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OBJETIVOS 

1 ) Proporcionar los elementos necesarios pata dise~ar..\.11) ~ircuitg_ lmpr~so 
empleando como herramientas los _sistemas OrC~D _..¡ T~~go-Pius.' · · · ' 

. '. t:". • l 

' ' 1 'l 

11) Proporcionar las bases para lograr la interfase entre .. Software 'para. Dibujo 
(AutoCAD). y el procesador de texto (Word 5.0) ·a: partir: dé la información 
proporcionada por OrCA O y Tango-Plus, ,, . ;,. ·. :, ., 

.. '• ' ' i> ~;.. .• , • "'\ 

' . 'i ',jt.. • •,[ -~ 

. ~: _¡.- ~ .•. ·: ¡ l 
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INTRODUCCION 

; t 
;¡ ,, 

Algunos de los sistemas dé i!ii.riíbutación más avanzados que se emplean hoy en dfa, 
. '..,,,.' :. -~ ,"- .:..;-:~. :-·. 

se diseñan contemplando la generación de despliegues gráficos, reconociéndose asf el valor 

• ~de una ·imagen como un medio efjca7· ,d_e comunicación . 
. '--~ 

... ~--
L. Prácticamente, no existe en· ia 1 ~ctualidad ningún área en la cual no se pueda utilizar 

• .'., ia'g}¡¡ficació~- cpn.~lguna ventaja;, si, se enc~entran gráficas en la mayorfa de las aplicaciones 
• ' . •• ) ••• '' _,j ' •.. ····)·••' '.' ' • 

" .. en ciencia e ingenierfa •:s_e•cbas;aron en equipos costosos y complicados, lo cual se ha 

su-perado debido a•léís'ade.tantos registrados en computación permitiendo asf acceder a la 

graficación como una herramienta útil y práctica a bajo costo. 

· ·: · Durante las fases de e)(blución del CAD/CAM podemos identificar a finales de la 
4 --' ' • ' ' • 

···década de los 7.0:s, .la ·integración de la graficación por computadora al proceso de diseño, 
;::~. . : ·:· __ ~._ .. ,!' / :: : . 

originando el crecimiento dé' la té'cnologfa CAD -Computer-Aided Design- o Diseño Asistido 
-~:·. ~-;·; "': ]:.':"_ :.-.:~.--~ :' . . 

por Computadora. Esta tecnologfa ofrece poderosas herramientas para el diseño en 

ingenierfa, pemitiendo, entre otras cosas, agilizar el proceso de conceptualización, modelado, 

'' ... e•::• ·análisis y documeihacióñ de :un producto con las etapas respectivas de retroalimentación, 

· ,, '.i"b'i&_al]do asf, .'~n ambiente de control de ciclo cerrado que contrasta con los mecanismos 
.. _-•..... !..., _,,__ .. . . . 

:. 'j 

tradicionales de diseño. 

-' ,;·; La'infiUencia de la tecnologfa CAD ha alcanzado las áreas de eléctrica y electrónica, 
~"_;_ --~. ~-- • . ' :_¡_;·_·. • - • • • 
con ejemplos como el d•seno de CirCUitos electrómcos empleando sistemas interactivos 

. basados en rconos gráficos para la representación de los diferentes componentes, con lo 
. ' 

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

extraidos de una Base de Dato. Además, el despliegue gráfico puede emplearse para 
')?1.~ . __ .-1 ,.:~---··'; ,. 
:~ .• : •. ·'. f~j1p,~rar.éircui~?t equil(ale~~~~con la finalidad de minimizar el número de componentes o 

~::' .. 
\(l.' 

.,, bie11:.para llevar a,cabo una mayor integración . 
. ' . '¡- -· 1-.--·; 

-~ .. 
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INTRODUCCION AL DISEÑO ASISTIDO POR COMPUTADORA 

El Diseño Electrónico Asistido por Compu!;td~ra .(DEAC o su equivalente anglosajón de 
. . \ ~' ; - 1' 11 ', . 

CAE) podemos considerarlo como una rama específica del CAD/CAM de tipo general. 
,1:~. ,.· -:J:-~ ·f·E:-~ J ,:_ 

Las principales aplicaciones del CAD/CAM se gane en dos campos de acción·principalmente: 
EL MECANICO Y EL ELECTRONICO, dominando el primero con un 50% el mercado, 
mientras que el diseño electrónico alcanza tan solo el,l9.%, (según datos referidos a\1988). 

• • •• •• 1 ·: .-; ,. • • • • • 

El mercado de CAD electrónico, conocido como E: I>'. k! (Eleétroíiic Design Automation ) ha 
experimentado, a lo largo de 1989, una serie de uniones, fusionesy alianzas entre empresas del sector 
que posibilitan la oferta de una serie de productos capaces de funchmar en entornos J]l¡j.s amplios. 

1 

• EVOLUCION DE LAS COMPUTADORAS PERSONALEs Y WORKSTATION 
. ' ) ... -; 

--~- :- '(". :;: ~:~ 

A principios de los 70's, surgen a partir de las necesidades.d~ f~bricantes de eleetrónica ó 
mécanicos, las herramientas CAD, las cuales han experiméñiáí:io, evideriteme~'te; grandes 
cambios de acuerdo con la tecnología. ...,. ··~··· · ,: 

- ,.• . :' .... "! . . . . .:>: . • • 

Durante esta década se empleaban las minicomputadoras a las c_u¡tles·se conectaba¡¡ terminales 
que servían a programas funcionando en "Batch". En 1971, INTJ¡;~ introdúce eliJ.p111er micro­
procesador, el 4004 y en 1974 presentaba el 8080, por otra parté, MOTOROLA'"¡iresentaba el 
X6800. ·,.:;, · "'-''·· ·v · ·· 

A principios de los 80's APOLLO crea la estación de trabajo (Wqr~Stations, con' el un 
concepto novedoso de potentes gráficos y red local produciéndose el cambiÓ de CAD a CAE 
(Ingeniería Asistida por Computadora), donde el software desarrollado 'pérmiiía ai Íngeniero 
Concebir, Diseñar, Simular, Modificar, Verificar y Documentar un circuito en una placa de 
circuito impreso, desde una potente máquina colocada eri su mesa de trabajo. ' · 

• : ;~_: t'· ;. ;; 

Por otra parte, a finales de los 80's, surgen las tecnologías de in_t!!graéión R.isc Y CISC 
poniendo a disposición del fabricante de software máquinas' sin ÚmitaéiÓñes 't&nolÓ~l¿~~. capaces 

•• . ' - • t .• ' -. • . ., _,_ • _ .. - • 

de desarrollar aplicaciones más complejas, de tal manera qué' las aCtuales PC's ·e(¡ü!padas con 
80386 o 80486, se comparan tanto en prestaciones de la c'pu como en preció con las actuales 
WoskStation, 'dicho término se encuentra ligado indisolublemente cada vez que se habla de CAD/ 
CAM/CAE/CIM. . . · ;_, ''' ' . ~· 
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')TIPÓS DE MAQUINAS 

·. 

') 

~- -· "\'" . ;_.;-;:_:; ' .. 

L. NIVEL TECNOLOGICO': <; il: 

Caractei"ísticas 

* Los estándares 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 com~nicaciones y el PHIGS en gráficos. 

*En. arquitectura, la PC comienza con 8 bits 
y crece hasta 32 bits, prevaleciendo en la 

. actuálidad los equipos con CPU de 16 bits, 

. mientras que en las Wo~)cStation, la mayoria 
son de 32 bits y algunas de 64 bits. 

~ Las ventajas de un WorkStation 'suelen 
. estar siempre por encima de las PC, aunque 
el auge ex'perimentado por las máquinas con 

NIVEL DE APLICACION 
Características 

* La PC se encuentra orientada 
fundamentalmente a manejar textos 
y números, mientras que una WorkStation 
está orientada a manejar gráficos. · 

f 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 lo general, multiusuario. 

. e 386 y 486 ha igualado el nivel de prestacione . 
' · ·'· ' _· ~ritre las veniajas que han m6jorado las 
.o:•' , '·estaciones <l(;ftrabajo respectoa las PC's son 

algunaS. de las siguientes:· mayor definición a 
: niv.e{d~ gráficos, lentitud de visualización, 

.. 

: 

'"'1' . .. .• i . .. . . .. . .. · ' -~ ' ' 
·" ··Jimitado'niargen de direccionamiento de la 

.. : memcirlil, baja 'potencia de cálculo de la !=PU 

. y bajo nivel de conectividad. · 
.. ¡·, ·:·/ ~"¡ '' ¡ . 

• ·'.t .. , f::i' . 



EVOLUCION A MEDIANO PLAZO EN CUANTO A NIVEL TECNOWGICO 
Y NIVEL DE APLICACION. 

ARQUITECTURA 

Tienden hacia el nuevo 
PC bus estándar EISA 

(MicroChaneJ de IBM) 
y CPU 80486. 

W Tienden a una mejora 
·O en Jos chips, así como 
R la ejecución de multiples 
K instrucciones por cada 
S ciclo de reloj. 
T 
A 
T 
I 
o 
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GRAFICOS 

Aparecen Jos primeros 
sistemas en 3D así¡como 
sistemas capaces de-·· ... 
manejar más de 100000 
vectores por seg. en 2D,.-, 

·-
~ ~ .. 

Incrementa sus ventajªs· 
en 3D en tiempo rei.J,, 

·e 

con capacidades como ..... · 
foto realismo. . ¡¡ 

• JUSTIFICACION Y NECESIDAD DEL CAE. 

SISTEMAS OPERATIVOS 

Se estandariza -tanto UNIX 
como OS/2 en lo~ dos equjpo 
mientras qu_e_ en interfases de 
usuario, vemos como el MOTIF · 1 

em'pieza a incorporarse al ; 
mundode las PC a través de 

~--

UNIX. -- -· 
! . . ' ; 

¡ :'" 
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En la actualidad los objetivos básicos de toda empresa en el entorno económico 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 tieriipo empieado desde la 
especificación hasta la puesta en el mercado del producto; así como increm~n!M la CALIDAD del 

• •• •• -:.:> _ _. ••• • 

producto.. . , .. 
:·c.·~ 

• ;. • ~·) • ';; ~ J. ,, 

En este tipo de técnicas es donde el CAD/CAM/CAE IJá puest}:J de reJiey~·la}!llPOrtancia de 
automatizar informáticamente cualquier proceso industrial-desde el,qiseño hasp¡.·Já manufactura. 

<. . '·' 

Dicha información incide de forma directa sobre dicho proceso d~ ~~as formas: 

* Reducción de tiempos y sencillez en la etapa de diseño. ' 

* Seguridad de un correcto funcionamiento ya' que se ha simulado·el prototipo sin nééesidad de 
. .. - . , 

elaborarlo. · 

* Fácil integración sin problemas adicionales, dentro de un proceso en serie para su manufactura. 
. . . ,) ...• ·-;.:··!t:•J.:~'JJ 

* Obtención de un producto económico, de óptima calidad y en el ínenor1 tiempo'pi:isible? · 



. . . -.., El proceso típico de fabricáciÓn de· '~n determinado producto electrónico podemos sinteti­
,;': , _ :,:i:árlo en las siguientes fases: 

*Construcción del Prototipo ' 
* Pruebas y Puestas a Punto del Prototipo 

' : *Elaboración en Serie del Producto Final 

.. ,., 
··' •.... 

. ' 
• EVOLUCION DEL CAE. 

. . ' 

Los primeros sistemas de diséño surgieron como réplica de los procesos tradicionales, con 
la ventaja de la facilidad de uso, edición y rápidez. 

. ' . 
. 

Conforme el hardware evoluciona y ,disminuyen los costos del equipo, los sistemas son más 
rápidos y las bases de datos de mayores dimensiones, fue apareciendo un fenómeno de insatisfac­
ción en los usuarios: Un buen programa de dibujo, no bastaba; era necesario un sistema que diseñará 
el producto desde el principio (Diagrama Esquemático) hasta el final (Placa de Circuito Impreso 
Terminado) siguiendo Reglas de Diseño. 

Como sonsecuencia de estas necesidades surguieron los paquetes de CAE, cuyas reglas de 
diseño referidas al CAE electrónico, se mencionan a continuación: .. e;¡ ;, . · .. ; 

.. ' 

* Captura de Diseños Esquemáticos 
* Diseño de Circu¡~os Analógicos y Digitales 
* Simulación Lógicas y Analógicas de Dichos Circuitos 
* Análisis Ténnico 
* Diseño ·de la Placa de Circuito Impreso (PCB) 

1" * ·Proceso de Electromecánica. 

• ,VENTAJAS EN'ÉL USO DE PAQUETES CAE 

. * Facilidad y Comodidad en el Diseño 
* Rápidez, E,;actitud y Uniformidad _en la Fabricación 
* Alto' ·'Porcentaje de Exito · 
* Eliminación' de la Necesidad de Prototipos 
.* Aumento de la Productividad 

';' 

* Productos m~ Comp~titivos 

• '. f ,1 

• PRESENTE Y FUTURO DEL MERCADO CAE 

• :. Se considerá hoy en día que más del 30% de los diseños industriales se realizan con 
herramientas CAE. Empero, dclJido a la mayor complejidad y competitividad del mercado, se prevee 
que antes del año 2000 el grado de utilización se aproximará al 80% . 
. .. ! ... -... -- .. !' 

Los costos asociados a la detección de errores en el desarrollo pueden representar hasta 1000 
veses m~s~si s,t:_,(!e,t~tar ell una f~se 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 más complejos, desarrollando mayor número de funciones, por lo tan_to, deben 
diseñarse en un menor plazo de tiempo. La competencia es cada día mayor y el tiempo de lanzamiento 
de un producto es primordial al momento de conseguir mayores beneficios. . . 

--
• CARACTERISTICAS 

'· ... .JJ; 

Las características de cualquier software de CAE partiendo de la base del CAD, podemos enfocarla 
bajo dos aspectos: , . 

. '. 
*Común 
* Específico '. ' . 

y en cada uno de estos aspectos, dos niveles: 
) ~: . 

*Hardware 
* Software 

•¡_- · •• 

Características comunes a cualquier paquete de CAD 
.:--

• HARDWARE: . ,. 
* Necesidades de tarjetas gráficas y monitores que presentén' una resolJción y colo{ adecuados 
respectivamente EGA, VGA, SuperVGA. 

l' .. ¡i. 

*Velocidad de ejecución y presentación de gráficos, lo que nos obliga a trabajar con equipos AT como 
mínimo (80286 12MHz), y para gráficos muy densos, utilizar coproc.esador maté!llatico. 

* Periféricos de E/S adecuados. Ratones y Tabletas digitalizadoras á la _ehÍrada,_ por otro lado 
. . 1\,· -; ... ' 

graficadores e impresoras láser a la salida. · - · ~~- · · _ 

* Memoria RAM suficiente (640K mínimo) y disco duro (20Mb. mín,ima). 

• SOFfWARE: '· 

* Herramientas gráficas adecuadas (Menús tipo persiana con selección de opciones mediante' ratón, 
menús de íconos, procurando dejar el máximo espacio libre de panta!li:l): , ,,' · · 

' ·'· ..... f. • .; 

* Niveles adecuados, tanto en lo referente a escalas como en lo referente a zoom'·: .. :• , 
. . . . 1 

* Edición adecuada, tanto de texto (tamaño, tipo de letra, posición, etc.) como de· gráficos (buena 
resolución, acorde con el hardware) 

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

*Menús de Ayuda (On-Line) y de configuración lo más flexiql~·Í>osible (drivrr's de todo tipo) de forina 
que no exista restrinciones en el uso del equipos .. , . ' __ , _ , . 

•• l . 

• _.-.,~ . ~- 1- •• . < 
' . 

• :r·-. - .• .• ----· _..J . 



*. Libreria de·objetos, ·lo más extensa posible;, .. : 
. ' 

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

• CARACTERISTICAS ESPECIFICAS DE UN SISTEMA CAE 

* Amplia biblioteca de componentes, lo más actualizada posible y con posibilidad de edición de 
componentes 

* Recomposición automática de líneas de conexión 
f .'li ~; . t 

* Numeración automática de compo~entes 

* Incorporación de uno o más verificadores de normas y reglas eléctricas 

* Conversión de esquemas de .:versiones anteriores 

* Simulación de los circuitos diseñados ··· 

* Obtención del circuito impreso a partir del diagrama esquemático, mediante trazado manual o 
automático. · 

* Análisis térmico 

* Interfase para control numérico.· 
\. ~t 

HERRAMIENTAS CAD REOlJERIDAS POR EL PROCESO DE DISEÑO 

Fase de Diseño Herramientas CAD 

Conceptualización Técnicas de Modelado Geomeérico: 
Asistencia gráfica, Manipulaciones, 

.. Visualiwción. 
1 

Modelado y Silnulación Algunos como: Animación, Ensamblado, 
. Paquetes Especiales para Modelado FEM . 

Análisis .. Software para análisis; Paquetes de Acuerdo 
- a la Necesidad, Paquetes Comerciales . 

Optimización ··-· Optimización Estructural ' 

Evaluación · Dimensionamiento: Tolerancias, Especificaciones 
del Material, Control Numérico. 

Comunicación y Dibujo y Detalles; Ensamble de Piezas 
Documentación 



IMPLEMENTAC/ON DE UN TIPICO PROCESO CAD DENTRO DE UN· 
SISTEMA CADICAM 

Modificaciones 
al Diseño 

1·;,·. 

Proceso de Manufactura 

~-· 'l ¡ '¡_, 



CICLO DE PRODUCCION TIPICO 

PROCESO DE DISEÑO 

'•i-

SINTESIS PROCESO CAD 

i -:--- :-:------4 óetlli~:::: :: -- -: i'I~r~rw~4§!1 ---- -
. ¡ "N~~i~ad ; ~=:~~~e:Ths. i [tfj~¡:jJ ;I----J.J--..j

1 
C~ii~~~~~Úi;¡fiÓ~i 

1 '·· · ·•····•· ·. \FB~tibilidail 
'1 -------------------------------1 

Proceso de 
Manufactura (Mercadotecnia) · 

--------------- ANALISIS -------

. 1 r---------------
1 
1 
1 
1 
1 

L---------~ 
Proceso de 
Manufactura 
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1 
1 
1 



. ~ . . : : ; . 

.. 

:i 

• 



OrCAD 

Es una herramienta para diseño esquemático. Su Fácil uso de menús permite la 
creación, edición, manipulación, almacenamiento e impresión de esquemas electrónicos. 

DRAFT: Es un editor esquemas de OrCAD, que permite crear, editar y salvar hojas 
esquemáticas. Además carga los manejadores de los dispositivos periféricos necesarios 
como: impresora, video, graficador; asf como las librerias necesarias. 

NOTA: DRAFT/C se emplea para configurar el sistema. 

Dentro de las caracterfsticas de DRAFT se incluye: 

- Acceso a más de 6000 elementos en las librerias 
- Partes equivalentes a D'Morgan 
- Crear lfneas, buses, conectores, etiquetas, etc. 
- Rotación y espejo de elementos 

·- Movimiento, copias y borrado de objetos o bloques de objetos 
- Disponibilidad de una malla visible de puntos 
- Paneo automático de la hoja de trabajo 
- 5 niveles de acercamiento 
- Niveles ilimitado de jerarqufa 
- Directorio de librerias 
- Busqueda de cadenas 
<Opción de orientación textos (verticales y horizontales) 
- Soporta cinco tamaños de hojas de trabajo 
- Etc. 

·~ ' 



LIBRERIAS 
Incluye librerias muy extensas de las más comunes en la industria, tales como: 

- TTL 
-CMOS 
- MEMORY 
- ECL 
-DISCRETAS 
- ANALOGICAS 
- MICROPROCESADORES 
- DISPOSITIVOS PERIFERICOS 
-ALTERA 
-ETC. 

UTILERIAS 

TREELIST: Rastrea la organización jerárquica de las hojas y despliega su estructura, 
nombre de la hoja rarz asr como las asociadas a ésta. 

ANNOTATE: Actualiza automáticamente cualquier componente dentro de un diseño 
esquemático numerándolo de forma correlativa, si éste se ha incluido al diseñ.o 
esquemático. Actualizando en número de pines asociados a dicho componente. 

PRINTALL: Imprime una hoja esquemática o grupo de hojas esquemáticas utilizando una 
impresora. 

PLOTALL: Imprime una hoja esquemática o grupo de hojas esquemáticas utilizando un 
graficador. 

PARTLIST: Reporta todas los elementos utilizados en el diseño esquemático o grupo de 
hojas esquemáticas (diseño jerárquico(. 

ERC: Lleva a cabo una verificación de reglas eléctricas comunes, para advertir si existe 
algún error como, p. ej. entradas sin señal, pines desconectados, etc. 

NETLIST: Genera un archivo (NETLISTI adecuado para ser capturado por un programa de 
colocación de componentes iPCBI. en diferentes formatos, empleados por programas de 
PCB de los más usuales. 

BACKANNO: Actualiza las referencias correspondientes a componentes que han sido 
agregados o modificados dentro de un diseño esquemático después de la ejecución de 
Annotate 

CROSSREF: Muestrea cualquier diseño esquemático,- recopilando información sobre los 
componentes empleados, y crea un archivo de referencia que contiene la localización de 
cada componente. 

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



<. 

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

FLDA TTRB: Modifica los atributos, (referencia, valor y campos) de los componentes que 
integran un diagrama esquemático, ya sea de bloques, jerárquico o simple, haciendo que 
estos sean visibles o invisibles. 

FLDSTUFF: Modifica 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 librerra fuente a partir de sólo los componentes empleados en 
un diseño esquemático .. 

SIMPLE: Convierte diseños jerárquicos complejos en jerarquras simples. 

XFEROVL: Transfiere información de configuración desde una versión a otra del archivo 
ORCADSDT.OVL. Esto sólo es posible con versiones de OrCAD/SDT 111 superiores a la 3 .. 12. 

DECOMP: Esta utileria, es un decompilador de librerias de OrCAD, (archivos con extensión 
.LIBl a librerias en archivos fuentes. Los archivos 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 libreria; se emplea para convertir la libreria de archivo 
fuente (formato ASCII) en libreria de archivo objeto para ser utilizada por DRAFT. 



REQUERIMIENTOS DE HARDWARE 

A continuación se detalla un configuración mínima para que el sistema funcione con 
un rendimiento adecuado: 

• Una computadora PC/XT o A T ó compatibles. 
• Coprocesador matemático opcional. 
• 640 Kbytes de RAM. 
• Sistema Operativo MS-DOS mayor a ver. 2.0. 
• Disco duro de 20 Mbytes mínimo de capacidad. 
• Tarjeta gráfica recomendable: EGA color. 
• Uno o dos puertos serie (para ratón y plotter). 
• Un puerto paralelo. 
• Ratón. 
• Graficador HP o compatibles. 



PRINTER.DRV 
(Manejadores de: tarjetas grárteas, 
impresoras, grafacadores) 

DRAFT.EXE 
DRAFT.OVL 

ERC.EXE 
ANNOTATE.EXE 

NETLIST.EXE 
TREELIST.EXE 

COMPOSER.EXE 
ETC. 

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

Directorio para los diseños esquemáticos 

CONFIGURACION RECOMENDADA PARA DISCO DURO. 
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6.9 FLOT ALL 

Pu lf'C'~e: 

Pk•cs a group of schematic shcets which may be a hicrarchy. fht 
fiL"!', one sheet file structure, oran annotation file. Asan option, 
¡;r: :l references m ay be specified. 

Fonn:;_:: PLOT ALL sowce [dcsrinarion] [IAJ[/CJ[!E)[/F][IG)I/O]l/Q) 

TI-.~ source m ay be either the root sheet na me of a hierarchical file 
str_;cture. the na me of a text file in a flat file structure, or the file 
n2.-:1e of a one sheet file structure. 

lf the sourcc is the name of a text file in a flat file structure, the /F 
switch must be included. lf the source is the file na me of a onr sheet. 
fik structure, the /0 switch must be included. lf the source is the 
an .. íotation file created by the ANNOTATE program, thcn thc //\ 

. switch mus! be included on the invocation Jine. 

TI1e dcsrinarion is any val id DOS path name and is wh~rc thc output 
of the program is to be pbced. lf a dcsrinatiOI) is not specified, the 
output of the PLOTALLprogram is directcd to the se.rial channel 
specified in the plotter configuration (refer to Section 2 for 
configuration information). 

The /A switch causes the PLOTALL program to read thc snurce · 
path asan annotation file. · 

The /C switch causes the configuration nienu to be invoked. TI1is 
allows the OrCAD/SDT envirorunent to be modifi.ed. 

The fE switch causes the utility program to display the messJge 
"Type Any Key To Continue", enabling the systcm to p:JUse for you 
to rcmove the DRIVER/LlB~ARY disk in drive B and inscn the 

. : , .. . . . . 
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SHEET disk. This switch is uscd only on systcms with two noppy 
disk drives. 

Thc !F switch causes the PLOTALL program toread lhé source as 
a text file, for nat file structure applications. 

1l1e /G switch causes GRID REFERENCES to be included in !he 
sheet when plotting. 

11;e /0 switch causes the file n::une of !he source to be read as a one 
sheet file structure. 

The /Q switch causes the PLOTALL program to run "quietly". 
1l1is means that only the invocJtion messages and error messages if 
Jny, are displayed. U this switch is not specified, !he program will 
display intermediate tracking activity. 

6.9.1 lnvoc.ation Examples Using Hierarchic.al Structured Files 

l. To plot sheets in a hierarchical schematic: 

PLOT ALL roor.sch · 

Where root.sch is the path md narne of the root sheet in the 
hierarchy. 

2. To plot a sub,sheet in ahierarchical schematic: 

PLOTALL suhsheet.sch /0 
. . 

\Vhere subsheei.sch is Lie path and narne of the sub-sheet in the 
hicrarcliy, /0 signifies that the subshcet.sch file nJme is a· single sheet. 

6.9.2 lnvoc.ation Examples Using Flat File Structures 

1. To plot a flat file structure coritaining m u !tiple sheets: 

.. 
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PLOTALLflarjilc.txt /F 

\\'hereflarfilc.w is a text file containing a list of schcmatic file n:llncs 
to be plotted; /F is used to signify thatflarfikl.J:I is a text file. 

2. Tq plot one sheet in a nat file structure: 

PLOTALL sllectname.sch /0 

Where shcctname.sch is !he naine of !he single sheet in the Oat file 
structure, /0 is u sed to signify that shccrname.sclz is a single sheet 
schematic. 

6.9.3 Invoca !ion Examples Using A One Sheet File· Structu're 

l. To plot a single sheet schcm:llic: 

PLOTALL sllcclllamc.sclz /0 

\Vhcre s!Jcctnamc.sch ü th~ name of ~1e ~ingle sheet schcm~tic ,/0 
is used to signify lhat sllccrnamc.sch. is a single ~hect schemJtic. 

6.9.4 lnvocation Example- Direcling The Output ToA File 

l. To direct !he output of !he PLOTALL program to a file: 

PLOT A u::. shcctnamc.sch .wharfi/e !O 

V.'here shcclnamc.sc7i is the na me of the ~i;1gle ~heet schcm:llic, 
whatfilc is !he path and file name to place the PLOTALL 
informal ion, and /0 iS" used to signify th:tt shcc/llame .. !ch is n ~ingle 
sheet schematic. · · 

. . . 
. · 
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1'\0TE 

The file wharjilc may be scnt lo a plotter using lhe DOS 
~lO DE and COPY co;nmonds. For cxample, if your 
plotter is connec:ed lo serial chonnel l. enlcr lhe 
following at the DOS prompt: 

' 

For addilionol information on the MODE and COPY 
commands, refer lo your DOS Users M211ual. 

6.9.5 Plotting Schematics Based on Annotation Files 

l. To plot schematics based on u'"le annotation file informal ion: 

!'LOT ALL annotation .out/ A 

\\'he re 01inotation.out is lhe output from the ANNOT ATE 
program,/A causes the PLOTALL program 10 read annotation.o111 
as an annolaiion file. 

6.9.6 Setting Up The Plotter Configuration 

To setup the plotter configuralion, go lo the DRAFT configura! ion 
menu by entering the foUowing from the DOS command line: 

PLOTALL/C 

Press lhe <P> and <L> keys to configure 1he plotter drivers, seria~ 
ch;mnel, baud rates, parity and word length. 

To configure OrCAD/SDT for the plotter driver, selcct the letter that 
corresponds lo the plot:er driver lhat you are using :Jt the "Enter 
Lc¡tcr to Sel!=ct the Plouer to be u sed·>" prompt. lf your plotter na me . 

. .. does not appear, press <S> for Special. 
.· 

·, . 

.. -: 
. ·. 
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\\'hen sdected, the plotler driver na me only appcars on tJ¡e 
"(ONFJGURATJON OFOrCAD/SDT' mcnu. 

To modify the serial channel, baud ra1e, parily, or word Jcn~lh 
confi¡;uralion, prcss lhc colon<:> key al thc: "[nlcr Lctter 10 Sclccl 111~ 
Plottcr lo be used·>" prompt. 

Enler a "J" for serial channell, ora "2" for serial charmel2 a11hc: 
"Charmel l or 2 ->" prompt. 

After you select the serial channel, you ma)' select the baud ratc, · 
pari1y, and word Jength ilial is rcquired. 

To modify the baud rale, enter ilie lelter iliat corresponds to lhe b~ud 
rate you require at ilie "Baud Rale ->" prompt. 

To modify Ü1e parily, enler ilie number iliat corresponds to thc pari1y 
you require al ilie "Parily ->" prompL 

To modify the word lengili, enler the number thal corresponcls 10 1hc: 
word lengtl1 you require at tl1e "Word Lenglh ->" prompL · 

When you retum to ilie "CONFIGURATION OF OrCAD/SDT" 
menu, be su reto upda1e the inforrnation by pressing Ü!e le11er <U>. 

Typical configuration' for HP and HI plolters is as follows: 

l3aud Rate : 2400 or 9600 
Parity : No Parity 
Word Length: 8 bits 

6.9.7 Plot1er Cable Wiring Diagrams · 

The PLOTALL ulility program uses l310S to communicalc 10 lh.c 
serial port. lt does n01 talk lo the hardware directly. This is tn insur.c 
compatibility to all PCs and compatibles. 

For this reason, additional wires other thjn TXD and RXD musl bt 
cofUlected to implement hardware handshake. 

. .. 
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ri¡::urc 6-20 ~hc:\ws a wiring diagram lhat is-required for connecling a 
PC/XT (25 piil connrclor) lo a ploller. Figure 6-21 shows a wiring 
di:1gram thal is rcquired for coanecling a PC AT (9 pin conneclor) lo a 
plouer. 

Since lhis cable connects the TXD and RXD lines, it also works wilh 
software thal communicatcs lo the hardware directly. 

COHPUTEA PLDTTEA 

5 

6· 

7 7 

20 

Figure 6·20. PC/XT 25-Pin Cable Wiring Diagram 
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CO~IPUT~R PLOTTER 

12 1 

Figure 6-21. PC A T 9-Pin Cable Wiring Diagr:11n 

COI-IPUTER PLQTTER 

5 
. 

6 4 l 

17 7 

B 

Figure 6-22. P_C/XT 25-Pin Cable lo IOiine Plottcr 

6.9.8 Plotter Problem·s 

Most plotter problems are typically a result of incorrectly wircd 
· plotter cables. lf you hJve dífficuity with your ploucr, check thc 
following items before procceding or calling OrCAD: 

. . ~ 

:'.·· . 
• • 1' .. . .. 

. · ... .'. ~ 

.. 
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l. \Vire 1!1e c~ble :JS shown in Figures 6-20, 6·21, and 6-22 above. lf 
your plot:cr works wi1h anothcr software package, :Jnd docs not 
work with Oli:::AD, lhe first item to check is thc winng of your 
cJble. Cbnccs are, l11e othcr CAD pocbges only rcquire lhe TXD 
ond RXD si;;nallincs. OrCAD rcquircs additiom.l conneclions. 

The cable must be wiretl corrcctly as recommcnuctl! 

2. Check for an open in the cable by performing a continuity check. 

3. Rcad your plotter manual to be surc you underslanu how 1he plotter 
opcrates. Know how it is programrned for bud rate;p:Jrity, word 
lcngth, and find out whar these settings are. 

. 4. Check to make su re that the plotter baud rate, panty, and word 
lcngth settings correspond to tl1e plotter configuralion 
in r ormat ion. 

ror HI plotters, if d:na ond parity do not match, Ü1e mess:Jge: 
""<<<error>>> Un:~ble to read back from plotter"appears on tl1e 
screen. 

5. Use DOS to senda plot file lo the plotter. This will be useful for 
isolating whether lhe problem is in lhe serial port hardware or 1he 
plotter hardw:Jre. Todo this, first send lhe workshcet toa plot file 
as outlined below: 

PLOT ALL shcctname.sch wll(jifilc JO 

\Vhere s/¡cctname.sch is tJ1e name of the single sheet schematic, 
whatjile is the path and file name lo place the PLOTALL 
inform:~lion, and /0 is used to signify that sheccnamt.sch is a 
single sheet schcm:Jtic_. 

l11cn, 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 assUITies !hat yo u are using serial channel 1 {COM 1) and ha ve 
your plo:ter ~et for 2400 baud. For more information on thc 
MODE command, refer to your DOS usc:rs guide for 
Asynchronous Communications. 

After tl1~ s~roal d1<:nn~l has been configured, send the plot file to 
the ploilcr us~•g tl1e DOS COPY command as follows: 

COPY whaifile COMl: <ENTER> 

\\'he re whatfile is !he name of !he plot file. 

· If !he plottcr works, !his indicates !he problem may be in the plotter 
' cable (incorrectly wired), or !he hardware handshaking is 

incorrcctly set (ch~ck PLOTALL configuration). 

lf !he plottcr does not work, this indica tes !hat !here is a h;udw,1re 
problem. Check the !he following: serial card, incorrect serial 
channel configuration, plotter hardware, ora cable problem. 

6 .. lf yours is an lOline plotter, be su re you ha ve PROM vcrsion 114 
or greater. 

• 

6.9.9 Oulput Scaling 

OrCAD does not control !he sea le of !he plotter output. Output sc~ling 
is controlled entirely by your plotter. Plotter scaling is typically 
controlled by tl1e size of the paper u sed, Pl and P2 point settings (I·IP 
plotters), rotation scttings, and tl1e default settings on !he plottcr. 

If you change tlle size of !he worksheets you are plotting, (plotting ;:¡e 
size, !hen a D size worksl1ect for example) always RESET tl1e plottcr 
when changing worksheet size. lf.yoLJ have furtl1cr scaling qucstions, 
refer to your spccific plotter manual. · 

. . ·. · .. 6-83 
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6.9.10 Plotter Hin!s 

Whcn making a plot, use the proper pens and paper designed for the 
plotter. Ploller papcr has a "memory" lo it. If it hangs on the plotter 
bcd for a period of time, it will stretch. This effects t11e registration of 
the plot. Plotter paper is also tcmper.llure sensitive. De su re tl1at the 
p~per is at room ternperature bcfore plotting. The longer the drawing 
takes lo plot, the more caremust be exercised with the paper. · 

ll1c configuration of the plotter includcs tl1e ability to change the 
vclocity of the pcns. Whcn the pencan not draw at the specd the 

· ploller is capable of moving, reduce the velocity. You will need to 
consult your plotter manual for tl1e range to sct the velocity. The 
velocity can be set only in whole numlx:r va!ues. 

When you make a plot wi.th different pens, tl1e .plotter has a 
rcgistration in.accuracy tl1at mus! be considercd. If you wish to have 
the highest quality plot, always use only one pen. 

When you make a plot on a paper size that does not m:llch tl1e . 
worksheet size, the plotter drivers will sea le the drawing lo fit tlie 
paper selected. \Ve do not recommend making a plot more than one 
size off of the worksheet size since the width of the pen is fixed. For 
oample, you can plot a C size worksheet on B, C. or D and it will 
work fine. If yo u plot an E worksheet on A paper, yo u will not be able 
toread the writing. lf you plot an A worksheet on E size paper, the bit 
m:Jpped devices will be "grainy". · 

When you are directed by the program to char¡ge paper m pens, . 
;¡Jways wait until the piotter has.finished the present plotting activity. 
!3cfore .sending a plot directly to the plotter, be su re that !he plotler is 
oh line, the pen(s) are properly set up, :Jnd the paper size is correct. 
\Vl1en you have a pen that mus! be manually changed,the PLOTALL 
progr:1m 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 tl1e comer points of thc plot 
a.1d automatically sea le the plot lo be within these points. 1l1esc points 
are ca Ucd PI and P2. 

\\"hcn you rhange the paper size, oral power up, tJ1ese points are ~et to 
default va!ues which depcnd bn the size of tJ1e paper and the plottcr's 
margin rcquirements. You may reset PI and P2 to !he outer rnost 
boundary of the paper and the plot wiU be slightlyiarger. 

lf you plot on p3per that is not the same size as the wori:sheet, you will · 
ha veto manually adjust the locations of PI and P2 to correct for the 
aspect ratio. 

6.9.12 Hl Plo!1ers 

The HI plotter fa:mily doesnot automatically sea le tJ¡e drawing. Jf you 
direct the output·of the PLOTALL program toa file you will be 
prompted, for ea eh plot, for the paper size to use for tJ1e plot. 1l1e 

. aspect ratio is corrected for both direct-to-ploner and re-directcd-fo· 
file plots. 

The HI 40 Series defaults to 2400 baud, and the 50 Series defauhs to 
9600. . 

1 
¡ 
1 ' 

Always 'check to make su re that L'le ploner baud rate, and data bit 
settings correspond to the plotter configuration (refer to '"Setting Up 
The Plotter Configuration" above). 

lf data and parity do not match, the message: ''<<<error>>> Unablc to 
read back from plotter" appears on the screen. 

Be sure that the plotter is on-line befare beginning a plot. 1l1e Hl 
ploners do not have a means to set the velocityto tJ¡e power-up·dcfault. 
If you change any of the velocity settings of !he pens in the 
configuration, yo u will need lo set them all. l11e velocity r;:m¡;es can. 
be found in the plotter operation f!lanual for your specific plo11er . 
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6.9.13 Suppressing the Tille Block and Border 

To suppress the tille block and bordcr of the workshcet, invoke !he 
Configmation Mcnu by entering "DRAFf /e-' from !he DOS· 
command line. 

Press <C> <1'> to obtain !he "Color Table 1 Plotter Pen Table". Atthe 
"Command ->" prompt, press !he <P> <M> keys. Then, press <9> 
<9> followed by the <ENTER> key. The· plotter pen is now 
IGNORED for drawing the worksheettitlc block and border .. 

. .. 
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6.10 PRINTALL 

Purpose: 

Prints a group of schcmatic sheets which may be a hierJrchy, flat 
file, one sheet file structure, oran annotJtion file. As options, grid 
r_eferences, scaled output, and wide paper can be specificd. 

Fonnat: 

PRL'.rr ALL source (dcsrinarion] (!A][!C][/E)[/FJI/G)[/0)1/QJ!/S 1!/\Vj 

Remarks: 

The sourcc may be either L'le root sheet na me of a hier;:¡rchical file 
structure, the name of a text file in a flat file structure, or Che file · 
name of a one sheet file structure. 

lf the sourcc. is the narne of a text file in a flat file structure, the /F 
switch must be included. lf the source is thé file name of ~ onc sheet 
file structure, the /0 switch mus! b:: includcd. lf the sow-cc is thc 
annot.ation file created by the ANNOT ATE program, then the /A 
switch must be included or_¡ the invocJtion line. 

The de~rination is any. val id DOS path name and is wherc ll1c output 
o"r the program is to be placed. lf a dcstinarion is not spccificcl, 1he 
outpu: ''fthe PRINTALL program is directed lo the prinrer PRN. 

The /Jo -_..,itch causes the PRINTALL program to rcad the ~ourcc 
path a·!. :.:n annotation file. 

The /C switch causes the configuraiion menu to be invoked. 1l1is 
allows the OrCAD/SDT environmentto be modified. 

The /E switch causes the utility program to display the mess~g.c 
'Type Any Key To Coniinue", enabling the system lo p~use for you 

· to rcmove the DRIVERJLIBRARY disk in drivc B and insen thc 
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SHEET disk. TI1is switch is uscd only on systems with two noppy 
disk drives. · 

ll1e /F switch causes the PRlNTALL program to rcaclthc source a~ 
;¡ tc:r.t file, for nat file structure applications. 

The !G switch cau5es GRID REFERENCES to be inc!uded in tl1e 
sheet printouL 

TI1e· !O switch causes the file mme of the sozu-ce to be read as a one 
sheet file structure. 

ll1e /Q s~vitch causes the PRlNTALL program to run "quietly". 
ll1is means that only thc invocation messages and error messages if 
;m y, are disp!Jyed. lf this switch is not specified, the program will 
display intermediate tracking activity. 

The /S switch causes the PRINTALL program to genera te scaled 
output. lf this switch is nol specified, tl1en the printer wi!l print the 
worksheet in comprcssed mode. 

The /W switch causes the printing to formatted for wide paper. 
· With this switch, tl1e printing will be setup for 13" wide paper 
bJsed on the parameters of the printer driver. lf the /W switch is 
not ~resent, then the printing wiU be formJtted for 8" paper. 

NOTE 
-.. •• • • • ¡_ ,. ___ ; ••••• '-.' 

Epson MX printers c:mnot print in compressed mode. 
Therefore, printer output will always be in scale mode 
e ven if )'o u· attempt to print compressed .. 

5.10.1 lnvocation Examples Using Hierarchical Struclured Files 

l. To print sheets in a hierarchical schematic: 

PRINTALL roor.sch tS 
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\\'he re root .. 1ch is thc pJ!h antl na me of Lhe roo! sheet in the 
hicrJrchy. 

2. To print a sub-sheet in a hicrarclJicJI schcmatic: 

Pii.INTALL _¡uiJJhccuclz !O !S 

\\'he re su!Jshccr.sch is the path and nJme of Lhe sub-sheet in the 
hicrarchy, /0 signifies Lhat Lhe subshccuch file name is a single 
sheet. 

6.1 0.2 !:wocation Examples Using Flat File Structures 

l. To print a flat file structure containing multiple slieets: 

PR!NTALLflaifi/c.rxt !F 

\\'hereflarji/c.w is a text file containing a list of schem~tic file 
na mes lo be printed, !F is u sed to signify thJtflarfile.rxr is a text 
file. 

2. To print one sheet in a flat file structure: 

PRINTALL shccrnamc.sch /0 

\Vhere shcctnamc.sch is Lhc n:~me of the single sheet in thc n~t file . 
structure, /0 is used to signify tl1at shccrname.jch is a single sheet 
schematic. · 

6.1 0.3 Invocation Examples Using A One Sheet File Structure 

l. To print a single sheet schematic: 

PRINTA LL shccrnamc.sclt /0 !S 

.. 
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\\ ~- ·:•e s.':a: nome.sch is the name of the single sheet schcmatic, /0 
is ->cd lo signify th;¡t shcetnamc.sclz is a single sheet ~e hematíe. 

2. Te diíectthe output of the PRiNTALL program lo a file: 

P?.!NT A LL s/;cctnami'.Sch wh;tjilt !O _ 

\\-:;ere shcctname.sch is the name of 1he single sheet schcmatic, 
w/:.:J!file.is the palh and file name lo pbce the PR!NTALL 
ir.:orm21ion, and /0 is used 10 signify th;¡t shcc/lwmc.sch is a single 
sl·.~et schcmalic. 

:\OTE 

Since w/¡atjile is a binary print file, il will consume an 
exlensive amount of disk space. 

Tne file whatjile may be sent toa printer using lhe DOS COPY 
Corrunand. For example, enler the following at lhe DOS prompt: 

COPY wharfile prn:. lb 

For additional informal ion on lhe.COPY Command, refcr to· your 
DOS Users ManuaL~ 

6.10.4 Printing Schematics_Based on Annotation Files· 

l. To prinl schcmatics based on lhe annol2iÍon file infom1a1ion: 

PR!NTALL annorarion.oui /A /S 

\Vhere annorarion.out is the outp.ul from lhe 'ANNOT ATE 
program, /A causes lhe PRINT A LL prcfram to read 
annotation.out as an annot;ltion rile. 
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7. LIBRARlES 

1l1is section exp~Jins how to creJte your own ''custom" p~rt lihr~rics · 
for use with OrCAD/SDT. Scction 7 describes the COMPOSER :1nd 
DECOMP utilities. 1l1cn, it describes thc stcps you would ¡;o through 
to create a custom library and provides numerous examplcs. TI1e 
section then prescnts a fom1JI description of OrCA D's Symhol 
Description L:!ngua¡;e and concludcs with examplcs of complete 
library sOurce files. · 

7.1 An Overview of the Library Development Process 

To crea te a custom library. you nced a text editor :1nd the COMPOSER 
utility .. COMPOSER tJkes a library source file, which you cre~ted 

· with the texi editor, ar1d produces a library ¡lJta file, readablc hy 
DRAFL You may also find the DECOMP utility useful. DECOJ\1P 
take~ a library ¡lJta file and produces a librJrysource file. You c;:m 
think of DECOMP as the invcrse of COMPOSER. Creating a custom 
Jibrary consists of the following thrce steps, as illustrated in Figure 
7-1. . 

l .. Crea te a library, text, or source file. TI1e convention is to give the 
file a .SRC extension. The source file is ;:m ASCII text file that 
contains instructions in OrCAD's Symbol Description L~n~uagc. 

You cati use any text editor. 1l1e only rec¡uiremcnt is that it 
produce an ASCII file without :1ny hiddcn fonn:11tin¡; ch~ractcrs. 
For example, \Vordstar in the non-document mode pro¡Juccs such 
an ASCII file. · 

. . . 
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2. Comrosc lhc sourcc file usin¡; lhc COMPOSER utility. ll1i~ is 
sirnibr lo a compih1ion; it proJucc.~ Jrwthcr file, a d:11:1 file 
rc:rclJL>lc by DRAFT. ll1c convcnlion is to ¡;ivc lhi~ datól file a .LIO 
olcnsion. 

3. Rcconfi¡;ure DRAFT to óldd thc ncw libr:1ry 10 1hc li~t of libr..,ry 
files. 

L~GENO 

D • ,Oeviolcpmenl s_.c~are TootS 

. 
O -U sor G~c-eraled Code 

A.S.C.l.l. Text 
Editor- · 

Composer 
Library 

Compiler 

Step 1 

Step 2 . 

Figure 7-1: Thc. Lilirólry Ocvclupmcnl l'roccss 

OrCAD Syslcms supplics a numbcr of pJ11 libr:nics for use wi1h 
DRAFf .. P:m of conlí,guring DRAFr mc:~ns choosing whal librólries 
il will hólvc access Id. ll1e libr~ries you choose at confi~uróllion time . . . . . . . ~ 

.. 
··; 

.. 
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are lo~drcl into RA!-1 whcn you invokc DRAFr. ll1is eliminatcs disk 
~earclling and providcs for quick part rctrieval. 

Yo u c~n cll()OSC from OrCA D-supplicd libra ríes ;¡s wcll as your own 
custorn libra ríes to lo3d into DRAFT. 1l1c custom Jibraries th;¡t you 
e reate will bchavc jus~ like thc OrCAD-supplied libraries. 

OrCAD-supplied librarics are shipped as library data files. 1l1is is for 
your conveniencc (data files are rcady lo use) and ;¡Jso lo save disk 

· space. A library so urce file takcs up m u eh more disk_ space than its 
corresponding library data file. A source file c;m be four or five times 
as large as its data file. 

By applying DECOlvlP toan OrCAD-supplied library, you can 
construct a source ven; ion of that library. ·1l1is feature is us::ful if thc 
library you want to create has parts similar, but not idcntic;¡J, lo those 
in thc OrCAD-supplied library. · With a text editor, you can cxtr;¡ctthe 
simibr parls and edit tl1cm. 1l1e supplied libraries also serve as ;m 
extensive list of cxamples. Jf, while creating your own library. you 
get stuck, you can always look inside a source version of a supplicd 
library "'to see how OrCA O did it." 

Cre~ting custom libr:nics is preferable to modifying OrCAD-supplicd 
libraries. lf you modify an existing Jibrary, you run !he risk of futurc 
OrCA D updates negating your changes. lt is riot good practice to rim 
DECOMP on an OrCAD-supplied library, editthe resulting source 
file, and then run COMPOSER and replace the originallibr;¡ry. 

You may ha ve parts with tl1e same name in differentlibraries. ·¡r you 
do and those libraries are selected, DRAFf searches through the 
libraries in the order you specify at configuration time. · · . . 

7.2 The COMPOSER and DECOMP Utilities 

.ll1c COMPOSER utility is called COMPOSER.EXE and the 
DECOMP utility is c~llcd DECOMP.EXE. iloth files ;¡re founcl onthc 
Lll3RARY disk. To executc citller utility, yoo mus! be at the DOS 
comrnand leve! in the directory th:ll contains thc utility you want to 
execut~. 

7-3 ·. 
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7.2.1 lnvoking COMPOSER 

cm,lPOSER sourcc library <ENTER> 

whcrc: source is the nJme of the ASCI!text file thJt describes your 
custom parts using OrCAD's Symbol Description LanguJgc. 
The .SRC extcnsion is a convention, no! a requirement. 
/ibrary is thc nJme of the resulting librJry file. "If you give 
thc name of an existing file, COMPOSER asks if you want to 
ovcrv.·rite the existing file. You cannol append toan existing 
file. <ENTER> reprcscnts :!1c ENTER kcy on your 
computer. DOS comma.11ds are executed when yo u type the 
ENTE R. 

!3oth JOurcc and /ibrary may be complete pathnames -- that i~. if 
cithcr is in a directory other than your curren! dircctory, you must 
~pccify the complete pJth. Here are tw.o examples. 

C0f>1POSER custom.src custom.lib <ENTER> 

1l1e files COMPOSER.EXE and custom.src are in the same directory. 
and this directory is your working directory. This example creates the 
file cmtom.lib in your working directory. · 

1 

COM POS ER 'Drc~diJibr.uy\cu.rtom..rrc 'Drc~cN ibrJIY'cliStom.lib <ENTER> 

1l1e file COMPOSER.EXE is in your working directory, which i~ not 
necessarilyxncacNibrary. 1l1is example creates the file custom.lib in 
the dircclory \orcad\library. ' · 

7.2.2 lnvoking DECOMP 

DECOMP library sourcc <ENTER> 

whcre: library is the name of an existing libra"ry file. ·n11! .LII3 
extension is a convention, nota rcquircmcnt. .wurn: i~ thc 
na me of the rcsulting i\SCIItcxt file th~t describe~ t)ic pans 

. · ... • ... . . 
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in !he ~pcci::c·d librJry. Commcnt~ are includcd in thc file 
for c!Jrity. lf you givc !he n;;mc of ;m existing file, 
DECOI\1P 2~ks if you wJnllo ovcrwrilc thc cxisling file . 
. You CJnnol 2ppcnd loan cxi~!ing file. <ENTER> rcprc~cnts 
!he ENTER kcy on your compulcr. DOS commands are 
occutcd wh~n you typc thc ENTER. 

As with C0111POSER, bvth sow·cc 2nd libra!)' may oc complete 
pJthnJrm:s -- that is, if cithcr is in a dircrtory other !han your curren! 
dircctory, you mus! spccify tlle complete p:llh. 

Herc are two cxamples. 

DECOMP cusrom.lib CIIS!om.src <ENTER> 

The files DECOivlP.EXE and wJiom.src are in !he same dircctory, 
and this direclory is your working dircctory. TI1is examplc crcJtes thc 
file cusronurc in your wor};ing direclory. 

Thc file Di;.COMP.EXE is in your working directory, which is not 
necessarily \orcad\Jibrary. TI1is example crea les the file cl/s/om .. trc in 
the directory \orcad\Jibrary. · 

Note thJl DECOMP does nol relum your source; il makes its own. 
Forexample, the commenls in your original source are nol 
reproduced. DECOMP adds its own commcnls. Also, DECOI\1P may 
rearrange the arder of the par! definitions. DECOMP lists parts in 
numeric order followed by parts in alphabetical order. For example, 
assume that you define two pans, one callcd resistor and onc called 
7400. You place resistor in your source file bcforc 740q, rurt 
COMPOSER, then DECOMP to produce a i1cw sourcdile. Unlikc 
your original source file,the new source file has 7400 listed befare . 
resistor. 
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7.3 Creating a Sourcc File 

A sourcc file consists of a prcf1x dcfinition followetl by a series of p:~rt 
dcfinitions. You can have only one prefix dcfinition pcr library, and it 
(>ccurs atthc bc¡;inning of the library. ll1crc are two typcs of part 
dcfinitiL'n~: block symbol dcfinitions :-~nd bitm:-~p S)"lllbol dcfinitions. 
Commcnts are delimitcd with braccs ( { }). · 

Block syrnbol definitions represen! parts that arc·eithcr squ:-~rc or 
rcct:~ngular. These parts are typica!ly memory chip~. 
microproccssors, pcriphcral controllcrs, and many TfL and CMOS 
de vices. I3itmap symbol dcfinitions represen! parts th:ll are 
complicatcd lo define graphically. lnstcad, you draw thcm on a 
bitn~ap. ·n1cy include such parts as rcsistors, diodes, transistors, 
t-.10SfETs, ~lays, and m:1ny others. 

Note that lincs in a source file cnd with a <RETURN>. ll1e source 
exarnples in this section do not show the <RETURN>. 

7.3.1 The Prefix Definition 

The prefix definition is delirnited by the keywords, PREF!X and END. 
The initial delimiter is the keyword PREFIX alfalone on a line. 
Subsequentlines contain the dcfinition itself. ll1e tem1in:~ting 
tlelimiter is the keyword END all alone on a line. 

/\11 source files mus! bcgin with a prefix definition. lf you llceide your 
custom library doesn't need a prefix definition, you must still supply a 
null prefix. Anull prefix eonsists only of the delimiting keywords . 

. Uere is how a null prefix tlcfinition looks. 

PREfiX 
END 

On thc othcr hand, you mJy find a prefix definition vcry use fui. 
OrCA O specifically dcsigned thc prefix dcfinition to handle the 
various TTL logic familics. For cxample, the 74LSOO. the 7~500. and 
the 74ALSOO have diffcrcnt prcfixes (7~LS. 74$, and 74ALS). but thc 
same suffix (00). Whcn you use a prefi.\ dcfinition. you reduce the 
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mcrnory rcquircd lo ~torc multiplc fJn1ilics of pJrts thal ha ve diffcrcr11 
rrcfi~cs, butthc ~3m: suffix.. 

Jlcrc is m cx;¡mplc cf a prcfix dcfinition. l11c cxamplc comes from 
OrCAD Sy~tcnú TfL sourcc lil:Jr;¡ry, TTL.UI3. 

PREFIX 
'74LS' = 'LS' 
'74S' = ·s· 
'74ALS' = 'ALS'. 
'74AS' = 'AS' 
'74HCT' = 'HCT' 
'74HC' = 'HC' 
'74ACT' = 'ACT' 
'74AC' = 'AC' 
'74F' = 'F' 
'74' 
END 

DRAFT uses thc prcfix dcfinition whcn you obtain a part with thc Gel 
command. lnstcad of entering thc entire n;¡me of the part, you c~n 
en ter justthe suffix. DRAFT di~pbys a pop-up mcnu that Ji,ts ~llthc 
val id part names constructcd by appending thc suffix you providcd 
with the prefixes in the prefix dcfinition; For example, if TTL.Ll13 is 
one of your libraries and you en ter t~1e suffix 04, thc pop-up mcnu lists 
the following parts. 

74LS04 
74504 
74ASL04 
74AS04 
74HCT04 
74HC04 
74F04 
7404 

• 

A prefix dcfinition is comtmcted :~s follows. First, enter the PRErJX 
kcyword followed by;¡ <R ETURN>. l11en, bcgin the first prcfix 
string by cntering a single quote ('). Type thc prcfix siring. lt comists 
of a string of printable ASCI 1 ~l}Jr.1cters no more th:~n se ven 
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chJrJctcrs long. DRAFT docs not di~ti.nguish bctwccn uppcr- and 
lo,•cr·CJ~c. Closc a prcfi:r- string with :1nothcr single quote. 

·n1cn. cntcr a <SPACE> followcd by an equJI sign (=) followcd by 
Jnothcr <SPACE>. To improvc rcadability, you cJn dclimi11hc equ~l 
~i~n \\'Íih :111y numbcr of <SPIICE>s or <TIIG>s. Now cntcr the 
~:;ofÍhJnd wing. TI1is is the part of the prcfix string th~t v;¡rics. Thc 
shorihJnd string al so consists of no more thJn se ven printable ASCII 
chJractcrs. Thcn, entera <RETURN> and type the ncxt Jine. You cm 
define a maximum of sixtcen prcfix slrings. 

1l1c shonh:md stñng enJblcs you to bypJss the pop-up prefix menu 
Jnd still enteran JbbrcviJted part.nJme. For cxample, you CJn obtain 
the pJrt 74HC04, by supplying thc GET comrnand with the 
;¡bbrcviJtcd nJme HC04. This is possible becJuse HC is a shorthand 
string for 74HC. 

7.3.2 The Part Definition 

The pJrt definition defines the part's nJme, its size (in unit lengths on 
the scrcen and in tenths of an inch on the printed worbhccl), the 
numbcr of parts per pacbge and the pin functions (Í11put, output, opcn 
corlcctor, etc.). There are two types of pJrt dcfinitio11.~: block symbol 
definirions and bitm;¡p dcfinitions. 

You do not ha ve lo g·roup your block dcfinitions ancl bilmap 
• definitions logether, For example, your source file m:ty con rain a 

block definilion, followed by a bitmap definilion, followcd by anothcr 
block dcfinition. 

!31ock and bitmap definirions follow much the same syrn;·;x. A bitmap 
definir ion looks !ike a block definition followcd by;¡ bitmap. Whcn 
COMPOS.ER sees a birmap, it uses that bitmap lo represen! thc part, 
rathcr than defaultirig toa square or rcctangle. 

11 symbol definition has the following ficlds. 

• One or more palt na me strings. A name is a printable ASCII string 
enclosecj in_ single quotcs. Ifyou have more tl1an one part name 

· ... 
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string. drJi,J:itth::m "ith J <SI'ACE> or p1rt thcm on scpJr;rtc lillc~. 
Whcn nbtJini!lg J pJrt, you c.111 use any of your ~upplicd namcs. 

• An op:io:JJ! rcfcrcncc dni¡;nJtor. 'll1c ;\l\'l\'OT ;\TE utility 
~u:o;m:ically uprlJtcs rcfcrcncc únignJtors. 

• Th~ S)T•'~\•l size. [Jch ur.itrcprnrnts a unitlcn;:th on thc scrcen 
Jnd 0.1 inc}J on tk prin:cd wo:hkcl. .'You ¡:i"c thc X sizc first Jncl 
thcn thc Y ~izc. On tk s2mc linc you list tk numbcr ofpar1s pcr 
package. lf thc part is a pin gritl arra y, spccify the kcyword 
GRlÓARRA Y i:1stcad of t..hc numlx:r of parts pcr package. 

• The pin definition. Each pin is dcfincd on a scprate line. ;\ pin 
definition consists of the following fields: 

The pin position 

TI1c pin numb~r or GRJDARRA Y pin na me 

The optional DOT keyword (which places t..he invcrsion 
bubble at t..he pin position) 

The optional CLK keyword (which plJces _ll1e el oc k symbol 
al the pin position) 

- The .optional keyword SHORT (which places 0.1 -inch leads 
atthe pin position instead of the SlJndard 0.3-inch Jc~ds). 
SHORT cJ.JJnot be u sed with DOT or CLK 

The pin function (IN, OUT, 1/0, OC, PWR, PAS. l JJZ) 

- The pin name string 

• An optional bitmap. Use this if ll1e symbol you want is nota Sl]UJrc 
or rectangle .. 

• An opti¿nal c'onversion. '111i.~ nnly hJs me:ming if you'vc dcfinc<l a 
bitmap. TI1c most common use for convcr1cd bitmaps is ro spccify 
the Dcl\1orpn cqui\·alent of the dcfíned p:111. 
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7.3.3 Block Symbol Definition 

llluwatcd bclow is ::tn cxamplc of a block symbol dcfinition. 1l1c 
o~mplc docs not represen! a real r~n. ~lthough it is similar toa JK 
ni¡,nop. Fi¡;l•rc 7-2 shows thc ~ymbol produced by this block 
dcfinition. 

'74EXAMP' 
RETERENCE: 'LATCH' 
6 10 2 
L1 3 11 SHORT IN 'J' 
LS 1 13 DOT CLK IN 'CLK' 
L9 2 1 2 SHORT IN , K, 

83 15 14 DOT IN ·eL• 
T3 4 10 DOT IN • p. 

Rl 6 7 OUT 'O' 
R9 5 9 OUT 'Q\' 
TO 16 16 PWR 'VCC' 
80 B B PWR. 'GND' 

4 LAT 1 LAT o CH7A CH7B 

d ..J p a 6 1_! ..J p a 7 

- .. 
1 CLK 13 CLK 

_g K 
e 
L a 5 1_g K 

e 
L 

! 
a g 

1 74E XAMP 
1 74E XAMP 

5 . 4 

Figure 7-2: The nlock Sym!Jol for 7..¡EXAl\ll' 

. I':Jrt ll:llllC string. The OJtnple hJS only one part ll:tlllC string. 
'74EXAMP'. 

Rcfcrcnce dcsign:tlor. Aftcr the part n:unc string comes thc 
optional refcrcnce dcsi:;nalor . 
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for this cxa;nplc, thc rcfcrcncc d~·~i~n:11or "·ou1d ~rpear on the scrcrn 
3S LATC1PA. !"ole L'le qun!ic>n mJrk. \\11cn you run the 
!\:\NOTA TE uti1ity thc r¡uestion rmrk wi11 he rcpbced with a 
numbcr. for CA.Jmp1e, if thc rdcrcncc tlcsi~:n.110r for a resi.~tor "'ere 
R? and thcrc 2rc 16 rcsi>tors in your dc~i~n. A:-\NOTATEwou1d 
chan;;c !he dcsi!;;o3lors lo R 1, R2, ... R 16. 

TI1is cxamp1e h2s more than one pJrt pcr package, so the reference 
dcsignator appears with an A after thc question mark. ANNOTATE 
thcn scqucnces the letters. At"NOTATE woultl convcrt thc A of thc 
sccond pJrt into a B. For example, after running ANNOT ATE, thc 
firsttwo occurrences of thc 74EXAMP would appcar as LATCIIlll. 
and LATCH 1 B, the next·two as LATCH2A and LATCH2B, etc.· lf you 
omit the REFERENCE line, the_ dcfaulr desi~nJtor U? A appcJrs. 

Figure 7-3.illustrates the relationship betwccn the numbcr ofp~rts pcr 
pacbge and the rcfcrence designator that _ªf>pears on the part. Yotr 
mus! specify a part name, that is what lets )'OU extract the de vice. from 
the library. However, the REFERENCE keyword is an option. lf the 
REfERENCE keyword has not bccn specified, it dcfaults toa 
designator of "U". 

SOURCE FILE 

OOES NOT USE 
'REFERENCE' KEYWORO 

USES 'R~FER~NCE' 
-KEYWORO . 

NU~BEA OF PARTS PEA PACKAGE_ 

o 

NOTHING IS 
OISPL,4,YED 

USES REFERENCE 
KEY..-ORD YOU ENTER 
IN SOURCE LIBRARY 

l DA MORE 

'U' 15 DEFAULT 
. REFERENCE 

OESIGNATOR 

USES REFERENCE · 
KEYWORO YOU ENTER 
IN SOURCE LIBRARY 

Figure 7-3. Conlrolling Dispi:Jy of Rcfcrcncc Dcsign:~tor~ 
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\\'11~1 ~ppc~rs whcn )'0U CJ!l up a p~rt ÍS dctcnllÍilCd JS follows. 

1. 1f thc dcvice has O parts pcr pad::1gc and you do not spccify a 
REFERENCE kcy word, nonc appcars. Nor docs the part n~me 
:1ppc~r. 

2. lf thc de vice has O pa11s pcr package and you spccify a 
REI-ERENCE key word, it appcars. lt consists ofthe string you. 
spccificd followcd by a qucstion mark. ANNOTATE repbces the? 
with a sequcntial numher. l11e part nam.e also appears. 

3. 1f thc devicc has one or more parts pcr package, and you do not 
spccify a REFERENCE key word, a def~ult rcfcrcncc designator 
(U?A)"appears. ANNOTATE rcplaccs the? with a sequcntial 
number that identifics the occurrence of the de vice and replaccs the 
A with a lctter that cyclcs through the parts of a de vice. 1l1e part 
narne also appcars. 

4. lf the de vice has one or more parts pcr package, and you specify a 
REFERENCE key word, it appcars. lt consists of the string you 
specified followed by? A. The part na me al so appears. 

XY size and partsfpackage. The next line has the three numbers 6 
10 2. l11e first two represent the size. The size of the part is 6X by 
IOY, where each unit represents one screen unit orO. i inch on the 
printed worksheet. l11e 2 indicates thatthere ¡¡re two parts pcr 
package. lf the part were a pin-grid arr:1y, you would supply the 
keyword GRIDARRA Y in place of the number of parts per package. 

Pin dcfinitions. · 1l1e rest of the example consists of thc pin 
dcfinitions. Considcr the second pi'n position. 1l1e first fie1d LS 
1oc:!les the pin on the 1eft side of the part in the fifth position counting 
from the top down. The Y ílimension specified 11 possib1e positions, O 
through 10. The first possible position is LO ano the last is.LlO. 1l1e 
spccífitd pin positio.n (LS) !s 0.5 inchcs from the top of the p~rt, when 
se en on thc primed worksheet. 
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TDP 
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LEFT 5 .RIGHT 

6 

7 . 
8 

g 

10 

BOTTOM 

Figure 7-4. The Grid of a 6X IJy l OY I31ock Symuul 

The next two pin position fields identify the pin numbers, l for the 
first part of !he package and 13 f or !he second part of !he p~ckage. nle 
pin at L5 specifies DOT to obtain the inversion bubble and CLK to gct 
!he clock symbol. In this case, DOT and CLK are modi!iers of the pin 
function, lN. · 

R9 puts a pin on !he right side in tl1c ninth position, and B3 puts a pin · · 
on !he bóttom in !he third position counting right. The two power 
supply connections are at !he top and bottom in !he zero position. 

Figure 7-4 shows a grid that rcprescnts !he possible pin positi01is for 
the 74EXAMP Jibrary part. · . 

·Note !he SHORTkeyword in tl1e first pin position. Pins v.·ith tl1c 
SHORT keyword ha ve 0.1-inch leads rather than 1he default 0.3 
inches. The SHORT keyword, however. cannot be u sed with with 
DOT or CLK kcywords. Finally, the 'CLK' gives the pina n:1me 
Power pins. One possible pin function is PWR for powcr. Note th;:n 
power pins do not appear on the 5-erecn. ll1e NETLIST utility, 
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howcvcr, docs catcgoril.c all powcr pins t11at are conncclcd to library 
P" rts. 

lf you want to make powcr pins visible, changc lhc pin function from 
PWR 10 IN or PAS. lf you do this, you m ay nolice tl1at tlle powcr pin 
ovcrbps olhcr pin namcs on thc symbol. To avoid this ovcrbp, you 
must rcpcisition the powcr pin in thc corrcsponding library source file . 

. 
Parls per Package. lf the dcvice has more than o.ne part per 
pacbge, you can sclectivcly display t11c pins. For example, ·assume 
you w:mtcd lo display L'lc power pins YCC and GND, but only on the 
s~cond part of the device, not on the lirst. You could do that by coding 
the Iasttwo lines of the block symbd as fo!lows. 

TO O 
BO O 

16 
8 

PAS 'YCC' 
PAS 'GND' 

When you place this symbol on the screen, the power pins do not 
display lx:cause the first column of pin Iocations contAins a O. When 
you place another symbol on the screen, itlooks identical to the first. 
Both are called LATCH? A, and neither shows the power pins. · 
However, if you exit DRAFf and run the ANNOTATE utility with the 
/Ivf option (this causes the annotation information.to be inerged into the 
sheet directly) and then look at the sheet ;¡gain with DRAFT, you'.II see 
the two parts labeled LATCHIA and LATCH 1 B~ The power pins 
appcar only on the second part of the de vice, LATCH 1 B.· · 

' TI1is technique also works for non-power pins. By specifying a pin 
· number of O, you can cause a pin not to appear for the partof a 

package. 

However, if your de vice has one pa·rt per package, specifying a pin 
numbci ofO does not preven! the pin from appeacing. TI1e pin appears 
with a pin number of o. rr your device has o parts per package, yóu 
cannot specify pin numbcrs, and conscqucntly, none appear. Figures 
7-5A and 7<~í3 illustr.Jte how the numbcr of parts per package, t11e pin 
number, and the ANNOT A TE utility affect the sc~een symbol. 

TI1e dcvice 740NE is idcntical to 74EXJ\MP., except that it has on.e 
part per package. Note th;¡t the ANNOTATE utility,aff~cts both_the 

7-14 .. .·. 
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pino,ut and rcfcrcnce dcsi¡;n~tor for 74EXA~lP, but only the rcfcrcnce 
clcsignator for 740NE. Al>o note that in Figure 7-5A and 7-53, the 
locations of the powcr pins wcrc moved from TO and BOto R3 and R7, 
w that thcy would not o.crl2p nisting pins. 

Before At-JNOTATE 

J~ LATCH?A-

3 J p o 

-~1'-q>cLK 

~ 

1 

..G 

K 
e 
L Q _5_ 

L---,.,-1-~ 7 .od E X A t-1 P 

5 

4 LAT CH? 

J p a 6 

.. 16 ve e 

eL K 

GNO B 

K 
e 
L o 5 

1 740 NE 
5 

4 

.;2. J p a 

__ 1 
!..e >CLK 

i? K 
e a L 

1 
5 

14 
.;2. J p a 

ve e 
1 CLK 

GND 

~ K 
e a L 

1 
5 

Figure 7-SA. llefore Annotalion 

LAT CH7A 

6 

5 

74E XAt-1P 

LAT CH? 

6 

16 

B 

5 

740 NE 

7-15 . 



Li!Jrarics Schcmatic Dcsi¡;n Tools 

After ANNOTATE 

4 LAT 1 LAT o CH:!A CH1B 
'--

-ª- J p Q 6 1_1 
J p Q 7 

ve e ___)__§_ 

1 CLK :!3 CLK 

GND B 

E e Q 5 K L 1E e 
Q 9 K L 

~ 74E XAMP 1 74E XAMP 
5 4 

' 4 LAT 4 LAT CH2 CH3 

~ J p Q 6 d J p Q 6 

ve e 16 VCC 16 

:! CLK :! CLK-

GND B GND B 

E e 
K L Q 5 E. e 

Q 5 K L 

1 
740 

1 740 NE NE 
5 5 

Figure 7-Sil. After Annolalion 

lf a dcvice has more lhan one part per package, you may wanl power 
pins on so me parts presenl and lhe power .pins on other parts nol lo be 

. presenL 

Pin-grid array. Jf lhe part were a pin-grid array, you would supply 
the gridarray pin na me inste ad óf 1he pin number. A gridarray na me 
consists of a capitallcller fo\lowed by a number. The lct1er is in the 

... 
. . . . 

• 
• . ¡' 
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ran¡;e A throu¡;h S, and the number is in the range 1 through 16. 
Thcrc can b: no ~pace !xtwecn the lctter and !he number. 

He re is an cxamplc of a pin-grid arra y pan dcfinition. The ex:-~mplc i~ 
thc 6S020 from th~ Motorola librJI)", MOTO.Ll13. TI1e definitinn is 
quite lo;1g so only thc first fcw lincs are shown. 

Figure 7-6 shows thc resulting scrccn figure. 

''--···· 

'6E020' 
15 66 
Ll C2 
L3 J12 
L4 J13 
L5 H12 

GRIDARRAY 
CLK IN 'CLK IN' 
IN '1\P\L\0\' {the \ bars the pin .name) 
IN 'I\P\L\1\' 
IN 'I\P\L\2\' 

-7-17 .. 
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------------------~-----------------------

~~¿~-~------------~.-., 
• 1 

~-i <" 1 PL 0 .t. 2 
.) 0 ;...:::l : PL 1 ., .3 "-'-::J : ,. L a .. • ., 
~<! .t..Vl'C ·~ E-\-<1 ecacoc; .a.7 
-•-<le" "'e 
WG~et:""llll &Q 
M C:J13 A '0 

DO 
DI 
C2 
03 
o• 
es 
DO 
07 =· DO 
DIO 
011 
012 
01> 
01' 
010 
DIO 
017 
010 
oso 
c.-o 
021 
C22 
023 
02A 
020 
C20 
027 
020 
C20 
030 
031 

... 
•12 ... 
• 1 • . ., ., . 
•17 ., . 
.&:9 
o< O ... .,. 
•<3 
• <. 
.. ;-e .,, ... 
&;(9 

• 30 .,. 
l~f:.._.O 

ea 
•e o 
• e 1 •e• 

srzo 
5ll1 
o e E"' 

ECS 
OC9 
A~C 

•• os 

Fig. 7-6. The Dlock Symbol for 68020 

Pin slring. The ¡)in string is dclimited by single quotcs. lf you warit 
a sin¡;le quote as p::ut of the pin string, you must use two'single quotes. 
For example, 'CLK"s' defines the string CLK's. Also, a b::~ckslash 
after the pin string riame puts a bar over the name. 'Q\' results in Q. 
with ::1 b::~r over it. If.you have a multi-lcrrer pin n;¡me, you must pul a\ 
afrer ea eh Jetter. · For cxample, thc 68020 shows IPLO, and the 
corresponding pin string cnrry in rhe par1 dcfinirion is '1\P\l...'D\'. 

N ore th:Jt the power pins do not appcar on the screen. TI1e NETLIST 
utility, hoy.-ever, does catcgorize all power supply pins that are 

. connected to 1 ibrary parts. 
. . .· . . . 

·" .· ··¡ 
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7.3.~ Bitmap Symbol Definition 

Cr~: :in¡; a bitm?p is an casy way !O represen! non.·squarc or 11011-

rec: ~ngular puts such as rnistors, diodcs, transistors, MOSf-ET~. 
rel~:-·s, and many othcrs. DRAFT draws complcx par1s on thc scrccn 
by' :lcctivcly turnin¡; on pixel bits tl12t rcpicscnt thc libra!)' part. 
Ac::vatin¡; t.hc correct pixel bit is controllcd by a bitmap in thc libr~ry 
sou:::e file you crcated. You crcate tl1c bitmap in the library source 
file. 

To ¿~fine a part wiL1 a bitmap, you define thc partjust as you would if 
it w~re a block symbol, bu! you include a bitmap after the l;¡st pin 
defi;-¡itÍOf'\. You can either draw out !he bi!.rnap with" periods (.) and 
pou:1d si¡;ns (#), cr you can reference a previously drav.n-out bitmap. 
Previously drawn-out means !he biunap was defincd previously in the 
libr2ry sourcc file. 

Yo u w_,uld rcfcrcnce a prcyiously drawn-out bitm~p if two par1s had 
differcnt pinouts, but !he same symbol. For example, !he 7439 and the 
7~00 have !he same symbol, but diffcrent pinouts. Assume that you've 
dcfined !he 7400 and you're now defining the 7439. lnstead of . 
drawing another biunap for Lhe 7439, you can use !he 7400's bitmap 
by includin¡; !he line 

BITMAP '7400' 
. . 

There are four poinls you should kcep in mind when creatin¡; bitmaps, 
as opposed· to block symbols. 

l. You have to pay more attention to pin placcment. The pin 
definition line and !he bitmap h~ve differcnt scales, and yo;u nccd to 
take !he conversion into account whcn you draw !he symbol. 

2. Although you can pu! a pin nan1e in !he pin definition, tl1e pin n:1me 
will no! appear on the screen. The pin name will, howe\;er, be 
recognized by the NETLIST utility. 

3. A bitmap symbol gives you tl1e opportunity to define a con~erted 
~ymbol. Diunap devices alwa):S have a normal form. You h~ve thc 

·. 
. .. 
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op1ion of also dcfinin¡; a convcrtcd fonn. 131ock symbnls c;¡nnot 
h:l\·e a convcrtcd form. \\11cn you use thc GET comm2.nd and 
cxtr;¡ct a part from a library, it appcars in nonn;¡l form. The 
rcsultinc incnu cnJblcs vou to choosc its convcrtcd form instead. - -'{ou dcfi¡;c wL:t thc convcrtcd fOiill is whcn you creatc the library 
source file. Typically, uscrs define tbc convcrtcd formas the 
DcMor¡;;¡n equivalen! of the nonnal fonn. 

4. 1l1e maximum number of bits allowed in a bitmap is 16,384. The· 
bitmap ]xgins after the last pin definition. A pound .sign (lt) 
indic;¡tes lhat the pixel bit is tumed on, anda period (.) indicates 
thatthe pixel bit is tumed off. 

Each. or # represents a screcn pixel sp;¡cing of 0.01 inch in the X 
dircction. Ea eh line of thc bitrmp rcpresents 0.01 inch in the Y 
dircction. Remcmbcr, the X and Y sizcs in the part definition are 
given in units of 0.1 inch. For example, if you specify X an Y lo be 3 
~nd 2, your bitmap actually is 31 characters in the X direclion and 21 
lines in the Y direction. The extra 1 results because the bitmap starts 
counting al zero. 

An example should m;¡ke this clearer. He re is a part definition for a 
resistor. 

7-20 
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{Fart dcfinition !ora resistor) 
'res:istor' 
Fi::r[r¿tJC.E 
3 2 o 
L1 FAS 
Rl FAS 

{Top side) 

• R • 

.. .. 

(o o) •••••..••.••••••••••••••••••••• 
( o 1 } .....•.•.........•......•.•.•.• 
( o 2 ) .••.•..•..••.•.•••• · •••••..••••• 
(03) ••.•..•••••......•••••••••••• :. 
( o~ ) .............................. . 
( o 5 ) ................................ . 
( o 6 ) ..............•.......••....••• 
(07) . •• f ........... f ........... f .. . 
( 08) •. ,. f ......... f. f.· ........ f. f .. . 
(09).f. .. f ....... f ... f ....... f ... f. (Right side) 
(lO)f ..... i ..... f ..... f: .... f ..... f 
(11) ....... f ... f .....• , •... f.: ..... . 

Libr::1rics · 

·¡12) ............................... . 
(13); •.•.....•....••.•.•.•..••...•• 
( H) .............................. . 
( 15 ) ..............................• 
(16) .••••.•.•.•..•••••• ;.· ••••••••••• 
( 1 7) ••.•.......•.....••.•.....••..• 

. (18) ..•..•..•..........•.....•.••.•. 
(1 91 ..•....••.........••••......••• 
{20 l ..••• · ......................... . .. 

· (Bottom side) 

Note that !he number of parts per package is given as O. Hence, tl1cre · 
are no columns for pin numbers. The pin types are PAS for passive, 
and there are no pin na mes (howcvcr, !he y may be'specified). 

The X size is specified as 3, so !he bitmap haslines that are 31 
charac;ters long. The Y size is specified as 2, so !he bitmap h:~s 21 lincs. 
The part definition specifies two pins, onc on thc left in !he first · 
position (Ll) and another on !he right in tJ¡e.fi'rst pOsition (R 1 ). l11c 

·pin pósitions are always spaced 0.1 inch apart. As far' as !he bitm~p is 
concemed, pin positions are at lines O, 1 O, 20, 30, etc. · 

The lirie numbers are enclosed in commcnl delimitcrs. lt isn't 
necessary to rmrnlx:r the bilmap lines this way, but doing so makes the· 
bitrnap more rcadable. · 

. . 
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You on reduce thc sizc ofbitmaps uscd in your Jibrary by observing 
t11e following rules. 

1. 1\n cn~pty row (one !11:11 has only dots) can 1..x: rcprescnted by a dot 
in thc zcroth column. lf that is the only character .on the row, then 
the row is hcld as clcarcd. 

2. Empty rows bclow the actual symbol nced not <~ppcar in the bitmap. 

3. Pcriods are not rcquired aftenhe last #in a row. 

He re is an example of t11e same resistor definition that follows the 
rcduction rules just dcscribed. Figure 7-7 shows the symbolthat 
results from this part definition. 

ol Pan Definition for a resistor.r 

'R!:SISTOR' 
REFEi<t:r<CE 'R' 
3 2 o 
Ll PJ\S 
Rl P!IS 

1001 o o 

t 01 1. 
1021. 
1031. 
(o 4 1 • 
los 1. 
1061. 

•• 
•• 

o o 

(Top sidel 

(071······················· .. ···• 
o 108 1 o o 1 .1 o o o o' o o; o o 1 o l .... ..... 1. 1 

(091 .l. .. l ....... 1. .. 1 . .......... . 
{10)1. ..•. 1 ..... 1 ..... 1. .......... 1 o 

(lll ... .•.. 1 .. 0 .1 ........ 1 ... 1 
(12! ........ 1.1 ..... .... 1.1 
(13) ... 0 ...... :.~ ....... :1 

-- (2ottom side) 

l. 

7-22 
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Figure 7-7. The Symbol for a Resislor 

Aftcr defining a bitmap, you have the option of defining a convrrsion 
bitm~p. As statcd prcviously, the typical use of a convcrsion b!:map is 
to supply a Del\1or¡;an equivalen! symbol, but more gencrall)• a 
convcrsion spccifies anothcr biump that is displaycd on the scrcen 
whcncvcr you choose the Convert option of the GET comm:md. You 
can re tu m to the original bitmap by selecting the Normal subcorHnJnd 
option. ·--

Yo u bi:gin- thc specification of a. coriversion bi.tmap with thc kcyword 
CONVERT. The conversion bitmap consists of pin definitions 
followed by a bitmap. If the conversion has bcen previously dcfincd, 
you can reference it by inclu¡ling the name of the part that hJs the 
conversion in singl_e quotes .. 

The next examp.le should clari"ry the use of conversion bitmJpS. Fir.~t. 
1 is the definition of the 7400. Then, comes the conversion bitm:~p -- it's 
the DeMorgan equivalen! of the 7400, Figure 7-.8 shows the nom1al 
and converted symbols that result from this part definir ion. 

The 7400 has five pins, two óf which are power pins that do not <1ppcar 
in the symbol. ·-n,e screen siLe is 6 X-units and 4 Y -units. lt h::ts four 
parts per package.- · 

The conversion bitmJp uses !he same XY size and parts per pack:~gc ó\S 

the normal bitmap. You must, however, redefine the pins. Note thc 
DOT keyword missing from t¿Je redefinition ofthe pin at R2. 

. . ~ 

-· ... -. .. . ·: . . ,· 
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Note that thc convcr;ion bitmJp has the s2n1c number o~ part.s per 
pJcbgc as thc n01111al bitrmp. TI1c numlx:r of parts pcr pacbge 
determines how m:my col~nHlS ofpin num!xrs appcar in the 
dcfinition. ·ne convcr.ed dcfinition must have the samc number of 
columns as thc normal definition. 

... ·. 
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'7~00' 

6 4 < 
L1 1 4 9 12 JN 'lO 1 

L3 2 5 10 13 iN ' 11 1 

F-2 3 6 8 11 DOT OUT 'O' 
TO H H 14 14 p;;R 'VCC' 
BO 7 7 7 7 p¡.,·R 'GND' 

¡ 00) 1,''"'''''' '' ''' 1" 11'" '"'"" 1 '" "11 "1 
{01)1 ..................••..........•....•...•.•.. 111 
{02)1. ..•.•.••.••.•••.••••..•.....••..•.••.....••.. . 11 
{03)1 ............................. ····· .....•....•.•. . 11 
{0()1 .........••...........................•..•...••.. .. 1 
{05)1 .........•.......................••..••••..•..•.... . 1 
{06)1 ................................ ··•·•·••· .....••.•. .. 1 
{07)1 ..................•.................•.......•........ . 1 
¡oe¡l ................................................ ....... l 
{09)1 ......•....••.•.••.•.•••.•••.• : ••.•..••••••••.••...•.•.. 1 
{10)1 .....•........••.•.••.••.•..•.•...•••.•....•••.•...•. .•. 1 
{11)1 .•.•.. , .•..•••.•••••••.••.•.•.•.••••.•••.••••••••..••••.. 1 
(12)1 ..•.•............••.•.....•.••....•.••.••..•.•••........ . 1 
{13)1 ...•........ · ...•......••....•...•.. ·.·· .....•..•... ........ 1 
( H J 1 ...........•......••...•....•.....••....•••.•...........•. 1 
{15)1 .••••..••.•.•.•••••• •·•••· .•.••••.•.....••.••••••.•..•... . 1 
(16)1 ...•.••...•••..•.••.•.•••..•••••••.•••••.••••••••.•..•..•. . 1 
(17)1 .............................. ·•··•·•··•· •. · ••.•.••...•..•... . 1 
(lS)t ..........••.•••.••••.•......•.••..•..•.•.••.••.•..••..... • 1 
(19)1 .•.•.....••...••.••.•.•.•.....••..•••.••.•.••••.•...• : .•..• 1 
(20)1 .. · •••......•..........•.•......•.••.•....•....•... · .•...... · . . 1 
{21)1 .•.•••.••••.••.••••••..••.•.••.•.••••.•••••••.•..•.•...•..•• 
(22)1 •• : .•.•.••.•••.••.••....•••••.••••••.•.••••••..••••••...•..•• 
(23)1. •••••••••••••.••••••••••.••••••••••••••.••••••....•....••.• 
(24)1 .....• ··•·••· .•...••...•. ·••·· ••.•..•.••...••..•.......... . 1 
(25)1 ..•••••.•.•••.••..•••• · ••• · •••••.•••••••••.••••••••.••.•... . 1 
(26)1 .....•.•..•.••••..••.. : ..•.•.•..••.••..••...••....•........ 1 
127)1 ................................................. ,.;; .. , ... 1 
(28)1 ...•.•.•.•.•.•.•..•••...•....•.•.••.......•.•.. •..••..... l. 
{29)1 ••• ~ ••..•. •••••• ••••••• : •••••••••••••.•••••••.• ••••••• .. . 1 
(30)1 ..••••..• ; .••••••••••.••••••.••••••••..••••••••••••••.••. 1 
(31)1 .••••••••••••••••••••••••••••••••••••.••.•••• · •••••••••• ,. 
(32)1 ••• · ...................................................... 1 
(33)1 ......................................... : ............ :1 
(34)1 .•.••.•.•.•.••••.••••. ··•·· •••••••••..•.••...•••. ..•. 1 
(35}1 • .••••.•••••• · •••••••••••••.•••••••••••••••••••• : ••• • 1 
(36)1 ....•...•.•..•.•.••..•..••.••••.......•..•.•.•..... 1 
(37)1 ..•.••••..•••.••.••••..•••••.•••••••••••.• ; •• ~ ••. ft 
(38)1 .•••••••••....•••..•...••.•••••••••••.••••••..• 11 
(39)1 ....•.... : ..•.. ...••...••..•....•..•••..•••.• 1, 
( ~ 0 )1 1 11 11 11 11 111 11 1 1 f 11 1 11 1 1 1 1 1 11 11 ! f 11 11 11 11 f 1 1 

.. . · ... 
. . 
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CO!<VERT 
L1 1 4 9 12 IN ' I O ' 
L) 2 5 10 13 IN ' I 1' 
R2 3 6 8 11. OUT 'O' 
ro l4 14 14 14 PWR 'VCC' 
BO 1 1 1 1 PWR 'GND' 

1 00) 1 111 1111 1 1 11111 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 
{01).1 .. - .....•.•......••..••.•..... . 1111 
1 02) .. 1 ............. - ... - ..... - .......... 1 1 1 
{03) ... 1· .•..••.....•...•.••....•.....•.•.••. 11 
{04) .... 1 ...........................•..... · ..•. 11 
{05) ..... 1 ..............................•........ 11 
106) ...... 1 ............................... · ........ 1 
{01) .. 111. 1 ...•• .................................... f 
{08).1 ... 11 ......•....•..••. : .....•..•.••••.•••••.•. 1 
{09)1 ...•. 11 .••.....•..••..•.•.•.•.....••.•••.•••.•.. 1 
{10)1 ..... 11 .....•.. · ...•...•..•••...•••.•.•...••...•.. 1 
111)1 •.•.. 1.1 ........••• · ............•. -••••..•.. ··•··•··• 
{12).1 •.. 1 .•. 1 ••.........•......•...•.•...••••..•.......• 
{13) .. 111 •... 1 •.•..•..•••••••...•••.•..•.••. •......••.... 1 
{14) •••.•••.• 1 .•.•.••••••••• :-· ••••••••••••••••••••.•••..••• f 
{15) ••••.••.. f ...•.•. •·•••••· .•• ·- .••.••.••.•.•••.••....•.. . 1 
{16) .•..•.•... 1 ..•.••.•.••.•••••.•.••.•••...•.....•...•...•. 1 
{l1)._ •..•.. -... f ................................. · ............. l 
{18) .•....•.•. 1 ....................•.......................... 1 
{19) ••••••..•. 1 .•••••••.•••••..••.••••.•••••••••.•••.•.•••••.••• 
{20).· •••••• -... i ... ; .............................................. l 
(21) ••..•.•... 1 .•..•.••...•.•..••...••.••••....•.•.•..•......•. 1 
(22) ..•.....•. 1 .••.•••••.••••..•.••.•••..•••....••....•...•... 1 
123) .••••.•.•. 1 ................... , ....................•.....• 

. ·124) .......••. 1 ...............•.....•............ ············' 
(25) ...•..... 1 ..... : •...•.•........•••.....•.......•........ 1 
(26) ••.••••..•••.•.••••••.••••••..•••.•••••••.•.•••••.•••.• 
127) •. 111 ..•• ' ••••••.•..•••••. ; ........... -- ••••.• - •.•••.• , 
128 J.,;.; t ... t ...... -.- ...... · ............... - ............. t 
{29)1 ••.•..•. 1 •••.••••.•.•••••. · ••.•.••••.•.•••..•....... 1 
1 30 l ' •••. . 1' ............................... : .......... 1 .. 
131)1 ••••. 11 .••••• -•• : •.••••••..•••.•••••••••..••...... f 
(32).1 ... 11 .... : ...............•........... ·. : ....... 1 
(33) .. 111:1 .•..•••..•...••.•••••••••••••••••....•.. 1 
134) ...... 1 ........................................ 1 
( 35 l •.... ' •. - ......••••..•• - •••.• _-_ ••..•••.••... 1 1 
f J 6 J ••. . -1 ••• ; • ' •••.••••••••••••••••••••••••••. 1 ' 
137) ••. 1 .................................... 11 
(38) .• 1., ................•.............. . 111 
(39).1 ...•....••.......•..••......... 1111 
140 )11111111111 11111 11111111111111111 

-· 

7-16 .. 
.. 
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u u U!A 

~ 
1 

3 . 

7.000 7.000 

NOHHAL CONYERTED 

.Figure 7-8. Thc 7400 Symuol aiHl ils Con\'crsion 

7-27 . 
.. 
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7.4 SDL Re!erence 

This scctio:1 is a complete dcscription ofhow to define a part in;¡ 
cuqom library. lt prc>cnts OrCAD's Symbol De~cription Lm~ua~c 
(SDL) in the fonn of syntax diagrams. A syntax di;¡gram consi'.ts of 
idcntificrs (cnclo~cd in ovals) and tokens (cncloscd in rectan~ les). ·n,e 
syntax dia_,;ram is also followcd by a textual rcprcscntation. 

7.4.1 S}•nlax Diagram 

Fi¡;ure 7-9 is an cxample of a syntax diagr2m. It rcprescnts the 
complete syntax for a libruy source file. 

Figure 7-9. SJnlax Dia'gram for a Lil.Jrary Sourcc Filr 

To rcad a syntax diagram, observe tJle following rules. 
• 1 

l. Read asyntax diagram from lcft to right. 

2. Every path that you follow in ihe direction of the arrows rcprc.m1ts 
a corree! S)'fllax f om1. · 

3. Junctions represen! a connecticm point where you ha ve thc chnicc of 
~electin,g another path. For example, the syntax diagram for thc 
libr2.1)' sourcc file shown ir) Figure 7-9 h::~s a junction aftcr a pan 
dc.finition. You can cho6~e to complete thc diagram orto makc' 
:mo1l1er part definitiun. 

. . .. . . , . .. 
·· .. •· 

.. 

. ''lo' 

' -, 
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-------------- \ >r s1¡:n Tools 

4. You cannot continuc a long a path that gocs n¡•dl 
o:1mple, in hgure.7-9 after making a pan 1]¡.'¡ 11

11 '~ tltc Mrows. For 
clwo~c to rctum to thc prefix definition. "

1
'" 11 you cannot 

S. Tcxt cncloscd in ovals rcprcscnts an idcntifin. 
squarcs rcpresents a token. In l l'llclosed in 

\Vh:1l :1rc iúcntincrs? Identifiers serve as pL11 rl 1 · · 
dct;¡ilcd leve! of syntax structure. 1l1ey do not 11 .

1 
'." dr¡ s for a more 

'11 ,,.,' d 
syntax or tokens. Rather, they provide the ability 1 • 

1 l'Ornman 
of the syntax. \Vhen you e reate tl1e pan, you mu.•.t \',.~:,"r a ovcrview 

. all the ncsted idcntificrs. For example thc synla~ 1. 
1

1<. clown through 
source file shown in Figure 7-9 has two idcntifirr~' 1

'
11(1

111 for a library 
scction willnow expand each of those identifirr~ ,, 1

11
;
1
' IHI tokens. 11tis 

possible tokens. 
11 

1'1nrnt allthe 

\Vhat are tokens? _They are.the building blocb or" 1 i], ' 
Justas a sentence IS m a de up of words, a librarv ~· 1

'
11 Y source file. ·•·lllllr•f]. 

of tokens. A token belongs to one of thc followi 11 ¡; · 1 r 1smade up 
. 'ntr·t:••lirs. 

• 

Numcric constants. A numeric constan! comi·.t~ ,, . 
whole-number digits. . . 1 1 

,,,,. or. more 

Examples: 15 
2 
127 

Character strings. A character string con~i·.t~. r,f, . 
alphaoumeric ASCII characters. ''w 1 •r rnore 

Exarnples: 74ALS04 
ZENER 
L5 
CLOCK 

Keyworos. A keyword is one of tlte followi 11 t: 

I3tTMAP Takes an argument (:In ASC"IJ , 1 . 
" 11111'1' • p:m na me} and reprc~ent~ tl.r 1 · • 1 fllcsentmg a . . . .. ,,,, 1 h . 

1dcntified part •.. · · . · ''l' 1' t e 

7-30 
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...__ 
CLK Rc¡Jrc~cnts the clock symbol in a pin dcfinition. 

CO~VERT Introduces a convcncd bitmap. \Vith an ar ¿:umcnt, 
it rekrs to the com·cncd bitm?.p of a bitmap 
symbol. 

DOT Represems the inversion bubble Íf! a pin definition 

END Delimits l11e close of a prefix definition. 

GRlDARRAY Specifies that the device is a pin-grid array. Used 
in place of the nurr.ber of pans pcr pacbge. 

HIZ ldentifies l11e pin as a high impedance (3-state) 
output. 

IN ldentifies the pin as an in puL 
~ 

u o ldentifies the pin as input/output. 

oc ldentifies l11e pin as open collector. 

OUT ldentifies l11e pin asan output. 

PAS ldentifies the pin as passive. 

PREFJX Delimits l11e be.ginning of a prcfix dtfinition. 

PWR ldentifie~ the pin as a po~er pin. · Thc PWR .· 
keyword preven! S a pin from being dispbycd. 

REFERENCE Ta.kes an argument (an ASCII string reprcscnting a 
referenc;e value). Overrides the default rcfcrcncc 
value. 

·~ SHORT Specifies that the pin lcad lcngths be 0.1 inch 
instead of the J)Om1al 0.3 inch. 

. . . 
. .. 

. . . ·: . . 
7-J 1 : ; 

.. . . 
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7.4.2 Textuall1cpresenlation of Syntax 

In ~rluition to the synta:r. cliJgram, syntJ:r. is represcntcd in tcxt. 11te 
S)··rnbols are rlcfined as follows. 

Tcxt enclosed in iwlics rcprcscnts cither a charJcter string ora 
numeric constant. 

[] Text cncloscd in squúc brackcl.S is optional. You choose 
whcthcr to typc it in or not. Do not type the sq'uare brackcts. 

(] Text enclosed in braces is rcquircd. You must cnter what's 
rcprcsentcd within the braces .. 

lf itcms within squJre brackets or braces are separated by 
cornm:1s, you mus! choose one of thcm only. Do notlype the 
con1ma . 

. 11trce pcriods mean you can rcpcJl the !Jst ítem. 1-Jow many 
times you can repeat the item dcpends on the contcxt. Do not 
type the periods. 

He re is an example of syntax represented in text 

pos [pin# ... ,grid ... ) 

First, you mus! entera representation of pos. An accompanying 
· uescription explains what you can pul in for pos. The se¡ u are brJckets 
Jround the next item indic:lle that you don't have Lo enter it at all. If 

· yóu do, you mus! choose between pinll or grid; and yo u cJn choose a 
repe~ted number of ea ch . 

. . ,· 

.. 7-32 
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7.4.3 PREFIX Definition 

J Any ASCII 1 r ·¡..___ch•••--..Jelo• 1 • 

Figure 7-10. Synlax Diagram For a Prcfix Dcfinilion 

PREF1X 

' 
[ prc}u string' [= 'shorJlumd srring' ]J 

• 

END 

where: 

prt:ju:: srring ·A characler slring of up lo se ven prinlablc 
ASCII characlers. You tan have a mJximulll of 
J 6 prefix slrings. 

sh.onhm:d s1rin¡; A character string of up lo se ven prinlnblc. 
ASCil char·aclers. 

.. 
. . 
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1'\0TES 

TI1c cqu3l sit;n n1ust be separatcd by one or more 
<SPACE>s or<TAI3>s. 

EXAi\!PLES 

Exar:-.ple: PREfiX 
'74LS' 'LS' 
'7 4 S' 'S' 
'74ALS' 'ALS' 
'74AS' - 'AS' 
'74HCT' - 'HCT' 
'74HC' - 'HC' 
'74ACT' 'ACT' 
'74AC' - 'AC' 

• • 7 4f. 'F' 
.' 7 4. 
END 

Example: PREFIX 
END 

. . ~ 

. ·.·; 

7-34' . ' 
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7.s .. .;. Part Definition 

Figure 7-11. Synlax Di::1gram for a Part Dcfinilion 

'pa rl namc srring' ... 
[REFERENCE 'rcf srring' ) 
X sizc Y, size { parrslpckg, GRJDARRAY) 
pin dcfii.zirion 

{ birmap definir ion ) 

[ conversion bitmap ) 

PAR T NAME STRING 

"Any Charac1er 
Ercept·• 

~ ~ 

Figure 7-12. Thc Parl !\:;une String 

. · 
. . ~ 

.. - . 
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wl!c re: 

¡wn nmnc string 

rcf srring 

X size 

}' si:e 

¡xmslpcJ.:g 

:\OTES 

Schcmalic Ocsi¡;n Tools 

A character string of up tose ven print~ble 
ASCII chJracters thJt identifies thc p:ut. TI1is is 

· the string that c;¡n be used asan argumcnt for 
the. Gel command. 

A character string of printable ASCII 
characters. Jf p; esent, the referc nce des ignator 
replaces the defJult reference designator. 

A numeric constJ.Ilt in·tJie rJ.Ilge 1 to 127. The 
horizontal size of the partas it appears on a 
printed worksheet. Each entry corresponds to 
one unit Jength on the screen or 0.1 inch on a 
printed worksheet. 

A numeric constJ.Ilt in the rJ.Ilge 1 to J 27. The 
vertical size of the pan as it <lppears on a printed 
workshe~:t. Each entry corresponds to one unit 
1ength on the screen or 0.1 inch on a printed 
worksheet. 

A numeri:: constJ.Ilt in the rJ.Ilge Oto 16. lf you 
specify a O, the pins are not numbcred on the 

_symbol. · 

These are identifiers for a more dctailc:d bilmap 
definiJion level.of syntax. Se e the 
corresponding conw:rsion bitmap entry. 

To improve readability, you can include comments within 
a pan ddinition. You can also-pbce blJnk lines witllin a 
so.urce file. Typically bl:Jnk Jines are placed bctwcen 
different part:definitions . 

. ~ . . . . . 

. . . . 
7-36 
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EXAJ\IPLES 

E:>.amplc 1: '2114' '2HB' 

6 14 1 

pin de!ir.ition 

E:>.ample 2: 

l.ilJraril·~ 

(Two pJrt nJmc slrings. 'll¡c~r 
mJy be on 1hc ~ame or ~cp;1ralc 
lines.) 

'7474' 
'7~HCH' 

··7~ALSH' '74LS74' 
'74/>.C74' 

'7~S74' 

6 6 2 
pin definition 

i 

J-J7 

·--·--· -··-----·~ ... ....., .... ....._ 
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7.4.5 Pin Dcfinilion 

Plll D:OFJ/111r::JN 

Posil1on 

P•n Number 
Ra.-._. [ 1..255::1 

Grldarray 
Pin ~~a~~~ 

-

Figure 7-13. Synlax Di:Jgram for a Pin Dcfinition> 

pos [ pi111f, grid .] [DOT] [CLK] (IN] pm11m11t: 
. [SHORT] (OUT] 

[1/0} 
[OC] 
(PWRJ 
(PAS}. 
[IIIZI 

7 -3') 
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whcrc: 

j)i)J 

7-40. ·' ... 

Sdrcr11:Jric Oc~il!n Too!.~ 

1\ lcuer followcd by a numbcr. llrc lctter is onc 
of the following: T, L, R, l3 where 

T indicates the top of llrc symbol. 
L indicates thc left si de of the symbol. 
R indica tes the right si de of the symbol. 
l3 indica tes !he bot.tom of the symbol. 

The number represents the distance a long the 
indicated s;de. 1l1e distance is measured in unit 
lcngths on ll1e screen and in 0.1 inches on the 
printed worksheet. For example, if the block 
symbol were 6X by 1 OY the grid u sed for 
placing pins is as follows. 1l1e figure below 
shows ll1e location of L3 .. 

. . ,· 
.:·; .. 

.. . .. 
.. 
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. TOP 

o 1 2 3 4 5 6 
o 

1 

2 

3 

LEFT 5 

6 

7 

8 

g 

10 

BOTTOM 

Libr;1ril'S 

RIGHT 

Figure 7-14. The Grid of a 6X b}' lOY Dlock Sy111bol 

POSITION 

Figure 7-15. Thc Posilion SJnlax Dia¡;r::~m 

7--ll 

. .•. 
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A numcric comtant rcprcscnting the pin 
numbcr. This is the pin nurnbcr that appears in 
the screcn symbol. 

A lctter fo!lowed by a number. ¡;rid rcprcsents 
the pin-grid array pin nurnber. You can only 
choose a pin-grid array pin numbcr if, in place 
of partslpc/.:.g, you chose the keyword 
GRJDARRA Y. 1l1e letter must be in tJ¡e rangc 
A through S; the numbcr must be in tJ¡e range 1 
through 15. 

GRID ARRA Y PIN NAME 

Uppet or lcwer Ca!oe lel!er _ f DECit.iAl NUf.~SER 1\..---_ 
Ran;e OBCOEFGf-UKLMNPRST:J 1---+" 1' RANGE CLI6:Jf 

fo"igurc 7-16. Gridarray Pin Namc Syntax Diagram 

SIJORT 

DOT 

7-42 

. 
A keyword that places a short lcad length at tl1c 
~pccified pin. 1l1e normallead lcngth is 3. 
screen units or 0.3 inches. on thc printed · 
worksheet. When the SHORT keyword is " 
prcsent, the lead length is 1 scrcen unit or 0.1 

. inch on the printed workshcet. 1l1e SIIORT 
keyword cannot describe a pin that also has 
either the CLK or DOT keywords. 

A keyword that places the inversion symbol (thc 
bubble) at the specilicd pin location. The DOT 
keyword c:mnot describe a pin th:Jt also has the 
SllORT kcyword. 1l1c primJry use of thc 
bubble is to idcntify pins that h:~ve logic 
ne¡;ation, cithcr atan input oran al an out pul. · 
1l1e figure bclow shows the invcrsion symbol. 

.· .. 
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-------------------------

CLK 

Figure 7-17. Thc JnYcrsion DOT Symuol 

A keyword that places the clock sy;-¡-¡bol ;1tthc 
specificd ¡:,in location. ll1e CLK key\\'or!l -
c2Illlol describe a pin that also has the SIIORT 
keyword. TI1e figure bclow shows thc CLK 
symbol. 

1 

Figure 7-18A. Thc CLK Sy1111Jol' 

You cim use the CLK keyworcl in con,innction 
with the DOT kcyword lo produce a DOT CLK 
~ymbol. TI1e figürc bclow shows thc DOT CLK 
symbol. 

.. 

- 1--n 
. ·. .: 

. 
. . . 

• 
..•.. 
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IN 

OUT 

1/0 

oc 

PWR 

1' AS. · 

IIIZ 

Jllll lltmlC 

. 7-44 
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figure 7-1813. Thc DOT CLK Symuol 

/ 

· A kcyw()rd that identifies the pin as an input. 

A kcyword that identifies the pin as a stand;,rd 
totcm-pole output. 

A keyword that identifies the pin as a dual 
function inputloutput pin. 

A kcyword that identifies the pin as an open 
collector or open drain. 

A keyword that identifies a power pin. such as 
V ce, Gnd, Vss, Vdd, and others. Power pins are 
not displayed on library parts whcn they appear 
on the scrcen or printcd worksheet. llowever, 
the NETLIST utility connects all po~er supply 
pins that are defined in library so urce files. 

A keyword that idcntifies a pin as p;,ssive. 
Passivc pim are typic~lly pins on p:-tssive dcviccs 
such as rcsistors, trJnsistors, inductor.~ .• 1nd 
others.. · 

A kcyword that iucntifies a pin as a high- · 
impeuance (3-state) output. 

A ch:ir:~cter string th:~t represcnts a n:~me for thc 
spccifi.ed pin. For block symbols, this name 
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PIN N~ME STRING 

~f'P~Jrs en thc ~crct:n or thc printcd worhhccl. 
Pin nJmcs do nol appc:H onthe scrccn or thc 
prinicd wo:hhcct wl1cn they are are p;ut of pin 
dcfinitions for a a bitm~p symbol. llowcvcr. 
you m~y still choose lo use pin n~mes in bitm;rp 
symbols. lln: 1\'ETLIST utility still rccognizcs 
thcm, :md you may find tl1cm uscful as pcrson;tl 
refcrcnccs. 

. 
You can enlcr pin na mes either in upper- or in 
lowcr-case, but thcy always appear in uppcr­
case. 

1l1e backslash (\) and single quote (')are special 
charactcrs. A backslash (\) after a character 
indicatcs that tJ¡e character shou Id ha ve a bar 
over it. lf you wanl lo bar multiple charactcrs, 
you mus! place a backslash after each chJractcr. 
1l1e single quote delimits the part name wing: 
lf yo u want a single quote as part of thc pin 
string, you mus! escape il with anothcr single 
quote .. 

Figure 7-19. Pin 1'\:Jmc Slring Syn!:Jx Diagram 

7-·t'i . 
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EXAI\1PLES 

t:xar:;?le: 

'2114' 

' 14 
Ll S 
L2 ' Ll 1 
L4 4 
LS 3 
L6 2 
L1 l 
LB 11 
L9 !6 
L!O !S 
Ll2 8 
Lll !O 
Rl 14 
R2 !) 
R) 12 
R4 ll 
TO 18 
BO 9 

txarnple: 

'68020' 
!S 66 
Ll C2 

Exarnple: 

'7474' 
. '74HC74' 

' ' . L2 2 
L4 3 
B3 1 

7-46. 
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1 2148 1 

1 
IN • .a. o, 
IN 'Al ' 
IN 'A2' 
IN_ 'A)' 

IN 'A4 1 

IN 'A5' 
IN 'A.6' 
IN 1 A.7 ' 

!N 'AS' 
IN 'A 9 ' 
IN 'C\S\' 
IN 'W\E\' 
HIZ 'DO' 
HIZ 'Ol' 
HIZ '02' 
HIZ '03' 
p¡.¡R 'VCC' 
PWR 'GtlO' 

IThis device is in a pin-grid array package.) 
GRIDARRAr 
CLK nr 'CLK' 

'74ALS74' •74AS74' '74LS'14' '74574' 
'74,\C74' 
2 • 
12 IN ·'D' 
ll CLK IN 'CK' 
13 DOT .IN 'CL' 

. . 
. · 

.. 
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7.4.6 Bitmap Definition 

81TL1&.P O[FINITtQ .. 

J 6nm.ap '1 

t l•nr - _) J 
~B:H.<<P J P•rl N•rne ' 

\. Sl"ng .J 

---....{ CO',... olER T f P•rl Na~•"""' ' 

\. Slling .J 

~¡:o.;v¡:o;:¡- r--{ Pon '\ 
o.rinirio" J t 

J Bnm•p l 
\. lin1 1 

1 

f---+lBITI.<•P 
P&rl N,¡,-ne )_ 

Stolng J 

Lo{ a::>tM RT P.ariNa~~ 
s lrinv 

Figure 7-20. "I:he Ditmap S.)'nlax Diagrarn · -

f(.,#} ... ,BITMAP 'parlname' ,CONVERipartname' J 

• 

• 

whcre; 

# 

.. 

A . represenls cleared pixel bit thal is no! 
displaye~ on !he screcn. 

A # represe!lts a set pixel bit. 

.. 
7.-47 . 
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• lf you use the 131TMAP option, be su re tllat thc part 
n2nlC )'OU n:fcr !OÍS prcvÍ(1~SJ)' dcfincd. ilc awarc thJt 
DECOI\lP may rcorder part ddinitions. DECOMP 
arder pam nurncrically and.tkn alphahctically. 

EXA ~lPLES 

.. 

. · 

Exarnple 1: 

'Ckr"A.Cl70R' 
2 3 o 

FAS .. 
Bl tA.S '' 
1 Ol23<~67E90l234~~67E9~l23<~67E90) 

1 . o l ' 2 31 
1001 .......... . 
101) .......... 1 
1021 ......... . 
1031 ........ .. 
104) ...... ~ .. . 
tOSJ ........ .. 
1061 ......... . 
1 0.1 ' .......... . 
(08) ........ .. 

t 091 ...... · .. _.. 
"(lO( ........ .. 

1111 ......... . 
t 12 1 ••••..••••• 
113}flffllflll 1111111111 
f 141. . 
f 1 S 1 • 
1161 •. 
tl71. 
t1SI •. · ••. tlltlflllll 
IUI ... ffl ..•..... flf 
t20I.ff ............. fl 
12111 ••••.•.• _ •. · .. : ..•.• 
12 2 1 ••••••.•.. 
1231 •• ." .....•. 
f 2 4 1 •••••••••• 
f 2 S 1 •••••••••• 
1261.· •...••• : .. 
127} ... ; .: ..... 
t 2 e 1 .••••••••• 
129) ........ ,. 
13 o 1 .•••.•.••• 

. . . . 

..•. 
~~------.. ==--:-::::-:-~ .... ,.,. --
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E:or::rle 2: 131TMAP '7400' 

{This tzkcs the biump dcfincd for !he dn·ice 7400.} 

Ex2mple 3: CONYERT '7400' 

(1l1is t~kes the conversion bitmap defined for !he device 
7400. This part must have a conversion bitmap if !he 
:ibrary source file is lo COMPOSE without errors.} 

7.4.7 Convc::rsion Bitmap 

CONYU.T 
pin defir..':ioTU 

bitmap definition 

where: 

pi11 dcfinition 

bi:map dcfinition 

partllflnU! 

7-so· 

A previously described identilier. Note lhat the 
pin definition for a con verted bitmap must have. 
!he same va lue for parts/pckg and !he normal 
bitmap. 

A previously desc.ribed identifier. 

A previously defined part name that has a 
convened bitmap. · · · 

. . · 
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1'\0TES 

lf you use Lhe CONVERT 'parr namc' Clption, be su re thJt 
Lhe par1 name you rcrcr to is previously de0ncd. Be 
aw¡¡rc th:;t DECOMP moy rcordcr p3r1 dcfinitions. 
DECOMP ordcrs parts numerically and Lhen 
a lpl;a bct ica lly . 

• 

. · 

·.·• . ,· ... . ··; ,'. . : 
• . . 

., ... 
···~····· 
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r:\A\1PLES 

:::.,.-~~le 1: cc::.,'::.._T 
L1 1 4 9 12 IN .' IO' 
L3 2 5 10 13 IN 'Il' 
R2 3 6 e 11 OUT 'O' 
TO 14 14 14 14 f~o;R 'VCC' 
ea 7 7 7 7 f'-'R 'GND' 

C·O) 111111111111111111 1111111111111 t t 
~1-).t .•.....•....................••. lllt 
~· 2 l .•. ' .••.•• -· •.•.•.•.••••...•.••.•..••.. 1 1 ' 
83) ••. 1 ..............•••......•......•.....•• 
Q4) •••• t ............. -........................ tt 

·, ~5) •• _. •. t ....................•... ··············'' 
: C·6) •••••. t ....................................... t 
__ D7} .• 111.t .................................. ; •••.•• t 
. :aJ.t ... tt ......................................... t 

o9JI ..... tl ....•......•...................•. : .•..... t 
· lO)t ..... lt .......................•....•............. t 
'11)1._ .... 1.1._ .....•.•.•..............•.•.• : .•••.•....• 1 
: 12).1 ... 1 ... 1 ....•......•..........•.....•.••...•....•.• 
·13) .. 111 .... 1 .•........•..............•.•••.•...•....... 1 
CHJ .•......• I .. ~ .•.•.....•.............••................ I 
!15) ..•...... 1 ..........•.•....•...•...•.•.. -.•..........•.. 1 
(16) ..•.....•. 1 ..••.....••......•.......•....•.....•........ 1 
!17} .......... 1 ......................................... · ..... 1 
!18) .......... 1 .................................... : .......... 1 
119) •.•....... 1 •.....•..•.•....•..••....•......•.•....••.......• 
1 20' .......... 1 ...................... ; ....................... - .. 1 
(21) ••• : ..•. · •. 1 ............................................... _.1 
(22} ••••••••.• 1 ..•.••••...•••.••• · .••••.••••..•••.••......•.... 1 
(2)) •.••••..•. 1 ...••••.•.•••....••••. ¡ .......................• 
124) •••••••••. 1 •.•••••..•••••.•••.•.....••••••.•.••••..•.... 1 
(25) •••••••••••••••••••.•••••.••••••..••••••••••••••••••.•• 1 
126) •••.••••••.••••••••••..•••.••...•.•......•••.••.•.•.•• 1 
127) •. lit •••. t ........................................ : .. 1 
128).1 ... 1 ... 1 ..•....................................... 1 
129}1 ••••. 1.1 ..•.••••••...• _.· ......•.........•..•..• -.... 1 
1 30 l 1 ••••• t 1 .•...•...• : . ...••......•........••........ 1 
(31}1 .••.• 11 ....••........•••..••.............••..... 1 
(32).1 ... 11 .•..••••....••.•....•...............•..•. 1 
(33} .. 111.1 .•....•..•.•.............. .- .......•.•.•. 1 
(34) .••...•..•......•.•..•..•.........•...........• 
(35} •••••••••••••••••••••••.••••••.•.•••.••••••• -11 
136} •••.•••••••.••.••••••••••••••••••.••••••.•. 11 
(37} ... 1 .•...........•..................•.. .-11 
138} •• 1 ................................... 111 
t39}.t ............................... lill 
1 ~o 11 r t r r r r r r 1 r 111 t 1 r 1 r 111111111111 • t 

!:xall'p le. 2 i . CONVERT '14 00' , 

7-52 
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7.5 A Final Example: r.~aking a Conncctor 

A typical custom part is a conncctor. You could u~c modüle ports to 
JT,:;h a connector, but 0!\:AD docsn't rcco;n;nend it. lf you u~e 
module por1s to represen! a conncctor, the NETLIST utility h:1s no 
way of knowing what tJ¡c pin numbcrs are: 

lr.slcad, use module ports Jo represei1t hierarchic.al and f1at file signals 
tl;ct ro from one sheet Jo another. ConnecJors, howcver, such as the 
DB25 or the lB M 62-pin edge connecJor, are besJ represcnJed as 
Jib•ar)' pans. In thaJ way, you JreaJ eonnectors as physical device~ 
with pin names, which is whaJ they are. 

He re is a panial example of a part definiJion for an lB M 62-pin eclgc 
co;JnecJor. 

'CO~~;:t.CTOR lBH' 
10 32 o 
Ll lN 'Bl' 
L2 lN 'B2' 
L3 lN 'BJ' 
L4 lN 'Bt' 
LS · IN 'BS' 
L6 IN 'B6' 

L30 IN 'B30' 
L31 IN 'B31' 
Rl IN 'Al' 
R2 IN 'Á2. 
R3 IN 'A3' 
R4 IN 'At' 
RS IN 'AS' 
R6 IN 'A6 • 

R30 lN 'To.30' 
R31 ·IN 'To.31' 

.. ,· 7-5,, 
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.. . . 
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7.6 Examplcs of Source Librarics 

l'sing L'lc tcchniques di~cussed just dcscribcd, wc can now examine 
so:ne n~mplp of library ~ource files. Remcmber, comrnents are 
cnclosed within brJccs ( ... }. \\'e prcscnt lhrcc s~m¡:lc source· 
librJrics. 

SAMPLE_I.SRC 

SA~1PLE_2.SRC 

SAMPLE_3.SRC 

ll1is file contains somc typical block symbol 
dcfinitions. lt has sorne memory de vices and. 
two microprocessors, the 8086MAX (the 8086 
in ma,imum mode) Jnd the 68020 (a pin-grid 
array). 

This file contains sorne stJ.Ildard TTI.. dcvices. ·. 
Note the use of a prefix definition. 

This file contains some typical bitmap 
definitions. It has an ANO gate with its 
Dcl.,.forgan t"quiva_lent, and antenna, a capacitor, 
a triode, and other non-square or non­
rectangular symbols. 

Allhough these examples separate the kinds of definitions (block from 
bitmap) into differem libraries, that is nota requirement. You can 
intersperse block and bitmap definitions in the same file.~ 

To use these sample files, construct apure ASCII file (no fom1atting 
char.~cters) anci eliecute the COMPOSER utility. Then reconfigure 
DRAFT tó recognize the new library. For cxample, to COMPOSE the 
sample files, enter the foUo.,.·ing commands on the DOS command line. 
1l1e file COMPOSER.EXE and the sample files must be in the same · 
directory. 

COMPOSER SAMPLE_l.SRC SA1'.1PLE_l.Lll3 
COMPOSER SAMPLE_2SRC SAMPLE_2 Lll3 
COMPOSER SA1'.1PLE_3 SRC SA1'.1PLE_3.Lll3 

<RETURN> 
<RETURN> 
<RETURN> 

Thcn, reconfigure DRAFf, as outlined in Scction 2. You c3.Il add one 
·- or more of~thc rcsulting library files. DRAFT expects the library files 

. . .. . 
. · 

···-. 
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lo have a path:13rne constnJctcd by placin¡; thc li~rary prcfi~ (~el with 
the LP comm<.nd) tv.:forc thc library file (sct with the LF command). 

7-55 . ' 
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7.6.1 SAMPLE_1.SF1C: A Block Sym!J:¡J Library Source Fil.:? 

{Eo:-;:innir.g o! ~=-e: ce file, s;..::r~:: l.S~C} 

rr.::r-1x 
[!;~ 

t:-:.e !c~}-:·._-:.n; ;;,.;~ r..c~:.:rJ' cit>viccs) 

{JK x ~ 

'2114' 
6 
Ll 
L2 
L3 
L4 
L5 
L6 
L7 
LB 
L9 
LlO 
Ll2 
Ll3 
Rl 
R2 
R3 
R4 
TO 
BO 

• 

s~atic 

'2H8' 
H 
5 
6 
7 
4 
3 
2 
1 
17 
16 
15 
a 
10 
14 
13 
12 
11 
18 
9 

F.;-..'·!} 
• 2 ¡ < 9 1 

1 
}t; 

JN 
¡N 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
niZ 
HIZ 
H!Z 
HIZ 
Ph'R 
PWR 

~5513' 

• }..0' 
'J...l' 
'A3' 
1 .1.4 • 
'A5' 
'A6' 
'A7' 
'A7' 
'AB' 
'A9' 
'C\S\' 
'W\E\' 
·oo• 
'Dl' 
'02' 
'P3' 
•vcc• 
'G~' 

'9114' 

(Ail of the ab'ove memory de vices have the same block symbol. ll1c 
par1's size is 6X by 14Y, and it has one part per package.} 

(256K X ·1 d;•namic RAM) 
'21256' '51C256' '50256' '50257' '81256' '812~7· • 6256' 
'6257• '4256' • ~257' '41256' '37256' 
6 l4 1 
Ll 5 m 'AO' 
L2 1 IN 'Al' 
L3 6 IN 'A2 ~ 
L4 12 IN 'A3' 
L5 11 IN 'A4 '. 
L6 10 IN 'A5' 
L7 13 IN ~A6' 

LB 9 . IN 'A 7' 
L9 1 IN 'AS' 
Lll 4 lN 'R\11\5' 
Ll2 15 IN 'C\11\S\' 
Ll3 3· IN 'W\E\' 
Rl 14 HlZ •oo: 

· .. 
. . 
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R3 2 IN 'Dl' 
TO 8 f"roiR 'VCC' 
50 16 r.,;R 'VSS' 

(.;K X a EFRCH) 
• "7 32' 
7 16 1 
Ll 8 IN 'AO' 
L2 7 IN 'Al' 
L3 6 IN 'A2' 
L4 S IN 'Al' 
LS 4 IN 'A4' 
L6 3 IN 'AS' 
L7 2 IN 'A6' 
LB 1 IN • A 7' 
L9 23 IN 'AB' 
L!O 22 IN 'A9' 
Lll 19 IN 'AJO' 
L!2 21 IN 'All' 
114 18 !N 'C\E:\' 
LIS 20 IN '0\E:\/Vi'P' 
~~ 9 HIZ '00' 
R2 10 HIZ '01 1 

¡;) 11 HIZ '02. 
R4 13 HIZ '03. 
RS 14 HIZ ··o4 •· 
R6 15 HIZ '05' 
R7 16 HIZ '06'. 
R8 17 HIZ '07' 
TO 24 FWR 'VCC' 
80 12 p·,.¡R 'GND' 

(The following are microp;ocessor devices} 

. . '808 61-'AX' 
13 32 1 
R1 16 1/0 'ADÓ' 
R2 15 I/0 'A.Dl' 
R3 14 . •110 'AD2~ 
R4 lJ· I/0 'AD3' 
R5 12 I/0 'A04' 
R6 11 I/0 'AD5' 
R7 10 I/0 'AD6' · 
R8 ·9 I/0 'AD7' 
R9 8 I/0 'ADS' 
R!O 7 I/0 ',t.¡)9' 
Rll 6 I/0 'AD!O' 
Rl2 5 I/0 'ADll' 
R!3 4 I/0 '}.012' 
Rl4 3 I/0 'A013' 
Rl5 2 I/0 'ADÍ4' 
Rl6 39 I/0 · ~AD15' 
Rl7 38 ouT· .. 'Al6/S)!. 

: 
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!<lB 37 0~1! '1-.17/s~· 
~ 

r-19 ~6 OUT ·~.16/SS' 

E/0 3ó O'JT 'Al9/56' 
r.n 3' on 'E\H\E\/57' 
;;2, 2f D0T OJT ·so· 
F\- t. • L. 27 DOT OüT . 51' 
F26 n DOT o;;1 'S2' 
F.n 32 O~'T 'R\0\' 
F.29 -o ' . i'C7 o:.~r 'LIJ:K' 
1=.30 25 OJ7 ·eso· 
R31 " OVT 'C'Sl' 
L3 22 IN • FI.J..D'i' 
L4 19 CLK IN 'CLK_' 
Ló 21 IN 'R!:St:T' 
L7 18 1N '1 t;TR' 
L27 31 001 I/0 'RQ/GTO' 
L28 30 001 I/0 'RO/GTl' 
L29 17 IN 't-:MI' 
L30 23 DOT IN 'TEST' 
L31 33 IN 'P.\X\' 
TO 40 p;.;R ·vcc• 
BO 20 f¡.;R 'GNO' 
B5 l r;.;R · Gt;u • 

(This dcvice is in a pin-grid array package. 1'\olicc rhe kcywonl 
GRIDARRA Y in place ofparts per package) 

'6Eú20' 
16 53 GRID"'-V-AY 
Ll C2 CLK IN 'CLK' 
L3 J12 OOT IN 'IPLO' 
L4 JJ3 OOT IN 'I PL1' 
LS H12 001 IN 'IPL2' 
L7 H2 OOT IN 'AVE.C' 
LS 111 DOT IN 'BGACK' 
L9. 83 OOT IN 'BR' 
L10 J2 OOT IN 'BERR' 
Lll Hl OOT IN 'COI S' 
Ll3 H3 OOT IN · 'D!iACKO' 
Ll4 Jl OOT IN 'OSACKl' 
L21 Kl3 I/0 'DO' 
L22 1<12 I/0 'Dl' 
L23 Ll3 I/0 '02' 
L24 L12 I/0 'O)' 
L25 .H13 I/0 1041 

L26 Ml2 I/0 '05' 
L27 H11 I/0 '06. 
L28 LlO I/0 '07' 
L29 N12 I/0 '08' 
L30 N1l I/0 '09' 
L3l P.! O I/0 'DIO' 
L32 L9 I/0 'Dll' 
L33 NJO · I/0 '012' 

7 .. '\•) 
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LJ4 P.~· 1/0 'DI)' 
L)~ s-c. I /0 'Dl ~' 
LJ6 LX I /0 '015' 
L31 ~ 1/0 '016' 
L38 Ntt· I/0 '017' 
L39 ~~ 1/0 '018' 
L'O Li< I /0 '019. 
L4l r-:= I/0 '020' 
L42 ~5 I/0 'D21' 
LO ~· .. ,., I /0 'D22' 
LH L5 I/0 '023' 
i..'i S ~..; I/0 '024' 
L45 N3 I /0 '025' 
L47 ~3 I/0 '026' 
UB L.<: I/0 '027' 
L4 9 N: I/0 '028' 
LSO ~= I/0 '029' 
LSl L.: I/0 '030' 
L~2 N: !lO '031' 
Rl c.; OUT 'A.O' 
i<2 ;..::: OUT 'Al' 
;;.) E:2 OUT 'A2' 
?.4 L3 OUT 'A)' 
;<5 0~2 OUT 'A4' 
R6 c:3 OUT • A.5 1 

R7 e:3 OUT '116' 
ó<B C:2 OUT 'A.7' 
R9 11:.3 OUT 'AB' 
R10 Cll OUT 'A9' 
Rll 812 OUT 'Al O' 
Rl2 1112 OUT. '1111' 
Rl3 ClO OUT 'Al2' 
Rl4 811 OUT 'Al)' 
RlS All OUT 'Al4' 
Rl6 E lO OUT 'A15' 
Rl1 C9 OUT 'Al6' 
Rl8 ca OUT 'Al7' 
Rl9 88 OUT 'Al8' 
R20 AB OUT 'Al9' 
R21 87 OUT 'A20' 
R22 c1· OUT 'A21' 
1123 A7 OUT 'A22' 
R24 A6 OUT. 'A23' 
R25 86 OUT 'A24' 
R2~ C6 OUT 'A25' 
Fi21 AS OUT 'A26' 
F2B '85 . OUT 'A27' 
112 9 A4 our· '1128' 
;;)Q es OUT 'A29' 
?31 B4 OUT '1130' 
F 32 A) OUT 'A3l' 
f<34 fl) DOT OUT 'IPt::o• 
R)S 82 COT OUT 'BG' 
R37 El OUT ·reo· .• 

. 7-60 .. 
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R3e f3 OUT •rc1• 
¡;)~ f2 OUT 'fC2' 
F( 1 fl OUT 'SlZO' 
H2 G2 OUT 'S J Z1 ' 
]:::~3 G3 P:JT OUT 'C-?;::N' 
¡;~~ Gl r>:JT OUT 'ECS' 
1'.'5 El3 DJT OUT ·ocs• 
F-~6 E2 D-JT OUT 1 F...'-1:. 

FO L1 DOT OüT 'AS' 

~·'E ~1 D:JT OUT 'DS' 
RóO L2 OUT 'R./W\' 
R5l ~-, ,_ D:JT I/0 'HALT' 
r.52 C1 \X)T l/0 'RI.SET' 
TO i<; Ph'R 'VCC' 
Tl D1 P>iR 'VCC' 
T3 D2 p;.;R ·vcc• 
T6 E3 Fh'R ·vcc• 
T9 Gl1 f;.;R •vcc• 
712 Gl3 p;.;R ·vcc• 
715 ~S f;.;R 'VCC' 
n6 r:a p;.;R 'VCC' 
EO AJO PWR • G~~o· 
El Gl2 p;.;R 'Gt~o· 

E3 P.l3 P>iR "GND' 
B6 J3 ;:-;.;R 'GNO' 
29 Kl PWR 'GND' 
Bl2 L7 PWR 'GtJO' 
Bl5 N7 PWR 'GND' 
Bl6 B9 PWR 'GNO' 

{End o! source fi 1 e, Shl-'.PLE_l. SRC 1 

7-(d 
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7.6.2 SAi.1PLE_7.SRC: A Til Block Symbol LibrJry Source File 

12osinninq o! lhe source file, s;..~PLE:_2.S~Cl 

;-;:::rix 
'7t:LS' 'LS' 
·-:.;s· 'S' 
'I~ALS' 'ALS·' 
'i<AS' 'AS' 
'7(11CT' 'HCT' 
· 74nC' 'HC' 
'7~ACT' 'ACT' 
·-:.;;..e· 'AC' 
. 74f 1 'f' 
. 7 4' 
El~D 

. ~ 4 '12. 'i~LS42' '7.;HC42' '7H3' '74H' 
S 11 1 
L4 1 IN 'A' 
LS 15 IN 'B' 
L6 1) IN ·e· 

·L7 12 .IN •o• 
~¡Q 11 DOT OUT '9' 
¡;g 10 DOT Ci.JT • 8' 
R9 9 DOT OUT • 7. 
R7 1 DOT OUT .• 6 t 
R6 6 DOT OUT '5. 
R5 5 DOT OUT • 4. 
R4 4 DOT OUT • 3. 
R3 3 DOT OUT • 2. 
R2 2 DO'!" c;n • l. 
R1 1 DOT OUT . o. 
TO 16 FWR · 'VCC' 
BO 8 PWR 'GNO' 

'7446' '14 4 7-' '7•4LS47' 
6 8 1. 
Ll 4 IN 'R\3\0\' 
L2 5 IN 'R\B\1\' 
L3 3 IN 'L\1\' 
L4 7 IN 'l. 
LS 1 IN • 2. 
L6 2 IN • 4' 
L7 6 IN '8. 
~7 14 DOT oc 'G' 
R6 15 DOT oc 'f' 
RS 9 - DOT oc '·E: • 
;;4 10 DOT oc ·o· 
¡¡) 11 DOT oc •e• 

. _ ... 
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11.2 12 ¡>--
-· J o: 'B' 

IU 13 DJT 0: ..... 
10 16 p.· •. ;;:t 'VCC' 
BO 8 r:,.;it ·c1;o• 

't.;. 7 <' •t :;;;.~_$7(. ·-;~.;Sl<' '7<:..S1<' ·?~574' 
'/.;!itl<' 'l4AC7~' 
6 G 2 
1.2 2 12 lN , o· 
L~ 3 11 CLK JN 'CK' 
83 1 13 DvT lN 'CL' 
'!3 4 10 D::>T JN •p• 
R4 6 B OUT 'Q\. 
11.2 5 9 OUT ·o· 
TO 14 H r;.;¡¡ ·vcc• 
BO 1 1 Fl;R 'GND' 

(This pJrt has two puts r~r package. Thc f;¡r lcft column rcpre~('IJ(~ 
the pin pos ilion. 1l1e second column contains tl1e pin numbcr~ of th:: 
first D flip·f1op in thc p.1cbge. 1l1e third column cont:Jins thc pin 
number of.the second D flip-flop in tl1e p.1cka;;e. Note the poll'cr rim 
on 14. and 7. 1l1cy are required for both de\' ices.) 

'7~J..:.SJ60' • HAS160' 'HLS160' ''7o;HC160' 
'I~J..LSJ6l' • 74!.5161. '7<LSHJ' '74HC1El' 
'14ALSJ62' 'HAS162' '7(LSl62' '1~5162' . '14i1Cl62' 
'74AL5163' '74A5163' 'HLSJ63' '145163' '74HCJ63' 
8 lO 1 
B4 1 OOT IN 'CL' 
Ll 9 POT lN 'LO' 
1.2 10 lN 'EN'T' 
L3 7 lN 't:NP' 
L4 2 CLK lN 'CLK' 
L6 3 lN 'A' 
L7 4 IN 'B • 
LB 5 IN ·e• 
L9 6 lN 'O' 
1>.9 11 OUT ··oo• 
1>.8 12 OUT ·oc· 

.J>.1 13 OUT 'OB' 
R6 14 OUT 'OA' 
1>.4 15 OUT ·co•. 
TO 16 PI<R ·vcc• 
BO 8 P"R • G~;o• 

( End of Lhe source file:, SAMPLE_2.SRC) 

·-~.:.. .. .....,. -.-.. .._,_ .. -·~· ~ .. ~. 
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7.6.3 SAr.lPLE_3.SRC: A Gilm2p Symbol Library Source File 

·IO'~<;inninq of thc SC~1ce file, Sl~~?LE:_3.SRCJ 

r;~¡- 1 X 
~:;o 

• 7 ~ ·)0. 

6 4 4 
L1 1 4 9 12 IN '!O' 
L3 2 5 1 O 1 3 IN ' Il ' 
R2 3 6 8 11 DOT OUT 'O' 
TO 14 14 '14 14 P'ooiR 'VCC' 
BO 7 7 7 7 f;.;R 'GIJD' 
1 oc J 1111' 11 ''' 1" 1' 1 11' 11 111' i 11 111 '" 1111 1 11 f 1 1, 
101)1 ................•..........•.........•...... 111 
(02)1 ...........•....................•............. . 11 
103) l ................................................. 11 
104)1 ...•.................•..••...........••...•........ 1 
1 os J ' •••••••••••••••••••• · ••••••••••••••••••••••••••••••••• 
(06)1 .............•..........•.....•............•.........• 
107)1 ....•••.••.• : ••••••••....••••..•...•••.•••••.•. .• : ••.• 1 
ICB)t .•••••.•..••.•••••• _ ••.••••••••.........••.•......•....••. l 
(09)1 .....•...•......••.....•..•••........•...•.............. 1 
(10)1 .•...•............••......................•............. 1 
111)1 ....................•.... : ..................... _ ......•••. 1 
112)1 .... , ••..••.•..................••....... · .... · ..•..... : .... 1 
113)1 .•.......•.....••.....•••.•................•••.......•.... 1 
114)1 ...•.•... · ..•.•..•..........•.......•.•.•.....•..... ~.; .... 1 
115)1 ...••.... ; .....••...•.•.•.•............... :: .......•••.•.. 1 
{16)1 .........•......••....•...•.... ; ..... : .......•............. 1 
117)1 .••.•••.•......•.•.•..•.•............•. ··•·• ...... ~ ........ 1 
118)1 .•• · .••.•.......•..•.. ; •...••...•.............•...........• _.1 
119)1 ••.•••..•.....•.••.••..•••..•.........• · ............• · .....• :1 
120)l,,,,,c,,,,,,,,,,,,,,,,,,,,,,,,,,,, .. · ..••.......•.......•.... l 
121)1 .••.••.••••••.••• : •••...•.••..•...•.....•.....•......•...•. 1 
122)1 ..•.•.•••••••••.•.•.•.••••..• · ..••..•.•••.......•........... 1 
123)1 ...... · .•.. _ ....•..•....•...•................. _ ............... 1 
12~)1 ••....••.•.•••...•........••... : .. .- ...•.... : ..•............ 1 

m: :: : : : : : : ·: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :-: : : : : : : : : : : : : : : : : : :·: : 
127)1 .•..•....•.•...•......•..•.....•... ····· .... · .............. 1 
128)1.: •.••..•.•.....•...•....•....... : ....................... 1 
129)1 ••.••••.•..••.••.••••.•.•••••..••..• ; •••. · ..•..••..•• · •••.. 1 
!30)1. :_ ................•....•.•. ' ......... ' •...... · .......• •.• .. 1 
131)1 .....•......•......•..•............... · ................... 1 
1 3 2 l •••••••••••.•••••••••.••••••.••..• · ... · ••..••••••.••.• · •••••• 
·¡)))t .•....••....•.........•.•............................. 1 
1 34 1' ....•..•......•..................•...................• 
135)1 ....•..............•................•.. - ....••... ; ... 1 
136)1 ................................................... -.1 
137)1 ........••............•..........•••... · ....•. ····'' 
138Jt.: ••....•.•..•.....•.....•.....•. · ....••..•• : ... tl 
1 39)' .............. : ........ : ......... - ••...• ·: .. :. " 
1401' '1 ,-¡ 111 1' 1 ¡·, 11 "J "'; ... ,., "1" .. f.l Ji' i i J J 1 
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Schrm:J1ic Orsi¡;n Tools LiiJrarirs 

CC!;VI:RT 
Ll 1 4 9 12 IN 1 1 o' 
L3 2 5 lO J 3 ltl • ll ' 
R2 3 6 8 11 OUT ·o· 
70 J4 J4 H H p·,.;R ·vcc· 
BO 7 7 1 7 r~>R 'GIJO' 
i e~ o 1 ' 1 , ' , ' , , • f • , ' , , , • , ' ' ' • • ' ' • • , • e , , , 
tC•1}.1 ............................... 1111 
(02} .. 1 .................................. 111 
(03} ... 1 ....... · .............................. 11 
(04} .... 1 ..................................... 11 
{0~} ..... 1 ...... , ...........................•... 11 
(06) ...... 1 ..•..•.•...•..•.•.••..•...•.......•..•. 1 
{07) .. 111.1 ...............................•........ 1. 
¡oe¡.l ... ll ......•.................................. l 
¡(·9)1 ...... 11 ......................................... 1 
110}1 ..... 11 ...................................•...... 1 
{ll}l ..... l.l .......................................... l 
{12}.1 .... 1 .. -.1 ................................ _ .......... 1 
(13) .. 111 .... 1 ..........•................................ 1 
(14) ......... 1 ..•........•.......•••.....•.........•...... 1 
(15) ......... 1 .........•.....•............................. 1 
11 6) .......... 1 .........•.•................................. 1 
(17) .......... 1 ...• ~ .......•••....•......•.•••...•.....••.... 1 
(18) .•...• _ .... 1 .....•.•••..•..•...•.•.......•.... · ............. 1 
119) ••• : ••.... 1 ..•.•..•••...•....••.•....•...•..••.•......•.... 1 
120) .•........ 1 .•••.•••••..••............•..••......•.••........ 1 
(21) ....••.... 1 .•..••..••..••....•.•••.............•........... 1 
(21) .•....•... 1 .•••.••.•• : •..••.•........•........•........... 1 
123) .......... 1 .••.... : ... · ..•................•............... 1 
124) .•...•.... 1 .•..... , ••.....•............................. 1 
125) ......... 1 ...••..•.•.•..••..••..........•...........•.. 1 
126) •••..••..• 1 .•••.••.•••.....•••••.••••......••......•... 1 
(27) .. 111 .... 1 ..•••...••....•..................... : ...... 1 
128).1 ... 1 ...•.. , ....•••.•.••........•...........•. : ..... 1 
129)1 ••..• l.t •• ·••••••·••••• •••.•••• ~ ••..•.•••.•••••••. 1 
(30)1 ..... 11 .•...••.•••••••..•...... ~ ...........••.... 1 
(31)1 .••.. 11 .•.••.••...•••••.......• ~ ••........••.... 1 
(32).1 •.. 11 ..•.•.••••.•••.•••.••••....••.•.•..•.••.. 1 
133) .. 111.1 .....••..••..•.•.....•••........••...•.. 1 
(34) .•.•.. l .••...•...•....•.................•.•.•. 1 
135) ..... 1 .....•.....•.............•.........•... 11 
(36) •••. 1 •.•....••••..•••.......••.••..•...... 11_ 

. (31) ... l ................... ; •.. : ... · ......... .. 
(38) .. 1 •.•..•......•....• : ...•....•.•.... 111 
(39).1 ............................... 1111 
t 40) 11" 111111111,111111111111111111 

.. -. 
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Liur:Jries 

'7~ALS10' 

6 4 
Ll 1 
L2 2 
L3 13 
R2 12 
TO 14 
;;o 1 
EITt-'.A? '7~00' 
CCS\C:RT 

3 
3 
4 
5 
6 
14 
1 

9 IN 
10 IN 
11 IN 
8 DOT OüT 
14 ;~·R 

7 rnR 

L1 1 3 9 IN 
L2 2 4 10 IN 
L3 13 5 11 :N 
R2 12 6 8 OUT 
TO 14 14 14 F¡..;R 
ao 1 1 7 F"R 
100} 1 1 1 1 1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1, 

Schcm:Jiic Dcsign Tools 

'10' 
• 1 1 1 

'1 2. 
'O' 
·vcc• 
• Gt~o· 

'IO • 
"I 1' 
'I 2' 
'o. 
'VCC' 
'GND' 

IOl).l ........•.•.................... lllf 
102) .. 1 .......•....•......•• ; ..•......... 11t 
103) ... 1 .................................•.. 11 
104) .... 1 ................. : ................... 11 
105) ..... 1 .......... _ ............. : ............. 11 
106) •...•. 1 ..••••.•..•.•.•••.•••••. · ................ 1 
1 07) .. 1 1 t. 1 . ~ ..••..•.••••.•••.••.•.••..•••.•..••••. , 
108).1 ... 11 ..........•..•.••........••....•.••..•...• 
109)1 .•... 11 ..••.•••.•. · .•......•...•........•.... · .... 1 
110)1 ..... 11 ...•...•.••.•.....•. ···•······•·· .•...... :f 
111)1 ..... 1.1 .••..........•....•....... · ..•.•...... · ..... 1 
112).1 ... f ... f ..•..••••.•.•...... : .•.....••.•••....•.•.• f 
113) .. 11f ••.. f ....•..•...•...•.••.•.•.•... ················' 
114) ..• •.• .••• 1 ...•..................••......•............• ·' 
115) ....................................... ·················' 
ll6) .•........ f ..•...•.•.•..•••.•••••.•.••• ; •.•.•......•.••• f 
{17} ••••. 111 .. t ..............................•...............• 
{18) •••. f •.. f.f ••.•••.•.......•••..••.•...•••••.•.•.••••••• : .•. l 
{19) ... 1 ••••. 11 •••••••••••••••••••.••••••••••••••••••••••••••••• 
{20)11ff .•..• ff .......................................... : •••.•. f 
{21) •.. , .•... lt ...••••.•••.••.•.•••••.•.• ; •••••••.. ; . : • . ; ••....• 1 
{22) •••• t •.. l.t.· •...•...••......•............••.••• · ••...••••... f 
123) .•..• llf:.t .•..................••..••..•.••....••..••.•..• 
124) •••••••••.•••••••••••••••.••••••••••.••••••••••••••••• · •••• 
(25) ..•.•.••. 1 .••••..••••••.....•...•..•••••..•.•••..••.••••. 
{26) •.••••.•. 1.· •.........•.•••. : •••.••..•...•••.••.... ; .••• 
{27) •• 11t .... f ..•..••.............. ·•·····•········••····•· 
128).f.· .. t .•. t .........•...................••.......•...• 
(29)f ••••. f.f .• ·.· ........................... ; ..•.... · .....• 
IJO)I ..... If ..•. · ............ .' ............•....... · ..••. f 
IJl)l ..... l.l ...•..•........................•. ···•· ...• 
132).1 ... 11 ..•................................•.••.. 1 
133) .. 11f.l ...•................................••.• 1 
(34) •.•••• 1 •••••••••.•••••••••••...••••••• :.: •••••• 
{35) ..... 1 .........•••..•........•..•....... : .. 11 
(36) •... 1 .•..•••••.••...•.•.....•...... : ..... 11 
(37) ••. 1 .•••••••.••• ; ••..•••••.•.•••...••.. 11 
(38) .• 1.:· ....... ~·-~ ...........•.......... tlf: 
j 3 9 1 . 1 .•••••..•..•... : • : ... : : ............ 1 1 '· 1 . 
(40 )11·1 1 1 11 11 1111111111 .. 11 1.11. 1 •• " 
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SchciiJ:Jtic Drsign Tuols Lilnaric~ 

-------

·7~02' 

6 4 4 
Ll 2 5 e 1 1 n: . Jo. 
L3 3 6 9 12 ltl ' ] l • 
R2 1 4 JO J 3 D:JT 0'! ... 

- j 'O' 
TO J4 H J4 J4 -' . .., '\ICC.' . '~ 
80 7 7 7 7 l •·t"' . e;:;¡¡' 
t 0C l 11 t 11 # 1,1 • 111 l 111 t 11' 11111.1 '1 111 t 
101).1 ............................... 1111 
102) .. 1 .................................. 111 
103)~ ..•.•..•...•..•...•.....•.•.•........... 11 
104) .•.. 1 ..•..•••... : .•••.•.....•.•........... 11 
105) ..•.. t .............. -.: ..................... ti 
106) .•.•.. 1 ....................................... 1 
1 07) ••.... 1 ........................................ 1 
1 08) ...•.•. 1 ....................................... ·. 1 
1 09) ....••. 1 ......................................... 1 
110)111111111 .....••.... _ ............... : ..... ····· .... 1 
{11) ........ 1 .......................................... 1 
{12) .....••.. 1 .......................................... 1 
{13) •.•..•... l •....•..............................••..... 1 
{ 14 l ......... ' ................ · ............................ ' 
{15) ....••... 1 •....•....................................... 1 
{16) ......•.•. l .••.••.............•.. ·- ...•........•.. • ....... 1 
{ 1 7 ) ...•.....•. ' ....•••.....•..•. - .••.......•.....•.•......... 1 
{18) ......•.•. 1 ............................ : .................. 1 
119) .......... 1 ..........•.. : .......................... ·····' 
12C'! ....••.... I ..•..•....•..•.•....................... ..... : . . 1 
121) ...•..•.•. 1......................................... . .1 
122) •...•...•. 1 .......... · ..................................... 1 
123) ....••..•. l .............................................. t 
{24) ..••.••... 1 ..••...••.•.••.•....••.........•...•••••.•... 1 
125) ....•.•.. l ...... ······ .... ' .•......................•... 1 
126) ..•.•••.• 1 .......................................... ··' 
127) .••.• : ••• 1 .•.......•....•.....•••....... ; .....•...... 1 
{28) .•.••••.• 1 .........••.......•.•.................•... 1 
{29) ..•••.•. 1 .....•....•......•.•...................... 1 
130 )11 '11' 111 •••.••..•••••..•....••••.••.•.......••... ' 
(31) ••••• · •. 1 ••.••• .-••..•••..•.•..••...............••. 1 
{32) ••••••• 1 .•...................................... 1 
(33) •••••• 1 ••••• ••••••·•• ..•••..•••..••.......•.... 1 
(34) .••••••...••.•.•.•..•...•....•.•...........•.. 1 
135) ..••• 1 ...••••...•..•••.•.........•.......... 11 
(36) .... l ........... : •........................ 11 
1 37 l ••• 1 ••••.•..•••..••.•.......•.•..•..•... 1 ' 
{38) .. 1 .•••.••...•• : .•......•..•......... 111 
{39).1 ••..••••...•....••....•........ 1111 
(40)1flllllflfllfllllllll111111111111. 
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Lihr:~rics Srhcm:J!ic Dcsi¡;n Tools 

----

cc::·.·sRT 
Ll 2 5 8 11 DOT IN'IO' 
L3 3 6 9 12 DOT IN'Il' 
R2 1 4 10 13 OUT'O' 
TO 1 4 14 14 14 p:? .. ve e. 
=:o 7 7 7 7 p·,.,-¡:;. 'Gr~D 1 

-.- ....... 
~~.:_-.,y ·~;oo• 

• i ~ J3 1 '7;LS33' 'i;ALSJ3' 
6. 4 4 
Ll 2 5 8 1l IN' IO' 
L3 3 6 9 12 1 N' I 1' 
F2 1 4 lO 13 DOT OUT'O' 
TO 14 l4 14 14 fiotr\VCC' 
80 7 7 7 7 Fnr\ 'GNO' 
B I T:-'.AP '7402' 
cc::-.'[il.T 
Ll 2 5 8 1l DOT IN'IO' 
LJ 3 6 9 12 DOT IN' Il' 
F2 1 4 10 13 OUT'O' 
TO 14 l4 14 14 f;..~·vcc• 

BO 7 7 7 7 p;;¡¡' GNO' 
B17~ .. ;p '7.400' 

¡-n1c fullowing are elcctrical and clcctronic parts) 

'ANTD;NA' 
2 1 o 
B1 OUT 'Ah7' 
( O)llllllllllllllllllllt 
( 1 1 ••••••••••••••••••••• .• 

( 2) ~ .................. .. 
( 3) •••••••••••••••• • i .. . 
( 4) .... t. .... t.; ... t ... . 
( 5) ..................... . 
( 6 J .................... . 
( 7) .................... .. 

. ( 8) .................... . 
( 9) •••••• ••• lit ........ . 
( 10) ................ : .... . 

. · 
... 
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SrhcJn:~tic Drsi¡;n Tuols 

'(1-\i'' 
'c;...rAC!70R' 
F..!:.FE.~.!.N(:E 'C' 
!X Size •} 2 n· Size ·) ·l 
Tl S~C·;J FAS 'l' 
El S!i:·r-1 ·rAS , '2' 
t o) .•••••.•.• , ..•••...•. 
( ll .......... , ......... . 
1 2}.111iHIIIIHII¡;III. 
( 3) ..................... . 
( 4 l ..•........•......... 
( 5) •••......•.••....•••• 
( 6) ••..••.•.•••.....•.•• 
( 1) ..•... 11 ¡ 1 1 11 11 ..... . 
( 8} ... 111 ....•.... 111 .. . 
( 9).1f ....... f. ...... fl. 
( 1 o) .••.•••••. , ..••••.••• 

'G~; C' ?o·"~~:R' 

(X Si'e •) 2 (Y Size -l 1 
n P~"R ·c~;o· 

( 0)111111111111111111111 
( 1 ) .................... . 
( 2) ................... .. 
( 3) ... 111111111111111 ... · 
( ~) .................... . 
( 5 ) ..........•..•....... 
( 6) ...... flllfllfl .... .. 
( 7) .................... . 
( 8) ..................... . 
( 9) ........ • 111 ........ . 
("10) .••..•.••.••••..•.••• 

l. i ¡, r :ni t'S 

------·-·----

(Farts per Fackage •}) 0 

(Farts per rac~age •) C 

. 7 .(ll) 

··. 
' . 

. · 



·. 

LiiJrJrics 

·~~2Sfi:T N' 
r.:.rE~~JCE: ·a· 
3 2 o 
L2 SHOR.T IN 'GATE'. 
T2 · SHCRT IN 'DRAIN', 
82 SHCRT IN 'SOüRCE' 
1 0) ..•...... 1 ........•. 1 .........• 
1 1) ......... 1 .. ······· .1 ......... . 
1 2) .... t. ... lllllillllll ......... . 

1 3). ···•····•··············· ...... . 
1 4) ......... 1 .•••...•••••••...•..• 

1 5) •••. 1 ....•. ····•··············· 
1 6) ..•.•••..•••.. 11 ............... . 
1 7)· ..•.•....•.. ·"'··············· 
1 S) .... l .... l .. lllf .............. . 
1 9} .. ;.f. ... t.llllf .............. . 
1 !O) ..•. I. ... IIIIIIIIIIIt. ........ . 
1 Jl} .... t. ... :l.tlllf .... t. ........ . 
1 J2) .. · .. t. ... l .. lllf .... t. .•....... 
1 13) ....•....••.. tlf .... t. ........ . 
1 HJ .... I .•.. I .... tt .... l ......... . 
1 15) .... 1 ............... 1 ..•....... 
1 16} ....•.. :.1 .......•..•.....•...• 
1 17} ...••.... 1 ..•....... 1 ......•.•. 
1 JS} .... I .... IItlltttlttt. ........ . 
1 19) ......... 1 ..•••. · ••.• 1 .•.......• 
1 20)tlttl .... l .......... 1 ..... : ... . 
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Schrrn:Jiic Dcsi¡;n Tools 

-------· 

• 'IT-d ()~[ 1 

4 4 o 
L2 lN ·e:::;: o· 
?Q lN ·c;...-:-:<;='E' 
Bl lN • r 1 LJ...•·.::.~n 1' .. -. , lN -'f J !...}-_v_:·. ~;T 2' 
T2 JN -'Fi.;..JE:' 
100} ........•..... '. i. i i i t 'ti'' 
(01} ............ 11 ...... 1 ...... 11 
{02} .......... 11 ........ l ........ 11 
{03) ..•.••.. 11 .......... 1 .......... 11 
{('4} ...•... 1 ...••. ....•. 1: ••••.•••. .. 1 
{05) •.•••. 1 ............. 1 ............. 1 
{06) •••.. 1 .............. 1 ........•... ~.1 
(07) ..•. 1 .••...••....... 1 .....•.•.•..... 1 
(08) ... 1 ................ 1 ................ 1 
(09) ..... : •••.••........ 1. ............... 1 
(lO) .. I ..•..•. IIIIItllllltlllllllll ...•... l 

.(11) .. 1 .•.•.•..•••••...................... 1 
(12).1 •••.•...•.•••.•.•. ;.· •••.•• : •••...•..• 1 
(13).1 ......•...•.......................... 1 
(14)1 ....................•.................. 1 

(15}1 ......... ··················•·········· .1 
(16}1 ....•.•.. ·••••·•···•··•··· •.•••.•.•..•. 1 

"(17)1 .•••.....••. ···············•······· .... 1 
¡¡e¡• ........................... · ............ 1 
(19}1 ......•.•.•.........•...•.. ····· ........ 1 
( 20} 1 1. 1 11 .. 11 .. 1 1 .. 1' .. 1 1 .. 1 1 .. · 1' .. '' ...... 1 
(21}1 ••••••••••••••• ; •.....••.•..••••....••. 1 
(22)1 •••••••••••••••..•••.•••...••••.•.•.... 1 
(23} 1 .......•..•..•.•........•.•••.•...•.... 1 
(24)1 .•••••.•.••••••• ~ ••••••••••••••....••.. 1 
(25}1 •••.•••••••••••••••..•.•••••••..••.•••• 1 
(26)1, ..•......••....•.•.....•.•••. ~ ••.•....• 
(27).1 ..••...••••••.••....•..•.•••••......• 1 
(28).1 •••••••••••••••••••••••••••••••••••••• 
( 2 9) .. 1 .•••..••..••...•••..••..•..•••.•..•.• 
( 30) : . 1 .....•. 1 1 1 1 1 1 1 1 1 11 1 11 1 11 1 1 1 1 •••.••.• 
(31) ••. 1 •.••. 11 ••••••...•.•...••••••••...• 
(32) •.. 1 ..•. 1 ..••....•.. 1 .•.•••••• 1 .•••.. 1 
(33) •... 1 .. 1 •••...•.... 1.1.; ...••. 1 •. ; .. 1 
(34) ..•• • 11 •••• , .•••.•. 1 ... l ..•..•.•.••. 1 
(3!>) ••••• 11 •.. · •••••.. 1 ...•. 1 .•..•..•.. 1 
(36) •••.•.•••.••••.. 1 ..•.... 1 ..•...•.• 
(37) •..••••. 11 •.••. 1 ........• 1 .••.. 11 
(38) .. 1 ....... 11 .. 1 ........... 1 .. 11 
(39).1 .••....•.. 11 ....•....... .41 
f 4 ó} 1 ..• · ..•••. "1 . 1 "1111111 1 11 . "1 

l.ihr;nin 
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APPENDlX A . 

SUf.'.f.'.ARY OF UBR.A.RY COMPONENTS -

1 
Din::c:-=ry af ANALDGliB .. 

1456 l~SE 7~21 

i 1-.:o: e E QZ ~..:>.:0!0) J...:j:oeoc 

' JW-:CE08 >.:>CCE!l9 DACOBOO 

J :;).,.:::t: C2 : 1\:C· fe¡ C.loct E'IJ1 

i 
::OACH:! J.fl3H~H LrlJ7 U!i 
J.F lO ti J.flSSH Lfl~GH 

J.r-2: SH J.f256H J.F2 5 7H 
1 '--- J.f3 O ti Lf3 S lH J...r351H 

Lt353N Lf355H Lf355N 
LF 3. ::-ft-: :..F3.51H Lf351N 
LF < ~ l N Lr412H l.F412~ 
U'44l.N LFH2H UH2N 
L: ~ 4 Hl LBOCúZll L".OOC3!1 
~1019 l..."UOlJ l..."'l01Jl4 
1-~l CIR . UU07.l LH!07Jl4 

' L.'·n o RJ. L."'l o 6.r1 . L.~l.nH ~: 
; ~llD 1..'111 H · l..."'llN 

r :....'·n 3C ECN LH13~SOP Ull45EH 
1-•·n 4 !:EN l...'<l HJ L"!l48J 
L.~l~~SK. L..~l 5 ~ B..l' 1-.'i.lS!H 
LH15211.- J...VJ §2..] U!.UllJI 

t l-'"'..2Cl:nc ·~oa- L.'~20711 
*"·:· 1..."'.2 o 1 J'14 1.."<20 aB l-~20BJ 

"!. ~lU! 1..".224. l-"<2 HJ 
l-'"'..2 "8 l-"'-248J'- l..V.25EH. 
L~2SOON U!.290UI l...>!:'S24J 
:.. u .1. S 2.ll U'.2 52;%~ . 1..".301.11 ... 

'-"<301JH L>!30lN . Ul302..1l 

i ¡,u_) o 1 J L-<307JU l."'307H 
¡_~;!CSJ~ LH306JI LH3Hll 

¡ 1-'"'¿)ClN 1..".33! 1..".340UI. · 
t.."i34&N_ u;.3 41 ~3CU ....___.. 
1."13 Htl ~3~811 ~S!Ill 

l-~3~9N L>'.J900N Lt-.392.& 
l'i~ 92.N ' LH<25011 Ui4~0J 

~ 
l.'i7 e 9H LH709N l."'709N8 

-"-=>CO e 01 
JWCOEDS 
D.Acoeol 
o "a e cr1 
l.FH 7tl 
J.fl~7H 

Lf30D 
. Lf3~3H 
l.F356H 
Lr4llH 
LFHlJI 
l.FH40 
1..!<0004H 
l..Hl02H 
L>'.l O Bll 
~lO N 
l..."il2 4 
l..."iH~E.:J 

1.."1149 
I..Hl ~9J 
l.'i201J 
I..H207J 
U<20BJB. 
J...K246N 
l."i290llJ 
:1..".2 52 411 
1..~.3 Ol.J 
LH307H 
l."13CBH 
l..H32' 
l.!!.34 u 
U'...:! U• 
1.."...:!5 '.l 
L><H:z.J 
!.1"!~5S 

LM725H. 
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Appendix A Schcm::~lic Design Tools 
J 

L'1l25!l L"i/41.. l.."".74llr t.'1H !.TI~ 
U•.~.74IN Ul1411il'( ., L.'i) 41 L.'1141H 
:.....~; 4'7J unua ·LH14¡,r_ LH7Utt 
L"'!7e-C5 r~nelí I-"!7! a a -. L.'f'l !1 a: 
L.'17 e 12.: Ui7815 LHHIL. L.'1782t 
L."ii!:'BS liCIOS ~1~55 - HC1Hl. 
Né~55 cr }I.."!P ,. TL07'2 4~02...~ 
n:9Z: ':J..l 41.: VO!..:'~b.~ J .,_a._-

Directory of ASSEMBLY.UK .. 

08 PrM 
2 8 P IN· 

14 PI:!J u· FI!i'. :a F'Dr.'':. 

4 O F T1'l = ~ '"l'TI< T'üY" ·. • CI.Y ZXT .• •. 

E~GE .cc~~c.:::c=t::rr: :a:!:S:ls ...... a .m_· ~-l-X.l...·..:m~-l.XS:-. • 
!'SS! S L:Jt F0::11: - . .U. u.n·~ · TCT l! . ro !IZ. ~-
X7AL 

Dirrc.:ruy ci CMCSJ !K 

4000 4001 4002 ¡006 4007 4008 4009 4010 4011 
4012 4013 4014 4015 4016 4017 4018 4019 4020 
4021 4022 4023 4024 4025 4026 4027 4028 4029 
4030 4031 4032 40J3 4034 4035 4037 4038 4040 
":l41 4042 4043 4044 4045 4046. 4047 4048 4049 
4C50 4051 4052 4053 4054 4055 4056 4057 4059 
4060 4063. 406, 4061- .en .W74. 4cnr· 44n·.· 407'1." 
4075'' 40'7!; 407T' 40TJ. ·ron: 4n2 4085': · 40&6 400 
409) -094 4095- -'4096 4091 4099 4501 4502 4503 
(50 4 4505" 4506 45CI. ·. 4510 45..11 451.2 •.. 451.1 4514 
4515 4516 4517 4 5..11 '(519 4520 4521. 4572: 4524 
4 52 6 4527 4528 4529 4530 4531 4532 4534 4536 
4537 4538 4539 4541 4543 4544 '4547 4549 4551 
4552 455) 4554 4555 4556 4557 4558 4559 4560 
4561 4 562_ 45" 4568 456!0 . 4512 4573 4574 •4 575 
<sao 45BL 4~RZ. •~sr- C!: B 4 45as ·~97 4598 4599 
5101 HOOO HOcrt HOoz· '14006 • 14007 14008 140q 14012 
14013 l4 01.4 14015- HOL& · 14017 1401~ 14020 14021. 14022 
14023 14024 14025 14 02T: 14028 14029 l41l3.Z 1.4034 14035 
14038 140.W HOU. 14043 14044. 1404, l4.CSI. - 140 :!.Z 1.4053 
~ 406& 14068 . 1406~ L4071f' Htrn.. 14-072"' . l.4~ 14075 l.UP'JO -
1'077 1407J- ·z 4Cl!I.'. I4C1!2: Han ·no-; e · l.C.0-99- · ~HSól. rnn·. 
~ 4:62 14ll3 ·_ '141'14' "14115. '.14194'' 1.4~01.: ·-u~oz U5U3 -. 1.45'0~-

14505 14501> 14501 . H510 HS!l. 1C.l.2 . .'. In U. rc.Ic '1451!% 
14515 14517. lCSUI' 145U' 1452a.·. 1.4=· :u=~ IC52C". lC.U' 
1<527 . H521r '1452.! . l453ll lCSJ.L. lC!Z.. .1.4534 .145311 . 103.7 
:-!:.Je ;,..;539 14SU 14543'. Lf-544. 14547 .l.CS4!J' -145"51:' .l455Z :· 
1<553 ·. 14554 14~~ U 55 fi." USS7 . rc!:IF l4 5..5.!1 - 14.5.&0 Ull.L. 
14 562 1456~ 14~1: 1+5H· rc17. unr · run 'U 57'S l.C~!IT 
~.e S!! 145U 1.45~ .14~!4- l.UH.. ~c~r-:·.I.c~-- ~09!1"--.cat= .. 
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Schcmatic Dcsi¡;n Tools 

40101 
• o lf 1 
421 o o 

40102 
HH2 
4~100 

40103 
40163 . 

0101 
145109 

40104 
401 H 
0104. 
145112 

40105 
qps 
4510& 

4010, 
40182 
45107 

Din:ctory of DEYJCE.LIB . 

12 HEAD!:Il 
l?.SWJ 
:RSVJ 

BMl~:iE. 

CM-'CI7::1\. 
CM 1\C l -¡-e,;. '\"AA · 
C01.r..-E.~ c=.A.% 
c::;1:r~R t:?..l...S 
e;:.!' s-; u 
L·T':I::O!:. 53::-:-:-r:r 

DJOCI:. Z.~ 
G~::' !: J.._=_TH 

1RSW10 
IP.SW' 
2RSII'5 
BAT7!:RT. 
F.r:. ¡,;:]{ • 

CIV "c::ITOR r= 
e rl'-run E:O~-A 
C..C~~"I:"C":"''R ~..x; 

e ::._,;o:r.._~ Da.2 5 . 
r:: c:a: 
DlQ:::E. ~~. : 
OlODE zt....;DU 
-G~"tl flELD SJGh"AL 
GTO 
II<::>UCTOR 11'-0Nl, 

.. 

Appcndix A 

40lU 
4 0192 
C~lCI 

COl U 
40193 
·~112 

lRSW12 
2RSW12 
4 HUúll:ll •. 
1!~ 

CAP 

40160 
40194 
l45!C( · .. 

CAP .>.C:rrmt POL 
cou 
CO>o"l'"E"rl""•'":::tR"' CC1J. -11 
COH>-"ECTOR CB! 
DIODE ~"N 
DlO:Jl: V~.....F.ACTC1l 

rus¡: 
G~ PO\oot:R. 
lh"DUCTOR 

,. 

Gh"tl S 1 GN.>.L 
lt-.~UC70R ;RQH 
l h"DUCTOI\ \"7-.R 
JfET P 

lh"tlUCTOR VARI.>.BLE IRON 
J"V><?ER 

!HDUCTOR JSOLATED 
JTET N 
L.>.HP 

l."~""..? h' E. ON _ 
t' .L -:LR ,... .A 

t-'L:-E:B. C"'i" 
~lCRO?"H'Jli& 

HOSFET 11 
H:JTOR O.UFI:JI. 
}o""FN CDC 
r R01'o""!:~~ . 

F H Ch ::::rLUG 

Fl.UG A.C F~ . 
PI<P DAR 
R 

REL.>.Y DPST 

Ri:SlSTOR 
IU: SI S TOR Pu-rl::l:J. 
S~ 

Som<a: vm=::r: -· 
~FD.JU:R" 

SW POSH!!UT1"::n. -: 

L!:.D 
t'..!....!Cl MI' 
~ vot.:r 
HCSn:T D";Al. C/lf . 

t~osn:::r r 
,.?JI' 
OFTO IS~ 
FRO~~J~ ~­

FROTO R7R 
P wt; AC I<Al.l:. :. 
Phi' oiAC·. 
R-T.>.Cit 
1\.U..>. y S1'üT -
RESISÑR EI'7\Cit. 

JU:.S I ~ "'i.R 
Sl~lU. 1\C 
s;;n.n ·cal'" 

Sil Cll'-4 
Sil SPD'T • 

71-:0\..'"'..Al. ~s:t. . ~l:SlUk 

TRA1i s ~ ,. T'J{ c:::i:l"i\r · · '!"F.».""S ro~ c::::r- • .· 
TF>.NS~ STG'UP =-tli':!'!ER VXR" 
1 1\V.C T'RU.C OJl IVCt 
TP.IODI: T0BI: PROTO t!'.ILTIPI.II:B 
tl.:r-" P V AA l S l1JI! 

. · ... .. 

.. ..E'!!:R A.....,. 
~u~ 

~w 
HaSn::l" Ir -"l. C/F -. 

MOT'CIR SU<VO 
!oiP1'I tlAJI 
CT'TO lSC!.E!~-Y. 
P~~ S u:::r:LJ. S1r 
F H 0'1""C' I.:E:U: · 
I'>U' 
POT ... 

. RCA JAC'I: . 

!U: L.>. T "S P ST 

J<LSIST.l!l -B1'.IDGE· 

=rsnnr o.~< 2 
50\lRCE =-r.F.D<T 
ST >.AA Q.2 CAP 
.sw D:rl'-4 
SN SPST. 
'!1<A><SfC~ -
Tl<.ANSTDRHDf rsD"J.TDI 
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Schcmatic Design Tools 

-------------------,.------. -~ 

. · . 
... ::: o 1 el HC1 nor ~ 1 oz-:-::· ~:rorol' ~n oc··.· MC11llt:Y · 1-!ClOJ o6-: 
~:1Cl.C7 He.:.!: U:! .!"!C'lOll__tl ·. 1-ClOlll: M:lttlU~·:...: M:l.Ollol" .. M:lDilS ___ ·"' 
~:.10.1.!.--'. ~11..7. __ t<"!.Ol...l.C ~~1,9:-·'"~mzr :.~:.l'C..ID..l...Z..'L 

~ 1 o! :z.s: !"Cl o ' 7! ~ ~ ,.::unzr - HO.!n.Jlr". H!:1am : tc:1 D.l.3Z:.: I'CUI1J3..:. · 
HCl. O lJ ( HCHT1 3.S HCl. O ll &. . le 10131- !ClillJ & - ~O t:Jt .. HO.!l I U·. 
FlOlC5.A HCI015:1. HC1015( l1Cl0JSI .. ~0151· HCIOHO ~0161. 
!1Cl0162 HC10163 HC10164 HC1016S. HC10166 MC1016! HC10170 
H-::10171 HCJ017Z HCJ.Ol73 ~10174' HC:l.0175 HCJ.Cll.H -~Ol.7T:· 
...:;:0178 1-1!::10179 !<:IOlSO HClOJU' HC1.01S2 •• --MC10U&. !1C1Cli!8-· .:. 
~clOJEL Jo0.::101Sa M...>crl91 HC10193 HCIOl~S -.HClOJJT HCIUZJ.Q:',:.:·· 
MCI021L. H:J 0717 H:J.0216·. HC102Jl . Fl0402 . Fl04H ·: ri04lS ·. 
rlOHfi Fl.OQ2 Fl0470 . Fl0474 HC10500 HC10501 . .)!C!Q~ _. .. 

1'-!C 1 C S :J3 ~_e S O 4 JoCl O 5.C!'S HC1 O S O'-. l1C U! ~Q.!I · . 'MCJ...O ll(- l"!C1 C.S! S.~ 
~1C5l!i. ·~e~· ~C'S..l6 .:· ~~~u-.·· ~n-. _,..-,rw;Trr_ 'l'Cl:Ls::J~- _ .. 
He 1 o~ n 1-CJ. a~ e ~ · t.::1 o~ 36 ~ · K:'l.CI:5 J r - I'CI ~Jll . I'CI:lrSJ t :. . 
MC1C541 ~~e~~~ ' H!::'l.C..S:J, t1Cl1l~6!1" HC.105U . ~.C~U.. H::1CS63 
...:lc:364 ·=r_mrs,·:. ~'*- ·HC".05'8 -··"Jot:::LD.5Ilr- ~Tr. .. !CJ.a.5.7I.: 
HC1C~74 HCJ05~ HC105.7fi. HCIC57r.· HCIOS/f ~~a '·'1!!::TUS'!I:--
HC10~82 HC105B' HC105BI HC10590 HC10591 HC1059) HC1D595 
HCJ0597 HC10610 HC1061l HCJ06!2 HC10616 HC10631 .~100101 

FJOOJ02 ~100107 F100112 'FJ00113 F100114 F100117 F100118 
Fl0012 F100123 Fl00124. F¡OOI25 F100126 nOOlJO íl00l3l 
F100J36 Fl00141 'Fl00!42 F!OOJ45 FlOOlSO F10015l FlOOl~S 
F100156 ~100151. Fl00160 F10016l F100164 Fl00165 íl00166 
Fl00171 fl0017!1 FIOOl&O FlOOJ..!Il nuOl82 · ,F100l8l F1001!1.4 
FlOZl..c:IZ'. Timr:J.]& ·-~--- ii!lU~ naqc~--- n.cJUtt:_ ~ F1.!1.a'7lr~ ~ ~ 

nocn10rc 
r1-oo l7an 

-·A-=4 • . · .. 
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Schcm:Jtic Dt5i¡;n Tools Apprnt!ix A 

'-- Dir'cctory -of Jl\'TELl.m 

a o :seno 8031 IOCJl . H32 1035 !OCJS 
é C· 3 9 ~~:J9 ecco ~041 H-42 ECU !048 
f0C48 DU so e u 8050 8DH 80C51 · e e ~2 
~en ~C·ff~.AX !CH~IJI. 1017 8 OUI".AX IOSE!<nl HU 
~C~6 ~ ~ 97 !l ~5 ll~' BHS 6 ~ 0]' r;cs 
!H6 f207 !201 .. f2l2 1216 E22' 8231 
E237 E237A 12 4) 82~1 BBlA 125] 62~4 

E2C54 6:'5~ 6205 825, 8257 12!lSA 1272 
8272A !273 8274 8275 B2H 8219 8282 
E263 e;s4 8286 8287 - 8281 12.119 8291 
82 92 nH 82HA 82!15. 634 4 1396 IH7 
! f 41 . EH1 !742 8144 BHB 6749 8751 
6155 p o 186 BO!EI e o; u 8 02 87. 80386 1106-2 
61062 E206C !2l!l 62284 EL281. 822S9 8;>364 
62501 E2Sl0 82~E6~ 625H."U B2~6l!I I<SEEi!."! 62120 
82131 

Din:ctory of MEMORY.Lffi 

'-· JOHB l OL8 l2H' l2L6 l4Hf l4L4 14 LB . 16C1 
!6H2 HL2 HA4 l6R4 l6iU'4 16XC 16L6 16FR' 
16R6 l6H8 16HD8 16LI 16Ul8 1H8 16R8 l 6l<P 8 
Hvt! l6ZB 1!!.4 1 E.P 1 2CC1 201..2. 20Rt 2CXC 
20R6 2t:LB 20RI 20V1 uxa 315 e o' 42, 
l2Ll0 1400. 1420 1421 1430 1600 1601 l!SU 
lBSH l!S>.H 20Ll0 20Xl0 2015 201-'. 20II 2019 
2063 20H 20U 2061 2114 211.5 ·2125 2130 
21U 2147 2148.-- 21U '2lli4 21 IT . 2UI 2185 
21!7 2..2\..l o 2CS10 2 e !'..U o 2CSU 2<s.A4l 24581 2600 
2E20 n3e · 27512 ;¡_n¡: 2751'1 27SlJ 27520 27521 
2152' 275.30. 215.JL" z·n:c - . '2 7 5'3.2 27S)] 27540 27541 
17!'43 ¡.,, .. :ncu 261,. ·: .2811 - 2164 2iSB6 3621 

r :!6), JH4 3!1VlS. • cou·:. 4044 - - C-,104 41U 4104 
4256 4251 4264 4416 4~64 un 48C64 ~063 

• 5133 5143 51CU 51C65 5lC6,. 51CO .51C68 5lC69 f 

52BlJ !2B23 . 521!33 5301 53 0S 530, 5330 5331 
'. 5340 5341 5349 5352. 5353 s3n 5513 5514 

5516 551.1 5564 5565" 5600 5604 5'05 5U.G 
5623 5624 5625 61H 6147 6164 nn 6256 

t 6257 6264 6261 ,287 . 6301 6305 6306 .. 6330 

i 6331 63<0 6341 6H' 6352 ~353 6380 6381 
HES 7051 1052 7053 7056 7057 7051 7l21E 
7122.& 712EE • 7131 n32 713'4 71)7' 7131 'l'l42E . 

--- 7'02 7603 7610 7611 7620 7621 7640 7641 
7642- 7643 7641 7680 7681 7685 1121 8157 -
81U 82523 ~264 B2U 8211 8416 8411 14H • 

~-
~4H 87C64 9044 U64 HlC 9124 9l71l 9244 
9864 99CU 185030 18s.AC30 212.!>6 2.!>044 25045 250!5 
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Schcmatic Design Tools ... 

------------------------------------~----------------~-------------~· # ••• 

2~CU :"~CE' :S'H! nl.O· 27010 2TOri' "DIZT .. :rrs-I&a-: ._,, 
2iS161. . :~.-:·s 1 Es. :nsuo 2.75131.' 2JS.2~Q . 272lJl. ·..: .. 272..5' .2.7=&- . l :' 
27s-~a: 21S::72T. . .Z75~S(J" 2'1~H .. ; :z::r51Z:' •. 2nl..J'.- 2T'J l" ':. 2!STU: .' 

.. 

2!5166 29611. 29_621 29625. 290)0 2901 '2HSl . 'Z3Hl:' .. 
2 9ESO :9 f S 1 314:'~6 ~l2H 4!415 ~0256 

. 50257 SlciSfr. 
SlC2 5 !1 ~1:5& . 745188. 745287 '14S2al '745387'. 745472. HS471n ~ 

HS475. 74S~7CL Jcs!.n · HnTL.. :H.S~7l··. 76..UCl. .7Uiil. ..: T6llt -_, c~.o · 
HlliS' H3ll: :. H64T . fln'!r fl2:51 :-: 1141~.- sz.s::r:zr~ !ZSLZIL .• .. .. 
82512.! 12..5.l.J a. !!.2SJ. JL.. 8.2513 , .. 8Z51IT" .!2SUT .. lZSl 8~. BZ~ISL 
!2SU5. 62Sl.50 82.S.UL l2S3H. !75'180' !TSISL. .875 !!5 .. 875190 
675191. 111s:so 875211. 875'290 87529L !13415 !IJ411 93425 
9342.7' 9306 93411 9HU ... ~3448 • 91U5Q !13ZUl. 934.U.· 
9HU . S~-- 9..!:::!11 - J"""l-..5l.L.-;.' . !9\..."!U .. '-.!SH.n:. 

• ·. 
Direc::myaf ~..Ol1:TTR=. 

feO O 6EAC'U • H5':17. 6~1· 6!(!!!3' . 5-!'8 I l'<l'f' 6MI' 
Eeo·zws HCl-3 . -'803~. 6í!OI .-- 660 6 8 o 911. 68>KO 91i 
[.810 6é2.L &éZZ. 6!XJ ... H..c::l C. U!.3~ .. f !ü9 .. .. 

··~· 6Ht 6!45 EH&' . 6H7 .. · HHT 6850 
6852 6854 6875 6875A 68000CC 680000 68000GA 
6!0060 6ecoso 680lOCC 680iOli 68010GA 6801U4 6801U4EH 
68CJu•'·'>i 6SD20 6803U4 6803U4E:M 6804J2 6804P2 6EHCC4P2 
66HC0.P) 6H~K2 6805P2 66CSR2 6805<1 68CSU2 · 6805K3 
6E05R) 6S05U) 6805P4 68CSP6 69120<:H 6812!1SH 68120SC 

'68121EM 6 8 12 l h'>i .68l2lSC 68 440 U451 68.61U 68 901 
683~1.6 .b.UUl.ll 6i105JU.... UTC5J..a •. : l!~....RSc ·.nT= .. l.t:'i:iT"'t:I'Z __ • 
146c.J~- •. 

Direc::ory of RF.LIB: 

AIR 'Ih'DUCTOR 
AIR T INDUCTOR 
"-N1'!.NNA-1 

AI'l{ t:'iJUC,GA·~-· -~ lSWlClCA WIPEX 
. AN'TD"XA o il'Cla 
A...-TD.'m.-2 

eox 
CCAX PLUG 
CC~~OR COAX-F 

C Ar AC I TOR r-E:'EO 
COAX REcw>aCU: 
co~.-rcTOll =41 

f:]'.'"YE !...::P & n.. YE.A.a . 

~ TLD. t: ~ . p O.""'!"C!Cr' -
;. 1-!.A...SE. S}i-IFT!:11. en , L·-. S"""F.A....~.:s===!LIIDr r:s:c:K 

. PST IU"' In'DT 
5TDAI15 STCAlU 
S 1oO : "j"Qf N E l i0110 AA T Lo. í<W t: . 
TRAN:::>nsSII::ll =. 1klDilL. 

.. . . . . 
A-6 

u .nn-.li'Ep¡::ua 

"""~ 
Cn<cr.E . 
CCNbfCJ'QB c-.........X: • 

.CRT' 
. G;; CJlll'I"'::1:D -o.p-
. F HASE SHu-rt:l[ 
., SlS' - • 

r.F s= . 
.;nFUP- . 

1·;v.NSHIS'STCB =r:­
• .1 lCUL fit;;.; 
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Schcrnatic Dcsi¡;n Tools Appcndix A 

o 

''-- Dirc:ctory of TTLLIB 

7H.S 7~5 7 ( 1-:.S 7 (.'-S 7~HCT 7~HC 7(!\CT 7<!\C 7<r 74 

00 •• •• •• •• •• •• •• .. •• . .. 
... 1 •• •• •• •• 
C? 
' - •• •• •• .. • • •• •• •• •• • • 
03 •• •• •• • • •• •• 
04 •• • • •• •• • • •• •• •• •• • • 
05 •• •• •• • • •• • • 
06 •• 
07 •• . 
08 . .. •• •• . .. . .. •• •• . . 
09 •• •• ... •• . . 
lO •• •• •• •• • • •• . . . . 
11 •• •• •• •• .... •• •• . . 
17 ~- •• .. 
13 •• •• .. 
l4 •• •• •• • • •• • • 
15 •• .... • • 
16 •• 
17 •• 

~. • lB •• . . 
19 •• 

'- 20 •• •• •• •• •• •• • • • • 
, ¡>¡ •• •• •• •• • • • • 

22 •• •• •• •• 
24 ... 
25 .. 
26 •• •• 
~7 •• •• •• •• • • •• 
28 •• •• •• • • 
30 •• •• •• •• • • •• .. •• 
32. •• •• •• •• . .. •• •• •• • • • • 
33 •• •• •• 
34 •• •• • • 
35 •• 
36 •• 
37 •• •• •• • • •• 
38 •• ..• •• • • • • 
3.9 •• 
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O i íC ctory-uf 1TC..UH . c-~~-cl l...J,.. "-1 .~ ·~· 

7U.S: ·_745. .7 v.-..s:. 'j (JS ·;:=·-=.~·.7=:-J'=~- -rn-:c. 1(: 

40 ... - .... . •· ...... 
42 •• . . ... • • . . •• 
41 •• 
44 .. •• 
45 •• 
4& -· ... •• 
47 •• • • ·-48 ... . ~· ..... 
49 •• •• 
50 ... 
~l •• •• •• -54 •• •• 
55 •• 
56 •• 
57 ... 
60 • •• 
63 •• -· .... 
S4 ... •• 
65 •• 
68 •• 
69 •• 
70 •• 
72 •• 

' 73 •• ... - •• 

i 
74 •• •• •• • • •• .... •• •• •• •• 
75 •• •• ..... •• 

~ 7& •• •• - .. 
t 77 •• •• •• 

78 •• •• 
j ;o •• 

62 •• 
83 •• •• •• 
SS •• ... •• • • •• • • 

l 96 •• ... • • •• - •• . .. .... •• • ' •• ! 90 •• 
91 •• •• 

. ·, 92 ... •• • • ... 
93 •• •• . .. •• .. 
94 •• 
95 •• ... •• -
9E •• •• . 

A-8 



Schcmalic Dcsi¡;n To~ls 

Directory of TfL.Ll!l Cont inu:J 

7<LS 7<5 7 < '-LS 7US 7(H:r 

97 
lOO 
l Q4 
JOS 
107 •• •• 
109 •• •• •• •• 
110 
111 
112 •• •• •• •• •• 
113 •• •• •• •• 
114 •• •• •• •• 
1~6 
120 
121 
122 •• 
123 •• •• 
124 •• •• 
125 •• •• 
126 •• •• 
128 
131 •• •• '---
132 •• •• •• 
133 •• •• 
134 •• 
135 •• 
J36 •• •• 
137 •• •• •• • • 
138 •• •• •• ••• • • 
139 •• •• •• 
140 •• 
Hl 
142 
HJ 
144 
145 ... 
147 •• •• 
148 •• 
150 •• 
151 •• •• •• •• 

___ ... 

152 •• 

' 
.· 

HHC: 

•• 
•• 

• • 
• • 
• • 

• • 

• • 
• • 

•• 
• • 

.... 
• • 
•• 

•• 
•• 

. ... 
•• 

• 
.. .... 
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74ACT .7<AC 7H" ,. 
•• 
•• .. 
• • . . .... •• •• • • 
•• 
•• 

•• 
•• 
•• 

•• 
•• 
•• 
•• 
•• 

•• •• 
•• •• 

•• 
... 

•• • • 

. . 
• • 

.... .. • • 
•• 

•• .. 
•• 
•• 
•• 
• • 

•• •• 
•• .... ... •• • • 
•• 
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Appendix A Sche.nutic Dcsi¡;n Tools 

Din:dory of [ 11 1 rn Coirtñirrnf · ........ 

HLS 74S 7U.I:S7US"" . ns....-r·n¡;c- . TI"Aer701C. 7cr 7T ... 

l ~) •• - .._ .... --· .... ...... ... . ... • • .. 
154 ... ... ..... • • 
155 ... - - ·- •• 
~6 .- •• 
157 •• ... .... ..._ - - . .. • • . .. .... 
158 •• •• •• - •• .... - ... .. ··-· 
159 ... 
Ha •• •• . .. ..... - - .. 

!61 ·-· •• -- - •• ••• . .. •• 
162 .. -- - - --· - •• 
16] ... ·- - .... . ...._ . ...... .... ... •• 
1~ •• •• •• • • . .. •• 
165 .... ... - ... •• 
166 •• ... .... . •.. . .. ·-
Í67 •• 
168 •• ..... - - •• 
16!J ·~-

..... -· ·- ....... .... •• 
l"lO •• •• 
171 •• 
112 •• 
17) •• •• ... •• 
174 •• •• •• •• •• • • • • •• 
175 •• •• •• .. ... ... ... •• 
176 •• ..... 
117 •• 
171J •• 

1 
179 .... 
180 •• •• 
181 •• -· •• - •• •• • • 

¡ 
18Z •• ... .... •• ~-

< 

11U ·-184 ... •• 
' [ 185 •• 
¡ 

-1~ ... •• •• . •. . . •• t 

1 191 •• - - •• ... - •• -
1!12 •• •• • • •• • • u 

j 193 •• - - •• •• ~· •• -¡ 194 •• •• .. ... ... -
195 •• .... •• • • •• •• 
; 36 •• ·- •• 
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Schfrn:J!ÍC Dcsi¡;n 
-• -Tools 

Director)' of lTLLII3 Co~. ti'l~Jed 

7C:.S i<S 7(,;:.5 -;<.J... S 

197 •• •• 
1~9 
1'0 
221 •• 
226 •• 
237 
240 •• • • •• •• 
241 •• •• •• •• 
2<2 •• •• •• 
20 •• •• •• 
2H •• •• •• •• 
2<5 •• •• 
246 
2n •• 
248 •• 
2<9 •• 
~50 •• 
2 51 •• ... ··- . .. 
253 •• •• •• 
257 •• •• •• •• 
258 •• •• •• •• 
259 •• •• 
260 •• 
261 •• 
266 •• 
268 •• 
273 •• •• 
274 •• 
275 •• •• 
276 
278 
279 •• 
260 •• •• 
282 •• 
Z83 •• -284 -.. 
285 
286 V 

290 •• . . 
292. •• 

.· .-. 

-·-.. ·~---·- -------------·-··-· ~-~ -----~ --· 

Arpcntlix A 

i ( ¡;:-¡ ''e: 7 (I.;::'I" i(A:· 7<r 74 

• • . . •• .. . . •• . . 
•• •• 
•• •• •• • • •• 
•• • • •• • • •• 
•• • • •• 
•• • • • • 
•• • • •• • • •• 
•• •• •• • • •• 

•• 
•• . . •• 
•• 

•• •• •• ··- .. 
•• •• •• •• • • 
•• • • •• • • . . 
•• •• •• • • • • 
•• •• . . • • .. 

•• 
. . 

•• • • •• •• 

. . -
•• 
•• 
•• 

• • .. •• •• •• 

•• •• •• .. -- • • 
•• ... . .; 
•• 

•• . . 
•• 
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Appendix A Scncm:~ric Design Tools 

Di rr c::tmyofTITDB.- L.on~i.::-..: ed: ,___, . 

7ns·. 1u.-. . 7C..T.S:: 7os· 7<KT/~~ i""-"T T{~. Tu·--- 74-' 

293 -· . -. -· •• .- . 
294 •• •• . 
7.93 -2sa --;-· .... ·. ... .... .... 
.299 ... -- - •• ..... •• .... -320 •• : . . 

321 ... 
322. .... . •• • --32.3 - . ... - ...... - .......... -·- -- .. 
347 ... . . 
3411 .... . . . .... . • . 
350 -- •• ... 
352.. ... " ... ..... - ··- • • 
353 •• .... ... .... • • 
354 ..... •• . ... 
355"' ... 
. \56 ... •• -357- ... . - ' JES ... ... . .. . . . • • •• 

' 366 •• •• •• •• •• •• 
367 •• •• •• • • •• • • 
368 •• •• •• •• •• • • 
373 •• •• •• •• • • •• . .. ... • • 

\ 374 •• •• ... . ... •• •• . .. •• • • 
375 •• ·-37& '• -
377 ... •• . .. •• 
378 •• •• . . • • 
379 •• • • •• 

. 381 ... •• . .. -382 •• •• .... 
384 •• . .. 
385 •• -r 386 •• .. 

¡ 390 ~· •• •• . .. 
393 ... •• • • 

j¡ .. 395 •• •• • • 
·•. 396 •• 
f 398 •• •• 

199 •• •• . .. 

. · 
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Appcndix A Schcmatic Dcsi¡:n Too!s 

Di ;-::ru:rry -uf TIT.:"U.B"Ciú·c.':TI::d.. ·: 

74LS. 7CS 7 u.r.s:- 7 ~-- -1~-H~- io.=:TUC: 1a· 74"-" 

560 ""' ··-
561 •• 
~El ... - ...... .... • • . . 
:€4 ...... ...... ···-' ..... . . 
569 ...... ·- ·--
56!J ... •• 
573 .... .... .... . ... --
574 -·· •• •• . .. -575 •• ··-
576 - ...... 
577 •• •• . •· 
sao ..... ... • 
588 •• 

• ~E9 ... ... 
590 ..... ... --591 •• 
~52 .. .... ..... 
. 593 ... .... ..... 
594 ..... -595 •• ... •• 
596 •• 
597 •• •• •• • • 
598 •• •• • • 
599 •• 
604 •• •• •• 
605 ... •• 
606 •• 

'- 607 •• ... 
608 •• 

i 61B ... 
, 619 ... 

620 ··-· - ··-- - - - •• 
611: - - - ... 

·6Z2 .. . .. - •• 
6n .... - - ... - - .... 
6J1J -· ... -639 •• •• -640 •• - - ... .. -641 •• .. -642 -- - - -. 

. -

..... 
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Schcmalic Dcsi¡;n Tools Appcntlix A 

'--- Dircctory of TTLU13 Continuc:d 

7<LS 7<S 70,l.S_ 7.;;_s 7<":r i<S.: 7o.cr 7(r.t: _ 1cr ¡~ 

~43 •• •• •• •• • • •• 
EH •• •• •• 
E<5 •• •• .. 
EH •• •• •• •• •• • • .. 
E47 •• •• .. . . 
~<8 •• • • • • •• •• •• .. • • 
~<9 •• •• .. •• 
651 •• •• .. •• •• • • 
652 •• - .. •• •• •• 
653 •• •• •• •• 

. 654 •• .. .. • • 
6!>8 •• 
669 •• 
670 •• •• . .. 
671 •• . . 
672 .. . . 
673 •• •• •• 
674 •• •• •• 
677 •• •• 
6'8 •• .. 

\.._ 679 ... .. .. 
6_80 .. .. 
681 .. 
682 .. •• 
~83 •• 
684 •• •• 
685 •• -' 686 •• .. 
f&7 .. 
~86 •• •• .. • • 

' 6E9 •• •• 
' 690 •• •• ' ' 691 •• •• 

692 •• • • .. 
€93 •• •• 

l 696 •• .. 
697 •• •• 

l 698 .• . •• 1 
¡ 699 ... •• 

742 •• 

! 
i 

~ 

... .. 
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Appcndix A Schcm::~lic Dcsign Tools • 

Diredory of TTLU!I C"orrtinucd 

74[S. 7~- 1 <ALS.. • u.s ·_ 1 4MCL ·7 w;c---1 c..-:r ~ :1 rr 74"' ... 
743 •• 
746 •• . . 
747 ••• 
756 ... 
1ST •• 
759 •• 
759 ... 
t::o .. -
EGO •• • . . 
602 ... 
804 .... - - ... 
e os - - •• •• 
ses ... - •• 
821 ... . ·. •• 
E2Z ... ... . . 
EZl ... ... 
E24 •• •• 
'·'S ... •• 
626 •• •• . . 
832 • • •• • • 
en . ' •• ... 
842 •• •• 
843 •• •• 
SH •• •• 
8t5 •• •• 
841i ... •• .-. 
aso ... . 
851 . - ... 

'i52._ •• 
856 .. 
8S7 •• ... ... . 
866 ... 

* 867 -¡, 
8&9 •• i ... 

' 873 ... ·--• ; 874 •• -
l 876 ... •• 
! 877 .. •• . -

878 •• •• 
879 •• ... . . 

• 
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Schcmatic Drsi¡:n 'fools Apprnclix A 

.-
\..._ Dirt:dOI)' of TIT. UB Co,,;.,.,od ...... ~-

7(L$ 7($ ?<;.:.s 1.:,;s 7(H:7 7<H: ?o,cr 7<AC Hr 74 

EBO . . •• •• 
E "1 • • •• •• 
t~2 •• •• 
~ES •• 
'68 .. 
t:BG .. 
S 'JO .. -.. 
S90G •• 
lODO •• •• 
1002 •• 
1003 •• 
100( .... •• .·. . . 
lOO S •• 

• lOO S •• •• 
1010 •• 
J C'll .. 
;ozo •• .. . 
l 032 .. •• 
J 034 •• •• 

~· 
1035 •• 
1036 •• 
1240 •• 
1241 •• 
1242 •• .. 
1243 .. . . 
1244 •• . .. 
12(5 •• •• 
1620 •• 
1621 •• 
1622 •• 

j 1623 •• 
1638 •• 
1639 •• 
1640 •• . . 

1 1641. •• 
1642 •• 

i ·1643 •• 
~ 1644 •• 
i 1645 •• 
f 2620 .. 
j 

...._. 
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Oill:t'..cry-af T1T..liB:: t:cicti=ctL · -· 
74LS. ns- 7(1\LS 7 C"S" 7(1Cr 7~HC:" 7=· T-:JIC: "7(1"" . . 7f 

2E2l . . .•. . . 
2~40 •• 
:IE(S ... 
6003 . ·. .... , 
llOül} •• ···- • 
ll002 . . . . •• • • 
11004 ••• •• 
UCCI! •• . .. 

. . - ... 
11.01.0 .•. 

~·-
llOU. 

... _ ... 
1101.3 . ' •• .. .. 
11014 ... .. 
llG.l!! · .. J. • • .... 
llQ..Zl •• -l.l.D"ZT .. •• 
11030 . . •• •• 
11032.: •• ... 
110"JC •• .. 
11074. •• ... 
11109 •• •• 
11112 •• •• 
11132 •• •• .·· 
11138 •• •• 
11139 •• •• 
11.15.l. ... .. 
1l.l.5.l.. •• •• 
lll57 •• .. 
11158 .. •• • • 
lllED .... •• • • 
11161 •• •• 

.' 11162 •• •• 
11163 . . •• • • 
llÜB •• •• 
1lli.9. •• •• 
11174 . . •• • • 
11175 •• •• 
lll Bl. ... •• • • 
.11190 •• ... 
ll.UJl. •• •• 
!ll9Z •• • • 

. •. 
A-18 

.· 



Schcm:llic Dr~i¡;n Tools 

DirectO!)' of TfL.LIB Contin~ed 

11193 
11194 
11240 
11241 
11244 
11245 
1}251. 
112.53 
i12.57 
11258 
11280 
11286 
11299 
11323 
11352 
1U53 
11373 
11374 
llE40 
11643 
11881 

H88 · 
1489 
?S lES 
751E9 

. . . 

•• 
•• 
•• 
•• 
•• 
•• 
•• . . 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

• 
Appcnuix A 

·.-

•• 
•• 
•• 
•• 
•• 
•• 
• • 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

A-19 . . 



ciR~/fi]fi) IMPREs''(J .. 
-:.. · __ ,}·ics:~;:._ ~.~:;~~~~:;.*;i:~;U_:~li~lif::¡tj¡r~;~~--~~1{~\:~- \. -_ .~ :: ': _ - ---:{-· '¿{-:~; ·· 

' 



• 

···~ 1 

\ 

4 Learning Tango-PCB PLUS 

4.1 lntroductlon 

Lc:arning Tango-PCB PLUS is a buds-oo tutori.J lhal hct.,. ,_ 
btcome fomiliu witb many of lhe procram's futurcs. Tbe putpDIC el 
1he luloriol is lo gi11e you lhe coofldc:occ lo bqio ...U., T..,....PCB 
PLUS lo ereale ,.,... """'board c1esipa. 

We know tbal you're llllllious lo gelllaned. lt is a buic: humu urse lo 
run a ncw software packqc wilhout tboroughly rcadin¡ thc manaaL 
We'vc dooc il oursclves once or lwicc. Bul wc bigllly rccommcnd tltal 
you foUow lhc complete tulorial. 11 is dcsipcd 10 be a quid ud 
1o0mewbat painless -y lo gel acquainlcd wilb Tugc.-P<:.a PLUS. 11oe 
reSI of 1hc manu.J contaiRS rclercocc ialormalioo lhal you cu rcad u 
you occd il. 

This IUiorial is ialcndcd lo hclp ,.,.. &<1 acquainecd willt tloc _, 
options, cditina fcalurcs, ...., "looll-ucl-fccr el T..,....rca Pt.US. 
Wc '11 show you how lo nao thc procram and poiol OUI a clo.a ,. ao 
opcralions lbal uc 1ypicaJ ola s;bort c1caip vuioo 

U ID error mcssqc is displayd durinc tbc lulorial, ICe Appn41a E: 
Em..- Mcosqa for a dcsaiptioo ol tbc proCIIc• ud a prwoiNc 
solutioo. 

4.2 Betore Startlng The Tutorlal 

Beforc llarting tbc lutorial, mUow lhc irulallation iallrlldiooa ia 
Chapttr 3: Gdlloa Star1d. Wc asswnc lltal you lla• e full: 

• lnslollcd tbe Tanac.-PCB PLUS vC111i1J dcvicc. 



CIIArTER 4 

• Madc bacltup copie• uf rhc Tangu-I'CU rLUS diokcncs. 

• U yuu are usina a muus.e, in~hlllcd and invokcd your IJI'CID"s 
mou~ hardware and mou~ wflwtnc driver. 

• Ir you are u.ing EMS (c~rpandcd mcmory), inMallcd aod iavokcd 
EMS hMdwuc and whwuc driw:r. 

• Madc •urc tbat your CONFIG.SYS fde io correaly c:oof'll"'ed 
lor running Tango-PCB PLUS. 

• ln•rallcd tbc Tango-PCB PLUS sohwuc in a direaory oa tbc 
hard diok. 

• Confogu•cd TaDgo-PCB PLUS r., you< syMcm'o papbica card. 

4.3 Runnlng Tango-PCB PLUS 

To ruo rhc Tango-PCB PLUS pr0111am,lypc:: 

pcb <Entlf> 

Ahcr a fcw occoads, tbc Tang&PCD I'LUS ocrcca io dioplaycd. Now 
wc un pultbc propam lbrough ilo pacco. 

4.4 The ACCEL Productlvlty Interfaces 

Thc ocrccn bdorc you io thc ruull uf cxtcnsive researcb iato the 
c:rgonumic..s uf dcdrollÍc dcs.i&n. To buiiJ a more produdive lnlerfacc, 
ACCEL•rudicd cnginccrs' work habiiS a"'J design Oow, on-Krccn uscr 
inlcrbccs from doz.cu of dirrcrcnt s.oftw~u: program1. and hundrcda of 
"""' commcnu and SUI!II<Siions. Thc rcsulling ACCEL ProdUáivity 
lnrcrfacc (API) allowo for Ocllibilily in user nptiu,. and a wide vuiely 
of cdiring commaods. lt will ocrve as a consiolenl frool cad for .U of 
ACCEL's cledrooic desi(IJI ooftwarc programs. 

ler"• rake a lour uound lhe ocrcen lo familiari.r.c ynu wi1b thc API'• 
rc.rures. 

~ ... ·-

• 

Hot: Spots: 

Figure 4:1. The hoC spots provlr:le one-dlck KC8SS to lhe Menta. 
Zoom. Undo. end Speed Pelanelunctlonl. 

In tbe rour corners are bullo,. wc caU llot spou (F"o¡urc 4-1). 0De dick 
oftbc <l..cftMousc> buuoa ow:r the hot spoll will: a) pop-up lhe Maio 
Mcau, b) caablc tbe Zoom Window commanrl, e) 11ndo tbe lul 
command, or d) pop-up the Spccd Palcllc. Wc'U lry aU tbeoc funciÍODI 
in a momcot and you'U sce why the hoc spots makc tbeoc oft·repcatcd 
opcrations a brcu.c. 

Across lbc lop of lbc Krcco ÍO a liagle linc of lcd called tbc prontpf lilw 
(Figu<c 4-2). As lhc priJ8rUD finl loads, it dioplaptbe usual copyri¡lrt 
inrormatioo. Out u you togfe through commaad options oa Tango'1 
mcnus, tbc prompl liac docs whal ils oune implies: provicle1 a brief 
belp messagc oa wbatew:r eommaad is aclivc atlhc time. 

On lhc boltom of tbc Krcco you'll rmd thc SIIIIIU /in~. Froto left lo 
right, thc status liac iadicatcs thc cursor locatioo, the commud coode, 1 
1 (qucslioo mark) for accc~ing lbe on-liae hclp utility, the pid 
selcction licld, tbc currcol l•ycr and its color, end lbe currcnlly to.dcd 
PCB file. 

4-] 

j 



Prompt Une 

Status Une 

'\, 

Figure 4-2. Tengo-PCB PLUS' promplllne end status llne keep you 
lnlormod. 

11 you need IIS5islance al any time during your de<ÍRft .ession, you can 
click over lhe T on lhe •lalus line or rype ? on your keyboard. One or 
more screen.• ol inlormalion will •r~ar which de!<Uibc: the eommand 
rurrent al the time you ._,. lor helr (l'irture 4-J). 

U.e rhe llelp lacility's Up and o_. hullon• lo view additional pages of 
hdp on rhe curren! lopic. Nnt and ~ouo dl<play help on the nelll 
and previous lopia, aad lndn rroduce• an indu of all availahle lopics. 

With over 100 screens nr nn-line htl(l. ynnr Reruencc Manual may ju.'\t 
R•lh<r dusr oa rhe shelf. (Our prinring dcrarlmcnl is gelling nervous). 

One final noCe on our &creen design ~rore we move on. All on·a.creen 
inlormarion is di.<playcd in "-' linlc srace a• l'""'ible lo rrovide lhe 
maximum screen area available lor ediring. Thi• lrail carries through lo 
our pn¡>-up menu. and dialog l>oxe<, which are dc<ÍRfttd lo cover as 
linle ol rhe workspace as possible. Compare thi• approach lo many 

J 

• 

.... 

't' . 
othcr !.)'!o' Cm'- with permanc:nt, nn·scrccn menui that ta\c up an..--:'··~" as 
25% of the availahle work arca. 
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...... 
Flgure4-3. Tango-PCB PLUS leatures conlm-wnsftlve on·llne help. 

4.5 Loadlng FIIPs 

To load files, seled 1he File Load command lrom Tangn's pop-up 
mcnus. There are three coaw:nienl ways lo pop-up lhe Main Mcnu: 

• 

• 

Move the cursar over lhe Meau hor spor and dick lile 
< LdiMousc > bullim. 

Wilh rhe cur!IOr ia any lnalion, click horh lhe <RighiMousc> 
and < LcltMousc> bullons allhc ume lime. 

• Wilh the cur<or in any local ion, pressthc < Spacebar > or lrpe l'ol. 
on your •eyboard. 
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rrc.,in~ < Ri~htMou.'IC> ·or < E...c> rcmovc< lhc mcnu. Pop-up lhe 
~hin M~nu now using JOU' choice of any of the thrcc mc:thod:"· 

With Tan~to's~ menus di~played, u..'e thc moUK or anow keys lo mow: 
1hc highlighting bar up or down lhe di,play of mcnu ileml. You can 
<cl<cl hi~~:hlighlcd menu items hy ¡nc'l•ing <LcfiMouoc> or <Ente~>­
You un al\0 runa rommand, whclhcr il'< highlighlcd or nol, by typmg 
che finl lener of lhc command namc. 

11i~hlighl thc Main Mcnu's File command. NOticc Chal the rromf'l linc 
imlic;ltC.\ e he: command" immc:rliatr:ly availahle: tM:ncath the Main Mc:nu 
ilcm t·nr. All of Tan~to-PCB PLUS' 75 • command.• are availo.hlc from 
thc Main Mc:nu, or at mo,t, one mc:nu kvcl down. You can \'ICW ~'Y 
"''"u opliort on '"e prompl line hy sliding the highli[!lll bar up ~nd down 
the Main Menu. Tango's lwo-lcvel architeclure was dcs.gnc:d lo 
tliminale the aovigalional prohlems of deer hierarchieal mcnu 
structures. No more awinftinR from one branch of a complc:1 menu trce 
lo anolher. Tango-PCB PLUS leC< you movc quickly hcw-en 
operalion< wilhoul monkeying around. 

Now prcM <Enlcr:> or click <LdtMouse:> lo selcct the Fil~ mcnu. 
Vnu are ¡nc~cntc:d with the fivc file cnmmand~: rile dcar, F~lc: ~S 
(allow' ynu lo eul lo DOS from wilhin Tango), File Load, Fde Ourt, 
and·File Save. Seled the File Load command. . 

llp 1"'1" 1 dialog bo• where you m••· your •elcclion or which lile lo 
load (figure 4-4). You havc ••••d Tan~o In load a file. Now lhe 
program is as•ing you whecher lo load a PCB, hlc..:•. or. phol?f'lol file, 
and which srcciric file lo load. In e~~ncc, you ere havmg • d•aJos W11b 
lhc rrogram, hencc the name dial"'l ~o.r. 

Thcre 
1
ore 1hree types ol files you can load wi1h Tango-PCD PLUS: 

rcn files, block f•lc<, and pholnplnl file<. rcn file< are the ba;ic 
rrintcd-circuit-board drowing,•. Dh..:h are porlinn• of hoarck, like 
mcmory urays or microproce'-'"" and their (llue logic, whicb you 
·define •nd save away for fulure repealcd u•e. Photoplol files are 
c;cr!>o:r·fr.rmat files crealed with Tanl!o which are u<ed lo generole final 
arlwork on pholoploltcrs. 

Wc wanl to load 1 PCB lile now. Sclcct PCR •• lhe lile IYJIC and click 
on IN. Sclect lhe lile lnMCARD.P<.:R in thc liM box and scled OK. 
(Jic\ on ()!" ,¡n lo load lhe lile. 

• 

S -. • 
'-f'_;UlNINO TANGO-rCB PLUS . -

1 , r .. E rr7!TI: .. . U'l' ~ 

------------------------------hlnl "" f1l• ''" "'~ "''''" H• ,,., 11 fl• lrl• '' '"" • 
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Figure 4-4. Tengo-PCB PLUS' dlelog bowes pi'OIIIdea conslstent, 
loglcalway lo lnlerect wfth lhe program. 

When the lile IBMCARO.PCB is loadcd inco mcmnry, Ta....-PCB 
PLUS immcdialely displays the PCB, aulomotially 7001mcd to display 
1he enlire board on lhc worbracc. You are lookins al the board 
outline and edge con~clors of on IBM-comratihle I'C rlug-in card. 
Cnmmon hoard configvrations, such u re, VME, or MultiBus card1, 
un he easily saved as lemplales for futurc clcsips. 

Besides reB ond block files, Tango will IUIOBIIIially aeale dcfmilion 
and initialir.acion files wbich save informal ion on how you've customiz.ed 
Tang~ for your """' particular use. 

With Tango-PCB PLUS, you have lremendous Ouihilily in sclccti"' 
r•d <hares ond siu., lroc• widchs, via si•.es, and Gcrher aperturcs . 
Jlowcvcr, mn<l dcsigncrs wor\ with 1 fairly slandard Kl of artwork 
rrimitives. Therefore, Tango allows you lO define a SCI of slandud 
primilives. The program aulomatially saves thcse primilivcs ia a 
delinition file, PCB.DFN, which is loadcd whca you run thc progr-. 

Ukewise, any oftlions whi<h you scled in the sctup commands dcscrihed 
helow will he saved aulomalically in an initiali7.aCion file, !'CDJNI, 
which is loadcd upon prot~ram starlup. fnr addrd conven~nce and 
con~i•lcncy, bolh Tango-PCD and Tango-Roule operale usingthc same 
ini1iali1.alion lile. 
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4.6 SeHing Up Your System 

Oc<idn Onihility in artwork <pcrificatinn<, Tan~o-PCn PLUS al<o ~~" 
ynu tailor the program·s operatinn to suit your own nteds and ta.c,,e. 
The Sctup command.< allow you to enahle layen, choo.e colors, sct 

~rid<, and so on: 

MIUp 
Communlcalloea 

MIUp Display 

s~tup Grldo 

!'=!'tup Optloa• 

Stlup Paltlle 

Set, up the COM 1 and COM2 portA for u.~ 
with plotteu or prinler<. 

Enahlc/di<ahlc laye«, pod.<, ..;as, BJicl<; scled 
cur<or lypc (arrow, <mall croos, luge eros.<); 
Klcct rolnr< for mcnu.<, hackjvound, 
slatu</prompt line<, laycrs, pads, Yias, I!Jid<, 

etc. 

Setthe 1\h<ohotc, Rclative and Visible I!Jids in 
incremcnh nf onc mil or pcater. 

Enahlc/di<ahlc the orthnt!onal track modes 
and dragtracks oplion!\. 

Cu<lomin the Place Spced Palette with your 
own !\drction or p:ut~. via.", te'lt siz.es, and 
luce widlh<lor quick placemenl. 

To <tart, wc've <el all of the<e option< for you. But fecl free 1~ I!CliR lhe 
Sctup mcnu< and chan~e Tan~o lo <uit yo~r<dl._ Whcn you qu~l, Tango­
PCI~ PLUS ,....,5 the curren! <crup in rhc onollalo7allon file (PCB.INI) 50 

evcrylhing loob the umc thc next time you run the program. 

4.7' Placlng Components 

t·. 

wc·n hcgin our dc~ign hy p1acing a rcw con'l"menl~ and lhen routi~g r-_ 
conncclion< hctwecn thcm. Tango-PCR PLUS shop< complete woth .§ 
cxtcn<ive lihrarics of throu~h-hnlc antl <urlacc mounl (SMT) pattcm<, 
and pro.;dcs powerlul facilities lnr ~aphically hrowsing, li<tin~ 
mcrginJI. and ren~inl! lihrary compone ni<. 1\dding new componen!• 15 

• 

·-

·"' ·;, 

ii 1 
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<imple: ju<t create rhe parr ~aphically in Tango-I'CB PLUS and add il 
to a lihrary, evcn in the middle ora board duigro K'-'ion. 

In thc Tango-I'CB PLUS package, wc've providcd the samplc libnry 
file EVAL.LIB. This lihrary indudu a BJOUP ol lhrough-bole, 
conncctor, and surfacc-mounl patterns, aU of which uc pailablc_ ia lhe_ 
thrcc srandard Tango-PCB PLUS libruies: PCBMAIN.UB, 
PCDCONN.LIB, and PCBSMT.LIB. 

The l.ibrary Browse command pr.,.;~s an clsy IDCihod lo ICHI riSI of 
lhc pattcrns in 1 lihruy and lo vi•ually inspcd lheir shapc. R• lhe 
Lihrary Drowse command now. In lhc dialos bol, dick oa Usl lo 
display a li.•l of lhc pailahle lihrarics. Selcd EVALLIB and clid 011 

OK. The dialotJ hoK now li.rs the pallcrns in EVALLIB. To brow!c 
cach of thc pattcms wc're at-1 lo place, ron~ dic. on DIP16, and after 
viewinglhe di<pla,.,d pattern, dicll oa Pl.CC211A, (f"...,., 4-$). 

t.•.....,lt:\f .. '6sL.Lti 

~"·-· ....., .• .... 
~~·-
L«UU ....... 

•EJ 

Figure 4·5. USI end Y1ew componen! pellems wllh llbrary Browse. 

The .REFDES and .TYJ'E liclds displaJ<'d with lhc pattern ia the 
hroW<C window will he rcrl.ccd wirh the rdcrcncc dc<igroalor and 
componen! type _when thc port is plattd. Lc:l's die• on Conllnw lo 
••• ,, rlacing. 

Thron¡thoul Tan¡to-PCR I'LUS,thcrc are IWo, melhod< of opcralioa: 
using lhe lwo-lcvcl menus descrihcd •hnvc nr acce~•in11 ;nany of 1he 

... 
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um• cmnmanck wnb the Src:ed Pat.ue. W<ll demonslrate bolb 
mcthnch as we place componen" and leld on our <amplc board. 

U<ing the liut method, we place a componen! panern hy popping up 
thc menu.• and sc:lec:ling the Place Componen! cnmmand. Prc.u 
< LcrtMouse> or <Enter> to di~play a dial~ hox which lets us scled 
lihraries and library componen". The curren! lihrary obould he 
[VI\l.LIB. 

ll•ing the componen! lisl box (Figure 4-6), sc:lect the DIPI6 pallem 
lrom th• library, and give it a rcfcrcnce de<ignator U l. This utisroes 
lhc dual f•mc:lion of naming thc lir<t componen! lo he plaud and of 
«lling thc template for a series of rdcrcntt dcsignators. TanpPCB 
ri.US will automatically incrcment rcfercncc dcsignaton for eoch 
<U<«"-•ive componen! rlaced. You can ignore Tfrc: and Valuc if you 
wi<h, or add informal ion whieh would evenlually find ita way iDto a BiU 
of Mau:rials rcport. 

Click on OK. Aa outline of the DIPJ6 arrc:an on the turrent layer 
(Tnr). rudy lo be placed. (lf lhe curren! laycr, •• <hown '"'the status 
lin(, i~ noc Tnp, rres.' L lo cyclc: thron~h thc: c:nahlcd layers unlil Top · 
•rrc:au.) Move your .cur<or tu lnaliun S000,5000 and press 
< Lcll Mou.\C > or < Entcr >. 

.... 
........ 
"'"­rar.-
~ ~ ..... 
~..:.. 
'" ..... 
1 ,_,. 

G!::J ••••••• 

1 <-•• 1 

Figure 4-6. Ust boxes ald library componen! selec'llon. 
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You'rc <lill in. Place Componen! mnde, as indicatcd hy thc command 
modc licld on thc status linc. JI you wantcd lo pl1cc 1n idcntical 
componen! (a DIP16) with thc rcfcrcncc desipoator incrcmented by 
one, all you have lo do is click the < LcftMousc > or press < Enter >. 

Wc wanllo rl•ce a ncw r•nern, howcvcr, so firsl clic:lt <RightMouse> 
or <E..c> lo uit Pl•cc Componen! rnnde 1nd thcn <LcftMousc> or 
< Entcr > lo re-di•rl•y the Pl1ce Cnmponcnt diaJos bo11. Use lhe 
componen! li•l box ogain lo seled the r•nern PLCC211A. T1Mi rcferencc 
de<ignator will ddaull lo U2, so cliclt on OK and lhc parl's outlinc , 
arpcars. 

Thc ranern PLCC211A is a surface-mounl rarl and we wanl 1? place il 
on thc othcr sidc olthe board. Nolice that our ortion• 1re indicatcd on 
the rrornpt line: Press R lo rol ate, F lo. nir, < Lc:ftMouse > or 
< Enter > to place. Prcs.\ F on your lcy!Jnard lo ilir lhc rancrn lo thc 
Doltom layer. Now mOYC your cur<nr lo locatinn 62fl0,47110 and dic:lt 
< LcftMousc > or < Enlcr > lo rl•ce the r•rl (Figure 4-7), 

- ''"" •Lol!l •~ <1 •'••• •• 1 "'"'• "• '1••• <••••·•~• ••-•"• , 
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Figure 4-7. One lceyslroke ftl~ a surtace-mounl devlceto Jhe 
board's Bonom layer . 
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4.8 Uslng The Speed Palenes 

T •n~to's sc:cond operatins method, usin~t the Specd Palette, males 
placing eomponenls, lcll strin~. lracb,pad<, and vias even quicker. To 
di~play the Speed Palcue, dick over the Palelle hot spo1 or press P. 

There are ad.ully lioe Speed Palettes available in TanpPCB PLUS: 
Place, Dclete, Edil, Movc, and Nets. To sc:led a dilferent palette, 
tOAAJe through the Menu name nptions in the status line'o Command 
Modc fidd (lo the len of the rolnn), and you'll sc:e the varioua paletteo 
arpear. You can aho dick on the paldte name on the len aicle of the 
Specd Palctte. Pres.• < t.c:ftMouse > to mooe forwud through the 
available palenes; pt'CU < RightMou...: > lo move backward through the 
lis l. 

....... 
....1' :· 

1 : í . il. 
.. :::: : : .. '· _, ...• 

. . . . . 

Figure 4-8. A place al your own: the customlzed PlACE1 Speed 
Palene_ 

NOTE 

A mocu~ Lr ftquln' · ust th~ Spud l'a/~tr~J. 

You'll abo noliee a oixlb Speed Palene, PLACEI, whicb eo11tains a 
collcction of pacb, trace widths, lell1 strin~t sires, and viu for plaeement 
(Figure 4-8). Uaingtbe Setup Palette eommand, you ean cuslomiu one 
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or more Place Speed Palenes with yrur own aeledion of desip 
primitives. 

Toggle hack to the Place Sreed Palcue and clicl over lbe word Slri ... 
This changcs the currcnt mode to Place Strin¡. Now press 
<LeftMouse> or <Enlcr> to display tbe Place Strinl diaJos boL Y011 

· may key in any tell1 strirt~ you wish, up to (JO alphanurneric eharacten. 
Oick on OK. An outline of the strins arpears 011 lhe board, re..ty for 
placcmcnt. (You can aetthe atring's hcisht, linc wiclth, and orientalioll 
with thc Currcnt Strin11 eommand ..,_ nmnn. Place Slrina. cw 
modify the strinll al!« rJacintJ it -"'• thc f!dit strn. ~rnand.) • 
Ccnter your tcll1 helow the •- rnmponcnt -·w placee! and prea 
< LeftMouse > or · < Enter > (Figure 4-9). 

You havc jusi lcarncd two mcthods lo rapidly place components and 
tell1 in Tang.,.PCB PLUS. Out bere's !IOIIIC ,.,111 ncws. You haw: 1ho 

maslcrcd the. samc two ways Tanso lcts you pla pads, vias, tracb, 
arca rills, ares, and block copies. Bceausc an itcms placcd on a Tanso 
board are done so in the •-m"""'" - with con•istcncy and specd in 
mind. Bcsinners m ay need the adcled prompts of the mcnus and diaJos 
bo1cs, but as your familiarity with the prot!Jam IP'OWS. Tanso lccps pace 
with produdivity booslers lilte the Specd Palcne • 

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

:.:;:-D; 1:11.t 
. :::.:: ::::......-: :. ; . .. . ... ' ....... . 

: : . """ lt " , ... "'"""·: 

Figure 4-9. Tango pros can place. move. edh, Of delele tracks, padt, 
and text whhoul popplng up menus Of rememberlng keystrokesl 



_9 The Rlght Connectl.ons 
, . hctwccn thc n•mrnncnh on the 

'nw lrf~ draW some ronnccht~n~f hcftcr vlcw nf the work~race. ,.. 
1 lo 1oom 1" ur a it Zoom ... 

nard. i=ir~l. wc wan · 10m ~"'' f'"" oplion~ on S 
··~n-PC8 Pt.US indude• ~vcral d" (' 1 In Onl, Redraw, and 

Z . All noar en cr, • r 
1cnu including ~m • h' · en ;uuuntl the currcnl cur~ 
V'iml;,w. You can abo rc-ccntcr. 1 e ~.ere _,.ard 1 iltc all 700m and pan 

1 • 11 e on your cyt.. . . . h 
•<'lion hy simp Y pre .. on d hC u<cd al any lime: on 1 e 

. T chis ...,n...,.·dtman m•Y · . d 
rlions on ango, r- • U or jusi looktng aroun · 
nddle of laying Crack!., placong componen . • 

· eh .,. -lOIII Wind-~ · n your dc.,gn. e LA 

,nnlhcr handy fealure for ocu"nhfl o n< or .more quickly hy dickinll 
d he tt'-.ed from 1 e mcn · . by 

nmman can ac . . h . ht corncr or the screen, or 
. h -.. m hol ,..., localed on 1 e l<lf' np; 

'" 1 e L,AlO · ,~"' d 
U\1 r•<'-'i"ll z on your keyhoar . 

1 

.J ·l ·..:.... 
'-'"'~ 

1 

\ 
. 1 

i 

Figure 4-10. 

·u·· : · ·.n •• ol': - 1 :X! ¡· . . -. "::'""" 
. . : . . . . 
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' ..... . . . . . . . 

An ndlustable wlndow lets you zoom In on any part of 
theboard · 

u 1 and U2 (arouad 1he 
nd m~ the cursor righl bctwccn be .... 

Oo so now • v·~ • 1 h movc 1 mo-
. ccnn 4700) Clid < L.c:!IMouse > agaon a m 1 en 

poonl J.J\••· · 
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in any direccion. Slrctch the 7..oom window (figure 4-10) until it «wers 
!>.>lh U 1 and U2 and die k < L.c:f1Mou~ > again. Tango rcdraws che . 
screcn at the new, u~r·dcrincd 1:oom lcvd. 

4.10 The Three Grlds 

Wc're going lo draw a lrace frorn rin 1 of Ul {lop Jerr cornn) lo l'ñoJ 
of U2 (ccntrr, righl side •• reinemher, U2 h .. hecn nipped ~~lo lile 
ocher side of che board). To male il inlereslifllt, le1"1 rvn our Ir~ 
hel...,en rhe pads on boch ra•••· You"D -e from lhe ·.;_,ibfe srid 
(currenrly sel al 100 mils), lhalrhe pad.< on che lhrouglo-hnlc parlare Id 
on 100-mil ccnler!., and lhc SMO pads are on ~-mil ecnlcrs. lf woe 
roule on •11rid of 2.~ mil,..., can rlace an eiglor-millrace wich adequate 
clearance hel...,en pads on boch Mmf!Onenls. 

The curren! Ahsolule Grid as noced on rhe status line is 2S mil. Tanso's 
Selup Grids cornmand allows you In 'rcsel che At...nfuce, Rclali~ and 

1 Vi•ihlc grid• lo a variely of popular Jtfid<. or lo any inlcger herwoecn one 
and 1000 mils (Figure 4.. 1 1). The Relarivc Grid allows you lo •pecify .. 
independenl Jtfid hcginning frnm a new or~in, perfeec for neacing and 
placing edge conneCcors and mccrically spaccd r····· 

Ul 
o S: U 
o rllllllh - -o - -- -o -· -· - -o - -- -o LfiiiiiV o 
o 

Figure 4-11. Whh Tango·s variable grld, runnlng one or morlllracks 
betwoon OIP pao ;s ls easy. 

• 



Cl' ckine over 111 . . e'll ¡,., ·n la)'lnl! track.•. ' . ., u 
Wilh 1he grid sd to 25 mol~. w f(l PU\CEI Spced ralelle pul~~ 
(lhe alias roran eisJot·millnck) on th~e curren! !rack lo eighl mrls rn 
in Place Track mode and chan~es 1 on Ul and press <LdtMouse>. 
widlh. Move your cur- lo Pon. lhl (under lhe componeol). Pre.u 
llcgin drawing the Ira~ 10 !he ,;;~h ;o rinish 1 1rack Jrl!"'~l. Mo_ve 
< LdiMou.•e > each lome you . ~• and lhen to !he risJot agarn, 

d 
' '

he -'-'"• on • 45-dewee an ... c, duwnwar o • w• . 
hcading out between any IWO prns. 

he -ponenls . nt belween 1 IWO ~·· 
Conlinue your trace lo the hall·wa~ P"'<l..dlllilouse>. l'low pop up lhe 
and cnd 1he track sc:~enl by pr;~":~ebar>, or clicking bolh mouse 
Main Menu by pressrng 1111• ; [...,.,r command and seled Bott- 10 

hunon.• al once. Rua the Curr~dn r the board. Wbea you click on Olt. 
1 

' 
lhe oeher .. e o . ....... trace change 1he ay<:r 0 . allowing you lo contJDue z--

pr•JRrlm aulomalically in.c.crts • vta. 
on the hollom or !he board. 

here's • short-cul ror 
T' . Sinee you're almos! • Tonf!O pro, fi Id OD lhe· stalus 

A Tango rp. J 1' k over lhe Cunen! Lay<:r re 
changing lay<:rS. ust e rc . 
lin eu L e or rr 

Ul ~u 
0.1~0 · r1111111~ 
o o - -o - -o - • o o --=-- -o - -o 'LtnniV o o 
o o 
o o \ 

. ..... ....... ,,.,, ............ .... _ ........... 
,~u: • ...-. . . 
~·-- ~ ..•. , . .. _ ... 

1 .PCB PLUS automa lceiiY 
; When placlno tracks. T &ngo 

rrnure 4-12. la hen you changelayers. 
"" . . lnserts a v w 

·' 

• iJ you reach twtcn lhe pod.• on U2 unl 
Continue dnwing your uack ¡,., . lo end lhe finol ..,~eat and lhcn 

. 1 Press < l.c:hMousc> •R"'n . R'gh!Mou..c:> or <f':..\C> 
::, ;he tnck drowing mode by pre-.."118 < ' 

. ' 

t 

• 

.J 

..... 
~.) 

.. 

(figure 4-12). Go ahead and praclicc drawing a rew more lrach Oft 

bolh sitie~ or lhe board. 

You can sc:e h- simrlc it is to pla« eo.n,.._.,,., and to draw 
conneclions iri Tango-PCB PLUS. While lhe propaM nodotn 
rowcrrul nel lisl reatures, which we'D detailre 1 bit l.ler, J011 Ull abo 
dr aw fru harrd, creaiÍnR MIS, breakinslhem, and re-nealing lhem. All 
wilhout Jhc: cumbersome chore o( maintaining lhe aanCiily o( 1 net lisl 
lhroughouJ.Jhe enlire desigto proceu. 

4.11 A Board's-Eye Vlew 

Vou•.., done f!'UI work 10 r~r! NoC bad ror such • short lime Oft lile 
5)"\ICm. To J1UI your edilíng in penJ1CdÍ..,, lel'l ZOCinl ""' lO. run Yiew 
or lhe board. 

Finl, J'C'IJI-UJ' lhe Main Menu aftd click Oft z-. N- ru11 lhe Zcrnm 
Board command rrom 1he Zoom Menu. Tango quickly redrawo lile 
entire board with all enabled lay<:rs di•rlay<:d. TanpPCB PLUS' 
YI:Cior w•rhic.s mokc iu red~ow •rced among lhe ras1cs1 in lhe induslry. 
Rcdraw lime is slrictly o runclion or your comrulcr's mínoprocessor 
spced and lhe 1111oun1 or board inrormalioro bdng disrlo,.:d. You ean 
imrro.., redraw by disahlins lo,.:rs noC curre111ly being editcd •nd/or 
opcra1ing Jhc I"Of!'lnl Oft rasler machi~~ei. Our moslly inlegcr·bascd 
graphics roulines do aoc require aor lakc advanlage or 1 malh co­
processor. 

Now lel's a!\Sume an ECO has j 151 come lhrough eliminaling 
componen! U2. To delele 1he rart, u·.e lhe menus or the l).,lelc Spced 
Palrlle lo run lhe Dclcle Compooenl command. y., are now iD 
Oclrle Comrnnenl mode. Mnve lhe cur"" ....,r U2, preu 
< l..trtMou\C. :Jo or < Enler >, and the C'ornponcnt dis•rrr an . 

On second lhoughl, we decide lo reslore U2. No protolem. Jusi click 
ovcr lhc Undo hot sJ'oC and your dclclion is Uft·deleled. The Undo 
command .. accc,.,ihle rrom lhe Main Menu, lhe Undo hoe ~roe. or by 
prcs.•ing ll .. urrdlltJ !he rrcviou< tditing command. Buid« ddet""" 
you can al~o untln Plac(', M~. and Etliw ... rcr~inn~ &~nd u~twri~td tracb 
plartd or rerouled. This Í< nné hot ...... lhol will ···r you OUI or hol 
wal<r. Undo will cYI:n lcl you undo ynur previous undo. 
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4.12 Net Ust Operatlons 

Whrther you•ve drawn ynur dcctronic circuit in a snphi\licated 
•chcmatic carture sJ"'<m. or un the hack of an envdore, !l<'nerating • 
nct li•l will help with yuur Pt:O d.,ip.n. ,.he hcndits indude raster 
layout, bc:c.au.u: Tango-P<.:B PI.US dis1•I•Y' nel• and thcir nodcs fm easy 
u•utinRo and highcr quality, and hccause Tanp.u's Neis Verify cmnmand 
ant.l. inltltfatcd ~c~ign rule chcckcr cnn•luct clc,·trical cnnnedivity as 
wcll u clcarance gap checb lo cnsure lhc inlcRrity of lhe dcsign. 

fnr thc uniniliatcd, a ncl li't i~ ~imply a li~l of all components and 
wnncctions in thc circuit. Tanp:n-P<.:R I'LUS surrorts a simple, ASt:ll 
nct li\1 formal whido m ay be gencr alcd hy hand wilh a lcd eclitOf or by 
popular sc:hemalic c.arture •y•lems including Tango-Schemalic, 
UrCAD/SDT, and Schcma. Wc're a•ldinl! supporl for aclditional 
r•ograms, so call us if you wish lo check on anolhcr. 

·~· 
A• notcd ahove, an importan! di!llinctiCin helwccn Tan11n and olher nel­
li'l hased PCO desip software is that while Tanp:o-Pt:D PLUS sv,_u· 
nct lisis, it does nol wqui" thcm. This mean• ynu ran load • net li.c and 
take advantage or scveral prnductivity cnhancinp: reatures io lhe 
prngram, while you are .cill free lo make or hrcak any connedion al any 
time withoul updating lhc ncl lisl infurmatiunc 

Resides •reeding up board desip:n in Tan¡r:o-P('R PLUS, the nel lisl alsn 
ftt'd!. componenl and cunncdinn infnrmatinn lo our powerful 
autoroulcr, Tang<>-Rnulc PLUS. lf you don't havc a nel lisl, you c.an 
\IÍJI U\C lhc rowcrful ""'Gf·J""'·JU·Íf·WifGI·y<>fl·!l"l cditing <apabilily of 
T anp:<>- PCO PLUS lo layout ynur circuil by hand. 

In thc ncd few page5, wc'llload • ncl li<l, di<play a rat's nrsf and forcr 
''t"CioN, thcn di~play, route, and vcrify in•livii.lu31 neiS. 

Thc ncl li<l ¡_, loadcd alter all coonopuncnl< havc bc:cn placcd on thc 
t~••rd. Sincc wc know ynur tionc ;, valuahle, we havc •upplicd a reo 
folc with 100 + componen!< already placcd. Pop-up the meaus lo run 
thc File ·Load command. Kcy in, or sclccl from thc lisl boa, 
I>EMOI.ren and click on OK. Tanp:n prompl< ycm lo uve lhe chan¡~cs 
In our currenl board. Lct's lcavc IIIMCARD.l'CR as-is. (.1iek on No 

S•vt. 

•, 
• 

• 

. ,~ 
'·· ~ 

LE.ARNING TANGO-f'Clii'LUS 

4.13 Loadlng A Net Ust 

Nclll, ror-ur lhe mcnus ap:ain and run lhe Neh Load _ _. 
Tango-reo PLUS k . · cmnmanv. Thc 
OEMOI NET 1 ,:"N •Re onclud~s an as.UlCiatcd ncl lío~ callcd 

- . • . n e cls Load doal"'t hoa, cither key in lhe 118 

l>EMOI.NET or sclcd it frmn lhe li<l hoa. Oid;, OK lo load he IIIC 
1"1. Aflcr • fcw momcnl'l, Tanp:n will prn<npl J he 1 fiel 
Dti<IO he L\.\ip:ned lo rowcr and ound 1 ~ n< 1 • namcs <'!lile 
<clccl frnm lhc li.c boa, VCC for: r P ~~ .. of 10 desorcd. Kcy ..._.Of 
Ground Planc Ncl. For lhc Plane ~ owc~ ane Nel and (;No lor lhe 
on OK. onncdron, oclcd 'l'hcnn81 and ditl 

Tango-PCO PLUS rcdraws lhe screen • h . 
co~ncclions in 1!'< ~el li<l di<play-d ron • ,;~al ~!,,:~o-poiiiC 
Thos rcpreoc:nlalmn os •rrrnpriale'¡ c.allccl lhe ' la~r. 
~e ral's ne.C, along with force W:CIOQ lo be d=::r::•are ~ IJ). 
VISUal CUC U lO lhe quality of oar ·parta pbamclll.· . ' proftclc a 

. . . . . . ; . . . . 
.. ·.· ..... . 

• 
(h- ......................... , ........ . ..... .. 

Figure 4-13. The rat'l nesl ls dlsplayed on • spec:lal ConnectlonS 
!ayer, 
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4. 14 Optlmlzlng Neis 

Whclher you intenclto manually roule the desÍRft or u."' Tanp-Roule 
lO OUioroule lhe boud, OpiÍmaJ COmfJOIICnl placemenl is c:ruciaJIO yout 

<UCe<!\S. Tango-PCB PLUS include·lhree poYtCrful fealures lo aid ia 
componen! oplimiution: lhe Neis Oplimize and Mow: Componen! 
commands, ancl force w:dors. 

Whcn you r11s1 loaded the nel li•t, Tan11n-PCB PI.US cooneded allthe 
nodc. in the order they were connecled in che .chematic. which ••Y nol 
ma•e any sen."' OD thc PCB. Thercfore, il almml always poys lo ro 
run the Neis Or«imi7e command, whic:h re-c:onncds the aetl asins a 
shnrlesl dislance, X-bias, or Y -bia.• slraleltJ. Run the comm...t -
cilher sclectins it rrom the mcnu• or rrnrn thc Ne11 Speed Paleue: 
Choose the Minirniu Totall.cnglh or«ion and die:. on OK. 

.................................... : 
•: 1·"'" 1 htal: ( 1n1n 

.................................. : 
hhl~ f•nJn 

Figure 4·14. Uselhe Neis OpUmlztt cornmand lo halp dllllfl up lhe 
rafs nttsl. 

Tanl{<>-~l.US la~es a few momenls lo recalculate aU rormcction.• 
and, rriJIIt redrAWIDI lhe new rat"s ne.~l 1 di~rlays thc rcdudion in 

c.. . -.. . ,., 
_ _, 

,. ,. 

• 

conncclion inche~. In thi~ U!\e. thc knl'h ¡Ki<w In oJ"im17~tinn is 
17~.115 inches and lhe lcnjllh aher nplimir.alion is 14'1.775 inchel 
(Figure 4-14). Clic• on OK lo vicw the rafs ncsl. 

Wilh 1he net• now opeimited, you gel a mual cuelo the c«cctiw:neu ol 
your ini1ial c.omponenl placemenl. Par'.s which misht be bctlcr pl.a:d 
are idenlilied hy lon~t conncdions nunt~lo disparate locations 011 the 
hnard. The Move Cnmponenl rornnoancl pr<Widcs aD c«c .1M tool for 
highlightinsand m<WÍftl! componenls and their connedions. 

Figure 4-15. When you runlhe McweCon~pouenls command, 
T ango-PCB PlUS hlghllghll end dynamlcally rubbtlrbands 

cOilMCifons lo lhtl c:omponenr. 

Chan(l< lo Mow: Cornpnncnl modc now l>y srlcains•hc c.ommand froat 
the mcn11• or the Move !ipced Palelle. Place lhe cunnr oocr an IC. Ul, 
(localcd 11 4500.S500 in lhc lop lcR por1ÍM or lhc l>oard), and prna 
< l.cftMou.'IC > or < Entcr >. The componen! and ils connedions uc 
highlil!hted for ca.•y viewin11. Move lhe part in anJ diredion, nip or 
rotale it, 1nd ils rnnncclions 11c dynamicaliy rubt>crl>andcd (F'oprc 
4-IS). M il turn.• oul, this componen! is birly wcll rlaccw prcu 
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< Ri¡¡ht~."u.c > or <Ese:> lo canc<lthe "J'''••tion and reiW1lthe part 
lo ot• on¡pnal positioa. · 

Now rlace the cursor 0'\'ef the diodc DI, (located at l400,4600, ju..c -. , . "' 
helow Ul), and presa < LcftMou.e > or < Enter >. flolh CODDCdicwd to ..,. ... 
lh.- compooent lead lo the tor of the board, indicati"" it ahould he 
mmord up. Prlldice rubllcrbandi~t~ otber components witb MOO'e 
Componen!. 

While the ut'sllesl ud Mcwe Component orentioM belp JOU >iauall, 
••e the density of roonedions on the board, they cu beconte: 
o..,_,.,.,helmo"' oe boerds of • ..,,ase or puter complellity. A c:lcaner, 
casocr way to see wfuot's ttoi"' 011 io to u..e T...,o's force -or display. 
Force vo:dors are anows emanati"'l from cach a1111poeeot wbicb 
••rrese.nt the ~;pted • ..,,,.. ol all connectinM to thaf ClOIIIponml. 
They ftiVO: u iadication of where the compoocnt ohoulcl be -.1 to 
reduce the coaaedion le"tt'b to that component. · 

Figure 4·111. Force vectors eld componen! plac~ 

• 

•·'· . .:~ 

• 

To di.•play force vo:cton, enahle their di•rlay in the Neh Di•rlay dialns 
box. Generally, you will want lo hide all COIIMtlions (lhe rat'l llesl) 
durins the di.•pl•y of force oedors. 

lf J'OV movo: a compoocnl, il• force oedor is ufldllrol .. il is -~ 
oroee J'OV place tbe compoocnl, tbe force >edoro for .. ~,._.., 
tonneded lo the _,poaenl jusi ntoocd - lho upl81ed. 

Another handy featurc for tt<llintt a feel for the oooeran clfed of cadl 
componen! movo: is lo toqlc Undo seftraltima (jutl prcu U ar ctict 
on the Undo hot SJWI4), before ICteJICintt thc MÍM ar lryi"' .-;... 

• 
Good cornpooenl plaeemcnl is ~&iD more of u art 1h111 a scie-, INl 
Tango's pl:accmcnt tools augment your OWtl juclpleal ud crperic:- lo 
make the job so fastcr. 

4.1 S Routlng Nets 

,. .. ,ume nowth81 tbe COMflOIICIII plaeeMcnl is orti•a( Thc IICd slcp is 
lo hesin rOUii"' edual trli<Cs on tbe board. 1f you wcrc a Ta...,.R-c 
oW..Cr, at thi• roini you _,Id simrly sa...: thc de•ipl to a PC8 lile ..,. 
load the board aad its eellist into T anp-Route lor autorOUiifttt, SlocNid 
Taf1Ao-Route not UMnplcte 1~ of thc c001nedion., JOU _,Id -
haclt lo TanpPCB PLUS for manual rnuti"'l of thc rcmamifta 
conncdion.. which are di.oplayed in ..... - fl.\hion Olt the 
Connections layer. 

Without the aid of Tanso-Route, yoo are faccd with thc tos• ol 
manually routU., traces ia TanpPCB PLUS. But kerp your chi11 up, 
because Ta..,o's ~rful cltitins tools "81in aiiiiC throatth to makc this 
ta•k eaoier. With the aet list loaded, you can u..e thc Ncts Display 
commaod to diorJay indmdual connedioas for casy manual r-ins. 

Selc:cting a connection to work on can be a dilrocult ta•k with thc clllire 
nt's ncst di•played, coca OD smaller boards. AW:roge de•i~s can easily 
contain hundreds of net., makins the ability to selectiftly di•play a 
ouboet ol them an importan! fcature. 

To selc:ctivo:ly di.•rl•y individual nrts, wc'll uoe the Ncts Display 
commond. Sincc you are 11oinR lo ILOC seoenl of thc Ncts commatMb ill 

~11 



lhc comroncnl pins nf all nndc• in a paroicular ncl (o~ · Neos llighlighl 
command). 

4.16 Verlfylng Nets 

Since you"rc lree lo malc or breal any conncction in any nd, ynu 
•hould w:rily lhal aU conncction• havo: hecn madc: properly. You can 
wail and rcrrorm • hnard-widc: ch<c. al lhc cnd or lhc de.•ign wilh 
TanRo-PCD PLUS' inlcfUalc:d duiRn rule checlc:r. Or hellc:r yel, w:rily 
on • ~rl-loy-nel ba.•is duriftR lhc layoul proccss, 1111d run Tango's DRC 
allhc cnd ror. final mea•ure or conlidence. 

To vrrily lhe llcl .., jml complclcd (RE.'iET), run thc Ncu Vcrily 
rommand. This c:ommand perlorm• an clectrical dcsign rule chccl on 
all nct• currcntly diJplayed u•ing lhc Ncts Di•play cornmand. Sinc:c 
RF-'iET, and only RESET, i• di•played, its conncctions as 1'-n on thc: 
scrcf.n wi!l he ~hec•cd again•t.thc nel li". Any incorr~ctl! ~nectc:d or 
mi!l...,ng pons will he Daggcd W'lth an error mC!I..\ORC whoch os dl!lplayed on 
lhc •creen. You havo: lhc Ofllinn or mnlinuing ohc vcrilication proccM 
... slopping lo flllthc rroblcm. 

11 lhcrc werc othcr nd• on thc hnard di,pbyed wioh Nel• Oi.•rlay, 1hey 
ooo would undcrgo lhc nclli•t vcrificalinn. l.ale in lhc duitv', you may 
fintl it ftfCC~UI'J lO break (IM1Mclitln~. which ~fC prcvioUd)' camrJctcd 
and 'VCtiricd, lo makc rnnm fur a ~utt'\CIJUC"nt luce. Ew:n thoutth you 
diliRcnoly rc-conneclcd lhc hro•en nc", a final and complete DRC can 
grcally enhancc ynur rc•ce ni noind. 

4.17 Checklng the Entlre Deslgn 

Thc Ncl< Verily command i• olni~tn«l In he u-cd inlcracliw:ly during 
·bynut and manual routintt. Ir.. vt:ritiC"atinn i~ limitcd to makint sure the 
connectivily ora rouled ncl malchc•lhat in thc ncllisl. 

('nmplcmenling Neis Vcrily ¡, Tan¡!n"• ini<¡!Uicd dr•ign rule chcclcr. 
The DRC operales on a l>oard-witle ha•i•. verily;n¡¡ hoth elcdrical 
conntclivily and dearance lt•r• ... r.ich ynu •rccily •• oluiiV' ralea. 

• 

't '1f' 'S 
Lf"..AI'INING TANGO-PCII PLUS 

Runninlt lhc de•iiV' rule chec.cr on ,.- board is a r- llep .,.._... 
Finl you run lhc Selup DRC cornmand lo cslablioll lhc dcarellft 1•111 
lor pad·lo-p..J, pad-l&tracl and lracl-lo-trac• checlina on a per·layet 
ha•i•. You abo sclect lhc conlcnls af lhc dc•ip rule checl report. 
which may include: dcarance winlations, slrinc Yiolations, lid lill 
violaoions, sin¡!lc node roules and anronncctcd pins. 

1!'-

re-··- ..... c ................. ...... 1_ 

••• •. ..... ... ... . .. .......... 11!:.) I!D 1!0 1!0 I!D I!D ( . ...... 1 ....... , ... I!D I!D (!IJ liD liD I!D ' ......... ) ............. @] @] @] @] 1!!:] (!!:] (•·-·-·-·, ,. ........... 
ICie..,... "'''''-................ 1 • J ·-·u ........... (-·1 .............. " ... _. ...... 

" 1~"" . 7 :01 . 1 lelo ólOl~-,.,. _l :r_, 
Figure 4·1 9. The Setup DRC dlalog bolC. 

Once the DRC options are scl with thc Sclup DRC (Oiftmand, 111n lhc 
Oulpul Rcports command and enable lhc Design Rule Chec• rcpor1. 
You may prinl lhc rcrort or wrile it out lo • file on dis•. 

Whcn ynu clic:• on OK, o he rr"tt'am will hc(llin 1hc: dc•i~ rule chcc.ina 
rrocc.-, hiRhlighliniJ cach conncdÍCIII as)t i• w:ri(oed~ Whr.• (Oiftpleled, 
lhe DRC report will prinl out ilr be wriuen lo a file. 

The ORC ;, compule-intcn.•ioc and can la•e a '"'hile on comrfe• 
d .. ign•, 1ho111(h il is many lime& lasler and much more accurale than 
checling a board by hand. 

You don'l havo: lo haoc • nd li•l loaded lo produce a DRC rcpnrt. 1• 
lhis <A\C, howewr, lhe ORC will he limilcd lo a chccl ol clurancc 
violation' and slrin« Yinlattons ba\cd on _•he rults )"'U ~'11tlli..\h with lk 
!iclur ORC cnmmand . 

• 
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4.18 Nets In A Nutshell 

1\nd ""· lo summarin, Tan11o·PCD rt.US includ~s ~rrat acl li.<l 
"f'C"'inn• which •"- you lo di•r'•Y all MI• (lhe rar's ll~.rf), iadiviclual 
ncr~. :"i:n in • nel, or all conneceion5 io a Riven tomronent. You can 
al"' di•rlay fo•n Wd017 lo aid onlh rlaa:menl. You are DOI reqaircd lo 
mainlain lhc nlidily or lhc ncl li•l duri"'! cdilin~ lnslcad, ,..,.. caa 
vcrify lhc •alidily or,..,.., connedion• afler drawing thcm. 

The rroecsa or desipi1111 a hoard i• Ta"'I""PCB PLUS wit. tlle ase ola 
nel lisl rollows tlleac ... , llcps: 

• Place lhd a~mponeals on thc hoard asing tlle - rercrciiCC 
dcsipalon (UI, U2, ele.) .. in thc aetli•t. 

• 

• 
• 
• 

• 

l...o8d lhc ... lisl, cl'asplay .u acts, ..... ase lhe ........ cw rcwce 
wecton ud tlle Neis Optimin ancl Mowe Com~ commuds 
to optimin pMta placcmenl. 

Use Nets Display lo di'J'I•y a •i"llle ael . 

Use Neis Route lo route each conncction in lhe nel. 

Use NeiS Yeriry lo check all conncction• in lhc acl IIII!Ünsl lhc 
netli.t. 

Rcrcat tlle lul three &lcps (di•r'•Y a nct, route ils -aedions, 
wcriry lile Del) untilthc board Í5 comrlcted. 

• Run lhc Oeaip Rule Check rcrort on lhc cntire design. 

4.19 Output OpUonaln Tango-PCB PLUS 

11 should .be obvious by n- thal we're wcry rrm~d or the caae-or-use 

• 

-~ ... 

and r-erful eclilina rcaturcs or Tan¡¡o. Therc is no qaestioa that ~- . , . 
di•rlayins a dense desip oa a 19·inch monilor nuuúq lOZA ll 768 ...-
rc....,lulioa is thc IC")' par1 or lhc CAD husinc... Howewcr, .., ... 
dr.i¡¡ncd and huilt board.• ounclvcs and we know thal lhc mosl 
imrorlanl runctioa a PCD layoul progr am musl do is acate crup, 
a(cuntc: outrut for.bNard prOttuclion. 

LE:ARNING TANGO-I'CB I'LUS 

In Tango, ~ raid rar1icular all~nlion lo Jl"nerali"'t lhc hishc" qaalily 
OUIJ>UI, avatlahle on dcVIce• ranRtng rrom clnt·malrio rrinlc .. In Gerller· 
''"~•• rholnplnllcr<. Wc uoe our mcn..., dia~ holc•. rrompt• and 
nn-hne helr In lake lhc my.lcry. and rrtn~r .. ÍOII ""' or geneolatitoc 
arl....,.l, rholoplol filco, and cwcn rroper eommunicaliom wit\ ·,.., ........... . 

Lel's rewicw lhe OUI ..... options induclcd u slanclard rc .. arn U. T....,. ' 
PCR PLUS. !lclcet thc Oul ..... comnta.d from T111110•1 Mailo Menlt. 
Thc OUI ..... Mena _,..,ancls make il easylo: · • 

• . Setur rholorlof aperture assiplments. 

• Creatc rJ!ocoplohnd N /C driU files. 

• 
• 

• 

• 

Pea plot •ahi-eolor check plots or raaa1 ue-k -. aay scale. 

Generale chcd prinls or ewcn prolnlype-qaal~y fiñat . .,._;t"". 
your dOI matra or lascr rrinler. 

Gcnera~e DXF aad PostSaipl rilea ror use Mlh (0111~ 
mechanical CAD, desl1op puMi•hing aad word proceuifta 
sort-e. Y oa caa ewen gel ni~th·qaalily, inellpcMM final 
artwork on PostSnipt·compatibl; photoiJIIC.'ICIIcrs. . 

Gcner_ate a aeleetioa or printed reporta, r...p"ll from the BiD f11 
Malenak lo operture assignmenta. · 

4.20 Prlntlng And PloHing 

Wc eMourage ,..,.. lo tale thc lime lo rrinc or p1ot a Ta"'" file aad sec 
bolh our •rced and quality of OUIJ>UI. We'wc indltdcd lhe. 
RDEMOI.P~B onlb your Tanso-PCB PLUS pachge, ·which m 
plolted or pnnled. 

Rua the File .Load c?"'mand lo load RDJ;MOI.PCR. A~tain, lhc 
pr~am a.\b of JOU WISh lo UVC lhe chanJICS lo"lhc turren! I'CD ftl 
Cloc• on No 51tw.. · c. 
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NOTE 

• lo . 1, "' P'""" ,.,. muJI "'" lf )"U uu " smal potf fnr tri " P"" 1 , ;;..... 'nr baud 
· · Hnmont ,,, J' 01' 1' ,,., s .. rup CommUni(Gifft)fU' (f d lo • ...,Oft runnin• 

. 1,. -~ rmd loa" • a•t " 
rau. dala briJ, slnp liS, pan . . e 11 Y"U' prillltr O' 

lht Oulpul I'IOfjl'rinl comma~td.. ;~",,., nOf ntrd In"'" 
plnlltr manual fti' l~t pmprr .lt'llln¡:t. ~ viu is canllteltd la 
S.rup Cammunicallans if ynur mllpul e 
your campultr by a paralltl port. 

. manci The firsl dia!nB ._ wftic:h 
tlnw run thc: Oulput Plot/Pnnl. com ·, lhe board you wt.h lo prinl 

11 10 sc:led whr<h layen o . duele 
arruru ows you . OAAkd wilh 1his dialotl bola m 
1, 1 rltll (Figure ."-20). Othc:r •'l"••n~1

1 
or final arlwork quality, mirror 

•in.:le or m~fl,.rolor arl~·· dra •ncnl refcren<e dcsip\aiOfS ancl 
imai(C, ht~lcs '" pads and wa.•, and comr< 

'YI"''· 
-·· 

... - . ' ... . .. ,,_ .... . ·-· 

Figure 4-20. 

.. , thr rcn numher r .. r single color 
You al•o u•c this dialnp: ho• lo':;"~~ 1 M.-• ,wcll and drill symhnl 
r""'· Powcr /Oround rl~nc ,wc ·,;~:;~' autnmatic.ally for you in the 
,;le. ' All of thcsc: optmn• ore . thc trouble of rcsc:ttinglhc:m each 
initialil.ation me PCB.INIIO .... JIIU . 

dt'ign SC:!o.\ion. 
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LF.ARN/NG TANGO-I'CBI'LUS 

ChtK"C lhc laycr(•) of ROEI\.IOI you would ti•c lo prinl Of plot, U1J 
othcr options which sc:em arrropriatc, and dick OK. 

A sc:cond dialog box •rrears which presc:nts two li•l borres, onc for 
printcr and riOflcr driocrs, and onc ,.,. outpul prms. Firsl sclcct ,,_ 
thc list bo• the eppropriatc prinlcr/ploucr driocr r.,. lhc: tkWc. .,.,.. 
wantto u•c (Figure 4-21). Con•ah your printcr or ploltcr m•ul il.,.,.. 
are un•ure of its 4cfaull driocr. lf your tkYicc is- di•pi.,.H in tlle list 
bo1, chccl for 1 torllpatittlc driocr. For in.,ance, rnost ploltcn wc 
cither lfP·GL or DM-PL CC>tnpatible, and m ... y printcrs are Epsoro fX 
COfnpatihlc. Thc aumcreh bc:sidc thc printer driocn indiatc tllcir 
rcsolution (in docs per inch ). 

The driocn uscd to lf'OCrole Dlf'l', Poo~Scrifll and Encapsulaled 
PmtScrifll files lile also selcded frorr thc: driw:r lill boL 

Figure 4-21. Tango supportt 1 wlcle Vllrlely ol prlnlers and plollert, 
whh mora belng added al the time. 

Nut clicl on thc printer nr plullcr Pllfl you're IOÍ"' lo u.oc lo output 
from your comrutcr lo the dcvicc. Othcr Ofllions which may be: :t 
this dialog box include plottin1 or prin1in11o 1 lile, sclli,. thc 1 

scale, X and Y c:orrectiOD ..Jues, pen width and srerd. r- for 
chan(leo, wide (IS-inch) arriase printcn, encl offset .r.-rosions. Api-. 
eny acttinp you meke will be saw:d in PCB.INI. · 

1 .. 



Alter •dcrtin11 J0t1f dcvice driver and roro, chc>O\C any olher ofllion• 
•·hic h <uil your fancy 1nd die k on OK. The pr<w am will Mgin lo 
~cncrale your arlwork. 

On narrow rrinters, dot motril or Ja-.r, Tango-PCB PLUS will 
aulnmalically rrinl lny artwork which ¡, loo wide lor lhe _rrinter in 
•orip< which may be: o a red logethcr. 11 ymo wi<h In prinl or plol the 
anwmk rntaled 90 deweu, or mirrored, ju<l click on lhose optio..s ia 
lhc Oulpul PloC/Print dialog bol. 

Try cxrerimentinfl hy fltneralin¡t rl•tt• or rrint< ror ohemate •• ,., .. 
V;oryin¡t •cale, dnfl 1nd final arlwork, "''cmhly and drill dr1wing.<, and 
"' nn. We think you'll agrte, Tan(!O generales heoutiful 1ft, worthy or 
your hesl de.igm. 

4.21 Vlewlng Photoplot Files 

t 

We have one more imrortant ruiure ol Tanf10-PCB PLUS thlt - . 
,..,uld like In show orf bc:fore we Jet you fiO out on your OWII. M1ybe e­
ynu hove heud rrom friends or e•en exrerienced lirst-hand the 
rrohlem• which un IOrlltlimu ori.e whcn rholoplolting your lrtwork. 
Tango-reo PLUS t1ke. a vcry l<'(!ical •rrrnach lo creating photorlot 
ftlu lrom your de•ifln, hut evcn •till, a lile on-di<k is an inoisible thin11. 
Mi\lakes lhat m1y hove been modc alon11 the way will- show up unlil 
ynur ~mee bUrcau dc.tivcn rour phcltorloh, ~hich c.an be an c..,ensive 
c•rcricncc. 

Thi. is why we ha.,. buill into Tan11o-r<.:D l'l.lJS arholoplot lile oicwer. 
Ynu un load ia 1 pholorlol lile crcat<d wilh Tango and it will be 
di<played on-screen euctly •• it will he pholoplotled. Use all ol 
Tango's 1oom and pan funclion• lo in<rect the lile, even priat or ploC 
nul a copy for documcnlalion and vcrification. 

u· you dctcct a rroh1cm, ~imply luad 1hc oriRinal PCB file, coned the 
crrN, ~tener ate 1 new pholnplol ftle ond load it lor viewin(!. 11'1 all done 
scamlcs.•ly in onc iategroled prngr am. 

Sincc you moy not ha•e yel leuned hnw to generale 1 photoplot lile, we 
h>•c <upplied one lo help ¡t<l ynu acqn•_inted with lhe viewer. Run the 
File load command and die k on 1he Photopl_ot pu•hbutton. N- kcy in 

4 1] 

• 

.. ,'"') -. 

LP...AIIlNI~U TANUO·PC us 

VGI\DEMO.TOP in 1he lile nome entry box. Wht:n you dicl Olt. 
Tango-PCB PLUS willload the photoploC r.Je, wlúcll is the top byer ol 
the VGADEMO printed eircuit board desip. 

•• 

Flgurw 4-22. Vlewlng al)hcitopld lh wllhln Tango-PCB PlUS. 

4.22 Summ•ry 

Ry - you 1houlcl ha.,. a pretty BOOd (ecl ror wluot T1n11o- PCB PlUS 
is aJI about. We'Ye tried lo cooer u many lcatures es possiblc, aad stil ~ 
not consume lhe bcuer part ola day. · 

In review, you quidly lcuncd how lo orerate the ACCEL Productmty 
lntcrrace, with its rop-up menus, dialog boxes, hot srots. Speed 
Palelles, and on-line help. Y ou ploced compoaents 1nd lcll, man•ally 
routed conncctions, dcleled a componen!, 1nd used the Undo commud 
In un-delele the compone ni. Y ou loaded a ncl li.<t and UKd the ,.,., 
ne~•. nct li~t opeimin~r, move compone ni and fOfcc w:<tnn fundions to 
nptimi1e parls placemenl. Then you di<playcd, rouled, 1nd veriroc4 

... 

•' 
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cnnncction• with nel li.<l •urrou. Fin;olly, you nutrul final orwdfor drofl 
artwmk lo yuur prinler or ploller and vicwtd arh•~<>rlnl file. 

Out no PCO desi~ SJ'Iem worlh i" <lulf can l>c a•lcqualcly dcsail>cd in 
a ~S·r•Re lulorial. llcre'• • rartial li!ll of 1he dmen• of fcolures wc 
havcn'l di<cus.~d. You can find out more ahout 1~ fe.~urc.\ hy 
rca.Jing the resl of lhe manual nr hy u•in¡! Tanp;o's elle~ on·linc 
hdp: 

• Rlork oprndoM. Duide• .. vinR orwd loadi"'l blocb, yoa caft 

.!cicle in.<ide or ouhide hlock•, and ullale, CCif'Y, and DI<M 
hiP<b. 

• (;lobool ~dlll... Thc Edil command• malle it cuy lo chln(!e lhc 
characlcri.\IÍCS of lfC5, cornponc.nl .. rad•, !llri~ Uocb, ond vías 
on lhe boud. You can edil any porlic:ular ilem or 111 molchin1 
itcms. 

• 

• 

• 

• 

• 

• 

• 
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Mo« eprntdoes. Movin¡! JKeviou.<ly rlaced lracks is focililaled 
hy .three commands: Movc Track, Mow: Endroint, 1nd M ove 
Reroule. 

Jump c-••nds. Thc.c command• allow you lo quickly locale 
and m~ lo componcnts_ lucatinn~. ntl.'\, and slrings. 

Orth .. oo•l natlna. Whcn placinR or re·roulinglrllds, IJI'C O 
lo I<'IQtlc belwten nnn·orthnp;onal mude and fnur differenl 
orlhogiMial routin1 slyles (cnahlcd u•ing Sctup Opi0115). 

Pllft c-•••d•. Practice placing ulhcr elemento in lhc dcsign, 
such a5 pld.\, lfCI fiiJ .. ond are.\ .. 

l'l~b lllahllpl. Thi< handy command will hi&hlighl 111 
c.onnected pods, tnch, via•, are.\, ond r.n., evcn without • ncl li!t 
loaded. 

Ndl ("..-RM. Gcncutt!!. • Tanllo-format nd lisl from thc 
currenlly looded board duign. 

Print lt~ports. U•e Out pul Rcporls lo prinl • Dill of M11eriab 
and olhcr u.~ful rcpnl5. 

~ , 

J "~' 

• 
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Thc l.earn\ng Tanr.o-PCB 
cornmands: 

!;O!!!mand 

Currenl uycr 
Oclcte Cornponenl 
File Load 
Library Browsr: 

Move Cocnpoac:nt 

tlcls Display 
l'lets Load 
l'lcts opeimiK 

tlcts Roúle 
l'lels V esify 

Oulpul PICIIfPrinl 
Place Componen! 
Place S1rin1 
Place Trock. 
Selup Display 

SCiupORC 

SclupGri<k 

Selup Opeiolls 

Sclup Palellc 

\Jndo 
Znorn Board 
Zoom WindO'A' 

P\..\JS lutoria\ \tiltalhot4 "- 1 l nas& 

[Jar.u!d 

Sellhc currcnllaycr lor cdili"'! 
Oclclc • cnmponenl ""lhc PC-bolr<l 
Load • p(.1) "' blcxlo. lile . . 
Di<play and lisl componen" 10 1 

library 
Movc/rCIIatc/ftip • compoac:al • IM 

PC-bMrd • 
Sclccl neis lo be d'osployc.t 
Load • net lill . 
Crealc optinoiKd -d- for 

displaycd nell 
Re place connecliot!s wilh trocb 
Vcrily thal thc PC·bo•rd matchcs tllc 

nc1liol . 
MCII 01 ptintlhc currenl PC8 rrte 
Place 1 c-~nl ""1hc PC·boar.t 
place ale .. strinr. on lhc PC-t-.t 
Place 11roclr. 001 1he PC-bolr.t 
Enablc/di.ahle ond toeled q,lon far 

re-board layen ond items 
Sellhc dc•'P rules ond rcpnrt 

c>¡~~inllsfor lhe <lcsip rule c11cciiL 

"~""'. 
Scl thc absolule, relatioe, and ftsiblr: 

pid r.in:s 
En•hle/dioahle Orlh<'IIO"ol rnaolco 

ond Oras Trocb Witll c-poecnll 
oplioft 

A<ld 01 dclelc ilcrnsaelllc CWil-
Place Polcllcs 

Undo lhc poe.nnus editi"'! _ _. 
· Di•play the cntire f'C.baord 

7.anrn in or ou1 on 1 sectioro of lhc 

display 

~JJ 
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7 PC-Board Layers 

7.1 Jntroductlon 

Tangn·rcB PLUS prnvidrs 19 arparate rc.board layen. Yuu can• 
.t;,play and prinl/plol/phnlnplnl individuallay.:rs nr a rnm,....itr nr lwo 
or more layrrs. You can only edil one layrr al a time. Thc layer lo edil 
istrrmrd the currmf lt~YV. 

The program providu the lollowinl! 19 PC·board layrrs: 

Tnp 
llollnrn ·-· (;rnuwtl 
Mlddl~ l.a,.... 1 
Mlddl~ a.a,.... 1 
Mlddlc a.a,....l 
Mlddlt a.a,.... 4 
TopSIIkKnen 
ilou- Sllbcl'fttt 

T np Soldtr Mas• 
Roll- lioldrr l'tla•• 
T np Aosrmhly 
Rnllnm Aswmbly 
Roard 
ConnKtlont 
Drlll Dnwtnc 
Kftpoul 
1111t 

A majorily ni the 19 layrrs •• all aignallayrrs and thr Tnp and Bntlom 
Silk'Crrcn .. are u<ed dirrclly as artwork lor labriutin(! the I'C·hnard. 
Ynu ran place pads, lrarb, compnncnts,lell1, vías, are.., and aru lills on 
any ni lheoc layrrs. 

h ;, the u<ual and r<eommrndcd práctirc In lay nulthc PC.bnard •• it is 
sccn lookinR allhe cnmpnncnls nn the board. This way lcll1 is di<play.:d 
on lhe scrccn "' il will oppt:ar nn the Tnp Silk<crccn layrr (nnl mirror· 
ima~cd). Vou can lhink ol thc layrrs •• <lackcd on nne an•~her with lhe 
Top Silhcrccn Ovcrlay nn lop, thcn thc Top layrr, thc Middlc Sil!nal 
layrn and Pnwer /<iround planes, the DuUnm layrr, and the Bntl<im 
Silk•uccn layrr. 

7-1 
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Thr rrmaining layen ~rve a• ~uicln fnr individoool "<1'• in the board 
lal•riralion Jlloceu. For eumpl<, lloc Tnp amlllnllnm A"-•embly !ayer> 
provide instructiOGS for ronnt<"tintt and 11Uaching componcab lo the 
lini•h<d PC·boord. 

7.2 Top And Bottom Layers 

1 he Tnp .1ml Dollom 1>~ • '' corrc.pond lo lhe top ancl baclom side.• of 
thc l'('.hnard. Ddore 5urlarc·mounl lcrhnnlngy, de>i~ers colled lhe 
Tnp !ayer the compnntnl sidt and lhe llollnm !ayer lhe soldu sidt. 
Thnugh thi.• lerminology slill hold• lrue for de•i~o thal ore exdu.•ively 
thmu¡¡:h·hol<, you can place •urfacc·mount components oad IOider on 
rirlorr •ide of 1he board. 

7.3 Power And Ground Planes 

Thc l'uwc:r ancl (irnuntl rtanc!f. are cliUcrcnt frnm lhe olhcr siRftallayrrs 
in th.ll thry rom.i\1 mn._lty ,,f ("ctprcr. with nnly ~mall Acctinas clchcd 
aw:ly. hu thi\ rcawn thr.y :ur pluurd in tht Rf"l{;ttive. Cnnnectimu lo 
thl· ruwrr antl (iround t•lotn("\ ;uc tli'l'l:.yrd u'inM, ~ym"'''~ rlaccd on 
tl.rnuv.h hule rach. Ynu cannut rtlil thr ruwrr ""'' (;ronnd p1aRC5 
intl1vit.lu.1lly nr place itcm!\ (\uch ~'\ tnc\\) nn thr:\t~ 1'1ancs. 

Ynu can conncrt comronent pin'\ In thc ruwcr ancl Ground planc1 hy 
rn,..,:i"K rath. When (>ditinR a r;ut, tt.r. pro~r;,m alloW!' you lo conncct 
rhr p;.cl In lhc Puwer or (;ruuntl l'lan~ cithcr dircctly or lhrough 1 
thr.rmal rclic(. 

7.3.1 Whal Ate Po-r And Ground Planea? 

Tan~n.rCB PLUS olftrs truo Pow<r and Ground plane capahilities. 
C'iHuit\ U.\Ín~ hi¡th clnck \rccth rallialc a con\itlcrable •mount of 
-'rminu'\ nnic.c:. rnwcr and (;rnund l'lanc:~ are nccc:\.1\ary lo shidd 
'-f."'·;l;.::-. \cction~ o( thc c.ircuit frnm t~i~ noi~c. rour ~hiclding rcsuhs in 
hol(h ,~cd Oip·Onl" I<'AAiing ramlnmly, lcarlinR lo ernlic circuit 
t~:h;'IVIOr. Ac, wr11. thc:u: :ur now \lfÍ11t(t'nf rcc '~cific3IÍOft.llf. for thc 
auwunl HliatcJ cncrl{)' allnwrJ frnm clcctumic t:qttipment. Powcr 

• 

• 

• 

·• -

antl (irountl pbnc\, in conjunc\ion • ith rropt:f cquirmcnl ~"ic:\din& 

lcchniquc\, minimi7.e the fadiatcd cnr· RY hum dcctron•c c:iuuitry. 

Sume lc~ic: familics draw a lar~c lfan\icnt currcnl during ~tale 
lran•ilions; if 1he powcr ond grouncl lin~s to 1ho5e devi<~• ha..: o hiR)I 
impcdanre, lar11e spikes ore •upcrimp<>~ed on the lineo. The\C •rik .. 
oftcn offcd olher devicn dnwn lhc line, and ""'""' caracilon can only 
110 oo lar lo olleviale lhese srik .. ; Power and Ground plane.., in 
conjunclion with hypau cararitn,... deliver consislenl low·impedonec 

~ ro-r lo all devices on lhe re. board. 

Ju•l whal ore 1he chararlcri>tiu of rowcr ond Grnund rlancs? lma¡tine 
1 plane of coppcr in lhe middle of your board, wilh hules in lhe correr' 
wherevcr lead.~ pL'Is lhroul!l> lhe houd. The hules are !>;g enough lo 
ensure clcarance from lhe leacls, but smoll enoul!l> lo provide ample 
shidJin11 around oll clmdy '·r•ced leads. Now •ur1""" 1ha1 1he plane 
Wt: IJe di>eu.-ing;. lo be used for lhe Ground rlane. To tonnccl o lcad 
lo the f!'OUnd raíl, foil the holc al that poinl wilh COf!pcr • thr lud will 
now he in contad with lhe rlone. n.u.., lhe rlane ha. holc, in il al 
evcry roint whcre alead is •ot lo tte cnnnec1ed In the planc. Thc rn~f 
rl:me i~ ,imilar. with holes at cvery lcatl nol lo he conncctcd In lhe 
rowcr rail . 

The l'owcr ond Ground rlancs are ~~nerolly th~ innermml layers of o 
rt:-hoard fnr IWD rCI50n5. With the rc.t.o .. cl material undwiched 
hetwrcn thrm. thc rowcr lh4) (;ruund rlarte\ rofm 1 hYr•'~ c.Jracii(W 
for the 5upply roils with o low Flfntiw S(ri~J RttitlfJ'IU (r-.SR). Reull 
lhal uparitanrc ÍnCfCI\CS OS the 1!31' hetw<:<n lhc rlates dcrrea~S, 50 
the smaller lhe Jlap, 1he larger the capacilanre. The second rca'IOn is 
that hy havin11 lhe plonn interior lo lhe •i~nal layen, ~nsilive •ignal 
linrs can he imlaled from noisy linn hy placing 1hem on oprnsilc oidu 
of 1 he planco. 

7.3.2 Dlrect Connectlon• And Thermal Rellera 

A leacl is ronnecled lo 1 plone hy havin~ no clcorancc hnlc in 1he rlane 
1t thal roint. This rro~dcs tt:nnd conducliun hctwccn thc lcad antllhc 
cntire plonc, hnth ~lcrlrically and lhrrm•lly. Thc li"l ¡, •lrsinhle, lhe 
~ccnnd i\ nnt nccc:'-.. "''ily \O Jlood. Whcn thc bnartl i\ \nltlcrcd. 1ny 
lcods conncctcd dire<lly 10 a larf!C arca of coppcr will nnl rio,c in 
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lcmpcraturc at. quid.ly •~ othrr k:ul\. Thi~ can cilhcr cauM: poor soldcr 
jninl\ m rcquire more hcát, ncitlu:r t1r which is dc,irah1c. 

The •olulion L. lo ronncct lh< lca<l clcrlriully hui nnl 1hennaUy lo lhc: 
· planc ol cor~r. using o •recial •yml><•l callctl o rl1nmoiJYiiq (F'Rurc: 

7-1). 1\ lhcrmal relicl ¡_, • •m•ll ¡,lantl ol corre• arouncl lhc: lud, 
i•ulotcd lrom 1he plane hy an onnular ~·1'- Thc rlane i, lhen conncctcd 
lo lh< i•land by four aorrow hri.lgc• of currcr (lrrmed Jpolra). Tbc:•e 
'1"'•" rrnvidc: lhe eleclric.al conncclion ond lhe tt•P provides lhe 
thcrm~l i.,ol3tion. 

Figure 7-1. A lhermal reUnl connocls a componen! 1811!1 lo a plana 
oloclrlcany bul notlhormally_ 

Wh~u r unning lhc l!dit ratl ("umma.ntl, ynu can "'R 1 p,ad to lhe Power 
ur t ;round ·rlane hy mean\ ur cithcr a dir('d <nnncction or • lhermal 
rt'lid. 1\ ~mall Cff\.'\.' ( +) in lhc crntt'r 11f the ra(l indic.aiC!I lhal the pío 
Í\ cnnnrcttd In the rowcr Uf (iruuml pl;me with A lhcrmaJ relicf. 1\ 
dircct connectiun lo a plane i" imlic .. trt.l hy .an X in the ccnter of a pad 
(fi¡(UIC 7-2). , 

•• 

• 

o 
o 
o 

o 
o 
o 

o 
o 

,, 
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Figure 7 ·2- A dlrecl connecllon (X) and lhennal rellef ( + 1 as lhey 
appear on lhe Tango.PCB PLUS screen ~11111 and In 1~ final artwork 

(rlghl). 

Tbe small uoss ancl lhc X lcl you 1<11 al a Kl•nce whclher a pod is 
conncrlcd 10 a plan< wilh a lhermal rclid or dircd cc•nnccl;.,._ But 
how un you lcll whelher the pad is conncrlcd lo lh< Powcr or Ground 
plane? By running lhe Sclup Oisploy rommand, you un n•ift'l •cpanle 
colnrs lo lhe Power ond Grouncl planes. A aood rraclice ¡, lO U\C ied 
lor the Power plane (red • hnt • power) anclar«n lor lhc Gr~d 
plan< (grc:en oflu signiroes pound connc:<tions). ' 

Therc are thrcc oplions for conncctions lo lhc planes: no conncction 
(signilied by the pad only and no sp<cial •ymbol), • thcrmal relid 
(•ignífied by a CIOU oflhC appropriale color in lhC C<RIC:r ola pad), nr a 
dirccl conncction lo lh< pbne (•ignilicd hy an X ol lhc appropria1c 
color in lhc ccntcr ol o rod). Thc prOI(ram ,1,,., nol allow ynu In 
conncct a r"d to hoth rl.lncs. Thi' may ~erm triv;al. hut it ¡, am,uina 
how many manually lapcd PC-board• cnd up with shoncd Powcr and 
Grouncl planes! 

7-$ 
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\\'ht·n lhc l'bnc\ ar~ intNim lu lhc~ hn;u1l, tlirrmal rclir.f~ are ftCncra11y 
u\c,l. lf yma are dc!l.ir.ninf¡l a dulll'lc-~itlrcl J•t:.huard .1nd you wanl a 
h.nc '"1'1.._., (irnumlpl.lnt fcir lhc llultnm byrr (a\¡, urtr.n the ca~e for 
Hr tlt·~·'I'.J1\), 1hcn yuu c.;m u·.c clirnl nmnntiun\ lnlhc (irnuod plan~. 

7.l.l Connecllng No11 To Power And Ground 

Whc., lnadinJ( a nel li•l (u•inR lhc Nch IA>ad rommand), you can dirert 
<he ('r<>r,ram lo aulomaliraJiy I•J( •JI 1'"''' lhal are connedcd lO thc 
l'nwcr •nd (;round planc\. In lhc Srlr.-1 rlanc Nct• dial"'l boa (Figure 
1- 1), cnlcr lhc namc uf thc l'nwrr planc ncl and lhe namc of lhe 
(irouml pbnc nel. Yuu can aho sclcd cilhcr dircd roaoec:lions 01" 

1hcrmal rdil·f\. 

~ ... p "- ··~( 

c. ... ~ ,._ •• t@C..~===:::J 

1••• •-•U• 

figure 7·3. Tango·PCD PLUS Aulomnllcally connociS en peds In lhe 
~pP.cllled Powor /Ground plano nots lo lhe corree! planes. 

· r .. r namplt, if ynnr rnwn pbne nrl ha• thc name VCC, then 
'l'uifyinp, thi' nc' ""me cum1rct\ all notlc·' within thc ncl lo che Powu 
l,l.utt: with l'ilh~r dirrct runnntinn\ nr lhnmal rdit·r~. SrecifyinR the 
nl'l namc t;Nn for thr ,;,oun•l rbnc nrl autnmatiralty connects all 
nndr. wi1hin this nrl In thc (iflluml planc. (For •lclailcd inlormalioo on 
t .. ading nctli,ts. sc:e Chaplrr U: Nrl•.) 

• 

7.4 Mlddle Slgnal t.aycrs 

The four Middle SiR<~•I layeo< are ••ndwichrd h<lween lhe Tor and 
Ot>11nm. layen. You can rlace any TanJ(o·PCO ri.US ilem on lhe..: 
laye". The Middle layen are a<ldilinnal $ÍJtllal layen availahle lo< 
mulli-layer rC-bouds. 

7.5 Top And Bottom Sllkscreen 

The T~ and Botlom Silbcrren layers produce thc pallerns rrinled 011 

.re-board$ lhal show $UCh informalinn a• CDm('Onenl OUIJines, rcfcreneC 
duignalor., and 1he company name. F01 throu(th-holc hoards, you 
J!Cncrally nccd only a Top Silhcrccn layer. For aurfan:·mounl dc•ipos 
.,;lh ~mnroncnls on holh aidcs of lhc board, you will nced bolh lhc Top 
and Do11om Silkscrccn. 

~~ 7.6 Top And Bottom Solder Mask ... 
The T op and Bollnm Solder Ma.•h dtlermine wlltrc soldu mask is 
applitd lo lhc . PC·board durin& la!niation. Whcn lhc board is 
aolderecl, this mask preYCnts possiblc shorls by rcslricting the now of 
aolder. Tango-reo PLUS pnmdcs Top and 8ot1om Soldcr Masu lo 
aurror1 aurfacc-mount dcsill"' with componcnls on bolh •idcs of lhe 
board. 

The prnt!Jam automalieally J!cncrales lhc Top and Dn11om Snldcr 
Mo•b from lhe board dc•ip. All pad• nn lhe hoard are JWOII, 
(cnlargcd) un the solder mask film lo 8\.\Ure 1ha1 lhey"rc tepe free of 
•nldcr ma•k. In addition, you tan place arca fill• nn 1he Tnp and 
Dn11nm Snlder Ma.b lo designalc Olhcr areas of Íhc board 1ha1 will IMII 
rcreive snlder ma.•k. 

For .. amrlt, it'' gnod pnclice lo rlacc arca fills on the Tnp/Onllom 
Soldcr Mask ovcr all edgc conneclo" on thc board. Though TanRo­
PCB PLUS aulomatically swcll• the :dge ronncclor rads lo providc 
clcarance lrom the solder ma•k, il's ·1ill pos.•ihle lor soldcr ma•k lo be 
applied hcl'toftn the nn~n ol the cd~c conneclors. 1 hi• can cau'" 
rmblcm•. rluAAÍ"R ami unrlullJI.ÍII~ lhe hoard may wear down lhe 
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~oltlcr which can evenluaJiy inlcrrcrc wi1h connedioaa to thc 
lin~U<. Hy rlacing uca r.ll\ on thc Tnr/II••Hom Snldcr Mub, ynu can 
•~'ure thal •nldcr ma.U is nol •rrhed al all within thc arca of doc cdgc 
cnnncclor. 

Ah••. on•ny boud aMCmhly <hoJ" recommcnd lhal lhe arn bcncalh a 
~urfoct·mounl componen! he kcrl free of !l<llder m .. k. U •l'l'liccl, the 
snlder mll\k could bli.<.ler durin~ the hcol of lhe <oldcring proa:<.., 
fnrcin~tthe •urfaec·mnunl cnmrnnrnl upward.\ and out nf CIMIIad wilh 
thc raoh. You can preven! lhe arplication of <older ma<.k to.lhe.\C 
IM>ord lncalinns by rlacinl! •••• lills on lhe Tor/floUOID Solder M .. ks 
un,lcr all surfacc·mounl componenl~. 

NOTE 

T IPI~I'CB I'LUS ~~~· "" ,_u "" '"~ ,., ........ a: film. n,,,, ,_u - ,...,,~ ""''" Y"" prinl/plnt/pltofoplol ~~~~ 
"""'d. n.~ ,_u do ""' •rl""' swrrtl~ "" rhe ID'l,., n.~ 
""" fi'" ,.,., pl«t ., ,,, r • .,. ~~nd n""""' sP~thr M¡ub '"" 
nnl br Jwol/~ro Ofl lht ICWtro <" lht J(r/J, m111l fi/m. 

7.7 Top And BoHom Assembly 

The Tnp and Ooltom AMemhly loyrr5 can he u.\Cd, IOI!clhcl wilh the 
Titl< laycr, lo acate L<.<emhly tlnwin~. The"' drawinll' pide lhc 
a~\cm1,1y shop durlnglhe b.ulfd a\.~ml,ly rrocctlnrc. The dr•win85 an 
include the board dimension., and rhe local ion.\ nf the cnmpnecnl& lo he 
mountcd. u well a.~ •ny ~(l('cial in\Uuction'\. For cumrlc. the dr•win"' 
cuu1d show the loat;on uf lt\1 poinl~ on lhe board with inslrudion& lo 
kccp thcsc aitca free of non-cunducling conformal coel. 

Thc AMCmhty dr•win~t-" can he u~ecl lett(~ther with the hiU of m•teri.al' 
lo define tbe typc of cnmrnncnl thal ;, lo he mounted al c~h local ion. 
Thc Onllom A<.<cml-ly drawin~ ;, p;encrally nccded only of the board 
C('lntains ~urfacc-mounl compone ni~ on lhe OuUom layer. 

1·/J 

,. 

• 

~~ 
• 

. -~' The Board !ayer is u-.d lo duw an oulline ol your PC.huatd. 'T'hi• 
laycr ¡, also use fui for indcntin11 thc correr on lhc Power and ( ;round 
rlanes. 11 lhe corre• Cllcnds lo lhc edp;e of lhc board nn the"' layen, il 
coulol eau.e a •hnrl if the hnard cdge comes into contad with a J>iece nf 
metal or anolher board connedion. 

To in• le ni che rowcr and Grnund planc~ and rrcvc .. t shorts. . we 
rccommend ynu draw thc board uurlinc wilh a 100-mil uack. 11 yna 
thcn rrint/rlot/rhtJiorlutthe Board laycr in comrosite with thc Ptn110;r 
and Ground rlanu .. the ruultin~t correr will be indcnlcd by 50 mils, 
hallthc thicknes.s of lhc hoard outlinc. 

7.9 Connectlons 

Thc ConncciÍOn\ laycr hcll" ynu manually roule thc PC-hnard. Whcn 
you load • net list for your dcsign. all cnnncclions in the ncl lisA are 
stnrcd •nd di,rlaycd on 1hc Connrction~ laycr. llte conncclinns are 
pnint-to-poinl: thc shortcst distancc bclween nodes in a nct. 

Afler ynu manually roule a connection ia Tan11o-PCD PLUS (usÍftl!lhc 
Neis Roule command), the connection is rcmcm:d ftom lhc 
Conncction• laycr. 11 ynu are cditio g a hnard that hu heen autor-cd 
by Tango-Route, thc Connection. laycr contain, nnly the n&-ITJUI~J: 
cnnncctions that cnuld nnt be auhwoutcd. (for dc:tailc 1 informal ion on 
nelli.\ls and routins, &ee Chaplrr 14: N•tt.) 

7.10 Drlll Drawlng 

The Drill Drawing laye• providc.thc scrvicc hureau wilh lhc local ion of 
every hule on thc hoard and the hil sire nccdcollo drilllhe hnle_ Tang ... 
rcn PLUS automa1ically "cncra1e~ a laycr that \hoW"\ cvcry hule on che 
hoard. Top;clhcr wirh the Tirlc byer,lhi, l.tycr un he U\cd tu produce 1 

drill drawing. 

Tonf!o·PCD rLUS ault•matieally rl•cc• a •ymiM>I al cach ht~lc loc~tion 
which indiealcs thc drill lool requircd. In addition, you may wi<h ro 
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rlace • 1 ahle on lhe Drill Dr owing which m•(" •ymiJOis lO IOOI 

num~"/drill si1r.s. 

Dep<nding on your semce bureau, a Drill Drawing may noC be 
nccc .. o,ary if 1he buruu ha.• aa N/C dril! mochine lhlll ae.a:pes lhe 
slaadard Euellon-eompolihle N/C drill lile generaled by Tango-PCB 
PLUS. (For more infonnalinn on 1he Drill Drawinglayer, see Oapkr 
16: Prinlo, Piolo, Alld R~porl•.) 

7.11 Keepout 

The Keepoul loyer all.,... you lo •recify areas of lbe board ""'ere 
Tango-Roule will aol plau luces. By plari"'l a lrack sepnelll or arca 
lill on 1hc Kecpoul loycr, you ore direc1in11 T•"'!<>-ROUie lO POicl" 

· rou1ing over lhe•c localions oo all•ignalloyera of lhe Pe-board. 

For r:umplr:, il is ~ rraclicr: nollo placr: vía.• ht:nulh surfatt-mounl 
discrclc caJlacilon. OurinR fahricalinn, !\oltlcr could force its way up 
the via and •noc• the c.aracitnr out uf cnntacl with it~ pads. To ma•c 
\urc TanR()-Routc does not place vias in thc'c arca~. place u arca fill 
on 1he Keepoul layer bcnealh eaeh surface-mounl di.<erele eapacilor. 

7.12 Tille 

The Tille layer is u. .. d lo dncumrnl your artwork for lhc board 
fahric.ltion r•~dure. Thi\ byer 5huultl contain such information as 
che comrany name, hoard name, rart number, and rcvi~ion number. 
The Tille layer enn•i.•ls of hof<lcn and 1<:11 ~ring.• lneal<:d oulsidc the 
oulline nf lhc PC-hoard. You can prinl or plnl thc Tille layer in 
com¡><,.ile wilh lhe Top and Oollom A'\.\Cmbly and Drill Drawinglaycra. 

The Tango-PCB PLUS pochge includes Tille layer lemrlalcs ror A­
,¡,c (R.5 1 11 inchcs), B-si1.c. (11 • 11 inch .. ), and C-•i1e (11a 22 inches) 
•hecls nf rarer. The•c tcmrlal"' are •lored in lhe PCB files 
1\SIZE.rCR, RSI7.EI'CD, and l'SI7.E.PCD. You can use lhesc 
lcmrlales or creale your own Tille layer from scralch. 

• 

• 

..... ~ . :7 

• 

rC-IIOAP.~ I.AYEIU 

r:a.-h nf lhe Tan~o-rcn PLUS Tille loycr lemrlal .. cnnlain a sheel 
hordcr and a 1i1le block (in 1hc lowcr·righl corner ofthe she<l (Fi¡!urc 
7-4). The tille block rrovide• •race for •uch informalion ast~e hoard's 
name, idcnlificalion numbcr, revi.•inD numbcr, sheet 111e, dale, 

filename, and dcsigncr . 

The Tille layer borden are 0.25-inches wide. They are dividcd inlo 
.. gmenls which are lahclcd wilh numhcn across .•he 1~ and ballnm 
(lhe column5) and wilh leners clown lhe ldt and "!!:"' side• ~the rows) .• 
The borden provide a convenicnl way In h><ale tnfo.rmallon nn_ thc 
board. For cumple, a dcsi¡tner can dc•criht: lhc lnealton of • reSISIOf, 
RS aslhe inlerscclion of row 8 and column }. · 

,,.,,, 1t.ltl DI' t(~t,,.J 11 ll~• '''' '"'1'"' ti 11•1 tl'r ... nt ,~• ' 
.. 

• 

• • 

' ' 

o 

...... .. 
Figure H. The Tango-PCB PLUS Ule layt!f ASIZEPCB. 

7.13 Selectlng Layers 

The •lalus line·, L.oyer licld di•rlaJ' 1he éurrenl layer fnr placin11 
primiliv... All cdiling 1ake< rlacc nn 1he curre ni layer. Thu' if J'IU 
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rloct atrae k on thr 'C·ooard when the currentlaycr is Top,thc track is 
"'"'iRJlcd to thc Top loycr. JI you latcr want lo dcletc this track, thc 
currcnt laycr musta¡pin be sd lo Tnp. 

Thc Ltycr ficld abo shows the color olthe curren! laycr (in thc smaU 
rcct•ngle to thc ldt of thc L). Wllen you placean are, uca r.n, surfacc 
r•d, tcd string. or trock on the PC-ooftrcl, the primitM is dO.playcd in 
thc color ol thc curren! laycr. Individual rolors can he sclcded lm 
through-hole riuls and vias, since the~ primitivcs bcJonc lo .n layen ol 
the board. 

('lic\ing thc mni1'1C on the l.ay~r lid.t or typin11 L sets the euncntlaycr. 
All suhu:qucnt cditinR ¡_, rcrformcd on this layc.r. With cach did of thc 
mou••. 1 h¿- rrOfUam cycles throup;h • li•l ol .... bltd loyo:rs and thcir 
colnrs. You can !llop dicking the mou'IC when the de&ired laycr is 
di.•rlaycd. You can also sel the current laycr by selcding thc Curren! 
Laycr command lrom the Curre ni Menu. For bouds .with only a lew 
layef\, clicking oa the Ltycr licld or typing L may be !aster lhan using 
the menus. 

7.14 Enabllng And Dlsabllng tayers 

n.rore you selcd o curren! layo:r, thc dt\ired loycr mu_\1 he enohled. 
Vou c:t~a only tdlt and dl•play <nahl•d loy<n. 11 i.• usclul lo ollsahlt 
layen that you do ool wanl to vócw or edil. Oiuhling these laycrs 
reduces 1he amounl of PC ·bnard infurmatinn nn the KfCCD., allowin11 
you to cunccntrate on thc bycr (or bV(':n) that ynu·re cuncntly cditintt. 
Since le._, informotinn is di•rlaycd, di,..hling loycrs olso reduces the 
1 imc it takcs lo rcdraw the \Creen. 

Run the Setup Oi.•ploy command lo e noble and diuble PC-boud loyo:ro. 
In the Setup Display dialog bo• (Fil{ure 7-S) there is a small boa of c.oloo 
nul lo cach laycr lidd. Thi• l.o• •hnw. the di•play color ln<the laycr. 
11 tbe color bo• is solid, the laycr i• enahled. 11 only the boltom hall ol 
the bo• is colored in (there is a di,iding line ocrnMihe center),thc loyer 
;, disohlcd. · 

e: 

• 

o 

1 

1 

~ 
fCIIh• ~'"'"- ~- -

lo.( 1 ' 1110 ~ ~· ~ ........ .. .... .. .... 
~ ...... 1 •••• '""•' Cllort .. ·- "•' 

··-· 1 ' , .... ttth 1 ...... , 1 ;:: 
f5" ... 11 !iitk.!J~ ~-""ll 111 c.•• JI ~ ~~C!:§)~~· ~- c.••ll ~·(, ... o f-,, 
C§g~g ·. 

¡Coro•• ..... -. ...... 0 1-
~g¡ ...... ll ........ 

~ ~~ or,,., g C.••• 1 o•-n c,.,, 
(e-• 1 . OL.wtt c ... , ll 

¡~:!~ ~ . 1 1 ,.{) ~· ;:: 
lo1 Cl ...() . 111 

,-, 
~· mj al 1~;. 

Figure 7-5. In the Setup Display dlalog box, -bled layers are 
lndlcatod by a solld box o1 coiOf. 

Clicltin& Oft the colO< bo• neld lo each Jaycr lftAAiesthc !ayer on and off. 
For eumple, il Middle l..aycr 1 is di,..hled (only thc boctom hall or the 
bo• is coloreo! in), click on the color ooa In enable the laye• (thc olial"' 
boa sbows • sol id boa or color). 

NOTE 

1+'71ffl fflllhlinll "'disablinlf 11 '"""' maAr su" rltllf llrr cu""' il 
posiritmrd wlthla lhe color boa nar In 1hr /~r·s namr. 
PnsilioniniCIM cufft1' on lh< lay<r namt al/owr )"ru In e"""~ 
lhr color nf rltrl~• (Ju S.ltdlna Sc~n Colon klnw}. 

When ynu quit Tan~o-PCH PLUS, thc Kllintt-• in thc Sctur Di•rlay 
dialn" box are !UWt,l in thc: file: rCR.INI. Tht'w. ~llin~t' are 
automatically re,torcc.l thc: ncat time you run thc P(_, prosram. 

7-rJ 
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7.15 Selectlng Screen Colora 

Tant~o-PCR PLUS lell you have Íl your way. U you (llder purple pads 
and a pinlt cursor, you ean have purple pod.• and a pink ~· In 
addilion lo enahlifll and di.ahlin11 re-board Joyero, the Selup D.-play 
command leiS you aeled lhe saeen eolors for individual .. yen and 
ilcms (such as throut~h pad.• and vias), 1he (llogJirD menus, lhe status 
ond prompl line!l, and lhe worbpaa: elemenls (indudins bacqround, 
cursor, hi~thliflhlin& and srid.•). 

In lhc Sclup Dt•play dialotl ho-., lhe cornenl eolor is ,.._,.in a bos aed 
lo eoch fidd (Fii_!Ure 7-5). To choft!te a eolor lora rrelcl, dicllthe mou..e 
"" a he ridd nAme. U yow video tard •urrorts 16• .... feer C'olorl. 

such as MCGA and Hercules, eac.h dick olthc mousc c:ydea through 
lhe nelll available eolor. 

U your video eard supports four or IBOft telon, auch u I!GA and 
vc;A, 1he progJora di•plaY' 1 separale dial011 hoa lhal ahows all 
availoble colo... In Ibis dial011 ho .. !>Clect the de•ired color and lhen 
click on OK. Thc Selup Display lield i.• updaled lo show thc new eolor. 
ClickinR ;,n OK 111ai11 removcs 1he Sclup Di.•ploy dial .. boa and 
updal" 1he !oCTCCD eolors. 

The cnlors you select ue uved in 1he file P('R.INI. when you quil 
T 3 ngo-PCB PLUS and wiU be rc•lorcd lhe ncd time yOu run the PCB 

r•OR'•m. 

7.16 Summary 

Thc followin11 eommands werc diu .. ucd in this <haJIIer: 

Command 

Currenl Layer 
Fdil Pad 
Srlup Di5ploy 

fundiiiD 

S<llhe currcnl !ayer for cdiiÍJII 
F•lil orad on 1he PC-board 
Enable/di.ahle and select eolon for 

PC-board laye" 111d iteras 

• 

• 
-··------ --

\ 
' 1 
1 

• 

8 Pads and Vias 

8.1 lntroductlon 

Tnn11o-PCD PLUS provides u•er-dcfinahle pod• and vias for PC-houd'•. 
This thaJIIer der.crihes how lo define, plne, edil, lUid dclele r•d• and 
vi.u. Edgc conncc:lors, whicb c011si~t of a Krics of surfacc pads, are also 
descrihed. 

8.2 Pads 

A pad;. a physiul•hape on 1hc rc.hoard lhal K<ncrally rone•ronds 10 
a <nmronenl J>iD. Tangn·fCH PLUS l'"'vidn ·lwo lype• ol J>atb: 
1/rruu~-lrol~ p<Jds (which bclont~ lo all re-board layen) and JUtfou 
p<Jds (""'ich belonsto either lhe Tor or Hotlnm layer). The lhrou~h­
hole pads ue ased for <ompooenl pochges wilh lcads thal pus thrOUKh 
all hoard layerL The surlace pads are used lor surlaee·mounl 
<nm.,.-nta and edse <OIInC<Iors. 

Vou can pla<e or edil holh lh<OUI!h·h;,le pads and surface r•tl• al any 
time rcsudleu ni the current laycr settinA. For cumple, if you want In 
dcletc a surfoce pad lhal helnn111 lo lhe Top loyer. you tan dn so 
whether or nol the <urrcntlayer is Kilo Top. 

1.2.1 Sele~lng Pade 

Oefore rlacinR a pad on the PC.hn>rd, ynu nccd to run lhe Cunent l'ad 
command lo acle<l lhc é:uncnl pad. All suh\Cqucnl rluc Pad 
command• U'C lhe (UffCRI r•d >ellin~. u ynu'vc addcd r•d IYJICS In 
lhe cu•lom Place PaleUes, lahcl<d PLACr: 1 lhrou~h PLACE5, you <an 
also sclect lhe cuJJcnl r•d hy clicking 1he mouse on a pad cnlcy in lhc_ 
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15 Verlfylng the Deslgn 

15.1 lntroduc1lon 

No princed circui1 boud la)'OUI is romplele lllllíl h hu bc:en cherke~ 10 
see 1ha1 h malches che oripnal elcdronic dcsip aacl 1h11, -.:o 
manufactured, il has a rci!OftabiJ pocl chaacc ol woollina. 

lf you a5Surne 1ha1 che oripnal dectronic desip, '"""'""' represeftlcd 
by a sehemalic. is rorrc<l, 1hen ,...,. check lo see 1~ che PCB ,.,.,... 
malches il oa a comroacnl·"r·cornroncnl, eonnection·bJ·conaeCii<Nt 
basis. In days pastlhis lasl was aceomplished with colored pcMils .,., 
bours ol teclious <risual <""'·chcclina. N- lhe process is peally 
facililated by lhe wc ol a ael lisl, which is a lisa ol aiJ tlllllpoaellb ud 
COODCclioDI iD lhc dcsip. 

Evea if the layout matches lhc schcmalic eledrically, lhe physiul 
••recta ol muwacturifts che board caa cauoc problcm• whiclt wiU 
rcndcr il unuaable. For cumple, lrads or pads lhal are loo d 
I<Jt!Ciher could cause bridsina of eoppcr, creali"' • shoot. The f 
Ja)'OUI ftiUSI be dlcded lO ICC lhal clf:UU!-CI OD lhc boud C~ 
spccifocd u J'OU' "clesip rules.· 

Tango-PCB PLUS oll'crs e- clislinct, bvl compleraeatary appr-hes 
lo ..,rifying !he clcsip. 

15.1.1 U•lng Ntll Vlflfy 

Thc Ncts Vcrily command will check any neis which are cuncatly 
di~playecl against a11 input ncl lis!. Ynu use lhc Neis OispiiJ command 
lo choose whicb ncl$ lo ocrify •• a sinsle ncl, a colledion ol neiS, llf all 
neis. 

··-----------------~-----.:'~' 



This apprn~ch U c~JlCriAIIy u~..-rnl ir ynu are manu~lly rouling thc board, 
bu1 hove an inpul nr.l lisl. Thc rccommcndcd proec<.s is lo 1) u.•e NeiS 
Di•play lo show 1 single unrouled ncl, 2) roule IM ncl wirh lhc Neis 
Roulc commond, l) check 1hc roulcd ncl wilh NeiS Vcrily. Tben use 
Neis Oi•rlay lo lurn off rhc di•rlay or 1hc rouled n<l •nd lo move onlo 
1hc ncxl ncl in 1he li.•t. 

15. t .2 Uelng The De1lgn Rule Checker 

Thc dcsign rule checker in Ton11o·PCR PLUS h11 lhe obilily to check 
lhc board electricolly. ~~«•inst lhe input ...,, liot, and lo cMd: ror 
clcarance gap violarions ogain•t rules you establish with IM Sctup DRC 
rommand. 8oth checb are perrormed • board-wide basis ond should 
he done when thc layoul is complelc. 

15.2 Net Ust Verlflcatlon 

Thc Net& Vcriry comm1nd oulomalically cbech that IM eledricol 
cnnncctions ror all displayed routcd nch on thc PC.board match the 
rnnnrclinns in the nel lisl. Thc cummand vcrifics cach net on • node­
hy·mkle t. .. ;,, U it lind• 1 •hotl (a nooe lh>t does nol bclong in IM nct) 
"" npc:n (a mi~\Íng aode), oran uncommined componcnl pin cnnnr:dcd 
to the net, thc program di~pla~ an error. (An uncnmmillcd pin is nol 
li\lcd in lhe ntl li•l 15 part n! any ncl.) U you are veri!yin11 more lhon 
une nct. you have the option of continuinR lhe vcrification ptOttU or 
sh•rringlo corred lhe prohlcm. 

NOTE 

Thc Ncu Vcrify cnmmand vtri{r" oll curnntly dl•ple~d ntk 
Btfnrt nmnin111~ir comman•~ you nr<tlro nm l~t NtrJ Di.rplay 
command lo tlisplay (Jhow} tht nti(J} rlral.l'"' wanllo •~rify. 

From 1he lirSI comronenl ri~ in rhe nrl li•t, Tango·I'CB PLUS chech 
all connecled lrach, arca foil, ares, vias, and pads. Each ilcm is 
highliKhlcd as il's chcckcd. 

15·2 
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11 1he prt:Jt!llam fJnds 1 com¡wmenlri" tl'lal dau """be"'"- lo 1'1-.e Id \• 

ncl short), ir displa)'\ lhe error mcssage: 

This messoge indudes lhe nel "'mes rnr the pins 1nd the pin 

de•ignalors. 

JI ohc rr"'Vom fincb on unconneded nodc in 1he oel (u opcn neo), il 
displo)'\ lhe error meuage: • 

Net no1 completely routed. 

This messoge includes 1he pin de•ipoators fOf two olrhe -detl 
aocles. TonpPCD PLUS olso highlighll the sub-Dd (• poup ol 
conneded nodes in rhe nel) 1h11 includes lhe lirsl ollhe ancoanectetl 

pin design•lon .. 

Jr IM prop•m linds an uncoonmined componen! pin in the nel, il 
di.•ployslhe errOf message: 

Net connec:ted 10 en uncommlned pln. 

This meuage iadudca lhe pin desipoaiOf of the IIIICOIIlmilled pin. 

The Neis Verify eooamand is . de<iped lo oll- inleradM Dd 
verifocalioa. Whca lhe command lincb •• error, it asb ir you wonl lo 
stop the w:rifiCIIioa pror:eu and r,. IM protrlem. Oick on C-11•• lo 
eontinuc lhe ocrifocalioo procaa. Oick oa C•llftl lO llop lhe proeess. 

.Ir you ~ lo CODIIOat 11M wrlllaoUOD pre<ftl •ftn- lhe ....... 
"r-ta • ahort • .. opn, Ta.a.PCII PLUS 1 .. 111 wrlr,t .. lhe Md 
dloploytd 11t1. In 1his woy, lhe propom •vnicb di•playins • lons list ol 
crrors related to lhe one shorl or open. To m••• sure thallhere ue DO 

addilinnol problems wilh lhe ncl, we rccnmmend.thal ynu run lhe l'lctl 
Vcrify commond "l!ain al'ler ,nu rox rhe shnrl or nptn. U you eh- fe 
cnnllnw 11M wrincalln~~ ,....... •ftrr lb« .....,..,.. ~ •• 
uncommlltcd compootnl pla, T1n1o-PCR PLUS coallaan lo wrl~ lk 
llmt Dtl. 

Whcr. continuinR thc ~rification rroccu aftcr error mess•Kf'!. ;ne ~ 
1he erron •• thcy occur. Af1er Nc" Vcrify i.• linishcd, you con 1hcn 1 

1$-J 
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allthe ~rol>lems nn your lisl. Run the Nel~ V<rily command again alter 
modol)"lnlt lhe houd. lf there are no crrt>r mes..aftr< di~pla~d. ynu un 
he a">.<Urrd that your nel conlain~ no nJl<n cnnnections, shorl!, or 
uncomrnined componen! piru. 

15.3 Deslgn Rule Checklng 

Alter compleling the layout, ir'• a11ood idea lo do a hnard . .;de check lo 
make sure lhal all elcclrical cnnncccinns in lhc PCD layout malch 1he 
cnnntctinn~ in the net li~t. Thi~ i~ c!\.,eciall1 imrortant in TanAo-rcn 
rUJS ~cause lhe prowam doc• nnt hold neis "sacrcd". During rhe 
roulinR procc.., you may break neis .;lhnul hein11 warncd or a.•ked 10 
rcname lhe new ncl fragmcnl. Thi• •J>Ced• lhc reVÍ!Iinn process 
cnnsidtrahly sincc lhere are mony lim.o when you lemporarily break a 
n<l. llnwcver, il abo mun~ 1ha1 you caa. complelely cban¡e lhe · 
cnnncclinn• nn lhe board. 

Dc•idcs doin¡¡ • board . .;,Je clcclrical check, you shoold check 1he 
dt\ign tn he 5ure that minimnm cltarances h:tve Men maintained 
rhrou~thnul. Fmlunalely, bolh lhc ckctriral and clearance chccking can 
he acwmplishcd lot~clher .;eh 1he inltKJalcd dc•il!" rule checker in 
Tan¡¡o·PCD PLUS. 

To run thc dcsign rule c:l•ccke•, , ·u: 

J. load a nel lisl .;rh lhc Nrl• lnad command. (This 51cp 
may be skirped if no nel liM i~ availaMe • ._, wc'll c-rl•in 
bclow). 

2. E.•rahli.•h ynur dcar.1nce R•P rules wirh 1hc Sctup DRC 
command. 

3. Starl lhe de.•iRD rule chccker hy "'lcclin~t 1hc Duil!" Rule 
Check repo>rl in the Oulpul Rcpnrls command. 

•• 

• 

' 

15.2.1 TMSe\upORCC-nd 

Run thc Sctup DRC annmand .., cstablish lhc dcsi· ;11 r•lc chcd; 
paramelen in prcpualion for 1enera1in¡ a DRC rcpor1 (I&SÜ!IIhc 
Oulpul ReporU command). You UD enler lhc mínimum Pad·lo-Pad, 
Pod-Io-Tuck, and Track-lo-Track deuanccs aUnwed oa each of lhc .&a 
sil!"allayers. Tbere are abo pcuhhuUOGI lhal all- yoa lo sc:l cada of 
lhue cleuancea for alllayen al once. All of 1hese ealries clefaulllo l) 
mils (if you do Dol ha..: a PCB.INI file). 

••t•o 1 L•"' ~ .................. ~. -
,.. ......... , .. __.. .......... ,. ..... "-" 

••• ... •••• .... ••• OIH ......... !!L] @:] !!!] @:] !!!] !!!] ( . ...... 1 , ...... , .... !!!] lliJ !!!] @:] !!!] !!!] ( , ........ ) ......... , ...... !!!] !!!] I!!J [!!] !!!] !!!] , ............ ) 
¡e. ........ _ ·•n·-- •••••••- ( 1 ................. • 

• .... U•t ....... _. . (e-•) .......... ···-................ ' 
· lo7 ·~ i In. · .,_.1._ 

1' 

~. ·-· :;JJ _LT-l 

You can a1so apccify which (OIIdilions are lo be dlce.ed for: Ocat...., 
Violalioas, SlriDI Violalioas, Net U.. Violalion .. SiDglc Nodc ROUI~ 
and UnCOIUICded Pins. 

• CLEARANCE VIOV.TIONS • Enablcs air·R•P deu 
chcd:in1. U disabled, ao cleatUICC crrors .;u be reporrecl. 

• STRING VIOV.TIONS • Eoables air-gap dearance chcclÜIIJ ol 
strinp oa lhc &iplal layen. 11 you haoe plaa:d slrinp oa 1hc 
sisnal layen, you should enable 1his nrrioa lo male sure lh81 1hc 
srrinp do nol cross lracb. Wben checkiftl! for deu e 
violalions, lhe boundin¡¡ rcctangle of 1he 51ri"tt is I&SCd. U lhc 
Ocarance Violalions opeion (abo..:) has beco di.sablcd, Ibis 
npcioa is al'IO disahled. 

'~' 

~~--~~~--------------~-----------------~------
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• NET LIST VIOU\TIONS · Enahb elcclrical checking a11ains1 
lhe ncl li•l. llems are ccm•i<lcred lo be conncelcd if lhcy overlap 
Of have a clcarance or ~c ... lhan 1 mil Ü"" lnuc:hing). llemslhal 
c:an he e\(:chic.ally cnnnc(·h:d lo one another are aru, fíll~ rad!'o, 
11 ~f'"lr~, and vía.,. Note lha1 ahhnuRh !.lrintt!\ can be checked ror 
de ar ance violalinn.\, lhey are nnt cnn~idcred lo carry cuuent. Jf 
a ncllhl ha• nol beco loadcd, lhis "f"ion i• i¡¡nor«<. 

• SINGLE. NOOE. ROlJTE.<; . E.nohlcs lhc reporlin11 of pins 1h•1 
aré: cnnnecled lo olhcr ilems on lhc hoaul, hui are nol wnnccltd 
lo any olhcr pi .... Nolc 1he use uf lhe wnrd "pin', which ¡,a pad 
1 hal is parl nf a compmcnl and has a pin designaiOf (as oppnscd 
lO a free pad, Of 1 pad lhal l\ parl of a CnmJIOIICOI hui docl Dol 

have a pin desii!Jialor). A11ain, items lhal can be eleclriully 
conn<eled lo ooe anolher are ares, fills, pads, Ir K U. ancl Was. 

• UNCONNECTE.O PINS · Enahlcs thc repnrti.n« of all piDS 1ha1 
are ool conneclcd lo nth<o piM. This includes all nf lbe SinB!e 
Node Rnules (de5Cfihcd •hove:) a:. wcll as piDS lhal ue nol 
conneclcd lo anything al all. 

15.3.2 The De1lgn Rule Check RepO<t 

Once lhc ORC oplion.• are scl with the sc1up ORC cnmmand, run lhe 
Output Rcports cnmmand and cnahlc the lksiRJI Rule Chccll report. 
You m ay prinllhe report or write it out lo • file on disk. 

Whtn you click on OK, the prngum will l>cgin thc duiKft rule checkin11 
l'roceu, highlighling each conntction a• it i• vc:rified. Whcn complcled, 
the ORC reporl will prinl out or he wrillcn lo a file. 

H you prc~ < E.\C> or < Rijd>tMon.e >. you will he L\ked lo verify your 
dcr'·: '" tn halt the DRC. Should you decide lo stop the ORC, the 
rrr' <" will Jlrinl anyway, with any vinlatinns cncnuntercd p<ior lo thc 
h~ll. 

Runnin[! the ORC is a compule-inlcn•ivc ta•k which un takc severa! 
huun (lft comrk• de!\iKJ'!\. Cun\itlrting thc: alttfniiÍY'tS,. thi.s KCml 1 

~mall prict: lo pay <OrnJiared In the hc11tfil\ of de.\ii!JI vcoifoatioe. ' 

... 
• 

........... 

........ .., ...... . .......... ,._ .. .. .... .. ........ . ,, 
1 oc-.--• ........ ... 
Ou•._..e.. .. ••• 
Ka~··· ... u ..... 

.... , ••• O.ell 

~;;;¡¡¡¡¡¡¡¡¡¡;¡¡¡¡¡-¡···~·¡···~· .. it 1 .,,. '"lfi,""• ... ' ,. .. 
'01, ""''" ,, ..... 

tll.lt\11 .. t, .. ~)\ 

o un 
o un 
o un 
o­
o ... . .... 

-------
,.,.,.:,,~-·-.. IEJ ................. .:-......... ... 
r..•-fiiC'Ila.BitD tDIOi. iííf. 
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Figtn 15·2. Salect Íhe Deslgn R .. e Check report wflh lhe OUIJIUI 
Reports Cornmand. 

15.3.3 Runnlng DRC WhhoUI8 Nel Uat 

As meationed at.o.e, you do nnc havc: lo h•vc • ncl li11 loadcd lo 
J1fodUCC a ORC rcPOfl. Thc DRC will be limited to a check of 
clurancc violatioaa ud suin11 violations bascd ., lhe raJes JW 
establish with the Sctup DRC command. 

NOTE: 

lf you - lflltlfbrl tlt• DRC rrpotf IIIIÍrhoul e ntr IUt ''" Mlirt tu" 
cll«lttr IIIIÍII tqKJtf violali0111 ""'- rh~ IJir·JfiP cltG7IJIIc~ ú ltll '""" llurt 
Jp«i/iftl. An acrual 1IIOtf ,.,.~N: - l>llrb "" irtcOJP«Ify '"""«t~d ,.;n 
nOI H rqwl~d b«auu lllt dtiJÍI" rvl~ rll«lttr IIIIÍII Mlfl"" llt#7 rrrt in ~ 
"""~ ..... '111ú lp of """ '"" catfy H Wpotf~d ;¡, "" liJI 1141 &nrt 
IOGdtd. 

IJ.7 



15.4 Conslderatlon for Mountlng Holes 

For mounti"' hole pads, both the Neis Verify command and the desip 
rule checker con.•ider only the drill hole dimcnsion nn inaer board 
laycra. Tbia lela you place items auch 11 trac:h within the outcr 
dimensioru of the monnting holc pad on thc inner layers (but nol within 
the drill holc dimen.•ion). On thc Top and Bottom layen, however,the 
Ncts VcriCy does ronsidcr thc oui5Í•Ic dimeasinns oC thc mountin11 hole 
pad. Tbis is because the prnv;ram a.-..ume. the mounting hole pad's 
outc.r dimcn\Íf)ftJ may be rovcrcd hy itrm~ !'UCh a\ &ercw hcad.,, nul\ or 
w"'bera which eldend pa.•l tbc hole diamcter on thc Top 11111 Bottom 
loyers but which would bave no effed on the iener layen. 

15.5 Summary 

Remember thal the DRC rcporl cherb the entiJoc board, 11 opposcd lo 
the Nets Verify rommand, which chech only tbc displayed neis 
(connr.ctiona) for eccuracy lj!ain>l the ntl li. ... Nets Verify is intcnded 
lo I><O used repcatcdly u thc board is duigned. 10 thal error& can be 
foud right away before more trach are routcd around them. Once you 
think the PC-board deoign is romplete, aenerate the DRC rcport. 

Check prints and multi-color check plol·a are also uscful in ...,,;ry¡nR the 
PC-boud. Tango-PCB PLUS' a Neis Vcrify command and Duign Rule 
Check reporl, bowcver, un ensure the intcwity of each ocl and 
ckor.,nccs OD tbc board, while •p:uing you tbc painCul and fref1ucntly 
ino~<'Jrale task of visually inspccting thc 1'(;8 artwork and checking 
co~nt.:dioM qain.\1 the schematic. 

Tbe followins commanda wcrc di.cuucd in this chapter: 

Neta Verify 

Setup DRC 

Output Ploi/Prinl 

. ·-~----

Verify the conocctions OD the board 
match tho«: in the octlisl 

Scl up tbc clcuancc puarnetero for 
the physical dcsip rule check · 

Run the Dcsign Rule Check rtporl 

~ ... ·1} 

• 

16 Plots, Prints and Reports 

16.1 lntroductlon 

Tbis chapler describes tbe Tanso-PCB PLUS comm __ _._ 'or int' .' 
' • • . ...... 1' pr .... 

p "'''"" rcporl scneralmD, and spccial file OUlpul such .. PostSeripl 
and DXF. Tbc Out~ul Ploi/.Print rommlllll lets you p1o1 or print 
bn_ard. Wbctber you re ploluns fmol artwor• or makins 1 quick ci.«k 
P"?'· tbe !"OII'"rD prompts you for aU the nccesaary informatioa witlll • 
seroca or dialos boaca. 

~e oplions for .pri~tins and plottins indude the priatcr ud plolter 
dnvcra, c:ommurucallon• porta, plolter pcn setiinp and priater mlor 
stale ~ X. Y corredion values, boud layer or layen (if priating ~ 
composote), output filename (if ocnding lo • file), plot/prilll quality 
(final for artwork or ~ralt for check prinls), and the X. Y offsets for the 
plolter pcn. Tille opio?"' you sciCd are autoroatic.olly sa...,d ia tbe file 
PCB.!I'Il wbe• you eat the prosram. tbca automatic.ally re·loadcd lile 
ncllltune JOIIIIUI lhc prosrUD. 

In adclilioa lo prialing 11111 ploltins, Tanso-PCR PLUS prOYidcs the 
Output Reportl rororoaad lo seocrale • •aricry or rCpot11 OD tbe PCB 
file. Tbcse reporta can be out pullo a printer or file . 

U your plollcr or priater ia G_JGDedcd lo a serial port (COMI or 
CO_M2), use thc Setup CommuniCIIiocas command lo sel :he baiiCI rale, 
panty, number of data bits, aumber of llop bit., and hudshüc o1oaJI 
before runnins Output Ploi/Print or Output Rcports. pr 
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20 Commands 

20.1 lntrOductlon • 

This chapler providcs a l,.icf clcwip~iun ol exh Ta..,._rt:B f'LU5 . 
menu · command and • crOI<S-rdcrence lb whc:re lhe C<Wftlll..-1 il 
di>euued in &he Rclerence Manual. 11 is duigned lo a«11111111odalc 
&hose ol you who are already acquainled with T....,.PCB f'LUS (or 
PCB dcst,¡n packases, in ~neral) and, in mosl cases, require only .. 
overview ol &he Tango-l'CD f'LUS runcti.,.... 

20.2 Tengo·PCB PLUS Comma11ds 

· The Taft10-PCB I'LUS menu commands are bridly de>eribcd in &his 
!ICCiion • 

JO./ 
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Current layer 

Oucrlpllon 

~el the curren! laycr. All •ubscquent editing is performed on the 
currcnt laycr. You can only choo.e from rnablrd laycr• whcn 
•rlt·cting the curren! laycr. U•e the Sctup Display command In 
cn•hlc and di•ablc laye,.. · 

Thc uorrcnt laycr and thc rolnr fnr the rnrrcnl laycr are di•rlaycd 
in thc •••tus line's l.aytr focld. Ynu un al•o sel the curren! laycr 
l•y <lic~ing on lhc !..ayer focld or lyping 1., which IO(!glcs lhrough 
thc cnahlcd laye,., Fnr hnartl• with only a fcw laycr-. dicking on 
1 he Laycr licld or lyping l. may he faslcr lhan using lhe atenus. 

Cross-Relerence 

SL·ctiun 7.1:1 

Current Pad 

Oucrlpllon 

Sct lhc curren! pod. Vou ron chomc frnm pre-delincd pods or 
•rcciry a new pad type. All •uh..,quent Place Pod <ommand• """ 
the rurrenl pad •cUing•. 

Thc Pads li" ho1 sh<...., all availahle pad ddinitions. The 
dt.:finition~ •re scncrotlcd rrnm thc ¡.ad~ un thc PC·hoard (lhcM: 
r•d dcfonition• are mar•cd with an a•tcri•k • ) and in thc Tangn­
I'CB ítem dclinitinn• fol< PCR.I:lFN. llthc dcsircd pod lype ¡, nOI 
di.•rl;oycd in the Patl, li<l h.••. yc:>u can dclinc a ncw rad and add it 
lnthc list. 

U you've added pad types lo thc cu•tom Place Palcue-. lahelcd 
PLACEithrou¡r.h PI.ACE5, you can alw ..:lcctthe rurrenl r•d hy 
dicking lhc mou.e on a r••l cntry in lhe pa!cUe. 

Cron-Reterence 

Section R.2.1 

• 

• 

• 

-~ 

Curren\ Strlng 

o .. crtpllon 

Sel lhe rurrenl ICII •tring. You un <hoooc from prc-def-d 
Slring. or specify a ncw •trins type. All sabscqucnl Piare Slri"' 
commands u•c the current string .euing.•. 

The Strings list bol •"- all availahlc strina delinitions. Ir tloc 
olc:.ircd 11ring type is nnl di•rlaycd in the Stri...., lisc hol, ,.... can 
define a new •tring and add itto the list. ' 

U you'vc addcd olrin~t type• "' the <USiflfll Piare Pakllcl. , • ..., 
PLACElthrough PLACES. you uh al.., IClc<t the c•rrenl llrioot 
by dirking lhc mou.c: on a string enlry in thc palette. 

Cro•e-Reference 

Scdion 10.1.1 

Current Traek 

O..crtpllon 

Sct lhe curren! tract width. You nn choosc fnwn l"e-dcf-.1 
lract widths or specify • n~w width. All suhscqucnc Piare Trarl, 
Place Are, and Neis Rnule nwnmand\ 11\Cihe currcnl lra<l width. 

The Trach li.c """ •ht- •11 av•il•hlc tra<l defini1ic.s. U tloc 
desircd trxl IJrC is ""' di•rla,.:d in the Tra<b li.l "''' 1 
dclinc a ncw lra<k and add it lo lhe list. 

lf you'vc addcd lra<t width< In the cu,tnm Plo<t Polen<'- lahc:kd 
PLACI!I throush PLACE5, ,.-.u un al"' sclc<t the rurrcn& tra<t 
width by dicking lhe muuoc on a uack enuy in the palclle. 

Croe•Relerence 

Sedion9.2 

Jf.J 
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Current Vla 

o .. erlptlon 

Scl the curren! via. Vou un chome frnm prc·delined ,¡ .. 'or 
•rc:cily a new ,¡a IYf'<'. All suh<equcnl rl...:c Via cornmends u.c 
1 he curren! vio scll ing.\. 

The Vias li<l ho• show. all available ,¡• dclinilions. The 
dclinitions are gencrated lrorn thc viao on !he PC-board (theoc vía 
dcliPitions are markcd with an aslerisk •) and in lhe Tango-PCB 
itcm definition< r.l~ rcn.OFN. This lile is aulornalic.ally lnaded 
whcn you run the rcn program. To sclcct • cur~enl via IYf'<', click · 
on thc vía definition in thc Vias list hoL Then cltck on OIK. 

llthe dcsircd ,;. IYf'<' io nol di<played in 1he Vias lisl bo1, ~ can 
define a new vía and add il lo the lisl. To define a new voa typc, 
lir.l sc:lcct the •h•l"'· Src:cily 1hc wia Mn: try enterin& qlue•lnr thc 
Dimcnsion (cvcn numhc" lrom lwo thnHJgh 250 mils) and llulc 
Diamcler (from one thrnugh 250 mils) liclds. 

11 you've added via lypc< to the cu<lom Place Palcnes, lahclcd 1 
l'l..ACE 1 through PI.ACE5, you can oho scled lhe current vía by 
clickinglhc mou•e on a via entry in thc palcuc. 

Croa•Ralerance 

Se<lion R.:\.1 

Delete Are 

o .. c:rtptlon 

Oclelc the &clccted are on the current layer. 11 tllc:re is no are 
sdected on !he curren! laycr, the computer bceps. · 

Croa•Relerenee 

Scclion 10.3.4 

• 

1 

Delete Block 

o .. crlptlon 

Dclclc all ilcm< in•itle nr nul\idc a hlnck. Tan~n-1'('8 l"'""r'' 
yóu lo linl define lhc hlnck try markinr. ,.,., di"flnnally ''l'l""itc 
corncts ol a rectangular arca. Th~ prngram then h~hl~hl• thc 
dclined block. 

You can scleft·whclher lo ddetc items ftlllmJ ift'<idc (lhc dcfault) 
.,; ..,u,..IJ nuloidc the block and whcthcr In dclctc ilo:n" •• * 
currenl laycr or nn alllayc" (lhc dcfault). Thc pruparn rcdraws 
thc screen .nth the apprnprialc itcm< dclctcd. 

Croa•Relerenee 

Scctinn 1).4 

Delete Component 

·~ Oncrlpllon 

• 

Dclcte !he sclccted compnn<'nt, llthcrc i• rm cnrnpnt~ent <clcft\Ool, 
the cnmpuler hceps. 11 thcrc is mcKc than onc ''""!'""""' •todo:r 
the cuncx (M 1 dnuhlc:-<idcd <urfacc-mnum hnard. r,., cuMpl.:), 
thc l""''•m di<plays a li<t uf all thcsc: <•""rc-nt<. Ynu can thcro 
sclc<l lhe cnmpuncottt1 dt:ktc '"'"' thc li•t. 

Croa•Rel.,.nce 

Scction 11.7 
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Oelete Flll 

Deeerlpllon 

Oclole ~~~ ··•~cled oro a lill nn 1he currcnl !ayer. lf·lhcrc is no f.· 
arnlillsclcclcd on lhc cullcnllaycr,lhc cumpulcr hecr-. 

Croe•Reltrenee 

Scclion 10.4.3 

Delete Hlghllght . 

Deserlpllon 

Ot:lclc all highlighlcd ilcm•, which includc free lracb, pad•. 'Vi115, 
are..., and arca lills. The ilcms mu.\1 haoe becn prcviously 
highlighlcd usins lhc Nc1• 1 li¡;hlighl cnmmand. U a highlighlcd 
ircm helongo In a cnmroncnl, Tangu-PCO wiR no1 dclclc lhal ilcm. 
ll1hcrc a<c no highl;ghlcd ilcm•, lhc compulcr bccps. 

Cro••Relerenee 

Scclion 14.7. 1 

_ .. ,, f• 

, 

• 

, .. -

·-4 -

Oelete Pad 

Dncttptlon 

oclclc 111c sclcc~cd rad. u 1herc ;, 110 rrcc rad ~elcdcd, 1hc 
compulcr bccps. Th~ rommand has 110 cffccl oe lracb lhal ere 
conncclcd lo lhc pad. 

U you allcmpllo dclclc • pacllhal K parl ol 1 componc"l I*IC111, 
thc pr..,.m diaplays an crr« mcuaac. 

Cron-RIIerenee 

Sedina 11.1.5 

Detete Strlng 

Dwc:rlpUcln 

Oelclc lhc sclcdcd lcll llrins .., lhc nrrCftl a... U 1hcrc is • 
IClllllrinasclcdcd on lhc currclll laycr,lhc ·-patcr l>cep~. 

U you allcm(ll lo dclclc a lirios 1ha1 is parl ul • cnno,._tll 
pallcrn,lhc propam displays 1ft error _ .... 

Croe•RelerlriCI 

Scclion 10.1.6 

-----···· 

1tH 



Oe!c~.: Track 

Detcrlpllon 

lld\"tc the !'tclc:dcd trae .. un thc currcnl 1aycr. lf thcrc is Polrack 
~de etc d on the currc:nt laycr. thc cnmputcr hccr\. 

"ynu atlempe lo dclclc a lfack lhol ;~ parl of a comronent pallcrn, 
lhc rrogram disrl·~ an error mc .. <age. 

CrOSI·Aeference 

Scclion 9.6 

'-Oelete Vla 

Descrlpllon 

Ddclc lhc scl<clcd via. l11hcrc ;~ nn vía ..,Jecled, 1he comrulcr 
'"-"l'r'· This cnmmantl ha~ nn drcct nn tncks that are connc:ctcd 
tu thc via. 

JI ynu allcmpC In dclclc a via llo;ol i< rart nf a comronent pallern, 
tl1c rrugram di!lorlaJ"o an crrur ntc~\a~tc. 

Cron·Reterence 

Scclion R.J.6 

10· •. 

• 

• 

• 

·• '-

·• -

EditAre 

Deecrlpllon 

Edit thc sclcctcd are un thc cuuc:nt l;aycr. Ynv c:•n <hil• dw: 
arú radiu., •Url an¡:lc, "''ccp an¡:le, and line Mdrh. Thc ,.,..;.,.;. 
en even numhcr from lwo lhrou~h 1(,,000 mil'- Thl: Olart anslc O. 
an inlc~er from O lhrou¡:h l.\9 dc¡:rec<. The '""'cp •nslc ;. .., 
inlcser from one lhrtMJgh :V.O dcsrec<. YCN can 'f'Cdfy any liroc: 
widlh from two lhrough 2SII mils (in ,..,.mil incremenl<). n.o: linc 
wid1h cannoll>c more 1han twicc thc udius. · ' 

• Tanao·PCD malles il n<y lo edil a numhcr olarcs"" thc l•nard al 

one lime. Afler modifyinR the are, ~"' thc Arc(s) Edilcd ll(flit­
lo delcrmine whcthcr 1hc edi1ins affccls only 1hc M:lcclcd are., a Kl 
of malchins ares. or all hi8hliahled ares. 

CroSI·Aeference 

Scctitln lO.:U 

Edlt Component 

o-Jptlon 

Edil lhc Klcclcd comJIOIICnl. Ynu can clwr,.c lhc _,_,. .. 
rdcrcnft rk:iÍJnllor, typc, and ftluc. y,,. can a"'• chocwc '" 
relc•se lhc compontnl (which is aimilar 10 lhc Df'l•""' f- · 
monrnon lo rnnsl CAD pr,._.ani•). Rdca•Í111! a <<Mftrc-nl an.­
)"JU 1o re·pooiliort and modify an the inclividt~~l primiiWH ;. thc 
compone ni. 

n.o: Releac Ofll¡j,Q il cspca.Jiy uscful whcn crcali,. airnilar 
componen1a. Y011 can pla« a rrimronen1 nn ao u•"""" arcaCil 1lrc 
wor .. pace, run 1hc Edil Cnmrnncnl cnmmand loo tck..., il, 

· modify iadividual primiliwe., lhcn run rhc Lih .. ry Add cnmml"d 
lo define thc modificd rancrn "' a ncw wmrnncnt (.ce <.upln­
IZ: C~atlna Ubrary Compnnrnls). 

Cro••Relerence, 

Scction II.S 

-
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Ut Jtl 

Edil Pad 

Descrlplfon 

l'olil lh~ stlcrlrd pod. Ynu r:on rhangc 1hc r••l"s •hare, sitc, hnlc 
Ji;undcr, rin dc~i~nator, t.yl·r, and pl.lnC. Fur lhc rad !I.ÍIC, ynu 
r;m ~rcciry X (hnri'''"tal) :mtl Y (vntiro•l) dimcn!l.ion\ or lw.• 
1hrnu¡:h 4(D) mil• (in lwn-mil inrrcmcn11). Yuu can srccily anj 
hule si1e lrom onc lhrnu~h 2.~1 mil•. 

T ;on~n· PCB makco il ""Y In edil • numhcr ni pads nn lhe bnard al 
nnt· lime. Allcr mndilying lhc p:od, u"' lhc Pad(1) Ediced nptitms 

'- ht t.lctcrminc whcthcr thc cditing affccl!l. nnly thc 5elcdcd rad, a 
•<~ ••l malchin~t r•d•. nr •11 hi¡!hlir.hlcd r••k Malchillfl rads ha.., 
lhc •ame share, X and Y dimcn•innl, hnlc diamcler, and la)'Cr as 
lhc sclc<tcd rad. 

Cro11-Relerence 

Srclinn 11.2.) 

Edlt Strlng 

Descrlpllon 

EJit 1hc sclcctcd tcl1 ~lring nn th~ éurrcnl l~ycr. You can choan~c 
thc \trins's conlcnt~. hl·i~ht, and linc: withh. You can spcciry any 
hcif!hl lrom lour lhrou,:h IIUI mil• (in lnur-mil incremeniS) and 
any fine wid1h lrom lwo lhrnugh 2.<oiJ mils (in lwo-mil incremen11). 

Tango-PCB mo\c• il c"'y In edil a numlocr ni llriogo oo lhc bnard 
al nnc lime. Aller mmlilying lhc sirin~ 11\C lhe Slrinfl{>) Ediled 
roplinns lo d<lerminc whc1hcr lhc ediling aflccll only lhe sclcclcd 
\trinft ora \CI or matthinr. !'ohÍnJt\. Malchin~ !!~lring' have lhc samc 
hei~hl and fine wid1h •• lhc ,dcclcd slrinll: 11 you choo.e any 
o1•tinn olhc:r lh:.n Thl, SlrinJ!. lhc Edit SuinR, commancl changc5 
nnly lhc hciR,hl and linc wi,lth .,f lhc malchinf.t !!ltrinRS. 

Crost·R~I~rence 

S..:cli''" 10.2.4 

• 

• 

• 

EdllTreck 

Dncrlptlon 

Edi11he widlh ol' lhc sch:clcd lract oo lhc currcnl li)'Cr. fM lhc 
lrat• widlh, ~oler IR inlegcr in lhe r1n11e of 1- lhrouslo 231) mih 
(io lwo-mil incremcnls). 

Tanp-PCB ma•cs il usy 111 edil a numher ol' lrr :b 011 lhe board 
81 ooe lime. Aller modilyins 1he lrac•, use lhc Trad(s) Edikd 
opcions lo clelennine whclhc:r lhe edilins ollccls or~ly lhe sdcclcd 
Ir oc•. a scl or molchinslroch, or all hishlishlcd lrocb. Mole- -
lrocb ha~ lhe same wid1h as lhe selecled 1rad. 

EdltVIá 

Edil lhe sele<tcd ..;a. You can challfiC lhe yja'• lhare • .U.:, lonlo: 
diarneler, and P-.:r/Clround Jllone <nnnedinoo. Fnr lhe 'Wia ..;,.,, 
,.,.. can .,.ciry a dimen•ion ol' 1- lhrro~~~th m Mil• Ciro .... 
iecrcmenla). You un speciry any hale sitc rr- nne lhrC~C~f!h m 
milo. The Plonc freid le11 yoa cooned oias1n1he r.....,, or Uo . 
plane by means ola dired mnncdion or lhermal rdid. 

TallfiO'PCB ma\ea it easy lo edil a numher nr ..; .. nn lhc board 
one lime. Aller modilyillfllhc ..;., use lhc Via(s) Edilcd npli In 
delerminc whether lhe edilillfl aireeis nnly lhe sclc<tcd ..;., a sct ni 
malchinl..;as, or aH hishlishled "••· Malchillfl..;•, h..., lhe ,.._ 
shape, dimension, and hole diamclcr .. 1he sclcctcd ..... 

Cro .. -Relerence 

Se<tion 8.).4 



File Clear 

Oescrlptlon 

Clcar lhe curren! P(;IJ lile from memory. lf any changes have 
l>ccn made lO lhe curre ni reD lile during lhe ediling IIC.\.\ion, lhe • 
program prnmpl• you lo UYC lhe lile, discard lhe changc• lO lhe 
folc, or cancellhe File Clear command. 

Cron-Relerence 

St.·\·1iun ti.4 

File DOS 

Oescrlpllon 

E•ccule DOS commands -"lhoul quolhnl lhe Tansn-PCB 
pmgram. The prosnm di,plays lhe slandard DOS command 
prnmpl and you can now enlcr 1nd c•ecule any DOS command. 
Tn n•lurn lo lhc Tan~n-PCII pr~am lrom whcre yoo ldl oll, al • 
lhc OOS command prompl, cnlcr: 

••" 

Scclion 6.7 

• 

~ .. ' ' 

• 

···~ 

File Load 

o .. crlptlon 

Load. a PCD lile (lhc dcl•ull), block lile, or a ..;;;.,plol lile. 
Loadon1 a _reo lile rcplaccs lhc rorren1 PCB li~ -"•h 1hc 'f'C<ifocd 
lile. Loadong a block lile inscrls lhc spcdlicd lile inlo lhc norrcat 
PCB lile. Pholoplolliles may he lnadcd for --scrccn ~..;,.. 

Crot•Relerence 

Scctioa 6.2 

File Qult 

Oncrlpllon 

Ouil lhe Tan~~:o-PCB prnsram and re1ur11 lo DOS. lf yoo h­
madc eh•nscs lo lhc curren! PeD durin11 lhc cdili"'l scosiclfl, ,;oc 
pr~am prompls yoo lo so"" 1hc chanscs and clil, ciÍI '"'"""' 
UVI"'!Ihc ch1nges, or canccllhc File Ouil c-mand. 

Crot•flelerence 

SCCiion 6.8 



File Save 

o .. crlptlon 

s.~YC lhc cuucnl PC-hcurd ur hlnd. toa rile. 

Whilc markin11 1 hlock during 1hc File S1ve cnmmond, you C:an "'e 
lhc 7..oorn ond Jump command• lo move around on thc worhpacc, 
Yo~ con ol.o conccl lhe File Save command by prcuin11 
< RrghtMouse> or < E-.c> or by clicking oo Cancel ia tbc File 
Save dialos bo., 

Croaa-Ret•.nce 

Scction.6.3 

Jump Component 

o .. crlptlon 

Jump lo 1 spccilicd componen! on lhc PCB. Enter lhc 
cumponenl'l rcfcrcnce , dc•ignalnr nr sclcct frnm a list of oll 
rdcrcncc designotors on lhc I'C-huard. (.1i<:kins on OK moves thc 
cunor lo the rdcrcnce poinl of the spcciroed cornponcnl 
(gcncrally, ¡lin 1). lf the comroncnt is not currcnlly displayed, the 
pu>gram rcdrows lhe scrccn ol lhc .. me 1oom lcvel with the 
en: ~poncnl's referente J"'Ínl al lhc ccnlcr. 

Croaa-Reterence 

Scclion 6.5.2, 11.4 

Jn. /4 

• 

• 

• 

Jump tocatlon 
' 

Oeecrlpllon 

Jump In· a •pccificd X, V lncalinn un thc rt:O. l:ntcr lhc )( and V 

cnortlinalcs of lhc locaiÍ•m and cli<k un IIK. 11 lhc lu<ali.fll is "'~ 
currenlly di•played, lhcpm¡:ram rc-draW!< thc ~trccn a1 the '""'• 
7.oorn lcvcl wi1h 1hc •rccili•·d luca1ion a11he a:nlcr. 

Croea-Relerence 

Scction 6.5.1 

JumpNet 

DHcrfptlon. 

Jump to thc ncarc!d cnmruncnt rin iR • "J'CcirKd ""'· ThK 
C'ommand i1 U!\Cful whcn nuwing frnm nnc ncl "' a_,.hcr darintt 
lhc rnutill(l prnccdurc. E.ntcr lhc nct n;,mc ur Y:h:ct a MI fr, ... thc 
Nel• li•l IM••. l'lic:k un UK In rcmoi\'C thc di~k'lt IM•• and ¡..1' "' 
lhe opcafocd ncl. U 1hc ncarc'll cnmpuncnl ¡lin in lhe ncl ;. ,.,. 

currenlly d;.played, lhc 1"''1!'""' rc-draws lhe ""'"" "' ehe -
-lcvcl wilh 1hc ¡lin allhe ccnlcr. 

T1lc Jump l'lcl cnmmand i~ '"''Y a••ilahlc: if JI"' U.., iwc.;.-'r 
loadcd a ·nelli~ far lhe PC·hoard. 

Crota-R•terence 

Sedion 6.5.4, 14.9 

.. 



Jump Strlng 

Oeserlpllon 

Jumr In the nure<l telll 5lrinp: tm thc r(;-hnartl thlll matchcs a 
'J'l·cilictlttlll string. Tangn·I'CD •corchos lnr an taact match ni 
lhc 'l"'cilitd suinR. Thc ma11·hinp: •t•ing mu•t conlain alland only 
•lit he charoctcn in lhc •rccilicd tclll "ring. 

Sdccl Curftnl IA~r tu scanh lur a match nn lhc currrnl laycr 
nnly (thc dcloull). Sclcct All L.a~n In scarch !01 a match on all 
h .. ard laycrs. llthc matching •t•ing ;, nnl turrcntly di•playcd, lhc 
t'u•p.ram redra~ thc ~crc..:n 011 thc !'ame rne1m levcl with lhc r.tri~t~ 
al ah..: ccnlcr. Thc Jumr Strint! cnmnu1ntl ¡, rtol c•K~sensitive (thc: 
char:•dc:n can he cithcr urrcr-ca'-C .... lnwcr-ca.'l:). 

Cron-Relerenee 

Scctiun 6.5.3, lO. l.:\ 

llbrary Add 

Oescrlp\lon 

1\dd a nc .. tomroncnl rancrn lO lhc cUHCnl lihnry. Entcr thc 
lihrary name antlthc ralltrn n•mc (<•llmm onc 111 16 tharaclcu). 
Alter cnltring thc r•llcrn n>mc, rrc" < lcltMou•c> or < Entcr > 
In m>rk 1hc lir•l corncr uf a rccl•nglc. Thc rectangular nullinc 
c~r~•nd!'t and cnnu:u·t'- a\ Y"" mtwc thc cur\CU. Whcn lhc nutlinc 
cnclt~C~ thc cntirc cnmpuncnl r:•Ucrn, at~otin rrc~s < LA:ftMttU~ > 
nr < Enh:r >. Thc prugram thcn rrnmpu you lO sclcd • rcfcrcncc 

J'llintlor thc rancrn. 

Cron-Relerenee 

Scctinn 12.5 

'lol l#. 

• • ·• -

• ·• 
• 

... ~ 

Llbrary Browse 

Dnc:flpllon 

D_i•rlay a cnmroncnl r•ncrn in thc •rttific<! lihury. In tll~ 
llbrary ~rowsc di~lng ~11, thc rrngram di•plays • '"' ni ... 
~ucrn• 111 lht src:c•licd hhrary. Sclcclin& a paucrn lrnm this li,. 
diSplays thc comroncnt on thc riaht sidc ni thc dialn& bml. 

Ta_nao-PCB displays thc romponcnt pancrn • il wot~ld arre• 
whcn placcd on lhc • PC-I>oarcl, CICCpl ror its ad•al sire. Thc sile 
"! thc componcnt IS scalcd lO r11 wilhin thc climeomr- of thc 
d·~~-boa. All primitM:• in thc comroncnt are oll<playcol. Ir • 
1"!"'?~ ~lonp to a laycr that ;., '"" currcntly cnatJicd, thc 
rumlhWC st1ll arrcars a\ f"'rl nr thc di<playcd palll<rll. (.1icl nn 
Cor~llnac to rcmooe thc lihrary BrOW'!IC dialfll hml. 

CroiS-Relerence 

Scction 11.2, 12.9 

llbrary Delete 

Deecrtpllon 

Delcle a ~~ni raucrn lrnm thc •rccir~td lihrary. T41 dclo:tc 
a palier' h~Shl•&hl thc paltcrn name in thc list and rlio:• •• thc 
~ poshba1t011. Clicl ·011 Cantlnw to re- 1hc Libr 
Dclctc dialns boL ary 

Croe•Relerence 

Section 12.1 

10-17 



• 

llbrary Merge 

Dncrlpllon 

Mcri!C (copy) 1 componen! rallern rrom 1 •ptcirled source lihrlry , 
inlo 1 !ptcifoed de•linalion lihrary. You can aptcify 1 ncw name 
'···· lhc pollcrn. lf nol, lhc rrogram relains ............ rancrn 
•:ame. Click on lhc M ... ,. pushhutton lO copy lhc sourcc rancrn 
inlo lhc dcslinalion lihrary. 

u • rancrn wilh .... ••me namc • .;,,. in lhc curren! library, lhc 
rrop.ram prompU you to rntcr a ncw r3tlcrn narnc, OVCI'WI'ilc the 
cai•IÍnl! pancrn, or canccllhc l.ibrory Mcri!C command. You can 
cuntinuc to copy comrt~ncnt raucrns intn the currcat library. 
Oick on Conllnuc lo rcmnvc 1hc Library Mcrgc dialos boa. 

Crosa-Ral.,anc:e 

Scclion 12.6 

Llbrary Rename 

Dascrlpllon 
Rcnamc a comr.oncnl rancrn iri lhc •rccifocd lihrary. Sclcd lhc 
cuncnt pancrn namC frnm thc: raucrns li~ bnL Thcn cntcr thc 
ncw pallcrn namc. Click on thc R•n•- pushbutiOII lo renamc 
thc componc"nt raucrn. 

U 1 raUcrn with thc nc::w n01mC CXi~l~ in thc lihrary, the p1f1R131ft 

rr"mpes ynu to cnter annlhl~f ncw name, ovcrwrdc thc c•i~tins· 
t'attt.:rn. or cancclthc l.ihr~uy Rcnamc ettmmand. 

Crosa-Relerenct 

Scction 12.7 

.. ,. ,, 

, 

' 

.. 

• ..... 

... 
-...; 

1 ~~ 

MoveArc 

De•crlpllon 

Mnvc: an are on lhc curren! laycr. Finl,f""Íiion lhc • .,..., .,. lhc 
are and prcu < LdtMou..: > or e En1cr:.. JI lhcre it roo are 
ocledcd on lhc currcnl loycr, lhc camrutcr becp!L At ,_ -
lhe curonr, an -linc or lhc are '""""" - lile .. _... lf ""' 
now chanse lhc curren! IÍycr, 1he arc rnovcs lo 1hc sclccted !ayer. 
Prcu cl..cfiMousc> or <Entcr> lo place lhc are 
<Righ1Mousc> or <Ese> lo canccllhc Mowc Are rornmancl. 

Croaa-Relerence 

Scdion 10.3.3 

Move Block 

Dftcrtpllon 

Mooe all ilems containcd '"''"'' wilhi• .a hhd. T.,.....Pt.'8 
promrcs JOII lo linl defino: lhe hk~tk by rna•kin& ,..,, d~ 
oppmile corncrs or • red angular arca. Thc rr111u,¡ h~hlit!hl•thc 
dclincd block. 

Thc prosr- lhcn prornfllt ""' lo ....... refercfK'C ....... ror .... 
block. Pooition lhe cursor or 1he n:fcrcn<c point CI!Cncrolly, ,_uf 
lhccorncrsorlheblock)a,..,preu <LdtMousc> or <Enlcn. 

U JOII mooe lhc Nrxlt 10 lhol il cm:rl•l" any ilcrn '"' -r ~· "' 
. lhc PC·board, lhc rr"''•m di:\rl~ lhc Ohd Owrlap Wao 

dialos boa. Cliclt on R~lr)' lo muvc lhc Nooc• In a diflcrcnl 
localion. Click .,. (;.o.rlap le> r'acc lhc lolnck ""'" '""'''•r ito ib 
current posilion. l.1iclt nn CaM~I lu cancel lhc Mrwc Bine. 
command. 

Croa•Relerence 

Seclion 13.2 

~~~ 



Move Component 

Detcrlpllon 

M uve and rol ate a cumpmt:nl raucrn nn 1hc PCB. Firsl, position • 
thc cursor on thc cnmruncnt an,J rrc~' < LcrtMou.'\c > Clr 
< Enlcr>. 1\!\ yau muvc lhc cuunr, •n nutline of lhe comruncnt 
r;ancrn movct ICfO!\~ thc ~creen. rrcn R lo rntate lhc comp.)ncnl 
'lO dosrees. PrcM F lo Oip lhc. cum...,...,nl. Prcu < LdiMouoc > 
ur <En1cr> lo place lhc comroncnl ancl <RipiMOU5C> or 
< Eoc > lo cancel lhc M ove Componrnl command. 

Cross.Relerence 

Move Endpolnt 

Oescrlpllon 

~tu,·c 1hc cndp•inl nf a uon·k un thc currcnl l~ycr. This commoind .e 
¡, c:'pc:cially useful fnr muvin~ a free rild ur via nn the PC-buard 
whilc maintaininR, all rnulcd cnnncctinns lo lhc pad or vía. · 

Whcn running lhc Mnvc l:ntlpninl command, lirst posilion rhc 
curo,nr on lhc cndpoinr nf a lnck and rrcu < LcfiMOII5C > or 
< [nlcr>. As Jt•U mnvc lhc cur""· 1hc hi¡:hlighlcd 1racks ~rclch 
(c•t•;•nd and conlracl) with lhc cndpoinl. This f"OCCU is callcd 
"'"''''"'anJintt. Prc-. <LciiMniiM:> nr <Enlcr> lo pl1cc 1hc 
lrach. lf lhcrc i• a free pad nr vi;, ;rllhc cndpninl, ir moor:slo lhc 
ncw luca1ion. Prc"' < R ighl Mnu<c > nr <Ese> lo cancel lhc 
l\lnvc Endpoinl cnmmand. 

V nu cannol ch•ntc lhc curronl l;,ycr during thc M ove Endpninl 
cummand. 

Cross·Relerence 

Scctio•n 'I.S.2 

}tl-.'11 

·• 

1.. 
r 

• 

·~ -

----·-.. -· 

Move FUI 

Deecrlpllon 

Move an arca lill on thc curre ni lay<:r. Finl, posilion lhc: nmow on 
rhe arca lill and rrcu < L.eltMou'IC > or < E"'cr". lf thrn: O. -
arca lill selce1cd on thc cuncnllaycr,lhc cornpulcr hrc.,.. A•,.... 
rnooc lhc: curaor, an ourline of rhc liR •- ..,_ lhr ICftC•. 11 
JOII ..- chansc lhc curn:nr lay<:r, lhc fin 111011n lo lhc selcdcd 
lay<:r. Prcu <LcfrMousc· or <Enlcr> lo pl.n: thc r.n 'aood 
<RishiMOIISC> or <Ese> lo~hhc Mooc F'R"""•aood. 

Cto••R•t-nce 

Scdion 10.4.2 

MovePad 

Deecrlpllon 

• 

Mooc ancl rol ale a pad on lhc: PC·board. F'nll, pmilioe thr -­
.,. lhc pad and prc'l < L.ell Moasc > or < E"'cr >. lf lhrrc is -
pad oclcdcd, rhc complllcr hcc.,.. As ,... - lhc ...,_, • 
oulline oflhc pad movn acrOSI rhc Kn:cn. l'n:u R lo rollalc ti'C 

pad 90depces. l'rcss <LcfiMOUK> or <Enlcr> lo,.._ che 
pad ene! < Riah!MOIISC > or <Ele> lo uncel lhc Mooc ..... 
command. 

T1lc Mooc Pad ..-mand haa 110 cRcd • uacb tltal -
connectcdlo lhc pad. R11t1 lhc MIJ\IC EndpoóM •-•and lo­
a rrcc pad and ils _..ions. 

11 JOII allcmpiiO - a pad lhal ia p8r1 of a cornrc-a1 palier., 
lhc prOIVam displays 111 error mcuasc. 

Crot•Atletet1Ce 

Scclion 8.2.4 

---
.~ .. - 1 • 
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CONMAND! 

Move Reroute 

Deacrlptlon 

Rcroule a lrack a< a ~~Crb ni track< and vias (il ncedcd). This 
cnmmand is e<rccially u..:lul lnr clcaning up lracks thal wcrc 
drapgcd (ruhbc:rhandcd) alter running the M<M: Comp~ncnt 
cnmmand. Fiul, J'Ml~ition 1he curMW on thc ueck •nd rrc!I.J 
< ldtMouse > or < Entcr >. · The endpnint olthe lrack nearc<l lo 
thc cursor is termcd thc "pivat", the farthc"' endpnint is thc 
"dc<tination". A• ynu mtwe the cur!IOI', a ruhbc:rbanding lrack 
nutline is drawn lrnm lhc pivo~ tn lhc curonr. A ruhhcrhandin¡; 
linc is al<o drawn lrum lhc dc<tinaliun lo thc cunar. 

1 
To place al rack lrr•m lhc pivatlo lhc cursor, prc.u <LeftMnu<C>. 
or < Enter >. Thc Jlivot now movc< lo thc endpoint olthis track. 
Ynu un cnnlinuc lo place trach hy prc!lÜng <LeftMnu<e:> nr 
<Entrr>. Prc<.< <RightMnusc> nr <E.'IC> tuconcludcthc Mn..: 
Rcroule command and place a lrack lrom the clcstination lo thc 
cur~ur. 

Croaa-Relerence 

Move Strlng 

Oeacrlptlon 

M011C a leld slrinfl nn thc curren! layer. Fir51, P""ilion the cursor 
nnlhc llrinaand rrc~~ <lc(tMouse> nr <Enter>. Asyoumnwe 
1hc curiOI', an nutlinc nf thc tc•l Jlrin~t mnvc!l across thc scrccn. 
Prcu R lo rnlalc thc .<lring 1111 dcgrcc<. Prc<S X to nip thc 
cnmponcnt in lhc X dircction. Prt<S V lo nip thc componen! in 
thc Y dircction. Pre'-' < LeltMou<e > or < Entcr> to place lhc 
"ring and <RightMou<e> or <E.'IC> to cancelthc Move String 
cnminand. 

Scction 10.2.5 

l0-11 

• 

1 

·' 

f 

• .... 

-

MoveTrack 

Deacrlptlon 

Move alrack oelhc currentlayer. First, positM. thc- .,.,he 
track end preu <LeltMousc:> or <Eatcr>. lf thcrc il110 t·ack 
sclcdcd on the curren! layer, lhc computer bups. /U Y" -
thc cursor, u oullinc of thc track ..,.,.., -- lhc """"· 11 ,... 
now changc the curre ni layer, thc uad -•o lhc ICicdcd !.ycr ~ 
Prcu <LeltMousc> or <Entcr> lo ,._ the track • 
<RightMousc: > or <Ese> lo cancelthc Move Trilck cvmmatld. 

• 
11 you chlft&C thc currcnt layer diiÑtflhc MCM Trad cor11111and. 
thc prop1111 eatom .. ically rcslorcslhc pr..;o. -~ lllyef 11\cr 
the cvmmand cnds. This •llows yrou lo IIIOVC • ocr- ol lrack~ 
lrom eme layer lo anothcr bJ runnin& lhc M- Trak _..,. 
eevcraltimes in saceeuion. 

Croea-Reference 

Sedion 9.5.1 

MoveVIa 

Deecrtpllon 

M ove a vla 011 !he PC·board. f'wll, posil ion thc amor .,. lhc .U 
and prcu <LehMoasc> cw <Enter>. lltltcrc 1s 110 .U ~eledcd, 
1hc ~plllcr llecps. As ya~~ - the amor, • 0111liooe olthc .U 
,_. - thc screen. Prcu cLeltM-> cw <EIIIcr> lo 
place lhc .U end < Ri¡h!Moasc > or <Ese> lo ...aoocd IK ~ 
Vi•-mend. 

Thc Movc Via _..... ha no clfed oro lracks lhal ~ 

mnncded 10 the .U. Run the Move Endpoilll cvmmand lo 

a vil and its connedioM. 

Croea-Reference 

Se<tion 8.3.5 
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· IIAI"/1.11 /11 

~ets crear~ 

Oncrlpllon 

Clcor 1hc netli" informal ion. Thi• command is usc:lul il you wanl 
In dcar a ncl list rrom memcuy withoul lnading • new nel li!J. Ir 
you run lhe Nds IA>ad rommand In lood 1 ncw nellist file, lhc nld 
nct li<l is oulomaliully deo red lrnm mcmory. 

Thc Neis (.1ear command clcan oll ncl ló.t inlormalioft, which 
includu lhc conncclions nn thc Connedinns laycr ond lhc nel 
n;omc• a<"'':iatcd wirh cach rad. <.1carin11 thc ncl li•t (and rnnl 
hulin11 an1>thcr eme) di<ahlc• lhc Ncl• Upimi1c, Nct• lclcnlify, 
and Jumr Ncl commancl•. 

Cron-Ffelerenee 

Scction 14.12 

.'4els Display 

De>crlpllon 

Di, play thc ~peciricll nct li\1 cc,nncctinn~.· Thc rrns~ram di!\rla~ • 
lio.,t lttn uf all ncl namc~ in thc cnrrcnt nct li,l. Di~playcd ncl!\ are 
m•rkcd wilh an a<lcrisk. Ynu un choc"c lo •how or hidc 
individual neiS, all nel• cnnneckd In a •rccific comroncnl, Of all 
nc... Note thol il you ha.., nch cnnnecled In lhc power or IJOUnd 
rlann, 1hcsc aels are marked with a 'P" and "(;', rcsrcc1M:Iy. 

Thi• cornmand ol•o cnahlc• or disables lhe di•play ol Force 
Vccton. Force oecton ore thc vector sum olthe conncclions lrom 
a cnrnrooenl, ond are helrful in npimizing componcal placc~enl. 

Croe•Relerenee 

Scclinn 14.J, 14.S 

• 

1 

;, 

• 

Neta Generala 

Dnci1ptlon 

G~nerales 1 Tanso·lnrmat nel li•l lrom lhc currenlly loaclcd P(;8. 
Thc ncl list includcs a li•li"ll ol comroncats, IOflecl by rdercroc:e 
clcsignalor, ond a li!di"ll of all neis. Each ncl is o...ipccl 1 •niqiiC 
ncl name followins lhc formal 'NET _ ,.,.,.. whcrc """" i4 a f•­
dil!il inlc~r.Notc thal any connc<IÍCMIS lo racts which are not part 
ni a cnmronenl, or do not ha-e pn clesÍI!"alors, will nul lrftll -

lhé net lisl. • • 

Croee-Reference 

Sc<tinn 14.41, Arrcndi• A 

Neis Hlghllght 

Deacrlptlon 

lfishlighl a spccirocd ncl. Thi• command is asdal fnr '"'rilyin11 
manual routinJI, evcn il 1 ncl li\1 has not l>c:cn loadc:cl. · Thc Ncts 
Hiplighl commond wnrh IOf!clher with lhr Dclcrc lliplij!hl 
command to dclctc thc items in • roulcd nct nn thc board. 

NOTE: Thc IIÍflhlil!hl Neis c~tmmanol ci<ICI not UK (ur rcqairc) 1 

nel list. The commond hiplighta all ilcm• lhat ar: cledriafty 
connc<tecl on thc board (l!cncrally, by mean• ol uacko). · 

Y011 nn •lahllcht .. ., - ..e at • 11... 11 a net i• cwrclllly 
hil!hlil!hted and yoa run lhc Nets Hil!hl~l cnmmancl1o hÍI!hlij!hla 
dillercnl ncl, lhc 1"111!'""' aulomaticolly remcm:s lhc hil!hlil!hlina 
lrom lhc lirst ncl. · 

To un-hi&hlighllhc ncl, prcss < lciiMnu.'IC > ooer a wacanl porliow 

ollhc wor•spacc. 

Croa•Reference 

Sc<tion 14.7 



OlA 

Neis ldenllty 

Descrlrllon 

ldcnlify lhe ncllo "'hich a rad hclong~. Thc l''"'!'am rrom(ll~ you 
lo J""Íiion lhc cunor on a· rad and rrc"-' < l.diMou-. > or 
< Enrcr >. The ncl namc fur the rad ;, di•rlayo:d in the Nc" 
ldcnrify dialot~ bu11. To rcmove lhe dialus bo., click on OK ur 
prcM <Enlcr> or <EK>. 

The Neis ldentify command ;. di•ahlcd ir lhcre is no ncl li•l 
currcntly loadcd. 

Croaa-Relerence 

Scdion 14.8 

Nets Load 

Descrtptlon 

'·'"'da ncl li•l file. Yuu can ,Jin·ctly cnlcr the ncl lisl lilcnamc in 
tl•c File entry hox ol thc Neis Load dioh'R bol or you can click on 
lhc Lbl (lu•hhullon lo \CICCI frnm m di•pl:.ycd li•l ul ncl li" lile\. 
Thc ncl li~l file mu•l fulluw lhc T•nf(U ncl li•l formol de•crihcd in 
ApP"ndlx A. The dcfaull lilcnamc clllcn•inn for 1 ncl li\1 lile i• 
.NET. 

Cron-Reference 

Scctinn 14.4 

'" .,, 

•• • 

• • 
• 

Neta Optlmlze 

Dnc:rlptlon 

Crcate en Clf'limittd sel nf mnnectioM for lhe clispl~cl lldl. 

Arter J'OU complete the eomrc-nt ple«IIICIII ....tloed lhe lid lisa, 
lhc Ne11 Oplimitt eommand prowidel a hcad IIU1 f• riNiiooa lhe 
boercl. 11 is aencren, aclvi~ble lo roate lile lhortcst Ir- rona. 
Thc opeimir.ed eonncctions show J'OU 1he ahoo1cst lriKft al 1 

&lance. 

In 1he Neis Optimitt dialos bo., sclcd oooe ol lhe .rosp~&~ 
nptinns: Mlalml• X Lrltfllll, Ml .. •l• Y ........ ar Mloohal• 
T-ILaaatlo. 

Sclcctins Mlnlaol• Tolioll-afll mini111itts 1hc lntallc"!!''h. haccl 
on lhe Manhallan dislancc hclween reds. Thc Manhallan clistanee 
is thc ortfK18onal di\lancc hclwecn lwo points cakula1ed u dcha X 
plus delta Y.) · 

Croa•Reference 

Scdioa 14.10 

NetsRoute 

Dncrtptlon 

Route 1 «111ncclion inlerodiocly. This cnmman:llcts JOII repiKe e 
clisrlayed conneclion (wllich emls only as • routins lid) .;.11 • 
series cl1racb ancl Yias (if necdcd). 

Whcn rvnnin11 thc Neis Route eommond, r.rsl l""'ilinoo lhe no .... 
on 1hc 1 di•rloyed connectinn and JWCII < LcfrMnonc > ar 
< Enler >. lf 1herc is no connectioa 11 lhe •pc<iroc:d localioll, lile 
com'""cr bcers. lf therc i• a «111nedion, Ta"'II'PCB dclennitou 
lhc ncarcsl cndpoint for lhc conncclion and checks if lhe endpoinl 
is 1 surfacc pad. 

Cro••Reference 

Section 14.11 

1(}.11 
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rets Verlfy 

Oe,crlpllon 

v,:rify that thc clcchical cunnct.tion~ fnr all ,li~l'l<~yt:tl rnutcd nch 
m;11rh thc co"nneclinn-. in thc ncl Ji,t. l"hc cnmmancl vcrific\ cach 
nL·t ''" .:. node-by-nodc ha\i~. lf il fiml\ a ~hurl (11 ncM.Ic that duc' 
nnl l't'lnng in lhc: nct) or an urcn (a mÍ\!\Ín~ ntKic). thc (lrt~ram 
,ti,pLty' an error. Thc vcrificatinn rrnce~'\ Mn(l~ su you tan corred 
thc rruhlcm. 

NOTE: The Net• Vcrify cumm;onol vcrilic• ;oll currcntly tli•playcd 
nl"l,. llcfnre runnin~t thi' cummotntl, yuu nccd tu run 1hc Nch 
l>i,pby cummand In dic.ptty (c.huw) thc m:l(\) that ynu w~nl In 

"·crily. 

Cross-Relerence 

Sl'CI ion 1.'\.2 

----· ..... 
utput Apertures 

Oescripllon 

Sctur thc arcrturc whccl ami hMtl dc~ui¡•tiun\ OIRd thcn mar thc 
~•ptrturc and tool ~cuin,...:.. tu itcm~ nn thc t•c -huard. Thc find 
dí;olto¡: hn• le .. you de•nihc thc ;orcrturc whcd· (lnr rhuhoph~ 
folnl and tnol• (lor N/C .lrill lilc•l· hor uth •rc•turc whccl 
rc•,itinn. entcr thc drart ende, thc: !1-ha(K'. th~ X and Y ,limen,inn~. 
thc: hnlc diamclcr, antl whcthu ~he apcrtuu· Í\ lo he na~hrtl, 
t.lr a~·n, or holh. You can al'n cntcr a fKicf rnmmcnt. 1-"or each 
toul cnlt:t ihe tool numhcr amllhc holc dianu:trr. 

Aht:r !.rU1nR up the arcrwrc whl·d uncl tnn1 ,Jt-,crirtinn!l., clid nn 
IIK tu di•play thc A.-iRn Aperturc• ·,li•I•'R l•"· In thi' h01r, ynu 
map thc aperlure and lnol sctting• lo itcm• un thc PC-boartl. 

Cross-Relerence 

Scctinn 17 .. l, 18.2 

• • 

• .. 

• 

•• ~. 

OutputCAM 

< ;cncratc a ítrr1'Cr-format rhotoplot file nr Enrllon-comratihlc 
N/C drill file for the currcnt PC.huard. Thc linl Outpul CAM 
oli;olng IJO• lct• you <•"'figure the pltotuplol and N/C dril! 
l••guop:ulo match your burcao'• cquipmcnl, In thc .ccnnd diak'l 
hn11. you can chomc: from a •aricty of octup oplions lor thc files. 

Aflcr <cttinll up a file, die• on thc Add pu•hhutton lo .dd lhc lile 
to the CAM File Oueue li<t bo•. Oic. on OK lo srncrate the lile.• 
merktd by an ••ltrlok in 1he CAM File Oucue li!ll bnl. lf you 
•clcct N/C Orill for the board laycr/iltm, Ta"'I,..PCR generales 
an N/C: drill file. 11 ynu ..:lcct any C>lhcr laycrs Uf itcms, lhc 
rrngram scncntcs i ph•ttorlnl file. 

Croae-Relerenc• 

Scction 17.4, 18.4 

Outpul Ploi/Prlnt 

Deactfptlon 

r101 nr prinl thc currenl PCB lile, nr 11encn1c molput files ¡,. 
ru•tScripl or DXF formal. You can sclecl • wariety ol sctup 
options, indudins: the primer and ploltcr drivers, communicatiofts 
porls, ple>ltcr pen seuinp and printcr colors, sale, X and Y 
cnrrection, board layer or laycrs (if printinR 1 compo<ilel, outpul 
rilenomc (if <tndins lo • lilt), ple>l/print quality (final '"' artworl 
or draft for check print•), ond che X and Y oiTseti for the plolter 
pen. 

To intcrrupe plnuinp:/printin& preu <RightMou!IC> or <Ese>. 
Thc pror.ram thcn f"Ompl• you lo continue or concel the Output 
rlot/Print command . 

Crota-Reforenc• 

Se<tinn J(o.2 
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, 11.·1/'fl_/l :n 

Ou\pu\ Reports 

Descriptlon 

( ;rncr;,lc • varicly uf rC(l<'''' '"' lhc currrnl l'l"O r.lc. You "'" 
~drct (IOC lH more or thc fü11nwing IYI'C' uf rrpurh: ArcrhlfC 
Jnf••rrnation Oill of M;1tcri;.1l\, C. 'e•mpMtent ltteati''"'· Lilwr;uy 
c..·,,ntcnl, rCo Cornrnncnt\. ~lati,tic~ and l>l·~i~n ltulc. Check. 
Al yuur rcquc\1, the rroRram Knd\ the u::pnl(!<o) to a prtntcr ur 

file. 

(.'lit."\; un ClK In rrint tl1l' ~1"·,·irint U'(M'rl(,}. t1it·k on ~aiKrl tu 
··an..:clthc ()utput Rqturh enmmaml. 

Cross-Relerence 

Plat.:·~ r..rc 

Deacrlptlon 

rt.ec an are on thc CUUJ;'RI laycr. To dclinc thc are:. thc I"OB'~m 
rrulnJlh yuu lo fint ¡Mr..itinn thc .:uuur al thc dc!.ircd ecntcr rmnt 
,,f thc are and prc!l.\ < Ldt Mnu,c :'J' ur < Enh:r >. Thc program 

1haw!<. :t circ1c and radiu\ tll thi~ ,,.,¡ni. Mm,-l' lhc euf\ur to c•l'"'"'' 
a tu: ciu·k tu thc dc,ircd utliu' ul thc ;uc. Vuu c:tn abn muvc thc 
linc that indicatcs thc radio\ "' thc \t.ut uf thc dc~ircd are, c•llcd 
thc ~tarl anglc. (Thc ~l;ut ;tnJ!_Ic ¡, mc:a~urcd cnuntcr·clttckWÍ\C 
fr 1tm Ju"clock on thc rirdc.) r,..,!!o <l.dtMuu\c> nr <Entcr> 
,.r.;•in tn r,. the ratliu\ an•l ''"" otnr,lc. Thc r"~um _rcdraW\ thc 
cirdc. thi~ time di't'la,.;n.c an nntlinc uf thc are',_ hnc wtlhh. 

~'"""C thc cunor nnw In defin~ t .. c 'wcq} t~f thc ore, wt.irh i:-. 
di,playc..t dynan1ical1y ''" tl.c ,crc~.:n. 

Cron-Rtlerence 

Sccliun IO.J.l ··~ 

... 

: ·• 
• 

.1 

Place Block Copy 

o .. crlptlon 

Copy all ilcm• conlained ~nti"IJ wilhin • block. TanpPCB 
prnmr's you lo r;,.l dclinc 1hc hlock by prcwns. < Ld1Mousc> or 
< F.nlrr > lo mar• lwo dia~tonally OpJ'O'ilc. corncrs of • rcclanplar 
area. Thc Jlf"'!'IM hiKhl;~thiS 1hc dcr.ncd block. 

Afler you sclccl 1he relerenc:e (I<Hnl, use lhc mouse or -- k.e~ 
111 m<We en oull;ne or lhc hlock IUOOI lhc Kreen. Preu • lo 
rol ale lhc hlock 'lO dcr.rccs around 1hc rdcrcncc rffllll. Exh liJM 
ynu prus <lcfiMnu\C> r>r <Enl<r>, TaftAO'I'CB rfa«s a C:.,.,. 
ciA lhc hlock allhe rurrcnl runor l""'ilinn. Pre .. <RichiM.....,> 
or < F.sc: > lo lcrminale the Place Block C"'')' command. 

Croea-Relerence 

Se el ion ll.J 

Place Component 

DHCriptlon 

Place • c:omponeol pallcrn. Selecl lhe pallern from lhc specifocd 
li .... .,. and entcr ils refcrencc clc.;l!"•lor, lype, ......... ..., cror 
caomple, Ul4, O.ZSW RE.!i, 4.7K). Pre .. , R lo rotate 1hc nutli"" '10 
d<Krceo. ,, ... r lO flip Cmirror) lhe palier• (which is _,.,, r .. 
surfoce.mounl dedgns). To r.. thc pancrn in its nrrcol loulioro 
ond orienlalion, pre .. < Lci1Mou!1C > or < Eneer >. 

Croaa-Relerence 

Scetinn lt .. l 

M-.11 



1 1111'11 H • .W 

Place Deslgnator 

Ol'urlpUon 

A,,¡,~n l'in dc.:.i¡tnalun In a ~l't nr a•;uh. nr rdot·ncc clc\ÍJ:natc•r' lo 
3 \t'l uf cumponrnl'\. Whl"n :1\ .. ir,níng pin dnir.nalnr,, thr. rt.('C 

1 lni~natur cnmmand ¡, ~c.·nc.·rallv u'cd ,.rtcr vlacinR all thc 
rrimiti\."C:\ in • ncw cumrcmrnl r:•Ucrn and Mfore runnin~ thc 
l.il•r;1ry Add _cnmmantl hl actd thc: nc:w rotttcrn In thc CUrttnl 
l•h• .try. When placing rdcn.·ncc dt:!~oir.nollm~, run lhc rbcc 
n,·,icn:olnr command aflcr placin1: lhc cnmpnncnl(•) mi thc hnard. 

·1,, a,,¡~n ,rin/rcrcrc:ncc dc~i~nottnn, first rrc\c, < lc(IMnu~ >• or 
• l".ntn )' tn di~rt .. y thc rt.n: l>t·.:.iJ!Rólltlr 41ialo¡~ hna. Sdcct thc 

·lk:-il:n.•tt•f typc (pin ur rdcu·nn: tk\iJ~noth") rur lhc dc~i.:nah•r 
h"mt•l.•ll", c.·ntcr up In 1~ otll'lt;tnm"nic (·h;u .. ,·tCr\ :tnd at ka\1 une 
* 1 nnmf..,·r -'ittn). Whcn yuu ;,,,¡t!" rin/rdcrcncc dc\ign;~h•r'. 

")l:t·,c.· 11 ~ymhul!l. will he rcpbu·tl ''Y a votluc dctcrmincd hy tite 
iuiriJI valuc and thc incrcmcnt. 

Ar;n cntcrin« th-.: dialr~ '"•• vo.luc\, t·lic• un OK. Thc prn~ram 
p•umpl\ yuu lo dick nn tl1c th:~irnl p;uJ (rnr pin dc~iJ:nahu~) ur 
cn~Hpuncnt (fur rch:r'-'ncc •lt·,i~n;~tnr~.). 

Cron-nererence 

Sc.·•·tiun II.S.I, 12.4 

Place FUI 

Oucrlptlon · 

l'l.,n· an arca lill (a fC(Ianvul.u rq~iun ur rt'f'I)L'r)'nn thc: rnrrcnl 
l.cvn. T;~nJtn·flCU pr••mr'' yuu l~t 1''"'·' r. l.dtMnno.t· :-. nr 
• f llh.'r > lu mar k lwu tli.ct:on,,lly ~tpfh"itc llllllCf\ n( lhc au::1 ftll 
'J he arca fill is di,pl;tyctl ''' ;t ,.,ti,f rcclanp.k. l'•c.,!l. 
<.lti~ht Mou~c: > or < E\C > lu t"anlcllhc l'l.tcc hll cumman(l. 

Cross-Relerence 

~('(·· '0.4.1 

-·· 

l ... 

Place Pad 

Oeecrlpllon 

rlocc a pad of lhc curre ni pad IYJ1C on lhc wor••poce. l1oc cunclll 
pad IYJ'C, which is •hown on 1hc prom(ll linc, is dclincd .,.;"11 thc 
Currrnl Pad cnmmand or "Y sdcelinll • pad CDiry rrom - o( lhc 
cuSiom Place ralcuc•. 

To pbce a pad. fusl prc" <l .. diMOU5C> or <Enlcr> lo tfispCq 
aa oullinc o( lhc currcnl p..S rypc el thc cur- localioa. T1lc pad 
nullinc m...co wilh lhc cursor.. TJIIC R lo r'OIIelc thc pad '10 
d~pecs.. T o li• lhe p..S in ils currenl loalion and oricntel;;,.., 
pre" < l.dtMnusc > or < F.ntcr,... Prcss < Rir,hiM-.c > or 
< F..sc > 10 cancclthc Pla<c Pad cnmmand .. 

Cro .. -Reference 

Scelion ft.2.2 

Place Strlng 

Oncrtptfon 

Place • slrinll or lhc currcnl .. ,; .. , 1)11C OD lhc wnr••..-.. n.c 
currcnl slrinr, IJIIC is dclincd u•inr, lhc Currcnt Suin11 cnmmend or 
by oelcctins • 11rin11cn1ry rrom one o( lhe cllslom Place Palcuca. 

Pre._• R lo rolatc 1hc •tring '10 dcpccs counl<r-clnc•wisc. Prn.s X 
or Y lo nir (mirror) lhc strins olon8 its X or Y uis (which is oncful 
fnr surfoce-mnunl dcsigns). Tn r,. thc s1rin11 in ih currcnl loaliolt 
and oricnltUilln, rrru < IA:ftMnu\C: > or < En1cr >. P•c'-' 
< ltiah•Mout.c :> nr <Ese> lo c.ancd •.hr l'l•cc Strin~ command. 

Croee-Relerence 

Scclion 10.2.2 

.l'IJ .11 



(liAr TER 10 

Place Track 

OeaerlptiOtt · 

rtacc nnc or mote tr~d.~ uf thc currcnt U:.('k width nn thc 
wnr•-.rare. Thc cuucnt hada. width t, ddi .. ~d U.\inR the Currc"t 
Trod «>mmand or by ~~tlcclinp¡ • lrac• cnlry from ODC of 1he 
cu .. tnm rbc:c ralcuc. 

To plaC'e • track. rint rrc•" <lcfiMOU\e> .,, <E.nter> to r. •• 
·ri ... tll. point at thc cnrrcnt cur'or lnc:alion. As rnu mnve thc 
(UI\Uf. thc rrngram dra~ 1 ruhhcrbantli~ linc from thc pivot lO 

thr. cur\nr (~f' tite ~~ctinn St'lllna Th• Or1t."'oael ,..,.. in 
( ·hnpltr 9 fnr dcloil•). rr~" < Ld1 Mou'C > nr < l'nlcr > lo piare 
l:•r : ark .. You tan cnntinuc to rlacc trach, cach one !tlarliftK al 
,,.,. ~ildrnmt of thc ru:viml\ lr:u. •. rrt\~ < RiRJttMOUK > or 
.... ~-.... C> lo tcrmin-'IC thc rlacc Tuck comllland. 

Cron-Reference 

Sc4.'tinn 9.1 

'lace Vla 

Oncrlpllon 

~lace • via ~~ th_c currcnt vía tyrc nn thc wnrh~:tce. Thc currcnl 
Vl,l lf(lC. wh1ch 1\ ~hnwn nn thc r•om('f linc, i\ ddincd U\ÍO~ the 
Cmrcnl Vi1 cnmm•n•J nr hy ~dcclinR • "il c:ntry (rnm one of thc 
(U\I()m Place ralcucs. 

Tn ~tace: Ji v;a, rirM rrcM <l..eftMnu\C> nr <fnlcr> In di,rlay an 
mnlmc Cl( thc currcnt via tyrc "' thc curMtr lncatinn. ·rhc vi.a 
••ut\int muvc\ with 1l1c cur~m. Tu r." thc vi•• in ils curu:nti•KIIIinn 
:uul nrit·nulinn. r•c:o.\ .-: Lc.:hMitti\C :• or .r..l=ntr.r.... p · • . u::~!\ 

< ftit~htMuu\e > or < r.,r'> In ,¡uu d thc I~I.I("C Vi~ nnnmnn•l. 

Cr~>~•-Relerence 

Scclinn 8.3.2 

• 

• l 

•• 
• 

.... 

Setup communlcatlons 

Oncrlptlon 

CnnfiRure thc !'tri1l r.ommun&c1tinns pnrts (<.:OMI and l..'OM2) 
fur printinA .and Jt!uui~~- Yuu c•n sclccl lhc .... "'" (in thc 
r•n~r .,r .lllll1hruu~h 1lWO), parll7 (Nnnr. f. ven,'" lldol), numhcr 
ni del• hll• (7 Rih or R Rih), numhcr nf •tnp bll• ( 1 Dil "' 2 Rit•). 
ond 1hc hanrl•hak• proiUcol (lllrdwirc or XON/Xtlff) 

The !'tcri•l port scnin~t-' will be in crfecl rnr afl auhwq~:~enl natpul 

nr<"r•lion•. Whcn you c•il T•n~to·PCH, thc.c .clli~ etc 
llllomotirally .. ..,d in lhc lile rcn.l!'ll •nd h~cd lhc neat time 
ynu ~11rl thc: ll"'lt'•m. v.-.u nnly have lo ch1• lhe scnintt.\ if JU"' 
changc: rlnUcn of pinten .. · 

Cro ... Reference 

Scctinn 16.1 

Setup DRC 

Oetcrlptlon 

Sclur the dc•iRn rule check (ORL) p.ramclc,., in l"•r•niH"' ,,r 
¡¡cncr11Ín11 a ORC rcrorl (u<ing lhc Oulpul Rcrurl• cummantl). 
You can rntcr thc minimum r • .J.tn·Patl, rad-lo-Tuck, antl Trae•· 
lo-Track clcanftc« allowed nn cach ni lhc •i• •i11noll~yc". 

Ynu c•n alw ~rccify which cnnditiOns •re tn be chcc•cd fur. Once 
thc r:aramcten for lhc DRC are C"llhli,hcd with ~tur ORC, rvft 
1hc Oulpul Rqxnh commond and cnahlc 1hc Oc•i,;n Rule L"hc:ck 
rcrorl. 

Ynu do nut hiVC .... havc .... c. Jj,, .... ,ttcd tu rrntlucc 1 OR(" 
fr.JlOfl. llowcvu, withnut ill nct li.\t ln~ulctl. thc llR<: fCJW"I will 
nnt cnnbtn •ny Nct l.i\1 Vinl.llinn\, ,incc thcrc i~ nnl a nct h\l fnt" 
cnn•pMisun lt' lhc ht~;~hl. ' 

Scftion 15 . .1.1 

.lfJ. JI 



("IIArTER }0 

Selup Display 

Descrlptlon 

r:nahle and diuhle lhe di,rl•y uf individu .. l re ......... layen •n·l 
ilcm~ (includin8 lhrn~h r:atl!lo otntl y¡_.,)~ lurn lhc vi~ihlc K•iJ "''Uf 

uU; and, scled thc cuno• ~h.l('C (a.rruw, 'mall crtl!ts., or brf!C 
cro~!Po). 

In thc Sctnr Di-.pl;ty dial•'f! ,,.,. thcrc ~~a !f>m;•11 t-.•• ol cokw ne.:•t ht 

,·ach laycr ricld. Thi!\ hn• ,hu"" tite di'lllaty cnlnt fnr lhc: laycr. U 
thc tnlnt ho• i~ solid, thc laycr i!\ cnaMcd. Tu changc a colnr fnr 
a fidtl, dick lhc mou~ nn thc lidd namc. 

Cron-Relerence 

Scrlion 7.14, 7.15 

Selup Grlds 

Descrlpllon 

Sr.t thc ~i1c for thc thrcc wnr .... pac~ t!•itl' (;•h~nlutc. rc:lalivc, :md 
vi,it.1c) ancl !tCI lhc !\ftaJI ~ritl tn ah,nlutc (thc dcfault') nr rd:tti'-'t'. 
A\ an ;dtcrnalfvc In lhc Sclup C irith cummotn•l. yuu can ••~· ~el thc 
!loft:lr p:rirl by clickinA thc muu'\C un thc Mal U:\ linc'!\ ( ;rid r.ctJ Uf hy 

•rrinR e;. 

Yuu can only movc tl•c cn"nr In :\ puint ''" thc .\nar -rid. Wht:n 
the '"iiJ' ~rid ic. c.rl "' ;,h .. uhnc, thc X, Y cnuulinate' are •li'r'·'yctl 
in parcnlh<\t\ on thr ''·'lu•. linr with thc nri¡:in (0,11) al the lnwcr· 
lcf' corncr o( 1\lc wmk,p:ur. Wht·n lhc '"itl' r,ri•t ¡, ... r.t to rr.hti\IC, 

the rr~nm rrnmph you In \dnt thc rcl:\tivc ttri.t oriKin l1y 
('141!\itinntng lhc tur.\etf antl l•fC.\!\in~ .... l.chM••u'r. > nr •· f.ntcr :>. 

Thc vhible grid ¡, lm rdcrcnrc nnly. 

Cron-Relerence 

ion 58.2 

• 

•• 

• 

• 

·\1 

•• 

f 

• • 

SP.tup Opllon!l 

Deacrlpllon 

Enahle or di•ahle a nricty nf TanJto-PCB nJ'IiOn\, indudin¡ 
()rthogonal m01lc~ and Dra1 Si~nal Traclc~ ortlon\. 

The Orlh"'!nnal rnnde• deteunine thc rno<lc f0< pl..:i"ll ,,"..,,, nrt 

lhc hoard. With lhc OrlhOftonal rnnde\, )'OU UD only pl..:c lo..:ks 
lhat are hnrbontal, vcuical, or al •S·dcpce enRies. Thcse ftH:Jillk• 
are in cllc<l fm the Place Trach, Mo"" Rcroutc, and Nc11 R-e 
comrnancl'\. 

Vou can al,;o 'f"'<ify whcther ur nnl <i¡:nal lraclr., are'" be clr.,_.d 
(ruhhcrh•ndcd) wilh the Muvc Rlotel, M""" <:nm.......,nt,"' Mtwe 
Track commands. 

Cross-Relerence 

Section 9.5, IIJ•, 1).2 

Setup PaleHe 

Oetcrlpllon 

Scl up lhc cu'""" Place Palc11e1. Tango·PCB prnvidcs up 10 li.-c 
ru•lnm Place Palcnu. l•hclcd rLACU throu¡:h PI.A("ES. y,.. 
ca~ add ratt, llrin¡:t. ltack. an•l via informalion lo lhc.c paknc-•. 
Th1~ allnws you lo ltave 1 numlter or i1cm typc~. such 1, pa4 ,i1c, 
and crack width\, •• ynur finttcrtir~ fnr quitk rlaccmc"'· 

The numher of ru•tom Place Paleur. ¡, drtcrmined hy thc nurn ""' 
of itcm• yuu add In lhc palclle\. Each p•lclle ¡, n..., liroc: in,¡,~_ lf 
ynu add rnnrc ilcm\ titan will fit on une line, _Tanrtr>-1'<:8 
automatirally <reate• anothrr ru•~~tm Pbcc Palcllc. 

Cro!ls-Reft-rence 

Scclion I?.J. 

19.11 



Un do 

Oeacrlptlon 

( Jntlu the previnus editin~ cummanJ. Thc llncl'' contm~tnd 
'"'lorr• the PCB to it• ""'u' prio>r In thc la'' Oc !ele, l:dit, file 
t .... d (loading ,· block omly), Mnvc, Ne" Rnule, m Place 
command. Ynu tan only undn the la•l commond. The \Jndn 
cnmmand makcs it ea!\y tn ch:ln~c ynur mind or In rccnvcr frnm a 

mi~takc. 

Ynu c..n al•o undo lhe prcviuu< colitin~t cnmmand by clicking lhe 
mnu•e on lhe Undo hol <poi nr ty¡oin¡t U. 

Crosa-Relerence 

So· el ion .~.6 

Zoom All 

Oescrlpllon 

Oi~ptay thc tntirc :l2-inch hy ~:!.in<h wurl!.~l'acc. 

Croaa-Aelerenee 

Se el ion 6.6.1 

1 J 

) 

• 

• 

•• 

... 

DS 

Zoom Board 

Oeacrlpllon 

l>i•play the cntirc I'Cbnard. Thc room leftl is adju>1cd .., thol 
thc rc-t..,ard r,n, lhe •creen. The prupom di•playo only thc 
rnabltd laycrs or lbe board. 

Cros•Relllfence 

Scclion 6.62 

ZoomCenter 

oéacrlptlon 

Rr-ccnlcr che •lí•play. Thc I'"IJirom li"l di.playo o rrctanplar 
1nnm ·window that inditafc'\ thc ~tttcn arca al the currrnl routR 
lcvd. Thi,_ wintluw i.\ thc !loamc \iJc a~ thc scrcrn. Oy movi"' thc 
cnr"•r, thc IMKdcn uf thc windnw can he mn'f'td nR thc Krccn, 
kllirtiiJ Y'f"'' 1011m r.cctinn\ nf the wnrk\racc th•t arcn't currcnlly 
di•rloycd. 

You CO\n initialc 1 quKk 7 . .onm Ccntcr •• •ny lime ·by sirnrty 
l"~~~inR 1hc '"t.- kcy nn ynu. .cyho:tr•l. This ~ c~rccio~IIJ handy fur 
ronni"' quirkly ocrms .... hnarol. 

Thi• comman•l i• u...:r .. t if Y"" want to di,rloy a <ection ni ""' 
Wnt.,pacc 1hal i!\ (Urrcn11y urr.~cu:cn. rrl"'-' < Rip,t.,Mnu..c,. "' 
<E~,. lo canccllhc Z.uum Ccn1cr c••m•nantl. 

Cross. Aelerence 



- .. ·---· --.. - -····· 

Zoom In 

De•crlpllon 

Zoom in on the di,play. Thc rrow·'"' fj,,, tli~pb)"' a rcctan~u1.-r 
7tlnm window th;.t in•lir.liC.\ thc ~rrccn art.·a al thc ncld hi~hc'\1 

:ronm lcvcl. M ove thc cur,nr In re· P"'itiun lht: windnw. Thc 
hmtft:f~ U( fhf Wi~-fctw (;In he mnvnf Clfr thC ~frt:t•n, lflfin~ )'011 

I•M•m in on !\cctinn\ uf thc w•u•~(lacc thitl ar('n't currcnrly 
dr~playcd. 

Thi~ cumm:tnd i~ U'\t.·ful i( yuu want tu vicw a 5rrtiun ,,r lhc 
wutll'\(lO'IfC in RJCatcr lkl;til. rrc'\'\ <Ri,~htMou\C> nr <F'\c> tn 

t."ancclthc Zoorn In comman•l. 

Cron-Relet'ence 

Sccliun 6.6.4 

Zoom Out 

Oescrlpllon 

7nt'm nut on lhc tli,rlo•y. Thr I'"'J~'·"" 1"""'1'" yuu In (kl,itit~n 
thc cunnr on thc clc,ur.l u:ntl·r .. ~r 1lw di•.l'l:\y, thrn r•u·\·' 
< l.A:ft MuU\C > or < f:nln :~. Thc .-.rr-:..:n ¡, u;.tlr :twn al a lown 
7«lnm fcvel wilh thc rur'\ur :•1 lht.· rcnln uf thc '\Crt."rn. Thi, ¡, 
m.cful if ynu w:tnl lt! \'Í1·w ·' •·idn a11·:• o( 1lu· wur1,pMt" (lhouJ~h'" 
In .. ~ dct;~il th>ln rrc\"ltlll .. ly .J ... pl.,ynl). l'll""-\ .-n.,•luMuu .. t~ .1' IU 

~ r: .. c > In c~ncd thc luum C Jul n•nuu.,n~l. 

Cron·Relerence 

• 

• 

'· 1 
1 

1 

.... ·-0 

.. ~ 

CO,.,MANDS 

Zoom Redraw 

Oeacrlptlon 

Re-draw rhc di,pl.ay •• e he current cenccr J'("ition and 100m leYCI. 
Thi~ ¡, u.,clw il cucn~ive edicing (including delcliou and tnO'ft') 

ha.• left f!lps m thc di•play. 

Cro••Relet'enee 

Section 6.6.6 

ZoomWindow 

De•crfpllon 

Zoom iD or OUI OD a Sj'COii<d SCCIÍon Of tt,c worhpaCC. Thc 
prllfll'am finl di•plays a rcclanf!Uiar room window thol indiuln 
thc scrc:cn arca al the hittht.oc.l 7.1lom level. To UUifk rhe (Cntcr ar 
thc room -tndow, position rhc cursor and prc~\ < LcfrMou..\C > or 
< r oler>. Tbc prllfll' am di, plaY" an X al 1 hi.s spot. To display lhc 
!.Cctioo o( thc worL">pa.cc in\i.Jc:: che window at thc hiKJtcsl 1oom 
lev~l. agaio prc\.\ < lcfrMou.\c > or ..-: Enrcr > wirhuut movinslhc 
cursor. 

Ir you waal In display 1 larR<r arca of 1hc WOtkspocc, you un 
•"'l•nd thc windnw by moving 1hc cursor up or lo thc riglll. 
Conlra<1 thc window hy mnvin~ 1hc cur\Or down or In thc lcft. 
Tbc hordtu or the windnw rl'ln he movt:d orf thc .\Crt'f!ft. lcntn~~t 
yt)U 100m !.(:rJiun.\ nf thf! wnrk,race that artn't <urrtnlly t.li'\plo~ycd. 

Whtn the win•low i.\ 1he de•ircd si.oe, •~ain J"C" < Ld1Mnu....: ,. nr 
< Fnlcr>. Thc scction or lhc wo•k\p>CC in•ide thc windnw .. 
rodrawn lo fill 1hc scrcen. 

Cro••Reference 

Scclioa6A7 
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3.5 MHZ TRANSMITTER Revised: September 22, 1992. 
Revision: B 

B' • 1, Of Materials September 22, 1992 11:03:31 Page 1 

lcem Quantity Reference Part 

1 1 BOS 1 

2 1 Cl 5.6 uF 

3 1 C2 10 uF 

4 .2 C3,C4 2.0 uF 

5 2 C5,C8 20 pF 

6 1 C6 .010 uF 

7 2 C7,Cl0 lOO pF 

8 1 C9 180 pF 

9 1 Cll 470 pF 

10 1 Jl . MIC 

11 1 Ll 80 uh 

12 1 Ml O-lOO MA 

13 1 Ql 2N5859 

14 1 Q2 3N128 

15 1 Q3 2N4416 

16 1 Rl l.OK 

17 3 R2,R3,R9 lOO K 

18 1 R4 4.7K 

19 1 R5 lOO 

20 1 R6 68 

21 2 R7,R8 12K 

22 1 RlO. 20K Trimmer 

23 2 RFC1,RFC2 2.5 mH 

24 1 RLl GAllA 

25 1 51 SpSt 

26 1 SPl Speaker 8 ohm 

27 1 Tl SP-49 



3.5 MHz TRANSMITTER Revised: September 22, 1992 
Revision: B 

Bill Of Materials September 22, 1992 11:03:31 Page 

Item Quantity Reference Part 

28 2 U1, U2 LM741 

29 1 XTALl 3.579545 MHZ 
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UfArTF.R 4 

4.12 Net Ust Operatlons 

Whrthcr you've drawn your dcctronic circuit in a snphisticated 
uhcmatic carcure I)"!'ICIII or nn thc: hack of an cnvclorc, Fncraling • 
ncl li•l will help with your rcn dc,il(n. The hcnelils includc !aster 
layout, heuii!IC Tant~o·rCB rLUS di•t•lays neis and thcir nndes lor ea•y 
ruutinl(. and higher quality, ond 1..-cau.c Tan~tn's Neis Ve~ily cornmond 
ant.l intrttratcd ~c~ign rule chcc.cr cunduct clet·uical conncdivity as 
wcll a.• clcaronce gop chcchlo cnsure lhe ini<Jirily ul the dcsip. 

rnr ihe uninitialed, • ncl ,¡,, ¡_, ~imply a li~l nr all mmponents and 
wnncction• in the circuil. TanJin·r<.:n I'LUS •urrorts a simple, ASCII 
ncl li•l lormal which may he genrrotcd hy hand wilh aled editor or by 
rurular schemolic c.opeure •Y"ems including Tont~o-Schemati<., 
UrCAD/SDT, and Schema. We're ••ldin~ •urport lor llddilional 
r·~·m•. so call us il you wi•h lo check on anothcr. 

A• nnted ahow:, an imrortonl di•tinctiun helwcen Tant~n and olhe; nel· 
ti,l-ha.ed reo desip oolcware ¡, thal while Tont~o·PCD PLUS su,.,.,u· 
nrl lisl'- il does nol ,...,.,;,.. them. Thi• mun• ynu ron load a 11c:l li51 and 
cake odvantage or severa! rroductivicy enhancing leatures in che 
rrogram, while you are 51ill hee In make or hreak ony conncdion al any 
lime withoul updo1Íft81he nel li•l inlormalinn. 

Re,ides •rcedin~ up board d.-ign in Tan¡to-P<"H rLUS,the nc:tlisl also . 
fctds cnmronenl and cunncclinn . infurmation lo our powerful 
autorouler, Tango-Rnute rUJS. U you don't have 1 nel lisa, you c.on 
,till U.-, lhe rowerlul whar·)<JU·JU·i.I·Whal·y<NI·/If'r tdÍIÍ"ff C.lpabiiÍIJ o( 
Tango- PCB rLUS lo lay oul your circuil by hand. 

In che ned lcw poge .. we'll k•ad a ncl li•l, di•ploy 1 ral's n~Jf and /ore~ 
•·uton, then di~play. route, and.vcrify in~livit.lu:.l ncl~. 

The ncl li•l i.• looded alter all ccon•rnnrnl• have heen placed on lhe 
,.,.,d. Since we lnow ynur lime ;, v•luahlc, wc have •urrlied a PCR 
lile with. 100 + c.omponenls alrcady placcd. rop·ur the mcnus lo run 
che File ·Lood command. Key in, or sclccl lr~m che li.,.. bo., 
J)(.I\.IOI.PCR ond clicl on OK. Tan11n promrc. ynu lo .. ve lhe changrs 
In nur curren! boatd. Lcl's lcave JIIMCARI>.I'CH as-is. Click on No 

S•vr. 

.. 
• 

• 

•• 
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4.13 Loadlng A Net Ust 

Nelll, ror-ur che menu• •~t•in and run che Nct• Lood nd 
Tangn-rcn PLUS • . · <omma . Thc 
DEMOI NET 1 hrac •~te. onclud~s an ""'ociotcd nct li\1 eallcd 

· · · n 1 e NeiS Load d•a'- hn · he k . UEMOI NET or 1 el • r . .... .. Cll r ey In che name 
· · "' e '1 rorn che '"' ho• Oic• on OK 1 1 d L-

"''· Alter a lcw momcnc., Tlnf!O trill .,;, J D DI '"" IICI 
nehln he ._,.,ÍJIDed lo rowcr and ou.S 1 pi ~ or ~~ names of lhe 
.<clccl lrnm che li5l ...... VCC lor ~ ro!:~~ oho dcsrrrd: Key ;.,;.,. 
(;round Plane Nel. Fnr lhe Pla C , IIC Nct ond loND lor lhe 
on OK ne onnectHlll, Klcct 'llwnllal and clicl 
. ·. 

·Tongo-PCB PLUS redraws the screea wic • 
<~nections in 1~ ~ec list di•rlar.d .,., • •reci:l ~!,,.:~o-poinc 
Thas rcprc.entaiiOII os •rrrnrriate'¡ c.olled the • layer. 
~e ral's nc51, along with !orce occrnrslo he .¡~';':e (F''II"re ~ IJ). 
mual cuc: as co the_ qual~y or oar ·parls place mea~. lnw, prowiclc • 

.. ·.· ..... . 

• 
Mili: (lnr lh•l ... 1 • ._11 • .,, '"'""h .. ., O.t .. 
Figure 4-IJ. The ral't nest ls dlsplayed on • speclal Connec:tloftt 

layer. 



4. 14 Optlmlzlng Nets 

Whether you intencl to manually f<lllte the de•ilt" or u.u: Tango-Route 
lo autoroute the board, nJ14imal cnmronent placemenl is erucial lo,.,.., 
succcu. Tango-PCB PLUS include three pnwcrful feotures lo aicl ia 
compnnent oJICimization: the Nets OJ14imi7e and Mooe Componen! 
cnmmands, ancl force w:dors. 

Whcn you r.,sl loaded the net li<t, Tan11n- PCD PI.US conneded alllhe 
nodos in the orcler they ..,,. connected in the .chematK_ which may no1 
make any sen.u: OD the PCD. Therefnic, il almmt always PIIJS lo r .... 
run thc Ncts OJ14imi7e command, whic:h re-connccts the acu asing a 
shorlcst di.\lanec, X-bias, or Y -bia.• sluteRY. Ran the -..mucl now, 
eother sdeetins il lrom the menu.• Of ,,._ thc Nct& Spced Palcttc. 
Ch.-e thc Minimi>e Toeal Lcngth optinn and cid on OK. 

........................... ........ : 
1:1 .. ,," 1 ,,,.,. 

'--'' ........................... : 

1:' .,,. hiel: ltft1ft 

Figure 4·14. Use the Neis Opelmlze command to help c1een up the 
rafs nest. 

Tan~t<>-~LUS ta~es a fcw momcnts to rccalculotc aU C:OCUICCtions 
lnd, r•;;:l!ll"~ rcdrowmg thc ncw ..... nc.•l, displays the reductioo in 

-·­...., . ·. ,., 

,. ,. 

• 

·-" 

cnnncctinn i~chcs. In this case, the kn&~h I"Kw In oJICimiutinn is 
115.215 inchcs and thc lcnt11h oftcr t>ptimiralioo is 14?.775 inchel 
(Figure 4-14). Click on OK lo vic:w the rol"s Msl. 

With thc ncts now oJICimitcd, yoa fiCI a mual C11e to thc c«cctiw:ness vi 
your initial romponcnt plxcmcnl. Par'.s whicb mish« be bctter pi-el 
are idcntifocd hy long conncctions nu111 to .mparate locatioos ae the 
hoard. The Mow: Cnmpnnenl romnoond providcs ao ene .tiw: tool fot 
higlllightin1•nd m.,.;ng compnnents ancl their conncctioos. 

Flgure4-t5. WhenyouiUnlheMcweCompon81~scommand. 
Tango-PCB PLUS htghllgh11 and dynamlcally rubberbands 

connectlons to lhe compoe~e~•. 

Changc lo Mow: Compnnent modc DOW hy sclcctin1 thc c.ommancl lr0111 
the menu.• or thc Mow: Spced Palette. Place thc curSOf oocr an IC. Ul, 
(lncated 11 4~,S500 in 1he top kft f'O'Iinn of the hoard), and prna 
<LcftMou.sc> or <Entcr>. The componen! and its conncctions are 
highlighted for ca.•y vie,.;n11. Mnve the part in any direction, nip or 
rollle it, and its connccliOftl are dynomiully ru~rhandcd (F'pc 
4-15). M it turns out, this component is fairly wcll placr- ' prcu 

• 
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<Ri¡thiMo~He> Of <Ese> lo cancd the n.,eration and relum lhe pul 
lo iu original pcsitioa. 

Now place lhe ~ ~r the dinde DI. (lncaled al l400,41100, ju." ~ 1 . " 

l>elow U 1 ), and preu < l.dtMou.e > nr < Enler >. 8oth conllt:dic..to ,.. "411 
lhi• <ompoaent lead lo lhe lnp nf the l>oard, iodieaiÍ"'J it should he 
"'"""d up. Practi<e rubherhandi"' other cnmpot~t:nts with M~ 
Componen!. 

While lhe ral's - Uld M~ Comrc-nt n.,eratiom hclp you visually 
see lhe d~nsity of coanedic.. on lhe hoard, they caa heCOIIIC 
ovc~helrn•llfl oe boerda of aver83" or !Vt:aler coonplellity. A deaner, 
eas•er way lo sce what's loillfl on io lo u..e Ta"«ft's force vec:tor display. 
Force vectors ue arrows emanatilljl from t:Kh compot~t:.. wlaich 
represen! lhe wt:~ed aver83" of all wnneclions lo that compot~t:nt. 
They Kive an iadic.otioa of where lhe a>mpot~t:nt ohould be -.1 lo 
reduce lhe CODDCdioa leJII'Ih lo thal cornponc:nt. 

Figure 4·111. Force vect~ ald componen! pla~ll 

Tn di.•play force vedon, enahle their di•rlay in lhe Neis Di•ri•Y 
boL Gencrally, you will wanl lo hide all CIOIIIICtlions (lhc ral's aesl) 
durin11he display of force .cdors. 

U you m~ a eornpot~t:DI, its forre .cdor n -.,dated as it n -~ 
once you place lhe componelll, the force -ors for 11 com,..c .. • 
eonnccted lo lhe .,.,.,poiiC .. jal IIIOftd- .lso .... ate4. 

Another haody fcalure for senins a fccl for lhe ""'rall clfcd of cadl 
· cnmponcnl move is lo I"QQe Undo se.craltiMes (jtosl prcu U or did. 

on thc. ~ndo hot s¡Mll), beforc accc(llin& lhe .,.,.., or tryi,. ._.;.. 

• 
Gnod comroncnt plaumcnl is stiO more of u art tha• a scic-., 1N1 
Tango's plaumcnltools augmcnl your own jadiJIICDI aod CIJ'Cric- to 
make lhe job 10 fasrcr. 

4.15 Roullng Neta 

A,.•ume now thll thc comroncnt plare•cnt il Dflli•at: The - sacp il 
In hc:pn routillfl Bduallrares on the boerd. U you were a Ta"'o-a-c 
ow..er •. atthi.• poini ynu would simrly r.awe the de!liplo a PC81ilc and 
load thc board aod ils actlisl into Tanso-Roure for --mw. S..W 
TanpRoutc oot ct>111plete JOO'JI, of the <onncdÍCIIIS. you would -
hacl In TanpPCB PLUS fnr manual rnuli"'l el lhe rcmamÍftl 
conncc1ions. which uc di.•playcd i11 rat's M" fa.•hion .,. lhe 
Cnnncctionslaycr. 

Without lhe lid of TaDpROUie, you are fKed with lhe 1asl of 
manually rOUIÍfll lrKcs in TanpPCB PLUS. But lccp your chi• ap, 
bccause Tanao's powerlul edil in& tools 111•i• come throgp to malc 1his 
la•k ea\icr. With lhe ael list loaded, JOII can we lhe Neis ();splay 
eommand lo display imfmdual connedioes for casy manual routin¡. 

Seleding a coniiCdion lo ...,., on UD be a dilfiCUlt ta.•k with the clllirc 
rat's ncsl di•rlaycd, eveo OD smallcr boards. Avcrase de!lips can eui1y 
cnntain hundrcds of neis, maki"A lhe abilily lo sclccti.cly cli•play • 
subsel or lhem •n imrorlanl fcalure. 

To selediocly di.•rlay individual neis, wc·n ..e thc Neis Display 
. cnmmand. !lince you are (!nin~tlo u..e Kftral of lhc tlcls cnmma .. ia 

.. 1, 
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the com...,..ent pins of all nndu in a rarticulor net (t~ Neis llighlight 
<nmmand). 

4,16 Verlfylng Neis 

Since ynu're free In make nr break any cnnneclioa in uy nel, you 
•hrruld ...,,;ry th8t aD cnnnection• have heen made rrnrerly. You can 
wait and rerlorm a bnard-wide check al thc end. of lhc dc.<Í(!JI with 
Tango-rcn PLUS' inlepaled de<Íf!n rule checkcr. Or heller yoet, verily 
on a "<1-hy-nel ha.<is during the laymrt proccss, 1111d run Tango's DRC 
atthc cnd lora final meuure of eonlidencc. 

To vt:rily lhe bel - jusi cnrnplclcd (RE.'iET), run lhc Ncts Verily 
cnmmand. This command rerlorm• an clectrical design rule check oa 
all nel• currenlly displayoed u<ing lhe Nets Di•rlay commud. Sinc:c 
R E.'iET, and only RESET, ¡, di•playoed, ils cnnncctioM u showa on lhc 
scref.n wi!l he ~hcc~cd again•l. lhe nct li.,. Any incorr~ct'! ~ncdcd or 
mi"-""11 r•ns will be Ra~~.~ted wtth an errnr me"-<agc whtch IS diSplayoed on 
the ..:recn. You haw: 1he optinn of cnnlinuin¡t the YCrifrcation rrocc" 
... slopping lo roathe problem. 

11 1hue wcre olher nel• on the hnord rli•rla:red wilh Neh Di.<play, thcy 
Ion would undcr110 the nel li•l YCrilicatinn. ~le in the dc•ÍRJI, you may 
r.~,. it n~CC!l~ary In brea• cnniK'cti41R~. which wcre rreoñom.ly comrlctcd 
~nd Vt!'rifird. to ma•e room fur a \Uh~c•1ucnt tr~ce. Ew:n thou~th you 
diligently rc-connccted lhc hroken nel\, a final and comrlele DRC can 
grcatly enhanc:c your re•ce ni ntind. 

4.17 Checktng lhe Entlre Deslgn 

The Ncl\ Verily cnrnmand ;, dr<Íf!ncd lct he u•cd inleracliV<:Iy durin8 
l~ynul and manual rnutin¡t. 11~ vc:ririraliun. i\ limitcd co makin1 sure lhe 
cnnnectivily ola rouled nel malchc• lhdl in lhc ncl lisl. 

Cnmrlcmenlins Neis Vcrify ¡, Tan~n·• inlc¡tralcd de<ign rule chcckcr. 
The DRC oreralcs on a l>oard·wide ha•i•. vcrilying holh elcctrieal 
conn<clivily and dunnce ~t•r• ..,hirh ynu •rerily •• duilt" rules. 

\.t· .. .. 

• 

R unning thc desil!l' rirle chccker 0t1 ymor board is a r- Slep prncca. 
Fi"t you run thc Sclup DRC command lo eslablislt the dear- l•r­
IOf pad-1n-pad, pltd·lo-track and 1racl-1o-1racl checliot; c1n a rer·layoet 
basi.<. You abo sclcct lhc conlenls ..f lhc desÍI!I rule checl tq10ft, 
which may inclucle: dcarance víolaiÍCin!l, slrÍftl 'lliol .. ioas, _. lile 
wiolat ion!l, •ingle node roules and unconnectcd pins. 

1"'-

1 .......... c .................. !"•' ........ ... • •••••• .... . ..... ... ~ .. ~ ... 1!!:1 I!!J l.l!J I!!J I!!J I!!J 1 ....... 1 
1 

....... , ..... I!!J I!!J I!!J I!!J I!!J 1!0 ( ......... , 
............ I!!J I!IJ I!IJ I!!J I!!J I!!J (•--·-·--·· ............ 
Iet.__. , .. , ... _ ................. 1 • ' .... , Uel •t•hll-. 1 ._, 1 ............. " ............... . ' . ¡~;~. . 1 laln . _:l . {.J 

Figure 4·19. nt. Slllup ORC dlalog bo11. 

Once 1he DRC optioas are sct with lhe Sclup DRC command, run lhc . 
Outrul Repnrts commud and enahlc 1hc DcsÍ(!JI Rule Ched report. 
You may print lhc report or ..,;,e it oullo a lile 0t1 disk. 

Whcn you click na OK.,thc 1""1!'""' wiU hel!in the de<i¡rn rule checkift8 
rrocu•. highlightin11 each conncctioor u it i• V<:rifrcd. Whr.• complclcd, 
lhe DRC repnrt willrrinl ou1 or be ..,ÍIIen lo a lile. 

The ORC i• compute-inten.•m: and· can lake a .. hile nn cnmplca 
de•ign•, lhongh il is many limes la~lcr and much more accurate lhan 
chcckin8 a hoard by hand. 

You don'l hove lo have a ncl li•l loadcd In produce a DRC rcpnrt. In 
this ca<e, howevn, the DRC will he limitcd lo a chtrk ol clurancc 
viol1fion' and !llrin~t viulnliun' bi\Cd nn lhc rulrs )'(MI C'\tahli\h .,;th lite 
!iclup ORC rnmmand. · 

• ... 
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4.18 Nets In A Nutshell 

1\nd ""· lo summ,..ite, TanRo-I'{~R ri.US includrs .,.-.werfal DCI li" 
nrcutinn• whi<.h alk>w ynu lo di•pl•y all Kl• (lhc 1111"1 Mlf), indioódual C.. 
nr:''· :!;:¡, in a ncl, or all ronnection' In • Jtiven nwnrnneat. You can 
al•n di•play fon:~ _,..., 10 aid wilh plottmenl. You ue noc required lo 
main1ain lhe nlidily of lhe nel li!ll durins edilill(l. laslud, you can 
•crify lhe •alidity ofyour eonnection• afler drawi"ll lhem. 

The rrocesa ol dcslpi"'l a hoard ioo TanpPCB PLUS wilhlhe ase of a 
ncl lisl follows lhclc cuy llcps: 

e Place lhé mcnponcDis Ofl lhc hoald usi"' lhe - rcrcn:DCC 
dcsignalon (UI, U2, ele.)._, in lhc DCIIisl. 

• 

• 
• 
• 

• 

Load lhe 11C1 list, display aJI DCI!I, ud ase lhe rll'a IICII 01 rorcc 
vcctors ud lhc Neis Optimite and Movc Com.,._..a Cllllllmands 
lo oplimite parta placcrncnl. 

Use Nets Display lo di•play a •i"'lle ael . 

Use Neis Routc lo roulc cach conneclioa in lhc nel . 

Use Ncts Vcriry lo check all conncction• in lhe DCI ljiÚDSIIhe 

nclli••· 

Rercal lhe lasl lhree slers (di•play 1 ncl, routc ita -D«<ions, 
vcrify lhc Del) Wllillhc hoard is complcled. 

• R11111hc Daip Rule Check rerort 011 lhc cnlirc dcsipl. 

4.19 Output OpUonaln T•ngo-PCB PLUS 

• 

-. "' 

11 should .be: obvious by ,_ lhll wc're YCIJ rroud of lhc CIIC.of·IIIC 
and nnwrrful eclili"• fealures of Tan11o. Thcre is no quellioo lhll 

··~·- .... ~- ,. 
di•playins 1 dense desip oa a 19-inch moni1or riiiUiins 102A • 768 "#'" 
onolution is lhc acwy part of thc CAD businc... Howcvcr, wc'vc 
d.-i1!ftcd 1nd buill boards oursclvcs 1nd wc know th11 thc mosl 
importan! functiOD 1 PCR layout pr11f!Jam musl do ia aeaiC ai•p, 
3{(Utatt OU1Jmt for \lollrd J'fOC.fUcliftft. 
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hi Tongo. ~ paid parti_cular all~ntion lo RCIICratin~tthe hishe!l qaality 
OUipul, avaolahle nn dcvtcc• ran~t•ns from dnt-malri• rrintc .. ta Gcrbcr­
,,,~ .. photnplnttcn. We use our mcn..., dialoK bolle~. rrnm.,cs and 
011· hnc help In •••• lhc my.lcry ond friKiration out of acnctlotintl 
lrlwor•, phntoplot files, ond coca rroper eomrnunicatiofts wit\ ·pea 
plotlcn. 

Let"s rnicw lhc output Oplions included a st1ndard fcllwes ¡,T....,. • 
PC8 PLUS. Select lhe Oulpa1 C<MD•...t fr.- T....,·, Maioo Mcn•. 
Thc Outpal Mcaa commands rnakc it cosy 10: . • 

• 
• 
• 
• 

• 

• 

Setup pholortoc apellare ISSiplmcniL 

Crcole pholoplol and N /C, driU lilcL 

Pcn plol•alti-aJior check plols or r11111 ......,.. 81 •"1 saJe. 

Gcncrlllc check prints or e..:n prot. ntypc-qa11itJ fi~al .,._~ 
JOU• dot molrio or lascr_rrinler. 

Gcncra~e DXF and PO!ISai.,c filea for use wilh com~ 
mechanical CAD, dcsktnp publi•hi"ll and word prorcuifts 
safl-e. You caa evcn IJCI ni~th·qaality, inupcnsiwe final 
artwork on PostSaipl-alftlpalibl" phoiOIJIICSCII<rL 

Gencr_ate a aclcctioa of prinlcd rcports. ranp"'l from lhc BiD o1 
Maleroals lo apenare auignaicn1s. · 

4.20 Pr_lntlng And PloHing 

Wc cncourase JOU lo takc 1hi: time lo print or p1o1 a Ta"'l" file and scc 
bnth our •rced and qualily of outpot. Wc'wt incllllkd the' 
ROEMOI.PCB wilh your Tan1o-PCB PLUS pachac -which 
plnttcd or rrinled. o m 

Rua lhe File. Lo1d c?"'mand lo load RDEMOI.PCR·. A~tain. thc 
pr~am a.•ls •f you W~Sh lo uve lhe ch1n11u lo"lhe curren! rcn file. 
Chck on Nos. .... 
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Nnw run the Oulpul l'loC ron. rnml ·, thc board - wisb lo print 
11 1 Klert whKh aycn n ,-- . L.~ •rrr an a nws you o . . led with this dialog bollsnrruue 

nr pl11l (Figure 4-20). Other 111""'"'
1
1"AA li al artworlt qualily, mirrnr 

1 . 1 •rtwnrlt dr a 1 or on ncl 
•inv.le "' mu. lo·CO Of • ' oncnl rderenu desiptatnrs • 
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Produce draft or llnal artwork lor any or an layen of 
Figura 4-20. your board. 

. . rir lh(' ('(:" numhcr (ur single color 
Ynu •"" u.e thos doal~ hn• In •:; S ~ 1 r M.-k <wcll and drill symh<•l 
fllnl~. rowcr /Ground rl~ne ~we • ~ ':~~ autnmatic.ally (or you in thc 
. All r theK n¡ohnn• ••• ' o . he h 

"/c. ' n . ~•t JIIU the lrouble ni rescllong 1 m cae 
initi>li7.ation lile PCB.I" 10 """" 
dc•il!" ses.•inn. 
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ChtKo.C lhc laycr(•) of ROEMOI ynu wtMJid like lo print or plol, UIJ' 
nthcr nplions which sccm a¡o¡oropriale, ancl ditlt OK. 

A Krnnd dialng bolf ll'f'CII5 which prt>CIIIS IWO li•t boles, OM for 
printer •nd plolter drioers, lnd OfiC ror oulpul ports. F'trsl selert ,,_ 
the lisl bo• the •¡opropriatc printer /plolter drioer for thc de.;q ,.,. 
wanltn u•e (F''I!"rc 4-21). Con•ult your printer or ploltcr m•ual il,.,. 
are un•ure of its dd•ult .t.ioer. lf your deftc:c is ...C di•pl•d in tllc list 
ho._ rheclt for • mrnpatihle dri..,r. For in.,ancc, 111001 ploltcn lrC 

eilher lfP-GL nr DM-PL comratihle, oncl m ... y printcrs •re EpiGII fX 
mrn¡ootihle. The aumer1ls heside thc printcr drioers indicale 1.ar 
resnlution (in dols per inch). 

The dri\ICn usc:d lo B"nerale DYF, PootScrirt •ncl Encapsulated 
PootSc:ript files are 1lso selertcd frorr the driw:r lisl bo .. 

... 
POitl(ll" .,.na•" 
C.LI .. ftl ..... 
.. lA .. '" m-. '" 

·~ lni•I!:::J O•.-. tw ,_ ....... 

IC...I!:::) ~- 1 Po 1 1 

'c.. ~!:::JI•••• 1 .. - .• -. 
........ (!!] ... ·-o 1 • 11-·· 1 

Figure 4-21. Tango supporlt 1 wlde varletyof prlnlerund plolters, 
wllh moti belng added .. lhe lime. 

Nut rlick on the printcr Of ¡olutter J>Ofl ynu're IOÍIIfiiO U.'IC lo oulpal 
from your compuler lo the devicc. Othcr nrtions wtric:h may be :t 
this dialng ho1 includc plo11in1 or priDtin110 1 file, seui,. lhc 
sc.alc, X end Y concrtioo walucs, p:n widlh end sp:td, r•- l'or 
changt._ widc (IS·inch) earri•ac printcfl, •Md offset di!MaoiaM. Api-. 
1ny &ellini!S you mal e will he saw:d in PCB.INI. 
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Afcrr ~drclinj¡ ynur ckvice drivrr ond porl, chcMl\e ony o1hu ortion5 
•·hith •uil ynur fanry and click on OK. The I''"'U•m will b<:gin lo 
~rncrale your arlwork. 

On norrow rrinlcrs, dot malrir or l&•rr. Tango-PCB PLUS will 
aulnmalicalJy prinl IR)' lrtwork which Í\ lOO witle for lhe fi'ÍRier Ín 
"'il'~ which may b<: tapcd togeth<r. U ymc wi•h In prinl or plol lhc 
artwmk rnlalcd 90 degree•, or mirrored, ju•l click on thosc oplions ia 
the Oulpul Ploc/Prinl dialog bor. 

Try crpcrimentin11 hy generaling plnh or prinh fnr alleraale layer<, 
v;oryin(l ~cale, drah •nd final artwork, a5\emhly and drill dr1wing.•, ud 
"' nn. We lhink you'll apee, Tango general e• b<:1u1iful ut, -rthy of 
your hc:.l dcsigns. 

4.21 Vlewlng Photoplot Files 

We have one more imror11n1 feolure nf Tan11o·PC8 PLUS lhal wc 
•·ould lilte In show off hefore wc lcl ynu go oul on your owa. Mayb<: 
you hove heard from friends nr evcn erpcrienced fint-hand lhe 
prohlem• which can snmetimes ari.c when pholoplolling your lrlwork. 
Tango· PCB PLUS 11kc. a vcry l<'ltical •l'l'mach lo crealing pholoploc 
file\ from your design, hui evcn .,;n, 1 file on-di•k is an invisible thins. 
Mi•cakcslh11 may have b<:en made 1lnn~t che way willnnl •how up unlil 
ymu \CMCe bureou dclivers your photnplol\, whic:h can he an ewpensive 
cl.rcricncc. 

Thi~ ;, why wc have built inlo Tangn-PCD PLUS 1 rhnlorlot file .icwer. 
Vnu can load ia 1 pholnplnt file crcoc.d with Tango 1nd ic will be 
di,played nn·Kreen euccly a• il will he phnlnplolted. ';Jsc all of 
Tango's t.oom and pan function• to in,pccl lhe file, ew:a prlnl or ploc 
nut a copy for documcnlation and vcrificalion. 

lf ynu detcct a prohlcm. !l.imply load lh(: oriR,inal PCB file, correct the 
(U(>r ,generate 1 DCW pholoplol role ond load Íl for viewing. J1'1 aJl doae 
scamlcs..•ly in oae iolcpaled program. 

Since you m ay IMll havc yel lcarned how 10 generalc 1 photoploc file, wc 
havc •upplied one 10 hdp gel you acquainled wich 1he vicwcr. Ruo the 
File Load command ud die k on thc l'holnplol pushbuuon. Now key in 
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VGADEMO.TOP in lhe file nome cnlry bor. Whcn you click Olt. 
Tango-PCD PLUS willload lhc pholoploc file:, wllic:b is lhe lop layer of 
lhe VGADEMO prinled circuil board desiJIII. 

•• 
. •·. 

Flgulw 4-22. Vlewlng e pholoplollh wllhkt Tengo-PC8 PlUS. 

4.22 Summ•ry 

lly- you abould h1oe 1 prcuy pool feel for wlaal Tango-PC8 PLUS 
is all aboul. We'w: lried lo cover u many fcalurel a possiblc, and lliD ~ 
IMll consume lhe bcller put of a clay. 

In rcview, you quickly learncd h~ lo opcrale lhe ACCEL ProdU<tivily 
lnlcrfocc, willl ils pop-up menus, dialot~ bo•es. hoc spo1s, Spced 
Palenes, and on-line help. You pl1ccd compoocnls 1nd lcll, m.,ually 
roulcd connedions, dclclcd a componcnl, and usc:d lhe Undo commllMI 
In un-delele lhe componcnl. You loadcd 1 nct li.\1 and used lhc r11"1 
nc:51, nct li~l OJ'(imircr, mOYC comroncnt •nd force vedorS functions to 
optimitc pariS ploccmcnl. Thcn you di•playcd, rnulcd, 1nd ..:rird 
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cnnncctinns witb nclli.•t surl"'rt. f'in;olly, you nutrut lin~l ond/or draft 
artwork lo,....,. prinler "' rlottcr and vicwcd a rh·~•'J'Iol r.Je. 

Hui no PCH deoiltJI sy.tcm worth ils sholf un he: a•lcquatdy desaihc:d in 
a ~5-ragc tutorial. Itere'• a r•rtial li!\1 ol thc dllltns ol fealurcs -
hovrn'l dilCIJS.\Cd. You an find out more aiM.UI thc:<e features 1>y 

· rc.,.Jing thc rcsl of lhc manual '" hy usin¡t Tango's <d<IISÍve on-line 
hdr: 

• lllocll "IW"'d-. .Desidcs saving and loadi"'l blocb, )'011 can 
dclctc in.side M oubidc block:~, and rolalc, ro¡oy, ....t cnooe 
bloc ... 

• (;lo~l ~dlllo1. Thc Edil commands makc it cuy lo chall(!< lhe 
charac"lcri.\IKs of ares, comroncnls, rad., sUi"ff. .. lraclls, anrJ vias 
un lhc boud. Y ou un edil any rarlicular ilcm or all matchin& 
itcms. 

• 

• 

• 

• 

• 

• 

• 

Mo•~ OJW"'d-. Moving rrcviously rlaccd lracks is facililalcd 
l>y thrcc cornmands: Mu.c Track, Mow: EndfMlÍnl, and Mooe 
Rcroulc. 

Jump •-••nds. Thc<e <ommands alluw you In quic:kly loalc 
and mowe lO C'Om('ODCniS,. ktealittn~. n~l'• and s.trings. 

Or1hft1DOOI routln1. Wbcn ¡olacinR or rc-roulinglrads, lyp: O 
lo l"'fAie belwccn nnn-orlht'l(onal mode and lour diffcrcnl 
orthogODal routinsstyles (cnabled ll\ing Sclup Options). 

PI•~ c-•••<11•. Practicc rlacin¡¡ othcr dcmcnl• io lbe dcsiltJI, 
such as pad.•, orea fills, and are.<. 

l'l•b lltpllaht. This handy command will hiAJ!Ii¡¡hl all 
ronncclcd pads, trae ... via.\, are.<, and fills, c.cn wilhoul a ncl list 

.loadcd. 

N~b r ..... ,...... GcMUt('S • Tan~tD-lnrmal net ldl from lhe 
currenlly loadcd board dcsi11n. 

Prlol lteporu. Use Oulpul RtfMllls lo print 1 Dill of Matcrial.s 
and olher u.\cful r<fMnls. 

~ 
·"' 

J "~' 

• 

~ " .. ' ' 
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Thc l.urninll Tango-I'C9 
comman<h: 

Comrnen4 

Curren! \.ayer 
Dc:lct< Componcnt 
File Load 
l.ibnryBrowse 

Mow: comrc-"' 

l'lcts Disrlay 
tle\l Load 
l'lcts opeimill: 

tlell lloute 
l'lets Vcrify 

Outpul PlotfPrinl 
Place Cornpoacnt 
Flac< Strin& 
Place Traclr. 
Sctup Display 

Setup DllC 

Setup Gricls 

Sclup Opeiolll 

Selup ralclle 

\lnclo 
Zoom Board 
Zoom Wind.,.., 

1'\..\JS tuloria\ \Jiltahc&6 "- 1 1 ... 
[llr.rt\d 

Sctthe currcnt layer for cditiOI! 
Dc:lctc a comron<nt "" the PC-bou.S 
Load a PCD or bloc\ f•le . 
Di•rlay and lisl componenll "' • 

lilwary 
M...c/rCIIate/nip • Cllllllpon<111 • ... 

PC-bnarcl • 
Selecl MIS lO be d'.spl_,e4 
Load • aet lisl 
Crcale optimill:d -dioet. (or 

clisplayed IICII 
Re place connedinM with lracb 
Verify lhal the PC-boa~d lllatcha , .. 

nctliol 
PICII or prlnt the current PCB rdc 
Place • com~nt on tbe PC-boP4 
Flacc a tul o~rillft on the PC·'-cl 
Place a ttack ""''he PC-boarcl 
Enablc/clioablc and ~lcd qJion (or 

rc-looard layen and itcrns 
Sctthc clc•iltJI rules and repnrt 

"f''ÍIIM (or tbe tksip tule cloecl 

rcpnrt -' ftsiblc Setthe absolllle. relalift, 
tpid IÍttl 

Eaahlc:/diublc OrthngotlaiiiiOdca 
and Ora& Tr .. b Witb eo-pooc.U 
option 

Add., delcte ite111s ••he cwe-
Place Palcllcs 

Undo the prcoinuo editi"ll_ ... 
· Display lhc cntirc PC-bnar.S 

ZnorD in or out on a ~ctioro fiA the 

display 

,.,, 
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7 PC-Board Layers 

7.1 Jntroductlon 

Tangn-PCB PLUS rrnvidrs 19 srporotr PC-bnard loyen. You can• 
.t;,play 1nd prinl/plol/pholoplnl individuallayers (lf 1 CorRJII'Sift m·­
Uf more laye,.. You an noly edil nne layer al a lime. The !ayer lo edil 
is1crmrd thc: cu~tltlyt'. 

Thc rrngram provid .. 1he rollowing 19 PC-board layers: 

Top 
llollnm 
p._, 
c;rnu•d 
Mldd~ l•Jft" 1 
Mlddt.. LaJ"" l 
Mlddlc LaJ"" J 
Mlddlc LaJ"" 4 
Top SIIIIKnc• 
ilollom SIIIIKnc• 

Top Soldcr Masll 
llollom Sold<r r.t .. ll 
Tnp "-•..,mhly 
ll~llnm Aswmbly 
R011rd 
Connldloos 
Drtll Dnwlna 
Kccpoul 
1111< 

A majorily nr thc: 19 layen •· all si~allayeu ond 1he Top ami Bollom 
Silhcrccn .• arr U<Cd dirrctly u artwork ror ralnicating lhe PC-hoard. 
You can place pads, lracks, componcnh, le .. , vias. ara, and arca fills on 
any nr lhcse layers. 

lt ¡, lhe u•ual ond rccommrndrd pr aclicr In layout thc PC -board a• il is 
seen lookin¡¡ allhc componen!! on lhe l>oord. Thii waytc"' is di<ploycd 
on the scrccn A!\ it will eppc:ar nn thc Tnp Silk!\crccn laycr (not rnirrnr­
im•~r.l). You can think nr thc laycr. •• ••ackcd on onc ant~hcr with lhc 
Top Silhcrccn Ovcrloy nn tnp, thcn thc Tnp laycr, thc Middle Si~nal 
loycr• and Powcr /<irouod planc-, thc Dottnm laycr, and thc Bol Iom 
Silhcrcen laycr. 

7-1 



1 11.-rrrF.R 7 

Thc: rtrnaining l~tyt:n ~rve a~ JtUitlc\ fnr individu:tl ~ICJl' in the board 
lal>ricalion ¡noceu. For eumrlc. thc Tnr an<l D<>llom A'-•embly laye" 
rrcwi_de in,lruclioas for connrclin~t and ollachin~t componen .. lo tbc 
fini•hrd re-hoard. 

7.2 Top And Bottom Layers 

1 he Tnr an•l Doltom 1." · " corre.pontllo thr. tnr and holtom side.• of 
thc rc-hnard. Oefore •urfarc-mnunl tcchnnlngy, desi~t~~ers ealled the 
Tnr laycr thc com""""'' sidt and the llnllom layer the soldlf sidl. 
Thnugh lhi_, lcrminology •till hohl, lruc fn< dc•i~t~~• thal are Clldusively 
thrnup,h-hnlc, you can place •urfacc-mnunl componcnls and IOider on 
rirltrr ~ide uf thc bo•rcl. 

7.3 Power And Ground Planes 

Thc l~nwcr ami Cirnund rbnc!'. are tliUrrcnt frnm lhe olher siftllal la)'t'n 
in lh.-,t th('y ~on\i..\t mn,tly ,,r n-rrcr. with nnly !f.mall tr.cclinns c:tchcd 
~w:.y. rur thi' rcas,on thry a.u· rluu<-d in thr nr~:t;•tivc. Cunnedinn' to 
lht• row('r ancl (iround l'lan('\ ;uc tli't'byrd U\illt( \ymhnl~ rlac~d on 
1luoup.h hule r:.•l\. Ynu c:.nnnt rtlit thr. rnwrr <~mi Ground planes 
in,lwit.lu.llly ur place itcms (!\uch "'lr~c\,) un lh«"~t~ ll1ants. 

Ytl\1 can f'Onnc:rt comrontnl pin\ In thc r ... wcr ami Ground plane~ hy 
rn,_.;"R path.. When «"dilinR a r;ut, t1•r. rrngum alln~ you In conntrl 
1hc- l'·ltl In lhc Powcr or ( irnund 111;me cilher dircclly or throup,h • 
lht'rm:.l rclicC. 

7 .J. 1 Whel Ale Powar And Ground Plenet? 

T anp,n· reo PLUS ollcn lruc rowtr ond Ground rlone c.apahilities. 
('irc uiu u~intt hi~th cinc k ~rcc:'l' n,liate a con~idc:r able amounl of 
'rur'-'"' nnÍ\c. rnwu and Ctrnnnd l'lane~ are nect\.'\ary lo shitld 
'l.[f\•.:t>.·:-. \tclinn!\ o( the circuit frnm thi~ nui~c. ronr !.hielding resuhs in 
hi~h 'r<cd Oir-Oopo I<'IQ(Iin~t ramlnmly, lca•linR lo crratic circuit 
""·h;¡VICif. A~ wr11. lhc:re ;"tf(' now \lrin)tt'nl rcc ~pccilic:elinn..'\ for thc 
amnunf atli;\lcd cncrJt)' allowrJ hom clcctronic tquipmcnt. Powt:r 

. . 

• 

• ·• 

lntl <irouñd rlanc\, in coniuncl¡on ' ith rrorc:r cquirmcn\ ~tncl.lin& 
·lcchniquc~. minimir.e the radi~lcd cnr.· p:y hum dcclrontc circuilry. 

Sume l~ic familics draw· a larRC uan,icnt currcnt du1in1 ~tate 
lran•ition<; if tbc pnwcr and ground lin" to thnoe deVÓ<n haoc a hij!h 
imredance, larRC •rikes are •urerimf'O"'d on the line<. Theoe •riku 
often aflccl oth<r de.;«, dnwn the line, and hYrn\ caraciton can ""'Y 
go so (3r lo allcviate lhesc srikcs. Powcr and Ground planC\, in 
cnnjunctinn Mlh bypou c.aracitnr .. deliver consisten! low-impedance 
J'OWCf lo all dc.;C<I On tbc re-board. 

Ju•l whot ar< the characlcri"'ic.\ of rowcr and (1rnund rlancs! lm~ne 
a rlane of correr in the middlc of your board, -"th holes in the correr ' 
whcrcv<r lcad~ ra.o.s througllthe houd. The holcs are hit! cnough lo 
cn<ure deárancc from the lcach, bul small cnough lo pnmde ample 
•hiciJin~ around all clnscly '·raced lcad<. · Now •url'""' thal the plane 
wc are di.cu .. ing is lo be uscd for the Ground rlane. To connccl alead 
lo lhe RJOUnd rail, fillthc hole al that pninl Mth corre• • thc lca·l -"11 
now he in eontacl -"•h lhe plane. Thu•, the rlane ha• hol.- in it at 
CYC'ry mini whcrc • lcad ¡_, •o• to twc conncclcd lo lhc planc:. Thc: rowcr 
rl0111ne ¡,. !!.imilar, wilh holcs al cvery lcatl nol lo he conncclcd In lhe 
pnwcr rail . 

Thc rowr:r and Ground rlanu are ~enerally thc inncrmo•t layers of a 
I'C-hoord fur twn ru•nn•. With 1he re·hoard material •and-"ciMcd 
hetwrcn thcm, thc rowcr and ( ;round rl•ne• roim a "Yr"" uracilor 
for 1he •urrly nil• Mlh a low F.flttliw Stritr Rt.tiua~ct (I~~R). Rcull 
that c.aracitancc incrca~s •s thc 1•r ktWcrn thc platc!\ dccrca~s. Jo 
thc •mallcr lhc ~ap, the largcr tbc capacitancc. The <econd rca"'n ;, 
lhol hy ha.;ng the rlancs interior lo thc •i~nal layen, ocn•itivc •ip,nal 
linc• can he i..,lated from noisy lines hy placing thcm nn nrp<,.itc <idu 
or 1 he rlane\. 

7.3.2 Dlrec1 Connec11on• And Th.,mel Rellere 

A lcod i• conncclcd lo • pbnc by ha.;nR no dcorancc: holc in thc planc 
at 1hot roinl. This rrovidc< ~uod conduclinn hclwccn 1hc lcad and the 
tnlirc pbnc. hnt:h dcctrically and thrrmally. Thc r.,...t ¡, ,ac,i•ahlc. t:he 
~ccnnd i\ nnt nccC\.\arily !\O llood. Whcn lhc boa•d ¡, 'nldcrcd, 1ny 
lcad< conncclcd dircclly ·lo a larRC aru of correr -"11 nnt ri•c in 
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h:mpcr;¡lurc: a\ quiclly •~ olhcr lca'k Thi._ can cilhcr uu~ poor aotdcr 
jninl~ 01 rc:quirc more hc:at. nc:ithcr ur which is clc\irahlc:. 

Thc •olulion io lo conncd lhc lra•l dcclrically h~l noC ihcrmally lo lhe 
pl•n• or roppcr, usinl! • •rccial •yml><•l callcd • rhmnal rdi#( (F"ogtrre 
7-1). A lhcrmal rclid ¡, a ,mall ;,land ol coppcr arouncl lhe lead, 
i"•l>ltd lrom lhc plane by an annular ~·r- Thc rlanc i.• 1hen ronnedcd 
lo 1hc i•land by rour oarrow hri·l~c• ol curre• (lnmed Jpoln). Tbc:oe 
'1"'••• prnvide 1he eleclrical conncclion and 1he gap prooides lhe 
lhcrm,¡l i\obtion. 

Figure 7-1. A lhetmal relll>f connocls a component laad lo aplane 
oloclrlcany bul nollhormally. 

Wh~n 1 unnintt thc l!dit ra«l t·ummantl. ynu can la¡t arad lo the Power 

''' t ;rnund rlanc by mc:an1. uf cithcr a dirrct cnnnection or • thcrmal 
rrlid. 1\ ~mall Cfo.'\.' ( +) in 1hc crntrr uf thc: ra(l indicatc:sthatthe piD 
¡, cnnnc:ctcd to thc l,owcr or <;ruuml plane with • thermal relicf. 1\ 
dirccl conncction to a planc ¡, imlicf'tcJ hy an X in the u:nler o( a pad 
( fi~llf( 7- 2). 
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Figuro 7 ·2. A dlrecl connecllOn (X) and lhennal rellel ( +) as lheV 
appear on lha Tango.PCB PLUS screen ~ell) and In 11'11! llnal attworl! 

(rlght). 

Thc small crou and lhc X lc1 you tdl iot a RJance whclhcr a pad is 
conn<etcd lo a planc wilh a lhermal rclid or dircd cnnncdion. BUI 
huw can you tell whether lbe pad is conncctcd lo lhc Powcr "' Ciround 
¡!lane? By running lhe Sclup Dispby rnmmand, you can aMiftll scparalc 
colt>rs lo lhc Powt:r and Ground planes. A sood prac1ice ¡, lo u..: red 
rur lhe Power plane (red • hol • power) ancl pccn ror 1hc CirOUIId 
plane (pee_n ortcn signifreapouncl connedions). 

There ore 1hree options lor connedions lo thc planes: no conncclinn 
(si11nified hy lhc pad Oftly and no special symhol), a lhermal rclid 
(•i~tnified by. crnu ol lhe apprnpriale color in lhc ccnler ol. r•d), or. 
dirccl conn<elion lo thc plane (si¡¡nificd hy an X ol lhc apprnprialc 
color in lhc ccnler ol a pad). The prOKJam "'"'' noC allow yuu lo 
connccl a r•d lo bnth rlancs. This may -.cm uivial. hui il ¡, amuina 
how many manually taped PC-hoards cnd up wilh shorlcd Powcr and 
Ground planes! 
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Y.'ht·n lhc pl;\nt'\ are iniC"rinr In IIH" hn:u1l, 1hrrm;1l rclir.f~ are ttcncrally 
n\ctl. H you are dc~iy,ninft a dnuhlc·~i·lr41 1'(..'. hoaul an,l you wanl a 
h.uc coppcr <irountl pl.lnf. for lhc: Hullom bytr (a\¡, nhr.n the ca~e for 
IU: ,toiy_n,). thcn ynu can u·.c ttirrd nmnr(tiun~ tn tlu:: <irnuod plane. 

7.3.3 Connectlng Nol1 To Power And Ground 

Whcn lnoding a nel lt<l (u<ing lhe Ncl< IA>ad command), you can dircct 
lhc rmr.ram lo aulomalically 1>1( ... r••l• lhal are conneded lo lhe 
J•n..,cr and ( ;round planc<. In !he Seico·! l'lanc Ncl< dialos boa (Figure 
7-1), cnlcr lhc namc uf lhc l'nwrr rlane ncl and lhc namc or !he 
<iruund 11bnc -:-d. Vnu c.an al~o !~oclcct cithcr dircd roeaedions or 
thcrmal rclicf\. 

.... 

riguro 7-J. Tango-PCB PLUS Aulomnllcally connocls an pads In lha 
~pecllled Powor fGround plano neis lo lhe corree! planes. 

l'nr namrlc, il your l'owrr rhnc nrl ha' thc name VCC; lhen 
'l'uifyinp, thi, nct nlllmf ccmn~c" all nntlr\ within thr. nel lo lhc Power 
pl.\n,· "'·ith t•ith~r dirrct connntiuu\ nr thc-rmal rdit·f~. Srecifylng the 
m:1 namc tfNI) for thc: (irnt~rul rl:.nc ncl antumalirally conorcls all 

nndr. wi1hin this nclln 1hc Cornun,l pLrne. (For olclailcd in!ormatioo on 
lnaJing nct li,ls, sec Chaplrr 14: Nr ... ) 

• 

7.4 Mlddle Slgnall.aycrs 

The lour Middle Signal I•Y•" are <andwichrd hel..,.cn lhe Top ond 
Onllnm layen. You can rlacc any TaRI(O·P~O rt.us ilem on lhc.c 
layen. The Middle layen uc addilinnal siltJial layers avai .. hlc lor 
mulli-layer rC-boards. . 

7.5 Top And Bottom Sllkscreen 

Thc Top and Bollom Silkscrcen layers produce lhc pallerns printcd oe 
rc-boards lhal sh- such informal ion a< C<Jmponenl nullincs, rclerencc 
duignalon, and the company name. For lhroufl)l-holc t-rds, yna 
11enerally nccd only a Top Silkscrccn layer. For surfan:-mounl dc•ips 
•ith ~ornronenls on holh sidos of thc board, you will nccd bolh thc Top 
and Douom Silt.scrcen. 

~· 7.6 Top And Bottom Solder Mask ... 
The Top and Botlnm Solder Ma.•h determine wllcrc saldu masl is 
applicd lo thc PC-board during lahriation. Whcn lhc board is 
soldered, lhis masl prCYCDIS possiblc 1hor1s by rulri<li"' lhc Oow of 
solder. Tango-PCD PLUS prcwidcs Top and Bollom Soldcr Masu lo 
surro11 •urlacc-mounl dcsif!N with coarponcnls on bolh oidcs ol thc 
board. 

The prcwam aulomalically generales the Top and Botlom Snldcr 
Mo•h hom lhc t-rd de<ifP'. All r•d• on lhe t-rd are ,_.,,, 
(enlargcd) nn !he saldcr masl film lo n•urc thal they'rc kepl free ol 
<older ma<k. In addition, yau can place arca fill• on 1hc Tnp and 
Oullnm Snldcr Ma•ls lo dcsignate otbcr areas of lhe board 1ha1 will­
rtccive snlder ma.•l. 

For eumrle, il's good pnctice lo rlacc arca fills nn lhc Top/Bnuom 
Soldcr Masl over all edgc connedors on 1hc board. Thoufl)l Tango­
PCD PLUS aulomaliully swell\ thc :dge conncelor pads lo providc 
clcarance !rom lhc soldcr ma\l, il's ·.till ~·ihle ror soiJcr ma\l lo be 
arplicd bctwftn lhc nnll'n o! thc cdl(c conncctors. 1 hi' can cau<e: 
rroblem•. rluAAin¡¡ anol unpluAAi"ll lhc hoard may wcar down lhe 
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~oltlcr whicb can cvtntu:ally inlcrfcrc with connr:dioaa lo lhc 
linR<U. lly rlacing uea lills on lhc Tnp/lh•llum SuMrr Masb, you can 
•~•urc 1ha1 •nldtr mm is nol •r1•hcd al all ,.;1hin lhe arca of lhc edgc 
(unnc(lor. 

A(,.:,, on•ny bouclowc:mhly shol" rccnmmcnd lhal the area beneath 1 

surfac<·mounl rompontnl he kcrl frce of wldcr mask. lf •rPiiecl, lhc 
•oldcr ma.•k could bli51er during the hcal of lhe •nldering PfOU"''­
fnrcinRihc •urfacc·mnunt cnmrnnrnt urwarcl.• and oul of contad with 
lhc rads. You can prc..,nl 1he •rrlicatioo of wldcr ma. .. lo .thc..c 
IM>ard lncations by rlacins arca lills on rhc Top/Ouuom Soldcr Mash 
umlcr all surfece-mount comroncnt.'\. 

NOTE. 

TD11pPCB PLUS ~n/GrJ:<tl •11 l"'tb on '"* •oltkr ....,1: Jllm. 
Thn~ P"ih .- JWQII~ ""''" you prinf/plnlfpltofoplal llr~ 
bO<Ud. no, l"'ih do ""' •rf"•' swo/1~11 on rlte -- 'Prc 
.. ,.,, fi/11 you pl•u on rlr~ T..,. and Dnlftrm Soltkr M111b tllill 

""' b~ Jwollm on rlr~ ••"'" ,. rlre Jold, m&JA film. 

7. 7 Top And BoHom Assembly 

The Tnp and Bouom A.'l.cmhly loyrrs un he u..cd, l"'lethcr with the 
Titlc laycr, lo.ncale a.'l•cmhly tlra,.;n~. Thc.c drawinp guide lhc 
a~umhly shop durins the hoard a~wmhly pnKCtlure. Thc drawinp c.aa 
includc 1he board dimrn•inn• and thc ln<alinn• nf lhc cnmpoeenlato be 
mounlcd, u ~11 ._, any ~('('cia1 in~truction~. For eumrlr:, lhe draWÍIIJr1 
cuuld 5how thc Joc.alinn uf fC\1 JIOÍOI~ on the hoard wilh instruetionJ (O 
kccp thr:sc aitca free of non·cunducting conrormal co•t. 

Thc Aucmhly drawinR-' can he u~cd h•~t:thc:r wilh the hiU of material'\ 
In drline 1he typc ni cnmroncnl lhal ¡, In hc mounled ol e~ locatinn. 
Thc Onttom 1\>,\Cml>ly draMA!( ;, 11<ncrally nccdcd only or the hoord 
((lntains 5 urfacc·rnount compone ni~ on thc Oonom layer. 

7·3 

• 

Thc Doard !ayer ¡, u•cd lo draw an outlinc ol your I'C.b<rard. 'This 
laycr is al•o u~lul lor indcn1in11 1hc correr on 1hc l'owcr and Oround 
J>lan<S, JI lhe correr elllends lo lhe ed11c nflhC board OR lhCK laye .. , Íl 
could cau•e a •horl if lhc hoard cdge comes into conlacl Mlh a (>iccc of 
mela( or anolher boud ronncclion. 

To indcnl lhe l'owcr and Ground planu and rrc..,~l shorts, we 
rccnmmcird ynu drow the hoard uullinc wi(h a (()().mil uack. 11 you 
lhcn print/plol/pholnplut thc Ouard laycr in cnmpnsilc wirh thc l'uwcr 
and Ground plan<s. lhc resul1in11 correr will be indcnlcd by 50 mils, 
half1he 1hickncss olthc board oullinc. 

7.9 Connectlona 

The Conncdion• laycr hdrs you manuaRy roule lhc PC·hoard. Whcn 
you load a nct li~• ror your dcsign. all connections in lhc nct lisc are 
stmcd and di~p1eycd on thc Connf'clinn~ ~~~·· The conncctHms are 
prlinl·l~f'DÍIII: the shorlesl dislancc bclwccn nocle• in a MI. 

Afler you manually roulc a cnnntctinn ia Tango-reo PLUS (mifrs lhc 
Neis Roulc command), 1hc conncclinn ;, removed rrom thc 
ConMdions laycr. 11 you are cdi1io11 a hoard lhot has hecn autorOUiccl 
by Tango·Roule, the Conncclion, loycr cnnloi"' nnly 1he "~""''~" 
cnnncctinns that could nnl be euhwoulcd. (For dctailc 1 inftwmelion on 
act li\ls and roulin& scc Chapltr 14: Nrt.s.) 

7.10 Drlll Drawlng 

Thc Drill Drawing loycr providcslhe scrvicc hurcau wilh lhc lncolion of 
cvcry hnlc on 1hc hoard and 1he hil sizc nccdcd lo drill lhc hnlc. Tanp 
rt:n PLUS aUiomatically !\Cncrttc~ • bycr lh3t ~how:\ cvcry hule"" lhc 
h<>ard, Tol(clhcr Mlh lhc Tille bycr, lhi• laycr can hc U\Cd lo rrnducc 1 

drill drawing. 

. Ton11o·I'CH I'LUS oulnmalically ¡>lacr. a symiMol al cach hule local ion 
which indicalcs lhe drill lonl rcquircd. In addilinn, ynu may ,.;,h to 
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CIIArTER 7 

·place a tahle on che DriU Drawing which mal" •ymiJOis lo lool 
numht"/drill si1r.s. 

Derc:nding on your KMCC bureau, a Orill Drawing may noC be 
ncces.ury· il che burcau ha.• u N/C drill machinc chal aca:pts lhe 
standard Execllon-com¡.acihlc N/C drill lile I!Cntraled by Tang~PCB 
PLUS. (For more inlormalion on lhc Drill Drawinglayer, see Oapkr 
16: Prlnlo, Plo .. , Atod Roporto.) 

7.11 Keepout 

The Keepoul layer aiiOW\ you lo src:cily areH ol tbc board where 
Tan11~Route will ool place luces. By pladn11 a lrac• sepeat or area 
lill on the Keepout laycr, you are directin11 Ta~Route lo awid 
rnuting OY<!r lhe<e localioM on all •igoallaycrs or lhe PC-boartl. 

For example, il is ~ roa<li<e not tn place via.• henealh surlau-mnunl 
di«rclt caracilon. OurinR fothricatinn, ~oldcr coukl force ib wey up 
lhe via and •noc• thc c:aracihw out uf cnntad with il~ rads. To ma•c 
•ure Tango- Rnule dnc• nnl place vias in lhe•e arca•, place u area fill 
on che Kcrpoullayer bcncalh each surlace-mounl di.\Cfele apacilor. 

7.12 Tltle 

The Title layer is u..c:d lo documcnl JOUf ariWor• lor lhe hoard 
bhric.ation rroa:~ure. Thi~ layer ~huultl contain such information as 
the comrany name. hnard name, rau numher, and revi~iOn number. 
The Tic le layer con•hl• ni houlc" and leal ~ring.• loaled outside lhe 
oucline ol lhe PC-hoard. You can prinl or plnl lhe Ticle layer in 
coml'"'ile wilh che Top and Dntlom A'-.emhly and Drill Drawinglayera. 

The Tang~PC8 PLUS package includes Tille layer lempl1tes lor A· 
•Í1e (11_5 1 11 Ínches), 8-si1e (11 1 11 inch .. ), and C·•ÍTC (17 122 inches) 
•hctls ol parc:r. The•e lcmplale• are •lored in che PCD liles 
ASIZE.PC8, RSI7.E.I't:R, and CSI7.E.PCR. You an use lhese 
lc:mplalts or ere ale y(tur own Tille layer hom H"ratch. 

• 

• 

./lfll. . ~ 

• 

rC-IIOAP.fli.AYE~ 

Earh ol che Tan~tn-PCR PLUS Title !ayer lcmplales cnntain a sheet 
hnrder and a litle hlnck (in the lower-righl corner ollhe shccl (Fi~ure 
7-4). The cicle block providu •r•cc ror •uth inlormaliun .. l~e hoard's 
name, idenlifialion numher, revi.•ion numher, sheel we, dale, 

lilcnamc, ud designer . 

The Tille layer borden are 0.25-inches wide. They are dividcd into 
«Rmenls which are laheled with numhen acrnu .•he I_"P and l>nlcom 
(che column•) and with lcnen down the lell and "":"' sodc• ~che rows) .• 
The t.orden provi<le a conYCnienl way lo lcoc:ale rnl".'mahon nn_ the 
hoard. Fnr uamplc, a de•ip;ner can drscrihe che loauon ol a resoscor, 
RS as che inlersection ol row O and column l. 

,,.,,, (~111 DI' ll~lfrJ 11 '''• '''' l"ll!l'lt 11 •••• t•·•~n• ••~ ' 

o 

' ' 

o 

~, ...... .. 
Figure 7-4. The Ta~PCB PLUS TKie layer ASIZE.PCB. 

7.13 Selectlng Layers 

The ••••u• line'• Layer lield di,ri•J' che éurrenl layer lnr placinrt 
primili•c•. 1\11 cdiling la k.- place nn che curre ni layer. Thu\, il yuu 
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pbce atnck on the PC-hoard when the currentlayer is Top, the lrad• is 
•~<ÍRfled lo lhe Top l•yer. 11 you later want to delete this UK .. lhe 
currenllayer musl ~be &tilo Tnp. 

The Layer lield aho shOW! lhe color of lhe curren! layer (in lhe smaD 
recl•ngle lo the lefl of lhe L). When you place an are, uea r.n, surface 
pad, lnl string. or lrad: on lhe PC-hoord, the primili>e is displayed in 
lhe color of lhe cunenl layer. Individual colors can he seleded for 
through-hole pads and vias, since the.e primitives belana lo aiJ layen of 
the board. 

Clicking lhe mou.<e on the l.ay" fiet.l or typing L &tls the cur<cnllayer. 
A. U suh\e.qucnt ~diting i' rcrrormcd on.this layer. With Clch did. of the 
mnu<e, the· r•Ofl'am cycles throup.h a li<l of •nabl•tl layers and lbeir 
colnrs. You ao olop clickinf! the mou..: whco lhe deaired layer is 
disrl•yed. You can also sel the current layer by sdeding 1he Curreol 
l.ayer command from the Current Menu. For hoards wilh only a few 
layen, clicking oo lhe Layer lield or typing L may be fasler lhan using 
the menus. 

7.14 Enabllng And Dlsabllng tayers 

llefore you seled a curren! layer, the desin:d loyer mu.\1 he eoabled. 
You e:ao only «dll and dl•play •nahl•d lay«n. 11 i• useful lo dlaabl• 
layen thal you do nol want lo vicw or edil. Oi~hling these layen 
reduce! thc amount of rc-huerd inrurmAtinn nn the scrcce, allowin1 
ynu lo cnnccntrate on thc !ayer (or b~r.,) that ynu'rc cuncatly cditinR. 
Since les.• inlormatioo is di•rloycd, disahling layers also reduces the 
lime Íllakes lo redraw lhe sc:rcen: · 

Run the Setup Oi.•play rommand to enahle and disahle PC-houd layers. 
In the Setup Display dialop. hm (Fi¡ture 7-~) there is a small hoa of color 
next to each layer fidd. Thi' '"'" •hows the di•rlay color lor lhe l1yer. 
U the color boa is solid, lhe layer is cnahled. U only 1he bolt- balf of 
1he l>o• is colored in (lhere is a divi<ling line acroM 1he cenler),tbe !ayer 
;, disahl<d. 

.. '~ 

o 

PC-IIOA"D IAV.:IIS -------------------------

¡m tt• .. ::::=:.:;::=:::J 
"t 1 ' m• ~ .. , "" 

...... 1 .... .. ..... 

ft•• 1 t ,.... IIth 

(?0_. JI (!Tau"i)~ ~-..,JI 
~~~~~· 
~~l!O§Jg ~ .. , ... 
~g(~o...t}l 0'"" 

~~· 

..... "- r.'·~ ... ~ .. =::::=::;;¡ ....... ..... ...... r-
On•• ·- ... , ~ 
llltr•• 1 ~ 
~· ~..... 1 ~ 
~~ l~lr ,,., 'lll ~ 

)1 
~ ....... - ~' 1-. .. ,..... ~ ~ 
01•11 c.... )olli 

ow.o c..,, 1 e-• j l 
1 1 D O 

. . . . . 

1 
Figure 7-5. In lhe Setup Display dlalog boM, -llled layers are 

lndlcalod by a solld boM ot color. 

Clickin& on the color bo• ned In each !ayer ltlp.flleo the !ayer nn and off. 
For cumple, if Middle layer 1 is disahled (only tht hollom hall ol the 
boa is colored in), cliek on lhe color hoa In en•hle the laye• (lhe diawt 
boa shows • sol id boa o( color)-

NOTE 

...,,., ~rurblin11 or diJablinfiiJ l~r, mdlr '"" """ llor cursor iJ 
posiriOflrd wllhla lh« color bol nerr ro tltr l~r·s namr. 
Posilioninflllor cursor on lhr la,..- nam• a//-r yoru ro '"""ft 
rltr color of flor ltJY'' (su !Wkc:Un~t Scown Colon klow}. 

When you quil TaRf!n-PCR PLUS, lhe settinR-< in the Setup Di<play 
di311'A ba1 are !\IIVCtl in lhe file rCR.INI. Tht\C ~UiftK,.\ are 
IUIOmatic.ally reSIOt(d lhe OCJll time }'flU run lhe rC'ft program~ 
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7.15 Selectlng Screen Colora 

Tango-PCR PLUS lela you havc il your way. U you rrder pu'l'le pacb 
and a pink eunoJ, you c:an hove pu.,.le potb and • pink ...,_. In • 
addilion In enablins and disahling I'C-board leyera, the Setup Di.•play 
command lels you oeled lhe screen colnrs for individual leyera end 
ilcms (•uch as lhrough pad• and vías), 1he prngram menus, lbe alalus · 
and prnmpt lines, and lhe worltspaee ~lemcnla (indudins b.U,ound, 
cur>or. highlighlin& ... d snd•). 

In lhe Sclup Di.•play diaiOIJ bol, lhe c.oiTenl color is ,.,_,in • boll ned 
lo each lidd (figure 7-5). To chafll!e a color for a fielcl, did lile mou..e 
un lhe r,r.M n"mc. lf yoW' video card aurrotts 18• .... ,..,. rolon, 
5uch as MCGA and Hercules, eac.h click m lbe mousc <Jdea lhrougb 
1 he nul available color. 

U your video card 5upports loor or ,..,..,. nlon, auc.h as I!GA .,.d 
VliA, lhe r•"'!'•m di.<pi•Y" a separale diol"'! boa lhol ahows oll 
available colon. In lhis dialog boK, seltrt the dc~ired color and lhcn 
clic• on O K. The Setup Display lield i• updated lo sbow lbe new color. 
Clickin11 on OK ogoin removes 1he Selup Di.<play diaiOIJ boa aad 
updatc• lhe screen colors. 

The c.nlor• you aelect are savcd in the file PC'R.INI when you quit 
Tongo-PCB PLUS and wiU be re•torcd tbe ned time you run the PCB 

r•owam. 

7.16 Summary 

The followinll commoncb -•e di.cu\.-.d in this chopter: 

C11mmand 

Curoenl uyer 
l'.dit Pad 

· SciUp Oi.\play 

funtlloa 

Scllhe curren! !ayer for editing 
F<lil o pad on lhe PC-hoard 
Enablc/di..,ble and seled colon for 

PC-board layen .,.d items 

• 

• 

\ 

•• .... 

• 

8 Pads and Vias 

8.1 lntroductlon 

Tnngo-PCD PLUS provides u•er-dclinahle pod< and vías for I'C-hoar.Í•. 
This ch>pCer describes how lo dcline, pla<e. edil, .,.d delclc pad• ond 
viM. E..tge conncccors. whicb COf'lsi~t of a series or surf•u p•ds. are also 
dcscribed. 

8.2 Pads 

A pad i> • ph,.ical shape on thc rC-hoard thal gcn~r ally cnnuponds lO 
a componen! pio. Tango-rCH PLUS rrn.ndcs .,_ lype• of pads: 
1lorou~-loole pods (whic.h belong lo all re-board layen) and nuf••u 
pods'(whicb belonsto ~ilher lhe Top or 1\otlom layer). The throvgh· 
hole pacb are -d for cmnponenl pachges with leads thal p15sthrougll 
all hoord layers. The surlacc patb are used fO< surface-movnl 
componeola aad edge coanecton. 

You un ploce or edil holh lhrough·hole pads and surfa<e pad.• al ony 
time regudles.~ nf the currcnt laye:r seninR,. Far cumple, if "you ••m In 
dclelc a aurface pad lhal belnn111 lo thc Top layer, you can do so 
whelher or noc the currcnllayer is sello Top. 

1.2. t Sele~lng Padl 

nerore placinR a pad on 1he PC-h<>~rd. ynu nccd lo run lhc Curren! Pod 
command lo sclecl lhc i:urrenl pad. All suh,cqucnl Place Pad 
commands u.e the curren! pad sellings. H you'vc addcd pad lypes tn 
1he cuslom Place Palellu, labelcd PLACE 1 lhrou¡th PLACES, you can 
also selecl the curre ni pad hy clicking lhe mouse on a pad enlry in tbe 

,_, 
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15 Verlfylng the Design 

15.1 lntroduc11on . 

No prinlecl cirtuil bouclloyout is romrlele unlíl Íl hu bcen rherte~ lo 
see lhol it m•tches the ori&inal clertrooic clcsip aad thll, wtoeo 
lftlftU(adured, Íl has a fCUOI'IIbly f.JOCI c:haoce of WO<kÍRJ. 

lf you •ssume th1t the oripoal dedronic: clesip, nor'ftally tcprcselllecl 
by a schem•tic, b torrect, thcn you check lo see th..e the PC8 layout 
marches il oa a compoaenl-by-compoaenl, amnedioft·"r·conOC<tion 
basb. In da,.. pasl thb task wu accomplishccl wilh coloree! peMils ....t 
boun of tedious ,jsual trMHhed.ina. Now lhe process is pellly 
r.cilitllecl by lbe use ol'. oel lis!, whicb is • lisa ol' all tolllpaaelllS . 
coaoeceioea io tbc clesip. 

e ... n if thc layout atllches lhe ~hematíe dedrically, lhe pllysical 
••pedo ol' maourarturifts thc board can canse problema whidl will 
render il unusable. For cumple, lrecb or pads thal are loo 
IIII!Cihcr eoulcl caii!C btioJPnl o( copper, creaiÍ"' 1 shor1. Thc roaaJ · 
layout 111us1 be dacdcd lo scc tbal clearuus oe the boud ciiClCcd th 
spec:iriCCI a ,_. "desip rules.· 

Tongo-PCR PLUS oll'c11 two o!Uiiort, but C(llllple-DII'J 1pproadacs 
to ..,rifyinathe clcsip. 

15.1.1 Ualng Hett V!tl'ify 

The Neis Verily CIOfllmand will check any neis which are curreotly 
di•played againsl an input nel li.t. You use lhe Neis Display command 
lo choose whicb neis lo ..,,¡ry •· a sínsJe oel, 1 colleclioa o( oets, or all 
net!L 
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This ap¡unach U csrcdall~ w,..rul ir ynu ~re manually routing the board, 
hut hove on input nr.t lut. Thc rccommcndcd proccu is to 1) u.•e Ncts 
Display to show a sinfl)e unroutcd nct, 2) routc thc net with thc Nets 
Routc commond, l) chcc• thc routcd nct with Ncts Verify. Tben u.c 
Nct• Oi•rlay to turn oiT the di,rlay uf the routed nct ond to move onto 
thc nc.d nct in the ti. .. t. 

15.1.2 Uolng The Deolgn Rute Checlrw 

The duiftO rule chcc•e• in TonRo·PCR PLUS hos the obility to chcc• 
lhc board dcctrically "«"Ínst the input nct list, ond to check ror 
clcarance gap violations against rules you cstablish with thc Setup DRC 
cnmmand. 8oth chcds are pcrformcd 1 bo.rd-wide basis and should 
he done when the layout is complete. 

15.2 Net Ust Verlncatlon 

The Ncts Vcrify commond outomariully chcch thot rhc clcctrical 
cnnncctions for all displaycd routcd neiS on thc PC-board match thc 
connectinns in thc net li~t. Thc cnmmand vcrifics cach nel on a node· 
hy-nndc hui\. lf it find\ 1 \horl (a node rhal do>CS no~ bcJOIIf! in thc net) 
an u1JCn (a mi~\Íng aodc). oran uncnmmittcd compuncnt pin connedcd 
tu thc nct. thc program di!!ipbys an error. (An uncommiucd pin is not 
li,tcd in the nct list as part of any nct.) lf you are vcrifyinR more than 
une: nct. you haw: thc ortion nf continuing thc vcrification proceu or 
stnrring to corred the prohlcm. 

NOTE 

Tht NtU Vtrify cnmmond •·rri/ifl oll rurnntly dl•ploycd nciJ. 
.Btfo~ nmninR r~i.r commoml, you nrtd lo"'" l~t Nm Dilploy 
commond lo diJrtoy (Jhow) tht ntf(J) rlror .1'"' wanllo !'tri/y. 

l'rom the first comroncnl ri~ in 1he nct li,t, Tango· reo PLUS checb 
all connected tracks, arca lilfo., ares, vias, and rads. Each item is 
highli¡¡hlcd u it's check< d. 
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\Ir he prosram finds o compment rin that dou ""' \K\on& to tloe •• \• 
net short), it displays the error mewrge: 

T- neta ahortacllogethel' • 

This messagc includ_es tbe net ., mes ror the pins ond tbc pío 

de•ignators. 

1( rhc proparn finds on uncoonectcd oodc in rhc ocl (an opcn ncr), it 
disploys lhc error messagc: • 

Net not completaly rovtacl. 

This mcssagc includes the pin de•ipr.iors ror two ol thc IIMlODtiCdccl 
nodes. Tanpi'CD PLUS olso higJ<Iights tbe aub-Dd (o poup ol 
conneded nodes io the net) that indudes the font ol thc aaconncdecl 

pin designaton. 

Jr thc P'OI!Jim rinds aa uncommitlcd comr-ent pío U. the Kt, il 
di•plays tbe error messagc: 

Nal COialectacllo an uncommlttacl ptn. 

This mcuaae iadudco thc pio deaipalor or lhe UIICOIIImittccl pin. 

The Neta Vcrify coramand is rle•iprcd to •"- interar1M Del 
verirrcatioo. Wbeathe command rincls an error, it asb ir you want to 
stop thc verüoeatioa process and rra thc problem. Click on C•ll- to 
con1inue the "verifrcatioo process. Click oa CaDftl to llop tbc procesa. 

tr you cbMM lo cooll•• lhe ll'trllkattloo JII"M'HI oftft' tlw ,.... 
rrporb a abort • •• opn, Te ... PCB PLUS ata118 ~r,t .. tlw_oat 
dlsplirycd IHf. lo this woy, thc prOIIJam omids di•pl•JUIS • lons lrst ol 
errors related to the one short or opcn. To male surc that there are DO 

addilional problems with the nct, we rccommcnd thot you run thc Neis 
Vcrily command "Rain aftcr you rur the short or optn. rr you eh- le 
ronlln•~ lhe wrincatlno pi'Oftll afttr tlw pr~J~~R• f'fiiO'b •• 
unromrnlt~d compoa~nt plo, Tanao-I'CR n.us· roatloan lo ll'frll)o ... 
samr Drt. 

Wher. conlinuinfil thc verific.ation rrnceu .r1cr crrot mess11r~ jnl d4 
the crrors a• thc y occur. Aftcr Ncu Verily i• linishcd, you can then rra 
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allrhe ~rohlems nn your lisl. Run the Nel< Verily command asain alter 
mnohlytnp:lhe houd. JI rhere are no error mcs.<agc< di<played, ynu can . 
he a<..<urcd thal ynur ncl conlain< no opcn connections, shorl., or 
uncomrnined componen! pins. 

15.3 Deslgn Rule Checklng 

Allcr rnmplcringrhe layout, il;< a 11ood idea lo dn a tooard-wide check ro 
make su;c lhal all eleclrical conncclions in thc PCD layout molch rhc 
runncc,inn~ in the ncl li~t. Thi~ i~ c~~cially imrort•nt in T•RA~rcn 
I'LliS l"'causc: rhe prowam doc< nnl hold neiS "sxrcd". During rhe 
rourin11 procc.., you moy break neis withoul heinp: -rned nr a.<ked ro 
rcname lhe new ncl rro~tnl. Thi< <pctd.< rhe revision proet:M 
considcrobly since rhcre 1re many time< when ynu remporarily break 1 
oct. llowever, ir also mean< rhal ynu can complctely chanse the . 
connection< oo the board. 

nuidcs doing • board-wide clcclrical check, ynu should check rhe 
dt!.ign lo he ~ure thel minimnm dcaranres have becn maintained 
lhroughnul. Forlunalcly, bolh rhe clccrriul and <ltarance chccking c:an 
he accumplished tot~ethcr wirh rhc inrcware.<J de<ign rule chccker in 
Tango·PCB PLUS. . 

l. Load 1 ncl lisl wirh rhc Ncl\ Lood command. (Tbis slep 
may be skippcd if no nel lisr is onilahlr, •• wc'll el!plain 
bclow). 

2. E.•tahli.•h ynur clearance 11·'1' rub wirh rhc Scrup DRC 
command. 

3. Srarr lhc de.<ign ruk chrck<r by sclcctingthe Duign Rule 
Check repon in the Oulpul Repmls command. 

... 

• 

t 

15.2.1 lM Setup DRC c-nd 

Run thc Sclup DRC command '" cstablish the dcsi·;11 r•le chcel 
parameters in prcpuarion lor scnenlins a DRC rcpor1 (usiJta the 
Output Rcports command). You caa cnter the mínimum Pad·to-P ·, 
Pad-to-Track, and T~ack-ro-Track deuanccs allowed on cach c!lthe tia 
signallaycrs. Thcn: ue also p1L<hbuUOGI thll al'- yoa lo Id .... c!l 
lhesc clearanttl lor aJI layen al once. AJI ol thcsc cntries delault lO l) 
mils (ir you clo nc1 ha-e a PCB.IN1 file). 

··~ •... , ........... ·-··-------. 
'-• •• •••• .. .., •n ., .. 

.... ....... [!:] i!!J I1IJ i!!J I1IJ i!!J 
......... _. I1IJ !i:Q I!D (i!:J I!D (i!:J 

·---·--·-· I!IJ I!IJ I!IJ I!IJ I!IJ I!IJ .. ......... 
In•-- •••••••­................. 
·-· u ......... ... ............... ............... 

..... '-" 

( ,.,_,.. ) 

1 , ....... !] 
............... ) 

1 • 1 
(e-•) 

' 

You C8ll also apcciry wt.icb -.lirions In: lO he chccled ror: C1cu­
Violarioas, StriDS Violalions; l'lcl Lisl Violarion., Sia&le ·l'lode Roula, 
and Una~t~~~Cded Pins. . 

• CLEARANCE VIOLATIOI'IS • Eaablcs air-gap dcuancc 
chcdüns. U disabled, nn deuanee errors wiU he reporte d. 

• STRII'IG VIOLATIOI'IS • Eoablcs air-sap deuancc chedÍJI8 rJI 
strinp oa the aipal layen. U you ha-e plaeed strinp oa thc 
siK~~allaycn, you should enable this or'ion lo make sure thatthe 
strinp do nO( aoss lracb. Whcn chcciing ror dc:uaocc 
violations. the bounding redangle or rhe string is ....:d. u lhe 
Clcarancc Violalions option (abooc) hu heen disabled, thil 
·op~ioo is 1l<n di.abled. 

IH 
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• NET UST VIOU\TIONS - Enahlc• elccuical checking a~aiMI 
the ncl li•t llemo are cnn•i•lcrcd lo l>c cnnncctcd if thcy ovcrlap 
or havc a clearancc: of le'-' lhan 1 mil (ju•t louchin&)- ltcm• thal 
Có'\n he c1echic.al1y connecttd to nnc •nother are ares. fall,. pad' 
11 ~ .... ,, and vi u. Nnlc that ahhnu~th !\hinR\ c.an be chc€.Cd for 
clcarance violatinn.'- thcy are nnt con'tidcrcd lo carry currcnt. lf 
a ncl liol ha• noc l>ccn loadcd, thio OJ'Iion ¡_, ip;norcd. 

• SINGLE NOOE ROlJTES • Enahk:s lhc: rc1>or1inK of pins thal 
are: conn<clcd to olhcr ilcm• on lhe hoard, hui are: nol ronnectcd 
lo any olher pins. Nole the u•c nf the word 'pin', which ¡,a pad 
lhal ¡, parl nf a componen! and hao a pin de•ignalor ( .. OJ>I'O'C'd 
lo a free pad, or a pad thal i• part of a componen! but docs nol 
havc a pin dcoigroalur). ARain, items lhat can he clectrically 
connected lo onc: anochcr are ares, fills, pads, Ir roe .. , lUid oias. 

• UNCONNECTEO PINS · Enahle• the rcJ1011i"'l of all pias thal 
are nol connc:cled lo other pin•. This includco .U of lbc: Sin&Jc: 
Node Roulcs (dc!ICiil>cd ahovc) a:. wc:ll .. pins lhal uc nol 
connc:tled lo anything al all. 

15.3.2 The Deelgn Rule Check Rep0f1 

Once the DRC o¡>iion.• are '"' with the Sclup DRC command, run lhc 
Oulpul Rerorls comrnand ami enahlc thc l>c<ÍRJ' Rule CMck ref'OII. 
You m ay prillllhc reporl or wrile it oullo a file on disk. 

Whcn you click nn OK.the prngum ..,;11 hc¡Qn lhc d.-il!" rule checkinK 
proccs.s, highlighting cach connetlion •• i1 ;, vcrified. Whc:n romplcled, 
lhe ORC reporl will prinl oul nr he wrinen lo a file. 

U yoll Jlre\5 < EAc> or < Ri~tMon•e >, ynu will he a.•ked lo ftrify ynur 
dcr'·: "' lo hall the ORC. Should ynu decide lo Olop thc ORC, lhe 
rrr' ,- witl prinl anyway, ..,;,h any viulatinns cncounlercd prior lo thc 
h:.ll. 

Ru~ning thc DRC is a compute-inlen,ive •••• which C3tl lakc scvcul 
houf\ on cnmrlc.:t dt~ift'1~. Cnn\i~lrrinR thc: ·h~rnlltiYCt.. this stcms • 
•mall pria: lo I'"Y comparcd In lhe hcPcrtl\ ol dc.•ign ftrifoution. ' 

... 
• 

................... ................... .... .. ...... .. 
oc....r.--• ....... ... 

........ c.. .... . 
PO C..,..ete .......... 

..... • •• a. •• 

ouu 
0'"' 0'"' o­
OCIOI . .... 

·~ ............... '-........ ... 
het-laara..netD tatOi. i•. 

( .. 18 

Figure 15-2. Salect ihe Deslgn R._.e Check report wllh the Oútput 
Repotts Command. 

15.3.3 Runnlng DRC Wlthoul e Net Uet 

As menlioncd abooc, you do nul haft lo ho.., a ncl lisl loadcd lo 
produce: a ORC reporl. Thc ORC will be limitcd lo a check vi 
cluranc:c violationa ODd 51rin& violations bucd 011 lhc rala ,.... 
eotablisb with tbc Sc:tup DRC cornmlllld. 

NOTE: 

lf yau - """'"'' 111• DRC trpntf wirlrout • nd liJt, ''" Mril" rut. 
chtcktr wi/1 tqiOif llio/aliOIU wlom lh~ tlir·I"P cl"'"'nc• ir I'JJ '""" thrJI 
•P«ifitd. An «tuel ''"''' ""m ,_ '"''b - inconwrty c""n«ted .,;n 
nOf w rrponod bcc-.re 1~ *•irt rule chtcitr wi/1 .,,.._ 1~- in ,_ 
••m• nd. 17til type of mor cM only H trpntfod if , nd lirr llcu flftn 
lolldtrl. 
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1 5.4 Conslderatlon for Mountlng Holes 

For mounlin¡ hole pads, holh lhe Nets Verify command and lbe desisn 
rule chcc.er con.\ider only lhe drill hole dimension on inncr board 
layera. Thia lelo }'011 plocc irem• such u lroch wilhin lhc oultr 
dimcnsiotL' of lhc mo11nling holc pad on lhc inner layen (hui noC wilhin 
lhe drill bole dimen.•ion). On lhe Top ancl Botlom laycrs, ~ver, lhc 
Nct> Vcrify does oonsidcr lhe oul•itle dimcnsicms of lhc mounlin¡ holc 
pad. This is beuU<C lhe pr..,am a.'l.•ume< lhe mounling holc pod's 
oulcr dimcn•ions may be covcrcd by itcm• such •• screw head.\, nul\ or 
wa.hera which ewlend pa.•l rhe hole diamelcr on thc Top end Botlora 
loyera bul which -uld hove no effecl on the iancr layen. 

15.5 Summary 

Remcmber thol the DRC r<pnrl chorh the enlire houcl, u ~el lo 
thc Neu Verify c.ommond, whi<h chcch only lhe displayed ntls 
(<onneclions) for atcuraty a¡tain.\1 lhc nel li.\1. Neis Verify is ialtnded 
lo 1><' uscd repealedly u the board is duipecl, so lhot errors un he 
r, .. d right owoy bcfore more tra<h ore rmrle•l around lhem. Onte you 
thia• the PC-houd design is complete, gene rote the DRC report. 

Check prinls and multi-color check piola are also uoeful in wril'yins thc 
Pe-board. Tango-PCB PLUS's Neis Verify commend and De.\ign Rule 
Check rcport, bowevcr, un ensurc the intewity of cach nct end 
clur .. ncca on tbe board, while •paring you the painful and frequently 
ino«OJrale tult of visually iMpecting the PCB artwork and thec.ing 
coc."cctions againsl the ochematic. 

The followin1 commuds wcrc diocuucd in this chopler: 

Ncts Verify 

Sctup DRC 

Output Ploetpriot 

··------

Vcrify thc conocctions on tbc board · 
match thooc in the nctlisl 

Sct up tbe clcorancc parornclcrs for 
the physieal dcsig;a rule tbcclt 

Run thc Desip Rule Cbeclt report 

~- ... -~ 

• 
• 

16 Plots, Prints and Reports 

16. 1 lntroductlon 

This ch1ptcr describes the Tongo- PCB PLUS comm--... ' · ,.' 
1 • . ...... uwpnn ..... 

P oltrng. rcporr I"Der1tion, ·~ spedal rde output such u P051Scripl 
and DXF. The Out':"' Ploe/.Pnnt commend lets }'011 p1o1 or print 
hn_anl. Whctbcr yuu re ploCttnl r .. al .,,....,, or maltin¡ 1 quick cbcr• 
P''?'·'he ~ovam prompes }'011 for aU thc n<CCSIIIJ' Wormotioe wilb 1 senes of diaJo& bolea. · 

~ oplions ror -pri~linl lnd plotting includc the prilller and ploltcr 
dnven, communrcattons ports, plolter pcn sctiinso and priatcr 1or 
acale ~ X. Y corrcdioa oralucs, boud laycr or layen (if prin7in& ~ 
compcrsltc), output filcnamc (ir aendins to a file), ploC/prilll quality 
(final ror lftworlt Of ~raft for Check prÍnb), IDd the X, Y offscts ror the 
plottcr pen. The oplrons }'011 sclcct are autom1tically sawed iD tbc file 
PCB.~NI whea J'OU exit the provam, thco automotically rc·loedcd tbc 
aclllltatc JOIIIIart lbc propUII. 

In additioa lo priatina end ploetin~o T1n1~PCR PLUS providcs lbc 
Output Rcpor~s comrnaad lo 1eoc:ratc 1 •aricty of rcporla 00 thc I'C 
lile. These rcports can be output to a priater or file . 

U yuur ploCicr or prinlcr is a~eoc:crcd lo 1 serial port (COMI 
co_M2), use thc Sclup Communicatioas Clllllmand lo sct :he ba ...... : 
ponty, nurn~r of data bits, oumbcr of llop hits, and haadshüc oeocol 
bdon runn•ns Output Plot/Prinl or Output Rcporis. pr 
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20 Commands 

20.1 fntroductlon 

This chapecr pr<Widc:s a brict dc!l('firtiun of cach Ta....-rt:B PL~ . 
mcnu command and a croos-rdcrcncc lb whcrc thc CtMWIIIanol ia 
discuucd in thc Rctcrcncc Manual. 11 is dcsipcd to a«om111odatc 
those of you who are alrcady acquaintcd with Ta...,.PCB PLUS (or 
I'CB dcsi&n .-•ata. in KCncral) and, in most OSC:I, rcquirc only .. 
ovcrvicw of tbc Tango-PCD PLUS functions. 

20.2 Tango-Pea PLUS commar1d1 

Thc Tanp-PCB PLUS mcnu commands are briclly dcscribcd in thil 
scction. 

·JO.I 
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Currenllayer 

Dncrlpllon 

Scl the currcnl laycr. All •uhs.qucnl cditing is performecl on the 
currcnl layér. Ynu can only chomc from tnab~cl laycro whcn 
•dc·cting lhe curren! laycr. U•e the Sclup Oisrlay command In 
tn•t.lc and di•ahlc layen. · 

Thc cnrrcnl laycr and thc colnr fnr the cnrrcnl laycr are di•playcd 
in tloc •talus line's Laycr focld. Ynu can al•o scl lhe currcnl laycr 
hy clic\in¡t on the Lay<r focld or IYJIÍng •~ which t<Wfcs through 
thc cnahkd layen. Fur hnaul• wóth only a fcw laycrs, clickins on 
lhc L<Jycr ficld or IYJ1ing l, may he faslcr lhan usin&lhe mcnUL 

Cross-Relerence 

Scctiun 7.1J 

Curren! Pad 

Dncrlpllon 

Sct thc cuuent rad. You ('an ch('I()SC (rnm ¡we-dcfiaed rads or 

•pccify a new pad IYJIC. All •uh.cquenl l'lace Pad commands Wlt 

the curren! pad •ciiÍnJIS. 

Thc Pads li!ll ho• shcJWS all availahle pad dcfinitions. The 
dt..·finitinn~ are gcncralcd (rnm thc rad!\ un thc PC·board (lhcAC 
p~d dclinition~ are markcd wi1h an l,lcti\k • ) and in thc Tango· 
PCB item definitinns folc PC8.0FN. U the deoired pad lype is no1 
di•rl;oycd in lhe Pad• li•l h.ox, you can define a ncw pad and add il 
lo thc lisl. 

U you'vc addcd pad IJr<s lo thc cu•lom Place Palenc., lahcled 
PlACIO 1 lhrou~h PLACE~. you can alw sclcd the correal r•d hy 
dicking the mouse on a r••l cnlry in the pa!cne. 

. Cro .. -Relerence 

_Se<lion R. U 

• 

• 

-~ 

Curren\ S\rlng 

o .. crtpllon 

Sel lhe curren! lcd •lrÍnfl. You can choo!oc from pre·dcC 4 
slrinl!-' or spccify a ncw otrin& lypc. All subscqucnt Place StriJII 
commands u•e 1hc curren! slring sening.•. 

The Strings lisl boa shows all availahle slring clefinilinlls. lf 11oc 
dc•ircd suinstype is nol di•rlaycd in che Slrinp lisl hox, ,..,..,..., 
dcfone a new •lrins and add illo lhc lisl. 

U ynu'"" addcd ,¡rinlt lypc• lo thc custom Place Palcll"s, I.W 
PlACE 1 through PL\CE5, you cal. al.., ocled lhe "•rrcnl llrirot 
by clickinsche mouse on a scring encry in lhe palcue. 

cro ... n.r.rence 
Scdion 10.2.1 

Current Track 

O..crlpllon 

Sel lhc curren! !rack width. You can droose frcwn prc-d<r-.1 
lrack widlhs or specify a m:w width. All &uh!!cqucnl Place Tracl, 
l'lacc ~re. and Jllcls Rnulc t"lllllmand• U\C lhc currcniCrack widlll. 

Tloc Trec:b lisl hrra •ht- all availahlc lracl dcfinitioMs. lf lloc 
clcsirccllrack lype iS 111ll di>pla,.:d in che Tracb li.l h.oa, ,... •• 
clelinc 1 ncw Crac:k and add ilto lhe lisl. 

lf ynu'..: addcd crack .ndth• 111 lhe cu•lnm Pluc Palcnc-. lahclrd 
PL\CEI throush PL\CE5. you can al•n selccl 1he curren1 tracl 
wódth by clicking lhe mnU\C on atrark entry in lhe palcnc. 

Cro .. ·Relerence 

Scdion9.2 
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Current Vla 

Oetcrlpllon 
Scl thc currcnl via. Vou can chOO!oC lrom prc-dclincd vias or 
•pccily 1 new via typc. All sumcqucnl rt..cc Via cnmm1nds u-e 
the currcnl vi• sdtin~. 

Thc Vias li.•t boa sh<>W!l oll •voilablc vi• dclinitions. The 
dclinitinns are gencratcd lrcNII thc via• on the ~-bcNlrd (thesc ~~ 
dcfinitions ore markcd with en astcrisk •) 1nd on thc Tango-rt.B 
itcm dcronitions lil~ rcn.DFN. This lile is automatiully luadcd 
whcn you run thc rcn prOIJram. To sclccl • currcnt via typc, click 
on the via delinition in the Vias list boa. Thcn click on OK. 

lflhc dcsircd vi• typc ;, nnl disri•JI'd in thc Viulisl bo., ~can 
define a ncw via 1nd 1dd il tn thc lisl. To define • new '"" typc, 
r,,., sclcctthc shapc. Spccily thc Yia sin: by entcrins nlucs ''" thc 
Oimcnsion (cvcn numhcl' lrnm ,_ thruugh 250 mils) and llnlc 
Oiameter (lrom one thrnugh 250 rnib) ficlds. 

1f you've addcd via typc• tn thc custnm Place Palcncs, la~k:d 
!'lACE 1 thrnugh PIACE5, ynu <an ohn sclecl the curre ni Y11 by 
clickins thc mou•e nn • .na cntry in thc palcue. 

Crote-Aelerence 

Se el ion R.:u 

Delete Are 

Deecrlpllon 
Oelctc thc sclcctcd are con the currcnt laycr. U thcre is no •re 
sdected on the curren! laycr, the cnmputer bceps. · 

Crot•Relerence 

Scclion 10.1.4 

' 

' 

Delele Block 

DHcrlptlon 

Dclctc all ítem• in•idc nr nuhidc a ltlnck. Tan~n-N.'D "''"""'' 
you tn first define thc hlnck by marli"tP. '""' dia¡;nnally ''f'I""Íic 
tornen of 1 rectangular arca. Thi: prn(!ram thcn h~hlishll thc 
dcfincd hlock. 

Ynu can sclecl whcther '" delcte items "'''""" imidc (thc dcf..,lt) 
m """"IJ nul•idc the hlncl and whcthcr In dclclc Ílcm• •• * 
curren! loycr "' "" ollloycu (thc dclault). Thc ,.; • ., .... rcdr .... 
thc scrccn with thc •rprcorriatc itcm• ddctcd. 

Cro••Aelerence 

Scclion 11.4 

Delete Component 

·1:t DHcrlptlon 

• 

Dc:lctc thc sclcclcd rnmp>nl'nl, lfthcrc i• nn c.-1"-"' 'Cio:C'Icd, 
thc romputer he<!"- llthcr< is mnrc than """ .,,.,..,._,.. aiMicr 
the cunor (nn 1 dnuhlc-•i.kd •url.cc-mnunl "'"'"'· r,, c..,.rJc). 
thc 1""11'""' di•plays a li•t ni alt thc"' cnmrnncnt._ Ynu t.ltl thcft 
aclcclthc cnmpmcnlto .klctc '""" thc li•t. 
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Delete Flll 

Descrlptlon 

Odelc '"' .. '"•lecl oreo lill on thc currcnt laycr. 1f thcrc is no f.. 
arca lill sclcctcd on thc currcntlaycr,thc cnmputcr becrs. 

Scction 10.4.3 

Delete Hlghllght 

Descrlptlon 

Dclctc all highlightcd itcm•. which inclucle free lracb, pad., vi•"­
arc..., and arca fills. Thc itcms mll'l "- bcen prcviou•ly 
highlightccl using lhc Nct• Jlighlighl cnmmancl. lf a highlightccl 
ilcm hclonl!-" tn a rompnncnt. Tangn·PCD will- clelelc that itcm. 
lllhcrc are no hight;ghtcd itcm•,thc cnmputcr becps. 

Cro11-Ralaranca 

Scction 14.7.1 

_,, ,, 

, ··4 -
• 

Delate Pad 

DHcrlpllon 

Dclclc lhc sclcdccl pacl. U thcrc i• 110 free pacl oclcctccl. the 
comrutcr becpo. Th~ command hu 110 cffcct 011 lracls IMI -
(Oftncdcclto thc pad. · 

lf :rou ancm(IC to dclclc a paclthal is pan ola compone"! plllCfll, 
thc prqp:em clisplays an error IIICU.IIC· , 

ero.•Rellla.nce 

Sed ion II.:U 

Delete Strlng 

De10lpUon 

Dclctc lhc aclcctcd tea llrÍftll 011 thc aarr ... ta,e.. rf thcre ia • 
lea string aclcdcd on thc currcnllaycr, thc 'compalcr hccps. 

lf you allcmrt lo clclctc a otring thal is part crl e cnmpone• 
pallcrn, thc l""''•m disr'•:rs an error -sugc. 

Cros•Relarence 

Scelioa 10.1.6 

ltH 
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Dele!•: Track 

Oetcrlpllon 

llddc thc Klcctcd Uac" •1n thc currcnl byn. lf thcrc ls no tradt 
~rtcctcd on thc curre ni bycr. tt•c c•,mputcr hccJK. 

11 ynu allcmpl lo dclctc a ffaclt thol i~ parl of o componenl pallcrn, 
tite program displays an error mu.•age. 

Scclion 9.6 

'-DeleteVIa 

Descrlpllon 

Dddc lhe scl<eled via. 11 1hcrc i< nu vi~ ..,tectcd, lhe comrulcr 
''':cr~- This rnmmantl ha~ nn dfcct nn uacks that are ronncctc·d 
tu thc \Ía. 

11 ynu allempe lo dclclc • vía ''"'' ¡, parl "' • componenl r•llern, 
lhC J'fngram di!.ptar.' 3ft CUUf n1C!'ro\OII(C. 

Croat-Relerenee 

Scction R.l6 

• 

• 

·• '-

·• -

EditAre 

De•crlpllon 

Edil thc Klcctt:d are un thc currcnt t .. yc:r. y,,. t:•n ('h~ftllC .te 
are·,. radiu,, Mari ancle. "wccr an~lc, and linc width. Thc r.clitn K 
an cven numbcr hom two 1hr~h 16.0011 mils. Thc """ an&lc ;. 
an Ínfc¡tcr lrom O lhrmt¡:h 3~9 dc~ree<. Thc s~cr •"'lle ;.. ar1 
intcger from one thmugh :V.O dc:grec<. Y'"' can <r<<ify any lir~e 
widlh from 1wo lhrough 250 mils (in lwn-mil incrcmcnt<t. Tllc t¡..c 
width cannol he more lhan IWÍCC lhc radius. 

• Tangn-PCO mates i1 ca<y lo edil a numhcr alares nn lhc l•nard al 
onc time. Alter modifying lhc are, ~ .. the Arc(s) Edited opCÍtiiiS 

lo determine whelhcr lhc cdilinsaffccts only lhc aelcctrtl are, a scl 
ol matching ares, or all hi8hlightcd ares. 

Cron-Relerence 

Sectinn 10.3.2 

Edil Component 

Dncrlptlon 

Edil lhc ~elcctcd comrc-nt. Y'"' an .,.. tllc crtM¡•-nc's 
rdcrencc dcsicnllcor, lypc, and ftluc. y,,.. can a"-• chocwc lo 
relc•sc lhe comporiCnt ("""ich ls aimit.f lo lhc Dfll•• 1-i 
common lo rnosl CAD P'"'l•am•). Rclea•i"'t • • ...,..,._.,. allt,.. 
,..u to re-positioro •rld modify .n lhc indm.lual prilnitM. iA •ht 
compoocnl. 

Thé Releasc Ojllioft ;. cspcci .. IJ useful whcr1 cruli,. ainUIH 
romponenls. y.,. an r'acc a ccionponenl"" an Urlll't"d arca of tire 
worbpace, run thc Edil C'""J'flncnt c..nmand tu rctc:a.c it, 

· modify iDdividual primitio<:<, lhcn run •he Lihrary Add cnmMa...t 
lo define lhc modirocd pallcrn as • new Ct""J'fiRCnl ('ICe (."'lapÍn­
ll: Cftallna Ubnry Compnntnls). · . 

Crot•Relerenc:e 

Scction 1 I.S 
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}(/ 

Edil Pad 

Descrlpllon 

l'olil the •declcd rad. Ynu c;on chanl!e thc ra•l's •hare, si7e, hule 
Ji;unl·tcr, rin dc~i~natni', byl'f, and rlanc. fur thc rad !\ilc, ynu 
cm ~rcciry X (hnrilunt:•l) amJ Y (vntiro•l) dimcn!'oion\ or twu 
tlunu~h 4IXIl mil• (in twn-mil inrremcnt5). Y11u can •recily any 
hule 5i1e lrom one thrnur.h 2.~1 mil•. 

Toan~n-PCR ma•c\ itl·o•~y ftt cdit • numhcr •• r rad! nn thc bnard al 
nnr time. Alter mndil)ñng thc """· u..: lhc Pad(•) Editcd npinn• 
In tlctermine whcther thc cditing affccl5 11nly lhc oclcdcd rad, a 
'<:' ••l malchiRfl rad5, 11r all hi¡!hlir.htcd rad•. Malchi"'l rads ha..: 
thc ••me share, X and Y dimcn,iun., hnlc diameler, and !ayer as 
rhe -.lccted rad. 

Cross-Relerence 

Scctinn R.2.l 

Edil Slrlng 

Descrlpllon 

EJit •he sclcctcd h:11 Mring un thc currcnt lo~ycr. Ynu can cht~nttc 
the •tring's content•, hci¡:ht, and linc width. Vou ran sre<ily any 
hci¡!hl from lour lhrou¡:h IIUI mil• (in lmtr-mil incremenb) and 
any line widlh lrom lwo lhrnugh Z.'iO mils (in lwo·mil incremenl•). 

Tango·PCB ma•c. il ca•y In edil a numi!Cr nf "ring.\ on the 1-onard 
at une lime. Alter mndilying thc •lrin~ "'e the Slring(s) Ediled 
r>plinn• to determine whcthcr thc cditing allcc15 only lhe 5eleclcd 
~trintt nr a !'oCI or matc.hinp, ~hinJt'- Matchin~ !'olring.\ have thc ~ame 
hei~hl and line width •• thc ,clcclc•l •trinj!. 11 you ch<lll>e any 
ot•tinn olhc:r than Thl, Slrin~ lhc Edil Suing cnmmand ch~ngcs 
nnly lhc hcighl antllinc wiJ1h ,,r thc malchin~ !lotrin~ts. 

Crosa-Relerence 

Sc<tiun 10.2.4 

• 
,,. -

• 

• 

EdltTrack 

Dncrlptlon 

Edil the width ol' 1he sc:lceled lrack on the curreld lqrr. f lhe 
lrec• wid1h, enler an in1cger in 1he range af lwo lhr...,gh 230 •ih 
(in two-mil incrcmenls). 

Tangn-PCB m•••• il ca•y tr• edil a numher af lrr '" - lhe board 
al onc lime. After modifyins lhe trae•, use lhe TriiC.(I) Edikd 
npions lo delcrmine whelher lhe edili"'l affcels -ly lhc sc:lcctcrl 
trae•, a scl or matchin~~:lracb, or all hÍI!hlil!hlcd lrach. Mate· · 
lracb have the·same widlh aslhe scl~dcd tradt. 

Croe -.A•'-• 
Sedion9.4 

EdftVIa 

DncrtpCion 

Edillhe scleded ..;.. y..., can challjiC 1hc ..;a's share, .U.:, loollc 
rliamcler, nnd Power /Ground rl•ne cnnnedinoo. Fn~ lhe via ,.;,.,, 
Jl'll Qft apecify a rfimcmicJn of IWO lhr'"'l!h ni) Mib (iro 1-
iac:remCftll). Yoa can are<ify any hnle oitc fr.- nnc: thr""''h no 
mila. T1le Planc: riCid lcts yoa conncct .;as 1o the """"'' or Gr....;,. 
planc by mcnns of • rlircel mnncdion or thermal rclicf. 

TanpPCB mabs il easy lo edil a numher af ..; .. nn lhe hnard 11 . 
one lime. Alter modifyinalhc: ..;., use lhe Via(s) Editcd npi 1n 
determine whelher lhe editinaaffects nnly lhe sclccted ..;., a scl af 
malchins ..;u, or an highlighted ..;... Matchina..; .. h-= lhe 
shape, dimension, and hole diamcter .. thc sclectcd .,;a. 

Cro .. -Relerence 

Sedion 8.3.4 



File Crear 

Oescrlptlon 

elcar the curren! PeD file lrom memory. lf any changes have 
hccn made lO the CUifCnl f'e8 lile durin(l the cditin(l SC.\.\ÍOft, thc • 
program prompl• you lo uve 1he file, discard lhe chi"'CI lo 1he 
lile, or cancclthc File Clcar commaod. 

Cron-Relerence 

File DOS 

Descrlpllon 

E•ccute DOS command• withoul quiuins the Taogo·PCB 
prngram. The prosram di,plaJ' thc standard DOS command 
prnmpl and you can now cnter and c•ccutc any DOS command. 
Tn rt•turn lo the. Tanp:n·PCU program from wherc you lefl oll, al • 
thc OOS command prompl, cntcr: 

ean 

Scction 6.7 

"" . " 

···~. 

< 

File Load 

Oeacrlpllon 

Load. a PCD file (thc dcl.ult), block file, or 1 phnlnplol file. 
Loadong a .reo lile rcplac~s the ament PCD li~ with thc 'f'C"irn 
lile. Loadong a blocl lile onscrts lhc spccilicd lile into thc currcllt 
PCB file. Photoplot files may he loaded lor on-saec• Yic:wift&. 

C..O.•Relerencit 

Sectioa 6.2 

File Oult 

Dncrlpllon 

Ouit thc TaniiO·K'B program and rcturro lo ons. 11 ,.,.. ·­
made chansc• to the currcnt reo durin¡t thc editi,. scMÍoll, 1;oc 
pr~am prompts you lo uve the choogcs and cxit, caic wit'­
UVIng the changes. or cancelthe File Ouit commaod. 

Crot•Relerence 

Section6.8 

10-IJ 



File Save 

o .. crlpllon 

~~YC the cuucnt PC-ho.1rd nr hin< .. lo a r.lc. 

While m1rlin11 1 l•lock during lhe File Saw: command, 70U C..n 1ne 

lhe 7..oorn and Jump command.• lo mow: around on thc worhpKc. 
Yn~ can also cancel lhe File S1w: command by prcs.siftA 
< R •ghiMouse > or <Ese:> or by clicking oo Ca~l io tbc File 
Saw: dial011 boL · 

Croa•Raferenc:a 

Scclion. 6.3 

Jump Component 

Daacrlptlon 

Jomp lo a specilicd com...,..cnl on lhe PCB. Enlcr lhe 
com...,..enl's rdercncc , dc•ignalnr nr Klccl lrnm a lisl ol all 
rclcrcnce dc•ign110" on lhe I'C -hnard. UickiftA oo OK mow:slhc 
curM>r lo . lhc rderencc pnint ol lhe specifoecl componen! 
(generally, pin 1). U thc comrnncnt is nnC currcndy disploycd, thc 
i""'!'lm rcduws lhe scrccn al lhc ••me room lcw:l with the 
cu: ~pnncnt's referente flOÍnl 11 lhe center. 

Croa•R•feranca 

Scction 6.5.:Z. 11.4 

111-14 

• 

• 

• 

• 

Jump tocatlon 
' 

Dascrlpllon 

Jump In 1 •pecilicd X, Y lnc:tlinn '"' the 1'<.:0. Entcr the X and V 

cnnnlinates ni lhc locatiun and cli<k '"' UK. JI thc lncatÍIIII ¡, "'" 
currently di•playcd, thc r••~ram re-drawo< thc scrcc11 al the .. ,.. 
room lcvcl with thc •r•:cili<·d lucalinn at the ccnter. 

Cros•Raleranca 

Scction 6.5.1 

JumpNet _ 

·oncrtptJon 

lumr to thc ncarc!d cntnp•rtent rin ia a "f'CCi(K.·d .... 1. Thft 
rommancJ i!t. U!U:ful whcn nuwing frnm une JK:t "' altf'lhcr dart"tl 
the rnuti• prnccdurc. Entcr thc nct noam.: ur Y:h:d a M1 fr.- thc 
Nct• Ji" lM>a. CJic:•. '"' UK tn rcmiJ\-c thc di~h'lt "''" and ¡.""1' tn 
lhc •rccifocd nct. JI lhc ncarc" cnml"'"""' rin irl the nct ;,. "'" 
-rcnlly di•r'aycd, thc 1'"'11'"'" rc-draws the M:rccn al lhc ~~-
- "' with 1he ¡>in al the ccntcr. 

· T1lc Jump Nct command ¡, nnly availahlc il ,..., hove prcwil_, 
loadcd 1 nct liM lnr thc PC·hoard. 

Cros•Refaranc. 

Sedinn ~.4, 14.9 



OIArH:R 1f1 

Jump Strlng 

Oescrlptlon 
Jumr tn the neare•t te111 •Uin¡~ un thc rl:-bnard lhal malches • 
'1"-"cificd tc111 string. Tango-l'l"8 .carchts lor an eucl match ni 
thc •r-rcificd string. l"hc mallhing •Uintt mu•l contain all end only 
~llthc charoctcr• in thc •rccilic.d tcot •tring. 

Sclccl CurTtal IA~r tu scarch lm a match nn thc current !ayer 
only (lhc deloult). Sclcct All lA~ tn Karth lora match on all 
l><•arJ laycrs. 11 thc matching Mrintt i• n111 cuncnlly di•playcd, thc 
pu 'l!ram redr1W!' &he ~creen :at thc 5amc '"""' lc.el wi1h &he ~trina 
al 1hc ccntcr. Thc Jumr Strinf! c"mman•l ¡, rK11 CIAC·~teftlitivc (thc 
chafildCn can he cithcr urpcr-ca~ Uf luM::f·Ca.~). 

Cron-Rel~ence 

Scctinn 6.5J, 10.2.:1 

Llbrary Add 

DescrlpUon 
1'\JJ a ncw cuniponcnl pallcrn lo thc currcnt lihury. Entcr thc 
lihrary name anJ thc pallcrn namc (<•llmm nne lo 16 charac:tc")­
Aitcr ent<rintt the p>llcrn nomc, r•c~• <LchMou.c:> nr <Entcr:> 
,.,· m••• thc lirot cmncr uf • n·ctanglc. Thc rectangular nutline 
c•r••nd~ mnd cnntr;u:t~ a\ Y•'u mnvc thc cur:\nr. When lhc nutltnc 
cnclu~s the cntirc cumrnncnl r;•Ucrn. "~totin rn::u < LefiMt,UM: > 
"' < Entcr:>- Thc rrugram thcn prnmpl• ytlU lO sclccl. rclcrcncc 

ruintlor thc panero. 

· Cro ... Relerence 

Scction 12.5 

..... ,, 

• • ·• -

• 

. ---~ 

Llbrary Browse 

Dncflptlon 

~i•play a cnrnponcnt pancrn in thc specilict! lihnry. In the 
Ltbrary ~rowse di~lott ~1, the program di•rfays a Id! 111 1q 
p~llerns 1n thc spec11icd hhury. Sclectin& a pollern rr- this li.a 
d1<plays the componen! on thc rittht •idc nf the dialna bmt. 

Ta_nf!o-PCB displays the cornponcnt panero • il wauld •rre• 
when pleced on the. PC-hoard, CICCpl for its actnl s.in. Thc lile 
"! the componen! 11 scaled lo frt wlthin the dimcMi!Ms olthc 
d1~~-boa. AU primitM:• ia the componen! are dl•ploycd. lh 
rr~m~~ ~lonp lo • laycr thot ;., n<~ currenlly cnafllcd, lhc 
p~lmtiiYC <111! arpears a• part nf lhc di•playcJ pallcrn. (.1ic .. ,_ 
. Conllnae lo remooe thc lihrory Browse dial<>&hoa. 

Cro11-Relerenee 

Section 11.2, 12.9 

Llbrary Delete 

Detcrlptlon 

Delcte 1 ~~ni pancrn ''""' thc 'f'CCif>ed lihr••J- Tn dc:l&:lc 
• pillete, h~~thltshl the panern namc in the lisl and clicl '"' thc 
~ pushbunon. Oick ·on c .. 11nw to remooe thc l.ibt 
Dtlelc di•lna boL •ry 

Croe•Rellf'lnCI 

Scction 12.1 
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Ztl 

llbrary Merge 

Deecrlpllon 

Mcrge (ccipy) a componen! pancrn lrom a •pecirocd source library fr 
into a specilied dc•tination library. You can apecify a IICW name 
~"r the pancrn. 11 not, thc program rctains thc sourcc pallern 
''ame. Cliclt on the M•r&« pushhunon lo copy thc sourcc pancrn 
into the dc•tinationlihrary. 

U a rancrn with the <ame namc cl<i<ls in the curren! library, thc 
prowam prompU you lo enlcr o ncw pallcrn namc, ow:rwrite the 
ui,tinl! pollcrn, or cancel thc Librory MerRC command. YIMI can 
Cnntinuc lO ~nrY romruncnl .,aucrM intn thc currcal library. 
Oick on ConUnue lo rcm•m: thc "ubrary Mcrsc dialos boa. 

Croa•A•Ier•nc:• 

Scction 12.6 

Llbrary Rename 

Deecrlptlon 
Rcnamc • componen! pattcrn in thc •rccirocd library. Sclcct thc 
curren! rancrn namc lrnm thc Pallcrn• li<l boL Thcn cnter the 
ncw pallcrn name. Click nn thc R•na- P"'hbutlon lo rcnomc 
thc componen• pancrn. 

Ir a raucrn with thc ncw ftamc c•i~t~ in the lihrafJ, thc prfllralll 
rrnmrt' you In cntrr anntht~r ncw namc, cwcrwrite thc cai:\tins 
I'••Ucrn. or cancel thc l.ihr;uy Rcnamc cummand. 

Cros•Aelerence 

Scction 12.7 

"" ,,. 

, 

' 
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MoveArc 

Detcrlptlon 

Mnvc an are nn thc curren! laycr. Finl, pnsition thc c.,_.,. thc 
are and prc<S < Lc:ltMou~e > or e Entcr >, 11 thcrc is .., 8fC 

ttClcctcd on the currcnt laycr, the camputcr becpo. Al ,.,. -
thc cu....,., on r111dinc of lhc ore m...ea - lloc acrccro. 11 yne 
now chansc lhc currcnt laycr, the are mmra to tllc sclccted la,a. 
Prcss <LdtMnu~e> 01 <Enter> lo place thc 8fC _, 

<RiRhtMOUsc:> 01 <Ese> lo cancel thc Mow: Are ;.ommand. 

Cros•Rel•-• 

!lcction IO.:U 

MoveBiock 

Dncrlptlon 

• 

Movc all items conlaincd ••II"'IJ' Within .1 bltd. T""'l"'l'(."8 
promJIII ,.,.. lo lir~ defino: thc blucll by •••ltirll ••• .,........, 
opposile corncrs al 1 rectanttular arca. Thc: prosraM hi&hlislrl•lloc 
delined blocll. 

Tllc prop- lhcn promf'l• ""' tu ttCicct a rcfcrcron: ,....,. r.. tic 
block. Poaition thc: cvr- ur thc: rdcrcnr:c ptoiniiJICnc•olly, •- uf 
lhecorncrsofthcbloc•)•"'•fWCSS <Lc:ltMIMIK> 01 <Enter:•. 

lf J'll'l movc IM bluclt 10 lhal Íl ovcrl- any Ílelll uro .., lqcr .. 
thc: Pe-board, thc prosram di<play. thc: Olnck O-.:rlar WarrÑroJt 
dialos boll. Oir:ll .,. R~l'7 In mnvc lhe blu<k In a dilf<tc"' 
location. Clicll ... (~rtap ... rlaa: lhe hluck wirh ·-·br ;, Íl• 
cunent pooilion. l.1ielt nn C•nnl In cancel lhe Mu..: a•,.• 
command. · 

Crot•Relerence 

Scction 13.2 

J(J.If 



M ove Componen! 

Deacrlpllon 

Mnve am.l nllale a cumrnnl'Rt patlcrn nn thc PCB. First, position • 
lhe CUfSOf on thc cnmruncnt Antl rre~' < l..cftMOU:\C > Ctf 

< Entcr>. A' you mnvc lhc cuutlf, an nutlinc olthe comruncnl 
raucrn move11 ecrou thc !\Creen. rn:!'s R to rnllte the comp.ment 
'KI desree•. Prc•• F to nip thc cnmf"""'nl. Press < L.cftMouoc > 
nr < Enter> lo place the componen! and <RipiMOUK> or 
< E!IC > lo anccl thc Mcwc Compone ni rommand. 

Croas-Referenee 

Sc.:tinn IIJ. 

Move Endpolnl 

Ducrlpllon 

~,,,,.e thc cndpti~t nf 1 tr;u:k nn thc currc:nt l:eycr. This comm;ind .4!1-
¡, c'rccially Uielul rn~ mnvin~t ;e free rild ,,, ~a nn the PC-huard 
whilc, maintaininR all roulcd cunnc:dinns tu 1hc pacl rw Yia. 

Wh,·n running thc MnYe l:ndrnint comm3nd, lirst position thc 
cur''" on the endpoint ni • trark And rreM <l..cltM~> or 
< F.ntu >. As yuu mnvc thc rur""• thc hi¡:hli~thtcd luclts .. rclch 
(cx¡•and and conlract) with thc cndpnint. This process is callcd 
nt/JI•c·rl>•mdin/1. Prc" < l.dtM,.,;..: > ,,. < Entcr > In place thc 
trach. lltherc ;, a free pad '" YÍ;o ;1tthc endpnint, it mtm:s to the 
ncw lueation. Pre" <Ril\htMnu<c> or <Eoc> to cancel the 
Mnve Endpoinl command. 

Ynu cannot changc thc curren! l;•ycr durin¡; thc Move Endpnint 
cnmmand. 

Cron-ReiCifence 

Sccti11n •1.5.2 

·• 

., -

Deacrlpllon 

Move an arco fill nn thc curre ni loycr. Fint. po5iiÍOIIIM nonor nn 
thc aru fill and J"CSS <l.cltMou~> or <Entcr>. lf tMrc;.­
arco fill ICicdcd on thc cuncntloycr,IM computcr hccf"- A•,.... 
movc IM cursor, an outline of thc liR •- acr ... lhc lftft•. lf 
you now chanse thc currcnt laycr, IM liR 111001n lo lhc wlcdcd 
laycr. Prcss <l..cftMou.c· or <Enter> lo place lhc r.n ...... 
<RishiMousc> or <Ese> loCMUIIM Movc F"RftiMM ..... 

Ctota•Ref....ce 

Scction 10.4.1 

MovePad 

Onerfpllon 

. . 

Mowc and rotatc a pad "" thc PC-'-cl. F"orll, pasilina thc cwr.­
.., thc pad ancl prc55 < L.cftMnusc > or < Entcr >. U lhcrc ;. -
pad sclcctccl, thc •-JIIIIcr hcc.,.. As ,... - lhc ~. • 
outline olthc J*l mOfta acrou thc Krccn. l"rcu R lo ftllllc lf"C 
pacl 'lO dqrees. Prcu < l..cftMoaK > or < Entcr > lo rlarc lhc 
piel lUid <RiafltM-> or <Ese> lo -1 lhc Mooe P . 
commaed. 

T11c Mooe Pacl C~~M~mand h• 110 cacct • lrarb 1... -
COftneded to thc pacl. Run lhc Mowc Enclpo;nt •-•ancl lo­
a free paciiDCI ils _.ions. 

u you 111cmptto - a J*1 that ia pert of a c-rone• p1111cr., 
thc propam displaya u error mcssaae-

Crot•Rererenc• 

Scction 8.2.4 

»11 ---
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CONNANO! 

Move Reroute 

Deacrlptlon 

Rcroule a lrack •• a Kric• ni lrach and vias (ir IICcdcd). This 
cnmmand is e•rccially v•dul lnr clcanins up trae•• thal wcrc 

. drar.scd (ruhbc:rhandcd) alter running thc Move Compmcnt 
cnmmand. Finl, rmitinn thc cur""' on lhc trae• and prc" 
< ldtMousc > or < Enlcr >. 1 he cndpoinl or thc trec• nearc•l lo 
thc cursor is tcrmcd thc "pivnc", thc farthcol endpoint is thc 
"dc•tination". A• ynu mme thc cur-. a ruhbc:rbandi~~~: trae• 
nutline is drown frnm lhc pivnt In thc car•ur. A ruhhcrhondin& 
linc is al•o drawn frum lhc dc•tinalinn lo thc cursor. 

To place atrae• fn•m thc piVnllo thc cursor, prc:!IS <l.cftMou..:>. 
or < Enter >. Thc pivol nnw m"""' to thc endpoinl or thi• track. 
Ynu can continuc to place trach hy pre&..i,. <l.cftMnuoc> ,,. 
< Entcr>. Pru.• <RishtMuusc> or <E..c> lo conduele thc Muvc 
Rcroulc command and place a trae• from lhc dcllination tn thc 
cunor. 

Croaa-Relerence 

Scction 9.5.J 

Move Strlng 

Oeacrlptlon 

Mooe a lcll slrin11 on thc curren! laycr. Firol, pooilioathc cursnr 
nn lhe strina and rrc!t!\ < UftMouse > or < Eftler >. As JOU nmwe 
thc CUriOf, an nullinc nr lhc ICit !'lrin~t mnYe~ 8Cf0SI thc Krccn. 
Prc•s R lo rototc thc •lring 'lll dcgrcc•. PrcM X lo nip thc 
cnmponcnt in thc X dircction. PrcM Y lo nip lhc componen! in 
thc Y direction. Prc•• <ldtMou<e> nr <Enlcr> lo place thc 
•tring and <RightMou•c> or <E.'IC> to canccllhc Move String 
comniand. 

Croaa-Reference 

Scction 10.2.5 
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MoveTrack 

Deecrtpllon 

Move 1 trad. on thc currcntlayer. Firll, positioa thc-..,. thc 
trae• 1nd presa <l.cftMouse> or <Ealcr>. Ir tloerc is 110 t·ae• 
selcdcd on thc carrcnt layer, thc COtltputcr bccps. ~ JOII -
thc cursor, 111 outlinc or thc trae• -· --•he acrcctL lf,.,. 
now chanac thc currcnt layer, thc trad -•o thc ldcdcd !ayer. 
Prcss <LeftMousc> or <Enlcr> lo plaa thc lrad • ..S 
<RisJttMouse> or <Ese> lo WICCIIhc Move Trile• COtlt......._ 

• 
U ,.,.. chUtF the currcnl layer diiÑtl lhc M- Trad ro-•....S. 
thc prop- 1t11omatically restara \he prcvioal nm~ layer aftcr 
thc command cnds. . This •llows ,.,.. lO - 1 ICJICI or trads 
rrom onc layer to UtOthcr·hy runninc lhc M- Tradt --
-raltimcs ia succcssioa. 

Croaa-Refer_. 

Scdioa9.S.1 

MoveVIa 

Dncrtptlon 

M- 1 .W 011 tille PC·board. f"wll, pasitioatllle carMW 0111hc .U 
lnd praa <l.crtMoaiC> or <Entcr>. lf tllcrc is 110 .U~elecled. 
thc -ptllcr bccpa. Ñ JOII- tite -· • CMIIIiN of lile · 
- - thc acreen. Prcu el.cftM-> or <Eitler> 
place Íhc ,;, and e R;ptM-> or e 1!sc > lo -ltllle '"'­
Via_..mand. 

T1tc. Move Voa _,.... loas 110 clfcct 011 lracb tllal e 
conncdcd to thc ,;,. Run the Move Endpoint comrnand lo niOft 

1 via and its coMCCiions. . 

Croai-Reference 

Scctioa ti.J.S 



· //Al' 1/.1( /11 

Neis crear 

De1crlpllon 

Clcar the nelli.a informal ion. Thi• command is useful if J011 wanl 
In dcar 1 nct lisl from mcmury wi.thout lnading • new nel li!tl. lf 
you run the NeiS l..oad·cnmmand to load a ncw nctliu file, thc oltl 
ncl li<l ¡, automatically cica red frnm memnry. 

Thc Nc" Cleu commarid clcar• all ncl l~t infnrmation, which 
includc• the conncctions on thc Conncdinn• laycr and the ncl 
n;omu a•oociatcd with cach pad. OcarinA thc ncl li<l (and nul 
ln;ulin~t ;rnnlhcr une) di<ahlc• thc Nct• Upimi>c, Nct• ldcntify, 
and Jump Nct cnmm•ntl<. 

Cro .. -Relerence 

Scction 14.12 

~els Display 

Oe.crlpllon 

l)i .. pl;.sy thc ~rccifictl nct 1_¡,, Cllnn_cction~ .. Thc r"'t:'lm di~rla~ 11 
li'' bnc ur all nct namc~ in thc currcnl ncl li't. Di~playcd net5 are 
mar\cd with an A\tcri•\. Yuu can chnu<c In •huw or hidc 
individual neiS, all nel\ conncdC:d tn a <pccific componen!, or all 
nc... Nnlc thal il you havc nc" ennnccted lo the power or gound 
plonc., thesc neis are mar\cd wilh • ·p- and "(;·, rcspcciMiy. 

Thi• command al<n enahlr• or di .. hlcs the di<play of Force 
Vecton. force vccton are lhc vcctur sum ol the conncdions from 
a componen!, and are helplul in nptimizing componeat plKCment. 

Cron-Relerence 

Section 14.3, 14.5 

.. 

lO-U 

• 

1 

i. 

• 

Neta Generate 

O..ci1pllon 

Generales a TanBO·format net li.c from the cunently loaclcd PCB. 
The nct lisl includes a li.ci"'l of componcots, sorted by rcfercMc 
dcoignator, and a li.cins of all neis. Each ncl is a.'lipocd a •niq.e 
ncl namc lollowins thc lormll "NET _ ,,,.. wherc """" W a 1•­
dil!il inleJICr.Note thal any conncdions lo pads ..tüch are - part 
ol a componen!, or do nol ha..: pin dcsÍI!"alors, will nu4 arre• -

·~~~- . 
Croee-Reference 

Scdinn 14.6, Appcndia A 

Nets Hlghllght 

Deecrlptlon 

lfishliBht a specifrcd net. This command is asclal r,,. ..:riiJinll 
manual routin& cven il 1 nel li" has nnc heen loadc:d. · The Ncts 
HÍI!i'lighl commend worh IQRclher with lhc Oclctc flil!lrliJthl 
comm01hd lo dclctc 1he itcmi in • roulcd nct nn 1hc bn.ard. 

NOTE: The lli¡~hliBhl Neis cnmmen•l duc:s- use (ur rcquirc) 1 

ncl li.c. The command hishlighla all itcms lhol ar: clcdriarlly 
conncded on the board (sencrally, by means of tra<k•). 

y.,. can •lahllchl DIIIJ - IWt al • ti-.· 11 • ncl i• aorrcrtiiJ 
hishiÍI!i'led and you run the Ncts Hishl~l command lo highliJthl a 
dilferenl ncl, tlic prosram lutomatically remowes thc hil!lrlishlint 
from lhc lirsl ncl. 

To un-hil!lolightlhe nel, prcss <lcftMnu.\C> owcr • •~canc poriÍOII 
of lhe worltspacc. 

Croe1-Reference 

Scdion 14.7 



Nets ldentlfy 
,, 

'Oeacrlrllon 

ldcntify the nclln which a rad hclong~. · Thc rrogram rromJII~ you • • 
lo I""Íiion thc cunor nn a rad and rrcs.• <l.drl\llnu!IC > or 
< Enrcr >. ' Thc ncl namc r,, r.hc r•d ¡, di•rloy<:d in thc Ncr• 
idcnrify dialot bo11. To rcmnvc thc dialns bn., click on OK nr 
prc!\!\ <Enter> Of <Eu:>. 

Thc Ncts ldcnrily command i• diuhlcd if thcre is nn ncl li•t 
currcnlly lnodcd. 

Croae-Reterenc:e 

Scclion 14.8 

Nets Load 

Oescrtptlon 

,_..,do nct li•l lile. v .. u can oliu·ctly cnlcr thc ncl lisl filcnamc in 
rhe File cntry h<•• of thc N<l~ l.uad di3lnf! bn1 or you can dick on 
thc llst rushhullnn lo ~clcct lrnm 3 di'flh>ycd li•t "' nct li•t lile,;. 
Thc ncl li•t file mu•t lnlluw rhc T•nl(n nct li•l folfmal dc.crihcd in 
Aprrndl• A. Thc dclaulr r.tcnamc clllcn•inn lor o ncl li\1 lile ¡, 
.NET. 

Croea-Relerence 

Sccti.-.n 14.4 

... , ,, 

• 

• 

• 

Neta Optlmlze 

Oncrlpllon 

Crelle 1n ortimi:n:d Kl of connections for lhc displ .. lldl. 
After :rou complete the comronent pl~«-111 _. lol4l thc lid litl, 
thc Neta Oplimi:n: comm1nd prcMcle1 • hcld 11111'1 f• ,_ .. thc 

. boord. 11 is seneroRy 1dft.'Uible lo roate tloe llhortCil trMU ron~. 
Thc optimiud connections ""- :rou the shoo1Cil trecn 11 1 
&l•nce. • 

In the Neto Oplimi:n: dialos ho., ocled oooc ol thc ditpiAyn 
optinns: l\lll•lml• X Leftwtlo, 1\111"""'1• Y ......... tlf MWW• 
T ... l ....... lo. 

Selcctins Mlal•l• Tolll 1....,..., minimin~ rhc 111111 lr"''ll. hawd 
on thc 1\111nho11an distoncc hctween rads. Thc M•nhlltan discance 
isrhe orlhosonal di.•ron~c bct-cn two poinro calcuborcd as dch1 X 
plus dclt• Y.) · 

croe•A•Ierenc:• 
· Scctioa 1'-10 

NetsRoute 

Dncrtptlon 

Rovlc 1 conncdioll inlcrlelivcly. This cnm1111n:l lcts JCM1 rcpl1<c 1 

disrlayed conncdion (which emla only as • rovtins aid) witb a 
ocries ol tracb ond vias (if nccdcd). 

Whcn rvnninsthc Ncts Route comm1nd, lirSI t""'irinoo thc c.... 
on thc a di•rloyed conncction •nd rrcos < Lefrl\ll"""' > .,. 
< Entcr >. 11 thcrc is nn conncction 11 thc lf'Ccirocd tour;., rbc 
comrutcr bccps. lf rhcrc is o cnnncction, To"KK'PCB dctcnnitoca 
thc ncoresl cndpoinl lor thc conncction •nd checb if rbc cndpoinl 
is 1 surf1<c pod. · 

Croea-Reference 

Seclion 14.11 

10-17 



rels Verlfy 

Oe,crlptlon 

Vt:rify 1ha1 1he dcctrical cunnctlinn~ (ur all 'li~r•l;~yc::tl rntllf:d ncl~ 
m;1h:h &he cn-nneclion\ in thc nct li'l. Thc cnmmantl vcrifit:~ cach 
Ol'l un a oude-by-nodc ha\i~. U il rimh a ~hurt (11 nnc.lc 1hat duc~ 
nol ltdnnR in lhc nel) or an n('Cn (a mi,\inJ.t "'M.Ic). 1hc I'"IJ!.ram 
c.li,rL•r- an error. Thc vcriricatinn rrtxc'" \htp\ su you ran corrcct 
1hc pruhlcm. ' 

NOTE: The Neis Verily cnmm;tnd vcrific• "" currcntly rli•playcd 
""-"'~- ltdnre runninR thi' cummo•n•l, yuu nccd tu run 1hc Ncl\ 
llio..pby cnmmand In di~rt•y t~huw) 1hc ncl(\) lhat ynu wanl In 

\ot:rily. 

Cron-Relerence 

St.·ct iun 1 ~-2 

______ ,_ __ -· 

ulput Apertures 

Oescripllon 

Sctu(l thc apcrlure whccl and lnul dc~uipli~m\ omd thcn motr 1hc 
;t("H.:I\UJC and tool 5CUin~' tu itcm\ nn lhc 1'<."-huard. Thc fir\t 
di:•h•¡: hu• lets you de•crihc thc il(lCIIUtc whccl (lnr phuh>ph~ 
f>lc\l and ltK>I\ (lor N/C 1lrill file•). J'nr <;tch apcllnre whccl 
P''itit~n. cntcr the draft codc. thc ~ha~. the ~ ;t~d Y ,limcn,inn\, 
the hnlc diamCICf, antf Whl·tht:r lhC afK'riUfC 1\ ~~ ~ na~hrtl. 
d 1 a~·n, or bo1h. Vou can al\n cntcr a hricf cnmmcnt. For cach 
'eouf cnlcr thc tool numhcr ami !he holc dianu:trr. 
!'·' · ..• 

A'h~-, \t"UÍnR ur the arcrtufl' whl·cl ;anll lnni ,,,.,crirlinn\, clid nn 

··t iK tu di•play the A••i~n Apcrlnrc• •liai11R '""· In thi' ho., ynu 
.m•r the aperture ond luol •ctting•lo itcm• un thc PC·hoard. 

. Cross-Relerence 
'':. i. • • ~. 

Scctinn 17 .. \, 18.2 

·\.· •, 

• 

• 

• 

.. 

• 

-~ 

OutputCAM 

/ 

Oe1crtptlon 

<;cncratc a G~ri'Cr-format rhocovlot file nr E•ccllon-comratihlc 
N/C drill rile lnr tht currcnl PC-hnard. Thc linl Outpul CAM 
•li;~ln~ '"'' lt" you cnnfigure the r'totnplol ond N/C drill 
l•nguar.u to match your burutt's equirmcnt, In thc occnnd diak'll 
hu., you can choo<e lrom a variety ol ..:tup oplions fOf the lilu. 

Alter ..:lling up a lile, clid on the Add pu•hhutton lo add lhc lile 
lo the <:A M File Oueudi•t ho•. Oic• oro OK lo ll"""' .. e thc lile~ 
morltod by on ••ttrhlt in the CAM File Qune li.C bn•. 11 ,.... 
•cl«l N/C Orill for the hoard laytr/ittm, Tant~ ... PCB l!"ncratcs 
;on N/C drill lile. 11 yoou ..:lcct any olhcr layocrs or item., thc 
rrngram generales á rhulorlut file. 

Cro .. ·Relerenee 

Scction 17.4, 18.4 

Outpul Plot¡Prlnt 

Deec:rtpllon 

Plot nr print the rurrent PCB lile, or aencrale oulf"'l lites ;., 
Pn•tSrripe Of OXF form... You un select • woriety ol setup 
options, indudina: thc priater ond plotler drivers, commun_iatinros 
"""" plolter pen sellinp ond printer colors, scale, X and Y 
cnrrection, hoard layocr or layocrs (if printinl! a compooite). -pul 

filename (if 'cnding toa lile), plol/print quality (final for artwatk 
or draft ror check print,), end the X and Y oiT.ets ror the plolter 
pen. 

Tu interrupt plnttingfprinling. pres.s <RighiMou..:> nr <E.c>. 
The pror.ram thrn prompts you lo rontinue or cancel the Output 
rlotfPrint cllfnman<l. 

Seclion lfo.2 

1 

1 
l 

1 
f 
r 
! 
f 

L 



, 11.·11"11./l .. •n 

Output Reports 
'- ' !-' .'' 

Descripllon 

( irnd;llc 1 varicty 111 rc~•rt.' 1m ihc curre ni I'CR role. · You un 
~~:h_:(, une vt ;nnrc .,r lhc fúltuwintt tyrc\ ur rC(Mirh: Apcrtuu: 
lnfnrm3 tion Dill or M;1tcri~•l., ("umrnncftt lncatiun~. Lihnuy 
C::urltcnt._ rCo Cumruncnh. St:llli,tic~ and Ol:~Ígn ltulc Check. 
Al yuur ;C<JUUI, lhc program !\C:nd• lhc rcpurl(•) lo • rrinlcr ur 

role. 

l'li,-k un t )K In rrinl tht• ~l''"'·ilil·tl U'l'4'''('). ('lit·· nn C•IIC'tl In 
,·ann:lthc. ()utput Rcr•mb cnmmand. 

Cross-Relerence 

Pla..:·~ r..rc 

De•c:rlpllon 

rt;occ an are on 1hc curr~nl layrr. Tu dclinc lhc ar~. lhe P'"'!'~'" 
ruunll\~ JOU lO fínl rn~itiun thc l'Uf\Uf at thc dc~ircd CCftiCf (MIInl 
u( ,,,e ;uc and rrc!\~ < LchMuu"c :to Uf < Entcr >. Thc program 
,haw!'o :• cirdc and ratliuc, ¡,, thi' l"'int. M•"·c 1hc curc.ur tn c•J'-•ml 
lhl' ciu:k In thc dc~in:d r;uliu' uf tln: ;.uc. V un"'" al,n muvc thc 
linc that indicatcs thc radiuc. ht thc c.brt uf thc dcc.ircd are, callcd 
thc st 01rt anglc. (Thc c,t;1rl itnt!,lc i~ roc:.c.urrd countcr·cloc .. wl'\C 
frum :\u"clock on thc circlc.) rn·,c, <l.dtM,•u\c> Uf <Entcr,. 
ar,ain tn fia the ratlin!l. an~l -.t;nl otnr,lc. Thc rtt'l(ram rcdr•~ thc 
ci;c1c. this lime di-.Jtlay;n~ an nutlinc uf thc arc•c, !inc widl~. 

M•wc: thc cunor nnw In dcfin<: 1t-.c ~wcq' ·~r lhc ore, wl•i'"h i!l. 
tli~playcc.l dyni.mically ttn 1hc !'crc4:n. 

Cron-Reterence 

Scclion 10.3.1 

• 

-4 

1 
·• 

-_ 

Place Bloc\!. Copy 

Descrlpllon 

Cory all itcm• cont1incd rnti"IJ within 1 block. TanpPCB 
promrts you lo li"t dclinc thc hlock by prcssina < Lci1Mousc:> or 
< Enlcr > lo m1rk lwo dia~tonally op(lO'Iilc. corncrs of 1 rcd1npar 
1rea. The pr"ff'llll hi¡¡hliRhls 1he dcroncd block. 

Arlcr rou sclcd lhe rdcrcnc:c poinl, use lhc mouse or -- k,e-,s 
lit m<WC an ou1line or 1hc bl<><k acrou lhc acreen. Prcu 11 lo 
rolalc lhe hlnck '10 dcr,rcc. arnund 1hc rdcrcMc pnirol. Each tiaoc 
ynu prcos <l..diMnu\C> or <Enlu>, Tanpl't:B rtaccs a.;...,. 
ollhc hlock al 1hc curre ni cursnr ,...ilicm. Prcu < Ri¡thiM- > 
or <Ese~ lo tcrminalc lhc Place Block Ü'I'J' cornmand. 

Cros•Relerence 

Sed ion ll.J 

Place Componenl 

Deecrlptlon 

Place a CIOIIIpoiiCnl p111ern. Sclcd lhc pallern rrorn 1hc lf>Crifocd 
lihruy and cnlcr ils rdcrcncc dc•i¡tnalor, lypc, 1nd ""lae (for 
caarnple, U14, O.ZSW RE..'i, 4,7K). PrcL• R lo rnlllc lhc nu~li .. '10 
d<greco. Prc .. F lo Oip (mirror) thc pallcrn (wflich i• .-.:f"l r .. 
•urrocc-mounl dcütn•). Tn lia 1hc pancrn in ils nrrcro1 loaciort 
arwl oriental ion, peu < LeraMouM: > or < Enter >. 

Cro••Relerenc:e 

Sectinn 11 .:l 
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1 1111'11 H .. w 

Place Deslgnator 

Dncrlptlon 

"''iJ:n 1•in dc'ii¡tnalun In a 't'l uJ IMtl\ nr rdnt·ncc •lniAnalt''' tu 
; , :' ot !'.l'l u( cnmronrnh. Wht·n alli-.ir.ninR pin dt·\ir,natnrlli, thr. rt.trC 

Dt:'Íf!nod••r cnmm:md ¡, f(l'nt'rally U\Cd aflt"r plaóng all thc 
ruintili\-C\ in 1 ncw cnmruncnt (';IUcrn 1nd hcfore runnin~ thc 
l.ihr;try Add command ln atld thc nc:w paltcrn to thc cunrnt 
""' .uy. . When rlilcing rdcrcncc dc'-ír.n<~IIU!t. run thc rlacc 
Ot•\ignalor command artc:r rl.uintt lhr. Cttmptncnl(~) on lhc huau.J. 

.• H ...... ittn pin/rcfcrcncc dc~i~nahtr\, fir5t rn: .. c, < lcftMnu~e > or 
• Lnh.:r >·In di!!oplay thc rt.c•: t>,·,i~natnr tllalnJ; he••- St·lcrt thc 
(h:·.i.~n,IIUf lypc (¡1in tlf fcf(H'UH~ tJc'ÍJtn;llnt) rur fhc dc .... if,:natnr 
"""'l''·''l", l'ftll'J ur In 1.\ OIII'IMnumnic t·h.-.r.utcr.c. and ... k:,a,, nnc 
1 1 nmuht·r ~ign). Whcn ynu ;,,...¡t!" pin/rdcrcncc dc~igno.hu\, 

")J:t-,.,_. 11 ~ymhul~ will he rqtl,au:d f,y il vothte dctcrmincd hy tite 
inil i.1l valuc and thc incrcmcnl. 

Afit:r cnlcrin~ th-:: dial•~ ltu'l v;,luc'i, die-k un OK. Thc rno~nm 
ruumpl' yuu '" dick_nn tite dt· ... irnl ('fltl (fnr pin dc!ooi.:nattu\) ur 
run,r•oncnt (rur rdcr.(n¿C ;lt·~i~n;•tnr-~)-

. . . ~ 
'. ,;, .. 

; ; •-'Cro .. -Relerence 

St·.t:tion 11.5.1, 12.4 , ... 
>.· 

Place Flll 

~: ·:·'?~'scrlpllon 
'-~·-t~l"l.u"l' an :nca.fill (:t fCt.:l~anvuf.n h't!1on u( C'4'J1Jter) nn 1hc: Cnrrcnl 

-.:!:<':~·'-.:'·'. T:tngn· rt:n f'tPmpl' Y''" ''' l'ft".\ fl:.l.dtMnu'l: :-o nr 
• 1 nh:r > lu mark lwn tli.tt~on,tlly ''lllm'itc uuncr.. uf thc are:• ftll 
"l.hc are;¡ fill is tfi,pl;•yctl. a~ :t \nlitl rcclanp_k. l'•c~~ 

..... .... "-. 
<.. HightMuuse > or < E'c > lo l"Oirttcllhc l'l.trc hll co"'mantl. 

, ·. W·,\.;' ._, Cross-Relerence 
"""'- ·-:-;~ 

10.4.1 

-·· 

• 

l . .a ,, 

Place Pad 

Deecrlpllon 

Ploce a pod of 1he currcnl pod IYJ>C on lhc wor••pace. Thc cuncnl 
rod IYJ>C, which is 5hOWII On lhe prom(ll linc, is ddincd "'"" lhc 
Currrnl Pod cummond or hy selectin11 o r•d eolry ftom ooc o( lhc 
cuslom Place l'oleuc.. 

To ploce a pod, rus~ prcss <l.diMouse> or <Enlcr> lo !lisM 
an oullinc o( lhc curren! pad I)1JC al lhc cursor loc.a1ioa. Thc .,M 
oulline mowcs wilh 1hc cursnr. TYJ>C R lo rotalc 1hc .,M ,'10 
dcgeco. T n fia 1hc pad in ils currc:nl loc.acion ancl oricnlalion, 
prcss <l.diMnuse> IW <Enler>. Preso <Ri&hiMouse> « 
< F..sc > lo cancellhc Plocc Pod command. 

Croee-Relerence 

Scction R.2.2 

Place Strlng 

Dnc:flpllon 

Place a llrin& of 1he currcnl slring lypc oa che .W.rhpacc. T11c 
currenl 51rm¡tlypc is dclined u•ing lhe Currul S1rin11 cnmmand « 
br ICieCiing a llring cnlry from one of lhc clalom Place Polcllcs. 

Pre'-• R In rnlotc lhc slring 'JO dcgccs counlcr-c:lnc .. .;sc. Prcss X 
or Y lo Oip (mirror) lhc llring alon11 i!i X or Y uis (which is ascful 
for surfoce-mounl designs). To flll 1he slring in~. currcnl loaliooo 
and prirnt11tinn. pt't\1 < t~rtMnuw > nr < Entcr-... Prc'-' 
< lli&hltvl!•u\c > nr <Ese~ lo unetllhc l'locc Sir in~ commllld. 

Croae-Reference 

Sccliori 10.2.2 
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ctiArTER'JO 

Place Track 
: .. '/V~' •,: ~~ ,• fl~ .. , ~ ·• <.:n .. ·¡ . ..• t •• 

.,,_, 
Ducrlptlon · 

:,· 
. . .. 

rl.:icc-.nnC or more trad.~ nf thc cuncnt tr3ck widÍh nn "th~ 
~nr·~r~~~e .. : •"':"c.'currént trae• widlh i~ dcfint:"d u.\ing the C.urrnt 
1 rae• cnmmand or by sdeclin~t a lrack cnlry from ooc of lhc 
cu,tnm J'f¡¡tc Palcuc·. 
.•,: . . 
To place a ltac•. rint rrc~' <LcfrMou,e> nr <Entcr> lo fi• a 
"rivnr· roint al the currcnt cur,Of lo<:ation. As ynu mnwe the 
cur-.ur_. thc rrngram draw.\ ·a ruhhcrhandintt line from thc: piVoc to 
thf'. cu'''" (~C'r the 'SC'ctinn S..Uinc 'J'Itto .,,....._.._, M,. in 

l'hnpltr 9 rui delail•). r;~._ '< tdiMou•c > or < l:nlcr > In place 
t:,r :· ;trk .. You un ron1inue to rlacc lrac•!\.. c:ach 0ne !iarti"' at. 
,,..,. ~ ndrmnt or the rrcvinu' Ir;".. rrc~5 < RifthtMouu: > or 

~- . . 
"' ·:.'\e> to tc!m•natc thc f'bcc Trae k cumntand. 

Cron-Rel~~tence 

-~lace Vla 

Dncrlpllon . 

Plilcc • Yie or the curre ni vía ty(M: nn 1he wm .. ~raa:. The rurrcnt 
vi,, lyrc. "'hich ¡, ~hnwn nn thc rromp linc:. ¡, dcfincd usin" thc 
Curren~ Via cumman•J nr hy ~dcclinR • ,.¡a cntry from one of 1hc 
cu,lom Placc.ralcnc:~. '-

Tu ~lace a via. fif~l ru:~\ <LdtMnu,c> or ot: Enter> ~n di~rlay an 
mulmr •.'' lhc curren' vía tyrc ~• thc curMtf lnc::alittn. Thc via 
nutlin(" muvc\ with thc cur~.u. To fill thc vio• In iu, currcnll•teatiun 
~n'l. nrit:nhtiOn. rrc,, ~ tcf1Mnu~ :• or ..-: Entr.r ~. Prr:~, 
< ft•t~htMuu,e > nr < r.,r> tn ~.-ann·l thc l1 1.u·c Viot nunmnntl. 

Crf\··•·Relerence 

Scclinn 8.).2 

h' 

l 

• 

,. 
1 
1 

• 

•• 

Setup Communlcatlons 

Deecrlpllon 

CnnliRu•c 1hc •trial r.nmmuniutioms pmiS (l:()MI and l.'OM21 
fnr rrinlinR and pfnttin,;. Yuu c•n w:lcct the .... ntt' (tn the 
'""~' nf .lCilllhwu¡th 'lfAlO), tiai'IIJ (Nnn<, l'~n. m Udol), numhcr 
ni dal• bllo (7 Dil\ or R Dit•), numhc:r uf slnp bll• ( 1 Dil '" 2 Dils), . 
and lhc h•ndshakt pmluc:nl (llardwi•c Of XON/XUFF) 

Thc ~t•ial pmt scninp will he in cflcd '"' afl auhscq~tenl t'MIIJIUI 
n('('<alions. ·Whcn you ui1 Tan~tn·I'CO, 1hc..: .cni"'!" otc 
••~omotically \OVCd in thc lile 1'(.'8.11'11 and lc~d lhc nc:d rime 
ynu ~tarl.lhc r•ctttfam. v.,u ••• , have locha. lhc scttin~' if,.,.. 
changc rluiiCfS Df prÍRICfS. · 

Croee-Relerence 

Scclinn 16., 

Setup DRC 

Detcrlpllon 

Sclup 1he dcsi11n rule check (ORC) pa<amclcn, in prcparaliolfl ,,¡ 
gcncralin1 • ORC rcporl (u•ing 1hc Ou1ru1 R<f""" """mand). 
You can cnlcr lhc mínimum Pad·ln-Pad, l'ad·h>-Trae•. and l•ac•· 
lo-T<ack <lcarOftttl allowcd nn cach m lhc •i• si1nlll~ycn. 

Ynu can alsn spccify which cnndtlinns ere 1~ be chcc•cd ''''· Once 
thc rarRmci~U rnr lhc DRC are c,t.hli,hcd with ~c•ur DRC. ruR 
thc Oulpul R<f""" command and cnahlc lhcl>csi¡;n Rule Check 

rcron. -· 

You tto nnl havc tn havc 01 .tcl li'\1 l••~uJcd tu prntluc:c a DRC 
n:(W'rl. ttowcvrr. wilhnut ~ nct li~t .lnoutctl. thC' llR(." rrpott will 
nnt contotin any NC'I l.t .. l Vinl.tlinn'. !\incc thcrc i~ nnll a nct h" fcw 
cnmriuison In lhc hu.uJ. 

Cre>u-Rnl.,rrncfl 

Scdi•nl 15 .. 1.1 



CIIAPTER 10 

Selup Display 

Descrlptlon 

Enahle and di .. hle 1he di,rlay "' in,liviolual rC-huaiol laye" •nd 
ilcm~ (including thrmlfl,h ... ~.ti~ nntl Via')~ turn thc vi~lhtc ~rid ••n nr 
·.,(f; and, ~elcct thc cunor !llhape (arrn•, 'm.all c:rt'U. or b.rf!.C 
ero~:\). 

In thc Sctur Di~rl;ty di:.lclJ!.Ittta thcrc i~ a !forn:•ll t.u nf color nc•t tu 
t·:teh bycr ricld. Thi!!o hua ,.hu~ thc di.,pl.-y culut fnr thc layt:r. U 
thc ttllnr boa is solid. thc laycr i\ rnaMcd. To chlllngc 1 colnr fnr 
a r.ctd, dick thc mou!foc un thc fidt.l namc. 

Cron-Relllt'ence 
"-

Scclion 7.14, 7.15 

Setup Grlds 

Descrlpllon ,, 

Sr.t thC ~;~~ r~r thc thrcc ·w..,ta-.racc.P!'i'l' (ah~•lutc, rcl"tivc:. :tnd 
vi~ihlc) and $d thc ~nar ~ricl In af1"t1u'c (ihc ddauh) ur rct.ti\.·t~. 
"' .Jn ahcrn:attvc In thc Srtnr c;,¡,t, cumm;.nc1, ynu can ••~• !foct thc 
!fonar p.ricl by clitkinK thc muu\C un thc M;ltll!lo linc·~ ( ;rid fidd ur hy 
lyt>Ínfl e;. 

' ._,¡ 1 ...... 
• i ~ . l 

Ynu'c_:.n·Onty ·men-e lite n""'' tu,, rnint cm thc ,n;.r ••id. Wht:n 
.. )~~· ;n'á'r .fl .. íd i\ ~ti In :1h\oh~tc, thc X. Y cnnulanate\ are •li'P'"Y"·d 
.. i~ ra'~Cnitlt.;r~·,,ln 'he \t.,lur, lin~!.with thr nrigin (O.U) 11 thc ln~r­
.. ,· \Ctl'e:nfntr of '"e w'"" .. pau. Wh,·n tht '"''1' r.ritl ¡, r,r.t to rr.l:ltiVC, 

thc pr~nm fUOmpt~ you In _._dnt thc rcl:ttivc
4 

p,rirl origi,, hy 
rn~irion!ng the tur~ur and l'fC\'\in~ c.. l.chMtiU.\r.,. nr -t' Entcr,.. 

. Jh~ vhible yid ¡, for rdcrcn<r unly. 

Cron-Aeler•nce 

ion 5.R.2 

• 1 
·ti 

•• •• 

• 

• 
1 

• • 

Setup Optlon!l 

De•crlpllon · 

. Enahlc 111 di,ahlc a varicly uf T•"'':n·PCB Of'lion'<, indudina 
Orthogon.•~ mntlc~ and Oras SiRnat Tradn. of".ion\. 

The Ori""Rnnal mnde• dele,nine lhe mooe f<K p1acinJII;acb­
lhe IM>o.rd. Wilh lhe Orlhll(llona1 mude'<, )">U caa on1y place lrac•• 
that are hnrbontal. vertical. M at 45·dC1fCC ai'IRieS. The1c fltOCiea 
are in cffcrl fm lhc Place Trae ... Move Reroulc; and Nc11 R-e 
comrilan•t\. 

You can al•o •pccify whclher ur nnl ,/igna11rach are llt be dr~d 
{ruhhcrhandcd) wilh lhc Mu>e 8koc!<, Mooe cnm,.._nl, or M.­
Track commands. 

Cros•Relerence 

Scclion 9.~. IIJ>, 13.2 

Setup Palefle 

Descrlpllon 

Scl ur lhe cu,lom Place Palcotco. Tongo·PCB I"<Mdcs ur lo livc 
cuslnm Place Palcnu, 1ahclcd ri..A<:U ohrou¡:h P1.A('ES. v­
e~~ add r:ut. atrinR; trae: k. •n•l vi• information to •hcr.c ralc:nt•. 
Tht., allows yt.tu In llave 1 num"cr of tu~m IYftC\. tuch 1, pad ,¡,e, 
•nd track wirllh\, ., yuur fin~tcrlir' ,,,. quick rlaccmc:nl. 

The numhcr nf cuslom Place Pa1enc. ¡, drlcrmined hy 1hc num "' 
of ilem• ynu add lo lhc palcnes. Each palcne ¡, nnc linc in ,¡,.. lf 
ynu add more ilcms ll,.n will fil on une line, Tan~tn- r<:B 
BUIOmalically <real<' anolher CU\Inm P!Jce Pal<ll<. 

¡' 

Cro~s-Ref~ren'ce 

Scclion 1'1.7. 

ln-.11 



--~·~----------------~ ~-----------------
• • CO,ANDS 

Ol.·•rnR .zo ., 

Un do ··~· 
. ':1 

Oucrlpllon • 
Und.u d~C·· ¡WCWnui·' editing cmnmand. Thc \tndn command 
IC<I~;i:~ IIÍé PCB lo Íl~·•laiU\ rrinr ,., lhc .... Oclrte, Edil, t"ilc 
Luod' (Íoadinr;'' a ··blnck only), · t.t~m:. Ncl\ Rnule, nr rlacc "· 
command. V ou can only undn lhc la" cnmm•nd. Thc \Jndn 
cnmmand ~akes it ca\y tn ch:.nrtc ynur mind nr In rcctwer frum a · 
mi~takc. · ~·· ~ .. 

. , 
Vnu c~n abó undn 1hc prcvinu• crlilinr; commond by clic:king lhc 
rnnu<e on lhe Undn hol <poi' m lypin¡¡ U. 

,., ' • ~~ .' .'1' 

Cros•·Relerence 

Sr·clinn ~.6 

Zoom All 

Oncrlptlon . 

Oi~play the cntirc :12-inch hy :\1-inth w•trlt~¡,acc. 

Cron-netere!"c• .. 
Scc1ion 6.6. 1 

1 

' 

.. 
J 

) •• 
• 

.... 
' ' 

Zoom Board 

o .. crlpllon 

Display lhc cnlirc· rt.:-buard. Thc room lew:l ;. adju.ccd on thal 
lhe rc.hnard lills 1he •creen. The progrom displa)'l only 1hc 
taobltd loycrs or lhe board. 

Cro••Relerenc:e 

Scclion 6.6.2 . 

Zoom Center 

Deacrlpllon 

R~·<cnlcr rhc di<play. Thc pr•'l(ram lir!ol di•pla)1 1 rrcllftJUiat 
74"KJm window thal indica1c1. lhc ~ctCCI' ••~• 11 thc currrnt rnuM 
lcvd. Thi~ wintJnw ¡~ thc !\ame ~·IC 011 thc.scrccn. n, muW .. thc 
cur\uf, thc bntdc" uf lhc winduw can he mnvcd ,.n thc Ktcc•, 
lc.uin8 yo•• 7nn~ M:cti,,n, of thc wotll\rlcc that arcn"t cuncftlly 
d .. pl3ycd. 

You f,jllfl initiatc 1 quKk 7..onm Ccnttr 11 any lim~ by simrty 
pr~.-in111he .. l.- ltcy nn ynur ••yf>o>rol. This ;. ••rcci•lly hAndy '•" 
r•nni"' quicltly orrou lhe ......... . 

Thi~ commoml i• u<rful if yo:~ w>nl lo di•rl1y 1 <rclion ni lbe 
wmk!i.pacc tlutl i~ rurrt"nt1y uff.!i.cu:.cn. rrc:\' < Rip,t-,tM,tu~,. nt 
<E~> lo cancclthc l.AM•m Ccntcr cum•nand. 

Cross Aelerence 

Scction (t.f,.J 

1 



Zoom In 

Detcrlpllon 

Zoom in on lhc di._rt•'Y· Thc rroK'·'"' rir~l tli..,pla}"' a r!'clan~ul.u 
7nnm window 1h011 Íntlir;~lc'\ thc ~creen art.•a al thc ncJd hi~hc\l 

1nnm lcvcl. M ove thc cur'''' In re· ('M''\ÍIÍt•n th~ wintlnw. Thc 
h"rtkn nr fhe wintlfiW (;IQ he mnWtl ttfr 111~ \~'ft:t"P, lclfÍn~ )'Utl 

1num in on !I.Cctinn'\ ur lhc wmk~p;uc th;•l arc-n'l currcntly 
di'\playcd. 

Thi'\ cnmmand i~ u-. .. ·rut ir ynu wanl In vicw ~ M"(IÍnn ur thc 

Wtll.\flRCe in ft'Calcr dt·t .. il. ru:'\'\ < Ri,~hiMou'\C > m ..::: r:: ... c > In 
,·;¡nctlthc Zoom In cnmmantl. 

Cro81-Aelerence 

Scctiun ft.6.4 

Zoom Out 

D•scrlpllon 

7tM'm mil on ihc c·h-.ptty. Thr prot~'·'"' promt•h yHu In ,,.,,¡,¡ .. n 
thc cur'\ot un thc •lc ... ueol u·nh:r t\r tlu- cli-.pl~v. thrn t•H·v. 

< l..c(tMuU\C> or < l:ntrr :•. Thc ~n•:t.'ll ¡, IC·dr;lwn al .. lown 

7nnm lcvd with thc CUf!~.O,. ;11 thr C'l"fllf'f ur che :\f"fl'C"n. Thi, ¡, 
U\cful ifynu w:tnl lO \''('W ,l ··itln :ur:• or alu· wur'-'PMC' (lhtm.~h In 
In-~ dcloail lhom rrc\"11111\ly ,J,,pl.,ynl). 1'11.:\:\ ~ u.,._luMnu\C ~ Ul 

· ~ ~ E'c> tn cancel thc í'unlll ( lut ronuu,tntl. 

Cron-Relerence 

• 

• 

... _(J) 

.1 
... ·O 

COMMANDS 

Zoom Aedraw 

Oetcrlptlon 
., 

Rc·draw che di.\pl.1y at thc currenl ccncer Jl'("ition and room Je:vel. 
Tbis ¡, u.\cruJ ir cxacn~ive editing (including dclctiOtUo ud mow:s) 
ha.• lcft gaps ÍD 1hc dl\rlay. 

Croes-Relerence 

Section 6.6.6 

ZoomWindow 

Oeecrlptlon 

Zoom ia or OUI OD • s~cifitd SC<IÍon of ltoc wor••f'~CC. Thc 
p<Of!J~m firsl di•pl~ys • r<ct3n¡¡ular 10om window lhal in.Íia1n 
the scrccn arc;a at the hitthr.~c 7.tlom lcvcl. To ll'l~rk thc ccnlcr or 
1hc room window, !'O'ilion 1hc cursor and prC\.\ < Ld1Mnu...: > or 
<Fnlcr>. Thc rrowam di•pla)'\ an X allhis Spnl. To display lhc 
sectima o( che worl.~pacc in,idc 1hc: window at thc hiKJtc~l 100m 

levcl, ag.aio prc~' < LcfiMousc > or -: Entcr > withuut moving thc 
cwsor. 

1( you wanl In disrlay • largcr arca of 1hc wotk•pacc. you un 
c>¡~•nd lhc windnw by mnving 1hc cursor up or 10 lhc righl. 
Conluct 1hc window hy mnvin¡¡ 1hc cunor down or. In 1hc lclt. 
Thc hordrrs or lhe winduw nn he moved oiT lhc .cr<en, l<llillll 
ycm 100m K:rJinn.1. o( the wn•lf.~pacc 1ha1 artn'l <urr('ncly .Ji'\pl•yed. 
Wh(n lhc winolow u 1he de,ir(d sil~. ·~•in J"C" < Ld1Muu....: :• .,. 
< F.nlcr>. Thc scclion of 1hc wo•k,pacc in•ide 1hc windnw " 
rtdrawn lo fill1hc scr«n. 

Crot•Relerence 

: Scclioo 6A7 
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.LCem Quantity Referemce Part 

1 1 sos 1 

2 1 C1 5.6 uF 

3 1 C2 10 uF 

4 2 C3,C4 2.0 uF 

5 2 C5,C8 F 20 pF 

6 1 C6 .010 uF 

7 2 C7,C10 100 pF 

8 1 C9 180 pF 

9 1 Cll 470 pF 

10 1 J1 MIC 

11 1 L1 80 uh 

12 1 M1 0-100 MA 

13 1 Q1 2N58.59 

14 1 Q2 3N128 

15 1 Q3 2N4416 

16 1 R1 l.OK 

17 3 R2,R3,R9 100K 

18 1 R4 4. 7K 

19 1 R5 100 

20 1 R6 68 

21 2 R7 ,R8 12K 

22 • R10 20K Trimmer 

23 2 RFC1,RFC2 2.5 mH 

24 1 RLl GA11A 

25 1 S1 SpSt 

26 1 SP1 Speaker 8 ohm 

27 1 T1 SP-49 
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Bill Of Materials 

Item Quantity Reference 

28 2 U1, U2 

29 1 XTAL1 

Revised: septe.ml:íeri.:t:!>)k1992·' 
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Part 

LM741 

3. 579545. MHZ. ~ r •• 

• 



. 
C2 
30 

) 
l 

SI 
SPST 

G NO 

.. .. 
• .' 1 

; Ul U2 

GNO 31 [A/VP PO.O 39 AOO AOO 1 10 DO 38 AOI AOI 2 
19 PO.! 37 A02 A02 3 11 DI 

XI P0.2 36 A03 A03 4 12 02 
Yl P0.3 35 A04 AD4 5 13 03 

o 18 P0.4 34 A05 A05 6 14 04 
X2 ·P0.5 

33 A06 AD6 7 15 05 
-'::-- · -::!::- e 1 P0.6 32 8 16 06 pFT 12 MHZ A07 AD7 17 07 T 30 

pF 9 P0.7 
RESET 
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* IN T 1 
,, 
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14 ~ +5V +5V .. ~ TO P2.4 
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15 A4 
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' 
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' 

' 



VDD 
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TD 110, VAC 
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