
Ak} P I e, ¥
3 I IR A Y
56 ..... b e e X
1613 I B e e '
0 TP % 270 S AU
-] IR U 1 e e '
2930, . ... L T S ’
10)#..... 2 '
S SN T T e ']
3 IR TP 2 2 AP ’
N I X 2 2 R '
F14) e ' N e e e e et '
S L] N B e e e e e e e e '
F16)eeernnnnn. 2 P '
% 2 2R A PP '
BY-] 2 AR ’
[19}euvenennn. b e e e '
{20)ceeneunennn. e e e e e
20 P B e e . b
. S P, e e ebere s et me et P |
T} P B R et ’
(24} eennnn.. b e D ettt ’
(250 neneneiolennnnnn. e ettt e '
{26}..... B e e R, ’
(27} 000, o e i, R o
(28} . 0. bl e e P '
12910, o b b i et teitseeine et e, '
{301e..... L e et et e ce e b et e ]
(31)0..... M. e e e t
132 0. 0 e e .
E33) . 00 b e et [
134} ...... B e e e ..t
{35)..... bt e e e e "
136} . e it i ittt e et e [N
P T R "
[T 3 P PR T
T 3 T S Kedd

R R AR RN N R R NN AN NN N R R N AR NEN RN RN

txample 2: CONVERT °*7400°

7.52
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7.5 A Final Example: haking a Conneclor

A typical customi part is a connector. You could use modale ports to
mzke a connector, but OrCAD docsn't recominend it. If you use
madule ports 1o represent a connector, the NETLIST utility has no
way of knowing what the pin numbers are.

Insicad, use module ports to represent hierarchical and flat file signals
t:zt go from one sheet to another. Conneclors, however, such as the
DB2S or the IBM 62-pin edge connector, are best represented as

hbr rary parts. In that way, you treat connectors as phy sical devices
with pin names, which is what lh::) are,

Here is a partial example of a pant definition for an 1BM 62-pin edgc
connector.

*CONLECTCR 1BM®
10 32 0

Ll IN ‘Bl°
12 ' 1IN ‘B2
L3 IN ‘B3’

14 - IN '‘B&"
L5 - 1IN 'B5"
Lé IN *Bé*

L30 IN ° ‘'B30'

131 IN  °'B31°

A N A1t

R IN  'A2' :

"R3 IN 'AdT - <
R4 IN  'Ag’ g
RS IN A5’

R6E . IN  ‘A6"

R30 IN  ‘A30"
R31 CIN ANl

7-53
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7.6 Examples of Source Libraries

Using the techniques discussed just described, we can now examine
some examples of Hibrary source files. Remeinber, comments are
cnclosed within braces {...}. We present three samipic source
libraries.

SAMPLE_1.SRC This file contains some typical block symbol
: definitions. Tt has some memory devices and -
two microprocessors, the SOSOMAX (the 8086
in maximum-mode) and the 68020 (a pin-gnd
array).

SAMPLE_2.SRC This file contains some standard TTL devices. ~
Note the use of a prefix definition.

SAMPLE_3.SRC This file contains some typical bitmap
definitions. It has an AND gate with its
DcMorgan equivalent, and antenna, a capacitor,
- a tnode, and other non-square or non-
_rectangular symbols.

Although these examples separate the kinds of definitions (block from
bitmap) into different libraries, that is not a requirement. You can
intersperse block and bitmap definitions in the same file..
. |
To use these sample files, construct a pure ASCII file (no formatting
characters) and execute the COMPOSER utility. Then reconfigure
DRAFT 10 recognize the new library. For cxample, to COMPOSE the
sample files, enter the following commands on the DOS command line,
~ The file COMPOSER. EXE and the sample files must be in the same
directory. ,

COMPOSER SAMPLE 1.SRC SAMPLE_I.LIB <RETURN>
COMPOSER SAMPLE 2.SRC SAMPLE_2.LIB <RETURN>
COMPOSER SAMPLE 3.SRC SAMPLE 3.LIB <RETURN>

Then, rcconﬁgun:.DRAFT, as outlined in Section 2. You can add one
-~ or more of-the resulting library files. DRAFT expects the library files

7.54
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P n —_ e ——

1o have a pathnamne constructed by placing the ibrary prefix (set with
the LP command) Y fore the library file (sct with the LF command).

A

. 1-55 .
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7.6.1 SAMPLE 1.SRC: A Block Symbol Library Source File

{Brzinning of souv:ce file, SAIFLE_1.5RC)

FRIFIX
END

The {eliowin

(3]

a:e rmonIzy devices)

{1K x 4§ static RAM)

*2114'  *2148' *2149' '5513'  '5514' '9114' '9124°
3 14 1 "
Ll 5 1K C'RD?

L2 6 IN ALY

L3 7. N A3

L4 4 N AL

L5 3 IN "AS"

L6 2 iN "RE"

L? 1 IN AT

L8 17 N JYE

L9 16 N ‘A8

110 15 IN A9’

112 8 N *CAS\*

113 10 1IN TWAEN®

Rl 14 K12 'DO°*

R2 13 HIZ ‘D1’

R3 12 HIZ ‘D2°

R4 .1 - WIZ = ‘D3

T0 18 FWR . "Wee!

BO - 9 ~ PWR ‘GND"

[ ANl of the above memory devices have the same block symbol. The
part’s size is 6X by 14Y, and it has one part per package.}

{256K x .1 dynamic RAM}
*21256" '51C256' 'S0256' *50257* *B1256' 'B1257' ‘6256’
*6257°  '4256'  '4257*  '41256* '37256'

6 14 1

5 N _'AO°

L2 ? IN 'Al’

13 . 6 iN 'h2"
‘14 12 IN . ‘A3

15 11 IN ‘A4
L6 10 "~ IN 'AS’

17 13 . IN. 'AG’

LB g - IN ‘AT

19 2 IN TYRB!
111 4 IN 'R\A\S"'
L12 15 IN . *C\A\S\!
L13 3. - IN : *WALEN

Rl 14 . H1Z - *DO?
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R3 2 IN "D1°
TO 8 FWR rvee!
B0 16 EWR ‘vss?
(4K x 8 LPRCM)
'2732°
7 16 1
L1 8 iN | "AD*
L2 7 IN ALY
L3 6 IN 'A2°
L4 5 IN ‘A3’
LS 4 IN *AqY

L6 3 IN tASY
L7 2 IN *h6"
LB 1 IN ‘A7
L9 23 IN XN
110 22 IN A9
L1l 19 IN *A10"
L12 21 IN . "A11"

T 114 18 IN - 'C\EN'
L1S 20 IN - CO\E\/VFP'
R1 9 HIZ '00°
A2 10 HIZ 'o1°
R3 11 HIZ 02"
R4 13 HIZ ‘03°
RS 14 HIZ 04
R6 15 HIZ 105"
R? 16 HIZ ‘06",
R8 17 HIZ '07°
TO 24 - FWR * ‘vCC' .
B0 12 PWR *GND' ' .

{ The following are microprocessor devices} E

'80BEMAX"
13 32 1 .
R1 16 1/0 *ADO* .
R2 15 1/0 *AD1* -
R3 14 170 T 'AD2 '
R4 13- 1/0 'AD3’ : St
RS 12 1/0 ‘ADY :
R6 11 1/0 - "ADS*
R7 10 10 . ‘AD§'
‘R -9 1/0 ‘AD7"
RY 8 1/0 ‘ADS"
R10 7 1/0 ‘KDY
_R11 6 1/0 "AD10°
R12 5 I1/0 - - *AD1l*
R13 4 1/0 . *AD12°*
R14 3 1/0 *AD13’
R15 2 I/0 *ADI4" : ,
‘R16 39 1/0- . *AD1S* . -,
38 '

" R17 OUTT L UCALE/S3tL L
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K18 31
K19 g
20 35
R22 34
£24 <€
R2%° 27
F26 Z2F
F2FE 32
r29 <5
F30 25
R3] 24
13 22
L4 19
LS 21
L7 18
L27 31
L28 30
L2% 17
130 23
131 33
70 40
BO 20
BS 1

DoT
DOT
DOT

D27

bOT
DOT

DOT

ouT
ouT
o7
ouT
ouT
ouT
ouT
oUT
ouT
ovT
GoT
in

CLK
IN

IN

1/0
1/0
iN

IN

IN

PwR
FnR
FnR

IN

'R17/54"
‘R1§/55"
"R19/86°
"B\B\E\/S7"
ER

Isll

+52°
RAD\*
"LOZK!
ICSD‘
losll
'FLADY
'CLK?
"RESET'
VINTR®
"RQ/GTO?
"RO/GT1®
.NMII
ITEST'
CHAXA !
veee
"GHD*
‘GED*

{This device is in a pin-gnid amay package. Notice the key woul
GRIDARRAY in place of paris per package])

*6EG20

16 53 GRIDARRAY

b I c2 CLK IN 'CLK'
L3 * J12 DOT IN *1PLO’
14 J13 DOT IN ‘IPLY®
L5 H12 DOT iN '1PL2®
L7 H2 DOT’ IN *AVEC'
18 Al DOT IN "BGACK!
L9’ B3 DOT IN 'BR'
110 J2 DOT IN *BERR'
111 H1l DOT IN ‘CDIS*
L13 H3 DOT IN - *DSACKO"*
L14 J1l DOT IN . *DSACK]"
L21 K13 1/0 ‘DO
L22 K12 1/0 ‘D1
123 113 1/0 *D2'
124 L12 1/C ok
125 H13 1/0 'D4!
L26 M12 1/0 ‘DS
127 M11 1/0 ‘D6’
L28B LiO 1/0 ‘D7 .
129 N12 1/0 ‘pa’
130 N11 i/0 *D9!
L31 Mi10 1/0 *D10D*
132 - L9 1/0 ‘D1l1*
L33 N10 - 1/0 ° ‘D12

’ 775‘)
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L34 M 1/0 'D13*

L3% NT I/0 ‘Dig*

L36 LY 1/0 *'DLS

L37 M 1/0 ‘D16’

138 NE 1/0 ‘D17

L39 M 1/0 ‘D18

LD L 1/0 ‘D19

141 NE 1/0 ‘D20’

142 M5 1/0 ‘21’ : .
143 S 1/0 ‘L2’ .
L44 LS 1/0 ‘D23

L4S M5 1/0 ‘D24

L46 N3 1/0 ‘D25

L47 M3 1/0 ‘D26’

148 L% 1/0 ‘D271

149 NT 1/0 ‘DZB’

LS0 Mz 1/0 - ‘D29

LS1 z 1/0 *p30°

152 = 1/0 ‘D31

R (o { cutT "AQ!

R2 z ouT ‘AL’

Rl £.2 ouT ‘A2

r4 .3 OuT 'A3

R5 c.? our 'A4’

R6 c.3 ouT ‘A5

R7 B3 ouT *AGY

RE cl2 ouT 'AT’

R9 Azl ouT ‘A’

R10 c11 ouT ‘A9

R11 B12 . CuT *Al0"

R12 AlZ2 QUT. ‘ALl

R13 . clo ouT 'Al12' .
R14 Bll . ouT *AiI3"

R1S All ' ouT . TAler

R16 E10 outT *ALS"

R17 c9 ouT *Al6’

R18 c8 . our ‘Al17"

R19 EB our 'Al8"

R20 A8 . - out ‘Al9*

rR21 . B? ouT "A20*

RZ22 ct our *A21" .
R23 Al ouT *A22 v
R24 Ab OUT. A2

R25 B6 OouT ‘A24°

R2% cé ouT "A25"

K27 AS : out *A26"

EZB 'BS " OuUT *AR27°*

R29 Ad QuUT - *AZB*

"30 . c5 - OuT - 'R29°

r3Il =L} ouT *h30°

F32 Al ouT TR

34 F13 DOT ouT *IPEND®

R3S B2 COT OuT *  'BG’ )

R37 El . out *FCO" : ;
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R38 F3 ouT ‘FC1l°*
k30 Fe oUT ‘FC2
F4l Fl ouT ‘5120
k&2 G2 ouT ts123!
R33 G3 DOT ouT ‘LZEN
r44 Gl DOT QuUT 'ECS®
R4§5 E13 DOT oUT QLS
] £E2 DOT OUT TRMCY
F47 Ll DOT ouT ‘AS
F4E ®1 DOT ouUT 'pS"
R0 L2 ' ouT CR/WN!
R51 K2 DOT 1/0 *HALT®
R52 €1 - DOT 1/0 *RESET®
T0 A3 FWR *vee!
Tl D} FWR *vCC*
T3 D2 EwWR weg!
T6 E3 FWR AV olull
79 Gl1 FWR vee!
712 G113 PWR *VCC*
715 ME FwWR ‘WwCC*
T16 ¥ ] FWR "WCe!
ED A10 PWR 'GnD*
Bl G12 PWR ‘GND!
E3 E13 PWR *GND*
BE . J3 FWR "GND*®
BY K1 PWR . ‘GND'
Bl12 L7 T PWR *GHD*
E15% . N7 PWR — ‘*GND°
B16 BS PWR *GND*

{End of source file, SAMPLE 1.5RC}
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7.6.2 SALPLE_2.SRC: A TTL Block Symbol Library Scurce File

[Eeginning of the soutce file, SAMPLE_2.SRC}

FFEELIX .
"*74LS" - "Ls*
'745¢ - g
*T4ALST - *ALS!
"74AS" - ‘AS’
*T4HCT! - 'HRCT!
‘74HC. - chl
*T4ACT! - *ACT!
.T‘:F\C. - .AC'
'TGK—. - !FI
l74l

END

TT4A2° 'T4LE42 *TIHCAZY "T443 17444

5 11 1

L4 1 IN F
15 15 IN . oge
Le . 13 IN ol
-L7 12 IN ‘D
R:0 1 . DOT ouT g
R9 10 DOT cur - '8!
RS 9 DoT OUT . '7°
R? 7 . DOT QUT T
R6 6 DOT OUT '5¢
RS 5 : DOT OUT g
R4 4 . DOT OUuT _  *3°
R3 3 DOT OUT *2
R2 2 - DOT cuT - ‘1t
Rl 1 . DOT OUT 0
T0 16 ) EWR - : "wee!
BO - S PWR - . *GND*

7446 *7447° '74L541"

6 . 8 1 )
11 4 IN *RAB\O\'
L2 S . IN © U"RVBVINY
L3 3 IN S PLATAY .
. L4 7 i IN e
LS 1 IN o *2°
L6 2 IN 4
L? 3 IN | N
R7 19 . DOT OC G
R 15 , DOT OC ‘F!
RS 9 . ' DOT OC ‘E’
Y] 10 DOT OC 'D’
m ] *

R} 11 . . .. DOT

7-62
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R2 12

R1 13

70 16

BO B

73740 T3RLETAY
PIENST4 CTSATIEY
'3 3

12 2

L4 3

B3 1

T3 4

R4 6

R2 5

70 14

7

DT O
D2T OC
Far
Fri

[l )

—

DBI
IA.
l\}cc.
'ClD’

TAASTE TT4LST4 VST

IN ‘D
CLK IN ‘CK?
DOT 1IN ‘CL!
02T 1IN ‘P
ouT OO\I
ouT 'Qr
FwR vee!
FwR *GHD'

[ This part has two parts per packzage. The far left column represents
the pin position. The second column contains the pin nuinberss of the
first D flip-fiop in the package. The third column contains the pin
number of the second D flip-{lop in the package. Note the power pnts
on 14 and 7. They are required for both devices.}

*T4RLE160" ' TAAS160
'?74ALS161"' ' T4AS16Y!
*I4ALE162" P T4A5162"
"I4KL5163" *T4A5163°

8 10
B b
Ll 5
1.2 10
13 7
14 2
Lé 3
L? L]
LB 5
19 6
RS 11
RE 12
-R7 13
Rb 14
R4 15
TO 16
BO 8

{End of the source file, SAMPLE_2.5RC}

"74LE160"
'7415161"
'74L8162"
*74L8163°
1
DOT IN
pOT IR
IN :

IN

ouT
ouT
PWR
PrR

*T4HCI 6D
*74HC1EL”
345162 '74UCIE2
*745163" 'T74HC163!

ICLI

le

"ENT® :
"ENP® -
'CLKY o
lA‘

lBl

lcl

IDI

‘tc’at

OOCI

IQB.

-oan

.CD'-

lvccl

GhDY

763
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7.6.3 SAKPLE_3.SRC: A Bilmap Symbol Library Source File

{Zeginning of the scurce ‘Iile, SAMPLE_3.SRC)

FrerIX
£nb

TILa0
6

Ll

L3

R2 -

4
4 - I 12 IN *I10°
S 10 13 IN "I1°
6 8 11 DOT OUT ‘D!
T0 14 14 14 FWwR *vee!
RO 7 7 7 FwR 'GuD*
RN NN NN R R RN NN NN RN NN RN N NN NN RN AR RN RIN Y

~d = el A e

3910 .. ...t e e et aa SRS E Y
I40!lll‘llllIllllllltlillldillll!illllltlllltllll
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———

CONVERT ) .
1.1 1 4{ 9 12 iN '10°
13 2 5 10 13 IN '11°
R2 3 6 ! 8 11} ouT ‘o
70 1 14 14 14 FwR Ve
&0 7 ) 3 7 FWR *Ghp!
{COT i e b v it .-

{01y ¢ ... .. e e e e e e site

L tie
(C3)...¢....... e e h e e e e e aaa s i

2 T T e

{0%)..... T (X
{06)...... o it ir et et e e et 4

L B O I S t.

- O O !

3. i S N ¥
I 3 R (E] ]
- 1 T ghae
{(A0)Fsed it psn ittt g

7-0S
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'74ALS1Q!
6 4
L1 1
L2 2

L3 13
R2 12
10 14
&0 7
EITMAP 7400
CONVERT

Ll 1

L2 2

L3 13
R2 12

9 IN '10°*
10 IN ‘It
IN ‘12
8 DOT OUT ‘o
4 14 IwR 'vCC!
7 FWR ‘GhD?

O
-t
pt

9 , IN ‘10" -~
10 IN "Il
iN tI2t
g ouT o
T0 14 4 _ 14 FWR '*vCC* -
80 7 7 FWwR *GND*
RS R RN N RN R R R AN RN R AR E RN X))
R 0 T il
02y, .8, . i i et b et e iae s tis
L T T "
L I T T S P 14
{0S}..... L R ¥
[06)...... L I S r e tee s et e e P
I I I T '

- - N B
—
(=]

{17)..... I I 2 Y |
{18) ... . 0. .. 4. 0... .. et et rseteiceear s tae e IR |
S D R e e e e N |
{201 0880 . . 0., .. . i e reaaena J e e e sanen
{21)...¢..... L e e S ]
. T S I T e e e )
{23)..... T et et N

|40}llllilllillllillllIfllllllilltll P é‘x
1.66 '
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*7402°
€ 4
L] 2z 8 11 in 10
13 3 9 12 IN ‘11t
R2 1 10 13 DOT o7 o
10 1 14 14 IS e
BO 7 7 -7 I Heink
{CCIerrttp it ittt e it ttiistanes

1L U T tie

02}, e i

(03} ... 0. e bt et et et a e 9"

1L i,

(117........ S e e '

{40]!!'l!lllllllillllltllllllljllllll'

767
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CONVERT

L1 2 5 8 11 DOT IN'IOT

L3 3 6 9 12 DOT IN'I1®

R2 1 4 10 13 ouT'o*

TO 14 14 14 14 FWRVCC’

£0 7 7 1 7 PWR'CND'

BITIAR 'T400°

*7433* '74L533 "T4ALS3Y

6. 4 4

Ll 2 5 8 11 IN'I0°

L3 3 6 9 12 IN'IL

R2 1 4 10 13 DOT ouT' 0’

70 14 14 14 14 FWRVCC'

BO 7 7 7 7 PWR'GND'

BITMAP *7402°

CCNVERT

L1 2 S 8 11 DOT IN'10°

L3 3 6 9 12 DOT IN"I1°
1 4 10 13 ouT' 0’
14 14 14 14 FwR'VCC'

B0 1 7 ? L PWR'GRD"

BITMaP '7400°

{The following are electrical and clectronic parts)

7.68

*ANTENNA'

2 1 0
Bl ouT '
{ Ortetrtrrprdaetini o
f 11.8........ h..... S
-2 U IR SO 1.,
{ 3)...0. . . ... 0., ... t...
i 4 I S #.....0 ...
{ S5t..... P I B
{ 6)...... ' N DN B
{ Theenn.n. .08, .0. . ...,
1 B8)........ 1.8 0....... .
{ 9., ¥ X I
{ 10}.......... ...

e
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- - ;
——————

!CAPU

*CATACITOR'

FITIFRINZE *'C* :

{X Size =) 2 iy €ize =} -1 [Farts per Fackage =}}) 0
Tl SHO=T FAS 'l

El SHIR1 "TAS ‘2"

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

By...q08 b .40 ..

et o]
e

'GHD POWZR'!

{X Si:e =) 2 {Y Size =} 1 {trerts per Faclage =) ¢
Tl PWR *GRD'

{ Opevddddgiiritidiiénig

LW
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*MOSFET N
FLTERINCE  'Q°
3 2 0
L2 SHORT IN *‘GATE" |
T2 SHZRT IN 'DRAINT,
B2 SHCRT 1IN ' SOURCE "
{0 ereennnn. S .
SR ) PO Voo .
i 2. L] AR RN EERE N I
S S PO S B
R O
i S)eo..d.... 0.,
] PR IR DURY I ISR
[ £ D Y DY ¥ B
( BY.... b 8. 0bb0.
{ 91....¢ NI T PO
L 100, ... .. SR ERIend, ...,
ERTS DY POURE YT T DO SO,
SR P PO O T T D B .
IR E S PO BN DU Y S
TS Y PR DG T S N,
S BPY:1 DU DU D O
(16)....8...0..... P
S I P ST JONPI  J ..
T P T T F T T T T T T I D
AT Y O B B b .
L 2Ch00ebd. . b,
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] 4 o]

12 IN "CFID!

29 IN "CATHODE'

Bl IN "FILAINT 1°
k3 IN PFILEMINT 20
T2 IN "FiLATD'
GO . Vidbsiiedtiig

{35).....88. . ... 8. ... oL, ‘
{36)....0..0........ ... | B (]
(37)...0.... 80, ... 0..... AU D Y
138)..0....... 1.0 T
139).4...... R & I °H

. 7-71
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SULILIARY OF LUERARY CQIAPONENTS -~

-

-

Dircoory of ANALOGIIR 70

1M7C9H

145E 155§ 7621
PSCCEDZ ADIZGEDS ROCSEDR
RDICEDE ADCCEDS DACOBDD
SAZCES2 TRCGEQE . EACTET?
TACERZE LF13741H 1LF157419
LF147N LF1%5%H LF1S6H
LF255H LF2%€H LEZS7H
LF347N LF35%1M LF 351N
LF3L3IN LF35%H LF35%N
LFI%EN LFISTH LF3I8TN
LF4311N LF412H 1r412

LY e 41N LF&442H LY 442N

LE4 44N LEOCLIN LHOOG3R
LH101H 1M101J LH101J14 .
L™ILTH . 1Mip7J3 L 1107314 '
1L~10R3 IMICETE . . 1M10H

iM11D 1M411H SLMIIN
WMI3CEON 1M13950P LM145EH
IMIAEEN 11460 11483
LM12SER 115883 LM1SEH
LM1G62H . . 1M15§23 1201
12611 LM202N . LM207H
1M207J34 LMZ208H 1208
LMZIEH 224 1M246]
1M248 LMZ4BT . 1LM258H .
1M2500N M85 4 | 1M25247
M2 LM262T . LFI0IH
LM301J14 1M301N - LM302R
M3ITTI 1M307J14 1LM3I0IN
IMICEI! LH30E38 LM31ER .
LMI3CIN 1>338 . LMI40IN .-
LM3I4EN L Im348 1M348T
1M349N 1H34en LNV AN
1M3ISON LM3I900N 113828 . .
147928 1LME250M 1M¢2503

) LMT09N 1LMTO9NE

ADZUECL
ADCOEDS
DACOFD]
DACTECE
LF147D
LF15%7H
LF3479D

.LF353H

LF3ITEH
LF411K

LF 441N
LF444D .
IHO0D4H
LMIDZH .
LMIGEH . o«
IMI10N
1124
LM1458d
1M149
11597
L4201
1H2070
1LM208I8 -
1LHM2 4 €N
1280803 0 - .
1282 4 .
1~3013 .7 .
LM3I0TH
L=3CBH

1324

LM3467 - -

S LrMIeEN

1H158F
1M1923 - -
1He5s
LM725H.

A
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‘Appendix A : Schematie Design Tools
LM725H LM74L . L«Talm MI41J1%
LMTAIN . LMI41K18 LMT47 g _LMIATH .
1LMT47I ' LM7488 Co - LMTART T LMTLEN
LMTBCS . IM7ERE& . - LM7EGR-C LMIELIQ
478120 . . . 1M781S .- LmTEYR. -, LM7824
LMIEBS - MCIESS . - MmC183§ T - T OMCLTAL
NESSS CEne v TLOTZ . TLOSZ
TLE9Z: TATALL . 7 VOLTAGENIETSCTATTE LS
Directory of ASSEMBLY. LT "2 .. . - " - i
08 PIN R TI 3= 2 1§ FIN ° *° .- 24 PIB-"
28 PIN: - 40 FIN 500X U FIF TOF - aF X7 - - '
ESGE CONNELTCR |/ RESTSITR DA’ RESTSIOR Lu_ -EESTSTCR LIS &7 . -
FEISISICR Fark . TQX 2247 © " TT 319 - ‘T osr s
XTAL :
Direciory of CMOSTIR

4000 4001 4002 4006 4007 4008 4009 4014 4011

4012 40123 4014 4015 4016 4017 <018 4019 4020

4021 4022 4023 4024 4025 4026 4027 4028 . 4029
" 4030 4031 4032 4033 4034 4035 4037 4038 4040

4541 4042 404) 4044 404S 4046 . 4047 4048 4049
4CS0 4051 4052 4053 4054 40558 4056 4057 4059 .
1060 4061  406€ . 4058 HCES 4070 AUTICC 4QT7Z°C 40T7AT
4075° 4076 40TT" 4079  4UFI  4CHZ  ACHES.  4CE§ - <399

4093 3094 4095 4096 - 4098 4099 4501 4502 4503 .
€504 4505~ 4506  45C8. . 4510 4511 4512 ... 4511 4514

4518 4516 £517 4518 T €519 ° 4520 4521 4572 4524

4526 4527 ° 4528 4529 4530 4531 4532 4534 4536

4537 4538 4539 4541 454 4544 4547 4549 4551

4552 4553 - 4554 4555 4556 4557 4558 4559 4560

4561 ° 4562 4566 4568 4565 4572 4573 4574 4575

€580 4581  4=FZ R8T 4SEA . 4538 © 4597 4598 4599

5101 14000 I4CQOL 14002 14006 > 14007 14008 14011 14012
14013 14014 14015 14016 - 14017 14018 14020 14021 14022
14023 14024 14025 14077 - 14028 14029 14032 4034 14035
14038 14040 14042, 14043 14044 14046 14CST . 240%F 14053
T4066 14068 14069 L4070 IAGTL. 14072 . I&07F 140675 14876 °
12077 1407F "14CBY.. I4UBZ 5 I40%3 . IR094 -I4095 - T41&d ISIEL.
TAZ62  I4163° 14174 C 14175 1419477 1435017 14502 165TT . 14504 . - -
14505 14506 14508 ~ 14510 14511 14=12  I4SIY. T4SI4 -l1451%
14516 14517 14518 143519 14520 14501 14=7L . I4S2& . 14525 -
14527 1452% 14529, 14530 1853 14337 14534 .14536 . 14%37 . -
2L3B 14539 14541 14547 LASEK. 14547 13549 1455 .14S55Z7
14553 14554 14555 14556 1ASNT " TTSSF 14559 _ 14560  1L45ET .
14562 14566 1A%EE T 14563 TAST 1457X CIASTE  T4SFS  LeSHO
1TA4SEY 145827 14SET LASS4 - 1eSES . NASEYJASYE . ILS95°-.43107

A
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403108 40113 403116 0160 s

40101 40102 40103 40304 4010%

10161 4C1E2 40163 40174 4D17S 401B2 40192 40193 40154
42100 45100 45101 45104, 4%1068 45107 L5109 42112 243104
i453106 145307 145109 14%112 :
Dircctory of DEVICE.LIB .

12 HEADER 1RSW10 1R5W12 .
1RSW) 1RSWE 2RSW12 - -
ZRSEW] 2R5WS 4 HEADER .. -~ N
ANTENH ) BATTERY. . .. BNC E o
ERIDGE . . EIITR CAP :
CAFACITCR . CAFACITOR FEZD CAFPACITCR PGL

CATACITCR VAR
CONNELCTZR CTAX
CORNTITLR =18
CryYsTAL

L1122 SCRITTIEY .
DICCE IERIR.

G¥T TARTH

GND SIGRAL
INDUCTOR IRON
INDUCTOR VAR
JTET P

LrMP NEON .

HETER MA

HMEITER OV
HICROFPRIFE

HOSTET B i,
HMOTOR STEFFER °
“FN DIAC
FRONEJACX
FHONEFLUG

FLUG AL FEMALE
PNF DAR .

R -
RELAY DPS?T -
RES1STOR ‘
RESISTOR TAFFELd
SCR

SOURLCE VOITAGE ! U
SPLAXKER"

S# PUSHPUTION. = -
TECR™AL FOSE T

TRANSFCFMER ATR CGORE

" TRANSTUP=R STi7LF
TRIAG
TPIODE
uryr p .

CTRCUIT EFIRFER
COXNETTOR CD3X-F
CINNWELSQR DRZIS .
CICDE

T DIODE TURNEIL L L

DIODE TENER]L

‘GND FIELD SIGNAL

GTO
INDUCTCR IRONY

INDUCTOR VARIABLE IRON

JUMPER

1D

HETTFER WY

METER VOLT
MJSFET DTAL G/N
HOSTEZT P

KEN

OFTD ISCIXIOR
FRONESACK STEREDS
PROTO KFH

PLOG AC ERLXL ..
FRP DIAZ. -
R—EACK ’

RELAY SFDT °
RESISTDR EFALK "
RESISTOR VAR a
SIGKAL AC

CPAEK GAFP

sSw DIF—4 .
W SPOT o
TECEMTSTOR - .-

TFANSFORTER CX "~ * ..

TRENSIFOPER VER®

TRIAC DRIVER ’

TUBE PROTO MILTIFLITR
VARISTOR

coaAx .

CONNETUTTOR COAX -2

. CONNECTOR CBYS

DIQDE ERIAFDCWN
DICQDEL VAFACTCR
FUSsE

GND POWELR
INDUCTOR °*

INDUCTOR 150LATED
JFET N '
LAMP

METER AMP

FTYER Ul

FZTER VU

MOSFET DAL G/F
MOTOR SERVO

NFN DAK -

OFTD 1SCLXTCR-R
FHONEIACK SIIFED.SW
FHOTTDIOIE: .
FNP .
Pm aa. _‘ -

"RCA JACK

RELAY SPST
RESISITOR -BRIDGE: °
KESISIUH VAR 2
SOURCE CIrRERT -
SFARE GRF CAP -

SwW DIF-8

€W SPST"

TRANSFCRMER ~  °
TRANSFORMEN ISCLATED

TRAKNIIRE
TRIGGERED SKARK GAP
oyr §
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Dicciary of ECLUIRCS.

MC1CI0T !'!'T'LGJCIZ'.‘.‘".'&?IUIU? FCITIOR ™ MO lIO0TCS T MCI0I06T o

| ol 1R e
B2S10L87T  MCISICY MTI0TIN T MCIOLIL PCIOIL1YI L MCl1f114 . Mo10IIS LT
wT10114 . MOCIGIIT . MCIOLIINT MCTNIN9 e MIOTTY e IDITIT WCINIIE - .

NC10128° MOIGITAT . AI0I7YT T MOIOIIE S MOIOLIY L O MCI YT CmeIoIIA L
HC1G134 MC1013S ° MCl0136 MCI013T MCINIZET  pcl0I39.RCADINYL
F1014SA MCI0153 " MCI0154 " MClOI1SE .. MCIQLSY® - MCINIGO MCI016L
MCIG1E62 MC10163 MC101¢64 MC10165 MC101¢66 MCI0YE6E MC10170 .
#T10171 HCIO017Z MCI0173 ° MC10174  MC10178 MC10176 "MCIQLTT-C
= I0178 MC1C1T79 MTIS180 7 MC10181° MCIO1B2.C "MCIOLES MCIOIER-- 0
HMTI0IET . MII0LSQ HCIG191 . MC10193 MHC1019S5 ~.MC101S7T MCIOZIQL
wCI0Z21L. MA02YI2 0 MA216.. MCI10231 . F10402 "F1041¢ . rlo41s . . °
F1041§ F10422 .. F10470 ° Fl0474 MC10500 ~ mCICSO0L. 10502 77
MIICST3 M50504 T MIIC0S0S . MCIQR0& MCIPSHYS C THTIDSI4C MCIGSTS
OMCICRIS T MCIDEYY T MOICSIN O mC10S19 T mMCITSTYC. MICSIY O CMTICEIN L.
MC105232 MCIQS24 - mMC10S3%  MCIGSI6T MCIOS3IT T mC10SIE. MCIOSIT T
MCLCSA)l MTAGETERE o MCTICSSY:  MCICSEO T MCIOREL | pe10SERY HCO1C563 0 L
HCICEEd 'MCHETSES-]. MOLOSER. - MTIESHE - - MIOSTIT © MCIDSTYIN. MCIGSTE
HMC1CST4 MCIOSTS ™ MCIODSTE " MCISSTE - MCIUSTY . RCICSEO “ROTUSSL
MC10582 MCl0S586 HMC10588  MC10%90 MC10591 HC1059%3 MC10595
MC10597 MC10610 »C10611 MC10612 MCI0616 MC10631 riool01
F100102 F1£0107 F100112 F10011) F100114 F100117 F100118
F10012 F100123 F100124. F100125 F100126 100130 F100131
F100136 Fl00141 ' F100142 F100145 F100150 F1001St Fi0015%
F100156& F1l001S8  F100160 F100163 Fl00164 F100165 F100166
Fi00171 F10Q17% . F100180 F100181 ° rio0ls8e -, F100183 F1001%4
F10040% . Failx1&™ . rIcoYy ° FICOLQE. O0AIT 0 FLODL7E. PIOULTE -
Flool7u/4 . -
F1o0170/8
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Directory of INTELLLIB

CED I4CFI10 8031 B0OC31 -
BC2Y EUC39 . AC4D EQ04]
EDCAB ET49 BOCAY 8050
BECES BOEEMA RPCEEMIN - BOB7
£CO6 £057 E1:5 P16
e206 207 208 £212
£237 EZ3TA 8243 2251
E2C54 £25% B2CSS £2%6
BZI2A B273 B274 2758
E283 EZE4 B2B6 B287
8252 2954 N il 8295,
BE4Y " E741 £742 2744
£75% EC186 BUIER - LOZBE
62062 E2064 2168 52284
2501 E2510 BZLEEHA  B25BEMI
82731
Directory of MEMORY.LIB
10HE 10L8 12K6 1216 1444
16H2 1€L2 1EAY 16R§ 16RE4
16RE 1EHE 1EMDB 1ELS 16108
16VE 1628 1814 1EF8 2001
20RE Z0LE . 20RS 20V 2CX8
12110 1400 - 1420 1421 1430
18546 18sa4€¢ 20L1C - 20X30 201%
2063 2CE4 2068 2069 - 2114

- 2141 2147 2148. 7 2148 ‘2154
217 22vi0 24510 24530 74541
2620 2638 271512 iTik 27518
27529 27830 . 27531 2337 . 27532
27543 2764 ZTCH4 2516 T L2817 .
2E36 3764 3TVIE ¢ 401K 1. 4044
4256 £297 4264 44186 4564
5133 5143 BI1C64 S1CE5  51CEE
52B13 £2B23, SIB33 5301 $30S
5340 5341 5349 5352 5353
5516 =517 £564 5565 S600
5623 S624 8625 6116 6147
$257 264 6267 €287 £301
£331 €340 6341 63489 6352
€EES 7051 7052 7053 7056
J122E 7IZEE ., 7131 . TM32 7134
1602 7603 7610 7611 7620
7642 - 7643 7649 7680 7681
8168 82523  B264 0266 B201
FaEs E7CE4 9044 so6a . 5134
5B64 S9CER 185030 185AD3

0 21256

8032
Bra2
8051
BOBEMAX
L1ES
2216
B2S1A
8257
8276
8288
£34d
B748
8DzZBT.

" BZ28H.
82S8EEI

l4L4
1€x4

" 16P8

2012
315
1600
2018°
211%
2187

T 245A41

27519
27533
2864
W04
64
51C67
5306
5387
3604
6164
€305
$353
7057
7137 "
7621
7685
BalE
9124
25044

25045

1C3% 20C3%
§C044 N 377 ] : B
BOCS1 . TeCS2
S0EEMIN BoRY
§203° TiCs
E226 8231 .
1253 £2%4 .
82595A £272
8279 8282
B249 8291
p396 8397
E749 8751
BC3IBE 8206-2
B22E9 . B23E4
B2SEEpM  E2770 .
1408 . 16C1
16L6 16FRE
16RE 16RPE
2CRé 20%4
406 €26
1601 18502
2018 2019
2128 7 2130
2158 2186
24581 2600
27520 27521
27540 27541
25586 - 3628
. 4181 - - 416
" 4BCE4 5063
‘%1CE8 S1CE9
5330 5331
£513 £s14
560% 5610
£167 6256 -
306 ° €330
6380 €38l
7058 JIZ1E
7138 - . TI42E
7640 7641
t 8128 B167 .
2817 g4Ik
91786 5244
2%0E5
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4 Learning Tango-PCB PLUS

4.1 Introduction

Learning Tango-PCB PLUS is a bands-on tutorial that helps you
become familiar with many of the program’s features. The purpose of
the wutorial is to give you the confidcoce to begin wsing Tango-PCB
PLUS 10 create your own boasd designs,

We know that you're anxious to get started. It is a basic human wge to
run a ncw softwarc package without thoroughly reading the manual.
We've doac it oursclves once or twice. But we highly recommend that
you follow the complete tutorial. It is designed 1o be a quick and
somewhat painless way to gel acquainted with Tango-PCB PLUS, The
rest of the manual contains refercoce information thal you can read as
you nced it,

This tutorial is intended to help you get acquainted with the srtwork
oplions, cditing (eatures, and ‘“look-asd-feel” of Tango-PCB PLUS.

We'll show you bow to sun the program mdpomtoutadwlorw
operations that are typical of a short design session.

) a0 error message is displayed during the tutorial, scc Appendin E:

Ervor Messages for » description of the problem and a possible
solution.

4.2 Belore Starting The Tutorial

Before starting the tutosial, llow the jastallation insiructions ia
Chapter 3: Getling Started. We assume that you ba: ¢ first:

w  Tnstalled the Tango-PCB PLUS securify device,

Y
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® . Made backup copies uf the Tango-ICI3 PLUS diskettes,

e If you are using a muuse, instalicd and invoked your system’s
mousc hardware and mouse sofiware driver.

s Il you arc using EMS (expanded memory), installed and invoked
EMS hardware and softwarc driver,

®  Made sure that your CONFIG.SYS filc is correctly configured
< [or running Tango-PCB PLUS,

s Installed the Tango-PCB PLUS sofiwarc in a disccory oo the
hard disk.

=  Configurcd Tango-PCB PLUS for your system's graphics card.

4.3 Running Tango-PCB PLUS
To run the Tango-PCB PLUS program, type:

'pcb <Enter>

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

4.4 The ACCEL Produclivity Interfaces

The screcen before you is the result of cxicnsive rescarch into the
ergonomics of clectronic design. To build a more productive interface,
ACCEL studicd engineers’ work habits and design flow, on-screen user
intcifaces lrom dozens of differcnt software programs, and hundreds of
vier comments and suggestions.  The resulling ACCEL Productivity
Intcrlace (API) allows for Nexibility in uscr options and a wide varicty
of cditing commands, 1t will serve as a consistent front end for all of
ACCEL’s clectronic design sofiware programs.

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

A

tLeft) ap df~fer) At the teach AaPTEn0 4oind

Figure 4-1. The hot spols pravide one-click access 1o the Menu,
Zoom, Undo, and Spood Palette functions.

In the four corners are buttons we call kot spots {Figure 4-1). Ooe difk
of the <LeftMouse> button over the hot spots will: a) pop-up the Mao
Meou, b) cnable the Zoom Window command, c) undo ibe .lasl
command, or d) pop-up the Speed Paleite. We'll try all these functions
in a moment and you'll see why the hot spots make these ofi-repeated
operations a breeze.

Across the top of the screca is a single line of text called the prompe line
(Figure 4-2). As the program first loads, it displays the usual copyrigint
information. But as you toggle through command options on Tnng?'l
menus, the prompt line docs what its same implies: provides a bricl
help message oo whatever command is aclive at the time.

On the bottom of the screen you'll find the statug line. From keft to
right, the status linc indicates the cursor location, the command mode..a
7 (question mark) for accessing the on-line help wtility, the grd
sclection ficld, the current layer and its color, and tbe currently loaded
PCB file.

4]
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Prompt Line

Status Line

Cursor Locatlon On-fine Help Current Layer

\ Command Modo \Curoni Gnd Current File

stette ETUPTRNTRICE luu Track ' G ddn Ly Tt P b

Figure 4-2. Tango-PCB PLUS’ prompt iine and status line keep you
- Informed.

If you need assistance at any time during your design session, you can
tlick over the ? on the status line or 1ype ? on your keyboard. One or
more screens of information will appear which describe the command
curret at the time you ask for help (Figure 4-3).

Use the Help faality’s Up and Dm hutions (o 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 sereeas of on-line help, your Reference Manual may just
gather dust oo the shelf. (Ous printing depariment is getling nervous).

Oune final note on our screen dcslgn belore we move on. Al on-screen
wmlormation is displayed in as lLiule space as possible to provide the
maximum screen area available for editing. This trait carries through to
our pop-up menus and dialog boxes, which are designed to cover as
tinle of the workspace as possible. Compare this approach to many
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other systems with permanent, on-screen monut that take up &:-"ixh ws
25% of the available work arca,

lla i ?Dewn 10 visw atire toplt, Indeurmgut/Frevient fer alher tapies.

Maarirtion
o & ylidth e
.E’.!:.- .'::.'..-M ‘ "'"
::: salry free m‘:f ':- oulu ;cl-t ..

1 (Laftiguse? o {Endep?
n:.: .'::::. n' :. J"ul: urnu! 'lﬂ.' sention,

A i A R

" » suiioge s ieathe, opeh oo9
-'Hi:n::blo' ﬂ?ﬁ'?: l!pﬂ-n' H ..'l”“'p- "

shysge the ow :nohr-.lhﬂ h-l
o—- at ! ﬂ l-u

. l'l= EE::I:::l: 1 rrn TN R n ‘.‘nnl
"nl Al Ve nnl

i e, Tl ‘E":E:.E. ey

Tevte: (et ) (Pree ) (tnaer) toee: (o0 ) (0o ) gu_'

Figure 4-3. Tango-PCB PLUS features context-sensiiive on-line help.

4.5 Loading Fllvs

To load files, select the File Load command from Tango's pop-up

. mcnus. There are three coavenicot ways to pop-up the Main Menu:

®» Move the cursor over the Meou hot spot and dick the
< LcltMouse > bulton.

= With the cursor in any location, click both the <RightMouse >
and <LcliMouse> buttons at the same time,

s Wi the cursor in any location, press the <Spacebar> or type M.
on your keyhoard.

.
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Pressing <RightMouse> “or <Esc> removes the menu.  Pop-up the
Main Mcnu now using your chnice of any of the three methods.

With Tango's' menus displayed, use the mousc or arrow keys (0 move
the highlighting bar up or down the display of mcnu items, You can
sclect highlighted menu items by pressing <LeftMouse> or <Enter>.
You can also run a command, whether it's highlighted or not, by typing
the first letter of the command name.

Tighlight the Main Menu's File command. Notice that the prompt line
inthicates the commands immediately avaitable bencath the Main Menu
wem Fite. Al of Tango-PCB PLUS’ 75+ commands are svailable from
the Main Menu, of 8t most, one mcnu level down. You can vicw every
menu option on the prompt linc by sliding the highlight bar up and down
the Main Menu. Tango's two-lcvel architccture ‘was designed to
climinate the navigational problems of deep hicrarchical meou
structures. No more swinging (rom one branch of a complex menu tree
10 another. Tango-PCB PLUS lits you move quickly hetween
opcrations without monkeying around.

Now press <Enter> or click <LcfiMouse> to select the File menu.
You are prescnted with the five File commands: File Clcar, File DOS
{allows you 10 c6t to DOS from within Tango), File Load, File Quit,
and-File Save. Select the File Load command.

Up pops a dialog box where you make your sclcction of which file to
load (Figure 4-4). You have asked Tango to load a file. Now the
program is asking you whcther to lvad a PCB, block, or photoplot file,
and which specific file to load. In essence, you arc having a dialog with
the program, heace the name dialog bor.

Thcrclnte thiee types of files you can load with Tango-PCB PLUS:
PUB files, block files, and photoplot files. FPCB files are the ba:ic
printed-circuil-board drawings. Blocks are portions of boards, like
memory arrays of microprocessors and their glue logic, which you
‘define and save away for future repcated use.  Photoplot files are
Gesber-format files ereated with Tango which are used to gencrate final
artwork on pholoplotters. ' '

We wanl to load a PCB File now, Sclect PCB as the file type and click

on List, Sclect the file IBMCARD.PCR in the list box and selcct OK.
Chck on O ~into load the file, .
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Figure 4-4. Tango-PCB PLUS’ dialog boxes provide a consistent,
logical way to interact whh the program,

When the file IBMCARD.PCB is loaded into memory, Tango-PCB
PLUS immediately displays the PCB, automatically roamed 1o display
the 'enlitc board on the workspace. You are looking at the board
outline and edge connectors of an 1BM-compatible PC plug-in card.
Common board configurations, such as PC, VME, or MultiBus cards,
can he easily saved as templates for future designs.

Bcsifle-s. l’(;B and block files, Tango will sutomatically create definition
and initialization files which save information on how you've customized
Tango for your own particular use.

With Tango-PCB PLUS, you have tremendous ﬂeuihilily in selecting
pad shapes and sizes, track widihs, via sizes, and Gerber apertures.
However, most designers work with » fairly standard sct of artwork
primitives.  Therefore, Tango allows you 1o define a sev of standard
primitives. The program automatically saves these primitives in o
definition file, PCB.DFN, which is loaded whea you run the program.

Likcwisc: any options which you select in the setup commands described
bcl_ow .mll be saved automatically in an initialization file, SCRB.INI,
which is loaded uwpon program startup. For added convenicnce and

f:o.n.sislcncy. both Tango-PCB and Tango-Route operate using the same
inilialization file, ’
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4.6 Setting Up Your System

Besides Nexibility in artwork specifications, Tango- PCB TLUS also Ic'ls
you tailor the program’s operation (0 suil your own nceds and tasic.
The Sctup commands allow you to cnable layers, choose colors, sct
grids, and so on: ‘

Setup .
Communications  Sctiup the COM1 and COM2 ports for use
: with plottcrs or printers.

Setup Display Enable/disablc layers, pads, vias, grids; select
cursor type (arrow, small cross, large cross);
sclcet  colors for  menus, hackyou.nd,
status/prompt lines, layers, pads, vias, grids,
clc.

Setup Grids Sct the Ahsolute, Relative and Visible grids in
increments of onc mil or grester.

Setup Options Enable /disable the orthogonal teack modes

and drag tracks options.

Customize the Pace Speed Palette v.vilh your
own sclection of pads, vias, text suzes, and
trace widths for quick placement,

Setup Paleite

To start, we've set sl of these options for you. But feel free 10 scan the
Sctup menus and change Tango to suit ymnscl!,l WP!cn you qu:l, TFango-
I'Cl‘ PLUS saves the curreni sctup in the initialization file (PCB.INI) s0
everything looks the same the next time you run the program.

4.7 Placing Components

We'll begin our design by placing a few components and then rouliflg
conncctions between them,  Tango-PCB PLUS ships complete with
extensive librarics of through-hole and surface mount (SMT) patterns,
and provides powerful facilitics for graphically browsing, lisling,,
merging, and renaming library componcnts. Adding new components s

8
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simple: just ereate the part graphically io Tango-PCB PLUS and add #
to a library, even in the middle of a board design session.

In the Tango-PCB PLUS package, we've provided the sample Library
file EVAL.LIB. This library includes a group of through-bole,
conncctor, and surface-mount patierns, all of which are available in the

three  standard  Tango-PCB  PLUS  libraries: PCBMAIN.LIB,
PCBCONN.LIB, and PCBSMT.LIB. '

The Library Browse command provides an easy method 1o scan a fist of
the patterns in a library and (o visually inspect their shspe. Run the
Library Browse command now. Ia the dialog box, click on List to
display a list of the available libraries. Select EVALLIB and clhick on
OK. The dialog box now lists the patierns im EVALLIB. To browse
cach of the patierns we're about to place, fisst click on DIP16, and afier
viewing the displayed pattern, dick on PLOCCIRA (Figure 4-5).

bwisel Shw g otiean Ty My Aipplaned owm Ve 1 0t

. Flgure 4.5. List and view component patterns with Library Browse.

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 Contlnwe to
start placing. e '

Throughout Tango-PCB PLUS, there are two methods of operation:
using the two-level menus described shave or acceing :nany of the
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same commands with the Spced Palctie.  We'll demonstrate both
mcthods as we place componcnts and text on our samplc board.

Using the first method, we place a component pattern by popping up
thc menus and selecting the Placc Componcnt command,  Press
<LcfiMouse > or <Enter> o display a dialog box which lets us sclect
tibrarics and Library componcnts.  The current library should be
LVAL.LIB. :

Using the component list box (Figure 4-6), sclect the DIP16 patiera
from the library, and give it a rcfcrence designator UL, This satisfies
the dual function of naming the first component to be placed and of
sctting the template for a scrics of refceence designators. Tango-PCB
TLUS will automatically increment rclerence designators for cach
successive component placed.  You can ignore Type and Value if you
wish, or add information which would cventually find its way into a Bill
of Materials report.

Chlick on OK. Ap outline of the DIF16 sppcars on the current layer
{Tup), ready to be placed. (If the current layer, as shown on the status

line, is not Top, press L to cycle throngh the enabicd layers until Top -

appears.)  Move your cursor to location 5000,5000 and press
<LefiMouse> or <Enter>,

Flgﬁre 4-6. Ust boxes ald library component selection,
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You're still in Place Componcent mode, as indicated by the command
mode ficld on the status line, ¥ you wanted 1o place an identical
component (a DIP16) with the refcrence designator incremented by
one, all you have 1o do is click the <LefiMouse> or press <Enter>.

We want 10 place a new patiern, however, so first click <RightMouse >
or <Esc> to exit Place Component mode and then <LeftMouse> os
<Entcr> 1o re-display the Place Component dialog box. Use the
component list box again to select the pattcrn PLCC2RA, The reference
designator will default to U2, so click on OK and the part’s outline

appears.

The pattern PLCCIRA s a surface-mount part and we want to place it
on the other side of the board. Nolice that our options are indicated on
the prompt line:  Press R to rotate, F 1o Mip, <LefiMouse> or
<Entce> 10 place. Press F on your keybnard to flip the pattern to the
Bottom layer. Now move your cursor to location 62004700 and click
<LeltMouse> or <Enter> 10 place the part (Figure 4.7).

thelth ar (loter? 1o boitaats by Plats Cumpanens poaming

O™ brev
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oo - . .
----- o o - NN,

0 o - -
----- o o - - ..

of o ‘2 2

......... S I3 o twmmm

..... © o TR

Figure 4-7. One keystroke flips a surface-mount device to the
board’s Bottom layer.
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4.8 Using The Speed Palettes

Tango's sccond operating method, using the Speed Paletle, makes
placing components, texa sirings, tracks, pads, and vias even quicker. To
display the Specd Palette, click over the Pakitte hot spot or press P.

There are actually five Speed Palcties svailable in Tango-PCB PLUS:
Place, Delete, Edit, Move, and Nets, To sclect a different palette,
toggle through the Menu name oplions in the status line’s Command
Made field (to the lefi of the colon), and you'll see the various palettes
appcar.  You can ako click on the palette name oo the lefi side of the
Speed Palette.  Press <leftMouse> (o move forward through the
lavailabh: palcties; press < RightMouse > to move backward through the
st

Figure 4-8. A place of your own: the customized PLACE1 Speed
Paletto.

NOTE

A mouse Is require: - - use the Speed Palettes.

You'll also notice » sixth Speed Palette, PLACEIL, which contains a
collection of pads, trace widihs, text siring sizes, and vias for placement
(Figure 4-8). Using the Sctup Palette command, you can customize one
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or more Place Speed Palettes with yrur own sclection of design
primitives.

Togglc back 1o the Place Speed Palctie and click over the word String.
This changes the current mode to Place String. Now press
<LefiMouse> or <Enter> to display the Place String dislog box. Yo

- may key in any text string you wish, up to 60 alphanumeric characters.

Click on OK. An outline of the string appears oa the boasd, ready for
placement. (You can set the string’s height, line width, and oricatation
with the Current String command befere running Place String, or
modify the string afler placing it wsing the Edit String command.)
Cenicr your fext below the two componemt we've placed and pleu
<LefiMouse> or <Enter> (Figure 4-9).

You have just lcarned two methods to rapidly place components and
text in Tango-PCB PLUS. Bul here's some greof news. You hawe also
mastered the same two ways Tango lets you place pads, vias, tracks,
arca fills, arcs, and block copies. Becausc all items placed on a Tango
board are done 50 in the same manner — with consistency and speed in
mind. Beginners may nced the added prompts of the menus and dialog
boxes, but as your famibiarity with the program grows, Tango keeps pace
with productivity boosters like the Speed Palette.

"I.F-lv'

Tisce, \'Hn' YL dYe Ink g FL R

Figure 4-9. Tango pros can place, move, edit, or delete tracks, pads,
and text without popping up menus or remembering keystrokes!
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g The Right Connections
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in any dircction. Strctch the Zoom window (Figure 4-10) until it covers

beth U1 and U2 and click <LcfiMouse> again. Tangn redraws the .

screen at the new, user-defined zoom level.

4.10 The Three Grids

Wc're going to draw a trace from Pin 1 of Ul (top keft corner) to Pin )
of U2 (center, right side -- remember, U2 has been flipped over to the
other side of the board). To make it interesting, let’s run our trage
hetween the pads on both parts. You'll note from the visible grid
(currently set at 100 mils), that the pads on the through-hole part are set
on 100-mil centers, and the SMD pads arc on 50-mil centers. I we
roule on a grid of 25 mil, we can place an cight-mil trace with adequate
clearance between pads on both components.

The current Absolute Grid as soted on the status fine is 25 mil. Tango's
Sciup Grids command allows you to reset the Absalute, Relative and
Visible grids 10 a variety of popular grids, or to any intcgee between one
and 1000 mils (Figure 4-11). The Relative Grid allows you to specify an
independent grid beginning from a new origin, perfect for creating and
placing edge connectors and mctrically spaccd parts,

- Ul .

| -~ 10 - i CU
L °4 R L O B .I_"'""""*l
o Q- - —
‘ol o T =
O 19 tmmmn
- Ol 10 -

’ Flgure 4-11, Whh Tango's variable grid, running one or more tracks

between DIP par.s Is easy.
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with the grid set to 25 mils, we'll hegin ‘3)’“‘_”: Speed Palette puts you (Figure 4-12). Go ahcad and practice drawing a few more tracks on
(the alias for an cight-mil track) on the PLACE! ' I‘C‘:k o cight mils in ! both sides of the board.
the cursent (ra
" l‘lacc';:'racl m“t:d :u:::lt ::a;?:sl on U1 and press <::ll;‘|°urs:;; ‘ ) N You can sce how simple it is 10 placc components, and (0 draw
Mdl.h' 4 :‘v: Yr;.e trace o the right, (Uhd.cl the m‘:l“’ a“ Move . ' conncctions in Tango-PCB PLUS. While the program includes
Begin dra g cach time you wish to finish a trac I;,mnghl again, powcerlul net list features, which we'll describe a bit later, you tan abso
;l‘“M“::; the right on a 45-degrec angle, and then to the draw free hand, creating nets, breaking them, and re-creating them, All
uwnwar i d h bersome chore of maintaining the sanctity of a et list
. . tween any two pins. wilhout the cum rsome ¢ ng ty
heading out be  cweea the two componcnis throughout the entire design process. .
: . in
Continue your ";“ to 'hcl :;‘;::L:: < LeftMouse >. Now pop up the .
cn ! e mouse
’"d.m:;::u";; :::,mg M, <Spacchar>, of cllc:lﬂskl:‘:o"m 1o
:1:::‘““ at once. Run the Current Layer “‘“‘m"::;:n “u click on OK, 4.11 A Board’'s-Eye View
: nge the layer to the other sidc of the b.nard. m::inm your trace
P automatically inscrts 8 via, allowing you to You've done great work so far! Not bad for such.a short time on the
l(;:‘:"::':‘mom of the board. s);u;m‘;oh:l put your editing in perspective, let's zoom out to » full view
' hort-cul for of the ard,
) . . Tango pro, here's 2 8 ‘
. Since you're almost 3 the status
A Tango ::p rs. Jusly:ﬁck over the Current Layer ficld on First, pop-up the Main Menu and click on Zeom. Now run the Zoom
'-'_‘““E‘"g ycL ' Boatd command from the Znom Mcnu. Tango quickly redraws the
hine or press W cntire board with all cnabled layers displayed. Tango-PCB PLUS’
w N ye
— T vector graphics make its redraw specd among the fastest in the industry,
U1 ' 'gU Redraw tlime is sirictly a function of your computer’s microprocessor
spced and the amount of board information being displayed. You tan
a improve redraw by disabling layers not currently being cdited and/or
- OF opcrating the program on faster machines. Our mostly integer-based
- Ol graphics routines do not require nor take advantagé of & math co-
. Ol processor.
o .
ol . Now let’s assume an ECO has jist come through climinasting
o companent U2. To delete the pant, uie the menus or the Deleic Speed
ol Palctie to run the Delete Component command.  You are now in
~ b Delete Component mode.  Move the cursor over U2, press
T eTaey At wiee viSe PR

<lLeftMousc> or <Enter>, and the component disappears.

On second thought, we decide to restore U2, No prohlem. Just click
over the Undo hot spot and your deletion is un-deleted. The Undo
command .- accessible from the Main Menu, the Undo hot spet, or by

pressing U -- undoes the previous editing command. Besides deletions,
you can alo undo Place, Moave, and Edit operaiions, und unwind tracks
placed or rerouted. This is onc hot spot that will keep you out of bt
water. Undo will even Iet you undo your previous undo.

( (llllllll.'le d'.ulllg OUrY |lati l"wct n l"c ad.‘ on ‘ a Il
l m l. ' 'css < ll“‘“k)\l.“:) ap-ltll 1o C"d l"c ““a' 8L glIICIﬂ ."d ‘hC"

|| f Ck awmn m Ty I“ o1} <R| > OF CI,-S(J‘
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4.12 Net List Operations

Whether you've drawn your clectranic circuit in a sophisticated
schematic capture sysiem._or on the hack of an cnvelope, generating 8
net list will help with your PCB design. The henehits include faster
layout, because Tango-PUB PLUS displays ncts and their nodes for easy
touting, and highcr quality, and because Tango's Nels Verify command
and integrated dcsign rule checker conduct clectrical connedlivily as
well as clearance gap checks to ensure the integrity of the design.

For the uninitisted, 8 nct st is simply a list of all components and
connections in the circuit. Tango-PCR PLUS supports a simple, ASCH
nct list fosmat which may he generated hy hand with a text editor or by
popular  schematic  capture  systems  including Tango-Schematic,
OICAD/SDT, and Schcma. Wc're adding support foe additional
programs, so call us if you wish to chcck on another. :

As noted above, an important distinction between Tango and other net-
list-based PCB design softwarc is that while Tango-PCB PLUS supports’
net lists, it docs oot require them. This means you can load a net hist and
take advamtage of several productivity cnhancing features in the
program, while you arc still frce to make or hreak any connection at any
time without updating the net fist information.-

Besides specding up hoard design in Tange-PCB PLUS, the net list also
fceds componenl and conncclion information 10 our powerful
autorouter, Tango-Route PLUS. If you don’t have a nel list, you can
<till use the powerful what-you-see.is-what-you-get cditing capability of
Tango-PCB PLUS 1o lay out your circuit by hand.

In the nex few pages, we'll load a nct list, display 2 rot’s nest and force
veciors, then display, route, and verify individual ncts. :

The nct fist is Toaded afier all components have been placed on the
hoard. Since we know your time is valuable, we bave supplicd a2 PCB
file with 100+ componcnts alecady placed. Fop-up the meaus to run
the File ‘Load command. Key in, or sclect from the lit box,
DEMOLPCH and click on OK. Tango prompls you to save the changes
16 our current board. Let's leave IBMCARD.PCH as-is. Click on No

Save,

ot
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4.13 Loading A Net List

:::1. [::(;r-;p ':::J ;lcnns again and run the Nety Load command The
ngo- package includes an associated net hist ‘ullc
SEM()I.NET. In the _Ncls Load dialog hox, either key in the nam::
‘ MOLNET or scled it from the Jist box. Click on OK 1o load the
lid. Alter a Itew moments, Tango will prompt you for the names of:l::
nels to be I.\“g"l?d to power and ground planes, if 30 desired. Key in®
sclect from the list box, VCC for the Power Flant Net and G.ND l"t:‘ﬂ:

Ground Plane Nct. F i
Ground ct. For the Plane Connection, select Thermal and chck

Tango—I.’CB PLUS redraws the screea with
conncctions in the net list display-d on » speci '
. he n splay- special Connect I
:-::l!:csc;w;nm is a:l;mwulc'y called the rar's eyt (Fig.::: : :;;
' nest, along with foree vectors to be discussed - ovide o
visual cue as to the quality of our parts placement. ‘ nh. d ‘

all  point-to-poim

Foagn CLetr ap (fSteR) gupr teg L I RNY T

| (AL TITT Y T]

T c.- Hiovloy Nighliort Tdentify Load Brtrasas TooVllveorr
. 11YE, BeIEY Nels Mauie Y G 30 L:Rpttem l-NHl

Figure 4-13. The 61'. nest Is displayed on a speclal Comocllom
_ layer,
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4.14 Optimizing Nets

Whether you intend to manually roule the design or use Tango-Roule
to autoroute the board, optimal component placcment is crudial to your
success. Tango-PCB PLUS include three powcrful features 10 aid in

B m““
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conncction inches, In this case, the leagth prior 10 optimization is
175.275 inches and the lenpth alier optimization is 149.775 inches
{Figure 4-14). Click on OK 10 vicw the rat’s nest.

With the nets now optimired, you get a visual cue to the effectiveness of
your initial component placement. Pars which might be beiter placed

are identified by long connections flung to disparate locations on the
board. The Move Componemt command provides an cfle tive tool for
highlighting and moving components and theis connections, .

component optimization: the Nets Optimize and Move Component
commands, and lorce vectors. .

When you first loaded the net list, Tango-PCB PLUS connecied all the
nodes in the order they were connecicd in the schematic, which may not
make any sense oo the PCB. Therclore, it almost always pays to first
run the Ncts Optimize command, which re-connccts the pets using a
shortest distance, X-bias, or Y-bias strategy. Run the command now,
_cither sclecting it from (he menus or from the Nets Speed: Palelte.
Choose the Minimize Total Length option and click on OK.

Feravs N to rotatp F ra flap, Chelty orF tinter) gt Ve Aem rotIf)On

Ll d?rees tLeltr ar c{nter) oubP 1hie SeARPEYOn tg hp Fluted

Lenwthe prisr %o optinisation (iasher);

e R e O e wg?: 5

Longtha of Yor optiniustiion (insluee);

= co () H. P L agerd I e _ Pous Cons dimor PCN
- L) , sl : . .
o = Aeooe L ot » Figure 4-15. When you run the Move Components command,
. . ' D P e _ Tango-PCB8 PLUS highligits and dynamicafly rubberbands
: o . & = o
(Bl i r L] aare ey = QB cmmlolh!cmm.

Clear Biuvioy Bishiivhi Tiontiis Leni -
Mers Oyt v 0 Nty

it
sietie LRI

Figure 4-14. Use the Nets Oplimize command to help clean up the > ,‘

Change to Move Componcnt mode now by selecting the command (rom
the meaus or the Move Specd Palctte. Place the cursor over an IC, U1,
(located at 45005500 in the top keft portion of the board), and press
<LeftMouse> or <Enter>. The component and is conncclions are
highlighted for casy viewing. Move the part in any direction, (lip os
rotate it, and its connections are dynuniully rubherhanded (Figure
4-15). As it turns out, this componcent is fairly well placc“ press

DImoy F.B

rat’s nost. Fa

LUS takes a few moments to recalculate all connections

Tango-
0 redrawing the new rat’s nest, displays the redudtion in

and, pri
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< Binthonsv or <Esc> 1o cancel the operation and retura the part
to us original position,

Now place the cursor over the dindc DI, (located at M00,4600, just
below U1), and press <iLefiMouse> or <Enter>. Both connections to
this compoonent lead to the top of the board, indicating # should be
moved up.  Practice rubherbanding other components with Move
Componcent.

While the rat's nest and Move Component operations belp you visually
- see the deasity of coancctions on the board, they can become
ove.rwhclmirg on boerds of average or grester complexity. A cleancr,
casicr way 1o sec what's going on is to use Tango’s foree vector display.
Force vectors are arrows emanating from each componcot which
represent the weighted average of all connections to that component.

They give an indication of where the component should be moved 1o

reduce the coanection length 1o that component.

0

Prosg vleb1s o Unterd guer tiyp tompcnpnt 5 by wyued
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Figure 4-18. Force vectors ald componem placement.
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To display force vectors, enable their display in the Nets Display distog

" box. Generally, you will want 1o hide all connections (the rat's nest)

during the display of force vectors.

If you move a componenl, its foree vector is wpdated as # is mowed;
once you place the component, the force vectors for all composeats
connccted 10 the componem just moved wre who wpdated. |

Another handy feature for getting a feel for the overall effect of cach

" ¢componenl move is to loggle Undo scveral times (just press U or eiick

on the Undo hot spat), belore accepling the move or trying sgain.
Good component placement is still more of as art than s science, but
Tango's placement 1ools augment your own judgment and expericace to
make the job go faster.

4.15 Routing Nets

Assume now that the component placement is optimal, The next step is
to begin romting actual traces on the board. 1f you were a Tango-Romte
owner, st this point you would simply save the design to 3 PCB file and
load the board and its act list into Tango-Route for amtorouting. Should
Tango-Route not complcte 1007% of the connections, you would come
back to Tango-PCB PLUS for manual rouling of the remaining
connections, which are displayed in tat's nest [ashion on the
Conncctions Isyer. '

Without the aid of Tango-Route, you sre faced with the task of
manually souting traces in Tango-PCB PLUS. But heep your chin up,
becavse Tango's powerful editing 100ls agsin come through 1o make this
task casicr. With the met list loaded, you can use the Nets Display
command to display individual connections for casy manual routing,

Sclecting a conncction to work on can be a difficult tack with the emtire
rat’s nest displayed, even on smaller boards. Average designs can casily
contain hundreds of nets, making the ability to sclectively display o
subset of them an importamt feature,

To sclectively display individual ncts, we'll unc' the Nets Display
command. Since you are gning 10 use several of the Nets commands ia

oen
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the component pins of al} nndcs. in & particular net (1% * Nets Highlight
command).

4.16 Verltying Nets

Since you're free 1o make or break any conncclion in any act, you
should verify that all conncctions have been made properly. You can
wail and perform a board-wide check at the end of the design with
Tango-PCB PLUS' integrated design rule checker, Or better yet, verify
on 3 =ct-by-net basis during the layout process, and run Tango's DRC
al tirc cnd for a final measure of confidence.

To verify the net we just complcted (RESET), run the Nets Verify
command. This command performs an electrical design rule check on
all ncts currently displayed using the Nets Display command.  Since
RESET, and only RESET, is displaycd, its conncctions as shown on the
scregn will be checked against the net list. Any incorrectly connccted or
missing pins will be Nagged with an crror message which is displayed on
the screen. You have the option of continuing the verification process
or stopping lo fix the problcm.

if there were other ncts on the board displayed with Nets Display, they
100 would undergo the net list verification. Late in the design, you may
find it necessary 1o break conncctions, which were previously completed
and verified, to make room for a subscquent teace. Even though you
ditigently re-connccted the hroken ncts, a final and complete DRC can
greatly enhance your peace of mind.

4.17 Checking the Entire Design

The Nets Verify command is designed to be used interactively during
'Iaynul and manual routing. Its verification is limitcd 10 making sure the
connectivity of a routed nct matches that in the net list.

Complcmenting Nets Verify is Tango's intcgeated design rule checker.
The DRC operates on & board-wide basis, verifying both electrical
connectivity and clearance gaps which you specily as design roles.

)

e -
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Running the design rule checker on your board is & two step process.
First you run the Setup DRC command to cstablish the clcarance gaps
for pad-to-pad, pad-to-track and trach-to-track cheching on a per-layer
basis. You also select the contents of the design rule check report,
which may include: clearance wiolations, string violstions, eet list
violations, single oode routes and unconnecied pins.

ol ripet D, Aty il paramplery,

' SLIUP CLIiem AuLL CmEDRLY,
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Figure 4-19. The Setup DRC dlalog box.

Once the DRC options are set with the Sctup DRC command, ryn the
Output Reports command and eanable the Design Rule Check report.
You may print the report or write it out to a file on disk.

When you click on OK, the program will hegin the design rule checking
process, highlighting each connection as it i verificd. When completed,
the DRC report will print out or be wrilten to a file.

The DRC is compute-intensive and can takc a while on complex

designs, though it is many times faster and much morc accurate than
checking a board by hand.

—

You don't have to have a nct list loaded 1o produce s DRC report. In
this case, however, the DRC will be limited to a chech of clearance
violations and string violations based on the rules you establish with the

Setup DRC command,
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4.18 Nets In A Nutshell

And so, to summarize, Tango-PCB PLUS includes powerful pet list
opcrations which allow you (o display all nets (the raf’s nesr), individual
ncts, ~int in 8 net, of all connections (o a given component. You can
also display force vectors to aid with placcment. You arc not required to
maintain the validity of the nct list during editing. Instead, you can
verify the vafidity of your connections after drawing them.

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

®  Place thé components on the board using the same refercoce
designators (U1, U2, etc.) as in the oet list.

w  Load the set list, display all acts, and use the rat’s mest or force
vectors and the Nets Optimize and Move Component commands

to optimize parts placement.
®  Use Nets Display to display a single oet.
®  Use Nets Route Lo route each conncction in the net.

®  Use Nets Verify to check all conncctions in the nel against the
net list.

®  Repeat the last three steps (display a net, route its coanections,
verify tbe net) until the board is completed.

# Run the Design Rule Check report on the cotire design.

4.19 Output Options In Tango-PCB PLUS

It should be obwvious by now that we're very proud of the case-of-use
and powerful editing features of Tango. Therc is no question that

~ displaying a dense design on 8 19-inch monitor running 1024 x 768
sesolution is the sexry part of the CAD business. However, we've
designed and built boards ourscives and we know that the most
important function a PCD layout program must do is create crisp,
accurate output for baard production.

™

"
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In Tango, we paid particular aticntion to gencraling the highest quality
output, available on devices ranging from dot-matrix printers 1o Gerber-
format photoplotters. We use our menus, dialog boses, prompts and
on-linc help to take the mystery and [rustration ot of genciating

artwrek, photoplot files, and even proper communications with pen
plotters, '

Let's review the output options included as standard featores in Tango-
PCB PLUS. Sclect the Oviput command from Tango's Maia Meny.
The Output Menu commands make i easy (o: ' )

® . Setup photoplot lpcnurelmignmem:. |
®  Create photoplot-and N/C drill files,
®  Pen plot multi-color check plots or final artwork » any mle

=  Generate check prints or even pmlnmn-qmliﬁ final artwork on
your dot matrix or laser printer,

® Generate DXF and PoutScript files for use with compatidle
mechanical CAD, deskiop publishing and word processing
software.  You can even get nigh-quality, inexpensive final
ariwork on PostScript-compatibl.; phototypesetters.

®  Generate a selection of printed reports, ranging from the Bilt of
Materials (0 aperture assignments. '

4.20 Printing And Plotting

We encourage you to take the time 10 peis
print or plot a Tango file and se
both our speed and quality of output. We've included the \

RDEMOLPCB with your Tango-PCB PLUS package. whi
plotied or printed. & package, which m

Run the File Load command to load RDEMOILPCB. Again, the

program asks if you wish 1o save the changes 10" 1he .
Click on No Save, 8¢s 10 the current PCH file, |
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NOTE

If you use a serial port for either prinfer of plotter, y::; rfr::s; :':r:,
the Setup Communications commmand 1o set np::fm T oving
rate, data bits, stop bils, panty. and handshake punning
the Output Plot/Print command.- Consult )w::r"::ld o o
;pfnmr manuaol for the proper scttings. You .alo n e
Setup Communications if your output device 15 €

your compuier by @ paraliel port.

the Output Plot/Print command. i -
:I[‘v;:;::nallows yo::“:o sclcct which layers of the hoard you wish to pri

. ; :th this dialog box include
or plot (Frgure 4-20). Other opent “‘ﬂﬂﬂl‘: twork quality, mwrar
single or multi-cnlor artwork, draft or final ar dosignators and
image, holcs in pads and vias, and companchl refcrence design

types.
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You also use this dialog box to specifly the pen n

Power /Ground ph _
I::::‘- All of these options are stored automatica

‘nitiafization file PCB.INI o save you the trouble of reselting {

design session.

410

umbcr for single cnlm;

5 & swell and drill symbo
anc swcll, Solder Mas by for you ymtel
hem each
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Choase the layer(s) of RDEMO1 ynu would like 1o print or plot, any
other options which secm appropriate, and click OK,

A sccond dialog box appears which prescats two it boxes, one for
printer and ploiter drivers, and one for output ports. First sclect from
the list box the sppropriate printer/ploticr driver for the device you
want to usc (Figure 4-21). Consvht your printer or ploticr manval if you
are unsurc of its default driver. If your device is not displayed in the st
boxr, check for a compatible driver.  For invance, most plotters are
cither HP-GL or DM-PL compatible, and many printcrs are Epson FX
compatible. The aumerals beside the printer drivers indicate their
resolution (in dots per inch). :
The drivers used to  generate DXF, PosutScript and Encapsulated
PostScript files are also sclected frory the driver list box

Selact dhe glorteriprintep droser acd deptioat gn  a=-d Lot yarametery

T T TR T .
(o wn RO O (R 2 T Y S @

. luch Oreme For pm shanges
T m[[__] Dvnirvmvivpryrieton

nn'-:::{éi_']: @ SromamE, ¢ S

==t EI
T s Tl

Figure 4-21, Tango supports & wide variety of printers and plotters,
with more being added all the time.

03

Next click on the printer or plotter port you're going (o use (0 oulput
from your compuler lo the device. Other options which may be set

this dialog box include plotling or printing to a file, setling the &

scale, X and Y corvection values, pen width and speed, pawse for
changes, wide (15-inch) carriage printers, and offset dimensions. Agaie,
any scttings you make will e saved in PCB.INL )
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Afice sclecting your device driver and port, choose any other options
whith suit your fancy and click on OK. The program will begin to
gencrate your artwork.

On narrow printers, dod matrix or laser, Tango-PCB PLUS will
antomatically print any artwork which is too wide for the printer in
srips which may be taped together. If you wish to print or plot the
artwork rotated 90 degsees, or mirrored, just click on those options in
the Output Plot/Print dialog box.

Try cxperimenting by gencrating pinls or prints (or alicrnate layers,
varying scale, draft and final artwork, asscmbly and drilt drawings, and

w0 on, We think you'll agree, Tango generaies beautiful an, worthy of
your best designs,

4.21 Viewing Photoplot Files

We have one more important feature of Tango-PCB PLUS that we

would like 10 show off before we let you go out on your own. Mayhe

you have heard from friends or cven expericnced firsi-hand the
problems which can sometimes arise when photoplotting your artwork.
Tango-PCB PLUS takes a very logical approach 1o crcating photoplot
filcs from your design, but cven still, a file on-disk is an invisible thing.
Mistakes that may have been made along the way will not show vp uniil
your service bureau delivers your photoplols, which can be an expensive
cxpericnce. '

Thid is why we have built into Tango-PCB PLUS a photoplot file viewer.
You can load in 8 photoplat file crcated with Tango and it will be
displayed on-screen exactly as it will be photoplotied.  Use all of
Tango's 7oom and pan functions 10 inspect the ﬁlc. cven print or plot
oul a copy lor documemation and verification.

".you detect a problem, simply load the original PCB file, correct the
crror, generate 8 ncw photoplot file and load it for viewing. 1t's all done
scamlessly in ooc integrated program.

Since you may not have yet lcasncd how to generate a photoplot file, we

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

417
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VGADEMO.TOP in the file name entry box.  When you click OK|
Tango-PCB PLUS will load the photoplot file, which is the top layer of
the VGADEMO printed circuit board design.
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Figure 4-22. Viewing a photoplot fle within Tengo-PCB PLUS.
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4.22 Summary

By now you should have a preity good (cel for what Tango-PCB PLUS
is all about. We've tried (o cover as many features as possible, and stil)
not consume the better part of a day, '

In review, you quickly lcarncd how to operate the ACCEL Productivity
Intesface, with its pop-up menus, dialog boxes, hot spms, Speed
Palettes, and on-line help. You placed componcents and ten, manwally
routed connections, deleted a component, and used the Undo command
1o un-delcic the component. You loaded a net list and used the rat’s
mest, nct list optimizer, move component and force vectors functions to
optimize pasts placcment. Then you dicplayed, routed, and verified
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conncctions with net list support. Finally, you output final and/or draft
artwork 10 your printer or ploticr and vicwed a phatoplot file,

But no PCB design system worth its stulf can be adequately described in
a ¥5-page tutorial. Here’s a partial fist of the dozens of features we
haven't discussed. You can find out more aboul these features by
reading the rest of the manual or by using Tango's cxtensive on-line

buelp:

Mock operationy. Desidcs saving and loading blacks, you can

delete inside or outside blocks, and rotate, copy, and mowve
blocks,

Global editlag. The Edit commands make it easy to change the
characteristics of arcs, componcats, pads, Mrings, tracks, and vias

on the board. You can edit any pasticular ilcm or afl matching
items.

Move eperations. Moving previously placed tracks is facilitated

by three commands: Move Track, Move Endpoint, and Move
Reroute. |

Jump commands. These commands allow you 1o quickly locate
and move 10 components, lacations, nels, and steings,

Orthogoeal routing. When placing or re-routing tracks, type O
to toggle between non-orthoganal mode and four dilferemt
orthogonal routing styles (cnabled using Sctup Options).

Place commands, Practice placing other ciements in the design,
such as pads, arca [fills, and arcs,

Nets Mighlight.  This bandy command will highlight all

conncclcd pads, tracks, wias, arcs, and fills, cven without a net list
loaded. C

Nets Generate, Generates o Tango-format net hist from the
currcatly loaded board design.

Print Re.pom. Use Output Reports to print a Bill of Matcrials
end other uselul reports,

¢

\
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Command

Current Layer
Deleic Component
File Load

Library Browse

Move Componcnt
Nets Display
Ncts Load .

Nets Optimaze

Nets Route

Nets Vesify
Output Plot /Print
Place Componcnt
Place String
Place Track
Sciup Display

Sciup DRC

Sctup Grids

Setup Options

Sctup Palette

Undo
Zoom Board
Zoom Window

The Learning Tango-PCB
commanmds:

PLUS tutorial introdwecd the ey,

Enrstivs

Set the current layer for editing
Delcic 8 compontt on the PC-board
lnada?(.‘ﬂotblodﬁ\c .
Display and list components 18 8
litwary
Move/raate /Nip componcot o8 |i.e
PC-bnard
Select nets to be displayed
Load » net Bist i
Crecate oplimized connecciions for
displayed nets .
Replace connections with tracks
Verily that the PC-board matches the
nctlist
ot or print the current PCB fie
Place a componeot on the PC-board
Place a tent string on the PC-bowsd
Place a track on the PC-board
Enable/disable and !ﬂ?d cylonl_ol
PC-board layers and icros
Set the design rules s.nd seport
options for the design tole check

“m‘ . - L
Set the absolute, relative, and visible
g sires
Enable/disabie Orthagonal modes
and Drag Tracks With Composcsts
option
Add or delete tems on the cesiom
Place Paleties .
Undo the previous cditing command
" Display the entire PC-board
Zoom in OF oul on a scction of the

display

'3
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7 pPc-Board Layers

7.1 Introduction

Tango-PCB PLUS provides 19 separaic PC-board laycrs.  You can:
Aisplay and print /plot/photopiot individual layers or a compesite of two

ov morc Jaycrs. You can only edit onc layer at 2 time. The layer 10 cdit

is termed the current layer.

The program provides the lollowing 19 PC-board laycrs:

Top Top Solder Mask
Rottom Rottom Solder Mask
Power Top Assembly
Ground Botiom Assembly
Middic Layer | Board

Middie Layer 2 Connecllons

Middie Layer 3 Drill Drawing
Middle Layer 4 Keepoul

Top Silkscreen Title

Bottom Sitkscreen

A majority of the 19 layers -- all signal layers and the Top and Bottom
Silkscreen -- are used direcily as artwork [or fabricating the PC-board.

You can placc pads, tracks, componenty, loxt, vias, ares, and area fills on
any of these layers. .

11 1s the usual and recommended practice to lay out the PC-board as it s
sccn looking at the componcnls an the board. This way lext is displayed
on the screcn as it will appcar on the Top Silkscreen laycr (nod mirror-
imaged). You can think of the faycrs as stacked on one anither with the
Top Silkscrcen Overlay on top, then the Tap layer, the Middle Signal
laycrs and Power/Ground plancs, the Botiom layer, and the Bottom
Silksescen layer, :

7.1



The remaining layers serve as guides for individual steps in the board
fabrication process. For example, the Top and Dottom Assembly layers

provide instructions for connecling and attaching components to the
finished PC-board.

7.2 Top And Bottom Layers

The Top and Dottam a1« 15 correspond 1o the top and bottom sides of
the FC.board, Before suilace-mount ‘lcchnulngy, designers called the
Top layer the component side and the Holtom layer the solder side.
Though this terminology still holds true for designs that are exclusively
through-hole, you can place surfacc-mount componcats and solder on
cither side ol the board,

7.3 Power And Ground Planes

The Power and Ground Plancs arc diffcrent from the other signal layess
in that they consist mosuty of copper, with only small scclions etched
away. Vor this reason they are plosted in the negative. Conneclions to
the Power and Ground planes arc displayed using symbaols placed on
throvgh hole pads. You cannit cdit the Power and Ground plancs
individually or place items (such as tracks) oo these planes,

You can conncct component pins ta the Power and Ground planes by
tageing pads. When editing a pad, the program allows you to connect
the pad 1o the Power or Ground plane cither dircctly or through »
thermal relicl.

7.3.1 Whast Are Power And Ground Planes?

Tango-PCB PLUS oflers true Power and Ground planc capabilitics.
Circuits using high clack speeds radiate 3 considerable amount of
spurions noise.  Fower and Ground Planes are necessary to shicld
wen<itin sections of the circuit [rom this nuise. Poor shielding resulls in
high speed Mip-flops toggling randomly, Icading to erratic circuit
bchavior, As well, there are now stringent TCC speaificationa for the

amounl whated energy allowed fcom clecironic cquipment. Power
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and Ground plancs, in conjunction + ith proper cquipment shiclding
tcchniques, minimize the radiated ene: gy from cleciromic circuitry.

Sume logic familics draw a large transicnt current during salc
ransitions; if the power and ground lincs to thase devices have a high
impedance, large spikes are superimposed on the lines. These spikes
often affcct other devices down the line, and bypass capacitors can only
go so far 10 alleviate these spikes. Power and Ground planes, in
conjunction with bypass capacitors, deliver consistent low-impedance
power (o all devices on the PC-board.

Sust what are the charactcristics of Power and Ground plancs? Imagine
a plane of copper in the middle of your board, with holes in the copper
wherever keadt pass through the board. The holes are big enough to
ensure clcarance from the Icads, but small enough to provide ample
shiclding asound all closcly spaced leads. Now suppose that the plane
we are discussing is 10 be used for the Ground Plane. To conncet a fead
10 the ground rail, (il the hole at that point with copper - the lead will
now be in contact with the plane. Thus, the plane has hofes in o
every point where a lead is wot to be connecied to the planc. The Pawer
Plane is similar, with holes at cvery lcad not to be connecied 1o the
power rail,

The Power and Ground plancs are generally the innermost layers of a
PC-board for two seasons, With the PC-board material sandwiched
between them, the Power and Ground plancs form a bypass capacitor
for the supply rails with a low Effective Senes Resistance (ESR). Recall
that capacitance increases as the gap between the plates decreases, so
the smaller the gap, the larger the capacitance. The second rcavon is
that by having the planes interior (0 the signal hayers, sensitive signal
lincs can be isolated from noisy lines by placing them on oppisite sides
of the ptancs,

7.2.2 Direct Connections And Thermal Rellefs

A Icad is connected 10 a plane by having no clcarance hole in the plane
at that point, This provides good conduction between the Icad and the
entire plane, bath electrically and thermally. The first i< desirable, the
second is ot necessarnily so good. When the board is soldered, any
Icads cuonnccied directly to a large arca of copper will nal tive in
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temperature as quickly as other keads. This can cither cause poor solder
joints of require more heat, ncither of which is desirable.

The solution is to connect the Iead clectrically but not thermatly to the

* plane of copper, using a spccial symbol callcd a themal relief (Figure
7-1). A thermal relicl is a small island of copper around the lead,
iolated from the plane by an annular gap. The plane is then connccled
10 the island by four aarrow bridges of copper (termed spokes). These
spokes provide the electrical connection and the gap provides the
thermal isolation,

N
N

Figure 7-1. Athermal relle! connects a componen lead to a plane
elactrically but not thermalty,

Whea 1unning the Edit Pad command, you can 1ag o pad 1o the Power
ar Giround plane by means of cithcr 3 direct connection or » thermal
relicl. A small croas (4) in the conter of the pad indicates thatl the pin
is connccted to the Power or Groumd plane with a thermal relicl, A
dircct conncction to a plane is indicatcd by an X in the center of a pad
(Figure 7-2). . ’
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Figute 7-2. A direct connection (X} and thermal relief (+) as they
appear on the Tango-PCB PLUS screen (lett) and In the final artwork -
(right).  ~

The small cross and the X et you tell at a glance whether a pad is
connected (o 8 plane with a thermal reliefl or dired connection. But
how can you tell whether the pad is connccted to the Power or Ground
planc? By running the Setup Display command, you can assign scparate
colrs to the Power and Ground planes. A good practice is to use red
for the Power planc (red = hat = power) and green (or the Ground
plane (green ofien significs ground connections).

There are three options for connections (0 the planes: no conncction
(significd by the pad only and no special symbol), 3 thermal echiel
(significd by a cross of the appropriate color in the center of a pad), or a
direc! connection to the plane (significd by an X of the approprime
color in the center of a pad). The program ducs oot allow you 10
connect a pad to both planes. This may scem trmial, but it is amaring
how many manually taped PC-boards end up with shorted Power and
Ground planes! .
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When the plancs are interior 1o the board, thermal celiefs are gencrally
wed 1F you are designing a Jouble-sided PC-board and you want a
hare copper Ground plane for the Boftom layer (as is often the case for
I designs), thea you can ue.c dircdt connedtions to the Ground plane.

7.0.3 Connecling Nots To Power And Ground

When loading a net list (using the Nels 1.oad command), you can dircct
the program 1o automatically tag all pads that arc connedied to the
I‘awcr and Ground plancs. In the Sclect Plane Neis dialog box (Figure
1-3), cnter the name of the Power plane act and the name of the

Ground plane net. You can also scleat cither direct connections of
thoemal relicfs,

hatald  €F oW P yraund planey, #AIEF the degitad npth aAA ket e b

s () [P EOS
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LHl ¢ et
n [+
D
[

[1]
n2

Figure 7-3. Tango-PCB PLUS automatically connocts all pads inthe
speciled Power /Ground plane nets (o the correct planes.

"Tor cxample, if your Power plane net has the name VCC, then
speaifying this net name comncets all nodes within the net 10 the Pawer
plance with cither dircat conncdions or theemal reliefs. Specifying the
nct name GND for the Ceound planc net amomatically connects all
nodes within this net ta the Geound plane. (For detailed inlormalios on
luading nct lists, sce Chapter 14: Nets))
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7.4 Middle Signal Layers
The four Middle Signal layers are sandwiched between the Top and
Bottom layers. You can place any Tango-PCH PLUS item on these

layers. The Middlc layers are additional signal layers available foe
multi-layer PC-boards.

7.5 Top And Bottom Stikscreen

The T.np and Bottom Silkscreen layers produce the paticras printed on

PC-boards that show such information as componcat outlines, refcrence
_ designators, and the company name. For through-hole boards, you

genceally need only a Top Silkscreen layer. For surface-maunt designs
with ;omponcnis on both sides of the board, you will necd both the Top
and Bottom Silkscreen.

7.6 Top And Bottom Solder Mask

The Top and Bottom Solder Masks determine wheee solder mask is
applied 10 the PC-board during [abrication. When the board i
soldered, this mask prevents possible shorts by restricting the flow of
solder, Tango-PCB PLUS provides Top and Botiom Solder Masks to
support surface-mount designs with components on both sides of the
hoard,

The program sutomatically generates the Top and Bottom Solder
Masks (rom the board design.  All pads on the board ere swollen
(cnlarged) on the soldcr mask film 10 sssure that they're kept free of
solder mask. In addition, you can place arca fillk on the Top and
Botiom Salder Masks to designate otber areas of the board that will not
teccive solder mask.

For example, it’s good practice to place arca fills on the Top/Bottom
Solder Mask over all cdge conncctors on the board. Though Tango-
PCB PLUS automatically swells the :dge connector pads to provide
clearance from the solder mask, it's - ill possible lor solder mask to be
applicd between the fingers of the edge connectors. This can cause
problems,  Flugging and unplugging the board may wear down the
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soldee k, which can eventually inicrfere with connections 1o the
fingers. By placing asca fills on the Top/Dottom Soldcr Masks, you can
assure that solder mask is not apphicd st ol within the arca of the edge
canncclor,

Ak, inany hoard assembly shops recommend that the area benesth a
surface-mount component be kept free of solder mask. If spplicd, the
solder mask could blister during the heat of the soldering process,
forcing the surfacc-mount component vpwards and out of contact with
thc pads. You can prevent the application of solder mask to these
board locations by placing arca fills on the Top/Buttom Solder Masks
vnder all surface-mount componenls.

NOTE

Tango-PCB PLUS enlarpes all pads on the solder mask fim.
These pads are swollen when you print/plot/photoplot the
board The pads do not appear swollen on the screen. 17,¢
area fills you place on the Top and Dottom Solder Masks will
not be swollen on the screen or the solder mask film,

7.7 Vop And Bottom Assembly

The Top and Bottom Assembly layers can be used, together with the
Tutle layer, 10 create assembly drawings. These drawings guide the
assembly shop dusing the board assembly procedure. The drawings can
include the board dimensions and the locations of the components 1o be
mounted, as well as any special instructions. For exsmple, the drawings
could show the location of test points on the board with instructions to
keep these sites free of non-conducting conformal cost.

The Assembly drawings can he used tagether with the hill of mlierliah
10 define the type of component that is to be mounted st e?ch location.
The Bottom Assembly drawing is generally nceded only if the board
contains surface-mount componcnts on the Bottom layer.

7-8
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7.9 Boatd .- T g
The Board layer is uscd to draw an outling of your PC.hoard. This
layer is also useful for indcnling the copper on the Power and Giround
planes. I the copper extends to the edge of the board on these layers, it
could cause a shart if the board edge comes into contact with a piece of
meital or another board connacction.

To indent the Power and Ground plancs and preve-t shorts, we
rccommend you draw the board outline with a 100-mil track. 1f you
then print /plot/photoplot the Board layer in composite with the Power
and Ground plancs, the resulting copper will be indented by 50 anils,
half the thickness of the board outline.

L]

7.9 Connections

The Conncctions tayer helps you manually route the PC-board. When
you load a net hist for your design, all connections in the net list are
stored and displayed on the Connections layer. The connections ase
poini-to-point: the shoriest Jistance between nodes in a nel.

Alicr you manually route a connection in Tango-PCB PLUS (using the
Nets Route command), the connection i removed from the
Conncctions layer. Il you are editio g 2 board that has been avtorouted
by Tango-Route, the Connection, layer contains anly the no-mutes:
conncclions that could not be sunwaouied. (For detaile | information on
nel lists and routing, see Chapler 14: Nets)

7.10 Drilt Drawing

The Drill Drawing layer provides the service burcau with the location of
cvery hole on the board and the bit sire nceded 1o drill the hole. Tango-
FCR PLUS automatically geacrates a laycr that shows every holc on the
board. Together with the Title layee, this layer can be used to produce »
drill drawing. ' . .

Tango-PCB PLUS avtomatically places a symbol at cach hule location
which indicates the drill ool required. In addition, you may wish 10

re
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place & table on the Drill Drawing which maps symbols to tool
sumbers/drill sizes.

Depending on your service burcay, 8 Drill Drawing may not be
nccessary if the burcau has an N/C drill machine that accepts the
sisadard Excellon-compatible N/C drill file generated by Tango-PCB
PLUS. (For more information on the Drill Drawing layer, sce Chapler
16: Prints, Plots, And Reports.)

7.11 Keepout

The Keepout layer sllows you to specily areas of the board where

Tango-Route will not place traces. By placing » track segment or arcs

fill on the Keepout layer, you are directing Tango-Route to avoid
rouling over these locations on all signal layers of the PC-board.

For example, it is good practice not to place vias beneath surface-mount
discrete capacitors, During Fabwication, solder could force its way up
the via and knock the capacitor out of contact with its pads. To make
. sure Tango-Route docs not place vias in these arcas, place an area fill
on the Keepout layer bencath cach susface-mount discrete capacitor.

7.12 Title

The Title layer is used 10 document your artwork for the board
fabrication procedure.  This layer should contain such information as
the company name, board name, pait aumber, and revision number.
The Title 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 Doliom Assembly and Drill Drawing layers.

The Tango-PCB PLUS package includes Title layer templates for A-
size (R.S x 11 inches), B-size (11 2 17 inches), and C-size (17 x 22 inches)
sheets of paper.  These templates are stored in the PCB files
ASIZE.PCB, BSIZEPCH, and (SIZEPCB.  You can usc these
tcmplaies of create your own Title tayer from scratch,

rC-BOARD LAYERS

Fach of the Tango-PCB PLUS Title layer templates contain a sheet
border and a title block (in the lower-right corner of the sheel (Figure
7-4). The title block provides space for such information as the board's
name, idcntification number, revision  number, sheet swre, date,
filename, and designer.

The Title layer borders are 0.25-inches wide. They are divided into
segments which are labcled with numbers across the top and botiom
(the columns) and with letiers down the Icfi and right sides (the rows).
The borders provide a convenicat way to locate information on the
boatd. For example, a designer can describe the location of a resistor,
RS a3 the intersection of row B and column 3. ’
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Figure 7-4. The Tango-PCB PLUS Title fayer ASIZEPCB.

<@ o 7.13 Selecting Layers

The status line’s Layer ficld displays the current layer for placing
primitives.  All editing takes place on the current laycr. Thuy, il you

11t
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rlace s track on the TC-hoard when the cureent laycr is Top, the track is
assigned to the Top layer.
current fayer must again be set to Top.

The Layer ficld also shows the color of the current layer (in the small
rectangle to the left of the L). When you place an arc, ares fill, surface
pad, text string, or track on the PC-board, the primitive is displayed in
the color of the current layer. ladividual colors can be selected for

thraugh-hole pads and vias, since these primitives belong to all layers of
the board,

Clicking the mouse oo the Layz=r ficld or typing L sets the current layer.
All subsequent cditing is performed on this tayer. With each click of the
mouse, thé- program cycles through a list of enabled layers and their
colors.  You can stop clicking the mouse when the desired layer s
displayed.  You can also set the current layer by selecting the Currcot
Layer command from the Current Menu. For hoards .with only a few
layers, clicking on the Layct ficld or typing L may be faster than using
the menus,

7.14 Enabling And Disabling Layers

Refore you select o current Jayer, the desired layer must be enabled.
You cau only edit snd display ennbled layers. It is useful to disable
layers that you do pol want to view or edit, Disabling these layers
reduces the amount of PC -board information on the screco, allowing
you 10 concentrate on the layer (or Javers) that you're currently editing.
Since less information is displayed, disabling layers also reduces the
time it takes 10 redraw the screen.

Run the Setup Display command 10 cnable and disable PC-board layers.
In the Sctup Display dialog box (Figure 7-5) there is a small box of color
next 1o each layer ficld. This box shows the display color for the layer.
I{ the color box is solid, the layer is enabled. If only the bottom half of
the box is colored in (there s a dividing line across the center), the layer
is disabled. ‘

If you later want (o delete this track, the
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Figure 7-5. In the Setup Display dialog box, snabled layers are
indicated by a solld box of color,

Clicking on the color box next to each layer toggles the layer on and ofT.
For example, il Middle Layer 1 is disabled (only the bottom hall of the
box is colored in), click on the color box to enable the Iaytr (ihe dulos
box shows a solid box of color).

NOTE

When enabling or disabling a layer, make sure that the cursor is
positioned withlo the color box next (o the layer’s name,
Positioning the cursor on the layer name aliows you 10 change
the color of the layer (see Selecting Screen Coloes below).

When you quit Tango-PCB PLUS, the scliings in the Sciup Display
dialog box are saved in the file FCRUNL These scilings are
automatically restored the nent time you run the PCB program.
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7.15 Selecting Screen Colors

Tango-PCRB PLUS lets you have it your way. If 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 Setup Display
command lets you select the screen colors for individual layers and
items (such as through pads and vias), the program menus, the status
and prompt lines, and the workspace elements (including background,
cursor, highlighting, and grids).

In the Setup Display dislog boy, the current color is shown in a box next
to each ficld (Figure 7-5). To change » color for s ficld, click the mouse
on the ficld name. If your video card supports jess than fewr color,
such as MCGA and Hercules, each click of the mouse cycles through
the next available color,

If your video casd supports four or move colors, such as EGA and
VGA, the program displays s scparatc dialog box that shows all
available ¢olors. In this dialog box, select the desired color and then
click on OK. The Setup Display ficld is updatcd to show the new color.
Clicking on OK sgain removes the Sctup Display distog box asd
updates the screen colors.

The eolors you select are saved in the file PCB.INI whea you quit
Tango-PCB PLUS and will be restored the next time you run the PCB

program.

7.16 Summary

The following commands werc discussed in this chapler:

Command Funcilon

Set the current layer for editing
_ Tdit a pad on the PC-hoard
Enable /disable and selcat colors for
PC-board laycrs and items

Curremt Layer
Ldu Pad
Sclup Display
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8 Pads and Vias

8.1 Introduction

Tango-PCB PLUS provides user-definable pads and vias for PC-boards.
This chapler describes how (o define, place, edit, and delete pads and
vias, Edge connectors, which cansist of a scries of sur{lace pads, sre also
described,

8.2 Pads

A pad is 3 physical shape on the I'C-board that gencerally corresponds (0
a component pin.  TangoTCH PLUS prowides two types of pads
through-hole pads (which belong to all PC-board layers) and surfoce
pods (which belong to cither the Top or Rottom layer). The through-
hole pads are used for componemt packages with leads that pass through
all hoard layers. The surface pads are used for surface-mount
componcots and edge conncetors.

You can place or edit both through-hale pads and surface pads af any
time regardiess of the current layer setting. For examplc, if you want to
delete a suilace pad that belongs 10 the Top layer, you can do o0
whether or not the current layer is set to Top.

-

8.2.1 Selecting Pade

Defore placing a pad on the PC-board, you need to run the Cusrent Pad
command to sclect the current pad.  All subnequent Place Pad
commands use the current pad settings. 1l you've added pad 1ypes (o
the custom Place Paletics, labeled PLACE1 through PLACES, you can
also sclect the current pad by clicking the mouse on a pad entry in the

a8l
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15 veritying the Design

15.1 Introduction ‘

No printed circuit board layout is complete until it has been checked to

sec that it matches the original clectronic design and that, wheo
manufactured, it bay s reasonably 1 dod chance of working,

if you assume that the original clectronic design, noemally represented
by a schemalic, is correct, then you check to see thal the PCB layont
matches it on a compoaent-by-component, connection-by-conaection
basis. in days past this 1ask was sccomplished with colored pencils and
bours of iedious visual cross-checking. Now the process is greatly
facititated by the use of a net list, which is a it of aff compoocots and
conncctions in the design.

Evea il the layout matches the schematic electrically, the physical
sspects of masufacturing the board can cause problems which will
rendes # unusable. For example, tracks or pads that are too o
together could cause bridging of copper, cresting  short. The
iayout must be checked to sec that cleasances on the boad exceed
specificd as your “design rules.”

Tango-PCB PLUS offers two distinct, but complemeatary approaches
to verifying the design.

15.1.1 Using Netls Verify

i

The Nets Verify command will check any ncts which are curreatly

displayed against an input oet list. You use the Nets Display command

to choose which nets to verify -- a single oet, a collection of acty, or all .

nets.



This approach is especially »erful if you arc manually routing the board,
but have an input net dist, The recommended process is to 1) use Nets
Display to show a single unrouled net, 2) route the nct with the Nets
Route command, 3) check the routed net with Nets Verify, Then use

Nets Display to turn off the display of the roulcd net and to move onto
the next net in the liv.

15.1.2 Using The Design Rule Checker

The design rule checker in Tango-PCB PLUS haes the ability to check
the board clectrically against the input met list, and to check for
clearance gap violations against rules you establish with the Setup DRC
command. Both checks are pesformed a board-wide basis and should
be done when the layout is complete.

15.2 Net List Verification

The Nets Verify command automatically checks that the elecirical
conncctions for all displayed rouicd ncis on the PC-board maich the
tonnections in the net list. The command verifics cach net on a node-
by-node basis, 1If it finds a short (a node that docs nal belong in the net)
an open (3 missing node), or an uncommilicd componcnt pin connecled
10 the net, the program displays an crror. (An uncommilted pin is not
listed in the net list as part of any net.} Il you are verifying more than
one nct, you have the option of continuing the verification process or
stapping to correct the problem,

NOTE

The Nets Venfy command verifies all currently displayed nets
Before running this command, you need to min the Nets Display
command to display (show) the nel(s) that you want to venify.

From the first component pin in the nct list, Tango-PCB PLUS checks
all connected tracks, arca fills, arcs, vias, and pads. Each ilem is
highlighted as it's checked.

If the program finds a component pin that docs not belong 10 the wet (a
net short), it displays the error message:

Two nets shorted togethier.

This message includes the net n:mes for the pins and the pin
designators. ' .

If the program finds an unconnected oodc in the set (an open net), #
displays the crror message: .

Net not completely rovted. .

i
This message includes the pin designators for two of the uncoanccied
rodes. Tango-PCD PLUS slso bighlights the sub-oct (a group of
connected nodes in the nect) that includes the first of tbe wncoonected

~ pin designators..

If the program finds an uncommitted component pin in the pet, #
displays the error message: .

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

The Nets Verify cormmand is designed to alfow intcractive  vet
verification. When the command finds an crror, it ashs if you want to
stop the verificstion process and fix the problcm. Click on Centlnue 1o
continue (he verification process. Click oo Cancel (0 stop the process.

1 you cheose to contiuve (he verification process afler the program
reports & sbort e an opes, Tange-PCB PLUS starts verifyleg the aext
displayed met. 1o this way, the program avoids displaying a long list of
ercors related to the one short or open. To make sure that there are no
additional problems with the net, we recommend that you run the Nets
Verify command again afier you {ix the short or open. If yoo choose to
continue (he verification process sfier the program reporis se
uncommiited component pin, Tango-PCH PLUS continues (o verily the
same pel.

When continuing the verification process afice crror messages, jot down
the crrors as they occur, Afier Nets Vernlfy is finished, you can then |
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all the problems on your list. Run the Nets Verify command again after

modilying the board. Il there are no error messages displayed, you can

be assured that your ncl conlains RO open conncciions, shorls, or
uncommitied component pins,

15.3 Deslign Rute Checking

After compleling the layout, it’s a good idea to do a board-wide check 1o
make surc that all electrical connections in the PCB layout match the
connections in the net list. This is cxpecially important in Tango-PCB

PLUS because the program docs nan hold nets “sacred”.  During the
" routing precess, you may break ncts without being warned or asked to
rename the new nel fragment,  This speeds the revision process
considerahly since there arc many times when you temporarily break »

nel.  However, it also means that you can.completely change the -

connechions on the board.

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

To run the design rule checkes, . u:
1.  Load s net list with the Ncts Load command. (This step
may be skipped il no nct fist is available, as we'll explain

below).

2. Establish your cleasance gap rules with the Setup DRC
command,

3. Start the design cule checker by sclecting the Design Rule
Check report in the Output Repotls command.

15.2.1 The Setup DRC Command .

Run the Setup DRC command (0 establish the desi-n rule check
parameters in preparation for gencraling 8 DRC report (using the
Output Reports command). You can enter the minimum Pad-to-Pad,
Pad-to-Track, and Track-1o-Track clearances allowed on esch of the sin
signal layers. There arc also pushbuttons that allow you to sct each of
these clearances for all layers at once. All of these eotries default 10 1)
mils (if you do not have a PCB.INI fil).
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v You can also specify which conditions are to be checked for: Clearance

Violations, String Violations, Net List Violations, Single Node Routes,
and Uncoanected Pins.

w CLEARANCE VIOLATIONS . Eonables air-gap clems
checking. If dissbled, no clearance errors will be reported.

s STRING VIOLATIONS - Enables air-gap clearance checking of

© strings oo the signal layers. 1f you bave placed strings oo the
signal layers, you should cnable this option to make surc that the
strings do nol cross (racks. When checking for deas ¢
violations, the bounding rectangle of the siring is used. 1f the
Clearance Violalions option (above) bhas beco dissbled, this
option is also disabled.

153



CHAPTER IS

»  NET LIST VIOLATIONS - Fpables clectrical checking against
the net list, liems are conswdered to be conncated if they overlap
of have a clearance of less than 1 mil (just touching). Nems that
¢an he electrically connccted 10 one another are arcs, Blls, pads,
teacky, and vias, Note that although strings can be checked for
clearance violations, they are not considered (0 carry curreat. I
a nct list has not been loaded, this option is ignored.

s SINGLE NODE ROUTES - Enablcs the reposting, of pins that
are connecied (1o other items on the board, bul are not connected
10 any other pins. Note the use of the word “pin°, which is s pad
that is part of 8 componcat and has & pin designstor (as opposcd
o a free pad, or & pad that is part of s component but docs not
have a pin designator). Again, items that can be electrically
connected to one another arc arcs, Gills, pads, tracks, and vias.

s UNCONNECTED PINS - Enables the reporting of all pins that
ate ool connccted 10 other pins. This includes all of 1he Single
Node Routes (described above) az well as pins that are not
connecicd to anything at all,

15.3.2 The Design Rute Chech Report

Once the DRC options are sct with the Sciup DRC command, run the
Output Reports command and enahle the Design Rule Check report.
You may print the report or writc it out 10 a file on disk.

When you click on OK, the program will hegin the design rule checking
process, highlighting each connection as i is verificd. When completed,
the DRC report will print out or he wrilten to a file.

If you preas <Esc> or <RightMowse >, you will be asked to verify your
decicine to halh the DRC. Should you decide 10 stop the DRC, the

rep< o ¥l print anyway, with any violations ¢ncountered prior 1o the

hal,

Running the DRC is a compute-intcnsive task which can take several
hours on complex designs.  Concidering the slternntives, this scems a
small price 1o pay comparcd to the benelits of design vesification.

s
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Figure 15-2. Select tha Design Rule Check repoart with the Output
Repons Command. '

15.3.3 Running DRC Whhowt a Net List

As mentioned above, you do nit have 1o have a net list loaded to
produce a8 DRC report. The DRC will be limited 10 a chech of
clearance violations snd siring violstions based on the rules you
establish with the Sctup DRC command.

NOTE:

If you are running the DRC report without @ net list, the design rule
checker will repoet violotions wheve the air-gap clearance is less than that
specified. An octual short where two trocks are incorrectly connected will
not be reported because the design rule checker will assume they are in the
same net. This type of emor can only be reported if a net list has been
loaded.



CHAPTER 15

15.4 Conslderation for Mounting Holes

For mouating hole pads, both the Nets Verify command and the design
rule checker consider only the dsill hole dimension on innes board
laycrs. This lets you plecc items such as tracks within the oulcr
dimensions of the mounting hole pad on the inner layers (but not within
the drill hole dimension). On the Top snd Bottom layers, however, the
Nets Verify does consider the outside dimeasions of the mounting hole
pad. This is because the program assumes the movunting hole pad’s
outer dimensions may be covered by items such as screw heads, nuts of
washers which extend past the hole diametcr on the Top and Bottom
lsyers but which would bhave no eflect on the inner layers,

15.5 Summary

Remember that the DRC report checks the eatire board, as opposed to
the Nels Verify command, which checks only the displayed ncts
(connections) lor accuracy egainst the et list. Nets Verify is intended
10 be used repestcdly as the board is designed, 0 that errors can be
fixed right sway before more tracks are routed around them. QOoce you
think the PC-board design is compleic, geoeralc the DRC report.

Check prints and multi-color check plots arc also useful in verifying the
PC-board. Tango-PCB PLUS's Nets Verify command and Design Rule
Check report, bowever, can ensurc the integrity of cach oet and
cleatences oo the board, while sparing you the painful and frequently
insceurate task of visvally inspecting the PCB artwork and checking

connuctions against the schematic.

The following commands were discussed in this chapter:

Command Eunctlon

Nets Verily Verify the conncctions on the board -
malch those in the oet list

Setup DRC Scl up the cleasance pararoeters for
the physical design rule check

Ovutput Plot/Print Run the Design Rule Check report

16 Piots, Prints and Reports

16.1 Introduction

This 'cluplct describes the Tango-PCB PLUS commands for printing,
plotting, rcport gencration, and special file output such as PostSoript
and DXF, The Output Plot/Print command lets you plot or primt
board. Whetber you'rc plotting final artwork or making 8 quick check

print, the program prompis you for all the necessary inf, 4 :
series of dialog boxes, ormation wb o

" The options for printing and plotting include the prioter and plotier

drivers, communications ports, plotier pen sctiings and printer colors,
scale nnd XY correction values, board layer or layers (il printing »
composite), output filecname (if seading to a file), plot/print quality
(final for artwork or draft for chech prints), and the X, Y offsets for the
plotier pen. The optiona you sclect arc sutomaticaily saved in the file
PCB.INT whes you exit the program, thea avtomatically se-loaded the
ncxt time yow start the program. ‘ '

In addition to printing and plotting. Tango-PCR PLUS provides the
Output Reports command to generate 8 variety of reports on the PCB
file. These reports can be oulput to a printer or file,

if your plottcr or printer is coanected 10 a scrial port (COMI or
CO_MI). use the Sctup Communications command to sel the baed rate,
pasity, number of data bits, oumber of stop bits, and handshake protocol
before running Output Plot/Print or Output Reports.

14. 1



20 - Commands

20.1 Introduction .

This chapter provides a bricl description of cach Tango-FCB PLUS
menu command and a croms-rcference (0 where the command s

discussed in the Reference Manual. Tt is designed to accommodate

those of you who are ulrendy acquamlcd with Tango-PCB PLUS (or

PCB dcsc;n packages, in general) and, in most cases, require only o

overview of the Tango-PCD PLUS lunctions.

20.2 Tango-PCB PLUS Commands

> ’ - The Tango-PCB PLUS meny commands arc briclly described in this
scetion,



Current (ayer

Description

Sct the current layer. All subscquent editing is petformed on the
current Jaycr.  You can only choose from enabled layers when
sclecting the current layer.  Use the Sciup Display command 1o
cnable and disablc layers.

The current layer and the colur for the cwrecat layer are displayed
in the status line's Layer ficld.  You can also sct the current laycr
by clicking on the Layer ficld or typing L, which toggles through
the cnabied layers, For boards with only a few layers, clicking on
the Layer ficld or typing L. may he fasicr than using the menus.

Cross-Reference
Scetion 7.13

Current Pad

w.?

Description

Sct the current pad. You can choose from pre-defincd pads or
specily a new pad type.  All subsequent Place Pad commands usc
the current pad achlings.

Thc Pads list box shows all availablc pad delinitions. The
definitions arc gencrated from the pads on the PC-board (these
pad dcfinitions arc marked with an asterisk ® ) and in the Tango-
PCB item definitions fite PCB.DFN. 1 the desitcd pad type is not
displayed in the Pads Tist box, you can definc a ncw pad and add it
to the hst.

1{ you've added pad typcs to the custom Place Palcites, labcled
PLACEI through PLACES, you can also sclect the curtent pad by
tlicking the mouse on & pad entry in the palette.
Cross-Relerence

Scction 8.2.1

e !0

Current Smng'

Description .

Set the currenl text string.  You can choose fram pre-defned
strings or specify a new string typc.  All subscquent Place String
commands use the current siring seitings.

The Strings list box shows all available string delinitions. 3 the
desired string type is not displayed in the Strings list box, you can
dclinc a new sring and add 1 1o the list.

If you've addcd string types to the custom Place Palcttes, labeled
PLACE1 through PLACES, you csh also select the curremt siring
by clicking the mousc on a siring entry in the palctic.
Cross-Reference

Section Iﬂ.!_.l

.’ Current Track

Description

Sct the current track width. You can choose from prc-defimed
track widihs or specily a new widih, Al subscquent Place Trach,
Place Arc, and Nets Route commands use the cureemt track width,

The Tracks Fist box shows all available track definivioms. 1 the
desired track type is not displaycd in the Tracks list bun, ¢
deline a new track and add it 10 the liss.

If you've added track widihs (0 the custom Place Palettes, labeled
PLACE]1 through PLACES, you can alwr selcet the curreed teach
width by clicking the muuse on a track entry in the paleue.

Cross-Raelerence
Section 9.2

»J



Current Via

Description

Sct the current via. You can choose from pre-defincd vias or
specily @ new via type.  All subsequent Place Via commonds use
the current via settings.

The Vias list box shows all availablc via definitions. The
dchinitions arc gencrated from the vias on the PC-board (these via
dcfinitions arc markcd with an asterish ® ) and in the Tango-FCB
item definitions fle PCR.DFN.  This file is automatically loaded

whcn you run the PCD program. To sckect a current via type, click -

on the via definition in the Vias list box. Then click on OK.

If the desircd via type is not displayed in the Vias fist box, you can
define 3 new via and add &t to the list, To define 8 acw via type,
first sclect the shape. Specify the via size by entcring valucs fur the
Dimcnsion (cven numbcrs [rom two through 250 mils) and Hole
Diameter (from one through 250 mils) ficlds.

If you've added via lypcs 1o the cusiom Place Paletics, labcked
PLACE! through PLACES, you can also sclect the currem via by
chicking thc mouse on a via cniry in the palcite.

Cross-Reference

Scction A1

Delete Arc

Description

Delete the selected arc on the current layer. If tbere is no arc
selected on the current layer, the computer beeps. -

Cross-Reference
Scalion 1034

s @
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Detote Block

Dnérlpilon

Dclcte all items inside or outside a2 block.  Tango-PUB prompis
you to first define the block by marking two diagonally eppanite

coraces of a rectangular arca. The program then highlighis the
dcfined black,

You can select-whether to debetc items entirely imide (1he defauk)
or entirely outsidc the black and whether (o dokete #ems on dhe
currcat layer of on all layces (the defavlt). The program redraws
the scrcen with the appropriate itcms deleted. .

Cross-Reference
Scctinn 134

Delete Component

Description

Deleie the sclcaied componcar, I there is no componemt sclected,
the computer beeps. W there is more than one component under
the cursor {on a double-sided surface-muum board, lie cramph),
the program displays a list of all these components. You can then
scicct the component ta delete lrom the b,

Cross-Relerence
Scction 11.7
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Deleto Filt

Description

Delete tha eel=cied arca il on the current layer, I there is no
arca fifl selected on the current layer, the computer beeps.
Cross-Reference

Scction 1043

Delete Highlight

descrlpllon

Delete all highlightcd items, which include free tracks, pads, vias,
arcs, and arca fills. The ilcms must have been previously
hightighted using the Ncis 1lighlight command. If a highlighted
itcm belongs to a component, ‘Tango-PCB will not delete that ilem,
1 there are no highlightcd items, the computer beeps,

Cross-Retlerence
Scclion 14.7.1
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Dolote Pad

Description

Dekete the selected pad. 1f there is no free pad seleeted, the
computer beeps. This command has no clfcct on tracks that sre
connccied to the pad.

1f you attempt to delete a pad that is pant of a componcat patters,
the program displays an crror message.

Cross-Relerence
Section 8235 |

Delete String

Description

. Delete the sclected text siring on the current layer. If there is a0
text string sclected on the current layer, the compotcer beeps.

If you sitempt to delcte a siring that is part of a componemt
pattern, the program displays an crror message. '

Cross-Relerence
Scction 10.2.6




Delety Track

Description

Dulete the setected track on the current layer. W there is no track
scteeted on the current layer, the compuicr beeps. '

If you attempt 10 Jdelete a track that is part of a component pattera,

the program displays an creor message.
[ ]

Cross-Referance
Scclinn.').ﬁ

“Delete Via

Description

Delete the sclected via. 1T there is no via sclected, the computer
beeps, This command has no clicet on tracks that are connccled
tu the via,

1 you attempt to dclcte a via that is pant of a component paticrn,
the program displays an crsor message.

Cross-Relerence
ScctionBRI6

20
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Edit Arc

Dncﬂpllon

Edit the sclccted arc on the curremt layer. You o change the
arc’s radius, start angle, sweep angle, and line widih. The tadin
an cven aumbcer from 1wn through 16,000 mils. The van anglc in
an integer from 0 through 359 deprecs. The sweep angle = an
integer from one through M degrees. You can specify any line
width from two throupgh 250 mils (in two-mil increments). The bine
width cannot be more than twice the radius.

Tangn -PCB makes it casy to cdit a numlm of arcs 00 the buard ot
one umc, Aficr modifying the arc, use the Arc(s) Edited oplions
to delcrmine whether the cditing affects only the selccted arg, a set
of matching arcs, or all highlightcd arcs.

Cross-Relerence
Section 10.3.2

Edit Component

Description

Edit the sciccied component, You can change the compnacwt's
rclerence dosignator, type, and valuc. You can abw chonse (0
release the componemt (which s similar 10 the aplude funar’
common to most CAD pragrams). Releasing o componcet alkrws
you to re-position snd modifly alt the individual primitives in the
componcm.

The Release option is espetislly uvsclul when creating similar
 components. You can place a compoaent on an unascd arca of the
workspace, sun the FEdit Componcat command to sckease @,
“modify individual primitives, then run the Libwary Add command
to define the madified paticrn as a new componcmt (sce Chapter
12: Creating Library Components).

Cross-Reference
Section 115

29



Edit Pad

Descriplion

Fihit the selected pad. You can change the pad's shape, size, hule
diemcter, pin designator, Liyer, and planc.  For the pad size, you
o specily X (horizontal) and Y (vertical) dimensions of (wo
through 4000 mils (in two-mil incicmems).  You can specily any
hule size from onc throuph 2540 mils.

Tango-PCB makes #t casy 1o cdit # number of pads on the board of -

one time,  Aficr modifviag the pad, use the Pad(s) Edited oplions
to determine whether the editing affccts only the sclecied pad, a
set of malching pads, or all highlighted pads. Maiching pads have
the same shape, X and ¥ dimensions, hole diamcter, and laycr as
the scelected pad.

Cross-Reterence
Scction 8.2.3

Edit String

Oescription

Edit the sclected toat string on the cureent layer. You can change
the string's contcats, height, and linc widih. You can specify any
hcight from four through 100 mils (in four-mil increments) and
any linc widith from (wo through 250 mils (in two-mil increments),

Tango-PCB makes it casy 1o cdit a number of strings on the board
al onc time.  After modifying the siring, use the String(s) Edited
options to determinc whether the cditing affcets only the sclecicd
sring or 3 st of matching strings. Malching strings have the samc
height and fine widih as the setected string.  If you choose any
option other than This Seeing, the Edit Steing command changes
aoly the height and line widih of the matching strings.

Cross-Relerence

Scciwon 10.2.4
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Edit Track

Description

Edit the widih of the selected track on the current layer. For the
track width, cnter an integer in the range of two through 250 mils
{2 two-mil increments).

Tango-PCB makcs it casy to cdit a number of ir7 chs on the board
ot one time. Afier modifying the track, use the Track(s) Edited
options to determine whether the editing affects only the selected
track, a set of matching tracks, or all highlighicd tracks. Matc
tracks have the same widih as the sclected track.

Croas-Reference
Section 9.4

Edit Via

Description

Edit the seleeted via.  You can change the via's shape, sire, i
diamcier, and Power/Ground plane conncction.  Fiw the vis sire,
you can specily 8 dimension of two through 250 mils (in twes
increments). You can specify any hole size from one through 250
mils. The Planc ficld lcts you connect vias to the Powcr ar G
plane by means of & dircct connection or thermal relicl.

Tango-PCB makes it casy to edit a number of vias on the hoard
one time. Aficr modifying the vis, use the Via(s) Educd opti tn
determine whether the editing affects only the sciected via, a set of
matching vias, or all highlighted vias. Matching vias have the same
shape, dimension, and holc diamcter as the selcacd via, -

Cross-Relerence
Section 834

0.1



Fite Clear

Description

Clear the current PCB file from memory. I any changes have
been made o the current PCB file during the editing session, the
program prompis you to save the file, discard the changes to the
filc, or cancel the File Clear command.

T ross-Reference

Scdtion 6.4

File DOS

Description

Exccute DOS commands without quitting the Tango-PCB
program. The program displays the standard DOS command
prompl and you can now entcr and cxcculc any DOS command.
To retuen 10 the Tango-PCB program (rom where you leht off, at
the DOS command prompl, eler:

Cross-Reference

Section 6.7
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Flle Load

Deacription

Load a PCB hilc (the dcfault), block Nle, or a photoplot fife.
Loading s PCB fife replaces the current PCB fite with the specified
file. Loading a block file inscris the specificd file into the currest
PCB file. Photoptot files may be loaded for on-screca vicwing,

(;:m.-ﬂolenm:o
Scclion 6.2

File Quit

Description . ,

Quit the Tango-PCB program and fctura 1o DOS, I you have
made changes to the current PCB during the editing scasion, tac
program prompts you to save the changes and cxit, exit withow
saving the changes, or cancel the File Quit command,

Cross-Relerence
_Section 6.8



Flle Save

Description

Save the current PC-board or block 1o a ble,

While marking a tilock during the File Save command, you can use
the Zoom and Jump commands (o mave around on the workspace,
You can slso cancel the File Save command by pressing
<RightMouse> or <Esc> or by clicking on Cancel in the File
Save dialog box.

Cron-nolour;co

Scalion 6.3

Jump Component

Description

Jump to 8 specificd componcnt on the PCB.  Enter the
component’s reference  designator or sckeat from a list of all
relcrence designators on the PC-board. Clicking on OK moves the
cursor 10 the reference point of the specified componcent
(generally, pin 1). Il the componcnt is aot currently displayed, the
program scdraws the screen at the same z200m level with the
coiaponent’s relerence point at the center.

Cross-Relerance
Scction 6.5.2, 11.4
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Jump Location

Dnﬁrlptlon

Jump to a specificd X, Y location on the PCB. Eater the X and V
coordinates of the location and clich on OK. Il the hacatium is mn
currently displayed, the program re-draws the sercen st the same
room lcvel with the specificd location at the conter,

Cross-Reference
Section 6.5.1

Jump Net
Description.

Jump 10 thc ncarcst component pin in a specificd mt.  This
command is usclul when moving from one nct to ancthee during
the routing proccdure. Enter the act namc or scheet a mct from the
Nets list hox. Click on OK 10 remove the diakg box and jump to
the specified nct. I the ncarest compuoncnt pin in the nct is mo
currently displayed, the program re-draws the scrcen st the same
zoom level with the pin at the comer,

The Jump Nct command is only avaitable if have previomly
loaded 2 nct list for the PC-hoard.

Cross-Aeference
Section 6.54, 149
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Jump String

Description

Jump 10 the nearest ten string on the PC-board that matches a
pecificd text stiing, Tango-PUD scarches for an cact match of
the specified steing, The matching, string must contain all and only
all the characters in the specificd text siring.

Scicet Current Layer 10 scarch for 2 match on the current laycr
only (the default),  Sclcct All Layers Lo scarch for a l.nllcl! on all
board fayers. 1f the mutching string i nut currely d.lspluyed. the
program redraws the scrcen M the samc room level with lhc sring
a1 the conter. The Jump String command is not case-sentrtive (the
charscters can he cither upper-case of lowce -casc).

Cross-Referance
Scclion 6.5.3, 10.2.3

Library Add

Description

Add 3 acw componcnt patiern 1o the cusrent libeary. Emter the
library name and the paticrn namc (of from onc 0 16 characices).
Alicr entering the paicrn name, press <LefiMouse> of <Enlc.t>
tr mark the first cornce of a rectangle. Thc rectangular h\l“l'ﬂc
cxpands and conteacts as you move the curser. When the authne
encloscs the cntirc componcal paticen, apgain press < LefiMoune>
or <Enter>. The program then prompis you 1o sclect a refercnce
puint for the paticrn.

Cross-Reference

Scction 12.5
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Library Browse

" Description

Display s companent paticrn in the specificd library.  In the
Library Browse dialog box, the program displays a list of 2%
patterns in the specified library. Sclecting a pattern from this list
displays the componcat on the right side of the dialog box.

Tango-PCB displays the component pallern as it would appear
when placed on the PC-board, except for its actwal sive. The sile
of the component is scaled to fit within the dimensinns of the
dialog box. A primitives in the component arc displaycd. s
primitive bclongs 10 a laycr that isi net curremtly cnabled, the
primitive iill appears as part of the displayed patiern.  Click on
Continve to remove the Library Brawse dialog box.

Cross-Reforence
Section 11.2, 129

Library Detete

Description

Delete a component paticen from the specificd ibeary. To dekete
a pattera, highlight the paticrn name in the list and clich on the
Defete pushbutton. Click -on Centinue 10 remove the Library
Declete dialog box.

Cross-Aelerence
Section 12.8
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Library Merge

Description

Mcrge (copy) a componcnt paticen from a specified source library
. imo a specified destination library. You can specify a new name
‘v the paticrn, Il aot, the program rctaing the source paticen
name. Click on the Merge pushhuiton 1o copy the sourcc paticra
into the destination library.

il 2 pattern with the samc name exists in the current library, the
program prompis you lo enlcr B acw pallcrn name, overwrile the
cristing pattern, or cancel the Library Mcrge command. You can
continue 10 copy componcnt patteras into the curreat libeary.
Click on Continue to remove the Library Merge dialog box.

Cross-Relerence
Scction 126

Library Rename.

Description

Rename a component paticrn in the specificd library. Scleat the
current patiern namc from the Pauteras list bow Then enter the
new pattern name.  Click on the Rename pushbution o rename
the componcnal pattern. . ‘

If a paticrn with the ncw name cxists in the library, the program

prampis you to enicr annthce ncw name, overwrite the cristing

pattcrm, or cancel the Libwary Rename command.

Cross-Relerence
Scction 12.7

1 IN

Move Arc

Description

Muve an arc on the current layer. First, pmsition the cursor on the
arc and press <LefiMouse> or <Enter>. If there s o arc
sclecicd on the curremt layer, the computer beeps. As you move
the cursor, an outlinc of the arc moves scroas the screen. I you
now change the current layce, the arc moves to the selected layer.
Peess <lefiMouse> or <Entcr> 10 place the arc
<RightMouse > or <FEsc> lo cancel the Move Arc -ommand,

Cross-Relerence
Section 1033

Move Block

Description

Move all items contained entirely within.s block. Tange-PCB
prompts you to first define the block by marking two diagonally

opposite corncrs of a rcctangular arca. The program highlghts the
defincd block. Progtam higtiehs

The program then prompis pou (o scleet o eeference point foe the
block. Position Ihe cursor or the reference pavint (genciatly, one of
the corners of the block) anv, press <LeiMouse> or <Emce >,

If you mave the blixk 30 that it overlaps sny Hcm on any Layer of

- the PC-board, the program displays the Black Overlap Wag

dialog box. Click on Retry 10 muve the bluck 1o 2 diffcrcm
location. C!ufll on (verlap (0 place the bluck with oveelap in its
curremt posiion.  Click on Cancel 10 cancel the Miwe Blixk

_ command,

Cross-Reference
Section 13.2

on



Move Component

Move Filt

o . Description
escription

pro ‘ Move an avea fill on the current layer. First, position the curser on
Muave and rotate a component paticrn v the PCB. Firsl, position . ' the arca fill and press <beliMouse> or <Emter>. I there & an

thce cursor on the component and press <LefiMouse> or arca fill sclecied on the current layer, the computer beepa. As you

<Entcr>. As you mave the cursor, an outline of the component move the cursor, an outline of the fifl moves scross the screea. I
patern moves across the screen. Press R 1o rotate the component ‘ you now change the curreat layer, the fill moves to the sclected
M) degices. Press F 1o Qlip the component. Press <LefiMovse> laycr. Press <LefiMouse- or <Enter> 10 place the (i) ‘and
or <Emter> to placc the component and <RightMouse> or <RightMouse > or <Esc> 10 cancel the Move F i command.
<Esc> to cancel the Mave Component command. ) ‘
' Cross-Reference .
Cross-Reference . Section 1042
Section 114G |
Move Pad
Move Endpoint
Description
Description i .. Move and rolatc a pad on the PC-board. First, position the cursor
Muwc the cndpoint of a track on the currem layer. This commuind . . 2 on the pad snd press <LefiMouse> or <Emer>. N 'Mmu.: -
is cspecially useful for moving a free pad or via on the PC-board pad sclecicd, the compaice heeps. As you mave the -
whilc maintaining all routed conncctions o the pad or via. . ‘ outlinc of the pad moves across the screen. Press R (o rotate ire
. pad 90 degrees. Press <LefiMouse> or <Enter> (o place the

When running the Move Endpuint command, first position the psd and <RightMouse> or <Esc> to cancel the Move Pad
cursr on the endpoint of 3 irack and press <LefiMouse> or command.

<Cnter>. As you move the cursor, the highlighted tracks stretch ! ' : '
(cxpand and conlract) with the codpoimt. This process is called i The Move Pad command hes mo cflca ey tracks that arc
mibherbanding.  Press <LefiMouse> o <Eater> to place the . connected 1o the pad. Run the Move Endpoint command 10 move
tracks. I there is a free pad v via at the endpoint, it moves (o the  frec pad and its coomections.
ncw lucation,  Press <RightMousc> ot <Esc> (o canced the - .
Muave Endpoint command. If you attempt to move a pad that is part of a componcet paticrn,

the program displays an ersor message.
You cannot change the cuerent laycr dusing the Move Eadpoint

command, : Cross-Reference
Cross-Relerencs : " ‘ Section 8.2.4
Section 9.5.2 . @ ~
b 94
2000



Move Reroute

Description

Rcrovte a track as » scrics of (racks and vias (if nccded). This
command is especially usclul for clcaning up tracks that were
dragged (rubberbandcd) aficr running the Move Componcnt
command. First, position the cursor on the track and press
<LeftMouse> or <Entcr>, The cndpoint of the track nearcst to
the cursor is termed the “pivot”, the farthest endpoint is the
“destination”.  As you move the cursor, 3 rubberbanding track
outline is drawn from the pivid to the cursr, A rubberbanding
linc is also drawn from the destination to the cussor,

{
To place a track from the pivot 10 the cursor, press <LefiMousc> .

or <Enter>. The pivot now moves 1o the endpoint of this track.
You can conlinuc to place tracks by pressing <LeftMouse> or
<Entcr>. Press <RightMouse > or <Esc> to conclude the Move
Rcroute command and place a track from the destination to the
cursor,

Cross-Reference
Scction 953

20-22

Move String

Description

Maove a text string on the currcnt layer. First, position the cursor
on the string and press <LefliMouse> or <Enter>, As you move
the cursor, an oulline of the text string moves scross the scrcen,
Preas R to rotale the string "W deprees.  Press X to flip the
component in the X direction. Press Y 1o flip the componcenl in
the ¥ direction. Press <LefliMouse> or <Enter> to place the

siring and <RighiMouse> or <Esc> 1o cancel the Move String
command.

Cross-Reference
Section 10.2.5

Move Track

Description .

Move a track oa the current layer. First, position the cursor on the
tiack and press <LefiMouse> or <Enter>. Il there s no 1-ack
sclected on the current layer, the computer beeps. As you maove
the cursor, an outline of the teack moves across the screen. Il you
now change the current layer, the (rack moves to the sclccted layer.
Press <LefiMouse> or <Enter> to place the teack
<RightMouse > or <Esc> to cancel the Move Teack command.

If you change the current layer diring the Mote Teack command,
the program automatically restores the previous currest Tayer afice
the command ends. This allows you 10 move a scrcs of trachs
from one layer to another by running the Move Track command
scveral times in succession,

Cross-Relerence
Section 9.5.1

Move Via

Description

Move a via on the PC-board. First, position the cursor on the via
and press <LefiMouse> or <Enter>. I there is no via sefected,
the computer beeps. As yow move the cersor, an outline of the via
moves across the screen. Press <LeftMowse> or <Ester> to
place the vis and <RightMouse> or <Esc> to wancel the Move
Viacommand. - :

mMoveVinmmandbunoeﬂedoulfxblbu_ e
connected 10 the via, Run the Move Endpoint cot_nmlnd to
a via and its conncctions. ' :

Cronn-ﬂofoicnco
Section 835

20



Nets Clear-

Deacription

Clear the net Yisd information. This command is useful if you wam
1o clcar 3 net list from memory without loading s new act list. If
you run the Nets Load command 10 load a ncw nct hist file, the old
nct list is automatically clcarcd from memory.

The Nets Clear command clcars all nct fist information, which
includes the conncclions on the Conneclions layer and the act
names associated with cach pad.  Cleating the nct list (and ad
loading another one) ditables the Nets Optimize, Ncts Identify,
and Jump Net commands,

Cross-Helerance
Scction 14.12

Nets Display

Dexcription

Display the specificd net list connections: The program displays a
list box of all nct names in the cureent net lid. Displayed ocls are
matkcd with an aucrisk,  You can choose 10 show or hide
individual nets, all nets connectéd to a specific component, of all
ncts. Note that if you have nets connecied 10 the power or ground
plancs, these nets are marked with a “P~ and °G°, respectively.

This command sho cnables or disables the display of Foree
Vectors. Force vectoss are the vector sum of the connections from
a component, and are helpful in optimizing componcat placement.
Cross-Reference

Scciinn 143, 14§

2024 -

o ®

Nets Geneorate

Description

Generates a Tango-format net list from the currently loaded PCB.
The nct list includes a listing of componcots, sorted by reference
designator, and 3 listing of all nets. Each nct is assigned » wnique
net name following the format “NET _anan™ where nnnn id o lver
digil integer.Note that any conncctions (o pads which are not pant
of & component, or do not have pin designators, will not appear oa
the net list. i

Cross-Relerence o
Scction 14.6, Appendin A

Nets Highfight

Description

Highlight a specificd ncl. This command s uselul for verifying
manual routing, even if 3 nct list has not been losded.  The Nets
Highlight command works together with the Deletc Highligh
command 1o delcte the items in a routcd nct on the bnard,

NOTE: The Highlight Ncts command docs aod use (07 require) a
net Nisl. The command highlights all items that arz electrically
connected on the board (genesslly, by means of iracks).-

You can bighlight euly one net of & time. Il & act is currently
highlighted and you run the Nets Highlight command to highlight a
different net, the program aulomatically removes the highlighting
from the fiest net.

To un-highlight the net, press <LefiMouse> over & vacant portion
of the workspace.

Cross-Reference
Section 14.7
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Nets ldentify

Descriplion

Identily the net to which a pad belongs. The program prompts you
to position the cursor on a-pad and press <LefiMouse> or

<Entcr>. The nct name for the pad is displayed in the Nuts -

tdemily dialog box. To remave the dialog box, click on OK or
press <Emter> or <Esc>.

The Nets Identify command is disabled if there is no net list
currently loaded,

Cross-Reference
Scclion 148

Nets Load

Description

taad 8 net list file. You can dircetly enter the nct list filename in
1he File entry bax of the Nuts Load dialog hox or you can click on
the List pushbulion to scleet from a displayed bist of nct list Diles.
The nct list file must follow the Tango nct list format deserilwed in
Appendix A. The delault filename extension for a net list Gl is
NET,

Cross-Relerence

‘Section 14.4

LTI Y]

@

Nets Optimize

" Description

Create an optimized set of connections for the displayed mets.
Alter you complete the component placement and load the et frat,
the Neig Oplimize command provides s head start [or rowting the
board. It is generafly advisable to route the shortest traces firn.
The optimired conncctions show you the shortest traces of 2
glance. '

In the Nets Optimize dialog box, scica ome of the displiyed
options: Minimisr X Length, Minimize ¥ Length, or Misimis
Tota! Length.

Sclecting Minimize Total Length minimires the (otal length, bavwed
on the Manhatian distance hetween pads, The Manhatlan distance
is the orthogonal distance between two points calculaicd as defte X
plus delia Y)) '

Cross-Reference
Scction 14.10

Nets Route

Description

Routc a conncction interactively. This command lets you replace »
displayed conncction (which cxisis only as a routing axd) with a
series of tracks and vias (il necded).

When ruaning the Nets Route command, fiest position the cursor
on the a displayed connection and press <lefliMouse> o
<Enter>, If there is no connection st the specified location, the
computer beeps. I there is a connection, Tango-PCB determines
the ncarest endpoint for the connection and checks if the endpoim
is 8 surface pad.

Cross-Reference
Section 14.11
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ulput Apertures

tets Verlly

Description

Verify that the electiical conncctions for al) displayed routed ncis
match the connections in the net list. The command versfics cach
nct on 3 node-by-node basis. I it finds a shont (a node that does
nt belong in the net) or an open (@ missing mde), the program
tiplays an error. The verification process stops so you can correct
the problem,

NOTE: The Ncts Verify command verifics all currently Misplayed
acts.  Nefore running this command, you nced to ron the Nets
Display command (o display (show) the act(s) that you want fo
werily.

Cross-Reference

Section 152

Description

Sctup the aperture wheel and fool descriptions and then map the
apcrture and 1ool scttings, 10 items on the PCboard. The first
dialog bux lets you describe the aperture wheel (for photoplot
files) and tools (for NJC drill files). For cach aperiure wheel
position, enter the draft code, the shape, the X and Y dimensions,
the hole diameter, and whether the apertiie is (o be Nashed,
drawn, or both. You can also calcr a beicl comment. For cach
toul, cates the tool numbcr and the hole diameter.

Alier setting up the apcrinre wheel and tond descriptions, click on
OK 10 display (he Assign Apcrtores dialog box. In this box, you
map the aperture and 100 scttings Lo items on the PC-board.

Cross-Relerence
Scction 17.3, 18.2

L

Output CAM

Description

Cicncratc a Gerber-format photoplot file or Excellon-compatible
N/C dritt file for the curicnt PC-board. The first Output CAM
dialog box lcis you configure the photoplot snd N/C drill
languages to match your burcat’s cquipment, In the sccond dialog
hox, you can chonsc from a variety of setup options for the filcs,
Alice sciting up a file, click on the Add pushbution to add the file
10 the CAM File Qucuc list box. Click on OK 10 generate the filcs
marked by an ssterisk in the CAM File Queue livt bon.  If you
sclect N/C Dl for the board layce/itém, Tango-PCB gencrates
an NJC drill fic. If you sclect any other layers or siems, the
program gencrates a phatoplo fike,

Cross-Raferencs
Scction 17.4, 18.4

Output Plot/Print

Description

flot or print the current PCB file, or generate output hiles in
PostScript or DXF formal. You can sclect » variety of scilup
oplions, including: the printer and plotler drivers, communications
posts, plotier pen settings and printer colors, scale, X and Y
correction, board layer or layers (il printing a compositc), ouipw
filename (if sending to a file), plot/print quality (final fur artwork
or draft for check prints), and the X and Y offsets for the ploter

pea.

To intcrrupt plotting/printing, press <RightMousc> or <Esc>.
The program then prompts you 10 continue or cancel the Quipot
Plot/Primt command.

Cross-Raforence

Scclinn 16.2



' : Place Block Copy
Output Reports

Description
Description . ‘ Copy all items comaincd entirely within a block, Tango-PCB
Generate a varicty of reports fur the cureent PFUB hle. You can q .. prompts you to frst define the black by pressing <LeliMouse> or

whet une or more of the following types of reports: Apcriure
Infurmation, Bill of Materials, Componeat Locations, Libracy
Contents, PCB Componcnts, Statistics, and Design Ilnlc.(_‘hcck.
At your request, the program scads the sepurl{y) to a printer of

<Entcr> to mark two diagonally opposite corners of a rectangular
ares, The program highlights the defined block.

hic.

Click on OK to print the speeilicd repan(s). Click on Cancel o
cancel the Qutput Reports command.

Cross-Reflerence

scclion 16.6

After you sclcct the relerence point, usc the mouse or arrow keys
th move sn oulline of the block across the screen. Press R 10
rotate the block 90 deprecs around the reference poimd. Each time
you press <LefiMouse> or <Enter>, Tango-PCB places » cupy
of the block at the current cursor position. Press < RightMowse >
or <Esc> 1o Icrminate the Place Block Copy command.

Cross-Reference
Section 11.3

by

Plac: Atc
a ™Y Jj ‘. Place Component

Description

© Place an arc on the current layer. To define the are, the program
prompis you 1o first pesition the cursor ot the desired cenler point
of the are and press <LefiMouse> o <Bnter>. The program
draws 2 circle and radius at this puint, Move the cursor 1o cxpand
the circle 1o the desired rdivs of the are. You can alo move the
linc that indicates the radius o the stan of the desired arc, uII.cd
the start angle. (The start angle is measurcd counter-clockwise
from Y o'clock on the circle) Press <tafiMowse> or <Eetee>
agin 10 fix the rading and start anple. The prigtram .lcduws the
circle, this time displaying an onthine of the arc’s fine wilth,

Move the curtor now 1o dcfine the sweep of the arc, which is
displaycd dynamically on the screen.

Cross-Reference

Scetion 10,31

..

Description

Place a component pattern. Sclect the paticrn from the specificd
library and cotcr its relerence designator, type, snd valoe (lor
cxample, U14, 0.25W RES, 4.7K). Press R 10 rotate the ovtline 90
degrees. Press F to (ip (mirror) the pattcra (which is usclul for
surface-mount designs). To fix the paticrn in its current location
and oricntation, press <teftMouse> or <Enter>.

Cross-Reference
Scction 113



Place Designator

Description

Assizn pin designalors 1o a set of pads or seflerence desipnators o
a set of companents. When assigning pin desipnators, the Place
Designator command s gencrally used aflier placing all the
primitives in @ new component pattern and before running the
Lilvary Add command (o add the new paticra to the curicnl
hhuary.  When placing sclorence desipnatins, sun the Place
Dedignator command aficr placing the componcat(s) on the board.

o assign pinficlerence designatins, first press < LeftMause >’ of
« Lnter> o display the Place Designator distop box,  Seleet the
“Deapnaton type (pin o reforenee designtorn)  For the designatos
template, enter up (o 1S atphanimctic charactens and st feast onc
# (nvnbor sign). When you assipn pin/eclerence designators,
Thewe # symbaols will be replaced by a value determined by the
initial value and the incrememt,

Abicr catering the dialig box values, elick on OK. The progpram
prompts you to click on the duesired pad (foe pin desipnators) or
componeat (for refcoence designatons),

Cross-Reference

Nection 11,51, 12.4

Place Fill

Description:

PLace an area fill G rectanpubar repion of copper) on the current
Livee,  Tango-PCH prompts you 10 press <LeiMonsae > or
 Latee > o mark two diagonally opposte comnees of the area fil)
The arca OlF s displayed o o solid  reclanple. Press
< RightMouse > or <Esc> 10 cancel the Place Fill command.

Cross-Reference
Seor’ W0AL

»i'ﬁ

Place Pad

Oescription

Place a pad of 1he current pad type on the workspace. The curremt
pad type, which is shown on the prompt line, is defined using the
Curreat Pad command or by seleciing a pad cotry [rom ooe of the
custom Place Palettes.

To place a pad, first press <leftMouse> or < Enter> to display
an outline of the current pad type st the cursor Jocation. The pad
outline moves with the cursor. Type R 1o rotstc the pad %0
degrees. To fin the pad in its currcnt location and oriemtation,
press <LefiMouse> or <Enter>. Press <RighiMouse> or
<Esc> 1o cancel the Place Pad command. )

Cross-Reference
Section R.2.2

f
Y "‘ Place String

Description

Place a siring of the current string type oo the warkspace. The
current siring type is defined using the Current Siring command or
by sclecting a string entry from one of the clstom Place Palettes,

Press R 1o rotate the siring 90 degrees counter-clochwise, Press X
or Y 1o Mip (mirror) the siting along its X or Y axis {which is useful
for swiface-mount designs). To fix the string in its current location
snd oricntation, press <lefiMouse> o <Enter>.  Press
<RightMouse > or <Csc> to cancel the Place String command.

Cross-Helsrence
Section 1022



Setup Corﬁmunlcatlons
Place Track

Description’

Placc onc or more tracks of the current track widih on the
workapace. The current track widih is defined using the Current
Track command or by sclecling a track eniry from one of the
custom Place Palctte. '

To place a track, first press <LefiMouse> or <Emter> to fix a
“Pvol” point a1 the current oursor location, As you move the
cutsor, the program draws a rubbcrhanding fine from the pivos 1o
the. curuwr (xee the section Setting The (rthogonsl Mode in
Chapter 9 for detnits). Press <LeliMouse > or <Enter> 1o place
the :ack. You can continue 10 place tracks, cach one slarting at
b cadpoint of the previous wack,  Press <RightMouse > or
< ac> 1o ierminate the Place Track command, :

Cross-Reference

Scawon 9.}

Nace Via

Description

Place a vis of the current via type on the warkspace. The curvent
via iype, which is shown on the prompt ling, is defincd using the
Current Via command oe by <clecting » via cotey fram one of the
custom Place Palettes,

To place a via, first press <leftMouse> or <Fater> 1o di<play an
owling of the current via type at the cursor lucation.  The via
vathine moves with (he cursor, To fix the via in ils currcnt beation
and e iIeMtalion, press < LefiMonse» o« Entee>.  Press
<HightMouse > or <Faes 1o cancel the Flace Via commnnd,

Croas_-Relerence
Scction B.).2

a3
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'SP

. operations.

Desacription

Configure the scrial communications ports (COMIU and COMY)
for printing and plotting. Yoo can sclca the basd rete (in the
range of YN through ), parity (Nonc, Fven, or Odid), number
of datn bits (7 Bits or 8 Bits), numbcr of stap bits (1 Bit or 2 Bits),
and the handshake protocol (Hardwire or XON/XOFF)

The scrial port scitings will be in cffect for all rutmsequent outpat
When you exit Tango-PCB, these scltings  she
avtomatically saved in the lilc PCHINT and loaded 1he acnt time
you start the program,  You only have 10 change the scttings if you
change pkitcrs of printers.

Cross-Relerence

Section 163

Setup DRC

Description : :

Sciup the design rule check (DRC) parameicers, in preparation of
generating 8 DRC seport (using the Ouiput Reports command).
You can enter the minimum Pad-10-Pad, Pad-10-Track, and Trach-

to-Track clcerances allowed on cach of the six signal fayers,

You can also specily which conditinas arc to be cheched for, Once
the parameters for the DRC are cstablished with Sciup DRC, run
the OQuiput Reparts command and cnable the Design Rule Check

rcport,

You do aot have (o have a act v loaded o produce a DRC
report. However, withot a net st Jiaded, the DRC report will
nol contain many Nt List Vislaions, since there is not a2 net i {or

comparison (o the toarnd,

Cress-Anforence . .

Scction 1531 .



Setup Display

Description

Enable and disable the display of individust PC-baurd tayers and
ilems (including throuph pads amd vias); tarn the visibic grid on or
oll; and, select the cursor shape (arrow, small cross, or larpe
crosa). ‘

In the Sctup Display dialog box there is a small box of color aext 1o
ciach layer ficld. This bom shows the display color for the tayer. If
the color box is sobid, the layer is enabled.  To change a eolor lor
a ficly, click the mouse on the Gield name,

Cross-Relorence
Seclion 7.14, 7.15

Setup Grids

Description

Sct the size for the three workspace grids (shsolute, relative, and
viubic) and scl the snap prid 1o abwoluic (the dclamh')_m relative,
A an alicraative to the Sctup Girids commanil, you can als set the
snap grid by clicking the maouse on the st ling's Grad hichd o by

typing €.

You can only move the curus 1o a point on the soap grid. When
the snap grid is set 1o absohne, the X, Y conrdinates are displaycd
in parentheses on the «atus line with the arigin (0,0) at the lowgr-
Ichh corner of the workepace. When the snap pridd is <t 10 relative,

the program prompts you 10 sclect the selative grid origin by
positioning the cursor and pressing < LefiMouse> or « Enter >

The visible grid is for refescnce only.

Cross-Relarence
ion 5812

L

s>etup Options

Description

Enable or disablc a varicty of Tango-PCB options, including
Osthogonal mades and Drag Signal Tracks options.

The (thegonal modes determine the mode for placing tracks on
the hoard. With the Orthogonal modes, you cao only place tracks
that are horizomal, ventical, or at 45.dcgrce angles. These modes

are in effect lor the Place Tracks, Move Reroute, and Neis Roate

commaniiy, .

You can also specify whether ur not signal tracks arc 1o be drageed
(rubbcebandcd) with the Muve Bluck, Move Componcnt, or Move
Track commands. '

Cross-Reference

Section 9.5, 116, 13.2

Setup Palette

Description

Set up the custom Place Pakeues. Tango-PCB provides up 10 five
custom Place Paletles, labhcled PLACEL thtough PLACES. Yow
can add pad, smring, track, and via information 4o these palertes,
This allows you 10 have s numibxer of item types, such as pad sises
and track widths, st your fingentips for quick placcmem,

The number of custom Place Palettes is detcemined hy the aum <1
ofitems you add 10 (he palctics. Each palctte is one line in sire. I
you add more items than will it on one line, Tango-PCH

sutomaltically crcates another custom Place Palete.

Croas-Aelerence
Scction 172

mniz



Undo

Oescription

tUndo the previous editing command.  The Undo commund
restores the PCB 1o its status prior 1o the Tau Delete, Edi, File
Luoad (loa;ding a block only), Move, Nets Romte, or Place
command. You can only undo the lav command. The Undo
command makes il casy to change your mind or to recover from a
mastake,

You can also undo the previous cditing command by clicking the
mouse on the Undo hot spol or typing U.

Cross-Relerence
Scction 3.6

Zoom Al

Description

Display the entire 12-inch by 32-inch workspace.

Cross-Reference

Scciion 6.6.1

Zoom Roard

Deacription

Display the ¢ntire PC-board, The zoom level is adjusiced so that
the PC-board Nills the scrcen. The program displays only the
enabled laycrs of the board. :
Croas-Retarence .

Section 662

Zoom Center

Oescription

Re-center the display. The program: fiest displays » rectangular
roum window that indicates the sercen area st the current zoum
level, This window is the same sizc a3 the scecen. By moving the
cursor, the uwders of the windaow can be maved off the scrcen,

letting your zoom sections of the workspace thal aren’t curremly

displaycd.

You can initiate a quick Zoom Centcr at any time by simply

. pressing the "C key on your keyboard. This is especiatly handy fur

panning quickly across the hoard.

This command is uscflul if you wamt 10 display 2 scction of the
workspace that is currently off-scrcen, Press < RightMuuse > o
<Esc> to cancel the Zawm Centor commanid,

Cross Reference

Section 6.3



; COMMANDS
CHAPTER 20
- o Zoom Redraw
Zoom in l
Description ,
scripll ‘ . . ' -

Description _ » _-@ Re-draw the display at the current center position and zoom level,

Zoom in on the display. The program fist displays a rectangular o . This is usclud if exdensive editing (including deletions and maves)

room window that indicales the scrcen arca at the next highes has left gaps in the display. )

zoom level. Move the curaw to re-position the window,  The

borders of the windaw can be moved off the sereen, Ictting yon Croas-Relerance

room in on scetions of the workspace thal arent currcmly .

displayed. Section 6.6.6

This command is wscful il yuo want to view a scetion of the
workspace in greater detiwil. Press <RiphiMouse> or <Fae> 1o
cancel the Zoom In commanil,

Zoom Window

Cross-Relerence Description

Section 6.6.4 : ' Zoom in or oul oo a spcafied section of the workspace. The
program first displays a scctangular room window that indicates
the screen area at the highest zoom level. To mark the center of

PRt the zoom window, position the cursor and press <LefliMouse> or
Zoom Out . u <Foter>. The program displays an X at this spot. T display the
" section of the workspace inside the window at the highest room
Description level, again press <LefiMouse > or < Enter> without moving the
- cursor.

Zoum om on the dsplay. The progiam prompls you 1o position
the cutsor on the c.lcsm'.l u'.r!lcr of lh.c diplay, then pross If you want to display » larger area of ihe workspace, you can
<l;:ﬂMuusc:: ot <BEmcrs, The screen i qe-diawn at a.!cf\m.:l cxpand the window by moving the cursor up or 1o the right.
room !cvcl with the cursor at the center of the sercen. Thiy i Contract the window hy moving the cursor down of 1o the left,
uechul if you want ko view a wuler area ol the workspace {though in - The borders of the window can be moved off the screen, letting
'mf detail than p":\‘l."ml'v dnplaved). Press < MphiMoue > you room sections of the workspace that aren’t currently displayed.
« Fae > o cancel the Zoom Ome commuand, When the window is ihe desired size, again press <LeftMouse » or

<Fnter>. The section of the workipace inside the window

Cross-Reference redrawn to il the screen.

Scction 6.6.5
Cross-Reference

| .
Section 6.6.7
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3.5 MHz TRANSMITTER Revised: September 22, 1992.
Revision: B '

B\ Of Materials September 22, 1992 11:03:31 Page 1
1cem Quantity Reference Part
1 1 BOS . 1
2 1 c1 5.6 uF
3 1 c2 | 10 uF
4 2 c3,C4 ' 2.0 uF
5 2 cs,C8 - . 20 pF
6 1 cé .010 uF
7 2 c7,C10 | 100 pF
8 1 co 180 pF
9 1 c11 470 pF
10 1 J1 ' MIC
11 1 L1 80 uh
12 1 M1 0-100 MA
13 1 Q1 2N5859
14 1 Q2 ' 3N128
15 1 Q3 2N4416
16 1 R1 1.0K
17 3 R2,R3,R9 100K
18 1 R4 4.7K
19 1 RS | 100
20 1 R6 68
21 2 R7,R8 12K -
22 1 R0 | 20K Trimmer
23 2 RFC1,RFC2 2.5 mH
24 1 RL1 GA1llA
25 1 s1 . Spst
26 1 SP1 Speaker 8 ohm

27 1 T1 SP-49



3.5 MHz TRANSMITTER Revised: September 22, 1992
Revision: B o

Bill Of Materials September 22, 1992 11:03:31 Page -
Item Quantiéy Reference . Part

28 2 U1l,u02 LM741

29 1 XTAL1 ' 3.579545 MH2z
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CHAPTER 4

4.12 Net Uist Operations

Whether you've drawn your clectronic circuit in a sophisticated
schematic capture system or on the back of an cnvclope, gencrating &
nct fist will help with your PCT design. The bencfits include fasice
layout, because Tango-PCB PLUS displays acts and their nodes for casy
routing, and higher quality, and because Tango's Ncis Verify command
and integrated dcsign rule checker conduct clecirical conmectivity as
wcll as clearance gap ehecks 1o cnsure the integrily of the design.

For the uninitiated, & nct list is simply a list of all components and
conncctions in the circuit, Tango-FCR PLUS supports a simple, ASCII
net list format which may he gencrated by hand with a text editor or by
popular  schematic  capture  systems  including Tango-Schematic,
OtCAD/SDT, and Schema. We're adding ‘support for additional
programs, so call us if you wish to check on another.

As notcd above, an important distinction between Tango and other net-
list-based PCB design sofiware is that while Tango-PCB PLUS supports:
net lists, # docs not require them. This means you can load » net list and
take advantage of several productivity enhancing fcatures in the
program, while you are still frec to make or becak any connection at any
timc without updating the nct list information.

Resides specding up board design in Tango-PCD PLUS, the act list also

feceds component and conncction  information to our powerful
sutorouter, Tango-Route PLUS. Il you don’l have 2 nel list, you can
still use the powerful what-you-see-is-what-yors-get cditing capability of
Tange-PCB PLUS 1o lay out your circuit by hand.

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

The nct list is loaded aficr all components have been placed on the
hoard. Since we know your time is valuable, we have supplied a PCB
filc with. 100+ components alrcady placcd. Pop-up the meous (o tun
the File ‘Load command. Kcy in, or scled from the list box,
DEMOLPCH and click on OK. Tango prompts you 1o save the changes
16 our current board. Let's lcave IBMCARD PCR as-is. Click on No

Save.

—

vt

LEARNING TANGO-PCB PLUS

4.13 Loading A Net List

;lcn, pop-up the menus again and run the Nets Load command, The
Da[;gn-l‘(_ﬂ PLUS package. includes an associated net hist 'nllcd
MOLNET. In the Nets Load dialog box, either key in the na
l_)EMOI.NET ot sclect it from the list box. Click on 0K to load the nct
list. Aficr a {cw moments, Tango will prompt you for the names of lmllel

nets to be assigned to power and ground planes, if 30 desired. Key in-
select from the list hox, VCC for the Power Plane Net and (-'.ND z:.;':

Ground Plane Net. F ’
vy ct. For the Planc Connection, schect Thermal and chck

‘Tango-PCB  PLUS redraws the v point
F ) . screen with  all in(- i
conncctions in the net list display-d on 2 special émn'c’::::f;o.layﬂ

This represcntation is ap L.
. Appropriate’; called the rar’
The rat’s nest, along with force vectors to be d; Y :t!: (Figure 41).
visual cuc as to the quality of our parts placen u_m' low, provide »

Prean (Lefrh or tEater) gupr tip ARt AN L

Mt

! Clesr Mooy Kigh
it I S MleMioht Tdontife Load Bytimine Boutdliverity

flguro 4-13. The rat's nest is displayed on a specilal Comectlom
layer.



4.14 Optimizing Nets

Whether you intend 10 manually route the design or use Tango-Route
to autoroule the board, optimal component placcment is crucial to your
success. Tango-PCB PLUS include three powerful features to aid in
component oplimization: the Nets Optimize and Move Component
commands, and force vectors.

Whea you first Joaded the net list, Tango-PCB PLUS coanccied all the
nodes in the order they were connecied in the schematic, which may not
make any sense on the PCB. Therefore, it almost alwayy pays to first
tun the Neis Optimize command, which re-connccts the octs using a
shortest distance, X-bias, or Y-bias strstegy. Run the command now,

_cither sclecting it from the menus or from the Nets Speed Paleite,
Choose the Minimize Total Length option and click on OK.

g dPresn tLofir or tlaters ouer ts 487npclign 1o ke rouled

L H [lﬂlﬂ I L H [l?ﬂ J Tetat: E‘lﬂ 1

1 Longihe af ter sptininetive (inethesd:

| H [III. J L B [uvn

I

T vewn:[rorrm

traraiTing
L4
s
Ny

weone
-

(351 A :
4 o

Figure 4-14. Use the Nets Optimize command 1o help clean up the
rat’'s nest,

ngn-PQPLUS takes a few momenis to recalculate all coanections
and, prior (0 sedrawing the new rat’s nest, displays the reduction in

\
‘a¥

conncction inches.  In this case, the leagth prior 10 oplimization is
175.275 inches and the lenpth alier optimization s 149.775 inches
(Figure 4-14). Click on OK 10 vicw the ral’s nest.

With the ncts now optimired, you get a visual cue 1o the effectiveness of
your initial component placement. Par's which might be beter placed
are identificd by long connections fluag to disparate locations ou the
board. The Move Component command provides an efle tive tool fos
highlighting and moving components and theis conncctions.

3313334335
BEBRALRAS AMEATY
ALERBELIEEAEN

-3

S

Tnipeint Fill Fod Toeeute Stvies Trach Via

Figure 4-15. When you run the Move Components command,
Tango-PCB PLUS highlights and dynamically rubberbands
commections 10 the component.

Change to Mave Component mode pow by sclecting the command from
the menus or the Move Speed Palette. Place the cursor over an IC, Ud,
(located st 4500,5500 in 1the top ket portion of the board), and press
<LefiMouse> or <Enter>. The component and its conncctions are
highlighted for easy viewing. Move the part in any direction, flip or
rotate it, and its connections are dymmiully tubberbanded (Figure
4-15). As it 1urns out, this component is fairly well place ™ press



< ’_“ll‘“Mouse_:- or <Esc> to cancel the npcnlioﬁ and retura the part
10 s original position,

Now place the cursor over the diode D1, (located a1 3400,4600, just
hc_ln* Ul), and press <LefiMouse > or <Enter>, Both connections to
this component lead 10 the top of the board, indicating i should he
moved up. Prectice rubberhanding other components with Move
Component.

While the rat's nest and Move Component operations belp you visually
scc the density of commections on the board, they can become
overwhelming oo boerds of average or greater complexity. A cleaner,
casicr way (o see what's going on is (0 use Tango's force vector display.
Force vecloss are arrown cenanating from each componest 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.
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To display lorce vectors, enable their display.in the Nets Display dislog
box. Generally, you will want to hide all connections (the rat’s nest) -
during the display of force vectors,

Il you move 3 componeol, s force vector is wpdated as & is moved;
once you place the component, the force vectors for sl components
connccted Lo the componest just moved are ahio wpdated. |

Another handy feature for getting a feel for the overall effect of each

" component move is 10 toggle Undo several times {just press U or cick

on the Undo hot spat), before sccepling the move or trying sgain.

Good component placement is siill more of an an than a science, but
Tango's placement tools augment your own judgment and experieace to
make the job go (aster,

4.15 Rouling Nets

Assume now that the component placement is optimal. The next step s
1o begin routing actual traces on the board. 1f you were a Tango-Rowte
owner, al this point you would simply save the design to a PCB file and
load the board and its net list into Tango-Route for astorovting. Showld
Tango-Roule act compleie 1007% of the connections, you would come
back 1o Tango-PCB PLUS for manual routing of the remaining

“connections, which are displayed in rat's nest fashion on Ihe

Connections layer,

Without the aid of Tango-Route, you are faced with the task of
manually routing traces in Tango-PCB PLUS. But keep your chin up,
becavse Tango's powerful editing t0ols again come through to make this
task casicr. With the net list loaded, you can use the Nets Display
command to display individual connections {or casy manual routing.

Sclecting 3 connection to work on can be a difficutt task with the emire
ral's nest displayed, cven on smaller boards. Aversge designs can easily
contain hundreds of nefs, making the ability to selectively display o
subsel of them an important feature,

To selectively display individual neis, we'll wse the Nets Display

.command, Since you are gning 10 use several of the Nets commands i

an



the component pins of all nodes in a particular nct (1% Nets FHighlight
command).

4.16 Veritying Nets

Since you're frce 1o make or brcak any conncclion in any net, you
should verify that all conncctions have becen made properly.  You can
wait and perform 3 board-wide check at the end.of the design with
Tango-PCR PLUS' intcgrated design rule checker. Or hetier yet, verify
on 3 =ct-hy-net basis during the layout process, and run Tango's DRC
at the ond for a final measure of confidence.

To verify the bet we just complcted (RESET), run the Nets Verify
command. This command performs an elccirical design rule check oo
all nets currently displayed using the Nets Display command.  Since
RESET, and only RESET, is displaycd, its conncctions as shown on the
screen will be checked against the net list. Any incorrectly connccled of
missing pins will be flagged with an crror message which is displayed on
the screen.  You have the oplion of conlinuing the verification process
or stopping lo fix the problem. :

If there were other nets on the board dicplaycd with Nets Display, they
ton would undergo the net list verification. Late in the design, you may
find it necessary to break connections, which were previously completed
and verified, 10 make room for 3 subsequent trace. Even though you
diligently re-connccted the broken ncts, a final and complete DRC can
greatly enhance your peace of mind.

4.17 Checking the Entire Design

The Nets Verify command is designed to be used interactively during
layout and manual routing. Wis verification is limited to making sure the
conneclivity of a routed nct maiches that in the net list.

Complcmenting Nets Verily is Tango's integratcd design rule checker.
The DRC operates on a board-wide basis, verifying both electrical
connectivity snd clearance gaps which you specifly as design sules,

Q 9

. Running the design rile checker on your board is 8 two step process.

First you run the Sctup DRC command (0 establish the clcarance gaps
for pad-10-pad, pad-to-track and \rack-1o-track cheching on a pee-layer
basis. You also select the contents of the design rule check report,
which may include: clearance violations, string violstions, wet list
violationy, single node routes and unconnected pins,

won
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Figure 4-19. The Setup DRC dlalog box.

Once the DRC options are set with the Setup DRC command, run the
Qutput Reports command and enable the Desipn Rule Check report.
You may print the report or write it out 1o a file on disk.

When you click on OK, the program will h‘it‘; the design rule checking
process, highlighting each connection as it is verificd. Whea completcd,
the DRC report will print out or be written to a file.

The DRC is compute-infensive and’ can take a while on complex

designs, though it is many times laster and much more accurate than
checking a board by hand.

You don't have to have a nct list loaded to produce a DRC report. In
this case, however, the DRC will be limited 10 8 check of clearance
violations and string violations based on the rules you establish with the
Setup DRC command, ' ‘



CHAFTER 4

4.18 Nets In A Nutsheli

And 5o, to summerire, Tango-PCB PLUS includes powerful oet list
operations which allow you to display all nets (the rat’s nesr), individual
ncts, 2ins in 8 net, or all connections (0 a given componest.  You can
also display force vectors 10 aid with placcment. You are not required to
maintain the validity of the nct list during editing. lastead, you can
verify the validity of your conncctions aficr drawing them.

The process of designing e board in Tango-PCB PLUS with the use of »
net list follows these easy sicps:

®  Place thd componenis on the board ﬁing the same refcrence
designators (U1, U2, etc.) as in the et list,

»  Load the wet list, display all acts, and use the rat’s sest or force
vectors and the Nets Optimire and Move Compoaest commands
" 1o oplimize parts placement.

®  Usc Nets Display to display 2 singlc net.
® Use Nels Route to rouie cach connection in the net,

e Use Nets Verify to check all connections in the et against the
ned list,

»  Repeat the last three steps (display a nei, route its connections,
verify the net) until the board is completed.

w  Run the Design Rule Check teport on the entire design,

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 Tango. There is no question that
displaying a dense design on 8 19-inch monitor running 1024 x 768
sesnlution is the sexy part of the CAD business. However, we've
designed and built boards ourselves and we know thst the most
important function & PCB layout program must do is creste crisp,
accurate output for board production,

LEARNING TANGO.-PCB PLUS

In Tango, we paid particular attention to i i ol
. cul Rencraling the highest qualie
output, available on devices ranging from dot-malrix printc: o (‘::tbet!
fnm.m Photoplottcrs. We usc our menus, dialog boxes, prompts and
on-hine help to take the myscry and frustrstion out of genedating

artwowk, photoplot files, and even r ical ih
by proper communications with ‘pen

Let’s review the output options included as siandard featwres in Tango-

PCB "LUS. sckﬂ "'e Olllpul m-nd "m -r . .
M
The Outpuwt Mecou commands make it casy to: tngos Mam Mene.

®  Sctup photoplot aperture assignments,
s Create photoplot and N/C dril files,
®  Pen plot multi-color check plots or final artwork o any scale,

s Generate cbet"l prints or ¢cven profotype-quality final artwork on
© your dot mairix or laser printer.

@ Generate DXF and PostScript files for use with &
} compatible
mechanical CAD, desktop publishing and word processing
sofiware.  You can cven gel nigh-quality, incxpensive final
mwcn_l: on PostScript-compatibl.: phototypesetters.

@ Generate a sekection of printed reports, ranging .
Materials (o aperture aasismlienu.'ml arping (rom the Bill of

4.20 Pr}ntlng And Plotting

We encourage you to take the time to pri
prid or plot 2 Tango filke and
both our speed and quality of output.  We'we mtl:s“de:l l:ne s

RDEMOL.PCB with your Tango-PCB PL C
plotied or printed. ¢ U5 pachage. which m

Run the File Load command to toad RDEMO1.PCR. Again, the

program asks if you wish 1o save the chan to’ g _
Click on No Save. 7 gcs to’the current PCH file



NOTE

' nn
If yout use a serial port for either printer or pleter, you m(:s:’md
the Setup Communicationt command (o set oplions J

. -
rate, data bits, stop bits, paniy, and handshake bt:.m :1'::: ;
the Output Plot/Print command. Consult you pnd fer o
ﬂnﬂer manuat for the proper setrings. You -do l:lnl nrr“::d "
Setup Communications if your ouiput device i3 conn
your computer by @ paraliel port.

. ' .
Now run the Output Plot/Print command. The l'lls:l d“k‘:n‘:'::o'::icm
appears allows you to sclect W’Iif'l tayces of “'f ::::s d!od:s e e
or phot (Figure 4-20). Other optums 1oggled wit Lo o
swingle of multi-color artwork, draft o final a[nwm :esip‘.'o“ "
image, holcs in pads and vias, and componcnl 1C erenct

1ypcs.

dsang - =" ingle uD
Wtinete Calee ' pre :‘-:“ [D

MNovaty Susiily
sman Seett 1)

TRISER (1 fhiine Gl A
5 adends Bansad -t
20. Produce drah or final artwork for any or all tayers of

Flgure & your board.

Yau also use this dialog box 10 specily the pen
plots, Power /Ground pl:\nc swcl
sizc. + All of these oplions arc stor
.mitialization file PCB.INI to save you

design session.

40

number for single color
1. Solder Mask cwclt and dnll s-ymhnl
"tored automatically for you n the
the troublc of resciting thee cach

S %Y

Choase the layer(s) of RDEMO1 you would fikc (o print or plot, any
other options which seem appropriate, and click OK.

A sccond dialog box appears which presents two list bones, one for
printer and plotter drivers, and one for output ports. First scleat from
-the list box the appropriate printer/plotter driver for the device yow
want 1o use (Figure 4-21). Consuh your printer or plotter eanval if you
are unsure of its delault driver. If your device is ot displayed in the st
hox, check for g compatible driver, For instance, mout plolters are
cithcr HP-GL or DM-PL compatible, and many printers are Epson FX
compatible. The oumerals beside the printer drivers indicate (heir
resolution (in dots per inch). :
The drivers used 1o gencrale DXF, PouScript and Encapsulated
PostScript files are also sclected (rom the driver list bon

Select (e plottersprintyp driwer a=d degtimatogmn a=-d 10! pirsmelory ¢
E Sutgnt File B VISR \EI DN . LY )| I List I

IO-I-D DFouse tor pom Shuspes
¥ tore [ ] OWdreeevimpeyrintv
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L) Iunm
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” Al : ° PTQR'“ -1-1

Figure 4-21. Tango supports a wide variety of prirers and plotters,
with more being added all the time.

Next click on the printer or plotier port you're going 10 use to output
from your computer ta the device. Other options which may be set

this dialog box include plotiing or printing to 3 file, setting the uv'
scale, X and Y correction values, pen width and speed, pawse for
changes, wide (15-inch) carciage printers, and offset dimensions. Agaia,
any settings you make will be saved in PCB.INL.



Aficr selecting your device driver and porl, chonse any other options:

which suit your fancy and click on OK. The program will begin to
gcncrale your artwork. :

On narrow printers, dot malrix os laser, Tango-PCB PLUS will
automatically primt sny antwork which is 100 wide for the printer in
urips which may be 1aped together.” I you wish to print or plot the
artwork rotated 90 degrecs, or mirrored, just click on those options in
the Outpwt Plot/Print dialog box.

Try cxpcrimenting by gencrating plots or prints for aliernate layers,
varying scale, dralt and final artwork, assembly and drill drawings, and
<0 on. We think you'll agree, Tango generales beautiful art, worthy of
your best designs,

4.21 Viewing Photoplot Files

We have one more importam feature of Tango-PCB PLUS that we
would like to show off before we Ict you go out on your own. Mayhe
you have heard from fricnds or cven expericaced first-hand the
problems which can sometimes arise when photoploiting your artwork.
Tango-PCB PLUS takes a very logical approach to creating photoplot
filcs from your design, but cven sill, 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 photoplats, which can be an expensive
cxperience. :

Thid is why we have built into Tango-FCB PLUS a photoplot file viewer.
You can load in a photoplot filc crcated with Tango and it will be
displayed on-screen exactly as it will be photoplotted.  Use all of
. Tango's 7oom and pan funclions 1o inspect the file, even print or plot
out a copy for documentation and verification.

If you detect & problem, simply load the onginal PCB file, correct the
crron, gencrate » new photaplot il and load it for viewing. it's all done
scamiessly in ooc intcgrated program.

Since you may not have yet Icarncd how 10 generate a photoplot file, we
have supplicd onc to help get you acquainted with the viewer. Ruo the
File Load command and click on the Photoplot pushbutton. Now key in

i
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VGADEMO.TOP in the e name entry box.  When you click OK|
Tango-PCB PLUS will load the photoplot file, which is the top layer of
the VGADEMO printed circult board design.

[ ]

Letete Pad

QLTI @reed, @)sym?

Figure 4-22. Viewing a photopliot fle within Tango-PCB PLUS.
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4.22 Summary

By oow you should have a pretty good fecl for what Tango-PCB PLUS
is all aboul. We've tried to cover as many features as possible, and utill
not consume the better part of a day.

In review, you quickly learned how to operate the ACCEL Productivity
Interface, with its pop-up menus, dialog boxes, hot spots, Specd
Palettes, and on-linc help.  You placed components and tem, manually
routed connections, deleted a component, and used the Undo command
0 un-delete the component. You loaded a net list and used the vot’s
nest, net list optimizer, move component and furce vectors functions 10
optimize parts placcment. Then you displayed, routed, and verified
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conncctions with net list support. Finally, you output final and/or draft
artwork o your printer or ploticr and vicwed a photoplot file,

The Learning Tango-PCB PLUS tutorial inteodweed (e Soheshng,

commands:
Rut no PCD design system worth its stulfl can be adegquatcly described in ctlpn
a 35-page tutorial. Hcre's a partial list of the duzens of festures we G \ Command Ear
haven't discussed. You can find out more about these features by : Set the current layer for editing
“reading the rest of the manual or by using Tango's exicnsive on-line Current Layer " Delete a compone™t on the PC-boasd
help: ) D.dc:i‘:::mmnc Loada PCB or block fite ]
. Ftlc " Display and list components it 3
a  Rlock operstions. Besides saving and loading blocks, yoo can Library Br litwary ‘he
delete inside or outside blacks, and 1otate, copy, and move : Move /rotate/Mip 2 componcel o8
blocks. Move Compaacnl I’C.{nud )
| o) Select nets to be displayed
®  Global edlting. The Edit commands make it easy 10 change the Nets Dispiay Load a aet st
characteristics of ares, componcnts, pads, strings, tracks, and vias Nets Uud ] Creale opmmu:d connections for
on the board. You can cdit any particular itcm or all matching Nets Optimize displayed mets
tems. Replace connections with tracks
: o ‘\lromif; Verify that the PC-board euatches the
® Move operatlons. Moving previously placed tracks is facilitated Nets Verily nct list '
by three commands: Move Track, Move Endpoint, and Move int Plot of print the current PCB filke
Reroute. Q O‘ulpul mn’n:‘ Place a componcot on the rcobo-;d
: vﬁ, e Stri ; Place a text siring on the PC-boes
® Jump commands. These commands allow you te quickly locate . Place String Place a track on the PC-board
and move to componcnts, locations, nets, and strings. Place T'_"k Enable/disable and select cglort for
o wh Sciup DlSP'l, PC-board layers and Wcros
" rthognaal routing. cn placing or re-routing tracks, type O Set the design rules and repont
10 toggle between nom-orthogonal mode and four different Sctup DRC options for the design vulke check
orthogonal routing styles (cnabled using Sctup Options). report
, | Grids Set the absolute, relative, and visible
®  Place commands. Practice placing other clements in the design, Sctup g sires
such as pads, arca fills, and arcs. - . Enabic/disable Orthogonal modes
. Setup Options :n‘ é“‘ Trecks With Componcmts
® Nets MHighlight.  This handy command will highlight all on
connccted pads, tracks, vias, arcs, and (ills, cven without & net list Palette Add or delcte Aems 08 the custom
. loaded. Sctup F'a Place Palettcs
: , ' Undo the previous editing command
s Nets Gemerale. Generates a Tango-format net list from the Undo Board " Display the entire PC-boudo‘ he
currently loaded board design. - Zoom Bo in or out on a scction of
_ y ) G - ’ Zoom Window Zoom in

e  Print Reports. Usc Output Reporls to print a Bill of Materials
and other uselul reports.

.4
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7 pc-Board Layers

7.1 Introduction

Tango-PCB PLUS provides 19 separatc PC-board layers. You can:
tisplay and print/plot /photopiot individual layers or a compsite of two

or more layers.  You can only edit onc layer at a2 time. The layer lo cdit

is teemed the current layer.

The program provides the f&llowing 19 PC-board layers:

Top : Top Solder Mask
Rottom Roltom Solder Mask
Power Top Assembly
Ground Botiom Assembly
Middie Layer | Board

Middie Layer 2 Connections

Middie Layer 3 Drill Drawing
Middie Layer 4 Keepoul

Top Sitkscreen - Tile

Bottom Silkscreen

A malomy ol the 19 layers -- all ngnal layers and the Top and Botiom
Silkscreen -- are used directly as artwork [or (ahncalmg the PC-board.

You can placc pads, tracks, components, texd, vias, ares, and asca fills on
any of these laycrs. : -

It is the usual and recommended practice to lay outl the PC-board as it s
scen tooking at the componcnts on the board. This way text is displayed
on the screcn as it will sppear on the Top Silkscreen layer (nol mirror-
imaged). You can'think of the laycrs as stacked on onc amther wath the
Top Silkscrcen Overlay on top, then the Top layer, the Middle Signal

laycrs and Power/Ground plancs, the Botiom hycr. and the Bottom
Silkacreen layer, l
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The remaining Iayers serve as guides for individual steps in the board
fabrication process. For example, the Top and Bottom Assembly layers

provide instructions for connecting and attaching componcata to the
fimished PC-board.

7.2 Top And Bottom Layers

The Top and Bottom 121+ rs correspond (o the 1op and bottom sides of
the PC-board. Before surface-mount technulugy, designess called the
Top laycr the component side and the Bottom layer the solder side.
Though this terminology still holds truc for designs that are exclusively

through-hole, you can place surfacc-mount components and solder on
cither side of the boasd.

7.3 Power And Ground Planes

The Power and Ground Plancs are dilferent from the other signal tayers
in that they consist mostly of copper, with anly small sections etched
away. For this reason they arc phutcd in the acgative. Connections 1o
the Power and Ground plancs arc displayed wsing symbaols placed on
through hole pads. You cannnt cdit the Power aml Ground plancs
indwidually or place items (such as iracks) on these planes,

You can conncct component prins 1o the Tower and Ground planes by
fagring pads. When cditing a pad, the program allows you to conaect
the pad to the Power or Ground plane cither directly or through »
thermal reliel.

7.3.1 What Are Power And Ground Planes?

Tango-PCB PLUS offers true Power and Ground plane capabilitics.
Circuits using high clck spceds radiate 3 considerable smount of
spurions noise. Tower and Ground Planes are necessary o shicld
wn s sections of the circuit lrom this noise. Pour shiclding results in
high speed Mip-Nlops toggling randomly, leading to erratic circuit
behavior, As well, there are now sringent TCC specifications for the
amount adiatcd encrgy sllowed from clectronic cquipment. Power
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and Ground plancs, in conjunclion v ith praper equipment shiclding

“techniquces, minimize the radiated ene: gy lrom clectronic circuitry.

Sumc logic familics draw: 3 large transicat current during state
transitions; il the powcr and ground lines to thase devices have s high
impcdance, large spikes are superimposed on the lines. These apikes
ofien affect other devices down the line, and hypass capacitors can only
go so far 1o alleviate these spikes. Power and Ground planes, in
conjunction with bypass capacitors, deliver consistent low-impedance
power to all devices on the PC-board.

Just what are the characteristics of Power and Ground plancs? Imagine
a planc of copper in the middie of your board, with holes in the copper’
wherever fcads pass through the board. The hoks are big enough to
ensuse clecarance from the lcads, bul small cnough 10 provide ample
shickling around all closcly spaced leads. Now suppose that the plane
we are discussing is 10 be used for the Ground Plane. To connect 3 lead
10 the ground rail, fill the hole at that point with copper - the lead will
now he in contact with the planc. Thus, the planc has holes in it at
cvery poinl where a lead is mot 10 be connccled 1o the planc. The Power

Plane is similar, with holes st cvery lcad not 1o be connected (o the
power rail.

The Power and Ground planes arc generally the innermost laycrs of a
PC-board for two reasons. With the PC-board material sandwiched
between them, the Power and Ground plancs form a bypass capacitor
for the supply rails with a low Effective Series Resistance (ESR). Recall
that capacitance increases as the gap hetween the plates decreases, so
the smaller the gap, the farger the capacitance. The second reason is
that by having the planes interior to the signal laycrs, sensitive signal
lincs can be isolated from noisy lines by placing them on apposite sides
of the plances.

7.3.2 Divrect Connections And Thermal Rellefs

A Icad is connccied to 3 planc by having no clcarance hole in the plane
st that point. This provides good conduction between the lcad and the
entirc planc, both electrically and thermally. The fust ic desirablc, the
secornd is not necessanily so good. When the board is soldered, sny
lcads connected directly-to a large arca of copper will not fise in
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- -
temperatuse as quickly as other leats. This can esther cause poor solder

joinls o require more heat, neither of which is desirable.

The solution is to conncet the lead clecttically but not thermally to the
planc of copper, using a8 special symbot calicd a thermal relief (Figure
7.1). A thermal relief s a small island of copper around the lead,
isolated from the plane by an annular gap. The plane is then connecied
to the istand by four narrow bridges of copper (termed spokes). These
spokes provide the electrical connection and the gap provides the
thermal isolation, ‘

'\
\/

Figure 7-1. A thermnal retie! connocts a companem lead to a plane
elactiicatty but not thormally,

Whea sunning the Edit Pad command, you can tag » pad (o the Power
or Ground plane by means of cither a ditcet connection or a thermal
rehicl. A small crass (4) in the center of the pad indicates that the pin
is connccted 10 the Power or Ground plane with a thermal relicf, A
dirccl conncclion to a plane is indicated by an X in the center of a pad
(Figure 7-2),
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Figure 7-2. A direct connection (X) and thermal rellel (+) as they
appear on the Tango-PCB PLUS screen (left) and in the final artwork
- {righ},

The small cross and the X let you tell at a2 glance whethee a pad is
connecied 1o a plane with a thermal selief or direct connection. But
how can you tell whether the pad is connceted 1o the Power or Ground
planc? By running the Setup Display command, you can assign scparate
colurs (o the Power and Ground planes. A gond practice is 10 use red
for the Power plane (red « hot = power) and green for the Ground
planc {green ofien signifies ground connections).

There arc theee options for connections 1o the planes: no conncclion
(significd by the pad only and no special symbol), a thermal relief
{significd by a cross of the appropriate color in the center of a pad), or a
direct conncction to the plane (significd by an X of the appropriate
color in the center of a pad). The program dues not allow you 1o
conncct » pad 10 both planes. This may secm trivial, but it is amazing
how many manually taped PC-boards end up with shoried Power and
Ground plancs!
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Whoen the planes are interior 1o the board, theemal rehiefs are gencrally
used. 1l you are designing a double-sided PC board and you want a
bare copper Ground plane far the Bottom layer (as is often the case for
1 desipn), then you can wne direed connections to the Ground plane.

7.3.3 Connecling Nots To Power And Ground

When loading a net list (using the Nets 1.oad command), you can direct
the propram to automatically t1ag all pads that are connected to the
P'awer aqd Ground planes. 1a the Sclect Planc Ncis dialog box (Figure
7-1), coter the name of the PPower plane nct and the name of the

Ground planc net.  You can also sclect cither diredt coonections or
thcemal rehicfs.

b lLY b ar rowersgriuns plamad, #R00P the d¥BIPId ngly 2rh terkhrclianr )
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Figure 7-3. Tango-PCB PLUS automatically connocls at pads in the
specilied Power /Ground plane neils to the correct planes,

Vor cxample, if your Powcr pline net has the name VCC, then
specilying this nct name conneets all niddes within the net to the Power
plane with cither direct conncctions or theemal relicls. Specifying the
nct name GND for the Ground plane net amomatically connects all
nodes within this net to the Ground plane. (For detailed information on
loading nct lists, see Chapter 14: Nets.)

f
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7.4 Middie Signal Layers

The four Middle Signal layeis are sandwiched between the Top and
Dottom layers,  You can place any Tango-PCB PLUS sem on these
layers. The Middlc fayers ase additional signal layers available (or
multi-layer PC-boards. '

7.5 Top And Bottom Slikscreen

The Top and Bollom Silkscreen layers produce the paticens printed on
PC-boards that shaw such information as componcat outfines, reference
designators, and the company name. For through-hok boards, ynu
gencrally need ooly a Top Sifksereen layer. For surface-mount designs
with ;omponcnts on both sides of the board, you will need both the Top
and Bottom Silkscreen, :

7.6 Top And Bottom Solder Mask

The Top and Bottom Solder Masks determine where solder mask is
applied to the PC.board during fabrication. When the board @
soldered, this mask prevents possible shorts by restricting the flow of
solder. Tango-PCB PLUS provides Top and Bottom Solder Masks to
support surlace-mount designs with components on both sides of the
board. ‘

The program automastically generates the Top and Botiom Solder
Masks from the board design.  All pads on the hoard are swollen
(enlarged) on the solder mask film 10 assure that they're kept free of
solder mask. In addition, you can place arca fillk on the Top and
Botiom Solder Masks (o designate other areas of the board that will not
reecive solder mask.

For example, it's good practice to place arca fills on the Top/Battom
Soldcr Mask over all edge conncctors on the board. Though Tango-
PCB PLUS automatically swells the :dge conncctor pads 1o provde
clcarance {rom the solder mask, it's il possible for solder mask 10 be
spplicd between the fingers of the edge connectors. This can cause
problems.  Plugging and unplugging the board may wear down the
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suldtr?asi, which can cventually inicrfere with connections to the
fingers. By placing area (ills on the Top/Rottom Solder Masks, you can
assure that soldes mask is not applicd st sl within the area of the edge
conneclor, ’

Alss, snany board ussembly shops recommend that the area beneath a
surface-mount component be kept free of solder mask. I applied, the
solder mask could blister during the heat of the soldering process,
forcing the surface-mount componeat upwards and out of contact with

the pads. You can prevent the application of solder mask to these

board locations by placing area fills on the Top/Dottom Solder Masks
under all surlacc-mount companents.

NOTE

Tango-PCB PLUS enlarges all pads on the solder mask film.
These pads are swollen when you print/plot/photoplot the
board. The pads do not apprar swollen on ithe screen. m
area fills you place on the Top and Dottom Solder Masks will
not be swollen on the screen or the solder mask film.

7.7 Top Aﬁd Bottom Assembly

The Top and Bottom Assembly layers can be used, together with the
Title layer, 10 create assembly drawings. These drawings guide the
assembly shop during the board assembly procedure. The drawings can
include 1he board dimensions and the locations of the components to be
mounted, as well as any special instructions. For example, the drawings
could show the locatinn of 1est paints on the board with instructions to
keep these sites free of non-conducting conformal cost.

The Asscmbly drawings can bhe used togcther with the bill of mltcr.ials
1o define the type of componenl that is (o he mounted st each location.
The Bottom Assembly drawing is generally nceded only if the board
contains surlace-mount componcats on the Bottom layer.
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7.9 Boata e
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The Board layer is used 1o draw an outline of your PC.hoard, This
layer is also uscful for indcating the copper on the Power and Ciround
plancs. 1f the copper extends to the edge of the board on these tayers, it
could cause a short il the hoard edge comes into contact with a piece of
metal or another board connection.

To indemt the Power and Ground planes and preve~t shorts, we
recommend you draw the board outline with a 100-mil track. 1 you
then print /plot/photaplut the Roard layer in composite with the Power
and Ground pfanes, the resulting copper will be indented by 50 mils,
half the thickness of the board outline,

7.9 Connections

The Conncections layer helps you manually route the PC-board. When
you load a act list for your design, all connections in the net hist are
stored and displayed on the Conncctions layer. The conneclions ase
point-to-point: the shoriest distance beiween nodes in a net.

Aficr you manually rovic s connection in Tango-PCB PLUS (using the
Nets Route command), the connecltion v removed from the
Connections layer. I you are editis g a board that has been autorouted
by Tango-Route, the Conncction. layer contains only the no-roules:
conneclions that could not be sutvrovtcd. (For detaile 1 information on
nct lists and routing, sce Chapter 14: Nets)) ‘

7.10 Drill Drawing

~ The Drill Drawing layer provides the service bureau with the location of

cvery hole on the board and the bif size nceded to drill the hole. Tango-
PCH PLUS automatically gencrates a layer that shows every hole on the
hoard_. Together with the Title layer, this layer can he used to produce »
drill drawing. ‘

“Tango-PCB PLUS automatically places a symbol at cach hole location

which indicales the drill tood required. In addition, you may wish 10
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‘placc 3 table on the Drill Drawing which maps symbols 1o 100l
numbers /deill sizes.

Depending on your service burcau, 8 Drill Drawing may not be
nccessary il the bureau has an N/C drill machine that accepts the
standard Excellon-compatible N/C drill file gencrated by Tango-PCBH
PFLUS. (For more information on the Drill Drawing layer, sce Chapler
16: Prints, Plots, And Reports.)

7.11 Keepout

The Keepout layer sllows you to specify arcas of tbe board where
Tango-Route will not place traces. By placing » track segment or area
fill on the Keepout layer, you arc dirccting Tango-Route to avoid
rouling over these locations on all signal Isycrs of the PC-board,

For example, it is good practice not to place vias benesth surflace-mount
discrete capacitors, During fabrication, solder could force s way up
the via and knock the capacilor out of contact with its pads. To make
sure Tango-Route docs not place vias in these areas, place an area fill
on the Keepout layer beneath cach sutlace-mount discrete capacitor.

7.12 Tile

The Title layer is used 10 document your artwork for the hoard
(ahrication procedure. This layer should contain such information as
the company name, board name, part number, and revision number.
The Title layer consists of borders and text strings located outside the
outline of the PC-board. You can print or plt the Title layer in
composite with the Top and Dottom Assembly and Drill Drawing layers.

The Tango-PCB PLUS package includes Title layer templates for A-
size (B.S x 11 inches), B-size (11 x 17 inches), and C-size (17 1 22 inches)
sheets of paper.  These templates are stored in the PCB files
ASIZE.PCB, BSIZEPCH, and CSIZEPCB.  You can usc these
tcmplaies or create your own Title layer from scratch.

Fach of the Tango-PCB PLUS Title layer templates contain a sheet
border and a title block (in the lower-sight corner of the sheet (Figure
7.4). The title block provides space for such information as the board's
name, idcntification number, revision number, sheet se, date,
[lename, and designer.

The Title layer borders are 0.25-inches wide. They sre divided into
segments which are labcled with numbers across the top and botiom
(1he columns) and with lettcrs down the left and right sides (the rows).
The borders provide a convenical way to locate information on the
board. For example, a designer can describe the location of s resistor,
RS as the intersection of row B and column ).

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

L o 7.13 Selecting Layers

The status linc’s Layer ficld displays the custent layer for placing
primitives.  All editing takes place on the current layer. Thus, il you
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place 8 track on the PC-board when the current layer is Top, the track is
assigned 1o the Top layer. If you later want to delete this track, the
current layer must again be set to Top.

The Layer ficld also shows the color of the current layer (in the small
rectangle to the left of the L). When you place an arc, ares fill, susface
pad, text string, or track on the PC-board, the primitive is displayed in
the color of the current layer. Individual colors can he selected (or

theough-hole pads and vins, since these primitives belong to all layers of
the board.

Clicking the mousc oo the Layzr ficld or typing L sets the current layer.
Al suhsequent editing is performed on this layer. With cach click of the
mouse, the program cycles through a list of enabled layers and their
eolors.  You can stop clicking the mouse wheo the desired layer is
displayed. You can also set the current layer by selecting the Cusrent
Layer command from the Current Menu. For boards with only a few
layers, clicking oo the Layer ficld or typing L may be faster than using
the menus,

7.14 €nabling And Disabling Layers

Refore you select a current layer, the desired layer must be enabled.
You can only edit and display enabled tayers. 1t is usclul to disable
fayers that you do ool want to vicw or edit. Disabling these layers
seduces the amount of PC board information on the screco, sllowing
you 10 concentrate on the tayer (or layers) that you're curreatly editing.
Since less information is dispiayed, disabling layers also reduces the
time il takes to redraw the screen,

Run the Sctup Display command 1a enable and disable PC-board layers.
in the Sctup Display dialog box (Figure 7-5) there is a small box of color
next ta cach tayer ficld. This box shows the display color for the layer.
1l the color box is solid, the laycer is enabled. 1f only the boltom half of
the box is coloted in (there is a dividing line across the center), the Iayer
is disabled.

o
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Figure 7-5. In the Setup Display dlalog box, enablod layers are
Indicated by a solid box of cotor.

Clicking on the color box next (o each layer toggles the layer on and ofl.
For example, if Middic Layer 1 is disahled (only the botiom half of the
box is colored in), click on the color box to cnable the layer (the dialog
box shows a solid box of color).

NOTE

When enabling or disabling a layer; make sure thot the cursor is

positioned withia the color box next to the layer’s name.
Positioning the cursor on the layer name allows you 1o change
the color of the layer (see Selecting Screen Colors below).

When you quit Tango-PCR PLUS, the scttings in the Setup Display
diatog box ere saved in the fle PCRINL These sellings are
aulomatically restored the nent time you run the PCB program.
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7.15 Selecting Screen Colors

Tango-PCB PLUS lets you have it your way. 1l you prefer purple pads
and a pink cursor, you can have purple pads and o pink cursor. In
sddition to enabling and disabling PC-board layers, the Sctup Display
command lcts you selcct the screen colors for individual lsyers ood

items (such as through pads and vias), the program menus, the status -

and prompt lines, and the workspace clements (including background,
cursor, highlighting, and grids).

In the Sctup Display dialog box, the cuirent color is shown in a box next
10 cach ficld (Figure 7-5). To change a color for & ficld, click the mouse
on the field name. I your video card supporis less thae four colors,
such as MCGA and Hercules, cach click of the mouse cycles through
the next available color,

If your vidco card supports four or more colors, such as EGA and
VGA, the program displays s scparate dislog box that shows all
available colors. In this dialog box, sclect the desited color and then
click on OK. The Setup Display ficld is updated to show the new color.
Clicking on OK again remnves the Sciup Display dislog box and
updates the screen colors.

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

program.

7.16 Summary

The following commands were discussed in this chapter:

Command Funciion .
Curicnt Layer
Edut Pad

" Sctup Display

Sct the current layer for editing

Fdu a pad on the PC-toard

Enable/disable and scledt colors for
PC-board layers and items

o D

8 Pads and Vias

8.1 Introduction

Tango-PCB PLUS provides user-definable pads and vias for PC-boards.
This chapter describes how Lo dcline, place, edi, and delete pads and

vias. Edge conncctors, which consist of a serics of surface pads, are also
described.

8.2 Pads

A pad is a physical shape on the FC-hoard that genc.ully corresponds 10
a component pin. Tango-PCH PLUS provides two types of pads:
through-hole pads (which belong to all PC-board layers) and surface
pads (which belong to cither the Top or Rottom layer). The through-
holc pads are used for component packages with leads that pass through
all board layers. The surface pads are wsed for surface-mount
components and edge connectors.

You can place or edit both through-hole pads and surface pads 3t any
time regardiess of the current layer setting. For example, il you want to
dcleie a susface pad that belongs to the Top layer, you can do so
whether or noft the current layer is set 10 Top.

~

8.2.1 Selacting Pade

Refore placing a pad on the PC-board, you need (o run the Current Pad
command to sclect the current pad.  All subscquent Place Pad
commands use the current pad settings. Il you've addcd pad types to
the custom Place Paletics, labeled PLACE! through PLACES, you can
also select the current pad by clicking the mousc on a pad entry in the

’
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15 Veritying the Design

15.1 Introduction . : . *

No printed circuit board fayout is complete until it has been checked 1o
sec that n matches the original clectronic design and that, wheo
manufactared, it has a reasonably r.20d chaoce of working.

If you assume that the original r.lectronic design, normally sepresented
by a schematic, is correat, then you cheek to see that the PCB layont
matches it oo a compoacat-by-component, connection-by-connection
basis. In days pasi this task was accomplished with colored pencils and
bours of tedious wisual crons-checking. Now the process is greatly
facilitated by tbe use of a pet list, which is a v of ofl compooemts ~
counections in the design,

Even if the layout matches the schemaiic clectrically, the physical
aspects of manufscturing the board can cause problems which will
render & unusable, For cxample, tracks or pads that sre too
togetber could cause bridging of copper, creating » short. The final -
layout must be checked 1o sec thal clearances on the board exceed th
specificd as yous *design rules.”

Tango-PCB PLUS offers two distinct, tut complementary approaches
to verifying the design.

15.1.1 Using Nets Verify

The Nets Verify command will check any nets which are’ curreotly
displayed against ap input net fist.  You use the Nets Display command
to choose which ncts o verify -- a single oet, a collention of acts, or all
nets.



This approach is especially nerful if you dre manually souting the boasd,
but have an inpul net list. The recommended process is 10 1) use Neis
Display 10 show a single unrouted net, 2) route the net with the Nets
Route command, 3) check the rouied net with Nets Verify, Then use

Nets Display to turn off the display of the rauted nct and to move onto
the next net in the list.

15.1.2 Uning The Design Rute Checher

The design rule checker in Tango-PCR PLUS hes the ability fo check
the board clectrically against the input net list, and 1o check lor
clearance gap violalions against rules you establish with the Setup DRC
command. Both checks are pecformed a board-wide basis and should
be done when the layout is complete.

15.2 Net List Verification

The Ncis Verify command auwtomatically checks that the electrical
conncclions for all displayed routed ncts on the PC-board maich the
connections in the net list. The command verifics cach net on a node-
by-node basis. I it finds a short (2 node that does not betong in the net)
an open (3 missing node), or an uncommitted component pin connecled
1 the net, the program displays an error. (An uncommitted pin is not
listed in the net list as part of any nct.} Il you are verifying more than
one nct, you have the option of continuing the verification process or
stapping to cosrect the problem,

NOTE

The Nels Verify command verifies sl currently displayed nets
Before running this command, you need to nun the Neis Display
command to display (show) the nei(s) that yu wont fo venfy.

From the first component pin in the nct list, Tango-PCB PLUS checks
all connccied tracks, arca Nils, arcs, wvias, and pads. Each item s
highlightcd as it's checked.

13-2

1f the program finds a component pin that docs nod belong 10 the net ('a
nct short), it displays the error message:

Two nets shorted together,

This message includes the nect n:mes for the pins and the pin
designators.

If the program finds an unconnected node in the oct (an open net), #
displays the crror message: . .

Net not completely routed. .

)

This message includes the pin designators for two of the uncoanected -
nodes. Tango-PCD PLUS slso highlights the sub-oct (a grovp of
connected nodes in the nct) that includes the first of tbe uncoonected
pin designators.

It the program finds an uncommitled component pin in the pet, i
displays the error message: ’

Net connected 10 an uncommitted pin.
This message includes the pia designator of the uncommidted pin.

The Nets Verify command is designed to allow interactive oet
vesification. When the command finds an crror, it asks if you wam (o
stop the verification process and fix the problem. Click on Contlawe lo
continue the verification process. Click on Cancet to stop the process.

If you cbeose to continve (he verification process afier the prop
reports & short or an opes, Tango-PCB PLUS starts verifylog the mext
displayed met. lo this way, the program avoids displaying a long fist of
ervors related to the one short or open. To make sure that there ase 0o
additional problems with the act, we recommend that you rua the Nets
Verify command again after you fix the short or open. If yoo choose fe
continue the verification process afler the program reports 88
uncommitted component pln, Tango-PCR PLUS contlaues to verify the
same net,

Whern continuing the verilication process after eeror messagey, jot &
the crrors as they occur. After Nets Verify is finished, you can then fix

15}
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all the problems on your list. Run the Nets Verify command again afier

modilying the board. 1f there are no crror messages displayed, you can

be assured that your nct conlains no open conncclions, shorls, or
uncommiticd component pins.

15.3 Design Rule Checking

After completing the laynut, it's a good idea 1o do a board-wide check to
make surc that all electrical conncctions in the PCB layout maich the
conncctions in the net list. This is cspecially important in Tango-PCB
TLUS because the program docs nat hold nets “sacred”. During the
touling process, you may break acls without being warned or asked to
rename the new nct fragment.  This speeds the revision process
considerably since there are many times when you temporarily break »

nct.  Mowever, it also means that you can completely change the -

conneclions on the board,

Pesides doing a board-wide clcctrical check, you should check the
design to be sure that minimum clcarances have been maintained
throughout. Fortunately, both the electrical and clearance checking can
be accomplished together with the intcgrated design sule checker in
Tango-PCB PLUS, i

To run the design rule checker, - u:
1.  Load a net list with the Nets Load command. (This step
may be skipped il ac net list is available, as we'll explain

below).

2. E.sﬂbiish your clearance gap rules with the Setup DRC
command, '

3. Start the design rule checker by selecting the Design Rule
Check report in the Qutput Reporls command.

s

-

s ?

15.2.1 The Setup DRC Command

Run the Setup DRC command 1> establish the desi-n rule check
parameters in preparation for generating & DRC repont (using the
Output Reports command). You can enter the minimum Pad-to-F
Pad-to-Track, and Track-1o-Track clearances sllowed on cach of the sin
signal layers. There arc atso pushbuttons that sflow you o sct each of
these clearances for all layers at once. All of these eotries default 1o 1)
mils (il you do not have s PCB.INI file).

.
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v You can also specify which conditions are 10 be checked for: Clearance

Violations, Striog Violatioas, Net List Violations, Single -Node Routes,
and Uncoonected Pins. |

s CLEARANCE VIOLATIONS - Ensbles air-gap clearance
checking. 1l disabled, no clearance crrors will be reported.

s STRING VIOLATIONS - Eoablcs air-gap clearance checking of
strings oa the signal layers. Il you have placed sirings oo the
signal layers, you should enable this option to make sure that the
strings do not cross Iracks. When checking for clearance
violations, the bounding rectangle of the string is used. 1f the
Clearance Violations option {(above) has been disabled, this
‘option is also disabled.

i

155



®»  NET LIST VIOLATIONS - Fnalves clectrical checking against
the net hist, lems ate considered 1o be connected if they overlap
or have a clearance of less than 1 mil (just 1ouching). Trems that
can be clectrically connccted 1o onc another arc arcs, fills, pads,
tracks, and viav. Note that alibough strings can be cheched for
clearance vinlations, they are not considered to carry current. If
a net list has not been toaded, this option is ignored.

s SINGLE NODE ROUTES - Caablcs the reparting of pins that
arc connecied 10 other items on the board, bul are not connected
to any uther pins, Note the use of the word “pin®, which is a pad
thal is part of a componcst and has a pin designator (as opposcd
1o a lrce pad, or a pad that is part of a component but does sot
have a pin designator).  Again, ilems that can be electrically
connecled to onc another are arcs, (lls, pads, tracks, and vias.

o UNCONNECTED PINS - Enables the reporting of all pias that
are ool connected 10 other pins. This includes all of the Single
Node Routes (described above) as well as pins that ase nol
connected Lo anything at all.

15.3.2 The Design Rute Check Repont

Once the DRC options arc set with the Setup DRC command, run the
Ouiput Reports command and enable the Design Rule Check repont,
You may print the report of wrilc it out to a fife on disk,

When you click on OK, the program will begin the design rule checking
process, highlighting each connection as it is verified. When completed,
_the DRC report will print out or be writien to » file.

Il you press <Eac> or <RightMonse >, you will be asked to verify your
decieian 1o balt the DRC. Should you decide 1o stop the DRC, the

repoe il print anyway, with any violalions eacountered prior 1o the

hait.

Ruhning the DRC is a compute-intcnsive tash which can take scveral
hours on complex designs.  Considering the alierantives, this secms 8
small price Lo pay compared to the benefits of design verification.

s
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Figure 15-2. Selact ihe Design Rule Check report with the Output

Reports Command.

15.3.3 Running DRC Without s Net List

As mentioned above, you do mt have 10 have a net list loaded 10
produce 8 DRC report. The DRC will be himited 10 8 check of
clearance violationt and siring violations based on tlue rules youw
establish with the Setup DRC command.

" NOTE:

If you are mnning the DRC report without @ net list, the design rule
checker will report violations where the air-gap clearance is less than that
specified. An actual short where two tracks are incorrectly connected will
not be reported because the design rule checker will assume they are in the

same net, This type of error can anlybc reported if a net list has been
loaded.



15.4 Conslderation for Mounting Holes

For mouonting hole pads, both the Nets Verify command and the design
rule checker consider only the drill hole dimension on inner board
layers. This lets you place items such as tracks within the outer
dimensions of the monnting hole pad on the inncr layers (but not within
the drill bole dimension). On the Top and Bottom layers, however, the
Nets Verify does coasider the outside dimensions of the mounting hole
pad. This is because the program assumes the mounting hole pad's
outer dimensinas may be covered by ilems such as screw heads, nuts or
washers which extend past the hole diameter on the Top and Bottom
Iayers but which would bave no effect on the innee layers.

15.5 Summary

Remember that the DRC report checks the entive board, as opposed to
the Netz Verify command, which checks only the displayed nets
(conncctions) for accurscy against the nct list. Nets Verify is intended
to be used repeatcdly as the board is designed, so that errors can bhe
fixed right sway before mare tracks are routed around them. Once you
think the PC-board design is complete, geoerate the DRC report.

Check prints and multi-color check plots are also useful in verifying the
PC-board. Tango-PCB PLUS's Nets Verify command and Design Rule
Check report, bowever, can ensurc the integrity of each oct and
clcatsnces on the board, while sparing you the painful and frequently
inaccurate task of visually inspecting the PCB artwork and checking
cos nections against the schematic,

The following commands were discussed in this chapter:

{Lommand Function
Nets Verily Verify the connections oo the board -
. maich thosc in the aet list
Setup DRC Set up the clearance parameters for
the physical design rule check
Output Plot/Print Run the Design Rule Check report

S
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1 6 Plots, Prints and Reports

16.1 Introduction

'I’"his.chuplcr describes the Tango-PCB PLUS commands for prinli;g_
plotting, report geaceation, and special file output such as PosiSeri
and DXF. The Output Plot/Print command leis you plot or primt "
I:m_al;d. MW“!CI’ you're plotting final arfwork or making = quick ebeck
print, the program prompts you fos all the ne i C )
Ferion of doars 8 ‘ cessary informatioe with

Tlte options for printing and plotting include the prinfcr and plotier
drivers, communications ports, plotier pen sctiings and printer colors,
.sclle lﬂd X.Y correction values, boasd layer or layers (if peinting »
composite), oviput filkname (if sending to a file), plot/print quakity
(final for artwork or draft for check prints), and the XY offsets for the
ploticr pen. The options you sclect are sutomatically saved in the fite
PCB.I.NI whea you exit the program, then aviomatically re-loaded the
acxt time you start the program.

In addition t0 printing and plotting, T 3

g Tango-PCB PLUS provides the
Outpul Reponts command to genersic a variety of :epoml:n the PC
filc. These repornts can be outpat 1o & printer or file.

Il your plotier or printer is conncaed ¢ il |

o & serial port (COMI
CO.MZ). use the Selup (.Jommunicmiom command (0 set :be(bud m:
parity, num!)er of data bits, sumber of stop bits, and handshake protocol
before running Qutput Plot/Print or Output Reports.



20 - Commands

20.1 Introduction .

This chapter provides a bricl description of cach Tange-FCB PLUS
menu command and a cross-refercace to where the command s

discussed in the Reference Manual. 1t is designed to accommodaie

those of you who are alrcady acquainicd with Tango-PCB PLUS (or

PCB design packages, in gencral) aad, in most cases, require only an

overview of the Tango-PCB PLUS functions.

20.2 Tingo-PCB PLUS Commands '
o 9

The Tango-PCB PLUS menu commands arc briclly describcd in this

scetion,



Current Layer

Description

Sctthe current layer. Al subscquent editing is performed on the
currcnt laycr,  You can only choose from enabled layers when
sclecting the current layer.  Use the Sctup Display command 10
cnablc and disable layers.

The current layer and the colur for the cureent layer are displayed
in the status line's Laycr ficld. You can also sct the current laycr
by clicking on the Layer ficld or typing I, which toggies through
the cnabled layers. For hoards with only a few layers, clicking on
the Layer ficld or typing L may bhe laster than using the menus.

Cross-Relerence

Scction 7.13

Current Pad

Description

Sct the current pad. You can choase from pee-defined pads or
specily a new pad \ype. All subscquent Place Pad commands use
the curremt pad scitings.

The Pads list box shows all available pad dchinitions. The
dehinitions are gencrated from the pads on the PC-board (these
pad dcfinitions arc marked with an astcrisk ® ) and in the Tango-
PCB item definitions ile PCA.DFN, Il the desircd pad type is not
displayed in the Pads list box, you can definc a ncw pad and add it
to the list. '

If you've addcd pad types to the custom Place Paleties, lahcled
PLACE1 through PLACES, you can also sclect the currcat pad by
dicking the mouse on a pad enlry in the palcute.

_Cross-Reference

n.»

SeclionB21

Current String

Description .

Sct the current tcxt siring.  You can choose from pre-dei’
stringy or specify a new siring type. All subscquemt Place String
commands usc the current siring seitings.

The Strings list box shows all available string definitions.  If the
desircd string type is not displayed in the Strings list box, you can
dchinc a new string and add it 1o the list.

If you've addcd string types (o the custom Place Paketics, Iaheled
PLACE1 thiough PLACES, you cah also select the curremt sring
by clicking the mouse on a siring entry in the paletic.
Cross-Referance

Section 10.2.1

‘9 Current Track

Description

Sct the current track widih. You can choose (rom pre-delincd
track widths or specily a new widih. ANl subsequem Place Track,
Placc Arc, and Ncts Route commands use the curreat track width.

The Tracks list box shows all available track definitions. 11 the
desired track type is not displaycd in the Tracks list bu, yow can
define a new track and add it 10 the list.

If you've added track widihs (0 the custom Place Paleties, labeled
PLACE1 through PLACES, you can alw sclcal the currest trach
width by clicking the mousc on a track entry in the palette.

Cross-Relerence
Section 9.2

M)



Current Via

Description

Sct the current via. You can choose from pre-defincd vias or
specify 8 new via type. Al subsequent Place Via commands use
the current via scitings.

The Vias list box shows all available vis definitions. The
definitions are generated from the vias on the PC-board (these via
definitions arc marked with an asterisk ® ) and in the Tongo-FCB
item definitions e PCR.DFN. This file is automatically loaded
when you run the PCB program, To sckect # current via type, click
on the via definition in the Vias list box. Then click on OK.

¥ the desired via type is ne displayed in the Vias fist box, you can
define a ncw via and add it to the list, To definc 3 ncw vis typc,
first sclect the shape, Specify the via sizc by entcring values for the
Dimcnsion (cven numbcers from two through 250 mils) and Hule
Diameter (from onc through 250 mils) ficlds.

If you've added via types 1o the custom Place Palettes, fabcicd
PLACE1 through PLACES, you can also sclect the current via by
clicking the mouse on & via entry in the palete.

Cross-Relerence

Section B.A1

belete Arc

Oescription

Delete the sclccted arc on the current tayer. 1l there is mo acc
sclected on the cursent layer, the computer beeps. -

Cross-Relerence
Scction 10.3.4

s @
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UEieln DiuLk

Description

Dclete all items inside or outside a bluck. Tanpo-PCB prompis
you to first define the block by marking 1wn diagonally oppanite

corncrs of a rcctangular arca. The program then highlights the
dcfined block.

You can select whether to delete items entirely inside (the defauk)
or enlirely outside the block and whether to dolcic Hems on the
current layer or on all layces (the default). The program sedraws
the scrcen with the appropriate itcms deleied. .

Croas-Relerence
Scction 134

Delete Component

Description

Declcte the sclccted componem, 1 there is no componem ackeoted,
the computer heeps. 1l there is more than one component vnder
the cursor (on a double-sided surfacc-muumt buard, lie cramplc),
the program displays a list of all these componenis. Yiu can then
sclcet the component (o delete (rom dhe bist,

Cross-Relerence
Secction 11.7



Delete Flii

Description

Detete th= erlercied arca M on the current tayer, If there is no
area fill setected on the current layer, the computcr beeps.

Croes-Relerence
Scction 10.4.)

Delete Highlight

Description

Delcie all highlighicd items, which include free tracks, pads, vias,
arcs, and arca hlls. The ilcms must have been previously
highlighted using the Nets Highlight command. If a highlighted
item belongs ta a component, Tanga-PCB will nol delete that item,
I there are no highlighticd #ems, the computer beeps.

Cross-Aelerence
Scction 1471
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Deolote Pad

Description

Dclcte the selccted pad. If there is no frce pad sclected, the
computer becps. This command has no cficat on tracks that are
connccted to the pad. '

Il you attcmpt (0 delete a pad that is part of a componcnl patters,
the program dispiays an error mncisage.

Cross-Reference
Section 8.2.3

Delete String

Description

Delcte the selecied text siving on the cusrent layes. Il there &5 o
text string sclecied on the current layer, the computer beeps.

Il you attempt to delcte a string that is part of a componest
paltern, the program displays an crror message.

Cross-Refarence
Scction 10.2.6

M7



Delety Track

Description

Delete the selocted track on the current layer, I theee s no track
sclecred on the current layer, the computer beeps.

I you attempt to delete a track that is part of a component paticen,

the program displays an ceror message.
. - ]

Cross-Reference
Scction 9.6

\Delete Via

Description

Delete the sclected via, Il there is no via scelecied, the computer
beeps. This command has o clfcct on tracks that are conncaicd
ta the via.

Il you attempt to delete a via th is part of & component paticrn,
the program displays an crror message.

Cross-Reterance
Scction 8.3.6

@
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EdRt Arc

Description

Edit the sclected arc un the currcnt layer.  You con change the
a1c’s 1adius, stant angle, sweep angle, and ling widith, The radion s
an cven numbcer from two through 1600 mils. The van anglc is
an integer from 0 through 359 deprees. The sweep angle s an
integer fram one through M) degrees.  You can specify any hine
width from two through 250 mils (in two-mil increments). The line
width cannot be mare than twice the radius.

Tango-PCD makes it caty to cdit a numbct of ares on the board ot
onc lime. Aficr modifying the arc, use the Arc(s) Edited optioms
10 determine whether the editing affects only the selected arc, 2 3t
of matching arcs, or all highlighicd arcs.

Cross-Relerence
Scetion 1032

Edit Component

Description

Edit the selccted cmnpmcm You can change the cnmponcet’s
sclcrence designator, type, and valuc. You can sha chomse to
trelease the componem (which is similar to the explode functi

common 10 most CAD programs). Releasing o tmpnocm atlown
you to re-pasition snd modily all the individual primitives in the

componcal.

The Release option is cspcmlly wscful when creating similar
componenits. You can place 3 component on an unuscd arca of the
workspace, run the Edit Componcet command to rclease i,
‘modfy individual primitives, then run the Library Add command
10 define the modified paticrn as a new componemt (sce Chapter
12: Cresting Library Companents). -

Cross-Reterence
Section 115



Edit Pad

Oescription

Edit the selecied pad. You can change the pad's shape, size, hole
dramcter, pin designator, Layer, and planc.  For the pad sive, you
can specily X (horizontal) and Y (vedlical) dimensions of 1wo
through 4000 mils (in two-mil incremenis). You can specify any
hole size from onc throngh 250 mils.

Tango-PCB makes it casy to cdit » number of pads on the board at
onc time. Aftcr modilving the pad, use the Pad(s) Editcd options
o determine whether the cditing affects only the sclected pad, a
set of matching pads, or all highliphicd pads. Maiching pads have

the same shape, X and Y dimensions, hole diamcter, and laycr as
the sciceted pad.

Cross-Relerence
Scction B2.3

Edit String

Description

Edit the sclected tent string on the cureent laycr. You can change
the wring’s contents, height, and finc width. You can speeily any
hcight from four through XX mils (in four-mil increments) and
any line width from two through 250 mils (in two-mil increments).

Tango-PCB makes it casy (o edit a number of strings on the board
at onc time. Afier modifying the string, use the String(s) Edited
options 10 determine whether the cditing affects only the sclecicd
Mring or a sct of matching strings. Matching sirings bave the same
height and line widih as the sclected swring.  If you choose any
option other than This String, the Edit String command changes
only the height and line width of the matching strings.

Cross-Reference

Scoion §0.2.4
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Edit Track

Description

Edit the width of the sclected track on the current layer. F the
teack width, cnter an integer in the range of two through 250 mils
(in two-mil increments).

Tango-PCB makcs it casy (e cdit a number of tes -hs on the buard
at onc time. Afiecr modifying the track, use the Track(s) Educd
options to detcrmine whether the ediing affects only the selected
track, a set of matching tracks, or all highlightcd tracks. Mat¢
tracks have thesame width as the sclected track.

Croas-Reference
Section 9.4

Edit Via

Description

Edit the sclecied via.  You can change the via's shape, size, hoke
dismeter, and Power /Ground plane connection, Fur the via sire,
you can specifly a dimension of two through 250 mils (in twn
increments). You can specify any hole size from onc through 250
mils. The Planc ficld lcts you conncet vias to the Fowcr or Grownd
plane by means of a dircet connection or thermal reticl.

Tango-PCB makes it casy (o edit & number of vias on the hoard &
one time. After modifying the via, use the Via(s) Edilcd opts 10
determine whether the editing affccts anly the sclecied via, a set of
maiching vias, or all highlightcd vias. Matching vias have the
shape, dimension, and hole diamcter as the selcaed via,

Cross-Reterence
Section 8,3 4



File Clear

Description

Clear the current PCB file (rom memory. I any changes have
been made to the current PCB file during the cditing session, the
program prompis you to save the file, discard the changes (o the
file, or cancel the File Clear command.

Tross-Relerence
Section 6.4

File DbS

Description

Exccute DOS commands without quitting the Tango-PCB
program. The program displays the standard DOS command
prompt and you can now entcr and exccute any DOS command.
To scturn 1o the Tanga-PCI program (rom where you left off, at
the DOS command promp, cater:

Cross-Reference.

Section 6.7
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File Load

Description

Load a PCB filc (the dcfault), block file, or 3 photoplot file.
Loading a PCB file replaces the current PCB file with the specified
file. Loading a block file inscrts the specificd file into the currest
PCB file. Photoplot filcs may be Inaded for on-sereen vicwing

Cross-Relerence
Section 6.2

File Quit

Description

Quit the Tango-PCB program and rctura to DOS. Il you hawe
madc changes to the currcat PCB during the cditing scasion, tae
program prompis you to save lhe changes and exit, exit withowt

_saving the changes, or cancel the File Quit command.

Cross-Relerence
Section 6.8



File Save

Description

Save the cureent PC-board o blick to a file,

While marking & block during the File Save command, you can wse
the Zoom and Jump commands 1o move around on the workspace,
You can aho cancel the File Save command by pressing
<RighMouse> or <Esc> or by clicking on Cancel in the Filc
Save dialog bon

Cross-Relerence

Scction 6.3

Jump Component

Description

Jump to 8 specificd componemt on the PCB. Enter the
component’s reference  designator or select from a list of all
rclerence designators on the PC-board. Clicking on OK moves the
cursor 1o .the reference poimt of the specified componcnt
(gencrally, pin 1). I the component is aot curremtly displayed, the
program redraws the screen st the same zoom level with the
co:aponent’s reference point at the center.

Cross-Reference
Scction 6.5.2, 11.4
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Jump Location

Dui:rlpllon

Jump 10 a specificd X, Y Incation on the PCB. Enter the X and V
coordinates of the location and click on OK. 1 the locatum is md
currently displaycd, the propram re-draws the sercen s the same
zo00om level with the specificd location at the center.

C_rou-neloronco
Section 6.5.1

Jump Net

‘Description

Jump 10 the ncarest compoanent pin in a specificd mt.  This
command is usclul when muoving from onc nct to another Juring
the routing proccdurc. Enter the nct name of scheet a met from the
Nets list box. Click on OK 10 semove the dialop hor and jemp 1o
the specified nct. 11 the ncarest component pin in the not is md
currently displayed, the program sc-draws the sctcon ot Ihe same
zoom Icvel with the pin st the comter.

-“The Jump Nct command ix only available if you have provinesdly
loaded a net list for the PC-board.

Croas-Retersnce
Section 6.5.4, 149
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Jump String

Descriplion

Jump 1o the nearest text siring on the PC-board that matches a
tpecificd text string. Tango-1'CB scarches for an exact match of
the specificd string. The matching uring must contain all and only
. all the charscters in the specificd text string.

Select Current Layer to scarch fur a maich on the current laycr
only (the default), Sclcct All Layers L0 scarch for » c-nnch on all
board layers. 11 the matching string is ot currcotly éfsplnycd. |-hc
propram cedraws the screen ot the same zoom level with |hc Mnng
a1 the conter. The Jump String command is ol casc-senstive (the
characters can be cither upper-case or Jowcr-casc).

Croas-Referance
Scction 6,53, 10.2.3

Library Add

Description

Add a ncw component pattern to the curreat Library. Enter the
fhbrary name and the paticrn aamc (of fsom onc 10 16 characters).
Alict entering the pMicrn name, press <LcliMousc> o <Enu:.r>
1o mark the first corncr of a rectangle. The rectangular nullfnc
expands and contracts as you mave the cursor, When the outline
cncloses the entire component patlern, again press < LefiMouse>
or <Enter>. The program then prompis you to sclect a relerence
point for the pattern.

-Cross-Reference
Scclion 1.5

h L XS

@

—

Library Browse

Description

Display a componcnt palcen in the specificd library. In the
Library Browsc dialog box, the program displays a st of 28t
paticras in the specificd library. Sclecting a pattern from this lin
displays the componcat on the right side of the dialog box.

Tango-PCB displays the component paticrn a3 & woukd appear
when placed on the PC-board, except for its actusl size. The sile
of the componcnt is scaled to fit within the dimensions of the
dialog box.  All primitives in the component are displaycd. if e
primitive belongs 1o o layer that isi s curremly cnabled, the
primitive still appcars as part of the displaycd patiern.  Click om
Continot to remove the Library Browse diatog hox.

Cross-Relerence
Scction 11.2, 129

Library Delete

Description

Delete a componem paticen from the apecificd bhwary. To Jekete
a pattern, highlight the patiern name in the list and click vn the
Delete pushbutton. Click ‘on Comtlowe to rcmove the Libeary
Dclete dialog box.

Cross-Relerence
Section 12.8

min



Move Arc
Library Merge '

Description

Mecrge (copy) & componct patiera from a specified source library
into a specified destination library. You can specify a ocw name
s the pattern, I not, the program retning the gource pattcrn
name. Click on the Merge pushbutton 10 copy the source paticra
inlo the destinstion libeary.

i a pattern with the samc name cxists in the current Iibury. the
Program prompts you to entcr 8 new palicrn name, overwrile the
cxisting pattern, or canccl the Library Mcrge command, Yc_m can
tontinue 10 copy compuoncal paticrns into the current library.
Click on Continue to remaove the Library Merge dialog box.

Cross-Ralerence
Scction 12.6

Library Rename

Oeocﬂpilm

Rename & component patiern in the specificd library. Scleat the
curccot patiern name from the Patteens list bow. Then enter the
ncw pattern name. Click on the Rename pushbution to rename
the componcnt pallern, .

If a pattern with thc ncw name exists in the Iihnry, the program
prompls you {0 cnics annther ncw name, Overwrine the cristing
pattcrn, or cancel the Libeary Rename command. :

Cross-Reference

Scction 12.7

A IS

Description

Muove an arc on the current layer. First, position the cersor on the
arc and press <lcfiMousc> or <Enter>. If there is so are
sclected on the current layer, the compuler beeps. As yow move
the cursor, an ovtline of the sre moves acroas the screen. If you
now change the current layer, the arc moves (o the scieeted layer.
Press <LlefiMousc> or <Enter> 10 place the arc and
<RightMouse > or <Esc> 0 cancel the Move Arc rommand.

Cross-Relerence
Scction 10.1.3

Move Block

Description

Move all items containcd emtirely within.s block, Tango-PCB
prompis you 1o fisst define the block by marking two duagraally

opposite corncrs of a scctangular arca. The program highlights the
defincd block.

i}
The program then prompis you to select 8 ecference point for the
block. Position the cursor ur the reference piint (genceaily, one of
the corners of the block) am. preas <LefiMouse > or <Enter>.

If you move the hlock 30 that it ovcrlaps any itcm on any leyer of
the PC.board, the program displays the Black Owveelap Warning
dislog box. Click on Relry tn move the buck to a diffcrem
location. Click on Overlap 10 placc the bliuch with oveelap s #s

currem position,  Click on Cancel 10 cancel the Move Bhuk
command, : '

Cross-Reference
Section 13.2

o




Move Component

Description

Mave and rotate a component paticen on the PCB, Firs, position
the cursor on the componcmt and press <LefiMouse>  or
<Entcr>. As you move the cursor, an sutline of the compuncnt
Pattcen moves across the screen. Press R 10 rotate the component
X degrees. Press F to flip the component.  Press <LefiMouse >
or <Enter> to placc the componcnt and <RightMouse> or
<Esc> 1o cancel the Mave Component command.

Cross-Reflerence

Section 106

Move Endpoint

Description

Muve the endpoint of a track om the current lyyer, This commaind
is cepecially useful for moving o free pad or via on the PC-board
whilc maintaining all soutcd conncctions to the pad or via,

Whea running the Move Endpuimt command, first position the
corsr on the endpoint of 3 track and press <LefiMouse> or
<Enter>. As you move the cursor, the highlighted tracks urcich
(cxpand and contract) with the cndpoint. This process is called
ribherbunding.  Press <LefiMowie> or <Enter> 1o place the
tracks. I there is a free pad or via at the endpoint, # moves 1o the
ncw lucation.  Press <RiphtMouse> or <Esc> to cancel the
Muve Endpoint command.

You cannot change the current layer during the Move Endpoint
command,

Cross-Aeterence

Scectinon 9.5.2

0,

Mova Fill

Description

Move an area fill an the current layer. First, position the cursor on
the arca fill and press <LeliMouse> or <Emer>. ¥ there is no
arca fill sefected on the current layer, the computer beeps. As you
move the cursor, an oulline of the {ill moves across the screca, If
you now change the current layer, the il moves to the lﬂtfltd
layer. Press <LcfiMouscs or <Enter> to place the (il ‘and
<RightMouse > or <Esc> to cancel the Move F1l command. .

Cross-Relerence I

. Scction 1042

Move Pad

Description

Move and rotate a pad on the PC-hoard. First, position the cursor
on the pad and press <LefliMouse> or <Emer>. 1l there s mo
pad sclected, the compuicr heeps. As yow move (he curor, e
outline of the pad moves across the sereen. Press R to sotate ire
pad 90 degrees. Press <LefiMouse> or <Enter> to place lhf
pad and <RightMowse> or <Exc> 10 cancel the Move P
command.

The Move Pad command has no ellcct om tracks that ase
connected 10 the pad. Run the Move Endpoinmt command to move
a free pad and its connections.

If you sitempt 10 move » pad that is part of s componcsl patiern,

- the program displays an error message.

Cross-Reference
Section 8.2.4



Move Reroute

Description

Rcroute a track as a scrics of (vacks and vias (il nceded). This
command is especially useful for cleaning up tracks that were
_dragged (rubberbanded) afice running the Move Component
command.  First, position the cursor on the track and press
<LeftMouse> or <Enter>. The cndpoint of the track nearest 1o
the cursor is termed the “pivat”, the farthest endpoint is the
“Jestination®,  As you move the cursor, a rubberbanding track
outline is drawn from the pivid to the cursor. A rubbicrbanding
linc is also drawn from the destination to the cursor.

To place atrack from the pivot to the cursor, press <LefiMouse> .

or <Enter>. The pivol now moves to the endpnint of this track.
- You can continuc 1o place tracks by pressing <LefiMouse> or
<Enter>. Press <RighiMouse> or <Esc> 1o conclude the Muve

Reroute command and place a track from the destination (0 the
curmr.

Cross-Ralerence
Scetion 9.5.3

Move String

Oescription

Move a text string on the current layer. First, position the cursor
on the string and press <lLefliMouse> or <Enter>. As you mave
the cursor, an outline of the 1ext string moves scross the sereen,
Prcss R to rotate the string %) degrees.  Press X (o Mip the
component in the X dircction. Press ¥ to flip the componcent in
the Y direction. Press <LcfiMouse> or <Enter> to place the

siring and <RightMouse> or <Esc> 1o cancel the Move String
command,

Cross-Relerence
Section 1025

20-22

Move Track

Doiulpllon .

Move a track on the current layer. Firsl, position the cursor on the
track and press <LefiMouse> or <Enter>, if there is w0 t-ack
sclected on the current layer, the computer beeps. As you maove
the cursor, an outline of the track moves acrous the screen. If you
now change the current layer, the track moves fo the sclected layer.
Press <LefiMousc> or <Enter> to place the frack .and
<RightMouse> or <Esc> to cancel the Move Trisck command.

If you change the currem layer during the Mo-e Teack commend,
the program sutomatically restores the previous current layer aftcr
the command ends, This sllows you 10 move & scrics of tracks
from one laycr 10 another by running the Move Track command
several limes in succession.

cNoo-ﬂotirmo
Scction 9.5.1

Move Via

Description

Move s via on the PC.board. First, position the cursor on the via
and press <LefiMouse> or <Enter>. If there is wo via selected,
the computer beeps. As you move the cersor, an owtfime of the
moves across the screen, Press <LeftMouse> or <Enter>
place the vin and <RightMousc> or <Esc> to wancel the Move
Vis command. :

The. Move Via command has wno cffect om tracks that ¢
connecicd 10 the via. Run the Move Endpoim cou-mnaad o move

- @ via and its conncetions.

Croas-Aeference
Section 81,5
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Nets Clear

Description

Clcar the net list information. This command is useful if you want
10 clear a nct list from memory without foading a new net list. If
you run the Nets Load command 10 load a ncw nct list file, the old
nct list is sutomatically cicarcd from memory.

The Nets Clear command clears st net fist inflormation, which
includes the connections on the Connections layer and the net
namcs assacistcd with cach pad.  Clearing the nct list (and not
loading another oac) disables the Nets Optimize, Nety ldentify,
and Jump Net commands.

Cross-Relerence
Scction 14.12

Nets Display

Dexcription

Display the specificd net list conncctinng: The program displays 2
list box of all net names in the current net fiv. Displayed nets are
markcd with an aucrisk.  You can chomse to show or hide
individual nets, all nets conncctéd to a specific component, or all
nets. Note that if you have ncis connected to the power or ground
plancs, these nets are marked with a P~ and °G7, respectively.

This command also cnables or disables the display of Force
Vectors, Force vectors arc the vector sum of the connections from
a component, and are helpful in optimizing componcal placement.
Croas-Reference

Seclinn 143 145

20-24

- @

Nets Generate

Description

Generates 8 Tango-format net list from the currently loaded PCB,
The net list includes a listing of componcals, soricd by referemce
dcsignator, and a listing of alt nets. Each nct 13 sssigned a wniqee
nct name following the formatl "NET _nnnn” where annn id o foer
digit integer.Note that any conncctions 1o pads which are act pant
of a companent, or do nat have pin designators, will not appeas oa
the net list, ]

Croes-Reference . )
Scetion 14.6, Appendin A

Nets Highlight

Description

Highlight a specificd nct.  This command is uscful for verifying
manual routing, evcn il 3 net list has not been loaded.  The Nets
Highlight command works together with the Delete Highlight
command 1o delcte the items in a routcd net on the board.

NOTE: The Highlight Nets command docs not use {or require) a
net list. The command highlights all items that ar2 electrically
connecied on the board (generally, by means of tracks).

You can bighlight only one net at a time. Il & nct is currently
highlighted and you run the Nets Highlight command 10 highlight »
dilferent net, the program sutomatically removes the highlighting
from the first net.

To un-highlight the nct, press <LefiMouse> over a vacant portion
of the workspace.

Cross-Reference
Scction 14.7

20-2§



Nets ldentity

"Descripiion

Identify the net 10 which a pad belongs. - The program prompis you
to position the cursor on a pad and press <LefiMouse> o

<Enter>. ' The nct name for the pad is displaycd in the Nois -

ideniify dialog bux. To remove the dialog box, click on OK ur
press <Enter> or <Esc>. :

“The Nets Wentify command s disabled if there is no nct list
currently loaded. -

Cross-Raference
Scction 148

Nets Load

Description

*ad a net Bist file. You can directly cnler the net list filcname in
ihe File entry box of the Nets Load dialog hox or you can click on
the List pushbution to scleat from a displayed list of net list files,
The nct list file must follow the Tango nct ist format descrilwed in
Appendix A. The default filcname cxicnsion for a nct Tist fike is
.NET.

Cross-Reference

Scection 144

Nk Ng

Nets Optimize .

Description

Create an optimized set of connections for the displayed wets.
After you compleic the component placemcmt and load the met list,
the Nets Optimize command provides a head stant [or routing the

. board. It is generally advisable to route the shortest traces first.

The optimized conncctions show you the shostest traces o »
glance. '

In the Nets Optimire dialog box, sclect one of the displiyed
oplions: Minimize X Lengih, Minimize ¥ Length, or Minlmise
Total Length. '

Sclecting Minimlise Total Length minimires the total length, hased
on the Manhallan distance heciween pads. The Manhatian distance
is the onthogonal distance between two points calculated a3 dehte X
plus dcla Y.) '

Cross-Reference

" Section 14.30

Nets Route

Description

Routc 8 conncction intcractively. This command lets you replace »
displayed connection (which cxisis only as a routing aid) with a
serics of tracks and vias (il needed). ‘

When running the Nets Route command, first position the cursor
on the s displayed connection and press <lefiMouse> or
<Enter>. If there is no connection st the specificd location, the
computcr beeps. I there is 3 connection, Tango-PCB determines
the ncarest endpoint for the conncclion and checks if the endpoim
is 8 suslace pad. '

Cross-Relerence

- Section 1411
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lels Verity

Description

Verify that the electrical conncations for all displayed routed acls
aatch the connections in the act ist, The command verifics cach
nct 0on a node-by-node hasis. 11 finds a shart (s node that docs
not belang in the net) or an open (s missing nade), the program
displays an error. The verification process stops so you can corred
the problem. ‘

NOTE: The Nets Verify command verifics all cueremly displayed
nets. Before running thin commamd, you nced to run the Nels
Display command (o display (show) the nci(s) that you want {o
vorily,

Cross-Relerence

Scection 152

utput Aperiures

Description

Sctup the aperture wheel and tool descriptions and then map the
apenture and tool settings (o ems on the PCboard. The first
dialop box lets you descritie the apcoture wheel (for photoplot
Gice) and tools {for NJC dnill fides). Foe cach apcriure wheel
position, cnter the draft code, the shape, the X and Y dimcnsions,
the hole diameter, and whether the aperture is to be Rashed,
thawn, or both, You can also cnter a beicl comment. For cach
;e‘(kni; cater the tool number and the hole diameter.

ANGr setting wp the apertuse wheel and ool descriptions, dich on

0K o display the Assign Apcrturcs dialog ot In this box, you

map the aperture and tool sctiings Lo itcms on the PC-baard.

- Cross-Helerence

LR

Scction 17.3, 18.2
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Output CAM

/4

Description

CGenerate a Gerber-format photoplo file or Excellon-compatsble
N/C diill file (or the current PC-board.  The first Output CAM
dialog box lets you configure the photoplot and N/C drill
languagcs 10 match your burcau’s cquipment, In the sccond dialong
hox, you can choose from a varicty of setup options for the fifes.

Cross-Reference
Scction 174, 18.4

Output Plot/Print

Description

Flot or peint the curremt PCB file, or gencrale oulput files in
PostScript or DXF formst. You can sclcct a variety of sctup
oplions, including: the printer and plotter drivers, communications
ports, plotier pen settings and printer colors, scale, X and Y
correction, board layer or layers (if printing a composite), oulput
filename (if sending to a fike), plot/print quality (final (or artwork
or draft for check prints), and the X and Y offsets for the plotter

pen.

To intcrrupt plotting/printing, press <RightMouse> or <Esc>.
The program then prompts you to continuc or cancel the Output
Plot/Priot command. :

-,

Cross-Ratersnce

Section 16.2

029

Afice sciting up a file, click on the Add pushbution to add the fife
10 the CAM File Queuclist box, Click on 0K 1o generate the filcs
marked by an asterisk in the CAM File Queue list bon.  If you
sctect N/C Drill for the board laycr/itém, Tangn-PCB gencrates
an N/C drill file. I you sclect any other fayers or ilcms, the
program gencrates a photoplot file.



‘ ( T Place Block Copy
Output Reports

Description

Generate a varicty of repons fur the curreot PCR filc. . You can
Rt one of more uf the following types of reports: - Apcriue
Information, Bill of Matcrials, Componcnt Locations, Library
(:.-Rlcnls. PCB Compongnts, Statistics, and Dosign Rule Check,
Al your reques, the program scnds the repori(s) to a printer of
filc.

Click on OK o print the specificd epon(s). Click on Cancel »
cancel the Qutput Reports command,

Cross-Reference

&

Description

- (l:opy' all itlcms containcd entirely within a block. Tango-PCB

prompts you to first define the block by pressing < LefiMouse> or
<Entce> 10 mark two diagonally apposite cornees of a rectangular
ares. The program highlights the dcfined block,

Alter you selcct the relerence point, use the mouse or arrow keys
15 move an oulline of the hlock acrows the screen. Press R 10
rotate the black 90 deprecs around the refcrence poimt, Each time
you press <LefiMouse > or <Entee>, Tango-PCB places a c;rpy
of the block at the current cursor position. Peess < RighiMouse >
or <Esc> to tcrminate the Place Block Copy command.

Place an arc on the current loyer. To defing the are, the program
prompis you to first position the cursos at the desired center paing
of the arc and press <LefiMouse > ar <Enter>. The program
draws 1 circle and radius @ this point, Mave the cursor fo expand
the circle to the desired sadius of the arc. You can abo move the
finc that indicates the radius to the start of the desired are, called
the start angle. (The start anple is measurcd counter-clockwise
from Vo'cock on the circle) Pross <LcfiMouse> or <Enter >
apain to fix the radiug and stant anple. The program _tcdr-ws the
circle, this time displaying an omline of the arc’s tine width.

Muve the cursor now (o define the sweep of the arg, which is
displaycd dynamically on the screen.

Cross-Reference
Scction 1031

-~

Scction 16.6 Qro.yﬂoluenco
"’ Scction 133
Placs ArC .
-« ‘. Place Component
Descriptlon .
Description

Place a componemt pattern. Sclect the paticrn from the specified
library and cntcr its refcrence designator, type, snd value (for
cxample, U4, 0.25W RES, 4,7K). Press R 10 rotate the autline 90
degrees. Press F to Mlip (mirror) the paitera (which is useful for
sutface-mount designs). To (ix the paticrn in its currcmt location
and oricntation, press <LefiMouse > or <Enter>.

Cross-Reference

Section 11,3



Place Deslgnator

Description

Assipn pin designatoss to a set of pads or reference desipnators to
2o 4 st o components. When assipning pin designators, the Place
Designator command s gencrally used afier placing all the
primitives in & new componcat pattcen and before rinning the
Lilbvary Add command 1o add 1the ncw paticen 1o the current
bbiary.  When placing relerence designators, tun the Place
Designator command afier placing the componeni(s) on the board.

T assipn pinfreference designators, first press <LefiMouse> or
« Enter 5710 display the Place Desigaator dialog box. Scloct the
Dusipnator type (pin or relorence designatar) - Far the designaror
wmplae, coter up o BS atpdunnmeric characiens and o feas) one
# (number sign). When you assign pinfecference designatons,
Thew # symbols will be replaced by a value determined by the
mitial valuc and the increment,
Aflice cotcring the dialt;g hox values, click on (0K, The propram
prompis you to click on the desired pad (for pin desipnators) or
component (lor relerence designators).
i, ~"Cross-Retarence

.

Scetion 11.5.1, 12,4
. Joa
T

Place Fill

l i:b'g;scrlpllon

1
U Pace an arca Bl (o ecctangubar repion of coppery on the current
Tango-TCB prompis you (o press < LefiMouse > or
< Loster > 1o mark two disgonally opposite cornces of the asea fild
‘l“!u: arca [l ds displayed ™ ax o solid reclanple. Press
* <WightMouse> or <Ese> 1o cancel the Place Fill command.

!.njt'l -

L1

T e

Wi Cross-Relerence
- Seat WA

Place Pad

Description

Piace a pad of the current pad type on the workspace. The current
pad type, which is shown on the prompt line, is defined using the
Current Fad command or by selecting a pad cotry lrom ooe of the
cusiom Place Paleties.

To place a pad, fisst press <leliMouse> or <Enter> to display
an outline of the current pad fype ot the cursor Jocation. The pad
oulline moves with the cursor. Type R 1o rotsic the pad %
degrees. To fin the pad in s current location and oricntation,
press <lefiMouse> or <Enter>.  Press <RighiMouse> or
<Esc> 10 cancel the Place Pad command.

Cross-Retereance
Section B.2.2

«\ “ 0 Place String

Description

Place a string of the current siring type on the workspace, The
current siring type is deflined using the Curremt String command or
by sclecting a string entry from one of the custom Place Palettes,

Preas R 1o rotate the string 90 degrees counter-clockwise. Press X
or Y to Mip (misror) the siring along its X or Y auis (which is useful
for swiface-mount designs). To {u the string in its current location
snd oricatation, press <teliMouse> or <Enter>. Press
<RightMousc > or <> to cancel the Place String command.

Cross-Relsrence
Section 10.2.2
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P!ace TfaCk gt Lo,

Vhe 2 .
3

Description” | L

Placc.oné or more tracks of the curremt track widih on “the
g..m,r,a_.‘ge.___;me‘ current track widih is defined using the Current
Track command or Ly sclecting & track enlry from one of the
custom Place Paleiie.

To place a track, first press <LefliMouse> or <Emter> to fix »
Yol point at the current cursor Incation. As yws move the
cursor, the program draws ‘s rubberbanding line from the pivol 1o
the cursor (xee the “sectinn Setting The Orthagonst Mode in
Chnpter 9 for details). Prcss < LeftMouse> or <Enter> 10 place

fac :rark. You can continue 10 place tracks, cach one starting a1 .

l’"'. rodpoint of the previous vk, Press < RightMouse> or
= ¥Ac> to terminate the Place Track command. :

Croas-Reference
Scchinn 9.3

Nace Vla'

Description .

Placc a vis of the currcnt vis type on the warkspace. The currcnt
Via lype, which is shown an the prompt ling, is defincd using the
Curecnt Via commund or by «:lecting 8 via cotry from onc of the
custom Place Palcltes. :

Tu place a via, fifst press <LeltMouse> or < Fner > to ditplay an
uull?nc of the curremt via type at the cursar bocation, The via
outhne maoves with the cursar. To fix the via in ils current focation
sl oricetation, press < LcfiMonses o « Entce>,  Pross
<HipghtMouse > or <Fac> o cancel the Mace Via connmnml,

Cro«s.Aeference -
Scetion 8.2
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Setup Communications

Description

Configurc the sérial communications ports (COMI and COM2)
(or printing and plotting.  You can sclcad the bawd rete (in the
range of M through %aN), parlty (Nonc, Fven, or Odd), number
of data bits (7 Bits ar 8 Dits), number of stap bits {1 Dit or 2 Bity),
and the handshake protocol (Hardwire or XON/XOFF) ‘

The serial port scitings will be in eflect for all auhsequent outp
nperations.  When you exit Tango-PCB, those scltings ate
svtomanically saved in the file PCBINT and toaded the ncxt time
you sant the program.  You only have 10 change the settings if you
change phintiers of printers. - :

Cross-Referance
Section 163

o . Setup DRC

Oescription

Sctup the design rule check (DRC) parametcrs, in preparation of
generaling & DRC seport (using the Ouiput Repuorts command).
You can enter the minimum Pad-1o-Pad, Pad-10-Track, and Trachk-
to-Track clcarmnces allowed on cach of the six signal layers.

You cun alsn specify which conditinns arc 10 be cheched fur, Once
the parameters for the DRC are eushlished with Sctup DRC, run
the Output Reparts command and cnable the Design Rule Check -

rcport.

You do not have to have a act i loaded to produce a2 DRC
report, Howcever, without a net tist loited, the DRC report will
not contain sny Net List Violalinons, since there is sl 8 net b for
comparisun te the haard.

~ Cresgs-RAnterence

Section 153 4




Setup Display ’ -

Description

" Enablc and disable the display of individual PC-board laycers and
ems (including through pads amd vias); turn the visibke grid on or
off; amd, select the cursos shape (arrow, small eross, or larpe
cross).

" Inthe Sctup Display dialop box theee is 2 small box of color acat 1o
cach layer ficld, This hox shows the display color (or the layer. Il
the color bois solid, the layer is enabled.  To change a color for
a ficld, click the mousc an the icld name. '

Cross-Relerence
Y
Section 714, 2.15

MRAT)

Setup Grids

"
r

Description ' -~ L .

Set the 5':{#_ for the three warkspace grids (ahsolute, refative, and
vitihlc) and set the snap grid 1o ahsolute (the delault) or selitive,
As an alicrnative (o the Scinp Grids command, you can alsa set the
snap prid by cheking the mouse on the status line's Geid ficld or by

typing . oo
R e

Y_:'us“c;ln'ﬁl.;ly ‘mave the cutuw (o a point on the seap grid. When
lh:: -.nap geid is set 1o absohnne, the X, ¥ coordinates are displaycd
in parémhiéses on the <tatus fing, with the nrigin (0.0) at the luwer-
T e enrngr of the wivkspace. When the snap prid is «et 1o relative,
the program prompts you ta scleat the eclative’ grid origin by
ponitioning the cursor and pressing < 1efiMouse > or < Emcs >,

. The v‘i.x'i.bllc"?y'id 18 for referenee only. !

Cross-Referonce
onS582

Setup Optiona

Deacription -

~Enable or disablc 3 varicly of Tango.PCB options, including
Orthugonal modes and Drag Signal Tracks options.

The Ornthogonal modes determine the mode for placing teacks on
. the board. With the Orthogonal madcs, you can only place tracks
- that are horizontal, ventical, or at 45.degree angles. These modes
are in effect for the Place Tracks, Move Reroute; and Nets Roule
commamls, - .
You can alko specify whether or ot Signal tracks arc (e be dragged
{rubberbandcd) with the Muve Blick, Move Component, or Move
Track commands.

Cross-Reference
Scction 95,116, 13.2

Setup Patette

Descriplion

Sct up the custom Place Palcites. Tango-PCB provides up to five
custom Place Palettes, labeled PLACED through PLACES. You
can add pad, sring, track, snd via information (o 1hese paleites,
Thix sllows you 1o have s number of item typcs, such as pad sires
and track widths, st your fingertips for quick placement,

The number of custom Placc Palettes is detcrmined by the num 21
of items you add 1o the palctics. Each palette is one line in sire. U
you add marc ilems than will fit on one line, Tangn PCB
automatically crcates another custom Place Paleste.

bl .

Cross-Reference

Scclion 17.2

mn




At

T _ Zoom Roard

Undo L : A
5L . . . ) . Description
° sowed L .
Desceiption ., . _ -c Display the entire PC-board. The 7oom level s adjusted so that
llndu the pfcwnus cdmng command.  The Undo caommand ’ J the PC-board fills the scrcen. The program displays only the

u:\lmu the PCB to its-status ptmr to the lad Delete, Fdit, File enabled laycrs of the board.

Load (loading " » “block “only), Move, Nets Reute, or Place:

command.  You can only undo the last command. The Undo Cro_n-ﬂohunco | .
command mah.'.s' i casy to change your mind or 1o reeover from a Section 662
mistake, ,.! i B . .

L)

You can also undo the previous cditing command by clicking Lhe

mouse on the Undo hot spot o typing U. Zoom Center
AT e
. Cron-neloum_:o _ . Description o .
Scction 5.6 ’ : ‘ Re-center the display. The program (sl displays 8 rectangular

roum window thal indicaics the scecen area ol the current 7oum
fevel. This waindow is the same size as the scrcen. By moving the

. cursur, the borders of the window can be moved ofl the scrcen,
Zoom All ' . . ktting you 7oom scctions of the workspace that aren't curremtly
’ ) displaycd.
Description -

Display the entire 32-inch by 32-inch workspace. You can initiatc 8 quick Zoam Center a1 any time by simply
, pressing the “C key an your keyboard. This is especially handy tor

Cr 0 as-R .h"““ panning quickly across the hoarnd.
Sccuon 66.1 _ . This command is usclul if ynu want 10 Jisplay a section of the

workspace that s currently wifoscrcen, Preas < RightMouse > o
<Esc> to cancel the Zoom Centcr command.

L

Cross Reference

Section 6.6,

PO




Zoom in

Description

Zoom in on the display. The progeam first displays a rectangular
room window that indicatcs the scrcen arca at the next highew
room Jevel, Move the cursor (o re-position the wandow, The
borders of the window can be moved off the sereen, letting you
ronm n on scctions of the winkspace thal aren’t currenily
displaycd.

This command is uscfut il you want to view a scction of the
workspace in greater detadl. Press <RiphtMouse> or <Fse> 1o
cancel the Zoom In commanmil. '

Cross-Relerence
Sectum 6.6.4

Zoom Out

- Description

Zoom out on the (‘lispl.'.'v_ The propram prompis you e position
the cursor on the desocd center of the chsplay, then puees
<lefiMousc> of <Enter>. The scrcen i se-drawn at a lower
youm level with the cursor ol the center of the sereen. Thiy iy
pselul of you want 1o view » widee atea ol the worbgpace (thaugh in
Jioas detail than previously deplayed). Press < laplihfoouse > o
« Fxe> to cancel the Zonm O comnsend. ‘

Cross-Reference

Sechion 665

l' Zoom Redraw

Sk

Description

Re-draw the display at the current center position and zoom level.
This is usclul if extensive editing (including deletions and moves)
has left gaps in the display. :

Cross-Relerence -
Section 6.6.6

Zoom Window

Description

Zoom in or out oo a spcofied section of the i'mlspacc._ The
program first displays a rectangular 7oom window that indicates
the screen arca al the highest zoom level. To mark the cenler of

- the zoom window, position the cursor and press <LefiMouse > or

<Foter>. The program displays an X at this spot. To display the
section of the workspace inside the window at the highest 7o00m
level, again press <LeftMouse > or < Enter> wathout movang the
cursor. -

if you want to display a larger area of the workspace, you can
cxpand the window by moving the cursor up or to the right.
Contract the wandow hy moving the cursor down or.to the left.
The hotders of the wandow can be moved off the screen, letting
you room sections of the workspace that aren’t currently displayed,
When the window is the desired size, again press <lefliMouse » or

<Fnter>, The section of the workspace inside the window s
redrawn to fill the sereen., . '
Cross-Reference

” Seclion 6.6.7
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3.5 MHz: TRANSMITT:

ER. -

Revised: Septe
. e Revision: B
September 22, 1992 11:03:31

R:'1 Of Materials
icem Quantity Reference Part

1 1 BOS 1

2 1 c1l 5.6 uF

3 1 c2 10 uF

4 2 Cc3,C4 2.0 uF

5 2 C5,C8 - 20 pF

6 1 cé .010 uF

7 2 €7,€C10 100 pF

8 1 c9 180 pF

9 1 c11 470 pF ' .
10 1 Ji MIC

11 1 L1 80 uh

12 1 M1 0-100 MA

13 1 o1 2N5859

14 1 Q2 3N128

15 17 Q3 2N4416

16 1 R1 1.0K

17 3 R2,R3,R9 100K

18 1 R4 4.7K

19 1 RS 100

20 1 R6 68

21 2 R7,R8 12K
22 L R10 \ 20K Trimmer
23 2 RFC1,RFC2 | 2.5 mH
24 1 RL1 GAllA

25 1 s1 Spst

26 1l SP1 Speaker 8 chm
27 1 T1 SP-49

mber 22, 1992
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3.5 MHz TRANSMITTER . o Revised: September'i22:4.1992-.

7’ .. Revision: B
Bill Of Materials September 22, ‘1992 11:03:31. - sPage
Item Quantity Reference ‘ " Part’ e A R
28 2 U1,U2 . LM741 :
29 1 XTAL1 3.579545. MHz -~ .07
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